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Evaluation and Obstacle Factors for the Coordinated De-
velopment of Carbon Reduction, Pollution Control, Green
Expansion and Economic Growth in Cangzhou City
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Abstract Taking Cangzhou City, a pilot city for heavy chemical industry in the Beijing — Tianjin — Hebei region, as the research object, time series data
from 2010 to 2024 were selected. Based on the unique local resource endowment, a comprehensive evaluation system covering 15 indicators from four sub-
systems of carbon reduction, pollution control, green expansion, and economic growth was constructed. Entropy method, coupled coordination, and ob-
stacle-degree model were used for quantitative calculation. The results showed that the comprehensive development level of Cangzhou City continued to
improve during the research period, but the development pace of the four subsystems was unbalanced. The growth of green expansion relying on canal af-
forestation and saline-alkali tolerant wheat planting was the most prominent, and the carbon reduction link was the long-term core constraint for coordina-
ted development. The coupling degree of the system continued to increase, but the coupling coordination was always below 0.5, and it was in a mild im-
balance stage for a long time, showing the characteristics of "high coupling, low coordination". The progress of CCUS promotion, the scale of saline alka-
li land and canal greening, and the energy consumption per unit of GDP are the main limiting factors. Based on the shortcomings of local development,
practical measures are proposed from three aspects: expanding carbon capture projects, improving the quality of characteristic ecological spaces, and per-
fecting diversified collaborative governance. This can provide empirical reference for similar heavy chemical industrial cities to coordinate ecological gov-

ernance and industrial green transformation.
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The report of the 20" National Congress of the Communist
Party of China clearly proposes to " promote carbon reduction, pol-
lution control, green expansion, and economic growth in a coordi-
nated manner" , requiring the overall promotion of industrial re-
structuring, pollution control, ecological protection, and response
to climate change. The 2024 Central Economic Work Conference
further emphasized the need to accelerate the comprehensive green
transformation of economic and social development. This strategic
deployment marks a new stage of multi-objective coordinated de-
velopment in China’s ecological civilization construction.

In recent years, research on the coordinated development of
carbon reduction, pollution control, green expansion, and eco-
Yin Bibo

et al. """ constructed an evaluation index system for the synergy

nomic growth has become increasingly abundant.

level of pollution control and carbon reduction and the growth in-
dex of green expansion, and examined the spatiotemporal evolution
characteristics and driving factors of the coupling coordination de-
gree between the two. Ren Xiaosong et al. > used the panel dy-
namic QCA method based on the TOE framework to analyze the

configuration path of provincial-level coupling and collaborative
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development in China. Cui Xinlei et al. ' studied the dynamic
evolution of coupling coordination and its influencing factors in the
Yellow River basin. At the urban scale, Lv Jiaqi et al. '*' studied
the characteristics and obstacles of coordinated development in
typical cities in the Yangize River Delta. Bao Zehang et al. ™
measured the coupling coordination of urban agglomerations in the
Yangtze River Delta. However, existing research mostly focuses
on the national, provincial, or urban-agglomeration scale, and re-
fined research on individual typical industrial cities remains insuf-
ficient. As key spatial carriers for collaborative efficiency, cities
vary in development stage, industrial structure and resource en-
dowment, which may result in significant spatial heterogeneity of
coordination mechanisms that cannot be easily uncovered by
macro-level analysis.

Cangzhou City is a typical industrial city in the Beijing —
Tianjin — Hebei region, mainly focusing on traditional heavy
chemical industries. It has faced structural problems such as coal-
dominated energy consumption and highway-oriented transportation
for a long term. During the " 14" Five-Year Plan" period, PM, ,
concentration decreased by 21% compared with the end of the
"13" Five-Year Plan" period, and the proportion of new energy
installed capacity reached 62. 14% . In 2024, Cangzhou was se-
lected as a national pilot city for collaborative innovation in pollu-
tion control and carbon reduction, providing a typical sample for
collaborative research at urban scale.

In this paper, Cangzhou was taken as the object to build a
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four-dimensional evaluation system of carbon reduction, pollution
control, green expansion, and economic growth. Comprehensively
using entropy method, coupled coordination, and obstacle-degree
model , the level of coordination was calculated and the constraints
were identified, providing empirical support for the green transfor-

mation of similar industrial cities.

1 Research framework and indicator system
1.1 Research methodology
1.1.1

research results, this paper constructs an evaluation system cover-

Establishment of indicator system. Drawing on existing

ing four subsystems and a total of 15 indicators, based on the in-
dustrial characteristics and ecological background of Cangzhou
City and following the principles of scientificity, comprehensive-
ness, typicality, and data availability.

The carbon reduction subsystem selects three indicators;
greenhouse gas emissions, coal consumption proportion, and
CCUS pilot approval, which comprehensively reflect the scale of
carbon emissions, the degree of energy structure cleanliness, and
policy driving forces. The pollution control subsystem characteri-
zes the effectiveness of atmospheric and water environment treat-
ment by the proportion of days with excellent air quality and the
sewage treatment rate, respectively. After the positive transforma-
tion of three negative indicators of solid waste intensity, exhaust
gas intensity, and wastewater intensity, the " comprehensive index

of three wastes treatment" is synthesized, to comprehensively

characterize the level of industrial pollution control. The green ex-
pansion subsystem Incorporates two regional characteristic indica-
tors, namely the green area of the Grand Canal corridor and the
planting area of saline-alkali tolerant wheat, based on the conven-
tional indicators of forest coverage and green space in built-up are-
as, to reflect the particularity of the green expansion work in Can-
gzhou. The economic growth subsystem selects five indicators, in-
cluding per capita GDP, total green patent applications, energy
consumption per unit of GDP, comprehensive utilization rate of
general industrial solid waste, and per capita SO, emissions, to
comprehensively examine the quality of economic growth and the
effectiveness of green transformation.

1.1.2 Comprehensive evaluation model. To eliminate the influ-
ence of dimensionality, the original data were subjected to range
normalization, and a 0. 001 of translation correction was used for
the standardized results. The comprehensive index of three wastes
treatment was synthesized after positive transformation of three
negative indicators: solid waste intensity, exhaust gas intensity,
and wastewater intensity. Using the entropy method for objective
weighting, the weight was determined based on the information en-
tropy of indicators. The smaller the information entropy and the
greater the degree of variation, the higher the weight. Then the
comprehensive development index of each subsystem was calculat-
ed by weighting. The evaluation index system for carbon reduction

— pollution control — green expansion — economic growth is shown

in Table 1.

Table 1 Evaluation index system for carbon reduction — pollution control — green expansion — economic growth

Dimension Indicator level Direction Unit Coefﬁ‘(:iﬁjnl Indi‘calor
of variation weight
Carbon reduction C, : greenhouse gas emissions Negative 10% t CO, 0.177 2 0.073 6
C, : energy structure (proportion of coal consumption) Negative % 0.1152 0.047 8
C5: CCUS pilot approved Positive - 0.592 8 0.246 3
Pollution control P, : proportion of days with good air quality Positive % 0.139 4 0.057 9
P, : comprehensive index of three wastes treatment Positive - 0.192 2 0.079 8
P; : sewage treatment rate Positive % 0.030 1 0.012 5
Green expansion E, : forest coverage rate Positive % 0.095 9 0.039 8
E, : green area of built-up area Positive hm? 0.076 6 0.0318
E;: green space in built-up areas Positive mu 0.160 9 0.066 9
E, : planting area of saline-alkali tolerant wheat Positive 10* mu 0.3057 0.1270
Economic growth G, : GDP per capita Positive yuan/ person 0.064 0 0.026 6
G, : total number of green patent applications Positive items 0.146 1 0.060 7
G : energy consumption per unit of GDP Negative t standard coal /10* yuan 0.129 7 0.053 9
G, : comprehensive utilization rate of general industrial solid waste  Positive % 0.049 8 0.020 7
Gy : per capita SO, emissions Negative kg/ person 0.1316 0.054 7

Note ; The CCUS pilot approved takes 2022 as the policy starting year, with a value of O before 2022 and a value of 1 including 2022 and afterwards ; the total weight

is 1, due to rounding-off, and there may be slight deviations in the sum of each weight.

The comprehensive development indexes of the four subsys-
tems were calculated according to the formula (1), and the com-
prehensive development index was calculated according to the

formula (2):
k
U, =j;ij,.] (D)

T=wU, +WU, + W,U, + W, U, (2)
where U, is the comprehensive development index of the ;" subsys-
tem (i =1, 2, 3, 4, corresponding to the subsystems of carbon
reduction, pollution control, green expansion, and economic
growth respectively) ; k is the number of indicators contained in

this subsystem; X is the standardized value of the k" indicator of
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subsystem i after translation correction. The comprehensive devel-
opment index U, of each subsystem ranges from O to 1, with a
higher value indicating a higher level of development for that sub-
system. T is the comprehensive development index, and W, is the
weight of subsystem i in comprehensive development. Referring to
the research of Ren Xiaosong et al. "> | it is believed that the four
subsystems are equally important in collaborative development, so
W, =W,=W, =W, =0.25.

1.1.3 Coupling coordination model. The coupling coordination
model was used to measure the collaborative development level of
interactions and influences between multiple subsystems. Refer-
ring to the research of Wang Shujia et al. "', a coupling coordina-
tion model for the four systems of carbon reduction, pollution con-
trol, green expansion, and economic growth was constructed. The

specific calculation formulas for coupling degree and coupling co-

Table 2 Classification criteria for coupling coordination levels

ordination degree are as follows:
[ U xU, xU, xU, " 3)
_{<U1 +U, + U, +U4)4}
D= /CxT (4)

where U, , U,, U,, and U, are the development indices of subsys-

tems for carbon reduction, pollution control, green expansion, and
economic growth, respectively. C is the coupling degree, and D is
the coupling coordination, with both values ranging from O to 1.
The larger the value of D, the higher the level of collaborative de-
velopment among the four subsystems.

Using the classification standard of coupling coordination
level defined by Guo Shanshan'”’| the coupling coordination

relationship is divided into 4 major categories and 10 levels

(Table 2).

Coupling stage Coupling degree C

Coordination degree D

Coordination type

Low-level coupling stage (1) (0-0.3)
Antagonistic stage (1) [0.3-0.5)
Adaptive stage (III) [0.5-0.8)
High-level coupling stage (IV) [0.8-1.0]

(0-0.1) Extreme imbalance (1-1)
[0.1-0.2) Serious imbalance (I -2)
[0.2-0.3) Moderate imbalance (1-3)
[0.3-0.4) Mild imbalance (IT-1)
[0.4-0.5) Near imbalance (11 -2)
[0.5-0.6) Reluctant coordination (IIT - 1)
[0.6-0.7) Junior coordination (IIT-2)
[0.7-0.8) Intermediate coordination (III -3)
[0.8-0.9) Good coordination (IV 1)
[0.9-1.0] High-quality coordination (IV —2)

1.1.4 Obstacle degree model. The objective obstacles that con-
strain the collaborative process of " carbon reduction, pollution
control, green expansion, and economic growth" were quantified

using an obstacle-degree model. The calculation formula is as

follows ;
Fy=w; xW, (5)
= A XD oy (6)
S5 F,x(1-X,)
V.= ;()U (7)

where w; is the weight of the j" indicator in subsystem i; F ; is the
contribution of indicator j to subsystem i; O, is the obstacle level
of the indicator layer, reflecting the degree of constraint of a single
indicator on collaborative development, and n is the number of in-
dicators contained in subsystem i; V; is the obstacle degree of sub-
system layer, which is the sum of obstacle degrees of all indicators
within the subsystem. The larger the values of O, and V,, the
stronger the constraining effect of the indicator or subsystem on the
coordinated development of carbon reduction, pollution control,
green expansion, and economic growth.

In this paper, the period from 2010 to 2024

was selected. The data covered two types of indicators: socio-

1.2 Data source

economy and resource-environment, and were taken from various

statistics, environmental bulletins, and public information from

multiple departments and industry associations in Cangzhou. Miss-

ing data were filled in using the interpolation method.

2 Results and analysis

2.1 Comprehensive development level The comprehensive
coordination index of carbon reduction, pollution control, green
expansion, and economic growth in Cangzhou from 2010 to 2024
overall fluctuated and increased significantly during the research
period. Development can be divided into three stages: a low-level
stable period from 2010 to 2014, steady growth from 2015 to 2020,
a significant acceleration in the rate of improvement after 2021,
with the overall synergy level continuously getting better.

There were significant differences in the development pace
of the four subsystems. The carbon reduction index continued to
decline in the early stage, but quickly rebounded after 2022 rel-
ying on CCUS policies. The pollution control index showed a
U-shaped change, and the effectiveness of pollution control was
gradually becoming apparent. The growth rate of the green ex-
pansion sector was far ahead, with canal greening and saline-
alkali tolerant wheat planting being the core driving forces. The
economic growth index was slowly increasing, and the transfor-
mation of traditional industries constrained the green growth rate
of the economy (Fig.1).

The development of various systems was uneven. The mo-
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mentum of green expansion was strong, while the carbon-reduction

and pollution-control subsystems experienced prominent fluctua-

tions. There is still great potential for improvement in the overall

coupling and coordination level of the region.
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Note: a. Carbon reduction; b. Pollution control; ¢. Green expansion; d. Economic growth; e. Comprehensive coordination index.

Fig.1 Change trends in the comprehensive development indexes of various subsystems and comprehensive coordination index from 2010 to 2024

2.2 Coupling coordination level From 2010 to 2024, the
coupling degree and coupling coordination degree of the carbon re-
duction, pollution control, green expansion, and economic growth
system in Cangzhou showed an overall fluctuating upward trend,
with a coupling degree of 0.849 at the end of the period. The de-
gree of correlation between various systems continued to deepen,
with only a brief decline in 2020 due to the drag of the carbon
reduction index. The final coupling coordination degree was
0.399 6, which has not crossed the critical value of 0.5, and it
was still in the imbalance range overall.

The temporal changes can be divided into three stages
(Table 3) : from 2010 to 2015, the coordination level was slowly
improved, from serious imbalance to moderate imbalance, and the
rapidly expanding chemical industry dragged down the collabora-
tive improvement. From 2016 to 2021, the development has been
fluctuating and stagnant. The greening of the Grand Canal and the
planting of saline-alkali tolerant wheat have continued to acceler-
ate, but carbon emissions remained high, and the progress of car-
bon reduction lagged behind. The coordination status remained
stable in the serious to moderate imbalance range. From 2022 to
2024, the coordinated level accelerated growth. Relying on CCUS
carbon sequestration projects and the large-scale layout of new en-
ergy, the carbon reduction shortcomings were alleviated, and the
coordination degree approached the critical range, gradually ap-
proaching the coordination stage.

Over the past fifteen years, the collaboration level has only
progressed from " serious to moderate to mild imbalance" , without
entering the stage of adaptation and coordination, showing charac-
teristics of high coupling and low coordination. The four major sys-

tems were closely interconnected, but the speed of green expan-

sion far exceeded that of carbon reduction and pollution control.
The development of various sectors was unbalanced and has been
in a low-level constraint state for a long time. In the future, it is
necessary to continue to deepen CCUS demonstration, strictly con-
trol energy consumption intensity, consolidate pollution control
achievements, and promote the synchronous and balanced devel-

opment of the four systems.

Table 3 Changes in coupled coordination degree of carbon reduction,
pollution control, green expansion, and economic growth

. Coupling
Year Coupling coordination Coordination type
degree (C)
degree (D)

2010 0.173 8 0.106 7 Serious imbalance (1-2)
2011 0.719 1 0.2103 Serious imbalance (1-2)
2012 0.876 2 0.191 3 Serious imbalance (1-2)
2013 0.844 3 0.232°8 Moderate imbalance (11 -1)
2014 0.882 5 0.2417 Moderate imbalance (11 -1)
2015 0.9117 0.262 4 Moderate imbalance (11 -1)
2016 0.966 2 0.260 4 Moderate imbalance (1T -1)
2017 0.939 0 0.253 3 Moderate imbalance (II-1)
2018 0.746 1 0.217 7 Moderate imbalance (11 -1)
2019 0.7319 0.238 4 Moderate imbalance (11 -1)
2020 0.4315 0.194 5 Serious imbalance (1-2)
2021 0.699 8 0.254 1 Moderate imbalance (II-1)
2022 0.903 1 0.381 8 Mild imbalance (I1-2)
2023 0.8513 0.383 1 Mild imbalance (I1-2)
2024 0.849 3 0.399 6 Mild imbalance (11 -2)

2.3 Obstacle factors

cles, carbon reduction was the primary factor restricting the coor-

From the perspective of subsystem obsta-

dinated development of Cangzhou. The continuous increase in ob-
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stacles was rooted in the high proportion of local heavy chemical
industries and the incomplete transformation of high energy consu-
ming industrial structures. The degree of obstacles to green expan-
sion has significantly decreased, and afforestation in the canal and
planting of saline-alkali tolerant wheat have continued to advance,
resulting in outstanding achievements in ecological construction.
The degree of obstacles to economic growth first increased and
then decreased, while the degree of obstacles to pollution control
was the lowest over a long term, and the foundation was stable
(Fig.2). The effectiveness of atmospheric governance and corpo-

rate environmental protection transformation was stable.
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Fig.2 Thermal map of obstacle factor and obstacle degree

Among various indicators, CCUS implementation, saline-al-
kali tolerant wheat, canal greening, energy consumption per unit
of GDP, and coal proportion were the five core limiting factors
(Table 4). After the CCUS project was put into operation, the
constraint effect was significantly weakened, and the effect of car-
bon sequestration and emission reduction was obvious. The degree
of constraint on indicators related to canals and saline alkali land
continued to increase, and the progress of ecological construction
lagged behind overall development. The constraint on energy con-
sumption per unit of GDP has been increasing year by year, mak-
ing it more difficult to save energy. The constraints on coal con-
sumption have been significantly alleviated, and the popularization
of new energy has promoted the continuous optimization of the en-

ergy structure.

Table 4 Main obstacle factors and their average obstacle degree

Average

No. Main obstacle factors obstacle
degree // %

1 C;: CCUS pilot approved 19.77
2 E, : planting area of saline-alkali tolerant wheat 17.81
3 E;: green space in built-up areas 12.09
4 G; : energy consumption per unit of GDP 9.81
5 C, : energy structure (proportion of coal consumption) 7.97
6 Gs : per capita SO, emissions 7.57
7 P, : comprehensive index of three wastes treatment 5.32
8 G, : total number of green patent applications 4.50

In the future, CCUS demonstration applications should be
continuously expanded, energy consumption levels should be
strictly controlled, and the ecological expansion of canals and sa-
line-alkali land should be accelerated, to address the shortcomings

of each subsystem.

3 Conclusions and suggestions
3.1 Conclusions Taking Cangzhou City as the research object,
this paper constructs a four-dimensional evaluation system of " car-
bon reduction — pollution control — green expansion — economic
growth" by adopting the comprehensive evaluation method, cou-
pling coordination degree model, obstacle-degree model, and
structural equation model (SEM), and systematically measures
the collaborative development level of Cangzhou City from 2010 to
2024. The main conclusions are as follows:

(1) From 2010 to 2024, the comprehensive development in-
dex of Cangzhou City increased from 0. 065 6 to 0. 188 0, with a
growth rate of 186.6% . The proportion of green expansion subsys-
tem has jumped from less than 0. 1% to 43.5% , there were sig-
nificant fluctuations in carbon reduction and pollution control, and
economic growth was steady. The asynchronous development of the
four systems was prominent.

(2) The coupling coordination degree has increased from
0.106 7 t0 0.399 6, and it has gone through " serious imbalance —
moderate imbalance — mild imbalance". However, it has long
shown the characteristics of "high coupling degree and low coordi-
nation degree" , and there was still a significant gap from the stage
of coordinated development.

(3) The carbon reduction subsystem was the primary obsta-
cle, with an average obstacle level of nearly 40% . The top five
obstacle factors in the indicator layer were CCUS pilot approved,
area of saline-alkali tolerant wheat, greening area of Grand Canal ,
energy consumption per unit of GDP, and energy structure. The
ecological expansion speed lagged behind, and the pressure of en-
ergy consumption control continued to increase.

3.2 Suggestions
3.2.1 Undertaking large-scale carbon capture projects, and pro-
moting energy conservation and consumption reduction in industri-
al enterprises. Based on the existing CCUS demonstration base in
Huabei Oilfield, it should expand the construction scale, continu-
ously improve the supporting infrastructure for carbon dioxide cap-
ture and transportation, establish special support funds, provide
corresponding financial subsidies for carbon sequestration equip-
ment of park enterprises, and regularly arrange professional teams
to provide technical guidance to Bohai New Area and Lingang
Power Enterprises. It should comprehensively review the energy
consumption status of local high energy consuming industries such
as coking and pipeline equipment, dynamically control the energy
consumption of enterprises based on the city-level online monito-
ring system, urge high energy consuming enterprises to support en-
ergy-saving facilities such as waste heat recovery and distributed
(To page 91)
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petitive advantage as the " potato capital of China" , it is necessary
to improve water-saving facilities, establish meteorological disaster
prevention systems, select excellent varieties, and improve field
management to fill the gaps in climate. This will enable the con-
struction of a modern potato industry system that is adapted to cli-
mate characteristics, promote stable and increased income in re-
gional characteristic agriculture, and assist in rural revitalization

and high-quality sustainable development of agricultural economy.
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