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Abstract: 24 

Changes in urban geometry significantly alters the urban microclimate. Suitable 25 

urban geometrical layouts can effectively improve the urban thermal environment to 26 

achieve a more sustainable and healthier city. A quantitative assessment of the 27 

relationship between the urban geometry and thermal environment is essential to 28 

provide scientific guidance for better urban and building design. Hence, we performed 29 

a scaled outdoor measurement to investigate the diurnal variations in air, and west and 30 

east wall temperatures within two-dimensional (2D) street canyons. We adopted the 31 

daily average temperature 𝑇, daily temperature range DTR, and hottest time 𝑡𝑚𝑎𝑥 to 32 

describe the diurnal temperature characteristics. The influence of aspect ratios was 33 

considered (building height/street width, H/W=0.5, H=0.5 m, and H/W=1, 2, 3, 6, H=1.2 34 

m). Canyon air experienced a smaller 𝑇 and DTR compared with the east and west 35 

walls. With an increase in the aspect ratio, no significant difference was observed in the 36 

𝑇 of canyon air. The east and west walls of H/W=2, 3, and 6 experienced lower 𝑇 37 

(26.1-26.9 ℃) and smaller DTR (11.7-18.4 ℃) than those of H/W=0.5, 1 (𝑇=26.7-28.7 38 

℃ and DTR=16.0-26.1 ℃). A higher phase lag of 𝑡𝑚𝑎𝑥 occurred between H/W=0.5, 39 

and H/W=6. As the aspect ratio increased, the differences in 𝑇 , DTR, and 𝑡𝑚𝑎𝑥 40 

between the east and west walls decreased. This study improves our understanding of 41 

how urban morphology influences urban thermal environment and provides meaningful 42 

references for urban planning. Such high-quality experimental data can be used to 43 

validate and further improve numerical simulations and theoretical models. 44 
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1. Introduction 49 

Urbanization has resulted in a significant increase in tall and dense buildings and 50 

has modified the surface energy balance of urban areas [1]. This has led to the urban 51 

heat island (UHI) effect, in which the air/surface temperature of the urban area is higher 52 

than that of the surrounding rural area [2]. The UHI results in increased building energy 53 

consumption for cooling [3] and causes adverse effects on the outdoor thermal comfort 54 

[4] and human health [5]. Therefore, attention should be paid to the extra heat stress 55 

induced by the UHI. 56 

In recent years, numerous studies have been conducted to understand the urban 57 

thermal environment and provide insightful mitigation strategies for the UHI effect in 58 

regulating the configurations of urban geometry [6], vegetation [7], reflective surfaces 59 

[8] and water bodies [9]. In particular, a suitable urban geometrical layout is found to 60 

be the most effective technique for improving the thermal environment in summer [10]. 61 

Previous studies have adopted the aspect ratio (H/W, the ratio of building height 62 

to street width) to define the urban geometry for two-dimensional (2D) street canyons 63 

[6]. A higher H/W value indicates a compact and dense urban space. Some researchers 64 

have investigated the impact of urban morphology on radiation [11], wind speed [12], 65 

thermal comfort [13], and surface and air temperature [14]. Urban geometry influences 66 
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the thermal environment by modifying the convective and radiative heat transfer 67 

processes. As the aspect ratio increases, urban wind speed decreases [15], and the 68 

amount of incoming and outgoing radiation reduces [16]. This results in a non-linear 69 

relationship between the urban morphology and thermal environment owing to various 70 

counteracting processes. These processes include the convective effect of airflow, the 71 

shading effect of direct shortwave radiation, and the trapping effect of diffuse shortwave 72 

radiation and longwave radiation [17]. It is a challenge to determine an optimal canyon 73 

geometry for simultaneously improving the convective ventilation and maximizing the 74 

shelter effect of solar radiation [18]. Thus, further investigations are required to quantify 75 

the effects of urban geometry on the thermal environment. 76 

Previous studies have proposed numerical simulations and observational 77 

approaches to investigate the diurnal cycle of an urban microclimate with various 78 

building configurations. The main advantage of numerical simulations is the ability to 79 

perform parametric analyses and provide high-resolution computational results. 80 

However, the idealized boundary conditions and simplified physical processes may 81 

cause simulation uncertainties resulting in compromised numerical accuracy. Therefore, 82 

further high-quality experimental data on the urban thermal environment are necessary 83 

to validate and improve numerical simulations [19].  84 

Full-scale field experiments offer the possibility of investigating the urban airflow 85 

and thermal structure from real situations inside street canyons with various aspect 86 

ratios [20]. However, it is challenging to perform high-quality parametric observational 87 

studies in full-scale street canyons because of uncontrollable urban geometries and 88 
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heterogeneous surface materials [21]. Furthermore, the measurements are usually 89 

limited with regard to spatial and temporal resolutions and are possibly affected by 90 

anthropogenic activities.  91 

As a result, some scaled experimental studies with flexibly controlled urban 92 

geometrical layouts and building materials have been conducted in laboratories and 93 

outdoors. Among scaled experimental studies in laboratories, both wind tunnel [22] and 94 

water tank experiments [23] have examined the effect of urban morphology on urban 95 

airflows. However, the diurnal cycles of the urban thermal environment with heat 96 

storage and radiation processes are hardly realized in such scaled experimental models 97 

in laboratories. 98 

Scaled outdoor experiments that satisfy thermodynamic similarity requirements 99 

[24] are verified as a good option to perform high-quality parametric observational 100 

studies under the same meteorological conditions. Previous studies have examined the 101 

basic features of surface energy balance [25], convective heat transfer [26], evaporative 102 

cooling [27], and thermal mitigation from urban vegetation [28] and water bodies [29]. 103 

Furthermore, some scaled outdoor measurements have been performed to evaluate the 104 

effects of urban geometry on urban albedo [30] and pedestrian energy exchange [31]. 105 

However, few scaled outdoor experiments have been conducted to investigate the 106 

diurnal patterns of urban thermal environment with various urban morphologies. 107 

Therefore, in this study, we performed scaled outdoor measurements to examine 108 

the diurnal temperature characteristics in 2D street canyons and quantify the effects of 109 

urban morphology on the thermal environment. We measured air and wall temperature 110 
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of different 2D street canyons (H/W = 0.5, H = 0.5 m; H/W = 1, 2, 3, 6, H = 1.2 m) in 111 

Scaled Outdoor Measurement of Urban Climate and Health (SOMUCH). In particular, 112 

this study answers the following research questions:  113 

1）What are the diurnal characteristics of air temperature, east and west wall 114 

temperatures in 2D street canyons? 115 

2）How does the above diurnal characteristics differ in 2D street canyons with 116 

various aspect ratios? 117 

Understanding the temporal features of the surface and air temperature in urban 118 

areas is essential for studying the thermal environment. To better describe the diurnal 119 

characteristics, mean temperature, daily temperature range (DTR), and phase were 120 

adopted here, because an integrated study of changes in these parameters can provide 121 

more information to capture the dynamics of the urban thermal environment [32]. 122 

Understanding such characteristics of diurnal temperature cycles with various urban 123 

morphologies will help urban planners better design and improve the urban thermal 124 

environment. Moreover, high-quality experimental data can be used to validate and 125 

improve numerical simulations [33] and theoretical models [34] in future urban climate 126 

studies. 127 

 128 

2. Methodology 129 

2.1 Experimental setup 130 

The SOMUCH experiment platform was located in the suburb of Guangzhou, P.R. 131 

China (23°1' N, 113°25' E). Our SOMUCH experiment satisfies both geometrical and 132 
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dynamical similarities between the scaled model and the real world (see [35] for 133 

similarity analysis results). Dynamical similarity refers to the similarities with respect 134 

to air flow, radiation, and thermal inertia. Several SOMUCH experiments have been 135 

conducted to study the characteristics of interunit dispersion [36], and investigate the 136 

effects of thermal storage [35], buoyancy force [37], and urban vegetation [38] on the 137 

thermal environment and flow characteristics in 2D street canyons.  138 

In this study, as shown in Fig. 1a-c, we used 1488 hollow concrete building models 139 

(wall thickness 𝛿  = 1.5 cm) to construct street canyons without anthropogenic 140 

influence on a 57 m57.5 m flat concrete base. The detailed physical properties of the 141 

concrete model used in this measurement are listed in Table 1. To mimic various urban 142 

morphologies, five different aspect ratios (building height/street width, H/W) were 143 

considered: H/W = 0.5 (H = 0.5 m) and H/W = 1, 2, 3, and 6 (H = 1.2 m). Each aspect 144 

ratio contains six street canyons (except four street canyons for H/W = 6), and the length 145 

of each street canyon is L = 12 m (except L = 33.6 m for H/W = 0.5). As depicted in Fig. 146 

1a-b, the street canyon axis is oriented at −25° with respect to the north. The cross-147 

canyon direction corresponds to X, the along-canyon direction is defined as Y, and the 148 

vertical direction is Z. Furthermore, Fig. 1c shows the definitions of the canyon air, 149 

ground, west wall, and east wall in 2D street canyons.  150 

Measurements were simultaneously conducted from July 30 to December 15, 2019. 151 

During the experimental period, weather stations (RainWise PortLog), CMP10 (Kipp 152 

& Zonen), and CGR3 (Kipp & Zonen) were used to measure the atmospheric 153 

background conditions. Furthermore, sonic anemometers (Gill WindMaster), and 154 
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thermocouples (Omega, TT-K-30-SLE, Φ0.255 mm and TT-K-36-SLE, Φ0.127 mm) 155 

were applied to measure the three wind velocity components (u, v, w), surface and air 156 

temperature within street canyons, respectively. The detailed configurations and 157 

specifications of the instrumentation used in the present study are provided in Table 2, 158 

Fig. 1b (top view), Fig. 2a-b, Fig. 3a-c, Fig. 4, and Fig. 5 (side view). 159 

As depicted in Fig. 1b, two weather stations (RainWise PortLog) were used to 160 

measure the background air temperature, rainfall, and relative humidity. The sensors of 161 

the weather stations were set at a height of 2.4 m (i.e., z = 2H) above the ground, and 162 

their monitoring time interval was 5 min. Additionally, we used the CMP10 (Kipp & 163 

Zonen, z = 1.3 m) and CGR3 (Kipp & Zonen, z = 1.9 m) to measure the global solar 164 

radiation and downward longwave radiation on a horizontal surface at intervals of 1 s. 165 

As displayed in Fig. 2a-b, 200 thermocouples (Omega, TT-K-30-SLE, Φ0.255 mm) 166 

with radiation shield were applied to measure the west and east wall temperatures inside 167 

street canyons with various aspect ratios (H/W = 0.5, H = 0.5 m; H/W = 1, 2, 3, 6, H = 168 

1.2 m). The measurement points at the west wall (20 thermocouples) and east wall (20 169 

thermocouples) were arranged in a regular grid consisting of five vertical heights and 170 

four horizontal positions in each street canyon of H/W = 0.5 (Fig. 2a), and H/W = 1, 2, 171 

3, and 6 (Fig. 2b). These temperature data were recorded by Agilent 34972A data 172 

loggers at a frequency of 3 s. 173 

Fig. 3a-c show that 198 bare thermocouples (Omega, TT-K-36-SLE, Φ0.127 mm) 174 

logged by Agilent 34972A at intervals of 3 s were placed to measure the air temperature 175 

in the cross-section of the street canyons (H/W = 0.5, H = 0.5 m; H/W = 1, 2, 3, 6, H = 176 
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1.2 m). The effect of solar radiation on such fine thermocouples without radiation shield 177 

could be neglected [29]. For H/W = 0.5 (Fig. 3a) and H/W = 1, 2, 3 (Fig. 3b), a total 178 

number of 42 thermocouples stuck to the nylon wires (Φ0.66 mm) were installed in a 179 

reticular formation (six vertical heights, seven horizontal positions) in each street 180 

canyon. Due to the limited space in street canyons with H/W = 6 (W = 0.2 m) (Fig. 3c), 181 

thirty thermocouples attached to the nylon wires were set up in a grid composed of six 182 

horizontal levels and five vertical lines. To prevent the thermocouples stuck in nylon 183 

wires from moving in the wind, the upper part of the nylon wires was fixed on the steel 184 

rope (Φ1.21 mm), and the bottom of the nylon wires was screwed into the ground. 185 

Furthermore, the arrangement of thermocouples in each horizontal level was uneven, 186 

and the temperature sensors were densely distributed near the wall surface (the closest 187 

distance was 0.02 m). Such high-resolution configurations of thermocouples are usually 188 

difficult to install in real cities [39]. Furthermore, as shown in Fig. 4, 21 thermocouples 189 

(Omega, TT-K-36-SLE, Φ0.127 mm) were applied to measure the ground temperature 190 

in the cross-section of the street canyons (H/W = 1, 2, 3, H = 1.2 m). The measurement 191 

points at the ground were also arranged closely to the wall surface. 192 

Fig. 5 displays that six sonic anemometers (Gill WindMaster) were horizontally 193 

instrumented at two different heights (z = 0.3 m, 2.4 m) in street canyons of H/W = 1, 194 

2, 3. They were set up nearly in the central part (0.46L; L = 12 m) of the street canyon. 195 

Wind velocity components in cross-canyon direction u, along-canyon direction v and 196 

vertical direction w were measured at a frequency of 20 Hz. 197 

 198 
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2.2 Data analysis method 199 

This study selected the recorded data from July 30–December 15, 2019, without 200 

rainfall and missing values. These data were used to investigate the influences of aspect 201 

ratios (H/W = 0.5, 1, 2, 3, and 6) on the diurnal cycle characteristics of air and west and 202 

east wall temperatures in 2D street canyons.  203 

For temperature analysis, �̅� represents the temporally averaged temperature for 204 

10 min or one day (if not specified, the temperature data were averaged for 10 min), 205 

and 〈𝑇〉  denotes the spatially averaged temperature at various points. To better 206 

visualize the thermal structure inside street canyons, the 10 min averaged temperature 207 

of canyon air (�̅�𝑎𝑖𝑟 ), west wall (�̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 ), and east wall (�̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 ) measured by 208 

thermocouples on a typical day were linearly interpolated to a uniformly finer grid 209 

based on the present configurations of thermocouples (Fig. 2a-b and Fig. 3a-c) [39]. 210 

Then, some examples of diurnal variations of �̅�𝑎𝑖𝑟, �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙, and �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 in street 211 

canyons with various aspect ratios (H/W = 0.5, 1, 2, 3, 6) were analyzed. Moreover, we 212 

evaluated the ventilation efficiency of street canyons by comparing the 10 min averaged 213 

wind velocity magnitude 𝑉 = √𝑢2 + 𝑣2 + 𝑤2  for H/W = 1, 2, 3. Based on such 214 

temperature distribution and wind flow characteristics, we further analyzed the net 215 

radiation, sensible heat flux, and heat storage flux of the canyon wall. The detailed 216 

calculations of the heat fluxes were provided in Appendix A.  217 

For long-term temperature data analysis, we applied the fast Fourier transform 218 

(FFT) method to convert temperature variations into a set of harmonics [40]. Daily (24 219 

h) and semi-daily (12 h) harmonics, as well as the mean temperature, can adequately 220 
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describe the diurnal temperature variations (i.e., 𝑇𝑑(𝑡), t denotes 0 to 24 h), as shown 221 

in Eq. (1): 222 

𝑇𝑑(𝑡) = �̅� + ∆�̃�𝑑1 cos (
2𝜋

𝑑𝑎𝑦
𝑡 − 𝛷𝑑1) + ∆�̃�𝑑2 cos (

2𝜋

(𝑑𝑎𝑦 2⁄ )
𝑡 − 𝛷𝑑2) ,             (1) 223 

where �̅�  is the mean temperature, ∆�̃�𝑑1 cos (
2𝜋

𝑑𝑎𝑦
𝑡 − 𝛷𝑑1)  is the daily (24 h) 224 

harmonic with amplitude ∆�̃�𝑑1  and phase 𝛷𝑑1 , ∆�̃�𝑑2 cos (
2𝜋

(𝑑𝑎𝑦 2⁄ )
𝑡 − 𝛷𝑑2)  is the 225 

semi-daily (12 h) harmonic with amplitude ∆�̃�𝑑2 and phase 𝛷𝑑2. 226 

First, the 10 min averaged temperature of all points measured by thermocouples 227 

during July 30–December 15, 2019, were selected as input data for FFT analysis. We 228 

then obtained the daily temperature variations 𝑇𝑑(𝑡) (expressed in Eq. (1)) of each 229 

measured point in canyon air, west wall, and east wall inside street canyons with various 230 

aspect ratios (H/W = 0.5, 1, 2, 3, 6). To better understand the phase, the warmest time 231 

of the day was used to describe the phase [41]. Based on 𝑇𝑑(𝑡), we further calculated 232 

the diurnal temperature characteristics in terms of daily average temperature (𝑇), daily 233 

temperature range (DTR), and hottest time (𝑡𝑚𝑎𝑥). In detail, 𝑇 was computed as the 234 

mean temperature during the entire day, DTR was calculated as the difference between 235 

daily maximum temperature and daily minimum temperature, and 𝑡𝑚𝑎𝑥 corresponded 236 

to the occurrence time of the daily maximum temperature. In order to present more 237 

representative patterns of diurnal temperature, we further computed the spatially 238 

averaged values with standard deviations of 𝑇𝑑(𝑡) , 𝑇 , DTR, and 𝑡𝑚𝑎𝑥  at all 239 

corresponding points in the canyon air and west and east walls. Finally, such diurnal 240 

temperature characteristics were adopted to quantify the effects of aspect ratios (H/W = 241 

0.5, 1, 2, 3, 6) and street-wall orientation (the orientation of a street canyon wall) on the 242 
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thermal environment of 2D street canyons. 243 

 244 

3. Results 245 

3.1 Typical diurnal cycle of urban thermal environment 246 

The daily cycle of the urban thermal environment was observed using our 247 

SOMUCH platform. As an example, Fig. 6a-c show the diurnal variations of the linearly 248 

interpolated temperature of the west wall (�̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙, Fig. 6a), east wall (�̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙, Fig. 249 

6b), and canyon air (�̅�𝑎𝑖𝑟, Fig. 6c) measured by thermocouples within a street canyon 250 

of H/W = 3 on a typical day (November 4, 2019).  251 

For wall temperature (as shown in Fig. 6a-b), owing to the enhanced solar radiation, 252 

both the �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 (Fig. 6a) and �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 (Fig. 6b) experience higher values during 253 

the daytime, especially in the afternoon. In addition, �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 and �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 of the 254 

upper levels are higher than those of the lower levels, indicating that a stronger 255 

temperature gradient appears in the vertical direction as upper levels receive more solar 256 

radiation with less shading area than the lower levels.  257 

However, the �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 and �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 attain much lower values at night owing 258 

to longwave radiation loss and convective cooling. Furthermore, the vertical 259 

temperature gradients of the �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙  and �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙  become much lesser. Such 260 

linearly interpolated wall temperature distribution measured by thermocouples shows 261 

similar daily cycle phenomena with the observations captured by infrared cameras [35]. 262 

For canyon air temperature (as displayed in Fig. 6c), the values of �̅�𝑎𝑖𝑟  are 263 

markedly lesser than those of the �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙  (Fig. 6a) and the �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙  (Fig. 6b) 264 
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during the daytime. In addition, a higher �̅�𝑎𝑖𝑟 occurs in the region closer to the heated 265 

wall. In the present study, the west wall is heated up firstly in the morning (e.g., higher 266 

�̅�𝑎𝑖𝑟 appears in the near region of the west wall at 10:00), while the east wall presents 267 

a higher temperature in the afternoon, especially at the upper levels (e.g., higher �̅�𝑎𝑖𝑟 268 

is located in the closer area of the east wall at 15:00). 269 

 270 

3.2 Impact of street-wall orientation on typical wall temperature 271 

Street-wall orientation is an important factor that affects solar access and wall 272 

temperature. Fig. 7a-b display examples of diurnal variations (e.g., November 4, 2019) 273 

of the linearly interpolated temperature of the west wall (�̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙) and the east wall 274 

(�̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙) measured by thermocouples within a street canyon of H/W = 2. 275 

As depicted in Fig. 7a, during the daytime, first the west wall is exposed to direct 276 

solar radiation; and the �̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 increases earlier in the morning, while the east wall 277 

receives direct solar radiation in the afternoon; thus increasing �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙. However, at 278 

night (Fig. 7b), the temperature difference between the east and west walls becomes 279 

lesser owing to the absence of solar radiation. Such phenomena are generally consistent 280 

with observations in realistic street canyons [42]. 281 

 282 

3.3 Impact of aspect ratio on typical urban thermal environment 283 

The aspect ratio (building height/street width, H/W) can be used to characterize 284 

the building density and urban compactness in 2D street canyons (i.e., higher aspect 285 

ratios correspond to narrower street canyons), which play a significant role in the urban 286 
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thermal environment by changing both ventilation and radiation. As the aspect ratio 287 

increases, street ventilation worsens [43], and less surface area within the street canyon 288 

is exposed to direct solar radiation [44]. 289 

 290 

3.3.1 Analysis of wind speed 291 

Fig. 8 shows the diurnal cycle (e.g., November 4, 2019) of 10 min averaged wind 292 

velocity magnitude 𝑉  and its standard deviation at two heights (z = 0.3 m, 2.4 m) 293 

inside street canyons with different aspect ratios (H/W = 1, 2, 3). For street canyons of 294 

all aspect ratios, the wind speeds at z = 0.25H are significantly lesser than those at z = 295 

2H. Furthermore, the mean value of 𝑉0.25𝐻 during the entire day is 0.837 m/s, 0.735 296 

m/s, and 0.354 m/s for H/W = 1, 2, and 3, respectively. This indicates that narrower 297 

street canyons experience worse ventilation effects.  298 

However, the relatively large standard deviations (as shown in the colored strips 299 

in Fig. 8) may affect the presented results. We also applied a linear regression method 300 

to estimate the relationship between 𝑉0.25𝐻  and 𝑉2𝐻  from July 30–December 15, 301 

2019. Then, the normalized velocity magnitude 𝑉0.25𝐻 𝑉2𝐻⁄  can be used to evaluate 302 

the ventilation efficiency of street canyons [28]. Table 3 summarizes 𝑉0.25𝐻 𝑉2𝐻⁄  in 303 

street canyons with H/W = 1, 2, and 3 during the entire experimental period. 304 

𝑉0.25𝐻 𝑉2𝐻⁄  of H/W = 1 (𝑉0.25𝐻 𝑉2𝐻⁄ = 0.41) is higher than that of H/W = 2 (𝑉0.25𝐻 𝑉2𝐻⁄ = 305 

0.36) and H/W = 3 (𝑉0.25𝐻 𝑉2𝐻⁄ = 0.21). Such long-term flow characteristics also suggest 306 

that poor ventilation occurs in narrower streets. 307 

 308 
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3.3.2 Analysis of wall temperature 309 

Fig. 9a-b display examples of diurnal cycles (e.g., November 4, 2019) of linearly 310 

interpolated wall temperature (e.g., �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙) distribution measured by thermocouples 311 

in street canyons with five different aspect ratios (H/W = 0.5, 1, 2, 3, 6). During the 312 

daytime (Fig. 9a), the lower regions of �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 in narrower street canyons are lesser 313 

due to the greater shading effect, especially in H/W = 6. However, at night (Fig. 9b), 314 

the lower levels of narrower street canyons (e.g., H/W = 6) attain higher temperature 315 

because of worse ventilation and less longwave radiation loss.  316 

 317 

3.3.3 Analysis of canyon air temperature 318 

Fig. 9c-d show examples of diurnal cycles (e.g., November 4, 2019) of linearly 319 

interpolated air temperature (�̅�𝑎𝑖𝑟 ) distribution measured by thermocouples in street 320 

canyons with different aspect ratios (H/W = 0.5, 1, 2, 3, 6). The air temperature 321 

distribution within the street canyon was significantly affected by wall surface heating. 322 

As shown in Fig. 9c, during the daytime, a higher �̅�𝑎𝑖𝑟 that is closer to the heated wall 323 

can be observed in all street canyons (H/W = 0.5, 1, 2, 3, 6). Furthermore, a higher �̅�𝑎𝑖𝑟 324 

could be obtained in wider street canyons (H/W = 0.5, 1) near the ground level, whereas 325 

a higher �̅�𝑎𝑖𝑟 is mostly located in the upper levels of narrower street canyons (e.g., 326 

H/W = 6) because of the lesser wall temperature of the lower regions. 327 

However, at night (Fig. 9d), �̅�𝑎𝑖𝑟 becomes much more uniform inside the street 328 

canyons. In addition, the �̅�𝑎𝑖𝑟 of wider street canyons (H/W = 0.5, 1) decreases faster 329 

than those of narrower street canyons (e.g., H/W = 6) because the wider street canyons 330 
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attain stronger turbulent mixing and better ventilation. 331 

 332 

3.3.4 Analysis of heat fluxes 333 

Fig. 10 presents the diurnal variations (e.g. November 4, 2019) of 10 min averaged 334 

net radiation 𝑄∗ (Fig. 10a), heat storage flux ∆𝑄𝑠 (Fig. 10b), and sensible heat flux 335 

𝑄𝐻 (Fig. 10c) of the east wall in street canyons of H/W = 1, 2, and 3. The detailed 336 

estimations of the heat fluxes can be seen in Appendix A.  337 

During the daytime, the 𝑄∗ of the east wall reaches a first peak in the morning, 338 

and a second maximum value in the afternoon. The second peak value is higher due to 339 

the east wall receives direct solar radiation in the afternoon, while the first peak is 340 

mainly affected by the reflected radiation from the west wall. Such phenomena are in 341 

agreement with the observations reported by Nunez and Oke [45]. In general, the east 342 

wall of wider street canyon (H/W = 1) attains higher 𝑄∗, smaller ∆𝑄𝑠 and larger 𝑄𝐻 343 

than those of narrower street canyons (H/W = 2, 3). There is less shading effect in the 344 

wider street canyon, daytime 𝑄∗ is much higher, which would result a higher surface 345 

temperature. Together with the stronger wind, the convective sensible heat flux is much 346 

larger. At the same time, the heat storage flux ∆𝑄𝑠 is smaller in the wider street canyon.      347 

At night, owing to the absence of solar input, longwave radiative cooling 348 

dominates the 𝑄∗ of the east wall (𝑄∗ <  0). And the magnitude of 𝑄∗  in narrower 349 

street canyon is relatively smaller due to the increased longwave trapping effect. The 350 

stored heat on the east wall is released (∆𝑄𝑠 <  0). Due to the decreased wall-air 351 

temperature differences, the value of 𝑄𝐻 becomes much smaller at night compared 352 
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with those during the daytime. Moreover, the differences of 𝑄∗ , ∆𝑄𝑠  and 𝑄𝐻 353 

between H/W = 1, 2, 3 are much lesser at night. 354 

However, the estimated heat fluxes of the east wall cannot satisfy the energy 355 

balance closure. Such energy imbalance is probably due to the simplified heat flux 356 

parameterization and the limited spatial resolution of the measurement points. Table 4 357 

further summarizes the differences between the 𝑄𝐻 and 𝑄𝐻𝑟𝑒𝑠
 (if the energy balance 358 

is satisfied, 𝑄𝐻𝑟𝑒𝑠
= 𝑄∗ − ∆𝑄𝑠). The root mean squared error (RMSE) is 60.7 W/m2, 359 

32.4 W/m2, and 23.0 W/m2 for H/W = 1, 2, and 3, respectively. 360 

 361 

3.4 Diurnal temperature variation obtained from long-term measurement 362 

3.4.1 Effect of aspect ratio on the diurnal temperature cycle 363 

Fig. 11a-c present the spatially averaged values of diurnal temperature obtained 364 

from FFT at all corresponding points of the west wall ( 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 ), east wall 365 

(〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉), and canyon air (〈𝑇𝑎𝑖𝑟〉) inside street canyons with various aspect ratios 366 

(H/W = 0.5, 1, 2, 3, 6). 367 

For wall temperature (Fig. 11a-b), taking 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 (Fig. 11a) as an example, 368 

wider street canyons (e.g., H/W = 0.5, 1) with a more directly irradiated surface warm 369 

up faster and attain a higher 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 than narrower street canyons (e.g., H/W = 2, 370 

3, 6) during the daytime. However, at night, 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 of wider street canyons (e.g., 371 

H/W = 0.5, 1) decreases faster because of better ventilation and greater longwave 372 

radiation loss. During the entire day, the largest west-wall temperature difference occurs 373 

in the street canyons of H/W = 0.5, and H/W = 6. Similar phenomena can be observed 374 
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in 〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉 (Fig. 11b). 375 

For canyon air temperature (as shown in Fig. 11c), during the daytime, 〈𝑇𝑎𝑖𝑟〉 of 376 

the narrowest street canyon (i.e., H/W = 6) experiences lesser values owing to the 377 

weaker sensible heat transfer processes caused by lower surface temperature and 378 

significantly reduced wind speed inside the street canyon. Furthermore, it is difficult 379 

for the warm air above the roof to reach the lower portions of narrower street canyons 380 

because of the skimming flow patterns. However, at night, the widest street canyon (i.e., 381 

H/W = 0.5) attains a lower 〈𝑇𝑎𝑖𝑟〉 because of the lesser surface heating and stronger 382 

turbulent mixing of air within and above street canyons. Similar observations have been 383 

reported by Johansson [46] in realistic street canyons of H/W = 0.6 and H/W = 9.7.  384 

Moreover, during the entire day, the largest air temperature difference appears in 385 

the case of H/W = 0.5, and H/W = 6, while such differences among H/W = 1, 2, and 3 386 

are much lesser, which is different from the cases of east and west wall temperatures. 387 

The results indicate that canyon air experiences more complex heat transfer 388 

mechanisms than the wall surface [47]. 389 

 390 

3.4.2 Effect of street-wall orientation on diurnal temperature cycle 391 

Fig. 12 shows the spatially averaged values of diurnal temperature obtained from 392 

FFT at all corresponding points of the west wall ( 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 ) and the east wall 393 

(〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉) inside street canyons with various aspect ratios (H/W = 0.5, 1, 2, 3, 6). 394 

For street canyons with all aspect ratios during the daytime, it can be observed that 395 

there are obvious phase lags between 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉  and 〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉 . 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 396 
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increases faster and reaches a peak value earlier than 〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉 . However, 397 

〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉 presents higher maximum values than 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 because of the greater 398 

solar loading of the east wall. In addition, as the aspect ratio increases, the maximum 399 

temperature difference between 〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉 and 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉 decreases. 400 

 401 

3.5 Analysis of diurnal cycle characteristics (daily average temperature, DTR and 402 

hottest time) 403 

To quantify the diurnal cycle variations of the urban thermal environment, the 404 

daily average temperature (𝑇), daily temperature range (DTR), and hottest time (𝑡𝑚𝑎𝑥) 405 

are calculated using the diurnal temperature expressions obtained from the FFT method. 406 

Fig. 13a-c display the spatially averaged values with standard deviations of diurnal 407 

temperature characteristics at all corresponding points of canyon air and east and west 408 

walls in street canyons with various aspect ratios (H/W = 0.5, 1, 2, 3, 6), and Table 5 409 

summarizes the calculated results. 410 

 411 

3.5.1 Daily average temperature 𝑻 412 

As shown in Fig. 13a and Table 5, for street canyons with the same aspect ratio, 413 

both 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 and 𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 are higher than 𝑇𝑎𝑖𝑟. For instance, 𝑇𝑎𝑖𝑟 is 24.3 ℃ in 414 

the street canyon with H/W = 0.5, whereas 𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙  is 27.9 ℃  and 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙  is 415 

28.7 ℃.  416 

As the aspect ratio increases, the directly irradiated canyon surface area decreases. 417 

For wall temperature, 𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙 and 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 of wider street canyons (H/W = 0.5, 418 
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1) are higher than those of narrower street canyons (H/W = 2, 3, 6). In addition, east 419 

walls with greater solar loading experience higher 𝑇 values than the west walls (except 420 

for H/W = 6). With an increase in the aspect ratio, the magnitude of differences in 𝑇 421 

between east and west walls becomes smaller (i.e., 0.8 ℃, 0.8 ℃, 0.5 ℃, 0.5 ℃, and 422 

0.3 ℃ for H/W = 0.5, 1, 2, 3, and 6, respectively). 423 

In contrast to the cases of 𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙  and 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 , there is no significant 424 

difference in 𝑇𝑎𝑖𝑟 among various aspect ratios (i.e., 24.3 ℃, 24.2 ℃, 24.3 ℃, 24.5 425 

℃, and 24.6 ℃ for H/W = 0.5, 1, 2, 3, and 6, respectively). 426 

 427 

3.5.2 Daily temperature range (DTR) 428 

As displayed in Fig. 13b and Table 5, the DTRs of the west and east walls are much 429 

higher than those of canyon air. As an example of a street canyon with H/W = 0.5, the 430 

DTR of canyon air is the smallest (10.9 ℃), which is 7.6 ℃ and 15.2 ℃ lesser than 431 

that of the west wall and east wall, respectively. 432 

Furthermore, the DTR of the west and east walls decline with an increase in the 433 

aspect ratio. For west wall, the DTR is 18.5 ℃, 16.0 ℃, 14.6 ℃, 13.8 ℃, and 11.7 ℃ 434 

for H/W = 0.5, 1, 2, 3, and 6, respectively. In the case of the east wall, the DTR of H/W 435 

= 0.5 is 26.1 ℃, which is 3.3 ℃, 7.7 ℃, 9.6 ℃, and 13.2 ℃ higher than for H/W = 436 

1, 2, 3, and 6, respectively. We observe this result because wider street canyons receive 437 

more direct solar radiation, resulting in higher maximum temperatures during the 438 

daytime. Such street canyons with stronger longwave radiative cooling also experience 439 

lower minimum temperatures at night, producing greater DTR in wider street canyons. 440 
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Moreover, the east walls with greater solar loading exhibit a higher DTR than the west 441 

walls. However, as the aspect ratio increases, the DTR differences between east and 442 

west walls decrease (i.e., 7.6 ℃, 6.8 ℃, 3.8 ℃, 2.7 ℃, and 1.2 ℃ for H/W = 0.5, 1, 443 

2, 3, and 6, respectively). 444 

Compared with the cases of the east and west walls, the differences in the DTR of 445 

canyon air among various aspect ratios are much smaller. For canyon air, the DTR of 446 

H/W = 0.5 is 10.9 ℃, which is 0.5 ℃, 0.6 ℃, 0.6 ℃, and 1.6 ℃ higher than for H/W 447 

= 1, 2, 3, and 6, respectively. 448 

 449 

3.5.3 Hottest time 𝒕𝒎𝒂𝒙 450 

As depicted in Fig. 13c and Table 5, for street canyons with all aspect ratios, 𝑡𝑚𝑎𝑥 451 

on the east walls appears later than the west walls. This phenomenon occurs because 452 

the east wall absorbs direct solar radiation later than the west wall. The east wall with 453 

greater solar loading has more time to be heated (i.e., the appearance of maximum east 454 

wall temperature occurs later). Taking the street canyon of H/W = 0.5, as an example, 455 

𝑡𝑚𝑎𝑥 of the west wall occurs at 13.13 h, that of the east wall appears at 14.17 h. 456 

Moreover, it seems that narrower street canyons with less solar loading experience 457 

later 𝑡𝑚𝑎𝑥. For wider street canyons, such as H/W = 0.5, 𝑡𝑚𝑎𝑥 of canyon air, west wall, 458 

and east wall are 13.85 h, 13.13 h, and 14.17 h, respectively. For narrower street 459 

canyons, such as H/W = 6, 𝑡𝑚𝑎𝑥 of canyon air, west wall, and east wall are 14.25 h, 460 

14.85 h and 15.09 h, respectively. There is a considerably larger phase lag of 𝑡𝑚𝑎𝑥 461 

between H/W = 0.5 and H/W = 6 (i.e., 0.40 h, 1.72 h, and 0.92 h delay for canyon air, 462 
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west wall, and east wall, respectively). 463 

However, the differences in 𝑡𝑚𝑎𝑥 of canyon air, west wall, and east wall for H/W 464 

= 1, 2, and 3 are much smaller. The maximum difference of 𝑡𝑚𝑎𝑥 between H/W = 1, 2, 465 

and 3 is 0.03 h, 0.32 h, and 0.15 h for canyon air, west wall, and east wall, respectively. 466 

In addition, as the aspect ratio increases, the differences in 𝑡𝑚𝑎𝑥 between the west and 467 

east walls become smaller, i.e., 1.04 h, 0.51 h, 0.29 h, 0.17 h, and 0.24 h for H/W = 0.5, 468 

1, 2, 3, and 6, respectively. 469 

 470 

4. Discussion 471 

This study uses FFT in a scaled outdoor experiment, which distinguishes the daily 472 

mean temperature, diurnal temperature range, and hottest time in the temperature cycles 473 

from high-quality observational data. Our experimental results quantify the effects of 474 

urban morphology on the diurnal patterns of the thermal environment. In particular, not 475 

all the daily cycle characteristics of canyon air and east and west wall temperatures vary 476 

linearly with an increase in the aspect ratio. 477 

The current study found no significant difference in the daily mean temperature of 478 

canyon air among the various aspect ratios. However, the decreases in DTR and the 479 

delay in the hottest time with increasing aspect ratio were clearer. This indicates that 480 

the DTR and hottest time (i.e., phase) should not be ignored when studying the effects 481 

of urban morphology on the thermal environment [41]. This phenomenon further 482 

verifies that the controlling factors for DTR and daily mean temperature are 483 

independent [40]. The decrease in DTR is mainly due to the increase in heat storage. 484 
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The rise in daily mean temperature is mainly related to the increased heat again, such 485 

as lesser albedo, more anthropogenic heat, and decreased latent cooling from the green 486 

area. As there is no anthropogenic heat or green area in our current model, the difference 487 

in daily mean temperature between various aspect ratios is very subtle.  488 

Compared with the canyon air, the diurnal temperature characteristics of the east 489 

and west walls varied more significantly with the aspect ratio. Furthermore, the 490 

differences in diurnal temperature characteristics between the east and west walls 491 

became lesser as the aspect ratio increased. This suggests that multiple radiation 492 

exchanges may increase in the narrower street canyon [48], and thus, the temperature 493 

differences between the canyon surfaces are reduced. 494 

Such simplified urban models are verified as a good option to study the thermal 495 

patterns of street canyons under realistic meteorological conditions. As urban 496 

morphology has been identified as a significant factor in building energy consumption 497 

[49], our quantitative research results can provide meaningful references for urban 498 

planners.  499 

Our experimental study focuses on the effects of aspect ratios on radiation, wind 500 

flow and thermal storage in 2D street canyons. Only data obtained on specific days 501 

without rainfall was analyzed. There were no vegetation and water bodies inside the 502 

street canyons. The effects of latent heat flux on the thermal environment could be 503 

negligible in our study. However, it is quite worthwhile to study the latent heat flux, as 504 

we need to consider the effects of urban vegetation and water bodies on thermal 505 

environment in urban areas. The performance of urban surface energy balance models 506 
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are still inadequate in predicting the latent heat flux [50]. Further high-quality 507 

experimental data are necessary to validate and improve such numerical models with 508 

latent heat flux. Urban vegetation study in our SOMUCH is in progress. We have 509 

investigated the influences of tree planting on the temperature and wind flow 510 

characteristics [38]. The impacts of urban vegetation on latent heat flux in 2D street 511 

canyons and 3D urban models will be emphasized in future experiments.  512 

Understanding heat transfer processes is essential for studying the urban thermal 513 

environment. However, this study could not provide an accurate analysis of the heat 514 

transfer processes owing to the limited spatial measurement points. Further studies 515 

should be combined with numerical simulations such as the Computational Fluid 516 

Dynamics (CFD) models, to provide high-resolution computed results. Most numerical 517 

models rely on highly idealized assumptions, such as constant inlet boundary conditions 518 

[51]. More studies on the thermal environment in 2D street canyons and 3D urban 519 

districts are still required to perform unsteady numerical simulations and theoretical 520 

models with realistic meteorological forcing. Our study can provide high-quality 521 

parametric experimental data to validate and improve unsteady numerical simulations 522 

and theoretical models. Further attention should also be paid to quantify the relative 523 

role of the energy processes involved in 2D street canyons and 3D urban districts. These 524 

processes are vital for understanding the heat transfer mechanisms within urban areas 525 

and provide meaningful references for designing a comfortable urban thermal 526 

environment. 527 

 528 
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5. Conclusion 529 

We performed a scaled outdoor field measurement to investigate the daily 530 

variations of air, west and east wall temperature within 2D street canyons (H/W = 0.5, 531 

H = 0.5 m; H/W = 1, 2, 3, 6, H = 1.2 m) during July 30–December 15, 2019. The fast 532 

Fourier transform (FFT) method was applied to obtain more generalized characteristics 533 

of diurnal temperature cycles (i.e., daily average temperature 𝑇 , daily temperature 534 

range DTR, and hottest time 𝑡𝑚𝑎𝑥), and further quantify the geometrical effects on the 535 

urban thermal environment.  536 

Daily cycles of canyon air and east and west wall temperatures were observed, 537 

with higher values during the daytime and lesser values at night. During the daytime, 538 

the west and east wall temperatures experienced greater values than those of the canyon 539 

air. In addition, a stronger wall temperature gradient appeared in the vertical direction 540 

of the building facades, whereas a higher air temperature gradient occurred in the region 541 

that was closer to the heated wall. However, at night, the spatial distributions of canyon 542 

air and east and west wall temperatures became much more uniform. 543 

Street-wall orientation is a significant factor that affects the wall temperature 544 

distribution. During the daytime, the west wall temperature increased faster but 545 

presented lower maximum values than the east wall. However, at night, the temperature 546 

differences between the east and west walls became much lesser. As a result, east walls 547 

with greater solar loading exhibited higher 𝑇 (except for the street canyon of H/W = 548 

6), larger DTR, and later 𝑡𝑚𝑎𝑥 than the west walls.  549 

The aspect ratio largely determines the thermal structures inside the street canyons. 550 
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Wider street canyons with less shaded areas usually attained higher wall and air 551 

temperatures during the daytime. However, they experienced lesser values at night 552 

because of the greater longwave radiative loss and more substantial convective cooling. 553 

Thus, the west and east walls of wider street canyons (H/W = 0.5, 1) exhibited higher 554 

𝑇 and larger DTR than narrower street canyons (H/W = 2, 3, 6). In contrast to the daily 555 

characteristics of the west and east wall temperatures, canyon air experienced a lower 556 

𝑇 and lesser DTR. With increasing aspect ratio, the DTR of canyon air decreased from 557 

10.9 ℃ to 9.3 ℃ (i.e., 10.9℃, 10.4 ℃, 10.3 ℃, 10.3 ℃, and 9.3 ℃ for H/W = 0.5, 558 

1, 2, 3, and 6, respectively). However, the 𝑇 of canyon air remained nearly the same 559 

among various aspect ratios (i.e., 24.3 ℃, 24.2 ℃, 24.3 ℃, 24.5 ℃, and 24.6 ℃ for 560 

H/W = 0.5, 1, 2, 3, and 6, respectively).  561 

Wider street canyons, such as H/W = 0.5, exhibited an earlier 𝑡𝑚𝑎𝑥. The higher 562 

phase lag of 𝑡𝑚𝑎𝑥 occurred between H/W = 0.5 and H/W = 6 (i.e., 0.40 h, 1.72 h, and 563 

0.92 h delayed for canyon air, west wall, and east wall, respectively). However, the 564 

maximum differences in 𝑡𝑚𝑎𝑥 between street canyons with H/W = 1, 2, 3 were much 565 

lesser (i.e., 0.03 h, 0.32 h, and 0.15 h for canyon air, west wall, and east wall, 566 

respectively). Moreover, as the aspect ratio increased, the differences in 𝑇, DTR, and 567 

𝑡𝑚𝑎𝑥 between the east and west walls became lesser. 568 

Our results demonstrated that FFT is a useful approach for revealing the diurnal 569 

temperature characteristics of urban street canyons. By adopting the scaled model 570 

approach, we obtained the air and wall temperatures inside street canyons with a higher 571 

spatial distribution, which is otherwise difficult to observe in full-scale experiments. 572 
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Future urban climate studies can use high-quality experimental data to validate and 573 

improve numerical simulations and theoretical models, which can inform sustainable 574 

urban design. 575 
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Appendix A 588 

To better understand the surface temperature distribution, it is essential to 589 

investigate the heat transfer processes of the canyon wall [52]. In this study, for instance, 590 

we analyzed the heat fluxes of the east wall, considering the incident shortwave 591 

radiation, multiple reflections of shortwave radiation with other surfaces, incoming 592 

longwave radiation, longwave radiation exchanges with other surfaces, heat storage 593 

flux, and convective heat transfer with the canyon air. We used the data obtained on 594 

https://www.baidu.com/s?wd=National&tn=44039180_cpr&fenlei=mv6quAkxTZn0IZRqIHckPjm4nH00T1Y3nHw9mWD3rjIBPHTzm1RY0ZwV5Hcvrjm3rH6sPfKWUMw85HfYnjn4nH6sgvPsT6KdThsqpZwYTjCEQLGCpyw9Uz4Bmy-bIi4WUvYETgN-TLwGUv3EnH61nW03PHTkn10krjTsPWfzn0
http://mail.sysu.edu.cn/zimbra/callto:41875015
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specific days without rainfall. Furthermore, no vegetation and water bodies were set up 595 

in the street canyons. The latent heat flux was not considered here. The surface energy 596 

balance of east wall is expressed as Eq. (A1): 597 

𝑄∗ = 𝑆∗ + 𝐿∗ = ∆𝑄𝑠 + 𝑄𝐻 ,                                            (A1) 598 

where 𝑄∗  is the net radiation, 𝑆∗  is the net shortwave radiation, 𝐿∗  is the net 599 

longwave radiation, ∆𝑄𝑠 is the heat storage flux, 𝑄𝐻 is the sensible heat flux. 600 

 601 

A.1. Net radiation 602 

We used radiation schemes from a single-layer urban canopy model [53]. Here, 603 

the subscripts ew, ww, and g denotes the east wall, west wall, and ground, respectively. 604 

It is assumed that the physical properties of the ground, east wall and west wall are the 605 

same in our SOMUCH experiments. 606 

 607 

A.1.1 Net shortwave radiation 608 

Three-time reflection of shortwave radiation was considered. We assumed that the 609 

surfaces are Lambertian, and the final reflected shortwave radiation is totally absorbed 610 

by each surface. The net shortwave radiation of east wall can be estimated as Eq. (A2): 611 

𝑆𝑒𝑤
∗ = 𝑆𝑒𝑤(1 − 𝛼𝑒𝑤) + 𝑆𝑔𝛼𝑔𝜑𝑤(1 − 𝛼𝑒𝑤) + 𝑆𝑤𝑤𝛼𝑤𝑤(1 − 2𝜑𝑤)(1 − 𝛼𝑒𝑤) +612 

𝑆𝑔𝛼𝑔𝜑𝑤𝛼𝑤𝑤(1 − 2𝜑𝑤)(1 − 𝛼𝑒𝑤) + 𝑆𝑒𝑤𝛼𝑒𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤(1 − 𝛼𝑒𝑤) +613 

𝑆𝑒𝑤𝛼𝑒𝑤(1 − 2𝜑𝑤)𝛼𝑤𝑤(1 − 2𝜑𝑤)(1 − 𝛼𝑒𝑤) + 𝑆𝑤𝑤𝛼𝑤𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤(1 −614 

𝛼𝑒𝑤) + 𝑆𝑔𝛼𝑔𝜑𝑤𝛼𝑒𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤 + 𝑆𝑔𝛼𝑔𝜑𝑤𝛼𝑒𝑤(1 − 2𝜑𝑤)𝛼𝑤𝑤(1 − 2𝜑𝑤) +615 

𝑆𝑔𝛼𝑔𝜑𝑤𝛼𝑤𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤 + 𝑆𝑒𝑤𝛼𝑒𝑤

1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤𝛼𝑤𝑤(1 − 2𝜑𝑤) +616 
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𝑆𝑒𝑤𝛼𝑒𝑤(1 − 2𝜑𝑤)𝛼𝑤𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤 + 𝑆𝑤𝑤𝛼𝑤𝑤

1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤𝛼𝑤𝑤(1 −617 

2𝜑𝑤) + 𝑆𝑤𝑤𝛼𝑤𝑤(1 − 2𝜑𝑤)𝛼𝑒𝑤
1

2
(1 − 𝜑𝑔)𝛼𝑔𝜑𝑤 + 𝑆𝑤𝑤𝛼𝑤𝑤(1 − 2𝜑𝑤)𝛼𝑒𝑤(1 −618 

2𝜑𝑤)𝛼𝑤𝑤(1 − 2𝜑𝑤) ,                                                (A2) 619 

where 𝑆𝑔 , 𝑆𝑒𝑤 , and 𝑆𝑤𝑤  are the incident total shortwave radiation, 𝛼𝑔 , 𝛼𝑒𝑤 , and 620 

𝛼𝑤𝑤 are the albedo values (see Table 1, 𝛼 = 0.24), 𝜑𝑔 and 𝜑𝑤 are sky-view factors 621 

at the road and wall, respectively.  622 

According to Sparrow and Cess [54], the sky-view factors are given by Eq. (A3-623 

A4): 624 

𝜑𝑔 = (1 + (𝐻 𝑊⁄ )2)1 2⁄ − 𝐻 𝑊⁄ ,                                      (A3) 625 

𝜑𝑤 =
1

2
{1 + 𝐻 𝑊⁄ − [1 + (𝐻 𝑊⁄ )2]1 2⁄ }/(𝐻 𝑊⁄ ) ,                         (A4) 626 

where H is the building height, and W is the street width. 627 

The total shortwave radiation incident on each surface is calculated using Eq. (A5-628 

A7): 629 

𝑆𝑔 = 𝑆𝑔
𝑑𝑖𝑟𝑒𝑐𝑡 + 𝜑𝑔𝑆

↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 ,                                           (A5) 630 

𝑆𝑒𝑤 = 𝑆𝑒𝑤
𝑑𝑖𝑟𝑒𝑐𝑡 + 𝜑𝑤𝑆

↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 ,                                          (A6) 631 

𝑆𝑤𝑤 = 𝑆𝑤𝑤
𝑑𝑖𝑟𝑒𝑐𝑡 + 𝜑𝑤𝑆

↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒,                                         (A7) 632 

where 𝑆𝑔
𝑑𝑖𝑟𝑒𝑐𝑡, 𝑆𝑒𝑤

𝑑𝑖𝑟𝑒𝑐𝑡 and 𝑆𝑤𝑤
𝑑𝑖𝑟𝑒𝑐𝑡 denotes the direct shortwave radiation incident on 633 

each surface, 𝑆↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 is the incoming diffuse shortwave radiation on a horizontal 634 

surface at the reference height (𝑆↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 is assumed to be isotropic). 635 

The direct shortwave radiation incident on each surface can be computed by Eq. 636 

(A8-A10): 637 



30 

 

𝑆𝑔
𝑑𝑖𝑟𝑒𝑐𝑡 = {

𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡 (1 −
𝐻

𝑊
tan∅𝑧|sin 𝛾|) , 𝑓𝑜𝑟 

𝐻

𝑊
tan∅𝑧|sin 𝛾| < 1

0, 𝑓𝑜𝑟 
𝐻

𝑊
tan∅𝑧|sin 𝛾| ≥ 1

,          (A8) 638 

𝑆𝑠𝑢𝑛𝑙𝑖𝑡_𝑤
𝑑𝑖𝑟𝑒𝑐𝑡 = {

𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡 tan∅𝑧|sin 𝛾|, 𝑓𝑜𝑟 
𝐻

𝑊
tan∅𝑧|sin 𝛾| < 1

𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡
𝑊

𝐻
, 𝑓𝑜𝑟 

𝐻

𝑊
tan∅𝑧|sin 𝛾| ≥ 1

,                (A9) 639 

𝑆𝑠ℎ𝑎𝑑𝑒𝑑_𝑤
𝑑𝑖𝑟𝑒𝑐𝑡 = 0 ,                                                     (A10) 640 

where 𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡 is the incoming direct shortwave radiation on a horizontal surface at 641 

the reference height, 𝑆𝑠𝑢𝑛𝑙𝑖𝑡_𝑤
𝑑𝑖𝑟𝑒𝑐𝑡  and 𝑆𝑠ℎ𝑎𝑑𝑒𝑑_𝑤

𝑑𝑖𝑟𝑒𝑐𝑡  indicates the direct shortwave radiation 642 

for sunlit wall and shaded wall, respectively. ∅𝑧 is the solar zenith angle, 𝛾 (as shown 643 

in Eq. (A11)) is defined as the difference between the solar azimuth angle ∅𝑎 and the 644 

canyon orientation angle ∅. Both ∅𝑎 and ∅ are relative to the due north. When 0° ≤645 

𝛾 ≤180° or 𝛾 ≤-180°, east wall is the sunlit wall. 646 

γ = ∅𝑎 − ∅ ,                                                       (A11) 647 

The solar zenith angle ∅𝑧 and solar azimuth angle ∅𝑎 can be calculated by Eq. 648 

(A12-A13): 649 

cos ∅𝑧 = cos𝜑𝑙𝑎𝑡 cos 𝛽 cos𝜔𝑡 + sin𝜑𝑙𝑎𝑡 sin 𝛽 ,                          (A12) 650 

cos ∅𝑎 = (cos𝜑𝑙𝑎𝑡 sin 𝛽 − sin𝜑𝑙𝑎𝑡 cos 𝛽 cos𝜔𝑡)/ sin ∅𝑧 ,                  (A13) 651 

where 𝜑𝑙𝑎𝑡 is the latitude, 𝛽 is the solar declination angle, and 𝜔𝑡 is the hour angle. 652 

The solar declination angle 𝛽 is determined as Eq. (A14) [55]: 653 

284
23. 45 si n(360 )

365

N


+
=  ,                                      (A14) 654 

where N is the day number in the year. 655 

The hour angle 𝜔𝑡 is given by Eq. (A15) [56]: 656 

𝜔𝑡 = ±0.25 (Number of minutes from local solar noon),                   (A15) 657 

Following the algorithm proposed by Reindl et al. [57] (as shown in Eq. (A16-658 
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A17)), we estimated the 𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡 and 𝑆↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 on a horizontal surface based on the 659 

global solar radiation 𝑆𝑔𝑙𝑜𝑏𝑎𝑙.  660 

𝑆↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒 =661 

{

𝑆𝑔𝑙𝑜𝑏𝑎𝑙[1 − 0.232𝑘𝑡 + 0.0239 sin 𝜃𝑠 − 0.000682𝑇𝑎 + 0.0195𝑅𝐻],   𝑓𝑜𝑟 0 ≤ 𝑘𝑡 ≤ 0.3

𝑆𝑔𝑙𝑜𝑏𝑎𝑙[1.329 − 1.716𝑘𝑡 + 0.267 sin 𝜃𝑠 − 0.00357𝑇𝑎 + 0.106𝑅𝐻], 𝑓𝑜𝑟 0.3 < 𝑘𝑡 < 0.78

𝑆𝑔𝑙𝑜𝑏𝑎𝑙[0.426𝑘𝑡 − 0.256 sin 𝜃𝑠 + 0.00349𝑇𝑎 + 0.0734𝑅𝐻],            𝑓𝑜𝑟 𝑘𝑡 ≥ 0.78

662 

,                                                                (A16) 663 

𝑆↓𝑑𝑖𝑟𝑒𝑐𝑡 = (𝑆𝑔𝑙𝑜𝑏𝑎𝑙 − 𝑆↓𝑑𝑖𝑓𝑓𝑢𝑠𝑒)/ sin 𝜃𝑠,                                (A17) 664 

where 𝜃𝑠 is the solar altitude angle given by 𝜃𝑠 = 90° − ∅𝑧 [56], 𝑘𝑡 is the clearness 665 

index, 𝑇𝑎  and 𝑅𝐻  are the background air temperature and relative humidity, 666 

respectively. Here, we used the measured values of 𝑆𝑔𝑙𝑜𝑏𝑎𝑙 provided by CMP10, 𝑇𝑎 667 

and 𝑅𝐻 recorded by RainWise. 668 

The clearness index 𝑘𝑡 is defined in Eq. (A18) [56]: 669 

𝑘𝑡 = 𝑆𝑔𝑙𝑜𝑏𝑎𝑙 𝐼0⁄ ,                                                   (A18) 670 

where 𝐼0 is the extraterrestrial radiation on a horizontal surface for an period between 671 

hour angles, 𝜔𝑡1 and 𝜔𝑡2 (𝜔𝑡2 is larger). Its mathematical expression is shown in Eq. 672 

(A19) [56]: 673 

𝐼0 =
12×3600𝐺𝑠𝑐

𝜋
[1 + 0.033 cos (

360𝑁

365
)] × {cos 𝜑𝑙𝑎𝑡 cos 𝛽(sin𝜔𝑡2 − sin𝜔𝑡1) +674 

[
𝜋(𝜔𝑡2−𝜔𝑡1)

180
] sin𝜑𝑙𝑎𝑡 sin 𝛽},                                          (A19) 675 

in which 𝐺𝑠𝑐=1367 W/m2 is the solar constant. 676 

 677 

A.1.2 Net longwave radiation 678 

One-time reflection of longwave radiation was considered. We assumed that all 679 
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longwave radiation is isotropic, and the last reflected longwave radiation is totally 680 

absorbed by each surface. The net longwave radiation of east wall can be calculated by 681 

Eq. (A20): 682 

𝐿𝑒𝑤
∗ = 𝐿↓𝜑𝑤휀𝑒𝑤 + 𝐿𝑔𝜑𝑤휀𝑒𝑤 + 𝐿𝑤𝑤(1 − 2𝜑𝑤)휀𝑒𝑤 + 𝐿↓𝜑𝑔(1 − 휀𝑔)𝜑𝑤 +683 

𝐿↓𝜑𝑤(1 − 휀𝑤𝑤)(1 − 2𝜑𝑤) + 𝐿𝑔𝜑𝑤(1 − 휀𝑤𝑤)(1 − 2𝜑𝑤) + 𝐿𝑒𝑤
1

2
(1 − 𝜑𝑔)(1 −684 

휀𝑔)𝜑𝑤 + 𝐿𝑒𝑤(1 − 2𝜑𝑤)(1 − 휀𝑤𝑤)(1 − 2𝜑𝑤) + 𝐿𝑤𝑤
1

2
(1 − 𝜑𝑔)(1 − 휀𝑔)𝜑𝑤 − 𝐿𝑒𝑤, 685 

(A20)                                           686 

where 𝐿↓  is incoming longwave radiation on a horizontal surface at the reference 687 

height, 휀𝑔 , 휀𝑒𝑤  and 휀𝑤𝑤  are the surface emissivity (see Table 1, 휀 =  0.87), 𝐿𝑔 , 688 

𝐿𝑤𝑤, and 𝐿𝑒𝑤 are the emitted longwave radiation from surfaces. Here, we used the 689 

measured values of 𝐿↓ provided by CGR3. 690 

Based on Stefan-Boltzmann law, the emitted longwave radiation from surface is 691 

calculated using Eq. (A21-A23): 692 

𝐿𝑔 = 휀𝑔𝜎𝑇𝑔
4,                                                     (A21) 693 

𝐿𝑤𝑤 = 휀𝑤𝑤𝜎𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙
4 ,                                             (A22) 694 

𝐿𝑒𝑤 = 휀𝑒𝑤𝜎𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙
4 ,                                              (A23) 695 

where 𝜎 = 5.67 × 10−8 W/(m2K4) is the Stefan-Boltzmann constant, 𝑇𝑔, 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙, 696 

and 𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙  are the temperatures (K) of the ground, east wall, and west wall, 697 

respectively. Here, the spatially averaged temperatures measured by thermocouples of 698 

the ground, east wall, and west wall were used. 699 

 700 

A.2. Heat storage flux 701 
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We estimated the heat storage flux of the east wall using Eq. (A24) [58]: 702 

s p

T
Q C x

t



 = 


 ,                                                (A24) 703 

where ∆𝑇 ∆𝑡⁄   is the rate of wall temperature change over the period, C = 1.496 704 

MJ/(𝑚3𝐾) is the volumetric heat capacity, ∆𝑥 = 1.2 m is the height of the east wall, 705 

λ𝑝 is the plan area density (i.e., plan area fraction of the east wall to the entire street 706 

canyon), and ∆𝑥λ𝑝 denotes the total volume of the east wall over the plan area. Here, 707 

the spatially average temperatures measured by thermocouples of the east wall were 708 

used to calculate the temperature change rate of 10 min. ∆𝑥λ𝑝  of the east wall is 709 

0.0106, 0.0164, and 0.02 for H/W = 1, 2, and 3, respectively. 710 

 711 

A.3. Sensible heat flux 712 

The sensible heat exchange at the east wall can be expressed in Eq. (A25) [59]: 713 

𝑄𝐻 = ℎ(𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙 − 𝑇𝑎𝑖𝑟),                                          (A25) 714 

where 𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙  and 𝑇𝑎𝑖𝑟  are the temperatures of the east wall and canyon air, 715 

respectively. The convective heat transfer coefficient (h) is calculated using Eq. (A26) 716 

[60]: 717 

ℎ = 11.8 + 4.2𝑉,                                                  (A26) 718 

where 𝑉 = √𝑢2 + 𝑣2 + 𝑤2 is the wind velocity magnitude within the street canyon.  719 

Here, we used the spatially averaged temperatures measured by thermocouples of 720 

the east wall and canyon air. The wind velocity measured by sonic anemometers at z = 721 

0.3 m = 0.25H (H = 1.2 m) was used to estimate h. 722 
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Table 1. Physical properties of canyon model material. 907 

Material Density,  

𝜌 (g/c𝑚3) 

Conductivity, 

k (W/mK) 

Diffusivity, 

D (𝑚𝑚2/𝑠) 

Volumetric heat capacity,  

C (MJ/𝑚3𝐾) 

Emissivity, 

휀 

Albedo, 

𝛼 

Concrete 2.42 2.073 1.386 1.496 0.87 0.24 

 908 

Table 2. Specifications and configurations of instrument used in this measurement (the 909 

vertical postion is relative to the ground). 910 

Measured 

parameter 

Instrument Accuracy Horizontal 

position 

Vertical 

position  

Sampling 

rate 

Quantity 

Background air 

temperature, 

rainfall, relative 

humidity 

Weather station 

(RainWise 

PortLog) 

0.5 ℃ in the range of 

-54 ~ 65 ℃, 2 % at 

25.4 mm/h, 2 % from 

-40 ℃ to 65 ℃ 

Refer to 

Fig. 1b 

2.4 m  5 min 2 

Global solar 

radiation 

CMP10 (Kipp & 

Zonen) 

0.2 % in the range of 

100 ~ 1000 W/m2 

1.3 m 1 s 1 

Downward 

longwave radiation 

CGR3 (Kipp & 

Zonen) 

1 % in the range of -

250 ~ 250 W/m2 

1.9 m 1 s 1 

East and west wall 

temperature 

Thermocouple 

(Omega, TT-K-

30-SLE, Φ0.255 

mm) 

1.1 ℃ or 0.4 % in the 

range of -200 ~ 260 

℃, refer to the greater 

one 

Refer to 

Fig. 2a-b 

3 s 200 

Canyon air 

temperature 

Thermocouple 

(Omega, TT-K-

36-SLE, Φ0.127 

mm) 

1.1 ℃ or 0.4 % in the 

range of -200 ~ 260 

℃, refer to the greater 

one 

Refer to 

Fig. 3a-c 

3 s 198 

Ground 

temperature 

Thermocouple 

(Omega, TT-K-

36-SLE, Φ0.127 

mm) 

1.1 ℃ or 0.4 % in the 

range of -200 ~ 260 

℃, refer to the greater 

one 

Refer to 

Fig. 4 

3 s 21 

Wind velocity Sonic 

anemometer (Gill 

WindMaster) 

1.5 % in the range of 0 

~ 50 m/s, 2° in the 

range of 0 ~ 359.9° 

Refer to 

Fig. 5 

20 Hz 6 

 911 

  912 
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Table 3. Summary of the normalized velocity magnitude 𝑉0.25𝐻 𝑉2𝐻⁄  in street canyons 913 

with various aspect ratios (H/W = 1, 2, 3) during the entire experimental period. The 914 

coefficient of determination (R2) is used to evaluate the goodness of fit. 915 

Aspect ratio H/W = 1 H/W = 2 H/W = 3 

V0.25H/V2H 0.41 0.36 0.21 

R2 0.94 0.95 0.93 

 916 

Table 4. Summary of the root mean squared error (RMSE) between the 𝑄𝐻 and 𝑄𝐻𝑟𝑒𝑠
 917 

Aspect ratio H/W = 1 H/W = 2 H/W = 3 

RMSE (W/m2) 60.7 32.4 23.0 

 918 

  919 
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 920 

Table 5. Summary of the spatially averaged values with standard deviations of diurnal 921 

temperature characteristics at all corresponding points of canyon air, west, and east wall, 922 

including the daily average temperature 𝑇 (℃), daily temperature range (DTR) (℃), 923 

and hottest time 𝑡𝑚𝑎𝑥 (h). 924 

Aspect ratio 

(H/W) 
Canyon element 𝑇 DTR maxt  

0.5 

Canyon air 24.3 ± 0.6 10.9 ± 1.2 13.85 ± 0.15 

West wall 27.9 ± 0.2 18.5 ± 2.2 13.13 ± 0.09 

East wall 28.7 ± 0.4 26.1 ± 2.9 14.17 ± 0.10 

1 

Canyon air 24.2 ± 0.3 10.4 ± 1.1 14.03 ± 0.14 

West wall 26.7 ± 0.3 16.0 ± 1.9 13.96 ± 0.07 

East wall 27.5 ± 0.8 22.8 ± 4.0 14.47 ± 0.20 

2 

Canyon air 24.3 ± 0.4 10.3 ± 1.2 14.00 ± 0.11 

West wall 26.4 ± 0.3 14.6 ± 2.6 14.03 ± 0.19 

East wall 26.9 ± 1.0 18.4 ± 5.6 14.32 ± 0.15 

3 

Canyon air 24.5 ± 0.5 10.3 ± 1.1 14.00 ± 0.09 

West wall 26.1 ± 0.6 13.8 ± 3.8 14.28 ± 0.33 

East wall 26.6 ± 1.1 16.5 ± 7.0 14.45 ± 0.15 

6 

Canyon air 24.6 ± 0.3 9.3 ± 1.6 14.25 ± 0.22 

West wall 26.6 ± 1.1 11.7 ± 4.7 14.85 ± 0.65 

East wall 26.3 ± 1.0 12.9 ± 6.6 15.09 ± 0.56 

 925 

  926 
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(c) 

Fig. 1 (a) Overview of the experiment site; Schematic illustrations of: (b) the 927 

measurement positions within street canyons with various aspect ratios (H/W = 0.5, 1, 928 

2, 3, 6) in X-Y plane (top view), (c) the definitions of the canyon air, ground, east wall, 929 

and west wall inside street canyons in X-Y plane (top view) and X-Z plane (side view). 930 
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(a) 

 

(b) 

Fig. 2 Schematic setup of the west and east wall temperature measured by 932 

thermocouples (Omega, TT-K-30-SLE, Φ0.255 mm) in X-Z plane and Y-Z plane: (a) 933 

H/W = 0.5, H = 0.5 m; (b) H/W = 1, 2, 3, 6, H = 1.2 m. 934 
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(c) 

Fig. 3 Schematic setup of the canyon air temperature measured by thermocouples 936 

(Omega, TT-K-36-SLE, Φ0.127 mm) in X-Z plane: (a) H/W = 0.5, H = 0.5 m; (b) H/W 937 

= 1, 2, 3, H = 1.2 m; (c) H/W = 6, H = 1.2 m. 938 
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Fig. 4 Schematic setup of the ground temperature measured by thermocouples 

(Omega, TT-K-36-SLE, Φ0.127 mm) in X-Z plane: H/W = 1, 2, 3, H = 1.2 m. 
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Fig. 5 Schematic setup of the sonic anemometers in street canyons with various 

aspect ratios (H/W = 1, 2, 3), in X-Y plane and X-Z plane. 
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(a) 

 

(b) 

 

(c) 

Fig. 6 Diurnal cycle of the linearly interpolated temperature distribution: (a) 
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�̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙; (b) �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙; (c) �̅�𝑎𝑖𝑟. 

 

 

(a) 

 

(b) 

Fig. 7 Examples of the linearly interpolated temperature of west wall (�̅�𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙), 

and east wall (�̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙): (a) during the daytime; (b) at night. 
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Fig. 8 Diurnal cycle of 10 min averaged wind velocity magnitude 𝑉  and its 

standard deviation (as shown in the colored strips) 
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(c) 

 

(d) 

Fig. 9 Examples of the linearly interpolated temperature distribution in street canyons 943 
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with five aspect ratios (H/W = 0.5, 1, 2, 3, 6): (a) during the daytime, �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙; (b) at 944 

night, �̅�𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙; (c) during the daytime, �̅�𝑎𝑖𝑟; (d) at night, �̅�𝑎𝑖𝑟.  945 
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(c) 

Fig. 10 Diurnal variations of the estimated heat fluxes (10 min averaged) of the east 946 

wall inside street canyons of H/W = 1, 2, 3: (a) net radiation, 𝑄∗; (b) heat storage 947 

flux, ∆𝑄 ; (c) sensible heat flux, 𝑄𝐻. 948 
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𝑻   𝒕  𝒂  obtained from FFT measured by thermocouples during July 30-December 15, 2019
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(c) 

Fig. 11 Diurnal cycles of the spatially averaged temperature inside street canyons with 951 

various aspect ratios (H/W = 0.5, 1, 2, 3, 6): (a) west wall, 〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉; (b) east wall, 952 

〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉; (c) canyon air, 〈𝑇𝑎𝑖𝑟〉. 953 
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Fig. 12 Daily variations of the spatially averaged temperature of west wall (〈𝑇𝑤𝑒𝑠𝑡 𝑤𝑎𝑙𝑙〉), 955 

and east wall (〈𝑇𝑒𝑎𝑠𝑡 𝑤𝑎𝑙𝑙〉) in street canyons with different aspect ratios (H/W = 0.5, 1, 956 

2, 3, 6). 957 
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(c) 

Fig. 13 Spatially averaged values with standard deviations (as shown in the colored 958 

strips) of the diurnal temperature characteristics at all corresponding points of canyon 959 

air, east wall, and west wall: (a) daily average temperature, 𝑇; (b) daily temperature 960 

range, DTR; (c) hottest time, 𝑡𝑚𝑎𝑥. 961 
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