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Abstract

This study establishes an evaluation index system for the Green Transition Level of resource-
based cities in Shanxi Province from four aspects: economy, society, resources, and ecology.
It describes the temporal and spatial variations in the Green Transition Level of these cities,
reveals the disparities among them, and analyzes the differences and underlying reasons in
the changes in the Green Transition Level across different types of resource-based cities
based on a reclassification. The research results indicate that economic development is
the most significant factor affecting the Green Transition Level of resource-based cities.
During the period of 2015–2023, the Green Transition Level of most resource-based cities
in Shanxi Province experienced substantial growth, with northern resource-based cities
demonstrating faster green development. Furthermore, the overall Green Transition Level
of developing, potential, and declining resource-based cities all improved to varying
degrees during this period, whereas the Green Transition Level of shrinking resource-based
cities showed no improvement.

Keywords: resource-based city; green development; resource dependence; China

1. Introduction
Economic growth and urban expansion in resource-based cities are primarily driven

by the extraction and processing of natural resources. These cities are key components of
the global industrialization and energy security systems. As the world’s largest energy
producer and consumer, China has 262 resource-based cities, accounting for over one-third
of the total number of cities in the country. They have played a historic role in ensuring
national energy security and supporting the industrialization process. However, long-term
reliance on an extensive development model characterized by “high extraction, low utiliza-
tion, and high emissions” has led these cities into multiple dilemmas, including structural
decline, ecological environment degradation, and weak social security [1]. Shanxi Province,
a typical coal resource-based region in China, produced 29.1% of the nation’s total coal out-
put in 2023, with 10 of its 11 prefecture-level cities classified as resource-based cities. This
highly coal-dependent economic structure, while generating enormous wealth, has resulted
in Shanxi’s energy consumption per unit of GDP being 2.3 times the national average and
its carbon emission intensity ranking among the highest nationally. Under the constraints
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of the “dual-carbon” goals, resource-based cities in Shanxi face unprecedented pressure
and opportunities for green transformation. Scientifically measuring their transformation
efficiency, identifying key influencing factors, and achieving sustainable development hold
significant theoretical value and practical importance.

The current domestic and international research on resource-based cities mainly fo-
cuses on various aspects such as definition and connotation [2,3], transition mechanisms
and pathways [4,5], ecological environment evaluation [6,7], and sustainable develop-
ment [8,9]. Existing studies on the transformation of resource-based cities have expanded
into several foundational areas, including ecological environment assessment, urban shrink-
age, policy effects, and sustainable development measurement. Specific research includes
exploring the synergistic effects between the land surface temperature and carbon emis-
sions [10], constructing new frameworks for the urban quality assessment [11] analyzing
challenges and policy responses to urban shrinkage [12], and evaluating the effectiveness of
transformation policies [13] and the evolution of economic transition policies [14]. In terms
of measurement methods, research has focused on designing multi-dimensional dynamic
sustainable development indicator systems [8] and analyzing the spatial characteristics
of energy efficiency using models like Super-SBM [15]. Additionally, some studies have
concentrated on identification criteria for resource-based cities and spatial strategies for
their ecological transformation [16].

However, in terms of concretizing and deepening the research subject, existing studies
still show an insufficient systematic empirical investigation into coal-dependent regions,
particularly typical provinces like Shanxi where coal is the dominant industry. Although
Shanxi is widely recognized as a “microcosm” of China’s resource-based economy and
a national pilot zone for a comprehensive energy revolution, bearing the demonstrative
mission of exploring transformation pathways for similar regions, academic research
has mostly placed it within nationwide samples for macro-comparisons or focused on
the transition experiences of resource-based cities in eastern coastal areas (such as Fuxin
and Daqing). There is a lack of in-depth, continuous panel-data research specifically
addressing the Green Transition Level processes, internal disparities, and driving factors
of resource-based urban agglomerations within Shanxi Province. This imbalance in the
regional research focus results in insufficient theoretical support for precise policy design
targeting coal-resource-based regions—where carbon-lock-in effects are most pronounced
and the need for transformation is most urgent.

In specialized research on the Green Transition Level, academic focus centers on
performance measurement and driving mechanisms. Performance measurement studies
primarily involve constructing comprehensive indicators or multi-dimensional frame-
works [17–19] for evaluation. Driving mechanisms are examined from multiple perspec-
tives, including technological innovation and introduction [14], environmental regula-
tion [20,21], industrial and financial synergy [22], regional coordinated development strate-
gies [23], digital transformation [24], and industrial planning [25], while also exploring
the sources of transition momentum [26] and pathways for sustainable development [27].
Research has also revealed spatial heterogeneity in the Green Transition Level [28] and
explored pathways for improving enterprises’ green total factor productivity [29]. It is
noteworthy that the Green Transition Level process exhibits distinct spatial attributes, with
its efficiency often profoundly influenced by the urban spatial structure, land-use evolution,
and regional linkage effects [30]. Furthermore, scholars have noted that the evolution of
spatial morphology in mining cities directly impacts their resource utilization efficiency
and ecological functions [31]. The interplay between urban spatial expansion patterns, the
layout of industrial and mining land, and ecological spaces constitutes a key dimension
for understanding their transition resilience [32]. These studies indicate that integrating
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spatial evolution characteristics into the analytical framework of transition efficiency is
crucial; yet, most existing literature on measuring the Green Transition Level performance
has not adequately incorporated this perspective. Simultaneously, comparative research
also notes that different types of mining cities—such as oil–gas cities versus coal-based
cities, and mature versus declining types—exhibit variations in their transition pathways
and spatial response patterns due to differences in their resource endowment, industrial
structure, and geographical location. Introducing diverse case comparisons can contribute
to a more comprehensive understanding of the complexity and context-dependence of
resource-based urban transitions. From a global perspective, studies also cover the environ-
mental resilience of energy transitions [33], challenges in enterprise transformation [34],
industry sustainability models [35], and an analysis of the macro-driving factors of the
energy Green Transition Level [36].

As a subclass of resource-based cities characterized by the highest carbon emission
intensity and the deepest path dependence, the study of the Green Transition Level in
coal-resource-based cities carries particular importance and urgency. The existing research
indicates that such cities face common challenges, including a pronounced “resource curse”
effect, rigid industrial structures, and substantial historical ecological restoration deficits.
Regarding the efficiency measurement, some scholars have applied methods such as the
SBM-DEA model and the global Malmquist–Luenberger (ML) index, confirming that the
green total factor productivity of these cities is generally lower than that of non-resource-
based cities, with a significant regional heterogeneity observed.

Although research on the Green Transition Level of resource-based cities has yielded
fruitful results in the past, the existing literature still suffers from three main shortcomings.
First, regarding the construction of evaluation systems, most current studies focus on
the single-dimensional efficiency measurement, overlooking the integrity of the Green
Transition Level as a synergistic evolutionary process within an economic–social–resource–
ecological multi-dimensional system. Second, in terms of the regional focus, academia has
paid insufficient attention to coal-dependent regions. Third, in terms of research content,
most existing studies tend to treat the measurement of transition levels and the diagno-
sis of influencing factors as relatively separate, lacking empirical research that precisely
measures the transition performance and simultaneously identifies its key drivers within
the same analytical framework. Fourth, as mentioned earlier, systematic research on the
spatiotemporal differentiation patterns, spatial correlation characteristics, and underlying
mechanisms influencing the Green Transition Level of cities within a highly representative
coal-resource-based province like Shanxi remains notably scarce.

In light of this, this paper focuses on 10 resource-based cities in Shanxi Province,
aiming to contribute marginally in the following aspects: (1) in terms of the study area,
it conducts an in-depth analysis of Green Transition Level practices in Shanxi—a core
coal-producing region of China—to address the lack of systematic empirical research
on high-carbon lock-in areas; (2) in terms of the evaluation framework, it constructs a
comprehensive indicator system encompassing four dimensions: economic vitality, social
well-being, resource decoupling, and ecological improvement, and innovatively employs
a coupled AHP-entropy weight method for weighting, in order to enhance the scientific
rigor and robustness of the measurement; and, (3) in terms of the research perspective, it
measures the spatiotemporal evolution characteristics of transition levels and identifies
the key factors influencing the Green Transition Level of resource-based cities. The study
seeks to contribute the Chinese experience to the global carbon-neutrality transition for
fossil-fuel-dependent economies.

The subsequent content of this paper is arranged as follows: Section 2 covers the data
sources and research methods, systematically elaborating on the overview of the study

https://doi.org/10.3390/su18052657

https://doi.org/10.3390/su18052657


Sustainability 2026, 18, 2657 4 of 19

area, the logic of the indicator system construction, and the selection and setting strategy of
the AHP-Entropy Weight Method coupling weighting technique. Section 3 presents the
spatiotemporal evolution characteristics of the Green Transition Level, including compre-
hensive score rankings, dynamic trend analysis, and spatial clustering analysis. Section 4
proposes differentiated policy recommendations based on the empirical findings and points
out the research limitations and future prospects.

2. Materials and Methods
2.1. Study Area

Shanxi Province is located in central China, in the middle reaches of the Yellow
River Basin. It is a nationally important energy base and heavy industry base, holding
an irreplaceable strategic position in the national production layout. As China’s leading
coal province, its annual output has long ranked among the top three nationally, with
cumulative production exceeding one-quarter of the national total. The study area includes
10 cities designated as resource-based cities in the National Sustainable Development Plan
for Resource-Based Cities: Datong, Yangquan, Changzhi, Jincheng, Shuozhou, Jinzhong,
Yuncheng, Xinzhou, Linfen, and Lüliang. This region forms the largest cluster of resource-
based cities in China. It possesses abundant mineral resources centered on coal, with
120 types of proven minerals, among which reserves of coal, coalbed methane, bauxite, and
refractory clay rank among the highest nationally. However, the long-term, high-intensity
resource exploitation has led Shanxi to face severe development challenges: the energy
consumption per unit of GDP is 2.3 times the national average, and the coal and related
industries account for up to 38.5% of the industrial structure, indicating a significantly
insufficient economic resilience. To address these challenges, the Chinese government
designated Shanxi as the nation’s first pilot province for comprehensive energy revolution
reform in 2019, promoting systemic reforms in clean and efficient coal utilization, the
cultivation of strategic emerging industries, and ecological restoration compensation [37].
Overall, Shanxi Province serves as a typical case for studying the Green Transition Level of
resource-based cities, and the success or failure of its transition directly impacts national
energy security and the achievement of the “dual-carbon” goals. Focusing on these cities,
this paper constructs an evaluation indicator system for the Green Transition Level, and
quantitatively measures and analyzes the dynamic evolution of their transition levels and
influencing factors during the period of 2015–2023, providing empirical support for the
green transformation of resource-based cities.

2.2. Indicator System Construction

The United Nations Sustainable Development Goals (SDGs) set future development
targets from economic, resource, environmental, and other aspects, whose connotations
provide important guidance for constructing the Green Transition Level indicator system in
this paper. Drawing on existing academic achievements and considering the actual situation
of Shanxi Province, and following principles of comprehensiveness, representativeness,
and data availability [38], an evaluation indicator system for the Green Transition Level
of resource-based cities is constructed from three levels, target level, criterion level, and
indicator level [39,40], with economic structure, social development, resources and energy,
and ecological environment as the target level [41].

Adhering to the principles of scientificity, hierarchy, operability, and comprehensive-
ness in indicator selection, and referencing the Global Assessment Report on Biodiversity
and Ecosystem Services [42], the 2030 Agenda for Sustainable Development [43], National
Ecological Civilization Construction Demonstration Zone Construction Indicators (Revised
Edition) [44] Green Development Indicator System [45], Ecological Civilization Construc-
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tion Assessment Target System [46], and related research findings, this paper constructs
an indicator system for measuring the Green Transition Level of resource-based cities
using four dimensions—economy, society, resources, and ecology—as the criterion layer,
as detailed in Table 1. In the dimension of social well-being, we introduce the “house
price-to-income ratio” as a negative indicator. The theoretical rationale is that housing
affordability constitutes a core social cost affecting human capital mobility, industrial capital
allocation, and social stability. Moderate housing pressure helps cities attract and retain
the specialized talent required for Green Transition Level, prevents excessive economic
resources from being locked into real-estate dependence, and ensures that residents have
sufficient financial capacity to support green consumption and long-term life planning,
thereby laying a solid social foundation for the synergistic transformation of economy,
resources, and ecology.

Table 1. Assessment indicators for the Green Transition Level of resource-based cities.

Category Indicator (Item) Index Properties Indicator Calculation

Economy

GDP per capita (10,000 yuan/person) Positive Regional GDP/Permanent Population
Total retail sales of consumer goods

(100 million yuan) Positive Direct statistical value

Profits of industrial enterprises above
designated size per 10,000 persons
(100 million yuan/10,000 persons)

Positive
Total profits of industrial enterprises above

designated size/(Permanent
population/10,000)

Proportion of added value of tertiary
industry to regional GDP (%) Positive (Added value of tertiary industry/Regional

GDP) × 100%
Number of patents granted Positive Direct statistical value

Value Added of Industrial Enterprises above
Designated Size (%) Positive

Value Added of Industry = Gross Output
Value of Industry − Intermediate Input of

Industry + Value-Added Tax Payable in the
Current Period

Society

Year-end urban registered unemployment
rate (%) Negative Unemployed population/(Employed +

Unemployed population)
Proportion of education expenditure to fiscal

expenditure (%) Positive (Education expenditure/Fiscal expenditure)
× 100%

Number of hospital beds per 1000 persons
(beds/1000 persons) Positive (Number of hospital beds/Permanent

population) × 1000
Number of basic pension insurance

participants per 10,000 persons
(persons/10,000 persons)

Positive
(Number of basic pension insurance

participants/Permanent population) ×
10,000

Total household consumption level (yuan) Positive
Direct statistical value (typically per capita
consumption expenditure from sampling

survey × population)

Average housing price/Average wage of all
employed persons in units Negative

(Average sales price of commercial housing
(yuan/m2))/(Average annual wage of all

employed persons in units (yuan))

Resources

Proportion of secondary industry (%) Negative (Added value of secondary
industry/Regional GDP) × 100%

Employment composition of secondary
industry (%) Negative (Employment in secondary industry/Total

employment) × 100%
Energy consumption per 10,000 yuan of GDP

(tonnes of standard coal/10,000 yuan) Negative Total energy consumption (standard
coal)/Regional GDP (10,000 yuan)

Water consumption per 10,000 yuan of GDP
(tonnes/10,000 yuan) Negative Total water consumption/Regional GDP

(10,000 yuan)

Land consumption per 10,000 yuan of GDP
(square meters/10,000 yuan) Negative

Increment in construction land
area/Increment in regional GDP

(10,000 yuan)
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Table 1. Cont.

Category Indicator (Item) Index Properties Indicator Calculation

Ecology

Annual days with good air quality (days) Positive Direct statistical value
Per-capita park green area (square

meters/person) Positive Park green area/Permanent population

Comprehensive utilization rate of industrial
solid waste (%) Positive (Comprehensively utilized industrial solid

waste/Generated amount) × 100%

Centralized sewage treatment rate (%) Positive (Sewage treated by centralized treatment
plants/Total sewage discharge) × 100%

Table Source: Compiled by the authors.

2.3. Data Sources

The study period spans nine years. Most of the raw data for the indicator layer come
from official statistics, provincial and municipal statistical yearbooks (2015–2023) [47,48],
and municipal environmental status bulletins (2015–2023) [49]. Non-general data such as
profits of industrial enterprises above designated size per 10,000 persons, proportion of
education expenditure to fiscal expenditure, and number of hospital beds per 1000 persons
were obtained through calculation. Economic data including GDP per capita, total retail
sales of consumer goods, proportion of tertiary industry added value to regional GDP,
GDP per capita, and number of patents granted were sourced from the CNKI statistical
database and provincial/municipal statistical yearbooks. Environmental indicators such as
annual days with good air quality and per-capita park green area came from municipal
environmental status bulletins. A few missing data points, including the comprehensive
utilization rate of industrial solid waste and energy consumption per 10,000 yuan of GDP,
were filled using the values from adjacent years and the mean value method.

2.4. Method for Determining Indicator Weights (Entropy Weight Method, AHP)

The determination of indicator weights generally includes subjective weighting meth-
ods and objective weighting methods. Subjective weighting involves evaluators assigning
weights based on their own knowledge and understanding of the research subject, making it
difficult to eliminate the influence of subjective factors [50]. In objective weighting methods,
weights are derived directly from data processing, which may fail to reflect the perceived
importance or acceptance of the indicators [51]. To overcome the respective limitations of
subjective and objective weighting approaches, this paper adopts a combined weighting
form that integrates the Analytic Hierarchy Process (AHP) and the entropy weight method.
Specifically, weights are first calculated separately using the two methods, and then the
average of the two sets of weights is taken as the final weight, thereby enhancing the
scientific rigor and accuracy of the results.

2.4.1. Objective Weight Determination Method

The coefficient of variation method and the entropy weight method were used to
calculate the weights of the 24 indicators for the years 2015 and 2023 separately. The
average of these was then taken to determine the final weights.

The coefficient of variation method (CV) directly uses the information on the variation
of each indicator to estimate its weight, serving as an objective weighting method. The
formulae are as follows:

vi =
σi
Xi

, wi =
vi

∑n
i=1 vi

(1)

where vi is the coefficient of variation of the i-th index; σi is the standard deviation of the
i-th index; Xi is the arithmetic mean of the i-th index; and wi is the weight of the i-th index.
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Entropy is a measure of the disorder degree of a system. That is, the smaller the
variation degree of a certain indicator within a system, the less information content it
contains, the smaller its entropy value, and, consequently, the smaller its corresponding
weight in a multi-indicator comprehensive evaluation system, and, conversely, the larger
the weight. The formulae for the entropy weight method are as follows:

Information entropy of the j-th indicator is as follows:

Ej = −k
m

∑
i=1

PijlnPij, 0 ≤ hj ≤ 1 (2)

Entropy weight of the j-th indicator is as follows:

W2
J =

1 − Ej

∑n
j=1 (1 − E j

) (3)

where k = − 1
lnm ,Pij = yij/∑m

i=1 yij, when yij = 0, pijlnPij = 0.
The two methods were applied to calculate the weights for each indicator for the years

2015 and 2023, respectively, and the average was taken.

2.4.2. Subjective Weight Determination Method

In the process of using the Analytic Hierarchy Process (AHP) to calculate the weights
of evaluation indicators, it is necessary to conduct pairwise comparisons of elements at the
same level from high to low. This is expressed by Equation (4):

A =
(
bij
)

n×n · · · =


b11 b12 b13· · · b1n

b21 b22 b23· · · b2n

b31 b32 b33· · · b3n
...

...
...
...

...
bn1 bn2 bn3· · · bnn

 (4)

Among them, it represents the relative importance of the i-th factor with respect to
the j-th factor. By conducting a pairwise comparison of each index at every level, the
corresponding weight of each index in the matrix is calculated using the sum-product
method. In addition, after the calculation of matrix weights is completed, a consistency test
needs to be performed to ensure the rationality of the weights.

2.4.3. Consistency Test Process and Results of the Judgment Matrix (Full Paragraph)

To ensure the rationality and logical consistency of the weight results obtained by
the Analytic Hierarchy Process (AHP), this study conducted a strict consistency test on
the judgment matrices of the criterion layer (i.e., the four dimensions: Economic, Social,
Resource, and Ecological). The specific steps are as follows:

1. Constructing the Judgment Matrix: Based on expert scoring, pairwise comparisons
of the importance of the four criteria—Economic (E), Social (S), Resource (R), and Ecological
(Env)—were made, constructing the following 4th-order judgment matrix A:

A =


1 3 2 2

1/3 1 1/2 1/2
1/2 2 1 1
1/2 2 1 1


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The matrix reflects the following relative importance judgments: economic vitality is
considered the most important, followed by ecological improvement and resource decou-
pling, with social well-being being relatively less important.

2. Calculate the Maximum Eigenvalue (λmax) and the Consistency Index (C.I.):
First, the weight vector of matrix A (i.e., the source of the “Criterion Weight” under

the “Analytic Hierarchy Process (AHP)” column in Table 2) is calculated using the Sum-
Product Method. The maximum eigenvalue (λmax) of the matrix is then obtained. After
computation, the λmax of this judgment matrix is approximately 4.0604.

Table 2. Indicator weights for Green Transition Level of resource-based cities.

Category Indicator (Item) Index
Properties

Analytic
Hierarchy

Process (AHP)

Entropy
Weight
Method

Total
Weight

Category
Weight

Economy

GDP per capita (10,000 yuan/person) Positive 0.0671 0.0539 0.0605

0.0523

Total retail sales of consumer goods
(100 million yuan) Positive 0.0390 0.0648 0.0519

Profits of industrial enterprises above
designated size per 10,000 persons (100 million

yuan/10,000 persons)
Positive 0.0354 0.0570 0.0462

Proportion of added value of tertiary industry
to regional GDP (%) Positive 0.0656 0.0382 0.0519

Number of patents granted Positive 0.0385 0.0577 0.0481
Value Added of Industrial Enterprises above

Designated Size (%) Positive 0.0664 0.0436 0.0550

Society

Year-end urban registered unemployment
rate (%) Negative 0.0401 0.0365 0.0383

0.0429

Proportion of education expenditure to fiscal
expenditure (%) Positive 0.0337 0.0477 0.0407

Number of hospital beds per 1000 persons
(beds/1000 persons) Positive 0.0407 0.0531 0.0469

Number of basic pension insurance
participants per 10,000 persons

(persons/10,000 persons)
Positive 0.0387 0.0363 0.0375

Total household consumption level (yuan) Positive 0.0409 0.0547 0.0478
Average housing price/Average wage of all

employed persons in units Negative 0.0393 0.0529 0.0461

Resources

Proportion of secondary industry (%) Negative 0.0648 0.0610 0.0629

0.0469

Employment composition of secondary
industry (%) Negative 0.0669 0.0397 0.0533

Energy consumption per 10,000 yuan of GDP
(tonnes of standard coal/10,000 yuan) Negative 0.0532 0.0472 0.0502

Water consumption per 10,000 yuan of GDP
(tonnes/10,000 yuan) Negative 0.0405 0.0343 0.0374

Land consumption per 10,000 yuan of GDP
(square meters/10,000 yuan) Negative 0.0382 0.0236 0.0309

Ecology

Annual days with good air quality (days) Positive 0.0334 0.0478 0.0406

0.0486

Per-capita park green area (square
meters/person) Positive 0.0258 0.0944 0.0601

Comprehensive utilization rate of industrial
solid waste (%) Positive 0.0661 0.0283 0.0472

Centralized sewage treatment rate (%) Positive 0.0658 0.0272 0.0465

Table Source: Compiled by the authors.

Calculate the Consistency Index (C.I.):

C.I. =
λmax − n

n − 1
=

4.0604 − 4
4 − 1

≈ 0.0201
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where n = 4 is the order of the matrix.
3. Look up the average random consistency index (R.I.):
For a matrix dimension of 4, the corresponding R.I. is 0.90.
4. Calculate the consistency ratio (C.R.) and make a judgment:

C.R. =
C.I.
R.I.

=
0.0201
0.90

≈ 0.0224

Since C.R. ≈ 0.0224 < 0.1, the consistency of the judgment matrix is considered accept-
able, and it passes the consistency test. Therefore, the criterion-level weights derived from
this calculation (Economic: 0.4523, Social: 0.1429, Resource: 0.2014, and Ecological: 0.2034)
and the subsequent AHP weights of individual indicators are reasonable and valid.

2.4.4. Final Weight Results

The average of subjective and objective weights is taken.

3. Results
The tabular data contains Green Transition Level evaluation indicators for 10 cities in

Shanxi Province (Datong, Shuozhou, Xinzhou, Yangquan, Jinzhong, Lüliang, Changzhi,
Linfen, Jincheng, and Yuncheng) for the years 2015 and 2023. The evaluation system consists
of four primary indicators (economy, society, resources, and ecology) and 21 secondary
indicators. The data have been standardized (weighted sum of scores), and the weights for
each indicator are provided. Among all the weights, indicators such as the GDP per capita,
proportion of secondary industry, and per-capita park green area have a relatively large
impact on the final results; indicators such as the year-end urban registered unemployment
rate, number of basic pension insurance participants per 10,000 persons, water consumption
per 10,000 yuan of GDP, and land consumption per 10,000 yuan of GDP have a relatively
small impact on the final results.

3.1. Transformation Level Scores and Spatial Differences
3.1.1. Static Changes in Green Development Level

After nearly a decade of development, resource-based cities in Shanxi Province have
shown varying degrees of improvement in the economic development, social development,
resource dependence, and ecological environment dimensions, with the overall Green Tran-
sition Level demonstrating significant changes. The calculated green development levels
for Shanxi’s resource-based cities in 2015 and 2023 are shown in Tables 3 and 4, respectively.

Table 3. Green Transition Level of Shanxi Province’s resource-based cities in 2015.

City Name Economy Society Resources Ecology Total Score

Datong 0.24 0.08 0.05 0.07 0.46
Shuozhou 0.17 0.12 0.08 0.09 0.48
Xinzhou 0.12 0.09 0.07 0.12 0.44

Yangquan 0.20 0.13 0.09 0.05 0.49
Jinzhong 0.13 0.13 0.10 0.15 0.51
Lüliang 0.02 0.09 0.13 0.13 0.40

Changzhi 0.16 0.14 0.10 0.10 0.51
Linfen 0.16 0.08 0.12 0.12 0.49

Jincheng 0.17 0.14 0.10 0.13 0.54
Yuncheng 0.16 0.09 0.13 0.06 0.47
Average 0.153 0.109 0.097 0.102 0.479

Table Source: Compiled by the authors.
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Table 4. Green Transition Level of Shanxi Province’s Resource-Based Cities in 2023.

City Name Economy Society Resources Ecology Total Score

Datong 0.24 0.10 0.07 0.16 0.50
Shuozhou 0.17 0.14 0.17 0.12 0.62
Xinzhou 0.12 0.14 0.13 0.16 0.51

Yangquan 0.20 0.16 0.10 0.09 0.44
Jinzhong 0.13 0.14 0.13 0.11 0.50
Lüliang 0.02 0.14 0.16 0.05 0.47

Changzhi 0.16 0.16 0.12 0.12 0.62
Linfen 0.16 0.13 0.07 0.08 0.43

Jincheng 0.17 0.16 0.13 0.12 0.58
Yuncheng 0.16 0.11 0.07 0.08 0.37
Average 0.153 0.139 0.115 0.109 0.504

Table Source: Compiled by the authors.

From a static perspective, using an interval classification method, the Green Transition
Level for both years were divided into four categories: <0.4 indicating a low level, 0.4–0.5
indicating a relatively low level, 0.5–0.6 indicating a relatively high level, and >0.6 indicating
a high level. The classification results roughly conform to a normal distribution.

The cities corresponding to each Green Transition Level in 2015 and 2023 are shown in
Table 5.

Table 5. Green Transition Level of cities in 2015 and 2023.

Year Low Green Transition
Level Cities

Relatively Low Green
Transition Level Cities

Relatively High Green
Transition Level Cities

High Green Transition
Level Cities

2015 None

Datong, Shuozhou,
Xinzhou, Yangquan,
Lüliang, Linfen,
Yuncheng

Jinzhong, Changzhi,
Jincheng None

2023 Yuncheng Yangquan, Lüliang,
Linfen

Datong, Xinzhou,
Jinzhong, Jincheng Shuozhou, Changzhi

Table Source: Compiled by the authors.

In terms of dynamic changes, the following can be observed: (1) In terms of progress,
Shuozhou and Changzhi have shown significant improvement in their Green Transition
Levels, with Shuozhou exhibiting the greatest increase, rising from sixth place in 2015 to
first place in 2023. Although Jinzhong, Changzhi, and Jincheng showed little change in their
scores, they maintained relatively high Green Transition Levels. (2) In terms of regression,
Yangquan, Linfen, and Yuncheng have shown a notable decline in their Green Transition
Levels. Yuncheng dropped from a relatively low level to a low level, experiencing the
largest decline.

3.1.2. Spatial Distribution Characteristics of Green Transition Levels

The overall Green Transition Level scores for cities in 2015 and 2023, along with the
growth values between these two years, were visualized spatially, as detailed in Figure 1.
Whether in 2015 or 2023, cities with higher levels of the Green Transition Level (represented
by dark green areas) appear to exhibit certain spatial clustering characteristics, potentially
forming “high–high” agglomeration zones centered around the provincial capital, Taiyuan,
or other specific regions. Statistically, in 2023, cities in the northern and southeastern regions
reached relatively high levels, with the overall Green Transition Level in the northeastern
region being higher than that in the southwestern region. Dynamically, the Green Transition
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Level in the western region generally increased, while it declined more significantly in the
northeastern region.

 

Figure 1. Spatial distribution of Green Transition Level of resource-based cities in Shanxi Province
in 2015 (Left) and 2023 (Right). Figure Source: Created by the authors. Table source: Self-drawn
using ArcGIS10.7.

3.2. Dynamic Changes in Green Development Level
3.2.1. Reclassification Based on a Four-Quadrant Development Process

To clarify the development status of Shanxi’s resource-based cities over the past nine
years compared to national cities, it is necessary to assess their development state. Based
on whether the population of the 10 resource-based cities in Shanxi increased from 2015 to
2023 and whether their economic growth rate exceeded the national level, a four-quadrant
judgment framework was established to classify resource-based cities into developing,
potential, shrinking, and declining types, as detailed in Figure 2. If the population increased
and the economic growth rate exceeded the national level, the city was judged to be
developing. If the economic growth rate exceeded the national level but the population
decreased, the city still had some economic development potential, classifying it as potential.
If the population continued to increase but the economic growth rate was below the national
average, it indicated an insufficient development momentum, classifying it as shrinking. If
both the population decreased and the economic growth rate was below the national level,
it signified a dual lag in economic and social development, classifying it as declining.

The “National Sustainable Development Plan for Resource-Based Cities (2013–2020)” [52]
classifies resource-based cities into four major categories (growing, mature, declining, and
regenerative) based on the resource security and sustainable development capacity. This
classification is a static one based on the development status of resource-based cities in 2013.
In contrast, the four-quadrant classification described above is a dynamic classification based
on the change data of resource-based cities over the nine-year period, aiming to indicate the
dynamic change process, as detailed in Table 6.
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Figure 2. Four-quadrant method for dynamic classification of resource-based cities based on economy
and population. Figure Source: Created by the authors.

Table 6. Comparison of static classification, comprehensive dynamic classification, and economic–
population dynamic classification for resource-based cities in Shanxi Province.

City Name Static Category Quadrant Category

Shuozhou Growing Declining
Datong Mature Declining

Yangquan Mature Declining
Changzhi Mature Developing
Jincheng Mature Potential
Xinzhou Mature Declining
Jinzhong Mature Shrinking

Linfen Mature Declining
Yuncheng Mature Shrinking
Lüliang Mature Potential

Table Source: Compiled by the authors.

3.2.2. Comparison of Changes in Green Transition Level

Based on the joint classification method of the four quadrants, Shanxi’s resource-based
cities can be divided into developing (Changzhi), potential (Jincheng and Lüliang), shrink-
ing (Jinzhong and Yuncheng), and declining (Shuozhou, Datong, Yangquan, Xinzhou, and
Linfen). Looking at the overall dynamic changes from 2015 to 2023, different types of
resource-based cities show differentiated development paths and outcomes in the four
dimensions of economic development, social services, resource utilization, and ecological
protection. Overall, developing cities demonstrate excellence in the comprehensive green
transformation process; potential cities possess a relatively good foundation for transfor-
mation but show uneven progress; shrinking and declining cities face structural challenges
of varying degrees. The specific manifestations are as follows:

1. Economic dimension

Economic Dimension: Potential resource-based cities showed the largest increase in the
economic green transformation level, followed by developing cities, whereas the economic
green transformation level of shrinking and declining resource-based cities declined. Taking
the developing city Changzhi as an example, through industrial structure optimization and
upgrading and innovation-driven development, its economic growth trend is steady. Its
economic dimension score increased from 0.035 in 2015 to 0.042 in 2023, reflecting the initial
achievements in its layout of emerging industries such as semiconductor optoelectronics
and hydrogen energy. The potential city Jincheng, leveraging the continuous development
of clean energy industries like coalbed methane, maintains a high level in both economic
scale and quality. In contrast, the shrinking city Yuncheng, affected by factors such as the
slow transformation of traditional industries and insufficient cultivation of new growth
drivers, lacks economic growth momentum, with some indicators even showing negative
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growth. The declining city Yangquan, constrained by the dual pressures of traditional coal
industry decline and insufficient support from emerging industries, shows a clear decline
in its economic dimension score.

2. Social dimension

Social Dimension: Declining resource-based cities show continuous improvement
in social development levels, while social security capabilities in other city types remain
relatively stable. However, developing and shrinking cities exhibit noticeable shortcom-
ings. The developing city Changzhi actively invests in social welfare and public services,
implementing measures such as education group reform and inclusive medical insurance,
leading to steady growth in its social dimension score. The potential city Jincheng also
maintains a relatively high level in social services. The declining city Lüliang has long
had a weak social security system and scarce quality medical resources, keeping its social
dimension score at a low level, which, to some extent, constrains the social stability and
human capital accumulation during the transition process.

3. Resource dimension

Resource Dimension: Potential and declining cities show significant improvement in
resource utilization efficiency, while developing and shrinking cities face the dual challenges
of resource dependence and declining efficiency. Taking the potential cities Lüliang and
Shuozhou as examples, the resource utilization efficiency has been greatly improved
through technological upgrades and the promotion of a circular economy. The developing
city Changzhi has gradually reduced its dependence on traditional resources during its
industrial diversification process. The declining city Yangquan has not fundamentally
changed its resource-intensive industrial structure. Emerging industries like big data data
centers are, themselves, high-energy-consuming projects, leading to a decline in its resource
dimension score. The shrinking city Yuncheng shows a slow improvement in resource
utilization efficiency, reflecting that its industrial transformation remains in a difficult stage.

4. Ecological dimension

Ecological Dimension: The ecological environment of all city types, except shrinking
cities, generally improved, but the internal differences remain significant. Declining and
potential cities achieved notable results in ecological construction. For instance, as detailed
in Figure 3, Changzhi and Datong continued to increase the investment in air quality
governance and green space construction, maintaining leading positions in their ecological
dimension scores. However, shrinking and developing cities face greater pressure on
ecological protection. For example, Yuncheng’s ecological score declined significantly
due to factors like industrial pollution, indicating certain deficiencies in its environmental
governance and regulatory system. Overall, during the study period, resource-based cities
in Shanxi generally increased their emphasis on the ecological environment, but cities with
slow transformation still face significant challenges in balancing economic growth and
environmental protection.

The comprehensive analysis indicates that developing and potential cities demon-
strate stronger systematic and coordinated capabilities in the green transformation process,
achieving a synchronous improvement or steady progress across multiple dimensions of
economy, society, resources, and ecology. In contrast, shrinking and declining cities exhibit
“short-board effects” in different dimensions. Issues such as sluggish economic growth,
insufficient social security, low resource efficiency, and increasing ecological pressure inter-
twine, further intensifying the complexity and difficulty of their transformation. Therefore,
future policies should place greater emphasis on classified guidance to help different types
of cities overcome the key constraints and promote a balanced development and an overall
leap in the green transformation of resource-based cities across the province.
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Figure 3. Growth values of Green Transition Level for four types of resource-based cities in Shanxi
Province, 2015–2023. Figure Source: Created by the authors.

4. Discussion
4.1. Targeting “Developing-Type” Cities: Implement an Innovation-Driven and Industrial Chain
Upgrading Strategy to Strengthen Radiating and Leading Effects

Leveraging provincial-level mechanisms like the “Chain Chief System” for key indus-
trial chains (e.g., high-end equipment manufacturing, semiconductors, and new energy),
support leading enterprises in establishing local R&D headquarters and taking the lead
in undertaking provincial or national-level “Unveiling the List and Taking Command”
scientific and technological projects. Using the Shanxi Central Urban Agglomeration con-
struction as a platform, have developing-type cities take the lead in jointly establishing
“enclave parks” or industrial collaboration demonstration zones with neighboring cities,
integrating their management, technological, and capital advantages with the land and
resource advantages of surrounding areas. For example, promote Changzhi and the sur-
rounding areas to jointly build a coal ‘clean and efficient utilization’ and coal-based ‘new
materials’ industrial alliance. Incorporate targets such as the proportion of affordable rental
housing supply, the green travel rate of residents, and the reduction target for the fine
particulate matter (PM2.5) concentration into their performance evaluations to promote the
sharing of high-quality development outcomes.

Deeply integrate into Shanxi Province’s the new regional development layout of “One
Cluster, Two Zones, Three Circles.” The effectiveness evaluation should focus on the follow-
ing: the annual increase in the proportion of value added from strategic emerging industries
in industrial value added, the growth rate of the technology contract transaction value, and
the number and investment amount of cross-city industrial collaboration projects.

4.2. With Resource Revolution as the Core, Consolidate the Sustainable Foundation for Green
Transition Level

Mandate the green mining and circular utilization of dominant resources like coal and
bauxite, promoting integrated models such as “coal-power–aluminum-materials.” Drawing
on the experience of the circular economy pilot in Shuozhou (e.g., “coal–electricity–silicon–
aluminum”), incorporate the output value of the bulk solid waste comprehensive utilization
into performance assessments. Utilize provincial policies for cultivating specialized charac-
teristic towns, concentrating resources to build 1–2 non-coal industrial clusters with national
influence (e.g., Lüliang aluminum–magnesium new materials, and Xinzhou special metal
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materials). Accelerate the deployment of wind and solar power bases, accompanied by
supporting pumped storage and new energy storage projects to enhance the new energy
consumption capacity.

Align with Shanxi Province’s upgrade plan for coal power unit retrofits (the “Three
Reforms Linkage”) and the special action for comprehensive solid waste utilization. Key
evaluation indicators include the following: the annual reduction rate of energy con-
sumption per unit of industrial value added, the comprehensive utilization rate of bulk
solid waste, and the average annual growth rate of operating revenue for characteristic
industrial clusters.

4.3. Targeting “Mature-Type” Cities: Focus on Characteristic Breakthroughs and Functional
Reinforcement Strategies to Achieve Leapfrog Development

Yuncheng should fully align with the strategy for ecological protection and high-
quality development in the Yellow River Basin, focusing on modern agriculture, the deep
processing of agricultural products, and cultural tourism and health and wellness, aiming
to build a renowned tourist destination. Jinzhong should leverage its universities and
geographical advantages to develop producer services like smart logistics, vocational
education, and an exhibition economy. Promote the transformation and utilization of
idle industrial and mining factories and land to develop new business forms like cultural
innovation and scientific innovation.

Prioritize the alignment with Shanxi Province’s development plans for the cultural
tourism and health and wellness industrial chain and urban renewal actions. The core
evaluation indicators are as follows: the proportion of tertiary industry value added, the
growth rate of the total tourism revenue, the growth rate of the total retail sales of consumer
goods, and the green coverage rate in built-up urban areas.

4.4. Targeting “Declining-Type” Cities: Strengthen Livelihood Safeguarding and Ecological
Restoration Strategies to Ensure Stable Transition

Establish a provincial-level special assistance fund for a resource-based city transi-
tion, dedicated to relocation and resettlement, employment training, and social security
continuity in independent mining areas and coal mining subsidence areas. Develop a
number of public welfare jobs to ensure social stability. Treat these cities as a top priority
for the “A Surge of Clear Water into the Yellow River” project. Mandate the implemen-
tation of mine environmental restoration and governance, incorporating the ecological
restoration rate of historical mines as a hard constraint in the performance evaluation of
party and government leaders. While ensuring people’s livelihoods and social stability,
cultivate labor-intensive green industries suited to local conditions, such as PV/wind
power operation and maintenance, and waste material recycling.

Vigorously implement Shanxi Province’s comprehensive treatment plan for coal min-
ing subsidence areas. The core evaluation indicators are as follows: the urban surveyed
unemployment rate, the completion rate of shantytown renovations, the annual completion
of ecological restoration area for historical mines, and the incidence rate of major social
risk events.

4.5. Establish a Province-Wide Collaboration and Dynamic Evaluation Mechanism

Based on the indicator system of this study, establish a dynamic monitoring and
evaluation platform for the Green Transition Level of resource-based cities in Shanxi
Province. Annually release the four-dimensional indicator scores and rankings for each
city, with the results serving as an important basis for provincial fiscal transfer payments
and project arrangements. Implement dynamic management: Re-evaluate and adjust city
classifications every two years, dynamically optimizing the intensity and focus of the
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policy support accordingly. Promote transition finance instruments: Encourage financial
institutions to innovatively develop green credit and transition bond products tailored to
cities of different transition types.

Incorporate the monitoring and evaluation results into Shanxi Province’s comprehen-
sive performance assessment system for high-quality development and the natural resource
asset departure audit system for leading cadres, forming a policy closed loop.

5. Conclusions
Currently, as China’s development strategy shifts from focusing on the economic

growth rate to high-quality development, the level of green development has become an
indispensable element of urban development in China today. As one of China’s most im-
portant resource-based provinces, Shanxi’s economy is highly dependent on resource-based
industries such as coal mining and power generation. Under the concept of green devel-
opment, the province has encountered a development bottleneck. Based on the economic
development and population mobility data, this paper classifies cities in Shanxi into four
types: developed, potential, declining, and stagnant. Using the actual development data
from 2015 to 2023, the study finds that developed and potential cities have driven Shanxi’s
Green Transition Level, while declining and stagnant cities have become major obstacles.
There are significant disparities in green development levels among cities in the province.
Therefore, to upgrade the overall level of green development in Shanxi, it is necessary to
enhance the demonstration effect of cities with higher green development levels. Through
upstream and downstream industrial cooperation and supply chain upgrading, industrial
restructuring and upgrading should be achieved while ensuring living standards in mining
areas, thereby promoting green development through industrial transformation.

This study still has certain limitations, and future research could deepen the investiga-
tion in the following areas:

(1) Indicator system level: Due to data availability constraints, some indicators reflecting
emerging factors such as innovation-driven development and the digital economy
(e.g., R&D investment intensity, and digital infrastructure coverage) were not fully
incorporated. Future work could develop more forward-looking indicators to capture
new drivers of transition.

(2) Research methodology level: This paper primarily employs comprehensive evaluation
and descriptive statistics, without delving deeper into econometric methods such
as spatial econometric models or threshold regression to uncover complex causal
relationships and spatial spillover effects among factors. Subsequent studies could
build on this foundation to construct econometric models, further examining the
contribution and nonlinear relationships of various influencing factors.

(3) Research scale and chain perspective: This study focuses on the macro scale of
prefecture-level cities. Future research could delve into micro-level analyses at the
county or enterprise level, or expand upward to the urban agglomeration scale,
enabling multi-scale comparisons and research on transmission mechanisms. Ad-
ditionally, a comprehensive assessment of the entire chain of the Green Transition
Level—”process–outcome–effect”—warrants in-depth exploration.

(4) Dynamic tracking level: The time span of this study is nine years. Future research
could extend the observation period, particularly after the full implementation of the
“dual-carbon” goals, to continuously track the changes in transition trajectories under
policy impacts, thereby providing a basis for dynamic policy adjustments.
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