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Abstract
In China’s rapid urbanization and industrialization, cities are 
playing important roles in helping the country reach its cli-
mate change mitigation goal of peaking CO2 emissions around 
2030, and improving environmental quality. During the 12th 
Five-Year Plan (12th FYP) period (2011–2015), Chinese cities 
set ambitious goals and implemented diverse policies aimed at 
transitioning to a greener economy. The Chinese central gov-
ernment also set targets on a number of indicators, such eco-
nomic energy intensity and carbon intensity (e.g., CO2 per unit 
GDP), and air quality (e.g., PM2.5 concentration). These targets 
are helpful for tracking implementation of individual policies 
or progress at a sectoral level. However, a more comprehen-
sive and integrated approach is needed to assess progress and 
capture the multi-dimensional aspects of Chinese cities’ transi-
tion to a greener economy, an approach that offers comparison 
with international best practices, as well as working with data 
availability in China’s statistical system.

This paper presents the development of a China Green Low-
Carbon City Index2 (CGLCCI, or City Index) and its applica-
tion to 115 Chinese cities – the largest assessment of Chinese 

1. Author of correspondence.

2. The term “low-carbon” means reducing emissions of the greenhouse gases 
carbon dioxide (CO2) and methane (CH4), with a focus on energy-related CO2. The 
term “carbon” is used as short-hand for these GHGs throughout the paper. The 
term “green” recognizes multiple environmental parameters related to urbaniza-
tion and climate change: air quality, water use, solid waste, transport networks, 
and urban green space.

cities to date. The GCLCCI includes 23 key indicators across 
seven categories: economy, energy, industry, buildings, trans-
portation, environment and land use, and climate policy and 
outreach. This paper applied the CGLCCI to benchmark the 
green and low-carbon development status of 115 Chinese cities 
in the year 2015. Data for the analysis came from government 
and publicly available data sources. The CGLCCI methodology 
provides a standardized method to benchmark each indicator, 
calculate overall city scores, and rank the cities.3

The results showed that the low-carbon transition in Chinese 
cities is still in its early stages. Compared to the best practic-
es benchmarks, the 2015 City Index scores ranged from a low 
of 28 to a high score of 70 in 2015 (maximum score is 100). 
This paper also presents three top-performing cities in different 
stages of development and discusses how their scores across the 
index categories. Creating a green low-carbon index that relies 
on publicly available data in China, and regularly evaluating 
city performance, can encourage Chinese cities to learn best 
practices from each other, and to strengthen their goals and 
implementation efforts toward a green low-carbon transition.

Introduction
China has seen rapid economic growth, industrialization, and 
urbanization over the last 30 years. However, Chinese cities are 
now struggling with increasingly serious environmental pollu-
tion and the need to reduce large-scale burning of fossil fuels 

3. Further details on the City Index methodology, its application to 115 Chinese 
cities, and analysis of trends over time (2010–2015), are available in Chinese and 
English reports from iGDP and LBNL in Spring 2017. 
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and mitigate climate change. China, as the world’s largest emit-
ter of CO2, takes climate change seriously and is relying, in part, 
on policies in cities to implement and enforce a range of low-
carbon measures.

Transitioning to a greener and low carbon economy is a key 
component of China’s ecological civilization construction and 
has been incorporated into various national strategies. For 
Chinese cities during the 12th FYP, “green” efforts are reflect-
ed in multiple environmental parameters related to urbaniza-
tion and climate change, including air quality, water use, solid 
waste, transport networks, and urban green space, and so on. 
“Low-carbon” efforts mainly focus on reducing emissions of 
energy-related CO2. In 2013, State Council of China released 
Action Plan for Air pollution Prevention and Control covering 
three key regions and 10 city clusters. It laid out targets for coal 
consumption caps and energy structure transformation. Most 
of the cities issued their own action plans and roadmaps to curb 
air pollution. In addition, during the 12th FYP period, China 
launched 42 low-carbon pilots in six provinces and 36 cities, 
covering a wide range of geographic locations, resource con-
ditions, economic characteristics, industrial and energy struc-
ture. These pilots have developed and implemented policies, 
programs, and measures to achieve low-carbon targets at the 
local level. 

It is necessary to measure and report Chinese cities’ status 
on progress and processes of the transition to a greener econ-
omy, in order to identify potential areas for improvement and 
identify top-runners to motivate their peer cities. Even though 
central and local governments have set single macro-level in-
dicators, such as energy/GDP and CO2/GDP, and reduction 
targets for key pollutants. China still lacks an index that offers 
comparison with international best practices, as well as suiting 
Chinese conditions, such as data availability, city resources, and 
economic and institutional features.

The main purpose of this study is to create an index to track 
the status of the transition to a greener economy. The remain-
der of the paper is organized as follows, section 2 introduces a 
brief literature review on international and Chinese low carbon 
city indicator systems. It is then followed by section 3 method-
ology. Results and discussion are presented in Section 4 includ-
ing a discussion of the current situation for all selected cities 
and an analysis on three top-performing cities based on city 
groupings. The paper then concludes that CGLCCI Index is 
proven helpful to learn about the progresses and gaps in achiev-
ing low carbon targets in Chinese cities, lessons are concluded 
for cities to encourage peer learning in transitioning to a green-
er and low-carbon future.

Literature Review
There are several international indicator systems that compare 
green or low-carbon features of cities around the world. Wil-
liams et al. (2012) and Zhou and Williams (2013) reviewed 
9  international low-carbon eco-city ranking systems and 
7 non-ranking systems. They summarized that majority of in-
dicator systems include common indicators of carbon intensity, 
energy intensity, building energy use, water consumption in-
tensity, waste generation, waste recycling, measures of extent of 
transportation infrastructure, transport modes, employment, 
public green space, population density, health and education. 

In China, there are several official indicator systems devel-
oped by some agencies at the national level, including “Na-
tional Ecological Civilization Construction Indicators System”, 
“Green Development Indicators System” and “New Urbaniza-
tion Pilots Indicators System” developed by the National De-
velopment and Reform Commission (NDRC); “New Energy 
City Pilots Indicators System” developed by the National Ener-
gy Administration (NEA); “Regional Green Industry Transfor-
mation Pilots Indicators System” developed by the Ministry of 
the Industry and Information Technology (MIIT); and “Pub-
lic Transport Metropolitan Pilots Indicators System” developed 
by the Ministry of Transportation (MOT). These indicator sys-
tems have significant variance in the conceptual framework, 
because these agencies only evaluate some concerns of green 
low carbon dimensions within their jurisdiction. These indica-
tor systems have difficulty delivering a comprehensive evalua-
tion of a city’s green low-carbon progress.

Chinese research and academic institutions have also de-
veloped their own sets of indicators to capture and measure 
various green or low-carbon dimensions of cities, and they 
follow different methodological approaches (Tan et al., 2015). 
Zhuang et al. (2014) designed a city low-carbon development 
evaluation system with 10  indicators from four categories: 
low-carbon production, low-carbon consumption, low-car-
bon resources and low-carbon policies. Shi et al. (2013) used 
a city green development indicator system to assess 83 cities. 
In addition, some studies used city-specific indicator systems 
(Lei 2012; Wang et al., 2010; Fu et al., 2010; Lu et al., 2011; 
Chu et al., 2011). Theses indicator systems only focused on a 
single objective of evaluating environment conditions or only 
emphasized a single objective of carbon emission reduction. 
There are currently few studies using a composite index in the 
conceptual framework of green and low carbon city and con-
sidering international best practices for benchmarking and 
ranking cities.

Overall, in comparison with international indicator systems, 
Chinese indicatory systems are less systematic or robust in 
their methodology. However, international indicator systems 
often miss key components of the current Chinese conceptu-
al framework on green low-carbon development strategy. For 
example, international city indices typically do not include the 
industrial sector, yet urban industry still plays a major role in 
energy consumption in Chinese cities. In addition, the scope 
of recorded statistics is different in China and abroad, there-
fore many international indicator frameworks face data gaps in 
Chinese cities. Therefore, this study presents a new City Index 
to examine energy use and carbon emissions of more than 100 
Chinese cities, along with environmental and socio-economic 
indicators. The selected indicators have data available in China’s 
statistical system, and the City Index can be easily implemented 
and better reflect the Chinese policy context. 

Methodology
The methodology section consists of three parts: index struc-
ture, selection and grouping of cities, and data collection and 
processing. The index structure includes the process for devel-
oping the City Index system, covering the selection of categories 
and indicators, selection of benchmarks, weighting and maxi-
mum scoring, and standardising and performance scoring. 
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INDEX STRUCTURE

Selection of Categories and Indicators
The basic principles for the selection of index framework follow 
the definition of a green and low-carbon city, as well as com-
mon international practices and considerations of data availa-
bility in Chinese cities. This indicator system structure is largely 
based on the Eco and Low-carbon Indicator Tool for Evaluat-
ing Cities (ELITE Cities tool) developed at LBNL (Zhou, He, 
Williams, & Fridley, 2015), which applied an indicator evalua-
tion criteria called SMART. In SMART framework the indica-
tors should be specific, measurable, achievable, relevant, and 
timely (Doran, 1981). The majority of the indicators selected 
are quantitative, with exception of a few qualitative indicators 
on policy development. Sustainability scholars often note three 
primary categories: environmental, economic and social. Simi-
lar to many international studies, this index encompasses four 
primary categories: economy, energy and carbon , environment 
and land use, and climate policy and outreach. The 23 indica-
tors were chosen in secondary category, with the consideration 
and compromise of key low-carbon city features and Chinese 
data availability. 

Generally, there is a lack of commonality of indicators in 
sub-category. Many efforts were made to ensure that in each 
sub-category indicators can sufficiently resemble each other 
and share common goals to address particular issues. For ex-
ample, in economic health category, the economic structure 
indicator such as the GDP share of tertiary sector was not se-
lected. The reason behind the consideration was that it is not 
feasible to have a consistent economic structure among low 
carbon cities, despite that higher GDP share of tertiary sector 
usually results in less CO2 emissions. The data for transport and 
building sectors are usually more challenging to collect than 
other sectors in China, therefore these indicators are designed 
to take into account of specific Chinese statistical characteris-
tics. In transport category, ideally mode share or land use pat-
tern could better reflect the infrastructure that is supportive for 
low carbon commute behaviours. Instead, the selected indica-
tors had to be based on Chinese statistical yearbook and they 
are not used elsewhere. In building category, a common inter-
national indicator is to use building energy intensity (primary/
final energy use/m2). In this index, a per capita intensity unit 
was replaced due to the inaccessibility of building area data in 
many Chinese cities. In environment category, a common indi-
cator for solid waste management in China is to use “municipal 
solid waste treatment rate”, however, most of these treatments 
are dominated by unsustainable landfill or incineration. A con-
sumption-based indicator can better reflect a low carbon way 
of handling of solid waste. 

Benchmark Values
In a similar vein, the selection of benchmark values should 
ideally reflect international best practices. When this goal is 
difficult to achieve due to issues such as data limitation, alter-
natively the benchmark values are defined as 20 % better than 
the top 10 best-performing cities in China. As a result, the 
benchmark setting in the City Index has a mix of approaches, 
with CO2 emissions per capita and per GDP, non-fossil fuel 
share, green building share, PM2.5 concentration, and mu-
nicipal water consumption per capita based on international 

best practices.4 More details of the indicator framework and 
benchmark values can be found in Table 1.

Weighting and Maximum Scoring
This City Index is designed to provide an overall score for cities 
based on their performance across all the indicators. A com-
mon international weighting scheme practice is to assign dif-
ferent or equal weighting to primary categories, and then in-
dicators in different primary categories are assigned differing 
weights in determining a city’s overall score. This results in the 
creation of a consolidated overall score, in order to rank cit-
ies against each other. The primary categories receive differing 
weighting, based on the assumption that it is insufficient to only 
focus on carbon emissions in order to achieve low carbon city 
goals. Economic transition and environmental sustainability 
also play important roles in examining the current low carbon 
city progress. The primary categories of the City Index – econ-
omy, energy and carbon, environment and land use, and policy 
and outreach – received 20 %, 50 %, 20 % and 10 % weighting 
respectively, based on policy priorities and expert interviews. 
The energy and carbon category is further divided into second-
ary categories – energy and power, industry, transportation, 
and building sectors – receiving 36 %, 36 %, 12 % and 16 % 
weighting, based on the share of each sector’s final energy use 
in national total in 2015 (Khanna et al. 2017). In other primary 
categories, each indicator receives equal weighting. 

A practical way of doing the scoring is to assign a maximum 
score of 100 for the sum of all indicators, and each indicator 
receives certain points based on the assigned weighting score. 
The following formula shows how to calculate the maximum 
score for each indicator:

Si = 100 * wi 

in which 

Si	 maximum score for indicator i

wi	 weighting for indicator i, 	  and 0 ≤ wi ≤ 1

i	 indicators 1,…,n, and n: number of indicators (current-
ly n = 23)

Standardising and Performance scoring
The research team normalized the data collected to remove 
outliers. Great effort was also put to ensure data quality from 
various sources. Quantitative indicators were divided into di-
rect indicators (the higher the indicator value, the better the 
performance) and inverse indicators (the lower the indicator 
value, the better the performance).

For direct indicators, if the value is below the benchmark for 
that indicator, the score was reduced in proportion to the dif-
ference. If the value was higher than the benchmark, a maxi-
mum score was assigned to the indicator.

4. Among these best practices, it was challenging to determine the benchmark 
level for municipal water consumption indicator. Unlike other indicators, the water 
consumption level should fall into a range. In addition, because minimum water 
resource availability is needed for survival and sanitary purposes, there is a mini-
mum limit set for sufficiency. To simplify the data processing, this index applied 
60 L/capita/day as the benchmark for the water consumption indicator, based on 
the above consideration and baseline on WHO guidelines (excluding the share of 
water for growing food).

!!
wi

i=1

n

∑ =1  
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Ii = Si (Xi / Bi)

For inverse indicators, if the value was higher than the bench-
mark, the value was reduced in proportion to the difference. If 
the value was lower than the benchmark, the maximum score 
was assigned to the indicator.

Ii = Si (Bi / Xi)

In which, 
Ii	 score of indicator i, indicating its performance relative 

to the maximum score
Xi	 actual value for indicator i
Bi	 benchmark value for indicator i

The total Index score for each city was calculated with the fol-
lowing formula:

Where 
Ii	 the score for each indicator i, and
INj	 the total Index score for each city j.

For example, the standardized benchmark of transportation 
energy use per capita receives 2 points (100 * 50 % * 11 % / 3), 
therefore the performing score of this indicator is 2*benchmark 
level/actual performance (inverse indicator). The final score of 
the city CGLCCI is the sum of the preforming scores of each 
indicator.

SELECTION OF CITIES AND GROUPING
There were 115  cities analyzed in this study. These include 
the top 100 prefecture-level and above cities ranked by urban 
population size. In 2015, together they contributed 74 % of the 
national GDP; their population was 52 % of the national popu-
lation, while energy consumption accounted for 58 % of the 
national total. The cities selected are very diverse, with varying 
population sizes, urbanization and income levels, economic 
development conditions, and industrial mixes. These features 
are important factors to consider for evaluating energy con-
sumption, CO2 emissions and relevant low carbon city policies. 
Because of this variability, it is helpful to compare the perfor-
mance of groups of cities based on their social and economic 
features. To group cities according to these feature, Chen et al. 
(2006) from the Chinese Academy of Social Sciences (CASS) 

Table 1. The CCGLC Index: Categories and Indicators.

Category Indicator (Unit) Benchmark 
value

Weighting maximum 
scoring

1. Economy

Economy (-) Energy Intensity (tce/RMB 10,000, 2005 prices) 0.23 20 % 10

(-) Carbon Intensity (kg CO2/RMB 10,000, 2005 prices) 0.32 10

2. Energy & Carbon

Energy (-) CO2 emissions per capita (tCO2/capita, annual) 2.4 50 %

36 %

6
(-) Primary energy consumption per capita (tce/capita, annual) 2.8 6
(+) City non-fossil fuel share of primary energy (%) 20 % 6

Industry (-) Industrial energy intensity (tce/RMB 10,000) 0.27
36 %

9
(-) Heavy industry share of industrial GDP (%) 29 % 9

Transportation (+) Public transportation vehicles (vehicles/10,000 people) 26.4

12 %

2
(+) Extent of urban rail transit lines (subway, light rail) per 
urban area (km/km2)

0.04 2

(+) Utilization of buses and trolley buses (trips per capita, 
annual)

308 2

Buildings (+) Green buildings share of new buildings in city plans (%) 100 %

16 %

2
(-) Residential energy consumption per capita (kWh/capita 
,annual)

4,743 3

(-) Commercial energy consumption per employee (kWh/ 
employee, annual)

6,576 3

3. Environment & Land Use

Environment (-) Municipal solid waste per capita (ton/yr/capita) 0.31 20 % 3
(+) Blue sky days (%, annual) 100 % 4
(-) PM2.5 concentration (annual average, μg/m3 ) 10 3
(-) Municipal daily water consumption per capita(L/capita /day) 60 3
(+) Environmental spending as share of city budget (%) 3 % 3

Land use (+) Green space per capita (m2/capita) 100 4

4. Climate Policy & Outreach

City low-carbon development/climate change plan Yes 10 % 2.5
City strategy (above national targets) on renewable energy Yes 2.5
City climate change resilience/adaptation plan Yes 2.5
Public outreach on low carbon consumptions/lifestyles Yes 2.5

Note: (+) indicates the indicator is positive (higher values are better), while (-) indicates the indicator is negative.

!!
IN j = Ii

i=1

n

∑  
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developed a methodology to evaluate regional or local eco-
nomic and social progress in China. The CASS methodology 
groups cities based on five criteria: GDP per capita, share of 
value added in Primary, Secondary and Tertiary industries, 
share of value-added in the manufacturing industry, share of 
employment provided by the tertiary industry, and share of ur-
ban population. Table 2 shows the details of city groups and 
corresponding city characteristics. Group P cities (10 of the 
115 cities analyzed) are categorized as having post-industrial 
economies, fairly wealthy, urbanized populations and a large 
service sector. Group H cities (58) are cities that are undergoing 
an economic transition from a large industrial sector (heavy 
industry and manufacturing) to a more service-oriented econ-
omy. They have a slightly lower GDP per capita and level of 
urbanization compared to P cities. Finally, M cities (47) have 
economies dominated by industry and have a much lower GDP 
per capita and level of urbanization than both P and H cities.

DATA COLLECTION AND PROCESSING
Collecting data for 115 cities was a lengthy process. The team 
sourced data from national and local governments and aca-
demic literature in both English and Chinese. The data pre-
sented in this paper are mainly from the year 2015. When data 
in 2015 were not available, the most recent year of data were 
utilized.

Results and Discussion
This section presents the overall results and the distribution of 
the index scores for the year 2015. It also compares the perfor-
mance based on socio-economic groupings of cities. Three typ-
ical top-performing cities were selected from each group, and 
their performance in each category of the index was examined 
to identify their status and potential for improvement.

RESULTS FOR THE CGLCCI INDEX IN 2015 FOR THE 115 CITIES SHOWS 
THE CITIES’ POTENTIAL FOR IMPROVEMENT
The highest-ranking city scored 70 out of 100 whilst the worst 
performing city scored just 28. The median and mean index 
score was 45. Among 115 cities, only two cities (Shenzhen and 
Xia’men) had scores higher than 60 points; while 33 cities had 
scores between 50–50.9, and 51 cities had scores between 40 
and 49.9. This distribution of scores highlights that cities have 
moderate to low scores, and there are the significant differences 
in green low-carbon performance among Chinese cities. Cities 
need to make more efforts to drill down into each indicator’s 

performance to understand actual gaps relative to the bench-
marks for achieving green low-carbon development as defined 
by the CGLCCI index. 

Figure 1 compare the average score of the 115 cities with the 
maximum score achieved by any one city within each catego-
ries of the index. For the Economy, Transportation, Industry, 
and Climate Policy and Outreach categories, the average score 
for all cities was less than 50 % of the maximum. The Economy 
category had lowest percentage of average score 5.1 points out 
of maximum 20 points. Compared to high performing cities 
which had a 0.23 tce/RMB 10,000 (2005 price) of economic 
energy intensity and 0.32  tce/RMB  10,000 (2005 price) of 
economic carbon intensity, the average values for the selected 
cities were more energy intensive and higher CO2 emissions 
intensive, with actual values of 0.95 tce/RMB  10,000 (2005 
price) and 1.91 tce/RMB 10,000 (2005 price) respectively.

The Transport category had an average score less than 50 % 
of maximum score (6 points). Looking closer at the indica-
tors within this category, there was not sufficient public ur-
ban transit in the most of cities. The Industry category had 
weak performance, in that the average of the energy con-
sumed per unit of industrial value-added economic output 
was 1.18 tce/RMB 10,000 (2010 price), more than four times 
higher than the benchmark value set at 0.27. And the aver-
age of the heavy industry share of industrial value-added eco-
nomic output was 67 %, more than three times higher than 
the benchmark value. The Climate Policy and Outreach cat-
egory had average score of 4.3, just below the mid-range of 
the maximum score (10 points), because nearly two-thirds of 
the selected cities still lack comprehensive low-carbon plans 
or climate resilience plans. For the Energy. Environment & 
Land Use, Buildings, and Energy & Power categories, their 
the average scores for all cities were more than 50 % of the 
maximum score. The Environment and Land Use category 
performed the best, with an average score of 12 points out of 
maximum 20 points, due to the fact that most of the cites’ per 
capita solid waste generation was low, and they have met the 
environmental public budget targets. The Building category 
performed second-best, with an average score of 4.7 points 
out of maximum 8 points, in part due to the modest energy 
consumption in residential buildings. The Energy and Power 
category registered above the halfway mark, with an average 
score of 9.3 points out of maximum 18 points, partly because 
several cities have already met the national target of 20 % of 
non-fossil fuel energy in total energy mix, and 47 P cities had 
lower per capita CO2. 

Note: The exchange rate in 2015 was EUR 1 = RMB 7.01.

Table 2. City groupings based on economic and urban criteria (CASS methodology).

Category Number Economic and Urban Characteristics
P cities 10 GDP/capita: RMB 89,793–RMB 153,819 (EUR 12,809–EUR 21,942);  

Urbanization rate: 75 %–100 %; 
share of value-added in Service sector:50 %–80 %

H cities 58 GDP/capita: RMB 33,320–RMB 146,397(EUR 4,753–EUR 20,884);  
Urbanization rate: 52 %–97 %; 
share of value-added in Service sector:31 %–75.7 %

M cities 47 GDP/capita: RMB 22,912–RMB 63,168 (EUR 3,268–EUR 9,011); 
Urbanization rate: 36 %–71 %; 
share of value-added in Service sector: 24 %–53 %
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Based on the above analysis on average performance for each 
category, this study shows that the cities’ overall performance 
in terms of economic energy and carbon efficiency, industrial 
energy efficiency and public transit is still very low compared 
with the benchmark levels. Although the overall performance 
for all cities relatively better on energy transformation, per cap-
ita energy consumption and CO2 emissions, building energy 
saving and environmental conditions, there are still big gaps 
when compared to the best practices level. This means that it is 
important for municipal governments to emphasize specific in-
itiatives aimed at improving their performance based on their 
social and economic features while to develop specific mid-and 
long-term comprehensive and strategic framework including 
all aspects of green and low-carbon features.

TOP-SCORING CITIES SPANNED AMONG DIFFERENT CITY GROUPINGS, 
SHOWING THAT CITIES WITH DIFFERENT FEATURES OF ECONOMIC 
AND URBAN DEVELOPMENT CAN PURSUE DIFFERENT PATHWAYS IN 
ACHIEVING GREEN AND LOW-CARBON ECONOMY
The P cities (wealthy, large service sector, highly urbanized) 
had higher scores than the other two groupings due to their 
more service-oriented economy. However, single top-scoring 
cities were found from H cities (moderate GDP per capita, 
heavy industry and manufacturing) and M cities (Lower GDP 
per capita and urbanization). The top 20 cities spanned among 
different city groupings, with five in P cities, seven in H cities, 
eight in M cities, indicating that a variety of pathways for green 
low-carbon development is possible.

In order to better identify the status and pathways of green 
low-carbon development for different city groupings, this 
study selected one top-performing city from each group –
namely, Shenzhen from P cities, Wenzhou from H cities, and 
Ganzhou from M cities. This paper analyzed the performance 
of the three cities within each category and discusses their 
progress and potential.

The mega-city of Shenzhen, located in the Pearl River Del-
ta, Guangdong province, is an economically developed city 
with a 100 % urban population, RMB 157,985 (EUR 22,537) 
of GDP per capita, and 58.8 % of value-added in the service 
sector in 2015. Shenzhen, with limited energy sources and en-
vironmental capacity, has oriented its economic development 
to be high quality and high efficiency. The city of Wenzhou, 

in eastern Zhejiang province, has a population of 9.1  mil-
lion, with slightly higher GDP per capita of RMB  50,809 
(EUR 7,248) and urbanization rate (68 %) compared to the 
national level in 2015. The Wenzhou economy is transforming 
from industry-oriented to service sector-oriented, and it fac-
es challenges in the transition away from heavy industry and 
manufacturing and environmental pollution. Wenzhou is in 
search of new impetus for economic development. Ganzhou 
is an economically underdeveloped city in the eastern prov-
ince of Jiangxi, with a population of 8.6 million. The share of 
value-added in the tertiary sector (40.9 %), GDP per capita of 
RMB 23,148 (EUR 3,302) and urbanization (45.5 %) in 2015 
were lower than the national levels. Ganzhou is accelerating 
industrialization and urbanization. Figure 2 shows the com-
parisons of these three cities with national levels in terms of 
share of value-added in the tertiary (service) sector, urbaniza-
tion of the population, and GDP per capita in 2015.

The city of Shenzhen performed the best in the 2015 City In-
dex with a score of 70 out of 100, largely due to the high scores 
in the Economy category, Transport category, and Environment 
and Land Use category. As Figure 4 shows, in the Economy, 
Shenzhen’s energy intensity of 2015 was 0.23 tce/RMB 10,000 
(2005 price), which has met the benchmark set at Japan’s lev-
el in 2012. However, Shenzhen’s carbon intensity was twice as 
high as the benchmark set at EU level in 2013. Shenzhen needs 
to pay more attention to de-carbonization of the economy. In 
the Transport category, Shenzhen performed well mostly due to 
significant investment in public transit (bus, subway, and light 
rail). In the Environmental and Land Use category, Shenzhen 
had the lowest annual average PM2.5 concentration among 
top performing cities in the Index; and among cities with pop-
ulation size over 10 million, Shenzhen had the best air qual-
ity. In addition, Shenzhen also had the highest environmental 
expenditure at a 5 % of its fiscal budget. However, Shenzhen’s 
score in the Energy and Power category was quite low, revealing 
the fact that the energy consumption per capita and CO2 emis-
sions per capita are still very high.

Ganzhou city ranked 6th with a score of 58, which benefited 
from two categories: Energy and Power, and Economy. Within 
the Energy and Power category, CO2 emissions per capita and 
primary energy consumption per capita for Ganzhou were bet-
ter than the benchmark values, while the city’s share of non-

 
Figure 1. Average and maximum scores for each category in the City Index.
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fossil fuel in primary energy was 11  %, roughly half of the 
benchmark value. In the Economy category, Ganzhou’s energy 
intensity of 2015 entered the top ten scored cities with a value 
of 0.30 tce/ RMB 10,000 (2005 price), slightly higher than the 
benchmark value. However, its economic carbon intensity was 
0.949, almost three times higher than the benchmark. In the 
Transport category, Ganzhou had very low scores, due to the 
lack of public transit infrastructure in place, and low availabil-
ity and use of public transit. 

Wenzhou city ranked 15th overall with a total score of 55. In 
the Economy category, energy intensity was 0.44 tce/RMB 10,000 
(2005 price), and appeared in the list of top 10 best cities in this 
indicator. But economic carbon intensity was 0.977  kg  CO2/

RMB 10,000 (2005 price), almost three times that of the bench-
mark levels. Figure 3 shows that except for the Industry category, 
Wenzhou scores for each category were rather weak. In the In-
dustry category, Wenzhou scored better compared to Shenzhen 
city and Ganzhou city, since its industrial economic energy 
intensity was lower than Ganzhou city, and its heavy industry 
share of industrial value-added economic output was lower than 
Shenzhen city.

Through the comparison of three top-performing cities’ 
economic situation and their 2015 CGLCC Index, the study 
found that there are similarities and differences on green and 
low-carbon features among these cities. Key similarities are that 
these three cities had relatively higher scores in the Economy 
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Figure 2. Comparison of Economic and Urban Characteristics among Shenzhen, Wenzhou, Ganzhou and National Levels in 2015.

Figure 3. Index scores and maximum scores within each category for three cities.
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category with lower economic energy intensity and CO2 emis-
sions intensity compared to other selected cities. At the same 
time, these cities have their own strong areas. Shenzhen as a city 
with strong local public finance, performed well in the Trans-
portation category and the Environment and Land Use category. 
Wenzhou had higher scores in the Industry category, and the in-
itiative on “Strengthening Industry” has been a key component 
of its mid-and long-term city development strategy. Ganzhou 
performed well in the Energy and Power category. Ganzhou’s 
2015 City Index score showed it performed well as a low-carbon 
city. However, its underdeveloped economy and higher share of 
value added in agriculture sector have contributed to less energy 
consumption. The M cities like Ganzhou are still facing the chal-
lenge of how to achieving green and low-carbon targets while 
balancing economic development. Economic structure change, 
and industry and energy structure transformation, should be 
the strategic priority areas of local governance for all Chinese 
cities. In addition, these efforts should be closely aligned with 
local economic and urbanization characteristics.

Conclusions
The development and application of the new City Index on a 
sample of 115 Chinese cities proved to be a useful approach 
in evaluating and benchmarking cities on aspects of green 
and low-carbon efforts. The results from analysis of these cit-
ies’ performance in the seven categories and 23 indicators in 
2015, showed that city green and low-carbon transition is still 
at an early stage in China. Local economic profiles and political 
will may have played strong roles in city progress, because each 
city, depending on its key industries, had different priorities 
and drivers on green low-carbon development. Cities should 
be encouraged to learn best practices from each other, as well 
as pursue innovation for transitioning to a greener and low-
carbon economy.

The City Index is developed from relevant and comparable 
indicators using widely-available data in China, making it a 
useful tool to study Chinese cities. We recommend local gov-
ernments use the City Index as an assessment tool to track their 
performance, identify areas for improvement, and design tar-
geted low-carbon strategies suited to their local situation. Pro-
vincial and national government agencies can also use this in-
dex to strengthen policies, provide support to cities most in 
need, and award top performers.
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