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Abstract

This study analyzed the thermal comfort in arid-desert climate of the United Arab Emirates based on the Discomfort
Index (DI) and Universal Thermal Climate Index (UTCI) method. For this purpose, the average monthly meteorological
data including temperature, wind speed and relative humidity were obtained from three stations (Abu Dhabi, Dubai and
Al Ain) during (1980-2018) period. The result indicated that the highest value of DI and UTCI obtained in Abu Dhabi
during August, with 37.7°C and 59.2°C respectively. UTCI values indicating strong heat stress found during period from
April to November months. Discomfortable is very strong and dangerous in April, while State of medical emergency
found from May to October. Al Ain has a lower number of comfortable months of both indexes, for which the winter
months are comfortable in the three areas. The United Arab Emirates is one of the first countries concerned with climate
change and trying to limit its future impacts. Therefore, created a ministry for this purpose which is, the Ministry of
Climate Change and Environment.
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1. Introduction

Abu Dhabi and Dubai are a coastal city with higher levels of humidity compared to AL Ain city. Al Ain is located in the
border with Oman and the air is relatively dry during summer and winter [1]. Al Ain’s climate is prevailed by high air
temperatures and intensity solar radiation during the year. During most of the year, the rising observed temperatures
exceed the thermal comfort zone range. The National Bureau of Statistics recorded the maximum average annual
temperature to be 45 °C in August with a minimum of just 13 °C in January [2]. The local climate in Abu Dhabi and Dubai
can be characterized as hot and humid with high levels of sunlight throughout the year. During the summer months
between June and September, the relative humidity level in Abu Dhabi fluctuates between 80% and 90%. It is clear that
there is no place in the world experiencing favorable conditions and thermal comfort throughout the year, either are
suffering from heat or cold stress. Nowadays, there has been much interest in the study of differentiation of bioclimatic
conditions in outdoor spaces [3-5]. Various researches conducted in several countries focused on the relationship
between thermal comfort and diversity of place and climate [6-10]. There are more than a hundred indices used to
evaluate human thermal comfort and health hazards. The important factor determining human comfort or discomfort
is the thermal component of environmental conditions and was calculated by many indices using air temperature, wind
speed and relative humidity [11-19].

The main purpose of current research is study of the bioclimatic conditions of three Emirates in the United Arab
Emirates using Discomfort Index (DI) and Universal Thermal Climate Index (UTCI).
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2. Material and methods

2.1. Study Domain

The study area located in western Asia within the latitude range between 22.0° and 26.5° N and longitudes range
between 51.0° and 56.5° E, which is a member of the Gulf Cooperation Council countries as seen in Figure 1. United Arab
Emirates (UAE), union of seven Emirates along the eastern coast of the Arabian Peninsula and covers an area of
approximately 83,600 square kilometers with 1,318 km of coastline. The largest of these Emirates, Abu Dhabi, which is
a capital of the federation’s. Dubai and Abu Dhabi are located along the northern coastline, while Al Ain is a city in the
eastern region of the Emirate of Abu Dhabij, it is the largest inland city in the Emirates. The United Arab Emirates has an
arid-desert climate with very dry and high temperature in the interior, hot and humid along the coast. The average
January temperature is 16°C, while in July the temperature averages 35°C. Summertime the temperature can reach 45°C
on the coast and 49°C or more in the inland desert.

Arablan Gulf

Saudi Arabia

) . .
*v s
/ ‘

Figure 1 Location of the study area

2.2. Methods

Thom’s Discomfort Index is calculated according to: DI = Ta - (0.55 - 0.0055*RH) (Ta - 14.5). From the average monthly
air temperature (Ta in °C) and the average monthly relative humidity (RH in %). The Discomfort Index (DI) method is
used to indicate the level of thermal comfort in selected study area [20].

Table 1 Classification of discomfort index values [11]

DI (°C) Comfort Sensation
Less than 10 Extreme discomfort feeling
10-15 Moderate discomfort feeling
15-18 Relatively comfort
18-21 No discomfort feeling
21-24 Less than 50% of the total population feels discomfort
25-127 More than 50% of the total population feels discomfort
28-29 Most of the population feels discomfort
30-32 The discomfort is very strong and dangerous
More than 32 | State of medical emergency
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Actually, UTCI shows a better picture of human thermal conditions compared to other indices. Many variables are used
to calculate and estimate UTCI index which are, air temperature (°C), relative humidity (%), wind speed (m/s) and the
radiant temperature. Although UTCI index can be calculated by complex equations, in this study, the website
(http://www.utci.org/) was used to assess of thermal stresses.

Table 2 Ranges UTCI indices for different grades of thermal stress [21]

UTCI (°C) Thermal Stress
+9to 0 Slight cold stress
+9to +26 No thermal stress
+26to +32 | Moderate heat stress
+32 to +38 | Strong heat stress

+38 to +46 | Very strong heat stress

above +46 | Extreme heat stress

In this research, the average monthly of air temperature (°C), relative humidity (%) and wind speed (m/s) were used
to calculate DI and UTCI values for UAE during the period 1980-2018.

2.3. Observational data

The set of meteorological parameters applied in this study consists of monthly average of air temperature, relative
humidity and wind speed for the period 1980-2018 are obtained from three stations mainly located over United Arab
Emirates (Abu Dhabi, Dubai and Al Ain). The observational climatic data used obtained from National Center for
Environment Information (NOAA).

3. Results and discussion

3.1. Universal Thermal Climate Index (UTCI)

Different grades of no thermal stress (9 < UTCI < 26 °C) occurred mostly from December to February in Abu Dhabi and
Dubai stations, while the month of December at Al Ain station considered as moderate heat stress (Table 3). UTCI values
between 38 > UTCI > 32 °C, indicating at least strong heat stress, can be found during April. The periods from June to
September, extreme heat stress over the three selected area in UAE. Therefore, it can be said that at April the beginning
of heat stress over UAE.

Table 3 Monthly UTCI averages (in 2C) at stations for the period 1980-2018

Months | UTCI (Abu Dhabi) | UTCI (Dubai) | UTCI (Al Ain)
Jan 21.1 18.2 24.5
Feb 23.8 20.4 26.8
Mar 28.8 25.5 30.4
Apr 37.1 329 35.7
May 45 39.4 42.3
Jun 51.5 45.4 48.3
Jul 56.2 49.2 48.5
Aug 59.2 50.4 51.5
Sep 53.2 47.2 44.8
Oct 44 39.8 38.6
Nov 33.5 30.9 32.1
Dec 24.7 24.7 27.1
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Highest UTCI values were observed at Abu Dhabi station especially during summer months (59.2°C), while lowest UTCI
we find at Dubai station during winter (18.2 °C) as shown in Figure 2
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Figure 2 Average monthly UTCI (2C) at stations for the period 1980-2019

3.2. Discomfort index (DI)

Highest air temperature together with highest relative humidity produces high thermal discomfort, and vice versa. As
illustrated on Table 4, in December, January and February the DI value indicated that less than 50% of the total
population perceived warm discomfort nearly in the three areas. More than 50% of the total population suffered from
thermal discomfort during March, while the discomfort is very strong and dangerous in April. State of medical
emergency found from May to October, where the values of DI of Abu Dhabi, Dubai and Al Ain was 37.7 2C, 35.8 2C and
36.2 °C respectively. That's could be a dangerous situation for people, especially the elders and children.

Table 4 Monthly DI averages (in 2C) at stations for the period 1980-2018

Months | DI (Abu Dhabi) | DI (Dubai) | DI (Al Ain)
Jan 23 22.6 23.2
Feb 24.8 239 25
Mar 27.5 26.3 27.4
Apr 31.4 29.4 30.2
May 34.3 32 329
Jun 36.1 34.4 35.3
Jul 371 35.5 35.3
Aug 37.7 35.8 36.2
Sep 36.1 34.8 341
Oct 333 32.2 31.2
Nov 28.8 28 27.9
Dec 24.9 24.4 25

In term of Discomfort Index pattern, the weather trend in UAE was alarming. The Figure 3 indicated that, in 38 years
span in the three selected weather stations, showed the domination of stress and medical emergency level of discomfort
index.
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Figure 3 Average monthly DI (2C) at stations for the period 1980-2018

The thermal human comfort indexes analyzed in this study over UAE cities are almost nearly similar representative of
the thermal sensations.

Table 5 Percentage of comfortable months in three selected stations as estimated by Discomfort Index during the study
period

Stations Comfortable Months | Annual comfortable Percentage
Abu Dhabi | Dec, Jan and Feb 25%
Dubai Dec, Jan and Feb 25%
Al Ain Dec and Jan 16%

As shown in Table 5 and Table 6, suggests that, Al Ain has a lower number of comfortable months of both indexes, for
which the winter months are comfortable in the three areas. Dubai ranked the most comfortable among the three
regions, with an annual percentage of 33% estimated by Universal Thermal Climate Index during the study period.

Table 6 Percentage of comfortable months in three selected stations as estimated by Universal Thermal Climate Index
during the study period

Stations Comfortable Months | Annual comfortable Percentage
Abu Dhabi Dec, Jan and Feb 25%
Dubai Dec, Jan, Feb and Mar 33%
Al Ain Jan and Feb 16%

4., Conclusion

The UAE is located within desert-arid climate. High temperatures combined with high relative humidity increase
thermal discomfort. Rising temperatures in coastal areas such as the Emirate of Abu Dhabi and the Emirate of Dubai
increases the evaporation process and the air becomes saturated with water vapor, and thus the person feels
uncomfortable. On the contrary, the city of Al-Ain, which does not overlook the Arabian Gulf, has a dry, hot climate.

Analysis of Universal Thermal Climate Index (UTCI) showed that there is a big difference between the highest and lowest
UTCI values, the highest values restricted of Abu Dhabi station especially during summer months (59.2 °C), while the
lowest UTCI we get at Dubai station during winter (18.2 °C). Annual percentage of comfortable was 16% over Al Ain. In
fact, there is no feeling of thermal comfort in any of the three stations according to Discomfort Index. DI showed that
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the majority of the days of, 38 years of study period, fell into the category “more than 50% of people feel discomfort”,
while the summer months shows a state of medical emergency.
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