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Abstract: Local parks are widely used to mitigate urban heat islands. However, the increase of dry
weather periods in subtropical climates has caused natural grass failure, leading some city councils to
replace it with artificial grass. Therefore, this study investigates various local park settings to assess
the performance of different ground covers (i.e., irrigated and non-irrigated natural grass, bare soil,
and artificial grass) and the influence that tree proximity has on them, as well as the total thermal
performance of the investigated local parks. This study finds that non-irrigated parks could harm
park users’ health due to the high concentration of mean radiant temperature (MRT) around trees.
Although the surface temperature of the artificial grass was higher (2.60 ◦C) than that of asphalt
during periods of peak temperature, the parks using artificial grass performed better at reducing air
temperature and enhancing thermal comfort than the ones with dry grass or bare soil, where both tree
proximity and soil water content played significant roles. However, artificial grass negatively affected
night cooling, resulting in a poorer daily performance. This study discusses the influence of various
park settings on air temperature, MRT, thermal comfort, surface temperature, soil temperature, and
water content. In addition, various recommendations and settings are offered to direct decision
makers and future studies.

Keywords: thermal comfort; mean radiant temperature; artificial grass; tree arrangement; surface
temperature; urban heat island

1. Introduction

Urban heat islands (UHIs) increase daytime temperatures and reduce night cooling,
which negatively influences the health and welfare of urban residents, specifically during
heatwaves [1,2]. The effect of UHIs increases in densely built-up urban areas, especially if
they lack green spaces and suffer from high greenhouse gas emissions [3], and their intensity
ranges from 1.0 ◦C to 13.0 ◦C [4]. Therefore, research and policy has focused on investigating
and applying different strategies to mitigate UHIs in the built environment [5,6]. The
primary strategy has been to increase green spaces [7,8], as vegetation has a significant role
in moderating temperature due to the evapotranspiration (ET) mechanism and the shade
cast from canopy species [9].

The vegetation canopy intercepts shortwave radiation before it reaches the shaded
surfaces, reducing the absorbed heat, surface temperature, and the heat emitted from these
surfaces back into the atmosphere, which reduces the UHI’s effect [10–13]. Although this
interception helps in balancing the temperature and water content of the soil [14,15], it
causes a reduction in the ET of the lower canopy vegetation (e.g., grass) that is affected by
the shade [16,17]. In addition, the trees’ increased leaf area density (LAD) and proximity
can trap hot air and reduce the airflow and associated wind speed, reducing the ET and
the anticipated cooling effect of the green spaces [5,18,19]. Vegetation also reflects a part of
short- and long-wave radiation, which increases the mean radiant temperature (MRT) [20].
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MRT is usually used to quantify the exchange of radiant heat between a human and their
surrounding environment. It can be defined as the uniform temperature of an imaginary
environment in which the radiant heat transfer from the human body is equal to the
radiant heat transfer in the actual nonuniform environment [21]. Therefore, selecting the
appropriate vegetation typologies is necessary to maximise their cooling effect, enhance
thermal comfort, and increase their contribution to mitigating UHIs.

The subsurface properties of parks, including soil type, texture, and moisture content,
play a crucial role in shaping the thermal environment of these green spaces. Soil moisture,
in particular, significantly influences the thermal properties of the soil, affecting the amount
of energy exchanged with the atmosphere and ultimately impacting air temperature [22].
In irrigated natural grass areas, moisture in the soil can provide a cooling effect on the
surrounding environment. The grass acts as a natural evaporative cooler, with water
transpiring through the leaves and into the atmosphere [23]. This process helps to reduce
ambient temperatures, providing a more comfortable environment for park-goers. Con-
versely, in non-irrigated natural grass areas, soil moisture levels may be lower, resulting
in increased soil and air temperatures. Bare soil areas can also significantly impact the
thermal environment of parks. Without the cooling effect from vegetation, bare soil absorbs
more solar radiation, leading to higher temperatures [24]. Artificial grass, while not subject
to the same moisture fluctuations as natural grass, can also affect the thermal environment
of parks [2,25,26]. In addition, artificial grass is manufactured from plastics and heavy
metals, and it can potentially increase environmental hazards, such as a reduction in biodi-
versity and water infiltration, increasing the risk of floods, and carbon dioxide and toxic
gas emissions [27–32].

Recently, many countries and city councils have established greening initiatives and
strategies to increase urban green spaces in cities, specifically in local parks, for their
various benefits in addition to their cooling effect, such as for people’s mental and physi-
cal health [33–35]. The construction of local parks in tropical and subtropical climates is
widespread as the weather conditions encourage their implementation and sustainabil-
ity [36,37]. Specifically, they mainly depend on rainfall and do not require irrigation. In
addition, most park projects in these climates do not consider implementing irrigation
systems and restrict irrigation [38,39]. However, increased global warming has resulted in
precipitation variability and increasing dry weather periods, substantially reducing soil
water content, specifically in the upper layers, impacting the wilting point [40] and leading
to grass and shrub failure. Instead of watering the grass in these green spaces to avoid
failure, some city councils tend to install artificial grass to mitigate this issue and reduce
maintenance requirements [30,41].

The main objective of this study is to provide more insight into the thermal behaviour
of different ground covers in local parks, including bare soil, artificial grass, and natural
grass with and without irrigation. In addition, this study investigates the influence of tree
proximity and park orientation on the above-mentioned ground covers. This investigation
is expected to increase awareness of the best local park strategies to mitigate UHIs during
extreme heat and dry weather in subtropical climates in general. This study focuses on the
case of Sunshine Coast, Australia. The findings of this research can be used to improve the
regulations and management of outdoor green spaces, including parks, in cities.

Simulations offer experiential learning opportunities that are well-suited to assist
research [42,43] and readily facilitate the adjustment of investigation parameters, such as
the experimental settings and the surrounding conditions. They also provide accurate
results in a considerably short period of time [44] and are a powerful tool for providing
insights into complex problems that are difficult to study in laboratories [45]. To achieve
the objectives of this study, the ENVI-met simulation tool was selected for this study, as
explained further in the following methodology.
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2. Methodology

A three-step methodology was utilised in this study. The first step included a thorough
literature review of existing state-of-the-art artificial and natural grasses in public spaces.
The most influential material characteristics of the grasses and the climatic conditions were
also analysed to design the study scenario and the framework for the comparative study.
The second step involved the selection of the simulation parameters and the implementation
of the simulation tool. The simulation results were analysed and reported in the third step.

2.1. Scenario Development

To contextualise the investigation, the Sunshine Coast, Australia, was selected as a
representative site for this climate zone (based on the Köppen climate classification), at
latitude −26.50, longitude 153.00, time zone +10, and elevation 10 m. Table 1 provides more
climate information regarding the site. Designed according to the Sunshine Coast Council’s
guidelines, a 72 m × 72 m hypothetical local park was developed, as that is the minimum
size of parks in the city, and followed the identified local park’s contexts in the new master
planning strategies [38]. The park was surrounded by a 2 m wide footpath and 8 m wide
streets. The ground surface configurations of the park were of four types: (1) artificial grass,
(2) non-irrigated natural grass (dry grass), (3) irrigated natural grass (irrigated grass), and
(4) Kandosols (bare soil), the most common soil type in the Sunshine Coast. Kandosols is a
combination of red, yellow, and grey earths. It contains a sandy to loamy surface soil, with
porous sandy clay in the lower layers and has a limited water holding capacity (16% water
content at field capacity) [46]. Additionally, there were three canopy tree arrangements:
(1) high proximity, (2) medium proximity, and (3) low proximity. To apply these typologies,
a 10 m diameter tree was used, and the tree arrangements were represented by grids of
10 m, 15 m, and 20 m, respectively. To fulfill a mandatory requirement of the Sunshine
Coast regulations [38], a 30 m × 30 m open space was centralised in the local park as a
small kick-and-throw area, which could also host active recreation elements. This area
was surrounded and connected to the park edges by 2 m wide footpaths, dividing the
park into four identical spaces around the centralised active open space (Figure 1). These
settings were carefully selected to assess the thermal impact of different ground covers,
tree proximities, and park orientation on the pedestrian level, and to evaluate the influence
of these scenarios on UHIs within local park contexts. These selected settings resulted in
12 scenarios. It should be noted that to help retain the focus on the investigated elements
of this study and to increase the transferability of the results to other urban open spaces, no
shelters, services, or furniture were added to these scenarios.

Table 1. Climate characteristics of the Sunshine Coast. The source of this information is the Bureau of
Meteorology, Australia.

Statistics Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual

Temperature
Mean maximum
temperature (◦C) 29 28.9 27.9 26 23.6 21.4 21.1 22.2 24.3 25.7 27.2 28.3 25.5

Mean minimum
temperature (◦C) 21.3 21.3 20.2 17.1 13.8 11.4 9.7 9.9 13 15.7 17.9 19.9 15.9

Rainfall

Mean rainfall (mm) 143 224 183 147 167 112 69 68 54 94 83 154 1517
Mean number of days of

rain ≥ 1 mm 10 12 12 11 10 9 7 5 5 7 7 10 106

Detailed climate
characteristics
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Table 1. Cont.

Statistics Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual

9 a.m. conditions

Mean
temperature (◦C) 26.3 26.3 24.9 22.5 19.3 16.8 15.9 17.4 20.8 22.8 24.4 25.9 21.9

Mean
relative humidity (%) 73 73 74 75 75 76 73 68 65 66 67 69 71

Mean
wind speed (km/h) 19.3 18.8 18.3 17.3 15.8 15 14.9 15.8 16.7 18.2 18.9 18.5 17.3

3 p.m. conditions

Mean
temperature (◦C) 27 27.1 26.1 24.3 22 20.1 19.6 20.3 22.3 23.4 24.8 26.2 23.6

Mean
relative humidity (%) 70 71 69 68 65 63 59 59 63 66 67 69 66

Mean
wind speed (km/h) 24.1 23.5 23.1 21.2 19.1 18.2 18.9 21.2 23.5 24.2 24.5 24.3 22.1
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Figure 1. Schematic layouts for the simulation scenarios identifying the three different tree proximity
arrangements and ground covers as design variables for the local park.

2.2. Description of Modelling Tool and Model Parameters

The ENVI-met v5.1 Winter22 modelling tool was selected for this study. ENVI-met is
the most-used simulation tool for evaluating urban microclimates [10]. The tool includes a
holistic numerical microclimate model capable of simulating the airflow in the modelled
areas, including the interaction between plants and other horizontal and vertical surfaces.
The model also includes various microclimate assessments, including heat, energy, and
mass exchange, based on fluid mechanics’ principles, thermodynamics, and atmospheric
physics [47–49]. The complete ENVI-met model description can be found in Bruse and
Fleer [49], Bruse [50]. The ENVI-met vegetation model has been thoroughly evaluated for
use in similar climates, and it was found to adequately simulate the plant transpiration
rate and shaded leaf temperatures and their impact on the surrounding environment [51].
Various studies have validated the use of the model in a variety of urban contexts and
found a 20–25% error at street level [12,52]. Therefore, ENVI-met can be considered a valid
simulation tool for this investigation, specifically with the latest enhanced update, which
reduces errors and increases the accuracy of the results [53].
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The model geometry of this study consisted of 50 × 50 × 152 cells, with a size of
2 m × 2 m × 0.25 m for the X, Y and Z axes, respectively. The lowest grid was split into
five sub-cells to allow for a 5 cm grass height. A telescoping factor was activated with a
value of 1.5% to start after 16 m on the z-axis, which was 1 m above the level of the trees. In
addition, 10 nesting grids were included with the Kandosols as the soil profile, to allow the
simulation tool to expand the model boundary, if needed, in order to minimise undesired
boundary effects and facilitate the simulation. These settings were selected to facilitate
better forcing for weather conditions, to implement appropriate vegetation dimensions,
and to reduce the model height to ease the simulation process. Typical ENVI-met grass,
spherical trees, and surface materials were used in this simulation. Since there is no artificial
grass material in ENVI-met, the artificial grass materials included in this study followed
the values used in the study by Yaghoobian, et al. [54]. The vegetation parameters were
carefully selected, and they generally fit with the various vegetation used in the local parks
in the city (Table 2). The surface material parameters are presented in Table 3. It should be
noted that a light colour concrete was used for the paved walkway and its albedo was taken
from the study by Sanjuán, et al. [55]. The light colour of the concrete used in this study
may have influenced the surface and mean radiant temperatures. The initial water content
of the irrigated soil was 40% and the non-irrigated soil was slightly above the wilting point
of 16%. The tree canopy coverage percentages compared to those of the local park area
were 61%, 33%, and 18% for tree arrangements of high proximity, medium proximity, and
low proximity, respectively.

The simulation was undertaken on the hottest day on the Sunshine Coast (4 January
2014) since the recording of weather conditions commenced in 1994, according to the
Bureau of Meteorology (BoM), Sunshine Coast, Australia, to investigate the most extreme
weather conditions, which were slightly above the typical hottest day of the year. The
simulation was conducted starting at 4 a.m. for the following 25 h, using the BoM weather
data to cover the influence of the sun on the UHIs from sunrise to sunset, and from sunset
to sunrise of the following day.

Table 2. The values used for the simulation parameters of the vegetation.

Vegetation Type and Parameters Input Value

Tree parameters

Height 15 m
Diameter 10 m

LAD 1.1 m2/m3

Root depth 12 m
Root diameter 9 m

Foliage shortwave albedo 0.18
Foliage shortwave transmittance 0.30

Emissivity of leaves 0.96
Leaf weight 100 g/m2

Grass parameters

Height 0.05 m
Leaf area profile 0.3

Root depth 0.2 m
Shortwave albedo 0.2

Shortwave transmittance 0.3
Emissivity 0.97
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Table 3. The values used for the simulation parameters of the surfaces.

Surface Type Albedo Emissivity Heat Capacity Heat Conductivity

Artificial grass 0.08 0.95 2.214 1.16
Light colour Concrete pavement 0.8 0.9 2.083 1.63

Asphalt 0.2 0.9 2.251 0.9

2.3. Data Analysis Protocol

Several factors affect the intensity of UHIs, such as air and surface temperatures, as
well as the radiant heat emitted from these surfaces back to the atmosphere [4]. All these
factors also affect human thermal comfort. Therefore, this study focused on evaluating
these factors to investigate the influence of different surfaces on the intensity of UHIs within
the local park contexts. Air temperature, ground surface temperatures, soil temperature,
and human thermal comfort were analysed and reported. In addition, although thermal
comfort is highly reliable for analysing heat stress risk, the metric MRT was also analysed to
increase understanding of heat stress and to compare the results with the existing literature.
Thorsson, et al. [56] stated that when the MRT reached the threshold of 57.1 ◦C or above,
it could increase the risk of death by 5% for all age groups; therefore, this threshold was
used in analysing the results. The Universal Thermal Climate Index (UTCI) was selected
to report human thermal comfort in this study and the ENVI-met BioMet module was
used to report the results. Zare, et al. [57] classified the thermal sensation based on UTCI
temperature (Table 4). Li, et al. [58] stated that the UTCI was the most successful index
that reasonably approximated the observed data in their study of a subtropical climate.
In addition, Ghani, et al. [59] reported average differences of 14% between the simulated
and observed data in their investigation, which increases its creditability for use as the
selected index in this study. Sundevall and Jansson [60] found that the dominant visitor age
group of parks is children, who are the most vulnerable to heat stress. Therefore, this study
used this age group to report the thermal comfort results (Table 5), and used the default
parameters of the Bio-met tool.

Table 4. Thermal sensation based on UTCI temperature. Adapted from Zare, Hasheminejad, Shirvan,
Hemmatjo, Sarebanzadeh and Ahmadi [57].

UTCI (◦C) Range Stress Category

46+ Extreme heat stress
46–38 Very strong heat stress
38–32 Strong heat stress
32–26 Moderate heat stress
26–9 No thermal stress

The following section reports the extracted results at 1.5 m above ground level for each
air temperature, thermal comfort, and MRT, while the soil temperature was taken at 1 cm
under the soil surface level to check the influence of the ground cover, and at 25 cm, the
average shrub root depth, to check the temperature impact on the ground covers and shrubs.
The results were taken each hour, and the thermal comfort, MRT, and surface temperature
focused on the hottest hours of the day. The median air temperature of each scenario was
extracted directly from the ENV-met outputs, representing the average temperatures of
each grid cell in the park. The soil temperature and water content results were taken at 1
cm and 25 cm under the ground cover materials in the centre of the five zones of the local
park for each scenario.
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Table 5. Human parameters used in reporting UTCI.

Parameters Values

Body Parameters
Age of person 9

Gender Male
Weight (kg) 30
Height (m) 1.5

Surface area (DuBois-Area) 1.1 m2

Walking speed 1.21 m/s
Body position Standing

Clothing parameters
Static Insulation Outdoor (clo) 0.5

Personal metabolism
Total Metabolic rate (W) 128.85 (=117.18 W/m2) (met = 2.01)

3. Results

This section presents the main results of the parametric study developed to evaluate
the thermal performance of the 12 local park settings using ENVI-met simulation software.
The following subsections report the impact of the investigated parks on (1) air tempera-
ture, (2) MRT, (3) thermal comfort, (4) surface temperature, and (5) the influence on soil
temperature and water content.

3.1. Urban Heat Intensity

Overall, the various park settings positively reduced the urban heat intensity, while the
ground cover type and the absence of irrigation altered the reduction values (Figure 2). The
average temperature reduction among the various park settings ranged between 0.78 ◦C
and 1.34 ◦C. The average reduction based on the ground covers during the simulated 25 h
was highest for the local parks with irrigated grass and high tree proximity, leading to an
overall decrease of 1.34 ◦C, followed by an identical reduction of 0.93 ◦C for parks with
dry grass and bare soil with low tree proximity, and lastly a reduction of 0.85 ◦C for parks
with artificial grass and low tree proximity. The same park settings variables also worked
to reduce the peak temperature of the day; the reduction ranged between 3.6 ◦C and 2 ◦C.
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Generally, the various park settings positively offset the increased air temperature
during the day. However, the offset was delayed or negated when associated with a drop
in the input air temperature (Figure 3). The reduction remained positive up to 1 p.m., when
the air temperature was at its maximum for the day. The park temperature continued to
increase up until 2 p.m., even though the input temperature was reduced by 8 ◦C (due
to a high increase in wind speed and the formation of clouds in the sky), which resulted
in an almost one-hour delay and a higher temperature of between 6.2 ◦C and 7.8 ◦C for
the various local park settings. The same phenomenon was noticed at 3 p.m., 6 p.m., and
10 p.m., where the input temperature was less than the simulated temperature at the parks.

3.2. Thermal Comfort

Overall, there was no extreme heat stress, and all the parks remained within a very
strong heat stress between 38.07 ◦C and 44.14 ◦C (Figure 4). The northwest side of the park
was the coolest, and the opposite side was the hottest, even though the wind direction was
327 degrees north-northwest at 1 p.m. However, this remained reasonable as the wind
direction before 1 p.m. was from the northwest. The extracted maps in Figure 4 highlight
the importance of considering wind direction as a primary design influencer for mitigating
overheating in the city. The impact that trees and their proximity to each other have on
wind speed and direction also emphasises the importance of creating open breeze channels
throughout the urban environment to eliminate the heat collected by the urban features.

The parks with irrigated grass performed better with a median temperature below
41 ◦C, while the median temperature of the other park settings ranged between 41.36 ◦C
and 42.08 ◦C. The highest performance was by the local parks with irrigated grass and low
tree proximity, followed by high, and then medium tree proximity. The order of the median
performance based on tree proximity was different for the other park settings, as the high
tree proximity performed better, followed by the medium, and then the low tree proximity.
However, the order is inverted with regard to the temperature at the centre of the parks;
artificial grass performed better than dry grass, which performed better than bare soil.

The temperature under the tree canopies was the lowest in the parks, with the irrigated
grass below 40 ◦C in general and in some locations below 38.50 ◦C, specifically on the
south-southeast side of both the tree canopy and the local park area. For the other park
settings, the temperature under the trees ranged between 39.80 ◦C and 41.90 ◦C, and the
temperature was higher in the southeast side of the local park area, which reached above
44 ◦C in some areas.

3.3. Mean Radiant Temperature

The highest MRT was at 1 p.m., the peak temperature of the day (Figure 5). The median
MRTs of the local parks with different tree arrangements and irrigated grass remained
under the threshold of 57.1 ◦C and ranged between 54.11 ◦C and 54.86 ◦C. The MRTs
remained low inside the parks and within the park context, and ranged between 53.50 ◦C
and 55.50 ◦C. It reached a maximum slightly above the threshold of 57.1 ◦C in a limited
area on the west side of the trees. The median MRTs in the local parks with high tree
proximity and artificial grass, bare soil, or dry grass were under the thresholds of 57.1 ◦C,
55.99 ◦C, 56.52 ◦C, and 56.54 ◦C, respectively. The MRT was concentrated inside the local
park while remaining under the threshold of 57.1 ◦C within the park context. The same
MRT characteristics were applied to the local park with artificial grass and medium tree
proximity with a median MRT value of 56.80 ◦C. The median MRT of the remaining parks
was above the threshold of 57.1 ◦C, including the local parks with low tree proximity and
with artificial grass, bare soil, or dry grass, with temperatures of 57.57 ◦C, 59.08 ◦C, and
58.67 ◦C, respectively. The parks with medium tree proximity and with dry grass or bare
soil had temperatures of 57.73 ◦C and 57.81 ◦C, respectively. There was a high concentration
of MRT above 60 ◦C around the trees in all the parks except the ones with irrigated grass.
This was mainly noticed in the parks with bare soil and with both low and medium tree
proximity, and the parks with medium tree proximity for both dry grass and artificial grass.
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the south-southeast side of both the tree canopy and the local park area. For the other park 
settings, the temperature under the trees ranged between 39.80 °C and 41.90 °C, and the 

Figure 3. Median air temperature at 1.5 m above ground level in the centre of the park. ING = irrigated
natural grass, NNG = non-irrigated natural grass, S = bare soil, and AG = artificial grass.

3.4. Influence on Surface Temperature

The surface temperature of the irrigated grass remained below 29.00 ◦C, and the parks
did not influence the context surface temperature except in a limited area at the southeast
side of both the medium and high tree proximity arrangements (Figure 6). This influence
occurred due to the obstruction of the wind by the trees, which reduced the ability of
natural cooling. The difference between the surface temperature of the dry grass and
bare soil inside the parks was limited and ranged between 36.50 ◦C and 46.50 ◦C, with
a slightly lower surface temperature for the dry grass. The surface temperature of the
park was generally noticeably reduced by the increased tree proximity, which also can be
explained by a reduced wind speed and its ability to override the heat. For instance, the
mean temperature of the surfaces of the local parks with high tree proximity was lower
than the ones with low tree proximity by 1.32 ◦C, 2.71 ◦C, 3.04 ◦C, and 3.59 ◦C, for the
irrigated grass, dry grass, bare soil and artificial grass, respectively. The artificial grass
surface temperature was the highest among the different ground covers, specifically for
non-shaded locations, where the surface temperature was above 44.00 ◦C, and in some
locations, it was above 49.00 ◦C. The surface temperature of the paved footbaths was less
than the dry grass and bare soil by about 3.50 ◦C on average and slightly lower than asphalt
by 0.55 ◦C on average, while the surface temperature of the artificial grass was higher than
both the paved footbaths and asphalt by 6.00 ◦C and 2.60 ◦C, respectively.

3.5. Influence on Soil Temperature and Water Content

The soil temperature at 1 cm under the soil surface was mostly similar to that of the
surface temperature during the day. The soil water content of the parks that included
irrigated grass and artificial grass remained above the wilting point, while for parks with
dry grass and bare soil, the soil was dry around 11 a.m.
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At a level of 25 cm underground, the high tree proximity arrangement had the lowest
effect on soil temperature for the parks with irrigated grass due to the available shading
and cooling provided by evaporation. In contrast, the low tree proximity arrangement had
the lowest effect on the rest of the parks with other ground covers, due to higher wind
speed which allowed for natural cooling. The medium tree proximity arrangements had
the highest impact on soil temperature due to a reduced air speed in the park and less
shading than the parks with high tree proximity. The soil temperature of the medium
tree proximity parks gradually increased and reached a maximum of 23.10 ◦C, 22.83 ◦C,
22.83 ◦C, and 24.60 ◦C, at 7 p.m., 4 a.m., 4 a.m., and midnight, for the irrigated grass, dry
grass, bare soil, and artificial grass, respectively. The temperature of the irrigated grass
and artificial grass decreased gradually up until 5 a.m. after reaching a peak temperature,
while the dry grass and bare soil remained the same. The temperature of the soil after
25 h was higher by about 2.60 ◦C, 2.83 ◦C, 2.53 ◦C, and 4.27 ◦C for the parks with medium
tree proximity and irrigated grass, dry grass, bare soil, or artificial grass, respectively. In
addition, the water content for the irrigated and artificial grass remained above the wilting
point, while the dry grass and bare soil remained slightly below the wilting point.

3.6. Summary

Overall, at peak temperature (1 p.m.), the median thermal reduction of the local parks
with irrigated grass was the highest among the different settings (Table 6). The influence
of the various local park settings on the median air temperature and thermal comfort was
minimal. In contrast, the median MRT and surface temperatures were noticeable among
the various local park settings, including those with different tree proximity but containing
the same ground cover, and parks containing the same tree proximity but different ground
cover types. It also should be noted that the local parks with high tree proximity reduced
MRT and surface temperatures better.

Table 6. Median air, UTCI, MRT, and surface temperatures of the investigated local park settings at 1
p.m.

Irrigated Natural Grass Non-Irrigated Natural Grass Bare Soil Artificial Grass

Tree Proximity Low Medium High Low Medium High Low Medium High Low Medium High

Air temperature 37.36 37.21 37.08 38.37 38.54 38.63 38.36 38.52 38.62 38.41 38.60 38.70
UTCI 40.74 40.87 40.76 41.96 41.68 41.45 42.08 41.72 41.49 41.76 41.50 41.36
MRT 54.86 54.52 54.11 58.67 57.73 56.54 59.08 57.81 56.52 57.57 56.80 55.99

Surfaces 37.21 36.20 35.89 41.70 40.46 38.99 41.82 39.90 38.78 42.22 40.65 38.63

4. Discussion

The investigated local park settings exhibited different abilities to mitigate UHIs. The
investigation results show the inadvisability of depending only on the air temperature to
evaluate the efficiency of UHI mitigation strategies. Local parks with irrigated grass proved
to be the most efficient mitigation strategy among the various park settings due to the ET
mechanism, which significantly reduced air temperature, MRT, and surface temperature.
These reductions positively enhanced the thermal comfort of the park’s users and the
park context, and these results align with the studies by Spronken-Smith, et al. [61] and
Ouyang, et al. [62].

Regardless of the local park settings, all the parks reduced the urban heat intensity
by 0.78 ◦C–1.34 ◦C on average during the day and reduced the peak temperature by
2 ◦C–3.6 ◦C. This emphasises the importance of increasing the number of parks within
the built environment as an effective strategy to mitigate UHIs, and this also aligns with
the studies by Gago, Roldan, Pacheco-Torres and Ordóñez [5], Sun, et al. [63], Shao and
Kim [64]. It also emphasises the importance of evaluating local park design and vegetation
typologies to reach the maximum cooling effect, results that align with the findings of
both Yao, et al. [65], Barradas, et al. [66]. Regardless of the local park settings, once the
temperature drops, there will be a delay in the effect of that drop due to the hot air
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trapped in the vegetation canopy and the high temperature of the vegetation’s leaves, as
demonstrated by Gago, Roldan, Pacheco-Torres and Ordóñez [5]. This delay could result
in inverting the cooling effect into a heating effect if the temperature drop is ≥1.4 ◦C/h.
Although this delay could be exaggerated, as the ENV-met vegetation model tends to
increase the leaf temperature [51], a careful assessment of the wind’s direction and speed
within the park context is needed to ensure sufficient airflow inside the parks to reduce the
cooling delay time.

This study found that tree proximity could positively or negatively impact tempera-
ture reduction based on the ground cover type and the availability of the soil water content.
These findings demonstrate that evaluations of tree typologies in green spaces must con-
sider the ground cover type and water availability in order to obtain accurate results, which
align with the finding of [62]. In addition, the transferability of studies regarding tree
proximity should be limited to identical climates with similar rainfall patterns and dry
periods and should be carefully considered if the context has different climatic patterns,
considering that the results of this study are based on the Sunshine Coast location. In this
context, an ENVI-met simulation could help to produce satisfactory results, as stated in
the study by Ouyang, Sinsel, Simon, Morakinyo, Liu and Ng [53]. However, the existence
of errors in the vegetation model requires further consideration, specifically where the
results of the evaluation process showed minimal differences between the different design
settings. In this instance, the results could be used for guidance, but more investigation
and evaluation are required.

Although MRT significantly influences thermal comfort, this study demonstrates that
in parks, and due to the influence of vegetation, MRT could reach harmful levels without
being sensed by the park users. For instance, although the median MRT remained under
the threshold of 57.1 ◦C in several of the parks, specifically under the tree canopy (which
also had the highest thermal comfort), it exceeded the threshold in various locations, such
as near the tree canopies, which park users seek for shade during heatwaves and periods
of high temperature. The MRT concentration increased when the water content of the
soil was reduced, which in turn reduced the ET mechanism, which aligns with the study
of Wang, et al. [67]. Therefore, the city council and relevant institutions should warn the
visitors at parks with limited soil water content, specifically during heatwaves, as that
could increase the risk of death by 5% among park users, as noted by Thorsson, Rocklöv,
Konarska, Lindberg, Holmer, Dousset and Rayner [56]. In addition, city policies regarding
irrigation limitations in local parks should be revised to allow irrigation to increase the
local park’s cooling effect and the effective mitigation of UHIs, at least during heatwaves
or once the soil water content falls below the wilting point.

The shade cast by trees resulted in a significant reduction in surface temperatures. In
addition, the increased soil water content also contributed to reducing surface temperatures.
To increase the thermal comfort in local parks, park shading should be explicitly maximised
in open spaces, such as kick-and-throw areas and active recreation spaces where tree
canopies are limited. Although parks with artificial grass presented better thermal comfort
than dry grass and bare soil during periods of peak temperature, their surface temperature
was considerably higher (by about 6 ◦C) than dry grass and bare soil, and their temperature
reached up to 48.30 ◦C. In addition, artificial grass significantly reduced the night cooling
effect, hence reducing the overall cooling effect of the park. Therefore, evaluating the
strategies for night cooling and the overall day cooling of UHIs must be considered in the
evaluation process.

This study also reveals that asphalt performs better than artificial grass, and paved
footpaths perform better than artificial grass, dry grass, and bare soil, emphasising the
importance of irrigated grass during periods with extreme conditions. In addition, artificial
grass significantly increases the soil temperature, which endangers its characteristics and
biodiversity, including shrubs planted around the artificial grass, a concern also stated
by Sánchez-Sotomayor, Martín-Higuera, Gil-Delgado, Gálvez and Bernat-Ponce [41]. The
increased surface temperature of the artificial grass also increases the heat stress on park
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users who are conducting activities close to ground level, such as playing or sitting on the
artificial grass. In addition, artificial grass blocks water evaporation from the soil, which
enhances tree performance due to stabilising the soil water content above the wilting point.
However, this could harm the overall water cycle in the city and may result in longer
dry weather periods [68]. Therefore, the city council must not use artificial grass in local
parks and should restrict its usage in open spaces, at least where visitors perform activities,
especially if the artificial grass is not shaded.

Limitations and Future Studies

This simulation-based study investigates various local park settings during extreme
heat and dry periods. Although the simulation tool provided highly satisfactory results [53],
it is not without limitations, and a percentage of error could exist in the study, reaching
20–25%. Therefore, the results of this study could be used for guidance, and future research
may consider conducting surveys during the highlighted weather conditions to increase
the credibility of this study and to investigate the thermal comfort sensation of different
age groups.

In addition, this study demonstrates that wind direction affects the cooling effect of the
local parks and their impact on the context, specifically with trees in the wind’s direction.
Therefore, future studies may consider investigating different local park designs and tree
arrangements to increase the wind flow within the park and limit the negative impact from
reduced wind speed. These designs may include a different location for the active open
spaces and different tree proximity arrangements inside the park.

The study also shows that the artificial grass temperature could increase to high levels,
limiting the transfer of water between the soil and the atmosphere and reducing water
infiltration during rainfalls. This negatively affects the environment and limits artificial
grass usage. Future studies could investigate alternative materials and finishes to mitigate
these limitations. This could be performed using super-cool materials for the artificial grass
fibres, porous infills, and backing systems.

5. Conclusions

This case study focused on the Sunshine Coast, Australia. It aimed to provide evidence
for the thermal comfort and UHI mitigation performance of various local settings; specifi-
cally, it tested whether using artificial grass or installing irrigation systems would have a
more sustainable impact on UHIs. The study also tested three tree proximity arrangements
to assess their influence on the investigated surfaces and to find which tree arrangement
could help mitigate UHIs better, based on the selected settings of the local parks. Overall,
the study provided valuable insights for UHI mitigation and improving thermal comfort
on the Sunshine Coast.

This study demonstrated that installing an irrigation system or irrigating local parks
would significantly enhance their performance in various aspects, including visitors’ ther-
mal comfort and the ability to mitigate UHIs. The research also emphasised the importance
of increasing the number of local parks in the built environment of the city since, regardless
of their setting, they contributed to a reduction of the UHIs’ effect by 0.78 ◦C–1.34 ◦C and a
reduction of the peak temperature by 2 ◦C–3.6 ◦C. However, it should be noted that their
cooling effect was delayed by about an hour when the temperature dropped, and it could
be negative if the drop was ≥1.4 ◦C/h.

This study showed that artificial grass’s performance was worse than that of asphalt
by about 2.60 ◦C. Using artificial grass for the park’s surface resulted in a better perfor-
mance than dry grass or bare soil at peak temperature, due to the reduced ET of the soil’s
surface and the stabilisation of the soil’s water content, which enhanced the ET of the
trees. However, due to the increased surface temperature of the artificial grass, which
increased the soil temperature, the night cooling effect was significantly reduced, limiting
the overall cooling effect during the day. In addition, although the artificial grass reduced
air temperature better than dry grass or soil, this study found that this could be inverted
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during long dry weather periods, when the soil water content is reduced to below the
wilting point.

In addition, the study demonstrated that air temperature and thermal comfort are not
sufficient to evaluate strategies to mitigate urban heat islands when humans could interact
with the mitigation strategies used. This is because the MRT could be increased to harmful
levels around trees due to the limited soil water content in some of the investigated local
parks. Lastly, the study demonstrated that tree proximity positively or negatively impacted
UHIs depending on the local park settings. Therefore, the tree arrangements and the type
of ground cover used in this context must be carefully studied, and consider the availability
of the soil water content, specifically during heatwaves and dry weather periods when the
cooling performance of these parks is most needed.
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