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A B S T R A C T   

Due to the decline of resources and a lack of motivation for development, coal cities encounter problems related 
to sustainable development. This paper focuses on the analysis of the capability of different types of coal cities for 
sustainable development. We synthetically evaluated this capability for four typical coal cities (in terms of 
growth, maturity, recession, and regeneration) in China from 2012 to 2016 by using the Super-SBM model. The 
Malmquist index is used to dynamically decompose changes in the capability for sustainable development. We 
also analyze the ineffectiveness distribution of the input and output indicators, and suggest directions for 
optimization. The results show the following: (1) the capability for sustainable development of coal cities in 
China was low (0.6704) and unstable overall. Major inefficiencies persist in resource allocation and utilization. 
(2) The four coal cities were ranked in the order of growth > regeneration > maturity > recession. (3) Tech
nological progress was the main factor affecting changes in the capability for sustainable development of China’s 
coal cities. (4) Inefficiency was mainly distributed over the economic output, and inadequate economic output 
capability was the main factor hindering the sustainable development of most coal cities in China.   

1. Introduction 

With aims of the exploration and exploitation of coal, a number of 
coal cities have been established in China. They have provided rich 
mineral resources and raw materials for national economic construction, 
and have promoted local economic development and enhanced China’s 
regional economic strength. Of the 118 resource-based cities in the 
country, 63 are coal cities, accounting for 53%. Coal accounts for more 
than 90% of China’s primary source of energy and its proportion of 
consumption is over 60% (Hou et al., 2018). Coal endowment de
termines the importance of the coal industry in the social and economic 
development of China. In the foreseeable future, coal will continue to 
dominate the primary energy structure (Fig. 1). Coal cities play an 
important role in the construction of urban areas in China. They have 
unique laws of development in terms of the orientation, mechanism of 
growth, and industrial structure of cities. However, owing to the 
excessive economic development of coal cities in the early stages of 
China’s growth, the lack of scientific planning and reasonable guidance 
for urban development have led to conflicts among resource systems, 
socio-economic systems, and ecological and environmental systems that 
have become increasingly prominent in recent years. This has rendered 

the development of coal cities difficult to sustain. The serious challenges 
faced by these cities include a single industrial structure and lack of 
driving forces for economic development (Ye et al., 2011). These cities 
have large numbers of unemployed people and attendant pressures, 
which lead to low standards of living among residents and social strife. 
The ecology in these cities has been seriously damaged, and some 
mining areas also pose geological hazards. 

China’s coal cities are significantly affected by the planned economic 
system. In the country’s implementation of a planned economy to the 
market economy, it has become challenging for the coal-based city to 
sustain development. The industrial structure of coal cities is singular 
and their ecological environment has been damaged. They can no longer 
continue to adopt extensive modes of economic development. Socio- 
economic transformation, optimization of the industrial structure, and 
improvements to sustainable development capability are urgently 
needed. To solve the problem of the sustainable development of 
resource-based cities, the State Council of China issued the National 
Sustainable Development Plan for Resource-based Cities (2013–2020) in 
November 2013, which divided all resource-based cities into four 
types—growth, maturity, recession and regeneration—based on their 
economic, environmental, resource-related, and social 
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development-related conditions. In this context, it is important to 
research the sustainable development capability of different coal cities. 
The sustainable development capability of coal cities, that is, the prob
lem of efficiency in economics has been considered with regard to the 
quality and efficiency of production in the development of coal cities. 
This capability reflects the quality of a city’s socio-economic develop
ment, and its efficiency of resource allocation and utilization. 

Research in the area has focused on the transformation of coal cities 
and adjustment of the industrial structure. Few studies have considered 
the quantitative evaluation of sustainable development capability, and 
even fewer have examined the impact of stages of development on 
sustainable development capability of coal cities. The development and 
utilization of coal resources are not identical across these developmental 
stages, and the problems they face are thus also different. Therefore, this 
paper explores the sustainable development capability of different coal 
cities. Our contributions are as follows: (1) A comprehensive evaluation 
and comparison of the sustainable development capabilities of different 
coal cities are carried out from the perspective of efficiency, which is 
conducive to understanding their sustainable development-related sit
uation and formulating targeted development strategies. (2) The index 
decomposition method is used to analyze the changing trend of the 
sustainable development capability of different coal cities to help clarify 
key factors affecting it. (3) An analysis of the ineffectiveness of the input 
and output indicators helps determine the distribution of ineffectiveness 
indicators in the development process and improve the developmental 
efficiency of coal cities. 

The remainder of this paper is organized as follows: in Section 2, we 
briefly discuss related research; the methodology, and data for the 
evaluation and analysis of sustainable development capability is intro
duced in Section 3. Section 4 contains the analysis and discussion of the 
empirical results; finally, we offer our conclusions and discuss the policy 
implications of our findings in Section 5. 

2. Literature review 

Research on the sustainable development of coal cities has focused 
on exploring their mode of development and path of transformation 
(Cao et al., 2016; Brathwaite et al., 2010; Klaus et al., 2003). The 
traditional development mode of coal city involves promoting its eco
nomic development through primary processing enterprises. This mode 
has clear path-dependence characteristics, which makes enterprises 
unwilling to invest manpower and funds to promote the development of 
new technologies (Guo et al., 2016; Suutarinen, 2014), therefore, coal 
cities are generally more closed. Urban functions and industrial 

structures are dominated by coal enterprises, and there is a lack of 
communication between enterprises and outside these clusters. Knowl
edge spillovers rarely occur, and enterprise development lacks con
sciousness of innovation. The development of the coal city thus falls into 
a vicious circle: seeking path dependence — an increase in inertia — an 
increase in dependence (Gan et al., 2013). 

With the growing prominence of the problem of sustainable devel
opment, authorities in coal cities are realizing the shortcomings of the 
traditional development model, and scholars are focusing on the sus
tainable development of coal cities. Because the primary processing 
industry of coal has made huge profits, enterprises lack the motivation to 
invest in more complex industries, which causes capital to flow from the 
manufacturing industry, with more stringent requirements for R&D and 
more complex technologies, to the primary processing industry (Brath
waite et al., 2010). This leads to the shrinking of manufacturing industry 
in coal cities and the formation of an industrial pattern with a single 
primary processing industry as the main industry (�Swiąder, 2018). In 
addition, the lack of human capital is an important factor hindering the 
optimization of the industrial structure and sustainable development 
(Kobayashi et al., 2013). Most coal cities pay insufficient attention to 
investment in education, insisting that resources are the most important 
asset and neglecting the accumulation of human capital. This results in a 
negative correlation between resource endowment and the accumula
tion of human capital in these cities (Chen et al., 2017). In China, direct 
allocation under a planned economy and price imbalance during the 
transition caused coal cities fall into an abnormal track of development 
and systemic factors exacerbated this situation. 

Some scholars have explored new modes of development of coal 
cities, and generally believe that their sustainable development requires 
promoting all-round transformation by innovating and upgrading the 
industrial structure (Li et al., 2016; Wan et al., 2015). Industrial trans
formation then becomes a parallel path for the sustainable development 
of coal cities (Wang and Guo, 2012; Hu et al., 2016). Zhang et al. (2015) 
analyzed the main problems in PingXiang city’s transformation, noted 
its main direction from economic transformation, social transformation, 
and ecological transformation, and concluded that it is necessary to 
construct multiple types for support for the development of industry. 
Wadin et al. (2015) claimed that the transformational development of an 
eco-city is designed to create a new techno-social regime based on sus
tainable solutions, whereas their respective national capabilities must be 
emphasized with an eye to efficiency, economy, and effectiveness 
simultaneously. With the acceleration of economic globalization, the 
prosperity and decline of the industry, along with the continual pros
perity and recession of the international economic cycle, economic ex
ternality has become an objective factor affecting the fate of coal cities 
(Gechev, 2011). The foundation of the transformation of coal cities is the 
all-round change caused by the innovation and upgrade of the industrial 
structure (Wątr�obski et al., 2016; Chen et al., 2017). 

Measuring the sustainable development capability of coal cities from 
the perspective of efficiency provides an objective reflection of the 
locked-in degree of these cities. Only by objectively evaluating the 
current capability for sustainable development of these cities and 
analyzing internal reasons hindering it can we devise a scientific way to 
address the situation. Therefore, for coal cities facing the pressures of 
economic development and depletion of resources in the environment, 
improving the city’s sustainable development capability is an important 
way to accelerate their transformation (Li and Dewan, 2017). Many 
qualitative and quantitative methods of analysis have been developed 
for comprehensive evaluation (Choi et al., 2010; Lou et al., 2015; Shah 
and Unnikrishnan, 2018). And the evaluation of sustainable develop
ment ability of coal cities involves multiple input and output indicators, 
and it is difficult to express the relationship between them using exact 
functions. Therefore, traditional methods cannot be used to adequately 

Fig. 1. Coal consumption in China.  

Y. Hou et al.                                                                                                                                                                                                                                     



Resources Policy 66 (2020) 101607

3

assess the sustainable development capability of coal cities. 
Data envelopment analysis (DEA) is a non-parametric method for 

evaluating the relative efficiency of units. It can solve the multi-input 
and multi-output problem, and can overcome the shortcomings of 
traditional methods of evaluation. It is thus, widely used to evaluate the 
efficiency of municipal development. Hou et al. (2018) synthetically 
evaluated the lock-in breakthrough ability of 43 typical coal cities in 
China in terms of the economy, environment, and sustainable develop
ment in 2012–2016, and found that in recent years, the overall level of 
the lock-in breakthrough ability of China’s coal cities has not changed 
significantly. The range of fluctuation of each city was relatively large 
and there were no benchmark cities. Based on the scope-adjusted mea
surement model of DEA, Liu and Yao (2015) constructed the indicators 
of operational efficiency, environmental efficiency, and uniform effi
ciency to reflect the impact of integration policies on sustainability and 
evaluated the effect of policies for the transformation of the coal-mining 
industry on sustainable development. 

Many studies on the evaluation of municipal developmental effi
ciency have used data envelopment analysis that expands the scope of 
application of the DEA model, and supports and promotes development. 
However, such research has been undertaken at only the static level in 
general to calculate efficiency, and rarely has the dynamic point of view 
been used to analyze the changing trend of efficiency and internal rea
sons for it. Therefore, current research does not reflect changes in the 
efficiency of municipal development, cannot reflect the level of sus
tainable development from the perspective of resource efficiency, and 
thus cannot provide practical strategies for improvement. Because of 
this, this paper uses coal cities of China as an example to use the DEA 
method to dynamically evaluate their sustainable development capa
bility. On this basis, the Malmquist index method is used to dynamically 
analyze the changing trend of sustainable development capability of 
different types of coal cities and identify key factors affecting it. In 
addition, this paper analyzes the ineffective distribution of specific 
input–output indicators to determine ineffective input indicators in the 
development process, which can help reduce ineffective input in the 
process of development of coal cities. Under limited input of resources, a 
higher output can be achieved to improve the development of cities. This 
can provide a basis the coal cities to improve their sustainable devel
opment capability. 

3. Methodology and data 

3.1. DEA model 

Traditional DEA model can measure and evaluate the efficiency of 
decision-making units (DMUs), but it is inevitable that multiple DMUs 
are effective at the same time. When the traditional DEA model is used 
for comprehensive evaluation, it is likely that multiple DMUs are 
effective at the same time (the efficiency value is 1), which makes these 
DMUs unable to rank. To solve the problem of ordering of the DMUs, it is 
necessary to clarify the efficiency value of each effective unit, that is, 
allow for the existence of a super efficiency value (efficiency value ex
ceeds one). Tone (2004) constructed a non-angle and non-radial 
super-SBM model based on the idea of super efficiency that can solve 
the problem of effective DMU ordering, and problems of undesired 
outputs, and the looseness of the input and output. 

We assume that a production system has n DMUs, and each contains 
three vectors of the input, expected output, and undesired output (such 
as industrial waste). The corresponding vector is expressed as 
Xj ¼ ðx1j;x2j;:::; xmjÞ

T , Yj ¼ ðy1j;y2j;:::; yqjÞ
T, and Uj ¼ ðu1j;u2j;:::; upjÞ

T, and 
the specific form of the super-SBM model is: 

min ​ ​ ​ ​ ρ� ¼ k �
1
m
Xm

i¼1

s�i
xi0

s:t: 1 ¼ k þ
1

sþ q

 
Xs

r¼1
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p¼1

s�p
up0

!

kxi0 ¼
Xn

j¼1;j6¼0
Ajxij þ s�i

kyr0 ¼
Xn

j¼1;j6¼0
Ajyrj � sþr

kup0 ¼
Xn

j¼1;j6¼0
Ajupj þ s�p

Aj � 0; s�i � 0; sþr � 0; s�p � 0; k � 0

(1) 

In the above, ρ* denotes the efficiency value to be solved for, s�i , sþr , 
and s�p denote slack variables for the input, desired output, and unde
sired output, respectively, m; s; q are types of elements for the input, 
desired output, and undesired output, respectively, ​ xij; yij; uij repre
sent the ith input of the DMU, rth desired output, and the pth undesired 
output, respectively, k is a variable, A represents a matrix of planning 
coefficients, and Aj denotes the value of the jth planning coefficient when 
evaluating j0. In this paper, the super-SBM method is used to measure 
values representing the sustainable development capability of China’s 
coal cities. 

3.2. Malmquist index 

The dynamic DEA method is used to study the change in production 
efficiency when the input or output of the DMU changes in different 
periods. That is to say, the characteristics of the time dimension were 
considered in the analysis of relative efficiency. The basis of the dynamic 
DEA is the Malmquist index first proposed by Malmquist (1953). It re
flects changes in the productivity of DMUs over time, that is, the total 
factor growth. Assuming a DMU with constant returns to scale, its input 
and output are expressed as ðxj; yjÞ. During the production period from t 
to tþ1, the Malmquist index (Mst) can be expressed as the geometric 
average ratio of the distance function: 

Mst ¼

�
Ds

i ðxt; ytÞ

Ds
i ðxs; ysÞ

�
Dt

iðxt; ytÞ

Dt
iðxs; ysÞ

�1=2

¼
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Ds
i ðx
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�

�
Ds
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Dt
iðxt; ytÞ

�
Ds
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Dt
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�1=2 (2) 

According to F€are et al. the Malmquist index contains the technical 
efficiency change index (Effch) and the technology change index 

(Techch) (1994), where Effch ¼ Dt
i ðx

t ;yt Þ

Ds
i ðx

s ;ysÞ
represents the relative technical 

efficiency change index occurring from time s to t. Techch ¼
�

Ds
i ðx

t ;yt Þ

Dt
i ðx

t ;yt Þ
�

Ds
i ðx

t ;yt Þ

Dt
i ðx

s ;ysÞ

�1=2

, which represents the technological progress index 

from time s to t. The technological efficiency change index reflects the 
capability of the decision making unit to obtain the optimal output at a 
given time of investment, and measures the allocation and efficiency of 
utilization of various factors of production. The technology progress 
index reflects the impact of technological advances on productivity. 
When Effch >1 or Techch >1, this indicates that technical efficiency or 
technological progress promotes the improvement in total factor effi
ciency. If the index is smaller than one, it hinders the progress of total 
productivity. 

Y. Hou et al.                                                                                                                                                                                                                                     



Resources Policy 66 (2020) 101607

4

3.3. Samples and indicators 

3.3.1. Sample distribution 
The spatial distribution of coal resources in China shows prominent 

regional characteristics, with a focus on the Qinling-Huaihe River. The 
spatial distribution of China’s coal cities exhibits the prominent regional 
characteristics of the imbalance in the country’s spatial distribution of 
resources. This poses difficulties for China’s economic and social 
development. According to the National Sustainable Development Plan 
for Resource-Based Cities (2013–2020), 43 pre-prefecture-level coal 
cities are divided into growth, maturity, recession, and regeneration (see 
Table 1 for details). By studying the characteristics of the spatial dis
tribution of coal cities combined with the local level of social and eco
nomic development, an in-depth analysis of their status of development 
has significant practical significance for effectively improving their 
sustainable development. 

3.3.2. Indicator selection 
According to Daly and Cobb, 2017 four criteria for the goals of sus

tainable development, the index system used here covers four aspects: 
resources, environment, economy, and society. At the same time, 
because characteristics of the path dependence of coal cities are mainly 
distributed in four aspects of urban function, technology, industrial 
structure, and system, the comprehensive evaluation of urban sustain
able development capability should mainly include these four categories 
of indicators. 

Considering current research and the availability of data, we con
structed an indicator system to evaluate the sustainable development 
capability of coal cities (Table 2). According to the indicator system in 
Table 2, we collected data on the four types of coal cities. Given that 
when using DEA to calculate relative efficiency, if the number of in
dicators is too large and the number of DMUs is small, there is a large 
error in the result. In general, the number of DMUs is more than three 
times the number of indicators. We thus used only first-level indicators 
in the table when using super-SBM to calculate the sustainable devel
opment capability of coal cities. 

Note in particular that due to differences in the number of di
mensions and units of the secondary indicators in Table 2, the primary 
indicators cannot be synthesized according to weight. However, the DEA 
method measures relative efficiency, and the absolute size of the indi
cator does not affect the final value. Therefore, we first standardize the 
secondary indicators, then calculate first-level indicators according to 
the average weight of each in the table, and finally use super-SBM to 
calculate the sustainable development capability of cities. 

4. Results and discussion 

4.1. Analysis of sustainable development capability of coal cities 

We evaluated the sustainable development capability of four types of 
coal cities. The steps of evaluation were as follows: (1) Collect data on 43 
coal cities according to the indicator system in Table 2. (2) Standardize 

and weigh the data. (3) Calculate the sustainable development capa
bility of the 43 cities by the Super-SBM model. (4) Calculate the average 
of the sustainable development capabilities of each type of coal city. 

The values in Table 3 are the average results of the sustainable 
development capability of cities belonging to the four types, reflecting 
the average level of each type of coal city. For example, the sustainable 
development capability of growth cities in 2012 was 0.7163, which was 
determined from the average value of the sustainable development 
capability of seven growth cities in Table 1. Because we focus on 
analyzing the sustainable development capabilities of different types of 
coal cities, the sustainable development capability discussed later refer 
to the average values of each type of coal cities. 

From the perspective of the overall sustainable development capa
bility of coal cities in China, none of the 20 evaluation units was on the 
production frontier. That is to say, the sustainable development capa
bility of the four types of coal cities in 2012–2016 was invalid. From 
2012 to 2016, the average sustainable development capability of all coal 
cities is 0.6704, a low level, and needs to be significantly improved. 
From the trend of change, the sustainable development capability fluc
tuated greatly, with a highest value of 0.8878 in 2013, which indicates 
that the resource allocation and utilization efficiency were higher, and 
the sustainable development capability was stronger in the course of the 
development of coal cities in China in this year. In other years, the value 
was lower than 0.7. That is to say, when the output was fixed, there was 
redundancy in the input, and the allocation and utilization of resources 
were not effective. 

Specifically to different types of coal cities, we find that in recent Table 1 
Classification of 43 coal cities in China.  

Type Number Name 

Growth 7 Ordos, Liupanshui, Shuozhou, Hulunbeier, Xianyang, 
Yan’an, Yulin 

Maturity 21 Datong, Yangquan, Changzhi, Jincheng, Linfen, 
Chifeng, Jixi, Pingdingshan, Hebi, Huainan, Handan, 
Xingtai, Zhangjiakou, Jinzhong, Xinzhou, Luliang, 
Jining, Guangyuan, Dazhou, Anshun, Qujing 

Recession 13 Wuhai, Hegang, Shuangyashan, Jiaozuo, Huaibei, 
Fushun, Fuxin, Shizuishan, Liaoyuan, Qitaihe, 
Pingxiang, Zaozhuang and Tongchuan 

Regeneration 2 Tangshan, Xuzhou  

Table 2 
Indicator system to evaluate the sustainable development capability of coal 
cities.  

Indicator types First-level 
indicators 

Second-level indicators 

Input indicators Resource 
utilization 

Per capita occupied land area (1/4) 
Per capita water use (1/4) 
Per capita electricity consumption (1/4) 
Per capita LPG consumption (1/4) 

Pollution 
treatment 

Comprehensive utilization rate of 
general industrial solid waste (1/3) 
Centralized treatment rate of sewage 
treatment plant (1/3) 
Harmless treatment rate of domestic 
waste (1/3) 

Output indicators Economic growth Gross domestic product growth rate (1) 
Economic scale Per capita GDP (1/2) 

Per capita fixed assets (1/2) 
Economic 
structure 

The ratio of tertiary industry to GDP (1) 

Social 
development 

Total retail sales of consumer goods per 
capita (1/3) 
Number of teachers in universities and 
colleges per 100,000 (1/3) 
Per capita green space area (1/3) 

Undesired output 
indicators 

Three wastes of 
industry 

Per capita industrial wastewater 
discharge (1/3) 
Per capita sulfur dioxide emissions (1/3) 
Per capita emissions of smoke (powder) 
and dust (1/3)  

Table 3 
Sustainable development capability of coal cities in China from 2012 to 2016.   

Growth Maturity Recession Regeneration Mean 

2012 0.7163 0.5596 0.6008 0.6533 0.6325 
2013 0.9215 0.8429 0.8997 0.8871 0.8878 
2014 0.7071 0.6102 0.5626 0.5750 0.6137 
2015 0.6910 0.6048 0.6243 0.6892 0.6523 
2016 0.5847 0.5813 0.5085 0.5884 0.5657 
mean 0.7241 0.6398 0.6392 0.6786 0.6704  
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years, growing coal cities have had the highest average sustainable 
development capability, followed by regenerating cities, and mature 
cities and those in recession. The sustainable development capability 
values of the four types of cities have not reached the production fron
tier, and the input of resources is ineffective. In particular in mature 
cities and those in recession, the level of sustainable development was 
low, and capability value was below 0.64. Fig. 2 reflects changes in the 
sustainable development capability of coal cities in 2012–2016. It is 
clear that the sustainable development capability of growing coal cities 
in recent years has been higher than that of other types of coal cities, and 
their performance has been relatively stable. This has become a 
benchmark for other types of coal cities to learn from. Regenerating coal 
cities fluctuated greatly, and their capability increases rapidly after 
2015. Mature coal cities fluctuated less after 2014, and their capability 
was around 0.6, which is low. The overall sustainable development 
capability of cities in recession exhibited a downward trend, and the 
level of sustainable development was relatively low. 

4.2. Dynamic decomposition of sustainable development capability of coal 
cities 

The above analysis shows a significant inefficiency of resources in 
the development of coal cities in China, and exhibits a certain trend of 
fluctuation. Therefore, the analysis of inefficiency and fluctuation cau
ses has a great role in promoting the sustainable development of coal 
cities in China. According to the Malmquist index, we dynamically 
analyzed the trend of development of the capability of coal cities in 
China sustainable development as well as internal reasons for changes to 
it. 

Table 4 shows that the overall TFP level of China’s coal cities did not 
change significantly in 2012–2016, with an average value of 1.005. 
From the perspective of dynamic time, there was a downward–upward 
trend of fluctuation that was unstable. Specifically in recent years, 
excluding 2013 when the total factor efficiency value was greater than 
1.451 and the efficiency of resource utilization progressed, the total 
factor efficiency value in other years was less than one. In particular in 
2014, the efficiency was 0.735, which indicates a significant inefficiency 
of resource utilization in the development of coal cities. Resource uti
lization thus needs to be urgently improved. The main reason for the 
fluctuation in TFP value is the change in total factor efficiency caused by 
changes in technical efficiency and technological progress. 

From the analysis of changes in technical efficiency, the overall level 
of technical efficiency of China’s coal cities in 2012–2016 showed a 
decline, with an average of 0.99, and the range of fluctuation in each 
year was controlled to within 5%. Specifically, in the sustainable 
development of coal cities, the change in technological efficiency 
showed an inverted U-shaped trend, which first increased and then 

decreased. In 2014, the value of technological efficiency was greater 
than one, and was smaller in other years. This is because the efficiency of 
resource management and scale of the cities fluctuated, and was 
embodied in changes in pure technical efficiency and efficiency of scale. 
Overall, the efficiencies of resource management and scale of China’s 
coal cities were relatively stable. This also shows that the change in 
technical efficiency in recent years has not made a significant contri
bution to improvement in the sustainable development capability of coal 
cities in China, which also requires all coal cities to need resource 
management and allocation in the future. 

The average value of technological progress for the sustainable 
development of coal cities in China was 1.014 and its growth rate was 
1.4% between 2012 and 2016, which is also the main reason for pro
moting the sustainable development capability of coal cities in China. 
Specifically, the annual change in technological progress shows that its 
range of fluctuation in China’s coal cities was relatively large. The 
growth rate of technological progress was 47.7% in 2012–2013 while its 
index dropped to 29.2% in 2013–2014. The unstable value also caused a 
fluctuation in the level of sustainable development capability of coal 
cities fluctuate. 

Overall, in recent years, the total factor efficiency of the sustainable 
development of coal cities in China has not changed significantly, with 
an average growth rate of 0.5%, but the overall trend is unstable, and 
has exhibited a trend of fluctuation. Through exponential decomposi
tion, we found that technological progress was the main factor affecting 
the change in the total factor efficiency in the development of coal cities 
in China, and its range of fluctuation was large. Technical efficiency was 
another factor affecting the total factor efficiency of coal city develop
ment, but in recent years, the technical efficiency of this development 
has been relatively stable, showing a slight trend of regression, however. 
In conclusion, to promote the capability of coal cities for sustainable 
development in China, we need to start from two aspects: to improve the 
efficiency of resource management and allocation, and maintain the 
stability of technological progress. 

4.3. Ineffectiveness analysis of evaluation indicators 

With the state’s attention focused on the transformation and devel
opment of coal cities, the government’s support is increasing, as are the 
disposable resources of these cities. Improving the efficiency of the 
management and allocation of the numerous resources, and the capa
bility of coal cities for sustainable development as much as possible by 
increasing resources are pressing problems. Therefore, it is necessary to 
analyze coal cities in terms of means of improving resource input and 
output. According to the above results, in recent years, the development 
efficiency of all types of coal cities in China has not reached the pro
duction frontier, and the utilization of resources has been inefficient. 
This paper reports a concrete analysis of the input–output optimization 
of the four types of coal cities considered here. 

We compare the optimal input and output values on the production 
frontier of each evaluation unit with the actual input and output values, 
define the ineffectiveness of each indicator ¼ (optimal value - actual 
value)/actual value, and analyze internal reasons for why the sustain
able development capability of various coal cities remains wanting, and 
provide suggestions for improvements (Battista et al., 2014). 

Fig. 3 shows the inefficiency of the input–output indicators in the 
Fig. 2. Changes in sustainable development capability of different types of 
coal cities. 

Table 4 
TFP index and decomposition of coal cities in China from 2012 to 2016.  

year effch techch pech sech tfpch 

2012–2013 0.982 1.477 1.039 0.945 1.451 
2013–2014 1.039 0.708 0.991 1.049 0.735 
2014–2015 0.978 0.977 1.015 0.964 0.956 
2015–2016 0.964 1.036 0.999 0.965 0.999 
mean 0.99 1.014 1.011 0.98 1.005  

Y. Hou et al.                                                                                                                                                                                                                                     



Resources Policy 66 (2020) 101607

6

development of coal cities in China. Under current input conditions of 
resources, the economic and social development of coal cities in China is 
far lower than the optimal output, while such unexpected output as 
environmental pollution is far higher than the optimal value. The main 
reason for the low level of sustainable development capability of 
growing coal cities is that in recent years, the economic structure of 
these cities has shown significant imbalance, which is contrary to the 
optimal economic structure of cities. From 2014 to 2016, the in
efficiency of economic structure has risen to over 15%, which has led to 
a low level of overall sustainable development of cities. The inefficiency 
indicators of mature, recessive, and regenerative coal cities are mainly 
reflected in economic growth, and the low level of sustainable devel
opment capability was mainly affected by these indicators. The in
efficiency of economic growth indicators of mature coal cities showed a 
decreasing trend over time, and the inefficiency was controlled within 
10% from 2015 to 2016. The inefficiency of economic growth indicators 
in recessive coal cities fluctuated, but the overall inefficiency level was 
high. In addition, such cities were also affected by the scale of economic 

development, and their overall level of sustainable development was 
low. Compared with other types of cities, the input and output of 
regenerating cities improved significantly. Except for the inefficiency of 
economic growth indicators in 2012–2013, other indicators got them, 
especially economic scale, economic structure, and social development, 
reached a fully effective state. The ineffectiveness of industrial waste 
and wastewater treatment indicators in all four types of cities main
tained a stable level, where the ineffectiveness of industrial waste was 
50%. Therefore, on the whole, China’s coal cities need to improve their 
capability of resource transformation, and promote rapid economic 
development and the effective improvement of sustainable development 
capability through the steady progress of economic strength. 

5. Conclusions and implications 

5.1. Conclusions 

On the basis of building a system of indicators to evaluate the 

Fig. 3. Ineffectiveness distribution of input–output indicators for coal cities.  
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sustainable development capability of coal cities, this paper used four 
types of coal cities as research object. First, the sustainable development 
capability of various coal cities in China from 2012 to 2016 was esti
mated by using the DEA model. Second, reasons for fluctuations in the 
sustainable development capability of coal cities were dynamically 
decomposed, and the influence of technological efficiency and techno
logical progress on it was discussed. Finally, the inefficiency distribution 
of input–output indicators in the development of different types of coal 
cities was analyzed, and suggestions for optimization were proposed. 
The following conclusions and implications can be offered:  

(1) The average sustainable development capability of China’s coal 
cities in the period 2012–2016 was 0.6704. The overall level of 
sustainable development capability of coal cities in China was 
low and unstable, and there were serious inefficiencies in 
resource allocation and utilization. According to the ineffective
ness analysis, insufficient economic output capability has become 
the main obstacle to the sustainable development of most coal 
cities in China. This inefficiency was reflected in the economic 
output indicators, especially the inefficiency of economic growth 
and structure, which significantly hinders sustainable 
development.  

(2) There were some differences in the sustainable development 
capability of different types of coal cities. The order of sustainable 
development capability is was growing cities > regenerating 
cities > mature cities > cities in recession. The level of sustain
able development capability of different types of coal cities was 
low, and they were not effective. Therefore, there is no bench
mark city for other coal cities to learn from these four types of 
coal cities.  

(3) The TFP average of the total factor efficiency of coal cities in 
China was 1.005 in 2012–2016, which means that the overall 
levels of resource allocation and efficiency of utilization of coal 
cities have not changed significantly in recent years. From the 
point of view of the trend of change, the downward–upward 
fluctuation was unstable. Regarding driving factors, the average 
technological progress index of the sustainable development of 
coal cities was 1.014 from 2012 to 2016, which is the main factor 
affecting changes to the sustainable development capability of 
coal cities in China. The growth rate of technological progress 
was 1.4%, and was the fundamental driving force to promote the 
sustainable development of coal cities. However, in recent years, 
the technological efficiency of coal cities was relatively stable, 
and has not significantly improved. 

5.2. Implications 

(1) The root cause of the low and fluctuating sustainable develop
ment capability of coal cities is insufficient economic output. 
Therefore, economic development remains the primary task. On 
the one hand, by relying on coal resources, and transforming and 
upgrading traditional industries, more resources for coal can be 
explored, and the efficiency of coal mining and use can be 
improved to ensure the stability of production. On the other 
hand, while developing and utilizing coal resources, it is neces
sary to dig for various non-coal resources and accelerate the 
development of new materials’ industries to ensure the sustain
ability of economic growth. The coal city itself must avoid the 
short-sighted development behavior that is guided by the sole 
development of coal resources. It needs to adjust its economic 
benefit strategy from task-based one to a sustainable economic 
benefit-based one.  

(2) The results show that the ineffectiveness of economic growth and 
structure hinder the sustainable development of coal cities 
because technical efficiency does not play a significant role. 
Therefore, coal cities need to redesign the overall business chain 

to exploit the value of the raw materials of coal resources. In 
addition, increased investment in science and technology, 
attaching importance to the adjustment of the industrial struc
ture, and the cultivation of new industries—especially high-tech 
and tertiary industries—should be pursued. The states of coal 
cities that are too dependent on the coal mining industry should 
be changed to develop comprehensive, modern cities with mul
tiple leading and pillar industries, including the coal mining 
industry.  

(3) A comparative analysis showed that of the four types of cities, 
growth cities had the highest sustainable development capability. 
Growth cities with low levels of resource development need to 
pay attention to environmental pollution and resource utilization 
efficiency in the development process, and avoid taking the road 
of “first pollution, then governance.” For mature and recession 
cities, it is necessary to strengthen policy support and investment 
to improve efficiency. On the one hand, they should find new 
areas to grow economic output, promote the development of 
tertiary industries, and eliminate dependence on coal. On the 
other hand, the central government should provide special sub
sidies to coal cities to support the development of alternative 
industries, and control environmental pollution, prevent water 
damage, and implement ecological reconstruction, including 
subsidence land management. 
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