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Abstract: Urban green spaces, closely tied to local climates, significantly affect human
comfort levels, yet existing assessment methods vary in applicability across different con-
texts and regions. Here, we determined the applicability of two commonly used indices to
evaluate human comfort in urban green space types in Hohhot City in China, which is in
an arid and semi-arid area. We established sites in four different urban green space types
(S1–S4) and a control area (CK) through field-based assessment, and collected meteorologi-
cal data over 10 days in each season from 2020 to 2021. Specifically, air temperature, relative
humidity, and average wind speed were observed from 7:00 to 19:00. Air temperature
was highest in summer and lowest in winter. Throughout the day, air temperature first
increased and then decreased, with the maximum temperature occurring later in winter
than in other seasons. Relative humidity showed an opposite diurnal trend to temperature,
and there were no significant differences between urban green space types and CK. The
average wind speed of CK was significantly higher than that of the urban green space
types. HCILu classifies thermal comfort levels across urban green space types and seasons
into four distinct categories as uncomfortable, comfortable to less comfortable, less com-
fortable, and extremely uncomfortable. HCICMA further stratifies thermal conditions at
urban green space types by season into cool and refreshing, most comfortable, most com-
fortable to slightly cool, cold, and uncomfortable. The HCILu ranged from 2.3 to 25.1, and
tended to first decrease and then increase on a daily basis. Conversely, HCICMA fluctuated
throughout the day and ranged from 18.6 to 78.0. According to HCILu, the urban green
space types were comfortable for 45% of the observation time, and were comfortable for
a greater proportion of time compared to if the comfort was calculated using HCICMA.
HCICMA was strongly correlated with air temperature and average wind speed. According
to receiver operating characteristic (ROC) curve analysis, the area under the curve (AUC)
for HCICMA was 0.59–0.91, and was higher than that of HCILu in each season, indicating
greater suitability for the study site.

Keywords: urban green space; meteorological factors; human comfort index; correlation
analysis; applicability analysis

1. Introduction
Human thermal comfort or discomfort conditions may be assessed through a large

number of theoretical and empirical indices requiring a larger or smaller number of input
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parameters such as air temperature, relative humidity, wind speed, etc. [1–3]. Urban
green spaces are integral components of urban areas, significantly contributing to urban
sustainability and human comfort. Recent studies have highlighted the importance of
green infrastructure in enhancing the quality of life for urban residents. For instance,
Wang et al. [4] emphasized that urban green spaces improved environmental comfort,
while Breuste et al. [5] underscored their role in promoting urban sustainability and public
well-being. The physical characteristics of trees and vegetation in urban green spaces
influence the microclimate by regulating air temperature and humidity [6]. Human comfort,
defined as the state of mind expressing satisfaction with the thermal environment [7], is a
critical metric for evaluating the quality of urban microclimate. Simplified models have
been developed to assess human comfort using meteorological variables. Recent research
focused on human comfort within urban green spaces, including parks, forests, sports areas,
and natural grasslands, due to their vital role in urban development and public health [8].
Additionally, there is growing interest in understanding how urban green infrastructure
impacts thermal perception and microclimate [9,10]. Factors such as air temperature, wind
speed, and relative humidity significantly influence human comfort perceptions and the
utilization of outdoor spaces, with varying impacts across climatic regions [11].

Human comfort is a vital index for evaluating living conditions and tourism resources,
as well as guiding daily life. Wind speed, temperature, and relative humidity influence
people’s sensory experiences, physical well-being, and mental health [12]. Numerous stud-
ies have investigated outdoor human comfort, typically conducting field experiments over
short periods to examine the effects of plant community configurations on human comfort.
However, these experiments often capture data limited to specific days, which may not
accurately reflect thermal conditions across an entire year [11]. Furthermore, tolerance
to outdoor thermal environments varies across climatic regions, with individuals from
different climates experiencing varying comfort levels under identical environmental con-
ditions [13]. To enhance human comfort and improve microclimate conditions, researchers
have emphasized combining onsite monitoring [14] with numerical simulations [7]. Studies
have explored the impact of trees on wind speed [15] and the cooling effects of urban green
spaces [16], urban green spaces [17], and urban vegetation [18]. These findings highlight
that urban green areas improve microclimate and mitigate the urban heat island (UHI)
effect by lowering ambient temperatures.

Numerous studies have established a correlation between urban green spaces and
the efficacy of plant-generated shade in creating a more comfortable microclimate [19–21].
A review of previous research on human comfort reveals that relatively few studies have
focused on human comfort indices in China. Several indices have been developed in
China based on diverse parameters [22]. These indices may generally be categorized into
being based on empirical and mechanistic models, often intersecting with other disciplines.
Common indices consider factors such as wind chill, temperature, and humidity. Current
research in China predominantly examined variations in human comfort across different
localities and regions, often integrating studies on air particles, negative ions, and other
meteorological data to evaluate human and ecological health comprehensively. Recent
studies have introduced a climate comfort index that exhibits broad applicability, alongside
a revised formulation of an existing original index [23,24]. Urban green spaces play a
crucial role in mitigating the urban heat island effect and enhancing human thermal
comfort in cities. Despite the known benefits of urban parks in cooling their surroundings
through evapotranspiration and shading, there remains a limited understanding of how
temperature, relative humidity, and wind speed within these green spaces interact to
influence human comfort. Despite the availability of various methods for calculating
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human comfort, their applicability to different regions remains uncertain, making the
choice of suitable indices a persistent topic of debate.

This study aims to address these gaps by focusing on Chilechuan Park in Hohhot City,
a semi-arid region in northern China characterized by extreme temperature fluctuations
and limited vegetation, making urban heat mitigation particularly challenging. Utilizing
a comprehensive dataset of meteorological variables collected across different seasons,
the study evaluates human comfort levels using two distinct indices: the index proposed
by Dinghuang Lu (1980s), widely adopted in domestic studies, and the more recently
introduced index by the China Meteorological Administration (2020) [25]. By integrat-
ing these two indices, the study seeks to identify their differences in capturing human
comfort variations and determine which index is more suitable for the region’s specific
climatic conditions.

2. Materials and Methods
2.1. Study Area

Hohhot City is situated at the confluence of an arid and semi-arid region in China,
characterized by a mid-temperate continental climate that encompasses four distinct sea-
sons. Chilechuan Park is an extensive urban green space located in the Saihan District of
Hohhot City, China. The research site, established in 2012, spans 38.6 hectares, with green
spaces occupying 25.6 hectares, representing 66% of the total area, and serves as an urban
green space integrating leisure, landscape, and recreation. It is predominantly bordered by
residential neighborhoods and office complexes, with an absence of pollution sources such
as industrial facilities. The mean age of trees within the park’s green space is approximately
13 years. The high diversity of plant species and vigorous plant growth provide an optimal
foundation for conducting the experiment of human comfort index.

2.2. Sample Region

Within the park site, four distinct urban green space types (S1–S4) were identified,
complemented by a non-vegetated control site (CK) adjacent to the road. The control site
was characterized by impermeable asphalt pavement, with no tree cover or shading features.
There are corresponding differences in surface cover, air flow, and shadow patterns within
different types of green spaces, aiming to isolate the influence of vegetation on comfort
indicators, although there are inherent differences between the control area and the green
space area. A 20 m × 20 m quadrat was established at each site to investigate environmental
conditions. The quadrats were strategically selected to represent typical green space types
within the park, while minimizing spatial autocorrelation between sampling locations.
Detailed site characteristics are summarized in Table 1.

2.3. Experimental Data

From 2020 to 2021, the region predominantly experienced sunny weather with few
significant disturbances across all four seasons. The experimental weather conditions were
selected based on local meteorological data provided by the China National Environmental
Monitoring Centre. Meteorological data were collected for ten representative days in each
season. To monitor air temperature, relative humidity, and average wind speed, a Kestrel
4500 handheld weather station, manufactured by NK Company in the United States, was
employed. The device offers a temperature resolution of 0.1 ◦C and a measurement range
of −29 ◦C to 70 ◦C, a humidity resolution of 0.1% with a range of 0% to 100%, and a wind
speed resolution of 0.1 m/s with a range of 0.4 m/s to 40.0 m/s. Data were collected hourly
from 07:00 to 19:00, with a permissible deviation of ±15 min from the scheduled time, at
an elevation of approximately 1.5 m above ground level. For each measurement interval,
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four readings were recorded from four distinct directional orientations. The mean value
derived from these measurements was utilized as the data point for analytical purposes.
Calibration procedures were performed on the instrument prior to each observation.

Table 1. Overview of monitoring site characteristics.

Types of Urban
Green Space Dominant Plant Species Mean Height (m) Mean DBH (cm)

Deciduous broad-leaved
sparse forest (S1)

Fraxinus chinensis 5.2 ± 0.37 17.5 ± 0.65
Prunus cerasifera ‘Atropurpurea’ 2.7 ± 0.33 10.3 ± 0.62

Sophora japonica Linn. 6.1 ± 0.28 13.6 ± 0.55
Catalpa ovata 6.2 ± 0.22 15.4 ± 0.54

Sophora japonica Linn. 6.7 ± 0.38 18.8 ± 0.46

Deciduous broad-leaved
dense forest (S2)

Fraxinus chinensis 5.2 ± 0.37 17.5 ± 0.65
Euonymus maackii 2.4 ± 0.31 4.5 ± 0.21

Prunus cerasifera ‘Atropurpurea’ 2.7 ± 0.33 7.3 ± 0.22
Sophora japonica Linn. 6.1 ± 0.28 10.5 ± 0.14

Ulmus pumila 5.9 ± 0.38 17.7 ± 0.21
Salix matsudana 8.9 ± 0.31 16.3 ± 0.22
Malus spectabilis 2.9 ± 0.35 8.5 ± 0.14

Deciduous broad-leaved
and evergreen needle

dense mixed forest (S3)

Fraxinus chinensis 5.2 ± 0.37 17.5 ± 0.65
Styphnolobium japonicum Linn. 6.1 ± 0.28 10.5 ± 0.14

Catalpa ovata 6.2 ± 0.22 15.4 ± 0.54
Ulmus pumila 5.9 ± 0.38 17.7 ± 0.21

Populus alba var. pyramidalis 15.9 ± 0.31 24.5 ± 0.19
Firmiana simplex (Linnaeus) 8.9 ± 0.31 31.5 ± 0.24

Salix matsudana 2.4 ± 0.32 16.5 ± 0.23
Prunus padus 4.6 ± 0.28 21.5 ± 0.17

Betula platyphylla 10.9 ± 0.33 22.5 ± 0.17
Juniperus chinensis 9.1 ± 0.41 25.5 ± 0.25
Picea asperata Mast. 11.9 ± 0.24 29.6 ± 0.23

Pinus 11.4 ± 0.26 28.7 ± 0.27

Deciduous broad-leaved
and evergreen needle

sparse mixed forest (S4)

Fraxinus chinensis 5.2 ± 0.37 17.5 ± 0.65
Prunus cerasifera ‘Atropurpurea’ 2.7 ± 0.33 7.3 ± 0.22

Sophora japonica Linn. 6.1 ± 0.28 10.5 ± 0.14
Malus spectabilis 2.9 ± 0.35 16.3 ± 0.22

Firmiana simplex (Linnaeus) 2.4 ± 0.32 16.5 ± 0.23
Prunus padus L. 4.6 ± 0.28 21.5 ± 0.17

Betula platyphylla Sukaczev 10.9 ± 0.33 22.5 ± 0.23
Juniperus formosana Hayata 9.1 ± 0.41 25.5 ± 0.25

Picea asperata Mast. 11.9 ± 0.24 29.6 ± 0.23
Pinus 11.4 ± 0.26 28.7 ± 0.27

Control sites (CK) Road edge - -

2.4. Evaluation of Human Comfort and Data Analysis

The HCILu human comfort formula, created in the 1980s, is an empirical model for
assessing thermal comfort in China, considering environmental factors like air temperature,
relative humidity, and wind speed. It provides insights into human perception of their
thermal environments.

HCILu = 0.6(|T − 24|) + 0.07(|RH − 70|) + 0.5(|V − 2|)

where HCILu represents the human comfort index, T is the air temperature (◦C), which
directly affects the body’s sense of heat. RH stands for relative humidity (%), defined as
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the ratio of water vapor content in the air to the maximum water vapor content the air can
hold. V denotes the wind speed (m/s), referring to the speed of air movement over a unit
of time. The index allows for the identification of four distinct comfort levels (Table 2).

Table 2. Levels of human comfort determined by the human comfort index of HCILu.

Levels Range of HCILu
Description of Thermal

Human Comfort

I HCILu ≤ 4.55 Comfortable
II 4.56 ≤ HCILu ≤ 6.95 Less comfortable
III 6.96 ≤ HCILu ≤ 9.00 Uncomfortable
IV HCILu > 9.00 Extremely uncomfortable

In 2020, the China Meteorological Administration promulgated the standard QX/T570-
2020 [25], titled “Climate Resources Evaluation of Climate Livable Cities”, which estab-
lished the human comfort index (hereafter referred to as HCICMA) through the application
of specific formulas (China Meteorological Administration, 2020):

HCICMA = (1.8T + 32)− 0.55
(

1 − RH
100

)
(1.8T − 26)− 3.2

√
W

HCICMA human comfort formula is an empirical model that evaluates environmental
indicators related to climate and their impact on human settlement comfort. In this formula,
HCLCMA represents the human comfort index, rounded to the nearest whole number. T
denotes air temperature (◦C), RH stands for relative humidity (%), and W represents wind
speed (m/s). According to the HCICMA comfort index, comfort levels are categorized into
10 distinct grades, as detailed in Table 3.

Table 3. Human comfort levels according to the index rating based on the method of HCICMA.

Levels Range of HCICMA Description of Thermal Human Comfort

I HCICMA ≤ 25 Cold, uncomfortable
II 26 ≤ HCICMA ≤ 38 Cool, most people are uncomfortable

III 39 ≤ HCICMA ≤ 50 Cool and refreshing, a few people
are uncomfortable

IV 51 ≤ HCICMA ≤ 58 Slightly cool, comfortable for most people
V 59 ≤ HCICMA ≤ 70 Most comfortable
VI 71 ≤ HCICMA ≤ 75 Warm, comfortable for most people
VII 76 ≤ HCICMA ≤ 79 Muggy, a few people are uncomfortable
VII 80 ≤ HCICMA ≤ 85 Hot, most people are uncomfortable
VIII 86 ≤ HCICMA ≤ 89 Scorching, uncomfortable
IX HCICMA ≥ 90 Oppressively hot, extremely uncomfortable

The data analysis and figure generation were conducted utilizing Origin 2021. To com-
pare meteorological factors across various sites, ANOVA and Duncan’s Multiple Range Test
were employed using SPSS 26. Pearson’s correlation analysis was applied to assess the rela-
tionships between each human comfort index and the meteorological factors. Furthermore,
the performance of each index was evaluated through receiver operating characteristic
(ROC) curve analysis.

2.5. Model Validation

The receiver operating characteristic (ROC) curve and the area under the curve (AUC)
are important indicators for quantitatively evaluating the prediction accuracy of binary
machine learning models [26]. In this study, the ROC curve and AUC values were used
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to assess the predictive ability of HCILu and HCICMA for the human comfort formula.
The ROC curve is constructed by setting different threshold values to calculate a series of
sensitivities and specificities, and plotting the true positive rate (sensitivity) on the vertical
axis and the false positive rate (1.0—specificity) on the horizontal axis [27]. The AUC value
can comprehensively measure the performance of the classifier, with a range of 0 to 1. The
closer the AUC value is to 1, the higher the fitting accuracy of the predictive model is.

3. Results
3.1. Variations in Meteorological Factors Among Urban Green Space Types
3.1.1. Variations in Air Temperature Among Urban Green Space Types

The air temperature did not vary substantially across different urban green space
types at Chilechuan Park for each season (Figure 1). Statistically, there were no significant
temperature differences among the sites during spring. Site S4 exhibited the highest
average temperature, reaching 16.9 ◦C, whereas S2 and CK recorded lower temperatures.
In summer, S1 had an average air temperature of 28.1 ◦C, while site S2 had the lowest
temperature at 26.2 ◦C. There were no statistically significant differences observed among
S3, S4, and CK. Additionally, no significant variations in air temperature were detected
among the sites during the autumn and winter. In autumn, the air temperature at CK was
recorded at 27.1 ◦C, which was higher than that of the urban green space types, with S3
exhibiting the lowest temperature. During winter, the temperatures across the sites ranged
from −8.7 to −7.4 ◦C, with S2 experiencing the lowest temperature and S4 experiencing the
highest. The average seasonal air temperature in different urban green space types adhered
to the following sequence: summer > autumn > spring > winter. As demonstrated by the
reviewed studies, urban trees can regulate air temperature and influence the sensation of
comfort, which is shaped by ambient temperature conditions [28,29].
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The air temperature at each urban green space type exhibited a similar diurnal pattern,
initially rising from early morning to noon and subsequently declining; however, the peak
and trough temperatures were observed at slightly different times among sites (Figure 2).
In spring, the minimum temperatures were recorded at 07:00, ranging between 5.6 and
6.8 ◦C, whereas the maximum temperatures were observed around 12:00, varying from
19.3 to 22.6 ◦C. At 16:00, the temperature at site CK registered 20.1 ◦C, exceeding that of
the urban green space types at this particular time. Conversely, at all other times, the
urban green space types demonstrated elevated temperatures compared to the CK. Site S2
consistently registered the lowest temperatures among the four urban green space types.
During the summer, the minimum air temperatures were observed at both 07:00 and 19:00,
ranging between 21.1 and 25.1 ◦C, while the peak air temperatures were observed between
11:00 and 14:00. Specifically, the air temperatures at site S4 reached 33.2 ◦C at 14:00 before
gradually declining. At site S3, a secondary peak in air temperatures was noted between
16:00 and 17:00, with air temperatures fluctuating between 27.1 and 31.3 ◦C. In the autumn,
the lowest air temperatures were recorded at 08:00, and the highest temperatures were
observed between 12:00 and 14:00, with temperature variations ranging between 11.4 and
15.1 ◦C. Notably, the temperatures at the CK site were consistently higher than those at
the urban green space types during most of the times. During the winter, the maximum
temperatures were recorded from 14:00 to 17:00, reaching a peak at 15:00 with a range of
−3.2 to −2.9 ◦C. The minimum temperatures were observed at 19:00, falling below −14 ◦C.
Hourly temperatures were quite close to each other among five sites. Daily variations exist
in the timing of the maximum temperature throughout the monitoring period, under which
the atmospheric temperature predominantly occurs between 12:00 and 14:00, a pattern that
is slightly altered during winter, wherein the peak temperature is reluctantly postponed.
Green areas can generate cooling effects and improve the air temperature, especially at the
daytime of hot summer days [19].
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3.1.2. Variations in Relative Humidity Among Urban Green Space Types

A comparison of relative humidity across various seasons at the same observation
site was performed. During the spring season, relative humidity was significantly lower
compared to the other three seasons. No significant differences were observed among
the summer, autumn, and winter seasons for sites S3 and S4. Furthermore, no significant
variations in relative humidity were observed for S1, S2, and CK throughout both the
summer and winter seasons. At S1, the relative humidity did not exhibit a significant
difference between summer and autumn. In contrast, at S2 and CK, the relative humidity
in autumn was lower than that in both summer and winter. There were no statistically
significant variations in relative humidity among the various sites within the same season
(Figure 3). During the spring, the relative humidity at CK reached 29.2%, marking an
increase of 9.4% to 12.3% compared to the levels recorded at four urban green space types.
During both summer and winter, S2 consistently registered the highest relative humidity,
with readings of 57.6% and 55.3%, respectively. In autumn, S3 observed the highest
relative humidity, reaching 53.8%, whereas the relative humidity at CK was recorded at
44.8%, which was lower than that observed at the urban green space types. However,
this discrepancy was not found to be statistically significant. The former studies showed
that relative humidity stands as one of the most well-established parameters and has been
widely utilized in numerous studies to evaluate its impact on thermal comfort [30,31].
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The diurnal pattern of relative humidity across all sites displayed a U-shaped pattern
throughout the spring, summer, and autumn (Figure 4). In spring, the relative humidity
reached its peak at 7:00, ranging between 44.7% and 45.8%; the lowest levels were recorded
between 1:00 and 2:00, when the relative humidity plummeted to a range of 16.7% to 17.8%.
Between 17:00 and 19:00, the relative humidity at the CK site was slightly lower compared to
the urban green space types, and the S4 consistently recorded lower relative humidity than
both the other urban green space types and CK. In summer, the lowest relative humidity
levels were typically recorded between 12:00 and 14:00. At 7:00, the relative humidity
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peaked at all sites, except for S2, which experienced its highest levels at 19:00. Throughout
the day, S2 and S3 consistently showed elevated relative humidity levels compared to the
other urban green space types. In autumn, the peak relative humidity was recorded at
8:00, ranging between 65.8% and 70.8%. The minimum relative humidity was observed
between 13:00 and 15:00. At most hours, the humidity levels at the CK were observed to
be lower in comparison to those recorded at the urban green space types. In winter, the
relative humidity demonstrated a gradual decline trend throughout the day. It reached its
maximum at 07:00, followed by a rapid decline until 08:00. Subsequently, it increased a
little bit until approximately 11:00, after which it decreased again, reaching its minimum
level at 15:00, before increasing once more. The higher humidity levels were observed
more frequently at site S2. Overall, the daily trend of relative humidity during winter is
relatively comparable among sites. Johansson [32] demonstrated that the acceptable range
of relative humidity is generally between 30 and 70%, with a value of 50% being regarded
as the optimal.
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3.1.3. Variations in Wind Speed Among Urban Green Space Types

As shown in Figure 5, the mean wind speed at the CK exhibited significant seasonal
variations, ranging between 0.52 and 1.02 m/s. In spring and summer, S1 and S2 demon-
strated notably higher mean wind speeds compared to S3 and S4. During autumn, S1
maintained a significantly elevated wind speed relative to other forest sites, while no sig-
nificant difference was observed between S4 and S5. Winter saw minimal variation in wind
speed among different structural green spaces. Wind speeds within 4 urban green space
types fluctuated between 0.01 and 0.48 m/s. Monitoring revealed that mean wind speeds
within these spaces were consistently lower than at the CK, suggesting a regulatory role of
forest sites in mitigating wind speeds around park greenery. Additionally, spring exhibited
the highest mean wind speed among all seasons (ranging from 0.26 to 0.48 m/s), consistent
with regional climatic characteristics marked by strong spring winds. Seasonal variations
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in wind speed within individual structural configurations were as follows: S1 showed a
significant increase during spring compared to other seasons, while no substantial differ-
ences were observed across other seasons. For S2, spring wind speeds were significantly
higher than those in autumn and winter; however, no notable difference was detected
between spring and summer. Similarly, S3 and S4 exhibited significantly higher wind
speeds in spring compared to other seasons, with only a minor variation between summer
and autumn. Waton [33] and Ghasemi [34] similarly identified wind as an important factor
influencing thermal satisfaction.
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The diurnal pattern in average wind speed differed across sites or seasons (Figure 6).
The daily variation in wind speed in different urban green space types and CK across
various seasons exhibits a fluctuating pattern. During spring, the wind speed within
different urban green space types ranges from 0.00 to 0.82 m/s, while that at CK ranges
between 0.17 and 1.72 m/s. Notably, the peak and trough values for these urban green
space types occur at 14:00–15:00 and 18:00, respectively. Across other seasons, wind
speeds consistently remain higher at CK compared to different urban green space types.
Specifically, in summer, wind speed within urban green space types fluctuates from 0.00 to
1.17 m/s, while CK experiences a wider range of 0.27 to 1.54 m/s. Similarly, during autumn,
urban green space types record wind speeds between 0.00 and 0.35 m/s, in contrast to the
0.42–0.97 m/s observed at CK. Winter shows a comparable trend, with wind speeds in urban
green space types ranging from 0.00 to 0.47 m/s, versus the broader range of 0.00–1.11 m/s
at CK. This analysis underscores that the maximum wind speed at CK is consistently higher
than those measured within the different urban green space types. It can generally be stated
that the most appropriate method for assessing or predicting the wind comfort conditions
of people in urban green spaces is to utilize wind speed thresholds. Penwarden [35]
reports that wind velocities of approximately 5 m/s represent the initial threshold at which
conditions become uncomfortable, with discomfort intensifying significantly at 15 m/s.
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While wind velocities of 1–2 m/s are perceived as comfortable during summer, protective
measures against such conditions become necessary in winter [36].
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3.2. Comparison of Two Different Human Comfort Indices
3.2.1. Seasonal and Daily Variation in HCILU

As shown in Table 4, no statistically significant differences were observed among
different structural urban green spaces and the CK within the same season (p > 0.05). The
human comfort index of urban green spaces and the CK reached its maximum value in
winter, followed by spring, with significantly lower values recorded in autumn and summer.
Within the same season, no significant differences in human comfort were observed among
different monitoring points. Specifically, the human comfort index at various monitoring
points was significantly higher in winter compared to other seasons, followed closely
by spring. No statistically significant differences were observed between summer and
autumn. Based on HCILu assessments, all sites were categorized as “uncomfortable” in
spring, “more comfortable” in autumn, and “extremely uncomfortable” in winter. During
summer, site S2 was classified as “comfortable”, whereas the other urban green space types
were deemed “more comfortable”. This is slightly different from the research results of
human comfort in Beijing Purple Bamboo Park by Duan et al. [37]. In this paper, the human
comfort in the park during summer is calculated to be relatively good through the HCILu,
while Beijing Purple Bamboo Park performs exceptionally well in spring.
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Table 4. Seasonal variation in the human comfort index calculated using Lu’s method (HCILu) in
urban green space types.

Site
Spring Summer Autumn Winter

HCILu Level HCILu Level HCILu Level HCILu Level

S1 8.62 ± 0.61 Ab III 5.08 ± 0.76 Ac II 5.37 ± 0.64 Ac II 21.04 ± 0.63 Aa IV
S2 8.85 ± 0.61 Ab III 4.23 ± 0.51 Ac I 5.15 ± 0.52 Ac II 21.58 ± 1.15 Aa IV
S3 8.47 ± 0.61 Ab III 4.66 ± 0.54 Ac II 5.41 ± 0.54 Ac II 21.00 ± 0.62 Aa IV
S4 8.28 ± 0.66 Ab III 5.01 ± 0.61 Ac II 5.36 ± 0.53 Ac II 20.92 ± 0.60 Aa IV
CK 8.94 ± 0.76 Ab III 4.95 ± 0.68 Ac II 5.09 ± 0.73 Ac II 20.85 ± 0.66 Aa IV

Note: Capital letters indicate significant differences among sites in the same season (p < 0.05); lowercase letters
indicate significant differences among seasons at the same site (p < 0.05).

Figure 7 delineates diurnal variability patterns of the human comfort index across
seasonal conditions, demonstrating distinct temporal trends in bioclimatic perception.
During the spring season, HCILu exhibited a declining trend throughout the day. The peak
HCILu values were recorded at 07:00, ranging from 12.8 to 13.5. The minimum values
were observed around 12:00, fluctuating between 6.4 and 7.0. Notably, HCILu levels were
generally highest at S2. In the summer, HCILu demonstrated an approximately inverted
U-shaped pattern over the course of the day. The lowest HCILu values in urban green
space types were observed at 08:00, whereas in CK, the minimum occurred at 09:00. The
maximum HCILu values were recorded between 12:00 and 14:00, followed by a subsequent
decline. The human comfort index in autumn generally exhibits a decreasing trend, with the
highest values observed at 8:00 in urban green spaces and at 9:00 in CK. The lowest indices
occur between 13:00 and 14:00. In winter, the trend of the human comfort index adopts a
roughly U-shaped pattern, reaching its minimum at 15:00 and maximum at 19:00 across
all green spaces and CK. Comparatively, urban green spaces consistently demonstrate
higher human comfort indices than CK throughout most of the day, indicating that urban
green spaces provide a more favorable environment for human comfort compared to
control areas.

Table 5 quantifies seasonal variations in human comfort indices, with temporally
resolved data illustrating bioclimatic thresholds and transitional dynamics across discrete
meteorological phases. During spring, the human comfort levels at both observation points
and the control site were predominantly uncomfortable or extremely uncomfortable for
most of the day. Between 7:00 and 9:00, all locations consistently experienced extreme
discomfort. Outside this period, uncomfortable conditions persisted at relatively high
levels. In summer, human comfort across different urban green space types and the CK was
primarily comfortable or less comfortable. Comfortable conditions were observed from
7:00 to 10:00 and again from 15:00 to 19:00 at the urban green space types and CK, with less
comfortable levels dominating during other periods. Notably, uncomfortable conditions
persisted at specific points (S1, S4) and the CK even during these transitional phases. In
autumn, human comfort was generally comfortable or less comfortable across most of
the day at different urban green space types and the CK. From 7:00 to 8:00, urban green
space types were predominantly uncomfortable or extremely uncomfortable. Between 9:00
and 10:00, conditions were mainly less comfortable. However, from 11:00 to 19:00, human
comfort at the urban green space types and CK remained consistently less comfortable or
comfortable. During the winter observation period, human comfort across all urban green
space types and the CK was uniformly extremely uncomfortable. Residents are advised
to avoid outdoor activities during periods of uncomfortable or extremely uncomfortable
conditions in summer and autumn.
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Table 5. Daily variation in comfort level according to HCILu in different urban green space types.

Spring Summer Autumn Winter

S1 S2 S3 S4 CK S1 S2 S3 S4 CK S1 S2 S3 S4 CK S1 S2 S3 S4 CK

7:00 IV IV IV IV IV I I I I I II III III III III IV IV IV IV IV
8:00 IV IV IV IV IV I I I I I IV IV IV IV III IV IV IV IV IV
9:00 IV IV IV III IV I I I II I II II II II III IV IV IV IV IV

10:00 IV IV III III IV II I II II I III II II II II IV IV IV IV IV
11:00 III III III III III III II II II III I I II I I IV IV IV IV IV
12:00 III III II II II II II II III III I I I I I IV IV IV IV IV
13:00 III III II III III III II II III III I I I I I IV IV IV IV IV
14:00 III III III III III II II II III III I I I I I IV IV IV IV IV
15:00 III III III II III II II II II II I II I II I IV IV IV IV IV
16:00 III III III II II II I I I II I I II I I IV IV IV IV IV
17:00 III III III III III II I II I I I II II II I IV IV IV IV IV
18:00 III III III III III I I I I I II II II II I IV IV IV IV IV
19:00 III III III III III I I I I I II II II II II IV IV IV IV IV

3.2.2. Seasonal and Daily Variation in HCICMA

A statistically significant difference in HCICMA was observed between urban green
space types and CK within the same season (Table 6), with site S3 and S4 exhibiting elevated
HCICMA levels. The peak HCICMA values were recorded during the summer, whereas the
lowest values were noted in winter. HCICMA was higher in autumn compared to spring,
whereas no significant difference was observed in the HCICMA of CK between these two
seasons. The comfort level, as determined by HCICMA, was consistent between urban
green space types and CK during spring and winter. However, in summer and autumn,
the comfort level was higher in urban green space types compared to CK. Quan et al. [38]
reported similar findings, with human comfort indices for different green space types in
the Olympic Forest Park remaining within the most comfortable range during summer, as
determined by the HCICMA formula.
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Table 6. Seasonal variation in HCICMA at different urban green space types.

Site
Spring Summer Autumn Winter

HCICMA Level HCICMA Level HCICMA Level HCICMA Level

S1 39.35 ± 3.07 Bc III 62.63 ± 3.53 BCa V 51.12 ± 2.62 Bb IV 16.91 ± 2.29 BCd I
S2 39.63 ± 2.54 Bc III 60.38 ± 3.19 Ca V 53.83 ± 2.32 Bb IV 16.20 ± 2.17 Cd I
S3 46.86 ± 2.75 Ac III 65.56 ± 2.45 ABa V 62.25 ±1.62 Ab V 19.80 ± 2.20 ABd I
S4 46.01 ± 2.61 Ac III 69.49 ± 2.31 ABa V 60.61 ±1.82 Ab V 20.59 ± 2.21 Ad I
CK 38.91 ± 4.26 Bb III 54.98 ± 4.11 Ba IV 37.62 ±3.68 Cb II 8.53 ± 3.27 Dc I

Note: Capital letters indicate significant differences among sites in the same season (p < 0.05); lowercase letters
indicate significant differences among seasons at the same site (p < 0.05).

As shown in Figure 8, during the spring season, HCICMA exhibited diurnal fluctua-
tions, generally displaying an upward trajectory. The values were relatively low between
07:00 and 09:00, followed by an increase until 13:00. Subsequently, a decline was observed
from 14:00 to 15:00, with values ranging from 33.1 to 44.2, after which there was a resur-
gence until 18:00 to 19:00. Notably, S4 recorded the highest HCICMA value at 19:00, reaching
62.5. Both S3 and S4 demonstrated the highest HCICMA values during this period. In
contrast, during the summer, elevated HCICMA values were observed between 14:00 and
16:00, although no distinct pattern emerged regarding the timing of the lowest values.
S4 consistently exhibited the highest HCICMA values in the summer as well. During the
autumn season, the minimum HCICMA values for urban green space types were observed
between 08:00 and 09:00, while the maximum values were recorded between 15:00 and
16:00. In contrast, the lowest and highest HCICMA values for CK were noted at later times
compared to the urban green space types. Among the urban green space types, S3 consis-
tently exhibited higher HCICMA values than both the other urban green space types and
CK. In the winter season, HCICMA values demonstrated fluctuations throughout the day,
generally displaying an upward trend. The minimum value was recorded at 11:00, and the
maximum value was observed between 16:00 and 17:00. For CK, the highest and lowest
values appeared 1–2 h later than those for the urban green space types. Notably, S3 and S4
consistently showed higher HCICMA values, whereas CK generally exhibited lower values.

As shown in Table 7, during the winter season, the comfort level across all urban green
space types and the control site (CK) ranged from “cool, most people are uncomfortable”
to “cold, uncomfortable”. Conversely, in the spring, the comfort level at the control
site and all urban green space types, with the exception of site S2, achieved a rating of
“cool and refreshing, a few people are uncomfortable” or better for at least a portion of
the observation period. Notably, site S3 maintained a comfort level of “Slightly cool,
comfortable for most people” or better for 38% of the observation period. During the
summer, the urban green space types were more frequently classified as “most comfortable”
or “Slightly cool, comfortable for most people” compared to CK, suggesting a higher level
of comfort in the urban green space types. In the autumn, the occurrence of ”Slightly
cool, comfortable for most people” categories was 0% for CK, whereas it ranged from
69% to 100% for the urban green space types. The performance of two human comfort
formulas exhibited variability across differing seasonal conditions and monitoring periods.
Additionally, individual differences played a crucial role in thermal comfort perception,
as personal thermal perception criteria varied significantly among individuals. Notably,
the research findings revealed that human comfort perception at the CK under the two
formulas was comparable to, if not better than, that observed in various types of urban
green space.
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Table 7. Daily variation in comfort level according to HCICMA in urban green space types.

Spring Summer Autumn Winter

S1 S2 S3 S4 CK S1 S2 S3 S4 CK S1 S2 S3 S4 CK S1 S2 S3 S4 CK

7:00 II II III II II V IV V V III III III IV IV II I I I I I
8:00 II II II III II IV V V V IV III III IV III II I I I I I
9:00 II II III III I V V V VI IV II III V IV I I I I I I

10:00 II III IV III II IV V V VII IV IV IV V V II I I I I I
11:00 III III III III III V V V V IV IV III V V II I I I I I
12:00 III III IV III III V V V VI IV IV IV V V III I I I I I
13:00 III III IV III III V V V V IV IV V V V III I I I I I
14:00 II III III III II V III V VI V IV IV V V III I I I I I
15:00 III II III III II V V V VI IV IV IV V V III I I I II I
16:00 III III III III IV VII V V V V IV V V V III II I II II I
17:00 III II III III III V V VII V IV IV V V V III II I II II I
18:00 IV III V III IV IV IV V VI III IV IV V V III I I I I I
19:00 III III V V III V V V VI IV IV IV V V III I I I I I

3.3. Factor Analysis of Two Human Comfort Formulas

As shown in Table 8, the correlations between the two human comfort indices (HCILU

and HCICMA) and the monitored environmental indicators in different seasons are pre-
sented. For HCILU, there is a strong positive correlation with air temperature across all
seasons at the p < 0.01 level. Relative humidity also shows a highly significant correlation
(p < 0.01) with HCILU, except in winter. In contrast, wind speed is negatively correlated
with HCILU, indicating that its influence is relatively weak compared to temperature
and humidity.
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Table 8. Correlations between human comfort indices and meteorological factors.

Season
HCILu HCICMA

Air
Temperature

Relative
Humidity Wind Speed Air

Temperature
Relative

Humidity Wind Speed

Spring −0.85 ** 0.325 ** −0.044 0.487 ** 0.004 −0.810 **
Summer 0.826 ** −0.565 ** −0.009 0.469 ** −0.111 −0.568 **
Autumn −0.520 ** 0.457 ** −0.009 0.468 ** −0.279 ** −0.491 **
Winter −0.986 ** −0.036 −0.093 0.316 ** −0.532 ** −0.755 **

Note: ** p < 0.01.

For HCICMA, air temperature and wind speed are strongly correlated across all seasons
at the p < 0.01 level. Relative humidity displays seasonal variability in its correlation with
HCICMA: it shows a highly significant positive correlation in autumn and winter (p < 0.01),
while in spring and summer, relative humidity is positively and negatively correlated,
respectively. These findings suggest that air temperature and wind speed exert a dominant
influence on HCICMA, whereas the relationship with relative humidity varies depending
on the season.

Overall, both human comfort indices are strongly influenced by air temperature,
which shows consistent significance across all seasons. Additionally, both indices exhibit
seasonal dependence on relative humidity and wind speed, though their correlations
differ in magnitude and direction between the two indices. These results underscore the
importance of considering both environmental conditions and individual variability in
assessing thermal comfort effectively.

3.4. A Comparative Analysis of Two Methods for Assessing Human Comfort

The area under the receiver operating characteristic (ROC) curve (AUC) represents
the overall performance of a diagnostic test (Table 9). A higher AUC, closer to 1.0, indicates
greater diagnostic accuracy, while an AUC near 0.5 signifies poor discrimination. When the
AUC equals 0.5, the test has no diagnostic value. Typically, the predictive accuracy of AUC
is categorized into three levels: values between 0.5 and 0.7 indicate low accuracy; values
from 0.7 to 0.9 suggest moderate accuracy; and AUC values above 0.9 denote high accuracy.

Table 9. Performance of different human comfort indices.

Season
HCILu HCICMA

AUC p 95% Confidence
Interval AUC p 95% Confidence

Interval

Spring 0.478 0.581 0.394–0.561 0.593 0.020 0.503–0.684
Summer 0.480 0.614 0.395–0.565 0.667 0.000 0.577–0.758
Autumn 0.592 0.022 0.511–0.673 0.908 0.000 0.867–0.950
Winter 0.519 0.634 0.438–0.600 0.745 0.000 0.672–0.818

In this study, the prediction performance of two human comfort formulas was evalu-
ated based on their AUC values across different seasons, enabling a selective assessment
of the formulas and mitigating over-fitting risks. As evidenced in Table 9, the HCICMA

formula demonstrates an AUC of 0.908 in autumn, exceeding the threshold of 0.9 for high
accuracy. During winter, its AUC is 0.745 (>0.7), indicating moderate accuracy. In summer,
although the predictive value of HCICMA exceeded 0.6 (AUC = 0.667), its accuracy was
relatively low, approaching 0.7, yet it still holds some reference value. For spring, HCICMA’s
AUC is 0.593 (<0.6), reflecting limited accuracy. Conversely, the AUC of HCILU ranges
between 0.478 and 0.592 (AUC < 0.6) across all seasons, signifying relatively low accuracy
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in estimating human comfort index. Overall, the formula from the China Meteorological
Administration (HCICMA) exhibits superior predictive performance for human comfort
indices compared to HCILU across varying seasons.

The ROC curve offers advantages in classifier evaluation, particularly under class-
imbalanced conditions [39]. By computing the true positive rate and false positive rate,
it remains insensitive to class proportion shifts, making it a robust tool for assessing
classifier performance [40]. This characteristic not only enhances the practical application
of ROC analysis but also deepens our understanding of performance evaluation metrics.
Leveraging this feature in future studies can lead to more effective model optimization and
validation, driving technological advancements across diverse domains [41].

4. Discussion
The existing literature falls short in thoroughly addressing the selection of appropriate

human comfort indices. In this study, Hohhot, a city situated in the northwest of China, was
chosen to assess the outdoor human comfort indices for pedestrians across various seasons.
The climate conditions in the urban green space types exhibited similarity to those in CK,
displaying comparable daily patterns. Our result indicated that air temperature peaked
in summer (28.1 ◦C), while winter exhibited extreme cold (−8.7 ◦C). Relative humidity
exhibited a persistent U-shaped diurnal pattern with spring minima, while forest canopies
(S1–S4) attenuated wind speeds by 32–54% compared to CK, demonstrating biome-specific
aerodynamic resistance linked to canopy structural complexity. Mixed deciduous-evergreen
forests (S3, S4) provided superior microclimate regulation, with lower temperatures and
higher humidity than sparse forests (S1) or CK. Similar to Perini et al. [42] and He et al. [43],
dense vegetation reduced daytime temperatures by 1.5–2.0 ◦C. Unlike studies in humid
climates [10,44], vegetation did not significantly elevate relative humidity, likely due to
low baseline moisture in arid regions [45]. Urban green spaces reduced wind speeds by
0.3–0.5 m/s compared to CK, corroborating Coccolo et al. [15], who emphasized windbreak
effects of dense canopies. The site characterized by a dense mixed forest of deciduous
broad-leaved and evergreen needle trees exhibited lower air temperature, higher relative
humidity, and reduced average wind speed. The findings reveal that mixed forests (S3/S4)
show a 15–20% improvement in comfort relative to the control group (CK). Nonetheless,
as the study relies on observational data, it is possible that unmeasured confounding
factors may have influenced the results. As such, the conclusions should be viewed with
caution, emphasizing that the observed differences suggest an association rather than
confirming a direct causal relationship. This interpretation aligns with the work of Lopez-
Cabeza et al. [46], who demonstrated that canopy density contributes to improved shading
and reduced turbulence, further supporting the notion that this forest type promotes a
comfortable and pleasant environment [42,43]. Urban planners should prioritize mixed-tree
configurations for year-round comfort in arid cities [47,48].

Additionally, the results of our study concluded that summer and autumn were the
most comfortable seasons, followed by spring and then winter. In autumn, winter, and
spring, the diurnal variation in index HCILu followed a similar trend to that of relative
humidity, and in summer, it followed a similar trend to that of air temperature. Discrep-
ancies were observed in the timing of the maximum and minimum values, which could
potentially be attributed to the variations in plant communities [49,50]. Conversely, there
was little diurnal variation in another index, HCICMA, and HCICMA did not follow a similar
trend to any of the meteorological factors measured. Therefore, HCILu is more conducive
to public cognition and experience [51]. HCICMA demonstrated stronger correlations with
temperature and wind speed and higher diagnostic accuracy via ROC-AUC analyses (AUC
= 0.908 in autumn), outperforming HCILu, which lacked granularity in comfort classifica-



Sustainability 2025, 17, 4671 18 of 22

tion. The formula used to calculate HCICMA does not need absolute values and is simpler
than that used to calculate HCILu. Moreover, HCICMA is more intuitive at low temperatures.
Since the winter temperature in this study was generally below 0 ◦C, part of the human
comfort index calculated by this formula was negative at all times, and this part was not
graded in the evaluation grade. HCILu’s oversimplification arises from its reliance on
linear temperature–humidity relationships, neglecting wind-driven convective heat loss—a
dominant factor in arid winters [52]. HCICMA’s non-linear formulation better captures in-
teractions between meteorological variables, particularly at low temperatures [53]. HCICMA

is recommended for policy frameworks due to its higher sensitivity to regional climatic
stressors, aligning with Liu et al.’s [24] call for localized index adaptation.

Despite the multitude of studies undertaken on the human comfort index, there has
been a scarcity of comparative analyses and assessments regarding the applicability of
diverse human comfort formulas under uniform environmental conditions [54,55]. The
climatic characteristics of the study area where the urban green spaces are situated limit
the specificity of the human comfort level classification based on HCLLU. However, due
to its simple grade division, it can clearly and explicitly convey comfort information
to the public, making it easy for all kinds of people to understand. In the correlation
analysis, the human comfort indices calculated by both methods were highly correlated
with two meteorological factors in spring and summer. According to the correlation
coefficients, the HCICMA method in spring and the HCILU method in summer had a
stronger correlation with the climate factors. In autumn and winter, the human comfort
index calculated by the HCICMA method was highly significantly correlated with three
climate factors observed in this study. The human comfort index calculated by the HCILU

method in autumn was highly significantly correlated with air temperature and relative
humidity, while in winter, it was only highly significantly correlated with air temperature.
In the realm of investigating variations in human comfort, a preponderance of studies
have focused on localized area analysis, with no comparative research conducted on local
applicability [56–58]. Although environmental data are generally more accessible and
easier to analyze due to their independence from human factors, they are indeed valuable
in assessing human comfort, as all physical parameters contribute to some degree in
influencing comfort perception [59,60]. Nevertheless, it should be noted that, at times, solely
relying on physical parameters may be insufficient to fully elucidate human responses.

Otherwise, there has been an absence of a thorough exploration regarding the sig-
nificance of various meteorological factors in human comfort across different regions, as
well as a dearth of an accurate and appropriate human comfort index formula to assess
and choose the formula that aligns with regional climate characteristics [61,62]. Currently,
human comfort research in China frequently employs empirical indices to gauge human
comfort, taking into account a limited number of meteorological elements in the environ-
ment while neglecting the radiation factor, which holds a substantial influence on outdoor
conditions [63,64]. For the moment, it fails to encapsulate the comprehensive impact of
meteorological elements on the human body.

This research tried to advance the quantification of urban thermal comfort by integrat-
ing regional climate characteristics. However, the following key limitations of the study are
acknowledged: First, the daytime monitoring protocol (07:00–19:00) precludes analysis of
nocturnal microclimate feedback—a pivotal regulator of urban heat island decay rates [18].
Second, the absence of solar radiation measurements limits mechanistic interpretation of
vegetation-mediated energy budgets, a parameter universally recognized as contributing
42–58% of daytime comfort variance [14]. Third, while HCICMA showed superior diagnostic
performance, its thresholds lack empirical validation against behavioral data, a prerequisite
for contextualizing index outputs to human perception thresholds [13]. HCILu’s method
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categorizes comfort into fewer, broader levels and fails to differentiate between cold and
hot conditions. In this study on human comfort in urban green space in Hohhot, differences
in comfort levels as measured by the HCILu index were minimal between different types
of urban green space and CK. The assessment outcomes derived from empirical indices
exhibit specific spatial and temporal constraints.

However, because it is concise, comfort information can be clearly transmitted to the
public and is easy to understand. The ROC curve analysis of the two human comfort indices
showed that HCICMA is more suitable than HCILu in this study area. Given the subjective
nature of human comfort, we propose employing validated psychometric tools along-
side geospatial activity pattern analysis and semi-structured interviews to systematically
characterize the comfort needs of urban residents across demographic groups.

To further enhance the comprehensiveness and accuracy of future research, it is
essential to consider additional meteorological factors such as solar radiation and light
duration [59,65]. Among these, the wind chill index plays a significant role in evaluating
human comfort in cold environments, particularly during winter in regions where extreme
temperature fluctuations are common [66]. As demonstrated by studies like those of [52],
the wind chill index can be effectively determined using empirical models to quantify the
combined effects of temperature and wind speed on human comfort thermal perception.
Several European and North American countries have already adopted this approach to
warn citizens about potential meteorological hazards [67]. In some research regions where
winter conditions often exacerbate the impact of cold winds, integrating the wind chill
index into comprehensive thermal comfort models like HCICMA is particularly important.
By incorporating this parameter, models can provide more accurate assessments of human
thermal discomfort and adaptation strategies in these environments.

Furthermore, through such comprehensive consideration, the research will not only
enhance our understanding of urban micro-climates but also contribute to optimizing
urban thermal environments for improved quality of life. Based on the existing empirical
index, a more appropriate formula for assessing human thermal comfort levels in a specific
region can be formulated, or the local comfort level grade intervals can be modified to align
with subjective comfort perceptions and establish objective mechanistic models.

5. Conclusions
This study monitored the meteorological factors such as air temperature, relative

humidity, and wind speed in different urban green space types. Seasonal variation patterns
of meteorological factors were consistent in urban green spaces and CK, but the occurrence
time of extreme values was slightly different. The air temperature was the highest in
summer, followed by autumn, and the lowest in winter. The daily variation trend was in
an inverted “U” shape, and the time of occurrence of the highest temperature in winter
was later than that in other seasons. The relative humidity in urban green spaces and CK
in spring was significantly lower than that in other seasons. The daily variation curves
in spring, summer, and autumn were roughly “U”-shaped, while in winter they were
“W”-shaped, which was opposite to the trend of air temperature variation. There was no
significant difference in relative humidity between urban green spaces and CK in the same
season. The average wind speed between different urban green space types and CK was
significantly different. The average wind speed of CK in different seasons was significantly
higher than that of urban green space types. The average wind speed in urban green space
types was higher in spring than in other seasons.

The seasonal evaluations of the human comfort index derived from the HCILU and
HCICMA methods were similar. The diurnal variation trends of the two evaluation methods
were different. Except for summer, the diurnal variation pattern of the HCILU was basically
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a decline followed by a rise. The diurnal variation trend of HCICMA was roughly fluctuating
and rising in spring and summer. The correlation between HCICMA and meteorological
factors was more significant than HCILU. The consistently higher AUC value of HCICMA

compared to HCILU across different seasons demonstrates its superiority in predicting the
human comfort index of urban green spaces within the study area.
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