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Abstract

Amid the compounded impacts of climate change, economic volatility, and sudden shocks,
small and medium-sized cities (SMSCs) have become a critical yet frequently overlooked
weak link in urban resilience research. Objective assessment of resilience in SMSCs is
essential for improving the design and effectiveness of resilience-building policies. Fol-
lowing China’s official city-size classification criteria—i.e., using urban-district resident
population as the statistical basis and defining SMSCs as cities with less than 1 million
urban-district residents—this study examines 510 Chinese SMSCs from 2012 to 2023. An
entropy-weighted Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
method is employed to construct an urban resilience index. Subsequently, spatiotemporal
disparities are characterized using nonparametric kernel density estimation and Dagum
Gini coefficient decomposition. The results indicate that: (1) from 2012 to 2023, the resilience
index of Chinese SMSCs rose from 0.1108 to 0.1121, with an average annual growth rate
of 0.1067%. Overall resilience remains low, and the increase is modest, showing a clear
regional gradient of Eastern > Central > Western > Northeastern China. (2) Spatiotem-
poral differentiation reveals the fastest growth in the Eastern region, a similar trajectory
in the Central region, slower growth in the Western region, and a decline in the North-
eastern region, reinforcing a pattern of gradient divergence. Within-region disparities
generally converged, whereas between-region disparities expanded markedly; nonetheless,
the transvariation (overlapping) component remained the primary contributor to overall
inequality. (3) The resilience of Chinese SMSCs may face a potential Matthew-effect risk
driven by the interaction of scale disadvantage and regional disadvantage. These findings
provide evidence to support policies aimed at enhancing resilience in SMSCs and inform
the development of differentiated resilience-building strategies across regions.

Keywords: small and medium-sized cities (SMSCs); urban resilience; nonparametric kernel
density estimation; Dagum Gini coefficient; spatiotemporal differentiation

1. Introduction
Against the backdrop of compounded global challenges—including climate change,

public health emergencies, and geopolitical conflicts—cities, as the primary spaces for
human activities and the central carriers of socio-economic development, are not only key
drivers of global environmental change but also strategic arenas for addressing the climate
crisis, ecological degradation, and systemic global risks. The ways in which cities are
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governed, spatially configured, and technologically shaped will profoundly influence the
future trajectory of the Anthropocene [1]. Meanwhile, as urban areas continue to expand
and populations increasingly concentrate, a range of urban problems has become more
visible, and cities are confronting unprecedented uncertainty and compound risks. In this
context, the concept of “resilience” has emerged as a pivotal paradigm for urban safety and
sustainable development. Accordingly, advancing urban resilience-building has become an
urgent priority [2].

In response to these challenges and the imperative for transformation, the Chinese
government—aiming to foster a virtuous interaction between high-quality development
and high-level security—has proactively advanced the strategic agenda of urban resilience
while promoting orderly urban development, thereby stimulating growing interest in
urban resilience research and practice [3,4]. From the perspective of policy practice, since
the concept of the “resilient city” was first introduced by the International Council for
local environmental issues (ICLEI) in 2002 and subsequently gained broad international
recognition, China has continued to explore resilience-oriented urban policies in recent
years. In April 2020, an important policy signal was issued at the seventh meeting of
the Central Commission for Financial and Economic Affairs, which highlighted building
resilient cities as a key element of improving the national urbanization strategy. In October
2020, the Fifth Plenary Session of the 19th CPC Central Committee explicitly set the goal
of developing “resilient cities” and characterized resilience as the capacity of a regional
system to withstand shocks, reduce losses, and open new pathways for development. The
14th Five-Year Plan (2021–2025) further incorporated “resilient cities” into the national
strategic agenda. Thereafter, the notion of “resilient cities” was included in the report of
the 20th National Congress of the Communist Party of China (CPC), accelerating China’s
policy momentum. The 2024 Government Work Report emphasized advancing urban
renewal and building cities that are “livable, smart, and resilient,” and the 2025 Central
Urban Work Conference identified “building safe and reliable resilient cities” as one of
the key tasks for urban work. Taken together, China has formed an increasingly complete
policy cycle—from conceptual introduction and strategic confirmation to institutional
embedding and implementation—positioning resilient-city development as a critical lever
for modernizing urban governance capacity in the new era.

As research on urban resilience continues to deepen, scholarly attention has gradually
shifted from macro-level frameworks to micro-level mechanisms, and from coastal megac-
ities to the vast inland hinterlands. As the most numerous and most widely distributed
type of cities worldwide, small and medium-sized cities (SMSCs) play an essential carrier
role in socio-economic activities and exhibit distinctive competitiveness within the urban
hierarchy [5,6]. Therefore, it is necessary to examine the resilience of SMSCs in greater
depth. Meanwhile, developing a scientific, replicable, and comparable framework for
urban resilience assessment not only provides evidence for urban managers to identify
critical vulnerable nodes, optimize resource allocation, and formulate adaptive strategies,
but also serves as a “common language” for cross-scale and cross-sector collaborative gov-
ernance. In this way, resilience can be translated into policy practices that are monitorable,
accountable, and investable, ultimately enhancing urban sustainability and inclusiveness
in an uncertain future. Accordingly, urban resilience assessment has attracted increasing
scholarly attention [7–9]. Based on this line of reasoning, the literature on urban resilience
assessment related to this study primarily covers the following aspects.

1.1. Conceptualizations of Resilience in Urban Resilience Assessment

As argued by Klein et al. (2003), one major challenge in resilience research lies in the
existence of multiple definitions that can be operationalized into practical tools [10]. This
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contributes to the complexity and uncertainty surrounding the conceptual content of urban
resilience. To address this, Ribeiro and Gonçalves (2019) conducted a systematic review
that identifies the main pillars, dimensions, and characteristics of urban resilience and
develops a conceptual framework to facilitate understanding [11]. Meanwhile, studies on
the conceptualization of urban resilience have continued to expand across perspectives and
disciplines, and urban resilience increasingly appears in the literature as a “goal” [12,13], a
“pathway” [14,15], or a “referent” [16,17].

1.2. Assessment Objects of Urban Resilience Assessment

Spaans and Waterhout (2017), in their evaluation of the Rockefeller Foundation’s
definition of urban resilience, noted that urban resilience assessment encompasses a wide
range of assessed entities and disturbance sources, providing an authoritative platform
for assessment practice [2]. From the perspective of assessed entities, on the one hand, the
urban system can be treated as a single complex adaptive system and assessed through case-
based approaches [18], or evaluated as part of different types of urban clusters classified
by cluster size, development type, locational conditions, and other criteria [19–24]. On the
other hand, cities can be decomposed into multiple subsystems for separate assessments,
which broadly fall into three categories. The first concerns the resilience of carrier-type
subsystems, such as society, economy, ecology, and infrastructure [18,25–27]. The second
concerns the resilience of urban spatial subsystems, including urban space, urban form,
neighborhoods, and buildings [28–31]. The third concerns the resilience of urban functional
subsystems, such as settlement, food, energy, water supply, sanitation, transportation, and
related services [28,32–35].

From the perspective of disturbance sources, some studies do not distinguish specific
hazards and instead construct an urban disaster resilience index to conduct spatiotemporal
assessments, taking Chengdu, China as an example [36]. Other studies distinguish hazard
types and numbers, assessing disaster resilience under single hazards or under compound
hazards [37–39].

1.3. Dimensional Frameworks for Urban Resilience Assessment

In designing dimensional frameworks for urban resilience assessment, three main ap-
proaches can be identified. The first is the attribute-based (feature-based) approach, which
starts from resilience-related perspectives such as “safety” and “emergency response,”
either drawing on cross-domain applications of classical theories or conducting adaptive
refinements based on existing studies [4,12,15,40,41]. This approach identifies the attribute
characteristics of urban resilience and thereby constructs assessment dimensions with a
strong theoretical foundation. The second is the component-based approach, which con-
ceptualizes the city as a system and refines theoretical dimensions [3,42–44], or directly
decomposes the system [45,46]—for example, into ecological, social, economic, engineering,
and institutional resilience—to further realize the practical value of assessment and achieve
the goal of framework design. The third is the process-/stage-based approach. For instance,
Zhu et al. (2023) developed a PSR-SENCE model based on the Pressure–State–Response
(PSR) framework and the theory of complex socio-economic-natural ecosystems, identifying
factors of urban flood resilience along a dynamic process to complete the assessment [47].

1.4. Methods and Models for Urban Resilience Assessment

A variety of methods can be used to measure urban resilience. The first category com-
prises composite indicator approaches, which construct an indicator system, assign weights
subjectively or objectively, and derive a composite score for evaluation purposes [30,48].
The second category includes remote sensing and spatial modeling approaches, which
employ remote-sensing raster data together with GIS-based spatial analysis to quantify
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resilience-related characteristics [24]. The third category involves scenario simulation ap-
proaches, which model the evolution of resilience trends to enable dynamic assessments
under different scenarios [49,50]. The fourth category uses machine learning and other
data-driven approaches to build big-data models for disaster risk assessment and pre-
diction [51]. In addition, some studies go beyond resilience measurement and further
apply spatiotemporal models, causal inference methods, and related approaches for more
in-depth analysis [52,53].

1.5. Expansion of Urban Resilience Assessment Results

To translate findings on urban resilience into policy practice, extending analy-
sis beyond initial measurement is an important component of resilience assessment
research. Some studies examine the spatiotemporal distribution of urban resilience
across large geographic scales to derive policy implications in both temporal and spatial
dimensions [54,55]. Others focus on resilience-building and investigate which factors affect
urban resilience, through what mechanisms, and to what extent [13,56]. As resilience-
oriented policies advance, resilience effects may also diffuse across space; understanding
the magnitude and patterns of such spillover effects has become another focal point in
recent evaluations [46,53].

Overall, the above literature provides important references and multi-dimensional
perspectives for understanding urban resilience assessment, offering a robust method-
ological foundation. Nevertheless, several gaps remain. Firstly, existing research has not
offered a conceptual definition or expounded on the intrinsic meanings of urban resilience
within small and medium-sized cities (SMSCs). Similarly, in terms of research subjects,
current studies have predominantly focused on individual cities, urban agglomerations,
or urban systems, relatively limited attention paid to the macro-level aspects of urban
resilience. More importantly, there is a scarcity of research that explicitly categorizes small
and medium-sized cities and communities (SMSCs) as distinct subjects for evaluation,
which restricts the generalizability of research findings for broader applications. Further-
more, most existing assessment frameworks tend to concentrate on a single dimension of
either ‘urban’ or ‘resilience,’ and there is still a notable deficiency in the development of
integrated assessment systems—particularly those frameworks that are tailored to specific
types of evaluation objectives.

As key nodes linking large cities with their rural hinterlands, SMSCs perform mul-
tiple functions within China’s territorial spatial structure, including industrial reloca-
tion/absorption, population agglomeration, and the spatial diffusion of public services.
Their resilience conditions therefore bear directly on balanced regional development and
the stability of national security safeguards. Studying SMSC resilience can help address a
“scale blind spot” in existing resilience assessment frameworks and support urban–rural
integration as well as regional coordination. Meanwhile, cities are complex and evolving
systems. When SMSCs face uncertain risks, their resilience is often more prone to pro-
nounced spatial polarization and vulnerability due to limited resource endowments and
weaker governance capacity, which are in turn shaped by factors such as administrative
hierarchy, fiscal capacity, industrial diversity, and access to external support. Therefore, in
the context of accelerating resilient-city development, quantitatively assessing resilience in
SMSCs not only aligns with China’s strategic orientation of promoting urbanization with
counties as important carriers, but also contributes to strengthening grassroots governance
effectiveness and regional risk resistance.

Notably, existing studies suggest that SMSC resilience has substantial research
value [57], yet it has not received adequate scholarly attention [58,59]. Accordingly, this
study provides a definition of SMSC resilience, specifies SMSCs as the focus of urban
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resilience assessment, constructs an assessment framework through theoretical reasoning,
measures the resilience level of Chinese SMSCs, and investigates their spatiotemporal
differentiation. This raises several key questions: What is the overall level of resilience
in SMSCs? How does this resilience evolve dynamically over time? Do resilience levels
exhibit spatial disparities across regions? Addressing these questions can help clarify
the development patterns of SMSC resilience and fill the theoretical gap concerning the
city size–resilience relationship. Moreover, it can provide empirical evidence for identi-
fying key determinants of resilience in SMSCs and for designing differentiated resilience-
enhancement strategies, thereby supporting more targeted resilience policies for SMSCs,
optimizing resource allocation and governance arrangements, and promoting regional
coordination and sustainable urbanization.

The marginal contributions of this study are twofold. (1) Focusing on SMSCs extends
the analytical scale of urban resilience research to the level of individual small and medium-
sized cities, which broadens the existing perspectives on urban resilience. (2) Based on
urban resilience theory and prior studies, a comprehensive evaluation index system for SM-
SCs has been developed, incorporating both the general attributes of urban resilience and
characteristics specific to SMSCs. The findings aim to help policymakers better understand
SMSC resilience and formulate more fine-grained, differentiated strategies.

2. Materials and Methods
To achieve the aforementioned research objectives (i.e., to better understand the re-

silience of SMSC and develop differentiated strategies), this study develops an overall
analytical framework, as illustrated in Figure 1. First, an assessment system for SMSC
resilience is established by drawing on the general attributes of urban resilience and the
distinctive characteristics of small and medium-sized cities (SMSCs). Second, an entropy-
weighted TOPSIS approach is applied, based on the indicator system, to compute resilience
levels for Chinese SMSCs. Third, nonparametric kernel density estimation is used to
examine the time-varying evolution of SMSC resilience. Finally, the Dagum Gini coeffi-
cient decomposition is employed to quantify spatial disparities in SMSC resilience and to
decompose the sources of these disparities.

2.1. Study Area and Data Sources

Following the regional classification scheme released by the National Bureau of Statis-
tics of China (NBS) in 2011, China is divided into four major regions: Eastern, Central,
Western, and Northeastern China [60]. In this study, the study area covers 28 provincial-
level administrative units (23 provinces and 5 autonomous regions). Specifically, the
Eastern region includes Hebei, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and
Hainan; the Central region includes Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan;
the Western region includes Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Tibet,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; and the Northeastern region includes
Liaoning, Jilin, and Heilongjiang. The specific distribution of the cities involved in this
study is shown in Figure 2.

According to the State Council’s official notice on adjusting the standards for city-
size classification (issued in November 2014), city size is defined using urban-district
resident population as the statistical basis [61]. Under this standard, cities with an urban-
district resident population of less than 1 million are classified as small and medium-sized
cities; accordingly, this study defines such cities as SMSCs. On this basis, the SMSC
sample includes county-level cities nationwide and a subset of prefecture-level cities. The
identification of SMSCs relies on the key results of the Seventh National Population Census,
specifically China Population Census by County—2020.
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Figure 1. Research framework.

Figure 2. Map of Study Cities.

Data for the indicators in the SMSC resilience measurement system are mainly drawn
from the China City Statistical Yearbook (2013–2024) and official local government websites,
among other sources [62]. Data preprocessing was conducted to ensure panel integrity.
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Specifically, cities whose city-type classification changed during the sample period were
excluded. For observations with limited missingness, missing values were supplemented
using annual work reports and statistical bulletins, together with linear interpolation.
Observations with substantial missingness were removed. Outliers in the panel were
cross-checked and corrected using the same sources and procedures. Ultimately, a balanced
panel dataset of 510 SMSCs over the period from 2012 to 2023 was obtained.

2.2. Constructing the SMSC Resilience Indicator System

As an extension of the broader concept of urban resilience, SMSC resilience represents
a scope-specific application rather than a simple “scaled-down” or “lower-specification”
version of resilience. Instead, it constitutes a form of resilience that is re-coded under
structural constraints. Accordingly, research on SMSC resilience not only broadens the
theoretical spectrum of urban resilience but also offers an important methodological im-
plication: resilience in SMSCs should be examined on the basis of established urban
resilience research while fully accounting for the distinctive attributes of SMSCs. This
perspective emphasizes transforming resource bottlenecks into triggers for institutional
innovation, so that scale-related disadvantages can be converted into enabling conditions
for resilience formation.

More specifically, the construction of an indicator system for SMSC resilience should
build on the general attributes of urban resilience and treat core features—such as re-
dundancy [63], diversity [14], robustness [64], and adaptability [65,66]—as a shared “re-
silience consensus.” At the same time, attributes distinctive to SMSCs—such as resource
limitations [67], strong relational embeddedness [68], investment lag [69], development
dependence [70], and regional peripherality [71]—should be incorporated as “city labels”
into this resilience consensus. In doing so, SMSC resilience can be conceptualized as a
nonlinear fit between resilience functions and structural constraints. Based on the above
reasoning, SMSC resilience exhibits the following characteristics, which are used as the
main dimensions of the SMSC resilience indicator system:

• Constrained redundancy: SMSCs, facing triple constraints in fiscal capacity, land
availability, and human resources, are often unable to maintain conventional forms of
physical backup. Instead, they seek a critical level of redundancy through redundancy
reduction, functional repurposing, and digital substitution.

• Modular simplicity: By aggregating functions and compressing hierarchical layers,
SMSCs decompose complex systems into units that are “few but integrated,” enabling
fault isolation and rapid repair to be achieved at the smallest possible scale.

• High connectivity: Leveraging their scale-related advantages and regional gover-
nance agreements, SMSCs can be embedded in larger-scale networks of resource and
information flows, allowing real-time access to external resources.

• Flexible adaptability: SMSCs capitalize on the advantages of small-scale experimenta-
tion and iterative learning, enabling the dynamic optimization of resilience strategies
through low-cost, short-cycle loops. This allows cities to rapidly adjust their structures
and functions when exposed to external shocks, rather than relying primarily on rigid
infrastructure upgrades.

In summary, SMSC resilience exhibits a composite profile characterized by constrained
redundancy, modular simplicity, high connectivity, and flexible adaptability. In essence,
under structural constraints, SMSCs can transform scale-related disadvantages into adap-
tive advantages through regional collaboration and functional reconfiguration. These four
feature dimensions are not independent; rather, they form a “constraint–response” feed-
back loop. Constrained redundancy lowers the resource threshold for resilience-building,
modular simplicity compresses system complexity, high connectivity enables the inflow of

https://doi.org/10.3390/su18041756

https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 8 of 24

external resources, and flexible adaptability ensures that the first three mechanisms can still
be recalibrated and corrected under shocks. Together, this configuration endows SMSCs
with a resilience identity that differs from that of cities in a more generic sense. The specific
indicator system is presented in Table 1.

Table 1. Indicator system for assessing resilience in small and medium-sized cities (SMSCs).

Resilience
Dimension Indicator Interpretation and Resilience Logic Indicator Type *

Constrained
redundancy

GDP per capita Economic output efficiency, reflecting
“individual-level redundancy” Positively oriented

Balance of household savings
deposits (urban and rural residents)

Private reserves, reflecting
“societal redundancy” Positively oriented

Local government general
public budget expenditure

Government-disposable resources,
reflecting “governmental redundancy” Positively oriented

Modular
simplicity

Share of primary industry in GDP
Whether the economic structure is

overly dependent on a single
module (agriculture)

Negatively oriented

Share of tertiary industry in GDP Whether the industrial structure is
diversified and service-oriented Positively oriented

Number of above-scale
industrial enterprises

Complexity of the industrial module;
an excessive number may imply

inefficient redundancy
Moderately oriented

High
connectivity

Outstanding loans of financial
institutions at year-end

Capacity for financial-resource
circulation, reflecting
“capital connectivity”

Positively oriented

General public budget revenue Fiscal interactions between
government and markets Positively oriented

GDP per unit area Spatial economic density, reflecting
“economic–spatial connectivity” Positively oriented

Flexible
adaptability

Enrollment in regular secondary
schools (number of students)

Human-capital reserves and future
adaptive potential Positively oriented

Administrative area per capita Whether spatial resources are overly
dispersed, affecting adaptive efficiency Moderately oriented

Registered population at year-end Population scale, shaping the system’s
“baseline capacity” for adaptation Positively oriented

* Note. Positively oriented indicators imply that a larger value corresponds to better performance; negatively
oriented indicators imply that a smaller value corresponds to better performance; moderately oriented indicators
imply that performance is better when the indicator is closer to a certain “optimal” value. For the moderately
oriented indicators used in this study, there is no universally accepted optimal value. Given that Deyang
(Sichuan Province) was selected for the Rockefeller Foundation’s “100 Resilient Cities” program in December
2014 and was among the first batch of selected cities in China, and that Deyang is included in the sample
under the present SMSC definition, Deyang’s corresponding indicator values are used as the reference (optimal)
values for moderate-orientation transformation. In addition, given the limited comparability of the number of
above-scale industrial enterprises across cities, an intermediary measure—value added per industrial enterprise
(secondary-industry output divided by the number of above-scale industrial enterprises)—is introduced to obtain
the moderate-orientation values for the sample cities.

2.3. Main Methods
2.3.1. Indicator Data Preprocessing

Because the indicator system includes positively oriented, negatively oriented,
and moderately oriented (target) indicators, a positive-orientation transformation is
first conducted before evaluation to ensure that larger values consistently indicate
better performance.
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For negatively oriented indicators, the transformation is implemented using Equation (1):

x′ =
xmax − x

xmax − xmin
(1)

For moderately oriented (target) indicators, the transformation is implemented using
Equation (2):

x′ =
1

1+|a − x| (a denotes the target/optimal value) (2)

where x is the original indicator value, xmin and xmax are the minimum and maximum
values of the indicator, and x′ is the transformed value after positive-orientation processing.

2.3.2. Entropy-Weighted TOPSIS

This study applies the entropy-weighted TOPSIS approach to measure resilience
levels in small and medium-sized cities (SMSCs) [72]. By assigning objective weights
to indicators and integrating them into a multi-criteria evaluation, this method yields a
composite resilience index for 510 Chinese SMSCs. Specifically, the entropy-weighting
method quantifies the information entropy of each indicator, thereby reducing subjectivity
in weight assignment and directly reflecting the amount of effective information conveyed
by the data—an advantage that aligns well with practical assessment needs. Technique
for Order Preference by Similarity to Ideal Solution (TOPSIS), also known as the distance-
to-ideal-solution method, ranks a finite set of alternatives by their relative closeness to
an ideal solution, and is widely used in multi-criteria decision analysis [73]. Combining
entropy weighting with TOPSIS leverages the strengths of both methods and enhances the
objectivity and plausibility of the resilience assessment for SMSCs.

Based on the established SMSC resilience indicator system, after transforming nega-
tively oriented and moderately oriented indicators into positively oriented ones, the main
computational steps of the entropy-weighted TOPSIS procedure are as follows:

Assume there are m evaluation units (cities) and n indicators for each unit. The
decision matrix is constructed as:

X =
(
xij

)
m×n (i = 1, 2, · · ·, m; j = 1, 2, · · ·, n) (3)

The decision matrix is then normalized as:

x′ ij =
xij − minj(X)

maxj(X)− minj(X)
(4)

where maxj and minj denote the maximum and minimum values of indicator j across all
evaluation units, respectively.

Next, the information entropy of indicator j is calculated as:

Hj = −k
m

∑
i=1

pijln pij (5)

where Pij =
x′ ij

∑m
i=1 x′ ij

; k = 1
ln m .

The weight of indicator j is defined as:

ωj =
1 − Hj

∑n
j=1

(
1 − Hj

) (6)

where ωj ∈ [0, 1], and ∑n
j=1 ωj = 1.

The weighted normalized matrix is then obtained as:

https://doi.org/10.3390/su18041756

https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 10 of 24

R =
(
rij
)

m×n, rij = ωj·x′ ij (i = 1, 2, · · · , m; j = 1, 2, · · · , n) (7)

The positive ideal solution Sj
+ and negative ideal solution Sj

− are determined by:

Sj
+ = max

(
r1j, r2j, . . . , rnj

)
, Sj

− = min
(
r1j, r2j, . . . , rnj

)
(8)

The Euclidean distances to the positive and negative ideal solutions are computed as:

sepi
+ =

√√√√ n

∑
j=1

(
sj
+ − rij

)2, sepi
− =

√√√√ n

∑
j=1

(
sj
− − rij

)2 (9)

Finally, the composite evaluation index is calculated as:

Ci =
sepi

−

sepi
+ + sepi

− , Ci ∈ [0, 1] (10)

where a larger Ci indicates better performance of the evaluation unit.

2.3.3. Nonparametric Kernel Density Estimation

Kernel density estimation (KDE) is an important nonparametric technique and can
be regarded as a smoothed version of a histogram [74]. By using a continuous density
function, KDE characterizes the distributional properties of SMSC resilience levels. To
further examine absolute disparities in SMSC resilience and the dynamic evolution of its
distribution, this study applies KDE to explore features such as the central tendency, shape,
range (dispersion), and polarization of the resilience distribution among Chinese SMSCs.
The formula is given as follows:

f (x) =
1

Nh∑N
i=1 K

(
Xi − X

h

)
(11)

where Xi denotes the observed value for city i, x denotes the value at which the density is
evaluated, K(·) is the kernel function, h is the bandwidth, and N is the number of cities in
the sample.

With respect to kernel selection, although different kernel functions may affect the
estimation to some extent, this study adopts the Gaussian kernel, which is the most widely
used in practice. This choice is motivated by its broad applicability and good smoothing
performance, making it a preferred option for kernel density analysis.

2.3.4. Dagum Gini Coefficient

The traditional Gini coefficient is a widely used tool for measuring overall inequality
in a sample. Although it effectively captures aggregate disparity, it has limitations when
one seeks to further analyze between-region differences and distributional features across
subgroups. In particular, it does not provide a sufficiently informative decomposition of
inequality sources, nor does it facilitate comparisons of distributional differences among
different subpopulations. By contrast, the Dagum Gini coefficient proposed by Dagum is
an inequality measure that explicitly accommodates subregional grouping [75]. It not only
quantifies overall inequality, but also enables further decomposition into within-region
inequality, between-region inequality, and the transvariation (overlapping) component,
thereby addressing key shortcomings of the traditional Gini coefficient in subgroup decom-
position and distributional comparison and offering a richer perspective for understanding
inequality structures [76]. The Dagum Gini coefficient is computed as follows:
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G =
∑k

j=1 ∑k
h=1 ∑

nj
i=1 ∑nh

r=1 |yji − yhr|
2n2µ

(12)

In Equation (12), k denotes the number of regions, n is the total number of SMSCs, and
j and h index regions. The indices i and r index cities within regions. yji(yhr) denotes the
urban resilience index of city i(r) in region j(h), and µ is the mean resilience index across all
SMSCs. A larger G indicates a larger disparity in urban resilience.

The within-region Dagum Gini coefficient for region j, denoted Gjj, and the contribu-
tion of within-region inequality, denoted Gω, are computed as:

Gjj =
1

2µjn2
j
∑

nj
i=1 ∑

nj
r=1 |yji − yjr| (13)

Gω = ∑k
j=1 Gjj pjsj (14)

The between-region Dagum Gini coefficient between regions j and h, denoted Gjh, and
its contribution Gnh, are computed as:

Gjh =
∑

nj
i=1 ∑nh

r=1 |yji − yhr|
njnh

(
µj + µh

) (15)

Gnh = ∑k
j=2 ∑j−1

h=1 Gjh
(

pjsh + phsj
)

Djh (16)

When decomposing regional groups, the contribution of the cross-term (i.e., the
effect of distributional overlap between groups) to overall disparity is referred to as the
transvariation (overlapping) contribution, denoted Gt, which is calculated as:

Gt = ∑k
j=2 ∑j−1

h=1 Gjh(pjsh + phsj)(1 − Djh) (17)

In Equation (17), pj = nj/n, sj = njµj/nµj, Djh = (djh − pjh)/(djh + pjh) captures the
relative impact (or relative influence) of the resilience distributions between regions j and h.
Here, djh =

∫ ∞
0 dFj(y)

∫ y
0 (y − x)dFh(x) measures the expected positive difference in SMSC

resilience between regions j and h, and pjh =
∫ ∞

0 dFh(y)
∫ y

0 (y − x)dFj(y) corresponds to
the first-order moment of transvariation (overlap).

3. Results
3.1. Measurement Results

The average resilience level of SMSCs for China as a whole and for the four major
regions is estimated using the methods described above. The year-by-year results are
presented in Figure 3. To facilitate further interpretation and comparison, the estimation
results are also visualized, as shown in Figure 4.

Overall, the resilience level of Chinese small and medium-sized cities (SMSCs) remains
relatively low. The national average increased gradually from 0.1108 at the beginning of the
sample period to 0.1121 by the end, with an average annual growth rate of 0.1067%. Region-
ally, Northeastern China exhibits the lowest level of SMSC resilience, with a within-sample
mean of 0.0749, which is substantially lower than that of Western China (0.1125); both
regions remain persistently below the national mean of 0.1192. In contrast, the annual mean
values for Eastern and Central China are similar—0.1356 and 0.1331, respectively—and
both are above the national average. In terms of average annual changes, resilience in the
Eastern, Central, and Western regions increased at 0.409%, 0.133%, and 0.390% per year,
respectively, whereas the Northeastern region experienced a decline of 1.810% per year.
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Taken together, SMSC resilience in China displays a clear gradient pattern of
Eastern > Central > Western > Northeastern. High-resilience SMSCs are concentrated
mainly in the eastern coastal area and parts of Central China, and they often appear as
spatially isolated “high-resilience enclaves” (i.e., an “island effect”).
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Figure 3. Year-by-year changes in the average resilience level of small and medium-sized cities
(SMSCs) in China.

  
2014 2017 

  

2020 2023 

Figure 4. Spatiotemporal patterns of resilience in small and medium-sized cities (SMSCs) in China.

3.2. Spatiotemporal Disparities
3.2.1. Dynamic Evolution

This study uses kernel density estimation (KDE) to characterize the distributional
features of the sample, focusing on key properties of the corresponding density curves,
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including location (central tendency), the shape of the main peak, distributional spread
(dispersion/extension), and the number of peaks (multimodality). The dynamic evolution
patterns are summarized in Table 2, and the KDE results are presented in Figure 5.

Table 2. Dynamic evolution characteristics of resilience in small and medium-sized cities (SMSCs).

Region Location Shift Main-Peak Shape Distributional Spread Number of Peaks

China (over all) Slight rightward shift Height unchanged;
width increases

Right-skewed with
a long right tail Unimodal

Eastern China Slight rightward shift Height unchanged;
width unchanged

Right-skewed with
a long right tail Unimodal

Central China Slight rightward shift Height increases;
width increases

Right-skewed with
a long right tail Unimodal

Western China Slight rightward shift Height increases;
width increases

Right-skewed with
a long right tail Unimodal

Northeastern China Slight leftward shift Height increases;
width increases

Right-skewed with
a long right tail

Unimodal
or bimodal

(a) China (overall) 

(b) Eastern China 

Figure 5. Cont.
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(c) Central China 

(d) Western China 

(e) Northeastern China 

Figure 5. Dynamic evolution of resilience level of small and medium-sized cities (SMSCs) in China.
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Location Shift

During the sample period, the kernel density curve of SMSC resilience at the national
level shows a slight rightward shift, indicating a modest overall improvement in resilience
among most Chinese SMSCs. At the regional level, Eastern, Central, and Western China
exhibit a similar rightward shift, suggesting gradual progress in resilience-building in these
three regions. In contrast, the kernel density curve for Northeastern China shows a slight
leftward shift, implying a year-by-year decline in resilience among SMSCs in the Northeast
and greater difficulty in advancing resilience-building.

Main-Peak Shape

At the national level, the KDE curve is characterized by an unchanged main-peak
height but an increasing peak width, indicating that the “middle” of the resilience distri-
bution remains relatively stable while internal differentiation is gradually emerging. In
Eastern China, the KDE curve shows an unchanged peak height and unchanged width,
suggesting no marked changes in local density around the center or in dispersion—i.e.,
resilience among SMSCs in this region remains broadly stable. In Central, Western, and
Northeastern China, the KDE curves exhibit higher peak heights together with increasing
widths, indicating a rising share of SMSCs clustered around intermediate resilience levels.

Distributional Spread

For China overall, as well as for each of the four regions, the KDE curves display a
pronounced right-tail elongation, implying that a subset of cities within each region attains
resilience levels substantially higher than those of other SMSCs in the same region.

Number of Peaks

Over the sample period, China overall and the Eastern, Central, and Western regions
are predominantly unimodal, indicating no clear polarization of SMSC resilience within
these regions and a relatively stable distribution over time. By contrast, Northeastern China
exhibits both unimodal and bimodal patterns; bimodality appears more frequently in the
early years of the sample period and gradually evolves into unimodality toward the end.
This suggests that polarization in the Northeast weakens over time, primarily because the
mode associated with higher resilience levels diminishes.

3.2.2. Regional Disparities

While the KDE analysis reveals the time-varying evolution of absolute disparities
in SMSC resilience, it does not quantify the overall level of inequality, identify the
sources of disparities, or trace changes in relative differences across regions. There-
fore, an inequality decomposition analysis is further conducted using the Dagum Gini
coefficient decomposition.

Within-Region Disparities in SMSC Resilience

The within-group (within-region) disparities in resilience across the full sample of
510 Chinese SMSCs and within each of the four major regions are estimated using the
Dagum Gini coefficient. The year-by-year results are reported in Figure 6.

At the national level, the overall Gini coefficient of SMSC resilience remains relatively
stable, with a mean value of 0.2960 over the sample period. Except for a slight increase
in the early years, it shows a steadily declining trend thereafter, indicating that resilience
levels across Chinese SMSCs are relatively balanced and that the degree of balance has
continued to improve. From a regional perspective, the within-group Gini coefficients in
all four regions are below the national level, suggesting that within-region inequality is
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comparatively limited and that the overall disparities in the sample are driven mainly by
between-region differences.
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Figure 6. Changes in within-group disparities in resilience among small and medium-sized
cities (SMSCs).

Among the four regions, Eastern China has the highest within-group Gini coefficient,
with a sample mean of 0.2848; it increases in the early period and declines slightly in
the mid-to-late period. Central China follows closely, with a mean of 0.2838; it remains
relatively stable in the early-to-mid period but declines markedly in the mid-to-late period.
Western China has a mean of 0.2695 and exhibits a relatively steady downward trend overall.
Northeastern China has the lowest mean (0.2487); after relatively modest fluctuations in
the early-to-mid period, it declines sharply in the later period, showing an overall pattern
of fluctuation followed by a pronounced decrease.

Between-Region Disparities in SMSC Resilience

Dagum’s between-group Gini coefficient is further used to measure disparities in
SMSC resilience across China’s four major regions. Estimates for selected benchmark years
are reported in Figure 7.

In terms of overall trends, the shaded area in Figure 6 gradually narrows, suggest-
ing that the degree of differentiation in SMSC resilience across regions has weakened
over time. Regarding the magnitude of between-region disparities, differences among
the Eastern, Central, and Western regions are relatively small. Specifically, the smallest
disparity is observed between the Eastern and Central regions, with a sample mean of
0.2854, followed by the Central–Western pair (0.2874) and the Eastern–Western pair (0.2889).
Larger between-region disparities mainly arise from comparisons involving the North-
eastern region: the mean differences for Eastern–Northeastern, Central–Northeastern, and
Western–Northeastern are 0.3571, 0.3525, and 0.3052, respectively. All three pairs reach
their maximum disparities in 2021, and the Eastern–Northeastern pair attains the largest
value across all between-group pairs (0.3820) in that year. In terms of temporal dynamics,
disparities among Eastern–Central, Eastern–Western, and Central–Western show an overall
declining trend, with average annual decreases of 0.206%, 0.177%, and 0.304%, respectively.
By contrast, disparities involving the Northeastern region exhibit a stage-wise pattern:
prior to 2021, the Eastern–Northeastern, Central–Northeastern, and Western–Northeastern
gaps increase at average annual rates of 0.652%, 0.535%, and 0.357%, respectively, but after
2021 they decline at 0.384%, 0.736%, and 0.482% per year.
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Figure 7. Changes in between-group disparities in resilience among small and medium-sized
cities (SMSCs).

Overall Inequality and Decomposition of SMSC Resilience

Using the above method, overall inequality in the sample can be decomposed into
three components: the within-group contribution, the between-group contribution, and
the between-group transvariation (overlapping) contribution. The absolute values of these
components and their relative shares are reported in Figure 8.

As shown in Figure 7, the within-group component of the Gini decomposition is 0.0753
in the early sample period and 0.0695 at the end of the sample period, with an average
annual contribution of 0.0753 and a very small average annual change of 0.053%, indicating
a slow convergence trend. Its contribution share decreases from 25.780% at the beginning
to 24.819% at the end, with an average annual share of 25.435% and an average annual
decline of only 0.087%. This suggests that the role of within-group disparities in explaining
overall inequality in SMSC resilience has been weakening.
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Figure 8. Spatial differences and sources of resilience in small and medium sized cities (SMSCs).

By contrast, the between-group component increases from 0.0760 at the beginning of
the sample period to 0.0977 at the end, with an average annual contribution of 0.0874 and
an average annual change of 0.198%. In terms of contribution share, the between-group
component rises from 26.006% initially to 34.905% by the end, with an average annual
share of 29.575% and an average annual increase of 0.809%. This indicates that between-
group disparities have become increasingly important in shaping overall inequality in
SMSC resilience.

The between-group transvariation (overlapping) component declines from 0.1408 in
the early period to 0.1128 in the late period, with an average annual contribution of 0.1332
and an average annual change of 0.255%. Its contribution share falls from 48.214% at the
beginning to 40.277% at the end, with an average annual share of 44.990% and an average
annual decrease of 0.722%. Nevertheless, this component remains the largest source of
overall inequality in SMSC resilience.

4. Discussion
With the advancement of urbanization, urban resilience has become a prominent

research topic in the field of urban sustainability, and scholars have investigated and
theorized it from diverse perspectives. Based on indicator data on the resilience of Chinese
small and medium-sized cities (SMSCs) over 2012–2023, this study measures resilience
levels in SMSCs and examines their temporal evolution and spatial disparities. The central
finding is that resilience in Chinese SMSCs remains generally low and improves only slowly,
exhibiting a clear gradient pattern of Eastern > Central > Western > Northeastern China.
This result is consistent with, and provides further support for, previous evidence [77].

Comparative evidence based on our results indicates that the efficiency of resilience-
building in SMSCs lags markedly behind that of large cities over the same period [78]. This
lag reflects the dual constraints of economies of scale and the allocation of administrative
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resources: because of scale-related disadvantages, SMSCs tend to face lower resilience
levels [79]. If disparities across cities are not accurately identified, policy design may be-
come less precise or even biased, potentially exacerbating a more severe Matthew effect.
From the perspective of temporal dynamics, the Eastern region is the most stable: the shape
of the main peak in its kernel density curve shows no substantial change over the sample
period. As China’s coastal belt, the Eastern region is among the most densely populated
and economically developed areas and is also more frequently exposed to marine-related
hazards [80]. Despite facing more complex disturbances, it maintains a steady improve-
ment in resilience, highlighting the resilience capacity of SMSCs in Eastern China [81].
By contrast, the kernel density curve for Northeastern China exhibits atypical patterns:
the distribution shifts leftward and displays bimodality in certain years. This suggests
that SMSC resilience in the Northeast declines over the sample period and experiences
pronounced internal differentiation. The findings of Jin provide a plausible explanation:
Northeastern China has been confronting some of the most severe urban shrinkage in the
country, which can undermine urban resilience but may also, under certain conditions,
create opportunities for resilience enhancement—thereby contributing to the anomalous
evolution observed for SMSCs in the Northeast [82].Finally, from the perspective of spa-
tial disparities, overall inequality in SMSC resilience shows a gradual reduction, while
between-region gaps expand as resilience levels diverge across regions, indicating a pro-
nounced regional Matthew-effect tendency in SMSC resilience. Such resilience disparities
reflect regional differences in baseline conditions, development prospects, spatial plan-
ning, and urban challenges [83–85]. Meanwhile, decomposition results indicate that the
between-group transvariation (overlapping) component remains the largest contributor to
regional inequality, although its share declines year by year; in contrast, the contribution of
between-region inequality rises, suggesting that regional differences are increasingly shap-
ing SMSC resilience and that the spatial heterogeneity of SMSC resilience is correspondingly
intensifying [86,87]. In this sense, conventional urban form–centered perspectives may of-
fer decreasing explanatory power for SMSC resilience. As urban resilience research moves
beyond its traditional “margins,” SMSC resilience is likely to assume a more prominent
place in future urban studies.

Our findings carry important policy implications for understanding the development
patterns of SMSC resilience, balancing efficiency and equity in resilience-building, and
promoting regional coordination. Although our empirical setting focuses on China, the
results may also offer useful insights for strengthening resilience in small and medium-
sized cities in other countries. This study nevertheless has several limitations that may
inform future research. First, the proposed assessment framework is primarily derived from
theoretical reasoning and a synthesis of prior studies. Although each dimension has clear
theoretical grounding, the framework has not yet been validated through large-sample
empirical tests or extensive cross-case comparisons; its effectiveness should be further
examined using multi-source data and comparative case-based evidence. Second, the study
focuses on Chinese SMSCs. After excluding 61 cities whose city type changed during
the study period or that contained substantial missing data, the final sample includes
510 SMSCs; this treatment may introduce potential sample-selection bias. Third, because
SMSCs often have lower administrative status and limited statistical capacity, many key
indicators exhibit systematic missingness in standard yearbooks and departmental reports.
Although the issue was addressed using proxy variables and imputation methods, these
treatments may introduce measurement error. Fourth, this study concentrates on measuring
resilience levels and characterizing spatiotemporal disparities, but it does not systematically
model the driving mechanisms behind resilience differences or conduct causal identification.
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Future research could combine multi-case process tracing with more rigorous empirical
strategies to uncover underlying mechanisms and contextual conditions.

5. Conclusions
This study innovatively constructs a resilience assessment indicator system for small

and medium-sized cities (SMCs), using data from the China City Statistical Yearbook to
measure the urban resilience levels of 510 SMCs in China from 2012 to 2023. The study
applies non-parametric kernel density estimation and the Dagum Gini coefficient to explore
the dynamic evolution and regional disparities in resilience across the nation and the four
major regions. The key findings are as follows:

From 2012 to 2023, the overall resilience level of China’s small and medium-sized cities
remained relatively low, with a gradual but slow upward trend. The eastern, central, and
western regions exhibited steady improvements, while the northeastern region showed
fluctuating declines, leading to a gradient pattern of “East > Central > West > Northeast
lagging.” Furthermore, significant regional disparities in resilience were observed, with the
overall gap between regions and intra-regional differences narrowing over time. However,
the resilience gap between regions continued to widen, and SMCs face the “Matthew effect”
risk arising from both “scale” and “region.”

This study offers important policy implications for clarifying and optimizing the
resilience of small and medium-sized cities in China.

(1) Promote and dynamically optimize resilience enhancement plans nationwide, with
resilience baseline standards as a precondition. For small and medium-sized cities
(SMCs) with significantly low resilience levels, it is crucial to systematically draw
on the best practices of coastal cities in the eastern region, particularly in areas such
as infrastructure redundancy and emergency governance mechanisms. Tailored,
practical implementation plans should be developed based on local factors, including
population size, industrial structure, and fiscal capacity, to avoid simple replication of
existing models.

(2) Future urban development of SMCs must integrate resilience enhancement with urban
transformation, upgrading, and renewal. While strengthening critical infrastructure,
parallel development projects such as distributed energy systems, sponge cities, and
low-carbon transportation should be advanced to achieve synergies between safety
and development.

(3) The design and implementation of resilience strategies for SMCs must consider city
size and regional economic conditions, adhering to the principle of context-specific
approaches. Given that existing policy tools are more suited to larger cities with
higher population and economic scales, there is a risk of exacerbating the “Matthew
effect” for SMCs. It is recommended to establish a “SMC Resilience Compensation
Fund” within the central-provincial-city fiscal framework. This fund would provide
targeted transfer payments and preferential green finance support to smaller, finan-
cially weaker cities. The fund should operate under a PPP framework, following
the logic of “planning guidance—functional positioning—capital linkage—market
operations,” clearly defining the roles and responsibilities of government, enterprises,
and social capital, minimizing administrative intervention, and promoting a more
balanced evolution of resilience across small and medium-sized cities nationwide.

Author Contributions: Conceptualization, X.S. and B.L.; methodology, X.S. and X.G.; software,
X.S. and R.L.; validation, X.S., B.L. and Z.D.; formal analysis, X.G. and Z.D.; investigation, X.S.
and R.L.; resources, Z.D.; data curation, X.G. and R.L.; writing—original draft preparation, X.S.;
writing—review and editing, Z.D.; visualization, R.L.; supervision, B.L.; project administration, Z.D.;
funding acquisition, B.L. All authors have read and agreed to the published version of the manuscript.

https://doi.org/10.3390/su18041756

https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 21 of 24

Funding: This work was supported by the Hebei Natural Science Foundation [D2024203010];
Hebei Key Research Institute of Humanities and Social Sciences at Universities [HYZD202503,
HYZD202505].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The links for the public datasets used in this paper are: https://navi.
cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0
lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT (ac-
cessed on 17 December 2025).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Elmqvist, T.; Andersson, E.; McPhearson, T.; Bai, X.; Bettencourt, L.; Brondizio, E.; Colding, J.; Daily, G.; Folke, C.; Grimm, N.;

et al. Urbanization in and for the Anthropocene. npj Urban Sustain. 2021, 1, 6. [CrossRef]
2. Spaans, M.; Waterhout, B. Building up resilience in cities worldwide—Rotterdam as participant in the 100 Resilient Cities

Programme. Cities 2017, 61, 109–116. [CrossRef]
3. Shi, Y.J.; Zhai, G.F.; Xu, L.H.; Zhou, S.T.; Lu, Y.W.; Liu, H.B.; Huang, W. Assessment methods of urban system resilience: From the

perspective of complex adaptive system theory. Cities 2021, 112, 103141. [CrossRef]
4. Huang, G.Y.; Li, D.Z.; Zhang, X.W.; Zhu, X.W. Influencing factors and their influencing mechanisms on urban resilience in China.

Sustain. Cities Soc. 2021, 74, 103210. [CrossRef]
5. Adam, B. Medium-sized cities in urban regions. Eur. Plan. Stud. 2006, 14, 547–555. [CrossRef]
6. Tenny, A.; Gundersen, F.; Oksenholt, K.V. Urban structure and sustainable modes? Competitiveness in small and medium-sized

Norwegian cities. Transp. Res. Part D Transp. Environ. 2022, 105, 103225. [CrossRef]
7. Meerow, S.; Newell, P.J.; Stults, M. Defining urban resilience: A review. Landsc. Urban Plan. 2016, 147, 38–49. [CrossRef]
8. Rus, K.; Kilar, V.; Koren, D. Resilience assessment of complex urban systems to natural disasters: A new literature review. Int. J.

Disaster Risk Reduct. 2018, 31, 311–330. [CrossRef]
9. Meerow, S.; Newell, P.J. Urban resilience for whom, what, when, where, and why? Urban Geogr. 2019, 40, 309–329. [CrossRef]
10. Klein, R.J.T.; Nicholls, R.J.; Thomalla, F. Resilience to natural hazards: How useful is this concept? Glob. Environ. Change B Environ.

Hazards 2003, 5, 35–45. [CrossRef]
11. Ribeiro, G.J.P.; Gonçalves, J.P.A.L. Urban resilience: A conceptual framework. Sustain. Cities Soc. 2019, 50, 101625. [CrossRef]
12. Jiao, L.D.; Wang, L.; Lu, H.; Fan, Y.W.; Zhang, Y.; Wu, T. An assessment model for urban resilience based on the pressure–state–

response framework and BP-GA neural network. Urban Clim. 2023, 49, 101543. [CrossRef]
13. Suárez, M.; Rieiro-Díaz, A.M.; Alba, D.; Langemeyer, J.; Gómez-Baggethun, E.; Ametzaga-Arregi, I. Urban resilience through

green infrastructure: A framework for policy analysis applied to Madrid, Spain. Landsc. Urban Plan. 2024, 241, 104923. [CrossRef]
14. Datola, G. Implementing urban resilience in urban planning: A comprehensive framework for urban resilience evaluation.

Sustain. Cities Soc. 2023, 98, 104821. [CrossRef]
15. Yi, R.; Chen, Y.; Chen, A. Evaluating urban climate resilience in the Yangtze River Delta urban agglomeration: A novel method

integrating the DPSIR model and Sustainable Development Goals. J. Environ. Manag. 2025, 376, 124517. [CrossRef]
16. Moghadas, M.; Asadzadeh, A.; Vafeidis, A.; Fekete, A.; Kötter, T. A multi-criteria approach for assessing urban flood resilience in

Tehran, Iran. Int. J. Disaster Risk Reduct. 2019, 35, 101069. [CrossRef]
17. Lu, H.; Zhang, C.; Jiao, L.D.; Wei, Y.; Zhang, Y. Analysis on the spatiotemporal evolution of urban agglomeration resilience: A

case study in Chengdu–Chongqing Urban Agglomeration, China. Int. J. Disaster Risk Reduct. 2022, 79, 103167. [CrossRef]
18. Shamsipour, A.; Jahanshahi, S.; Mousavi, S.S.; Shoja, F.; Golenji, R.A.; Tayebi, S.; Alavi, S.A.; Sharifi, A. Assessing and mapping

urban ecological resilience using the loss–gain approach: A case study of Tehran, Iran. Sustain. Cities Soc. 2024, 103, 105252.
[CrossRef]

19. Abdrabo, K.I.; Kantoush, S.A.; Esmaiel, A.; Saber, M.; Sumi, T.; Almamari, M.; Elboshy, B.; Ghoniem, S. An integrated indicator-
based approach for constructing an urban flood vulnerability index as an urban decision-making tool using the PCA and AHP
techniques: A case study of Alexandria, Egypt. Urban Clim. 2023, 48, 101426. [CrossRef]

20. Sun, J.; Zhai, N.N.; Mu, H.R.; Miao, J.C.; Li, W.X.; Li, M.F. Assessment of urban resilience and subsystem coupling coordination in
the Beijing–Tianjin–Hebei urban agglomeration. Sustain. Cities Soc. 2024, 100, 105058. [CrossRef]

21. Deng, Y.; Jiang, W.; Wang, Z. Economic resilience assessment and policy interaction of coal resource-oriented cities for the low
carbon economy based on AI. Resour. Policy 2023, 82, 103522. [CrossRef]

https://doi.org/10.3390/su18041756

https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://doi.org/10.1038/s42949-021-00018-w
https://doi.org/10.1016/j.cities.2016.05.011
https://doi.org/10.1016/j.cities.2021.103141
https://doi.org/10.1016/j.scs.2021.103210
https://doi.org/10.1080/09654310500421220
https://doi.org/10.1016/j.trd.2022.103225
https://doi.org/10.1016/j.landurbplan.2015.11.011
https://doi.org/10.1016/j.ijdrr.2018.05.015
https://doi.org/10.1080/02723638.2016.1206395
https://doi.org/10.1016/j.hazards.2004.02.001
https://doi.org/10.1016/j.scs.2019.101625
https://doi.org/10.1016/j.uclim.2023.101543
https://doi.org/10.1016/j.landurbplan.2023.104923
https://doi.org/10.1016/j.scs.2023.104821
https://doi.org/10.1016/j.jenvman.2025.124517
https://doi.org/10.1016/j.ijdrr.2019.101069
https://doi.org/10.1016/j.ijdrr.2022.103167
https://doi.org/10.1016/j.scs.2024.105252
https://doi.org/10.1016/j.uclim.2023.101426
https://doi.org/10.1016/j.scs.2023.105058
https://doi.org/10.1016/j.resourpol.2023.103522
https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 22 of 24

22. Kutty, A.A.; Kucukvar, M.; Onat, N.C.; Ayvaz, B.; Abdella, G.M. Measuring sustainability, resilience and livability performance of
European smart cities: A novel fuzzy expert-based multi-criteria decision support model. Cities 2023, 137, 104293. [CrossRef]

23. Wang, G.; Zhang, K. Turning peril into opportunity: Construction and validation of a resilience assessment system for China’s
coastal megacities. Sustain. Cities Soc. 2024, 112, 105606. [CrossRef]

24. Wen, H.J.; Li, Y.J.; Li, Z.H.; Yan, F.Y.; Qian, L. Multi-scale PSR resilience evaluation model and obstacle diagnosis for flood
disasters in mountainous cities. Trans. GIS 2025, 29, e70095. [CrossRef]

25. Ghouchani, M.; Taji, M.; Roshan, Y.A.; Chehr, M.S. Identification and assessment of hidden capacities of urban resilience. Environ.
Dev. Sustain. 2020, 23, 3966–3993. [CrossRef]

26. Yang, X.D.; Li, H.L.; Zhang, J.Y.; Niu, S.Y.; Miao, M.M. Urban economic resilience within the Yangtze River Delta urban
agglomeration: Exploring spatially correlated network and spatial heterogeneity. Sustain. Cities Soc. 2024, 103, 105270. [CrossRef]

27. Meerow, S.; Newell, J.P. Spatial planning for multifunctional green infrastructure: Growing resilience in Detroit. Landsc. Urban
Plan. 2017, 159, 62–75. [CrossRef]

28. Lu, Y.; Zhai, G.; Zhai, W. Quantifying urban spatial resilience using multi-criteria decision analysis (MCDA) and back propagation
neural network (BPNN). Int. J. Disaster Risk Reduct. 2024, 111, 104694. [CrossRef]

29. Shukla, N.; Das, A.; Mazumder, T. Assessment of urban form resilience: A review of literature in the context of the Global South.
Environ. Dev. Sustain. 2025, 27, 2863–2899. [CrossRef]

30. Moradpour, N.; Pourahmad, A.; Ziari, K.; Hataminejad, H.; Sharifi, A. Downscaling urban resilience assessment: A spatiotemporal
analysis of urban blocks using the fuzzy Delphi method and K-means clustering. Build. Environ. 2024, 263, 111898. [CrossRef]

31. Li, S.Q.; Chen, Y.S.; Liu, H.B.; Dei Gaudio, C. Empirical seismic vulnerability assessment model of typical urban buildings. Bull.
Earthq. Eng. 2023, 21, 2217–2257. [CrossRef]

32. Gu, Y.; Sun, J.Y.; Cai, J.M.; Xie, Y.M.; Guo, J.H. Urban planning perspective on food resilience assessment and practice in the
Zhengzhou Metropolitan Area, China. Land 2024, 13, 1625. [CrossRef]

33. Sharifi, A.; Yamagata, Y. Principles and criteria for assessing urban energy resilience: A literature review. Renew. Sustain. Energy
Rev. 2016, 60, 1654–1677. [CrossRef]

34. Ancheta, M.A.; Shrestha, S.; Koottatep, T.; Shanmugam, M. Resilience assessment of urban water supply and sanitation systems:
A critical review. AQUA—Water Infrastruct. Ecosyst. Soc. 2025, 74, 388–404. [CrossRef]

35. Yin, K.; Wu, J.J.; Wang, W.P.; Lee, D.H.; Wei, Y. An integrated resilience assessment model of urban transportation network: A
case study of 40 cities in China. Transp. Res. Part A 2023, 173, 103687. [CrossRef]

36. Wei, Y.; Kidokoro, T.; Seta, F.; Shu, B. Spatial-temporal assessment of urban resilience to disasters: A case study in Chengdu,
China. Land 2024, 13, 506. [CrossRef]

37. Bertilsson, L.; Wiklund, K.; Tebaldi, I.D.; Rezende, O.M.; Veról, A.P.; Miguez, M.G. Urban flood resilience—A multi-criteria index
to integrate flood resilience into urban planning. J. Hydrol. 2019, 573, 970–982. [CrossRef]

38. Xie, L.L.; Zhao, Y.G.; Wen, W.P.; Zhai, C.H. From earthquake resistance structure to earthquake resilience city—Urban seismic
resilience assessment. Earthq. Eng. Eng. Vib. 2025, 24, 1–13. [CrossRef]

39. Zhang, X.W.; Mao, F.; Gong, Z.Y.; Hannah, D.M.; Cai, Y.N.; Wu, J.S. A disaster-damage-based framework for assessing urban
resilience to intense rainfall-induced flooding. Urban Clim. 2023, 48, 101402. [CrossRef]

40. Zhang, J.M.; Wang, T.; Goh, Y.M.; He, P.M.; Hua, L. The effects of long-term policies on urban resilience: A dynamic assessment
framework. Cities 2024, 153, 105294. [CrossRef]

41. Zhang, J.; Zhang, M.; Li, G. Multi-stage composition of urban resilience and the influence of pre-disaster urban functionality on
urban resilience. Nat. Hazards 2021, 107, 447–473. [CrossRef]

42. Chang, H.J.; Pallathadka, A.; Sauer, J.; Grimm, N.B.; Zimmerman, R.; Cheng, C.W.; Iwaniec, D.M.; Kim, Y.; Lloyd, R.; McPhearson,
T.; et al. Assessment of urban flood vulnerability using the Social–Ecological–Technological Systems framework in six US cities.
Sustain. Cities Soc. 2021, 68, 102786. [CrossRef]

43. Wang, X.; Wang, C.; Shi, J. Evaluation of urban resilience based on Service–Connectivity–Environment (SCE) model: A case study
of Jinan city, China. Int. J. Disaster Risk Reduct. 2023, 95, 103828. [CrossRef]

44. Tu, X.Q.; Ji, Z.X.; Chen, H.L.; Liu, Y.Z.; Xu, X.H. Resilience assessment and obstacle factors of urban production–living–ecological
space: A case study of Ganzhou city, China. J. Geogr. Sci. 2025, 35, 846–866. [CrossRef]

45. Zhang, J.; Wang, T. Urban resilience under the COVID-19 pandemic: A quantitative assessment framework based on system
dynamics. Cities 2023, 136, 104265. [CrossRef]

46. Wang, H.; Du, S.; Zhong, Y.; Liu, S.; Xu, T.; Zhao, Y.; He, W.; Xue, H.; He, Y.; Gao, X.; et al. Unveiling the impact mechanism of
urban resilience on carbon dioxide emissions of the Pearl River Delta urban agglomeration in China. Environ. Impact Assess. Rev.
2024, 105, 107422. [CrossRef]

47. Zhu, S.Y.; Li, D.Z.; Feng, H.B.; Zhang, N. The influencing factors and mechanisms for urban flood resilience in China: From the
perspective of social-economic-natural complex ecosystem. Ecol. Indic. 2023, 147, 109959. [CrossRef]

https://doi.org/10.3390/su18041756

https://doi.org/10.1016/j.cities.2023.104293
https://doi.org/10.1016/j.scs.2024.105606
https://doi.org/10.1111/tgis.70095
https://doi.org/10.1007/s10668-020-00752-8
https://doi.org/10.1016/j.scs.2024.105270
https://doi.org/10.1016/j.landurbplan.2016.10.005
https://doi.org/10.1016/j.ijdrr.2024.104694
https://doi.org/10.1007/s10668-023-04058-3
https://doi.org/10.1016/j.buildenv.2024.111898
https://doi.org/10.1007/s10518-022-01585-8
https://doi.org/10.3390/land13101625
https://doi.org/10.1016/j.rser.2016.03.028
https://doi.org/10.2166/aqua.2025.266
https://doi.org/10.1016/j.tra.2023.103687
https://doi.org/10.3390/land13040506
https://doi.org/10.1016/j.jhydrol.2018.06.052
https://doi.org/10.1007/s11803-025-2294-8
https://doi.org/10.1016/j.uclim.2022.101402
https://doi.org/10.1016/j.cities.2024.105294
https://doi.org/10.1007/s11069-021-04590-3
https://doi.org/10.1016/j.scs.2021.102786
https://doi.org/10.1016/j.ijdrr.2023.103828
https://doi.org/10.1007/s11442-025-2349-9
https://doi.org/10.1016/j.cities.2023.104265
https://doi.org/10.1016/j.eiar.2024.107422
https://doi.org/10.1016/j.ecolind.2023.109959
https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 23 of 24

48. Cui, J.; Gao, Y. Urban climate change resilience and adaptation assessment in semi-arid region based on TOPSIS analysis method.
Adv. Eng. Technol. Res. 2024, 11, 335. [CrossRef]

49. Li, J.X.; Nie, W.B.; Zhang, M.X.; Wang, L.N.; Dong, H.Y.; Xu, B. Assessment and optimization of urban ecological network
resilience based on disturbance scenario simulations: A case study of Nanjing city. J. Clean. Prod. 2024, 438, 140812. [CrossRef]

50. Liu, W.; Huang, X.; Liang, B. Resilience assessment of urban connected infrastructure networks. Sci. Rep. 2025, 15, 19770.
[CrossRef]

51. Rafiei-Sardooi, E.; Azareh, A.; Choubin, B.; Mosavi, A.H.; Clague, J.J. Evaluating urban flood risk using hybrid method of TOPSIS
and machine learning. Int. J. Disaster Risk Reduct. 2021, 66, 102614. [CrossRef]

52. Jiao, L.D.; Han, B.W.; Tan, Q.L.; Zhang, Y.; Huo, X.S.; Wu, L.; Wu, Y. An improved DPSIR-DEA assessment model for urban
resilience: A case study of 105 large cities in China. Land 2024, 13, 1133. [CrossRef]

53. Wang, D.; Chen, S. The effect of pilot climate-resilient city policies on urban climate resilience: Evidence from quasi-natural
experiments. Cities 2024, 153, 105316. [CrossRef]

54. Buzási, A. Comparative assessment of heatwave vulnerability factors for the districts of Budapest, Hungary. Urban Clim. 2022,
42, 101127. [CrossRef]

55. Xiong, S.; Yang, F. Multiscale exploration of spatiotemporal dynamics in China’s largest urban agglomeration: An interactive
coupling perspective on human activity intensity and ecosystem health. J. Environ. Manag. 2025, 376, 124375. [CrossRef]
[PubMed]

56. Guptha, G.C.; Swain, S.; Al-Ansari, N.; Taloor, A.K.; Dayala, D. Assessing the role of SuDS in resilience enhancement of urban
drainage system: A case study of Gurugram City, India. Urban Clim. 2022, 41, 101075. [CrossRef]

57. Borgato, A.M.; Luiz, A.C. Measuring urban road network vulnerability to extreme events: An application for urban floods. Transp.
Res. Part D Transp. Environ. 2021, 93, 102770.

58. Youngquist, K.; Shrestha, M.; Ryan, B.; Mitra, C. A global scoping review on sustainability, climate migration, and climate
resilience of small and medium-sized cities (SMSC). Urban Clim. 2023, 49, 101546. [CrossRef]

59. Bird, J.; Thapa, B.; Carpenter, B.; Ro, Y.; Quattro, C.; Poupart, S. Mountain city preparedness for climate change: Sustainability-
related initiatives in Appalachian region, USA. J. Environ. Plan. Manag. Early Access. [CrossRef]

60. Statistical System and Classification Standards. Available online: https://www.stats.gov.cn/hd/cjwtjd/202302/t20230207-
_1902279.html (accessed on 11 November 2025).

61. Notice on Adjusting the Standards for Classifying the Size of Cities. Available online: https://www.gov.cn/zhengce/zhengceku/-
2014-11/20/content_9225.htm (accessed on 12 November 2025).

62. China Urban Statistical Yearbook. Available online: https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWv-
CVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZ-
KPT (accessed on 15 November 2025).

63. Zhang, Y.T.; Song, S.Q.; Li, X.; Gao, S.; Raubal, M. Leveraging context-adjusted nighttime light data for socioeconomic explanations
of global urban resilience. Sustain. Cities Soc. 2024, 114, 105739. [CrossRef]

64. Lu, Y.W.; Zhai, G.F.; Zhou, S.T.; Shi, Y.J. Risk reduction through urban spatial resilience: A theoretical framework. Hum. Ecol. Risk
Assess. Int. J. 2020, 27, 921–937. [CrossRef]

65. Sharma, M.; Sharma, B.; Kumar, N.; Kumar, A. Establishing conceptual components for urban resilience: Taking clues from
urbanization through a planner’s lens. Nat. Hazards Rev. 2023, 24, 04022040. [CrossRef]

66. Anschütz, C.; Ebner, K.; Smolnik, S. Size does matter: A maturity model for the special needs of small and medium-sized smart
cities. Cities 2024, 150, 104998. [CrossRef]

67. Häußler, S.; Haupt, W. Climate change adaptation networks for small and medium-sized cities. SN Soc. Sci. 2021, 1, 262.
[CrossRef] [PubMed]

68. Li, Z.; Long, L.; Yanting, Y. Can urban agglomeration policy enhance comprehensive urban resilience? Evidence from China. Nat.
Hazards Rev. 2024, 25, 04024007. [CrossRef]

69. Chen, X.J.; Zhou, Z.B.; Zhou, Y.; Yu, L.F. Are the poor getting poorer by connecting to the core? Exploring the impact of high-speed
rail on the growth of small and medium-sized cities. Int. J. Urban Sci. 2025. [CrossRef]

70. Zhao, W.; Wang, Z.; Li, J. Improving the economic efficiency of small and medium-sized cities in the Yangtze River delta: What
role for borrowed size? Cities 2025, 162, 105954. [CrossRef]

71. Wei, H.; Zhang, S.W.; Zhang, X.Q. Exploring the spatiotemporal changes and influencing factors of urban resilience based on
Scale–Density–Morphology—A case study of the Chengdu–Deyang–Mianyang Economic Belt, China. Front. Environ. Sci. 2023,
11, 1042264.

72. Fu, W.; Sun, J.; Lee, X. Research on the Openness of Digital Platforms Based on Entropy-Weighted TOPSIS: Evidence from China.
Sustainability 2023, 15, 3322. [CrossRef]

73. Zhang, H.; Yang, J.; Li, L.; Shen, D.; Dong, S. Measuring the resilience to floods: A comparative analysis of key flood control cities
in China. Int. J. Disaster Risk Reduct. 2021, 59, 102248. [CrossRef]

https://doi.org/10.3390/su18041756

https://doi.org/10.56028/aetr.11.1.335.2024
https://doi.org/10.1016/j.jclepro.2024.140812
https://doi.org/10.1038/s41598-025-03730-0
https://doi.org/10.1016/j.ijdrr.2021.102614
https://doi.org/10.3390/land13081133
https://doi.org/10.1016/j.cities.2024.105316
https://doi.org/10.1016/j.uclim.2022.101127
https://doi.org/10.1016/j.jenvman.2025.124375
https://www.ncbi.nlm.nih.gov/pubmed/39923621
https://doi.org/10.1016/j.uclim.2021.101075
https://doi.org/10.1016/j.uclim.2023.101546
https://doi.org/10.1080/09640568.2025.2511052
https://www.stats.gov.cn/hd/cjwtjd/202302/t20230207_1902279.html
https://www.stats.gov.cn/hd/cjwtjd/202302/t20230207_1902279.html
https://www.gov.cn/zhengce/zhengceku/2014-11/20/content_9225.htm
https://www.gov.cn/zhengce/zhengceku/2014-11/20/content_9225.htm
https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://navi.cnki.net/knavi/detail?p=4KAW0JwvL9PPLj8YzMxusupfnWvCVMQiCPGgXbI-_l8UfAdHL1ekqZ0lA-R95udyZOQi7nkc6hNoHB3WJdPMm-Sp_xOUUW3Mba8ZFxfpQu8=&uniplatform=NZKPT
https://doi.org/10.1016/j.scs.2024.105739
https://doi.org/10.1080/10807039.2020.1788918
https://doi.org/10.1061/NHREFO.NHENG-1523
https://doi.org/10.1016/j.cities.2024.104998
https://doi.org/10.1007/s43545-021-00267-7
https://www.ncbi.nlm.nih.gov/pubmed/34704073
https://doi.org/10.1061/NHREFO.NHENG-2001
https://doi.org/10.1080/12265934.2025.2452481
https://doi.org/10.1016/j.cities.2025.105954
https://doi.org/10.3390/su15043322
https://doi.org/10.1016/j.ijdrr.2021.102248
https://doi.org/10.3390/su18041756


Sustainability 2026, 18, 1756 24 of 24

74. Zhang, Q.; Lin, Y.; Cao, Y.; Luo, L. Analysis of the Spatiotemporal Heterogeneity and Influencing Factors of Regional Economic
Resilience in China. Entropy 2025, 27, 23. [CrossRef] [PubMed]

75. Dagum, C. A new approach to the decomposition of the Gini income inequality ratio. Empir. Econ. 1997, 22, 515–531. [CrossRef]
76. Yang, Z.; Zhang, S.; Li, F. The spatio-temporal dynamic evolution and variability pattern of urban green resilience in China based

on multi-criteria decision-making. Sustain. Cities Soc. 2024, 116, 105887. [CrossRef]
77. Jia, X.; Wang, J.; Wang, R.; Zhu, X.; Yu, H. The spatial-temporal evolution and urban–rural differences of county resilience in

China. Land 2025, 14, 2249. [CrossRef]
78. Wang, T.; Yao, C.; Wei, Q. Resilience assessment and influencing factors of Chinese megacities. Sustainability 2023, 15, 6770.

[CrossRef]
79. Pascaline, G. Climate adaptation to multi-hazard climate-related risks in ten Indonesian cities: Ambitions and challenges. Clim.

Risk Manag. 2022, 37, 100453.
80. Qin, W.M.; Lin, A.W.; Fang, J.; Wang, L.C.; Li, M. Spatial and temporal evolution of community resilience to natural hazards in

the coastal areas of China. Nat. Hazards 2017, 89, 331–349. [CrossRef]
81. Zhang, R.; Jiang, A.; Jiang, L. Exposure–Sensitivity–Adaptability (ESA) framework-based evaluation and characteristics analysis

of urban disasters vulnerability in China. Ecol. Indic. 2025, 176, 113662. [CrossRef]
82. Jin, Y.; Liu, Y.J.; Zhou, G.L.; Sun, H.R.; Wu, H.C. How does urban shrinkage influence urban resilience? Empirical evidence from

Northeast China. Habitat Int. 2026, 167, 103646. [CrossRef]
83. Xiang, Y.; Chen, Y.; Su, Y.; Chen, Z.; Meng, J. Research on the evaluation and spatial–temporal evolution of safe and resilient cities

based on catastrophe theory—A case study of ten regions in Western China. Sustainability 2023, 15, 9698. [CrossRef]
84. Chen, J.Y.; Xue, J.F.; Gu, K.; Wang, Y.M. Balancing urban expansion with ecological integrity: An ESP framework for rapidly

urbanizing small and medium-sized cities, with insights from Suizhou, China. Ecol. Inform. 2024, 80, 102508.
85. Wang, Y.; Song, M.F.; Zhu, S.Y.; Jiang, Z.H.; Zhang, Z. Coupling study on ecological resilience and urban–rural integrated

development in China. Front. Environ. Sci. 2025, 13, 1552533. [CrossRef]
86. Ai, X.-Q.; Yang, H.; Zhu, H.-L. Can institutional openness boost China’s urban economic resilience? Evidence from pilot free

trade zones. Systems 2024, 12, 392. [CrossRef]
87. Feng, Y.; Wang, J.; Zhang, T. The impact of smart city policies on city resilience: An evaluation of 282 Chinese cities. Sustainability

2024, 16, 8669. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18041756

https://doi.org/10.3390/e27010023
https://www.ncbi.nlm.nih.gov/pubmed/39851643
https://doi.org/10.1007/BF01205777
https://doi.org/10.1016/j.scs.2024.105887
https://doi.org/10.3390/land14112249
https://doi.org/10.3390/su15086770
https://doi.org/10.1007/s11069-017-2967-3
https://doi.org/10.1016/j.ecolind.2025.113662
https://doi.org/10.1016/j.habitatint.2025.103646
https://doi.org/10.3390/su15129698
https://doi.org/10.3389/fenvs.2025.1552533
https://doi.org/10.3390/systems12100392
https://doi.org/10.3390/su16198669
https://doi.org/10.3390/su18041756

	Introduction 
	Conceptualizations of Resilience in Urban Resilience Assessment 
	Assessment Objects of Urban Resilience Assessment 
	Dimensional Frameworks for Urban Resilience Assessment 
	Methods and Models for Urban Resilience Assessment 
	Expansion of Urban Resilience Assessment Results 

	Materials and Methods 
	Study Area and Data Sources 
	Constructing the SMSC Resilience Indicator System 
	Main Methods 
	Indicator Data Preprocessing 
	Entropy-Weighted TOPSIS 
	Nonparametric Kernel Density Estimation 
	Dagum Gini Coefficient 


	Results 
	Measurement Results 
	Spatiotemporal Disparities 
	Dynamic Evolution 
	Regional Disparities 


	Discussion 
	Conclusions 
	References

