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Abstract: Lack of due attention to the orientation of streets and establishment of urban blocks with-

out regard for climatic characteristics and conditions of the environment have an adverse effect on 

thermal comfort in open urban spaces. Construction of new settlements without taking into account 

climatic requirements undermines thermal comfort for pedestrians and other users, especially in 

cold regions. Considering the coldness of the region under study and the significance of the orien-

tation of streets in absorbing radiation and providing heat to outdoor urban spaces, this study in-

vestigates the effect of the orientation of streets on microclimatic comfort in one of the residential 

towns of Hamadan City in Iran. For this purpose, microclimate simulation was performed using 

ENVI-met software. A residential block with four different orientations (the most common orienta-

tions of its surrounding buildings) were simulated in the coldest day of winter and the hottest day 

of summer. The results suggest that streets have different thermal behavior in different orientations. 

Orientation affects mean radiant temperature (Tmrt), the duration of exposure to direct sunlight, 

wind speed, and physiological equivalent temperature (PET), which are all important factors in 

thermal comfort. Based on these findings, north-south streets in Hamedan receive more radiant 

temperature during winter compared to other simulated orientations and provide more desirable 

thermal comfort. The average PET value on a winter day at a point on the north-south passage was 

4.5-8 °C warmer than other orientations. In summer, streets with intercardinal orientations (i.e., 

northeast-southwest and northwest-southeast) provided the lowest PET (about 2 °C cooler than 

other orientations) and better thermal comfort  

Keywords: Thermal Comfort; Outdoor Space; Microclimate Simulation; Street Orientation; Physio-

logical Equivalent Temperature 

 

1. Introduction 

About 50 percent of the world’s population live in cities and this figure is expected 

to rise to 80 percent in 2030 [1]. Under the influence of urban density, lack of vegetation, 

increasing heat from human activities and pollution, these urban microclimates have be-

gun to crawl toward warmer temperatures and lower air quality [2]. The outdoor urban 

thermal conditions became a significant area of interest for researchers who were trying 

to devise new strategies in sustainable urban planning [3]. As such, most recent studies 

have been conducted by researchers in the fields of architecture, geography, climatology 

and biometrics. The subject of thermal comfort in outdoor urban space was not given 

much attention up until the early 21st century [4]. The outdoor thermal comfort (OTC) is 

one of the most important factors that directly affects the perceived quality of outdoor 

urban spaces [5] and public participation in outdoor activities. Therefore, OTC has at-

tracted considerably more attention in recent years [6]. Well-designed outdoor spaces and 
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thermally-comfortable environments can improve public health and well-being [7], tour-

ism, open space usage and social interactions [9,8]. There is a close relationship between 

buildings and their external environments [10]. Each building changes the climatic condi-

tions around it to some extent. The geometry, shape, height and size of buildings, the 

direction of streets and buildings and the area of open spaces all affect urban microcli-

mates [11]. The orientation of buildings and neighborhood units relative to one another, 

the distribution of buildings at a given site and building density affect indoor energy con-

sumption, access to sunlight, wind flow and climatic conditions in each region [12]. 

During the last century, numerous studies have attempted to assess thermal condi-

tions, to define thermal comfort for humans and to categorize heat stress levels [13]. Re-

cently, inclination toward carrying out studies about OTC has increased [14]. Comfort 

refers to a sense of satisfaction resulting from a balance between an individual's physio-

logical, psychological and physical aspects and their environment [5,7]. Comfort has var-

ious subtypes ranging from thermal, acoustic, visual, and aesthetics [15].  

Thermal indicators are divided into empirical group (effective temperature (ET), re-

sultant temperature (RT), humid operative temperature (HOP), operative temperature 

(OP) and wind chill index (WCI)) and the analytical group (index of thermal stress (ITS), 

heat stress index (HIS), standard effective temperature (SET), outdoor standard effective 

temperature (OUTSET), predicted mean vote (PMV), perceived temperature (PT) and 

PET) (Fanger, 1972; Givoni, 1976; Ashrae, 2001). The most common method for examining 

climatic comfort is PMV which has been proposed by Fanger as an empirical measure of 

sense of thermal comfort [12]. Later on, this measure became a basis for the standards of 

indoor thermal comfort such as ISO 7730-1984 and ASHRAE 55-1992 [12]. Studies that 

have analyzed the validity of this indicator in outdoor space report that the rate of thermal 

sensation is less than predicted mean vote (PMV) [16] and the reason might be cultural, 

social, psychological and behavioral factors. PET is based on the model of human thermal 

balance and is composed of air parameters and other thermal and physiological factors 

like clothing and activity type. 

PET helps researchers compare the collective effect of outdoor thermal conditions 

with one’s personal experience [17]. Although PET has been defined in terms of virtual 

indoor conditions, it can also be applied to real-world outdoor conditions. This indicator 

is included in urban and regional planning guidelines in Germany, where it is used to 

predict thermal changes in urban or regional climates [18]. Studies which have tried to 

validate this indicator have found it to be strongly associated with the feeling of thermal 

comfort in various outdoor conditions [19]. Tmrt is an influential factor related to PET 

[20]. This index is used to measure a person’s thermal comfort under specific conditions 

as compared to their physiological responses to thermal conditions in a reference environ-

ment. PET can be described as a temperature in which human body can achieve thermal 

balance while sitting in an indoor space without any wind or sunlight [21]. It is a compre-

hensive and highly useful indicator for evaluating biological conditions and identifying 

potential tourist climates [22]. The difference between PMV and PET is that PET makes 

use of actual skin temperature as well as evaporation and perspiration levels whereas 

PMV is a function of the average skin temperature and internal body temperature [23]. 

Based on this indicator the range of 18-23 °C is thermally comfortable for humans [Table1]. 

Six variables that affect OTC are radiation, wind, humidity, environmental temperature, 

physical activity and clothing [24] . 

1.2. The Effect of Street Orientation on Thermal Comfort 

In many recent studies, the orientation of streets and blocks has been mentioned as 

one of the most important design factors that affect OTC [14]. Taleghani et al. [12], for 

example, have simulated some of the east-west and north-south streets in Netherlands on 

the hottest day of the year using ENVI-met software. The results showed that Tmrt plays 

the most important role in thermal comfort. Other studies have shown that north-south 

streets provide the highest level of outdoor comfort for pedestrians while the east-west 

orientation can be the worst [25] [26]. East-west streets experience intense sunlight and 
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have the highest Tmrt [25]. Some studies have found out that northeast-southwest is the 

best orientation for streets in urban planning [27] [28]. Street orientation has also a signif-

icant impact on air flow at the pedestrian level [28]. Streets in the same direction of pre-

vailing winds experience the highest rate of wind speed, which can may intensify by low 

height/width ratio [29] [25]. A research carried out in 2012 on streets with different widths 

(10, 15, 20 and 25 meters) in the east-west and north-south orientations reported that east-

west streets do not receive radiation during winter but receive direct radiation during the 

mornings and afternoons of summer days. The research also reported that north-south 

passages, even the narrowest of them, receive limited radiation for a short time on the 

shortest day of the year but are strongly exposed to radiation in the morning and evening 

[30]. A study carried out in Brazil examined the impact of the orientation of streets (rela-

tive to the prevailing wind) on wind speed and spatial turbulence and reported the nota-

ble effect on human thermal comfort [31]. Another study about urban open spaces in the 

geographical coordinates of 34-26 degrees north using Shading software states that north-

south rectangular yards (larger side positioned east-west) provide the best orientation for 

cooling and that the north-south orientation provides access to direct sunlight at the center 

of the yard in a very short time [32]. Overall, street orientation has a significant effect on 

PET in relation to wind speed and direction [33].  

 

1.3. The Effect of Sky View Factor on Thermal Comfort 

Many studies have addressed the effect of sky view factor (SVF) on urban-climatic varia-

bles. SVF is defined as the proportion of the radiation received by a flat surface from the 

total radiation received by the hemisphere which covers the surface [34] . In SVF rating, 

zero means total absence of view toward the sky while 1 means a complete view of the 

sky. Bouria and Awbi investigated the effect of enclosure and sky view in a building com-

plex on outdoor microclimate in El-Oued, Algeria, and concluded that controlling SVF 

and street architecture can prevent temperature rise in urban canyons, which has a 

stronger effect on the local, rather than citywide, scale [35]. Bourbia and Boucheriba have 

examined surface temperature and outdoor temperature in seven sites with varying 

height/width ratios ranging from 1 to 4.8 and different SVF values ranging from 0.076 to 

0.58 in Constantine, Algeria. They discovered that higher height/width ratios decrease 

both air temperature and surface temperature. In hot climates, a higher SVF results in a 

higher outdoor temperature [36] . Research findings in Taiwan have demonstrated that 

high values of SVF can lead to thermal discomfort during summer while low values may 

lead to discomfort during winter [37]  [17]. There is no global standard for the threshold 

of SVF. The optimum range of SVF in an area should be determined based on the studies 

conducted in that specific area. In the majority of studies, surface temperature has been 

associated with SVF and this confirms the existence of a relationship between these two 

parameters.  

As the urban population of Hamedan grew, new neighborhoods emerged in the city.  

The majority of the city’s recent developments in both public and private sectors have 

utilized varying methods without being regulated by specified standards. The variety of 

the residential sites in a suburban developing area of the city in terms of morphology (i.e., 

form, orientation, and density) attracted the attention of the authors. The morphological 

differences of this area compared to the older residential districts of the city can be indi-

cated through a number of research and renovation projects.While some studies have ex-

plored thermal comfort in Chamran Street in Kermanshah City (e.g. Jafari, Taban and Saf-

faripour, 2020) [38], lack of sufficient research in the cold and mountainous climate of the 

region on the one hand and the importance of provision of thermal comfort in new resi-

dential complexes on the other hand highlight the significance of this study. The authors 

have focused on street orientation as a major criterion of morphology. Field assessments 

as well as quantitative (software) and qualitative analysis were performed on a newly 
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built building complex with emphasis on street orientation. Shortage of studies about de-

sign morphology in the literature of architecture and urban design in the cold and moun-

tainous climate encouraged the authors to conduct this research in a city with this specific 

kind of climate with the aim of assessing one of the indicators of design morphology, 

namely street orientation. This study evaluates the effect of street orientation on OTC via 

microclimatic simulation of a residential block in ENVI-met software in north-south, 

northwest-southeast, east-west, and northeast-southwest orientations with the aim of 

measuring the indicators that affect thermal comfort such as air temperature, relative hu-

midity, wind speed, Tmrt, and PET. Considering the fact that not much in-depth research 

has been done about the orientations of urban open spaces in the residential blocks located 

in the cold and mountainous climate of Iran and given that inappropriate orientations in 

residential blocks can have many negative effects on thermal comfort and energy con-

sumption, this study seeks to determine the best orientation for streets and open public 

spaces via analysis of the orientations from the perspective of climatic comfort to provide 

a suitable model for urban planning and development in these areas. This model can then 

be used to achieve urban sustainability. To this end, certain fundamental questions had to 

be answered: What is the best way to achieve thermal comfort in the cold and mountain-

ous climate? What is the relationship between the SVF and thermal comfort in different 

orientations? 

2. Research Method 

As described in the first section, the aim of this study was to analyze the effect of 

street orientation on thermal comfort in the outdoor space of a residential block in the cold 

and mountainous climate. Four orientations were studied in the residential block via mi-

croclimatic simulation in ENVI-met software. Since simulating an entire year was ex-

tremely difficult, this study is limited to two sample days, one in summer and one in win-

ter. These days were selected from among the coldest and warmest days of the year based 

on the average temperature data in order to provide a general representation of the re-

gion’s extreme climatic conditions. In the first step, information about the site in question 

was collected using detailed urban plans, aerial photos and field observations.  For 3D 

simulation, accurate data about the type of building materials including the flooring of 

the streets and soil parameters were entered into the software. 

The meteorological data required for the simulation including wind speed and direc-

tion, minimum and maximum temperature as well as minimum and maximum relative 

humidity were retrieved from Hamedan Meteorological Station. This information along 

with certain geographical parameters such as longitude, latitude, and altitude were used 

in the simulation of the microclimate. After the simulation, the output parameters such as 

temperature, Tmrt, humidity, wind speed, SVF, and PET were recorded as numerical data 

and graphs.  Figure 1 shows the framework of the research. 
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Figure  1. Research Framework 

 

2.1. Physiological Equivalent Temperature (PET) Index 

Physiological equivalent temperature (PET) has been explored and used in many studies 

[39] [40] [41] [42]. PET has been found out to be an effective criterion for measuring OTC 

in almost all climatic conditions. Obtained based on Tmrt, wet-bulb globe temperature 

(WBGT), wind speed and air temperature, PET can be used to assess OTC [43]. Apart from 

meteorological parameters, behavioral factors such as clothing and metabolic rate are in-

cluded in PET calculations in Biomet software. In this study, PET was used to determine 

the hours in the 06:00-18:00 temporal range which provide thermal comfort on a summer 

day and a winter day. Table 1 shows the standard values for thermal sensation/stress lev-

els associated with each PET range. 

Table 1- PET values for different levels of human thermal perception [44] 

Grade of physiological stress Thermal Perception PET °C 

Extreme cold stress Very cold 
4 

Strong cold stress Cold  

8 

Moderate cold stress Cool  

13 

Slight cold stress Slightly cool  

18 
No thermal stress Comfortable  
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23 

Slight heat stress Slightly warm  

29 

Moderate heat stress Warm  

35 

Strong heat stress Hot  

41 
Extreme heat stress Very hot  

 

2.2 Simulation Software 

ENVI-met v4.4.5 which was designed by the German researcher Michael Bruse is 

used for microclimate simulation of urban environments. It is the only software package 

that can integrate all parameters of thermal comfort such as wind speed and direction, 

mean radiant temperature, air temperature, etc. into the simulation [28]. The present re-

searchers used this package to examine the effect of their design on the quality and com-

fort of the microclimate [12], [46], [47]. It helps to study urban microclimate through dif-

ferent perspectives such as architecture, landscape architecture, urban planning, and hu-

man thermal comfort. The simulation model is use for small scales with a horizontal res-

olution of 1 to 5 meters, a timespan of 24 to 48 hours, and time intervals of 1 to 5 seconds. 

This high resolution allows for the analysis of small-scale interactions between buildings, 

surfaces, and plants. Taleghani et al. studied the effectiveness of this software package. 

They compared field records with the software output and observed a correlation of 0.8 

and only a difference of 0.5°C, which confirms its high capability of being used as a re-

search tool [13]. 

 

2.3. Study Sample 

The site of the study was in Hamedan City, west of Iran (Figure 2). Hamedan lies at 

an altitude of 1820 meters and has a cold, mountainous, and windy climate. It is located 

at a longitude of 49 °E and a latitude of 35 °N. The average difference between the mini-

mum and maximum temperature of the city is 23 °C. August is the warmest month with 

the average of 23.6 °C and February is the coldest month with an average of 0.6 °C. Ha-

medan’s climate is mainly influenced by Mediterranean air masses which enter Iran from 

the west. The northwest streams from the Black Sea and Northern Europe also affect the 

city’s’ climate. In general, Hamedan’s climate is extremely variable due to high moun-

tains, rivers and altitude variations. The winters are cold with large amounts of precipita-

tion and the summers are moderate [46].  

The following points can be mentioned based on climatic studies carried out in Ha-

medan: (1) maximum exposure to radiation, (2) minimum heat dissipation, (3) avoidance 

of winter cold (most of the year), (4) resistance against long-term frost and (5) the need to 

protect buildings against cold wind (southwest). Therefore, heat exchange via the walls, 

roofs and vents should be minimized, heat loss should be prevented, sunlight should be 

fully used for heating, cold winds should be prevented from entering buildings in cold 

seasons, drafts should be utilized whenever necessary and shadows should be controlled 

[47]. One of the features of the cold mountain climate is the huge temperature difference 

between night and day and between winter and summer. Relatively low humidity, cold 

winds blowing from the west and from the direction of mountains and prolonged frost 

periods are among the other features of this climate. Compared to cold and humid re-

gions, cold and mountainous areas are affected by climatic changes to a greater degree. In 

addition, rainfall changes in cold and wet areas are more common compared to cold and 

dry regions. Based on monthly changes, the highest temperature rise in cold and humid 
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climates occurs in February and March while most tangible temperature changes in cold 

and mountainous areas occur during January and February [48]. 

 

 

Figure 2.Geographical location of Iran and Hamadan city 

 

 

Figure 3. Location of the site of the block under study in Hamadan 

2.4. Microclimatic Simulation in the Residential Block under Study 

The simulation was performed for winter and summer in four orientations, i.e., 

northeast-southwest, east-west, northwest-southeast, and north-south. The current orien-

tation of the block is northeast-southwest (Figure 4). Software simulation was conducted 

in two scenarios for winter and summer without vegetation (in the outdoor spaces).  The 

simulation of summertime is based on the data of August 5, 2019, as August is the warm-

est month of the year. 

 

 Figure 4- The simulated orientations in ENVI-met 
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The simulation’s duration was 12 hours from 06:00 to 18:00. The simulation of winter 

was based on the data of February 04, 2020 (the coldest month of the year). The block was 

simulated in ENVI-met 4.4.5 in a 2×2 grid according to the geographical location, the ma-

terials of the ground and surfaces, green spaces, and building heights. The required me-

teorological information was obtained from the website of Iran's Meteorological Organi-

zation  and is listed in Table 2 (for winter) and Table 3 (for summer). Table 4 shows the 

information about the simulated site. Table 5 describes the type of building materials used 

in the simulation. Table 6 shows the default parameters of the person whose thermal be-

havior was investigated in the outdoor space. 

Table2. Meteorological Information on February 4,2020 (Winter) 

 

Table3. Meteorological Information on August 6,2019 (Summer) 

 

Table4. Model Location on Earth 

 

Table5. Setting for Building 

 

Table6. Personal Human Parameters 

 

 
 

Figure 5 shows the points in the outdoor space selected for measuring thermal com-

fort. Point A was evaluated and compared in the four orientations during a 12-hour span 

MaximumRelative 

Humidity (%) 

Mini-

mumRela-

tive 

Humidity 

(%) 

Maximum 

Temperature( 

̊c) 

Minimum 

Temperature( ̊c) 

WindDi-

rection 

(Digree) 

Wind 

Speed(m/s) 

89 48 +12 -3 
West 

(270) 
3/5  

Maxi-

mumRela-

tive 

Humidity 

(%) 

MinimumRelative 

Humidity (%) 

Maxi-

mum 

Tem-

pera-

ture( ̊c) 

Mini-

mum 

Tem-

pera-

ture( ̊c) 

WindDi-

rection 

(Digree) 

Wind 

Speed(m/s) 

38 16 +36 +18 West (270) 3/5  

Name of  Lo-

cation 

Latitude 

(deg,+N,-S) 

Longtitude 

(deg,+E,-W) 

Reference Level Above 

Sea Level(m) 

Reference 

Time Zone 

Reference 

Longtitude 

Hama-

dan,Iran 
+35 +49 1820 UTC 3:30 

Building 

Height(m) 
Wall Material Roof  Material 

Nr of Nest-

ing Grid 
Soil A Soil B 

12 
Default Wall- Moder-

ate Insulation 

Default Roof Moder-

ate Insulation 
0 Lomy Soil Lomy Soil 

Age(y) Gender 
Weight(k

g) 
Height(m) 

Static Clothing Insula-

tion(clo) 

Total Metabolic 

Rate(w/m2) 

35 Male 75 1.75 
0.9(for Winter) 

0.5(for Summer) 
86.21 
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in terms of Tmrt, air temperature, wind speed, and PET. Points B1-B10 and C1-C10 which 

lie along two different streets on the site have hypothetical receptors.The reason for anal-

ysis of thermal comfort in these streets is the change of their width. In so doing, the effects 

of SFV and orientation on thermal comfort along the streets were simultaneously studied. 

For evaluation of thermal comfort at these points, the graphs of Tmrt, PET, wind 

speed, and SVF were compared. It should be noted that the height of all linear buildings 

in this complex was 12 meters. The street width was 14 meters at point A, 18 meters at 

point B (except for the small square) and 14 meters at point C. The width of the central 

opening was 22 meters. 

 

Figure 5. Location of the selected points between buildings 

3. Results and Discussion 

The orientation of streets and alleys is one of most influential design factors in OTC-based 

urban planning. Therefore, the microclimatic conditions and thermal comfort of the streets 

of the residential blocks in the selected site were simulated separately in four modes in 

winter (February) and summer (August). The following section discusses each mode. 

3.1. The Effect of Street Orientation on Thermal Comfort in the Microclimate 

To determine the best orientation in terms of OTC (Figure 3), simulation was con-

ducted in the current orientation and three other orientations (Figure 4) in winter and 

summer. The site was simulated without any vegetation so that only the impact of orien-

tation could be assessed  
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   a) NE-SW orientation     b) W-E orientation 

 
 

   c) NW-SE Orientation    d) N-S Orientation 

 

Figure 6. Different block orientations and their shading at 8:00 a.m. in the win-

ter day 

Figure 6 depicts Fardis Residential Complex in the simulated orientations along with 

the shading of the buildings at 06:00 on February 04. At this hour of a winter day, the sun 

shines from the southeast and sets on the southwest. The orientation of the streets relative 

to the position of the sun determines whether or not they receive radiation. As can be seen 

in the NE-SW orientation in Figure 6(a), the streets are in the shade until noon; thereafter, 

they receive full radiation until the sunset. The W-E orientation in Figure 6(b) shows that 

the streets receive less radiation and are in the shade for most of the day. The NW-SE 

orientation in Figure 6(c) shows that the streets receive radiation early in the day but fall 

in the shade for the rest of the day. The N-S orientation Figure 6(d) shows that the streets 

receive the highest amount of radiation in most hours of the day. 

 

3.1.1. The Simulation Results in Four Different Orientations in Winter (February 4, 2020/ with-

out Vegetation): 

The microclimatic conditions of Point A in a winter dat (February 4, 2020) 

Air temperature (Ta): The difference in air temperature between the different orien-

tations is not significant. The highest recorded temperature, namely 11.7 °C, belongs to 

the current orientation (NE-SW) at 12:00, which remains higher than the temperature of 

the other orientations until 15:00. The N-S orientation has the lowest recorded tempera-

ture with a difference of 1°C (Figure 7). 
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Figure 7- Comparison of air temperature values at Point A (in winter) 

Wind speed: Based on the obtained meteorological information, the speed of the pre-

vailing wind at the selected site is 3.5 m/s which blows from the west. The wind’s speed 

varies with its direction and the angle of the street unto which it blows. In the N-S orien-

tation where the block’s orientation is perpendicular to the wind direction, the wind speed 

is lowest (0.3 m/s) but picks up a little during the evening hours. The highest wind speed 

(1.8 m/s) belongs to the W-E orientation which is the same as the wind direction (Figure 

8). The wind speed in intercardinal orientations lies between these two values (1.3-1.5). As 

such, the rise in the wind speed in the E-W orientation reaches 1.5 m/s relative to the N-S 

orientation. 
 

 

Figure 8: Wind speed comparison at Point A (in winter) 

Mean radiant temperature (Tmrt): Analysis of Tmrt graph variations at Point A in 

different orientations in winter shows that in all orientations except for W-E, a leap in the 

radiant temperature can be observed in certain hours of the day (Figure 9). The maximum 

radiant temperature (45-65 °C) occurred at 06:00-08:00 in the NW-SE orientation, at 09:00-

10:00 in the N-S orientation and at 12:00-14:00 in the NW-SW orientation. These hours are 

the hours during which the streets received direct sunlight. In the E-W orientation, the 

maximum radiant temperature occurred at 10:00 and 12:00. The reason for the lower value 

of Tmrt in the E-W orientation compared to the other orientations is that it does not receive 

radiation during the day (Figure 6(b)). Therefore, Tmrt differences are substantial in the 

four orientations and even during different hours.  
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Figure 9: Mean radiant temperature comparison at Point A (in winter) 

PET: Street orientation has a large impact on the value of PET in relation to wind 

speed and direction [49]. A comparison of the Tmrt and PET graphs indicates that in ori-

entations and hours where the street has received the highest amount of radiation, PET 

has also increased (Figure 9 and Figure 10).  In the N-S orientation, the maximum PET 

occured at 09:00-10:00 and the thermal comfort range was met at 11:00-12:00 (about 19 °C). 

In the current orientation namely NE-SW, the thermal comfort range was met during 

11:30-13:30. In the W-E orientation, the entire day was in a very cold temperature range 

because of lack of radiation and high wind speed. In the NW-SE orientation, the thermal 

comfort range was met only at 07:30-08:00 but the temperature decreased during the rest 

of the day.  

 

 

Figure 10: PET comparison at Point A (in winter) 

Table 7 summarizes the mean values of microclimatic parameters for different orien-

tations at point A. The comparison of these values shows that mean PET is highest in the 

N-S street and thus closest to the range of thermal comfort compared to other orientations. 

Street orientation has the strongest effect on radiant temperature and wind speed, which 

eventually results in different thermally comfortable hours in different orientations. The 

maximum value of Tmrt (27.8 °C) belongs to the NE-SW orientation and the minimum (21 

°C) to the W-E orientation, which causes cold stress during many hours of the day during 
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the cold seasons. This highlights the importance of Tmrt in the cold and mountainous 

climate. The highest Tmrt belongs to the most optimal orientation of the street. In addition, 

the speed of cold wind is lowest in the N-S orientation. The N-S orientation has the highest 

PET because it is optimally exposed to radiation and the wind speed is low. Also, the N-

S orientation provides the longest thermal comfort period among all four orientations. 

Table 7. Average Microclimate Quantities Comparison at Point A (in Winter) 

Orientation T( ̊c) 
Wind  

speed(m/s) 

Spe-

cific  

hu-

midity 

Tmrt( ̊c) PET( ̊c) 

Comfort-

able 

Hours 

NE-SW 8.9 1.7 3.7 27.8 9.7 2 

N-S 8.2 0.3 3.7 26.2 15.1 3 

NW-SE 8.3 1.3 3.7 25.8 10.4 1 

W-E 8.6 2 3.7 21 7.1 0 

 
 

3.1.2. The microclimatic conditions in the paths B and C during the day in winter (February 4, 

2020): 

The width of path C changes in some sections of Fardis Residential Complex. In ad-

dition, there is a disconnection (small square) along path B. Receptors were placed along 

these paths for examination of the effect of these changes on thermal comfort. The follow-

ing section compares the changes which occurred in the thermal comfort (based on PET) 

of these paths for all orientations under study. Path B1-B10: Figure 11 shows the mean 

value of PET between 06:00 and 18:00 for all points on path B. In the N-S orientation, all 

points except B5 and B6 are in the comfort range. Wind speed increased at these two points 

since the geometry of the path changed and led to a sudden decrease in the PET value. 

This shows the notable effect of wind speed on thermal comfort during winter. The effect 

outweighs that of Tmrt. 

 After the N-S orientation, the NE-SW orientation has the most desirable PET value. 

The worst thermal comfort condition belongs to the W-E orientation, which has the high-

est rate of wind speed and receives the lowest amount of solar radiation throughout the 

day. The large difference in the values of PET in the different orientations (6-24 °C) shows 

the notable effect of orientation on thermal comfort during winter (Figure 10). 
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Figure 11. Average PET comparison at Points B1-B10 (in winter) 

3.1.3. The Effect of Changing SVF due to Variations in Street Width on Thermal Comfort (in 

Winter):  

If the width of a street changes, so does its SVF and the amount of solar radiation it 

receives. The larger width of the street at points B5 and B6 increased its SVF (Figure 12 

and Table 8). At these two points, radiant temperature increased in all orientations. The 

amount of this rise, however, varies across the orientations and the number of hours of 

exposure to radiation. 

The microclimatic parameters of points B2 and B5, at which width variations caused 

SVF changes, are listed in Table 9. As shown in Table 8, SVF in B5 (which is in the central 

opening) is higher than that of B2 (which is located between the blocks). The higher SVF 

of B5 led to a higher Tmrt (9-13 °C), wind speed (0.5 to 1.5 m/s), and PET in all orientations 

except for N-S. As the blocks are perpendicular to the prevailing wind in the N-S orienta-

tion, the wind had a lower speed between the blocks but its high speed in the opening of 

the street led to a decrease in PET. 

It can be concluded that breaks and street openings between the blocks in all orien-

tations caused a slight amount of thermal comfort in winter, except in the case where this 

street opening was perpendicular to the prevailing wind. SVF has a strong effect on radi-

ant temperature and wind speed but does affect air temperature and humidity. 

  

 

Figure 12. Sky view analysis at B1-B10 (Produced with Sketchup SVF plug-in) 

Table 8. Sky view factor values (B1-B10) 

Table 9. Average MicroClimatic Quantities Comparison at two points B2 and B5 with different SVF (in 
Winter) 

 

Orienta-

tion 
Point SVF T(̊c) 

Wind 

speed(m/s) 

Spe-

cific 

humid-

ity 

Tmrt(̊c) PET(̊c) 

NE-SW B2 0.47 8.7 2 3.7 28.8 10.7 

Points B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

SVF Value 0.58 0.47 0.46 0.5 0.64 0.62 0.47 0.45 0.46 0.57 
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B5 0.64 8.6 1.5 3.7 38.1 14 

N-S 

B2 0.47 8.1 0.3 3.7 27.1 17.4 

B5 0.64 7.9 1.8 3.7 36.2 12.3 

NW-SE 

B2 0.47 8.5 1.9 3.7 26.9 9.3 

B5 0.64 8.3 1.3 3.7 35.7 13.9 

W-E 
B2 0.47 8.6 2.6 3.7 19.2 6.8 

B5 0.64 8.6 1.9 3.7 33.1 11.6 

 

Path C1-C10: All points on this path were in the thermal comfort range throughout 

the day in the N-S orientation. The second thermally suitable orientation was NE-SW 

whereas the lowest thermal comfort was recorded for the W-E orientation (Figure 13). 

Path C was a continuous street where blocks were on both sides without any opening 

(Figure 5). Therefore, the consistency of wind speed along this path prevented notable 

PET fluctuations in all orientations. A comparison between the thermal comfort of path B 

and that of path C (Figure 11 and Figure 13) during winter indicates that continuous paths 

(without disconnections such as squares) can provide better thermal comfort in cold cli-

mates.  

 

 
Figure 13. Average PET comparison at Points C1-C10 (in winter) 
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Figure 14. Sky view analysis at C1-C10 (calculated with Sketchup SVF plug-in) 

 

 

Table 10. Sky view factor values (C1-C10) 

 

 
 
 
 

 
 

3.1.4. The Effect of Changing SVF due to Variations in Street Width on Thermal Comfort (in 

Winter): 

 

Width changes in C increased SVF in the wider part of the path (Figure 14 and Table 

10). Points C2 and C5 (wider than C2) have been compared to examine the effect of SVF 

on microclimatic parameters and thermal comfort. The SVF values of C2 and C5 differ 

from each other because of the different widths of the street at these two points. Table 11 

shows the microclimatic parameters of these two points. At C5, SVF increased, Tmrt in-

creased in all orientations, wind speed decreased (from 0.3 to 0.6 m/s) and PET increased. 

Therefore, width changes have a strong effect on Tmrt but the resulting thermal comfort 

is not equal in all orientations. In orientations where more solar radiation was received 

(N-S and intercardinal orientations), PET rose by a greater amount and created better ther-

mal comfort. In the E-W orientation, the increased width had a trivial impact on PET im-

provement. 

 

Table11. Average MicroClimatic Quantities Comparison at two points C2 and C5 with different 

SVF (in Winter) 

Orientation Point SVF T(̊c) 
Wind  

speed(m/s) 

Specific  

humidity 
Tmrt(̊c) PET(̊c) 

NE-SW 

C2 0.36 8.7 1.8 3.7 27.4 11.3 

C5 0.46 8.4 1.4 3.7 29 14.9 

N-S C2 0.36 8.4 0.4 3.7 28.3 18.5 

Points C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

SVF 

Value 
0.47 0.36 0.36 0.43 0.46 0.46 0.41 0.35 0.36 0.45 
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C5 0.46 8.4 0.4 3.7 32.3 21.1 

NW-SE 

C2 0.36 8.4 1.8 3.7 25.4 9.3 

C5 0.46 8.3 1.5 3.7 29.3 13 

W-E 
C2 0.36 8.6 2.4 3.7 19 7.9 

C5 0.46 8.5 1.8 3.7 20.5 8.2 

 

3.2.  The Simulation Results in Four Different Orientations in Summer (August 6, 2019/ 

without Vegetation): 

3.2.1. The microclimatic conditions of Point A in a summer day (August 6, 2019) 

Air temperature(Ta): There are only slight differences in air temperature values in 

the four simulated orientations from 06:00 to 18:00. The highest recorded temperature 

namely 35 °C belongs to the current orientation (NE-SW) at 12:00. Air temperature in the 

W-E orientation was very close to the current conditions. The lowest recorded tempera-

ture with a decrease of 1 °C belongs to the N-S orientation (Figure 15). 
 

 

Figure 15: Air temperature (Ta) comparison at Point A (in summer) 

Wind speed: The values of wind speed at Point A in the different orientations in summer 

(Figure 16) are equal to the values in winter (Figure 8). In the N-S orientation where the 

axis of the blocks was perpendicular to the wind direction and the buildings prevented 

the wind from entering the streets, the speed was lowest. The maximum wind speed (1.8 

m/s) belongs to the W-E orientation where the streets were parallel to wind direction (Fig-

ure 16). The wind speed in intercardinal orientations fell between these two values (1.3-

1.5 m/s).. 
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Figure 16: Comparison of wind speed at Point A (in summer) 
 

Mean radiant temperature (Tmrt): Unlike winter during which a higher Tmrt is required 

for thermal comfort, lower temperatures are desirable during summer. Given the angle of 

solar radiation and the number of exposure hours, the radiant temperature of Point A 

increased in most hours of the day. But it began to decrease in all four orientations from 

16:00 onwards (Figure 17). In the NE-SW and N-S orientations, radiant temperature was 

lower than that of the other two orientations at 06:00 and 07:00. The highest Tmrt belongs 

to the W-E orientation where the streets received full radiation without any shading. 
 

 

Figure 17: Mean radiant temperature comparison at Point A (in summer) 

The different values of Tmrt at Point A in the E-W orientation during winter and 

summer (Figure 9 and Figure 17) show that this orientation received the least amount of 

radiation in winter and the most amount of radiation during summer. The main reason is 

the oblique angle of sunlight during winter and vertical angle during summer. Therefore, 

E-W is not a suitable orientation for either the cold or the hot climate. 
PET: Figure 18 shows that the current orientation (NE-SW) had the lowest PET at 

Point A in early morning hours (06:00-09:00). In most hours of the day, Point A experi-

enced a “hot” temperature. The maximum recorded temperature, namely 53.4 °C, belongs 

to the N-S orientation at 11:00. From 16:00 onwards, the temperature fell in all orientations 

and approached the thermal comfort range. 
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Figure 18: PET comparison at Point A (in summer) 

Table 12 summarizes the mean values of the microclimatic parameters for different 

orientations at point A. A comparison of these values shows that a change in the orienta-

tion of the street has a very strong effect on wind speed and radiant temperature. The 

mean value of PET is lowest in the NE-SW orientation and closer to thermal comfort limit 

than in other orientations. As can be seen in Figure 18, the PET diagrams of the paths with 

different orientations are very similar. The mean values at Table 12 show that the orienta-

tion of a path has a negligible impact on thermal comfort during summer. Therefore, other 

design factors need to be taken into account for improving the microclimate of a path 

during this season. 

Table12. Average Microclimate Quantities Comparison at Point A (in Summer) 

Orientation T( ̊c) 
Wind  

speed(m/s) 

Spe-

cific  

hu-

midity 

Tmrt( ̊c) PET( ̊c) 

Com-

fortable 

Hours 

NE-SW 32 1.6 5.8 65.3 38.7 0 

N-S 30.8 0.4 5.8 56.9 41.3 0 

NW-SE 31 1.3 5.8 58.5 40.4 0 

W-E 31.6 2 5.8 66.2 41.7 0 

 

3.2.2. The microclimatic conditions of paths B and C in a summer day (August 6, 2019) 

The microclimatic parameters of paths B and C were examined for investigation of 

the impact of SVF on thermal comfort in summer and in different orientations. Path B1-

B10: The mean value of PET recorded between 06:00 and 18:00 at Points B1-B10 indicates 

that the NW-SE orientation had the lowest PET but did not fall within the range of thermal 

comfort (Figure 19). Due to its position in relation to the angle of solar radiation, the N-S 

orientation had the highest PET but shows a temperature decrease at B5 and B6 in winter 

(Figure 10). In general, points B1-B10 were far from the desirable thermal comfort range 

(18-23 °C) in all four orientations on the hot summer day.This shows that a change in the 

orientation of a path does not improve thermal comfort to a notable degree during sum-

mer. Therefore, water bodies, vegetation or seasonal canopies should be used for reducing 

the amount of radiant energy absorption. 
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Figure 19. Average (PET) comparison at Points B1-B10 (in summer) 

The Effect of SVF changes resulting from Street Width Variations on Thermal Com-

fort in Path B (in Summer): At points B5 and B6 where the linear block was discontinuous 

and had an opening, SVF was higher than at points which were between the blocks (Fig-

ure 12 and Table 8). To examine the effect of SVF on the microclimatic parameters and 

thermal comfort, points B3 and B6 (in which SVF was different because of a change in the 

street width) are compared in Table 13. The change in the width of the street at B6 affected 

wind speed and the change in the SVF affected radiant temperature. The highest radiant 

temperature was observed in the N-S orientation in which the maximum wind speed can 

also be observed at point B6. In the other orientations except for E-W, changes in radiant 

temperature were remarkable, with B6 experiencing increased temperature. Finally, as 

Table 13 shows, the small square midway through the street (B1-B10) increased PET by 0-

2 °C. 

Table 13. Average MicroClimatic Quantities Comparison at two points B2 and B5 with different 

SVF (in Summer) 

Orientation Point SVF T(̊c) 
Wind  

speed(m/s) 

Specific  

humidity 
Tmrt(̊c) PET(̊c) 

NE-SW 

B2 0.47 31.9 1.9 5.8 68.9 41.1 

B5 0.64 31.7 1.4 5.8 68.2 41.1 

N-S 

B2 0.47 30.8 0.4 5.8 57.5 42.8 

B5 0.64 30.7 1.8 5.8 65.5 42.3 

NW-SE 

B2 0.47 31.5 1.9 5.8 59.4 40.4 

B5 0.64 31.2 1.3 5.8 60.8 41 

W-E 
B2 0.47 31.8 2.7 5.8 66.7 42.7 

B5 0.64 31.7 1.9 5.8 65.3 42.7 

 

Path C1-C10: According to the PET graph of this path, the NW-SE orientation has the 

lowest PET (Fig. 20). 

 The highest temperature was recorded in the N-S orientation, which made it the 

most undesirable orientation for thermal comfort during summer. Intercardinal orienta-

tions (NE-SW and NW-SE) were more thermally describable. 
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Figure 20. Average PET comparison at Points C1-C10 (in summer) 

 

When a street’s orientation is altered, PET changes during winter become more re-

markable than those in summer. In path C, PET ranged from 7 to 26 °C in the four orien-

tations in winter (Figure 13) but ranged from 42 to 47 in summer (Figure 20). This shows 

that choosing an appropriate orientation for improving thermal comfort is more im-

portant in winter than in summer. 

The Effect of SVF Changes Resulting from Street Width Variations on Thermal Com-

fort on Path C (in Summer): The change in the width of path C increased SVF on the wider 

segment of the street. To examine the effect of SVF on the microclimatic parameters and 

thermal comfort, points C2 and C5 (which was wider) have been compared in Table 14. 

At C5 where SVF increased, wind speed increased (0.1-0.6 m/s) as well and radiant tem-

perature changed (0.2-0.4 °C) in different orientations. But the changes in the street width 

had no significant effect on PET. Although thermal comfort is expected to improve in nar-

rower streets where SVF is lower during summer, only a slight increase in PET was ob-

served compared to the wider segment of the street. Overall, street width had no signifi-

cant effect on thermal comfort as each 8-meter increase in the width resulted in only 1°C 

change in the temperature (Table 14). 

  

Table14. Comparison of mean microclimatic values at C2 and C5 with different SVFs (in Summer) 

Orienta-

tion 
Point SVF T( ̊c) 

Wind  

speed(m/s) 

Specific  

humid-

ity 

Tmrt( ̊c) PET( ̊c) 

NE-SW 
C2 0.36 31.9 1.8 5.8 67.1 44.7 

C5 0.46 31.5 1.4 5.8 71.7 45.6 

N-S 
C2 0.36 31.1 0.5 5.8 58.3 45.8 

C5 0.46 31.2 0.4 5.8 61.8 46.9 

NW-SE 
C2 0.36 31.4 1.9 5.8 59.9 43.8 

C5 0.46 31.3 1.7 5.8 61.5 44.4 

W-E 
C2 0.36 31.7 2.5 5.8 67.2 46.8 

C5 0.46 31.6 1.9 5.8 65.7 46.6 
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4- Discussion 

The streets located in the N-S orientation provided better thermal comfort compared 

to the streets on the E-W axis. Several studies have shown that N-S street canyons provide 

the highest level of OTC for pedestrians while the E-W orientation is the worst possible 

orientation ( [50] [25] [26] [14]). While N-S street canyons provide the highest degree of 

thermal comfort, buildings constructed along these streets need to consume large 

amounts of energy for cooling purposes [26] [51]. W-E streets are exposed to direct sun-

light and have the highest Tmrt [25]. The NE-SW orientation is the second-best option in 

urban design and can provide thermal comfort in open spaces to a great degree. The NW-

SE orientation causes cold stress especially in evenings during winter but can provide 

thermal comfort during the middle hours of the day; as such, it holds the third rank. The 

E-W orientation is the worst case. However, certain strategies such as reducing the height 

of buildings can help improve thermal comfort in this orientation. Regarding open space 

thermal comfort, middle orientations provide better comfort during summer. Several 

studies have mentioned the NE-SW orientation as the best design choice for street canyons 

[52] [53]. Overall, the impact of street width on thermal comfort is not substantial. 

Wind speed and Tmrt are the most influential factors that affect thermal comfort in 

open spaces. Reduction of the time of exposure to sunlight and consequently the change 

in Tmrt as well as an increase in wind speed causes discomfort in the users of open spaces. 

Nevertheless, a small degree of coldness was registered in this study in all four orienta-

tions before 08:00 and after 18:00. 

5- Conclusion 

This paper sought to examine the role of the orientation of the streets of residential 

blocks on thermal comfort in the cold and mountainous climate. To this end, thermal and 

climatic comfort conditions were analyzed using a parametric approach for selection of 

the best orientation for these streets. Parameters such as air temperature, wind speed, 

Tmrt, PET and SVF were discussed in this regard. The results of this study can help pro-

vide an OTC-based guideline for improvement and development of urban environmental 

qualities. The findings show that optimized design parameters can bring about higher 

levels of thermal comfort. Based on these findings, Tmrt and wind speed may have the 

strongest effect on PET. The best street orientation for achieving thermal comfort in this 

latitude during winter is N-E. In summer, a suitable thermal comfort can be achieved in 

intercardinal orientations (NW-SE and NE-SW). Since the focus of this study was the cold 

and mountainous climate, the most important criterion for a climate-responsive orienta-

tion is provision of thermal comfort during winter. 

It was found out that PET changes are more remarkable in winter than in summer 

when the orientation of a street changes. In path C, PET ranged from 7 to 26°C in all four 

orientations in winter (Figure 13) but varied from 42 to 47 °C in summer (Figure 20). This 

shows that choosing a suitable orientation for improving thermal comfort is more im-

portant in winter than in summer. 

Although an increase in SVF resulting from an increase in street width can improve 

thermal comfort during winter, PET rises as well in orientations with more solar radiation. 

In other words, increased street width does not improve thermal comfort equally in all 

orientations during winter. For example, in the E-W orientation which receives less solar 

radiation, adding to a street’s width would not change PET. Although thermal comfort in 

summer is expected to improve in narrower streets where SVF is lower, only a slight in-

crease in PET was observed in this research compared to the wider segment of the street 

under study. Overall, street width was found out to have no significant effect on thermal 

comfort (each 8 meters increase in a street’s width resulted in only 1 °C change in temper-

ature). Disjunctions of linear blocks and small squares along a street can decrease PET and 

improve thermal comfort during summer. Conversely, a lower PET negatively affects 

thermal comfort during winter. 
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Finding the impact of other parameters on OTC merits further research.  In addition, 

determining whether or not N-S is the most suitable orientation for streets in this particu-

lar climate requires further study since building height and enclosure can adjust the 

amount of received radiation and wind speed.  A finding of this study suggests that 

winds which blows vertically onto non-enclosed N-S streets negatively affect thermal 

comfort during winter and but have a desirable effect during summer. Future studies can 

address the design parameters that can improve this issue 
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