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Abstract. Population growth and rapid urban development have led to urbanization, caused 
environmental problems such as: heat islands and air pollution. The installation of park green 
space system is widely regarded as effective in alleviating the thermal environment and improving 
the surrounding air quality. Therefore, this study focuses on parks in highly developed cities, The 
measurements of terrain and topography were conducted using unmanned aerial vehicles (UAVs) 
to establish a terrain model. This model was combined with environmental factors such as wind 
speed, direction, solar radiation, temperature, and soil infiltration were measured to assess the 
correlation between different landscape elements and the environment in various parks. In 
addition, an air particulate monitor (Arduino Uno) was developed to measure the contribution of 
green space systems to urban air pollution. Furthermore, by integrating measurements of multiple 
factors and employing the Pearson's correlation method and three-dimensional scatter plots, this 
study explored the relationships between many variables of park. Test results show that 1. The 
materials of the landscape elements should have moderate thermal conductivity; 2. The moisture 
content of the soil of grassland should be monitored; 3. To improve the air quality, the correlation 
between wind speed and wind direction should be considered in the placement of landscape 
elements. 
Keywords: landscape elements, environmental factors measurement, Pearson’s correlation, 
three-dimensional scatter plots, atmospheric particulate matter concentration. 

1. Introduction  

A 2014 report from the United Nations noted that six-sevenths of the global population will 
live in urban areas by 2045. The population is gradually becoming concentrated in cities because 
the patterns of human life have changed. Urban sprawl has increased demand for construction, 
which has led to the disappearance of many wetlands, green areas, and biological habitats. As 
cities continue to expand, farmland, grassland and forests are replaced by impermeable materials, 
such as roadways and buildings. The loss of natural environments leaves the natural system 
unsupported and causes environmental pressures. The high heat storage characteristics of the 
impermeable infrastructure of a city cause the urban heat island effect, which gradually degrades 
the quality of the living environment. The heat island effect is a common phenomenon, and the 
urban heat island effect [1-3] is the temperature difference between urban canyons and 
surrounding rural areas [4-5]. The intensification of urbanization and changes in the surface and 
atmosphere lead to the generation of a thermal environment, which is the main factor in the urban 
heat island effect [6-7]. Past research confirms that the benefits of urban green spaces can mitigate 
the urban heat island effect [8-11]. The key parameters, which mainly affect microclimates in 
urban parks, are divided into two categories: urban elements and landscape elements. These two 
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elements affect the atmospheric temperature of an urban area [12, 13]. 
There are many different landscape element configurations in urban parks, and their impact on 

the overall thermal environmental varies under different material conditions. In terms of the most 
frequently mentioned landscape pools and plants, water body can easily cool down the 
surrounding temperature through evapotranspiration [14]. A larger area of tree canopy and shade 
can also have a significant effect on cooling the thermal environment [15]. Kong, et.al. also 
mentioned that the landscape parameters affecting the thermal environment of urban parks include 
vegetation, artificial shading devices, water bodies and ground materials. The wind speed is more 
significantly affected by the local wind direction than the ground materials. Radiant heat is 
affected by shading above and the type of surface material [16]. The green space of parks has 
significant benefits for alleviating the thermal environment and reducing the impact of air 
pollution in urban wooded areas [17]. Vehicle use, green space planning, pollutant diffusion 
conditions and heat island effect in cities all affect PM2.5 concentrations in the air [18]. The 
simulation analysis of 17 cities shows that when the pollution source is higher, the increase of 
green space will have a more obvious effect on pollutant degradation [19]. Park green space and 
trees have their benefits for the removal of PM10, O3, SO2, NOx, NO and NO2 in air [20]. This also 
shows that the mitigation of air pollution and thermal environment through the park green space 
system has its basis and credibility and is also the direction of sustainable urban development.  

This study explores the effects of urban microclimate, surface temperature and atmospheric 
particulate matter in an urban park to investigate the correlations among various landscape 
elements and climate change in urban parks. The urban heat island effect is a major phenomenon 
affecting urban microclimates; within this effect, the land surface temperature (LST) is affected 
by impervious surfaces (IS) and vegetation coverage (VC) [21-23]. Atmospheric particulate 
matter is affected by the heat island effect. Therefore, the concentrations of atmospheric 
particulate matter are higher in urban areas than in surrounding rural areas, a phenomenon known 
as the Urban Aerosol Pollution Island (UAPI). UAPIs have significant impacts on seasonal 
changes and atmospheric temperature [24-27].  

Parks in metropolitan areas absorb atmospheric carbon and mitigate the urban heat island 
effect. The current design and construction of park green spaces in Taiwan is based on the Taiwan 
Park Green Space System Setting Code of the Construction Department of the Ministry of the 
Interior of Taiwan [28-30]. However, once the construction project is completed, the actual 
benefits are insufficiently monitored or evaluated. Therefore, it is impossible to truly understand 
whether these green spaces meet the requirements and achieve the goals of the original plan. In 
addition, while many studies have examined the impact of measuring individual factors on park 
green space systems, there is limited research combining measurements of multiple different 
factors and utilizing correlation analysis and three-dimensional scatter plots to explore the 
relationships between various variables of parks. Therefore, a thorough analysis of the correlations 
among the measured values was also conducted to clarify the benefits of park planning in this 
study, besides employing various methods to measure park elements. In this study, relevant data 
from long-term monitoring of outdoor comfort analyzers and an Arduino air detector [31] were 
collected in a newly developed urban park in the developing metropolitan area of Taichung City 
to investigate the substantial benefits of metropolitan parks. Then an implementation plan was 
proposed to improve the situation based on the characteristics of urban development, natural 
climate, and air pollution in this region. In addition, the measured data were examined with 
statistical methods [32-34] to verify the benefits and conduct cross-impact analyses for each factor 
of the environmental impact of metropolitan parks. These results may provide a basis of reference 
for the subsequent improvement and establishment of metropolitan parks. 
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2. The experimental field and experimental instruments 

2.1. Description of the experimental site 

Recently, the population of Taichung City has been growing rapidly due to the gradual 
implementation of many major municipal construction projects and high economic activity. Most 
of the immigrant population is concentrated in the metropolitan area, and the population of the 
Beitun District has increased the most rapidly. This area was originally the Shuinan Airport, which 
was established in 1911 and relocated in 2004. The area was built into a new feature of Taichung 
City, the Taichung Shuinan Economic and Trade Ecological Park. The park, which is the focus of 
this study, called Old Tree Park, was established in a metropolitan area of about 1.27 hectares in 
2011. Old Tree Park retained the original historical landscape and was designed with humanistic 
conservation, ecological sustainability, and environmental symbiosis as the main axes of design. 
It has a variety of environmental spaces and great historical value. Old Tree Park is bordered on 
all four sides by roadways. The base area is 170 meters, and it is situated 300 meters from the 
main arterial road, as shown in Fig. 1.  

 
Fig. 1. The schematic of the test park  

The scope of this study extended outward 100 meters from the edge of the base, as shown in 
Fig. 2. The land uses of this park and its surrounding areas are parkland, a residential area, an 
innovation and research and development special area, a cultural and educational area, and 
institutional land. Topographic changes, building heights and surrounding land use within the 
scope of the study affect the environmental parameters of this urban park. These parameters were 
used as the basis for the placement of instruments in the experimental field.  

 
Fig. 2. The scope of this study. (Bing Map) 
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2.2. Experimental erection and equipment description 

In this study, the measurement points were selected according to the geomorphological 
changes in the park. At the high position (H), horizontal grassland (BG) and low position (L) of 
this park, the environmental characteristics were measured. The measured data included 
atmospheric temperature, humidity, surface temperature, fine suspended particles, solar radiation 
value, wind speed, and wind direction. The Xitun measuring station of the Taichung 
Meteorological Bureau was used as a control group for the environmental background to monitor 
micro-climate changes with different geomorphology, as shown in Fig. 3.  

 
Fig. 3. The distribution schematic of the measurement points  

3. Methodology 

3.1. Environmental modelling  

The terrain and topographic measurements in this study were conducted using a quadcopter 
unmanned aerial vehicle (UAV) for aerial surveys of the experimental site. The 3DR Solo drone 
equipped with a GOPRO Hero 4 camera was employed for capturing images in various angles, 
including nadir (90°), oblique (60°), and low-oblique (30°), to enhance the accuracy of the model. 
The collected images were processed using Pix4Dmapper software for model generation. The 
flight pitch angle and other detailed data are crucial for subsequent processing, analysis, and 
computation of the images, as they directly impact the accuracy of the 3D modeling [35]. 
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Fig. 4. UAV environmental modeling analysis diagram 

Based on the environmental model established through UAV terrain measurements, shown in 
Fig. 4, we can initially understand the park’s topography. The southern side of the park features 
steep slopes and dense tall trees, making it the highest area. The northern side is characterized by 
a lower elevation and serves as the park’s performance space. The western side consists of flat 
terrain with grass and planned walking paths. The measured on-site wind speed and direction, 
shown in Fig. 5, reveal that during the spring season, the prevailing winds are from the north and 
northwest. In the summer, southeast and southwest winds dominate, while the winter season is 
influenced by north winds. Based on these measurements, we can preliminarily infer that during 
the summer, the southeast winds may be obstructed by the resistance from the southern slopes and 
tall vegetation, resulting in reduced airflow. The lower elevation on the northern side may slow 
down the wind speed from the north and potentially increase the chance of suspended particulate 
matter deposition, enhancing the dust-trapping effect of the green space. The western side with its 
gentle slopes allows for smoother airflow. 

 
a) Spring 

 
b) Summer 

 
c) Winter 

Fig. 5. The wind rose chart of the low position in spring, summer, and winter 
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3.2. EM50 environmental measuring station 

The measurement of environmental values in this study was conducted through an integrated 
monitoring station approach. The EM50 environmental measuring station, which included a data 
logger (EM50), temperature sensor (VP-4), solar radiation sensor (PYR Solar Radiation), surface 
temperature sensor (RT-1), and wind speed and direction sensor (Davis Cup) for hourly 
monitoring, is shown in Fig. 6(a). The measurement of soil infiltration status was carried out by 
setting up a two-meter-deep hole, drilled into the grassland to detect soil moisture content using a 
soil seepage meter, shown in Fig. 6(b). 

 
a) EM50 environmental station 

 
b) Soil seepage meter 

Fig. 6. Test instruments of this study  

3.3. The measurement of airborne particulate matter 

In this study, the Pantō PMS3003 Air Dust Sensor was used to detect atmospheric particulate 
matter. The PMS3003 is a digital universal particle concentration sensor that can be used to 
acquire the number of particles suspended in the air and output the result to a digital interface as 
a concentration. This device can record data on PM1.0, PM2.5 and PM10 suspended particles. The 
device includes an Arduino Uno (development version), PMS3003 (air dust sensor), XD-204 Data 
Logging shield (data logger, including SD card read and write module and RTC clock module), 
as shown in Fig. 7. 

The PMS3003 suspension particle sensor is a low-cost experimental sensor. To test and verify 
the accuracy of this device, the test results were compared numerically with the highly accurate 
AEROCET 531S portable dust meter. The corrected PM2.5 value R2 of PMS3003 reached 0.842, 
a higher performance result, as shown in Fig. 8. 

 
Fig. 7. The developed Aerosol sensor 
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Fig. 8. The comparison of the time history of the developed device  

and the AEROCET 531S portable dust meter 

3.4. The correlation analysis for environmental factors  

In this study, the time-history data of each measured environmental factor for each season were 
analyzed to assess the impact on the environmental correlations of heat environmental factors. 
Then Pearson correlation coefficient analysis was applied to find the correlations between each 
environmental factor. The Pearson correlation coefficient was used for analyzing the relationships 
between each environmental factor, which were expressed as 𝑟 as follows: 1 𝑟 1. (1)

This method is used to investigate the linear correlation between two continuous variables 𝑋,𝑌 . If the correlation coefficient between two variables is larger in absolute value, it means 
that the degree of mutual co-variation is greater. In general, if there is a positive correlation 
between two variables, then when 𝑋 increases, so does 𝑌. Conversely, if there is a negative 
correlation between the two variables, then when 𝑋 increases, 𝑌 decreases. A value of 0 indicates 
that these two variables have no correlation. When 𝑟 is closer to +1 or –1, a higher linear 
correlation, Pearson’s correlation coefficient is calculated as follows: 

𝑟 ∑ 𝑥 𝑥̅ ∙ 𝑦 �̅�∑ 𝑥 𝑥̅ ⁄ ∙ ∑ 𝑦 �̅� ⁄ , (2)

where 𝑥  represents the 𝑖th value of 𝑥; 𝑦  represents the 𝑖th value of 𝑦; �̅� is the mean of 𝑥 
variables; 𝑦 is the mean of 𝑦 variables.  

The 𝑟 value can be regarded as the correlation effect and therefore can describe the strength of 
the association between two factors. Evans (J. D. Evans, 1996) defined the following five intensity 
grades: 𝑟  ± 0 to ± 0.19: very low; 𝑟  ± 0.20 to ± 0.39: low; 𝑟  ± 0.40 to ± 0.59: medium; 𝑟  ± 0.60 to ± 0.79: high; 𝑟  ± 0.8 to ± 1.0: very high. The correlation coefficients are explained 
in Table 1 as follows:  

Table 1. The degrees of correlation of the values of Pearson’s correlations 

Pearson’s 𝑟 ± 0 to  
± 0.19 

± 0.20 to  
± 0.39 

± 0.40 to  
± 0.59 

± 0.60 to 
± 0.79 

± 0.8 to  
± 1.0 

Degree of correlation Very low  Low Medium High Very high 

3.5. Three-dimensional scatter plot 

To investigate the correlations among the surface temperatures of the structures, the 
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atmospheric temperature and solar radiation values, and among the PM2.5 and PM10 concentrations 
of the suspended particles and the atmospheric temperature and wind speed, a three-dimensional 
scatter plot was used to explore the correlations among the variables. The relationships among the 
continuous independent variable and the other two continuous corresponding variables thus 
represented the relationships among the three continuous independent variables for investigation 
of the correlations among important factors. 

4. Test results and discussions  

The test of this research was a one-year long-term experiment. Because the climate 
characteristics of spring and autumn are similar, this study examined data from three 
representative days of weather for each season.  

4.1. The surface temperature of landscape elements and airborne particles  

4.1.1. The surface temperature of landscape elements 

The surface temperatures of the landscape elements in the park in the spring, summer and 
winter are shown in Figs. 9-11. 

 
Fig. 9. The surface temperatures of landscape elements in the park in spring  

 
Fig. 10. The surface temperatures of landscape elements in the park in summer  

Fig. 9 shows that the most drastic changes in surface temperature in spring were those of 
wood-plastic composites, followed by dried grass, while that of concrete was the lowest. The 
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maximum temperature of wood-plastic composites was 48.5 °C, that of grass was 35.2 °C, and 
that of concrete was 33.1 °C. In summer, the surface temperature of the wood-plastic composites 
still varied the most, followed by that of concrete, while that of grassland changed smoothly. The 
maximum temperature of the wood-plastic composites was 61.1 °C, that of concrete was 49.8 °C, 
and that of grass was 33 °C, as shown in Fig. 10. The surface temperature of the grassland was 
most greatly affected by the soil moisture content. In the early stage of continuous monitoring, the 
soil water content was between 0.15 % and 0.18 %, and the surface temperature of the grassland 
changed smoothly. However, when the soil moisture content was less than 0.12 %, the surface 
temperature of the grassland reached 45 °C. In winter, the surface temperature of concrete was the 
highest, followed by that of grassland, and the lowest was that of wood–plastic composites. The 
maximum surface temperature of the concrete structure was 46 °C, that of the grass was 40.3 °C, 
and that of the wood-plastic composites was 34.3 °C, as shown in Fig. 11. 

 
Fig. 11. The surface temperatures of landscape elements in the park in winter  

4.1.2. Airborne particles 

Time histories of the variation in PM2.5 and PM10 concentrations in the park in spring, 
summer and winter are shown in Figs. 12-15.  

 
Fig. 12. Time history of variations in PM2.5 and PM10 concentrations in spring  

The suspended particulate matter was measured in the central location of the park, as shown 
in Fig. 12. According to the time histories of variations in suspended particulate matter, the 
maximum concentrations of suspended PM2.5 and PM10 appeared at about 8:00 PM. The maximum 
concentration of PM2.5 was 111 μg/m3, and the maximum concentration of PM10 was 125 μg/m3. 
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The time histories of variations in PM2.5 and PM10 in summer are shown in Fig. 13 and 14. Air 
quality in summer was affected by atmospheric temperature, relative humidity and wind speed. 
Therefore, the changes in PM2.5 and PM10 concentrations at the high (H), horizontal grass (BG) 
and low (L) positions of the park were selected for discussion.  

 
Fig. 13. Time history of variations in PM2.5 concentrations in summer  

 
Fig. 14. Time history of variations in PM10 concentrations in summer  

 
Fig. 15. Time history of variations in PM2.5 and PM10 concentrations in winter  

Fig. 14 and 15 show that the maximum concentrations of PM2.5 were 57.4 μg/m3 at the high 
position and 41.6 μg/m3 at the low position. At the grass position, it was 39.2 μg/m3. At the same 
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time, the maximum PM10 concentrations were 77.2 μg/m3 at the high position, 50.8 μg/m3 at the 
low position, and 48.8 μg/m3 at the grass position. At other times, the variations in the trend of 
PM2.5 concentrations at the low position were consistent with those of the grass position. However, 
the PM2.5 concentrations at the high position were lower than those at the other two stations. In 
addition, Fig. 14 and 15 show that the low and grass positions exceeded the air quality standard 
mostly in the early morning, and the relative humidity was higher than that of the high position. 
In winter, as shown in Fig. 15, the maximum PM2.5 and PM10 concentrations, i.e., 35 and 42 μg/m3, 
appeared at 4:00 PM. The trend in the variation of air quality showed that in winter, the air quality 
in this park was lowest each day from 5:00 PM to 10:00 PM.  

4.2. Correlation analysis of various factors of landscape elements in the park 

The major factors affecting the surface temperature of the landscape elements in the park were 
atmospheric temperature, relative humidity, solar radiation value and wind speed. Therefore, 
Pearson’s correlation analysis was applied to analyze the correlations between factors. The results 
for spring, summer and winter are listed in Tables 2, 3 and 4, respectively. The correlations 
between the factors are described as follows. 

Table 2. Correlation analysis results of each factor – Spring 

Correlation analysis Atmospheric 
temperature 

Relative 
humidity 

Solar 
radiation 

Wind 
speed 

Grass 
Temp. 

Concrete 
Temp. 

Wood-
plastic 

composite 
Temp. 

Atmospheric 
temperature 

Pearson’s 𝑟 1 –.939** .731** .788** .928** .964** .866** 
Sig.(Two Tailed)  0.000 0.000 0.000 0.000 0.000 0.000 

Relative 
humidity 

Pearson’s 𝑟 –.939** 1 –.818** –.692** –.949** –.931** –.894** 
Sig.(Two Tailed) 0.000  0.000 0.000 0.000 0.000 0.000 

Solar  
radiation 

Pearson’s 𝑟 .731** –.818** 1 .625** .917** .817** .881** 
Sig.(Two Tailed) 0.000 0.000  0.000 0.000 0.000 0.000 

Wind speed Pearson’s 𝑟 .788** –.692** .625** 1 .746** .819** .713** 
Sig.(Two Tailed) 0.000 0.000 0.000  0.000 0.000 0.000 

Grass Pearson’s 𝑟 .928** –.949** .917** .746** 1 .956** .950** 
Sig.(Two Tailed) 0.000 0.000 0.000 0.000  0.000 0.000 

Concrete Pearson’s 𝑟 .964** –.931** .817** .819** .956** 1 .939** 
Sig.(Two Tailed) 0.000 0.000 0.000 0.000 0.000  0.000 

Wood-plastic 
composite 

Pearson’s 𝑟 .866** –.894** .881** .713** .950** .939** 1 
Sig.(Two Tailed) 0.000 0.000 0.000 0.000 0.000 0.000  

**0.01 level (Two Tailed), significant correlation 

Table 3. Correlation analysis results of each factor – Summer  

Correlation analysis Atmospheric 
temperature 

Relative 
humidity 

Solar 
radiation 

Wind 
speed 

Grass 
Temp. 

Concrete 
Temp. 

Wood-
plastic 

composite 
Temp. 

Atmospheric 
temperature 

Pearson’s 𝑟 1 –.916** .788** .738** .855** .884** .878** 
Sig.(Two Tailed)  0.000 0.000 0.000 0.000 0.000 0.000 

Relative 
humidity 

Pearson’s 𝑟 –.916** 1 –.609** –.577** –.723** –.725** –.774** 
Sig.(Two Tailed) 0.000  0.000 0.000 0.000 0.000 0.000 

Solar 
radiation 

Pearson’s 𝑟 .788** –.609** 1 .721** .600** .742** .905** 
Sig.(Two Tailed) 0.000 0.000  0.000 0.000 0.000 0.000 

Wind speed Pearson’s 𝑟 .738** –.577** .721** 1 .736** .806** .658** 
Sig.(Two Tailed) 0.000 0.000 0.000  0.000 0.000 0.000 

Grass temp. Pearson’s 𝑟 .855** –.723** .600** .736** 1 .946** .649** 
Sig.(Two Tailed) 0.000 0.000 0.000 0.000  0.000 0.000 

Concrete Pearson’s 𝑟 .884** –.725** .742** .806** .946** 1 .762** 
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Temp. Sig.(Two Tailed) 0.000 0.000 0.000 0.000 0.000  0.000 
Wood-plastic 

composite 
Temp 

Pearson’s 𝑟 .878** –.774** .905** .658** .649** .762** 1 

Sig.(Two Tailed) 0.000 0.000 0.000 0.000 0.000 0.000  

**.0.01 level (Two Tailed), significant correlation 

Table 4. Correlation analysis results of each factor – Winter  

Correlation analysis Atmospheric 
temperature 

Relative 
humidity 

Solar 
radiation 

Wind 
speed 

Grass 
Temp. 

Concrete 
Temp. 

Wood-
plastic 

composite 
Temp. 

Atmospheric 
temperature 

Pearson’s 𝑟 1 –.869** .758** .013 .945** .888** .954** 
Sig.(Two Tailed)  .000 .000 .795 .000 .000 .000 

Relative 
humidity 

Pearson’s 𝑟 –.869** 1 –.846** –.145** –.930** –.899** –.908** 
Sig.(Two Tailed) .000  .000 .003 .000 .000 .000 

Solar 
radiation 

Pearson’s 𝑟 .758** –.846** 1 .215** .898** .964** .792** 
Sig.(Two Tailed) .000 .000  .000 .000 .000 .000 

Wind speed Pearson’s 𝑟 .013 –.145** .215** 1 .133** .132** .014 
Sig.(Two Tailed) .795 .003 .000  .006 .006 .767 

Grass Temp. Pearson’s 𝑟 .945** –.930** .898** .133** 1 .973** .954** 
Sig.(Two Tailed) .000 .000 .000 .006  .000 .000 

Concrete 
Temp. 

Pearson’s 𝑟 .888** –.899** .964** .132** .973** 1 .909** 
Sig.(Two Tailed) .000 .000 .000 .006 .000  .000 

Wood-plastic 
composite 

Temp. 

Pearson’s 𝑟 .954** –.908** .792** .014 .954** .909** 1 

Sig.(Two Tailed) .000 .000 .000 .767 .000 .000  

**. 0.01 level (Two Tailed), significant correlation 

4.3. Influence of atmospheric temperature and wind speed on the surface temperature of the 
landscape elements in the park  

The correlation analysis results in Table 2 show that the strongest effects of atmospheric 
temperature on the surface temperature of the landscape elements were those of concrete, grass 
and wood–plastic composite, Pearson’s 𝑟 = .964**, .928** and .866**, respectively. The 
correlation analysis results for summer, listed in Table 3, show that the strongest effects of 
atmospheric temperature on the surface temperature of the landscape elements were those of 
concrete, wood–plastic composite and grass, Pearson’s 𝑟 = .884**, 878** and .855**, 
respectively. The analysis results in winter, listed in Table 4, show that the greatest effects of 
atmospheric temperature on the surface temperature of the landscape elements were those of 
wood-plastic composite, grass and concrete, Pearson’s 𝑟 =.954**, .945** and .888** 
respectively. The correlations between atmospheric temperature and the surface temperatures of 
the landscape elements in the park were extremely high in each season. Regardless of the season, 
the surface temperature of each landscape element rose under the influence of atmospheric 
temperature. In spring and summer, atmospheric temperature had the most significant influence 
on the temperature of concrete, and in winter, on the temperature of wood-plastic composite.  

The correlations of wind speed in spring and summer with the surface temperature of concrete 
were 𝑟 = .819** and 𝑟 = .806**, respectively. In spring, the correlations between wind speed and 
the surface temperatures of grass and wood-plastic composite structures were high, respectively 𝑟 = .746** and .713**. In summer, the correlations between wind speed and the surface 
temperatures of grassland and wood-plastic composite were also high, 𝑟 = .736** and .658**, 
respectively. In winter, the correlations of wind speed with the surface temperatures of landscape 
elements in the park were very low, 𝑟 = .133** for grassland, 𝑟 = .0.132** for concrete and  𝑟 = .014** for wood-plastic composite. 
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4.3.1. Effect of relative humidity on the surface temperature of the landscape elements 

The effects of relative humidity on the surface temperatures of the landscape elements in spring 
were highly negatively correlated. The correlations with grass, concrete and wood-plastic 
composite was respectively 𝑟 = –.949**, 𝑟 = –.931** and 𝑟 = –.894**. In summer, the 
correlations were also very high and negative. For wood–plastic composite, concrete and grass, 
they were 𝑟 = –.774**, 𝑟 = –.725** and 𝑟 = –.723** respectively. In winter, the correlation 
values of the grass, wood–plastic composite and concrete were extremely negative: 𝑟 = –.930**, 
–.908** and –.899**, respectively. The analysis results showed that the surface temperature of 
grassland was most significantly negatively correlated with the influence of relative humidity in 
spring and winter. In summer, the negative correlation between relative humidity and wood-plastic 
composite was the most significant.  

4.3.2. Effect of solar radiation on surface temperatures of the landscape elements 

The correlation analysis results of the solar radiation effect on the surface temperature of the 
landscape elements in spring showed that the Pearson’s value of grass was 𝑟 = .917**, the highest 
impact, followed by wood-plastic composite (𝑟 = .881**) and concrete (𝑟 = .817**), all of which 
were extremely high positive correlations. In summer, the correlation between solar radiation and 
wood–plastic composite (Pearson’s 𝑟 = .905**) was extremely high and positive, while those for 
concrete and grassland were high, 𝑟 = .742** and 𝑟 = .600**, respectively. In winter, the 
correlations between solar radiation and concrete (Pearson's 𝑟 = .964**) and grassland 
((Pearson’s 𝑟 = .898**) were extremely high. The correlation with wood-plastic composite was 
also high, 𝑟 = .792**. The effects of solar radiation on the surface temperatures of grassland and 
wood-plastic composite in spring and summer were the most significant, respectively. In winter, 
the surface temperature of concrete was the one which was most strongly affected by solar 
radiation. 

4.3.3. Analysis results of three-dimensional scatterplot 

The sampled scattering in the upper part of the scatter plot was mainly affected by the high 
temperature and high thermal radiation values. The bottom refers to the area of low temperature 
and low radiation value, and the surface temperature of the structure is relatively low. The analysis 
results of three-dimensional scatter plots with the surface temperatures of three various landscape 
elements in three different seasons are shown in Figs. 16-18.  

 
Fig. 16. Three-dimensional scatterplot showing the land surface temperature correlation analysis  

for atmospheric temperature and solar radiation in spring 
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Fig. 17. Three-dimensional scatterplot showing the land surface temperature correlation analysis  

for atmospheric temperature and solar radiation in summer 

 
Fig. 18. Three-dimensional scatterplot showing the land surface temperature correlation analysis  

for atmospheric temperature and solar radiation in winter 

The three-dimensional scatter plot of three different surface temperatures of LST in Fig. 16 
shows that, for the surface temperatures of three different landscape elements in spring, the 
atmospheric temperature and thermal radiation values had a positive trend. The three-dimensional 
scatter plot in Fig. 16 is inclined towards the area of high temperature and high thermal radiation 
values. Especially, the surface temperature of wood–plastic composite was greatly affected by 
higher solar radiation and high atmospheric temperature. The higher solar radiation and higher 
atmospheric temperature had a large impact on the surface temperatures of concrete and grassland 
with the same trend.  

Fig. 17 presents a three-dimensional scatter plot for summer, which shows a positive trend in 
the surface temperatures of wood-plastic composite and concrete with the atmospheric 
temperature and thermal radiation. The three-dimensional scatter plot is inclined towards the area 
of high temperature and high thermal radiation. The surface temperature of wood-plastic 
composite was greatly affected by solar radiation and atmospheric temperature. The atmospheric 
temperature and thermal radiation values had a significant impact on the surface temperature of 
concrete. In contrast, the surface temperature of grassland had a relatively gentle change, 
indicating that the grassland temperature had a good temperature regulation effect in summer. 

Fig. 18 is a three-dimensional scatter plot for winter, revealing that, for the surface 
temperatures of these three landscape elements, the atmospheric temperature and the thermal 
radiation value had a positive trend. The three-dimensional scatter plot is inclined towards the area 
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of high temperature and high thermal radiation, and atmospheric temperature and thermal 
radiation values had significant impacts on the surface temperatures of grassland and concrete.  

4.4. Correlation analysis of airborne particles with various factors 

The results of the correlation analysis between the various factors and the concentrations of 
suspended particles in the three different seasons of the park are shown in Tables 5, 6, and 7. The 
factors affecting the concentrations of suspended particles were explored by Pearson correlation 
analysis based on the measured data for each season. It can be seen from these tables that the main 
factors affecting the concentrations of suspended particles were wind speed, atmospheric 
temperature and relative humidity, and the correlations between the various factors in each season 
are explained as follows.  

4.4.1. Effect of wind speed on concentrations of suspended particles 

As shown in Table 5, correlations between wind speed and the concentrations of PM2.5 and 
PM10 suspended particles in spring were 𝑟 = –. 431** and 𝑟 = –. 427** respectively, indicating 
medium negative correlations. The residual concentration of suspended particles and wind speed 
had a negative correlation change.  

Table 5. The correlation analysis between PM2.5 and PM10 concentrations  
and various environmental factors in spring  

Correlation 
Analysis  

Atmospheric 
Temp. 

Relative 
humidity 

Solar 
radiation 

Wind 
speed PM2.5 PM10 

Atmospheric Temp, Pearson’s r 1 –.939** .731** .788** –.291** –.280** 
Sig. (two tailed) 

 
0.000 0.000 0.000 0.000 0.000 

Relative huminity Pearson’s r –.939** 1 –.818** –.692** .213** .193** 
Sig. (two tailed) 0.000 

 
0.000 0.000 0.000 0.000 

Solar radiation Pearson’s r .731** –.818** 1 .625** –.289** –.269** 
Sig. (two tailed) 0.000 0.000 

 
0.000 0.000 0.000 

Wind speed Pearson’s r .788** –.692** .625** 1 –.431** –.427** 
Sig. (two tailed) 0.000 0.000 0.000 

 
0.000 0.000 

PM2.5 Pearson’s r –.291** .213** –.289** –.431** 1 .990** 
Sig. (two tailed) 0.000 0.000 0.000 0.000 

 
0.000 

PM10 Pearson’s r –.280** .193** –.269** –.427** .990** 1 
Sig. (two tailed) 0.000 0.000 0.000 0.000 0.000 

 

**. level (Two Tailed), significant correlation 

Table 6. The correlation analysis between PM2.5 and PM10 concentrations  
and various environmental factors in summer 

Correlation 
Analysis  

Atmospheric 
Temp. 

Relative 
humidity 

Solar 
radiation 

Wind 
speed PM2.5 PM10 

Atmospheric Temp, Pearson’s 𝑟 1 –.916** .788** .738** –.186** –.204** 
Sig.(two tailed) 

 
0.000 0.000 0.000 0.000 0.000 

Relative humidity Pearson’s 𝑟 –.916** 1 –.609** –.577** .316** .337** 
Sig.(two tailed) 0.000 

 
0.000 0.000 0.000 0.000 

Solar radiation Pearson’s 𝑟 .788** –.609** 1 .721** –0.068 –0.083 
Sig.(two tailed) 0.000 0.000 

 
0.000 0.157 0.086 

Wind speed Pearson’s 𝑟 .738** –.577** .721** 1 –.111* –.106* 
Sig.(two tailed) 0.000 0.000 0.000 

 
0.020 0.028 

PM2.5 Pearson’s 𝑟 –.186** .316** -0.068 –.111* 1 .992** 
Sig.(two tailed) 0.000 0.000 0.157 0.020 

 
0.000 

PM10 Pearson’s 𝑟 –.204** .337** -0.083 –.106* .992** 1 
Sig.(two tailed) 0.000 0.000 0.086 0.028 0.000 

 

**. level (Two Tailed), significant correlation 
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Table 6 shows that the correlation coefficients of wind speed and PM2.5 and PM10 in summer 
were 𝑟 = –.111** and 𝑟 = –.106**, respectively, indicating very low negative correlation. In 
Table 7, the correlations of winter wind speed and concentrations of PM2.5 and PM10 were  𝑟 = –. 416** and 𝑟 = –. 408**, respectively, indicating moderate negative correlations, and the 
stagnation of suspended particle concentrations was negatively correlated with wind speed.  

From these results, the stagnation of the suspended particle concentrations in spring and winter 
was moderately negatively correlated with wind speed. In summer, the retention of suspended 
particle concentrations and wind speed showed a negative correlation change, and the impact was 
not significant.  

Table 7. The correlation analysis between PM2.5 and PM10 concentrations  
and various environmental factors in winter 

Correlation 
Analysis  

Atmospheric 
Temp. 

Relative 
humidity 

Solar 
radiation 

Wind 
Speed PM2.5 PM10 

Atmospheric Temp Pearson’s 𝑟 1 –.869** .758** .013 .292** .270** 
Sig.(two tailed)  .000 .000 .795 .000 .000 

Relative humidity Pearson’s 𝑟 –.869** 1 –.846** –.145** –.249** –.234** 
Sig.(two tailed) .000  .000 .003 .000 .000 

Solar radiation Pearson’s 𝑟 .758** –.846** 1 .215** .014 .000 
Sig.(two tailed) .000 .000  .000 .771 .993 

Wind speed Pearson’s 𝑟 .013 –.145** .215** 1 –.416** –.408** 
Sig.(two tailed) .795 .003 .000  .000 .000 

PM2.5 Pearson’s 𝑟 .292** –.249** .014 –.416** 1 .983** 
Sig.(two tailed) .000 .000 .771 .000  .000 

PM10 Pearson’s 𝑟 .270** –.234** .000 –.408** .983** 1 
Sig.(two tailed) .000 .000 .993 .000 .000  

**. level (Two Tailed), significant correlation 

4.4.2. Effect of relative humidity on concentrations of suspended particulates  

As shown in Table 5, the correlation analysis results for relative humidity and suspended PM2.5 
and PM10 concentrations were 𝑟 = .213** and 𝑟 = .193** respectively, indicating a low 
correlation for PM2.5 and a very low one for PM10. The correlations of PM2.5 and PM10 
concentrations in summer were Pearson's 𝑟 = .316** and 𝑟 = .337**, respectively, which were 
low positive correlations. As shown in Table 7, in winter, the correlations for the PM2.5 and PM10 
concentrations were low and negative, 𝑟 = –.249** and 𝑟 = –. 234**.  

The results showed that the effect of relative humidity on the concentrations of suspended 
particles was not significant. 

4.4.3. Effects of atmospheric temperature and solar radiation on the concentration of 
suspended particles 

The correlation analysis results in Table 5 showed that atmospheric temperature and solar 
radiation had low correlations with the concentrations of suspended PM2.5 and PM10 particles,  𝑟 = –.291** and Pearson’s 𝑟 = –.280** for atmospheric temperature and 𝑟 = –.289** and 
Pearson’s 𝑟 = –.269** for solar radiation, indicating low negative correlations with these two 
factors in spring.  

Table 6 shows that the correlations between PM2.5 and PM10 concentrations and atmospheric 
temperature in summer were 𝑟 = –.186** and Pearson’s 𝑟 = –.204** respectively, indicating a 
very low negative correlation for PM2.5 concentration and low negative correlation for PM10 
concentration in summer. The correlations of solar radiation with the concentrations of suspended 
particles were very low for PM2.5 and PM10, 𝑟 = –.068** and 𝑟 = –.083** respectively.  

The results for winter in Table 7 revealed that the correlations of atmospheric temperature with 
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concentrations of suspended PM2.5 and PM10 particles were 𝑟 = .292** and 𝑟 = .270** 
respectively, showing a low positive correlation. The correlations of solar radiation with 
concentrations of suspended PM2.5 and PM10 particles were 𝑟 = .014** and Pearson’s 𝑟 = .000** 
respectively, indicating very low positive correlations.  

The results of the analysis showed that the effects of atmospheric temperature and solar 
radiation on the concentrations of suspended particles were not significant in spring, summer, or 
winter.  

4.4.4. Correlation analysis results of three-dimensional scatterplot 

The results of three-dimensional scatter correlation analysis of PM2.5 and PM10 concentrations 
are shown in Fig. 19, 20 and 21 for spring, summer and winter, respectively. Tables 5 and 7 reveal 
that the PM2.5 and PM10 concentrations in spring and winter were mainly related to atmospheric 
temperature and wind speed. Therefore, Fig. 19 and 21 show three-dimensional scatter plots of 
PM2.5 and PM10 concentrations with atmospheric temperature and wind speed. Table 6 shows that 
PM2.5 and PM10 concentrations in summer were mainly related to atmospheric temperature and 
relative humidity. Fig. 20 shows a three-dimensional scatter plot of PM2.5 and PM10 concentrations 
with atmospheric temperature and relative humidity.  

 
Fig. 19. Correlation analysis between PM2.5 and PM10 concentrations  

and atmospheric temperature and wind speed in spring  

 
Fig. 20. Correlation analysis between PM2.5 and PM10 concentrations  

and atmospheric temperature and relative humidity in summer 
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Fig. 19 shows that the sampled scatter points in spring were mainly concentrated at low wind 
speeds and low temperatures, and PM2.5 and PM10 concentrations were high. In areas with high 
wind speeds and high temperatures, the PM2.5 and PM10 concentrations were relatively low. The 
three-dimensional scatter plot tilts towards the area with low wind speed and low temperature, 
indicating the influence of wind speed and atmospheric temperature on PM2.5 and PM10 
concentrations. 

Fig. 20 shows that the sampled scattering points in summer were mainly concentrated in 
atmospheric temperatures of 28-35 °C and relative humidity of 60-90 %. The PM2.5 and PM10 
concentrations were low. When the atmospheric temperature was 26-32 °C and the relative 
humidity was higher than 90 %, the PM2.5 and PM10 concentrations were high. In areas with high 
wind speeds and high atmospheric temperatures, the concentration of suspended particles was 
relatively low. The three-dimensional scatter plot tilts towards the area with low wind speed and 
low atmospheric temperature, demonstrating the influence of wind speed and atmospheric 
temperature on the PM2.5 and PM10 concentrations. It can be found that high atmospheric 
temperature and high relative humidity before and after rainfall will cause the PM2.5 and PM10 
concentrations to rise and remain. 

Fig. 21 reveals that the sampled scatter points in winter were mainly concentrated at the bottom 
of high wind speed and low atmospheric temperature. The bottom refers to areas with high wind 
speeds and low atmospheric temperatures, and PM2.5 and PM10 concentrations were relatively low. 
The three-dimensional scatterplot tilts towards the area with low wind speed and high atmospheric 
temperature, indicating the influence of wind speed and atmospheric temperature on PM2.5 and 
PM10 concentrations. 

 
Fig. 21. Correlation analysis between PM2.5 and PM10 concentrations  

and atmospheric temperature and wind speed in winter 

4.4.5. Analysis of the relationship between airborne particles and wind speed 

The results of the analysis revealed that atmospheric particulate matter concentrations are 
greatly affected by the monsoon in spring and winter. In summer, they are less affected by the 
monsoon because of the direction of the wind. Therefore, this study compared the changes in 
airborne particles in the park with data from the adjacent Xitun Station of the Central Weather 
Bureau to explore the changes in air quality in the park. The results are shown in Fig. 22 and 23, 
which compare the variations in PM2.5 and PM10 concentrations and wind speed of the test park 
with the relevant data of Xitun Station in spring. Figures 24 and 25 show the time histories of 
variations in PM2.5 and PM10 concentrations in summer. Fig. 26 and 27 compare the results of 
those data in winter. 

Figs. 22 and 23 show that PM2.5 and PM10 concentrations are related to wind speed. When the 
wind speed in the park was lower than that of the weather measurement station, the PM2.5 
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concentrations in the park were higher than those at the weather measurement station. 
Nevertheless, the variations in PM10 concentrations were the opposite. PM2.5 and PM10 
concentrations began to increase at 6:00 AM and to decrease at 6:00 PM. The highest PM2.5 
concentrations appeared around 8:40 PM, reaching a maximum of 96 ug/m3, and the highest PM10 
concentration was at about 125 ug/m3 at 1:00 PM. The reduction of suspended particles was less 
significant in the park. 

 
Fig. 22. PM2.5 and wind speed comparison between Park and Xitun Measurement Station in spring  

 
Fig. 23. PM10 and wind speed comparison between the park and the Xitun Measurement Station in spring 

 
Fig. 24. Time history of variations in PM2.5 concentration at the park in summer 
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Figs. 24 and 25 reveal that PM2.5 and PM10 concentrations were most greatly affected by wind 
speed and rainfall at the low measurement point (L) in summer, when they were as high as 
60.8 ug/m3 and 78 ug/m3 respectively. The periods of fine air quality suitable for users were 
around 07:00–10:00 AM and after 5:00 PM. 

 
Fig. 25. Time history of variations in PM10 concentration at the park in summer 

 
Fig. 26. Comparison of PM2.5 concentration and wind speed between the park  

and the Xitun Measurement Station in winter 

 
Fig. 27. Comparison of PM10 concentration and wind speed between the park  

and the Xitun Measurement Station in winter 
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Figs. 26 and 27 show the relation of PM2.5 and PM10 concentrations to the monsoon of 
winter. When the monsoon wind was strong, PM2.5 and PM10 concentrations in the park were 
below those at the weather measurement station. The highest PM2.5 concentration appeared at 
03:00 PM, reaching a maximum of 27 ug/m3, and the highest PM10 concentration was 33 ug/m3 at 
07:00 PM. These measured data were compared with those of the Xitun measurement station, and 
it was found that the green space significantly reduced the concentrations of suspended particles 
in the park.  

4.5. Correlations between seasonal wind directions and airborne particles 

The results in Tables 5, 6 and 7 revealed that PM2.5 and PM10 concentrations have a moderate 
negative correlation with wind speed in the spring and winter seasons. They have extremely low 
negative correlations with wind speeds in summer. Figures 22, 23, 26 and 27 clearly show that the 
PM2.5 and PM10 concentrations decline at high wind speeds. However, the PM2.5 and PM10 
concentrations are significantly higher in spring than in the other seasons. 

5. Conclusions 

In this study, the outdoor environmental factors in the test park were monitored for a long-
term test period. The following conclusions are based on the cross-analysis of the relevant 
experimental data.  

1) The measurement results indicate that atmospheric temperatures have the greatest influence 
on concrete surface temperatures in spring and summer, and then on wood-plastic composite in 
winter, followed by grasslands. Especially, the surface temperature of grassland with 10 % water 
content is higher than that of concrete. The main reason for exploring the temperature change of 
grassland is the influence of the thermal conductivity of the landscape elements, and the moisture 
content of the grassland soil should be maintained at 15-18 % for a specific cooling function to 
affect the environment.  

2) The effects of wind speed on concrete surface temperatures in spring and summer had very 
high positive correlations, and in winter, very low positive correlations. Therefore, in the future, 
when an urban park is constructed, it is necessary to consider the direction of the urban wind field 
in the configuration of the various landscape elements of the park.  

3) Relative humidity in this park had a very high negative correlation with the surface 
temperatures of the landscape elements. Higher relative humidity in spring and winter was 
correlated with lower grassland surface temperatures, and in summer, lower wood-plastic 
composite surface temperatures. It is recommended that a water spray device be installed on the 
hard pavement of the park to increase the relative humidity in summer and cool the environment.  

4) Solar radiation had very high positive correlations with the surface temperatures of the 
landscape elements. Solar radiation had the greatest influence on the temperature of the grass in 
spring, but on the temperatures of both concrete and grass in summer. In winter, solar radiation 
influenced on the surface temperatures of the concrete and grass. It is recommended that shading 
devices or shade trees be installed to improve the environmental comfort related to changes in the 
rising and falling angles of the sun. 

5) The three-dimensional scatter plots of surface temperatures (LST) showed that atmospheric 
temperature and solar radiation had significant impacts on the surface temperatures of landscape 
elements in spring and winter. The grassland had a good temperature regulation effect in summer 
and spring. 

6) The analysis of factors influencing PM2.5 and PM10 concentrations showed that the air 
quality in spring and winter was affected by wind speeds, which were higher than those in summer, 
and relative humidity and atmospheric temperature had little effect on air quality.  

7) The three-dimensional scatter plot of the PM2.5 and PM10 concentrations in spring and 
summer, when the climate changed towards high temperature and high relative humidity, led to 
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increases in, and the retention of, suspended particle concentrations. In winter, when the winter 
wind speed is low and the atmospheric temperature is relatively high, the concentration of 
suspended particles can easily increase. 

Suggestions:  
1) Based on the findings of this study, the use of concrete and wood-plastic composite 

materials should be reduced, and building materials with low heat storage should be employed as 
much as possible to improve the environmental factors in existing parks. In addition, a certain 
level of moisture content should be maintained in grasslands so that the grassland can maintain 
growth, not become desiccated, and act as a heat storage material in winter. 

2) The air quality in this park was negatively correlated with wind speed and correlated with 
atmospheric temperature in winter, but the air quality was related to high temperature and high 
humidity in summer. The wind rose charts revealed that the direction of the monsoon direction 
affected the air quality of the park very dramatically. Therefore, the influence of the monsoon 
must be considered in the design to introduce natural wind fields and thereby improve the air 
quality. 
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