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Abstract 

The city of Ahvaz, Iran has a hot climate and severe weather conditions for pedestrians in hot 

seasons. This study investigated the role of urban geometry and urban shading in improving the 

pedestrians’ thermal comfort. Six urban canyons with different geometric characteristics are 

selected in Ahvaz. To determine the outdoor thermal comfort range, micrometeorological 

measurements and questionnaire survey were conducted in the sites in July 2018. ENVI-met is 

used to investigate the role of urban geometry and urban shadings. To evaluate the outdoor thermal 

comfort, physiologically equivalent temperature (PET) is calculated using RayMan. Using the 

results of the micrometeorological measurements and the questionnaires, the outdoor thermal 

comfort range in Ahvaz is obtained within 19.6 to 30.9°C PET. Simulation results show that the 

closer the canyon orientation is to the north-south direction, the lower the air temperature (Ta) and 

mean radiant temperature (MRT) are. Also, by reducing the canyon aspect ratio, PET increases as 

well. Urban shadings decreased MRT and PET up to 34 and 17.6°C, respectively. In contrast, 

shadings did not affect the air temperature, significantly. PET reduction caused by shadings is 

more notable in east-west canyons, as well as in wider canyons. MRT and PET in all cases are 

highly correlated with SVF. The observations showed no strong correlation between Ta, relative 

humidity, and wind speed, with the SVF in all canyons. 
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Abbreviations: CFD, computational fluid dynamics; EW, east-west; H/W, height/width; MRT, mean 
radiant temperature; MTSV, mean thermal sensation vote; NE-SW, northeast-southwest; NNE-SSW, north-
northeast-south-southwest; NS, north-south; NW-SE, northwest-southeast, PET, physiological equivalent 
temperature; PMV, predicted mean vote; RH, relative humidity; SVF, sky view factor; Ta, air temperature; 
TSV, thermal sensation vote; WNW-ESE, west-northwest-east-southeast; WS, wind speed. 
  



1. Introduction  

According to the United Nations [1], the world's population will reach approximately 10 billion 

by the year 2050. The consequence of this population growth along with the ongoing global 

warming puts a large population prone to heat related morbidity [2–4] and mortality [5]. The 

number of heatwaves has also increased in recent decades [6]. The increase in death toll due to 

heat has been observed especially on weekdays, when people spend most of their times outdoor 

and commuting to work, university, and etc. [7]. 

The presence of people in the outdoor environments [8], as well as the way they use the urban 

open spaces [9], are dependent on microclimatic conditions. Due to the complexity of outdoor 

thermal comfort, it is necessary to study the factors involved in human comfort with different 

methods, including field studies and modeling [10]. Field studies are to assess the outdoor thermal 

comfort and may take place within a month [11] or several different seasons [12], and also may be 

accompanied by questionnaire surveys. 

Ahvaz is located in the southwest of Iran, with a hot climate, creates an unfavorable thermal 

conditions for pedestrians, especially in summer. This causes a dramatic decrease in the presence 

of people in outdoor spaces during the summer. According to the previous studies, urban factors 

could affect the outdoor thermal comfort including urban development and land use pattern 

[13,14], anthropogenic heat [15] as well as the most important factors such as urban vegetation 

[16–18], urban morphology [16] and canyon geometry [19,20]. Several researches suggest shading 

as an important factor in outdoor thermal comfort, especially in hot climates [21,22]. PET in 

shaded areas could be lower than in those without shadings up to 27°C [23]. It has also been 

suggested that urban street geometry be designed in such a way to increase the shade in the outdoor 

environment [24]. However, Ahvaz lacks proper shading on most of the crowded sidewalks. 

Therefore, the purpose of this study is to investigate the outdoor thermal comfort conditions in the 

hot climate of Ahvaz and to understand the role of urban geometry and urban shading in improving 

pedestrians’ thermal comfort. 

 

 

 



1.1. Street Canyon Geometry 

Urban geometry plays an important role in affecting the microclimate of urban streets. Oke [25] 

considered microclimatic impacts from various factors related to urban geometry, including the 

aspect ratio (H/W), sky view factor (SVF), which is directly related to H/W, and street orientation. 

For example, compact cities with high H/W and low SVF are suitable for pedestrian thermal 

comfort, and street orientation affects solar access. 

1.1.1. Aspect Ratio (H/W) 

One of the factors defining urban geometry that affects shading within the urban canyons is the 

ratio of the average height of the canyon (H) to the width of the canyon (W) or the aspect ratio 

(H/W) [25]. Outdoor thermal comfort in warm climates is highly dependent on the canyon aspect 

ratio and orientation [26]. Deep canyons and their shading effects are suitable for summer and 

unsuitable for winter and vice versa [27,28]. In hot and humid climates such as Taipei [29] and 

Bangladesh [30], as well as in hot and dry climates such as Morocco [31] and Saudi Arabia [32], 

deeper canyons have lower air temperature (Ta) than shallow canyons. However, sometimes the 

opposite results are observed in studies. A study conducted in the arid climate of Argentina shows 

that a decrease in H/W reduces the maximum and the average Ta [33]. Also studying different 

cities with similar climates in one country shows that the ideal aspect ratio may vary, as it is 

observed in Morocco [34]. Therefore, it is necessary to study and research the aspect ratio for 

different cities in warm climates. 

1.1.2. Sky View Factor (SVF) 

Sky view factor (SVF), is a parameter that indicates the proportion of the sky which is visible from 

a given point [25]. The surface points with higher SVF have fewer obstacles to absorb solar energy 

[25]. Increasing the height of the buildings in an urban canyon causes an SVF decrease in the 

canyon surface [35]. Also, there is a strong correlation between building density and SVF (r=-

0.95) [36]. SVF can demonstrate the geometric complexities of a city, so the effect of street 

geometry on Ta and pedestrian thermal comfort could be investigated using this factor [37].  

Several studies [38–40] have shown that there is a strong relationship between SVF and Ta. A 

study in the humid climate of Beijing shows that highly shaded areas (SVF<0.3) experience less 

heat in summer and severe cold in winter, while moderately shaded areas (0.3<SVF<0.5) 



experience longer periods of outdoor thermal comfort during the year [41]. However, Karakounos 

et al. [42] show that the results of such research could not be generalized and that the relationship 

between SVF and microclimatic parameters and thermal comfort should be investigated separately 

for each case.  

1.1.3. Orientation 

Street orientation affects thermal comfort by changing solar access and wind speed (WS) [27]. 

Several studies recommend the best and the worst orientations as north-south (NS) and east-west 

(EW), respectively [43,44]. The EW oriented streets are less comfortable due to the lack of shading 

[45]. In temperate [46,47], hot-humid [48,49] and hot-dry climates [50,51], the worst street 

orientation for achieving acceptable thermal comfort is EW, and the closer the street orientation 

gets to NS, the better the thermal comfort conditions become. Also, some studies demonstrate 

different results, which recommend EW as the best street orientation according to the results of 

MRT [52] and PET [24] evaluations. Studying intermediate orientations in Freiburg, Germany, the 

lowest TA observed at NNE-SSW street [53]. However, a study in China showed that more shade 

and better thermal conditions occurred at NW-SE orientation [54]. 

1.2. Urban Shadings 

There is limited research on the impact of built urban shadings on thermal comfort. Some of these 

shadings include horizontal, inclined and vertical shading devices, membrane roofing, galleries, 

and photovoltaic shadings. In a simulation study [55], the horizontal and inclined shading devices 

in the EW and NS canyons reduced Ta by 4°C and 2°C, respectively. It is also reported that the Ta 

of these canyons was lower than the TA of the rural environment during the period 9:00-15:00. 

Adding vertical shadings to a south-facing wall in an EW canyon in a Mediterranean climate, 

reduced solar irradiance up to 150 W/m2 and decreased Ta at noon in summer [56]. Adding a tent 

over an NS urban canyon in Milan, decreased Ta and surface temperature [57]. Simultaneous use 

of strategies such as creating galleries, increasing the height of the south wall, improving albedo, 

and adding trees in the street canyon, improved PMV in the hot-dry climate of Ghardaia, Algeria 

[45]. In another study in Algeria, Ali-Toudert and Mayer [50] showed that using galleries and 

overhanging facades decreased heat stress and PET. In the warm-humid climate of Ecuador, 

shaded areas had the lowest MRT, equal to 30°C, in October [58]. Investigating the effect of the 

photovoltaic canopy shade on thermal comfort in Tempe, Arizona, with a semi-arid climate, 



showed that the maximum Ta in the sun is 2°C higher than in the shade [59]. Due to the significant 

impact of shadings on thermal comfort, it is necessary to study urban shadings more carefully. 

 

2. Methodology 

Considering the main purpose of this study that is to investigate the thermal comfort in the hot 

climate of Ahvaz as well as the role of urban geometry and urban shadings on pedestrian thermal 

comfort, the research method consists of two main parts. In the first part, micrometeorological 

measurements and a questionnaire survey are conducted in the studied sites, and the second part 

includes numerical simulations of the studied canyons using ENVI-met. Data obtained from the 

questionnaires are analyzed using SPSS software. To investigate outdoor thermal comfort, 

physiologically equivalent temperature (PET), which is calculated by RayMan [60,61], is selected 

as the thermal comfort index. 

2.1. Research Site 

The city of Ahvaz (31°19' N, 48°40' E) is the capital of Khuzestan province, located in the 

southwest of Iran. According to the Köppen-Geiger climate classification [62], the climate of 

Ahvaz is BWh or hot arid desert. Long periods of heat along with low precipitation are the main 

characteristics of the climate of Ahvaz. The highest and the lowest air temperatures in 2018 were 

52.4°C in July and 3.5°C in January, respectively. The average annual rainfall was 182 mm [63]. 

According to the meteorological data of Ahvaz, there is cooling demand in six months, from May 

to October, and heating demand only in three months [63].This study focused on summer season 

in Ahvaz. 

Six urban canyons (Figure 1) with significant pedestrian presence and different geometric 

properties, such as canyon orientation and width, are selected as the main studied sites.  

 



 

 

Since Karun River flows through the city, the main orientations of the streets are NNE-SSW 

(parallel to the river) and WNW-ESE (perpendicular to the river). Three studied sites are NNE-

SSW or close to NS oriented, and the other three are WNW-ESE or close to EW orientation .The 

width and H/W of the canyons vary from 15 to 38 meters and 0.2 to 0.6, respectively (Figure 2).  

On Imam Street, which is a traditional bazaar, the entire canyon is covered by shadings. The 

sidewalk shading is 4 meters high and the roadway, which is sometimes used by pedestrians, has 

an 8 meters high shading (Figure 2-a). Taleghani Street has a shading only on the SSW-facing 

sidewalk (Figure 2-b). Vahabi Street has shadings on both sidewalks (Figure 2-f). Padad Street 

(Figure 2-c), Chamran Boulevard (Figure 2-d), and Shariati Boulevard (Figure 2-e) do not enjoy 

significant shadings on their sidewalks. 

 

 

Figure 1. The  Location of the studied sites in Ahvaz. 



 

 

2.2. Measurement and Questionnaire 

The questionnaire survey and the measurement of microclimatic parameters were conducted in 

July, which is the hottest month of the year [63]. Microclimatic parameters are measured 

simultaneously along with the questionnaire survey from July 21st to 26th, 2018. Measurements 

were conducted from 8:30 to 12:30 and also from 19:00 to 21:30. Because of the extreme heat and 

the closure of all commercial buildings, the presence of pedestrians on the streets is highly 

decreased from noon to 19:00.  

The questionnaire used in this study was developed according to similar studies [58,64] and 

ASHARE 55 standard [65]. The questionnaire was tried to be precise for time-saving purposes, as 

it was very difficult for pedestrians to answer a significant number of questions, especially in very 

hot weather. The approximate completion time for each questionnaire was between 5 to 10 

 Area Width 
(m) 

Ave. height 
(m) 

Max. 
height (m) 

Ave. 
H/W 

Max 
H/W Orientation 

a Imam St. 18 8 12 0.45 0.7 WNW-ESE 
b Taleghani St. 25 11.4 22 0.45 0.9 WNW-ESE 
c Padad St. 38 7.5 21 0.2 0.5 WNW-ESE 
d Chamran Blvd 36 11 45 0.3 1.25 NNE-SSW 
e Shariati Blvd 28 10.5 27 0.3 1 NNE-SSW 
f Vahabi St. 15 9 21 0.6 1.4 NNE-SSW 

Figure 2. Schematic sections of the study sites. 



minutes. The total number of obtained questionnaires was 257. The first part of the questionnaire 

collected personal information including gender, height, weight, and age. The second part included 

questions about thermal sensation, thermal satisfaction, thermal adaptation, thermal preferences, 

and etc. 

The microclimatic parameters were measured simultaneously with the completion of the 

questionnaire. These parameters included Ta, relative humidity (RH) and WS. These parameters 

were recorded by Fluke 975 instrument at a height of 1.4 meters (Figure 3). Table 1 shows the 

specifications of the instruments used in this study.   

Table 1- Measured parameters and specifications of instruments used in this study 

Instrument Model Measured 
parameter Accuracy Range 

Air meter Fluke 975 

Air temperature ±0.5°C -20°C to 50°C 
Relative Humidity ±2% 10% to 90% 

Wind Speed ±0.02 m/s 0.25 m/s to 15 
m/s 

Weather 
datalogger 

Standard 
ST-174B 

Air Temperature 

±0.9°C from 40°C to 
60°C 

-40°C to 70°C ±0.5°C from 5°C to 
40°C 

±1.1°C from -20°C to 
5°C 

Relative Humidity ±3% 0 to 90% 
 

 

 

 

 

 

 

 

 

 

Figure 3.a) Micrometeorological measurements simultaneously with the completion of the 
questionnaire in the study site. b) Fluke 975 sensor for measuring TA, RH, and WS. 



2.3.Simulation 

ENVI-met is a simulation software that can evaluate microclimatic interactions between buildings, 

surfaces and plants [66]. It is based on the fundamental laws of CFD (Computational Fluid 

Dynamics) [67]. This model has been previously used to evaluate the microclimates in similar 

studies [68] and in other hot climates [45,50].  

ENVI-met uses combined advection-diffusion equations (Eq. 1and 2) to calculate temperature (θ) 

and specific humidity (q) inside the atmosphere [69]: 

(1) + 𝚀! !!
!"
!#"

!" = 𝐾! !"
!#"
 + 𝑢" !"
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(2) + 𝚀# !!
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 + 𝑢" 

!%
!$

 

Which according to Bruce and Fleer, “𝚀! and  𝚀# are used to link heat and vapor exchange at the 

plant surface with the atmospheric model” [69]. 

2.3.1. Validation of ENVI-met results 

The accuracy of ENVI-met results is investigated in several studies by a comparison between 

simulation results and field measurements [70]. Among Iranian cities, ENVI-met validation is 

carried out for hot and dry climates of Isfahan [71] and Shiraz [72] and the average differences 

between simulated and measured Ta in these cities were 2.3°C and 0.5°C, respectively. In this 

study, Ta was measured on Padad Street in three consecutive days from July 27th to 29th, 2018. The 

Standard ST-174B datalogger, which was located at a height of 1.4 meters above the ground on 

the sidewalk (Figure 4), was used to measure Ta. A comparison of the three-day average simulated 

and measured Ta showed that the average difference was 1.4°C, R2 in this comparison was 0.86 

(Figure 5). Root mean square error (RMSE) and index of agreement (d) were 2.8°C and 0.91, 

respectively, which are all acceptable according to previous studies [73–75].  



 

 

 

2.3.2. Simulation of Study Sites 

ENVI-met version 4.0 is used for simulations in this study. July 4, 2018, was selected for 

simulations, since it had the highest daily average Ta in 2018, based on the meteorological data 

[63]. The simulation duration was set to 14 hours, from 8:00 to 22:00, due to the pedestrian 

presence time. A section of each site, which had the highest number of pedestrians because of 

administrative, commercial, and medical buildings, is selected for simulations (Table 2).  

 

 

Figure 4. Location of the datalogger for validating the ENVI-met results. 
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of the measured and simulated Ta. 



Table 2- The selected section of each site and their plan and perspectives in ENVI-met. 

  

Selected section Plan in ENVI-met Perspective in ENVI-met 

Imam Street   

Taleghani Street   

Padad Street   

Chamran Boulevard  

 
Shariati Boulevard   

Vahabi Street   



3. Results and Discussion 
3.1. Questionnaire Results 

The highest and the lowest air temperatures recorded during the questionnaire survey were 44.6°C 

and 32.3°C in Imam Street, 43.7°C and 32.7°C in Taleghani Street, 43.8°C and 34.4°C in Padad 

Street, 47.8°C and 33.5°C in Chamran Boulevard, 43.3°C and 32.7°C in Shariati Boulevard, and 

45°C and 33.5°C in Vahabi Street, respectively. Out of 257 questionnaires, 81% were male and 

19% were female. The age range of 21 to 35 years with 57%, followed by the age range of 36 to 

50 years with 20% and the age range of 51 to 65 years with 14%, had the highest frequency among 

the participants in this survey. 

3.1.1. Thermal Sensation Votes of Pedestrians 

Thermal sensation vote (TSV) was investigated through the ASHRAE 55 seven-point scale [65] 

i.e. cold (-3), cool (-2), slightly cool (-1), neutral (0), slightly warm (+1), warm (+2) and hot (+3). 

38.5% of the participants experienced slightly warm conditions, and 29.6% experienced warm 

conditions. Although the survey was carried out in the hot season and it was expected to observe 

a higher percentage of "warm" and "hot" votes, "slightly warm" conditions were experienced 

higher than "warm" and "hot" conditions due to the presence of most of the participants in shaded 

areas. A total of 78% of the participants felt warm (including slightly warm, warm, and hot), 13% 

felt neutral, and 9% felt cool (including slightly cool, cool and cold). According to Figure 6, the 

highest number of cool TSV (including slightly cool, cool and cold) belonged to Taleghani Street 

and Vahabi Street, which is probably due to the more adequate shadings on the sidewalks of these 

two streets. Imam Street has the most adequate shadings among other sites, but the "slightly warm" 

votes on this site were very high, which is probably due to the difference in the activities on this 

street that led to extra heat production. Chamran Boulevard and Shariati Boulevard had the highest 

number of warm (including slightly warm, warm and hot) votes which is probably due to the low 

shade in these sites compared to other sites. 



 

3.1.2. Thermal Satisfaction of Pedestrians 

Thermal satisfaction of pedestrians is also studied through the ASHRAE 55 seven-point scale 

[66]. The highest level of dissatisfaction belonged to Shariati Boulevard with 80% which is 

probably due to the low shade on the sidewalks of this street (as mentioned in section 3.1.1). The 

highest level of satisfaction, similar to section 3.1.1, belonged to Taleghani Street with 30% 

satisfaction. 72% of the participants were dissatisfied, and only 21% felt satisfied with their 

thermal conditions (Figure 7). 

 

 

 

 

 

Figure 6. Distribution of TSV in each site. 
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Thermal Preference of Climatic Parameters 

The participants were asked to choose their thermal preferences for Ta, shade, WS and RH 

through the McIntyre three-point scale (lower/decrease (-1), no change (0) and higher/increase 

(+1)) (Figure 8). 93% preferred lower Ta, 51% preferred more shade, and 48% preferred higher 

WS and RH with no change. 

  

 

 

 

 

 

 

 

Figure 7. Percentage distribution of thermal satisfaction of pedestrians on each site. 

Figure 8. Pedestrians’ thermal preference of climatic parameters. 
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3.1.3. Air Temperature Estimation by Pedestrians 

The participants were asked to estimate the current Ta and the results were compared separately in 

the sun and the shade with the measured Ta (Figure 9). The number of participants who 

overestimated Ta in the sun was 9% higher than those in the shade. Also, the number of participants 

in the shade who underestimated Ta was 21% more than those in the sun. As a result, being in the 

sun could affect people's perception of Ta and cause them to overestimate it, which can probably 

affect people's outdoor thermal comfort. 

 

 

 

 

 

 

 

 

 

 

  

3.1.4. Outdoor Thermal Comfort Range in Ahvaz 

To determine the outdoor thermal comfort range in Ahvaz, PET [76] was used as the thermal 

comfort index due to its frequent use [77]. In this study PET is calculated by RayMan [60,61], 

using measured Ta, RH and WS and simulated MRT. Participants’ clothing and activity are also 

considered in the PET calculation. To investigate the relationship between thermal comfort (PET 

index) and TSV, it is first necessary to calculate the mean thermal sensation votes (MTSV) for 

each 1°C PET interval [78]. Eq. 3 shows the correlation between PET and MTSV in this study. 
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Figure 9. Comparison of the actual measured Ta around the respondent and the temperature estimated by 
the respondent according to their location (in the shade or sun). 



The neutral PET in this climate is determined by substituting MTSV=0 in Eq. 3. As a result, the 

neutral PET in this study is 25.3°C. The acceptable thermal comfort range is between -0.5 and 

+0.5 [65], so by replacing MTSV= ±0.5 in Eq. 3, the outdoor thermal comfort in Ahvaz ranges 

from 19.6°C to 30.9°C PET. However, this PET range is not obtainable in the summer in this 

climate and can only be improved by providing some solutions. Based on Figure 10, which shows 

a comparison between the thermal comfort range in similar studies and this study, neutral PET and 

high value of acceptable PET of Ahvaz, are approximately close to Isfahan’s [71] with BWk 

climate and Dar es Salaam’s with Aw climate [79] while the low value of acceptable PET is close 

to Tempe’s with BWh climate [59] based on the Köppen-Geiger climate classification. 

MTSV = 0.0886 (PET) ˗ 2.2405           (R2=0.93)   (3) 

 

3.2.Simulation Results 

Ta, MRT and PET were studied through the ENVI-met results. To compare the studied sites with 

each other, different points on each were selected as shown in Figure 11. These points were 

Figure 10. Comparison of PET thermal comfort range in this study with other studies in Cairo [80], 
Dar es Salaam [79], Isfahan [71], Tempe [59] and Taichung [81]. 
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selected to compare the effect of urban geometry as well as urban shadings in pedestrians’ 

thermal comfort. Table 3 shows the different characteristics of these points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Location of reviewed checkpoints on each site. 



Table 3. Different characteristics of reviewed points on each site. 

 

3.2.1. Air Temperature 

In Imam Street, with a WNW-ESE orientation, there was no significant difference in Ta between 

the SSW-facing (E1) and the NNE-facing (E2) sidewalks since the whole canyon is covered by 

shadings. The minimum Ta at the selected points on this site was 41.3°C at 22:00, and the 

maximum Ta was 47.4°C at 12:30. 

On Taleghani Street, the entire SSW-facing sidewalk has shading. Ta difference between T1, with 

shading, and T2 on the opposite side, without shading, was 0.1°C at noon. The minimum Ta in this 

site was 42.2°C at 8:30 and 22:00, while the maximum Ta was 47.9°C at 13:00. The shaded points 

were 0.1°C cooler than the unshaded points during the night. 

In Padad Street, with a similar orientation to the previous two canyons, in the unshaded areas, Ta 

on the SSW-facing sidewalk was slightly higher than on the NNE-facing sidewalk. The highest Ta 

difference in the unshaded areas was 0.2°C at 14:00. From 10:00 to 16:00, when the heat peaks, 

Ta at the unshaded points (P1 and P2) was lower than at the shaded points (P3 and P4). The highest 

Ta difference between shaded and unshaded points was 0.2°C on the SSW-facing sidewalk at 13:00 

and 0.6°C on the NNE-facing sidewalk at 8:00. The minimum Ta was 42.1°C on P3 at 22:00 and 

the maximum was 48°C at the same point at 13:00. At night, the points with shading were cooler 

than the points without shading. Generally, on Padad Street, the shaded points had a lower 

minimum Ta but a higher maximum TA than the unshaded points, which is probably due to the low 

Area Imam St. Taleghani St. Padad St. Chamran 
Blvd 

Point E1 E2 T1 T2 P1 P2 P3 P4 C1 

Facing SSW NNE SSW NNE SSW NNE SSW NNE WNW 

Shade P P P O O O P P O 

SVF 0.06 0.03 0.21 0.5 0.46 0.47 0.15 0.15 0.43 

Area Chamran Blvd Shariati Blvd Vahabi St. 
Point C2 C3 C4 C5 S1 S2 S3 V1 V2 

Facing ESE WNW SE SE ESE WNW ESE ESE WNW 
Shade O P O O O O P P P 

SVF 0.4 0.18 0.46 0.45 0.47 0.42 0.19 0.2 0.18 



H/W and also because of the short length of the shadings and consequent solar radiation 

penetration under the shading at certain hours.  

In the middle of Chamran Boulevard, the street orientation is changed and as a result, the northern 

part of the canyon is oriented 17 degrees from north, while the southern part is oriented 38 degrees 

from north. In the northern part of the canyon, which is closer to NS orientation, the ESE-facing 

sidewalk was warmer than the WNW-facing sidewalk most of the time. The maximum Ta 

difference between the two sidewalks was 1.1°C at 11:30. Point C3, which is located on the WNW-

facing sidewalk (similar to point C1) and even though having a shading, did not differ much in Ta 

from point C1. However, C3 had a lower Ta than the other points during the night. In the southern 

part of the canyon, where the orientation of the canyon changes by 21 degrees and as it gets closer 

to NE-SW orientation, Ta was up to 0.6°C higher than the northern part of the canyon from 8:00 

to 16:00. The minimum and maximum Ta on this site were 41.7°C at C4 at 22:00 and 49.4°C at 

the same point at 13:00, respectively. 

On Shariati Boulevard Ta at S2, without shading, was lower than at other points most of the time. 

During the night, Ta in all three points was equal. The highest Ta difference between S1 (ESE-

facing) and S2 (WNW-facing) was 0.7°C at 11:00. The minimum Ta in this canyon was 41.9°C at 

S1 and S3 at 22:00, and the maximum was 49.1°C at S1 at 13:00. 

Vahabi Street has shadings on the both sidewalks. Therefore, Ta on the both sidewalks of this street 

were equal. The minimum and maximum Ta on this street were 42.1 °C at 22:00 and 47.6 °C at 

13:00, respectively (Figure 12-a). 

 

3.2.2. Mean Radiant Temperature 

Based on the ENVI-met results, there is no significant difference in MRT at different points on 

Imam Street with WNW-ESE or near EW orientation. This is mainly because all parts inside the 

canyon are shaded. The minimum MRT on Imam Street was about 25°C at 22:00, while the 

maximum was 57.5°C at 14:00. 

The entire SSW-facing sidewalk on Taleghani Street has shading, and therefore MRT was lower 

on this sidewalk or T1 than on the opposite sidewalk during the day and the night. The MRT 



difference between T1 and T2 at noon was 13.6°C. The minimum MRT at these points was 27.8°C 

at 22:00 on T1 and the maximum was 76.3°C at 13:30 on T2. 

In Padad Street, the lowest values of MRT was observed at P1 and P2 in the morning and the 

afternoon, respectively. However, the average daily MRT at these two points was identical. The 

highest MRT difference between the two sidewalks was 30.8°C and the highest MRT difference 

between shaded and unshaded points was 29.5°C on the SSW-facing sidewalk at 17:00 and 34.1°C 

on the NNE-facing sidewalk at 8:00. The minimum and maximum MRTs on this site were 27.8°C 

at 22:00 in the shaded areas and 80°C at 15:30 in the unshaded areas, respectively. 

In the northern part of Chamran Boulevard, MRT at C3, having shading and the same orientation 

facing as C1, was 27°C lower than at C1. In the southern part of the canyon, where the canyon is 

21 degrees closer to NE-SW orientation, MRT was higher by 16°C than the northern part. The 

lowest and the highest MRTs on this site were observed to be 28.5°C in shaded areas at 22:00 and 

79.8°C at C5 (without shading) at 15:30, respectively.  

Among the unshaded areas of Shariati Boulevard, the lowest MRT was observed at S2 (WNW-

facing) from 8:00 to 11:00 and at S1 from 13:30 to 18:00. With the exception of the aforementioned 

hours, MRT was identical at these two points. The average daily MRT was 2.1°C lower at S1 than 

at S2. However, S3 with shading had the lowest MRT throughout the day. The highest MRT 

difference between these points was 34.2°C between S3 and S1 at 8:00. The minimum MRT in 

this canyon was 26.7°C at S3 at 22:00, while the maximum was 79.5°C at S2 at 15:30. 

In Vahabi Street, MRT was equal on the both sidewalks in the most hours, with the exceptions 

occurred at 8:00 and 16:00 to 18:00 when there was a significant difference in MRT values. MRT 

value at V1 (facing ESE) was 31°C higher than at V2 (facing WNW) at 8:00, and 28°C lower than 

at V2 at 16:30 which is probably because of perpendicular avenues connected to this street which 

are not in the same axis and caused solar access under the shadings. The minimum and maximum 

MRTs in this canyon were 27.4°C at 22:00 and 78.9°C at 15:30, respectively. 

It is evident that the lowest MRT is observed in Imam Street, which is 25°C at 22:00. Also, the 

highest MRT is 80°C on Padad Street with the lowest aspect ratio compared to the other canyons 

(Figure 12-b).  



  

3.2.3. PET 

PET values were calculated by RayMan considering four parameters including Ta, MRT, RH, and 

WS. Since PET is strongly influenced by MRT, the results in this section are rather similar to those 

in MRT.  

Figure 12. a) Ta and b) MRT map at noon on each site. 



The shaded points located on the nearly EW oriented canyons, namely, E1, E2, T1, P3, and P4, 

enjoy an almost identical condition in terms of PET. The only exception occurred after 19:00, 

when PET at fully shaded points, E1 and E2, located in Imam Street was 3°C lower than at other 

shaded points. However, among the unshaded points in this orientation, P1, facing SSW, located 

in Padad Street with low H/W experienced a higher duration of high PET. Besides, P1 had higher 

SVF in comparison to other points. The highest PET difference between shaded and unshaded 

points on Taleghani Street was 15.5 °C at 8:00, and on Padad Street was 17.6 °C at 8:00, and 

15.6°C at 15:30. 

In nearly NS oriented canyons, the points on east-facing and west-facing sidewalks experienced 

worse thermal conditions in the morning and afternoon, respectively, as expected. In this 

orientation, all points with shadings had an almost equal PET which was lower than unshaded 

points during the day. The highest PET difference between shaded and unshaded points on 

Chamran Boulevard was 11.5 °C at 15:00 and on Shariati Boulevard was 13.8 °C at 8:00 (Figure 

13).  
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Figure 13. PET values in the studied sites. 



 

Table 4 shows the daily average, maximum, and minimum PET values at different points. The 

lowest daily average and 

minimum of PET values 

occurred at E1 and E2 of 

Imam Street and the lowest 

daily maximum 

PET was at the shaded 

point P4 on Padad Street, 

located on the NNE-facing 

sidewalk. The highest daily 

average, maximum, and minimum PET values occurred at P1 and P2 together, P2, and C2, 

respectively. As a result, shaded points in canyons with an orientation closer to EW had a lower 

daily average PET than shaded points in canyons with an orientation closer to NS. 

Table 4. Daily average, maximum and minimum PET values at studied points. (Blue, the lowest value; 
and orange, the highest value between different points). 

 

 

 

 

 

 

 

 

 

Figure 14 shows points arrangement based on average TA and average PET. According to this 

figure, points in more shaded areas, on Imam Street and Vahabi Street, had the lowest average 

TA. Also, in the shaded areas, the average PET was lower in the canyons closer to EW (WNW-

ESE) orientation than in the canyons closer to NS (NNE-SSW) orientation. 

Point E1 E2 T1 T2 P1 P2 P3 P4 C1 

Ave. 45.7 45.8 46.7 51.7 53.6 53.6 46.9 46 52.2 

Max. 54 54.1 54.6 64.2 66.7 67.4 54 53.4 64.3 

Min. 35.4 35.6 37.9 39 37.7 37 38.3 37 40.8 

Point C2 C3 C4 C5 S1 S2 S3 V1 V2 

Ave. 52 48.9 51.7 52.2 51.6 52.3 47 48.9 49.4 

Max. 60.5 63.6 63.8 66.1 61.9 64.9 54.4 63.6 63.7 

Min. 41 38.9 38.8 38.8 39.7 39.5 38.4 39.1 39 

Point E1 E2 T1 T2 P1 P2 P3 P4 C1 

Ave. 45.7 45.8 46.7 51.7 53.6 53.6 46.9 46 52.2 

Max. 54 54.1 54.6 64.2 66.7 67.4 54 53.4 64.3 

Min. 35.4 35.6 37.9 39 37.7 37 38.3 37 40.8 

Point C2 C3 C4 C5 S1 S2 S3 V1 V2 

Ave. 52 48.9 51.7 52.2 51.6 52.3 47 48.9 49.4 

Max. 60.5 63.6 63.8 66.1 61.9 64.9 54.4 63.6 63.7 

Min. 41 38.9 38.8 38.8 39.7 39.5 38.4 39.1 39 



  

3.2.4. Investigating the Relationship between SVF and Different Variables  

To investigate the relationship between SVF and climatic parameters as well as PET index, the 

Pearson correlation coefficient between SVF and these parameters is calculated at all review points 

at noon. According to Table 5, there is no correlation between SVF and RH at any point. MRT and 

PET are correlated with SVF at all points. However, TA and WS are correlated with SVF only on 

Imam Street. Figure 15 shows scatter diagram of comparison between PET and SVF on different 

sites at noon. According to these charts, the lowest value of R2 was on Vahabi Street (0.69) while 

the highest value was on Taleghani Street (0.87). 

 

Table 5. Pearson correlation coefficient between SVF and different parameters on study sites at noon. 

 PET WS RH MRT Ta Area 
0.86 0.90 -0.24 0.84 0.83 Imam St. 
0.93 0.26 -0.46 0.93 0.27 Taleghani St. 
0.85 0.46 -0.28 0.86 0.15 Padad St. 
0.85 0.15 0.003 0.75 0.18 Chamran Blvd 
0.84 0.30 0.23 0.84 0.18 Shariati Blvd 
0.92 -0.24 -0.06 0.93 0.07 Vahabi St. 

Figure 14. The studied points arrangement in order of increasing the average TA and average PET. 
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Figure 15. Scatter diagram of the relationship between PET and SVF on different sites at noon. 



4. Conclusion 

Considering the importance and the impact of urban features on outdoor thermal comfort, this 

study investigated outdoor thermal comfort in the hot climate of Ahvaz. Six urban canyons, with 

a significant number of pedestrians were selected. Thermal comfort in these canyons was 

investigated by conducting a questionnaire survey and microclimatic measurement. To investigate 

the role of urban geometry and urban shadings on outdoor thermal comfort, the canyons were 

simulated using ENVI-met, which was validated for 3 consecutive days from July 27th to 29th, 

2018. Microclimatic parameters were measured simultaneously with the completion of the 

questionnaires from July 21st to 26th, 2018. Considering the maximum presence of pedestrians on 

these sites, these measurements were taken from about 8:30 to noon, and from 19:00 to 21:30. For 

simulation purposes, July 4th was selected as the hottest day of 2018. The PET values were 

calculated by RayMan. Three of the selected canyons were oriented close to the EW and the other 

three are close to the NS. The width of these canyons varied from 15 to 38 meters with H/W values 

ranging between 0.2 and 0.6. Imam Street was completely covered by shading, and the remaining 

canyons had shadings on some parts of their sidewalks. 

The results of field measurements and questionnaire, as well as investigating the effect of shadings 

and urban geometry factors such as orientation, aspect ratio and SVF on climatic parameters and 

thermal comfort, are expressed as follows: 

• The range of outdoor thermal comfort in Ahvaz is between 19.6°C and 30.9°C PET. Also, the 

neutral PET in this climate is 25.3°C. This PET range is obtainable in summer by providing some 

climate design solutions. 

• The closer the canyons are to NS orientation, the lower the Ta and MRT are, which is in agreement 

with the previous studies [50,51]. In canyons closer to NS orientation, MRT and PET values are 

lower on west-faced sidewalks in the morning and the east-faced sidewalks in the afternoon. 

• Increasing the canyon width, or H/W reduction, increases PET which confirms the previous 

studies [31,32]. Padad Street with a width of 38 meters and H/W equals to 0.2 has an average daily 

PET of 2°C higher than Taleghani Street with a width of 22 meters and H/W of 0.45. 

• There is a strong correlation between SVF and PET, as well as SVF and MRT on different sites. 

The Pearson correlation coefficient at noon between SVF and PET, as well as MRT is between 



0.75 and 0.93 on the different sites. None of these sites showed an agreement between SVF and 

RH. WS and Ta are correlated with SVF only in Imam Street, which is contrary to the studies of 

Wang and Akbari [38]. 

• Urban shading reduces MRT by 34°C, and it reduces PET by 17.6 and 13.8°C in EW an NS 

canyons, respectively. This indicates that the impact of the shading is more evident in EW canyons 

rather than NS canyons. Furthermore, shadings in more shallow canyons with low H/W, had a 

significant effect on reducing the average daily PET. 

• Shadings do not significantly affect Ta in the canyons. In some canyons they cause a slight 

decrease in Ta. In areas where the entire or most of the sidewalk is covered by shadings, the average 

daily Ta in shaded areas is 0.5 to 1.2°C lower than other areas. In most sites, the air temperature of 

the shaded points was lower than the unshaded points at night. 

 

 

 

 

 

 

 

 

 

Appendix A: 

Table A1. Description of the time and date of field studies and questionnaire surveys on each site. 

Area 
Date of measurement 

and questionnaire 
survey 

Time of measurement 
and questionnaire 

survey 

Number of valid 
questionnaire 

Imam St. 7/21/2018 8:30-13:00 
19:00-22:00 61 

Taleghani St. 7/22/2018 8:30-12:30 49 



 

Appendix B: 

  

19:30-21:30 

Padad St. 7/24/2018 8:30-12:00 
19:30-21:00 37 

Chamran Blvd 7/26/2018 9:30-12:30 
19:30-21:30 42 

Shariati Blvd 7/23/2018 8:30-10:00 
19:00-21:30 34 

Vahabi St. 7/25/2018 8:30-12:00 
19:30-21:30 34 

Figure B1. Standard ST-174B weather datalogger for 
measuring TA to validate ENVI-met. 
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