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Abstract: To explore the method of creating a theoretical model of urban low-carbon economy evaluation, and analyze
the development status and level of low carbon economy in cities in the middle and lower reaches of Yangtze River;
Method To introduce the basic theory of low-carbon economy, the principle and the technical route for creating the
evaluation system of urban low-carbon economy, develop 3 layers of 5 categories of 18 evaluation indicators, conduct
weighted calculation using Delphi method, analytic hierarchy process(AHP) , fuzzy evaluation method and fuzzy AHP
method, investigate into 7 cities, such as Shanghai, Nanjing in the middle and lower reaches of Yangtze River, and evalu-
ate the urban low-carbon economic status using the created models; Results The evaluation result shows that at present
China has many cities at “medium to high carbon economy” or “high carbon economy” types. The development level of
low-carbon economy lagged behind many western countries; Conclusion It is a most efficient pathway to improve the pre-
sent low-carbon economic level by vigorously developing the low-carbon technology, developing the low-carbon envi-

ronmental education and promoting the low-carbon concept.
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1. INTRODUCTION

With the rapid development of science and technology,
under-expectation and unfavorable precaution of human over
the high development of science and technology, especially
the negative impact of highly developed industry have led to
the 3 global crises, including resource shortage, environ-
mental pollution and ecological damage, which have serious
impact on contemporary society [1]. The environmental pol-
lution refers to the behavior posing harm to the environment
by natural or artificial release of harmful substances into the
environment beyond the self-cleaning ability of the natural
environment under the national conditions [2, 3]. As the
manmade factors change the environmental components or
status, the environmental quality declines, thus disrupting
and disturbing the normal ecological system and human's
production and living conditions. The studies of Intergov-
ernmental Panel on Climate Change (IPCC) found that, in
one century from 1906 to 2005, the global average surface
temperature rose 0.74°C and is expected up to 1.1 to 6.4°C
by the end of this century and the initiator of global warming
is the excessive carbon emissions. Upon into the twenty-first
century, the human life style has underwent a huge change;
the wind energy, solar energy, hydropower, nuclear energy,
geothermal energy and other renewable resources have been
developed and utilized, the human being has advanced from
traditional to modern industrial civilization gradually [4].
However, with the growing global population in amount and
increasing economic size, the people have been continuously
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realizing the environmental problems and aftermaths caused
by the use of conventional energy sources, such as fossil
energy; the hazards with waste gas pollution, photochemical
smog, water pollution and acid rain; and severe conse-
quences of unhealthy life style and the use of conventional
energy. Against this context, the “low carbon economy”
concept rises in the response to the proper times [5].

Low carbon economy (LCE) refers to an economic de-
velopment form to optimally reduce the consumption of
high-carbon energies, such as oil and coal, reduce the green-
house gas emission and reach a win-win of economic
&social development and ecological & environmental pro-
tection by using a variety of means, such as technological
innovation, regulatory system innovation, industrial trans-
formation, new energy development, etc under the guidance
of sustainable development philosophy. Proverbially, the
carbon dioxide has three key sources, namely thermal power
emissions, vehicle exhaust and building emission [6, 7]. The
low carbon economy is characterized in reducing the green-
house gas emissions and constructing an economic develop-
ment system based on low energy consumption and low pol-
lution. The low carbon economy includes low carbon energy
system, low carbon technologies and low carbon industrial
system [8]. The low carbon energy system refers to the re-
duction of carbon dioxide emissions by developing the clean
energy, such as wind energy, solar energy, nuclear energy,
geothermal energy and biomass alternatives instead of fossil
energies, such as coal, oil, etc [9]. With the “low carbon”
discourse, the jargons of “low carbon society”, “low carbon
city”, “low-carbon supermarket”, “low carbon campus”,
“low carbon transport”, “low carbon environmental protec-
tion”, “low carbon network”, “low carbon community” have
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appeared- all walks of life rush to label themselves as “low
carbon” that has become a kind of fashion [10, 11].

In the present paper, with the cities in the middle and
lower reaches of Yangtze River as the research objects, the
development status and level of the low carbon economy
was investigated into with an aim to create an evaluation
model of urban low carbon economy and make a reasonable
evaluation on the low carbon economy in cities in the middle
and lower reaches of Yangtze River.

2. CRITERIA FOR CREATING THE EVALUATION
SYSTEM OF URBAN LOW CARBON ECONOMY

The primary task of low carbon economy is to develop
the sustainable development strategy and be particular about
the win-win associated pattern of environmental-friendly and
economic development. In order to create a scientific, rea-
sonable, systematic evaluation model for urban low carbon
economy, we must firstly understand the components and
meanings of low carbon economy deeply. So far, many Chi-
nese and foreign scholars have studied the low carbon econ-
omy. The principle of creating an evaluation system of low
carbon economy is as below:

1) Principle of combining conciseness and representa-
tiveness. The evaluation system of low carbon economy
should be a kind of framework that is easily understood and
accurately reflect the meanings of the evaluation system of
low carbon economy. The system also varies with the re-
gions. As the present paper researched the evaluation system
of low carbon economy in cities in the middle and lower
reaches of Yangtze River, the comprehensive indicators
combining the conciseness and representativeness should be
used.

2) Principle of systematic optimization and hierarchy.
The goal of low carbon economic system is to create a set of
new urban sustainable development pattern with low pollu-
tion, low energy consumption, low emissions and low carbon
economy. The evaluation indicator of urban low carbon
economy not only wholly reflects the urban economic devel-
opment, but also reflects the environmental pollution inci-
dental to the urban economic development. Therefore, a set
of systematic and hierarchical indicators must be set up.

3) Principle of combining science and feasibility. The
evaluation indicators of low carbon economy must rely on a
sound theoretical support and the existing evaluation system
of urban low carbon economy at home and abroad. It is nec-
essary to set up a set of scientific, effective, feasible and
comprehensive evaluation indicators of urban low carbon
economy.

4) Principle of combining dynamics and statics. It is a
dynamic process to create the evaluation system of low car-
bon economy, a constantly developing process, and also
within a short term, a steady static process. During the grad-
ual forward development process, the evaluation system of
low carbon economy should be a process of combining the
dynamics and statics.

5) Principle of combining the qualitative analysis and
quantitative calculation. The qualitative analysis is a macro
understanding at indicator analysis so that the evaluation
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indicators can be the quantitative indicators as far as possi-
ble. The evaluation system of low carbon economic should
have both features of qualitative analysis and quantitative
calculation,

It is known from the definition of low carbon economy
that it is a complex system integrating the economic system,
technological system, social system and environmental sys-
tem. According to some scholars’ researches, the composite
theory can be made the guidance for creating a low carbon
economy. The present paper investigated into the cities in the
middle and lower reaches of Yangtze River and created the
framework graph as illustrated in Fig. (1).

In above graph, the first layer is a target layer, i.e. the
evaluation system layer to be reached finally; the second
layer is a criteria layer including the low carbon economy
system, low carbon technologic system, low carbon social
system, low carbon environmental system and low carbon
concept system; the third layer is an indicator layer, i.e. the
criteria in the second layer are evaluated using the different
indicators. It includes the system evaluation indicators.
Above 3 layers of indicator system framework can reflect the
low carbon economy level of the whole city more compre-
hensively.

3. CREATING THE EVALUATION INDICATOR
SYSTEM OF URBAN LOW CARBON ECONOMY

By learning from the research at home and aboard, the
author thought the criteria layer of the evaluation system of
low carbon economy must be divided into 5 systems, i.e. low
carbon economy system, low carbon technological system,
low carbon social system, low carbon environmental system
and low carbon concept system. Additionally, the paper has
itemized 5 systems.

Economy, as a symbol of the urban development level of
a city, has a critical status in the evaluation system of low
carbon economy. Among the evaluation indicators of low
carbon economy, the paper selects the indicators: resident’s
per capita GDP, resident’s income, resident’s disposable
income, urban opening-up level and foreign trade import
quota; the low carbon technology is also a major factor in
evaluation system of low carbon economy as the carbon di-
oxide emission is an important criterion for weighing the
urban low carbon economy level. The selected evaluation
indicators in low carbon technological system must reflect
the substantial effort of a country or a region to reduce the
carbon emission. Therefore, the paper selected the indicators
from the low carbon technological system: proportion of
clean energy, repeated utilization rate of industrial waste,
proportion of low energy consumption buildings, cleaning
ratio of urban industrial waste, resident’s wastewater treat-
ment rate; as the evaluation system of low carbon economy
is a social evaluation system, the impact of various social
factors should be taken into account in setting the evaluation
indicators. The paper selected the social system indicators:
engel coefficient, urbanization progress and rate, ratio of
urban bus to citizens, Gini coefficient, etc.; the low carbon
environmental system and low carbon concept system in the
evaluation system of low carbon economy are auxiliary sys-
tems. The present paper selected the major indicators: forest
coverage rate, per capita green area, urban greening area; and
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the indicators in theoretic systems were selected based on the
social questionnaire survey.

The weight of evaluation indicator is a numeral indica-
tion of relative significance of each indicator in the evalua-
tion indicator system. Whether the weight is set rightly and
reasonably has a key influence on the regional development
level of low carbon economy. Therefore, the process to de-
termine the weight becomes a core link during the compre-
hensive evaluation process. The weight must be assigned ac-
cording to the influence level of indicators on the target layers
since the evaluation indicators vary with the significance in
the indicator system. Based on evaluation indicator system
created as in Fig. (1), the selected indicators were weighted
using the Delphi, AHP, fuzzy evaluation method and fuzzy
AHP. The calculation results are shown in Table 1.
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Fig. (1). Technical route graph of evaluation system of urban low
carbon economy.

In the present study, the hierarchical evaluation criteria
for low economy are set up with the advisory experts. The
criteria refer to the evaluation standard in developed coun-
tries, i.e. the comprehensive evaluation scores are calculated
for urban low carbon economy using the indicator synthesis
method. The city is referred to as a “low carbon economy”
type when the comprehensive evaluation indicator is greater
than 1.165; the city is referred to as a “medium low carbon
economy” type when the comprehensive evaluation indicator
is between 1~1.165; the city is referred to as a “medium car-
bon economy” type when the comprehensive evaluation in-
dicator is between 0.875~1; the city is referred to as a "me-
dium high carbon economy" type when the comprehensive
evaluation indicator is between 0.675~0.875; the city is re-
ferred to as a “high carbon economy” type when the com-
prehensive evaluation indicator is between 0.42~0.675; and
the city is referred to as an “ultra-high carbon economy” type
when the comprehensive evaluation indicator is less than
0.42.
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4. RESEARCH ON APPLICATION CASES

The relative significance of 5 systems can be quantita-
tively calculated from Table 1. The weights of low carbon
economy system, low carbon technological system, low car-
bon social system, low carbon environmental system and
low carbon concept system are 0.256, 0.335, 0.171, 0.119
and 0.119 respectively. The low carbon environmental sys-
tem and low carbon conceptual system can be integrated as a
system, i.e. the low carbon environmental and conceptual
system with a weight of 0.238. If the indicator evaluation
indicators of low carbon economy system, low carbon tech-
nological system, low carbon social system, and low carbon
environmental and conceptual system are X;, X, X3 and X4
respectively in the evaluation system of low carbon econ-
omy, the evaluation scores of low carbon economy can be
calculated using the linear weighted method. The calculation
formula is as follows:

Y =0.256 X, +0.335% X, +0.171% X, +0.238 X, @)

where, X; is an indicator matrix of an indicator layer. In
actual calculation, X; is often calculated as a whole indicator.
See Equation 2 for the X; calculation process:

X, =13 x 2)
nis

Accordingly, the comprehensive indicator for develop-
ment level of low carbon economy can be calculated for
various cities. The present paper investigated into 7 cities:
Shanghai, Suzhou, Wuxi, Zhenjiang, Nanjing, Wuhan, Hefei
in the middle and lower reaches of Yangtze River, using
questionnaire survey, data query and Delphi, etc. the scoring
results for 7 cities are shown in Table 2.

The evaluation scores of low carbon economy in 7 cities
are easily calculated according to Equation 1. The results are
shown in Fig. (2).
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Fig. (2). Comparison of evaluation results of low carbon economy
in cities in the middle and low reaches of the Yangtze River.

It is easily found from above figure that, among the sur-
veyed cities, mere Shanghai belongs to “medium low carbon
economy” type; Suzhou and Nanjing to the “medium carbon
economy” type; the rest to “medium high carbon economy”
type. By ordering the comprehensive evaluation weights, the
rank of 7 cities in low carbon economy development level is:
Shanghai > Nanjing > Suzhou > Wuxi > Zhenjiang > Hefei
> Wuhan.
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Table 1. The evaluation indicator system of low carbon economy.
Criteria layer Indicator layer Weight Criteria layer Indicator layer Weight
Resident’s per capita GDP 0.081 Engel coefficient 0.091
Low carbon econ- ; L - Low carbon social T
omy system Resident’s disposable income 0.076 system Urbanization progress and rate 0.054
Foreign trade import quota 0.047 Ratio of urban bus to citizens 0.026
Proportion of clean energy 0.112 Forest coverage rate 0.041
Repeated utilization rate of industrial
waste 0.084 Per capital green area 0.042
Low-carbon techno- Proportion of low energy consumption Low carbon environ-
logical mental and concept
9 buildings 0.063 P Urban green area 0.036
system system
Low carbon education popu-
Cleaning ratio of urban industrial waste 0.055 larization 0.046
Resident’s wastewater treatment rate 0.021 Happiness index 0.034

Table 2.  Scoring results of comprehensive evaluation indicator of urban low carbon economy.
City Low carbon economy system|Low carbon technology system|Low carbon social system|Low carbon environmental and conceptual system
Shanghai 1.8745 0.7142 1.4152 0.1741
Suzhou 1.4952 0.5641 15321 0.1247
Wuxi 1.3606 0.5214 1.1234 0.0987
Zhenjiang 1.0621 0.4367 1.0002 0.1441
Nanjing 1.5454 0.5941 1.4926 0.1516
Hefei 1.3221 0.4986 1.2147 0.0841
Wuhan 1.4512 0.5309 1.1128 0.1328
CONCLUSION relevant departments from February, 2013 to October, 2014,

China’s cities in the Yangtze River basins are more de-
veloped. Their development level shows a rising trend from
west to east. The above investigation results show that many
developed cities in our country are still at the “medium high
carbon economy” type or “high carbon economy” type.
There is still a gap between them and those in the European
and American countries. However, with China’s economic
and technological growth and increasing awareness of envi-
ronmental protection in recent years, the researches on low
carbon economy have been deepened and extended gradually
in China. For example, in July, 2007, Premier Wen Jiabao
attended and deployed the work in response to the climate
change, organized and fulfilled the energy-saving emission
reduction work; on 28th, January, 2008, WWF launched the
“China’s low carbon urban development projects” officially;
in August, 2010, the National Development and Reform
Commission piloted to construct the low carbon industries in
8 cities, 5 provinces.

In order to investigate into the development status and
level of low carbon economy in cities in the middle and
lower reaches of the Yangtze River, the author visited many

referred to the related data files, evaluated the questionnaire
for low carbon economy in Shanghai, Suzhou, Wuxi, Zhen-
jiang, Nanjing, Hefei and Wuhan, formulated 3 layers of 18
evaluation indicators by combining the researches at home
and abroad and calculated the evaluation indicators of low
carbon economy using the linear weighted method. The cal-
culation results show that a majority of cities are at “medium
high carbon economy” type or “high carbon economy” type.
The typing results are far below the level in the developed
countries. Additionally, we found during the survey that the
indicators of low carbon economy and low carbon social
awareness are rising commonly, but the low carbon technol-
ogy, environment and concept are to be developed. Thus, it
is a most efficient pathway to improve the present low-
carbon economic level by vigorously developing the low-
carbon technology, developing the low-carbon environ-
mental education and promoting the low-carbon concept.
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