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A B S T R A C T   

This study aims to evaluate the economic growth of coal-resource-oriented cities under Low-Carbon (LC) eco-
nomic growth. The public participation mechanisms are promoted, and the vitality of the economic market of 
resource-oriented cities is enhanced by increasing the intervention of government policies. Firstly, the context of 
the coal-resource-oriented cities and LC economy are analysed. Secondly, an economic resilience assessment 
system for coal-resource-oriented cities is established, characterized by traditional and high-tech industries 
through the analysis of the condition of resource-oriented cities. Finally, in the process of optimizing and 
managing the economic structure, the assessment of the LC evolution path of resource-oriented cities is 
strengthened through the extensive participation of the general public. The results show that the economic 
resilience level of coal-resource-oriented and traditional cities fluctuates and increases from 2011 to 2021. In 
2011, the economic resilience index of traditional cities and coal-resource-oriented cities was 0.11and 0.22. By 
2021, traditional cities’ and coal-resource-oriented cities’ economic resilience assessment stability was 0.527 and 
0.562. This study has pivotal reference value for promoting urban resource management and economic 
efficiency.   

1. Introduction 

Developing a Low-Carbon Economy (LCE) is necessary for both 
country and domestic resource-oriented cities (Andersen et al., 2018; 
Jing and Wang, 2020; Wang and Yu, 2021). With the gradual 
advancement of China’s industrial modernization, more and more re-
sources and energy will be required for growth, giving resource-oriented 
cities dominated by resource-oriented industries the opportunity to 
develop and prosper. However, with the massive extraction of resources, 
the increasing sophistication of the required extraction technologies, 
and the rapid rise in the cost of extraction, the prosperity of 
resource-oriented cities is necessarily unsustainable. The cost of its 
growth is irreversible, and the environmental damage is enormous. For 
resource-oriented city growth practice, the deep-seated contradiction 
between the continuous expansion of demand for high-carbon economic 
growth and the finite resources of cities has become increasingly 
apparent. Thus, the growth of the LCE has principal guiding significance 
for improving the economic vitality of resource-oriented cities. 

With rapid urbanization, cities are undergoing significant changes in 

all aspects. Cities face shocks and disturbances such as economic crises, 
resource depletion, and extreme weather disasters (Brokalaki and 
Comunian, 2021; Batty, 2020). How to make cities resist and enhance 
their ability to cope with risks and disturbances so that they can adapt to 
disturbances and achieve better growth of learning absorption and 
innovation capabilities is more urgent. With the over-exploitation of 
coal, urban growth faces many contradictions and problems. Studying 
the economic resilience of coal-resource-oriented cities can lead to a 
new direction for sustainable urban growth. Additionally, the impact 
factors can be identified through qualitative and quantitative analysis of 
the economic resilience of coal-resource-oriented cities. The future 
economic growth prospects of cities can be predicted, and the existing 
urban growth problems can be further clarified. Therefore, targeted 
policy recommendations can be formulated to improve urban economic 
resilience (Deng et al., 2021). 

With LC economic growth, an assessment index system for the eco-
nomic resilience of resource-oriented cities is constructed here. The 
relevant conceptual theories are organized, and the existing research 
results are referred to. The optimization of the LC economic growth path 
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of resource-oriented cities is carried out by analyzing the growth pros-
pects of resource-oriented cities. The theoretical meaning of LCE is to 
develop an economic model based on low energy consumption, low 
pollution, and low emission. The core connotation is the innovation of 
energy technology and emission reduction technology, industrial 
structure and system innovation, and the fundamental change of the 
concept of human survival and development. In the context of carbon 
neutrality, LCE has practical application value for the reform of urban 
development mode. The main innovation is to promote the continuous 
improvement of urban economic progress by reducing government 
policy intervention and deepening the reform of the state-owned en-
terprise system. This study has practical reference value for the future 
growth of the economic indexes of coal-resource-oriented cities. 

2. Recent work 

2.1. Research on the LCE and resource-oriented city growth 

The growth and balanced management policies of the urban LCE are 
studied. For example, Yang et al. (2019) researched China’s LC eco-
nomic path and balanced management strategy. They summarized the 
path of China’s LCE in terms of energy, industry, LC cities, circular 
economy, and LC technologies. Some policy suggestions were put for-
ward to develop China’s future LCE. These policy recommendations 
would enable a well-rounded LC transition in China through a rationally 
viable LC pathway. Research had practical application value for 
improving weather change and environmental problems. Zhang et al. 
(2019) evaluated the effectiveness of LC economies in sustainable 
growth. They measured the correlation between the efficiency of LC 
economies and the level of economic growth from a global perspective. 
From a dynamic perspective, global LC economic performance improved 
significantly during the survey, with an overall annual growth rate of 
0.75%. Louche et al. (2019) investigated financial markets and transi-
tion strategies to an LCE. They helped financial markets perform a 
pivotal role in the transition to an LCE through a logic-based theory. The 
results showed that price efficiency and risk-adjusted return efficiency 
hindered the effective integration of the LCE in financial markets to 
some extent. Liu et al. (2020) studied the imbalance problem of LC 
growth in China and proposed a new comprehensive inequality index to 
measure this problem. The study extended the spatial decomposition 
model to explore factors of inequality. Ionescu (2021) conducted an 
empirical study on the correlation among green finance behavior, 
climate change mitigation, and environmental and energy sustainabil-
ity. The results signified a significant correlation between the natural 
world and economic sustainability. Murshed et al. (2021) studied the 
role of the clean energy transition in achieving an LCE by assessing the 
impact between energy consumption and other key macroeconomic 
variables in Bangladesh. The results indicated that the clean energy 
transition could become a critical means of developing an LCE and 
solving environmental pollution. 

In addition, LC economic policies are closely related to developing 
resource-oriented cities. Li and Zhang, 2021 examined the relationship 
among an LCE, food safety, and agricultural mechanization. They 
implemented a simultaneous equation model to explore the correlation 
among food security, agricultural automation, and agricultural carbon 
emissions in China. The method was validated using the ordinary least 
squares method. The results revealed that the organic combination of an 
LCE, food security, and agricultural mechanization could positively 
impact environmental protection. Yu et al. (2019) researched the 
identification and category of resource-oriented cities in China. They 
analysed the indexes and thresholds for identifying and categorizing 
resource-dependent cities using the theory and method of urban func-
tional classification. They also explored the different connotations and 
features of the type of city. The results provided a basis for the scope and 
classification of resource-oriented cities. Xiao et al. (2021) studied the 
role of the coordinated growth of socio-economy and ecological 

environments in resource-oriented cities. A comprehensive assessment 
index system was constructed by coordinating the relationship between 
socioeconomic growth and the ecological environment. The results 
suggested that the sustainable growth of resource-oriented cities needed 
to promote high and new technologies to improve production efficiency. 
In summary, in the growth process of resource-oriented cities, the in-
dustry is the pillar of economic growth. The main focus of energy pro-
duction and consumption is on the industry. Through the optimization 
of urban industrial growth policies, the coordinating role of the eco-
nomic market can be effectively played, which can stimulate the eco-
nomic vitality of the market and improve the utilization rate of resources 
in the city and the economic resilience of the urban system as a whole. 

2.2. Research on urban economic resilience assessment and policy 
intervention 

Regarding the assessment of urban economic growth and resilience 
indexes, Faggian et al. (2018) provided a preliminary assessment of 
regional economic resilience in the Italian region by analyzing the 
Italian local labor system. The findings expressed that regional econo-
mies were sensitive to recessionary shocks in the local labor system. Di 
Pietro et al. (2021) studied the resilience factors of regional economic 
growth in the European Union by measuring regional vulnerability, 
resistance, and resilience indexes in each region. The results indicated 
that the region’s response to external disturbances varied depending on 
the nature of the impact. Regions highly resilient to supply-side reces-
sionary shocks might be less resilient to demand-side shocks. Pretorius 
et al. (2021) explored policy pathways to regional economic resilience in 
developing countries by investigating economic resilience policies in the 
Southern African region. The results suggested that economic openness, 
export market dynamics, and sectoral composition might affect the 
economic resilience of urban growth. Saputro and Suwito (2022) studied 
the factors of economic resilience in asymmetric warfare by analyzing 
urban economic life and dynamic conditions. The results manifested that 
in the growth of resource-oriented cities, the economic resilience of the 
digital economy, digital bureaucracy, and banking industry needs to be 
further enhanced through national policies. 

In addition to the regulating role of the economic market itself, it can 
be seen through empirical analysis that the level of urban growth is 
closely related to the government’s policy intervention. Wang et al. 
(2018) evaluated indexes of urban circular economy growth through an 
empirical study in 40 cities in China. They proposed an assessment index 
system for developing urban consumer electronics, using an improved 
entropy method combining expert weighting and entropy weighting. 
The results implied that the urban circular economy had improved 
significantly in recent years. Jiang et al. (2019) explored the application 
of the resistance model in urban ecological land use efficiency assess-
ment. The land cover type, distance from roads, and distance from res-
idential areas were used as important indexes to protect the regional 
ecosystem structure. The findings denoted a significant correlation be-
tween the level of urban economic growth and the efficiency of urban 
ecological land use. Surya et al. (2021) examined renewable energy use 
and sustainable urban growth. The results demonstrated that the use of 
energy resources needed to be optimized to support economic growth 
and the growth of urban areas. The efficiency of energy management 
and the effectiveness of the distribution process were required to be 
improved. Liu et al. (2021) studied the coupling and coordination of 
urban economic growth and ecological environment in the Yellow River 
basin. They used coupled coordination model and geographically 
weighted regression analysis to construct an assessment index system for 
economic growth and ecological environment. Madaleno et al. (2022) 
researched the correlation among incubators, accelerators, and urban 
economic growth. They combined theory and evidence on incubator and 
accelerator programs and their impact on urban economic growth. The 
findings suggested that government policy intervention was momentous 
in promoting urban economic resilience. Wang et al. (2022) investigated 
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enterprise resource optimization based on an artificial intelligence (AI) 
algorithm and modeled project features, user behaviors, and content 
features with neural network algorithm. Ultimately, a neural network 
algorithm-based recommendation and resource optimization model for 
cultural and creative industry venture projects is constructed. The re-
sults denoted that with the increase in training time, the recognition 
accuracy of the model reached 81.64%. Wang et al. (2022) explored 
network public opinion (NPO) risk prediction and credibility detection 
by using blockchain technology and regulated by blockchain technology 
and NPO. They pointed out that the designed experimental scheme can 
reasonably predict the risk and test the credibility of non-profit orga-
nizations. Wang et al. (2022) studied edge computing technology in 
enterprise performance and venture capital management, and the sup-
plier performance evaluation results manifested that the partnership 
between venture capital enterprises and suppliers was affected by 
various factors. 

To sum up, the main problem encountered in this study is that there 
are too many factors affecting regional economic fluctuations, and urban 
economic resilience has an important reference value for the economic 
transformation of the whole city. Thereupon, the study addresses the 
"old" problem of LC urban regional economic development by assessing 
urban economic systems and adopting an innovative approach such as 
AI and economic resilience assessment. 

3. Economic resilience assessment and growth path 
optimization of coal-resource-oriented cities 

3.1. Analysis of LCE and resource-oriented city growth prospects 

In the face of resource and environmental pressures, the economic 
growth mode characterized by high carbon in the past is difficult to 
sustain. A new economic form characterized by low carbon is taking 
shape (Sarker et al., 2018). From industrial structure, some traditional 
industries characterized by high emissions have gradually adjusted and 
withdrawn. LC industries, represented by high-tech industries, have 
progressively become strong. From the perspective of enterprise pro-
duction, LC production links are required to promote upgrading tech-
nical equipment. Moreover, there is a trend of cross-border formation of 

ecological industrial chains to realize the application of resource cycle 
reduction. Thereby, the LCE of resource-oriented cities has broad growth 
prospects. The structural framework of resource-oriented urban growth 
is analysed. Fig. 1 presents the structure. 

3.2. Assessment and analysis of economic resilience of coal-resource- 
oriented cities 

Coal-resource-oriented cities refer to economic, geographical areas 
with common economic characteristics, social functions, and environ-
mental attributes formed by coal mining and processing. The resilience 
of urban economic systems is complex (Bulut et al., 2019). The level of 
economic resilience is affected by a combination of factors. Hence, a 
single analysis of the resilience index of the overall urban economic 
resilience system and a comparative analysis of the economic resilience 
of various subsystems cannot explain the reasons for the change. Further 
research is needed on the main factors affecting urban economic resil-
ience. On the one hand, it can clarify the main reasons for the change in 
urban economic resilience. On the other hand, it can propose targeted 
countermeasures and suggestions according to the characteristics of the 
city and formulate relevant policies to enhance the city’s economic 
resilience. The economic resilience assessment system of 
resource-oriented cities is studied, and the structure is exhibited in 
Fig. 2. 

3.3. Optimization of LC economic growth path and policy intervention 

Implementing LCE strategies can enhance cities’ stable growth and 
innovation capabilities in the face of unknown risks and disturbances 
(Fagerberg, 2018; Mensah, 2019; Gazzola et al., 2020) to achieve further 
growth in the city. It is vital to improve the scientific nature of LC 
assessment of resource-oriented cities and promote the understanding 
and participation of all stakeholders in the LC growth path. It is signif-
icant to strengthen the LC growth of resource-oriented cities. However, 
the LC growth of resource-oriented cities is inseparable from the 
extensive participation of governments at all levels, entrepreneurs, sci-
entific research institutes, intermediary institutions, and the general 
public. Strengthening the assessment of the LC growth path of 

Fig. 1. Structural framework diagram of resource-oriented urban growth.  
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resource-oriented cities, for one thing, is conducive to promoting the 
whole society to establish awareness of the optimal LC growth path and 
actively implement it into action to achieve LC growth as soon as 
possible. Additionally, it is necessary to strengthen the leading re-
sponsibility and the government’s LC management level. For another, 
strengthening relevant assessment in such cities can effectively play a 
supervisory role. Besides, it is crucial to strengthen the awareness of LC 
growth among all stakeholders and achieve steady growth in the eco-
nomic level of resource-oriented cities through policy intervention. The 
growth path of the urban LCE is optimized. The architecture of optimal 
management of the economic system is displayed in Fig. 3. 

3.4. Data acquisition and experimental analysis 

This paper uses a simulation experiment methodology to verify the 
conjecture. At the same time, the specific experimental methods and the 

computers and other equipment used are given below. First, the study 
needs to assess indexes of economic resilience in resource-oriented cit-
ies. A coal-resource-oriented city A on the mainland is used as the 
research object through the collation of literature data. City A’s urban 
economic growth index data in the 11 years from 2011–2021 is 
extracted. Moreover, a traditional city B is selected as the reference 
object for the experiment to compare the difference between coal 
resource cities and other ordinary cities regarding economic resilience. 
The urban economic growth index data of city B in the 11 years from 
2011–2021 are also extracted. The main research data sources are the 
"China Urban Statistical Yearbook", "China Urban Construction Statis-
tical Yearbook", as well as "National Economic and Social Development 
Statistical Bulletin". The nonlinear function model of econometrics is 
used to optimize the data, and the measurement work is performed 
through the analysis of economic indexes data. Besides, this study 
mainly adopts the existing measurement methods in the field of 

Fig. 2. Economic resilience assessment and management system of resource-oriented cities.  

Fig. 3. Growth path architecture of the urban LCE.  
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information management for analysis, because these methods can 
directly use known information to explain variables and explain the 
causal relationship between different variables through the stepwise 
regression method. The economic growth level between cities A and B is 
evaluated using factors such as urban economic resilience index, 
resource consumption, and recovery coefficient, economic resilience of 
resource-oriented industry growth, resilience index of market economy 
scale, data sensitivity of economic assessment, and stability of model 
assessment. The overall performance of economic resilience of coal- 
resource-oriented cities is analysed. The architectural model of the 
resilience assessment is revealed in Fig. 4. 

Furthermore, in the process of establishing the economic resilience 
assessment model of resource-oriented cities, it is crucial to evaluate and 
summarize the economic structure and economic system construction of 
cities based on scientific principles, systematic principles, and operable 
principles combined with the resources and economic growth conditions 
of resource-oriented cities. In the experimental analysis, it is first 
necessary to preprocess the collected data to eliminate the dimensional 
and order of magnitude differences of various data indexes. For the data 
studied here, to analyze the role of carbon emissions in the development 
of urban economic data, the economic resilience index data of "tradi-
tional cities" and "coal cities" are compared to further analyze the role of 
carbon emissions in urban economic development. The main compara-
tive situation takes Chinese cities as examples, which can also be applied 
to other foreign cities, thus evaluating the effect of LCE resilience on 
urban development. Additionally, the research data is collected from the 
10 years from 2011 to 2021, and there is a correlation between one or 
more explanatory variables and error terms in the model, which may 
lead to the endogenous problem of panel data. In order to solve this 
problem, the instrumental variable method and the two-stage least 
square method are used for measurement, and sample screening is 
employed to further figure out the endogenous problem of variables. The 
data preprocessing process is performed in SPSS software, and the 
experimental environment settings of the software are outlined in 
Table 1. 

4. Results and discussion 

4.1. Economic resilience indexes and resource consumption assessments 
for different types of cities 

The economic resilience data between coal-resource-oriented and 
ordinary cities are compared to evaluate the difference in economic 
resilience and resource consumption between resource-oriented and 
ordinary cities. In 2011–2021, the trend of economic resilience index 
data of different cities is portrayed in Fig. 5. Moreover, the resource 
consumption and recovery of different types of cities are analysed, and 
the results are illustrated in Fig. 6. 

Fig. 5 portrays that in terms of the temporal dynamic evolution trend 
of economic resilience in various cities, the changing trend of economic 
resilience in different cities is fluctuating, and the level of data change 
has improved significantly. From 2011 to 2021, the economic resilience 
level of coal-resource-oriented and traditional cities fluctuated and 
increased. In 2011, the economic resilience index of traditional cities 
was 0.11, and that of coal-resource-oriented cities was 0.22. In 2021, the 
resilience index of traditional cities increased by 0.30, while that of coal- 
resource-oriented cities was 0.38. Therefore, the resilience assessment 
performance of coal-resource-oriented cities is higher than that of 
traditional cities. 

Fig. 6 displays that over time, the two cities’ internal resource con-
sumption and resource recovery indexes are increasing yearly in 
changing the resource consumption and recovery performance data of 
traditional and coal-resource-oriented cities. In 2011, the resource 
consumption and recovery coefficient of traditional cities were 0.18, 
while that of resource-oriented cities were 0.33. In 2021, resource- 
oriented cities’ resource consumption and recovery coefficient 

Fig. 4. Architectural model diagram of economic resilience assessment.  

Table 1 
Experimental environment settings.  

Experimental 
environment 

Operating 
system 

Memory Storage 
hard disk 

Video 
memory 

Processor 

Specific 
information 

Windows10 16 GB 5.2T 8 GB i7-7Y75  
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increased by 0.48. Thus, the resource consumption gap between two 
cities is gradually growing. 

4.2. Growth of resource-oriented industries and assessment of market 
economy scale in different kinds of cities 

The horizontal values are used here to reflect the fact that coal 
resource cities and traditional cities actually grow in tandem. Beyond 
that, it is necessary to consider the scale efficiency of the city’s resource- 
oriented industry growth and market economy in developing resource- 
oriented cities. The statistics on the resource industry growth data of 
resource-oriented and ordinary cities are suggested in Fig. 7. Statistics 
are provided on the change of resilience indexes of the scale of the 
market economy in these two different cities over time. The results are 

outlined in Fig. 8. 
Fig. 7 implies that the economic resilience of the growth of resource- 

oriented industries in diverse cities continues to grow with time, and the 
growth of resource-oriented industries is vital in promoting the eco-
nomic level of cities. In traditional cities, the economic resilience data of 
industrial growth was 0.054 in 2011 and increased to 0.070 in 2021. In 
resource-oriented cities, the economic resilience index of industrial 
growth was 0.078 in 2011, and the economic resilience index rose to 
0.093 in 2021. Therefore, the growth of resource-oriented industries is 
the only way to promote the sustainable economic growth of coal cities. 

Fig. 8 shows that the size of the urban market economy has an 
essential impact on assessing economic resilience indexes. Among them, 
economic resilience indexes mainly reflect the economic growth level of 
resource-oriented cities. In 2011, the resilience index of the market 
economy of traditional cities was 0.075, while that of coal-resource- 
oriented cities was 0.112 at this time, which was higher than that of 

Fig. 5. Changes in economic resilience indexes of traditional and coal-resource- 
oriented cities. 

Fig. 6. Changes in resource consumption and resource recovery coefficient in 
traditional and coal-resource-oriented cities. 

Fig. 7. Growth trend of economic resilience of resource-oriented industry 
growth in different cities over time. 

Fig. 8. Growth trend of resilience indexes of the market economic scale in 
different cities over time. 
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conventional cities. In 2021, the resilience index of the market economy 
of traditional cities and coal-resource-oriented cities was 0.122, and 
0.141. In coal cities, emerging industrial clusters develop. It can be seen 
that the scale of the market economy in cities is large, and the indexes of 
economic resilience are higher than those of traditional cities. 

4.3. Comparison of the results of economic assessment of different kinds 
of cities 

It is necessary to compare the assessment results of economic indexes 
of different kinds of cities to assess the resilience growth indexes of coal- 
resource-oriented cities. The data sensitivity curves of the economic 
assessment of different city types in the system are plotted in Fig. 9. 
Moreover, the model stability data of economic assessment of different 
city types are studied, and the results are demonstrated in Fig. 10. 

Fig. 9 reveals that in the urban growth system, the sensitivity of 
economic indexes of traditional and resource-oriented cities is 
increasing yearly. In 2011, the data sensitivity index of traditional cities 
was 0.16, while that of coal cities was 0.25. In 2021, the data sensitivity 
index of coal resource cities and traditional cities was 0.24 and 0.19, 
indicating that the data sensitivity index of coal resource cities has 
declined. Coal-resource-oriented cities have a larger number of pro-
cessing industries, so they are more sensitive to data on market eco-
nomic fluctuations. A significant decline in economic indexes may cause 
a severe crisis, so it is necessary to pay enough attention to cities’ eco-
nomic indexes and data sensitivity. 

The stability of resilience assessments in economic systems is 
compared between different city types. In 2011, the economic resilience 
assessment stability of traditional cities and coal-resource-oriented cities 
was 0.185, and 0.307. In 2019, traditional cities’ and coal-resource- 
oriented cities’ economic resilience assessment stability was 0.457 and 
0.481. In 2021, the economic resilience assessment stability of these two 
types of cities was 0.527 and 0.562, respectively. For the stability of 
urban economic systems, the stability level of coal-resource-oriented 
cities is significantly higher than that of traditional cities. Beyond 
that, from the empirical results, Figs. 5 and 6 display the economic 
resilience index and resource consumption evaluation coefficient of 
different cities. Figs. 7 and 8 describe the evaluation coefficient of the 
market economy scale, while Figs. 9 and 10 express the evaluation re-
sults of the economic system of different city types. There is an internal 
logical relationship between these figures, which is mainly reflected in 
the variations of economic data between coal-resource-oriented cities 
and traditional cities. The empirical results demonstrate that coal- 
resource-oriented cities are more sensitive to the evaluation results of 
market economic data, and the range of economic indexes depends more 
on the planning and scheduling of urban resources. 

5. Conclusion 

In recent years, the economic system and urban-rural integration 
structure of coal-resource-oriented cities have significantly been 
affected by the growth of an LCE. In the growth process of resource- 
oriented cities, this study collates the research literature related to 
urban economic resilience assessment and policy intervention for 
developing urban infrastructure and economic systems. First, an eco-
nomic resilience assessment system for coal-resource-oriented cities is 
established starting from the background of an LCE. Then the optimi-
zation strategy of the economic growth path is systematically explored 
by analysing the government’s policy intervention. The results are as 
follows. In 2021, the resilience index of the market economy of tradi-
tional cities and coal-resource-oriented cities was 0.122 and 0.141. 
However, there are some limitations. The main limitation of this study is 
that in the process of constructing the assessment indexes of the urban 
economic system, the selection of indexes is not perfect. Therefore, 
future exploration should evaluate the economic resilience of cities from 
multiple perspectives to improve the economic assessment mechanism 

of coal-resource-oriented cities. 
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