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Foreword

During the past few decades, our society has progressed in so many ways that we all sometimes forget
that we live in a small country, amidst an environment that is sometimes harsh, but also beautiful,
delicate and sensitive. We are graced with immense wealth underground, but also with great natural
beauty and with a wide variety of biodiversity in the waters of the Arabian Gulf, our deserts, plains and
wadis and in the rugged hills of Jebel Hafit.

“On land and in the sea, our forefathers
lived and survived in this environment. They
were able to do so because they recognised
the need to conserve it, to take from it only
what they needed to live, and to preserve it
for succeeding generations.”
Sheikh Zayed bin Sultan Al Nahyan

The residents of our capital, Abu Dhabi, live in one of the world’s most modern and rapidly developing
cities – we have come so far in so short a time and the rate and quality of development continues to
advance every year. Where we once struggled to draw brackish drinking water from a well, one bucket
at a time, we now produce hundreds of millions of gallons of fresh water every day from high-tech
desalination plants.
However, although Abu Dhabi continues to rapidly develop and modernise, we have not forgotten
Sheikh Zayed’s sage advice that we should conserve our environment and all that lives within it. In
fact, the more that we develop our knowledge base and policies, the more we place an emphasis on
environmental management in order to achieve a sustainable society for our children.
The mandate of the Environment Agency – Abu Dhabi (EAD) is to protect and conserve the environment
with the vision of achieving a sustainable future and a sustainable environment. One of the many
initiatives we pursue in support of these aims is to improve the state of knowledge regarding our
environment. This includes the work of dozens of dedicated specialists conducting environmental
research and studies so that we can learn more about our landscape, the species with whom we share
it and the challenges of providing the necessary protection. It also includes sharing this knowledge and
educating the public. Our sincere hope is that, as we improve society’s understanding and appreciation
for our environment and the issues we face, we all, Government, private sector and individuals, will act
in a more responsible manner.
This book, the Environmental Atlas of Abu Dhabi Emirate, represents a key milestone for EAD – and for
Abu Dhabi. It brings together, in a beautifully illustrated and highly accessible format, a broad story that
weaves together the major themes of Abu Dhabi’s environmental inheritance, including the geological
history, water resources, marine and terrestrial habitats, our oil and gas resources, the remarkable story
of human development and the challenges society faces as we look to the future.

Sheikh Hamdan bin Zayed Al Nahyan
Ruler’s Representative in the Western (Al Gharbia) Region
Chairman of the Board of Directors, Environment Agency – Abu Dhabi

Preface

There is an old proverb that says, “We do not inherit the earth from our ancestors, we borrow it from
our children.” This proverb has never been truer, and to put this into current context, our world is facing
an environmental credit crisis.
Our region has played host to human settlements for many thousands of years. In fact, the appearance
of modern Man in the Middle East around 200,000 years ago, arriving from the cradle of Mankind in
Africa, pre-dates the spread to the rest of Asia, Australasia, Europe and the Americas. Although the
climate and environment of Abu Dhabi has changed over the millennia, our ancestors managed to live
and prosper in harmony with one of the most demanding settings possible. The harsh conditions and
limited availability of fresh water has long constrained the growth of societies across this part of Arabia.
To survive, our predecessors were forced to live in balance with nature.
With the discovery of oil, global society has been able to tap into the solar energy stored as fossil fuels
hundreds of millions of years ago. In Abu Dhabi and the rest of the UAE, the exploitation of oil, and now
gas, has enabled us to overcome many of the limitations imposed on development by our environment
and to develop a modern, growing and vibrant society that is admired around the world. However, along
with the rest of the global community, we are also keenly aware of the stress that modern development
is placing upon our planet.
While we have managed to overcome the difficulties and limitations imposed on us by our natural
environment, we have not forgotten our heritage or the way in which our ancestors were obliged to live
in harmony with that environment. Only a few decades ago, we were still dependent on wells for our
fresh water, and simple tracks across the sands or through the mountains provided the links between
our small towns and villages, not the great highways that connect the cities of today. Our late president,
Sheikh Zayed bin Sultan Al Nahyan, the ‘Father of the Nation’, was well aware of that heritage, and was
a champion of environmental conservation long before it became a fashionable topic. Today, cherishing
his legacy, our government continues to work to increase awareness and to invest in environmental
protection and management, and are actually leading the way internationally in many respects.
As the Managing Director of the Environment Agency – Abu Dhabi (EAD), I have a keen personal
interest in our desert and marine environments and take much pride in the work that EAD is undertaking
to ensure that our continuing programme of national development is implemented in a sustainable
manner, so as to conserve and protect those environments for future generations.
Whether carrying out fieldwork, being engaged in public awareness programmes or devising and
implementing regulations and policies, all of this work ultimately contributes to the protection of our
natural wildlife and, ultimately to a more sustainable society.

One of the key objectives of EAD is to enhance our understanding of the natural environment and to
share this information with as wide an audience as possible. Our region has a fascinating geological
and environmental history – studies of recent fossil finds in Abu Dhabi and geological records have
provided important indications of past climate change events and their consequent effects upon the
environment. This land was not always a desert. Likewise, EAD’s studies of Abu Dhabi’s coastal and
marine environments have improved our understanding of the very important role that phytoplankton,
seagrass and mangroves play in the marine lifecycle as well as the important role they play in absorbing
carbon dioxide. Once we properly understand these natural systems, both of the past and present,
the easier it will be for us to ensure that we do not inadvertently harm or lose these habitats and their
interdependent species. If we do not protect them, we run the risk of harming the keys to our own
health and survival.
It is for these reasons that EAD has prepared this Environmental Atlas of Abu Dhabi Emirate. The story
of Abu Dhabi’s geological, natural and human history is intriguing and of interest to all, from school
children to government leaders. In conceiving this book, we decided that we wanted to appeal to a broad
audience yet present key data and issues of interest to scientists and decision-makers. We sought to
prepare an atlas that draws together and interrelates a broad range of environmental topics pertaining
to Abu Dhabi, presenting the data in a graphical format that would attract the reader’s attention, yet,
at the same time, would include thoughtful and informative narrative to retain the reader’s interest.
The Atlas has been prepared by a diverse group of contributors, to whom I express my gratitude. Over
a period of almost two years, our staff of environmental scientists, policy experts and habitat managers
have worked together with a dedicated team of writers, graphic artists, editors and cartographers to
bring the project to fruition. The Atlas team also included a number of recognised experts from other
agencies and organisations, whose cooperation and dedication is much appreciated.
The end result of this endeavour is a beautifully illustrated and highly informative resource that will
help readers appreciate and understand Abu Dhabi’s natural heritage and the issues we face in its
preservation and protection. I hope that this Environmental Atlas of Abu Dhabi Emirate will educate and
inspire both children and policy-makers to adopt a more sustainable outlook towards the environment
in which we live as well as in our daily lives.

Mohammed Al Bowardi
Managing Director, Environment Agency – Abu Dhabi

The Environmental Atlas
of Abu Dhabi Emirate

About this Atlas
Often atlases are predominantly collections of maps or are technical in nature, targeting a narrow
subject matter and/or an expert audience. Consequently, the information needs of key users, especially
senior decision-makers, business executives, policy-makers and community leaders, are often neglected,
as well as the wider public with a growing interest in environmental issues that impact their lives.
The Environmental Atlas of Abu Dhabi Emirate aims to be different. It has been prepared to address this
information gap and embrace a wide constituency of readers in an innovative and compelling manner.
The Atlas presents information within a common story and narrative, interwoven with complementary
stories, case studies, facts and statistics, illustrative figures, anecdotes, photographs and thematic maps
that highlight the most significant environmental aspects of the Emirate. The Atlas is designed to be
highly accessible and communicative, presenting concepts and scientific information in a manner that
is understandable to a wide audience.

Climate Change, Sustainability, Resource Protection, Endangered Species, Renewable Energy...
Across the world, societies are becoming increasingly aware of the issues that affect life on Earth – our
newspapers, magazines, television and cinema reflect on a daily basis our collective interest in our
shared planet, Earth. Yet, even as we gain knowledge on a daily basis about how our living, physical,
natural, and man-made environments are all interconnected, we are well aware that our understanding
and appreciation of the environment has only begun to scratch the surface. This is a journey, and
although collectively we have a long way to go, the direction is set.
The Emirate of Abu Dhabi, like its neighbours in the United Arab Emirates and the wider region, has
a desert and marine environment of great beauty and value – the adaptations of the living world to
Abu Dhabi’s unique climatic conditions and physical geography are of immense scientific interest. The
climate and physical geography, including the Emirate’s water and oil resources, provide clues as to
how the living world, including human societies, has changed and adapted over the ages. Gaining an
understanding of this environment, and the challenges being faced, is crucial to developing appropriate
policies and responses so that we can offer our children a sustainable future.
This Environmental Atlas of Abu Dhabi Emirate is designed to serve the diverse stakeholders of the
Environment Agency - Abu Dhabi (EAD) and the wider community. It will be published in hard copy,
digital and online formats, in both Arabic and English. It also represents one of the key products of an
EAD major programme, the Abu Dhabi Global Environmental Data Initiative (AGEDI).

The AGEDI Programme
The Abu Dhabi Global Environmental Data Initiative (AGEDI) is a multi-faceted programme that
provides simple, user-friendly access to high-quality environmental information through a variety of
information products.
AGEDI was conceived by EAD in 2001 and launched by the UAE Government in 2002, during the United
Nations World Summit for Sustainable Development in Johannesburg, South Africa. AGEDI operates
on the local, regional and global levels, with EAD as its lead agency. The United Nations Environment
Programme (UNEP) is AGEDI’s main partner on the regional and global levels.
EAD and UNEP are currently implementing AGEDI Plan 2007–2012, a five-year strategy for the
development and dissemination of interrelated environmental information activities and projects. In
parallel with continuing national and international efforts, products developed at the Abu Dhabi level
will be expanded to meet national, regional and global environmental information needs.

About Environment Agency – Abu Dhabi (EAD)
The Environment Agency – Abu Dhabi (EAD) was established in 1996 to preserve Abu Dhabi’s natural
heritage, protect our future, and raise awareness about environmental issues. EAD is Abu Dhabi’s
environmental regulator and advises the government on environmental policy. It works to create
sustainable communities, and protect and conserve wildlife and natural resources. EAD also works to
ensure integrated and sustainable water resources management, to ensure clean air and minimise
climate change and its impacts.

The Atlas showcases the remarkable story of Abu Dhabi’s environmental heritage and highlights its
profound influence on the past, present and future of human and cultural development. By informing
and educating the reader, it aims to raise awareness and present a call for action to protect the
environmental richness and diversity of the Emirate.

In Search of a Common Story
The Atlas presents a comprehensive and diverse range of themes covering history, geography,
anthropology, natural sciences, culture, economics, social sciences and interrelated environmental
themes, to name a few. They are addressed along a timeline that encompasses the past and present, as
well as a sustainable vision for the future. To make the contents engaging, a common storyline brings
unity to the diversity of themes and topics. The Atlas tells the following simple and engaging storyline:
The physical geography of the Emirate has evolved steadily over geological time involving episodes of
both dramatic and subtle changes.
These formative forces resulted in the unique and fragile environment seen today, comprised of desert
landscapes and their intricate interface with the sea.
Over millennia, the environment has constrained and shaped human development in complex ways
through innovation, adaptation and survival. In short, the environment dictated the potential and
fortunes of man.
In recent decades, the same environment has provided immense opportunities and potential through
the extraction and utilisation of bountiful natural resources, namely oil and gas.
This bounty has propelled Abu Dhabi’s development into the present impressive realm with rapid
change, urbanisation, social development and widespread economic growth.
However, the future presents many unique challenges, especially how to re-invest this wealth and
opportunity for the long term in a balanced and sustainable manner so that social, environmental and
economic assets are available to future generations.
While in the past the environment shaped the destiny of human development, now humans have the
technical capacity and resources to reshape the environment to meet future requirements. This poses
serious challenges, not least in the responsible drive for sustainability – ensuring that by meeting the
needs of the present, the aspirations of future generations are neither neglected nor compromised.
The challenges of sustainable development are complex and rich with both opportunities and risks. In
addition, the sense of urgency is real within a dynamic global environment confronting the impacts of
globalisation, climate change, resource shortages, loss of habitats and species, geopolitical instability,
mass migration, threats to human health, nutrition and endemic poverty amongst others.
The Environmental Atlas of Abu Dhabi Emirate presents this story and the interwoven themes within
a compelling, accessible showcase. It highlights what is unique about the environment of Abu Dhabi,
how the past shaped the pathway towards the present, and how the lessons learnt from this experience
should be applied to attain a sustainable future.
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Geographic

Inheritance
Landscapes from Sea To Summit
The spectacular landscape of the Emirate of Abu Dhabi
represents an ancient and unique inheritance. From
the highest mountain ridge to submerged coastal
reefs, the diverse and often striking features show
evidence of powerful forces that have progressively
shaped and sculpted the landscape seen today. Some
of these formative forces, were truly phenomenal in
magnitude and timescale, involving the movement
and collision of continental plates. In addition, the
fluctuating state of the Arabian Gulf has, at various
times over the few million years of its existence,
sustained a vast wind-blown desert and a meandering
river basin as well as the present extraordinary sea.
Combined, these formative forces brought dramatic
changes and also left a profoundly significant
inheritance below the surface. Rock formations and
geological structures have allowed the accumulation
of essential resources. These include both water
within vast subterranean aquifers and the bountiful
oil and gas reserves, which continue to transform the
Emirate beyond recognition.

landforms shrouded with varying sediments and soils.
For example, the dramatic dune fields that typify the
deserts of the Emirate have their origins in the distant
past. But they too are mobile and ever changing,
with characteristic dimensions dictated by the subtle,
wind-blown movements of individual sand grains.
The epic and evolving story of the Emirate’s
geographic inheritance is marked by the dramatic
interface between land and sea from the macro to
the micro-scale, from the distant past to present
and future, and from sea to summit. This provides
the background and context for understanding an
intricate environment that continues to impact and is
impacted by human development. While the clues to
understanding the past rest within the characteristics
of today’s landscape, there are valuable insights to be
gained from the restless Earth regarding the challenges
of a rapidly changing environment.

The key to understanding the present landscape and
its features rests within events in the distant geological
past. However, there are also contemporary forces at
work today, which are equally influential. In particular,
dynamic climatic patterns that influence aridity, wind,
rainfall and temperature fluctuations continually
erode the surface rocks to produce a diversity of

Photograph
Abu Dhabi, between
Al Khaznah and Sweihan
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EARLIEST ORIGIN

600 Million Years Ago

CONTEXT OF GEOLOGICAL TIME

To appreciate the geographic inheritance of Abu Dhabi, it is important to have
a chronological as well as a spatial perspective on the evolution of the
environment and the unique physical features observed today. This requires
thinking in terms of tens and hundreds of millions of years, which, in
comparison to our own momentary lifespans, presents a major challenge. The
geological timescale displayed in the diagram is divided into distinct eras,
periods and epochs within which the physical geography of Abu Dhabi
developed and continues to evolve.

To make this chronological context and formative events more understandable,
it is helpful to relate the Earth’s age to our own. The planet is around 4.6 billion
years old. If compared to a person in their mid-forties, this would mean that
one of our years is equivalent to around 100 million years in geological time.
A single day is equivalent to around 275,000 years and an hour to around
11,000 years.
Secrets of Sedimentation

Using this perspective, the emergence of modern humans on Earth happened
in the most recent day of their life. The rise of modern civilisations occurred
within the last hour and dinosaurs dominated the planet less than a year ago.
The entire history of Abu Dhabi can be accommodated in seconds, and the
monumental growth and achievements since the discovery of oil within the
blink of an eye.
Within this perspective, the relative speed of growth in Abu Dhabi, including
modernisation as well as economic growth, is truly impressive. But in this
journey, so far and so fast, to the present state of development, humans have
come to dominate and profoundly impact the environment with both positive
and negative consequences. This epic rise, moreover, also demands a degree
of humility and reflection. It has happened against an ancient and complex
geographic backdrop, where formative events and powerful natural forces
have occurred and continue to interact in often unpredictable ways.

Oldest Rocks on Earth
3800 Million Years Ago

300 Million Years Ago

Sedimentation usually occurs in low-lying areas such
as oceans, where successive layers gradually
accumulate. These originate from sands carried by
rivers or blown by the wind, mud and marine sands
and the remnants of dead organisms such as molluscs.
As their thickness increases, the layers (strata) are
compressed by the overlying weight. This crushing
and the presence of mineral fluids cements the
sediments to form rocks. These rocks record the
detailed geological and environmental history of
where they were deposited. The process also
contributed to the formation of the extensive oil
and gas deposits across the region.

100 Million Years Ago

Amazing Journey
Dramatic Beginnings

300 ma

Oldest Fossil Eukaryotes
1400 Million Years Ago

Oldest Fossil Evidence of Animal Life - From Oman
635 Million Years Ago

200 ma

500 ma

100 ma

400 ma

Present
Day

20 ma

Plate Tectonics
The Earth’s crust is divided into a series of plates that continually move relative
to each other. This process is called Plate Tectonics. Over geological time, the
movement of the plates has uplifted the crust locally, warping, crushing and
fracturing it into mountains and other landforms that mark the zones of
collision and landscape formation. The physical geography of Abu Dhabi today
displays the consequences of such dramatic movements, which still continue
– the Emirate is located close to an active plate boundary between the relatively
small Arabian Plate and the massive Eurasian Plate.
First Vertebrates Evolve
530 Million Years Ago

First Fish Swim in the Ocean
500 Million Years Ago

First Hard Skeletons Appear
600 Million Years Ago

Evidence for the First Plants on Land - From Oman
475 Million Years Ago

First Amphibians
370 Million Years Ago

First Birds
150 Million Years Ago

Neogene
Paleogene
Cretaceous
Jurassic
Triassic
Permian
Carboniferous
Devonian
Silurian
Ordovian
Cambrian
Proterozoic
Archean

0 - 23.03 ma
23.03 - 65.5 ma
65.5 - 145.5 ma
145.5 - 199.6 ma
199.6 - 251 ma
251 - 299 ma
299 - 359.2 ma
359.2 - 416 ma
416 - 443.7 ma
443.7 - 488.3 ma
488.3 - 542 ma
542 - 1600 ma
1600 - 4600 ma

First Mammals
210 Million Years Ago

First Reptiles
330 Million Years Ago

Throughout the Palaeozoic era (542–251 million
years ago), the Arabian Plate, and the whole
of Gondwana, was located in the southern
hemisphere. Furthermore, in the early Palaeozoic
the Arabian Plate was actually oriented 90° counter
-clockwise relative to today’s poles. However, under
the influence of plate tectonics, Gondwana moved
across the South Pole, migrating to the other side of the
planet. It eventually emerged the ‘right way up’, with the
land mass that included the Arabian Plate oriented more
or less as we see it today. This southerly journey crossed
largely temperate latitudes; consequently most of the rocks
formed at that time comprised sandstones and shales.
A small outcrop of these 450 million-year-old rocks is
seen today at Jebel Ra’an in the Hajar Mountains of
Ra’s al-Khaimah Emirate. However, the route of this epic
journey by the gigantic land mass changed dramatically
between 260 million years ago (the Late Permian) and
five to 10 million years ago (the Late Miocene). During
this period, the Arabian Plate drifted northwards through
the tropics where warm, shallow seas were ideal for the
accumulation of thick beds of sediments through a process
known as sedimentation, which had lasting and significant
impacts on the regional geology.

Present Day

› Earliest Origin

Oldest Fossil Bacteria
3100 Million Years Ago

600 ma

Abu Dhabi and the rest of the UAE is located
on the Arabian Plate, once part of the ancient
supercontinent known as Gondwana. Evidence of its
geological history can be traced with some certainty
to about 950 million years ago. Subsequently, the
Arabian Plate underwent periods when it was
partially submerged below the sea, acquiring
marine sediments (creating rocks such as
sandstones and limestones), or exposed above
the surface and subjected to erosive forces that
deposited fluvial (river origins), lacustrine (lake
origins) or aeolian (wind-blown) sediments.
These diverse episodes are recorded within the
sub-surface rocks and geological formations of
the Emirate.

Geographic Inheritance

650 ma

20 Million Years Ago

Extinction of Dinosaurs
65.5 Million Years Ago

X 1000s
First Appearance of the
Dinosaurs
240 Million Years Ago

Appearance of Flowering Plants
125 Million Years Ago

First Primates
55 Million Years Ago
Modern Humans (Homo
sapiens sapiens) Appear
200,000 Years

Start of Last Ice Age
110,000 Years
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RESTLESS EARTH

Zagros Mountains
Iranian Fold Belt

FORMATIVE FORCES & PROCESSES

Arabian Gulf

From its earliest beginnings, the physical geography of Abu Dhabi displays the
consequences of plate tectonics as a fundamental formative process. Although
the movements of the Earth’s plates are incredibly slow, the sheer scale and
massive forces involved over millions of years have come together to form the
geological foundations and dramatic features of the landscape we see today.
Plate tectonics can be viewed as a ‘mega-formative’ process resulting in
large-scale features such as mountain ranges, rift valleys and basins, fault
escarpments and visibly folded, warped and faulted surface and sub-surface
rock formations. These physical features are not static; rather they are dynamic
and continually changing over time. They are not only subjected to additional
formative forces but influence the processes themselves, which, in turn,
continue to reshape the landscape and constituent landforms of Abu Dhabi

and of the rest of the region. While these continual and relative Earth
movements generally go largely unnoticed, except by scientists, and only
involve millimetres per year, there remains, though, the potential for bigger
dislocations. The Arabian Plate, on which Abu Dhabi is located, is gradually
being subducted (moving underneath) the Eurasian Plate in the area of the
Zagros Mountains in southern Iran. Sudden jolts cause small-scale earthquakes,
such as one which caused the evacuation of some tall buildings in Abu Dhabi
City in 2008, and much more destructive earthquakes remain an ever present
hazard across the region, especially in Iran. These sudden and violent
movements can cause changes to the natural landscape, as well as damage to
man-made structures, including bridges and buildings.

Abu Dhabi

Melting
of Subducted
Oceanic Crust

Sediments

Continental Crust
Subduction

Lithosphere

Asthenosphere

The Geology of Jeopardy

The Consequences of Collision
The movement and collision of the Earth’s
plates have had profound impacts on the
physical geography of Abu Dhabi and the
wider region. As noted earlier, during the
Cretaceous, the South Atlantic oceanic
basin formed, forcing the Afro-Arabia
Plate north-eastwards. By the Late
Cretaceous (about 100-70 million years
ago) this movement was so rapid that it
overwhelmed the capacity of subduction
to effectively swallow the plate margins
in a process whereby denser oceanic
crust sinks below lighter continent crust.

changes in sea level for at least the past
350,000 years and probably longer.

Consequently, the oceanic crust and
overlying sediments of the ancient
Tethys Sea were thrust upwards onto the
north-east margins of the Arabian Plate to
form the unique geological structures of
the Semail Ophiolite and the underlying
Hawasina Nappes. The collision between
the smaller Arabian and massive Eurasian
Plates buckled and uplifted the plate
margins to form the Zagros Mountains.

Today, the Arabian Plate with Abu Dhabi
as its ‘passenger’ continues its ancient
journey northwards relative to the African
Plate at 5–14 millimetres per year and to
Eurasia at 27 millimetres per year.

Zagros
Range

Basaltic Volcanism

More
Erosion

Less
Erosion
Continental Crust

Crust Uplifted
and Thinned

Lithosphere
Asthenosphere

› Restless Earth

This movement received a powerful push
in a north-easterly direction about four to
five million years ago. Opposing forces
down-warped the Gulf area, although
it is unclear when it was first flooded
by ocean waters. What is certain is that
the Gulf has been subjected to cyclical

This caused alternating flooding and
drying episodes, creating the unique
landforms of the sabkhas and extensive
dune fields blown southwards by winds
like the shamal (northerly wind). While the
geological building blocks of the Emirate
have remained fairly stable for the past
500 million years, powerful tectonic
forces continue to re-shape the geology
and landscape.

Tectonic movements apply immense forces
to sub-surface rocks. Under such stresses,
rocks either break and fault or fold. The type
and degree of response is controlled by the
nature of the stress and the characteristics
of the rock. Faults may then become
the focus for earthquakes. The ongoing
compression of the Zagros Range causes
numerous relatively weak earthquakes.
Occasional large movements along vertical
linear faults can be accompanied by
devastating earthquakes. One such fault lies
beneath Dibba on the UAE East Coast. Abu
Dhabi has no known major faults although
those flanking Jebel Hafit and underlying
sabkha Matti have been associated with
moderate earthquakes.

Continental Shelf
Red Sea

Arabian Plate

Red Sea
Ophiolite
Erosion Over Time

What Lies Beneath? - Ophiolite Formation

African Plate

Continental Crust
Oceanic Crust
Lithosphere
Asthenosphere

Ophiolites are rare sequences of rocks where a section of
the Earth’s upper mantle, oceanic crust and overlying
sediments have been thrust upwards by tectonic forces.
The Hajar Mountains include the world’s largest and best
exposed ophiolite complex which can be seen outcropping
between Dhaid and Dibba. It provides a unique
opportunity to examine rocks from deep within the Earth
and to understand plate tectonics and related processes.

Ophiolite
Obduction &
Deposition

Geographic Inheritance

More recently, in the Oligo-Miocene,
the opening of the Gulf of Aden and
Red Sea split the Arabian Plate away
from the African Plate, continuing its
journey alone. The forces associated
with this resulted in further uplift along
the north-eastern margin to produce the
Hajar Mountains, which are still rising,
depending on location, at 2–6 millimetres
per year.

Volcanism
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RESTLESS ENVIRONMENT

Salinity: Maximum 70 ppt *

FLUCTUATING FORTUNES OF THE GULF

On the coastline of Abu Dhabi during summer with blistering humidity and
temperatures soaring into the upper forty degrees Celsius; the Gulf’s warm
waters gently lapping over beaches, the idea of an ‘Ice Age’ seems remote.
Indeed, even at the peak of the last Ice Ages, the sheets of ice that covered
much of the northern hemisphere never reached as far south as the Gulf. Yet,
as unlikely as it may seem, it is precisely such episodes of global cooling over
geological time that have helped shaped the physical geography of the entire
region, also influencing the lifestyle, and fate, of the early human inhabitants
of the Gulf. This attractive and bountiful sea, supporting a range of ecosystems
and rich in natural resources is an integral part not only of the Emirate’s
geographic inheritance but also of its cultural heritage over tens of thousands
of years. The Gulf today may appear to be timeless, stable and enduring. In
fact, it is the product of radical changes and convulsions over geological time

35° (Max)

16° (Min)

25° (Max)

and, indeed, its shorelines and islands have not only changed dramatically over
the last few thousand years, but continue to change. The history and evolution
of this waterway, so important to the Emirate of Abu Dhabi, provides evidence
of the restless nature of the environment, not only in the distant and more
recent past but, equally, in the present and certainly into the future.

Salinity: 3.6 - 3.8 ppt

30° (Max)

Salinity: 30 - 40 ppt

21° (Min)

8° (Min)
Average Depth 35m

Average Depth 490m

Average Depth 1240m

Glacial Land
* ppt: Parts Per Thousand

Coastline During
Last Glacial Maximum
19,000-20,000 Years Ago
Ice On the Globe
Between 710–640 million years ago (during the later part of the
Proterozoic eon) the Earth cooled sharply. Winter snows did not melt
but compacted into ice. Polar ice caps grew, glaciers advanced and
ocean surfaces froze. Scientists call this episode ‘Snowball Earth’.
These were not the first Ice Ages, nor the last. Although Ice Ages may
last for tens of millions of years, they are not uniform and can have
periods of severe cooling, called glacials, and shorter intervals with
more temperate conditions, or interglacials. Today, the Earth is in an
interglacial known as the Holocene, which began over 10,000 years
ago. These episodic glacial and interglacial periods contributed to the
rise and fall of sea levels in the Gulf that have, in turn contributed to
the formation of the region’s modern landscape.

Youthful Gulf

Sea Ice
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Evaporation of water is high, between 144–500 centimetres per year
and in shallower waters along the Abu Dhabi coastline this can exceed
2,000 centimetres per year. The only significant supply of freshwater
comes from major rivers such as the Tigris, Euphrates and Karun. Marine
water enters the Gulf through the Strait of Hormuz and travels in a broadly
counter-clockwise direction around the basin. As these marine waters
travel westwards along the northern shores, the high temperatures and
dry winds increase rates of evaporation, thereby increasing salinity. At the
head of the Gulf, the input of freshwater partially restores salinity towards
more normal levels. However, as the water flow turns south and eastwards
along the southern shores, evaporation once again produces high
salinities. It takes around two-and-a-half years for the water circulation
to complete this cycle. Higher water temperatures and significantly rising
sea levels are serious challenges for the future.
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Palaeoclimates and Culture
The Gulf region has experienced dramatic swings in climate and
consequent changes in sea level over the last 200,000 years. The
changes in sea level that have taken place during recent geological time
(during the Quaternary period, which began around 1.8 million years

ago) have profoundly affected the Gulf’s physical landscape. These
have coincided with the arrival of humans in Arabia, and have had a
major impact on the development of the region’s cultural heritage.

› Restless Environment

The Arabian Gulf occupies a basin shaped like
the traditional Arabic khanjar (dagger). This shallow
sea is almost totally landlocked by the Zagros
Mountains of Iran to the north and east and the
Arabian Peninsula to the south and west. It has a total
area of 227,000 square kilometres and extends for
1,000 kilometres from the 46 kilometre-wide Strait of
Hormuz in the east to the Shatt al-Arab delta in the
northwest. It is 360 kilometres across at its widest point and
has an average depth of 35 metres, rarely exceeding
100 metres. The depth gradually increases towards the
northeast where a series of near-coastal basins known as the Zagros
fore-deep have formed due to crustal loading imposed by the
weight of the Zagros Mountains.
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The Gulf – Present and Future

E q u a t or
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flowed south-eastward and,
upon reaching Qatar, its course shifted
closer to the Iranian side of the Gulf,
before eventually flowing out into the Gulf
of Oman through the Strait of Hormuz.
About 14,000 years ago, the Earth’s climate
began to warm markedly. The glaciers and ice
sheets melted rapidly, raising global sea levels.
Seawater once again flooded into the Gulf, peaking
between 4,000–5,000 years ago at 1–2 metres
above today’s sea level before dropping to present
levels. Between 9,000–5,000 years ago, a period
known as the ‘Climatic Optimum’, Arabia
experienced a dramatic change in climate, with
warmer wetter conditions and more gentle winds.
Lakes became a common feature of the landscape.
Decreasing rainfall, from around 6,000 years ago, saw
a return to arid conditions.

A

The Arabian Gulf is the second youngest sea in the
world with flooding of the basin commencing only
between 14,000 and 12,000 years ago, although there
is evidence from dating of sand dunes that the Gulf
was also a sea during at least three previous interglacial
periods when sea levels peaked at around 120,000,
200,000 and 330,000 years ago. Over recent geological
time, the Gulf has experienced huge transitions;
accommodating desert environments, ancient river
valleys and fluctuating sea levels. Sea levels at the last
glacial maximum (about 19,000 to 20,000 years ago)
were between 120–130 metres below today’s levels.
The Gulf’s exposed floor comprised a gently
northwards-dipping plain with desert conditions with
sand dunes marching southwards driven by the strong
shamal winds. As the Tigris-Euphrates river system
wound through the Gulf basin, it would have passed
through a series of lakes. From the northern Gulf, it
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UNIQUE LANDSCAPES
DUNES & SABKHA

created the unique landscapes and landforms that characterise the Emirate
today. These features are testament to the restlessness of the Earth and to the
interrelated and dynamic relationship with its environments. At a local level,
they have led, and continue to lead, to inexorable change in the sub-surface,
surface and submarine structures and landforms of the Emirate.

Surprising Variety of Soils

Aridisols

particularly important component of
Abu Dhabi’s desert soils because they
influence
their
properties
and
diversity. A recent survey undertaken
for EAD for the first time classified the
Emirate’s soils. Such surveys are
essential to better understand and
manage the diverse and often fragile
and salt-affected soils of the region.
Entisols

In Abu Dhabi the prevailing shamal
(northerly) wind transports loose
sand inland from the coast. This is
deposited as aeolian (wind-blown)
ripples, whose axes are at right
angles to the wind direction. The
orientation of ripples changes
constantly with the varying strength
and direction of the wind and the
ripples merge to form sand dunes,
with
unique
shapes
and
characteristics. Transverse dunes
have reasonably straight crests with

a long axis perpendicular to the
dominant wind direction. Where sand
supply
is
limited,
isolated
crescent-shaped
barchan
dunes
form, their lateral extremities or
horns pointing down-wind. Where
sand is more abundant, barchans
unite to form barchanoid dunes. If
winds are too strong for transverse
stability, sand strips parallel to the
wind direction unite to form
longitudinal dunes. Star dunes,
irregular sand formations, occur

where winds blow in a variety of
directions during the year. Dune
geometries are highly unstable. Even
the footprints of a person or camel
tracks along a crest can disrupt the
subtle movement of sand and change
the future shape and evolution of the
dune and its neighbours. As a rule,
the larger the dune, the older it is.
Many of the larger dunes of
Abu Dhabi, up to 60 metres high,
record sand movements that stretch
back beyond the last glacial maximum

over 19,000 years ago. In the Liwa
area, the dunes are even higher at
150 metres. Here, alternating periods
of wind transportation and dune
(sabkha) cementation have preserved
ancient dune sands that were
deposited up to 141,000 years ago.

Star Dune
Star dunes are a highly characteristic
and complex type of dune formed
in areas where winds blow from
different directions during different
seasons; these dunes tend to have
little overall movement.

› Unique Landscapes › Dunes & Sabkha

The surface soils and sediments of
the Emirate may appear similar but
closer examination reveals a diversity
of
features
and
types.
Soil
characteristics are closely related to
local geography and, especially to
geological conditions and mineral
composition, which dictate the soil
formation process. Salts are a

Dynamic Deserts and Dunes

Inland Sabkhas
Coastal Sabkhas
Coastal and island sabkhas are
one of the most important features
of Abu Dhabi. These flat-lying
featureless plains are characterised
by surface halite (salt) deposits at
least for part of the year. Sabkhas
first formed around 4,000 years
ago following a period when
coastal sediments were eroded,
primarily by wind, down to the
level of the water table, this
process being closely associated
with fluctuating sea levels. High
evaporation rates resulted in
near-surface fluids becoming
highly concentrated in salts. The
halite forms a crust which, with
continued evaporation, expands
laterally to produce polygons with
uplifted margins. Within the

sediment, the fluids become
increasingly
saturated
with
calcium sulphate and the mineral
gypsum starts to crystallise.
Where
ground
temperatures
exceed 40°C, the near-surface
gypsum loses its water and
dehydrates to form anhydrite. The
seaward edge of the sabkha is
typically marked by a relatively
narrow 200–800-metre-wide belt
of dark microbial mat; this is an
important source of organic
matter in the harsh coastal
eco-system. The organisms that
make up this mat community can
only develop within a narrow
range of conditions and if grazing
molluscs colonise the mat, they
will destroy it.

Halite Crust
Anhydrite
Gypsum Sand

Microbial Mat

Carbonate Sand

Well-lithified
Hardground
Mixed Carbonate
& Siliciclastic Sand

Inland sabkhas form where the water table lies very close to
the surface. Near-surface evaporation concentrates salts
until a halite (salt) crust develops. Lateral growth of this
crust causes cracking and uplifting to form halite polygons
with uplifted margins. Inland sabkhas can be found
throughout much of Abu Dhabi and may be up to 5.5 square
kilometres in area. South of Liwa, a shallow water table has
promoted sabkha formation at ~80 metres above sea level.
The shallow water table, coupled with poor drainage, results
in rainfall pooling at the surface to produce ephemeral
ponds. As these dry, microbial mats akin to those seen in the
coastal sabkhas develop, sediments exposed through
quarrying and wind erosion record cyclic changes in climate
over thousands of years. The presence of dune sands
indicates dry periods while sabkha formations indicate
wetter periods or periods with higher water tables.

Shifting Shapes
Gypsum plays a crucial role in soil formation since its quantity and
location in the soil profile determines the type of the soil. The structural
versatility of this semi-soluble salt is demonstrated by the variety of
ways its crystals can be arranged, sometimes producing intriguing and
often beautiful structures. For example, Bottlebrush gypsum initially
forms over plant materials in hyper-saline conditions, the complex,
delicate structure resembling sparse, wind-swept vegetation. The
distinctive gypsum desert rose forms in salty sands with crystals
possessing reddish surfaces arranged like rose petals. Other gypsum
morphologies or shapes include fibrous and tubular fans.

Geographic Inheritance

The landscapes of Abu Dhabi today result from a complex sequence of
interactions of numerous natural forces and formative processes – some subtle
and slow, others sudden and even violent. These include the regional mega-scale
building blocks of plate tectonics and geology; the impact of an ever-changing
climate, and the interaction of physical, chemical and biological processes.
Human intervention has emerged recently as another powerful formative
force that can radically alter the landscape as well as the environment itself,
with decidedly mixed results. Working together, these agents of change have
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UNIQUE LANDSCAPES
COAST & MOUNTAINS

Abu Dhabi’s landscape is most closely associated with seemingly endless sand
deserts and dune fields and sabkha formations. Less prominent are the
extensive and intricate coastline, remote offshore islands and its singular
mountain, Jebel Hafit, which rises high above an otherwise low terrain. These
and other formations are integral elements of Abu Dhabi’s natural environment.
Indeed, it is thanks to the intricacy of the coastal landscape that salt marshes,
mangrove forests and other coastal habitats exist and thrive. They are also
important for the Emirate’s cultural heritage. Thus, the pearling industry,

which lasted for thousands of years, is the direct result of the Great Pearl Bank
Barrier offshore, which also hosts extensive coral habitats. Inland, the unique
geography of Jebel Hafit creates conditions that sustain fragile mountain
habitats and a variety of rare species. For thousands of years, the mountain
has been a focus of human settlement and cultural development and it still
draws visitors keen to explore its unique environment. The prevailing and
universal hyper-arid conditions across the Emirate may convey an impression
of uniformity, but in fact there are many diverse and unique landscape features.

From Salt to Surface – Island Formation
Several of the islands off the coast of Abu Dhabi are ‘salt domes’.
These form as buried salt slowly rises to the Earth’s surface,
deforming and piercing the overlying layers of rock. Over time,
layers of salt were buried by successive layers of sediment. The
weight of these upper layers subjected the lower layers to
increased pressure. But since salt cannot be compressed, it began
an upward migration along faults in the sub-surface geology. As
the salt slowly flowed upwards, it deformed the overlying rock
layers to produce domed structures. With ongoing upward
migration, the salt ‘diapir’ eventually broke through these
structures, sometimes incorporating large blocks of the host rock
into the salt body and carrying them upwards. Eventually the
diapir breached the surface to produce the characteristic domeshape seen on Dalma, Arzanah and Sir Bani Yas, as well as onshore at Jebel Dhanna. The oldest surface rocks in Abu Dhabi
today are shales, dolomites, siltstones and volcanic rocks carried
to the surface by these salt diapirs. The flanks of salt domes are
often the focus for hydrocarbon exploration, forming ideal traps
where oil and gas may accumulate in significant quantities.
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Great Pearl Bank Barrier
Abu Dhabi’s historic pearl industry
was in large measure a result of
fortuitous geology. The Great Pearl
Bank Barrier, a geologic formation
influenced by salt domes, forms a
prominent
submarine
ridge,
generally about 5–20 metres below
the surface. Its extensive limestone
platforms and coral patch reefs,
which help to protect the inshore
waters, and the carbonate-rich
sands deposited here provide an
ideal habitat for extensive sea grass
beds and associated flora and
fauna, including the pearl oyster
(Pinctada radiata). Pearls, the only
gems produced by living organisms,
are formed from nacre, a biomineral
consisting primarily of crystalline
calcium carbonate.

Curious Ooids
Ooids are spherical grains formed
by the crystallisation of calcium
carbonate from seawater. They
are found in shallow marine
environments where the seawater
is agitated and supersaturated in
calcium carbonate. Formation
typically begins on small grains
of sediment, such as a fragment
of shell. As these roll around on
the sea floor they enter
suspension and become coated
in concentric layers of calcium
carbonate to form an ooid grain.
Ooid shoals are highly distinctive
when viewed from the air and
ooids form a major component of
the white sandy beaches. Buried
deep underground, they may
form rocks that are ideal oil and
gas reservoirs.
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The dramatic coastline of Abu Dhabi is more
than 400 kilometres long, extending from near
Ghuweifat in the extreme west to near Ghantoot
in the east. With the exception of the 114-metrehigh peak of the Jebel Dhanna salt dome, and
some low-lying outcrops of Miocene sediments,
most of the coastline lies near sea level and is
flat and relatively featureless. The feeling of
desolation can be powerful and evocative of the
desert hinterland. In cross-section, the coastline
forms a low angle, gently sloping ramp. Between
Jebel Dhanna and Ra’s Hanjurah, to the northeast of Abu Dhabi city, the coast is protected
from open-marine conditions by a number of
peninsulas and near-shore islands. Many of
these developed as sediments accumulated
around Pleistocene limestone outcrops and
Al Dabb’iya, once an island, has now become
connected to the mainland. Locally the lateral
accretion of sediments has elongated the
seaward edge of some islands parallel with the
coastline, forming narrow channels and partially
isolating coastal lagoons, providing sheltered
habitat for mangrove forests. The seaward
openings of these channels form deltas and
shoals, where a distinctive type of sand grain
known as ooids are found.

Younger

Older

Mobile Mountains (Jebel Hafit)
Generally, the landscapes of Abu Dhabi display a low-lying
relief and gentle topography. However, the isolated mountain
‘jewel’ of Jebel Hafit in the north-east of the Emirate, just
south of Al Ain, dominates the terrain and is important for
water catchment, biodiversity, recreation and cultural
heritage. Jebel Hafit is a small outlying fragment of the Hajar
Mountains, the product of ancient formative processes.
Between 40 and 10 million years ago during the Eocene to
Miocene epochs, much of Abu Dhabi was covered by the
shallow Tethys Sea where diverse marine creatures including
bivalves, snails, sea urchins and corals thrived. As these died,
their remains accumulated to form thick sequences of
limestone. Eventually, the collision between the Arabian and
Eurasian plates closed the sea and compressed and buckled
these strata into a series of prominent ridges (anticlines) and
basins (synclines). Once thrust upwards, the relatively soft
rocks of the anticlines were exposed and weathered by wind
and rain to form a series of elongate mountains that include
the spectacular ~1240-metre-high ridge of Jebel Hafit. The
abundant fossils found there are witness to a long and
complex history that literally started from the sea and
culminated in the summit visible today.

Geographic Inheritance

Intricate Coastline

› Unique Landscapes › Coast & Mountains

Salt Dome
Formation
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CLIMATE OVER TIME
THE CLIMATE TODAY
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Little Ice Age
Two hundred years ago, the last climate
disruption occurred, known as the ‘Little Ice
Age’ and, although there have been warmer
periods prior to this disruption, the world
has since been experiencing a persistent
and accelerating warming phase.
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The Emirate’s landscape holds evidence of climatic changes including ancient
pluvial (wet) episodes. These resulted in the formation of lakes and deposition of
lacustrine (lake) sediments, alluvial fans and gravels, palaeosols (fossil), soils
and speleothems (cave formations) created by secondary mineral deposits,
typically in limestone. There are also many indicators of extreme dry periods that
resulted in the development of extensive dune and sand seas such as the Rub’
al-Khali, or ‘Empty Quarter’, which extends into the UAE south of the Liwa Oasis.
The climate cycle, especially rainfall, is partly affected by the intensity of the
south-west Indian Ocean monsoon system.

Abu Dhabi Responds

During the past 400,000 years, studies show that global temperatures have
risen when CO2 levels increase. Sudden increases in global CO2
concentrations, coinciding with the Industrial Revolution, have led scientists
to believe with greater than 90% probability that most of the global warming
witnessed in the last 50 years is the result of human activities.

Abu Dhabi has taken several steps to
reduce
greenhouse
gas
(GHG)
emissions and is working to enhance
its understanding and to respond to its
own vulnerability to climate change.
These include:
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Coming from the desert of
South-West Sudan, this air
mass builds moisture over
the Red Sea and can lead to
thunderstorms over the
Arabian Peninsula.

The result of warm waters
from the Arabian Sea and
flowing from south-east of
the UAE, this air mass is
responsible for the majority
of thunderstorms in the UAE.

The MASDAR initiative, which targets
clean energy technology investments
The Estidama programme, which
aims to ensure green building design
The Ecological Footprint initiative, which seeks to measure and
better understand the country’s
GHG emissions

Highland
Air masses in the highlands, such
as the UAE’s Hajar Mountains,
can lead to thunderous conditions,
especially in the summer.

Autumn (October to November)
As the sun appears to move towards
the south, the surface air temperature
gradually decreases and weakens the
thermal lows as they move away
from the region. The Siberian High
Pressure System moves towards its
winter position, which can lead to
high winds during the autumn.

Summer (June to September)

Reconstructing Palaeoclimate

Thousa

Maritime Tropical

The
Emirate’s
surface
air
temperature may exceed 50°C in
some areas, especially the southern
regions. This intense daytime
heating causes a thermal low over
the Arabian Peninsula, which
usually causes a hot, dry southeasterly wind.

Throughout the autumn, a cool
area (an area located between two
lows and two highs opposite each
other) affects the region. When the
water temperature of the Arabian
Gulf reaches its highest point,
atmospheric moisture increases and
causes frequent fogs throughout
the UAE.

Furthermore, the Indian Monsoon
Low provides the region with hot,
humid air masses coming from the
south-east. The eastern mountains
often catch these air masses, causing
a dynamic uplift and convective
cloud formation. In fact, the huge
amount of moisture driven by the
monsoon is responsible for most of
the precipitation that falls over the
eastern area of the UAE, which is
very high in the summer compared
to other parts of the country.

Winter (December to March)

Spring (April to May)

The Siberian High Pressure System
is dominant in the winter season,
its effect diminishing towards the
end of the season. The system
shamal
causes
north-westerly
swinds, leading to noticeable
temperature fluctuations and rough
seas. The system, combined with
westerly upper ridge winds and
clear nights, can cause heavy fog
late at night or in the early morning.

As the sun appears to move
towards the north, the temperature
begins to rise. The Siberian High
Pressure
System
moves
northward, leaving the UAE’s
weather at the whims of various
other synoptic pressure systems.
Most notably, the extension of a
tropical cyclone from the Indian
Ocean to the Arabian Sea usually
results in rain and thunderstorms.
Fog is also quite common during
the spring.

Clear skies can also lead to rapid
night-time cooling. In fact, it may
reach zero Celsius, or slightly
below, on high mountains and in
some interior regions.

› Climate Over Time

130,000

The Gulf region has experienced climatic changes throughout both
geological and human history. The overall trend or cycle of climatic change
basically comprises warmer and wetter interglacial periods alternating
with much cooler and drier glacial episodes, often spanning many
thousands of years. Historical evidence indicates conclusively that such
environmental transitions are sometimes quite rapid and sudden.
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Palaeoclimate and Climate Change

40 0

From cold ocean currents or high
latitude ocean water, this air mass
is known for producing drizzle,
cloudy weather and long-lasting,
light rain.

The Renewable Portfolio Standard,
which commits Abu Dhabi to
deploying renewable energy equivalent to 7% of Abu Dhabi’s electric
generation capacity by 2020
Vision 2030, an urban planning
strategy that emphasises sustainable
transport and land use planning
The greater use of Compressed
Natural Gas (CNG) in municipal
vehicle fleets
Takreer, which aims to produce
Sulphur-Free Gas Oil (SFGO) to
decrease diesel emissions and is
expected to be completed in 2010
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The shifting of the ITCZ significantly affects air circulation
patterns in the UAE and, therefore, its climate conditions.
During the UAE’s summer, the Earth’s northern
hemisphere faces the sun, while the southern hemisphere
faces the sun during the country’s winter. As the transition
between hemispheres takes place, its surface heating
patterns shift along with it; due to this effect, major
pressure systems, wind belts and the ITCZ follow the
same route as the sun from hemisphere to hemisphere.
The ITCZ leads to intense thunderstorm rains wherever
it goes. Additionally, continental distribution affects
heating patterns and, thus, the location of the ITCZ.

Geographic Inheritance

The highest rainfall occurs during the
winter, the result of cyclonic cloud bands
that pass over the UAE driven by the
westerly troughs. The average rainfall in
Abu Dhabi is less than 100 mm annually,
although this varies across the Emirate
geographically and from year to year; e.g.
one day’s precipitation could exceed the
total rainfall of two or three years.
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Characterised by low dew points,
cold temperatures and high
stability, this air mass is mostly
blocked by the Zagros Mountains
before reaching the UAE.
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At night, as the Earth’s surface cools, the
air next to it also cools. This cool moist air
(sometimes laden with dust) becomes
trapped beneath a layer of warmer air
overhead, resulting in fog in the early
morning, when maximum cooling takes
place. This surface inversion will start to
break down soon after sunrise, allowing
the fog to dissipate.

Continental Polar

Baynunah

Average Annual Rainfall Each Year

250,000

Characterised as being colder
than polar air masses, this
mass
spreads
cold
air
to the southern UAE and
leads to a significant drop
in temperature.

Nocturnal Inversion Layer

Abu Dhabi’s climate behaviour is largely the result of variations in surface
pressure and the movement of air, both vertically and horizontally. In general,
annual air circulation over the UAE can be grouped into two main periods,
winter and summer. Volatile atmospheric conditions characterise the two
transitional periods, autumn and spring, that separate the two main seasons.

The Indian
Monsoon system
fluctuated in
strength, influence
and geographic extent

Arctic

The Air Masses Affecting the UAE

Resource
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Water
The Emirate of Abu Dhabi has abundant supplies of
water. This may seem to be a bold statement to make,
however, despite the fact that the Emirate receives
very little rainfall and is largely a hyper-arid desert, it
has by far the longest coastline in the UAE. Aside from
the plentiful water available in the Arabian Gulf, large
deposits of underground water lie under the surface,
which have taken millions of years to form.
Unfortunately, the waters of the Gulf are unfit for
human use without treatment that is costly, both in
financial and environmental terms. Moreover, the
underground reserves, which today provide nearly
sixty-five per cent of the Emirate’s freshwater supply,
are being over-exploited (used much faster than they
are naturally replenished).
The abundance of salt water and the scarcity of fresh
water have had a major hand in shaping the ecology
of Abu Dhabi as well as the culture and practices of
its people, who have had to make do for thousands
of years with what the land and sea provided. Today,
rapid growth and economic development are creating
ever-higher demand for water. The scant rainfall is
insufficient to replenish groundwater levels, which
are now falling rapidly due to the water being pumped
from thousands of wells for agriculture, forest
plantations and the rapidly expanding urban areas. In
fact, water use in Abu Dhabi is now twenty-six times

greater than the estimated annual re-supply through
rainfall. Moreover, desalination, a costly technology
that turns seawater into fresh water, has both technical
limitations and significant environmental costs.
Much of the underground water reserves in Abu Dhabi
are millions of years old. In recent decades, the
profound changes in the demand for water have come
to present urgent and serious challenges both to the
sustainability of utilising those water resources and to
the future development of Abu Dhabi.
This chapter highlights the story of water in the
Emirate: its ancient origins and its remarkable
accumulation in vast underground reservoirs, as well
as how it has been extracted and used historically
and today. It also explains why Abu Dhabi is currently
confronting a water crisis and how this must be
addressed in the near future.

Photograph
Abu Dhabi Emirate
near Remah, Al Ain
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Eastern Region

ECOLOGY OF WATER
The ecology of water resources in Abu Dhabi is complex and fragile. With
negligible rainfall, there is almost no persistent surface water in the Emirate,
and most of the fresh water sources lie underground in complex layers of
permeable rock and various sedimentary deposits. There is plenty of seawater,

but this requires a large amount of energy to make it useful for most human
uses. Today, man’s activities have a fundamental impact on this ecology, and
demand for more water has far exceeded the natural supply.

Arabian Gulf
Sub-surface Hydrogeology
Over millions of years, the land beneath
the present day Emirate formed a large
basin which, for long periods, was covered
by a shallow sea and, at other times,
exposed above sea level. While covered by
the sea, minerals from the shells of billions
of marine creatures were deposited
forming limestone, in addition to sands,
silts and mud-clays swept in by tides.
During periods above sea level, ancient
streams and rivers deposited further
layers of gravels, sands, silt and clay. Over
millennia, thousands of metres and
multiple layers of sediments accumulated.
Today, these water-bearing permeable
rocks and unconsolidated materials at
different depths form a widespread, interconnected network of aquifers and
reservoirs that transport and store the
Emirate’s precious groundwater resources.

Across
the
Emirate,
groundwater
movement is generally from east to west
although north of the Liwa Crescent,
higher groundwater levels produce flows
to the south across the border into Saudi
Arabia. The recharge of the Emirate’s
aquifers is highly variable over time
and location, and directly related to the
periodic and unreliable rainfall patterns
across the region. Between 6,000 and
9,000 years ago, the area was far wetter
with recharge rates that supported vast
reservoirs of groundwater as well as
lakes on the surface. It is remarkable to
think that large quantities of water that
fell as rain many thousands of years ago
still move through the Emirate’s aquifers
providing an essential and life-sustaining
resource today.

The Eastern Region is underlain by the eastern edge
of the Arabian Continental Shelf and what is called
the Oman Mountain Foredeep. Local systems in this
region near the Omani border include
natural springs and supply water
that has appeared traditionally in
shallow hand-dug wells and
aflaj irrigation systems. This
RECHARGE
cool, fresh groundwater is
TIME
regularly
recharged
by
rainfall in the nearby Hajar
mountains and spends a
YEARS
relatively short time underground of between twelve to
forty-five years. This system has
sustained the famous oasis of
Al Ain and surrounding date farms
and gardens for many generations.

Al Hajar
Mountains

12-45

Western Region
The Emirate is divided into two primary
hydrogeological regions. The Western (Al
Gharbia) Region includes the Rub’ al-Khali basin
that Abu Dhabi shares with Saudi Arabia. The
geology consists of gentle folds of rock layers,
including limestone that has been fractured by
earth movements to produce intricate multiaquifer systems. There is very little rainfall in this
region, and discharge water from inland sabkhas
results in shallow intermediate aquifers
where water is stored in thin layers of
sand. In this area, the regional
groundwater systems are highly
mineralised and warm since
RECHARGE
the
water
may
reside
TIME
underground for as long as
15,000 years. This slow
moving, ‘fossil’ water is
YEARS
discharged in the low-lying
sabkhas along the Gulf coast
and Saudi Arabia. The very slow
movement and longer time underground causes the groundwater to
accumulate a large amount of dissolved
salts, resulting in hyper-saline groundwater.
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The aquifers formed in the
alluvial deposits of the Eastern
Region are also highly productive,
but, in contrast to the Liwa area, these
aquifers are being recharged more often
by rainfall in the nearby Hajar mountains.
The loose sands and gravels forming the aquifer
are highly permeable to water, whether direct
rainfall or run-off from nearby slopes. The aquifer is
being used by numerous farm wells in the Al KhaznaRemah region where individual wells can produce
water at rates higher than 150 m3 per hour. This water
productivity is markedly greater than wells in the
western dune sands and the eastern sands and gravels
of the Emirate, which produce about 12 m³ per hour.
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The long-term trends in groundwater levels
have been derived from archaeological
studies of climate change in the Hili area of
Al Ain. Estimated groundwater levels show
only a very slow decline from 2,500 BC to
about 1,650 AD. However, a dramatic rate of
decline is most obvious from the beginning
of the last century. This coincides with an
increase in local population and the
resulting exponential growth in demand for
water, especially for irrigation purposes.
This caused a precipitous lowering of the
depth of the water table and a resulting
decline in water availability.
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› Ecology of Water

Gradual and Accelerating Decline

Resource of Life – Water

Liwa
Dunes

The Liwa Crescent hosts a well-known arc of farms
located in the central-southern portion of the Emirate.
This coincides with some of the most productive
aquifers in the Emirate, forming a natural ‘water bank’
that has allowed human occupation of this otherwise
barren region for thousands of years. The fresh water
of Liwa is contained within layers of medium to fine
grained wind-blown sands. The upper parts of the
aquifer are highly porous and free of clay and silt
which normally restrict water movement. These
conditions are ideal for the absorption and storage of
rain water which in past millennia was far more
abundant than it is today. Unfortunately, the majority
of the water creating this impressive underground
reservoir is ancient, fossil water and today there are
very few ‘deposits’ being made into this
bank, due to lack of rainfall or
other natural sources
of fresh water.
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WATER THEN & NOW
Until about fifty years ago, Abu Dhabi’s water requirements were met solely
from groundwater using traditional extraction methods. These often involved
shallow, hand-dug wells or the falaj system (man-made wells and channels that
collect ground, spring and surface water and distribute it by gravity to where
it is most needed). Past societies fully appreciated the finite nature and true
value of water and evolved ingenious conservation techniques for all stages
of water management, especially for its allocation and distribution. Today,
Abu Dhabi residents enjoy a level of access to safe and clean water that was

Now

unimaginable only decades ago. The construction of the first desalination plant
in 1960 marked a milestone in Abu Dhabi’s development allowing plentiful
salt water to be converted into fresh water, thereby diminishing dependence
on limited natural fresh water sources. This capacity not only improved the
quality of life of citizens but effectively opened the previously water-deficient
islands and surrounding coastline to rapid urban development and population
growth, which continues today.

In contrast to the past, water demand in Abu Dhabi has now far outstripped the
natural supply. Total water consumption in the Emirate is today about twenty-six
times the natural production, and growing. At the current rate of withdrawal, the
Emirate’s groundwater resources will be entirely depleted within twenty–forty years.
While modern methods such as desalination are technically efficient, they are very
energy intensive and there are significant environmental impacts to consider.

Abu Dhabi Water Consumption
Then
While traditional methods of water extraction and delivery were laborious, they were
certainly sustainable, balancing natural supplies with local demands. Prior generations
could not take water for granted since their very survival depended upon it. By necessity
they developed ingenious methods for finding, distributing and conserving their water
supplies. Settlements and farms could only grow to the extent that these could be
supported by the local water supply.

Bronze Age wells discovered
at Hili show evidence of
a traditional system of
accessing water that relied upon buckets. The traditional
jazra system, which uses animals to pull water from deep
wells, was still in use in the Emirate until a few decades
ago. The same system may have been used over 4,000
years ago, although the settlement’s inhabitants may also
have drawn up the water by hand.

Underground
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Collection
Section
Mother Well

Conveyance
Section

Marine Springs

Rainwater Harvesting

While fresh water springs are found
along the coastal belt of the UAE, mostly
in the Emirates of Abu Dhabi, Dubai and
Fujairah, less well known offshore
marine springs (which discharge fresh
water from the sea bed) have been
known for centuries and have long been
associated with the pearling industry.
The marine springs of Dalma Island
have a particularly long history and
cultural significance. Remarkably, the
source of this fresh water is in the
distant Zagros Mountain range in
Southern Iran, reaching the UAE by
travelling under the Arabian Gulf.

There is evidence also offshore on
Marawah and on other islands, like
Al Aryam, of ancient water use in the
form of rainfall harvesting. Gulleys
were constructed to capture run-off and
channel it into nearby wells or cisterns.
Six late Islamic period wells have been
located about one kilometre west of the
village of Ghubba on Marawah.

Since fresh water is less dense than
seawater, it naturally rises to the surface
where the lighter colour is visible.
Traditionally, marine spring water was
harvested with buckets or alternately,
divers could capture the water closer
to the spring by using inverted jars
or sacks made of animal skins.
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56%

Agriculture in Abu Dhabi
accounts for approximately
56% of all the water
consumed. Most farms are
owned by citizens, although there are a small
number of large, government-run farms.
Generous
government
subsidies
have
promoted agricultural expansion. Since 1970,
farms owned by citizens grew from less than
2,000 hectares to an estimated 80,000 hectares
in 2007 – with growth of nearly 5,000 hectares
per year since the mid-1990s. Agricultural
expansion is currently restricted due to the
limitation and, in some cases, exhaustion of
groundwater supplies.

Homes and Businesses

23%

Domestic use of
water for homes
and
businesses
accounts for about
23% of total water
consumed
in Abu Dhabi.
Much
domestic water ends up at the
sewerage treatment plant, where it is
treated and reused for urban landscape
irrigation. However, because of limited
irrigation distribution networks, only
56% of the total treated water is reused. The remainder is discharged into
the Gulf.

7%

Urban Landscape

The abundant green
parks and street trees in
the Emirate’s urban
areas consume nearly
7% of the total water usage. Most of this
water comes from the re-use of treated
sewerage, but it still takes a large amount
of desalinated water to keep grass and
other high water demand landscape plants
alive and well in Abu Dhabi’s hot climate.

Treated Wastewater Cycle

2%

12%

Industry

Industries like manufacturing
and assembly plants only
currently demand a small 2%
of the Emirate’s water
consumption. In part, this is because there are
only a relatively small number of such businesses
at present. However, with the opening of new
industrial zones, the demand from this sector is
expected to increase exponentially.

Forest Plantations

Forest plantations in Abu Dhabi
were established in the past as part
of
Sheikh Zayed’s
desire
to
halt desertification – to ‘green’ the
desert, to stabilise dunes near development and to
enhance areas designated for wildlife. 80% of the
plantations are in the Western (Al Gharbia) Region.
This sector consumes approximately 12% (233
million m³) of Abu Dhabi’s water supply annually.
From 1989 until the programme’s halt in 2006, the total
area under cultivation expanded on average 26%
annually. Across the Emirate, over 63 million trees are
irrigated by over 5,000 wells. Together with Rhodes
grass, a perennial fodder crop, forests are irrigated by
362.4 million m3 of water annually (2006 data).

Wetland
Homes, Businesses,
Industries

Urban Landscape

Aquifer
Water Used
for Agriculture

Aflaj
Traditional canal systems (aflaj) were dug to tap
groundwater for irrigated agriculture and drinking water
supply. In Abu Dhabi, these were utilised around the oasis
city of Al Ain from at least 3,000 years ago until today.
They are fed by the continually recharged shallow aquifer
at the base of the Hajar Mountains.
The aflaj of Al Ain have come under increasing stress
in recent years from declining groundwater levels and
flows are no longer adequate to feed the historic oasis.
Desalinated and treated wastewater is now used to keep
the garden city of Al Ain green.

Forest Plantation

Total Water Supply in Abu Dhabi
by Source in % 2009

Pump

Treatment
Desert

56%

Storage

44%

65.0%

Groundwater

29.0%

Desalinated
Water

6.0%

Recycled
water

Gulf
Total Water Supply = 3.355 Mm2/year

› Water Then & Now

The
exploitation
and
development
of
water
resources within the Emirate
can be traced back to the
Bronze Age, commencing
3,000 years ago with various
innovations through the
Iron Age and early Islamic
period through to pre-oil
times and onto today.

Agriculture

Resource of Life – Water

Traditional Wells
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1995
Livestock Population
(Thousands)
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Agriculture in the Emirate consumes about 1.74 billion m3 of
groundwater each year or an astonishing 56% of all groundwater
extracted. It is dominated by two perennial crops: dates and Rhodes
grass, a feed crop. Rhodes grass alone consumes 600 million m3
per year, over 60% of all agricultural water use. Fodder from its
production has supported a growing livestock population, now
exceeding 2,650,000 head that consumes 20 million m3 of water
per year.
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Desalination

Rising Gulf salinity is a key challenge since it impacts the
efficiency of the desalination process and increases the

Facts About Desalination in the Gulf

Power Plant

Electricity

Salinity levels in the Gulf are at around 45,000 ppm
(parts per million), about 10,000 ppm higher than
in open oceans

MSF Desalination Plant
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Forest Plantation Area
(Thousands of Hectares)

Abu Dhabi’s combined power and water plants generate about 13.5 million
tonnes of gases and particulates per year, which is 36% of Abu Dhabi’s
total emissions. Burning these fuels emits significant quantities of greenhouse gases, which are influential factors in climate change, especially
global warming. The long-term consequences of desalination activities
around the Gulf are being studied although it is already clear they are
serious, regional in scope, and extremely costly to mitigate or manage.

Near desalination plants, salinity levels climb to
50,000 ppm and sometimes 70,000 ppm

Steam

Temperatures of discharged effluent are around
10 degrees Celsius higher than normal sea
temperatures, even after they are mixed with
cooling waters

Pre-treatment
Fresh
Water

cost
of
water
production. As the Gulf’s
salinity has increased, so has the cost
of the desalination process and the produced
water. Water transfer schemes to bring lower salinity
waters from the Gulf of Oman are being explored but these
are even more costly and are only temporary solutions.

30

The direct and indirect environmental impacts of desalination are
significant and not always obvious. Increased salinity, temperature and
discharged chemicals used in the desalination process directly impact
marine species, putting the fragile ecosystem of the Gulf under stress.
Every day, nearly 22,000 kg of chlorine and 300 kg of copper are discharged
into the Gulf. Concentrated chlorine constrains photosynthesis in plankton,
which sits at the base of the marine food chain. Copper settles in marine
sediment, is consumed by benthic organisms and is ultimately transferred
into the food chain. Anti-scaling additives, used more intensively in MSF
distillation, have been linked to devastating red tides. Scientists now
believe that elevated salinity levels are beginning to slow down the natural
exchange of seawater between the Gulf and the Arabian Sea at the Strait
of Hormuz. This process is essential to maintain the biodiversity and
vitality of the Gulf’s waters and is largely driven by the changing density
of seawater, which generates a natural cycling of the waters. Without
adequate mixing of Gulf waters, the Gulf may accumulate dangerous
levels of pollutants from desalination, industrial discharge and other
toxins that are harmful to marine life and human health.

e2
Stag

Heater

40

70

Environmental Impacts of Desalination

Flash Chamber
Reduced Pressure

Hot Brine

The MSF desalination process demands large amounts
of energy and in Abu Dhabi, this process primarily uses
natural gas. However, when combined with a co-gen
power plant, total energy requirements are reduced by
30–50%. The total inclusive cost of producing a cubic
metre of desalinated water is roughly $2.04 USD. At the
current rate of production, the price tag for Abu Dhabi’s
drinking water averaged over $900 million per year from
2001 to 2006. The total cost of this government service
will only grow as more desalination plants are built and
energy costs continue to rise.

50

Agricultural Farm Area
(Thousands of Hectares)

Brine Discharge

Desalination removes dissolved minerals (primarily salt)
from seawater, brackish groundwater or treated
wastewater. Desalinated water in Abu Dhabi comes almost
exclusively from co-generation power/desalination plants
using thermal Multi-Stage Flash (MSF) technology. These
co-gen power plants generate electricity using gas
turbines, whose heat is used in the MSF process to ‘flash’
boil seawater, creating steam. Condensing the steam
produces fresh water, with the remaining briny water
returned to the sea. In Abu Dhabi, most desalinated water
is produced from six plants with a combined capacity of
683 million gallons/day. An additional 520 million gallons/
day capacity will be added within the next few years.

60

2007

Condensation

Steam
from Boiler

Forest ranges are typically irrigated with groundwater that ranges
in quality and salinity levels from 4,200 to 40,000 mg/l. Acceptable
tree growth can usually be attained with water of salinity levels
of approximately 7,000 mg/l. In some instances, forests have been
planted in areas where the groundwater quality is completely
unsuitable for tree irrigation, and, in one case, forest development
was halted due to salinities exceeding 35,000 mg/l.

Quantity vs. Quality

More than 58,000 kg of anti-scaling additives are
discharge daily into the Gulf through MSF

Brine Water
Discharge

Sand

Salt Water

Fresh Water

Brackish Water

Brine Outlet

Salt Water Intake

The amount of truly fresh groundwater (with
salinities up to 1,000 mg/l) in the Emirate is
quite limited and forms only about 11% of the
total groundwater reserves. Where fresh
water occurs, it is generally surrounded by
moderately brackish water. Salinity levels
tend to rise sharply as the water level declines,
causing the influx of more saline water from
lower levels in the aquifer and surrounding
areas. The mixing of these high saline waters
with fresher surface waters reduces water
quality, as does liberal application of
agricultural fertilisers, large numbers of
livestock and localised dumping of brine and
sewage effluent into the desert.

› Water Crisis

297
167

By far the largest portion of water consumption, about 68%,
involves agriculture and forest plantations. These activities are
highly constrained by negligible rainfall, high groundwater salinity
levels, insufficient quantity and availability of suitable water and
poor soil quality.
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face all southern Gulf countries, all of which draw from the same limited body
of water as a source. Groundwater abstraction is equally unsustainable, with
demand far exceeding the annual renewable supply. This looming water crisis
requires careful understanding and a coordinated effort to solve.

Average Daily Minimum and
Maximum Water Consumption
(Litres/Person/Day)

920

The measured rate of per capita domestic water
consumption averages 565-920 litres/day (while
the actual rate is likely to be higher) – double the
rate of many developed economies – and is rising
steadily. For example, the rate of per capita
consumption in 1997 was 492 litres/day. By 2002,
the rate had increased 53% (to 753 litres/day)
before the introduction of a water tariff that year.
Since then, it has steadily increased and, if left
unchecked, total annual demand could grow 123%
by 2030. In the absence of new capacity,
desalination will be unable to meet demand by
2014. With water costs highly subsidised by the
government and little public awareness about
water issues and their implications, there has
been little incentive for water saving measures at
the household level.

p

Cam

With demand for fresh water far outpacing natural supply, the Emirate is
increasingly relying on desalination to manage the shortfall. With a population
projected to reach four million in the next twenty-five years, there are
limitations to current technologies, available energy and the environment’s
ability to absorb the impacts of this level of desalination. Similar challenges

Domestic Water Over-Consumption

Shee

Agriculture, Forest Plantations and Livestock
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WATER FUTURE

Cooled
Humidified Air
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Surface
Seawater

Alternatives Technologies – ‘Water from Thin Air’

CONFRONTING THE WATER CRISIS

The lack of renewable fresh water resources in Abu Dhabi represents a
growing challenge to its future growth and sustainability. Growing population,
rising standards of living, and a rapidly expanding and diversifying economy
all exert immense pressure on a quickly shrinking, non-renewable resource.
Only now is the Emirate coming to terms with this urgent situation and
looming crisis. Solutions must be developed and implemented soon and they
will require action across sectors and society from government, industry and

specific sectors such as agriculture and forestry as well as the citizens
themselves. Changing behaviours and attitudes towards water usage will be
vital, including the development of a conservation culture. However,
experience has shown that shifting from a culture of overt consumption to
one of prudent conservation takes time and the available time for action, like
the water resources, is fast disappearing.

Surface
Seawater

30 o

Porous
Cardboard

Fans Draw Air
Through
Greenhouse

Deep Seawater
Seawater Return

In addition to the well-established desalination technologies,
there are alternative ways of producing water that may have
potential for Abu Dhabi. Anyone who has visited Abu Dhabi will
notice the relative humidity, which averages over 60% yearround. One technology, already tested in Abu Dhabi at Al Aryam
Island, is a ‘seawater greenhouse’ which uses seawater and
evaporative techniques to condense irrigation water from the
humid air induced within the greenhouse.
Other technologies, both proven and under development, may
hold some potential for Abu Dhabi, especially for agricultural or
more remote areas – using techniques that precipitate water out
of humid air or fog.

Purewater
Storage

Better Coordination, Regulation and Enforcement
Better coordination between the entities managing water and power and greater
clarity as to the roles and responsibilities of each will help streamline water
management. Improved standards and practices regulating water use in the
various sectors, as well as a strong, independent authority to regulate and enforce
water policy are also needed. And, although the quality of water-related data has
improved, its value is limited unless it is more widely shared.

Feed Solution

Perforated Central
Tube
Permeate

Device

Concreate

Feed Channel Spacer

Dry and Native Landscaping
Amenity plantations in Abu Dhabi’s urban areas sometimes tend to mimic the lush
landscapes of other more tropical climates. Switching to low water demand landscapes
and increasing use of native plants could significantly reduce urban consumption.
Accordingly, Abu Dhabi Municipality has initiated successful programmes in recent years
to modify their landscaping schemes to use more xerophytic (dry environment-tolerant) and
halophytic (saline-tolerant) plants.

Permeate Collection
Material
1 - Power plant draws in ocean
water for cooling purposes

Feed Channel Spacer
2 - Water is piped to tanks where filters
remove sand, clay, debris and bacteria

Intake and outflow pipes
extend half-mile offshore

Reducing Agricultural Subsidies

3 - Reverse Osmosis filters
out the impurities at the
molecular level

6 - Discharge water is piped
through the electric plant’s
existing outflow pipe

Rhodes Grass, a forage crop, accounts for more than
half of agricultural water and energy demand and 20%
of all water consumed in the Emirate. Government
subsidies encourage its production and support a growing
livestock industry, which also consumes water. Therefore,
reducing or eliminating the large subsidy for Rhodes Grass
would lead to substantial energy savings (particularly when
desalinated water is used to improve water quality). Restricting
the use of desalinated water in agriculture could immediately
reduce water demand and provide a larger share for other uses
and lead to energy savings.

Membrane
Anti-telescoping
Device

Outer Wrap

50% of the water is processed
as drinkable water
4 - Drinkable water is sent to
a water distribution system
50% of the water is
discharged into the ocean
5 - Energy from the water pressure
is recaptured for use by the water
plant. The water turns a turbine to
create electricity

Alternative Desalination Strategies

In addition, RO is generally better suited for smaller-scale uses than
MSF; therefore, it is often used for treating brackish groundwater for
agricultural uses or small communities. However, making extensive use
of groundwater desalination may have adverse impacts on the already
depleted groundwater resources.

Water Tariffs
Raising Awareness
Awareness-raising is an important part of any water
conservation strategy. EAD has launched campaigns to
highlight the complex relationship between water
production, energy use and the environmental and social
benefits of conservation.

Finding Sustainable Solutions
Meeting Abu Dhabi’s future water needs requires a multi-pronged
approach that both capitalises on technology but also, perhaps
more importantly, controls demand. There are many alternatives
to meeting our future water needs – some more sustainable than
others. Sorting through the myriad of alternatives can be difficult
and requires careful consideration of each alternative’s costs and
long-term benefits.

Experience from other parts of the world
shows that water tariffs are an effective
instrument to lower demand. Given that
Abu Dhabi’s water tariffs are still highly
subsidised, a progressive increase in the
water tariff could substantially reduce current
water demand. The reason is that 25–30% of
desalinated water is used for vegetation,
including amenity plantations, and home
gardens in private households. Increased
water tariffs would primarily affect outdoor
household water use, since it is less critical
to daily life, and would also encourage
consumers to adopt water conservation
measures within the home.
Putting a cost to the use of water will also help to raise awareness of the
issue as well as focus attention on fixing leaks in the system, which by
some estimates may reach 18-20% of supply.

Another potential technology is Solar Thermal Desalination, using
the sun’s energy to desalinate seawater. However, given current solar
technology, large-scale applications may not yet be practical.

Alternative Energy Sources
While burning fossil fuels to produce energy may be logical in an oil-rich
region such as the Arabian Gulf, it is clear that future reliance on this
energy source has high economic and environmental costs. While the UAE
continues to evaluate alternative green energy sources such as solar, wind,
wave and ocean thermal energy conversion (OTEC), it is estimated that
even aggressive development of these sources could only supply 6–7% of
peak electricity demand by 2020.

When considering the range of conventional and alternative energy
sources, nuclear power becomes increasingly attractive as a proven,
environmentally promising and commercially competitive option for
meeting future energy and water demand. Abu Dhabi has announced
a programme to develop nuclear power plants to help meet its future
requirements. In addition, Masdar has plans to develop hydrogen-fired
power plants using natural gas as a feedstock, which will include carbon
sequestration through injection of the C02 into oil wells.

Resource of Life – Water

Policies that set limits on the amount of water allocated to forestry production,
along with discontinuing expansion of forest plantations, will relieve some of
the stress on groundwater reserves. Exploring alternative methods of
satisfying the original intended purpose of the forests, which originated with
Sheikh Zayed’s plans for greening the desert and wildlife conservation, may
reveal more sustainable solutions to meeting these important needs.

› Water Future

There are alternatives to MSF seawater distillation that are more energy
efficient, use less source water and discharge less wastewater. Where
energy generation is not a project requirement, Reverse Osmosis (RO) is
generally preferred, since its membrane filter process is more energy
efficient than non-cogeneration MSF methods. Also, although RO brine is
more concentrated, less is produced and at lower temperatures than by
thermal processes, potentially reducing marine environmental impacts.

Forestry Alternatives

Seato
Summit
Marine & Terrestrial Ecosystems
The transition from offshore waters to the highest
inland summit provides a profile through the Emirate
of Abu Dhabi of a series of diverse landscapes with
unique habitats and ecosystems, both terrestrial and
marine. Although quite distinct, they are interlinked
through an intricate and complex web of life. This
interconnected web includes a remarkable diversity
of species of flora and fauna that have evolved in
response to challenging environmental conditions.
When describing the habitats and biodiversity found
in the Emirate, several themes emerge. Firstly, there
is the notion of living on the edge. Many species exist
close to the very limits and tolerances of their survival
under relentlessly difficult conditions. Next, there are
the unique adaptations to the prevailing environment
that allow each species to occupy a specialised niche,
no matter how constrained it may be. In addition, there
is the idea of concealment and multiple dimensions
and facets of the ecosystems. A landscape that at first
glance appears barren or lifeless often hides aspects
of life that only fully reveal themselves through closer
observation and deeper understanding.

Some of Abu Dhabi’s most bountiful and delicate
natural habitats, including mangrove forests, seagrass
beds, mud flats, nutrient-rich shallows and coral reefs
occur on or close to the coast. Here, marine resources
such as fish and pearl oysters have sustained coastal
communities for millennia, allowing trade and cultural
links between diverse peoples that still flourish today.
The desert ecosystems of Abu Dhabi display
contrasting qualities of resilience and fragility. Over
time, this has resulted in remarkable specialisations
and a richness and diversity that is not obvious to the
casual observer. Only slowly do they reveal themselves
and, in the process, illuminate the uniqueness of an
apparent emptiness that is far from empty.
From sea to summit, the ecosystems of the Emirate
are a priceless natural treasure. While often modest in
abundance, they display other qualities that more than
compensate for their apparent scarcity. Furthermore,
scarcity brings with it a sense of rarity, fragility and
greater value. For this and many other reasons, they
warrant further research and careful preservation.

Photograph
White-Cheeked Tern 2009
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Under the Burning Sun
Under the burning sun, at its peak during the summer months, the sea
surface warms, causing evaporation levels to increase. The combined
effects of wind and solar energy can lead to very high evaporation levels,
especially in shallow lagoon areas. The evaporation rates are so high
that the total annual input of fresh water from the Tigris and
Euphrates rivers, in the north-west of the Gulf, is
less than that which evaporates from the
surface of the whole Gulf. This is
compensated for by inflow
from the Gulf of Oman
through the Strait
of Hormuz.

species consumes and/or is consumed by several
other species at different (trophic) levels in the food chain.
Since only about 10% of an organism’s energy is passed on
to its predator, animals at higher levels in the food chain
tend to be larger in size but far fewer in number than at
the lower levels. But the relationships between species at
different trophic levels are delicate – if any link in the
food chain is broken, the entire ecosystem faces
potential collapse.

Most people are familiar with the more visible and
charismatic marine species, such as fish, corals or marine
mammals. It is, however, the tiny, unseen life forms that
are fundamental to life in the sea. The basis of life in the
sea is the abundant tiny single cell algae known as
phytoplankton, often referred to as primary producers.
Microscopic phytoplankton coexist with and sustain other
larger organisms in the complex web of marine life. Each
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The waters off the coast of Abu Dhabi exhibit marked seasonal variability in
physical, chemical and biological characteristics. Near the coast, the mean
monthly sea surface temperature varies from 19ºC to 35ºC and the range
declines with depth, with maximum temperatures recorded during the peak
summer months of heat and humidity. Salinity varies with temperature and is
another critically important parameter for marine life. Excessive evaporation

There is growing evidence to suggest that climate change is also impacting
temperature and salinity levels with extremes in the Arabian Gulf occurring
with increased frequency. Consequently, ecologically destructive events such
as toxic algal blooms or ‘red tides’, mass fish kills and coral bleaching destroy
species living at the limits of their tolerance. Unfortunately, these natural
stressors on the marine environment are being exacerbated through the
activities of Man, too often tipping the delicate hydrological balance of the
Gulf in a precarious direction.

The Web of Marine Life-Building Blocks

Relative abundance of Kingfish (kg/trip)

The Gulf is a sizeable but constrained and shallow basin with a maximum
depth of about 120 metres and an average depth of thirty-six metres. The
narrow link between the Gulf and the Indian Ocean through the Strait of
Hormuz limits connectivity with adjacent species and has influenced the
diversity and uniqueness of marine life in the Gulf. The temperature and
salinity of the Gulf are both heavily influenced by the extreme climate, so that
native species, although particularly well adapted to the extreme conditions,
are, in many cases, living close to the limits of their environmental tolerance.

leads to very high salinity, especially in the southern Gulf, with readings
sometimes reaching seventy ppt (parts per thousand) in shallower bays. On
average, seawater in the world’s oceans has a salinity of about 3.5 per cent,
or thirty-five ppt. These extremes limit the diversity and abundance of marine
life and, in particular, the development of critical habitats such as coral reefs.
In the winter and spring, the cold Shamal (northerly) winds often reach gale
force, churning and mixing the water column, especially in the south of the
Gulf, helping to dissipate these extreme water conditions. These seasonal
changes in temperature and salinity help to drive the cyclic abundance of
biomass within the Gulf.

Zooplankton concentration (mg/600lt)

To appreciate the fragile, marginal and delicately balanced state of ecosystems
in the Arabian Gulf, it is important to highlight some vital processes and
hydrological features that contribute to the overall marine environment.

Biomass of small pelagic fish (tonnesx1000)

GULF ECOSYSTEM

Month
Kg/Trip

Sea Surface
Temperature

Seasonal Variations in Productivity
There is a well-defined seasonal cycle in the Gulf’s biological
characteristics. Zooplankton abundance is low during the
summer months and increases as the waters cool in the
autumn. Consequently, the abundance and distribution of
fish populations, in particular smaller pelagic species, such
as the Indian scad (Decapterus russelli), and their predators,
such as the Kingfish (Scomberomorus commerson) and
Yellow-spotted trevally (Carangoides fulvoguttatus), are
closely associated with seasonal changes in
temperature and secondary productivity.

Seabed (Benthic) Productivity

As annual marine plants, seagrasses
complete their life cycle by July and
August, although this timing varies by
location and species. By September
and October in Abu Dhabi’s coastal
waters, new leaves (lamina) appear
and the productivity of seagrass
increases over the winter. During this
period, dugongs (Dugong dugon)
congregate in larger numbers to mate
and to graze on the rich beds of
vegetation. Calves are born during
February in time to graze on the
abundant vegetation. Green turtles
(Chelonia mydas) also increase in
numbers during this period, taking
advantage of this seasonal bounty.

Sea to Summit

Seagrass Abundance

Phytoplankton are microscopic plants that convert sunlight
energy into food energy through photosynthesis, a process
that requires light, water, basic nutrients and the chemical
chlorophyll. This leads to rapid growth. Even in ideal conditions,
phytoplankton live for only a day or two. But after
phytoplankton die, their productivity does not cease. Over
millions of years, dead phytoplankton and the remains
of other marine organisms sank to the ocean floor,
accumulated and were gradually converted into
valuable reserves of hydrocarbons (oil and gas).
As primary producers, they are the foundation
of the marine food chain. Phytoplankton
are considered biotic indicators because
they respond rapidly to changes in
their environment and especially to
the conditions and quality of
seawater. For this reason, EAD
has monitored phytoplankton
in the coastal waters of
Abu Dhabi since 2002.

› Gulf Ecosystem

Phytoplankton

Benthic, or sea bed, productivity in the
Gulf is one of the highest in the world.
Due to the shallowness of the Gulf
basin, sunlight penetrates and reaches
much of the sea floor. Consequently,
the lower waters support abundant
marine flora, including extensive
seagrasses, macro-algal beds and
cyanobacterial mats, which support
rich benthic communities. Extensive
mudflats contain abundant infaunal
organisms such as polychaete worms
and molluscs that inhabit the soft
substrate. These, in turn, support
organisms higher in the food chain
including crustaceans and fish species
that sustain important fisheries.
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OFFSHORE WATERS
The offshore marine environment in the Gulf is extensive and quite diverse.
It contains a rich and increasingly rare variety of species ranging from the
microscopic to the truly massive, all playing integral roles within the marine
ecosystem. The Arabian Gulf offers a unique and challenging environment
for its deep water inhabitants. These range from the microscopic ‘forests’ of
phytoplankton converting the sun’s energy into food; the ‘grazers’ that harvest
the plankton, including small jellyfish and massive whale sharks; and finally,

predatory creatures such as sharks, dolphins and sailfish that use stealth,
speed and strategy to hunt their prey. The relative numbers of species may
be quite small but the interdependent web of life sustained within the deep
waters of the Gulf is intricate and essential to the vitality of the entire sea.

Beware of Harmful Algal Blooms

Lungs of the Ocean - Phytoplankton Revealed
Phytoplankton are microscopic single cell tiny plants that
might not seem very important, but they are probably the
most critical component of the ocean food web. During
food production (photosynthesis) using sunlight as their
source energy, they fix carbon dioxide (CO2) into organic
compounds. During this process, these microscopic
plants consume large amounts of carbon dioxide from
atmosphere and release oxygen. It has been
estimated that phytoplankton produce more
than half of the oxygen we breathe. Since
the phytoplankton are removing carbon
dioxide and releasing oxygen into the
atmosphere, they are sometimes
referred to as lungs of the ocean.

Commonly known as algae, phytoplankton
are usually a healthy green colour.
Changing conditions in the environment,
however, can cause rapid deterioration
into a heavy green, brown, yellow or red
discolouration
with
the
appearance of an oil slick.
This is termed a Harmful
Algal Bloom (HAB) that has
negative impacts on other
marine organisms and even
humans. Sometimes known
as ‘red tides’, HABs can
stretch for many kilometres
and are especially damaging
to marine life in the shallower
waters prevalent along the Abu Dhabi
coast. Under such conditions, HABs
deplete the dissolved oxygen in water and
release toxins, resulting in mass fish kills
and serious economic losses for fisheries.

Deadly Invaders
The heavy reliance on ship transport from
overseas has resulted in many marine pests
arriving in the Gulf. The adverse impacts of
invasive species are not only ecological but also
economic, amounting to billions of dirhams of
losses to fisheries and aquaculture alone,
including costly efforts to eradicate and mitigate
often persistent and devastating effects. Every
year, an estimated 400,000 to 750,000 cubic
metres of ballast water and other oily water is
discharged from tankers and ships that enter
Arabian Gulf waters, potentially releasing
harmful invaders such as alien fish and jellyfish,
crabs, toxic phytoplankton, worms and shellfish.

Lesser Crested Tern
Sterna bengalensis

Indo-Pacific Bottlenose Dolphins
Curious, gentle and social, the Indo-Pacific
bottlenose dolphin (Tursiops aduncus) is the most
common cetacean in the Gulf waters, making up
about 70% of groups and individual marine
mammals. Recognisable by their elongated snout or
rostrum, bottlenose dolphins travel in groups or
‘pods’ ranging from a few to several hundred
individuals and will often swim alongside the
bow of a moving boat. Their practice of
‘porpoising’ or leaping out of the water while
swimming can be dramatic and is thought
to improve efficiency of locomotion.

Indo-Pacific Bottlenose Dolphin
Tursiops aduncus

Yellowstripe Scad
Selaroides leptolepis

Whale Shark
Rhincodon typus

Narrow-barred
Spanish Mackerel
Scomberomorus
commerson

Indo-Pacific Sailfish
Istiophorus platypterus

Blue Jellyfish
Catostylus
mosaicus

Carbon Catchers
Phytoplankton influence the global climate. With twothirds of the Earth’s surface covered by seawater,
phytoplankton photosynthesis removes a massive three
billion tons of the ‘greenhouse gas’ carbon dioxide (CO2)
from the atmosphere each year. This process helps to
slow down the warming of the planet. In addition,
phytoplankton not only consume carbon dioxide to
produce life-sustaining oxygen, but also produce a
chemical called Dimethylsulphide (DMS), which aids
cloud formation and helps to regulate the climate.
Moon Jellyfish
Aurelia aurita

Orangespotted
Trevally
Carangoides
bajad

Genetic analyses and tagging programmes
indicate that the Gulf sailfish show minimal
genetic mixing with sailfish outside the Gulf.
The reasons for their restricted movements are
not entirely understood, but may be related to
this population’s adaptive preference for the
environmental conditions found within the
Gulf. Whatever the reasons, their restricted
range and genetic isolation make them a
unique feature of Abu Dhabi’s coastal waters.
Studies indicate these sailfish remain inside the
Gulf year-round, but migrate north-westward
during the spring into deeper waters.

Sea to Summit

Sailfish (Istiophorus platypterus) are perhaps the most distinctive fish in
Abu Dhabi’s waters. The dorsal fin running down the length of its spine
resembles a sail, which is a defence mechanism that it erects to frighten
would-be predators, or on occasion, to corral its own prey. Elongated,
sharp bills are another distinguishing trait of sailfish, one which they
share with their relatives, the marlins. Sailfish use these bills like a club or
bat, stunning their prey by slashing back and forth. But the most
remarkable talent of the sailfish is the one you’re most likely to miss –
sailfish have been clocked at speeds exceeding 110 km/hour, the fastest
recorded speed of any marine species! Blink once and they are gone!

› Offshore Waters

Sailfish Distribution and Migration
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SHALLOW WATER

Importance of Fisheries
Evidence from archaeological sites on
the coast and islands of Abu Dhabi
suggests that people in the region have
depended upon marine resources such
as fish and pearls for over 7,000 years.
As tools and fishing methods improved
over time, a simple subsistence lifestyle
gradually grew and flourished as

SEAGRASS & CORALS

Seagrass are submerged vascular plants that play an essential role in the marine
ecosystem of Abu Dhabi. They are the primary food source for Dugongs and
provide habitat for many fish species. In contrast to other submerged marine
plants such as seaweeds, seagrass flower, bear fruit and produce seeds. The
extensive shallow coastal waters of Abu Dhabi Emirate also provide suitable
conditions for several species of reef-building corals. Coral diversity in the Gulf
is relatively low with fifty-five to sixty recorded species (compared to ~400 on
Australia’s Great Barrier Reef). The branching coral known as Acropora and
Boulder Coral Porites are the main builders of the Emirate’s limited and

threatened reefs. With seawater temperatures and salinity levels close to or
exceeding tolerance limits, corals are seriously constrained. Furthermore,
temperature increases due to climatic changes appear to be occurring with
greater frequency, causing mass mortality of corals with losses of up to ninetyeight per cent.

fisheries
became
the
mainstay
economic activity of communities
along the coast. Today, the economic
importance of fisheries is far less than
it was before the Great Depression of
the 1930s. This global economic
downturn, further exacerbated by the
advent of cultured pearls from Japan

during this same period, sent the
pearling industry in Abu Dhabi into
sharp decline. Nevertheless, fisheries
still maintain a significant cultural and
socio-economic role in the more
isolated coastal and island communities
of the Emirate.

Managing Gargoor Fishing
Indo-Pacific Humpback Dolphin
Shy, sedate and far less common than the
Bottle-nosed Dolphin are Humpback Dolphins
and Finless Porpoises. Although the Finless
Porpoise is extremely rare, it is not uncommon
to see humpback dolphins in the natural and
man-made channels off Abu Dhabi Island.
Alarmingly, estimates of Cetacean abundance
in the UAE dropped by as much as 70%
between 1986 and 1999 as a result of at least
two die-off events. The cause of the die-off
remains unknown although a ‘red tide’ was
suggested as a possible explanation.

Indo-Pacific
Humpback Dolphin
Sousa chinenis

Gargoors are fish traps that have been used across the region for
thousands of years. Previously constructed from date palm
fronds, they are now made from galvanised wire. The Gargoor
fishery poses significant risks in relation to achieving sustainable
fisheries. Ghost fishing occurs when lost traps inadvertently
continue to catch fish. Furthermore, growth and recruitment in
the industry has been attributed to the intensity of fishing and the
small size at which fish become vulnerable to capture.
Consequently, EAD has introduced a number of management
measures to regulate gargoor fishing operations including the
compulsory use of juvenile escape panels which are intended to
reduce the catch of immature fish.

Socotra Cormorant
Phalacrocorax nigrogularis

Marine Turtles – Migration
Marine turtles have migrated
through the oceans for over
100 million years, their grazing
habits helping to maintain the
balance between habitats such as
coral reefs and seagrass beds.
After leaving the beach where
they hatch from eggs, they travel
to sometimes distant feeding
grounds and spend their lives
searching for places to feed. No
matter how far they travel, though,
females return to the same nesting

Blacktip Reef Shark
Carcharhinus melanopterus

Common
Bottlenose Dolphin
Tursiops truncetus

site, year after year. Green Turtle
populations migrate along the
coast from nesting to feeding
grounds. Tag returns from Green
Turtles in Abu Dhabi waters show
they nest along the Omani coast.
Although
Hawksbill
Turtle
migration is still being studied,
data shows that they do not leave
the Gulf, moving between foraging
sites from Iranian to Qatari,
Bahraini and UAE waters, often in
a cyclical pattern.

Dugongs
The Dugong (Dugong dugon) is the
only
true
marine
herbivore,
resembling a cross between a seal
and a whale. Grey–brown in colour,
it has a powerful fluked tail and small
front flippers, which act like paddles
and stabilisers during swimming.
The forelimbs are used for scratching,
mouth-cleaning and supporting the
body while resting on the seabottom. They
measure
about
2–4 metres in length and weigh up to

Arabian Sea Snake
Hydrophis lapemoides
Spotted Eagle Ray
Aetobatus narinari

400 kg. An air breathing mammal,
sometimes called a ”sea cow”, they
are specially adapted to life in the
sea, spending much of the time
grazing on seagrass. Although the
International Union for Conservation
of Nature (IUCN) considers Dugongs
to be vulnerable to extinction
globally, Abu Dhabi hosts a large and
growing population – a strong
indication of the global significance
of Dugong protection in the Emirate.

Golden Trevally
Gnathanodon speciosus

Ehrenberg’s Snapper
Lutjanus ahrenbergii
Hawksbill Turtle
Eretmochelys imbricata

Orangespotted Grouper
Epinephelus coioides

Pearls – Treasures of the Gulf

Spangled Emperor
Lethrinus nebulosus
Yellowbar Angelfish
Pomacanthus maculosus

Clark’s Anemonefish
Amphiprion clarkii

Pearling in the UAE dates back over 7,000 years. At the
beginning of the twentieth century, there were over 1,200
pearling boats operating in the region. In the Gulf, two oyster
species (Pinctada radiata and Pteria penguin) were harvested,
of which Pteria penguin was the most common source of
pearls. Pearls are formed when an irritant, such as a grain of
sand, enters the oyster’s shell. To reduce the irritation, oysters
secrete nacre from their mantle tissue. Overlapping layers of
nacre interact with light to give pearls their lustrous appearance
and prized value.

Pearl Oyster
Pinctada radiata

Snubnose Emperor
Lethrinus borbonicus

Seagrass in Abu Dhabi
Three species (Halodule uninervis,
Halophila ovalis and Halophila stipulacea)
grow in the coastal waters of Abu Dhabi
Emirate. Diverse habitats such as
shallow sandy bays, mangrove flats and
shallow, open coasts all support
seagrass. Halodule uninervis occurs in
all habitats and sediment types.
However, Halophila ovalis and Halophila
stipulacea are more selective and prefer
sand-coral and mud-sand conditions.

‘Mermaids of the Sea’
It is not surprising, that the legend of
the mermaid may have originated from
the Dugong, given their shape and
movement in the water. Archaeologists
have found Dugong bones at sites on
Dalma and Marawah that are over
7,000 years old. Dugong were still
hunted locally as late as the 1970s, the
meat being sold in the Abu Dhabi fish
market. Today, Dugong are strictly
protected and recognised as one of the
most unique and globally endangered
sea mammals in the world.

Sea Cucumber
Holothuria

› Shallow Water

Sea Urchins
Diadema setosum

Dugong
Dugong dugon

Sea to Summit

Hawksbill Turtle
Eretmochelys imbricata
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MANGROVE FORESTS
Mangroves are forests of salt-tolerant trees that grow in the shallow tidal waters
of some coastal areas of the Emirate of Abu Dhabi. They require slow water
currents and plenty of fine, organic sediment in which to set their roots as well
as protection from high energy waves. The muddy waters, rich in nutrients from
decaying leaves and wood, are home to sponges, worms, crustaceans, molluscs
and algae, and provide shelter for marine mammals and birds. Mangroves are
essential fish nurseries and contribute to the vitality of commercial fisheries in
the Emirate. The naturally-occurring species of mangrove (Avicennia marina)
found in Abu Dhabi, locally called ‘Qurm’, is the grey or white mangrove, due
to the colour of the underside of its leaves. Technically, the term mangrove
refers to a plant while the mangal is the plant community and habitat where

Incredible Journey of a Mangrove Seed

mangroves thrive. The plants in the mangal can be diverse but all have special
adaptations to overcome the problems of anoxia, a lack of oxygen in the
continually water-logged soil; high salinity levels; and frequent inundation by
the tides. While the Emirate may have scarce and limited areas of forest on
land, it possesses significant mangrove forests around islands and sheltered
coastal zones. While some of the mangrove stands have been recently
planted, the majority are naturally occurring. Some areas of mangrove are
under varying degrees of stress, especially close to coastal developments,
due to dredging, sedimentation and altered flow regimes. In Abu Dhabi, the
total area of mangrove forests covers seventy square-kilometres spread along
547 kilometres of shoreline.

From the earliest stages of life, mangroves display adaptability
and the capacity for propagation and survival in an everchanging aquatic environment. All mangroves produce
buoyant seeds that float and disperse in water. Unlike land
plants, most species of mangrove are viviparous with seeds
that germinate while still attached to the mother plant. The
seeds germinate and grow within the fruit or out of it, and once
the propagules or healthy seedlings mature they drop into the
water. So begins an often long and hazardous journey in search
of a suitable location to flourish. Often, the seedlings are
transported long distances by water currents. The propagules
can survive desiccation and may remain dormant for many
days, even up to a year, until they find a suitable environment.
Once the propagule is ready to take root, it changes density so
that it floats vertically rather than horizontally and is more
likely to become lodged within the mud or roots. If it fails to
take root, it alters density again and floats away on a continuing
search for the best home.

Black-crowned Night Heron
Nycticorax nycticorax nycticorax
Grey Heron
Ardea cinerea cinerea

Collared Kingfisher
Todiramphus chloris kalbaensis

Greater Flamingo
Phoenicopterus roseus

Marsh Warbler
Acrocephalus palustris

Clamorous Reed Warbler
Aerocephalus stenterous

Common Myna
Acridotheres tristis

Guardians of the Coast

Mangrove
Avicennia marina
Western Reef Heron
Egretta gularis schistacea

Indian Ocean tsunami in December
2004. Studies of coastlines following
this disaster showed that areas with
mangrove forests better survived the
worst impacts of the massive waves,
undoubtedly saving both fragile
coastal
habitats
and,
possibly,
thousands of lives. Sadly, many
mangrove areas along the Abu Dhabi
shoreline have been lost to coastal
development and urban expansion.
More recently, efforts have been made
to plant new forests and to preserve
existing mangroves as a natural and
resilient protector of the coast.

Common Greenshank
Tringa nebularia

Life on the Root
Mangroves support unique ecosystems where the mesh of
roots provides a tranquil marine environment for many
organisms, especially the young and vulnerable. Organisms
can anchor themselves to the roots and simply wait for food
and nutrients to sweep by on gentle currents. Where roots
are permanently submerged, algae, barnacles, oysters,
sponges and bryozoans take advantage of this anchorage to
filter feed. Shrimps, lobsters and crabs – all with commercial
value – use the muddy bottom as home while mangrove
crabs improve the nutritional quality of the sediments with
mulch by burying fallen leaves and debris.

Longtail Silver-biddy
Gerres longirostris

› Mangrove Forests

Golden Trevally
Gnathanodon speciosus

Adaptations for Survival
Crab Plover
Dromas ardeola

Shore Crab
Metopograpsus messor

The bases of the trees are inundated
daily by the tides and have to withstand
a considerable amount of submersion.
Mangroves have a unique appearance
with
numerous
pneumatophores
(respiratory or prop roots) protruding
all around, often many metres away
from the trunk of the tree. These rootlike structures are basically ‘breathing
tubes’ or snorkels covered by pores or
lenticels, allowing oxygen transport
within the plant. Because of the
excessive salt in their habitat, grey

mangroves secrete salts directly from
two glands at the base of each leaf. It is
not unusual to see the leaves covered
by salt crystals, hence the name grey
or white mangrove. Since fresh water
is strictly limited in the salty soils of
the intertidal zone, mangrove plants
limit water loss through the pores or
stomata on the leaves by restricting
the size of pores. Furthermore, they
can reorient the leaves away from the
harsh midday sun and limit water loss
by evaporation.

Green Tiger Prawn
Penaeus semisulcatus

Mangroves – Natural Filters
Since the underlying sediments of mangrove forests
act as sinks for a variety of heavy trace metals
found in seawater, mangrove removal disturbs
the sediments and often leads to heavy metal
contamination of surrounding habitats.

Ehrenberg’s Snapper
Lutjanus ehrenbergii
Blue Swimming Crab
Portunus pelagicus
Shore Crab
Grapsus albolineatus

Hooded Oyster
Saccostrea cucullata

Sea to Summit

Since mangrove forests are generally
inaccessible due to their location in
intertidal areas that are often
comprised of very soft mud or sand,
they are often seriously undervalued
as important assets, not only in terms
of biodiversity but also as protectors
of the coast. With massive root
systems, mangrove trees protect
coastlines by absorbing and dissipating
the force of large waves and storm
surges, which can cause coastal
erosion, property damage and even
loss of life. This protective capacity
was vividly demonstrated during the
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Coastal Habitats
The coastal habitats of Abu Dhabi are diverse, comprising of mangrove forests,
salt marshes, tidal flats with cyanobacterial (algal) mats, sandy and rocky
beaches, coastal flats with low dunes, sabkhas, cliffs and rocky headlands. The
coastal vegetation of the region is likewise diverse, specialised and extremely
productive, notwithstanding often harsh growing conditions. Vegetation
types include halophytic (salt tolerant) Dwarf Shrubs of the Goosefoot family
( Chenopodiaceae ) and Caltrop family (Zygophyllaceae ). The parasitic plants
Red Thumb ( Cynomorium coccineum) and Desert Hyacinth ( Cistanche tubulosa)
are common in coastal areas in association with the chenopods. Salt-tolerant
grasses can also be found. Mangroves are well-developed along parts of the

Plant Communities and Contrasting Diversity

coastline and serve many valuable ecosystem functions. Cyanobacterial mats
are widespread along the more extensive and sheltered areas of the coastline.
Higher order plants are able to colonise these mats when a thin covering of
blown sand accumulates on the surface providing the invading plants with
a growing medium and anchor for their roots. Cemented sand dunes form
rocky outcrops in scattered localities along the coastline in the more western
parts of the Emirate. Halophytic and non-halophytic annual plants occur on
these rocky outcrops, sometimes occupying the most precarious and unlikely
of locations.

Soil salinity, its capacity to hold water and the frequency of tidal inundation have a
great influence on plant distribution and diversity in the coastal zone.

Rock Cliffs
Precarious Habitat for Plants and Nesting Birds

Salt-tolerant chenopods such as Arthrocnemum (Arthrocnemum macrostachyum),
Halocnemum (Halocnemum strobilaceum) and Salsola (Salsola drummondii) are
predominant near the shoreline as are mat-forming grasses and dwarf shrubs such
as Sea Lavender (Limonium axillare). Halophytes like Sphaerocoma (Sphaerocoma
aucheri) and Cornulaca (Cornulaca monacantha) colonise the coastal dunes while
salt-tolerant succulents like Seidlitzia, (Seidlitzia rosmarinus) and Zygophyllum
(Tetraena qatarense) occupy the sand sheets. Commonly known as the 'string of
beads', Halopeplis (Halopeplis perfoliata) is the most tolerant of all the halophytes
and is the dominant species in sabkha.

Medium-sized cliffs relieve the monotony of
the coastal landscape and are a characteristic
feature along the southern Gulf coast.
Depending on the influence of salt-laden
dust, these exposures are colonised by a mix
of halophytic and non halophytic species.
Plant species include Cornulaca (Cornulaca
monacantha), Helianthemum (Helianthemum
lippi), Panicum (Panicum turgidum) and
Salsola (Salsola drummondii). The rock cliffs
are excellent habitat for Sooty Falcons (Falco
concolor), a medium-sized bird of prey that is
one of the most endangered bird species in
the Emirate.

The Coastal Sabkha
Salsola
drummondii

Osprey
Pandion haliaetus
haliaetus

Sabkha (meaning salt flat) is an Arabic term describing the often remarkably
flat and salt-encrusted desert that is usually devoid of significant plant cover
or indeed any obvious signs of life. The Emirate’s sabkha extends over
hundreds of kilometres along the coast and is a unique feature of the inland
landscape. High concentrations of salts (mainly calcium carbonate, gypsum,
anhydrite and sodium chloride) on the sabkha surface prevent the growth of
most plant species, and as a consequence, landscapes dominated by sabkha
appear distinctly barren. Plant life is usually restricted to the margins of the
sabkha with Halophytes (chenopods) dominating these marginal niches.
Some plants are able to germinate on the sabkha surface after heavy rainfall,
since this leads to a temporary reduction in salt concentrations. Although
appearing lifeless, upon closer examination sabkhas can support limited
plant communities, which, through resilience and adaptation, have come to
populate this most extreme of environments. The cracked crusty surface
provides a remarkable shaded micro-habitat exploited by several insect
species in an otherwise barren landscape.

Chestnut-bellied
Sandgrouse
Pterocles exustus
Sooty Falcon
Falco concolor

Tetraena
qatarense

Desert Wheatear
Oenanthe deserti

Cyperus
arenarius
Cornulaca
monacantha

Curlew
Sandpiper
Calidris
ferruginea

Sphaerocoma
aucheri

Rockrose
Helianthemum lippi

Eurasian
Stone-curlew
Burhinus oedicnemus

Western
Reef Heron
Egretta
gularis
schistacea

Sea Lavender
Limonium
axillare

Baluch Ground Gecko
Bunopus tuberculatus

Tetraena
simplex

Whimbrel
Numenius phaeopus
Lesser Crested Tern
Sterna bengalensis

Red Thumb
Cynomorium
coccineum

Jointed Glass Wort
Halocnemum
strobilaceum

Lesser Sand Plover
Charadrius mongolus

Arthrocnemum
macrostachyum

Striated Heron
Butorides striatus

Marine Turtle Nesting
The most common species of marine turtle in Abu Dhabi’s
waters are Hawksbill (Eretmochelys imbricata) and Green
(Chelonia mydas). These two species extensively use the warm
waters for foraging and the hawksbill hauls itself up on sandy
beaches to nest close to sheltering vegetation.

Desert Hyacinth
Cistanche tubulosa

White Sand Dunes – Floral Communities-in-Waiting
Coastal white sands are derived almost exclusively from the remnants
of marine organisms and carbonate sediments. An important
characteristic of coastal white sands is the virtual lack of any direct
influence of salt, despite their proximity to the coast. Therefore, the
vegetation is characterised almost exclusively by glycophytes (plants
adversely affected by salts). Heavy rain at the onset of the cooler winter
period followed by occasional showers provides favourable conditions
for the flowering of desert annuals, with the populations of these plants
greatly reduced in drier years.

Aizoon
canariense
Crested Lark
Galerida cristata

Kentish Plover
Charadrius alexandrinus
alexandrinus

Paronychia
arabica
Asian
Desert Warbler
Sylvia nana

Hawksbill
Turtle
Eretmochelys
imbricata

Plant Root Detail

What’s Special About Halophytes?
Green Turtle
Chelonia mydas

Coastal white sands are generally favourable for
plant growth in arid regions because of the
capacity of the coarse sand to store water, often
for substantial periods. When it does rain on the
dunes, water percolates the upper sand layers
rapidly and is not lost through surface run-off.
As the upper regions of sand tend to dry out
rather quickly, substantial water is stored in the
subsurface sand layers where it is protected from
evaporation. Consequently, even plants with
rather shallow roots are able to tap into this periodic
water. Once these plant colonies have established
themselves, they serve to stabilise the dunes.

Arabian Primrose
Arnebia decumbens

Sindh Saw-scaled Viper
Echis carinatus sochureki

› Coastal Habitats

Blue
Spotted Arab
Colotis phisadia

Sea to Summit

String of Beads
Halopeplis perfoliata

Only around 2% of all plant species are
halophytes. These plants are specially
adapted to salty environments. Adaptations
may take the form of salt tolerance (capable
of absorbing and storing saline water) or salt
avoidance (by timing reproduction when salt
concentrations in the environment are low).
Some halophytes are succulents; they are
capable of storing large amounts of water in
their leaves – another adaptation that allows
them to persist during periods of drought.

Eremobium
aegyptiacum
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Wetlands

Delicate and Balanced Chemistry – Rainfall, Alkalinity and Salinity

Arabian Peninsula since 1922. Today nearly half of the bird species that occur
in the UAE have been observed at Al Wathba. The wetland that sustains life
at Al Wathba is a consequence of a creative recycling programme. Since
rainfall at Al Wathba is insufficient to maintain it as a natural wetland,
treated sewage effluent is diverted to the lake. This act of human engineering
has turned an area of marginal economic and environmental value into a fine
example of Abu Dhabi’s ‘natural wealth’ and the government’s desire to find
innovative ways to reuse water – perhaps its most precious natural resource.

Red Fox
Vulpes vulpes

Kentish Plover
Charadrius alexandrinus
alexandrinus

Salinity is one of the most important physical
factors affecting the artemia life cycle.
Sudden and locally heavy rainfall occurs in
the winter, resulting in significant amounts of
fresh water entering the lake. This influx of
fresh water lowers the lake’s salinity and
drops its temperature, making ideal conditions
for breeding and hatching. As ambient
temperatures increase during summer,

Live Birth
Sub-Adult
Cooler water temp
Higher oxygen levels
Salinity level below 25 ppt.

Cysts

Algal bloom
High water temp
Low oxygen levels
Salinity level above 80 ppt.

Nauplii

evaporation causes the lake’s salinity to
increase. Normally, at salinity levels of less
than 80 ppt, artemia reproduce by laying eggs
that hatch immediately (ovoviviparous) to
produce nauplius larvae. As the salinity
increases above 80ppt, instead of hatching
the larvae encyst by forming a harder outer
shell around the egg itself. Cysts will only
hatch when the salinity is less than 25ppt.

Cape Desert Hare
Lepus capensis
omanensis

While salinity and alkalinity greatly influence
cyst hatching and artemia population growth,
they have no effect on survival of the larvae
within the cysts. Lake and wetland algae are
the main food source for artemia. Algal
growth in the lake increases significantly if
un-hatched cysts remain dormant during
extended periods of high water salinity. This
situation, where the shrimp, as the main

Purple-blushed Darter
Trithemis annulata

Dhub Lizard
Uromastyx aegyptia

Dragonflies

Desert Monitor
Varanus griseus

Purple Darter
Diplacodes lefebvrei

There are at least six
species
of
strikingly
colourful dragonflies and
damselflies at Al Wathba, which is
possibly the best site for dragonflies in
Abu Dhabi. Dragonflies require fresh to
very low saline water for breeding. The
larvae are carnivorous and
dependent upon other insect
larvae (particularly mosquitoes) as
food. Certainly, their ability to prey
upon and reduce mosquito
numbers help make the
reserve more hospitable to
humans – be they casual
visitors or scientists!

Importance of the Wetland to Desert Biodiversity
addition to bird life, the area also supports
many other fauna species including the
Red Fox, Dhub and Monitor Lizards, Cape
Desert Hare and numerous small rodents.
The number and variety of plant and
animal species thriving in such a relatively
small area endows Al Wathba with an
especially high conservation value.

Clamorous Reed Warbler
Acrocephalus stentoreus
Greater Flamingo
Phoenicopterus roseus

Common Shelduck
Tadorna tadorna

The Greater Flamingo
The Greater Flamingo (Phoenicopterus
roseus) is one of the most conspicuous
species in the wetlands. It is the largest
species of flamingo, averaging 110–150 cm
in height and weighing 2–4 kg. The Greater
Flamingo is a filter feeder, living on algae
and small shrimp. Only breeding when
conditions are suitable, the Greater
Flamingo female will lay a single chalkywhite egg on a mud mound. Greater
Flamingos are fully grown in two years,
however they breed at 4–5 years and can
live as long as 30 years.

Northern Shoveler
Anas clypeata

Common Moorhen
Gallinula chloropus chloropus

Pied Avocet
Recurvirostra avosetta

Carmine Darter
Crocothemis
erythraea

Black-winged Stilt
Himantopus himantopus

Common Redshank
Tringa totanus

Little Stint
Calidris minuta

Common Reed
Phragmites
australis

› Wetlands

The existence of perennial surface water
at Al Wathba supports a remarkable
diversity of species both resident and
migratory.
The
Greater
Flamingo
(Phoenicopterus roseus), Black-winged Stilt
(Himantopus himantopus) and Pied Avocet
(Recurvirostra avosetta) are of particular
interest to birdwatchers and scientists. In

predator of algae, are reduced in numbers,
drives algal blooms, creating a ‘red lake’
similar to ‘red tides’ in the ocean. Following
the rapid bloom, the algae die and the
subsequent decomposition depletes dissolved
oxygen in the water, which in turn, impacts
the shrimps’ survival. This ‘red lake’ effect
can threaten many species within the delicate
food chain of the wetland.

Sea to Summit

Less noticeable than the
flamingo, the Kentish Plover
(Charadrius
alexandrinus
alexandrinus) is a small
resident bird that breeds in
the hottest months of the
year. The bird nests when
the ground temperature
exceeds a scorching 50°C!
Attentive care by both
parents, including shading
the delicate eggs improves
the chances of the chick
embryo survival. With more
than 200 breeding pairs,
Al Wathba is one of the true
strongholds of the species in
the region.

ns
ti o

The Importance of Salinity

Desert Wheatear
Oenanthe deserti

The Kentish Plover

Adult
Male
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Al Wathba Wetland Reserve is located forty kilometres south-east of Abu Dhabi
and covers an area of five square kilometres. It was formerly an area of sabkha
amidst sand dunes, only flooding during scarce winter rainfall. Formally
established as a protected area in 1998 by the late President, Sheikh Zayed
bin Sultan Al Nahyan, it is managed by the EAD. The case for designating
Al Wathba as a reserve became clearer when successive attempts of
populations of Greater Flamingo (Phoenicopterus roseus) to breed there failed
due to human disturbance. When a population bred successfully in 1999,
this marked the first known successful breeding of Greater Flamingo in the

Breeding
Adult
Female
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Al Wathba – The Pinkish Lake

Artemia (Artemia franciscana), or brine shrimp, is a species
of aquatic crustacean and a major food source for the
impressive Greater Flamingo (Phoenicopterus roseus). It is
a highly adaptive shrimp but tends to breed optimally in
areas where the salinity is between 30–50 parts per
thousand (ppt). Artemia have a complex life cycle and are
essential to the sustainability of the wetland ecosystem.
Without the nutritious shrimp, flamingos and other
migratory birds stopping over at the wetland would be
unable to obtain sufficient nourishment to continue their
long and strenuous journeys. In addition to their vital role
as a food source for birds, brine shrimp help clean the lake
by filtering the water of contaminants such as phosphorus,
nitrogen and other chemicals. By maintaining the delicate
chemistry of the lake, artemia keep the ecosystem healthy.

61

Sand Sheets & Sand Dunes
Sand sheets and dunes of various types cover most of the Emirate. Sand sheets
are low relief features, largely devoid of dunes, whereas dunes are distinct
and sometimes complex landforms at least several metres high. Where dunes
merge, vast 'sand seas' are formed. The unstable sands of mobile dunes make
them less amenable to plants. The dune substrates are composed almost
entirely of coarse-grained sand, allowing rapid penetration of water to depths
where it is inaccessible to many desert plants, while few specialised species

Just Below the Surface

Greater Hoopoe Lark

can cope with the constantly changing surface conditions of mobile sandy
substrates. Seeds that are buried too deep are unable to germinate, and those
that do must be resistant at the highly vulnerable seedling stage to conditions
such as lack of water, abrasion from wind-blown sand and frequent burial and/
or removal of the sand around them. Consequently, mobile sands are sparsely
vegetated, mainly by perennials.

The Greater Hoopoe Lark (Alaemon alaudipes) shows
remarkable changes in both physiology and behaviour to
overcome desert extremes. Its metabolism is 40% lower than
most other birds helping it to significantly reduce water loss.
Hoopoe Larks overcome heat stress by invading the holes of
spiny-tailed lizards during the summer. It produces small
broods of young to cope with limited food supply.

Life in the desert differs enormously between
daytime and night. In daylight hours, the desert is
seemingly devoid of visible signs of life. But
appearances can be deceiving. With nightfall, a
miraculous transformation occurs: a the probing
beam of torchlight will reveal a diversity of insects,
reptiles and even mammals. These lie relatively
dormant underground within burrows to escape
the blistering heat of the day, emerging after dark
to hunt for food. This single adaptation allowing
night-time activity is critical to the survival of
many species in the desert.

Pharaoh Eagle-owl
Bubo ascalaphus
desertorum

The Ghaf Tree
The Ghaf tree (Prosopis cineraria) reaches
impressive heights of up to 16 metres. Amongst
the rather modest plant communities of the
desert, it is a relative giant.

Asian Houbara Bustard
The Asian Houbara (Chlamydotis macqueenii), or
MacQueen’s Bustard, is prized throughout Arabia as
a quarry for falconers. Its plumage is mainly sandybuff in colour, patterned with fine grey-black lines
and speckles – a perfect camouflage for concealing
itself from predators.

Cyperus
conglomeratus

Asian Houbara Bustard
Chlamydotis macqueenii

Cape Desert Hare

Calligonum
crinitum

Greater Hoopoe lark
Alaemon alaudipes
Arabian
Primrose
Arnebia
hispidissima

The Ghaf

Ghaf trees develop an extensive
root system penetrating as deep as
30 metres to tap into groundwater
stored deep in the sand, allowing
them to survive in areas with
extremely low rainfall and to
produce leaves year-round. They
are of particular importance for
humans. The leaves can be used in
salad, while the wood is a source of
timber, especially if cut in
November when it is more resistant
to termites.The roots and symbiotic
bacteria fix nitrogen into the soil,
increasing its fertility and reducing
the need for water and fertiliser.

Dipterygium
glaucum

Ghaf Tree
Prosopis cineraria

The Cape Desert Hare (Lepus capensis omanensis)
can be seen in the early morning hours using
their long, stretched ears as a form of portable
shade. By increasing blood flow to their ears,
they are able to radiate excess heat. Concentrated
urine, low water content in their pellets and the
ability to raise their body temperature to prevent
perspiration are adaptations that limit water loss.

Dune Sand Gecko
Stenodactylus
doriae

Desert Monitor
Varanus griseus
The Desert Monitor

Savi's Pygmy Shrew

The occasional habit of Desert Monitors
(Varanus griseus) to stand on their hind
legs and appear to 'monitor' their
surroundings may explain the origin of
their Arabic name, warwal.

With a body length of between 60–80 mm and weighing
only a few grams, the Pygmy Shrew (Suncus etruscas)
is one of the world’s smallest mammals. It mainly feeds
on insects and has a voracious appetite, consuming 2–4
times its body weight in a single day, a quite remarkable
feat for one so small.

Ghada
Sand Gazelle
Gazella subgutturosa
marica

Arabian Oryx
Oryx leucoryx

The Self-Watering Plant
Amongst dune-dwelling plants,
the Ghada (Haloxylon persicum)
or saxaul shrub is extremely
significant. Growing up to 4.5 m
in height, the wood is heavy
and coarse with a bark that
is spongy and water-soaked.
Stands in Abu Dhabi are the only
ones in eastern Arabia, giving
them outstanding rarity and
conservation value. Their fine
branches ‘comb’ out droplets
of water from the atmosphere,
creating a unique ‘dew forest’.
This
moisture
accumulates
beneath the plants where it is
exploited by other water-hungry
species of plants and animals.

Arabian Camel
Camelus dromedarius
Savile Row Beetles
Savile Row Beetles (Paraplatyope arabica)
are well adapted for survival in deserts.
To reduce heat absorption, they
straighten their legs as they walk to lift
them above the hot sand. They retreat
from the most intense heat by moving
into cracks or under rocks, even

excavating their own burrows. Mostly,
these beetles do not fly but use their
rudimentary wing covers (elytra) as a
chamber to trap air acting as insulation.
The foul, oily fluid they exude from
glands at the tip of their abdomen deters
even the most persistent predators.

Sand Cat
Felis margarita harrisoni

Savi's Pygmy Shrew
Suncus etruscus

Cheesman’s
Gerbil
Gerbillus cheesmani

Desert Campion
Silene villosa
Arabian
Toad-headed Agama
Phrynocephalus
arabicus

Urchin Beetle
Prianotheca coronata

Ghada
Haloxylon
persicum

Spiders
Ethiopian Hedgehog
Paraechinus aethiopicus

Dhub Lizard
Uromastyx aegyptia

Black Fat-tailed
Scorpion
Androctonus
crassicauda

Dhub Lizards
Dung Beetles
Dung Beetles (Scarabaeus cristatus) or true
scarabs have impressive ball-rolling skills.
They feed upon dung wherever it is found
and sometimes burrow into the ground
directly under the dung pile. To preserve
their precious food supply, they shape the

dung into a near perfect ball and roll it
away, sometimes considerable distances,
where it won’t be disturbed by other insects.
Dung Beetles are adapted to eat almost
everything organic including plants, other
insects and carcasses as well as dung.

The Spiny-tailed Lizard, known in
Arabic as Dhub (Uromastyx aegyptia)
is a member of a large family of
herbivorous agamid lizards distributed from North Africa, the
Middle East, parts of Central Asia
and India. Dhubs live in colonies

and inhabit burrows that they dig
where the soil is firm or composed
of very soft rock. They often exhibit
variations in colour. There are two
local subspecies: U. a. leptieni and
U. a. microlepsis.

Wolf Spider
Lycosidae
Ground Spider
Pterotricha sp

Centropodia
forsskaolii
Sabre-toothed Beetle
Scarites
guineensis

Arabian Horned Viper
Cerastes gasperettii

Sac Spider
Clubionidae

Sand Skink
The Sand Skink (Scincus mitranus) is a small lizard
with a pointed snout and smooth, glossy scales. They
can dive into the sand and disappear almost instantly
if threatened. They give birth to live young, giving
them a distinct advantage in the desert, where eggs
can quickly become desiccated or eaten by predators.

Sand Skink
Scincus mitranus

Ground-dwelling spiders are the
most common insect predators
in desert ecosystems. Large
communities
of
wandering
spiders live under stones or in
holes and prey on insects and
larvae hibernating in the soil.

Sand Cat
The Sand Cat (Felis margarita
harrisoni) is one of the rarest and
most beautiful animals in the Emirate.
Shy and secretive, it leads a solitary
nocturnal life, coming together only
to breed. Its paws are covered in a
mat of hairs that assist movement on
unstable sand and increase stealth
while hunting. Virtually all its water
needs are obtained in the food it eats,
a physiological adaptation that is
essential to desert survival.

› Sand Sheets & Sand Dunes

Zahar
Tribulus arabicus

Sea to Summit

Savile Row Beetle
Paraplatyope arabica

Dung Beetle
Scarabaeus cristatus

Cape Desert Hare
Lepus capensis
omanensis
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Mountains & Wadis
The chapter on the physical geography of the Emirate describes how a
combination of processes including uplift, erosion and weathering have
resulted in an array of landforms, including mountains and rocky uplands,
desert valleys known as saihs or wadis and alluvial fans extending from the
uplands to form distinctive stony plains. Although limited in area compared
to the extensive dune fields and sand sheets, this landscape is more varied.
Consequently, plants and animals have exploited a number of unique habitats
and specialised niches. While life remains largely constrained by the availability

The Arabian Leopard
The largest cat in Arabia, the Arabian Leopard (Panthera pardus
nimr) has a body covered with markings of yellow-grey rosettes
with black spots. They prey on gazelles, hares, goats and smaller
animals. Solitary, nocturnal and territorial animals, they require an
extensive home range. In the UAE, the loss and fragmentation of
habitat in addition to the decline in prey species has led to a
dramatic decrease in numbers. Furthermore, leopards were hunted
to protect domestic livestock and this combination of pressures has
driven them to extinction in the Emirate and perhaps even the UAE
as a whole.

of water, the impact of changing altitude is evident across this diverse and
captivating landscape. Located south of the city of Al Ain, Jebel Hafit is one of
the most important conservation areas in the region. Biologically diverse, and
harbouring archaeological sites dating back thousands of years, it is a favoured
destination for visitors. More than 120 species of plants have been recorded
in the area and it is the only known refuge for the endangered Arabian Tahr
( Hemitragus jayakari ) in the Emirate.
Arabian Leopard
Panthera pardus nimr

Arabian Tahr
Arabitragus jayakari

Striped Hawk Moth
Hyles livornica
Senna
Cassia italica

Arabian Tahr– Mountain Goat
The Arabian Tahr (Arabitragus jayakari) is a wild goat
endemic to the UAE and Oman, but habitat loss has
diminished its population to less than 2,000. Tahr move
easily over rocky, steep mountainous slopes. Unlike
many desert animals, Tahr require a permanent and
reliable water source. Its young are born throughout the
year after a 5-month gestation period.

Turnsole
Heliotropium
bacciferum

Caves

Sulphurous
Jewel Beetle
Julodis euphartica

The limestone caves of Jebel Hafit
offer a fascinating glimpse of life
that is entirely adapted to a world
without light. The passages and
‘ballrooms,’ stretching deep underground, are home to a variety of
permanent
residents
including
troglobites (species adapted to
lightless conditions) and visitors
such as bats, which roost in the
caves at night but venture out in the
evening to hunt insects.

Moringa Tree
Elevated
Stalker Beetle
Adesmia cothurnata
omanica

Dhafra
Tephrosia apollinea

Medicinal Plants
Nearly 25% of Abu Dhabi’s native plants have medicinal
and traditional uses. Seeds of Senna (Cassia italica) were
used as a laxative and for stomach pain while seeds of
Desert Squash (Citrullus colocynthis) were highly valued as
a treatment for diabetes. In small quantities, the poisonous
plant Harmal (Rhazya stricta) treated gastric illnesses. The
paste of heated powdered leaves of Dhafra (Tephrosia
apollinea), mixed with water and salt, alleviates the pain of
wounds and fractures, and poultices of Turnsole
(Heliotropium bacciferum) leaves have been found to
effectively treat blisters.

The Moringa (Moringa peregrina) reaches a height of about
10 m and has thin, pendulous branches that are usually
leafless. The flowers are whitish-pink and the fruit resembles
a pointed capsule. Oil from the moringa pods has been used
to treat infantile paralysis, stomach ailments and leprosy.
The wood is ideal for traditional home construction since it
is strong and resistant to termites.
Moringa Tree
Moringa
peregrina

Bonelli’s Eagle
Aquila fasciatus

Desert Squash
Citrullus colocynthis

Egyptian Vulture
Neophron
percnopterus
Blanford’s Fox

Christ's Thorn
Ziziphus spina-christi

Blanford’s Fox (Vulpes cana) is highly
adapted
to
rocky
mountainous
habitats. By occupying uplands, the fox
has managed to avoid competition
with larger foxes such as the red and
Rüppell’s (sand) fox, which inhabit the
open deserts. Blanford’s foxes are very
agile and can jump large distances.
They are opportunistic and feed on
lizards, insects, rodents and birds.

Moringa
Flower
Moringa
peregrina

Barbary Falcon
Falco pelegrinoides

Christ’s Thorn
Christ’s Thorn (Ziziphus spina-christi), like the acacia,
originated from Africa and is one of the largest native
trees in the UAE, growing to a height of 10 m. As the
name suggests, the crown of thorns placed on Christ’s
head during crucifixion is thought to have come from
this species.

Hooded Wheatear
Oenanthe monacha

Hume’s Wheatear
Oenanthe alboniger
Egyptian
Spiny Mouse
Acomys cahirinus
dimidiatus

› Mountains & Wadis

Blanford’s Fox
Vulpes cana

Sand Partridge
Ammoperdix heyi
intermedius

Sinai Agama
Pseudotrapelus
sinaitus

Dwarf Palm
Nannorrhops
ritchieana

Sinai Agama
The Sinai Agama (Pseudotrapelus sinaitus) is a
striking blue-coloured lizard and a typical
‘ambush’ predator. It can be seen patiently
waiting atop a bush or rock to surprise and
devour a passing insect. When excited or
aroused, the male’s upper body turns bright
blue as a warning.

Dwarf Palms
The Dwarf Palm (Nannorrhops ritchieana) is one of two
species of native palm found in the UAE. Its heavily
branched trunk forms a dense shrubby clump with fanshaped leaves covered by woolly hairs. The creamy
white flowers usually appear between March and June;
fruits are reddish, edible and locally known as mish.
Historically, the fibrous leaves were used to make roofs
for houses and fishing nets. Baskets and mats are also
made from Dwarf Palm fibre.

Acacia
The Acacia Tree provides shade and is highly
valued for its pods, which are rich in nutritious
protein. Three species (Acacia ehrenbergiana, A.
nilotica, A. tortilis) are indigenous to Abu Dhabi
but A. tortilis is the most common and ecologically
important one. Its scientific name ‘tortilis’ (meaning
‘twisted’) is derived from its spirally twisted pods.
It is found on gravel plains and uplands, flowering
from April to June.The tap root runs deep, allowing

extraction of otherwise inaccessible groundwater.
Acacia seeds have a hard coating that requires
damage or scarring before germination can occur.
The seeds are eaten by camels or goats, passing
through the intestinal tract and germinating
wherever they are deposited. This process not only
transports the seeds great distances but also kills
bruchid beetles, which increases the seeds’
chances of germination.

Acacia Seeds

Sea to Summit

Harmal
Rhazya stricta

Aloe Vera
Aloe vera
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Life on the Wing
Regional flyways

Birds are true evolutionary wonders. They possess the remarkable ability to
connect countries and continents through migratory movements often
requiring long and perilous journeys. Birds from as far away as Eastern
Siberia and the Arctic migrate to or through Abu Dhabi each year. During
annual migrations, up to three million waterbirds visit the UAE, such a high
turnover being linked to the rich productivity of the Gulf for food and its
strategic location along two north–south migratory flyways. Known as the
‘Eastern Hotspot of the Western Palaearctic’, a large proportion of birds arrive
from the Western Palaearctic using the West Asia–East Africa flyway, while
others arrive via the Central Asian flyway. Over 180 Palaearctic species stopover in the Emirate in the winter while en route to sub-Saharan Africa. The
migration volume is more pronounced in the spring than in autumn, as
several species migrate further west in the autumn (along the Red Sea and
African Rift Valley) returning through the Emirate in the spring during their
northward journey. A combination of cutting-edge technologies such as

Great Knot
Breeding in the eastern Siberian region of
Russia,
the
Great
Knot’s
(Calidris
tenuirostris) migration to Abu Dhabi is truly
spectacular. Although the bulk of the
population migrates to north-western
Australia for the winter, each year a small
population visits and winters in the UAE.
The waters of Abu Dhabi, particularly
along the western coast are especially
attractive for this long-distance
visitor. Since it was first recorded in
the late 1980s, the species has been
seen annually on the mudflats
around Marawah Island. Although
they typically arrive during the
autumn, they become more
common and abundant
during late winter.

Autumn Visitors and Migration

satellite telemetry and the tagging of birds (with metal bands) have provided
insights about their local movements, migration routes and stopovers. The
future of these coastal and island stopover sites remains precarious,
threatened by human development. Guaranteeing protection to such habitats
and to the many internationally important bird colonies and migrant
populations they support is not only essential to the natural heritage of
Abu Dhabi, but remains a solemn international obligation.

Shortening days and dropping temperatures signal the end
of summer in the Arctic and birds begin their autumn
migrations to more southerly regions. Small Arctic nesting
species such as Little Stint (Calidris minuta), Curlew Sandpiper
(Calidris ferruginea), Ruddy Turnstone (Arenaria interpres) and
Sanderling (Calidris alba) can be seen feeding voraciously
on the mudflats along the Abu Dhabi coastline and at a
few inland wetlands. Dunlin (Calidris alpina), another Arctic
nesting bird, are found in nationally and internationally significant numbers.
Other species such as Grey Plover (Pluvialis squatarola), Common Redshank
(Tringa totanus), Lesser Sand Plover (Charadrius mongolus), Red-necked
Phalarope (Phalaropus lobatus) and Common Ringed Plover (Charadrius
hiaticula) can also be observed during the autumn migration.

Globally Significant Wintering and Breeding Grounds
An estimated 250,000 shorebirds are present at any given time
from autumn to spring along the coast of the UAE, from Sila’a in
the west to Fujairah in the east. The extensive mudflats and inter–
tidal areas along the coastline provide food security to the
majority of these wintering shorebirds. In addition, the numerous
offshore islands provide a safe breeding refuge for several
important species. 75% of the important wintering or breeding
sites for nationally and internationally significant bird species
within the UAE are found within Abu Dhabi Emirate. Abu Dhabi
hosts almost all the breeding Osprey (Pandion haliaetus) in the
UAE and supports nearly 80% of its population in the Arabian
Gulf. Five of the colonies of the globally threatened Socotra
Cormorant (Phalacrocorax nigrogularis) are restricted to islands in
the Emirate, while breeding colonies of White-cheeked Tern
(Sterna repressa) contain an estimated 5% of the entire world
population. Sooty Gulls (Larus hemprichii), another important
species, breed on Qarnein and Dayyinah islands, the only two
known breeding sites in the country.

Osprey
Over 75% of the Arabian Gulf’s
breeding
population
of
Osprey
(Pandion haliaetus) occurs here in the
Emirate, making it a regionally
significant site for this spectacular bird
of prey. In spite of these impressive
numbers, more than 80 per cent of
active nest sites have been lost on
Yasat al-Ulya and Yasat as-Sufla,
Ghagha' and Judairah islands. While
provision of artificial nesting platforms
has
certainly
benefited
Osprey
numbers, this is a poor substitute for
natural breeding sites.

Sooty Falcon

Arrival of Tenacious Terns

Socotra Cormorant
Winter heralds the nesting of the threatened Socotra
Cormorant (Phalacrocorax nigrogularis). The commotion
never ceases on the islands that these birds frequent as
they make repeated diving trips to the sea to catch fish.
Interestingly, Socotra Cormorant breeding coincides
precisely with an increased abundance of small fish in
Abu Dhabi’s waters.

Sea to Summit

The Socotra Cormorant is regionally endemic and
globally threatened with only 12 surviving colonies
known worldwide. Five of them are located in
Abu Dhabi. Due to their vulnerability to development
and illegal hunting, the protection of the threatened
cormorant is extremely urgent!

The summer months bring ferocious temperatures
and life-sapping humidity. It is almost impossible to
imagine that breeding seabirds could spend entire
days under the open sun for weeks on end, tending
and guarding their nests. Yet Terns demonstrate this
amazing tenacity to incubate and prevent their eggs
from spoiling under such adverse conditions. Summer
brings a spectacular number of Terns from the Indian
Ocean to the islands of Abu Dhabi. From April to July,
the islands become a ‘Tern paradise’ offering splendid
sights for ornithologists. The aggregated colonies of
terns on the islands comprise more than 25 per cent of
the Lesser Crested Terns (Sterna bengalensis) and Swift
Tern (Sterna bergii) populations of the Arabian Gulf and
over 30 per cent of the Middle Eastern population
of the Bridled Tern (Onychoprion anaethetus).

› Life on the Wing

Summer Breeders

The Sooty Falcon (Falco concolor) is a bird of prey that
migrates to Abu Dhabi in the summer from its wintering
grounds in Madagascar. By 2008 only six breeding
pairs remained here, down from about 14 in 1994,
making the bird one of the most endangered species in
the Emirate. All the current breeding pairs are confined
to 7 small and largely uninhabited rocky islands. The
fact that their breeding coincides with the
autumn
migration
of
much-hunted
Passerines challenges the survival of this
most elegant of migrants.

Disclaimer: The routes and boundaries depicted for the flyways on these pages are indicative
and should not be regarded as precise geographical limits or used for determining the habitat
boundaries of the relevant species.
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The Elusive Houbara

Conservation Status Endangered
Global Pop. Decline 75%*
Male Weight 1.1 kg
Female Weight 840 g
Body Length 140 cm
Wingspan 114 cm
Captive Lifespan Max 25 years
Lifespan in Wild 6 years

Preserving Tradition Through Conservation

The Asian Houbara ( Chlamydotis macqueenii ), a large bustard that formerly
over-wintered in Arabia in great numbers, has long been a topic of fascination
for Emirati falconers as it is their key hunting prey.
Now its population is in sharp decline across the entire range. Unsustainable
levels of hunting, compounded by disturbance and loss of breeding areas,
primarily in Central Asia, may best explain this decline. Today, following
on from an initiative launched by the late Sheikh Zayed, the International
Fund for Houbara Conservation (IFHC) in Abu Dhabi is working to protect
populations in the wild and to breed and release birds so that sustainable
hunting may continue. This is happening both in Abu Dhabi and in distant
breeding grounds, as the nations within its range work together to protect this
truly iconic bird of deserts and steppes.

Houbara conservation research also seeks to reveal the bird’s previously
unknown migration patterns. A key question is where do the birds that winter
in the deserts of Abu Dhabi and other parts of Arabia spend the summer and
breed. Research on this topic and on other aspects of the natural history of the
Houbara, including their diet and breeding behaviour, has been under way for
over a decade and answers are being found through good science and cuttingedge technology.

Saker Falcon
(Falco cherrug)

Conservation Status Vulnerable
Global Pop. Decline 35%*
Male Weight 2.1 kg
Female Weight 1.5 kg
Body Length 60 cm
Wingspan 50 cm
Captive Lifespan Max 20 years
Lifespan in Wild 10 years

Asian Houbara
(Chlamydotis macqueenii)

* Over the previous 10 years

Breeding Success
In May 2007, NARC announced that a
captive-bred female Houbara had been
found nesting in Abu Dhabi’s desert
with three young chicks. This was the
first time the species had bred locally in
decades and marked success for a
breeding programme launched 25 years
ago by the late Sheikh Zayed to protect
the species from extinction. In spring
2008 the success continued, with a total
of 12 nests being found.
The results so far show that, through
conservation
management,
this
remarkable bird can be re-established
in its former desert habitat, holding out
hope for its long-term survival.

Joint-Venture Pursuits
The falconry season traditionally begins in September as wild
falcons arrive on their annual migrations. In the past, these
would be trapped using various methods, including tethered
pigeons as bait or smaller falcons such as kestrels, which attract
and are attacked by the larger falcons.
Once trained with lures and a bond of mutual trust has
developed between falcon and falconer, the partnership can
venture in search of quarry. In many respects, the falcon extends
the falconer’s ability to read the landscape; the vegetation, the
wind, the shades of the desert – all the while evaluating the best
locations to hunt the well hidden, camouflaged prey. Once it’s
found, the falconer releases his bird and the powerful instincts
and natural abilities of the falcon come into play; extraordinary
vision, graceful flight, high speed and stunning precision, which
rapidly close the distance between the hunter and hunted,
culminating – often, but not always, in a successful pursuit.

The Hood
Al Burqa

Flight of the Houbara

Wild Houbara are trapped and fitted with small but
powerful satellite transmitters. Once released, the signal from
the transmitter is relayed by satellite to a receiving station allowing
researchers to view and map the birds’ movements. Trapping the birds
without harming them is a challenge while the transmitters themselves have to
be sufficiently robust to continue working over many months, and thousands of
kilometres of travel. This work has shown that the health of the wintering population of
Houbara in the UAE is closely related to the viability of its population and the quality of
breeding habitat in Central Asia. In consequence, Abu Dhabi, through IFHC, has embarked on
a concerted effort to develop an international conservation programme involving all the range
states in which Houbara breed, winter or migrate through. Locally, EAD has taken the lead in the
establishment of a 769 km2 Protected Area for Houbara in the Baynunah area of western Abu Dhabi.

Migratory routes of Houbara wintering in
Abu Dhabi generally traverse north north-east
across the Arabian Gulf, to areas located in
eastern Iran. They then continue their journey
north. Some may stop in northern Afghanistan,
others in the Kyzylkum Desert in Central Asia,
and a few reach eastern Kazakhstan, China and
Mongolia. Houbara from the east and west of
Kazakhstan take different migration routes, with
the easterly birds favouring wintering grounds
in Afghanistan, eastern Iran and Pakistan, and
the more westerly birds venturing into Iraq and
western Iran. As more tracking data is collected,
IFHC is unravelling the mysteries of the Houbara
migration and using this information to identify
key breeding and wintering grounds and stopover points for protection.

The Leash
As-Sabbug

Saker
Falcon
Peregrine
Falcon

The Jess
Al Mursil

Falconry – An Intimate Partnership
The relationship between falcons and the people of Abu Dhabi dates
back over 1,400 years into the pre-Islamic period. Falconry is more than
a means of supplementing diet – it is an integral part of the UAE’s
cultural heritage. The relationship between the falconer and falcon is
intimate and almost spiritual: a true working partnership of mutual
understanding and deep respect between man and bird.

The Hand Shield or Gauntlet
Al Menjil

The Perch or Block
Al Wakr

Bred for Hunting
Favoured falcon species are the Saker (Falco cherrug) and the Peregrine (Falco peregrinus)
though today Emirati falconers increasingly use captive-bred birds, in particular a number
of different types of hybrid falcons that are powerful and superbly adapted to hunting
Houbara or Hares (Lepus capensis). Captive breeding has reduced pressure on diminishing
wild falcon populations, particularly in Central Asia, where most birds used in Abu Dhabi
breed. Import and ownership of hunting falcons in the UAE are strictly controlled.

› The Elusive Houbara

Satellites & Habitats

evade predators and hunters, the bird will make
this same perilous journey twice a year for up to
15 years.

Sea to Summit

The flights of the Houbara have epic geographic
dimensions. A fascinating example is that of a
male Houbara captured in winter in western
Abu Dhabi and equipped with a satellite
transmitter before it departed across the Strait of
Hormuz into Iran. Contrary to assumptions that
it would remain in Iran for the breeding season,
it took off again, flying across the Central Asian
states of Turkmenistan, Uzbekistan, and
Kazakhstan, then across northern China to the
Gobi Desert. By the time the bird finally
reached its breeding ground, it had
flown 7,000 kilometres. If
fortunate enough to
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Flamingos

Amazing Journey – Sinbad the Flamingo

The Elusive Breeders

Flamingos with their exotic pink colour, long body, and peculiar bill shape have
attracted human attention since time immemorial, and cave paintings of them
up to 7,000 years old have been found in Spain. The Greater Flamingo,
( Phoenicopterus roseus ) continues to fascinate us even today and is a flagship
species for bird conservation in the Emirate. The first-ever protected area in
the Emirate was declared following the successful breeding of Flamingos at
Abu Dhabi’s Al Wathba Wetland Reserve in 1998. In 2009, EAD discovered a

In November 2005, EAD released the first
Greater Flamingo equipped with a satellite
tracking device. Although the bird disappeared
from sight within a few minutes, the on-board
transmitter on its back continued to provide
precise locations throughout the bird’s epic
journey. Appropriately named Sinbad after
the legendary explorer, the bird has traversed
more than 20,000 km in 3 years of tracking,
sometime flying at speeds of over 90 kph. A

new breeding colony of the Greater Flamingo in coastal Abu Dhabi, west of
Abu Dhabi Island. The new flamingo breeding colony is a highly important
discovery, given that the flamingos are elusive breeders, having bred over the
last century only twice before in the UAE, both times in Abu Dhabi Emirate,
and only at one other location in the Gulf, in Kuwait, in the 1920s. The new
colony shows that suitable habitat, unlimited food availability and protection
from predation are keys to the success of flamingos and other bird species.

truly international traveller, Sinbad has spent
summers in Iran, Turkmenistan, Kazakhstan,
Azerbaijan and Saudi Arabia. The successful
migration of Sinbad across the Gulf during
3 successive spring migrations has, for the
first time, confirmed the origin and stopovers
used by Flamingos wintering in the UAE. This
information has been invaluable to the
tracking of other birds which share similar
habitats and migratory patterns.

Conservation Imperatives
The entire intertidal mudflat and salt marsh
areas to the west of the Musaffah Channel are
highly important for the Flamingos as well as
many other wintering shorebirds. The new
breeding colony, with over 18,000 birds
present, as well as breeding Ospreys and
Western Reef Heron make the coastal area in
and around the Bul Syayeef Marine Protected
Area a ‘Conservation Hotspot’, not only for
Abu Dhabi Emirate but for the entire Arabian
Gulf. Protection of the new breeding site and
surrounding areas as a Flamingo Sanctuary
is not only important but also a national
imperative. The successful breeding of the
Greater Flamingo highlights the importance
of protecting a network of coastal and inland
wetland systems and also the urgency with
which such areas need to be protected, given
the rapid pace of development in the Emirate.

Eye in the Sky – Monitoring & Modern Technology
Coastal mudflats have long been recognised as
important habitats for many species of waterbird,
including Flamingos. However, it is through the
sustained effort and effective use of modern tools and
technologies by the Bird Programme of EAD that such
important areas for Flamingos and other birds are being
discovered. The discovery of the Flamingo colony, aided
by locations from a satellite-tracked bird, clearly
demonstrates the importance of long-term monitoring
and effective use of modern technologies.

The Mound Builders
The series of Flamingo mounds against
the backdrop of Abu Dhabi's skyline
provides a contrasting juxtaposition of
human
engineering
and
natural
ingenuity. Flamingos make mounds in
well protected areas close to water. A
shallow depression holds the single
egg that hatches after 25–27 days of

careful incubation. The chicks remain in
a crèche with their parents for about
2 months before they become selfsufficient and can fend for themselves.
However, they have to wait for another
4-5 years before getting into the act of
mound building, an indication that they
have grown up!

Sea to Summit

› Flamingos

Breeding Adult Flamingos and Chicks at Bul Syayeef Area
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Ecosystem Approach

Abu Dhabi is gradually designating an increasing number
of Marine Protected Areas (MPAs). The total area of
declared MPAs is presently over 6,500 km2, which represents
5.7% of the Emirate of Abu Dhabi waters.

To achieve this goal, an 'ecosystem approach' is
being implemented that integrates land, water
and biodiversity management to promote
conservation and sustainable use. The approach
uses scientific methods focused on biological
systems that consider the essential structures,
processes, functions and interactions among
organisms and their environment. Significantly,
the approach recognises that humans and their
cultural diversity are an integral component of
ecosystems. By identifying and protecting priority
areas, EAD is taking the first steps down a long and difficult path to maintain the
delicate balance between development and the environment. But simply declaring a
protected area is not sufficient. Biodiversity management also includes research,
monitoring and restoration. In addition, law enforcement and capacity building is
required to implement these policies. An ability to adjust one’s priorities and
conservation approach in a constantly changing environment is also required. These
actions and others will help maintain a network of protected areas and ensure
conservation of the Emirate’s unique biological diversity.

Al Yasat Protected Area
The 2,046 km2 Al Yasat MPA in the west of the Emirate is
surrounded by coral reefs that provide foraging habitats for
the critically endangered Hawksbill Turtle (Eretmochelys
imbricata). The islands were settled from the 1st century AD
until the mid-20th Century. Their archaeological sites are of
national and regional importance. Multiple environmental
management policies are used at Al Yasat, including a 'no
take' zone for fisheries, giving fish stocks protection at
various stages of their life cycles. 'No take' areas are a
promising tool for managing fish stocks and may help
reverse declining fish abundance observed in recent years.

Marawah Marine
Biosphere
Reserve

Al Yasat
MPA

Abu Dhabi

Al Wathba
Wetland Reserve

Bul Syayeef

Al Ain

24°N

Biosphere Reserve recognises and balances the
needs of local communities with the
requirements of conservation. Inhabitants of
Marawah Island can trace their ancestry back
many
generations.
They
are
highly
knowledgeable fishermen with a practical
understanding of sustainable fisheries and
their own unique environment.

25°N

25°N

Marawah MBR, a 4,255 km2 UNESCO designated
‘Marine Biosphere Reserve’, comprises a range
of unique marine and coastal habitats including
sand flats, mangroves, seagrass beds and coral
reefs. These are especially important to
migratory and endangered species such as the
Green Turtle (Chelonia mydas) and to those
vulnerable to extinction, such as the Dugong
(Dugong dugon). The Marawah Marine

Jebel Hafit
Protected Area

Houbara Protected Area

Liwa

52°E

53°E

Arabian Oryx
Protected Area

54°E

55°E

56°E

Terrestrial Protected Areas Network
The sensitivity and importance of the marine
environment is mirrored in terrestrial habitats, which
also, together with their flora and fauna, require
protection to preserve their natural states and to
limit the impacts of human development. The EAD
has formally designated one area as a Terrestrial
Protected Area (TPA) and is in the process of
designating several additional areas as TPAs.

Jebel Hafit Protected Area (proposed)
As the only mountain in Abu Dhabi, Jebel Hafit is a well
known landmark that provides habitat for rare species
such as the Arabian Tahr (Hemitragus jayakari) and the
Egyptian Vulture (Neophron percnopterus). To protect
these species and the natural, cultural and recreational
value of Jebel Hafit for future generations, plans have
been developed to declare this relatively small area of
96 km2 as a Terrestrial Protected Area.

Arabian Oryx Protected Area (proposed)
In the early 1960s, the late Sheikh Zayed,
concerned about the potential extinction
of the Arabian Oryx, ordered the
establishment of a captive breeding
programme at Al Ain Zoo. As a result of
this and other programmes, there are
now approximately 4,000 Arabian Oryx
in the UAE, permitting a release
programme to be launched. An area of
7,904 km2 of suitable habitat has been
identified in the south-east corner of the
Emirate. A release of 98 individuals was
carried out in 2007 and by 2009 there
were over 150 Arabian Oryx in the
release site.

Al Wathba Wetland Reserve TPA
Al Wathba Wetland Reserve is a 4.9 km2
artificial wetland with a rich biodiversity of
plants and animal species. This includes the
Greater Flamingo (Phoenicopterus roseus),
which has bred here in the past.

Houbara Protected Area (proposed)

Bul Syayeef Protected Area (proposed)
Bul Syayeef is a 282 km2 protected area
located just west of Abu Dhabi City that
includes islands, shallow water and intertidal
areas. Birds fitted with satellite transmitters
have proved that Bul Syayeef is part of a
network of feeding and roosting sites used
extensively by Flamingos. Bul Syayeef is
under consideration for formal designation as
an MPA to conserve a range of suitable
habitats for the Greater Flamingo and other
resident and migratory bird species.

With the support of EAD, the
International Fund for Houbara
Conservation (IFHC) has established
a major captive breeding programme
for the threatened Asian Houbara
Bustard (Chlamydotis macqueenii),
the traditional quarry for Arab
Falconers. In 2008 it produced 981
chicks in captivity, and is working
towards the future production of
10,000 birds annually, most of which
will be released.
A re-introduction programme has
been launched in western Abu Dhabi,
with a number of birds both surviving
and breeding. To support this, EAD
has proposed the establishment of a
769 km2 PA habitat for the Houbara.
IFHC also collaborates with other
countries stretching across the
Houbara migratory range from
Yemen to Kazakhstan and China,
promoting their participation in
national, regional, and international
conservation initiatives.

› Biodiversity Conservation

Marine Protected Areas Network

Qatar

23°N

The CBD aims to establish a global network of comprehensive, representative
and effectively-managed protected areas, conserving at least ten per cent of
each of the world’s ecological regions. Abu Dhabi supports this crucial target
through its conservation policies, spearheaded by EAD.

55°E

Sea to Summit

In protecting the natural assets of the Emirate, EAD has adopted a variety of
measures, requiring effective policies, regulations and actions. These include
signing of Memoranda of Understanding (MoUs) with partners to maintain

the delicate balance between development and the environment. EAD is
also implementing international commitments and treaties for biodiversity
conservation. For example, in February 2000 the UAE ratified the Convention
on Biological Diversity (CBD).

54°E

24°N

The ecosystems, habitats and communities of flora and fauna of Abu Dhabi
are a fragile, priceless treasure. However, development and growth impose
intense pressure on these natural assets. Consequently, there is an urgent
need for planned and wide-ranging approaches to ecological management
and conservation.

Marawah Marine Biosphere Reserve

53°E

23°N

Biodiversity Conservation

52°E

Natural

Capital

Oil & Natural Gas Resources
While the evolution of the unique physical geography
of the Emirate is truly ancient, the most significant
advances in human development have occurred
only very recently, with economic growth and
modernisation being propelled by the momentous
discovery of oil and gas. These changes have been
epic in their scope and impact.
Of course, there is more to the oil and gas story than
the simple fact that the Emirate became wealthy.
Abu Dhabi’s geography and geology not only helped
to create significant oil and gas reserves but also
made them accessible. However, the development of
those reserves was a long, complex and, in the early
stages, a frustrating process, and the decisions taken
then had immediate and long-term repercussions.

Managing and diversifying the oil and gas economy
requires strategic planning and policy-making that
looks beyond the present towards a sustainable
future. Natural capital in the form of oil and
gas is being transformed into economic wealth
and social capital, which concurrently should be
balanced with the unique environmental assets of
the Emirate. Abu Dhabi has commenced a lengthy,
transformational journey that will bring still more
changes across society as profound as those brought
by the original discovery of oil and gas. Within the
context of geological time and even of Abu Dhabi’s
human history, this time period represents the
blink of an eye. However, the beneficial impacts will
resonate for generations to come across the Gulf
region and the rest of the world.

Photograph
Drilling in the Bab oil field in
Murban, south of Tarif,
Abu Dhabi 1960
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OIL & NATURAL GAS FORMATION
THE GEOLOGICAL PERSPECTIVE

The temperature in the Earth increases
with depth. This geothermal gradient
is a major control on oil and gas
formation, determining when, and if,
organic-rich source rocks will generate
oil or gas through the process of
maturation. During burial, the rock
experiences increased temperature
and pressure until it enters the oil
window; a time when oil is produced
and migrates out of the source rock.
Increasing burial will carry the rock
into the gas window as a second phase
of lighter hydrocarbon production.

The story of oil and gas formation starts
with a sedimentary basin. During times
of high sea level, this depressed area
may be flooded and marine sediments
will be deposited. If water circulation is
poor, the basin floor becomes starved of
oxygen. Organic matter in the sediment
will be preserved to produce organic-rich
source rocks.

Timeless and Restless: What Lies Beneath?
Since the early days of oil and gas exploration, the
technologies available to explore beneath the Earth’s
surface have improved dramatically. Seismic surveying
transmits pulses of energy into the Earth to create
images of the rock layers below the surface.
Geoscientists study the properties of these rock layers
to determine if they are likely to contain water, oil or
gas. Geoscientists also lower various devices down
boreholes to directly measure the physical and
chemical properties of rocks. They may also extract
rock sample cores. All of these analyses are used to

The weight of accumulating layers of
sediment compresses the underlying
sediments causing them to lithify: to
form sedimentary rocks.

In
Abu Dhabi
hydrocarbons
are found in stratigraphic and
structural
traps.
Stratigraphic
traps occur where a sedimentary
rock layer prevents hydrocarbon
movement.
Structural
traps
form when sediment layers are
deformed to produce a series of
gentle folds with anticlines (peaks)
and synclines (troughs).
Some rocks do not fold easily; they
instead fracture to produce faults.
Sealed faults block the movement
of fluids across or along the fault:
they are important in the formation
of traps. Unsealing faults allow
fluid migration and may breach
earlier seals allowing hydrocarbons
to migrate.

Geothermal
Gradient

1.6 km
Oil
Window

Seals are impermeable rocks that prevent the
flow of fluids, including hydrocarbons. Good
seal rocks are fine-grained sediments and
evaporites (chemically precipitated salts).
Both types of seals occur in Abu Dhabi and
have a strong influence on the distribution
of oil and gas.
Hydrocarbons naturally migrate upwards,
travelling along any available pathways,
including the pore networks within rocks,
and any open faults and fractures. They
may also flow laterally if the pressure of
the overlying sediments prevents their
upward movement. Migration continues
until the hydrocarbons are either trapped in
a reservoir or lost at the surface.

3.5 km
4.2 km
Gas
Window

A potential reservoir rock must possess good
porosity and permeability. Porosity describes
the holes in the rock in which hydrocarbons
can be stored and is recorded as a percentage
of the rock’s volume. Permeability allows fluids
to flow through the rock and is measured in
millidarcies (mD). Permeable rocks have well
connected pores through which hydrocarbons
can easily flow.
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develop detailed computer-based reservoir models
and to plan the development of the oil or gas fields.
These technologies allow a better understanding of
the complex geology beneath the surface, allowing
the development of efficient cost-effective methods for
oil and gas extraction.
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The Arabian Plate has remained within 30° north or south of the equator since
Permian times. Warm, shallow tropical seas are ideal for the formation of carbonate
sediments. Over time, these sediments accumulated to produce the thick sequence
of carbonate rocks below the surface of Abu Dhabi.
Hydrocarbons are produced from more than 15 rock formations in Abu Dhabi ranging
in age from the Late Carboniferous to the Miocene. However, the largest reservoirs
lie within only two stratigraphic layers: the Arab Formation and the Thamama Group.
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› Oil & Natural Gas Formation

The sequence and timing of this
deposition is important. Some
periods favoured the accumulation
of organic-rich sediments, such
as mudstones and shales. These
are known as source rocks and are
capable of generating oil and gas
(hydrocarbons). At other times,
conditions favoured the deposition
of sediments suitable for the storage
of oil and gas, referred to as reservoir
rocks. These rocks were deposited
in the warm shallow waters of the
ancient Tethys Sea that once covered
the region (255 to 20 million years
ago), in conditions similar to the
Arabian Gulf today. In addition to a
source and reservoir, hydrocarbon
deposits require some form of seal
– an impermeable rock that prevents
the oil and gas from making its way
to the Earth’s surface and escaping.
To accumulate hydrocarbons in
significant quantities, a trap is also
required in which they can collect
in reservoirs over time. The timing
of the trap formation is important.
If the trap is not in place before the
hydrocarbons are generated, then
the oil and gas will continue their
upward journey until they are lost at
the surface.

accumulation of almost ten kilometres of sediments. It is within this great
thickness of sediments that the significant oil and gas resources of
Abu Dhabi were formed and are trapped.

Most of the traps beneath Abu Dhabi formed during the Late Cretaceous when Earth
movements deformed the sub-surface sediments. Later, the collision between the
Arabian and Eurasian plates during the Neogene period further developed these
traps, producing the broad gentle structures that define many of the oil and gas
fields of Abu Dhabi today.

Natural Capital

Although the Arabian Plate region has remained tectonically stable
throughout the Mesozoic and Cenozoic eras (the last 251 million years),
slow yet continual sinking in the east of the region has allowed the

77

OIL & NATURAL GAS HISTORY

Visionary Leadership and Investment
With oil revenues flowing, albeit slowly at
first, the demands from a long-suffering
population
for
rapid
socio-economic
development became overwhelming. This
required progressive and visionary leadership
with a focus on the future investment of newfound wealth. On 6 August 1966, the ruling
Al Nahyan family decided that the time had
come for Sheikh Shakhbut to step down and
for his younger brother, the highly respected
Sheikh Zayed, to take his place. This change
of leadership marked a new dawn in
Abu Dhabi’s development and the historic

THE LONG MARCH TO MODERNITY

The story of the Abu Dhabi oil industry mirrors the recent history both of the
Emirate and of the UAE. It involved an eventful and fascinating journey with a
long and sometimes difficult early history. Approximately twenty years elapsed
between the signing of the first oil concession and the discovery of oil in
commercial quantities. Even after oil was discovered, the immediate impact

and benefits to the citizens of Abu Dhabi were quite limited. It was only after
1966 that the oil wealth was first deployed to begin the transformation of
Abu Dhabi into a modern state and later, in 1971, to support the formation of
the UAE. This journey required endurance and commitment with significant
milestones and obstacles along the road.

era of modernisation had begun. During
Sheikh Zayed’s first years in power, roads
were constructed, electricity was installed,
hospitals and schools were built along with
Abu Dhabi’s first port and airport, and
government departments were established,
as a modern, dynamic city and Emirate began
to emerge. These changes transformed the
quality of life for countless citizens and would
accelerate and diversify in the decades ahead.

Riches From the Sea
Sheikh Zayed decided that Sheikh Shakhbut had
acted legally in granting the 1950 concession,
which was subsequently validated.

Cousteau’s Surveys
In the mid-1950s, the research ship
Calypso sailed into the warm waters of
the Gulf and conducted seabed studies
under the direction of the world-famous
French explorer, Jacques-Yves Cousteau.
These surveys identified the old pearl
bank of Umm Shaif as a possible area for
oil exploration. As a result of these
surveys, in 1957 a drilling rig, ADMA
Enterprise, was constructed in Germany
and slowly towed to the Gulf, where the
Umm Shaif-1 well was spudded in
January 1958 as the first offshore well in
the Emirate. This first well produced
nearly 4,500 barrels of oil per day and
ADMA realised that Umm Shaif was a
hugely significant oil field. Further wells
were quickly drilled and a pipeline laid to
Das Island, enabling the first export
shipment of Abu Dhabi crude oil in 1962.
In the following year, an even bigger
offshore field was discovered to the
south-east of Das known as the Zakum
field. In 1996, 1 year before his death,
Cousteau received a special award
from Sheikh Zayed to acknowledge his
contributions to the fortunes of Abu Dhabi.

On 9 March 1953, Sheikh Shakhbut signed a
new concession with the D’Arcy Exploration
Company, a subsidiary of British Petroleum,
covering 30,370 square kilometres of seabed on
Abu Dhabi’s continental shelf. In 1955, this was
assigned to a new company, Abu Dhabi Marine
Areas Ltd. (ADMA), two-thirds owned by BP and
one-third by Compagnie Francaises des Petroles
(CFP), now known as TOTAL.

Early Days
In the 1920s, the Rulers of the Trucial States, then in
'special treaty relations' with Britain, had signed
agreements committing themselves to oil exploration
exclusively with companies approved by the British
Government. In January 1939, the first Abu Dhabi oil
concession was signed by the then Ruler, Sheikh
Shakhbut bin Sultan Al Nahyan. The 75-year agreement
was signed with the Iraq Petroleum Company (IPC), a
consortium that included two British-based companies,
as well as firms from the United States and France. It
was subsequently allocated to an IPC subsidiary,
Petroleum Development (Trucial Coast) [PD(TC)].

Reproduced with permission from the BP Archive

After the Second World War, the development of
new drilling techniques allowed deeper offshore
waters to be explored. In 1949, the Rulers of the
Emirates promoted their claim to a portion of the
continental shelf in the Arabian Gulf. However,
IPC claimed that their 1939 concession also
covered these offshore waters. Regardless,
Sheikh Shakhbut signed an agreement with the
Superior Oil Company, a British-Canadian firm,
covering the whole of Abu Dhabi’s continental
shelf. IPC protested and the issue was referred to
arbitration. An international tribunal in Paris in
August 1951 attended by the Ruler and

2009
ADNOC signs
agreement for
exploitation of
Shah sour gas
reserves

2004
Sheikh Zayed passes
away, succeeded as
UAE President and
Ruler of Abu Dhabi by
Sheikh Khalifa bin Zayed

Painful Delays

2003
The first zero gas flaring
project at ADCO’s Bab
field commissioned

In February 1950, PD(TC) spudded the UAE’s first
oil well at Ra’s Sadr to the north-east of Abu Dhabi
City. This was the deepest well drilled in the
Middle East so far. However, it proved to be dry
and efforts were diverted to another well at
Jebel Ali in Dubai, which also failed.

in 1958, which although unsuccessful, provided
encouraging signs of hydrocarbons and in 1959
the Murban-3 well was drilled. After 5 consecutive
failures, this was a success and in late 1960,
PD(TC) informed the Ruler that oil had been found
in commercial quantities. The field was re-named
Bab and work began on developing the oil field
with a pipeline and terminal at Jebel Dhanna.
In December 1963, a tanker with the first cargo
of oil from the Bab field set sail and Abu Dhabi
officially became an oil producer that would grow
to attain global stature.

Mid-1930s
Small-scale geological
surveys are conducted

1930

1935

1951
International tribunal in
Paris confirms legality of
offshore concessions

1939–1945
WWII - Oil Exploration Interrupted
1939
Abu Dhabi signs a 75-year
agreement with PD(TC)
for oil exploration in all
the Emirates

1940

1949
Rulers claim rights
to offshore waters

1945

1950
First onshore
exploratory well
sunk at Ra’s Sadr
by PD(TC)

1950

Mid-1950s
Research ship Calypso
sails into the Gulf,
conducts seabed studies

1954
Abu Dhabi Marine
Areas Ltd. (ADMA) was
formed, takes over
offshore concession

1955

1980
Incorporation of Ruwais
Fertilizer Industries (FERTIL)

1976
UAE’s first refinery
opened at Umm Al Nar
1973
Das Island gas liquefaction
plant construction
inaugurated by
Sheikh Zayed

1960
Oil struck onshore at
Murban–3 well (field
named Bab)

1960

1974
ADNOC’s shares in ADMA
and ADPC Concessions
raised to 60%

1967
Abu Dhabi
joined OPEC

1962–1963
First exports of onshore
and offshore oil

1958
Oil discovered
in the offshore
Umm Shaif field
in Abu Dhabi

1969
Oil discovered
in the Abu al1962
Bukhoosh field
PD(TC) became
offshore
Abu Dhabi Petroleum in Abu Dhabi
Company (ADPC)
by ADMA

1965

1998
Borouge was formed as
a joint venture between
ADNOC and Borealis,
a prominent European
polymer provider, to
develop innovative
polymer solutions

1970

1971
Formation of the United
Arab Emirates
1971
The Abu Dhabi National
Oil Company (ADNOC)
was formed

1975

1996
Sheikh Zayed
awards JacquesYves Cousteau for
his friendship and
contribution to
Abu Dhabi’s fortunes

1991
ADNOC’s first onshore
oil discovery in Haliba
structure
1983
ADNOC’s first offshore
oil discovery in
Bu Dana structure

1978
ADCO established
to operate onshore
concessions, GASCO
created to develop
onshore gas reserves

1977
Abu Dhabi Marine
Operating Company
(ADMA-OPCO) set up to
operate Umm Shaif and
Lower Zakum fields

1980

2007
Dolphin Energy begins
delivery of gas from
Qatar to Abu Dhabi
customers

1985
Hydrocracker
complex at Ruwais
Refining was
commissioned

1985

2002
ADNOC, ADMA-OPCO
and ZADCO complete
largest ocean bottom
3D seismic survey
ever acquired over a
producing field

1994
First liquified natural
gas (LNG) ship, the AlKhazanah delivered to
NGSCO

1984
First shipment of
Ammonia from FERTIL

2008
ADNOC awards
new onshore
concession
to Occidental
Petroleum

1993
The National Gas
Shipping Company
Limited (NGSCO)
is established

1990

1995

2001
GASCO and ATHEER
merge making GASCO
one of the largest gas
processors in the world

2000

2005

2010

› Oil & Natural Gas History

The Quest Begins

PD(TC) then returned to Abu Dhabi, carrying out
seismic work near Mirfa and establishing a base
camp at Tarif in 1952. The Murban-1 well drilled
between 1953 and 1954 was also unsuccessful.
Further seismic work was undertaken onshore and
offshore from 1953–1957 with more unsuccessful
wells being drilled at Jazira, Sabkha Matti and
Shuweihat. A second well was drilled at Murban

History of Oil in Abu Dhabi

2009
UAE’s first
pilot CO2
injection well
commissioned
in ADCO’s
Rumaitha field

Natural Capital

IPC had already carried out small-scale geological
surveys in the mid-1930s. However, the Second World
War brought a halt to exploration, which was not to
resume until 1946. This delay was unfortunate as a
new source of income was desperately needed by the
Ruler and his citizens. The collapse of the pearling
industry in the 1930s caused great economic hardship
and during the war years, malnutrition and disease
ravaged local communities.
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OIL & NATURAL GAS ECONOMY

“Oil is worth nothing unless it is used in the service of the people.”

Sheikh Zayed

THE PARADOX OF PLENTY

The Emirate of Abu Dhabi has transformed its society into a modern city-state
primarily due to the income from its oil and gas production. While some
hydrocarbon-rich nations have experienced a ‘natural resource curse’ including
corruption, conflict and one-dimensional economies subject to volatile
international terms of trade, Abu Dhabi and the UAE have avoided this plight
as a result of the resolute leadership and vision of the late President
Sheikh Zayed bin Sultan Al Nahyan, who correctly observed that oil could be
“both a blessing and a curse.”
Sheikh Zayed implemented a policy where the revenues from oil and natural
gas should be invested in the development of other sectors of the economy.

The UAE is a member of the
Organisation of the Petroleum
Exporting
Countries
(OPEC).
Member countries try to achieve
stable prices and sustainable
production capacities, permitting
them to alter their actual amount
of production to meet variations

As a result, Abu Dhabi’s economic policies have been prudent and forwardlooking with surplus revenues from oil and gas exports being invested at
home and overseas to purchase a range of assets and to diversify sources of
national income. Government promotion of public–private partnerships has
also fostered diversification within and beyond the energy sector to remain
competitive within a dynamic world economy.

Pursuing Innovation
Abu Dhabi has embarked upon many innovative projects
to become a global leader in knowledge as well as energybased activities. For example, as one of the world’s
lowest-cost producers of oil and natural gas, Abu Dhabi
has a comparative advantage in non-fuel uses. Through a
joint venture, ADNOC’s investment in polymers
development is one of the most sophisticated in the
world, while its strategic geographic position provides
access to both the mature markets of Europe as well as
newly-emerging economies like China and India.

Oil Proven Reserves

Fundamentals of the Oil and Natural Gas Economy
Proven oil reserves are defined as
those that have a reasonable
certainty (90% confidence in
accuracy of projections) of being
recovered
utilising
current
technologies and under current
political and economic conditions.
As of 2007, the UAE had an
estimated 97.8 billion barrels of
proven oil reserves, 95% of which
belongs to Abu Dhabi Emirate,
along with significant natural gas
reserves. Based on these estimates,
Abu Dhabi ranks 5th in the world in
oil and gas reserves, although
relative to the number of its citizens,
it ranks 2nd only to Kuwait.
Moreover, much of the Emirate’s oil
is relatively easy and inexpensive
to extract, particularly onshore.

Most importantly, the revenues continue to be used to provide essential
services and educate the people, whom he described as “the real wealth of
the nation.”

(Colour Represents Crude Oil Reserves, in Billion of Barrels)

in global demand, which can be
affected by economic conditions,
geopolitical events and even
weather conditions throughout
the world. The UAE’s current
production allocation by OPEC
(mid-2009) is set at about 2.2
million barrels per day. Based on
current reserves and production
rates, the UAE is projected to
continue its oil and gas production
well into the next century.
However, decisions about how
much oil and gas to extract,
and from which reserves, and
assuring efficient delivery to local
and international customers, is
a highly complex business that
the UAE addresses at a national
level. In Abu Dhabi, such intricate
decisions are guided by the
Supreme Petroleum Council and
supervised by the Abu Dhabi
National Oil Company (ADNOC)
and its 14 subsidiaries and joint
venture companies.

Furthermore, for many years state-of-the-art plants have
used natural gas to produce both Abu Dhabi’s electricity
and desalinated water needs. As population projections
demonstrate rising demand for both these resources
throughout the UAE, technological innovations will
continue improving efficiency in the power, water, oil and
gas sectors to not only meet future demand, but to also
address and minimise environmental impacts.
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The Drive for Diversification
Abu Dhabi’s Economic & Population Growth

Environmental & Social Considerations
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However, economic diversification is gradually reducing the role of oil and
gas in Abu Dhabi’s economy. Its share in total GDP varies with the price of oil
but has fallen from over 70% during the 1970s to about 50% today. Oil refining
now represents less than half of Abu Dhabi’s growing manufacturing sector.
Diversification is a key element of Abu Dhabi’s Economic Vision 2030. While
the oil and gas sector will continue to grow and will remain significant, the
strategy calls for an increased share by other sectors of the economy, including
downstream oil and gas activities. The overall intent is to reduce the economy’s
relatively high dependence on oil and the cyclical swings which accompany it.

Masdar Solar Plant

1975

Established in 1971, ADNOC and its 14 subsidiaries and joint venture companies
are now diversified into exploring, producing, processing and marketing the
natural hydrocarbon resources on which the world economy depends. This
includes crude oil, natural gas, liquefied gases, refinery products, polymers,
lubricants, fertilisers, chemicals, and services like onshore and offshore drilling
operations, construction, transportation, storage and distribution.

ADNOC and its Group of Companies have an
excellent track record of dealing with and
reporting on Health, Safety and Environmental
issues. As part of the Abu Dhabi Sustainability
Group, coordinated by EAD, ADNOC will expand
its monitoring and reporting strategies to cover
economic, social and environmental issues in
accordance with the United Nations sponsored
Global Reporting Initiative (GRI). Working
together with the Air Quality Committee, ADNOC
and EAD are also striving to convert 20% of the
most polluting government-owned vehicles in
the Emirate to run on clean natural gas by 2012.

Abu Dhabi has a truly long-term vision for
its leadership role in the energy sector. In
particular, it has created the Abu Dhabi Future
Energy Company (ADFEC) to develop innovative
solutions for energy security and environmental
sustainability. ADFEC’s many projects and
initiatives, including the Masdar City Project
(world’s first carbon neutral city), aim to promote
innovative technological solutions to combat the
social and environmental externalities of oil and
gas dependency and to also support the Emirate’s
vision and goal of economic diversification.

› Oil & Natural Gas Economy
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Journey
Abu Dhabi Heritage
To gain a deeper appreciation for the development
of human history and culture in the Emirate, it is
important to examine the vast frame of geography and
time in which it lies. As described in other chapters,
the geography and environment of Abu Dhabi as seen
today has evolved over hundreds of millions of years;
enormous time spans that overwhelm human history.
However distant this geological past may seem, it
is intimately linked to the environment, which has
in turn profoundly influenced the development of
human history, culture and civilisations – and it still
does so today.

development of rich cultures and complex civilisations.
Just as ancient life forms left fossilised clues to their
existence, so have the past cultures and civilisations of
the Emirate of Abu Dhabi that once inhabited the land
but eventually disappeared. These archaeological relics
and artefacts provide evidence of the ingenuity and
innovative skills of the early ancestors of the people
of Abu Dhabi. Additionally, these items illuminate
the way in which ever-changing environmental
conditions presented unrelenting challenges to human
development that led to the expansion and dispersal
of people across the region and, in some instances, to
their eventual disappearance.

Deep within geological time, environmental conditions
allowed the evolution and dispersal of many life forms,
many of which have long since disappeared. Evidence
of their existence can be seen in fossils shrouded
within rocks and sediments. Upon examination, these
fossils speak of an ancient and dynamic environmental
history when the earliest building blocks of life were
established. Over geological time, a diversity of plants
and animals (flora and fauna) evolved to adapt more
effectively to their surroundings. Some of these life
forms could be used for cultivation and farming and
as domestic livestock, thereby contributing to the

Photograph
Al Meel Fort
Liwa Oasis, Al Gharbia
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ANCIENT ENVIRONMENTS

When the Rivers Flowed
Late Miocene – 8–6 Million Years Ago

CRETACEOUS TO LATE MIOCENE

Environmental conditions during the Cretaceous were very different from today
and sea levels were significantly higher. At times, as little as eighteen per cent
of the Earth’s surface was land, compared to twenty-eight per cent today. In
addition, temperature variations between the North and South poles and
the equatorial regions were minimal compared with the vast contrasts
observed today.
Evidence of these ancient environments in south-east Arabia is supported
by fossils found around Jebel Hafit and in Abu Dhabi’s Al Gharbia (Western)

Region. They include marine organisms that flourished in Cretaceous seas
and a range of Asiatic, European and African mammals, reptiles and fish that
inhabited the river valleys and plains during the Late Miocene.
However, the largely maritime world of the Cretaceous period changed
dramatically by the Late Miocene. Fossils discovered in Al Gharbia indicate a dry
savannah-type environment, including shallow rivers that supported a range of
animals. Conditions were similar to the savannahs of present-day East Africa,
which today sustain the largest concentrations of land mammals on Earth.

Imagine the ancient environment of Abu Dhabi: in the rivers, catfish search
for freshwater mussels as barbel fish glide through the shallow waters. In
the muddy backwaters, hippos keep cool during the fierce midday heat while
2-metre-long crocodiles bask along the riverbanks. Nearby, egrets and other
birds wade in the shallows looking for small fish.
The peace of the river basin is periodically disturbed as herds of large animals
push towards the thirst-quenching waters. These include primitive elephants
with 2 sets of tusks, 1 in the upper jaw and another, shorter, in the lower.
In a nearby thicket, a sabre-toothed cat waits to stalk its prey of abundant
gazelle or larger antelope grazing on tender shoots following seasonal rains.
On the open savannah, herds of Hipparion – a three-toed relative of the horse

Gathering the Evidence

– are grazing. Taller shrubs are browsed by a shorter relative of the modern
giraffe. Large antelopes could fall victim to predators such as the sabre-tooth
cat, but elephants have little to fear on the open plains.
The hyaena, an opportunist feeder, constantly searches for prey such as a
pig or easier meals like an abandoned carcass or the eggs of a large, ostrichlike bird.
Although the animals appear primitive, the scene is strangely familiar. These
savannahs of ancient Abu Dhabi with their unique fauna and flora were
destined for extinction as the climate became drier and less hospitable. The
rolling, verdant grasslands with large herds of grazing animals, flowing rivers
and intermittent forests were gradually replaced by the desert dunes and
barren sabkhas of today’s Emirate. Only highly specialised plants and animals
well adapted to these harsh, water-constrained conditions would survive.

Three-toed Horse

Since the 1990s, fieldwork in Al Gharbia
has produced a wealth of fossil evidence
about the savannah ecosystems that
once existed. The fossils, between 8 and
6 million years old, were found in a
geological stratum now called the
Baynunah Formation.

a partial skeleton of a giraffe
(Palaeotragus germaini) and ancient
lake-beds preserving the footprints of
wandering elephants. The Baynunah
Formation is rich in fossil eggshells from
Diamantornis laini, a large flightless bird
related to today’s ostriches.

Baynunah fossils feature Asiatic,
European and African species of hoofed
mammals (including antelopes, horses
and hippopotami), non-hoofed mammals
(such as elephant and a primate) and
non-mammals (including turtles and
fish). Notable discoveries include
a new species of gerbil (Abudhabia
baynunensis), and a three-toed horse,
(Hipparion abudhabiense).

Research began in the late 1980s,
initially undertaken by Yale University,
the Natural History Museum in London,
the former Department of Antiquities
and Tourism in Al Ain, and later by
the Abu Dhabi Islands Archaeological
Survey (ADIAS). Since 2006 it hasbeen
undertaken by a joint team from Yale
University and the Abu Dhabi Authority
for Culture and Heritage (ADACH).

Among recent significant discoveries
are extensive remains of the primitive
elephant (Stegotetrabelodon syrticus),

Further research will expand the
already extensive and diverse list of
species that once thrived on Abu Dhabi’s
rich savannahs.

Hippopotamus
Dinotherium

Crocodile
Sabre-toothed
Cat
Turtle
Ostrich

Tortoise
Hyaena

Elephant

Cretaceous - 145.5–65.5 Million Years Ago
The Cretaceous period was especially
significant for the Emirate and the Gulf region
since more than 50% of the world’s oil reserves
were formed at this time, of which some 75%
are located in and around the Arabian Gulf.
The Cretaceous period is remarkable for its
exceptional and unique life forms. During this
period, dinosaurs dominated the earth before
suddenly disappearing in a great episode of

Under the Sea
extinction. Modern mammal groups evolved,
including animals such as primates, pigs, cows,
cats, dogs and rodents, as did marsupials such
as kangaroos and koalas. In addition to ancient
plants such as ferns, conifers, Cycads and
Ginkgoes, the Early Cretaceous witnessed the
first appearance of Angiosperms (a group that
includes flowering plants and grasses). This led
to an increase in the abundance and diversity of
insects that acted as essential pollinators of the
expanding flowering plant communities.

The Hajar Mountains originated during the Cretaceous.
Composed of ophiolite rocks originally deposited in
deep marine conditions, they were uplifted by colliding
plates and created a chain of islands. A shallow warm
sea lapped up against the islands of limestone rocks
now known as the Simsima Formation.
Around the islands, fossilised relics of early life abound
where the coarse beach gravels and sands were once
deposited. In more protected bays, colonies of corals
and molluscs known as rudists lived close to the shore
while sandy bays sheltered burrowing bivalves and
marine snails.

Human Journey

Evidence of Early Life

› Ancient Environments

Giraffe
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EARLIEST PEOPLES
PALAEOLITHIC TO NEOLITHIC

Our earliest human ancestors, known as hominids, evolved in East Africa.
Most of the evidence for them has been discovered in the Great Rift Valley,
which stretches from the Red Sea thousands of kilometres into Southern
Africa. The Palaeolithic Period (Old Stone Age) is distinguished by the
development of the first stone tools and covers roughly ninety-nine per cent
of human history. It extends from the invention of stone tools by hominids
approximately 2.4 million years ago to the development of agriculture around
12,000 years ago. Traces of the Palaeolithic exist throughout the Arabian

Peninsula. There appears to have been a series of movements of hominids
out of Africa into the peninsula during different periods coinciding with
favourable climatic conditions. The Palaeolithic was followed by the Neolithic
(Late Stone Age) Period, which saw rapid advances in human technologies
and skills, including the domestication of animals.

During the Neolithic period, beginning approximately
11,500 years ago, humans produced their own food
by cultivating crops and domesticating animals, but
still relied upon stone as the raw material for tools and
weapons. Various innovations during this period in
the Fertile Crescent (The Levant and Tigris-Euphrates
areas) led to the development of the earliest towns
in the region. The beginning of this period coincided

with a more humid climate known as the Holocene
Climatic Optimum where increased rainfall created
numerous rivers and lakes across Arabia, a direct
result of the northwards migration of the Indian
Monsoon. This meant that areas such as Umm azZamul in south-eastern Abu Dhabi became habitable
and provided abundant grazing for livestock, in stark
contrast to the inhospitable, arid conditions of today.

Cruising the Coasts
between Africa and Arabia. This
crossing would not have been difficult
during periods of lower sea levels
and the earliest migrants would have
readily adapted to the hospitable
Arabian environment, similar to that
of East Africa. However, this
favourable situation would not last as
climatic fluctuations caused the
advance of the desert, forcing the
early inhabitants to relocate or adapt.

Coastal Life

Palaeolithic stone tools collected on
Jebel Barakah may well have been made
from the ample supplies of raw material
present in the area. 5 separate sites have
been found, rich in stone artefacts that
may date back as much as 200,000 years
ago. They include ‘Levallois’ type cores,
named after a 19th century discovery of

flint tools at Levallois-Perret in France.
This technique for creating stone tools
was more sophisticated than earlier
methods and involved the striking of
sharp flakes from a prepared stone core.
The sharp-edged flakes would be used
for cutting the flesh of hunted animals
and other uses.

Jebel Barakah
The earliest known hominid inhabitants of
Abu Dhabi were hunter-gatherers who
survived by hunting wild game, collecting
plants and fruit. Traces of them have been
found at Jebel Barakah, just west of
Jebel Dhanna in the Al Gharbia region, a
strategic location on the eastern edge of the
Sabkha Matti where a river once flowed
northwards into the Gulf basin. These
inhabitants may have used the strategic
higher ground to survey the surroundings
for prey or approaching dangers.

Dalma
island

C o
Jebel Barakah

Marawah
island

a s t a l

t s
S e t t l e m e n

Seasonal Migration
The Neolithic peoples moved with the
changing seasons, spending part of the
year on the coast and the rest either at the
higher elevations of the Hajar Mountains or
the desert interior where they frequented
its many lakes or oases. Although the
reasons may be different, this seasonal

Evidence of Trade
A characteristic feature of the Neolithic sites on the islands
of Dalma and Marawah is the presence of Ubaid pottery
imported from southern Mesopotamia (present-day Iraq).
Clearly, the Neolithic settlers on Abu Dhabi’s coast and
islands had extensive trading and cultural contacts with the
peoples of the northern Gulf and were capable seafarers.

migration away from the summer heat and
humidity of the coast is mirrored today as
residents of Abu Dhabi City seek relief in
inland locations such as Al Ain.

› Earliest Peoples

Stone-Age Technology

A series of significant Neolithic settlements, dating from
around 7,500 years ago, have
been found on Dalma and
Marawah islands, west of
Abu Dhabi. The coastal and
island communities of this
time raised domestic sheep
and goats but primarily relied
on sustenance from the sea.
A wide variety of fish were
exploited, as well as dugongs,
turtles, dolphins, sea urchins
and shellfish.The Neolithic settlement on Dalma Island has produced
the earliest evidence in Arabia for the consumption of dates from
the date palm (Phoenix dactylifera), although it is not known
whether they were collected from wild or cultivated palms.

Human Journey

The Middle Palaeolithic archaeological
record in Arabia provides crucial
evidence for understanding human
movements around the region.
Recently discovered evidence has
highlighted some of the routes taken
by the earliest humans out of Africa,
including the possible use of boats
across the narrow Bab al-Mandeb
Strait at the mouth of the Red Sea,
which was once a land bridge
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OASIS SETTLEMENTS

Wadi Suq Period (2000–1250 BC)

THE BRONZE AGE

At certain locations in the desert, water originating from mountain ranges
many kilometres away can be drawn from aquifers deep below the ground. In
some places, the water emerges at the surface as natural springs. The discovery
of these water sources led to the establishment of camps and seasonal
settlements across the Emirate.

Named after sites first identified in the Wadi Suq,
between the Gulf of Oman and Al Ain, the Wadi
Suq period followed on from the Umm al-Nar
period. In fact, a number of settlements reoccupied
earlier sites, but exhibited markedly different burial
patterns. Although the first burial site from this
period in the Emirates was discovered in Al Ain,
the Shimal area to the north-east of Ra’s al-Khaimah
offers the best archaeological evidence of the
period, including a settlement and several graves.
Among artefacts typical of the period are small
gold and silver pendants in the shape of two-headed
mythical animals.

During the Bronze Age (3200–1250 BC), villages developed around the lifegiving waters of oases in the Al Ain area, in eastern Abu Dhabi, where date
palms, wheat and vegetables were cultivated and animals were reared. Control
of water enabled a more sedentary lifestyle while the discovery of how to mine
and smelt copper from the nearby Hajar Mountains permitted the development
of trading links with distant civilisations in Mesopotamia (Iraq) and the Indus
Valley (what is now Pakistan).

Evidence shows that jewellery has been made
and worn in the region for some 7,000 years.
Accessories included hairpieces, bracelets, rings,
anklets and necklaces.
Further evidence indicates that
some of Abu Dhabi’s islands may
have been used as temporary
way-stations
or
trading
settlements by sailors from
Bahrain (ancient Dilmun), on
their way to Hormuz.

Hafit Period (3200–2600 BC)

Copper Production
Large settlements such as Hili to the
north of Al Ain, as well as the hundreds
of stone cairns in the foothills of
Jebel Hafit, indicate the local population
probably grew during the early Bronze
Age, starting around 3200 BC. Copper
production would have required a
settled and specialised labour force,
which would have been fed by the
expanding agriculture. The UAE’s first
urban settlements emerged at this time.
Inhabitants used copper locally for
weapons and agricultural implements
and exported the rest in exchange for
imported goods. Even into the ‘Iron Age’
the UAE continued to use copper instead
of switching to the new metal. This was
probably because of the wide availability
of copper in the mountains.

Date stones from cultivated date palms and 3
different cereals, including barley, 2 varieties of
wheat, peas and a variety of melon, among other
archaeobotanical remains, were found at a site
known as Hili 8, just south of Al Ain. These pieces
exemplify Hafit period archaeology and highlight
the importance of the area during the Early Bronze
Age, while also suggesting the type of farming
undertaken by these early inhabitants. There is
further archaeological evidence that the UAE’s
earliest inhabitants kept domesticated cattle, sheep
and goats.
Furthermore, dotting the northern and eastern
slopes of Jebel Hafit are over 500 circular stone
graves dating to the Hafit period. Known as
‘Hafit-type’ graves, they were first discovered
and excavated here and comprise massive cairns
of uncut stone piled around a keyhole-shaped
chamber. 1, 2 or 3 ring-walls encircle the chamber,
rising to a height of 3–4 metres. Narrow entrances
on the wall typically faced the sun, raising the
unanswered question of whether or not this had
something to do with Shamash, the Sun God, whom
the Mesopotamians worshipped. Although most of
these graves were plundered by grave robbers in

antiquity, excavations have shown that each grave
held the remains of more than one person, perhaps
a family.
The excavations of the Hafit graves yielded small
fragments of copper and several bronze objects,
in addition to small collections of pottery, mostly
originating from Mesopotamia approximately
5,000 years ago. These are described as the
Jemdet Nasr type, named after an archaeological
site near Babylon in Iraq famous for its distinctive
polychrome pottery.

Stone-built houses from Umm al-Nar island
provide a contrast to the sun-dried mud-brick
homes typical of Hili, located near Al Ain.
Archaeological work at Hili has revealed a
number of settlements and tombs from the
Umm al-Nar period. These settlements included
a high tower, built around a well that used

buckets to draw water. One building was several
metres high with a thick circular wall enclosing
several rooms and a central well, surrounded by
a moat. It was probably the fortified dwelling of
a community leader.

A Unique Seal

Trade contacts with both Mesopotamia and
the Indus Valley expanded during the Umm alNar period. Copper was widely exploited and
exported, as was the stone known as diorite.
Diorite comes from the Hajar Mountains
and was used to make statues of the great
rulers of Mesopotamia.

Recently, a small, unique and fascinating
archaeological discovery was made in
Abu Dhabi and in a rather unusual place. This
small green stone cylindrical seal, about the
size of the last joint of a finger, was found on the
surface of the desert near Medinat Zayed during
an EAD-sponsored soil survey of the Emirate.

The aforementioned collective tombs are the
most notable element of the Umm al-Nar culture.
On Umm al-Nar Island itself, the burial chambers
are usually circular, with diameters ranging
from 6–14 metres and built of dressed stones.

In some cases, over 300 individuals were buried
in a single tomb. Towards the end of the Umm
al-Nar period, however, burial patterns changed,
and people began to be buried in a subterranean
pit. The reason behind this change of tradition
remains a mystery.

The seal is marked with beautifully inscribed
decorations of women with their hair tied back
in plaits, a stylised couch and a spider. Pierced
with a central hole, it would probably hang
around the neck of the owner to be used as an
official stamp.

Experts have dated the seal to the Jemdet
Nasr period, around 5,000 years ago, at the
beginning of the Bronze Age. Originating in
Mesopotamia (present-day Iraq) it is the only
such artefact of its type and period to have been
found in Arabia, although it is not possible to be
certain how, or when, it actually arrived at the
site where it was found.

Human Journey

The island of Umm al-Nar, adjacent to Abu Dhabi
Island, has given its name to one of the most
significant periods in the history of south-eastern
Arabia. Archaeology as a science in the UAE was
first practised at this site with excavations in
1959 by a Danish team that identified a settlement
from which smelted copper was exported to the
powerful dynasties of Mesopotamia as well as
over 50 large stone-built collective graves.
Evidence of the Umm al-Nar civilisation exists
throughout the UAE and northern Oman.

› Oasis Settlements

Umm al-Nar Period (2600–2000 BC)
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IRON AGE TO PRE-ISLAM
DEVELOPMENT OF AFLAJ

Wild or Domestic?

As aridity gradually became a permanent feature of the Emirati environment,
accessing groundwater increasingly became a challenge. Around Al Ain, falaj
(plural aflaj) were dug to tap and distribute water using tunnels excavated
underground to tap into subterranean aquifers. This unique and innovative
method has been used in the Eastern Region of Abu Dhabi for 3,000 years. It
precedes, by several centuries, similar water distribution systems known as
qanat in Persia (Iran). The use of aflaj during the Iron Age some 3,000 years
ago allowed the development of productive oases and the large-scale
cultivation of date palms as a valuable commodity. The Iron Age itself lasted
from 1250-300 BC.

Some of the Iron Age aflaj in Al Ain seem to have been abandoned by around
300 BC as aridity intensified across the region and, presumably, groundwater
became more scarce or harder to extract. Some of the settlements, at
Al Jabeeb, north of Al Ain, for example, were abandoned and covered by the
advancing dunes. The use of falaj systems did not revive until the subsequent
Islamic period.
Along with the domestication of the camel, which took place around the
beginning of the Iron Age, the falaj system made an enduring cultural imprint
across the Emirate. As the climate become more arid and agriculture could no
longer depend upon seasonal rainfall, the aflaj made it possible for the oasis
settlements to survive.

When approximately 200 bones of young camels
were recovered from excavations on the island of
Umm al-Nar it was thought that this might provide
evidence that the camel was domesticated in
Arabia as early as 4,700 years ago. Discovery of a
carving of a single-humped camel etched into
stone in one of the tombs supported this theory.
However, it now appears the camels were not
domesticated until much later. Recently excavated
camel bones from Bronze and Iron Age levels
at Tell Abraq (on the Sharjah–Umm al-Qaiwain

border) and the Iron Age fortified settlement of
Muweilah (in Sharjah Emirate) have revealed
the presence of both wild and domesticated
dromedaries at both sites.
Bones from the sites were analysed using
a combination of biometric techniques and
demographic data to distinguish wild from
domesticated camels, which are smaller. It is now
thought that domesticated camels did not appear
in the Emirates until the Iron Age, perhaps 3,000
years ago.

Christianity
The monastery settlement discovered on
Sir Bani Yas – the only known physical evidence of
early Christianity in south-eastern Arabia – is an
archaeological site of international significance. A
comparison of the finely decorated plaster
fragments found at the site with other examples
found in Kuwait and elsewhere suggests that the
monastery was part of the Nestorian Church,
otherwise known as the Church of the East. Named
after Nestorius, bishop of Constantinople (modern
day Istanbul) from AD 428 to 431, the Nestorians
were expelled from the Greek Orthodox church for
heresy although their teachings proved popular in
Iraq and Iran and spread as far east as
India and China.

Mother Well

Tunnels (Thuqab)

of the Emirates had accepted the new faith. The
apparent survival of the monastery for another
century after the arrival of Islam is evidence of
the tolerance of the area’s early Muslim leaders, a
tradition that continues today.
Since that time, the history and culture of the
people of Abu Dhabi and of the broader region can
be placed firmly into the Islamic context.

Nestorian missionaries appear first to have
reached the southern Gulf by the mid-5th century
AD, although the Sir Bani Yas monastery appears
to have been founded after that, perhaps in the
late 6th century AD.
Studies of the pottery from the site suggest that
it was occupied until around the early or mid-8th
century AD, when it was abandoned. By this stage,
the revelation of Islam to the Prophet Mohammed
had already taken place, and in AD 630, the
population of what is now Abu Dhabi and the rest

‘Cut and Cover’ section

Shari’a

Mother well(s)
Tunnels
‘Cut-and-cover’ section
Shari’a
Surface channels leading
to the irrigated fields

Aflaj in Abu Dhabi
At least 5 Iron Age aflaj have been found in the Al Ain area.
At Hili 15, a falaj dating from around 1000 BC has been
excavated, revealing surface channels, a shari’a with sluice
gates still in situ, a cut-and-cover section and 2 shafts. A
nearby, fortified site was also found that might have been
the administrative centre for controlling the falaj system,
which was a communal infrastructure.

A suitable aquifer is essential for a falaj
and a test well is usually sunk to determine
if there is sufficient groundwater. Once
the mother well has been excavated and
ample water discovered, additional wells
are excavated nearby which are connected
by tunnels to the area of the main well to
increase the overall water supply.

The thuqab allow ventilation, the removal
of debris and provide access to the tunnel
whenever maintenance is necessary.

The tunnels are pierced with vertical shaft
holes known as thuqba (plural thuqab) and
are excavated at regular distances between
the mother well and the irrigated fields.

The ‘cut-and-cover’ section starts where the
top of the underground tunnel comes close
to the surface while the shari’a is where
water flows to the surface to be distributed.

At Bida Bint Saud, north of Al Ain, 2 more Iron Age aflaj were
discovered and an area of previously irrigated land has been
identified. The shari’a of the first falaj was found at a depth
of 3.8 metres below the present ground surface with steps
descending from the northern side. While excavating the
steps, fragments of Iron Age pottery were also discovered.
2 further examples have been identified at Nahil and Al
Jabeeb, also to the north of Al Ain.

The Iron Age was followed by a
period when Abu Dhabi came under
the influence of major empires that
emerged across Europe and Western
Asia. These certainly controlled the
maritime trading routes of the Gulf,
although there is little evidence they
exerted extensive political control
on the mainland.

Surface Channels

Human Journey

Pre-Islamic Civilisations

A falaj has five basic components:

› Iron Age to Pre-Islam

Anatomy of a Falaj
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ISLAM TO THE PRE-OIL ERA
Although it is convenient to divide history and cultural development into
distinct and named eras, they all exist along a continuum of progress and
transitions marked by significant milestones that may have lasting impacts on
the cultural landscape. The arrival of Islam in the seventh century AD marked
a historic, monumental milestone for the area since, within a few years, the
faith had unified the Arabian Peninsula and rapidly moved beyond to embrace
nations and regions from Western Europe to South-East Asia.

The peoples inhabiting Abu Dhabi during this period included both nomads
and settled communities. As it had for thousands of years, the Arabian Gulf
coast attracted settlements, stimulated cultural development and economic
activities. The natural bounty of the sea not only provided sustenance but also
wealth derived from a unique and most valuable treasure – pearls.

Al Ain

Origins of Abu Dhabi
With its shallow waters, sheltered inlets
and supplies of fresh water (although these
have now disappeared), Abu Dhabi Island
has probably been occupied more or less
continuously for at least 2,000 years.
According to legend, the City of Abu Dhabi
was founded around 1760, following the
discovery of a freshwater spring on the
island by a Bani Yas hunting party who
were following the tracks of a gazelle. Their
chief, Sheikh Dhiyab bin Isa, who lived in
the Liwa crescent, ordered a settlement
to be established. His son and successor,
Sheikh Shakhbut bin Dhiyab, moved his
headquarters to Abu Dhabi around 1795,
building a fort on the island that today,
much enlarged, survives as the Qasr alHosn. The settlement became the Emirate’s
capital as it emerged in the 19th century,
deriving its economic importance from the
pearling banks offshore.

This was not, however, the first settlement
on the island. Pottery from the early
centuries of the Christian era has been
found near today’s Central Bank in the
Bateen area on the west of the island,
while pottery from the 16th or 17th centuries
has been collected on the site of today’s
Golf and Equestrian Club.

The city of Al Ain encompasses what were
once 5 distinct villages, with 3 others nearby,
including Buraimi, which are part of Oman.
The area has been occupied continuously
for at least 5,000 years and perhaps a couple
of thousand years longer. Its longevity
and importance is derived from two
geographical factors.

Abu Dhabi’s contemporary skyline reflects
rapid modernisation but also the pride
Emiratis take in their religious heritage.
The Sheikh Zayed Grand Mosque is a
stunning example of Islamic architecture
and is named after the founder and first
President of the United Arab Emirates,
who is buried there. Whether by day, and
especially when illuminated at night, the
Grand Mosque dominates the surrounding
vista and encapsulates the Emirate’s
history, culture and faith.

Firstly, it lies close to the Hajar Mountains
at a crossroads of two historically important
trading routes. One led from Abu Dhabi to
Al Ain and then through the mountains to the
Indian Ocean. The other ran along the edge of
the mountains, from Ra’s al-Khaimah in the
northern UAE deep into Oman. Secondly, the
area until very recently had ample supplies
of fresh water. There is more rainfall close
to the mountains and deep aquifers channel
the groundwater, which can be tapped by
wells or aflaj.
The old name of Al Ain,Tuwwam, is mentioned
in Arabic manuscripts from over 1,500 years
ago. This is the first mention of any part of
the Emirate of Abu Dhabi in recorded history
and testifies to Al Ain’s historic significance
and remarkable permanence over time.

Pearls - Treasures of The Gulf

At Jebel Dhanna, a low coastal mountain
in the west of the Emirate, large seams
of pure sulphur were mined as a vital
ingredient of gunpowder and medicines.
Archaeologists have recorded around 50
individual mines at Jebel Dhanna, some
connected to galleries and man-made
caves deep underground from which
sulphur was extracted, mainly in the 17th
and 18th centuries. The Jebel Dhanna
mines are the only ones known to
exist on the Arabian Peninsula and
represent an important part of Abu Dhabi’s
industrial heritage.

Tribal Heritage
The indigenous population of Abu Dhabi is made
up primarily of 4 large tribal groupings. The
Dhawahir tribe, a settled group based in the
inland oasis city of Al Ain, is believed to have
rrived there before the coming of Islam, nearly
1,400 years ago.
The Manasir, traditionally found in Liwa and in
smaller oases in the Al Gharbia (Western) Region,
may have arrived around the same time, although
there is a tradition that one of their sections was
once Christian. Unlike the Dhawahir, the Manasir

included both settled and nomadic groups. In
contrast, the Awamir were wholly nomadic,
roaming the deserts of the Rub’ al-Khali, south
and west of the Liwa crescent.

from the Al Nahyan family, part of the Al Bu Falah
sub-tribe, and is headed today by H.H. Sheikh
Khalifa bin Zayed Al Nahyan, Ruler of Abu Dhabi
and President of the United Arab Emirates.

The 4th group, the Bani Yas, is a confederation
of tribes including settled and nomadic groups
as well as groups who traditionally lived on the
coast and islands, whose livelihood included
pearling and fishing. Although first recorded in
Abu Dhabi around 1580, they may have been
here much longer. The chief of the Bani Yas comes

In more recent history, other tribal groups
arrived from Oman and the Yemen, along with
merchant families from the Arab populations of
southern Iran. The basic tribal structure remains
of fundamental importance to Abu Dhabi society
and its cultural heritage.

Pearl Diving
A pearl diver’s work was physically
demanding and dangerous. During the
pearl harvesting season, a diver would
make as many as 30 dives per day,
some more than 35 metres deep and
lasting up to 2 minutes. The diver was
equipped with only a nose clip, leather
finger protectors, a basket and a stone
to help him descend to the seabed. He

was attached to a rope that he tugged
as soon as he was ready to return to
the boat. Traditionally, all the oyster
shells collected were opened in the
evening, under the watchful eyes of
the captain, but only 5% or less
contained the much-treasured pearl. In
its heyday, before the development of
cultured pearls from Japan in the
1920s, the Arabian Gulf’s pearl industry
was very lucrative. Exports were
valued at £1.5 million sterling per year,
equivalent to approximately US$150
million in today’s money. The demise
of the pearl industry brought poverty
and hardship to the citizens of the
Trucial States until the discovery of oil
and gas ushered in an era of great
prosperity and growth.

› Islam to the Pre-Oil Era

The economy of Abu Dhabi today and for
almost the last half-century has been
largely dominated by oil and gas although
there is evidence of a much older
extractive industry, sulphur mining.

Human Journey

Sulphur Mines

The pearling industry in the UAE
has a recorded history that dates
back 7,000 years. By the beginning
of the 20th century, there were
over 1,200 pearling boats operating in the region, of which 400
were under the protection of the
Ruler of Abu Dhabi. Indeed, the
name ‘Trucial States’, as the UAE
was formerly known prior to the
establishment of the federation,
originated from a series of 19th
century maritime truces with the
goal of maintaining peace at sea
during the pearling season from
June to September.

Pathways

Shaping a Sustainable Emirate
Throughout history, there has been a reciprocal
relationship between mankind and the environment.
Abu Dhabi’s astounding growth over recent decades
has been largely due to the wealth that stems from the
development of its natural resources, specifically its
oil and gas sector, but this is not the whole story. The
Emirate’s development evolved out of many factors,
including its unique culture and society. As Abu Dhabi
moves into the future, it will increasingly adopt a
holistic approach incorporating both culture and the
environment to ensure the creation of a confident,
secure society.

and the environment. Challenges in these areas
include the impacts of climate change, shifting trade
patterns, resource depletion and continuing massive
population changes.

The following sections highlight the processes behind
the growth and significant landmark events during
Abu Dhabi’s development. For example, changes in
the population profile and cultural landscape have
been significant and, while urbanisation has created
new opportunities for growth and improved services,
it has also imposed challenges and ‘costs’ that require
good governance and prudent management.

These future residents will inherit an ever-changing
landscape, part natural and part man-made. Until
recently, Abu Dhabi’s harsh environment demanded
extraordinary commitment by previous generations
just to survive. Today, technology means that this
same environment can be used to enhance our
standard of living. However, this, in turn, has involved
the exploitation of the environment and natural
resources, which is why the care of them requires
special attention.

Planned upcoming government-wide policy agendas
include a series of 2030 master plans that address urban
planning, economy, transportation, sustainability

In striving to keep growth sustainable, the Abu Dhabi
government is investing in the delivery of high quality
health and education, the fundamental building blocks
of the social and technological infrastructure of the
future. This will create a wealth of new opportunities
and innovative pathways towards a sustainable, open
and globally competitive economy.

Photograph
Artist’s Rendering
of the Guggenheim Museum
in the Cultural District
of Saadiyat Island
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smog, power shortages or gridlock. Its sprint towards modernity is a truly
remarkable achievement.

learnt, forthcoming challenges and the search for solutions.
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Within three decades, his government led the transformation of Abu Dhabi,
and the rest of the UAE, into a modern state with infrastructure that has
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Artist’s Impression of Future Transportation in Abu Dhabi
Artist concept of elevated-rail system in Abu Dhabi.
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› Sprint Towards Modernity
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GROWTH OF ABU DHABI
The Emirate of Abu Dhabi’s exceptional growth has involved interdependent
processes including urbanisation, population growth and economic
diversification. Combined, these processes have had significant impacts on
the social as well as natural environment.
As urbanisation expands the Emirate’s cities, they attract both investment and
people from near and far. As the city of Abu Dhabi grows and diversifies, aided
by globalisation, the business sector continues to cluster in ever-taller offices,
hotels and buildings in a densely urbanised Central Business District (CBD).
It is here that multinational companies congregate seeking business advantage
and efficiency.

Around the beginning of the 21st century, the world
passed a momentous milestone when the population
residing in cities exceeded 50% of the total global
population. Urban evolution started around 8,000 years
ago when primitive settlements in geographic locations
favourable to trade and agriculture grew into villages
and towns. Some persisted and grew into cities. This
was an incremental process that included centuries of
mixed fortunes, which sometimes involved the complete
collapse and disappearance of ancient cities.

These interlinked processes continue to reshape the Emirate, especially the
city of Abu Dhabi, both with benefits and with significant environmental
impacts. The major challenge for the Emirate, and for other high growth areas
around the world, is how to balance the positive and negative consequences of
growth in a sustainable manner.

2006

Global Business Links

Emirate of Power
Abu Dhabi is a powerful
symbol of human development
and an enduring aspect of the cultural and
economic landscape. Today, the Emirate
displays a distinctive ‘landscape of power’
shaped by corporate and government
decision-making, financial transactions, investments in cultural facilities, tourist amenities and
expanding services. Globalisation has allowed
Abu Dhabi to become more closely integrated with distant
regional and global economies. International trade,
commerce and financial transactions spread the Emirate’s
influence worldwide.

UAE exports
Lowest

The city of Abu Dhabi is fast becoming a key node in a global
network of influential cities. It is attaining the status of a
‘gateway’ city by opening doors to international businesses
and forging linkages with multinational companies in the
Emirate, the Gulf and across the globe. The ultramodern
skyline of the city is a reflection of the interlinked processes of
globalisation and urbanisation.

In contrast, the city of Abu Dhabi has achieved this
extraordinary evolution in mere decades, transforming
itself from a couple of small coastal villages into a
metropolis of global significance that continues to
expand at an exceptional pace. Today, well over 80%
of the Emirate’s total population of 1.7 million lives in
Abu Dhabi city and its suburbs.

46,375
Abu Dhabi Emirate
Population

525600

1968

Average Litres of
Water used Per Capita,
Each Day

1970

2008

Growth and Evolution
The city of Abu Dhabi has experienced phenomenal urban growth. Initially situated mostly on
Abu Dhabi Island, the urban area has spread inland and onto adjacent islands and now covers
approximately 782 sq km of land. The coastal zone is particularly favoured for expansion, as bridges
and highways have made the landscape more integrated and accessible.

Abu Dhabi Island
Road System

Towards a Sustainable Emirate
History has shown that environmental
factors play a significant role in
determining the success of any
population. Many ancient settlements
appear to have been abandoned due
to changing conditions such as
depleted water resources or desert
expansion. Today, with most of the
UAE’s major cities, such as Abu Dhabi,
located along vulnerable and lowlying coastal areas, predicted sea
level rise in coming decades as the
result of global warming could
threaten their habitability.
Moreover, the population growth
projected to take place in the Emirate
of Abu Dhabi imposes unique and
intensive demands on resources,
both human and natural. However,

evidence suggests that urbanisation
could lower the per capita footprint
of a large group of people. To
ensure that these benefits are
realised, urbanisation and population
growth must be monitored to
ensure that its negative effects are
appropriately addressed.

1960

10.3

Number of Global
Hectares Required to
Sustain Each Resident of
the UAE, the Highest in
the World

1.4 million
Abu Dhabi Emirate
Population

20 0 5

Pressure and Control
The pressure to urbanise along the more
desirable coastal zone has led to land
reclamation and island building projects
that recover land from the sea. In some
areas, this process has conflicted with
environmentally
sensitive
and
biologically diverse areas such as
mangrove forests and lagoons. The
degradation
of
natural
habitats,
especially along the coast and offshore
islands, is a cause for concern requiring
conservation management.
As the Emirate’s population increases,
lifestyle demands of middle and upper
income residents and the everyday
demands of a quickly growing lower
income pool of residents place undue
pressure on the environment. Energy
production and already-strained water
resources are further put to the test.

pollution and waste management due
to ever-higher volumes of solid waste
and wastewater. Furthermore, as the
natural land surface disappears under
concrete and asphalt, surface water runoff introduces pollutants into sensitive
coastal habitats while air pollution and
exposure to high noise levels increase.
As urbanisation gathers pace, innovative
methods for controlling growth within a
master planning framework are being
implemented through improved urban
design, planning, as well as monitoring
and tighter regulations.

Urbanisation in the city of Abu Dhabi,
resulting in increasing population
densities, has focused attention on
environmental problems such as
Mangrove Planting

Artist Impression of Capital District

› Growth of Abu Dhabi

Abu Dhabi City
Population Density

Highest

Abu Dhabi, 1904

Horses owned by the late Sheikh Zayed bin Khalifa Al Nahyan in Abu Dhabi, 1904

Pathways

Momentous Urbanisation

Throughout the Emirate, especially in its urban areas, large inflows of
expatriates seeking work change the cultural landscape and population profile
but also impose demands on resources such as housing, land, water and power.
This influx, along with a historically high birth rate among Emiratis, will
continue to have a significant impact on the Emirate’s population structure.

Land reclamation, by dredging sand from
the Gulf floor, has made possible the
physical growth of Abu Dhabi’s islands
and coastlines.
While this reclaimed
land has provided opportunities for
residential and commercial growth, it has
also been shown to negatively affect the
marine environment.

1963

2008

99

5

POPULATION & ECONOMY GROWTH
The Emirate of Abu Dhabi’s population has been growing at a phenomenal
rate, from 58,000 in 1952 to an estimated 1.72 million in 2009. Furthermore,
anticipated growth would leave the city of Abu Dhabi, whose population was
22,000 in 1968, at over 3 million in 2030. Incredible growth was also seen in all
of the other emirates, including Dubai and Sharjah, whose 1968 populations
were 59,000 and 31,500, respectively.
Experts predict that the teenage and mid-life population sector will dominate
by 2030, while life expectancy will surpass eighty by 2050, resulting in a
rapid growth in the number of retirees. As the population profile shifts in this
manner, areas of growth and demands of public services change significantly.
The Emirate of Abu Dhabi has also continued to become more ethnically
diverse, with Emirati nationals, known as al Muwateneen, accounting for only
about twenty per cent of the population. Before 1970, the Emirate’s small

population lacked most of the technical skills needed for a modern society. The
commercial production of oil triggered rapid population growth that resulted
in improved living conditions for the national population and the large-scale
influx of mostly male expatriate labourers. This has created an imbalanced
population composition in favour of males. About half of the expatriates in
the Emirate are South Asian, whereas the remainder are mainly from other
countries in the Gulf, East Asia and western English-speaking countries.
Oil resources have enabled massive modernisation in the UAE. Small coastal
towns have been transformed into commercial capitals integrated into the
global economy. Because of the harsh desert interior and massive inflows of
expatriates, eighty per cent of the population lives in the modern coastal cities
of the Emirates, which have become highly dynamic and culturally diverse.

Top Expatriate
Nationalities by Population
India
Pakistan
Bangladesh
Egypt
Jordan

PHILIPPINES

NEPAL

IRAQ

YEMEN
EGYPT

SOMALIA

SUDAN

6.03%

1 - 10

ETHIOPIA

11- 20

Pillars of Economic Vision

1.7 m
illion

Average Annual
Population Increase of
Abu Dhabi Emirate from
1958 to 2009

The Abu Dhabi government plans to
balance the revenue generated from
non-oil trade with new national
industries by 2028. Their aim is to
reduce
unemployment
among
citizens to 5%, effectively achieving
full employment, and to increase
GDP by more than 5 times by the
year 2030.

Abu
Rapi Dhabi’s
d Gr
owt
h
58,0 0

0
1952

Age

Expatriates

32.8%
Abu Dhabi’s Percentage
of UAE’s Total Population

Emirati Nationals

Top 20 Expatriate
Nationalities by Population

Population

of Abu Dhabi is typified by a disproportionately
high percentage of young people who will have
high expectations in terms of their quality of life
and tend to exert higher demands on social as well
as environmental resources. In fact, the age group
between 10 and 29 years for the UAE represented
over 45% of the total population in 2005 and may
have increased in subsequent years. Instilling
environmental awareness amongst these young
people is essential to preserving the Emirate’s
unique environmental inheritance.

Improvements in health care, education and
living standards from the 1970s onwards fuelled a
population explosion. Today, the Emirati population

20%

OMAN

GAZA STRIP

Population Breakdown
The last census for Abu Dhabi in 2005 highlighted a
rapidly growing and diversifying population in the
Emirate. Abu Dhabi is a favoured regional
destination for expatriate workers, the majority of
whom come for temporary and financial reasons.
They include thousands of labourers working in the
construction
sector,
skilled
‘white
collar’
professionals and several other prominent groups.
The resulting diversification of Abu Dhabi’s
population has been dramatic – especially in the
years corresponding with rapid economic growth.
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Number of Schools in
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“The Emirate has the Largest
‘Sovereign Wealth Fund’ in the World”

2007 Employment
Rate of Abu Dhabi
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Investing in Diversification
40% OTHER

Abu Dhabi’s per capita Gross Domestic Product is among the
highest in the world, comparing favourably with other economies
in the region. In 2008 the Emirate obtained over 60% of its GDP
from oil and gas, a sector whose share has expanded in recent
years due to increasing worldwide energy demand. However,
for decades, Abu Dhabi has invested in the transition from
dependence on the finite commodity of oil and gas to an
economy that is well diversified and sustainable. Because
of these investments, the Emirate’s non-oil economy has
grown substantially over the last 20 years.

60% OIL

28.7%
Abu Dhabi’s GDP Growth
Rate Between 2004–2007

Balance Towards Sustainability

Long-term economic transition began
in the mid-1970s when the first
‘downstream’ oil and gas industries
were initiated, including oil refineries
and gas liquefaction, followed by a
petrochemical industry. Subsequently,
the energy sector has further diversified
into products such as plastics,
lubricants, fertilisers, chemicals and
services including construction, port
operations and specialised vessels,
storage and distribution. Beyond the
energy sector, recent initiatives include
the development of steel and aluminium industries as well as manufacturing, such as vehicle assembly.

Diversifying Towards Sustainability
Sustainability remains the cornerstone of
economic diversification in Abu Dhabi,
which now has many strategic plans for
future development. This has minimised
the risks and volatility associated with a
hydrocarbon-dominated economy. Perhaps
more importantly, it will endow future

generations with the assets, expertise and
skills to adapt to a dynamic world while
making steady progress towards a
sustainable economy that values and
protects both the environment and human
well being.
Social
Infrastructure

Abu Dhabi Economic Vision 2030
The Emirate of Abu Dhabi has adopted an
innovative and pragmatic approach to
economic diversification by “making haste
slowly.” Many diversification initiatives and
investments have been under way for some
time and can be readily funded from current
oil revenues even during global economic
slowdowns or recessions. The Emirate has
the largest “sovereign wealth fund” in the
world and its present and future citizens will
not only inherit a diversified economy but
also leading-edge assets and opportunities
to pursue creative, knowledge-based
activities. This will build the essential

intangible wealth of human resources
through investments in education and
health, which are elements of the social
infrastructure that allow people to work
together more productively.
Abu Dhabi, through its Economic Vision
2030, plans to enhance the combination
of
human,
physical
and
financial
capital to generate the productivity and
competitiveness it needs to drive economic
growth forward. With these elements in
harmony, the twin targets of economic
development and stability will be met.

Sovereign
Wealth Fund

› Population & Economy Growth
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Parallel to the growth and
diversification of the Emirate’s
population, recent decades have
witnessed a similar trend within
the economy. The wisdom behind
this deliberate strategy is captured
within the simple proverb: don’t
keep all your eggs in one basket.
Economic growth, diversification
and sustainability are strongly
interlinked and essential in a
globalised, highly competitive
and fast-changing world.

Environmental
Well-being

350

Pathways

Economy Fuelling Population Growth
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MANAGING GROWTH
The signs of economic growth, modernisation and prosperity in the Emirate
of Abu Dhabi are obvious. As this expanding population grows, the Emirate’s
thirst for modern conveniences, the urban landscape and limited environmental
resources must quench this thirst. This is no small feat for the rapidly evolving
Emirate of Abu Dhabi. The resultant environmental concerns cover the
activities of both the Emirate’s government and private sector.
To ensure sustainability in the Emirate, the Abu Dhabi
government has compiled several integrated 2030
plans covering Abu Dhabi City, Al Ain, The Eastern
Region and The Western (Al Gharbia) Region.

Urban Sustainability

The concept of sustainability has been around for quite some time. For a society
to meet its present needs and demands without compromising or depleting the
opportunities and well-being of future generations, it must become ‘balanced.’
To achieve this, the public and private sectors must act against the negative
environmental consequences of growth, including economic, environmental
and social factors.
Moving towards sustainable growth is necessary and presents a long-term test
for the Emirate. Over time, confronting these challenges head-on will secure
balanced growth and strengthen sustainability.

Economic Sustainability
Current challenges: The economy of Abu Dhabi, highly
concentrated in the oil, gas and petrochemical sectors, may
not be very resistant to global economic change. Additionally,
high rates of importation for raw materials and many other
products have led to economic dependency. Lastly, the
process of educating the Emirati population to be fully
able to compete in certain fields is still under way.
Environmental
shadow:
Economic
instability could lead to the neglect of
environmental issues. Additionally,
strong economic growth has led
to
large-scale
construction
projects that reduce air quality
levels and lead to sickness
from public exposure to
industrial
pollutants.
Economic growth also

36%

leads to higher raw material consumption, thus depleting
natural resources. Furthermore, the environmental impact
of the global use of hydrocarbons is one of the most critical
issues the planet faces today.
Abu Dhabi’s approach: By increasing spending on
education, the government intends to promote the
development of a knowledge-based economy in the Emirate.
It also intends to take the lead in investment in a diverse
array of other non-oil industries. Likewise, regulation and
environmentally friendly government
investments, such as the Masdar
development, could encourage
a ‘greener’ approach in the
private sector as well.

47%

Percentage of Abu Dhabi
household electricity
used for cooling

Current challenges: The pace of urban development and economic growth in Abu Dhabi is occurring
at unprecedented rates. This creates challenges
when trying to meet the infrastructural needs along
with balancing ecosystem conservation. The
majority of development has been on the coastline,
which has led to detrimental effects on coastal and
marine ecosystems in Abu Dhabi. In addition to the
demand for shorefront hotels and accommodation,
most of the industrial activities also need to be in
close proximity to seawater for cooling purposes
and for generation of desalinated water. The pace of
infrastructure growth has struggled to keep up with
that of urban development. Demand for domestic
electricity and water supply will continue to rise and
wastewater generation will grow to exceed current
treatment capacity and add even greater pressure to
coastal ecosystems. Moreover, urban amenities and
the inner-city pedestrian infrastructure are inadequate.
Environmental shadow: The expansion of the
city along the coastline and adjacent islands, into
inland areas and reclaimed lands, threatens valuable

Abu Dhabi’s approach: The government is
developing a green building and green community
design system called Estidama, which means
‘sustainability’ in Arabic. This programme includes
the ‘Pearl Rating System,’ which resembles the
sustainable construction building rating system
developed by the US Green Building Council called
LEED (Leadership in Energy and Environmental
Design). Furthermore, the government of Abu Dhabi
is working towards integrated master planning of
coastal areas to meet the interests of various users

and create a balance between development and
ecosystem conservation. Additionally, renewable
energy and water sources and more effectively
designed landfills offer an environmentally cleaner
approach. Finally, improved zoning, pedestrianfriendly street design and the development of new
amenities will make inner-city life more enjoyable.

Sustainable Transportation
Addressing Cost Shadows
Addressing these environmental cost shadows and
moving towards sustainability requires innovative
strategies and immediate action. Abu Dhabi‘s environment
certainly has unique constraints. Fortunately, the
government has sufficient resources to acquire essential
sustainability expertise both locally and from around the world.
Moreover, the Emirate’s government is in a privileged position
that enables it to mobilise multisector partnerships involving
government, business, non-governmental organisations and
citizens as investors in and beneficiaries of environmental
sustainability. Through the Abu Dhabi 2030 plans, covering the
whole of the Emirate, the government has provided insightful
solutions to these environmental challenges.

90%

Percentage of total
Abu Dhabi water
supply that comes
from destination

habitats such as mangroves, seagrass beds and coral
reefs through dredge and fill activities. Crowding
of high-rise buildings in the Central Business
District (CBD), for example, could lead to a ‘heat
island’ effect. Additionally, expanded desalination
and power generation increases the salinity and
temperature of seawater and will also increase
greenhouse gas (GHG) emissions. As ‘green’ open
spaces become restricted and the natural drainage of
land is disturbed, run-off pollutants could flow into
fragile habitats.

Percentage of Abu Dhabi
indoor waste water
recovered

684
Abu Dhabi’s daily
desalination capacity in
millions of imperial gallons
per day (MIGD) at the end
of 2008

Current challenges: High congestion,
especially during rush hours, in urban
areas of Abu Dhabi and remarkably high
accident rates pose significant challenges
to drivers and pedestrians. Moreover,
both new and existing developments that
do not provide sufficient spaces for
residents make inadequate parking in
urban areas even worse. These factors
contribute to poor urban air quality, high
noise levels and stress-related illness.
Environmental shadow: Abu Dhabi
faces problems of noise pollution, exhaust
emissions and the illegal dumping of car
wrecks, tyres and other environmentally
harmful materials outside of urban
areas. Moreover, construction of new
transportation projects will disturb
natural landscapes.
Abu Dhabi’s approach: A multimodal,
integrated transportation system that
will include trams, freight trains, buses,
rapid transit and walking areas will help
alleviate transportation challenges.

Sustainable Water Supply

Abu Dhabi’s approach: The government has
slowed the expansion of water-hungry forests
down to a crawl. Additionally, it is exploring
alternative methods of desalination that could lead
to greater energy efficiency. By encouraging the
use of organic fertilisers, improving farm zoning
and distributing farms more evenly, they are also
alleviating health concerns. Other initiatives include:
Estidama (see ‘Resource of Life’), the recharging
of aquifers (to meet the Emirate’s demand for 90
days of emergency water supplies), the installation
of meters to account for water use, demand-side
water management and the installation of watersaving household features.

48%
62%
Percentage of
desalinated water used
for agriculture, forest
and amenity watering in
Abu Dhabi

Percentage of
Abu Dhabi’s current
surface transportation
that is by car

Pathways

Environmental shadow: Groundwater reserves
are being depleted. Desalination is energyintensive and raises the salinity of the water
body near desalination plants that receives the
discharged brine, causing damage to marine life.
These plants are also raising the overall level of the
Arabian Gulf’s salinity, making it even more energyintensive to produce fresh water from its seawater.

› Managing Growth

Current challenges: Abu Dhabi, as one of the
highest per capita consumers of water in the world,
is depleting groundwater reserves much faster
than rainfall is recharging them. This creates the
need for environmentally harmful seawater
desalination. Furthermore, agricultural production
creates significant amounts of waste and increases
nitrogen in groundwater by using fertilisers and
pesticides that can lead to illness in human
residents and wildlife.
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PATHWAYS TO SUSTAINABILITY
Sustainability may be thought of as a four-petal flower, where each petal
cannot blossom without the others flowering in turn. Additionally, these petals
cannot develop without the flower itself being rooted in good governance.

financial resources for long-term environmental sustainability. Secondly, the
growth of sustainable energy initiatives, such as solar power or geothermal
power, must continue in place of more harmful, traditional energy programmes.

The first petal in the sustainability flower represents environmental
conservation. The second signifies the economy and the third embodies
society. Finally, the fourth petal symbolises culture and heritage.

Transparency, communication and enforcement are also necessary to ensure
adherence to sustainability initiatives and regulation. In addition, public
education and awareness ensure that residents are able to be effectively
sustainable in their daily lives. Finally, domestic and international security,
along with the fostering of global relationships, will provide social and political
stability to allow for a focus on the Emirate’s environmental goals.

Development of the Emirate’s
education sector, in order to
achieve the same standards of
excellence as the most highly
educated countries of the world,
requires drastic, comprehensive
reform, from kindergarten to
tertiary.This endeavour is guided
by the government’s 20-year
education strategy that aims to
Educational Environment Field Trip
transform the education system
from a traditional, standards-based model to one based on student
creativity and critical and analytical thinking. It also promises
compulsory learning until the age of 18 and a special focus on
tertiary education enrolment rates.

Abu Dhabi’s inbuilt values and heritage are reflected today through strong
family bonds, community networks and religious observance and tolerance.
Museums, some complete and some planned, help preserve this heritage. In
the future, leading galleries in Abu Dhabi will support a vibrant fine arts and
cultural sector, adding Arabic character
to its cities and towns. Support of
government initiatives, such as investment in museums and galleries, will help
residents, both citizens and expatriates,
and non-residents appreciate Emirati
heritage. Furthermore, the Emirate’s
progressive social fabric will allow
women a stronger role and further
representation in society, judicial systems
and the government and private sectors.
Marabba’a Fort, Al Ain

The Abu Dhabi Government Policy Agenda 2030 sets forth a framework that
combines these integral sustainability elements into a programme that will direct
the Emirate’s environmental initiatives towards long-term implementation.

Sustainable Energy Growth
While Abu Dhabi has large oil and
gas reserves and is one of the
world’s biggest oil producers, the
government knows that these
reserves will not last forever. It is,
therefore, investing heavily in clean
energy technology development
and innovation.

Sustainable Economic Diversification
Financial capability, through economic stability, allows
for investment in environmental programmes that are
often very expensive. Concurrently, there is a clear and
demonstrated link between economic diversification and
economic sustainability. By identifying potential
strengths in non-oil sectors and making large-scale
investments in these areas, the Abu Dhabi government
encourages
economic
diversification.
‘National
champions,’ large enterprises that underpin the economy
and jump-start industrial and service-oriented investment,
are often formed through this route.

Mubadala, an Abu Dhabi Government-owned investment
conglomerate, is a prime example of a ‘national
champion’ that holds a diverse portfolio of regional
and international commercial enterprises. Through
investments in energy, aerospace, real estate, health
care, technology, infrastructure and services, the group
is a catalyst for economic diversification in Abu Dhabi.

100%
MASDAR’s Energy
from Renewable
Resources.

Transparency and Communication
The Environment Agency – Abu Dhabi (EAD), as part of the Abu Dhabi
Government, aims for sustainability to be inherent in development
efforts throughout the Emirate through partnerships, transparency and
good governance. The Agency has issued a sustainability report, the first
in the Arab World to cover the public sector, which has set a practical
example for local businesses and the community.

Hydrogen Power: The Abu Dhabi government, through
its Abu Dhabi Future Energy Company’s (ADFEC) Masdar
Initiative, has joined with Rio Tinto and BP to build the world’s
first hydrogen power plant, a 500-megawatt operation that
could cost at least Dhs 7.3 billion (US$ 2 billion).
Wind Power: The region’s first wind power
plant was installed on Sir Bani Yas Island in 2004,
contributing 650 kilowatts to the island’s power
supply. As technology evolves, wind power may
hold further viability for Abu Dhabi.

This initiative prompted the creation of the Abu Dhabi Sustainability
Group (ADSG), made up of Abu Dhabi’s leading private companies and
not-for-profit organisations, at least one representing each industry,
and its government departments. The group will participate in quarterly
meetings to share experiences, set goals and provide training in
sustainability implementation.

Public Governance and Regulation
Comprehensive Healthcare
The Abu Dhabi government is committed to having
a population that is in the best state of physical,
mental and social health that can be achieved
today, adding to the stability of society. Its goal is
to educate the population about avoiding health
risks,
to
comprehensively
address current and future
health needs, to trigger the
expansion of services where
required, develop and nurture
talented individuals in the
medical system and to focus
on state-of-the-art research
and development. As the
government moves towards
achieving this objective, the
National Health Insurance
Company (DAMAN), the first
and largest specialised health
insurance company in the UAE,
was established in 2005.

The development of the Environment, Health and
Safety Management System (EHSMS) for Abu Dhabi
was announced in December 2006 as a framework
that lays out the regulation of sustainability for both
the public and private sectors.

Nuclear Power: The Emirates Nuclear Energy
Corporation (ENEC) is working with the guidance
of the International Atomic Energy Agency
(IAEA) in order to establish a peaceful
nuclear programme in the UAE.

37%
Reduction of Daily
Water Usage Per
Person Planned
by EAD

Solar Power: Masdar’s photovoltaic
projects include a world-class polysilicon
factory in Abu Dhabi that will provide the
feedstock for additional activities such as
PV cell and module manufacturing. They
are also developing solar farms for the
generation of renewable energy.
Geothermal Power: Masdar has
proposed the first geothermal plant
in the Gulf region, which could pump
water from hot geological formations
deep down to extract clean thermal
energy before reinjecting it again in a
closed loop.

Estidama, which means ‘sustainability’ in
Arabic, was created to help achieve Plan
Abu Dhabi 2030 under the direction of the
Abu Dhabi government. The plan
calls for regulatory and code
implementation in new and existing
buildings and communities. It also
calls for pilot projects, stakeholder
engagement, implementation of
the Pearls Design System (a rating
system) and integrated design
process implementation and training.

78%
MASDAR’s Energy
from Photovoltaic
and Concentrated
Solar Power

IRENA: The International Renewable Energy
Agency (IRENA) announced in 2009 that it is to
establish its headquarters within Masdar City in
Abu Dhabi. This will further boost the efforts to
focus on renewable energy and sustainability
within the United Arab Emirates.

› Pathways to Sustainability

For Abu Dhabi’s flower to bloom, its government and residents must fertilise
the soil with a few vital nutrients. The first of these is economic diversification
to ensure a healthy economic future for the Emirate, which can provide the

Preservation of Local Culture and Heritage

Pathways

A balanced economy, dynamic society and a protected culture and heritage
lead to an Emirate-wide stability that allows the populace to focus their
resources on environmental harmony.

Education and Awareness

ABU DHABI

CARTOGRAPHY
ABU DHABI MAPS
The Islamic Golden Age that spanned the eighth to the
fifteenth centuries, and arguably beyond, was a period
of unrivalled intellectual activity. Through invention
and innovation, this period witnessed great advances
in the arts, sciences, literature, philosophy, navigation,
discovery and technology, creating a unique culture
that influenced societies on every continent.
Map-making and cartography were advanced in the
region by great Islamic geographers and scholars such
as Al-Dinawari and Muhammad Al-Idrisi, who used
cartographic techniques to document trade routes and
the discovery of distant lands. They expressed the scope
and diversity of the known world in visually compelling
and emotive maps that remain relevant today.

inhabited. Al- Mas’udi defined habitable regions by the
physical geography, the availability of water and the
proximity to mountains and the sea. Geographers also
studied the impact of the urban environment on human
life, insightfully linking dense human settlements with
the spread of disease.
The Environmental Atlas of Abu Dhabi honours
this rich cartographic tradition. The following series
of high quality thematic maps visually reveal the
environmental aspects of the Emirate as outlined in the
chapters. Significantly, the maps illustrate the intricate
human–environment relationship and provide the
geographic context for ensuring a sustainable future
for Abu Dhabi.

A centrepiece of Islamic geography was the study of
human–environment relationships and understanding
the complex interrelationships between people and
their environment. Arab scholars such as Al-Mas’udi
classified different peoples by the climatic regions they

Photograph
Based on Landsat 2002
Images of the UAE
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ABU DHABI EMIRATE

Ra's al- Khaimah

GEOGRAPHIC INHERITANCE

The UAE covers approximately 82,820 km2 and is
bordered to the north by the Arabian Gulf, to the
east by Oman, and to the south and west by Saudi
Arabia. Abu Dhabi, with a total area of approximately
66,900 km2, is the largest of the seven emirates. The
terrain primarily consists of vast deserts with rolling
sandy plains and dunes rising as high as 150 metres

Qatar

near Liwa. Alluvial plains and the isolated mountain
habitat at Jebel Hafit in the eastern part of Abu Dhabi
define the inner limits of the extensive coastal zone
of the Emirate. Offshore, Abu Dhabi’s numerous
islands have a distinct ecology and provide critical
habitat for a variety of native and migratory species
that thrive in relatively undisturbed conditions.
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Iraq

REGIONAL LANDFORMS

Kerman

30°N

ELEVATION & BATHYMETRY

Shiraz

Kuwait

The topography of the region follows a continuous elevation
gradient, from the depths of the relatively shallow Arabian
Gulf to the heights of the surrounding Zagros and Hajar
mountains. The landforms that occur along this topographic
gradient are a consequence of powerful and gradual geologic
processes. Weathering, uplift and massive collisions of global
tectonic plates have moulded and transformed the Arabian

Kuwait City

Bushehr

Gulf over time. The results of these processes are readily
apparent when viewed from space, as this satellite imagery
indicates. The topography also fundamentally influences the
composition of the region’s marine and terrestrial ecosystems
and, through their interaction, has created an intricate web
of life that spans from sea to summit.
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Tu r k i s h P l a t e

Caspian
Sea

REGIONAL LANDFORMS
TECTONIC PLATE BOUNDARIES & FAULTLINES
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Tectonic forces have shaped the Arabian Peninsula over
hundreds of millions of years and continue to influence the
landscape of the region today. Fault zones, rifts, and ridges
are all areas of tectonic movement that are associated with
different landforms or phenomenon such as earthquakes.
The Arabian Peninsula lies on the Arabian Plate. The
Arabian Plate is bordered to the south by the African Plate,
to the east by the Indian Plate, and to the west both by a
Z
a g lateral fault known as the Dead Sea Transform Fault and a
ro
s

u

divergent boundary known as the Red Sea Rift, which runs
the length of the Red Sea. To the north lies the Eurasian
Plate. The Arabian, African and Indian plates are all moving
northward, colliding with the massive Eurasian Plate and
causing the uplift of mountain ranges, including the Zagros
Mountains of Iran. The tremendous forces and energy that
are unleashed as a result of tectonic activity in the region will
continue to shape the landscape of the Arabian Peninsula
into the future.

lt

Shatt al-Arab
Tigris & Euphrates Delta
30°N

30°N

Sinai
Peninsula

Za

Arabian
Platform

Eurasian Plate

g

ro

s

Fo

Belt

Ze
nd
ault
an F

Qa
t
Ar ar
ch

ld

a
ibb

Arabian
Gulf

D

i
ta
oun
Al Hajar M

Arabian
Shield

ult

Fa

Makram Ac
cretion
Makra

ary Pr
ism

m Subd
uctio

n Zone

ns

Sabkha
Matti

dg

e

ea

if

u

b

20°N

M
ge
en

S

R

a

Ow

ed

d

t

'

a

i

Wahiba
Sands

Rid

R

e

20°N

R
R

K
l -

h

l

Umm as-Samim
Sabkha

ur

ra

y

Ri

Liwa

S

e

a

East Sheba

Ridg

e

Arabian

Fault

Strike Slip Fault
Thrust Fault

Afar

Anticlines

0

200

400 Kilometres

f

c
ri

an

Ri

Sheba

Gulf

of

Sea

Aden

ft
N o rt h So m a l i
Basin

Ea

st

A

10°N

200

We s t

Ridge

10°N

African
Plate

Fault (location approximate)

30°E

40°E

50°E

60°E

50° E

55° E

60° E

113

Ahvaz

Iraq
Afghanistan

Al Basrah
6.6, 1998

Kerman

30° N

30° N

Iran

7.3, 1981
6.9, 1981

Shiraz

Kuwait

Zahedan

Kuwait City

Za

Bushehr

A

gr

o

s

M

6.6, 2003

ou

Pakistan

6.6, 1999

nt

ai

n R
ange

6.6, 1990
7.0, 1977
6.5, 1983

ra

bi

Damman

Bandar
Abbas

an

Manama

Bahrain

Qatar

Gu

lf

Ra’s al-Khaimah

Umm
al-Qaiwain

Ajman
Sharjah
Dubai

Doha

t

aul

aF

b
Dib

Fujairah
25° N

25° N

Riyadh

Gu

Abu
Dhabi

Saudi Arabia

EARTHQUAKES

lf

of

Om

an

United Arab Emirates

SEISMIC EVENTS & TECTONIC PLATE BOUNDARIES

Movement of the Arabian Plate in relation to the surrounding
tectonic plates generates pressure and heat, exerting
immense force on the sub-surface rocks of the region. Under
such persistent and enormous stresses, sub-surface rocks
may respond by breaking or ‘faulting.’ Once faults have
developed, these zones of weakness may become earthquake
zones. Earthquake epicentres occur mostly to the north in
the Arabian Gulf and Iran.
The ongoing compression of the Zagros Range causes
frequent but relatively weak earthquakes in the region.
Occasional large movements along vertical linear faults, such
as the north–south trending Nayband Fault in south-east
Iran, are usually accompanied by powerful and devastating

earthquakes that can sometimes be felt across the Gulf.
A south-west branch of this fault lies beneath Dibba in
the north-east Emirates but probably does not extend
into Abu Dhabi.
The earthquakes shown on this map are expressed as
magnitudes on the Richter scale. This logarithmic scale
measures the relative intensity of an earthquake. The Richter
scale expresses magnitude in whole numbers and decimal
fractions. A magnitude 5.3 earthquake would be rated as a
moderate earthquake, while a magnitude 6.3 would be rated
as a strong earthquake. Given it is a logarithmic scale, each
whole number increase in magnitude represents a ten-fold
increase in earthquake amplitude or intensity.
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26°N

UNITED ARAB EMIRATES

Tr

This simplified geological map shows the distribution
of sediments and rocks occurring at the land surface
and in the near-shore shallow marine environments
of the United Arab Emirates. The units are broadly
divided into two groups: autochthonous units and
allochthonous units. Autochthonous units are
sediments and rocks that have remained within their
area of original formation; such rocks are typically

geologically recent. Allochthonous units, in contrast,
are rocks that have been transported away from their
place of formation; typically these rocks are older.
Inland areas are dominated by Quaternary aeolian
sand dunes and interspersed with desert plain deposits
while the near-shore marine environments are largely
made up of delta or shoal deposits.
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INLAND LANDFORMS

Ra's al- Khaimah

Umm
al-Qaiwain

DUNES & WADIS
Abu Dhabi’s inland landscape is dominated by sandy
desert and associated landform features such as
dunes, wadis, and sabkhas. These features are formed
by wind action or water. Dunes are sand ridges formed
by wind; wadis are seasonal watercourses that range
in size from small gullies to large, deep canyons; and

sabkhas are low-lying saline flats that are subject to
periodic inundation. Variations in wind conditions,
vegetation cover, and sand abundance produce a wide
variety of dune types, including barchanoid dunes,
star dunes, transverse dunes and partially deflated
transverse dunes.

Ajman
Wadi Tarabat
Wadis are dry riverbeds that contain water
only during periods of rainfall; wadis are
noted for their gullying effects and rapid rates
of erosion, sediment transport and deposition. They are important landscape features of the Arabian Peninsula, acting as
sources of sediment transport from the
highlands to the lowland desert plains and
coast. Wadi Tarabat runs off of Jebel Hafit.

Partially Deflated Transverse Dunes
Dune deflation occurs when a dune’s supply
of wind-driven sand is cut off. This occurred
in the past when Gulf sea level rise restricted
the supply of wind-driven sand to dunes near
the coast. Wind erosion gradually transports
the sand inland, effectively ‘deflating’ the land
surface until the water table is reached. The
resulting salt-covered plains created by this
process are termed sabkhas.
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Barchanoid Dunes
Barchan dunes typically form in arid, inland deserts with
stable wind direction and relatively little sand. These
crescent-shaped dunes have a gentle, convex windward
slope and a steep, concave leeward slope that always
have arms or ‘horns’ that point downwind. With increased
sand supply, barchans unite to form barchanoid dunes.
Abu Dhabi has large expanses of barchanoid dunes near
Liwa, which are some of the tallest in the world; these
vast ‘sand seas’ are visible from space.
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Transverse dunes form in arid and semiarid regions where sand is plentiful, wind
directions are stable, and vegetation is scarce.
Transverse dunes are wave-like dunes that have
a crest which is aligned perpendicular to the wind
direction. These dunes may be up to 100 kilometres
long, 3 kilometres wide and 200 metres high.
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Star dunes are dunes that have three or four arms radiating from a higher centre,
resembling a star. Star dunes occur where wind patterns are irregular and where
wind directions shift frequently.
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LIWA DUNES
BARCHANOID DUNES & INTERDUNAL SABKHAS
The arc of the Liwa oasis stretches for nearly 100 kilometres
from east to west, providing a stark contrast to the
surrounding desert. Due to the availability of water, the area
has been settled for many centuries and continues to support
a thriving population today. The red dunes and large sabkhas
at Liwa are unique landforms in the region.

Barchanoid Dune and Sabkha
The red mega-dune is over 150 metres high with a
large sabkha in the foreground.
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Sabkhas
Between the massive barchanoid dunes
of Liwa, inland sabkhas form where
the underground water table meets the
Earth’s surface. Near-surface evaporation
increasingly concentrates salts until a halite crust develops, forming an impermeable layer on the surface. These sabkhas
may be up to 5.5 km2 in area.
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The red mega-dunes at Liwa are some of the
highest and oldest in the region. Rising to
150 metres, they record a long history of geologic transformation that is hidden beneath
the surface. Through alternating geologic
periods characterised by changing climate
that ranged from relatively arid to humid, the
dunes were formed by sand deposition and
dune cementation. Some of the ancient sands
that formed these dunes were deposited up to
141,000 years ago.
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COASTAL LANDFORMS
SALT DOMES (DIAPIRS) & MESAS (ZEUGEN)

Standing on a salt dome, one is likely to see massive and
contorted beds of surface layers mixed with ancient basement
rocks that were once buried deep below the Earth’s surface.
These islands all display similar stratigraphy and surface
geology and owe their development to tectonic activity in the
Arabian Gulf Basin. These areas of offshore salt diapirism are

Arabian
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Gulf

often associated with oilfields, although this is not always the
case with Abu Dhabi’s salt dome islands.Other prominent
landform features found along Abu Dhabi’s coastline are
mesas or zeugen.

26°N
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Several of the islands along Abu Dhabi’s coast and further
offshore, as well as the hill at Jebel Dhanna on the mainland,
are salt domes or diapirs. These circular structures form as
buried salt slowly rises to the Earth’s surface, deforming and
piercing the overlying layers of rock.
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A zeuge is a mushroom-shaped rock formation that has
formed where wind-blown sands have eroded weak rocks
that are lying below a protective layer of harder rocks.
Erosion is concentrated close to the base of the zeuge as sand
movement is always greatest at the ground level. The hard
layer of the zeuge is typically formed of calcrete, a cemented
soil associated with ancient land surfaces.
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COASTAL LANDFORMS
TIDAL INFLUENCED

The dramatic and largely barren coastline of Abu Dhabi
extends for more than 400 kilometres. The coastal sector,
characterised by a low-lying area of extensive tidal flats,
lagoons, and sand dunes, declines gradually into the
offshore waters of the Arabian Gulf. Along this gradient,
several notable landforms occur as a result of tidal action,
wave action and long-shore currents moving eastward in

the Arabian Gulf. Some of these landforms include coastal
terraces, wave-formed bars, flood deltas, zeugen and ooid
shoals. Some sections of the coastline are protected from
wind generated waves and currents by offshore patch coral
reefs and groups of islands.

Flood Deltas
Deltas are usually associated with
large river systems. However,
offshore flood deltas related to
tidal range, wave energy and
sediment supply occur in some
areas of the Gulf, in particular
immediately east and west of
Abu Dhabi Island. Flood deltas are
formed by deposited sand.

Coastal Terraces
Ooid Shoals

Arabian

Gulf
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Coastal terraces are prominent
landforms along the Abu Dhabi
coastline. Terraces are developed
by wave erosion or coral formation.
Wave erosion terraces are associated
with shoreline retreat while coral
formation terraces are associated
with shoreline advance. Coastal
terraces are highly influenced by sea
levels. Many of Abu Dhabi’s terraces
are erosional, resulting in a gradually
retreating coastline.

Ooids are spherical carbonate grains that form in
shallow marine environments where the seawater is
agitated and supersaturated in calcium carbonate.
Masses of ooid grains form shoals or bars on the
shallow sea floor and they form deltas between
Abu Dhabi’s coastal islands.

Multiple Landforms
This image depicts multiple
near-shore coastal landforms,
including intertidal hardgrounds,
tidal channels, intertidal zones,
mud flats, microbial mat belts,
and ancient beach ridges.

Wave-formed Bars
Bars or sandbanks are elongate ridges
and mounds of sand or gravel deposited
beyond the shoreline by currents and
waves. Wave-formed bars develop
where currents promote deposition
of sediments, leading to localised
shallowing (shoaling) of the water. Bars
may be submerged or occur as emergent
islands referred to as barrier islands.
The Abu Dhabi coastline contains a
complex of these barrier islands.
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HISTORIC SEA LEVELS
CHANGING ARABIAN GULF & COASTLINE
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Global warming and cooling episodes over geological time
have shaped the physical geography of the region and have
influenced sea levels in the Arabian Gulf. During glacial
periods the water cycle is interrupted. Seawater continues
to evaporate from the oceans but any snow falling onto land
becomes locked into ice sheets and is essentially removed
from the cycle. This results in a decreased amount of water
in the ocean basins, and subsequently, a fall in global sea
levels. During warmer interglacial periods the ice sheets and
glaciers thaw, releasing water back into the ocean basins and
restoring sea levels, often over very short time periods. The
sea level fluctuation in the Arabian Gulf from 24,000 years
ago to present is depicted in this series of maps; the rise in
sea levels is evident in the Gulf over this time period.
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ISLANDS

ABU DHABI ARCHIPELAGO

Nearly 200 low-lying islands grace Abu Dhabi’s extensive
coastline. The largest islands, such as As Sadiyat, Al Futaisi,
and Sir Bani Yas, consist mostly of diapiric salt dome surfaces,
while the smaller islands are mainly sand and shell shoals or
raised coral and limestone outcrops. The surrounding coral
reef, mangrove and seagrass habitats provide sanctuaries
for many fish species; the three declared marine protected
areas provide habitat for the endangered Dugong and the
critically endangered Hawksbill turtle. Abu Dhabi’s islands
are also home to rare plant species, terrestrial species such
as desert hares, and a number of resident and migratory
birds, including the Socotra cormorant, which breeds in the
Al Yasat MPA. The surrounding waters of the Arabian Gulf
provide important commercial fisheries and contain prolific
oil and gas fields.

of human habitation have been found on Dalma, As Sadiyat,
Marawah, Umm al-Nar and Sir Bani Yas islands. Many of
the islands were important centres for the pearl trade
in the early twentieth century. Over 1000 sites have been
catalogued along Abu Dhabi’s coastline and islands since
the establishment of the Abu Dhabi Islands Archaeological
Survey in 1992; identifying these historic landmarks is
critical to preserving Abu Dhabi’s rich cultural heritage.
These islands are being developed at a rapid pace to provide
commercial, residential and leisure centres for the growing
population and tourism industry. Artificial islands such as
Lulu Island, which lies north of Abu Dhabi, are also being
developed to provide world-class tourist accommodations.
Protecting the resources of these offshore areas in light
of increased development, impacts from the hydrocarbon
sector, climate change and other environmental pressures,
is vital to preserving the Emirate’s cultural heritage and
protecting its biodiversity.

Abu Dhabi’s islands contain many sites of palaeontological
importance (from 6–8 million years ago), cultural and
archaeological significance. Evidence of thousands of years
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SOILS

Intensive Soil Survey Results

Soil is the unconsolidated mineral or organic material
on the immediate surface of the earth that serves as
a natural medium for the growth of land plants. Soil
formation is a result of the complex interaction of
climate, parent material, biological activities and
topography; biological processes play a minor part
in the Emirate’s soil development due to low organic
matter and scarce vegetation. The soils of the Emirate
vary according to chemistry, mineralogy, physics, uses
and other factors; generally, the Emirate’s soils are
sandy and dominated by minerals such as quartz and
carbonates. Along the coast, however, soils contain
high sodium chloride salt concentrations, and tend
to be poorly drained. The Environment Agency –
Abu Dhabi implemented the Soil Survey of Abu Dhabi
Emirate to identify and map the soils of the Emirate
and determine their suitability for different uses to
assist with land management planning. Nine soil great
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The Emirate’s desert soils are highly prone to wind
erosion and degradation due to the region’s climate,
increased salinisation, waterlogging, human land
use practices, and overgrazing. Soil degradation
reduces the capacity of the soil to produce goods or
services, impacting food security and the quality of
the environment.
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This photo shows a profile of a Typic
Torripsamments soil, a subgroup of
the Torripsamments, which are widespread in the Emirate’s desert environment. These sandy soils contain little
moisture and are weakly developed;
the soil profile depicted here shows
distinct horizons, which are indicative of the soil’s age, mineralogy and
parent material.
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groups were recorded and are displayed on this map;
other map units where the dominant component
is not a natural soil (rock outcrops, miscellaneous
units, etc.) are also displayed. Torripsamments are
the most dominant and widespread soil great group,
comprising eighty-one per cent of the Emirate. These
soils occur as extensive dune systems and sand sheets
and tend to have low water holding and run-off
capacity, high infiltration, and low fertility.
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Non surveyed area

Soil surveys were conducted at a broad
scale for the entire Abu Dhabi Emirate, and
4 specific areas were targeted for detailed
study. This inset map is a representation of
one of the detailed study areas located just
west of Al Ain.

SOIL GREAT GROUPS OF ABU DHABI
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VEGETATION

Ra's
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VEGETATION COMMUNITIES OF ABU DHABI
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vegetation communities in the Emirate. Vegetation
communities are determined by the dominant
perennial species observed during surveys. The
Cyperetum-Zygophylletum community (dominated
by Cyperus conglomeratus and Zygophyllum spp.)
makes up the largest part of the mainland Emirate
(31.3%) and is widespread on sand dunes and sand
sheets throughout southern and eastern Abu Dhabi.
Cyperetum-Haloxyletum-Zygophylletum is also
widespread in the Emirate (23%) and found on sand
sheets and sand dunes throughout central and northeastern Abu Dhabi. The areas of no vegetation are
extensive on the map and indicate hypersaline and
hypergypsic conditions that generally occur along the
coast and in inland sabkha areas.

Ajman

Cyperetum-Tribuletum

Haloxyletum 2 Community

Cyperetum-Tribuletum community on undulating dunes. This vegetation map unit is
widespread on sand sheets and sand dunes
throughout central and western parts of
Abu Dhabi.

Haloxyletum 2 community on gently undulating sand sheets. Haloxylon persicum is the
characteristic perennial species of this vegetation map unit. It grows as a large shrub with
a graceful weeping habit. This community
type provides important wildlife habitat.

Zygophylletum Community

Abu
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Sharjah
Dubai
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The vegetation cover in the Abu Dhabi Emirate is
sparse due to its harsh climate and limiting soils.
Subtle differences in climatic or soil conditions
across the Emirate have a marked distribution on
plant species; generally, the western part of the
Emirate and the coastal and sabkha areas support
little vegetation cover, while the north-east has
greater foliage cover. The soil salinity of coastal
and inland interdunal areas of the Emirate exerts
a highly selective effect on plant growth. Though
additional research is needed on the flora of the
Emirate, it is estimated that the Abu Dhabi Emirate
is home to 400 plant species. During the soil survey
conducted by the Environment Agency – Abu Dhabi,
data was collected on vegetation communities.
This map shows the distribution of eleven different
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Gulf

Qaffay

Zygophylletum community associated with
deflation plains. This vegetation map unit
is widespread on sand dunes and sand
sheets throughout southern and eastern
Abu Dhabi.
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LAND USE SUITABILITY
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shallow rooting depths with hardpans within 50–100
cm of the soil surface, high gypsum content close
to the surface, or high relief (up to thirty metres)
and steep gradient (up to fifty-six per cent). Lands
considered permanently unsuitable for irrigated
agriculture include very shallow soils that occur
with rock outcrops, steep sloping lands (over fifty-six
per cent), high relief (over thirty metres) and poor
drainage. The accompanying graph demonstrates the
proportion of existing forest and agricultural land
(irrigated areas) per irrigated agricultural suitability
class. Since much of the Emirate’s forestry and
agricultural areas were established prior to the soil
survey, it is not surprising that much of the irrigated
areas occur on lands that are only marginally suitable
for irrigated agriculture.
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IRRIGATED AGRICULTURE

The results from the Soil Survey of Abu Dhabi
Emirate (Environment Agency – Abu Dhabi, 2009)
were used to determine the suitability of land
within the Emirate for irrigated agriculture. Given
the Emirate’s desert environment, identifying areas
that are suitable for irrigated agriculture is pertinent
to the sustenance of the population. Several land
and soil characteristics were evaluated to determine
suitability for irrigated agriculture, including: soil
depth, drainage and permeability, an area’s capacity
to dispose of irrigation water, soil salinity, per cent
of gypsum within the soil, and soil susceptibility to
erosion. This suitability map classifies the Emirate
into five categories: highly suitable, moderately
suitable, marginally suitable, currently unsuitable
and permanently unsuitable for irrigated agriculture.
The currently unsuitable land includes soils that have
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LAND USE SUITABILITY
FORESTRY & WOODED PARKLAND
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Emirate. Proximity to water supplies may also be an
important consideration. This map shows some of
the already existing forests occurring in areas that do
not meet the suitability criteria. The adjacent graph
also demonstrates this, showing approximately 30%
of the Emirate’s existing forests occurring in areas
that are classified as unsuitable for forestry. Planting
and maintenance of forests in these unsuitable areas
requires substantial inputs of fertilisers and water.
This forestry suitability map will assist Abu Dhabi
in making more sustainable land management
decisions in the future, including the placement of
forest plantations in more suitable areas where their
long-term success can be assured.
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This map shows the distribution of land suitable for
forestry (includes wooded parklands) in the Emirate
of Abu Dhabi. The suitability is determined using
several criteria, including existing land use, land
degradation, and soil properties such as salinity
and texture. This map illustrates that much of the
Emirate is suitable for forestry. Unsuitable areas
include the coastal plains and inland sabkhas, which
are generally too salty for forestry. Other areas of the
Emirate are severely restricted by depth to hardpan or
proximity to a gypsic layer, which limits the ability of
roots to penetrate underground where groundwater
may persist. Suitable areas for forestry include the
dunes and sand sheets of the central parts of the
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this wetter, cooler period, pluvial (rain-fed) lakes
existed in internal basins that were drained by rivers
that carved the landscape as they meandered into
what was then a dry Arabian Gulf.
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Today, and for the past 17,000 years, hyper-arid
conditions prevail and not a single watercourse
reaches the sea throughout the year. Past events
have had major effects on today’s composition and
distribution of fresh water in the region.
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ABU DHABI SURFACE WATER RESOURCES
The present drainage network of the region is a relic
of the distant past and a consequence of fluctuating
global sea levels. The geologic basin reached its
present shape by the end of the Pliocene period
(5.4–2.4 million years ago), when the water levels
were about 150 metres higher than they are today.
During the subsequent Pleistocene glacial period
(1.8 million to about 10,000 years ago), sea levels
dropped by at least 120 metres, resulting in the
formation of marine terraces and sabkhas. During
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Abu Dhabi Emirate is divided into two structural
regions, the Eastern Region and the Western (Al
Gharbia) Region. Groundwater, which accounts for
most of the water consumed in the Emirate, occurs in
these regions as either consolidated or unconsolidated
shallow deposit aquifers or as bedrock/structural
aquifers. The Emirate is predominantly underlain by
Quaternary sand and gravel aquifers. The Eastern
Region aquifers are underlain by the Upper Fars
Formation, which comprises conglomerates of
dolomite, clay and siltstones. The Western Region

Umm
al-Qaiwain

sand aquifers are Quaternary, underlain mostly by the
Lower Fars Formation, comprising early Miocene age
mudstones and marly dolomites, or limestone. The
sabkha, sand dune, palaeodune, alluvial, Baynunah
Formation, and Upper and Lower Fars Formation
deposits all have distinct hydrogeological properties;
the alluvial deposits and sand dune aquifers are the
most productive of the unconsolidated units in the
Emirate. Increased demand over the past twenty years
has significantly lowered these vital water reserves.
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DEPTH & WATER QUALITY MONITORING

Groundwater accounts for approximately seventy-one
per cent of the water consumed in Abu Dhabi Emirate.
To monitor this important limited resource, an extensive
groundwater monitoring network was enacted by
Gesellschaft für Technische Zusammenarbeit (GTZ) in
1998. In 2005, the Environment Agency – Abu Dhabi
became responsible for managing the Abu Dhabi
Groundwater Monitoring Network (AGMN), which is
tasked with providing groundwater level and water
quality data from aquifers throughout the Emirate. At

Qatar

Umm
al-Qaiwain

present, the network comprises 320 monitoring wells,
twenty rain gauges, four meteorological stations and
two soil moisture sensors. Water levels and water
quality data are recorded once every three hours and
the data are transmitted by electronic telemetry units
to a central database known as the Water Resources
Information System (AWRIS). These data are used to
determine the status and trend of groundwater levels
and quality throughout the Emirate in order to better
manage and regulate this vital resource.
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TABLE OF SHALLOW AQUIFER (ABOVE MSL)

Groundwater in the Emirate of Abu Dhabi is
contained in consolidated or unconsolidated surficial
deposit aquifers and bedrock/structural aquifers.
Groundwater is used to meet about seventy-one
per cent of the total water demand in the Emirate.
Increased demand combined with extensive periods
of little to no precipitation has resulted in low
recharge rates and groundwater level declines. This
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map shows the configuration of the water table in
Abu Dhabi Emirate. The groundwater table ranges
from just below the land surface (near sea level) along
the coast to greater than 400 metres above mean sea
level (MSL) in the regions around Al Ain. Regions of
shallow depth to groundwater may represent areas
of concern as they are more susceptible to salt water
intrusion and contamination from pollutants.
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SALINITY OF SHALLOW AQUIFER

Much of Abu Dhabi’s groundwater is too saline to be
used for domestic consumption. Fresh groundwater
(with salinities up to 1,000 mg/l) makes up only a
small proportion of the total groundwater reserve.
The two primary sources of fresh groundwater occur
in the interior beneath the sand dunes north of
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the Liwa Crescent and in the shallow aquifers near
Al Ain. While the aquifers near Al Ain are periodically
recharged by run-off from the Hajar Mountains,
those near Liwa are ancient, non-renewable reserves
that were formed at a time when the climate of the
Emirate was much wetter than it is today.
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CHANGE IN SHALLOW TO MEDIUM DEEP AQUIFER FROM
2005 TO 2008

Water use for irrigation in the Emirate’s agricultural,
forestry and plantation sectors consumes over 2 billion
cubic metres of water per year, nearly all of which is
extracted from non-renewable groundwater supplies.
Since there is negligible groundwater recharge in
the Emirate due to the hyper-arid climate, high
extraction rates have led to precipitous groundwater
level declines, particularly in the Liwa Crescent
and in the vicinity of Al Ain, where agriculture is
most intensive.

Arabian

Groundwater extraction creates a localised cone of
depression around a well, where groundwater volume
within the cone is less than the surrounding area.
Once groundwater extraction ceases, often due to
exhausted supply, it is not uncommon to see localised
recharge over time within the cone of depression.
This explains those areas showing positive change in
groundwater levels on this map.
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DESALINATION, SUPPLY, DISTRIBUTION & ASR PROJECTS
has teamed with the Abu Dhabi Water and Electricity
Authority (ADWEA) to inject desalinated water into
strategic underground reserves, referred to as Aquifer
Storage and Recovery (ASR) schemes. Storage of
water in these existing aquifers will ensure adequate
reserves of potable water (up to ninety days) in times
of peak demand or as a backup system in case of
emergency. Locations of the reservoirs where the
ASR schemes will be implemented include an area
north of the Liwa Crescent and near Shuweib west of
Al Ain. In addition to increasing storage capacity of
desalinated water in the Emirate, the ASR schemes
will provide other benefits such as reducing the salt
content of groundwater.
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The Emirate’s increased reliance on desalinated
water to meet demand is fuelling the development
of an interconnected system of desalination plants
that treat seawater and distribute it to water supply
centres. Desalinated water accounts for approximately
twenty-four per cent of the total water consumed
in the Emirate. Though desalination capacity has
increased markedly over the past decade (currently it
stands at 684 million imperial gallons/day), demand is
quickly outpacing supply, and, in the absence of new
capacity, will outstrip demand in 2014. To manage this
shortfall, additional desalination plants are planned
and alternative means of supply are being examined.
For example, the Environment Agency – Abu Dhabi
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Desalination Plants on the Arabian Gulf and Gulf of Oman
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Most of the desalinated water in Abu Dhabi is produced from six plants located
on the Arabian Gulf and the Gulf of Oman. The combined capacity of these
plants is expected to increase above current capacity by 520 million imperial
gallons/day over the next several years to meet growing water demands.
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LIWA ASR Project Inset Map
The Project for Artificial Recharge and Utilisation of the
Groundwater Resource in the Liwa Area lays the groundwork for
planning and implementing a large-scale artificial groundwater
recharge and recovery programme in Abu Dhabi Emirate.
The project consists of three different well types. There are
50 groundwater observation wells equipped with devices to
continuously monitor groundwater level, electrical conductivity,
and temperatures. 5 combined recharge and recovery wells inject
desalinated seawater into the aquifer as well as recover infiltrated
groundwater; while 4 recovery wells, located around the infiltration
basin, are used exclusively for the extraction of naturally existing
and newly recharged groundwater.
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Liwa has some of the Emirate’s most
productive aquifers. The shallow-tomedium-deep aquifer just north of
Liwa provides optimal conditions for
using desalinated water to artificially
recharge the system, including:
Adequate aquifer thickness, hydrochemical conditions, depth of the
groundwater table and homogenous
lithology. Monitoring wells at the
site (left), provide data on the
recovery efficiency, storage capacity
and hydro-chemical properties of the
underground reservoir.
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RAINFALL PATTERNS & MEASUREMENTS
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water, carving deep channels and transporting tons of
rubble and vegetation to lower-lying areas. This can also
result in lakes in the desert that remain for days or even
weeks, and cause ponding on the sabkhas. The response
of plants and animals to a heavy rain can be equally
spectacular and immediate, as the much needed water
triggers extensive vegetation growth and flowering,
spawning new life in an otherwise arid desert habitat.

25°N

Only 100 mm of rain falls on the Emirate in an average
year, making it an extremely limited resource. Some years
may see no rain at all, while in others, intense rainfall
over only a few days may exceed the average annual
total. Geographically, the rainfall that does occur is more
common and intense in the east, closer to Jebel Hafit
and the Hajar Mountains, but becomes more infrequent
towards the western desert areas. When it does rain,
the event can be spectacular, as wadis quickly fill with
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MARINE HABITATS

550.0

506.45

TYPES & DISTRIBUTION

The most productive and diverse aquatic habitats of
Abu Dhabi occur within the sheltered shallow waters along
the coast and offshore islands. Here, mangrove forests,
seagrass beds, saltmarshes, macro-algal beds, mud flats,
nutrient-rich shallows and coral reefs occur, supporting a
great diversity of coastal and marine species.

seaweeds and algae to become established. While some of
these marine habitats are protected within the Emirate’s
biosphere reserve and MPAs, others are not. Additional
assessment studies on the distribution and quality of
Abu Dhabi’s marine habitats are planned for the long-term
conservation and sustainable use of these habitats.

The dead coral reefs along Abu Dhabi’s coast have remained
largely intact, providing structural platforms for different
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MEAN ANNUAL VALUES, 2008

Mean Annual Water
Quality Values

Jebel
Dhanna

2.0

103.1

212.6

11.9

Corniche

109.7

189.6

12.6

12.6

31.3

25.3

0.4

189.0

16.1

Abu
Dhabi

Bul
Syayeef

176.1

35.3

Musaffah

Sir Bani Yas

Al Yasat

Gulf

Mubarraz

12.8

184.4

12.3

37.9

Marawah Marine
Biosphere
Reserve

0.6

168.4

31.1

6.8

0.0

10.9

12.5

0.8

Ghaghah

Arabian

13.4

Data collected over the years indicate
that the water quality of Abu Dhabi
is highly diverse. In well mixed areas
such as open sea, the water quality
appears reasonably good. In contrast,
water quality of confined areas such
as dredged channels has been affected
due to coastal development. In order
to manage and mitigate the impact of
coastal developments, EAD has revised
the sampling sites and increased the
numbers from 8 to 17 in 2006.
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In order to detect, manage and mitigate the impact being
caused by human activity on living resources and human health,
continuous monitoring of marine water quality was initiated by
EAD in 2002. The goals of the programme are to determine the
state of health of marine waters, assess compliance with regulatory
water quality objectives, monitor long-term changes in marine
water quality, provide a foundation for the planning of pollution
Mkasib
control strategies,
develop water quality standards and guidelines
as stipulated by law and develop regulations towards marine water
Qaffay
quality management
including the management of ballast water,
harmful algal blooms and fish kills.
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Since HABs produce negative impacts
on environment, economy and public
health, a survey has been started and
monitored by EAD since 2002. The goals
of the programme are to reduce the risk
of HABs to humans and wildlife, provide
advance warning, reduce the response
time in case of HAB consequences,
provide accurate information and create
awareness among the public.
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HARMFUL ALGAE ABUNDANCE, 2008
Phytoplankton are single-cell microscopic plants that live in the
ocean. There are many species of phytoplankton, each of which has
a characteristic shape. They are photosynthetic, contain chlorophyll
and are usually green in colour. Aggregation of these algae in the
ocean is called algal blooms. A harmful algal bloom (HAB) is defined
as a bloom that has deleterious effects on other marine organisms
or humans. The Arabian Gulf has witnessed an increase in algal
blooms over the last decade, presumably due to both natural and
anthropogenic activities.
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Commercial fishing is prohibited from taking place
within 500 metres of active oil and natural gas concessions. Due to the inaccuracies that can result from generating an overlay map using raw fishing data, it may
incorrectly appear that some of the prohibited areas
are actively fished.
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Two distinct fishing grounds are identified for lansh (a local word derived from ‘launch’) boats
deploying gargoor fish traps. The fishing ground stretching west from Sir Abu Nu’air is exclusively
visited by lansh boats from Free Port in Abu Dhabi. Because of the distance they need to travel,
fishermen undertake 3–4 trips per month, with each trip lasting on average 3.5 days. They usually
deploy the maximum number of 125 gargoors (garagir) each trip. The fishing ground north of Dalma
is frequented by the fleet based in Dalma. Due to the relatively short distance, these fishermen
take up to 20 daily trips a month, using only 50 gargoors each trip. This map shows fishing grounds
extending into the Al Yasat MPA. No lansh boat fishing is permitted in any of the MPAs; these data
are from 2008, prior to finalisation of the Al Yasat MPA boundary.
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LANSH BOATS, GARGOOR FISHING METHOD
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Fishing Ground Visits

Tarads are open fibreglass dories measuring
6–8 metres in length which are usually equipped
with 2 outboard engines. The duration of a fishing
trip is usually 4–8 hours with an occasional
maximum trip length of 2 days. There are a total
of 750 active tarad vessels in Abu Dhabi Emirate.
Hadaq or hand line is a single line with 1–2 baited
hooks, used by hand. There are no restrictions
on the use of hadaq operated by commercial or
recreational fishermen.
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The total wholesale value of fish landed by lansh boats
deploying garagir in Abu Dhabi Emirate was estimated at
33 million AED in 2008. Hamour (Epinephelus coioides),
shaari (Lethrinus nebulosus) and jesh (Carangidae) comprised the majority, accounting for 52%, 18% and 16% of
the total wholesale value, respectively. Abu Dhabi Free
Port was the principal landing site, making up 74% of the
total wholesale value of fish landed by lansh boats.
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Lansh Boats & Gargoor Fishing Method
Lanshes are traditionally built wooden dhows
ranging from 12–22 metres in length that are
equipped with inboard diesel engines. There are
around 350 lansh boats active in Abu Dhabi Emirate
that fish from their main home ports in Abu Dhabi
(Free Port) and on Dalma Island. The gargoor is a
dome-shaped wire trap, which is usually baited
with a mixture of bread and dried fish and sunk for
a period of 5–20 days. In 2003, fisheries management
regulations were imposed in Abu Dhabi Emirate that
allowed licensing of gargoor only to fishermen on
lansh boats, and a maximum of 125 gargoor per boat.
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Commercial fishing is prohibited from taking place within
500 metres of active oil and natural gas concessions or
within 3 nautical miles of islands. Due to the inaccuracies that can result from generating an overlay map using
raw fishing data, it may incorrectly appear that some of
the prohibited areas are actively fished.
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The total wholesale value of fish landed by tarad fishermen using hadaq in Abu Dhabi Emirate was estimated at
24 million AED in 2008. Kan’aad (Scomberomorus commerson), hamour (Epinephelus coioides), shaari (Lethrinus nebulosus) and jesh (Carangidae) were the most
valued species, accounting for 30%, 23%, 21% and 21%
of the total wholesale value, respectively. The Abu Dhabi
Free Port was the single most important landing site
(61%), followed by Al Sadr (19%) and Dalma (9%).
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The fishing grounds used by tarads are close to their home ports because of limitations on the
range these vessels can travel. Hadaq fishing is allowed for local fishermen living inside the
Marawah Marine Biosphere Reserve. In contrast, no fishing is allowed in Al Yasat or Bul Syayeef
Marine Protected Areas (the fishing grounds extend into the Al Yasat MPA boundary on this map
because the data were derived in 2008, prior to finalisation of the MPA boundary in 2009).
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COMMERCIAL FISHERIES

Arabian Gulf

FISH LANDINGS BY SITE

Ra’s Sadr

waters. Tarad boats use a variety of fishing methods and
generally fish in more shallow waters. These methods include
hadaq (hook and line), al defara (encircling net), al halaq
(encircling net), nesabah (standing gill net), al sakkar (barrier
net) and al hadhra (enclosure trap). Al defara is specifically
designed for use in seagrass habitats. The al halaq fishing
method was banned by EAD in 2007 to protect the Spanish
mackerel, locally known as the kan’aad.

Ra’s Sadr is home port to a fleet of 50
tarads operating hadaq and a few lansh
boats, which land an average of 700
metric tonnes of fish per year. Kan’aad
was the most frequently landed species
in Ra’s Sadr until halaq operations were
banned in February 2007.

Free Port

Mirfa
In and around Mirfa, approximately 90 tarads
are active. Because Mirfa is located within
the Marawah Marine Biosphere Reserve, the
traditional system of bahoor fishing must be
observed, restricting fishermen to operating
traditional fishing gear including nesaab, al
defara, al sakkar and al hadhra. On average,
560 metric tonnes is landed in Mirfa annually,
comprising mostly beyah arabia (Valamugil
seheli) and jesh (Carangidae).

Dalma
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The total catch composition of fish landed differs for the
Emirate’s seven main landing sites, and is directly attributable
to the variation in habitats that are fished and the specific
fishing methods used. Within the Emirate of Abu Dhabi,
fishing grounds range from very shallow to deep waters and
from rocky, sparsely vegetated areas to densely covered
seagrass beds. Fishing methods are classified as a combination
of boat type and gear type. The lansh (dhow) fishermen use
gargoor traps, which are usually deployed in medium to deep

Dalma Island is the home port to a
fleet of around 60 active tarads
operating hadaq and 60 lansh boats
deploying gargoor traps. On average,
920 metric tonnes is landed annually,
of which farsh (Diagramma pictum) is
the main species.

Marawah Marine
Biosphere
Reserve

Dalma

1,153

The Abu Dhabi Free Port is the most
important landing site of the Emirate
of Abu Dhabi, and home to around
140 lansh boats deploying gargoor
and 60 tarad boats deploying hadaq
and nesaab. On average, around 3,600
metric tonnes is landed at the Free Port
annually, comprising mostly hamour
(Epinephelus coioides), shaari (Lethrinus
nebulosus), kofar-faskar-qabit (Sparidae)
and jesh (Carangidae).
5,547

2,414

Sila’a is the home port to around 30 tarads
operating hadaq and a few lansh boats
that land an average of 270 metric tonnes
annually. Kan’aad (Scomberomorus
commerson) was the main fish species
landed in Sila’a until al halaq operations
were banned in February 2007.
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Saadiyat is a small landing site, home
to 30 tarad boats deploying hadaq, al
hadhra and naseeb. The total landing in
2008 was 110 tonnes, which consisted
mainly of naiser.
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Al Bateen is home to about 90 tarads
operating hadaq and naseeb. On
average, 450 metric tonnes is landed
annually at Al Bateen, of which the
main species are beyah arabia, naiser
(Lutjanus ehrenbergii) and qabqoob
(Portunus pelagicus).
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Al Defara

Total Catch by Years
(Tonnes 2001–2008)

Catch Composition (2001–2008)

2,800

Al Hadhra

Al defara is an encircling gill net targeting small-sized
pelagic and demersal species, such as jesh, naiser
and beyah arabia. The net is usually 2–4 metres high
and 150 metres wide, with a weighted bottom line
that sits on the seagrass bottom, without harming the
benthic ecosystem.

Al hadhra is a permanent intertidal enclosure trap
structure of a round corral (10–20 metres diameter)
that has a single opening and is connected to a
30–50-metre-long fence set perpendicular to the
coast. With the receding tide, fish move along the
fence to deeper water and are guided into the corral,
where they become trapped. Al hadhra is usually
operated during the summer and targets species
such as aifah (Chanos chanos), badah (Gerres
longirostris) and safi (Siganus canaliculatus).
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Al sakkar is a 2-metre-high and up to 1-kilometrewide intertidal barrier net that targets demersal
species such as jesh, qabit (Rhabdosargus sarba)
and shaam (Acanthopagrus latus). The net is fixed
parallel to the shore and during the rising tide the
fish enter the area between the shore and the net.
During ebb tide, the fish become trapped behind
the barrier net.
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2007

Al Defara weighted bottom line

OTHERS
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Nesabah
Nesabah is a standing gill net (1–4
metres high and 50 metres wide) that
is set perpendicular to the shoreline
targeting naiser and beyah arabia.
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ARABIAN GULF SAILFISH
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Sailfish belong to a group
of fish known as Billfishes,
which also include Marlins,
Spearfish and Swordfish.

Depth

20-25 m

30-35 m
35-40 m

All are large predators that
possess an elongated rostrum,
or bill. Sailfish are further
characterised by their enormous
dorsal fin resembling a sail, from
which their name originates. In the
Arabian region, Arabian Gulf Sailfish
(Istiophorus platypterus) are found from
the Red Sea to the Arabian Gulf. The
Sailfish is considered a highly migratory
species. It is the only billfish normally
residing in the Gulf, and aggregates in large
numbers off the UAE coast from mid-November
to mid-April.

Vertical Habitat Use by Sailfish in the Arabian Gulf

40-45 m

Cross Section A-A through Arabian Gulf

45-50 m
50-80 m

Using satellite archival tags, researchers found that Sailfish spend a majority of their time
near the water surface. Sailfish spend most of their day and night at a depth of 0–5 metres;
they rarely venture deeper than 30 metres. Sailfish are epipelagic, occupying the upper
strata of the oceanic zone where there is enough light for photosynthesis to occur.

Sailfish Track 2
Sailfish Track

Sailfish Track 1

Sailfish Track 3
Sailfish Track

Sailfish Track
May 20th

June 1st

June 11th

Sailfish feed primarily on small schooling fish such
as Sardines and Anchovies. They often hunt together
forcing the baitfish into a tight ball before attacking
with slashing movements of the bill. The Sailfish is a
popular sport fish due to its jumping ability and high
swimming speeds. This recreational fishery provides
important economic benefits to the region. UAE recreational
anglers began a self-initiated tag and release programme in
1983. In 1998, EAD initiated a conventional tagging programme
with the cooperation of volunteer recreational fishermen to
understand Sailfish behavioural biology and movements (over
2,000 Sailfish have been tagged).

March 15th

March 27th

June 13th

Sailfish Tracking

A

Severe declines in the Sailfish population have been recorded in the
waters off the UAE in the past five years due to capture in gillnets
and overfishing; the population was nearly eradicated by 2006. Very
few Sailfish catches or sightings have been reported by UAE recreational
fishermen for the past several years; and, very few catches have been
reported from the Iranian gillnet fishery. Unless improved efforts at regional
cooperation and joint management strategies are made to conserve the
Sailfish, this unique component of biodiversity may face extinction in the Gulf.

Sailfish
The Sailfish is distinguished by its elongated rigid rostrum
or bill and its enormous dorsal fin, which resembles a
sail, often stretching along the entire length of its back.
Its elongated upper jaw is twice the size of its lower
jaw, which contains small file-like teeth. The sailfish is
dark blue along the upper half of its body and fades to
brownish-blue on the lower sides, to silver-white on its
belly. It has 2 dorsal fins and 2 anal fins: the first dorsal
sail-like fin, which is the largest, has 42–49 rays and is
blue-black with many small black spots; the other fins are
silver-blue. The sides of the sailfish contain 15–20 vertical
bars lined with small blue spots. This fish can live up to
10 years (average life span is 5–7 years), reach lengths of
3.4 metres and weigh up to 90 kilograms or more. Its sail
is usually kept folded down to the side when swimming,
and is raised when the sailfish feels threatened or
excited; its body colour can also change in response to
certain conditions.

A

Sailfish Migration Patterns in the Arabian Gulf
Sailfish are seasonal residents of the Arabian Gulf waters of the UAE, where they aggregate
from mid-November to mid-April. Prior to the recent population collapse, they would depart en
masse from UAE waters annually, generally in early April, and travel north-west in the Gulf to
Iranian waters. Sailfish were found to be vulnerable to incidental capture by Iranian gillnets
targeting Kingfish (Scomberomorus commerson) and kawakawa (Euthynnus affinus). To verify the
Sailfish’s summertime location and determine whether the Gulf Sailfish is a resident population,
EAD collaboratively deployed pop-up satellite archival tags (PSATs), which relay location data via
satellite. Sailfish were found to occur in the Gulf during the summer, indicating they are year-round
Gulf residents. To determine if the population was isolated from populations outside the Gulf, DNA
tests were conducted and showed that the Gulf Sailfish were an isolated population. This suggests
the overall population is strictly limited in terms of its size and capacity to withstand fishing and
other pressures.

Sailfish tracks using pop-up satellite
archival tags show movement of
Sailfish in the Arabian Gulf over
select time periods in spring and
summer 2002. This, together with
conventional tag recovery data,
confirms Sailfish occurrence
in the Gulf for all months of the
year, and therefore validates the
presence of a resident Sailfish
population in the Gulf.
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MARINE BIODIVERSITY
DUGONGS

The Dugong (Dugong dugon) population in the Arabian Gulf
is estimated to be the second largest in the world; the largest
population occurs off the waters of Australia. Aerial surveys
conducted by the EAD in 2000, 2001 and 2004 affirmed this
with the identification of large herds of these shy and elusive
marine mammals near Abu Dhabi’s coast. Dugongs mostly
inhabit the shallows around the islands of Marawah and
Bu Tinah where they feed on seagrass, their primary
food source. Their range also extends further west
towards Qatar. The estimated Gulf population
comprises approximately 7,000 animals, forty per
cent occuring in Abu Dhabi waters. Conservation of
this threatened species and the seagrass habitats
upon which they depend is vital to their survival.
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Dugong
Dugongs are found in shallow tropical
marine coastal waters that support their
food plant – seagrass.
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sightings indicate that Dugongs and Turtles
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are also present in habitats in the north-east
of the Emirate's waters, off Abu Dhabi,
Saadiyat, Ra’s Gharab, Taweela and
Ra's Ghanada.
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Marine Turtle
Green turtles are herbivorous as adults;
juveniles are omnivores feeding on both
plants and animal life forms. The Hawksbill
turtle is omnivorous throughout its life and
prefers to feed on soft and young corals,
crustaceans and sponges.
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Though turtles spend most of their lives in the water,
the females nest onshore, using island beaches at
locations such as Zirku and Qarnein to lay their
eggs. Hawksbills in the Arabian Gulf nest only
once a year between March and June, which
distinguishes them from Hawksbills in the
Atlantic and Pacific, which nest twice a year.
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53°E

Migratory and resident populations of Green turtles
(Chelonia mydas) and critically endangered Hawksbill turtles
(Eretmochelys imbricata) are found in the offshore areas of
the Emirate. The Green turtles are found in the shallows
around islands where they feed on seagrasses and algae.
The Hawksbill turtles are primarily restricted to reef areas
around offshore islands and smaller nearshore reefs
where they feed on sponges, molluscs, and algae. The
highest concentrations of foraging Hawksbill and Green
turtles have been observed in the waters of Marawah
Marine Biosphere Reserve and Al Yasat MPA.
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also present in habitats in the north-east of the Emirate's
waters, off Abu Dhabi, Saadiyat, Ra’s Gharab, Taweela and
Ra's Ghanada.
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GECKOS & LIZARDS

ARABIAN DESERT GECKO & SHORT-SNOUTED SAND LIZARD;
COASTAL & ISLAND DISTRIBUTION
relatively undisturbed and free of predators such as
feral cats, mice and rats. A research and monitoring
programme to document biodiversity on Arzanah and
Zirku islands also includes a programme to remove
some of these introduced predators to protect native
species and habitats. Beach debris (wooden planks,
plywood sheets) provides important microhabitat for
both reptiles. In places where litter has been removed
from beaches, fewer individuals of these species have
been encountered.
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26°N

The Arabian Desert Gecko (Bunopus tuberculatus) is
a nocturnal, ground dwelling gecko with prominent
white tubercules along its dorsal surface. The Shortsnouted Sand Lizard (Mesalina brevirostris) is a
diurnal lizard (active in the daytime) whose name is
derived from its distinctive short snout and upturned
nostrils. Both reptiles are commonly found on islands
and coastal areas of the Arabian Gulf. In Abu Dhabi
Emirate, populations have been documented in
various locations, including the offshore islands.
Their densities tend to be higher in areas that are

Short-snouted Sand Lizard.

Qatar

Baluch Desert Gecko

Zirku Island Inset

25°N

25°N

Arabian Desert Gecko and Short-snouted Sand Lizard distribution.
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Arabian Desert Gecko and Short-snouted Sand Lizard distribution.
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GAZELLE, ORYX & LEOPARD

Ra's
al- Khaimah

DISTRIBUTION

The Sand Gazelle (Gazella subgutturosa marica), Arabian
Mountain Gazelle (Gazella gazella cora) and Arabian
Oryx (Oryx leucoryx) are ungulates (hoofed animals)
from the family Bovidae that occupy the Arabian
Peninsula either as part of wild herds or as part of

Qatar

Umm
al-Qaiwain

captive breeding or reintroduction programmes. These
species, once widespread in the Arabian Peninsula, now
survive in limited numbers in a few isolated parts of
their former ranges.
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Arabian Mountain Gazelle (Gazella gazella cora)
Arabian Oryx (Oryx leucoryx)
The Arabian Oryx is a stocky, pure white Antelope with prominent dark blue-black face
markings and two long straight horns. It is exceptionally well adapted to the harsh
desert environment and can survive for months without drinking water. It became
extinct in the wild in 1972 due to over-hunting and habitat degradation. It survives
today only as a result of captive breeding programmes. The historical range of the
Oryx included the northern part of the Arabian Peninsula (including the western part
of the UAE in the Manasir, Dhafra, and Liwa areas) and extended into Palestine, Syria,
Jordan and Iraq. The UAE is currently host to the largest number of Arabian Oryx in
the world, estimated at around 4,000 animals. Protected areas have been established
to reintroduce Oryx in the wild and establish self-sustaining populations. This map
displays the home range of released Arabian Oryx in the Emirate of Abu Dhabi.
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Mountain Gazelles were once distributed widely across the entire Arabian
Peninsula, including Jordan, Lebanon and Syria (the Levant), and probably into the
Egyptian Sinai. Currently, western populations remain only in tiny and scattered
remnants along the Red Sea coastline with a local concentration on the Farasan
Islands. Slightly larger populations are found along the coast and mountains of
Yemen, Oman and the UAE. Results from recent genetic studies indicate that the
Mountain Gazelles from the Arabian Peninsula region are generally differentiated
from the Mountain Gazelles found in the Levant. In the Emirate of Abu Dhabi,
Arabian Mountain Gazelles are currently confined to the north-east and coastal
areas, especially in the desert between Taweela and Sweihan. Across their range
the Arabian Mountain Gazelle population is estimated to be less than 15,000;
approximately 1,500–2,500 individuals are thought to occur in Abu Dhabi Emirate.
The typical Arabian Mountain Gazelle is slender with a long neck and legs. The
coat is brown on the back, neck and head, while its underside and backside are
Mkasib
pure white.
Where water is scarce, the Gazelle will dig for bulbs, corms and other
succulent subterranean plants to improve their water balance.
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ARABIAN LEOPARD DISTRIBUTION
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The Arabian Leopard (Panthera pardus nimr) is
thought to be extinct in the UAE due to habitat
encroachment and a decline in available
prey. Evidence of the large cat was last
seen in Fujairah’s Wadi Wurayah in 1999.
Within Abu Dhabi, potential habitat
historically existed at Jebel Hafit,
although no record of the species
occurring there today exists.
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Mibaraz

A
subspecies
of
the
Goitred
Gazelle,
this
Al Wijan
ungulate gets its name
from the enlarged goitrelike swelling on its throat
that the males use during the
breeding season to emit large
bellows. The Sand Gazelle was once
common in the Arabian Peninsula,
Al Qua'a
Turkey, Iran, Iraq, Afghanistan and
Pakistan, and from central Asia to western
China and southern Mongolia. On the Arabian
Peninsula, over-hunting, habitat degradation
and fragmentation, and competition for food
with domestic sheep and goat, has resulted in
small remnant populations that are isolated from one
another. In the Emirate of Abu Dhabi, this species is
found in the sandy deserts of the south-east. The Island of
Sir Bani Yas hosts an estimated 15,000 Sand Gazelle (not
free ranging). The wild population of Sand Gazelle in the
Emirate is estimated to be around 10,000 animals.
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Though categorised by IUCN as “Critically
Endangered” in 2010, conservation measures and
captive breeding efforts, such as the programme
at the Breeding Centre for Endangered Arabian
Wildlife in Sharjah, established in 1997, are aimed
at protecting the genetics of one of the Arabian
peninsula’s most vulnerable species.
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GREATER FLAMINGO

4500

Number of Flamingos

DISTRIBUTION & OBSERVATIONS

FLAMINGOS IN ABU DHABI EMIRATE
Greater Flamingos are commonly observed along the
UAE coastline from Fujairah in the east to Faziya in the
west. There are key sites, shown here, where populations
congregate in large numbers along the coast and in
several inland wetlands. The main flamingo sites in the
Abu Dhabi Emirate include Al Wathba and Musaffah
channel up to Al Aryam, where they can be seen year-round.
Populations are also regularly observed near Dabb’iya,
Bu Tinah and Marawah.
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Bul Syayeef: from July 2009 to November 2010
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The EAD bird monitoring programme routinely monitors
flamingo populations at coastal and other favoured sites in
the Emirate. In 2009, a colony of 18,000 flamingos, including
800 chicks, was discovered in Bul Syayeef, an intertidal area
close to Abu Dhabi – to date the largest breeding population
recorded in the UAE. This discovery is significant given that
flamingos typically winter in the UAE, tending to select areas
of Central Asia for breeding. During 2010, flamingo numbers
in Bul Syayeef remained high but decreased because of high
outward migration and disturbance, which may have limited
additional breeding opportunities that year.
Umm
Monitoring surveys indicate the flamingo
al-Qaiwain
population increased at Al Wathba,
a protected wetland reserve. Between
July 2009 and November 2010, the
number of birds increased by over 3,000.
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Al Wathba: from July 2009 to November 2010

The first flamingo breeding colony to be recorded
in the UAE was in Al Wathba in 1993, and then
again in 1999, when 10 chicks successfully
fledged at the reserve. A breeding colony was
also discovered in Shahama. The most successful
and by far the largest breeding colony to date
occurred at Bul Syayeef, in 2009. Continued
regular monitoring of this flagship species
coupled with habitat protection, is essential to
conserving flamingo populations in the UAE. Sites
that support flamingo populations in the Emirate,
such as Bul Syayeef, must be afforded additional
formal protections to ensure continued breeding.
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The Greater Flamingo (Phoenicopterus roseus) has the
most widespread distribution of all flamingo species,
ranging from Africa to southern Asia and the western
Mediterranean; populations are also found in southern
Europe. Greater Flamingos require shallow, salty lagoons,
lakes and creeks (khors) in which to breed and feed
successfully. They filter food from the water, feeding
mostly on protozoa, algae, crustaceans, molluscs and
insects. During breeding, flamingos seek out large, remote
expanses of water free from human disturbance. A common
visitor to the United Arab Emirates, the Greater Flamingo
is a flagship species for conservation in Abu Dhabi Emirate
and the United Arab Emirates.

Flamingo Population Numbers
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Flamingo Chicks
Though flamingos commonly
winter in the UAE, a recent
discovery of a large breeding
colony
indicates
suitable
breeding habitat exists in the
UAE. Preferred breeding habitats
include open lakes, lagoons,
artificial salt pans, seashores
and freshwater marshes.
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The Emirate’s extensive coastline,
along with several inland wetlands,
provides ideal feeding and staging
habitat for the Greater Flamingo.
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26°N

26°N

BIRD HABITATS
IMPORTANT AVIAN AREAS

The numerous offshore islands and extensive coastline
of Abu Dhabi Emirate provide diverse habitats to birds,
particularly wintering shorebirds that use food-rich
intertidal areas as feeding grounds. There are vital hotspots
in the Emirate for bird conservation known as Important
Bird Areas (IBAs) identified by BirdLife International (BLI),
a global bird conservation organisation. IBAs are selected
following objective criteria including one per cent of the
biogeographical population, 20,000 or more waterfowl,
or based on the regular presence of a globally threatened
species. Nine BLI IBAs and an additional five identified by
EAD are located in the Emirate.

Arabian

Abu Dhabi also supports a number of important wetlands
identified by the Middle East Wetland Inventory (MEWI)
as significant not only to birds but a host of other species.
Although many of these important conservation areas (IBAs,
MEWI) are recognised globally, this does not guarantee
protection unless local action is taken. Local conservation
planning is the essential next step to ensuring long-term
protection of these areas and the bird life they support.
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The Sooty Gull (Larus hemprichii),
listed as a regional priority species,
is exclusively an island-breeding
species endemic to the north-west
Indian Ocean, including the Arabian Gulf. Qarnein Island, with an
estimated 2% of the world’s breeding population, has the larger of
the 2 breeding colonies in the Emirate. The other colony is located on
Dayyinah Island.

Summer > 5000

40

The Red-billed Tropicbird (Phaeton aethereus) breeds during the
winter months at 3 known breeding sites in the UAE: Qarnein, Zirku
and, occasionally, Arzanah. Qarnein is the largest and most important breeding site. The estimated
200 breeding pairs in Abu Dhabi
represent nearly 2–3% of the
entire world breeding numbers
and roughly 13% of the Middle East breeding population of
indicus subspecies.
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HOUBARA

Estimated Population Per Area

There are nine known sites in the UAE that support
populations of Houbara. Baynunah, which includes
a proposed 769 square kilometre Protected Area for
Houbara, supports the largest known population of
Houbara in the UAE, with an estimated 400 birds.
Protecting the habitat of this vulnerable species,
as well as furthering our understanding of its
migration patterns, population dynamics and breeding
biology, is essential to the long-term survival of the
Asian Houbara.
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Houbara
Large numbers of Houbara are trapped for
use in training falcons to hunt. Encouraging
the use of alternate species or captivereared birds for training is essential to the
protection of Houbara populations.
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These photos document the natural breeding process of the
Houbara: a displaying male, a nest with eggs and 3 chicks.
Houbara males conduct flamboyant displays during courtship
by raising their ornate feathers, throwing their heads back
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and making abrupt movements. Females then lay 2–4 eggs in
a scrape on the ground. Recent successful chick hatchings in
the Emirate provide a ray of hope for this prized bird.
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The Houbara conservation efforts in
the Emirate are succeeding. The recent
nesting and hatchling success recorded
at Baynunah, which supports the Emirate’s
largest Houbara population, can be
attributed to captive breeding and release
success, improved habitat and effective
management of the protected area.
Continued efforts will help to reestablish
Houbara populations on their wintering and
breeding grounds in the Emirate.
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2010–2011 release period, during which 884 birds
were released into the wild.
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The Asian Houbara (Chlamydotis macqueenii), a
remarkable desert species that winters in the UAE,
has experienced sharp declines globally in population
attributed primarily to loss of wintering and breeding
habitat, over trapping and unregulated hunting. To
attenuate the decline of this species (the favoured
prey of falconers), the International Fund for Houbara
Conservation (IFHC) and its daughter organisation the
National Avian Research Centre (NARC) are working
with other nations to protect Houbara populations in
the wild through breed and release programmes. The
number of Houbara released per year at select sites
in the UAE has increased markedly from 2004 to the
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ASIAN HOUBARA DISTRIBUTION & POPULATION
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OIL RESOURCES

Ra's
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OIL & GAS FIELDS, SYNCLINES & ANTICLINES

Oil and gas production has been the mainstay of the UAE economy since
production began in the early 1960s. Abu Dhabi is the biggest oil producer in the
UAE, controlling more than eighty-five per cent of the total oil output capacity and
over ninety per cent of its reserves. Abu Dhabi also has the fourth largest natural
gas reserves in the world; the Khuff Reservoir beneath the oil fields of Umm Shaif
and Abu al-Bukhoosh ranks among the world’s largest single gas reservoirs.
(continued below right)
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(continued from above left)
These vast gas and oil accumulations are
contained in ancient subterranean reservoirs.
This map shows the structural trend of oil and
gas fields in onshore and offshore areas of
the UAE. Anticlines and synclines are folded
rock layers (due to compression) that are often
associated with oil fields; however, anticlines,
which are arch-shaped rock formations, form
natural traps for hydrocarbons and are more
commonly associated with oil and gas fields,
as displayed on this map. Synclines, or troughshaped rock layers, form natural traps for water
and are usually associated with underground
water supplies. The Emirate’s principal offshore
oil fields include Umm Shaif, Zakum, Mubarraz,
Bunduq and Abu al-Bukhoosh, while the primary
onshore oil fields are Asab, Bab, Bu Hasa,
and Sahil.
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Palaeontological
Archaeological &
Historical Areas

Qatar

Ra's al-Khaimah
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Sharjah

Sir Abu Nu’air (Sharjah)

forty-five kilometres south to the desert interior at
Umm al-Ishtan and Jaw al-Dibsa. Archaeological
sites are found throughout the Emirate with notable
concentrations on the coast and islands as well as
Al Ain. Historic buildings are restricted mostly to
Abu Dhabi Island and the surrounding area, Al Ain,
Liwa and Dalma Island.
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Fossil sites are concentrated in the Western (Al
Gharbia) Region along the coast between Jebel
Barakah and Rumaitha, and extending inland

Ajman

Dubai

SITE DENSITY

More than 1,600 cultural heritage sites are
presently registered within Abu Dhabi Emirate.
These include more than 1,300 archaeological
sites, 150 palaeontological (fossil) sites, and eighty
historic buildings.
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ARCHAEOLOGICAL PERIODS

Ra's al-Khaimah

Umm
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EARLIEST HUMANS

More than 1,300 archaeological sites are known
throughout Abu Dhabi Emirate. These vary in size
and importance from simple scatters of pottery or
marine shells to large stone-built structures. The
earliest evidence of human presence in Abu Dhabi
is from Jebel Barakah, where stone tools believed
to date from between 150,000 to 200,000 years ago
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have been identified. The first major settlements and
burial sites, which occur on the islands off the coast
of Abu Dhabi, are dated to around 7,500 years ago.
Excavations on the islands of Marawah and Dalma
confirm that these people kept domestic livestock,
exploited marine resources and traded with the Ubaid
civilisation of southern Mesopotamia.
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HISTORIC BUILDINGS

Ra's al-Khaimah

ARCHITECTURE OF THE PAST

More than eighty historic buildings are officially
registered within Abu Dhabi Emirate. These vary
from small mosques to large standing structures
such as forts and palaces. The majority are located
within the city of Al Ain, although a unique group
of traditional buildings are found on the island of

Qatar
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Dalma. These include a former pearl merchant’s home
(Bait al-Muraykhi), which houses a small museum,
and a group of three mosques (Mesjid al-Muraykhi,
Mesjid al-Dawsari and Mesjid al-Muhannadi). Liwa
also contains a number of historic forts that have
been reconstructed.`
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2. Al Ain National Museum
3. Sheikh Sultan Bin Zayed Fort
4. Naqfah Fort
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LATE MIOCENE FOSSIL SITES
ANCIENT FOSSILS

Abu Dhabi Emirate has the richest exposure of Late Miocene
fossil deposits in the Arabian Peninsula. These fossils are
contained within geological deposits known locally as the
Baynunah Formation. Scientists dated these deposits using
palaeomagnetic methods and by comparing particular fauna
fossils with similar fossils found elsewhere, to between

6–8 million years ago. At that time Abu Dhabi resembled
modern day East Africa, with giant rivers sweeping through
a savannah-like landscape providing opportunities for a wide
variety of animals like elephants, hippopotami, giraffes
and antelopes whose descendants no longer live in the
region today.
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AIR QUALITY

Ra's
al- Khaimah

LEVELS OF PARTICULATE MATTER EXCEEDANCE

Air quality in the Abu Dhabi Emirate is regulated and
monitored by the Environment Agency – Abu Dhabi.
The Air Quality Management (AQM) programme
monitors ambient air quality and meteorological
conditions at ten fixed stations around the Emirate
to identify trends and provide feedback on the need
for appropriate emission control technologies. The
indicators that are measured include particulate
matter, ozone, nitrogen oxides, carbon monoxide,
sulphur dioxide and volatile organic compounds.

Qatar

For 2009, particulate matter (PM10) was the only
indicator at all stations that consistently exceeded
applicable federal regulations; elevated PM10 levels
are generally attributed to industrial activities, vehicle
emissions and local climatic conditions. PM10 levels
are on average higher in desert environments as a
result of wind-blown sand and dust. The guideline
for particulate matter for the Emirate is not to exceed
150µg/m3 in a twenty-four-hour period. The highest
concentrations of PM10 during 2009 were recorded
in the industrial city of Mussafah.
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2005 to 2030
Projected Population Change of Between:
>325,000 Increase
250,001 and 325,000 Increase

Ghantoot

200,001 and 250,000 Increase

Umm
al-Qaiwain

150,001 and 200,000 Increase

TRIBAL POPULATION IN 1904

100,001 and 150,000 Increase

2005 CENSUS &
PROJECTED INCREASE IN
URBAN POPULATION 2030

50,001 and 100,000 Increase
25,001 and 50,000 Increase
5,001 and 25,000 Increase
No change and 5,000 Increase
No change and -4,999 Decrease

Until the middle of the past century, population centres in the Emirate were
restricted to seasonal settlements in and around Abu Dhabi, Dalma Island
and inland at Ghayathi, Liwa and Al Ain. The population consisted of a
number of different tribal groups with their strong ties of kinship and
distinct traditions. The most prominent of these groups were the Bani Yas,
Manasir and Baharinah. In 1904 the tribal population in the Emirate was
approximately 18,000, with settled groups and nomads who would camel
herd, hunt and fish. Nomadism declined, specifically among the Bedouin
of the dominant Bani Yas tribe, as the economy in the region diversified.

-5,000 and -14,9999 Decrease
< -15,000 Decrease

Saadiyat Island

Prior to 1970, Abu Dhabi Emirate was largely
undeveloped with a population of 46,375 (1968 Census
Data). The increased commercial production of oil
over the past forty years spurred urban development
and industrial growth, which led to a dramatic rise
in population. Census data from 2005 indicate the
population of the Emirate was 1.4 million. By the
end of 2008, Abu Dhabi had a total of 1.57 million
people, and was the most heavily populated of the
seven emirates that make up the UAE. Seventy-five
per cent of the population are expatriates, while the
remaining twenty-five per cent are Emirati. A majority
of the population resides in the urban centres of
Abu Dhabi City and Al Ain City; other population
centres are found in smaller Mkasib
towns and cities in the
Western Region such as Madinat Zayed, Mirfa, and
Ghayathi. The populationQaffayis projected to more than
triple by 2030; these increases will occur mainly in
Muhayyimat
Abu Dhabi City and Al Ain City, with projected growths
of greater than 3Ghaghah
million and 1 million, respectively.
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production capacity 42, 101, 148, 149
Reverse Osmosis 45, 45
Solar Thermal Desalination 45
Desert Campion 60
Desert Hyacinth 56
Desert Monitor 58, 61, 61
Desert Squash 62, 62
Desert Wheatear 57, 58
Dhafra 62, 167
Dhub Lizard 58, 58, 60
Diadema setosum 53
Diapirs 120
Dibba 27, 112
diorite 86
Diplacodes lefebvrei 59
Dipterygium glaucum 61
Diyenah island 64
Dolphin Energy 77
Dolphins 51, 52
Common Bottlenose Dolphin 52
Indo-Pacific bottlenose dolphin 51, 51

Indo-Pacific humpback dolphin 52, 52
domestic water use 41, 42
See Also water resources
dragonflies 59
Carmine Darter 59
Purple-blushed Darter 59
Purple Darter 59
Dromas ardeola 54
Dubai 40, 76, 98
Dugong 48, 53, 53, 71, 162, 163, 163
Dune Sand Gecko 61
Dung Beetle 60, 60
Dunlin 65
Dwarf Palm 62, 62

E
Earthquakes 112
Eastern Corniche 94
Eastern Region 39, 88, 100, 138
Ecological Footprint initiative 34
economic growth 17, 24, 72, 98, 99, 100,
101, 102, 186, 187
ecosystems 28, 32, 33 46, 48, 55-57, 61, 70,
82, 101, 109
coastal 56, 57, 101
marine 48-55, 101
mountains 32, 33
Oligo-Miocene 26
terrestrial 109
education 92, 98, 99, 101, 102, 103
Egretta gularis schistacea 54, 56
Egyptian Spiny Mouse 63
Egyptian Vulture 63, 71
Ehrenberg’s Snapper 52, 55
Elevated Stalker Beetle 62
Empty Quarter 34.
See also Rub al-Khali
Energy 2, 16, 45, 77, 79, 97, 101, 103
alternative sources 45
energy sector 78, 79, 98
Environment Agency – Abu Dhabi (EAD) 13,
14, 18, 102
Environment, Health and Safety
Management System (EHSMS) 102
Eocene epoch 33
Epinephelus coioides 52, 156, 159
Eremobium aegyptiacum 57
Eretmochelys imbricata 52, 53, 56, 56, 70,
126, 162, 163
Estidama 34, 100, 101, 102
Euphrates river 28
Eurasian Plate 24, 26, 111
Eurasian Stone-curlew 57
Euthynnus affinus 161
expatriates 96, 98, 99, 103, 186

F
Falaj 40, 88
Falco cherrug 67, 67
Falco concolor 57, 65, 65
falconry 67
Falco pelegrinoides 63
Falco peregrinus 67, 67
faults 27, 32, 74, 112
Felis margarita harrisoni 61, 61
FERTIL 77. See ADNOC and Total
Fertile Crescent 85
Fish
Blacktip Reef Shark 52
Blue Jellyfish 50
Clark’s Anemonefish 52
Ehrenberg’s Snapper 52, 55
Golden Trevally 53, 55
Indian scad 49
Indo-Pacific Sailfish 51, 51,160, 161
jellyfish 50, 51
kawakawa 161
Kingfish 49, 156, 158, 161
Longtail Silver-biddy 55, 159
Moon Jellyfish 50
Orangespotted Grouper 52
Orangespotted Trevally 50
Snubnose Emperor 53
Spangled Emperor 52

Spotted Eagle Ray 53
whale sharks 50, 50, 51
Yellowbar Angelfish 52
Yellow-spotted trevally 49
Yellowstripe Scad 51
Fisheries 53, 158
economic importance 53
overfishing 53, 160
fishing methods 53, 158
al defara 158, 159
al hadhra 158, 159
al halaq 158
al sakkar 158, 159
Gargoor 53, 156, 157
Hadaq 156, 157
nesabah 158
fish management 70, 156, 158
flood deltas 122, 123
forest plantations 36, 43, 44, 134
forestry 44, 134
fossils 82, 182
Free Port 156, 157, 159
Fujairah 40, 64

G
Galerida cristata 57
Gallinula chloropus chloropus 58
Gargoor 53, 156, 157
Gazella gazella cora 166, 166
Gazella subgutturosa marica 60, 167
geologic time
Cenozoic era 74
Cretaceous period 82
Eocene 33
Holocene 29, 85
Mesozoic era 74
Miocene epochs 33
Neogene period 75
Oligo-Miocene 26
Palaeozoic era 25
Permian 24, 25, 75
Pleistocene period 32, 136
Pliocene period 136
Proterozoic eon 29
Quaternary period 29, 138
timeline 24, 25
geothermal gradient 74, 74
Geothermal Power 103
Gerbillus cheesmani araduus 61
Gerres longirostris 55, 159
Gesellschaft für Technische Zusammenarbeit
(GTZ) 140
Ghada 61, 61
Ghaf tree 60, 60
Ghagha Island 64
Ghantoot 32, 186
Ghayathi 38, 186
Ghiyathi 95
Ghubba 40
Ghuweifat 32
glacial maximum 28, 31
globalisation 17, 96, 97
Global warming 124
Gnathanodon speciosus 53, 55
Golden Trevally 53, 55
grain production 86
Grapsus albolineatus 55
Great Britain 76
Greater Flamingo 55, 58, 59, 59, 68, 68, 69,
69, 71, 168, 168, 169, 169
breeding colony 68, 168, 169
conservation 68, 69, 168
distribution 168
monitoring and tracking 69, 169
Greater Hoopoe-lark 61, 61
Great Knot 65, 65
Great Pearl Bank Barrier 32
greenhouse gas (GHG) emissions 34, 50, 101
Green Tiger Prawn 55
Grey Heron 54
Grey Plover 65
Gross Domestic Product 98
Ground Spider 61
groundwater levels 36, 38, 39, 40, 140, 146
Groundwater Monitoring Network
(AGMN) 140

groundwater resources 38, 41, 45, 140-149.
See also water resources
Aquifer Storage and Recovery
(ASR) 148, 149
conservation 44, 45
monitoring 140, 148, 149
reserves 38
salinity 43, 144, 148
storage 38
use 38, 142, 146
Groundwater Table 142
Gulf Cooperation Council 95
Gulf of Aden 26
Gulf of Oman 28, 42, 48, 87, 148

H
hadaq 156, 157, 158, 159
Hafit period 86
Hajar Mountains 27, 33, 39, 91, 109
Halcyon chloris kalbaensis 55
Halocnemum strobilaceum 56, 57
Halodule uninervis 53
Halopeplis perfoliata 56, 57
Halophila ovalis 53
Halophila stipulacea 53
Haloxylon persicum 61, 131
Harmal 62, 62
Harmful Algal Blooms 43, 48, 50, 59, 154
Hawksbill turtle 52, 52, 56, 56, 126, 163
healthcare 102
Heliotropium bacciferum 62, 62
Hemitragus jayakari 62, 63, 63, 71
Hili 39, 40, 86, 88, 179, 187
Himantopus himantopus 58, 58
Holocene Climatic Optimum 85
Holocene period 29, 85
Holothuria 53
Hooded Oyster 55
Hooded Wheatear 63
Houbara Bustard 60, 60, 66, 66, 71
conservation 66, 71, 172, 172, 173, 173
distribution 172, 173
migration 66
Houbara Protected Area 71, 172, 173
Hume’s Wheatear 63
hydrocarbons 49, 74, 76, 99, 101, 175.
See oil and natural gas
Hydrogeology 38, 39, 138
Hydrology 136
Hydrophis lapemoides 53
Hyles livornica 62

I
Ice Age 28, 34
Important Bird Areas (IBAs) 170
Indian Monsoon 35, 85
Indian Ocean 34, 35, 48, 54, 65, 91, 170
Indian scad 49
Indo-Pacific bottlenose dolphin 51, 51
Indo-Pacific humpback dolphin 52, 52
industrial water use 41
Indus Valley 86
International Fund for Houbara
Conservation (IFHC) 66, 71, 172
International Renewable Energy Agency
(IRENA) 103
intertidal zone 54
Inter-tropical Convergence Zone (ITCZ) 35
invasive species 51
Iran 26, 28, 40, 66, 69, 78, 88, 89, 90, 111,
112, 166
Iraq Petroleum Company (IPC) 76
Iron Age 40, 86, 88, 89
Islam 88, 89, 90, 91
Islamic geography 104
Islamic Golden Age 104
Islands 126
Abu Dhabi 96, 97, 176
Al Futaisi 126
Arzanah 32, 164, 171
As Sadiyat 126
barrier 122
Bu Tinah 160
Dalma 40, 85, 157, 158, 176, 180

199

Das 77
Diyenah Island 64
Ghagha 64
Judairah 64
Lulu 126
Marawah 65, 71, 178
Qarnein 64, 162, 170, 171
Salt Domes 120
Sir Bani Yas 32, 89, 103, 120, 126, 166
Umm al-Nar 86, 87, 89
Yasat al-Ulya 64
Yasat as Sufla Island 64
Zirku 162, 164, 165, 171
Istiophorus platypterus 51, 51, 160, 161

J
Jaw al-Dibsa 176
Jazira 76
jazra system 40
Jebel Ali 76
Jebel Barakah 84, 85, 176, 178
Jebel Dhanna 32, 38, 90, 120, 183
Jebel Hafit 13, 32, 33, 37, 63, 106, 117,
150, 179
Jebel Hafit Protected Area 71
Jellyfish 50, 50
Jemdet Nasr period 87
Jointed Glass Wort 56, 57
Judairah Island 64
Julodis euphartica 62

K
Karun River 28
kawakawa 161
Kentish Plover 57, 58, 58
Khuff Reservoir 174
Kingfish 49, 156, 158, 161
Kuwait 68, 78, 89

L
land reclamation 97
lansh boats 156, 157, 158, 159
Larus hemprichii 64, 170
Lepus capensis omanensis 58, 58, 61, 61
Lesser Crested Tern 51, 56, 65
Lesser Sand Plover 56, 65
Lethrinus borbonicus 53
Lethrinus nebulosus 52, 156, 159
limestone 32, 33, 34, 38, 63, 83, 126, 138
Limonium axillare 57
Little Stint 59, 65
livestock 43, 44, 63, 80, 85, 178
Liwa 31, 34, 38, 39, 81, 90, 91, 95, 106, 116,
118, 119, 144, 146, 167, 176, 177, 180,
181, 187
Liwa Crescent 38, 144, 146
Lower Fars Formation 138
Lower Zakum oil field 77
Lulu Island 126
Lutjanus ehrenbergii 52, 55, 159
Lycosidae 61

M
mangroves 15, 54, 54, 55, 71, 94, 101
adaptations 55
Avicennia marina 54
ecosystem benefits 54
heavy metals 55
seed establishment 55
Marawah Island 65, 71, 178
Marawah Marine Biosphere Reserve 71, 153,
156, 159, 162
marine ecosystems 101

marine protected areas 126.
See also protected areas
Marsh Warbler 55
MASDAR 2, 34, 103
Masdar City 79, 103
medicinal plants 62
Medinat Zayed 87
Mesalina brevirostris 164, 165
Mesas 120. See also zuegen
Mesopotamia 85, 86, 87, 178
Metopograpsus messor 54, 55
Middle East Wetland Inventory (MEWI) 170
Miocene epoch 33, 182
Mirfa 76, 95, 159, 186
molluscs 25, 30, 48, 54, 83, 162
Moon Jellyfish 50
Moringa peregrina 63, 63
Moringa Tree 63, 63
Moths 62
Striped Hawk Moth 62
Mubadala 102
Mubarraz oil field 175
mudflats 48, 64, 65, 69
Multi-Stage Flash (MSF) technology 42
Murban 73, 76, 94
Musaffah 39, 68, 154, 186
Musaffah Channel 68
Muweilah 89

N
nacre 32, 52
Nannorrhops ritchieana 62, 62
National Avian Research Centre (NARC) of
Abu Dhabi 67, 172
National Gas Shipping Company (NGSCO) 77
National Health Insurance Company
(DAMAN) 102
Nayband Fault 112
Neogene period 75
Neolithic period 85
Neophron percnopterus 63, 71
nesabah 158
Nestorian 89
nocturnal animals 61, 63
Northern Shoveler 59
nuclear power 45, 103
Numenius phaeopus 56
Nycticorax nycticorax nycticorax 54

O
oasis settlements 86, 87, 88
ocean thermal energy conversion (OTEC) 45
Oenanthe alboniger 63
Oenanthe deserti 57, 58
Oenanthe monacha 63
oil and natural gas 19, 75, 78
economic diversification 78, 98, 99
environmental impacts 79
environmental sustainability 79, 102, 103
exploration 75, 76, 77
export 77
formation 74, 75
history 76
reserves 78, 174, 175
role in development and modernisation 78,
92–99, 186
oil fields 120, 174, 175
al-Bukoosh 76, 77
Asab 175
Bab 73, 76, 77, 84, 175
Bu Hasa 38, 175
Bunduq 175
Lower Zakum 77
Mubarraz 175
Rumaitha 77, 176
Sahil 175

Umm Al Nar 77
Umm Shaif 76, 77, 94, 174, 175
Zakum 77, 175
Oligo-Miocene 26
Oman 24, 28, 39, 42, 48, 63, 86, 87, 90, 91,
106, 166
Oman Mountain Foredeep 39
Onychoprion anaethetus 65
Ooids 33, 123
Orangespotted Grouper 52
organic matter 30, 74, 128
Organisation of the Petroleum Exporting
Countries (OPEC) 78
Oryx leucoryx 60, 60, 71, 166, 167, 167
Osprey 56, 64
oysters 46, 52, 55
Hooded Oyster 55
pearl oyster 32

P
Palaeolithic Period 84
palaeontology 176
Palaeozoic era 25
Pandion haliaetus 56, 64, 64
Panthera pardus nimr 63, 63, 166, 166
Paraechinus hypomelas niger 61
Paraplatyope arabica 60, 60
Paronychia arabica 57
partially deflated transverse dunes 116
Particulate Matter 184
pearling 32, 40, 52, 53, 76, 90, 91, 94
pearling industry 32, 40, 53, 76, 91
pearl oyster 32, 52, 53
Pearl Rating System 101, 102
Penaeus semisulcatus 55
Peregrine Falcon 67, 67
Permian period 24, 25, 75
Petroleum Development (Trucial Coast)
[PD(TC)] 76
Phaeton aethereus 171, 171
Phalacrocorax nigrogularis 52, 64, 64
Phalaropus lobatus 65
Pharaoh Eagle-owl 61
Phoenicopterus roseus 55, 58, 59, 59, 68, 68, 69,
69, 71, 168, 168, 169, 169
Phoenix dactylifera 85
Phragmites australis 59
Phrynocephalus arabicus 61
phytoplankton 15, 49, 50, 51, 154
definition 49, 50
influence on global climate 50
Pied Avocet 58, 58
Pinctada radiata 32, 52, 53
plants 13, 24, 41, 42, 43, 44, 45, 48, 49, 50,
52, 54, 55, 56, 57, 60, 61, 62, 71, 79, 80,
82, 83, 84, 100, 128, 150, 154, 163, 166
Acacia Tree 63, 63
Aloe Vera 62
Arabian Primrose 57, 61
Caltrop family 56, 56
Christ’s Thorn 62, 62
Common Reed 59
date palm 85
Desert Campion 60
Desert Hyacinth 56
Desert Squash 62, 62
Dhafra 62, 167
Dwarf Palm 62, 62
Ghada 61, 61
Ghaf tree 60, 60
glycophytes 57
Goosefoot family 56
growth 57, 130
halophytic 44, 56, 57
Harmal 62, 62
Jointed Glass Wort 56
mangrove 32, 46, 53, 54, 54, 55, 56, 97,
126, 152

medicinal 62
Moringa Tree 63, 63
non-halophytic 56
Red Thumb 56
Rhodes grass 41, 43, 44
Rockrose 57
Sea Lavender 57
Senna 62
string of beads 56, 57
Tephrosia 62
Turnsole 62
xerophytic 44
Zahar 60
plate tectonics 25, 26, 27, 30, 111, 112
African Plate 26, 111
Arabian Plate 24, 25, 26, 74, 75, 111, 112
Eurasian Plate 24, 26, 111
Pleistocene period 32, 136
Pliocene period 136
Pluvialis squatarola 65
pollutants 43, 97, 101, 142
polymers development 79
Pomacanthus maculosus 52
population growth 40, 59, 96, 98, 186, 187
Portunus pelagicus 55, 159
power plants 42, 45
prawns
Green Tiger Prawn 55
Prawns 55
prehistoric cultures
Bronze Age 40, 86, 87, 179
Hafit period 86
Iron Age 40, 86, 88, 89
Jemdet Nasr period 87
Neolithic period (Late Stone Age) 85
Palaeolithic Period (Old Stone Age) 84
Umm al-Nar period 86, 87
Wadi Suq period 87
Prinotheca coronata 60
Prosopis cineraria 60, 60
protected areas
Al Wathba Wetland Reserve 58, 59, 71,
168, 169
Al Yasat 126, 152, 156, 162
Arabian Oryx Protected Area 71, 167
Bul Syayeef Marine 71, 156, 168, 169
Houbara Protected Area 71, 172, 173
Jebel Hafit Protected Area 71
Marawah Marine Biosphere Reserve 71,
153, 156, 159, 162
Proterozoic eon 29
Pseudotrapelus sinaitus 62, 62
Pterocles exustus 57
Pterotricha sp. 61
Purple blushed Darter 59
Purple Darter 59
Pygmy Shrew 61, 61

Q
qanat 88
Qarnein Island 64, 170
Quaternary period 29, 138
Qurm 54, 94

R
Rainwater Harvesting 40
Ra’s al-Khaimah Emirate 91
Ra’s Hanjurah 32
Ra’s Sadr 76, 159
Recurvirostra avosetta 58, 58
Red-billed Tropicbird 171, 171
Red Fox 58, 58
red lake effect 59
Red-necked Phalarope 65
Red Sea 26, 35, 64, 84, 111, 160, 166
Red Sea Rift 111

red tides 43, 48, 50, 59. See algal blooms
Renewable Portfolio Standard 34
reptiles 24, 61, 82, 164
Arabian Desert Gecko 164, 165
Arabian Ground Gecko 57
Arabian Horned Viper 61
Arabian Sea Snake 53
Arabian Toad-headed Agama 61, 61
Desert Monitor 58, 61, 61
Dhub Lizard 58, 58, 60
Dune Sand Gecko 61
Sand Skink 61, 61
Short-snouted Sand Lizard 164, 165
Sinai Agama 62, 62
Sindh Saw-scaled Viper 57
Reverse Osmosis (RO) 45, 45
Rhazya stricta 62, 62
Rhincodon typus 51
Rhodes grass 41, 43, 44
Richter scale 112
Rockrose 57
Rub al-Khali basin 38
Ruddy Turnstone 65
Rumaitha oil field 77, 176
Ruwais 38, 77, 95, 183

S
Sabkha Matti 76, 84
Sabkhas 30, 31, 118
coastal 30, 31, 56, 120, 136
definition 56
formation 30, 119
inland 30, 31, 116, 118, 119
Sabre-toothed Beetle 60
Saccostrea cucullata 55
Sac Spider 61
Sahil oil field 175
Sailfish 51, 51, 160, 160, 161, 161
Saker Falcon 67, 67
Salinity 28, 43, 48, 59, 144, 149
Salsola drummondii 57
Salt Dome 32, 120. See also islands and diapirs
salt marshes 32, 56
Sand Cat 61, 61
Sand Dunes 38, 39, 57, 60, 61
barchan dunes 31, 106, 116, 119
Barchanoid Dunes 31, 116, 118
formation 116
partially deflated transverse dunes 116
transverse dunes 116
Sanderling 65
sand gazelle 166, 166
Sand Partiridge 63
Sand Sheets 60, 61
Sand Skink 61, 61
Savile Row Beetle 60, 60
Savis Pygmy Shrew 61, 61
Scarabeus cristatus 60, 60
Scincus mitranus 61, 61
Scomberomorus commerson 49, 156,
158, 161
Scorpions 61
Black Fat-tailed Scorpion 61
Sea Cucumber 53
seagrass beds 46, 52, 71, 101, 152, 158
seagrasses 48, 52, 71, 162
Sea Levels 124
seal rocks 74
sea urchins 53, 85
Sedimentation 25, 34
Seidlitzia rosmarinus 57
Selaroides leptolepis 51
Senna 62, 62
shamal winds 28
Shari’a 88, 89, 89
Sharjah Emirate 89
Shatt al Arab 28
Sheikh Khalifa bin Zayed Al Nahyan 6
Sheikh Zayed 4, 12, 13, 14, 44, 91. See also bin
Sultan Al Nahyan, Sheikh Zayed
Shimal 87
shoals 32, 33, 122, 123, 126.
See also ooid shoals
Shore Crab 54, 55
Short-snouted Sand Lizard 164, 165
Shuweihat 76, 182

Siberian High Pressure System 35
Sila’a 64, 158
Silene villosa 60
Simsima Formation 83
Sinai Agama 62, 62
Sindh Saw-scaled Viper 57
Sir Bani Yas Island 32, 89, 103, 120, 126, 166
Snakes 53
Arabian Horned Viper 61
Arabian Sea Snake 53
Sindh Saw-scaled Viper 57
Snubnose Emperor 53
Socotra cormorant 52, 64, 64, 126
Soil
formation 128
groups 30, 57, 128, 129, 130
Soil Survey of Abu Dhabi Emirate 128,
129, 132
solar power 102, 103
Solar Thermal Desalination 45
Sooty Falcons 57, 65, 65
Sooty Gull 64, 170, 170
Sousa chinenis 52, 52
Spangled Emperor 52
Spanish Mackerel 51
Sphaerocoma aucheri 57, 57
spiders 61
Ground Spider 61
Sac Spider 61
Wolf Spider 61
Spiny-tailed Lizard. See dhub lizard
sponges 54, 55, 162, 163
springs 39, 40, 86
Stenodactylus doriae 61
Sterna bengalensis 51, 56, 65
Sterna bergii 65
Sterna repressa 64
Strait of Hormuz 28, 43, 48, 66
Stratigraphic traps 74
string of beads 56, 57
Striped Hawk Moth 62
structural traps 74
subduction 26
Sulphur-Free Gas Oil (SFGO) 34
Sulphurous Jewel Beetle 62
Suncus etruscas 61, 61
Superior Oil Company 76
Supreme Petroleum Council 78
Sustainability 16, 79, 98, 99, 101, 102, 103
Sustainability Excellence Group (SEG) 102
Sweihan 23, 166
Swift Tern 65
Synclines 74, 174, 175

T
Tadorna tadorna 58
Takreer 34
Tarad Boats 156, 157
Tarif 76
Taweela 166
Tell Abraq 89
Tephrosia 62
Tephrosia apollinea 62, 62
terrestrial ecosystems 109
Tethys Sea 33, 74
Thamama Group 75
threatened and endangered species
Arabian Tahr 62, 63, 63, 71
Dugong 48, 53, 53, 71, 162, 163, 163
Hawksbill turtle 52, 52, 53, 56, 56, 126, 163
Houbara Bustard 60, 60, 66, 66, 71
Saker Falcon 67, 67
Socotra cormorant 52, 64, 126
Sooty Falcons 57, 65
tidal flats 56, 122
Tigris River 28, 48
TOTAL 76
tourism industry 126
transverse dunes 116
tribal groups
Al Bu Falah 90
Awamir 90
Baharinah 187
Bani Yas 187
Dhawahir 90
Manasir 90, 167, 187

Tribulus arabicus 60
Tringa nebularia 54
Tringa totanus 58, 65
Trithemis annulata 59
Trucial States 76, 91
Turnsole 62
Tursiops aduncus 51, 51
Tursiops truncetus 52
turtles 48, 52, 82, 85, 162, 163
Green turtle 48, 52, 56, 56, 71, 162,
163, 163
Hawksbill turtle 52, 52, 56, 56, 126, 163
migration 52

U
Ubaid Pottery 85, 176
Umm al-Ishtan 176
Umm al-Nar Island 86, 87, 89
Umm Al Nar oil field 77
Umm al-Nar period 86, 87
Umm az-Zamul 85
Umm Shaif oil field 76, 77, 94, 174, 175
Upper Fars Formation 138
urbanisation
environmental impacts 94, 95, 101
Urban Planning Council 95
urban water use 41, 44
conservation 44
Urchin Beetle 60
Uromastyx aegyptia 58, 60, 60

V
Varanus griseus 58, 58, 61, 61
Vegetation 56, 130. See plants
Vegetation Communities 130
Vulpes cana 62, 62
Vulpes vulpes 58, 58

W
wadis 13, 62, 116, 117, 150
Wadi Suq period 87
Wadi Tarabat 117
Water Crisis 42, 43, 44
Water Quality 140, 154
water resources 13, 36, 38, 40, 44, 96, 97
See also groundwater resources
capacity 42
conservation 44
demand 41, 44, 45, 142
desalination 13, 36, 40, 41, 42, 43, 45, 95,
100, 101
development and distribution 45, 88, 149
infrastructure 149
management 40, 44, 100
rainwater harvesting 40
traditional systems 40
treatment and use 40, 41
use 36, 40, 43, 44, 100, 101
agriculture 41, 146
domestic 41, 42, 42
forest plantations 41, 44, 146
industry 41
urban 41, 44, 101
Water Resources Information System
(AWRIS) 140
water tariffs 44
wave energy 123
wave-formed bars 122
Western Reef Heron 54, 56, 68
Western Region 38, 90, 95, 138, 186
wetlands 58, 59
Al Wathba Wetland Reserve 58, 59
protection and conservation 59
whale sharks 50, 50, 51
Whimbrel 56
White-Cheeked Tern 47
Wind erosion 33, 116, 128
Wind Power 103
Wolf Spider 61
wooded parklands 134
worms 48, 51, 54

Y
Yasat al-Ulya Island 64
Yasat as Sufla Island 64
Yellowbar Angelfish 52
Yellow-spotted trevally 49
Yellowstripe Scad 51
Yemen 71, 90, 166

Z
Zagros Mountains 26, 27, 28, 35, 111
Zahar 60
Zakum Development Company (ZADCO) 77
Zakum oil field 77, 175
Zirku Island 162, 164, 165, 171
Ziziphus spina-christi 62
Zooplankton 49
Zuegen 120
Zygophyllaceae 56
Zygophyllum qatarense 56, 57
Zygophyllum simplex 57

