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Abstract: With the development of the city, the city's underlying surface has been heavily 
eroded by gray infrastructure such as buildings and roads. The degree of vegetation 
coverage has dropped, the heat island problem has intensified which weakened the quality of 
urban residents’ life. 

The study chose Haidian District of Beijing as the research object, using four different 
periods Landsat remote sensing images from 2000 to 2018 as the basic data, extracting 
vegetation information and inverting surface temperature, and summing up the spatial-
temporal evolution of surface temperature and vegetation coverage in Haidian District. Mesh 
analysis method was used to study the correlation between land surface temperature and 
vegetation coverage. On this basis, 20 plots were selected to analyze the cooling effect, in 
order to study the relationship between greenspace elements, including morphology, area 
and so on. 

Finally, by studying the data combined with the law of cooling effect of green space, we 
found that the cooling effect of green space can be improved by controlling the green area, 
perimeter, shape coefficient and community structure. Based on this, we will guide Haidian 
District to design, renovate and expand urban green space and build a highly efficient 
ecological green network. 

Key words: Surface temperature； Vegetation coverage； Spatio-temporal evolution；
Correlation 

 
 
With the development of the city, the underlying surface of the city has changed. The gray 
infrastructure such as buildings and roads have eroded the green space in the city, the 
vegetation coverage has decreased, the ecological landscape function has been lost, and 
the heat island problem has gradually increased. The hot and dull temperature has caused 
the urban residents' outdoor living quality to decline. 
 
The urban heat island effect is a very important topic in the study of urban landscapes. In the 
traditional study of the heat island effect, the method of meteorological site measurement is 
often used to reflect the ground temperature of a specific area, but this method has great 
randomness and incompleteness. After the 1970s, the acquisition of satellite data made it 
possible to use remote sensing methods to study the spatial pattern of surface temperature 
and heat islands.Since then, with the advancement of remote sensing technology, high-
resolution satellite heat data has been widely used to detect mesoscale or large-scale 
surface temperature, which can effectively depict the spatial pattern of urban thermal 
environment. The sources of these satellite heat data are mainly AVHRR, MODIS, Landsat 
TM / ETM + and ASTER images. With the change of surface land use status by human 
activities, the surface heat island effect also has spatial continuity changes. This change can 
be observed based on the time series of satellite thermal data to understand the temporal 
and spatial processes of land use and heat island effects and the correlation between the 
two. The use of time-series remote sensing images is more likely to produce more detailed 
and persuasive results than studies based on remote sensing images for a specific period of 
time.The focus of this paper is based on Landsat remote sensing imagery, summarizing the 
temporal and spatial evolution of surface temperature and vegetation coverage in Haidian 
District. On this basis, 20 plots were selected to analyze the cooling effect, and the 
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relationship between the green form and area and the range and amplitude of green space 
cooling was studied. 
 
1. Research area 
 
The research area of this paper is Haidian District, Beijing. Haidian District is located in the 
southwest of Beijing, covering an area of 430.8 square kilometers. The boundary line is 
about 146.2 kilometers long, about 30 kilometers long from north to south, and 29 kilometers 
wide from east to west, accounting for 2.6% of the total area of Beijing. The regional 

geographic coordinates are between 39°53′-40°09′ north latitude and 116°03′-

116°23′ east longitude. The resident population is 3.593 million. 

 
Haidian District is located in the northern edge of the North China Plain and is part of the 
ancient Yongding River alluvial. It has a mountain plain, the terrain is high in the west and 
low in the east, and the west is a mountain above 100 meters above sea level. The area is 
about 66 square kilometers, accounting for about 15% of the total area. The eastern and 
southern parts are about 50 meters above sea level, with an area of about 360 square 
meters. Kilometers, accounting for about 85% of the total area. 
 
Haidian District is located in a warm temperate semi-humid semi-arid continental monsoon 
climate zone with four distinct seasons. It is hot and rainy in summer and cold and dry in 
winter. The annual average temperature is 12.5 °C, the average temperature in January is -
4.4 °C, the extreme minimum temperature is -21.7 °C, the average temperature in July is 
25.8 °C, and the highest temperature is 41.6 °C. The specific scope of the study area is as 
follows (Figure 1). 

 
Figure 1: Research area 

 
2. Heat Island Effect and Spatial and Temporal Evolution of Urban Green Space 
 
2.1  Research methods and data sources 

The basic data selected in this paper is derived from four remote sensing images of the 
Landsat ETM satellite. The imaging time is July 28, 2003, September 11, 2008, September 
25, 2013, September 28, 2017. The numbers are all 123, the line number is 32, and the 
spatial resolution of the satellite imagery is 30m*30m. After acquiring the satellite image, the 
thermal infrared remote sensing image data is subjected to atmospheric correction and 
thermal radiation calibration by ENVI5.1 software, and then the remote sensing image with 
each band data is used to calculate the surface temperature and vegetation coverage. The 
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corresponding data was processed by ArcGIS 10.2 software, and the correlation between 
surface temperature and vegetation coverage was compared and calculated. 
 
2.2 Calculation method 
2.2.1 Vegetation coverage calculation 
In order to calculate vegetation coverage, the normalized vegetation index needs to be 
calculated first. The expression is: 

NDVI=(NIR-R)/(NIR+R) (1) 
For landsat7 satellite remote sensing images, NIR is the luminance value of the TM4 band 
(near-infrared band, identifying water-related geological structures), and R is the brightness 
value of the TM3 band (red band, distinguishing plant species and coverage). 
Based on the results of the normalized vegetation index calculation, the vegetation coverage 
is calculated, and the expression is: 

FV =(NDVI- NDVIS)／(NDVIV - NDVIS) （2） 

In the formula, NDVIv=0.7 and NDVIs=0; when the NDVI of a pixel is greater than 0.7, its FV 
is 1; when NDVI is less than 0, its FV is 0. 
 
2.2.2 Surface temperature calculation 

In order to calculate the surface temperature, it is first necessary to calculate the surface 
specific emissivity. Among them, the specific emissivity of the water body is 0.995, and the 
specific emissivity of vegetation and buildings is calculated by the expression: 

εgreen=0.9625 + 0.0614 FV - 0.0461 FV
2 （3） 

εbuilding=0.9589 + 0.086 FV - 0.0671 FV
2 （4） 

In the above formula, εgreen represents the specific emissivity of the vegetation, and 
εbuilding represents the specific emissivity of the building, and the surface specific emissivity 
is obtained by inversion calculation. 

Based on the results of the surface emissivity, the radiance of the black body in the thermal 
infrared band is calculated. The expression is: 

B(TS) = [Lλ - L↑- τ·(1-ε)L↓]/τ·ε （5） 

Where ε is the surface specific emissivity, B(TS) is the thermal radiance of the black body 
derived from Planck's law, and τ is the transmittance of the atmosphere in the thermal 
infrared band. 

After obtaining the radiance of the black body in the thermal infrared band at a temperature 
of TS, the true surface temperature is obtained according to the inverse function of the 
Planck formula. The expression is: 

TS = K2/ln(K1/ B(TS)+ 1) （6） 

For Landset7 remote sensing images, take K1 = 666.09 and K2 = 1282.71K. The calculated 
TS is the true surface temperature value in degrees Celsius. 

 
2.3 Results and analysis 
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2.3.1 Surface temperature evolution characteristics 

 
Figure 2.3.1 Temporal and spatial evolution of surface temperature in the study area from 2003 to 

2017 

2.3.2 Vegetation coverage evolution characteristics 

 
Figure 2.3.2 Time-space evolution map of vegetation coverage in the study area from 2003 to 2017 

 

2.3.3 Study on Correlation between Surface Temperature and Vegetation Coverage 

In this paper, the research area is analyzed in detail by grid analysis method, and the surface 
temperature and vegetation coverage information are extracted comprehensively to calculate 
the correlation between the two. The spatial resolution of Landsat satellite imagery is 
30m*30m. ArcGIS 10.2 software is used to average the grids in each grid to express the 
surface temperature and vegetation coverage information in the grid. The correlation 
between surface temperature and vegetation coverage was studied with a single grid as the 
statistical unit, and the regression analysis results between the surface temperature and 
vegetation coverage in the four periods from 2003 to 2017 were obtained. 



Zhong Yujia    Study on Vegetation Based on Heat Island Effect 54th ISOCARP Congress 2018  

5 

 

 
Figure 2.3.3 Analysis of regression relationship between vegetation coverage and surface temperature 

in the study area from 2003 to 2017 

From the regression analysis results, there is a significant negative correlation between 
surface temperature and vegetation coverage. In 2003, 2008, 2013, the coefficient of 
determination (R2) of the regression equation for 2017 was 0.72, 0.70, 0.69, and 0.50, 
respectively, indicating a strong correlation between the two. From the slope of the 
regression equation, the slopes of the regression equations of 2003, 2008, 2013, and 2017 
are divided into -8.3644, - 12.603, -16.716, -10.159, and the absolute range is 8.3644 to 
16.716. This indicates that for every 0.1 increase in vegetation coverage index in Haidian 
District of Beijing, the surface temperature can be reduced by 0.84 ° C to 1.67 ° C. 

 
3. Study on Green Form and Cooling Effect 

 

Summer green space cooling is the result of a combination of direct and indirect effects. In 
addition to the direct cooling effect of the green space, the green area reaching a certain 
area is a natural ventilation corridor in the city. And due to the direct cooling effect of the 
green space, local temperature difference will be generated to form natural ventilation. The 
ventilation of urban green space is much larger than that of construction land. Natural wind 
will take away most of the heat and play an indirect cooling effect on the green space. The 
cooling range will be affected by the green area's own area and greening configuration. 

 
3.1  Research method data source 

In the study area, 20 plots were selected and distributed as evenly as possible. The green 
space covers various green land types such as park green space and affiliated green land, 
and the green land has various shapes. Based on the remote sensing image of 2017, Acr 
GIS10.2 software was used to set buffers for selected urban green space samples, and the 
average temperature in each green space and its buffer zones was extracted. The difference 
was used to study. 

Figure 3.1 Overview of Greenland Basic Data 
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Number 

of green 

space
Name of green space

Green 

area

（ha）

Green 

space 

perimete

r (m)

Green 

space 

shape 

coefficie

nt

1 Phoenix Valley natural scenic area 1062 8700 0.1221

2 Yuanmingyuan Ruins Park 315 9100 0.0346

3 the Summer Palace 232 7300 0.0318

4 Beijing Botanical Garden 124.9 5700 0.0219

5 Yuyuantan Park 67 9600 0.0070

6 Haidian Park 30.6 3800 0.0081

7 Zizhu Park 47.35 9300 0.0051

8 Green Space of Beijing Institute of Technology 49.6 8100 0.0061

9 Green Space of Tsinghua University 274.7 8000 0.0343

10 Green Space of Beijing Forestry University 31.22 2000 0.0156

11 Green Space of the Affiliated Middle School of Capital Normal University4.13 153 0.0270

12 Dawning Disaster Prevention Education Park 21.74 3300 0.0066

13 Linglong Park 5.8 400 0.0145

14 Green Space of Tamura Yama Sports Center 11.9 700 0.0170

15 Green Space of Yongxing Garden Hotel 1.6 609 0.0026

16 Green Space of Wanshou Road a No. 15 courtyard 199.2 6800 0.0293

17 Green Space of New China Customs mall square 2.6 167 0.0156

18 Road traffic green land in the West Earth City 17.1 4100 0.0042

19 The belt greenbelt of the East Street of en Ji 2.3 1100 0.0021

20 Minzhuang road roadside green space 21.8 3000 0.0073  

 
3.2  Calculation method 

Figure 3.2.1 Average surface temperature difference extraction table in different buffer zones of each 
green space 

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

1
Phoenix Valley natural

scenic area
3.48 4.4 4.9 5.25 5.33 5.51 5.68 5.72 5.81 5.88 5.79 5.67 5.69 5.2 5.23 5.32

2 Yuanmingyuan Ruins Park 3.51 4.07 4.42 4.74 4.86 4.92 4.96 4.92 5.06 5.01 5.16 5.2 5.03 5.06 4.8 4.71

3 the Summer Palace 4.15 4.75 5.2 5.42 5.48 5.52 5.58 5.74 5.79 5.45 5.54 5.21 4.93 4.63 4.21 4.15

4 Beijing Botanical Garden 1.29 2 2.91 3.05 3.11 3 2.64 2.34 1.99 1.86 1.62 1.84 1.79 2.09 2.5 2.86

5 Yuyuantan Park 2.57 3.28 3.77 4.12 4.44 4.77 5.14 5.15 5.02 4.91 4.79 4.69 4.77 4.57 4.34 4.1

6 Haidian Park 1.72 2.45 3.04 3.62 3.96 4.1 4.32 4.3 4.2 4.17 3.87 3.62 3.38 3.45 3.67 3.8

7 Zizhu Park 0.2 0.43 0.76 1.01 1.11 1.29 1.52 1.57 1.62 1.51 1.36 1.15 0.92 0.69 0.48 0.37

8
Green Space of Beijing

Institute of Technology
1.46 1.49 1.6 1.59 1.43 1.18 0.95 0.67 0.56 0.4 0.28 0.16 0.08 0.06 0.03 0.02

9
Green Space of Tsinghua

University
1.2 1.23 1.76 1.01 1.21 1.29 0.52 0.57 0.62 0.59 1.36 1.51 0.92 0.6 0.78 0.7

10
Green Space of Beijing

Forestry University
3.39 4.44 5.19 4.45 5.62 5.67 5.56 5.57 5.57 5.82 5.98 5.95 5.85 5.74 5.63 5.58

11

Green Space of the Affiliated

Middle School of Capital

Normal University

1.77 2.63 3.91 4.36 4.38 4.24 4.2 4.07 3.95 3.66 3.52 3.5 3.59 3.9 3.81 4.12

12
Dawning Disaster

Prevention Education Park
2.13 3.35 3.57 3.72 4.13 4.35 4.82 5.2 4.67 4.53 4.39 4.41 4.04 3.92 4.15 4.12

13 Linglong Park 0.3 0.95 1.05 1.23 1.17 1.39 1.55 2.03 2.29 2.54 2.7 2.84 2.86 2.77 2.78 2.5

14
Green Space of Tamura

Yama Sports Center
1.95 2.85 3.1 3.54 4.29 4.99 4.99 5.17 5.12 5.22 5.6 5.4 5.4 5.41 5.06 5.29

15
Green Space of Yongxing

Garden Hotel
2.86 3.43 3.56 3.49 3.39 3.09 2.88 2.56 2.37 1.76 1.7 1.22 1 1.05 0.69 0.61

16
Green Space of Wanshou

Road a No. 15 courtyard
4.15 4.55 5.12 5.34 5.44 5.52 5.58 5.59 5.79 5.45 5.54 5.01 4.24 4.63 4.21 4.15

17
Green Space of New China

Customs mall square
0.48 0.78 0.93 1.02 0.84 0.91 0.75 0.86 0.87 0.85 0.62 0.64 0.42 0.4 0.29 0.45

18
Road traffic green land in the

West Earth City
1.98 2.85 3.21 3.55 3.56 3.65 3.53 3.39 3.23 3.11 2.92 2.62 2.12 1.85 1.65 1.65

19
The belt greenbelt of the

East Street of en Ji
0.2 0.85 1.97 2.45 2.37 2.37 2.23 2.25 2.04 2.03 2.07 1.9 1.96 1.56 1.56 1.37

20
Minzhuang road roadside

green space
2.33 3.35 3.87 3.96 4.33 4.35 4.92 4.9 4.87 4.83 4.49 4.51 4.24 4.07 4.15 4.12

Number

of green

space

Name of green space

Buffer distance(m)

 

 

The difference in surface temperature will increase to some extent as the distance from the 
green space boundary increases. When a certain distance is reached, the surface 
temperature difference tends to be gentle or gradually decreasing as the distance from the 
green space boundary increases. That is to say, within a certain range, the surface 
temperature increases with the distance from the green space. After reaching a certain 
distance, the surface temperature tends to be gentle or decreasing with increasing distance 
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from the green space. The surface temperature difference curve is plotted with the distance 
variation law. The summer urban green space cooling curve is shown in Figure 3.2.2. 

   

   

   

   

   

   

  

Figure 3.2.2 Urban Greenland Cooling Curve 
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The green ground cooling curve more intuitively reflects the change trend of the surface 
temperature change in each green space buffer. Basically, the cooling curve of green space 
in each city shows a trend of decreasing after rising first. 

In order to facilitate the study of green form parameters and cooling effects, three indicators 
were extracted according to the urban green space cooling curve to carry out quantitative 
calculation: cooling range, cooling range and maximum temperature difference statistics 
table, as shown in Figure 3.2.3. 

Explain the three indicators. Cooling range: The buffer boundary distance indicated by the 
inflection point of the urban green space cooling curve can be regarded as the cooling range 
of summer urban green space. Cooling range: the difference between the average surface 
temperature inside the green space and the average surface temperature in the buffer zone 
within 30m outside the boundary. The maximum temperature difference between the inside 
and outside of the green space: that is, the maximum temperature change inside and outside 
the green space is the maximum temperature difference obtained by subtracting the lowest 
surface temperature value inside the green space from the highest surface temperature in 
the 30m buffer zone outside the green space. 

Figure 3.2.3 Statistical Table of Cooling Range, Cooling Range and Maximum 
Temperature Difference of Urban Green Space 

Number

of green

space
Name of green space

Green

area

（ha）

Green

space

perimeter

(m)

Green

space

shape

coefficient

Buffer

distance

（m）

 

Temperature

drop range

（℃）

Maximum

cooling

difference

（℃）

1 Phoenix Valley natural scenic area 1062 8700 0.1221 320 4.254 12.287

2 Yuanmingyuan Ruins Park 315 9100 0.0346 180 3.593 13.385

3 the Summer Palace 232 7300 0.0318 270 4.201 12.080

4 Beijing Botanical Garden 124.9 5700 0.0219 150 1.574 12.830

5 Yuyuantan Park 67 9600 0.0070 270 2.574 8.940

6 Haidian Park 30.6 3800 0.0081 210 1.604 9.780

7 Zizhu Park 47.35 9300 0.0051 270 2.192 8.070

8 Green Space of Beijing Institute of Technology 49.6 8100 0.0061 120 1.767 7.589

9 Green Space of Tsinghua University 274.7 8000 0.0343 270 1.540 5.010

10 Green Space of Beijing Forestry University 31.22 2000 0.0156 180 3.388 12.190

11 Green Space of the Affiliated Middle School of Capital Normal University4.13 153 0.0270 120 1.770 5.880

12 Dawning Disaster Prevention Education Park 21.74 3300 0.0066 150 2.450 6.940

13 Linglong Park 5.8 400 0.0145 120 0.301 3.510

14 Green Space of Tamura Yama Sports Center 11.9 700 0.0170 150 1.952 9.850

15 Green Space of Yongxing Garden Hotel 1.6 609 0.0026 90 0.543 2.243

16 Green Space of Wanshou Road a No. 15 courtyard 199.2 6800 0.0293 270 2.201 6.080

17 Green Space of New China Customs mall square 2.6 167 0.0156 90 0.482 4.830

18 Road traffic green land in the West Earth City 17.1 4100 0.0042 180 1.975 6.682

19 The belt greenbelt of the East Street of en Ji 2.3 1100 0.0021 120 0.204 5.470

20 Minzhuang road roadside green space 21.8 3000 0.0073 150 2.335 7.560  

 

3.3 Results and analysis 

3.3.1 Correlation analysis of green area on cooling effect 

Based on the statistics of the urban green space area and the cooling range of the green 
space and the cooling range of the green space, the regression analysis is carried out on the 
green area and its cooling range, cooling range and maximum temperature difference 
respectively. The results are shown in Figure 3.3.1. 
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(1) Correlation analysis of green area and its cooling range 

 

(2) Analysis of the correlation between green area and its cooling range 

 

(3) Correlation analysis of the maximum difference between green area and its cooling 

Figure 3.3.1 Correlation analysis of green area on cooling effect 

Regression analysis was performed on the above area correlation analysis and the 
equations were fitted. The relevant equations are y=31.535ln(x)+74.19, 
y=0.4927ln(x)+0.3292, y=1.2016ln(x)+3.8761. The area of green space and its cooling range, 
cooling range and maximum temperature change inside and outside the green space are 
logarithmically related. Within a certain range, these three indicators increase with the 
increase of the area, but the rising ratio gradually decreases with the increase of the area. 
According to the analysis of the research data, it can be found that when the green area is 
increased to about 23 hectares, it is most economical to increase the cooling effect. 

3.3.2 Correlation analysis of the effect of green space perimeter on cooling effect 

Based on the statistics of the urban green space perimeter and the green space cooling 
range and the green space cooling range, the regression analysis of the green space 
perimeter and its summer cooling range, cooling amplitude and maximum temperature 
difference are performed respectively. The results are shown in Figure 3.3.2. Show. 

 

(1) Correlation analysis between the perimeter of green space and its cooling range 
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(2) Correlation analysis between the perimeter of green space and its cooling range 

 

(3) Correlation analysis of the maximum difference between the perimeter of green space and its 
cooling 

Figure 3.3.2 Correlation analysis of the effect of green space perimeter on cooling effect 

Regression analysis was performed on the above correlation analysis of the circumference 
and the equation was fitted. The relevant equations are y=37.623ln(x)-111.76, y=0.5165ln(x)-
2.0156, y=1.2749ln(x)-1.962. The perimeter of the green space is logarithmically related to 
the range of cooling, the magnitude of cooling, and the maximum temperature change inside 
and outside the green space. Within a certain range, these three indicators increase with the 
increase of the area, but the rising ratio gradually decreases with the increase of the area. 
The analysis found that it is most economical to increase the perimeter of the greenbelt 
within 4800m. 

3.3.3 Correlation analysis of green space shape index on cooling effect 

Based on the statistics of the urban green space shape index and the cooling range of green 
space and the cooling range of green space, the regression analysis of the green space 
shape index and its summer cooling range, cooling temperature and maximum temperature 
difference are carried out. The results are shown in Figure 3.3.3. Show.  

 

(1) Correlation analysis of green space shape index and its cooling range 
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(2) Correlation analysis between green space shape index and its cooling range 

 

(3) Correlation analysis between the shape index of green space and the maximum difference of 
temperature drop 

Figure 3.3.3 Correlation analysis of green space shape index on cooling effect 

 

Regression analysis was performed on the above correlation analysis of the circumference 
and the equation was fitted. The shape factor is the green area divided by the green 
perimeter. Therefore, the larger the shape factor, the more regular the green shape is. It can 
be seen from the curve in the figure that as the shape factor increases, the range of green 
space cooling, the temperature drop range and the maximum temperature difference are 
also gradually increasing. That is, the more regular the green field is, the better the cooling 
effect of the green space is. 

 

6 Conclusion 

6.1 Research conclusions 

This paper uses the data contained in Landsat ETM remote sensing images from 2003 to 
2017 to extract and map the temporal and spatial evolution of surface temperature and 
vegetation coverage in Haidian District, Beijing, and study the correlation between the two 
variables of surface temperature and vegetation coverage. It was found that the rapid 
development of the city and the substantial increase in the land used for construction in the 
past 15 years led to an overall decline in vegetation coverage and an overall enhancement of 
the heat island effect. In addition, studies have shown a significant negative correlation 
between surface temperature and vegetation coverage. Vegetation coverage increased by 

10%, the average surface temperature can be reduced by 0.84℃ ~ 1.67 ℃, the average 

urban temperature is reduced by more than 1℃ in summer, and the local area can be 

reduced by more than 5 ℃, significantly improving the outdoor experience of urban residents. 
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At the same time, through the study of 20 plots selected in the study area, the green area 
and perimeter are significantly logarithmically related to the summer cooling range, cooling 
range, and the maximum temperature difference of the green space. It is most economical to 
increase the green space by appropriately increasing the green area within 23ha or 
increasing the green space perimeter within 4800m. The more regular the urban green space 
is, the better the cooling effect will be. 

 

6.2 Recommendations and measures 

The following suggestions are proposed for the green space planning of Haidian District: 

(1) Through the optimization of industrial functions, intensive use of land, ecological 
restoration of wasteland and bare land, rational planning of park green space layout, and 
increase urban green space. 

(2) To make full use of urban space to develop greening, use the techniques of roof greening 
and vertical greening to improve the coverage of green space. For the area where heat 
emission is concentrated, the city's “cold island” can be constructed through the combination 
of green space, water body and ventilation corridor to alleviate the heat island effect. 

(3) When adding or renovating green space, combined with the actual situation to control the 
green area, shape and other factors, appropriately increase the urban green area or 
perimeter, control the green space form more regular, and improve its efficiency in reducing 
ground temperature. 
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