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Abstract

This study analyzes perceptions and representations of drought among residents of the Oued EI Abid watershed in Morocco,
based on a structured field survey conducted with 150 households. The results reveal a high level of awareness of drought, with
95% of respondents acknowledging its occurrence and 80% considering their area to be directly affected. Nearly 75% of the
surveyed population report having personally experienced its impacts, particularly reduced precipitation, water scarcity, and the
drying up of springs and streams. Local populations perceive a significant deterioration in climatic conditions, as 58.4%
currently consider precipitation to be low compared to 45.6% who previously described it as abundant. In addition, 72.2% of
respondents report an increase in temperatures, and 70.4% identify recent decades as the driest. Drought is described as a
multidimensional phenomenon encompassing climatic, hydrological, agricultural, and socio-economic aspects, with direct
repercussions on water resources, agriculture, and livestock. The study highlights critical impacts on water supply, marked by
reduced flows in springs, rivers, and wells, as well as significant economic consequences, including crop losses, declining
agricultural yields, and livestock mortality, thereby increasing the socio-economic vulnerability of local populations.
Furthermore, adaptation strategies such as the semi-nomadic mobility of herds illustrate the capacity of communities to adjust
their practices in response to environmental constraints. Overall, these findings emphasize that drought represents a major
environmental and socio-economic challenge in the Oued EI Abid watershed, and that integrating local perceptions is essential
for developing sustainable water resource management strategies and strengthening community resilience to climate change.
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1. Introduction

Drought is a recurrent and structural climatic phenomenon population for centuries [12]. This natural phenomenon is
in Morocco, deeply rooted in the collective imagination of its ~ both a characteristic of the Moroccan climate and a deter-
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mining factor in the evolution of the country’s ecological and
socio-economic dynamics. Historically, drought has led to
major crises, affecting agricultural production, water availa-
bility, and living conditions. Significant episodes, such as "the
famine year of 1779" and "the Bon year of 1945," remain
ingrained in collective memory due to the famines and epi-
demics they triggered [13].

Historical and dendrochronological studies confirm that
Morocco has experienced droughts of varying frequency and
intensity throughout its history. Between 1896 and 1996,
several periods of moderate to severe drought were recorded,
impacting water resources and agricultural production [12, 13,
15, 8] Since the beginning of the 21st century, an increase in
the frequency and severity of droughts has been observed,
illustrating a growing trend toward increased aridity [16].
These changes are attributed to climate variability and the
effects of global climate change.

Drought has both direct and indirect consequences on
Morocco’s water resources, agricultural systems, and eco-
nomic activities [34, 12]. It also affects lifestyles, social rela-
tionships, and community dynamics [17]. Roger Bastide
(1971) highlights the importance of community solidarity in
mitigating the effects of drought, particularly through forms
of mutual aid and resource redistribution [14].

At the international level, several studies have highlighted
the increasing impact of droughts in developing countries. For
example, Setiawan Amsari Mudzakir analyzed the spatio-
temporal characteristics of droughts in Indonesia and their
relationship with El Nifp events [18]. Their findings indicate
that these climatic episodes exacerbate the frequency and
intensity of droughts. Other research, such as that of Kus-
wanto Heri, has confirmed that the duration of droughts in
certain Indonesian regions tends to increase [19].

In this context, resilience to drought has become a major
challenge for vulnerable societies. Managing this phenome-
non requires a better understanding of local perceptions and
the adaptation strategies adopted by affected populations.
Singh and Chudasama (2016) demonstrated that inhabitants'
perceptions play a central role in the implementation of ad-
aptation strategies [20]. A study conducted by Jarawura in
Ghana revealed that combining traditional knowledge with
scientific expertise enhances sustainable water management
during drought periods [21].

In the Moroccan context, studying the perception of
drought in the Oued EI Abid watershed is crucial for under-
standing its impacts on local populations. This approach aims
primarily to analyze the social representations of drought,
assess the adaptation strategies implemented, and examine the
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evolution of climatic conditions between the past and present.
It also helps identify the socio-economic impacts of this
phenomenon on the basin’s inhabitants.

2. Methodology

The methodology adopted in this article is structured
around three main axes: the description of the study area, data
collection, and data analysis. The study is based on a survey
conducted among local populations to examine their percep-
tion of drought and assess its effects on their livelihoods.

2.1. Study Area

The upstream watershed of Oued EI Abid covers an area of
1,725.5 km=in the Central High Atlas, between longitudes
5°14’ and 5°59” West and latitudes 32°11” and 32°37’ North.
It is bordered by the Oued Moulouya watershed to the
northeast and the Oued Ziz watershed to the east and southeast.
Its main watercourse, the Oued EIl Abid, is permanent, origi-
nating at an altitude of 1,660 meters and flowing from east to
west over a distance of 77.62 km before reaching the artificial
lake of Bin El Quidane.

The study mainly focuses on the upper part of the water-
shed, which plays a crucial role in the genesis of water re-
sources [22]. This area corresponds to the Oued EI Abid wa-
tershed upstream of the Bin El Ouidane dam, which is part of
the larger Oum Er Rbia watershed, one of the most important
in Morocco in terms of water availability and agricultural
irrigation [23]. Fully located in the Central High Atlas, this
region is characterized by rugged topography, including
mountains, ridges, high plateaus, depressions, and valleys,
which strongly influence the flow dynamics [25].

The dominant vegetation mainly consists of holm oaks and
junipers, with other forest formations varying according to
altitude and local climatic conditions [24]. The climate is
Mediterranean, with a rainy season from November to April
and a dry season from May to October [26]. The average
number of rainy days ranges from 42 to 70 days per year, with
irregular precipitation and a hydrological regime marked by
high seasonal variability, which directly impacts water re-
source availability [27].

Oued EI Abid is retained at the Bin El Ouidane dam before
being directed to the irrigated area of Beni Moussa. The up-
stream zone plays a fundamental role in water supply, as it
serves as the main collection and recharge area for the wa-
tershed [28].
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Figure 1. Location of the Oued El Abid Watershed.

2.2. Data Collection

Fieldwork, particularly surveys, is an essential step in any
geographical study. As Firdion (2012) points out, "it repre-
sents the indispensable foundation of any research, not only in
geography" [29].

In analyzing the phenomenon of drought, various method-
ologies and indicators are commonly used, including the
NDWI (Normalized Difference Water Index) and the SPI
(Standardized Precipitation Index). However, for this study,
we adopted a qualitative and participatory approach, focusing
on a questionnaire administered to households in the Oued El
Abid watershed to explore their perceptions and representa-
tions of drought. This questionnaire is structured into four
categories of questions:

1) Opinion questions: Aiming to understand how surveyed

households perceive drought.

2) Comparison questions: Allowing for parallels to be

drawn between past and present climatic conditions.

3) Ordinal questions: Designed to rank the decades per-

ceived as the driest and hottest.

4) Open-ended questions: Providing respondents with a

space for free expression to share their feelings and
observations.

2.3. Determination of the Sample Size

Our study area includes three municipalities, which led us
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to adopt a municipal approach (Figure 2) to structure our
survey. The sample size was determined using Cochran’s
formula [30], which estimates the required number of re-
spondents based on several parameters:

__ Z%P-(1-P)
=—

N @

Where:

1) N: Required sample size

2) Z = 1.96: Z-value for a 95% confidence level

3) P = 0.5: Estimated proportion (often set to 0.5 to max-

imize variability)

4) E = 0.08: Margin of error of 8% (i.e., 0.08)

By applying this formula, the required sample size is 150
individuals for a 95% confidence level and an 8% margin of
error.

Based on our field observations, the local population
demonstrates a deep understanding of its environment, which
it has shaped and continues to adapt, while being aware of the
risks, particularly drought. To refine our analysis, a
41-question survey was developed and administered to 150
households in the watershed, distributed across the following
municipalities (Figure 2): Tizi N-Isly (33.30%), Aghbala
(28.99%), Boutferda (24.40%), and Sidi Yahya Ou Youssef
(13.30%). The sample was randomly selected to ensure a bal-
anced distribution of respondents. The map illustrates the dis-
tribution of survey participants in the upstream watershed of
Oued EI Abid, highlighting municipal boundaries and sample
sizes.
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Figure 2. Sample Size Distribution.
Variable Question

2.4. Analyzed Data

The analysis begins with the presentation of the house-
holds' sociodemographic characteristics. Next, we examined
the types of property, particularly agricultural land (rainfed
or irrigated) and livestock ownership. We then analyzed the
population's knowledge and perceptions of drought. Finally,
we assessed the impacts of this phenomenon on the local
population, focusing on its economic, social, and environ-
mental consequences.

Table 1. Key Information Analyzed in This Study.

Variable Question

Municipality

Gender

Age

Occupation
Demographic Data

Type of housing

Marital status

Education

Source of water used

Do you have agricultural land
Property If yes, is it rainfed or irrigated

How many head of livestock do you have
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How many head of cattle do you own?
Do you know what drought is

Does the watershed experience the phe-
nomenon of drought

Knowledge and Per-
ception of Drought

Has the watershed been impacted by
drought

Have you been affected by the effects of
drought

How have climatic conditions changed
Impact on water resources
Impact of Drought Economic impacts
Social impacts

3. Results and Discussion

3.1. Demographic Data and Perception of
Drought

3.1.1. Demographic Data

Based on our field observations, the local population has a
deep understanding of its environment, which it has shaped
and continues to adapt, while being aware of the risks it faces,
particularly drought. To refine our analysis, a 41-question
survey was developed and administered to 150 households in
the watershed, distributed as follows: Tizi N-Isly (33.30%),
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Aghbala (28.99%), Boutferda (24.40%), and Sidi Yahya Ou
Youssef (13.30%).

The analysis of the collected data highlights the so-
cio-demographic and economic characteristics of the popula-
tion in the studied watershed. The high presence of men
among the household heads (87%) reflects a social organiza-
tion where this role is predominantly occupied by men. The
average age of respondents is relatively high, with 48% aged
between 50 and 60 years and 23% over 60 years old, indi-
cating an aging population. Additionally, 13% of the re-
spondents are women, and the average age of the household
heads is 51 years. Regarding education, most have received
traditional education, while 11% have never attended school.

Table 2. Socio-demographic and Economic Characteristics of the
Surveyed Population.

Variable Category Percentage
Man 87,00%
Gender Woman 13,00%
Total 100,00%
>40 12,00%
40-50 17,00%
Age 50-60 48,00%
<60 23,00%
Total 100,00%
Agriculture 42,00%
Pasture 37,00%
Activity
None 21,00%
Total 100,00%
Traditional 53,00%
Modern 28,00%
Housing Type
Mixed 19,00%
Total 100,00%
None 11,20%
Traditional 54,50%
Primary School 19,70%
Level of education High School 12,10%
University 2,50%
Total 100,00%

Economically, the main activities are agriculture (42%)
and livestock farming (37%), illustrating a strong reliance on
natural resources, which are particularly vulnerable to cli-
mate-related events like drought. However, 21% of re-
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spondents are not engaged in any activity, suggesting eco-
nomic precarity and limited access to employment opportu-
nities. Housing conditions reveal a lifestyle still marked by
traditions, with 53% of homes being of traditional type,
compared to only 28% of modern constructions. This trend
could be attributed to economic constraints or cultural pref-
erences. Regarding education, 54.5% of respondents re-
ceived traditional education, while 11.2% have never at-
tended school. The low rate of access to secondary education
(12.1%) and higher education (2.5%) highlights educational
limitations that may affect the ability to adapt to environ-
mental and economic challenges. These results indicate that,
although the local population is aware of climate risks, it
faces structural vulnerabilities related to its aging population,
heavy dependence on agricultural activities, and limited ac-
cess to education all of which directly influence its resilience
to the effects of climate change.

3.1.2. Perception of Drought

The results of our survey highlight a strong awareness
among the watershed population regarding the issue of
drought. The residents associate this phenomenon with vari-
ous factors, including decreased rainfall, lack of potable water,
reduced water resources for irrigation, and the drying up of
springs and rivers. Thus, 95% of the respondents
acknowledge the presence of drought in their region, while
only 5% express a contrary view. Moreover, 80% of the par-
ticipants believe that the studied area directly suffers from the
consequences of drought, and 75% report personally experi-
encing its effects.

Table 3. Perception of Drought and Evolution of Climatic Condi-
tions.

Does the watershed experience the phenomenon of drought?

Yes 95,00%
No 5,00%
Total 100%

Has the watershed been impacted by drought?

Yes 80,00%
No 20,00%
Total 100%

Have you been affected by the effects of drought?

Yes 75,00%
No 25,00%
Total 100%
Precipitation
In the past In the present
Low 15,60% 58,40%
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Average 38,90% 41,60%
Strongholds 45,60% 0%
Total 100% 100%

Precipitation period

In the past In the present
A few days 37,30% 83,30%
One week 46,20% 16,70%
One month 16,50% 0%
Total 100% 100%
Evolution of temperature
Decrease 4,40%
The same 23,30%
Increases 72,30%
Total 100%
The hottest period The dry period
80 17,60% 9,30%
90 23,30% 20,30%
2000 58,80% 70,40%
Total 100% 100%

Evolution of Cold Waves and Snow

In the past In the present
A few days 16,20% 53,70%
One month 40,30% 24,30%
Over a month 43,50% 22,00%
Total 100% 100%

The analysis of the locals' perception of the climate reveals
a significant change in weather conditions over time. In the
past, 45.6% of respondents considered rainfall to be abundant,
38.9% deemed it moderate, and 15.6% regarded it as weak.
Today, this trend has reversed: 58.4% of the residents believe
that rainfall has become weak, and 41.6% perceive it as av-
erage.

Regarding the duration of rainy episodes, the collected data
indicate a notable decrease. In the past, 42.6% of respondents
thought the rains lasted more than a week, 37.3% mentioned a
few days, and 16.7% spoke of a duration of one month. Cur-
rently, 83.3% of participants report that the rains no longer
last more than a few days, while only 16.7% say they can
extend up to a week.

The rise in temperatures is another major transformation
noted in the survey. According to the Intergovernmental Panel
on Climate Change (IPCC) [31], the average temperature has
increased by 0.16<C per decade. The General Directorate of
National Meteorology (GDNM) [32] reports that the temper-
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ature rose by 1.63<C in 2022, making the 2021-2022 hydro-
logical season one of the driest since 1981. These observa-
tions are confirmed by local perceptions: 72.2% of respond-
ents report an increase in temperatures, and 58.8% believe
that the last decades have been the hottest. Additionally, 70.4%
of respondents think these periods were also marked by the
most significant drought.

The frequency and intensity of cold waves and snowfall
episodes have also undergone significant changes. In the past,
45.6% of residents considered precipitation to be abundant,
compared to only 58.4% who now perceive it as weak. Re-
garding the duration of rainy episodes, those lasting more than
a month have decreased from 43.4% to 22%, while episodes
lasting a few days have increased from 16.2% to 53.7%. This
overall trend reveals a gradual reduction in the duration of
extreme weather events, confirming the impacts of climate
change.

The increase in temperatures and the reduction in rainfall
have direct consequences on water resources, agriculture, and
pastoral activities, thus threatening food security and liveli-
hoods. This situation highlights the need for adaptation
strategies and sustainable management of natural resources to
cope with the growing effects of climate change in the region.

3.2. Impact of Drought

The different types of droughts (climatic, hydrological,
agricultural, socio-economic) can be seen as extensions of the
initial effects of climatic drought [1]. In other words, it is a
propagation of this phenomenon at various levels [11]. For
example, hydrological drought is characterized by a reduction
in water resources [33], while socio-economic drought refers
to the economic and social impacts caused by this shortage.
Similarly, agricultural drought results from the effects of
drought on crops, leading to a decrease in yields. This clearly
illustrates that drought has multiple repercussions that affect
various sectors, as confirmed by our survey.

3.2.1. The Impact on Water Resources

The scarcity of water resources in Morocco is a
well-established reality [2]. This shortage is particularly no-
ticeable in the Oum Er Rabia watershed, especially in the
upper part of the Oued EI Abid, where the decrease in the
volumes of water stored in the Beni El Ouidane dam, as well
as the reduction in the flow of Oued EI Abid and the water
sources in the watershed, highlight the growing impact of
drought [3]. This observation, supported by field data and
surveys conducted with local populations, underscores the
critical state of water resources. Regarding the Oueds, a sig-
nificant majority of respondents (67.8%) reported that the
nearest valley regularly experienced periods of drying up,
while 32.2% stated that the Oued had never reached such a
level of drought (Figure 3).

As for the water sources, they have experienced a similar
fate to that of the Oueds. According to (Figure 2), 65.2% of
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survey participants reported a decline in the flow of water
from the sources, while 34.7% stated that they continued to
provide water consistently. Water resources (sources, wells,
and Oueds) are affected to varying degrees by drought. In
some cases, drought impacts surface water more than
groundwater; however, both types can also be affected sim-
ultaneously.

According to (Figure 4), it is clear that sources are the most
severely impacted by drought, with a rate of 35.6%, followed
by Oueds with 32.7%, and finally wells with 31.6%. During
our survey, we observed that water resources in the watershed
were heavily affected by these unfavorable climatic condi-
tions. However, when asked "which water source is most
affected by drought," most responses referred primarily to the
source that was most used by the respondents and considered
to be the one suffering the most from the impact of this
drought.

The 32.8%
Rivers

The 31.6%

Wells 2

The

) 35.6%
Springs
28 30 32 34 36%

Figure 3. Water source most impacted by drought.

HYes No
D g O
40.6 %

Wells
D g U o

Rivers 32.2%
Doving i of | N 307 %

springs

0 50 100

Figure 4. Impact of Drought on Springs, Wadis, and Wells.

3.2.2. Economic Impacts

Drought causes significant economic costs for the country,
impacting both the agricultural and pastoral sectors. In the
long term, its consequences can be irreversible, particularly
concerning soil degradation and reduced fertility, leading to
food deficits and potentially, in extreme cases, famines [6].
Moreover, the reduction in forage resources directly affects
livestock, leading to decreased productivity and increased
mortality rates [5].
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In the studied region, economic losses are significant and
manifest at several levels. The survey reveals that 30.6% of
respondents have observed livestock mortality, while 21.5%
had to sell their livestock, likely due to a lack of food re-
sources and the difficulty of maintaining them. Furthermore,
29.5% of residents report crop losses, directly impacting food
security and farmers' income. Finally, 13.2% of respondents
indicated that they delayed plowing in anticipation of rainfall,
illustrating the growing uncertainty linked to climatic hazards
[4, 35].

These results confirm national trends, where recurring
drought periods have a lasting impact on agricultural activities
and increase the vulnerability of rural populations [2].

The land has not

been plowed 18-2%
Sale of livestock 21.5%
e
Lost harvest 29.5%
0 10 20 30 40

Figure 5. Economic impacts of drought.

3.2.3. Social Impacts of Drought

The consequences of drought are multiple and interde-
pendent, affecting environmental, economic, and social di-
mensions. Among these, the social impact is particularly
pronounced, leading to increased poverty, heightened ten-
sions over water resources, and forced migration dynamics.
Several studies highlight that drought episodes in Morocco
have historically contributed to migration movements, par-
ticularly rural exodus and the mobility of herders seeking
resources for their livestock [7].

Although traditional nomadism is declining, drought fos-
ters the emergence of a semi-nomadic lifestyle, where
movement is dictated by the availability of natural resources,
particularly water and pasture [9]. This phenomenon, alt-
hough little studied, generates local tensions, especially
around water points, and influences the socio-economic dy-
namics of the affected territories.

The results of our survey confirm this reality: 63.2% of
respondents acknowledge the existence of the nomadic phe-
nomenon in the region, while 37% refute it. Additionally, 62%
of respondents report that nomads move their herds based on
available water resources, thus highlighting the vulnerability
of herders to climate hazards. While this mobility is essential
for their survival, it exacerbates land disputes and conflicts
over access to resources, further challenging sustainable
management in arid areas [10].
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B Do you know the immigrants Immigration

No

0 50 100
Figure 6. Immigration in the Watershed.
m Nomad Nomad with livestock
0 50 100

Figure 7. Nomadism in the Study Area.

4. Conclusion

Drought is a structural climatic reality in Morocco, and its
recent intensification exacerbates the socio-economic and
environmental challenges faced by local populations. The
study conducted in the Oued El Abid watershed highlights an
increased awareness of this phenomenon among residents,
who primarily associate it with a marked reduction in rainfall,
dwindling water resources, and rising temperatures.

The survey of 150 participants reveals several so-
cio-demographic factors influencing the vulnerability of
populations to drought. The majority of respondents (87%)
are men, with an average age of 51 years. Agriculture (42%)
and grazing (37%) remain the main economic activities,
making these populations highly dependent on climatic con-
ditions. Moreover, the education level remains limited, with
54.5% of participants having received traditional education
and 11.2% never having attended school.

The study’s results highlight a widespread awareness of
drought: 95% of residents recognize its presence in their re-
gion, and 80% believe it has a direct impact on their envi-
ronment. The perception of climate changes emphasizes a
marked transformation: while 45.6% of respondents once
considered rainfall abundant, 58.4% now view it as low.
Furthermore, the duration of rainfall has significantly de-
creased, with 83.3% of those surveyed stating that it now lasts
only a few days. Meanwhile, 72.2% of respondents notice an
increase in temperatures, and 70.4% believe that the fre-
quency and intensity of drought episodes have significantly

17

increased in recent decades.

The consequences of drought are manifold. Regarding
water resources, 68% of residents report a decrease in the flow
of springs and rivers, while 53% report the complete drying
up of certain springs. The impact on agriculture is also sig-
nificant: 75% of farmers report a drop in yields, and 41% of
herders observe a reduction in their livestock.
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NDWI Normalized Difference Water Index

SPI Standardized Precipitation Index

IPCC Intergovernmental Panel on Climate Change
GDNM  General Directorate of National Meteorology
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