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Abstract: Urban forests, crucial to urban ecosystems, are increasingly threatened by the challenges of
urbanization, such as deteriorating thermal environments and declining air quality. Despite their
recognized benefits to city dwellers” quality of life, a systematic understanding of the impact of these
environmental factors on public psychophysiological well-being in recreational sites is a notable
gap in the literature. The objective of this research was to bridge this gap by examining the effects
of the thermal environment and air quality in urban forests on the public’s perception, offering
scientific evidence to inform environmental optimization and health management strategies for
urban parks, essential for sustainable urban development and public health. Three urban parks in
Fuzhou, Fujian Province, namely Fuzhou National Forest Park, Xihu Park, and Jinniushan Sports
Park, were selected as research sites. Environmental monitoring and questionnaire surveys were
conducted at 24 recreation places from October to December 2020, collecting temperature, humidity,
and wind speed; the atmospheric composition includes PM2.5, PM10, negative oxygen ion, and
psychophysiological data from the public. Multivariate statistical methods were employed to assess
the environmental characteristics of different recreation places types and their impact on public
health. The findings reveal that environmental factors explained 1.9% to 11.8% of the variation in
physiological and psychological responses, mainly influenced by temperature, wind speed, and
negative oxygen ions. Forests and waterfront recreation places significantly outperform canopy
and open recreation places in promoting mental invigoration, stress relief, emotional tranquility,
and attention restoration. Environmental monitoring results indicate that favorable meteorological
conditions and good air quality are crucial for enhancing the service functions of recreation places.
Notably, the positive correlation between a negative air ion concentration and psychological well-
being provides a novel perspective on understanding the health benefits of urban forests. The
thermal environment and air quality of urban recreation places exert a significant influence on
the psychophysiological status of the public. Increasing green coverage, improving water body
environments, and rationally planning recreation places layout are of great theoretical and practical
significance for enhancing the environmental quality and service functions of urban forests.

Keywords: urban forests; thermal environment; particulate matter; public response; environmental
perception

1. Introduction

Amidst the tide of global urbanization, urban forests stand as indispensable con-
stituents of the urban ecosystem, fulfilling multiple roles such as providing recreational
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places [1,2], ameliorating the urban microclimate [3], and preserving biodiversity [4,5]. The
development and stewardship of these parks are not only pivotal to the quality of life for
urban dwellers [6] but also crucial to the realization of sustainable urban development [7,8].
However, while offering services to the public, urban forests are confronted with formidable
challenges such as the deterioration of thermal environments [9] and the decline in air
quality [10]. Urban forests play a crucial role in mitigating the adverse effects of global
warming and urban heat island effects [11] on the thermal environment and air quality in
urban areas. They lower urban temperatures and improve air quality by providing shade,
releasing water, and filtering pollutants. Therefore, studying the impact of urban forests
on the urban thermal environment and air quality is crucial for developing nature-based
solutions to cope with the deteriorating environmental conditions in urban areas.

The urban forest’s thermal environment and air quality are pivotal to the physical
and mental health of individuals frequenting these recreation places. Thermal comfort is
directly linked to the body’s heat balance, influencing psychological states and behavioral
choices [12,13], while the quality of air is integral to respiratory health; prolonged exposure
to polluted air can escalate the risk of various diseases [14]. Consequently, the study of the
impact of recreation places’ thermal environments and air quality on public health is of
significant theoretical and practical importance for the optimization of urban forests design,
enhancement of park services, and safeguarding of public health. The current research
on the impact of urban forests on human well-being is relatively limited, often examining
physiological or psychological effects in isolation. Our study bridges this gap by integrating
both perspectives, exploring how thermal environments and air quality within these green
spaces jointly affect physiological responses and psychological experiences. There is an
urgent need for comprehensive scientific exploration of these knowledge areas to guide the
development of urban forest environments in a way that fully supports public health.

The acceleration of urbanization has led to an exacerbation of the urban heat island
effect (UHI), which has had negative impacts on human health and the urban environ-
ment [15]. Urban forests, as an effective strategy for mitigating UHI, have become a hot
topic of research due to their cooling effects and contributions to the well-being of res-
idents. Research indicates that urban forests typically exhibit lower mean land surface
temperatures compared to the broader urban area. The cooling influence of these green
spaces is found to extend approximately 300 m from their boundaries. The size of urban
forests, vegetation coverage, and the Normalized Difference Vegetation Index (NDVI) are
key factors affecting their cooling effects [16].

Through remote sensing technology and on-site monitoring, research has revealed the
temperature regulation function of urban forests in different seasons and types [17]. Urban
forests contribute to mitigating temperatures and enhancing the microclimatic environment,
such as reducing concentrations of PM2.5 and ozone and increasing the relative humidity,
providing a more comfortable living environment for residents [18]. Moreover, urban
forests have a positive impact on the psychological well-being of residents, capable of
reducing heat sensation and improving emotional states [19].

In terms of air quality, urban forests play a crucial role in mitigating air pollution
and enhancing air quality [20]. Air pollutants such as PM2.5 and PM10, which are fine
particulate matters detrimental to human health, can be effectively filtered and absorbed by
vegetation. Some studies have elucidated the concentration distribution characteristics of
air pollutants within urban environments, demonstrating that areas with dense vegetation
typically exhibit lower levels of these pollutants [21]. Trees and plants in urban forests
act as natural air purifiers, capturing airborne particles on their leaves and branches, thus
reducing the overall pollutant load in the air [22]. Additionally, the presence of urban
forests can promote air circulation, which helps disperse pollutants and improve air quality.
However, some studies have indicated that the air quality in urban forests is influenced
by surrounding traffic pollution, particularly in areas close to high-traffic roads [23]. This
underscores the need for strategic planning in the placement of urban forests to maximize
their air quality benefits.
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Current research often focuses on the impact of a single environmental factor on
health, lacking consideration of the combined effects of multiple factors. Urban forests
are a complex ecosystem with a complex combination between thermal environment
and air quality, and research on single factors alone may not fully reveal the impact on
public health. Furthermore, much of the existing research employs qualitative methods
such as questionnaires, lacking systematic quantitative monitoring and analysis, which
makes it difficult to accurately assess the specific impacts of environmental factors on
health. Additionally, current research often concentrates on the overall environmental
characteristics of urban forests, neglecting the differences between various recreation
places, which hampers the provision of guidance for refined management of these sites.

This study systematically investigates the characteristics of the thermal environment
and air quality in urban forests recreation places and the impact of these environmental
factors on public physiological and psychological health. The main objectives of this study
are as follows:

(1) The relationship between thermal environmental parameters, public physiological
and psychological indicators, and their impact on health;

(2) Therelationship between air quality indicators, public physiological and psychological
indicators, and their impact on health;

(3) How the thermal environment and air quality of urban forest recreation places com-
prehensively influence the physiological ease and psychological health of the people.

2. Materials and Methods
2.1. Study Site Overview

This research concentrates on Fuzhou, the capital city of Fujian Province in southeast
China, recognized as a historic and cultural metropolis and a pivotal economic hub. Known
for its scenic beauty and rich forest tourism assets, Fuzhou boasts a humid subtropical cli-
mate, featuring year-round verdure, substantial sunlight, and significant precipitation [24].
Characterized by a brief winter and an extended summer, the city has a frost-free period of
326 days annually. It receives an annual sunlight exposure of 1700 to 1980 h and an annual
rainfall of 900 to 2100 mm. The mean temperature in Fuzhou is approximately 20-25 °C,
with December marking the coldest month at 6-10 °C, and July and August being the
warmest, with temperatures averaging 33-37 °C. Temperature variations can range from
2.5 to 42.3 °C throughout the year. The city maintains an average relative humidity of
about 77%.

The distinctive urban heat island effect, attributed to Fuzhou'’s basin topography,
coupled with the pivotal function of urban forests in modulating the microclimate and
enhancing thermal comfort and air quality, results in a diverse microclimatic landscape
within the city. This heterogeneity needed to be considered in the study design as it was
crucial to choose the right season and sites to study. First, geographical location and
types of recreational areas were considered. Information on park area, shape, vegetation
composition, number of visitors, accessibility, and recreational facilities were used to select
parks that represented the urban forests in Fuzhou. Based on these attributes, three different
types of parks were selected as the study sites: Jinniushan Sports Park, Fuzhou National
Forest Park, and Xihu Park.

In Jinniushan Park, Canarium album, Dimocarpus longan, and Phyllostachys sulphurea
are the dominant tree species. In Fuzhou National Forest Park, trees like Ficus microcarpa,
Archontophoenix alexandrae, and Bauhinia blakeana are the primary ones. In Fuzhou Xihu
Park, there are many Osmanthus fragrans, Prunus persica, Lagerstroemia indica, and Salix
matsudana Koidz planted. The selection of these parks is based on their diversity in type,
function, and visitor experience, which enable us to provide a comprehensive perspective
on the impact of urban trees on public health. The specific locations of the parks are shown
in detail in Figure 1.
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Figure 1. (a) Location of Fujian Province in China map; (b) Location of Fuzhou City in Fujian map;
(c) Study site selection of urban forests in Fuzhou.

2.2. Sample Sites Setting

In this study, we conducted an in-depth investigation of three urban parks in Fuzhou
City and selected 24 sample sites for intensive research, as shown in Figures 2 and 3.
Within the study, Jinniushan Sports Park encompasses eight designated sample locations,
identified as S1 through S8; Fuzhou National Forest Park features nine such sites, denoted
by F1 through F9; and Xihu Park comprises seven sites, marked X1 through X7.

(b)

Figure 2. (a) Study site selection of Jinniushan Sports Park. (b) Study site selection of Fuzhou National
Forest Park. (c) Study site selection of Xihu Park.

These 24 sample sites were categorized into four major types based on their environ-
mental characteristics. The specific classification is shown in detail in Table 1.



Forests 2024, 15, 1640 50f27

(@) b “ ©

Figure 3. (a) Plots of Jinniushan Sports Park. (b) Plots of Fuzhou National Forest Park. (c) Plots of
Xihu Park.

Table 1. Classification of recreation place types.

Jinniushan Sports Park Fuzhou National Forest Park Xihu Park
Fuzhou National Forest Park,
alternatively referred to as “Fuzhou Situated in the northwest
Defined by its rolling Botanical Garden”, is the premier  sector of Gulou District within
landscape and scenic beauty,  national-level forest park in Fujian Fuzhou City, near the city’s
it stands as the largest Province, ranking among China’s core, the existing land
Overview community-based semi-hilly top ten forest parks and is one of coverage amounts to
sports park in downtown the six 4A-rated tourist attractions 42 51 hm?, with terrestrial
Fuzhou, acting as the gateway  in the Fuzhou region. The park’s space constituting 12.21 hm?
at Fudao Gate 3. comprehensive planning extends and water bodies
over an area of 2891.3 hm?, with a encompassing 30.3 hm?.
watershed covering 13 km?.
Open recreation place S1, S5 F1, F3, F7 X2, X3
Forest recreation place S3,54 F4, F9 X4, X7
Waterfront recreation B F5, F6, F$ X1, X5, X6
place
Canopy recreation place S2,56,57,S8 - -

The spatial characteristics within urban parks were categorized based on a pre-
experimental survey of 60 scenes. A clustering analysis was conducted using quanti-
tative analysis indicators of scene elements, resulting in four clusters. These are defined
as follows:

1. A type with a high green view rate and a large proportion of site area, which, through
expert scene judgment, is defined as open recreation places: these are open and
spacious recreational spaces within urban parks, such as recreational platforms
and squares;

2. Park spaces with a high green view rate and narrow lines of sight, which are defined
as forest recreation places: these are the wooded recreational areas within urban parks;

3. Spaces that are relatively open with the presence of large water bodies are defined as
waterfront recreation places. The classification is based on the type of urban park;
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4. A cluster with relatively high values of spatial elements, which, through scene judg-
ment, is defined as canopy recreation places: scenes that are located at the canopy
level or on the top or mid-levels of mountain parks, where the viewing points are
above the canopy with a broad range of visibility.

2.3. Overall Experimental Design

This research endeavors to assess the influence of the thermal and air quality conditions
in Fuzhou City’s urban park forests on the physiological and psychological well-being of
visitors, aiming to uncover the sensory and operational dynamics of urban green spaces.
For this purpose, three municipal parks with a total of 24 key sampling sites were selected
for the study. The investigation integrates the assessment of thermal conditions and air
quality with synchronous tracking of visitors” physiological responses and survey-based
data to provide a holistic view of the urban forest’s impact on sensory perception.

2.4. Environmental Quality Monitoring Method

The selection of monitoring equipment and sensors was predicated on a rigorous set
of criteria designed to ensure the highest standard of data collection for our study. The
decision-making process encompassed the following parameters:

1. Accuracy and Precision: We meticulously chose devices that boast high levels of
accuracy and precision, ensuring that the measurements correspond closely with the
actual environmental conditions;

2. Sensitivity and Response Time: Our sensors were selected for their sensitivity to
minute environmental changes and rapid response times, allowing for the precise
capture of dynamic variations within the urban forest microclimate;

3.  Ease of Calibration and Maintenance: We favored equipment that requires infrequent
calibration and minimal maintenance, thereby reducing the potential for human error
and ensuring uninterrupted data collection;

4. Environmental Durability: Considering the outdoor setting of our study, the equip-
ment’s resilience to environmental factors such as temperature fluctuations and hu-
midity was a mandatory criterion;

5. User-friendliness: The operability of the devices was also taken into account, with a
preference for those that offer an intuitive user interface to facilitate ease of use by
research personnel.

In this study, we employed advanced sensor technology provided by Weihai Jinghe
Digital Mine Technology Co., Ltd. (Weihai, China). to conduct meticulous data monitoring
of a series of key environmental parameters. The monitored data encompassed meteorolog-
ical factors (such as temperature, relative humidity, wind speed, and barometric pressure)
and environmental quality indicators including air anion concentration and oxygen con-
tent. Furthermore, we measured illuminance, ultraviolet radiation, and noise levels, and
calculated the environmental comfort index based on these measurements. The specific
monitoring parameters are detailed in Table 2. To enhance the accuracy of the data, we
specifically procured an AIC2000 air anion concentration detector manufactured in the
United States for in-depth monitoring of selected sample sites.

Fuzhou experiences frequent rainy days in spring, hot summers, and cold winters. To
avoid the impact of extreme weather on the experiment, the experiment will be conducted
in autumn. Specifically, the experiment took place from October to December in 2020,
while avoiding special weather conditions such as rain, heavy fog, typhoons, pollution,
and others, covering three major urban parks: Fuzhou National Forest Park, Xihu Park,
and Jinniushan Sports Park. Within each park, 24 monitoring points were established to
ensure the representativeness and comprehensiveness of the data. Monitoring commenced
at 7:00 AM and concluded at 7:00 PM each day. To ensure consistency and accuracy in
measurements, all sensors were placed horizontally at a height of 1.5 m above the ground.
Data readings were taken at a frequency of once every 2 h, with three consecutive readings
taken each time and the average value recorded as the final entry.
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Table 2. Introduction to the instrument parameters of the mobile weather station.
Measurement Index Measuring Range Precision Response Time
PM2.5 0-999 pug/m3 +10% <60's
PM10 0-1500 pg/m? +10% <60's
CO, 400-60,000 ppm £50 ppm =+ 3% current reading <60s
H,S 0-100 ppm 0.70 £ 0.15 ppm <30s
0, 0~25% Vol. At 5%COg, percenF change/CO; <155
concentration 0.1
50, 0-10 ppm 0.75 £+ 0.15 ppm <30s
Air temperature —40-80 °C +3% <60s
Air humidity 0-100%RH +3% <60s
INluminance 0-65,535 Lux/0-200 k Lux +5% (25 °C) <60s
Atmospheric pressure 30 kPa~120 kPa 700~ 100 millibar (—1.5~+1.5) <5s
Wind speed 0~60 m/s +03m/s <0.5s
Wind direction 8 directions <05s
Ultraviolet ray 0-3280 w/m? 5 uW/cm? >125ms

In addition, we utilized the Jinghe Cloud Integrated Mobile Meteorological Station
to continuously measure temperature (°C), relative humidity (%), and wind speed (m/s).
Each measurement lasted for 3 min, with readings recorded every minute during that
period to ensure the continuity and stability of the collected data.

Through this comprehensive and systematic data monitoring approach, we were able
to obtain accurate and reliable information on the environmental quality of urban trees,
providing a solid data foundation for further analysis and research.

2.5. Measurement of Physiological Data from the Public

Physiological and psychological metrics are essential in gauging individuals” emo-
tional states [25]. Key physiological indicators such as electrodermal activity (EDA), heart
rate (HR), and respiratory rate are significant for assessing the degree of physiological
arousal [26]. However, these markers, while indicative of arousal, are not always pre-
cise in differentiating among specific emotional states. Studies have noted [27] that these
indicators predominantly reflect a general state of physiological activation and do not
unequivocally disclose the nature of the emotions being experienced.

In general physiological terms, EDA tends to increase when an individual is tense [28].
HR is a measure of the number of times the heart beats per minute, typically expressed in
beats per minute (bpm). It is a key physiological parameter for assessing an individual’s
state of physiological arousal and stress level [29]. In adults, resting HR normally ranges
from 60 to 100 bpm [27,30], although athletes have lower HR [31]. HR is one of the
physiological indicators of the body’s response to activity or stress. During physical activity
or stress, HR increases to meet oxygen and energy demands [32]. Emotional tension also
influences HR; the release of adrenaline during stress increases HR and blood pressure [33].

HR is not constant and naturally fluctuates with physiological processes such as breath-
ing [34]. Heart rate variability (HRV) refers to the variation in the time intervals between
normal heartbeats and is an important indicator of autonomic nervous system activity [35].
High HRYV is usually associated with good cardiac function and lower stress levels, while
low HRV may indicate increased stress or impaired cardiac function. The low-frequency
(LF) component of HRV is typically linked to the activity of the sympathetic nervous sys-
tem, whereas the high-frequency (HF) component is associated with the parasympathetic
nervous system [36]. The LF/HF ratio, representing the proportion of LF to HF in HRYV,
serves as an indicator of the fluctuating dynamics between sympathetic and parasympa-
thetic nervous system activities [37]. When an individual encounters environmental or
internal stimuli, the central nervous system coordinates the activities of the sympathetic
and parasympathetic nerves to regulate HR changes and maintain physiological balance.
Under nervous or anxious emotions, the sympathetic nerves are dominant, leading to



Forests 2024, 15, 1640

8 of 27

increased stress levels and LF/HF ratio. Conversely, in a relaxed state, the parasympathetic
nerves are dominant, and the LF/HF ratio decreases. Accordingly, shifts in the LF/HF
ratio can effectively signal an individual’s psychological condition, reflecting alterations
in tension, relaxation, or comfort levels [38]. In addition, HRV analysis, particularly the
LF and HF components, holds significant applications in emotional research [39,40]. It
offers insights into the balance between sympathetic and parasympathetic nervous system
activities. By understanding these components, researchers can explore areas such as stress,
anxiety, and psychopathology [41]. Moreover, HRV analysis finds use in biofeedback and
interventions, aiding the development of effective strategies for stress management and
mental health improvement [42].

EDA signals exhibit significant variations in response to emotional changes, making
them a valuable tool for examining individuals’ reactions to emotionally stimulating
environments or stimuli [43]. In the presence of environmental stressors, skin conductance
demonstrates sensitive fluctuations, establishing it as an effective indicator of emotional
shifts. As emotional intensity increases, physiological reactions such as vasodilation and
increased sweat gland secretion occur, leading to decreased skin resistance and increased
skin conductance. When emotions stabilize, sweat gland secretion decreases, skin resistance
increases, and skin conductance decreases accordingly [44].

In view of this, this experiment monitored physiological indicators such as partic-
ipants” EDA, HR, and HRV. To minimize external influences, participants maintained a
stationary position while observing the surrounding scenery, thereby enabling a more
precise measurement of their physiological and psychological reactions.

2.6. Questionnaire Survey

According to the World Health Organization (WHO), mental health is defined as
a state of well-being in which the individual realizes his or her own abilities, can cope
with the normal stresses of life, can work productively and fruitfully, and is able to make
a contribution to his or her community [45]. The objective of this study is to assess the
effects of perception on mental well-being, utilizing spiritual vitality, stress relief, emotional
arousal, and attention recovery as key metrics for evaluating mental health.

The questionnaire survey comprised two primary sections. The initial section concen-
trated on personal background, such as gender, age, stress level, professional background,
and the frequency of urban park visits. The subsequent section pertained to the assessment
of tourists’ psychological indicators, drawing upon the research of several scholars [46,47].
It employed a 7-point Likert scale to formulate questionnaire items and implemented
a quantitative evaluation with 7 serving as the maximum score. Table 3 introduces the
significance of the corresponding psychological indicators. By employing this structured
questionnaire design, the study sought to thoroughly investigate the precise effects of
landscape perception on individuals’ mental health, aiming to offer a scientific foundation
for future urban planning and environmental design endeavors.

Table 3. Basic significance of psychological indicators.

Psychological Indicators Basic Significance

Spiritual vitality The mental vitality of the individual in the environment [48].
Individuals can release effective pressure in their
environment [49].

Subsequent to their exposure to the specified environment,
individuals experience a reduction and release of negative
emotions like anxiety, resulting in a stabilization of their
emotional condition [50].

Stress relief

Emotional arousal
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Table 3. Cont.

Psychological Indicators Basic Significance

Natural environments facilitate the restoration of attentional
resources in the human brain and possess the ability to promote
positive emotions, alleviate stress, and mitigate mental fatigue.
Natural spatial environments that adhere to the four fundamental
characteristics of being away, rich, engaging, and compatible
possess attention restoration capabilities [51].

Attention recovery

2.7. Subjects

In the realm of environmental stimuli research, it is imperative to ensure the represen-
tativeness of participants and the adequacy of sample size to enhance the scientific rigor
and generalizability of findings. Kaplan et al. [52] have emphasized that the college student
population can yield highly scientific and representative data for such studies. Conse-
quently, this investigation utilized G*Power 3.1.9.7 to perform a meticulous power analysis,
thereby determining an appropriate sample size and guaranteeing that the experiment
possesses sufficient statistical power.

Utilizing G*Power software, we calculated the minimum sample size necessary based
on the specified effect size,  level (commonly set at 0.05, representing the significance
level), and statistical power (typically 0.80 or above). In light of these computations, we
chose 77 university students from diverse majors as our experimental subjects. This sample
size not only fulfills the criteria for statistical power but also adequately represents a
broader spectrum of the young adult population.

In the current study, the participant age demographic was defined as below 30 years
of age, with an average age of 23.4 years. This age criterion was meticulously selected
to ensure homogeneity in cognitive and perceptual performance, thereby mitigating the
confounding effects of age-related cognitive variability on our experimental outcomes.

During the participant selection process, rigorous exclusion criteria were implemented.
Individuals with a history of significant physical or mental trauma, major surgeries, or
chronic ailments such as cardiovascular disease and hypertension were intentionally omit-
ted from the study group. This measure was taken to prevent their health conditions from
potentially skewing the experimental outcomes. The reasoning behind these exclusions is
multifaceted:

1.  Physiological Consistency: By focusing on a younger adult population, we aimed to
achieve a more uniform baseline of physiological responsiveness, which is less likely
to be complicated by age-related health issues;

2. Health Bias Mitigation: The exclusion of participants with chronic health conditions
was essential to prevent potential biases that could skew the interpretation of the ef-
fects of the urban forest environments on physiological and psychological well-being;

3. Complex Health Variable Elimination: Chronic illnesses and their associated treat-
ments can introduce a myriad of health variables that may interact with the environ-
mental factors under investigation, thereby obfuscating the study’s findings;

4. Enhanced Feasibility: Targeting a younger, healthier demographic also enhanced
the feasibility of the study, as this group is generally more accessible and willing to
participate in research endeavors;

5. Broader Generalizability: By eliminating individuals who might exhibit atypical
responses due to health conditions, the generalizability of our findings to a similar
young adult population is strengthened.

2.8. Experimental Procedure

The experiment was carried out in three parks within Fuzhou City: Jinniushan
Sports Park, Fuzhou National Forest Park, and Fuzhou Xihu Park, spanning a duration of
7-14 days from October to December 2020 to ensure data consistency. The experimental
sessions were scheduled daily from 7:00 AM to 7:00 PM to encompass various times of
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the day. Each day, 3-5 participants were invited to take part in the experiment, with the
observation time for each individual in each park being limited to between 1.5 and 3 h.

Prior to the commencement of the experiment, the project leader provided compre-
hensive, in-person instructions to the 77 participants. This included an introduction to
the fundamental concepts of thermal environment and air quality, the objectives and sig-
nificance of the study, and a detailed explanation of how to complete the questionnaire,
elucidating the meaning of each question and response option. Following these instruc-
tions, the research team escorted the participants to 24 predetermined sample sites for the
measurement of their physiological indicators.

During the specific physiological indicator detection experiment, participants were
fitted with calibrated physiological monitoring devices and instructed to avoid talking,
eating, or drinking while experiencing the environment at the observation site for a duration
of 3 min. This measure was taken to minimize artificial interference during the experiment.
The experimenters were tasked with the real-time recording of participants’ physiological
indicator data. Following each site visit, participants completed the pertinent questionnaire
survey. A detailed illustration of the experimental procedure is provided in the attached
Figure 4.

Experiment preparation

3min

Arrival at sample site

steady state

p [ Feeling the environment j

Record
physiological indicators

b

!

Eearing physiologi

equipment

Cﬂ Erocess desmpﬁoﬂ %

Fill out the questionnaire

Figure 4. Procedure.

2.9. Analytical Methods

In this study, ANOVA was employed to assess the variability among different parks
and recreational areas. To delve into the relationship between the audiovisual environ-
mental elements present in the scene and the physiological and psychological perception
responses of the subjects towards the studied scene, and to uncover their potential asso-
ciations, stepwise regression analysis was conducted on the data. This analysis aimed to
investigate whether correlations exist between these elements and to determine the strength
and direction of such correlations, thereby facilitating a deeper understanding of the impact
of the combined audiovisual effect on public response.

3. Results
3.1. Base Environmental Conditions

The researchers conducted sensory experiments in 24 sample sites according to a
predetermined plan. Table 4 shows the thermal environment and air quality data obtained
through the equipment used in the above 24 sample sites. Temperatures were recorded
between 18 and 22 °C, which is usually considered to be the range of temperatures that the
human body feels comfortable with.
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Table 4. Environment condition of sample sites.
. . Negative
Park Name  Plot Number Tem?oecr;\ture Hu?;l)d ity Wm(cij};eed (PN;Z'E) (PMI(;) Oxygen Ion
’ s Heim ug/m (ions/cm?)

S1 22.15 57.28 0.04 30.19 32.58 1.92
52 19.51 51.18 0.01 18.97 21.47 2.41
53 19.29 51.31 0.07 18.43 20.74 3.18
Jinniushan 54 19.07 52.45 0.05 20.02 21.63 3.71
Sports Park S5 21.02 62.79 0.03 28.78 30.83 291
56 19.04 50.49 0.03 19.51 21.09 2.54
57 19.29 51.21 0.01 19.42 21.17 2.60
S8 22.33 48.72 0.14 19.69 2143 1.87
F1 2191 60.88 0.03 15.67 16.83 2.76
F2 22.00 61.78 0.08 15.17 16.26 4.20
F3 22.04 61.61 0.18 14.96 15.91 3.55
Fuzhou F4 22.29 60.96 0.07 15.27 16.31 3.89
National F5 22.28 59.33 0.09 15.19 16.14 2.48
Forest Park F6 22.37 60.31 0.12 15.00 16.05 2.74
F7 22.32 61.17 0.15 14.76 15.69 2.78
F8 22.38 59.75 0.14 14.94 15.92 2.41
F9 22.03 60.61 0.15 15.17 16.11 3.89
X1 18.31 64.16 0.12 40.54 41.89 1.50
X2 18.56 63.22 0.02 43.42 44.58 2.04
X3 18.62 64.05 0.00 42.57 43.89 1.94
Xihu Park X4 18.75 62.56 0.03 42.25 43.11 2.15
X5 18.60 62.69 0.21 44.80 45.64 0.96
X6 18.55 62.61 0.15 42.01 43.22 1.46
X7 18.44 63.07 0.05 40.85 42.08 2.16

Jinniushan Sports Park boasts a generally favorable thermal environment and air
quality. For instance, at the S4 sampling site, the wind speed is as low as 0.05 m/s,
contributing to a tranquil leisure environment. Concurrently, the site records a high negative
oxygen ion concentration of 3.71 ions/cm?, considered a healthy level that potentially
benefits physiological and psychological well-being. These conditions collectively foster a
comfortable leisure environment where visitors can unwind amidst natural surroundings.

The air quality in Fuzhou National Forest Park was generally good, but the wind
speed was slightly higher, e.g., 0.08 m/s at sample point F2. In addition, negative ion
concentrations varied significantly in different areas, ranging from 4.20 ions/cm? at sample
point F8 to 2.41 ions/cm?® at sample point F3. This variation may mean that visitors’
experience will vary in different areas of the park, some of which may provide fresher air
and greater comfort due to higher negative ion concentrations.

The air quality in Xihu Park is relatively poor, which is mainly reflected in the high
readings of PM2.5 and PM10, such as 44.80 ug/m?3 for PM2.5 and 45.64 pg/m3 for PM10 at
sample point X5. These data indicate that the surrounding environmental factors negatively
affect the air quality of the park due to its location in the city center. However, the park has
a high humidity, above 62%, which may be related to the characteristics of its water bodies,
providing some climate regulation to the park.

3.2. Effect of Thermal Environment and Air Quality on Public Physiological Indicators
3.2.1. Effects on HR

The impact of different types of recreation places on HR variability, a progressive
decrease in HR variation reduction was observed, with the sequence being from forests
to waterfronts, open spaces, and canopies (Figure 5). The results showed that there were
significant differences in HR changes between forest and canopy places and other places,
indicating that these places had unique effects on reducing or increasing HR. Within the
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canopy environment, improved air quality coupled with an immersive natural experience
contributed to profound relaxation, resulting in a reduction in HR.
40 .
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Figure 5. Variance of HR in different types of recreation places. Different lowercase letters (a,b)
represent significant differences in HR variation between different recreation places (p < 0.05).

On the effect of different recreation places in different park types on HR variability,
the results showed that there were significant differences in the effects of different places in
different park types on HR (Figure 6). For example, in open recreation places, the effects
of different parks on heart rate were different, and only the HR in Jinniushan Sports Park
changes negatively.
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Figure 6. Variance of HR in different types of recreation places in parks. Different lowercase letters
(a—c) represent significant differences in HR variation between different recreation places (p < 0.05).
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3.2.2. Effects on the Heart Rate LF/HF Balance

Figure 7 illustrates the effect of different types of recreational sites on the change in the
LF/HEF ratios. The results showed that the forest recreation places, characterized by dense
vegetation and minimal disturbance from pedestrians, vehicles, and wildlife, showed the
lowest LE/HF ratio and negative changes. This suggests a more pronounced parasympa-
thetic influence, indicative of a relaxed and tranquil psychological state. Conversely, in the
other three recreational settings, subjects’ LF/HF ratios increased, albeit without significant

differences among them.
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Figure 7. Variance of LF/HF in different types of recreation places. Different lowercase letters (a,b)
represent significant differences in LF/HF variation between different recreation places (p < 0.05).

The influence of different recreation places in various park types on the change in
the LF/HF ratio is presented (Figure 8). The results showed that there were significant
differences in the changes in LF/HEF ratio in the same places of different park types (such
as open, forest, and waterfront). For example, the changes in forest recreation places in
Fuzhou National Forest Park were significantly higher than those in other parks.
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Figure 8. Variance of LF/HF in different types of recreation places in parks. Different lowercase
letters (a—c) represent significant differences in LF/HF variation between different recreation places

(p < 0.05).
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In general, different types of recreation places and parks have significant effects on
the changes in the LF/HF ratio. These differences may reflect the impact of different
environments on people’s autonomous nervous system reactions, especially the balance
between sympathetic and parasympathetic nerves in different natural environments.

3.2.3. Effects on EDA

Figure 9 presents an analysis of the subjects” EDA variation values across various recre-
ation places, notably, the canopy recreation place elicited the most significant EDA change
value of 2.00, surpassing forest (0.73), open (0.52), and waterfront (0.24) recreation places.
It showed that all four types of recreational environments tend to amplify the subjects’
emotional fluctuations. The unique vantage point provided by the canopy recreation places,
where individuals are elevated above the tree canopy, offered an unfamiliar perspective and
heightened psychological stimulation, leading to pronounced EDA changes. In contrast,
the emotional responses in the other three types of environments were more uniform by
the end of the test, with no significant differences noted.
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Figure 9. Variance of EDA in different types of recreation places. Different lowercase letters (a,b)
represent significant differences in EDA variation between different recreation places (p < 0.05).

The impact of different recreation places in different parks on EDA changes is shown.
(Figure 10). The results showed that the differences in EDA changes in the same recreation
place among different park were significant. For example, EDA changes were significantly
higher at Jinminshan Sports Park than at Xihu Park in the forest recreation places. These
showed that different types of natural environments have different effects on individual
psychological arousal and emotional response, especially in specific parks and places,
where this effect may be more pronounced. Canopy places seem to be able to trigger
higher EDA changes, suggesting that people’s psychological arousal level may be higher in
these environments.
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Figure 10. Variance of EDA in different types of recreation places in parks. Different lowercase letters
(a—c) represent significant differences in EDA variation between different recreation places (p < 0.05).

3.3. Effect of Thermal Environment and Air Quality on Public Psychological Indicators
3.3.1. Spiritual Vitality

Our analysis of recreation places in Fuzhou'’s parks revealed that the results showed
that the scores of spiritual vitality in forest and waterfront places were significantly higher
than those in open places, while the score of canopy places was the lowest among these
places, and there were significant difference between forest and open areas. This indicates
that forest and waterfront environments may be more effective in improving individual
mental vitality, while open places and canopy environments have relatively weaker effects
(Figure 11).
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Figure 11. Spiritual vitality of different recreation places. Different lowercase letters (a,b) represent
significant differences in spiritual vitality between different recreation places (p < 0.05).
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Figure 12 illustrated the impact of different recreation places in different park types
on spiritual vitality. The results showed that there are significant differences in the impact
of the same recreation places in different park on spiritual vitality. For example, the score
of forest places in Xihu Park is significantly lower than that in other parks. At the same
time, in open places, the impact of different parks on spiritual vitality is also different, with
higher scores in Xihu Park and Fuzhou National Forest Park.
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Figure 12. Spiritual vitality of different recreation places in parks. Different lowercase letters (a—c)
represent significant differences in spiritual vitality between different recreation places (p < 0.05).

It can be seen from the general trend that tree coverage and water body factors in
the natural environment have a positive impact on mental health, but the differences
between different types of natural places and parks indicate that specific environmental
characteristics may have unique effects on individual psychological states.

3.3.2. Stress Relief

Figure 13 illustrates our analysis of the stress relief effects across four types of recre-
ational areas within the three Fuzhou parks. Forest recreation places significantly outper-
formed open recreational places, and the open recreation places are the recreation place
with the lowest mean value. It indicated that open recreation places, plagued by traffic and
pedestrian noise, were less effective in alleviating stress.
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Figure 13. Stress relief in different recreation places. Different lowercase letters (a,b) represent
significant differences in stress relief between different recreation places (p < 0.05).
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Stress relief at different recreation places in different parks (Figure 14) all showed
significant differences. In the open recreation places, Xihu Park has the best pressure
relief effect. The forest recreation places had similar stress relief scores across the three
parks, and Fuzhou National Forest Park’s score is slightly higher. The effect of different
recreation places on stress relief varied significantly, and the same type of recreation places
in different parks also showed obvious differences. This further suggests the importance of
the environment for stress relief.
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Figure 14. Stress relief in different recreation places in parks. Different lowercase letters (a—c) represent
significant differences in stress relief between different recreation places (p < 0.05).

3.3.3. Emotional Arousal

Regarding emotional arousal across the four types of recreation places in the three
Fuzhou parks (Figure 15), forest recreational sites were significantly more effective than
the others in facilitating emotional recovery (p < 0.001). This outcome is likely linked to
the elevated levels of negative oxygen ions and superior air quality within forested areas,
which synergistically encourage emotional relaxation and rejuvenation among visitors.
Additionally, canopy recreational areas fostered a sense of novelty and exploration due to
their distinctive vantage points at height.
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Figure 15. Emotional arousal in different recreation places. Different lowercase letters (a,b) represent
significant differences in emotional arousal between different recreation places (p < 0.05).
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The analysis of emotional arousal in different recreation places in different parks
suggests that there are significant differences between the parks (Figure 16). In particu-
lar, the forest recreation places of Fuzhou National Forest Park can evoke emotions to a
higher degree.

Sports Park

c a b b ¢ a abag

.

T T
11HE UEE
. . .
24 . . .
L

- -

—
—
—
—
—
—

Emotional arousal

Open Forest Waterfront Canopy

Figure 16. Emotional arousal in different recreation places in parks. Different lowercase letters (a—)
represent significant differences in emotional arousal between different recreation places (p < 0.05).

3.3.4. Attention Recovery

The analysis reveals the exceptional capacity of forest recreation places in enhancing
attention recovery among participants, outperforming all other areas studied (p < 0.001).
Canopy and waterfront recreational places also demonstrate positive effects on attention re-
covery. The influence of open recreation places was the weakest and appeared significantly
different from forest recreation places (Figure 17). The lushness of the landscape, natural
ambiance, comfortable thermal environment, and clean air are key factors in facilitating the
restoration of attention.
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Figure 17. Attention recovery in different recreation places. Different lowercase letters (a,b) represent
significant differences in attention recovery between different recreation places (p < 0.05).

Similar to the other three psychological indicators, attention recovery also showed
significant differences among the same recreation places in the three parks (Figure 18).
Among them, the forest recreation places of Fuzhou National Forest Park had the best
attention recovery effect, while the open recreation places of Jinniushan Sports Park ranked
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last. This further suggests that park environment and design may have important effects
on attention recovery outcomes.
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Figure 18. Attention recovery in different recreation places in parks. Different lowercase letters (a—c)
represent significant differences in attention recovery between different recreation places (p < 0.05).

3.4. Regression Analysis of Thermal Environment and Air Quality on Public’s Physiological and
Psychological Responses

All thermal environmental parameters and air quality parameters were entered into a
stepwise regression model to identify their major influencing factors on people’s physiolog-
ical and psychological responses. In the initial analysis, PM2.5 and PM10, two air quality
parameters, were found to have a strong correlation and multicollinearity. Therefore, in
the subsequent analysis, only PM2.5 was retained as the representative air pollutant for
stepwise regression, and a model was established based on it, as shown in Tables 5 and Al.

Table 5. Standardized regression coefficients of thermal environment and air quality indicators on
physiological and psychological indicators.

Physiology/Psychology

Negative

Response Temperature Humidity Wind Speed PM2.5 Oxygen Ion R?
HR —1.127 ** 0.462 *** 11.694 ** —0.386 *** - 0.118
LF/HF 0.797 *** - - - - 0.019
EDA - —0.098 *** - —0.024 ** - 0.080
Spiritual Vitality —0.152 *** - 2.661 ** - 0.244 *** 0.035
Stress relief —0.213 *** - 3.388 *** - 0.392 *** 0.063
Emotional arousal —0.193 *** - 2.878 ** - 0.307 *** 0.044
Attention recovery —0.215 *** - 3.649 *** - 0.321 *** 0.055

Note: ** and *** denote p < 0.01 and p < 0.001, respectively. - indicates that the thermal environment and air quality
had no significant relationship with physiological and psychological indicators.

Taken together, the influencing factors explained 1.9% to 11.8% of the variation in
physiological and psychological responses to thermal environmental parameters and air
quality parameters. Specifically, the physiological and psychological responses were mainly
affected by temperature, wind speed, and negative oxygen ions, while humidity and
particulate matter had a smaller impact. However, humidity and particulate matter did not
show a significant effect on psychological responses.
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Regarding temperature, it had a significant effect on HR, spiritual vitality, stress relief,
emotional arousal, and attention recovery, especially on HR and LF/HF, with increasing
temperature generally decreasing HR and increasing the magnitude of LF/HEF. Regarding
humidity, it had a significant effect on physiological responses, such as HR and EDA. The
negative regression coefficient indicates that increased humidity leads to a decrease in EDA
changes. Regarding wind speed, it had a significant effect on HR, spiritual vitality, stress
relief, emotional arousal, and attention recovery, with positive regression coefficients indi-
cating that increased wind speed enhances these responses. Regarding particulate matter,
it had a significant negative effect on HR and EDA, which means that increased particulate
matter in the air leads to a decreased EDA and HR. Regarding negative oxygen ions, they
had a positive significant effect on vigor, stress relief, agitation, and attention restoration,
suggesting that increased negative oxygen ions have a positive effect on psychological
well-being.

Overall, our results demonstrate the varying influences of different thermal environ-
mental parameters and air quality parameters on people’s physiological and psychological
responses. Temperature, humidity, wind speed, and particulate matter have important
effects on physiological responses, such as HR and EDA. Wind speed and negative oxygen
ions have positive effects on psychological well-being, such as spiritual vitality, stress
relief, and attention recovery. Temperature and particulate matter have negative effects
on most psychological and physiological responses, especially on HR. These findings
suggest that environmental factors play a non-negligible role in both physiological and
psychological health.

4. Discussion

In the realm of research investigating the intertwined effects of urban trees micro-
climate and air quality on the psycho-physiological well-being of the public, this study
deepens our understanding of the complex interplay between environmental factors and
the physiological and psychological states of individuals. Through an in-depth field moni-
toring and questionnaire survey conducted across 24 recreation places in three distinct types
of urban forests in Fuzhou City, as shown in Figure 19, this study expands our knowledge
of the holistic impact of environmental parameters on public health and well-being.

Figure 19. Cont.
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Figure 19. (a) The current situation survey of Jinniushan Sports Park. (b) The current situation survey
of Fuzhou National Forest Park. (c) The current situation survey of Xihu Park.

4.1. Thermal Environmental Factors and Physiological-Psychological Indicators

Prior research has predominantly focused on the impact of singular environmental
factors on human health, such as the influence of temperature on thermal comfort [53]
or the effect of air quality [54] on respiratory health. In terms of the methodology, this
study employed a stepwise regression analysis to reveal how various environmental factors
interact with each other to affect the public’s psycho-physiological state, ensuring the rigor
of the analysis [55]. It is worth noting that an inverse correlation was found between the
temperature and HR, and psychological indicators within the comfortable temperature
range of 18 to 22 degrees Celsius. This may be attributed to the fact that 18 to 22 degrees
Celsius is generally considered to be the thermal comfort zone for most individuals. When
individuals are comfortable and immersed in scenic surroundings, their heart rate tends to
be lower, and their psychological well-being is often enhanced. In addition, the previous
study also found that within a higher temperature range, as the temperature rises, people’s
perception of heat gradually increases [24], and there is a significant increase in eardrum
temperature, skin temperature and moisture, heart rate, end-tidal carbon dioxide, and
body weight, while the acceptability of air quality decreases linearly [56]; these studies
confirm our view. The role of psychological adaptation and the contextual factors in this
process still require further research in future experiments to gain a more comprehensive
understanding of the complex relationship between thermal comfort, psychological well-
being, and physiological responses.

Furthermore, humidity exerted significant effects on physiological responses, such
as HR and EDA. The negative regression coefficient of EDA implied that higher humid-
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ity levels are associated with decreased skin conductance, which could be indicative of
reduced physiological arousal or stress. This finding suggests that environments with hu-
midity levels within the range of 50%—60% may facilitate a more relaxed state, potentially
mitigating stress responses. This aligns with previous research suggesting that, within
a thermoneutral temperature range, the human body is relatively insensitive to changes
in humidity; however, slightly humidified air can be perceived as more comfortable [57].
However, the complexity of humidity’s impact on human health warrants further inves-
tigation, particularly regarding its interplay with thermal comfort and the potential for
exacerbating heat stress conditions in high-humidity scenarios.

Moreover, the present study revealed that wind speed has significant positive effects
on both physiological and psychological parameters, including HR, spiritual vitality, stress
relief, emotional arousal, and attention recovery. The positive coefficients indicate that
increasing wind speeds potentiate these responses, possibly by providing a cooling effect
and improving thermal comfort. This aligns with the notion that air movement can foster
more stimulating environments, thereby enhancing both physical and mental well-being.
In previous studies, scholars have primarily examined the impact of wind speed on thermal
sensation and thermal comfort [58,59], and the impact of the wind speed on the current
mood [60]. This research offers a novel perspective on understanding the influence of wind
speed on psychological well-being, an area that has received limited attention in prior
investigations.

4.2. Effects of Recreation Place Type on Psychological Well-Being

Regarding the investigation of recreation places, prior research has largely concen-
trated on recreation place visitation rates and user satisfaction, as exemplified by the study
conducted by Carrus et al. (2015) on the satisfaction of urban forests users [61]. This study,
however, adopts a psychological well-being perspective, evaluating the impact of distinct
recreation place types on mental restoration, stress alleviation, emotional tranquility, and
attention restoration.

Notably, the positive effects of forest and waterfront recreation place align with “nature
affiliation” theory [62]. In a previous study on the psychological and physiological effects
of various agricultural recreation landscape types, participants who viewed the water
landscape were also found to have significantly improved EMG, showing a significant
sense of relaxation [63]. This study provides quantitative support for this theory through
empirical data, further examining the specific effects of different recreation place types on
psychological indicators. This represents a significant contribution to the existing body
of research.

4.3. Air Quality and Physical-Mental Health

The relationship between air quality and psychological well-being has emerged as
a prominent research focus in recent years. This study investigates these associations by
monitoring indicators such as PM2.5, PM10, and negative air ions.

Particulate matter exerts significant negative effects on both HR and EDA, indicating
that increased particulate concentrations lead to reductions in HR and EDA. This suggests
that exposure to fine particulate matter may diminish physiological arousal, potentially
corresponding to a decline in overall well-being [64]. These findings underscore the detri-
mental impacts of air pollution on both physiological and psychological health, reinforcing
the necessity for stringent air quality regulations to safeguard public health.

Concomitantly, this study uncovers a significant positive association between negative
ions and psychological well-being, lending novel empirical support to the understanding
of urban forests as “urban lungs” [65]. Additionally, previous studies have quantified
psychological effects to elucidate the scientific reasons behind the psychological effects of
negative air ions. The findings from the young group revealed that the balance among the
four basic emotions is related to the psychological effects of negative air ions. Our current
study’s results are consistent with these and provide new support [66].
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The integration of these findings with our earlier discussion on thermal comfort and
physiological responses underscores the multifaceted nature of environmental influences
on human health. It highlights the need for a holistic approach in future research to
explore the complex interplay between environmental factors, psychological well-being,
and physiological responses, ultimately aiming to inform strategies that foster a healthier
and more vibrant urban living experience.

4.4. The Practical Significance of Urban Forest Management

Urban forests are essential to the urban ecosystem, offering not only leisure spaces
but also playing a central role in climate regulation, air purification, and biodiversity
conservation. The findings of this study highlight the potential of urban forests in enhancing
the psycho-physiological well-being of residents and provide empirical support for the
scientific management of urban forests.

The study indicates that under comfortable temperature and humidity conditions,
urban forests contribute to stabilizing physiological indicators such as heart rate and
electrodermal activity, thereby reducing physiological stress and improving health levels.
Moreover, the positive correlation between good air quality and psychological health
underscores the importance of increasing vegetation coverage and optimizing aquatic
environments in urban forest management.

The impact of different types of recreational spaces on residents’ well-being varies,
with forest and waterfront areas being particularly effective in boosting vitality and allevi-
ating stress. This suggests that urban planners should consider the characteristics of these
spaces to meet the diverse health needs of residents.

The study offers clear guidance for urban forest management strategies, recommend-
ing the creation of healthier green spaces through optimized spatial layouts, increased
greening, and environmental quality improvements. Continuous monitoring and man-
agement adjustments ensure the maximization of the ecological service functions of ur-
ban forests.

In summary, this study reinforces the role of urban forests in promoting sustainable
urban development and improving residents’ quality of life, providing urban planners and
managers with a scientific basis for designing and enhancing urban forests.

4.5. Shortcomings and Prospects

While this study provides valuable insights into the impact of urban forests environ-
ments on the psychophysiology of the public, it is not without limitations. Firstly, the
study sample was primarily drawn from a young university student population, which
may not fully represent a broader spectrum of age and demographics groups. Future
research could expand the sample scope to include individuals of varying ages, genders,
and socioeconomic backgrounds to enhance the generalization of the findings.

Secondly, the study’s time-frame was relatively short-lived, leaving the long-term
effects of environmental change on psycho-physiological well-being open to further inves-
tigation. Additionally, this study predominantly focused on environmental factors within
urban trees. Future research could consider the influence of the surrounding environment,
such as urban traffic noise and light pollution, on the microclimate of the parks.

Building upon the present study, future research could delve deeper into the relation-
ship between environmental factors and public health across different seasons and climatic
conditions. Moreover, with advancements in remote sensing technologies and wearable
devices, future studies could employ more sophisticated monitoring techniques to capture
continuous and granular psycho-physiological data, enabling even more profound insights.

5. Conclusions

The present study conducted an in-depth analysis of the sensory experiences of
individuals within three emblematic urban forests in Fuzhou City—Jinniushan Sports Park,
Fuzhou National Forest Park, and Xihu Park. This was achieved through the monitoring
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of thermal environments and air quality across 24 distinct sites, complemented by real-
time physiological measurements and survey data from the public. The key findings are
as follows:

(1) Impact of Environmental Conditions on Physiological Indicators: A significant influ-
ence on public physiological metrics such as heart rate (HR), heart rate variability ratio
(LF/HF), and electrodermal activity (EDA) was observed across different recreation
place types. Woodland recreation places were particularly effective in reducing HR
and enhancing the LF/HF ratio, while waterfront recreation places demonstrated a
notable impact in reducing EDA.

(2) Impact of Environmental Conditions on Psychological Indicators: Forest and wa-
terfront recreation places significantly improved mental vitality, stress alleviation,
emotional regulation, and attention restoration, outperforming those under canopies
and open spaces.

(3) The Stepwise Regression Analysis: A significant negative correlation was found be-
tween temperature and both HR and psychological indicators, suggesting that an
optimal temperature range may be conducive to maintaining physiological and psy-
chological stability. Wind speed showed a significant positive correlation with the
all psychological indicators, indicating that an appropriate wind speed may foster
psychological well-being. Conversely, the negative correlations observed between
particulate matter, HR, and EDA suggest that increased particulate matter concentra-
tions may lead to diminished physiological well-being. The concentration of negative
oxygen ions was positively correlated with psychological indicators, implying that an
increase in these ions could enhance psychological well-being.

Urban trees significantly enhance the physiological and psychological perceptions of
the public, particularly woodland and waterfront recreation places, which, due to their
thermal comfort and superior air quality, play a crucial role in boosting public mental
vitality, alleviating stress, and restoring emotional balance and attention. Moreover, the
environmental monitoring data underscore the importance of considering microclimatic
regulation in the design and management of urban forests and the necessity of providing
healthier and more comfortable leisure spaces for city dwellers. The findings of this study
provide a scientific basis for urban planners and environmental designers to create urban
forests environments that are more beneficial to the physical and mental health of the public.
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Appendix A

Table Al. Stepwise regression analysis table.

Depe‘ndent R2 Indep‘endent Urlcs.;zrfli:lzl;re(::tzs ed Sctir:fif?gtitesd Sig. Collinearity Statistics
Variable Variable B Std. Error Beta Tolerance VIF
(Constant) 7.194 1.138 6.323 <0.001
EDA 0.08 Humidity —0.098 0.02 ~0.205 —4.86 <0.001 0.839 1.192
PM2.5 —0.024 0.008 —0.128 —3.021 0.003 0.839 1.192
(Constant) 6.431 7.51 0.856 0.392
PM2.5 —0.386 0.06 —0.539 —6.455 <0.001 0.207 483
HR 0.118 Humidity 0.462 0.093 0.255 4951 <0.001 0.545 1.834
Temperature ~1.127 0.386 —0.229 —2.919 0.004 0.235 426
Wind speed 11.694 5.893 0.082 1.984 0.048 0.84 1.19
Constant ~15.151 4775 ~3.173 0.002
LF/HF 0.019 T(emperatuie 0.797 0.23 0.138 3.467 0.001 1 1
(Constant) 7.141 0.63 11.33 <0.001
Spirit}lal 0.035 Te.mperatureA —0.152 0.036 —-0.217 —4.26 <0.001 0.609 1.642
vitality negative oxygen ion 0.244 0.068 0.172 3.593 <0.001 0.686 1.459
Wind speed 2.661 0.882 0.131 3.018 0.003 0.831 1.203
(Constant) 8.05 0.669 12.027 <0.001
Stress relief 0.063 negative oxygen ion 0.392 0.072 0.257 5.446 <0.001 0.686 1.459
Temperature —0.213 0.038 —0.281 —5.617 <0.001 0.609 1.642
Wind speed 3.388 0.936 0.155 3.619 <0.001 0.831 1.203
(Constant) 7.951 0.69 11.529 <0.001
Emotional 0.044 Te'mperature . —0.193 0.039 —0.25 —4.946 <0.001 0.609 1.642
arousal negative oxygen ion 0.307 0.074 0.198 4.142 <0.001 0.686 1.459
Wind speed 2.878 0.965 0.129 2.984 0.003 0.831 1.203
(Constant) 8.219 0.686 11.989 <0.001
Attention 0.055 Te.mperature . —0.215 0.039 —0.278 —5.534 <0.001 0.609 1.642
recovery negative oxygen ion 0.321 0.074 0.206 4.354 <0.001 0.686 1.459
Wind speed 3.649 0.959 0.164 3.806 <0.001 0.831 1.203
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