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ABSTRACT
People all over the world are facing the reality of climate change which is a major risk to development outcomes.
The aim of this research paper is to study the human thermal comfort over five Egyptians cities. The observational
and solar radiation data (from 1982 to 2020) gathered from Climatic Research Unit Timeseries (CRU TS) and
NASA Prediction of Worldwide Energy Resources (POWER) respectively. The result show that, most of the
population suffer from heat stress during July and August at all study area. the city of Aswan is the highest in the
values of thermal discomfort, which is located in the south, the thermal discomfort increases the further south we go
in Egypt. Analyzing human thermal comfort and comparing it with solar radiation data will help us to give a clear
picture of the impact of climatic changes on Egypt.
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1. INTRODUCTION
After the spring season ends, months June to September is generally known as summer months which are stressful
especially for the outdoor activities. Heat linked exhaustion and heat stroke are dangers to people not accustomed to
the physiological heat stress of hot climate. The magnitude of heat stress depends on a number of factors - ambient
air temperature, relative humidity, global radiation and clothing insolation.
Nowadays, many studies have focused on studying the bioclimate in external conditions and in different areas [1-3].
Various studies have been conducted in several countries and focused on the relationship between thermal comfort
and climate [4-6]. There are more than fifty-five indices used to assess thermal comfort and health hazards. The
important factor determining human discomfort is the thermal component of environmental conditions and was
determined by a large number of indices using ambient air temperature, wind speed and relative humidity [7-14]. In
the present paper an attempt is made to get an idea about the degree of heat stress during months from 1982 to 2020
using estimates of different human comfort index from the available data set.
2.

MATERIAL AND METHODS

Egypt is transcontinental country located in North Africa, the Middle East, and Asia, making its geography very
interesting (30° 06' N and 31° 25' E). Dry bulb temperature, wet bulb temperature, relative humidity, vapor pressure
and solar radiation data for the period 1982 to 2020 of five selected sites-Cairo (30.25°, 31.25°), Alexandria (31.25°,
29.75°), Ismailia (30.75°, 32.25°), El Minya (28.25°, 30.75°), and Aswan (24.25°, 32.75°) are collected from
Climatic Research Unit Timeseries (CRU TS) and NASA Prediction of Worldwide Energy Resources (POWER) as
seen in Figure 1.
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Fig -1: Location of study area
As shown in Table 1, thermal comfort indexes used in this study are: Thom’s Discomfort Index (DI) method which
used to indicate the level of thermal comfort in selected study area, and the Universal Thermal Climate Index
(UTCI) is a human biometeorology parameter that is used to evaluate the relationships between outdoor
environment and human well‐being [15].
Table -1: Discomfort scale of two selected human thermal comfort index [16-17].
UTCI (°C)

Thermal Stress

DI (°C)

Thermal Stress

+9 to 0

Slight cold stress

15 – 18

Relatively comfort

+9 to +26

No thermal stress

18 – 21

No discomfort feeling

+26 to +32

Moderate heat stress

21 – 24

> 50% of the total population feels discomfort

+32 to +38

Strong heat stress

25 – 27

< 50% of the total population feels discomfort

+38 to +46

Very strong heat stress

28 – 29

Most of the population feels discomfort

above +46

Extreme heat stress

above +32

State of medical emergency

3. RESULT AND DISCUSSION
Combine of highest air temperature together with highest relative humidity produces rising thermal discomfort, and
vice versa. As illustrated on chart 1, in December, January, February, Mars and April, the DI value indicated that
relatively discomfort, while May and June less than 50% of the total population perceived warm discomfort nearly
in the five cities. More than 50% of the total population suffered from thermal discomfort during July and August at
all study area. Aswan city has the highest value in thermal discomfort compared to other cities.
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Chart -1: Average monthly DI (ºC) at stations for the period 1982-2020.
As shown in Chart 2, different grades of no thermal stress (9 > UTCI > 26 °C) occurred mostly all the year months
except from June to September with (26 > UTCI > 32 °C) indicating at least Moderate heat stress, while the month
of May in Aswan considered as moderate heat stress.

Chart -2: Average monthly UTCI (ºC) at stations for the period 1982-2020.
As shown in Table 2, a high albedo surface reflects a large amount of solar energy up into the atmosphere. Albedo
varies with the surface, Alexandria is a coastal city with albedo 0.05, while albedo shows 0.36 in Ismailia which
Characterized by fertile soil and vegetation.
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Table -2: Descriptive statistics of average meteorological and solar radiation parameters from 1982 to 2020 over
Egypt.

Cities

Surface Albedo

Surface UVA

Surface UVB

Maximum

Irradiance (w/m2)

Irradiance (w/m2)

Temperature (°C)

Cairo

0.2

13.1

0.3

43.6

Alexandria

0.05

12.8

0.29

40.5

Ismailia

0.36

13.7

0.32

42.5

El Minya

0.35

14.1

0.33

44.8

Aswan

0.35

15.1

0.38

47.2

As we note in the table also, Ultraviolet A (UVA) (has a longer wavelength) which associated with skin aging and
Ultraviolet B (UVB) (has a shorter wavelength) and is associated with skin burning. UV levels vary mainly with the
height of the sun in the sky and in mid-latitudes are highest during the summer months during the 5-hour period
around solar noon. We find that the cities with the highest value in UV rays are Aswan, followed by Al Minya,
where the values of UV A and B rays increase as we go from north to south over Egypt.
Analyzing human thermal comfort and comparing it with solar radiation data will help us to give a clear picture of
the impact of climatic changes on Egypt.

4. CONCLUSIONS
In general, humidity is affected by air temperature, as the higher the air temperature, the more moisture it can hold.
Therefore, the humidity varies with the seasons of the year. The thermal human comfort indexes applied in this
study are nearly similar in almost all stations and representative of the thermal sensations. The most commonly
meteorological variables used is air temperature and relative humidity, it is easy to use and most people can relate to
it. Albedo varies with the surface, studying the surface albedo of Ismailia indicated a change in the surface feature
and characteristic of this city. also, UV A and B rays whose values increase according to the seasons of the year,
differing in summer from in winter.
Relative humidity and temperature play an important role in human thermal comfort, especially when they meet
with high values. Egypt is one of the countries that are vulnerable to climate change, which has become an obsession
and warning of danger to the whole world.
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