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Abstract

:

The problem of population aging in China is becoming increasingly serious. Increasing outdoor space can increase the frequency of outdoor activities for the elderly and effectively improve their quality of life. In this study, we examined the thermal comfort of outdoor activity spaces for older adults in summer using a subjective questionnaire in Guangzhou City, calculated and analyzed the perception and comfort range of microclimatic factors for older adults in hot and humid areas, and explored gender differences. The specific results were as follows: (1) The neutral physiological equivalent temperature (PET) for the overall respondents was 30.4 °C, compared to an acceptable PET of 33.8 °C. The neutral wind speed and acceptable wind speed for the overall respondents were both 0.4 m/s. The neutral relative humidity for the overall respondents was 56.49%, whereas the acceptable relative humidity was 64.94%. (2) Gender differences were observed among older respondents regarding PET and relative humidity, while no significant gender differences were found among older respondents regarding wind speed. (3) Summer thermal sensation voting for older adults in hot and humid areas were mainly centered on “hot” (30.2%), and “not too hot nor cold” (38.7%). The wind sensation voting was centered on “not high or low” (44.6%). Humidity sensation voting was mainly concentrated on “not wet nor dry” (69.4%). This study provides guidance to urban planners and architects to help them create urban environments that are more comfortable and responsive to the needs of the aging population.
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1. Introduction


1.1. Research Background


The increasing urban heat island effect is due to rapid urbanization and changes in urban subsurface materials [1]. The high summer temperatures and humidity in hot and humid areas superimposed on the heat island effect pose a great threat to people’s lives and health [2]. Harsh thermal environments can lead to a range of heat-related illnesses, including coronary heart disease, cerebrovascular disease, heart attack, and heat stroke, among others, and in severe cases, death [3]. Numerous previous studies have shown that urban microclimates directly impact the use of public open spaces, including parks, squares, campuses, and neighborhoods [4,5,6,7]. There is a growing interest in improving urban outdoor habitats.



Additionally, global birth rates are decreasing, people are living longer, and the global population is aging, with this trend accelerating particularly in urban areas [8]. In the center of Guangzhou, China, the proportion of elderly residents has reached 22.5% [9]. In reviews of high temperatures and climate change, the elderly are often defined as a vulnerable group that is at greater risk from global climate change. Consequently, improving the health and comfort of the elderly has become a popular research topic [10,11].




1.2. Literature Review


In the earliest studies of thermal comfort in older adults, significant differences in thermal comfort have been found between older and younger adults [12]. Some studies have found that as we age, our metabolic rate decreases, and our ability to perceive our environment, including sensitivity to heat, diminishes, making older people less sensitive to heat than younger individuals [13,14]. It also makes older people more responsive to environmental changes than other age groups [15]. Yang et al. [16] conducted a study on the indoor thermal sensation of elderly people in 26 nursing homes in South Korea. The results of the study revealed that the elderly preferred the cold season over the hot season due to the greater variety of thermal-resistant clothing options available during colder months. At the same time, many studies suggest that when older people express dissatisfaction with the indoor environment, they can enhance their comfort by adjusting their thermal adaptation behaviors, such as reducing physical activity, increasing water intake, modifying clothing, or adjusting air conditioning [17,18,19]. As a result, the environmental needs of older people differ from those of other age groups [20]. While some studies suggest that outdoor activity is a crucial aspect of aging well [21,22], today’s bioclimatic design strategies for cities often do not address the outdoor heat-related needs of elderly individuals [23,24,25]. And because outdoor environments are more complex and variable than indoor environments, simple thermal sensations in outdoor environments are not fully representative of the comfort of older adults when enjoying urban outdoor spaces [26].



As research advances, an increasing number of scholars are discovering that relative humidity is one of the key factors that affect the comfort of outdoor activity spaces [27,28]. In hot climates, the human body dissipates excess heat through sweating to maintain a stable body temperature. In high-humidity environments, the presence of moisture in the air slows down the evaporation of sweat, causing people to feel even hotter [29]. A study by Du et al. [30] found a significant increase in humidity sensation voting (HSV) when summer air temperatures exceeded 32 °C. Li et al. [31] investigated the range of comfortable humidity for different seasons and found that the comfortable humidity ranged from 7.9 to 15.1 g/kg in spring, 3.3 to 18.8 g/kg in summer, and 2.9 to 12.8 g/kg (humidity ratio) in fall and winter, respectively. In addition to humidity, natural outdoor air is an equally important factor in outdoor thermal comfort. Lu et al. [32] conducted a study on the thermal comfort of semi-open buildings under natural ventilation conditions in Hainan, China. The results showed a significant positive correlation between wind speed and thermal satisfaction for both local residents and tourists. In Hong Kong, a hot and humid area, Ng et al. [33] investigated the impact of wind speed on human thermal comfort. The results indicated that people require a minimum wind speed of 0.9–1.3 m/s for good thermal comfort in summer.



In conclusion, due to the extreme heat environments during the summer months in humid and hot areas, many researchers have begun to analyze the effects of extreme climatic conditions on the physiological safety of the human body, and the high outdoor temperatures in humid and hot areas are of particular concern [34,35]. When living in hot environments above 35 °C [36], exposure to high temperatures may increase the probability of illness (heat stroke, heat cramps and heat exhaustion) [37,38]. To reduce health risks in hot environments, researchers have proposed a number of strategies to improve outdoor thermal environments to protect urban residents at work, training, and recreation [39]. However, these strategies do not focus on the aging population as a group. In order to address the health and well-being of the aging population, there is a need to investigate summer outdoor comfort for older adults.




1.3. Research Objective


While studies have explored heat perception among elderly people in various regions, research on heat perception, wind perception, and humidity perception of elderly individuals in hot and humid subtropical climate zones remains limited. This study investigated not only heat perception (including heat comfort, heat sensation and heat acceptability) but also wind perception (including wind comfort, wind sensation and wind acceptability) and humidity perception (including humidity comfort, humidity sensation and humidity acceptability), which have been neglected in the past. In addition to this, the study also examined the effect of gender on these perceptions. The results of this study can extend the understanding of summer outdoor microclimatic factors for the elderly in hot and humid areas and provide guidance to urban planners and architects to help them create urban environments that are more comfortable and responsive to the needs of the elderly.





2. Methodology


2.1. Study Sites


Guangzhou (112°E–114.2°E, 22.3°N–24.1°N), located in the south of China, is the capital city of Guangdong Province and a megacity in the Pearl River Delta city cluster. Ac-cording to the Köppen climate classification, Guangzhou has a humid subtropical climate, with south-easterly winds prevailing in summer [40]. Guangzhou has hot and humid summers with abundant rainfall and relatively mild winters with little rain. Figure 1 displays a typical meteorological year for Guangzhou from 2014 to 2018, indicating an annual average air temperature of approximately 22 °C and an annual average relative humidity of around 77%. In August, the average air temperature is about 26 °C, with an average relative humidity of approximately 73% [41]. With the combination of high temperatures and high humidity in Guangzhou, summer thermal environments often experience moderate to high levels of heat stress [42].




2.2. On-Site Measurement


The experiment was conducted from 17 August to 26 August 2023, during which six typical summer meteorological days were selected for the measurement of outdoor spatial thermal environment parameters, the collection of subjective thermal evaluation questionnaires and the measurement of human physiological parameters. The measurements and questionnaires were taken and distributed over a period of 570 min, from 9:30 a.m. to 6:00 p.m. The field instrumentation automatically recorded the outdoor thermal environment parameters, while the experimenters recorded the physiological parameters and subjective perception of microclimatic factors of the aging people in the experimental site. This survey was conducted in a city park in Panyu District, Guangzhou City. During each survey in the park, mobile observers randomly distributed questionnaires to elderly respondents. The questionnaires were distributed in spaces such as shade trees, open walkways, and lakeside. The specific park layout and mobile route are shown in Figure 2.



During the field measurements, the globe temperature of the outdoor environment was measured using the SSDZY-1 thermal comfort meter, while the air temperature (Ta) and relative humidity (RH) were measured using the HOBO Pro. The wind speed (Va) of the outdoor environment was recorded using the Kestrel 5500 handheld anemometer. The measurement range, accuracy and data acquisition frequency of all instruments are in accordance with the ISO7726 standard [43]. Specific instrument parameters are shown in Table 1. According to ISO 7726, the instrument was arranged near 1.1 m from the vicinity of the subject, which is the center of gravity position recommended by the ISO 7726 standard for human standing. The globe thermometer has a diameter (D) of 0.15 m and a sphere emissivity (εg) of 0.95. The mean radiant temperature (MRT) is calculated from Equation (1) [44]. This is one of the most commonly used methods for estimating the outdoor MRT [45,46,47,48].


  M R T =           T   g   + 273     4   +     1.1 ×   10   8   ×   V   a   0.6           ε   g   ×   D   0.4       ×     T   g   −   T   a           1   4     − 273 ,  



(1)








2.3. Survey Questionnaire


According to the age classification regulations of the National Bureau of Statistics of China, people aged 65 and above are considered elderly [49]. Therefore, the age of the respondents in this study was greater than or equal to 65 years. The questionnaire for this study consisted of two parts. The first part included the physical characteristics of the respondents, such as gender, age, height, weight, clothing status, and exercise status during the past 20 min. The heat resistance and human metabolic rate of the garments are determined according to ISO 7730 and ISO 9920 [50,51]. The second section includes the respondents’ subjective perception of meteorological factors, including thermal sensation, wind sensation, humidity sensation, wind acceptability, humidity acceptability, and overall thermal acceptability. The range of thermal, humidity and wind sensations corresponds to thermal environments as described in ASHRAE 55 and ISO 7730. The traditional ASHRAE seven-point scale was used as follows: −3, cold (very dry, very light winds); −2, cool (dry, light winds); −1, slightly cool (slightly dry, slightly light winds); 0, neutral; 1, slightly hot (slightly humid, slightly windy); 2, warm (humid, very windy); 3, hot (very humid, excessive windy). A three-point scale was used for thermal, humidity and wind comfort: −1, uncomfortable; 0, fair; 1 comfortable. Thermal, humidity and wind sensations were accepted on a two-point scale: 0, acceptable; 1, unacceptable. Older people are the age group most susceptible to disease, and taking medication can affect the results of subjective questionnaires, so the effects of disease and medication were excluded from this study, and all respondents lived in Guangzhou for more than one year without chronic diseases or taking medication. The detailed questionnaire is shown in Appendix A.




2.4. The Thermal Index


Physiological Equivalent Temperature (PET) is a thermal comfort indicator derived from human heat balance modeling and is widely used in the evaluation of elderly outdoor thermal comfort [52,53,54]. In this study, MRT, Ta, RH and Va were utilized to calculate PET in the Rayman model to assess outdoor human thermal comfort. The PET derived from Rayman’s model is the same as the PET calculated using Höppe’s PET Fortran program [55,56].





3. Results


3.1. Physiological Characteristics


A total of 594 questionnaires were distributed in this study and 543 valid questionnaires were returned. Male respondents accounted for 48.6% and female respondents 51.4%. Table 2 shows the number and physical characteristics of respondents per day. According to ISO 7730 standards and ASHRAE Standard 55, metabolism is influenced by many factors, including activity type, age, and gender. The metabolic rates of people in various states were set as follows: quietly seated (1 met), standing (1.2 met), walking (2 met), brisk walking (2.6 met), and jogging (3.8 met), respectively. One met unit at the relaxed sitting state is calculated as 58.2 W/m2. Respondents had the following mean characteristics: clothing insulation of 0.38 ± 0.08 clo, metabolic rate of 88.2 ± 27.4 W/m2, height of 162.2 ± 3.4 cm, weight of 60.2 ± 4.3 kg, and an age of 69 ± 2.4 years. The youngest of these respondents was 65 years old and the oldest was 76 years old.




3.2. Meteorological Parameters


The measured outdoor microclimate parameters are shown in Figure 3. The mean Ta, MRT, RH and Va values during the experimental period were 35.8 °C, 38.5 °C, 62.5% and 0.39 m/s, respectively. The maximum and minimum Ta were 40.9 °C and 32.3 °C, the maximum and minimum MRT were 60.4 °C and 33.2 °C, the maximum and minimum RH were 68.9% and 55.2%, and the maximum and minimum Va were 1.8 m/s and 0 m/s, respectively. The measured results are consistent with the typical summer day climate characteristics of Guangzhou City.




3.3. Distribution of Subjective Perception and Comfort Votes


Figure 4a shows the thermal sensation voting (TSV), wind sensation voting (WSV) and humidity sensation voting (HSV) percentages. Throughout the fieldwork, 17.9% of respondents felt “very hot”, 30.2% of the respondents felt “hot”, 11.6% of respondents felt “warm”, 38.7% of respondents felt “neutral”, and only 1.6% of respondents felt “slightly cold”. For WSV, 1.7% of respondents felt that there was “excessive windy”, 7.9% of respondents felt “very windy”, 10.3% of respondents felt “slightly windy”, 44.6% of respondents feel “neutral”, 17.3% of the respondents felt that the wind was “slightly light winds”, 11.6% of the respondents felt that there were “light winds”, 6.6% of the respondents felt that there were “very light winds”. For HSV, 6.8% of respondents felt “very humid”, 2.4% of respondents felt “humid”, 13.3% of respondents felt “slightly humid”, 69.4% of respondents felt “neutral”, 5.6% of respondents felt “slightly dry”, and 2.5% of respondents felt “dry”. Figure 4b shows the percentage of Thermal Comfort Vote (TCV), Wind Comfort Vote (WCV) and Humidity Comfort Vote (HCV). Throughout the fieldwork 17.7% of respondents found the current thermal environment to be “uncomfortable”, 50.3% found it to be “just so so”, and 32% found it to be “comfortable”. Regarding the wind environment, 18.4% of the respondents thought that the current wind environment was “uncomfortable”, 27.4% thought that it was “just so so”, and 45.8% thought that it was “comfortable”. Regarding the humidity environment, 7.9% of the respondents considered it “uncomfortable”, 14.6% considered it “just so so”, and 77.5% considered it “comfortable”. Since the respondents have been living in hot and humid areas for a long time, they have adapted to the high humidity outside in summer, so the proportion of RH “uncomfortable” is significantly smaller than that of other microclimate factors.




3.4. Distribution of Preference Vote


Respondents’ preference voting for meteorological parameters during the survey period is shown in Figure 5. For Ta, 56.4% of the respondents needed a lower Ta, 41.1% said that the current Ta did not need to be changed, and 2.5% needed a higher Ta. For MRT, 54.1% of respondents needed a lower MRT, 42.7% said that the current MRT did not need to be changed, and 3.2% needed a higher MRT. For RH, 18.2% of the respondents needed a lower RH, 77.7% said that the current RH did not need to be changed, and 3.2% needed a higher RH. For Va, 1.6% of respondents needed a lower Va, 71.3% of respondents said that the current Va did not need to be changed, and 27.1% of respondents needed a higher Va. This result shows that older respondents were more satisfied with RH and Va than with Ta and MRT.




3.5. Thermal Sensation and Thermal Acceptability


3.5.1. Neutral PET (NPET)


We calculated the Mean TSV (MTSV) for male and female respondents at a PET interval of 1 °C and plotted these values against each other. The results of the calculations are shown in Figure 6. The slope of the regression equation for male respondents was 0.1276, which corresponds to 7.8 °C PET/MTSV. The slope of the regression equation for female respondents was 0.1200, which corresponds to 10.1 °C PET/MTSV. The slope of the regression equation for all respondents was 0.1281, which corresponds to 7.8 °C PET/MTSV. This suggests that male elderly individuals in summer are less sensitive to changes in PET than female elderly individuals. Neutral temperature is the temperature at which people feel neither cold nor hot [4]. When MTSV = 0, NPET was 31.1 °C for male respondents, 29.2 °C for female respondents, and 30.4 °C for all respondents [Equations (3)–(5)]. The NPET range (NPETR) is the temperature range within the TSV range of −0.5 to 0.5 [57]. The NPETR was 27.2–35.0 °C for male respondents, 25.0–33.3 °C for female respondents, and 26.5–34.4 °C for all respondents. The upper and lower limits of NPETR were 1.7 and 2.2 °C higher in male respondents, respectively, compared to female respondents. This indicates that male respondents were less thermally sensitive to hot conditions than female respondents and more heat resistant than female respondents.


Male respondent: MTSV = 0.1276PET − 3.971 (R2 = 0.8194)



(2)






Female respondent: MTSV = 0.1200PET − 3.500 (R2 = 0.8585)



(3)






Total respondent: MTSV = 0.1281PET − 3.900 (R2 = 0.8644)



(4)








3.5.2. Thermal Acceptability


ASHRAE Standard 55 states that at least 80% of respondents indicating that the thermal environment is acceptable means that the thermal environment is acceptable for that condition [34]. We calculated the proportion of unacceptability within each 1 °C interval of PET among male and female respondents and performed a linear fit to PET. The results are shown in Figure 7. At a thermal acceptability rate of 80%, the acceptable PET was 34.4 and 33.2 °C for male and female respondents, respectively. Acceptable PET for all respondents was 33.8 °C. Acceptable PET for male respondents was 1.2 °C higher than female respondents. In summary, male respondents had a higher thermal tolerance than female respondents.





3.6. Wind Sensation and Wind Acceptability


3.6.1. Neutral Wind Speed (NVa)


We calculated the Mean WSV (MWSV) at wind speed intervals of every 0.5 m/s, and Figure 8 displays the mean wind speed sensation reported by the respondents. The slope of the regression equation for male respondents was 1.2076, which corresponds to 0.8 m/s Va/MWSV, for female respondents it was 1.2167, which corresponds to 0.9 m/s Va/MWSV, and for all respondents it was 1.2578, which corresponds to 0.8 m/s Va/MWSV. This means that male respondents were slightly less sensitive to Va than female respondents. When MWSV = 0, the corresponding Va is 0.4 m/s for male respondents, 0.5 m/s for female respondents, and 0.4 m/s for all respondents [Equations (6)–(8)]. The NVa range (NVaR) is the range of wind speeds within the WSV range −0.5 to 0.5. The NVaR was 0–0.8 m/s for male respondents, 0.1–0.9 m/s for female respondents, and 0.1–0.9 m/s for all respondents. The lower and upper NVaR limits for male respondents were slightly lower than those for female respondents, but the overall difference was not significant.


Male respondent: MWSV = 1.2076Va − 0.4981 (R2 = 0.8390)



(5)






Female respondent: MWSV = 1.2167Va − 0.6123 (R2 = 0.9414)



(6)






Total respondent: MWSV = 1.2578Va − 0.5766 (R2 = 0.9226)



(7)








3.6.2. Wind Acceptability


We calculated the proportion of unacceptability within each 0.5 m/s interval of Va among male and female respondents and conducted a linear fit to Va. The results are shown in Figure 9. At a wind acceptability of 80%, the acceptable Va was 0.5 and 0.4 m/s for male and female respondents, respectively. The acceptable Va for all respondents was 0.4 m/s. Acceptable Va was 0.1 m/s higher for male respondents than for female respondents. Male respondents had a slightly lower NVaR than females, but their Acceptable Va was slightly higher than that of females, implying that males have a higher tolerance for slightly higher winds than females, but the overall gender difference was not significant.





3.7. Humidity Sensation and Humidity Acceptability


3.7.1. Neutral Relative Humidity (NRH)


We calculated the Mean HSV (MHSV) at relative humidity intervals of every 2%. Figure 10 shows the mean humidity sensation vote of the respondents. The slope of the regression equation for male respondents was 0.0520, which corresponds to 19.23%/RH/MHSV, the slope of the regression equation for female respondents was 0.0509, which corresponds to 19.65%/RH/MHSV, and the slope of the regression equation for all respondents was 0.0516, which corresponds to 19.38%/RH/MHSV. This means that male respondents were less sensitive to changes in RH than female respondents during the summer. When MHSV = 0, the corresponding RH was 56.05% for male respondents, 57.28% for female respondents, and 56.49% for all respondents [Equations (8)–(10)]. The NRH range (NRH)R is the range of relative humidity within the WSV range −0.5 to 0.5. The NRHR ranged from 46.44–65.67% for male respondents, 47.45–67.10% for female respondents, and 48.82–66.20% for all respondents. The lower and upper NRHR limits for male respondents were slightly lower than those for female respondents, implying that male respondents tolerated humidity less than female respondents.


Male respondent: MHSV = 0.0520RH − 2.9147 (R2 = 0.8434)



(8)






Female respondent: MHSV = 0.0509RH − 2.9153 (R2 = 0.8526)



(9)






Total respondent: MHSV = 0.0516RH − 2.9161 (R2 = 0.8507)



(10)








3.7.2. Humidity Acceptability


We calculated the proportion of unacceptability within each 2% interval of RH among male and female respondents and conducted a linear fit to the RH. The results are shown in Figure 11. At 80% acceptable humidity, the acceptable RH was 64.20 and 65.86% for male and female respondents, respectively. The acceptable RH for all respondents was 64.94%. Acceptable RH was 1.66% lower for male respondents than for female respondents. Overall, all respondents had a much higher level of acceptability of current humidity conditions than other microclimate factors.






4. Discussion


4.1. Thermal Environment


Male respondents in this study (27.2–35.0 °C) were less thermally sensitive to high-temperature conditions than female respondents (25.0–33.3 °C), and the overall respondents had a summer NPETR of 26.5–34.4 °C, which was higher than that of young people in the Guangzhou area (19.2–24.6 °C) [42]. And the outdoor NPET is 2.3 °C higher than that of Malaysian university students (28.1 °C) in the same humid and hot areas [58]. The weakening of the thermoregulatory system, due to the deterioration of various bodily functions in the elderly, affects the surface skin temperature of the elderly resulting in a reduced ability to perceive the thermal environment [59]. Under heat exposure, the stored heat in the body of the elderly cannot be eliminated, leading to a decrease in sensitivity to the surrounding heat environment [60,61]. In addition to this, when facing a hot environment, the elderly will have a more positive attitude than the young to cope with the hot weather, which reduces the subjective feeling of feeling the heat [15]. Comparisons of NPET among the elderly in different regions are shown in Table 3. The NPET was significantly higher in the summer months for older adults in hot and humid regions than for older adults in other regions. In this study, more than 80% of the elderly respondents have lived in Guangzhou for more than 30 years, and due to the long-term exposure to hot and humid climatic conditions, the elderly people in Guangzhou have developed a high level of heat tolerance.




4.2. Wind Environment


The NVa in this study was 0.41 m/s for male respondents and 0.5 m/s for female respondents, both falling within the range of 0.5 m/s. According to the Beaufort Wind Scale, a force 1 wind is 0.3–1.49 m/s and a force 2 wind is 1.5–3.25 m/s [62]. The NVa of all respondents was within the wind range of class 1. And in Hong Kong Du et al. specified wind comfort criteria for young people, which are considered unacceptable wind environments when the wind speed is below 1.5 m/s (force 2 wind) and the air temperature is higher than 30 °C [63]. It can be seen that the attitude of the elderly towards natural outdoor breezes is markedly different from that of the young. The reason for this difference is attributed to the aging of the body’s immune system in the elderly. Immune aging leads to the weakening of immune cells in the elderly’s bodies, making them more susceptible to diseases than other populations [64]. As a result, most elderly individuals choose to have lower wind speeds to avoid unnecessary health risks. Meanwhile, our results found that the slopes of the regression equations corresponding to PET, Va and RH for the older respondents were 0.1281, 1.2167 and 0.0516, respectively, and that the sensitivity of the older people facing Va was much higher than that of PET and RH. Therefore, when facing the outdoor high-wind environment in the summer, they tended to choose a lower wind speed.




4.3. Humidity Environment


The high summer humidity that characterizes the climate in hot and humid regions can exacerbate thermal maladaptation outdoors, and the relative humidity was in the range of 55–69% throughout the experimental period. In the face of high humidity, as many as 77.7% of the respondents indicated that there was no need to change the current RH and that the MHSV values of the respondents in this study were not high, ranging between −0.1 and 0.6. Only a small proportion of respondents (15.3%) found RH during the trial unacceptable. This shows that the RH during the experiment was largely within the comfort range. This is because people are much less sensitive to RH perception than to other environmental factors, especially when they are in a certain climate zone for a long time [4]. The respondents in this study lived in Guangzhou for a long period of time resulting in a reduced sensitivity to high humidity, and they tended to feel less humid than respondents in other climatic zones [65].





5. Conclusions


In this study, we investigated the perception of various meteorological factors by elderly people in Guangzhou City, China, through microclimate observation and the questionnaire method, and compared the outdoor thermal comfort of male and female elderly people. The following conclusions were drawn:




	(1)

	
The NPET of the overall respondents was 30.4 °C and the acceptable PET was 33.8 °C; the NVa of the overall respondents was 0.4 m/s and the acceptable Va was 0.4 m/s; the NRH of the overall respondents was 56.49% and the acceptable RH was 64.94%.




	(2)

	
Summer TSVs for older adults in hot and humid areas were mainly centered on ‘very hot’ (17.9%); ‘hot’ (30.2%); ‘warm’ (11.6%); and ‘not too hot’ (38.7%). WSVs were centered on ‘slightly windy’ (10.3%); ‘not too windy’ (44.6%); ‘slightly windy’ (44.6%); and ‘little wind’ (11.6%). HSV was mainly concentrated on ‘slightly wet’ (13.3%) and ‘neither wet nor dry’ (69.4%).




	(3)

	
There were significant gender differences in PET and RH among older respondents, but no significant gender differences were found in Va among older respondents.









Based on the results of the study, urban planners should set up special activity areas for the elderly in the design of urban outdoor spaces to create comfortable outdoor activity spaces for the elderly. In addition, our study has several limitations. First, we ignored the perception of meteorological factors in the winter and transitional seasons of the elderly in Guangzhou, leaving a gap in our perception of meteorological factors in the elderly for a year. Second, we did not analyze the effect of age on the perception of weather factors in the elderly. Finally, none of the respondents we selected for this study had chronic diseases or were taking medications, and we ignored the influence of this important factor of disease and medication in the older population. At the same time, however, these limitations provide direction for our subsequent work.
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Appendix A. Outdoor Thermal Comfort Questionnaire




	
Part I Information for respondents




	
  Location:

	
  Time:

	
  Date:




	
  Gender: □Male □Female

	
  Age:

	
  Height: (m)

	
  Weight: (kg)




	
  Hometown:

	
  Length of time living in Guangzhou:




	
  1. Please check all of the subject’s current clothing (multiple choice)




	
  Upper body: □Sleeveless vest □T–shirt: (□Long-sleeved T–shirt/□Short-sleeved T–shirt) □Jacket




	
  Lower body: □Short trousers □Long trousers (□Thin □Thick) □Short skirt □Long skirt □Dress (□Long-sleeved dress/□Short-sleeved dress)




	
  Feet: □Socks □Shoes □Boots




	
  Others: □Hat □Mouthpieces




	
  If this subject wears other clothes, please describe specifically:




	
  2. What was the subject doing in the last 20 min (single choice)




	
  □High-intensity exercise

	
  □Standing




	
  □Medium-intensity exercise

	
  □Seated




	
  □Low-intensity exercise

	
  □Reclining




	
Part II: Thermal perception




	
  1. Please describe your current thermal sensation:




	
  □Very cold

	
  □Cold

	
  □Cool

	
  □Neutral

	
  □Warm

	
  □Hot

	
  □Very hot




	
  2. Please describe your thermal comfort level:

	
3. Please describe your acceptable level for current thermal environment




	
  □Uncomfortable

	
□Just so-so

	
□Comfortable

	
□Unacceptable

	
□Acceptable




	
  4. Please describe your current wind sensation:




	
  □Very small

	
□Small

	
□A little small

	
□Neutral

	
□A little windy

	
□Windy

	
□Very windy




	
  5. Please describe your wind comfort level:

	
6. Please describe your acceptable level for current wind environment




	
  □Uncomfortable

	
□Just so-so

	
□Comfortable

	
□Unacceptable

	
□Acceptable




	
  7. Please describe your current humidity sensation:




	
  □Very dry

	
□Dry

	
□A little dry

	
□Neutral

	
□A little wet

	
□Wet

	
□Very wet




	
  8. Please describe your humidity comfort level:

	
9. Please describe your acceptable level for current humidity environment




	
  □Uncomfortable

	
□Just so-so

	
□Comfortable

	
□Unacceptable

	
□Acceptable




	
  10. How would you prefer the following meteorological parameters to be?




	
  Temperature

	
□Warmer

	
□No change

	
□Cooler




	
  Wind speed

	
□Higher

	
□No change

	
□Lower




	
  Solar radiation

	
□Stronger

	
□No change

	
□Weaker




	
  Relative humidity

	
□Higher

	
□No change

	
□Lower
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Figure 1. Monthly ranges and averages of daily outdoor relative humidity and air temperature from 2014 to 2018. 
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Figure 2. Study area and movement paths. 
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Figure 3. Measured outdoor thermal data: (a) Air temperature, (b) Mean radiation temperature, (c) Relative humidity, (d) Wind speed. 
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Figure 4. Subjective perception and comfort votes: (a) Subjective perception of each weather factor votes, (b) Comfort votes. 
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Figure 5. Meteorological parameter votes. 
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Figure 6. Correlation between PET and MTSV: (a) Male respondent; (b) Female respondent; (c) Total respondents. 
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Figure 7. Correlation between the thermal unacceptable rate and PET: (a) Male respondents; (b) Female respondents; (c) Total respondents. 
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Figure 8. Correlation between wind speed and MWSV: (a) Male respondent; (b) Female respondent; (c) Total respondents. 
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Figure 9. Correlation between the wind speed unacceptable rate and wind speed: (a) Male respondents; (b) Female respondents; (c) Total respondents. 
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Figure 10. Correlation between relative humidity and MHSV: (a) Male respondent; (b) Female respondent; (c) Total respondents. 
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Figure 11. Correlation between the humidity unacceptable rate and relative humidity: (a) Male respondents; (b) Female respondents; (c) Total respondents. 
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Table 1. Instruments and technical parameters.
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Instruments

	
Parameter

	
Range

	
Accuracy

	
Sampling Rate






	
SSDZY-1

	
Globe temperature

	
−20–80 °C

	
±0.3 °C

	
60 s




	
HOBO Pro

	
Air temperature

	
−40–70 °C

	
±0.02 °C




	
Relative humidity

	
0–100%

	
±2.5%




	
Kestrel 5500

	
Wind speed

	
0–5 m/s

	
±0.05 m/s











 





Table 2. Detailed information on subjects during the trial.
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Dates

	
Number

	
Clothing Insulation (clo) Mean ± SD

	
Metabolic Rate (W/m2) Mean ± SD

	
Physiological Parameter




	
Height (cm) Mean ± SD

	
Weight (kg) Mean ± SD

	
Age Mean ± SD






	
17 August 2023

	
87

	
0.40 ± 0.10

	
93.4 ± 22.6

	
163.4 ± 4.35

	
62.4 ± 4.75

	
69 ± 2.61




	
20 August 2023

	
75

	
0.36 ± 0.04

	
85.3 ± 31.4

	
162.8 ± 3.64

	
59.4 ± 3.71

	
67 ± 1.67




	
22 August 2023

	
92

	
0.40 ± 0.05

	
97.6 ± 25.3

	
159.7 ± 2.68

	
59.8 ± 4.39

	
71 ± 3.26




	
24 August 2023

	
85

	
0.39 ± 0.10

	
90.5 ± 27.6

	
161.2 ± 2.76

	
58.7 ± 4.23

	
72 ± 2.87




	
25 August 2023

	
79

	
0.32 ± 0.11

	
87.5 ± 20.2

	
164.5 ± 3.44

	
61.3 ± 4.94

	
67 ± 1.86




	
26 August 2023

	
99

	
0.41 ± 0.08

	
74.9 ± 37.3

	
161.7 ± 3.37

	
59.3 ± 3.74

	
69 ± 2.21








SD—standard deviation.













 





Table 3. Comparison of NPET in different regions.
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	Climatic Zone
	City
	Research Area
	Indicators
	Crowd
	NPET





	Hot summer and warm winter
	Guangzhou, China (this study)
	Communities
	PET
	Elderly
	30.4 °C



	Hot summer and cold winter
	Changsha, China [52]
	Urban park
	PET
	Elderly
	24.5 °C



	Cold
	Xi’an, China [53]
	Urban park
	PET
	Elderly
	20.3 °C



	Severe cold
	Lhasa, China [54]
	Urban Outdoor Space
	PET
	Elderly
	20.6 °C
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