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a b s t r a c t

Due to the uncertainties resulted from environmental changes, the importance of green development has
been paid increasingly attention in the world. However, our knowledge of the green development level of
nine cities in the Pearl River Delta (PRD), China, was still limited. Therefore, this study, based on the
analysis on the connotation of green development, employed multi-level evaluation method and entropy
method to develop the urban green development evaluation index system from five aspects, including
enhancement of living environment, treatment and utilization of pollutant, improvement of ecological
efficiency, optimization of economic growth and development of innovative potential. This evaluation
index system was further applied to evaluate the green development level of nine cities within PRD.
Results showed that significant difference in green development level occurred among cities within PRD.
Green development level in Shenzhen, Zhuhai, Guangzhou was relatively higher than that in other cities,
with the advantages in improvement of ecological efficiency and optimization of economic growth.
Green development level in Zhongshan, Dongguan, Huizhou, Foshan averaged in PRD, while Jiangmen
and Zhaoqing had a delayed green development level because of their irrational economic structures and
extensive growth patterns though these two cities possessed good ecological environment endowments.
In the future, it is necessary for PRD to formulate specific and targeted policies and measures to further
upgrade energy structure, transform industrial structure, improve public transportation, enhance
forestry carbon sink, and eventually construct low-carbon circular industrial system and development
pattern.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

With the global economic development and the profound
change in environmental conditions, various problems such as
global warming, regional pollution, contradiction between supply
and demand of resource and energy, gradually intensified. Many
countries have made great efforts to create a sustainable future
through formulating green development strategies, policies and
actions. For examples, United States stimulated green development
ces, The University of Hong

Li), zhougj01@gmail.com
by investing in clean energy, and European Union (EU) developed
green economy by building “green industry”. South Korea proposed
“green growth” economic revitalization strategy, while Japan pro-
moted the growth of green economy by building “low-carbon so-
ciety” (Skea and Nishioka, 2008). Other developing countries like
Cambodia and South Africa have also developed green economic
strategy plan (UNEP, 2012a). By far, with the increasing pressures of
environmental protection, the forces of green development are
sweeping across the world.

With the implementation of green development strategies, re-
searches on the evaluation index system of green development
have been increasingly explored. Hall and Kerr (1991) proposed the
concept of “green index”, and divided the green index evaluation
system into three classes, which involve in 256 specific indexes
belonging to two categories of green state and green policy in the
first class. Cobb et al. (1995) created a Genuine Progress Indicator
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(GPI) with sustainability, which includes indicator of three ac-
counts: society, economy and environment. Lawn (2003, 2005)
suggested that based on the index of sustainable economic wel-
fare and GPI, other alternative indexes should be proposed to
achieve broader acceptance.

Due to the dual needs of economic development transformation
and ecological civilization construction, green development in
China has received unprecedented attention as well. In fact, China
has already done a lot of practices such as reducing emission and
promoting clean energy (Jiang et al., 2016; Zeng et al., 2017), and
the overall green development in China is currently at the stage of
the energy utilization and economic output tending to be more
effective. However, the green development still exists obvious dif-
ferences among regions because of the unbalanced development of
economies (Meng et al., 2016). Thus, the green development in
China still has a long way to go and large spaces to be improved.

Till now in China there were already studies on green devel-
opment on the national or regional scale. For example, China Green
Development Index Reports have been published for consecutive
years, but little information was available for cities within the PRD,
China. With first-mover advantage of transformation and upgrad-
ing, the PRD city cluster wasmaking efforts on building the national
green development demonstration area, and thus an in-depth
evaluation research on green development was needed to effec-
tively promote each city's green transformation, and provide a
reference and demonstration for other cities to explore green
developing pathway.
2. Connotation of urban green development

2.1. Global explanation of green development and urban green
development

The concept of green development can be traced back to
Spacecraft Economic Theory proposed by the American scholar
Boulding in 1960s, as well as a series of discourses related to steady-
state economy (Daly, 1977), green economy (Pearce et al., 1989) and
ecological economy (SDSRG, 2010). With the deeper understanding
of the relationship between economic activities, and resources and
environment, especially after the international financial crisis in
2008, a new context of Green Economy (Green New Deal, Green
Growth, Green Transformation, and Green Development) was
proposed, in order to solve practical needs by integrating devel-
opment problems with sustainable problems.

At present, there were several influential definitions of green
development in the world. OECD (2011) considered green devel-
opment as a solution to pursue economic growth and development,
and meanwhile to prevent environmental degradation, loss of
biodiversity and unsustainable use of natural resources. UNESCAP
and UNEP focused on greenhouse gas (GHGs) emission in the
economic development process, and resource and environment
protection (UNESCAP, 2009, 2010; UNEP, 2012b). World Bank
emphasized green development as an environmental-friendly and
social-inclusive way of economic growth, aiming at efficient use of
natural resources and minimizing pollution emission as well as
reducing impacts on environment (World Bank, 2012). J€anicke
(2012) defined green development from the perspective of eco-
industry, that fostering low-carbon economy and green economy
by policies such as adjusting factor prices and differential taxation,
instead of using high energy consumptions and high pollution, to
realize a modern industrial growth pattern with sustainable and
circular development.

Urban green development is the extension and concretization of
green development on a city scale, and currently relevant
discussions have existed. OECD suggested that green cities should
have the following characteristics, including less environmental
negative externality, smaller negative impacts on natural resources
and ecosystem services, green economic growth brought by the
“greening” process of traditional urban economy or urban green
expansion (Hammer et al., 2011). Zhang et al. (2016) believed that
the connotation of green city in China should include two features,
which are prosperous green economy and green living environ-
ment, in the urban developing form and pattern. Generally
speaking, urban green development has two aspects: one is “eco-
nomic greening”, which means urban economic system should be
green and vibrant; second is “environmental greening”, which
means urban living environment should be green, livable and
healthy.

2.2. Boundary of urban green development connotation

The urban green development evaluation is the evolution of the
concept of sustainable development in the context of China's new
normal development, and in recent years, it is the research topic
with Chinese characteristics getting increasingly attention. This
study aims to further deepen and instantiate the definition and
connotation of urban green development. On the basis of the study
by Zhang et al. (2016), and some relevant empirical evidences from
other institutions and countries, such as Green Growth Measuring
Framework fromOECD (2011), Green EconomyMeasuring Indicator
System (UNEP, 2012a), Norwegian experience on natural resource
accounting (Alfsen et al., 1987), the green growth index systems of
Netherlands (Statistics Netherlands, 2011), Mexico (INEGI, 2011),
and Czech Republic (Czech Statistical Office, 2011), the connotation
of urban green development was concluded by two dimensions:
one is the “greening” of economic activities; and the other one is a
healthy supply of green capital within cities.

With the economy rapidly growing in China including PRD area,
the contradiction between economy and environment have
become increasingly acute. To better adapt to China's development
status, the two dimensions can be, specifically speaking, explained
from five aspects: treatment and utilization of pollutant,
improvement of ecological efficiency, optimization of economic
growth, enhancement of living environment and development of
innovative potential. These five categories cover current focusing
problems of imbalanced economic structure, intensive resource
consumption, and excessive environmental pollutants in China
including PRD area (SERM, 2017), and thus can fairly evaluate the
green development level for cities.

3. Construction of green development evaluation system

According to the principles of systematization, feasibility, sci-
entificity and guiding, the urban green development evaluation
index system (Table S1), which consists of five criteria and twenty-
three indexes, was constructed.

In the aspect of the enhancement of living environment, good
air quality and water quality are the basis of human survival, while
adequate open green space is an important and necessary infra-
structure in cities. Therefore, five indexes, which include per capita
urban public green area, percentage of greenery coverage in built-
up area, the number of days with good air quality, percentage of
surface water up to and above Class III, percentage of surface water
below water section Class V, are selected to measure the
enhancement degree of urban living environment.

In the aspect of the treatment and utilization of pollutant, it is
mainly characterized by the situation of urban infrastructure con-
struction and the recycling degree of resource utilization. The
construction of infrastructure is the important part of urban
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“environmental development”, which symbolizes the level of urban
environmental management, while the recycling degree of
resource use represents the degree of practice of low-carbon cir-
cular economy. The four indexes, i.e., treatment rate of urban
sewage, innocent treatment rate of urban garbage, comprehensive
utilization rate of industrial solid waste, reusing rate of water for
key industrial enterprises, are selected to measure the degree of
urban pollution treatment and utilization.

In the aspect of the improvement of ecological efficiency, it
mainly focuses on measuring the greening degree of economic
growth. It evaluates the developing level of green economy from
the perspectives of resource and energy utilization, pollution
emission and control, ecological agglomeration, and explores the
green utilizing level of resources as well. Six indexes, i.e., water
consumption per unit of GDP, energy consumption per unit of GDP,
COD emission intensity per unit of GDP, ammonia nitrogen emis-
sion intensity per unit of GDP, SO2 emission intensity per unit of
GDP, NOx emission intensity per unit of GDP, are taken to measure
the improvement degree of urban ecological efficiency.

In the aspect of the optimization of economic growth, it mainly
measures the potential of urban green growth, highlights the
guiding role of urban green development, and realizes the green
transformation of economic structure from the perspectives of
economic structural transformation, green technology R&D and
innovation. Four indexes, i.e., per capita GDP, share of the added
value of the tertiary industry accounted for GDP, share of the added
value of advanced manufacturing accounted for above-scale in-
dustrial, share of the added value of high-tech manufacturing
accounted for above-scale industrial, are taken to measure the
optimization degree of urban economic growth.

In the aspect of the development of innovative potential, it
measures the level of the regional technological development and
its capability of scientific and technical achievement trans-
formation. Four indexes, i.e., share of R&D expenditure accounted
for GDP, percentage of R&D personnel to employed persons, share
of expenditure on R&D to sales revenue, share of expenditure on
Sci-Tec to general fiscal expenditure, are taken to measure the
development of innovative potential.

4. Empirical analysis of urban green development in Pearl
River Delta (PRD)

4.1. Profile of study area

PRD, located in the south-central of Guangdong Province, the
downstream of the Pearl River, and near the South China Sea, is one
of the areas in which has the highest level of economic develop-
ment and strongest economic strength in China. Meanwhile, it has a
prominent strategic position during the reform and opening up
process of China. The PRD area includes nine cities, which are
Guangzhou, Shenzhen, Zhuhai, Foshan, Zhaoqing, Zhongshan,
Jiangmen, Huizhou and Dongguan. The middle region in PRD forms
a “GuangFoZhao” metropolis circle, and the East Coast and West
Coast of Pearl River form into “ShenGuanHui” and “ZhuZhongJiang”
metropolis circles, respectively, showing a regional development
pattern of “Central Leading, Two Flanks Flying”. In 2016, regional
GDP in PRD reached to 6.8 trillion RMB, accounting for 85.5% of
Guangdong province, and per capita GDP reached to 116,000 RMB,
which is above the level of moderately developed countries.
Regional urbanization rate in PRD exceeded 84% and stepped into
the mature stage; the notable results of industrial transformation
and upgrading is achieved, and the efficiency of resource and en-
ergy utilization is continuously improved. In the meantime, energy
and water consumption per unit of GDP, and major pollutants
emission intensity are on the domestic leading level. Overall,
coordinated development of economy and environment in PRD is
appearing, which provides a good foundation and positive condi-
tion for promoting green development.

4.2. Standardization of data processing

In this study, data of Year 2015 was selected to perform the
evaluation of urban green development (Table S2). All index data
was directly obtained or indirectly calculated from Statistical
Yearbook, Water Resource Communiqu�e, Environmental Status
Communiqu�e and Environmental Database of Guangdong Province
and nine cities within the PRD area. The data sources followed the
same standards to guarantee the reliability and accuracy. Due to the
difference in the unit of each index, the statistical indexes need to
be standardized. Xij is set the j th index of the i th city, and Uij is the
standardized value of Xij. Standardized processing formulas are

shown as follows: for positive index, Uij ¼ Xij�minXij

maxXij�minXij
; for negative

index, Uij ¼ maxXij�Xij

maxXij�minXij
.

4.3. Determination of index weight

This study employed the entropy value method to determine
the weight coefficient of the green development evaluation index
(Table S3). Entropy valuemethod is an objective weighting method,
which makes the evaluation results more scientific and reasonable
by calculating the information entropy of the index, determining
the weight of the index according to the influence of the relative
variety degree to the whole system, as well as eliminating the
interference of human factors via comparation with the subjective
weighting method (Zou et al., 2013). The weight of index Xij is

calculated: Yij ¼ UijP
j
Uij
; and the information entropy and different

coefficient is calculated as follows: information
entropy:eij ¼ �k

Pm
i¼1YijlnYij, where k ¼ 1=lnm, 9 samples in total,

so k ¼ 0:455; different coefficient hij ¼ 1� eij. The weight of index

is calculated: Wij ¼ hij=
Pn

j¼1hij.

4.4. Result analyses of evaluation

The green development process of PRD and each city is of great
significance to green development of Guangdong and even China.
The results showed that the differences in green development level
among cities within PRD were significant in 2015 (Fig. 1). The green
development index from high to low was Shenzhen, Zhuhai,
Guangzhou, Zhongshan, Dongguan, Huizhou, Foshan, Jiangmen,
Zhaoqing, among of which, the difference between the highest and
the lowest values was 0.52. Shenzhen, Zhuhai, Guangzhou had a
relatively high level of green development, indexes ranging from
0.78 to 0.59. The green development level in Zhongshan, Dong-
guan, Huizhou and Foshan averaged in PRD, and the distance
among internal economy development of cities was small, indexes
ranging from 0.53 to 0.47. Jiangmen and Zhaoqing had a large dif-
ference from other cities on green development. Overall, Shenzhen,
Zhuhai and Guangzhouwere able tomaintain a relatively high level
of coordinated and balanced development among socio-economy,
resource and eco-environment. Especially, Shenzhen has realized
the green transformation of industries by vigorously developing
high-tech innovative industry, and promoting the industry to the
high-end stage.

4.4.1. Evaluation of living environment enhancement index
From the perspective of composition structure of green devel-

opment, the evaluation order of the enhancement of living



Fig. 1. Distribution of green development integrated index in cities within the Pearl River Delta, China in 2015.
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environment was as follows: Zhuhai, Huizhou, Zhaoqing, Zhong-
shan, Jiangmen, Guangzhou, Foshan, Shenzhen, and Dongguan. The
index symbolizes the urban greening degree and the situation of
environmental quality. In terms of degree of urban greening, Zhu-
hai was at the top of the green development capacity level ranking,
because of its leading indexes of per capita urban public green areas
and percentage of greenery coverage in built-up area. There were
significant differences among cities in the environmental quality.
For example, percentage of surface water up to and above Class III,
and percentage of surface water below water section Class V of
Zhaoqing were 91.7% and 0, respectively. However, Shenzhen had a
good air quality, while the water environment quality was worse,
and the two aforementioned specific indexes were 28.6% and 71.4%,
respectively (Fig. 2 A).
4.4.2. Evaluation of pollution treatment and utilization index
From the perspective of pollution treatment and utilization, the

evaluation order was as follows: Zhuhai, Dongguan, Jiangmen,
Guangzhou, Foshan, Huizhou, Zhongshan, Zhaoqing, and Shenzhen.
This index is to measure the level of infrastructure construction and
the recycling and utilization degree of resource. The infrastructure
construction of PRD area has basically well completed with little
difference among cities, and also has a relatively high level of
sewage treatment facilities and urban garbage innocent treatment.
However, the reusing rate of water for key industrial enterprises
has large differences among cities. For example, the comprehensive
utilization rate of industrial solid waste and reusing rate of
wastewater of Zhuhai reached to 94.3% and 82.1%, while those were
only 56.9% and 27.6% in Shenzhen. This result suggested that the
reusing rate of wastewater in Shenzhen still needed to be
improved, and the relevant industrial wastewater recycling facil-
ities should be actively improved to raise the reusing rate of
wastewater (Fig. 2 B).
4.4.3. Evaluation of ecological efficiency improvement index
From the perspective of ecological efficiency improvement, the

evaluation order was as follows: Shenzhen, Guangzhou, Zhong-
shan, Foshan, Zhuhai, Dongguan, Huizhou, Zhaoqing, and Jiang-
men. This index mainly measures the intensive level of industrial
developing resources and the level of pollution emission control.
There were relatively significant differences among cities. Six in-
dexes of Shenzhen ranked at the top, and for example, water con-
sumption per unit of GDP was only 11 ton/104 RMB, which only
accounting for 8% of the value of Jiangmen. And also, energy con-
sumption per unit of GDP in Shenzhen accounted for only 60% of
Huizhou, and COD, ammonia nitrogen, SO2, NOX emission intensity
per unit of GDP were only 11%, 15%, 1.3% and 18% of Jiangmen. The
data showed that Shenzhen achieved a good performance in in-
dustrial transformation and upgrading, and realized the high-end
and green development of industries (Fig. 2 C).
4.4.4. Evaluation of economic growth optimization index
From the perspective of economic growth optimization, the

evaluation order was as follows: Shenzhen, Guangzhou, Huizhou,
Dongguan, Zhuhai, Zhongshan, Jiangmen, Foshan, and Zhaoqing.
This index measures the level of economic developing foundation
and the potential of industrial optimization and improvement. By
implementing the innovative development strategy, Shenzhen is at
the forefront of high-tech industry development. The share of
advanced manufacturing and high-tech manufacturing accounted
for 73.4% and 63.1%, respectively, of scale-above enterprises, and
meanwhile the share of R&D expenditure accounted for up to 3.8%.
However, the tertiary industry in Jiangmen and Zhaoqing devel-
oped relatively slow, with a lack of the motivation for high-tech
manufacturing development. The system has not yet formed in
these two cities and the potential of green development needs to be
improved (Fig. 2 D).



Fig. 2. Distribution of indexes of (A) enhancement of living environment; (B) treatment and utilization of pollutant; (C) improvement of ecological efficiency; (D) optimization of
economic growth; (E) development of innovative potential in cities within the Pearl River Delta, China in 2015.
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4.4.5. Evaluation of innovative potential development index
From the perspective of innovative potential development, the

evaluation order was as follows: Shenzhen, Zhuhai, Zhongshan,
Foshan, Guangzhou, Dongguan, Huizhou, Jiangmen, Zhaoqing. This
index measures the level of the technological development and the
capability of scientific and technical achievement transformation.
The developing level among cities in PRD existed large differences.
Resulting from its own economic structure and strategic plan,
Shenzhen had great advantages in innovation related investments,
such as the R&D expenditure from the government and enterprises,
and R&D personnel percentage, which were in absolute leading
positions among PRD cities. However, the developing level of
innovative potential was extreme unbalanced, and there was a
huge gap between the highest level (Shenzhen) and the lowest
level (Zhaoqing). The primary cause resulting in the gap was the
motivation of innovation and it directly linked to the economic
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transformation which should be therefore continually improved in
PRD area (Fig. 2 E).

5. Discussion

5.1. Appropriateness of green development evaluation index in PRD

The construction of this study's index system overall considers
the global results of the green development index system re-
searches (Table 1). The researches so far have three main paths
which are green GDP accounting system (Alfsen et al., 1987), green
development multi-index measurement system (OECD, 2011;
UNEP, 2012a; UNESCAP, 2009), and green development integrated
index system (YCELP, 2012; SDSRG, 2006; SERM, 2017). Even
though the three types of researches can reflect the progress of
green development from various perspectives, only does the inte-
grated index system evaluate the general level of regional green
development with comparable results. Thereby, the integrated
evaluation index system is properly taken in the study to show the
ranking of cities in PRD by crosswise comparison and at the same
time, to demonstrate the historical dynamic change of green
development level for a particular city via longitudinal comparison.

Concerning the criterion layer, the first-class indexes are not
only suitable to the current developing level in PRD area, but also fit
perfectly with the connotation of green development which keeps
ecological environment and economic growth as the core (Hammer
et al., 2011; Kahn, 2011). In addition, the innovative development is
creatively added out of the consideration of sustainable develop-
ment. Unlike the criterion setting in the study closed to the
particular situation in China, other existing international evaluation
systems (OECD, 2011; UNEP, 2012a; UNESCAP, 2009; YCELP, 2012)
put a lot of attention on social well-beings, which is much beyond
the present situation in China, and set some indexes that are hardly
to be collected, which would eventually result into unreliable re-
sults. Overall, compared with other index systems (Table 1), the
criterion indexes, including treatment and utilization of pollutant,
improvement of ecological efficiency, optimization of economic
Table 1
Research status of global green development evaluation index systems (Alfsen et al., 1987;

Type Evaluation Index System System Formation

Green GDP Accounting
System

Norwegian Natural
Resource Accounting

Consisting of the accounting of en
resources.

Finnish Natural Resource
Accounting Framework
System

Including the accounting of fores
expenditure, and air pollution em

System of Environmental-
Economic Accounting
(SEEA)

Elaborating on specific resources
Fisheries, Land and Ecosystems,

Green Development
Multi-Index
Measurement System

Green Growth Measuring
Framework

Consisting of four aspects induci
productivity, natural asset base,

Green Economy Measuring
Indicator System

Including three categories: envir
human well-being and equality.

Eco-Efficiency Indicator
System

Consisting of the macro-econom
sectors of agriculture, industry, m
service industry, transportation.

Green Development
Integrated Index
System

Environmental
Performance Indicator (EPI)

Including ten categories: air poll
and human health), water resour
human health), biodiversity and
climate change and energy, disea

Sustainable Development
Capability Evaluation Index
System

Consisting of five system layers
support, social support and intel

China's Urban Green
Development Index System

Consisting of three categories: g
resources and environmental cap

Green Development Index
System

Consisting of seven categories: r
management, environment qual
green life, and public satisfaction
growth, enhancement of living environment and development of
innovative potential, are more aligned with the present stage of
green development in China.

Furthermore, the second-class indexes used in the study are
much comparable and concise to be acquired. Based on the studies
of the green development evaluation system (YCELP, 2012; SDSRG,
2006; SERM, 2017), it is easily to find out that the existing index
systems have the common phenomenon of reflecting information
duplication and redundancy. Moreover, those index systems are
wide variety which leads to a great difficulty in the actual imple-
mentation. Considering the feasibility, the second-class indexes are
strictly concise to keep only twenty-three core items. Unlike the
existing index systems for China (SERM, 2017) which gave the
priority to absolute values, all second-class indexes in this study are
set to relative values which are easier to directly make data com-
parison and analysis among different green development levels.
Thereby, the second-class indexes have an outstanding feasibility
and comparability for evaluating regional green development.

5.2. Comparison of green development level between PRD and other
regions

From the global perspective, the developing level of the social
economic indicators such as regional population, economic aggre-
gate, urbanization rate in PRD is reaching the advanced level of
global city clusters, by comparing with the international top bay
areas and world-class city clusters (Table 2). In 2015, the regional
GDP in PRD is 958 billion US$, which greatly exceeds the San
Francisco Bay Area (432 billion US$) and Seoul Metropolitan Area
(631 billion US$) (GDSTATS, 2016; Statista, 2017;World Bank, 2017).
Even though there is a gap between PRD and the global advanced
level on many other aspects, such as industrial structure, economic
density, per capita GDP and environmental quality, the differences
are gradually diminishing. Take instances, the share of the tertiary
industry in 2015 in PRD area is about 55%, which is closed to the
South Korea (59%); and the concentration of PM2.5 in PRD area is
expected to reach 30 mg/m3 in 2020, and is up to the level of South
OECD, 2011; UNEP, 2012a; UNESCAP, 2009; YCELP, 2012; SDSRG, 2006; SERM, 2017).

Source

ergy, fishery, land use, forestry and mineral Statistics Norway

try resources, environmental protection
ission.

Statistics Finland

or sectors including: Energy, Water,
and Agriculture.

United Nations Statistics Division

ng:natural resources and environmental
quality of life, and responses to policies.

OECD

onmental issues, policy intervention, and UNEP

ic level and micro-economic level including
anufacturing, public and open private

UNESCAP

ution (respectively impacts on ecosystems
ces (respectively impacts on ecosystems and
habitats, forestry, fishery, agriculture,
ses resulting from environmental pressures.

Joint study of Yale University and
Columbia University

including: survival support, development
ligent support systems.

Sustainable Development Strategy
Research Group of Chinese Academy
of Science

reenness of economic growth, potential of
ability, support from governmental policies

China Green Development Index
Report 2016

esource utilization, environment
ity, ecological protection, growth quality,
.

National Development and Reform
Commission of PRC



Table 2
Comparisons of indicators between the Pearl River Delta (PRD) and the World's Advanced City Clusters in 2015 (GDSTATS, 2016; Statista, 2017; IEA, 2017; World Bank, 2017;
EPA, 2017; IEA, 2017; Statistics Japan, 2017). If data is not available in the city cluster, an alternative for the country (shown in the bracket) is used. Take an example, 0.14 per kg
of oil equivalent/US$ refers to the energy consumption per unit of GDP of US rather than San Francisco Bay Area.

No. Indicator PRD San Francisco Bay Area New York Bay Area Tokyo Bay Area Seoul Metropolitan Area

1 GDP (1011US$) 9.58 4.32 16.03 12.39 6.31
2 Population (104 people) 5874 740 2018 3503 2536
3 Per capita GDP (104 US$) 1.63 9.23 7.94 3.54 2.49
4 Economic Density (106 US$GDP/km2) 17.32 24.83 74.54 91.79 53.97
5 Urbanization Rate (%) 85 >96% >90% 94 96
6 Population Density (People/km2) 1062 360 938 2595 2168
7 Area (104km2) 5.53 1.8 2.15 1.35 1.17
8 Share of the Tertiary Industry (%) 54.6 85.9 91.4 82.3 59.3 (South Korea)
9 Energy Consumption per Unit of GDP (per kg of oil equivalent/US$) 0.34 0.14 (US) 0.14 (US) 0.08 (Japan) 0.22 (South Korea)
10 PM2.5 Concentration (mg/m3) 35 9.44 (Western US) 8.63 (Northeastern US) 14.7 (Japan) 28.7 (South Korea)
11 Carbon Emission Density per Unit of GDP (kg CO2/US$) 0.58 0.32 (US) 0.32 (US) 0.21 (Japan) 0.46 (South Korea)
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Korea in 2015 (GDSTATS, 2016; IEA, 2017).
Always, PRD is in the forefront position of the transformation

development of China. Its social economic development and
ecological environment improvement start to take an integrative
tendency, and the social economic environment has the basic
foundation to reach the international advanced level. Thus, PRD is
already can and should have the courage to take the responsibility
to lead the green transformation in China development, and also
build a demonstration model for other city clusters’ green devel-
opment in China.

As the pioneer of the reform and opening up policy, PRD is one
of the most economic center areas in China, and PRD area has thus
always been a prominent driving force and strategic position in the
overall situation of the national social economic development. In
recent years, PRD has achieved remarkable works in the common
development of economy and environmental protection, and
especially on the work of industrial transformation and upgrade,
resources and energy utilization and ecological environmental
management, which are all taking the leading positions in China.
From the perspective of green development, the achievements can
be concluded into three aspects, to prove that the green develop-
ment foundation in PRD has taken the leading place in China.

From the national perspective, the economic growth is firstly
well optimized comparing with YRD1 and BTH,2 the other two
largest economies in China. In 2015, the regional GDP of PRD is 958
billion US$, approximately 9.1% of the country, and per capita GDP
reaches 16,300 US$, which is respectively 1.2 and 1.6 times of YRD
and BTH (GDSTATS, 2016; NBS, 2017). Moreover, the process of
urbanization in PRD in entering a mature stage and the developing
level is much higher than YRD and BTH. Secondly, the development
of ecological efficiency is at the top level in China. The utilization of
resources and energy in PRD including the level of energy and
water consumption per unit of GPD is superior to the economic
advanced provinces in China, such as Zhejiang and Jiangsu. For the
pollution emission control, the emission density of main pollutants,
such as SO2, NOX, COD in PRD, are all lower even less than 50% of the
emission in YRD and BTH (NBS, 2017). Thirdly, the living environ-
ment in PRD is leading in the three largest economies in China.
Percentage of the number of days with good air quality in PRD is
89.5% in 2016, which is much higher than the conditions in YRD and
BTH (NBS, 2017). Same, the water quality of Pearl River, keep the
1 YRD refers to Yangtze River Delta area, which generally comprises 26 cities
lying at Shanghai, Southern Jiangsu, Northern Zhejiang and South-eastern Anhui
Province of China.

2 BTH refers to the Beijing-Tianjin-Hebei region, which is the biggest urbanized
region in Northern China that includes an economic region surrounding Beijing,
Tianjin and Hebei Province, along the coast of the Bohai Sea.
first place in the seven major water systems in China.

5.3. Suggestions for the green development level of PRD

According to the overall evaluation results of the present green
development, the cities within PRD showed a differentiated ten-
dency. And the two main indexes resulting for the large differences
among cities are the ecological efficiency improvement and the
economic growth optimization. The cities like Shenzhen, Zhuhai
and Guangzhou with high green development index had a good
economic foundation, and started the transformation and upgrad-
ing very early, and thus they had realized the high-level coordi-
nated development among socio-economy, resources and eco-
environment. The cities like Zhaoqing and Jiangmen with low
green development index had abundant natural resources with a
relatively small pressure of constraints on resources and environ-
ment, but their industrial development was in an extensive pattern
and the cultivation of emerging industry growing points was
insufficient, which may lead to a fact that faces double pressures of
the rapid economic growth and environmental protection in the
future.

In order to improve the green development level of PRD city
cluster, and balance the non-equilibrium of regional green devel-
opment, specific and targeted policy suggestions are proposed from
the four aspects, i.e., the upgrading of energy structure, the trans-
formation of industrial structure, the improvement of public
transportation and the enhancement of forestry carbon sink.

5.3.1. Upgrading of energy structure
Studies show that the upgrading of energy structure by

decreasing the energy consumption intensity help the realization of
low carbon industry (Sheinbaum et al., 2010). Thus, during the
urban green development, the upgrading of energy structure can
greatly promote the index of ecological efficiency. Cities within the
PRD area need to improve the efficiency of energy utilization, and
implement the developing strategy of energy saving priority, in
order to control the overall consumption of coals and finally ach-
ieve the target of controlling carbon emission. Some measures can
be taken, such as the elimination of high-energy industries and
production processes and the technological transformation of in-
dustrial boilers, to improve energy transformation efficiency.
Meanwhile, the improvement of the consumption of clean energy
and renewable energy is also a vital measure to reduce of coal
consumption in PRD.

5.3.2. Transformation of industrial structure
The transformation of industrial structure is the key factor of

developing green economy (Zhou et al., 2012). Within PRD area, the
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economic development of excessive dependence on consuming-
energy industries is one of the main reasons that lead to the gaps
of green development between cities such as Shenzhen and
Zhaoqing. To accelerate the transformation of industrial structure
in PRD, the innovation-leading industrial system should be estab-
lished, and the emerging service economic growing points have to
be quickly cultivated. Shenzhen provides valuable experiences,
among of which, positively developing innovative capability is also
one of the most important motivations for industrial
transformation.

5.3.3. Improvement of public transportation
Transportation is a main source of energy use in an urban area,

and it can greatly influence the energy structure and the air quality
by its emission (Luo and Martineau, 2010). Therefore, the
improvement of public transportation is necessary to the green
development in cities. In fact, the promotion of public trans-
portation has already listed on the priority within PRD area. Before
2020, the one-hour inter-city rail transit of PRD will be completed
and this project can significantly relieve the problem of intercity
traffic congestion. Another important policy is the realization of the
electrification of all new public buses in PRD area. All these policies
can greatly improve the development of public transportation and
thus promote the green development in PRD in the end.

5.3.4. Enhancement of forestry carbon sinks
According to the study results, the living environment in PRD

has a great advantage among the three largest economies in China.
To better maintain the own natural advantage, the enhancement of
forestry carbon sink is still a work that cannot be ignored to reduce
CO2 concentration (Fang and Chen, 2001) and optimize green space.
Furthermore, PRD has always been aiming at building the first
forest city cluster in China. Thus, PRD area should focus on the
construction of the wetland parks and the protection of nature
reserves. The financial investment is, in the meanwhile, another
important source to enhance the forestry carbon sink within PRD
area and improve the overall green development.

5.4. Implications for policy making

For policy making, promoting the green industry is the break-
through of the further step of green development, and also the
inevitable path of development in PRD area. The solid foundation of
economy of PRD provides a reliable capital safeguard for the green
industrial development, but the imbalanced development between
cities leads to barriers if taking all generalizing. Therefore, a clear
and targeted green development planning should be initially made
by the PRD region and each city with taking self-predominance into
account.

As an outstanding natural advantage, the good ecological envi-
ronment in PRD should be legitimately protected and used in
combination with a rational industrial development. At present,
building the national forest agglomeration is taken as the goal of
the green development of PRD. To faster achieve the goal, the
regional industry should be gradually transformed and upgraded
into the industrial system dominating by modern service and
strategic emerging industries, and furthermore, the industry access
standards should be strict as well. The traditional industrial cities
such as Guangzhou, Zhongshan, Foshan and Dongguan, should
focus on the upgrading of traditional industries and build core areas
to encourage the industry agglomeration for the production
transformation. The new cities such as Shenzhen and Zhuhai,
should vigorously develop green technologies with the great
advantage of their scientific and technological innovation, and
become the standing reserve of green innovation of PRD.
As a result, different cities in PRD make different green devel-
opment paths considering their own industrial foundations and
eventually come together to build a better green PRD development.
Likely, the development of PRD city cluster is the economic and
urban development in China in miniature. The extreme unbalanced
development among cities and the highly dependence on tradi-
tional energy and industries are the common problems of urban
green development in current China. Therefore, the regional green
development and implementation paths should take the influential
effects such as economic structure, technological foundation, en-
ergy efficiency into account. Also, the green development in PRD
area can provide valuable experiences for other cities in China.

6. Conclusion

This study employed multi-level evaluation method and en-
tropy method to develop the urban green development evaluation
index system, which was further applied to evaluate the green
development level of nine cities within PRD. Overall, the PRD area
has a solid foundation for green development and is currently
reaching to the international advanced level. The green develop-
ment level in the PRD area in 2015 in descending order was as
follows: Shenzhen, Zhuhai, Guangzhou, Zhongshan, Dongguan,
Huizhou, Foshan, Jiangmen, Zhaoqing. The green development in
PRD area can provide valuable experiences for other cities in China,
and for policy makers, the promotion of green industry could be a
wise breakthrough for further step of green development in PRD
area.
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