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As anew idea of urban risk management, building resilient cities with the ability to resist, eliminate, and adapt to uncertain risks is
of great importance to mitigate risk impacts and promote sustainable urban development. Based on the adaptive cycle model and
the characteristics of an urban system, this study analyzes the resilience levels of cities, urban agglomerations, and provinces and
their adaptive stages. The results show that (1) the comprehensive resilience of cities in the five provinces of northwest China is on
the rise and that the differences between cities are gradually narrowing. The development stages of the urban adaptive cycle can be
divided into six stages: the rapid exploitation stage, exploitation-conservation stage, stable conservation stage, conservation-
release stage, development reorganization stage, and reorganization-exploitation stage. (2) The spatial distribution of the
comprehensive resilience of urban agglomerations is “high in the southeast and low in the northwest,” and the development stage
of the adaptive cycle is consistent with its central city or central region. (3) The level of resilience varies greatly among provinces,
and the development stage of the adaptive cycle is equivalent to the average level of all cities in the province and is closely related to
their respective development forces and urban problems. These findings can provide reference for policymakers to formulate

scientific resilience building strategies to achieve regional sustainable development.

1. Introduction

Since the 21st century, global extreme climate conditions,
which make regional giant systems and cities face a variety of
cumulative and sudden risks, have also increased dramati-
cally [1]. According to the 2030 Agenda for Sustainable
Development of the United Nations, about half of the
world’s population lives in cities, and it is expected that, by
2050, the proportion of urban population will reach 75%.
Population agglomeration has a serious negative impact on
urban infrastructure, education, health, safety, and other
living environment and public health. In the face of various
disturbances, some cities may adjust their development
patterns to adapt to the changes and achieve more long-term
progress, while some cities may experience stagnation or
even decline due to their weak resistance ability or difficulty
in solving urban problems. Therefore, cities must become

resilient and be able to cope with a range of challenges in the
process of urban development by resisting shocks and im-
proving adaptive capacity [2].

Resilience Alliance, Rockefeller Foundation, UN-
Habitat, UNDRR, and others have stressed the necessity
of building resilient cities and applied resilience to the de-
velopment practice of cities in various countries. In China,
the new round of urban master planning emphasizes the
need to strengthen the ability to resist risks in order to build
a sustainable city [3]. As the largest developing country in
the world, China’s external shocks and internal pressures
interact to form complex feedback and nested relationships,
which seriously affect the ability of cities to withstand risk
environment. Especially in the northwest, the fragile natural
environment and the backward economic development level
restrict each other, resulting in the insufficient ability of the
city to cope with risks and interference, which limits the
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sustainable development of the city. Therefore, it is urgent to
clarify the evolution characteristics and measurement
methods of urban resilience, which is crucial for enhancing
urban resilience and promoting regional sustainable
development.

Urban resilience refers to the ability of the urban system
to absorb external disturbances and maintain its unique
attributes, structures, and main functions [4]. As a new idea
of urban risk management, building resilient cities with the
ability to resist, eliminate, and adapt to uncertain risks is of
great importance to mitigate risk impacts and promote
sustainable urban development. In recent years, relevant
studies have focused on the concept and connotation of
urban resilience [5-8], qualitative analysis, and spatiotem-
poral patterns [9, 10] and identification of influencing
factors and research progress [11, 12]. It involves climate
change [13-16], disaster prevention and mitigation [1, 17],
urban planning and landscape design [18-20], urban
adaptive governance [21-23], and other fields. At present,
the research on urban resilience is still at the level of the-
oretical exploration [24], and its measurement methods have
not formed a unified standard [25, 26]. Most of them
summarize the characteristics of resilience by establishing
models, and from the perspective of research, most of them
focus on economic, social, municipal facilities, ecology, and
other aspects. Previous studies have also pointed out that the
resilience of cities of different scales is different and that
there is a cascade effect, which may affect the regional system
from point to plane [27]. At the same time, there are cor-
responding adaptive cycles in the process of urban devel-
opment, and characteristics of different adaptive stages vary
greatly [28-30].

To sum up, most studies on urban resilience are cal-
culated from the dimensions of economy, society, ecology,
and facilities and rarely consider the resilience character-
istics of the overall urban system, which are often the driving
factors for efficient urban development [31] and can effec-
tively promote the improvement of the urban development
environment and optimization of the development path. The
research scale mainly focuses on a single large scale or rapid
economic development of cities and urban agglomerations,
and few studies are conducted from multiscale. In addition,
the typical adaptive cycle model divides the urban devel-
opment cycle into four stages: exploitation, conservation,
release, and reorganization [32] to explore the future de-
velopment direction and potential of the city, but it only
includes the urban development cycle. In fact, the devel-
opment of a city is dynamic, and its evolution stage and
direction depend on the characteristics of self-organization
and learning adaptability that affect the resilience of the
system [29, 30, 33]. In general, there are still some challenges
and gaps in the research of urban resilience. In particular, it
is urgent to investigate the characteristics of and differences
in urban resilience and various attributes. How to eliminate
this difference between cities? What is the relationship
among cities, urban agglomerations, and provinces? How to
judge the urban adaptive development cycle? How to put
forward corresponding measures at the policy level to en-
hance urban resilience? Based on the above issues, this study
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focuses on the resilience characteristics of the urban system
and constructs an index evaluation system of urban resil-
ience from the system attributes. Taking the five provinces in
northwest China as the case area, while quantitatively cal-
culating the resilience index, the paper uses the basic
characteristics of resilience and the adaptive cycle model to
position the development stages of each city and further
analyzes the development links from cities to urban ag-
glomerations and from cities to provinces through scale
transformation research so as to provide reference for
formulating urban sustainable development policies.

2. Theoretical Basis and Research Framework

2.1. Adaptive Cycle Model. The adaptive cycle model is
a resilience research model based on complex adaptive
system theory (CAS), which evolves the general or linear
recovery process when the system responds to interference
into a complex nonlinear evolution process of continuous
learning, adaptation, and self-adjustment. It explains the
development state of the city through four stages of ex-
ploitation, conservation, release, and reorganization [32]. At
the same time, further refining the characteristics of resil-
ience is helpful to reveal the dynamic direction and devel-
opment potential of urban development at different stages.
The model believes that cities have certain resilience and can
adjust themselves to benign development in the face of risky
environments. Its purpose is to establish a “safe” urban
system, which can not only recover from shocks but also
“bounce forward” and continuously improve its perfor-
mance and adaptability. Therefore, resilience is a process of
positive qualitative change occurring in a city or a trans-
formational development process formed by quantitative
change accumulation. What stage a city is in and to which
stage it is evolving can be determined by comparative
analysis of development levels in different periods [34].
Walker et al. [35] and Folke et al. [36] also emphasized that
resilience is the ability of a system to resist interference, self-
organize, learn, and adapt, with obvious evolutionary
characteristics.

2.2. Research Framework. The impact of the risk environ-
ment will often destroy the original relative stability of the
city and break its original development path, but it will also
urge the city to take countermeasures, change or optimize
the original development path, change the city from
a nonbenign development state to a benign development
state, and realize the sustainable transformation of the city.

Urban resilience refers to the ability of the urban system
to absorb external disturbance and maintain its unique
properties, structures, and main functions, which can be
regarded as the collection of various abilities to achieve
adaptive development under disturbance. It includes the
ability of a city to maintain normal functions when it meets
emergencies (such as earthquakes, floods, and emergencies),
to resist and quickly recover to a normal state when dis-
turbed, and to adjust and learn to cope with future chal-
lenges [37]. Previous studies have pointed out that resilient
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cities. have four basic characteristics: stability, self-
organization, learning adaptability, and transformability
[1, 38-44]. Among them, stability is the foundation and the
bearing mechanism of urban structures. It can strengthen the
development framework of the urban system by continuously
accumulating resources and energy and maintain the basic
social functions in a certain period of time and has a relatively
stable environment in the face of interference. Self-
organization is the way, which requires the urban system
to achieve the coordination of internal elements through self-
adjustment and self-adaptation, and its own governance ef-
ficiency is often the driving force of the long-term develop-
ment of the city. Learning adaptability is fundamental, and it
is the innovation mechanism of the urban system. “Human”
as constitute is the basic unit of the city, with strong in-
dependent initiative and the ability to adapt, be able to predict
changes, and take actions according to predetermined goals.
This also promotes the city to have strong ability to adapt and
restructure and improve its hierarchical structure and
function structure. Transformability is the purpose and the
dynamic transformation mechanism of the urban system. The
purpose of urban development is to improve the quality of
people’s life, which also requires that it should aim at
“transformation.” When ecological, social, economic, and
political conditions are well coupled and developed, the city
will naturally evolve towards a higher stage.

In addition, there are four stages of the adaptive cycle of
urban development (Figure 1), with differences in resilience
and development status in different stages. In the exploi-
tation stage (r), resilience increases rapidly and the city takes
the opportunity to accumulate resources, develop rapidly,
and improve its competitiveness. The stability and self-
organization of the urban structure increase significantly,
and learning adaptability and transformability are relatively
small. In the conservation stage (K), the urban resilience and
attributes of the system increase slowly and even have
a trend of decline, and the peak may appear in this stage. At
this stage, the city develops slowly, most of the system re-
sources are stored and utilized, and stability, certainty, and
resilience are high, but resilience is close to the threshold.
The system tends to mature at the current level, and the risks
of structural solidification and path locking appear. At the
same time, the city uses its internal intellectual capital and
innovation capacity to realize adaptive governance and
development through research technology, policy formu-
lation, and management optimization so as to prepare for
the city’s transformation and development. In the release
stage (Q2), urban resilience and all attributes show an obvious
downward trend, the system is unstable, and urban problems
become prominent. In the reorganization stage («), urban
resilience and various attributes showed an obvious trend of
recovery, while self-organization and learning adaptability
increased significantly. The system is in the period of in-
novation and structural adjustment, with great uncertainty.

Therefore, by extending the adaptive cycle model, this
paper builds a theoretical framework for urban resilience
analysis and emphasizes the role of four characteristics of
resilient cities, which contribute to sustainable urban
development.

3. Study Area and Methods

3.1. Study Area. The case area is located to the west of the
Great Khingan and to the north of the Kunlun Mountain-
Altun Mountain-Liupan Mountain in China, involving 52
cities in five provinces of Shaanxi, Gansu, Ningxia, Qinghai,
and Xinjiang, including Guanzhong Plain urban agglom-
eration, northern slope of Tianshan Mountain urban ag-
glomeration, Ningxia along Yellow River urban
agglomeration, and Lanzhou-Xining urban agglomeration,
with an area of 3.079 million square kilometers, accounting
for about 1/3 of the national area, but only about 5% of the
population. It borders on eight countries, is a strategic
frontier of China’s national interests, is of great significance
to national security, and is also an important water source
for the country. The area has a temperate monsoon climate
and temperate continental climate. The terrain is complex,
covering plateau, Gobi, desert, grassland, mountain, basin,
etc. Precipitation is scarce and decreases from east to west
and from south to north. The average annual precipitation in
some areas is even less than 50 mm. The natural landscape
showed the evolution characteristics of arable land, steppes,
desert steppes, deserts, and plateaus. Ecological environment
problems such as serious soil erosion and frequent sand-
storms were prominent, and the radiation area expanded
year by year. As an area rich in natural resources, it provides
a solid foundation for China’s energy security. However, the
level of social and economic development is low, and there
are obvious regional differences. There is growth but no
development. At the same time, although it is an open
gateway to the west, traffic conditions are still relatively
backward, the number of hub stations is small, high-quality
medical and educational resources are concentrated in
provincial capital cities, and infrastructure needs to be
improved. Driven by the “Belt and Road initiative” and the
“Silk Road Economic Belt,” the region has an extremely
important economic and strategic position with a large
number of ethnic groups and rich products. In 2019, the total
population of the region was 103,496,800, and the per capita
GDP was 52,970.73 yuan, accounting for 74.72% of the
national average. Compared with 2010, the increase rate was
only 0.44%, lagging behind the national level (Figure 2).

3.2. Research Method

3.2.1. Measurement of Urban Resilience. Different scholars
have different standards for measuring urban resilience.
Wildavsky [38] proposed six basic characteristics of the
resilience system in 1988, and then, scholars decomposed
resilience into four characteristic elements of resistance,
recovery, adaptation, and transformation under risk shock.
At the same time, some studies have also pointed out that
urban resilience in the context of the risky environment is
the ability of an urban system to pursue its ecological, social,
and economic goals, and there is a complex relationship
between it and risk factors, including urban stability, self-
organization, learning adaptability, and transformability
[1, 38-44]. Therefore, urban resilience can be seen as the
result of the comprehensive effect of system stability, self-
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FIGure 1: Adaptive cycle model.
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FIGURE 2: Study area.

organization, learning adaptability, and transformability. On
the basis of fully considering the development status of cities
in the five provinces of northwest China, this paper con-
structs the evaluation index system of urban resilience
according to the urban development objectives of enhancing
stability, improving self-organizing ability, strengthening

adaptability, and improving transformation performance
(Table 1).

Stability helps the disturbed system maintain its identity,
function, and structure and is a solid foundation for urban
recovery and development. Drawing on previous scholars’
consideration of social ecosystem resilience [45, 46], this
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paper also selects stability indicators from social, economic,
and environmental aspects. Among them, social elements
mainly provide convenient living conditions and comfort-
able living environments for citizens, including medical care,
transportation, education, public services, and other basic
aspects. Economic factors are reflected in whether the
economic base can support the operation of urban super-
structure, including per capita GDP and GDP growth rates.
The environment is to ensure that urban activities can be
carried out in a good ecological environment, including
vegetation growth and the interference degree of human
activities to the environment. Generally, the more sound the
social, economic, and environmental factors, the stronger
the city’s ability to withstand the interference of
emergencies.

Self-organization is the dynamic mechanism of urban
development. With the acceleration of globalization and
urbanization, cities are more closely connected and more
and more elements such as population, resources, capital,
technology, and information flow in space, thus forming the
self-organizing ability of cities and influencing the spatial
development mode of cities [47, 48]. Therefore, the evalu-
ation index is selected from the material, energy, and in-
formation of the urban system, including the change of
population, the allocation of resources, the amount of capital
invested, and information mastery.

Learning adaptability is the embodiment of urban de-
velopment potential, which focuses on the adaptability of
urban recovery and the rapid response ability to actively
cope with external shocks, which are the fundamental and
key to urban recovery [44]. Building a learning society and
an urban system with adaptive capacity is a national in-
novation system with Chinese characteristics in line with the
law of scientific and technological development [49].
Therefore, this paper uses the ability of learning and in-
novation to represent the ability of a city to adapt to change
at a macrolevel and selects indexes from three aspects:
knowledge innovation, technological innovation, and the
basic environment for innovation.

Transformability refers to the ability of a city to optimize
its structure and create a “new system” when making ad-
aptation adjustments. Two crucial characteristics of con-
version capability are the ability to actively disrupt and
dismantle existing systems and create and build viable al-
ternatives [50]. Moderate city size and excellent urban
structure are effective means to solve the acute impact and
chronic pressure of cities [51]. Therefore, this paper re-
spectively uses regional connectivity, urban shape, in-
vestment and financing level, industrial structure and social
structure to comprehensively calculate transformability. The
more convenient the connection between the city and the
outside world, the larger the scale of economic development,
the more reasonable the industrial and social structure, and
the stronger the city’s transformation ability.

3.2.2. Mathematical Analysis Model. Scholars have carried
out relevant studies on the stability, self-organization,
learning adaptability, and transformability of the city,
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respectively. Therefore, this paper adopts four common
calculation methods for different features to achieve the
rationality and pertinence of the final results.

(1) Stability. As a city’s most direct response to disturbances,
stability helps maintain the system function and structure,
which is crucial for improving urban resilience. In this
paper, the TOPSIS method is used to calculate stability,
which is a common decision technology for multiobjective
decision analysis of finite schemes in system engineering,
and can analyze the gap between the system stability and
ideal state [52].

(2) Self-Organization. In this paper, the entropy flow method
[53] was used to measure the dissipative structure charac-
teristics of the system to characterize the self-organization of
the city. The larger the absolute value of entropy flow, the
faster the city exchanges energy, material, and information
with the outside world and the stronger its self-organization
ability. The calculation equation is as follows:

S:i (-1)" M “w;l, (1)

j-1 r

where S is the sum of the entropy flow generated by the
system, w; is the weight of the index j, and (~1)" is a symbolic
function. When the index exceeds the initial state, n is 1,
indicating the input of a negative entropy flow, and oth-
erwise, n is 2. Moreover, r; is the jth index, and r; is the
initial value.

(3) Learning Adaptability. Learning adaptability is the ability
of a city to adapt to environmental changes, which helps
maintain urban health and safety. The stronger the learning
and adaptation capacity of a city, the stronger its resilience
[1]. The calculation equation is as follows:

n
szzzlrjwj, (2)

where L is the learning and adaptability index, ; is the jth
index, and w; is the weight of the index j.

(4) Transformability. Transformability is a necessary con-
dition to promote the high-quality development of a city,
and the urban system can adjust its structure and realize the
transformation of its social and economic status through its
transformability [54]. The calculation equation is as follows:

T =

™

1w (3)

j=1

where Tis the transformability index, r; is the jth index, and
w; is the weight of the index j.

(5) Urban Resilience. Comprehensive urban resilience is
calculated by stability, self-organization, learning adapt-
ability, and transformability. The calculation equation is as
follows:
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R =wc+ w,s + w3l + w,yt, (4)

where R refers to toughness, ¢, s, [, and ¢ are the stability, self-
organization, learning adaptability, and transformability
after standardization, respectively, and w;, w,, w;, and w, are
the weights of four dimensions, respectively.

4. Result Analysis
4.1. Temporal and Spatial Pattern of Urban Resilience

4.1.1. Stability. From 2010 to 2018, the level of urban sta-
bility in the five provinces of northwest China showed an
overall upward trend, but there were differences among
different cities (Figure 3). From the coeflicient of variation
(Figure 4), the regional difference in urban stability levels
showed a narrowing trend, decreasing from 0.2791 to 0.2513,
with a decrease in 9.96%. From the perspective of spatial
distribution, the overall level of urban stability showed an
evolution trend of “expanding from northwest to southeast”
from 2010 to 2018. Among them, high-level areas were
mainly concentrated in Lanzhou city and Xi’an city, and the
number showed an increasing trend, while low-level areas
formed a flake concentrated distribution centered on
Urumgi city. On the whole, the level of urban stability in the
five provinces is shifting from low levels to high levels. The
reason is that Xi’an, Lanzhou, and other surrounding urban
areas have obvious regional advantages. Since the imple-
mentation of the Western Development Strategy in 2000, the
level of social and economic development has increased
significantly; especially, per capita GDP is about twice that of
Aksu region and other low-stability cities.

4.1.2. Self-Organization. From 2010 to 2018, the level of
urban self-organization in the five northwest provinces
showed a general trend of shifting from low levels to high
levels (Figure 5), and the index increases from 1.4 to 5.45,
with an increase of 289.29%. From the coeflicient of vari-
ation (Figure 4), regional differences in the level of urban
self-organization tend to narrow, and the coefficient of
variation drops from 0.4196 to 0.4069, a decrease of 3.03%.
From the perspective of spatial distribution, the level of
urban self-organization from 2010 to 2018 showed the
distribution characteristics of “low in the middle and high
around.” Among them, high-level areas are mainly dis-
tributed in Xi’an, Lanzhou, Xining, and other urban areas
and gradually gather at the southern edge, while low-level
areas are mainly distributed in Bayingolin, Haixi, and other
cities. The reason is that the central cities in the eastern
region are clustered and have convenient transportation,
and it is also the core area of urban development. The rapid
exchange of population, resources, capital, and information
has promoted the level of urban self-organization signifi-
cantly. However, due to the restriction of natural conditions
and resource endowment, the level of wurban self-
organization in some cities of Xinjiang always lags behind.

4.1.3. Learning Adaptability. From 2010 to 2018, the level of
urban learning adaptability in the five northwestern prov-
inces showed an obvious “Matthew effect” (Figure 6). From
the coeflicient of variation (Figure 4), the regional difference
in urban learning adaptability shows a decreasing trend,
decreasing from 1.4742 in 2010 to 1.3038 in 2018, with an
overall decrease of 11.53%, indicating that all cities are
making efforts to improve the level of learning adaptability,
but there is still a large gap. From the perspective of spatial
distribution, the learning adaptability shows regional po-
larization. Among them, Xi’an has the highest learning
adaptability, which is 0.923, 0.8773, and 0.8508 in 2010, 2015,
and 2018 respectively, leading five northwest provinces.
Lanzhou, Urumgqi, Karamay, Yinchuan, Xining, Baoji, and
Shihezi are in the second tier. The remaining cities in the
region are in the third tier, and their learning adaptability
index did not exceed 0.15 in 2018. The reasons are as follows:
First, provincial capital cities concentrate the higher edu-
cation resources of the whole province, and high-tech in-
dustries and high-tech personnel with innovative ability will
spontaneously converge to provincial capital cities. Second,
individual cities have the support of national policies and the
help of government agencies, so they can attract a large
number of enterprises and talents to settle in. Coupled with
a better urban economic foundation, learning adaptability
will be improved.

4.1.4. Transformability. From 2010 to 2018, the level of
urban transformability in the five northwest provinces
showed obvious hierarchy (Figure 7). From the coefficient of
variation (Figure 4), the regional difference in urban
transformability levels shows a slow increase trend, with an
overall increase of 5.23%, indicating that the gap of trans-
formability among cities is constantly widening. From the
spatial distribution, the transformability from 2010 to 2018
presents multiple “center-edge” distribution characteristics.
Among them, these characteristics are more obvious in
Xi’an, Yinchuan, Lanzhou, Urumgqji, Shihezi as the center of
the region. The reason is that the economic conditions of the
central area formed around the provincial capital city are
superior and that labor force and enterprises from the
surrounding cities flow into the central area, which pro-
motes the optimization of the industrial and social structure
of the central city. In addition, the convenient transportation
and abundant employment opportunities of the central city
further aggravate the polarization effect.

4.1.5. Urban Resilience. From 2010 to 2018, the level of
urban resilience in the five northwest provinces was different
and fluctuated (Figure 8). From the coefficient of variation
(Figure 4), the regional difference in urban resilience showed
a downward trend, with an overall decrease of 10.73%,
indicating that the resilience level of each city was gradually
improving and the gap was gradually narrowing. In terms of
spatial distribution, the resilience of each city shows the
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characteristics of “one super and many strong, high in the
east, and low in the west.” Among them, “one super” means
that Xi’an’s urban resilience is ahead of the whole region and
plays a leading role in the whole region. “Many strong”
means that Lanzhou, Yinchuan, Xining, Haidong, Urumgqj,
Karamay, Shihezi, and Kashgar have high resilience and can
drive the development of the surrounding areas.

4.2. Variation Characteristics of Urban Agglomeration
Resilience

4.2.1. Stability. From 2010 to 2018, the stability level of
urban agglomerations showed two trends of a low value
increase and a high value decrease (Figure 9). Among them,
the stability of Guanzhong Plain urban agglomeration and
the northern slope of Tianshan Mountain urban agglom-
eration continued to decrease, with a decrease of 27.92% and
46.36%, respectively, belonging to the high value decrease
type, and the stability of Lanzhou-Xining urban agglom-
eration and Ningxia along Yellow River urban agglomera-
tion kept increasing, with an increase of 69.73% and
104.16%, respectively, belonging to the low value increase
type. The reasons are as follows: First, the development mode
of Guanzhong Plain urban agglomeration is gradually so-
lidified. In particular, the GDP growth rate has decreased by
57.44%, while the ratio of good air quality and public service
expenditure has decreased. Second, complex natural envi-
ronment and social factors limit the stable development of
the northern slope of Tianshan Mountain urban agglom-
eration, and it is in urgent need of new development impetus
to adjust the development structure. Third, while main-
taining rapid economic growth, Lanzhou-Xining urban
agglomeration and Ningxia along the Yellow River urban
agglomeration pay attention to infrastructure construction
and social security, which have great development potential
and significantly improved stability.
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4.2.2. Self-Organization. From 2010 to 2018, the level of self-
organization of urban agglomerations showed an increasing
trend. From the perspective of spatial distribution, the self-
organization level generally shows a distribution charac-
teristic of “high in the south and low in the north” (Fig-
ure 10). Among them, Guanzhong Plain urban

agglomeration and Lanzhou-Xining urban agglomeration
have a higher self-organization level (4.5785 and 4.3982,
respectively) and Ningxia along Yellow River urban ag-
glomeration and the northern slope of Tianshan Mountain
urban agglomeration have a lower self-organization level
(3.4533 and 3.2464, respectively). This is related to the
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development orientation, geographical position, and na-  ability. Lanzhou-Xining urban agglomeration and Ningxia
tional strategy of urban agglomeration. Guanzhong Plain  along Yellow River urban agglomeration are local urban
urban agglomeration is a regional urban agglomeration in ~ agglomerations in national planning and construction, the
national planning and construction, which is close to the  level of urban development is not high, but they are located
central and eastern developed areas, so it has great attraction ~ in the junction of the central and northwest regions, North
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China, and northwest regions, and the hub has significant ~ urban agglomeration in national planning and construction,
effects. In particular, Lanzhou-Xining urban agglomeration =~ with certain attracting and gathering capacity, it is too far
has accumulated more material and resources relying on the ~ away from the central and eastern regions and not strongly
“Belt and Road” strategy. Although the northern slope of  connected with other urban agglomerations in China, so its
Tianshan Mountain urban agglomeration is also a regional  self-organizing ability is relatively low.
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4.2.3. Learning Adaptability. From 2010 to 2018, the level of
learning adaptability of the four urban agglomerations
showed obvious hierarchical characteristics (Figure 11). In
Guanzhong Plain urban agglomeration, universities and
enterprises are densely distributed and science and tech-
nology input is large, so learning adaptability has always
been in a leading position. The northern slope of Tianshan
Mountain urban agglomeration is a medium area for the
country to communicate with the outside world. The living
standard of residents and the importance of science and
technology are relatively high, so learning adaptability is in
the middle level. Lanzhou-Xining urban agglomeration and
Ningxia along Yellow River urban agglomeration are the
lowest, but because of the loss of high-tech talents and high-
tech enterprises in Lanzhou-Xining urban agglomeration,
while the science and technology investment in Ningxia
along Yellow River urban agglomeration increases signifi-
cantly, the number of talents and enterprises is stable, so the
learning adaptability of the latter exceeds that of the former.

4.2.4. Transformability. From 2010 to 2018, the trans-
formability level of the four urban agglomerations showed
two trends of increase and decrease (Figure 12). Among
them, Ningxia along Yellow River urban agglomeration and
the northern slope of Tianshan Mountain urban agglom-
eration show an increasing trend, while Guanzhong Plain
urban agglomeration and Lanzhou-Xining urban agglom-
eration show a decreasing trend. This is related to the social
structure and industrial structure of urban agglomeration. In
2018, the aging index of Guanzhong Plain urban agglom-
eration was 9.61%, the income gap between urban and rural
residents was 20129 yuan (the highest in the whole study

area), the social structure was unbalanced, and urban
transformability was impaired. Lanzhou-Xining urban ag-
glomeration is dominated by agriculture and industry. The
high proportion of traditional industries for a long time has
reduced the rationalization of industrial structure (by
56.52%), and the speed of industrial transformation is slow,
affecting the urban transformation ability.

4.2.5. Urban Agglomeration Resilience. After comprehensive
processing and calculation of the data of the four urban
agglomerations, the trend chart of the resilience index was
obtained (Figure 13).

From the perspective of spatial distribution, the compre-
hensive resilience of four urban agglomerations in the five
provinces of northwest China showed a distribution charac-
teristic of “high in the southeast and low in the northwest” from
2010 to 2018 (Figure 14). The resilience index of Guanzhong
Plain urban agglomeration shows a high value and steady-state
characteristic. The overall resilience has decreased by 0.03 in the
past 9 years, indicating that the overall development structure
of urban agglomeration is stable, but the development model is
gradually fixed, which is prone to path locking, resulting in
insufficient development vitality. The resilience index of
Lanzhou-Xining urban agglomeration is at a medium level
with a slight increase. The overall resilience has increased by
0.14 in the past 9years, indicating that the development of
urban agglomeration is in an upward phase, the stability of
regional structure is being established, and population, re-
sources, capital, and information are also flowing to this region.
The resilience index of Ningxia along Yellow River urban
agglomeration is the lowest, but growth is stable, with an
increase of 54.01%, indicating that the development of urban
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agglomeration is also on the rise at present, but the ability to
attract external development factors is insufficient. The resil-
ience index of the northern slope of Tianshan Mountain urban
agglomeration increased first and then decreased, with the
largest variation, indicating that the development path of urban
agglomerations is uncertain and that system structure changes
are complex, which is because the development of urban ag-
glomerations is limited by the harsh ecological environment,
and economic ties are not strong due to its distance from the
central and eastern developed regions.

4.3. Variation Characteristics of Provincial Resilience

4.3.1. Stability. From 2010 to 2018, both stability level mu-
tation and steady state were present in 5 provinces (Figure 15).
The stability of Gansu Province increased by nearly two times,
the stability of Shaanxi Province and Qinghai Province in-
creased slowly, and the stability of Ningxia Autonomous
Region and Xinjiang Autonomous Region continued to de-
cline, with a decrease of 24.86% and 44.19%, respectively. This
is related to the different development status and goals of each
province. Gansu contains many national key ecological
protection areas, so development is mainly coordinated and
stability is growing rapidly. Shaanxi has a high level of de-
velopment and has fixed development mode and certain
development advantages, so the urban structure will not
change basically. Qinghai mainly focuses on animal hus-
bandry and resource development, and the ecological envi-
ronment is fragile, so it is difficult to make big changes in the
development mode of the whole province. At present,
Ningxia develops the spatial pattern with the main traffic
passage as the axis, the original development mode is broken,
and stability shows a downward trend. The development of
Xinjiang is mainly to maintain social stability. The devel-
opment level of various cities is uneven, transportation is
inconvenient, and the environment is harsh in the whole
region. Therefore, the development mode of Xinjiang cannot
be fixed, and uncertainty is high, so it cannot form a stable
development path.

4.3.2. Self-Organization. From 2010 to 2018, the self-
organization level of five provinces showed an increasing
trend, especially Qinghai Province, which increased rapidly
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after 2015 (Figure 16). The reason for this change is that the
implementation of national projects has added new devel-
opment impetus to the region. The economy of Qinghai
Province is mainly based on the development of animal
husbandry and energy enterprises. The development mode is

fixed, and the development speed is slow. Until the Lanzhou-
Xinjiang high-speed railway was completed and opened to
traffic in 2014, the development of cities along the line has
been given an opportunity, a large number of population,
resources, funds, and information have flowed in, the
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development of other cities in the province has been sup-
plemented accordingly, and the development of the whole
province has been activated.

4.3.3. Learning Adaptability. From 2010 to 2018, the level of
learning adaptability in five provinces showed the “Matthew
effect.” From the perspective of spatial distribution, learning
adaptation presents a distribution characteristic of “low in
the middle and high in both sides” (Figure 17). Among them,
Shaanxi Province is far ahead (0.717 in 2018), and the
learning adaptability of Gansu Province and Qinghai
Province shows a downward trend, with a decline of 11.84%
and 32.06%, respectively. The reason is that the number of
universities, high-tech enterprises, and high-tech talents in
Shaanxi Province is the largest and steadily increasing
among the five provinces in northwest China. At the same
time, it has invested a lot in science, technology, and edu-
cation. It has also made great efforts to narrow the gap
between urban and rural areas and coordinate and unify
urban and rural development so as to enhance the regional
ability to adapt to interference. The scientific research en-
vironment in Gansu Province and Qinghai Province gen-
erally leads to the loss of talents and enterprises. Meanwhile,
there are significant differences between urban and rural
areas in the province, and disturbances and challenges
cannot be transformed into “activation points” for devel-
opment, resulting in problems in regional development.

4.3.4. Transformability. From 2010 to 2018, the trans-
formability level in five provinces showed two trends of
increase and decrease (Figure 18). Among them, Qinghai

Province continued to decline, with a decrease of 40.98%,
while other provinces showed an increase trend. This is
closely related to vigorously developing regional traffic in
Qinghai Province. With the improvement of transportation
facilities, the tertiary industry has been fully developed, the
previously solidified development model has been broken,
and the industrial structure has begun to transform. At the
same time, the connection between Qinghai Province and
other provinces has been strengthened, and there is a phe-
nomenon of “leaving home” population flow in the region.
People either flow from second-tier cities in the province to
provincial capital cities or from Qinghai Province to other
provinces. This directly leads to the decrease in employment
increments, the increase in aging levels, and the decrease in
regional transformability.

4.3.5. Provincial Resilience. After comprehensive processing
and calculation of the data of the five provinces, the trend
diagram of the resilience index (Figure 19) and the spatial
distribution diagram (Figure 20) were obtained.

The resilience index of Shaanxi Province shows a trend of
a “high value decline,” with an overall decrease of 0.2 in the
past 9vyears, indicating that the development model of
Shaanxi Province has begun to be fixed and the development
vitality of the region needs to be activated. The resilience
index of Ningxia Autonomous Region shows a trend of
a “low value rising,” and the overall change range of the
resilience index is not large in the past nine years, indicating
that the province has stable development at the present stage
and a clear development goal. The resilience index of Gansu
Province shows a trend of a “middle value decline,” with an
overall decrease of 46.16% in the past 9 years, indicating that
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the province’s development has reached a bottleneck stage
and that the fixed development model can no longer meet
the development requirements of the present stage, and
urban problems become prominent. The resilience index of
Qinghai province shows a trend of a “high value rising.” The
overall change of the resilience index in the past nine years is
significant, indicating that the province is in an upward
phase with vigorous development and good development
prospects. The resilience index of Xinjiang Autonomous
Region shows a trend of “low value fluctuation,” which
fluctuates significantly in the past nine years, indicating that
the province’s development structure is complex, its de-
velopment model is not unified, and its overall adaptability is
not strong in dealing with disturbance changes.

4.4. Multiscale Analysis of the Adaptive Cycle

4.4.1. The Adaptive Cycle of Cities. Based on the value and
change rate of urban resilience and its attribute character-
istics, combined with the evolutionary urban resilience
model, this paper classifies the adaptive cycle of cities
(Table 2). The number of cities in the stable conservation
stage (K) is the largest in the region, the urban structure is
highly stable, and the development path is locked. The
second is the exploitation-conservation stage (r-K) and the
conservation-release stage (K-Q2). The former city belongs to
the rising stage of development, while the latter city cannot
meet the needs of new changes due to the emergence of
urban problems. The cities in the development re-
organization stage («) are the least, the resilience index of
these cities has recovered, and the future direction and
development content of cities are being determined.

4.4.2. 'The Adaptive Cycle of Urban Agglomerations.
There are differences in the adaptive cycle of urban ag-
glomerations in the five provinces of northwest China. From
2010 to 2018, Guanzhong Plain urban agglomeration has
a high resilience index, decreasing stability, high self-
organization, and little change in learning adaptability
and transformability, indicating that it is in the stable
conservation stage (K). Among them, Xi’an is the central city
of the entire urban agglomeration, which together with
Xianyang City and Xi’an-Xianyang New District constitutes
the core development circle of the entire urban agglomer-
ation. Baoji city and Tianshui city are located on the main
axis of urban agglomeration development, with high-tech
industrial parks, which are the driving force of urban ag-
glomeration development. The resilience index of Lanzhou-
Xining urban agglomeration increased slightly, stability
showed an increasing trend, self-organization was high, and
learning adaptability and transformability decreased slightly,
indicating that the urban agglomeration structure tended to
be stable and that it was in the exploitation-conservation
stage (r-K). Among them, Lanzhou city and Xining city are
located in the center of the urban agglomeration. Haidong
City has frequent input and output of population, resources,
capital, and information and has great potential for urban
development, which provides an opportunity for develop-
ment. Other cities have a low overall development level and
need the trickle-down effect of the central city to drive
development. The resilience index of Ningxia along Yellow
River urban agglomeration is low, but the growth rate is fast,
and stability continues to rise, the growth rate is large, self-
organization shows an increasing trend, learning adapt-
ability is stable, and conversion increases slowly, indicating
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that it is in rapid exploitation (r). Among them, the urban
circle jointly constructed by Yinchuan city and Wuzhong
city is the core development area of the entire urban ag-
glomeration. Shizuishan city and Zhongwei city are the two
subcentral cities of urban agglomerations, which are closely
connected with the central area to jointly support the de-
velopment of urban agglomerations. The resilience index of
the northern slope of Tianshan Mountain urban agglom-
eration first increases and then decreases, with a large range
of change and a continuous decrease in stability, but the self-
organization growth rate is fast, learning adaptability is high,

and transformability shows an increasing trend. The un-
stable development structure of urban agglomerations
shows that it is in the stage of development reorganization
(a). Among them, Urumgqi and Changji city formed the
urban circle which is the development core of the entire
urban agglomeration, and other cities along the “Silk Road”
economic belt constitute the development axis of urban
agglomerations, but the agglomeration effect is low, and the
phenomenon of industrial similarity is serious, resulting in
the overall development of urban agglomeration being
unstable. It can be seen that the central city or central region
of urban agglomerations plays a leading role and that the
adaptive cycle stage of urban agglomerations is consistent
with the central city or central region.

4.4.3. The Adaptive Cycle of Provinces. There are differences
in the adaptive cycle of five provinces in northwest China.
From 2010 to 2018, Shaanxi Province’s resilience index was
high, stability grew slowly, and self-organization was high,
but its growth rate was slow, and learning adaptability and
transformability tended to be stable, indicating that it was in
the stable conservation stage (K). Most of the cities under the
jurisdiction of Shaanxi Province are also in the stable
conservation stage, with agriculture or energy industry as the
main industry, have slow industrial transformation, and
have lack of new driving force for development. However,
there are some cities that realize rapid industrial structure
transformation by a high-tech industry, such as Xi’an,
Xianyang, and Baoji, which play a driving role in the de-
velopment of Shaanxi Province. The resilience index of
Ningxia Autonomous Region was small but showed an
upward trend, stability continued to decline, self-
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organization increased greatly, and learning adaptability and
transformability showed an upward trend, indicating that it
was in the reorganization-exploitation stage (a-r). Yinchuan
city, the capital of the province, has a high urbanization rate
and a small gap between urban and rural areas. As the central
city of the urban agglomeration along the Yellow River, it
has received a good development opportunity and also
drives the high-quality development of the whole autono-
mous region. The resilience index of Gansu Province con-
tinues to decline, the decline is large, stability first increases
and then decreases, the self-organization change is small,
and learning adaptability and transformability decrease
slightly, indicating that it is in the conservation-release stage
(K-Q). The development of Gansu Province has entered
a bottleneck period, the solidification of resources is obvious,
and urban development is restricted. The cities under its
jurisdiction are based on industry and agriculture, and the
industrial structure is stable, so urban transformation is
slow. At the same time, the level of urban economic de-
velopment in the province is low, but the population is
highly concentrated, resulting in unbalanced resource dis-
tribution, serious loss of high-tech talents and industries,
low learning and adaptation ability and transformation
ability of the region, and lack of potential development
power. The resilience index of Qinghai Province is high and
rising slowly, stability is basically unchanged, self-
organization is high and increases significantly, and learn-
ing adaptability and transformation are slightly reduced,
indicating that it is in the exploitation-conservation stage (r-
K). The development of the province is on the rise, with good
resource endowment, and the industrial structure has begun
to transform. However, due to the low level of industrial

sophistication after transformation, the economic growth
effect of industrial development has not been fully shown,
and the income gap between urban and rural residents is
widening, resulting in the imbalance between urban and
rural development. The resilience index of Xinjiang Au-
tonomous Region increased first and then decreased and
fluctuated greatly, stability continued to decline, self-
organization was low, and learning adaptability and trans-
formability increased to varying degrees, indicating that it
was in the stage of development reorganization («). The
development model of the province is complex, the ag-
glomeration effect is weak, and urban development faces
many disturbances due to the unreasonable economic de-
velopment layout, lagging infrastructure construction and
environmental conditions. It can be seen that when the
development power is abundant, the adaptive cycle stage of
the province is the same as the average level of all cities in the
region and that when the power is insufficient and urban
problems are obvious, the province will move backward the
average level of all cities in the region as the adaptive
cycle stage.

5. Discussion

5.1. Scale Heterogeneity of Urban and Regional Resilience.
Due to the differences in the social economic environment,
the leading forces promoting regional development, and the
operating mechanism, regions of different scales often have
differences in their ability to resist and recover when facing
external shocks. In this paper, through the comparison of
resilience between cities and regions, it is found that the
resilience index is significantly different at different scales,
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which is consistent with the widely held views of scholars
[55, 56].

At the same time, this study points out that, at the city
scale, the resilience of the five provincial capitals is in the
leading position among the 52 cities, at the urban ag-
glomeration scale, the resilience index of Guanzhong Plain
urban agglomeration is higher than that of other urban
agglomerations in the study area, and at the provincial scale,
Qinghai Province is the region with the highest resilience
among the five provinces in northwest China. These research
results can be verified by similar studies of other scholars.
Such as Lu et al. [57] conducted an empirical study on
resilience of 31 provincial capital cities in China. They found
that provincial capital cities have agglomeration effects and
are significantly affected by their own geographical locations,
development conditions, and national policies. Therefore,
they have strong adaptability when facing external shocks
and can quickly recover in a short period. Fang [58] found
that the development orientation of each urban agglomer-
ation in the Yellow River basin of China is different. Among
them, Guanzhong Plain urban agglomeration is the strategic
pivot of the country’s opening to the west and an important
growth pole leading the development of the northwest re-
gion. Therefore, improving the resilience of urban ag-
glomeration, resisting shocks and achieving adaptive
development are effective measures for the sustainable de-
velopment of the region. Yang [59] pointed out in the
comparison of the economic development status of 31
provinces in China that, in the great opportunity of the
Western Development Strategy, Qinghai Province, relying
on its superior resource conditions, is likely to surpass some
traditional development stages and achieve local leapfrog
development.

5.2. Scale Heterogeneity of Urban and Regional Adaptive
Cycles. Due to different socioeconomic status and devel-
opment potential, different cities and regions are in different
adaptive cycle stages. The research results of this paper show
that all cities or regions in the study area have great dif-
ferences in their system characteristics and resilience levels,
resulting in inconsistent stages of their adaptive cycles and
development levels, which is consistent with the views of
previous scholars [16, 60]. Some of them have stable urban
development structure and coordinated development of
various elements of the system, while others have rigid urban
development models, and urban problems are gradually
emerging. The polarization phenomenon shown in the re-
search results is similar to that of Li et al. [61], who also
pointed out that there are two half cycles of growth and
weakness in the regional economic system. The reason is that
the higher the urban resilience, the stronger the system’s
ability to absorb and transform shocks, and the adaptive
cycle will be in a benign state; otherwise, it will be in a vicious
circle.

The results also show that the adaptive cycle stage of
urban agglomerations is consistent with its core region when
the scale changes. The research by Fang et al. [62] and Ye
etal. [63] can confirm this result from the side. They pointed
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out that core cities play a leading role in economic devel-
opment, social structure, strategic policies, and other aspects
and are important growth poles leading the development of
urban agglomeration. In assessing the high-quality devel-
opment of urban agglomerations in the Yellow River basin of
China, Ma and Xu [64] also pointed out that urban ag-
glomerations should strengthen the radiating and driving
effect of core cities on the overall urban agglomeration so as
to promote the high-quality development of the entire
Yellow River basin through the impact of the overall high-
quality development of urban agglomerations.

In addition, when this study transforms from an urban
scale to a provincial scale, it is found that the development
stage of the provincial adaptive cycle is related to the average
level of all cities in the region. Li [65] also conducted
a similar study for the five provinces in northwest China. He
found in the analysis of multifactor urban network structure
that the development levels of cities in the region were
significantly different and that the provinces with multiple
high-level cities within their jurisdiction had a higher de-
velopment level of comprehensive quality than other
provinces, and vice versa. For example, when Lei [66]
studied the coordinated development of cities and envi-
ronment in central China at different scales, he found that
when the spatial agglomeration phenomenon of well-
coordinated regions at the urban scale is displayed at the
provincial scale, provinces where the agglomeration phe-
nomenon occurs also have the characteristics of good co-
ordination between cities and environment. Therefore,
regions at different scales need to pay attention to their own
development and the construction of adaptive capacity.

6. Conclusion

As the direct subject of dealing with uncertain risks, it is of
great importance to build resilient cities with the ability of
resisting, dispelling, and adapting to uncertain risks to
mitigate risk impacts and promote urban security and
sustainable development. Based on the adaptive cycle model,
this paper analyzed the spatial and temporal characteristics
and adaptive cycle of the resilience of cities, urban ag-
glomerations, and provinces in northwest China from 2010
to 2018. The results show that the resilience level of cities in
the five provinces of northwest China is on the rise, and the
differences between cities are gradually narrowing. At the
same time, the spatial distribution characteristics of urban
resilience are “one super and many strong, high in the east,
and low in the west.” The number of cities in the stable
conservation stage is the largest, followed by the number of
cities in the exploitation-conservation stage and
conservation-release stage, and the number of cities in the
development reorganization stage is the least. Second, the
resilience of urban agglomerations varies greatly, showing
a spatial distribution characteristic of “high in the southeast
and low in the northwest.” It is worth noting that the de-
velopment stage of the adaptive cycle of each urban ag-
glomeration is different, but it is consistent with its central
urban area. Finally, the level of resilience varies greatly
among provinces, and the development stage of the adaptive
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cycle is similar to the average level of all cities in the region
and is closely related to their respective development forces
and urban problems.

Based on the above research results, the five provinces in
northwest China should strengthen the awareness of the
challenges and disturbances faced by cities and regions and
pay attention to the building of resilience. Second, we should
always accurately locate the development stage of the
adaptive cycle and carry out targeted economic and social
adjustment and transformation development. It is worth
noting that, for cities in the rising period or gradually locked
in the development path, when there are many interferences
such as national policies, traffic construction, population
aging, too fast population agglomeration, and environ-
mental restrictions, we should give full play to urban
transformation ability, accurately foresee problems, avoid
the negative impact of interference to the largest extent
through advanced structural reform, and seize the oppor-
tunity to achieve a higher level of development. For cities
with urban problems, the main goal is to promote urban
transformation and eliminate urban problems by improving
the learning and innovation ability of the government,
enterprises, and individuals and using innovative thinking to
put forward new development ideas that can adapt to
changes while improving infrastructure construction. Fi-
nally, for cities in other stages, the focus should be on
strengthening the unity and coordination of the social
system, economic system, and environmental system. While
improving basic social services and increasing investment in
production and construction, we should pay attention to
protecting the environment and consolidating the stability
of the system structure so as to improve urban resilience and
achieve sustainable development.

Data Availability

The social and economic statistics are from the China
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