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The role of sky view factor and urban street greenery in human 1 

thermal comfort and heat stress in a desert climate 2 
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Abstract 8 

9 

The aim of this study was to understand the effect of urban street greenery type and 10 

arrangements on thermal comfort and heat stress in summer. Field measurements and 11 

computer simulations were carried out on East-West (E-W) and North-South (N-S) oriented 12 

streets in Isfahan, Iran. Through the field measurements in July 2014, 17 different streets 13 

were studied, followed by 15 perturbation scenarios (urban design alternatives) simulated by 14 

ENVI-met. The study showed that there is a significant and positive relationship between the 15 

Sky View Factor (SVF) and the Physiological Equivalent Temperature (PET) values. 16 

Comparison of the meteorological parameters within different street orientations showed that 17 

the effect of the SVF on the E-W streets was more significant than in N-S streets. 18 

Furthermore, greenery arrengement and building heights showed different impacts on the 19 

outdoor thermal comfort streets with different orientations. 20 

21 
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1. Introduction 26 

Human thermal comfort represents a state of mind that expresses satisfaction with the 27 

thermal environment (ISO-7730, 2005). Traditional thermal comfort theory was based on the 28 

balance between heat production and heat loss to keep the core body temperature at around 37 29 

°C (Nikolopoulou and Lykoudis, 2006, Van Hoof, 2008). As thermal comfort is affected by 30 

different environmental factors like air temperature, wind speed, humidity and mean radiant 31 

temperature, it requires an overall view of human-biometeorological conditions. Thermal 32 

comfort consists of six factors; two personal (metabolic rate (Met) and thermo-physical 33 

properties of clothing (Clo)); and four environmental factors (air temperature (Ta), mean 34 

radiant temperature (Tmrt), air velocity (Va) and relative humidity (RH)) (Mayer, 1993). 35 

 36 

There are different human-biometeorological indexes. Physiological Equivalent 37 

Temperature (PET) has been used in several studies to evaluate the human thermal comfort in 38 

outdoor environments (Höppe, 1999, Mayer and Höppe, 1987). Several advantages are 39 

associated with the popularity of PET, like involving clothing and metabolic rate in the 40 

calculations, and using °C as a tangible unit of measurement (Deb and Alur, 2010). In a desert 41 

climate with high air temperature and low humidity in summertime, the human-42 

biometeorological conditions not only cause discomfort, but also severe heat stress could 43 

happen for pedestrians. It means that the body cannot maintain its core temperature at around 44 

37 oC, which is harmful for elderly and people with cardiovascular problems (Sampson et al., 45 

2013, Robine et al., 2008, Kabisch et al., 2017).  46 

 47 

Several heat mitigation strategies are used to decrease thermal stress and improve thermal 48 

comfort in urban areas. Adding urban greenery is one of the well-known strategies (Vanos et 49 

al., 2019, Saaroni et al., 2018, Lee et al., 2016, Lee and Mayer, 2018). As mentioned in many 50 

studies, shading (Shashua-Bar and Hoffman, 2000, Kotzen, 2003, Saaroni et al., 2018, Mayer 51 

et al., 2008, Holst and Mayer, 2011, Lee et al., 2013, Lee et al., 2014), evaporation (Montazeri 52 

et al., 2015), and transpiration (Fryd et al., 2011, Oliveira et al., 2011, Taleghani, 2018) cause 53 

the cooling effect of urban greenery. In contrast to the urban heat island effect, the term “Urban 54 

Cool Island” (UCI) is used when an area in a city is cooled down by a heat mitigation strategy 55 

like urban greenery (Hamada and Ohta, 2010). When the cooling effect is due to urban 56 

greenery, the term Green Cooling Island (GCI) is used (Taha et al., 2016). Yang et al. (2011) 57 

studied the effect of urban design strategies on thermal comfort. They observed PET reduction 58 

up to 20 °C under the shadow of casting trees above pavements. In  Sao Paolo, a reduction in 59 

PET of up to 12 °C was found due to street greenery (Spangenberg et al., 2008). Toudert and 60 

Mayer (2007) reported a reduction in PET of more than 20 °C. Furthermore, climate is an 61 

important factor that determines GCI. The effectiveness of urban greenery is more appreciable 62 

in hot climates (Shashua-Bar and Hoffman, 2002, Bowler et al., 2010). In a recent study in 63 

Iraq, the results showed that shading  by trees increased the outdoor thermal comfort 64 

dramatically (Ridha et al., 2018). Two studies in 2017 presented that the GCIs in arid and semi- 65 

arid climates are more effective than other climates. Furthermore, the number of studies in 66 

these climates are limited (Ahmadi Venhari et al., 2017, Kleerekoper et al., 2017). 67 

 68 
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Iran has diverse climates. There are limited days in a year which meet thermal comfort 69 

conditions (Daneshvar et al., 2013). Roshan et al. (2017) determined new threshold 70 

temperatures for cooling and heating degree days index for different parts of Iran. The results 71 

showed that southern coasts and central plateau of Iran have more Cooling Degree Days (CDD) 72 

and need maximum cooling energy. One of the passive design strategies recommended in such 73 

climates is human-biometeorological oriented design (Snir et al., 2016, Middel et al., 2019, 74 

Taleghani et al., 2019, Zamani et al., 2012). Solar radiation, wind speed and evaporation are 75 

three important factors of climate design in such desert climates. Greenery is one of the most 76 

effective elements of a human-biometeorological oriented design which plays an important role 77 

in improving thermal comfort (Middel et al., 2015, Taleghani and Berardi, 2018, Lee et al., 78 

2016, Lee and Mayer, 2018). There are many studies that showed the heat mitigation impacts 79 

of vegetation in traditional courtyards (Foruzanmehr and Vellinga, 2011, Nasrollahi et al., 80 

2017, Taleghani et al., 2012), and in urban scale (Akbari and Kolokotsa, 2016, Yan et al., 2018) 81 

in arid climates. Due to the water shortage in such climates, urban greenery needs to be 82 

designed in the most efficient way.  83 

 84 

Urban streets occupy the largest areas among urban spaces in cities (Jacobs, 1961). This is 85 

more common in compact cities like Iranian cities. Greening such large areas could 86 

significantly alter the urban climate. The main objective of this study is to understand how to 87 

design urban greenery for N-S and E-W streets. A previous study in Cuba illustrated that the 88 

heat stress is not the same in streets with different directions. In E-W streets, the heat stress 89 

was more than other directions (Rodríguez-Algeciras et al., 2018). There are several methods 90 

to find the most effective amount of shading trees. One of the most popular ones is based on 91 

the calculation of the sky view factor (SVF). SVF is defined as the percentage of free sky at a 92 

specific location (Oke, 2002), which ranges from 0 (completely obstructed) to 1 (completely 93 

open to the sky). By adding buildings and vegetation, the view to the sky could be blocked. As 94 

many studies illustrated, decreasing the SVF can reduce air temperature during the day 95 

(Svensson, 2006, Unger, 2004, Lee et al., 2014). Similar results show a direct relationship 96 

between SVF and PET in winter and summer (Lin et al., 2010, Charalampopoulos et al., 2013). 97 

This study will answer the following questions: 98 

 99 

- What is the effect of green SVF and built SVF on pedestrian thermal comfort (based 100 

on the direction of streets)? 101 

- What is the effect of SVF on streets in Isfahan? 102 

- What greenery arrangement is more effective for E-W streets and N-S streets? 103 

- How is the importance of the shading greenery in comparison with non-shading 104 

greenery on thermal comfort? 105 

 106 

2. Methodology 107 

This paper studies the effect of urban street greenery on pedestrians’ thermal comfort. As 108 

mentioned in the introduction, different micrometeorological parameters influence thermal 109 

comfort like air temperature (Ta), mean radiant temperature (Tmrt), relative humidity (RH) and 110 

wind speed as well as personal factors. This study used PET as the thermal comfort index. The 111 
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effect of the built environment (height to width ratio in street canyons; H/W), urban greenery 112 

and SVF on thermal comfort were studied. The amount of green coverage was calculated from 113 

satellite images. For the ENVI-met simulations, building SVF and tree SVF were reported, 114 

separately. SVF was calculated with the RayMan software package (Matzarakis et al., 2010, 115 

Lee and Mayer, 2016). Lee and Mayer (2016) discussed that several studies have validated Tmrt 116 

with RayMan; however, these studies are mainly based on simulations. In their study, they 117 

validated RayMan results for Tmrt and PET with measured data for the first time (Lee and 118 

Mayer, 2016). They could show that RayMan “satisfactorily” simulates Tmrt under 119 

homogeneous conditions; however, the accuracy decreases with lower solar elevation.   120 

 121 

2.1.The study area 122 

The historical city of Isfahan is one of the largest cities in Iran with a population of 1.9 123 

million in 493.8 km2. Local latitude is 32’65ᵒN, longitude 51’66ᵒE and the elevation is 124 

approximately 1590 m above sea level. Isfahan has a desert climate (Köppen-Geiger BWk) 125 

with high air temperature and low humidity during the summer, and cold desert climate in 126 

winter (Kottek et al., 2006). This climate is also known as an arid climate, as the precipitation 127 

is between 25 to 200mm per year. Desert climates divide to hot desert climate (BWh- like 128 

Tucson (Arizona) and Cairo (Egypt)), and cold desert climate (BWk like central Iranian cities 129 

like Isfahan, and Santiago (Chile)). Yaghmaei et al. (2009) studied the human-130 

biometeorological conditions of Isfahan province based on Koppen (2006) climate 131 

classification. These methods have been compared and a multivariate statistical method has 132 

been suggested. They showed that the city of Isfahan has a windy, arid and warm climate.  133 

Based on global warming and some wrong decisions in water management in Iran, Isfahan has 134 

been confronted with drought and the main river of the city, Zayandehrood, has dried up. By 135 

comparing the mean monthly temperature of July 2000 till 2015, the increase in air temperature 136 

over the last decade is more than 3°C (geographic.org, 2017).  137 
 138 

https://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification


5 
 

2.2. Field study 139 

To select the streets for this study, a surface temperature map was prepared by Envi 4.7 based 140 
on the Landsat 7 data (Figure 1). As a result, 4 districts were chosen. The hottest district in the 141 

historical fabric (Dis 1); the coolest district (Dis 2); and two other districts, one in a new fabric 142 

and another located between the old and the new fabric in Isfahan. Figure 2 shows the selected 143 
districts. In each district, 3 to 8 streets were chosen with either N-S or E-W streets. The streets 144 

have different amounts of urban greenery, H/W and greenery arrangements (Table 2). In 145 

District 2, the number of selected streets is more than the other districts due to the existing 146 

different greenery arrangements. Based on the method which has been applied by Shashua- 147 
Bar and Hoffman (2002), in each street several points with a distance of about 20 m were 148 

studied. To make the data comparable, a reference point was selected in each district. This 149 
reference point did not have any vegetation or shading during the day. Data were not collected 150 
during the windy days.  The wind velocity was less than 0.5 m/s in all days during which data 151 

was gathered. Measurements were performed from 20th to 25th July 2014 at 8:00, 13:00, 17:00 152 
and 22:00 at the height of 1.4 m above the ground. Table 1 presents the specification of the 153 

measurement devices. A black globe with diameter equal to 15 cm was used to measure Tg. 154 
Tmrt was then calculated by Equation 1 (ISO7726, 1998):  155 
 156 

𝑇𝑚𝑟𝑡 = [(𝑇𝑔 + 273.15)
4
+ 2.5 ∙ 108 ∙ 𝑉𝑎

0.6(𝑇𝑔 − 𝑇𝑎)]
1/4

− 273.15    (1) 157 

 158 
where; 159 

Tmrt is mean radiant temperature,  160 
Tg is globe temperature,  161 

Va is wind speed, and  162 
Ta is air temperature. 163 

 164 
 165 

≤40°C 

≥ 20°C 

Figure 1: Thermal surface simulation of Isfahan, 

20 July 2013 

1 

2 

4 

3 

Figure 2: The location of selected districts for field 

study in the city of Isfahan 
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Table 1: Devices used in the field studies. 166 

 167 
In each point of the streets, a fish eye photo was taken. A Sony Cyber Shot DSC-H7 with 168 

42xHD lens and 800dpi resolution was employed to take the fish eye photos. By inputting these 169 

fish eye photos and other meteorological data in RayMan 1.2, the SVF and PET were 170 

calculated. For each street, the differences between the observation points and the reference 171 

points are represented by ΔTa, ΔTs, ΔTmrt, and ΔPET.  172 

 173 

  174 

Figure 3: Devices used in the field study. 175 

 176 

Figure 4 illustrates the research method used for the field studies. 177 

Applied points 
Calibrated 

company 

Method of 

storage 
Accuracy Devices Unit Variable 

Reference points Kestrel Meters Automatic ±0.1°C Kestrel 4500 

°C 
Air Temperature 

)aT( 
Site measurements KIMO instrument Manual ±0.3°C Kimo-VT100-1 

Site measurements UMTC Manual ±0.6°C 
Heat index WBGT 

meter 8758 

Reference point and 

Site measurements 
Lascar Electronics Automatic ±3% 

EasyLog. EL-USC-

2-LCD 
% Humidity 

Site measurements KIMO instrument Manual ±0.05 Kimo-VT100-1 
m/s Wind Velocity 

Site measurements Kestrel Meters Manual ±0.1 Kestrel 4500 

Site measurements UMTC Manual ±1.5°C 
Heat index WBGT 

meter 8758 
°C 

Globe 

Temperature 

)gT( 

Site measurements FLIR  instrument Automatic - 
FLIR E4 Infrared 

Camera 
°C 

Surface 

)s(T Temperature 
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 178 

 179 

Figure 4: Research method in field study 180 

 181 

Table 2: Site data and measurement plan. 182 

Width of 

streets(m) 

Average 

SVF 

Green 

coverage 

(%) 

Street 

direction 

Number of 

observation 

points 

Street District 

35 0.67 19 N-S 30 Abdorazzagh 1 

25 0.56 27 N-S 21 Hatef 

15 0.62 0 E-W 16 Moshirodole 

43 0.41 67 N-S 30 Cheharbagh. 

A 

2 

20 0.59 38.5 E-W 21 Shaykh 

Bahai 

25 0.61 34 N-S 21 Shams 

Abadi 

12 0.33 91 E-W 15 Alam Ala 

20 0.46 37 E-W 18 Amadegah 

35 0.82 1 N-S 21 Bagh 

Goldaste 

20 0.22 94 E-W 21 Niasarm 

15 0.28 82 E-W 18 Abas Abad 

35 0.58 58 N-S 24 Shaykh 

sadugh 

3 

30 0.6 42 E-W 42 Azadi 

35 0.76 11 N-S 28 Freiburg 

35 0.73 9 E-W 18 Daghighi 4 

  20 0.54 85 N-S 18 Nayej 

15 0.41 25 E-W 18 Khaghani 

  183 

Air temperature (°C) 

Humidity (%) 

Wind velocity (m/s) 

Global radiation (W/m2) 

Fish eye photo 

Input data 

(Field study) 

Simulation 

(Micrometeorological conditions) 

RayMan 1.2 
PET 

 

Thermal comfort  

 

Thermal comfort 

Linear regression models 

SVF 

Urban greenery 

Heat stress 

index.WBGT 

Statistical Analysis 
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2.2.Simulation 184 

In stage 2 of the research, ENVI-met 3.1 was employed (Bruse, 2004, Bruse and Fleer, 1998). 185 
This software is used for three dimensional micrometeorological simulations. Its typical spatial 186 
resolution is between 0.5 to 10m. ENVI-met simulates air and surface temperatures (°C), 187 
relative humidity (%), wind velocity (m/s) and mean radiant temperature (°C) (Bruse, 2019). 188 
Fluid dynamics and thermodynamics are the bases to simulate heat, vapour and air flows at 189 

different levels. The grid size used for the simulations were 2 * 2 * 2 m3 (x * y * z). ENVI-met 190 
has been previously used in different studies that focused on urban greenery (Wong et al., 2007, 191 
Fabbri et al., 2017, Lee and Mayer, 2016, Lee and Mayer, 2018). 192 
 193 

In this stage of the study, five different alternatives were simulated (Alt1 to Alt5 shown in 194 

Figure 5). These alternatives had different amounts and arrangements of greenery in a 25 m 195 

wide street in Isfahan. Meteorological data of the 4th district was used as the input because of 196 

the common form of its streets in Isfahan. In addition, these five alternatives were studied for 197 

three different heights of the adjacent buildings: H/W equal to 1/1, 1/2, 1/4.  198 

 199 

 200 

 201 

For each simulation, four receptors in the E-W and four receptors in the N-S streets 202 

recorded the simulated meteorological data. Fifteen simulation scenarios with 16 receptors (in 203 

each model) were run for a 24-hour period during the 20th of July 2014. Meteorological data at 204 

the height of 1.4 m from receptors were extracted (like the measurement campaign). This height 205 

was chosen as it is closest to the human body core (Ali-Toudert and Mayer, 2006). In addition, 206 

the first alternative scenario without greenery was considered as the reference model. PET 207 

reduction for each alternative is calculated from the average PET differences of the receptor 208 

Figure 5: Five alternatives with different amount and arrangements of greenery which have been simulated in ENVI-met. 
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points in the simulation models. Figure 6 illustrates a summary of the research method for the 209 

simulations. 210 

 211 

 212 

3. Results and discussion: 213 

3.1.The effect of sky view factor (SVF) on thermal comfort 214 

To find out the amount of solar radiation within urban spaces, linear regression analyses were 215 

done between the different GCI parameters and SVF. Table 5 presents the average differences 216 
of Ta, Ts, Tmrt and PET between the measurement points and the reference points that have been 217 
used in the regression analyses. 218 

 219 
Table 3:  The average difference of thermal indexes between measurement points and the reference point 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

First, all streets regardless of their direction were included in the analysis to see the effect of 231 

SVF on ΔTa, ΔTs, ΔTmrt and ΔPET. As can be seen in Figure 6, the effect of SVF on air 232 

temperature is not appreciable, however, its effect on thermal comfort (PET), Ts and Tmrt is 233 

notable. Because of other factors like land use, the limited effect of SVF on Ta is explainable. 234 

District Street (°C) aΔT (°C) sΔT (°C) mrtΔT ΔPET (°C) 

1 

Abdorazzagh 1.1 -1. 8 -4.3 1.4 

Hatef 2.0 -5. 6 -9.9 1.7 

Moshirodole 0.6 0.5 -0.2 2.2 

2 

Cheharbagh. A -2.2 -7.5 -10.4 -1.1 

Shaykh Bahai -0.6 -3.9 -5.5 0.9 

Shams Abadi 1.1 -1.7 -5 -0.9 

Alam Ala -5.0 -9.4 -12.3 -1.1 

Amadegah -2.2 -6.4 -10.2 -1.1 

Bagh Goldaste 1.6 0.4 -0.3 3.7 

Niasarm -7.0 12.4 -13.4 -3.1 

Abas Abad -6.3 -7.6 -13.6 -2.1 

3 

Shaykh sadugh 1.4-  -4.5 -5.7 2.0 

Azadi 3.8 -3.7 -4.4 -2.6 

Fribourg 1.9 0. 6 -1.7 3.1 

4 

Daghighi 1.6 0.4 -2.2 1.6 

Nayej -4.5 -7.5 -13.9 -2.3 

Khaghani 3. 6  -8.6 -12.4 0.8 

Figure 6: Research method in simulations. 

Input Data 

(City climate) 

Alt1 

Alt2 

Alt3 

Alt4 

Alt5 

1/1 

 

1/2 

 

1/4 

 

Arrangement H/W 

Simulations 

(Micrometeorological conditions) 

Ta, 

Tmrt, 

RH, 

Va, 

SVF 

Statistical 

Analysis 

ENVI-met 
Linear regression models 

& statistical comparison 

RayMan 

PET 
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For example, in Azadi street, a park is near the street which affects the ambient air temperature. 235 

Because of these factors, the coefficient of determination (R2) for this relationship is also 236 

smallest (54%). This means that 54% of the variations in ΔTa is explained by the corresponding 237 

variations in SVF. The largest effect of SVF was found on ΔTs, with a slope of the regression 238 

line of 23.6 oC per unit change in SVF (R2=0.71), which means that the direct effect of SVF on 239 

surface temperatures. The largest coefficient of determination was found between ΔTmrt and 240 

SVF (R2=0.84). This indicates that 84% of the variations in ΔTmrt is explained by changes in 241 

the SVF. Due to the intense solar radiation in desert climates, the necessity of controlling solar 242 

radiation availability can be clearly seen. Furthermore, it was observed that minimum (0.22) 243 

and maximum (0.82) SVF led to 10.2°C difference in PET. In addition, the results of the 244 

regression analyses show a significant positive relationship between SVF and PET.  245 

 246 

 Figure 7: The linear regression model for the relation between SVF and thermal indexes without street direction. 247 

 248 

The next part of the comparison is focused on the street directions. As Table 6 presents, based 249 
on the slope of the regresion lines (b), the SVF affects the air temperature in N-S streets more 250 

than in E-W ones. In addition, PET is more affected by SVF in E-W streets than in N-S ones. 251 
In general, PET was higher in E-W streets compared to the N-S streets. Decreasing SVF has a 252 

stronger cooling effect (on PET) in E-W streets. This is in accordance with the previous studies 253 
that showed the effectiveness of shading from urban greenery (Shashua-Bar and Hoffman, 254 
2000, Holst and Mayer, 2011, Lee et al., 2016, Lee and Mayer, 2018).  255 
 256 

 257 
 258 
 259 

Table 4: Results of regresion analysis between thermal indexes and SVF based on direction (a is intercept; b is slope; r is 260 
correlation coefficient). 261 

Direction S-N W-E 

a b r a b R 

∆ PET 

∆ Ts 

∆ Tmrt 

∆ Ta 

Linear (∆ PET) 

Linear (∆Ts) 

Linear (∆Tmrt) 

Linear (∆Ta) 
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 262 
 263 

 264 

 265 

 266 

The ENVI-met results showed that the effect of the SVF on air temperature was smaller than 267 

its effect on other micrometeorological factors. A 0.1 unit increase in SVF led to an increase 268 

of 1.6 oC and 2.4 oC air temperature in N-S and E-W streets, respectively. The effect of the 269 

SVF on Tmrt was found to be stronger (Figure 7). A 0.1 unit increase in SVF led to 17.9 oC and 270 

16.7 oC increase of mean radiant temperature within N-S and E-W streets, respectively. Among 271 

different micrometeorological parameterss, mean radiant temperature was more affected by 272 

changing the amount of greenery. The effect of the SVF on Tmrt in E-W streets seems to be 273 

quite similar to N-S streets. In general, Tmrt is about 6.0 oC higher in streets with E-W 274 

orientation than in streets with N-S orientation (with equal SVF). The reason can be that E-W 275 

streets are insolated from early morning, and they warm up sooner than N-S streets. 276 

As the regression model illustrates (Figure 8), the effect of SVF on thermal comfort can 277 

emphasise the importance of shading. Shading trees and the shadow of buildings are very 278 

effective in this climate.  279 

 280 

  281 
 282 

Figure 8: The regression model of the cooling effect of SVF with street direction based on simulations. 283 

 284 

 285 

 286 

3.2 The cooling effect of street greenery arrangement, H/W ratio, and Greenery 287 

arrangement 288 

 289 

To explore the cooling effect of different street greenery arrangements, RayMan was used 290 

to calculate the PET after the ENVI-met simulations. Comparing the different greenery 291 

arrangements, the maximum GCI (in PET) was 13.6 oC. This shows the important role of 292 

greenery arrangements in providing outdoor thermal comfort. To understand the cooling effect 293 

ΔTa (°C) -6.948 12.805 0.76 -4.08 7.7725 0.64 

ΔTs (°C) -19.809 26.266 0.93 -23.554 28.509 0.83 

ΔTmrt (°C) -15.978 22.918 0.93 -16.938 22.15 0.91 

ΔPET (°C) -9.2476 13.31 0.82 -10.12 14.947 0.92 



12 
 

of different alternatives, average PET was compared. Alt 1 (with no greenery) was used as the 294 

reference model. By adding shading trees (Figure 9), 4 °C reduction in the average PET was 295 

observed. In N-S streets, the difference between Alt-2 with two lines of greenery, and Alt 3 296 

with three lines of greenery was about 0.6 °C. This PET reduction in E-W streets is 1.5 °C. It 297 

can be concluded that adding shading trees at the middle of the E-W streets is an effective 298 

arrangement to improve the pedestrians’ thermal comfort. The most effective alternative for 299 

both directions is Alt 4 which is dividing the streets into different lines for pedestrians, 300 

transition and traffic with in-between shading trees. As a result, in desert climates a lower SVF 301 

with streets divided by shading trees is an effective method to improve outdoor thermal 302 

comfort. 303 

 304 

 305 

Type of greenery: Trees have a stronger impact on PET reduction than grass. For example, 306 

Fribourg street can be divided into two parts. Both parts have three lines of greenery, but the 307 

Figure 10: An example of PET simulations by ENVI-met in 13:00 (figures are generated by Leonardo, a 

component of ENVI-met). 

3

5

7

9

11

Alt2 Alt3 Alt4 Alt5

C
o

o
lin

g 
ef

fe
ct

 (
°C

)

PET(N-S) PET(E-W)

Figure 9: The cooling effect of studied alternatives in simulations, based on the 

average of PET. 

ALT01 ALT02 

ALT03 ALT04 ALT05 

Unter 29.8°C 

29.8-33.3 °C 

33.3-36.7 °C 

36.7-40.2 °C 

40.2-43.7 °C 

43.7-47.1 °C 

47.1-50.6 °C 

50.6-54.1 °C 

54.1- 57.5 °C 

Uber 57.5 °C 
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first part is with shading trees; and the second part is with grass on two sides, and grass and 308 

bushes in the middle. Figure 11 shows the change in air temperature as compared to the bare 309 

reference for 28 measurement points along the street. As the figure shows, the cooling effect 310 

of the first part (lower receptor numbers), especially at around noon, is more than of the second 311 

part (higher receptor numbers). E, W and C represent the east, west and centre of the street. 312 

The results show the importance of shadow in this desert climate. Considering the water 313 

shortage, shading trees play more important role in improving the thermal comfort than non-314 

shading vegetation. 315 

 316 

 317 

 318 

H/W ratio: Simulating different alternatives for three different building heights was the 319 

last part of this study. Figure 12 shows the results of mean radiant temperature in 15 320 

simulations. As the figure shows, increasing the H/W ratio in N-S streets is more effective than 321 

in E-W streets. In N-S streets, by increasing the H/W ration from 1/4 to 1/2, a maximum 322 

reduction in Tmrt of about 14.4 °C was achieved, while the maximum effect in E-W streets was 323 

4.3 °C. The effect of increasing the H/W ratio from 1/4 to 1/2 was more significant that 324 

changing it from 1/2 to 1. Therefore, the recommended H/W ratio for the N-S streets is around 325 

1/2. This result showed that blocking about half of the sky is very effective for heat mitigation. 326 

It should be noted that in N-S streets, blocking more than 1/2 of the sky not only has a small 327 

cooling effect but also may decrease natural ventilation in the streets. 328 

 329 

 330 

Figure 11: The cooling effect of urban greenery in the middle and two sides of the street. 

Figure 12: Tmrt in five different H/W scenarios in N-S (left) and E-W streets (right). 
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 331 

4. Conclusions 332 

This study investigated urban street greenery as a strategy to reduce heat stress and to improve 333 

thermal comfort in outdoor environments. Field studies and computer simulations were carried 334 

out. The analyses were based on the local meteorological conditions of Isfahan in July 2014. 335 

In this climate, water shortage is a problem. Finding strategies which help landscape and urban 336 

designers take the most efficient decisions was the aim of this research. The effect of SVF, 337 

street greenery arrangement and H/W ratio of streets on heat mitigation were studied with 338 

different scenarios. The orientations of the investigated streets were North-South and East-339 

West. The main findings of the paper are presented as follow: 340 

 In the first phase of this study, the relation between the SVF and different 341 

micrometeorological factors were studied through field measurements. A regression 342 

analysis showed that the effect of SVF on air temperature was smallest, while its effect 343 

on mean radiant temperature and surface temperature were the largest. In addition, a 344 

positive and significant relationship was obtained between SVF and PET. 345 

 A comparison of the effect of the greenery types illustrated that not all greenery lead to 346 

the same cooling effect. The maximum cooling effect is caused by the shadow of trees. 347 

Long lines of grass and bushes are not recommended for the arid climate of Isfahan. 348 

Shading trees which their crown cover each other are the most effective forms of 349 

greenery to reduce SVF, and consequently PET.  350 

 Comparing the minimum (0.22) and maximum (0.82) SVFs, led to 10.2 °C difference 351 

in PET. In addition, sky obstruction in E-W streets reduced PET more than in N-S 352 

streets. This means that not every street needs the same amount of greenery. In E-W 353 

streets, controlling the incoming solar radiation is very important.  354 

 Different alternatives of greenery arrangement led to maximum 13.7 °C reduction in 355 

PET. This showed the effect of greenery arrangement on outdoor thermal comfort. In 356 

addition, dividing streets into different lines with shading trees has the highest effect 357 

for heat stress mitigation. In E-W streets, a row of trees in the centre of the street is very 358 

effective to improve the pedestrian’s thermal comfort. In addition, increasing the height 359 

of the buildings in the N-S streets plays an important role in heat stress mitigation. This 360 

effect was not notable in the E-W streets. As a result, increasing greenery in the E-W 361 

streets, and increasing the H/W ratio in the N-S streets are the two main recommended 362 

strategies for desert climates.  363 

 364 

 365 
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