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Abstract

:

Public spaces in residential areas are the main places for the daily activities of residents, and thermally comfortable activity space is particularly important for promoting the activities and public health of residents. Previous studies have mostly focused on tropical regions, with less research on outdoor thermal comfort in subtropical regions. In this study, we aimed to investigate outdoor thermal benchmarks and outdoor activities in summer subtropical residential areas. Through physical measurements, questionnaires, and field observations, four residential areas in Changsha city were studied. The outdoor thermal comfort and activity of residents were studied with the physiological equivalent temperature (PET) as a model. The results showed that: (1) the neutral PET and neutral PET ranges for residents were 26.2 °C and 24.7–27.8 °C, respectively, and the range of 90% acceptable PET was lower than 28.5 °C; (2) globe temperature and air temperature were the primary factors influencing the thermal sensation of the residents; and (3) residents adapted to the thermal environment by adjusting their activity time and space in summer. These results help us to better understand the outdoor thermal comfort and activities of people living in subtropical regions and can provide guidance for the design of future residential open spaces.
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1. Introduction


More than half of the population of the world lived in cities by the end of 2020 [1]. The urbanization rate of the resident population of China exceeds 60% [2]. Rapid urbanization rates lead to a heat island effect [3,4] and extreme heat also increases heat-related morbidity and mortality [5]. Several studies have demonstrated that excessively hot weather can inhibit the willingness of residents to go outside [6,7]. Outdoor thermal comfort is considered to be the most important factor influencing the use of public spaces [8] and creating activity spaces with a good thermal environment is conducive to enhancing the willingness of residents to be active as well as public health [7,9,10,11,12].



Many outdoor thermal comfort studies have been conducted in tropical [13,14,15], subtropical [16,17,18], temperate [19,20,21], and subarctic regions [22]. Most of these studies have described the relationships between the outdoor thermal environment and the thermal comfort of residents who have different needs in different regions for thermal comfort, depending on the climatic conditions. A study in a tropical urban park showed that humidity and wind conditions are potentially critical conditions for thermal comfort in the tropics [23]. In contrast, a study in Harbin found that in a severe cold area, the air temperature was the most influential for thermal sensation [21]. Studies conducted in Guangzhou [24] in the subtropical region yielded 80% and 90% acceptable temperature ranges (31.10 °C and 28.54 °C), which were significantly higher than that in Europe. Different outdoor thermal environments result in different levels of thermal comfort for residents in each climate zone. Previous studies have focused on tropical regions [25,26,27]; the outdoor thermal comfort in subtropical regions is not clear.



We combined questionnaires, field observations, and meteorological field measurements in five public spaces selected from four residential areas in Changsha, China, to better understand the activities and thermal comfort of residents in subtropical China through a combination of subjective responses and physical field measurements. Our main objectives were: (1) to explore the outdoor thermal benchmarks in the residential areas of Changsha in the subtropical region; and (2) to investigate the relationship between the activities of residents and the thermal environment during the summer months.




2. Methods


2.1. Study Area


This study was carried out in Changsha (27°51′–28°41′ N, 111°53′–114°15′ E), a typical Chinese subtropical city located in central-south China and classified as a humid subtropical climatic type. It boasts hot summers and cold winters as well as abundant precipitation. According to the Hunan Statistical Yearbook [28], the monthly average temperature of Changsha (2020) was 5.1–29.4 °C, with the highest monthly average temperatures occurring in July (27.6 °C) and August (29.4 °C) and the lowest monthly average temperatures occurring in December (6.1 °C) and January (5.1 °C).



In the humid subtropical regions of China, both high-rise and low-rise residential areas are common residential construction patterns. In this study, we selected three high-rise residential areas and one low-rise residential area. The high-rise residential areas were Xin Yue Li, Dong Yi Zhu Yuan, and Dong Yi Lan Yuan. The low-rise residential area was 3614. As shown in Figure 1, these four residential areas show the typical characteristics of residential areas in the subtropical region of China: (1) the green coverage is above 30%; (2) there are public activity spaces inside the residential areas for the daily activities of the residents; (3) the layout of the residential areas is in the form of ranks and columns; and (4) the numbers of permanent residents are all above 2000.



Field experiments were conducted in these four residential areas and, had a wide variety of plant species and activity spaces: a basketball court (Space A); a shaded square (Space B); an elevated floor (Space C); a fitness aisle (Space D); and an activity area for children (Space E). This made them ideal for studying the relationship between thermal comfort, outdoor activities, and residential space use. Five representative outdoor spaces were selected from the residential areas in Changsha. Detailed descriptions, fisheye photographs, and sky view factor (SVF) values for the five spaces are shown in Table 1.




2.2. Experiment Design


According to previous studies, the hottest temperature in Changsha usually occurs in July. We selected 8 July–10 July 2021 as the experimental time, which included two sets of weekdays and one weekend; all were representative of sunny weather. Based on our observations, we set the observation times between 6:00–12:00 and 15:00–20:00, taking into account the summer months when residents are active for longer periods and largely unoccupied at midday.



We obtained time-by-time data on meteorological parameters such as air temperature (Ta), relative humidity (RH), globe temperature (Tg), wind speed (Va), and solar radiation (G) at the measurement points through on-site actual measurements. We obtained the demographic information of residents and data on their thermal sensations, thermal comfort, thermal preferences, and thermal acceptability of the current environment through a questionnaire survey. Combining the personal conditions of the residents from the questionnaire survey and the microclimate parameters measured on-site, the PET values were calculated by substituting them into the RayMan model. The thermal environment conditions at the measurement points and the thermal sensations and thermal comfort of the human body were comprehensively analyzed.




2.3. Questionnaire Survey


In this study, we used a questionnaire survey to collect the subjective thermal comfort evaluation characteristics of the outdoor space from residents who had been at the measurement site for more than 20 min. The questionnaire was collected between 6:00–12:00 and 15:00–20:00 and the time and location of the measurement site were recorded by the observer on the questionnaire.



The questionnaire consisted of three parts. The first part collected basic information about the residents such as gender, age, clothing, activities, and what they were doing in the first 20 min. The second part of the questionnaire recorded their thermal sensation, thermal comfort, and thermal acceptability of the outdoor environment. The thermal sensation was divided into 9 levels and each was assigned a value from +4 to −4 representing “very hot” to “very cold”. Thermal comfort had values from 0 to 3, divided into “comfortable”, “slightly uncomfortable”, “uncomfortable”, and “very uncomfortable”. The thermal environment acceptability was classified as “fully acceptable”, “just acceptable”, “just not acceptable”, and “not at all acceptable” and those four levels were assigned a value of +1, +0.01, −0.01, or −1. The third part collected the thermal preferences of the residents for the outdoor environment, including whether they wanted the thermal environment parameters such as air temperature, relative humidity, wind speed, and solar radiation to increase, stay the same, or decrease; these were assigned values from +1 to −1.




2.4. Microclimate Measurements


To better focus on user perception in the outdoor thermal environment, the height of the measurement point was determined to be 1.2 m above the ground and the measurement points were arranged in the more popular open spaces in the residential areas. Ta, RH, Tg, G, and Va were recorded at each measurement point during the period of 6:00–20:00 from 8 July to 10 July 2021. We used Kestrel 5400 (Nielsen Kellerman, PA, USA) and Tes-1333R (Tes, Taiwan, China) to record microclimate parameters. The thermal environment parameters were recorded automatically with a 1 min interval. Table 2 lists the detailed parameters of the instruments used, all of which conformed to the ISO7726 standard [29].



To determine the mean radiation temperature (Tmrt), the following equation was used:


Tmrt = [(Tg + 273.5)4 + 1.1 × 108 Va0.6/εD0.4(Tg − Ta)]0.25 − 273



(1)




where Tg is the globe temperature (°C), Va is the wind speed (m/s), Ta is the air temperature (°C), D is the diameter of the globe (m), and ε is the emissivity.




2.5. Thermal Comfort Indicators


The basic development principle of thermal comfort indicators is to relate the human body and environment to the thermal conditions. Different indicators take into account different environmental and human factors and emphasize different aspects of the thermal environment and indicator development, leading to different outputs. We used the PET as an indicator to measure outdoor thermal comfort. The PET is defined as the air temperature at which, in a typical indoor setting (without wind and solar radiation), the heat budget of the human body is balanced with the same core and skin temperature as under the complex outdoor conditions to be assessed [30]. The RayMan model is used to calculate the PET and thus evaluate outdoor thermal comfort in urban environments [31]. The PET is now widely used in many outdoor thermal comfort studies around the world, which provides comparisons with the results of studies in other climate zones [32,33].





3. Results


3.1. Descriptive Analysis


3.1.1. Attributes of the Respondents


A total of 431 questionnaires were collected and 403 of them were valid. Of the respondents, 57.8% were female and 42.2% were male; 32.0% were elderly (>60 years old), 48.9% were middle-aged (18–59 years old), 5.7% were young people (12–18 years old), and 13.4% were children (0–12 years old). All residents interviewed had lived in Changsha for more than six months and were familiar with the climatic characteristics of a subtropical region. Their life experience enabled them to adapt to the local climate through measures such as adjusting their clothing and accurately and objectively evaluating the outdoor thermal environment (Table 3).




3.1.2. Meteorological Parameters


In the summer of this study, Ta showed no significant difference in these five spaces. The difference in RH was also small and the minimum value of Ta and the maximum value of RH appeared in Space B. In Spaces B and C, the SVF was small due to being in the shade of trees and buildings; therefore, G was also low and differed from the other spaces. The calculation of Tmrt was influenced by G and the variation was more similar to G. Space C had the largest Va, which may have been the reason for better ventilation there (Figure 2).




3.1.3. Thermal Sensation Vote (TSV)


To investigate the differences in the thermal sensation of residents during the summer months, the thermal sensation votes were collated and analyzed. As shown in Figure 3, the highest frequency of votes was for “hot” (TSV = 3) (37.0%), followed by “neutral” (TSV = 0) (22.6%) and “very hot” (TSV = 4) (18.1%). Residents generally feel hot during the summer months (Figure 3).




3.1.4. Thermal Comfort Vote (TCV)


An analysis of the votes of residents on thermal comfort in the five spaces showed that residents voted for “comfortable” (TCV = 0) most frequently (48.9%), followed by “slightly uncomfortable” (TCV = 1) (31.8%) and “uncomfortable” (TCV = 2) (17.6%), with the lowest frequency of voting for “very uncomfortable” (TCV = 3) (1.7%). Overall, residents were more accepting of the summer heat (Figure 4).




3.1.5. Correlation between the TSV and TCV


The relationship between thermal sensation and thermal comfort was established through a regression analysis; a good quadratic polynomial relationship existed between the TSV and TCV, as shown in Figure 5. The following equation was fitted for the summer:


TCV = 0.0404TSV2 + 0.1375TSV + 0.1336

R2 = 0.9561



(2)







The results showed that the feeling of “cool” (TSV = −1.7) was most comfortable, suggesting that residents desire cooler temperatures to keep themselves comfortable in summer.




3.1.6. Thermal Adaptive Behaviors


The survey results of adaptive behaviors in summer are shown in Figure 6, with “moving to tree shade” (53.6%) being the most frequently voted choice, followed by “fanning” (13.89%) and “drinking water” (11.66%). This showed that, in addition to creating shade, it is also necessary to create good ventilation and drinking facilities for residents. There were fewer votes for “reducing clothes” (1.74%) and “wearing sunhats” (0.74%). Residents generally dress cooler in the summer; therefore, it may not be effective to relieve thermal stress by adjusting clothing wear. In a hotter summer, residents may rely more on shade provided by the external environment than on their behavior to avoid the heat.





3.2. Thermal Comfort Benchmarks


3.2.1. Neutral PET and Neutral PET Range


We calculated the weighted means of the thermal sensation vote versus a 1 °C PET change; the obtained relationship is shown in Figure 7. When the TSV is equal to 0, a neutral temperature is obtained, which is the temperature at which inhabitants do not feel cold or hot and at which the metabolic level of the body is at its lowest value. When the TSV is in the range of −0.5 to 0.5, a neutral temperature range is obtained. The neutral temperature and neutral temperature range for this study were calculated to be 26.2 °C and 24.7–27.8 °C, respectively.


TSV = −0.0071PET2 + 0.6959PET − 13.355

R2 = 0.8969



(3)








3.2.2. Thermal Acceptability Range (TAR)


Subtropical regions have long and hot summers. To better understand the thermal acceptability range of the outdoor environment for residents, a temperature range acceptable to 90% of the population was selected, according to ASHRAE Standard 55. This indicated that 10% of the residents considered the local thermal comfort range to be unacceptable. The thermal unacceptability rate for each group was calculated at a PET interval of 1 °C. The relationship is shown in Figure 8, where the thermal unacceptability rate of the residents increased as the PET increased. The calculated 90% acceptability for the residents in summer was below 28.5 °C.


TAR = 4.6415PET − 132.3054

R2 = 0.8078



(4)








3.2.3. Thermal Comfort PET


The weighted average thermal comfort vote was calculated for each 1 °C PET and was fitted with a linear model. As shown in Figure 9, a comfortable temperature was given as 24.5 °C when the TCV was equal to 0. The residents were likely to feel most comfortable at this temperature.


TCV = 0.0793PET − 1.9423

R2 = 0.844



(5)








3.2.4. Physical Variables and TSV


In general, residents are more influenced by physical factors in summer. The correlation analysis of Ta, Tg, RH, Va, Tmrt, G, and TSV showed that Tg had the highest correlation with the TSV of the residents, followed by Ta; both Ta and Tg were positively correlated with the TSV. The very high positive correlation between Tg and Ta indicated that Ta had a significant effect on Tg. RH was negatively correlated with the TSV. G was significantly positively correlated with Tmrt. The correlation between Va and the TSV was low, which may be due to the low and irregular variation in Va throughout the day at the observation spaces (Figure 10).





3.3. Resident Activities and PET


In this experiment, the residents were counted and the intensity of their activities was recorded at 30 min intervals with the main aim of exploring the impact of the outdoor thermal environment on the activities of the residents (Figure 11). In general, Space C had the highest total number of activities during the observation time and the types of activities were all light activities such as playing cards and chatting, with a high attendance of middle-aged and elderly people. Spaces A, B, and D had a similar total number of activities and were richer in people and types of activities. Space E had the lowest total number of activities and was mainly used in the mornings by parents playing with their children.



In Space A, there were almost no people during the day, but after 6 p.m. the numbers started to increase, with older people mostly sitting on the connecting corridor chatting and more young people playing sports or playing basketball. In Space B, there was more attendance in the morning than in the afternoon, with residents enjoying sitting on stone benches in the shade or chatting on the fitness facilities. Space C was the most crowded of all the spaces; it was located on the overhead floors in the residential buildings with good ventilation and shade and had many tables and sofas for relaxing or socializing with card games. The residents of Space D tend to exercise or rest on the fitness facilities under the umbrellas of the space during the summer months. In Space E, the highest numbers of people were found between 9–10 a.m. when parents came downstairs after breakfast to take their children to play in the space, which had play equipment for children and provided a place for parents to rest and exercise at the same time. The attendance in the five spaces was lowest at midday due to the lifestyle of the residents.



The attendance and PET were collected from the five study areas for the regression analysis, which revealed that the attendance in the five separate spaces was less correlated with the PET. This suggested that the attendance of residents in specific areas was influenced by a variety of factors (Table 4, Figure 12a).



When the regression analysis was performed on the total attendance of the activity spaces and the PET, a quadratic correlation was found between the attendance and PET (R2 = 0.6028) with the maximum attendance observed when the PET was 34.8 °C. Attendance was higher between 8–10 a.m. and after 6 p.m. The residents were willing to go out and the thermal environment was more conducive to activity. Overall, there was a consistency between attendance and thermal comfort in these residential areas, which also suggested that subjective perception of the residents to the outdoor thermal environment was reflected in the attendance (Table 4, Figure 12b).





4. Discussion


4.1. Summer Outdoor Thermal Comfort Benchmarks for Residential Areas in Subtropical China


4.1.1. Neutral PET (NPET) and Neutral PET Range (NPETR)


According to the above analysis, in summer, the neutral temperature is 26.2 °C and the neutral temperature range is 24.7–27.8 °C in Changsha, a subtropical region. There have been many studies undertaken around the world on thermal comfort in different climatic zones and regions (Table 5). In general, the NPET is generally higher in hot regions than in cold regions; for example, India (30.8 °C) [34] versus Harbin (21.5 °C) [20]. The NPET of Changsha is 26.2 °C compared with 28.5 °C in Chongqing. The low neutral temperature of Changsha can be explained by the following reasons. Firstly, Chongqing is known as one of the four major furnaces in China and is a typical mountainous city with an average elevation of 232 m, with a high relative humidity and a population that has long experienced and is more adapted to hot weather. Secondly, there may be a link to the area where the study was carried out, as the Chongqing study was carried out in an urban park whereas the Changsha study was carried out in a residential area, where residents may have more stringent requirements for the thermal environment of the residential area [35].



The NPETR in Changsha was relatively narrow compared with Tianjin (11–24 °C) [36] and Xi’an (12.4–26.9 °C) [37]. This could be explained by physiological adaptation, defined as the change in a physiological response resulting from repeated exposure to a stimulus, leading to a gradual decrease in the response induced by this exposure. In Tianjin and Xi’an, where there is a large temperature difference, residents are more adapted to the local climate and have a broader range of thermal sensations. In Changsha, the temperature difference was relatively small due to the long summer season and the very hot summer weather. Outdoor thermal comfort is a complex issue, with different cultural practices and thermal histories influencing the thermal sensation of the residents for physiological or psychological reasons.



Subtropical regions have longer summers and residents are under high temperature conditions for a long time and are more eager to be in a lower temperature outdoor thermal environment.




4.1.2. Thermal Acceptability Range


It was found that the 90% acceptable temperature range in summer in Changsha was below 28.5 °C. Table 6 shows the acceptable temperature range for the outdoor thermal comfort studies from other climate zones. From Table 6, it can be seen that, compared with the study conducted in Mianyang [38], the upper limit of the TAR in Changsha was 7.1 °C lower. This may be due to the difference in the subjects of the two studies. The area where the study was conducted in Mianyang was a university campus, where students are more educated and more likely to engage in physical activity and they are more likely to feel hot. These results and comparisons also suggested that there were significant differences in heat tolerance between different groups in different regions. The 80% TAR upper limit in Hong Kong [18] was much higher than in Changsha, which was related to the high temperature of the region and the thermal history of the residents, even in winter when the average temperature in Hong Kong is above 16 °C. The 80% TAR was also broader than the 90% TAR. Compared with the experiments undertaken in the winter in Harbin [39], a severe cold region, the TAR in Harbin was above 10.2 °C. This showed more regional characteristics of thermal environmental acceptability in different cities, with people living in hot regions having a higher tolerance to high outdoor temperatures and residents living in severe cold regions having a higher tolerance to cold [40].




4.1.3. Thermal Comfort PET


In summer, the TCV has a good linear relationship with the PET. The lower the PET, the more comfortable the residents feel. In the summer of our study, the “cool” sensation (TSV = −1.7) was much more comfortable and the thermal comfort PET derived was 24.5 °C, 1.7 °C lower than the NPET. The results of our study showed that NPET were not necessarily the most comfortable temperatures for the residents [9]. The residents were comfortable at temperatures lower than neutral in the summer. This was consistent with the findings from Mianyang [38].





4.2. Outdoor Thermal Environment and Space Use


Residential areas are the main space for the activities of residents and reflect their lifestyles. Among the groups that are active in residential areas, residents prefer social activities. Apart from regular exercise groups, more people use the green spaces in residential areas less purposefully and are more susceptible to environmental influences.



The spatial and temporal trends in the distribution of the footfall in our study areas suggested that the thermal environment of the outdoor activity space affected the thermal comfort and space use of the residents [37,41,42,43]. We found that Spaces B and C had good thermal comfort due to being in the shade of trees and buildings, but had very low attendance in the evening and night. Space A was largely devoid of resident activity during the day, but attendance began to soar after sunset because, during the day, Space A was exposed to direct sunlight without shade and had very poor thermal comfort whereas at night, the open activity spaces, streetlights, and activity facilities of Space A provided a place for residents to socialize. Space D saw an increase in the number of people taking walks after dark and Space E was dominated by parents with small children, with activities mainly taking place in the morning. In addition to thermal comfort, other conditions similar to activity facilities and life patterns can influence attendance and space use [44,45].



In summer, residents tend to choose the morning and evening hours to be out and about in shaded areas. Residents take the initiative to balance the relationship between the summer heat and their needs by adjusting their activity times and spaces. By understanding the characteristics of different outdoor activity spaces and microclimates and by identifying the characteristics of spaces that attract residents to use them, this study helps to provide guidance for planners to create spatial environments that are suitable for use by residents in line with the characteristics of the climate, thus increasing the use of outdoor spaces.




4.3. Limitations


Our study has a few limitations. First, due to time limitations, we did not undertake thermal comfort experiments in other seasons other than summer. The thermal sensation of residents is different in winter [46] or transitional seasons [47]. In future studies, we will add thermal comfort experiments for other seasons. Secondly, we only chose residential areas as experimental spaces; residents show different thermal sensations and activities in places such as parks [48] or streets [49,50]. In the next study, we will consider more parks, streets, or other open spaces in a comprehensive way to study the thermal comfort of residents.





5. Conclusions


In this study, we used questionnaires, physical measurements, and activity records to investigate the outdoor thermal benchmarks and activities of residents in five open spaces in four residential areas of Changsha in the subtropical region. The following conclusions were drawn.




	(1)

	
The NPET in Changsha, a subtropical region, is 26.2 °C. The NPETR is 24.7–27.8 °C, the thermal comfort temperature is 24.5 °C, and the 90% acceptable PET is under 28.5 °C.




	(2)

	
In summer, the total attendance of residents was quadratically correlated with the PET and was influenced by a variety of factors (daily routine, purpose of activity, and thermal environment), often coming out in the morning and evening and in shaded areas. Residents adapted to the outdoor thermal environment and met their activity needs by adjusting their activity time and activity space.




	(3)

	
Tg and Ta were positively correlated with the TSV of residents and were the main factors influencing the TSV of the residents in summer. Relative humidity was negatively correlated with the TSV and wind speed had essentially no effect on the TSV.









The results of the study have, to a certain extent, filled the research gap on outdoor thermal comfort in a subtropical region and provide guidance for optimizing the design of outdoor public spaces in residential areas for a better outdoor thermal environment.
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Figure 1. Location of the study areas. 
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Figure 2. Differences in meteorological parameters by spaces (The capital letters indicate the experimental spaces; Different Lowercase letters indicate significant difference (p ≤ 0.05)). 
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Figure 3. Thermal sensation vote. 
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Figure 4. Thermal comfort vote. 
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Figure 5. Correlation between TSV and TCV. 
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Figure 6. Thermal adaptive behaviors. 
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Figure 7. Correlation between PET and mean TSV. 
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Figure 8. Relationship between the thermal unacceptable range and PET. 
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Figure 9. Correlation between PET and mean TCV. 
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Figure 10. Physical factors affecting TSV (blue represents positive correlations, red represents negative correlations. Numbers indicate correlation coefficients. The color shade and circle size represent the strength of the correlation). 
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Figure 11. Spatial and temporal distribution of inhabitants. 
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Figure 12. Relationship between attendance and PET. (The relationship between the respective attendance and PET for each of the five spaces (a), The relationship between total attendance and PET (b)). 
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Table 1. Description of the study areas.
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	Space
	Measurement Space Characteristics
	Fisheye Photos
	SVF





	A
	Consists mainly of an open-air basketball court with a glass gallery and a few fitness facilities at the side of the site.
	 [image: Atmosphere 13 01357 i001]
	0.46



	B
	The square is almost completely covered in shade and the ground consists of an impermeable surface with a few fitness facilities and tables and chairs arranged in the corners of the site.
	 [image: Atmosphere 13 01357 i002]
	0.03



	C
	The elevated floors of the high-rise buildings are the main resting places for the inhabitants, where shade and ventilation are good and where hard concrete is the main component of the site.
	 [image: Atmosphere 13 01357 i003]
	0.01



	D
	Consists of fitness facilities and umbrellas for shade suitable for residents with plastic concrete floor coverings and an overall soft surface.
	 [image: Atmosphere 13 01357 i004]
	0.29



	E
	The site provides play facilities for children, fitness facilities for parents, and a shaded corridor; the other side is landscaped with plants.
	 [image: Atmosphere 13 01357 i005]
	0.22
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Table 2. Details of the equipment used to measure microclimate.
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Instrumentation

	
Parameter

	
Range

	
Accuracy






	
Kestrel 5400

	
Air temperature

	
−29 °C~70 °C

	
0.5 °C




	
Relative humidity

	
10%~90%

	
±2.0%




	
Wind speed

	
0.6~40 m/s

	
±3.0%




	
Globe temperature

	
−29 °C~60 °C

	
1.4 °C




	
TES-1333R

	
Solar radiation

	
0~2000 W/m2

	
±5%
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Table 3. Respondent attributes.
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Gender

	
Age

	
Type of Activity






	
Men

	
Women

	
<12

	
13–20

	
21–59

	
>60

	
sitting

	
Standing

	
Walking

	
Caring

	
Exercising




	
42.2%

	
57.8%

	
13.4%

	
5.7%

	
48.9%

	
32%

	
29%

	
4.7%

	
22.9%

	
16.6%

	
26.8%
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Table 4. Regression equation for PET and attendance.
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	Space
	Regression Equation
	R2





	A
	y = −0.0948x2 + 5.6886x − 43.88
	R2 = 0.1321



	B
	y = −0.5992x2 + 38.175x − 578.14
	R2 = 0.1406



	C
	y = −2.0924x2 + 145.52x − 2473.7
	R2 = 0.3389



	D
	y = −0.0328x2 + 2.4425x − 21.288
	R2 = 0.0105



	E
	y = −0.1338x2 + 9.244x − 141.31
	R2 = 0.1134



	Total
	y = −3.6396x2 + 253.65x − 4269.6
	R2 = 0.6028










[image: Table] 





Table 5. NPET and NPETR in other outdoor thermal comfort studies.
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	Location
	Climatic Zone
	Season
	NPET
	NPETR
	References





	Xi’an, China
	Cwa
	Winter, summer, spring
	19.7 °C
	12.4–26.9 °C
	[37]



	Safidon, India
	Bsh
	Summer
	30.8 °C
	24.04–37.5 °C
	[34]



	Harbin, China
	Dwa
	Summer
	21.5 °C
	12.99–19.89 °C
	[20]



	Chongqing, China
	Cfa
	Summer
	28.45 °C
	23.38–33.52 °C
	[35]



	Tianjing, China
	Dwa
	Cold, hot, and shoulder season
	-
	11–24 °C
	[36]
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Table 6. Thermal acceptability range from other OTC studies.
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	Location
	Climatic Zone
	Season
	Content
	TAR
	Range
	References





	Mianyang, China
	Dwa
	Summer
	Campus
	<35.6 °C
	90%
	[38]



	Hong Kong, China
	Cwa
	Summer
	Park
	21.3–39.5 °C
	80%
	[18]



	Harbin, China
	Dwa
	Winter
	Residential
	>10.2 °C
	90%
	[39]
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