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Abstract: In order to better understand the thermal comfort of urban parks and provide empirical
reference for urban green space optimization design, 5 days’ field monitoring was conducted in
People’s Park in Urumgi, an oasis city in an arid region of China. Combined with GIS spatial
interpolation, correlation analysis, and regression analysis, the spatial and temporal distribution of
thermal comfort (HI and WBGT) of urban parks was discussed. The results showed the following.
(1) The thermal comfort in the morning was generally higher than that in the afternoon, and the
thermal comfort near the water body and lush vegetation in the park was higher, while the thermal
comfort on the road was lower, especially on Hotan Street and Binhenan Road, which were far
away from the park. Therefore, it is recommended that nearby residents exercise outdoors in the
morning as much as possible and in the park, and in the afternoon, keep to the park and its vicinity
and try to sit quietly or walk slowly, avoiding the less comfortable areas, such as Hotan Road and
Binhenan Road. (2) Due to dense vegetation and lack of infrastructure construction, the thermal
comfort area does not have the conditions for crowd gathering. Therefore, it is recommended that the
park improve the infrastructure of relevant areas. (3) Through the analysis of the significant influence
of explanatory variables on the explained variables, it shows that the ventilation effect in the park is
insufficient. Therefore, it is recommended to appropriately increase the number of trees, water bodies,
and wind channels to promote ventilation in the park so as to improve the thermal comfort of the
park. These findings provide a theoretical basis and technical reference for optimizing the thermal
comfort of urban green space and establishing a healthier and more comfortable living environment
for urban residents.

Keywords: outdoor thermal comfort; urban parks; Urumqi

1. Introduction

Urbanization is a complex natural and social process involving an increase in pop-
ulation proportion, the expansion of urban construction land and the rapid growth of
economic activities. Worldwide environmental problems caused or exacerbated by urban
sprawl include biodiversity loss, climate change, and water and air quality degradation [1].
Among the many negative environmental effects of urbanization, the most common is the
urban heat island (UHI) effect, which refers to the increase in the temperature of densely
populated urban centers relative to rural environments. Rising temperatures in urban
areas can lead to health problems (including deaths) and shortages in energy supply [2].
In addition, urban warming will reduce the thermal comfort of the city and hurt people’s
healthy lives. Urban thermal comfort is an important parameter to measure the quality of
the urban living environment, and also an important index to evaluate the urban thermal
environment. Lack of outdoor thermal comfort can also have negative social and economic
impacts [3]. In hot weather, people tend to only engage in some necessary outdoor activities,
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such as going to work and shopping, and related leisure activities will be greatly reduced.
However, in developing countries, the problem of poor outdoor thermal comfort often
receives little attention.

Urban parks are the main places for citizens to engage in outdoor activities, as well
as an important part of the urban green space system, which plays an important role
in alleviating the urban heat island effect and improving outdoor thermal comfort [4].
Outdoor thermal comfort is the most important factor in attracting city residents to the park.
Thermal comfort is defined as “a state of mind that expresses satisfaction with the thermal
environment and is evaluated by subjective evaluation” [5]. With the deterioration of the
urban climate, people pay more and more attention to the urban environment, which makes
researchers all over the world focus on outdoor thermal comfort, and the research results
on outdoor thermal comfort are increasing year by year. There are many factors affecting
thermal comfort, and subjective factors focus on the human body’s thermal perception
(age, gender, physique, regional and cultural background, etc.) [6]. Objectively, passive
and controllable thermal environment factors, such as temperature, humidity, wind speed,
etc. [7], as well as actively regulated green space structure and water distribution [8], all
have an impact on the thermal comfort of urban parks. To better understand and evaluate
thermal comfort in an urban environment, researchers also use relevant technical means,
such as on-site monitoring [9], numerical simulation [10], remote sensing technology [11]
and index evaluation. Among these, more than 165 thermal comfort indexes have been
developed for indoor and outdoor applications to quantify the thermal environment, but
only a few are in use [12]. Standard effective temperature (SET) [13], wet-bulb globe
temperature (WBGT) [14], heat index (HI) [15], physiologically equivalent temperature
(PET) [7], PMV-PPD [16], thermal discomfort (DISC), etc., are all commonly used thermal
environment evaluation indexes, but there is no conclusion as to which is the best index.

In recent years, China’s urbanization process has been accelerating, and the urbaniza-
tion rate reached 63.89% in 2021 [17]. In 2013, the National Climate Change Adaptation
Strategy issued by the National Development and Reform Commission of China took
measures such as studying the regulation of urban heat island effect, promoting energy
saving and emission reduction technologies, and encouraging low-carbon transportation as
key measures to build ecologically friendly cities. In cities, high density, high buildings, less
greenery, and large amounts of heat sources and waste heat discharge lead to problems such
as rising urban temperature and declining air quality, resulting in continuous deterioration
in the urban thermal environment, which is not conducive to human physical and mental
health [4] and reduces urban thermal comfort. Many studies on outdoor thermal comfort
in China mainly focus on the hot summer and warm winter climate areas in typical cities
such as Guangzhou and Hong Kong. The second is the cold zone, represented by Harbin
and Xi‘an [5]. However, less attention has been paid to cities in cold and arid regions,
such as Urumgi. In addition, researchers have conducted studies on urban green space in
Urumgqi from different dimensions, including spatial landscape pattern [18], green space
construction [19], accessibility and distribution equity [20], etc. It is urgent to conduct sys-
tematic integration studies from the perspective of thermal comfort. Therefore, discussing
the thermal comfort of People’s Park is helpful to further analyze the thermal environment
of Urumgj, Xinjiang, China.

Summer field monitoring was carried out in a typical cold arid area in Urumgi,
China. Statistical analysis and GIS technology were used to quantitatively analyze the
interaction mechanism between each component factor of the park green space system and
microclimate. On this basis, an operational strategy for improving the thermal comfort of
the park’s green space was summarized through integrated analysis, with the planning
and design method of park green space with thermal comfort as the core. This research
is expected to improve the comfort of outdoor activities of our residents, improve the
environmental quality of our urban parks, and promote the healthy development of our
public green space system. On the basis of previous studies on the evaluation of thermal
comfort, the thermal comfort index (HI and WBGT) was calculated to evaluate the thermal
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comfort of People’s Park in Urumgji, Xinjiang with a view to summarizing the influencing
factors and intensity of thermal comfort in and urban park microenvironment and to
provide reference for urban green space planning and improve thermal comfort and the
quality of outdoor life of residents.

The research on thermal comfort in arid areas provides the scientific community
with a deep understanding of the unique thermal environment and human adaptive
capacity in arid areas, and provides important scientific support for the development
of adaptation technologies and the prediction of climate change. These studies provide
important guidance and direction for solving the problem of thermal comfort in arid areas
and improving people’s life quality.

2. Materials and Methods
2.1. Study Area

Urumgi is located in the center of Eurasia, northwest China, the northern foot of
the middle Tianshan Mountains, the southern edge of Junggar Basin and the central part
of Xinjiang. The Urumgqi Municipal People’s Government announced in public data on
13 April 2023 that the total area is 13,800 square kilometers, with a permanent population
of 4.0824 million and urban population accounting for over 90%. It is the capital of Xinjiang
Uygur Autonomous Region and the political, economic and cultural center of Xinjiang,
and is surrounded by mountains on three sides. With an average altitude of 800 m, it has a
semi-arid continental climate in the middle-temperate zone. At the end of 2022, the green
coverage rate of Urumgqi was 40.38%, the per capita green park area of the city 12.93 square
meters, the service radius coverage rate of park green activity venues 90.8%, 1321 small
amusement parks had been built, and the ecological environment quality continued to
improve. People’s Park is located at 3 Youyou South Road, Shaybak District, Urumgi at
87°36’ E and 43°48’ N. It is a comprehensive park with the largest area and the longest
history in the center of Urumgqi and integrating culture, entertainment and leisure. It covers
an area of 300,000 m? (about 450 mu), has a green coverage rate of 96%, and is 715-721 m
above sea level. In addition to local micro-topography and artificial lakes, it is generally
relatively flat and open. In 2006, the national 3A scenic tourism park was established, and
in 2010, it was identified as the pilot unit of the national defense education theme park [21].
Looking at the development situation of the urban thermal environment in China, urban
parks shoulder the mission of cooling and humidifying, alleviating urban heat islands and
improving urban thermal comfort to a certain extent [4]. How to perceive the risks of the
urban thermal environment and improve the thermal comfort of urban parks is a new task
facing Urumgi People’s Park (Figure 1).

Mobile monitoring starting point
13° 47 30°N

Residential areas
13° 47 30"\
@ Fixed-point detection point
[ Urban green space
People’s Park
Mobile monitoring route

87° 36’ 0"F.

Figure 1. Horizontal section of the park and monitoring route.
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2.2. Experimental Design

Kestrel instruments are designed, built, sold and supported in the USA by Nielsen-
Kellerman Company. A Kestrel 5400 was used for monitoring mainly temperature, humid-
ity, heat index, wet-bulb globe temperature, wind speed and other meteorological data. A
Kestrel 5500 handheld meteorological recorder was used for monitoring. A Garmin eTrex
201, developed in the USA by Jiaming International Avionics Switzerland Co., Ltd., was
used for mobile monitoring routes and longitude and latitude. The basic performance
parameters of the instrument are shown in Table 1.

Table 1. Monitoring instrument parameters.

Instrument Name Measurement Parameters Measuring Range  Accuracy Resolution Ratio Sampling Type
and Model and Frequency
Heat index —29t070°C +0.5°C 01°C Continuation,
5s average
Wet-bulb globe temperature —29t070°C +0.5°C 0.1°C C;“tmuatlonf
Kestrel 5400 o s tz:}Verafge
Temp —29t070 °C +0.5°C 0.1°C ontinuation,
5 s average
Relative humidity 10% RH 2.0% RH 0.1% Continuation,
5s average
o ° ° ° Continuation,
Temp —29°Cto 70 °C +0.5°C 0.1°C
5 s average
. 1 o o o Continuation,
Kestrel 5500 Relative humidity 0-100% 3% 0.1% 5 s average
Wind Speed 0.6-40m/s +39%, 0.1m/s Continuation,
5 s average
Garmin eTrex 201 Track 0-10,000 dot 3m - Continuation,
1 s average

This survey was conducted in the summer of the Northern Hemisphere from 1 July
to 6 July 2023. A typical meteorological day with clear skies and no extreme weather was
selected for field measurement (Table 2). Because the weather on 2 July did not meet the
requirements of the experiment, the data from that day were excluded. The 5-day field
measurement included working days and non-working days, and the daily experiment
time was divided into two periods: 8:30-10:50 in the morning and 3:00-5:20 p.m. The
specific times are shown in Table 2. This study was based on the method of combining
mobile monitoring and fixed monitoring [13]. Figure 1 shows the location of fixed detection
and the route of mobile monitoring. The length of the mobile monitoring route is about
10.54 km, which takes about 2 h and 20 min. The Garmin eTrex 201 was used to record
the flight track. The monitoring personnel carried the monitoring instrument and walked
along the prescribed route at a constant speed (Figure 2). The measuring height of the
monitoring instrument was about 1.5 m above the ground. Data on temperature, humidity,
wind speed, heat index and wet-bulb globe temperature were mainly obtained, and the
data were recorded every 5 s on the hour. Before each monitoring, the instrument was
calibrated and preheated.

Table 2. Meteorological data for monitoring day.

Date Temperature Tzi[liglel::’:lze Weather  Wind Speed Monilrf)(l)';rr:;ngeriod Monl?’tf;:;:g() (I)’I;riod
1 July 2023 16 °C sunny 3 level 8:30:00-10:53:20 15:00:00-17:18:05
2 July 2023 17 °C cloudy 4 level - -
3 July 2023 17 °C sunny 3 level 8:30:00-10:49:05 15:00:00-17:19:25
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Table 2. Cont.
Maximum Minimum . Morning Afternoon
Date Temperature Temperature Weather  Wind Speed Monitoring Period Monitoring Period
4 July 2023 29 °C 20°C sunny 3 level 8:30:00-10:48:25 15:00:00-17:22:10
5 July 2023 31°C 20°C sunny 3 level 8:30:00-10:48:00 15:00:00-17:15:30
6 July 2023 30°C 19 °C sunny 1 level 8:30:00-10:50:50 15:00:00-17:21:20

Figure 2. Field monitoring: (a) fixed-point measuring instrument; (b) mobile monitoring personnel
and instruments; (c) Kestrel 5400 mobile monitoring instrument; (d) Garmin eTrex 201 mobile

monitoring instrument.

2.3. Data Correction

The optimized noise reduction algorithm (ONA) developed by the EPA was used
to correct the mobile measurement data to reduce the error. The fixed monitoring point
located next to Chaoyang Pavilion recorded data every 5 s and used the fixed monitoring
data to establish correction factors according to relevant studies. This correction factor is
specific to each day, as shown below. All measured values are multiplied by the correction
factor [22].

Median data concentration over the campaign
Median data concentration over the day of measurement

Correction Factor =

2.4. Index Selection

The thermal comfort index is an index to evaluate the thermal environment. Although
the thermal comfort index is used to evaluate the thermal environment, it is ultimately re-
lated to the impact on residents [12]. The wet-bulb globe temperature (WBGT) and thermal
index (HI) are both used to evaluate the degree of heat stress in outdoor environments [23].

Wet-bulb globe temperature (WBGT) is an international standard heat index used by
health, industry, sports and climate departments to assess thermal comfort during extreme
high temperatures. It is the most widely used heat stress index today [14] and is also
considered to be the most suitable index for evaluating outdoor thermal comfort in hot and
arid areas [24]. The formula is as follows:

WBGT = 0.7Tnw + 0.2Tg + 0.1T,.

While WBGT performed best for minimal activities of daily living and light walking,
the HI was equally accurate in predicting compensatory heat stress under MinAct con-
ditions. The HI is significantly correlated with subjects” perception of temperature and
humidity, as well as their body core temperature, linking the perception of the surrounding
environment to physiological responses under MinAct conditions [15], and is also suitable
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for assessing the thermal comfort of a particular building or a particular area [25]. The heat
index is calculated as follows:

HI = —8.784695 + 1.61139411(0.55 — 0.0055RH) + 2.338549R — 0.14611605T x RH
—1.2308094 x 1072 x RH? +2.211732 x 1073 x T?

3. Results
3.1. Thermal Comfort Time Variation Characteristics
3.1.1. Diurnal Variation Characteristics

The 5-day variation characteristics of temperature and humidity, heat index and wet-
bulb globe temperature were obtained by averaging the monitoring data. Air temperature
and relative humidity are the two main factors of thermal environment comfort, and have
a crucial impact on the urban environmental quality of human settlements [26]. It can be
seen from Figure 3a that the change characteristics of thermal comfort are consistent with
the change in thermal index and temperature curve, and it can be inferred that the main
factor affecting the thermal index is temperature. The curve of wet-bulb globe temperature
and humidity is roughly symmetrical along a straight line. For example, on 4 July, the
humidity is the lowest, but the wet-bulb globe temperature reaches a peak. Therefore, it
can be inferred that humidity has a greater influence on the wet-bulb globe temperature
and has a better cooling effect. However, thermal comfort is not the result of a single factor,
so it is further discussed in a following article.

. T T T T T T T T T
(a) 1 Heat index (b)
j 5 5 |- ] Wet bulb globe temperature A

7.1 7.2 7.3 7.4 7.5 7.6 7.1an7. 1pn7. 3an7. 3pn7. 4an7. 4pn7. 5am7. 5pn7. 6am 7. 6pm
date time

Figure 3. Thermal comfort diurnal variation characteristics: (a) 5-day change characteristics were
monitored; (b) the change characteristics of morning and evening were monitored.

Daily monitoring data were averaged by morning and evening, and the intraday varia-
tion in wet-bulb globe temperature and heat index is shown in Figure 3b. It was found that
during the monitoring period, the heat index was generally higher than the wet-bulb globe
temperature. On the whole, the average value of the heat index was 21.8 °C in the morning
and 27.6 °C in the afternoon, which was about 1.26 times that of the morning. The average
highest wet-bulb globe temperature that appeared in the afternoon of 3 July was 22.1 °C, and
the minimum value that appeared in the morning of 3 July was 16.0 °C. On the whole, the
average value in the morning was 18.0 °C, the average value in the afternoon was 21.5 °C,
and the perceived temperature in the afternoon was about 1.19 times that in the morning. It
can be seen that the thermal comfort in the park during the morning in summer is better than
that in the afternoon, and it is more suitable for nearby residents for activities in the park.

3.1.2. Minute Change Analysis

Summer vegetation plays an important role in reducing WBGT [27]. By averaging the
monitoring data in the morning and evening within 5 days, the continuous minute change
curve of the thermal comfort level in the morning and afternoon in the park is obtained, as
shown in Figure 4a. The monitoring period between 8:30 a.m. and 9:43 a.m. in the park
is characterized by high humidity and low temperature. From 9:43 to 10:50, the road and
residential areas outside the park were monitored: the humidity decreased significantly
and the temperature increased. On the whole, the thermal comfort in the morning showed
a relatively stable increase and decrease with the change in time. The highest heat index
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value appeared at 10:30, 25.5 °C, and the highest wet-bulb globe temperature appeared
at 10:33, 20.5 °C. In the afternoon, the monitoring period of internal movement in the
park is 15:00-16:12, and the end time of external monitoring is 17:20. In the afternoon,
the humidity inside the park was high, but it did not have much of a good cooling effect.
The temperature and thermal comfort level were relatively stable and did not fluctuate
significantly over time. The highest heat index value appeared at 15:00 (30.9 °C), and the
highest wet-bulb globe temperature appeared at 15:02 (23.6 °C).

emperature
el idi (a)
; \
|—— Wet bulb globe temperature
Within the park

X
Y — I '

08:38 09:00 09:21 09:43 10:04 10:26 10:48

15:07 15:28 15:50 16:12 16:33 16:55 17:16
L n, o
y SR

SVF=0.632

mi’

SVF=0.721 =0.398 SVF=0563

Figure 4. Thermal comfort varies by minute: (a) Diagram of temperature, humidity and thermal
comfort changes in the morning and afternoon inside and outside the park; (b) Sampling point
location diagram of SVE.

The canopy sky visibility factor (SVF) was used to estimate the effect of vegetation on
local air circulation and outdoor thermal comfort [7,28]. The SVF was measured using a
fisheye lens 1.5 m above the ground and PS to calculate the pixel ratio, and the average value
was 0.653. Representative fisheye photos in the process of movement monitoring were selected
in chronological order [29] (8:38, 8:52, 9:10 and 9:34 in four parks and 9:59 in a residential area)
and are marked and displayed on the map in Figure 4b. Low SVF will affect ventilation and
airflow [30], resulting in a more obvious accumulation of humidity in local areas. Vegetation
cover shown by the sky visual factor can well explain the reason for the difference in humidity
inside and outside the park. Therefore, when the perceived temperature is higher in the
afternoon, outdoor exercise is not recommended, and you can walk or sit quietly.

3.2. Characteristics of Thermal Comfort Space Change

Spatial analysis of ArcGIS was used to interpolate the monitoring data within 5 days, and
the distribution maps of temperature, humidity, heat index and wet-bulb globe temperature
in People’s Park and its vicinity were obtained (Figure 5). On the whole, the distribution
of temperature, heat index and wet-bulb globe temperature is generally the same, but the
spatial distribution of humidity is opposite, showing high humidity inside the park, low
perceived temperature and relatively cool, and low humidity near the park, high perceived
temperature and relatively hot. The main reasons may be (1) high vegetation coverage and
high humidity in the park [31] and (2) there are mostly cement roads outside the park, and
the spacing between street trees is large [32]. Specifically, the areas with high thermal comfort
are concentrated in the areas with dense vegetation inside the park or shaded by trees and
high humidity near the artificial lake. The thermal comfort of the road away from the park
is low, especially on Hotan Street and Binnan Road, where the heat index and wet-bulb
globe temperature are higher. Therefore, it is suggested that the residents’ activities should
be concentrated near the artificial lake and in areas with dense vegetation coverage, and to
avoid the areas with low thermal comfort, e.g., Hotan Street and Binnan Road.
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Figure 5. Spatial distribution of thermal comfort during monitoring period: (a) morning temperature;
(b) morning relative humidity; (¢) morning HI; (d) morning WBGT; (e) afternoon temperature;
(f) afternoon relative humidity; (g) afternoon HI; (h) afternoon WBGT.

3.3. Analysis of Influencing Factors of Thermal Comfort
3.3.1. Correlation Analysis
Correlation between Heat Index and Wet-Bulb Globe Temperature

In parks, the heat index and wet-bulb globe temperature are important evaluation
bases for thermal comfort [24,25]. Due to the unstable nature of the park environment, the
correlation between the heat index and wet-bulb globe temperature was discussed using
average rather than instantaneous data as far as possible [33]. IBM SPSS Statistics 27 was
used for statistical analysis, and the tests found that the data were in line with normal
distribution, so Pearson’s bivariate correlation analysis was used. From the analysis, it
can be seen that the heat index from mobile monitoring and fixed-point monitoring is
significantly positively correlated with the wet-bulb globe temperature, and the correlation
coefficients are 0.994 and 0.978, respectively, indicating that the two are highly correlated,
and the evaluation reliability of these two indexes on thermal comfort is high.

Correlation of Thermal Comfort Test Data

In the mobile monitoring period, the real-time data in the study area were monitored
synchronously and taken as the background value of the study area. The correlation
analysis was made between the mobile monitoring data and the background data, and
it was found that both the heat index and the wet-bulb globe temperature of the mobile
monitoring showed a very significant correlation with the background values (Table 3).
The microclimate environment in the park was similar to that in the background environ-
ment, indicating that the mobile monitoring instrument used in the experiment had high
accuracy and the experimental data were authentic and credible. Secondly, there is a close
correlation between the park microclimate and the background climate, but there are still
some differences between the measured values. The reason may be that the park itself has
a certain cooling effect, and the vegetation coverage, water distribution and underlying
surface characteristics in the park are all factors causing the differences between the park
and the background climate.
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Table 3. Correlation analysis between thermal comfort and fixed point detection.
Project Fixed-Point Monitoring HI Fixed-Point Monitoring WBGT
Mobile monitoring HI 0.994 ** 0.991 **
Mobile monitoring WBGT 0.978 ** 0.996 **

** At the 0.01 level (double-tailed), the correlation is significant.

Correlation Analysis between Thermal Comfort and Meteorological Factors

The characteristics of summer thermal comfort in the park are largely affected by
meteorological factors. The meteorological data on temperature, humidity and wind speed
obtained synchronously by Kestrel 5500 and Kestrel 5400 were used to conduct bivariate
correlation analyses with the monitored heat index and wet-bulb globe temperature, re-
spectively. It was found that the data did not conform to the normal distribution after a
comprehensive test with graphic and descriptive methods, so Spearman’s correlation was
used for correlation analysis.

As can be seen in Table 4, in the process of mobile monitoring, temperature and heat
index showed a significant positive correlation at the 0.01 level (double-tailed). Temperature
showed a significant positive correlation with wet-bulb globe temperature and heat index
at 0.01 level (double-tailed). In addition to the two periods of “10:30-end” and “17:00-end”,
the temperature and the wet-bulb globe temperature are not correlated. At this time, the
detection instrument passed through North Park Street and South Youyou Road to Binnan
Road, and may have encountered interference from traffic, pedestrian flow and other
factors. There was a significant negative correlation between relative humidity and heat
index and wet bulb globe temperature at the level of 0.01 (double-tailed), except that there
was no correlation between humidity and wet-bulb globe temperature during the period of
“17:00-end”. In general, in the process of mobile monitoring, temperature and humidity are
important parameters that affect thermal comfort.

Table 4. Correlation analysis between thermal comfort and meteorological factors.

Mobile Monitoring Fixed-Point Monitoring
Time Thermal Comfort ; . ; . ;
Temperature Relative Humidity Temperature Relative Humidity Wind Speed
8:30-9:30 HI 0.989 ** —0.671 ** 0.798 ** —0.377 ** —0.214 **
i WBGT 0.748 ** —0.281 ** 0.780 ** —0.316 ** —0.264 **
9:30-10:30 HI 0.993 ** —0.905 ** 0.905 ** —0.875** 0.025
R WBGT 0.746 ** —0.698 ** 0.837 ** —0.868 ** 0.231 **
10:30-end HI 0.968 ** —0.538 ** 0.538 ** —0.129 —0.583 **
oU-en WBGT 0.002 —0.294 ** 0.399 ** —0.265 ** —0.178 **
HI 0.979 ** —0.724 ** 0.349 ** —0.365 ** —0.099 **
15:00-16:00 WBGT 0.491 ** —0.469 ** 0.411 ** —0.495 ** 0.121 **
HI 0.951 ** —0.312 ** —0.019 —0.075* —0.249 **
16:00-17:00 WBGT 0.436 ** 0.124 ** 0.291 ** 0.284 ** 0.136 **
17:00-end HI 0.957 ** —0.288 ** 0.301 ** —0.451 ** 0.008
vumen WBGT —0.006 —0.137 —0.361 ** 0.103 —0.006

* At the 0.05 level (two-tailed), the correlation is significant. ** At the 0.01 level (two-tailed), the correlation
is significant.

In the fixed-point detection process, temperature and heat index and wet-bulb globe
temperature were significantly positively correlated at the level of 0.01 (double-tailed),
except for the period of “16:00-17:00”, when heat index and temperature were not correlated.
Relative humidity in the “8:30-10:30" period, “15:00-16:00” period and “17:00-end” period
was significantly correlated with the heat index at the 0.01 level (double-tailed) and was
negatively correlated with the heat index at the 0.05 level (double-tailed). No correlation
was found during the “10:30-end” period; There was a significant positive correlation
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between relative humidity and wet-bulb globe temperature at the 0.01 level (two-tailed),
except that the relative humidity did not correlate with wet-bulb globe temperature during
the “17:00-end” period. Wind speed and thermal comfort in the “8:30-9:30” and “10:30-end”
periods at the 0.01 level (double-tailed) significantly correlated negatively. The heat index
was significantly negatively correlated at the 0.01 level (double-tailed) during the period of
15:00-17:00, and the wet-bulb globe temperature showed a significant positive correlation at
the 0.01 level (double-tailed) during the periods of 9:30-10:30 and 15:00-17:00. Considering
that trees in the park have a blocking effect on wind [13], the ventilation effect in the park
is poor.

In summary, WBGT and HI showed a significant positive correlation under both
mobile and fixed-point monitoring methods. Thermal comfort is significantly correlated
with temperature and humidity, positively correlated with temperature, and negatively
correlated with humidity. Temperature and humidity are important parameters affecting
thermal comfort. The weak correlation between thermal comfort and wind speed indicates
that the park has poor ventilation [13,34].

3.3.2. Multiple Linear Regression Analysis

Through the analysis of mobile monitoring data, it can be seen that temperature
and humidity may affect thermal comfort. Therefore, heat index and wet-bulb globe
temperature were set as Y variables, temperature and humidity as X variables, and a 95%
confidence interval was set. The fitting curve obtained is shown in Figure 6.

y=4.44517+0.5874%x

Heat Index

Pearson's r: 0.95381

R-Square(COD): 0.90975

Heat Index

40 45

Rel. Hum.

40 30
Rel. Hum.

30 35 45

Heat Index

Y=T49.77374-115.71553%x+6.84813°x°2
0.1788; 0.00174°x"4
R-Square(COD)0.0631

¥=32.0766-0.18099*x
Pearson's r: ~0.6054
R-Square(COD):0.36651

Heat Index
WBGT
Y

WBGT

20 25 30

Rel. Hum. Rel. Hum.

Heat Index

75083

30 25 30 30 25 30

(c)

Figure 6. Meteorological factor and thermal comfort fitting curve: (a) morning data fitting; (b) after-
noon data fitting; (c) daily data fitting.
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Figure 6a shows the influence of temperature and humidity on HI and WBGT in the
morning, Figure 6b in the afternoon, and Figure 6¢ for the whole day.

As can be seen from the figure, the degree of influence of meteorological factors on
thermal comfort is that temperature is greater than humidity, especially in the afternoon,
when the cooling effect of humidity is relatively weak.

4. Discussion
4.1. Temporal and Spatial Characteristics of Thermal Comfort and Its Influencing Factors

The above analysis shows that the park has a certain cooling effect in summer and can
significantly improve urban thermal comfort. However, through many field investigations,
it is found that the crowd gathering point is not in a space with high thermal comfort, but
in the open space under the shade or inside the artificial landscape building [5,35], because
outdoor sports space, facilities and other factors have a significant impact on outdoor sports
activities [36]. The space with high thermal comfort is dense with vegetation and lacks
infrastructure construction. It does not have the conditions for crowds to gather.

Under the two monitoring methods of moving and fixed point, the two evaluation
indexes of thermal comfort showed a significant positive correlation. The heat index and
wet-bulb globe temperature were significantly correlated with temperature and humidity,
positively correlated with temperature, and negatively correlated with humidity. Wind
speed had little influence on thermal comfort. Regression analysis also showed that
temperature is the primary factor affecting thermal comfort, followed by humidity. The
results of the influence of temperature and humidity on thermal comfort are similar to those
of Huang and Jie [37], while the results of wind speed on thermal comfort are somewhat
different from those of Hsieh et al. [13]. Judging from this, the park ventilation effect is
poor. These findings have wide-ranging implications and consequences in areas such as
public health, urban planning, ecosystems and land management. These studies help to
provide a more comfortable park environment, maintain biodiversity, improve land use
and protect urban ecosystems.

Shade and shading structures in parks can effectively reduce the temperature and
exposure to direct sunlight, providing a cooler environment for visitors. This can be
achieved by planting trees and erecting pavilions and awnings. Adding green areas to
parks and bodies of water, such as lawns and fountains, can help lower temperatures
and provide a natural sense of wetness. Vegetation can absorb sunlight, reduce surface
temperatures, and provide a comfortable atmosphere. Properly planned ventilation and
ventilation systems in parks can help air flow and improve air quality and thermal comfort.
For example, natural wind direction is taken into account in the design of roads and paths,
as well as ventilation holes and open spaces. Shade and comfortable seating in the park
can provide visitors with a place to rest and relax. These seats can be designed to be well
ventilated to reduce discomfort for visitors in high temperatures. Information signs or
mobile apps for the park could be set up to provide current temperature, humidity and
wind speed information, as well as give advice to visitors on how to stay comfortable in
different weather conditions. Such information can help visitors make proper preparations
to better enjoy the park. In the design of parks, the needs of special groups such as the
elderly, children and the disabled should also be taken into account, so as to provide them
with special facilities and environments tailored to their needs to ensure their comfort in
the park.

These recommendations can help park managers improve the thermal comfort of
parks based on research insights and provide a better visitor experience, while focusing on
environmental sustainability and ecosystem protection.

4.2. Limitations of the Study

Satisfactory results have been obtained, but there are some limitations. First, the
measurement period was in the hottest months, but the monitoring time was only 5 days,
and the next step is to plan a longer monitoring period; Secondly, vegetation types in
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landscape space were not considered, and the influence of different plant species on the
thermal environment was inconsistent. According to the limitations of the present study, the
potential field for future research and exploration is to explore the influence of vegetation
combinations in different seasons on thermal comfort according to local conditions.

5. Conclusions

By selecting a typical green park in Urumgji, an oasis city in an arid region, fixed-point
monitoring and continuous mobile monitoring were conducted in the morning and evening
to analyze the spatial and temporal distribution characteristics of thermal comfort in the
park, and the following conclusions were drawn.

(1) In general, warming in the morning in the park is slow, and the thermal comfort
in the park is higher than that in nearby areas. In the afternoon, the temperature is more
stable, and the thermal comfort inside the park is not obvious compared with the nearby
area, but it is better than Hotan Road and Binnan Road. Therefore, it is recommended that
nearby residents exercise outdoors as much as possible in the morning, and in the park.
In the afternoon, keep to the park and its vicinity, sit quietly or walk slowly as much as
possible, avoiding the less comfortable areas, such as Wada Road and Binhonam Road.

(2) At the same time, it is suggested that the park improve the infrastructure of relevant
areas, especially the space with high thermal comfort, so that people in the park can better
enjoy the comfortable environment, improving the satisfaction and happiness of the park
population. Psychological behavior has also been proven to be an important parameter
affecting thermal sensation.

(8) Through discussion, it is found that the two evaluation indexes of thermal comfort
show a significant positive correlation under the two methods of mobile monitoring and
fixed-point detection. The heat index and wet-bulb globe temperature were significantly
correlated with temperature and humidity, positively correlated with temperature, and
negatively correlated with humidity, similar to the findings of related studies. Wind speed
has a weak effect on improving the thermal comfort of the park, but it has been observed
that wind speed and shading are the two main variables that influence the human comfort
index [14]. Combined with the results of regression analysis, it is suggested that the
park and its vicinity should appropriately increase trees and pools for cooling down and
humidification to improve the thermal comfort of the park. Ventilation corridors through
urban parks can promote shade and ventilation and improve thermal comfort, so the layout
and pruning of plants should be considered in the design, not only taking into account
shade and ventilation but also the prevailing local wind direction and season.
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