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 Green buildings are an important constituent part of the urban ecosystem; they act as an 

adjuster of temperature and humidity of the environment in cities, and can effectively 

alleviate the Urban Heat Island (UHI) effect. Existing studies on the UHI effect generally 

ignored the local information in the changes of the UHI effect, and the impact of the 

optimization of green building distribution on the UHI effect hadn’t been taken into 

consideration. To fill in this research gap, this paper aims to study the optimization of the 

distribution of green buildings based on the UHI effect. At first, this paper adopted a high-

precision radiative transfer model to invert the temperature of earth surface in cities, and 

accurately calculate the UHI effect. Then, this paper analyzed the changes in the UHI effect 

caused by the optimization of the distribution of green buildings and the response of human 

activities, and used the time variation law of the single pixels of green buildings to reflect 

the spatial variation law of the UHI effect. At last, experimental results gave the 

optimization results of the distribution of green buildings based on the UHI effect.  
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1. INTRODUCTION 

 

The fast growth of urban population makes the coverage 

area of urban buildings to expand continuously, and the 

underlying earth surface of the cities has become increasingly 

diversified, which has resulted in the UHI effect that can 

change the climate in cities [1-6]. The adverse impact of the 

UHI effect includes high temperature in urban areas, 

deterioration of natural environment [7-14], and damages to 

the physical health of urban residents. Therefore, mitigating 

the UHI effect is a common requirement for improving eco-

environment quality and ensuring the health of residents [15-

16]. Green buildings are in accord with the sustainable 

development goal of cities, they are an important constituent 

part of the urban ecosystem [17-22]; they act as an adjuster of 

temperature and humidity of the environment in cities, and can 

effectively alleviate the UHI effect [23-27]. Thus, researching 

the evolution law of the distribution of green buildings via 

analyzing the UHI effect is of great practical value.  

UHI effect is a global threat to the energy demand of urban 

buildings, the public health, and the energy security. To solve 

this problem, world scholars have conducted various studies, 

for example, Susca et al. [28] discussed the impact of the 

deployment of green walls under different conditions of 

cooling/warming season, weather, day/night time, wall 

direction, and application scale. At present, cities are generally 

facing the dual threats of global warming and UHI effect, and 

the urban buildings are both the cause and the victim of 

overheating in cities. He [29] proposed the a GB-based UHIM 

system and the concepts of “Zero UHI effect buildings”, “Zero 

heat buildings”, and “Neutral microclimate buildings”, and the 

goal was to remove excess heat and achieve zero thermal 

impact on the surrounding environment through reasonable 

architecture design and operation and applying new 

technologies based on the BG goals. To figure out the impact 

of vegetation on thermal environment, Sun et al. [30] collected 

temperature data from a green roof and a common roof of a 

same office building and analyzed the impact of vegetation on 

thermal environment, and their research results showed that 

the maximum cooling effect of the green roof in summer was 

-1.60°C and -0.26°C on average. Modern green buildings tend 

to pay more attention to the indoor space environment and 

have different requirements for health, comfort and user 

productivity. Generally speaking, green buildings can make 

full use of the sunlight and save energy. Wang and Mao [31] 

proposed a method for simulating vertical temperature 

distribution in green buildings based on the niche genetic 

algorithm, they adopted the idea of niche to reflect the sharing 

function of similarity between individuals based on the sharing 

mechanism, so as to obtain the spatial fitness degree of each 

layer; then they calculated the temperature and internal force 

of the connecting members and the internal and external 

vertical members, and the vertical temperature distribution in 

green buildings. Tong [32] proposed to use an index of 

distribution (IOD) to describe the distribution pattern of 

buildings in green space; with Nanjing Yuhuatai Park and 

Qingliangshan Park as examples, the effectiveness of IOD had 

been verified; the paper also constructed a model based on 

genetic algorithm, which can generate building plans 

corresponding to specific IODs. 

Existing studies generally focus on the inversion and 

calculation of the distribution of green buildings based on 

remote sensing images, they tend to take manual labeling as 

the basis, while ignoring the local information in the changes 

of the UHI effect, and they haven’t considered the impact of 

the optimization of green building distribution on the UHI 

effect. For this reason, this paper studied the optimization of 

the distribution of green buildings in cities based on an 

analysis of the UHI effect. The main content of this paper 

includes these aspects: the second chapter adopted a high-
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precision radiative transfer model to invert the temperature of 

earth surface in cities and calculate the UHI effect accurately; 

the third chapter analyzed the changes in the UHI effect caused 

by the optimization of the distribution of green buildings and 

the response of human activities, and used the time variation 

law of the single pixels of green buildings to reflect the spatial 

variation law of the UHI effect. At last, experimental results 

gave the optimization results of the distribution of green 

buildings based on the UHI effect.  

 

 

2. ANALYSIS OF THE UHI EFFECT 

 

In order to accurately calculate the UHI effect, this paper 

chose to use a high-precision radiative transfer model to invert 

the temperature of earth surface in the city. At First, the 

thermal radiation effect of the atmosphere on the urban earth 

surface was evaluated, then, this effect was eliminated, and the 

temperature of urban earth surface was estimated again. 

Assuming: HF(Γ) represents the black-body radiation at 

temperature Γ; Kμ represents the thermal infrared radiation; Kup 

and Kdown represent the up-flow and down-flow; ρ represents 

the transmissivity of the thermal infrared band; σ represents 

the earth surface irradiance, then there are: 

 

( ) ( )( ) ( ) −−−= /1 DP KKKHF
 

(1) 

 

( )( ) )1// 12 += HFLlnL
 

(2) 

 

The value of σ was estimated using the threshold method 

based on the different building types and land utilization types. 

Assuming: EH, EY, and EZ respectively represent green space, 

ordinary buildings, and green buildings; σm, σx, σH, σR, and σZ 

respectively represent the surface radiance of traditional urban 

earth surface, optimized urban earth surface, green space, 

ordinary buildings, and green buildings, then there are: 

 

( )  dETET YYHHHHm +−+= 1
 

(3) 

 

( )  dETET ZZHHHHx +−+= 1
 

(4) 

 

The values of σH, σR, and σZ could be assigned by referring 

to the proportions of the areas of green space, ordinary 

buildings and green buildings in the total area of urban earth 

surface, then the values of EH, EY, and EZ could be calculated 

further. After that, by estimating the maximum and minimum 

values of the green building coverage index (GBCmax and 

GBCmin) in each labeled thermal infrared image of the city, the 

value of TH could be calculated:  
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In order to accurately measure the changes in the UHI effect 

before and after the optimization of green building distribution, 

this paper chose to take the difference between ordinary 

buildings and green buildings as the indicator. Assuming: KSU 

represents the UHI index; KUR represents the temperature of 

green building pixels; KAV represents the average temperature 

of earth surface of ordinary buildings; Kc represents the 

difference between the temperature of earth surface of 

ordinary buildings and the temperature of earth surface of 

green buildings; KRU represents the earth surface temperature 

of ordinary building pixels, then there are: 

 

AVURSU KKK −=
 

(6) 
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(7) 

 

The collected UHI index data were divided according to 

time periods. To verify the change trends of green building 

pixels in different time periods, based on the M-K test method 

which does not require samples to obey a defined distribution, 

this paper processed the change trends of the time series of the 

UHI index, the specific process is: 
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Assuming: m represents the dataset length of the UHI index; 

gi and gu respectively represent the value of green building 

pixels at time moment i and time moment u; the integer 

variables returned by the sgn function are 1, 0, and -1, 

respectively corresponding to the three situations of gi>gu, 

gi=gu, and gi<gu. When R≧0, the green building pixels are in 

an upward trend; when R≦0, the green building pixels are in 

a downward trend. If the number of data samples m exceeds 

10, then the distribution is a normal distribution; moreover, in 

the paper, the 95% significance level has been selected as the 

standard, then the expectation QW, variance FC, and the 

standard normal system variable SN can be expressed as: 
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For all green building pixels with obvious change trends, 

this paper adopted the Theil-Sen Median trend analysis 

method to calculate the slope Ψ of the time series. When Ψ is 

greater than 0, the time series of the UHI index show an 

increasing trend; when Ψ is equal to 0, the trend of the time 

series of the UHI index is not obvious; when Ψ is less than 0, 

the time series of the UHI index show a decreasing trend. The 

calculation formula of Ψ is as follows: 

 

( ) ( )( ) uiuigg ui −−= ,/
 

(12) 

 

According to the Jenks Natural Breaks Classification, the 

change trends of timer series of the UHI index were divided 

into 5 degrees, including fast decrease, slow decrease, 

basically unchanged, slow increase, and fast increase, as listed 

in Table 1. The shifting of the center of gravity of the UHI 

index data represents the changes in the urban thermal 

environment caused by the changes of the distribution of green 
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buildings in the city. Assuming Ni represents the weight; Ai 

and Bi represent the longitude and latitude coordinates of 

green building pixels; An and Bn represent the longitude and 

latitude coordinates of the center of gravity, then there are: 
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Figure 1 gives a few examples of the changes of gravity 

center of the UHI effect in the study area. To further get the 

increase or decrease direction of the UHI index data, this paper 

used the standard ellipse tool to analyze the data, that is, to 

describe the direction based on the bias of the long axis of the 

ellipse. The axes of the ellipse can be determined by the 

standard deviations of the coordinates in the a and b directions 

relative to the center of the ellipse. Assuming: ai and bi 

represent the horizontal and vertical coordinates of sample 

point i of the UHI index data; m represents the total number of 

sample points of the UHI index data; A* and B* represent the 

average values of the horizontal and vertical coordinates of the 

sample points, then there are: 
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Table 1. Division criteria of change degrees 

 
Degree Fast decrease Slow decrease Basically unchanged Slow increase Fast increase 

No. of degree 1 2 3 4 5 

M-K Test Lower than -2 Lower than-2 Higher than -2 and lower than 2 Higher than 2 Higher than 2 

 
 

Figure 1. Changes of the center of gravity of the UHI effect 

in the study area 

 

 

3. IMPACT OF THE OPTIMIZATION OF GREEN 

BUILDING DISTRIBUTION 

 

This paper aims to analyze the impact of the optimization of 

the distribution of green buildings on the UHI effect and the 

response of human activities. In this paper, the time variation 

law of single green building pixels was adopted to reflect the 

spatial variation law of the UHI effect, and the annual change 

rate of the UHI effect was calculated by the least square 

method. Assuming: i represents the serial number of the year; 

GBC represents the green building coverage index in the i-th 

year; m represents the total number of study years; ωSL 

represents the change rate of green building coverage index in 

the study period, then the calculation formula of ωSL can be 

expressed as: 
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If the value of ωSL is greater than 0, it means that the 

distribution of green building pixels is developing towards to 

a good direction; if the value of ωSL is less than 0, it means that 

the distribution of green building pixels is getting worse and 

has a risk of degradation.  

In this paper, the correlations between each pair of factors 

were analyzed, including the green building coverage index 

and air temperature, and the green building coverage index and 

precipitation. Assuming: euv represents the correlation 

coefficient between factor u and factor v; u* and v* represent 

the average values of the samples of the two factors, then there 

is: 
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The value range of e is [-1, 1]. When e is greater than 0, the 

two factors are positively correlated. When e is less than 0, the 

two factors are negatively correlated. When e is equal to 0, it 

means that there isn’t a linear relationship between the two. If 

the value of |e| is 1, it means the two factors are perfectly 

linearly correlated. 

During the study period, ordinary buildings can be 

transformed into green buildings through renovation. This 

paper employed a land utilization transition matrix to measure 

the change features of the coverage of ordinary buildings. 

Assuming i represents the area and feature of the land 

utilization type of ordinary buildings in the beginning of the 

study period; j represents the land utilization type of ordinary 

buildings in the end of the study period; m represents the total 

number of land utilization types, then Formula 19 shows the 

expression of the land utilization transition matrix: 
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In this paper, the net change rate of land utilization type was 

used to measure the area change rate of the land utilization 

type of ordinary buildings and the future trend. Assuming: NC 

represents the net change rate of the land utilization type of 

ordinary buildings; Vx represents the area of the land utilization 

type of ordinary buildings in the beginning of the study period; 

Vy represents the area of the land utilization type of ordinary 

buildings in the end of the study period; p represents the 

number of study years, then there is: 
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In this paper, the land area change rate of green buildings 

was used to measure the change trend and intensity degree of 

the specific land utilization type of green buildings within the 

study period. Assuming IA represents the initial area of the 

land utilization type of green buildings in the study period; FA 

represents the final area of the land utilization type of green 

buildings, then there is: 
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In this paper, the change intensity index of green buildings 

was used to study the changes in the area of the specific land 

utilization type of green buildings in the study period. 

Assuming RA represents the area of urban earth surface; m 

represents the number of land utilization types; ZA represents 

the total area of the land utilization type of ordinary buildings 

that has transformed into the land utilization type of green 

buildings; correspondingly, TA represents the total area of the 

land utilization type of green buildings that has transformed 

into the land utilization type of ordinary buildings, then there 

is: 
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4. EXPERIMENTAL RESULTS AND ANALYSIS 
 

Table 2 shows the statistical results of the average values of 

the UHI effect. As can be seen from the data, the UHI index of 

more than 20% of the green building pixels was less than -5°C, 

and the UHI index of more than 40% of the green building 

pixels was between -5℃ and 0℃. Table 3 gives the change 

rate of the UHI effect in the study area. In the four sub-areas 

of the study area, the average slope of the UHI effect in the 

core area was greater than 0, and the standard deviation was 

relatively large, indicating that the difference between green 

building pixels and ordinary building pixels in this area was 

large. 

 

Table 2. Average values of the UHI effect 

 
Area code A B C D The overall area 

Less than -5℃ 6.052% 4.918% 5.648% 5.211% 6.381% 

[-5℃,0℃] 26.841% 36.174% 33.415% 28.995% 30.628% 

[0℃,5℃] 41.928% 45.627% 43.629% 49.567% 43.914% 

Greater than 5℃ 25.179% 13.281% 17.308% 16.227% 19.077% 

 

Table 3. Change rate of the UHI effect in the study area 

 
Area code A B 

Sub-area A1 A2 A3 A4 B1 B2 B3 B4 

Minimum -0.326 -0.384 -0.516 -0.492 -0.382 -0.437 -0.374 -0.395 

Maximum 0.481 0.539 0.491 0.562 0.392 0.348 0.329 0.472 

Mean 0.017 0.035 -0.042 -0.019 -0.092 -0.084 -0.017 0.028 

Standard deviation 0.048 0.062 0.049 0.082 0.097 0.068 0.053 0.092 

Area code C D 

Sub-area C1 C2 C3 C4 D1 D2 D3 D4 

Minimum -0.216 -0.375 -0.438 -0.395 -0.279 -0.298 -0.339 -0.324 

Maximum 0.325 0.592 0.438 0.286 0.317 0.371 0.284 0.416 

Mean 0.039 -0.037 -0.074 0.039 -0.084 -0.088 -0.032 0.053 

Standard deviation 0.081 0.063 0.076 0.084 0.014 0.025 0.044 0.049 

 

                     
 

       Figure 2. Changes of the UHI effect in the study area          Figure 3. Changes in the area of different land utilization types 
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The change trends of the UHI effect in the four sub-areas 

are shown in Figure 2. As can be seen from the figure, the 

value the UHI index of the study area reached the minimum of 

about 0.14℃ between January and March. Between 

September to December, the value of the UHI index showed 

an obvious downward trend, and the temperature drop was 

about 2.5℃. The change trend of the UHI index between 

March and June was completely opposite to that between 

September and December. The value of the UHI index 

between June and September was higher than that of other 

seasons. The value of the UHI index of sub-area D was the 

highest among all sub-areas, and the value of the UHI index of 

sub-area A was the lowest.  

The data of the net change rate of land utilization types from 

2006 to 2020 were analyzed to determine the coverage of 

green buildings and the area of each land utilization type such 

as ordinary buildings and green space. Figure 3 shows the 

changes in the area of different land utilization types. On the 

whole, the area of ordinary building in the study period 

increased first and decreased later. Between 2006 and 2020, 

the area of green building and the area of green space both 

showed a gradual increase trend, the net change rates of the 

two reached 50.58% and 55.67%, respectively. 

 

 
 

Figure 4. Changes in the coverage rate of different land 

utilization types 

 

As shown in Figure 4 above, during 2010 and 2020, from 

large to small, the average coverage rate of the study area was: 

optimized urban earth surface > traditional urban earth surface > 

green buildings > ordinary buildings > green space, and all of 

them showed a slow increase trend, wherein the average 

coverage rate of green buildings was 0.412, the average 

coverage rate of ordinary buildings was 0.378, the average 

coverage rate of green space was 0.214, and the average 

coverage rates of optimized urban earth surface and traditional 

urban earth surface were 0.565 and 0.537, respectively. 

Viewing from the change trend, the coverage rates of 

traditional urban earth surface, optimized urban earth surface, 

green space, ordinary buildings, and green buildings all 

showed an improvement, and the improvement of the coverage 

rate of green buildings was the most significant.  

 

 

5. CONCLUSION 

 

This paper studied the optimization of the distribution of 

green buildings based on the UHI effect. At first, it adopted a 

high-precision radiative transfer model to invert the 

temperature of earth surface in cities and accurately calculate 

the UHI effect. Then, the paper analyzed the changes in the 

UHI effect caused by the optimization of the distribution of 

green buildings and the response of human activities, and used 

the time variation law of the single pixels of green buildings 

to reflect the spatial variation law of the UHI effect. At last, 

this paper counted the average values and changes of the UHI 

index of the study area, verified the large difference between 

green building pixels and ordinary building pixels in the study 

area, gave the changes in the UHI effect in the study area, the 

changes in the area and coverage rate of various land 

utilization types in the study area, and gave the optimization 

results of green building distribution based on an analysis of 

the UHI effect. The experimental results showed that, the 

coverage rates of traditional urban earth surface, optimized 

urban earth surface, green space, ordinary buildings, and green 

buildings all exhibited an improvement trend, and the 

improvement of the coverage rate of green buildings was the 

most obvious. 
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