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Executive summary
The Arab region is one of the most water scarce regions
in the world with 19 States below the water scarcity
threshold including 13 States below the absolute water
scarcity threshold. Groundwater is heavily relied upon
and it is the primary source of freshwater in more than
11 Arab States, yet the invisible and complex character
of groundwater being underground and out of sight has
not given it the due attention it deserves. Hence, the
present report explores the importance of groundwater
and the challenges it is facing, with the aim of
bolstering its status as a strategic resource for the
Arab region.
Amid the water scarcity situation, limited renewable
groundwater resources continue to be exploited at an
unsustainable rate, exceeding natural recharge rates.
Excessive use of groundwater, especially by the agricultural

sector combined with low efficiency, has led to a decline
in groundwater storage in more than two thirds of the
Arab region, with double the spatial extent in 2018-2019
compared to 2002. Moreover, it is projected that by 2050,
available groundwater per capita will have decreased by
more than half since the beginning of the century.
In addition to their excessive use, groundwater resources
are also threatened by anthropogenic pollution, from
agricultural and industrial practices and sea water
intrusion in coastal cities. The deterioration in the quality
of groundwater resources, both due to overexploitation and
pollution, is aggravating the problem of water scarcity.
This is alarming since groundwater is central to achieving
the Sustainable Development Goals (SDGs) and targets
adopted in the 2030 Agenda for Sustainable Development

Total renewable water resources per capita (m3/person/year) and primary sources of water in the Arab States

Source: All data from FAO, AQUASTAT, n.d., and UNDESA, 2019 except for Iraq, ESCWA, 2019; Morocco,  المديرية العامة لهندسة،وزارة التجهيز والماء
 دون تاريخ، ;المياهTunisia, 2021 ،المعهد الوطني لإلحصاء.

in the region. It is directly linked to SDG 6 and central to
achieving many other SDGs, such as SDG 2 for ending
hunger. It is also an important component of climate
change adaptation, having a high buffer capacity against
drought. Accordingly, the projected impacts of climate
change on water resources in the region will further
increase dependency on groundwater at a time when
groundwater recharge is also projected to decrease,
necessitating conjunctive management of surface water
and groundwater. The impacts of climate change on
groundwater regionally should be highlighted for the
implementation of operational measures to enhance
societal resilience.
The declining availability of groundwater resources
should prompt Arab States to explore innovative
and integrated governance frameworks to improve
groundwater resource management and ensure equitable
access for current and future generations to this strategic
resource. Groundwater governance has been historically
weak in the Arab region, characterized by fragmented
laws and policies, limited funding, lack of coordination
and lack of data and knowledge. In response to the lack
or fragmentation of groundwater management policies,
ESCWA developed regional groundwater abstraction

management guidelines offering a unified approach to
deal with uncontrolled groundwater exploitation and use.
Major aquifers in the region extend over large geographic
areas and across political boundaries. All countries,
except for Comoros, share at least one aquifer with
their neighbouring countries. Some of these aquifers
are directly connected to surface-water hydrological
systems and should also be conjunctively managed.
Other transboundary aquifers contain fossil groundwater
reserves requiring specialized legal, policy and
management frameworks that take into account their
non-renewable character.
Technological advances provide an opportunity to fill the
data and information gap hindering the management of
groundwater. For instance, GRACE mission satellite data has
made it possible to assess groundwater storage change at
the global and regional levels. In addition, integrated remote
sensing data offer a solution to assess the groundwater
status and to validate GRACE data trends. Managed aquifer
recharge should also be given more attention in water scarce
areas as it offers the opportunity of meeting increasing
water demands and improving water security.

E x e cu t i v e

s um m a r y

Change in groundwater storage anomaly between April 2002 and April 2019 in the Arab region

Source: Authors based on McStraw, 2020.
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An Arab Groundwater Digital Knowledge Platform,
under development by ESCWA and partners, will aim to
increase access to regional knowledge and information
on groundwater resources to empower those responsible
for groundwater resource management and regional
stakeholders building on existing resources and
innovative technologies to develop and populate the
platform and provide a user-friendly interface to help
inform policymaking.
The present report explores the relation of groundwater
to water scarcity, human activity, transboundary water
cooperation, climate change and water governance, and
the following key findings are highlighted:
Groundwater is a scarce and vulnerable strategic resource
that must be monitored, well managed, conserved and
protected to ensure its sustainability for future generation.
The following key messages reiterate the main analysis,
findings and recommendations of the report.

1. Groundwater and water scarcity
Water scarcity and increasing stress on surface water
resources have heightened the region’s reliance on
groundwater with more than half of the Arab States

depending on groundwater as the primary source of
fresh water. In fact, groundwater accounts for more than
80 per cent of the freshwater withdrawals in Djibouti,
Libya, the State of Palestine and Saudi Arabia.
Agriculture is by far the biggest consumer of
groundwater in the Arab region. In fact, in countries
like Kuwait, Oman, Qatar, Saudi Arabia, the United Arab
Emirates and Yemen over 88 per cent of all irrigation
water comes from groundwater compared to a global
average of just over 37 per cent. This is exacerbated by
low regional water-use productivity averaging $0.26/m3
compared to $0.65/m3 globally.
Food security is largely dependent on groundwater
irrigation in many countries of the region. This
necessitates improved efficiency and productivity
through coordinated management of the water and
agriculture sectors with enhanced use of technologies.
The use of groundwater is intrinsically interlinked with several
sectors including agriculture and energy. Policy measures
taken in either the agricultural and/or energy sectors can have
a direct influence on groundwater extraction quantities and
patterns, necessitating science-informed policymaking.

The increased dependence on groundwater has
had adverse effects in the Arab region including
overexploitation, leading to groundwater storage decline
and quality deterioration. Groundwater storage anomalies
from the long-term average (2004-2009) show that the
area undergoing a decline in groundwater storage has
expanded by 75 per cent in 2011 and by 100 per cent in
2018 compared to 2002.
Efforts to calculate the social and economic impacts
of groundwater depletion and make them visible to
policymakers and civil society are essential to break with
historical trends of groundwater storage decrease and to
support the achievement of the water-related SDGs.
Groundwater storage decline in the region is well known
and has been increasing over the last few decades due
to several factors including population growth, increased
reliance on groundwater due to climate change and
surface water pollution. Action by countries has not yet
been able to address these challenges, which underscores
the need for immediate action on several fronts including
socioeconomic, environmental and governmental.

2. Groundwater and human activity
The impact of human activities has extended beyond
groundwater depletion to impact groundwater quality
through seawater intrusion in several coastal Arab cities
that rely on groundwater such as Beirut, where seawater
intrusion has moved inland between 500 and 1,200 m from
the 1970 reference point, through pollution from agricultural
and industrial activities or through lack of proper wastewater
collection and treatment infrastructure such as in Gaza
where only 25 per cent of wastewater is properly treated.
The impacts of groundwater depletion are felt by
vulnerable groups, women and young people. This is very
visible in the agricultural sector which is responsible for

Management of groundwater must extend beyond
water only. This is very evident in the use of solar
power for groundwater pumping which has resulted in
groundwater depletion in many parts of the region such
as Yemen. Solar powered groundwater pumping should
be avoided in water scarce areas or should be well
monitored and regulated.

3. Transboundary groundwater
All Arab States except for Comoros draw upon one or
more transboundary groundwater resources, with 43
transboundary aquifers covering almost 58 per cent of
the Arab region’s area. This complicates the management
of groundwater and makes transboundary cooperation
essential for proper governance and conflict prevention.
However, there are encouraging signs where cooperation
arrangements in the region on groundwater have
progressed such as on the Disi aquifer between Jordan and
Saudi Arabia or the North-Western Sahara Aquifer System

s um m a r y

Managed aquifer recharge (MAR) is one the most
promising approaches in the Arab Region to alleviate
water scarcity and improve water security.

22 per cent of all female labour.

E x e cu t i v e

Integrated tools such as remote sensing data and in-situ
data offer a great opportunity for adequate groundwater
monitoring leading to improved management.
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between Algeria, Libya and Tunisia. Transfer of experience
and knowledge from regional groundwater cooperation
arrangements is essential to accelerate progress at the full
regional scale.
Improvements in data availability and understanding of
transboundary groundwater systems are key to preserve
this vital resource for future generations, yet such data
and understanding are still lacking on the regional scale.
Leveraging innovative approaches and technologies can
help fill this gap.

4. Climate change and groundwater
There is increasing evidence that climate change is
already impacting groundwater resources through
decreased aquifer recharge and increased pumping
to offset the variability and decline in surface
water availability. Even though the extent to which
groundwater is impacted is not yet well established
due to insufficient data, there are alarming signs.
For instance, based on regional climate modelling
projections, it is estimated that the water table of
the Ben Tadla aquifer in Morocco will decrease from
10 m to more than 25 m. This will likely leave some
aquifer areas completely dry by the end of the century
if agricultural practices remain the same. Similarly
in the State of Palestine, the average precipitation
showed a decrease between 3 per cent and 12 per
cent, whereas the recharge in 5 out of 6 precipitation
scenarios showed a reduction between 12 and 16 per
cent by 2060.

5. Groundwater governance
Groundwater governance limitations in the Arab region
complicate the response to the various challenges. Some
of these limitations include inadequate policies and
laws on groundwater or the lack thereof, combined with
inadequate political will for their implementation. Other
governance challenges include limited funding, weak
institutions and coordination, weak monitoring systems
and lack of information resulting in poor understanding of
groundwater systems. This is evidenced in the reporting
on SDG indicator 6.5.1 on IWRM implementation where
only three countries had high to very high implementation
rates with financing exhibiting the lowest score of the four
IWRM dimensions in the region.
There are encouraging signs that decentralization and local
governance of groundwater may allow better management
through improved stakeholder participation and better
buy-in of legislative and policy reforms such as the case
of Morocco aquifer contracts. Arab countries should
seek further investigation on the applicability of local
governance through empowering local stakeholders such
as farmers, including women and young people.
Arab countries are encouraged to draw upon the
proposed ESCWA regional groundwater abstraction
management guidelines, which offer a unified approach
to tackling overexploitation.

While it is well recognized that protecting and preserving
groundwater contributes to increasing societal resilience to
climate change, there is still insufficient action recognizing
and acknowledging this role for groundwater resources.

Only nine Arab States have adequate implementation of
groundwater management according to SDG indicator 6.5.1
reporting on IWRM implementation. Good groundwater
management requires good information based on sufficient
and reliable data with the needed investment to produce
useful knowledge to guide informed decision-making and
allow stakeholders to adapt their behaviour.

In the face of projected climate variability in terms
of availability and reliability of surface water and
precipitation, groundwater can be used as a buffer
reliable resource to offset climatic variability, however
its management has to be integrated across sectors
such as water and agriculture with conjunctive
management of surface water and groundwater.

The importance of groundwater for the Arab
region’s water security under a changing climate
demands improved governance through innovative
management approaches, enhanced use of
technologies and dedicated funding for better
understanding of the resource and heightened
regional cooperation.
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Introduction
Freshwater is a fundamental resource for natural
ecosystems, and access to it is a universal and basic
human right; accordingly, protecting and preserving
it is a priority worldwide and yet a grand challenge.
Globally, groundwater, i.e. water found in the pores or
fractures of sub-surface permeable rocks, constitutes
97 per cent of usable freshwater.1 Groundwater
provides the primary access to water in remote
areas and areas where public water networks are
inaccessible or unavailable and is part of climate
change adaptation, societal resilience to climate
change and the maintenance of rivers’ baseflow.
Globally it provides 50 per cent of drinking water
supplies, 40 per cent of irrigation water and 30
per cent of industry demands.2 Yet groundwater is
undervalued, with aquifer systems poorly managed in
many parts of the world.

The Arab region is one of the most water scarce
regions in the world with 19 States below the water
scarcity threshold of 1000 m3/capita/year (figure 1). The
region has an arid to semi-arid climate characterized
by high evaporation rates and is subject to generally
variable and low precipitation between 0 and 600
mm per year. These factors diminish the availability
of surface water and groundwater recharge. This
is further complicated by transboundary water
resources, since two thirds of all water resources
in the Arab region cross one or more borders. Other
factors aggravating the water scarcity situation
include pollution, inefficient use of water, high
population growth rates and climate change and
extreme weather events. Occupation and conflict
further affect people’s ability to access water and
sanitation services.

I nt r od u ct io n

Figure 1
Total renewable water resources per capita (m3/person/year) in the Arab region

Source: All data from FAO, AQUASTAT, n.d., and UNDESA, 2019 except for Iraq, ESCWA, 2019; Morocco,  المديرية العامة لهندسة،وزارة التجهيز والماء
 دون تاريخ، ;المياهTunisia, 2021 ،المعهد الوطني لإلحصاء.
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More than half of the Arab states rely heavily on
groundwater as the primary freshwater resource. In
countries like Djibouti, Libya, the State of Palestine
and Saudi Arabia, groundwater constitutes more than

80 per cent of all freshwater used, as shown in figure 2.
Groundwater use is also growing in countries where
surface water is the primary source of freshwater, due to
several factors including:
• Greater spatial availability and access to groundwater.
• Surface water becoming more variable and less available due to
climate change, with groundwater being the more reliable alternative.
• In general, the quality of groundwater is better than surface water.
• Surface water no longer satisfying the increasing demands of
growing populations and economies.
• In some instances, transboundary surface water resources
becoming less dependable with more upstream development.

Figure 2
Water withdrawal and production in selected Arab States by source
100%
90%
89%
70%
60%
50%
40%
30%
20%
10%
0%
Libya Djibouti Saudi State of Tunisia Algeria Oman Yemen
Arabia Palestine
Groundwater withdrawal

Surface water withdrawal

Lebanon Jordan United Bahrain Qatar Morocco Sudan
Arab
Emirates
Desalined water
produced

Direct use of treated municipal
wastewater

Egypt

Kuwait

Iraq

Somalia

Direct use of agricultural
drainage water

Sources: All data is from FAO, AQUASTAT database, except groundwater withdrawal and desalinated water for Kuwait are from 2021 , ;إدارة اإلحصاء ومركز المعلوماتfor Iraq
all data from 2021 , ;وزارة الموارد المائيةfor Saudi Arabia all data from 2018 , ;وزارة البيئة والمياه والزراعةfor Jordan all data from 2021 , ;وزارة المياه والريfor the United Arab Emirates
all data from Al-Mulla, Ministry of Energy and Infrastructure, 2021; for Tunisia groundwater from INS, 2021, and surface water from UNSD, n.d. (data from 2013); Egypt data from
UNSD, n.d. (data for 2019).
Note: Not all data are for the same year. The latest data available for each country is used. For Comoros, Mauritania and the Syrian Arab Republic, figures are only available for
total freshwater withdrawal, which was reported to be 0.01, 1.35 and 13.96 BCM respectively in 2017 (FAO, Aquastat database). For Somalia, another source has reported that
the primary water source is groundwater (World Bank, 2021).
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This approach to groundwater management can no longer
be tolerated. 2022 should be considered a pivotal year
to refocus discussions on the importance of groundwater
and build momentum for a paradigm shift in groundwater
management. The United Nations has set an international
World Water Day (WWD) every year to celebrate water
and raise awareness on a specific topic, challenge or
priority. In 2022, the World Water Day theme will be
“Groundwater: Making the invisible visible” which will
highlight the importance of groundwater that is usually
out of sight, out of mind.3 The groundwater year will end
with a groundwater summit that will be held in Paris
on 7 to 8 December and will introduce a catalogue on
groundwater management and governance for users
and decision-makers worldwide and will also include
various sessions with one focused on regional aspects.4
The regional session will be preceded and informed by
regional discussions on groundwater. The analysis and
findings in the present report will help inform these
regional and global milestones.
Groundwater has occupied an important share of the
ESCWA programme of work in past years including
the inventory of shared water resources in western
Asia, where 22 shared aquifers in the Arab region
were identified of which 17 were assessed. ESCWA

will continue providing support on groundwater-related
topics by launching in 2022 the Arab Groundwater
Digital Knowledge Platform project, a new initiative
that centralizes data, provides information access and
generates knowledge among all stakeholders in the Arab
region on groundwater.

Objectives of the report
The report Groundwater in the Arab region is the ninth
issue of the water development reports series, the
last two reports of which tackled Climate Change and
Disaster Risk Reduction in the Arab Region and The
Water-related Sustainable Development Goals in the
Arab Region.
The present report aims to provide an overview of
the groundwater resources in the Arab region and the
many challenges facing its sustainable management,
while highlighting opportunities to break away from the
business-as-usual operations mode by leveraging advances
in management, cooperation and technologies. It will
also help to inform regional to global consultations on
groundwater with the renewed focus through the World
Water Day theme and the Groundwater Summit in 2022.
The report provides a synopsis on the status of groundwater
and offers solutions for pursuing groundwater protection
and preservation for the ultimate purpose of improving
water security in the Arab region. It acknowledges and
stresses the challenges affecting groundwater while framing
groundwater within the pillars of sustainable development,
the water-food-energy nexus and integrated water resources
management and governance. This comes with a view
towards ensuring coherence and coordination within the
water sector and across groundwater-dependent sectors,
and associated interlinkages.
The report specifically targets the relation of groundwater
to water scarcity, human activity, transboundary water
resources, climate change and water governance. The
high dependence on groundwater in the Arab region will
be highlighted and groundwater overexploitation will
be evidenced using the Gravity Recovery and Climate
Experiment (GRACE) mission and other regional data.5 The
increasing demand for water in the agricultural sector and
the corresponding contribution of groundwater will also be
assessed. In relation to human activity, the report will look at

I nt r od u ct io n

This should clearly signal that groundwater is a strategic
resource for the Arab region, yet it has not been managed
as such. In general, groundwater resources continue to be
depleted, particularly by the agricultural sector and high
population growth in major cities, with most countries
in the region extracting groundwater at unsustainable
rates exceeding the natural recharge rates. Furthermore,
groundwater resources are threatened by anthropogenic,
agricultural and industrial pollution. This combined with
the projected negative impacts of climate change on
water resources will make achieving water security more
challenging for the region.

17

the consequences of groundwater over-exploitation and will
showcase the effect of renewable energy proliferation in the
Arab region on groundwater use. In terms of transboundary
groundwater, the report will emphasize the importance of
transboundary aquifers as sources of water for the Arab
states and the need for cooperation frameworks. Under
climate change, the reliance on groundwater for adaptation
is acknowledged and the impacts of climate change on
groundwater are explained and projected using regional
climate models. Groundwater limitations and challenges,
including the resilience to stress of groundwater quality and
quantity, should be addressed. This is accomplished through
a review of existing policies for water allocation protection,
and sustainable use in the Arab region. Finally, groundwater
governance limitations in the Arab region are detailed and a
guideline for regional groundwater abstraction management
is proposed. The report provides recommendations that
relate to the above-mentioned focus areas, highlighting the
availability of opportunities using disruptive technologies
and managed aquifer recharge (MAR) for the region.

Structure and content
The present report presents the groundwater status
in the Arab region as well as the challenges and
opportunities regionally, with specific national case

“

The Arab region is
one of the most water
scarce regions in the
world with 19 States
below the water scarcity
threshold of 1,000 m3/
capita/year
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studies to put the topics discussed into perspective.
Chapter 1 considers groundwater in the context of the
water-scarce Arab region and the different lenses through
which groundwater needs to be considered across
various settings, uses and sectors with its “invisible”
value brought to light. Chapter 2 exposes the current
situation of groundwater in the Arab region, the stresses
that are leading to its deterioration in terms of quantity
and quality including overuse, pollution and the impacts
of climate change. The chapter discusses some national
case studies that highlight the depletion of groundwater
and quantify the projected impacts of climate change.
Chapter 3 provides a review on existing laws and
regulations for the management of groundwater then
presents a brief of the regional guideline for groundwater
abstraction developed by ESCWA. It also reflects on the
groundwater management in transboundary aquifers
and some advances in cooperation in the region.
Chapter 4 presents the existing innovative solutions
for groundwater management practices through
disruptive technologies and applied cases of managed
aquifer recharge. An analysis using remote sensing
data for managed aquifer recharge is also presented.
The conclusion in Chapter 5 builds on the findings of
the previous chapters to present key messages and
findings for improved understanding and management of
groundwater resources in the Arab region.

1
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More than half of the Arab States depend on groundwater
as the primary source of freshwater
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Groundwater irrigation necessitates improved
efficiency and productivity to achieve food security
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Global

Solar-powered groundwater pumping should be well
monitored and regulated

More than half

of the groundwater resources in the Arab region
are non-renewable
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1. Groundwater in the Arab region

Key findings and recommendations
Water scarcity and increasing stress on surface water resources have heightened
the region’s reliance on groundwater with more than half of the Arab States
depending on groundwater as the primary source of fresh water. In fact, groundwater
accounts for more than 80 per cent of freshwater withdrawals in Djibouti, Libya, the State
of Palestine and Saudi Arabia.
There are 43 transboundary aquifers in the Arab region that constitute main
sources of water supply. More than half of the groundwater resources are nonrenewable, which calls for prudent integrated management and planning.

Management of groundwater must extend beyond water only. This is very evident
in the use of solar power for groundwater pumping which has resulted in groundwater
depletion in many parts of the region such as Yemen. Solar-powered groundwater
pumping should be avoided in water scarce areas or should be well monitored and
regulated.
Efforts to calculate the social and economic impacts of groundwater depletion
and make them visible to policymakers and civil society are essential to break with
historical trends of groundwater storage decrease and to support the achievement of the
water-related SDGs.

A r a b
G r o und w at e r

in

The use of groundwater is intrinsically interlinked with several sectors including
agriculture and energy. Policy measures taken in either the agricultural and/or energy
sectors can have a direct influence on groundwater extraction quantities and patterns,
necessitating science-informed policymaking.

t h e

Food security is largely dependent on groundwater irrigation in many countries
of the region. This necessitates improved efficiency and productivity through coordinated
management of the water and agriculture sectors with enhanced use of technologies.
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Agriculture is by far the biggest consumer of groundwater in the Arab region. In
fact, in countries like Kuwait, Oman, Qatar, Saudi Arabia, the United Arab Emirates and
Yemen over 88 per cent of all irrigation water comes from groundwater, compared to a
global average of just over 37 per cent. This is exacerbated by low regional water-use
productivity averaging $0.26/m3 compared to $0.65/m3 globally.

The economic value of groundwater must be defined in order to support
decision makers in allocating the limited available resources between investing in
the protection and improvement of groundwater and other environmental matters, and in
balancing groundwater extraction with preservation for future generations.
21

As an arid to semi-arid region, the Arab region has a high
dependency on groundwater. Therefore, groundwater has
an important share in the water supply for the domestic
and industrial sectors and is the primary source for the
agricultural sector. In this chapter the occurrence of
groundwater is first put into context then the value of
groundwater for the different sectors is explained. The
cross-sectoral role of groundwater will be emphasized
upon by showing the interlinkage of groundwater to
energy, food security and its central role in the Sustainable
Development Goals (SDGs) of the 2030 Agenda for
Sustainable Development. The value of groundwater
is then assessed for the different sectors and the total
economic cost of groundwater depletion is quantified.
Groundwater has been underrepresented and
undervalued due to its invisible nature and due to
a lack of knowledge and information. Attention is
urgently needed to the undeniable importance of
groundwater in the Arab region, and awareness is
needed of its value as a strategic resource to be
protected and sustained.

A. Groundwater occurrence
1. Renewable/non-renewable natural
groundwater resources
The Arab region is one of the most water scarce regions in the
world. Nineteen out of 22 Arab States, with a total population
of 392 million or 90 per cent of the regional total, fall below the
renewable water scarcity annual threshold of 1,000 m3/capita,
and 13 member States fall below the absolute water scarcity
threshold of 500 m3/capita/year, as shown in figure 2.6,7,8 The
total renewable water resources available in the region for
2020 ranged from as low as 4.6 m3/capita/year in Kuwait to
2,528 m3/capita/year in Comoros.9,10 According to population
growth projections, by 2050 17 Arab States with 79 per cent of
the total regional population will be below the absolute water
scarcity threshold.11,12 Furthermore, in 2020, 11 per cent of
the population in the Arab Region did not have access to
basic drinking water facilities.13
Groundwater occurs as a renewable and non-renewable
source.14 Renewable groundwater, found in shallow
aquifers with a recharge area, is very limited in most
Arab states with an average of 41 BCM per year, while
non-renewable groundwater or fossil aquifers, which
owe their existence to wet periods 15 to 25 thousand
22

Source: Groundwater decline from WRI, 2019 and aquifers from BGR and UNESCO, 2016.
Note: Comoros is not included in the Aqueduct model (WRI, 2019) and therefore it is assumed to have “insignificant trend”.

years ago, are relatively large and represent the main
source of groundwater.15,16 Non-renewable aquifers
represent 58 per cent of the total extent of aquifers, as
shown in figure 3, and dependency on these non-renewable
aquifers is very high, particularly in countries where
surface water is scarce. For example, in the United Arab
Emirates groundwater abstraction is more than 20 times
higher than the available renewable groundwater (figure 3).

With the introduction of unconventional water
sources, mainly desalination, countries started
to increase reliance on these resources to meet
their water needs and decrease their dependency
on non-renewable groundwater resources as
observed in Kuwait, Qatar, Saudi Arabia and the
United Arab Emirates. 17 However, the percentage
of unsustainable groundwater use is still high in
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Figure 3
Location of renewable and non-renewable aquifers and the average decline of the groundwater level
between 1990 and 2014
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these countries and in other countries such as Libya
(figure 4). It should be noted that management of
such fossil aquifers is much more complicated and
delicate especially when considering questions of
intergenerational justice, i.e. leaving a potential
situation of potential absolute water scarcity for
future generations. Thus, sustainability of nonrenewable groundwater should be primarily addressed
from a socioeconomic perspective. More efforts
need to be applied in terms of reviewing existing
policies, developing new strategies and raising
awareness of sustainable groundwater use in
order to safeguard this strategic resource in terms
of quality and quantity for future generations.

2. Transboundary aquifers
Transboundary water is water shared by two or
more countries, having limits beyond the national
borders, either at the surface or in the subsurface

as shown in figure 5. In the Arab region, the
dependency on external water, i.e. coming from
neighbouring countries, is high. In fact, countries
like Mauritania, Egypt and the Sudan have
almost all their water from external sources.
There are 43 transboundary aquifers shared between
21 out of 22 countries in the Arab region, except
for Comoros. These transboundary aquifers cover
almost 58 per cent of the Arab region’s total area, as
shown in figure 6. Annex 1 lists the 43 transboundary
aquifers and their respective riparian countries.
These aquifers are shared between Arab States or
between Arab and non-Arab States, and several are
non-renewable and have large extent and significant
storage, further complicating their management;
the need for transboundary cooperation therefore
cannot be over-emphasized. For example, the Nubian
Sandstone aquifer has an area of 2.17 million km2
with a storage of 373,000 BCM shared between Egypt,

Figure 4
Groundwater withdrawal as a portion of renewable groundwater

Source:All data from FAO, AQUASTAT database except for: Kuwait from 2021، ;إدارة اإلحصاء ومركز المعلوماتBahrain and Qatar for years 2000 and
2010 from Al-Zubari and others, 2017; for Saudi Arabia 2016 data from 2018 ، ;وزارة البيئة والمياه والزراعةand for the United Arab Emirates 2017 data
from Al-Mulla, Ministry of Energy and Infrastructure, 2021.
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Figure 5
Schematic diagram showing a transboundary aquifer and the corresponding flow directions
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Libya, the Sudan and Chad. The Umm Er RadhumaDammam aquifer has a storage of 235 BCM and is
shared between Bahrain, Iraq, Kuwait, Oman, Qatar,
Saudi Arabia, the United Arab Emirates and Yemen.18
In most cases, the use of these shared non-renewable
aquifers is not well planned, regulated or monitored,
resulting in their overexploitation and depletion.19
Transboundary cooperation and collaboration between
riparian countries is therefore highly needed for
the proper management of these aquifers, and
their sustainability in serving the socioeconomic
development objectives of riparian countries.
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Source: ESCWA and BGR, 2013.
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There are 43 transboundary aquifers
shared between 21 out of 22 countries
in the Arab region
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Figure 6
Transboundary aquifer systems in the Arab region and groundwater-irrigated areas

Source: IGRAC, 2021; FAO, 2010.
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B. Groundwater value
1. Groundwater use
Groundwater is heavily relied upon in all sectors,
primarily in the agricultural sector, which consumes more
than 80 per cent of the total water supply (figure 7).
Groundwater is also the most accessible source

of water for vulnerable groups, including refugees,
especially where water networks do not extend to rural
areas or refugee camps. This section will highlight the
sectorial dependence on groundwater and the value of
groundwater to refugees.

Figure 7
Distribution of total water withdrawal in the Arab region by sector, 1997-2017
250
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Source: FAO, n.d. Not enough data is available for the Sudan and therefore is not included.
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a. Domestic sector
Population dynamics such as urbanization, migration and
population growth are considerably increasing the water
demand in the Arab region. In the past three decades, the
population has increased by more than 50 per cent and is
projected to increase by more than 65 per cent by 2050.20

The change in population size and economic development
have influenced the consumption of water, its availability
and quality among other natural resources, as shown
in figure 8. Population growth has a direct impact on
environmental sustainability.
27

Figure 8
Interrelation between population dynamics and water availability, quality, and use
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Source: ESCWA, 2015a.

Population growth in the Arab region over the last two
decades has reduced the amount of renewable water per
capita by around 40 per cent and renewable groundwater
available per capita by 30 per cent, as seen in figure 9.
Projections using the estimated population growth from

UNDESA for the entire Arab region show that the regional
average will be below the absolute water scarcity threshold
by 2040 and that available renewable water and groundwater
per capita will have decreased by more than 55 per cent since
the beginning of the century, as shown in figure 9.21

Figure 9
Current and projected decrease in renewable water and groundwater per capita with the estimated
population growth in the Arab region
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b. Groundwater and population displacement due to
conflicts
Increase in water stress has been observed due to
conflict-related displacement, especially in areas where
the water supply is already deficient. The conflict in
the Syrian Arab Republic drove increasing numbers of
refugees into neighbouring countries, especially Lebanon
and Jordan, which led to an unforeseen increase in water

demand and threats to water security. The stress on
water resources in the host countries became very acute,
particularly on groundwater through the drilling of new
wells and increased pumping.22 Moreover, groundwater
quality deterioration is the second impact from the
refugee influx. High bacteriological contaminations are
observed in shallow aquifers in the areas of refugee
camps, attributed to the disposal of wastewater in
latrines without proper wastewater treatment facilities.23
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Increase in water stress
has been observed
due to conflict-related
displacement, especially
in areas where the water
supply is already deficient.
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Example of Lebanon
In Lebanon, based on the number of Syrian refugees
recorded in May 2014, water demand increased by
between 33 and 53 million cubic meters and was estimated
to have increased by 70 million cubic meters by the end
of 2014. This increase corresponds to around 10 per cent
of the total national water demand,24 in a country where
the main source of water is groundwater. The Lebanese
Ministry of Energy and Water (MoEW) reported that the
largest impact observed on water resources is water
depletion, followed by deterioration of water quality.25
The Lebanon Environmental Assessment of the Syrian
Conflict and Priority interventions (EASC) also showed that
the influx of refugees has caused a great stress on water
resources especially groundwater. For example, in the Beqaa
valley, groundwater resources were already exhausted
before the refugee crisis. In mid-crisis, only 36 per cent of
residents, irrespective of their nationality, had access to
safe drinking water.26 EASC studies have also shown that
bacteriological contamination is 10 times the limit under
World Health Organization (WHO) guidelines.
Another impact on groundwater is seen in coastal aquifers
that are already stressed by growing urbanization. The
depletion of these aquifers is coupled with water quality
contamination due to seawater intrusion. A study of Tripoli’s
main aquifer in North Lebanon concluded that seawater
intrusion is rapidly progressing inland, caused by climate
change coupled with the large influx of Syrian refugees.27
Finally, it should be noted that the numbers of
Syrian refugees reported by the United Nations High
Commissioner for Refugees (UNHCR) have shown a slight
decrease between 2014 and 2020, which may lead to
decreased stress on groundwater.

“

The depletion of coastal
aquifers is coupled with
water quality contamination
due to seawater intrusion
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According to the United States Geological Survey
(USGS), groundwater availability in Jordan is projected
to decrease by 40 per cent by 2030,28 driven by the
refugee crisis and other factors such as climate
change. It should be noted that the refugee crisis is
not restrained only to the 1.4 million Syrians hosted by
Jordan but also the hundreds of thousands from Iraq,
Yemen and Libya.

Contamination is also a major concern. The Zaatari
refugee camp is on top of the Amman-Zarqa
groundwater basin, which is the main groundwater
source for northern Jordan. The contamination of this
basin has been reported due to the use of latrines
instead of toilets.34
c. Agricultural sector
As seen in figure 2, groundwater is the major water
source in at least 11 Arab States. Water demand
is divided unevenly between agriculture, domestic
and industrial use, with the largest demand coming
from the agricultural sector at 82 per cent of total
freshwater withdrawal from rivers, lakes and aquifers,
as shown in figure 7.
It is projected that in the Arab region water demand
will keep increasing and maintain the same sectoral
skew, with agricultural demand larger than domestic
and industrial demands together and even higher than
available renewable water.35
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The northern towns of Jordan were the most affected
by the refugee crisis, and water demand there rose by
40 per cent, contributing to a country-wide increase of
20 per cent. Mafraq, a city on the northern border of
Jordan that has witnessed a major Syrian influx, went
from being home to 70,000 inhabitants to housing an
additional 90,000 refugees, increasing the water deficit
in the city by a factor of four. In the Zaatari refugee
camp in the suburbs of Mafraq, three water wells were
drilled between 2012 and 2014 to provide for refugees’
needs. Each well has a yield between 43 and 55 m3/
hr and operates between 18 and 24 hours per day.29
However, around 80 per cent of refugees reside not in
camps but in cities and villages like Mafraq, where the
need for water has risen too.30 Before the crisis, the
Government managed to provide the needed 80 l/capita
and more by overexploiting groundwater, having no
other option. However, during the crisis it was no longer

possible,31 and the water supply dropped to below 30 l/
capita in the hardest hit areas.32 Water security became
the major concern, especially groundwater scarcity
since about 63 per cent of the water supply comes
from aquifers. 33
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Surface water is complemented by groundwater to meet
the demand for irrigation, and in some countries it is the
only conventional source of water available at all. Other
than freshwater withdrawal, it should be noted that the

non-conventional sources are starting to dominate as
the major water source in the Gulf Cooperation Council
(GCC) countries (box 1), especially desalinated water, to
meet the escalating demand.36

Box 1
Sectoral water supply and groundwater dependency in Kuwait
In Kuwait, with no permanent lakes or rivers, groundwater is the only natural source of freshwater and
comes from two aquifers: the Kuwait Group and the Damam Formation. There are 20 million cubic meters
of renewable groundwater annually through lateral groundwater flow from Saudi Arabia.a The little
groundwater Kuwait has is deteriorating in quantity and quality due to continuous pumping. This water
scarcity situation has placed it in the top ten countries of “extremely high-water risk” as classified by the
World Resources Institute in 2019.b Therefore, Kuwait greatly relies on desalinated water to meet its water
requirements and to relieve the stress on groundwater. Of total water withdrawn annually, 62 per cent is
used for agriculture, 36 per cent for municipal purposes and 2 per cent for industrial purposes.c Desalination
plants are the primary source of freshwater for drinking and domestic purposes in Kuwait, providing more
than 80 per cent of water for domestic and industrial needs and more than 50 per cent of total water supply.
Groundwater use decreased from its 2005 peak of 154 million cubic meters to 66 million cubic meters in
2020 due to desalination that increased from 507 to 763 million cubic meters. However, groundwater still
constitutes the main water source for the agricultural sector, though treated wastewater use for agriculture
is on the rise.
Source: 2021 ، إدارة اإلحصاء ومركز المعلومات، ;الكويتAl-Zubari and AlAjjawi, 2020.
a Al-Zubari and AlAjjawi, 2020.
b WRI, 2019.
c FAO, n.d.

2. Groundwater and food security
A steady supply of water and energy is necessary
to sustain agriculture and the food supply. As such,
food security is first and foremost linked to water
availability, particularly in countries that are looking
to increase agricultural production to improve their
food security, thus adding more stress on water
resources already suffering from climate change.
Around 9 per cent of the total area of the Arab region was
irrigated in 2010, and this figure has increased over time
with the increase of agricultural areas and consequently
the increase in agricultural demand for water. Around
35 per cent of irrigated areas are highly dependent on
groundwater, unequally distributed over the Arab region.
In fact, in the Gulf countries groundwater accounts for
more than 80 per cent of the water used for irrigation
from natural sources, while in Egypt and the Sudan
32

where the primary water source is the Nile, and
in Iraq where the Tigris and Euphrates rivers are
the primary water sources, groundwater accounts
for less than 20 per cent. 37,38 The reliance on
groundwater for irrigation in the Gulf countries
emphasizes the exploitation of non-renewable
groundwater being the major source of groundwater.
Figure 10 shows the share of freshwater derived
from groundwater in irrigated areas in 2010;
unfortunately more recent data does not exist but
it is expected that irrigation patterns have not
drastically changed since then and there may now
be even greater reliance on groundwater. Most
irrigated areas lie over renewable groundwater
basins, meaning that these aquifers are primarily
used for irrigation since they are accessible and
easy to exploit by farmers, leading to groundwater
quality and quantity issues, especially in shallow
coastal aquifers that are also vulnerable to sea
water intrusion.

Moreover, the extent of mostly non-renewable
transboundary aquifers and the improvement of
pumping technology have led to the dependency
on these resources by the agricultural sector for
irrigation as seen in figure 5 and figure 10, with
the ultimate purpose of food security and selfsufficiency. Although many countries are switching
to new irrigation techniques and technologies,
irrigation efficiency, which is calculated by the ratio
of the irrigation water requirement to irrigation
withdrawal, in the Arab region is just 50 to 60
per cent, compared to 80 per cent in the arid
south-western United States and Australia. 39 The
irrigation efficiency is shown for Algeria, Djibouti and

Oman, where groundwater-irrigated areas represent
more than 50 per cent of all irrigated areas. In 2017,
the irrigation efficiency was around 32 per cent for
Djibouti and 70 per cent for Algeria (figure 11). The
persistence of low irrigation efficiency in agriculture
and low agricultural productivity make it difficult
to economically justify the expansionaof the
agricultural sector. However, it should be noted
that the agriculture sector has a social value and
benefits beyond the economics as it provides
significant employment especially for women.
Nevertheless, it is worth noting that some countries
have turned to trade to ensure food security while
preserving water resources. 40
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Figure 10
Percentage of groundwater irrigation in irrigated areas in relation to renewable and non-renewable aquifers
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Figure 11
Irrigation efficiency in Algeria, Djibouti and Oman, in 2017 (Percentage)
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Source: FAO, n.d.

3. Groundwater and energy
Groundwater and energy are interlinked, and this
section will focus on how groundwater is affected by
energy dynamics. Groundwater exploitation is energy
intensive (box 2) and has been subsidized in many
Arab States for decades, leading to over-abstraction
of groundwater. Even more energy is needed to extract
deep fossil water, and the more these resources are
mined, the lower the groundwater table gets and the
more energy intensive water extraction becomes,
making extraction cost prohibitive for small farmers.
The water, energy and food sectors are intrinsically
linked and hence policy measures taken in either
the agricultural and/or energy sectors can have a
direct influence on groundwater extraction quantities
and patterns. Often, policy signals are deployed by
modifying input subsidies such as the diesel fuel
subsidy and crop procurement price support.
34

Djibouti

Oman

Box 2
Energy use for pumping from the North-Western Sahara Aquifer System (NWSAS)
for irrigation can be observed by the mapped energy
expenditure over the NWSAS and its surrounding, as
seen in the figure below. The highest energy use is
found around the groundwater irrigated areas which
highlights the intensive energy demand needed to
extract deep groundwater for irrigation. The depletion
of the NWSAS is predicted if groundwater exploitation
continues to increase, and socioeconomic and
environmental impacts will be greatly felt before the
potential exhaustion of the resource.
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The North-Western Sahara Aquifer System (NWSAS)
extends over 1 million km2 of Algeria, Libya and Tunisia
without significant surface water resources. The
region depends on this transboundary aquifer, which is
considered non-renewable due to the limited recharge
received through scarce rainfall. The annual exploitation
rate of the NWSAS is estimated between 2.2 to 2.5 BCM
and still rising. Up to 90 per cent of water extracted in
Libya, 86 per cent in Tunisia and 60 per cent in Algeria is
used for irrigation. The intensive groundwater pumping

Source: ESCWA, 2015b.
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In Saudi Arabia the agricultural policy adopted since
the early 1970s has focused on achieving food security
objectives, with the result of over-abstraction and depletion
of groundwater resources. To address these challenges,
the agricultural policy was revisited in 2008 to rationalize
the cultivation of water-intensive cereal crops, limit the
production and export of fodder and promote high-value
fruits and vegetables. More importantly, these policies
were accompanied by increases in the price of diesel, the
main energy source used for groundwater pumping. These
policy changes were successful in achieving reductions
in groundwater pumping for irrigation from 17.3 BCM in
2003 to 15 BCM in 2010 and an increase in the agricultural
sector’s contribution to GDP.41 In the United Arab Emirates,
Abu Dhabi extends financial support to farmers that limit
the production of water-intensive fodder to no more than
10 per cent of their total farmland. Conversely, agricultural
policies encourage the plantation of water conserving date
palm trees through annual financial transfers to farms
with more than 60 trees.42 In the Syrian Arab Republic,
the impact of sectoral development plans and policies on
groundwater resource abstraction was also demonstrated.
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The Government cancelled diesel and fertilizer subsidies for
farmers in 2008 as a step towards joining the World Trade
Organization. The increase in the cost of production inputs
prompted many farmers to revert to rainfed irrigation and in
some cases stop agricultural production.43
Renewable energy is becoming more recognized in the
Arab region especially among farmers and agricultural
cooperatives that are investing in solar energy and
pumping technologies to reduce pollution and energy
costs. Thus, these technologies are proliferating
throughout the Arab states as a sustainable and
mitigating solution for climate change.
Unfortunately, these green energy solutions have added
to the already existing groundwater stress, as access to
low-cost energy allows more water pumping without the
same economic constraints (box 3). The interplay between
climate change mitigation, water security, water scarcity and
food security contributes to the challenge of finding ways to
effectively monitor and regulate groundwater extraction.44

Box 3
Solar-powered groundwater pumping is accelerating the water crisis in Yemen
The problem with solar-powered pumps is that
it is difficult to monitor their operation without
technological intervention, whereas pumps connected
to the power grid can be controlled by restricting
power supply or through electricity tariffs and
therefore over-abstraction can in some cases be
limited or avoided all together.

Looking at groundwater storage using GRACE and
GRACE-FO data over Yemen between 2002 and
2019, the lowest levels of groundwater storage are
observed in the years after 2016, which coincides
with the solar power boom. Before the advent of solar
pumps, it was expensive to pump groundwater, but
now with solar power pumps can function as long as
there is sunlight in order to expand agriculture and
achieve food security, while dangerously decreasing
groundwater levels.

The figure below confirms the decline in groundwater
storage over the entire country and puts in perspective
the relationship between irrigation, urban centres and
groundwater withdrawal considering that precipitation
did not decrease after 2016. The maps are from August
2002, 2012, 2015 and June 2019 due to the lack of
data for August 2019. The mean groundwater storage
anomaly steadily decreased from +1.8 cm in the year
2002 to -0.9 cm in 2012, -1.9 cm in 2015 and -6 cm in
2018-2019.
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Solar power has seen a significant rise in Yemen
since 2016, with more than half of the population
having access to it. The technology has benefited
different sectors such as health care and education
and reduced pollution by replacing diesel pumps for
irrigation. However, this extremely low cost energy
comes with a downside in the form of a water crisis.
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A significant cause of this groundwater depletion
may have been the proliferation of solar powered
pumping after 2016. The areas with the highest
negative anomalies are in the western part of
the country in Sana’a where agricultural lands
and urban agglomerations exist. The uncontrolled
use of solar power for groundwater pumping and
the decrease in groundwater levels highlight
the necessity to find a sustainable integrated
cross-sectoral solution for the groundwater crisis
and to identify safe groundwater yields to avoid
overexploitation, regardless of the energy available
for pumping.

Groundwater storage decrease in Yemen as depicted
by GRACE data, especially after the introduction of
solar power in 2016. The hotspots of depletion (in red)
coincide with groundwater irrigated areas (hatched)
and urban agglomerations (blue circles).
It is thus recommended to use solar power for
groundwater pumping in areas where water scarcity
is not an issue or to connect solar panels to a network
grid that can be monitored. Another suggestion would
be governance and law enforcement for the use of
solar pumps, prioritization of groundwater monitoring,
and assessment of groundwater availability, yield, and
stress based on extensive regional and pilot studies.

Source: Grace data from McStraw, 2020, urban agglomerations from UNDESA, 2019, and groundwater irrigated areas from FAO, 2010.
World Bank, 2017; Schaer, 2021.

4. Groundwater and SDGs
Groundwater provides 50 per cent of drinking water worldwide,
40 per cent of water for irrigation, and 30 per cent of water for
industry, yet it is not explicitly mentioned in the 2030 Agenda
and the Sustainable Development Goals (SDGs).45
Groundwater is only implicitly referenced by SDG 6 on
ensuring the availability and sustainable management of
water and sanitation for all and within two targets 6.5
and 6.6. In general, aquifers are mentioned in the 2030
vision as part of a sustainable world where consumption
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and production of water are sustainable.46 Under target
6.5 which calls for implementation of integrated water
resources management at all levels, including through
transboundary cooperation as appropriate, there are two
indicators that reference groundwater. SDG indicator 6.5.1
references groundwater as concerned with Integrated Water
Resources Management (IWRM) under various questions in
the reporting survey and SDG indicator 6.5.2 concerned with
transboundary water cooperation has a dedicated section
on transboundary cooperation on groundwater. SDG target
6.6 and more specifically indicator 6.6.1 which is concerned
with monitoring change in the extent of water-related
ecosystems over time including quantity of groundwater,

however monitoring the change in groundwater quantity
through groundwater levels has so far proven difficult
and no global dataset is yet available under this indicator.

Besides SDG 6, groundwater is also directly interconnected
with other SDGs, although not implicitly indicated. The
linkages include but are not limited to the following:47,48

SDG 1 which aims to end poverty in all its forms everywhere and specifically target 1.5 on
building resilience for the less fortunate against climate change and other environmental effects,
will greatly depend on using groundwater, especially for vulnerable groups such as those in
refugee camps in Lebanon and Jordan, or to provide water access in rural areas not connected to
water supply networks.49

SDG 7 to ensure access to affordable, reliable, sustainable and modern energy for all,

is closely linked to groundwater since renewable energy has enabled easier access to
groundwater through solar-powered pumps; however, strict regulations and monitoring are
essential to avoid over-abstraction.

A r a b
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SDG 5 to achieve gender equality and empower all women and girls, will be further attained
by engaging women in groundwater management and science and in fair access to water. This
is highlighted in the Arab region through the significant inclusion of women in the agricultural
sector, which is the sector with the greatest share of groundwater use.

t h e

SDG 3 to ensure healthy lives and promote well-being for all at all ages, depends to a certain
extent on the availability of clean, high-quality water for sanitation, as recently evidenced by the
COVID-19 pandemic. Protecting groundwater from pollution is essential for human well-being. In the
Arab region, 11 per cent of the population does not have access to basic drinking water facilities,
and groundwater is a major component of the drinking water supply, especially for those not
connected to a public water network.51
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SDG 2 to end hunger, achieve food security and improved nutrition and promote sustainable
agriculture, largely depends on groundwater to supply water for agriculture. Food production
requires large amounts of water, and about 85 per cent of the water supply in the Arab region
goes to agriculture. The large water demand is primarily met by groundwater in this semi-arid
and arid region.50

SDG 8 to promote sustainable economic growth, is closely linked to employment generation
for women and men in groundwater-dependent activities. Specifically in the agricultural sector,
where women’s labour is significant, this can be strongly linked to target 8.5 on the inclusion of
women, vulnerable groups and young people in the workforce.
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SDG 11 to make cities and human settlements inclusive, safe, resilient and sustainable, will

depend to a great extent on providing access to water, in large part groundwater through wells
and springs. With the development of new technologies, cities have been able to increase water
production by targeting deeper aquifers and have been able to expand private supply by drilling
private wells. Management and monitoring of groundwater abstraction is thus vital with increasing
population density in order to protect the availability and quality of groundwater that is affected by
human activities such as sewage leakage and agriculture.

SDG 13 to take urgent action to combat climate change and its impacts, will benefit from

sustainable management of groundwater as an essential element of climate adaptation due to
its buffering capacity and resilience against climate variability, hence contributing greatly to
water security, especially in semi-arid and arid regions such as the Arab region.52

SDG 15 to protect, restore and promote the sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification and halt and reverse land degradation and halt biodiversity
loss, also depends greatly on groundwater which provides the baseflow for rivers and maintains
ecosystems.53 Groundwater-dependent ecosystems (GDE), which are formed of animals, plants and
micro-organisms, are affected by changes in groundwater quality and changes in the groundwater
level or baseflow that, in some extreme cases, can result in the total deterioration of an ecosystem.54

Groundwater is a central element of SDG 6 and interacts
with several other SDGs. It is highly important yet
challenging to assess the trends, status and risks of
groundwater and essential to protect its quality and
quantity in order to achieve SDG 6 and other interlinked
SDGs in the Arab region. However, there should be
an emphasis in the 2030 Agenda on the preservation
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of groundwater in terms of quantity and quality and
therefore groundwater-specific indicators are required.55
It should be noted also that an increased degradation of
quality is reflected as a reduction in fresh groundwater
availability, a form of groundwater depletion. This also
stresses the need to include groundwater in the SDGs
using a sustainable and integrated approach.56

5. Economic value
Groundwater plays a critical role with respect to irrigation and
agricultural production in the region. It is also an important
input in many industrial processes, mining and electricity

generation and equally relevant for domestic water
needs. Groundwater can also be a catalyst for the tourism
sector (box 4).

Box 4
Groundwater and tourism in Lebanon
fascinating concretions of stalagmites and stalactites
naturally formed in different sizes and colours. An
underground river of around 7 km is also found, the
first 400 m section of which is open for touristic boat
rides to enjoy the unique calcite features of the cave.
This site was even shortlisted for the seven wonders
of the world. In addition to its economic touristic
value, the grotto is linked with the Jeita spring,
supplying water to about 1.5 million inhabitants in
Beirut. Thus, the protection of the Jeita grotto is
essential not only for its economic value, but also for
the protection of the spring water quality.
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Around 80 per cent of the rocks in Lebanon are
limestone or dolostone. Karst is a special landscape
feature observed in limestone that happens through
the dissolution of the soluble limestone rock resulting
in the creation of caves and underground tunnels that
can develop into extensive groundwater systems.
Karstic aquifers are therefore the main groundwater
source in Lebanon. The natural karstic features have
also become touristic attractions known around the
world. For example, Jeita Grotto, discovered in 1836,
extends for more than 10 km and consists of two
connected caverns made of crystallized limestone with

Source: Doummar, 2014; Karanouh and Bou Jaoude, 2011.
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The purpose of defining the economic value of
groundwater is to inform policy. As such, it can support
decision makers in allocating limited resources between
the protection and improvement of groundwater or in
other environmental matters, or in balancing groundwater
extraction with the need to preserve groundwater for
future generations. Such a thorough cost-benefit analysis
taking the marginal value of changes in the quality as
well as quantity of groundwater into account should be
based on the latest available science. More efforts are
necessary to improve data availability.
a. Methodological concepts for the economic
valuation of groundwater: Groundwater as an
impure public good
Part of the challenge of groundwater management is
developing methodologies to understand the economic
and social costs of its extraction – to essentially make
visible the precious resources lying beneath the Earth’s
surface in a way that can motivate policy change.
Groundwater shares many characteristics of a public good.
It is affordable to access, and usage is for the most part
unregulated.57 Public goods, as opposed to private goods,
are non-excludable and thus entice excessive use. As
the benefits from limiting resource use to a sustainable
level (or the costs from overexploitation) do not accrue
to the individual user but to society as a whole or future
generations, a pure cost-benefit analysis makes individual
use beyond the acceptable social limit appear rational
from the individual user’s point of view,58 a phenomenon
known as the tragedy of the commons. At the same time,
groundwater also has traits of a private good. Groundwater
is subject to rivalry – a defining characteristic of private
goods – when overexploitation and/or degradation of
groundwater resources limit the provision of public
water. Similarly, technical or legal provisions might make
groundwater an excludable good. Therefore, groundwater
has generally been described as an impure public
good, known as a common good, entitling markets and
governments to protect it from being overexploited.59
Generally, the economic value of a good is based on
individual preferences over the changes in quality and
quantity of this good.60 For goods traded in markets,
these preferences can typically be inferred from market
prices. The difficulty in putting a price tag on natural
public goods such as groundwater stems from the fact
that they are not traded or only partly traded in markets.
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One thus has to revert to methods of stated or revealed
preferences. The former refers to the direct elicitation
of the willingness to pay for a particular good, while the
latter refers to methods such as hedonic pricing, which
rely on the assumption that these goods are implicitly
traded in other markets.
In order to obtain the full economic value of a good, it is
important to take all the components of value it provides
into account. For complex resources such as groundwater,
the total economic value (TEV) approach helps to sum up
different aspects of value into one aggregate measure.62 The
overall value of a resource can then be broken down into
use value and non-use value.62 The use value refers both to
direct use, such as for industrial, agricultural or domestic
consumption, as well as to indirect use as for example for
ecosystem services. Non-use values do not refer to an active
use of the resource but measure the value provided by the
continuing existence of the resource, including of it being
passed on to future generations.63 similar strand of the
literature distinguishes between the “extractive value” of
groundwater when it is used for example in irrigation and an
“in situ” value when it is simply left in the ground to serve a
variety of purposes including preventing seawater intrusion
or emergency use.64 Most existing studies focus however
on the productive or extractive value of groundwater as
externalities pertaining particularly to in situ values are very
challenging to measure, leaving an in situ value analysis for
future research.65 The following sections will provide more
details on the extractive or use value of groundwater in the
Arab region.
b. Economics of groundwater scarcity in the Arab
region: Agriculture
Groundwater plays a particularly critical role in the
agricultural sector as it is affordable to access and better
protected from drought than surface water.66 In 2016, 92 to
99 per cent of the water used for irrigation in agriculture
in Saudi Arabia was groundwater.67 Similarly, in Yemen
in 2010, 90 per cent of the water used for irrigation was
groundwater.68 The role of groundwater in irrigation in the
Arab region is also directly linked to labour market and food
security outcomes. For the non-oil economies of the region,
agriculture remains an important source of employment, with
a higher level of participation than the global average in the
cases of Somalia, the Sudan, Comoros, Morocco, Mauritania
and Yemen as seen in figure 12 for selected countries with
more than 10 per cent of the workforce in the agricultural

sector. In addition, the participation of women in agricultural
labour is significant in the Arab region when compared to
the global employment share in agriculture. For example,
in Morocco, 23 to 35 per cent of the labour force in family
farms are women.69 Around one third of the agricultural

workforce is female in Tunisia and half of the agricultural
workforce is female in Iraq.70,71 Despite this important role
in the agricultural labour force, in some countries women
are still marginalized when it comes to decision-making and
legal protection in the agricultural sector.72

Figure 12
Employment in agriculture for selected countries of the Arab Region, 2019
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The political economy surrounding groundwater
in the region, particularly relating to agricultural
use, is unique and challenges notions of resource
preservation. Throughout the past decades, Arab
States have attempted to attain self-sufficiency
in terms of food production.73 This has led to the
introduction of subsidies in the agriculture sector
in order to boost production, which when coupled
with energy subsidies made pumping groundwater
affordable and had the domino effect of increasing
groundwater withdrawals for irrigation beyond
sustainable levels with little regulation to slow the
momentum.74 However, it has become increasingly
clear that population growth and access to
international markets makes the goal of food selfsufficiency obsolete, particularly for the Arab region
as it faces severe water shortages.75,76 At the same
time, groundwater used in irrigation permitted growth
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Source: World Bank, 2021b.

and stability in rural incomes and allowed younger
generations in rural areas to develop higher skill levels
and transition to living in urban centres.77
c. Economics of groundwater scarcity in the Arab
region: Industrial and domestic water needs
Even though the major share of groundwater is used for
agricultural purposes globally and particularly in the Arab
region, groundwater continues to play an important role
for industrial – including for mining and power generation
– and domestic water needs. Globally, 40 per cent of
industrial water withdrawals and 50 per cent of total
municipal water withdrawals are from groundwater.78
In the Arab region, direct industrial water withdrawals
account for 6 per cent of total water withdrawals.79 This
should however be considered only as a lower bound as
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industry often relies on water provided by the municipality.80
Municipal water withdrawals represent 23 per cent of total
water withdrawals in the Arab region.81 Given the limited
availability of surface water and the still minor role of
desalination and wastewater treatment, the majority of
these water needs are met by groundwater.82 In addition,
groundwater is important for urban and rural development.
Globally, over 1.5 billion urban dwellers – three quarters of
the global urban population – depend on groundwater for
their livelihood.83

agriculture in the economy, accounting for nearly 28 per cent
of employment and 20.3 per cent of GDP.87,88 Water withdrawal
in Yemen for domestic, industrial and agricultural consumption
is around 3.5 BCM annually, while renewable water
resources in the country total only 2.1 BCM annually, leading
to an annual net deficit in the water supply of Yemen year
after year, which is manifested in groundwater depletion.89
The calculations in Ruta (2005) showed that the value of
groundwater depletion in the country is equivalent to 1.3 per
cent of GDP.90

Costs for water access for industrial as well as domestic
needs increase with groundwater depletion and
overexploitation as the water table falls. Health risks and
associated costs are also likely to increase due to salination,
contamination and reduced supply of drinking water.84 Finally,
in addition to the direct use value of groundwater described
above, groundwater has an indirect use value for the
functioning of ecosystem services. It is particularly important
for the hydrologic cycle. In turn, groundwater scarcity
can result in a decreased supply of surface water, further
increasing the cost for water access. For example, since
groundwater maintains the baseflow of rivers and springs, a
fall in the groundwater level results in lower flow.

Current estimates indicate that the impact could be even
more severe. In 2017, Yemeni GDP was $26.74 billion, of
which around 20 per cent or $5.35 billion was generated
by the agricultural sector. According to available data,
the total groundwater withdrawn in Yemen in 2017 was
2.52 BCM. Agriculture uses more than 90 per cent of this
withdrawal, around 2.27 BCM.91,92 Dividing the amount
of groundwater used in agriculture by the portion of the
GDP generated by the agricultural sector provides an
approximation of 0.42 cubic meter of groundwater for every
$1 of agriculture’s contribution to GDP. In other words,
every 1 m3 of groundwater has a value of $2.5 for the
national Yemeni economy.

d. Quantifying the value of groundwater depletion
in overall economic activity

Using the difference between renewable groundwater and
groundwater withdrawal, Yemen is suffering groundwater
depletion of 1 BCM annually.93 Dividing this annual
depletion by the amount of groundwater used for every $1
of agriculture’s contribution to GDP (1 BCM / 0.42 MC / $1
agriculture contribution to GDP) indicates a potential GDP
loss of $2.38 billion, or approximately 8.9 per cent of GDP
in 2017. Again, this estimate, like Strand (2010),94 is based
on the productive use of groundwater. Future calculations
should quantify the non-use value (aesthetic, culture,
nature, etc.) and the “in-situ” value of groundwater,
thus assigning an economic value for the externalities
associated with its extraction.

To improve the efficiency of groundwater use, a study by
Strand (2010) suggests optimizing the pricing scheme for
electricity used to pump groundwater. It concludes that
the appropriate pricing for electricity to pump groundwater
would cover the full marginal cost of the electricity plus
an additional charge to account for the externalities of
groundwater pumping.
A different study measured the value of groundwater
depletion as a percentage of GDP in a selection of Arab
countries. In this framework, net savings were adjusted to
take into account groundwater depletion.85 ESCWA defines
adjusted net savings as a measure of “the true rate of
saving in an economy after taking into account investments
in human capital, depletion of natural resources and
damages caused by pollution”. Calculations showed that
the value of groundwater depleted in some countries in the
region may be the equivalent of 2 per cent of GDP.86
Yemen is a particularly interesting case given the
country’s severe water scarcity and the important role of
44

The importance of groundwater to water scarce nations in
the Arab region is clear – it fuels the agricultural sector,
which continues to be an important source of employment
for non-oil economies. Unregulated usage of this resource
is leading to its permanent depletion, which will have
long-term economic and social impacts. Efforts to calculate
these impacts and make them visible to policymakers and
civil society are essential to break with historical trends of
groundwater mismanagement and support the achievement
of the water-related SDGs.
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2. Groundwater stress

Key findings and recommendations
The increased dependence on groundwater has had adverse effects in the Arab
region including overexploitation, leading to groundwater storage decline and quality
deterioration. Groundwater storage anomalies from the long-term average (2004-2009)
show that the area undergoing a decline in groundwater storage has expanded by 75 per
cent in 2011 and by 100 per cent in 2018 compared to 2002.
The impact of human activities has extended beyond groundwater depletion to
impact groundwater quality through seawater intrusion in several coastal Arab
cities that rely on groundwater such as Beirut, where seawater intrusion has shifted
inland between 500 and 1200 m from the 1970 reference point, through pollution
from agricultural and industrial activities or through lack of proper wastewater
collection and treatment infrastructure, as in the Gaza Strip where only 25 per cent
of wastewater is properly treated.

While it is well recognized that protecting and preserving groundwater contributes
to increasing societal resilience to climate change, there is still insufficient action
recognizing and acknowledging this role for groundwater resources.
In the face of projected climate variability in terms of the availability and reliability of
surface water and precipitation, groundwater can be used as a buffer reliable resource to
offset climatic variability, however its management has to be integrated across sectors
such as water and agriculture with conjunctive management of surface water and
groundwater.
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There is increasing evidence that climate change is already impacting groundwater
resources through decreased aquifer recharge and increased pumping to offset the
projected variability and decline in surface water availability. Even though the extent to
which groundwater is impacted is not yet well established due to insufficient data, there
are alarming signs. For instance, based on regional climate modelling projections, it is
estimated that the water table of the Ben Tadla aquifer in Morocco will decrease from 10
m to more than 25 m. This will likely leave some aquifer areas completely dry by the end
of the century if agricultural practices remain the same. Similarly, in the State of Palestine
average precipitation decreased by 3 to 12 per cent, while the recharge in five out of six
precipitation scenarios showed a reduction of between 12 and 16 per cent by 2060.
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The impacts of groundwater depletion are felt by vulnerable groups, women and young
people. This is very visible in the agricultural sector which is responsible for 22 per cent of
all female labour.

Groundwater storage decline in the region is well known and has been increasing over the
last few decades due to several factors including population growth, increased reliance on
groundwater due to climate change and surface water pollution. Action by countries has
not yet been able to address these challenges, which underscores the need for immediate
action on several fronts including socioeconomic, environmental and governmental.
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Groundwater stress is a pressure on groundwater and
related socioeconomic and environmental dimensions. These
stresses are a combination of natural and anthropogenic
activities that lead to groundwater depletion in terms
of quantity and quality and therefore impact freshwater
available for use. In addition, groundwater stress affects the
socioeconomic and environmental dimensions by threatening
water security, public health, infrastructures, ecosystems,
employment and income generation activities. This

chapter highlights the cause-effect relationship between
groundwater and each stress in the Arab region. The
several stresses that are considered include unsustainable
abstraction of renewable and non-renewable aquifers,
the direct and indirect impacts of climate change on
groundwater and natural and anthropogenic contaminations.
The phenomenon of groundwater rise in urban settings
caused by sewage leakage and return flows from irrigation is
explored as it poses a threat to urban infrastructure.

A. Groundwater overexploitation
Water scarcity and increasing stress on surface water
resources have heightened the region’s reliance on
groundwater with more than half of Arab States depending
on groundwater as the primary source of fresh water.
Combined with the ease of access to groundwater, this has
led to over-pumping especially in highly populated areas and
in agricultural areas where water demand is very high. When
discharge exceeds recharge over a prolonged period of time,
due to mismanagement or prolonged droughts, over-pumping
will lead to depletion, which will be reflected in a fall in
the water table. It can be seen in figure 3 that groundwater
decline is mostly happening in non-renewable aquifers,
corresponding to 91 per cent of the medium to extremely
high decline. It can also be seen that the largest decline is
happening in the Arabian Peninsula, most prominently in the
Saq-Ram Aquifer System in north-western Saudi Arabia and
Jordan. Depletion of groundwater in aquifers and specifically
non-renewable aquifers has been estimated at 317 per
cent of renewable volume in the Member States of the Gulf
Cooperation Council.95
Drops in the water table are observed in many parts of
the region where over-abstraction is happening, and the
GRACE mission data has shown an overall declining trend
in groundwater storage in the Arab region. In fact, looking
at groundwater storage anomalies from the long-term
average (2004-2009), the decline in groundwater storage is
spatially increasing over time. The area undergoing a decline
has increased by 75 per cent in October 2011 and 100 per
cent in October 2018 compared to October 2002, and has
increased by 65 per cent in April 2011 and 95 per cent in
April 2019 compared to April 2002, as shown in figure 13.
This represents not only the increase in groundwater stress
between 2002 and 2019 but also highlights the seasonal
variability of groundwater storage combined with the
extreme groundwater extraction in dry periods.
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Similar assessments have shown a decreasing trend in
groundwater storage/level using GRACE data. One of the
first studies that used remote sensing data to describe
global groundwater losses96 showed the change in
groundwater storage for 2003-2013 over 37 major aquifers
of the world based on the World-wide Hydrogeological
Mapping and Assessment Programme (WHYMAP)
delineation.97 The results showed that 21 out of the 37
studied aquifers have exceeded the sustainability limit
and are being depleted, with 13 aquifers in the most arid
regions being critically distressed and threatening water
security in the aquifer’s region. In fact, the most depleted
aquifer is the Arabian aquifer system, which groups the
following aquifers: Umm Er Radhuma, Wasia-BiyadhAruma, Khuff-Minjur-Dhruma, Wajid and Saq.98 This aquifer
system is a source of water for over 60 million people
primarily in Saudi Arabia in addition to Bahrain, Iraq,
Jordan, Kuwait, Oman, Qatar, the Syrian Arab Republic, the
United Arab Emirates and Yemen.99

“

Groundwater decline
is mostly happening in
non-renewable aquifers,
corresponding to 91 per cent
of the medium to extremely
high decline

Figure 13
Groundwater storage decline (yellow to red) in the Arab region between 2002 and 2019 using GRACE
mission data (cm)
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Source: Based on McStraw, 2020, compiled by ESCWA.
Note: The map shows the groundwater storage anomalies for the month of October from 2002 and 2019. The monthly anomaly is
based on the difference between the average of October/April groundwater storage and the long-term average of groundwater
storage (2009-2014).
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B. Groundwater and climate change

“

Groundwater is an
important component of
climate change adaptation

Groundwater is an important component of climate
change adaptation. With greater resilience to short-term
climate change impacts than surface water, it buffers
the effects of drought and therefore has a critical role
in maintaining and sustaining natural ecosystems and
providing access to clean freshwater to societies where
surface water is scarce.100 However, in the long run
climate change will no doubt cause groundwater stress,
particularly in arid and semi-arid regions such as the Arab
region. Therefore, there is a critical need to assess the
impacts of climate change on surface and groundwater
resources and their conjunctive use in the Arab region
and to examine the implications of these impacts for
socioeconomic and environmental vulnerability based on
regional specificities. This also necessitates improved
conjunctive management of surface and groundwater to
optimize the adaptation to climate change and improve
societal resilience.
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ESCWA coordinates the Regional Initiative for the
Assessment of Climate Change Impacts on Water
Resources and Socio-Economic Vulnerability in the
Arab Region (RICCAR), which was launched in 2010
as an inter-agency initiative that reports regularly to
the Arab Ministerial Water Council. RICCAR applies
scientific methods and consultative processes that are
firmly grounded in enhancing access to knowledge,
building capacity and strengthening institutions for
climate change assessment in the Arab region. In doing
so, RICCAR provides a common platform for assessing,
addressing and identifying regional climate change
challenges, leading toward dialogue, priority setting,
policy formulation and responses.
RICCAR launched the first regional climate modelling
ensembles for the Arab region in 2017. These projections
in turn were used to assess the impact of climate change

In 2021, an additional set of high-resolution projections
at a 10 km2 grid resolution were released for the Mashreq
Domain, which includes the entire Arabian Peninsula,
the headwaters of the Tigris and Euphrates rivers and
parts of north-eastern Africa. The ensemble includes six
downscaled CMIP6 models for 1961-2070, for SSP5-8.5,
which represents an update from RCP 8.5 to consider
shared socioeconomic pathways under the AR6 being
released by the Intergovernmental Panel on Climate
Change (IPCC).
It is suspected amid alarming signs that climate change
is already impacting groundwater resources, although
the extent is not yet well established. First, as explained,
higher temperatures and lower precipitations directly
lower recharge rates. Second, the indirect effects are
increased groundwater demand due to lower availability
of surface water, increased demand for irrigation due
to increased temperature and evapotranspiration and a
deterioration in groundwater quality due to sea level rise
and related sea water intrusion in coastal aquifers.
Climate change and climate variability can increase
the risks and costs of water resources management,
impact the quantity and quality of water resources and
generate secondary effects that influence societal climate
resilience. Hence, a clear understanding of these risks
and impacts is necessary to inform policy formulation
and decision-making in support of efforts to achieve
sustainable development in a changing climate context.

With the aim of supporting countries in using RICCAR
data at the basin level, ESCWA conducted a case study
on the Tadla complex aquifer system, in central Morocco,
to assess the impacts of climate change on groundwater
resource availability using the 50 km2 grid resolution.
Morocco, like elsewhere in the Arab region, faces
major water challenges related to water scarcity, the
sustainable management of water resources and the
delivery of water services for domestic, agricultural and
industrial uses.

The Tadla basin encompasses an area approximately
10,000 km2 and includes two main zones: the Tadla Plain
in the south and the Phosphates Plateau in the north. The
Oum Rbia River bisects the Tadla Plain, which divides
the area into two large irrigated areas: Beni-Amir in the
North and Beni-Moussa in the South, as seen in figure 14.
The aquifer, described as a multilayer system consisting
of Mio-Plio-Quaternary, Eocene, Senonian and CenomanoTuronian is a primary drinking water source and supports
the industrial sector in urban centres. The assessment
focused on the Beni-Amir area, which includes large
irrigation schemes.
s t r e s s

The Arab Domain ensembles projected a decreasing
precipitation trend for most of the region. By the end of
the century, both scenarios indicated a likely reduction
in average monthly precipitation, reaching 8-10 mm in
the coastal areas at the foot of the Atlas Mountains.
Some limited areas show an increase in precipitation.
The general decreasing precipitation trend has a direct
negative impact on groundwater recharge. An increase
in temperature is also projected, leading to higher
evapotranspiration and consequently exacerbating the
recharge situation.

1. Assessment of climate change impacts
on groundwater resources using RICCAR
data in the Beni-Amir Aquifer (Tadla
Complex, Morocco)

G r o und w at e r

on transboundary water resources and sub-domains in the
region. The ensemble outputs include three downscaled
CMIP5 models, available at a 50 km2 grid resolution, for
two climate scenarios: RCP 4.5 (moderate) and RCP 8.5
(business-as-usual).101
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Figure 14
Overview of the study area including the Oum Rbia River basin, the Tadla Plain and the Beni-Amir agricultural area

Source: Authors.

It is projected that these groundwater resources in the
Beni-Amir area will be affected by climate change due to
a reduction in natural recharge stemming from declining
precipitation and the increase in evapotranspiration from
increasing temperatures. Air temperature in the study area
is expected to increase by 1.3 to 1.9 °C by mid-century and
1.6 to 3.6 °C by end-century. By mid-century, precipitation
is projected to decrease by 4.4 to 6.8 mm/month and 5.2 to
13.3 mm/month annually by end-century.102
A hydrogeological database, including RICCAR data,
was constructed in a GIS software (ArcGIS) under which
the data was collected from various local and regional
organizations in the first stage. The second stage consisted
of spatial referencing to integrate all data in a unified
coordinate system, and the final stage consisted of data
management, in order to have an organized and classified
database (figure 15).
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“

By mid-century,
precipitation is projected
to decrease by 4.4 to 6.8
mm/month and 5.2 to 13.3
mm/month annually by
end-century.

Figure 15
The geological map of the Beni Amir aquifer

considered for modelling, shown in figure 16. The model
was initially run in steady state, calibrated and verified
using observed data. Subsequently, the model was run using
regional climate modelling outputs obtained from the RICCAR
Arab Domain to assess the impacts of climate change.

Figure 16
Vertical north-south cross-section showing the 3 layers considered in the model
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Modelling was conducted using MODFLOW, a widely
recognized three-dimensional hydrologic model developed
by the United States Geological Survey (USGS) to simulate
groundwater abstraction and recharge as well as ground/
surface-water interactions. Vertically, three layers were

s t r e s s

Source: Authors.

Source: Authors.
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Figure 17
Dry areas due to drawdown by end of century in the Beni Amir aquifer

a. RCP 4.5, 4.5 km2 of dry area

b. RCP 8.5, 68.5 km2 of dry area

Source: Authors.
Note: Blue lines are contour lines and olive-green shaded colour indicates dry areas.

Results from the study indicate that the water table is expected
to decrease by 10 to 25 m (RCP 4.5 and RCP 8.5, respectively)
by end of century, resulting in partial depletion of resources in
the top three layers of the aquifer system, particularly in the
northern Beni-Amir area as shown in figure 17.
Reduction in groundwater resources has a large potential
impact upon the agricultural sector. The Beni-Amir
agricultural area produces beets for three important sugar
producers in Morocco. Depletion of the groundwater table
can result in farm abandonment with more dry areas by
the end of the century. In response, adaptation measures
to improve agricultural productivity, targeting all farmers,
with special focus on capacity-building of women are
needed. These measures include extensive reconversion
of gravity irrigation to drip irrigation and crops that are
water efficient and more resilient to climate change.

2. Assessment of climate change
impacts on groundwater resources
using RICCAR data in the Eocene
aquifer (West Bank, State of Palestine)
Another case study was also conducted by ESCWA on
the Eocene Aquifer, in the West Bank, State of Palestine
54

to assess the impacts of climate change on
groundwater resource availability using the 10
km 2 grid resolution from the RICCAR Mashreq
Domain, which simulated climate change impacts
up to the year 2060. The State of Palestine relies
heavily on groundwater for more than 85 per cent
of its total water withdrawal for the domestic
and agricultural sectors (figure 2). In addition to
over-exploitation of groundwater, the State of
Palestine struggles to meet its water supply due
to the occupation that has restricted access and
has imposed control over water and other natural
resources. In fact, Palestinians are not allowed
to install or maintain any water infrastructure
without permission.103
The Eocene Aquifer is located in the northern part
of the West Bank and extends to the north (above
the green line in figure 18). The total area of the
aquifer is 543 km2, 459 (84.5 per cent) of which
is located within the boundary of the West Bank,
with more than 220,000 inhabitants.
The impacts of six precipitation scenarios
generated by the RICCAR Mashreq Domain
data on the aquifer’s water balance and water
level distribution were analysed and modelled

“

The State of Palestine relies
heavily on groundwater for more
than 85 per cent of its total
water withdrawal for the
domestic and agricultural sectors

also using MODFLOW. 104 The three-dimensional
model was developed as one layer representing
the Eocene formation and other geological units
(figure 19).
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Figure 18
Map of the Eocene Aquifer

Source: IGRAC, 2021
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Figure 19
Three-dimensional model showing the geological layers in different colours. The Eocene aquifer is shown in
light brown

Source: Authors.

“

There is a critical need
to assess the impacts
of climate change on
groundwater resources in
the Arab region
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The results showed that in the 2041-2060 horizon,
precipitation and recharge will be highly affected.
Average precipitation decreased in all scenarios
between 3 and 12 per cent, whereas recharge showed

a reduction in five out of six precipitation scenarios of
12 to 16 per cent. Consequently, with no decrease in
pumping, the water levels in all scenarios decreased
(figure 20).
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Figure 20
Water table under the worst case scenario (CMCC-CM2-SR5) at the end of the analysed horizon 1995-2014
(Reference horizon on the left) and 2041-2060 (end of horizon on the right)

Source: Authors.

The most affected area is Qabatiya, located in the
centre of the Eocene aquifer. This area has the highest
pumping rates due to intensive agriculture. Results

show that the groundwater level will drop by 20 to 40 m
by the end of horizon 2041-2060 (figure 21 for the worst
case recharge scenario).
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Figure 21
Drawdown in the Qabatiya area in the Eocene aquifer of the State of Palestine, shown as a decrease in the
groundwater level (a), a result of decrease in recharge (b)
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Drawdown in
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Source: Authors.
the
The above results call for prompt actions, including
all
climate change on groundwater resources in different
groundwater
stakeholders, to mitigate the impacts of the possible
environmental and hydrogeological settings. A
level (a), acase study on climate change impacts in a karstic
change in the aquifer storage and water level distribution.
It is therefore recommended to reduce the pumping
environment is summarized in box 5.
result of
rate to maintain groundwater levels at current levels
by improving well locations and irrigation efficiency
decreaseAssessing
in
the impacts of climate change on aquifers
using smart technologies. Reusing treated wastewater
must be generalized in order to underline the
rechargeconsequences
(b)
as an unconventional source of water and maintaining
for the entire region and seek operational
groundwater levels by increasing artificial recharge.
In addition to the ESCWA initiatives described
above, other studies have assessed the impact of
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measures for the adaptation and management of
groundwater systems in an adaptive and optimal
manner which would assist in the societal resilience to
climate change.

Box 5
Impacts of climate change on snow-dependent karst aquifers
The most common type of aquifers in Lebanon are karstic
aquifers, characterized by high heterogeneity in their
hydraulic properties and high vulnerability to climate
change. It has been shown that temperature rise may
cause a drop in dry season flow rates and decrease in
precipitation, which could result in extended dry periods
of up to six months. To assess the impact of climate
change on groundwater, Qashqoush spring, bursting from
a karstic aquifer in Mount Lebanon, was studied. The
results showed that the Qashqoush spring will be highly
affected by a decrease in rainfall rates causing prolonged
recession periods, dryer than normal periods, estimated
to be one month longer and with a 34 per cent decrease
in flow rates. However, the impact from a warming
climate on spring flow conditions is less intense than on
precipitation rates.

Moreover, another spring, called Assal spring, which
also drains from a karstic aquifer, has been shown
to be affected by higher temperatures. In fact, the
aquifer feeding this spring is mainly recharged
from snow melt that is expected to decrease with
shorter snow cover periods, a result of warmer
temperatures. It was projected that discharge will
decrease drastically by 2070, resulting in longer
recession, estimated at a rate of 0.55 days/year
due to a faster and abundant flushing of rain water
through preferential karstic pathways. The longer
recession periods, creating a water deficit during
high demand, are a major concern in decisionmaking and groundwater management in such
dynamic environments.

Source: Doummar, Kassem and Gurdak, 2018.

“

It is highly recommended
to assess groundwater
quality when describing
the groundwater situation

needed. Therefore, it is highly recommended to assess
groundwater quality when describing the groundwater
situation. Many other reasons highlight the importance of
this assessment such as the protection of human health and
ecosystems, providing sustainable food supply and access
to clean water where water treatment is not feasible.

G r o und w at e r

An increasing pressure is observed on groundwater quality
mainly due to natural and anthropogenic causes affecting
human consumption, especially among vulnerable groups.
Discussions around groundwater have historically been
limited to quantity, but quality has great implications on
the various uses and associated costs due to the treatment
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C. Groundwater quality
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1. Groundwater contamination
The sources of contamination can be either natural or
anthropogenic. Natural contamination comes from the
leaching of the aquifer bedrock or rock-water interaction under
natural conditions. The accumulation of leached elements
in the groundwater can pose a risk to human health as well
as water supply issues (e.g. clogging of water wells). These
elements are referred to as geogenic contaminants.105 Other

Box 6
Natural salinization of aquifers: Case study of Gulf countries
With arid climates, the Gulf countries rely on
groundwater as a primary source of freshwater.
Bahrain, Kuwait, Qatar and the United
Arab Emirates use only groundwater as a
conventional source of water.
In the Inventory of Shared Water Resources in
Western Asia, the water quality of the Umm
er Radhuma-Dammam Aquifer System, a fossil
aquifer system extending from northern Iraq to
the southern coast of the Arabian Peninsula,
was presented. Total dissolved solids (TDS), an
indicator of salinity, was mapped. The shared
aquifer system is brackish to saline (TDS> 1
g/l) in its coastal part, which includes parts of
Bahrain, Kuwait, Qatar, Saudi Arabia and the
United Arab Emirates.
In fact, contamination is attributed to the mineral
composition of the bedrock, which has been in
contact with water for a long period, and seepage
of ancient water through fractures and structural
discontinuities, dissolving evaporites and
undergoing extensive evaporation in groundwater
discharge areas (sabkha). These natural processes
result in the salinization of groundwater, making
it unfit for use without desalinization. In addition,
excess fluoride, which is dangerous for human
consumption, has also been found in many wells,
underlining the need for treatment before supply.
Source: ESCWA and BGR, 2013.
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than natural salinization of the aquifer through
leaching (box 6), the two most common contaminants
documented in many studies are fluoride and arsenic.
These elements have negative impacts on crop
productivity in the long term, however other elements
such as iron and manganese also present risks when
present in high quantities.

Fluoride and arsenic are found in significant quantities
in various minerals and in groundwater as a result of
geochemical processes. In Saudi Arabia, a groundwater
quality assessment was performed in 2012 on 27
random boreholes located in Al-Kharj agricultural
land to evaluate the distribution of arsenic and other
elements. The results showed that arsenic was
detected in the 27 boreholes with 92.5 per cent of the
samples having concentrations above the admissible
limit of 10 µg/l recommended by WHO, reaching a
maximum of 122 µg/l. The release of Arsenic in the
aquifers of Al-Kharj is due to geothermal processes
and to a lesser extent the dissolution of arsenicbearing rocks.106

Fluoride is the most observed natural contaminant in the
Arab region. This element is found in groundwater mostly
due to leaching of fluoride-bearing minerals from granite and
volcanic rocks. Figure 22 shows the probability of occurrence
of fluoride in groundwater versus the chemical composition
of the water-bearing formation and climate. In the Arab
region, fluoride contamination might be mistaken as having
agricultural origins in some areas. For example, in north-east
Iraq and southern Sudan natural fluoride can be present
in the same area or in proximity with agriculture, and so
groundwater used for irrigation in this area, if not treated,
will be high in fluoride, with potential negative impacts on
crop health. Awareness is needed of natural sources of
fluoride, which must be effectively treated and not mistaken
with anthropogenic sources such as agricultural practices.

G r o und w at e r
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Figure 22
Probability of occurrence of fluoride in groundwater versus the hydrogeological setting and climate

Source: Fluoride occurrence from IGRAC, GGIS 2020a, land cover from UCLouvain, 2017.
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97%
of water available for use in Gaza strip
has been contaminated by pollution
from seawater, wastewater and
agriculture.

Anthropogenic contamination is the result of
human activities that lead to groundwater quality
degradation. These activities include agricultural
practices, industries, urbanization and population
growth. Groundwater salinity is the most recurrent
groundwater quality problem, which although it can
be from natural processes is mostly observed due to
anthropogenic practices such as over-irrigation of
crops from shallow aquifers that result in leaching of
salts to groundwater. This issue is mostly observed in
semi-arid and arid regions such as the Arab region,
where flushing of ions is not frequent due to limited
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recharge from precipitation. In addition, groundwater
salinity occurs in coastal cities due to over-pumping,
resulting in sea water intrusion that contaminates
fresh groundwater (more details in Chapter 3, section
C, part 2).
Bacteriological contaminations are also of major concern.
Microorganisms such as faecal coliforms and bacteria
are indicators of the degree of pollution and the sanitary
quality of water. A high concentration of microorganisms
indicates pollution from sewage leakage (noting that

sewage is unsafely managed for around 58 per cent of the
Arab population), leaching of animal manure, human and
animal waste or other sources.107,108
Other pollutants can make fresh groundwater unusable
or present a risk to human health, as for example in the
cases of phosphates, nitrates or ammonium from fertilizers,
manure or waste disposal.
In the Gaza Strip, the groundwater situation is catastrophic.
Pollution from seawater, wastewater and agriculture
has contaminated 97 per cent of water available for use.
High levels of chloride and nitrate are present, making
groundwater unusable. However, having no other
alternative, this polluted water is being used, threatening
the lives of all Palestinians, noting that 25 per cent
of disease spread in Gaza and 12 per cent of deaths
in young children are due to lack of proper water and
wastewater services.109

2. Sea water intrusion
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“

Groundwater salinity
is the most recurrent
groundwater quality
problem

decline results in a distinctive problem where seawater
invades the coastal aquifer leading to the salinization of
freshwater resources. The wells closest to the freshwatersaline water transition zone, meaning closer to the shore,
have the highest risk of salinization.

G r o und w at e r

More than 40 per cent of Arab cities are located near
the shoreline. With changing lifestyles and growing
agricultural needs, water demand has increased.110 As
explained earlier, the reliance on groundwater has led to
declining water table levels. In coastal cities, groundwater
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a. Coastal Lebanon
Water mismanagement in Lebanon has led to the random
and uncontrolled drilling of unlicensed private wells,
concentrated on the coast where much urban development
and some agricultural land are found. This has resulted in
the degradation of groundwater quality along the coast due
to seawater intrusion. Groundwater salinity of the coastal
aquifers has been studied since the 1960s, especially in the
agricultural plain of Akkar (figure 23) and the capital of Beirut,
where the rate of urbanization is the highest.
A national study using monitoring wells and hydro-chemical
analysis in 2014 showed that the seawater-freshwater
interface that was found at a depth of 150 m along the
Lebanese coast and at a distance between 500 and 1200 m
from the Lebanese shoreline has shifted inland.110 In response,
a desalination plant was installed in 2018 to desalinate
some wells in the Beirut suburbs. 6,500 m3/day of water are
entering the plant with a salinity reaching 12,000 mg/l while
4,200 m3/day are exiting the plant with a salinity of 550 mg/l
meeting international standards.112
The Akkar agricultural plain is irrigated by groundwater from a
shallow alluvial aquifer in direct contact with the sea. Chloride
maps shown in figure 23 from 1969 and 2013 show a larger
spatial extent of high chloride concentrations in 2013, which is
explained by the advancement of the seawater front inland due
to over-pumping.

Figure 23
Advance of seawater intrusion in the Akkar aquifer in North Lebanon between 1969 and 2013

Source: Zaarour, 2017.
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b. Coastal Delta Egypt
The Nile Delta is known for making up 65 per cent
of irrigated land in Egypt.113 The primary source of
irrigation is the Nile, however, with increasing demand,
dependency on groundwater has increased over the years
as seen in figure 24. In 2016, there were estimated to be
some 73,000 wells already.114
Groundwater is found in the Nile delta aquifer, a semiconfined aquifer that is at high risk of salinization, and
yet pumping is uncontrolled. The aquifer is recharged by
infiltration from excess irrigation estimated between 0.25
and 0.8 mm/day and by seepage from some branches of
the Nile river, while some other branches are sustained
by groundwater.115 The agricultural sector is the main
consumer of groundwater, accounting for more than

80 per cent of total groundwater withdrawals.116 Until
recently, the rate of recharge and abstraction were
almost equal, although the figures used are rough
estimations due to incomplete data, such as the rate of
abstraction, the exact number of wells and the extent
of croplands. However, the concentrated discharge
through wells resulted in seawater intrusion and
salinization of the northern part of the aquifer. Other
than over-abstraction, sea level rise, soil formations and
changes in the flow of the Nile also contribute to the
salinization of the aquifer.117 However, these forces can
work in both directions, as in 1990 when an increase in
river flow resulted in a decline in groundwater salinity.
Nevertheless, seawater intrusion remains the primary
driver of salinity in the Nile Delta aquifer, especially
close to the shore.
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Anthropogenic contamination is the
result of human activities that lead to
groundwater quality degradation
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Figure 24
Abstraction rate versus time in the Nile Delta (BCM/year)
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Source: Mabrouk and others, 2013.

D. Groundwater rise
Rising groundwater has been a major concern in the
many cities in the Arab region for the last decades,
especially in the Gulf countries. This phenomenon is
observed mainly in large urban areas, causing costly
damages to properties and structures and a threat
to public health. It has been reported in Doha, Qatar;
Kuwait City and its suburbs, Kuwait; Abu Dhabi,
United Arab Emirates; several cities in Saudi Arabia
such as Jeddah, Riyadh, Jizan, Medina and other
cities in the Arab region. Considering the economic
and environmental costs and losses, this problem is of
high magnitude.
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Urban development has a great impact on
groundwater levels. On the one hand, recharge
decreases due to less exposed recharge area,
while on the other hand recharge increases due
to return from irrigation of gardens and parks and
leaks from sewage and water supply networks.
Combining these two opposite effects, the net effect
is often an increase, potentially exceeding naturally
occurring recharge by ten times, especially in arid
regions. 118 Therefore the unnatural recharge can
result in environmental and economic losses due to
groundwater quality deterioration and unforeseen

In Riyadh, a rate of 1 m/year rise is common in some
areas while in Kuwait City the rate is around 0.5 m/
year. 122 In Abu Dhabi, groundwater rise has caused
ponds to form that are several kilometres in size and
up to 7 m in depth. 123
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In AlQurain, a suburb of Kuwait City, a study on the
cause of rising groundwater used isotopic signature
and water quality for analysis. The results showed
that recharge of shallow groundwater is composed
of return from irrigation, wastewater and to a lesser
extent rainwater. Groundwater rise can reach up
to 50 cm above ground during the winter season
because of the additional contribution of rainfall
events. 119 In Jeddah, Saudi Arabia, rapid urban
growth has caused a major change to topography
which disturbed and stopped natural water flows
from reaching the Red Sea. In addition, leakages
from water supply networks estimated at 30 per cent
of the total water supply in the city, waste water
leakages from cesspools estimated at 20 per cent,
underground storage tanks leakages estimated at
5 to 10 per cent and to a lesser extent infiltration
from excess irrigation and rainfall events caused
the disturbance of natural groundwater balance,
with recharge exceeding natural discharge of
groundwater flow to the Red sea. 120 Consequently,
a water table rise of 0.1 cm/year on average was
observed between 1996 and 2000, causing damages
especially in low-lying areas. 121 These damages
included soil contamination, damage to buildings,
basement flooding, deterioration of roads and more.
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groundwater rise. The damages include building
and structures, roads avnd infrastructures, soil
contamination, overpressure on wastewater systems
and plants and public health threats.

Rising groundwater should first be environmentally
assessed. In fact, a minor groundwater rise can
sometimes have positive environmental impacts
such as feeding streams or creating an appealing
urban landscape. However, when rising groundwater
interferes with the intended use of structures
and creates damages, actions should be taken
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to effectively drain flooded water and prevention
measures should be implemented to avoid floods.

Some recommended groundwater table control
measures include:

• Maintenance of sewage and water supply networks and leak detection.

• Adequate site selection and design of cesspits to prevent leakages.

• Increased irrigation efficiency using advanced irrigation technologies and raising awareness.

• Development of drainage networks and water collectors to prevent floods (box 7).

• Managed groundwater pumping through wells to maintain the water table at its natural elevation.

Box 7
Dubai Tunnel: A sustainable solution for rising groundwater
A massive and unique tunnel is under implementation
by the Dubai municipality as a prevention measure to
protect properties and structures from rising groundwater
and flooding. This tunnel can store stormwater and
groundwater for the upcoming 100 years and will be able
to drain 40 per cent of the whole urban area, reaching an
extent of 500 km2. It consists of transporting water using

Source: Stormwater, 2020; Khaleej Times, 2021.
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gravity to the main pumping station, without the need
for secondary pumping stations, resulting in 20 per cent
less costs than alternatives. The tunnel is already 10 km
long and lies at a depth of 40 to 60 m below ground. This
project is part of a series of projects aimed at achieving
the SDGs in the United Arab Emirates vision in the field of
clean water and preserving aquatic life.
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43 transboundary aquifers
cover almost

58%

of the Arab region’s area,
resulting in complicated
management

Leveraging
innovative approaches
and technologies can help fill the
data and knowledge gap
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Limited funding

Groundwater
governance
limitations
in the Arab region
complicate the response
to various challenges

Weak monitoring
systems and lack
of information

3
Weak institutions and coordination
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Only
Arab States

have adequate implementation of
groundwater management according to
SDG indicator 6.5.1 reporting on IWRM
implementation

Decentralization

+

Local governance
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=

Better
groundwater
management

3. Groundwater governance

Key findings and recommendations
All Arab States except for Comoros draw upon one or more transboundary groundwater
resources, with 43 transboundary aquifers covering almost 58 per cent of the Arab
region’s area. This complicates the management of groundwater and makes transboundary
cooperation essential for proper governance and conflict prevention. However, there
are encouraging signs where cooperation arrangements in the region on groundwater
have progressed such as on the Disi aquifer between Jordan and Saudi Arabia or the
North-Western Sahara Aquifer System between Algeria, Libya and Tunisia. Transfer
of experience and knowledge from regional groundwater cooperation arrangements is
essential to accelerate progress at the full regional scale.

There are encouraging signs that decentralization and local governance of groundwater
may allow better management through improved stakeholder participation and better buyin of legislative and policy reforms such as the case of Morocco aquifer contracts. Arab
countries should further investigate the applicability of local governance by empowering
local stakeholders such as farmers, including women and young people.
Arab countries are encouraged to draw upon the proposed ESCWA regional groundwater
abstraction management guidelines, which offer a unified approach to tackling
overexploitation.

G r o und w at e r

Groundwater governance limitations in the Arab region complicate the response to the
various challenges. Some of these limitations include inadequate policies and laws
on groundwater or the lack thereof, combined with inadequate political will for their
implementation. Other governance challenges include limited funding, weak institutions
and coordination, weak monitoring systems and lack of information resulting in poor
understanding of groundwater systems. This is evidenced in the reporting on SDG
indicator 6.5.1 on IWRM implementation where only three countries had high to very
high implementation rates with financing exhibiting the lowest score of the four IWRM
dimensions in the region.

go v e r n a n c e

Improvements in data availability and understanding of transboundary groundwater
systems are key to preserve this vital resource for future generations, yet such data and
understanding are still lacking at the regional scale. Leveraging innovative approaches
and technologies can help fill this gap.

Only nine Arab States have adequate implementation of groundwater management
according to SDG indicator 6.5.1 reporting on IWRM implementation. Good groundwater
management requires good information based on sufficient and reliable data with the
needed investment to guide informed decision-making and allow stakeholders to adapt
their behaviour.
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“

Only nine Arab
States have adequate
implementation of
groundwater management

Groundwater governance refers to the overarching
framework encompassing groundwater laws and
regulations, institutional arrangements and their
related processes, financial aspects and socioeconomic
and policy implications related to the control and
management of groundwater resources.124 Whereas
management is concerned with the daily operation of a
specified water body, governance examines resources
through a wider lens which considers these resources
in the context of the overall physical ecosystem, social
and economic conditions and their interactions. Hence
governance looks at how decision-making is structured
and who has influence over those decisions.125
72

In a regional diagnosis of groundwater governance in the
Arab region performed almost a decade ago under the
Groundwater Governance – Global Framework for Action,
the following were identified as main challenges of
effective groundwater governance:126
• Inadequate groundwater-specific policies and laws and
lack of political will for their implementation.
• Limited funding.
• Weak groundwater institutions with fragmented or
overlapping responsibilities with lack of sectoral
coordination.
• Inadequate understanding of groundwater systems.
• Limited community participation.
• Lack of available and accessible information coupled with
weak monitoring systems and technology.
Unfortunately, almost a decade later these
challenges are still the same as witnessed by the
status of groundwater resources, whether in their
overexploitation, pollution or lack of awareness of

their importance. The same diagnostic report listed
priorities at four levels including technical, infrastructure,
awareness and legal. At the legal level, priorities were
identified to formulate clear policies, strategies and plans
and regulate abstraction.
The sections below address this legal level priority while
technical level priorities are addressed in Chapter 5. First, a
brief overview of the legislative and regulatory framework
and institutional and organizational arrangements
responsible for the control and regulation of groundwater
is presented and discussed. The limitations of these
management tools and approaches on groundwater
resources are highlighted, relating mainly to the deficient
monitoring and weak political will and enforcement of
groundwater laws and regulations. In response to these
challenges, countries have considered and resorted to the
integration of sectoral development policies, economic
incentives and technological solutions to encourage the
preservation and conservation of groundwater resources.

More recent evaluation of the management of groundwater
resources through the SDG indicator 6.5.1 reporting
mechanisms on the degree of implementation of IWRM
has unfortunately reinforced some of the main challenges
listed above in the Arab region.127,128 For instance, only nine
Arab States have adequate implementation of groundwater
management as seen in figure 5. Good groundwater
management requires good information based on sufficient
and reliable data with the needed investment to guide
informed decision-making and allow stakeholders to adapt
their behaviour. In terms of funding, only three countries
had high to very high implementation rates with financing
exhibiting the lowest score of the four IWRM dimensions in
the region as shown in figure 26.
The latter part of this chapter examines the governance of
transboundary aquifers with an overview of available global
and regional tools for cooperation. This is followed by an
overview of available cooperation arrangements on some
major aquifers in the region.
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Figure 25
Implementation of aquifer management instruments as per SDG indicator 6.5.1

Source: ESCWA, 2021a.
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Figure 26
Number of countries per implementation level across the four dimensions of IWRM in the Arab region
Dimensions

Average score
1. Policies, laws, plans

56

0 2

2. Institutions and participations

58

0

3. Management instruments

54

1

4. Financing

46

1

IWRM score

53

6

3

5
2

Very low

Low

Medium-low

A. Legislative and regulatory framework
Historically, customary practices in the Arab region
governing the use and exploitation of groundwater
resources originate from colonial ruling systems, Roman
law and Islamic traditions. Starting in the 1980s, most
Arab Governments began seeking greater control
over their water resources by constraining individual
water rights and putting in place national water rights
systems. Under conditions of increased scarcity and
degradation of groundwater resources, Governments
have aimed to impose more stringent rules that control
and limit the number of wells and reduce the volumes of
groundwater extracted.
Many Arab States have formulated special groundwater
laws and regulations, while in others groundwater is
regulated through general water laws. Examples of
groundwater regulations from the Arab region include the
Groundwater Monitoring System of 2002 as amended in
Jordan, and Resolution No. 2166 of 2000 in the Syrian
Arab Republic. Similarly, Dubai has enacted Law No. 15
of 2008 to protect groundwater. This is also the case of
the Emirate of Abu Dhabi and Fujairah, which issued Law
No. 15 of 2016 regulating groundwater and Law No. 2 of
2011 regulating groundwater extraction and protection.
Bahrain issued the Amiri Decree (1980) “Governing the
Use of Groundwater” and in Qatar Law No. 1 of 1988
regulating the drilling of wells.

5

6

6

20%

6

Medium-high

60%

High

0
1

7

40%

1
6

5

3

Source: ESCWA, 2021a.
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Laws and regulations stipulate the conditions for which
groundwater licenses are required. In some cases,
permits are based on well depth and required only when
depth exceeds a certain limit of 40, 50 or even 60 meters
in the case of the Haouz of Marrakech in Morocco, Yemen
and Tunisia respectively. Other conditions include the
area of irrigated lands, as in Saudi Arabia for example
where permits are requested when irrigated lands exceed
2.5 ha.129 In many cases, well drilling permits depend
on the purpose, such as in Jordan, which has prohibited
licenses for drilling wells for industrial or tourist
purposes. (Groundwater By-Law No. 85 of 2002).
a. Metering water wells
Well metering is a condition for licensing wells in many
countries due to their clear role in managing exploitation
conditions, including quotas. Article 5 of Law 5 of 2016 on
the regulation of groundwater in the Emirate of Abu Dhabi
and Article 7 of the Groundwater Protection Law 15/2008
in the Emirate of Dubai clearly stipulate that meters be
installed in order to measure the quantity of groundwater
abstracted. Similarly, The Amiri Decree (1980) of Bahrain
requires metering of irrigation wells.130 In Algeria, (Decree
08-148, 2008) meters are required for State-owned wells
used for drinking water.131 In Jordan, Oman and the Syrian

Metering

Volumetric
pricing

Abstraction
quotas
X

Algeria

X

Bahrain

X

X

Jordan

X

X

Lebanon

X

Morocco

X

X

Oman

X

X

Syrian Arab
Republic

X

X

Tunisia
United Arab
Emirates, Abu
Dhabi

X

X
X

X

X

X

Source: Closas and Molle, 2016.

Arab Republic permits are granted on the condition that
appropriate metering systems be installed.
However, across the Arab region, countries have failed to
ensure continued and efficient metering of groundwater
exploitation.132 The reasons are often related to technical
deficiencies in maintaining the smooth operation of
installed meters, while tampering and vandalism are also
common.133 Furthermore, there is a lack of political will to
deploy necessary capacities to enforce such regulations.
Tunisia, for example, has not prescribed well metering
given the acknowledged lack of sufficient capacities to
enforce such a requirement. On the other hand, Bahrain
might represent a model for effective enforcement of well
metering.134 Factors behind successful implementation
can be linked to the concentration of agricultural
wells in a limited geographical area, which facilitates
regular monitoring.
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Well registration, licensing and authorization is
a necessary first step towards the preservation
of groundwater resources from quantitative and
qualitative perspectives. Typically, well drilling
licenses stipulate abstraction quotas, requirements
for metering, and application of tariff structures.
In many cases, Law provisions also consider
the conditions based on which well drilling
authorization are granted, validity of licenses and
the establishment of protection zones when needed.
Furthermore, legislation has also been enacted in
many countries to regulate well drillers as an effective
measure to limit new wells drilling. Table 1 provides
an overview of scope of established well licensing
systems in selected Arab States. Nevertheless,
despite a solid and comprehensive licensing
authorization framework, implementation outcomes
have rarely achieved the intended groundwater
preservation objectives.

Table 1
Scope of groundwater licensing laws in selected
Arab States
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1. Well licensing

b. Water quotas and pricing
In general, well licenses prescribe maximum annual
extraction volumes, or quotas. Although many countries
in the Arab region have identified such quotas; their
implementation remains a real challenge throughout the
region. Consequently, in most cases, quota systems have
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“

In countries where
monitoring of wells is
insufficient, enforcement of
the quota and tariff system
is almost impossible
not resulted in the intended preservation of groundwater.
This is the case of Jordan, where Groundwater Control
Bylaw No. 85 of 2002, as amended in 2004, was enacted
to impose groundwater abstraction quotas of 150,000 m3
per year per well to address unsustainable abstraction.
When the amount extracted exceeds this limit, tariffs are
imposed for blocks ranging from 150,000 to 200,000 m3
and at higher rates for those exceeding 200,000 m3. This
tariff block system was used to support the achievement
of the 275 million m3/year abstraction safe yield target
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by 2020 stipulated in the new water strategy of 1998.
Nevertheless, the generous free block and the associated
relatively low tariff rates have proven ineffective in terms
of reducing abstraction volumes.135
In countries where monitoring of wells is insufficient,
enforcement of the quota and tariff system is almost
impossible. In Lebanon for example, groundwater
abstraction exceeding 100 m3/day require authorizations
by decree. However, in the absence of an appropriate

monitoring system, enforcement of these payments is
non-existent.136 In Yemen as well, the actual extracted
groundwater quantities are not adequately monitored
and hence the implementation of annual abstraction
quotas cannot be verified.137 Similarly, in Tunisia, lack of
enforcement of abstraction limits stipulated in permits
undermines groundwater use control and regulation.138

objectives. Tunisia is a flagrant example, where despite the
establishment of more than 30 protection zones across 15
governorates since the early 1980s, groundwater resources
are still extracted at unsustainable rates.141

2. Protection zones

Another approach to control the expansion of well drilling
and prevent the depletion of groundwater resources is the
control of drilling companies through a system of registration
and licensing as a pre-condition for drilling activities. In
Jordan, the 2002 Groundwater Bylaw requires licenses
and authorizations to permit the purchase and operation of
drilling equipment. This is also the case of Oman, where
only companies registered with the Government are allowed
to drill and maintain wells, test their yield and install
well pumps.142 In Yemen, the National Water Resources
Agency sets the technical specifications and oversees the
activities of drilling companies. In Tunisia, professional
cards are issued with a validity of 5 years to regulate the
activities of drilling companies that are classified based on
capital, equipment and staff specialization level. Renewals
of professional cards are granted based on company
performance. In Abu Dhabi, the government has designated
only one private drilling company, the National Drilling
Company of Abu Dhabi, to perform well digging operations.
go v e r n a n c e

Nevertheless, in many cases the implementation of
the protection zones has not achieved the intended

Nevertheless, enforcement is a major issue when
it comes to implementing well drilling registrations
and licensing. In many cases, the number of drilling
rigs operating vastly exceeds the number of licensed
companies. In Yemen for example, while there were no
more than 125 licensed drilling contractors as of 2006,
the number of drilling rigs was estimated to exceed 900.
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In certain parts of the Arab region where groundwater
resources are under threat, Governments have enacted
legislation to limit or prohibit well drilling as a measure to
halt further deterioration. Depending on the degree and
nature of threat, these zones are classified as “protection
zones” or “prohibition zones”. In Bahrain, Ministerial Orders
in 1980 and 1983 banned well drilling in the Dammam aquifer
from 1980 to 1984 to allow for its recovery.139 Groundwater
protection zones in Algeria target resource preservation
from the qualitative and quantitative aspects. The Water
Law of 2015 envisages the establishment of “quantitative
protection areas” which preclude the drilling of new wells
and limit or ban abstraction. On the other hand, in locations
designated as “qualitative protection areas”, activities
resulting in groundwater pollution and contamination are
prohibited. Similarly, the Ministry of Regional Municipalities
and Water Resources of Oman issued decision 194 in 2001 to
protect and preserve groundwater resources. The legislation
identified no drill areas to limit over-abstraction and resulting
seawater intrusion and identified protection zones where
only permitted activities are allowed to prevent pollution of
underlying aquifers.140

3. Certification of drilling companies
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4. Monitoring and enforcement of
regulations

the ensuing vandalization of equipment and institutions
have further undermined the implementation and
enforcement of groundwater regulations.

a. Monitoring

5. National response measures to low
levels of enforcement

Monitoring is an essential step to assess changes
in the status and changes in groundwater resources.
Parameters that can be monitored include water level,
quantities of groundwater pumped, groundwater
quality and drilling specifications for wells, all
of which support groundwater management.
Nevertheless, monitoring and surveillance systems
across the Arab region remain largely insufficient
due to lack of technical and human capacities and
political will. This issue was highlighted during the
third regional consultation for the Arab region held
in Amman, Jordan in October 2012, organized within
the framework of the regional implementation of
a global project on “Groundwater governance: A
global framework for country action”. Participating
groundwater practitioners and policymakers
representing Arab States have highlighted well
monitoring and surveillance as a priority issue towards
improving groundwater governance.143
b. Punitive actions and their enforcement
Another major challenge to the implementation of
groundwater regulations is poor enforcement where
punitive measures need to be implemented in cases
of non-compliance. In Qatar, Law No. 1 of 1998
concerning the regulation of well drilling imposes
fines in cases of violation of license terms. More
radical approaches resort to backfilling illegal and/
or non-compliant wells.144 In the Emirate of Dubai,
article 11 of the Groundwater Protection Law No.
15 of 2008 states that the local municipality has the
right to backfill any well where quantities extracted
exceed the allowable limits. This measure however is
not easy to implement since it is typically faced with
fierce resistance and requires both political will and
public assent. In Souss Massa, Morocco, a decision to
close unauthorized wells, representing 70 per cent of
total wells, was never fully implemented.145 Similarly in
Algeria, campaigns targeting the closure of wells in the
Oran province do not seem to have led to any changes
on the ground.146 Furthermore, protracted conflicts and
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In response to challenges facing the insufficient
implementation of regulatory measures for
groundwater abstraction, Governments have resorted
to various measures to influence the behaviour of
farmers and groundwater users in general towards
lower groundwater use.
Novel mapping and remote sensing technologies were
deployed to better monitor groundwater abstraction
used for irrigation. This is the case of Jordan, where
remote sensing was initiated by the Ministry of Water
and Irrigation with support from Global Environment
Facility (GEF) to control well development. Data and
information collected through remote sensing map out
changes in cultivated areas and identify crop types
resulting in reliable estimations of water volumes
used on farms. This information is then compared to
figures provided by farmers to support the assessment
of reported abstraction. Recently, information collected
through satellite imagery to detect water parameters
and evapotranspiration are being accepted by the court
of law as supporting evidence for disciplinary actions
in case of infringements. Advanced technologies were
also deployed to control illicit well drilling in Yemen
and satellite imagery capacities were made available
to a drilling rig tracking unit.146
As irrigation is by far the largest consumer of
groundwater in most Arab States, Governments
incentivize farmers to rationalize abstraction through
subsidies for water-saving irrigation technologies.
Tunisia, Morocco and Saudi Arabia have subsidized
farmers who use micro-irrigation technologies. In
Tunisia, for example, subsidies ranging from 40 to
60 per cent, based on the size of the cultivated plot
of land, are offered to farmers deploying watersaving irrigation technologies within the framework
of a national water saving programme. 148 In Oman,
the purchase price of modern-water saving irrigation
systems was fully subsidized. 149

B. Organizational set-up

In some cases, dedicated agencies exist to implement
groundwater regulation responsibilities. An illustrative
example is the Environment Agency of Abu Dhabi,
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In Jordan, the Ministry of Water and Irrigation (MWI)
through its Water Authority of Jordan (WAJ) oversees
groundwater administration and management. This
includes the issuance of drilling licenses and abstraction
permits in accordance with groundwater legislation. The
MWI and WAJ also supervise drilling and abstraction

activities.150 In Bahrain, the Agriculture and Marines
Resources Affairs in the Ministry of Works, Municipalities
and Urban Planning oversees the determination of
the quantity of groundwater allowed for each plot of
agricultural land. In the Syrian Arab Republic, Water Law
31 of 2005 gives the responsibility for issuing well drilling
licenses to the Ministry of Water Resources. In Oman, the
Water Resources Protection Law No. 29 of 2000 entrusts
groundwater management, regulation and licensing to the
Ministry of Agriculture, Fisheries and Water Resources.
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In most Arab States, groundwater legislation clearly
mentions the national authority in charge of controlling
groundwater resources and their management. The
administrative and organizational aspects of groundwater
regulation are, in most cases, the responsibility of
ministries of water, environment, agriculture, irrigation
and infrastructure works, among others.
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established pursuant to Law No. 5 of 2016. The agency
is entrusted with the management, organization and
licensing of groundwater related activities. The agency
is also in charge of establishing and implementing
related policies, checking and inspecting existing wells,
supervising the drilling of new wells, issuing permits for
drilling and establishing the amount of water that can be
extracted from wells.
Most commonly multiple official and sectoral actors
are involved in groundwater use and management,
necessitating improved coordination and cooperation
between them. In Morocco, the authority of the River
Basin Agencies, responsible for groundwater regulation,
is in conflict with the Ministry of Public Works, which
is entrusted with promoting agricultural development.
Similar conflict exists over the management and use
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It is believed that improved
efficiency of the institutional
context would contribute to
enhanced groundwater
governance

In many parts of the Arab region, successful examples
of greater control at the local level are available.
In Tunisia, pursuant to the structural adjustment
programme initiated in the 1980s, government
policies focused on the progressive decentralization of
groundwater management. To that effect, the Water
Code of 1987 allowed the establishment of “local
associations of collective interest” and defined their
role. These arrangements have proven efficient in
overcoming administrative hurdles facing the Ministry
of Agriculture and Environment. Successive decrees
were enacted to grant these associations greater
managerial autonomy. In 2004, a law was enacted
to establish these associations in their final current
arrangement as local agricultural development groups
(GDAs) responsible for water management activities
and development planning. They remain nevertheless
financially accountable to the State. The number of
these local associations in charge of public irrigation
schemes evolved from 100 in the 1980s to around 2800
in 2004. By 2014, it was estimated that 90 per cent of
areas publicly irrigated from groundwater resources are
managed by local agricultural development groups.152
In Morocco, aquifer contracts (contrats de nappe) were
implemented by the government as a decentralized
groundwater management tool to bring together
the government and user associations in continuous
dialogue and participatory decision-making on shared
aquifer concerns and challenges. Contracts consist
of an agreement signed by different stakeholders

In Algeria, well licensing has been the prerogative
of the local administration in charge of water works.
Nevertheless, to decentralize some groundwater-related
responsibilities, Water Law 05-12 of 2005 allowed the
wali to recommend well permits and conduct technical
visits to verify that permit holders are compliant with the
conditions stipulated in permits.
The aflaj system, a traditional water conveyance system
dating back 5,000 years, consists of underground canals
that intercept the groundwater table and use gravity to
channel irrigation water to villages. It is assumed that
more than a third of groundwater used for irrigation in
Oman is channelled through aflaj.154 The aflaj system
represents a governance model engaging water users
based on predefined rules that organize, maintain and
distribute water resources. Aflaj shareholders trade water
rights in markets located in villages as permanent rights
or under temporary lease arrangements. The aflaj are
operated by a wakil chosen by the owners who is also
responsible for solving water disputes between farmers.
Nevertheless, the volume of water supplied through aflaj
in Oman has greatly decreased over the past years.155
Laws enacted to protect these waters have not been
properly enforced, resulting in many of these canals
drying up. Similarly, in Morocco, these traditional systems
are called khettara and have been used for irrigation for
more than 3,000 years.156
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It is believed that improved efficiency of the institutional
context would contribute to enhanced groundwater
governance.151 To that effect, it can be advantageous
to decentralize water resources management to the
basin or aquifer level, granting greater control to local
users’ associations, including farmers, with advantages
especially for female agricultural workers who will
thus have an increased role in decision-making. Greater
stakeholder involvement is generally associated with
collaborative development of sustainable strategies
and practices based on a solid understanding of local
hydrological context and promoting water conservation
among farmers.

to prioritize groundwater use options, taking into
consideration resource preservation objectives and
equity considerations. The scheme was first implemented
in 2006 for the Sousse Massa aquifer and resulted
in the framework convention for the development of
water resources. The agreement involved the River
Basin Organization, the governorate of the local region,
authorities, agricultural chambers, a federation of
agricultural water users, research institutes and water
suppliers. An assessment of the impact of aquifer
contracts showed that little has been achieved under
them. Nevertheless, according to government officials
in charge of water resources management, the only
solution to persistent overexploitation of groundwater
sources is to establish a new governance model based
on the participation, engagement and accountability of
concerned stakeholders within a contractual framework
like aquifer contracts. Hence, current national policies
aim to have all major aquifers in Morocco put under
aquifer contracts.153
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of groundwater resources between the Ministry of
Agriculture and Irrigation and the Ministry of Water and
Environment in Yemen.
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C. Groundwater abstraction management guidelines for the Arab region
In its efforts to support groundwater management
and governance, ESCWA has developed Groundwater
Abstraction Management Guidelines for the Arab Region
(annex 2), which draw upon best practices and innovative
tools and approaches from countries of the Arab region.157
The guidelines address various aspects of regulating
groundwater abstraction including:

Groundwater protection zones.

These guiding principles and the associated checklist
were reviewed during a meeting organized by ESCWA
in March 2021 attended by senior officials and technical
experts from government institutions responsible
for groundwater management in the Arab region.158
Participants discussed the proposed set of indicators
and provided their feedback and comments based on
their national or local context experience and proposed
amendments and improvements. The guidelines were
reviewed and issued in their final format and are
publicly accessible through ESCWA website.159 States
were then invited to assess their national groundwater
abstraction laws and policies by completing the guideline
indicators. Since then, ESCWA has received reports from
Iraq, Kuwait, the Syrian Arab Republic and Tunisia; an
overview of the groundwater governance status in these
countries is provided below.

Penalties and fines.

Iraq

A dedicated regulatory body in charge
of groundwater management.
Licensing process from pre-drilling to
completion and monitoring.

Licensing of well drillers.

Protection of groundwater quality.

Tariffs and fees.

These guidelines can be drawn upon to guide the
development, implementation and enforcement of
groundwater abstraction management systems in support
of improved groundwater resources management across
the Arab region.
The guidelines were complemented with a set of
indicators prepared in the form of a checklist to assess
the degree to which national groundwater legislation
and policies in a specific country match the proposed
guidelines. The degree of fit is scored based on a scale
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of 0 to 365. The checklist is further complemented with
an unscored list of indicators related to institutional
capacities needed for the implementation and
enforcement of groundwater regulations as well
as sectoral policies supporting the preservation of
groundwater resources.

Iraq has put in place regulations that requires licensing
to drill new wells, which are classified as public benefit
when used for afforestation and public uses, or as private
benefit when used for agricultural purposes. Regulations
also require testing of well pumping as well as the
quality of extracted water. Iraq has also put in place
incentives encouraging water users to register their
wells by issuing licenses authorizing fuel purchases for
electric generators or by facilitating access to bank loans.
These are coupled with fines and even backfilling of
unregistered wells. Groundwater provisions preclude well
drilling in regions where the water situation is critical,
designated as “threatened zones” or “protection zones”.
A law requiring the installation of water meters for
wells is currently under preparation. Nevertheless,

The national groundwater legislation and policies
in Iraq were found to be somewhat consistent with
the Guidelines (more than 60 per cent), with the
main deficiency concerning the installation and
proper monitoring of well meters. The Government
has implemented policies to control the cultivation
of water intensive crops. Nevertheless, neither an
extraction quota nor tariffication system are in place
to encourage alternative water sources for irrigation
other than groundwater.

The Syrian Arab Republic

Kuwait
Kuwait has put in place regulations that requires
licensing to drill new wells, which are classified
based on their depth and diameter, the purpose of
their use and quantities extracted. Furthermore,
regulations requiring the registration of existing wells
are currently under preparation. Kuwait has also put in
place incentives to encourage water users to register
their wells by connecting them to the power grid,
and regulations exist to penalize breaches through
backfilling. The regulations are backed up by a penalty
system for unlicensed wells; ultimately, illegal wells
can be backfilled or destroyed. The water law includes
provisions that preclude well drilling in regions
where the water situation is critical, designated as
“threatened zones” or “protection zones”.
A law requiring the installation of meters for wells is
currently under preparation. Indirect approaches to
estimate groundwater quantities extracted for irrigation
are used and include estimations of the number of
pumping hours and capacity of associated pumps.
The tariffication system applied to groundwater does
not include an incentive to encourage farmers to use
modern irrigation technologies.

The Syrian Arab Republic has regulations requiring well
licensing, but no incentives to encourage water users to
register their wells. Nevertheless, unlicensed wells are
subject to fines and criminal penalties, and ultimately
illegal wells can be backfilled or destroyed. The water
law includes provisions that preclude well drilling in
regions where the water situation is critical, designated
as “threatened zones” or “protection zones”. There is
a law that clearly requires the installation of meters
to measure quantities of water extracted from wells.
However, while there is some monitoring of meters’
validity and the safety of their operations, it is not
performed in a regular or periodic manner. Tempering of
meter readings is subject to fines, criminal penalties and
revocation of licenses.
Indirect approaches are used to estimate quantities
of groundwater extracted for irrigation purposes,
mainly relying on estimating irrigated areas and crop
requirements. The national authorities in charge of
groundwater resources management have the appropriate
technical and administrative capacities to conduct regular
well meters monitoring. The groundwater pricing system
uses ascending brackets to limit groundwater use for
domestic purposes and includes incentives to encourage
the use of modern irrigation technologies.
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The national groundwater legislation and policies
in Kuwait were found to be somewhat consistent
with the Guidelines (around 65 per cent), with the
main deficiencies concerning the implementation of
water metering. While there is a quota system for
groundwater use, there are no policies to discourage
the cultivation of water-intensive crops or to encourage
the use of alternative water resources. Furthermore,
energy pricing policies encourage further groundwater
extraction for irrigation.
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Iraq uses indirect methods to assess groundwater
abstractions for irrigation purposes through
estimations of pumping hours and pump capacity and
through the use of electronic surveillance equipment.
National technical and administrative capacities in
support of better groundwater management are still
lacking. The country does not implement a tariffication
or pricing system to limit groundwater use. Also, these
are no incentives to encourage the use of modern
irrigation technologies.

The national groundwater legislation and policies in
the Syrian Arab Republic were found to be consistent
with the Guidelines (around 70 per cent), with the main
deficiencies concerning the monitoring of water metering
and the verification that extracted quantities are in line
with allowable limits. In relation to supporting policies,
the Syrian Arab Republic has put in place agricultural
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policies to control the cultivation of water-intensive
crops, complemented by groundwater allocation quotas
for various uses.

Tunisia
Tunisia has regulations that require licenses to drill
new wells, which are classified based on depth and
diameter, use and the quantities extracted. Regulations
also require testing of well pumping as well as the
quality of extracted water. Tunisia has also put in place
incentives to encourage water users to register their
wells backed up by a penalty system for unlicensed well
drilling; ultimately, illegal wells can be backfilled or
destroyed. The activities of well drillers are regulated
through legislation requiring their registration and
licensing; furthermore, well drilling rigs operating
without licenses are subject to penalties under the law.
The water law includes provisions that preclude well
drilling in regions where the water situation is critical,
designated as “threatened zones” or “protection zones”.
There is no legislation requiring well meters.
Nevertheless, indirect approaches are used to estimate

the quantities of groundwater extracted for irrigation
purposes, including estimations of the number of
pumping hours and capacity of associated pumps, the
area irrigated, crop requirements and the amount of
energy consumed. An ascending bracket tariffication
system is applied on groundwater use for domestic
purposes, accompanied by pricing incentives to
encourage the use of modern irrigation technologies.
The national groundwater legislation and policies
in Tunisia were found to be largely consistent
with the guidelines (around 84 per cent), with
the main deficiencies concerning the absence of
legislation requiring well metering, which hampers
the monitoring of groundwater abstraction and the
enforcement of penalties.
There are no agricultural policies controlling the
cultivation of water-intensive crops. However,
differential pricing approaches are used to encourage
alternative water sources for irrigation other than
groundwater. In response to the lack of sufficient
institutional capacities for effective registration and
licensing of wells, Tunisia is working to simplify and
digitize well authorization procedures.

D. Transboundary aquifer management
The United Nations International Law Commission’s Draft
Articles on the Law of Transboundary Aquifers define a
transboundary aquifer as “an aquifer or aquifer system,
parts of which are situated in different States”.160 Given
this definition there are 468 identified transboundary
aquifers worldwide.161
The sustainable management of these transboundary water
resources poses a certain challenge for States and requires
various bilateral and multilateral agreements between
neighbouring States. There are various international
frameworks that Arab States can draw on for the
sustainable management of these transboundary aquifers.

1.Transboundary water conventions/
frameworks
International water law historically developed for surface
waters, and the first concerns were about the right of
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navigation. The 20th century saw an increasing number of
treaties dealing with non-navigational uses, with a first focus
on quantitative issues, evolving towards a trend to protect
quality. The United Nations Convention on the Law of the
Non-navigational Uses of International Watercourses (1997)
(UNWC) is the first instrument at the global level to govern
the management of shared watercourses. It was developed
by the United Nations International Law Commission (ILC),
in charge of the progressive development and codification
of international law, from 1974 to 1994. At the time of its
preparation and drafting, more attention was paid to surface
waters, with groundwater only introduced at a late stage in
1991. The final proposed definition of a watercourse covered
a “system of surface and groundwaters constituting by virtue
of their physical relationship a unitary whole and flowing
into a common terminus” (article 2(b)).162
Therefore, the Convention left out of its scope a great
number of transboundary aquifers, such as those not

Based on the ECE Water Convention, the Model
Provisions on Transboundary Groundwaters, a specific
non-binding guidance document for transboundary
groundwater, was developed by a core group on
groundwater composed of legal and water experts
with participation of several organizations such
as IHP-UNESCO and IAH and adopted in 2012 by
a Meeting of the Parties. The document builds on

Provision 1
Take all appropriate
measures to prevent,
control and reduce any
transboundary impact.
Use transboundary
groundwaters in
an equitable and
reasonable manner,
taking into account all
relevant factors.

Provision 2
Use transboundary
groundwaters in a
sustainable manner
both quantity
and quality wise
(renewable and nonrenewable resources).

Provision 3
Cooperate in the common
identification, delineation
and characterization
of transboundary
groundwaters.
Establish programmes
for the joint monitoring
and assessment of
quantity and quality
of transboundary
groundwaters.

Provision 4
Cooperate on
the integrated
management of
transboundary
groundwaters and
surface waters.

Provision 5
Prevent, control and
reduce the pollution
of transboundary
groundwaters following
the precautionary
principle (protection
zones, regulation of land
use, groundwater quality
criteria, prevent or limit
release of pollutants).

Provision 6
Exchange information
and available data
on transboundary
groundwaters. This
includes the condition
of transboundary
waters including
available data on
parameters agreed
on in Provision 3 and
the status of use
of transboundary
groundwaters.

go v e r n a n c e

A third instrument covering transboundary water
resources is the Convention on the Protection and
Use of Transboundary Watercourses and International
Lakes (1992) (United Nations Economic Commission
for Europe, ECE Water Convention). This Convention
was originally a regional convention for the member
States of the ECE, but since 2013 has been open to all
United Nations Member States. The Water Convention
covers “any surface or ground waters which mark,
cross or are located on boundaries between two or
more States”. 163 These three instruments represent a
complementary and coherent whole, including similar
principles that are either substantive, meaning they
establish the rights and obligations of States, or
procedural.

the ILC DA and consists of the nine provisions shown
below.164 These provisions can prove to be valuable
guidance and supplement for future potential bilateral
and multilateral agreements.

G r o und w at e r

related to any surface water body. To fill in this gap, in 2002
the ILC added to its programme of work the topic of “Shared
natural resources” and in 2008 prepared and adopted the
draft articles on the law of transboundary aquifers (DA).
The DA cover all transboundary aquifers, even those that
could fall under the UNWC. The United Nations General
Assembly approved four resolutions on the topic 63/124
(2008), 66/104 (2011), 68/118 (2013) and 71/150 (2016).
The draft articles are annexed to two of the resolutions
(63/124 and 68/118). In resolutions 63/124 and 68/118,
the General Assembly “encourages the States concerned
to make appropriate bilateral or regional arrangements for
the proper management of their transboundary aquifers,
taking into account the provisions of these draft articles”.
In 2013 and 2016, the General Assembly changed its
language to commend “to the attention of Governments
the draft articles…as guidance for bilateral or regional
agreements and arrangements for the proper management
of transboundary aquifers”, expressing a probable intention
to give the status of guidelines to the draft articles.
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Provision 7
Make joint or
coordinated plans for
the proper management
of transboundary
groundwaters
(allocation, abstraction
volumes, prior
authorization, pumping
limitations, measures
for preserving
and rehabilitating
groundwater quality and
quantity).

Provision 9
Establish a joint
body to implement
the objectives and
principles of the Model
Provisions.

Provision 8
Conduct
environmental
impact assessments
of planned activities
of likely significant
effect including large
scale abstractions
or groundwater
recharge.
Notify other
Parties and hold
consultations.
Conduct awareness
raising and
provide access to
information, public
participation and
access to justice
with respect to
the conditions of
transboundary
groundwaters.

The UNWC entered into force in 2014, while the
ECE Water Convention has been in force since
1996, and both are binding for their Parties. They are
complementary in scope and can serve to foster the
establishment, implementation and further development
of bilateral and multilateral agreements for transboundary
basins or aquifers.165 They also include principles that are
part of international customary law which apply to all States.
On the other hand, the DA are non-binding as they are
included in General Assembly resolutions which do not have
any obligatory force. At the same time, they also include
principles that are part of international customary law.166

2. Transboundary aquifer management in
the Arab region
Transboundary aquifers cover more than half of the
surface area of the Arab region, and all Arab states share
at least one transboundary aquifer except for Comoros.
Consequently, transboundary aquifer cooperation is an
essential component for the sustainable management of
groundwater and water security in the Arab region. This
is evident in the focused interest of the Arab Ministerial
Water Council (AMWC) at the League of Arab States in
transboundary water resources which is a critical pillar
of Arab Water Security Strategy, prepared by the AMWC
and approved in 2011. The Strategy sets among its main
targets the establishment of mechanisms and frameworks
for cooperation between Arab States. As a response to this
priority and several resolutions from the AMWC, in 2011
ESCWA supported the preparation of a draft legal framework
on transboundary water resources in the Arab region
targeting both transboundary surface and groundwater.
This draft legal framework was then converted into draft
principles for transboundary cooperation to serve as
guidance for the Arab region. As mandated by the AMWC,
ESCWA drafted the guidance principles for Arab cooperation
in the management of transboundary water resources and
presented them at an intergovernmental meeting organized
by ESCWA and the League of Arab States in 2017. The
scope of these guidelines also covers both transboundary
groundwater and surface water. The guidelines have been
under discussion since then with the last intergovernmental
meeting held in July 2021 without formal approval for their
adoption yet.
Even though the near decade long journey of dialogue
on a regional framework for transboundary cooperation
and then followed by the cooperation guidelines has not
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resulted in tangible results in the form of formal adoption
of any of these documents, it has provided Arab States
with a venue for open dialogue on transboundary water
issues and built the capacities of many State actors.
The status of regional transboundary water cooperation
is captured in a recent regional report by ESCWA on the
progress on SDG indicator 6.5.2 in the Arab region for
2021. The report revealed the challenges hindering the
establishment of well-developed cooperation frameworks,
mainly linked to lack of knowledge and data exchange and
financial constraints.167
The analysis also showed that only nine States reported an
indicator value for transboundary aquifers as seen in figure
27 with an average score of 30 per cent in 2020 compared
to 19 per cent in 2017. This is comparable to the surface
water score of 29 per cent which is an indication of the
importance of groundwater in the region as elsewhere in the
world surface cooperation tends to be ahead of groundwater

cooperation. Figure 27 also shows that countries that are
part of a cooperation arrangement, such as Algeria, Libya and
Tunisia in the cooperation agreement on the North-Western
Sahara Aquifer System, were able to achieve higher scores
than other countries. Achieving higher scores means that
the cooperation agreement demonstrates substantive
cooperation in water management consisting of the
following four conditions:
• Existence of a joint body, joint mechanism or commission

for transboundary cooperation.
• Holding of regular, at least once per year, formal

communications between riparian countries in form of
meetings either at the political or technical level.
• Existence of a joint or coordinated water management plan(s),

or joint objectives have been set.
• Regular exchange, at least once per year, of data and

information.

G r o und w at e r

go v e r n a n c e

Figure 27
Value of aquifer component of SDG indicator 6.5.2

Source: ESCWA, 2021b.
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The region contains four different types of
groundwater cooperation modalities, including a
Joint Authority for the Nubian Sandstone Aquifer,
a cooperation framework for the SenegaloMauritanian Aquifer, a signed agreement for the
Saq-Ram Aquifer and a consultation mechanism on
the North-Western Sahara Aquifer System. A brief
overview of these cooperation arrangements is
provided below.

a. Nubian Sandstone Aquifer
The Nubian Sandstone Aquifer System (NSAS) is one of
the largest aquifer systems in the world with an area
of more than 2 million km2 covering, from largest to
smallest spatial extent, Egypt, Libya, the Sudan and
Chad (figure 28). Given its vast extent and huge storage
capacity, cooperation agreements are necessary among
the riparian countries for the sustainable water supply
and management of this non-renewable aquifer.

Figure 28
Location and extent of the Nubian Sandstone Aquifer System

Source: IGRAC, 2021.
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Efforts have been made since 1989 to provide a
framework for management of the NSAS, starting with
the establishment of the Joint Authority for the study
and development of the NSAS, as shown in figure 29 and
its launch in 1991 by Egypt and Libya, later joined by the
Sudan and Chad.168 The Joint Authority’s objectives were
to study, develop and invest in the water resources of the
NSAS while protecting, preserving and harnessing them
and rationalizing their use to serve social and economic
development in the riparian countries. The main challenge
for the adequate management of this transboundary aquifer
is to gather sufficient data and information on it. Therefore,
in October 2000, two agreements were signed between
the four countries as a basis for cooperation. The first deals
with groundwater monitoring and information exchange
through the implementation of the Programme for the
Development of a Regional Strategy for the Utilisation of the
Nubian Sandstone Aquifer System using the Nubian Aquifer
Regional Information System (NARIS).169 This agreement
aims at consolidating and sharing data between the four

countries under the implemented programme in addition
to other environmental and hydrological data. The second
agreement specifies the update of NARIS by continuous
monitoring through identified parameters.170 Important
advances were therefore achieved in terms of data sharing,
monitoring and modelling.
In 2013, a Regional Strategic Action Program (SAP) was
designed to support the Joint Authority’s activities to
improve data sharing, management and understanding of
transboundary pressures. It was the first agreed outline
plan for the sustainable management of the NSAS. The
SAP is now being implemented under the project Enabling
Implementation of the Regional SAP for the Rational
and Equitable Management of the Nubian Sandstone
Aquifer System.171 The importance of preserving the water
resources of the NSAS cannot be overemphasized. It is a
vital source of water for Egypt, Libya, the Sudan and Chad,
and continuous efforts are needed to maintain a high level
of cooperation and data exchange.

Figure 29
Organogram of the NSAS joint authority
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Administrative
Secretary

Information and
public relations unit
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and technical staff
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administrative unit

Cairo Office, Egypt
management and
technical staff
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technical staff
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Information unit
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Joint Authority for the study
and development of the Nubian
Sandstone Aquifier System

Khartoum Office,
Sudan management
and technical staff

Source:  دون تاريخ،الهيئة المشتركة لدراسة وتنمية خزان الحجر الرملي النوبي.
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b. Senegalo-Mauritanian Aquifer
The Senegalo-Mauritanian Aquifer is the largest aquifer
in north-western Africa on the Atlantic margin with
an area around 350,000 km2.172 The aquifer is shared
between Gambia, Guinea-Bissau, Mauritania and
Senegal (figure 30) and is a strategic resource for 80
per cent of the total population in the four countries for
domestic and other uses.173 However, the aquifer

faces many challenges associated with seawater
intrusion, pollution and climate change. These
challenges have worsened in the absence of the longawaited cooperation framework, recently signed by
the four countries on 29 September 2021. 174 No other
cooperation had ever been agreed upon in the history
of this transboundary aquifer.

Figure 30
Location of the Senegalo-Mauritanian Aquifer shared between Gambia, Guinea-Bissau, Mauritania and
Senegal

Source: IGRAC, 2021.
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On 29 September 2021, during the 9th session of the
Meeting of Parties to the UNECE Water Convention,
ministers from the riparian countries of Gambia, GuineaBissau, Mauritania and Senegal came to an agreement
and signed a declaration to establish the cooperation
framework including legal and institutional plans. The
declaration, a first in West Africa, is a promising start
that will pave the way for enhanced cooperation and
collaboration on transboundary aquifers and is expected
to reinforce peace between the four riparian countries.177

In the 1980s and 1990s, the Saq Aquifer in Saudi Arabia
and the Ram group in Jordan were studied separately,
and only in recent years did studies begin to focus on the
assessment of the Saq-Ram Aquifer System (West) as
a potential transboundary aquifer.181 However, in 2007,
the MWI, Jordan and the MoWE, Saudi Arabia signed
a memorandum of understanding that established a 10
km no drill zone along both sides of the national border
between the Dubaydib and Tabuk well fields (figure 31).182
The agreement prohibited the drilling of new production
wells and the expansion of current agricultural activities
in the defined zone, but it was non-binding and did not
constitute a treaty under international law.

This cooperation arrangement demonstrates the
importance of dialogue as a trust-building process
that enables riparian countries to explore the benefits
of cooperation through sharing of perspectives and
knowledge in a cooperation conducive process. Another
important factor is the conjunctive management
of surface water and groundwater based on the
integrated development of groundwater and surface
water resources, which capitalizes on experience in
the concerted management of the sub-region’s major
rivers through the already established strong river basin
management organizations.
c. Saq-Ram Aquifer
The Saq-Ram Aquifer System (West), also known as the
Disi aquifer, is a groundwater basin that extends over an
area of about of 308,000 km2 from northern Saudi Arabia
where it is known as the Saq aquifer, into Jordan where
is it referred to as the Ram Group. The Saq-Ram Aquifer

Based on the 2007 MoU, the two countries sought to
enhance cooperation through monitoring and data sharing.
The Ram Aquifer was better assessed when a modernized
groundwater monitoring network was installed in 2011.
The use of technological tools and devices has enhanced
and strengthened the data available for both countries.
The establishment of a joint monitoring network on both
sides of the border helped verify and assess water level
drawdowns across the border and foster information
exchange. In 2015, Jordan and Saudi Arabia signed
an agreement for the Management and Utilization of
the Ground Waters in the Al-Sag/Al-Disi Layer.183 The
Agreement on the Al-Saq/Al-Disi Aquifer is concise with
four main articles, including one article that discusses the
creation and responsibilities of a Joint Saudi-Jordanian
Technical Committee. It is unique because few agreements
for transboundary aquifers water have created such
mechanisms so far.

go v e r n a n c e

System (West) is identified by ESCWA-BGR “Inventory of
Shared Water Resources in Western Asia” as the portion
from Tabuk-Tayma to the northern border of Jordan as
shown in figure 31.178 The aquifer is considered a fossil
aquifer with an estimated paleo recharge rate of 3.5
mm/y during the pluvial period, which resulted in an age
of between 10,000 and 30,000 years. Current climatic
conditions in the region limit the recharge rate to 3-10
mm/y.179 The Ministry of Agriculture and Water (MoWE),
Saudi Arabia estimates the groundwater reserve of the
Saq aquifer at 65 billion m3; 4-10 billion m3 of which
are located under Jordanian territory.180 Water from this
aquifer is primarily used for agriculture or domestic use.
Both Jordan and Saudi Arabia have abstracted significant
quantities of groundwater from the Saq-Ram Aquifer
System (West).

G r o und w at e r

However, a roundtable discussion on 13 February 2019
was the first step towards building a cooperation
framework.175 This roundtable discussion brought together
representatives from the four countries as well as
representatives from the Gambia River and Senegal River
organizations. The roundtable discussions constituted a
basis for knowledge exchange and active contributions
from different stakeholders. During the meeting,
participants became aware of the wide range of benefits
that strong cooperation can generate at the level of the
transboundary aquifer as well as on the national and
regional levels. At the end of the meeting, it was agreed
to create a working group responsible for gathering data
and information on the basin and to develop an outline for
a joint initiative for “resilient resource governance for the
sustainable and peaceful development of the region”.176
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Of the more than 600 transboundary aquifers and ground
water systems that have been identified globally, only
a miniscule number have any cooperative arrangement
among these critical groundwater resources. Accordingly,
the Agreement on the Saq/Ram Aquifer is a significant
milestone that opens the way to other States to start
recognizing the importance of their transboundary
aquifers and the need to cooperate with their neighbours.

This serves as an example for Arab States on the
importance of improving the knowledge base in a
transboundary context. Coordination frameworks,
such as joint basin management committees, provide
platforms for countries to interact and identify new
opportunities to deepen coordinated development
in specific sectors or to expand cooperation to other
sectors and beyond the basin.

Figure 31
Location of the Saq-Ram aquifer shared between Jordan and Saudi Arabia

Source: ESCWA and BGR, 2013
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d. North-Western Sahara Aquifer System (NWSAS)
The North-Western Sahara Aquifer System (NWSAS) is
a multilayered groundwater reservoir that extends over
an area of 1 million km2. Geographically, 60 per cent is in
Algeria, 30 per cent in Libya and the remaining 10 per cent in
Tunisia as shown in figure 32.184 The yearly replenishment
of the NWSAS over its total extent is estimated at an
average of only 1 mm/year; such that the aquifer can be

considered non-renewable. The thickness of its aquifer
units favoured the accumulation of large quantities of
non-renewable water during the last pluvial times in
the Pleistocene and early Holocene. Water quality and
limited accessibility reduce the water exploitability
of the aquifer to only 1,280 km3.185 The NWSAS is in
an area without any significant surface water and
therefore any water use in the region depends primarily
on groundwater.

G r o und w at e r
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Figure 32
Location of the North-Western Sahara Aquifer System shared between Algeria, Tunisia and Libya

Source: IGRAC, 2021.
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Since the NWSAS is considered a non-renewable aquifer, in
the long term a full depletion of the viable portion of the aquifer
reserves is inevitable if abstractions continue to increase and
social, economic and environmental impacts will be felt long
before the resource is at risk of exhaustion.
In the mid-1970s, the riparian countries of the NWSAS
began bilateral and later trilateral discussions concerning the
management of their shared groundwater resources. They
reached a mutual agreement on the need for a systematic
programme for the exchange of hydrogeological information and
joint monitoring of the aquifers.186 In 1998, the Sahara and Sahel
Observatory (OSS) obtained support from the Swiss Agency for
Development and Cooperation (SDC), the International Fund for
Agricultural Development (IFAD) and the Food and Agricultural
Organization of the United Nations (FAO) for a three year
cooperative study on the NWSAS.187 The study focused on the
parameters of the aquifers, setting up a shared Geographic
Information System (GIS) database and later developing a
mathematical model of the basin to serve as a tool for water
authorities to simulate how the aquifer would respond to future
development schemes.188
After the end of the three-year project in 2002, the concerned
countries agreed to mutually finance a consultation mechanism
facilitated by the OSS in the form of a steering committee
comprised of representatives from each of the three countries’
respective water authorities. The main goals of the steering
committee are to manage and update the GIS database and the
simulation model and promote and facilitate the implementation
of joint studies and research.189 While this consultation
mechanism is a starting point and expandable framework for

trilateral cooperation on the transboundary groundwater, it is not
a trilateral agreement on joint management and does not offer
any provisions that legally obligate any of the countries to limit
their abstractions. Eventually the OSS-coordinated mechanism
could develop further into an inter-governmental basin
commission that may assist in governing and managing the fair
use and conservation of the resource among the three aquifer
States to achieve long-term sustainability.
This serves as a successful example of cooperation initiated with
the support and funding of the international community, resulting
in a mechanism of cooperation that can be replicated in other
aquifers in the Arab region. While developing and sustaining
transboundary water cooperation requires the political will of
the concerned States, regional and international financial and
technical support provides the catalyst and incentive to initiate
cooperation that may develop into sustainable institutionalized
cooperation arrangements.
Sustaining transboundary groundwater cooperation
arrangements requires dedicated financing that many countries
in the region lack. This necessitates more innovative and
integrated approaches through accessing various global funds
that may not always be purely dedicated to transboundary water
but may include funds for global climate and environmental
conventions and agreements.
Another central factor is the presence of dedicated national
institutions or mechanisms with the necessary capacity to
properly deal with the complicated nature of transboundary
groundwater systems and all the interlinkages with surface
water systems.

“

Sustaining transboundary
groundwater cooperation
arrangements requires dedicated
financing that many countries in
the region lack
94
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Innovations for improved
groundwater management
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Disruptive technologies
1

Are essential in supporting
groundwater management for:

a Collecting
b Analysing
c Disseminating

groundwater-related
data

2

Improve monitoring of
groundwater parameters such as
storage change over vast
geographic areas

Remote sensing data

&

In-situ data

offer a great opportunity for groundwater monitoring leading
to improved management

MAR = Managed aquifer recharge
is one the most promising approaches in
the Arab region to alleviate water scarcity
and improve water security
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4. Innovations for improved
groundwater management
Key findings and recommendations

• Groundwater depletion, including in non-renewable fossil aquifers, which may lead

to water availability impacts but also subsidence and seawater intrusion effects.190
• Groundwater-related flooding, where the groundwater table recharges above

natural rates leading to a rise in the groundwater levels.
• Lack of conjunctive use of groundwater and surface water supplies.
• Complexity of managed aquifer recharge.
• Weak implementation of integrated groundwater management as part of

overall watershed/basin management.
For effective groundwater management, it is of utmost importance to gain a proper understanding
and conceptualization of aquifer characteristics including hydraulic conductivities, storage
and yields, as well as groundwater levels and recharge, in addition to chemical and physical
characterization of groundwater. This chapter focuses on disruptive technologies in groundwater
monitoring and analysis to improve availability of information on groundwater enabling the
generation of useful knowledge for improved groundwater management.

g r o u n d w a t e r

Management of groundwater is a significant challenge globally. In light of the importance of
groundwater in contributing to water and food security of communities, and the concurrent
unsustainable use and pollution of groundwater in many regions across the world, effective
groundwater management is critical to address several challenges including:

i m p r o v e d

Managed aquifer recharge (MAR) is one the most promising approaches in the Arab
Region to alleviate water scarcity and improve water security.

f o r

Integrated tools such as remote sensing data and in-situ data offer a great opportunity
for groundwater monitoring leading to improved management.

I nn o va t i o ns

Arab countries are encouraged to draw upon these disruptive technologies such as
the GRACE mission to improve monitoring of groundwater parameters such as storage
change over vast geographic areas.

m a n a g e m e n t

Disruptive technologies are essential in supporting groundwater management for
collecting, analysing and disseminating groundwater-related data.
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A. Disruptive technologies
Disruptive technologies are rapidly evolving innovations
that grant easy access and use of information and
knowledge. This section focuses on the added value
brought by disruptive technologies for data collection,
analysis and dissemination with the ultimate purpose of
better groundwater resource management and monitoring.

1. Disruptive technologies for data collection
Disruptive technologies for data collection could be either on
site (in-situ data) or remote (remote sensing data) targeting near
real-time management of groundwater quantity and quality.
a. In-situ measurements
In-situ measurements denote that data is collected in the
existing or natural position. They are divided into manual and

automatic measurements. The first require the technician
to be present on site to take measurements, whereas in the
second a measuring device, with a datalogger, is placed
into the well or spring and measurements are recorded
continuously and extracted at fixed intervals or even sent
back to the user through telemetry. The advantages and
disadvantages presented in table 2 show that for monitoring
purposes automatic measurements are necessary if data
is to be collected continuously. In-situ data collection can
take the form of a monitoring system using automatic
measurements in a network of wells, where a measuring
device is placed in each monitoring well or spring, creating
a network of different point measurements arrayed spatially
across the designated study area.
The in-situ parameters that are most frequently measured
for groundwater monitoring are temperature, pH, electrical
conductivity (EC), turbidity and water level/pressure. Table
3 presents the groundwater application for each of the five
parameters that can be monitored spatially and temporally.

Table 2
Advantages and disadvantages of manual versus automatic monitoring measurements
Manual measurements

Automatic measurements

Advantages

Affordable cost, same tape can be used
for multiple wells, well known method.

Time efficient, continuous measurements, data can be
received by telemetry.

Disadvantages

Cost is high, needs expertise, calibration and
Continuous measurements not available,
maintenance. For telemetry a highly functional Global
time consuming, requires technician to
System for Mobile Communications (GSM) or General
be on site.
Packet Radio Service (GPRS) coverage is needed.

Table 3
Main implications of the physical parameters monitored temporally and spatially
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Parameter

Application

Temperature

High temperatures increase the rate of biological and chemical reactions and indicate bacterial
growth.

pH

Indicates the acidity or alkalinity of water and potentially different water origin or chemical
reactions.

Electrical
conductivity (EC)

Measures dissolved salts and other inorganic chemicals. High conductivity in coastal areas can be a
sign of sea water intrusion.

Turbidity

Indication of suspended solids in water that could originate from the aquifer itself or from
infiltrating surface runoff or overland flow.

Water pressure

Indication of groundwater level change. A significant drop in water level in a network of wells is a
sign of groundwater depletion.

“

Moreover, digital methods, specifically smartphone
applications, are increasingly replacing traditional
manual log registers due to increased smartphone access
around the globe. These applications can facilitate data
entry in the field, streamlining data formats and input
masks to reduce data loss in the field. Given that mobile
connectivity and data speed will improve in coming years,
the digital recording of groundwater data in the field will

g r o u n d w a t e r
i m p r o v e d

In Jordan, under the supervision of the Ministry of
Water and Irrigation, a network of 252 monitoring
wells was developed to measure groundwater level,
EC, pH and temperature to inform decision makers for
better policy planning and regulatory measures and
to have available data for the public. Data collection
in this case is both manual and automatic, with data
used to produce hydrographs assessing the state of
groundwater resources and also fed into models.193 In
Oman, monitoring data on existing wells was used to
study groundwater salinity using EC. This study aimed
to analyse the change in EC between 1990 and 2018 in
order to manage salinization of groundwater and protect
agricultural lands.194

f o r

Data from these loggers, which was formerly extracted
at set intervals, is more and more transferred in near
real time via telemetry. This “Internet of Things” (IOT)
approach refers to physical objects/sensors being
connected to a network and interfacing with applications
that support real-time management of the data. It is
expected that billions of sensors will be integrated into
many devices, increasing from an estimated 8.74 billion
devices in 2020 to over 25 billion by 2030.192

gain significant importance. This will also improve
the participatory approach of involving communities
in groundwater measurements and reporting, a
great advantage given the vast spatial distribution
of groundwater.

I nn o va t i o ns

As shown above, in-situ data loggers can measure a broad
range of data (pressure, temperature, humidity, electric
conductivity, etc.) in continuous way. There has been a
revolution in the use of lower-cost and reliable sensors
for in-situ monitoring of a range of relevant parameters
including weather, surface and ground water levels,
surface and ground water quality, soil moisture, etc.191

m a n a g e m e n t

Disruptive technologies are
rapidly evolving innovations that
grant easy access and use of
information and knowledge

In-situ monitoring can therefore be implemented in local
water systems to detect pollution and groundwater
overexploitation. It can be used as an early warning
system in water safety planning in order to promptly
inform water users to halt pumping in case of potential
99

pollution or in case of significant drawdowns in wells. Since the
measured parameters do not always allow the identification of
pollution, relationships need to be identified between low-cost
parameter and different types of pollutant to optimize the early
and real-time detection of potential contamination. In-situ
monitoring systems can be difficult when it comes to monitoring
large or remote areas. Therefore, remote sensing is essential to
overcome these challenges. Moreover, it is important to couple
monitoring with hazard maps to be able to predict potential
outbreaks of contamination.
In-situ measurements and remote sensing data are both used
as inputs in modelling to predict future scenarios such as the
effect of climate change on water resources, as was modelled
in the above case of the Tadla aquifer complex in Morocco
(Chapter 3 section B part 1).
b. Remote sensing
Remote sensing technologies offer the possibility to reach
large and inaccessible areas within a limited time to
provide data on the surface and sub-surface in different
ways depending on the sensor’s wavelength. In recent
years, remote sensing technologies have developed a
lot, resulting in a range of free and subscription-based
global services. These Earth Observation data products
can be used to determine weather, land cover, vegetation
cover or crop type that may be used to estimate needed
groundwater abstraction, vegetation health, rainfall,
evapotranspiration, flow, groundwater change and many
other parameters of utility for groundwater management.
Different sensing methods, as well accessible global
services are given below:
Recharge is one of the most important indicators for
assessing groundwater availability and dynamic properties.
Several factors affect recharge such as precipitation and
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temperature, geomorphology, geology, drainage patterns,
soil and land cover and land use. Data on these indicators
can be derived from remote sensing data. Open source and
frequent precipitation data can be retrieved from different
satellites, such as Tropical Rainfall Measuring Mission/
Global Precipitation Measurement (TRMM/GPM) satellites,
drainage and slope are derived from Digital Elevation
Models (DEMs) using radar sensors and geological
structures such as faults and lineaments that depict
weak zones for water percolation are detected with radar
sensors or multi-spectral bands. Digital land-use and landcover maps can be derived from automated satellite image
classification. For example, in northern Algeria, a multicriteria analysis based on slope, drainage and land cover
types among others was conducted on the Mitidja plain to
delineate the recharge zones. The multi-criteria evaluation
concluded that there are three potential recharge zones.
This finding can help in better managing the aquifer and
its potential recharge sites.195 In highly complex systems,
such as karst, the detection of recharge areas requires
GIS-based mapping techniques that account for the spatial
heterogeneities by using more indicators, such as the
APLIS method that stands for Altitude, slope, Lithology,
Infiltration, and Soil, specific for carbonate aquifers.196
Groundwater storage change: The GRACE and GRACEFO missions provide the only available remote sensing
data on seasonal fluctuations as well as long-term changes
and trends in groundwater storage (box 8). The data is
available monthly since 2002 at a spatial resolution of
1 degree (~111km) and have brought a new perspective
of observing groundwater storage with time. In fact,
before the launch of GRACE, the only way to have data on
groundwater storage was by monitoring water wells. The
available open-source GRACE data from NASA must first
be processed to isolate the groundwater component from
the total water storage (TWS) data.

Box 8

Globally, groundwater used to be heuristically estimated
and these estimates were generally accepted without
any observational basis.197 After 2002, it became possible
to study groundwater storage trends through remotely
sensed data. Total water storage (TWS) anomaly data
have global coverage and are available monthly at a
spatial resolution of 1 degree (111 km) and 0.5 degree (55 km).
Note that the measuring error is around 2-3 cm for the
1-degree product.
It is possible to estimate groundwater storage by
theoretically removing surface water, soil moisture and
snow from total water storage received from GRACE.
Practically, different methods are available and described
in many studies including hydrological models, in-situ
data, satellite data or a combination thereof.

assimilation techniques for the ultimate purpose of
generating the most accurate land surface models.
Groundwater overexploitation: Using radar sensors
it is possible to detect land subsidence, which can be
associated with declining groundwater levels due to
over-pumping. In Sana’a, Yemen, multi-temporal radar
data from the InSAR (Interferometric Synthetic Aperture
Radar) satellite showed that land was subsiding by
on average 1 cm/year between 2003 and 2008, while in

g r o u n d w a t e r
i m p r o v e d

Source: NASA, 2003, Propulsion Laboratory, n.d.
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The GRACE and GRACE-FO missions are similar in
that they consist of two identical satellites orbiting
the Earth around 220 km apart. While orbiting, the
distance between the twin satellites is affected
by gravity anomalies continually measured by
high-precision microwave signals. Other than

the microwave ranging system, another highly
precise device called an accelerometer is located
on each satellite to measure the non-gravitational
accelerations in order to recognize the accelerations
caused by gravity only. Finally, Satellite Global
Positioning System (GPS) receivers locate the
positioning of the two satellites over the Earth with
great precision. GRACE-FO has a laser technology
that gives measurements that are even more precise.
All the data that collected is used for the ultimate
purpose of globally mapping the average gravity
field and producing monthly maps. These maps give
information on how mass is changing over Earth. The
mass refers in most cases to water: surface water in
lakes and rivers, ice sheets and glaciers, soil moisture,
ocean water and groundwater. GRACE and GRACE-FO
total water storage data can be freely downloaded
from the JPL, CSR and GFZ data portals, keeping in
mind that the data differs slightly between the three
portals due to different processing techniques.

I nn o va t i o ns

The Gravity Recovery and Climate Experiment (GRACE)
mission is a collaboration between NASA and DLR, the
United States and German space agencies, launched
in 2002 and concluded in 2017. In 2018, the Gravity
Recovery and Climate Experiment Follow-On (GRACE-FO)
was launched to carry on the successful work of GRACE.
NASA, the European Space Agency (ESA), German
Research Centre for Geosciences (GFZ) and DLR are
together supporting the GRACE mission operations. The
Jet Propulsion Laboratory (JPL), the University of Texas
Center for Space Research (CSR), GFZ, Astrium GmBH,
Space Systems Loral (SS/L), Onera and Eurockot GmBH
are the main partners in the construction and the launch
of the GRACE mission.

m a n a g e m e n t

GRACE and GRACE-FO missions’ technical specifications

The most popular technique is the Global Land Data
Assimilation System (GLDAS), which is a software
program that integrates land surface modelling with
satellite and in-situ observational data using data
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“

Remote sensing
technologies offer the
possibility to reach large
and inaccessible areas
within a limited time

agricultural areas outside the city, where water wells are
drying up, land subsidence was 14 cm between 2007 and
2008.198 This finding can be correlated with GRACE data
shown in box 3 that discussed the effect of solar power on
groundwater pumping. By integrating different satellite data,
interpretation of results becomes more accurate to better
inform policymakers.
Cropland changes: Figure 33 shows the change in the
type of land cover and expansion of croplands, which is

linked with greater water demand. In the area of Wadi
As-Sirhan, Saudi Arabia, the only source of water to
irrigate these crops is non-renewable groundwater.
Scientists have estimated that in about 50 years this
water will no longer be economical to use.199 This
example shows that monitoring land cover change
gives a better understanding of the water supply and
demand in a particular area and provides support for
assessing groundwater storage change, especially in
non-renewable aquifers.

Figure 33
Landsat 7 images showing the development of crops in the desertic area of Wadi As-Sirhan in Saudi Arabia
between 1986 and 2018

Source: USGS, n.d.

Submarine spring detection: With less water on land,
interest in capturing submarine spring water has grown
over the years. The unconventional use of these springs
can help water scarce countries cover the gap between
water supply and demand. Therefore, locating these
springs is essential to assess the feasibility of capturing
their water. LANDSAT 7 satellite Thermal InfraRed band
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(TIR) offers the opportunity to explore these springs,
which were traditionally discovered by divers only. The
satellite detects the difference in temperature between
sea water and fresh water coming from the springs at the
surface level of the sea. LANDSAT 7 TIR, with a spatial
resolution of 60 m, is usually used to quickly detect
submarine springs near coastlines with a combination of

m a n a g e m e n t
g r o u n d w a t e r

These new types of data offer transformative potential
for understanding groundwater issues at different
spatial and temporal scales. Geospatial data, when
appropriately integrated and applied, can have a
transformative impact on monitoring groundwater
resources and determining potential causes and effects
to improve programmes and policies serving vulnerable
aquifers. GIS technologies, tools and applications allow
for storage of spatial data in a structured database for
easy management and retrieval as well as visualization
and analysis.

Over the last few decades and with the advent of remote
sensing and spatial analysis technology, a critical need
has become evident in the region for rapid access,
expertise and training. At all levels, academic research,
applications or general policymaking, this need is
expressed in the form of course development, funding,
capacity-building and data services. Online platforms are
used by many international organizations to share their
data freely and easily with water professionals around
the world, in some cases allowing for direct access,
browsing, basic manipulation and download of these data
with minimum computing and expertise needs. These
cloud services linked together with open data standards
will lead to more accessibility of data analysis in online
contexts. Some examples of such applications related to
groundwater are shown in table 4.

i m p r o v e d

The importance of Geographic Information Systems (GIS)
to tracking and reporting on groundwater resources
cannot be overstated; there is a wave of demand for
moving all data related to groundwater displays to
georeferenced mapping.

3. Disruptive technologies for
dissemination

f o r

2. Disruptive technologies for analysis

Geospatial applications contribute to agile and
collaborative workflow, and quick and mobile access to
geospatial data and tools from different devices such
as tablets, phones and desktops.201 This aids in timely
reporting of data from field visits and access to data and
maps by multiple stakeholders.
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field investigations and hydrogeological knowledge of
the area. In the Red Sea near the coast of Saudi Arabia
and Yemen, potential submarine springs were detected
with Landsat 7 TIR by analogy to the temperature
contrast seen in field investigations in the Persian Gulf.200
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Table 4
Data portals for groundwater data in the Arab region and their specifications
Platform

Available data

Downloadable Format

Organization

WHYMAPa (World-wide
Hydrogeological Mapping and
Assessment Programme)

Groundwater basins, estimated
recharge

Shapefiles-GeoTIFFJPEG

The Federal Institute for
Geosciences and Natural.
Resources (BGR) and The
United Nations Educational,
Scientific and Cultural
Organization (UNESCO)

GGISb (Global Groundwater
Information System)

Managed Aquifer Recharge
(MAR), groundwater pollution,
groundwater stress and
groundwater quantity

Shapefile-KML-CSVExcel

International Groundwater
Resources Assessment
Centre (IGRAC)

Aqueductc

Modelled water stress,
groundwater depletion

Shapefiles-ESRI-TIFFExcel-CSV

Water Research Institute
(WRI)

World Bank Mashreq Region
Portald

Collection of databases related
to water

-

World Bank

GRACE 2.0 applicatione

Groundwater storage

JPEG-CSV-Excel

Brigham Young University

UNHCR GIS data portalf

Borehole data in refugee camps

CSV-Excel-GeoJSOnKML

United Nations High
Commissioner for Refugees

Aquamapsg

Groundwater used for irrigation

Shapefile

Food and Agriculture
Organization (FAO)

African Groundwater Atlash

Groundwater productivity,
storage and level

Shapefile

British Geological SurveyBGS

WINSi-Water Information
Network System

Groundwater and surface water
monitoring data, transboundary
aquifer data

UNESCO-Intergovernmental
Shapefile, Excel, CSV,
Hydrological Programme
GeoTIFF
(IHP)

a. Link to portal: https://produktcenter.bgr.de/terraCatalog/OpenSearch.do?search=29949f35-6fe1-4775-bc97-62274a30c70b&type=/Query/OpenSearch.do.
b. Link to portal: https://ggis.un-igrac.org/.
c. Link to portal: https://www.wri.org/aqueduct.
d. Link to portal: https://spatialagent.org/Mashreq/.
e. Link to portal: https://tethys2.byu.edu/apps/newgrace/global-map/.
f. Link to portal: https://wash.unhcr.org/wash-gis-portal/.
g. Link to portal: https://data.apps.fao.org/aquamaps/.
h. Links to portals: https://www2.bgs.ac.uk/africaGroundwaterAtlas/index.cfm?_ga=2.170095653.481908742.1622534759-2010575598.1622534759 / and
https://www2.bgs.ac.uk/groundwater/international/africanGroundwater/mapsDownload.html.
i. Link to portal: http://ihp-wins.unesco.org/#/.

In this context of data clouds, the possibility for data rescue
must be mentioned as well. Despite the rapid change in
technology, many water agencies around the world still
have many records in paper form or on many distributed
databases such as spreadsheets on individual desktops.
These could include information on well logs, borehole
records, streamflow records, water use, climate, metadata,
computations, maps, etc. Wherever possible, there is a
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need for “data rescue” – with the immediate assessment,
categorization and digitization of relevant information,
integration of this information into digital data in appropriate
formats, ideally integrated into online services and a new
online system to collect such information in the future.202
To support information access, data centralization and
knowledge generation in the Arab region, ESCWA is launching
the Arab groundwater digital knowledge platform (box 9).

Box 9

At the regional level, GRACE data can be used to
assess the change in groundwater storage using

the difference between two dates. This results
in detecting hotspots of groundwater storage
decline in the region. Between April 2019 and
April 2002, more than 70 per cent of the region
suffered a decline in groundwater storage
(figure 34).

I nn o va t i o ns
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Figure 34
Groundwater storage anomaly between April 2002 and April 2019 in the Arab region

g r o u n d w a t e r

4.Comparative analysis of remote
sensing data (GRACE) and historical
data in the Arab region

innovative technologies to develop and populate the
platform and provide a user friendly interface to help
inform policymaking. The approach will be participatory,
drawing on available regional knowledge and expertise
from national counterparts and regional organizations such
as the Arab Center for the Studies of Arid Zones and Dry
Lands (ACSAD) and regionally and internationally available
knowledge platforms such as those listed in table 4. This
will be complemented by a dynamic structure providing
groundwater-related data and information from various
sources on the platform. The Platform was presented
to the 14th ESCWA intergovernmental Committee on
Water Resources and was approved as part of the work
programme. Other resources and partnerships are also
being forged to enhance these efforts.

i m p r o v e d

In response to the need for more data and information
on groundwater and improving access to such data as
established through the reporting on SDG indicators
6.5.1 and 6.5.2, ESCWA will launch an Arab Groundwater
Digital Knowledge Platform. This platform aims to
increase access to regional knowledge and information
on groundwater resources through a dedicated digital
interactive platform, with the objective of empowering
those responsible for groundwater resources
management and regional stakeholders through access to
information on groundwater through a digital knowledge
platform that complements other regional knowledge
platforms and networks that ESCWA has developed on
climate change, integrated water resource management
and the SDGs, building on existing resources and

m a n a g e m e n t

Arab Groundwater Digital Knowledge Platform

Source: Authors based on McStraw, 2020.
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Figure 35
Map of (1) Beni Amir Aquifer in Morocco (2) Saiss aquifer in Morocco, (3) Sisseb aquifer in Tunisia, (4)
Nubian Sandstone transboundary aquifer and (5) Saq-Ram transboundary aquifer

Source: Aquifer delineation: Beni-Amir aquifer from Larabi, Tomaszkiewicz, and Khayat, 2020, Sisseb aquifer from Besbes, Chahed and Hamdane, 2019, Saiss
aquifer from Rubio-Aliaga and others, 2016 and the Nubian and Saq-Ram aquifers from IGRAC, 2021.

Moving to a larger scale (higher resolution), the
objective of the following analysis is to compare the
trend of historical observed groundwater levels to the
trend of groundwater storage anomaly from GRACE
data on the aquifer level for the same period, where
a decrease in storage is reflected as a decline in the
groundwater level.
This type of analysis is a check on the validity of
GRACE data on the aquifer level in the Arab region
when compared to in-situ data for the same period, and
allows for assessment of the applicability of GRACE
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mission data to different aquifer sizes. Five aquifers
were selected based on the availability of historical
data between 2002 and 2019 (figure 35).
The Beni Amir aquifer (area 1 of figure 35) in
Morocco has a spatial extent of around 1800 km2,
and monitoring data is available for 5 wells in this
aquifer between 2008 and 2018. The average of the
data from these five wells shows a constant trend
between 2009 and 2018 relatively matching the linear
trend in the GRACE data time series for the aquifer
(figure 36).

b. Average change in groundwater depth in five
monitoring wells between 2009 and 2018 in the Beni
Amir aquifer

Beni Amir aquifer (1) - Groundwater storage anomaly
(mean value) using GRACE data

Average water level from 5 monitoring wells
in Beni Amir aquifer (1)

Oct 09

Feb 11

Jun 12

Nov 13

Mar 15

Aug 16

Dec 17

Oct 09

Feb 11

Jun 12

Nov 13

Mar 15

Aug 16

Dec 17

Source: GRACE mission data from McStraw, 2020. Historical data from Larabi, Tomaszkiewicz, and Khayat, 2020.

and 2007 for the Saiss aquifer and between 2002
and 2008 for the Sisseb aquifer (figure 37). Based on
historical data, the groundwater level has decreased
by approximately 70 m from 1981 to 2007 in the Saiss
aquifer,203 and 40 m in the Sisseb aquifer between 1974
and 2008.204

“

GRACE data can be used
to assess the change
in groundwater storage
using the difference
between two dates

I nn o va t i o ns
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In the case of the Saiss and Sisseb aquifers (areas
2 and 3 on figure 35) located in Morocco and Tunisia
respectively, with spatial extents of around 2,100 and
3,000 km2 respectively, GRACE data show positive
trends and increasing groundwater storage, while the
historical data show negative trends between 2002

g r o u n d w a t e r

a. Groundwater storage anomaly in the Beni Amir
aquifer using GRACE mean monthly data between
2009 and 2018

m a n a g e m e n t

Figure 36
Groundwater storage anomaly and groundwater level trends for the Beni Amir aquifer, Morocco
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Figure 37
Groundwater storage anomaly and groundwater level trends in the Saiss aquifer, Morocco and Sisseb
aquifer, Tunisia
a. Groundwater storage anomaly in the Saiss aquifer using
GRACE mean monthly data between 2002 and 2007

b. Groundwater level between 2002 and 2007 in the
Saiss aquifer

Saiss (2) - Groundwater storage anomaly (mean value)
using GRACE mission data

Groundwater level change from historical data
over Saiss aquifer (2)

Jan 02

Jun 03

Oct 04

Feb 05

Jul 07

2002

2003

2004

2005

2006

2007

c. Groundwater storage anomaly in the Sisseb aquifer using
GRACE mean monthly data between 2002 and 2008

d. Groundwater level between 2002 and 2008 in the
Sisseb aquifer

Sisseb (3) - Groundwater storage anomaly (mean value)
using GRACE mission data

Groundwater level change from historical data
over Sisseb aquifer (3)

Jan 02

May 03

Sep 04

Feb 06

Jun 07

Nov 08

2002

2003

2004

2005

2006

2007

2008

Note: Trendlines of historical data were generated based on graphs from previous studies.
Source: GRACE mission data from McStraw, 2020. Historical data for Sisseb aquifer from Besbes, Chahed, and Hamdane, 2019, and for Saiss aquifer from
UNDP, 2013.

In the transboundary Nubian sandstone aquifer (area 4 in
figure 35), covering over 2 million km2,205 the groundwater
level dropped on average by 20 m between 2002 and
108

2018 according to historical data from 1,820 monitoring
wells.206 GRACE data show a declining trend as well
between 2002 and 2018 (figure 38).

Nubian (4) - Groundwater storage anomaly (mean value)
using GRACE mission data

Groundwater level change from historical data
over Nubian aquifer (4)

Jan 02

Sep 04

Jun 07

Mar 10

Dec 12

Sep 15

Jun 18

2002

2004

2006

2008

2010

2012

2014

2016

2018

Note: Trendline of historical data was generated based on graphs from previous studies.
Source: GRACE mission data from McStraw, 2020. Historical data from Ibrahem and Moselhy, 2019.

The Saq-Ram aquifer with an area of 560,000 km2 (area 5
in figure 35) is also undergoing groundwater level decline
especially in the north-western part of the aquifer, where
the water level dropped around 20 m between 1984 and
2010. In the heavily exploited Tabuk agricultural plain, the

water level declined by 160 m between 1983 and 1988.207
Monitoring wells in Jordan tapping the Saq-Ram aquifer
also showed a declining trend between 2002 and 2017
(figure 39).208 This historical data is in conformity with the
declining trend of GRACE data for the Saq-Ram aquifer.

Figure 39
Groundwater storage anomaly and groundwater level trends in the Saq-Ram aquifer
b. Groundwater level between 2002 and 2017
in the Saq-Ram aquifer

Saq-Ram (5) - Groundwater storage anomaly (mean value)
using GRACE mission data

Average water level depth from five monitoring wells
in Saq-Ram aquifer (5)
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a. Groundwater storage anomaly in the Saq-Ram aquifer
using GRACE mean monthly data between 2002 and 2017

g r o u n d w a t e r

b. Groundwater level between 2002 and 2018 in the
Nubian sandstone aquifer

i m p r o v e d

a. Groundwater storage anomaly in the Nubian sandstone
aquifer using GRACE mean monthly data between 2002 and
2018

m a n a g e m e n t

Figure 38
Groundwater storage anomaly and groundwater level trends in the Nubian sandstone aquifer

2016

Source: GRACE mission data from McStraw, 2020. Historical data from Jordan, Ministry of Water and Irrigation and BGR, 2019.
Note: Trendline of historical data was generated based on graphs from previous studies.
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GRACE mission ground resolution is around 150,000
km2 which makes the Nubian and the Saq-Ram aquifers
the only studied aquifers with a size larger than its
resolution. This means that GRACE data can detect
variations within the Nubian and the Saq-Ram aquifers,
whereas in the other three aquifers it cannot. Therefore,
in aquifers with areas less than 150,000 km2 in-situ
data should be used in combination with GRACE data
and other remote sensing data for higher accuracy. A
discussion on accuracy enhancement and data integration
will be presented in Chapter 5 section A part 5.
Similarly, a recent study from 2020209 investigated the
change in groundwater storage in three major aquifers
in Northern Africa: the North-Western Sahara Aquifer
System (NWSAS), the Nubian Sandstone Aquifer System
(NSAS) and the Tindouf Aquifer System (TAS) using
GRACE data between 2003 and 2016. The study showed
that the spatial resolution of GRACE was limited over TAS
and its relatively small area. A decrease in groundwater
storage was observed between 2003 and 2013 for
NWSAS and NSAS, however between 2013 and 2016
the change in storage was not remarkable. The study
concluded that observations should be continued using
GRACE-FO to see if any important change happens in
coming years.

5. Comparative analysis for the use of
disruptive technologies
As discussed, in-situ measurements and remote sensing
data both have their own limitations. For better results,
it is recommended to combine both remote sensing data
and in-situ measurements or to combine different remote
sensing data. In general, in-situ measurements are used
as a validation tool to enhance the accuracy of remote
sensing data that have low to medium resolution. Many
case studies have compared GRACE data with monitoring
wells by correlating the data to interpret its applicability
in certain areas. Also, different remote sensing data
can be integrated to assess the groundwater status and
validate trends in GRACE data. For instance, rainfall data
from meteorological satellites and vegetation indices can
be used for more information on groundwater recharge
and biomass expansion respectively, since a high
vegetation index value means higher vegetation dynamics
and agricultural expansion. Data for both parameters
was collected for 2010-2020 for the aquifers that showed
discrepancy between in-situ and GRACE data (Saiss and
110

For the Sisseb aquifer, GRACE data between 2002 and
2019 shows an increasing trend in groundwater storage

Figure 40
GRACE groundwater storage anomaly data, rainfall and NDVI for the Sisseb aquifer
a. GRACE data (2002-2019) for the Sisseb aquifer

b. Rainfall (2010-2020) over the Sisseb aquifer
Monthly average rainfall of the Sisseb aquifier

Sisseb (3) - Groundwater storage anomaly (mean value)
using GRACE mission data
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c. NDVI (2010-2020) over the Sisseb aquifer
Semimonthly NDVI of the Sisseb aquifier
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The trend in GRACE data between 2002 and 2019 was
compared with the rainfall and the Normalized Difference
Vegetation Index (NDVI) extracted from the Climate
Hazards Group InfraRed Precipitation with Station
(CHIRPS) data archive and the Terra Moderate Resolution
Imaging Spectroradiometer (MODIS) Vegetation Indices
(MOD13Q1), respectively (figure 40).210
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(figure 40a) that does not correspond to the historical
data trend of groundwater levels or trends from other
remote sensing data. In fact, historical data show a
decreasing trend in groundwater level, precipitation is
stable between 2010 and 2020 (figure 40b) while NDVI
shows an increasing trend (figure 40c) which indicates an
intensification in vegetation dynamics and an increase in
agricultural areas. This increase is directly linked to higher
water demand, primarily supplied by groundwater. The
discrepancy between GRACE data and other parameters
further highlights the limitations of GRACE data in small
areas and the need to integrate more indicators and other
remote sensing data for a better understanding.

Sisseb aquifers), to have a better understanding of the
changes in groundwater storage.
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Source: GRACE data from McStraw, 2020, rainfall data from Huffman and others, 2019, NDVI data from Funk and others, 2021.
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B. Managed aquifer recharge
1. Introduction
Managed aquifer recharge (MAR) is a technique used
to artificially infiltrate water into the subsurface and
recharge groundwater. It is one of the most important
solutions to consider for securing the water supply and
improving groundwater quality where it is deteriorating.
Different technologies exit for MAR depending on the
environmental setting:

the recovered water. It should be noted that untreated
recharge water might result in reducing porosity and
clogging, which can be solved through pre-treatment
(filtering, chemical processes, etc.).212
There are more than 44 sites of different MAR types in
the Arab region. The most common type is the recharge
dam that is seen mainly in Oman followed by Saudi
Arabia and Yemen.

• Infiltration methods where a basin exists or can be

created (a pond or a dam to capture runoff), with water
from the pond infiltrating to recharge groundwater. The
main purpose of this method is to increase groundwater
availability and hence overall water storage and water
security. Furthermore, MAR can be used as a climate
change adaptation measure to capture water from flash
flooding for later use.
• Direct injection methods consist of injecting water

through a well and then recovering it by pumping
through the same well, called ASR (aquifer storage
and recovery), or through a nearby well, called ASTR
(aquifer storage transfer and recovery), when needed. It
is the most used method globally.
• Filtration methods consist of inducing infiltration from a

riverbank by pumping near the bank to lower the water
table and induce infiltration from the river to recharge
the aquifer. This method aims mainly at improving the
groundwater quality.211
The application of MAR depends first on the availability
of water on site for recharge. The source of freshwater
can be natural from surface water, collected rainwater
and stormwater, or non-conventional, mainly from
desalinated water or treated wastewater.
For successful MAR and human health protection, careful
considerations should be given to water quality. Each
country has different requirements for MAR water quality;
for example, some set quality standards for injected
water only, some require monitoring the injected water
in the subsurface, while others set quality standards for
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2. MAR applications in Qatar
Managed aquifer recharge is implemented mainly on
the Rus and the underlying Umm er-Radhuma aquifers,
which constitute, along with the Dammam aquifer, the
source of groundwater for water supply in Qatar. The
aquifers are divided into two separate groundwater
provinces: the northern and southern provinces.
There are three types of managed aquifer recharge
already implemented in Qatar. The first one consists
of recharge through wells located in low-lying
areas where rainwater accumulates naturally. This
method is used in non-urban areas to recharge the
northern and southern groundwater basins. The
second type consists of using treated water, that
is relatively fresh, to recharge deep boreholes in
Doha basin. The third and last type consists of
temporarily using collected urban stormwater mixed
with shallow groundwater to recharge deep wells in
Doha basin after necessary treatment. This method
helps improve the quality of deep groundwater by
decreasing its salinity.213

The Liwa ASR plant is not a typical example of an ASR
system, which usually consists of wells only. Instead,
this plant consists of 3 underground recharge basins
each surrounded with 105 recovery wells and a total
of 57 monitoring wells. The aim of the Liwa project
is to infiltrate 26,500 m3/day of desalinated water for
824 days while keeping the TDS value below 250 ppm,
and to recover under an emergency demand 170,280 m3
per day for 90 days with a TDS of approximately 400
ppm. The tested recovery efficiency is between 60
and 85 per cent. This demonstrates the effectiveness
of MAR to support emergency response and reduce
disaster risks with the overall objective of improving
national water security.214

g r o u n d w a t e r
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Since 2001, efforts to apply MAR have started in
Abu Dhabi. The Liwa ASR project, the largest in the
world, was launched after passing a feasibility study
in 2004. It consists of infiltrating desalinated water
into a desert dune sand aquifer and recovering under
emergency, without treatment. The recharge process
started in 2015, and the aquifer reached full capacity
in 2017.

f o r

The geographical location of the Korba aquifer has
made it a centre of attention as it lies on the coast of
the Mediterranean and near a wastewater treatment
plant, operating since 2002, 300 m south (figure 41).
The dominant sector in the Korba region, and in the
country in general, is agriculture, and almost 80 per
cent of the total available freshwater is consumed.215
Groundwater quantity and quality are concerns due to
overexploitation, saltwater intrusion and groundwater
quality deterioration due to fertilizers.

m a n a g e m e n t

4. MAR application in the coastal
aquifer of Korba, Tunisia

I nn o va t i o ns

3. MAR in Abu Dhabi, United Arab
Emirates
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Figure 41
MAR site in the Korba aquifer, Tunisia
a. Map of the study area

b. Location of the Korba aquifer

c. Geological setting of the treatment plant and the MAR site

Source: Horriche, Benabdallah and Ayadi, 2020.
Note: TWWARS: Treated Wastewater Artificial Recharge Site; Fresh water AR: Freshwater Artificial Recharge.

114

5. Other MAR examples
Many Arab States are also increasingly pursuing managed
aquifer recharge (MAR) to offset groundwater depletion and
improve groundwater quality and water security.
In the United Arab Emirates, MAR started in 2001 with the
Nizwa project in Sharjah, the first example of a successful
artificial storage and recovery (ASR) for an unconfined
aquifer in the United Arab Emirates.222 In Al Khod, Oman,
artificial recharge was introduced through percolation via
the construction of a dam. The dam induced an artificial
recharge rate of 6.4 million m3/year, which accounts

By comparing GRACE data for the one-year average of
August 2015 to July 2016 to the location of existing MAR
sites, it is observed that most of the MAR sites are located
over negative anomalies from GRACE data, meaning stressed
groundwater areas. According to the one-year average
of GRACE data between July 2018 and June 2019, areas
of high groundwater stress have increased and exceeded
the existing MAR sites in the region. Therefore, eight
preliminary areas were selected, shown in figure 42 where
MAR can be a potential solution for the region to improve
water security. All these areas have at least one source of
water to be considered for MAR. The 2 delineated areas
in the Mashreq region on the Lebanese-Syrian coastline
and in eastern Iraq have surface water as a potential water
source whereas the other sites, being in coastal areas, have
seawater that could be used after desalination. This is only a
preliminary selection of potential MAR sites for the purpose
of demonstrating the usefulness of GRACE data for rapid
identification of MAR sites at the regional scale. However,
to select MAR sites, a multi-criteria analysis is needed to
evaluate the different parameters that affect the suitability
of MAR. A suitability index is then calculated after weighing
the different indicators. These studies are done on a national
and local scale using high-resolution data to get the most
accurate results. Commonly used indicators are related to the
characteristics of the surface such as slope and drainage, the
targeted aquifer (such as groundwater depth, transmissivity
and infiltration rate) and the water source such as distance to
the targeted area and water quality and quantity. The criteria
chosen depend on the study area and its environment.

m a n a g e m e n t
g r o u n d w a t e r

6. Recommendation based on GRACE data

i m p r o v e d

To sum up, it is recommended that a sand layer be installed
to increase the system’s efficiency. The layer acts as a tertiary
treatment or filtration for the treated wastewater and thus
improves water quality on the one hand and prevents clogging
in the recharge zone, increasing infiltration rate, on the other.

Artificial recharge approaches are still being tested or
implemented in other countries at smaller scales. For
instance, a study targeting the Dammam and the Kuwait
group aquifers in Kuwait has been piloting ASR using
desalinated water and treated wastewater since the 1980s.225
A recent study in Bahrain identified six optimal sites to apply
rainwater harvesting for MAR.226 In Morocco, the SoussMassa MAR is the most important MAR in Africa in terms
of recharge quantity, originating from the Souss-Massa river
basin, one of the major river basins in Morocco.227

f o r

A three-year study was conducted in 2013 monitoring
groundwater quality before and after the study period. The
study only targeted water quality based on three parameters:
electrical conductivity (salinity), nitrate and total coliforms (a
measure of bacteriological contamination). After three years
of recharge, results showed a decrease in salinity. However,
nitrate and bacteria remain an issue where a change in
displacement is observed rather than an improvement in
quality.219 Another eight-year study modelled groundwater
level and salinity and showed an increase in groundwater
level and a decrease in salinity values. However, it is
important to note that the actual recharge efficiency was
less than the theoretical efficiency projected by the model.220
This could be due to the occurrence of clogging within the
recharge zone, or major and minor losses in the unsaturated
zone. A final six-year study monitored in-situ measurements
of groundwater level and salinity and showed that artificial
recharge had no impact on the water table but did lead to a
decrease in water salinity. The salinity may be affected by the
fact that farmers reduced their pumping due to water quality
deterioration, while the water level finding may be linked to
clogging which blocks the infiltration medium and thus results
in a reduction in infiltration rates.221

for around 67 per cent of the average annual groundwater
abstraction.223 In Salalah, Oman, another example of using
treated wastewater for MAR was launched in 2003 aiming
at reducing the advancement of the seawater front and
stabilizing groundwater levels.224 In Saudi Arabia and the
United Arab Emirates, check dams built on riverbeds
to divert runoff and recharge aquifers remain the most
common MAR approach.

I nn o va t i o ns

As a mitigation activity, MAR has been considered for
increasing groundwater level and improving groundwater
quality. A MAR project based on infiltration basins was
initiated in 2008 with three infiltration basins designed to
receive 1,500 m3/day from the effluent of the WWTP as
artificial recharge.216,217,218 Three studies have been conducted
to monitor groundwater quantity and quality.
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Figure 42
MAR existing sites (top) and proposed sites (bottom) for preliminary study based on groundwater storage
anomaly decline from GRACE mission

Source: McStraw, 2020; Stefan and Ansems, 2018; data retrieved from IGRAC, GGIS, 2020b.

116

5. Conclusion
The present report has explored the importance of groundwater as a strategic resource for
the Arab region. Arab States rely on groundwater resources for most of their freshwater
needs, and groundwater is central to achieving the goals and targets of the 2030
Agenda for Sustainable Development. Amid increasing water scarcity, limited renewable
groundwater resources continue to be depleted, particularly by the agricultural sector
and high population growth in major cities, with most countries in the region extracting
groundwater at unsustainable rates exceeding natural recharge rates.
Groundwater resources are also threatened by anthropogenic, agricultural and industrial
pollution. The deterioration in the quality of groundwater resources, both due to
overexploitation and pollution, will eventually aggravate the problem of water scarcity. It
will also increase health risks and harm the environment and ecosystems with associated
economic impacts. Combined with the projected impacts of climate change on water
resources in the region, this will further increase dependency on groundwater at a time
when groundwater recharge is also projected to decrease.
Groundwater in the region also tends to extend over large geographic areas and across
political boundaries. All Arab States except for Comoros draw upon one or more
transboundary groundwater resources. Some of these aquifers are directly connected
to surface-water hydrological systems and should be conjunctively managed. Other
transboundary aquifers contain fossil groundwater reserves requiring specialized legal,
policy and management frameworks that consider their non-renewable character.

Despite the criticality of groundwater for water security for many of the Arab States, it
has failed to garner the necessary traction for a paradigm shift in its management as a
strategic resource and to ensure its sustainability for future generations.
The importance of groundwater for the Arab region’s water security under
a changing climate demands improved governance through innovative
management approaches, enhanced use of technologies and dedicated funding
for better understanding of the resource and heightened regional cooperation.

C o nc lu s i on

The declining availability of groundwater resources due to increased consumption,
development demands, inefficient use and climate change should prompt Arab States
to explore innovative and integrated governance frameworks to improve groundwater
resources management and ensure equitable access for current and future generations to
this strategic resource.
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Annex 1. Transboundary aquifers in the Arab region
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Label

Aquifer Name

Sharing Countries

AF038

Merti Aquifer

Kenya, Somalia

AF043

Dawa

Ethiopia, Kenya, Somalia

AF044

Jubba

Ethiopia, Somalia

AF045

Shabelle

Ethiopia, Somalia

AF052

Lake Chad Basin

Algeria, Cameroon, Central African Republic, Chad,
Niger, Nigeria

AF053

Baggara Basin

Central African Republic, South Sudan, the Sudan

AF056

Irhazer-Illuemeden Basin

Algeria, Benin, Mali, Niger, Nigeria

AF058

Senegalo-Mauritanian Basin

Gambia, Guinea-Bissau, Mauritania, Senegal,
Western Sahara

AF059

Afar Rift valley / Afar Triangle Aquifer

Djibouti, Ethiopia

AF061

Gedaref

Ethiopia, the Sudan

AF062

Disa

Chad, the Sudan

AF063

Nubian Sandstone Aquifer System (NSAS)

Chad, Egypt, Libya, the Sudan

AF064

Taoudeni Basin

Algeria, Mali, Mauritania

AF068

Systeme Aquifere de Tindouf

Algeria, Mauritania, Morocco, Western Sahara

AF069

Northwest Sahara Aquifer System (NWSAS)

Algeria, Libya

AF070

Systeme Aquifere d’Errachidia

Algeria, Morocco

AF074

Angad

Algeria, Morocco

AF075

Ain Beni Mathar

Algeria, Morocco

AF076

Chott Tigri-Lahouita

Algeria, Morocco

AF077

Figuig

Algeria, Morocco

AF078

Jbel El Hamra

Algeria, Morocco

AF079

Systeme Aquifere de la Djeffara

Libya, Tunisia

AF080

Triffa

Algeria, Morocco

Aquifer Name

Sharing Countries

AS001

Western Aquifer Basin

Egypt, Israel, State of Palestine

AS002

Coastal Aquifer Basin

Egypt, Israel, State of Palestine

AS003

Northeastern Aquifer

Israel, State of Palestine

AS004

Anti-Lebanon

Lebanon, Syrian Arabic Republic

AS010

Upper Jezira

Iraq, Syrian Arabic Republic, Turkey

AS123

Taurus-Zagros

Iran, Iraq, Turkey

AS124

Jezira Tertiary Limestone Aquifer System

Syrian Arabic Republic, Turkey

AS125

Neogene Aquifer System (North-West): Upper and
Lower Fars

Syrian Arabic Republic, Iraq

AS126

Saq-Ram Aquifer System (West)

Jordan, Saudi Arabia

AS127

Wasia-Biyadh-Aruma Aquifer System (North):
Sakaka-Rutba

Iraq, Saudi Arabia

AS128

Neogene Aquifer System (South-East): DibdibbaKuwait Group

Iraq, Kuwait, Saudi Arabia

AS129

Tawil Quaternary Aquifer System: Wadi Sirhan Basin Jordan, Saudi Arabia

AS130

Umm er Radhuma-Dammam Aquifer System (North):
Widyan-Salman

Iraq, Kuwait, Saudi Arabia

AS131

Wajid Aquifer System

Saudi Arabia, Yemen

AS139

Wasia-Biyadh-Aruma Aquifer System (South):
Tawila-Mahra/Cretaceous Sands

Saudi Arabia, Yemen

AS140

Umm er Radhuma-Dammam Aquifer System (Centre):
Bahrain, Qatar, Saudi Arabia, United Arab Emirates
Gulf

AS141

Umm er Radhuma-Dammam Aquifer System (South):
Rub’ al Khali

Oman, Saudi Arabia, United Arab Emirates, Yemen

AS142

Basalt Aquifer System (West): Yarmouk Basin

Jordan, Syrian Arabic Republic

AS143

Basalt Aquifer System (South): Azraq-Dhuleil Basin

Jordan, Syrian Arabic Republic

AS157

Eocene Aquifer

Lebanon, State of Palestine

Source: IGRAC, 2021.
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Annex 2. Groundwater abstraction management
guidelines for the Arab region
Guidelines for the management of
groundwater abstraction in the Arab
Region

license granted to a landowner is merely an authorization
to use it within the terms of same license.

This annex contains the proposed guidelines for the
preparation of laws and regulations on effective
management and monitoringof groundwater abstraction
and quality in the Arab region.

Article 3

In principle, any law designed to regulate and control
groundwater abstraction must include provisions
clearly defining the national authority responsible
for groundwater management, its duties, cases
requiring licensing, licensing procedures, obligations
of licensees (license applicants) and licensing
procedures for each case requiring licensing. It must
also include the grounds for granting licenses to drill
wells, the obligations of drilling contractors and the
mechanism for appealing decisions rejecting license
applications to drill a well or engage in drilling. The
law must also clearly stipulate the penalties to be
applied to violators thereof, and the time required to
rectify violations. Below are the articles that must be
contained in proposed laws to regulate and control
groundwater abstraction.

Regulation and control of groundwater
abstraction
Article 1
The Groundwater Authority is the national agency/
authority responsible for groundwater management.
Article 2
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Competencies of the authority

The Authority is responsible for managing, regulating
and licensing groundwater affairs in the country, and in
particular may carry out the following tasks:
1. Set public policy on groundwater management,
regulation and protection in coordination with other
stakeholders (drinking water supply institutions,
Ministry of Agriculture and Irrigation, power
generation institutions, etc.).
2. Develop plans and programmes for the
implementation of public policy.
3. Control and inspect wells and verify that their
owners are in compliance with the conditions and
controls stipulated hereunder.
4. Supervise the drilling or testing of wells and verify
that they are carried out in accordance with relevant
standards and requirements.
5. Receive and review final drilling reports and save
them in a private database.
6. Inventory and register existing wells in the country,
issue a registration certificate for each well and
establish a database of wells, including the number of
wells, their owners, the amounts of water abstracted
from them annually and any other information that the
Authority deems necessary to be included therein.

Groundwater in the State is owned by it, is under its
control and may only be abstracted or used under a
license issued in accordance with the provisions of this
law specifying the purpose of use, the amount abstracted
and any other conditions.

7. Identify wells where meters must be installed, and
issue technical requirements pertaining thereto.

Land ownership does not include the right to own the
groundwater stored therein, and a water abstraction

9. Register and classify well drilling contractors and
issue licenses to engage in drilling.

8. Issue all licenses related to drilling wells and
abstracting and selling groundwater.

Licenses
Article 4
An owner must obtain a license from the Authority before
performing any of the following acts:
1. Drilling groundwater wells.
2. Abstracting groundwater.

the Authority's Board for its decision. If the decision
is to approve the application, the Authority issues the
drilling license and specifies the licensed type and
depth and any other conditions that must be met in
order to issue the license;
(d) Licenses are valid for one year and may be renewed
once for a similar period. Applications for renewal must
be submitted before the expiry of the original license.
Licenses are cancelled if drilling is not completed during
their term.
Article 6

4. Performing maintenance on a well (insulation or cleaning).

A license may not be granted to drill a well for irrigation
purposes in land with an area less than that specified by
the Authority, and the applicant must prove his/her/its
ownership of the land on the date of application pursuant
to registration deeds issued by the relevant authorities.

5. Replacing the well pump.

Article 7

6. Selling or exploiting groundwater.

In any case, the Board of the Authority has the right to
reject an application for a drilling license if the public
interest so requires.

3. Modifying the specifications of an existing well (well
depth, well diameter).

Well drilling licenses must include the location, depth,
diameter and purpose of groundwater abstraction, the
maximum amount of groundwater authorized to be
abstracted from the well daily, the specifications and
capacity of the submersible pump, the specifications of
the meter installed on the well to measure the amount
of water abstracted and the facilities that may be
constructed at the well.

License procedures
Article 5
(a) Applications for drilling licenses shall be submitted to
the Authority using the approved form, together with the
supporting documents determined by the Authority under
relevant instructions, including a new registration deed
for the land;
(b) The Authority shall announce applications for
drilling licenses on its official website and in two daily
newspapers, and any interested party may object in
writing to the Authority against an application within 15
days of the publication of the announcement;
(c) After considering an application, and after the expiry
of the objection period, the application is submitted to

Article 8
A license to drill a well for industrial or tourism purposes
shall not be granted unless the license application
is accompanied by supporting documents from the
competent official authorities in accordance with
the conditions stipulated by the Authority, and water
abstracted from the well may only be used for the
purposes for which it has been licensed. If the project or
the license for it is cancelled, both the drilling license and
the water abstraction license shall be considered to have
been cancelled and the licensee must close the well or
backfill any completed portion of it, and if he/she/it does
not do so within the specified period the Authority may do
so at the owner's expense.
Article 9
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10. Determine the amount of groundwater that is allowed
to be abstracted from wells and the purposes of its use
daily or annually.

The distance between one well and another is
determined by decision of the Authority.
Article 10
It is not permissible to issue a license to drill a new or
replacement well or a license to deepen a well located in
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the areas of springs or wells of public benefit unless the
site to be drilled is a minimum distance from the nearest
spring or public well as specified by the Authority. The
license applicant must submit a written pledge and
scientific study issued by an engineering office or a
specialized and accredited geological office stating that
the abstraction of water from it will not in any way affect
the rate of discharge of the spring or the public well.
If it is shown to affect the discharge rate of the public
well or spring or stop the natural flow of the spring, the
Authority may decide to revoke the license and take
necessary measures to backfill the well.
Article 11
(a) A well replacement drilling license is issued by
decision of the Authority in accordance with the
following conditions:
1. The well already exists and is licensed.
2. The new license includes the rules for drilling
wells in the area and the prescribed distances.
3. There must be technical and mechanical reasons
to do so, and not the lack of water in the original well.
4. The replacement well must be not more than 50
meters from the old one, the distances between
wells in the area must be taken into account and the
depth of the new well must not exceed that of the
first well.
(b) A license to drill a replacement well is not issued if
the first well is located in the restricted area and has not
been operated, if it has been backfilled or if the drilling
has not penetrated the aquifer; in all such cases the
original well is considered to be non-existent.
(c) A water abstraction license is not granted for the
new well and it may only be exploited if the first well
is backfilled. The Authority may revoke the original
and replacement license and backfill the well by
administrative methods without the need to issue a
notification or notice in the event that the licensee does
not comply with this requirement.
(d) The application must be accompanied by a technical
report from a specialized and accredited engineering
office or geological office.
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Article 12
Deepening, cleaning and maintenance licenses for an
existing well are issued by decision of the Authority in
accordance with the following conditions:
(a) Technical justifications must be present, supported
by a technical report from a specialized and accredited
engineering office or geological office if so required;
(b) The depth of the well is specified in the license, and
the well must not exceed the depth specified. Drilling
must not impact the aquifers used by the Authority for
drinking water.
Article 13
(a) Every owner of a well that has been drilled and tested
in accordance with the provisions hereof must before
commencing exploitation obtain a license from the
Authority to abstract water, stipulating the conditions
that the licensee must comply with, including the
following:
1. Determination of the maximum amount of water
authorized to be abstracted from the well in a
specified period of time.
2. Determination of the purpose of the use of the
water.
3. Determination of the maximum area allowed to be
irrigated by the well.
4. The owner of the well must install a water meter
at his/her/its expense that must be approved and
sealed by the Authority. This requirement must be
met before a water abstraction license is issued.
5. The Authority must be informed within a period
of not more than 48 hours in the event of a meter
stoppage, in which case the owner of the well must
pay the costs of maintenance for the meter.
6. No arrangements must be made to hinder the direct
flow of water from the well to the meter for metering.
7. The licensee must pay the prices set by the
Authority for abstracted water when owed.
8. The licensee must keep a log approved by

(b) The meter reading provided for in paragraph (a) of
this article is sufficient evidence of the amount of water
abstracted from time to time, unless the Authority finds
that the meter is not working properly or has been
tampered with or that the amount of water recorded
in the meter does not match the area planted, the type
of agriculture or the type of use. In such an event, the
amount of water is estimated according to the irrigated
area and the type of crop or electricity consumed
according to the rules adopted by the Authority for
this purpose and in coordination with the Ministry of
Agriculture. In the event that the water is used for other
purposes, the amount shall be determined according to
the rules approved by the Authority.
Article 14
(a) No more than a single well drilling license or water
abstraction license may be issued for a single piece of land;
(b) A well drilling license or water abstraction license
shall not be issued to any person who has previously
been issued a valid drilling license unless he has
commenced, performed and completed the drilling work
in accordance with the terms of the previous license.
Article 15
No drilling license or water abstraction license shall
be issued in accordance with the provisions hereof to
any person who has been convicted under multiple final
criminal convictions by competent courts for violating
the provisions of the law and these regulations or the
instructions issued hereunder.
Article 16
If groundwater appears during the execution of works on
the land by its owner, occupant or contractor when the
intention was not to abstract water, same individual/s
must notify the Authority in writing within no more than
seven days from the date of its appearance.

Article 17
The Authority may decide to:
(a) Revoke a well drilling license or water abstraction license
if the licensee violates any of the conditions contained
therein and close the well until the violation is remedied.
(b) Revoke or modify the terms of the license if the public
interest so requires.
Article 18
(a) The Authority may take any of the following measures:
1. Backfill any well drilled without a license in
accordance with the provisions hereof.
2. Backfill any well whose owner has not complied
with the conditions of the licenses granted to him/
her/it.
(b) The violator shall bear the cost of remedying the
violations provided for in paragraph (a) of this article.
(c) If the violator does not remedy the violation provided
for in paragraph (a) of this article, the license granted to
him/her/it shall be revoked.

Owner's obligations
Article 19
The owner must comply with the conditions stipulated in
the license granted to him/her/it under the terms hereof
and must comply with the following provisions:
(a) Report any obstacles or difficulties in drilling or
abstracting water from the well, and implement
instructions issued to him/her/it in this regard;
(b) Install a water meter on the well with the
specifications and conditions stipulated by the Authority
in order to meter the amount of water abstracted from
the well. If the licensee fails to install a meter, the
Authority shall install one at the licensee's expense;
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the Authority in which it regularly records all
data relating to the well and the abstraction
in accordance with instructions issued by the
Authority in this regard. Competent officials of the
Authority shall have the right to access this register.

(c) Keep the meter in good condition and not manipulate
it. In the event of any meter failure, the licensee must
inform the Authority within no more than 48 hours;
(d) Replace the meter if it is found to be inaccurate or
unable to give a proper reading;
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(e) Register all wells and report to the Authority the
wells he/she/it owns that are not registered with
the Authority;
(f) Not exceed the maximum amount of water authorized
to be abstracted from the well;
(g) Conduct necessary periodic maintenance of wells,
pumps and devices installed on the well after obtaining
a license from the Authority, and ensure their safety and
suitability for use;
(h) Not sell or exploit groundwater without obtaining the
necessary license;
(i) Not pollute or drain into groundwater and fully
comply with the conditions specified in the license;
(j) Not use groundwater for purposes other than those
specified in the abstraction license;
(k) Backfill abandoned wells according to the
specifications set by the Authority;
(l) Keep all licenses and documents pertaining to the
wells and present them when requested by officials;
(m) Obtain the Authority's approval when outsourcing
licensed work to a drilling contractor whose name is not
mentioned in the license;
(n) Install data loggers to measure the groundwater
level. Comply with all instructions and decisions issued
by the Authority if asked to stop pumping from the well
for a period of time specified by the Authority, in order
to measure the water level in the well;
(o) Conduct a pumping test under the Authority's
supervision before starting to use the well, with the aim
of identifying the well's yield and water quality;
(p) Allow for the Authority's officials to enter his/her/
its land or facilities to conduct controls and inspections
of his/her/its wells and verify compliance with the
stipulated conditions and controls;
(q) Groundwater abstracted from the well is subject to
quality control by the Authority, including chemical and
bacterial examinations and other tests necessary to
ensure that the water is fit for the purposes and uses
for which it is abstracted.
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Drilling license
Article 20
(a) No person may acquire or use a well drill directly or
indirectly unless he/she/it is licensed by the Authority;
(b) No person may engage in the profession of drilling
wells except after obtaining a valid license from the
Authority;
(c) It is prohibited to use any equipment or machinery
for the purpose of drilling water wells unless it is
registered with the Authority.
Article 21
The duration of well drilling licenses is one year,
renewable for a similar period. Every person licensed
to drill, maintain, clean, test or deepen water wells
must ensure before the start of drilling that there is
a license from the Authority, and must notify them
thereof and must comply with the terms of the license.
Article 22
Owners of well drills used for oil and mineral
exploration and soil inspection are prohibited from
drilling for purpose of groundwater abstraction except
after obtaining a license.
Article 23
The competent entities of the Authority shall maintain
official records of drills and rigs and all activities
related to well drilling in which they shall record
technical and regulatory information and any actions
taken against a licensee.
Article 24
It is prohibited to move a drill from one location to
another except with written authorization of the
Authority indicating the destination, the purpose and
duration of the license. This license must be retained
during the move and must be presented to Authority
officials and competent security personnel if requested.

Drilling contractor's obligations

Protected areas

Article 25

Article 28

Drilling contractors must comply with the following
requirements:

(a) The Authority has the right to declare prohibited or
special protection areas where the status of groundwater
is critical and identify prohibited areas by decision of the
Authority;

(b) The terms of the well drilling license issued to him/
her/it under this law;
(c) Drill the well in accordance with the conditions and
designs contained in the drilling license;
(d) Take drilling samples every three metres during drilling
or as the quality and colour of soil changes, and keep
these samples in plastic bags or sample boxes. Deliver
these samples to the competent department as they are
produced, with notation of their date of sampling, well
location, well name or number and the depth of drilling;
(e) Notify the Authority upon completion of drilling any
groundwater well within no more than ten days thereof;
(f) Provide the Authority with a drilling report in
accordance with the regulations and conditions set by the
Authority;
(g) Register equipment owned by him/her/it in
accordance with the controls and conditions stipulated
by the Authority.

Appealing license rejections
Article 26
(a) License applicants, whether owners or drilling
contractors, shall be notified of the acceptance or
rejection of their application by registered mail, and
rejections must be grounded;
(b) A person whose application has been rejected may
appeal to the Authority within 30 days of the date of
the rejection.

Protecting groundwater from pollution
Article 27
All persons are prohibited from doing anything that could
contaminate groundwater.

(b) The Authority shall issue instructions, guidelines
and procedures necessary to prevent the depletion of
groundwater or degradation of its quality in restricted
areas and rationalize its use.

Penalties
Article 29
Any person who drills groundwater wells or abstracts
groundwater without a license from the Authority shall
be punishable by a minimum term of imprisonment for
a period of no less than ________ and not exceeding
________ and/or a fine of no less than ________ and
not exceeding ________. The owner shall backfill the
well according to the specifications set by the Authority
in the event that he/she/it drills a well before obtaining
a license from the Authority or it will be backfilled at the
owner's expense. The penalty shall be doubled if the act
occurs in a prohibited area.
Article 30
Any person who sells groundwater without a license
shall be punishable by imprisonment for a period of no
less than ________ and not exceeding ________ and/
or a fine of no less than ________ and not exceeding
________.
Article 31
Any person who violates the conditions of a license
granted to him/her/it for the purposes of well
drilling, deepening or cleaning shall be punishable by
imprisonment for a period of no less than ________ and
not exceeding ________and/or a fine of no less than
________ and not exceeding ________.
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(a) Not drill any groundwater well except after confirming
that the owner has obtained the necessary license from
the Authority;

Article 32
Any person who violates any of the provisions of article
19 of this Law shall be punishable by a fine of no less
than ________ and not exceeding ________.
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Article 33

Article 36

Any person who violates any of the provisions
of article 20 of this Law shall be punishable by
imprisonment for a period not exceeding six months
and/or a fine not exceeding ________, and the
court may rule to confiscate the equipment or
machinery used to commit the violation.

(a) Any person who violates provision (a) of article 25 of
this Law shall be punishable by imprisonment for a period
of no less than ________ and not exceeding ________
and/or a fine of no less than ________ and not exceeding
________, and the court may rule to confiscate the
equipment or machinery used to commit the violation;

Article 34

(b) Any person who violates any of the provisions of
article (25)(c), (d) or (e) of this Law shall be punishable
by a fine of no less than ________ and not exceeding
________.

Any person who causes groundwater contamination
shall be punishable by imprisonment for a period
of no less than ________ and/or a fine of no less
than ________ and not exceeding ________ and
shall be liable for all costs necessary to treat or
remove such damages and any compensation that
may result therefrom.

Any person who violates any of the provisions of
article 16 of this Law shall be punishable by a fine not
exceeding ________.

Article 35

Doubled penalties

(a) Any person who violates any of the provisions
of article 22 of this Law shall be punishable by
imprisonment for a period of no less than ________
and not exceeding ________ and/or a fine of no less
than ________ and not exceeding ________, and
the court may rule to confiscate the equipment or
machinery used to commit the violation;

Article 38

(b) Any person who violates any of the provisions
of article 24 of this Law shall be punishable by
imprisonment for a period of no less than ________
and not exceeding ________ and/or a fine of no less
than ____ and not exceeding ________.

Number
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Article 37

The penalties for offences under this Law shall be
doubled in the event of a repeat offence.

Water prices
Article 39
Subject to the water abstraction license conditions and
the specified quantities licensed for abstraction, the
price charged by the Authority for water abstracted
annually from wells with an abstraction license shall be
determined as follows:

Quantity of water abstracted annually

Water prices

1

Zero to __ thousand cubic meters

)Free of charge (per cubic meter

2

Exceeding __ thousand cubic meters and not exceeding __
thousand cubic meters

)per cubic meter( ________

3

More than __ thousand cubic meters

)per cubic meter( ________

License fees
Article 40

Well drilling license

________

Renewal of drilling license

________

Water abstraction

________

Renewal of water abstraction license

________

Replacement well drilling

________

Well deepening

________

Well cleaning or rehabilitation

________

Acquisition or use of a well drill

________

Renewal of acquisition or use of a well drill

________

Drilling license

________

Renewal of drilling license

________

Renewal of replacement well drilling license

________

Renewal of a well cleaning, rehabilitation or deepening license

________

Regularization of status
Article 41
(a) Owners of operating wells that were licensed before
the entry into force of these regulations must regularize
their status in accordance with the provisions hereof
within a period of not more than one year from the date
of its entry into force, under the penalty of legal liability
and legal action against them, including the backfilling of
such wells by administrative means;
(b) Owners of operating wells that were not licensed
before the entry into force of the these regulations must

stop abstracting water from these wells and must backfill
them under the Authority’s supervision within a period
of not more than one year from the date of its entry
into force, but if there are economic or social reasons
justifying the continued abstraction of water from these
wells, the Authority may, on the basis of principles
determined by the Government, approve a license to
abstract water from these wells for a certain period and
under the conditions it specifies.

A nn ex

For its licensing services, the Authority charges the following fees:

Article 42
This law shall be published in the Official Gazette and
shall enter into force on the date it is published.
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The Arab region is one of the most water scarce regions in the world with 19 States
below the water scarcity threshold. This is further complicated by transboundary
water resources, since two thirds of all water resources in the Arab region cross
one or more borders. Other factors aggravating the water scarcity situation include
pollution, inefficient use of water, high population growth rates and climate change
and extreme weather events. Occupation and conflict further affect people’s ability to
access water and sanitation services. More than half of the Arab states rely heavily
on groundwater as the primary freshwater resource. In countries like Djibouti, Libya,
the State of Palestine and Saudi Arabia, groundwater constitutes more than 80 per
cent of all freshwater used. Groundwater use is also growing in countries where
surface water has been traditionally the primary source of freshwater.

22-00103

The present report aims to provide an overview of the groundwater resources in the
Arab region and the many challenges facing their sustainable management, while
highlighting opportunities to break away from the business-as-usual operations mode
by leveraging advances in management, cooperation and technologies. It provides a
synopsis of the status of groundwater and offers solutions for pursuing groundwater
protection and preservation for the ultimate purpose of improving water security in
the Arab region. It acknowledges and stresses the challenges affecting groundwater
while framing groundwater within the pillars of sustainable development, the waterfood-energy security nexus and integrated water resources management and
governance. This comes with a view towards ensuring coherence and coordination
within the water sector and across groundwater-dependent sectors, and associated
interlinkages. The relation of groundwater to water scarcity, human activity,
transboundary water resources, climate change and water governance is specifically
highlighted in this report. The importance of groundwater for the Arab region’s water
security under a changing climate demands improved governance through innovative
management approaches, enhanced use of technologies and dedicated funding for
better understanding of the resource and heightened regional cooperation.

