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As modern cities increasingly face environmental disasters and inherent challenges, the creation and enhancement of

resilient cities have become critical. China’s urban resilience exhibits significant imbalances and inadequacies at the

provincial level.
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1. Introduction

An alarming increase in environmental disasters profoundly affect urban systems worldwide. The continuous expansion

and growth of urban areas has heightened their vulnerability and introduced greater uncertainty in urban governance

when facing a range of disaster risks. Currently, frequent environmental disasters such as typhoons and floods are

occurring globally, which pose great challenges for cities’ safety . Specifically, in 2022, China was hit with a series of

environmental disasters, impacting an estimated 112 million people. The mainland endured 27 earthquakes with

magnitudes of five or higher. Typhoon-induced disasters alone led to direct economic damages amounting to CNY 5.42

billion, and ten provinces suffered direct economic losses exceeding CNY 10 billion due to various disasters over the year

.This pattern of significant direct economic losses from environmental disasters in China is not an isolated incident of

2022 but has been a persistent issue over the years. Moreover, this challenge is not unique to China. The world is facing

enormous economic losses due to disasters (refer to Figure 1). Consequently, the development and advancement of

resilient urban areas have emerged as urgent worldwide issues.

Figure 1. Yearly direct economic losses due to environmental disasters; date resource:

https://www.gddat.cn/newGlobalWeb/#/NationalScale (accessed on 20 June 2023).

Beyond the increasingly challenging external environment, the ongoing march of industrialization and urbanization also

leads to disparities in urban development which have emerged globally. These variations have led to numerous issues,

including overpopulation, traffic congestion, insufficient infrastructure, and environmental pollution . The resilience of

cities is being tested by both internal challenges and external pressures . The critical question is how cities can

effectively counter these external forces and manage internal inefficiencies within their unique constraints and the

unpredictability of external shocks, in pursuit of enhancing their resilience and achieving sustainable development. This

remains a global challenge that all countries must confront .

Recently, China’s economic boom and rapid urbanization have thrust its cities into a phase of accelerated development.

However, this development has been uneven, leading to significant disparities in economic growth, infrastructure

advancement, and environmental management across China’s 31 provinces . Consequently, a scenario of imbalanced

and inadequate development prevails across these regions. Urban areas, increasingly interconnected and
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interdependent, face heightened vulnerability to a variety of risks, including environmental disasters and socioeconomic

upheavals . In light of this disparate development, it becomes imperative to tailor strategies at the provincial level . By

analyzing the temporal pattern of urban resilience and discerning the drivers behind its variability, policymakers and urban

planners can formulate nuanced strategies to strengthen the resilience of specific regions. In the context of China, marked

by its diverse regional development trajectories, investigating the spatial- and temporal-distribution characteristics of

urban resilience and its determinants at the provincial level is crucial for formulating effective strategies that promote

sustainable development and enhance the nation’s overall resilience.

2. Concept of Urban Resilience

The concept of “resilience” initially rooted in physics, as the capacity of a material to withstand energy during plastic

deformation and fracture, has evolved significantly over time . Its application extended to modern urban research, first

introduced in the context of ecology by ecologist Holling in 1973. This concept has since undergone a transformation,

especially as urban economies and ecological environments have evolved. In 2002, the International Council for Local

Environmental Initiatives pioneered the idea of “resilient cities”, integrating it into the realm of urban disaster prevention

research. Since then, related concepts like “economic resilience ”, “ecological resilience ”, and “industrial

resilience ” have gained significant scholarly attention. In China, the establishment of the Research Center for

Resilient Cities at Zhejiang University in 2012, as the country’s inaugural research center focusing on urban resilience and

disaster prevention, marked a milestone in this field. Currently, scholars and research institutions increasingly view urban

resilience as a composite of various capabilities, encompassing a city’s ability to resist, adapt, maintain, recover, and

develop, as outlined by X. Luo et al. in 2022 .

3. China’s Urban Resilience Development

The increasing focus among Chinese scholars on advancing urban resilience extends beyond theoretical models. This

shift is marked by a heightened emphasis on studying urban agglomerations, as evidenced in the research conducted by

Tang , B. Wang , and Ye . Additionally, there is a growing body of research exploring the resilience of cities within

individual provinces, such as the studies by K. Zhao  and Cao . These scholars are also delving into the differential

development of resilience between provincial capitals and their surrounding urban areas, aiming to provide bespoke

strategies that cater to the unique needs of each province. The scope of the research encompasses broader themes,

including urbanization dynamics , carbon emissions , and high-quality development , with a particular focus on the

provincial level. This body of work collectively examines China’s overall developmental trajectory and the disparities

across different provincial regions. However, there is a notable gap in the literature that specifically addresses urban

resilience from a provincial perspective in China. Considering the uneven pace of development across provinces,

enhancing urban resilience at this level is pivotal, aiming for comprehensive improvements in the resilience of Chinese

cities. This targeted approach is essential for addressing the diverse challenges and needs of different regions, thereby

contributing to a more balanced and sustainable urban development across the country.

4. Evaluation Index for Urban Resilience

Developing a comprehensive evaluation index system for urban resilience is critical for accurately gauging the resilience

of cities or regions. However, currently, there is no consensus on a unified evaluation index system or assessment model

for urban resilience. This lack of standardization in defining urban resilience indices stems from the diverse perspectives

held by various scholars such as urban composition , socioecological systems , and the stress-state-response

model .

In the field of resilience research concerning natural ecosystems, the evaluation framework is considerably

comprehensive and well-developed . Contemporary studies have introduced the perspective that ecological resilience

involves the capacity to recover from external shocks, encompassing preventative measures, responses, and recovery

capabilities . Subsequent researchers have refined the concept further by introducing socioecological resilience,

emphasizing that systems confronted with external disruptions should possess proactive resistance, inherent adaptability,

and post-event transformation capacity . Ultimately, in the context of natural ecosystems, resilience, adaptability, and

transformative capacity are regarded as the three fundamental elements of ecological resilience, embodying an

ecosystem’s ability to withstand shocks, adapt to external influences, and adjust based on both internal and external

factors.

Based on the aforementioned research, the resilience of cities is defined as the ability to withstand disasters, reduce

disaster losses, and allocate resources effectively in order to recover quickly from disasters and the ability to learn from
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past disaster incidents and continuously improve their adaptive capacity. Therefore, three core attributes are recognized in

the context of urban resilience: resistance, adaptability, and recovery . According to this evaluation framework, a total of

24 indicators were ultimately selected, as detailed in Table 1. Urban resistance is defined as a city’s ability to diminish the

impact of disasters through its infrastructure. Urban adaptability refers to the capacity of cities to maintain effective

management and stability under various levels of disaster pressure. Urban recovery is characterized by the city’s

capability to rapidly re-establish equilibrium after experiencing the effects of disasters.

Table 1. Evaluation indicator system of urban resilience.

Index Units References Directivity

Group 1: Urban resistance

Per Capita Road Area m Positive

Total Electricity Consumption 1000 kWh Positive

Natural Gas Supply Level m³/person Positive

Number of Urban Road Lighting Lights 1000 units Positive

Density of Drainage Pipelines in Built-up Areas km/km Positive

Public Buses and Electric Vehicles Per 10,000 People car Positive

Number of Beds in Health Facilities Per 10,000 People bed Positive

Group 2: Urban adaptability

Green Coverage Rate in Built-up Areas % Positive

Per Capita Park Green Area m Positive

Public Toilets Per 10,000 People 1000 units Positive

Rate of Domestic Garbage Hamless Treatment % Positive

Centralized Treatment Rate of Sewage Treatment Plant % Positive

Per Capita Daily Water Consumption liter Positive

Population Density person/km Positive

Natural Population Growth Rate % Positive

Group 3: Urban recovery

Per Capita GDP CNY/person Positive

Per Capita Disposable Income of Urban Residents CNY Positive

Per Capita Consumption Expenditure of Urban Residents CNY Positive

Fiscal Expenditure/Income Ratio % Negative

The Proportion of the Tertiary Industry in the GDP % Positive

Average Students Enrolled in Higher Education Institutions Per 100,000
People person Positive

The Number of Participants in Year-End Unemployment Insurance. person/10,000
people Positive

Registered Urban Unemployment Rate % Negative

5. Factors Influencing Urban Resilience

In recent years, a growing number of scholars have been leveraging spatial econometric models to dissect the factors

influencing urban resilience. Chen  utilized multi-scale geographically weighted regression to delve into the

spatiotemporal dynamics of urban resilience in China and its driving factors. Similarly, Wang et al. (2022)  conducted

comprehensive empirical surveys and a quantitative analysis to identify critical factors affecting urban community

resilience, including marketization, urbanization, industrial structure, emergency facilities, and population resources.
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Moreover, various spatial detection methods, such as the Geographical Detector  and the Spatial Durbin Model ,

have been commonly utilized to analyze the influencing actors for urban resilience.

Based on previous studies, the research probes into the factors affecting urban resilience from six distinct perspectives:

urban economic, social services, infrastructure improvement, urban digitization, urban ecology, and urban science and

education, as detailed in Table 2. Urban economic development can provide additional resources to support urban

resilience improvement. The GDP per capita is used to represent the economic level of a city. Social services’ capability is

crucial for a city’s resilience, which can be represented by the proportion of public fiscal expenditure to GDP. Infrastructure

improvement not only directly affects a city’s daily resource supply capability, but also its ability to resist disasters. The

total urban water supply is used to reflect the completeness of infrastructure. Urban digitization plays a crucial role in

improving urban governance and future development. The percentage of internet users in each region to the whole

country is used to represent a city’s digital level. Urban ecology, as an important component of sustainable development

for modern urban systems, is inseparable from the resilient cities’ development. The per capita green space area is used

to represent its ecological level. The level of scientific and educational development is an important indicator of a city’s

innovation capabilities, which can be represented by the percentage of its expenditure in fiscal expenditure.

Table 2. Influencing factors for urban resilience and corresponding variables.

Influencing Factor Variable Representation References

Urban Economic GDP per capita X

Social Service Proportion of public fiscal expenditure to GDP X

Infrastructure
Improvement Total urban water supply X

Urban Digitization Percentage of internet users in each region to the whole
country X

Urban Ecology Per capita green space area X

Urban Science and
Education

Percentage of science and technology expenditure in fiscal
expenditure X
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