
HK.NCCP                                         International Journal of Intelligent Information and Management Science 
                                                                   ISSN: 2307-0692                                   Volume 3, Issue 6, December 2014 

15 
 

Literature Review on Regional Low-
Carbon Competitiveness Evaluation 

Indicator System 
Ming MA, Yonggang YAN 

School of Management, Chongqing Jiaotong University, Chongqing, 400074, CHINA 
 

Abstract: Based on literature research, document calculation and frequency statistics methods, this paper sys-
tematically generalizes, combs and summarizes the researching features and developing tendency about re-
gional low-carbon competitiveness recent years. Regarding “evaluating indicator system” and “evaluating 
method” as two research dimensions, this paper will make an all-round and deep literature review on the 
evaluation of the low-carbon competitiveness by taking both the qualitative review and quantitive review as 
the logic cogitation. 
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1. Introduction 
As global warming and environmental deteriorating, in-
novation in science technology and change in people’s 
thinking perception impel us to rethink about the grab for 
the natural resources. The development methods of low-
carbon society, green economy and sustainable develop-
ment have been put on the agenda which also attract 
mass scholars to make research on. Competition of future 
economy is under the low-carbon development model in 
which quality and speed of economy development are 
regarded as the main evaluation standards, and this 
change has brought each country not only a chance, but 
also an inevitable challenge. Hence, it’s quite important 
to enhance country and regional low-carbon competitive-
ness as the low-carbon economy development model is 
widely promoted across the world. Based on this, this 
paper will make a deep review about the low-carbon 
competitiveness evaluation system and evaluation me-
thods by setting foot on the conception and connotation 
of low-carbon competitiveness with the purpose of 
enriching the low-carbon economy theory and providing 
research basis to promote regional low-carbon competi-
tiveness. 

2. Literature Review of Concept and Cogni-
tion of Low-Carbon Competitiveness 
The term “low-carbon economy” was firstly used in the 
Energy White Paper: Our Energy Future- to Create a 
Low-Carbon Economy declared by the English minister 
Tony Blair on Feb 24th, 2003 which means gaining more 
economy output by less resume of nature resources and 
environment pollution [1], and after that, scholars devote 
to the academic research low-carbon economy, low-

carbon industry and low-carbon competitiveness. The 
concept of low-carbon competitiveness is obvious, how-
ever, it is difficult to give a clear definition. Low-carbon 
competitiveness was firstly defined in the report “Low-
Carbon Competitiveness of the G20”, released by the 
Australia Climate Institute and the English E3G Organi-
zation, in which low-carbon competitiveness was defined 
like this: low-carbon competitiveness means the ability of 
each country to create material prosperity for its people 
in the way of future low-carbon development [2]. Lee 
and MacGillivray (2010) thought low carbon competi-
tiveness is the ability for economies to create constant 
economy value by low-carbon technology, products and 
service. They believed activities, such as, the lead of 
country, strategy and coordination, investment, and the 
involvement of civilians, would be helpful to the devel-
opment and promotion of the low-carbon competitive-
ness [3].  
Xu (2011) thought regional low-carbon competitiveness 
is the ability to promote regional economy to low-
consumption, low-pollution and low-emission develop-
ment model, to gain, attract and convert low-carbon re-
sources, and to contest, occupy and control market under 
the guidance of sustainable development, by means of 
energy developing, technology innovating, industry con-
verting and system reforming, which is a kind of com-
prehensive ability involving economy, society, culture 
and the environment system[4]. Li and Zhou (2011) re-
garded the low-carbon competitiveness as a responsibili-
ty to a country or region to reply to the change in climate, 
a comprehensive competition in which relative industries, 
enterprises and techniques take part in the process of 
developing low-carbon economy, and a kind of ability 
which can not only meet the need of low-carbon restric-
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tion, but also keep the economic development [5]. Lu and 
Shi (2013) defined low-carbon competitiveness as the 
ability for a certain region to take low-carbon production 
and service, to create sustained prosperity, and to realize 
the promotion of people’s welfare under the low-carbon 
future development model, in which the low-carbon pro-
ductive capacity, sustained prosperity capacity, people’s 
welfare promotion are strengthened [6]. Guo (2013) 
thought urban low-carbon competitiveness is the ability 
for a city to create material fortune for its residents and 
promote the sustainable development of the society by 
comparison with other cities under the restriction of low-
carbon emission, the core of which is to reduce energy 
consumption and cut down carbon emission, and the aim 
of which is to balance the relationship between the de-
velopment of economic society and the ecological envi-
ronment [7]. 
Some conclusions can be drawn according to the litera-
ture listed before and other scholars’ understandings 
about the concept and cognation of low-carbon competi-
tiveness: although the focuses vary a lot for scholars to 
understand low-carbon competitiveness, most researchers 
think low-carbon competitiveness is a comprehensive 
competitiveness included in energy structure, economy 
development, industry layout, society process and eco-
logical environment in a country or region under the low-
carbon development model by reason that these five as-
pects play an important role in the development of a cer-
tain region. Low-carbon competitiveness in this paper is 
comprehended in this way: a kind of regional competi-
tiveness can not only ensure the economy develops 
smoothly, but also realize low energy consumption, so-
ciety smoothly development, little environment pollution 
to realize the “low pollution, low emission, low con-
sumption” development model can be built while energy, 
economy, industry, society and environment can be har-
moniously developed and mutually promoted. 

3. Literature Review of Low-Carbon Com-
petitiveness Evaluation Indicator System 
Construction of evaluation indicator system is the core 
content to make research on low-carbon competitiveness 
evaluation, which also is the key to make a scientific, 
objective and reasonable evaluation to low-carbon com-
petitiveness. Based on the analysis of literatures in which 
indicator system has been built, this paper summarizes 
the overall tendency and developing direction of the con-
struction of low-carbon competitiveness evaluation indi-
cator system to make a theory foundation for regional 
low-carbon competitiveness evaluation method. 
Throughout the literatures in low-carbon competitiveness 
field, this paper divides the indicator systems into three 
layers, objective layer, principal layer, index layer, and 
the research review will be organized on different layers. 

3.1. Literature Review of Indexes on the Objective 
Layer 

Aim to build low-carbon competitiveness evaluation in-
dicator system is not only to evaluate the current situation 
of regional low-carbon economy, but also to evaluate the 
competitiveness to develop low-carbon economy. To 
analyze the low-carbon economy competitiveness from 
the sight of region is good to recognize the environment 
of regional low-carbon economy competition and ten-
dency, and also plays an important role in taking the de-
velopment emphasis and trend of regional low-carbon 
economy. Most scholars regard “regional low-carbon 
competitiveness” as the only index in the objective layer 
by reason that the objectivity and clarity of regional low-
carbon competitiveness evaluation can be clearly ex-
pressed. Although scholars construct different evaluation 
systems based on different backgrounds, some evaluation 
systems are built on national levels [8-9], on provincial 
levels [10-12], on urban levels [13-14], and some are 
based on certain industry levels [15-18], nearly most of 
these papers with high consistency regarded “regional 
low-carbon competitiveness” as the only index on objec-
tive layers which is conducive to make a direct and ob-
jective evaluation on regional low-carbon competitive-
ness. 

3.2. Literature Review of Indexes on the Principal 
Layer 

Evaluation indexes on principal level are established 
based on the objective level and on different understand-
ings of the scholars, which reflect the conditions of the 
region, such as economy, society and environment, etc. 
Indexes on principal level are vital to the construction of 
the index system by reason that principal level mirrors 
the angle and starting point of the scholars to understand 
the evaluation system. 
Chen (2010) made an overall evaluation on low-carbon 
competitiveness on the principal layer from six aspects, 
energy structure, consume requirement, industry struc-
ture, strategy plan, policy guidance and attendance 
chance, based on Michael Porter’s Diamond Model. Zhu 
and Chen (2011) divided urban low-carbon competitive-
ness into low-carbon environment competitiveness, low-
carbon production competitiveness and low-carbon so-
ciety competitiveness on the principal payer according to 
the “Three Baseline” theory model. Pan and Wang (2012) 
built a principal layer which included the low-carbon 
development potential sub-system, reflecting the amount 
of money put by a country in developing low-carbon 
economy and the potential of competitiveness, and low-
carbon development efficiency sub-system, reflecting the 
achievements due to the transformation of low-carbon 
economy [19]. Wu and Hua (2013) principally evaluated 
the low-carbon competitiveness among Midwest cities 
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from economy, society and environment based on the 
rough set theory [20]. 
According to the statics analysis to the literature, we 
found that both difference and similarity exist among the 
indexes on the principal layer. Several conclusions can be 
got from the analysis: Firstly, due to the reason that the 
selection of indexes on principal layer is mainly based on 
personal understandings without a certain reference stan-
dard, the indexes selected contain some subjective factors 
which inevitably influence the objectivity of the evalua-
tion system. Secondly, most scholars selected indexes 
from energy, economy, industry, society and environ-
ment aspects by reason that these five aspects not only 
have significant influence on the development of regional 
low-carbon competitiveness, but also are easy to count 
and calculate the objective data. 

3.3. Literature Review of Indexes on the Index Layer 

By analyzing the indexes on different layers in the litera-
ture which have built low-carbon evaluation system, this 

paper will make a frequentness investigation by different 
categories and summarize the discipline and method 
which have been taken by scholars to establish evaluation 
system for further evaluation about the scientificity and 
objectivity of these indexes. This paper will list the in-
dexes by dividing them into five categories, energy con-
sumption, economy condition, industry layout, environ-
ment amelioration, social development, and among 
which, those with high frequency have been listed in 
Table 1-4. 
Energy consumption in a certain country or region has 
directly influence the amount of carbon emission. Well 
control of carbon source, fully use of renewable natural 
resource, little use of fossil resource can naturally lower 
the carbon emission so that the low-carbon competitive-
ness will be promoted. Hence, it’s quite meaningful to 
make an analysis on the energy consumption indexes 
built on the index layer and the indexes with high appear-
ing frequency have been listed in Table 1. 

 
Table 1. Statistics of Frequency of Energy Consumption Indexes on Index Layer 

Indexes Frequency of Indexes 
10% 20% 30% 40% 50% 60% 70% 80% 

Total Amount of Energy Consumption  
Coal’s Share of Energy Consumption  

Ratio of Clear Energy in Total Consumption  
Energy Resume Intensity  

 
Table 2 Statistics of Frequency of Economy Condition Indexes on Index Layer 

Indexes Frequency of Indexes 
10% 20% 30% 40% 50% 60% 70% 80% 

Foreign Trade Turnover  
GDP Per Capita  

Rate of Economy Development  
Capital Consumption Rate  

 
Table 3. Statistics of Frequency of Industry Layout Indexes on Index Layer 

Indexes Frequency of Indexes 
10% 20% 30% 40% 50% 60% 70% 80% 

Development Level of New and High-Tech  
Portion of Tertiary Industry in GDP  

Proportion of R&D Expenditure in GDP  
Proportion of Education Expenditure in GNI  

 
Table 4. Statistics of Frequency of Environment Amelioration Indexes on Index Layer 

Indexes Frequency of Indexes 
10% 20% 30% 40% 50% 60% 70% 80% 

Emission Amount of CO2 Per Unit GDP  
Carbon Emission Per Capita  

Forest Coverage Rate  
Landscaping Area Per Capita  

Domestic Waste Treatment Rate  
Carbon Emission Total  

Carbon Production Rate  
Annual Growth Rate of Greenhouse Gas  

 
By counting the literatures, we can conclude that the used 
frequency of energy resume is 85.7% and the indexes are 

all qualitative, so, the energy consumption indexes are 
with high objectivity for evaluating low-carbon competi-
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tiveness. From Table 1, several conclusions can be easily 
got. Energy resume intensity is most widely used because 
it is the ratio of energy provided total and GDP which 
reflects the efficiency of energy utilizing and is vital to 
evaluate the low-carbon competitiveness of economies. 
After that, other indexes, like, total amount of energy 
consumption, coal’s share of energy consumption, ratio 
of clear energy in total consumption are all with high 
used-frequency by reason that these three indexes are 
much objective to be used to calculate the carbon emis-
sion amount. Therefore, indexes related to energy resume 
are widely used in regional low-carbon competitiveness. 
Economy condition has been widely used to evaluate the 
overall development condition of a particular region, and 
for this reason, it is also important to evaluate the low-
carbon competitiveness. The indexes related to economy 
have been listed in Table 2. 
The frequency of indexes related to economy develop-
ment condition used in literature is 62.1%, and all index-
es are qualitative. Several conclusions can be got from 
Table 2. GDP per capita is the most used index in all 
economy indexes because it directly reflects the economy 
development level of certain region. And, indexes, such 
as, foreign trade turnover, economy increase rapid, capi-
tal consumption rate, are also widely used in the system 
to evaluate because these indexes are objective and mea-
surable to be used to evaluate the economy development. 
Low-carbon industry system is core to evaluating low-
carbon competitiveness, and which also shows the devel-
opment condition of low-carbon competitiveness. While 
the proportion of low-carbon industry output value was 
used to measure low-carbon competitiveness to a certain 
region, the higher proportion of low-carbon industry in 
GDP, the higher level of low-carbon development and 
the stronger the low-carbon competitiveness a region is 
generally thought to be. However, according to the dif-
ferent understandings on the connotation, scholars select 
different indexes when constructing industry evaluation 
system in Table 3. 
The frequency of low-carbon industry layout indexes 
used in literatures is 83.3%, and most of which are qua-
litative. From Table 3, some conclusions can be got. The 
portion of the tertiary industry in GDP is with great 
quoted frequency by reason that tertiary industry is low-
carbon industry which is much important to the promo-
tion of low-carbon competitiveness. And, indexes, such 
as, the development level of new and high-tech, the pro-
portion of R&D expenditure in GDP, the proportion of 
education expenditure in GNI, are quoted with high fre-
quency because Science & technology and education are 
all important means to promote the regional low- carbon 
competitiveness which paly significant role in promotion. 
Therefore, indexes used to evaluate science & technology 
and the level of education have attracted many scholars 
to study the industrious index evaluation system. 

Due to the fact that environment is another driving factor 
in promoting national or regional low-carbon competi-
tiveness, indexes related to environmental amelioration 
must be taken into consideration in evaluating. 
By indexing all literatures, we found that all of which 
have established indexes related to environment, and all 
of the indexes are qualitative which plays an important 
role in constructing evaluation system. Some conclusions 
can be got from Table 4. Carbon emission per unit GDP, 
carbon emission per capita, and carbon emission amount 
are the most top three quoted indexes because carbon 
emission directly reflects regional energy use and envi-
ronmental protection efforts which evaluate the environ-
ment from the aspect of economic efficiency. Forest cov-
erage rate and landscaping area per capita also are signif-
icant evaluation indexes because they evaluate the envi-
ronment from the aspect of environmental protection. 
Sewage treatment rate and annual growth rate of green-
house gas are also with high used frequency by reason 
that these indexes evaluate the environment from the 
aspect of daily life. Environmental evaluation indexes 
have attracted widely attention in constructing index sys-
tem, and constructing which from the aspect of economy 
development, green resources and daily life to make an 
all-round and comprehensive appraisal on the environ-
ment is vital to promote regional low-carbon competi-
tiveness. 
The frequency of indexes used to evaluate social devel-
opment condition in all literatures is 85%. Even though 
the quoted frequency is quite high, however, these index-
es are with little representation so that the frequency table 
is not listed here. By analyzing the property of these in-
dexes, we found that the indexes related to social evalua-
tion used in literatures are with great difference because 
most of which are quantitative. 

4. Literature Review of Regional Low-
Carbon Competitiveness Evaluation Method 
At present, methods used to evaluate regional low carbon 
competitiveness mainly include linear weighing method, 
fuzzy comprehensive evaluation method, data envelop-
ment analysis method and gray relation analysis method, 
etc. The common point among linear weighing method, 
fuzzy comprehensive evaluation method, and gray rela-
tion analysis method is measuring index weighs in which 
methods, like Delphi, AHP, expert scoring method and 
entropy method are used. Due to the fact that all these 
methods need to measure the weighs of indexes, the con-
clusions got by using these methods are generally subjec-
tive. Besides, some special models [21-25] have been 
used to evaluate regional low-carbon competitiveness. 
Pan and Wang (2012) calculated and analyzed the coor-
dinated degree between the low-carbon potential sub-
system and the low-carbon efficiency sub-system which 
have been constructed to evaluate China’s low-carbon 
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development condition to ascertain its low -carbon com-
petitiveness and put forward countermeasures and sug-
gestions to improve low-carbon condition in China. Lu 
and Wang (2013) regarded PLS-SEM model as the basic 
method to construct and empirically test the driving fac-
tors of low-carbon competitiveness in 30 provinces [26]. 
Zhu and Chen (2011) used individual indicators scoring 
method to score the indexes by introducing gray entropy 
model to evaluate urban low-carbon competitiveness, and 
used entropy method to calculate the weighs of indexes. 
Jin and Du (2013) took PCA, EM, and clustering metho-
dology to evaluate the low-carbon competitiveness of 12 
provinces (district, city) on the basis of constructed indi-
cator system. 
From the aspects of data procession and analysis, scho-
lars mainly concentrate on dealing with those indexes 
which can be objectively analyzed, and hence, the 
amount of objective indexes directly determines how 
objective the evaluation system will be. To index weigh 
determination, the method which has been chose to 
weigh the index has certain influence on the evaluation 
result. The data which will be processed and analyzed 
have close connection to construction of evaluation sys-
tem, and the scale of which and the math methodology 
have great effect to the promotion of objectivity of the 
system. For this reason, there still exists much room for 
the promotion of evaluation methodology to scholars 
who have engaged in low-carbon competitiveness re-
search field. 

5. Conclusions 
In summary, due to the fact that the construction of index 
system is the key in studying low-carbon competitiveness, 
and as the deep and further studies go on, large quantities 
of obvious achievements have been gained in this field. 
Scholars can select different indexes to analyze and dem-
onstrate bases on various research fields, however, some 
indexes in the system mainly depend on subjective judg-
ment and choice which lacks certain objective evaluation 
standards. Data procession and model construction need 
to be improved by reason that the imperfection of data 
collection, shortage of data procession so that scholars 
could calculate and analyze based on the mathematic 
models and analysis methods which have been built. 
There is some room for the promotion of the construction 
of whole system and the analysis process due to the im-
perfection of data collection, error in data procession, 
imprecise analytic method which may lead to the lack of 
science and preciseness of the whole system. 
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