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Abstract: The coordinated promotion of industry–city integration and carbon emission reduction is
of great significance to the construction of a green economic system and deep participation in global
environmental governance. Based on the overall framework of the “production–life–ecology” system,
the theoretical mechanism of the impact of industry–city integration on carbon emissions is systemat-
ically clarified. Taking the Yellow River basin as a sample, the spatiotemporal heterogeneity of the
effect of industry–city integration on carbon emissions is empirically tested by using the methods of
the dispersion coefficient coordination function, standard deviation ellipse and STIRPAT model. The
results show the following: (1) The coordinated integration of industry and city has significant carbon
emission reduction effects, thus indicating that industry–city integration and carbon neutralization
can achieve both, and that the conclusion is still valid after endogenous treatment and a series of
robustness tests. (2) The development of an export-oriented economy and informatization can signif-
icantly promote carbon emission reduction. The process of economic development, infrastructure
construction and population quality improvement may aggravate regional carbon emissions in the
short term. (3) Further analysis shows that the carbon emission reduction effect of industry–city
integration has significant spatial heterogeneity, especially in the upper and lower reaches of the
Yellow River and regions with moderate carbon emission intensity. Scientific and technological
innovation and environmental regulation play a positive role in regulating the carbon emission
reduction effect of industry–city integration.

Keywords: industry–city integration; carbon emission reduction; deviation coordination coefficient;
STIRPAT model; Yellow River Basin

1. Introduction

Carbon emissions, as the main factor affecting global climate change, have always
attracted much attention. The research on carbon neutrality has also continued to deepen
with the intensification of the wave of green revolution around the world [1,2]. As the
world’s second largest economy and the world’s largest carbon emitter, the Chinese gov-
ernment formally put forward the ambitious goal of carbon peak and carbon neutrality
in September 2020, and put the promotion of “double carbon” into the overall layout of
ecological civilization construction from the national strategic level, which made it possible
to study China’s carbon emissions more clearly [3]. “Carbon peak” is China’s commitment
to stop the growth of carbon dioxide emissions before 2030, and reduce them slowly after
reaching the peak; by 2060, all carbon dioxide emissions will be offset by planting trees,
energy conservation and emission reduction, which is called “carbon neutrality”. At the
same time, as China’s economic development moves from rapid growth, it will enter a
high-quality development stage, focusing on improving the quality production; indeed, the
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sustained growth of the national economy has gradually changed from the single-engine
mode of industrialization to the “two-wheel” drive of industrialization and urbanization.
Industry–city integration also has a profound impact on the dynamic process of regional
industrial structure upgrading and development model transformation by virtue of its reg-
ulatory and matching role in urban and industrial development, and has gradually become
an important starting point for regional high-quality transformation and development in
the new era and a necessary way to achieve the goal of common prosperity [4]. In this
context, does the integration of industry and city produce a certain form of carbon emission
effect in the process of enriching the role of developing and optimizing the allocation of
resources? What is the internal mechanism between the two? The exploration of such issues
is of great significance, in order to clarify the implementation of major regional strategies
and the path choice of carbon neutrality in the period of high-quality development.

Industry–city integration refers to the integrated development of industry and city;
this is based on the city, involves the industrial space and the development of the industrial
economy, drives urban renewal and improves the service-supporting facilities with the
industry as the guarantee, so as to achieve the dynamic and sustainable upward devel-
opment mode among industry, the city and people [5]. Based on the dynamic evolution
of the development environment, the existing research on the industry–city integration
and its environmental effects has continued to deepen, with different emphasis on the
content. Early research on the issue of industry–city integration mainly focuses on the
industry–city relationship, the healthy and sustainable development of cities, and the theory
of industry–city interaction, such as Weber’s industrial location theory, Perroux’s spatial
“polarization” theory, and Boudeville’s “Lyon Sif multiplier effect” theory [6–11]. Paul R
Krugman believes that urban planning and construction have a positive role in promoting
industrial scale gains, and on the contrary, that industrial agglomeration benefits also
promote the further development of urban economy and construction. At the same time,
based on the perspective of geographical space, industrial agglomeration gradually changes
the urban geographical space planning and situation, and promotes urban construction
and development [12]. This period mainly focused on qualitative analysis and initially
clarified the internal logic and evolution mechanism of the integration of industry and
city. The content related to the integration of industry and city in China was put forward
relatively late, and the academic community has not conducted much systematic research
on it in general. The theme is relatively concentrated on the definition of the integration
of industry and city, the arrangement of the path mechanism and the construction of the
evaluation system [13–15]. Industry–city integration is essentially a “two-way balance”
between urbanization and industrialization. Its key is that the industrial structure should
conform to the orientation of urban development and achieve the improvement of urban
functions and public service supply through the adjustment of industrial structure [16].
With the new normal of the economy and the continuous promotion of urbanization, the
integration process of industry and city is further emphasized to highlight the core position
of “people”. It is believed that the integration of industry and city should be the organic
integration of industry, city and people. The mutual promotion of “industry” and “city”
should take “people” as the main link [13]. In terms of research methods, the direction of
qualitative analysis has gradually changed to quantitative research. Relevant research is
mostly based on the analysis and interpretation of the connotation of industry–city integra-
tion from different perspectives, refers to the basic framework of collaborative development
or comprehensive evaluation, and uses the methods of the analytic hierarchy process,
principal component, entropy weight TOPSIS, coupling coordination model and other
methods based on the administrative, economic and other human attributes to measure the
degree of integration of industry–city development in provinces, urban agglomerations,
development zones and other scale areas, in order to analyze and judge its development
evolution accordingly [17–19]. The existing evaluation system mainly focuses on the two-
way linkage between industry and city. It starts with the system characteristics of industry
and city, respectively, comprehensively evaluates the integrated development of the two
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systems, and seeks the optimal path for the integrated development of industry and city
through the comparative analysis of the two systems. Based on this, the study of 285 cities
in China found that the degree of coordination between industry and city in China is
different, and that the areas with a high degree of integration between industry and city are
mainly concentrated in the east. The promotion effect of industry–city integration on green
development is more significant in developed cities than in underdeveloped cities [15,20].
However, research on the industrial clusters shows that the overall efficiency of industry–
city integration in industrial clusters is generally low, but the trend is gradually improving.
Excessive energy consumption is an important factor that hinders the development of
industry–city integration [21]. In fact, this evaluation system regards industry and city as
two relatively independent systems, ignoring the dependence between systems and the
principal position of people in the process of regional development, which may lead to
uncertainty in the evaluation results.

In recent years, with the continuous enrichment of research content, some scholars
of urban economics and environmental economics have begun to pay attention to the
environmental effects and sustainable development direction of industrial and urban
integration, and believe that industrial and urban integration, as the key content of new
urbanization, has different effects on the development of social, economic and ecological
systems under different path biases [22]. Among them, the STIRPAT model, as an effective
method for the study of problems in the field of environmental economy, has been widely
used in the study of related problems due to its simple setting form and the fact that it
allows the proper decomposition of the parameters in the model. However, research on the
relationship between industrial and urban integration and carbon emissions is still rare.
Some scholars, based on the perspective of new urbanization, use the STIRPAT model, SFA
model, intermediary effect model, etc., to discuss it from the perspective of a welfare effect
or intermediary mechanism, but there is still no consensus on the research conclusions.
On the one hand, it is believed that the high concentration of population and industry in
the process of new urbanization may aggravate the per capita carbon emissions of cities
through the improvement in energy consumption intensity and per capita consumption
level [23–25]; on the other hand, it is believed that industry–city integration can promote
the efficiency of urban green innovation, but that its impact on carbon emissions is non-
linear inverted U-shaped, and that economic transformation and upgrading, the upgrading
of industrial structure and technological innovation have significant positive regulatory
effects on it [5,26].

To sum up, most of the existing studies focus on the relationship between new urban-
ization and carbon emissions, or focus on the coordination and optimization of the structure
of the industry–city integration system in the process of new urbanization; meanwhile, stud-
ies that focus on the carbon emissions effect of industry–city integration are rarely involved,
especially lacking a mechanism analysis of the internal relationship between the two. At the
same time, there is no agreement on the selection of indicators and evaluation methods for
the empirical measurement of industry–city integration. Embedding a human-oriented idea
into the integration and interaction process of industry and city has gradually become an
important factor in the development of industry–city integration in the new era. Therefore,
the research is based on the theoretical framework of the “production–life–ecology” system,
and focuses on the mechanism of the impact of industry–city integration on regional carbon
emissions; it takes the Yellow River basin as the spatial target, combines with the multiple
comprehensive evaluation method, selects the more applicable coordination function of
the deviation coefficient to fit the integration degree of industrial and urban development,
and uses the STIRPAT model analysis framework, which is in-depth study of the practical
characteristics of the effect of industry–city integration on carbon emissions. The possible
contributions of this study are as follows: 1© Focusing on the realistic background of the
development of the Yellow River basin, based on the superimposed attribute of “nature
and humanity”, we systematically studied and judged the structural characteristics and
evolution trends in the integration of industry, city and carbon emissions in the basin
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from a multidimensional perspective of time and space, providing an effective starting
point for the coordinated promotion of ecological protection and high-quality development
strategies in the Yellow River basin; 2© The integration of industry and city and carbon
emissions are included in the same analysis framework, and the heterogeneity and adjust-
ment mechanism of carbon emissions in the region affected by the integration of industry
and city are demonstrated from the perspective of the mechanism and an empirical test,
which enriches the theoretical connotation and path selection of carbon neutralization re-
search, and provides certain experience reference for the realization of carbon peak–carbon
neutralization strategic objectives.

2. Theoretical Mechanism Analysis

The new urbanization highlights the “people” as the core, since the transformation
of cities and industries has always been carried out closely around the comprehensive
development of people. The National New Urbanization Plan (2014–2020) puts forward
the development concept of the “benign interaction between industrialization and urban-
ization”, and emphasizes the need to “promote functional integration and industrial and
urban integration”. The integrated development of the two is the core issue addressed in
order to ensure the balanced development of China’s social production, life and ecology in
the new era [26]. Accordingly, following the people-oriented concept of new urbanization,
taking urban functions that meet the needs of industrial development and a better life as
the core, and based on the overall framework of the “production–life–ecology” system,
the mechanism of the impact of industry and urban integration on carbon emissions is
constructed (Figure 1).

(1) Production effect. On the one hand, the integration and coordination of industry
and city can effectively reduce the proportion of traditional resource-intensive, high-
polluting and energy-consuming industries by improving the functional structure and
spatial layout of the region, speeding up the rational flow and optimal allocation of
production factors, upgrading and transforming the existing industrial departments
and structural systems, and by increasing investment in innovation. On the other hand,
the promotion of industry–city integration will trigger the balance effect of regional
industrial structure. While leading the development of new industrialization, it will
promote the emergence of corresponding service industries and knowledge-intensive
industries, which will be accompanied by an improvement in production and living
facilities and the gathering of high-quality talents, which will effectively promote the
functional and three-dimensional development of urban resource elements. At the
same time, the resulting rich human capital and innovation resources will accelerate
the benign competition among enterprises in terms of environmental costs, cleaner
production and other technological development, so as to achieve the indirect purpose
of influencing regional carbon emissions [5].

(2) Life effect. The integration of industry and city will accelerate the transfer of rural
population to the city and the flow and accumulation of talents. Due to this effect,
the population and industrial density of the urban core area will be greatly increased,
and the overall connection of the urban sector will become closer, thusbringing many
benefits to urban life. The efficient use of production and living infrastructure will
make it easier for residents to travel and commute, and the energy consumption of
transportation will be effectively controlled. At the same time, the popularization
of technical facilities, such as coal to gas and coal to electricity, in daily life will also
greatly reduce the use of coal resources and pollution emissions. In addition, the
adjustment and transformation of urban functional areas and the structural layout
in the process of industrial and urban integration will promote the strengthening
of urban governance and daily management functions at the community level. The
urban pattern, characterized by functional agglomeration, will lead to more strict and
orderly community division and public governance measures; this will guide the be-
havior of residents through scientific and sophisticated means, eliminate unnecessary
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pollution and waste, and reduce the damage that urban life causes to resources and
the environment, thus ensuring the sustainability of urban development.

(3) Ecological effect. Industry–city integration will accelerate the improvement in and
implementation of relevant policies and facilities under the leadership of govern-
ment departments. On the one hand, in the context of high-quality development, the
government departments will further improve the environmental protection infras-
tructure and energy conservation and emission reduction-supporting programs in the
city; this is in order to improve the overall environmental carrying capacity of the city
for new industries and population gathering, to create a livable and business-friendly
urban landscape by means of multiple measures and environmental regulation, and to
enhance the attraction of high-end industries and talents. At the same time, the “dou-
ble carbon” goal requires the formation of a good pattern of national participation,
which will also urge the government, communities, enterprises and other multiple
entities to strengthen environmental protection publicity and education for residents
and employees; this will pay attention to improving the quality of the population
and its environmental awareness, so as to reduce unnecessary carbon emissions. On
the other hand, the continuous improvement in the requirements for environmental
quality in the process of industry–city integration will force the relevant responsible
subjects to increase their investment in the construction of environmental protection
and greening, and actively develop and introduce new energy and new materials
to gradually reduce or even replace the use of fossil energy. Some enterprises will
also actively explore new ways to reduce consumption and reduce emissions under
the pressure of social influence and market mechanisms in order to seek sustainable
development space in the era of ecological civilization.
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Figure 1. The path mechanism of the impact of industry–city integration on carbon emissions.

3. Materials and Methods
3.1. Measurement of Industry–City Integration
3.1.1. Construction of Evaluation Index System for Industry–City Integration

In the process of new urbanization, “industry” and “city” are not aspects of me-
chanically isolated development, but are dynamically evolved factors under certain en-
vironmental conditions. The organic integration of the two should not only achieve the
integration of industrial structure layout and urban spatial planning, or achieve the bal-
anced distribution of the population in industry and the urban system, but should also,
more importantly, achieve an effective matching between urban functions and industrial
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positioning. According to this, combined with existing research and referring to Cong
Haibin and other practices, the evaluation index system of industry–city integration is
constructed from the dimensions of a people-oriented perspective, industrial support and
functional matching [22,27] (Table 1).

Table 1. Evaluation index system of industry–city integration.

Target Layer System Layer Index Layer

Industry–city integration

Human-oriented

Proportion of urban population

Urban population density

Registered unemployment rate of urban population at the end of the year

Per capital disposable income of urban residents

Per capital retail sales of social consumer goods

Industrial support

Proportion of output value of secondary industry

Proportion of output value of tertiary industry

Output value of land area per unit built-up area

Gross output value of industries above designated size

Function matching

Per capital postal business volume

Number of college students per 10,000 people

Number of buses per 10,000 people

Number of beds per capital

Per capital public library collection

Per capital green area

3.1.2. Coordination Function of Dispersion Coefficient

Industry–city integration is a wide-ranging and complex engineered system. For the
measurement of industry–city integration, it is necessary to consider not only the growth
characteristics of each constituent element, but also the benign interaction and functional
coordination among all systems. Based on the above purposes, existing studies have
extensively used the coupling coordination and coordinated development principles to
build a coordination degree evaluation model to quantitatively describe the coordination
degree of industry–city integration in different types of regions [21,27,28]. Due to the
differences in the applicable situations, most studies have not reached a consensus on the
definition of the concept of “coupling”, “coordination” and other concepts, and there have
been major disputes in terms of the theoretical interpretation and model derivation, which
may lead to some errors in the evaluation results [29]. Based on the consideration of the
theoretical basis and the applicability of the scene, and drawing on the practices of Wang
Manyin, Tang Ling, etc. [30,31], the coordination function of the deviation coefficient is
used to quantitatively describe the coordination degree of the development of industry–city
integration. This function is based on the analogy principle of the minimum deviation
coefficient of the system’s comprehensive evaluation index, and has significant advantages
in the adaptability of the data structure type and the degree of freedom required by the
system characteristics. The model formula is as follows [30]:

When the number of systems is m, the general formula of the dispersion coefficient
model can be expressed as follows:

Cm =

(
2

m(m− 1)∑
i 6=j

xi · xj/(
m

∑
i=1

xi/m)2

)k

(1)
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In order to effectively measure the level of coordinated development between systems,
the comprehensive development information of multiple systems is usually included on
the basis of the dispersion coefficient model, and the model is further expanded to that as
follows:

D =
√

Cm × T, T =
m

∑
i=1

λi f (xi),
m

∑
i=1

λi = 1 (2)

In the above formula, D is the coordinated development degree, Cm is the deviation
coefficient, T is the comprehensive development level of multiple systems, m is the number
of systems, x is the index value describing the target system, k is the adjustment coefficient,
and λ is the system weight. During the use of this model, the setting of the adjustment
coefficient and system weight is particularly critical. On the one hand, the value of coordi-
nation coefficient k is directly related to the density of the coordination degree, and, on the
other hand, the system weight λ. The setting has a certain degree of freedom and needs to
be flexibly adjusted according to the actual situation.

In this paper, the measurement of the development of industrial and urban integration
mainly involves three subsystems: people-oriented, industrial support and functional
matching, that is, the number of systems m = 3. According to previous experience, k is
generally close to 4. At the same time, the research believes that the role of each system in
the development of industry–city integration may be different in the same period. In order
to ensure the objectivity and authenticity of the research results, the weight of each system
is directly calculated using the entropy weight method [32].

3.2. Standard Deviation Ellipse Model

Standard deviation ellipse (SDE) is a spatial statistical method to quantitatively de-
scribe the overall characteristics of the spatial distribution of geographical elements [33].
This method is based on the spatial location and spatial structure of the research object. It
takes the average distribution center of the geographical elements as the center, the main
trend direction of the element distribution as the azimuth θ (the major axis of the ellipse
rotates clockwise from the due north direction), and takes the standard deviation of the
elements in the X direction and the Y direction as the ellipse axis by constructing the spatial
distribution ellipse of geographical elements; this in order to quantitatively explain the
centrality, distribution, directionality, spatial form and other characteristics of the spatial
distribution of geographical elements from the global and spatial perspective [34]. The
spatial distribution range of the ellipse represents the main area of the spatial distribution
of geographical elements, where the center represents the relative position of geographical
elements in the two-dimensional space, the azimuth reflects the main trend direction of their
distribution (that is, the angle of clockwise rotation from the due north to the major axis
of the ellipse), and the major axis represents the degree of the dispersion of geographical
elements in the main trend direction [35].

3.3. Econometric Model Construction

Based on the STIRPAT model analysis framework in the field of environmental and
economic research, a quantitative analysis model of the impact of industry–city integration
on regional carbon emissions is constructed. The model formula can be expressed as
follows [36]:

Ii = a · Pb
i · Ac

i · Td
i · e (3)

Among them, α is the model coefficient, I, P, A and T, respectively, represent the
environmental quality, population development, affluence and technological progress, and
e is the model error term. The STIRPAT model can not only estimate the coefficients as
parameters, but also allow the proper decomposition of the influencing factors. Therefore,
a large number of documents are expanded and improved according to the research needs
based on formula (3) [37,38]. This paper attempts to test the carbon emission reduction
effect mechanism of the integration of industry and city in the Yellow River basin under
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the “double carbon” target threshold. Therefore, environmental quality I can be replaced
by carbon emissions (Ce) as the explained variable of the study, and the integration degree
of industry and city (Ici) can be the core explanatory variable of the study; this can be
incorporated it into the model (3) in order to obtain the relationship equation between
industry and city integration and carbon emissions as follows:

Ce = a0 + a1 Ici + a2P + a3 A + a4T + ε (4)

At the same time, considering the possible impact of missing variables on the estimated
results, factors such as opening to the outside world (Op) and infrastructure (Inf ) are
further included as control variables in the analysis framework of carbon emissions, and
the logarithms on both sides of the equation are taken to build a measurement model
between industry–city integration and carbon emissions:

ln Ceit = ln ai + β1 ln Iciit + β2 ln Pit + β3 ln Ait + β4 ln Tit + β5 ln Op + β6 ln In fit + ln εit (5)

where β1, β2, β3, β4, β5, β6 is the elastic coefficient of each explanatory variable, and ε
represents the random disturbance term of the model. The connotation of each variable
is defined as follows: 1© Ce is the proxy variable of carbon emission reduction effect, that
is, the annual carbon emission of the region; 2© Ici is the agent variable of industry–city
integration, which is calculated according to the evaluation index system of industry–city
integration built previously; 3© P is the population development situation, where the
population quality replaces the traditional population size and the proportion of employees
with college degree or above is used to represent this; 4© A refers to the degree of affluence,
which is represented by the actual per capital GDP of each region in the current year with
reference to the existing research. In order to ensure the comparability of data and eliminate
the impact of price f-actors, the present value of the per capital GDP of each region is
obtained by taking 2005 as the base period in the study [38]; 5© T refers to technological
progress, which is replaced by the degree of informationization. This is based on the
availability of data, and is characterized by the number of Internet broadband access ports
per 10,000 people [39]; 6© Op refers to open to the outside world, which is characterized by
the actual proportion of foreign direct investment in regional GDP [40]; and 7© Inf is the
infrastructure, using the per capital urban road area to represent it [41].

3.4. Data Source and Processing

Considering that the goal of China’s carbon peak and carbon neutrality is to measure
the total carbon emissions as the standard, the carbon emissions of the nine provinces
covered by the Yellow River basin are selected as the explained variable [41]; these data are
gathered from the China Carbon Emissions Database (CEADs). At present, the available
data are up-to-date up to 2019. In order to ensure the balance of the research period, and
further investigate the phased law of the development and evolution of the integration
of industry and city in the Yellow River basin and regional carbon emissions, the period
2005–2019 is selected as the research time sequence, taking 2012 as the node at which the
construction of ecological civilization is officially established as the national strategy of
China. Among them, the basic indicator data of the industry–city integration measurement
and measurement model are summarized and collated in the China Statistical Yearbook,
the China Population and Employment Statistical Yearbook, the China Environmental
Statistical Yearbook and the national economic and social development statistical bulletin
of each provincial administrative region in the relevant years; some missing data are
supplemented by an interpolation method in order to ensure the integrity of the sample
data (Table 2).
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Table 2. Descriptive statistics of variables.

Variables Index Connotation Unit Mean Std Min Max

Dependent variable lnCe Carbon emission Mt 5.711 1.013 3.050 7.440

Independent
variables lnIci Industry–city integration – −0.586 0.112 −0.917 −0.389

Control variables

lnP Proportion of employees
with college degree or above % 2.446 0.511 1.197 3.371

lnA GDP per capital Yuan 10.322 0.566 8.920 11.242

lnT Internet broadband access
port per 10,000 people Individual −1.851 1.030 −3.731 −0.290

lnOp Proportion of FDI in GDP % −1.765 0.430 −2.678 −0.495

lnInf Per capital urban road area m2 2.660 0.305 2.071 3.266

3.5. Study Area Overview

The Yellow River basin is one of the oldest birthplaces of civilization in China and
even in the world. It is also a densely populated area with economic activities. It plays an
important role in the realization of the goal of global ecological environment governance.
In October 2021, the Chinese government upgraded the ecological protection and high-
quality development of the Yellow River basin into a major national strategy, highlighting
the strategic position of the Yellow River basin in the overall situation of the national
development layout and deep participation in global environmental governance [42]. From
the dual perspective of spatial pattern and historical law, the Yellow River basin does not
use the same axis development model as the Yangtze River Economic Belt and the Great
Lakes Basin in North America [43]. Because it spans the three major regions of China, the
economic development gap within the basin is large, the inter-regional production and
city relations are loose, communication and coordination are not smooth, and unbalanced
and inadequate development contradictions are more acute. On the other hand, the Yellow
River Basin, as an important heavy and chemical energy base in China, is rich in coal
resources. The area of coal-bearing land accounts for 44.625% of the total area of the basin.
The economic recoverable amount of coal resources and coal output is currently the first in
the country, and the associated excessive carbon emissions are particularly typical [44]. With
the intensification of the green revolution throughout the world, the contradiction between
economic growth and ecological environment is increasingly prominent. The Yellow River
basin, with its dual attributes of ecology and economy, provides a practical model for
the research of and finding of solutions for global green and low-carbon development
issues. Therefore, this research on the carbon emission reduction effect of the industry–
city integration in the Yellow River basin has a positive exemplary role and practical
significance for breaking the development bottleneck that makes it difficult to coordinate
the development and protection of different types of regions; it explores a new model that
can be replicated and popularized in order to coordinate the construction of ecological
civilization and high-quality development (Figure 2).
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4. Analysis of Empirical Results
4.1. The Space–Time Characteristics of Industry–City Integration and Carbon Emissions
4.1.1. The Timing Evolution of the Integration of Industry and City and Carbon
Emissions in the Yellow River Basin

Using the coordination function of the deviation coefficient, the development index
of the integration of industry and city in the Yellow River basin from 2005 to 2019 is
calculated (Figure 3). According to the figures, (3) The level of the integration of industry
and city in the Yellow River basin has significantly improved dynamically, with an overall
increase of 36.428% during the study period, and an annual growth rate of about 2.429%.
The spatial pattern of industrial and urban integration has evolved from “middle reach
bulge” to “upper reach–middle reach–lower reach” with a gradient increase. The relative
difference of industrial and urban integration between provinces within the region has
first spread and then converged. The overall level of industrial and urban integration in
most provinces and regions is higher than the average of the basin. (2) Carbon emissions
in the Yellow River basin have continued to rise, with the carbon emissions increasing
from 2124.583Mt in 2005 to 5752.307Mt in2019, with an overall increase of 170.749% and an
average annual growth rate of about 7.573%. The overall pattern of carbon emissions in
space has gradually evolved from “lower reach > middle reach > upper reach” to “middle
reach > lower reach > upper reach”. Among them, the overall carbon emissions in the
middle and lower reaches have been high for a long time. Since 2013, the middle reaches
have surpassed the lower reaches and become the peak source of carbon emissions in
the basin. The carbon emissions in the upper reaches have been growing steadily. The
relative differences in carbon emissions between regions have shown a significant diffusion
trend. (3) After comparison, it is found that the growth trajectory of the two systems
changed from steep to slow or even to a short-term decline around 2014, especially in
the middle reaches of the river basin. The reason for this may be related to the policy
orientation of ecological civilization construction and the strategic regulation of the new
normal of economic development after the 18th CPC National Congress in 2012. From 2013
to 2015, the overall growth of China’s economy shifted gears, and various regions faced the
transformation of the driving force of economic development and structural transformation.
The integration of industry and city and energy utilization also entered a new phase after
undergoing some adaptive adjustment.
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Figure 3. Time series evolution of the integration of industry and city and carbon emissions in the
Yellow River basin (2005–2019).

4.1.2. The Spatial Pattern of Industry–City Integration and Carbon Emissions in the
Yellow River Basin

In order to facilitate observation, based on the data calculation results, the industry–
city integration and carbon emissions are divided into three levels: “high–middle–low”;
then, the spatial pattern and standard deviation ellipse distribution of the industry–city
integration and carbon emissions in the Yellow River Basin in 2005, 2012 and 2019 are
drawn using the ArcGIS spatial visualization tool (Figure 4), specifically as follows:

(1) At the level of industry and city integration, from 2005 to 2019, the degree of industry
and city integration of all provinces and regions in the Yellow River basin has been
improved to varying degrees. Provinces with relatively high levels are mainly con-
centrated in the middle and lower reaches and the southwest of the basin. This type
of region is driven by the radiation of geographical location (Shandong), national
strategy (Henan, Shaanxi, Sichuan) and resource endowment (Shanxi), and other
factors. Urbanization and the development basis and function matching of secondary
and tertiary industries are relatively good, provideing good support and sustained
impetus for the deep integration of industry and city. The provinces and regions at
the middle and lower levels are mainly concentrated in the upper reach of the river
basin. Most of the relevant provinces are deep in the hinterland of China, with a
weak foundation for economic development, an overall lack of factor endowment,
a single industrial structure and a relatively lagging level of transformation and up-
grading. Provinces and regions such as Qinghai, Gansu and Inner Mongolia have
faced multiple constraints, such as an unbalanced development and a fragile natural
environment for a long time. The development of industries and cities lacks effective
driving force. Traditional agriculture and animal husbandry-oriented and resource-
dependent industries still account for a large proportion, resulting in a difficulty in
terms of forming a joint force in the process of industry–city integration and the slow
progress of the overall transformation.
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(2) In terms of carbon emissions, from 2005 to 2019, the carbon emissions of all provinces
and regions in the Yellow River basin increased significantly. The regions with high
emissions mainly include Shanxi, Shandong, Inner Mongolia and other provinces.
The three provinces account for nearly half of the national large coal bases in the basin,
of which Shanxi and Inner Mongolia are typical resource-dependent development
areas in China. The reserves of coal, metal, minerals and other energy resources are
rich, and the corresponding high energy-consuming industries account for a large
proportion, leading to their long-term dominance in the overall carbon emission
pattern of the basin. Shaanxi and Henan also have a certain quantity of coal resources
and industrialism, but thanks to the development of characteristic agriculture, high-
end manufacturing and the tourism economy, the overall growth of carbon emissions
is relatively controllable, and its intensity is in the middle range in the overall pattern
of the basin. The other upstream provinces are jointly affected by factors such as
resource endowment, the development mode and industrial structure. The overall
carbon consumption of economic development and human activities is relatively
small. The growth trend in these carbon emissions over a long period of time is
basically stable, and they are low-pressure source areas for carbon emission reduction
in the basin.

(3) At the level of spatial structure, the overall layout of the integration of industry and
city and carbon emissions in the Yellow River basin is significantly different, and
the extension direction of the standard deviation ellipse of the two systems and the
structural center of gravity show a dynamic migration and decoupling trend. It can
be found from the observation of Figure 4 that the spatial pattern of the integration
of industry and city in the basin is generally distributed in the east–west direction,
that the elliptical angle is generally maintained at about 36.60◦ with a small deflection,
and that the area generally covers most of the basin. Compared with the evolution
trend seen in the long and short axis, the ellipse gradually diffuses along the east–
west direction and converges in the south–north direction, which is closer to the
overall geometric shape of the basin, indicating that the inter provincial integration
of industry and city in the region is gradually balanced. The overall pattern of the
carbon emission standard deviation ellipse is generally northeast to southwest, and
the ellipse area is relatively small, mainly covering the middle and lower reach and
some upstream areas. From the perspective of the dynamic evolution trend, the
ellipse is generally convergent in both the long and short axis directions, while the
ellipse angle is deflected from 55.64◦ in 2005 to 71.36◦ in 2019, indicating that the
carbon emissions in the northwest of the basin increased significantly during this
period, and the spatial scope is gradually locked to the middle reaches. A further
comparison of the center of gravity migration tracks of the two systems shows that
the structural center of the integration of industry and city in the basin is roughly
located at the junction of northwest Shaanxi and Gansu. During the study period,
the center of gravity of the system moved about 17.686 km from north to south, and
was transferred from Yan’an city to Qingyang city, with a relatively stable overall
change. The structural center of carbon emissions is located in the central part of
Shanxi Province. During the study period, the system’s center of gravity moved about
101.419 km from south to north, and shifted from Changzhi city to Luliang City, with a
relatively large change. In general, the spatial distance between the structural centers
of gravity of the two systems is relatively far, and the dynamic trend in migration
and decoupling is “opposite to each other, with the same frequency”; this indicates
that the development and evolution of the two systems have potential temporal and
spatial correlation, and also preliminarily confirms that the integration of industry
and city may have a certain linear correlation effect on carbon emissions.
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4.2. Benchmark Regression Results

In order to avoid the result deviation caused by pseudo-regression, the method of
adding variables one by one was adopted. According to the results of the Hausman test,
the model selected the fixed effects. The estimated results are shown in Table 3. From the
benchmark regression results, after adding the influence of the control variables designed
in this paper, the industry–city integration shows a significant carbon emission reduction
effect. The regression coefficient is −1.9698, which is significant at the 1% confidence level,
that is, the industry–city integration degree increases by 1%, and the carbon emissions
decrease by 1.9698%.
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The regression results of the other control variables are basically in line with expec-
tations, and the impact coefficient of population quality, affluence and infrastructure is
significantly positive, indicating that the overall economic development quality of the
Yellow River basin during the study period is relatively low, and that the population quality
and infrastructure are constrained by the regional development environment; this still can-
not achieve the ideal effect of promoting energy conservation and emission reduction. The
regression coefficient of openness and informationize is negative, which is not statistically
significant, indicating that a reasonable pattern of openness and digital transformation can
drive the optimization and upgrading of regional development models and thus affect the
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carbon emission results; meanwhile, the overall level of the two in the current Yellow River
basin still needs to be further improved.

Table 3. Benchmark Regression Estimation Results.

Independent Variables
Dependent Variable/lnCe

(1) (2) (3) (4) (5)

lnIci −1.2963 **
(−1.64)

−1.1271 *
(−1.55)

−1.0972 **
(−1.49)

−1.1287 *
(−1.56)

−1.9698 ***
(−2.68)

lnP 0.2011
(1.63)

0.0699
(0.62)

0.0880
(0.69)

0.0911
(0.71)

0.1090
(0.90)

lnA 0.7718 ***
(5.67)

0.8057 ***
(4.60)

0.7605 ***
(4.00)

0.8005 ***
(4.44)

lnT −0.0275
(−0.31)

−0.0013
(−0.01)

−0.0778 *
(−0.81)

lnOp −0.0412
(−0.62)

−0.0340
(−0.54)

lnInf 0.7205 ***
(3.84)

_cons −2.2552 **
(−1.80)

−3.0879 **
(−1.76)

−3.5158 *
(−1.57)

−3.0993
(−1.32)

−6.0939 **
(−2.95)

R2 0.5969 0.6804 0.6807 0.6817 0.7165
Num 135 135 135 135 135

Note: () is t value, and ***, ** and * are significant at the levels of 1%, 5% and 10%, respectively.

4.3. Robustness Test

In order to further test the robustness of the regression results, the study conducted a
comparative analysis from the following aspects:

(1) Replace the interpreted variable. Referring to the calculation method used for the
energy consumption intensity by Li Shuoshuo et al. [23], the carbon emissions per
unit of GDP in each sample region are used as the characterization variable of regional
carbon emissions. The regression results are shown in column (1) of Table 4. It can
be seen that the impact coefficient of industry–city integration after replacement is
significantly negative at the level of 1%, indicating that industry–city integration
has a significant carbon emission reduction effect, and that the research results have
certain robustness.

(2) Split core explanatory variables. Combined with the path analysis of the impact of
industry–city integration on carbon emissions, the development and evolution of
different dimensions in the dynamic interaction process of the industry–city system
will also have a direct impact on regional carbon emissions. Therefore, based on
the selection of the indicator composition, the core explanatory variable of industry–
city integration is split, and its carbon emission reduction effect is verified from the
basic dimensions of a people-oriented perspective, industrial support and functional
matching [45]. In column (2) of Table 4, apart from the industry–city integration
index, the three dimensions of people-oriented orientation, industrial support and
functional matching are included as the core explanatory variables. The results show
that the regression coefficients of the three combined dimensions are significantly
negative at the level of 5% and 1%, respectively. This shows that the occurrence of the
carbon emission reduction effect of industry–city integration to a certain extent stems
from the dynamic process of improving the functions and structures of industry and
urban systems.

(3) Remove some samples. In order to eliminate the impact of extreme values and outliers
on the regression results of the model, the two provinces and regions with the highest
and lowest carbon emissions during the study period were selected. According to
the observed data characteristics, Shanxi and Qinghai provinces and regions occupy
the first and last positions, respectively, in terms of time series evolution and the
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multi-year mean compared with other provinces and regions. Therefore, Shanxi and
Qinghai are excluded from the sample sequence, and the regression results are shown
in column (3) of Table 4. It can be seen that after this treatment, the carbon emission
reduction coefficient of industry–city integration is still significant.

(4) Endogenous treatment. In the model analysis, fixed effect regression has been used to
control the impact of unobservable regional characteristic variables on the estimation
results, but it may still be disturbed by potential endogenous and reverse causal
problems, so the instrumental variable method is further used for the analysis and
test. Since the development of industrial and urban integration may face the dynamic
cycle of planning and construction, which has a certain time inertia in terms of its
impact on carbon emissions, consider selecting the lag t-n period of the industrial and
urban integration index as a tool variable, referring to the five-year cycle of China’s
development planning, and adopt the 2SLS method in order to analyze and deal with
the possible endogenous problems (Table 5).

Table 4. Results of robustness test.

Independent Variables
(1) (2) (3)

Replace Dependent Variable Split Independent Variable Remove Some Samples

Industry–city integration −0.2872 ***
(−4.64)

−0.3572 ***
(−5.00)

Human-oriented −1.2721 **
(−1.87)

Industrial support −2.5420 ***
(−3.51)

Function matching −1.8665 ***
(−2.42)

Control variables Yes Yes Yes Yes Yes

_cons 0.2602 ***
(4.47)

0.4858 *
(0.54)

−1.6600
(−1.64)

−1.6104 *
(−1.39)

0.3145 ***
(7.81)

R2 0.1469 0.7369 0.7544 0.7418 0.2051
Num 135 135 135 135 117

Note: () is t value, and ***, ** and * are significant at the levels of 1%, 5% and 10%, respectively.

Table 5. Estimation results of instrumental variables.

Statistical Items
Lag t − 1 Lag t − 2 Lag t − 3 Lag t − 4

(1) (2) (3) (4) (5)

Regression stages Stage 1 Stage 2 Stage 2

Dependent variable Industry–city
integration Carbon emission Carbon emission

lnIci
(agent)

−2.4543 **
(−2.05)

−2.7463 **
(−2.08)

−3.7253 ***
(−2.46)

−3.9628 **
(−2.33)

Control variables 0.7857 ***
(13.67)

First stage F value 295.84 ***
Wald chi2 170.75 *** 199.55 *** 196.22 *** 186.71 ***
K-P rk LM 32.465 *** 33.239 *** 30.454 *** 27.713 ***

K-P rk Wald F 186.741 (16.38) 237.68 (16.38) 149.792 (16.38) 93.027 (16.83)
C-D Wald F 283.018 (16.38) 266.140 (16.38) 186.972 (16.38) 122.394 (16.38)

Control variables Yes Yes Yes Yes Yes

_cons 0.4113 **
(2.43)

−6.6313 **
(−2.28)

−6.9895 **
(−2.16)

−5.6967 **
(−1.61)

−5.0504
(−1.22)

R2 0.9304 0.3723 0.3665 0.3472 0.3349
Num 126 126 117 108 99

Note: Due to space limitation, only the regression results of the first stage of lag t − 1 are displayed. () is t value,
and *** and ** are significant at the levels of 1% and 5%, respectively.

According to the estimated results of the instrumental variable method (taking the lag
t − 1 period as an example), the F statistic in the first stage of regression is 295.84, which
exceeds the threshold of 10 and is significant at the level of 1%, indicating that there is a
high correlation between the instrumental variable and the endogenous variable selected
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in this paper; therefore, the problem of a “weak instrumental variable” can be basically
ruled out. The K-P rk LM statistic passed the 1% significance test and rejected the hypoth-
esis of “insufficient identification of instrumental variables”, indicating that the selected
instrumental variables did not have the problem of insufficient identification. All the test
results confirm that the tool variables constructed in this paper are effective. The estimated
results of the second stage of each lag period (2)–(5) show that the influence coefficients
of the agent variables of industry–city integration on carbon emissions are significantly
negative; this shows that the carbon emission reduction effect of industry–city integration
still exists when considering endogenous issues. The equivalent of carbon emissions in the
same period is not only affected by the current development of industry–city integration,
but is also closely related to its previous basis. Here, it is also confirmed again that the
previous estimated results are robust. It is worth noting that the carbon emission reduction
coefficient of industry–city integration that is obtained by the instrumental variable method
is stronger than the estimated result of the benchmark regression, which means that if the
impact of endogenous problems is ignored, the practical role of industry–city integration
in promoting carbon emission reduction may be underestimated. Further comparison
shows that the significance level of the emission reduction coefficient of each group of
instrumental variables decreases first and then increases, reaching the lowest level in the
study period when it lags behind the t − 3 period; this indicates that there is a strong time
inertia in the carbon emission reduction effect of industry city integration, and that the
current construction will reach the maximum effect in the third year after completion.

4.4. Expansion Analysis
4.4.1. Heterogeneity Analysis

From the previous analysis, it can be seen that the resource endowments of different
geographical locations in the Yellow River basin are quite different, and that the overall
intensity of regional carbon emissions is also closely related to the stage characteristics
of urban and industrial development. Therefore, this study examines the heterogeneous
impact of industrial and urban integration on the reduction of regional carbon emissions
from two aspects of geographical location and carbon emission intensity.

(1) In terms of geographical location, it is classified according to the upper, middle
and lower reaches of the region, and the estimated results of geographical location
heterogeneity are shown in Table 6. It is observed that the impact coefficient of
the integration of industry and city on carbon emissions in the upstream, middle
and downstream regions is negative. The carbon emission reduction coefficient in
the upstream and downstream regions is large (absolute value) and significant at
the level of 10% and 1%, respectively. The carbon emission reduction coefficient in
the midstream region is small and not statistically significant. This shows that the
coordinated integration of industry and city can effectively promote the realization of
carbon emission reduction targets in the upper and lower reaches of the Yellow River
basin, but its effect is not obvious in the middle reaches. The possible reason for this
is that, compared with the upstream and downstream regions, the middle reaches
of the Yellow River, as an important heavy and chemical energy base in China, have
a wide range of industrial chains and industrial sectors; indeed, the development
and utilization of resources are at their core, derived from the process of ensuring
the maintenance of the national energy supply. In particular, resource-dependent
industries, such as coal mining and thermal power generation, once served as the
main support for the regional economy. This extensive development has led to a weak
foundation for urbanization and the modern service industry, and has caused a lag in
terms of transformation and upgrading. The integration of industry and city lacks
power traction at the level of function matching and industrial support. It is unable
to achieve the effective dilution of high-intensity carbon emissions in the short term,
which means that the integration of industry and city in reducing carbon emissions
is poor.
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(2) In terms of carbon emission intensity, Jenks natural breakpoint method is used to
divide the carbon emission intensity into three levels: high, middle and low. See
Table 6 for regression estimation results. It is observed that there is a certain difference
in the impact of industry–city integration on the carbon emissions of the three carbon
emission intensity ranges. Among them, the impact coefficient of carbon emissions
in medium-intensity areas is significantly negative, while the impact on the high-
intensity and low-intensity carbon emission areas is not statistically significant. It
can be said that the impact of industry–city integration on carbon emissions has
certain stage characteristics and a certain matching range, and it can play a more
significant role in reducing emissions in regions with a relatively moderate carbon
emission intensity. The possible reason for this is that, on the one hand, regions with a
moderate carbon emission intensity have a relatively low dependence on high energy
consumption, and high carbon emission industries and behaviors, for their own
development. According to the background characteristics and multiple endowment
advantages, they can provide space for energy conversion and structural adjustments
in the process of urban and industrial function optimization, which is conducive
to the orderly promotion of industrial and urban integration, and to the effective
control of carbon emissions. On the other hand, based on the practical experience
provided by regions with a high and low carbon emission intensity, it provides a
necessary reference for them to explore the virtuous cycle of regional development
and ecological civilization construction, and urges them to coordinate the layout of
production and urban development in various fields of production, life and ecology;
this it in order to provide stable and sustainable energy output for regional carbon
emission reduction. However, regions with a low carbon emission intensity are often
affected by their own environmental endowments and development models. Either
the demand and consumption of coal and other resources and energy in the process
of production and life are not large, or the proportion of traditional industries and
resource-dependent industrial sectors in the industrial structure is small. The pressure
on energy conservation and emission reduction is relatively light, and there is no need
to rely too much on the adjustment and dilution of carbon emissions via industrial
and urban integration, so the carbon emission reduction effect of industrial and urban
integration is not significant.

Table 6. Estimation results of heterogeneity analysis.

Independent Variables

Dependent Variable/lnCe

Geographic Location Carbon Emission Intensity

Upper Reach Middle Reach Lower Reach High Medium Low

lnIci −1.3784 *
(−1.33)

−0.8765
(−0.14)

−9.2869 ***
(−2.88)

1.4900
(0.61)

−4.5099
***(−6.18)

−0.4929
(−0.73)

Control variables Yes Yes Yes Yes Yes Yes

_cons −1.4945 ***
(−2.13)

−0.1977
(−0.06)

−5.0789 ***
(−2.30)

−0.0513
(−0.01)

−15.0088 ***
(−5.87)

−2.9134 **
(−1.81)

R2 0.8870 0.8725 0.8512 0.7808 0.8717 0.8938
Num 75 30 30 45 45 45

Note: () is t value, and ***, ** and * are significant at the levels of 1%, 5% and 10%, respectively.

4.4.2. Analysis of Regulatory Effect

Based on the mechanism analysis of the impact of industrial and urban integration on
carbon emissions, it is not difficult to find that scientific and technological innovation and
government regulation have always played an important role in the process of regional
development and transformation, and that their role runs through all fields of urban
production, life and ecology. Therefore, this study further tests the regulatory effect of
technological innovation and government regulation on the impact of industrial and urban
integration on carbon emissions from the perspective of intermediary transmission.
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(1) Analysis of the regulatory effect of scientific and technological innovation

Scientific and technological innovation is not only an important factor in the high-
quality development of cities and industries, but also the key to the construction of regional
ecological civilization. It can influence the behavior choices of carbon emission entities
through technological change and concept optimization in the process of driving the
transformation and upgrading of regional development. Using Liu Yaobin and other
studies for reference, the per capita patent authorization at the end of the year is used
to characterize the level of technological innovation (Tec) in various regions [41]. The
interactive items of scientific and technological innovation, and industrial and urban
integration, are introduced into the benchmark model, and the regression results are
shown in Table 7. In general, the regression coefficient of industry–city integration is
significantly negative under both independent and multiple interactions, which does not
change the original conclusions of the study. The independent impact coefficient of scientific
and technological innovation is negative and significant, indicating that strengthening
scientific and technological innovation can effectively promote regional carbon emission
reduction. The regression coefficient of the interaction item is significantly negative, and
the independent carbon emission reduction effect of industry–city integration and scientific
and technological innovation has been strengthened to some extent after the interaction;
this indicates that an improvement in the level of scientific and technological innovation
can help empower its emission reduction effect in the development process of industry–city
integration, and that it can promote the green and low-carbon transformation of the region.

(2) Analysis of the regulatory effect of government regulation

The intervention and control of government departments is of great significance to the
stable and healthy development of the national economy. In many situations, especially in
the field of ecological and environmental protection, institutional constraints and environ-
mental governance are usually adopted to regulate the energy consumption and pollution
emissions in the process of regional economic and social development; this is in order
to effectively improve the environmental carrying capacity and sustainability of regional
development. Using Xie Rui and other studies for reference, the ratio of environmental
governance investment to GDP is used to characterize the environmental regulation (Er)
intensity of regional governments [43]. In the benchmark model, environmental regulation,
and the interaction between environmental regulation and industrial and urban integration,
are introduced. The regression results are shown in columns (5)–(8). Under the single factor
and interaction situation, the regression coefficient of industrial and urban integration is
significantly negative, without changing the original conclusion. After comparison, it is
found that the influence coefficients of the single factor and the interaction of environmental
regulation are negative, but not statistically significant, indicating that active government
regulation and environmental governance can have a certain reduction effect on regional
carbon emissions. At present, the intensity and form of regulation guidance still need to be
further optimized and improved. However, in the context of the model that incorporates
the integration of industry and city, environmental regulation and the interaction of the
two, the impact coefficient of the interaction effect significantly increases and is significant
at the level of 1%; this indicates that the integration of industry and city and environmental
regulation can produce the synergistic effect of carbon emission reduction, and that with
the continuous improvement in the level of the two, regional energy conservation and
emission reduction will increasingly rely on the interaction of the two systems.
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Table 7. Estimated results of regulatory effect analysis.

Independent Variables

Dependent Variable/lnCe

Regulation Effect of Technological Innovation Regulation Effect of Government Regulation

(1) (2) (3) (4) (5) (6) (7) (8)

lnIci −3.4248 ***
(−2.96)

−1.7246 ***
(−2.68)

−9.1590 ***
(−4.71)

−1.7313 ***
(−2.72)

−1.7323 ***
(−2.70)

−1.6155 ***
(−2.70)

lnTec −0.0252 *
(−0.33)

−0.0057
(−0.08)

−0.5423 ***
(−3.59)

lnEr −0.0240
(−0.30)

−0.0269
(−0.34)

1.2585 ***
(4.15)

Interaction effect * −0.1721 **
(−1.75)

−0.7991 ***
(−4.03)

−0.1689
(−1.33)

−2.1492 ***
(−4.37)

Control variables Yes Yes Yes Yes Yes Yes Yes Yes

_cons −0.3382
(−0.17)

−2.3652
(−1.27)

−3.8532 **
(−1.66)

−8.5995 ***
(−3.46)

0.2190
(0.24)

−3.7952 ***
(−2.24)

−3.7536 ***
(−2.20)

−3.6048 ***
(−2.26)

R2 0.7294 0.7512 0.7448 0.7756 0.7294 0.7485 0.7450 0.7805
Num 135 135 135 135 135 135 135 135

Note: () is t value, and ***, ** and * are significant at the levels of 1%, 5% and 10%, respectively.

5. Conclusions and Suggestions
5.1. The Main Conclusions

As an important ecological and economic zone, the Yellow River basin has important
practical significance; it demonstrates its role in the construction of the world’s green
economic system and its deep participation in global environmental governance through
the coordinated promotion of the integration of industry and city and carbon emission re-
duction. Based on this background, the research theoretically analyzes the path mechanism
of the impact of industry–city integration on carbon emissions, and empirically tests the
practical characteristics of the carbon emission reduction effect of industry–city integration
using the Yellow River basin as a sample; this uses the methods of the dispersion coefficient
coordination function, the standard deviation ellipse and the STIRPAT model. On the one
hand, it provides an effective reference for the transformation and optimization of the
development model of the Yellow River basin, and, on the other hand, it also provides a
positive demonstration for the green and low-carbon development of the world economy.
The main conclusions are as follows:

(1) During the study period, the overall level of the integration of industry and city in
the Yellow River basin was significantly improved, and the spatial differences within
the region first spread and then converged. The dynamic trend in carbon emissions
is generally fluctuating and rising. The unbalanced characteristics within the region
are gradually strengthened. The midstream region has gradually evolved into the
peak source of carbon emissions. In terms of spatial structure, the migration track
and overlapping range of the two system structure barycentres show a trend that sees
both migration and decoupling with generally the same frequency, which initially
shows a certain linear spatiotemporal correlation.

(2) The analysis results of the STIRPAT model show that industry–city integration has a
significant carbon emission reduction effect, and that the conclusion is still valid after
endogenous treatment and a series of robustness tests. The development of an export-
oriented economy and an improvement in the informatization level have a positive
role in promoting carbon emission reduction. Economic development, infrastructure,
population quality and other factors have temporarily failed to effectively promote
energy conservation and emission reduction.

(3) After further study, it is found that the carbon emission reduction effect of industry–
city integration has a certain spatiotemporal heterogeneity. Affected by geographical
location and the development model, this effect of carbon emission reduction is partic-
ularly significant in the upper and lower reaches of the Yellow River, and regions with
moderate carbon emission intensity; the effect of other types of regions is slightly less
significant. The regulatory effect analysis results show that technological innovation



Sustainability 2023, 15, 4805 20 of 23

and environmental regulation have a direct inhibitory effect on carbon emissions, and
both have a positive regulatory function in the carbon emission reduction effect of
industry–city integration.

5.2. Policy Suggestions

The policy implications based on the empirical study findings are as follows:
First, accelerate the coordination and integration of industry and city, and help the

overall development and transformation of the basin. Different types of regions should
fully combine their own realities, should accelerate the construction process of new ur-
banization and in the transformation and upgrading of industrial structure, should plant
local characteristics, enrich the connotation of urban and industrial development, and
promote the high-quality integrated development of industry and city. In the process of
regional development and transformation, we should focus on cultivating emerging and
high-value-added industries, strive to accelerate the conversion of new and old kinetic
energy, accelerate the clean and efficient use of coal, deepen the energy revolution, reduce
the resource dependence and environmental loss of economic and social development,
and take a new green, circular and low-carbon development path. Second, deeply tap the
regional emission reduction kinetic energy, and scientifically formulate the dual-carbon
action plan. We should closely combine the local reality, follow the historical path of
regional development, organically combine the natural background with the economic
foundation, and work together in the fields of production, life and ecology in order to
deeply explore the potential space for energy conservation and emission reduction. In
the process of development and construction, we should pay attention to the key points,
adhere to the intensive and compact development of efficiency, take scientific and tech-
nological innovation as the guide, strengthen industrial division and cooperation, strive
to reduce overcapacity, build an ecological priority system, build a green and low-carbon
virtuous cycle system, and work together to ensure the orderly progress of the carbon peak
and carbon neutral goals. Third, promote coordinated governance and build a long-term
mechanism for energy conservation and emission reduction. Industry–city integration and
carbon emission reduction should adhere to the overall strategy of adjusting measures to
local conditions and coordinated promotion, improve communication and cooperation
channels with natural attributes, ecological functions, etc., advocate for refined zoning
management and control, reasonably delimit the responsibility of regional development
and governance, and form a new pattern of development and protection with effective
supervision and orderly structure. At the same time, government departments should
plan for development that epitomizes the harmonious coexistence between humans and
nature, should play an active role in regulatory guidance and macro-control, and should
build a long-term mechanism of industry–city integration in order to enable high-quality
development that helps energy conservation and emission reduction.

In this study, a new evaluation system of industry–city integration has been con-
structed. Compared with previous studies that only focus on the interaction between cities
and industries, it further emphasizes the core position of people, and believes that industry–
city integration should be the organic integration of industry, city and people. In terms of
research design, referring to the existing research and based on the STIRPAT model, the
specific form of the carbon emission effect of industry–city integration was preliminarily
tested. In addition, based on the theoretical mechanism analysis, the regulatory effect of
scientific and technological innovation and government regulation was further explored;
this provides an effective reference for the formulation of energy conservation and emission
reduction policies. This is an improvement on the existing research, and it also enriches the
theoretical connotation of industry–city integration and carbon neutralization research. It
is worth mentioning that before the analysis of the results of the econometric model, the
SDE model was innovatively used to systematically observe the evolution characteristics
of the space–time pattern of industry–city integration and carbon emissions, which more
intuitively confirmed the effectiveness of the research results. The coordinated promotion
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of industry–city integration and the “dual-carbon” strategy is a long-term and historical
dynamic process. In future research, there are still many areas that have not been consid-
ered and that are worth exploring. Compared with existing studies, the impact of economic
development, infrastructure and population quality on carbon emissions needs further
dialectical discussion. With the gradual improvement in the top-level design, the imple-
mentation of relevant policies and measures needs to focus more on microcarriers, such
as cities and counties, and promote the coordinated development of the whole region on
the basis of fully taking into account diversity and heterogeneity. Therefore, the follow-up
research needs to focus on the accurate definition of the spatial scale and the profound
impact of spatial elements, and optimize and improve the model method based on the
assumption of spatial homogeneity in this study. Although a relatively complete analysis
framework of economic and social system has been established in the existing research,
on this basis, we still need to fully consider the impact of natural factors such as climate,
topography, hydrology, and so on, in view of the dual objectives of ecological protection
and high-quality development; this is in order to draw more scientific and detailed research
conclusions. This will be the focus of future research.
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