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Abstract: Urban vitality is the primary driver of urban development. However, assessing urban
vitality has always been a challenge. This paper builds on the research framework of sustainable
development evaluation and selects evaluation indicators from the three systems of urban operation:
economy, society, and environment. The deviation maximization (DM) method is used to evaluate
urban vitality. Shanghai is then used as a case study for evaluation, and the comprehensive index
of urban vitality is calculated for the city from 2010 to 2019. The evaluation results indicate that
the urban vitality of Shanghai experienced a significant upward trend over ten years (2010-2019),
which shows that the urban competitiveness of Shanghai is constantly strengthening. Next, the study
focuses on the administrative region of Shanghai, to calculate the regional vitality level of Shanghai
from 2010 to 2019 and to explore its spatial distribution characteristics. Then, a spatial autocorrelation
analysis is used to explore the mechanism that affects the spatial distribution of urban vitality. The
results demonstrate that the urban vitality in Shanghai shows a significant positive correlation in
space. Moreover, there is a “High-High” gathering area, which includes Huangpu, Xuhui, Hongkou,
and Changning in central area of Shanghai. This research provides a theoretical reference to support
effective decision-making with respect to high-quality urban development.

Keywords: urban vitality assessment; sustainable development; deviation maximization (DM)
method; spatial correlation

1. Introduction

More than half of the world’s population lives in cities, and city spaces are key carriers
of human activities, in which people work, consume, relax, and study. There are no precise
statistics listing the total number of cities on the earth; however, Internet data indicate that
more than 300 cities have populations of more than one million each [1]. Only a few of
these cities, however, have complete infrastructure, social security, and a livable ecological
environment. Many of these cities face existential threats, such as urban sprawl, residential
vacancies, population loss, and ecosystem degradation [2-5]. Cities that are full of vitality
make people living in them feel safe and comfortable, have a rich street life, and have a
reasonable urban order and form, which can satisfy the needs associated with different
human activities. Therefore, assessing and improving the vitality of cities are hot topics in
urban research.

A city is a large and complex dynamic system with comprehensive characteristics. A
city’s emergence and development are influenced by different factors, such as the natural
environment, economy, and society. Urban vitality somewhat reflects the capacity and
potential of urban progress. It shows the degree of a city’s support for vital functions and
the ecological and socioeconomic environment, and it reflects the activity, openness, and
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the rationality of city elements and resources. Urban vitality is comprehensively expressed
in the efficiency of urban operation and development.

The concept of urban vitality was first introduced by Jacobs, who posited that the
complexity of human activities and human life creates the diversity of urban life, and the
expression of urban life is urban vitality [6,7]. Early studies mainly focused on the theory
of urban vitality, such as developing the conceptual framework [8,9], determining whether
urban form impacts the formation of urban vitality [10,11], assessing the impact of public
policies on urban vitality [12,13], and improving the accessibility of specific facilities to
enhance urban vitality [14]. The theory of urban vitality has also been gradually introduced
into the fields of sociology, criminology, and public health [15-17]. With the continuous
spread of cities, urban planning researchers have paid significant attention to urban vitality,
including urban institutions and neighborhood vitality [18], parking restriction policies
and economic vitality [11], and public green space and urban vitality [14].

However, measuring urban vitality has always been an important challenge. Many schol-
ars propose that urban vitality is inextricably linked to sustainable development [19-21] and
apply the research framework of sustainability evaluation to decompose urban vitality into
three systems: economy, society, and environment [22]. With the widespread application
of open-source big data in urban and geographic related research, data that can represent
population mobility and interaction, including point of interest (POI), mobile phones, bus
cards, and taxis route data, are beginning to be applied and rapidly developed to study
urban vitality [23-28]. Using this open-source big data, most studies describe urban vitality
from the perspective of economic level, activity intensity, and cultural contacts [29-31].
Measuring the level of economy vitality by identifying the number of commercial facilities
in POI data has become a common research approach [29,32,33]. In addition, night-time
light data are also used to evaluate a region’s economy vitality [34]. Measuring societal
vitality is mainly realized by focusing on the flow and aggregation of the population within
the city and describing human activities. Due to the higher sample counts and better
accessibility of social media punch data and mobile signal data, these technology data
provide a new approach to measure societal vitality, and they can accurately reflect the
changes of vitality caused by people’s various activities [35-38]. Therefore, big data have
recently been frequently used to measure societal vitality. In contrast, cultural vitality
emphasizes the spirituality of cities, with scholars proposing that the number, scale, type,
and funders of cultural venues are closely related to cultural vitality [39-43].

Other researchers, especially those in the field of urban planning, are not confined to
the research framework of sustainable evaluation. Instead, they select evaluation indicators
from another perspective, focusing more attention on the vitality of communities, streets,
and other public spaces in the city at a micro level. With respect to the impact of urban
form on urban vitality, scholars have proposed that architectural heritage, building density,
and the accessibility of transportation facilities are closely related to the construction and
distribution of urban vitality [44—47]. For urban functions, the number of commercial and
service facilities, public green spaces, and cultural industries are indicators that should be
considered in measuring urban vitality [48]. In the dimension of urban life, indicators such
as housing prices [44] and the convenience of living facilities [45] are also studied.

In summary, since the concept of urban vitality was put forward, it has received
extensive attention from researchers. The development of spatial big data, human activity
tracking data, and data mining technology creates more possibilities for assessing urban
vitality. However, the existing research frameworks mostly focus on urban vitality at
one point in time (i.e., the moment when the data were obtained or the period before
that), and ignore how the urban vitality changes in space and time. To address such gaps,
this paper uses historical statistical data to evaluate the urban vitality of Shanghai over
a decade, based on a comprehensive urban vitality assessment framework. The study
then conducts an exploratory spatial analysis for these assessment results, to provide a
comprehensive and systematic understanding of the connotations of urban vitality. This
paper is innovative in the following two ways:
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e It is a new framework of urban vitality analysis deconstructed from the above-
mentioned connotations, to explore the changes in the vitality of a city from the
past to the present, with explicit expression. This framework constructs the connota-
tions of urban vitality into the economy, society, and environment aspects. It is more
complete than the previous studies on urban vitality.

e The proposed framework makes full use of a variety of statistical data, including
data on economic growth, finance, population, and air quality, and it provides a
multi-dimensional indicator analysis method for urban vitality.

Following this introduction, Section 2 describes the methodology adopted for the
study, Section 3 reports the results of analysis, and Section 4 concludes the paper and
summarizes the conclusions.

2. Research Methods and Index System
2.1. Research Area

The city of Shanghai covers an area of 6340.5 km? and includes 16 administrative
regions (Figure 1). The area had approximately 24.87 million inhabitants in 2019. Shanghai
is the largest and most prosperous city in China, and is considered a global financial, trade,
economic, and shipping hub, with excellent potential for urban development. Due to its
significant economic progress, Shanghai’s urbanized population ratio grew to 88.1% in
2019, ranking first among Chinese cities. For this reason, Shanghai has likewise become an
attractive city in China, with an increasing number of highly educated and skilled people.
This has made it one of the most densely populated areas in the world. The research data
used in this paper are from the Shanghai Statistical Yearbook (2010-2019) and statistical
data from each region. Some missing data were obtained by estimating approximate values.
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Figure 1. Locations of the 16 regions in Shanghai, China.
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2.2. Urban Vitality Evaluation Process

The essence of a comprehensive evaluation is a decision-making process. This in-
volves a cognitive process of judging and comparing the value or merits of specific things,
behaviors, perceptions, attitudes, and other evaluation objects using established criteria.
The ultimate goal is to provide decision makers with comprehensive evaluation values
and rank them to support decision makers [49,50]. The basic procedures of comprehensive
evaluation are as follows: determining the purpose of evaluation, identifying relevant
indicators, obtaining indicator weights, selecting or constructing evaluation models, and
calculating and ranking evaluation values. Figure 2 illustrates this process.

Evaluation index system of

urban vitality

Fa = f

|' Niorrehiacthe ] Input Indicator values collected

|

AN

from statistical yearbooks

L indicator values

- i

] o ==t

Obtain the indicator weight

Choose evaluation method J

Outpye ( Calculating and ranking

L evaluation values

Figure 2. Urban vitality evaluation process.

2.3. Urban Vitality Evaluation Index System

The goal of creating a highly vibrant city is to make the city more livable, as evidenced
by a steady increase in economic progress, sufficient public space for people to engage in
social activities, and a diverse ecological environment and green space for people to relax.
This goal is similar to the goal of sustainable urban development. The difference is that
the goal of sustainable development focuses on the balanced development of economy,
society, and environment systems within the city, whereas the goal of a vibrant city focuses
on the impact of human activities. Therefore, this paper applies an index framework
from sustainable development evaluation and constructs an index system to evaluate
different dimensions within three systems of the city: economy, society, and environment
(as summarized in Table 1). Economy vitality is the direct embodiment of urban vitality.
The level of a city’s vitality is directly reflected in whether the city’s economy has vitality.
Therefore, economy vitality is the most important dimension to measure urban vitality. C1,
C2, C3, and C4 directly reflect the economic level of the city and are important embodiments
of economy vitality; C5 was selected to reflect people’s consumption level and purchasing
power of social commodities, indicating that people have the economic ability to go out
for various social activities; C6 refers to the ability to expand reproduction and adjust
economic structure; C7 and C8, respectively, reveal the development of industrial structure
and service industry. Societal vitality is the indirect embodiment of urban vitality. Urban
vitality is produced by human complex activities; the main body of these activities is
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people, and the place of activities is public space. For this reason, societal vitality was
selected as an important part of measuring urban vitality. C9 represents the trend and
speed of natural population growth and reflects the potential of urban vitality; C10 and
C11 represent urban population concentration, which can reflect the aggregation degree
of urban vitality; C12 represents the state of unemployment and social stability; and C13
represents the development of education and science and technology, both of which can
reflect the attraction of cities to the population. C14 represents the number of cultural
venues, such as libraries, museums, cinemas, and cultural squares, which reflect the
carrying capacity of the city for human activities. Environment vitality is the basis of urban
vitality. As long as people live in the urban environment, environmental factors such as the
quality of urban air and whether there is enough public green space will affect people’s
willingness to go out for activities, thus affecting urban vitality. C15 and C16 represent
the situation of green areas within city, and sufficient green space can make people feel
comfortable. C17 represents funds used for environmental protection, which can reflect the
changing trend of the urban environment in the future, and C18 represents the air quality
status of the city.

Table 1. Evaluation index system of urban vitality in Shanghai.

Dimension Indicator Unit Nature of the Indicator References
Economy Per capita gross domestic product (GDP) [C1] Yuan + [22,51-53]
GDP growth rate [C2] Y% + [54,55]
Urbanization level [C3] % + [51,53]
Per capita fiscal revenue [C4] Yuan + [37,53,54]
Proportion of retail sales of consumer goods value to GDP [C5] % + [20,52,53]
Proportion of investments in fixed assets to GDP [C6] Y% + [53,54]
Proportion of secondary industry to GDP [C7] % - [53,54]
Proportion of tertiary industry to GDP [C8] Y% + [20,22,51-53]
Society Population growth rate [C9] % - [37,51,56]
Population density [C10] Person/km? - [28,37,45,56]
Proportion of labor force to total population [C11] Y% + [28,45,52]
Social security and employment expenditures as a proportion of % + [22,37]
fiscal expenditure [C12] -
Science and technology exper}ditures as a proportion of fiscal % + [20,22,37,56]
expenditure [C13]
Number of cultural venues [C14] Count + [20,22,55]
Environment Per capita green area [C15] m? + [22,51,55]
Proportion of environmental investments to total fiscal % + [37,51]
expenditure [C16] o
Rate of green coverage rate of built-up areas [C17] % + [22,55]
Rate of air quality excellence rate [C18] Y% + [22,55]

2.4. Urban Vitality Evaluation Methods

This paper applies an objective weighting method to evaluate the urban vitality in
Shanghai, called the deviation maximization (DM) method. This method was proposed by
Guo in 2007 [57] and has been applied to evaluate urbanization level [58] and sustainable
development [51]. DM is a comprehensive evaluation method that is applied to “three-
dimensional” (i.e., evaluation object, evaluation index, and time) panel data. It is not
influenced by subjective data, and is based entirely on observational data mining. The
essence of the method is to assign appropriate weights to the relevant indicators, to
maximize the differences between the evaluation values of the evaluation objects.

Combined with the weighted sum model (WSM), the deviation maximization (DM)
method is described as:

m
vilte) = Y wixii(te) (i=1,2,...,mj=12,...,mk=1,2,...,p) 1)
j=1
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where y;(f) denotes the comprehensive index of the evaluation object; x;;(t) denotes the
normalized value of the jth index of the ith evaluation object at moment f;; and w; denotes
the weight of the jth index.

The purpose of determining the indicator weight is to maximize the difference among
the comprehensive indices of evaluation objects. The difference is represented by the
variance of performance values:

n

p
ZZ%& 2)

1i=1

S\H

Based on this, a programming model is developed to determine the indicator weight,
by maximizing the variance of the comprehensive index. The optimization model is
expressed as:

max s> 3)
w; =1
s.t. ]g I j=12,...,m 4)
mzn(w]-) >0

Solving the Models (3)-(4) yields the individual indicator weights, and the compre-
hensive index y;(f;) is obtained by substituting the weights into Equation (1).
The following steps are followed for the case evaluation in this research.

(1) Normalizing the initial data

According to the nature of evaluation indicators, indicators are generally distinguished
into positive and negative indicators. Positive indicators indicate that larger indicator
values are better, and negative indicators indicate that smaller indicator values are more
favorable. For the positive indicators, the initial indicator values are normalized using
Equation (5). For the negative indicator, Equation (6) is used.

i(t) = m;

xij(te) = W ®)
M — ryi(t

mw=;ﬁﬁﬁ 6)

where 7;;(t;) denotes the initial value of the jth index of the ith evaluation object at moment
te; and M; = max{rij(ty) }, mj = min{rij(t) }.
(2) Calculating indicator weights

The Equation (1) is written as follows:

y=Aw @)
n X711 X12 ... Xim w1
X X L.oX w
where y = Y2 A= 21 22 2m w = 2
Yn Xp1l Xp2 oo Xum Wi

Placing the Equation (7) into Equation (2) yields the following formula:
14 14 P
ns? = Z { TA Akw} = Z {wTka} =w! Z Hyw = w' Hw 8)
k=1 k=1 k=1

where H is a real symmetric matrix.
Then, a programming model is defined to obtain the indicator weights:

maxw! Hw )
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stwlw=1 (10)

When solving the Models (9)—(10), if all the elements in matrix H are greater than 0,
there is a sole positive maximum eigenvalue A,y and an associated positive eigenvector.
If the weight vector w is the eigenvector of the largest eigenvalue of the matrix H, the
objective Function (9) is assigned the maximum value, as shown in Table 2.

Table 2. The weight of evaluation indicators system.

Indicator Weight Indicator Weight
Per capita gross domestic product (GDP) 0.0810 Population density 0.0780
GDP growth rate 0.0374 Proportion of labor force to the total population 0.0525
Urbanization level 0.0698 Social security ar}d empl'oyment expgndltures as 0.0317
a proportion of fiscal expenditure
Per capita fiscal revenue 0.0786 Science and FeChnOI.O 8y expend1.t uresasa 0.0298
proportion of fiscal expenditure
Proportion of retail sales of consumer goods 0.0975 Number of cultural venues 0.0638
value to GDP
Proportion of investments in fixed assets to GDP 0.0420 Per capita green area 0.0211
Proportion of secondary industry to GDP 0.0669 Proportion of erlwlronmental. investments to total 0.0507
fiscal expenditures
Proportion of tertiary industry to GDP 0.0507 Rate of green coverage rate of built-up areas 0.0569
Population growth rate 0.0488 Rate of air quality excellence rate 0.0418

(3) Calculating the evaluation value

The comprehensive index of urban vitality of Shanghai is calculated by substituting
the weight vector w into Equation (7). Table 3 shows the results.

Table 3. Urban vitality comprehensive index for Shanghai from 2010 to 2019.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Shanghai 032 036 044 045 047 048 056 062 0.63 0.66
Economy 025 029 037 042 046 058 060 063 0.65 0.69
Society 0.41 047 060 067 062 046 0.61 062  0.55 0.59
Environment 038 036 040 017 020 019 035 0.60 0.68 0.69

2.5. Spatial Autocorrelation Analysis
2.5.1. Global Spatial Autocorrelation Analysis

Global spatial autocorrelation is used to describe the overall distribution of a phe-
nomenon and to determine whether the phenomenon has aggregation characteristics in
space. However, the method does not indicate in which exact areas the aggregation is
located. Moran’s I index is a widely used index for spatial autocorrelation determination
and takes the following specific form:

n Xt Y wi(xi — %) (x; — %)
So YL (x —%)?

(11)

where x; and x; denote the value at the ith and jth spatial units; and wj; is an element
of the spatial weight matrix W, which represents the topological relationship between
spatial units. The term Sy is the sum of all elements of the spatial weight matrix W and
reflects the similarity of the attribute values of spatially adjacent or spatially neighboring
regional units.

The Moran’s I index is usually interpreted as a correlation coefficient, with values in
the range of (0,1). A Moran’s I index greater than 0 indicates there is a significant positive
correlation, indicating that the neighboring spatial units have similar data attributes, and
there is an aggregation phenomenon in areas with high or low attribute values. A Moran’s
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Iindex less than 0 indicates there is a significant negative correlation, indicating that the
spatial units adjacent to each other have different attributes, and the spatial distribution
of data show a high and low interval distribution. A Moran’s I index of 0 indicates
there is no spatial correlation, and the spatial distribution of the data is in an irregular
random distribution.

2.5.2. Local Spatial Autocorrelation

Local spatial autocorrelation is used to identify different spatial correlation patterns
that may exist for different spatial units. This facilitates observations of local unsteadiness
at different spatial locations, and the discovery of spatial heterogeneity between data to
provide a basis for classification or zoning. Local Moran’s I (LISA) statistic is generally
used to measure the autocorrelation of local space. The formula is:

I — n* (xi — %) Lf wij (x; — ) 12
S0 X (x; — %)

The significance of I; can be determined using the Bonferroni standard. A positive I;
value indicates a spatial agglomeration of similar values (High-High or Low-Low) around
the regional unit, and a negative I; value indicates a spatial agglomeration of non-similar
values (High-Low or Low-High) around the regional unit.

3. Discussion
3.1. Evaluation Results

Table 3 and Figure 3 show that the trend of Shanghai’s urban vitality gradually in-
creased over the study decade, from 0.32 in 2010 to 0.66 in 2019; this represents an increase
of 106.3%. From 2012 to 2015, the growth rate of Shanghai’s urban vitality comprehensive
index was only 2%; however, after 2015, it grew at a rapid rate of 6.5% per year. This
change may have occurred from a significant reform in urban development strategies,
which happened when city managers realized that urban development should focus on
people’s needs and not just economic growth. This initiated the Shanghai City Master Plan,
released in 2017; the plan includes urban infrastructure construction, population policy,
technological innovation, urban renewal, urban safety, and improvements to the ecological
environment [59]. The Shanghai City Master Plan reflects on the “big city malaise” by redefin-
ing the development goals and paths under the people-centered ideology. By protecting
the ecological environment, controlling resources, securing housing, and providing more
jobs, everyone living and working in Shanghai will be able to enjoy the beauty of urban
life. This document puts more effort into community vitality and urban vibrancy, proposed
ways for Shanghai to become an outstanding global city.
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Figure 3. Urban vitality comprehensive index of Shanghai from 2010 to 2019.
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In terms of the three dimensions of the evaluation:

Shanghai’s economy vitality showed a high rate of development during the study
period, indicating that Shanghai remains a promising city in China. As the largest city
in China and a famous international metropolis, Shanghai’s economic progress also
indirectly reflects China’s economic progress over the study decade. Table 3 indicates
that although the level of economy vitality in Shanghai generally follows an upward
trend, the growth rate slowed after 2015. The comprehensive urban vitality index of
Shanghai changed in a corresponding way. This is because the Shanghai government
adjusted its urban development strategy, and maintaining high economic growth was
no longer the only goal pursued by managers.

The trend associated with societal vitality has fluctuated over the decade. The evalua-
tion indicators associated with society, or societal vitality, mainly include population;
financial investments in science, technology, education, and employment; and im-
portant places for cultural activities. Shanghai is a highly attractive city in China;
however, due to real estate prices and the high cost of living, an increasing number
of young people have chosen to leave Shanghai in recent years, resulting in a part of
the city’s labor force being lost to neighboring cities. To address this, the government
implemented improvement measures to increase the attractiveness of the city to the
labor force, such as increasing financial investments in employment and building
more cultural activities. This led to fluctuations in the society dimension of vitality.
However, relative to the societal vitality value in 2010, the value reached 0.59 in 2019,
and the overall trend is increasing.

Concern for the environment is an important part of sustainable development strate-
gies; however, in developing countries, economic development is often more im-
portant than protecting the ecological environment. China’s past activities were
consistent with this trend, yet, Table 3 and Figure 3 show a significant decrease and
then increase, with 2015 being an important turning point. Environment vitality
declined until 2015 and then significantly increased, continuing to grow to 0.69 in
2019. As discussed in the previous section, this change was likely due to the change
in Shanghai’s development strategy. The results also show that managers paid more
attention to ecological changes and less to economic development after 2015; however,
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this change did not reduce economic vitality but rather just slowed the growth. This
indicates that implementing environmentally friendly policies, reducing energy con-
sumption, and improving the ecological environment will not reverse the economic
level of a city or country but may increase resident satisfaction, indirectly positively
impacting economic development.

3.2. Spatial Distribution Characteristics

To verify the spatial distribution of urban vitality, we calculated the regional vitality of
16 districts in Shanghai from 2010 to 2019, as shown in Table 4. The average value indicates
the average vitality value over the decade. The growth value indicates an increase in the
vitality value from 2010 to 2019. The overall level of regional vitality significantly changed
in all regions; however, Table 4 shows that there were differences in the rate of growth.

Table 4. Regional vitality of 16 regions in Shanghai.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019  Average  Growth

Value Value

Pudong Xinqu  0.54 054 051 055 055 056 062 068 071 0.72 0.60 0.18
Huangpu 0.59 061 061 061 063 062 062 069 075 0.78 0.65 0.19
Xuhui 0.49 049 052 053 058 061 062 064 068 073 0.59 0.24
Changning 051 051 053 055 055 059 062 066  0.69 0.71 0.59 0.20
Jing’an 0.53 053 054 055 055 061 062 067 070 074 0.60 0.21
Putuo 0.39 043 047 051 050 052 056 056 057 057 0.51 0.18
Hongkou 0.48 048 048 051 051 052 056 061 063 067 0.55 0.19
Yangpu 0.49 048 050 055 055 060 060 065 066 068 0.58 0.19
Minhang 047 049 049 050 049 051 055 056 057 057 0.52 0.11
Baoshan 0.43 045 048 049 051 051 051 052 053 053 0.50 0.10
Jiading 0.41 042 043 053 054 056 059 061 063 065 0.54 0.24
Jinshan 0.34 038 041 049 046 048 054 051 055 0.62 0.48 0.28
Songjiang 0.45 046 049 048 046 049 051 052 056 055 0.50 0.10
Qingpu 0.36 039 043 050 048 049 055 055 056 053 0.48 0.18
Fengxian 0.35 037 039 049 048 049 054 054 056  0.60 0.48 0.25
Chongming  0.32 041 041 045 045 044 049 050 050 050 0.45 0.18

Note: Average value is the mean of the values in the year 2010-2019; growth value represents the increase in vitality value from 2010 to
2019, which was calculated by yi (2019)-yi (2010).

The three regions with the highest average vitality levels are Huangpu, Jing’an, and
Pudong Xinqu. For a long time, Huangpu and Jing’an were the most prosperous and
most urbanized areas in Shanghai. However, after nearly 30 years of development and
construction, Pudong Xinqu has significant advantages with respect to infrastructure,
investment, international trade, and livability. The regions with the lowest average vitality
values are Chongming, Fengxian, Qingpu, and Jinshan. All of these are suburban areas of
Shanghai, far from the city center and lacking geographical advantages. Jacobs has noted
that the diversity of urban life is an important factor in creating urban vitality [6]. These
areas do not have this advantage.

With respect to the growth in each region, the largest increase in value occurred in
Jinshan. Its average vitality level was low, at 0.48 over most of the study decade; however,
it reached 0.62 in 2019; this is an encouraging increase compared to the 0.34 value in 2010.
This change may be attributed to a series of policies announced by the Jinshan government
related to optimizing its industrial structure; these policies focus on promoting industrial
structure optimization, remediating polluting enterprises, managing rivers, and protecting
the environment [60]. The regions with the smallest value were Baoshan and Songjiang.
These are suburban areas of Shanghai, and while geographically superior to Jinshan, they
did not have favorable conditions to promote economic development.

To reflect the spatial distribution characteristics of urban vitality of Shanghai more
intuitively, this paper selects the calculated results of four years, 2010, 2013, 2016, and 2019,
to serve as cross-sectional data. Figure 4 displays these results as pictures using QGIS
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software (https://www.qgis.org/en/site/, accessed on 1 Jun 2021, version 3.20); QGIS
is open-source GIS software, which has been widely used in academic research [61]. In
QGIS, cross-sectional data are divided into five intervals by applying the principle of the
natural breakpoint method. The five intervals are defined as: the highest value, higher
value, medium value, lower value, and the lowest value.

2013

[0.454 - 0.454

2-0.355 £30.454 - 0.496

-0414
-0.479
-0.537
-0.589

B 0.496 - 0.511
0511 -0.55
(.55 - 0.611

2019

[£70.502 - 0.532
[70.532-0.619
B 0.619 - 0.681
0,681 - 0.738
- (.738-0.779

- 0.494
-0.511
-0.562
-0.598
-0.624

(c) (d)

Figure 4. Spatial distribution of urban vitality of Shanghai. (a) Spatial distribution of urban vitality in 2010. (b) Spatial
distribution of urban vitality in 2013. (c) Spatial distribution of urban vitality in 2016. (d) Spatial distribution of urban

vitality in 2019.

Figure 4 shows that the regional vitality of Shanghai follows a monocentric vital
pattern, with urban vitality declining from the central urban core to the city periphery. This
result is consistent with the findings of other scholars [28]. The regions included in the
highest value intervals include Huangpu, Jing’an, Changning, Xuhui, and Pudong Xinqu.
The final four in this list were only in the highest value intervals in 2016. The lowest value
intervals are seen for Chongming, Qingpu (2010, 2019), Jinshan (2013), Fengxian (2013),
and Baoshan (2019).

3.3. Spatial Analysis of Urban Vitality in Shanghai
3.3.1. Global Spatial Autocorrelation Analysis

Based on the evaluation results of urban vitality of 16 regions in Shanghai, GeoDa
(http:/ /geodacenter.github.io, accessed on 15 May 2021, version 1.18) software was used
to analyze the spatial correlation [62,63]. This part of the study used the cross-sectional
data for the four years of 2010, 2013, 2016, and 2019. Table 5 presents the Moran’s I index
and p-values for these years. The Moran’s I index was positive in all years, and the p-values
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of the Moran’s I index test were less than 0.05. These results demonstrated there is a
positive spatial correlation in space (between regions), and the vitality level of each region
is significantly influenced by the neighboring regions. Further, another trend emerged: the
Moran’s I indices for 2013, 2016, and 2019 increase year by year, signaling a strengthening
in the agglomeration of regional vitality levels in Shanghai.

Table 5. Results of the global spatial autocorrelation analysis in Shanghai.

2010 2013 2016 2019
Moran’s I 0.2864 0.1774 0.2083 0.2816
p-value 0.009 0.037 0.037 0.009
Z-value 2.614 2.009 2.014 2.617

3.3.2. Local Space Autocorrelation Analysis

The Moran’s I index measures the overall spatial correlation of urban vitality but does
not reveal its spatial heterogeneity patterns. As such, local space autocorrelation analysis is
used to explore the local distribution characteristics of urban vitality. This paper presents
the results in the form of a table, shown in Table 6.

Table 6. Moran scatterplot urban distribution in Shanghai.

2010 2013 2016 2019
HH Huangpu, Hongkou, Xuhui Huangpu, Xuhui ~ Huangpu, Xuhui, Changning Huangpu, Hongkou, Xuhui
HL Songjiang - - Jiading
LH - Hongkou - -
LL - Songjiang - -
Note: “-” means no data.

In terms of distribution characteristics, the “High-High” agglomerations are mainly
distributed in the central areas of Shanghai and include Huangpu, Xuhui, Hongkou (2010,
2019), and Changning (2016). These areas are characterized as having high levels of urban
vitality and are surrounded by areas with high levels of urban vitality. Geographically, the
districts located in the “High-High” agglomeration are adjacent to each other, forming a
linked area that supports each other and reflecting significant spatial diffusion effects [64].
“High-Low” agglomerations include Songjiang (2010) and Jiading (2019). These are areas
with a high level of urban vitality but are surrounded by regions with relatively low urban
vitality levels. A “Low-High” agglomeration includes Hongkou (2013), which is located in
central Shanghai. This area has the favorable geographical advantage of “being diffused”
and belongs to the transitional area. A “Low-Low” agglomeration includes Songjiang
(2013); in 2013, Songjiang and its surrounding areas were among the areas with low urban
vitality levels and experienced low-speed growth.

4. Conclusions

This study explores the changes in Shanghai’s urban vitality and its spatial charac-
teristics from 2010 to 2019. To do this, we evaluated the urban vitality of Shanghai and 16
administrative regions, and identified the spatial and temporal evolution of urban vitality
from 2010 to 2019. In the decade, Shanghai’s comprehensive index of urban vitality showed
an increasing trend, illustrating improvements in the urban vitality and the strengthening
of Shanghai’s competitiveness. The urban vitality of Shanghai shows a monocentric spatial
pattern, gradually decreasing from the central urban core to the periphery of the city. The
centers with high vitality are mainly concentrated in Huangpu, Jing’an, Xuhui, Changning,
and Pudong Xinqu. The spatial correlation analysis results reveal that the urban vitality of
Shanghai showed a significant positive spatial correlation in space. The regional vitality
was influenced by the neighboring regions.
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In the future development process, the Shanghai government should take effective
measures to enhance the vitality level of the suburbs, such as focusing on developing
suburban commerce and trade, increasing investment in social security, education, and
technology to attract the population, and building more urban green spaces and public
spaces to meet the needs of people’s activities.

In contrast to other studies that have evaluated urban vitality, this paper proposes a
new evaluation index system that reveals temporal and spatial changes in urban vitality
based on historical statistics and conducts a spatial correlation analysis of urban vitality.
The research framework of this paper provides a new perspective for the study of urban
vitality, which can make us better understand the connotations and evolution of urban
vitality. The effectiveness of the new evaluation method is also verified. This evaluation
system and research method provide a reference to support the development of other cities,
and the results can provide a basis for government decision-making when developing
relevant policies.

Like all studies, this one has certain limitations. For example, the method proposed
here focuses on the past and present status of urban vitality and does not predict the future
development trends. Expanding the method to facilitate the modeling of future trends is a
promising area for future studies.
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