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Abstract: The Gulf Cooperation Council (GCC) countries experience a harsh environment with low
precipitation and high evaporation rates. This presents a significant challenge of water scarcity and
water quality degradation which is exacerbated by land use practices. Agriculture, urbanization,
and industrialization are impacting the management of water resources. This paper examines
the state of water resources in the GCC countries and presents the impact of land use practices.
A detailed analysis of the relationship between land use and groundwater is conducted with a focus
on the Kingdom of Saudi Arabia (KSA), the Sultanate of Oman, and the United Arab Emirates
(UAE). The results indicate a drop in agricultural activities, an increase in bare land and urban areas,
depletion of groundwater, and water quality degradation. These changes were attributed to excessive
agricultural and industrial uses, climate change, and rapid urbanization. The findings show the need
for sustainable land use practices and water resources management. Further research addressing the
impact of land use on water in Kuwait, Qatar, and Bahrain, and evaluating the effectiveness of policy,
is essential.

Keywords: Gulf Cooperation Council; water resources; land use; water scarcity; groundwater depletion;
urbanization

1. Introduction

Land use refers to how human beings use and manage land and its resources as a
way of sustaining their lives. It differs from land cover, which refers to the biological and
physical materials that exist on the surface of land, whether natural or manmade. Land
use includes agricultural, residential, commercial, or any other anthropogenic uses of the
land by people. This implies the exploitation of land, and the associated resources, which
translates into denaturalizing the land. Land cover, on the other hand, includes both the
natural and man-made/caused changes that occur on the surface of land over time. Land
use and land cover are often referred to together as land use/land cover change (LULC),
which is regarded as the product of natural and socio-economic aspects of an area and their
accompanying anthropogenic manipulation in space and time [1].

Land use practices may vary in different parts of the world, but they often lead
to similar outcomes. These include the ever-increasing human demand for natural re-
sources, economic pressures on those resources, and detrimental effects on the environ-
ment. Throughout the history of urban development, literature has demonstrated the
environmental impacts of land use practices on various scales. These impacts range from
atmospheric pollution to changes in the global ecosystem.

Climate change is also an essential factor affecting the cycle of the water. Many
studies consider this factor in more detail; however, climate change is global, but its effects
differ from region to region. The land use pattern is crucial to the region’s vulnerability
and resiliency.
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A crucial change happened in the GCC region’s water history, strongly related to the
oil and gas industry in the region. After the Second World War, huge investments were
made in the GCC region, leading to a drastic population boom. Until the mid-1950s, the
primary source of water was groundwater.

The GCC countries are located in areas with low precipitation, hence, they are referred
to as arid regions. These regions face challenges with water scarcity, flash floods, and
water resource management. These challenges are exacerbated due to the complexity
of shifts in the hydrologic conditions, making water resource management difficult [2].
The term “arid” is used to describe regions with extremely high temperatures and less
than 100 mm of annual rainfall. Conversely, “semi-arid” refers to areas receiving between
250 and 500 mm of rainfall per year. Arid and semi-arid regions experience higher rates
of evapotranspiration than precipitation, leading to the possibility of frequent droughts
and occasional floods. These regions are recognized as some of the most water-stressed
areas, where groundwater (GW) from aquifers is the primary water resource. However,
the over-reliance on GW is unsustainable due to the slow recharge rate caused by low
precipitation. Moreover, heavy reliance on GW, coupled with intense pumping, increases
the risk of pollution, including salinity intrusion [3].

The quality and availability of water are significant natural resources for communities.
The extraction of water from streams and groundwater systems to cater to the needs of
cities and the associated land use changes have negative consequences on the natural
environment [4]. LULC changes are causing the change of natural habitats to urban and
agricultural areas, which results in water degradation. In addition to the quantity of
water affected over time, non-point source pollution from agriculture and urbanization
is increasingly impacting water quality globally [5]. Agricultural, sewage, and industrial
waste, and the introduction of pollutants such as fertilizers and pesticides, are causing
water quality degradation.

The impact of land use planning is severely affecting water resources. In addition
to the short-term effects on water resources, land use practices have a critical role in
long-term and strategic plans for water sustainability and regional resilience. Developing
water management strategies that support sustainable development while protecting water
resources for future generations requires an understanding of the relationships that exist
between land use practices, governance, socioeconomic factors, environmental dynamics,
and water resources. Governance informed by scientific studies and engagement with
different sectors is essential to reduce the risks to water resources. Specifically, based on
the estimated annual risk index, governance and food security were found to be stronger
influential factors to the risks to groundwater in the Gulf Cooperation Council countries
than the storage reserves [6].

Water resources are essential for any country across the globe, and the GCC countries
are no exception. Despite being rich in oil and gas reserves, these countries have low
stocks of water and little suitable land for agriculture and farming. According to UN
reports, except Oman, the GCC countries fall under the category of “acute scarcity” of
water [7], meaning the annual sustainable source of water is below 500 m3/capita. Some
environmental experts estimate this to be as low as 100 cubic meters. In addition, in 2015,
the region’s demand for water exceeded the available supply by 67%. According to the
GCC Statistics Center, the long-term precipitation rate in the GCC countries from 1980 to
2009 was 263 billion cubic meters [8]. In 2022, the precipitation for all GCC countries was
recorded to be 214.1 billion cubic meters [8].

Using academic literature and case studies as a guide, the significance of this review
lies in the examination of the complex relationship between land use patterns and water
resources in the GCC countries. The objectives of this paper are to understand the connec-
tion between water resources and land use activities and to highlight research gaps. This is
conducted by answering the following research question: What is the impact of land use
practices on groundwater quantity and quality in the GCC countries?
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2. Materials and Methods
2.1. Study Area

In 1981, the Gulf Cooperation Council (GCC) was formed by the integration of six
countries: the United Arab Emirates (UAE), the Kingdom of Bahrain, the Kingdom of
Saudi Arabia (KSA), the Sultanate of Oman, the State of Qatar, and the State of Kuwait
(Figure 1) [9]. Based on 2021 statistics obtained from the GCC statistics center, the GCC
countries have a total area of 2,410,687 square kilometers and a population of approximately
56.4 million, making the aggregated population density 23.5 persons per square kilometer
(Table 1) [10]. The largest GCC country, Saudi Arabia, accounts for 83% of this land, with
the highest population in the GCC of 34.1 million, accounting for 60.5% of the total GCC
population [11]. Bahrain is the smallest country in the region, consisting of 33 islands with
a total area of 787 square kilometers and a population of 1.5 million [11]. The population
density in Bahrain is much higher than that of other GCC countries, with 1906 inhabitants
per square kilometer. Oman is the second largest GCC country in terms of land; the country
has a population of 4.5 million and an area of 309,500 square kilometers, with the lowest
population density of 15 persons per square kilometer [11]. In terms of land area, Oman
is followed by UAE, Kuwait, and Qatar, with areas of 71,000, 17,800, and 11,600 square
kilometers, respectively [10]. Examining the LULC, most of the land is bare ground and
rangeland (Figure 2). Higher elevations can be observed in the southwest of KSA and the
northeast of Oman (Figure 3). Similarly, Figure 4 shows lower temperatures near higher
elevations and higher temperatures near lower elevations.
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Table 1. Data on the GCC countries based on 2021 statistics from the GCC-STAT center [10,11].

Parameter KSA Oman UAE Kuwait Qatar Bahrain Total

Area (km2) [10] 2,000,000 309,500 71,000 17,800 11,600 787 2,410,687
Percentage (%) 82.96 12.84 2.95 0.74 0.48 0.03 100

Population (m) [11] 34.1 4.5 9.3 4.2 2.7 1.5 56.4
Percentage (%) 60.6 8.0 16.5 7.5 4.8 2.7 100

Population Density
(Person/km2) 17 15 131 236 233 1906 23

2.2. Methodology

An extensive review of scholarly articles, reports, and statistics related to the relation-
ship between land use practices and water resources in the Gulf Cooperation Council (GCC)
countries was conducted. The literature ranged from 2000 to 2023 and can be classified
under the categories in Table 2. Subject-specific databases were utilized to identify relevant
publications, such as ScienceDirect, IEEE Xplore, and other multidisciplinary databases,
such as Google Scholar. The selection process involved a chronological organization of
papers and reports to determine the most relevant results. This was followed by a catego-
rization based on key topics and countries. Relevant data on each country were extracted
from the selected literature, including findings, methodologies used, study areas, and
temporal coverage. The findings were synthesized and analyzed to identify patterns and
trends related to the impact of land use practices on water quantity and quality. As a
result of the wide range of studies on this topic in Saudi Arabia, Oman, and UAE, the
review comprehensively discusses them as case studies to provide insights into the water
conditions in the GCC countries.
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Table 2. Literature Categories.

Conventional Water Resources Challenges
Non-conventional Water Resources Demand

Water Management Impact of Land Uses

3. Results
3.1. Water Resource Availability and Management in the GCC Region

One of the most significant challenges in the GCC region is water scarcity. This is due
to reasons such as the limited rainfall that typically happens as rare bursts during a short
period, the high evaporation rate as a result of the climate, and the low recharge rate of
groundwater. This presents a risk to the sustainable development of the GCC countries [12].
The water resources can be categorized into conventional, including surface water and
groundwater, and non-conventional, such as desalination and treated wastewater (Table 3).
The GCC countries are mainly dependent on groundwater, followed by desalination, reused
water, and surface water. During the period from 2017 to 2020, the freshwater available
for use per capita dropped by 25.7% [13]. Accordingly, the countries are moving towards
utilizing non-conventional resources to meet the increasing demand for water with lower
stress on the scarce conventional resources. However, examining the 2020 data from the
GCC Statistics Center [10], groundwater is the main water resource for KSA, Oman, and
UAE (Table 4). On the other hand, Qatar and Bahrain are mainly dependent on desalination.
Kuwait depends almost equally on both groundwater and desalination. Reused water is
the least used resource, probably due to the associated constraints.

Table 3. GCC freshwater available for use 2017–2020 by water resource [13].

Parameter 2017 2018 2019 2020

Conventional Resources

Surface Water (BCM) 0.17 0.17 0.19 0.21
Percentage (%) 0.5 0.5 0.7 0.8

Groundwater (BCM) 26.1 26.7 18.1 18.5
Percentage (%) 77.7 78.5 70.5 70.5

Non-conventional

Desalination (BCM) 6.3 6.1 6.2 6.3
Percentage (%) 18.7 17.8 24.3 24.1

Reused Water (BCM) 1.0 1.1 1.2 1.2
Percentage (%) 3.0 3.2 4.5 4.6

Table 4. Distribution of total freshwater in the GCC in 2020 by source [10].

Parameter KSA Oman UAE Kuwait Qatar Bahrain

Groundwater (%) 84 79 49 49 22 34
Desalination (%) 14 18 40 48 62 56

Reused Water (%) 2 3 11 3 16 11

3.1.1. Surface Water

Surface water is a scarce resource in the GCC countries as a result of the region’s harsh
climate and topography. The average annual precipitation falls in the range of 70 to 130 mm,
except in Oman, the shore to the east, and the zones in the southwest of KSA [14]. These
limited precipitation levels are accompanied by high evaporation rates that may reach more
than 3000 mm annually [14,15]. KSA has the highest level of renewable water, followed by
Oman and UAE, see Table 5. This resource is almost absent in Kuwait, Qatar, and Bahrain
(Table 5). The total annual surface water in the GCC is estimated to be 4.14 BCM [14].
As a result of their agricultural activities, KSA, Oman, and UAE have the highest water
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consumption levels [14]. Currently, only KSA, Oman, and UAE are utilizing dams to
harvest surface water, recharge the groundwater, and protect against risks of flooding.

Table 5. Surface water resources in the GCC countries [14,16,17].

Country
Avg. Annual

Rainfall
(mm/yr)

Total Dam
Capacity
(MCM)

Annual Renewable
Surface Water

(KCM)

Total Annual
Renewable Water
Resources (KCM)

KSA 59 1004.06 2.2 2.4
Oman 125 88.4 1.1 1.4
UAE 78 61.07 0.1 0.15

Kuwait 121 0 0 0.02
Qatar 74 0 0 0.05

Bahrain 83 0 0 0.116

3.1.2. Groundwater

Groundwater is the main water resource in the GCC countries. Renewable ground-
water can be found in shallow aquifers, which are crucial for meeting urban and rural
water demands, specifically in KSA and Oman [14]. These aquifers are at risk due to land
use activities such as agricultural, residential, and industrial uses [14]. Non-renewable
groundwater can be found in deep aquifers, especially in KSA and Oman. These aquifers
formed as a result of heavy rainfall during the Pleistocene and the Pliocene periods [14].
During the period from 2017 to 2020, the percentage of extracted groundwater in the total
available freshwater in the GCC dropped to 70.5% in 2020 (Table 3). Although the GCC
countries are shifting some of their dependence from groundwater extraction to other
non-conventional resources, the rate of groundwater depletion is still considerably high.
The dependence on groundwater resources to compensate for the limited surface water in
the GCC has resulted in a decrease in the water quantity, damage to springs, and damage
to the quality of water due to the mixing of seawater with coastal aquifers [14]. In 2020, a
study was conducted to calculate the ratio of water extraction to available resources, mainly
focusing on understanding the level of groundwater depletion. The results showed that
Kuwait had the highest depletion, a ratio of 0.75, while Oman had the lowest, 0.021 [12].
These ratios can be interpreted in terms of the lifespans of the water resources. If the current
conditions hold constant, the spans until depletion are 50, 25, 12, 8, 3, and 1 year for Oman,
Saudi Arabia, Qatar, UAE, Bahrain, and Kuwait, respectively [12].

3.1.3. Desalination

Desalination, the process of producing fresh water from salty water, gained popularity
due to the high stress on water in the region and the availability of energy sources. The
process presents a way to diversify water dependence away from groundwater and to
maintain quality standards, specifically for residential and industrial sectors [18]. The GCC
countries are desalinating using mainly multi-stage flash distillation (MSF) and multi-effect
distillation (MED) in addition to more recent advanced technologies such as reverse osmosis
(RO) [14]. The GCC countries experienced a population increase of 12.6% in 2020 compared
to 2015 [13]. Accordingly, they increased the capacity of their desalination stations from
7.5 BCM in 2015 to 8.3 BCM in 2020 [13]. Currently, residential demand is mainly dependent
on desalination. Mainly, the highest consumption of desalinated water is by the municipal
sector, except in Qatar and Bahrain, where the industrial sector is dominant. Table 6
details daily desalinated water consumption across the six Gulf Cooperation Council (GCC)
countries in various sectors. UAE and Saudi Arabia (KSA) exhibit the highest overall
consumption, particularly in the municipal and industrial sectors. UAE leads municipal
usage with 2.691 MCM/day and industrial usage with 2.142 MCM/day, while KSA follows
closely. Consumption in the power and military sectors is minimal across all countries, with
the military sector showing no usage in Oman, Qatar, and Bahrain. The tourism sector sees
significant usage in KSA and UAE, and agricultural consumption is highest in KSA and
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Bahrain. This table highlights substantial differences in desalinated water usage patterns
among the countries and sectors [14,19]. The total annual desalination capacity of the GCC
countries is estimated at 26.4 BCM, with KSA and UAE having the highest capacities [14].
KSA has 35% of the desalination stations, while UAE has 33% [20].

Table 6. Desalinated water consumption by sector (MCM/day) [14,19].

Sectors KSA Oman UAE Kuwait Qatar Bahrain

Municipal 2.159 0.374 2.691 0.946 0.570 0.159
Industrial 1.959 0.223 2.142 0.705 0.789 0.377

Power 0.100 0.020 0.110 0.056 0.044 0.020
Military 0.201 0 0.165 0.037 0 0
Tourism 0.402 0.033 0.330 0.056 0.073 0.066

Agricultural 0.201 0.007 0.055 0.037 0.044 0.040

3.1.4. Treated Wastewater

Wastewater contains dangerous components including organic materials, nutrients,
metals, bacteria, and viruses that can result in water pollution. Large amounts of wastewa-
ter are being discharged into seawater [14]. The treatment of wastewater is an important
step that provides an alternative to the disadvantages of desalination in terms of energy
consumption and environmental damage and reduces non-renewable groundwater ab-
straction. Wastewater treatment depends on the geography of the location, the density of
the population, and the proximity of the population to the stations [14]. Highly populated
zones in close proximity are likely to be cost-effective. Around 300 treatment facilities are
located in the GCC [21], with KSA having the highest production among the countries [21],
and UAE steadily increasing its production [14]. In the GCC, the total freshwater available
for use in 2019 amounted to 26.2 BCM, of which 4.6% was reused water and 13.6% was
treated wastewater [13]. In 2020, the GCC reused 34% of the total treated wastewater [13].
The total annual treated wastewater in the GCC is estimated to be 10.07 BCM [14]. The
treated wastewater is mainly used in the landscaping of parks and roads, aquifer recharging,
and the production of fodder crops [22]. Further uses are hindered by societal acceptance,
religious reasons, and safety of use.

3.2. The Kingdom of Saudi Arabia (KSA)
3.2.1. Status of Source Water

Saudi Arabia, consisting of 13 provinces, has the largest area and population among
the GCC countries (Figure 5). In 2020, KSA had 563 dams, the highest number in the
GCC, with a total capacity of 2.6 BCM [6]. However, Saudi Arabia is mainly dependent
on its groundwater resources and desalination due to the limited surface water, as a result
of low rainfall and high evaporation [23]. The major sectors abstracting groundwater
were agriculture, the water supply industry, and manufacturing industries. Agriculture
accounted for almost 90.6% of the abstracted groundwater in the country [12]. In 2020, Saudi
Arabia allocated 12.9 BCM, which represents 69.8% of the total extracted groundwater in
the GCC, to its agricultural sector [13]. Desalination is also a primary water resource in KSA.
The country desalinated 2.3 BCM in 2020, which is an increase of 0.8% compared to 2019.
KSA’s desalinated water production constitutes almost 10% of the global desalinated water
production [14]. This percentage constitutes 50% of the country’s demand for water [14].
Wastewater treatment is an under-utilized option in the country. Currently, KSA has
a treated wastewater capacity of 1970 MCM annually, achieved through 97 treatment
facilities [24]. However, in 2019, the percentage of reused water of the total freshwater
available for use in KSA was the lowest in the GCC, amounting to 2.1%, 336 MCM. In
addition, the percentage of reused water in the total treated wastewater was 18.1% in 2020.
This is the second lowest after Kuwait, 12.6%, among the GCC countries [13]. Currently,
KSA is reusing 43% of the treated wastewater. A study has shown that reusing wastewater
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in KSA has the potential to provide 29% of the total water demand by the industrial
sector [25].
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3.2.2. Land Use Impacts on Water Resources

Land use activities, mainly agriculture, are impacting the natural water resources
in KSA. Saudi Arabia uses a high share of its land resources for agricultural purposes.
Almost 88% of the country’s water demand was consumed by irrigation systems for
agriculture [26]. This has stressed the water resources in the country, especially due to the
land reclamation project which intensified agriculture during the mid-1970s and severely
reduced groundwater levels [27,28]. Most of the agricultural areas are located in Riyadh as it
significantly depends on the groundwater available, with fewer in Jeddah and Makkah [28].
This overexploitation of water resources has led to KSA’s water management regulations.

As a result of the dramatic decrease in the country’s groundwater inventory, the
government changed its agricultural support policy [29]. One of the approaches was to
reduce the agricultural demand for water by reducing fodder crops. A study examining the
agricultural Al-Jouf area in KSA evaluated land use/cover changes (LULC) during the years
from 2017 to 2021. The results showed a decrease of almost 39% in the annual average of
cultivated areas in 2021, with a variation between seasons. As agricultural land decreased,
land use shifted towards orchards, which increased by 84%. The area of crops decreased
by 24%, while that of bare land increased by almost 10% [30]. Another study of the LULC
changes in Riyadh, Jeddah, and Makkah, from 2000 to 2014, indicated that agricultural
areas decreased significantly to become bare soil as a result of scarce groundwater [28]. The
excessive agricultural and industrial use originally intensified this scarcity.

Although the country is moving its policies towards lower water depletion, some
areas are still suffering from depletion due to irrigation. A study was recently conducted to
examine the water used for crops at Wadi Uranah, Makkah. The results revealed that the
area is used for growing fruits, which requires high water consumption. The amount of
irrigation water used was found to be seven times more than the estimated annual recharge
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of the aquifer through rainfall. The study indicated that the groundwater aquifer is severely
impacted and may be at a more critical risk than the calculations show, due to irrigation
inefficiency and the types of crops grown [26].

Looking at the main cities in KSA, a study conducted on Riyadh, Jeddah, Makkah,
Al-Taif, and the eastern area, from 1985 to 2014, showed a high rate of development and
urbanization in all of the cities [31]. This expansion can be explained by governmental
movements towards development and by the higher population due to migration to these
cities. In addition to the issues KSA faces due to its location and harsh climate, anthro-
pogenic activities, which have a more rapid impact compared to natural factors [28], are
causing environmental damage. This damage is highly linked to domestic and industrial ac-
tivities, which are in close proximity to ecologically sensitive zones [32]. This has negatively
impacted the ecosystems in the five studied cities [31].

Al-Aba Oasis, west of Ras Tanura, is an ecologically sensitive location. A study of
the LULC changes in the area has shown an increase during the years 1985, 2000, and
2021 in built and agricultural areas. The results show that sabkhas are being influenced by
urbanization and agricultural growth. As a result of the LULC changes, the area is suffering
from several environmental issues including a drop in groundwater levels, urbanization,
expansion of agriculture, and human interference [33].

In Tabuk City, a study of the impact of LULC changes on groundwater from 1985
to 2015 has revealed that 64% of the transformed barren land became agricultural while
36% became urban [34]. The results indicate that the water consumption for agriculture
increased significantly, which resulted in the abstraction of eight times more groundwater
in 2015 relative to 1995. The study links the LULC changes and the irrigation methods to
the risks of groundwater depletion, salinity, and ecosystem degradation.

The impact is not only limited to the quantity of water but also to the quality. Ground-
water quality is affected by the geology of aquifers and anthropogenic activities [35]. One of
the major factors impacting the quality is land use [36,37]. For instance, residential activities
such as waste management and sanitation, and agricultural, industrial, and urban activities,
negatively affect groundwater [38]. In different locations in Al-Madinah, 23 groundwater
samples were evaluated in terms of groundwater parameters indicating water quality.
The results found were attributed to sewage from industrial and septic tanks [39]. The
groundwater degradation was linked to the relations between agriculture, industry, rocks,
and water.

3.3. The Sultanate of Oman
3.3.1. Water Conditions

Oman, consisting of 11 provinces, has the second-largest area and the lowest popu-
lation density among the GCC countries (Figure 6). In 2020, Oman had 155 dams with
a capacity of 323 MCM, which are used for storage, recharge, and flood mitigation [12].
Oman is heavily dependent on the extraction of groundwater to meet water demand, which
is mainly from the agricultural and residential sectors. With regard to water quality, a study
has found that the coastal aquifers in Oman are at risk due to many sources of salinity [40].
In 2020, groundwater abstraction for the agriculture and water supply industries amounted
to 800 MCM [12]. In addition to groundwater, the country uses desalination in some
villages [41]. The amount of water produced through desalination amounted to 326 MCM
in 2020 [12]. Water desalination in Oman provides 27% of its water demand [14]. Currently,
this share constitutes 86% of Oman’s residential water demand [14] and is expected to
amount to 600 MCM annually in the next 10 years [42]. In 2020, Oman had a considerable
percentage of 61.1% of reused water in the total treated wastewater [13]. Annually, Oman
utilizes almost 67% of the capacity of its wastewater treatment plants, and the authorities
plan to double the plants’ capacity by the year 2030 [20].
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3.3.2. Land Use Impacts on Water Resources

Since 1970, Oman has been experiencing a rapid expansion of its agricultural and
urban areas, which has caused an imbalance in its groundwater [43]. Most of the cities are
growing in an unorganized manner due to intensive urbanization. The country’s main
water source is groundwater [44], which is currently being overexploited. In addition,
the intrusion of seawater is impacting the coastal aquifers [45]. Oman is known for its
traditional irrigation system, “Aflaj”, which consists of tunnels that move water from
shallow water tables to the surface, where it can be utilized for agricultural and residential
uses. Without pumping, these systems have types as complicated as the Daudi falaj,
extracting water from 10 to 30 m underground to the surface [45]. Currently, there are
3000 Aflaj systems, which account for 30% of the groundwater in Oman [46].

A study documenting the impact of LULC changes on the Aflaj systems in 7 Omani
cities over 36 years has found a severe decline in areas cultivated by groundwater, vegeta-
tion, water bodies, and wetlands [45]. The selected cities have high populations and the
highest number of Aflaj systems. A sample of 1268 of the different types of Aflaj systems
was used. The results, from 1985 to 2021, show a major shift from bare soil to urban areas
and from vegetation cover to bare soil as a result of depleted groundwater. The urban areas
increased by 10.5% from 1985 to 2021. Almost 40% of Al-Muyasser Falaj, 39% of Daris
Falaj, and 32% of Al-Malikir Falaj were converted from agriculture to urban areas, which
is a threat to the Aflaj systems. The most alarming change was the significant increase in
bare soil. This can be attributed to the increase in agriculture, urbanization, and climate
change. Moreover, the rise in sea levels is expected to influence the salinity of groundwater
aquifers. The conditions of the Aflaj are not promising due to intensive pumping and
climate change [47]. Impervious surfaces resulting from urbanization are also limiting
infiltration and groundwater recharge.



Land 2024, 13, 925 12 of 22

Another study has confirmed the decline in agriculture at Al-Jebel Al-Akhdar from
2009 to 2012 [48]. This decline is due to a drastic fall in the Aflaj flow rates by 59% by
2000 as compared to 1997. The agricultural areas decreased by 27% from 2005 to 2013.
This can negatively impact tourism in the region, which is partially dependent on these
agricultural terraces.

Another study analyzed the effect of LULC changes on the sustainability of Aflaj
systems in Oman [49]. The results showed that market-oriented approaches and rising
water demand had more than doubled by 2018 compared to 2007 due to urban sprawl
endangering the systems in Al-Jebel Al-Akhdar. A vulnerability assessment of water re-
sources was carried out to understand the factors affecting the water resources in Al-Jebel
Al-Akhdar [50]. The factors were the stress on resources, water development pressures,
ecological health, and the capacity of management. The main factor driving the vulnerabil-
ity was the management capacity, followed by ecological health and water resource stress.
The vulnerability index is high, meaning that the stress on water resources is at a high level.
The stress on water resources in Al-Jebel Al-Akhdar was also documented by another study
looking at five oases in the region in 1978 and in 2005 [51]. The excessive groundwater
extraction from the same aquifer due to rapid urbanization has caused a decline in water
supply that cannot meet the increased demand, causing an imbalance. Comparing 2005 to
1978, the results showed that the sustainability of water resources in all of the oases in the
region has significantly diminished, except for Masayrat and Ruwajah.

3.4. The United Arab Emirates (UAE)
3.4.1. Water Conditions

UAE, consisting of seven emirates, is the third largest country among the GCC coun-
tries and has the second-highest population after KSA (Figure 7). In 2020, the UAE had
140 dams providing a capacity of 120 MCM; these were utilized to recharge the groundwater
reserves and reduce the impact of floods [12]. The country provides 49% of its freshwater
through groundwater abstraction (Table 4). Agriculture accounted for almost 16.1% of
the abstracted groundwater in the country [13]. Desalination is one of the major water
resources in the UAE, accounting for 40% of total freshwater (Table 4). Around 42% of the
water consumption in the UAE is provided through desalination plants [14]. The country
depends on this non-conventional resource to address high water demand. Although the
capacity of the GCC desalination stations increased in 2020, the UAE’s desalination stations
capacity decreased by 0.7% compared to 2015 [13]. In 2020, the total yearly desalinated
water reached 2.1 BCM, almost 5.84 MCM/day [12]. This represented approximately 39%
of the country’s total water budget. This percentage has increased from less than 10% in
1995 to the present 39% [12]. Wastewater treatment is another method the country uses
for recycling water from sewage, industry, and agricultural activities. In 2020, the country
had the highest proportion (69.6%) of reused water in the GCC’s total treated wastewater.
Most of the 92 treatment plants use conventional treatments [12], producing approximately
736 MCM of treated water, of which 75% is used for urban landscaping [52]. UAE has
wastewater treatment facilities with a capacity of around 840 MCM annually, and the
amount of water treated annually is 653 MCM [14].

3.4.2. Land Use Impacts on Water Resources

UAE has experienced noticeably rapid development over the past years. These changes
are affecting the groundwater in the country. The groundwater abstraction rate is much
higher than the recharge rate, which signals a high risk of depletion by 2030 [53]. The
impact of LULC changes and the increasing population on the groundwater in the northern
UAE was examined during the years 1990, 2000, 2010, and 2018 [54]. Built-up and vegetated
areas were found to have increased. The results indicated that the depletion in the ground-
water quantity and quality was strongly linked to the LULC changes. When the rate of
groundwater depletion was compared to agricultural and urban expansion, the connection



Land 2024, 13, 925 13 of 22

of expansion and population growth with the level of groundwater was obvious. This link
is also clear when observing changes in domestic areas and their water consumption.
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Agricultural areas and groundwater levels were found to be negatively related. The
main water consumer was the agricultural sector, consuming around 60% of the total
consumption, while industrial and residential use consumed the rest [53,55,56]. The high
consumption by irrigation resulted in higher soil and water salinity, groundwater de-
pletion, and seawater intrusion due to over-pumping, especially in Fujairah and Ras
Al-Khaimah [53,56,57]. The impact of agricultural areas is related to the water consumption
needed for irrigation. On the other hand, the impact of the built-up areas is due to surfaces
hindering water infiltration and, consequently, reducing the recharge rate [58–60]. The
quality of groundwater was also affected and attributed to soil salinity, fertilizers, and
irrigation flow [60,61]. Although the flow helps recharge the levels, it negatively impacts
the water quality and results in higher concentrations of NO3 [54].

Examining the impacts of LULC changes on groundwater in Ajman, a study revealed
a significant decline in the quantity and quality of groundwater [58]. The depth to ground-
water increased, indicating a decrease of 40% in the groundwater from 2000 to 2015. A
strong linear relationship was observed between the depth to the groundwater table and
the LULC changes. The different land uses have affected environmental quality in various
locations. Increases in trace elements were found in residential areas in the west and the
middle regions. Industrial activities in the south have led to high cadmium and chromium
levels, while factories and landfills in the north have raised iron, nitrate, and lead concen-
trations. Medical and institutional facilities in the middle region have also contributed to
high cadmium and chromium levels. Agriculture is a source of nitrate in groundwater,
though its specific location was not specified, see Table 7. The results show that the water
in the west of the study area was the most affected and had minimal quality values. The
level of water contamination increased over the 15 years, in addition to a serious depletion
from the east to the west. Industrial areas, residential activity in Ajman City, Mesharief, and
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Al-Jarf, and agriculture in Dibdibba were found to be the main reasons for the groundwater
contamination [58].

Table 7. Impact of land uses on groundwater in Ajman [58].

Land Use Location Impact

Residential West & Middle Increases in trace elements
Industrial South High cadmium and chromium

Factory/landfill North High iron, nitrate, and lead
Medical/Institutional Middle High cadmium and chromium

Agricultural - Source of nitrate in groundwater

The impact of LULC changes on the groundwater in Al-Ain was documented by a
study that showed an increase of 7.4% in agricultural areas and 10.5% in urban areas from
2006 to 2016 [62]. During those years, the agricultural demand for water increased by
9.6%, while that of urban areas increased by 22.2%. Groundwater is a vital water resource
in Al-Ain region. A direct relationship between changes in land use and the decline
in groundwater was documented. Although desalination was used to accommodate
the region’s water needs, the increase in demand resulted in significant groundwater
withdrawals. This pressure on groundwater caused an average decline rate of 40.4% of the
groundwater depth, mainly in the southwest region [62].

Examining the conditions in Abu Dhabi, the capital, a study documented the impact of
LULC on groundwater through remote sensing from 2000 to 2020 [63]. The results indicate
significant changes to the groundwater level, which was depleted by 40 m. In addition,
the areas with water of high quality decreased by 479 Km2, 0.79%. As shown in Table 8,
anthropogenic activities are causing severe contamination of the groundwater in Abu
Dhabi. The built-up areas and roofs more than doubled, causing a lower infiltration rate
and, consequently, higher groundwater depletion. The areas impacted by this depletion
increased by 70% from 2000 to 2020, while the areas contaminated by NO3 increased by
14%. The study identified nitrate contamination in agricultural areas as the major issue in
arid regions [58,64].

Table 8. Impact of land uses on groundwater in Abu Dhabi [63].

Land Use Location Impact

Residential East, West & South Increases in trace elements
Industrial East & West High cadmium and chromium
Landfill East, West & South Bacteria, viruses, & household chemicals

Medical/Institutional East & West High cadmium and chromium
Agricultural East, West & South Source of nitrate in groundwater

Factories/Landfill East, West, & the Middle High iron, nitrate, & lead concentrations
Airport East, West, & South Air pollution (as part of the water cycle)

In Abu Dhabi, different land uses impact groundwater quality across its regions.
Residential areas in the east, west, and south have seen increased trace elements. Industrial
activities have elevated cadmium and chromium levels in the east and west. Landfills have
introduced bacteria, viruses, and household chemicals into groundwater. Medical and
institutional areas have also increased cadmium and chromium levels. Agriculture has been
a major source of nitrates. Factories and landfills have caused high iron, nitrate, and lead
concentrations [58,64]. Airports have contributed to air pollution, affecting groundwater
quality through the water cycle, see Table 8.

Furthermore, higher salinity and TDS were observed near the coastal area and the
southeast. The areas affected by TDS increased by 27% in 2020. The higher nitrate, TDS,
salinity, and groundwater depletion can be related to salt dissolution, excessive fertilizers,
and the return flow to the aquifer [60,61].
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3.5. The State of Kuwait
Water Conditions

Kuwait, consisting of six provinces, accounts for 0.74% of the total area of the GCC
countries (Figure 8). The country provides 49% of its freshwater through groundwater
abstraction, see Table 4. Approximately 838 MCM are annually extracted from groundwater
resources [12]. Around 48% of the total freshwater is produced through desalination [10].
The country has 10 desalination plants with a total capacity of 1.0 BCM, producing around
717 MCM [12]. Kuwait started wastewater treatment during the 1950s [14]. The country is
currently using reverse osmosis (RO) to achieve high-quality water. The treatment capacity
of wastewater in Kuwait is around 300 MCM annually, and the amount of water treated is
about 250 MCM annually [14]. In 2020, Kuwait reused 42% of its treated wastewater [65].
This is in the direction of the “zero release” project of the Kuwaiti Ministry of Public Works
to use all of the country’s treated water [66].
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3.6. The State of Qatar
Water Conditions

Qatar, consisting of eight provinces (Figure 9), has the second smallest area among
the GCC countries, accounting for 0.48% of the total GCC area. According to the GCC
Statistics Center report on the SDGs, the stress on freshwater increased by 73% in Qatar
from 2016 to 2020 [67]. Qatar provides 22% of its freshwater through groundwater abstrac-
tion, see Table 4. In 2020, approximately 190 MCM were obtained through groundwater
extraction [12]. Around 62% of the total freshwater is produced through desalination [10].
The country has 9 desalination plants with an annual capacity of 621 MCM that produced
540 MCM in 2020 [12]. Desalinated water helps Qatar fulfill 87% of its water demands [14].
Although Qatar’s 2019 total freshwater available for use was the second lowest in the
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GCC after that of Bahrain, the country has the highest percentage of reused water, 15.7%,
172 MCM [13]. In 2020, Qatar had a significant portion of reused water in its total treated
wastewater, amounting to 61.3% [13]. The total capacity of treated wastewater is about
100 MCM annually [14]. The treated water is used in agriculture, landscaping, and recharg-
ing aquifers [14].
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3.7. The Kingdom of Bahrain
Water Conditions

Bahrain, consisting of four governorates, is the smallest among the GCC countries
and has the highest population density (Figure 10). Bahrain experienced a significant
decrease in groundwater quantity and quality in the past decade [14]. The country pro-
vides 34% of its freshwater through groundwater abstraction, see Table 4. In 2020, the
total freshwater in Bahrain amounted to 424 MCM, of which 153 MCM was extracted
groundwater [12]. The two major sectors consuming water were fisheries and household
consumption, which accounted for 65.3% and 22.1% of the extracted groundwater, respec-
tively [12]. The least water-consuming sectors were the water supply and manufacturing
industries, and agriculture, accounting for 11.3% and 1.3%, respectively [12]. Currently, the
country relies heavily on desalination and wastewater treatment. In 2020, water production
through treatment and desalination accounted for 67% of the total freshwater available in
Bahrain [12]. The capacity of desalination stations in Bahrain remained constant from 2015
to 2020 [13]. The country has 5 desalination plants with an annual capacity of 312.7 MCM
that produced 243 MCM in 2020 [12]. Desalination satisfies 36% of Bahrain’s demand
for water [14]. Bahrain has 11 wastewater treatment facilities, amounting to a capacity of
135 MCM annually [14].
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3.8. Land Use Impacts on Water Resources in Kuwait, Qatar, and Bahrain

Research on the impact of land use on water resources in Kuwait, Qatar, and Bahrain
is limited. Most studies focus on detecting LULC changes more than assessing water
resources in the region. In Kuwait, a study spanning from 2016 to 2021 revealed substantial
LULC changes: built-up areas surged by 27%, vegetation cover plummeted by 28%, and
barren land decreased by 18%. To put it into perspective, the built-up area expanded from
359 km2 to 455 km2, vegetation cover shrunk from 89 km2 to 64 km2, and barren land
reduced from 406 km2 to 332 km2. Moreover, water bodies saw a significant increase of
38%, expanding from 8 km2 to 11 km2 [68], refer to Table 9. A study in Qatar observed
even more drastic changes between 1997 and 2010. The built-up area increased by 289%
and recreational spaces grew by 426%. However, there was a severe decline in open spaces,
which decreased from 77% to 25% [69] (Table 9).

Table 9. Land cover in Kuwait’s Metropolitan Region in 2016 and 2021 [68].

Land Cover Area 2016 (Km2) Area 2021 (Km2) Percentage of Change (%)

Barren 406 332 −18
Built-up 359 455 27

Vegetation 89 64 −28
Water 8 11 38

Groundwater abstraction in Qatar is much higher than the rate of recharge, especially
due to irrigation inefficiency and the high agricultural demand for 91% of the renewable
water resources [70]. Petrochemical and refining sectors are major consumers of water
in Qatar (38% and 15%, respectively). In addition, the quality of the groundwater is
deteriorating due to high salination levels. The study indicates a significant decline in the
groundwater of low total dissolved solids (TDS) from 1971 to 2009, which is a consequence
of the excessive abstraction rate and low recharge rate. Another study found that during
the period of study, 2002 to 2020, the level of groundwater substantially declined by an
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average of 0.24 ± 0.20 cm every year due to extensive groundwater abstraction, mainly for
irrigation [71].

The literature on LULC changes’ impact on water in Bahrain is even more limited and
outdated. A study took samples from 125 boreholes over 12 years to understand changes in
the water table [72]. The results found that the water levels at deep aquifers were declining
at a rate ranging from 78 mm to 277 mm annually. Shallow aquifers were more complex
to analyze. However, the results indicated a rising water table in reclaimed land zones.
This presents a risk to land use in those zones. These changes were consequences of high
irrigation consumption and inefficient water supply networks. Furthermore, the quality of
water in the Dammam aquifer, the main aquifer in Bahrain, was examined by a study that
identified the sources of salination. The results show that the agricultural and residential
sectors caused water salination [73]. The major factor causing water deterioration in the
Dammam aquifer is the upward movement of brackish water.

4. Conclusions

Water scarcity and high water demand in a hot arid region like that of the GCC
countries exert pressure on already strained water resources. Land use practices such as
agriculture, urbanization, and industrialization have adverse effects on the water quantity
and quality in the GCC region. The negative consequences of extensive land development
and groundwater abstraction on the availability of quality water necessitate coordinated
land use planning and efficient water management strategies.

In KSA, groundwater depletion has been mainly due to extensive agriculture, particu-
larly in Riyadh, which has led to changes in policies. Water depletion is evident in Wadi
Uranah and Makkah, where irrigation exceeds rates of recharge, putting aquifers at risk.
Ecologically sensitive places like Al-Aba Oasis and Tabuk City face degradation due to ur-
ban growth and agriculture. In Oman, rapid urban and agricultural expansion has strained
groundwater resources, threatening the traditional Aflaj irrigation systems. Studies show
declining cultivated areas and vegetation, with urbanization encroaching on agricultural
land. Rising sea levels are exacerbating groundwater salinity. Declining agriculture in areas
like Al-Jebel Al-Akhdar impacts tourism and water sustainability. UAE’s rapid develop-
ment strains groundwater, with urban and agricultural expansion depleting resources and
contaminating water. Ajman and Al-Ain’s studies show declining levels and quality, while
Abu Dhabi’s remote sensing reveals significant depletion and contamination due to urban
and agricultural activities. In Kuwait, built-up areas have increased while vegetation and
barren land have decreased. Qatar has witnessed drastic built-up area expansion alongside
a decline in open spaces, with groundwater abstraction exceeding recharge rates, leading
to deteriorating water quality. In Bahrain, limited and outdated research shows declining
water levels in deep aquifers and rising levels in reclaimed land zones due to high irrigation
consumption and inefficient water supply networks. Agricultural and residential sectors
contribute to water salination in the main aquifer, the Dammam aquifer.

The findings underscore the necessity for a more comprehensive exploration within
the literature regarding how land use dynamics influence water resources in Kuwait, Qatar,
and Bahrain. There exists a critical need to delve into both the positive and negative
impacts of land use practices on water patterns over time, highlighting the importance
of implementing effective policies for resource allocation across the entire GCC region.
To facilitate this understanding, adopting a holistic approach is imperative, necessitating
cross-sectional analyses and quantitative assessments to track changes and evaluate the
efficacy of existing water exchange mechanisms.

A notable gap in the current literature lies in the lack of specificity regarding the spatial
scope of studies, particularly evident in the case of Saudi Arabia. Many studies fail to delin-
eate the specific regions or areas under examination, hindering a nuanced understanding of
localized water resource dynamics. Addressing this gap is crucial for developing targeted
interventions and management strategies tailored to the unique challenges faced within
each region.
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Furthermore, it is imperative to scrutinize the ramifications of urban sprawl and
infrastructure development, including transportation networks, on water resources. Sus-
tainable agricultural practices, such as innovative irrigation techniques, warrant thorough
investigation for their potential to positively influence water resource sustainability.

In light of the escalating impacts of climate change, it becomes increasingly pertinent
to assess its intersection with land use dynamics and its consequent effects on water
resources. Identifying and implementing strategies to mitigate these impacts is paramount
for ensuring long-term water security and resilience in the face of environmental challenges.

Moreover, diversifying water resources and prioritizing wastewater recycling and
management emerge as critical components of sustainable land use planning [74]. Future
research endeavors should thus focus on elucidating the intricate interplay between land
use planning strategies and their impacts on water resources in Kuwait, Qatar, and Bahrain.
This necessitates a deeper exploration of methods to alleviate resource strain and the
formulation of robust water security policies tailored to the unique contexts of each nation
within the region.
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