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Abstract: With the development of cities, the relationship between cities is becoming closer, and the
study of urban livability based on a single city can no longer meet the guidelines and suggestions for
urban agglomerations. A scientific evaluation of livability in urban agglomerations can better help
cities to recognize the advantages and disadvantages. However, most studies on urban livability
focus on its connotation and history and neglect simulations and analyses of the future. Based on
the Yangtze River Delta agglomeration, this paper establishes an index system using data from 2011
to 2019 to simulate urban livability from 2020 to 2025 through the ARIMA model and analyzes the
historical and future data by using GIS methods. The results show the following: (1) The ARIMA
model has good simulation accuracy when applied to urban livability analysis and can provide a
reference for future urban livability development. (2) The urban livability of the Yangtze River Delta
agglomeration has obviously changed both on the whole and in subsystems. Cities in the upper
ranking of livability have developed rapidly, and the difference in urban livability has increased.
(3) The spatial autocorrelation of urban livability in the Yangtze River Delta agglomeration is obvious
both on the whole and in subsystems. (4) The influencing factors of urban livability development
are diverse. The general public budget expenditure for social security and employment, fixed assets
investment in municipal public facilities, total retail sales of consumer goods, and education and
medical expenditures have positive effects on the development of urban livability, while industrial
SO, emissions have a negative effect. The results show that cities should strengthen inter-city
relationships, promote the coordinated development of inter-regional cities, and formulate relevant
policies to improve the level of urban environmental governance in the region.

Keywords: Yangtze River Delta agglomeration; urban livability; entropy method; ARIMA model;
spatiotemporal analysis; Sustainable Development Goals (SDGs)

1. Introduction

According to the United Nations World Cities Report, before 2010, the total population
of cities accounted for about 70% of the expected growth of the world’s average population
by 2050 [1]. With the process of urbanization, urban living problems, such as resource short-
ages, environmental deterioration, and traffic congestion, have attracted more attention [2].
People’s life pursuit has gradually changed from economic improvement to improving
the quality of life. Faced with the growing problems of cities, the United Nations Summit
in September 2015 set 17 Sustainable Development Goals for 2015-2030 [3], covering eco-
nomic development, social progress, and environmental protection, including building

Sustainability 2021, 13, 13152. https:/ /doi.org/10.3390/su132313152

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5245-4395
https://orcid.org/0000-0002-5982-8422
https://orcid.org/0000-0003-1551-0786
https://doi.org/10.3390/su132313152
https://doi.org/10.3390/su132313152
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132313152
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132313152?type=check_update&version=2

Sustainability 2021, 13, 13152

20f19

inclusive, safe, resilient, and sustainable cities and human settlements. Since the start of
the 21st century, China’s urbanization process has been advancing rapidly under the pro-
motion of policies, and cities are more closely related to human life. As one of the countries
with the most progress in economic development and social construction in the world,
China has actively responded to the 17 Sustainable Development Goals. The analysis of
changes in the livability of cities in China’s representative regions has an indicative role in
improving the world’s urban construction [4,5]. With regard to improving urban livability,
the Chinese government has formulated many principles and policies to (1) enhance the
interconnection of transportation between cities in order to facilitate more convenient
communication between cities, (2) speed up the sharing of public services in order to help
citizens enjoy fairer services, (3) build an integrated green development strategy and cities
with a better environment, and (4) promote more open trade and more prosperity and
development of the urban economy. How do these policies affect the livability of China’s
urban agglomerations? How will the livability in these agglomerations develop under the
influence of such policies? These problems need to be studied and explored.

Urban livability refers to the quality of life of people in a city or region. It can be
defined in terms of a city providing adequate living conditions for its citizens so that they
can prosper and have a good quality of life [6,7]. Urban livability is a multi-layered concept
that can reflect the living environment and quality of life of a city. It involves many areas,
including the physical environment and the social and cultural environment [8,9]. Research
on urban livability is based on the garden city proposed by Howard in the 19th century,
and the pursuit of urban comfort and beauty gradually affected the rest of Europe and the
United States [10]. In 1961, the World Health Organization (WHO) summarized the basic
geographic conditions of the urban and rural living environments and for the first time
put forward the basic concept of a safe, healthy, convenient, and comfortable urban living
environment. Since then, researchers have conducted in-depth studies on urban livability
based on different connotations and research methods.

According to the connotation of urban livability, different scholars have put forward
the idea that economic conditions play a decisive role in city livability [11]: the concept
of sustainable development should be added to the livable construction in cities [12],
urban livability should be studied from the perspective of architecture, and so on [13].
Research methods used are mainly questionnaires, statistical methods [14], and GIS spatial
analysis [15], which can measure and study the relationship between urban livability
at different scales with the living environment and residents’ life satisfaction. Previous
studies have provided a better understanding of urban environmental quality evaluation
and influencing factors [16]. Cities are more livable when they are seen as hubs for cultural,
educational, leisure, commercial, social, and economic development [17]. However, these
studies have a limitation. Most studies overemphasize the role of economic factors in
influencing urban environmental quality. They often arrive at counterintuitive results,
contrary to the actual life experience of local residents [18,19]. Therefore, a scientific
framework for evaluating urban livability is needed to reflect the real expectations of urban
residents in the living environment.

At present, the SDGs focus on improving the quality of urban life and also provide
new driving force and connotation for the study of urban livability. SDG 11 is to build
sustainable cities and communities [20]. The specific goals include ensuring that everyone
has access to appropriate, safe, and affordable housing and basic services and reducing
the negative environmental impact of cities per capita, etc., which is similar to concerns
about urban residents’ living environment and quality of life. Therefore, it is necessary
to link the study of urban livability with the implementation of SDGs. At the same time,
the proposed SDGs are relatively general and tend to provide guidance for the direction
of urban development. It is necessary to further deepen and elaborate the indicators
describing urban livability. Nowadays, geographic big data and GIS technology are more
closely related to people’s lives. Urban research is not as it was in the past. The proposal of
smart cities, based on better public services and a cleaner environment to improve citizens’
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quality of life, also coincides with the goal of sustainable development [21]. Big data [22],
VGI [23], and social media data [24] provide more ways to study urban livability, and the
research is becoming more complex.

China began to study urban livability in the 1990s. Wu established the theory of a
living environment by combining livable environment theory with the actual situation
of urban and rural areas in China [25]. Later, urban livability studies mainly analyzed
the livability of individual cities or communities based on existing statistical data or
questionnaires [26-28]. With the coordinated development of cities, research on urban
livability at the regional scale is emerging [29,30]. Compared with the global scale, the
current research on urban livability in China mostly uses statistical yearbook data, builds
index systems for key cities or regions, and summarizes the spatiotemporal changes in
combination with GIS. However, the index systems established by using statistical data
are different in different regions, so it is difficult to obtain the same index data in the
same long time series; thus, the index system established by most of these studies is not
comprehensive. In addition, the current research on urban livability is focused on the
discovery of historical data rules but ignores numerical simulation and scenario analysis
for future urban development.

This study takes the Yangtze River Delta urban agglomeration as the research area
and, through the prediction of future scenarios and analysis of historical data, intends to
provide a reference for the construction of livable cities and the improvement of the living
environment. The research is carried out according to the following steps:

Step 1: Based on the United Nations SDGs for urban construction and further refining
its objectives, establish a livable index system for cities;

Step 2: Use the entropy method to calculate the weight of the index system and, on
this basis, calculate the livability score from 2011 to 2019;

Step 3: Use the ARIMA model to predict the urban livability score in 2020-2025;

Step 4: Explore the spatial and temporal characteristics and driving factors of urban
livability in the Yangtze River Delta agglomeration, mainly using hierarchical clustering,
Moran’s I index, and the panel model.

2. Overview of the Study Area

The Yangtze River Delta agglomeration is mainly distributed in the overall optimized
planning and development of the national "two horizontal and three vertical" modern
urbanization development pattern and key industrial development area (Figure 1). It is
composed of multiple cities, with Shanghai as the regional core and close connections
with cities in Jiangsu, Zhejiang, and Anhui provinces. By the end of 2014, the region
covered an area of 217,700 square kilometers and had a population of more than 150 million,
equivalent to 2.2% and 11.0% of the national totals, respectively. As a leader of the country’s
modernization drive and one of the core regions of economic development and social
construction in China and the world, the Yangtze River Delta region is one of six world-
class urban agglomerations [31,32]. However, according to the 2016 Yangtze River Delta
agglomeration development plan, the development of urban agglomeration is not high-
quality, the international competitiveness is not strong, the urban comprehensiveness is
insufficient, and the space utilization efficiency is not high, and problems such as degraded
ecosystem functions, urban development, and living environment increase the quality of
life problem. The great loss of farmland, forest land, and so on under rapid urbanization
is causing alarm for the Chinese central government [33]. Research on the development
law and trend of human settlement and quality of life in the Yangtze River Delta urban
agglomeration is conducive to the study of constructing regional urban livability, finding a
solution to the integrated development of urban areas in the world, and realizing the United
Nations SDGs [34,35]. Therefore, it is necessary to evaluate and analyze the development
of urban livability in the Yangtze River Delta agglomeration.
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Figure 1. Location of the Study Region in China.

3. Data and Methods
3.1. Index System Construction

An urban livability evaluation index system should objectively reflect the charac-
teristics of the urban living environment based on the scientific Evaluation Standard for
Livable Cities published by the government in 2007 and the objectives and requirements of
urban construction in the United Nations SDGs. An evaluation system for livable cities
in the Yangtze River Delta was established with six first-level indicators: economic afflu-
ence, security, environmental beauty, resource supply, urban construction, and medical
education (Figure 2). Compared with the scientific evaluation standard and the SDGs,
the index system established in this paper is further refined on this basis and depicts
the livable city as a specific index rather than an empty goal. The index system estab-
lished in this study is different from others and related to others and tries to reflect urban
livability comprehensively.

3.2. Entropy Method

Subjective and objective weighting are two common methods to determine the weight
of an index system. Compared with subjective weighting, the original information of the
objective weighting method is based on realistic objective data. In this paper, the entropy
method is adopted for objective weighting to eliminate the direct interference of various
artificial and subjective factors with the information. The entropy method assigns the
weight of an index by measuring its entropy based on information theory. According to the
characteristics of entropy, we can judge the degree of randomness and disorder of events
and also judge the degree of dispersion of indicators by calculating the entropy value. The
greater the dispersion of the index, the greater its influence (weight) on the comprehensive
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evaluation and the smaller the entropy value. Using entropy weight to determine index
weight can overcome the inevitable randomness and assumption of the subjective weight
method. Objective statistical data are used in this paper, and the entropy method is needed
to reduce the influence of subjective factors on the results. At the same time, by calculating
the entropy value of each index, the amount of information of the index can be measured
so as to ensure that the established index can reflect most of the original information. This
paper aims to analyze and compare the livability of different cities in the Yangtze River
Delta urban agglomeration. It is necessary to retain the original information of the data
and highlight the influence of indicators with great differences among cities. Therefore, the
entropy method is adopted in this paper to evaluate the weight of indicators. The steps of
using the entropy method to assign values are as follows:

/ The urban livability
evaluation system of
Yangtze River Delta

\ agglomeration

Figure 2. Index System of Urban Livability in Yangtze River Delta Agglomeration.

Step 1. In order to effectively eliminate the direct impact of different factors and
data magnitude and differences between the positive and negative mean orientation of
indicators on the analysis results, quantitative standardization analysis and processing
should be carried out when data analysis is necessary. A positive coefficient indicator
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means that the larger the value of each indicator, the greater the significance of the positive
indicator for the calculation. Formula (1) was used for calculation:

Yi o Xi — Xmin

= 1
Xmax - Xmin ( )

The negative index means that the smaller the value, the greater the positive signifi-
cance for the system, which is calculated by Formula (2):

Yz’ = (Xmax - Xi)/(Xmax - Xmin)- (2)

Step 2: Using Formula (3), the score of each index value obtained by calculating and
processing the system entropy value and index value previously calculated and processed
by the system are comprehensively calculated:

Sij = Yij x W 3)

Step 3: Finally, using Formula (4), the score of urban livability is obtained by summa-
tion of the index scores:

Lj=).Si )

where X; represents the true value of the index sample, X,y represents the maximum
value of the index, X, represents the minimum value of the index, Yj; represents the
value after the standardization of index i data in j, S;; represents the score of index i in j,
and L; represents the urban livability score calculated in j.

According to the analysis results (Table 1), the five factors with the largest index
weight determined by the entropy method are the length of urban subway lines, local
general public budget revenue, number of colleges and universities, amount of unem-
ployment insurance, and amounts of urban workers’ basic endowment insurance. These
five indicators have a large gap in cities with different levels of development, which can
better depict the differences of urban livability among cities. At the same time, the weight
distribution of other indicators is relatively even, which validates the use of the entropy
method to confirm indicators in this paper.

Table 1. Evaluation Index System of Urban Livability in Yangtze River Delta Agglomeration.

System Layer

Subsystem Layer Index Layer (Mean Value, Variance Value, and Weight Coefficient)

Gross regional output per capita (0.366, 0.044, 2.01%), Revenue from
local general public budgets (0.084, 0.023, 7.95%), GDP growth rate (0.6,
0.016, 0.28%), Per capita disposable income of urban residents (0.381,
0.048, 1.96%), Proportion of tertiary industry in GRP (0.44, 0.033, 1.08%)
Number of urban workers insured by basic old-age insurance
(0.133,0.032,6.08%), Number of urban employees insured by basic
medical insurance (0.134, 0.032, 6.27%), Number of people covered by
unemployment insurance (0.129, 0.030, 6.42%), Number of registered

Economy

Insurance

The urban livability evaluation unemployed persons in urban areas (0.76, 0.029, 0.34%), Number of

system of Yangtze River
Delta agglomeration

criminal cases (0.879, 0.022, 0.22%)

Days with air quality better than level 2 (0.574, 0.062, 1.19%), Urban

built-up area green coverage (0.158, 0.007, 1.19%), Comprehensive
Environment utilization rate of industrial solid waste (0.74, 0.041, 0.52%), Sewage
treatment rate (0.742, 0.047, 0.63%), Harmless disposal rate of domestic

garbage (0.965, 0.012, 0.11%)
Gas penetration (0.949, 0.022, 0.24%), Water supply penetration (0.978,
0.008, 0.08%), Per capita household water supply (0.328, 0.037, 2.12%),
Per capita power supply (0.386,0.050,2.02%), Average selling price of

residential commercial housing (0.807, 0.028, 0.32%)

Resource
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Table 1. Cont.

System Layer

Subsystem Layer Index Layer (Mean Value, Variance Value, and Weight Coefficient)

Number of mobile phone users at year-end (0.169,0.028,4.15%),
Number of internet broadband access users (0.192, 0.033, 4.13%), Urban
road area per capita (0.32, 0.038, 2.16%), The number of urban buses
and trams in operation per 10,000 people (0.377, 0.043, 1.81%), The
number of taxis in operation per 10,000 people in cities (0.26, 0.051,
3.70%), Length of city subway lines (0.055, 0.030, 17.96%)
Number of hospital beds per 10,000 people (0.335, 0.046, 2.28%),
Number of doctors per 10,000 people (0.334, 0.032, 1.59%), Number of
Medical and college students per 10,000 people (0.196, 0.037, 4.06%), Number of

education universities (0.188, 0.063, 6.97%), Education expenditure in financial
expenditure (0.108, 0.023, 5.71%), Public libraries contain books for
every hundred people (0.205, 0.045, 4.47%)

Construction

3.3. ARIMA Model

The autoregressive comprehensive moving average (ARIMA) model is often used in
econometrics. It is a more accurate calculation method to predict non-stationary moving
time series [36]. The ARIMA model is widely used in areas of economics, behavior, disease
transmission [37], etc., and the urban livability index system contains a variety of non-
stationary indicators, so prediction using structural causal models, such as regression
analysis, cannot achieve ideal results. The principle of the ARIMA model is to regard
the time series as a random process and construct a mathematical model based on a
comprehensive consideration of the parameters according to the criteria. After the model
is determined, the time series can be simulated. The general steps for the ARIMA model
are as follows [38]:

(1) Determine sequence stationarity. The unit root is used to test whether the sequence
satisfies the stationary condition. If it does not, the data can be adjusted to meet the
stationary condition through the logarithmic difference method.

(2) Calculate the time-series descriptive statistics. The ARIMA model needs to de-
termine three statistics: autoregression order P, moving average order Q, and difference
order D. The AIC and BIC information criteria can be combined to conduct multiple model
comparison. The lower the two values, the better. The model parameters can be obtained
by comprehensive analysis.

(3) Diagnose the model. The design of the ARIMA model requires that the residual is
local white noise; that is, the local residual does not necessarily have its own correlation.
The local white noise value can be tested by the method where Q is the measured value of
statistical value. If the local residual of the model passes the white noise test, it means that
the model can be used normally.

3.4. Hierarchical Clustering

Hierarchical clustering is used to measure the distance between items in the given
dataset according to the algorithm and to decompose and set the data hierarchically [39].
Hierarchical clustering is generally divided into top-down and bottom-up methods ac-
cording to the formation of hierarchies by either the splitting or agglomeration method.
The splitting method starts from the whole and gradually breaks each class into smaller
classes through iteration until each object is reduced to an indivisible class. The aggregation
method starts from a single object and gradually merges close classes through iteration
until all classes are merged into one or the termination condition is reached. Hierarchical
clustering has simple requirements for implementation of the algorithm, and the similarity
and classification restrictions are easier to implement than other classification methods
and can reflect the hierarchy among categories. Therefore, it is used in the classification
of urban livability in this study to explore the category changes of urban livability among
different subsystems.
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3.5. Moran’s I

Moran’s I is used in spatial statistical analysis to explore the existence of spatial
autocorrelation in the whole world [40,41]. Global Moran ’s I is mainly used to conduct
global spatial autocorrelation tests and analyses. In this study, the index mainly reveals
the spatial layout of urban livability in the Yangtze River Delta agglomeration on the
whole and explores whether there is spatial autocorrelation of livability in the whole area
and subsystems and the development trend of spatial autocorrelation. The formula for
calculating the global Moran’s I is:

i1 Lj—1 Wij(xi — ) (xj —X)

Moran's I = —. — —
7 i1 (X = X) x Yy Y wjj

©)

where 7 represents the number of cities in the Yangtze River Delta agglomeration; w;;
represents the spatial weight matrix, and if 7 is adjacent to j, the value is 1, and otherwise,
it is 0; x; represents the livability score of i; and X represents the average of livability
scores [42].

The value range of the index is (—1,1). The larger the absolute value, the higher the
spatial correlation degree of urban livability. A positive index indicates that the spatial
layout of urban livability in the Yangtze River Delta agglomeration has a positive auto-
correlation; that is, the trend of urban livability is correlated with itself. A negative index
indicates that the spatial distribution of livability has a negative spatial autocorrelation.
When the index is 0, it means that the urban livability score has no correlation in the spatial
distribution and presents a random spatial layout.

3.6. Data Resources

This paper refers to the Sustainable Development Goals for basic services, energy,
housing, transportation, and other aspects and presents an in-depth discussion of the
specific goals, in an attempt to describe in detail all aspects of urban livability and the
specific indicators of the indicator system used in this paper. The source of index data is
objective statistical data of cities in the Yangtze River Delta, all of which can be found in
the Statistical Yearbook of Chinese Cities from 2011 to 2019, Shanghai Statistical Yearbook,
Jiangsu Statistical Yearbook, Anhui Statistical Yearbook, Zhejiang Statistical Yearbook of
Natural Resources and Environment, and Municipal and County Statistical Yearbooks.
The above yearbook data record the statistics of the database query in China, all found at
https:/ /data.cnki.net/Yearbook/, using query yearbook name and corresponding indica-
tors to obtain the corresponding data.

4. Results and Analysis
4.1. Urban Livability System Score Characteristics

The evaluation results (Table 1) show that the subsystems affecting the livability of
cities in the Yangtze River Delta agglomeration are urban construction (33.91%), medical
education (25.08%), social security (19.33%), economic prosperity (13.28%), resource supply
(4.78%), and good environment (3.64%). The following affect the livability of the index
of the top 10: city subway line length (17.96%), local general public budget revenue
(7.95%), number of universities (6.97%), amount of unemployed insurance (6.42%), amount
of basic medical insurance for urban workers (6.27%), town worker basic endowment
insurance (6.08%), education expenses in the fiscal expenditure per 100 people (5.71%),
public library books (4.47%), mobile phone users (4.15%), and Internet broadband access
subscribers (4.13%). For urban livability, the most influential index factor distribution
is urban construction and medical education. The Yangtze River Delta agglomeration
must improve the livability of cities while developing the economy and improving the
environment. At the same time, it must upgrade the urban infrastructure related to the
convenience of residents’ lives and production. It is necessary to improve urban medical
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and educational conditions and improve the living conditions and cultural environment of
urban residents.

4.2. Spatiotemporal Characteristics of Urban Livability

The historical and predicted distribution results of urban livability (Figure 3)show a
spatial distribution pattern with Shanghai as the main center and provincial capital cities as
sub-centers and with less divergence toward the surrounding areas and mostly distributed
along the banks of the Yangtze River. Cities with high livability are mainly provincial
capitals, transportation hubs, and nearby cities, while cities farther from provincial capitals,
transportation hubs, and other high livability cities show mediocre livability. From the
point of view of time, Shanghai has always been a livable city, and Nanjing, Suzhou, and
Hangzhou have become livable cities through development, driving the development of
surrounding cities into livable cities. On the whole, the forecast that with development
during 2011-2025, the Yangtze River Delta agglomeration urban livability has made great
progress, going from good livability only in Shanghai city from 2011 (3.85% of total) to
an increase in Shanghai, Nanjing, Suzhou, and Hangzhou city (15.38% overall) to good
livability good or above by 46.15% (26.92% overall).
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Figure 3. Spatial Distribution of Urban Livability in the Yangtze River Delta Urban Agglomeration in 2011 (a), 2016 (b),

2020 (c), and 2025 (d).

Based on the livability scores, rankings, and changing trends of cities in 2011 and 2025
(Table 2), the temporal evolution results of urban livability can be divided into the following
three categories: (1) Rising type: urban livability fluctuates and rises with time over the
study period. The main cities are Shanghai, Nanjing, Wuxi, Changzhou, Suzhou, Yangzhou,
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Zhenjiang, Hangzhou, Ningbo, Jiaxing, Shaoxing, Jinhua, Taizhou, Hefei, Chuzhou, and
Xuancheng. Rising cities account for 61.54% of the cities in the Yangtze River Delta ag-
glomeration, which shows that great progress has been made in development there during
2011-2025. Most of these cities are located in traffic centers, with good urban infrastructure
construction and stable development of economic industries, and residents’ living stan-
dards have been greatly improved. (2) Stable type: the livability of the city does not change
significantly over time during the study period and remains stable. It mainly includes
Huzhou, Zhoushan, Wuhu, Anging, and Chizhou. Compared with rising cities, stable cities
have less competitiveness, but they have their advantages. Therefore, the livability of cities
fluctuates with the development of time, with a small amplitude. (3) Declining type: the
urban livability fluctuates and decreases over time during the study period. Declining cities
include Nantong, Yancheng, Taizhou, Tongling, and Ma’anshan. The development model
of these cities, such as the steel and chemical industries, since these are resource-based
cities, can no longer meet the needs of economic development, and they also have certain
disadvantages in urban infrastructure construction, medical education, and other aspects,
and urban livability has shown a downward trend. Considering the changes in the livabil-
ity of 26 cities in the Yangtze River Delta agglomeration during 2011-2025, those rising the
fastest are Suzhou, Shanghai, Nanjing, Hangzhou, Hefei, Ningbo, and Wuxi, the seven
cities with the highest livability scores in this region. The difference in livability between
these and other cities is further widened. Except for Tongling, the livability of other cities
has fluctuated but still improved, and the score distribution was within 0.10-0.25, and the
difference of livability among cities was small.

Table 2. Changes in Urban Livability in the Yangtze River Delta Agglomeration from 2011 to 2025.

City s 2011 2011 2025 2025 Change City 2011 2011 2025 2025 Change

coring  Ranking  Scoring  Ranking Curve Scoring  Ranking  Scoring  Ranking Curve
Shanghai 0.54 1 0.86 1 —~" Huzhou 0.10 19 0.15 18 —
Nanjing 0.29 2 0.60 2 — Shaoxing 0.13 10 0.23 10 —
Wuxi 0.19 7 0.33 7 ~—" Jinhua 0.12 15 023 9 N
Changzhou 0.14 8 0.22 12 ~——" Zhoushan 0.10 21 0.14 19 —
Suzhou 025 4 0.57 3 " Taizhou 0.11 16 0.22 1 —
Nantong 0.12 11 0.16 16 “7 7 Hefei 0.22 5 0.40 5 —
Yancheng 0.08 23 0.11 26 ~7 77 Wuhu 0.12 12 0.14 20 -
Yangzhou 0.10 18 0.17 15 ~"  Ma'anshan 0.11 17 0.12 23 i
Zhenjiang 0.12 14 0.20 13 —"" Tongling 0.12 13 0.11 24 e
Taizhou 0.09 2 0.13 21 ~~~"""  Anging 0.10 20 0.13 2 -
Hangzhou 0.28 3 0.57 4 """ Chuzhou 0.08 24 0.18 14 —
Ningbo 021 6 0.37 6 ~ Chizhou 0.06 26 0.11 25 —
Jiaxing 0.13 9 0.24 8 —=""" Xuancheng 0.06 25 0.15 17 —

According to the average scores of urban subsystems in each research period, clusters
were defined as excellent livability, good livability, and general livability, with scores of
3,2, and 1, respectively. Comparing the analysis results of the two periods (Figure 4) shows
that each city has its own advantages and disadvantages. The economic category remained
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relatively stable, and no cities achieved progress or declined in the category. Cities with
excellent, good, and general livability accounted for 3.85, 19.23, and 76.92%, respectively. In
terms of urban construction and medical education, which have a great impact on overall
livability, several cities achieved the transition from general to good livability and from
good to excellent livability. After 10 years of development, the proportion of cities with
good livability and above in urban construction, medical care, and education will increase
from 7.69 and 19.23% to 46.15 and 42.31%, respectively.

Cities with good livability, in general, remain stable or improve in classification in most
subsystems, and the deficiencies of urban development are greatly improved. For example,
Shanghai has maintained a good livability classification among subsystems including
economy, social security, urban construction, medical care, and education. Although it is
still a weak link in the environmental subsystem and needs to be improved, the shortage of
original resource supply has been greatly improved, and the livability has also improved
from general to excellent. However, Tongling, Anqing, Chuzhou, and other cities do not
score high in the overall system, and the performance of each subsystem is not satisfactory;
thus, most of the subsystems are still in the general livability category. For example, except
for the resource supply subsystem, the livability of the other subsystems in Chuzhou
has been greatly improved. Therefore, the livability of the Yangtze River Delta urban
agglomeration subsystems also presents the characteristic of increasing difference between
the two poles.

4.3. Autocorrelation Characteristics of Urban Livability

According to the evolution of the overall and subsystem Moran'’s I score of the Yangtze
River Delta agglomeration (Figure 5), the values of urban livability in 2011, 2016, 2020, and
2025 are all positive, which indicates that the cities in this region are significantly affected
by the livability level of neighboring cities. In terms of space, livable cities are situated
between high-value and low-value urban areas. Therefore, the spatial characteristics of
cities in the Yangtze River Delta agglomeration are non-random and have a positive spatial
autocorrelation of the approximate value agglomeration phenomenon.

From the overall time dimension, urban livability shows a slight decline and then a
significant increasing trend. Moran s I decreases from 0.202 in 2011 and to 0.15 in 2020,
indicating that the overall geographic aggregation of urban livability of the Yangtze River
Delta agglomeration is relatively stable during 20112020, but there is a slight downward
trend. Moran ’s I increases sharply from 0.15 in 2011 to 0.373 in 2020. Therefore, urban
livability of the region experienced a trend from a small decline to a large increase in terms
of the development stage.

The subsystems present a positive spatial autocorrelation trend most of the time, but
there are differences in the evolution of spatial autocorrelation among the subsystems. In
the six subsystems, except for the environmental system in 2011, Moran’s I was negative and
showed negative spatial autocorrelation; the rest of the time, the system showed significant
positive spatial autocorrelation. Moran'’s I of the social security and urban construction
systems maintains a high value and is relatively stable during 2011-2025, indicating that
the spatial autocorrelation of the two parts of the system has not changed significantly. The
spatial autocorrelation of health care and education and environment showed an increasing
trend, from 0.244 and —0.102 in 2011 to 0.355 and 0.153 in 2025, respectively. However,
after 2020, the upward trend shows weakening. The spatial autocorrelation of the resource
subsystem increases slightly during 2011-2020 but decreases during 2020-2025, indicating
that the positive spatial autocorrelation is gradually weakening. The trend of the economic
subsystem is opposite to that of the resource system, which decreases from 0.211 to 0125
during 2011-2020 and surges from 0.125 to 0.600 during 2020-2025, indicating that the
positive spatial autocorrelation is gradually increasing.
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Figure 4. The Performance Level of the Economic Subsystem, Medical and Education Subsystem, Resource Subsystem,

Environment Subsystem, Construction Subsystem, and Insurance Subsystem of Cities in Yangtze River Delta Agglomeration.
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Figure 5. Moran ’s I line Chart of Urban Livability.

Decreased Moran'’s I scores means weakening of the system’s spatial agglomeration
phenomenon in this period of time. For the Yangtze River Delta agglomeration, it means
that the differences between cities become smaller, and regional coordinated development
has been improved. In the future simulation, the spatial autocorrelation of the whole
system and the economic and environmental subsystems increases obviously, which may
be due to the different urban development policies and locations. According to the above
analysis, most cities with good livability are concentrated along the Yangtze River and
the traffic trunk line, a superior geographic location. Most of them are provincial capitals,
enjoying more policy benefits, which also means that the performance of the coordinated
development strategy in the Yangtze River Delta agglomeration still needs to be improved.
The obvious change of spatial autocorrelation is also the resource subsystem. The agglom-
eration introduced policies to reduce the resource gap among cities and achieved good
results after simulation.

4.4. Driving Factors

According to the test results (Table 3), the FE model was selected as the final analysis
model in this study. In order to avoid unscientific results of the evaluation system index,
as above, industrial SO, emissions, social security and spending on employment for the
general public, total retail sales of consumer goods, and urban construction land area
were chosen as influences on urban livability. Due to the large difference in magnitude
between the scores and the influencing factor variables, the variables were analyzed
using logarithms.
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Table 3. Panel Model Test Quantity.
. Inspection
Test Type Testing Purpose Test Value Conclusion
F test FE and POOL models are compared and selected F (25202) = 55.432, p = 0.000) FE model
BP inspection RE and POOL models are compared and selected X squared (1) = 460.278, p = 0.000) RE model
Hausman test FE and RE models are compared and selected X squared (6) = 60.601, p = 0.000 FE model

The analysis showed that the regression coefficients of the transformed general public
budget expenditure on social security and employment, fixed assets investment in mu-
nicipal public facilities construction, total retail sales of social consumer goods, education
and medical expenditure, and urban construction land area were all positive numbers
(0.007, 0.018, 0.039, and 0.014, respectively) (Table 4). This can have a significant positive
impact on urban livability, indicating that generally, when cities increase their investment
in social security, urban construction, medical and health care, and education, livability
will also improve.

Table 4. Panel Model Analysis Results.

Item Coef Std. Err T P 95% CI
intercept 0.38 0.144 2.641 0.008 0.662~0.098
Ln (Industrial SO, emissions ) 0.007 0.004 1.907 0.057 0.014~0.000
Ln (General Public Budget Expenditure for Social Security and Employment) 0.001 0.011 0.132 0.895 0.020~0.022
Ln (Fixed assets investment in urban Public utilities construction) 0.007 0.003 1.956 0.051 0.000~0.014
Ln (Total Retail Sales) 0.018 0.011 1.621 0.105 0.004~0.039
Ln (Education and healthcare expenditures) 0.039 0.013 2903 0.004 0.013~0.065
Ln (Urban construction land area) 0.014 0.011 1.217 0.223 0.009~0.036

F (6202) = 54.771, p = 0.000)
R 2 =0.848, adjusted R % = 0.844
p<0.05p<0.01

At a level of significance of 0.01 for industrial SO, emissions after transformation, the
regression coefficient value is —0.007 < 0, which will have a significant negative impact on
urban livability. The Yangtze River Delta agglomeration is among the regions with the
fastest economic development and urban construction in China. Many comprehensive
industrial bases are distributed in this region, and industrial SO, emissions are prevalent.
Environmental problems represented by industrial SO, emissions are one of the key issues
to address in order to improve the livability of local cities.

5. Discussion
5.1. Simulation Accuracy

Before calculating the evaluation system scores, we used validity analysis and reliabil-
ity analysis (Table 5) to judge the rationality of the system. Generally speaking, when the
KMO value of validity analysis is greater than or equal to 0.8, the results of the evaluation
system are reliable. When Cronbach’s « coefficient of reliability analysis is greater than
or equal to 0.8, the system is considered to have good reliability. The results of validity
analysis showed that the KMO value was 0.907, which is greater than 0.8, indicating that
the validity of the research data was very good. The reliability analysis coefficient value
was 0.852, which is greater than 0.8, indicating that the reliability of the research data
was high.
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Table 5. Results of Model Validity Analysis and Reliability Analysis.

Check the Name Statistic The Numerical
Cronbach reliability analysis Cronbach alpha coefficient 0.852
KMO test KMO value 0.907
Bartlett test of sphericity The approximate chi-square 10,426.434
df 496
p-Values 0

Based on historical statistical data, this paper uses the ARIMA model to predict future
scenarios and studies the spatial and temporal changes of the whole and Yangtze River
Delta agglomeration and its subsystems in different periods. The ARIMA model was
used in combination with information to measure AIC and BIC values to select the most
suitable model for each city, and the results were analyzed by means of mean square
error (MSE) and Q statistics. The mean square error distribution between the real and
simulated value of the livability of cities is between 0.00001 and 0.00073 (Table 6), indicating
a small difference between the model-predicted and real value. The Q statistic test was
used to detect whether there was white noise. With Qg order prior to inspecting the
residual autocorrelation coefficient, if the p-value is greater than 0.1, then it meets the white
noise test. The simulation results (Table 6) show that the p-value of every city meets the
requirements of the white noise test, proving that use of the ARIMA model to simulate
urban livability satisfies the requirement of the model.

Table 6. Simulation Accuracy and White Noise Test of Urban Livability.

City MSE Q Statistic p-Value City MSE Q Statistic p-Value
Shanghai 0.00073 0.573 Huzhou 0.00005 0.33
Nanjing 0.00014 0.847 Shaoxing 0.00001 0.485
Wuxi 0.00003 0.867 Jinhua 0.00002 0.603
Changzhou 0.00003 0.172 Zhoushan 0.00013 0.574
Suzhou 0.00026 0.527 Taizhou 0.00006 0.784
Nantong 0.00008 0.569 Hefei 0.00010 0.991
Yancheng 0.00004 0.404 Wuhu 0.00009 0.584
Yangzhou 0.00001 0.403 Ma’anshan 0.00009 0.961
Zhenjiang 0.00006 0.445 Tongling 0.00018 0.584
Taizhou 0.00007 0.314 Anqing 0.00011 0.687
Hangzhou 0.00003 0.772 Chuzhou 0.00001 0.309
Ningbo 0.00003 0.992 Chizhou 0.00002 0.964
Jiaxing 0.00002 0.237 Xuancheng 0.00002 0.643

In terms of regional livability, previous studies have also been based on historical
data from statistical yearbooks but neglected to simulate future livability. Compared with
previous studies on livability in the Yangtze River Delta agglomeration [30], in this paper,
the ARIMA model is used to simulate livability in the future, to explore the changing trend
of general and partial livability of future cities, and to select representative factors to analyze
the influencing factors of urban livability construction based on the historical yearbook
data. The previous research period was 2004-2017, which overlaps with the research period
of this paper. By comparing the two results, the spatial differentiation law and temporal
evolution law of urban livability in the Yangtze River Delta agglomeration are basically
consistent in the given time period. Previous studies found that urban livability of this
region does not have space since the correlation. However, the index system in this paper
is more refined, and the spatial autocorrelation description of the urban habitability of the
region is more comprehensive. The results show that the urban livability of the Yangtze
River Delta agglomeration has spatial autocorrelation both as a whole and among its
subsystems. Compared with previous studies, this paper adds future scenario simulation,
so it is more valuable for urban construction.
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5.2. Uncertainty

The driving factors of urban livability are very complex. In this study, referring
to the original cases, a total of 32 factors in six modules (economy, environment, urban
construction, medical care and education, resource, and insurance) were selected as the
influencing factors driving the development of urban livability. However, natural factors,
such as rainfall, slope, and sunshine duration, also have an impact on the urban living
experience [43,44], and if new influencing factors are added in the future, that could still
affect the results.

This study is limited by the shortcomings of the ARIMA model and fails to provide
long-term series prediction. Later, we can combine social media, geographic big data,
and deep learning to provide long-term prediction and simulation of urban livability in
the future.

The basic premise of ARIMA model simulation is to use historical statistical yearbook
data from the past. If the central and local governments adjust their urban development
policies for the Yangtze River Delta agglomeration in the future, the regional development
trend may be affected, and the simulation results of the ARIMA model may be biased.
Considering the reform and development of the Chinese government and the construction
of the Maritime Silk Road, the speed and level of regional economic and social development
in the Yangtze River Delta region will steadily improve. The simulated conditions of the
ARIMA model in the study area will not change significantly, and the results will be feasible.

5.3. Policy Suggestions

Since the implementation of the reform and opening-up policy in China, the Yangtze
River Delta urban agglomeration has undergone rapid development of industrialization
and informatization. From 2005 to 2010, the total GDP of scale economy increased from
RMB 4126.4 billion to RMB 8631.4 billion [45]. At the same time, cities are also faced
with continuous agglomeration of various resources and changes in spatial patterns. The
urbanization degree of the Yangtze River Delta reached 67% in 2008 [46]. In 2019, it was
defined as a national high-quality development area. The launch of the regional integration
strategy is also conducive to the development of all cities in the region. However, through
this study, it is found that the livability gap of the Yangtze River Delta agglomeration has
increased between the first-tier and second-tier cities, and the competition between cities
has led to the slow development of urban integration and regional coordination [47].

The integration strategy of triangle cities can promote narrowing of the internal urban
gap and improve the overall development conditions of relatively backward cities through
economic ties and resource allocation. From the perspective of regional coordinated
development, the research suggests that central and local governments should continue
to coordinate relevant policies and steadily promote the policies of urban integration
construction in the Yangtze River Delta agglomeration.

At the same time, the environment is a major problem restricting the urban develop-
ment of this region. The study shows that the Yangtze River Delta agglomeration has not
improved much in terms of the environment. According to a comparison of the environ-
mental system classification from 2011-2015 to 2020-2025, the environmental livability of
the region is still poor, and the environmental livability of most cities is still at the general
level. Green and low-carbon technological innovation cannot be isolated from the policy
or regulation regime [48]. In order to ensure the sustainable development of cities in the
Yangtze River Delta agglomeration, promote the construction of urban livability, improve
the urban environment, and reduce the discharge and treatment of industrial waste gas
and wastewater, it is extremely necessary to follow the concept of "green waters and green
mountains are gold and silver mountains" and strengthen the construction of an ecological
civilization [49]. The effect of reducing emissions of gases, such as industrial SO, dioxide,
can be improved through differentiated policies [50] and the transformation of economic
development [51]. It is also urgent to promote urban development from high-speed to
high-quality development.
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6. Conclusions

This study adopts urban statistical data from 2011-2019; comprehensively considers
urban economic development, social security, urban construction, medical education,
resource supply, and environmental change; and uses the ARIMA model to simulate urban
livability scores during 2020-2025 to explore the development of cities as a whole and their
subsystems during 2011-2025. Combining the panel data and historical statistical data, the
influencing factors of the livability of the Yangtze River Delta urban agglomeration during
2011-2019 were explored.

The results show that the livability of this region has changed significantly during
2011-2025, and the gap between high-level and low-level cities has gradually increased.
The performance of high-level cities in each subsystem of livability is generally better
than that of middle and low-level cities, and the latter are gradually drawn apart by the
former in each subsystem. The livability of the Yangtze River Delta urban agglomeration
has positive spatial autocorrelation, and the spatial autocorrelation of each subsystem has
changed obviously during the study period. Environmental problems have become a major
problem restricting the improvement of urban livability in the region.

There are many similar problems in urban development around the world [52,53],
such as the gradual deterioration of the urban environment and the need to improve public
transport. The Yangtze River Delta region is one of the fastest developing urban agglom-
erations in the world in recent years, and it has cities in different states of development.
Therefore, it has certain reference significance for other urban agglomerations at different
levels of development in the world. For example, it is found through research that the
gap of livability between first-tier and second-tier cities in the Yangtze River Delta urban
agglomeration has increased, and competition among cities has led to slow development
of urban integration and regional coordination. Each urban agglomeration can formulate
its own development strategies according to its city status, coordinate the resource ratio
between cities, gradually reduce the differences in livability between cities, and realize the
improvement of regional livability as a whole. The research also proves the reliability and
practicability of the ARIMA and panel models in the simulation and analysis of urban liv-
ability. In future research, the selection of driving factors of livability and the optimization
of model parameters can be further improved and deepened to adapt to the application
needs of different regions and scenarios.
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