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Abstract. General Secretary Xi Jinping clearly pointed out in the report of the Nineteenth Party Congress 

that speeding up the reform of ecological civilization system and building ecological civilization are the 

millennium plan for the sustainable development of the Chinese nation. The ecological problems of 

mega-cities are related to the sustainable development of economy and society. Because the radiation area 

of mega-cities is relatively wide, the geographical environment of various city regions is different, and so 

is the functional orientation, the selection of evaluation criteria and evaluation indicators is particularly 

important in the evaluation process. Based on the perspective of mega-city functional areas and 

combining it with the urban development planning of Beijing, this paper discusses the evaluation of 

ecological civilization in mega-cities, constructs the evaluation index system of ecological civilization 

index, and uses the coefficient of variation method of objective empowerment method to determine the 

index weight, and evaluates the ecological civilization of each functional area in Beijing from three 

aspects: growth quality, ecological protection and air quality. It can be concluded that the index of 

ecological civilization in Beijing shows an upward trend as a whole, each functional area presents 

different characteristics, and the implementation of policies has a significant impact on the construction 

and development of ecological civilization. 

Keywords: urban development, functional areas, judgement standard, coefficient variation, sustainable 

development 

Introduction 

At present, China’s rapid development is facing the ecological dilemma brought 

about by economic development and social transformation. In the Amendment to the 

Constitution of the People’s Republic of China adopted in 2018, ecological 

civilization was written into the Constitution, which had a higher legal status and had 

stronger legal effects (Lai, 2013; Nwankwo and Nwankwoala, 2018). It was written 

into the Party Constitution and Constitution, which made the idea of ecological 

civilization a vivid manifestation of the will of the state. With the improvement of 

urbanization level, people pay more and more attention to ecological problems (Yan, 

2017; Yang et al., 2018b, c; Sufiyan et al., 2018). The number of megacities is rising, 

and the proportion of GDP and total population is expanding. Therefore, the 

evaluation of ecological civilization in megacities is particularly important. As a 

typical megacity, Beijing’s ecological civilization building is related to the image of 
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the country and the capital, and it relates to the quality of the city and the welfare of 

the people. 

As the center of human activities and social civilization, the city has further 

reduced the living standards of human beings and hindered the sustainable 

development of urban ecosystems at the expense of severe environmental degradation 

and enormous ecological environmental pressures (Liu et al., 2014; Yilmaz, 2018; 

Azeem et al., 2018). Chinese government promotes ecological civilization in the “13th 

five year plan” (2016-2020) period. As a result, ecological impacts become 

highlighted in the national circular economy practices (Sun et al., 2016; Nkwuda et 

al., 2019). According to official statistics, 70% of China’s population will live in cities 

in 2030, and China’s urbanization will have a great development. The report points 

out that China’s urbanization draws on the theory of ecological modernization and 

uses “sustainability” and “governance” and “ecological civilization”. It is very 

meaningful to see that the rise in the research on ecological civilization can be 

attributed to this decision (Muldavin, 2015; Xu, 2018). 

The national strategy of building an ecological civilization is not simply to focus on 

environmental issues, but to create a new “five-pronged” civilization based on a new 

historical orientation. Turning to ecological civilization, realizing national strategy, 

and benefiting and leading the world with China’s program of ecological civilization, 

education is not only an important starting point, but the only way. The research and 

construction of the education evaluation index system of China’s efficient ecological 

civilization will provide a new method (Ping, 2018; Kasim et al., 2019). Low-carbon 

m & a is a new mode of merger and acquisition under the ecological civilization 

education (Tian, 2017; Dali and Kamarudin, 2018). The historical assessment and 

future prediction of ecological security (Yang et al., 2018a) and the study on the 

establishment of safety factor system model for the construction of water ecological 

civilization (Zhang, 2017; Baharuddin and Samsudin, 2018) are also very important. 

Regional landscape-ecological studies have acquired a special topicality as they assure 

efficient environmental conservation and sustainable use of natural resources. A 

landscape-ecological analysis was performed based on four basic integral indices: (1) 

ecological potential, (2) ecological stability, (3) ecological load and (4) ecological 

tension (Muradyan and Asmaryan, 2015; Emeh and Igwe, 2018). Urban ecological 

vulnerability is measured on the basis of ecological sensitivity and resilience based on 

the concept analysis of vulnerability. GIS-based multicriteria decision analysis (GIS-

MCDA) methods are used, supported by the spatial analysis tools of GIS, to define 

different levels of vulnerability for areas of the urban ecology. These areas are further 

classified into different types of regulatory zones. In this way, five types of 

vulnerability areas have been classified as follows: very low vulnerability, low 

vulnerability, medium vulnerability, high vulnerability and very high vulnerability 

(Zhang et al., 2015; Karaoui et al., 2018). 

The establishment of ecological civilization evaluation index plays a decisive role 

in evaluating the level of ecological civilization in a region. Different scholars, 

according to different practical significance to put forward the index system of 

different, consider URECC evaluation index system (Zhang et al., 2018) and the index 

system of people-oriented EC (Zhang et al., 2016), which are for the overall, different 

areas have different characteristics, establish a comprehensive index of regional 

ecological civilization in China, the regional ecological civilization construction is 

particularly important to carry on the scientific and objective evaluation (Liu et al., 
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2016). Understanding the link between ecological civilization and performance 

assessment will help to better monitor the level of ecological civilization (Tan et al., 

2014). 

In summary, scholars have inherited rich experience and have rich research results, 

covering a wide range of areas, and the evaluation indicators vary widely. For 

megacities, they should pay attention to regional differences, different functional 

areas, existing natural resources, economic conditions, etc. Different, then the role 

played is different. The division of functional areas has given us a new perspective on 

the study of Beijing’s ecological civilization. On this basis, we can conduct ecological 

civilization evaluation from the perspective of functional areas and explore the 

ecological civilization of Beijing’s functional areas. 

According to the ecological civilization evaluation of the functional areas, we can 

see that the division of the functional areas of Beijing has, to a certain extent, 

rationalized the management system of the functional areas and the administrative 

area. Each function area has its own characteristics, is of great significance in resource 

integration, urban space expansion and urban efficiency. This is the key point for the 

future development of Beijing’s ecology, and it is also the research entry point and 

academic innovation of this paper. 

Methodology 

Construction of Beijing’s ecological civilization evaluation system 

Overall evaluation ideas 

Beijing Regional Statistical Yearbook officially divided functional areas from 

2011. Based on this, from the perspective of the practice of ecological civilization 

construction, the four functional areas of Beijing are taken as the basic unit, the panel 

data of various functional areas in Beijing from 2011 to 2016 (12th Five-Year Plan 

and 18th National Congress periods) are selected to carry out comprehensive 

evaluation of the level of ecological civilization, compare and analyze the pattern 

characteristics and existing deficiencies of various functional areas in Beijing during 

the process of ecological civilization construction, and reveal the main influencing 

factors of ecological civilization in various functional areas of Beijing to determine 

what we should work on in the future. 

 

Building an indicator system 

Based on the 13th Five-Year Plan for Economic and Social Development, the 

Assessment System for Ecological Civilization Construction and the Green 

Development Indicator System, and the existing research results at home and abroad, 

the index system of ecological civilization index the various functional areas in 

Beijing will be built. 

According to the connotation of ecological civilization and the design principle of 

index system, a set of three-level superposition and layered recursive comprehensive 

evaluation index system is constructed. However, due to the lack of indicators in each 

district and the data released by the National Bureau of Statistics, the indicators were 

adjusted. The target ecological civilization index (ECI) is divided into three elements, 

namely, growth quality, ecological protection, and air quality (Table 1). 
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Table 1. ECI System of functional areas in Beijing 

Grade 1 indicator  Grade 2 indicators  Grade 3 indicators  Unit  Nature  

Ecological civilization  

Growth quality 

GDP per capita  10,000 yuan/person Positive  

Urban per capita 

disposable income  
Yuan Positive 

R&D 10,000 yuan Positive 

Urbanization rate  % Positive 

Ecological protection 

Woody plant cover rate % Positive 

Proportion of wetland area 

in urban area  
% Positive 

Forest stock  10,000 m3 Positive 

Forest coverage rate % Positive 

Harmless disposal rate of 

household garbage 
% Positive 

Air quality 

Annual average 

concentration of SO2 
mcg/m3 Negative  

Annual average 

concentration of NO2 
mcg/m3 Negative 

Annual average 

concentration of inhalable 

particulate matter 

mcg/m3 Negative 

Average annual 

concentration of fine 

particles (PM2.5) 

mcg/m3 Negative 

 

 

Data source and evaluation method 

The evaluation data of the ECI in Beijing and various districts come from Beijing 

Statistical Yearbook, Statistical Yearbook of Beijing Municipal Environmental 

Protection Bureau, Statistical Yearbook of Beijing Water Affairs Bureau, Statistical 

Yearbook of Beijing Municipal Bureau of Landscape Architecture and related statistical 

yearbooks. This paper uses the ecological civilization index to evaluate the ecological 

civilization. The specific process of the ecological civilization index evaluation is as 

follows. 

 

(1) Build an original indicator data matrix 

Suppose there are m evaluation indicators, n years, forming the original indicator 

data matrix: 

 

  (Eq.1) 

 

In Equation 1, Xij refers to the i-th indicator, and the index value of the j-th year. 

 

(2) Data standardization processing method 

Since the attributes of the ecological civilization evaluation index are inconsistent 

with the measurement unit, in order to make calculation by a unified method, the data 

needs to be dimensionlessly standardized. According to the nature of the evaluation 

indicators, the evaluation indicators are divided into two categories: positive indicators 

and negative indicators (Rojamary and Uma, 2017). The standardization method is: 
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Positive indicator: 

 

 
minmax

min-ij

yjYj

jyY
Z

−
=

   
(i = 1,2,…,n;j = 1,2,…,n) (Eq.2) 

 

Negative indicator: 

 
minmax

i-maxj

yjYj

jyY
Z

−
=

    
(i = 1,2,…,n;j = 1,2,…,n) (Eq.3) 

 

wherein: Yjmax and Yminj the maximum and minimum of Xij indicator, the decision 

matric is Zij after standardized processing, this allows the data of the decision matrix to 

be processed. 

 

(3) Determination of the weight of evaluation indicators 

Considering the characteristics of ecological civilization and the needs and practice 

of the research, this paper will use the coefficient of variation method in the objective 

weighting method to determine the weight of each indicator. The method is: 
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wherein:  is the standard deviation of the i-th indicator, Z is the average of the i-th 

indicator, and V is the coefficient of variation of the i-th indicator. W refers to the 

weight of the i-th indicator (Table 2). In the process of calculating the weights, Beijing 

is given a weight as a whole, and the weights of each indicator are calculated. 

 
Table 2. Weights of indicators in the indicator system 

Grade 1 

indicator 

Grade 2 

indicators 
Weight  Grade 3 indicators  Weight  

Ecological 

civilization  

Growth 

quality 
0.326289465 

GDP per capita (10,000 yuan/person) 0.104145517 

Urban per capita disposable income (Yuan) 0.074994926 

R&D (10,000 yuan) 0.17295373 

Urbanization rate  0.02682463 

Ecological 

protection 
0.539946483 

Woody plant cover rate % 0.060229909 

Proportion of wetland area in urban area  0.262925633 

Forest stock  0.060981161 

Forest coverage rate 0.059912983 

Harmless disposal rate of household garbage 

(calculated by amount of garbage clean-up %) 
0.021883686 

Air quality  0.139531838 

Annual average concentration of SO2 

(mcg/m3) 
0.028731574 

Annual average concentration of NO2 

(mcg/m3) 
0.048975187 

Annual average concentration of inhalable 

particulate matter (mcg/m3) 
0.047048155 

Fine particles (PM2.5) annual average 

concentration (mcg/m3) 
0.030392911 
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(4) Determination of ECI 

 

 
=

=
m

1i

*ijij WiZR  (Eq.5) 

 

In the Equation 5, R represents the ecological civilization index. Based on this formula, 

the ecological civilization index Rij and Grade 2 indicators of various regions in Beijing 

can be calculated (Table 3). The data of each functional area is an average of the 

indexes of the districts and counties belonging to each functional area, so that it is 

convenient to compare the differences between the functional areas of Beijing. 

 
Table 3. Beijing ecological civilization index 

Functional areas  Year  
Growth 

quality 

Ecological 

protection 
Air quality 

Ecological 

civilization index 

Core functional area 

of the capital 

2011 0.119255327 0.022013989 0.023623497 0.164892814 

2012 0.130016473 0.022071368 0.040681712 0.192769553 

2013 0.139937143 0.022128748 0.048013585 0.210079476 

2014 0.152639386 0.021973004 0.051775002 0.226387392 

2015 0.195048883 0.021973004 0.084733885 0.301755772 

2016 0.217907123 0.029584236 0.100050385 0.347541743 

Average 

growth rate 
12.81% 6.09% 33.47% 16.08% 

Urban functional 

expansion area 

2011 0.190150847 0.080596187 0.024212684 0.294959718 

2012 0.189436944 0.082054262 0.041580443 0.313071649 

2013 0.187391939 0.08387603 0.036968568 0.308236538 

2014 0.216492554 0.083149692 0.032664156 0.332306402 

2015 0.230943838 0.083914856 0.07591888 0.390777574 

2016 0.287175331 0.295023757 0.102029288 0.684228376 

Average 

growth rate 
8.59% 29.63% 33.33% 18.33% 

New urban 

development area 

2011 0.02879102 0.103577099 0.012504876 0.144872995 

2012 0.040611046 0.12173979 0.041620135 0.203970971 

2013 0.053229603 0.130241314 0.044855477 0.228326395 

2014 0.103008569 0.134186654 0.045694723 0.282889946 

2015 0.067694893 0.134538993 0.080870658 0.283104544 

2016 0.073536103 0.367488963 0.102416706 0.543441773 

Average 

growth rate 
20.63% 28.82% 52.29% 30.27% 

Ecological 

conservation 

development area 

2011 0.022149826 0.166664689 0.088081247 0.276895762 

2012 0.023950504 0.1731915 0.103474282 0.300616286 

2013 0.025388707 0.183889776 0.108132201 0.317410685 

2014 0.027361617 0.198585163 0.10685063 0.33279741 

2015 0.028947303 0.192690473 0.139155322 0.360793098 

2016 0.031826831 0.462821252 0.155781064 0.650429147 

Average 

growth rate 
7.52% 22.66% 12.08% 18.63% 



Zhao et al.: Evaluation of ecological civilization in megacities 

- 8533 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8527-8540. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1704_85278540 

 2019, ALÖKI Kft., Budapest, Hungary 

Result analysis and discussion 

Dongcheng and Xicheng districts in Beijing have been identified as “the core 

functional area of the capital”; the four districts of Chaoyang, Haidian, Fengtai and 

Shijingshan are the “urban functional expansion areas” in Beijing; the “New Urban 

Development Area” include Fangshan, Tongzhou, Daxing, Shunyi and Changping 

districts; Mentougou, Pinggu, Huairou, Miyun and Yanqing are Ecological 

Conservation Development Area. 

 

Index changes 

Core functional area of the capital 

Growth quality has the greatest influence on the ecological civilization index. It is 

related to the characteristics of the core functional area of the capital (Fig. 1). The core 

functional area of the capital are the highest level of urbanization of Beijing, gather 

most of the city-level and some important district-level commercial centers, and 

economic level is higher than other regions; the ecological protection index is the lowest 

and tends to be stable, mainly because its plant cover rate and forest coverage are not 

high; the effect of air quality on ecological civilization is on the rise. Based on this, the 

regional positioning of the core functional area of the capital is highlighted to promote 

financial service industry and a national business district, and to strengthen efforts for 

air quality control, in doing so, it is more conducive to promoting the ecological 

civilization level of the core functional area. 

 

 

Figure 1. Comparison of ECI in capital core functional areas 

 

 

Urban functional expansion area 

The quality growth index of the urban functional expansion area continues to rise, 

and the quality growth index is the main influencing factor affecting the urban 

functional expansion area. Overall, the ecological protection index tends to be stable, 

the air quality index rises, and the urban function expansion area covers the 

Zhongguancun Science and Technology Park, and the important functional areas such 

as Beijing Central Business District (Fig. 2). It is a main area for the development of 

commercial and high-end industries in the metropolitan area with high level of economy 
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and large population, and an important area that reflects Beijing’s modern economy and 

the function of international exchanges. 

 

 

Figure 2. Comparison of ECI in urban functional expansion areas 

 

 

New urban development area 

It can be seen from Figure 3 that the ecological protection index is the main 

influencing factor of the ecological civilization of the new urban development area, 

because the urban development new area is the main carrier of Beijing’s high-tech 

industries, modern manufacturing and modern agriculture, and is the future 

development of Beijing’s economic center and future cities (Fig. 3). Although the 

growth quality and the air quality index are inferior to the ecological protection index, 

the index has shown an upward trend over time (Olivares, 2017). We should introduce 

talents while maintaining the ecological environment, create a good business 

environment, and continuously improve the air quality. 

 

 

Figure 3. Comparison of ECI in new urban development area 

 

 

Ecological conservation development area 

The ecological protection and air quality index in the ecological conservation 

development area ranked first. It can be seen that ecological protection has always been 

a major factor affecting the ecological conservation development area, mainly because 

the ecological conservation development area is Beijing’s ecological barrier and water 

source protection site, the environmentally friendly industrial base, and also an ideal 

space for Beijing citizens to take a leisurely life (Jaimes, 2017; Higuchi, 2017) (Fig. 4). 

We must strengthen the construction of ecological protection. 
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Figure 4. Comparison of ECI in ecological conservation development area 

 

 

Change in growth rate 

Comparison of functional areas under the same indicator 

From 2011 to 2016, the air quality index had the highest growth rate in core 

functional area of the capital, urban function development area, and urban development 

new area, indicating that during the “Twelfth Five-Year Plan” and the implementation 

of the spirit of the 18th National Congress, air pollution control has made significant 

achievements (Fig. 5). The ecological protection index had the highest growth rate in 

the ecological conservation development area, indicating that the ecological 

conservation zone adapts to local conditions and develops its own advantages (Guevara-

Hernández, 2018). 

 

 

Figure 5. Growth rate of various indicators in functional areas in 2011-2016 

 

 

Comparison of growth rate indicators for the same functional areas 

From 2011 to 2016, the air quality index, ecological civilization index and growth 

quality index of the new urban development area have the highest growth rate (Fig. 6). 

The Outline of the Plan for Coordinated Development for the Beijing-Tianjin-Hebei 

Region released in 2015 pointed out that the core of promoting the coordinated 

development of Beijing-Tianjin-Hebei is to orderly relocate all non-essential functions 
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from Beijing. Fangshan District is located in the southwest of the Beijing-Tianjin-Hebei 

region, shouldering the responsibility of “connection between inside and outside” 

(Naustdalslid, 2014). The economic and ecological development of Fangshan District 

has driven the development of new urban development area. Due to the promotion of 

policy or development needs, the development of new urban development area from 

2011 to 2016 was extremely fast. 

 

 

Figure 6. Growth rate of various indicators in functional areas in 2011-2016 

 

 

Analysis of the factors affecting the development of ecological civilization in various 

functional areas 

It can be seen from Figures 1–4 that in 2016, apart from the core functional area of 

the capital, the ecological protection index of the other three areas increased rapidly, 

even surpassing the main influencing factors affecting these areas (Pechurkin and 

Somova, 2014; Olivares, 2017). This is mainly because 2016 is a crucial year for all 

kinds of people-benefit projects and green projects for Beijing, and Beijing has achieved 

fruitful results in ecological protection in 2016. At the same time, it can be seen that the 

ecological protection in the core functional area of the capital is currently in a state of 

saturation, and it is not suitable for large-scale tree planting (Mendoza, 2018; Jaimes, 

2017). 

Conclusions and suggestions 

Conclusions 

(1) The development of ecological civilization presents different characteristics in 

different functional areas 

From the main influencing factors of various functional areas, quality growth is the 

main factor in the capital functional core area and urban functional expansion area, 

which is mainly related to the characteristics of these two areas, namely, high economic 

level and dense population (Higuchi, 2017); Ecological protection is the main 

influencing factor of urban development new area and ecological conservation area. The 

ecological environment and air quality of these two areas are excellent, with abundant 
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forest resources and sparse population. Different functional areas present different 

characteristics, so we need to manage functional areas according to local conditions. 

 

(2) The implementation of policies significantly affects the construction and 

development of ecological civilization 

The impact of policies on the development of ecological civilization is enormous. 

With the conclusion of Beijing’s people-benefit projects in 2016, except the core 

functional area of the capital in 2016, the ecological protection index of the other three 

areas has made a great leap forward. The development of various functional areas is 

inseparable from the development of other functional areas. The introduction of the 

Outline of the Plan for Coordinated Development for the Beijing-Tianjin-Hebei Region 

has driven economic development of new urban development area and brought changes 

to air quality. The implementation of policies will be more targeted and effective in 

improving the problems in the ecological civilization. 

 

(3) Functional areas not optimally positioned 

From the perspective of vertical time evolution, the level of ecological civilization in 

the four functional areas of Beijing is constantly improving. However, from the analysis 

of the horizontal dimension, urban functional expansion areas and ecological 

conservation development area have the highest level of ecological civilization, 

followed by new urban development area and core functional area of the capital. The 

core functional area of the capital is the most important carrier of the capital’s function 

and “four services”. However, the air quality index of the core functional area of the 

capital is not high, which will affect the impression of the capital and the people’s 

healthier and more comfortable life. 

 

Suggestions 

(1) Develop regional ecological civilization according to local conditions 

According to the development goals of Beijing’s functional areas, we will vigorously 

implement the regional coordinated development strategy and give full play to the 

advantages and potentials of each region (Guevara-Hernández, 2018). There is no one-

size-fits-all approach to technology and model, specific conditions require concrete 

analysis, and we should develop regional ecological civilization in accordance with 

local conditions. The capital functional core area and the urban function development 

area have developed rapidly. We should focus on quality growth, while the urban 

development new area and the ecological conservation development area are 

characterized by geographical marginality and abundant natural resources, and they 

have great advantages and potential in air quality and ecological protection. We will 

always adhere to the principle of developing regional ecological civilization according 

to local conditions to improve the level of ecological civilization. 

 

(2) Ecological civilization driven by policies 

Since the 18th National Congress of the Communist Party of China, the CPC Central 

Committee with Comrade Xi Jinping as the core has attached great importance to the 

construction of ecological civilization and environmental protection, and emphasized 

that promoting a green development mode and lifestyle is an inevitable requirement for 
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implementing the new development concept. It is necessary to put ecological 

civilization construction in a prominent position of the whole work. Relevant national 

laws and regulations such as the Opinions on Accelerating the Construction of 

Ecological Civilization and other laws have been successively released. We cannot be a 

giant of ideas and a dwarf in action. We must implement the policy, strengthen the 

intensity of supervision, and constantly improve the level of ecological civilization in 

China. 

 

(3) Build an ecological civilization evaluation system for megacities based on the main 

functional areas 

This paper provides an ecological civilization evaluation from the perspective of 

functional areas, and provides a new idea for the construction of the evaluation system 

based on the main functional areas theory. The main functional area theory has 

gradually become the main basis for the development of ecological civilization 

throughout the country. The reason is that the evaluation of the functional areas is in 

line with the national macro requirements, and closely follows the footsteps of 

economic and social construction. It has both practical significance and referential 

significance. 

 

(4) Promote mutual development 

The shortcomings of ecological conservation development area are mainly focused 

on quality growth. Governments at all levels should have a series of special policy 

support for the ecological conservation development area. These policies are essential 

for the development of these regions. Since the ecological conservation development 

area is Beijing’s ecological barrier and water conservation site, it should be 

compensated as much as possible in the form of policies, for example, funding for the 

construction of tourist attractions, the giving living subsidies to people who live in the 

area. 
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