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ABSTRACT 
In recent decades, urban planners have endeavored to mitigate climate change, by 
adaptation programs in order to alleviate its adverse effects on human health and 
wellbeing. Outdoor thermal comfort as an environmental factor affects human health, 
as proven by various research studies conducted in different climates. The aim of this 
paper is to explore the components of urban heat island, outdoor thermal comfort, 
and urban form. The relationship between these keywords and variables that affect 
outdoor thermal comfort was also analyzed. The research method is descriptive-
analytical and besides that, the qualitative research method has been used. The 
components of each keyword have been extracted based on professional theories. 
Finally, the ideal model of outdoor thermal comfort is proposed. This paper gives a 
comprehensive view to urban heat islands, urban form, and outdoor thermal comfort. 
 
Keywords: Urban Heat Island, Outdoor Thermal Comfort, Urban Form, Conceptual 
Model 

 
1. INTRODUCTION 

         High air temperature in urban environments leads to several health 
problems and even increases mortality rates. Akbari and Konopacki (2004), 
Rosenfeld et al. (1998) Currently, there is a great body of scientific research 
on the sustainable built environments, which prove the impact of urban form 
on sustainability Jenks and Burgess (2000). To have comfortable urban 
environments that fit human health, cities and urban environments should be 
free from dissatisfaction and discomfort Yilmaz et al. (2013). Outdoor thermal 
comfort not only has a direct impact on human health, but also its standards 
are an important precursor to energy efficiency and sustainability. 
Considering the crucial need to diminish the economic and environmental 
costs of energy consumption, much research on outdoor thermal comfort has 
attracted researchers for decades Djongyang et al. (2010). Outdoor thermal 
comfort is a factor that improves human health Xu et al. (2018) significantly 
in low-income communities, increases the attendance of people in urban 
spaces and public activities Ghasemi et al. (2015), and helps to decrease the 
cost of energy consumption Kwon et al. (2019). The main aim of this paper is 
to determine the relationship between three keywords: Urban Heat Islands, 
Urban Form, and Outdoor Thermal Comfort. The results of the paper help the  
future studies to gain a better understanding of the main parameters  
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which influence human health and moreover give a concept for evaluating outdoor 
thermal comfort in urban spaces. The innovation of the present research lies in 
providing a comprehensive perspective on climate change, urban form, urban heat 
islands, and outdoor thermal comfort for the first time. 

 
2. METHODOLOGY 
2.1. LITERATURE SELECTION 
The aim of this study is to describe relationships between outdoor thermal 

comfort, urban heat island, and urban forms. Thus, relevant papers indexed in Web 
of Science and Scopus were extracted in “Publish or Perish” software and then “VOS” 
software package was used to demonstrate the map of the studies. The keywords 
for searching were as follows: 

“Microclimate” and “climate comfort”, “Microclimate” and “outdoor thermal 
comfort”, “climate comfort and outdoor thermal comfort”, “Outdoor thermal comfort” 
and “urban heat islands”, “microclimate and urban heat islands”, “urban form”. 
“Outdoor thermal comfort”, “urban form”. “Outdoor thermal comfort”, “urban heat 
islands” 

The number of papers in terms of “Outdoor thermal comfort” and “urban form” 
were limited and with in-depth investigation of other sources such as books, the 
urban form parameters were extracted and categorized in 5 clusters. Papers 
published during 1900 to 2020 were selected for this study. Some articles were not 
related to the object of this study and were excluded. Figure 1 shows the outdoor 
thermal comfort research and keywords related to it until 2020. 

 
Figure 1  Term co-occurrence map 

 

Papers with high citations and relevant titles were reviewed accurately to 
ensure their relevance with outdoor thermal comfort, urban heat island, and urban 
form. For the first step, the main keywords in terms of outdoor thermal comfort 
were extracted based on the aim of the paper. The second step was to find the 
relations between keywords. At the final stage, urban form parameters that have an 
impact on UHI were reviewed.  
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2.2.1. CLIMATE CHANGE 
Since the 1950s global measurements show that CO2 emissions has increased 

by 18 % annually. The first program to discuss climate change was presented in 
1972 at the National Climate Change Summit Roaf et al. (2009). Climate change is an 
undeniable phenomenon as cities increasingly emit greenhouse gases and see the 
consequences of climate change as rising temperatures in the atmosphere Prasad et 
al. (2009) Urban environments are strongly influenced by various climatic regions. 
Changes in urban areas and building materials (i.e. concrete, asphalt, etc. that absorb 
more solar energy) have an impact on the thermal environment in all climatic 
scalesAmirtham (2010), Oke (2006) introduced two scales for measuring 
meteorological data in climatic layers; vertically and horizontally.Oke (2006) 

 
Vertical Climate Layers 
In urban areas, the lowest part of the Earth's atmosphere that is affected by 

urban change is called the urban boundary-layer (UBL). Above UBL is mix layer and 
the height of it varies according to atmospheric stability and its amount as well as 
the effects of urban elements Erell et al. (2011). Inside the UBL layer is the surface 
layer, with a thickness of four to five times greater than the height of an average 
building, a layer that includes three-dimensional geometry and other building 
properties and urban open spaces materials. The surface layer is formed when air 
passes through a part of the ground with various building structures and absorbs 
the heat generated by the city. In general, this layer is influenced by the urban 
context. Above the surface layer is the Urban Canopy Layer, which is affected by 
urban forms and the thermal conditions of its surrounding surfaces. The height of 
the UCL is approximately equal to the average height of the buildings above ground 
level Amirtham (2010). According to Erell et al. (2011), it is not possible to set a 
specific limit and unit for this scale and it may vary depending on the geographical 
and human situation. The important point for this scale is that it is influenced by 
terrestrial factors and human actions and the urban climate is included in this scale 
Erell et al. (2011)  .  

Horizontal Climate Layers 
 The horizontal layer consists of three scales: Meso, local and microclimate 

layer. The Meso scale is affected by the city and the surrounding areas, and remote 
sensing devices or balloons are used to evaluate it. Meso-scale studies are suitable 
in studies of UHI reduction due to heatwaves, storm, and urban planning layers Dai 
(2014). The bottom layer of the Meso-scale is the local climate, which examines 
urban neighborhoods and developed settlements (surface coverage, size and 
distance from buildings, activities, etc.). By defining the local scale, the spatial 
dimensions continue for several kilometers, and if we go from the neighborhood 
level to the whole city, we are faced with spatial dimensions that usually cover tens 
of kilometers Dai (2014). According to Oke (1987) the range of this scale is 100 m 
to 50 km Oke (1987). This scale plays an important role in the neighborhood climate 
scale and sustainable urban design and in fact plays an important role in connecting 
the micro and meso climate layersDai  (2014) What is examined in this study is the 
microclimate, which has the most climate studies focusing on urban residents Galal 
et al. (2020), Muniz-Gäal et al. (2020). This layer is a reflection of urban forms effects 
on outdoor thermal comfort. Measurement of air temperature for outdoor thermal 
comfort is usually done on this scale by meteorological stations or on-site 
measurements. Classification of climatic scales and its application in urban studies 
is shown in Figure 2. 
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Figure 2  Classification of climatic scales and its application in urban studies 

 
2.2.2. URBAN HEAT ISLAND (UHI)  
Urban Heat Islands increase urban energy consumption, reduce outdoor 

thermal comfort, and significantly intensify risks to human health Wang and Akbari 
(2016). The concept of UHI was first introduced by Howard in London in 1833 Oke 
(1982) and since the 1990s various studies have been conducted in different climate 
zones Yow (2007). Studies show that urban areas are generally warmer than rural 
areas, especially during nights, which is referred to as the UHI effect Lilly and 
Devadas (2009). UHI in summer causes outdoor thermal discomfort Anand et al. 
(2015), increases mortality and diseases, Huang et al. (2019), energy demand and 
costs Mohajerani et al. (2017), Akbari  (2005), greenhouse gas emissions Chen and 
You (2020), and decreases water quality (Nuruzzaman 2015 Roa-Espinosa et al. 
(2003) and air quality. However, this phenomenon has positive effects in winters as 
it reduces the use of heating devices and energy consumption. Causes of the UHI 
formation are classified into two main types, (a) Natural factors: meteorology (cloud 
cover, wind speed, and humidity) Shahmohamadi et al. (2011),(b) man-made 
factors: urban forms, low albedo of materials Morini et al. (2016), high 
anthropogenic heat Raj et al. (2020), increasing the use of air conditioners 
Lundgren-Kownacki et al. (2018), reducing green coverage and vegetation Aboelata 
and Sodoudi (2020), Akbari et al. (2001), urban canopy Masson  (2006), blocking 
the wind path Priyadarsini et al. (2008), and land-use Pramanik and Punia (2019). 
Factors that cause the difference in air temperatures between urban and rural areas 
can be summed up as follows: 
• Heat capacity, thermal conductivity, reflectivity, and emissivity properties of 

construction materials that absorb more solar energy in urban areas . 
• Anthropogenic heat emissions by buildings, air conditioning, transportation, 

and industries 

• High-density buildings in urban areas block the view of the sky and affect the 
release of heat as long-wave radiation at night; and  also reduce wind speeds 
and inhibits cooling by convection Ng (2010).  
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Urban Heat Island Types 
UHI occurs on the surface and at different altitudes Oke (2004). There are two 

types of Heat Islands, (a), urban surface heat islands (USHI) and, (b) atmospheric 
heat islands (AHI). The second heat islands include the Boundary Layer Heat Island 
(BLHI) and the Canopy Layer Heat Island (CLHI) Yow (2007). The temperature 
variation between the urban areas and suburban areas is known as the SUHI. The 
surface urban heat island (SUHI) is a nocturnal UHI, which occurs after sunset and 
it shows the variation of urban forms such as buildings roofs, walls, pavements 
materials, trees, and vegetation. The surface urban heat islands intensity is defined 
as: 

                                          SUHII=T urban - T suburban 

 

Where Turban depicts the mean temperature of the urban area, and T suburbs 
represents the mean temperature of the suburban area. 

AHI varies according to the intensity, temporary behavior of the spatial shape, 
and the degree of homogeneity. The importance of the urban boundary layer is more 
for humans to study the effects of wind flow and the distribution of air pollution 
over cities Oke (2004). Heat Islands above the city are measured using balloons or 
from tall towers Roth and Chow (2012). It is also possible to explore these islands 
with remote sensing technology. These Heat Islands can be measured directly in-
situ. Urban canopy layer heat islands are defined as the atmosphere located between 
the average building height and ground level. The CUHI intensity is defined as:  

 
                                     CUHI= CT urban - CT suburban 
 
Where CT urban depicts the mean temperature of the Canopy Layer at the urban 

area, and CT suburbs represent the mean temperature of the said layer at suburban 
area. Zhong et al. (2019). Table 1. shows the characteristics of USHI and UAHI.  

Table 1 Characteristics of USHI and UAHI 

Surface Heat Islands Atmospheric heat islands Features 

 boundary-layer 
heat island 

canopy-layer heat 
island 

  

, Small or absent during the day 
Mostly during the night or before sunrise 

in winter 

Time of variation 

More temporal and spatial 
variation 

during Day: 10°C to 15 °C. 
During Night: 5°C to 10 °C 

The less variety 
during Day: 1°C to 3 °C 

During Night: 7 °C to 12 °C 

Intensification 

 

 

Directly using remote sensing: 
Satellites such as Landsat, TM / 

ETM +, MODIS, TIMS 

Indirectly: Ability to measure on site: with 
two methods: mobile car, fixed station 

evaluation 
methods 

Heat maps Synchronous maps 
Temperature graphs 

Display method 

(EPA  (2014), Saud (2014), Voogt and Oke (2003) 
 

 
UHI mitigation strategies  

https://www.granthaalayahpublication.org/ojs-sys/index.php/ijoest/


Elham Sanagar Darbani, and Danial Monsefi Parapari 
 

International Journal of Engineering Science Technologies 69 
 

There are two types of UHI mitigation strategies scales, (a) Microclimate scale: 
considering buildings, canyons, and trees (vegetation), and (b) Meso-climate scale 
that is used for cooling cities and neighbourhoods (Figure 3). 

Using high albedo materials in roofs and sidewalks  
Dark roofs absorb the heat of sunlight, but roofs with bright colors significantly 

reflect solar energy back to the environment Akbari et al. (2001). Roofing materials 
with low albedo and reflection absorb the heat of radiation and increase both the 
temperatures of the surface material and inside environment of the building, 
therefore increasing the energy consumption for air conditioning Battisti et al. 
(2018). Considering the role of roofing materials in UHI, another problem can be 
observed with reduced reflectivity of the roof due to soot and dust covering the roof 
surface Berdahl et al. (2002), which can be easy to alleviate by cleaning and proper 
maintenance. Moreover, choosing the right combination of materials in paving can 
reduce the effects of UHI. Pavement cooling strategies were classified into the 
following four categories based on their operating mechanism:1) Modification of the 
thermal properties of pavement materials, (2) Increased evaporation for pavement, 
(3) Increased energy convection, and (4) Reduction of thermal energy on the surface 
or inside the pavement Li (2015) 

The role of trees and green spaces in urban environments  
Increasing the amount of vegetation is one of the most effective strategies in 

reducing the negative effects of UHI Alves and Lopes (2017). Plants have various 
effects on the urban environment. Regardless of the role of aesthetics and creating 
a sense of satisfaction with the urban environment, urban greenery improves air 
quality and reduces noise pollution and greenhouse gases. Trees and plants act as 
cooling agents in the urban environment through the process of evapotranspiration 
which leads to a reduction in energy consumption Santamouris (2014). The use of 
green roofs and walls in buildings increases the albedo and decreases the ambient 
temperature. The shade of trees with large crowns helps to reduce the temperature 
and also can be effective in protecting buildings and pedestrians’ sidewalks from 
direct sunlight Sailor (2006). 

Urban forests and guidelines 
 Urban forests have an impact on UHI and can be effective on mitigating the UHI 

effects Zhou et al. (2019). Trees with shading and evapotranspiration transfer a 
small part of the solar radiation to the ground, which can decrease the land surface 
temperature and leads to shape urban cool island  Grimmond and Oke (1991), 
Rahman et al. (2017), Taha et al. (1988). UHI mitigation programs and guidelines 
are widespread: incentive programs, climate programs, development and training, 
resolutions, comprehensive programs and design guidelines, air quality standards, 
green building standards, etc. are among the various programs on this scale EPA 
(2014). Parking lots, plazas, private and public parks, and other urban areas that can 
be planted with trees are effective in reducing the negative impacts of UHI. Using 
tree-lined boulevards as an old solution can affect UHI Santamouris et al. (2004) 
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Figure 3 Various UHI mitigation strategies 

 
Figure 4 shows the factors which affect UHI intensity. In urban areas, 

impermeable surfaces such as concrete and asphalt, high levels of air pollution and 
human activities, intensify the UHI Che-Ani et al. (2009). In addition, sidewalks and 
building walls are exposed to solar radiation during the day, absorbing heat, which 
increases air temperature during the day. Other similar urban elements also absorb 
heat during the day and night, followed by an increase in the temperature of the air 
and the creation of UHI. Generally, high buildings provide shading and reduce the 
temperature of the environment, but at the same time it absorbs solar radiation, and 
this allows the ambient temperature to be closely related to the urban environment 
Anand et al. (2015). 
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Figure 4 Factors affecting the intensification of UHI 

 
2.2.3. OUTDOOR THERMAL COMFORT  
The history of thermal comfort goes back to its use for military motives and the 

need for military work on ships and aircraft in high-temperature conditions Fabbri 
(2015). Thermal indices are a means of evaluating thermal environments to 
measure thermal comfort. In various studies, depending on the type of space, such 
as indoor or outdoor, thermal comfort has been assess using various methodologies. 
The concept of thermal comfort was introduced by Fanger in 1970 and was 
investigated in indoor spaces in various build types such as residential, offices and 
hospitals Fanger (1970). From 2003, thermal comfort has been studied in open 
spaces and since then, various studies have focused on open spaces in different 
climates Spagnolo and Dear (2003). Human body produces heat through 
metabolism, heat exchange with environment (mainly by radiation and convection), 
and heat loss by evaporation of body fluids. During relaxation and exercise, the heat 
transfer processes lead to changes in the temperature of vital organs Djongyang et 
al. (2010). Thermal comfort is related to how humans response to the thermal 
environment and includes physiological parameters such as sweating, heart rate, 
internal temperature, and skin temperature Dai (2014). Thermal comfort 
measurement indicators can be classified into two categories. Simple and 
experimental indicators that include several climatic elements, such ET1, RT2, HOP3, 
OP4, WCI5 Ali-Toudert (2005), Oliver  (2005), Yilmaz et al. (2013). The second 
category includes complex analytical classifications including PET 6 Höppe  (1999), 
Matzarakis et al. (1999) ,SET7 Spagnolo and Dear (2003), PMV 8  Fanger  (1970), 
UTCI9 Bröde et al. (2012). The second category of models is based on energy 
balance (MEMI10); which can be calculated with complex mathematical formulas. 
The first approach in evaluating outdoor thermal comfort is to focus on human 

 
1 Effective Temperature 
2 Resultant Temperature 
3 Humid Operative Temperature 
4 Operative Temperature 
5 Wind Chill Index 
6 Physiological Equivalent Temperature 
7 Standard Effective Temperature 
8 Predicted Mean Vote 
9 Universal Thermal Climate Index 
10 Munich Energy Balance Model for Individuals 
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thermal perception and sensation through various methods, including photographic 
comparison Cortesão et al. (2018) and questionnaire analysis Cohen et al. (2019). 
The second approach is to study thermal comfort according to the surrounding 
environment and the heat balance of the human body (Deng and Wong (2020), Wai 
et al. (2020). The MEMI approach is categorized into four sections: Outdoor thermal 
comfort and microclimate studies Fabbri et al. (2020), Zhen et al. (2020), outdoor 
thermal comfort and urban heat islands Evola et al. (2017), outdoor thermal comfort 
and urban areas Matallah et al. (2020), Ouali et al. (2020), Srivanit and Jareemit 
(2020), Wai et al. (2020), Zhu et al. (2020), outdoor thermal comfort and climate 
change Orosa et al. (2014). There are various tools to assess outdoor thermal 
comfort: (1) Envi-Met Bruse  (1999), Rayman Matzarakis et al. (2007), SOLWEIG 
Katzschner and Thorsson (2009), TRNSYS Perini et al. (2017) STAR-CD Xuan et al. 
(2016), ANSYS Gupta et al. (2015), and TEB Jihad and Tahiri (2016). Table 2. show 
the main drawbacks of climatic models. 

 
There are two approaches affecting thermal comfort (Figure 5), a) human 

factors consisting of the thermal balance approach of the human body, physical 
adaptation, and psychological adaptation, and b) environmental- climatic 
approaches that include air temperature, humidity, solar radiation, and wind. 

Human approaches 
The human body loses heat with a) evaporation from the skin that depends on 

humidity and the amount of wind flow around the body, b) convection which 
depends on the air temperature and the wind flow along the surface of the body 
(skin or clothing), c) radiation and d) conductivity Roaf et al. (2009). Radiation and 
conduction of heat exchange are through the environment, and during human 
normal position and exercise, heat transfer processes lead to a change in the 
temperature of vital organs of the body Djongyang et al. (2010). In order to reach 
comfort, human body should reach an energy balance that is calculated by equation 
Equation 1. 

 
M ± Rd ± C _ E = ± S                                                                                            Equation 1 
 
Where M is the amount of metabolic rate, R and C are heat exchanges through 

radiation and convection, E is heat loss through perspiration, S is heat storage in the 

Table 1  Main Drawbacks of Climatic Models 

Limitation Model 
Cannot calculate outdoor thermal comfort indices ANSYS 

Cannot calculate Predicted Mean Vote (PMV) and PET indices, and cannot assess 
Standard Effective Temperature (SET) 

STAR-CD 

Based on the assumption that all canyon directions of and wind directions have 
equal probabilities. 

TEB 

It is not a free software and do not affordable for low-come countries. 
Free version covers a limit simulation area 

Envi-Met 

Cannot calculate wind flows Katzschner and Thorsson (2009)  SOLWEIG 
Limited capabilities in calculating MRT in canyons.  

It is not a CFD program, so wind speed must be provided externally. TRNSYS is not 
comparable to Envi-Met. 

TRNSYS does not simulate trees and is not a suitable solution for shadow effects due 
to the density and distribution of leaves. Perini et al. (2017)  

TRNSYS 

Developed by Matzarakis et al. (2000). It has a low execution time compared to CFD 
software, and, like the SOLWEIG model, can calculate radiation and MRT, but this 

calculation does not include reflections between buildings. 

RayMan 
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body. Positive S indicates an energy gain for the body and a negative S means losing 
energy. If S is zero, the thermal stress is minimal.  Thermal comfort is combination 
of several climatic variables. To determine comfort and discomfort, it is necessary 
to know the biological indicators of meteorology and predict human response to 
physiological stresses Oliver (2005). 

Physical adaptation approach 
The physical adaptive approach was defined by Nikolopoulou et al. (1999). 

Adaptation is actually a set of individual reactions to achieve comfortable conditions 
by reducing or increasing the level of activity and clothing or by environmental 
interference Fabbri (2015). In order to meet needs, humans adapt themselves with 
the environmental changes through reactive and interactive adaptation. Reactive 
approach includes changing the level of clothing or activity and even relocating to 
reach thermal comfort. Interactive approache can also be a set of measures to 
improve the thermal situation, such as opening a window. Such physical adaptations 
in open spaces have many limitations due to the character of the open spaces 
Nikolopoulou et al. (1999). 

Psychological adaptation approach 
Psychological approach to thermal comfort plays an important role both 

indoors and outdoors. When people are told that the surrounding air is warm, they 
feel warm and vice versa Höppe (2002).  The effects of psychological approach are 
extracted from individuals using a questionnaire. Various psychological parameters 
of outdoor thermal comfort include naturalness, experiences (long-term / short-
term), the duration of exposure to the environment, control of perception, and 
environmental stimuli Nikolopoulou and Steemers (2003). The effects of these 
parameters individually and the weight and importance of each of these factors on 
outdoor thermal comfort have not been determined yet. 

Climatic factors 
Various environmental parameters such as climate and artificial environment 

affect the outdoor thermal comfort. There are four main climatic factors that affect 
outdoor thermal comfort,  

a) air temperature as the most commonly indicator used for thermal comfort 
evaluation. Air temperature is actually the dry temperature that can be measured 
with a thermometer. Absorption or dissipation of heat from the body is directly 
related to ambient temperature. So, when the ambient temperature increases, 
people feel warm and if it decreases, they feel cold.  

b) The human body receives solar radiation in three different ways: directly, 
diffused through clouds and airborne water vapor, and lastly reflected from objects 
in the environment, e.g., buildings and ground. Mean radiant temperature (MRT) is 
an indicator calculated to measure the interactions of human body with its 
surrounding environment in terms of radiations. When MRT is higher than the 
temperature of the exposed skin (or that of the outer layer of clothing), there is a 
radiative heat gain Johansson (2006). Tmrt (in K) in outdoors is calculated by the        
Equation 2 

 

𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 = [ 1
𝜎𝜎

+ ( �   𝐸𝐸𝑖𝑖𝐹𝐹𝑖𝑖 + 𝑎𝑎𝑘𝑘
εp

 �   𝐷𝐷𝑖𝑖𝐹𝐹𝑖𝑖 + 𝑎𝑎𝑘𝑘
εp
𝑓𝑓𝑓𝑓𝑓𝑓)]        

𝑛𝑛

𝑖𝑖=1
       

𝑛𝑛

𝑖𝑖=1

       Equation 2 

 
Ei is the long-wave radiation component, Di is the diffusely reflected short-

wave radiation, and Fi is the angle weighting factor. I am the direct solar radiation 
impinging normal to the surface and fp is the surface projection factor, which is a 
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function of the sun’s position and the body posture. ak is the absorption coefficient 
of the irradiated body surface for short-wave radiation (~0.7), εp is the emissivity of 
the human body (~0.97), and σ is the Stefan–Boltzmann constant (5.67. 10 -8 W/m 
2K 4).  

c) Wind is one of the climatic factors affecting outdoor thermal comfort. Built 
environments and trees, have a great effect on changing wind direction and flow 
Yasa (2016). Buildings have the ability to modify the wind and increase or decrease 
its mechanical effects. Vegetation can also reduce wind speed and even change its 
direction Aljawabra (2014). According to Wilson and Wise (2007), wind comfort 
with an average wind speed of 5 m/s is suitable for all activities in open urban 
environments, wind speeds higher than 15 m/s can be dangerous for pedestrians 
Willemsen and Wisse (2007). 

d) Relative Humidity is the amount of water vapor in the air, which is expressed 
with percentage.   Humidity levels lower than 30%, cause dryness of the respiratory 
system and eye sensitivity and even allergies. Also, decreasing relative humidity can 
increase some viral infections. If the humidity is more than 60%, it will increase the 
growth of bacteria in humid environments Arundel et al. (1986). Therefore, an 
appropriate level of relative humidity, leads to better comfort situation and also 
promotes health. Humidity has little effect on thermal comfort in cold weather, 
while in hot conditions in order to maintain thermal comfort, the human body needs 
to increase heat loss by reducing clothing and sweating, which causes heat loss 
through perspiration. Evaporation decreases with increasing relative humidity. 

 

 
Figure 5 various approaches affecting thermal comfort 

 

2.2.4. URBAN FORM 
Urban forms are influenced by the environment, economic development, social 

and political life Bramley and Kirk (2005). There are some multidisciplinary 
approaches to urban form (Figure 3). Urban form has various definitions and 
aspects. Urban planning NRTEE (2003), Maller  (1998), Moughtin  (2003), Oliveira  
(2016), Zaker et al. (2010), urban form  Dai  (2014), Irger  (2014), Kropf  (1993), 
social pattern  Cuthbert and Anderson (2002), Tsai  (2005), physical and climate 
Dempsey et al. (2010), and physical and economic Clifton et al. (2008)  are the 
various aspects of urban form (Figure 6). Cities experience specific climatic 
conditions, and this occurs due to the difference in weather conditions (air 
temperature, humidity, wind speed, wind direction, rainfall) compared to less 
densely populated areas Lilly and Devadas (2009). Urban form is a factor that 
determines urban climate and environmental temperature Arnfield  (2003), Jamei 
et al. (2016), Oke  (1988), Santamouris et al. (2004), According to Ünlü  (2011), 
urban form components are building height, plot cover, parcels, block scale, block 
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shape, and FAR Ünlü  (2011) that have effects on ambient temperature. Urban form 
parameters also can be defined with height to width (H/W) ratio Rodríguez et al. 
(2016), sky view factor (SVF), building materials, roof and ground cover which affect 
urban climate Jamei et al. (2016). Due to exposure to solar radiation and wind flow, 
the urban form has a significant effect on air temperature Krüger et al. (2011).  In 
addition, design parameters such as building materials, thermal mass, plants, water, 
shade types or sunlight control also have an impact on the reduction of urban 
ambient temperatures Abreu-Harbich et al. (2014), Esther and Sagada (2014), 
Georgi and Tzesouri (2008). Materials in urban forms have an impact on the 
environment due to the absorption of solar radiation and can reduce ambient 
temperature Akbari et al. (1997). According to Shahmohamadi et al. (2011), the heat 
emission from dark colors increases the ambient temperature to 7 °C, while the 
brighter colors change the temperature from 2°C to 3 °C Shahmohamadi et al. 
(2011). Thus, the form of the built environment is one of the most important 
parameters affecting the temperature of the environment Horrison and Amirtham 
(2016).  

 
Figure 6  various urban form categories 

 
3. RESULTS 
The effects of UHI on outdoor thermal comfort are divided into four categories. 

The first category of studies includes studies of the spatial development of thermal 
comfort in the city, which has tried to identify the effects of local UHI on human 
health, outdoor thermal comfort, and energy consumption. Gupta et al. (2015). The 
second category of studies includes the evaluation of changes in outdoor thermal 
comfort in open spaces in specific places Deng and Wong (2020), Mi et al. (2020). 
The third category is studies of outdoor thermal comfort in specific climatic 
situations Lam et al. (2020), Shashua-Bar et al. (2019). Extensive studies have been 
conducted in different climates to investigate outdoor thermal comfort. Most of 
these studies evaluate outdoor thermal comfort in the summer. The last category 
discusses the future state of outdoor thermal comfort in a specific location due to 
heat and climate change Roshan et al. (2019). For example, predictions in Sweden 
show that increasing building density during the years 2080-2099 will increase 
external thermal comfort. Urban geometry will affect the average radiant 
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temperature and can lead to reduction of thermal stress in cities. Also, the scenarios 
show a climate that towards the end of the present century, temperatures will rise, 
and climatic comforts will increase significantly in winter Thorsson et al. (2011). 
UHI is a phenomenon that affects people's health Gupta et al. (2015). Recent studies 
indicate a linkage between diseases, climate change and global warming. Thus, as 
the heat of the earth increases, the intensification of the UHI also rises, so it can be 
said that climate change is affecting UHI and the environment of human life Roaf et 
al. (2009) In addition, UHI intensity leads to an increase in ambient temperatures 
and has an adverse effect on the presence of pedestrians in open urban 
environments and human health Akbari and Konopacki (2004). WHO shows that 
high temperatures affect mortality rates (WHO,  2007)? The effects of temperature 
increase can also be seen on other living organisms, as plants, animals and the 
spread of viruses and bacteria are as well affected by it. As temperatures rise, 
microorganisms activate and cause diseases Yow (2007), Hajat et al. (2006). Reports 
show higher heatstroke related hospital admissions and increased mortality rates 
during heat waves and environmental temperature increases Pirard et al. (2005). 
According to Analitis et al. (2008) with 1 °C increase of the ambient temperature, 
the mortality rate increased by 1.35%, 1.72% in cardiovascular disease, 3.30% in 
respiratory problems and 1.25% in cerebral complications Analitis et al. (2008). 
Increasing temperature also affects other human health sectors, as people who live 
in urban warm environments suffer from higher rates of digestive system diseases 
Rajagopalan et al. (2014)  UHI and temperature rising not only cause physical 
problems, but also mental health issues and lead to nervous system diseases, 
insomnia, irritability, depression, and memory loss Yang et al. (2016) Normal body 
comfort temperature is between 36.5 °C and 37.5°C, skin temperature is 30 °C, in 
the head and body between 34°C and 35°C, without sweating Hensel  (1981). As this 
temperature rises, the amount of sweating increases and its adverse effects on the 
health of the body and soul increase. Figure 7. shows the urban form parameters 
affecting Urban Heat Island. 

 
Figure 7 Urban form parameters affecting Urban Heat Island 

 
4. DISCUSSION OF RESULTS 
Adding shading with H/W ratios Kedissa et al. (2016), Muniz-Gäal et al. (2020), 

vegetation (such as trees) Davtalab et al. (2020), Lee and Jim (2019), Lobaccaro and 
Acero (2015), Shashua-Bar et al. (2011), canyon orientation Baruti et al. (2019), Rui 
et al. (2019), Vasilikou and  Nikolopoulou (2019), Zhang et al. (2017), and thermal 
features of urban surfaces Lee and Mayer (2018) are four factors improving outdoor 
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thermal comfort. Urban form effect on UHI and these results are agreement with 
Zhou et al. (2017) Figure 8. shows urban form factors that affect UHI intensity. 

 

 
Figure 8 Urban form factors effect on UHI 

 
Urban Heat Islands = Anthropogenic Heat + Urban Structure Factor 
 
Interactions of UHI, urban form and outdoor thermal comfort are shown in 

Figure 9. These keywords have an effect on outdoor thermal comfort.  
 
Decent urban form = outdoor thermal comfort improvement 
Reducing UHI intensity is the precursor of enhancing outdoor thermal comfort. 

Thus, there is an inverse relationship between outdoor thermal comfort and UHI 
significantly during daytime. In other words, where UHI intensifies, outdoor thermal 
comfort deteriorates and vice versa. These results are agreement with Qaid et al. 
(2016) that showed UHI, and outdoor thermal comfort are important during design 
process. The urban forms have an impact on the reduction or intensification of UHI 
and the outdoor thermal comfort, which means that not only urban form could.  

 
Lack of Appropriate Urban Form parameters + Urban Heat Island 

Intensity= Decrease Outdoor Thermal Comfort 
form could reduce UHI effects, but also could enhance outdoor thermal comfort. 

 
Figure 9 Influencing Factors on outdoor Thermal Factor and Communication between Keywords 
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5. CONCLUSION 
This study aimed to present a comprehensive view to urban heat islands, urban 

form and outdoor thermal comfort and also confine an ideal model of outdoor 
thermal comfort. Regarding the literatures studied, a few conclusions were 
assimilated as follows: 

H/W ratio 
In Figure 10. the H/W ratio is shown, which is also known as the dimensional 

ratio, and is actually derived from two variables: the average height of the building 
or the wall next to the canyon and the canyon width (the wall-to-wall distance across 
the canyon) Oke  (1982).  In terms of outdoor thermal comfort several studies (Ali-
Toudert and Mayer (2006), Hwang et al. (2011), Yang et al. (2015) show that when 
H/W ratio increases, the solar radiation is blocked and the shading at street level 
increases, decreasing thermal stresses. Although, high H/W ratio decrease wind 
flowing and vice versa Yahia et al. (2017), the H/W ratio is still one of the important 
components of urban form, which has a great effect on the outdoor thermal comfort. 

 
Figure 10 The height–width (H/W) ratio 

 
Canyon Orientation   
The orientation of street canyons also affects the environmental conditions in 

cities. The shape of the canyon has a great effect on outdoor thermal comfort. Its 
impact on human health and energy consumption is effective in buildings located in 
urban environments Ali-Toudert and Mayer (2006). Among urban design 
parameters, H/W ratio and urban canyon orientation have the most influence on 
urban microclimate. The canyon orientation is simply described by cardinal 
direction such as N–S, E–W, and NW–SE, NE–SW. Effects of various canyon 
orientations on outdoor thermal comfort is different in various climates and it is the 
main factor in evaluating thermal comfort in combination with different H/W ratio. 

Urban Materials and Surfaces 
In the past, and especially in the hot and dry climate, there was a lot of attention 

to creating shadows in pedestrian walkways and the use of indigenous materials to 
decrease sunlight absorption, which had a significant effect on outdoor thermal 
comfort. Moreover, building materials have an impact on microclimate Johansson 
(2006). The thermal properties of the materials used in the urban fabric enrich the 
differences in the cooling rates generated by the different urban geometries Rose et 
al. (2011).  

 
 
Vegetation 

H 

W 
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Planting vegetation improves the urban environment. The cooling effect of 
trees is higher during summers, but this effect is negligible in winter due to lower 
evaporation Tong et al. (2017). Trees in the winter reduce wind speed and create 
thermal comfort. Outdoor thermal comfort studies demonstrate that tree-planting 
increases shading and thermal comfort Tong et al. (2017). Deciduous trees with 
dense crowns are almost impermeable and allow only 1-5% of the direct solar 
radiation and between 8-15% of the total radiance reach the ground surfaces. In 
winter, the radiance transfer is low. Leafless trees block 48% -60 % of the solar 
radiation. In warm climates, the location of trees plays an important role in 
increasing outdoor thermal comfort and reducing annual energy consumption. In 
colder climates and in cities at high altitudes, trees have a significant effect on 
reducing heat stress in summer Konarska et al. (2014). 

This paper surveys the relationship between UHI, urban form and outdoor 
thermal comfort. Figure 11 shows urban form parameters that effect outdoor 
thermal comfort.  

The Figure 11 gives a comprehensive study of measuring outdoor thermal 
comfort, the H/W ratio, vegetation and trees, open spaces, building roofs and façade 
materials, and canyon orientation. Climatic parameters such as relative humidity, 
air temperature, and wind velocity and direction should be accompanied by these 
parameters. According to the software specified in this model, it is possible to 
consider different indices that measure thermal comfort. The choice of the type of 
urban form parameter and effects on outdoor thermal comfort as well as software 
and indices for measuring outdoor thermal comfort goes back to the logic of 
researchers in this field, which can be determined according to the needs of the 
researcher.  This model can be used for future research in outdoor thermal comfort 
and can be used to assess urban form effects on outdoor thermal comfort. 

 
Figure 11 Ideal model for the evaluating outdoor thermal comfort  
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