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Abstract. As urbanization picks up speed, great changes have taken place in the Urban Landscape Pattern 

(ULP), which in turn causes variation in urban climate. The Heat Island Effect (HIE), a prominent feature 

of the changing urban climate, poses a huge threat to our life and health. Starting with HIE and with the 

aid of geographic information system (GIS) and remote sensing (RS), this paper studies the remote 

sensing images of Beijing from 1995 to 2015, which were captured by Landsat Thematic Mapper (TM) 

and infrared technology. Specifically, the author analyzed the evolution laws of the ULP and the HIE in 

Beijing, discussed the relationship between the two factors, and disclosed the controlling effect of the 

ULP on the HIE. The results show that: the accelerated urbanization has fragmented the landscapes in 

Beijing dramatically; the HIE can be alleviated by increasing the greenery coverage, reducing the spacing 

between green lands, and enhancing their density. Finally, several suggestions were put forward to 

construct a secure and ecological ULP in Beijing from the angle of adjusting the green land landscape 

pattern. This research sheds new light on the relationship between the ULP and the HIE and lays a basis 

for the planning and construction of eco-cities. 

Keywords: heat island effect (HIE), urban landscape pattern (ULP), eco-environment benefit (EEB), 

Beijing, secure and ecological ULP 

Introduction 

With the rapid growth of population and economy, the urbanization process is 

accelerating, and the cities are gradually expanding over surrounding areas. As a result, the 

changes in landscape pattern and land use, and the environmental pollution have caused 

ecological problems such as the soil property variation (e.g. unbalanced soil acid-base 

property and poor adsorption), urban heat island effect, etc. (Connors et al., 2013), which 

pose threats to people’s health, and even influence the sustainable development of the cities. 

Therefore, analyzing the ULP and the evolution of the ecological environment is of great 

significance for constructing a secure and ecological ULP (Goward, 1981). 

The city is a human-centered landscape ecosystem (Estoque et al., 2017). Urban 

ecosystems are composed of two ecosystems, or more precisely, it is dominated by the 

artificial ecosystem and supplemented by the natural ecosystem (Li et al., 2014). Land use 

is a main factor affecting the artificial ecosystem, so the research on the changes in land use 

is the focus of urban ecological security research (Yang et al., 2017). In the landscapes, the 

evolution of ecological processes such as biological migration, surface temperature, and 

local air flow, as well as the spatial distribution will all be influenced by the changes in 

landscape patterns. HIE is a phenomenon in which the urban temperature is significantly 

higher than the surrounding areas, it occurs as a result of the the process of urbanization and 
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is caused by the destruction of vegetation and water bodies, the increment of residential 

land construction, and the aggregation of population (Bao et al., 2016). HIE is one of the 

main consequences of the changes in ULP, it changes the urban climate and produces 

adverse effects on the health of residents and the ecological environment of the city (Chen 

et al., 2016). Xiao Rongbo adopted correlation analysis to study the actual surface 

temperature and related influencing factors of urban land in Beijing, and the results showed 

that ULP and land use situation are closely related to HIE (Chen et al., 2014). Cao Liping 

proposed through research that the human impact on the climate shows a trend from weak 

to strong with the progress of urbanization (Mohajerani et al., 2017). However, currently 

there are few researches on the correlation between ULP and HIE, and no unified 

conclusion has been formed yet. 

Based on the above analysis, this paper carries out research on the HIE-based ULP and 

the EEB, and selects the data of Beijing city from 1995 to 2015 to analyze and study the 

evolution of ULP, the heat island spatial distribution and the causes of formation, as well as 

the heat island areas and green land patterns in Beijing. From the perspective of adjusting 

the green land landscape pattern, this paper proposes suggestions for constructing a secure 

and ecological ULP in Beijing, in the hopes of providing a reference for the planning and 

building of eco-cities. 

Materials and methods 

Data source of the evolution of ULP in Beijing and the research methods 

This paper selected the GIS and RS data of Beijing from 1995 to 2015, and divided 

the landscapes within the Sixth Ring Road of Beijing into five categories: urban land, 

agricultural land, green land, water-area land and unused land (Xie et al., 2016). The 

study used the landscape index method and the gradient analysis to conduct quantitative 

analysis on the evolution of ULP in Beijing, and adopted the Fragstats landscape index 

calculation software to calculate the selected indices such as the SHDI (diversity index), 

the Contagion index, the MN-SHAPE (mean shape of the plaque) index, and the PD 

(Plaque Density) index, etc. 

Shannon’s diversity index (SHDI): 
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Plaque density (PD): 

 

 
in

PD
A

=  (Eq.4) 

 

where: iP  is the occurrence probability of the i-type plaque, m is the total number of 

plaque types, ijP is the probability that two adjacent grid cells belong to types i and j, A 

is the total area of all landscapes, in  is the total area of the i-type landscape elements. 

 

Data source of HIE in Beijing and research methods 

Although the data of surface temperature obtained by the field measurement method 

is accurate, it requires to set up a large number of meteorological stations in reasonable 

layout, which would consume huge financial resources and time (Chang et al., 2011), 

the development and application of thermal infrared remote sensing technology enable 

us to obtain the surface temperature of large areas, which has overcome the 

shortcomings of the traditional field measurement method. Therefore, this paper 

selected the Landsat TM/ETM + images from 2000, 2005, 2010 and May 2015 to study 

the relationship between the built areas of Beijing and the heat island spatial distribution 

changes. 

Generally, the temperature of the black body that radiates radiation energy equal to 

the observed object is called the brightness temperature, which is slightly less than the 

real temperature, and its relationship with the real temperature is  (Huang et al., 

2013). Using Equation 1, we can unify the range of surface brightness temperature to 0-

1, meanwhile, the density segmentation method was applied to eliminate the time-phase 

differences in the images of the four seasons as much as possible (Zhang et al., 2013). 

Figure 3 shows the distribution of brightness temperature in Beijing in 2000, 2005, 

2010 and 2015. According to historical statistics, the meteorological conditions of the 

dates selected in this paper are basically the same and comparable. According to the 

temperature, the brightness temperatures are divided into seven levels: very-high 

temperature (44-47 °C), high temperature (40-44 °C), sub-high temperature (36-40 °C), 

medium temperature (32-36 °C), sub-medium temperature (28-32 °C), low temperature 

(24-28 °C) and very-low temperature (20-24 °C). The seven levels are indicated by 

brown, red, orange, yellow, light green, green and blue. 
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Data source of urban heat island and urban green land pattern and research methods 

Urban green land can increase the value of real estate, provide people with leisure 

and entertainment places, moreover, they have multiple important ecological functions 

such as reducing surface runoff, alleviating urban heat islands, cooling and humidifying 

(Cannistraro et al., 2017; Gehrt and Chelsvig, 2003; Jiao and Fang, 2018), as well as 

reducing ecological and environmental damages caused by urbanization. However, if 

we want to achieve the goal of improving the urban ecological environment through the 

urban green land system, we must not only ensure large areas of green land, but also 

scientifically plan the shape and spatial distribution of urban green land (Dai et al., 



Lei - Wang: Landscape pattern and eco-environment benefit based on heat island effect 

- 14580 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14577-14586. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1457714586 

© 2019, ALÖKI Kft., Budapest, Hungary 

2010; Dong et al., 2018). Therefore, this paper selected the urban images of Beijing 

taken by SPOT5 satellite in 2015, and adopted the gradient analysis and landscape 

index method (main landscape indices are calculated according to Eqs. 1-4) to analyze 

heat island areas in Beijing and the green land pattern on the main extension axes. 

Table 1 shows the green landscape pattern of districts with different interference 

intensities. 

 
Table 1. Greenland landscape pattern in districts with different interference intensities 

Landscape index Urban heat island area Urban cold island area 

Greenery coverage % 30.2 13.6 

Average nearest neighbor distance (m) 41.62 56.45 

Aggregation index 93.27 89.88 

Average plaque area (h m2) 0.86 0.53 

Plaque density (/k m2) 195 108 

Results 

Evolution of ULP in Beijing 

Figure 1 shows the overall landscape dynamic changes of urban districts in Beijing 

from 1995 to 2015. 
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Figure 1. Dynamic changes of overall landscape in urban districts of Beijing 
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Figure 1 shows the dynamic changes of the overall landscape of urban districts in 

Beijing from 1995 to 2015, it can be seen from the figure that the density of plaques has 

shown a downward trend from 1995 to 2000, and a rapid upward trend after 2000. The 

landscape diversity index has shown a linear increase with the year, and for the MN-

shape index and the Contagion index, both have presented a large downward trend at 

first, then hit the bottom in 2010 and 2005, respectively, after that, both rebounded, 

indicating that as the urbanization in Beijing has sped up, the degree of landscape 

fragmentation has intensified. 

Figure 2 shows the proportion of urban land in Beijing in the four directions from 

1995 to 2015. In terms of the distance from the city center, the south and west directions 

are negative, and the north and east directions are positive. 

It can be seen from Figure 2 that in the past 20 years, Beijing has shown a 

comprehensive and large-scale expansion of urban land from the city center to the 

surroundings in different directions, with a largest increase of about 50%, the expansion 

mainly concentrated in the plain area in the southeast, it is because the mountains in the 

west and north of Beijing have played a certain role in hindering the development of the 

city, so the development is relatively slow. 

The rapid growth of Beijing’s economy and population has led to an increase in 

urban residential construction land and related infrastructures such as the roads, and the 

conversion of suburban land into urban land has destroyed the original landscape 

pattern, which is the main reason for the evolution of ULP in Beijing. 
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Figure 2. Proportion of urban land in Beijing from 1995 to 2015 
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Spatial distribution and formation causes of urban heat islands in Beijing 

Figure 3 shows the heat island brightness temperature distribution in Beijing, it can 

be seen from the figure that, the very-high temperature area (brown), the high 

temperature area (red) and the sub-high temperature area (orange) in Beijing have 

spread to the surroundings and increased year by year from 2000 to 2015. Wherein, the 

Shougang Plant Area, the Dashilan and the Yongdinghe River have been in high 

temperature areas for many years, while Yuyuantan Lake, Kunminghu Lake, Beihai, 

Shichahai and other water areas have been in the low temperature areas for many years. 

In the city center areas, there are vegetation and water body areas, as well as scattered 

low temperature areas, and the brightness temperature areas present a tendency to 

gradually increase from the center to the periphery. In addition, by 2015, the HIE in the 

downtown area within the Third Ring Road had been alleviated significantly, while the 

intensity of HIE around the Fourth Ring and the Fifth Ring roads had increased, this is 

because the newly-developed residence and technology parks are concentrated near the 

Fourth Ring and the Fifth Ring roads, while the green land construction had been 

strengthened within the Third Ring Road, so the isolation belt had separated the Third 

Ring Road from other high temperature areas. 

 

 

Figure 3. Bright temperature distribution map of Beijing in 2000, 2005, 2010 and 2015 
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Figure 4 shows the comparison of the areas of urban districts in Beijing. It can be 

seen from the figure that since 2000, the area occupied by the urban heat island had 

decreased slightly, and the proportion of the low temperature area had gradually 

increased, indicating that the HIE had been alleviated. 
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Figure 4. Comparison of the areas of urban districts in Beijing 

 

 

Analysis of the heat island area and green land pattern in Beijing 

Figure 5 shows the area ratio of green land plaques of different area levels and in 

different directions. 
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Figure 5. Area ratio of green land plaques of different area levels and in different directions 

 

 

Figure 6 shows the changes of greenery coverage in the east-west and north-south 

directions. 

It can be seen from Figures 5 and 6 that the greenery coverage in all directions of the 

urban extension axes has no obvious correlation with the distance, and fluctuates 

between 10 and 30%. Overall, the north-south direction is slightly higher than the east-
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west direction. In the east, west, south-north directions, peaks appeared at the positions 

of 4 km, 6 km, and 12 km, respectively, by analysis it is found that it is mainly due to 

the existence of park green land such as Yuyuantan Park, and the Olympic Park near 

these spots. In areas that have no park, the greenery coverage is below 15%, and the 

number of large plaque areas with a plaque area of more than 60% is less than 10%. 

These plaques are mainly concentrated in government units and urban parks, indicating 

that the distribution of large park green land determines the size of greenery coverage. It 

can be found from the data in Table 1 that the anti-interference intensity of the 

landscape pattern increases with the increase of greenery coverage, plaque spacing and 

density, therefore, the artificial interferences can be eliminated by increasing the 

greenery coverage, reducing the spacing, and increasing the density. 
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Figure 6. Greenery coverage changes in two directions 

Discussion 

In order to alleviate the HIE in Beijing and construct a secure and ecological ULP in 

Beijing, this paper combines with the evolution of ULP, the HIE, and the green land 

pattern in Beijing to analyze the results, and proposes countermeasures and suggestions 

from the following three aspects: 

 

Plan the development pattern scientifically 

Change Beijing’s current development pattern which is circle-shaped and single-

centered; use evacuation and integration methods to alleviate the problem that the 

human activities often gather in the center of the city. To achieve the goal of multi-

center development, relevant policies should be adopted to encourage and guide the 

migration of economy, population and industrial belt. In addition, the density of 

buildings is also one of the main factors of HIE. Therefore, in order to avoid the 

distribution of urban buildings from distributing in clusters and blocks, the spacing 

between buildings should be properly arranged and the density of the buildings should 

be strictly controlled. 

 

Save energy, reduce emission, and develop ecological buildings 

Previous research results (Oberndorfer et al., 2007) have confirmed that greenhouse 

gases from vehicle exhaust and industrial production, and heat emission caused by 
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human activities are important factors for the formation of HIE, therefore, we should 

make full use of renewable green resources such as wind energy and solar energy to 

reduce the use of gasoline and diesel, and meanwhile adopt new thermal insulation 

equipment, heating and ventilation equipment, and other energy-saving technologies to 

develop green buildings and reduce heat emissions caused by human activities. 

 

Increase water body, greenery coverage, and improve the natural ecosystem 

According to the research results of this paper, the green land and water body inside 

the city can effectively alleviate and reduce the HIE. Therefore, we can build heat island 

green belt inside the city, adjust the current green land pattern, and construct corridors 

between the central green land and other middle and small green land, so as to achieve 

the ideal status in which there are both scattered and concentrated green land, and at the 

same time, protect the suburb farmland and river surface from pollution and damage. 

Conclusion 

• The evolution of ULP in Beijing showed that the urbanization level of Beijing 

increased significantly between 1995 and 2015, mainly concentrated in the 

plain area in the southeast direction, due to the acceleration of urbanization and 

the changes in urban land use structure, the landscape pattern of Beijing had 

been fragmented more dramatically. 

• The research results of Beijing’s heat island spatial distribution and the cause 

of formation showed that, the very-high temperature area (brown), the high 

temperature area (red) and the sub-high temperature area (orange) in Beijing 

had spread to the surroundings and increased year by year from 2000 to 2015. 

Since 2015, the HIE within the Third Ring Road had alleviated significantly. In 

term of spatial distribution, we can see that in spots where the industry and 

population are gathered and the greenery coverage is low, the HIE is stronger. 

• The analysis results of the heat island area and green land pattern in Beijing 

showed that the distribution of large park green land determines the size of 

greenery coverage, and the anti-interference intensity of landscape pattern 

increases with the increase of greenery coverage, plaque spacing and density. 

• This paper proposed countermeasures and suggestions for constructing a secure 

and ecological ULP from three aspects: plan the development pattern 

scientifically; save energy, reduce emission, and develop ecological buildings; 

and increase water body, greenery coverage, and improve the natural ecosystem. 

• The study of ULP and HIE requires to combine factors of various aspects to 

conduct case study and evaluation. This paper only discussed from the two 

aspects of urban land use and landscape pattern change, so it is not 

comprehensive enough, in future researches, we should also analyze other 

ecological process types and scales as well. 
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