


Wet-bulb Temperature and Sea-level Rise in the United Arab 

Emirates – Planning Responses

Julian Bolleter a, Bill Gracea, Paula Hoopera and Sarah Fosterb

aThe Australian Urban Design Research Centre, University of Western Australia, Perth, Australia; bCentre for 
Urban Research, RMIT University, Melbourne, Australia

ABSTRACT
Increased heat stress and sea-level rise, associated with climate change 
could threaten the viability of some cities by the latter part of this 
century. This paper reviews urban development patterns in Dubai and 
Abu Dhabi, in the United Arab Emirates, and concludes these cities are 
highly vulnerable to elevated wet-bulb temperatures and sea level rise. 
This is predominantly due to the focus of development along the Gulf 
coastline, where these issues are concentrated. In response, this paper 
ventures regional planning responses to adapt to these threats 
through decentralising populations to inland areas.
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Introduction

The ranking of cities concerning assessments of their liveability has become commonplace, 
and there is growing interest in creating evidence-based indicators of liveability to measure 
progress towards enhancing health and wellbeing outcomes (Badland et al., 2014). While 
such rankings rate a city’s liveability, based on factors such as housing affordability, health-
care, education and public transport, they rarely countenance climatic change threats to 
liveability. However, in this century, there are reasons to think, that in a largely unmitigated 
climate change situation, some cities will not be liveable or viable due to extreme wet-bulb 
temperature (WBT)  (Pal & Eltahir, 2016), and sea-level rise (SLR).

This paper focusses on the United Arab Emirates (UAE), a nation likely to be impacted, 
and particularly the UAE’s two largest cities, Dubai (population 3.3 million) and Abu Dhabi 
(population 1.45 million) (Garland, 2010; Pal & Eltahir, 2016). Firstly, the paper back-
grounds the threats to cities posed by elevated WBTs and SLR. In the subsequent section, 
we describe the methods which underpin a climate focussed suitability analysis of the UAE. 
In the results section, we consider the suitability analysis results and the degree to which 
current planning for urban expansion in Dubai and Abu Dhabi expose future urban 
populations to the adverse effects of increased WBT and SLR. In the subsequent discussion 
section, we consider what adaptive measures UAE policymakers could undertake to adapt 
settlement patterns to climate change. Finally, we conclude with the implications of the 
study and possible future research.



Wet-bulb Temperature Extremes

Extreme dry-bulb temperatures (DBT) intensify the risk of heat illness and can also 
aggravate pre-existing illnesses such as heart and kidney disease (Bi et al., 2011). 
The early decades of the twenty-first century have already seen a plethora of 
extreme heat events, including the European heatwave in 2003 which killed tens 
of thousands of people (Coffel, Horton, & De Sherbinin, 2017). The young and 
elderly are particularly vulnerable to extreme heat events. However, the effects of the 
most lethal heatwaves are due to not only elevated temperatures but also the effects 
of humidity. Extremely high heat combined with elevated humidity diminishes the 
human body’s ability to regulate temperature by sweating. Hence, hot and humid 
conditions can be more dangerous than equivalently hot dry conditions (Steadman, 
1979).

A human body may be able to adapt to extremes of DBT through perspiration 
and related evaporative cooling, provided that the WBT – a measure of temperature 
and humidity – remains below 35°C (Pal & Eltahir, 2016). Currently, peak heat 
stress, measured by the WBT, is similar across varied climates and generally does 
not exceed 31°C. However, any exceedance of 35°C WBT for several hours increases 
the risk of inducing ‘hyperthermia in humans as dissipation of metabolic heat 
becomes impossible’ (Sherwood & Huber, 2010, p. 9552) and the ‘body may become 
unable to maintain a stable core temperature’ (Coffel et al., 2017, p. 2). Considering 
both of these factors, researchers estimate that the survivability limit for peak six- 
hourly WBT is probably close to 35°C for humans (Sherwood & Huber, 2010). 
While 35°C has not occurred for prolonged periods to date, it will likely occur later 
this century with predicted temperatures associated with the higher end of the 
emission scenarios identified by the Intergovernmental Panel on Climate Change, 
calling the habitability of some regions, and cities, into question (Sherwood & 
Huber, 2010).

Global temperatures and humidity are projected to rise significantly in the 
coming century, but all countries are not impacted equally. Coffel et al. project 
that by 2080 exposure to extreme levels of WBT will increase in frequency by 
a factor of 100 to 250 in the tropics and parts of the mid-latitudes (Coffel et al., 
2017). Restricting global average surface temperature rises to less than 2°C relative 
to 1986–2005 (Representative Concentration Pathway 4.51) will likely avoid WBT 
exceedance of 35°C. However, if emissions continue to increase unabated (RCP 8.5) 
global average surface temperatures are projected to rise by 3.2–5.4°C by 2100 
relative to 1986–2005 leading to annual exposure to WBTs of 35°C potentially 
exceeding 1 million person-days by 2070–2080. Under RCP 4.5 and 8.5, Coffel 
et al. (Coffel et al., 2017) project WBT exceedance of 32°C potentially reaching 
60 million person-days and 600 million person-days, respectively, by 2070–2080.

In the absence of significant mitigation or adaptation, the related mortality and 
morbidity are projected to surge in a warming climate, particularly in vulnerable 
groups such as the elderly, children, those with chronic diseases, and workers 
performing physical labour in non-cooled environments (Bi et al., 2011). The 
seriousness of the threat of WBT to cities may be surprising as the climatic 
consequences of climate change that cities are urged to consider, and policymakers 



have focused on, have been heat waves and rainfall changes, and extreme storm 
events (McDonald, 2015).

Sea Level Rise

Seas have risen by more than 20 cm since 1880, transforming coastal environments around 
the world. Since 1993, sea level has been rising faster still, at about 3 mm per year (Church & 
Clark, 2016). The two most significant contributions to the rise are thermal expansion of 
the oceans, and the loss of ice from glaciers both which are products of climate change 
(Church & Clark, 2016). This SLR poses significant risks to coastlines – through flooding, 
permanent inundation and erosion. At the same time, coastal populations are projected to 
increase in the next decades, compounding this situation (Hurlimann et al., 2014).

Given historic greenhouse gas emissions alone, seas will now continue to rise for 
centuries. Moreover, with sustained growth in emissions, the Intergovernmental Panel 
on Climate Change has projected a rise of up to 7 m by 2500 but also cautioned that the 
available ice-sheet models might underestimate Antarctica’s future contribution (Church 
& Clark, 2016). As such, coastal cities will need to adapt as this situation plays out over 
the coming decades and centuries.

Impacts of Increased WBT and SLR in the Gulf

Not surprisingly, researchers’ project that WBT will have particularly pronounced effects 
in areas that currently experience a coincidence of elevated temperatures and humidity. 
One such area is coastal regions of the Arabian Gulf, where increased WBTs ‘result from 
the interaction of hot desert air masses with onshore moisture advection from warm 
bodies of water’ (Coffel et al., 2017, p. 7). Pal and Eltahir have projected using regional 
climate model simulations, that extremes of WBT adjacent to the Arabian Gulf will likely 
‘approach and exceed this critical threshold’ of 32°C WBT under the high emissions 
scenario (RCP 8.5) (Pal & Eltahir, 2016, p. 197). As they unequivocally state:

Our results expose a specific regional hotspot where climate change, in the absence of 
significant mitigation, is likely to severely impact human habitability in the future (Pal & 
Eltahir, 2016, p. 197).

These hotspots include major cities such as Abu Dhabi, Doha and Dubai (Pal & Eltahir, 
2016). While the areas surrounding the Arabian Gulf are mostly desert, coastal areas 
experience very high relative and absolute humidity because the surface albedo of the 
Gulf is low, resulting in strong absorption of solar radiation and increased heat flux. 
Moreover, the extreme evaporation rate intensifies water vapour (Pal & Eltahir, 2016). 
Broader regions adjacent to this body of water are susceptible to high WBTs because sea 
breezes transport air inland (Pal & Eltahir, 2016).

SLR will also drastically affect the Arabian Gulf because significant cities such as Abu 
Dhabi and Dubai are located on the predominantly sandy shorelines of the southern Gulf 
which will be particularly prone to coastal erosion as SLR occurs (Garland, 2010, p. 135). 
Policymakers have situated these cities on typically low-lying land that often was origin-
ally salt marshes or sabkha, an Arabic word which translates to ‘mud’ (Mandaville, 1998, 
pp. 202,203). As such, there is little freeboard to accommodate incremental SLR.



Study Context: Dubai and Abu Dhabi Urban Form and Current Planning

We have chosen The United Arab Emirates (UAE) (Fig 1) – and its two largest cities Abu 
Dhabi and Dubai as case studies for investigation because they could be drastically 
affected by the twin impacts of climate change, extreme WBTs and SLR.

Dubai’s urban developers work loosely within the framework of Dubai’s overarching 
spatial plan which seeks to ‘mitigate any environmental degradation’ and promote ‘safe 
and healthy urban environments’ (Government of Dubai, 2012, p. 1). The plan concen-
trates urban development within an approximately 20-kilometre band along the coast, 
with areas inland designated ‘non-urban areas’ for conservation, farming and aquifer 
zones (Government of Dubai, 2012, p. 3). The bulk of the city’s fabric is arranged as 
a narrow band along the coast and serviced by a network of east-west running arterial 
roads (Fig 2).

Much of Dubai’s recent high profile development has been delivered in the form of 
offshore islands (Bolleter, 2019). The most notable projects are the Palm Jumeirah, the 
World development, and the now-cancelled Universe development2 (Fig 3). Developers 
have ‘written’ these projects into the shallow, warm waters of The Gulf to achieve 
maximum legibility for their logo (Al Maktoum, 2012, p. 155). Between 2003 and 2011 
extensive changes in the coastline appeared as 6,800 hectares were added to the total 
land area of the Dubai Emirate by offshore reclamation projects (Nassar et al., 2014, 
p. 56). The largest of the Palm developments was to be the vast Palm Deira – proposed

Figure 1. The UAE, and its two largest cities Abu Dhabi and Dubai are located on the UAE’s eastern 
coastal fringe. The Al Hajar Mountains are on the western border with Oman, and the Empty Quarter 
to the southwest. Base imagery courtesy of Esri, Digital Globe, Geo Eye, Earthstar Geographics, CNES/ 
Airbus DS, USDA, USGS AeroGrid, IGN, and the GIS User Community.



Figure 2. Dubai’s urban form is concentrated within an approximately 20-kilometre band along the 
coast. Base imagery courtesy of Esri, Digital Globe, Geo Eye, Earthstar Geographics, CNES/Airbus DS, 
USDA, USGS, AeroGrid, IGN, and the GIS User Community.

Figure 3. In 2008, developers Nakheel delivered the first of the offshore projects, the Palm Jumeirah. Since 
then, developers Nakheel has lined the Palm’s trunk with apartment buildings, resorts, malls, restaurants and 
marinas, and it’s radiating fronds with luxurious villas. Image courtesy of Expeditioner/Shutterstock.com.



to be bigger than Manhattan Island and house over a million people (Caton & Ardalan, 
2010, p. 46).3

The majority of Abu Dhabi’s urban footprint is spread across an archipelago of 
islands and policymakers have planned for this situation to continue (Abu Dhabi 
Urban Planning Council, 2007). (Fig 4). Such planning includes a new iconic 
precinct, the Cultural District, the ‘Palace Row,’ and the Embassy District on 
Saadiyat Island, (Abu Dhabi Urban Planning Council, 2007, p. 11). The Central 
Business District, which is currently scattered over several islands, is to be concen-
trated on Al Maryah Island (Fig 5). The remainder of Al Mina, Al Reem and Saadiyat 
Islands are proposed to constitute mostly medium density residential districts (Abu 
Dhabi Urban Planning Council, 2007). The highest density in the city is to be located 
at the tip of Abu Dhabi island (Abu Dhabi Urban Planning Council, 2007). 
Immediately north of Abu Dhabi island is Lulu Island, a 400-hectare human-made 
island, which will have significant tourist development and housing (Abu Dhabi 
Urban Planning Council, 2007).

The coastal focus and associated risks of Abu Dhabi and Dubai’s planning, we believe 
contradicts national strategic planning for the UAE, encapsulated in the ‘UAE Vision 2021: 
United in ambition and determination’ document which declares that the UAE Federation 
will ‘safeguard Emiratis from harm in the event of large-scale environmental emergencies’ 
(Government of the United Arab Emirates, 2010, p. 25).

Figure 4. Abu Dhabi’s urban footprint is spread across an archipelago of islands. Base imagery 
courtesy of Esri, Digital Globe, Geo Eye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS 
AeroGrid, IGN, and the GIS User Community.



Methods

With this tension in mind, we conducted a climate focussed suitability analysis to explore 
the research question:

To what degree could the current planning for urban expansion in Dubai and Abu 
Dhabi expose future urban populations to the adverse effects of increased WBTs and 
SLR?

Over the last forty years or so, suitability analyses have sought to answer such questions 
of how settlement patterns should respond to environmental health hazards, amongst 
other factors. Indeed, suitability analyses have increasingly become integral components 
of urban, regional and environmental planning activities (Pettit et al., 2015, p. 94; Zhang 
et al., 2013, p. 741).4

To evaluate appropriateness for urbanisation, suitability analyses, often focus on a 
selection of four principal themes. The first is natural factors, e.g. slope (Wang, Jin, Lu, & 
Lu, 2017), the second infrastructure-related factors, e.g. roads (Kumar & Shaikh, 2013), 
the third is economic-related factors, e.g. employment (Wang et al., 2017), the fourth, 
climatic factors such as temperature, humidity, rainfall (Wang et al., 2017) and in some 
cases prevailing winds (Lotfi, Habibi, & Koohsari, 2009).

While all of these factors are important, we have focussed principally on SLR and 
WBT related factors given the explicit climate change focus of this paper, and the 

Figure 5. Abu Dhabi’s urban footprint is mostly concentrated on Abu Dhabi Island (1) but is also 
spreading to Saadiyat Island (2), Al Maryah Island (3), Al Reem Island (4), Al Mina (5) and Lulu Island (6). 
Base imagery courtesy of Esri, Digital Globe, Geo Eye, Earthstar Geographics, CNES/Airbus DS, USDA, 
USGS, AeroGrid, IGN, and the GIS User Community.



substantial threats they pose to Dubai and Abu Dhabi. We have also included DBT and 
rainfall as part of the UAE scale analysis, as extreme DBTs, in particular, are an issue in 
some inland locations. By focussing on these climatic factors, we do not mean to 
downplay other non-climate related considerations, they are, however, beyond this 
necessarily brief paper.

Factor mapping

We have based our SLR factor mapping on peer-reviewed projections that indicate for 
non-sheltered sites in the Abu Dhabi region, water height by 2099 could hypothetically 
reach over nine metres above present datum during extreme events. This figure includes 
storm and tide surges3 (4m) and expected significant waves (4m)4 (Garland, 2010). It also 
includes up to 1.81 metres SLR under RCP 8.5 (Irani, Massah Bavani, Bohluly, & 
Alizadeh Katak Lahijani, 2017). It should be noted, that under RCP2.6, 4.5 and 6.0 SLR 
in the Arabian Gulf will be 0.84, 0.86 and 0.89 metres, respectively5 (Irani et al., 2017). 
We utilised elevation data to generate our mapping to illustrate the vulnerability of Dubai 
and Abu Dhabi to SLR (Fig 6, 7). This mapping reveals water level increases, at the scale 
above, could substantially consume the existing urban footprints of Dubai and Abu 
Dhabi.

We have based our WBT factor mapping on typical current summer6 WBT weather 
charts produced by Meteologix (2019). (Fig 8). We concede that it is difficult to project 
the exact degree to which areas of WBT extend inland as moisture in the air from the Gulf 

Figure 6. Dubai SLR vulnerability factor map. This map shows the elevation (in metres) of the Dubai 
coastline. Projected water level increases could substantially consume the existing urban footprint of 
Dubai.



Figure 7. Abu Dhabi SLR vulnerability factor map. This map shows the elevation (in metres) of the Abu 
Dhabi coastline. Projected water level increases could substantially consume the existing urban 
footprint of Abu Dhabi.

Figure 8. UAE WBT factor map. The connection between increased WBTs and proximity to the Gulf can 
be observed in current UAE charts of WBT that reveal high WBTs occurring along the coast in the 
summer months. This WBT map is from the 8th August 2019 at 1 pm and is typical of the patterns from 
the summer period. Map by the authors, data courtesy of Meteologix.



diffuses laterally due to winds, which can be coastal, or land breezes. Nonetheless, the 
Meteologix charts consistently show coastal areas to be subject to elevated WBTs (2019), 
a situation which is likely to compound over time.

While WBT extremes are concentrated along the coast, UAE charts reveal elevated 
DBTs (in the summer months) tend to occur inland and in the southwest of the UAE, 
coinciding with the broad expanse of the Rub al Khali desert, a vast and inhospitable 
expanse covering much of the Arabian Peninsula7 (Meteologix, 2019) (Fig 9). Nonetheless, 
Dubai and Abu Dhabi also experience consistently high DBTs in the summer months.

We have also included factor mapping showing average annual rainfall (mm) which 
shows a steady decrease from the Al Hajar mountains in the northeast to the Rub Al 
Khali desert in the southwest (National Water Center, 2020) (Fig 10). Rainfall remains a 
significant climate factor in potentially mitigating extreme DBTs because rainfall can be 
collected for the irrigation of green spaces. Several studies have demonstrated the cooling 
effect of large-scale green structures on their surroundings (Coutts, Tapper, Beringer, 
Loughnan, & Demuzere, 2013; Lenzholzer, 2015). This is, in part, through evapotran-
spiration from vegetation, a process that absorbs heat and reduces the air temperature 
(Coutts et al., 2013; Rahman et al., 2020).

Weighting the Suitability Factors

There is a relative consensus in the literature regarding suitability analyses that weighting of 
the suitability factors presents a ‘difficult problem’ as it ‘introduces subjectivity into the 

Figure 9. UAE DBT factor map. The highest DBTs typically occur in the southwest of the UAE in the 
summer months. This DBT map is from the 13th August 2019 at 1 pm and is typical of the patterns 
from the summer period. Map by the authors, data courtesy of Meteologix.



decision-making process since the weight is [often] assigned arbitrarily to each set of factors’ 
(Chen, 2016, p. 50). This can lead to considerable variations in results depending on the 
‘interests of the experts who are assigning the weights’ (Flitter et al., 2013, p. 22). As a result 
of such challenges, ‘there remains still no widely accepted method for weight determination’ 
(Zhang et al., 2013, p. 742) and ‘the most frequently raised problem . . . is how to establish 
weights for a set of activities according to importance’ (Al-Shalabi et al., 2006, p. 5).

To tackle this problem, we have employed the Analytic Hierarchy Process (AHP) 
which is a ‘theory of measurement through pairwise comparisons’ to derive priority 
scales (Saaty, 2008, p. 83). In constructing a set of pairwise comparison matrices, we used 
M-Macbeth software8 (Bana e Costa et al., 2020) to compare all possible pairs of
suitability factors (e.g. WBT and SLR) and to weight relative importance of one criterion
over another (Saaty, 2008, p. 85).

This process led to WBT receiving the highest weighting because of the potentially 
lethal effects of extreme WBTs and the breadth of area possibly affected (Pal & Eltahir, 
2016). This was followed by DBT because of the threats high DBTs pose to health and 
wellbeing (Loughnan, Nicholls, & Tapper, 2012). Nonetheless, the risks of extreme DBTs 
can be, at least partly, obviated through climate-sensitive urban design (Coutts et al., 
2013). SLR receiving the third highest weighting. While SLR poses serious threats to 
coastal development the effects are unlikely to be life threatening or sudden, and at least 
temporary measures can be undertaken to adapt to SLR (Grace & Thompson, 2020). 

Figure 10. UAE annual rainfall factor map. The UAE’s rainfall decreases from the Al Hajar Mountains (in the 
north-east) to the Empty Quarter to the southwest. Map by the authors from data by the National Water 
Center.



Rainfall received the lowest ranking not because it is insignificant, just because cities in 
the Arabian Gulf often rely extensively on desalination.

Computing the Results

With the factors and weightings in place, we converted the factors maps into a raster data 
environment, in Arcmap 10.5 at a resolution of 10 by 10 kilometres in ArcInfo Grid files. 
Since the input factors layers were in different numbering systems with different ranges, 
we reclassified them into a standard preference scale from 1 to 9, with 1 designating the 
lowest suitability and 9 the highest (Table 1).

While a WBT of 35 °C is potentially lethal (Coffel et al., 2017; Sherwood & Huber, 2010) 
we focus on a WBT of 30°C as a critical threshold. As such, we have reclassified areas of 
WBT above 30°C to have a low preference score of 1. We reclassified the SLR mapping to 
show areas 1m above current sea-level to have a low preference score of 1, while areas 9m+ 
above sea level to have a preference score of 9 as they are hypothetically above projected 

Table 1. This table sets out the factors, classifications, preference scores and factor weightings we 
derived from the pairwise comparison process.

Factor Classification
Preference 

score
Factor 

weighting Dataset

SLR vulnerability (elevation in 
metres)

0 - 1 
1 - 2 
2 - 3 
3 - 4 
4 - 5 
5 - 6 
6 - 7 
7 - 8 
8 +

1 
2 
3 
4 
5 
6 
7 
8 
9

0.18 (Hijmans, Guarino, & Mathur, 
2020)

Typical existing summer WBT°C 30.2 + 
29.4 - 30.2 
28.3 - 29.4 
27.3 - 28.3 
26.2 - 27.3 
25.2 - 26.2 
24.4 - 25.2 
23.6 - 24.4 
22.9- 23.6

1 
2 
3 
4 
5 
6 
7 
8 
9

0.45 (Meteologix, 2019)

Typical existing summer DBT°C 44.4 + 
42.3 - 44.4 
40.1 - 42.3 
38.0 - 40.1 
35.9 - 38.0 
33.7 - 35.9 
31.6 - 33.7 
29.5 - 31.6 
27.3 - 29.5

1 
2 
3 
4 
5 
6 
7 
8 
9

0.32 (Meteologix, 2019)

Annual rainfall (mm) 29 - 41 
41 - 54 
54 - 66 
66 - 79 
79 - 92 

92 - 107 
107 - 122 
122 - 136 
136 - 152

1 
2 
3 
4 
5 
6 
7 
8 
9

0.05 (National Water Center, 2020)



extreme water levels (Garland, 2010, p. 143). We reclassified areas prone to extreme summer 
DBTs of above 44°C to have a low preference score of 1, and areas with typically milder 
DBTs of below 29.5°C to have a preference score of 9. Finally, we have reclassified areas with 
less than 41mm annual rainfall to have a low preference score of 1, whereas areas with 
comparatively high annual rainfall of 136mm (and above) to have a preference score of 9. 
Finally, we applied the algorithm of the weighted linear summation, which multiplies all 
grid cells of a layer by their weight.

Results

Our overall suitability analysis which combines both summer WBT and DBT, SLR and 
annual rainfall factors reveal that the UAE’s major coastal cities are highly vulnerable to 
extreme WBTs and SLR. Indeed the major coastal cities of Abu Dhabi and Dubai received 
a suitability score of only 4 (on a 9 point scale), and other coastal cities such as Ajman, 
Sharjah even less, with scores of 3 and 2 respectively. The poor suitability scores of these 
centres is due to their proximity to the shallow and warm waters of the Gulf, and as such 
elevated WBTs. They are also particularly vulnerable to SLR because of low lying, sandy 
shorelines, and, in Abu Dhabi and Dubai, extensive offshore development on natural or 
artificial islands. At the same time, inland cities to the east, such as Al Ain (the UAE 
capital) and Al Dhaid rated considerably better, with both scoring 6, because of reduced 
WBT and SLR risk as well as higher rainfall (Fig 11 and Table 2). Nonetheless, these 
centres do experience high DBTs and this has moderated their scores.

Figure 11. Our overall suitability analysis which combines both summer WBT and DBT, with SLR and 
annual rainfall factors reveal that the UAE’s coastal cities rate poorly, while inland cities and towns to 
the east, such as Al Ain and Al Dhaid rate considerably better.



Discussion

The results of our suitability analysis reveal that the UAE’s coastal cities of Dubai and 
Abu Dhabi are particularly vulnerable to the effects of WBT extremes and SLR. In 
contrast, interior centres such as Al Ain and Al Dhaid rate comparatively better. These 
findings have substantial implications for UAE regional planning exercises.

Readers should note the limitations of our study. Like all suitability analyses, ours 
relies on weightings which considerably affect the distribution of suitability scores. We 
accept that there remains a degree of subjectivity about such weightings and have 
proceeded with a method which at least makes decisions around weighting transparent. 
As Saaty (2008, p. 85) implores: ‘even when numbers are obtained from a standard scale, 
their interpretation is always, I repeat, always, subjective.’ Our research has also been 
limited by a lack of WBT and DBT mapping describing seasonal average maxima. As 
such, we have had to extrapolate from WBT and DBT patterns experienced on a 
particular day which is, to some degree, typical of the season.

With this noted, in the following sections we discuss the vulnerabilities of Dubai and Abu 
Dhabi to elevated WBTs and SLR. Subsequently, we consider what regional planning 
strategies UAE’s policymakers could develop to adapt to elevated WBTs and SLR. In 
particular, we consider the decentralisation of population to areas of the UAE that are less 
vulnerable. We carry out our discussion concerning the Dubai 2020 Urban Masterplan 
(Government of Dubai, 2012) and Plan Abu Dhabi 2030 (Abu Dhabi Urban Planning 
Council, 2007).

Sea-level Rise Vulnerabilities

SLR is particularly an issue in Dubai and Abu Dhabi, as the value of existing infrastruc-
ture constructed along sandy low-lying shorelines, and on natural and fabricated islands, 
is enormous. As Mohammad Raouf of The Gulf Research Centre warns, given the 
predicted SLR in the next century, Dubai’s new ‘artificial islands will disappear’ 
(Landais, 2007). A possible premonition of this is that the ferry company contracted to 
deliver visitors to The World development has recently sued the developer Nakheel, 

Table 2. Suitability scores for the major urban centres in the UAE. The 
suitability score is out of nine with a score of one denoting very low 
suitability, five medium suitability and nine very high suitability. The 
median score is five, and this divides the rankings between areas 
broadly suitable or unsuitable for urbanisation over another.

Urban centre Suitability score

Abu Dhabi 4
Dubai 4
Al Ain 6
Ras Al Khaimah 4
Umm al Quwain 3
Ajman 2
Sharjah 3
Zayed City 5
Masafi 7
Al Dhaid 6



claiming that the channels have begun to silt up and some islands have begun to sink 
(Day, 2015).

Fortification is generally the most accepted response to SLR. Such hard engineering 
solutions typically involve the controlled disruption of natural processes by using fabri-
cated structures (Stephenson & Turner, 2013). Fortification responses to SLR typically 
take the form of sea walls and embankments (Kellett, Balston, & Western, 2014). While 
coastal fortification may be workable in short to medium term, fortification responses to 
SLR will likely be futile in the longer term (Kellett et al., 2014) given the projections that 
sea levels will still be rising in hundreds of years from now. Indeed, with continued 
growth in emissions, the Intergovernmental Panel on Climate Change has projected a 
rise of as much as 7m by 2500 – a figure which does not include storm and tide surges and 
significant waves (Church & Clark, 2016).

WBT Vulnerabilities

It may be tempting to think that urban policymakers in Abu Dhabi, Dubai and other 
UAE coastal cities could devise protections against the unprecedented WBT extremes 
such as the broad-scale adoption of air conditioning. While this may be possible for 
internal spaces or enclosed outdoor spaces such as stadia,9 it is not sustainable – from 
either an economic or energy perspective. The power requirements of dehumidification 
and air conditioning would surge; energy would become more expensive; power failures 
would become more commonplace and threatening to human health; and people would 
be virtually imprisoned in their homes (Sherwood & Huber, 2010). Moreover, the out-
door temperatures would surge due to the hot air, air-conditioning units channel into the 
environment – a phenomenon that commentators have already identified as an issue in 
Dubai (Khaishgi, 2018).

Abu Dhabi and Dubai, like all cities, rely on workers servicing daily life through 
outdoor manual employment. However, extensive frequencies of 32 °C WBT would 
make such outdoor activities dangerous, if not impossible and Abu Dhabi and Dubai 
virtually uninhabitable (Coffel et al., 2017). Unskilled migrant labourers, who already 
face dangerous working conditions, would be particularly vulnerable (Human Rights 
Watch, 2016). Indeed, according to official data, between 2005 and 2015, over 30,000 
Indian workers died in The Gulf states, with death most commonly caused by stress, ill- 
health and extreme temperatures (Srivastava, 2017).

In summary, a substantial proportion of coastal urbanisation that developers are 
delivering in Dubai and Abu Dhabi could exacerbate the risks to urban populations of 
WBT events above 32°C and SLR. As such, current city planning (Abu Dhabi Urban 
Planning Council, 2007; Government of Dubai, 2012) is unlikely to deliver the ambition 
of the UAE government to ‘safeguard Emiratis from harm in the event of large-scale 
natural or man-made environmental emergencies’ and ‘protect citizens from environ-
mental health hazards’ (Government of the United Arab Emirates, 2010, p. 25). Given 
this situation, the following section proposes long term planning solutions for population 
decentralisation to inland, higher elevation areas, less affected by increased WBTs 
and SLR.



Adaptive Strategies

The adaptive strategies we table in this section respond to the insubstantial ‘National 
Climate Change Plan of the United Arab Emirates 2017-2050’ which states that climate 
change will require ‘comprehensive, evidence-based adaptation planning at the national 
level’ (UAE Ministry of Climate Change & Environment, 2017, p. 25). While this paper 
only focuses on a limited number of factors, it does speak to the national scale planning to 
which the UAE government aspires – but struggles to deliver in their planning.

Regional Population Decentralisation

While the overarching planning documents for Dubai and Abu Dhabi encompass their 
respective emirates (not just the cities themselves) neither plan identifies a need for the 
development of regional cities. Instead, the plans propose to continue to concentrate 
population growth in the two burgeoning coastal cities. However, given that Dubai’s 
population could more than double to 5 million by 2030 (Zaatari, 2017) and Abu Dhabi’s 
increase four-fold in the same time-frame (Abu Dhabi Urban Planning Council, 2007), 
policymakers should consider whether to refocus urban development away from the 
coast to interior regions. While these areas are slightly hotter in summer,10 the air is 
considerably drier, and thus WBTs reached will not be as extreme (Pal & Eltahir, 2016). 
Indeed, in typical current summer conditions, the inland city of Al Ain can have WBTs 
between 2 and 6°C lower than the coastal city of Abu Dhabi (Meteologix, 2019). 
Moreover, even projections of 7m SLR by 2500 (Church & Clark, 2016) will pose few 
issues for such inland centres because of their elevation.

This shift in development focus could find expression in boosted regional centres in 
interior environments, connected by efficient transport infrastructure to Dubai and Abu 
Dhabi – which are likely to continue to thrive, in some form, as tourist and business 
destinations at least in the coming decades (Fig 12). These boosted regional centres could, 
in time, be connected to the coastal cities by a high-speed rail network, a realignment of 
the current proposed coastal link between Abu Dhabi and Dubai (Abu Dhabi Urban 
Planning Council, 2007).

Possible Boosted Urban Centres

It should be noted, that there are many factors which determine the success of decen-
tralisation exercises, for example the availability of existing infrastructure or employment 
in regional centres (Bolleter, 2018), however these are beyond the scope of this necessa-
rily brief paper. Nonetheless, policymakers could plan for the growth of inland oasis 
centres (at the foothills of the Hajar Mountains), such as Al Ain, located in the Emirate of 
Abu Dhabi (population 770,000), or Al Dhaid located in the Emirate of Sharjah (popula-
tion 20,165). Both of these centres could potentially accommodate influxes of population 
from Abu Dhabi and Dubai as WBTs and SLR increasingly impact these cities.

Al Ain has the largest existing population of the UAE’s non-coastal cities and 
substantial existing infrastructure. The increased elevation of Al Ain (300m above sea 
level), could also be beneficial as at increased altitudes, the atmosphere becomes thinner, 
which decreases the total amount of water vapour the atmosphere can hold, thus 



ameliorating WBT extremes. Al Dhaid is capital of the Central Region of the Emirate of 
Sharjah, and is an oasis town with extensive palm plantations irrigated with water 
channelled from the adjacent Hajar Mountains. Like Al Ain, it benefits from increased 
elevation of 115m above sea level. Al Dhaid also offers reasonable access to urban centres 
in the Hajar Mountains, such as Masafi and Hatta, which experience a comparatively 
benign climate; however, their footprints are constrained by dramatic topography and 
rocky outcrops.

Despite the challenges to population decentralisation from dominant primate cities 
(Bolleter, 2018), disruption in the form of extreme WBT events could shift this dynamic 
quickly and dramatically. Through proactive planning for decentralisation, policymakers 
in Dubai and Abu Dhabi could reduce the harmful effects of such events when they do 
occur. Of course, this would require policymakers to also revisit the existing planning of 
Al Ain (Abu Dhabi Planning Council, 2014) and Al Dhaid to introduce further capacity 
for absorbing population growth.

Readers should note, such inland centres under RCP8.5 will experience extreme DBTs 
in the summer months (Pal & Eltahir, 2016), and will be uncomfortable and possibly 
hazardous to human health. Nonetheless, the summer DBT of Al Ain and Al Dhaid will 
be generally survivable, if the centres are appropriately designed. This will necessitate 
measures such as the shading of the public domain, the funnelling of cooling wind 
through street networks, the adoption of advanced building materials to reduce the 

Figure 12. Policymakers could consider boosting regional centres in interior environments connected 
by efficient transport infrastructure to Dubai and Abu Dhabi, such as high-speed rail (HSR). Two such 
centres could be Al Ain, the capital of the UAE located in the Emirate of Abu Dhabi, and Al Dhaid 
located in the Emirate of Sharjah, both oasis towns at the foothills of the Hajar Mountains.



absorption of heat, and the adoption of solar control systems (Haddad, Paolini, Synnefa, 
& Santamouris, 2018).

Implications

The implications of this study extend to the broader Arabian Gulf region, and beyond. 
Indeed, Dubai, in particular, is having a disproportionate influence on urban develop-
ment patterns around the world. While the West often view Dubai as being a ‘fantasy 
world in the desert’ (Davis 2007, p. 63), its significance in the broader context cannot be 
underestimated. Many rulers, administrators and developers in the region view Dubai’s 
model of coastal urban development as an example that they can replicate. In the Gulf 
region, the Dubai model is spreading to Saudi Arabia, Bahrain, Kuwait and Qatar, all of 
which will confront elevated WBT and SLR issues to varying degrees. As such, policy-
makers should understand the vulnerabilities of such coastal development models.

Future Research

In this paper we have not discussed efforts the UAE government could make to mitigate 
climate change, through reducing greenhouse gas emissions. Nonetheless, this is much- 
needed research. Indeed, the country’s capital, Abu Dhabi, has very high emissions, 
equating to 39.1 tonnes per capita which is more than triple the average of Organisation 
for Economic Co-operation and Development nations (Khaishgi, 2018).

Secondly, the impacts of extreme DBTs and WBTs depend on exposure and vulner-
ability, and are contingent on many factors such as age, pre-existing health conditions, 
acclimatisation, the capacity to adapt, availability of air conditioning, emergency 
response in heatwaves, and economic and socio-cultural factors that affect behaviour 
(Loughnan et al., 2012). Also, research has shown that adaptation strategies such as early 
warning of heatwaves, public education on the dangers of extreme heat, and social check- 
ups on vulnerable people can substantially reduce the number of deaths in extreme heat 
events (Coffel et al., 2017, p. 7). These are all important initiatives that researchers could 
consider for application in the UAE context.

Conclusions

There is much uncertainty about the degree to which humanity can, and is willing to, 
reduce its greenhouse gas emissions (Coffel et al., 2017). Nonetheless, if we continue on a 
trajectory to between RCP 4.5 and 8.5, then the UAE’s policymakers should proactively 
respond at the regional planning and urban design scales. This response should entail a 
review of Abu Dhabi and Dubai’s spatial plans (Abu Dhabi Urban Planning Council, 
2007; Government of Dubai, 2012) so to avoid an over-concentration of an expanding 
population along the coast and yield the ‘safe and healthy urban environments’ the Dubai 
government (for instance) aspires to (Government of Dubai, 2012, p. 1). Concomitantly 
policymakers should pre-emptively plan for population decentralisation to interior 
centres designed to be climate responsive.

The time for such proactive planning will be soon. The problem is that the bulk of 
contemporary development in Dubai and Abu Dhabi will be with us as the climate crisis 



unfolds. Moreover, there is strong path dependency associated with ongoing develop-
ment in the UAE’s major cities, and redirecting development efforts elsewhere will take 
years – even under Dubai’s ‘benevolent dictatorship’ (Davis, 2007). Nonetheless, policy-
makers cannot ignore this challenge.

Given global warming trends and projections, most plausible climatic scenarios still 
require us to prepare for a planetary climate far more brutal than the benign Holocene 
world that human beings have inhabited in recent millennia (Wiseman, 2016). 
Policymakers in the UAE are not adequately responding to projections for increased 
WBTs and SLR, which could become credible threats to Dubai’s and Abu Dhabi’s 
liveability, and indeed viability in the future. As UAE Founder Sheikh Zayed bin 
Sultan al Nahyan (1918-2004) rightly warned:

Future generations will be living in a world that is very different from that to which we are 
accustomed. It is essential that we prepare ourselves and our children for that new world (In 
UAE Ministry of Climate Change & Environment, 2017, p. 3)

We have directed this paper towards this end.

Notes

1. Representative Concentration Pathways (RCPs) were used in the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC) in 2014 as a basis for the report’s
findings. RCP 4.5 relates to a medium effort to curb emissions, 8.5 to a low effort to curb
emissions (CoastAdapt, 2015).

2. Only part of this proposed gargantuan island is now being constructed.
3. A long duration Shamal with winds blowing consistently from the north west can result in

a positive storm surge of up to 4 m at Jazirat Ghagha, a near-shore recording station some
200 km west of Abu Dhabi city (Garland, 2010, p. 140).

4. Modelling suggests that it is reasonable to assume that there will be eight occurrences of 4 m
waves along the Abu Dhabi shoreline before 2099 (Garland, 2010, p. 141).

5. These assessments are based on modelling undertaken since the most recent IPCC
Assessment Report 5 in 2014.

6. The summer months in Dubai are May, June, July August, September.
7. We recognize that one constituent element of WBT is DBT however have included both in

our suitability analysis because distributions of WBT and DBT are quite different across the
UAE.

8. The AHP and Macbeth approaches are slightly different. AHP uses 9-point fundamental
scales (ratio scale), whereas MACBTEH uses six semantic scale (ordinal scale). In addition,
for calculating weight and scale, MACBETH uses liner programing method, whereas AHP
uses eigenvalue method (Rietkötter, 2014).

9. The Gulf state of Qatar is air-conditioning outdoor stadiums that will be used for the 2022
soccer World Cup.

10. The average maximum temperature for Al Ain in August is 44.6°C (National Centre for
Meteorology, 2017b) while in Abu Dhabi it is 42.9°C (National Centre for Meteorology,
2017a).
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