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Resilient city is an ideal goal and model of urban development proposed in

response to today’s complex and dynamic environmental changes. In this study,

a resilient city evaluation framework of “social resilience-economic resilience-

urban infrastructure and service-urban governance” was built upon the multi-

dimensionality of the urban system; the entropy weight method was used to

measure the level of urban resilience in Hunan Province while an obstacle

degree model was used to identify any obstacle factor restricting to the

development of resilience. The results show that the level of urban

resilience in Hunan Province has grown slowly over the past 10 years, and

there is an obvious regional difference in it. There are more and more highly

resilient cities, but medium/low-resilience cities still dominate the province,

forming a spatial process of evolution from “medium/high-level dispersion” to

“medium/high-level aggregation” in the Changsha-Zhuzhou-Xiangtan Urban

Agglomeration. The level of urban resilience is predominantly hindered by the

social and economic systems; at the index layer, most obstacle factors are

moving from the economic system to the social-economic-urban

infrastructure and service system.
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1 Introduction

At present, a profound change is taking place in science and technology, industry,

energy, and finance worldwide, resulting in increasingly prominent conflicts between

populations, resources and the environment. Accordingly, the world is becoming

increasingly complex and unpredictable, requiring cities to keep more resilient and

smarter in response to various challenges and crises. On the one hand, cities need to

cope with long-term risks, but more importantly, they shall enhance their ability to

tackle unknown and sudden risks, such as droughts and floods caused by extreme

weather; urban damage caused by major natural disasters; intensified social conflicts

caused by economic crises; social instability caused by terrorist attacks; serious

impact of public health events on the urban medical system and urban governance,
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etc. All the resultant dynamic changes and uncertainties in

urban development are universal problems faced by

every city.

In today’s world, where there are all kinds of crises and

uncertainties, the international community is gradually

abandoning the traditional development model that

mainly relies on resource degradation and environmental

disruption. The concept of sustainable development is

widely accepted and used to guide the practice of urban

development. However, 93 environment-related indexes in

the SDGs were already assessed in The Global Environment

Outlook 6 (GEO-6), showing that only 20 indexes had

undergone significant improvements over the past

15 years (UNEP, 2019). The environment remains under

increasing pressure from growing population, economic

activities and global consumption and production.

For cities, a pressing issue that needs to be solved is how to

cope with various changes and crises to maintain their vitality

and sustainable development. Since the beginning of the 21st

century, the concept of resilience has become an important

complement to sustainable development. Sustainability and

resilience are closely linked (Zhang and Li, 2018). Resilience is

the preferred method (Levin et al., 1998) and a necessary

condition (Lebel et al., 2006) for the sustainable development

of natural and social systems, bringing new impetus for

understanding and recognizing the inherent complexity and

uncertainty of cities.

Resilient city helps to implement the concept of

sustainable development in a specific space—the “city.”

Essentially, it is designed to promote the coordinated

development of social-economic-natural subsystems, as

well as the urban system and surrounding areas. As

urbanization deepens, the complex, huge urban system is

achieving optimal development to finally improve people’s

wellbeing and quality of life (Cui et al., 2010). As a multi-

objective and multi-dimensional development framework,

sustainable urbanization focuses on the long process of

development (Kanuri et al., 2016). During this process, a

series of prerequisites for safe urban development should be

ensured, and events such as crises and disasters should be

avoided as much as possible. If avoidance is not possible,

resilience must be built to resist the negative impact of these

events, so that the city can maintain its daily functions

(Gebre-Egziabher, 2004). Compared with sustainable

cities, resilient cities are more capable of coping with

specific risks. On the one hand, they have the ability to

defend and create buffers against disasters, crises and

uncertainties, as well as high self-recovery capacity after

destruction; on the other hand, the internal development

vitality of the urban system is emphasized, so that cities can

find opportunities in challenges and effectively convert them

into resources. Therefore, the concept of resilient city not

only is compatible with several important goals that

contemporary cities need to achieve, such as sustainable

development, but also serves as a strong complement and

extension of sustainable urbanization. It therefore provides a

new idea for coping with the crisis, uncertainty and

complexity of future urbanization.

2 Literature review

2.1 Resilience and resilient city

The concept of “resilience” was first proposed by the

American ecologist Holling. It is the ability of an

ecosystem to quickly restore back its original state and

maintain its structure and function in the face of external

shocks (Holling, 1973). Later, resilience achieved further

deepening and development in the research areas of

sociology (Dovers and Handmer, 1992; Adger, 2000;

Brakman et al., 2015) and economics (Polèse, 2010; Hudec

et al., 2018; Wilson and Jonas, 2018), used to describe the

ability of communities or residents to cope with social,

political, and economic changes. For these concepts, there

is a significant difference in the scope and connotation of

research, but they all agree that the most basic meaning of

resilience is the ability of a system to resolve external shocks

and maintain its main functions during a crisis. Moreover, by

absorbing and adapting to the external shocks, restoring to its

original state and learning from experience, the system can

adjust itself to a new context and enter the next equilibrium

state (Hudec et al., 2018).

Since the 1990s, the resilience theory has increasingly

spilled over into the urban system. At first, it was used to

test the vulnerability of the urban system to natural disasters,

especially those caused by climate change (Colten et al., 2008).

Later, it was further applied to other city systems, such as the

urban social system (Waley, 2005), economic system (Pike

et al., 2010), and safety system in response to growing terrorist

threats (Coaffee, 2016). It was also applied to the spatial

system (Cumming, 2011) and urban governance model

(Klein et al., 2017), Thus began an improvement in its

practical applicability, developing up a new vision of urban

planning research (Davoudi et al., 2012).

2.2 Urban resilience assessment

Gunderson and Holling argue that resilience can be

quantified (Holling and Gunderson, 2002) in terms of the

degree of disturbance, provided that the system is able absorb

disturbance and remain unchanged. The quantification,

evaluation and empirical research of resilient city started

after 2000. Presently, the research is in the process of

exploration from theory to practice. Due to the complexity
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of the urban system and the universal goal of building resilient

cities, the academic community has conducted continuous

and diverse explorations on intrinsic dimensions and

construction methods. As the Bonn Conference was held in

Germany in 2010, many countries, including the

United States, the United Kingdom, Australia, and

Switzerland, formulated urban development strategies and

policies based on resilience theory (Pestel, 2010; ARUP,

2014). Subsequently, more and more evaluation activities

were held by international non-profit organizations and

government agencies.

Chinese academic researchers turned their attention to

resilient city in the early 21st century. At the Liberal Forum

on “Risk Society and Resilient City” held during the China

Urban Conference on Urban Planning in 2015, they

proposed that cities should develop a comprehensive and

systematic understanding of the importance of the urban

resilience assessment by assessing, predicting and pre-

evaluating different environment risks. Some scholars

began to conduct research on resilient city assessment for

China. The studies can be roughly classified into three

categories: First urban resilience was measured based on

different research scales, covering the whole country, urban

agglomerations, cities, communities, etc (Li and Zhai 2017;

Xiu et al., 2018; Zhang and Feng, 2019; Shen et al., 2021).

Second, an urban resilience evaluation framework was

developed from different perspectives, such as disaster

management, sponge city, and geography (Zheng et al.,

2018; Li et al., 2019; Li et al., 2022).Third, a discussion

was made on the relationship between urban resilience and

other urban characteristics, including urban space, city

scale, etc (Wei and Pan, 2021; Fang et al., 2022).

Although academics have recognized the importance of

urban resilience research, how to systematically and

dynamically understand urban resilience remains difficult

point in academic discussions. As a comprehensive and

dynamically evolutionary system, urban resilience differs

significantly from city to city because of regional

developmental background in the presence of uncertain

disturbing factors. Moreover, the dominating factors are

different. Therefore, a multi-dimensional resilient city

evaluation framework of “social resilience-economic

resilience-urban infrastructure and service-urban

governance” was built in this paper based on a

comprehensive urban system; then, the entropy weight

method was used to measure the level of urban resilience

in Hunan Province, while an obstacle degree model was used

to identify any obstacle factors to the development of

resilience. Meanwhile, the dynamic changing process of

the system was put under observation in an attempt to

put forward relevant recommendations on enhancing

urban resilience and promoting the sustainable

coordinated development of intraregional cities.

3 Study area, index system
construction and research
methodology

3.1 Study area

According to the present status of social and economic

development, China is divided into four economic regions,

including East China, Central China, West China, and Northeast

China. As the transition area between East China and West China,

Central China comprises of six provinces including Shanxi, Henan,

Anhui, Jiangxi, Hubei and Hunan. Located in the core inland area,

Central China plays an important role in linking other parts of the

country together. In this study, Hunan Province, part of Central

China, was selected as the research object. By reference to the

Statistical Yearbook of Hunan Province, the statistical yearbooks

of the cities and prefectures under its jurisdiction, the Statistical

Communiqué of the People’s Republic of China on the

2021 National Economy and Social Development, etc., the years

2010, 2015, and 2020 were selected for evaluation research on the

urban resilience of Hunan Province and for identification of obstacle

factors.

3.2 Index system construction and
research methodology

3.2.1 Index system framework
Resilient city evaluation indexes provide a conceptual

representation of the causes of urban resilience. Each index is

designed to identify the basic elements related to resilience and

explore the internal relation between resilience drivers from different

perspectives. Compared with other relevant urban evaluation

indexes, a resilient city should be problem-oriented and risk-

targeted, and focus more on how to enhance the urban system’s

resistance to multiple pressures as well as its diverse absorptive

capacity. All the major constituents of the resilient city system,

including the society, economy, environment, population health,

policy management, and infrastructure, should be reflected in the

index system, andmultiple indexes should be used to form anorganic

whole. The index system should not only reflect the connotation of

resilient city, but also comprehensively consider social economic

characteristics; be not only conducive to leadership decision-making,

but also highly understandable for the public.

In this study, the classification framework of the resilient city

index system is defined as follows: 1) A classic classification

framework widely recognized by the academic community is

adopted for the index system; 2) The index system

comprehensively reflects various aspects of resilient city

development. Based on the above literature research and data

availability, expert opinions and correlative analysis, a resilient

city evaluation framework of “social resilience-economic

resilience-urban infrastructure and service-urban governance”
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TABLE 1 Comprehensive weight table of urban resilience evaluation indexes.

Target layer Criterion layer Weight Domain layer Weight Index layer Unit Weight

Urban resilience
evaluation index
system (A)

Social resilience (A1) 0.329 Education (B1) 0.104 Teacher-student ratio (C1) % 0.015

Ratio of education expenditure to local
government expenditure (C2)

% 0.050

Number of school places per
10,000 people (C3)

people/
10,000 people

0.039

Health (B2) 0.112 Average life expectancy of
population (C4)

Year 0.031

Number of doctors per
10,000 people (C5)

people/
10,000 people

0.045

Number of hospital beds per
10,000 people (C6)

PCS/
10,000 people

0.036

Social security (B3) 0.067 Basic pension insurance coverage (C7) % 0.028

Ratio of fiscal expenditure for social
security to total fiscal expenditure (C8)

% 0.039

Social equity (B4) 0.046 Affordable housing coverage (C9) % 0.014

Housing price-to-income ratio (C10) 0.032

Economic
resilience (A2)

0.261 Economic
prosperity (B5)

0.062 Per capita disposable income of urban
residents (C11)

yuan 0.033

Registered urban unemployment
rate (C12)

% 0.015

Ratio of local fiscal revenue to
GDP (C13)

% 0.014

Structural
improvement (B6)

0.109 Ratio of the added value of the tertiary
industry to GDP (C14)

% 0.060

Ratio of the added value of high-tech
industries to industrial added
value (C15)

% 0.049

Innovation
potential (B7)

0.090 Ratio of expenditure for research and
experimental development to fiscal
expenditure (C16)

% 0.061

Number of effective invention patents
per 10,000 people (C17)

PCS/
10,000 people

0.029

Urban infrastructure
and service
resilience (A3)

0.255 Ecological
environment
management (B8)

0.144 Urban air quality compliance
rate (C18)

% 0.027

Comprehensive utilization rate of
industrial solid waste (C19)

% 0.015

Park land per capita (C20) m2 0.065

GDP energy consumption for every ten
thousand yuan (C21)

TCE/
10,000 yuan

0.037

Critical
infrastructure (B9)

0.111 Public traffic network density (C22) km/km2 0.043

Natural gas penetration rate in urban
areas (C23)

% 0.025

Internet penetration rate (C24) Household/
100 people

0.043

Urban governance
resilience (A4)

0.155 Social
integration (B10)

0.052 Proportion of community-based health
service centers (C25)

% 0.034

Ratio of personnel engaged in public
administration, social security and
social organizations (C26)

% 0.018

Emergency
management (B11)

0.103 Per-capita shelter area (C27) sqm/person 0.058

Number of large-scale urban public
facilities eligible for emergency
renovation (C28)

sqm/person 0.045
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was selected. Different topics were set under each category, and

28 indexes were placed under the topics to represent the status of

each topic. Finally, an evaluation index framework system was

built for resilient city (Table 1).

3.2.2 Research methodology
All index data underwent dimensionless preprocessing, so as to

have the same character; then, Pearson correlation analysis was

conducted to remove a small number of indexes highly correlated

with one another. The rationality of index weight has direct influence

on the correctness of comprehensive evaluation, so the weight of each

index should reflect its importance to resilient city development. In

this study, the entropy weight method (Shannon, 1948) was used to

scientifically determine the weight of each index. Also, an urban

resilience evaluation model was built and used to measure the urban

resilience of Hunan Province. Furthermore, an obstacle degreemodel

was used to identify the obstacle factors to resilience.

(i) Data source and preprocessing

Most of the data adopted in this study came from the

Statistical Yearbook of Hunan Province, the statistical

yearbooks of the cities and prefectures under its jurisdiction,

the Statistical Communiqué of the People’s Republic of China on

the 2021 National Economy and Social Development, and the

official website of each prefectural bureau of statistics. Some

other data was obtained by basic information calculation.

The evaluation indexes underwent dimensionless processing

in order to eliminate the difference between the indexes and

make the data comparable. The calculation formula is as follows:

Let there be n years andm evaluation indexes selected for the

study, So, Vij is the jth index value of Hunan Province for the ith

year, where n=i (i=1.2.3. . .. . .n);m=j (1.2.3. . .. . .m).

If the index is a positive index, the following formula can be

used:

Vij � vij −mj

Mj −mj
(1)

If the index is a negative index, the following formula can be

used:

Vij � Mj − vij
Mj −mj

(2)

whereMj is the maximum value of vij;mj is the minimum value

of vij.

(ii) Entropy weight method

The discreteness of data matter much if the entropy weight

method is adopted for weight determination. According to the

amount of information provided by indexes, the degree of

dispersion between indexes can be analyzed to objectively

determine index weight, thus avoiding the impact of experts’

subjective thinking to a certain extent (Toumi et al., 2017). The

higher the index weight, the greater its impact on comprehensive

evaluation. The calculation steps are as follows:

The p-value obtained index normalization is as follows:

Pij � Vij

∑n
i�1
Vij

(3)

The entropy was calculated. The entropy Ej of the jth index is

as follows:

Ej � −1
ln n∑n

i�1
Pij lnPij

(4)

The G value of difference coefficient was calculated:

Gj � 1 − Ej (5)

The weight Wj of each index was calculated, obtaining a

comprehensive weight table of resilient city evaluation indexes

(Table 1):

Wj � Gj

∑m
j�1
Gj

(6)

The comprehensive score of urban resilience was calculated.

Then, the index weight was multiplied by Pij:

S � ∑
m

j�1
WjPij (7)

(iii) Obstacle degree model

The obstacle degree model, which can be used to objectively

and scientifically find out any obstacle factors to a certain

evaluation object (Xu J., 2002), is a mathematical method

used to identify the factors restricting the development of

things based on index deviation and explain the varying

degree that each index hinders the evaluation system.

Dij � (1 − Vij)Wij/∑
n

i�1
(1 − Vij)Wij (8)

4 Research results and analysis

4.1 Spatial-temporal evolution
characteristics of urban resilience of
Hunan Province

4.1.1 Temporal evolution characteristics
By the above calculation steps, the resilience level of 14 cities

in Hunan Province could be calculated for the years 2010, 2015,
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and 2020 (Table 2). The higher the score, the higher the urban

resilience level and vice versa.

As can be seen from Table 2, the urban resilience level of each

administrative region in Hunan fluctuates over time, with the

majority of the cities showing a slow growth trend. Changsha had

the highest resilience level, and ranked first in the 3 years. It

received the highest score, 0.5950, in 2020; the city that received

the lowest scores vary across the three time sections. Hengyang

received a score of 0.2635 only in 2010, the lowest in 3 years, with

a difference of 0.3325 from the highest value. It can be seen that

the development of resilience levels in various cities is uneven

and there are large differences.

Urban resilience levels can be classified into the following

three evolutionary states: The first evolutionary state is that the

resilience level keeps rising over time. Such cities include

Changsha, Zhuzhou, Xiangtan and Hengyang, accounting for

29% of the total. The second evolutionary state is that the

resilience level rebounds after a decline, showing undulating

changes. Such cities account for the highest proportion, at

64%, including Shaoyang, Yueyang, Changde, Zhangjiajie,

Yiyang, Chenzhou, Yongzhou, Huaihua, and Loudi, a total of

TABLE 2 Score of urban resilience of each administrative region in Hunan Province.

Changsha city Zhuzhou city Xiangtan city Hengyang city Shaoyang city Yueyang city Changde city

2010 0.4273 0.3253 0.3224 0.2635 0.3507 0.3858 0.4158

2015 0.5342 0.3677 0.4206 0.3823 0.3033 0.3509 0.3576

2020 0.5950 0.4288 0.4257 0.4042 0.3412 0.4019 0.3707

Zhangjiajie city Yiyang city Chenzhou city Yongzhou city Huaihua city Loudi city Xiangxi prefecture

2010 0.4107 0.3413 0.3662 0.3888 0.3944 0.3829 0.3731

2015 0.3091 0.3232 0.3104 0.3642 0.3251 0.3174 0.3196

2020 0.4237 0.3406 0.3485 0.3972 0.3943 0.3911 0.3014

FIGURE 1
Urban resilience level of Hunan Province in 2010.

FIGURE 2
Urban resilience level of Hunan Province in 2015.
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nine cities. Finally, as the only weakened city, Xiangxi

Autonomous Prefecture has been in a state of decline for the

past 10 years.

4.1.2 Spatial-temporal evolution characteristics
In Gis software, the natural breaks classification method

(Jenks, 1967) was used to divide Hunan Province into cities

with low (low, low-medium), medium and high (high, medium-

high) resilience (Figure 1, Figure 2, Figure 3). For the cities with

high resilience, their score is 0.4042; the score of those with

medium resilience is 0.3707–0.4042; the score of those with low

resilience is below 0.3707.

As can be seen, there is a significant spatial difference in

urban resilience, and high-resilience cities have a space radiation

effect with the provincial capital Changsha as the core. Other

cities are medium/low-resilience regions, but have changed in the

three time sections. For example, the medium and medium/low-

resilience regions in North Hunan were reduced to medium/low-

resilience regions, and their score began to rise again in 2020. A

continuous change takes place in the cities with low resilience,

primarily including Hengyang, Shaoyang, and Xiangxi.

As can be seen from the 2010–2020 development trend, the

number of cities with medium/low-resilience gradually

decreased, while the number of those with high resilience

increased, score increasing faster than it decreased. Therefore,

the comprehensive urban resilience level of Hunan Province was

on the rise. The cities with medium/high resilience were located

closer to the provincial capital Changsha. This was similar to

Hunan Province’s urban structure, in which “Changsha,

Zhuzhou and Xiangtan,” the core cities in Hunan Province,

developed together with other cities. In other words, eastern

Hunan was in the lead, with its predominance gradually

spreading from east to west, forming a space pattern with

Xiangxi as a low-resilience region.

4.2 Identification of major obstacle factors
for urban resilience of Hunan Province

A targeted urban resilience optimization strategy was put

forward in order to further identify the weaknesses of urban

resilience development to help city managers prioritize the

construction and development of various urban systems in

accordance with urban needs. The obstacle degree of all

2010–2020 obstacle factors was calculated. Due to limited

space, the top 6 obstacle factors were selected and arranged in

order. See (Table 3) for details.

4.2.1 Obstacle type recognition on criterion layer
As can be seen from the 3D diagnostic results of obstacle

factors on the criterion layer (Figure 4), urban resilience is

primarily hindered by the social and economic systems. The

two systems of urban infrastructure and services and urban

governance are weak obstacles. In 2010, the economic system

brought about the greatest obstacle, 35.72%. From 2010 to 2020,

with the continuous development of the economy, the obstacle

degree of the economic system showed a downward trend, while

that of the social system and infrastructure system rose in a wave-

like manner, and that of the urban governance system gradually

increased. Thus it can be seen that rapid urbanization enhanced

economic resilience, leading to a decline in the obstacle degree of

the economic resilience system. However, the construction of the

society, infrastructure and service and urban governance lagged

behind, with the obstacle degree undulating, becoming an

important factor affecting the urban resilience of Hunan

Province. Although the obstacles degree of the economic

system tends to gradually reduced compared with other

systems, due to the original poor foundation and the low

overall level of the urban economy in Hunan Province, its

expenditure on education, medical care and social security is

limited. Therefore, the social and economic systems would play a

leading role in dominating the urban resilience level for a

long time.

4.2.2 Obstacle type recognition on index layer
Judging from the diagnostic results of obstacle factors on

the index layer, from 2010 to 2015, the top three obstacle

factors affecting the urban resilience of Hunan Province

FIGURE 3
Urban resilience level of Hunan Province in 2020.
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were the ratio of expenditure for research and experimental

development to fiscal expenditure (C16), the ratio of the

added value of the tertiary industry to GDP (C14), and the

ratio of the added value of high-tech industries to industrial

added value (C15), suggesting that Hunan Province should

focus on optimizing its economic structure and tap

economic innovation potential in order to enhance its

urban resilience.

In 2020, the park land per capita (C20) appeared among

major obstacle factors, and became a first obstacle factor

restricting the development of urban resilience. The ratio of

expenditure for research and experimental development to

fiscal expenditure (C16), which had its obstacle degree

lowered to a small extent, ranked behind. The per-capita

shelter area (C27) and ratio of education expenditure to

local government expenditure (C2) obstacle degree

TABLE 3 Rank order list of major obstacle factors to the development of urban resilience in Hunan Province Unit: %.

Year 2010 2015 2020

Rank Obstacle
factors

Obstacle
degree

Obstacle
factors

Obstacle
degree

Obstacle
factors

Obstacle
degree

1 Ratio of expenditure for
research and experimental
development to fiscal
expenditure

C16 8.29 Ratio of expenditure for
research and experimental
development to fiscal
expenditure

C16 7.96 Park land per capita C20 10.42

2 Ratio of the added value of
the tertiary industry to GDP

C14 8.21 Ratio of the added value of
the tertiary industry to GDP

C14 7.49 Per-capita shelter area C27 7.75

3 Ratio of the added value of
high-tech industries to
industrial added value

C15 7.59 Ratio of the added value of
high-tech industries to
industrial added value

C15 7.31 Ratio of education
expenditure to local
government expenditure

C2 7.69

4 Per-capita shelter area C27 6.49 Per-capita shelter area C27 7.2 Ratio of the added value of
high-tech industries to
industrial added value

C15 7.5

5 Ratio of education
expenditure to local
government expenditure

C2 6.44 Number of doctors per
10,000 people

C5 6.07 Ratio of expenditure for
research and experimental
development to fiscal
expenditure

C16 6.98

6 Number of large-scale urban
public facilities eligible for
emergency renovation

C28 6.24 Number of school places per
10,000 people

C3 5.61 Number of school places per
10,000 people

C3 5.92

FIGURE 4
Obstacle on criterion layer level of Hunan Province.
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increased to some extent, mainly due to the fact that

infrastructure construction failed to keep pace with the fast

development of urban economy in Hunan Province. In

general, the obstacle factors to the development of urban

resilience from 2010 to 2020 transitioned from the

economic system to the social-economic-urban

infrastructure and service systems.

5 Conclusions and suggestions

5.1 Conclusions

(1) In terms of time, the urban resilience level of Hunan

Province has increased at a slow pace over the past

10 years; the overall level is not high, and there are

differences from city to city; the provincial capital city

Changsha has obvious development advantages and ranks

first in terms of resilience level. Zhuzhou and Xiangtan have

had their resilience level significantly improved with the

construction of a new urban system centered on the

Changsha-Zhuzhou-Xiangtan Urban Agglomeration.

Other cities, especially non-regional central cities,

generally have a low resilience level. In terms of space,

there have been more and more cities with high resilience

over the past 10 years, but the cities with low or medium-

resilience still occupy a dominant position, forming a spatial

process of evolution from “medium/high-level dispersion” to

“medium/high-level aggregation” in the Changsha-

Zhuzhou-Xiangtan Urban Agglomeration.

(2) Over the past 10 years, the level of urban resilience in Hunan

Province has mainly been hindered by the social and

economic systems, but the degree of economic system

obstacles has improved with the development of the

economy, while the other three system obstacles have

shown a fluctuating increase. From the perspective of

obstacle factors on the index layer, from 2010 to 2015, the

major obstacle factors were the ratio of expenditure for

research and experimental development to fiscal

expenditure, the ratio of the added value of the tertiary

industry to GDP, and the ratio of the added value of

high-tech industries to industrial added value, which are

part of the economic system. In 2020, the above major

obstacle factors were replaced by those in the social-

economic-urban infrastructure and service system,

including the per-capita shelter area and ratio of

education expenditure to local government expenditure.

5.2 Suggestions

Considering the evaluation results of Hunan Province’s

urban resilience and the diagnostic results of obstacle factors,

the following suggestions are put forward in order to improve the

urban resilience and sustainable coordinated development of

cities in Hunan Province:

(1) Support non-central cities and stabilize the development

of the cities with medium/high resilience. On 24 February

2022, the Changsha-Zhuzhu-Xiangtan Metropolitan Area

Development Plan was officially approved, meaning that

Changsha, Zhuzhu and Xiangtan can achieve further

regional integration. In the long run, it is necessary to

actively exploit the surrounding cities with medium/low

resilience, such as Hengyang, Yueyang, Changde, Yiyang,

Loudi, etc., to build a greater metropolitan area “with

Changsha, Zhuzhu and Xiangtan as the core to drive the

integrated development of Northeast Hunan,” so as to

greatly improve the urban resilience level of Hunan

Province and the city agglomerations in the middle

reaches of the Yangtze River. Non-central remote cities,

such as Chenzhou, Huaihua, and Zhangjiajie, can build

themselves into a second echelon of resilient cities in

Hunan Province with the aid of their unique resource

advantages and location characteristics. As a low-

resilience city, the Xiangxi Prefecture should make full

use of its local features to keep promoting rural

revitalization. The opening of the Zhangjiajie-Jishou-

Huaihua High-speed Railway at the end of 2021 will

also significantly promote the economic vitality of the

northwest region.

(2) Reduce the obstacle degree of the major economic and

social systems. Regarding the economic system, it is

necessary to focus on optimizing the economic

structure and tapping economic innovation potential.

On the one hand, Hunan Province should strengthen

reasonable supply and guarantees in the industrial

space to build an important national highland of

advanced manufacturing, so as to establish a modern

industrial development pattern with core leadership,

rational division of labor and high agglomeration

efficiency. On the other hand, it is necessary to insist

on innovation, place an emphasis on human resources,

carry on the supply-side reform with technological

innovation, and promote the optimization of industrial

structure and the transformation of economic

development to achieve a balance between supply and

demand, so as to realize high-quality economic

development. As for high-tech industries, it should give

prominence to industries and key projects, establish high-

tech industrial advantages, promote industrial

restructuring and increase the industrial scale,

strengthen industry-university-research integration, etc.

On this basis, it is necessary to steadily improve the social

system, enhance the fair and reasonable allocation of

public resources such as education and medical care,
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ameliorate the active social policy system, and carry out a

policy reform in social security, pension service,

employment support, etc.

(3) Strengthen infrastructure and service construction to enhance

the efficiency of urban governance. Public traffic networks,

Internet communication projects, public parks, etc., which

are closely related to the public, provide vitality for urban

development, and are of great significance to the

improvement of urban resilience. The advent of a risk

society has put forward new demands and requirements for

urban governance, while the emergence of major public health

emergencies, such as COVID-19 pandemic, has constituted a

direct tests on the level of urban governance. Through more

intensive and efficient institutional arrangements, as well as IT-

based urban public management and services, economic

resilience, social resilience and facility resilience can be

combined together organically by urban governance under

the construction of resilient cities, so that the cities can

obtain resilient forces that enable them to renew, recovery

and develop themselves.

The significance of the evaluation of urban resilience level lies in

a more scientific and comprehensive assessment of a city’s

adaptability to external changes and self-regulation capabilities.

This study has certain limitations. This is first manifested in

dependency on the accumulation and accuracy of basic statistical

data on population, socioeconomic status, environment,

infrastructure, etc. However, in the current period of rapid

urbanization, Chinese cities all have difficulties in collecting data

or lack existing data. Therefore, when selecting indexes, we tried to

consider choosing those included in the scope of government

monitoring. Second, owing to a large gap in urbanization among

different regions in China, it is hard to use a unified standard to

evaluate cities that differ greatly. In this index system, there aremany

indicators that are common in the current index systems of

international organizations. Although every city agrees with a set

of basic indexes during the evaluation, each city also needs to screen

or expand the indicator system according to the characteristics and

policy preferences of the specific city, so as to better serve the

development and construction of resilient city.
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