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Abstract. This paper adopts a three-dimensional analytical framework of "foun-
dation support - behavioral adaptation - system governance" as the main line to
systematically explore how digital governance can enhance urban resilience. The
study indicates that as cities face increasingly complex environmental, social, and
technological challenges, digital technology has become a key driving force for
improving the city's ability to resist recovery, adapt and adjust, and transform
innovatively. Based on grounded theory, an analysis of 228 pieces of data from
four cities - Guangzhou, Shanghai, Shenzhen, and Hangzhou - was conducted.
The study found that digital governance, by strengthening technical foundations
such as perception monitoring, data platforms, and intelligent algorithms, forms
a digital base that supports urban operation; through promoting public participa-
tion, enterprise collaboration, and government process reconfiguration, it acti-
vates a collaborative network of multiple entities; and through institutional con-
struction, policy guidance, and digital inclusiveness, it provides continuous and
standardized institutional guarantees for resilience enhancement. The practices
of these four cities demonstrate that digital governance not only improves the
city's rapid response and recovery capabilities in the face of emergencies, but also
strengthens its flexible adaptability in the face of long-term changes, and pro-
motes the transformation of urban governance models towards intelligent, plat-
form-based, and innovative paths. This paper enriches the theoretical connotation
of urban resilience in the digital era and provides practical inspiration for future
smart city construction.
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1 Introduction

With the acceleration of global urbanization, urban systems are increasingly facing
complex challenges and uncertainties from various aspects such as the natural environ-
ment, public health, and social economy. From sudden natural disasters to chronic re-
source pressures, how to maintain the stable operation of urban functions and achieve
sustainable development has become a core issue in modern urban governance. Against
this backdrop, the concept of "urban resilience" (Urban Resilience) emerged. Zeng et
al. (2022) Mpointed out that urban resilience is the comprehensive attribute of the urban
system maintaining functional continuity when facing complexity, disruption, and
change, and its core characteristics include reflection, redundancy, and robustness, etc.
Vasilevska and Slavkovié (2024) PMfurther emphasized that resilient cities can maintain
key services running and achieve sustainable development when responding to sudden
or chronic disturbances through learning and collaboration.

In recent years, the rapid development of digital technology has provided a new path
for enhancing urban resilience. Khatibi et al. (2024) Blproposed "urban digital resili-
ence" (Urban Digital Resilience) as an extension of urban resilience in the digital con-
text, emphasizing the enhancement of the urban system's intelligent response and re-
covery capabilities through information technologies such as the Internet of Things, big
data, and artificial intelligence. Veglianti et al. (2021)™ also pointed out that its core
lies in using digital twins, intelligent sensing, and real-time data analysis to achieve
rapid responses to external shocks, resource optimization allocation, and system func-
tion recovery. In this process, digital government construction plays a key role, ena-
bling comprehensive empowerment of urban resilience through building technical
foundations, adjusting the behaviors of multiple stakeholders, and improving institu-
tional systems.

Guangzhou, Shanghai, Shenzhen, and Hangzhou, among other leading cities in
China, have accumulated rich experience in digital governance practices. The practice
shows that digital government not only solidifies the "basic support" of urban operation
from the technical level but also promotes the collaborative interaction among the gov-
ernment, enterprises, and the public through "behavior adaptation", and improves insti-
tutional design and inclusive mechanisms at the "system governance" level, thereby
systematically enhancing the city's resistance, recovery, adaptation, adjustment, and in-
novation transformation capabilities in the face of disturbances.

This paper attempts to explore the mechanism of digital governance in enhancing
urban resilience through case analysis, with the aim of providing theoretical references
and practical lessons for building more resilient smart cities.

2 Literature Review and Theoretical Foundation

2.1 Development History of Urban Resilience Theory

Urban resilience theory originated from ecology and systems engineering.Urban resil-
ience theory originated from ecology and systems engineering. Holling (1973)1%! first
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defined "resilience" as the ability of a system to absorb disturbances and maintain func-
tional stability. Holling (1973) Plfirst defined "resilience" as the ability of a system to
absorb disturbances and maintain functional stability. This concept was later introduced
into urban studies, and Folke et al. This concept was later introduced into urban studies,
and Folke et al. (2002) further emphasized that resilient systems must possess the
ability to adapt and transform to cope with continuously changing external environ-
ments. Mao Lijuan et al. (2002)7) further emphasized that resilient systems must pos-
sess the ability to adapt and transform to cope with continuously changing external
environments. Mao Lijuan et al. (2024)" stated that after 2010, research gradually fo-
cused on the multi-dimensional resilience of urban systems, such as economic resili-
ence, social resilience, ecological resilience, and infrastructure resilience. (2024) stated
that after 2010, research gradually focused on the multi-dimensional resilience of urban
systems, such as economic resilience, social resilience, ecological resilience, and infra-
structure resilience. While Tu Xiaofang and Zhang Yuning (2024)®! argued that urban
resilience is the comprehensive attribute of a city in maintaining its core functions con-
tinuously when facing shocks such as natural disasters and public health crises through
adaptation, absorption, and transformation.

While Tu Xiaofang and Zhang Yuning (2024)®! argued that urban resilience is the
comprehensive attribute of a city in maintaining its core functions continuously through
adaptation, absorption, and transformation when facing shocks such as natural disasters
and public health crises.2.

2.2 Research Evolution of Digital Technology Empowering Urban Resilience

With the development of information technology, digital governance has become a key
path to enhance urban resilience. Khatibi et al. With the development of information
technology, digital governance has become a key path to enhance urban resilience.
Khatibi et al. (2024) Blproposed the concept of "Urban Digital Resilience", emphasizing
the enhancement of urban intelligent response and recovery capabilities through the
Internet of Things, big data, and artificial intelligence. (2024) proposed the concept of
"Urban Digital Resilience", emphasizing the enhancement of urban intelligent response
and recovery capabilities through the Internet of Things, big data, and artificial intelli-
gence. Digital solutions can significantly enhance a city's resilience in coping with
shocks by improving system flexibility, redundancy, and resource optimization alloca-
tion capabilities. Mao Lijuan et al. ["'The report jointly released by Arup and Resilient
Cities Network (2023) pointed out that digital solutions can significantly enhance a
city's resilience in coping with shocks by improving system flexibility, redundancy, and
resource optimization allocation capabilities. Mao Lijuan et al. (2024)!") conducted a
large number of empirical studies in this field. (2024) conducted a large number of
empirical studies in this field. Based on the data analysis of 285 cities in China, they
verified the significant coupling and coordination relationship between digital technol-
ogy and urban resilience.

Based on the data analysis of 285 cities in China, they verified the significant2. cou-
pling and coordination relationship between digital technology and urban resilience.
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2.3  The Impact of Digital Governance on Urban Resilience

This article selects the research by Yin Duanlong (2024) to clearly reveal the com-
plete action path of digital governance from the technical foundation to the behavioral
actions of the subjects, and to the coordination of the system. This article selects the
research by Yin Duanlong (2024)® to clearly reveal the complete action path of digital
governance from the technical foundation to the behavioral actions of the subjects, and
to the coordination of the system. This provides solid theoretical and literature support
for this framework. This provides solid theoretical and literature support for this frame-
work. The study points out that digitalization is essentially a fundamental technical el-
ement, constituting a new type of infrastructure for enhancing the economic resilience
of cities. The study points out that digitalization is essentially a fundamental technical
element, constituting a new type of infrastructure for enhancing urban economic resil-
ience. Further, Yin Duanlong (2024) °!did not limit the impact of digitalization to the
macro level, but instead deeply analyzed its transmission mechanism, discovering that
"improving the quality of regional labor force" is one of the key paths. Therefore, the
behavioral pattern of connecting digital technology bases with en Further, Yin
Duanlong (2024) Pldid not limit the impact of digitalization to the macro level, but
instead deeply analyzed its transmission mechanism, discovering that "improving the
quality of regional labor force" is one of the key paths. terprises and workers has be-
come a key bridge for improving system efficiency. Therefore, the behavioral pattern
of connecting digital technology bases with enterprises and workers has become a key
bridge for improving system efficiency. Moreover, Yin Duanlong's (2024)) research
further confirms that the actual effect of digitalization is constrained by complex factors
at the system level. Moreover, Yin Duanlong's (2024) Plresearch further confirms that
the actual effect of digitalization is constrained by complex factors at the system level.
This finding indicates that the final effectiveness of digital governance is highly de-
pendent on institutional design, policy intervention, and cross-regional coordination
mechanisms. This finding indicates that the final effectiveness of digital governance is
highly dependent on institutional design, policy intervention, and cross-regional coor-
dination mechanisms.

2.4  As the Core Implementation Carrier of Digital Governance, the
Mechanism of Digital Government can be Summarized into the Following
Three Levels

(1) Foundation support: Technology empowerment and resource integration

The modern governance system of digital government is rooted in a solid foundation
of technology and resources. Yin Duanlong (2024) Phesearch indicates that the intro-
duction of digital technology can systematically enhance output, laying the theoretical
foundation for technology empowerment. In practice, digital government implements
extensive deployment of Internet of Things sensing networks to achieve real-time mon-
itoring and data collection of urban operation status, building a comprehensive percep-
tion intelligent base (Zhang & Wang, 2024).'% On this basis, resource integration be-
comes a key link, by building a unified data platform to converge and manage multi-
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source heterogeneous information, forming the analytical capability to support intelli-
gent decision-making. Ultimately, the deep integration of cutting-edge technologies
such as artificial intelligence and big data significantly improves the efficiency of risk
warning, resource allocation, and emergency response.

(2) Behavioral adjustment: Multi-party collaborative governance

Digital governance not only relies on the technical foundation but also achieves sys-
tem adaptation through changing behavioral patterns. Yin Duanlong. (2024)°! empiri-
cal research indicates that digitalization enhances economic resilience by improving
regional labor force quality, reflecting that the public, as an important participant, ac-
tively adjusts its skills and behaviors to adapt to the development of digital economy.
Digital government provides institutional channels through platform-based operations,
by building a public digital participation platform to facilitate the expression of de-
mands and supervision mechanisms (Yu Jianxing & Ren Zetao, 2012)!'', At the same
time, enterprises actively participate in urban service innovation through technological
cooperation, jointly building a public-private collaboration model with the government
(Stahl, 2022)!"?1, and jointly promoting the process of industrial digitalization and dig-
ital industrialization. Within the government, the reconfiguration of digital processes
breaks departmental barriers and enhances the efficiency of public services and cross-
departmental collaboration. This behavior adjustment process guided by the govern-
ment, with the participation of the market and society, as a whole, promotes the trans-
formation of governance models from decentralized management to "platform-driven
digital government" and overall collaborative services (Huang et al., 2020)!3,

(3) System governance: Institutional guarantee and environment construction

The sustainability of digital governance ultimately depends on the system-level in-
stitutional construction and governance ecosystem shaping. Institutional design is the
fundamental guarantee for resilience and sustainability. Digital government needs to
build a stable institutional support system through laws, regulations, and policy frame-
works. Yin Duanlong. (2024)P! research reveals the key role of institutions and the
environment: Their discovery on "spatial spillover effects" highlights the system im-
portance of establishing innovative governance mechanisms, promoting cross-domain
collaboration, and preventing regional development imbalances. In addition, digital in-
clusion policies aimed at social equity (such as adaptive services for the elderly and
disabled) and a normative system for ensuring technological ethics jointly ensure the
wide sharing of digital dividends and the safe and controllable application of technol-
ogy (Du Xiaoyan et al., 2024)!'"¥, becoming an indispensable part of building an inclu-
sive digital society and consolidating the results of system governance.

2.5 The Progressive Framework of "Foundation Support - Behavioral
Adaptation - System Governance' Strengthens the three core Capabilities
of Urban Resilience at Different Levels

(1), Resistance and Recovery Capacity, this capability is the cornerstone of urban resil-
ience, emphasizing the comprehensive ability of a city to resist shocks, absorb impacts,
and quickly return to a basic operational state in the face of sudden external shocks
(such as natural disasters, public health events, economic crises, etc.). Its realization



Research on the Mechanism of Digital Governance in Enhancing ... 1133

relies on the combination of "hard" structural measures (such as earthquake-resistant
buildings, flood control facilities) and "soft" non-structural measures (such as emer-
gency management, social collaboration) (Downey, 2017)!],

(2), Adaptation and Regulation Capacity, this capability points to the ability of a city
to maintain system stability and core functions continuity through dynamic learning,
active adjustment of its internal structure, systems, and resource allocation when facing
persistent chronic pressures (such as population structure changes, resource depletion,
economic structure transformation). It goes beyond passive acceptance and emphasizes
an active, progressive optimization process, highlighting the flexibility and wisdom of
the urban governance system. This reflects the governance level of urban governments
and markets in responding to changes, conducting flexible regulation and resource op-
timization (Zhu Yuanyuan et al., 2023)1'],

(3), Innovation and Transformation Capacity, this capability is the highest level of
urban resilience, aiming to drive the urban system to achieve fundamental evolution
and leap. It requires cities to promote innovation at the appropriate time and scale,
strengthen cross-domain planning and cooperation, and ultimately shift the develop-
ment model from simple sustainability to a new paradigm with regenerative capabili-
ties, thereby obtaining development outcomes different from traditional paths (de
Graaf-van Dinther, 2020)!'7],

It should be emphasized that the three dimensions of "foundation support, behavioral
adaptation, and system governance" and the three resilience capabilities of "resistance
and recovery, adaptation and regulation, and innovation and transformation" do not
have a simple linear correspondence relationship. Instead, they present a networked
mode of cross-fusion and synergy. Therefore, the enhancement of urban digital resili-
ence is essentially the deep integration of technological empowerment, entity collabo-
ration, and institutional guidance, exerting a compound impact on the city's multi-level
capabilities such as responding to short-term shocks, adapting to long-term pressures,
and achieving paradigm leaps.

This article will be based on the research by Yin (2024)", and through the three-
dimensional framework of "foundation support - behavioral adaptation - system gov-
ernance", it will systematically examine how digital governance practices at different
levels interact and jointly contribute to the three major capabilities of urban resilience
- resistance and recovery ability, adaptability and regulation ability, and innovation and
transformation ability. By combining typical cases, the study will deeply explain how
digital resources and technologies can be transformed into the structural defense capa-
bilities of cities in the face of shocks, how the coordinated efforts of multiple entities
can dynamically optimize the regulatory efficiency of the urban system, and how insti-
tutional innovation can provide continuous impetus for urban transformation. Ulti-
mately, it will reveal the overall mechanism and implementation path of digital gov-
ernance in enhancing the complex resilience of cities.

The research framework of this article is as follows in Figure 1:
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Fig. 1. "The Three Elements of Digital Governance and the Construction of Urban Resilience
Capacity" theoretical framework

3 Case Selection and Research Methods

3.1 Case Selection

This study aims to systematically analyze the cutting-edge progress of digital govern-
ance in Chinese cities. Four first-tier or new first-tier cities in China, namely Guang-
zhou, Shanghai, Shenzhen, and Hangzhou, were selected as the research cases. This
selection was based on their significant value in terms of governance models, practical
outcomes, and innovation dimensions: Firstly, these systems respectively represent dif-
ferent paths such as systematic governance, platform-based operation, and digitaliza-
tion of key facilities, showcasing the typical paradigms of current urban digital trans-
formation; Secondly, these platforms have all completed large-scale deployment and
undergone long-term operation verification, and their governance effectiveness has
been verified through massive data, service scale, and application time; Moreover, the
four cases respectively approach different fields such as urban operation, public ser-
vices, data elements, and energy systems, forming a diverse and complementary obser-
vation perspective, and jointly constructing a complete map for understanding the com-
plexity and possibilities of digital governance. Through in-depth analysis of these
benchmark practices, it aims to provide solid empirical evidence for the development
logic and future trends of digital governance in Chinese cities. The specific information
for each case is summarized in Table 1.

3.2  Data Collection and Corpus Composition

The research focused on these four cases and systematically collected public text ma-
terials from government work reports, policy documents, official typical cases, and au-
thoritative media reports. Through the screening, sorting, and structured excerpting of
these materials for the purpose of serving this study, a raw database containing 228
valid corpora was ultimately constructed. The number of case corpora was as follows:
52 for Guangzhou, 55 for Shanghai, 55 for Shenzhen, and 66 for Hangzhou. These
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corpora comprehensively cover the technical applications, behavioral actions of enti-
ties, and institutional designs in digital governance in each city, providing a rich and
solid empirical factual basis for subsequent coding analysis.

3.3 Method of Corpus Analysis Based on Grounded Theory

This study mainly follows the principles and steps of grounded theory to systematically
code and analyze all the corpora. Grounded theory is a systematic qualitative research
method whose core objective is to generalize and develop theories from the actual col-
lected data, rather than deriving from existing theoretical assumptions through deduc-
tion (Glaser & Strauss, 1967)!'8]. The core process of analysis is as follows:

e Open coding: Researchers conduct a detailed analysis and tagging of 228 corpora,
initially extracting concepts. Subsequently, these concepts are continuously com-
pared and summarized to form more generalized categories. For example, from state-
ments such as "construction of the IoT perception private network" and "accumula-
tion of over 5 billion pieces of data", concepts like "sensing monitoring equipment"
and "data resource integration" are abstracted, and ultimately categorized as "basic
support".

e Core axis coding: At this stage, the focus is on discovering and establishing logical
connections between categories. Through analysis, the three core categories of
"basic support", "behavioral adaptation”, and "system governance" are identified,
which can effectively guide all other categories and form a clear logical chain, nat-
urally becoming the three main dimensions that dominate the analysis. At the same
time, the roles and paths of each dimension in the cities' "resistance and recovery",
"adaptation and adjustment", and "innovation and transformation" capabilities are
further analyzed, clarifying the causal conditions, action strategies, and results.

o Selective coding: With "the mechanism of digital governance enhancing urban re-
silience" as the core storyline, the three main dimensions are systematically inte-
grated to construct a comprehensive theoretical framework. This framework clearly
reveals that urban resilience is not the result of a single technology or policy, but a
complex process of dynamic coupling and synergy among the "empowerment" pro-
vided by basic support, the "activation" achieved through behavioral adaptation, and
the "sustainability" guaranteed by system governance.

This study ensures that the final theoretical model is deeply rooted in rich empirical
evidence, thereby achieving a mechanistic explanation and theoretical construction of
the complex relationship between digital governance and urban resilience. The detailed
coding statistics derived from the corpus analysis are presented in Table 2.
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Table 1. Overview of the Sample for Case Study Sampling

. . Key areas of digital gov- . . . Case
City Name | Location Innovation level or certification
ernance name
The first action plan for the market-
Smart City and Data Ele- | oriented allocation of data elements
Guangzhou | Guangdong Lo . A
ment Market at the county and district levels in the
country
. o National New Generation Artificial
= Urban Brain and Digital . .
Hangzhou | Zhejiang Intelligence Innovation Development | B
Governance .
Pilot Zone
Unified Management | The United Nations' online services
Shanghai Shanghai through One Network and | index for local areas ranks ninth glob- | C
Government Services ally.
The highest level of the digital trans-
Digital Grid and Energy | formation maturity standardization
Shenzhen Guangdong . o o D
Management certification issued by the Ministry of
Industry and Information Technology

4 Case Analysis of Digital Governance Enhancing Urban

Resilience
4.1 Shanghai's "One Network for Comprehensive Management' Case: The
Digital Revolution in Super-Metropolitan Governance

In 2017, Pudong New Area was the first to establish a city operation comprehensive
management center, providing valuable experience for exploring governance at the city
level. Based on the exploration in Pudong (Zou Junyan et al., 2021)!"%], in early 2019,
Shanghai officially proposed the construction goal of "One Screen for Global View,
One Network for the Entire City". In 2020, the Shanghai City Operation Management
Center was officially established, and the "Three-Year Action Plan for the Construction
of Shanghai's Urban Operation 'One Network for Comprehensive Management" was
released. In the same year, the system had integrated over 30 departments' 100+ basic
data and connected a smart perception network consisting of 880,000 front-end sensing
"neurons". Since then, the system has been continuously updated. Relying on the pio-
neering "Three-level Platform, Five-level Application" system and the concept of
"Minimum Management Unit", it solves the most prominent problems at the lowest
level and the earliest time with relatively minimal costs. Since 2021, the platform has
aggregated, shared, and exchanged over 34 million pieces of data every day. The num-
ber of terminal devices connected to the city-wide smart perception network has in-
creased to over 5.1 million. For example, the "Civilized Eye" project launched in Jiad-
ing District has achieved a closed-loop disposal from discovery to dispatch within
minutes. The Shanghai Municipal Transportation Commission uses "One Network for
Comprehensive Management" to coordinate enterprise inspections, ensuring that high-
credit enterprises are not disturbed without prior request.
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4.2  Hangzhou "City Brain" Case

As one of the first batch of pilot cities, Hangzhou completed the construction of the
country's first digital urban management system in March 2006 and put it into opera-
tion. In August of the same year, it passed the acceptance inspection by the Ministry of
Housing and Urban-Rural Development and was hailed as the "Hangzhou Model" of
digital urban management. In 2008, Hangzhou issued the country's first local regula-
tions on digital urban management. Since 2019, Hangzhou has begun to build a city
operation management service platform based on digital urban management. By 2023,
this platform has become one of the first cities in the country to pass the acceptance
inspection and meet the standards. In July of the same year, Hangzhou began to pilot
the "one network for unified management" in the field of urban management. In 2025,
Hangzhou has fully launched the construction of the "urban brain 3.0", aiming to build
an "intelligent body of a megacity". The "one network for unified management" plat-
form of Hangzhou has connected 341,000 IoT sensing devices, collected 970 million
dynamic data of the city's "life lines" such as water, gas, roads, bridges, and tunnels,
and constructed a three-dimensional intelligent sensing system covering "underground,
aboveground, facade, and aerial". As of September 2025, Hangzhou's digital urban
management has discovered and assigned 38.9537 million problems over the past 20
years, and the timely resolution rate has increased from 26.7% at the beginning of op-
eration to 98.9%. Hangzhou was the first to build a city-level parking system, connect-
ing 1.84 million parking spaces and providing services to over 400 million times. The
"first departure, then payment" function has shortened the departure time for drivers to
within 2 seconds, and has saved 2 million hours of waiting time. For enterprises, Hang-
zhou has also developed an administrative inspection plan coordination management
system to promote "comprehensive inspections once" for enterprises and reduce repet-
itive inspections that disturb enterprises

4.3  Guangzhou's "Digital Twin and Data Elements" Case

According to the report by People's Daily journalist Jiang (2025), in July 2022, Guang-
zhou issued the "Digital Government Unified Basic Operation Management Reform
Plan", and then launched the unified operation pilot in June 2023 until September 2024.
Guangzhou announced the completion and activation of the country's first super-large
city digital operation guarantee center in July 2024, providing operation services for
nearly 250,000 devices of over 350 government agencies and institutions. On July 15,
2024, the Smart Urban Management Platform of Bingzhou District was officially
launched. The Smart Urban Management System of Baiyun District uses Al for "auto-
matic capture and dispatch", reducing the handling time of work orders from several
days to a few hours, with a reduction rate of 91.7%, and has generated over 6 million
work orders, with a regular rectification rate that has remained at around 99%. As of
June 2025, the Smart Urban Management System of Baiyun District has managed over
150,000 urban components, 29,000 urban management materials, and 10,000 urban
management personnel, with over 700,000 work orders flowing. Since the launch of
the Smart Urban Management Platform of Bingzhou District in 2024, it has completed
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19,000 cases of urban governance collection and filing, with processing efficiency in-
creasing by over 50%. In terms of gas safety management, Baiyun District used the
digital platform to integrate information from 9 gas cylinder enterprises, 198 gas sta-
tions, and 340,000 gas cylinder users, achieving zero carbon monoxide poisoning for
two consecutive years. In 2025, to welcome the 15th National Congress, Guangzhou
relied on the "Guizhi Guan" urban digital base, built a competition command system.
After the competition, 85% of the software functions and equipment of the system will
be transformed into urban infrastructure, achieving seamless switching between com-
petition guarantee and daily governance.

4.4  Shenzhen "Digital Grid" Case

Since 2012, the Shenzhen Power Supply Bureau has been exploring the application of
digital technologies such as intelligent sensors in the production and operation of the
power grid. By 2020, it successfully implemented technologies such as unmanned aer-
ial vehicle inspections of transmission lines and programmed equipment operations in
actual production, and completed the construction of Shenzhen's first intelligent sub-
station pilot project. In 2021, the Shenzhen Power Supply Bureau vigorously promoted
the large-scale construction of intelligent terminals such as video monitoring, and ex-
plored the establishment of digital configuration standards and technical equipment
standards suitable for Shenzhen's megacity power grid. From 2023 to 2024, the cover-
age of cameras and intelligent sensors for transmission and transformation, as well as
unmanned aircraft nests, was fully completed, and various large and small model algo-
rithms were put into practical application. By 2024, Shenzhen completed the full-scale
construction of an ultra-megacity digital grid and innovatively proposed an implemen-
tation path of "digitalization of all equipment, intelligentization of production and op-
eration, three-dimensionalization of safety prevention and control, collaborative crea-
tion of an ecosystem, and agility of urban empowerment". In the same year, Shenzhen
released the first domestic "Evaluation System for Ultra-Megacity Digital Grid" group
standard, providing "Shenzhen experience" to the industry. Through high-standard self-
healing intelligent distribution networks, the success rate of distribution network self-
healing actions in Shenzhen reached 94%, and about 80% of users could quickly restore
power when a fault occurred. In 2025, the Shenzhen power grid achieved three-dimen-
sional coverage of "transmission, transformation, and distribution" both above and be-
low ground, and connected the models of 600,000 buildings in the city, building a "city
+ power grid" digital twin platform.

5 The Mechanism of Digital Governance in Enhancing Urban
Resilience

Urban governance modernization not only relies on a single technological break-
through, but also on the systematic capabilities catalyzed by the deep integration of
technology, behavior, and institutions. The three-dimensional analytical framework of
"basic support, behavioral adaptation, and system governance" constructed in this paper
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clearly reveals how digital governance systematically nurtures a city's resistance and
recovery capabilities, adaptability and adjustment capabilities, innovation and transfor-
mation capabilities from the bottom-up logic. The following will specifically explain
this mechanism by combining the practical data of four first-tier cities.

The core capability enhancement of urban governance modernization is a systematic
project driven by the deep coupling and joint drive of three dimensions: basic support,
behavioral adaptation, and system governance. These three dimensions are like the
body, nerves, and genes of an organism, jointly determining the comprehensive perfor-
mance of a city when facing challenges, adapting to changes, and creating the future.

The basic support dimension constitutes the digital foundation of a city's capabilities,
providing indispensable software and hardware foundations for the exertion of various
capabilities. It first provides precise perception and early warning capabilities for re-
sistance and recovery capabilities, such as Shenzhen's deployment of tens of thousands
of video terminals and drones to achieve "six full coverages" of the power grid (data
D-1-1, 2, 4), reducing fault handling from hourly to second-level; Shanghai's deploy-
ment of over 5.1 million IoT sensing "nerve cells" (data C-1-2, 3) constitutes the neural
network for urban risk warning. At the same time, the basic support also provides data-
driven decision support for adaptability and adjustment capabilities, with Guangzhou
and Shenzhen's digital twin platforms (data A-1-2, 12; data D-2-9) achieving 1:1 three-
dimensional restoration of urban facilities, making it possible to simulate and optimize
in the virtual space. Further, it becomes the core technical engine for innovation and
transformation capabilities, with Shenzhen achieving a transformation in operation
mode and its independently developed domestic information security system (data D-
3-3) achieving breakthrough innovations at the underlying technology level.

The behavioral adaptation dimension activates the collaborative network of multiple
entities, converting technological potential into actual governance effectiveness. This
dimension significantly enhances the city's adaptability and adjustment capabilities.
Hangzhou's "20-second entry" (data B2-12) and Shanghai's "E-Cheng" with over 3.7
billion uses (data B-2-14) directly reflect the precise response and extreme acceleration
of digital services to public demands; Guangzhou's "Zhu Shi Tong" mini-program (data
A-2-7, 8) through hundreds of "finger-tap" services, adjusted the matching degree be-
tween government supply and citizen demands. At the same time, behavioral adaptation
provided an open and cooperative ecological soil for innovation and transformation
capabilities, with Hangzhou integrating the technological forces of enterprises such as
Alibaba (data B-3-8), and Shenzhen jointly establishing a research center with Huawei
and BYD and releasing industry white papers (data D-3-4, 5, 6), which are vivid prac-
tices of leveraging market entities to jointly define future industry rules.

The system governance dimension lays the institutional framework for the continu-
ous transformation of the city, being the rule system that ensures the steady and far-
reaching progress of digital transformation. This dimension is the most powerful force
driving innovation and transformation capabilities. Guangzhou issued the first district-
level data element market-oriented reform plan in the country (data A-3-7) and inno-
vated the "six-in-one" governance model (data A-3-9), and Shenzhen built the first vir-
tual power plant (data D-2-19). These institutional and mechanism innovations them-
selves have opened up new development tracks for the city. At the same time, system
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governance injects organizational resilience into resistance and recovery capabilities.
Hangzhou's "three-level platform, five-level application" city operation system (data
B-1-7) ensures the command efficiency in emergencies. Furthermore, it ensures the
inclusive and universal adaptability and adjustment capabilities through top-level de-
sign. Hangzhou and Shanghai jointly focused on and launched the "E-Chengmen Code"
offline service (B-2-23, 24; C-2-15), bridging the digital divide at the institutional level
and ensuring social equity in the digitalization process.

Table 2. Coding Statistics Table of Multiple Case Studies on Digital Governance Practices

Primary Secondary Nu.mber Example of citation
code code of items
In Shanghai, 880,000 "neurons" have been set up using drones,
Perception and high-definition cameras, etc. Through these neurons, over 5.1 mil-
Monitoring (24 lion IoT sensing devices of nearly 100 types have been integrated
Equipment into this center, generating more than 34 million pieces of data
every day. (C-1-2)
Foundation |paa resource Build an energy big data center, achieving the first in China to syn-
support 30 chronize real-time power grid data with the data center within sec-
PP platform
onds. (D-2-4)
In combination with the construction of the artificial intelligence
Digital tech- 27 algorithm engine, establish prediction and warning mechanisms
nology for factors such as crowd capacity, traffic congestion, and weather
conditions. (A-2-1)
Citizens can activate the "Pay the Maximum Once" convenient
Public digital 24 medical treatment service through various means such as the self-
participation service registration and check-in machines, the "Health Hang-
zhou" WeChat platform, etc. (B-2-11)
Enter- Shenzhen Power Supply Bureau has jointly collaborated with
Behavioral |prise/Univer- 16 Huawei to achieve several leading achievements, including the
adjustment |sity  Digital first artificial intelligence pre-training model in the national power
Cooperation industry based on the Ascend ecosystem. (D-3-4)
Government In response to the ph.enomenon of group renting, the operation cen-
. ter of the new area in Pudong has established an application sce-
Digital Gov-|(22 . . . .
ernance nario. Through a data model, it can accurately identify suspected
cases of group renting and achieve real-time handling. (C-2-21)
Institutions The first action plan for the market-oriented allocation of data ele-
L 20 ments at the county and district levels in the country has been re-
and Policies
leased. (A-3-7)
System gov- Innovative Establish a city operation system consisting of "three-level plat-
Y & governance (28 forms and five-level applications" (city - district - sub-district -
ernance . . .
mechanism grid - community). (B-1-7)
. . Relying on the "Qingxin Online" platform, explore the integration
Digital envi- " "on . . . LS
of "zero paper", "zero human intervention", "zero-time limit" and
ronment con-|37 " o e . " .
struction zero trips" - the "invisible intelligent approval" model into the

smart city construction. (B-3-7)
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It is worth emphasizing that these three mechanisms do not operate independently
but form a closely interrelated relationship. Technological empowerment provides plat-
form tools for diverse collaborations, diverse collaborations accumulate practical expe-
rience for institutional innovation, and institutional innovation points the way and pro-
vides guarantees for technological development. The positive interaction among these
mechanisms enables digital governance to comprehensively enhance the city's overall
resilience in the face of short-term shocks, long-term pressures, and systemic changes,
and drives the city towards a more intelligent, inclusive and sustainable development
direction. The correlation structure model illustrating the interaction between the multi-
dimensional elements of digital governance and urban resilience capabilities is depicted
in Figure. 2.

Perception and
Monitoring Equipment

24

Foundation
support

SN
Data resource platform
Adaptation and
» adjustment ability
W

9

AN

Behavioral ‘V*’A’\

adjustment Enterprise/University ‘;"\\‘ Resistance and recovery ability
Digital Cooperation A ( (43)

21 Institutions and Policies ‘! '
System H
Innovative governance

Digital environment
construction

Fig. 2. The correlation structure model of multi-dimensional elements of digital governance and
urban resilience capabilities

Innovation and
Transformation Capability
(83)

6 Conclusion

This paper constructs a theoretical framework of "foundation support - behavioral ad-
aptation - system governance" to systematically explain the internal mechanism by
which digital governance enhances urban resilience. The research shows that digital
governance forms a systematic solution to address complex urban challenges through
the triple interaction of technological empowerment, entity collaboration, and institu-
tional innovation. The practices of four frontier cities have confirmed that digital gov-
ernance not only improves the immediate response capacity of cities to sudden shocks,
but also cultivates the adaptive regulatory ability to face long-term pressures, and opens
up new paths for the fundamental transformation of urban development paradigms. This
research not only enriches the connotation of urban resilience theory in the digital era,
but also provides practical insights for promoting urban governance modernization: In
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the future, digital governance should pay more attention to the deep integration of tech-
nological application and institutional innovation, ensuring technological advancement
while strengthening inclusive design and social participation, so as to build a new model
of more resilient and sustainable smart city development. It is suggested that subsequent
research can further explore the role paths of digital governance in different-sized cities
and at different development stages, providing more precise theoretical support for dif-
ferentiated policy formulation.
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