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Abstract

Global warming induced eustatic rise in sea level is mainly by thermal expansion and addition of ice-melt water,
respectively. Sea-level rise in Arabian Gulf which is a consequence of global warming will affect almost all the
emirates in UAE. Although IPCC (2019) estimated a maximum possible sea-level rise of 1.1 m, other estimates
shows a rise of =2 1m by the 2100 AD. The low-lying coastal zones are more vulnerable to rising sea levels as they
face submergence or saltwater intrusion which affects different land use/land cover features. Geomatics based
models on the possible impact of the predicted sea level rise on coastal Land Use/Land Cover (LULC) features are
necessary to initiate appropriate mitigation plans. The present study is an attempt in this direction taking the UAE
coast as an example. The LULC of the UAE coast was mapped through the interpretation of the Sentinnel-2 imagery
from 2019. SRTM digital elevation models coupled with landform evidences have been used to interpolate contours
at 1m interval, although vastly approximate, for the entire UAE coastal region. If the sea level rise by 1m, about 571
km2 area including present intertidal wetlands and shrubs, mangroves, built-up residential and under development
areas would be effected along the study area of 500-km long UAE coast displacing about 85% inhabitants and their
economic activities. The coastal areas of Abu Dhabi, Dubai, Umm Al Quwain, Ras Al Khaimah, and Fujairah would

be the worst hit areas in the region.

Keywords: Sea-level rise; Possible impact on coastal land use/land
cover; UAE Coast; Geo-spatial technology; GIS; Remote sensing

Introduction

Climate change postures a perilous challenge to the entire world
today. The levels of carbon dioxide and climate change the world set
for new records for global temperatures, hurricanes, and arctic sea
ice loss in 2020 [1]. Anthropogenic activities of modern age such as
deforestation, fossil fuel burning, draining of wetlands, adoption of
modern technologies in farming etc., are the main reasons for the
present degraded state of the global environment. Earlier, during the
pre-industrial revolution times, the impact of these kind of activities
on climate and environment are almost negligible and irrelevant. It
is gauged that anthropogenic activities have triggered global average
temperatures to rise by 1°C above pre-industrial levels, and with
a likely range of 0.8°C to 1.2°C [2]. If the global warming persists at
the current rate, it is apparent to reach 1.5°C between 2030 and 2052
[3]. Meanwhile, incontrovertible evidence of this climate crisis can
be observed in a shrinking Greenland Ice sheet [3], increased ocean
heat content [4] and a particular sensitive species shifting towards the
pole [5]. Climate Change, Global Warming and more recently Climate
Emergency have been, in the past decade and longer, terms tantamount
with the greatest sustainability challenge of the 21 century [6-9].

The consequences of dangerously increased greenhouse gases like
carbon dioxide in the atmosphere are already perceptible. At present,
(April 2022) the atmospheric carbon dioxide levels are at 418.81
ppm (http:// co2now.org/) an increase of about 150 ppm from its
pre-industrial levels of 270 ppm [10]. Atmospheric warming leads to
increased evaporation of ocean water and the resultant rise in the water
vapour content in the atmosphere would trap more heat setting in a
cascading effect [11]. Warming of Earth to such a level as mentioned
above would lead to severe consequences such as increasing frequency
of extreme weather conditions like droughts, floods and heat waves
than estimated before [12]. Moreover, as the global climate change

affects regional climates, the water resources, agriculture and economy
of the regions are, in turn, significantly affected [13].

Climate change vindication is a technological measure which
aims to reduce the amount of anthropogenic emissions of greenhouse
gases [14], it can be done in different ways: firstly the mitigation
technologies, which focus on reducing fossil-based CO, emissions,
including nuclear power, renewable energies, and lastly carbon capture
and storage [15,16], secondly, negative emissions technologies like
afforestation, land management to increase and fix carbon in soils,
enhanced weathering, bioenergy production with carbon capture and
storage, which aim to capture and sequester atmospheric carbon to
reduce carbon dioxide levels, DACCS (Direct Air Carbon Capture And
Storage), and ocean fertilization [17-19] and finally geo engineering
techniques that change the Earth’s radiative energy budget to stabilize
or reduce global temperatures, such as stratospheric aerosol injection,
and marine cloud brightening [20, 21]. Controlling in one way or the
other and reversing climate change is expected to be a major concern
and responsibility for mankind in the present century.

Alternatively, global warming also leads to eustatic sea level rise
[22] due to thermal expansion of seawater and addition of ice-melt
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water [23-26]. As per Lindsey (2020) [27], based on the data captured
by the National Oceanic and Atmospheric Administration (NOAA),
sea levels rose by 1.4 mm/year most of the 20" century, and the process
accelerated to 3.6 mm/year as per 2006-2015 data. For further accurate
projections, modeling sea level rise requires the use of coupled ice-
atmosphere-ocean general circulation models. IPCC (2018) model-
based projections of global mean sea level rise (relative to 1986-2005)
suggest an indicative range of 0.26 to 0.77 m by 2100 for 1.5°C of
global warming and 0.36-0.88 m for 2°C. The very next year the IPCC
(2019) projected a higher increase of 0.61-1.1 m by 2100 under the
RcP8.5 scenario. Sea levels will continue to rise well beyond 2100, and
the magnitude and rate of this rise will depend on future emission
pathways. Some studies predicted as much as 7.5 m of sea level rise
by 2200 in the case of instabilities [28]. The direct impact of the sea-
level rise is on the different land use land cover features along the
coastal zones, which, in-spite of being highly resourceful and densely
populated, are low-lying and hence would be subjected to accelerated
erosion and shoreline retreat due to increased wave strength as water
depth increases near the shore [29,30], besides leading to saltwater
intrusion into coastal groundwater aquifers, inundation of wetlands
and estuaries and threatening historic and cultural resources as well as
infrastructure [31]. The increased sea-surface temperatures would also
result in frequent and intensified cyclonic activity and associated storm
surges affecting the LULC features along the coastal zones [32, 33]. So
the collaboration between sea level researchers and decision makes are
important at this stage as the damage and disruption caused by coastal
catastrophic disasters annually cost at least $ 390 billion in low and
middle income countries. But $ 1 spent on disaster prevention can save
$ 15 in future damages [34].

There is a direct relationship between the amount of CO, emissions
and economic growth in recent decades [35], the long term future of
the world’s economy depends on moving away from the fossil fuels
[36], as the Arabian Gulf countries emit ~ 5.5% of global CO,, a figure
that has doubled since the 1980’s [37]. Socio-economic impacts of this
global decision [38] on oil producers such as Arabian Gulf countries,
is a matter of concern. At the juncture, the Arabian Gulf countries are
facing with a dual dilemma relating to their role as a major supplier of
fossil fuels and also its high sensitivity to the environmental impacts of
global climate change for which these fuels are responsible [39]. Similar
to other places in the world, the Arabian Gulf is also experiencing
environmental degradation due to severe natural and anthropogenic
stressors [40]. In the Arabian Gulf region, data from the Global
Historical climatology Network monthly (GHcNm) for 357 stations
suggested that the temperature over the region has increased by at least
2°C [37], coupled to that, even the sea surface temperatures are also in
the increasing trend [41]. It is chronicled earlier that years 2020 and
2016 are tied as the warmest years since temperature records began.
Continuing the warming trend, the globally averaged temperature in
2020 was 1.02°C warmer than the baseline 1951-1980 mean. The coastal
regions of UAE is shallow and ranges between 5 to 15 m. The UAE also
has extended coastal zones of less than 5 m depth. A UNDP (2010)
report concluded that MENA is one of the region’s most vulnerable
to climate change impacts. Alothman (2014) [43] showed atmospheric
pressure changes of the order of 10 m bar in the Arabian Gulf
corresponds roughly to an annual variation of 10 cm in sea level [44].

It’s well reported before that the extensive withdrawal of oil and
gas and groundwater should promote land subsidence [43, 45]. This
land subsidence apart from global warming induced Eustatic Sea-
level rise, may also could accelerate the sea level rise impacts upon the
coastal cities and low-land coastal areas in UAE. The ingress of tsunami

waves is more likely to enter the Arabian Gulf through the Strait of
Hormuz if strong marine earthquake occur, as the Arabian Gulf is
close to the Makaran Subduction zone in the Sea of Oman, which is
one of the structurally active geologic regions with anticipated marine
earthquakes [46, 47]. The impact will be most significant along the
Musandam Peninsula of Oman along within the UAE. Historically,
the Arabian Gulf has experienced a sea transgression during the Late
Holocene, where the inundation by 1-2 m sea level rise above the
current level occurred along the Arabian Gulf coasts and covered
conspicuous areas in southern Iraq [48]. The population of the Arabian
Gulf countries is significantly concentrated near the coast in UAE,
Qatar, Kuwait and Bahrain. Currently, more than 180 million people
live in the Arabian Gulf countries, and in that more than 26 milllion
live in its coastal zones [37].

However, UAE is particularly vulnerable to sea level rise as the DEM
revealed that the low-lying UAE coastline is shallow-sloping (about 35
cm per km) therefore highly susceptible to potential flooding [49] of
most of the populated areas as they are settled on low elevated terrains.
With over 85% of the population and more than 90% of the UAE’s
infrastructure situated within several meters of present day sea level
[50], people are susceptible to flooding, erosion, saltwater intrusion,
and loss of coastal ecosystems. As studied earlier, approximately 53.474
km?2 of land reclamation occurred particularly in Dubai for the last 15
years [51].

The protection of low-lying areas against sea level rise, flooding
and other phenomenon related to climate change is an extremely costly
and complex process. When Netherlands started facing such threats,
they are clearly capable to deal with it by following a long term defence
strategy, even though around one-third of the country lies below sea
level [52]. Same way Germany also invested a lot in coastal protection
[53]. In responding to the effects of rising sea levels, it is imperative
to know the area’s most vulnerable to flooding. This knowledge
enables decisions on the protection of the key areas or withdrawal in
the case of less important areas [54]. There are indications that sea
levels are increasing along the Arabian Gulf coast too. Studies based
on the analysis of long term tide gauge data from various stations in
the Arabian Gulf regions, corrections/adjusted to the vertical land
movements included, indicated that sea levels are rising at an average
rate of 2.85 mm/year from 1993 onwards [37,55]. This rising in sea
levels will definitely affect the UAE with pronounced erosion along
certain sections of the coast. This study, therefore, is an attempt to
map the areas that are directly affected by the predicted sea level rise
by 1 meter and the magnitude of its impact on the different land use/
land cover features in various coastal sectors of UAE using the remote
sensing and GIS techniques.

Study Area

The United Arab Emirates (UAE) is part of the geographic
region called as the Middle East. It consists land mass of 83000 km?,
predominantly desert & mountains, bordering Oman to the east,
Saudi Arabia to the south and west as well as sharing maritime borders
with Islamic republic of Iran to the north and Qatar to the west. The
Arabian Gulf is a large, warm, shallow semi-enclosed body of water
with manifold oceanography and geomorphological history (Garland,
2010). The Arabian Gulf is an inland sea of an approximately 251,000
km? with its longest axis of 816 km and its width comprising of 250-
300 km. The narrowest width of the Arabian Gulf is 56 km at the strait
of Hormuz. The Arabian Gulf mostly a shallow water body, where its
maximum water depth is around 100 m and its average depth is less
than 50 m. The depth in the offshore zone of the Arabian side does not
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exceed 50 m [56]. The deepest region is very close to the Iranian side,
with a maximum depth of about 80m. The UAE is a coalition of seven
emirates consisting of Abu Dhabi (Capital), Dubai, Sharjah, Ajman,
Umm Al Quwain (UAQ), Ras Al Khaiman (RAK), and Fujairah. The
UAE is in-between 22°30" and 26°10” north latitude and 51" and 56725’
east longitude. The UAE coastline is approximately more than 1000
km along the southern shore of the Arabian Gulf. The present study
area is approximately 500-km-long coast of UAE (represented by
dotted box in the Figure 1) including all the coastal Emirates (Figure
1). The shoreline for Abu Dhabi in the study area is taken around 146
km long out of approximately 500 km, as the south-western part of
the Abu Dhabi is not much developed therefore there is no much
population and activity in the southern part. UAE has the authority
over almost 200 small islands, and an increasing number of near-shore
man-made structures. Most of the structures which are natural and
man-made islands like Saadiyat in Abu Dhabi is three meters above sea
level. The predominant coastal sector north of UAE is characterized by
headland-bay configuration with a large number of rock promontories
(breakwaters) protrudes into the sea, especially along Fujairah and Ras
Al Khaimah coast. The worth of the present infrastructures, mainly in
the capital city of Abu Dhabi, Dubai and Ras-Al Khaimah, constructed
on many natural and man-made islands is enormous. Especially Dubai
and Abu Dhabi has a numerous near shore manmade and natural
islands like Palm Jumeirah, Palm Jebel Ali, World Islands, Palm
Deira, Saadiyat Island, Yas Island, which are the most attractive and
touristic along the Coast. UAE is densely populated with Dubai city
having 3,297,980, Abu Dhabi city consists of 1,807,000, Sharjah City
1,274,749, Ajman City 226,172, RAK City 115,949, UAQ City 61,700,
Khor Fakkan 39,151 and Kalba 37,545 [51].

Materials and Methods

The overall aim of the present methodology is to develop an
objective method to identify those land use/land cover features
along the UAE coast at risk due to eustatic (global) sea-level rise.
The impending sea-level rise is likely to increase before speeding-
up shoreline erosion and damage to seaside structures, therefore

making UAE coast more susceptible in future. The sentinel images
were geocoded and seamlessly assembled to form a single contiguous
image of the entire 500 km-long coast. The image mosaic was then
subset by taking the landward limit of the coast approximately upto
5-m contour. The land use / land cover features along the UAE coast
within the approximate 5-m elevation have been interpreted and traced
through onscreen digitization from Sentinnel-2 images covering the
entire UAE. For this reason, all the land use classes up to Level III of the
widely used National Remote Sensing center (NRSC) classification, are
extracted to the extent discernible from the relatively high resolution
Sentinnel-2 imagery, substantiated by extensive field observations.
In order to generate an approximate 1-m contours, Digital Elevation
Models (DEM) of the UAE coast, available from the Shuttle Radar
Topographic Mission (SRTM) website (www.srtm.csi-cgiar.org), were
downloaded from which contours at Im interval were interpolated
using 3-D Analyst module in ArcGIS software. The imprecisions in
the contours generated have been adjusted to some extent, based on
the landforms in the area (interpreted from the satellite imagery), and
spot heights from the topographic maps. Later, 1-m contour is then
overlaid on the land use/land cover features to extract data on the area
statistics of various land use/land cover features getting effected due to
SLR using standard GIS techniques.

Results

Considering the most accurate estimates on possible sea-level rise
which is about 1.0m to 1.5 m [57, 58] at an average value of 1.24 m
[59, 60] and 1m average estimated rise by 2100 AD [3], the minimum
estimated rise of 1.0 m is taken in the present study to compute its
possible impact on the existing land use/land cover along the UAE
coast.

The calculations showed that the most of the area under 1 m
contour in different emirates which are at risk from rising sea levels in
the UAE are Abu Dhabi (47.96% of the total UAE area), Dubai (29.6%),
Umm Al Quwain (5.5%), Ras Al Khaimah (7.8%), Fujairah (4.9%) and
minimal in Ajman (1.63%) & Sharjah (2.61%) as shown in (Figure 3).
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Figure 1: Location map of the study area.
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Figure 3: The ratio of areas under 1m elevation in all emirates which are at risk of sea level rise to the total area.

While the percentage analysis can give a quick overview of the ratio
of inundation for each emirate, it would be safer to acknowledge the
area in square kilometers to have a clear idea of the actual flooding.
More specifically total coastal area of 291.9 km? in Abu Dhabi might
be flooded by 2100 AD, 141.51km? in Dubai, 33.8km? in UAQ, 48.3
km? in RAK, 30.4 km? in Fujairah, 16.01 km? in Sharjah, and finally
10 km? in Ajman respectively. Hence, Abu Dhabi, Dubai, UAQ, RAK,
and Fujairah are the emirates with the highest loss in terms of coastal
area extent.

Coastal zones are most vulnerable for Land Use/Land Cover (LULC)
changes in this rapid urbanization and industrialization epoch. It is
necessary to study the LULC along the coastal zones in order to develop
efficient management strategies. A LULC map (Figure 2) is essential
to understand the different classes in a particular region in order to
analyze the risk due to eustatic sea-level rise. LULC of a particular
region is completely dependent on the anthropogenic activities [35] in
addition to the climate changes. Urban areas along the shores of Abu
Dhabi, Dubai, and Ras Al-Khaimah (RAK) makes the UAE coastal
zone more susceptible to the impending sea-level rise. In the current
study, a LULC map is prepared (which is below the approximate 5-m
contour) by image interpretation and on-screen digitization of various
features in ArcGIS 10.6 on 20 m spatial resolution Sentinel 2A image

pertaining to 2019. From the LULC map, which is prepared for the
entire coastal region of UAE, it can be seen that the LULC features
under the 1-m elevation comprises of Built-upland residential covers
26% of the total area, most of it is distributed along the coast in Dubai,
Abu Dhabi, UAQ and RAK. Built-upland under development is 22%
in the entire UAE having 126 km?, which clearly shows the region is
undergoing the construction boom. Industrial and commercial areas
comprises of 5% of the total UAE area. Mangroves constitute of 23%
along with 5.4% with mudflats and shrubs, and only 1% of the total area
comprises of sandy beaches.

Then the total area at risk of sea level rise was calculated by land
use/land cover classes adopted according to NRSC classification. The
analysis showed that the classes most susceptible to rising sea levels
are Built-up residential areas, mangrove areas and Built-up areas under
development. More attention should be paid to urban areas (residential
24.3%, under-development, 27.15% and industrial, 4.7%) due to the
concentration of population, since the effects of sea level rise are not
limited to the land covering 303.73 km? itself, but also to the people
living there. Also one of the potential impacts of sea level rise is on
the mangrove plantations as they have ecological, social and economic
values. Mangroves comprises a total area of 131.69 km? in the study
area which corresponds to 21.5% respectively. For all other different
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land use/land cover classes which are vulnerable due to sea level rise is
represented in the (Figure 4).

Discussion

The study has confirmed that UAE is particularly vulnerable to
sea level rise. Land use/land cover of the study area of UAE consists
of mainly beaches, barren lands, built-up-residential, built-up-under
development, built-up-commercial/industrial, mangroves, wetlands
and shrubs, plantations and port facilities (Figure 2-LULC map for
the entire UAE). The areas covered within the approximate 5 m and 1
m elevation along the study area of UAE coast is about 2003 km? and
571 km? (Table 1). Analyzing the context of some specific land use/
land cover classes like built-up residential areas and built-up under
development both together occupies an area of 274.83 km?” During
the field visits along the coast, alarmingly noticed already there is
a conspicuous erosion observed along the Umm Al Quwain coast
(Figure 5a), a compound wall of a villa got undermined due to the
wave and tide energies impinge upon the wall and got collapsed. Also
dunes stabilized by the vegetation got eroded which are substantiated
with field evidences (Figure 5a): a jetty completely submerged in
water & also noticed a conspicuous spit got eroded when compared
between two satellite images from 2000 and 2019 (Figure 5b): In the

Coastal Vulnerability Index analysis, calculated by [51] clearly stated
that Umm al Quwain and its adjoining coastal areas are under high to
very high-risk category. Aldogoml D [61] also specified that this area
is experiencing widespread erosion. As mentioned earlier there is a
huge construction boom in this region as clearly evident from LULC
map especially in the northern part of Abu Dhabi where the built-up
under development area is 47km? south of Dubai 50 km? north of
UAQ 11.5km? In this situation, there should be a long term defense
strategy to overcome and protect the areas against the sea level rise. In
this regard, there is an 1m sea-level rise inundation map prepared in
order to illustrate the areas along the different emirates under threat
(Figure 6), which will help the coastal managers to know the other areas
which might affected in the near future. The significant other areas are
essentially built-up area under development, residential areas and the
mangroves. About (26%) of the area is under built-up residential areas
which are fringing along the coast which makes it more prone as this
area would be directly affected to the impending sea level rise in the
future.

Conclusion

The Study revealed that the impending sea-level rise would seriously
impair the built-up residential and under development activities along
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Figure 4: The most threatened classes presented by emirate wise.
Table 1: Emirates wise areas under 1m and 5m contours.
Sea-level rise scenarios
S.No Emirates Area under (1m) in Km? Area under (5m ) in Km?
1 Abu Dhabi 291.9 1007.2
2 Dubai 141.5 527.33
3 Sharjah 16.01 78.52
4 Ajman 10.4 48.2
5 Umm Al-Quwain 33.8 162.42
6 Ras Al-Khaimah 48.3 108.36
7 Fujairah 30.4 71.24
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Figure 5a: (a) Showing boundary wall of the villa collapsed by the continuous wave action in UAQ -2022. (b) Eroded dune during the high wave conditions & which is
stabilized by vegetation. (c) Jetty submerged underwater.

Figure 5b: Breached barrier spit in UAQ, comparing satellite images from (2000-2019).
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with mangroves in Abu Dhabi, Dubai, UAQ and RAK which are
considered as the major cities where the maximum people dwell in. The
land use/land cover map prepared using Sentinnel-2 images from 2019,
coupled with elevation data generated from SRTM DEM’s indicated
that built-up residential is the major land use activity in the region
followed by built-up under development and mangroves vegetation
which will bore the brunt when the sea levels rise. If the sea level rises
by about 1.0 m as the predictions based on recent models indicated, an
area of about 571km? will be effected directly or indirectly, including
291.9km?in Abu Dhabi, 141.5 in Dubai, 33.8 km? in UAQ and 48.3km?
in RAK. Further, the major portion of the area 148.69km? falls under
Built-up residential, and 126.14km? in built-up under development and
131.69km? covers with mangroves. All this presents a huge challenge
for all the emirates of UAE and requires to have a long-term policy
of preventing or mitigating the effects of rising sea levels. Knowledge
about how the structure of the land use/land cover will change after sea
level rises is therefore necessary to be able to plan more judiciously.
The next step in the research will be the analysis of various sea level rise
scenarios as well as the time analysis of these changes. This will allow a
better understanding of the processes that may take place in the UAE
coastal zones in the coming decades.
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