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Abstract: Thermal perception is an important factor affecting the usage of outdoor spaces (e.g., urban
parks). The elderly are the main visitors of urban parks; however, few studies investigated the thermal
perception of the elderly in urban parks in summer. Taking a comprehensive urban park in Changsha,
China, as an example, this study examined the thermal perception of the elderly and investigated
the impacts of age, gender, and health status on the thermal perception through field observation,
questionnaires, and field measurement of meteorological variables. The results showed that: (1) The
neutral physiological equivalent temperature (PET) was 24.48 °C, with a range of 21.99—-26.97 °C.
The comfortable PET was 25.41 °C, and the 90% acceptable PET was 25.84—33.19 °C. (2) The neutral
PET increased with the elderly’s age (e.g., 23.19 °C, 25.33 °C, and 25.36 °C, respectively, for people
aged 60-69, 70-79, and >80 years old). The thermal sensitivity of the elderly increased with the
increase in age. (3) Moving to the shade provided by trees or buildings is the main thermal adaptation
behavior of the elderly in the park in summer. This study extended the understanding of the outdoor
thermal perception of the elderly in summer and can help better urban park planning and design to
improve the thermal perception of elderly visitors in summer in Changsha (China).

Keywords: outdoor thermal comfort; elderly; urban parks; physiological equivalent temperature

1. Introduction

Due to rapid urbanization and land cover changes, the urban heat island effect is
increasing, which poses a great threat to people’s lives and health. Thermal perception
has become an important factor affecting the use of urban outdoor space [1-3]. As a major
space for outdoor activities, urban parks play an important role in public health [4]. Urban
parks can help to increase the level of citizens’ physical activity and thus improve human
health [5]. Urban greenery in parks can reduce the urban heat island effect by providing
shade and moderating microclimate conditions to improve the thermal perception of
visitors [6,7]. Improving thermal perception in urban parks receives increasing attention.

Thermal perception includes three aspects: thermal comfort, thermal sensation, and
thermal acceptability [8,9]. In outdoor thermal perception studies, physiological equivalent
temperature (PET), universal thermal climate index (UTCI), standard effective tempera-
ture (SET¥), and predicted mean vote (PMV) are commonly used metrics [10]. Of them,
PET is the most used [11-13]. It is a combination of climatic factors and individual sub-
jective evaluation and can be used to accurately evaluate the outdoor thermal environ-
ment [14]. Outdoor thermal perception has received extensive attention, and studies have
been conducted for different regions, for example, in America [15], Europe [16], Africa [17],
Asia [18,19], and Oceania [20]; and in different climates, for example, in tropical [21,22],
subtropical [11,23,24], temperate [13,25,26], and cold regions [27,28].

The elderly are an important group of outdoor open space users [29]. The thermal
perception of the elderly to the park is an important factor affecting the attendance and
activity of older adults in outdoor spaces [16,24,30]. Studies have shown that older adults
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have a narrower range of acceptable temperatures in the summer than younger adults [31].
The neutral PET range for the elderly in humid and hot areas is narrower than that for all
aged populations [32]. Some studies have confirmed that the elderly are more receptive
to environmental changes than other aged groups [33-35]. Previous studies found that
as we age, the body’s physiological functions change, leading to a decrease in overall
thermal sensitivity [36-38], and older adults tend to have poorer thermal sensitivity than
younger adults [39]. Studies also showed that humans’ thermal perception may be different
between genders. For example, women typically have higher thermal sensation, thermal
acceptability, and lower tolerance than men in both hot and cold environments [31,34]. The
metabolic rate of women is lower than that of men, and there are also differences in the
dressing habits of men and women, leading to a possible preference for women to live in a
slightly hotter environment [40]. The health condition may also impact thermal perception.
For example, studies showed that people who are sick usually have a poorer thermal
perception, and increasing physical activity can help increase thermal tolerance [41]. Older
adults have a reduced ability to adapt and respond to temperature fluctuations and are at
increased risk of heat or cold-related illnesses [42]. Studies have found that elderly patients
with respiratory disease have higher neutral PET than those with cardiovascular disease
and diabetes [43].

Though much knowledge about the thermal perception of the elderly in urban parks
has been gained, the understanding of the thermal perception of the elderly in urban parks
in the summer of subtropic climates is still lacking. Taking a comprehensive urban park
in the subtropic city of Changsha, China, as an example, this study aims to investigate
the thermal perception (thermal comfort, thermal sensation, and thermal acceptability)
of the elderly to investigate the impacts of age, gender, and health status on the thermal
perception, and to identify the adaption of the elderly to thermal stress. The findings of
this study can extend the understanding of the outdoor thermal perception of the elderly
in summer and can help better urban park planning and designing to improve thermal
perception for elderly visitors in summer in Changsha (China).

2. Methods
2.1. Study Area

We conducted the study in a comprehensive park (i.e., Martyrs Park) in Changsha,
China. Changsha (28°11'49"" N, 112°58’42"" E) is the capital of Hunan Province, China,
and is the center city of the Changsha-Zhuzhou-Xiangtan urban agglomeration. It locates
in the south of the Yangtze River in south-central China and north of the eastern part of
Hunan Province. It has a subtropical monsoon climate, with a long hot summer and a short
cold winter.

Martyrs Park is the largest park in Changsha, with multiple functions such as memo-
rials, sightseeing, and entertainment. It has a total area of 153.3 hectares, with abundant
activity spaces and facilities, and attracts more than four million visitors each year. We
selected eight typical spaces to gather data considering: (1) representative, (2) diversified in
visitors’ physical activities, (3) evenly distributed in the park, (4) high vitality with many
visitors. They include a forest covered by osmanthus tree (Space A), a memorial pavilion
(Space B), a fitness space (Space C), a square covered by trees (Space D), a square close to
the lake (Space E), a bridge with roof covered (Space F), a curved corridor (Space G), and a
paved square covered by trees near the north gate of the park (Space H). Figure 1 shows the
location of the park and the selected eight spaces. Table 1 provides a detailed description
of the eight spaces.
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Figure 1. Park and measurement point location.

Table 1. Description of the environmental characteristics of the 8 open spaces.

Space Description of the Space Field Photos Fish-Eye Photos and SVF

It is near the south gate of Martyrs Park and
contains a small square area and stone tables and
benches, with a wide variety of osmanthus,
surrounded and shaded by trees in the sky.

Space A

Located on the hill to the northeast of the
memorial tower, the terrain is high, and there is an
Space B imitation of a Song promenade-style building. The
front and back sides are small squares with
wooden seating benches.

Near Nianjia Lake, there are certain trees and
facilities for shade, open space, abundant facilities,
fitness equipment, and benches. The field
pavement is mainly plastic.

Space C

Shaded by trees, it is a large paved square and a
Space D tree pond with a bench located next to the water
body and shaded by a hill.

Located next to Yuejin Lake, there is a stone
monument inscribed with the words “Red Army
Ferry” in the center of the square. There are some

trees for shade and stone benches for seating.

Space E
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Table 1. Cont.

Space

Description of the Space Field Photos Fish-Eye Photos and SVF

Located in the northeast corner of Martyrs Park. It
is about 300 m long, integrating the bridge gallery
and pavilion, with fences and seating benches
between the gallery columns on both sides of

Space F

Space G

Space H

It is located on the side of the road, near the
Xiaoxiang Pavilion area, surrounded by bamboo
forests on both sides, and the pavilion is the main

Near the north gate of the park, there are stone
tables and benches, the sky is covered by a large
area of tree canopy, and the surrounding area is

the bridge.

structure of the space.

more open.

0.27

2.2. Meteorological Measurement

Following previous studies [13,32,43], the experiment was conducted on four sunny
and windless days (i.e., two weekdays and two weekends) from 29 July to 1 August 2021.
These days are in the hottest period of the study area. We recorded air temperature (Ta),
relative humidity (RH), wind speed (Va), solar radiation (G), and globe temperature (Tg)
using Kestrel 5400 (Nielsen Kellerman, Boothwyn, PA, USA) and TES-1333R (Tes, Taiwan,
China) for the selected eight spaces. The instruments were set at 1.5 m above the ground,
and the record frequency was set as every 1 min. Fish-eye photographs were taken to
calculate the sky view factor (SVF) at each space.

Table 2 shows the measurement range and measurement accuracy of the instruments.

Table 2. Instruments used for micro-meteorological variables measurement.

Name Parameters Range Accuracy
Air temperature —29°C-79°C 0.5°C
Relative humidity 10%—90% +2.0%
Kestrel 5400 Wind speed 0.6-40m/s £3.0%
Globe temperature —29°C—-60°C 14°C
TES-1333R Solar radiation 0-2000 W/m? +5%

2.3. Physiological Equivalent Temperature (PET) Estimation

PET is derived from the comprehensive evaluation index of meteorological parameters
of the Munich Individual Energy Balance (MEMI) model; it is a thermal balance model
of the human body and is a common index for evaluating outdoor thermal comfort [44].
We use the Rayman model to calculate PET with RH, Va, G, Ta, and The Mean Radiative
Temperature (Tmrt) as input [45-47].

Tmrt is a commonly used parameter for assessing thermal comfort or calculating
radiant heat loss from the human body loss. According to ISO 7726 (1998), it is calculated
using Ta, Tg, and Va with the formula expressed as:

Tmrt = [(Tg + 273.5)* + 1.1 x 108 Va®®(Tg — Ta)/eD%4]%2 — 273 1)
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where Tg is the globe temperature (°C), Va is the wind speed (m/s), Ta is the air temperature
(°C), ¢ is the emissivity (e = 0.95 for a black globe), and D is the globe diameter (D = 0.05 m
in this study). Though different methods have been developed to estimate Tmrt, the one
from ISO 7726 (1998) is the most widely applied in thermal perception studies [48].

2.4. Questionnaire Survey

Appendix A shows the questionnaire by referring to the international thermal comfort
generic questionnaire and the study in Xi’an, China [43]. The questionnaire first collected
demographic information about the elderly, including biological sex, height, weight, age,
clothing, health status, and main activity types in the past 15 min. Then it gathered
information about thermal sensation, thermal comfort, and thermal acceptability. Thermal
sensations were categorized into 9 levels (“very hot”, “hot”, “warm”, “slightly warm”,
“neutral”, “slightly cool”, “cool”, “cold”, and “very cold”), and were labeled from +4 to

VZ7i

—4, respectively. Thermal comfort was divided into 4 levels (“comfortable”, “slightly

i

uncomfortable”, “uncomfortable”, and “very uncomfortable”) and labeled from 0 to +3,

s

respectively. Thermal acceptability was divided into 4 levels (“completely acceptable”, “just
acceptable”, “just unacceptable”, and “completely unacceptable”), which are assigned with
+1, +0.01, —0.01, and —1, respectively. Thirdly, the questionnaire asked the respondents to
record their preferences to change or not the meteorological parameters such as RH, Va, G,
and Ta. Finally, the respondents were asked to select their thermal adaptation behaviors,
including “moving to the tree shade”, “moving to the building shade”, “reducing clothing”,
“wearing an umbrella”, and “drinking water”.

Elderly (older than 60 years) visitors were invited to complete the questionnaire on
the four days mentioned previously. Following previous studies [8,43], only those who
stayed in each sample space for more than 10 min were counted, excluding those who just

passed by or stopped temporarily, to reflect their intention of using the space.

3. Results
3.1. Respondent Attributes

In total, 319 valid questionnaires were obtained after excluding the invalid question-
naires (Table 3). Males accounted for 62.7%, and females accounted for 37.3%. The surveyed
elderly were mainly 60-69 years old, accounting for 49.5%, followed by those who were
70-79 years old, accounting for 35.1%, while those more than 80 years old had the smallest
sample size, accounting for only 15.4%. The largest proportion of elderly respondents
was healthy, accounting for 41.4%, followed by general and poor health, accounting for
30.4% and 28.2%, respectively. Sitting and exercising were the major activities of the elderly,
respectively accounting for 42.6% and 34.2% of the total respondents, followed by walking
(13.5%), standing (7.2%), and caring for children (2.5%).

Table 3. Respondent attributes.

Sample Size Percentage (%)
male 200 62.7%
Gender female 119 37.3%
60-70 158 49.5%
Age group 70-80 112 35.1%
>80 49 15.4%
Healthy 132 41.4%
Health status General 97 30.4%
Poor 90 28.2%
Sitting 136 42.6%
Standing 23 7.2%
Activity Walking 43 13.5%
Caring children 8 2.5%

Exercising 109 34.2%
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3.2. Meteorological Parameters

Table 4 shows the meteorological parameters and PET in the eight spaces. The highest
mean Ta is space H, and the lowest mean Ta is space G. The highest mean RH is space
D, and the lowest mean RH is space F. The highest mean wind speed is space C, and the
lowest wind speed is space H. The highest mean Tg is space H, and the lowest mean Tg is
space G. Space E is exposed to sufficient sunlight and has the highest mean solar radiation.
Space F has the lowest mean solar radiation.

Table 4. Meteorological parameters and PET in each measured space.

Space A SpaceB SpaceC SpaceD SpaceE SpaceF  Space G Space H

Min 27.0 27.6 28.2 28.1 254 28.6 27.8 28.1
Ta (°C) Mean 322 33.0 33.0 325 327 33.1 32.0 33.8
Max 37.1 37.6 37.7 36.6 37.9 37.3 347 40.6

Min 404 40.1 39.2 440 39.7 39.6 51.0 36.1

RH (%) Mean 62.7 60.8 60.1 62.8 62.1 58.9 62.9 60.3
Max 88.9 82.9 84.3 84.2 83.7 77.4 78.6 83.7

Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Va (m/s) Mean 0.2 0.2 0.5 0.2 0.3 0.4 0.3 0.0
Max 0.6 0.7 15 0.6 0.9 1.0 0.7 0.1

Min 26.9 27.6 28.3 28.6 284 252 28.0 28.1

Tg (°C) Mean 32.2 33.6 33.9 32.9 33.9 333 32.0 349
Max 37.3 39.3 39.0 36.8 39.2 37.5 34.8 47.9

Solar radiati Min 11 0.4 0.8 0.1 11 0.9 0.7 0.1
© ?w;‘nﬁ)lon Mean 134 13.3 533 27.4 70.0 4.0 9.1 62.9
Max 51.5 67.2 140.5 172.5 193.9 10.2 21.7 149.8

Min 29.3 30.1 28.4 29.6 30.1 29.5 29.4 30.1

PET (°C) Mean 322 326 332 322 33.1 32.0 31.7 32.8
Max 335 36.5 38.4 34.9 38.0 36.1 35.1 375

3.3. Thermal Perception of the Elderly in the Park
3.3.1. Thermal Sensation Vote (TSV)

No respondents felt “cold” or “very cold” due to the high summer temperatures. Ac-
cording to the percentage of elderly who voted on thermal sensation in summer (Figure 2),
the highest percentage was “hot”, accounting for 31%, followed by “neutral”, accounting
for 24%. The percentages of elderly who felt “very hot”, “warm”, “slightly warm”, “slightly
cool”, and “cool” were 9%, 16%, 15%, 4%, and 1%, respectively. There are differences in
thermal sensation in different spaces. For example, Space A was mostly evaluated as hot
(72% of the respondents). More than 30% of respondents treated Space D and space E
as neutral.

To model thermal sensation for the elderly, we grouped the respondents based on
every 1°C PET and estimated the mean TSV (MTSV). We built a linear regression model
between MTSV and PET. (Figure 3), with the following relationship equation:

MTSV = 0.2008PET — 4.9161 (R? = 0.79) )

The R? of 0.79 indicates that MTSV has a good correlation with PET. The neutral PET
was defined as the PET when MTSV equals 0, which corresponds to a neutral thermal
sensation. That is, the neutral PET of the elderly in summer is 24.48 °C. According to the
literature and the thermal sensation model of the elderly, the range of neutral thermal
sensation of the elderly in summer based on the neutral PET range of —0.5 < MTSV < +0.5
was estimated as 21.99-26.97 °C, and the width of the neutral range was 4.98 °C.
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3.3.2. Thermal Comfort Vote (TCV)

In total, 55% elderly chose a thermal comfort vote of “comfortable” (TCV = 0), fol-
lowed by “slightly uncomfortable” (TCV = 1), accounting for 33% (Figure 4). Only a small
proportion of the votes were for “uncomfortable” (TCV = 2) (11%) and “extremely uncom-
fortable” (TCV = 3) (1%). This indicates that most elderly consider the thermal environment
of outdoor spaces to be comfortable and have adapted to the local summer hot climate. The
proportion of “uncomfortable” in Space B, Space C, and Space G was significantly higher
than that in other spaces (20%, 17%, and 23%, respectively).

very hot hot warm slightly warm
neutral slightly cool ™ cool
100% -:;‘ 2% = 12%1
13% 12%
90% 2% 1% 15%
= 4 30%
£ s0% % . % 38% 17%
> 6
0 70% 44% 31%
. 15% 13% X
S 60% 17% 25%
% 17%
g 50% 16% - N o
15
g 10% 7% 23% (8%
5] 72% 13%
& 30% 13%
20% i 33% e
° o
25% 8% 19% >°
10% 22%
o0, 3% 4% % %

Total A B € D E ¥ G H

Figure 2. Percentage of TSV for the elderly in summer.
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size
n
N 8
o 16
3 O 24

? o 32

|_
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Figure 3. Correlation between MTSV and PET of the elderly in summer.

comfortable slightly uncomfortable
uncomfortable very uncomfortable
100% 9% 3%
1% 1% Lot 7% 8%
90% 20% ® 22% 23%
§ 80% B
G 70% 3% - %
a2 Kooy 20% 33%
w 60%
<]
@
%c 50% 58%
5 40% 78%
= 309 67%
& 30% ssy 51%  coo 55% 54%
20% 39%
10% 19%

0%
Total A B (@& D E F G H

Figure 4. Percentage of TCV for the elderly in summer.
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A linear regression model between mean TCV (MTCV) and PET was developed
(Figure 5) with the following relationship equation:

MTCV = 0.0876PET — 2.226 (R2 =0.6128) 3)
- | Sample
:, size
~ ° 8
~ o o 16
-
> . o 24
2 o 32
=53 O 40
° O 48
=3 o O s6
| 9 5 () 64
(@]
30 32 34 36 38
PET(C)

Figure 5. Correlation between MTCV and PET of the elderly in summer.

The R? of 0.61 indicates a good correlation between MTCV and PET. The PET, when
MTCYV equals 0, corresponds to the most comfortable PET. That is, the comfort PET of
the elderly in summer is 25.41 °C, which is higher than the neutral PET. According to the
literature and the thermal comfort model of the elderly, the range of thermal comfort of the
elderly in summer based on the comfortable PET range of 0 < MTCV < +0.5 was estimated
as 25.41-31.12 °C.

3.3.3. Thermal Acceptable Vote (TAV) and 90% Acceptable PET Range

In total, 48% of respondents voted “just accept,” considering the thermal acceptabil-
ity (Figure 6), followed by “completely accept”, accounting for 34%, “just unacceptable
“accounted for 16%, and “completely unacceptable” accounted for only 2%. The thermal ac-
ceptability of the elderly in the park is high, which means that the elderly has adapted to the
thermal environment. According to the percentages of elderly TAV in different spaces, more
elderly selected “just unacceptable”, in Space G and Space C (38% and 25%, respectively).

completely acceptable just acceptable
just unacceptable completely unacceptable
100% 2% .
1% 108 106 qz% 0 12%
90% 16k 5
£ 0% X 38K
-
10,
= 0% 4% S5
3 60% gy N B Sl P
o aT%
80 50%
<
§ 40%
& 30% e
46%
0% o am o M am 36K
10% 21%
0% -

Total A B C D E F G H
Figure 6. Percentage of TAV for the elderly in summer.

The thermal unacceptable rate (URV) was defined as the percentage of thermal unac-
ceptable votes to the total votes. The TAV of the elderly was averaged by each 1 °C PET,
and then regression analysis was performed to obtain a quadratic function between URV
and PET of the elderly in summer (Figure 7), with the following relationship equation:

URV = 0.0068PET? — 0.4014PET + 5.9319 (R2 = 0.7732) @)
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Figure 7. Correlation between URV and PET of the elderly in summer.

The R? of 0.69 indicates a good correlation between URV and PET. According to
ASHRAE 55 (2004), the acceptable temperature range is positioned as acceptable for 90%
(strict conditions) of the population, i.e., only 10% of the population feels unacceptable.
According to the formula, the 90% thermal acceptability (10% thermal unacceptability) for
the elderly in summer corresponds to the PET of 25.84-33.19 °C.

3.4. Effect of Age, Gender, and Health Level on the Thermal Perception of the Elderly
34.1. Age

The respondents were divided into three age groups: 60—-69 years, 70-79 years, and
>80 years. Linear regression was performed on the MTSV and PET for each age group
(Figure 8). The neutral PET range was calculated for the three groups of elderly at different
age groups (Table 5). From the regression equation, the neutral PET of elderly aged 60-69,
70-79, and >80 years old were 23.19 °C, 25.33 °C, and 25.36 °C, respectively, and the neutral
PET range was 20.30-26.09 °C, 23.16-27.51 °C, and 23.27-27.45 °C, respectively. Thermal
sensitivity is measured as the slope of the fitted line, with PET as the independent variable
and TSV as the dependent variable. The slope value is 0.1728 (corresponding to a 5.79 °C
PET per sensation unit) for the 60-69 years old, 0.2297 (corresponding to a 4.35 °C PET
per sensation unit) for the 70-79 years old, and 0.2389 (corresponding to a 4.18 °C PET
per sensation unit) for the greater than or equal to 80 years old. This showed that the
differences between the age groups were small, while the thermal sensitivity of the elderly
increased with age.

® 6069 e 70-79 >80

3 o ®.0»

25 8. e

PET (°C)

Figure 8. Correlation between MTSV and PET in elderly of different age groups.

3.4.2. Gender

Linear regressions of MTSV and PET were performed for two groups of elderly respon-
dents of different genders (Figure 9). From the regression equation, it can be concluded that
the neutral PET of male elderly and female elderly was 24.33 °C and 25.24 °C, respectively.
The neutral PET ranges were 21.84-26.83 °C and 22.90-27.58 °C, respectively (Table 6).
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The slope value is 0.2007 (corresponding to a 4.99 °C PET per sensation unit) for the male
elderly and 0.2138 (corresponding to a 4.68 °C PET per sensation unit) for the female elderly.
The results showed that male elderly people had lower neutral PET than female elderly
people, and female elderly had higher sensitivity to outdoor thermal environments.

Table 5. Neutral PET and neutral PET range of elderly in different age groups.

Neutral PET

Age Regression Equation Neutral PET (°C) Range (°C)
60-69 y = 0.1728x — 4.0087 (R? = 0.6594) 23.19 20.30-26.09
70-79 y =0.2297x — 5.8192 (R? = 0.6485) 25.33 23.16-27.51

>80 y = 0.2389x — 6.059 (R? = 0.6045) 25.36 23.27-27.45

® Male @ Female
35
3 eo
<)
25 ‘
2 2z e}
a g [ ] :::'.' ® il
E 15 e _.::’:1::0 R

1 ° st °
05 ®

0

25 28 31 34 37 40
PET (°C)
Figure 9. Correlation between MTSV and PET in elderly of different genders.
Table 6. Neutral PET and neutral PET range in elderly by gender.
. . o Neutral PET
Gender Regression Equation Neutral PET (°C) Range (°C)
Male y = 0.2007x — 4.8839 (R? = 0.7971) 24.33 21.84-26.83
Female y = 0.2138x — 5.3961 (R? = 0.5308) 25.24 22.90-27.58

3.4.3. Health Status

Respondents were categorized into three health conditions: healthy, general, and
poor health. Linear regression was performed on the MTSV and PET for each group
(Figure 10). Neutral PET of the elderly with healthy, general, and poor health status was
25.86 °C, 26.90 °C, and 28.36 °C, respectively. The neutral PET range was 23.55-28.19 °C,
24.96-28.85 °C, and 27.14-29.58 °C, respectively (Table 7). The slope value was 0.2157
(corresponding to a 4.64 °C PET per sensation unit) for the healthy elderly, 0.2568 (corre-
sponding to a 3.89 °C PET per sensation unit) for the general physical condition elderly, and
0.4092 (corresponding to a 2.44 °C PET per sensation unit) for the poor physical condition
elderly. This indicates that thermal sensation for the poor physical condition elderly is
more sensitive than healthy elderly.

3.5. Meteorological Variable Preferences

From Figure 11, 72% elderly chose “Higher wind speed”, followed by “No change”,
accounting for 27%. Only a small proportion of the votes were for “Less wind speed”
(1%). In total, 58% elderly chose “No change” for Solar radiation, followed by “Radiation
weakens”, accounting for 40%. Only a small proportion of the votes were for “Radiation
enhance” (2%). In total, 71% elderly chose “Lower temperature”, followed by “No change”,
accounting for 28%. Only a small proportion of the votes were for “Higher temperature”
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(1%). In total, 76% elderly chose “No change” for humidity, followed by “Less humid”,
accounting for13%, and “More humid”, accounting for 11%.

® Healthy ® General ® Poor
45 =

4 L 2

25 28 31 34 37 40
PET (°C)

Figure 10. Correlation between MTSV and PET in elderly of different health conditions.

Table 7. NPET and NPETR in elderly with different health conditions.

Health . . o Neutral PET
Conditions Regression Equation Neutral PET (°C) Range (°C)
Healthy y = 0.2157x — 5.5801 (R? = 0.7307) 25.86 23.55-28.19
General y = 0.2568x — 6.9085 (R? = 0.7958) 26.90 24.96-28.85
Poor y = 0.4092x — 11.605 (R? = 0.6078) 28.36 27.14-29.58
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Figure 11. Preference votes for meteorological variables for the elderly. (a) wind speed; (b) solar
radiation; (c) air temperature; (d) relative humidity.
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3.6. Thermal Adaptation Behavior

“Moving to the tree shade” was the main thermal adaptation behavior of the elderly
in summer, accounting for 55.17% of the respondents. This was followed by “moving to
the building shade” (26.02%). This indicates that providing shade is an important way to
improve the outdoor thermal environment. In addition, this shows that the elderly prefer
the shade of trees to the shade of buildings. The percentage of those who chose “drinking
water” to adapt to the thermal environment was 10.97%. The lowest percentage, 3.76%,
chose “reducing clothing” to adapt to the thermal environment. The percentage of elderly

who chose “Using an umbrella” to relieve thermal discomfort was also low, accounting for
only 4.08% (Figure 12).
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Figure 12. Frequency distribution of thermal adaptation behaviors.

4. Discussion
4.1. Neutral PET

We estimated a summer neutral PET for the elderly in a comprehensive park of
Changsha, China, as 24.48 °C. This estimation is higher than the estimation for urban public
spaces in the same city for all aged citizens (23.3 °C) [49]. The possible reason may be
that the elderly can accept higher temperatures when visiting a park compared to visiting
other public spaces as the park can provide more benefits, for example, cleaner air and
more recreational opportunities. Comparing the neutral PET with that in other cities, it is
higher than the neutral PET for the elderly in urban parks (20.3 °C) [43], the neutral PET
for students of 18-30 years old in a university campus (22.8 °C) in Mianyang (China) [50],
but lower than the neutral PET for elderly outside a nursing home in Guangzhou (China)
(25.6 °C) [32]. These differences may be caused by the background temperature of different
cities. It seems people in hotter cities may have a higher neutral PET (Table 8).

Table 8. Comparison of summer Neutral PET in different cities.

City Research Area Indicators Crowd Neutral PET

Changsha, China o

(this study) Urban park PET Elderly 24.48°C

Guangzhou, China Open space of a nursing home PET Elderly 25.6 °C

Xi’an, China Urban park PET Elderly 20.3 °C

Changsha, China Urban public space PET Mlxefi 23.3°C

populations
Mianyang, China University campus PET 18-30 years old 22.8°C

4.2. Ninety Percent Acceptable PET Range

We estimated a summer the 90% acceptable PET for the elderly in a comprehensive
park of Changsha, China is 25.84-33.19 °C, and its upper limit is higher than that of the
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upper limit of the Guangzhou Open space of a nursing home (31.15 °C) [32], Guangzhou res-
idential area (32.4 °C) [2], Xi’an residential area (30.7 °C) [51], Xi'an City Park (25.9 °C) [43],
this shows that the elderly in Changsha can adapt to the higher air temperature in summer.
The range of 90% acceptable PET for the elderly in Changsha is narrower than in other
regions, but its lower limit value is more similar to Guangzhou’s lower limit value for the
elderly. (22.62 °C). The lower limit of 90% acceptable PET for subjects was lower in the two
Xi’an studies. These differences may be caused by the experimental period was a full year
in Xi’an. These results and comparisons also suggest that there are significant differences
in heat resistance between different groups in different regions [50] (Table 9).

Table 9. Comparison of 90% acceptable PET range for residents of different cities.

City Research Area Crowd 90% Acceptable PET
Changsha, China o
(this study) Urban park Elderly 25.84-33.19 °C

Open space of a

Guangzhou, China . Elderly 22.62-31.15 °C
nursing home
Guangzhou, China Residential area Mixed populations <324 °C
Xi’an, China Residential area Mixed populations Annual: 9.8-30.7 °C
Xi’an, China Urban park Elderly Annual: 10.9-25.9 °C

4.3. Limitations and Future Directions

This study is conducted in hotter summer and has a short temperature range compared
to other studies for the whole year, for example, in Xi’an, China [43]. The finding may not
be extrapolated to the whole year. A similar study may be extended to the whole year to
include both hot summer and cold winter to fully understand the thermal perception of the
elderly in urban parks. The respondents of this study were all elderly people aged 60 years
and above; it is known from experience and related studies that elderly people perceive
the thermal environment differently from young adults [52]. Therefore, it is not possible to
fully reflect the thermal comfort condition of all age groups of residents in Changsha Park.
Thermal perception is not only influenced by different climate zones but also differs in the
evaluation of thermal comfort in different outdoor open spaces. This study was conducted
only in urban parks, which may not be fully representative of the thermal comfort situation
in the whole city.

5. Conclusions

In this study, meteorological measurements, questionnaires, and activity observations
were used to investigate the summer thermal perception of the elderly in eight different
spaces of a comprehensive park in a subtropical urban park. It also elucidated the effects
of age, gender, and health level on thermal perception. The following conclusions were
drawn: (1) The neutral PET was 24.48 °C, with a neutral PET range of 21.99-26.97 °C. The
comfortable PET was 25.41 °C, with a comfortable PET range of 25.41-31.12 °C and a 90%
acceptable PET of 25.84-33.19 °C. (2) The differences among age groups were small, and the
neutral PET of the elderly aged 60-69, 70-79, and >80 was 23.19 °C, 25.33 °C, and 25.36 °C,
respectively. The neutral PET range was 20.30-26.09 °C, 23.16-27.51 °C, and 23.27-27.45 °C,
respectively. The neutral PET of males and females was 24.33 °C and 25.24 °C, respectively,
and the neutral PET range was 21.84-26.83 °C and 22.90-27.58 °C, respectively. The neutral
PET of the elderly with healthy, general, and poor health conditions was 25.86 °C, 26.90 °C,
and 28.36 °C, respectively, with the corresponding neutral PET range of 23.55-28.19 °C,
24.96-28.85 °C, and 27.14-29.58 °C. (3) “Moving to the tree shade” and “moving to the
building shade “were the main thermal adaptation behaviors of the elderly in summer.
There were gender differences in the choice of these thermal adaptation behaviors.

The findings offer some assistance and guidance in optimizing park space design
based on meteorological characteristics and thermal adaptation behaviors of the elderly.
We can increase cooling measures to improve the thermal comfort of the elderly in the park,
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such as installing drinking water facilities and automatic irrigation devices; plant more
trees to increase vegetation cover and shade shelters designed to reduce direct sunlight;
and select plants of appropriate height to reduce the blockage of wind and advance the air
circulation of the space.
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Appendix A

Outdoor thermal comfortable questionnaire for the elderly
Biological sex: 0 Female [ Male Height: () Weight: () Age: ()
Length of time locally:

1.  Please tick the clothing combination you are wearing at this moment

Upper Body: [ Short sleeve [ Long sleeve [JA thin coat [ Thick coat [ Vest [ Dress
Lower Body: U Shorts skirt U Long pants and skirt
Whether to wear socks: [ Yes [JNo Shoes: [ Socks [JShoes [ Boots

N

Please describe your health status: [J Health [J General v Poor
3.  Please describe your major activities in the past 15 min:

U Sitting [ Standing [ Walking U Caring children [ Jogging [ Dancing [ Exercising
4.  Please describe your current thermal sensation:

O Very hot JHot 1 Warm [J Slightly warmth [J Neutral
0 Slightly Cool [ Cool [ Cold [ Very cold

5. Please describe your thermal comfort level:
O Comfortable [ Slightly uncomfortable [0 Uncomfortable O Very uncomfortable
6. How would you prefer the following meteorological parameters to be?

Wind Speed: U Higher wind speed U No change L[] Less wind speed

Air Temperature: [1Higher temperature [1No change [ Lower temperature
Relative Humidity: [J More humid [ No change [ Less humid

Solar Radiation: [J Radiation enhancement [J No change [ Radiation weakens

7. Please describe your thermal acceptable level for current thermal environment:
O Completely acceptable [ Just acceptable [ Just unacceptable [1 Completely unacceptable
8.  Please describe what you would like to see change in the current thermal environment:
O Colder [0 No change [ Hotter
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9.  Inthe current season, when you feel hot outdoors, without returning indoors, you will:

[J Moving to the tree shade [1Moving to the building shade [J Reducing clothing
U Opening an umbrella [ Drinking water
Date: () Time: () Space: ()
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