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Abstract

:

Urban green space has a cooling effect and its cooling effect can extend to the surrounding environment, conspicuously decreasing with distance. Land surface temperature (LST) and cooling distance are generally researched based on remote sensing and temperature inversion algorithms; this distance is affected by internal and external environment factors, but the high-intensity cooling distance (HCD) is overlooked by using large scale datasets. In addition, the comprehensive relationship between internal and external factors with cooling distance and HCD is still unclear. The aim of this study is to identify the HCD of green spaces by monitoring the changes of LST away from it and to quantify the influences of 12 internal and external factors on HCD. A multiple linear regression model is used to analyze the relationship between them. In the summer of 2022, we measured and calculated HCD for 59 urban green spaces in Xi’an, China. The analysis results show that the HCD is not only affected by the internal landscape factors of green spaces, but also closely related to factors associated with the natural environmental, urban attributes, and surrounding structures. These findings can rationally assist the planning of the allocation of urban green spaces and provide a scientific basis for mitigating the urban heat island effect.
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1. Introduction


Urban heat islands (UHI) have become a universal urban issue worldwide [1,2,3,4]. The urban thermal environment is a consequence of the continuous progress of urbanization and industrialization, as well as the rapid growth of the urban population [5,6]. The urban population in 2020 accounted for approximately 56% of the global population [7], and the world urban population will show a growth trend over a long period of time [8]. Urban overpopulation will lead to the continuous expansion of urban built-up areas, reduction of vegetation coverage, and the increase of impervious surfaces that make the urban land surface temperature (LST) rise [9], resulting in a significant temperature difference between urban centers and surrounding areas.



UHI is manifested in various adverse microclimate phenomena in the city. It has caused various abnormal changes in urban meteorology and resource consumption [10,11,12]. The rising temperature has led to the change of urban relative humidity and the reduction of water diversity [13]. The continuous heat island intensifies the cooling load in summer, causing an increase in the overall energy consumption of the building [11,14]. Moreover, it is a serious threat to human health and life [12,15], causing many negative impacts and economic burdens on urban residents [16]. Many studies have found that the heat island effect increases the probability of inducing fever stress disease in urban residents [17], and it also increases pollution in urban areas and the mortality rate of urban residents living in extreme weather conditions [9].



The problem of the UHI phenomenon has been a concern at the global political level [10] and the international scientific community also increasingly has focused on this field [18]. To address the influence of UHI, policymakers in various regions have taken several measures, including social, spatial, and environmental interventions [19,20]. For example, the government of Hangzhou City planned to weaken the impact of UHI by controlling the population size and increasing the scale of green space, and the 2009 Wuhan Urban Master Plan explicitly proposed the construction of six green air ducts to alleviate UHI. This indicates that urban green space is the key to alleviate the urban thermal environment. Urban green spaces are biodiversity hotspots in cities [21], which provide areas for carbon storage and create an “oasis effect” [22,23,24,25]. Urban green spaces can help cities reduce LST, significantly alleviate the heat island effect, and reduce air pollution caused by heat waves [26,27]. In addition, they can reduce the adverse ecological consequences and improve the human living environment.



In studies of the relationship between green spaces and UHI, the cooling distance of green space is an important indicator to measure the mitigation of UHI by green spaces. The change of air temperature or LST is widely used to represent the cooling effect of green spaces [19,28]. The LST is increasingly being analyzed in present literature as it is stable and convenient for measurement, and it is a reasonable and reliable way to measure air temperature with extensive practical uses [29,30,31,32]. In addition, the results of cooling distance vary between different regions. For example, in Beijing, China, the cooling distance of some green spaces is only 25.6 m [33], but in the 21 parks in Ethiopia, the maximum cooling effect of green space can reach 240 m [34]. In order to explore the specific factors that affect the cooling distance of green spaces, many scholars have conducted specific explorations. For example, when the areas of green spaces increase, the land surface temperature within the corresponding range decreases [19,30]. The cooling distance increases logarithmically with the increase of the green space area [30,31]. The higher the proportion of trees and shrubs in the green space, the more significant the cooling effect is [35]. In addition, factors related to surrounding buildings affect the cooling effect [28,36]. Most of the studies in the current literature on factors influencing the cooling effect of green space have focused on its own internal factors, but the relevant factors outside or surrounding the green space have not been fully investigated. Among the internal factors, the basic attributes of green space and landscape ecology indices, such as green space areas and landscape fragmentation, are widely used [19,37,38]. For external factors, natural environment factors, urban attribute factors, and surrounding structure factors, such as humidity, land use types, and some factors related to buildings, are considered [19,28,35,39]. To study the cooling mechanism comprehensively, full consideration of the internal and external factors of green space areas are needed. Therefore, it is of great value to study the relationship between LST and these factors.



The LST-based measurement of cooling distance of urban green spaces has two main spatial scales: one is large-scale research based on satellite images and meteorological data [40] and the other is small-scale research through field observations or application models [41]. The cooling intensity of the green spaces decreases sharply with the increase of the distance away from the boundaries of the green space [30,42]. Addressing the high-intensity cooling distance (HCD) can better measure the largest cooling intensity, and determining how to expand HCD with the adjustment of impacting factors would be more significant to enhance the relief of UHI. However, the resolution of the widely used LandsatTM image is 30 m, which might result in the HCD turning point being ignored or missed within one cell. In addition, remote sensing measurement for LST has some shortcomings, such as the long transit period of satellites, low spatial resolutions, and vulnerability to atmospheric factors and other external factors [43]. Comparatively, the cooling effect of green spaces based on small-scale field observation can keenly capture the first turning point in the cooling process and provide the HCD with high accuracy. It is also significant for the further planning and spatial layouts of urban green spaces [41].



By field observation and investigating the LST for 59 green spaces in Xi’an, China, our research aims to achieve the following two objectives: (1) to obtain and calculate the HCD for each green space in specific directions; (2) to fit a linear regression model to reveal the internal and external factors affecting the HCD in green spaces and analyze the possible reasons. Our research will contribute to the cooling effect mechanism of urban green spaces, and develop a framework for formulating LST-reducing-oriented green space system planning. At the same time, it provides scientific guidance for allocating green spaces based on both internal and external factors, which addresses and promotes the HCD for a better cooling effect in urban area. This will help to improve the thermal comfort of urban residents and encourage the urban and rural planners to make planning decisions that benefit the people.




2. Materials and Methods


2.1. Study Area


Xi’an (108°56′32.5″ E, 34°15′39.4″ N) is the capital city of Shaanxi Province, China, with 920.18 km2 of built-up areas and an urban population of 9.575 million. The average altitude is 400 m and it is on the alluvial plain of the Weihe River. There are many green spaces in the built-up area of Xi’an, mostly consisting of scattered forest land or parks. Xi’an has a mild climate, with an annual average temperature of 14.5 °C and 28 days above 35 °C in 2021 (the range of temperature: 39–11 °C). The total annual precipitation was 1066.7 mm in 2021.




2.2. Measurement Location Selection


Green space in this study is defined as the designated urban open space, which is usually rich in vegetation resources and open to the public. We selected green spaces located in the built-up area of Xi’an (Figure 1a), and the sites appear as evenly geographically distributed as possible to ensure the coverage of most of the urban environment (Figure 1b).



The initial point is the starting point to measure the LST at the specific location of the green spaces’ boundary. Since the land use around urban green spaces is often complex, in order to avoid interference caused by other factors as much as possible, the following criteria are considered for the selection of initial points: (1) The measurement direction should avoid occlusion in space to reduce the interference caused by tree shadows or other factors. (2) The ground pavement materials of the measurement route should be consistent to avoid the interference of LST differences caused by different heat absorption capacity of different materials. (3) The selected initial point should be located at a smooth and straight boundary of the green space to eliminate the sinking of the boundary and reduce the impact of cooling in other directions inside the green space.




2.3. Data Collection and Processing


In order to conduct LST measurement and HCD acquisition, the measuring route is a vertical line of the green space boundary at the initial point. Relative research suggests that the range of the impact of green space on the surrounding microclimate generally reaches 60 m [44]. Therefore, the length of the measuring route in this study is designated as 60 m. Moreover, due to the influence of buildings and other factors, the length of some measuring routes is adjusted according to the actual environment. The interval of measuring LST is 0.5 m following the measuring route (Figure 2a). The LST is measured by a thermal infrared imager (Testo 885, Testo, Testo AG, Lenzkirch, Germany). When the camera shoots an image, the angle of view is horizontal with the ground, the height from the ground is controlled at 1.5 m, and the shooting is repeated three times for the same location. Then, the IRsoft software (Testo AG, Lenzkirch, Germany) is used to obtain the LSTs for each measuring location and the average temperature from three repeated measurements is used for analysis. We choose the first cooling turning point in the LST measurements as the HCD for the green space [45] by performing cubic function fitting for LST and the cooling distance [31,35]. The first cooling turning point is obtained from the first positive solution when the first derivative of the fitted cubic function is equal to zero (Figure 2b). This process is conducted through IBM SPSS Statistics 26 software (IBM, Armonk, NY, USA).



In measuring the internal factors of green space, we have extracted 4 internal factors of green spaces (Table 1). Besides the green space areas and percentage of forest land, other attributes are included from the landscape ecology indices to describe the patch status and landscape metrics. They are collected and processed in Baidu Maps (Source: https://map.baidu.com/, accessed on 13 April 2023) and the Bigemap GIS Office software (BIGEMAP, Chengdu, China). At the same time, since the area of green space and the cooling distance of green space are generally logarithmic relations [30,31], the logarithm is used for relevant data.



In measuring the external factors of green space, we have extracted 8 external factors of green spaces from natural environment factors, urban attribute factors, and surrounding structures factors. For natural environmental factors, we measured the solar radiation intensity (W/m2), and humidity (%RH) at the LST measuring location. The measuring instruments include a portable meteorological station (Kestrel-5500, Kestrel, Nielsen-Kellerman, Boothwyn, PA, America) and a solar radiometer (DT-1307, CEM, China Everbest Machinery Industry Co., Ltd., Shenzhen, China). Each measurement was recorded every 10 s during 5 min, and the analysis uses the average values. For urban attribute factors, we selected population density (number of population/ha), land use type, and the distance from the city center (km). The population density is derived from digital observation (Source: https://www.swguancha.com/, accessed on 13 April 2023) and the total residential population and employees within 500 m around the LST measuring location was collected. We assigned dominant land use types from residential, commercial, or industrial land use types to the LST measuring location. We also measured the distance from the city center using the Euclidean distance from the Xi’an Bell Tower. For the surrounding structure factors, we selected building density (%), the distance from the closest building to the measuring point (m), and the height of the closest building to the measuring point (m) in this study. Building density refers to the ratio of the total footprint of buildings to a circular area with a center of the LST measuring location and a radius of 500 m. All data were processed in ArcGIS 10.8 (ESRI, Redland, CA, USA), and the factor of the distance from the building closest to the measuring point fields correction through the rangefinder (D120, DELIXI, DELIXI Electric Ltd., Leqing, China).




2.4. Impacting Factor Analysis for the HCD of Green Spaces


We firstly conduct Pearson correlation analysis for all impacting factors and significant factors are kept as independent variables to fit the linear regression model. After the collinearity diagnostics, multivariate linear regression analysis is conducted, and the corresponding linear regression equation is finally deduced according to the analysis results. Multiple linear regression model is a statistical model that uses multiple independent variables to explain the changes of dependent variables. Its formula is shown in Formula (1). All operations are completed through IBM SPSS Statistics 26 software (IBM, Armonk, NY, USA).


  y = a +   b   1     x   1   +   b   2     x   2   + ⋯ +   b   k     x   k   + ∈  



(1)




where y is the dependent variable; x1, x2, and xk are nonrandom variables; b1, b2, and bk are regression coefficients; a is the constants;   ∈   is the random error term.





3. Results


3.1. HCD Measurement and Its Impacting Factors


LST measuring and cooling distance on each measuring route were used to fit the cubic function, and the R2 of fitted cubic functions was in 0.5~1. The length of the measuring route for green spaces ranged from 40 m to 60 m according to the surrounding environment of the green space. After conducting the first derivative of the above cubic function, the HCDs were obtained for each green space that was concentrated at 15–40 m, of which the maximum HCD is 58.48 m and the minimum HCD distance is 1.74 m. The characteristics of LST changing with distance can be classified into the following four types: (1) LST increases with distance (the cooling change rate gradually decreases with the increase of distance; (Figure 3a); (2) LST continues to increase after a short pause in the middle of the function (Figure 3b); (3) LST shows an overall upward trend, but there is a significant decline in the middle of the image (Figure 3c); (4) LST shows an overall upward trend, but there is a significant decline in the tail of the image (Figure 3d). Table 2 shows the HCD measurement results at all measurement locations. Table 3 summarizes all factors’ measurement results for potential independent variables.




3.2. Fitting the Linear Regression Model


3.2.1. Bivariate Correlation Analysis


All variables conform to the normal distribution test. We conducted the bivariate correlation analysis for all affecting factors for HCD. Green space areas (S), landscape shape index (LSI), percentage of forest land (P), solar radiation intensity (R), land use type (Residential Land) (RL), land use type (Industrial Land) (IL), the distance from the building closest to the measuring point (d1), and the distance from the city center (d2) are positively related to the HCD. However, the landscape fragmentation (C), humidity (H), population density (ρ1), building density (ρ2), land use type (Commercial Land) (CL), and the height of the building closest to the measuring point (h) are negatively related to the HCD. Furthermore, the correlation between the landscape shape index (LSI), percentage of forest land (P), population density (ρ1), land use type (Residential Land) (RL), and the height of the building closest to the measuring point (h) are not significant with HCD, so they are not included in the regression model. The results of the bivariate correlation analysis are shown in Table 4.




3.2.2. Establishment of Linear Regression Model


Before fitting the linear regression model, we firstly conducted a collinearity diagnosis of variables, which is usually judged by the variance inflation factor (VIF). When the VIF value is more than 10, it indicates that there is a collinearity problem among independent variables. The results show that the VIF values of all factors were less than 10, which indicates that there is no obvious collinearity relationship between the factors, so all factors were retained. All factors are included in Table 5.



For the linear regression model, the adjusted R2 is 0.678, indicating that the independent variable of the model has a strong degree of explanation of 67.8% of the dependent variable. F-test is also significant at a level of 0.01 and the overall D-W value of the model is 2.445, within the range of 1.5–2.5, indicating that the autocorrelation of the independent variables is not significant (Table 6). The multiple linear regression model indicates that the distance from the building closest to the measuring point (d1) and green space areas (S) present extremely significant levels of influence in the model (p-value < 0.01); the distance from the city center (d2), land use type (Commercial Land) (CL), and humidity (H) show a significant impact level in the model (0.01 < p-value < 0.05), while the other variables have no significant impact in the model. Meanwhile, the distance from the building closest to the measuring point (d1), green space areas (S), land use type (Industrial Land; IL), and solar radiation intensity (R) show a positive correlation with HCD in the model, while the distance from the city center (d2), land use type (Commercial Land; CL), humidity (H), building density (ρ2), and landscape fragmentation (C) shod a negative correlation with HCD. The coefficient estimations of this model are shown in Table 7.






4. Discussion


4.1. The Relationship between Internal Factors of Green Space and HCD


The green space areas are positively related to the HCD in the multiple linear regression model, and this is consistent with previous studies [30,31]. The increase of green space areas will tend to increase the total amount of plant transpiration in this area, which leads to the continuous expansion of the cooling effect in surrounding areas [46]. Landscape fragmentation and HCD show a significant negative correlation in the bivariate analysis, which may mean that the aggregated green space is more conducive to the spread of cooling than the fragmented green spaces. This is because the fragmented green space is often interfered with by internal uncertain factors for spreading the cooling effect (such as crowded human activities [33]), which causes the cooling effect to be internally neutralized before being transmitted to the outside. At the same time, many documents showed that a complex shape of green space has a negative impact on the cooling effect of green space [38,47,48], and circular green space has the best cooling effect [48]. However, it is not significant in the model, which may be because our sample size is relatively small, so it does not show an obvious corresponding function relationship with HCD.




4.2. The Relationship between External Factors of Green Space and HCD


Excessive humidity often leads to a weak transpiration intensity of green space in the unit area [49] that the plant uses for the cooling effect, so the humidity and HCD naturally show a significant negative correlation. Meanwhile, the increasing of humidity is probably caused by the nearby water bodies in the green space. A study in Suzhou, China, showed that water bodies have an obvious role in alleviating UHI [39], so the closed water bodies will inevitably block the spreading of the cooling effect of green spaces, and decrease the HCD. For land-use-related analysis, if the green spaces are surrounding by commercial land with a variety of social activities and crowned traffic, the HCD may rapidly decrease due to interference from external environmental factors. If changing to industrial land, the HCD can be fully extended without disturbances from human activity. However, it was not significant in the regression model because we lack green space samples with industrial land use type in this study. The positive correlation between the distance from the closest building to the measuring point and HCD can imply that the cooling air from the green space would be reversed with complex wind directions when it reaches the buildings [28]. When d1 is smaller, the effect for this phenomenon is faster, resulting in reducing the HCD, whereas when d1 is very large, the cooling cold air in green space is fully diffused before reaching the building. This study also indicates that the distance from the city center and HCD are significantly negatively correlated. The higher the ambient temperature at the measuring location, the more obvious the cooling effect of green space [50]. Because urban center UHI is more significant, urban ambient temperature is often higher than suburban. Green space distribution can affect its cooling effect [30]. However, in a study in Leipzig, Germany, this factor does not show obvious correlation [35]. Therefore, the impact of this factor needs to be further studied. The solar radiation intensity is not significant in the model. The probable reason is that solar radiation does not have enough variations in all measurement of LST that an effective relation cannot be constructed in the model. Building density is not significant in the model, which mean the number of measuring points needs to be further increased to show an obvious corresponding relation with HCD.




4.3. Limitations


There are some limitations in this study. First, the measuring route of LST in this study is only measured in one direction of the cooling effect of green spaces. The cooling effect or HCD in different directions or locations of the green space is not considered. Second, for the variables influencing the HCD, the cooling effects of water bodies or the relations of the HCD and distance to water bodies are not included. Furthermore, the maintenance of urban green spaces is also not considered in this study. These factors could be further researched.





5. Conclusions


This study focuses on the HCD extraction and the analysis of its impacting factors. We calculated HCD by field investigation of 59 urban green spaces in the City of Xi’an, China, and identified 12 total factors affecting HCD from the literature review. Based on these 12 factors and the HCD measurement results, a multiple linear regression analysis model was established. The results show green space areas, humidity, land use type, the distance from the building closest to the measuring point, and the distance from the city center are critical factors to cause the change of the HCD of urban green spaces.



In order to improve the HCD of urban green space, it would be very effective to increase the green space areas, but this is limited by expensive land prices. Therefore, we should take more comprehensive considerations including the surrounding environment of green spaces. In the urban building codes, dense buildings should not surround the green space and construction redlines should guarantee a certain distance from the green spaces. Spatial planning should help to conduct the air corridors to ensure air circulation and the diffusion of the cooling effect, or extension of the HCD. At the same time, we need to control the proportion of water bodies around plants. Meanwhile, appropriately increasing the proportion of green spaces in commercial land will be more conducive to the comfort of residents for reducing the intensity of the UHI. More green spaces should also be allocated in the central area of the city.



For planning and policy implications, planning and building codes should be conducted to guide real estate developers increase the setback from the green spaces and offset between buildings, which would help extend the cooling effect of green spaces. The allocation of urban green spaces in planning process needs to analyze the surrounding environment of the potential site, especially the land use and social activities, which would help balance economic development and the thermal comfort of residents, and improve the quality of life.
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Figure 1. (a) Study area; (b) The selected measurement locations in Xi’an City, Shaanxi Province (Source: https://lbs.amap.com/, accessed on 11 April 2023). 
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Figure 2. (a) Schematic diagram of LST Reading; (b) Schematic diagram of HCD. 
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Figure 3. Four main types of cubic function in HCD measurement: (a) LST increases with distance (the cooling change rate gradually decreases with the increase of distance; (b) LST continues to increase after a short pause in the middle of the function; (c) LST shows an overall upward trend, but there is a significant decline in the middle of the image; (d) LST shows an overall upward trend, but there is a significant decline in the tail of the image. 
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Table 1. The measurement of internal factors of green spaces.






Table 1. The measurement of internal factors of green spaces.





	Name of Index
	Definition
	Range





	Green space areas (S)
	S is the total area of green patches in the landscape (the logarithm is taken in the statistics of the data). Unit: ha
	(−∞, +∞)



	Landscape Fragmentation (C)
	  C =     N   i       A   i      

Ni is the number of patches of landscape i and Ai is the total area of landscape i. It refers to the degree of fragmentation of natural segmentation and human cutting, which reflects the complexity of landscape spatial structure.
	C ≥ 0



	Landscape Shape Index (LSI)
	  L S I =   0.25 E    A     

E is the total length of all patch boundaries in the landscape and A is the total landscape area. When LSI equals 1, it is a circle; and when LSI equals 1.13, it is a square. The larger the LSI is, the more irregular the landscape shape is.
	LSI ≥ 1



	Percentage of Forest Land (P)
	P is the proportion of stereoscopic plants in green patches, reflecting the stereoscopic richness of landscape.
	0 ≤ P ≤ 1
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Table 2. The HCD results for 59 measuring points in the study area.
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	Green Space ID
	HCD (m)
	Green Space ID
	HCD (m)





	1

Cultural Center Square
	3.96
	31

Zishui Park
	22.22



	2

Weihe Urban Sports Park
	49.21
	32

Wenjingshan Park
	42.65



	3

Wenjing Park
	7.04
	33

Mingdemen Community Square
	8.34



	4

Xi’an Library
	11.03
	34

Changle Park
	31.89



	5

Gangjia Square
	1.74
	35

Peony Garden
	38.87



	6

Huancheng Xiyuan Square
	29.93
	36

Wooden Pagoda Temple Park
	27.64



	7

Lianhu Park
	8.10
	37

Qihang Park
	28.55



	8

Riverside Park
	26.77
	38

Qin II Mausoleum Site Park
	18.19



	9

Urban Sports Park
	12.03
	39

Qinglong Temple
	28.83



	10

Daming Palace National Heritage Park
	30.79
	40

Qujiangchi Ruins Park
	35.75



	11

Daxingshan Temple
	32.88
	41

Qujiang Cold Kiln Site Park
	18.59



	12

Dazhai Road Square
	25.92
	42

Qujiang Youth Park
	51.59



	13

Dongneiyuan Ruins Park
	6.42
	43

Qujiang Tang City Wall Ruins Park
	17.09



	14

Dongyuan Park
	9.61
	44

Qujiang Culture and Sports Park
	58.48



	15

Children’s Park
	5.65
	45

Tang City Wall Ruins Park
	16.27



	16

Textile Park
	11.33
	46

Tangda Ci’en Temple Heritage Park
	30.28



	17

Fengqing Park
	17.31
	47

Taohuatan Park
	37.74



	18

Gaotiezhai Han Tomb Site Park
	8.45
	48

Tumen Small Forest Park
	4.60



	19

Revolutionary Park
	37.99
	49

Wuji Park
	5.54



	20

Guangyuntan Park
	21.47
	50

Grand Theatre Garden
	17.91



	21

Seoul Lake Park
	50.29
	51

Xianghuwan Park
	5.38



	22

Han Chang’an City Heritage Park
	45.14
	52

New Era Park
	16.50



	23

Hongguang Park
	25.79
	53

Xingqing Park
	36.35



	24

Huancheng Park
	36.45
	54

Xingfu River Ecological Park
	30.64



	25

Waterfront Park
	10.73
	55

Yanming Lake Leisure Park
	29.74



	26

Jinhui Sports Park
	14.89
	56

Yannan Park
	21.54



	27

Kaiyuan Park
	27.27
	57

Yongyang Park
	24.27



	28

Labor Park
	24.39
	58

Yujincheng Central Park
	18.98



	29

Inland Port Football Theme Sports Park
	32.00
	59

Yunshui Park
	23.93



	30

Folk Custom Grand View Garden
	20.10
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Table 3. Descriptive statistics for potential impacting factors.
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	Factor
	Maximum
	Mean
	Minimum





	Green Space Areas (S)
	5.44
	2.09
	−1.16



	Landscape Fragmentation (C)
	40.19
	7.17
	0.23



	Landscape Shape Index (LSI)
	30.91
	7.82
	1.32



	Percentage of Forest Land (P)
	0.87
	0.62
	0.14



	Solar Radiation Intensity (R)
	932.06
	727.13
	512.42



	Humidity (H)
	73.88
	48.78
	31.30



	Population Density (ρ1)
	665.04
	235.64
	3.02



	Building Density (ρ2)
	0.42
	0.17
	0



	Land Use Type (Commercial Land) (CL)
	1.00
	0.52
	0



	Land Use Type (Residential Land) (RL)
	1.00
	0.31
	0



	Land Use Type (Industrial Land) (IL)
	1.00
	0.18
	0



	The Height of the Building Closest to the Measuring Point (h)
	102.30
	28.24
	3.30



	The Distance from the Building Closest to the Measuring Point (d1)
	150.60
	53.87
	10.10



	The Distance from the City Center (d2)
	18.50
	7.96
	1.11
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Table 4. Bivariate correlation analysis results.
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	Factor
	Pearson Correlation
	Factor
	Pearson Correlation





	Green Space Areas (S)
	0.728 **
	Building Density (ρ2)
	−0.426 **



	Landscape Fragmentation (C)
	− 0.529 **
	Land Use Type (Commercial Land) (CL)
	− 0.478 **



	Landscape Shape Index (LSI)
	0.219
	Land Use Type (Residential Land) (RL)
	0.161



	Percentage of Forest Land (P)
	0.019
	Land Use Type (Industrial Land) (IL)
	0.381 **



	Solar Radiation Intensity (R)
	0.323 *
	The Height of the Building Closest to the Measuring Point (h)
	− 0.072



	Humidity (H)
	−0.333 **
	The Distance from the Building Closest to the Measuring Point (d1)
	0.739 **



	Population Density (ρ1)
	−0.209
	The Distance from the City Center (d2)
	0.262 *







*. At 0.05 level (double tail); **. At 0.01 level (double tail).
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Table 5. Results of collinearity analysis.
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	Factor
	VIF
	Factor
	VIF





	Green Space Areas (S)
	2.507
	Land Use Type (Commercial Land) (CL)
	1.273



	Landscape Fragmentation (C)
	1.938
	Land Use Type (Industrial Land) (IL)
	1.697



	Solar Radiation Intensity (R)
	1.552
	The Distance from the Building Closest to the Measuring Point (d1)
	2.688



	Humidity (H)
	1.359
	The Distance from the City Center (d2)
	4.592



	Building Density (ρ2)
	5.167
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Table 6. Overall summary of the model.






Table 6. Overall summary of the model.





	R
	R2
	Adjusted R2
	F
	Significance of F
	D-W





	0.853
	0.728
	0.678
	14.553
	4.2216 × 10−11
	2.445
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Table 7. Coefficients estimation for multiple linear regression model (Sorted by p-value increment).
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	Model
	B
	Standard Error
	t
	p-Value





	Constant
	32.193
	11.117
	2.896
	0.006



	The Distance from the Building Closest to the Measuring Point (d1)
	0.171
	0.051
	3.356
	0.002



	Green Space Areas (S)
	3.330
	1.092
	3.049
	0.004



	The Distance from the City Center (d2)
	−1.293
	0.546
	−2.367
	0.022



	Land Use Type (Commercial Land) (CL)
	−5.257
	2.441
	−2.153
	0.036



	Humidity (H)
	−0.203
	0.101
	−2.010
	0.049



	Building Density (ρ2)
	−25.798
	21.585
	−1.195
	0.238



	Land Use Type (Industrial Land) (IL)
	2.494
	3.459
	0.721
	0.474



	Landscape Fragmentation (C)
	−0.032
	0.204
	−0.155
	0.877



	Solar Radiation Intensity (R)
	0.002
	0.012
	0.134
	0.894
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