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Cities have become central arenas in confronting today’s most pressing environmen-
tal and societal challenges, including climate change, biodiversity loss, socio-territorial
inequalities and the disruptive impacts of technological innovation. With over 55% of the
world’s population now living in urban areas (with a projected 68% by 2050, according to
the United Nations), cities play dynamic socio-ecological systems a defining role in shap-
ing the well-being of both current and future generations. This reprint, entitled “Urban
Transitions and Dynamics: Cultural, Ecological, Digital and Degrowth”, emerged from
growing academic and policy-driven demands to investigate cities as laboratories of transi-
tion, innovation and justice, as well as the need to explore how urban territories are being
reconfigured in light of new environmental, technological and socio-political imperatives.

In recent years, we have witnessed a proliferation of concepts seeking to capture the
new trajectories for urban sustainability. Notably, notions such as the 15-min city [1,2], circu-
lar urban economies [3,4], digital transitions [5,6], urban sustainable development [7,8], de-
growth actions [9,10], and positive energy districts [11,12] have gained traction in both aca-
demic and planning discourse. Meanwhile, the implementation of major infrastructures—
whether high-capacity transport corridors, intermodal complexes or “anchor” museums—
has provoked ambivalent urban transformations. On the one hand, such projects stimulate
local economies and attract fresh investment; on the other, they can exacerbate socio-spatial
inequality by displacing vulnerable populations in the face of rising property values and
housing costs. This dynamic intersects with touristification, which, although often driving
the early stages of rundown neighbourhood rehabilitation and heritage preservation, ulti-
mately generates mounting tensions between residents and visitors. This places immense
pressure on the accommodation market, inflates the cost of living and gives rise to the
“gourmet aestheticisation” of public spaces, turning squares and streets into segmented
consumer venues. The gradual privatisation of these spaces—often justified in the name of
security or visitor comfort—further commodifies everyday urban life, undermining social
sustainability and the right to the city.

These frameworks share the ambition of reframing urban development around equity,
low-carbon infrastructures and collective well-being. At the same time, critical voices have
problematised the operationalisation of these paradigms, highlighting the risks of exclusion,
technological determinism or reproducing old spatial injustices under new guises [13,14].
Moreover, there are growing concerns about the instrumentalization of these sustainabil-
ity paradigms, whereby concepts originally rooted in social justice and environmental

Land 2025, 14,1725 https://doi.org/10.3390/1land 14091725
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transformation are co-opted by market-driven actors or used as legitimation strategies for
continued capital accumulation. This includes risks of greenwashing urban developments
that maintain extractive logics under sustainable rhetoric or of social washing initiatives
that claim community participation while reinforcing existing power structures, lifestyle
brands or market niches that serve affluent populations while marginalizing vulnerable
communities [15]. Such appropriations hollow out the transformative potential of these
frameworks, converting visions for justice into instruments of capitalist accumulation.

Taken together, these emerging frameworks offer a rich analytical vocabulary and
an ambitious normative horizon for guiding contemporary urban policy. The 15-min
city, for instance, reconfigures the relationship between time, space and everyday life,
promoting spatial equity through decentralising essential services [1,16]. Circular urban
economies challenge the linear, extractive logic of conventional urban growth, encouraging
regenerative cycles of production, consumption and waste management [10]. Meanwhile,
degrowth perspectives introduce a necessary critique of the unsustainable foundations of
urban development, inviting a revaluation of sufficiency, care, and non-market values in
urban planning [17].

While enabling greater connectivity, data-driven management and new service mod-
els, digital transitions also raise crucial concerns regarding surveillance, digital divides
and algorithmic governance. Similarly, positive energy districts exemplify how techno-
logical innovation can be leveraged to achieve energy autonomy and carbon neutrality
at the neighbourhood scale; however, their implementation often requires new forms of
institutional cooperation and citizen engagement. The success of these models thus hinges
not only on technological feasibility but on their capacity to be embedded within inclusive
and democratic planning processes.

In addressing the multifaceted crises cities face today, these concepts are not mutually
exclusive but rather complementary. Their relevance lies in their potential to reshape plan-
ning paradigms and inform integrated strategies capable of navigating socio-environmental
complexity. For planners, policymakers and researchers alike, the challenge is to interpret
and adapt these ideas to diverse territorial realities, ensuring that they serve as tools for
emancipation rather than instruments of exclusion or commodification.

The relevance of this reprint lies in its ability to bridge empirical insights and theoreti-
cal reflections on contemporary urban transformations. The nine chapters included explore
diverse geographies and analytical lenses, engaging with issues such as green productivity,
environmental well-being, digital transitions, new urban governance mechanisms, and
the impacts of tourism and cultural dynamics on city centres. Together, they contribute to
ongoing debates regarding how to foster more just, sustainable and resilient cities through
integrated cultural, environmental, digital and post-growth approaches.

This endeavour was motivated by the recognition that the current wave of urban
transitions demands a rethinking of spatial planning and territorial governance. As Guest
Editors, our interests were both academic and political: to offer a platform for interdisci-
plinary dialogue and to inform better public policies that respond to territorial specificities
while fostering urban sustainability and social cohesion. The diversity of cases and methods
represented—from evaluating the impacts of high-speed rail to analysing in situ urbani-
sation through digitalisation—attests to the richness of this field, as well as the need for
plural, context-sensitive understandings of urban change.

The nine contributions can be grouped into three thematic clusters. The first focuses
on environmental transitions and well-being and includes papers by Zheng et al., Zhang &
Zhou, and Hu et al. They propose new frameworks for integrating environmental indicators
and green innovation into urban planning. The second thematic cluster addresses digital
transitions and economic resilience, with contributions from Shi & Lu, Li et al. and Li
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& Song exploring how digitalisation reshapes urban systems, labour geographies and
economic adaptability. The final theme includes place-based studies that examine cultural,
infrastructural and tourism-led transformations in urban centres and includes works by
Fernandes et al., Tian et al., and Chi & Han.

This reprint is primarily aimed at academic audiences working in the fields of geogra-
phy, urban and environmental engineering, architecture, sociology, development studies,
political economy and related disciplines. Its interdisciplinary scope and methodologi-
cal diversity are especially relevant for scholars analysing the interplay between urban
form, socio-technical systems, governance mechanisms and sustainability transitions. The
collected articles provide both conceptual depth and empirical substance, making them
valuable resources for those researching urban dynamics and spatial justice in an age of
environmental urgency and technological change.

At the same time, this volume is intended to inform the work of practitioners and
decision-makers involved in urban planning and governance. It is particularly directed
at municipal planners, technical staff and local government leaders who face the daily
challenge of implementing sustainable policies in diverse and often complex urban con-
texts. By offering grounded insights, comparative examples and critical perspectives, this
reprint aims to support the formulation of more effective, equitable and context-sensitive
public policies.

We invite readers to engage critically and constructively with the contributions pre-
sented here. The pathways towards more sustainable and inclusive urban futures are plural
and contested, but they require collective imagination and empirical grounding. We hope
that this Special Issue provides inspiration, tools and prompts for researchers, planners,
policymakers and citizens committed to rethinking urban life in the face of environmental
and social emergencies.

We wish to thank all the collaborative reviewers who contributed to improving the
chapters in this work.

Author Contributions: Conceptualization, P.C., A.C., R.A. and P.P;; formal analysis, P.C.; investiga-
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supervision, P.C., A.C., R.A. and PP; project administration, P.C., A.C., R.A. and P.P. All authors have
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Abstract: Economic resilience is crucial for urban sustainability as it ensures stability and growth in
the face of external shocks, promotes social cohesion and inclusivity, fosters environmental sustain-
ability, and enhances cities” adaptability to future challenges. This study expands the conventional
perspective on economic resilience beyond the context of shocks, focusing on the inherent resilience
of regional economic systems. A novel method for quantifying economic resilience is introduced,
emphasizing system sensitivity and adaptability. Using Chinese prefecture-level city data and an
econometric model, we empirically examine how Fintech, a major digital transition in current urban
systems, affects economic resilience. The findings reveal that Fintech has a substantial positive effect
on economic resilience, primarily through the upgrading of industrial structures and technological
innovation. Furthermore, there is significant regional heterogeneity in the impact of Fintech on
economic resilience, with more pronounced contributions in the east, central, and western regions of
China, as opposed to the northeast. Additionally, the impact of Fintech on economic resilience is more
substantial in large-scale cities. The promotion of economic resilience through digital transformation
serves as a potent risk prevention measure. Understanding the role of economic resilience in urban
systems holds valuable implications for countries worldwide.

Keywords: economic resilience; urban systems; digital transition; regional heterogeneity; China

1. Introduction

Urban sustainability encompasses the ability of a city to maintain economic, social, and
environmental well-being while meeting the needs of its current and future residents. In
urban systems, the development trajectories of regional economies are constantly evolving
and subject to various shocks. To examine the resilience of regional economic systems
to these shocks, scholars have drawn upon system equilibrium models from the fields of
physics and ecology [1-3] and have proposed the concept of “economic resilience”, which
builds upon the principles of engineering and ecological resilience [4]. This concept has
gained traction due to its ability to capture the holistic and dynamic nature of socioeconomic
systems and its potential to inform policy and academic research [5,6]. Resilience is
considered an important expression of sustainability and is vividly referred to as the
emergency room of sustainability [7]. The importance of economic resilience for urban
sustainability lies in its ability to maintain stability and foster growth amidst external
disturbances, while also bolstering social unity and inclusivity, promoting environmental
sustainability, and strengthening cities’ capacity to adapt to future challenges [5,8]. Recent
years have witnessed heightened global uncertainty, stemming from events such as the
2008 financial crisis, trade tensions between China and the United States, the COVID-19
pandemic, and wars and conflicts, as well as other shocks that have generated ongoing
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economic turmoil. The ability of regions to withstand uncertainties in the economic system
has become an increasingly pressing concern for governments and academics alike [9,10].

Financial development is a crucial driver of economic growth and prosperity. During
the digital transition, the rise of financial technology (Fintech)!, which integrates technology
and financial services, provides new opportunities for the development of the traditional
financial system [12]. Digital transactions powered by Fintech optimize financial resource
allocation, drive technological innovation, and facilitate the transformation and upgrading
of financial infrastructure [13]. This integration enhances financial efficiency, inclusivity,
and innovation, satisfying the personalized financial needs of diverse businesses [14]. Ac-
cording to the World Bank, global Fintech investment soared from less than $10 billion
annually before 2013 to $215 billion in 2019 and then decreased to $122 billion in the 2020
pandemic year. By the first half of 2021, global investments in Fintech had reached $98 bil-
lion [15]. Although existing studies have explored the impact of financial development
on economic resilience [16] and the influence of regional technological structures [17,18],
as well as the effects of smart city construction, including its digital transitions, on economic
resilience [19], research specifically examining the direct impact of Fintech on economic
resilience remains limited [20,21].

This study aims to examine economic resilience within the context of digital transfor-
mation in the financial sector. While past research has predominantly focused on economic
resilience in response to shocks, we aim to broaden the horizon by examining the inherent
resilience of regional economies and its relationship with Fintech innovation. In an era
where Fintech is transforming traditional financial systems and playing an increasingly
pivotal role in economic development, understanding its direct influence on economic
resilience, regional variations, and its underlying mechanisms becomes not only relevant
but also crucial. This understanding has the potential to provide valuable insights for
policy decisions and strategic investments in a rapidly evolving urban and technologi-
cal landscape.

To address this research aim, this study commences by constructing a quantification
method to assess regional economic resilience. Subsequently, it empirically examines the
impact of Fintech on economic resilience using data from Chinese prefecture-level cities
during the period from 2011 to 2020 (Figure 1). The research delves into the underlying
mechanisms, taking into consideration aspects like technological innovation and indus-
trial structure upgrading, to explain this impact. Additionally, it employs cross-sectional
analysis to accommodate the variations arising from geographical locations and city scales.
The reasons for selecting China as the empirical case study region are as follows. The
diverse geographic and economic landscape of China provides a rich and varied context for
analyzing how different regions leverage technological innovation and industrial upgrades
to enhance their economic resilience. In addition, China’s rapid digital transformation,
especially in the financial sector, with widespread adoption of Fintech solutions like mobile
payments and digital banking, presents a unique opportunity to explore how such tech-
nologies influence economic stability. This setting allows for a detailed examination of the
dynamic interplay between digital transition and economic resilience across varying urban
scales and geographical locations.
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Figure 1. Location and Fintech development of sample cities in China (2020).

2. Literature Review and Conceptual Development
2.1. Economic Resilience and Its Operationalization
2.1.1. The Notion of Economic Resilience

The concept of economic resilience, as it is understood in the context of regional
economics and economic geography, does not have a singular point of origin but rather
evolved over time. It emerged from the broader discussion of resilience in various disci-
plines, including ecology, psychology, and engineering [4]. The term began to gain more
prominence in economic discussions particularly following global economic challenges,
such as financial crises, which underscored the need to understand how economies can
withstand and recover from shocks [22,23].

Over the years, the conceptualization of economic resilience in regional contexts has
evolved into a multifaceted and dynamic discourse, highlighting the complex nature of re-
gional economic resilience and its multi-dimensional and adaptive qualities. Boschma [24]
and Bristow and Healy [25] underscore the adaptive nature of regional economies, arguing
that resilience involves not just “bouncing back” but also “bouncing forward” through
adaptation and transformation in response to shocks. Hu and Hassink [26] further argue
that adaptation, seen as a continuous, evolving process, plays a pivotal role in how re-
gions respond to economic challenges and disturbances. These perspectives align with the
evolutionary approach to resilience, which sees regional economies as dynamic systems
constantly adapting to their changing economic landscapes.

Evenhuis [27], Martin and Sunley [28], and Sutton and Arku [29,30] contribute by
examining the dimensions of regional economic resilience. They emphasize the impor-
tance of regional specificities and the role of external and internal factors, such as policy,
institutional settings, and socio-economic structures, in shaping a region’s resilience. Their
work highlights that resilience is not a static attribute but a process that evolves over
time, influenced by a region’s unique characteristics and its ability to adapt to changing
circumstances.

The previous research provides a comprehensive view of regional economic resilience,
framing it as a dynamic, adaptive, and multi-dimensional concept that varies across
regions and over time. The emphasis on adaptation and transformation, as well as the
recognition of the diverse factors that influence resilience, marks a significant evolution in
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the understanding of economic resilience in regional contexts. While some scholars suggest
that regional economic resilience should only be examined in the context of shocks [5],
this study conceptualizes resilience as the ability to sense and adapt to both shocks and
slow-burning pressures [31] and places its empirical research within a broader context.

2.1.2. Evolutionary and Equilibrium Perspective of Resilience

In the literature on regional economic resilience, two distinct perspectives are high-
lighted: the equilibrium and the evolutionary approaches [29]. The equilibrium approach
assumes that economies naturally gravitate towards a steady state, and following a distur-
bance, they can return to or reach a new equilibrium [32-34]. The evolutionary approach,
in contrast, posits that economies are constantly adapting, without an inherent steady state,
and resilience involves their capacity to evolve in the face of shocks [22,25,35].

This study aligns with the equilibrium perspective, which can be justified according
to its focus on measurable outcomes, such as GDP, allowing for the assessment of resilience
as a system’s return to its pre-shock state or its shift to a new stable state after a disrup-
tion. This perspective provides a structured framework for analysis, making it possible
to evaluate economic performance systematically. A distinctive feature of this study is
the conceptualization of resilience as an intrinsic attribute of a system, allowing for the
examination of resilience under normal conditions, not just in the aftermath of shocks. This
approach facilitates a proactive understanding of resilience and enables the development
of strategies to strengthen economic systems in preparation for potential disruptions.

Due to the varying conceptualization of economic resilience among scholars discussed
before, the methods of operationalizing economic resilience also differ?. Two common
quantitative approaches to characterizing economic resilience are using the sensitivity
index developed by Martin et al. [3,23,38,39] and the development of a comprehensive
indicator system to measure economic resilience [40—42]. However, the sensitivity index
measures the resilience of a single city (system) based on its spatial divergence from other
cities (systems), ignoring temporal differences. And the comprehensive indicator system
primarily evaluates resilience based on static attributes, disregarding the dynamic nature
of the concept of resilience itself and the adaptability of the assessed system. Accordingly,
this study proposes constructing a new economic resilience measurement method.

2.1.3. Sources/Determinants of Economic Resilience

The determinants of resilience within regional economies are complex, multifaceted,
and crucial for understanding why some regions recover from shocks more quickly or
effectively than others. Martin et al. [3] elaborate on how regional economic structures,
the diversity and quality of resources, and capabilities, along with institutional support,
are crucial determinants that shape the capacity of regions to withstand and recover from
economic shocks. Evenhuis [27] adds to the dialogue by emphasizing adaptability—the
capability of regional economic systems to maintain and restore their structure in the face
of disturbances, which acts as a self-regulating mechanism for maintaining stability.

Sutton and Arku [30] further explore the multi-scalar interactions of various factors
within regions, including the role of economic actors, policymakers, and practitioners,
and how these interactions influence the resilience of a region’s economic structure and
workforce. Sutton et al. [29] identify the determinants of resilience as being dynamic,
multi-scalar, and spatially dependent, shaped by a wide range of socio-economic and
political-institutional factors that are influenced by regions’ inherent and inherited re-
sources, capabilities, and characteristics. These factors, such as human capital, agglom-
erations, entrepreneurship, and innovativeness, not only bolster regions’ resilience in
turbulent times but also tend to enhance their growth potential and competitiveness during
stable periods.

This study, set within the burgeoning context of China’s digital transformation in the
financial technology sector, seeks to uncover new sources of economic resilience within
financial arrangements. It asserts that financial arrangements can be a significant source
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of resilience (in alignment with Martin et al., 2016 [3]), offering novel insights into how
economic systems can leverage financial innovations and structures to enhance their stabil-
ity and adaptability in the face of economic perturbations. This way of conceptualizing
resilience—not merely as a response to adverse events but as an inherent attribute of the
economic system itself—is one of the distinctive features of this study. By focusing on
financial arrangements, this study extends the discourse on economic resilience, providing
a unique angle on how digital transitions contribute to the resilience of regional economies.

2.2. Fintech and Economic Resilience

Financial development is a pivotal driver of sustainable economic growth, exerting its
influence across the economic spectrum by facilitating fund allocation. Consequently, it
plays a crucial role in bolstering economic resilience. Furthermore, the fusion of financial
development with digital technology has spawned Fintech, heralding both fresh prospects
and hurdles in fortifying economic resilience [43]. This synergistic blend holds promise
in propelling sustainable economic expansion and bolstering the adaptive and recovery
capabilities of regional economies amidst shocks and disruptions.

2.2.1. Fintech’s Impact on Economic Resilience

The rise of Fintech has transformed traditional finance, introducing innovative services,
scenarios, and models. These advancements bridge the gap between financial supply
and demand, reducing mismatches and expanding the financing options for businesses.
Consequently, financing costs decrease, profitability increases, and enterprise sustainability
improves [44,45]. Fintech’s technological efficiency accelerates fund matching, aiding rapid
enterprise recovery and adaptation during financial crises [46].

Moreover, Fintech’s global reach extends financial services to underdeveloped regions
via digital platforms, enhancing inclusivity, streamlining financing, and improving capital
turnover, thus enhancing resource allocation efficiency [12,47,48]. Fintech’s role in reducing
the information asymmetry between institutions and markets enhances risk management,
crucial for economic resilience during shocks.

Fintech’s technology and knowledge transfer stimulate structural optimization and
industrial advancement, fostering cross-regional flows and scalability, essential for market
resilience [49]. By facilitating swift adjustments to economic shifts, Fintech enhances enter-
prises” adaptive capacity, supporting strategic realignment amidst changing landscapes.
This emphasis on adaptability underscores Fintech’s transformative role, positioning it as a
fundamental enabler of resilient economic structures capable of thriving through financial
crises and downturns.

Based on the above analysis, we propose the following hypothesis in the empirical
investigation of this study:

H1: Fintech development has a positive impact on economic resilience.

2.2.2. The Influence Mechanism

The outputs of science, technology, and innovation (STI) often entail high inputs,
lengthy cycles, and considerable uncertainty, posing challenges in accessing financing
within traditional financial systems. Fintech, as a disruptive financial innovation [48], is
bolstering technological innovation behaviors among market participants, enhancing finan-
cial market efficiency, and reducing operational costs while identifying prospects and risks
through advanced technologies [50]. By tailoring financial services to specific market needs,
Fintech improves risk management and recovery, thereby enhancing economic resilience.

Furthermore, Fintech facilitates the timely and accurate delivery of STI project infor-
mation to financial institutions, reducing information asymmetry and enabling flexible
access to financial services for market players [51]. This, in turn, fosters technological
innovation activities, promoting the development of science and technology industries and
fortifying economic resilience. Additionally, in line with evolutionary economics, firms
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utilize technological innovation to respond to external market shocks, revitalizing economic
ecosystems and forging new development pathways [52]. Hence, we posit the hypothesis:

H2: Fintech can enhance economic resilience by improving technological innovation.

Moreover, Fintech’s impact extends beyond technological innovation to optimize in-
dustrial structures [50]. By diversifying financing channels and facilitating efficient resource
allocation, Fintech propels the transformation and upgrading of traditional industries, par-
ticularly in China, where incentives for structural innovation may be lacking [53]. Through
enhanced factor mobility, information dissemination, and coordination within industrial
chains, Fintech promotes industrial restructuring, bolstering the economy’s resilience to
risks. Additionally, the development of financial technology spurs the emergence of new
models and industries, elevating the industrial structure to higher levels. The spillover
effects of digital financial services provide enterprises with superior credit services and
stimulate employment growth, particularly in burgeoning service and production sectors.
Thus, continuous industrial restructuring yields high value-added outputs, enhancing
“structural dividends” and propelling both economic growth and quality development [54].
Building on these insights, we propose the following hypothesis:

H3: Fintech can enhance economic resilience by improving the industrial structure.

The conceptual framework in Figure 2 illustrates Fintech’s direct impact on regional
economic resilience (H1), accounting for regional disparities and city-scale differences. Ad-
ditionally, the study explores its indirect effects through the mediating roles of technological
innovation (H2) and industrial structure (H3).

: !
E H2f Technology Innovation | !
i»| Mediation |— - o
1 : o
| H3]  Industry Structure : g
- - ! e
= S, =3
=g H | &
[ [ e
o ' o
= 8
Regional differences <}
e — a8

City Scale

e e
an
a
o
o
=
o
(1)}
[¢]
j=3
o
=
<

Figure 2. Conceptual framework of Fintech’s impact on economic resilience.

3. Economic Resilience Measurement Method
3.1. Selection of Economic Resilience Indicators

In the previous research, the two most crucial indicators for measuring economic
resilience have been identified as GDP and employment. While data on employment offer
valuable insights at the individual level [55], GDP serves as a comprehensive measure of a
city’s overall economic performance. This broader perspective is vital for fully understand-
ing the resilience of urban economies, capturing not only employment status but also the
economic activities and outputs that sustain the livelihoods of the city’s inhabitants.

Specifically, GDP analysis presents an appropriate means of measuring economic
resilience by scrutinizing the capacity of an economy to withstand shocks. This involves
examining changes in GDP growth rates over time and comparing them with pre-shock
levels. In this study, we used the GDP indicator to measure regional economic resilience
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and construct an economic resilience index, which will be elaborated in the following
sub-section.

3.2. Construction of an Economic Resilience Index
3.2.1. Sensitivity

Sensitivity refers to how responsive a system is to disruptions during its regular
operation. It is a relative index that measures regional/local economies’ performance
compared to the national performance [3,23]. This study employs GDP to represent the
functionality of the economic system, and system sensitivity is measured by analyzing
the year-to-year changes in the GDP, reflecting the extent of deviation of each year’s GDP
from the average value across the years within the system. The formula for calculation is
expressed as follows:

_ [P — P
B

it (1)
where i is the region, and P;; is the GDP value in region i in year t. P; is the mean value of
the GDP in region i across years. S is the sensitivity index, which reflects the dispersion of
the GDP relative to the mean value over a specific period.

To demonstrate sensitivity more visually, we plotted Figure 3 using data from the
empirical case of 286 Chinese cities, where the x axis is the sample city ranked from the
lowest average GDP to the highest average GDP from left to right and the y axis is the GDP
value. The red line in the figure represents P;, the mean value of the GDP in each city from
2011 to 2020. And the blue dot represents the GDP value of each city in 2016, i.e., P;;. The
vertical distance from the blue dot to the red line is the numerator of Equation (1).
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Figure 3. Sensitivity index evaluation results of the empirical case.

3.2.2. Adaptability

Adaptability refers to the ability of an economic system to maintain and restore its
structure in the face of disturbances [26]. It can also be seen as a self-regulating mechanism
for maintaining the system’s relatively stable state. Within a certain period, the trend in the
variability in a system is used to measure its deviation from the stable state, which is the
system’s adaptation. If the trend in its variability decreases or remains stable, the system
tends towards relative stability. Increased variability indicates that an unstable system is
adapting to changes, which may also indicate an increase in vulnerability.

11
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Over a certain period, adaptability, which is the self-regulating capacity of the system,
can be expressed as the slope of a linear trend line fitting the interannual variability in the
GDP. In this study, adaptability is represented by the slope of a linear trend line fitting the
interannual variability in the GDP during the study period.

y=Aix+B; )

y:Pz‘t—E 3)

where x represents the time series, corresponding to the study period; y represents the
interannual variability in the GDP, which is the absolute change in the GDP each year,
calculated as the difference between the value of the GDP for each year and the average
value of the GDP during the study period. A represents the trend in the GDP’s variability,
which is the regression slope of the data set ¥ and x and serves as the index of system
adaptability. B represents the intercept.

For a more visual representation, we have selected three Chinese cities, Shanghai,
Beijing, and Shenzhen, and plotted Figure 4 to show the fit of adaptation in these three
cities, where the x axis is the year and the y axis is the calculation results of Equation (3).
The blue dot is the interannual variability in the GDP, i.e., the y in Equations (2) and (3).
And the red line is the linear fitting of the data set y and x. Thus, the A index is the slope of
the red line.
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Figure 4. Adaptability index evaluation results of the empirical case. Note: The year 2017 is excluded
with no data in the year 2017 from the original data source.

3.2.3. Economic Resilience

Resilience is determined by the system’s sensitivity and adaptability, which is inversely
correlated with sensitivity and positively correlated with adaptability. To compare regional
differences in resilience, the results of sensitivity and adaptability should be standardized
before calculating resilience. The formula for calculating resilience is as follows:

R=A-S (@)

where R is system resilience, S is the sensitivity index, A is the adaptability index.

The proposed methodology refines and advances existing frameworks by presenting a
sophisticated approach to the measurement of economic resilience. This approach diverges
from the models suggested by Martin et al. [3,23], which primarily evaluate regional
performance relative to national benchmarks. Instead, it delves into a comprehensive
examination of regional variability and stability via GDP temporal variation analysis within
one single economy. Furthermore, while this study adopts an equilibrium perspective
for the conceptualization and quantification of resilience, the economic resilience index
developed herein adeptly encapsulates the sensitivity and adaptability inherent to economic
systems. This index portrays resilience not merely as a reactive capacity but as an inherent
attribute of the system, enabling it to navigate and adapt to both immediate disruptions
and ongoing changes effectively.

12
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4. Empirical Analysis
4.1. Economic Resilience of Chinese Cities

To empirically apply the economic resilience index, we conducted an analysis using
data from 286 Chinese cities for the years 2011, 2014, 2016, and 2020°. The ArcGIS platform
was employed to visualize the assessment results. The economic resilience results have
been divided into five levels: high (>1.5), mid-high (0.5~1.5), medium (—0.5~0.5), mid-low
(—=1.5~—0.5), and low (<—1.5) (Figure 5).
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Figure 5. Economic resilience of 286 prefecture-level cities in China from 2011 to 2020.

From 2011 to 2016, economic resilience in Chinese cities is generally increasing. Mean-
while, the progressive expansion of red-orange areas (high and mid-high resilience) until
2020 suggests a significant shock to the economic resilience of each prefecture-level city
in China, possibly due to the unforeseen black swan event of the Covid pandemic. In
terms of spatial heterogeneity, though the study period, cities with a relatively higher
level of economic resilience are mainly concentrated major urban agglomerations like the
Beijing—Tianjin—-Hebei region, the Yangtze River Delta region, and the Pearl River Delta
region. In addition, the findings of our study also corroborate prior research indicating that
regional economic resilience in China exhibits spatial heterogeneity, with municipalities
and provincial capitals tending to display higher levels of resilience [56,57]. The evaluation
results contribute to a deeper understanding of the spatio-temporal evolution of economic
resilience in China and may inform future policy decisions.
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4.2. Relationship between Fintech and Economic Resilience

Following the comprehensive analysis of the spatio-temporal variations in economic
resilience across cities, the focus of this study shifts towards exploring the intricate rela-
tionship between Fintech and economic resilience. This transition marks a critical juncture
in our research, bridging the gap between the foundational understanding of how cities
withstand and adapt to economic fluctuations and the role of Fintech in enhancing or
transforming these resilience capacities.

From 2011 to 2016, the relationship between Fintech and economic resilience grew
stronger, but by 2020, this relationship had weakened (Figure 6). Despite this, the overall
trend still indicates that enhancements in Fintech are positively correlated with higher
economic resilience. However, other determinants of economic resilience became more
significant in 2020, which may reflect the increasing influence of other economic and social
factors alongside the rapid development of Fintech. Therefore, in the following sub-section,
we will delve deeper into the dynamics of this relationship, incorporating additional control
variables to provide a more nuanced analysis.
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Figure 6. Analysis of the relationship between Fintech and economic resilience in Chinese cities from
2011 to 2020. Note: The size of the dots in the graph indicates the size of the city, while the color of
the dots represents the city’s location.
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4.3. Finding New Sources of Economic Resilience: Fintech
4.3.1. Data Source and Description

To standardize the data, the sources for each indicator were primarily drawn from the
China City Statistical Yearbook, the Digital Inclusive Finance Index of Peking University, and
the China Statistical Yearbook. To investigate the impact of Fintech on economic resilience,
we selected indicators relevant to Fintech and economic resilience across 286 prefecture-level
cities in China from 2011 to 2020. Furthermore, to mitigate the effects of outliers on the study’s
findings, we conducted winsorization for continuous variables at the 1% level.

4.3.2. Variable Selection

The variables used in this study are shown in Table 1. Explained variable: Economic
resilience (ER), measured based on the economic resilience index in Section 3. The assessment
results are illustrated in Figure 5 in the previous sub-section. Explanatory variable: Financial
technology (Fintech). In this research, referring to Zhou et al. [58] and Guo et al. [59], we select
the total index of China’s digital inclusive finance published by the Institute of Digital Finance
at Peking University as the measure of Fintech*, which can comprehensively reflect the progress
of China’s digital financial inclusion and the development level of Fintech in prefecture-level
cities. Control variables: In this study, we identified four control variables, including financial
development (FD), economic openness (Open), human capital (HC), and fiscal position (FS).
By controlling for these variables, we can isolate the effect of the independent variable on
economic resilience while accounting for the effects of other confounding factors.

Table 1. Variable definitions.

Variable

Variable Types Variable Name Symbol Variable Selection
Explained variable Economic resilience index ER Self-constructed economic resilience index
Explanatory variables Financial science and Fintech Digital Financial Inclusion Index
technology

Financial development FD (Year-end financial institution deposit balance +

P year-end financial institution loan balance)/GDP
Control variables Economic openness Open (Goods imports million yuan + goods exports million

yuan)/regional GDP
Human capital HC The number of college students per 10,000 students is
P added by 1 and the natural logarithm is taken

Financial status FS Local fiscal general budget expenditure /regional GDP

4.3.3. Econometric Model

Referring to the study by Mai et al. [39], we use a panel regression model to study the
impact of Fintech on economic resilience. In the model, the economic resilience index (ER)
is the explanatory variable, the level of Fintech is the explanatory variable, and CV is the
control variable.

ERit =g + ‘BlFiTltEChit + llBCVlt + €t (5)

where i represents the 286 prefecture-level cities in China, and f represents the year. ¢
represents a random perturbation term.

5. Results and Discussion
5.1. Descriptive Statistics

The results on the descriptive statistics of the variables are shown in Table 2. Panel
A provides a descriptive overview. The analysis reveals that economic resilience varies
considerably across regions in China. This variation highlights the differences in the ability
of regional economies to withstand risks and external shocks. Similarly, the Fintech variable
exhibits substantial spatial imbalance. The large difference between the minimum and
maximum values indicates that the level of Fintech is unevenly distributed across regions.
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Panel B presents the evolutionary trends in economic resilience and Fintech from 2011 to 2020.
The mean values show that economic resilience fluctuates over time, with a decline in 2020
due to the sudden outbreak of the epidemic in 2019, which negatively impacted the Chinese
economy. In contrast, the Fintech variable displays a steady upward trend from 2011 to 2020.

Table 2. Descriptive statistics.

Panel A
Variable Obs Mean SD Min P25 Median P75 Max
ER 2573 —0.004 1.234 —2.897 —0.735 —0.008 0.646 4917
Fintech 2573 5.025 0.518 3.533 4.784 5.152 5.434 5.700
FD 2573 2.458 1.162 0.987 1.661 2.142 2.874 7.017
Open 2573 0.051 0.138 0.000 0.000 0.000 0.028 0.919
HC 2573 2.635 2.506 0.000 0.000 3.384 4.989 6.964
FS 2573 0.204 0.102 0.077 0.135 0.177 0.241 0.626
Panel B
Variable Year Min Max Mean Standard error
2011 —2.897 4.704 —0.781 1.062
ER 2014 —1.818 4917 0.625 0.908
2016 —1.909 4917 0.850 1.106
2020 —2.897 4.053 —0.845 1.312
2011 3.533 4.472 3.938 0.262
Fi h 2014 4978 5.300 4978 0.122
intec 2016 5.078 5513 5.279 0.089
2020 5.356 5.700 5.546 0.084

5.2. Benchmark Regression

We conducted benchmark regression using panel data from 286 prefecture-level cities in
China to examine the relationship between Fintech and economic resilience. Our stepwise
regression approach initially did not incorporate any relevant control variables. The results
from Table 3, Column (1) demonstrate a significant enhancing effect of Fintech on economic
resilience. Results in Column (2) of Table 3 suggest that the positive effect of Fintech on
economic resilience remains unchanged after introducing control variables. Specifically, a 1%
increase in the Fintech innovation level can lead to a 0.835% increase in economic resilience.
These findings contribute to the growing body of literature on Fintech and its implications for
economic development, particularly in the context of China’s prefecture-level cities.

Table 3. Benchmark regression.

(u)] (2)

ER ER
Fintech 0.412 ** 0.835 ***
(9.25) (17.08)
FD 0.230 ***
(7.60)
Open —0.354
(—1.21)
HC 0.188 ***
(15.26)
FS —D.273 ##*
(—9.44)
_cons —2.074 *** —4.779 *x*
(—9.63) (—19.08)
N 2573 2573
R? 0.031 0.222

Note: Robust t-statistics in brackets. *** p < 0.01.
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5.3. Endogenous Test

Current scholarly consensus suggests that Fintech development is positively associated
with economic growth [60]. However, research also indicates that the rate of technolog-
ical innovation is contingent upon national economic development [61,62]. In times of
economic prosperity, economies tend to allocate more capital to technological innovation
activities, whereas during economic downturns, capital tends to be redirected towards in-
vestment to stimulate economic growth. Therefore, a causal endogenous relationship exists
between Fintech and economic resilience. Economic resilience, as a macro-level variable,
is influenced by multiple factors, and the presence of control variables in the current data
may not prevent the occurrence of omitted variables. Potential issues of reverse causality
and omitted variable bias necessitate an instrumental variable approach to addressing
endogeneity and isolating the true effect of Fintech on economic resilience.

With reference to Ding et al. [12], the instrumental variable chosen to measure the level
of Fintech development in this study is the geographical distance from each prefecture-level
city to Hangzhou. This is because Hangzhou is the headquarters of Alibaba, the largest
Fintech service provider in China with a highly developed Fintech level. By using geographic
distance, which is a physical variable, the authors argue that this variable is less correlated with
economic resilience and consistent with the characteristics of instrumental variable selection.
To further strengthen the validity of the instrumental variable selection, we logarithmically
processed the instrumental variables to eliminate the influence of magnitude. The results of
the instrumental variables are presented in Table 4, and the test results are consistent with
the benchmark regression. The use of geographic distance as an instrumental variable is
particularly noteworthy, as it is less likely to be affected by confounding factors that may
affect the relationship between Fintech development and other economic variables.

Table 4. Endogeneity test.

(W) (2)

Fintech ER
ER 0.622 ***
(3.25)
Hdis —0.112 ***
(—3.23)
FD —0.084 0.333 ***
(—1.29) (16.36)
Open 0.383 *** —0.148
(3.34) (—0.80)
HC —0.173 *** 0.090 ***
(—9.42) (8.92)
FS 1.062 * —2.642 ***
(1.86) (—10.69)
_cons 5.453 *** 0.247
(53.83) (1.06)
N 2573 2573
R2 0.384 0.161

Note: Robust t-statistics in brackets. *** p < 0.01, * p < 0.10.

5.4. Robustness Test
5.4.1. Alternative Proxies

The Fintech index can be classified into three dimensions: coverage breadth, usage depth,
and digitization level [59]. Coverage breadth refers to the extent of electronic account coverage,
including major Internet payment accounts and the number of associated bank accounts. Usage
depth pertains to the actual use of Internet financial services in various areas, such as credit,
investment, insurance, and payment. Digitization level, on the other hand, represents the
mobility, affordability, convenience, and credit characteristics of Fintech innovation. To assess the
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impact of Fintech on economic resilience, we conducted regression analyses between each of the
three Fintech dimensions and economic resilience, as presented in Table 5. The findings indicate
that Fintech continues to play a significant positive role in bolstering economic resilience.

Table 5. Alternative proxies.

1) (2) 3)
ER ER ER
Breadth 0.669 ***
(16.91)
Depth 0.699 ***
(13.05)
Digitization 0.584 ***
(13.79)
FD 0.221 *** 0.263 *** 0.292 ***
(7.21) (8.90) (9.70)
Open —0.298 —0.343 —0.246
(—1.02) (—1.18) (—0.86)
HC 0.168 *** 0.179 *** 0.167 ***
(13.94) (13.86) (13.81)
FS —2.074 #** —2.271 ##* —2.987 #**
(—8.47) (—9.15) (—12.36)
_cons —3.862 *** —4.123 #* —3.563 ***
(—18.86) (—14.53) (—15.61)
N 2573 2573 2573
R? 0.219 0.201 0.217

Note: Robust t-statistics in brackets. *** p < 0.01.

5.4.2. Fixed Effect

In addition, to verify the robustness of our results, we also use a fixed model for regres-
sion, adding fixed effects to control for multiple unobservable local specific features to better
verify the accuracy of our results. It should be noted that in the fixed effects test, we only con-
trol for city fixed effects but not time fixed effects because our economic resilience is calculated
based on temporal variation, and controlling for time fixed effects would compromise the
validity of economic resilience. The results are shown in Table 6. In Column (1), we control for
city fixed effects only; in Column (2), we control for city-related factors and control for city
fixed effects. The results in both columns remain consistent with the baseline regression.

Table 6. Individual fixed effects test.

(4] )
ER ER
Fintech 0.190 *** 0.761 ***
(9.91) (19.74)
FD —0.028
(—0.44)
Open —1.641 ***
(—8.07)
HC 0.139 ***
(17.79)
FS 1.615 **
(1.99)
_cons —0.956 *** —4.370 #**
(—9.92) (—20.08)
N 2579 2579
R? 0.317 0.080

Note: Robust t-statistics in brackets. *** p < 0.01, ** p < 0.05.
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5.5. Mechanism Test

Drawing on theoretical insights, we firstly investigate technological innovation as a
mediating mechanism. The efficacy of science and technology innovation is fundamentally
determined by the actual benefits it produces [63]. Patents, as tangible outcomes of innovation,
are highly indicative of the level of regional science and technology innovation. Furthermore,
the utilization of patents and the technology spillover effects that stem from them can be
readily applied to the market and translated into tangible outcomes. Consequently, we follow
Chen et al.’s [64] research and utilize the natural logarithm of the number of granted patents
(R&D) in prefecture-level cities as a proxy variable for science and technology innovation. The
larger the number of granted patents, the higher the level of science and technology innovation.

Secondly, we examine industrial structure as another mediating mechanism. Given
the technological characteristics of Fintech, we posit that the optimization of the industrial
structure driven by Fintech development should manifest in the high-end of the industrial
structure, i.e., the proportion of strategic emerging industries should continue to increase,
and high value-added industries should continue to emerge. The development of digital
technology propels the economic structure towards the service industry; thus, the process of
upgrading the high-end industrial structure is essentially the process of increasing the output
value of the tertiary industry. Consequently, we adopt the proportion of the value added of the
tertiary industry to the value added of the secondary industry to measure industrial structure
upgrading (IS). Table 7 presents the findings of the mechanism test, which suggests that
Fintech has a positive impact on technological innovation and industrial structure upgrading.

Table 7. Mechanism test.

(W) (2)

R&D IS
Fintech 1.656 *** 0.134 ***
(23.95) (6.69)
FD 0.095 * 0.238 ***
(1.90) (15.76)
Open 9.571 *** 0.146
(15.47) (1.54)
HC —0.669 *** —0.026 ***
(—27.33) (—5.46)
FS —1.501 *** 1.404 ***
(—2.94) (10.79)
_cons —4.410 *** —0.463 ***
(—12.32) (—4.31)
N 2573 2573
R? 0.667 0.459

Note: Robust t-statistics in brackets. *** p < 0.01, * p < 0.10.

5.6. Heterogeneity Test

China’s regional economy displays a marked degree of spatial heterogeneity, with
the eastern region exhibiting robust development, while the middle and western regions
manifest weaker growth. Concurrently, the growth of Fintech in China is rapid, yet
significant disparities exist among prefectures and cities, yielding an imbalanced spatial
distribution featuring an evident step-like pattern at the regional level. These regional
distinctions may also engender regional-level variations in the influence of Fintech on
economic resilience. To further scrutinize the impact of Fintech on economic resilience at
the regional level, this study focuses on two facets, namely the region and city scales.

To begin with, we adopt a regional /locational perspective by categorizing Chinese
prefecture-level cities into eastern, central, western, and northeastern regions (Figure 1) and
analyzing them through grouped regressions. Our findings, as presented in Table 8, reveal
that Fintech exerts a notable impact on economic resilience, with a more significant effect
observed in the east in comparison to the central and western regions. This differential
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impact may be attributed to the eastern region’s inherent location advantages and resource
endowments, as well as its sound economic development foundation and robust innovation
activities, all of which enhance the promotional effects of Fintech on economic resilience. In
contrast, Column (4) demonstrates the negative impact of Fintech on economic resilience in
the northeastern region, which has traditionally served as a prominent industrial base in
China, with a comparatively slow development of the financial sector. Consequently, the
impact of Fintech on economic resilience in the region is not substantial.

Table 8. Locational heterogeneity.

1) 2) 3) 4)
East Central West Northeast
Fintech 1.011 *** 0.987 *** 0.910 *** —0.173*
(8.80) (14.31) (11.58) (—1.69)
FD 0.529 *** 0.207 *** 0.038 0.178 ***
(7.25) (4.11) (1.06) (3.56)
Open —1.094 *** —5.162 *** —0.214 0.469
(—=2.71) (—4.62) (—0.47) (0.86)
HC 0.165 *** 0.165 *** 0.199 *** 0.074 ***
(6.49) (7.77) (10.08) (3.15)
FS —5.191 *** —3.773 #** —1.334 *** 0.574
(—6.24) (—5.38) (—4.24) (1.23)
_cons —b5.648 *** —5.157 *** —5.012 *** —0.092
(—10.13) (—14.20) (—12.23) (—0.19)
N 777 720 776 306
R? 0.313 0.268 0.189 0.068

Note: Robust t-statistics in brackets. *** p < 0.01, * p < 0.10.

Table 9 present the results of the impact of Fintech on economic resilience in cities of
different sizes. The findings indicate a positive and significant effect of Fintech on resilience
across all city size classes, while the impact is most significant in large cities, followed by
medium cities, and finally small cities. One possible explanation for this pattern is that
larger cities tend to have greater economies of scale, which can promote technological
innovation and foster the development of Fintech. In turn, the greater adoption of Fintech
in larger cities may enhance economic resilience by improving access to financial services,
facilitating entrepreneurship and innovation, and boosting overall economic growth. The
heterogeneity results in this study are consistent with other relevant empirical studies [65].

Table 9. City-scale heterogeneity.

[§)) ) 3)
Small Median Big
Fintech 0.667 *** 0.7171 *** 1.177 ***
(8.41) (11.80) (11.45)
FD —0.026 0.022 0.224 *#
(—0.39) (0.58) (5.07)
Open —1.145** —1.585 *** 0.131
(—2.51) (—4.66) (0.29)
HC 0.157 *** 0.133 #** 0.219 ***
9.42) (9.46) (8.71)
FS —0.151 —1.363 *** —2.937 *#*
(—0.41) (—2.86) (—3.49)
_cons —3.934 *** —3.827 *** —6.354 #**
(=10.21) (—12.53) (—11.30)
N 715 928 936
R? 0.120 0.143 0.224

Note: Robust t-statistics in brackets. *** p < 0.01, ** p < 0.05.
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6. Conclusions and Enlightenment

This study ventured to enhance urban sustainability by examining economic resilience
and digital transformation, aiming to broaden and redefine the traditional perception of
economic resilience beyond mere shock response. It delved into economic resilience within
the digital transformation of the financial technology sector, proposing a fresh perspective
on navigating the complexities of modern urban development. We first introduced and
employed an innovative conceptualization of economic resilience, framing it as an inherent
attribute of regional economic systems. This novel perspective facilitates the analysis of
economic resilience not only in the context of external disturbances but also as a fundamen-
tal characteristic, enabling a proactive assessment of a system’s inherent economic stability
and robustness. This shift towards recognizing resilience as a constant feature provides
deeper insights into the foundational strength of economic systems, allowing for a more
comprehensive understanding of their capacity to withstand and adapt to changes.

Secondly, this study developed a new method for quantifying economic resilience
that adeptly captures the sensitivity and adaptability of economic systems without the
prerequisite of a shock. This methodological innovation represents a significant leap
forward in the quantification of economic resilience, offering a tool that can be applied
universally, across various contexts and scenarios. Our empirical investigation, utilizing
panel data from 286 prefecture-level cities in China from 2011 to 2020, demonstrates the
utility of this method in examining the influence of Fintech on economic resilience and
sheds light on the underlying mechanisms and the regional heterogeneity of this influence.

The empirical findings of this study reveal that the digital tools of Fintech significantly
bolster economic resilience, serving as a new source of resilience through their facilitation
of technological innovation and industrial structure upgrading. This underscores the
critical role of Fintech in supporting the recovery, restructuring, and renewal of economies,
thereby promoting high-quality economic growth. Our research aligns with and extends
the findings of Zhou et al. [58] and Shi et al. [66], reinforcing the idea that Fintech is a
pivotal catalyst for sustainable economic development.

However, this study is not without its limitations. Primarily, the measurement of
economic resilience in this analysis was anchored solely on GDP as the input indicator. This
choice, albeit grounded in the widespread availability and comparability of GDP data, may
not fully encapsulate the multifaceted nature of economic resilience. Future studies could
enrich our understanding of economic resilience by incorporating a broader spectrum
of economic indicators, such as employment rates, industrial diversity, and innovation
metrics. These additional indicators could offer a more nuanced and comprehensive view
of the economic system’s resilience, capturing aspects of economic health and adaptability
beyond mere output.

Furthermore, the methodology employed to calculate economic resilience indicators
relied on annual aggregated GDP data, leading to a uniform adaptability value being
assigned to each city throughout the study period. This approach, while facilitating a
streamlined analysis, may not accurately reflect the dynamic nature of cities” economic
resilience, which can fluctuate significantly within shorter time frames due to various
factors, including policy changes, market shifts, and external shocks. To address this
limitation and enhance the granularity of resilience assessment, future research could
leverage monthly data, or other more frequent economic indicators, to better capture the
temporal variations in city’s adaptability values. Such an approach would allow for a
more detailed and responsive analysis of economic resilience, providing insights into the
immediate impacts of economic policies and external events on regional economies.

In summary, this research makes significant strides in the conceptualization and
quantification of economic resilience and further applies this methodology to empirical
examination, highlighting the transformative potential of Fintech in enhancing the re-
silience of economic systems. While acknowledging the limitations of the current study, we
advocate for further exploration into this complex relationship, suggesting that the eco-
nomic resilience calculation method proposed here can be adapted and applied in diverse
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contexts to explore various dimensions of resilience. This study not only contributes to
academic discourse but also offers practical insights for policymakers and practitioners
interested in leveraging digital transitions to fortify urban sustainability across different
scales and regions.
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Notes

1

There are various ways to define Fintech; according to the World Bank, Fintech is broadly defined as “advances in technology
that have the potential to transform the provision of financial services, spurring the development of new business models,
applications, and processes, and products” [11].

2 For different types of resilience analysis methodologies, refer to Doran and Fingleton [36] and Modica and Reggiani [37].

3 The exclusion of 2017 was due to the unavailability of GDP data from the China City Statistical Yearbook.

4 To eliminate the influence of the data outline, we add “1” to the original index and take the natural logarithm as the proxy
variable of Fintech in this study. The larger the value, the higher the level of Fintech.
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Abstract: The bourgeoning of e-commerce in the context of the information era has accelerated the
urbanization trend by broaching a new horizon of economic and industrial boosters for rural places,
epitomized by a great number of “Taobao Villages” in China. This paper has two objectives: (1) ex-
plore the process and mechanism of digitalization enabling rural in-situ urbanization represented
by e-commerce; (2) nuance the specific case evidence of Daiji Town, where digitalization enabled
in-situ urbanization recently. We build up a theoretical framework for digitalization-enabled in-situ
urbanization from the juxtaposition of four interlinked elements: industry, talent, rural governance,
and land use. It then analyzed the details and evidence of digitalization enabling rural in-situ ur-
banization through the case study of Daiji Town. The main conclusions of this paper are as follows:
First, digitalization plugs rural areas into production and consumption networks in wider contexts,
promoting the transformation and prosperity of rural economies. Secondly, the reverse migration of
young generations to rural areas becomes the key to rural in-situ urbanization. Thirdly, digitization
materializes the urbanization of rural spaces. Finally, digitalization enables the rural transformation
and improvement of urban-rural relations in the Global South, which needs to be further explored.

Keywords: digitalization; rural in-situ urbanization; Taobao village; China

1. Introduction

The continuous prevalence of e-commerce in the UK, China, Africa, the BRICS coun-
tries, and other developed and developing countries is of great significance for the revital-
ization of rural areas in the world [1-3]. In the past decade, the digitalization represented
by e-commerce has been reshaping China’s rural society at an unimaginable speed [4].
Our attention to Cao County in Shandong Province stems from a news article vignette in
May 2021, in which an online blogger believes that his hometown, Cao County, is more
attractive than such modern metropolises as Beijing and Shanghai, attracting more than
260 million video views and over 500 million topics read on the microblog platform about
Cao County [5]. The flow dividend has attracted widespread social attention to this little-
known small county in the southwestern Shandong Province, China. There are nearly
60,000 online shops in the whole county, driving 350,000 people to start businesses and
engage in relevant work. With 151 Taobao villages and 17 Taobao towns in the county and
an annual sale of more than 20 billion yuan, it becomes the second largest rural e-commerce
cluster in China after Yiwu in Zhejiang Province [6]. Taobao, owned by the electronic
retailer Alibaba Group, is the largest e-commerce platform in China, along with eBay and
Amazon. “Taobao Village” is a cluster of rural electronic retailers in an administrative vil-
lage. With more than 10% of households operating online Taobao stores, the total turnover
there exceeds 10 million yuan [7]. And when a town has three Taobao villages, or its annual
e-commerce sales from them exceed 30 million yuan, and the number of active online
shops exceeds 300, it could be termed a Taobao town [8]. In 2021, there will be a total of
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7023 Taobao villages and 2171 Taobao towns in China, widely distributed in 27 provincial
administrative units [9].

The wonders generated by the combination of e-commerce and China’s rural and
small towns, with Taobao Village and Taobao Town as carriers, have quickly attracted the
interest of the academic community. The existing literature has studied the industrial and
production structure [4], employment opportunities [10], community organization and gov-
ernance [11], lifestyle [12], rural environment [13], and spatial structure [14-16] of Taobao
Villages. A vast number of rural geographical scholars have noticed that digital transfor-
mation is radically changing the constellations and processes of production, marketing,
and consumption in the rural production system [17]. On the one hand, digital information
technology has changed the information asymmetry between supply and demand in rural
areas and the outside world, making farmers’ production and management targeted [18].
On the other hand, it promotes the links between rural industries by reorganizing the origi-
nal production factors and rural communities [19]. E-commerce has become a technical
catalyst for changes in rural industrial structure, employment patterns, and household
economies [10]. Moreover, noticeable evidence proves that rurality and everyday mundane
life in rural China have changed in response to skyrocketing digitalization [12], especially
in burgeoning Taobao villages in China’s coastal areas, which serves as a prime example of
the global “digital turn”. In essence, this change can be seen as the impact of digitalization
on the spatial reconstruction of rural economic geography:.

The process of drawing urban cores and even distant hinterlands into orbit, thus
giving them more of the physical, economic, social, and cultural characteristics usually
associated with cities, is one of the most commonly studied processes within scholarship
on planetary urbanization in the global South [20-24]. How migration contributes to the
urbanization process has attracted more attention among a vast array of theoretical urban-
ization inquiries [25-27]. Migrants have traditionally been viewed as being responsible for
excessive urban growth and urban surplus labor [28-33]. However, since the 1980s, China
has been witnessing the emergence of rapid rural industrialization in the form of township
and village enterprisesenterprises (TVEs), which not only led to the rapid development
of towns but also the huge expansion of villages. Scholars have termed this phenomenon
“in situ urbanization” or “urbanization from below”, distinguishing it from city-centered
urbanization [34-37]. Thus, in-situ urbanization is a process by which peasants harvest
non-agricultural employment and citizenization based on the original village and small
towns [38] by engaging in rurally diversified economies [39]. This rural economic boom
engenders sweeping improvements in physical infrastructure such as roads, electricity,
and information technology, as well as transforming the countryside into a “functional
extension of the city” [40]. Later on, as economic reforms shifted the focus from rural to
urban areas, especially after the 1993 recentralization of public finances, TVEs and town-
ships were phased out of the central stage of the policy agenda in China [41]. Beyond these
vignettes of rural urbanization through industrialization, the stories of digitalized in-situ
urbanization remain poorly discussed.

Up to date, under the guidance of China’s national scheme towards rural revitalization,
anew round of rural urbanization is fundamentally reconstructing rural settlements [42,43].
The above research showed that e-commerce, by using the time-space compression effect,
had built a bridge between rural producers and urban consumers and accelerated the real-
location of capital, personnel, wealth, and information between urban and rural areas [44].
Rural production and lifestyle are “embedded” into urban life through the Internet, forming
a benign interaction between rural and urban areas. This interaction is a complex and com-
prehensive process that reconstructs the rural economic structure, social form, governance
mode, and spatial structure [45,46], showing the typical significance of rural urbanization.

It is noteworthy that there are already some discussions about the rural in-situ ur-
banization in Taobao Village. Luo and He believed that Taobao Village is the product of
e-commerce in the information age, revealing a new type of rural in-situ urbanization [47].
This process reconstructs the social, economic, and physical spaces of rural areas. Lou and
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Hu proposed the concept of “urbanization in real time”, trying to explain that urbanization
can be realized without completely changing the form of rural settlements through real-time
communication technology and rapid transportation [48]. Lin constructed an analytical
framework of e-urbanism, which consists of three interwoven levels: the ICT infrastructure
and production network, the social network and power relationship, and the urban form
and land use [49]. Although the above research has noted the signs of urbanization in
Taobao Village, it still lacks empirical and qualitative evidence of the impacts of digitaliza-
tion on urbanization. Much as digitalization has a central place in geographical inquiries, a
holistic and nuanced analysis of digitalization-enabled rural in-situ urbanization coupled
with erasing the binary between urbanization and rurality is urgently needed.

Digitalization is looming large as a leviathan booster of global rural restructuring
by enabling urbanization. Nonetheless, there is still a lack of a framework based on a
comprehensive perspective to describe and depict the complex and overall process of the
role mechanism of digitalization enabling in-situ urbanization, especially in the context
of China’s national scheme towards rural revitalization. This paper has two objectives:
(1) explore the process and mechanism of digitalization enabling in-situ urbanization repre-
sented by e-commerce and try to verify them through microscopic empirical research. (2) to
nuance the specific case evidence of Daiji Town, where digitalization-enabled urbanization
is starting recently. It is structured as follows: After the introduction, we will propose a
theoretical framework for digitalization-enabled urbanization in the second part. The third
part will introduce methods and data collection. The profile of our case evidence will be
shown in the fourth part. It then elaborates on the nuanced process and mechanism of
digitalization-enabled urbanization in Daiji Town. We conclude with some key highlights
and policy discussions.

2. Digitalization-Enabled Urbanization in Rural China towards
a Conceptual Framework

In this subsection, we curate the digitalization-enabled urbanization framework from the
juxtaposition of four interlinked elements (Figure 1), which echo recent scholarly buzzwords
and concomitantly construct the digitalization-enabled urbanization theoretical landscape.

Digitalization ' Rural in-situ urbanization
. Rural e-commerce Rural
Rural economic | 2 s
Network - . Growth of manufacturing industry in rural = industrialization
. Development of commercial service | ¢
Transmission . Returnees to rural areas
media Rural Population . Migration : :
—) .p ; — » Urbanized residents
and social . livelihood diversification
. Urbanized mundane lifestyle |
| Instant ‘
|| communication
. . Multi scalar public and private actors Governance
=P Rural Governance - | 4 i
. Rural collaborative governance mnovation
On-line operation | ¢
. Improve the productivity of rural land
. Non-agricultural land expansion |
ICT = Rural Land use #» Land development

infrastructure . More regular and modernized space layout

Figure 1. Digitalization-enabled rural in-situ urbanization.

2.1. Digitalization-Enabled Industrialization

Digitalization is regarded as broaching a new horizon of economic and industrial
boosters for rural places. Evidence proves that the digital transformation is radically
changing constellations and processes of production, marketing, and consumption in the
agrifood system, helping farmers deliver safe, sustainable, and quality food [50]. However,
it can also be more adaptive to climate change [51]. In addition to upgrading traditional
agriculture, digitalization-enabled rural growth is more prominent and empowered by
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the so-called “rural industry”, which refers to the dominant non-agricultural industry,
either in manufacture or services, in one township and surrounding villages [13]. As
China’s evidence shows, family-based workshops facilitated early rural industrialization,
which then turned into urban agglomerations [52]. To date, the overall development of
rural industry in rural China has been rapid and spatially uneven, with highly developed
industries in the eastern region and less developed industries in the middle and western
regions [53]. The Taobao village, featured by diffusing e-commerce platforms in rural China,
is regarded as a prominent and effective means of revitalizing rural areas and narrowing
the rural-urban gap by both academia and the government [13], through transforming
the structure, processes, and strategies of most industries but also spawning entirely new
enterprises and industrial chains. In addition to China’s case evidence, Germany’s tales
also proved that digital platform-oriented firms are relatively often located in urban regions,
whereas digital manufacturers are of significance for rural industrialization [54].

2.2. Digitalization-Enabled Urbanized Residents

Instead of passive donation recipients and price takers, farmers serve as active en-
trepreneurs who take risks and innovate to adapt to the transition from farmers to urbanized
residents [55]. In this vein, rural residents are enabled through diverse innovative practices
and knowledge-intensive skills [56]. The diversification of the economic base of rural
communities has often been read as a shift toward post-productivism [57,58]. Accord-
ingly, farmers, immigrants, and second-home owners living in rural areas reap momentum
equipped with digital skills and sufficient funding in this mixed post-productivism milieu
and thus play a proactive agency role in the rural progression featured by the intertwined
and mutually constitutive production of hybridity, diversity, and heterogeneity [59]. Indeed,
the “silent revolution” of digitalization in rural China is transforming and reconstituting
both rural economies and civil society. As Wang et al. illustrated, the multifaceted nature
of rural transformation wreaked by e-commerce disintermediation includes livelihood
diversification, the de-linking of livelihoods from land, the de-localization of livelihoods,
cultural and social changes, and the disintermediation of e-commerce, all of which amount
to complicating the deepening of the rural-urban divide. In sum, digitalization-enabled
urbanization is a flexible relational process that is embedded in the mundane everyday
practices of smallholder farmers, indigenous rural dwellers, and e-commerce employers
and employees [60].

2.3. Digitalization-Enabled Governance Innovation

In the multiple digitalization-related definitions, it is common to refer to the applica-
tion of digitalization to innovate governance through various technologies by multi-scalar
actors. The technology industry’s ascent as a force advancing urban governance ideology
is particularly important because it permeates cities’ political administrative structures
and reframes public discourse about urban issues in technology-centered terms [61,62].
For example, the “Smart Territory” is termed the one that seeks to solve public problems
through solutions based on technology in the framework of a partnership between multi-
ple participants from different sectors, both public and private [63,64]. Accordingly, the
digitalization dimension of a policy is not linked to technological determinism but instead
refers to a broader context of abilities to ramp up governance innovation at some specific
sites by both multi-scalar public and private actors. Moreover, governments at multiple
scales around the world have diversified their policy portfolios to galvanize multiple
economic, social, and environmental governance targets. Liang and Li noted that the
Chinese government has issued a series of governance innovations and policies to promote
the development of the digital economy [65]. Jamil unpacked digitization policy-related
challenges in Pakistan, including a lack of policy evaluation and refinement, a lack of
focused research, and inappropriate allocations of funds at federal, national, and sectoral
levels that affect wide-ranging digitalization in Pakistan [66]. In this paper, we examine
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how digitalization has enabled governance agencies in rural areas through governance
service delivery, community engagement, and multi-scalar civic participation.

2.4. Land Reconfigurations Driven by Digitalization

“Rural-urban digital divide” has been coined since the 21st century to picture and
characterize spatial inequalities during the digital era [67]. Rosen and Leén developed
the “digital growth machine” rationale to reveal the rural-urban land transition in pursuit
of capturing land-related profit through traditional land expansions and digitalization
intensification strategies [61]. Beyond simplistically replicating traditional land growth in a
new digital sector, the digital growth machine regards the land as a panoply of physical
and digitized manifestations that range from goods and services to data flows, whereby
land use forms and intensification have been thoroughly reconfigured. To curb such spatial
inequalities, which are of significance for rural land development, digital technologies and
applications are widely discussed and aimed at improving the productivity of rural land,
advancing rural economies, and favoring the inclusion of rural communities in cultural,
social, and political activities. Digitalization through such digital technologies as sensors,
cloud computing, smart grids, social media platforms, etc. has been actively engaging in
the digitalized circularity of urban metabolism [68], cohesion policies, and sustainable land
management [64].

Drawing on this conceptual assemblage, this approach delivers the opportunity to
transcend the unitary dichotomy between rural/urban areas by integrating all potent
elements into a holistic framework of digitalization-enabled urbanization. In tracing
the subfield of this dynamic through the following case evidence, the paper places an
emphasis on how various elements constitute and sustain the in-situ urbanization driven
by digitalization.

3. Data and Method

Data supporting this research is collected and assembled in three distinct but in-
terlinked ways: (1) first-hand data, which is mainly collected from in-depth interviews
with local government officials, village cadres, online shop operators, general staff of e-
commerce companies, and local villagers. (2) the second-hand data, including relevant
government documents and plans, publications published in journals, newspapers, and
the Internet, and media interviews and reports. (3) In addition to the spatial data, we also
visually demonstrate the spatial layout of Taobao Village in Daiji Town by deploying the
Arcgis model to discern land use changes caused by the development of the e-commerce
industry there.

The authors of the manuscript conducted ethnographic fieldwork in Cao County and
Daiji Town mainly between 2022 and 2023, with some short follow-up trips in 2023, in
order to make an in-depth, conceptual, and theoretical description and analysis of the
internal operation of rural socioeconomic structure and the process of digitalization that
enabled in-situ urbanization. Semi-structured and open-ended interviews with more than
50 government officials, village cadres, enterprise managers, ordinary residents, factory
workers, and villages were completed accordingly. Snowball sampling was conducted in
these ways: first, through local connections by the first author, who lived in Daiji Town
for about 2 months and worked in an embroidery studio for 3 weeks; and second, via
official connections the other coauthor built up through the role of consultant for a project
conducted in Shandong Province. Table 1 lists the key respondents” information in this
study. From the interviews with government departments of Cao County and government
officials of Daiji Town, we mainly learned information from three aspects: (1) the role
of government departments in the development of digitalization and the e-commerce
industry in Daiji Town; (2) the process of development, operation, and management in
the E-commerce Industrial Zone of Daiji Town; and (3) the governments’ planning and
toolkit for the future development of e-commerce in Daiji Town. Moreover, we conducted
interviews with relevant village cadres of Dinglou and Sunzhuang Village, which are
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the earliest to become Taobao villages in Daiji Town, trying to figure out the following
three issues: (1) how e-commerce originated and rapidly developed in villages; (2) how
the development of e-commerce changed and reshaped rural landscapes; and (3) how
digitalization impacted rural governance. The study protocol was approved by the local
government of Daiji Town. The study also recruited more than 20 village participants
through face-to-face intercept interviews. All of these villagers were engaged in digitalized
e-commerce businesses as bosses or employees. Several related questions were asked:
(1) the basic situation and the production and management links of online shops; (2) the
impacts of e-commerce and digitalization on their livelihood, income level, and living
habits; and (3) their feelings about the surrounding environment and visions for the future
of the village. 4. Profile of Daiji Town in Shandong Province.

Table 1. Key actors interviewed by the study.

Category Name Organization/Identity Code
Mr. Zhang Cao County Government, E-commerce Service Center ~GO1
Government officials M. Xie ICao Cougty Government, Bureau of Industry and co2
nformation Technology
Mr. Li Daiji Town Government GO3
Mr. Li Daiji Town Government GO4
Mr. Sun Sunzhuang Village V(1
Village cadres Mr. Sun Sunzhuang Village vC2
Mr. Reng Dinglou Village vC3
Mr. Hu Executive Director, Chenfei Clothing Co., Ltd. EL1
Entrepreneurs of leading enterprises Mrs. Meng Design Director, Chen Fei Clothing Co., Ltd. EL2
Mrs. Zhou Manager, Qingsheng Performance Clothing Co., Ltd. EL3
Mrs. Cui Owner of Hanfu online shop Vi
Mr. Zhao Owner of performance costumes online shop V2
Villager Mr. Sun Owner of performance costumes online shop V3
Mrs. Liu Staff of fabric store V4
Mr. Zhang Staff of Yunda Express V5

Our case Daiji Town is located in the southeast of Cao County, Shandong Province,
with a total area of 45 square kilometers and a total population of about 47,000 (Figure 2).
Aquaculture, planting, and processing of agricultural and sideline products were the
leading industries in the 1980s. In the late 1990s, Cao County actively opened up a number
of textile factories and established vocational and technical schools to train textile skills
and promote economic development; therefore, the villagers of Daiji mastered the skills of
making performance costumes. In 2009, China’s “online shopping” craze was in a period
of rapid development, and the increase of cultural performance activities created a huge
segment of the market for performance costumes. Daiji Town became one of the earliest
Taobao Towns in China, and all 32 administrative villages under its jurisdiction have been
identified as “Taobao Villages”. According to data from the Ali Research Institute, a small
town such as Daiji Town in Cao County, where every village has been rated as the “Taobao
Village” for four consecutive years, is unique in the whole country [9].

As the development models of Taobao towns are so diverse that it seems impossible to
use just one or two of them to fully summarize the more than 2000 Taobao towns in China,
our case represents a typical example of digitalization-enabled urbanization in rural areas,
which should be applicable to many small towns in China for the following reasons:

Firstly, e-commerce in Daiji Town is booming. Dominated by the performance cos-
tumes and Hanfu manufacture, the e-commerce market there is getting rapid growth,
currently with 18,000 registered online shops, and about 70% of performance costumes
and 30% of Hanfu in China’s e-commerce market are produced in Daiji Town. In addition,
e-commerce sales here have also shown explosive growth in recent years. According to in-
terviews with the local government staff, the e-commerce transactions in Daiji Town reached
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9 billion yuan in 2021, with about 80% of the local residents engaged in e-commerce-related
jobs (GO1).

Wansang Road

alll

Main road I

(b) Cao County in Shandong and Daiji Town in Cao County (c) Daiji Town and case villages

Figure 2. The location of the case study area.

Secondly, the initial development of e-commerce in Daiji Town is completely a re-
sult of spontaneous market rationality, which is dominated by local entrepreneurs to a
large extent. And most Taobao villages and towns in China follow a similar bottom-up
development path.

Thirdly, previous studies have shown that residents in villages close to urban centers
can be more successful in diversifying their livelihoods by combining the non-agricultural
employment opportunities nearby [69]. In our case, Daiji Town is a traditional agricultural
town far away from the city center. With no national or provincial highways but only one
county road passing through the border, this town does not have any advantage in its traffic
conditions. And most of the villages in China have a similar development background and
foundation. Therefore, our case study can help us understand how digitization empowers
the urbanization of these agricultural towns far from the periphery of big cities.

4. Digitalization-Enabled Urbanization in Daiji Town
4.1. Digitalization, E-Commerce, and Industrialization

The traditional offline transaction is conducted through face-to-face communication:
the buyers go to a specific place, communicate with the sellers, and complete the exchange
of information, goods, and funds through direct contact. In contrast, e-commerce delivers a
digital internet platform through which buyers browse the details of goods, communicate
with sellers, and complete the payment. The sellers deliver the goods to the buyers through
the logistics system shortly after confirming the payment. In short, e-commerce enables
buyers and sellers to exchange information and trade over an infinitely wide geographical
area, breaking the dependence of trade on spatial location and distance [70].

Our case evidence will demonstrate the nexus of digitalization, e-commerce, and
industrialization by witnessing the vicissitudes of the performance costume market, which
is a “niche market” with a small audience. Before the development of e-commerce, the
sales of costumes in rural areas depended to a large extent on the market in the county,
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making the trade basically limited to the local area. As a result of the narrow sales channels,
the costume manufacturing enterprises in Daiji Town were generally small in scale and
low in output. Then the emergence of digitalized e-commerce broke the information
asymmetry between small merchants and the outside market, allowing producers to
directly have access to the super-sized potential market with the possibility of sufficient
market demand to support all types of products. Through e-commerce, Daiji Town was
connected to national markets, and buyers from different regions started to buy their
products, making the sales increase significantly. Shortly afterward, thanks to the “ripple
effect” in China’s rural society [71], the information and experience of successful online
trades spread rapidly among relatives and neighbors, and more and more rural households
joined the online business.

“Twenty years ago, we usually took our costume samples to the wedding photography
shops in the county town to sell them door-to-door. In case of product overstock, we never
produced too much at one time. And in order to sell the costumes, the farthest place I went
was Heilongjiang Province. But so hard as I tried, the number of costumes sold out in a
year could be about 100 at most (EL3)”.

“In 2009, one of my friends came to visit me and mentioned “Taobao”, a platform
where people could sell costumes without renting shops or going out for promotion. My
wife decided to open an online shop there immediately. When the Children’s Day on June
1st was coming, the first customer took the initiative to contact us online and ordered over
200 sets of student uniforms at one time. As well as excited, we were worried about having
such a big order that we could not finish the costumes manufacturing in time, so we invited
two neighbors to join us and in this way, we finished the first electronic order in Daiji
Town (VC3)”.

Digitalization creates a data-driven production mode, which changes the traditional
way of production organization in rural areas. The development of social media and Web
2.0 provides great support for the transformation of e-commerce from product-oriented to
social and customer-centric [4]. Digital communication has enabled designers, consumers,
and small businesses to have direct contact opportunities with each other. The information
and data fed back by the market became an important basis for the production of enterprises.
Once market demand changes, the production cooperation between small and medium-
sized enterprises and family workshops could be quickly adjusted and reorganized into
a new production network. This model was beneficial for economic organizations with
limited production capacity and marketing capacity in rural areas to avoid potential risks.
What is more, the information exchange has also inspired designers and small enterprises
to constantly create new styles and new categories of products to obtain new markets.

“I joined dozens of online communities established by the Hanfu enthusiasts, in-
cluding WeChat group, QQ group and Douban group, to learn about the clothing style
and price preference from young people. We would publish our design sketches in the
communities to get real-time feedback from potential consumers, including the clothing
styles, colors, fabrics and price. And the Hanfu enthusiasts could exchange any of their
ideas with me here. Moreover, we would launch online polls and the most popular and
potentially best-selling products would be massed-produced in our factory(V1)”.

Whereas the structure, processes, and strategies of most industries have been reshaped
by e-commerce, thousands of entirely new enterprises and industrial chains have sprung
up in this trend. With the increasing number of online businesses in Daiji Town, many
rural households began to set up enterprises of raw material and accessory businesses
for performance costumes and Hanfu, enabling the clothing enterprises and family work-
shops to have local access to all the raw materials needed for production (Figure 3). The
raw materials for these enterprises mainly came from Zhejiang Province, a major textile
production area in China. At the same time, enterprises with some new functions also
emerged. By providing professional webcasting services, online marketing strategies, and
online or offline employee training for clothing manufacturing enterprises, they played key
roles in accurately coordinating relationships between the upstream and the downstream,
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producers and consumers (Figure 4). The development of Taobao villages has enabled a
large number of small, scattered businesses in rural areas of China to be connected and
clustered into modern urban business assemblages through ICT and logistics networks [4].

Figure 3. Raw material and accessory businesses for performance costumes and Hanfu (Source:
photos taken during the fieldwork). (a) raw material and accessory district, (b) Thread and tailor’s
shops, (¢) Embroidering and textile printing shops.

Figure 4. A media company provides photo services for online shops (Source: photos taken during
the fieldwork).

“On both sides of the Wansang Road, there are as many as 60 to 70 companies selling
cloth and more than 200 companies running subsidiary material businesses. Moreover, here
also distribute companies mainly engaged in designing, pattern making, embroidering,
and textile printing. The Sunzhuang Village plans to expand the original scale and improve
the upstream industrial chain of performance costume production. In the future, with the
sales channels of performance costumes and Hanfu broadened, the demand and scope of
the market for subsidiary materials will be larger, which urges us to speed up the pace of
opening new cloth stores. Our goal is to become the largest subsidiary material market of
costumes in the north of the Yangtze River (VC2)”.

4.2. Reverse Migration and Social Changes Associated with Digitalization

The unprecedented worldwide digitization has not only unleashed economic miracles
for a vast number of villages but also begat a series of profound changes to the social
structure of these rural areas. In the context of the declining economic status of rural areas
caused by the binary of urban-rural and the constant outflow of young and middle-aged
population into urbanized areas, attracting talents back to the countryside has always been
an important scheme of rural revitalization in China [72]. The booming development of
digitalized e-commerce has spawned a larger number of jobs with considerable incomes.
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As the neo-classical economic theory implies, higher incomes and better employment
opportunities will drive population migration [4,73]. As a result, a reverse migration of the
population began to take place, i.e., a large number of young people who had moved from
rural areas to urban areas returned to the countryside [74].

According to our interview, Daiji Town used to be a big labor export town, with about
60% of the labor force migrating to cities to seek a better life. Since the rapid development
of e-commerce in the 1990s, lots of new employment opportunities have been created,
attracting the younger generation in rural areas back to their hometowns. Some of those jobs
are directly related to e-commerce, such as those of online shopkeepers, website designers,
Taobao photographers, and so on. while the others are indirectly related, including both
the upstream and the downstream, such as logistics and distribution. According to local
government officials, by the year 2021, there would have been more than 7000 migrant
farmers and over 700 college graduates in Daiji Town coming back to start businesses, with
2 PhD students and 14 Master students included, which is very rare in rural areas.

“I used to work in clothing factories run by Koreans in Qingdao and Yantai with a
salary of more than 3000 yuan a month. Now I and my wife operate a store on Taobao,
which enables us to earn 150,000 yuan a year without too hard work. We can make no less
money through business on Taobao than working outside and we can take better care of
the elderly and children at home(V2)”.

A large number of young people returning to the countryside have reinvigorated the
languishing rural areas and boosted the local economy. Most of them coming back to start
their own businesses are equipped with the necessary information technology as well as
many other urban skills, such as business consciousness, which enable them to re-feed the
local farmers in the fields of culture, information, and technology to a certain extent [75].
They played an important catalytic role in the formation of Taobao villages.

A very typical case is Dr. Hu and his wife, Mrs. Meng. As the first group of young
people in Daiji Town to return to their hometown to start businesses, they won the title of
"Shandong e-commerce entrepreneurial leader.” Their enterprise has grown into a well-
known local leading enterprise in Hanfu, which integrates the industrial ecosystem of the
design department, standardized production workshop, finished product display, original
new product release, traditional e-commerce, and new media live e-commerce, driving the
employment of more than 200 local villagers (EL1).

“In October 2014, when my husband and I went back to our hometown to visit
relatives, we saw many people in the village engaged in e-commerce. Soon after, we
decided to set up our own store on Taobao. In 2017, the “Hanfu craze” began to rise, which
We thought was a good momentum of cultural consumption. In the second year, we quickly
turned to the “battlefield” of Hanfu”. From imitation to independent design, we set up
several Hanfu stores on major e-commerce platforms and even cross-border e-commerce
platforms (EL2)".

“I majored in fine arts as an undergraduate, so I feel very happy to engage in clothing
design since I can not only make use of the professional knowledge I had learned, but
also develop my own interest at the same time. And the other knowledge learned in
the university is also a helper for me to do this, equipped with which I can learn things
faster than other villagers, such as the layout design and the operation and maintenance of
platform (EL2)".

Young entrepreneurs coming back to their hometowns call on more young people
to start businesses in rural areas through their neighborhoods, peer groups, and other
interpersonal networks. The reverse migration of the population drives the inflow of
capital and information technology, which is a phenomenon of social revival promoted by
the development of e-commerce. We saw this word in a vignette from the local government
to young migrant workers:

“Your hometown has embracing you with ushering in young entrepreneurship boom.
Running around outside is not good as running stores on Taobao, which is a sunrise
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industry with a prosperous future. Let’s keep up with the pace of time, sit at home, tap the
keyboard and play the movement of youth entrepreneurship (V3)”.

There is a clear dual epistemology between urban and rural areas, in which the
rural corresponds to a natural way of life while the urban relates to a realized center [76].
Digitalization has intensified the inextricable connection between urban and rural areas,
which has enabled the modern lifestyle of the city to extend into the countryside. With the
change in working patterns resulting from the transition from the traditional production
mode, the villagers’ concept of time also took a new turn. As office workers who have
fixed working hours, most consumers buy goods during off-work hours or at night. In
this circumstance, villagers who used to “work at sunrise and rest at sunset” are forced
to change their timetable. In order to provide real-time online consulting services, they
often have to work until midnight, making the distinction between family, leisure, and
work blurred. As described by (V5) and observed by us, the landscape of urban life quietly
emerges in Daiji Town:

“Around 4:00 p.m. is the time for the daily centralized delivery of online merchants
and at that time, the crossroads in the center of the town are always jammed with cars,
express trucks and fabric transport vehicles, which is exactly like the same “evening peak”
in the big city (V5)”.

“Restaurants springs up like bamboo shoots in the town. On summer nights there will
be 20 or 30 barbecue stalls and midnight snack stalls, making the streets still brightly lit
at 11 or 12:00 at night. It is hard to imagine that before the development of e-commerce,
there were only 2 or 3 restaurants in Daiji Town and the streets were almost empty after
8:00 p.m. (GO4)”.

4.3. Collaborative Governance

After being embedded in rural society, digitalization brought about the differentiation
of internal interests in rural areas through far-reaching and extensive commercial processes,
promoting the deconstruction and reconstruction of rural governance structures. In the
context of the unique institutional conditions in rural China, special attention is paid to
the interests and power relations of village organizations, villagers, and floating popu-
lations (including floating elites), as well as local governments in rural production and
reproduction spaces [77]. Rural stakeholders build trust through dialogues, further, form a
consensus commitment to the direction of rural development, and organize joint actions on
the basis of existing institutional arrangements, village resources, and knowledge [78].

In the case of Daiji Town, the market increment dominated by performance costumes
was still in its infancy. Being not sensitive to this kind of local change, all kinds of stakehold-
ers did not have a definite risk perception or accurate market expectations. However, the
extremely low entry threshold enabled the participants in the rural e-commerce industry
to enter continuously and tentatively. And when e-commerce became the main source of
income for rural households in Daiji Town, which coincided with the goal that the rural
collective and government had been committed to promoting farmers to get rid of poverty
and become rich, the governments began to realize the opportunities and benefits of rural
e-commerce development. Therefore, building Taobao villages has been supported and
promoted by the local governments as a way of rural revitalization. Eventually, the local
governments, along with the rural collectives and industry associations, will play active
roles in the decision-making process of rural governance, guided by the consensus to
promote the development of e-commerce.

The local governments have the power to allocate resources and the organizational
ability to mobilize urban and rural development, and they are the main institutional design-
ers and key providers of starting conditions for rural governance. The government of Daiji
Town has set up a Taobao Development Office, which is especially responsible for affairs
related to the development of rural e-commerce (GO2). And they have made “Preferential
Policies for Encouraging the Development of E-Commerce,” which mainly include sim-
plifying administrative procedures for registering e-commerce companies, appropriately
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reducing or exempting taxes, and providing financial incentives for e-commerce enterprises.
They have also given large-scale financial investment to the infrastructure construction
of Daiji Town, making its level higher than that of ordinary rural areas. Specifically, to
meet the demand of tens of thousands of online operators for instantaneous electric power
and network speed during the peak season, the governments have carried out power grid
upgrades and fiber-to-the-home projects, which have improved the carrying capacity of
rural information infrastructure. Moreover, to meet the logistics needs, they have also
carried out a comprehensive transformation of the main roads in this town, including road
resurfacing and widening (GO3).

“At first, we were very afraid of power failure and network outage. In this case,
customers couldn’t find and contact us when they need to. The conditions in our town
were poor and sometimes the electric power would be cut off when it rained heavily. The
network was also unstable, so our home not only had access to the Unicom Network, but
also the Mobile Network and Telecom Network in case of the sudden network outage(V3)”.

The governance affairs of rural collectives have changed from the traditional orga-
nization of irrigation, self-defense, dispute mediation, mutual assistance, entertainment,
and clan activities to accelerate the development of e-commerce. The village collectives
have assumed the dual identities of “decision-makers of the family” and “agents”. Under
the background of collective ownership of rural land in China, the collectively operated
construction land is owned by rural collectives and can be used for rural production
and business activities. In our case, the collective operational construction land in Sun-
zhuang Village, Dinglou Village, and other villages was jointly developed, providing
sufficient space for the construction of public service agencies for e-commerce and a num-
ber of express logistics companies. In addition, the village collectives cooperated with
the deployment of the government as organizers to carry out specific tasks to promote
rural development, including organizing villagers to join in the construction of infrastruc-
ture such as roads and communications and conducting e-commerce skills training for
villagers (VC1).

Driven by economic interests, the villagers” subjectivity awakened rapidly, and they
began to actively participate in village affairs instead of being indifferent as in the past.
Through their participation in voting, villagers elected the elites of e-commerce to take
important positions in rural organizations and enter the core of rural governance as repre-
sentatives of their own interests.

“In the transition election of the Village Party Branch Committee and Villagers” Com-
mittee of Dinglou Village in Daiji Town in October 2014, the villagers actively participated
in the democratic vote. Finally, Ren Qingsheng, who was believed to do well in e-commerce
and have the ability to lead the villagers to become rich through e-commerce, was elected
as the village party secretary. And before engaged in e-commerce, he was just an electrician
in the village and worked outside for a long time (GO3)”.

With the surge of e-commerce merchants, bad competitive behaviors among enter-
prises began to appear in the market, such as underselling and placing orders maliciously
to give moderate or bad reviews. The market began to exhibit bad competitive behavior
among enterprises, such as selling at low prices, maliciously issuing orders to medium and
poor ratings, and so on. In addition, due to poor tax supervision of rural e-commerce, many
merchants are evading taxes. More professional organizations or groups were urgently
needed to join the governance network. In this circumstance, an e-commerce industry
association was established in Daiji Town in 2016, with a local e-commerce elite as its
president and the performance costume processing enterprises and merchants on Taobao
in this town as its members voluntarily. The e-commerce association strengthened coordi-
nation, cooperation, and exchange among e-commerce enterprises, shared industry market
information, strengthened industry self-discipline, and enhanced the ability of enterprises
to resist risks. Despite the many merits that e-commerce development brings, one caveat
should be warranted: tax evasion is the dark side of e-commerce, and our case in Daiji
Town could never eschew this challenge. Thus, the association can do little about fixing
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the tax evasion, nor can the local government. The e-commerce association standardized
the market behavior of enterprises. Firstly, we will ensure the quality of products in Daiji
Town by organizing technical seminars for different enterprises. Secondly, we will conduct
propaganda and education for the e-commerce merchants and maintain market order
through the communication of our association in order to avoid mutual price depression
and ensure the benign development of the market (GO3).

4.4. Land-Use and Spatial Changes

The flows of capital, personnel, goods, and information affect the function and form of
rural landscapes [79]. With the blooming development of rural tourism, rural e-commerce,
and other industries, many villages are becoming multi-functional and post-industrial [80].
The rural space is constantly reconstructed in the process of creative destruction, which is
characterized by functional mixing and land cover change. The case of Daiji Town shows
that urban spatial organization patterns and land use layouts appear in rural areas and
form rural urbanization landscapes because the rural non-agricultural production space
has an increasingly important position and the rural low-density land use landscape also
changed accordingly.

Under the current rural land regime in China, the land directly related to villagers
includes homesteads and contracted land [81]. The land use nature of the contracted
land is generally cultivated land, whose main function is crop planting, and it cannot
be changed at will as it is protected by the basic farmland system. And the use and
transformation of homesteads are more flexible; they can not only be used for self-built
housing but also be applied for rental with the consent of the villagers. This provides clues
for understanding the evolution logic of non-agricultural production space in Daiji Town,
from family workshops and factory sheds along the street to modern industrial parks.

According to our interviews with villagers, in the initial stage of the development
of e-commerce in Daiji Town, the family workshop was the general production mode for
households in this town. Villagers used their own houses or built simple factory sheds
in the homestead courtyard as the main production space for clothing production and
sales (Figure 5). The family had formed an intergenerational division of labor production
pattern composed of youth, middle age, and old age, among which the young couples
were mainly responsible for clothing design, manufacture, and online shop operation,
while middle-aged parents participated in the relatively simple links in the process of
clothing manufacture and clothing packaging. As all the production links were completed
in the villagers” own houses, a kind of production space roughly mixed with residential
function was formed and scattered in the countryside, leaving great public security risks,
especially fire.

(b)

Figure 5. The family workshop that mixed residential and productive functions (Source: photos

taken during the fieldwork). (a) Villager houses, (b) Production space, (c¢) computer runs online
shops.

In order to adapt to new forms of production and consumption, complex spatial trans-
formations often take place in rural areas. The Dinglou and Sunzhuang Villages, located in
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the south of Daiji Town, serve as an excellent epitome of the spatial transformation of a
traditional village into a Taobao village (Figure 6). The villagers and rural collectives have
explored a spatial development model of “joint construction," in which 22 factory sheds
have been built spontaneously on both sides of the main roads in the village, known as
“Taobao Street”. The funds and land for the street construction came from villagers, and the
organization of the construction and allocation of the right to use production space were
in the charge of rural collectives. The part along the street of these factory sheds is shops
for goods display and offices for e-commerce customer service, and the rear is space for
production and storage. A large number of e-commerce practitioners are gathered on both
sides of the “Taobao Street”, i.e., the Wansang Road, making various productive factors
such as information, capital, technology, and so on interact rapidly here.

Sunzhuang Village Sunzhuang Village

Wansang Road

I old village

I E-commerce
production space

Figure 6. Spatial transformation of Dinglou and Sunzhuang village. (a) Wansang Road: known as
the “Taobao Street”; (b,c): shops along the main street; (d): a small garment processing workshop for
online shops (Source: author’s mapping and photography).

However, the Taobao clusters built by villagers and rural collectives are proven to be
informal. The property of informality is the result of rational economic strategy and “a
spontaneous and creative response to the inability of the state to meet the basic needs of
the poor” [82]. The land for the factory sheds comes from the contracted land of villagers,
so the original agricultural production space is replaced by non-agricultural production
space, which seems illegal in the context of China’s national scheme to strictly protect the
farmland. In addition, informality has also led to a series of safety and environmental
issues in rural areas, challenging the government’s governance capability.

With the continuous expansion of the e-commerce industry in Daiji town, the informal
spatial expansion mode is proven to be unsustainable due to limited yearly land quotas
and more strictly up-down environmental monitoring by China’s central government.
In 2017, the government allocated more than 300 mu of state-owned construction land
for the construction of the Taobao industrial park in Daiji Town (Figure 7). According
to our fieldwork, the industrial park was constructed in two phases, including the rural
e-commerce integrated service building, 48 standardized factories of 1000 square meters,
220 shops, 18 logistics centers, and staff quarters and canteens. The supporting facilities and
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producer services of the industrial park were significantly attractive to new entrepreneurs
and entrepreneurs who pursue high quality. It can be found that e-commerce has affected
the spatial layout of Daiji town to a certain extent. With a more standardized and modern
new layout, it can adapt to the new forms of production and consumption better.

(a) b (0)

Figure 7. Taobao industrial park in Daiji Town (Source: photos taken during the fieldwork). (a) In-
dustrial park entrance, (b) Standardized plant, (c) Express center, (d) modern supermarket.

5. Conclusions and Final Remarks

The era of digitization has blurred the boundary between urban and rural areas, re-
configured multiple elements and flows among them, and debased cities as the hegemonic
centers of capital, talents, wealth, and information. It has enabled trans-border interactions
between rural and urban areas and accelerated the urbanization process through inter-
mingling four parts: the promotion of rural non-agricultural industries, the urbanization
of farmers’ identities and rural life, the innovation of rural governance structures, and
spatializing rural areas. Thus, the highlight of this paper is to preemptively deliver an
analytical framework that embodies the above four aspects of this new geo-economic phe-
nomenon. Taking Daiji Town in China as an example, it analyzes the details and evidence of
digitalization-enabled rural in-situ urbanization. The paper therefore extends the growing
body of literature on rural in situ urbanization by synthesizing all interlinked elements
instead of simplistic and homogenous accounts focused solely on rural industrialization.
Through this integrative research, the main conclusive remarks and the main conclusions
are as follows:

Firstly, digitalization connects the rural areas to the production and consumption
networks in wider areas, promoting the transformation and prosperity of the rural economy.
Wang et al. argue that the impact of e-commerce platforms such as Taobao on rural
economic development varies greatly with the relative location of villages to major urban
centers [60]. Our case study shows that digitalization can directly connect the scattered
rural areas of China to modern society through the internet and logistics network, thus
relieving them of the status of being isolated from cities caused by the limitations of local
industry, transportation, or other factors and attached to the global urban pipeline network.
Digital e-commerce has opened the network market, enabling the original market to extend
from rural areas to the outside world and establishing a new network form of production
and consumption. The internet platform realizes the rapid integration of online and offline
industries, which contributes to the formation of large-scale non-agricultural industrial
clusters in rural areas. And the large-scale development of industries further leads to the
improvement of relevant service systems, which precisely lay the industrial foundation for
urbanization. However, most of the “Taobao villages” developed from the bottom up are
mainly engaged in traditional processing industries, with family workshops constituting
the main production and operation units. This small-scale operation mode, which is mainly
focused on low-end product processing, is not only spatially inefficient but also obtains
limited value in the whole value chain.

Secondly, it should be highly noted that the reverse migration of young generations to
rural areas becomes the mainstay dynamic of urbanization in the vast rural areas. The new
employment opportunities created by e-commerce have greatly enhanced the attractiveness
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of rural areas to young people. As stated in our research, the reverse immigrants include
not only the migrant workers who moved to big cities from the region earlier but also
university graduates and even doctors. These well-educated immigrant entrepreneurs
engage their knowledge and skills in the development of rural economies and actively
participate in the governance of rural affairs. This could be conceptualized as a new mode
of urbanization in China, which should be further advanced considering the population
decline and aging, as well as the outmigration of educated people to rural areas.

Thirdly, digitization re-spatializes the vast rural areas. The rural space in various forms
anchors digitalized e-commerce, whereby the development of e-commerce has reshaped the
rural landscape at the same time. Thus, the land of farmers” own homesteads, as low-cost
production space, is of significant assistance for the primitive accumulation of capital for
e-commerce practitioners. When the spatial patterns of traditional rural areas are difficult
to meet the needs of newly emerging e-commerce industrialization, the modernization and
comprehensive expansion of rural space begin to lead to a significant process of spatial
urbanization. By probing much deeper into the complex and yet intertwined spatiality
of digitalized e-commerce, this emerging body of geographical research will gain new
momentum in the context of worldwide disruptions and geopolitical rivalries.

Finally, the digitalization broaches new tracks to wipe off the urban-rural binary in
the Global South, far from being epitomized by China’s specificity. Nor is it to simplify the
urbanization process by turning rural areas into cities through digitalized industrial growth;
the goal of this paper is not to elevate digitization as a “one-size-fits-all” panacea to address
rural plights. Instead, we hope to enrich and nuance rural studies beyond the extant
scholarship to unpack the modernization of rural society by disrupting the urban-rural
binary through the lens of digitalized urbanization. The conceptual schema developed in
this paper is far from exhaustive; it is urgently needed that cross-fertilizing comparative
case research among over 2000 Taobao towns in China be advanced. Further studies
with variegated methodological reflexes and cross-disciplinary introspection are needed to
enrich the spatiality and temporality of rural digitalized urbanization. As our case study
shows, the relationship between urban and rural areas has been reconstructed due to the
changing patterns of production and consumption through digitalized e-commerce. When
the demand for employment and public services can be met locally in rural areas, it might
be the only choice for rural outmigrants to migrate into metropolitan areas or cities. It
merits being noted that the self-induced rural construction movement of Chinese farmers
against the background of digitalization is a bottom-up urbanization process. However,
this bottom-up urbanization has also faced some challenges. Due to the insufficient space
capacity of rural areas for this possibility, the phenomenon of empty rural housing waste
and the shortage of e-commerce production space coexist in Taobao villages, which need
effective governance responses from the innovation of rural land use systems and the
compilation and implementation of local rural planning.
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Abstract: The in-depth discussion and analysis of the synergistic effect of new-type urbanization,
greening and digitalization (NUGD) is important for the achievement of sustainable social, ecological
and economic development. Therefore, in this study, an evaluation index system composed of these
three subsystems was constructed for Chinese cities from 2011 to 2021. The comprehensive and
collaborative development levels of each subsystem were measured by means including the entropy
weight method and the coupling coordination model, respectively. Then, methods such as ESDA
and the Dagum Gini coefficient were applied to investigate the spatiotemporal evolution and spatial
differences in the triple synergy effect of the NUGD system in Chinese cities. Finally, the constraining
factors of the triple synergy effect were revealed using the obstacle degree model. The findings
demonstrated the following: (1) Overall, the NUGD subsystems and their comprehensive levels
were increasing, with moderate overall development levels. (2) The synergistic development of the
NUGD system exhibited an upward trend. Spatially, the synergistic development level showed
distinct differentiation, being higher in the east and lower in the west. The multidimensional dynamic
variation characteristics obtained through kernel density estimation revealed that the triple synergy
level exhibits high stability. (3) The differences within the east and between the eastern and western
areas were the largest, with the intensity of transvariation as the main source. (4) The five criterion
layers, including social and spatial urbanization variables, were the key constraints that affected the
triple synergy of the NUGD in Chinese cities, and the restrictive role of factors such as the proportion
of urban construction land and the per capita postal business volume should not be ignored. This
study provides a valuable reference and decision-making guidance to promote China’s acceleration
toward a new urbanization path supported by both digitalization and green transformation.

Keywords: triple synergy of the NUGD system; spatiotemporal evolution; dynamic progression;
obstacle factors

1. Introduction

Currently, the most prominent features of global economic and social development are
urbanization, greening and digitalization [1]. As early as the beginning of the 21st century,
significant progress was achieved in the global urbanization process, with cities reaching
high levels in terms of scale expansion, coverage and diversified development [2].Moreover,
it is expected that, by 2070, global population will reach 9.7 billion, and two-thirds of the
population will have flowed into urban areas [3]. It can be observed that, in a broad sense,
urbanization is defined based on population changes. For example, in some Latin Ameri-
can countries, an area with a population of 2500 is considered urban; in other countries,
the threshold is 5000. Meanwhile, in India, areas accommodating 100,000 residents are
considered urban areas [4]. In fact, benefiting from the reform and opening up process, the
urbanization process in China has shown unprecedented growth, with the urbanization
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rate increasing from 17.92% in 1978 to 64.72% in 2021 [5]. However, rapid urbanization
has a profound impact on climatic conditions, vegetation, lake ecosystems and global
land resources [6-8]; furthermore, existing studies have shown that urbanization causes
extensive and permanent damage to river systems [9]. In addition, the rapid expansion
of cities and population growth have further reshaped the urban landscape and reduced
urban biodiversity [10]. To address this challenge, which may be a common issue faced by
most countries, this study takes China as an example and introduces the concepts of green
development and digital transformation, emphasizing the importance of greening and
digital empowerment and highlighting the urgency of sustainable urban development. Fur-
thermore, from a sustainable development perspective, urbanization development should
shift toward a new type—that is, new-type urbanization. Chinese new-type urbanization
places a greater emphasis on promoting the citizenship of agricultural migrant workers in
an orderly manner, ensuring that they have access to basic public services in towns and
highlighting its human-oriented and pro-urban—rural equality characteristics [11,12]. In
addition, it emphasizes optimizing the urban layout and spatial structure and places an
emphasis on enhancing the sustainable development capacity and quality of urban devel-
opment. It comprehensively considers various factors, such as the population, economic
growth, social welfare and the spatial structure, aiming to guide cities toward inclusive,
safe, resilient and sustainable development [13-15].

Promoting the in-depth integration of human-centered new-type urbanization con-
struction and greening is essential to realize the goal of environmental sustainability and
harmonious coexistence between humans and nature [16,17]. With the frequent occurrence
of global natural disasters, rising sea levels and ecosystem destruction becoming the main
obstacles constraining sustainable development, green development has been increasingly
adopted in many countries to address challenges such as resource scarcity and the adverse
effects of climate change [18,19]. For example, the UK has announced the Low-Carbon
Transformation Plan and the Renewable Energy Strategy; in 2019, the European Union
issued the “European Green Deal”, proposing to become the world’s first carbon-neutral
country by 2050, expressing its pursuit of green and low-carbon development [20]. More-
over, in 2020, the dual-carbon goals were proposed by the Chinese government, and
subsequently, a series of green and low-carbon transformation work plans were imple-
mented to strengthen its ecological environmental protection and achieve its sustainable
development goals, clearly demonstrating China’s responsibility as a major country [21,22].
Greening is the path to realizing green development, and it includes the transformation of
multi-dimensional development models such as economic—social-ecological models and
achieving green production and industries at the economic level, green life at the social
level and green protection and governance at the ecological level [23]. Its purpose is to
reduce the pressure of economic and social development on the ecological environment,
achieve efficient outputs and advocate for a green and environmentally friendly way of life.
By implementing effective environmental governance measures, it promotes society’s tran-
sition toward sustainable development and environmental friendliness, fostering harmony
between humans and nature [24]. Thus, it plays a profound role in improving the quality
of urban development and building a beautiful China [25].

In the green transformation process, the role of digital empowerment has become
increasingly prominent [26,27]. Following the 2015 Paris Agreement, countries worldwide
have been working together to promote environmental protection and have reached a
consensus on green transformation [28]. Notably, with the advent of the digital age, global
economic, social and environmental governance have achieved significant results against
the backdrop of digital transformation. For example, digital transformation provides
many new employment opportunities, significantly changing the prospects for global
economic development [29]. In addition, by transforming operation mode, productivity
and production relationships, optimizing resource allocation and improving innovation
efficiency, digitalization has played an increasing role in facilitating urban development
at a high level and driving the transformation of the development mode to a green and
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low-carbon one [30,31]. Thus, in China, national policy documents and government
work reports have repeatedly emphasized that digitalization is a significant engine for
the improvement and growth of Chinese economic development. Through the dual role
of technological change and policy support, it has been promoted as a key force for the
long-term and sustainable development of the Chinese economy and society [32,33].

Importantly, the synergistic analysis in this study adopts a systems perspective, fo-
cusing on the dynamic changes in new-type urbanization, greening and digitalization
while also revealing the complex interdependencies and interactions among the three major
systems. New-type urbanization, greening and digitalization are important components of
the complex social-ecological-economic system, and the promotion of the synergistic devel-
opment of these three factors is a crucial step in addressing the common challenges faced
by many countries around the world [34,35]. Unfortunately, there are currently few studies
focusing on the dynamic interaction between these three systems. Therefore, referring to
the relevant literature [36,37], this study places Chinese urban new-type urbanization, green
development and digital transformation within the same research framework. Utilizing the
coupling coordination model, ESDA and obstacle analysis, the following three objectives
are determined: (1) to measure the levels of the three major subsystems and the NUGD
system separately; (2) to describe the dynamic temporal and spatial distributions and
regional differences in NUGD; and (3) to reveal the main obstacle factors affecting NUGD.
In addition, the examination of this system combines different geographical, economic and
social aspects. This study not only provides more targeted policy insights for sustainable
development in China but also offers a template for sustainable development in other
countries around the world that are facing similar challenges.

Therefore, in this study, 282 cities in China were adopted to explore the triple synergis-
tic effect. The possible contributions herein may be as follows: (1) Regarding the research
perspective, against the background of achieving long-term and sustainable socioeconomic
development, this study focused on the inherent integration mechanisms and patterns of
new-type urbanization, green transformation and digitalization. (2) Regarding the research
content, the synergistic development of the NUGD system in Chinese cities was measured
first, after which the spatial agglomeration and distribution characteristics were determined
via the ESDA. Furthermore, regional differences and sources were analyzed. Finally, the
factors affecting the improvement in the triple synergy level at the criterion and indicator
levels were determined. (3) In terms of policy significance, the conclusions of this study
enrich the related research on new-type urbanization, green transformation and digital
development, providing a useful reference for the promotion of the steady progress of
social sustainable development, ecological civilization construction and healthy economic
growth in China and other countries.

2. Materials and Methods
2.1. Analysis of the Synergistic Development Mechanism of the NUGD System

Placing new-type urbanization, green transformation and digitalization within the
same research framework and systematically analyzing the dynamic interactions among
these three subsystems is of strategic importance in achieving new advancements in social
civilization, improving the eco-quality and accelerating economic growth [38,39]. The three
components of the NUGD system are highly interrelated and consistent, with its core being
human-oriented, adhering to the unique path of digitalization and intelligence, promoting
urban and rural development to a high level and steadily progressing toward the achieve-
ment of common prosperity [39,40]. Therefore, elucidating the internal mechanisms of the
triple synergy of the NUGD system (Figure 1) is important in promoting the simultaneous
enhancement of its social, ecological and economic benefits.
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Figure 1. Synergistic development mechanism of the NUGD system.

Firstly, new-type urbanization serves as a supporting condition for the NUGD sys-
tem. Chinese new-type urbanization is human-centered urbanization, comprehensively
enhancing the quality of cities and optimizing the spatial layout [36]. Cities act as car-
riers and platforms for population aggregation, industrial transformation, information
development and the provision of social services. Specifically, new-type urbanization
provides a spatial carrier and application support for the digital economy. At the same
time, new-type urbanization adheres to a development path characterized by intensity,
intelligence, greenness and low carbon [41] and promotes environmentally friendly cities
through the improvement of green infrastructure construction [42,43], the promotion of
green industry development [40] and technological innovation [44].

Secondly, greening is the pulling force of the NUGD system. The Chinese govern-
ment has stipulated that China should vigorously promote green development and fos-
ter a harmonious coexistence between humanity and nature. On one hand, although
digitalization-assisted greening has great potential, the process of digital development itself
is characterized by the notable issues of energy consumption and waste generation [45,46].
Greening imposes higher requirements and diverse demands on network transmission
performance and intelligent application equipment. Thus, greening plays a leading role
in driving digital transformation. On the other hand, as urbanization levels rise, negative
issues such as environmental pollution and ecological damage are inevitable. Therefore,
embedding the concept of green and low-carbon development into urban planning is
particularly important. This is because green development can optimize the industrial
layout and adjust the land use structure to continuously promote low-carbon development.

Thirdly, the development of digitalization is the driving force behind the NUGD
system. Chinese national policy documents and government work reports emphasize
the acceleration of digital development, seeking to exploit the full advantages of digital
development, making it an important force for the continuous optimization and positive
transformation of the Chinese economy and society [32,47]. On one hand, the digital
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economy is a new economic concept in urbanization, becoming a new engine for promoting
high-quality development, improving resource allocation efficiency and transforming
development methods [48]. On the other hand, the White Paper on the Collaborative
Development of Digitalization and Greening (2022) (http://www.caict.ac.cn/english/
research /whitepapers /202303 /P020230316598975246514.pdf (accessed on 20 June 2024))
points out that digitalization-empowered greening and greening-assisted digitalization are
mutually supportive, and they are crucial for the long-term development of the economy.
The development of digitalization is the primary means of promoting a green transition [27].
Specifically, digitalization provides full-chain support for green development, promoting
new models of low-carbon production and leading new trends in green living.

In summary, new-type urbanization provides supporting conditions for greening
and digitalization, with greening pulling digitalization and urban development toward
agglomeration, greenness and high efficiency. Digitalization empowers greening and
new-type urbanization. The organic integration of these three concepts can accelerate the
realization of a more prosperous, democratic, harmonious and beautiful China.

2.2. Construction of an Indicator System

The NUGD system is a comprehensive system that consists of the triple synergy of
new-type urbanization, greening and digitalization. Based on existing research findings, an
evaluation index system consisting of these three subsystems was established to measure
their synergistic effect (Table 1). Differing from the traditional type, new-type urbanization
is a human-oriented one, which is a multidimensional process involving the population,
economy, society and space [12,49]. Among these aspects, population urbanization is its
core feature, reflecting the scale and density of the population; economic urbanization
promotes the agglomeration of production factors toward cities, with economic prosperity
and income growth as its key characteristics; social urbanization aims to promote the
equalization of basic public services, enhancing people’s happiness and satisfaction; and
spatial urbanization reflects the urban spatial layout, land development and utilization
and their impacts on population movement and economic growth. Green development
focuses on improving resource utilization efficiency and alleviating environmental pressure
during the production process, enhancing residents” awareness of green environmental
protection in their daily lives, improving waste disposal efficiency and promoting the
systematic coordination of society, ecology and economy by simultaneously focusing on
regional ecological construction and environmental protection [23,50]. In the dimension of
digitalization, considering existing findings [51,52], we focused on analyzing the following
three aspects: digital infrastructure, investment in digital industries and the output of
digital industries. The Internet and mobile phones have provided digital resources and
modern information networks for the development of digitalization, which are basic
conditions. Investment in digital industries is the key to digital development, and in
this study, it was measured in terms of digital practitioners, scientific and technological
expenditure and digital talent resources. The output of digital industries is a core aspect of
digital development, and the per capita telecommunications output and per capita postal
output were regarded as relevant indicators.

Table 1. Indicators for synergistic development of NUGD.

Subsystem Dimension Index Property

Ration of persons engaged in secondary and .

tertiary industries X;

The Development of . - : d 1 X
o Population urbanization By Registered unemployment rate X, -
New-type Urbanization

Population density X3 +
Urbanization rate Xy +
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Table 1. Cont.

Subsystem Dimension Index Property
Per capita disposable income of urban N
residents X5
Economic urbanization B, Ration of output value of secondary and tertiary N
industries Xg
Proportion of local budgetary revenue Xy +
Number of doctors per 10> persons Xg +
The Development Qf Amount of hospitals beds per 10* persons Xg +
New-type Urbanization . o
Social urbanization B3 Per capita expenditure on education X +
Number of books per 100 people in libraries Xj; +
the proportion of college teachers X, +
Per capita road area X3 +
Spatial urbanization By Ration of urban construction land X4 +
Ration of built-up area X5 +
Centralized treatment rate of wastewater Xy4 +
Green Production Bs Industrial wastewater discharge per unit of B
GDP Xi7

Industrial SO2 emissions per unit of GDP X3 -
Harmless treatment rate of domestic garbage X9 +
Number of public transport vehicles per 10* .

The Development of . population X

Greening Green Living Bg - -
Ratio of residential land area to green space B
area Xp7
Per capita daily domestic water consumption Xy, —
Proportion of green space area X3 +
Green Ecology By Per capita park green area Xp4 +
Green coverage rate in built-up area X5 +
Internet penetration rate Xy +
Mobile phone penetration rate Xy +
Digital Infrastructure Bg Fiber optic cable density Xpg +
Per capita GDP Xpg +
Digital Financial Inclusion Index X3 +
The Development of Proportion of employed personnel in computer N
Digitalization services and software industry X3

Investment in digital industries Bg Proportion of science and technology .

expenditure X3,
Number of students in higher education X33 +
. . Telecommunications services per capita Xs4 +

Output of digital industries By
Per capita total post X35 +
2.3. Methods

2.3.1. Entropy Weight Method

Due to its ability to effectively overcome the drawbacks of subjective weighting
methods, the entropy weight method is commonly used to determine weights based on
information entropy. Therefore, this method was applied to measure the development
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levels of the three subsystems in this study. The detailed calculation process is shown
below [2,16].
(1) Calculate the weight of indicator j:

d] 1-— 6]‘
Wi=5—=—=3 @
Ydi n— L e
j=1 j=1
(2) Calculate the comprehensive index:
n
Wij = Y W X Ui @
i=1

where Yij is the standardized value of the indicator, d]- is the difference coefficient, W]- is the
weight and Wj; is the comprehensive index.

2.3.2. Coupling Coordination Model

The extent of the interdependence and mutual restraint between multiple systems is
reflected by the coupling level, while the degree of coordination indicates the beneficial
coupling within the coupling relationships. The following process was applied to measure
the NUGD system’s synergistic development level [16,53]:

C=3x tnUsUa " =3 x Vv Un s Us (©)]
(Uy + Ug + Uy)° Un + Ug + U
D= (CxT)"? (5)

where Uy, Ug and Uy denote the levels of new-type urbanization development, greening
and digitalization, respectively, and «, § and ¢ denote the coefficients of the three subsys-
tems. Considering the equal importance of the three subsystems to the overall system, we
adopted & = B = 5 = 1/3 [53,54]; moreover, C has a value ranging from 0 to 1, reflecting
the degree of coupling among the NUGD subsystems. In addition, the higher the value is,
the lower the degree of dispersion is, i.e., the higher the coupling degree indicates a more
refined mechanism of interaction among the three subsystems. T is the comprehensive
coordination level of the NUGD system, while D represents the degree of coupling coor-
dination in the NUGD system’s development. Moreover, a larger value denotes a greater
degree of coordination in the NUGD system. In addition, referring to the studies of Zhang
and Chen [55] and Zheng et al. [56], the following classifications were used (Table 2).

Table 2. Classification criteria for CCD.

CCD Coordination Level CCDh Coordination Level
[0,0.1) Extreme Disorder [0.5,0.6) Barely Coordination
[0.1,0.2) Severe Disorder [0.6,0.7) Primary Coordination
[0.2,0.3) Moderate Disorder [0.7,0.8) Moderate Coordination

[0.3,0.4) Mild Disorder [0.8,0.9) Good Coordination
[0.4,0.5) Near Disorder [0.9,1.0) Excellent Coordination

2.3.3. Spatial Association Based on ESDA

To assess whether a region exhibits distinct spatial clustering, we employed the global
Moran’s I to evaluate the correlation of the collaborative development of the NUGD system
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among Chinese cities across the entire geographical space. This can be expressed as
follows [56]:

ELWij(xi =) (%) = %)
n ij

LYW Y (x; — %)

i

Moran's [ =

(6)

where the Moran’s [ range from —1 to 1, with positive (negative) values indicating positive
(negative) spatial clustering characteristics. Moreover, its spatial distribution is random,
with a value of 0.

The local Moran’s I can be used to identify statistically significant spatial outliers.
Therefore, the local Moran’s I of Anselin (1995) [57] was applied herein to probe into the
spatial clustering characteristics of the synergy effect of the NUGD system in Chinese cities.
These were characterized using LISA and Moran scatter plots via the following equations:

_xX & _
=57 ) wilx-X) )
i j=1jxi
1 2
Y (x—-X)
2 — j=1j#i ®)

In the above equations, x; is the observation value of indicator 7, X denotes the average
value of the corresponding observations and Wj; is the spatial weight between elements i
and j.

2.3.4. Conditional Kernel Density Estimation

Being a nonparametric estimation method, kernel density estimation can be employed
to fit the distribution function according to the characteristics of the data, thus avoiding
any errors that may be caused by arbitrarily setting the form of the function. This can
effectively address the issue of nonequilibrium. However, the traditional method can only
describe the static characteristics of the synergistic effect of the NUGD system and cannot
provide a systematic explanation for its dynamic characteristics. To address this issue,
conditional kernel density estimation was introduced herein to depict and analyze the
distribution features of the collaborative development of NUGD under spatial conditions.
The calculation equations for kernel density estimation have been described by Li et al. [58]
and Liu et al. [59].

fx) = NlhlilK(th_x) ©)

K(x) = L ex ( xZ) (10)
var P\ 2

where f(x) represents the density function of the random variable x, K(-) is the Gaussian
kernel function, N is the number of observations, X denotes the observed values, X denotes
the mean of the observed values and # is the bandwidth, revealing the smoothness of the
curve and the estimation accuracy. Moreover, a larger bandwidth results in a smoother
curve but lower estimation accuracy, and vice versa.

2.3.5. Dagum Gini Coefficient and Its Decomposition

The dynamic variation in the absolute differences in the synergistic NUGD system
among the Chinese cities can be described scientifically via kernel density estimation, but
this method cannot reveal the trend in the changes in the relative difference. Therefore, it is
necessary to rely on the Dagum Gini coefficient to achieve this objective.

In this study, this method was adopted to analyze the regional differences in the
triple synergy of the NUGD system, and the differences were decomposed. Moreover,
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the research objects were divided into k groups, totaling n research objects, where a, b, . ..
represent the different groups; n,, 1y, . . . indicate the number of research objects in each
group; Yai, Ypj, - - - denote the variable data of any research object within the group that
refers to the triple synergy of the NUGD system in the cities; u is the average synergistic
development level; and G denotes the overall Gini coefficient. In addition, the coefficient
can be decomposed into the within-region difference contribution (G), the between-region
contribution (G,;;) and the intensity of the transvariation (G;), and the relationship between
these three parts satisfies Equation (12). Generally, a smaller coefficient indicates that there
is a closer coupling and coordination level among the cities, and the synergy is strong. The
specific calculation process has been described in Dagum [60] and Ji et al. [61].

1 k k ng ny

C=5r} 1 0 2 |~y (11)
RS p=1i=1 =1
G=0Gy+ an + Gt (12)

2.3.6. Obstacle Degree Model

The multidimensionality of the indicators measuring the collaborative development
of the NUGD system determines the complexity of its state and future development. To
clarify the obstacles to the synergy of the NUGD and to better understand the reasons for
the differences in collaborative development among the different cities, the obstacle degree
model was adopted to calculate and rank the target and various indicator layer factors.
Then, we analyzed the impact of the various obstacles on the promotion of the collaborative
development of the NUGD system in different prefecture-level cities. Finally, we provide
helpful proposals to enhance the synergy of the NUGD system. The calculation equation
has been introduced in Cheng et al. [62] and encompasses the following:

(1) Calculate the obstacle degree of indicator i in the indicator layer of coupling

coordination:
Iz' X F,'
n
Y I x F
i=1

0; = x 100% (13)

(2) Calculate the obstacle degree of coupling coordination for the criterion layer,
denoted as Uj;:

U] = Z Oij (14)

where F; is the factor contribution degree and I; is the indicator deviation degree.

2.4. Data Sources

Panel data for 282 Chinese cities from 2011 to 2021 were adopted in the study. To
thoroughly analyze the internal mechanisms of the synergistic effect among new-type
urbanization, greening and digitalization, methods such as the coupling coordination
model and ESDA were employed to explore the spatiotemporal variations, agglomeration
characteristics and regional differences in the NUGD system. Due to constraints in data
integrity, the regions of Hong Kong, Macau and Taiwan, as well as cities with incomplete
statistical data or adjusted administrative divisions, such as Bijie, Tongren, Sansha and
Hami City, were excluded from this study. The data for the secondary indicators of new-
type urbanization, greening and digitalization considered in the system mainly originated
from the China City Statistical Yearbook, the China Urban-Rural Construction Statistical
Yearbook and the statistical yearbooks of various provinces (cities), while the digital
financial inclusion index was obtained from the Digital Finance Research Center of Peking
University. In addition, the moving average method was applied to fill in any missing data.
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3. Results
3.1. Comprehensive Development Level of NUGD in China

Figure 2 shows the average comprehensive index of the NUGD system and the three
subsystems. Overall, the levels of these three subsystems and the corresponding com-
prehensive level showed relatively consistent upward trends, but the overall level was
not high. The comprehensive index steadily increased from 0.109 in 2011 to 0.131 in 2021.
Moreover, digital development significantly lagged behind the other two. As for each sub-
system, there was a slight decline in digital development from 2011 to 2014; it rebounded
in 2015 and then reached its lowest in 2016. Thereafter, it gradually increased until 2021,
with the whole showing an upward characteristic. The reason behind this phenomenon
may be that the policies and infrastructure related to digital development were not yet
of a high standard in the early stages, so they were severely hindered. The new-type
urbanization subsystem steadily improved during the sample period, with a particularly
notable increase after 2015. The level of the green subsystem was significantly greater than
that of the other two subsystems, indicating a gradual upward trend with an increase of
0.042. This occurred because, as ecological and environmental issues become increasingly
prominent, green development has been one of China’s leading strategies due to its ability
to alleviate the conflicts that arise during the process of rapid economic growth and the
construction of an ecological civilization.
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Figure 2. Development of the NUGD subsystems in Chinese cities from 2011 to 2021. (a) New
urbanization development. (b) Green development. (c) Digital development. (d) Comprehensive
evaluation index. (e) Development of the three subsystems and NUGD.

3.2. Synergistic Development of NUGD System and Its Spatial Autocorrelation

To accurately determine the temporal variation in the triple synergy of the NUGD
system in Chinese cities, the cities under examination were divided into the eastern, central
and western regions (Table 3). There was an increase from 0.312 to 0.340 in the average
synergy of the NUGD system nationwide, indicating that the synergy of the NUGD system
in Chinese cities was continuously strengthened and exhibited steady progress. The average
synergistic level of the NUGD system in the three major regions followed the same growth
trend as the national average, but there were obvious regional differences between the
east and west. In addition, the average synergistic development of the NUGD system in
the east was greater than that observed nationwide. The average synergy of the NUGD
system in the central and western regions has significantly improved since 2011, with a
continuous and steady ascent. Regarding its evolution, the differences between the western
and central regions gradually decreased, but there was a gradual acceleration between the
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eastern and western regions and between the eastern and central regions. This means that
the current differences between these two could explain the imbalance at the national level
of the NUGD system.

Table 3. Average synergistic level of NUGD nationwide and in three major areas from 2011 to 2021.

Year Overall East Central West
2011 0.312 0.349 0.295 0.288
2012 0.317 0.353 0.298 0.294
2013 0.318 0.355 0.300 0.294
2014 0.312 0.351 0.293 0.289
2015 0.321 0.363 0.300 0.296
2016 0.320 0.362 0.299 0.296
2017 0.337 0.378 0.316 0.312
2018 0.338 0.381 0.316 0.314
2019 0.331 0.373 0.308 0.307
2020 0.345 0.380 0.325 0.325
2021 0.340 0.380 0.317 0.320

The distribution of the synergistic level in space among the Chinese cities in 2011,
2016 and 2021 is exhibited in Figure 3. There was a stepped distribution pattern from east
to west for the NUGD system as a whole. Primary coordination and above were mainly
distributed in the east, while synergistic levels were mostly at the moderate and mild
disorder levels in the other two regions. This finding indicates that the current synergistic
effect of the NUGD system in China is still low, and progress toward a higher coordinated
development level is constrained by various factors. Specifically, there were a few cities
at the good and moderate coordination levels, and the primary coordination and above
occurred mainly in eastern urban clusters and in regions such as the Yangtze River Delta
and Pearl River Delta, showing significant spatial agglomeration characteristics. Moreover,
the moderate and mild disorder levels were distributed in a continuous urban pattern
in the central and western parts, while the borderline disorder and barely coordinated
levels were scattered in cities such as Taiyuan, Dalian, Hefei, Zhengzhou and Chongging.
In terms of evolutionary trends, compared to 2011, the number of cities moving from
moderate disorder to mild disorder increased in 2021, with a decrease in the fragmented
distribution. Moreover, the changes were mainly concentrated in provinces such as Jiangxi,
Shaanxi and Gansu, with particularly notable changes in Jiangxi, which may have been
due to the radiation-driving effects of the surrounding urban clusters. Additionally, the
coordinated development level in various urban clusters remained high, but the only city
with good coordination was Shenzhen, showing that the improvement in the coordination
level in the cities may have entered a bottleneck period and that local governments must
seek a breakthrough and re-evaluate the coordinated development system and mechanism
to meet the new requirements proposed and enable coordinated development to enter a
new stage.

Moreover, the global Moran’s I was obtained using Statal6, after which the local
Moran’s I was obtained to produce a LISA cluster map to reveal the agglomeration char-
acteristics. As indicated by the results exhibited in Figure 4, the synergistic level of the
NUGD system from 2011 to 2021 exhibited significant spatial autocorrelation, with values
greater than 0. However, the correlation decreased from 2011 to 2013, gradually increased
until 2015 and reached its highest in 2015. Then, from 2015 to 2021, the correlation again
decreased. Overall, the global Moran’s I of the synergistic level of the NUGD system in
Chinese cities slightly decreased, from 0.196 in 2011 to 0.194 in 2021, with an inconspicuous
decline, indicating a relatively stable overall spatial agglomeration level.
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Figure 4. Global spatial distribution of the NUGD system from 2011 to 2021. (a) Moran’s I. (b) Z-
Value.

Subsequently, the local Moran’s I was calculated, and ArcGIS 10.8 and Statal6 were
applied to create LISA maps and Moran scatter plots, respectively. The agglomeration
patterns of the NUGD system in Chinese cities in 2011, 2016 and 2021 are shown below
(Figure 5). Overall, the spatial agglomeration pattern of the synergistic level of the NUGD
system in Chinese cities from 2011 to 2021 remained relatively stable, with high—high and
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low-low as the main types. Specifically, the high-high-type cities were mainly located in
the eastern coastal regions, in Shanxi and Jiangxi in the central part and in Inner Mongolia
in the western provinces. Furthermore, compared to 2011, there was a growing number of
cities reaching a high—low state in 2021, and these cities were mainly located in the west,
such as Yunnan, Gansu and Xinjiang. The number and distribution of low-high cities
remained relatively stable, and these cities mainly occurred in eastern provinces such as
Hebei, Fujian and Shanxi in the central region. The low—low cities were distributed in
Yunnan in both 2011 and 2016, but, in 2021, they evolved into high—low areas, with the
low-low areas primarily located in Guangxi.
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Synergistic development in 2011
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Synergistic development in 2016

Figure 5. LISA maps and Moran scatter plots for 2011, 2016 and 2021. (a) 2011. (b) 2016. (c) 2021.
Notes: The blue circles represent the individual cities, and the red line represents a linear fit to
the scatter.

3.3. Regional Differences in the Synergistic Development of NUGD
3.3.1. Intraregional Differences in the NUGD System

Figure 6a shows that, at the overall level, the intraregional differences were relatively
small, showing a W-shaped pattern between 2011 and 2019. Specifically, the national
intraregional difference decreased from 2011 to 2012, rebounded and continued to increase
until 2015, exhibited a downward trend from 2015 to 2017 and then continued to increase
until 2019, reaching the highest of 0.150 during the sample period, after which it slightly
decreased. However, the overall national intraregional difference increased during the
study period, indicating that there was an increasing trend in the regional imbalance of the
NUGD system across China.

Considering the regional differences within each area, synergistic development ex-
hibited the largest differences in the east, followed by the western and central regions.
There was fluctuating growth in the eastern and western areas, with trends that could
be characterized by inverted W and W shapes, respectively, while the differences within
the central region decreased overall over time. In detail, Figure 6a shows that the eastern
region experienced a gradual upward trend from 2011 to 2016, a declining trend until
2017, a continued increasing trend until 2019 and a slight decreasing trend thereafter, with
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an average annual growth rate of 0.42%, which indicates that the regional differences
in the east were further expanding. This may be attributed to the high-level economic
development effects brought about by the three major urban clusters located in the east,
which started the synergistic development of the NUGD system, with continuous and high
momentum and a steady improvement in the synergistic process. However, cities in the
east, outside the three major urban clusters, are currently attempting to keep pace, but the

synergistic level continues to slowly increase, thus widening the gap further.
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Figure 6. (a) Intraregional and (b) interregional differences in NUGD system development.

The development trend in the west was consistent with the national synergistic devel-
opment trend in the NUGD system between 2011 and 2019, with both showing W-shaped
patterns. However, there was a significant decline in the western region from 2019 to 2021.
The evolutionary trend in the intraregional differences within the central region was similar
to that in the west, with regional differences much smaller than those in the western area.

The above reveals that there was an increasing trend in the intraregional differences
within the eastern region and the country, while the central and western regions exhibited
further decreasing differences. This may have been due to the more extensive implementa-
tion of supportive strategies in the western region of China and the rise of Central China,
as well as the growing emphasis on the coordinated development of various aspects of the
criteria for the evaluation of political performance.

3.3.2. Interregional Differences in the NUGD System

Figure 6b shows that the dynamic evolution trends in the interregional differences
could be characterized by a W shape, and all of these trends reached their maximum values
within the sample observation window of 2019. Specifically, the interregional differences
between the eastern and central regions, as well as between the eastern and western regions,
decreased from 2011 to 2012; they then maintained an upward trend until 2015, decreased
to 2017 and rebounded in 2019. From 2019 to 2020, the trends again decreased and then
increased from 2020 to 2021. However, the differences between the eastern and central
regions increased at an average growth rate of 0.464%, while those between the eastern
and western regions gradually decreased. However, regarding the numerical values, the
difference between the eastern and western regions remained larger than that in the other
two, indicating that the national synergistic level of the NUGD system exhibited stepped
imbalanced distribution characteristics from east to west. This also indicates that the focus
of work to coordinate regional development remained on narrowing the regional gap
between the east and west. Throughout the entire examination, the regional imbalance
between the central and western parts consistently remained low. Differing from the
fluctuations in the eastern—-western and eastern—central regional differences from 2019 to
2021, the central-western regional differences showed a downward trend after reaching
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a peak in 2019, further verifying the policy dividends of the supportive strategy for the
western and central areas in China.

3.3.3. Sources and Contribution Rates of Regional Differences

From 2011 to 2021, the contribution rates of the intensity of the transvariation and
interregional differences were more volatile than those of the intraregional ones (Table 4).
The intensity of the transvariation consistently exceeded that of the interregional and
intraregional differences, with average annual values for the intraregional, interregional and
transvariation contribution rates of 31.71%, 30.59% and 37.70%, respectively. This indicates
that the regional differences in the synergistic NUGD system were mainly caused by the
intensity of transvariation. Specifically, the contribution rate of intraregional differences
steadily declined until 2016; it then rebounded to 2019, decreased from 2019 to 2020 and
subsequently increased again, with the rate slightly increasing. The rate of interregional
differences showed a decreasing trend year by year, with an average annual decline rate
of 0.69%. The fluctuations during the study period were as follows: a significant decline
from 2011 to 2013, a rebound toward 2015, a decrease from 2015 to 2016, a rise from 2016
to 2017 and a continuous decline to 2020, with the minimum value reached during the
sample window period. The level finally rebounded from 2020 to 2021. Moreover, the rate
of transvariation generally changed in the opposite manner to that of the interregional
differences and increased from 36.77% in 2011 to 38.76% in 2021.

Table 4. Sources and contribution rates in the synergistic development of the NUGD system.

Intraregional (G) Interregional (G,;) Intensity of Transvariation (G¢)

Year Contribution Contribution Contribution Contribution Contribution Contribution
Value Rate (%) Value Rate (%) Value Rate (%)

2011 0.045 31.75 0.045 31.48 0.052 36.77
2012 0.044 31.83 0.042 30.99 0.051 37.18
2013 0.045 31.74 0.044 30.83 0.053 37.43
2014 0.046 31.64 0.045 31.16 0.054 37.20
2015 0.047 31.51 0.047 31.85 0.054 36.64
2016 0.046 31.36 0.047 32.29 0.053 36.35
2017 0.044 31.53 0.044 31.63 0.052 36.84
2018 0.045 31.56 0.045 31.25 0.054 37.19
2019 0.048 31.67 0.046 30.41 0.057 37.92
2020 0.047 32.34 0.036 25.26 0.061 42.40
2021 0.046 31.84 0.042 29.40 0.056 38.76

3.4. Identification of Obstacles to Synergy in the NUGD System

Figure 7 presents the average obstacle levels from the criterion and indicator layers
for the synergy of the NUGD system in Chinese cities from 2011 to 2021, reflecting the
top five obstacles and seven factors influencing synergistic development, respectively.
Figure 7a shows that the top five obstacles from 2011 to 2021 were social urbanization (B3),
spatial urbanization (By4), digital infrastructure (Bg), the digital industry input (Bg) and the
digital industry output (Byg). Specifically, in 2011, B3 ranked first, indicating that social
urbanization played a restrictive role in the synergy of the NUGD at that time. With the
exception of 2011 and 2013, B4 was always ranked first, indicating that spatial urbanization
remained the most important obstacle. By and By consistently ranked at the lowest two
positions from 2011 to 2020, indicating that, during this period, the impacts of the digital
industry input and digital industry output on the synergistic development of the NUGD
system in the cities were relatively small. However, in 2021, By and Bjy were the fourth and
fifth obstacle factors, respectively, and their obstacle degrees increased, indicating that the
obstacle roles of these two factors were enhanced at this time.
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Figure 7. Comparison of the average obstacle degrees of the elements in the criterion (a) and indicator
layers (b) from 2011 to 2021 (%).

The identification of the factors affecting the synergy of the NUGD system based on
the criterion layer alone cannot reveal the individual differences between the subindicators.
To address this issue, we further calculated the obstacle degree of the indicator layer for
synergistic development in Chinese cities from 2011 to 2021 and ranked the main obstacle
factors. Figure 7b reflects the top seven main factors in the indicator layer of the synergy of
the NUGD system in Chinese cities from 2011 to 2021.

Figure 7b reveals that there were ten factors among the top seven rankings in the
indicator layer. First, in the social urbanization dimension, the number of books per
100 people in libraries (X1;) and the proportion of college teachers (X1,) were major obstacle
factors. In terms of their rankings, they were ranked at the bottom and dropped out of the
top seven in 2021. Regarding spatial urbanization, the proportion of urban construction
land and built-up areas (Xj4 and Xj5) were major barrier factors. X4 ranked first in 2011
and 2012, stabilized at second place from 2013 to 2018, returned to first place in 2019 and
2020 and moved to second place in 2021. The corresponding obstacle level also exhibited
fluctuating decline-rise characteristics, identifying Xj4 as a key factor constraining the
synergistic development of the NUGD system in Chinese cities. As for Xjs, its barrier
level occurred at an intermediate level, while the magnitude also showed decline-rise
characteristics. In the dimension of green living, the number of public transportation
vehicles per 10 people (Xa9) was a major obstacle factor from 2011 to 2013, and its obstacle
level continuously declined, dropping out of the top seven in the following years, indicating
significant progress in urban transportation infrastructure and the transformation toward
green and environmental protection. Fourth, considering green ecology, the per capita
green park area (Xp4) was a major obstacle. In terms of its ranking, it ranked seventh
from 2015 to 2018 and in 2021, and its obstacle level showed decline-rise evolutionary
characteristics. Fifth, in the digital infrastructure dimension, the fiber optic cable density
(Xp8) was a major obstacle factor. In terms of its ranking, the role of Xpg in constraining
the synergistic development of the NUGD system in cities remained at an intermediate
level, thereby ranking fourth in most years, ranking fifth in a few years and ranking third
in 2015, 2016 and 2018, with the obstacle level further improving. As for the investment
in digital industries, the number of higher education students (X33) was a major factor
constraining synergistic development in the cities. In terms of its ranking, X33 ranked
third in 2011, dropped to fourth in 2012 and 2013 and then stabilized at the fifth position,
indicating a relatively reduced impact on the synergy of the NUGD system in the cities.

59

Year



Land 2024, 13,1017

Regarding its numerical value, the obstacle level of X33 exhibited fluctuating decline-rise
features. The seventh dimension was the output of the digital industry, with the per capita
telecommunications business volume (X34) as the main obstacle factor, while the per capita
postal business volume (X35) once again became the largest obstacle factor. X34 ranked
sixth and seventh in 2019 and 2020, respectively, and its obstacle level showed a declining
trend, indicating that the internet output of Chinese cities has increased, and that digital
development has achieved certain results. Regarding X35, with the exception of 2011, it
always occurred within the top two positions, and the obstacle level always remained
above 9%.

4. Discussion
4.1. Spatial Disparities in Coupling Coordinated Development across China’s Regions

The collaborative development of the NUGD system is vital for Chinese efforts to drive
environmentally sound and socially inclusive urbanization practices [63]. By explaining
the interaction mechanisms of the three subsystems and referring to existing research, a
multielement, multidimensional evaluation indicator was established to uncover the triple
synergy of the NUGD system. Moreover, the methods and models used in this study
are sound and widely applied in research exploring the coupled coordination between
urban ecology and the economy [55,63]. The results reveal that there was continuous
improvement and notable agglomeration characteristics in the collaborative development of
the NUGD system in China, but the existing regional imbalance was significant. Consistent
with the conclusions of most studies on coupling coordination [64], the eastern regions,
which benefit from talent resources, policy initiatives and so on, exhibit a greater level of
synergy than the other two parts of China. For example, Han et al. (2023) [54] placed the
digital economy, technological innovation and ecological environment within the same
research framework to examine their temporal and spatial heterogeneity. They found that
their coupled coordination level presented the characteristic of “eastern > western” in
terms of space. Meanwhile, Ma et al. (2024) [65] considered the coupling coordination
level of urbanization and the carbon emission efficiency from a global perspective and
systematically analyzed it from three dimensions—the country, developed countries and
developing countries—as well as regions, which revealed significant differences in coupling
coordination. This is an interesting study that is beneficial for the sustainable development
of both individual countries and global cities. Therefore, it is essential to further implement
supportive strategies to promote the narrowing of the development gaps between and
within regions and countries, ultimately achieving the sustainability of global development.

The analysis of the spatial patterns revealed the static distribution of collaborative
development in Chinese cities in multiple dimensions. However, it could not identify the
changing features of the triple synergy level in Chinese cities from a dynamic perspective.
Therefore, referring to relevant research [59,66], kernel density estimation, including uncon-
ditional, spatial static and spatial dynamic kernel density estimation, considering a one-year
density, was introduced herein to uncover the distribution dynamics of the synergy of
Chinese cities (Figure 8). The unconditional kernel density estimates (Figure 8a) of the
probability of the synergistic level of the NUGD system in Chinese cities were distributed
along the positive 45° line, which means that, from f to t + 1, the synergistic level in Chinese
cities has remained relatively stable. However, under static kernel density estimation
(Figure 8b), synergistic development revealed significant stage differences in its evolution-
ary characteristics, showing a fault phenomenon with a boundary at x = 0.5. Compared to
the spatial static kernel density, the distribution of the dynamic kernel density probability
results (Figure 8c) was similar but slightly different, indicating that time indeed impacts
the interactions among the different cities regarding synergistic development in China.
In conclusion, multidimensional discussions on the spatial disparities in the coordinated
development of Chinese urban areas can enrich the related research on new-type urbaniza-
tion and green and digital development. It also provides new research approaches for cities
to reduce regional differences and achieve sustainable and high-quality development.
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Figure 8. Conditional kernel density and corresponding contour map of NUGD. (a) Unconditional
kernel density. (b) Static kernel density. (c) Dynamic kernel density.

Notes: In the kernel density plot, the X- and Y-axes indicate collaborative development,
while the Z-axis represents the density (probability) of each point on the X-Y plane. In the
kernel density contour plot, the X- and Y-axes are the same as those in the kernel density
plot. The closer the contour lines are to the center, the greater the value, the denser the
contour lines and the greater the change in density, with a convergence trend becoming
more evident.

4.2. Major Constraints to the Development of the NUGD System

As previously indicated, regarding the criterion-level factors, the constraint of spatial
urbanization (B4) was the most prominent. Spatial urbanization requires a diversified
layout and a coordinated structure, and it can accommodate more of the urban population,
promoting urban transportation, culture, entertainment and other municipal and infras-
tructure construction functions. However, there are still some problems in the process of
new-type urbanization, such as the disorderly expansion of urban land and the imbalanced
development of the spatial distribution [67]. Moreover, the ratio of urban construction
land’s occupation to its utilization efficiency has been shown to be negative, further exacer-
bating the severe situation of urban resource constraints, increased pollution and decreased
urban ecological resilience, thus constraining the comprehensive improvement of the syn-
ergy of the NUGD system in cities [68]. Moreover, as the city expands and the population
increases, the pressure of constructing and maintaining urban infrastructure also grows. In
some cases, the pace of urban digital infrastructure development may not reflect the speed
of urban expansion, thus affecting the progress of digitalization. Therefore, at present, it
is crucial to accelerate the optimization of the spatial layout and structure, improve the
efficiency of spatial allocation and consistently implement major regional collaborative
development strategies to adapt to the spatial needs for the high-level development of the
NUGD system.

In regard to the constraints at the index layer, the proportion of urban construction
land (X14) and per capita postal business volume (X35) were major constraints. Due to the
Chinese reform and opening-up process, the urban land area has expanded significantly,
leading to an increase in the urban heat island effect and global warming, degrading natural
landscapes and changing land use patterns [68-70], which in turn has hindered further
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improvements in the synergy of the NUGD system in cities. The per capita postal business
volume (X35) once became the largest obstacle factor. The reasons for this may be as follows:
due to the increasingly prevalent e-commerce, the per capita volume of postal services
has increased, while the demand for personnel for logistics services has also increased,
failure to optimize logistics and transportation modes may lead to wasted resources and
increased CO2 emissions in the logistics process [71]. Moreover, the resource utilization of
the existing logistics industry is becoming saturated. Therefore, in addition to providing
traditional infrastructure support and hardware and software resources, it is necessary to
invest large amounts of funds in new infrastructure construction to promote the digital
transformation, expand the logistics resources and optimize resource allocation to finally
enhance the supply chain’s resilience for the high-level synergy of the NUGD [72,73].

4.3. Limitations and Prospects

In this study of the coupling coordination level of new-type urbanization, greening
and digitalization, we have thoroughly demonstrated why and how these three subsystems
exhibit synergy. We employed various methods and presented their spatiotemporal differ-
entiation and regional differences in a visual graph format. Finally, we used the obstacle
degree model to reveal the main factors affecting the development of this system at the
criterion and indicator levels. This is of great significance in enabling China to achieve new
progress in economic development, social welfare and the construction of an ecological
civilization. In summary, it is essential for the sustainable development of cities. However,
the limitations specified below exist.

Firstly, due to the limited knowledge of the levels of urbanization, greening and
digitalization in other countries around the world, as well as difficulties in obtaining
relevant data, this study mainly took China as an example, which is a shortcoming in
the scope of this research. However, we sincerely hope that the research can serve as a
reference for other countries and regions facing the adverse impacts of rapid urbanization
and eager to achieve sustainable urban development through green transformation and
digital empowerment. Secondly, compared to previous studies, our focus was on the
interrelationship between new-type urbanization, greening and digitalization. This study
did not explore the possible causal relationships among these three areas. Furthermore,
our research was not extended to other fields—for example, whether urbanization has
increased the mortality rate of birds; whether it has caused changes in reptile communities;
and why these phenomena occur. These are all highly interesting research topics that are of
great significance to the sustainable development of cities. In the future, we will examine
urbanization, green development and digital transformation from a global perspective,
extend our research to other fields, further explore these three areas and compare the
situation in other countries with that in China in order to draw more universal conclusions.

5. Conclusions and Policy Implications

Based on the realistic goals of improving economic development efficiency, coordinat-
ing rural revitalization, promoting green development and fostering harmony between
humans and nature, data from 2011 to 2021 for 282 cities in China were adopted herein as a
research sample to scientifically uncover the triple synergy effect of the NUGD system in
Chinese cities. The basic conclusions of this study are listed below.

First, regarding the comprehensive level of the NUGD system in Chinese cities, the
levels of new-type urbanization and green and comprehensive development showed
consistent upward trends, while that of digitalization lagged significantly behind that of
the other two subsystems, with moderate overall development levels.

Second, regarding the triple synergy effect of the NUGD system in Chinese cities,
over time, there has been an upward trend both at the national and regional level, but the
overall development quality is not high. In terms of spatial patterns, significant spatial
differentiation was observed, with high values in the east and low values in the west.
Specifically, cities with primary and higher levels of coordinated development were located
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in regions and cities with high development levels, while many central and western cities
exhibited a moderate disorder level. Considering spatial agglomeration, the agglomeration
level throughout the whole NUGD system remained relatively stable, mainly characterized
by the “high-high” and “low-low” types.

Third, regarding regional differences, there were increasing trends at the national and
the eastern level, while those in the other two parts were narrowing further. Moreover, the
difference between the eastern and western regions was always larger than that between the
eastern and central regions and that between the central and western regions, highlighting
the need to accelerate their coordinated regional development. Notably, the regional
differences in the synergistic development of the NUGD system were mainly caused by the
intensity of the transvariation.

Fourth, the obstacle factor analysis revealed that social urbanization (B3), spatial ur-
banization (By), digital infrastructure (Bg), the digital industry input (Bg) and the digital
industry output (Bjg) were the main obstacle factors at the criterion level, while the propor-
tion of urban construction land and built-up areas (X14 and Xj5) and the per capita postal
business volume (X35) were the main obstacle factors at the indicator level.

Policy Implications

For the improvement of the synergy effect of the NUGD system in China, and in order
to achieve steady and balanced progress, the following four policy recommendations can
be formulated (Figure 9).
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development to narrow the regional
2aps
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Figure 9. Policy recommendations.

First, efforts should be focused on the synchronous promotion of new-type urbaniza-
tion, greening and digital development in Chinese cities in order to improve their overall
levels and the quality of the synergy and ultimately realize the goals of substantial and
sustainable development (Figure 9a). Guided by the five major development concepts, local
governments should focus on adhering to urbanization with a human-centered approach,
ensuring strong progress in economic growth and eco-quality. Meanwhile, governments
should provide strong support to accelerate the green transformation of development
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patterns, promoting the formation of environmentally friendly production methods and
lifestyles. In addition, they must continuously strengthen the collaborative prevention and
control of pollutants, as well as improve the ecological protection compensation system and
its levels, thereby enhancing the diversity and stability of ecosystems. Moreover, positive
experiences and practices should be actively shared with other countries. Finally, it is
essential to provide a favorable external environment and strong support to cultivate a
robust digital ecosystem, vigorously promote the industrialization of digital technology
and the digitalization of industries and further deepen the integration between the internet
and the real economy.

Second, to adhere to a unified national strategy, we should establish a regional co-
ordination mechanism for the NUGD system in Chinese cities (Figure 9b). There were
significant agglomeration characteristics in the NUGD system in the Chinese cities studied,
and the synergy effect of the NUGD system in neighboring cities significantly impacted
the local dynamic evolution. Therefore, we must fully leverage the spatial linkage role
of the synergistic development of the NUGD system. Specifically, cities or regions with
a higher coordinated development level for the NUGD system should actively take on
pilot tasks and accumulate experience and lessons to promote synergistic NUGD system
development, providing reference value for cities or regions with lagging levels so as
to accelerate synergistic system development. Similarly, countries should enhance coop-
eration and exchange among themselves, led by developed countries and enabling less
developed countries to keep pace, ultimately achieving the sustainable development of the
global economic, social and ecological systems. In addition, governments should actively
eliminate regional barriers to achieve the free flow of information, culture, resources, etc.,
between cities, regions and countries. They should promote interregional exchange and
cooperation, form a mutually reinforcing complementary system and further construct a
mechanism for assistance and shared development between regions with a high synergistic
development level for the NUGD system and underdeveloped regions, promoting cities to
transition from a moderately imbalanced phase to a higher coordinated development stage.

Third, tailor-made strategies for coordinated development should be formulated to
mitigate the regional imbalances in the synergistic NUGD system (Figure 9c). The eastern
region should fully leverage its advantages of higher economic development levels, talent
aggregation and advanced technology and steadily enhance the synergistic development
level of the NUGD system by cultivating interdisciplinary talent and developing high-tech
industries. The central region should rely closely on urban clusters and metropolitan
areas; eliminate regional barriers; promote the flow of resources, technology and talent;
and strengthen its interregional communication and cooperation, thereby constructing a
development pattern that encompasses large, medium and small cities to further improve
the level and quality of the synergy in the NUGD system. It is vital for the western region
to seize its development opportunities, especially the Belt and Road Initiative; implement
major national regional development strategies; actively construct a regional cooperation
mechanism for resource sharing, platform co-building and talent sharing; and proactively
learn from the experiences and lessons of advanced regions regarding the synergistic
development of the NUGD system.

Fourth, local governments must take human-centeredness as a premise and increase
their investment in medical, educational and cultural resources to enhance the well-being
of their citizens (Figure 9d). More importantly, with spatial urbanization, especially urban
construction land, becoming the largest obstacle factor, the local government should strive
to promote the orderly and rational expansion of cities and optimize the layout of urban
land use. This means that, within urban land use, they should control the proportion
of production land, ensure living land and increase ecological land. By adjusting the
internal structure and layout of urban land use, local governments will be able to build
an urban environment that is economically prosperous, socially harmonious, resource-
efficient, environmentally friendly, culturally vibrant and ecologically livable. Lastly, the
government should ensure and improve the livelihoods of their citizens in the development
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process, enable them to fully enjoy the benefits brought by social, public and municipal
services, and finally enhance their well-being and improve their quality of life.
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Abstract: The manner of achieving high-quality economic development in China through
artificial intelligence (AI) has become a focus of academic attention. On the basis of
panel data of prefecture-level cities in China from 2010 to 2021, this research utilizes
the exogenous impact of the implementation of the National New Generation Artificial
Intelligence Innovation and Development Pilot Zone (AIPZ) to explore the causal effect
between Al and green total factor productivity (GTEP). The results are as follows: (1) Al has
a significant enhancement effect on urban GTFP. After using a series of robustness tests, such
as parallel trend sensitivity test, heterogeneity treatment effect test, and machine learning,
this conclusion remains robust. (2) Subsequent mechanism analysis shows that the impact
of Al on urban GTFP is mainly achieved by enhancing urban green innovation, promoting
industrial structure upgrading, and reducing land resource misallocation. (3) Lastly, the
effect of Al on urban GTFP is heterogeneous. Al has also markedly significant enhancement
effects on high human capital, non-resource-based economies, and high levels of green
consumption behavior. This study provides useful insights for China to develop Al and
achieve green development.

Keywords: artificial intelligence; green total factor productivity; green innovation;
industrial structure upgrading; land resource misallocation

1. Introduction

At present, China’s economic development is facing increasingly strong resource and
environmental constraints. Moreover, the production function, combination methods of
various factors, and allocation efficiency in economic development are undergoing changes.
Dual carbon targets have become an important framework for China’s economic develop-
ment, and the green transformation of development methods has become a necessary path
under multiple constraints [1]. The key to the green transformation of China’s economy
lies in gradually relying on technological innovation and production transformation to
transform into a green production model with low emissions, low energy consumption,
and high efficiency, while timely abandoning the traditional extensive production model
to achieve green economic development [2]. Although most scholars use TFP to measure
economic development, this approach does not consider the impact of factors such as
energy and environment. Moreover, the measurement of GTFP includes the aforemen-
tioned variables, which is consistent with current economic development concepts. GTFP
is an important driving factor for accelerating the transformation of driving forces and
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promoting sustainable economic development. GTFP also has important research value.
Hence, improving GTFP is a necessary path to achieving the dual carbon goals [3].

At present, the academic community is delving into the driving factors of GTFP from
different dimensions, such as industrial structure, external investment, environmental
regulations, digital economy, and industrial policies. However, the core driving force
behind the improvement of GTFP is technological innovation, especially strategic techno-
logical advancements, such as AL In this context, various countries or regions have placed
the development of Al in an important strategic position, formulated Al development
strategies, and maximized the initiative and discourse power of Al development to seize
the opportunity in the new round of international industrial division of labor adjustments
and interest games. The Chinese government has attached immense importance to the
promoting role of Al in the technological revolution, particularly emphasizing its role in
stimulating high-quality economic development. To further promote the development of
Al, China implemented a pilot policy called AIPZ in 2019, bringing new opportunities
for improving GTFP. The AIPZ focuses on promoting the deep integration of Al and eco-
nomic development. This undertaking aims to form a batch of replicable and promotable
experiences and comprehensively enhance the innovation ability and level of AL Al can
provide accurate environmental data and resource information, providing a basis for the
government to formulate green development plans. In addition, Al supports the intelligent
and refined management of cities, thereby improving resource utilization efficiency.

Given the preceding discussion, the following critical questions must be answered.
What is the relationship between Al and GTFP in the current trend of intelligent transfor-
mation? What is the mechanism of its impact? The existing literature does not provide
exact answers to these questions. On the basis of the AIPZ policy implementation, we use
the progressive difference-in-differences (DID) model and combine relevant urban data
from 2010 to 2021 to analyze the impact and heterogeneity of Al on GTFP. The objective
is to evaluate the impact of government-driven Al development policies on GTFP. In the
mechanism analysis section, the current research utilizes existing research conclusions as a
basis to analyze the mechanism of AI on GTFP from industrial structure upgrading (ISU),
green innovation (GI), and land resource misallocation (LRM). Moreover, this study intends
to conduct empirical testing. On the one hand, this study further affirms the importance
of ISU, GI, and LRM in promoting green development. On the other hand, this research
provides a theoretical framework for subsequent related research. Figure 1 shows the
research approach.

The research contribution is as follows: First, we test the effect of AI on GTFP based
on the AIPZ pilot policy. This study also emphasizes the role of Al in green development,
providing beneficial ideas for exploring the path of green ecological construction in China.
Second, the existing literature usually uses single indicators, such as industrial robots,
industrial robot application density, and a number of Al patents to measure. The advantages
of these indicators lie in their clear connotation and ease of data collection. However,
their disadvantage is that they are one-sided and may underestimate or overestimate
the comprehensive development level of Al, thereby interfering with empirical results.
This study utilizes the exogenous impact of the regional AIPZ pilot policy to construct a
quasi-natural experiment. In particular, the progressive DID method is used to alleviate
the bias caused by indicator selection and accurately explore the causal effect between Al
and GTFP. The goal is to obtain markedly convincing conclusions. Third, this research
studies the impact mechanism of Al on urban GTFP, including the effects of ISU, GI, and
LRM. This aspect reveals the “mechanism black box” of Al that empowers China’s green
transformation. This finding is conducive to enriching sustainable development theory and
provides basic literature for subsequent research. The research conclusions can provide
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empirical support for Al development, further expand the pilot scope of AIPZ, and solidify
the implementation path for addressing climate change challenges.
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Figure 1. Research approach.

2. Literature Review
2.1. Research on AI

Al has extensive connotations. From a technical perspective, Al is the cognitive science
of intelligent computer programs and belongs to a branch of computer science [4,5]. From
the perspective of application connotation, Al, as a disruptive technological innovation, has
significant interdisciplinary and extensive penetration. The academic community views
Al as a general-purpose technology similar to steam engines and computers. Moreover,
Al is a common technological advancement and also a technological advancement with
infrastructure properties, fully penetrating into various industries and profoundly chang-
ing industrial development models and factor endowment structures [6-9]. The academic
community mainly measures Al from four dimensions. The first three dimensions are the
application of industrial robots [10-12], Al technology patents [13], and the development
level of the Al industry [14,15]. For the fourth dimension, scholars construct a multidimen-
sional indicator system to measure a comprehensive index of Al from such dimensions as
software popularization and application, intelligent manufacturing industry, and industrial
enterprise innovation capabilities [16].

The economic effects of Al are mainly reflected in economic growth, labor employment,
and income distribution. Academic research has found that AI mainly promotes economic
growth through such mechanisms as improving labor quality, capital return rate, and
TFP [17-20]. Al may have two completely different impacts on the labor market. The first
impact is the substitution effect, which means that Al leads to “machine replacement”.
The second impact is the creation effect, which means that the development of Al will
generate new industries, formats, and products, among others, which will enhance the
market’s demand for highly skilled labor and create new job opportunities. The most
significant challenge faced by the development of Al is income distribution, which is
mainly manifested in the income gap caused by the income distributions of different factors
and heterogeneous workers [21,22]. At present, the research on the environmental effects
of Alis limited. A few scholars have studied the effects of Al on GI and pollution reduction
and found that Al can bring positive environmental effects [23,24]. The research on how Al
affects regional GTFP has not yet received attention.
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2.2. Research on GTFP

TFP is defined as output attributed to technological progress and efficiency improve-
ment in economic growth, in addition to the increase in factor input, which can be used to
reflect the quality of economic growth [25]. With the continuous intensification of global
environmental pollution, the importance of environmental regulation is becoming increas-
ingly prominent, and sustainable development is receiving increasing attention. Research
on green development is also increasing. GTFP incorporates unexpected output into the in-
dicator system and considers environmental factors [26]. The most commonly used method
for calculating GTFP is data envelopment analysis (DEA). DEA considers non-expected
outputs, such as pollution emissions, which have a negative impact on resources and the
environment, as output variables and combines them with the directional distance function
to process the non-expected and measure the GTFP value. Research on the influencing
factors of GTFP mainly focuses on economic growth, digitization, green finance, and envi-
ronmental regulation. Erkul and Tiirkoz (2024) found that economic growth is negatively
related to GTFP [27]. Wu et al. (2020) determined that environmental regulations will
first suppress urban GTFP and then improve GTFP [28]. Guo et al. (2023) indicated that
green finance can improve GTFP [29]. With the popularization of information networks
and the continuous advancement of Al in China, scholars have also studied the effect of
data-driven on GTFP. Gao et al. (2022) found that information technology can significantly
improve GTFP [30]. Lyu et al. (2023) determined a correlation between the digital economy
and GTFP [31].

The existing literature has also begun to focus on the relationship between Al and
GFTP, and empirical tests have been conducted based on macro- and micro-level data
in China. The results show that Al has a positive impact on GTFP [32,33]. However,
these studies did not explore the impact of Al on GTFP from a quasi-natural experimental
perspective. Owing to the late implementation of China’s AIPZ policy, there is currently
limited empirical testing of the effects of AIPZ’s policy implementation. Therefore, examin-
ing the effectiveness of AIPZ policy on urban GTFP and studying the environmental effects
of Al have stronger scientific and practical significance. This finding provides empirical
support for further improving and promoting the use of Al policies.

3. Policy Background and Research Hypothesis
3.1. Policy Background

As early as 2015, China has proposed to include Al in the national priority develop-
ment area and has included the development of Al in government work reports for several
consecutive years. To comprehensively enhance the innovation capacity and level of Al,
the Chinese government issued the “Guidelines for the Construction of the National New
Generation Artificial Intelligence Innovation and Development Pilot Zone” in 2019 for the
orderly promotion of the AIPZ construction [34]. Beijing took the lead in establishing an
Al pilot zone, followed by Shanghai. As of 2022, China has approved 18 cities to establish
Al pilot zones. The implementation time of the pilot cities is shown in Table 1 below. The
selection criteria for pilot cities are mainly based on their abundant scientific and educa-
tional resources, good Al industry tutorials, relatively complete network infrastructure,
and strong policy support from local governments for the development of Al [34]. The
AIPZ policy has four main requirements. The first requirement is to increase the R&D effort
of basic theories and conduct research and application demonstrations of Al technology in
manufacturing, home furnishings, medicine, and other fields. The second requirement is to
carry out policy pilot efforts around data openness and protection, achievement transfor-
mation, intellectual property, security management, and other aspects; and to form a policy
framework and regulatory standards system that adapts to Al development. The third
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requirement is to strengthen the accumulation of social experimental theories, accurately
identify Al challenges, comprehend the laws of social evolution in the Al era, and improve
the precision and scientific level of government governance in the intelligence era. The
fourth requirement is to strengthen Al construction, such as communication networks,
big data centers, and computing centers, and to form a high-level infrastructure system
supporting the Al applications.

Table 1. Implementation timeline of pilot cities.

Pilot City Policy Implementation Time
1 Beijing 2019
2 Shanghai 2019
3 Tianjin 2019
4 Shenzhen 2019
5 Hangzhou 2019
6 Hefei 2019
7 Huzhou 2019
8 Chongging 2020
9 Chendu 2020
10 Xian 2020
11 Jinan 2020
12 Guangzhou 2020
13 Wuhan 2020
14 Suzhou 2021
15 Changsha 2021
16 Zhenzhou 2021
17 Shenyang 2021
18 Haerbin 2021

According to the Chinese government requirements, each pilot zone relies on regional
advantages, innovative resources, and distinctive industrial foundations to vigorously
build an Al infrastructure. Moreover, the pilot zones play an important demonstration role
in promoting local high-quality development. So, the following question is crucial: Can the
AIPZ pilot policy promote the improvement of GTFP?

3.2. Research Hypothesis
3.2.1. Al Affects GTFP Through ISU

The innovative application of Al technology promotes the vertical development of
industrial intelligence, changes traditional economic activities, and becomes an impor-
tant engine for the ISU [35]. Firstly, enterprises are the main demanders of factors and
the main implementers of economic benefits. By introducing or innovating their own
R&D, enterprises obtain intelligent production equipment and put it into production to
achieve their own intelligent transformation and improve their production efficiency [36].
Al technology can promote the transformation of traditional elements into data, using
training data for deep learning to achieve value creation, and making production and
manufacturing data play an increasingly important role in industrial construction. In
addition, the transformation of intelligent production will promote the formation of new
business models, encourage the transfer of production factors in the national economy to
higher productivity and value-added industrial sectors, and fundamentally optimize the
industrial structure system [37], achieving a high-level transformation of the industrial
structure.

As an important link between resources, environment, and economic development,
the ISU is crucial for improving urban GTFP [38,39]. ISU can promote efficient allocation
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of resources, shifting from inefficient polluting sectors to efficient clean sectors, reduc-
ing resource waste and environmental burden, and enhancing green productivity [40].
The spillover effects of technological progress are significant in industrial transformation.
Technology-intensive industries accelerate the transformation of traditional industries to
emerging green industries through technology diffusion and industrial linkage and overall
enhance GTFP. Therefore, Al can improve GTFP by improving ISU.

3.2.2. Al Affects GTFP Through GI

The development of Al has driven breakthroughs in green technology for enterprises,
extending their technological development boundaries in environmental pollution preven-
tion and control [41]. On the one hand, Al applications help enterprises achieve efficient
green technological innovation. GI often requires trial and error, and the development of
Al provides a simulated experimental platform for enterprises’ GI. Enterprises can invest
in intelligent devices and apply cloud computing platforms to conduct multiple rounds of
Gl research and development with different solutions, correct and improve future GI paths
based on existing historical trial and error data, and expand the efficiency of internal re-
source allocation and spatial storage capacity of enterprises to ensure that they can achieve
predictable Gl in an efficient manner.

Al has promoted the application of clean technology in enterprises. Clean energy
sources have evident environmental protection effects, but the use of these types of energy
requires the assistance of technical equipment and talent resources [42-44]. Al applications
can provide enterprises with existing mature clean energy investment plans and based on
the collection and iteration of backend big data, provide accurate technical monitoring and
energy investment ratio calculation at all times. This situation improves the application of
clean technology, ultimately achieving the development of GI. The enhancement of GI ca-
pabilities can further improve enterprises’” energy consumption structure in the production
process, thereby reducing the scale of investment in traditional polluting energy [45]. GI
can improve energy efficiency, thereby reducing the formation of pollution by-products
from the front-end control of enterprise production, reducing pollution emission intensity,
and enhancing GTFP [46,47]. Therefore, Al can improve GTFP by improving GL.

3.2.3. Al Affects GTFP Through LRM

Al technology provides efficient and accurate solutions for the investigation and
evaluation of land resources through technologies such as big data, remote sensing, and ge-
ographic information systems [48]. In the planning and optimization of land resources, Al
technology can provide multi-dimensional data analysis and intelligent decision support,
helping decision-makers to better formulate land use planning and optimize allocation
schemes. Through Al technology, government departments can simulate different utiliza-
tion plans for land resources and optimize them through algorithms to find the optimal
land use plan, achieving optimal allocation of land resources, increasing expected output,
and reducing LRM.

The LRM will lead to the continuous expansion of urban space toward the suburbs,
and the supply of cheap industrial land will result in the emergence of a large number
of development zones, industrial areas, and new cities around the city. The unsuitability
of such land resources has led to the extensive use of urban land, exacerbating the dis-
orderly expansion of cities [49]. The disorderly expansion of cities is not conducive to
economic agglomeration and economies of scale, making urban economic activities more
dispersed. Urban sprawl can lead to a decrease in population and employment density,
negative impacts on the use of infrastructure and knowledge spillovers, weaken urban
competitiveness, and reduce urban green economic efficiency [50]. LRM can also damage
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the green spaces around the city, reduce the local ecological regulation function, and lead to
an increase in carbon dioxide and pollutant emissions, which is not conducive to the green
development of the city [51]. In addition, LRM can squeeze the land resources of emerging
enterprises, causing excessive tilt of land resources toward inefficient industrial enterprises,
squeezing the land space of high-tech enterprises, and inhibiting resource investment in
green technology innovation [49]. At the same time, low-cost land weakens the motivation
of enterprises to reduce pollution through technological innovation, resulting in insuffi-
cient motivation for technological upgrading and hindering the overall improvement of
GTFP [50,51]. Therefore, Al can reduce the degree of LRM, thereby improving the overall
GTEP of cities.

In summary, we propose the following research hypothesis: Al mainly affects GTFP
by improving ISU and GI and reducing LRM. Figure 1 shows the research approach.

4. Research Design
4.1. Model

This study regards the AIPZ policy implemented in China in 2019 as an exogenous
shock to test the effect of AI on GTFP. Due to the fact that the approval of pilot cities is
not one-time, but phased, there are significant differences in the specific years when the
experimental group cities are selected as demonstration cities. This progressive approval
method also makes it difficult for us to set a unified virtual variable for the sample opening
time point like the traditional DID method. We employ a progressive DID method to
examine whether Al can improve GTFP. This paper uses urban-level data for analysis, and
the data come from CNRDS. The progressive DID model is set as follows:

GTFP; = ag+a1DIDy; —f—(XzCOTlll‘t+Cityi+Y€ﬂ1’t+€it, @)

GTFP denotes the GTFP of cities. DID denotes the AIPZ pilot policy. If city i is selected
in year t, then DIDj; is 1, otherwise it is 0. Conl is the set of control variables (CV), City; is
the city-fixed effect, and Year; is the year-fixed effect.

4.2. Variable

GTFP: Referring to the existing literature [20,52], the super-efficiency slack-based
measure-undesirable (SBM) model is used to calculate the GTFP index. In terms of input
and output indicators, the labor, capital, and total electricity consumption are selected as
inputs [52]. The gross regional product, industrial sulfur dioxide, smoke, and wastewater
are selected as undesirable outputs.

CV: Considering that other urban characteristic factors may have an impact on urban
GTFP, drawing on relevant research [28-30], this study controls for the following variables:
economic development (EC), city size (CS), urbanization level (UL), financial development
(FIN), government intervention (GIN), infrastructure construction (IC), opening up (OU).
Their calculation methods are shown in Table 2.

Table 2. Descriptive statistics.

Variable Obs Definition Mean SD
GTFP 2974 GTFP index based on super-efficiency SBM model 0.602 0.230
EC 2974 The logarithm of per capita GDP 10.705 0.552
CS 2974 The logarithm of the total population 8.112 1.587
UL 2974 Total urban population/total population 0.521 0.146
FIN 2974 The logarithm of the balance of deposits in 14.423 2807

financial institutions
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Table 2. Cont.

Variable Obs Definition Mean SD
GIN 2974 The general public budget expenditure/GDP 0.198 1.159
IC 2974 The logarithm of per capita road area 1.737 4.431
OPEN 2974 The logarithm .Of the proportion of foreign direct 6411 1.226
investment to GDP
5. Results

5.1. Benchmark Results

Table 3 reports the impact of Al on GTFPP. The DID coefficients from columns (1) to
(3) indicate that Al has improved the GTFP of cities, which is consistent with the research
hypothesis. The reliability of the results in this study still needs further verification, so we
will conduct a series of robustness tests to ensure the reliability of the main conclusions.

Table 3. The effect of AI on GTFP.

1 2) 3)
GTFP GTFP GTFP
DID 0.0834 *** 0.228 *** 0.0845 ***
(0.0180) (0.0448) (0.0202)
EC 0.245 *** —0.0130
(0.0211) (0.0261)
CS —0.0114 —0.0480 *
(0.00720) (0.0252)
UL —0.0908 *** 0.0876
(0.0328) (0.0545)
FIN 0.0663 ** —0.0419
(0.0280) (0.0270)
GIN —0.182 *** —0.238 ***
(0.0187) (0.0250)
IC —0.0260 *** —0.00715
(0.00462) (0.00850)
OPEN —0.00114 —0.0118
(0.00790) (0.0190)
City Effect NO NO YES
Year Effect NO YES YES
Observations 2974 2974 2974
R-squared 0.771 0.193 0.787

Note: *, **, *** represent significance levels at 10%, 5%, 1%, respectively, with robust stand errors in parentheses.

5.2. Robustness Test
5.2.1. Parallel Trend

Drawing on the event study method, annual dummy variables are set up separately
by sample year to interact with group dummy variables and thus observe the time trend
of the average treatment effect. Table 4 displays the parallel trend results. Before the
implementation of the AIPZ policy, the interaction coefficients (Beforel and Before2) are
not significant, which means that there is no significant difference in the trend of GTFP
changes between pilot and non-pilot cities. After the implementation of the AIPZ policy, the
coefficients of the interaction term (Current, Aftrerl, and After2) are significant, indicating
a significant difference in the trend of GTFP changes between pilot and non-pilot cities, and
providing supporting evidence for the parallel trend hypothesis. To visually demonstrate
the changing trend of policy effectiveness, we use Figure 2 for illustration.
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Table 4. Parallel trend test.

1) (2)
GTFP GTFP
Before2 0.00929 0.00254
(0.0214) (0.0223)
Beforel 0.0286 0.0214
(0.0259) (0.0262)
Current 0.117 *** 0.110 ***
(0.0274) (0.0253)
Afterl 0.129 *** 0.121 ***
(0.0256) (0.0277)
After2 0.0804 *** 0.0788 ***
(0.0269) (0.0288)
Control NO YES
City Effect YES YES
Year Effect YES YES
Observations 2974 2974
R-squared 0.772 0.788

Note: *** represent significance levels at 1%, with robust stand errors in parentheses.
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Figure 2. Parallel trend.

5.2.2. Sensitivity Analysis of Parallel Trend

The parallel trend assumption is the key to the ability of DID estimation to cleanly
identify the average treatment effect. It assumes that the difference in mean results between
the treatment and control group will continue after treatment without any processing
occurring. However, the parallel trend hypothesis is untestable, and researchers typically
indirectly validate its validity through the pre-treatment trend test and co-shock test. The
sensitivity test method proposed by Rambachan and Roth (2023) [53] evaluates the violation
of the parallel trend by setting constraints, thereby providing more robust inferences.
This study refers to Biasi and Sarsons (2022) [54] to conduct a parallel trend sensitivity
analysis on the impact of GTFP in the first and second years after the event occurred.
Figures 3 and 4 show the parallel trend sensitivity test results of the treatment effects of
Al on GTFP using the Bounds on Relative Magnitude method. Figures 5 and 6 show
the parallel trend sensitivity test results of the treatment effects of Al on GTFP using the
Smoothness Restriction method. As shown in Figures 3 and 4, whether in the first or second
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year of implementation of AIPZ policy, within a reasonable range of deviation from the
parallel trend, the core conclusion of this paper still holds true.
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Figure 3. Bounds on relative magnitude test for After1.

2

.05+

1 e e AR S N L~

-.05+

T
Original 0 .05 A 15 2 .25 3 .35 4 .45 5

Figure 4. Bounds on relative magnitude test for After2.
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Figure 5. Smoothness restriction test for Afterl.
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Figure 6. Smoothness restriction test for After2.

5.2.3. Heterogeneity Treatment Effect

Currently, scholars have discussed the heterogeneous treatment effects generated by
the DID method. The two-way fixed effects model (TWFE) can obtain unbiased estimates
of the true treatment effects when dealing with homogeneity of effects. However, if there
is heterogeneity in the treatment effects between groups or when they are heterogeneous,
the TWEFE regression results may yield estimates of treatment effects that are difficult to
explain [55]. At this point, the estimated coefficients may not be the convex weighted
average sum of various treatment effects, ultimately affecting the estimation of regression
coefficients. To solve this problem, we refer to the treatment method of de Chaisemartin
and D’Hautfoeuille (2020) [55] and calculate the instantaneous processing effects of Al on
GTFP in different relative periods. In Figure 7, we find that the DID coefficient remained
small before the event but shows a significant increase and significance in the first period
after the event. Overall, after considering the heterogeneity of treatment effects, the basic
results of this study do not show significant bias.
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Figure 7. Heterogeneity treatment effect.

5.2.4. Placebo Test

Due to some unobservable variables that may simultaneously affect Al and GTFP, we
use a placebo test to mitigate this adverse effect. The placebo test examines the reliability
of policy effects by using a fake experimental group. We follow the approach of La Ferrara
et al. (2012) [56] and randomly sample 500 times. We then re-estimate the DID coefficients
and P-value distribution using model (1), as shown in Figure 8. The mean regression
coefficients of GTFP are close to 0, and the p-values are mostly greater than 0.1. Therefore,
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the impact of Al on GTFP is not caused by other random factors, and the conclusion drawn

in the previous text is reliable.
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Figure 8. Placebo test.

5.2.5. PSM-DID Estimation

Although the DID method separates the average treatment effect of the pilot pol-
icy, there may still be selective bias in observing and researching data due to the fact
that the AIPZ policy is not a strictly natural experiment. We use the propensity score
matching (PSM) method to alleviate this problem. Referring to Zhou and Qi (2024) [57],
this study uses the control variables as the identification feature of the sample points to
perform the nearest neighbor, kernel, and radius matching between demonstration and
non-demonstration cities. The DID method is then used to regress the matched sample.
Table 5 displays the results of PSM-DID, and the previous findings remain consistent.

Table 5. PSM-DID.

(1) 2 (3
Nearest Neighbor Kernel Radius
GTFP GTFP GTFP
DID 0.043 *** 0.0923 *** 0.119 ***
(0.0131) (0.021) (0.024)
Control NO YES YES
City Effect YES YES YES
Year Effect YES YES YES
Observations 1336 2971 2932
R-squared 0.417 0.788 0.781

Note: *** represent significance levels at 1%, with robust stand errors in parentheses.

5.2.6. Other Robustness Tests

The existing literature uses the level of innovation in Al technology to measure the
development level of Al. We use Al patents to measure Al. We collected Al patent applica-
tion data from various prefecture-level cities [13], logarithmically processed it, and used
it as the independent variable for regression analysis in this study. Column 1 in Table 6
displays the results of replacing the independent variable. The DID estimation result is
significant. Considering that the control variables may have a reverse causal relationship
with the dependent variable and affect the results of this study, we have lagged the control
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variables by one period. According to the second column of Table 6, it is found that the
main result of this study does not change when the control variables are lagged by one
period and added to Model (1). The ideal scenario for evaluating the effect of Al on GTFP
using the DID method is that the pilot cities are randomly selected. However, in reality, the
selection of pilot cities is often based on factors such as the city’s economic development,
urbanization level, financial development, and infrastructure construction. The inherent
differences in these cities will have varying impacts on the GTFP over time, leading to
estimation errors. To control the impact of the non-random selection problem of Al pilot
cities, we draw on the approach of Li et al. (2016) [58] and add an interaction term between
control variables and time trends on the basis of benchmark regression. The results of
column 3 show that after considering the non-random selection problem of pilot cities, the
core coefficient is still significant.

Table 6. Other robustness tests.

1) (2) 3)
GTFP GTFP GTFP
DID 0.135 *** 0.074 *** 0.087 ***
(0.044) (0.019) (0.02)
Control YES YES YES
City Effect YES YES YES
Year Effect YES YES YES
Observations 2974 2521 2974
R-squared 0.855 0.809 0.791

Note: *** represent significance levels at 1%, with robust stand errors in parentheses.

5.2.7. Robustness Test Based on GRF

The GRF model can randomly divide subsamples by recursion, calculate the processing
effect at the overall sample observation, ensure the effectiveness of the overall regression
results, and determine the weight of the processing effect based on data characteristics.
Thus, this approach avoids the problem of artificial settings and interference. Specifically,
based on the research of Wager and Athey (2018) [59], we use the “honest” method to
construct the following GRF model for estimating the average processing effect of Al on
GTEFP. The average treatment effect of the policy estimation of the GRF model is shown in
Table 7. Columns 1-4 present the results of the GRF model. When the number of decision
trees increased from 500 to 3000, the average treatment effect of Al on GTFP remained
stable at around 0.205, which supports the impact of Al in improving GTFP.

Table 7. GRF results.

1) (2) 3) @
GTFP GTFP GTFP GTFP
DID 0.204 *** 0. 205 *** 0. 205 *** 0. 205 ***
(0.031) (0.029) (0.028) (0.028)
Tree Num 500 1000 2000 3000
Model Causal Forest Causal Forest Causal Forest Causal Forest
Observations 2974 2974 2974 2974

Note: *** represent significance levels at 1%, with robust stand errors in parentheses.

5.3. Mechanism Analysis
We construct the Model (2) to examine the mechanism by which Al affect GTFP:

Med;; = Bo+PB1DID;+BrConly+City;+Yeari+-€j )
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Med is the mechanism variable, representing GI, ISU, and LRM, respectively. We use
the logarithm of the number of urban green patent applications as a proxy variable for
GI [60]. We use the ratio of the tertiary industry value to the secondary industry as a
proxy variable for ISU [57]. The overall allocation of urban construction land in China is
characterized by a large supply of industrial land while relatively restricting the supply of
commercial and residential land, leading to the expansion of industrial land and a relative
shortage of commercial and residential land. This land allocation model not only affects the
efficiency of urban land use but also leads to the misallocation of urban construction land.
Based on An (2024) [61], this paper measures the LRM by the proportion of urban industrial
land area to construction land area. The higher the proportion, the larger the industrial
land area. Under a certain total urban land volume, the expansion of industrial land will
inevitably occupy the commercial and residential land area. Therefore, this indicator can
better characterize the distortion and mismatch of the supply structure of industrial land
and commercial and residential land.

Table 8 reports the intermediate effect test. The DID coefficients in column (1) and
column (2) are positive, indicating that Al can improve GI and ISU. The DID coefficient
in column (3) is negative, which means that Al can reduce LMR. The existing literature
has found that GI and ISU have a significant effect on enhancing GTFP, while LRM can
reduce GTFP [38,42-47,51]. Therefore, GI, ISU, and LMR are the intermediate variables for
Al to improve GTFP. To increase the robustness of the results, we once again use the GRF
model to validate the impact of Al on GI, ISU, and LRM. As shown in Table 9, the results
estimated using the GRF model still show that the AI mainly affects GTFP through GTI,
ISU, and LRM.

Table 8. Mechanism test.

1 (2) 3)
GI ISU LRM
DID 0.054 * 0.142 *** —0.022*
(0.0315) (0.041) (0.012)
Control YES YES YES
City Effect YES YES YES
Year Effect YES YES YES
Observations 2974 2974 2974
R-squared 0.801 0.891 0.832

Note: *, *** represent significance levels at 10%, 1%, respectively, with robust stand errors in parentheses.

Table 9. GRF results.

1) (2) 3)
GI ISU LRM
DID 0.127 *** 0. 338 ** —0. 017 ***
(0.04) (0.154) (0.004)
Tree Num 3000 3000 3000
Model Causal Forest Causal Forest Causal Forest
Observations 2974 2974 2974

Note: **, *** represent significance levels at 5%, 1%, respectively, with robust stand errors in parentheses.

5.4. Heterogeneity
5.4.1. Heterogeneity of Urban Human Capital

Some uncertainty remains about whether the research and application of GI can
be gradually promoted in pilot cities, and good human capital (HC) can help reduce this
uncertainty. The spatial agglomeration of HC helps to accumulate and innovate GI, creating
conditions for existing technological innovation and research and development. The

81



Land 2025, 14, 660

spillover characteristics of HC can also effectively promote the promotion and application
of GI, thereby further reducing environmental pollution. This study uses the ratio of the
number of students in ordinary higher education institutions to the total population of the
city to represent the level of urban HC. We assign a value of 1 to cities with high HC levels,
otherwise, it is 0. We add the interaction term (HC_did) between the HC and Al to Model
1 for regression. The regression coefficient of HC_did in Table 10 is significantly positive,
indicating that the Al can significantly improve the degree of GTFP of high HC-level cities
compared with low HC-level cities. The reason may be that the higher the level of urban
HC, the more obvious the advantage of talent concentration, and the more effective Al
policy can play in optimizing the allocation of urban resource elements, thus accelerating
the integration and interaction between Al and local industries, promoting industrial
optimization and upgrading, and effectively promoting the increase in GTFP.

Table 10. Heterogeneity test.

1) 2) (3)
GTFP GTFP GTFP
HC_did 0.037 *
(0.02)
Resource_did 0.021 *
(0.011)
GCB_did 0.033 **
(0.016)
Control YES YES YES
City Effect YES YES YES
Year Effect YES YES YES
Observations 2974 2974 2974
R-squared 0.788 0.787 0.788

Note: *, ** represent significance levels at 10%, 5%, respectively, with robust stand errors in parentheses.

5.4.2. Heterogeneity of Urban Resource Type

The transformation of traditional energy-based cities is an objective requirement for the
sustainable development of cities, and excessive reliance on traditional energy development
models can hinder their urban transformation. The differences in urban resource types
may affect the execution of energy transformation policies by local governments. The
heterogeneous impact of urban resource type differences on the policy effect of Al policy
must be studied. Referring to Zhou and Qi (2022) [52], we divide the sample cities into
resource-based (RB) cities and non-resource-based (NRB) cities. We define NRB cities as 1
and RB cities as 0, and add the interaction term (Resource_did) between the urban resource
type and Al to Model 1 for regression. The coefficient of Resource_did in Table 10 is positive,
indicating that the Al can improve the GTFP of NRB cities compared with RB cities.

RB cities are influenced by local natural resource endowments, mainly focusing on
traditional heavy industry as the direction of urban economic development. Long-term
excessive resource consumption and environmental pollution are difficult to repair and
adjust, and the establishment of an Al pilot has little effect on improving urban GTFP. NRB
cities are less constrained by the traditional heavy industry economy and also pay attention
to the cultivation and absorption of digital technology and talents. The approved construc-
tion of the Al pilot can to some extent guide these cities to accelerate the development of
green and digital industries, which has a significant driving effect on GTFP.

5.4.3. Heterogeneity of Urban Green Consumption Behavior

Green consumption behavior (GCB) refers to consumers choosing green products
that are not polluted or contribute to public health in social consumption. GCB focuses
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on conserving resources and energy, achieving sustainable consumption, and avoiding
or reducing environmental damage during the consumption process. It is a new type of
consumption behavior and process that advocates for nature and ecological protection.
We select the logarithm of the total number of passengers carried by public buses and
trams per year to measure GCB [57]. We assign a value of 1 to cities with high GCB levels,
otherwise, it is 0. We add the interaction term (GCB_did) between the GCB and Al to
Model 1 for regression. The GCB_did coefficient in Table 10 is positive, indicating that the
Al can improve the GTFP of high GCB-level cities compared with low GCB-level cities.

The development of Al has provided new possibilities for achieving green consump-
tion. Al can promote the upgrading of traditional consumption demand, create green
and intelligent consumption, comprehensively improve consumption quality, and con-
tinuously meet the growing needs of people for a better life [44]. Moreover, upgrading
green consumption demand has forced industries’ green development. Al can analyze
large-scale consumption data and predict the demand for green products to help manu-
facturers and retailers better meet consumer expectations. Al can also provide consumers
with personalized green product recommendations based on personal consumption history
and preferences, encouraging them to make environmentally friendly choices. In addition,
Al can help consumers better understand the importance of green consumption by pro-
viding educational content and behavioral feedback to guide them to change traditional
consumption behavior [44]. Therefore, in areas with a high level of GCB, Al can better
promote industrial upgrading, thereby enhancing green GTFP.

6. Conclusions and Policy Implications

As the world’s largest developing country and carbon emitter, China is facing urgent
environmental pressures and urbanization challenges. GFTP can more comprehensively
and realistically reflect the economic development status of cities considering environmen-
tal impact and resource utilization efficiency. In this context, studying the impact of the
development of Al on urban GTFP has important theoretical and practical significance
for exploring new economic growth drivers and promoting sustainable economic and
social development. We employ a progressive DID model to test the effect of Al on GTFP.
The research findings indicate that Al significantly improves GTFP, the conclusion that
holds even after robustness tests. Mechanism analysis suggests that Al enhances GTFP
by promoting ISU, improving GI, and reducing LRM. Heterogeneity analysis reveals the
policy effect is more significant in high HC-level cities, NRB cities, and high GBC cities. Our
main research findings are consistent with the conclusions of the existing literature [32,33],
discovering the positive impact of Al on GFTP and enriching the research boundary on
the environmental effects of Al The research conclusions provide data support and a new
perspective for evaluating the environmental effects of Al development and provide a
reference for exploring the improvement path of GTFP and the formation of corresponding
new quality productive forces. In terms of policy implications, according to the main
conclusions of theoretical analysis and empirical evidence, this discussion puts forward
relevant suggestions from the perspectives of formulating relevant policies to improve the
positive effects of Al and encouraging enterprises to introduce AL

First, the conclusion of this paper indicates that the development of Al generally pro-
motes the GTFP of cities. Therefore, policymakers should further promote the widespread
application of Al in various industries to maximize its positive effects. National and local
governments should strengthen guidance and supervision on the construction of AIPZ
cities, improve the evaluation system of pilot cities, fully leverage the positive role of pilot
cities in optimizing energy structure and promoting ecological civilization, and promote
the accelerated development of AL
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Second, on the one hand, application and development of Al technology should
be encouraged, so that the Al industry can form a virtuous circle from research and
development to application. On the other hand, encouraging the active enhancement of
the hard and soft power that matches the development of Al technology seems important,
including further promoting the construction of new infrastructure, improving the integrity
of the supply chain, and increasing talent and technical reserves to ensure that relevant
factors and supply chain match the development of Al. Meanwhile, measures like actively
advancing job guidance and job training to help the workforce acquire skills complementary
to Al technology, as well as reducing the gap between the rich and the poor should be
taken so that more people can benefit from the popularization of AL

Third, firms should recognize their own positioning, reasonably introduce Al into the
advanced technology of the production processes instead of blindly promoting advanced
technology, and take advantage of the first-mover advantage of Al and its more obvious
effects on low-quality products to gain more benefits from intelligent production. In addi-
tion, enterprises should increase green technical innovation to convert the cost advantages
of Al into technical advantages, so as to avoid wasting the opportunity presented by Al

Our research still has certain limitations. There may be some controversy in the
measurement of some variables, such as in the measurement of GCB and HC. Due to
limitations in data availability and references, the proxy indicators we choose may not fully
reflect their true situation. We will further collect relevant data in the future and strive
to have more comprehensive measurements for each variable. In addition, there may be
self-selection issues in the selection of AIPZ pilot cities in this study, such as whether a city
chosen by the government as a pilot area may be influenced by the economic, industrial,
or environmental conditions of the city itself. We have addressed this issue through a
series of robustness tests. However, there may still be some self-selection factors in pilot
cities that we have not taken into account, which may affect the robustness of the results.
We will conduct a detailed analysis of the relevant policies of AIPZ, search for effective
instrumental variables, and use the instrumental variable method to solve the problem of
self-selection in AIPZ pilot cities.
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Abstract: This study incorporated ecological footprint (EF) consumption into a framework
to assess ecological well-being. A model and implementation framework for characterizing
regional net ecological well-being were then developed. Using the Guanzhong Plain Urban
Agglomeration (GPUA) as a case study, land use data from 2000 to 2020 were utilized
to calculate the ecosystem service value (ESV), representing the supply side of regional
ecological functions. Simultaneously, the regional EF consumption was assessed as the
demand side. Taking into account the level of regional economic development and the
characteristics of people’s living, a regional net ecological well-being evaluation model
was constructed to arrive at a deficit or surplus ecological situation. The results indicated
that: (1) The overall ESV of the GPUA follows a trend of initial growth followed by a
decline. Woodland, grassland, and farmland are the main contributors to the total ESV, with
regulating and supporting services accounting for more than 80% of the total ecosystem
value. (2) EF consumption in the GPUA shows a significant upward trend, increasing
by over 70% on average. The level of ecological carrying capacity has slightly increased,
with the biologically productive area that can support human activities expanding to
1909.49 million hectares. Additionally, the carrying capacity of the urban agglomeration
cities has tended to stabilize since 2015. (3) Since 2010, anthropogenic consumption in the
GPUA has continued to exceed the regional ecological capacity, resulting in an ecological
well-being deficit. The average ecological well-being compensation per hectare in the urban
agglomeration increased from 35.588 CNY to 187.110 CNY. This study offers a theoretical
foundation for expanding the definition and research framework of regional ecological
well-being by providing a more accurate assessment of regional ecological service supply
and consumption at multiple scales. It is expected that this approach will help reduce
the opportunity costs associated with ecological protection, while promoting a balanced
approach to economic development and ecological preservation.

Keywords: ecological well-being quota; ecosystem service value; ecological footprint;
collaborative governance; Guanzhong Plain Urban Agglomeration

1. Introduction

Ecosystems provide essential services that underpin almost every aspect of human
well-being, providing ecological goods and services through a variety of natural pro-
cesses [1,2]. Ecological sustainability requires an increase in (appropriate) ecosystems,
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species and biodiversity to enhance resilience against fires, floods, heat waves, tornadoes,
and other destabilizing events. At the beginning of the 21st century, the Millennium
Ecosystem Assessment (MA), published by the United Nations Environment Programme
(UNEP), provided a comprehensive ecological review of the complex links between human
well-being and environmental functions [3]. Cities are a major contributor to global energy
consumption, and cities around the world are trying to balance economic growth, environ-
mental sustainability and energy use. Developed countries are faced with the challenge of
modernizing aging infrastructure within their cities [4]. Rapid urbanization in developing
countries and regions, including China, has greatly increased the demand for energy, water
and land resources. As a result, ecological land, including agricultural land, is being rapidly
converted for urban purposes, resulting in fragmented natural landscapes and a reduced
capacity to provide ecosystem services [5]. This fragmentation impedes the full potential
of ecosystems to deliver services, thus diminishing the supply of ecosystem services to
urban areas and threatening their long-term sustainable development [6]. Furthermore,
the depletion of ecological resources poses a significant risk to the ecological carrying
capacity of these regions, creating substantial challenges to maintaining regional ecological
security [7,8]. In response, China has increasingly incorporated ecosystem security and
human well-being into its national strategy for building an ecological civilization. This in-
cludes the integration of resource consumption and ecological efficiency into the evaluation
systems for both economic and social development.

Ecological well-being provides human societies with a range of ecological goods and
services, both in quantity and quality, through complex ecological processes. The level
of ecological well-being is commonly assessed by evaluating the value of ecosystem ser-
vices [9]. In terms of assessment methodologies, Xie et al. established an ecosystem service
value assessment system tailored to domestic ecosystems, building on the foundational
work of earlier researchers [10,11]. The availability and accessibility of these ecosystem
services influence their distribution and consumption, which in turn results in spatial
disparities in service availability [12]. On this basis, scholars have conducted in-depth
research on ecological compensation from a well-being perspective, examining the inter-
play between ecosystem service values and human well-being [13]. The EF transforms the
ecological-economic process into a security issue by addressing the balance of supply and
demand within ecologically productive spaces [14,15]. This process involves categorizing
consumption demand based on land-use types and regional resource endowments, as well
as assessing the offset and consumption of services provided by ecosystems [16].

Recent advances, including the three-dimensional EF method and the energy value
EF model, combined ecosystem service values to enable comparative studies of ecolog-
ical compensation across different regions [17]. These studies analyzed the impact of
socio-economic activities on watershed ecosystems [18] and focused on the mechanisms of
ecological compensation in watersheds through differential methods and spatial measure-
ments [19]. The rest of the studies have been advancing in measuring indicators such as EF,
ecological profit and loss, and ecological pressure, which are essential for evaluating the
development of ecological environments [20,21].

While prior studies have explored ESV and EF independently, their integration to
assess net ecological well-being remains underexplored. For instance, Deng et al. [12]
emphasized the need for precise modeling of EF but did not address its impact on ecological
well-being. In summary, while research on the value of ecosystem services and EF is
relatively well-developed, several key areas remain underexplored: (1) Few studies have
integrated ecosystem service values and EF to analyze net ecological well-being; (2) The
current accounting of fossil fuel land use in EF, typically based on energy consumption
per unit of GDP, is constrained by data limitations, necessitating further refinement for
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accuracy; (3) Most research has focused on national-level assessments, urban areas in
economically developed eastern regions, or specific ecosystems such as rivers and lakes;
(4) There is a noticeable gap in studies examining the relationship between EF and ecological
well-being in urban agglomerations in the western regions of China.

This study made the following advances to address the shortcomings of existing
studies: (1) The value of ecosystem services in the Guanzhong Plain Urban Agglomeration
(GPUA) was measured with high precision using two key indicators: equivalent food
value at the socio-economic level and vegetation cover index at the natural ecological
level. (2) Nighttime lighting data from the DMSP-OLS satellite were used to estimate
fossil energy consumption within the EF. These data were processed through a regression
model calibrated with regional energy statistics to ensure data accuracy. (3) This study
also assessed the current state of ecological security by investigating the ecological deficit
or surplus, while synthesizing the regional level of economic development and people’s
standard of living. The regional GDP and Engel’s coefficient were adjusted to calculate the
net ecological well-being of the region, thus providing a more accurate theoretical basis for
improving ecological well-being and ecological security. On this basis, targeted regional
compensation programs are proposed to strengthen ecological protection and promote
high-quality coordinated development of regional urban agglomerations.

This study defines ecological well-being as net ecological well-being, which refers to
the value of ecosystem service provision under the constraint of EF depletion. Net eco-
logical well-being provides a more accurate measure of the surplus or deficit in a region’s
ecosystems, considering the pressures exerted by human activities and social development.
The primary objective of this study was to establish a comprehensive framework for assess-
ing regional ecological well-being by integrating ESV and EF consumption [22,23]. While
this study focuses on quantifying the supply—demand relationship of biophysical resources
through Ecosystem Service Value (ESV) and Ecological Footprint (EF) frameworks, it is
important to clarify that our assessment does not encompass the full spectrum of eco-
logical sustainability. Specifically, aspects including biodiversity conservation, ecological
resilience to climate extremes, and the cumulative impacts of emerging contaminants (e.g.,
microplastics, PFAS) fall beyond the scope of this quantitative analysis. Our operational
definition of ecological carrying capacity herein refers specifically to the bioproductive
land’s capacity to support anthropogenic resource consumption, rather than pre-industrial
biodiversity baselines [24,25]. Specifically, this research seeks to address the following
scientific questions: (1) How can we define the ecological well-being of a region more
precisely and establish relationships between ecological well-being, ESV and the EF?
(2) How can the level of regional ecological well-being be calculated in relation to the level
of economic and social development of the region?

The Guanzhong Plain Urban Agglomeration (GPUA) is the only urban cluster in
China’s national strategy explicitly designated as a pioneering area for inland ecological
civilization development. Situated in northwestern China, the GPUA faces an inherently
fragile ecological environment, with complex natural systems such as the Qinling Moun-
tains, the Loess Plateau, and the Weihe River Basin. The GPUA, designated as a pilot for
inland ecological civilization, faces unique challenges. These include fragile ecological
environments, population pressures, and insufficient valuation of ecological products. This
region is characterized by a complex and diverse geological landscape, a fragile ecological
environment, and unique developmental issues, making it an ideal context for examin-
ing net ecological well-being in relation to ecosystem service provision and EF depletion.
This research is essential for assessing regional ecological security, stabilizing the value of
ecological products, and promoting equitable access to a healthy ecological environment.
Furthermore, it holds significant academic value for the construction of ecological security
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barriers in arid and semi-arid regions, not only in northwest China but also in similar
regions worldwide.

2. Materials and Methods
2.1. Study Area and Data Sources

The GPUA (104°34’-112°34' E, 33°34'-36°56’ N), centered around Xi’an, is located
in the inland area of northwest China and is the second largest urban agglomeration in
western China. This urban agglomeration covers an area of 107,000 km? and is in the warm
temperate continental monsoon climate zone, bordered by the Qinling Mountains in the
south and the Yellow River in the east, situated between the Qinba Mountains and the
Loess Plateau. In 2020, the GPUA had a resident population of 38.87 million and a regional
GDP of CNY 2.2 trillion [26].

The Guanzhong Plain Urban Agglomeration Development Plan officially delineated the
planning area of the GPUA. This area includes Xi’an, Baoji, Xianyang, Tongchuan, Weinan,
and Shangluo (Shangzhou District, Luonan County, Danfeng County, and Zhashui County)
in Shaanxi Province; Yuncheng (except Pinglu County and Quanqu County) and Linfen
(Yaodu District, Houma City, Xianfen County, Huozhou City, Quwo County, Yicheng
County, Hongdong County, and Fushan County) in Shanxi Province; as well as Tianshui
and Pingliang (Kongdong District, Huating County, Jingchuan County, Chongxin County,
and Lingtai County) and Qingyang (Xifeng District) in Gansu Province. Because of data
availability, this study uses the municipal area as the boundary, including the city-wide
areas of Shangluo, Yuncheng, Linfen, Pingliang, and Qingyang. The study area is shown in
Figure 1 [26].
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Figure 1. (a) Location map of the GPUA, China. (b) The 11 cities in the GPUA.

The data required for this study include: (1) The vector boundaries of the study area
were obtained from the 1:1,000,000 National Basic Geographic Database of the National
Geographic Information Resources Catalog Service System (https://www.webmap.cn/,
accessed on 15 January 2023). (2) The land use data from 2000 to 2020 were obtained from
the Resource Environment and Science Data Center of the Chinese Academy of Sciences
(RESDC) with a spatial resolution of 30 m. The data were based on the Landsat series
of U.S. Landsat satellite imagery, and were generated by human—-computer interaction
interpretation and manual visual interpretation (https://www.resdc.cn/, accessed on
15 January 2023). (3) Night light data (DMSP-OLS satellite and SNPP-VIIRS satellite) are
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from the Earth Observation Group (https://eogdata.mines.edu/products/vnl, accessed
on 15 January 2023). (4) NPP data are from the MOD17A3HGF dataset of MODIS satel-
lite called by the Google Earth Engine platform (https://www.geodata.cn, accessed on
15 January 2023). (5) Vegetation cover index data were obtained from the Resource and Envi-
ronment Science Data Center of the Chinese Academy of Sciences (https:/ /www.resdc.cn/,
accessed on 15 January 2023). (6) Corresponding social and economic data and energy
consumption data were obtained from the 2001-2021 Gansu Provincial Statistical Yearbook,
Shaanxi Provincial Statistical Yearbook, Shanxi Provincial Statistical Yearbook, China Urban
Statistical Yearbook, and statistical bulletins of cities and towns, and grain price data were
obtained from the National Compendium of Agricultural Product Costs and Benefits.

2.2. Methods
2.2.1. Ecosystem Service Value

In reference to the results of Xie et al. [27], in this study, the ESV equivalent factor of
one standard unit of ESV was defined as one-seventh of the economic value of natural food
production per unit area of farmland per year nationwide. ESV correction and accounting
were performed.

The calculation formula is as follows:

1 PiG;
D = 191
X Sl‘

M

n
i=1

N|

where D is the ESV for a standard equivalent factor, P; is the unit price of crop category i,
G; is the yield of crop category 7, and S; is the planted area of crop category i [26].
The ESV coefficient is calculated by the formula:

where VC; denotes the coefficient of ESV of the j-th land, Ej; is the equivalent factor of
the ESV of the i-th land use ecological service function of the j-th land, and D represents
the value of a standard equivalent factor. Table 1 illustrated the ESV equivalence factors
of GPUA.

In order to avoid the fluctuation of the ESV equivalent per unit area in the GPUA
due to the changes in food prices in different years and the peculiarity of the correction of
ESV by socio-economic factors, the Normalized Difference Vegetation Index (NDVI) was
used to correct the ESV from the natural environment perspective in order to improve the
accuracy of the accounting [28]. The calculation formula is as follows:

m o n. 0
ESV = 2 2 Z Eei]-B,»kCik (3)
i=1j=1k=1
NDVI;
i = "DV @
NDVT,

where Ee;; is the equivalence factor for the j-th ecological service of the i-th land-use type
and Bjx and Cjy are the area and NDVI coefficients of the i-th land-use type in the k-th study
unit, respectively.

In Section 3.2, this study utilized the calculated ESV totals to stratify them in GIS by
the natural breakpoint method and output the results.
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Table 1. The ESV equivalent factors of the GPUA (CNY/ hm?-a).

. Water Construction Unused
Primary Type Secondary Type Farmland  Woodland  Grassland Body Land Land
Food production 1433.982 354.710 207.635 850.007 0.000 12.977
. Raw material
Supply service oroduction 317.942 817.564 304.964 473.668 0.000 38.932
Water supply 25.954 423.922 168.704 7059.601 0.000 25.954
Gas regulation 1154.972 2690.608 1070.620 1732.457 0.000 142.749
. 1 Climate regulation 603.440 8045.869 2829.031 3821.788 0.000 129.772
econciliation ;
: Environmental 175.192 2340.223 934.359 5937.073 0.000 402.293
service purification
Hydrological 1940.093 5013.528 2069.865  82,061.376 0.000 272.521
regulation
Soil conservation 674.815 3274.582 1304.209 2102.308 0.000 168.704
Support Nutrient 201.147 250.893 103.818 162.215 0.000 12.977
service maintenance
Biodiversity 220.613 2980.432 1187.415 6761.125 0.000 155.726
i‘eﬂi‘:zzl Aesthetic landscape 97.329 1306.372 525577 4295 456 0.000 64.886

2.2.2. EF Supply and Demand

This study adopted the ecological footprint concept proposed by William E Rees,
following the accounting methodology refined by Wackemagel et al. [29]. Consumption
demand is carefully divided into human consumption of natural biological and ecological
resources based on land use type and regional resource endowment, and the resulting
offset and consumption of services provided by ecosystems. Based on the results of existing
academic research, this study used ESV as the supply side of ecological well-being and EF as
the consumption side of ecological well-being, that is, the demand and depletion of ecology
as manifested by human social behaviors [30,31]. Fossil energy carbon emissions, like
biological resource accounts, are an important component of ecological footprint accounts,
while fossil energy carbon emissions most directly affect the drivers of terrestrial ecosystem
cycles [32,33].

Based on existing academic studies, in this study, in the acquisition of biologically pro-
ductive land yield, based on the natural resource endowment and natural geographic and
climatic conditions of the GPUA, and based on the existing research results of predecessors,
the screening of biological resource types of farmland, woodland, grassland and water
body was carried out in a conditional manner with 17 indicators plus 8 indicators of energy
consumption, for a total of 25 indicators, and precise calculations of the required ecological
capital were made in order to provide a more comprehensive and objective assessment of
the state of the region’s ecosystems [34]. Specific indicators were summarized in Table 2.

In this study, the equilibrium factors of farmland, woodland, grassland and water
body were measured based on the NPP data in 2000, 2005, 2010, 2015 and 2020, and the EF
equilibrium factor table was derived. The yield factors used in this study were taken from
the Global Ecological Footprint Network [35]. Based on existing academic studies, the EF
calculation methods and formulas were selected as follows:

Formula for calculating the EF model:

EF:Nxef:N~i(aai-r]-):N~i(Ci/Pi)‘rj ®)
i=1 i=1
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Table 2. Indicators for EF accounting.

Resource Productive .
Account Account Name Land-Use Type Selected Indicators

Grain, Cotton,

Agricultural Products Farmland Qilseeds, Tobacco,

. . Account Vegetables, Pork
Biological Apple, Pear, Grape
Resources Forest Products Account Woodland ’ - ’

Peach, Apricot
Accounts ,
Beef, Lamb, Goat’s
Grassland Products
Grassland wool, Poultry eggs,
Account
Honey
Water Products Account Water body Aquatic product
Ener Raw coal, Coke, Petrol,
Y. Energy Consumption Construction Paraffin, Diesel, Fuel
Consumption .
Account Land oil, Natural gas,
Accounts

Electricity

Following the Global Footprint Network’s methodology, the EC in this study is defined
as the biologically productive area available to provide renewable resources and absorb
waste under current management practices. This should be distinguished from the broader
concept of ecological sustainability that requires maintaining evolutionary potential and
ecosystem integrity. The human carrying capacity component focuses on the balance
between resource provisioning services and socioeconomic demands, not encompassing
demographic projections or technological disruption scenarios [36].

Formula for calculating EC:

n
EC=Nxec=Nx) (ajxr;xyj) (6)
=1

where EF is the ef produced by the total population of the region (hm?); EC is the ec of
the total population of the region (hmz); N is the total population in the study area; aa;
is the converted bio-productive area per capita of the i-th consumption item; C; and P;
correspond to the per capita consumption and average production capacity of the first
consumption item, respectively; 4; is the per capita ecologically productive area of the j-th
land-use type; and r; and y; are the equilibrium factor and yield factor of the j-th land-use
type, respectively.

Carbon emissions inverted with nighttime lighting data were converted to energy
consumption in units of million tons of standard coal, as well as the global average energy
footprint and conversion factor, which converted the heat consumed by the municipality’s
energy consumption to fossil energy land area, and then the EF and EC models were used
to derive the EF and EC corresponding to its energy account [32].

2.2.3. Measurement of Regional Ecological Safety Factor and Ecological Well-Being

The regional ecological security index is an important indicator for measuring regional
ecological environmental problems and carrying out ecological environmental protection.
Based on the EF and EC model, it can be used as a consideration for regional ecological
security, and is the basis for analyzing whether regional ecological well-being is in a deficit
or surplus state.

The ecological security coefficient thus determined is:

EF

@)
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where ES is the regional ecological security index. When ES > 1, the regional ecological
security belonging to the ecological consumption is beyond the carrying range, that is, the
ecological well-being is in a deficit state; and when ES < 1, the regional ecological security
belonging to the ecological consumption is in the ecological carrying range, that is, the
ecological well-being is in a surplus state.

Considering the constraints of multiple factors, such as regional economic, social
and ecosystem functions, for measuring the amount of ecological well-being, this study
constructed a model for accounting for ecological well-being by using the Pearl growth
curve, the regional GDP and the Engel’s coefficient, constraining it within the framework
of the local economy and standard of living. The resulting regional ecological well-being
measure more accurately represents the level of ecological well-being in the region.

E; = R,ESV;|EC — EF| ®)
e“GDP;
Ri= - 720
i = GDP(e + 1) ©)

where E; is the total regional ecological well-being, R; is the regional development coef-
ficient adjusted to take into account the regional level of economic development, ESV; is
the value per unit area of the regional ecosystem services, EC is the regional ecological
carrying capacity, EF is the regional EF, ¢° is a function of the natural logarithm of the base,
e is the regional Engel’s coefficient, GDP, is the total ecological value of the area i within
the region, and GDP is the gross regional product.

3. Results
3.1. Land Use Change Analysis

Figure 2 and Table 3 illustrate the land-use types of the GPUA from 2000 to 2020.
According to the land use classification standards, the GPUA is predominantly composed
of farmland, grassland, and woodland, which together accounted for approximately 94.7%
of the total land area in 2020. Specifically, farmland made up about 39.9%, grassland
constituted around 33%, and woodland covered approximately 21.8% of the region’s total
land area.

(a) 2000 (¢) 2010

[T Grassland
[IFarmland

I Water body

B Woodland
[JUnused land

B Construction land
K% " g 0 100 200 km
(d) 2015 () 2020 L

Figure 2. Land use changes in the GPUA over the study period.
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Table 3. Changes in land use structure of the GPUA.

2020
Periods Types .
P Farmland Woodland Grassland  Water Body Construction Unused Total (km?)
Land Land
Farmland 61607137 805749  3724.272 231,531 2212.084 24307 68,605.081
Woodland ~ 369.481 33318434  662.822 14.221 55.792 10.318 34,431.068
Grassland 2206467 1166475  48,937.062 51.787 139.740 21.090 52,522,622
2000  Waterbody 146864  10.015 46.891 1232.455 36.638 13.987 1486.850
Coni’;ﬂl;“"“ 380774  16.014 31.058 8.593 4387.668 0.537 4833.644
Unusedland 12811 5.150 13.498 15.614 4164 120.052 171.289
Total 64732535 35321.838  53,415.602 1554.201 6836.086 190.292 162,050,554

Geographically, the GPUA benefits from a diverse landscape. The northern part of the
urban agglomeration features loess hilly and ravine areas with relatively high vegetation
cover, as well as rich grassland and forest resources. The central region consists of the
Guanzhong and Fenwei Plains, which are adjacent to the Weihe River system, making
them highly suitable for agricultural development. The southern area is dominated by
the Qinling Mountains, known for their ecological diversity. However, the ecological
quality along the Weihe River is relatively poor, with a further reduction in biodiversity
due to large-scale agricultural activities. The Guanzhong Plain Urban Agglomeration
Development Plan has identified several ecological corridors, which play a critical role
in maintaining the ecological barrier between the loess hills and gullies and the Qinba
Mountain [7].

3.2. Multidimensional Analysis of ESV

To estimate the ESV of the GPUA, data on the production of major grain crops,
sown area, and grain purchase prices from 2000 to 2020 were used. This allowed for the
calculation of the ESV coefficient specific to the GPUA. Additionally, the natural ecosystem
was corrected using the Normalized Difference Vegetation Index (NDVI), which provides
a more accurate reflection of the natural environment’s influence on the ecosystem. The
corresponding service-type equivalent factors for ESV were determined by processing
1km x 1 km resolution NDVI data using ArcMap (10.8.1) software.

The results can be seen from the Table 4 that the total ESV of the GPUA exhibited
fluctuating trends from 2000 to 2020, with an overall pattern of increase followed by a
decrease. The peak value of ESV reached 180,472.5 million CNY in 2010, after which it
declined from 169,467.2 million CNY to 167,298.3 million CNY by 2020, representing a
decrease of 1.28%. In terms of ESV contributions by land-use types, woodland, grassland,
and farmland were the primary contributors to the total ESV. Construction land, in contrast,
was the main land-use type experiencing growth, with an increase of 2002.44 km?. Water
bodies, though covering a smaller area (67.351 km?), saw a significant ESV increase of
593.2 million CNY, representing the highest percentage increase (4.48%) among land-use
types. This suggests that water bodies have a high unit ESV and provide considerable
provisioning services, highlighting their critical ecological importance. The fluctuations
in total ESV during the study period can be attributed to land use conversions between
categories [26].
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Table 4. Total ESV for different land-use types in the GPUA (billion CNY-hm?).

20002010 2010-2020 2000-2020
Land-Use ESV (Billion-hm?) Amount of Amount of Amount of
Type Change/Rate  Change/Rate = Change/Rate
2000 2005 2010 2015 2020 of Change of Change of Change
Farmland 352406 352.314 383.827 349.791 342.349 /381 51220} /:‘ﬁ)'gﬁ/ /__120 gg’;
Woodland 784878 798818 828715 803.878  790.139 /453 58933 /—_35‘2;3 /g.égo/
27.991 —50.835 —22.844
Grassland 424903 438309 452.894 436.554  402.059 JeB0% J1190% /_5.38%
Waterbody 132299  144.038 139.121 128923  138.231 /g% y /:%‘ZS/ /i'i‘;%/
Conf;rr:‘;tlon 0000  0.000 0000 0000  0.000 0 0 0
~0.019 0.038 0.019
Unusedland 0186 0175 0168  0.146  0.206 /—0.96% 123.65% 110.43%
110.052 —131.742 —21.690
Total 1694672 1733.654 1804725 171992 1672983 o0 17 30% I 108%

The spatial and temporal distribution of total ESV is illustrated in Figure 3, with
the total ESV classified into four intervals: <90, 90-170, 170-250, and >250 million CNY.
The results indicate an overall upward trend in the total ESV of the GPUA. Notably, the
number of cities within the <9 billion CNY range has decreased, while approximately half
of the cities in the agglomeration now fall within the 9-17 billion CNY range. This change
is primarily attributed to the expansion of ecological land areas, such as woodland and
grassland, within the region. The total ESV exhibits a distinct spatial distribution pattern of
‘high in the surrounding areas and low in the center,” and ‘high in the east and low in the

west,” which mirrors the overall land use structure.

o

(c) 2010

(a) 2000 (b) 2005

Total ESV (billion CNY)
[1<90

7790 -170

[ 170 - 250

. >250

0 150 300 km
e — |

(d) 2015

(e) 2020

Figure 3. Spatial distribution of total ESV by city in the GPUA.
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3.3. EF and EC Accounting and Spatial and Temporal Pattern Release Analyses

In this study, carbon emission data for each city were derived from nighttime lighting
data and fitted, providing reasonable estimates of the carbon emission levels for each city.
Based on this, the ecosystem resource consumption in both the biological resource and
fossil energy sub-accounts was measured. Figure 4 depicted the EF consumption of each

city in the GPUA.

Baoji Linfen Pingliang Qingyang
2000 2000 2000 2000
I 36778 I 449.93 3883 ] 20.98
2005 2005 2005 2005
I 40367 | EEXCH I 54.57
2010 2010 2010 2010
. 22742 [ 55071 130165
2015 2015 2015 2015
[ EES
2020 2020 2020 2020
328
0 500 1000 1500 2000 0 1000 2000 3000 0 200 400 600 1000 0 500 1000 2000
Shangluo Tianshui Tongchuan Weinan
2000 2000 2000 2000
I 428.89 W 4569 . 52.22 I 26356
2005 2005 2005 2005
I 45124 Ws377 58.4 | I 30302
2010 2010 2010 2010
I 460.82 69.14 I 360.36
2015 2015 2015 2015
I 358.09
2020 2020 2020 2020
EE 11507
0 500 1000 1500 2000 0 200 600 1000 0 100 200 300 400 o} 500 1000 1500
Xi'an Xianyang Yuncheng
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2005 2005 2005
. 41223 I 32152 I 265.44
2010 2010 2010
I 458.39 I 35844 I 31002
2015 2015 2015
I 37533 I 360.51
2020 2020 2020
54495 |
0 500 1000 2000 0 500 1000 1500 2000 0 500 1000 1500

Figure 4. EF of cities in the GPUA (10* hm?).

The results revealed that only Shangluo, Tianshui, and Pingliang showed a slight
downward trend in their EF in 2020, although the total EF remained significantly higher
than at the start of the study period. The accelerated urbanization in the GPUA has led
to increased land development, with construction land becoming the primary site for
fossil fuel use, directly contributing to changes in carbon emissions and sequestration, and
subsequently affecting the capacity of ecosystem services.

To better illustrate the total EF consumption in the GPUA and its spatial distribution
over the study period, Figure 5 presents the changes in total EF across different cities,
categorized into four intervals: 0-120, 120-240, 240-360, and >360. These results are
detailed in Figure 5.

After 2010, the EF of the entire urban agglomeration increased sharply (Tongchuan
is excluded from the regional trend analysis due to its size and population). The EF
rose in the third and fourth intervals, 240-360 and >360, respectively. The distribution
of total consumption shifted from a pattern of “west—central-east” to “center-surround,”
reflecting a clear geographical redistribution of ecological resource consumption across the
entire urban agglomeration. This pattern provides a comprehensive view of the changing
ecological resource demands within the region.
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From the calculations in Table 5, it can be analyzed that the level of ecological carrying
capacity of the region has slightly increased in2020, and the ecological carrying capacity
from 2000 to 2020 has been calculated to be: 2402.520 x 10* hm?, 2498.137 x 10* hm?,
2513.363 x 10* hm?, 2589.526 x 10* hm? and 2593.469 x 10* hm?, respectively, an increase
of 1909.49 million hectares. These fluctuations can be attributed to changes in land-use
types and the long-term effects of the region’s ecological protection policies, both of which
have contributed to the variations in the region’s ecological carrying capacity.

Shangluo
(¢)2010

}N\

EF(x10* hm?)

[Jo-120

[1120-240

7240 - 360
[71>360

0 150 300 km
I E— |

(d)2015 (€)2020

Figure 5. Spatial and temporal distribution of the total EF of the GPUA.

Table 5. EC of the total account of biological resources in the GPUA (10* hm?2).

Tian Tong

Shui Chuan Weinan Xi‘an Xianyang Yuncheng

Year Baoji Linfen Pingliang Qingyang Shangluo

2000 261.182  298.029 163.145 373.304 268.804 207.708 57717  161.656 209.254 166.026 235.697

2005 271.106  309.606 169.176 388.532 278.608 215.178 59.931  169.192 218312 173.188 245.308

2010 273.300 313426  166.902 388.697 280.102 216.046 60.246  172.566 220.230 175.237 246.612

2015 281.372 322.623 171.821 399.625 288.107 222.474 62.023 178932 227.581 180.802 254.167

2020 280.404 323.809 171.697 398.668 286.958 223.078 61.821  179.218 229.303 181.983 256.529

From the calculations in Figure 6, it can be analyzed that Pingliang, Xianyang and
Xi’an gradually rose from the second range of 70-170 to the third range by 2020, and the
distribution of ecological carrying capacity changed from the ‘high north-low middle’
and ‘high east-low west” patterns in 2000 to a better overall distribution pattern. The
distribution of ecological carrying capacity changed from the pattern of ‘high in the north—
low in the middle” and ‘high in the east-low in the west” in 2000 to a better overall
distribution pattern, and the carrying level of each city in the urban agglomeration tended
to be stable after 2015. The continuous expansion of construction land has caused the areas
of woodland, grassland and water bodies around urban ecosystems to shrink, impeding
the functions of nourishment and regulation, reducing the ability to prevent and control
environmental risks, and exacerbating the risks and pressures on regional ecological and
environmental security.
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Figure 6. Spatial and temporal distribution of the total EC of the GPUA.

3.4. Formatting of Mathematical Components

The comparative measurement of the total EF and EC of the bioresource account was
used to derive the ecological security index as well as the ecological capacity of each city
for the years 2000, 2005, 2010, 2015 and 2020, and the results are shown in Table 6 below.

Table 6. Ecological security index and zoning of cities in the GPUA.

Tian Tong

Year Baoji Linfen Pingliang Qingyang Shangluo Shui Chuan

Weinan Xi’an Xianyang Yuncheng

2000 1.408 1.510 0.238 0.110 1.596 0.220 0.905 1260  1.910 1.647 0.950
deficit  deficit  surplus surplus deficit surplus  surplus  deficit deficit  deficit surplus
2005 1.489 1.760 0.289 0.140 1.620 0.250 0.975 1.388 2.436 1.856 1.082
deficit  deficit  surplus surplus deficit surplus  surplus  deficit deficit  deficit deficit
2010 1.564 1.786 1.807 1.966 1.645 1.655 1.148 1.636 2.656 2.045 1.257
deficit  deficit deficit deficit deficit deficit deficit ~ deficit deficit  deficit deficit
2015 1.836 1.838 1.813 2.123 1.654 1.653 1.441 1.573 2918 2.076 1.418
deficit  deficit deficit deficit deficit deficit deficit  deficit deficit  deficit deficit
2020 2.095 2.316 1.822 2.170 1.646 1.644 1.861 1.914 4318 2.741 2.124
deficit  deficit deficit deficit deficit deficit deficit ~ deficit deficit  deficit deficit

From the analysis of the results shown in Table 7, it can be seen that the GPUA is
generally in a state where ecological consumption is greater than the ecological carrying
range, and is in a state of ecological capacity deficit. Consistent with the characteristics
presented by the ecological safety coefficient, Pingliang, Qingyang and Tianshui in Gansu
Province were in a surplus state of ecological well-being amount in 2000-2005; Tongchuan
in Shaanxi Province was in a surplus state in 2000-2005; and Yuncheng in Shanxi Province
was in a surplus state in 2000. In the remaining years, all cities were in deficit, with
the overall deficit widening to 1378.9 million CNY in 2020, or 1364.914 CNY per hectare,
in Xi'an.
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Table 7. Total amount of ecological well-being of cities in the GPUA (billion CN'Y-hm?).

Tian Tong

Year Baoji Linfen Pingliang Qingyang Shangluo Shui Chuan Weinan Xi'an Xianyan Yuncheng
2000 —-0.763 —0.830 0.438 0.927 —0.333 0.749 0.007 —-0280 3277 —-0.798 0.061
2005 —0.879 —1.685 0.429 1.327 —0.325 0.765 0.002 —-0.382 —4.980 —0.879 —0.123
2010 —0.891 —1.427 —0.480 —1.762 —0.332 -0.649  —-0.009 —-0.586 —5.487 —1.011 —0.325
2015 —-1.378 —1.518 —0.436 —2.127 —0.413 —-0.727  —-0.026 —-0546 —6950 —1.166 —0.579
2020 -1.763 —2.061 —0.435 —1.967 —0.362 -0.619 —-0.050 —0.814 —13.789 —1.479 —1.452

It can be observed from Figure 7 that the more obvious of these showed that all cities
are in a declining trend and basically reached their lowest values in 2020. Baoji, Shangluo,
Xianyang, Tianshui, Pingliang and Qingyang had a small rebound, but the overall trend
was still declining. It can be seen that the ecological well-being of the GPUA presents a
distribution trend of high in the surrounding area and low in the center.
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Figure 7. Eco-well-being amount and change trend of each city in the GPUA.

The southern part of Gansu Province, to which the city in question belongs, is rich in
biological resources, with a relatively high proportion of grassland and woodland, and its
ecosystems provide greater provisioning and regulating functions and values than other
types of land. Moreover, in recent years, the local government has focused on ecological
environmental protection and ‘three lines and one single” ecological zoning control, with a
total of 56 priority protection, key control and general control units in Tianshui, a total of
61 in Pingliang, and a total of 72 in Qingyang, and the control of key areas in the southern
Qinba Mountains and the Gannan Plateau has achieved certain results. Baoji and Shangluo
have actively implemented the key tasks of the Regulations on the Protection of the Ecological
Environment of the Qinling Mountains in Shaanxi Province, as well as paying attention to the
environmental protection of mining geology and land reclamation, and have implemented
strong initiatives to do a good job of ecological environmental protection.

4. Discussion
4.1. Spatial and Temporal Heterogeneity in the Amount of the ESV

From 2000 to 2020, the total ESV demonstrated fluctuating growth, with two periods
of significant change: from 2000 to 2010, and from 2015 to 2020. This bimodal growth
pattern aligns with recent findings in China’s Yellow River Basin, where policy implemen-
tation lags and ecological project phasing were identified as key drivers of non-linear ESV
trajectories [37]. This temporal pattern aligns with recent studies on China’s ecological
restoration policies, which identified similar phased ESV growth driven by the “Ecological
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Civilization” strategy and the 13th Five-Year Plan [38]. The distribution of ESV values in
the southern, western, and northwestern edges of the study area—specifically in the Qinba
Mountains and along the Yellow River—can be attributed to the positive effects of forest
cover and water resource protection on ESV intensity [39]. Recent remote sensing analyses
demonstrated that mountainous regions with >60% forest cover (similar to the Qinba
Mountains) exhibited 2-3 times higher ESV density compared to lowland urban areas,
supporting our spatial observations [38]. Recent global analyses (e.g., in the Himalayas and
Andes) confirmed that mountainous regions with high forest cover and water retention
capacity consistently exhibit elevated ESV heterogeneity, driven by topographic gradients
and conservation policies [40]. The rapid growth of the total ESV in 2005 is largely due
to the expansion of woodland area, marking the largest increase during the study period.
This finding contrasts with previous studies that emphasized cropland conversion as the
primary driver of ESV [41], and at the same time, this finding contrasted with studies in
eastern China (e.g., Yangtze River Delta), where urbanization dominated ESV declines
during the same period, highlighting the unique role of the GPUA as an ecological transi-
tion zone, but was consistent with recent work showing the dominance of afforestation in
China’s post-2000 ecological restoration programs [42]. Additionally, the retreat of farm-
land, grassland projects, and erosion control efforts provided a strong foundation for the
restoration of ecosystem services. Comparative analysis revealed that the GPUA’s farmland
conversion rate (8.7% during 2000-2010) exceeded the national average of 5.3% reported by
Bryan et al. [37], but matched recent regional data from the Loess Plateau (8.2-9.1%) [43],
suggesting localized policy prioritization. A 2022 meta-analysis of 126 global cases revealed
that farmland conversion to forests in semi-arid regions (like the GPUA) increased ESV
by 18-24%, exceeding the global average (12-15%), likely due to the synergistic effects of
reduced soil erosion and enhanced carbon sequestration [44].

Efforts to build green barriers, such as the windbreak and sand trap forest belt, the
Loess Plateau Soil and Water Conservation Ecological Zone, the Weihe River Ecological
Landscape Belt, and the Qinba Mountain Biodiversity Ecological Functional Zone, have
been crucial in this process [45]. These multi-scale interventions mirror the “ecological
corridor” approach advocated in the 2020 National Ecological Security Strategy, but with
innovations in integrating desert-loess transition management—a critical gap identified
in previous studies [46]. These initiatives have strengthened the ecological security of the
region and contributed to the overall increase in ESV.

The provinces and prefectural-level cities within the GPUA urban agglomeration
should independently compile records and accounts detailing the functional value provided
by ecosystem services, ecological product value, environmental pollution, EF consumption,
ecological remediation, and carbon emission rights trading. By quantifying responsible
parties and compensation standards, the problem of environmental externalities can be
effectively addressed. The distribution of compensation funds and the corresponding mea-
sures will be executed accordingly. Different provinces and cities may establish separate
agencies to manage ecological well-being enhancement and compensation. These agencies
will be tasked with addressing and coordinating the implementation of policies, as well as
resolving conflicts and disputes among the primary stakeholders within the urban agglom-
eration during the ecological compensation process. Under the guidance of higher-level
organizations, these agencies will decompose tasks and regulate implementation actions
based on account preparation and the principles of ecological well-being enhancement.

The GPUA should focus on promoting systematic management projects for mountains,
rivers, forests, fields, lakes, grasslands and deserts. This approach will improve carbon
sequestration in urban green landscapes and natural ecological areas, as well as enhance
the regulatory functions of climate regulation, air purification, and the water conservation
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capabilities of watersheds, lakes, and wetlands. These efforts will contribute to the rapid
development of the “Million Acres of Forests” and “Million Acres of Wetlands” projects
in the GPUA. The successful construction of these projects in the Guanzhong region will
help reduce the opportunity cost of ecological protection. Additionally, this approach will
facilitate a coordinated division of labor between economic development and ecological
protection, ensuring that ecological compensation efforts align with the region’s long-term
sustainability goals. This spatial synergistic governance model can reduce the opportunity
cost of ecological protection and achieve Pareto improvements in economic—ecological
efficiency through differentiated division of labor.

Market mechanisms can be used to complement and improve carbon management
tools and scientifically control the total amount of carbon emissions. On this basis, the
initial allocation system of carbon emission rights will be used to carry out market-based
environmental rights trading so as to achieve the common governance effect of diversified
ecological governance and compensation for loss credits [47,48]. In the future process
of urban ecosystem protection and problem management in the GPUA, in addition to
satisfying basic provisioning, regulating and supporting services, it is important to focus
on aesthetic creation and landscape gardening to enhance the aesthetic landscape value
of urban green space, taking into account both functionality and artistry [49,50]. In 2018,
China promulgated the Guanzhong Plain Urban Agglomeration Development Plan, which
emphasizes ecological environmental protection as both a task and a prerequisite for the
development of urban clusters. This policy provides crucial support for the rapid growth of
ecosystem service values and the implementation of ecological protection and restoration
projects from 2015 to 2020.

4.2. Rationality and Necessity of Calculating Ecological Well-Being Based on Ecological
Footprint Depletion

Ecosystems in western China have a significant influence on sustainable develop-
ment and human well-being not only in eastern China but also across broader regions of
Asia [51-53]. From 2000 to 2020, the overall EF consumption in the study area exhibited
a marked upward trend, primarily driven by fossil energy consumption, in line with ur-
ban and economic development. This aligns with global patterns reported by Wiedmann
et al. (2020), who identified fossil energy as the dominant driver of EF growth in devel-
oping economies, particularly in post-industrialization regions [54]. By inverting carbon
emissions using nighttime lighting data, it was found that the carbon emissions from
construction land exceeded the net carbon emissions for the region [50]. Recent advances in
spatial carbon accounting, such as the “light-based emission mapping” method validated
by Wan et al. (2024) for Chinese cities, demonstrated that this approach can effectively
capture high-resolution spatial patterns of urban CO2 emissions [55].

Human activities, particularly the intensive exploitation of land, directly impact the
supply capacity of ecosystem services and functions. Taking the GPUA as a case study,
the ecological footprint has risen substantially, with geographic changes in consumption
expanding from the urban center to surrounding areas. Similar spatial diffusion patterns
were observed in the Beijing-Tianjin-Hebei region by Chen et al. (2024), who attributed
this “ecological spillover” to urban agglomeration effects and interregional resource de-
pendencies [56]. However, since 2010, the ecological carrying capacity of the GPUA has
largely stabilized, although the ecological footprint continues to exert a significant negative
influence on the region’s ecological security. The decoupling of EF growth and carrying
capacity stabilization reflects the “ecological redline” policy effects observed in the Beijing-
Tianjin—-Hebei region, though the GPUA achieved this transition 5-7 years earlier due to
stricter land-use control [57].
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The average compensation rate per hectare for ecological well-being in the GPUA
increased substantially, from 35.59 CNY to 187.11 CNY. The correlation between the com-
pensation price per hectare and the changes in the ecological well-being quota for each city
further highlights the alignment of these two trends [32].This compensation mechanism
echoes the “payment for ecosystem services” (PES) framework proposed by Salzman et al.
(2018), but innovates by integrating industrial restructuring into compensation criteria—a
critical advancement for urban agglomerations [58].

Xi’an, as the core of the GPUA, has accelerated urban construction and social devel-
opment, driving industrial transformation and upgrading. The secondary and tertiary
sectors now account for approximately 90% of the region’s GDP, which aligns with the
findings of previous studies [2,59], thereby improving the accuracy and robustness of the
accounting method used in this study. Notably, this industrial structure shift contrasts with
the “tertiary-led decarbonization” model observed in the Pearl River Delta, where service
industries contributed 75% of GDP but only 40% of EF reduction, suggesting the GPUA’s
manufacturing-focused transition may yield higher ecological efficiency [60]. However,
a mismatch exists between the economic space and ecological resources in the GPUA.
This rapid industrialization and urbanization process have intensified this imbalance. The
GPUA with Xi’an as the core has accelerated the process of industrial transformation and
upgrading in the process of rapid urban construction and social development, and the
output value of the secondary and tertiary industries accounts for about 90% of the regional
GDP, which is basically consistent with the results of the previous relevant studies [1]. For
the achievement of the rationality of regional ecological industrial division of labor and the
improvement of the efficiency of ecological well-being, the GPUA should form an effective
and differentiated division of labor in the ecological protection trade-offs based on the
differences in the geographic locations and resources of different cities. Addressing the
challenge of expanding urban development while preserving ecological integrity remains a
critical issue for further exploration and policy formulation.

To reduce ecological resource consumption, particularly fossil energy use, it is recom-
mended to establish regional carbon emission caps. For instance, Xi’an and Xianyang could
implement stricter building energy efficiency codes, while Linfen and Yuncheng could
prioritize the deployment of clean coal technologies. Strengthening territorial management
and addressing the negative externalities of air pollutants should be prioritized. To this
end, the implementation of a Joint Prevention and Control Mechanism is recommended
to promote regional synergy in air quality management. This strategy should serve as a
key criterion for assessing ecosystem protection and the enhancement of well-being within
the region.

At the same time, innovation platforms such as the National Engineering Research
Center and the Western China Innovation Port have helped to overcome the constraints of
the traditional industrial chain, especially in the key areas of aerospace power, materials and
research and development. The development of core technologies could be strengthened by
overcoming technological bottlenecks. Traditional heavy industrial cities such as Linfen and
Yuncheng should focus on exploiting their advantages in energy and chemical resources,
while solving key technological difficulties in energy-intensive industries such as coal-
fired power generation and coal-oil co-processing. At the same time, Xianyang should
prioritize its role as the core of the Xi’an metropolitan area and play a demonstration role
in developing the aviation industry, etc. Through these efforts, a differentiated division
of labor can be formed based on the united relationship between ecological resources,
functional product supply, and industrial development, allowing the region to capitalize
on its comparative advantages within the ecological protection trade-off process. This
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industrial restructuring based on comparative advantages can make ecological protection
an endogenous variable rather than an external constraint for high-quality development.

4.3. Research Limitations and Prospects

Three critical limitations frame the interpretation of our findings: First, the ESV-EF
framework prioritizes quantifiable provisioning services over biodiversity indicators and
ecological resilience. Second, the exclusion of cumulative stressors like chemical pollutants
and microplastics may overestimate sustainable yields. Third, our carrying capacity cal-
culations assume static technological conditions, whereas disruptive innovations could
alter future resource equations. A significant limitation of this study is the exclusion of
soil quality and precipitation variability in the correction of ESV equivalent factors. These
factors are critical in regions like the GPUA, where soil erosion and water availability signif-
icantly impact ecosystem services. In the process of EF accounting, biological resources and
energy consumption were considered, but carbon sink capacity was not taken into account
when measuring EC. Consequently, after considering the constraints of ecosystem service
provision and human resource consumption and carrying level, it is important to explore
the regional ecological well-being amount and well-being enhancement compensation.

In future studies, the methodology can be further refined by incorporating more
precise and accurate indicator data. Subsequent research should integrate molecular
biodiversity monitoring (e.g., eDNA metabarcoding) with dynamic modeling of contami-
nant pathways to develop next-generation sustainability metrics. Future research should
integrate high-resolution soil maps and climate data to enhance the robustness of ESV
corrections. By combining land use data, researchers can scale up the measurement of
regional ecological well-being and explore additional natural and socio-economic driving
factors.

5. Conclusions

This study constructed a regional ecological well-being accounting and realization
model focusing on GPUA. Based on land use data from 2000 to 2020, the model aimed to
elucidate the relationship between the value of services provided by natural ecosystems
and the consumption of urban ecosystems by human activities. The ESV and EF models
were used to quantify the regional ecological service supply and human consumption
and analyze their spatial distribution characteristics. By measuring ecological capacity, a
regional security index was calculated. In addition, the results of ecological well-being
surplus or deficit were constrained by GDP and Engel’s coefficient. The “net ecological
well-being” indicator in this study represented relative progress in resource accounting
rather than absolute sustainability. This has improved the accuracy of assessing regional
net ecological well-being and enhanced the robustness and completeness of the results of
previous studies.

(1) From 2000 to 2020, the total ESV in the GPUA exhibited fluctuating changes, with
a general trend of increase followed by a decline, peaking in 2010. The distribution of ESV
value across the cities within the GPUA is imbalanced. High-value areas are predominantly
located in regions with high altitude and slope, such as the Yellow River and Weihe River
Basin areas, which are rich in ecological resources and feature more intact ecosystems.
These areas also exhibit significant positive ecological effects. Water bodies, which provide
high ESV intensity per unit area, contribute substantially to the overall ESV. They play a
critical role in ecosystem services, including both provisioning and regulating functions,
underscoring their importance in the region’s ecological structure.

(2) Overall, the GPUA has experienced a substantial increase in its total consumption of
ecological resources, with fossil energy consumption comprising more than one-third of the
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Abstract: Taking Xining City as an example, this article analyzes the mechanism by which industrial
park construction drives the expansion of urban population size and built-up area, based on a review
of the process of industrial park development and urban population growth. It also discusses future
urban governance models in light of urban development trends. The research finds: (1) In the process
of urban development, industrial park construction is often the initial factor in the cumulative and
cyclical development of a city; (2) As the level of development improves and the mode of economic
growth changes, the government should timely adjust its strategies, shifting from the expansion
of industrial park construction towards structural optimization and quality improvement. The
most significant difference from previous research is that this paper emphasizes the importance
of government planning. This study can not only demonstrate the general process of industrial
parks promoting urban expansion, but more importantly, it explains the fundamental reasons for the
transition of urban expansion to adjustment from a mechanism perspective, thereby eliminating the
drawbacks of simply predicting urban scale evolution through data models.

Keywords: industrial park; urban scale; employment elasticity coefficient; urban governance

1. Introduction

Urban population serves as a crucial carrier of urban nature and function. Understand-
ing and grasping the mechanisms and processes underlying changes in urban population
size are foundational for urban managers to determine reasonable urban population sizes
in urban planning, accurately judge and predict future urban trends, and more importantly,
establish a rational urban governance way. In the research on population size prediction,
major methods include the Logistic model [1], the Grey model [2], and the neural network
model [3], as well as the Grey-neural network model [4-6] derived from the combination
of the Grey model and the neural network model. These models all statistically analyze
historical data on factors affecting changes in urban population size, explore their temporal
variation patterns, and derive long-term trends in population size changes to predict their
future variations [7]. These methods are mostly applicable to regions or entire countries
with low cross-border migration speeds and small migration scales. For cities under-
going rapid urbanization, influenced by numerous factors, and experiencing significant
uncertainty in population changes, model predictions based on historical data have been
criticized for their accuracy [8-10]. More importantly, while models can output future
evolution results, they cannot reveal the mechanisms and reasons behind these results. In
the process of urban development and growth, apart from natural population changes,
economic growth drives employment expansion, which attracts a large influx of migrant
populations, further propelling population size growth. This increased population size,
in turn, fuels urban economic growth, forming a cumulative cyclical process that is the
fundamental mechanism sustaining urban population development.

According to the theory of cumulative cyclic causality, in a dynamic social process,
there exists a cumulative cyclic causal relationship between various socioeconomic factors.
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A change in one socioeconomic factor will induce a change in another socioeconomic factor,
which, in turn, reinforces the initial change and leads the socioeconomic process to develop
along the direction of the initial change, thereby forming a cumulative cyclical development
trend [11]. Economic growth drives employment expansion, which facilitates labor transfer
and agglomeration, further leading to population agglomeration in cities [12,13], promoting
the expansion of urban population size and land use scale. Conversely, the growth of urban
population size also drives economic growth. Since the reform and opening-up policy,
numerous cities in China have established various types of development zones, industrial
parks, and new towns, which have played a significant role in economic development.
Many of these have served as “initial factors” at certain stages, driving rapid urbanization
and becoming urban growth poles [14]. The role of various development zones, industrial
parks, and even new urban areas in urban development is not difficult to understand, but
there is a lack of systematic analysis and empirical research on how these new areas propel
urban development. Secondly, since the 18th National Congress of the Communist Party
of China, innovative and green development have become the themes of the era. Cities
at all levels are gradually abandoning their original extensive development models and
transforming and adjusting various industrial parks and economic development zones.
After high-speed expansion and subsequent adjustment in industrial parks, it is necessary
to delve into the processes and situations that urban development will undergo. Lastly, in
the process of urban development, guided by different stages and goals, the concepts and
methods of urban governance will change accordingly [15]. How should urban governance
adjust to changes in the urban development process?

Taking Xining City, Qinghai Province, as an example, this paper analyzes the mecha-
nism by which the construction of industrial parks drives urban development and urban
population expansion, aiming to conduct a comprehensive and deep study on this issue.
This study can not only demonstrate the general process of industrial parks promoting ur-
ban expansion, but more importantly, it explains the fundamental reasons for the transition
of urban expansion to adjustment from a mechanism perspective, thereby eliminating the
drawbacks of simply predicting urban scale evolution through data models.

2. Research Methods and Data of the Case Study Area

This study takes Xining City as an example to analyze the mechanism of how industrial
park construction promotes urban population and land expansion based on the cumulative
causation theory. Also known as the circular cumulative causation theory, this theory
was first proposed by renowned economist Gunnar Myrdal in 1957 and later developed
and formalized into models by Nicholas Kaldor, R.W. Dixon, and Gunnar Myrdal himself,
among others. Myrdal and his colleagues believed that in a dynamic social process, there
exists a circular and cumulative causal relationship among various socio-economic factors.
A change in one socio-economic factor triggers a change in another, which in turn reinforces
the initial change, leading the socio-economic process to evolve in the direction of the initial
change, thus forming a cumulative and circular development trend [16-18]. Based on this
concept, the analytical framework proposed in this paper is illustrated in Figure 1.

Another explanation for the driving force behind the development of industrial zones
lies in the industrial clustering effect [19]. Clusters are formed by interconnected enter-
prises and institutions that are geographically concentrated and belong to similar industries
within a specific field [20]. Industrial clusters are a common phenomenon in the process
of industrialization, and various industrial clusters can be clearly seen in all developed
economies [21]. The rise of industrial clusters stems from the discovery of positive externali-
ties of agglomeration by scholars such as Marshall [22]. The agglomeration of enterprises in
industrial clusters can build a stable regional innovation network [23], generating network
effects and knowledge spillover effects, thereby driving the development of industrial
parks. The coupling of internal and external networks within industrial agglomerations
can bring about complementary and win-win results. The local innovation network is
an essential guarantee for the spillover of relevant knowledge within the cluster, while
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the external global innovation network can, to a certain extent, bring more heterogeneous
knowledge to the local cluster, thereby promoting the development of local innovation
clusters [24]. Due to the similarity in cognition, technology, and other aspects brought
about by geographical proximity, the internal connections within the cluster arise from the
flow of homogeneous innovation knowledge with a high degree of relevance [25]. Related
diversification is an important foundation for effective knowledge spillover [26].
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Figure 1. The analysis framework of industrial parks driving urban expansion.

Xining City, located on the eastern edge of the Qinghai-Tibet Plateau, in the eastern
part of Qinghai Province, and within the river valley basin in the middle reaches of
the Huangshui River, is the capital of Qinghai Province and one of the key cities in the
Lanzhou-Xining urban agglomeration. It is an important city supporting the ecological
security barrier of the Qinghai-Tibet Plateau and maintaining prosperity and stability
in the northwest region. Xining City administers five districts and two counties, with
a total municipal area of 7660 km?2. In 2020, the resident population was 2.468 million,
with an urban population of 1.9406 million and an urbanization rate of 78.63%. The urban
population in the central city area was 1.739 million, and the built-up area of the central
city was 208 km?. Xining is the only provincial capital city on the Qinghai-Tibet Plateau
with an urban population exceeding one million and a built-up area exceeding 100 km?.
In 2020, the total GDP of Xining City was CNY 137.298 billion, accounting for 46.26% of
the total GDP of Qinghai Province, with a per capita GDP of CNY 55,631, which is 13.58%
higher than the provincial average.

Since 2000, within the central city area composed of five municipal districts includ-
ing Chengzhong District, Chengdong District, Chengxi District, Chengbei District, and
Huangzhong County (District), Xining City has successively established the Xining (Na-
tional) Economic and Technological Development Zone, High-tech Industrial Development
Zone (Biotechnology Industrial Park, located in Chengbei District), Chengnan New Area,
Haihu New Area, Beichuan Industrial Park, and other new urban functional areas. Among
them, the Xining (National) Economic and Technological Development Zone adopts a
diversified management model within one zone, including the Dongchuan Industrial Park
located in Chengdong District, the Ganhe Industrial Park located in Huangzhong County,
and the Nanchuan Industrial Park located in Chengzhong District (see Figure 2). Driven by
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the development and construction of industrial parks and new urban areas, Xining City
has entered a high-speed phase of economic and population growth as well as built-up
area expansion, providing an excellent sample for observing and studying the expansion

of population size and urban environmental changes driven by industrial parks.
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Figure 2. The layout of the central city area and industrial parks in Xining.

The population data for the main years in this article are primarily derived from the
five population censuses conducted from the beginning of reform and opening-up until
2020. The population data, labor and employment data, and economic data for other years
are sourced from the statistical yearbooks of Xining City from 1990 to 2021. In cases of
inconsistent data within the statistical yearbooks, the data from the most recent year’s
statistical yearbook are used. Relevant information on industrial parks, new urban areas,
and built-up areas is obtained from the Xining Development and Reform Commission,
the Economic and Technological Development Zone Management Committee, as well as
policy documents such as the “Twelfth Five-Year Plan for National Economic and Social

Development of Xining City”, the “Thirteenth Five-Year Plan for National Economic and
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Social Development of Xining City”, and the “Fourteenth Five-Year Plan for National
Economic and Social Development of Xining City”. All maps were produced by the authors
using ArcGIS 10.5.

3. Industrial Park Construction and Urban Scale Expansion
3.1. Process of Industrial Park Construction and Urban Population Expansion

As a western inland province with ethnic minorities as the main population, compared
to eastern regions and other parts of the country, Xining City implemented reform initiatives
and related policies relatively late in the process of reform. In 1979, the Shekou Industrial
Zone in Shenzhen was established, and in 1984, China’s first batch of economic and
technological development zones was newly established. By 1999, the total number of
various urban new areas reached 815 [14]. However, as the capital city of Qinghai Province,
Xining City was not approved to start construction of its first development zone, the Xining
Economic and Technological Development Zone, until 2000. The development zone is
located in Chengdong District, the eastern part of Xining City, Qinghai Province, and
was renamed the Dongchuan Industrial Park of the Xining Economic and Technological
Development Zone in 2006. Soon after, in April 2002, the Biotechnology Industrial Park was
established in Chengbei District of Xining City, and in July 2002, the Ganhe Industrial Park
was established in Huangzhong County (now Huangzhong District). The three industrial
parks were unified and incorporated into the management system of the Xining Economic
and Technological Development Zone in 2005 and 2006, forming a management framework
of one zone with three parks. In February 2008, the Nanchuan Industrial Park of the Xining
Economic and Technological Development Zone was established in Chengzhong District,
forming a layout of one zone with four parks. In November 2010, the Biotechnology
Industrial Park was upgraded to a national high-tech industrial development zone upon
approval by the State Council and named the Qinghai High-tech Industrial Development
Zone, becoming the only national high-tech zone in Qinghai Province. It was separated
from the management system of the economic and technological development zone in 2017
for independent management.

As a carrier and engine driving rapid economic development, industrial parks have
gradually played their role. In the 10 years before 2000, Xining City’s average annual GDP
growth rate was 7.56%, with the highest year being 1998 at 10.1%. In other years, it did
not exceed double digits and was not significantly different from the economic growth
rate of Qinghai Province (see Figure 3). However, Xining’s economic growth continued
to rise and gradually surpassed the provincial economic growth rate, reaching a peak of
18.2% in 2010. It maintained a double-digit growth rate for 16 consecutive years until it
dropped to 9.8% in 2016, far exceeding the economic growth rate of Qinghai Province.
This period roughly coincides with the development and construction of industrial parks,
and the contribution of industrial parks to economic growth has gradually increased. In
2007, the industrial added value of the four major industrial parks accounted for 25.7% of
the city’s total industrial added value. By 2009, the proportion exceeded 50% for the first
time, reaching 50.51%, and peaked at 73.9% in 2016. After 2016, although the proportion
of industrial added value from the parks in the city began to decline, it still accounted for
about 55% by 2019, before the outbreak of the pandemic (see Figure 4).

Rapid economic growth inevitably generates significant demand for labor. During the
“12th Five-Year Plan” period from 2006 to 2010, Xining City created 95,000 new urban jobs.
During the subsequent “12th Five-Year Plan” period from 2011 to 2015, the cumulative
number of new urban jobs reached 150,400. During the “13th Five-Year Plan” period from
2016 to 2020, the cumulative number of new urban jobs was 159,000, and by 2020, the
number of urban employees in Xining City surpassed one million, reaching a high of
1.04 million. Correspondingly, the urban population increased from 910,000 in 2000 to
1.1483 million in 2010 and reached 1.688 million in 2020, with an increase of 778,000 urban
residents over the past 20 years. In contrast, during the entire 90s of the last century, the
urban population of Xining City increased by only 260,000 (see Figure 5).
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Figure 5. Changes in urban employees and urban population in Xining City from 2000 to 2020.

3.2. Process of Urban Built-Up Area Expansion

The construction of industrial parks and new cities relying on these parks has driven
rapid expansion of Xining’s urban area. The built-up area expanded from 52 km? in
the early 2000s to 91 km? in 2010 and reached 208 km? by 2020 (see Figures 6 and 7),
representing an increase of 108% over the past decade. In contrast, during the entire 90s of
the last century, the built-up area of Xining increased by only 2 km?. The expansion of the
built-up area has been achieved through two modes, where one is the expansion driven
by the construction of industrial parks themselves. The Dongchuan Industrial Park, the
first established in Xining, has a planned area of 12.79 km?; the Biotechnology Industrial
Park initially had a planned construction area of 10 km?; the Ganhe Industrial Park has
a planned area of 10.89 km?; and the Nanchuan Industrial Park has a planned area of
approximately 10 km?. By around 2010, except for the Dongchuan Industrial Park due to
terrain constraints, the other three industrial parks had all undergone expansion, with the
Biotechnology Industrial Park expanding by 23.5 km?, Nanchuan expanding to 31.39 km?,
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and Ganhe Industrial Park reaching 35.28 km?. The planned area of the parks increased
from the initial 53.78 km? to 101.06 km?.
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Figure 6. The expansion process of the built-up area of Xining City center.
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Figure 7. The process of spatial expansion of construction land in Xining City.

With the development of information technology, the dominant type of industrial
parks has gradually shifted from suburban or suburban-like park models to urban models
with more “urban characteristics” [15]. As the urban population grows, new city construc-
tion has become another major pathway for the expansion of Xining’s built-up area. When
the Ganhe Industrial Park underwent its second expansion in 2008, it also initiated the
Kangchuan New City relocation and resettlement project involving 26,000 people. As the
largest relocation and resettlement project in Qinghai Province at that time, it was equipped
with medical, educational, commercial, cultural, and other living service facilities. The con-
struction of the Ganhe Industrial Park also facilitated the transformation of Huangzhong
County into a district, becoming part of Xining’s urban area in 2019—Huangzhong District.
During the construction of the Nanchuan Industrial Park and the Ganhe Industrial Park,
Xining developed the Chengnan New Area between the Nanchuan Industrial Park in the
southern part of the city and the Ganhe Industrial Park, with a total area of 30 km?. In
2007, construction of the Haihu New City began in the Chengxi District, covering an area
of 10.5 km? and planned to accommodate a population of 150,000. In 2014, relying on the
Biotechnology Industrial Park (Qinghai National High-tech Industrial Development Zone),
the Beichuan New Area was officially developed and constructed, with a planned area
of 8.6 km?. Many new campuses of universities such as Qinghai University and Qinghai
Normal University are located in the new area. The construction of three new cities relying
on the three major industrial parks in the south, north, and west has basically completed

the expansion of Xining’s central urban built-up area, forming the current built-up area of
208 km?.
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From the perspective of the entire process of Xining’s urban development, industrial
parks have been the “initial factor” driving urban development since 2000. This “ini-
tial factor”, under the cumulative and circular causal law, has brought rapid economic
growth and increased the urban employment capacity, thereby driving the expansion of
the urban population and land use. The expansion of the city scale, in turn, promotes
economic growth, creating a virtuous cycle. This process of development and expansion is
summarized and illustrated in the following diagram (see Figure 8).

The construction of > Industrial »| Economic growth > Offering
industrial park development employment
A
A 4 \ 4
The expansion of | The expansion optimization | The construction | Population
industrial land i of built-up area ) of new area A expansion

A

Figure 8. The cumulative cyclic process of urban scale expansion driven by the construction of
industrial parks in Xining City.

4. Transformation of Economic Growth Patterns and Trends in Urban Evolution
4.1. Adjustment and Transformation of Economic Growth Patterns

The rapid expansion of urban population size and land use scale will inevitably put
pressure on the ecological environment, leading to sustainable development issues [26].
Since the 18th National Congress of the Communist Party of China, the country has increas-
ingly emphasized the quality of economic development rather than solely emphasizing the
speed of development. Economic development has shifted from the unsustainable model
that relied on extensive resource input to a sustainable development model mainly driven
by technological progress and improvements in labor productivity. On the one hand, the
economy has entered a new stage of medium-to-low-speed development from high-speed
growth. Since 2013, Xining’s economic development has entered a downward trend, neces-
sitating the exploration of new economic growth points. On the other hand, the pressure
on the ecological environment caused by large-scale development has prompted the city
to adjust its development strategy. In the “12th Five-Year Plan”, the Xining municipal
government proposed to “increase industrial structural adjustments, significantly reduce
energy and resource consumption and environmental pollution through technological
innovation and technological transformation, gradually form a sustainable development
model, establish and improve the characteristic industrial system, and embark on a path
of new industrialization”. During the “13th Five-Year Plan” period, Xining intensified
the adjustment of industrial parks, proposing that each industrial park should focus on
its leading industries, promote industrial upgrading, rationally divide labor in space, im-
prove land use efficiency, and form agglomeration advantages: “Dongchuan focuses on
silicon material photovoltaics and light alloy materials; Nanchuan focuses on lithium-ion
battery new energy and Tibetan carpet and woolen textile industry; Chengbei focuses on
biomedicine and equipment manufacturing; Ganhe focuses on non-ferrous metal deep
processing and specialty chemicals; Beichuan focuses on high-tech industries”. The recent
“14th Five-Year Plan” identifies green development and innovation development as the
two core pillars of Xining’s development: “Accelerate the formation of a system, industrial
system, and production and lifestyle that match ecological protection, follow the path of
green development, and build an ecological civilization city; adhere to the core position
of innovation in the overall situation of modernization, accelerate the construction of a
modern industrial system, and actively promote high-quality development”.
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The shift from past extensive development to the pursuit of high-quality development
will reshape the trajectory of urban development. Improvements in labor productivity will
further reduce the employment elasticity coefficient of economic growth, lower the labor
absorption capacity, and thereby reduce the speed of urban population agglomeration. At
the same time, due to the decline in the birth rate and the increase in the aging population,
although the child dependency ratio of the working-age population has decreased, the
elderly dependency ratio has increased. The migrant population is the main source of
population growth in central cities, and changes in the bringing-family coefficient will also
be an important factor affecting future urban scale changes.

4.2. Changes in the Employment Elasticity Coefficient of Economic Growth

Different economic growth patterns and different industrial types have different labor
demand intensities and labor intensity at different stages of development, leading to
varying abilities to drive new employment through economic growth. Since 2013, Xining’s
economy has entered a downward trend, and along with the decline in development speed,
the scale of new employment brought by GDP growth has also shown a downward trend,
manifested as a decline in the overall employment elasticity coefficient. From 2000 to
2013, the employment elasticity coefficient of economic growth in Xining was above 0.3 in
most years, with the highest reaching 0.55 in 2011. After 2012, the employment elasticity
coefficient gradually declined, with no year exceeding 0.3, and the highest in 2016 was
only 0.27 (see Figure 9). Especially for the secondary industry, with industrial parks as
the main carrier, after experiencing scale expansion, the number of employees peaked in
2011 and 2012 and then tended to decline (see Figure 10), contributing most significantly
to the decline in the employment elasticity coefficient. It can be seen here that the decline
in the employment elasticity coefficient is not only driven by the government’s proactive
response and active promotion but also an objective requirement for industrial upgrading
and development to a certain extent.
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Figure 9. Changes in the employment elasticity coefficient of economic growth in Xining City.
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Figure 10. The added value of the secondary industry and the change of employees in Xining City.
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4.3. Dependency Ratio and Changes in Urban Population Size

The urban economy is an economic system primarily based on the secondary and
tertiary industries. Employment expansion in cities leads to spatial migration and agglom-
eration of population, thereby driving the expansion of urban size and being the primary
mode for the growth and development of urban population size. In terms of net population
migration, since 2000, the net migration of population in the central urban area of Xining
has been continuously increasing, particularly evident in Chengdong District and Chengbei
District. The net migration of population in the four central districts increased from 295,000
in 2010 to 522,700 in 2020 (see Table 1). The fundamental purpose of migration for non-
household registered individuals is to secure employment and earn income. The results
of net population migration in different districts and counties of Xining demonstrate the
relationship between employment expansion and urban population growth. Although the
employment elasticity coefficient of economic growth in Xining declined in the latter half
of the past 20 years, the expansion of economic and employment scales still significantly
contributed to population growth. Furthermore, the magnitude and trend of urban popu-
lation growth, along with changes in the dependency ratio resulting from demographic
structural evolution, are also important factors influencing employment-driven population
changes.

Table 1. Net migration of population in Xining City counties and districts in major years (10,000 people).

Year Chengdong  Chengzhong Chengxi Chengbei Huangzhong Datong Huangyuan
District District District District District County County
1990 227 — —3.89 — 0.31 0.41 0.05
2000 9.11 — 491 4.65 0.21 151 0.02
2010 11.1 6.62 3.26 8.56 -2.71 —1.04 —0.07
2020 22.56 7.23 54 17.08 —8.64 —2.66 —1.85

The dependency ratio in Xining has experienced a trend of first decreasing and then
increasing. It declined from nearly 2.5 in the early 21st century to around 2.0 in 2008
and further dropped to its lowest point in 2016. Since 2016, it has gradually risen over
the past five years, forming a “U”-shaped trend (see Figure 11). This changing trend has
solid practical implications and is influenced by changes in the population’s age structure.
As shown in Figure 10, the total dependency ratio in Xining was 47.85 in 2000 and then
declined to 40.52 in 2010. The primary reason for this decline was the significant drop
in the child dependency ratio due to the decrease in the birth rate. In 2020, the total
dependency ratio rose again to 43.82, primarily due to the impact of population aging,
where the elderly dependency ratio increased significantly while the child dependency
ratio remained relatively stable (see Figure 12). The evolution of the population structure is
the root cause of changes in the dependency ratio. The changes in Xining indicate that with
the adjustment of China’s family planning policy, while the birth rate and child dependency
ratio remain stable, the increasing trend of aging will lead to a rise in the dependency ratio.
This will be an important factor in judging the future changes in urban scale in China.

Another phenomenon emerging in the stage of high-quality development is the con-
tinuous optimization of urban land use structure, the improvement of public facilities,
and the enhancement of urban space. In the process of urban population expansion, the
expansion of built-up areas into urban districts has provided possibilities for incorporating
larger green spaces and conditions for the renovation of old urban areas. In 2020, Xining
established 124 parks and street green spaces. The green space ratio in built-up areas
increased from 18.7% in 2000 to 35.6% in 2010 and 40.02% in 2020. The per capita public
green space area rose from 3.94 m? to 12.82 m? (see Table 2). The improvement in the
livability of the urban environment has increased its attractiveness, which is one of the
factors driving population agglomeration. In the 14th Five-Year Plan, the Xining Municipal
Government further proposed to “build a high-level park city”.
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Figure 12. Changes in the population dependency ratio in Xining.

Table 2. Green space rate and public green space per capita in built-up areas of Xining City from 2000

to 2020.
Year
2000 2005 2010 2015 2020
Road area per capita (m?) 6.48 6.81 7.35 7.8 12.9
Green space rate of 187 28.0 356 3902 40.02
Built-up areas (%)
Public green space per capita (m?) 3.94 6.16 9.00 12.0 12.82

In the process of transforming economic growth from an extensive mode to a high-
quality one, the decline in economic growth rate and the functional adjustment of industries
and industrial parks have led to an increase in labor productivity, with a decreasing
employment elasticity coefficient as a long-term trend. Along with the improvement of
economic development, the decline in the birth rate and the deepening of aging are also
long-term trends in social development, driving the dependency ratio to first decrease and
then increase. The dual overlapping effects of the dependency ratio and the employment
elasticity coefficient mean that compared to the period of extensive development, the

growth rate of urban populati

on will slow down, leading to a slower pace of land expansion

and ushering in a period of internal optimization and adjustment for urban space. This
process can be illustrated by Figure 13.
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Figure 13. Relationship between economic growth and urban population growth at the stage of
high-quality development.

5. Conclusions and Discussion

Industrial parks are crucial factors driving urban economic growth and urban expan-
sion. This study finds that the construction of industrial parks is often the “initial factor”
in the cumulative and cyclical development process of cities. Firstly, in the urban devel-
opment process, the construction of industrial parks drives the economy to a new growth
platform, expands the capacity to absorb labor, drives population agglomeration, and
provides impetus for the construction of new urban areas. The construction of new urban
areas and the expansion of industrial parks become the two major ways for the expansion
of built-up areas, marking the first wave of urban development driven by industrial parks.
Secondly, with the improvement of the development level, the transition from an extensive
development mode solely pursuing economic growth rate to a higher-quality development
mode promotes the adjustment of industrial parks, the reorientation of industrial devel-
opment, and leads to a decline in economic growth rate and the employment elasticity
coefficient of economic growth. On this basis, coupled with changes in the dependency
ratio caused by demographic structural changes, it results in a decrease in urban population
growth and urban construction land expansion. At this point, the city enters a stage of
internal land optimization and adjustment, accompanied by the improvement of urban
infrastructure and the gradual increase in urban per capita road area and per capita green
area, marking the second wave of intensive urban development. The understanding of
the process and mechanism of urban expansion driven by the construction, development,
and adjustment of industrial parks, as well as the changes in the employment elasticity
coefficient and the dependency ratio brought by demographic structural changes, is a key
to predicting urban population size. The “initial factor” or the dominant factor leading to
development and change may vary in different cities, but understanding the process and
mechanism and recognizing the development patterns of the studied city should be the
premise for future predictions.

After the second phase of optimization and adjustment, during the pandemic years of
2021, 2022, and 2023, Xining’s GDP growth rates reached 8.1%, 2.1%, and 8.6%, respectively.
Notably, the GDP growth rates in 2021 and (hypothetically) 2023 surpassed the provincial
average by 2.4 and 3.4 percentage points, respectively. This underscores the role that
Xining’s optimization of industrial parks has played in driving economic recovery post-
pandemic. In 2023, China’s urbanization level reached 66.2%, entering the middle to late
stages of urbanization. Based on the two-stage process of urban scale development driven
by industrial parks, promoting urban intensification and sustainable development is not
only a necessity for the situation and practical development but also supported by the
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theory of urban development patterns. In the future, with the continuation of the new
normal of economic growth, labor productivity will increase with the improvement of
the development level, the employment elasticity coefficient will decline, and the trend of
large-scale urban expansion across the country will further reverse. Both urban population
and land scale will enter a period of stable development. The focus of urban construction
will shift from expanding urban scale to enhancing urban quality [27], and correspondingly,
urban governance concepts and practices must also adapt to this transformation [15].
During the period of rapid urban expansion, the “incremental” construction of industrial
parks and new towns must be addressed through an “incremental” governance model,
expanding the spatial scope of urban governance and transitioning from a rural governance
model to an urban governance model. When cities enter the “stock” construction period of
stable development, the emphasis is on the optimization and upgrading of “stock”, with
“stock” governance as the main focus, targeting the construction of livable, innovative,
smart, green, humanistic, and resilient cities [28], and improving the scientific and refined
level of urban governance with people as the core.

While industrial parks cannot explain all the reasons for urban expansion, they are
a significant force and one of the key paths for promoting urban development. As a
city in the underdeveloped western region of China, the study of Xining shows that for
economically underdeveloped areas, following the conventional path of development is
challenging to achieve economic “catch-up” and reverse their lagging status. However,
through the concentrated development of industrial parks, improving the local investment
environment, and enhancing infrastructure quality, it becomes possible to achieve catch-
up growth. Nevertheless, the construction of industrial parks is a gradual process that
must be coordinated with national and even global macroeconomic trends, avoiding
unlimited development that could lead to disorderly expansion or even the emergence
of “ghost cities”. Strategies must be flexibly adjusted according to different development
stages and changes in macroeconomic conditions, with comprehensive support in land
development and consolidation, infrastructure construction, labor and social security, and
other aspects. All industrial parks in Xining are under the unified management of the Xining
Municipal Government. To avoid vicious competition among different industrial parks,
the government has conducted precise positioning and overall planning for the functions
of each park. This highlights the critical importance of coordinating the positioning of
different industrial parks within the same region.

The previous research on industrial districts and clusters emphasized the innovation
networks formed within clusters by enterprises, as well as the knowledge sharing and
spillover effects that arise from multiple similarities. These effects emerged spontaneously
among enterprises. However, the most significant difference from previous studies lies in
the emphasis placed on the importance of government planning in this paper. Specifically,
it highlights that, especially in economically underdeveloped regions, governments should
seize opportunities in a timely manner based on external environments and internal
development needs, proactively promote the construction of industrial parks, and adjust
the development strategies of industrial districts according to external and internal changes.
This proactive approach is crucial for regional economic development.
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Abstract: The transformation and upgrading of resource-exhausted cities are crucial for regional
sustainable development, but how to help them overcome innovation challenges remains to be
explored. Based on data from 2003 to 2016, this study used a difference-in-differences (DID) method
to examine the impact of China’s support policy for resource-exhausted cities on urban innovation
and tests for long-term mechanisms. The results indicate that the support policy significantly
enhanced regional innovation levels. The mechanism tests showed that these policies promoted urban
innovation through long-term mechanisms of increasing marketization and upgrading industrial
structures. Further analysis revealed that the innovation-promoting effects of the policies were more
significant in resource-exhausted cities located in the eastern region, those not dependent on coal,
those with a low reliance on extractive industries, and those with a favorable talent environment. The
findings suggest that the government should provide policy support to achieve the transformation,
upgrading, and sustainable development of resource-exhausted cities through urban innovation.

Keywords: resource-exhausted cities; sustainable urban development; urban innovation; marketization; China

1. Introduction

For a long time, developing countries have hindered sustainable development by
trading high resource consumption for low economic growth [1]. In the early stages of
national industrialization, resource-based cities relied on their abundant natural resources
to transfer surplus value to other regions through low resource prices, contributing signifi-
cantly to national development [2]. However, due to the constraints of limited resources
and the laws of urban development, resource-based cities inevitably go through a process
of construction, prosperity, decline, and transformation [3]. As resources are gradually
depleted, the economic benefits of the resource industry diminish, and the development of
these resource-based cities reaches its end stage, becoming known as resource-exhausted
cities [4]. Thus, the transformation of resource-exhausted cities is a significant issue in the
economic and social development of countries worldwide, including developed nations
like Germany’s Ruhr area and France’s Lorraine region.

Contrary to the “convergence process” in Solow’s growth theory, empirical evidence
shows that abundant resources have not benefited regions; instead, they have constrained
local economic development. This dilemma faced by resource-exhausted cities is termed
the “resource curse” [5-7]. The “resource curse” refers to regions rich in resources becoming
overly dependent on a single economic structure, resulting in low industrialization and dif-
ficult industrial transformation [8], as exemplified by Venezuela. International experience
shows that financial aid can only address the surface issues of resource-exhausted cities. To
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transform from resource-dependent to innovation-driven economies and achieve sustain-
able development, it is crucial to resolve the deeper contradictions of lacking long-term
economic development mechanisms [9].

Innovation is a key driver of economic transformation and development. According to
endogenous growth theory, sustained economic growth cannot rely on external forces, and
endogenous technological progress is the determinant of long-term economic growth [10].
Urban innovation has become a critical driver of sustainable urban economic development.
Concentrating talents, enterprises, capital, and other innovation elements, urban inno-
vation is a significant carrier of national innovation activities and refers to the processes
and products centered on urban technological progress [11,12]. For countries worldwide,
exploring how to enhance urban innovation capacity is of great importance in promoting
national innovation systems and sustainable economic development. Ample theoretical
and empirical evidence suggests that urban innovation plays a vital role in cultivating
new economic growth points, optimizing and upgrading industrial structures, improv-
ing resource utilization efficiency, enhancing urban resilience, and promoting inclusive
social development [13-16]. However, resource-exhausted cities often lag in innovation.
Long-term dependence on single resource-based industries leads to low innovation levels,
while poor economic development further reduces innovation factors [17]. Effectively
improving the innovation level of resource-exhausted cities is an important issue that is
worth exploring.

As the world’s largest developing country, China faces pronounced innovation chal-
lenges in its resource-exhausted cities. Low resource pricing and costless ecological ex-
ploitation are significant factors leading to the decline of China’s resource-based cities [18].
Despite a series of government documents indicating the central government’s determi-
nation to promote the transformation of resource-exhausted cities, there are concerns
that these support policies may merely shift local development difficulties to the central
government via lacking long-term mechanisms and hindering the transformation and
upgrading of resource-exhausted cities [19]. Thus, whether the support policy promotes
urban innovation, establishes long-term mechanisms in market and industrial structures,
and exhibits heterogeneous effects due to other factors remains unanswered and requires
empirical verification.

Our study was related to three broad literatures. First, our findings connect to the
literature on the transformation and development of resource-based cities. International eco-
nomics literature extensively discusses the importance of the positioning of resource-based
cities within global value chains and explores how to leverage international trade value
chains and the smile curve theory to develop cities based on their unique resources [20-22].
These studies underscore the crucial positioning of resource-rich cities and provide rec-
ommendations for their development. Despite their lagging economic scale, resource-rich
regions can achieve economic growth and industrial upgrading through global value
chains [23,24]. This perspective was further validated in numerous studies. For instance,
Humphrey and Schmitz (2002) indicated that by integrating into international trade value
chains, resource-based cities could gain technology transfer and knowledge spillover ef-
fects, thereby promoting local industrial upgrading and economic growth [25]. This study
explored the transformation of cities as their dependent resources become exhausted, par-
ticularly focusing on how to foster innovation-driven transformation in resource-exhausted
cities. This is closely related to the repositioning and transformation of resource-based
cities in the context of the global economy.

Second, our results are relevant to the growing body of empirical work on Chinese
policy studies. China serves as a significant case study in policy research, as the govern-
ment frequently and systematically experiments with different policies in various regions
before deciding on nationwide implementation. These numerous pilot policies provide
experimental grounds for various developmental directions in China and offer an ex-
tensive quasi-natural environment for academic research [26,27]. Regarding policies for
resource-exhausted cities in China, some literature discusses its localized characteristics
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and impacts [28]. More closely related to our work are recent empirical studies on the
effects of urban transformation policies in China. For instance, some studies examined
the impact of industrial transformation and economic development efficiency [4,29], and
the role of infrastructure, digital transformation, and smart city construction in promoting
urban transformation and development [30-32]. Additionally, a few studies explored the
development and industrial transformation of China’s resource-based cities, highlighting
that industrial diversification and market mechanisms are critical pathways for these cities
to achieve sustainable development [33,34]. This study focused on the vulnerabilities and
urgent need for transformation in resource-exhausted cities by investigating the significance
of pilot transfer payment policies for their transformation and development. We further
explored the mechanisms and effects of these supportive policies, enriching the existing
literature on policy evaluation. Our study provides empirical evidence for understanding
the effectiveness of policies in different contexts, offering valuable insights for formulating
more effective policies.

Third, our findings speak to the empirical literature on the sustainability of policies.
The impact of policies on the sustainable development of cities is a significant research
area [35]. While supportive policies can promote innovation in resource-exhausted cities in
the short term, their long-term sustainability presents challenges [36]. Our study revealed
that the effects of the support policy on the innovation of resource-exhausted cities are not
sustainably effective and vary across different city characteristics. The differences in policy
effects may stem from variations in city-specific attributes and environmental factors [37,38].
We further analyzed the factors that influenced policy effectiveness, and thus, provided
empirical insights for policy optimization. Our findings suggest that policymakers should
consider the specific characteristics of resource-exhausted cities and implement more
targeted policy measures to enhance long-term effectiveness and sustainability.

This study used data from 2003 to 2016 at the prefecture level to examine the impact
of the support policy on the innovation of resource-exhausted cities, the differences in
impact across regions and types of cities, and the long-term mechanisms of these policies.
The potential contributions of this study are threefold. First, using scientific econometric
methods, this study empirically analyzed the effectiveness of support policy in promoting
urban innovation, supplementing theoretical research through causal inference. The quasi-
natural experimental method effectively mitigated endogeneity issues in estimation, and
thus, provided more reliable evidence for the transformation and upgrading of resource-
exhausted cities. Second, this study was the first to analyze the long-term mechanisms
of support policy in affecting urban innovation by empirically estimating the impact of
marketization and industrial structure mechanisms, and thus, verified whether these
policies provided long-term incentives for urban innovation. Third, using urban-level data,
this study accurately identified the effects of support policy on resource-exhausted cities.
Utilizing rich data across different dimensions of cities, this study deeply analyzed the
heterogeneity of policy effects, thus supporting the further improvement of the support
policy for resource-exhausted cities.

2. Institutional Background and Theoretical Framework
2.1. Institutional Background

The development challenges faced by China’s resource-exhausted cities have garnered
significant attention from the Chinese government. These cities commonly experience
economic stagnation, single-industry reliance, severe environmental degradation, and
underdeveloped market systems, making them weak points in China’s sustainable devel-
opment effort [4,39]. To promote sustainable development and transformation, the State
Council issued the “Opinions on Promoting Sustainable Development in Resource-Based
Cities” in 2007'. This document identified resource-exhausted cities as key support targets
and proposed long-term mechanisms, such as resource development compensation, assis-
tance for declining industries, resource product pricing formation, and the cultivation of
alternative industries. In 2008, 2009, and 2011, the Ministry of Finance, the National Devel-
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opment and Reform Commission, the Ministry of Land and Resources, and the Northeast
Revitalization Office of the State Council identified a total of 69 resource-exhausted cities
in three batches and provided them with corresponding policy support (referred to as
the support policy). In China, prefecture-level cities are administrative units under the
province. Districts, counties, and county-level cities are subordinate administrative units
under prefecture-level cities. Due to data availability and comparability between cities,
this study concentrated on 25 pilot prefecture-level cities, with each referred to as a “city”
throughout the text. The specific list of these cities is shown in Table 1. The complete list of
policies can be found in Table S1 of the Supplementary Materials.

Table 1. The list of pilot cities.

First Batch (2008) Second Batch (2009) Third Batch (2011)
Fuxin Fushun Wuhai
Panjin Qitaihe Hegang

Liaoyuan Huaibei Shuangyashan
Baishan Tongling Xinyu
Pingxiang Zaozhuang Puyang
Shizuishan Tongchuan Shaoguan
Baiyin Fushun Luzhou
Jiaozuo Jingdezhen Zibo
Yichun

Figure 1 reports the GDP growth trends of resource-exhausted cities compared with
other cities. It is evident that the GDP growth rate of the resource-exhausted cities was
significantly slower than that of other cities. Among them, the cities included in the first
batch of the support policy in 2008 faced the most challenging economic development con-
ditions. The policy proposed support for these resource-exhausted cities to promote their
sustainable development. This support policy included several measures: first, establish
and improve long-term mechanisms for resource development, decrease industry assis-
tance, and resource product price formation; second, foster alternative industries through
agricultural industrialization, tertiary industry development, and the development of new
industries tailored to local conditions; third, address employment and social issues; fourth,
environmental remediation and ecological protection; and fifth, enhance resource explo-
ration and mining rights management. The support measures for the transformation of
resource-exhausted cities were primarily implemented through transfer payments. The
Ministry of Finance established transfer payments specifically for resource-exhausted cities,
starting in 2007. Once selected for policy support, these cities received special transfer
payments from the central government for four consecutive years. Policy documents indi-
cate that if these cities successfully transitioned within four years, the central government
would continue to provide gradually decreasing financial subsidies for an additional three
years. However, in practice, even if the resource-exhausted cities succeeded in transitioning
or reached the end of the funding period, the central government continued to support
them through special transfer payments. By 2018, the cumulative support amount had
reached nearly CNY 160 billion?. Additionally, the policy not only provided special finan-
cial support but also clarified the use of funds and establishes a transfer payment system.
To further enhance the effectiveness of financial assistance, provincial governments also
introduced supporting policies, special funds, and sustainable development loans. These
special financial funds were used to develop alternative industries, primarily by supporting
industrial development projects, building industrial parks, and constructing infrastructure.
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Figure 1. GDP growth trends in Chinese cities.

2.2. Hypothesis Development

Despite the central government’s provision of special transfer payments and support-
ing policy guidance to address the sustainable development issues of resource-exhausted
cities, whether these support policies effectively promote innovation in these cities still
requires further scientific examination. In particular, it is necessary to investigate whether
they have fostered market-oriented reforms and the establishment of long-term mecha-
nisms, such as industrial structure upgrades.

On one hand, the low level of marketization in resource-exhausted cities constrains
their development [4]. Influenced by China’s early planned economy, resource-based indus-
tries have implemented highly centralized planned resource allocation methods, resulting
in long-term monopolistic conditions in resource-exhausted cities and low market vital-
ity [40]. The low pricing of resources not only fails to reflect the true supply and demand
relationships in the market but also weakens the market system in resource-exhausted
cities [39,41]. This can lead to rent-seeking issues, distort the market allocation of factors,
and negatively impact the availability of innovation elements in these cities. In response,
the support policy explicitly proposed “fully leveraging the fundamental role of the market
in resource allocation and stimulating the intrinsic vitality of various market entities”. An
increase in marketization can significantly promote urban innovation. Higher marketi-
zation implies improved overall resource allocation efficiency in cities, with innovative
elements shifting from low-efficiency to high-efficiency sectors, thereby promoting urban
innovation [42]. Additionally, higher marketization means reduced government inter-
vention in the market, creating a fairer and more orderly market environment [43]. This
enhances competition as private enterprises grow, compelling local enterprises to innovate
to stay competitive, thereby boosting urban innovation [44]. Based on this analysis, we
propose the following research hypothesis:

H1. By increasing the level of marketization, the support policy for resource-exhausted cities
promotes urban innovation.
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On the other hand, the problem of a single industrial structure is prominent in resource-
exhausted cities [34]. Early development in these cities centered around resource-based
industries, with other industries primarily serving the resource sector. Thus, resource
depletion also leads to the decline of other industries in the city [45]. The key to the trans-
formation and development of resource-exhausted cities lies in industrial transformation,
which drives sustainable economic development through industrial upgrading [4,46]. The
support policy clearly states the need to “establish industrial assistance mechanisms” and
“accelerate the development of the tertiary sector”. Therefore, the support policy may drive
the industrial structure upgrade in resource-exhausted cities, which, in turn, promotes
urban innovation, as confirmed by numerous studies [47-49]. Industrial structure upgrades
can facilitate technology diffusion and knowledge spillovers within and between cities,
increasing the demand for innovation and directly promoting autonomous urban innova-
tion [50,51]. Moreover, industrial structure upgrades can expand niche markets, stimulate
demand growth, intensify market competition, and encourage enterprises to innovate to
enhance competitiveness, thereby driving the overall urban innovation [52,53]. Based on
the above, we propose the following research hypothesis:

H2. By upgrading the industrial structure, the support policy for resource-exhausted cities promotes
urban innovation.

3. Methodology and Data
3.1. Data Source

The Urban Innovation Data originate from the China Research Data Service Platform
(CNRDS). The CNRDS is a high-quality, specialized platform for Chinese innovation
research data. The Chinese Innovation Research Database (CIRD) is part of this platform
and was developed based on patent applications and authorizations from various listed
and non-listed companies, as well as different regions. The data quality is reliable and was
utilized in other high-quality research studies [54,55]. This study used the number of city
patent authorizations as an indicator of urban innovation [38,56,57].

Other city characteristic variables primarily come from the “China City Statistical
Yearbook” and statistical bulletins of various cities. Following the methodology of Brandt
et al., 2006 and 2012 [58,59], these variables were deflated using the year 2000 as the
base year. These data were utilized for control variables, mechanism analysis, and other
heterogeneity analyses.

To comprehensively reflect the changes in resource-exhausted cities before and after
the policy implementation and accurately measure the effects of the policy, this study
selected data from five years before the pilot began and five years after the pilot ended,
spanning 2003-2016. Given the significant differences in economic development levels and
administrative status between the four direct-controlled municipalities (Beijing, Tianjin,
Shanghai, and Chongging) and the Hong Kong, Macau, and Taiwan regions compared
with prefecture-level cities, this study excluded samples from these four municipalities
and three regions. First, since these cities are directly governed by the central government
and are equivalent to provincial-level units in terms of administrative and political status,
with significant differences in GDP and political status, this makes direct comparisons
inappropriate. In related literature, these cities are often excluded or treated separately.
Second, the data for some cities, such as Macau and Hong Kong, as well as Taiwan, are
not available, making it impossible to conduct a comprehensive and accurate analysis.
Additionally, samples with missing key variables are excluded. Consequently, the final
dataset of this study included 3878 samples from 277 prefecture-level cities over 14 years,
with the treatment group comprising 25 prefecture-level cities. The definitions of variables
and descriptive statistics are presented in Table 2.
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Table 2. Variable definitions and descriptive statistics.

Panel A. Variable Definitions

Variable

Definition

CityInnov

Control Variables

Log value of number of patents granted

MineRatio Proportion of mining industry in the total output
FiscalExp Log value of government expenditure
PCW Log value of per capita wage
UnempRate Unemployment rate
PCTRS Log value of per capita retail sales of consumer goods
Mechanism Variables
Industry Ratio of the value added of the tertiary industry to the total GDP
Market Fan Gang’s marketization index
Panel B. Descriptive Statistics
Variable Obs Mean SD Min Max
Citylnnov 3878 6.025 1.770 1.099 11.419
MineRatio 3878 0.107 0.169 0 0.793
FiscalExp 3878 13.633 0.940 10.410 17.219
PCW 3878 9.932 0.491 2.225 11.675
UnempRate 3878 3.349 0.770 1.310 5.060
PCTRS 3878 8.673 0.865 —1.337 11.580
Industry 3878 0.364 0.084 0.086 0.764
Market 3878 8.893 2.678 1.959 16.949

3.2. Empirical Methodology

The Chinese government announced the list of resource-exhausted cities in 2008, 2009,
and 2011, which provided an opportunity to employ a “quasi-natural experiment” approach.
Within this institutional context, three batches of cities in the treatment group received
interventions by following a typical staggered difference-in-differences (DID) framework.
First, the DID model effectively controlled for time and individual fixed effects, which
reduced the bias from omitted variables. Second, the DID model was particularly suitable
for evaluating the differences between the affected and unaffected groups before and after
the policy implementation, which aligned with our research on the impact of the support
policy on urban innovation in resource-exhausted cities. Therefore, referencing Beck et al.,
2010 [60], we constructed a staggered DID model (Equation (1)) to determine the causal
impact of the support policy for resource-exhausted cities on urban innovation:

Citylnnovi’t = « + BTraet; x Postj + (prt—i-/\i + A+ At +€ (1)

where i and f represent the city and year, respectively. CityInnov, , represents the natural
logarithm of the total number of patent grants in city 7 at year t. Traet; is a dummy variable
representing whether a city belonged to the treatment group, with resource-exhausted cities
assigned a value of 1, and others assigned a value of 0. Post;; is used to identify whether
a city has been affected by the policy. If a city was listed as a resource-exhausted city in
a given year, it took a value of 1; otherwise, it was 0. X/, is a vector of control variables
composed of various city characteristics, the specifics of which are elaborated upon below.
A; represents city fixed effects, and A; denotes time fixed effects. We included A;t fixed
effects to control for development trends of different cities across different years [61]. €;;
represents city-clustered robust standard errors to mitigate potential inter-group correlation
issues [62,63].

The feature vector X, is the interaction of the predetermined variables with the time
dummy variables Ay, i.e., Zjpgoy X At [64]. This was to control for factors that influenced the
selection of pilot cities and eliminate the possibility that these factors could change over
time and affect urban innovation.
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The predetermined variable Z;qy7, which refers to a series of control variables influ-
encing the selection of policy pilots, was primarily chosen based on the standards and
procedures for defining resource-exhausted cities. The National Development and Reform
Commission, the Ministry of Natural Resources, and the Ministry of Finance jointly es-
tablished the principles, standards, and work plan for defining resource-exhausted cities.
This followed a declaration-based principle, with applications submitted by provincial
governments. The final list was determined based on a comprehensive scoring system
that included four major categories of indicators: resource reserves, mining development,
people’s livelihood, and fiscal economy. Even if a city met the scoring standards, it may
not be included in the list for funding if the provincial government did not apply or due
to intense competition, as seen in the case of Jixi City>. This means that controlling for
the four predetermined conditions, the selection of resource-exhausted cities was more
random. Additionally, resource-exhausted cities were characterized by a declining indus-
trial efficiency, a single industrial structure, weak local financial strength, and low worker
incomes [4,39,65]. Based on the data availability, this study selected several predetermined
variables: the proportion of extractive industries (MineRatio), the number of state-owned
enterprises (SOEs), fiscal expenditure (FiscalExp), fiscal deficit ratio (DeficitRatio), average
wage (PCW), unemployment rate (UnempRate), and per capita retail sales of consumer
goods (PCTRS). This study used data from 2007, which was the year before the first
list of resource-exhausted cities was announced, to verify through regression analysis
whether these variables influenced a city’s inclusion in the list of resource-exhausted cities.
Table 3 shows the results of an employed stepwise regression method for verification,
which revealed that the above variables significantly impacted whether a city was listed
as a resource-exhausted city. Therefore, the vector of predetermined variables Z;; that
influenced the selection of resource-exhausted cities should include the proportion of
extractive industries (MineRatio), fiscal expenditure (FiscalExp), average wage (PCW),
unemployment rate (UnempRate), and per capita retail sales of consumer goods (PCTRS).

Table 3. Pre-treatment analysis.

@ () (3)

Treat; Treat; Treat;
MineRatio 0.360 *** 0.337 *** 0.374 ***
(0.099) (0.099) (0.097)
SOEs —0.069 *** —0.014 —0.016
(0.024) (0.034) (0.034)
FiscalExp —0.107 *** —0.120 ***
(0.037) (0.042)
DeficitRatio —0.570 * 0.032
(0.332) (0.453)
PCW —0.204 **
(0.095)
UnempRate 10.926 ***
(3.831)
PCTRS 0.110 **
(0.049)
Observations 277 277 277
R-squared 0.087 0.118 0.186

Note: ***,**, and * represent the significant levels of 1%, 5%, and 10%, respectively. Standard errors are in parentheses.

4. Empirical Results
4.1. Baseline Results

The baseline regression results are presented in Table 4. Column (1) shows the regres-
sion results without any control variables or fixed effects, with a regression coefficient of
1.143 and an R? of 0.051. Column (2) shows the estimation results with A;, A;, and A;t city
and year fixed effects, as well as city fixed effects interacted with year. In this case, the
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coefficient decreased to 0.216, but due to the inclusion of fixed effects, the R? increased to
0.979. Column (3) further incorporates the vector of city characteristics. From the regression
results in each column, it can be observed that the support policy for resource-exhausted
cities significantly increased the number of patent grants in pilot cities, indicating a positive
impact of these policies on innovation in resource-exhausted cities. Column (3) shows that
the regression coefficient for the core independent variable was 0.249, and it was significant
at the 1% level. This indicates that the support policy, through transfer payments and
corresponding institutional guidance, increased the logarithm of the number of patent
grants in resource-exhausted cities by 0.249. This coefficient had important economic
implications, signifying that the support policy increased the number of patent grants in
resource-exhausted cities by an average of 28.44% compared with the pre-policy average

number of patent grants ((elrl (167.3241)+0249 _ 9 _ 167.32) /167.32). The support policy for
resource-exhausted cities significantly enhanced the level of urban innovation.

Table 4. The average effect of policy assistance on urban innovation.

@ () (3)

Citylnnov CityInnov CityInnov
Treat; x Post;; 1.143 *** 0.216 ** 0.249 ***
(0.120) (0.093) (0.091)
N No Yes Yes
At No Yes Yes
At No Yes Yes
X5 No No Yes
Observations 3878 3878 3878
R-squared 0.051 0.979 0.981

Note: *** and ** represent the significant levels of 1% and 5% respectively. Standard errors are in parentheses.

4.2. Parallel Trend Test

The most important assumption of the difference-in-differences (DID) model is the
comparability between the treatment group and the control group, also known as the
parallel trend assumption. We used an event study approach to test whether the number
of authorized patents in pilot cities and non-pilot cities had the same trend before policy
implementation. Following Beck et al., 2010 [60], we constructed Equation (2):

k=-+5

CityInnov; , = o + Zk:—S BiTreat; x Yeary + X;t'y—i—?\i + A+ At + e 2)

In this model, Yeary is a series of dummy variables that equal 1 when city i is a
resource-exhausted city and is in the Yeary year of policy implementation, and 0 otherwise.
All other terms have the same meanings as in Equation (1). The regression coefficients
indicates whether there is a significant difference in the number of patent grants between
the treatment and control groups in the kth year of the policy implementation. The period
before policy implementation was set as the baseline (reference period), and we trimmed
the extreme values of the observations to examine the dynamic changes over the five years
before and after the policy implementation.

Figure 2 visualizes the regression results and reports the 95% confidence intervals.
It can be observed that when k < 0, the estimated coefficient B, was not significantly
different from zero, indicating that before the implementation of the support policy for
resource-exhausted cities, there was no significant difference in the trend of patent grant
numbers between the treatment and control groups. This confirmed the parallel trend
assumption. The dynamic effects show that the support policy for resource-exhausted
cities had a significant positive impact on urban innovation. On the one hand, the policy
had a certain lag effect, where it became significantly positive in the second year after
implementation. On the other hand, as time progressed, this innovation-promoting effect
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began to weaken, and by the fifth year after the policy implementation, the estimated
coefficient B was not significant, indicating poor policy sustainability.
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Figure 2. Dynamic effect on urban innovation.

4.3. Robustness Checks

Building on the baseline regression, this study more cautiously verified the robustness
of the promotion effect of the support policy for resource-exhausted cities on urban inno-
vation. We conducted robustness checks by using balance tests, replacing the dependent
variable, altering the representation of policy implementation time, shortening the window
period, substituting the control group, and performing placebo tests.

4.3.1. Balance Test

Differences between the treatment and control groups before policy implementation
are a significant cause of estimation bias in baseline results [66]. Therefore, considering the
control variables, we examined other factors that might influence urban innovation before
policy implementation to verify the sample balance. The econometric model we used is
shown in Equation (3):

UCVinpo7 = & + BTreat; + yZinoo7 + &; 3)

where UCV gy represents the observable other urban characteristic variables of cities
in 2007. We selected six variables: GDP (GDP), fiscal deficit (Deficit), number of state-
owned enterprises (SOEs), expenditure on science and education (ESTE), number of higher
education institutions (College), and number of scientific personnel (Tec_Prac). If the
estimated coefficient {3 is significant, it indicates heterogeneity between the two groups
of samples. Table 5 reports the estimation results of Equation (3). After including the
control variables, the estimated coefficients of the aforementioned variables on 3 are all
insignificant, indicating that the samples pass the balance test and that the treatment and
control groups are homogeneous and comparable.
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Table 5. The balance test.

()] 2 (3) 4 (5)

(6)

GDP Deficit SOEs ESTE College Tec_Prac
Treat; —0.026 0.030 —0.058 —0.060 0.030 -0.122
(0.060) (0.103) (0.113) (0.045) (0.134) (0.153)
Zinoo7 Yes Yes Yes Yes Yes Yes
Observations 277 277 277 277 277 277
R-squared 0.912 0.593 0.541 0.920 0.564 0.440
Note: Standard errors are in parentheses.
4.3.2. Replace the Variable Measurement
To further validate the robustness of our results, we replaced the measurement meth-
ods of the dependent and explanatory variables. For the dependent variable, we utilized
the Urban Innovation Index released by Fudan University in the “China City and Industrial
Innovation Report 2017” to measure the urban innovation levels by replacing the original
dependent variable [67]. This index, like the number of authorized patents used in this
study, served as an indicator of urban innovation capacity. However, the measurement
method differed. The Urban Innovation Index estimates the average value of patents based
on legal status updates and annual fee structures, and comprehensively considers a city’s
innovation output and entrepreneurial activities, and thus, represents the city’s innova-
tion level [68,69]. The regression results are reported in columns (1) and (2) of Table 6,
where the regression coefficient of the core independent variable remained significantly
positive. This indicates that the support policy for resource-exhausted cities significantly
increased the urban innovation index of pilot cities, and thus, it had a positive impact on
urban innovation.
Table 6. The effect of policy assistance on urban innovation: robustness 1.
(el ) 3 @ (5)
InnovIndex CityInnov
Treat; x Post;; 2.209 *** 1.730 *** 0.227 *** 0.234 ***
(0.649) (0.546) (0.087) (0.090)
Treat; x Post;’ 0.232 **
(0.093)
Ai Yes Yes Yes Yes Yes
At Yes Yes Yes Yes Yes
At Yes Yes Yes Yes Yes
Xit No Yes Yes Yes Yes
Observations 3822 3822 3878 3324 3047
R-squared 0.937 0.938 0.981 0.983 0.983

Note: *** and ** represent the significant levels of 1% and 5% respectively. Robust standard errors clustered at the
city level are in parentheses.

Regarding the independent variables, considering the differences in the announcement
timings of the three batches of resource-depleted cities [70], the variable Traet; x Post;;
was set based on the announcement months of each batch separately. Specifically, the
specific announcement dates for the three batches of resource-depleted cities were 17 March
2008, 5 March 2009, and 15 November 2011. Therefore, for each year when the resource-
depleted cities were announced, the respective values were set to 3/4, 5/6, and 1/12, while
the values for other years remained unchanged. The estimation results are reported in
column (3) of Table 6, where the estimated coefficient of the core independent variable
remained positive and significant at the 5% level, which enhanced the robustness of the
baseline regression results.
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4.3.3. Shortening the Window Period

The choice of the window period may affect the estimation results. This study utilized
a sample spanning from 2003 to 2016, which totaled 14 years. One potential concern
was that the regression results might be driven by the relatively long window period. To
verify the robustness of the baseline regression results under a reduced sample size and
shortened window periods, we conducted regressions using samples from 2004 to 2015 and
2005 to 2015, where the sample window was gradually narrowed. The results are shown in
columns (4) and (5) of Table 6. It can be observed that there were no significant differences
between the core explanatory variables and baseline regression results. The regression
coefficients remained significantly positive, which further enhanced the robustness of the
baseline regression results.

4.3.4. Changing the Control Group

Considering the crucial importance of comparability between the experimental and
control groups in the DID method, we set multiple control groups to verify the robustness
of the baseline results.

(1) Resource-based cities: Given potential differences between resource-based cities
and general cities, we only selected resource-based cities as control groups. The list of
resource-based cities was sourced from China’s “National Sustainable Development Plan
for Resource-Based Cities (2013-2020)” published in 2013, which listed 126 prefecture-
level resource-based cities and covered all samples of resource-exhausted cities. We used
this published list of resource-based cities as the control groups for the regression. The
regression results are shown in column (1) of Table 7 and indicate that the impact of resource-
exhausted city support policy on urban innovation remained significantly positive.

Table 7. The effect of policy assistance on urban innovation: robustness 2.

@ () 3

Control Groups Resource-Based Cities The Same Province PSM-DID
CityInnov CityInnov CityInnov
Treat; x Post;; 0.199 ** 0.244 *** 0.241 ***
(0.088) (0.093) (0.092)
Ai Yes Yes Yes
At Yes Yes Yes
At Yes Yes Yes
Xit Yes Yes Yes
Observations 1582 2492 3535
R-squared 0.969 0.979 0.982

Note: *** and ** represent the significant levels of 1% and 5% respectively. Robust standard errors clustered at the
city level are in parentheses.

(2) Cities in the same province: Considering that cities in the same province as resource-
exhausted cities have more similar political, economic, and transportation conditions, we
chose cities in the same province as resource-exhausted cities as control groups to enhance
the comparability. After retaining samples that contained resource-exhausted cities within
the province, the regression results are shown in column (2) of Table 7, where the regression
coefficient of the core independent variable was still significantly positive.

(3) PSM-DID: Using the propensity score matching (PSM) method, we adopted a
1:1 nearest neighbor caliper matching method to rematch the pilot samples with more
similar control groups and then re-run the regression using the matched samples. Figure 3
displays the kernel density distribution of the propensity scores before and after matching
between the treatment and control groups. It can be observed that after matching, the
difference in kernel density distribution between the two groups significantly decreased,
indicating that the PSM significantly enhanced the comparability between the experimental
and control groups. Column (3) of Table 7 presents the estimation results of PSM-DID,
where the regression coefficient of the core independent variable remained significant at
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the 1% significance level. A series of tests that replaced the control groups all strengthened
the robustness of the baseline regression results.
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Figure 3. Kernel density of the treatment and control groups.

4.3.5. Placebo Tests

Despite incorporating multiple control variables and fixed effects in the baseline model,
concerns persisted that the effects of the resource-exhausted city support policy may stem
from other unobservable factors. This study randomly generated policy implementation
times and treatment group samples as placebos [71,72]. Specifically, we randomly assigned
policy effective times to each city based on the policy implementation process and non-
repetitively selected nine, eight, and eight cities in three batches from all cities to be
added to the virtual list of resource-exhausted cities as experimental groups for regression.
We repeated this randomization process 500 times. The kernel density distributions of all
estimated coefficients and p-values are shown in Figure 4, which indicates that the estimated
coefficients of the placebo variables were closely associated with a normal distribution
that was primarily centered around zero and lacked statistical significance. In contrast,
the estimated values obtained from the baseline regression were distinguished by the red
dashed line and displayed significant deviations from zero. Therefore, the results of the
placebo tests reinforced the conclusion drawn from the baseline results that the effect of
urban innovation promotion stemmed from the resource-exhausted city support policy
rather than other unobservable random factors.
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Figure 4. Placebo test. Note: The red horizontal dashed line represents p = 0.007, and the red vertical
dashed line represents 3 = 0.249, which are the results of the baseline regression.

4.4. Mechanism Analyses

Based on the background and theoretical analysis, we proposed two mechanistic hy-
potheses to explain how supportive policies impacted the innovation in resource-exhausted

136



Land 2024, 13, 1153

cities: the degree of marketization and the industrial structure of the city. In this section,
we describe the two-step method used to validate these hypotheses [73,74]. The specific
model was as follows:

MV, = a+ mTraet; x Posty + ¢Xi+Ai + Ay + At + € 4)

The two-step method for the mechanism testing primarily included two equations,
namely, Equations (1) and (4). Equation (1) was already validated in the previous section.
In Equation (4), MV ; represents the mechanism variables Market and Industry, and the
meanings of the other terms remain consistent with those in Equation (1). We aimed to
verify the effect of the regression coefficient m of the policy on the mechanism variables.
The detailed analysis of the two mechanisms is provided below.

4.4.1. Marketization

The marketization level is one of the important factors influencing regional innovation
levels. In resource-exhausted cities, many enterprises are resource-dependent state-owned
enterprises, and the phenomenon of integration between the government and enterprises
is severe. High market entry barriers for private enterprises result in generally low levels
of marketization in these cities. The policy documents explicitly state the need to fully
utilize the market to allocate resources and improve the efficiency of resource-exhausted
cities. Therefore, this study explored the mechanism by which the resource-exhausted
city support policy promoted urban innovation by examining whether they enhanced
the city’s marketization level. Drawing on the calculation method of Fan Gang’s mar-
ketization index [75], we calculated the urban marketization index to measure the level
of marketization.

Table 8 reports the estimated results of the impact of resource-exhausted city support
policy on urban marketization. Column (1) presents results without controlling for any
variables or fixed effects (FEs), with a coefficient of 3.233, which was significant at the
1% level. As shown in column (2), after adding fixed effects, the coefficient decreased
to 0.152, significant at the 5% level. It can be observed in the third column that the net
impact of the policy on urban marketization was 0.186, which was significant at the 5%
level. This indicates that the support policy significantly improved the marketization level
of resource-exhausted cities, which enhanced the efficiency of market factor allocation
and thereby promoted urban innovation [76]. The research hypothesis H1 of this study
was validated.

Table 8. Results of mechanism analysis: marketization.

) () (3)

Marketization Marketization Marketization
Treat; x Postj; 3.233 *** 0.152 ** 0.186 **
(0.161) (0.070) (0.074)
M No Yes Yes
At No Yes Yes
At No Yes Yes
X3 No No Yes
Observations 3878 3878 3878
R-squared 0.0669 0.990 0.990

Note: *** and ** represent the significant levels of 1% and 5%. Robust standard errors clustered at the city level are
in parentheses.

4.4.2. Industrial Structure

The single structure of industries is another factor constraining innovation in resource-
exhausted cities. With resource-dependent industries at their core, resource-exhausted
cities face severe impacts on their development as resources become depleted. The resource-
exhausted city support policy proposed measures such as establishing industrial assistance
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mechanisms and vigorously developing alternative industries to promote the upgrade
of urban industrial structure and achieve sustainable development. This study used the
ratio of the value added of the tertiary industry to the total GDP to measure industrial
structure upgrades.

Table 9 reports the estimated results of the impact of resource-exhausted city support
policy on the urban industrial structure. As shown in column (1), when not controlling for
pre-determined variables and any FEs, the estimated coefficient of the policy was very small
and not significant. As shown in column (2), after adding FEs, the estimated coefficient
was 0.022 at the 1% level. In the most stringent model control, as shown in column (3),
which controlled for pre-determined variables and FEs, the estimated coefficient of the
policy was 0.013 and still significant at the 10% level. This indicates that the resource-
exhausted city support policy significantly increased the ratio of the tertiary industry to
the secondary industry in urban areas, which promoted industrial structure upgrades.
Industrial upgrades, by fostering the spillover of technology and knowledge within cities
and increasing market competitiveness, were shown in the literature to effectively promote
urban innovation [77]. Thus, hypothesis H2 of this study was confirmed.

Table 9. Results of mechanism analysis results: industrial structure.

1) ) 3)

Industrial Structure Industrial Structure Industrial Structure

Treat; x Post; 0.003 0.022 *** 0.013 *
(0.009) (0.007) (0.007)

Ai Yes Yes Yes

At Yes Yes Yes

At Yes Yes Yes

X't No No Yes
Observations 3878 3878 3862
R-squared 0.0276 0.942 0.949

Note: *** and * represent the significant levels of 1% and 10% respectively. Robust standard errors clustered at the
city level are in parentheses.

4.5. Heterogeneity Analyses

The above results indicate that the support policy effectively enhanced the innovation
performance of resource-exhausted cities. Considering the differences between cities, this
policy may have different effects on resource-exhausted cities with different characteristics.
Therefore, this study analyzed the heterogeneity of policy effects in different regions and
types of resource-exhausted cities.

4.5.1. Region

China is vast in territory, with significant differences in economic, transportation,
and natural environments across regions. The National Bureau of Statistics of China di-
vides provinces into eastern, central, western, and northeastern regions, with the eastern
region being geographically and economically superior to other regions [78]. Therefore,
we divided the sample into eastern and non-eastern regions for the regression analysis.
The regression results are reported in columns (1) and (2) of Table 10. It can be observed
that whether in the eastern region or the non-eastern region, the support policy had a
significant promoting effect on the innovation level of resource-exhausted cities. However,
the effect of promoting urban innovation in the eastern region was more significant. This
may have been because, compared with other regions, the eastern region was more eco-
nomically developed, with better infrastructure and a greater concentration of innovative
elements [29,79]. These objective advantages provided a better innovation environment
for resource-exhausted cities in the eastern region, which made the promotion effect of the
support policy on innovation more significant in the eastern region.
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Table 10. Results of heterogeneity analyses: region, types of resource, and mining dependency.

Region Types of Resource Mining Dependency
(1) (2) (3) 4) (5) (6)
Eastern Others Coal Resources Other Resources Low High
Variables CityInnov CityInnov CityInnov CityInnov CityInnov CityInnov
Treat; x Post;; 0.379 *** 0.238 ** 0.136 0.274 *** 0.558 ** 0.168 *
(0.084) (0.105) (0.166) (0.101) (0.270) (0.092)
Ai Yes Yes Yes Yes Yes Yes
At Yes Yes Yes Yes Yes Yes
At Yes Yes Yes Yes Yes Yes
Xit Yes Yes Yes Yes Yes Yes
Observations 1162 2716 406 1176 1946 1932
R-squared 0.984 0.974 0.972 0.971 0.984 0.975

Note: ***, ** and * represent the significant levels of 1%, 5%, and 10%, respectively. Robust standard errors
clustered at the city level are in parentheses.

4.5.2. Types of Resources

Each resource-type city harbors different types of resources, and the objective differ-
ences in resource endowments prompt the differentiated development of urban industrial
structures, which may affect the implementation of the support policy. The Development
Research Center of the State Council of China categorizes resource-type cities into five
types: coal, forest industry, metallurgy, petroleum, and others. At the prefectural level,
coal-type cities account for a large proportion of resource-exhausted cities. Additionally,
due to the greater difficulty in the industrial restructuring of coal-type cities, they are the
key targets of policy support. Therefore, we divided the sample of resource-type cities into
coal-type cities and other cities for separate analysis. The estimation results are reported in
columns (3) and (4) of Table 10. We found that the impact of the support policy on coal-
type cities was not statistically significant, while the promoting effect of innovation levels
in other types of resource-exhausted cities was significant at the 1% level. This aligned
with our expectations; as compared with the coal industry, the supporting industries in
the petroleum and metallurgical industries were more technologically advanced and had
more complete industrial chains, which were more conducive to urban innovation [80].
The results suggest the need for greater attention to the transformation and innovation of
coal-type cities.

4.6. Further Analyses

This study further explored the factors that influenced the effectiveness of the support
policy, with the aim to understand how differences in urban characteristics affect policy
implementation effectiveness and provide insights for policy optimization.

4.6.1. Mining Dependency

The higher the proportion of the mining industry in the total industrial output value
of a city, the lower the level of manufacturing development, which implies greater chal-
lenges for innovation assistance in such resource-exhausted cities [81]. Since it is difficult
to obtain industry output data at the city level, we followed the approach of Sun and
Abraham [82] and aggregated micro-enterprise output data from the China Industrial
Enterprise Database to obtain data on the proportion of the mining industry at the city
level. During the integration process, samples with liquid assets exceeding total assets,
fixed assets exceeding total assets, missing enterprise codes, and incorrect establishment
years were excluded [59,83]. This study conducted group regression based on the median
proportion of the mining industry in 2007. The regression results in columns (5) and (6) of
Table 10 indicate that in cities with a higher dependence on the mining industry, the impact
of the support policy on urban innovation was smaller and less significant. This suggests
that differences in urban industrial foundations affected the urban innovation promotion
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effect of the support policy for resource-exhausted cities. Overreliance on the mining indus-
try in resource-exhausted cities exacerbated the problem of industrial structure singularity,
further limiting the promotion effect of the support policy on urban innovation. Therefore,
policymakers need to consider further guiding these cities to move away from resource

dependence and transform their development dynamics.

4.6.2. Talent Environment

Innovation can be seen as an output process of input factors, where the input of human
resources has a crucial impact on innovation output [84]. This study explored whether the
regional talent environment affected the innovation promotion effect of the support policy
for resource-exhausted cities, with a focus on two aspects: the number of higher education
institutions and the number of science and technology professionals. On one hand, higher
education institutions are one of the key drivers of regional innovation, with advantages in
fundamental research, abundant scientific talents, and interdisciplinary integration [50].
We divided the samples into two groups based on the median number of universities in

the cities and conducted regression analyses separately.

The regression results in columns (1) and (2) of Table 11 indicate that resource-
exhausted cities with a higher number of universities showed a more significant improve-
ment in urban innovation after being influenced by the support policy. On the other hand,
talent was the primary resource for innovation and the foundational element for innovative
development [85]. Therefore, a higher number of science and technology professionals
were conducive to promoting urban innovation. Since only four resource-exhausted cities
had a number of science and technology professionals above the median in the total sam-
ple, we grouped the samples based on the median number of science and technology
professionals in resource-exhausted cities and conducted regression analyses. The results
in columns (3) and (4) of Table 11 similarly demonstrate that the support policy had a
stronger and more significant innovation promotion effect on resource-exhausted cities
with more science and technology professionals. In other words, the issue of talent drain
in resource-exhausted cities significantly limited the innovation promotion effect of the
support policy. Addressing the supply of human resources in the transformation and
development of resource-exhausted cities is a problem that policies need to further solve.

Table 11. Results of heterogeneity analyses: talent environment.

Higher Education Institutions

Science and Technology Professionals

Variables 1) (2) 3) @)
Low Quantity High Quantity Low Quantity High Quantity
Treat; x Postj; 0.169 0.393 ** 0.212 0.172 **
(0.116) (0.164) (0.150) (0.077)
Ai Yes Yes Yes Yes
At Yes Yes Yes Yes
At Yes Yes Yes Yes
Xit Yes Yes Yes Yes
Observations 1708 2170 770 3108
R-squared 0.965 0.984 0.958 0.984

Note: ** represent the significant levels of 5%. Robust standard errors clustered at the city level are in parentheses.

5. Conclusions

The sustainable development transformation of resource-exhausted cities is a global
challenge. Urban innovation is a key pathway to achieving sustainable urban development,
making it crucial to explore ways to enhance the innovation capacity of resource-exhausted
cities, both theoretically and practically. This study utilized the exogenous shock from
China’s support policy to construct a difference-in-differences model, which empirically
analyzed the impact of these policies on urban innovation and their long-term mechanisms
based on panel data from 277 prefecture-level cities in China from 2003 to 2016. The main
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conclusions of this study are summarized as follows: First, the support policy for resource-
exhausted cities significantly promotes innovation. Specifically, the implementation of
central transfer payments and supporting policies increased the number of authorized
patents by 28.34%. Second, our findings indicate that the support policy established
two long-term mechanisms—industrial structure upgrades and increased marketization—
which substantially enhanced the urban innovation levels. Third, the effect of these policies
on urban innovation varies depended on the region, city resource type, reliance on extrac-
tive industries, and regional talent supply. Specifically, the innovation-promoting effect of
the policies was more pronounced in cities located in the eastern region, non-coal cities,
cities with low reliance on extractive industries, and cities with higher levels of science
and education.

In this critical era of global sustainable development, this study used empirical data
to investigate the impact of government support policy on the innovation of resource-
exhausted cities, which has significant policy implications. A fundamental recommenda-
tion is that the economic transformation of resource-exhausted cities requires corresponding
financial and institutional support from the government, alongside differentiated support
policies. These cities face poor economic foundations, insufficient growth momentum,
and severe talent loss, making it difficult to accelerate urban innovation based on their
own resources, thereby achieving sustainable development transformation. According
to the main findings of this study, the government should consistently provide finan-
cial support and guidance on transformation systems to promote urban innovation and
sustainable development.

Second, based on the results of mechanism analysis, policies should enhance the
transformation of resource-exhausted cities from two aspects: industrial structure and
market orientation. This study found that upgrading the industrial structure is pivotal in
promoting innovation in resource-exhausted cities through supportive policies. To advance
this transformation, it is essential to extend dominant industries, develop alternative sec-
tors, and foster a diversified industrial system that promotes growth in both established
and emerging industries, thereby driving urban innovation transformation. Moreover,
the traditional government-led economy in resource-exhausted cities significantly stifles
innovation dynamics. Therefore, accelerating market-oriented reforms in these cities to
foster urban innovation is crucial. On one hand, the government should streamline admin-
istration, decentralize authority, reduce economic interventions, and allow the market to
play a decisive role in resource allocation to create an efficient market environment. On
the other hand, enhancing market supervision through improved legal frameworks to
safeguard innovation outcomes and actively guiding urban transformation is essential.

Third, based on further research findings, it is evident that the support policy had
varying effects on different types of resource-exhausted cities in terms of innovation. On
one hand, these policies significantly promoted innovation in resource-exhausted cities in
the central and western regions, but their impact was less pronounced in eastern resource-
exhausted cities. Specifically, cities that were reliant on oil showed significant policy effects,
whereas those that were reliant on coal exhibited less clear effects. Therefore, the central
government should comprehensively consider multiple factors in formulating targeted
strategies for urban transformation. For instance, differential treatment in transfer pay-
ments should address specific challenges faced by resource-exhausted cities during their
transformation, particularly by increasing support for those in the central and western
regions. Additionally, the government should continuously assess the transformation
performance of these cities through ongoing monitoring processes by evaluating aspects
such as economic diversification, improvement in residents’ living standards, and envi-
ronmental remediation. Based on these assessments, establishing incentive mechanisms
and gaining deeper insights into the strengths and weaknesses of each city type should
serve as critical references for formulating differentiated policies. On the other hand, the
magnitude of policy effects was also influenced by the talent environment and mining
dependency. The lagging industrial base and lack of human capital in resource-exhausted
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cities constrained the innovation-promoting effects of the policies. This underscores the
need for the government to address the potential mechanisms through which the talent en-
vironment and mining industry affect the innovation transformation of resource-exhausted
cities. Future relevant policies should ensure the effectiveness of the support policy by
improving industrial infrastructure and guaranteeing the supply of human resources.

Regarding the limitations of this study: First, the data used can be further refined. This
study employed data at the prefecture level, but future research could use more granular
county-level data to more comprehensively and meticulously evaluate the net effects of
the support policy on urban innovation. Second, caution is needed when generalizing
the conclusions of this study. China is the largest developing country in the world and
has different economic and institutional environments compared with other developing
countries. Therefore, when other countries seek to draw on China’s empirical evidence to
promote the transformation and development of their resource-exhausted cities, they must
consider their own socio-economic contexts.

Supplementary Materials: The following supporting information can be downloaded from https://
www.mdpi.com/article/10.3390/1and13081153/s1: Table S1. Full list of pilot cities.
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1

For detailed content, refer to the following, website: https:/ /www.gov.cn/zwgk/2007-12/24/content_841978 htm (accessed on 5
June 2024).

2 For detailed content, refer to the following website: https:/ /chinanews.com.cn/sh/2021/09-14/9564788.shtml (accessed on 10
July 2024).

3 For detailed content, refer to the following website: https:/ /zfxxgk.ndrc.gov.cn/web/iteminfo.jsp?id=17391; https:/ /www.
gov.cn/zwgk/2007-12 /24 / content_841978.htm; https:/ /www.gov.cn/zwgk/2013-12/03/content_2540070.htm (accessed on 10
July 2024).
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Abstract: High-speed rail has an important impact on the location choices of enterprises and the
labor force, which is reflected in a complex space-time process. Previous studies have been unable to
show the change characteristics between enterprises and the labor force at the county level. Therefore,
based on the new economic geography theory, we first constructed a theoretical analysis framework
to explore high-speed railway’s impact on county economy development and then obtained the
two economic subdivision factors” impacts: industrial enterprises and secondary labor force. Then,
based on the panel data of 1791 county units in China from 2003 to 2019, the study constructed
a multi-period PSM-DID model to empirically explore high-speed rail’s impact on the county’s
agglomeration of industrial enterprises and secondary labor force. The results show that high-speed
rail has a long-term negative effect on the county area’s agglomeration of industrial enterprises. From
the perspective of the labor force, high-speed rail has a long-term and continuous positive effect on
the agglomeration of the secondary labor force in county units.

Keywords: high-speed rail; county territory; PSM-DID; industry; secondary labor force

1. Introduction

Transportation system infrastructure has historically been seen as a crucial component
of regional economic development and as having a significant positive externality [1,2].
High-speed rail has grown in importance because of transportation infrastructure expan-
sion [3]. By reducing the physical and temporal distance between cities, increasing the
population, capital, information, and technology mobility, and improving the relative ac-
cessibility between cities, high-speed rail boosts the location benefits of stations and cities
along the line [4,5]. According to studies, high-speed rail significantly impacts the local
economy growth in terms of both industry and population [6-9]. Therefore, for regional
economic integration, sustainable development, and reducing global poverty, qualitative
and quantitative evaluation of the corresponding relationship between high-speed rail
networks and population and industry is of great practical significance. The research on
China’s high-speed rail network’s impact is important for planning and building the world’s
rail networks because China is a leading country in this field [10].

Scholars have domestically and internationally started to investigate high-speed rail
networks’ effects on regional economic development considering multiple factors such
as land [11], immigration [12], employment [13], highly skilled labor [14], manufacturing
enterprises[7], and service industry [15]. Research on high-speed train networks’ regional
effects in foreign literature dates back to 1967 [16]. Sands studied the regions in Japan where
Shinkansen was introduced, and he concluded that high-speed rail encouraged population
growth and flow [17]. Okamoto and Sato examined the Kyushu Shinkansen and concluded
that opening high-speed rail lines increased land prices in metropolises to the detriment of
smaller cities. According to Blum et al., regional corridor development, location restruc-
turing of businesses and families, and economic functional zone specialization in Western
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industrialized countries were all facilitated by the high-speed rail network [18]. Chen and
Hall investigated how the British InterCity 125/225 affected British economic geography,
and one-, two-, and above-two-hour-away metropolitan regions affected by high-speed
rail were considered the three key regional layers [19]. Heuermann and Schmieder investi-
gated how the expansion of Germany’s high-speed rail network affected workers” commute
choices and concluded that it led people who lived in large cities to move to smaller ones [8].
In 2011, Willigers and Van Wee et al. conducted a representative study on the location
choices of corporate offices in the Netherlands and proposed that high-speed rail would
affect corporate office location choice and that high-speed rail accessibility would have a
significant influence on the location choice of businesses, particularly knowledge-intensive
businesses [20]. According to Diao M.’s analysis of China’s “four vertical and four horizon-
tal” high-speed rail networks, businesses can relocate from megacities to second-tier cities
near high-speed rail corridors thanks to intercity trade, labor mobility, and knowledge
spillover [21]. The relationship between a high-speed rail network and local economic
growth has also been examined by both domestic and international experts at many scales,
including the European [3], national [12], urban agglomeration [6], provincial, and city
levels. In conclusion, studies on high-speed rail networks” economic impacts typically
focus on examining a single element, and the research scale neglects providing small- and
medium-sized towns and counties the attention they require.

High-speed rail’s “siphon effect” and “trickle effect” counterbalance the economic
growth of urban units. The “siphon effect” describes how, following the opening of high-
speed rail, the great allure of big cities is more likely to draw resources, labor force, and
businesses from smaller cities along the route, thus harming the growth of small- and
medium-sized cities. The term “trickle effect” refers to how larger surrounding cities aid
smaller ones through consumption, employment, industry, and other factors to close the
regional imbalance. Due to its impact on the supply and turnover of the professional labor
market, high-speed rail has grown to be the most complicated issue in firms’ location
choices [9]. Most studies on how rail affects labor have concentrated on rural-to-urban
migration, neglecting the “trickle effect” of high-speed rail’s exodus of skilled people
to neighboring counties. The high-speed rail region will increase workforce mobility
and draw more businesses that require large and specialized labor forces. Obviously, the
“siphon effect” has significantly and positively impacted the growth of key cities” economies.
However, we cannot determine the exact effects of the “siphon effect” and “trickle effect”
on economic growth and population mobility for other urban units (county-level cities and
counties) that have high-speed rail based on impressions.

Here, we carry out an empirical study on 1791 county units in China and provide a
theoretical framework based on new economic geography theory. China is unquestionably
an innovator in high-speed trains. China’s high-speed rail system, with a total length of
19,000 km, surpassed the rest of the world’s network in length by 2015. China’s high-
speed train network continues to reach thousands of counties regardless of the country’s
vastness. The study on the effects of high-speed rail is typical in that it covers a large sample
and a long period of time and has reference value for the transportation and economic
development of small- and medium-sized cities both domestically and overseas, as well as
for new urbanization and suburbanization.

This study’s aims were to: (1) Investigate the interactive mechanism of the county’s
population and business being impacted by the high-speed rail network. (2) Analyze
high-speed rail’s influence on the county’s secondary industries and the labor force ag-
glomeration of industrial enterprises. (3) Answer the question, what impact does the
introduction of high-speed rail have on the county’s economic growth mode and develop-
ment transformation?

2. Analysis Framework

The inverted “U”-shaped curve in the core—edge model proposed by Krugman proves
that, under the interaction of increasing return to scale, population flow, and transporta-
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tion cost, the forward and backward industry correlation effect is the strongest when the
transportation cost is at the intermediate level [22]. The path dependence and iceberg
transport cost proposed by the new economic geography theory demonstrate transporta-
tion’s importance in the industrial agglomeration process. The high-speed rail network’s
economic impact encourages the movement and concentration of companies and staff.
The high-speed rail network’s impact on the county economies’ evolution has received
a lot of attention from the academic community because of the extensive high-speed rail
network building in China’s counties. The relationship between “high-speed rail and pop-
ulation”, “high-speed rail and industry”, “high-speed rail and relative accessibility”, and
other discrete elements or with urban spatial structure has been examined and analyzed in
previous research. However, a particular regional economy’s growth is the consequence of
the coordinated actions of numerous complex elements, and a high-speed rail network’s
impact on a county economy’s growth cannot be presented scientifically and precisely
through a cursory investigation of a single aspect. Here, we look at the correlation between
the high-speed rail network and county economic growth. Starting with the two economic
components of businesses and the labor force, we investigate the mechanism of high-speed
rail networks on county economic development based on new economic geography theory.

2.1. The Relationship between High-Speed Rail Network and County Economic Growth

County units are all part of a complex urban network system from the perspective
of the overall regional spatial structure. The connections with other urban units and the
comparative advantages with units of the same rank are important decisive factors for
economic development. The local advantages, industrial characteristics, and economic
foundation of county units will affect their subsequent economic development’s quality
and speed. Introducing high-speed rail widens the pathway for factor circulation, and the
interaction demand for factor flow among urban units encourages the creation and devel-
opment of high-speed rail which, in turn, supports and directs urban unit development and
impacts the distribution trend of enterprises and labor factors. We developed a flow model
of four types of urban units (high-speed urban area, non-high-speed urban area, high-speed
county, and non-high-speed county) and two types of economic elements (enterprises and
labor force) under the influence of high-speed rail based on this and in combination with
pertinent examples in the literature (Figure 1). The focus is on investigating high-speed
rail’s effects on the flow of economic components of county units and on a more intuitive
study of the interplay between the two elements and urban unit objects.

Research focus
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» Medium factor flow rate
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Figure 1. Schematic diagram of flow model of enterprise and labor force factors under high-speed
rail’s influence.

The relevant statistics and literature reviews demonstrate that high-speed rail broad-
ens the production factor’s circulation channel and brings it spatially and temporally closer
to the center metropolis. According to the analysis of the factor flow model in Figure 1,
two aspects are mostly responsible for luring businesses to the high-speed railway county.
On the one hand, enterprises are forced to relocate to counties from the urban areas that
high-speed rail has opened up due to the knowledge spillover effect of central cities [14]
and congestion costs [7,21], particularly low-end manufacturing, textile, and other indus-
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trial enterprises. Because central cities are increasingly clustered in terms of population,
information and capital do not directly participate in production and modern service and
knowledge-intensive sectors tend to be concentrated there [15,23]. On the other hand,
the impetus comes from urban units without high-speed rail service, as the expansion
of the consumer market [13], the specialized labor market [24,25], and the product input
channels [26] encourage businesses to group together in high-speed rail counties. Similarly,
the driving force to attract labor force in a high-speed rail county mainly comes from two
aspects: on the one hand, the secondary labor force seeks employment possibilities, lowers
living expenses, and considers family emigration [8,12]. Meanwhile, high-speed trains also
increase the externality of human capital, and major cities are where talents, innovations,
and ideas prefer to congregate [27]. On the other hand, the second and third industrial
workforces from non-high-speed rail towns relocate there for various reasons, including
job searching and lifestyle improvement [28].

Here, we look at the agglomeration tendency that high-speed rail has had on the two
economic components of businesses and labor. Additionally, the two economic forces that
are most likely to congregate in counties served by high-speed rail can be separated into
industrial firms and the accompanying secondary labor force, according to the flow model
study. The following research’s key emphasis is the relationship between the two economic
forces and high-speed rail opening.

2.2. Effect Mechanism of High-Speed Rail Network on County Economic Development

Exploring the mechanism between the high-speed rail network and corresponding
economic growth is of long-term significance to county economies’ development and
transformation. As a key conduit for economic factor movement, such as inter-regional
capital, information, and human flow, the high-speed rail network reconstructs the market
share of factor flow. We examine the dynamic mechanism underlying the county economy’s
development and transformation path under the influence of high-speed railway, focusing
on the two main economic segmentation factors of industrial enterprises and secondary
labor force based on the findings in the previous section (Figure 2).
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Figure 2. Action mechanism diagram of high-speed rail network on county economic development
and transformation path.

For industrial enterprises, counties with high-speed rail may draw industrial business
clusters. The market share increase enables more manufacturers to carry out more special-
ized production, and the grouping of businesses creates economies of scale, thus reducing
production costs [29] and improving market access [30], both of which encourage industrial
industry growth in counties. Regarding the secondary labor force, the high-speed rail
network speeds up labor factor movement, the decline in living expenses such as housing
costs, rent, consumption, and education increases relative wages, and the concentration of
industrial enterprises also widens the job market and impacts income distribution [14]. The
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cost of living is lowered and the cost of living effect is produced by changes in the product
price index and customer demand preferences [31].

In conclusion, industrial businesses and secondary labor force distribution restruc-
turing and agglomeration will collaborate to foster regional economy development inde-
pendent of geographic and spatial considerations. Nevertheless, because of the unique
characteristics of high-speed rail counties in the urban system, the “siphon effect” of central
cities produced by high-speed rail may prevent industrial enterprises and the secondary
labor force from congregating in high-speed rail counties, and it may even cause enter-
prises and populations that were originally located in high-speed rail counties to reverse to
central cities. Thus, the economic variables most likely to congregate in counties opened
by high-speed rail are industrial companies and the secondary labor force. The precise
agglomeration trend, however, cannot be determined with sufficient accuracy based on
theoretical study because of central cities” influences. Thus, high-speed rail counties must
necessarily undergo reasonable economic development.

2.3. Exploration of Different Evolutionary Paths of High-Speed Railway Counties

Introducing high-speed rail considerably boosted the high-speed rail counties” accessi-
bility to high-speed rail urban areas when compared to non-high-speed urban areas and
counties. Regarding industrial enterprises, the cost effect of lower factor flow costs and the
market proximity effect of a wider potential market scope encourage the establishment of
new businesses. Consequently, the labor force demand first exceeds supply, and the county
is transformed into a satellite city formed by industrial agglomeration, into an “auxiliary
city”. Regarding the labor force, the county will transform into a satellite city formed by
population agglomeration, into a “sleeping city”, because the secondary labor force supply
leads the settlement of industrial enterprises due to the living cost effect caused by the
increase in new service supply and the income distribution effect caused by the expansion
of potential employment opportunities. The mechanism and differentiation of the impact
of high-speed rail opening on high-speed rail counties’ transformation and development
are shown below (Figure 3).
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Figure 3. Mechanism and differentiation of high-speed railway opening affecting transformation and
development of high-speed railway counties.

Several academics have also proposed that counties with high-speed rail systems
attract new businesses and citizens. The core of industrial transfer is the process of busi-
ness relocation and location adjustment. New businesses locate themselves in high-speed
railway counties for various reasons. The primary factor is that secondary industries
such as manufacturing and industry in developing nations typically originate in the ma-
jor towns [32]. To save money on land and labor, businesses are relocating to nearby
towns [33]. Additionally, knowledge-intensive businesses have high location and trans-
portation needs [34] and a tendency to congregate in high-speed rail counties due to their

150



Land 2023, 12, 874

high technology and demand for information exchange. The primary driver for people to
relocate to high-speed rail counties is the significant decrease in immigration costs, which
encourages the movement of labor from relatively underdeveloped areas to these counties
and the significant reduction in commute times, which increases employment opportunities
and decreases living expenses [35].

2.4. Summary of the Chapter

To further address the research questions posed in the introduction, the chapter explores
the mechanism by which the high-speed rail network affects county economic development.
It also examines the agglomeration and exodus of businesses and workers in four different
types of urban units (high-speed urban area, non-high-speed urban area, high-speed county,
and non-high-speed county). High-speed rail opening in a county widens the channels of
factor circulation, thus bringing high-speed rail counties closer to the center urban region
in terms of both time and geography, according to the analysis framework. The high-speed
railway significantly impacts industrial business movement and concentration as well as
the secondary labor force in the county area. The original equilibrium state is disrupted
by the high-speed railway’s opening, and businesses and the labor force decide to migrate
accordingly. It creates a fresh chance for the high-speed railway county to change and develop.
We conjecture there are two primary paths for high-speed railway county transformation and
growth based on analyzing enterprise and labor force levels: the first route is the formation
of a satellite city formed by industrial agglomeration, the “auxiliary city”; another path is
formation of a satellite city of population agglomeration and development by the influx of a
large number of non-agricultural laborers, the “sleeping city”.

3. Research Design
3.1. Research Problem

According to the analysis framework, from the standpoint of industrial enterprises,
a high-speed rail opening greatly lowers industrial companies’ transportation costs in
county regions, thus affecting market access and influencing production costs. However, it
also heightens the center urban area’s siphon effect, which increases industrial businesses’
propensities to relocate to the central city with a higher total external income. Here, we
propose hypothesis 1: under the current national circumstances, a high-speed rail opening
will have long-term adverse effects on industrial companies at the county level and weaken
industrial enterprises” agglomeration level at the county level. Regarding the secondary
labor force, a high-speed rail opening lowers living expenses and transportation costs
and creates a cost-of-living effect to draw laborers into the central metropolitan region.
On the other hand, the availability of new infrastructure services and the expansion
of employment prospects affect income distribution and support the transformation of
the agricultural population into a non-agricultural one. Here, we propose hypothesis 2:
introducing high-speed rail will have a long-lasting and positive effect on the county’s
secondary labor force concentration. Additionally, hypothesis 3 is proposed considering
the conclusion of the counties” development and transformation from the perspective of
high-speed rail opening in the analysis framework 2.3: a satellite city formed by population
agglomeration, “sleeping city” is formed because of the high-speed rail opening, which
alters counties” economic growth styles. Industrial enterprise settlement precedes the influx
of the secondary labor force.

Based on the panel data of 1791 county-level urban units (county-level cities and coun-
ties) across the nation of China from 2003 to 2019, this chapter employs the multi-period
PSM-DID model to conduct the appropriate research design to test the three assumptions.

3.2. Method Selection

The selection bias issue with county unit samples was successfully resolved using
the propensity score matching technique (PSM). Using the differential difference, the
“difference-in-differences” analysis (DID) effectively examined the policy impact of high-
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speed rail on the county unit while resolving the endogeneity issue engendered by the
incomplete dependent variables of the county unit itself during the research process. The in-
dividual differences between the various locations prior to the high-speed rail inauguration
will be disregarded by using the cross-section model and the time effect will be disregarded
by using the time series model to avoid the constraints of the single difference technique.
To evaluate high-speed rail’s effect on county economic development, we primarily draw
on the methodological work of Goodman-Bacon (2021) [36] and Callaway and Sant “Anna
(2022) [37] and uses of the multi-time point differential approach (DID, differences in differ-
ences). Here, the propensity score matching multiple difference approach (PSM-DID) was
employed to more precisely and effectively assess the reconstruction of county economic
space by high-speed rail. The specific operations and models are as follows:

1.  To identify the group that corresponds with the county units that offer high-speed
rail service, use PSM.

2. The county units of the matched experimental group and control group were used for
the DID model evaluation and analysis, and the following regression equation was
obtained after combination:

YﬁSM = Bo + Bicity; + dopost;, + d1city; x post;, + Boxlistiy + pi + Ay + € (1)

where i denotes the region, t represents the year, and Yj; is the dependent variable, indicating
the economic development level of county i in the year ¢ (including the agglomeration level
measurement of the industrial enterprises and the secondary labor force’s agglomeration
degree). city; is an individual dummy variable of the county. If the policy of the high-speed
rail opening affects county i, its value is 1, while the county not affected by the policy is
0. post;; represents the time dummy variable in the processing period of the high-speed
railway policy; the value of the county is 1 after the high-speed railway is opened and 0 if
it is not. The interaction item (city; * post;;) represents the dummy variable of the county
unit after the high-speed railway opening. Its coefficient J; is the difference between the
impact of the high-speed railway opening on the treatment group and the control group,
which this paper focuses on. xlist;; is a group of control variables affecting the county unit
economic development, and y; represents the individual fixed effect and is used to control
the heterogeneity of the county units, while A; represents the time fixed effect and is used to
control the corresponding year of county units, and ¢;; is the residual phase.

3.3. Variable Selection

There are two types of indicators for county unit economic growth: multiple indicators
and comprehensive single indicators. The study examines high-speed rail’s effects on the
urban unit economic development using the indicators used by Ahlfeldt and Feddersen [38],
Redding and Tumer [39], and Kim [35]. It also confirms the above hypothesis regarding the
patterns of enterprises and labor force agglomeration in county economic development. The
multi-index analysis method was employed in assessment. We focused on how high-speed
rail affects industrial firm dispersion as well as labor force movement and concentration
in secondary sectors such as manufacturing. Several academics both domestically and
internationally utilize the percentage of the total industrial output value to gauge the degree
of regional industrial agglomeration when studying the production and agglomeration
of county enterprises. For instance, to determine the industrial agglomeration level, Wen
(2004) [40] and Yu Jin (2006) [41] both used the percentage of each region’s industrial
production value in the overall industrial GDP of the year as a variable. Since the data on
the country’s gross industrial output value were only available through 2012, the paper
substituted the GDP for the corresponding year. Implementing the index was comparatively
reasonable and dependable because the tangible and quantifiable aspects of manufacturing
items have been perfected in statistical caliber and procedures. The proportion of workers
in secondary industry units across the entire nation at the end of the year was used to
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gauge the industrial labor force agglomeration degree in terms of the size, distribution, and
concentration of the county labor force.

The DID model was employed to address some of the study object’s endogeneity
issues. However, to more precisely analyze the alterations and variations of the industrial
enterprise and secondary labor agglomeration levels across counties with high-speed and
non-high-speed rail, we cite the study by Shao et al. [6] on service sector agglomeration in
the Yangtze River Delta region of China, the study by Dai and Hatoko [42] on the economic
disparities between Switzerland and Japan regarding high-speed rail, and the study by
Wang et al. [43] on high-speed rail service’s effects on population flow and urbanization
regarding industry and population by using control variables to fix the model’s endogenous
and sequential issues. In addition, the control variables were treated logarithmically to
eliminate the collinearity issue. The final selection of control variables included the county’s
total population at the end of the year (Inpop), the gross regional product (Ingdp), the
national market potential (Inpot), the local market potential (Inlopot), and the completed
amount of urban fixed assets investment (Infid). To govern county economic development,
industrial enterprise agglomeration, and secondary industry labor agglomeration, these
factors were used as variables. For a description of the chosen variables and their selection,

see (Table 1).

Table 1. Variable description.

Classification Variable Symbol Unit Definition
Agglomeration level of o Local industrial output value above designated
. . . sec Yo .
industrial enterprises size/annual GDP
Dependent variable Concentration degree of . Local employees in secon(?lary industry units at
secondary labor force emp Jo the end of the year/national employees in
secondary industry units at the end of the year
. . . By 2019, the value of county units with
County unit dummy variable ety / high-speed rail service will be 1, otherwise 0
Policy processing period From 2003 to 2019, the county value was 1 after
Y P & P postit / the high-speed rail service and 0 before the
dummy variable hich d rail .
Independent variable 'ghspeed ratl service
After the high-speed rail line opens, the virtual
variable in the county area is 1 in terms of time
Interaction item city; * post; / dimension; otherwise, it is 0. The virtual variable

of the county area opened by high-speed rail is 1,
else it is 0 in terms of region dimension

Total population of the county at
the end of the year

Gross regional domestic product

National market potential

Control variable

Local market potential

Total investment in urban fixed
assets completed

Inpop

Ingdp

Inpot

Inlopot

Infid

Ten thousand
people
Ten thousand
CNY

/

County population at the end of the
year, logarithm
Gross county product of corresponding
year, logarithm
The logarithm of the total retail sales of consumer
goods in the local county divided by the sum of
distances from other urban units (urban area,
county area) to the local county unit
(mp; = Z]R:l RET]-di;l, where mp; is the market
potential of county 7, RET represents the total
retail sales of social consumer goods in county,
and d; is the distance between county i and
county j
The logarithm of the total retail sales of consumer
goods in a county divided by the distance to the
nearest prefecture-level city (lomp; = RET; /Ndj;,
where lomp; is the local market potential of
county i, RET represents the total retail sales of
consumer goods in county, and Ndj; is the
distance between county i and the nearest
prefectural-level city j
The amount of urban fixed assets investment
completed in the corresponding year is logarithm

Notes: sec, Inpop, Ingdp, and Infid all use 10,000 as the unit of measurement in variable calculation; since the
number of secondary industry employees in the county is relatively small, the emp variable uses each person as
the unit of measurement; in Inpot and Inlopot, the total retail sales of social consumer goods are measured in
10,000, and the distance is measured in kilometers.
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3.4. Description of Research Objects and Data
3.4.1. Research Object and Scope

The essay primarily investigates how high-speed rail’s launch has affected local
economic growth (focusing on the interaction between industrial production and the cor-
responding secondary labor force). Thousands of county-level administrative divisions
in China are becoming increasingly crucial with the declining market (Source: National
Development and Reform Commission, China, https:/ /www.ndrc.gov.cn/ (accessed on
1 July 2022)). A city’s formation and growth cannot progress without considering ad-
ministrative power. In mainland China, the term “urban establishment” refers to the
administrative establishment system, which includes cities, counties, and municipalities
directly under the central government. As of March 2020, there were 333 prefecture-level
administrative divisions in China (excluding Hong Kong, Macao, and Taiwan) (Source:
http://data.acmr.com.cn/member/city/city_md.asp (accessed on 28 July 2022)). These
300-plus cities have received the most attention in studies on China’s high-speed rail net-
work’s effects [44—49]. We consider that county-level administrative divisions have evolved
into the initial transfer point for non-agricultural enterprises and population agglomera-
tion, because of China’s huge area, enormous population, and the high-speed rail network
constantly spreading and encompassing counties. Researchers studying high-speed rail
should note China’s thousands of county-level administrative units, which are crucial to
the country’s development. Geographically, economically, and in terms of management
authority, the municipal district is closer to the central city than the county-level cities and
counties under its jurisdiction; we list the primary urban units examined in this article as
the county-level cities and counties governed by the central cities. Based upon this, the
nation’s cities are split into four categories of urban units, including high-speed urban area,
non-high-speed urban area, high-speed county, and non-high-speed county, according to
the administrative zoning size. The four categories of urban units are explained in detail
below, and the geographic spatial distribution of the four types of urban units during
the research year (up to 2019) is visualized in Arcgis10.8 (Figure 4) (Standard map base
source: http://bzdt.ch.mnr.gov.cn/ (accessed on 30 July 2022)). To investigate the economic
growth trajectory and population distribution rule of high-speed rail counties under the
influence of high-speed rail, we selected 1791 county-level urban units (county-level cities
and counties) across the country as empirical research subjects. The four types of urban
units were classified as follows:

1. High-speed urban area: If any of the sub-provincial-level cities and prefecture-level
city districts opened high-speed railways, the whole prefecture-level city district was
divided into high-speed railway central city units, such as Beijing, Shanghai, Tianjin,
and Chongging.

2. Non-high-speed railway urban areas: In contrast to the high-speed urban areas, the
prefecture-level city municipal districts were divided into non-high-speed railway
urban units if there was no high-speed service in any section of the sub-provincial
city or prefecture-level city municipal district.

3.  High-speed county: In addition to the central city units mentioned above, if county-
level cities, county-level administrative units, and the units below had high-speed
rail service, they were classified as high-speed rail counties.

4. Non-high-speed county: Conversely, if county-level cities, county-level administrative
units, and the units below had no high-speed rail service, they were classified as non-
high-speed counties.

3.4.2. Data Sources

The panel data of county area city units, constituted of 1791 counties and county-level
cities under the jurisdiction of the sample urban areas in China from 2003 to 2019, were
used as the county data in this article. The administrative region zoning by the end of
2020 was used as the benchmark, considering China’s administrative divisions. Regarding
high-speed rail, information about China’s high-speed rail projects from 2003 to 2019 was
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gathered and organized using the websites for “Train Schedule 2010,” “Train Schedule 2020,”
the National Railway Administration of China, and the High-Speed Railway Network. For
details on data gathering, see the table below (Table 2).
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Figure 4. Geographical spatial distribution of four types of urban units (by the end of 2019). Note:
This map is based on the standard map No. GS (2019)1823 downloaded from the Standard Map
Service website of the Department of Natural Resources. The base map is unchanged.

Table 2. Summary table of datasets involved in the study.

Data Set Data Sources Year
China County Statistical Yearbook (County Summary by Office for National Statistics: 2003-2019
and City Volume) www.stats.gov.cn (accessed on 1 July 2022).
Base map of county-level administrative Chinese government website: Bv 2020
divisions in China www.gov.cn(accessed on 19 July 2022) y
County city unit base map Based on county—level administrative division By 2020
file arrangement
City centers of prefecture-level cities Summary by Chinese government website: By 2020
and counties www.gov.cn (accessed on 17 July 2022). y
The distance between counties and urban units Calculation based on Arcgis10.8 software By 2020
) . . Summary by China Railway Network:
Timetable of high-speed rail www.12306.cn (accessed on 17 July 2022). 2010, 2020
. . o Summary by National Railway Administration:
Data of the opeor‘l/l(r;gtﬁfehlégi-sspeed rail lines www.nra.gov.cn; High-speed rail network: 2003-2019
y www.gaotie.cn (accessed on 14 July 2022)
. . . . Summary by National Railway Administration:
Data of the opening of high-speed rail stations www.nra.gov.cn; High-speed rail network: 2003-2019

over the years

www.gaotie.cn (accessed on 14 July 2022)

3.4.3. Sample Matching

We performed PSM matching between the treatment and control groups prior to

the empirical analysis. Consequently, 358 county units that had opened high-speed rail
between 2003 and 2019 constituted the treatment group, while 1433 county units that had
not opened high-speed rail during that time constituted the control group. The probit
model was used to estimate the P-score. The weight was calculated using the nearest-
neighbor tendency matching approach, and the “on support” condition was appended (see
Appendix A (Tables A1-A3 and Figure A1) for specific PSM results).

The kernel density function’s distribution curve before and after the nearest-neighbor
tendency was drawn (see Figure 5). According to Figure 5a in the comparison chart, the
distribution of counties in the treatment group was extremely loose before PSM matching
was carried out. In contrast, the control group’s P-score kernel density distribution was
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clearly concentrated and skewed to the left. The impact of high-speed rail on the P-score
probability density distribution in counties differed widely. The results of the multi-stage
DID analysis would unavoidably have been seriously affected by sample selection bias if
PSM matching were not used and the concentration level of the industrial enterprises and
the secondary industry labor force between the two groups of the county samples were
directly compared. The findings’ reliability would thus be impacted. We compared the
characteristics of the two county sample groups in five dimensions: GDP, market potential,
distance from the county center to the closest prefecture-level city, and the amount of
urban fixed assets investment that was completed at the end of the year. Furthermore, we
employed the nearest-neighbor method. After matching, the retained samples’ features
were identical in every way, and the selectivity bias was essentially removed (see Figure 5b).
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Figure 5. Comparison of kernel density distribution of propensity scores between the treatment
group and the control group before and after nearest-neighbor propensity matching. (a) Kernel
density of propensity score before matching. (b) Kernel density of propensity score after matching).

4. Empirical Analysis
4.1. Impact Analysis of High-Speed Rail on County Economic Development Based on PSM-DID

The section focuses on the heterogeneity of high-speed railway construction’s influence
on the labor force agglomeration of industrial enterprises and secondary industries. To
test the PSM sample matching’s effectiveness, a mix of OLS baseline regression 1 (see
model 1), OLS baseline regression after PSM matching (see model 2), fixed-effect model
baseline regression (see model 3), DID regression using samples satisfying the common
support, which is the tendency of scores of the treatment group and the control group to
have a large common range of values (see model 4), multi-phase PSM-DID regression, and
samples satisfying the common supporting hypothesis (see model 5) were used. After
PSM-DID estimation, the standard error mean of the control variables was reduced, and the
interaction term’s regression coefficient was larger than that of the ordinary DID estimated
by the fixed-effect model’s regression. Overall, we think that PSM-DID’s estimation effect
was better.

4.1.1. Impact of High-Speed Rail on Industrial Agglomeration in Counties

The section focuses on the industrial agglomeration differences between counties
served by and those not served by high-speed rail (see Table 3). The following outcomes
were found: (1) With the exception of model 1, all five models’ regression coefficients
for the interaction terms of the explanatory variables (city*post) were significant above
the 10% level, showing that the regression results were still reliable even after accounting
for the selectivity bias issue. The interaction terms of the matching results of PSM-DID
were also significant at the 1% level. This demonstrates how individual variances between
counties can skew the research findings. (2) Qin’s research (2017) also points out that high-
speed railway construction reshapes counties” economic activities. Moreover, it has certain
negative effects on county economic development [50]. (3) The regression results of the
control variables show that the gross regional product, the size of the national market, and
the completion of urban fixed asset investments have a significant impact on the industrial
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agglomeration in counties, whereas the total population at the end of the year and the
size of the local market have little effect. The possible reason is that a county’s industrial
development is not only related to the nearest central city, but also closely related to its own
level of economic development, urban construction, and market potential in a larger scope.

4.1.2. High-Speed Rail’s Influence on the Agglomeration of Secondary Industry Labor
Force in Counties

The section focuses on the differences in secondary labor agglomeration between coun-
ties with and without high-speed rail because of high-speed rail installation (see Table 4).
The following are the outcomes: (1) The regression coefficient of model 5 shows obvious
significance at the 5% level, indicating that high-speed rail opening has a significant impact
on counties” secondary industry labor force agglomeration. Meanwhile, the regression
coefficient is positive; indicating that, in contrast to the result of the industrial enterprises,
high-speed railway opening promotes the concentration of secondary labor force in the
county. The possible reason is that the county area attracts the secondary labor force of the
central city and the surrounding agricultural population. (2) Among the control factors,
the size of the fixed asset investment in metropolitan areas, the size of the national market
potential, and the size of the local market potential all significantly affect the labor force
distribution in the secondary industry. The secondary industrial labor force concentration
in the county is also not significantly impacted by the total population at the end of the year
or the gross regional product. In contrast, it is clear from the coefficient that the local market
potential has a very beneficial effect on the secondary industry labor force concentration in
the county when compared to the degree of industrial agglomeration.

Table 3. Evaluation results of impact of high-speed rail opening on industrial agglomeration in
county area based on multi-phase PSM-DID model.

Model 1 Model 2 Model 3 Model 4 Model 5
ols1 ols2 fe Common Support Psm-Did
citypost —0.00013 —0.00015 *** —0.00005 * —0.00005 * —0.00007 ***
(—1.52423) (—4.12649) (—1.74838) (—1.74838) (—3.21568)
Inpop —0.00011 *** —0.00007 * —0.00022 *** —0.00022 *** —0.00008
(—3.96557) (—1.81789) (—4.33313) (—4.33313) (—1.20055)
Ingdp 0.00036 *** 0.00115 *** 0.00020 *** 0.00020 *** 0.00072 ***
(6.20586) (21.13444) (6.38093) (6.38093) (9.97349)
Inpot 0.00090 *** 0.00010 —0.00026 *** —0.00026 *** —0.00049 ***
(3.58495) (1.07191) (—3.14396) (—3.14396) (—1.0 x 10%)
Inlopot —0.00002 0.00002 —0.00003 —0.00003 0.00005
(—0.89649) (0.91598) (—1.26638) (—1.26638) (0.61204)
Infid —0.00015 *** —0.00054 *** 0.00000 0.00000 —0.00006 ***
(—5.44759) (—1.8e+01) (0.04726) (0.04726) (—3.01223)
N 3706 833 3706 3706 833
Adj. R? 0.50289 0.57250 0.27987 0.27987 0.37081
Note: Numbers in brackets are standard error. *** and * are significant at the level of 1, and 10%, respectively.
Table 4. Evaluation results of impact of high-speed rail opening on secondary industry labor force
agglomeration in county based on multi-phase PSM-DID model.
Model 1 Model 2 Model 3 Model 4 Model 5
ols1 ols2 fe Common Support Psm-Did
citypost —0.00006 *** —0.00004 * 0.00002 0.00002 0.00004 **
(—3.51918) (—1.78358) (1.01943) (1.01943) (2.28175)
Inpop 0.00010 *** 0.00021 *** —0.00001 —0.00001 0.00008
(12.04140) (8.70324) (—0.29664) (—0.29664) (1.59268)
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Table 4. Cont.

Model 1 Model 2 Model 3 Model 4 Model 5
ols1 ols2 fe Common Support Psm-Did
Ingdp 0.00016 *** 0.00063 *** 0.00004 ** 0.00004 ** 0.00008
(14.78234) (17.36344) (2.40126) (2.40126) (1.33910)
Inpot 0.00108 *** 0.00060 *** —0.00005 —0.00005 —0.00023 ***
(41.40345) (9.34073) (—0.69452) (—0.69452) (—6.28128)
Inlopot —0.00001 ** —0.00002 0.00002 0.00002 0.00012 **
(—2.26344) (—1.13555) (1.02721) (1.02721) (2.00929)
Infid —0.00010 *** —0.00036 *** 0.00001* 0.00001 * —0.00003 *
(—1.8 x 10%) (—1.8x 10%) (1.90752) (1.90752) (—1.82140)
N 3706 833 3706 3706 833
Adj. R? 0.66672 0.68823 0.02683 0.02683 —0.09127

Note: Numbers in brackets are standard error. ***, ** and * are significant at the level of 1, 5, and 10%, respectively.

4.2. Analysis of the Time-Delay Impact of High-Speed Rail on County Economic Development

According to the above empirical analysis, high-speed railway opening has a long-
term impact on county economic development. Therefore, in this paper, by referring to the
event study method proposed by Clarke and Schythe [51], the delay impact of high-speed
railway on the county industrial agglomeration level and secondary labor agglomeration
degree is explored.

4.2.1. Analysis of the Delay Effect of High-Speed Railway on Industrial Agglomeration in County

High-speed rail opening has a negative impact on the industrial agglomeration level
(sec) in counties to a certain extent. However, whether the negative impact has a time lag is
verified in this part (see Figure 6). The concrete results show that: (1) From the significant
regression coefficient level, high-speed rail opening has a leading effect on and a role in
promoting industrial enterprise development. At the same time, high-speed rail opening
has obvious delay effect on the county industry’s agglomeration and development. When
the lag period is the second phase (i.e., the second year), a county’s industrial agglomeration
level show obvious correlation with the high-speed rail opening, thus indicating that a
county’s high-speed rail opening will have a long-term negative impact on the industrial
agglomeration. (2) From the interaction term'’s regression coefficient, the leading period is
the promoting effect, while the lagging period is the negative effect. The possible reason is
that Chinese counties’” development levels are relatively behind those of others at present,
and that high-speed rail opening has intensified the siphon effect of central cities.
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Figure 6. Regression results of the delayed impact of high-speed railway opening on industrial
agglomeration in counties. Note: Since there was only one high-speed train in 2003 to 2008, the lag
time was only 10 years in 2019 minus 2008.
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4.2.2. Analysis of High-Speed Railway’s Time-Delay Impact on Counties’ Secondary
Industry Labor Force Agglomeration

High-speed railway opening promotes secondary labor force agglomeration (emp)
to high-speed railway counties. This part continues to explore the delay of high-speed
railway to secondary labor force agglomeration in counties and verifies its dynamic lag (see
Figure 7). The results show that: In Section 4.1.2, which examines the impact of secondary
labor force agglomeration in county units in the year of high-speed railway opening, we
discovered that the introduction of high-speed railway encouraged secondary labor force
agglomeration. However, we find that it is not the case from the dynamic time-delay
analysis of the secondary labor force agglomeration. The influence of high-speed railway
on the agglomeration of secondary labor force in county units reveals an erratic state.
The elimination of China’s demographic dividend and the restriction of the household
registration system in the panel data analysis from 2003 to 2019 may be the cause, which
diminished the influence of high-speed rail on secondary labor flow.
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Figure 7. Regression results of the delayed impact of high-speed railway opening on secondary
industry labor force agglomeration in counties. Note: Since there was only one high-speed train in
2003 to 2008, the lag time was only 10 years in 2019 minus 2008.

5. Robustness Test
5.1. Endogenic Processing

Excluding endogenous problems’ influence is a prerequisite for DID analysis. We
mainly referred to Huber and Steinmayr [52] and Jun Zhang [53] by investigating counties
with less discourse power and higher randomness as research subjects; two major measures
of PSM matching analysis were carried out on the experimental and control groups of
the county units to ensure the selection of the county units met the three measures of the
randomness hypothesis test, processing the matching of other relevant characteristics of
samples, and carrying out a collinearity test of the variables to cause the experimental
results to be more reliable. The specific measures are as follows:

1.  The inauguration of high-speed rail must be a quasi-natural experiment to pass the
random hypothesis test. This is the basis of applying the multi-phase DID model
analysis. In his article on high-speed rail’s effect on county economic development,
Jun Zhang noted the close connection between the planning and construction of
high-speed rail lines and stations and the degree of regional economic development,
as well as their geographic location and other factors. The likelihood that a central city
will open high-speed rail increases with its economic power and political clout. Given
this, we opted not to use the prefecture-level cities that many academics have chosen
to analyze to examine high-speed rail’s effects on urban economic development. To
address the endogenous issue, we instead selected counties with lower discourse
power and higher randomness as the research subjects.
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2. To further limit endogeneity, a multi-phase PSM-DID model based on county unit
matching was created in this study. The population, level of economic development,
and market potential in county units vary greatly, and this unit heterogeneity causes
a clear bias in policy effect estimation. Up to a point, the sample selectivity bias could
be reduced by matching the propensity scores of the experimental and control groups
based on the characteristics of county units.

3. To test whether there was collinearity among the variables, the collinearity diagnosis
was conducted (Table 5). Except for the gross regional product, the VIF value was no
more than 6, which proved that there was no collinearity among the variables or that
there was to a lesser extent.

Table 5. Collinearity diagnostics table.

Model 1 Tolerance VIF Model 2  Tolerance VIF

dependent variable sec emp
emp 0.325 3.079 sec 0.422 2.368
Inpop 0.326 3.066 Inpop 0.318 3.145
. . Ingd 0.094 10.687 Ingd 0.085 11.832
independent variable ln?)olfc) 0.318 3.144 lniolt) 0382 2621
Inlopot 0.173 5.786 Inlopot 0.173 5.788
Infid 0.252 3.968 Infid 0.249 4.021

5.2. Parallel Trend Test

The DID model’s basic assumption is that the treatment and the control groups have
parallel trends; that is, the two county unit groups should have the same trend before the
high-speed railway opening. To test the robustness of high-speed rail opening’s influence,
this paper adopts the method of changing the window width before and after the county
high-speed rail opening for verification. The specific formula was as follows:

2. .
Y = Bo+ (51sz3 city; * post,; .ok + Baxlisty + pi 4+ A+ € ()

where tc0 represents the year of the high-speed railway opening, and t — tc0 = k = -3,
-2, —-1,0, 1, 2, 2, 3 represent the county units set dummy variables for three years,
two years, one year, one year, two years, and three years before the high-speed railway
opening, and construct the interaction terms between the corresponding county units
and the time dummy variables. Parallel trend tests were carried out on the industrial
agglomeration level (sec) and the secondary labor agglomeration degree (emp) of the
county units, respectively (see Table 6 and Figure 8). The results show that: @) From the
regression coefficient, the regression coefficients of the industrial agglomeration level and
secondary labor agglomeration degree are not significant in the three years before the high-
speed railway opening, while the baseline group (to completely exclude the collinearity
problem, the first period before the policy is usually selected as the baseline group) is
significant in the later years. The results indicated that the county units with and without
high-speed rail services had the same time trend at least three years before the high-speed
rail service. The parallel trend test results verified the multi-period PSM-DID regression
results” robustness. ) The parallel trend test chart shows the dynamic economic effects
between different years under the high-speed railway policy’s impact. The chart indicates
that the interaction term’s coefficients were not significantly different from 0 before the high-
speed railway opening, and that the confidence intervals all contain 0 values, indicating
that there was no significant difference between the county units of the experimental and
control groups before the high-speed railway opening, which satisfies the hypothesis of the
parallel trend. In addition, the parallel test trends of sec and emp after implementing the
policy were opposite, thus indicating that the high-speed rail opening significantly differed
in its impact on the industrial development and secondary labor force agglomeration
across counties.
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Table 6. Parallel trend test table of industrial agglomeration level and secondary labor agglomeration

degree in county units.

(1) (2)
Variables Sec Emp

pre_3 1.59 + 10° —141+10°
(3.57 + 10°) (3.32 + 10°)
pre 2 —347 +10° ~1.38 =+ 10°
(3.00 + 10°) (1.85 + 10°)

current —3.23 +10° 1.11 = 10°
(2.64 +~ 10°) (1.80 + 10°)

post_1 —4.69 =+ 10° 3.53 + 10°
(3.69 + 10°) (2.33 + 10°)

post_2 —8.24 +10° ** 3.30 = 10°
(4.15 + 10°) (3.07 + 10°)

post_3 —0.000112 ** 4.09 +10°
(4.42 + 10°) (3.35 +~ 10°)
post_4 —0.000168 ** 6.99 + 10° **
(7.73 + 10%) (3.41 +~ 10%)
post_5 —0.000174 ** 9.92 = 105 *
(7.19 = 10°) (5.61 = 10°)

Inpop —2.95 +10° 5.54 +10°
(7.44 +~10°) (7.04 + 10°)

Ingdp 0.000697 *** 8.59 = 10°
(0.000127) (6.40 + 10°)
Inpot —0.000467 *** —0.000251 **

(0.000152) (0.000107)

Inlopot 6.47 + 10° 0.000123

(0.000163) (0.000117)
Infid —4.97 = 10° ** —3.12 +10°
(2.12 + 10%) (1.91 + 10°)

Constant —0.00914 *** —0.00146

(0.00161) (0.00128)

Observations 810 810
R-squared 0.968 0.967

Note: Numbers in brackets are standard errors. ***, ** and * are significant at the level of 1, 5, and 10%, respectively.

5.3. Placebo Test

There were individual differences over time between the county units, regardless
of whether high-speed rail was opened, which led to systematic bias in the regression
results. The discrepancies in the industrial concentration level (sec) and secondary labor
concentration degree (emp) between the two groups of county units should not change over
time if the high-speed rail development did not occur. The discrepancies in the industrial
concentration level (sec) and secondary labor concentration degree (emp) between the two
county unit groups should not change over time if high-speed rail development did not
occur. The discrepancies in the industrial concentration level (sec) and secondary labor
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concentration degree (emp) between the two groups of county units should not change
over time if high-speed rail development did not occur. To verify the regression results’
reliability, Liu Ruiming et al. (2020) employed a method that is extensively used in the
placebo test to randomly produce group tests in the research [54]. The kernel density
coefficient and p-value scatter plot of the virtual policy variables were compared and
examined to see whether there were any significant differences between them and the
actual values by randomly generating the processing groups of counties that opened high-
speed rail and repeating the regression 1000 times (see Figure 9). As seen from the figure,
both the industrial agglomeration level (sec) and the concentration degree of the secondary
industry labor force (emp) indicate that, in the case of random sampling, the regression
coefficients close to the real benchmark (solid line) tsec = —0.0000457 and temp = 0.0000199
were all small probability events, thus suggesting that high-speed rail opening affected the
regional economy. The aforementioned empirical investigation results are reliable and the
placebo test was passed.
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Figure 8. Parallel trend test diagram of industrial agglomeration level and secondary labor agglomer-
ation degree in county units. (a) Test chart of parallel trend of industrial agglomeration level. (b) Test
chart of parallel trend of concentration degree of secondary industry labor force.
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Figure 9. Placebo test chart of industrial agglomeration level and secondary labor agglomeration
degree in county units. (a) Kernel density coefficient diagram of the industrial concentration level.
(b) Scatter plot of p-value of placebo test for the industrial concentration level. (c) Kernel density
coefficient diagram of the concentration degree of secondary labor force. (d) Scatter plot of p-value of
placebo test for the concentration degree of secondary labor force.
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6. Research Conclusions and Policy Implications

High-speed rail opening eases the historically severely imbalanced regional economy
growth brought on by China’s high flow cost of labor and other generating factors. The
key to the balanced and high-quality development of China’s economy in the future is
the transformation and upgrading of county industrial and demographic structures. In
the context of China’s rapid urbanization and regional development transformation, the
multi-mode transportation system, including airports, high-speed railways, rail transit,
expressways, and buses, has developed into a crucial foundation for coping with the
“congestion costs” of big cities, such as urban industrialization and rising housing prices.
Many studies and statistical evidence have demonstrated how developing a high-speed
rail network has aided in the trend toward suburbanization, regional integration, and
cross-regional travel. For instance, Xiongbin Lin and Yuan Lu discovered, through a
questionnaire study, that 7% of commuters use the Beijing-Tianjin cross-city high-speed
railway [55]. This study examines the new route of county transformation and upgrading
in our nation regarding high-speed rail’s impact on the county industrial and secondary
labor agglomeration. The study views the launch of high-speed rail as a sort of natural
experiment. A multi-period PSM-DID model was built to empirically investigate the effects
of introducing high-speed rail on the concentration of industrial firms and the secondary
labor force in the counties using panel data from 1791 non-central urban units in China
from 2003 to 2019.

The findings indicated that introducing high-speed rail changed counties” economic
landscapes, had an adverse effect on industrial agglomeration, and had a favorable effect
on the secondary labor concentration. According to the examination of high-speed rail’s
time delay, industrial firm development in county regions is normally negatively impacted
by high-speed rail for a long period before turning around eight years later. High-speed rail
has a long-term positive effect on the concentration of the secondary labor force, but does
not show an obvious trend of orderly concentration. Here, we found China’s high-speed
rail counties are currently developing primarily into satellite cities formed by population
agglomeration, or “sleeping cities”. Developing a high-speed rail network has, according
to pertinent studies, accelerated the national gradient transfer of low-end manufacturing
businesses to less-developed regions [56-59]. The “siphon effect” of center cities prevents
industrial units developing in neighboring cities; however, on the small scale of central cities
and surrounding counties, the impact of intercity high-speed rail construction on neighbor-
ing county development is minimal. Additionally, we investigated how the potential of
the national and local markets affected the county’s economic growth. We discovered that,
while the local market potential attracted a secondary labor force concentration, the national
level mainly had a negative impact on the county’s industrial development.

High-speed rail’s effect on the county economic development was examined using a
theoretical and an econometric model. Owing to the restricted research capacity and data
collection, the research method still has major flaws that need to be addressed, notably the
following two main points: (1) The theoretical framework and model need to be further refined.
Cities are intricate systems. The variability of numerous significant economic determinants
and unique county development features is still ignored by the theoretical framework of
the interaction between county economic development and the high-speed rail network that
the study created. (2) The data processing and characterization variable selection need to
be further studied. Many county units with missing data were eliminated because of the
small number of county samples and the lengthy period (2003-2019). The research results’
accuracy differed from the real results due to a linear interpolation approach being employed
to supplement a limited number of county units with missing data. The data availability also
restricted the choice of variables. We propose that, in the future, research into the scope and
interactions of multivariate factors, the data’s veracity, and the use of high-speed rail for mass
transit in the metropolitan region be performed in greater depth.
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Figure A1. PSM balancing table. (a) PSM equilibrium test diagram. (b) P-score balance test chart.
Table Al. PSM-nearest-neighbor matching result.

Citypost Coefficient Std. Err. z p>lzl [95% Conf. [Interval]
Inpop —0.0404 0.1414 —0.2900 0.7750 —0.3175 0.2367
Ingdp 1.5066 0.2019 7.46000 0.0000 1.1108 1.9024
Inpot —0.1788 0.3579 —0.5000 0.6170 —0.8802 0.5226

Inlopot 0.0463 0.0976 0.4700 0.6350 —0.14496 0.2376
Infid 0.4051 0.1035 3.9100 0.0000 0.2022 0.6079
_cons —29.4528 2.3367 —12.6000 0.0000 —34.0327 —24.8729

Table A2. PSM-nearest-neighbor matching result.

Variable Sample Treated Controls  Difference S.E. T-Stat
sec Unmatched 0.0007 0.0002 0.0005 0.0000 16.4200
ATT 0.0007 0.0011 —0.0004 0.0001 —5.6500
ATU 0.0003 0.0002 —0.0001
ATE . . —0.0001 . .
emp Unmatched 0.0008 0.0003 0.0005 0.0000 21.5500
ATT 0.0008 0.0010 —0.0001 0.0001 —2.1300
ATU 0.0003 0.0002 —0.0001
ATE . . —0.0001
Untreated 3373 3373
Treated 333 333
Total 3706 3706
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Table A3. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
id 3706 109.5 62.939 1 218
year 3706 2011 49 2003 2019
sec 3706 0 0.001 0 0.004
emp 3706 0 0 0 0.003
hsr 3706 498.839 869.451 0 2019
citypost 3706 0.09 0.286 0 1
Inpop 3706 3.469 0.913 0.693 5.094
Ingdp 3706 13.318 1.305 8.971 16.759
Inpot 3706 0.162 0.25 0 3.321
Inlopot 3706 8.228 1.827 2.499 14.463
Infid 3706 12.678 1.568 4.159 28.597
tmp 3706 0.503 0.287 0 1
pscore 3706 0.09 0.154 0 0.984
treated 3706 0.09 0.286 0 1
support 3706 1 0 1 1
weight 833 4.449 32.598 0.333 538.667
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Abstract: In multicentric and increasingly complex urban regions, a city centre reinvents itself. In the
case of Porto, tourism was essential for its “Baixa” renaissance. A relevant increase in visitors meant
also a dramatic increase in real estate prices and significant land-use change. In field interviews,
retailers noticed a “new life” before COVID-19 arrived, remarking on the positive role of tourism on
urban rehabilitation and the economic viability of companies, and the negative effects for residents
and traditional shops, directed to the common resident. In this article, we present and discuss its
main effects in this exceptional area in Portugal’s second city. We also discuss tourism dependency
and the challenge of sustainability in a high-density context, defending public policies oriented for
a “city with tourists” that replaces the current construction of a “city of tourists”.

Keywords: urban tourism; overtourism; gentrification; land use; sustainability; public policies

1. Introduction

In recent decades, mutations in the city centre have been particularly intense as low-cost
flights have become popular and changing places is easier (specially for countries within
the eurozone and under the Maastricht treaty), while digital platforms facilitate travel and
accommodation. As a consequence, especially historical, cultural, and environmental
attractive old cities appeal to visitors and all kinds of city users. This new flowing
population and real estate investment are associated with urban renewal and with soaring
prices, triggering functional and residential gentrification, a term coined by Glass [1] that
relates to the process of transformation of marginalized and/or traditional neighbourhoods
for wealthier and more sophisticated solutions, with the replacement of residents and
activities [2,3].

It is common that a process of beautification occurs, as the image of the city becomes
more relevant, more so in the central squares and the facades of the most visited streets. As
a consequence of social change and the process of rising prices, economic land uses also
suffer significative alterations.

The main objective of this article is to discuss the change of the city centre in the face of
dependence from tourism, considering “sustainable tourism” and “sustainable urbanism”
principles. For that, we use Porto as a case study. And we do that for good reasons. The
second city of Portugal was elected European Best Destination in 2012, 2014 and 2017,
and the European Best City-Break Destination in 2020. The number of overnight stays
went from 2,102,481 to 4,819,168 from 2013 to 2022 (129.2%) whereas in Lisbon the change
was 78.9%, and there were 6170 Airbnb units per 100.000 inhabitants prior to COVID, in
2018, which is higher than Paris and Barcelona [4]. Also, it was in Porto that, in July 2021,
17 European cities (including Venice and Prague) and some companies (including Airbnb)
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signed a document declaring their concern with excessive tourism and, in the words of the
local authorities, decided to “align tourism with the best practices of sustainable policies”.
To do so, our research seeks to shed light on three research questions:

How is tourism conditioning the city centre’s social and economic evolution?

How are tourism and public policies perceived by economic agents?

How should urbanism for sustainability be designed and implemented in a tourism-
dependent city centre?

The analysis follows the following structure: In Section 2, we deal with the theoretical
framework of the research. To do so, we consider the main dynamics associated with
tourism in city centres and recent evolution of urban public policies in selected European
city centres. Section 3 presents the materials and methods, as well as the city of Porto.
Section 4 present the results for Porto city centre, and in Section 5, there is a discussion of
the effects and dynamics of tourism on its relation with a sustainable approach. Finally,
Section 6 presents the main conclusions and their relation to the paper’s theoretical
framework and research questions.

2. City Centre, Sustainability, and Tourism
2.1. Centre and Centrality: Recent Transformations

A city may have a centre or several centres, depending on its history and dimension,
and the combination of the conditions for centrality (land value, symbolic value, and
accessibility condition) is different in each place. Central areas differ, from the old, traditional
city centre, to the new areas of the European city with high buildings which host multinationals
and large companies, or new sexy and gentrified areas where culture and recreation is
relevant [5,6].

Undoubtedly, the symbolic dimension of the city centre is essential and allows it to be
set apart from other locations, as well as to distinguish the central city from the expanded,
polycentric, and fragmented urban area. This is where major public actors (government
offices, palaces, and historic universities) and large private companies (banks, insurance
companies, specialized occupations offices, and luxury trade) find their place. All these
activities value the city’s central heritage and the highlighted examples of civil architecture
of the last two or three hundred years. But heritage also bears historical significance
conformed by monuments and other older buildings. That is concentrated in another type
of centre, the so-called “historical” centre, since the condition of centrality is normally
related here with a long period of time and the capacity the city had to retain essential
elements of its construction and reconstruction over the centuries [7,8].

Historical centres and economical centres are the most attractive areas for urban
tourism. The massification of access to air travel, and more economic capacity and time also
means a higher value of aesthetic and cultural experiences. As a consequence, city-breaks
compete with locations of 20th-century massification (sun and beach destinations), and
extend far beyond the usual urban venues of Paris, London, Venice, Rome and Barcelona.
As a result, in several cities, and especially in their centre, accommodation, restaurants and
other tourism-oriented facilities increase dramatically.

In addition, with the emergence of the so-called “collaborative economy”, best known
as the “platform economy” [9,10], Airbnb and others have encouraged the multiplication
of apartments and flats for rent [11,12]. These short-term rentals have helped to occupy
several of the residential places that still existed in the centre of cities such as Barcelona,
Lisbon, Porto, or Palma de Mallorca [13-16] and have denied about half to three quarters of
the offers of new housing in New York [17]. If tourism and short-rent locations created the
opportunity to invest in old housing, improving living conditions in decadent buildings,
they also gave new meaning to competition in the centre regarding land uses, as it became
a place where the presence of the floating population is more important than the “common
population”, and the price for housing, products, meals, and services become impossible
for a good part of people to live and retailers to resist.
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It is within this context that the rent gap applies, as the difference between the rent
realized from a plot of land and the potential rent if it were developed to its “highest and
best” use increases and attracts real estate interest, including international. Simultaneously,
overtourism emerges as the tourist densification of specific streets and squares, occurs,
along with the proliferation of hotel concentrations, forcing the displacement of the more
fragile residents and activities [18,19].

2.2. Sustainable Urban Tourism

The relation between sustainability and tourism is based on several processes and
debates, including the questions posed by the “limits to growth” concept [20,21], or the
increasing perception of the negative outcomes of tourism growth in destination areas [22].
Definitions of sustainable tourism normally embody a holistic perspective, incorporating
a suitable balance between economic, sociocultural and environmental aspects in long-term
development perspectives [23].

Paradoxically, although the debate on sustainable tourism has been widely embraced
by policy makers from both public and private organisations (although, in many occasions,
some measures have been denounced as mere “green washing” exercises, by masquerading
as ecological discourse for their own benefit in reducing operating costs or to keep in line
with the ideological change), little to no attention has been given to the conceptualization of
sustainability in an urban tourism context [24-26]. And that occurs despite the remarkable
growth of urban tourism during the last two decades, the knowledge of its impacts, and the
growing number of global, national, and local initiatives taken during the last decades to
make cities more sustainable. Several factors may be pointed out to explain this, including
the traditional focus of sustainable tourism studies on rural and eco-touristic places or the
insufficient research conducted in various aspects of the urban tourism phenomenon itself [25].

Nevertheless, a growing focus on the impacts of what is seen as overtourism has
led researchers to engage with sustainable urban tourism issues. The social, economic
and environmental impacts of the touristification phenomena have also been increas-
ingly acknowledged by researchers, policy makers, tourism stakeholders and local
communities [18,27]. In fact, even though tourism can represent an important opportunity
for development, contributing to the creation of employment and improvements in infras-
tructure, it can also promote the emergence or intensification of urban problems such as those
related to the increase in the cost of living, new forms of gentrification and CO, emissions,
as well as other forms of pollution, some of them related with congestion in circulation.

There is a challenge in achieving the best compromise between the socioeconomical
benefits and the socioenvironmental negative impacts of tourism [28]. And despite the
lack of a clear definition of the concept of sustainable urban tourism or the ambiguous
use of the concepts of overtourism or gentrification (there are no instruments or indexes
that will unequivocally define them, nor a correct geographical dimension), there is some
convergence on the challenges that sustainable tourism is facing in urban areas, namely
the management of conflicts between residents” quality of life and urban development
processes associated with the tourism industry, or between the residents’ perceived local
environmental qualities and the local environmental issues induced by overtourism [24,29].

Many researchers have looked for limits and thresholds as a way to achieve sustainable
urban tourism. Based on the existing studies at the time, Saarinen [22] systematised
approaches to the limits of tourism growth in three main groups: (i) resource-based
limits, related to the carrying capacity model and the search for a limit which cannot
be overstepped without serious negative impacts on the available resources; (ii) activity-
based limits, related to tourism-centric approaches and the idea that different tourism
activities or segments may have different kinds of growth limits; and (iii) community-
based limits, aiming to empower specifically the host communities in tourism development.
However, there is not a “magic number” [22,30] for the maximum acceptable number of
tourists at a destination, a threshold beyond which damage would be created, namely
due to the difficulty in evaluating all former dimensions simultaneously. For instance,
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carrying capacity is not only related to a certain resource but also to human values and
perceptions concerning that resource [22] and it is influenced not only by the tourist’s
behaviours and practices, but also by the environmental and socioeconomical resilience of
the destination [30].

The difficulty in defining and applying limit thresholds to sustainable urban tourism
development is, in fact, a clear example of the complex nature of the concept of sustainable
urban tourism and it mirrors the consequent challenges concerning its application in urban
policies, for instance, the challenge of balancing the double-edged nature of tourism [31], as
an important economic resource and a generator of negative socioenvironmental impacts.
Or the challenge of embracing the multidimensional character of tourism, comprising
complex interactions between the industry and the specific urban context.

Even though holistic sustainable urban tourism approaches should encompass both
issues inherently related with the source (tourism industry, visitors” behaviours and practices)
and issues related with the supply’s context-specific characteristics, urban policies are almost
limited to intervene, in a more defensive or reactive way, in the urban supply context.

The criticism of the conceptualization and operationalization of sustainable tourism,
and particularly of sustainable urban tourism, does not diminish the importance of policies
oriented by sustainable urban tourism principles. As it has been highlighted [31], despite
the inherent limitations, urban policies may contribute to reduce socioenvironmental
problems and to find the best compromises, minimising the negative impacts.

Sustainability has long been a part of urbanism, in different periods in history, much
before tourism was important in so many cities [32]. Sustainable urbanism revolves around
several pivotal principles aimed at harmonizing the interplay between environmental,
socio-cultural, and economic facets in urban contexts. At its core lies the concept of
compact and connected cities, emphasizing the creation of walkable neighbourhoods and
mixed-use spaces to minimize urban sprawl and foster efficient land utilization as well
as proximity, theoretically epitomized on the “15-min city” [33,34], in the sequence of
the neighbourhood unit of Clarence Perry and the pedestrian pocket of Peter Calthorpe
(see [35]). This model not only reduces reliance on cars but also encourages a sense of
community and accessibility to amenities, catering to both residents and tourists.

Another crucial aspect involves prioritizing green infrastructure and biodiversity
conservation. Incorporating green spaces and preserving natural habitats within cities
bolsters ecological resilience, enhances air quality, and offers recreational havens for urban
dwellers and visitors alike [36]. Moreover, sustainable urbanism emphasizes resource
efficiency and sustainable mobility by advocating for public transportation, cycling lanes,
and pedestrian-friendly pathways. This strategy aims to curb carbon emissions, alleviate
traffic congestion, and promote healthier, more sustainable modes of transport [37,38].

Additionally, social inclusivity and community engagement form integral components.
Ensuring access to essential services, affordable housing, and public spaces for all residents
fosters a more inclusive urban environment. Community involvement in decision-making
processes not only amplifies diverse perspectives but also instils a sense of ownership and
belonging. These principles, along with resilience, economic prosperity, and innovation,
serve as guiding pillars in urban planning and policymaking. By embracing these principles,
cities can navigate the complexities of sustainable urban tourism, forging a path toward
a more resilient, inclusive, and environmentally conscious urban future where tourism
complements rather than compromises the well-being of both locals and visitors.

2.3. Policies for the City Centre

In the 1970s and 1980s, many European cities were facing physical decay, and losing
both population and economic vitality. In several cases we witnessed a revival of cities and
its centres as strategic places for a wide range of projects and dynamics, addressing the
economic, architectural, social, cultural, and political dimensions [39—-41].

The evolution of urban policies in Europe are for a large part inherited and the result
of an ad hoc combination [42]. This is supported by a long-standing autonomy of cities
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and municipal government, on the one hand, and the strength of states and public policies,
on the other. A third aspect has been very relevant in European Union cities more recently,
especially those with less investment capacity like Portugal: the impact of the EU funding
programmes dedicated to urban areas and policies.

Among the multiple direct ways EU action affects urban policies, it is possible
to identify programmes such as RECITE, URBAN, URBACT or INTERREG, financial
engineering mechanisms such as JESSICA, research lines in urban themes under Horizon
2020, and initiatives such as the European green capital award, the European mobility week
award, the smart cities stakeholder platform, Urban Audit or ICLEI Europe, Agenda 21
and the Covenant of Mayors.

The European urban policy has gone through a winding road of consolidation and
maturation [43,44]. Overall, this development reproduces a framework marked by four
major challenges: globalization and economic restructuring, resulting in the need to
promote a more balanced urban system, with enhanced economic growth and employment;
social inclusion and economic restructuring; sustainability; and governance, pointing to the
increased capacity of local actors to manage change and provide better response to fiscal,
organizational, institutional and administrative problems in a multi-agent and multi-scalar
approach, open to public participation.

Within the context of this evolution, the urban sustainability of cities is receiving
particular attention since the formalisation of the Cohesion Policy after the Single European
Act, as a capital challenge; thus, it is assuming its own characteristic both as a thematic
agenda of public policy and as a practical methodology of its territorialization within
sustainable urban development.

3. Geographical Context and Methodology
3.1. Baixa

Porto, today, is the main centre of a polycentric urban region which, between the cities
of Viana do Castelo and Aveiro, in a 150 km long and 20 km wide stretch, accounts for
3.5 million inhabitants (1/3 of the Portuguese population).

Porto is also the main administrative city of a de facto city made up of several munici-
palities that reaches almost one million inhabitants in a 10 km radius circle. Therefore, when
we talk about the municipality of Porto, and specifically about its Baixa, we are referring to
the symbolic centre and the greater geographic concentration of tourism in a vast region.

Being a place of relevant monumental density and the subject of public policies
with greater prominence, Porto also plays the role of an institutional centre, having the
headquarters of classical organizations such as the chamber of commerce, the regional
coordination commission, various regional directorates, and the largest university in the
region. In addition, Porto has an airport (Sa Carneiro) that was considered by the Airport
Council International to be the best in Europe in 2022 on its category (10-25 million
passengers/year), and is the great hub of the hotel industry in the region, where all the
information and tourist routes of the Portuguese North are focused.

Porto has greatly increased its expression as a tourist destination. At its symbolic
centre, this increase may be considered dramatic, since, 20 years ago, it survived from
the effects of intense suburbanization of residence, industry and shopping. At the turn of
the century, there were strong investments in the public space of the “old” city centre, in
preparation for the celebration of the European Capital of Culture, in 2001. A remarkable
improvement in accessibility follows, with the creation of the light rail system, where
a line connecting Porto with Gaia (2005), reinforces enormously accessibility in the heart
of the city, as it crosses with the east-west line at Trindade station. Low-cost aviation in
a city whose historical centre was classified as a World Heritage Site in 1996 has also got
to be considered as relevant in the transformation of a decadent centre. The figures of the
variation between 2010 and 2019 speak for themselves: number of inbound passengers
at the airport +150%; tourist accommodation +293%; traditional accommodation capacity
+114%; and overnight stays +171%.
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3.2. Methods

In this study, we combine several information sources and procedures. We use bibliog-
raphy for contextualization, statistical data and other objective references, namely on public
policy instruments, and the results of an intensive work of direct collection of quantitative
information (with closed responses) and semi-structured interviews of a qualitative nature.
We also used data resulting from previous research, such as analyses of the morphology and
structure of Porto and on the Airbnb platform and short-term accommodation in the city
of Porto and its recent changes [45], updated and now deepened in direct contact, namely
retailers and other actors who are simultaneously residents and users of the city centre.

A functional survey conducted every two years, signalling all the changes occurring on
the ground floor, was of great use in the perception of recent transformations, with the first
and the most recent survey, carried out in 2012 and 2020, respectively, being considered.

An interview was applied in order to collect the local actors” opinion. The interview
was held by the authors with the owners or managers of 54 establishments (Figure 1) in
November 2021, chosen with attention to economic diversity, geographical distribution, and
more tourist-oriented establishments and others, seemingly more oriented to the resident.

®  Retail/service unites interviewed

Downtown
e UNESCO World Heritage Area
UNESCO World Heritage Protection Area

Figure 1. Localization of retail /service units interviewed. Source: Own elaboration.

We considered Baixa as the space already defined as the city of Porto centre (or
traditional centre) in other works, keeping in mind the symbolic dimension and accessibility
conditions, but, in particular, the concentration of shops and restaurants and the diversity
of economic activities.

Regarding the characteristics of the interviewees, among the establishments visited,
44.4% had more than 30 years of existence and 31.5% less than 10 years. The remaining
establishments fell within the range of 10 to 30 years of existence. The predominant standing
was clearly the average, with only four being considered “luxury” and nine of low standing.

Regarding the diversity of activities, we visited both retail shops and restaurants and
other similar units, as well as very few services of a commercial nature. The interviews
included 11 shops associated with the sale of articles of personal use, 3 of alimentation
articles and 17 “Horeca” units (hotel-restaurant—cafeteria).

With the answers obtained, we designed an initial framework for the characterization
of change as perceived by the respondents, of the effectiveness of public policies or, on the
contrary, of how processes due to strictly private dynamics were central to triggering the
transformation of Baixa.
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Semi-structured interviews were used in depth, following the methodological models
contrasted by the bibliography. In these interviews, we wanted to know the perceived
importance of tourism; the best and worst effects of recent change, and, based on their
responses, to draw a predictive scenario for 2030. Finally, interviewees were asked to
indicate three projects or measures to be implemented in Baixa. The semi-structured
interview seeks to understand the values, opinions, behaviours, and perceptions of the
respondents, based on the idea of the “city of citizens”.

4. Results

Tourists have been essential for the transformation of land use in Porto city centre,
together with other members of an increasing floating population (“digital nomad”, Erasmus
students, congresspersons. . .). Between July 2012 and July 2020, there was a strong increase
in the number of tourist accommodation units (238%), coffee shops and restaurants (46.3%)
and non-specialized commerce (3.9%), with a number of souvenir shops and “typical items”
(see Figure 2). In 2020, the accommodation establishments (identifiable from the street), the
coffee shops and restaurants accounted for 29.7% of the entire offer in Porto’s Baixa, while,
in 2012, they represented 17.4%.

[E] Professional equipment I construction materials
Personal items [ Non-specialised I Fuel and automobile
S — § —
Househoid iiems [ Coffee shops and restaurants [ Services
I Higiene, health and beauty [ Accommodation I oemolished buildings

[ Leisure and cuture [ Hybrids. I oereiict

[ Professional equipment I construction materials.

I Personal items. [ Non-specialised [ Fuel and automobile

’& Household items [ coffee shops and restaurants [ Services
0 N 0.3 km Higiene, health and beauty [ Accommodation [ oemolished buiidings.
{ — =~ s [ Leisure and culture [ Hybrids I oereict

Figure 2. Economic activities (2012-2020) in Porto’s city centre. Source: own elaboration, based on
functional surveys.
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In the interviews, when asked to indicate three options (out of 13) as priorities for
urban policies (Table 1), it was found that economic development and housing collected
29 and 26 preferences, respectively, followed by “education, health and culture” and
“accessibility and mobility” (both with 21).

Table 1. Porto downtown economic stakeholders’ political priorities.

Political Priority No. of Replies
Housing 29
Economic development 26
Accessibility and mobility 21
Education, health, and culture 21
Quality of life of the populations 18
Efficient and quality governance 13
Urban planning 9

Territorial cohesion

Social support 8
Engagement of citizens 5
Demographic dynamics 4

Environmental sustainability 4
Justice 4
0

This assessment was confirmed in the following answer, in which the respondent was
asked to assess, from “much worse” to “much better”, ten dimensions: safety, architecture,
economy, housing, identity, sustainability, cleanliness, entertainment, neighbourhood and
air quality (Figure 3). Here, housing stood out as the only domain that gathered the large
majority of negative responses (39, with 23 of “much worse”). In all the others, except
in relation to noise and safety, an improvement was noted, specifically in architecture
(32 positive, 5 negative and 17 intermediate assessments), the economy (30 positive v
12 negative +12) and entertainment (27 positive v 12 negative +15).

0% 10% 20% 30% A0% 0% 60% T0% 80%

V-]
-]

Figure 3. Economic stakeholders’” assessment of the transformation at Porto’s city centre. Source:
own elaboration, based on interviews.

In the explanation for the transformations experienced in Porto’s Baixa in the last
decade (Figure 4), the role of low-cost flights (47 consider them important or very important),
hotels (41), local accommodation (41) and real estate business (34) can be highlighted. Not
so many references were made to urban rehabilitation (26) and the role of municipal
policies (25). The lowest positive values were regarding housing policies (7) and social
cohesion policies (12).
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Figure 4. Economic stakeholders’ assessment of the importance of the changes at Porto’s city-centre.

Source: Own elaboration, based on interviews.

During the interviews, the idea that there was a very important transformation and
that tourism was at the centre of such change was universal. Tourism was referred to as
“crucial”, “essential”, “vital”, or “fundamental”. But several of the respondents highlighting
the positive effects on the economy and urban rehabilitation considered “expulsion” and
“high rents.” to be negative. Some critical voices were heard in a wider sense: “good
for hotels and restaurants only”, “embellished the city, but emptied it of residents”, with
several references to “de-characterisation” and “loss of identity”.

When asked how Baixa should be, the most common references mentioned more
residents, dynamism, safety, cleanliness, accessibility, justice, and green spaces.

On public policies, there was some embarrassment and contradictory ideas. Mentions
included concerns with the homeless, the promotion of tourism and the struggle against
gentrification, the need to balance tourism with the retention of residents and the importance
of the existence of establishments capable of maintaining the identity of the city. “We need to
have restaurants with Porto’s traditional tripe stew”, one of the interviewees said, because
“the city cannot be like the ‘malhao’ (popular song), everyone “eating and drinking, walking
in the street. . .” in the midst of nice facades (Figure 5).

Figure 5. (Left to right and top to bottom)—an old facade waiting for new buildings in the back (at
Sa da Bandeira and Formosa streets); a tuc tuc and a lighted building with a shop that sells canned
sardines on the ground floor; souvenir shops at Rua da Assun¢ao; Sao Domingos in the evening, one
of many places where restaurants, museums and other “attractions” bring tourists. (Own photos).
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Finally, we sought to obtain indications regarding concrete proposals. Here, the most
mentioned were the measures for more and cheaper housing (5), the improvement in
collective transportation (5), the limitation of hotels and local accommodation (4), the
creation of more cultural events and initiatives (4), the restriction of access to cars (4),
more parking (3), further cleanliness (3), support for retail (3), video surveillance (3),
free parking (2), end of evictions (2), improvement of public spaces (2), limitation of
restaurants (1), social support for toxic dependents (1), increased parking for residents (1),
more police in the street (1), gardens (1), spaces for senior citizens (1), day-care centres (1)
and pedestrian streets (1).

5. Discussion

Tourism was regarded as the industry of peace. This was how it was promoted in the
late 1940s in Europe, when it was perceived as a generator of tolerance and an agent in the
restructuring of war-torn economies, prescribed to both developed and developing countries.
However, the first signs of objection and prudence related to this reductive, almost magical,
vision of tourism quickly emerged. After “Tourism: Blessing or Blight?” [46], the discussion
has been kept alive to the present day regarding the two sides of the coin of tourism, while
incorporating new concepts and clothing, which, in a way, killed its exoticism [47].

Enjoying tourism means moving away from everyday life. The massification of
tourism, the new collaborative and deregulated types of the activity, and the behaviour,
often gregarious, pose a threat to the sustainability of some of the most sought-after areas
or even to an entire city. Even sustainable tourism is much talked, tourism normally has
an important environmental impact [11,18] and its seasonality, vulnerability to crises, and
dependence from travel causes a set of perverse effects.

Considering the discussions on the limits of tourism—how much is too much?—,
the emergence of tourismphobia and tourism-led gentrification [48], a new model gained
general acceptability, sustainable urban development, with social and spatial justice [49],
sustainability [50,51] and economic innovation [52] as the main pillars. At the same time,
the EU started to support cities in tackling urban decline through explicit initiatives and
programmes, thus shaping a new area-based approach, characterised by strong coordi-
nation of action, horizontal partnerships, and the concentration of funding in specific
vulnerable target areas.

In Porto, after decades of house rent freezing and the incapacity of public and private
sectors to promote the rehabilitation of private buildings, as well as to maintain the
attractiveness of the city centre, a liberal context (both in the central and local governments,
after 2002) and especially the tourism explosion of the last decade promoted a radical
change, as the statistics of land use evolution and interviews demonstrate. That also brought
a significant alteration in the image and character of the city resulting from urbanistic
and architectonic interventions, with an emerging new concern being associated with the
excessive role of tourism in the future of the city—and especially in Baixa—and its relation
with the principles of sustainability. In all the cases in which hotels or apartments for short
rentals pretend to instal in vacant buildings, they rarely find any resistance. When there is
previous use, there is a negotiated compromise or residents with older contracts and more
than 65 can stay. But there are several cases of forced eviction denounced by grassroot
movements, newspapers and posters on some buildings, with no success. Tourism is to
reign in (neo)liberal cities. The resulting massification of tourism in Baixa is perceived in
the interviews, where the passive role of public authorities (e.g., short-term rental is free,
all year, everywhere, with no limits to the number of flats you rent, their prices, or the
number of days you rent them, no matter whom) is also recognized. Tourism becomes not
only central but almost the only “raison d’étre” of the central city, its economy, animation
and urbanism. As a consequence, the strong changes in progress in the centre of the city
indicate a process of touristification, and no concern is expressed by the authorities about
the negative effects of these transformations nor the potential of public policies to promote
more sustainable tourism.
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One of the main results is the intensification of the touristification of Porto’s Baixa,
thus corroborating the results of previous studies, which have documented, in many ways,
the transformations taking place in the city centre [3,4,45,53-56].

What may be the role of Baixa in a more sustainable city with more sustainable
tourism? We have seen that the last decades have been torn by successive crises and
how a territorial specialisation in tourism can be a severe fragility, especially for a city
centre [57,58].

However, despite the evidence of the strong transformations in progress and signs
of fragility regarding the future of the city centre, it was possible to verify the existence
of divergent opinions by the economic agents interviewed regarding the impacts of these
transformations. This is indicated, from the outset, by the recognition of the key role of
tourism in the transformations of Porto’s Baixa in the last decade and by the multifaceted
assessment of these transformations, for example, observable in the contrast between, on
the one hand, the positive assessment in the economy, entertainment and rehabilitation of
the buildings and, on the other hand, the negative consequence in housing. These results
are in line with the already-recognised “double-edged nature” of tourism [25,31].

In fact, tourism has a multifaceted nature, and it is hard to individualise and manage
the complex interactions and conflicting interests. Furthermore, in the specific case of Baixa,
after a long crisis in the city centre, it is easier to understand that a valuation of the positive
aspects of tourism prevails, which brings us to the idea that its acceptance or challenge will
not depend only on scale and its proportions, but also on the social, economic, political,
and institutional context [59]. In fact, in Porto, tourism has had a pivotal effect on the
disruption of a long cycle of devaluation of the city centre, which is particularly evident in
the continuous decline in population, urban de-qualification and the strong expression of
derelict buildings. The memory of the economic crisis of the years 2007 and 2008, which
was long and intense and impacted the independent shops in the city centre in a very
particular manner, must be also important in the assessment. On the other hand, and
similar to what occurred in many other cities, the increase in prices and the replacement of
housing units by hotels or short-term accommodation, and their effect on the expulsion of
residents and the increase in the difficulty of settlement, has led many to negatively assess
changes and to identify this domain as a political priority in the city of Porto.

Finally, it is important to consider the interviews in relation to public policies. The
interviewees’ perception that tourism simultaneously stimulates positive and negative
impacts on the city and on the quality of life of its inhabitants will certainly be one of the
explanatory factors for the difficulties felt in envisioning the potential of public policies in
the construction of a better city centre. On the other hand, the answers recognise the limited
role of public policies in the management of tourism in the city, which is well evidenced in
the residual weight attributed to policy measures (e.g., municipal policy, housing policy,
and urban rehabilitation policy) in explaining the transformations experienced in the last
decade. The results may perhaps be corroborating the acknowledged difficulty of devising
public policies capable of responding to a complex system [25,31], which involves multiple
agents from different fields and scales, and in which it is difficult to untangle the web
between tourism, the city and the well-being of its residents.

But to address the challenges of overtourism in Porto while fostering sustainable
urbanism, a multifaceted approach is possible, and seems essential. Firstly, zoning regulations
that limit short-term rental, mitigating residence prices, evictions, and gentrification
should be put in place. Establishing a balance between tourist accommodations and
local housing is also crucial to achieve a long-standing diverse and sustainable community.
Additionally, the necessity for new housing or rehabilitation to be mostly mixed-use,
combining residential spaces with cultural and commercial areas, could help to reinforce
the complexity of the city.

To preserve Porto’s heritage and support local businesses, policies favouring historical
shops and traditional retail in general as well as local artisans and regional products over
generic tourist-oriented establishments and goods can help maintain the city’s character.
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In the same direction, work on buildings should transform the minimum and involve the
least amount of production of construction materials as possible, as well as travel for goods
and workers.

Strategic urban planning with a sustainable perspective should prioritize public spaces
and pedestrian-friendly zones, and a reduction in the environmental impact of circulation.
Investing in efficient public transportation systems, cycling infrastructure, and walkable
areas not only eases congestion but also promotes eco-friendly travel.

Furthermore, fostering community engagement through participatory decision-making
processes empowers residents, and their ideas will generally contribute to more sustainable
urban development. The collaboration of local organizations, residents, and businesses in
eco-tourism initiatives, such as special guided tours and community-led cultural events,
are a good example of how local participation can enhance visitor experiences while
minimizing environmental impact.

In short, a comprehensive strategy encompassing regulatory measures, thoughtful urban
planning, community involvement, and responsible tourism promotion is crucial for ensuring
Porto’s sustainability as a tourism-dependent city, as well as intermunicipal coordination.

6. Conclusions and Comments

The research carried out in the city of Porto allows us to understand better the
causes, characteristics and consequences of recent change in Baixa. We realised that
the transformation of Porto’s city centre, much oriented towards the tourist, has been
promoting a process of residential and functional gentrification, as Carvalho, Chamusca,
Fernandes and Pinto [54] noted. The multiplication of a new type of retail and service
unit is associated with the increase in the price of the land (resulting from an increased
tourist demand and urban rehabilitation processes, as well as the legal easing of the tenancy
law), thus triggering the closure of many establishments and the displacement of others.
The increase in tourist demand has also reinforced the real estate market attractiveness,
leading owners (much of them new, and some being international funds) to significantly
increase rents for housing, which, together with changes in the law, has led to evictions and
a transformation of the social and economic pattern of the resident, with a significant
increase in the non-permanent inhabitant. In fact, the National Institute of Statistics
data show that the real estate selling price has grown 38.4% in the municipality of Porto
and 44.7% in the historical centre parish between 2019 and 2022 (Portugal average was
a 35.6% increase).

Tourism is identified as the main engine of transformation in the city centre. The
vast majority of respondents highlight its effects on the economy and urban rehabilitation.
However, they also notice that this urban revitalization came at a very high cost, particularly
social, including the departure of many residents and small entrepreneurs, due to the
widespread increase in land cost and the general cost of living.

Finally, the need for an integrated approach is evident from the interviews. The
COVID-19 pandemic emphasised the city’s enormous dependence on tourism and the
unsustainability of this model of high specialization. As a consequence, Porto is a good
reference for reflection on the post-COVID relationship between the city and tourism. The
conclusion, supported by the interviews, allows us to argue for the advantage of a demand
geared towards visits which are longer in time and calmer in speed. And, on the city side,
for the need of an urban policy less eager to capture revenue and promote infinite inflows.
These guidelines could be the foundation of a policy that on the one hand, prevents the
mono-functionality of a “city to sleep, eat, drink and photograph” [60] (p. 53), and on
the other hand, avoids the continuous increase in the number and distance of commutes,
resulting from the residents’ need to seek affordable residence, with the low salaries they
earn in the establishments that tourism creates, and, finally, responds to the need for more
sustainable tourism and a sustainable city, responding to the increase in avoidances of
tourists from the most famous attractions [61].
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More than a policy for tourism or a policy for the central city, the city of tourist
consumption, in the face of the paradigm of sustainability, forces us to consider control
over areas of overtourism and a multiscale and integrated perspective. A sound strategy
will only be achieved if it is designed to articulate the centre with the entire urban area, and
a strategy for tourism, in any territory and for the most part in a city, must be part of a more
comprehensive strategy that considers interests other than just economic or short-term.
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