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Abstract: Vitality can effectively test the quality of regional space, put forward the concept of
urban human settlement vitality, and explore the development status of urban human settlement
vitality space, which is of great significance in promoting the high-quality development of urban
human settlements. By constructing an evaluation index system of urban human settlement vitality
and comprehensively using projection pursuit models, spatial correlation analysis, and spatial
measurement models, the spatial pattern and influencing factors of the vitality of urban human
settlements in the four districts of Dalian were studied. The results are as follows: (1) The spatial
differentiation characteristics of the vitality of urban human settlements in Dalian are remarkable.
Overall, it gradually decreased from the city center to the administrative boundary. (2) The spatial
dependence of the vitality of urban human settlements among regions is relatively strong, with a
more obvious “Matthew effect”. Among them, urban human settlement vitality hot spots were mainly
distributed in the southeast of Dalian, showing a concentrated distribution trend, while the cold
spots were distributed in the northern fringe area of Dalian, with spatial homogeneity characteristics.
(3) Topography, ecological environment, social economy, commercial development, spatial structure,
spatial form, regional scale, etc. have different impacts on the vitality of urban human settlements.

Keywords: vitality; human settlements; projection pursuit model; spatial distribution; four districts
of Dalian

1. Introduction

Urban human settlements can effectively reflect the social and economic development
and material and cultural living standards of a country and region [1]. At present, the
process of urbanization in China is accelerating; the proportion of the urban population
has increased from 17.92% in 1978 to 64.72% in 2021, and the proportion of the urban
population will continue to grow. With the rapid increase in the number of people in the
city center, the urban spatial structure has undergone tremendous changes. Although
significant achievements have been made in China’s urban construction work, there are still
many unbalanced and insufficient problems in the construction and development process,
such as urban traffic congestion, housing shortages, environmental pollution, ecological
destruction, and a series of human settlement problems. These problems indicate that most
cities in China are currently in a sub-healthy state of development [2–5]. Urban human
settlements lack vitality. These human settlement problems hinder the development of the
growing need for a better life. Building a harmonious and livable city has gradually become
a new appeal. Urban vitality can effectively test urban spatial quality and distribution
characteristics [6,7], promote the construction of urban human settlements, and strengthen
the healthy and stable development of urban society and the economy.

The word “vitality” is derived from biology and is an abstract concept referring to the
ability of things to overcome, develop, and sustain [8]. So far, there has not been a widely
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accepted concept of the vitality of urban human settlements, and the related concepts
are only seen in research reports on urban vitality. Jacobs believed that the degree of
spatial agglomeration of borough residents can characterize urban vitality [9]. Montgomery
believes that activity, transactions, and diversity constitute urban vitality [10]. Miriam
believes that the diversified activities of urban residents and the intersection of social
networks make a region vibrant [11]. Although there is no clear conceptual definition of
municipal vitality, they all believe that urban vitality has a positive effect on the sustainable
development of cities [12].

Early research on urban vitality was primarily based on urban research theories from
a sociological perspective [13,14]. Since the 1990s, related research on urban vitality based
on the architectural perspective has gradually increased [15,16]. With the vigorous devel-
opment of big data, many scholars began to analyze urban vitality from multiple angles
and dimensions, using POI, Dianping, social media sign-in data, mobile phone signaling,
and other data [17–21], using projection pursuit models, fuzzy comprehensive evaluations,
spatial analyses, and other methods to measure urban vitality [22,23], and remarkable
progress has been made [24]. A large number of studies have proven that the vitality of
urban centers is relatively strong, and most of them present a single-center spatial distri-
bution pattern [25,26]. To date, many scholars have explored the vitality of cities [19,27],
showing that research content is gradually becoming comprehensive, research methods are
gradually diversified, research scales are gradually refined, and research data are gradually
diversified. However, there continue to be some deficiencies in research concepts and
indicators [28,29]. The main carrier of urban vitality research is the urban environment.
Urban residents are the main bodies of cities. Urban vitality mainly originates from a
series of residential activities, such as the production, life, leisure, and entertainment of
urban residents. Urban residents influence the urban residential environment. Residential
activities have the most obvious and profound impact. Therefore, exploring the vitality of
urban human settlements has both practical and theoretical significance. At present, few
scholars have combined the concepts of urban human settlements and urban vitality to
conduct specialized or conceptual research, and they have only mentioned them in related
fields. Combining the urban human settlements of urban vitality, understanding and
analyzing the vitality of urban human settlements, their spatial pattern, and influencing
factors is more helpful for promoting the healthy and sustainable development of the city
and providing reference suggestions for the construction of local human settlements.

Streets, on the original meaning, relate to a relatively wide road with houses on
both sides. The streets studied in this article are streets in the sense of administrative
divisions. The grassroots government organizations of the administrative management
system are areas where residents live relatively [30]. The quality of the street’s living
environment directly influences the quality of life of residents and overall urban human
settlements. Therefore, studying the vitality of urban human settlements in neighborhoods
has important theoretical and practical significance, whether it enriches the research on
urban human settlements or the urban planning and construction of human settlements.

This study aims to answer the following three questions: How do we determine
and measure the vitality of urban human settlements? What is the spatial distribution of
urban human settlement vitality? What are the factors influencing the vitality of urban
human settlements? To solve these three problems, this study proposes the vitality of urban
human settlements and the conditions for their production—for example, in Dalian, China,
multi-source data such as POI, digital elevation images, night lights, etc. By constructing an
evaluation index system for urban human settlement vitality, the projection pursuit model
was used to quantitatively analyze it and study the four aspects of Dalian. The spatial
distribution of the vitality of urban human settlements in the district explores its spatial
differentiation law and influencing factors and proposes relevant optimization strategies to
stimulate the vitality of urban human settlements.
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2. The Vitality of Urban Human Settlements
2.1. The Concept of Urban Human Settlements Vitality

The most important thing when analyzing the concept and connotation of urban
human settlement vitality is to analyze the concept of “vitality”. The term “vitality” refers
to vigorous vitality and the ability to develop things. This study combines urban human
settlements with urban vitality and operates under the belief that urban human settlement
vitality is the endogenous driving force for the development of urban human settlements.
It refers mainly to a city that is conducive to the development of human settlements and
is closely related to a healthy and sustainable living environment. The ability to develop
is a part of a city’s vitality. It is the intensity and state of information flow, material flow,
and energy flow exchange between urban residents and urban human settlements. It is
a manifestation of the healthy and high-quality operation of urban human settlements
and can comprehensively reflect the city, the status quo of the healthy development of
human settlements. The vitality of urban human settlements comes from a series of
activities of urban residents, which are the result of human settlement activities acting on
the human settlements.

The vitality of urban human settlements differs from that of cities and their quality
of urban human settlements. The vitality of urban human settlements is subordinate to
that of cities. The vitality of urban human settlements is an effective evaluation method to
measure the development status of urban human settlements which can effectively test the
spatial quality of urban human settlements. This study believes that a city with good living
environment vitality should have a sufficient population, a sound basic public service
system, and social and economic development in a high-quality and sustainable state.

2.2. Basic Conditions

Urban residents form the core of the vitality of urban human settlements. The series
of activities undertaken by urban residents has an impact on the urban space environment.
The quality of the urban space environment is an important condition for attracting urban
residents. Based on relevant research [12] and concept analysis, this study operates under
the belief that the three elements of urban human settlement vitality are urban residents,
human activities, and space (Figure 1).
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Figure 1. The three elements of urban human settlements vitality.

3. Data and Methods
3.1. Study Area

Dalian City is located at the southern end of Liaodong Peninsula, Liaoning Province
(120◦58′ E–123◦31′ E; 38◦43′ N–40◦10′ N). It is adjacent to Yingkou City in the north, facing
the Shandong Peninsula across the sea, and is adjacent to Japan, South Korea, North Korea,
and the Russian Far East. It is the window for opening up the outside world and the
largest port city in northeast China. It is also an important economy and trade hub in the
eastern coastal areas, ports, industries, and tourist cities (Figure 2). Dalian City includes ten
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administrative districts including Zhongshan District, Xigang District, Shahekou District,
Ganjingzi District, Lushunkou District, Jinzhou District, Changhai County, Wafangdian
City, Pulandian City, and Zhuanghe City. The total area of the city is 12,573.85 km2, and
the built-up area is 464.4 km2. The Statistical Bulletin of Dalian National Economic and
Social Development shows that in 2019, the permanent resident population of Dalian was
7,004,000, the GDP regional product was 700.17 billion yuan, and the annual per capita
disposable income of urban permanent residents was 46,468 yuan. In 2017, Dalian was
praised as “2017 Beautiful Landscape City”.
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As of the end of 2019, the urbanization rate of the registered population in Dalian was
67.59%, and the level of urbanization in Dalian has been constantly improving. It attaches
great importance to the healthy and orderly development of urbanization and provides the
basic conditions for the vitality of the urban living environment. Zhongshan District is the
financial and commercial center of Dalian, Xigang District is the administrative and cultural
center, Shahekou District is the center of science and education, and Ganjingzi District
plays an important role in the development strategy of Dalian’s westward expansion and
northward advancement. Therefore, this study chooses Dalian’s four districts as the main
research area.

3.2. Index System

Under the guidance of scientific principles, the systematic characteristics of the index
system, the regional characteristics of the research area, and the operability characteristics
of the indicators are used to construct an evaluation index system for the vitality of urban
human settlements. Jacobs believed that if a city has excellent vitality, the following
four conditions should be met: diversified service functions, shortest streets, long history,
dense buildings, and sufficient population [31]. Current research on urban vitality is
primarily based on two aspects: the urban built environment and urban human settlement
activities [17,19]. As China is in a stage of new-type urbanization, the urban population is
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gradually increasing, and the interaction and mutual influence between urban residents
and the urban environment is more obvious. Therefore, this study divides the vitality
of urban human settlements into the urban built environment, urban human settlement
activities, and interaction between the three dimensions of the human environment and
13 indicators (Table 1).

Table 1. Evaluation index system of urban human settlements vitality.

Target Layer Comprehensive
Layer Index Layer The Data Shows Calculation

Method
Data

Sources
Indicator
Attriutes

The vitality
of urban
human

settlements

Urban built
environment

Number of
cultural relics

protection units

Number of cultural relics
protection units in the area Overlay analysis a Positive

Road length Average road length between
two intersections in the area

Topological
method b Negative

Number of
intersections

Number of four-way
intersections in the area

Topological
method b Positive

Building
density

The ratio of the area of
buildings in the area to the

total area of the area

Building
area/area area b Positive

Urban Habitat
Activities

The population
density

Population per unit area
of land

Total
population/area c Positive

POI density POI point density in the area
Total

POI/Regional
Area

d Positive

POI Mix Index A total of eight categories of
POI mixed index Entropy index d Positive

Night light
index

Average light brightness in
the area

Average light
brightness index e Positive

Human and
environmental

interaction

Road network
density

The ratio of the total mileage
of the road network to the

area of the area

Road length/area
area b Positive

Metro station
density

Density of subway stations in
the area

Number of
subway

stations/area area
d Positive

Bus station
density

Density of bus stops in
the area

Number of bus
stops/area area d Positive

Road vacuum
Set 50 m and 30 m buffer
zones for railways and
highways, respectively

Buffer
area/regional area b Negative

River vacuum Establish a 20 m buffer zone
for rivers in the area

Buffer
area/regional area b Negative

Data sources: (a) National List of Key Cultural Relics Protection Units issued by the State Council (http://
www.gov.cn/, accessed on 20 September 2019); (b) Open Street Map download platform in 2018 (https://www.
openstreetmap.org/, accessed on 11 September 2019); (c) 2015 population spatial distribution raster data of
the Resource and Environment Science Data Center of the Chinese Academy of Sciences (http://www.resdc.
cn/Default.aspx, accessed on 1 October 2019); (d) 2018 AutoNavi Map Format POI (https://www.amap.com/,
accessed on 30 November 2018); (e) Npp Virrs night light data 2018 from the NGDC website (https://ngdc.noaa.
gov/eog/download.html, accessed on 28 September 2019).

Urban built environments and cultural relic protection units mostly refer to ancient
cultural sites, tombs, buildings, cave temples, and stone carvings with historical, artistic,
and scientific value. They are the cultural heritage of a region and represent its antique
culture. This foundation is of profound significance for attracting residents and visitors
and for promoting the development of regional vitality [32]. The length of the road and

http://www.gov.cn/
http://www.gov.cn/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
http://www.resdc.cn/Default.aspx
http://www.resdc.cn/Default.aspx
https://www.amap.com/
https://ngdc.noaa.gov/eog/download.html
https://ngdc.noaa.gov/eog/download.html
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the number of intersections can indicate, to a certain extent, the diversified characteristics
of the built environment in an area. A shorter road length and number of intersections in
an area can indicate that the residents of the area have more activity opportunities [33].
The density of buildings reflects the density and intensity of the living space and working
environment of residents in the area and provides basic support for the influx of large
numbers of people [34].

Urban human settlement activities and population density are important indicators
of urban human settlement activities and the vitality of urban human settlements [27].
A dense population per unit area indicates that sufficient human settlement activities
can be obtained. The POI density and POI mixed index can effectively reveal the spatial
distribution of basic urban public service facilities. Generally speaking, the greater the
density of POI, the greater the density of urban basic public service facilities, and the greater
the value of the POI mixing index, the more significant the diversity of urban public service
infrastructure [17,18]. The nighttime light index can be used to measure the intensity and
breadth of regional human settlement activities, and the average nighttime light index
reflects the status of knight human settlement activities in the region [35].

In human and environmental interactions, the density of a road network is used as an
indicator to evaluate urban accessibility [27]. The road network communicates the various
components of the city, strengthens the internal connections between cities, and provides
support for the travel activities of urban residents. Among them, bus and subway stations
are modern transportation methods that can improve residents’ travel efficiency and relieve
urban traffic pressure. This finding is significant. The vacuum of roads and rivers limits the
degree of human settlement activity to a certain extent.

3.3. Impact Factor Selection

The spatial differentiation pattern of urban human settlement vitality is not subject
to a single factor but is the result of multiple factors intertwining and influencing each
other. Many scholars have explored factors influencing urban vitality and its construction
strategies [36,37]. In the process of assessing the spatial pattern of urban vitality in the
middle reaches of the Yangtze River, Mao Weisheng explored the impact of university
resources, economic density, infrastructure construction, and the degree of informatization
on urban vitality [38]. Zhu Ying analyzed the spatial vitality of historical and cultural
cities based on five aspects: urban space, economic development, population distribution,
ecological environment, and social culture [39]. In addition, some scholars have proven
through research that housing prices have a significant effect on the spatial differentiation
pattern of urban commercial vitality [40].

In summary, this study selected topography (average altitude and topographic undu-
lation), ecological environment (vegetation coverage), social economy (average housing
price), commercial development (density of commercial facilities), spatial structure (space
compactness), spatial form (fractal dimension), and regional scale (total population of
the region), and eight factors were used as quantitative analysis factors for the vitality
of urban human settlements. The selected quantitative analysis factors were tested for
multicollinearity, and the results are presented in Table 2.

Table 2. Variance inflation factor (VIF) of each variable.

Factor VIF 1/VIF

Average altitude 4.76 0.21
Terrain relief 7.72 0.13

Vegetation coverage 1.71 0.58
Average house price 1.37 0.73

Density of commercial facilities 1.70 0.59
Compactness 6.37 0.16

Fractal dimension 3.36 0.30
Regional population 1.21 0.83
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Among them, the variance expansion factor (VIF) of the topographic undulation
degree is greater than 7.5, indicating that there is a multicollinearity relationship between
the variables; thus, it is eliminated. The final urban human settlement vitality impact
factors are presented in Table 3.

Table 3. Factors affecting the vitality of urban human settlements.

Variable Name Variable
Symbol Variable Description

Explained variable Human settlements
vitality V Projection pursuit model

calculation results

Explain variable

Topography X1 Average altitude

Ecological environment X2 Topographic undulation

Social economy X3 Average housing price

Business development X4 Density of
commercial facilities

Spatial structure X5 Compactness

Space form X6 Fractal dimension

Human capital X7 Regional population

3.4. Research Method
3.4.1. Projection Pursuit Model

The projection pursuit model is a novel statistical method for processing and analyzing
high-dimensional data. The basic idea is to project high-dimensional data onto a low-
dimensional space and optimize the projection objective function by establishing constraints
to find the original high-dimensional data. Find a projection that can reflect the structure
or characteristics of the original high-dimensional data and analyze the high-dimensional
data in a low-dimensional space [41], which is widely used in scientific research [42–44].
The calculation process is as follows:

(1) First, standardize the original data to eliminate the differences caused by different
dimensions.

Positive indicators:

x′ij = (xij −minxij)/(maxxij −minxij) (1)

Negative indicators:

x′ij = (maxxij − xij)/(maxxij −minxij) (2)

where x’ij is the value after normalization, xij is the original value, and max xij and min xij
are the maximum and minimum values of the original value, respectively.

(2) The projection index functions are established. The projection direction vector
of the urban human settlement vitality evaluation was set, and high-dimensional data
were projected into a one-dimensional space for analysis. Let a = (a1, a2, . . . aj) be the
projection direction vector of the m-dimensional data; then, the one-dimensional projection
eigenvalue zi is

zi =
m

∑
j=1

aj × xij, (0 ≤ i ≤ n) (3)

(3) A projection objective function was established. When optimizing the projection
feature value, the projection value zi is required to have the characteristics of small con-
centration and large dispersion. Therefore, it is used as the starting point to establish the
projection objective function.

Q(a) = SZDZ (4)
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SZ =

√√√√√ n
∑

i=1
(zi − E(z))2

n− 1
(5)

DZ =
n

∑
i=1

n

∑
j=1

(R− r(i, j))u(R− r(i, j)) (6)

where Sz and Dz are the standard deviation projected to zi and the local density, respectively;
E(z) is the average value of the urban human settlement vitality sequence zi (1 ≤ I ≤ n);
R is the window radius of the local density; r(i,j) represents the distance between samples,
where r(i,j) is the absolute value of zi − zj; the symbolic function u(R − r(i,j)) is the unit step
function; when R ≥ r(i,j), the function value is 1; and when R < r(i,j), the function value is 0.

(4) Optimization of projection objective functions. After the urban human settlement
vitality evaluation sample is determined, the change in direction of the projection objective
function Q(a) depends on the change in the projection direction vector a. To calculate the
optimal projection direction vector, it is necessary to pass the constraints and maximize the
solution projection objective function.

Maximize the projection objective function:

maxQ(a) = SzDz (7)

Restrictions:
p

∑
j=1

a2(j) = 1 (8)

This is a complex nonlinear optimization problem with a(j) = |j = 1~p as the optimiza-
tion variable, and it is difficult to deal with it using conventional optimization methods.
According to the classical genetic algorithm, the quantum genetic algorithm has the charac-
teristics of diversity; therefore, this study used the quantum genetic algorithm to perform
high-dimensional global optimization.

(5) The projection evaluation values were divided. Calculate the optimal projection
direction vector through constraint conditions and use its value as the weight value of the
index. Multiply the index weight value and the standardized value to obtain the evalu-
ation value of each system of urban human settlement activities and the comprehensive
evaluation value and sort according to its numerical value.

3.4.2. Spatial Autocorrelation Analysis

Spatial autocorrelation is the degree of interdependence between data on a certain area
unit and data on other area units. According to the first law of geography, we know that geo-
graphical factors are related to each other in spatial distribution, and there is agglomeration,
random, and regular distribution, which shows that geographical factors may be related
to each other due to the influence of spatial interaction and spatial diffusion. Therefore,
spatial autocorrelation analysis can effectively reveal the agglomeration characteristics of
urban human settlement vitality in the spatial distribution. Spatial autocorrelation analysis
includes both global and local autocorrelation.

Global spatial autocorrelation measures the overall dependence of observation data.
This study mainly used Moran’s I index to measure the spatial correlation degree of urban
human settlement vitality in the main urban districts of Dalian [45]. The calculation formula
is as follows:

Moran′s I =
n

n
∑

i=1
(xi − x)2

n
∑

i=1

n
∑

j=1
wij(xi − x)(xj − x)

n
∑

i=1

n
∑

j=1
wij

(9)

The value ranges of Moran’s I are generally between [−1, 1]. A negative value indicates
that the spatial distribution of urban human settlement vitality is negatively correlated. The
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larger the absolute value, the more obvious the spatial differential characteristics; when its
value is positive, it indicates that the spatial distribution of urban human settlement vitality
is positively correlated. The larger the value, the more noticeable the spatial agglomeration
characteristics; when the value is 0, it indicates that urban human settlement vitality is
irrelevant in the spatial distribution. n is the number of research areas, xi and xj represent the
vitality values of the urban human settlements in the i-th street and j-th street, respectively.
wij represents the spatial weight matrix, which is created using the rook method.

The Z value was used to inspect the global autocorrelation results. When Z > 1.96,
it means that it has a significant positive correlation in the spatial distribution; when
Z < −1.96, it means that it has a significant negative correlation in the spatial distribution;
when Z = 0, it means that it has no correlation.

Global autocorrelation can only assess the overall dependency state of geographical
objects in the spatial distribution and cannot characterize their agglomeration in the local
space. Therefore, local Getis-Ord G* must be utilized to analyze the spatial agglomeration
characteristics of urban human settlement vitality [46,47].

G∗i =

n
∑

i=1
wij(d)xi

n
∑

i=1
xi

(10)

where n is the number of research areas, xi represents the value of the vital elements of the
i-th street urban human settlement vitality, and wij represents the spatial weight matrix,
which was constructed using the rook method.

3.4.3. Spatial Measurement Model

The vitality of urban human settlements is highly spatially dependent and not spatially
independent. In other words, the vitality of a city’s human settlements is affected by the
vitality of its neighboring areas. Therefore, it is necessary to use a spatial regression model
to analyze the spatial spillover effect of the vitality of urban human settlements. There are
two common spatial regression models: spatial lag model (SLM) and spatial error model
(SEM) [48]. The spatial lag model was mainly used to explore whether there was a spatial
spillover effect and spatial error in the spatial distribution of urban human settlement
vitality. The model is mainly used to study whether the vitality of urban human settlements
is affected by the vitality of the surrounding area and its degree of influence.

The expression of the spatial lag model (SLM) is:

Y = ρWy + Xβ + ε (11)

The expression of the spatial error model (SEM) is:

Y = Xβ + ε (12)

ε = λWε + µ (13)

Y is the dependent variable vector, X is the explanatory variable matrix, W is the spatial
weight matrix, Wy is the spatial lagging dependent variable, ρ is the spatial regression
coefficient, λ is the spatial error coefficient, ε is the random error term vector, and µ is the
random error vector of the normal distribution.

4. Result Analysis
4.1. Spatial Distribution Characteristics of Vitality of Urban Human Settlements

Taking the urban human settlements vitality systems and comprehensive scores of
the streets in the four districts of Dalian as a data matrix and using the ArcGIS natural
breakpoint method to divide the 40 streets in the four districts of Dalian into five levels, the
classification results are shown in Figure 3.
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The high-quality urban built environment areas are mainly distributed on Renmin
Road, Qingniwa Bridge, Zhongshan Park, and Xinggong Street, with values ranging from
0.272 to 0.336. Urban built environment vitality presents a dual-core spatial distribution
pattern in the spatial distribution. Among them, Renmin Road has a large number of
cultural relics protection units, and its building has a long history. Compared with other
areas, it has a relatively strong cultural heritage, which can attract locals and foreign
tourists to watch and play. The built environments of the Qingniwa Bridge, Zhongshan
Park, and Xinggong Street were relatively excellent. First, shorter road length and denser
building density provide more convenient conditions and environmental support for urban
residents to carry out scheduled activities. The splendid old buildings, as carriers of cultural
heritage, attract more visitors, promote an increase in population flow, and thus promote
the improvement of street vitality.

The high-quality urban human settlement activity areas are mainly distributed in
Qingniwa Bridge and Guilin Street in Zhongshan District, Zhongshan Park and Xinggong
Street in Shahekou District, and Beijing Street in Xigang District. The value of urban human
settlement activities in high-quality districts ranged from 0.518 to 0.760. In space, the
spatial distribution pattern of the dual cores is shown, and it gradually decreases to the
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surroundings. Among them, the POI density value of Qingniwaqiao Street has an obvious
advantage (ranking first) among the 40 streets in the four districts. The POI mixed index
is relatively high, indicating that the basic public service facilities of Qingniwaqiao Street
are relatively densely distributed, and there are many types that provide strong support
for urban residents to participate in social, economic, political, and cultural activities. The
Guilin Sub-district has a relatively abundant population, ranking second in population
density, and the intensity of nighttime human settlement activities in the street is also
an advantageous position, providing a material basis for the development of regional
human settlement activities. The city function index (POI density) and population density
of Zhongshan Park Street rank higher (third and second), providing a material basis for
the vitality of regional human settlement activities and creating a good development
environment. Although the POI density, POI mixing index, population density, and night
light index of Xinggong Street were not significant, they also had certain advantages. In
addition, due to the radiation effect of its surrounding areas, such as Zhongshan Park Street
and Beijing Street, the vitality of urban residential activities in Xinggong Street is relatively
high. The vitality of urban human settlement activities in Beijing Street has obvious
advantages among the 40 streets in the four districts of Dalian. Among them, the population
density of Beijing Street ranks first, the POI density ranks second, and the night light index
ranks second. They have the material foundation and the corresponding environmental
conditions necessary for the vital development of regional human settlement activities.

The high-quality area for interaction between urban people and the environment is
Qingniwaqiao Street, with a value of 1.671, which suggests a single-core spatial distribution
structure in terms of spatial distribution. Among them, the density of bus stations and
subway stations in Qingniwaqiao Street occupied a clearly dominant position among the
40 streets in the four districts (all ranked first). Although road network density and river
vacuum do not have obvious advantages, they are all in the middle and upper levels.
It provides great convenience for urban residents to travel and effectively alleviates the
phenomenon of regional traffic congestion.

A total of 10 of the 40 streets in the four districts of Dalian have high-quality urban
human settlement vitality, including Qingniwa Bridge, Renmin Road, Guilin, and Kunming
streets in Zhongshan District; Beijing, Rixin, and People’s Square Streets in Xigang District;
and Zhongshan Park, Xinggong, and Chunliu Streets in Shahekou District, with values
between 1.753 and 2.726. Among them, the vitality value of the urban human settlement
vitality in Qingniwaqiao Street was the highest. This is the product of the interaction of the
three dimensions of the urban architectural environment, urban human settlement activities,
and the interaction between the urban people and the environment. Based on the three
dimensions of the urban architectural environment, urban human settlement activities,
and the interaction between urban people and the environment, Qingniwaqiao Street
has a distinct advantage among the 40 streets in the four districts of Dalian. The vitality
value of the urban human settlement environment in Yingchengzi Street is the lowest,
mainly because the values of the three comprehensive layers of the urban architectural
environment, urban human settlement activities, and the interaction between urban people
and the environment in Yingchengzi Street are obvious in the 40 streets in the four districts
of Dalian. The urban architectural environment of Yingchengzi Street and the interaction
between urban people and the environment ranked last among the 40 streets in the four
districts of Dalian.

Based on the various systems and comprehensive scores of urban human settlements
vitality in 40 streets in the four districts of Dalian, a three-dimensional scatter plot of urban
human settlements vitality is generated through Origin software (Figure 4), where the
X-axis represents the urban built environment, the Y-axis represents the urban human
settlements activities, and the Z-axis represents the interaction between humans and the
environment. As shown in Figure 4, the Qingniwa Bridge, Zhongshan Park, Guilin, and
Rixin Street have certain advantages in the three dimensions of the urban built environment,
urban human settlement activities, and the interaction between people and the environment.
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Dalianwan, Gezhenbao, and Yingchengzi Street are relatively disadvantaged in the three
dimensions of urban architectural environment, urban human settlement activities, and the
interaction between people and the environment.
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4.2. Cluster Characteristics of Vitality Space of Urban Human Settlements

The vitality of urban human settlements in the four districts of Dalian has an obvious
spatial dependence. The spatial weight matrix was constructed using the Rook method,
and the global Moran’s I value and related values of the vitality of urban human settlements
in the four districts of Dalian were calculated using GeoDa software. The global Moran’s
I value was 0.5092, the p value was 0.001, and the z value was 5.3208, passing the 99.9%
confidence test and rejecting the null hypothesis at a significance level of 0.1%, indicating
that the urban human settlement vitality in the four districts of Dalian presents a state of
uneven development in spatial distribution, and the interdependence between cities is
strong, with a more obvious “Matthew effect,” that is, a cluster-like distribution state in
spatial distribution.

The Getis-Ord Gi* spatial correlation index was used to explore the spatial agglomera-
tion status of urban human settlement vitality in the four Dalian districts. The larger the
Getis-Ord Gi* value, the more positive the distribution trend of the research sample, and
the higher the level of the surrounding areas. A progressive value, this area is a hotspot
for urban human settlement vitality. On the contrary, if this area is surrounded by lower-
level areas, it means that this area is a cold spot area of urban human settlement vitality.
According to Getis-Ord Gi*, urban human settlement vitality hotspots are divided into
seven categories (Figure 5). From Figure 5, it can be seen that the urban human settlements
vitality Getis-Ord Gi* of the four districts of Dalian City shows that the spatial distribution
of Getis-Ord Gi* deserves to be “southern”. The trend of “high in the north and low in
the east and the west” indicates that the trend of decreasing from southeast to northwest
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indicates that the vital hot spots of urban human settlements vitality in the four districts of
Dalian are mainly located in the southeast of the main urban area of Dalian.
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The vitality hot spots of the urban human settlements in the four districts of Dalian
are mainly distributed in Shahekou District, Xigang District, and Zhongshan District,
such as Qingniwa Bridge, Kunming, People’s Square, Zhongshan Park, and Beijing Street,
etc., showing a concentrated distribution pattern in space. The region has a relatively
high level of economic development, complete urban basic public service facilities, a
relatively abundant population, and a sound foundation for the vitality of urban human
settlements. The fringe areas of the four districts of Dalian, namely, Xinzhaizi, Gezhenbao,
Paoya, Nanguanling, and Quanshui Street, are regions where the vitality of urban human
settlements is cold. The overall level of urban human settlement vitality in this area is
weak and in terms of spatial distribution. Homogeneity characteristics exist. The vitality
of urban human settlements is lower in all dimensions than that in the surrounding areas.
The overall speed of development is relatively slow, and the vitality of the urban human
settlements is insufficient.

4.3. A Probe into the Factors Affecting the Vitality of Urban Human Settlements

OLS was used to analyze the factors affecting the vitality of urban human settlements,
and the analysis results are shown in Table 4. Among them, commercial development,
spatial structure, spatial form, and human capital are significant at the 1% level, and
social economy is significant at the 5% level. The topography, landform, and ecological
environment have not passed the significance level test; this shows that the above factors
are the main factors of the spatial differentiation pattern of urban human settlements
vitality in Dalian, which can explain 89.11% of the urban human settlements vitality spatial
differentiation pattern. Generally, commercial development, spatial structure, spatial form,
human capital, and social economy have a positive impact on the vitality of urban human
settlements. The richer the spatial form, the higher the socioeconomic level, and the flatter
the terrain, the higher the level of vitality of urban human settlements.

As shown in Table 5, the p values of the Breusch-Pagan and Koenker-Bassett statis-
tics are both greater than 0.05, indicating that the OLS model has heteroscedasticity. The
imbalance of factors such as the natural ecological environment, social and economic de-
velopment, spatial characteristics, and regional population size, as well as the interaction
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between regions, together contribute to the spatial distribution pattern of urban human
settlement vitality. To further explore the spatial effect of urban human settlement vital-
ity, an appropriate spatial measurement model was selected for analysis. As shown in
Tables 4 and 5, the log-likelihood ratios (LogL) of the spatial lag model and the spatial error
model are larger than those of the OLS model. In addition, the Akaike information criterion
(AIC) and Schwartz guidelines (SC) were smaller than those of the OLS model. To a certain
extent, the fitting effect of the spatial measurement model is better. Thus, it is feasible to
use a spatial measurement model to explore the vitality of urban human settlements.

Table 4. Regression results of the spatial measurement model.

Variable OLS SLM SEM

X1 −0.0004 −0.0006 −0.0004
X2 −0.3033 −0.3990 ** −0.3088
X3 0.0032 ** 0.0054 ** 0.0049 **
X4 0.0403 *** 0.0628 *** 0.0399 ***
X5 4.2607 *** 3.1152 *** 4.3145 ***
X6 2.4138 *** 1.6011 *** 2.4412 ***
X7 0.0051 *** 0.0073 *** 0.0023 ***
R2 0.9107 0.9294 0.9107

Adjust R2/ρ/λ 0.8911 0.3011 −0.0377
LogL 13.7332 17.9762 13.7375
AIC −11.4663 −17.9524 −11.4751
SC 2.0447 −2.7525 2.0360

Note: **, *** indicate significance at the 5%, and 1% levels, respectively.

Table 5. Diagnostic test of OLS model estimation results.

Test Statistics Statistics p-Value

Breusch-Pagan 6.0641 0.532
Koenker-Bassett 9.4137 0.224

LMLAG 7.7274 0.005
R-LMLAG 10.3172 0.001

LMERR 0.0028 0.958
R-LMERR 2.5926 0.109

Regarding the choice of the spatial measurement model, according to the diagnostic
test results of the OLS model (Table 5), it can be seen that the LMLAG passed the significance
test, while the LMERR failed the significance level test. R-LMLAG was more robust than
R-LMERR. It is more significant. Therefore, the spatial lag model was used to analyze the
factors affecting the spatial distribution pattern of the vitality of urban human settlements
in Dalian. According to Table 4, the spatial regression coefficient (ρ) of the spatial lag model
is 0.3011, which is significant at the 1% level, indicating that the vitality of urban human
settlements in Dalian has a significant spatial spillover effect; that is, the vitality of urban
human settlements is increased by 1%, and the vitality of urban human settlements in
neighboring areas is increased by 0.31%.

In terms of topography, analysis of the spatial lag model showed that the average
altitude was negatively related to the vitality of urban human settlements. Generally,
the smaller the average altitude, the better the vitality of urban human settlements. The
spatial layout of natural elements, such as the topography, forms the basis of the spatial
pattern of the urban built environment. Natural environmental elements affect the quantity
and quality of regional settlements and affect the spatial differentiation patterns of urban
human settlements.

In terms of the ecological environment, the analysis of the spatial lag model shows
that there is a negative barrier between regional vegetation coverage and the vitality of
urban human settlements. The ecological environment, such as green space and water
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systems, limits the intensity and scope of urban human settlement activities to a certain
extent, which will affect the vitality of urban human settlements.

In terms of social economy, through analysis, it was found that the social economy
has a positive effect on the vitality of urban human settlements, and it has passed the 5%
significance level test. In other words, the better the regional socioeconomic development
level, the higher the vitality of urban human settlements. The regional social economy
provides a source of funds for the construction of the urban built environment and economic
support for urban residents to carry out urban human settlement activities, and it promotes
the interaction between urban residents and the environment to have a certain degree of
impact on changes in the urban environment.

Commercially, it plays an important role in the development of cities. Urban residents
conduct shopping, entertainment, and other leisure activities, while commerce carries most
of the urban residential activities. The analysis of the spatial lag model verifies that there is
a positive correlation between the density of urban commercial facilities and the vitality
of urban human settlements, and, passing the 1% significance level test, convenient and
diverse commercial service facilities encourage urban residents to consume and entertain to
a certain extent a series of human settlement activities such as leisure and leisure activities
that have strengthened the exchange of material flow and information flow between regions,
thereby enhancing the vitality of urban human settlements.

In terms of spatial structure, whether the regional spatial structure is reasonable will
not only affect the production of urban human settlement activities but the “quality” of
urban human settlement activities. A reasonable regional spatial structure enhances the
comfort of urban residents. This affects the length of time that urban residents stay here,
creating conditions for more urban human settlement activities and enhancing the vitality
of the regional urban human settlements.

In terms of spatial form, the richer the urban spatial form, the richer the forms and
types of urban human settlement activities it carries, thereby promoting an improvement
in the vitality of urban human settlements. The estimation result of the spatial lag model
shows that the influence of the urban fractal dimension on the vitality of urban human
settlements is 0.047, which passes the 5% significance level test. In other words, the more
complex the shape of the urban spatial form, the higher the level of vitality of urban
human settlements.

In terms of human capital, the “quality” of urban residents is closely linked to the
vitality of urban human settlements. Generally speaking, the greater the number of high-
quality regional talents, the higher the vitality of urban human settlements. High-quality
talent is not just the core factor for improving the level of urban social and economic
development but is also the source of vitality for urban human settlements.

5. Discussion
5.1. Findings and Contributions

With the continuous development of China’s urbanization process, the urban pop-
ulation continues to increase, and the urban space continues to expand and restructure.
Coupled with the differences in the basis of urban development, the quality of urbanization
is uneven, a series of problems in the construction of urban human settlements exists, and
the vitality of urban human settlements provides a new research paradigm for solving the
problems of urban human settlements. This study uses 40 streets in the four districts of
Dalian as the basic research unit. Based on existing theories, this study analyzed the spatial
differentiation characteristics of urban human settlements in the core urban area of Dalian
and explored the factors affecting the vitality of urban human settlements. The research
and application of urban human settlements and urban vitality have certain innovative
significance and academic value.

Traditional measures and analyses of regional vitality are usually conducted using
statistical data, questionnaire surveys, and expert scoring [49,50]. Although it is convenient
to obtain regional vitality related data in this way for calculation and comparison, its
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accuracy is limited to some extent, leading to some differences in the research results. With
the development of the information age and the application of science and technology such
as big data, scholars have begun to use multivariate data to innovate research perspectives
and methods [40,51–53]. Based on relevant research, this paper puts forward the concept
of innovation of urban human settlement vitality and measures it with multi-source big
data. Research suggests that urban residents, urban human settlement activity, and the
city space environment are the three elements of urban human settlement vitality. Urban
residents, the core of urban human settlement vitality, produce a series of human activities
in the urban space environment, and the urban space environment in which residents
participate provides support for urban human activities. The three elements of urban
human settlement vitality are mutually influential and interactive.

It was found that the factors influencing urban human settlement vitality in Dalian
have chain effects, and its spatial pattern is the result of the interaction of many factors.
In general, the influencing factors of urban human settlement vitality can be divided
into four parts: natural environment factors, socio-economic factors, space form factors,
and population scale factors. The natural environment elements include the average
altitude and vegetation coverage; the socio-economic elements include the average value
of house prices, the density of commercial facilities, government policies, the degree of
informatization and industrial structure; the fractal dimension belongs to the elements
of spatial form; and the total regional population and human capital are the elements of
the population scale (Figure 6). Among them, natural environmental factors, such as the
basic elements, play an important role in the urban architectural environment and spatial
layout of the product of the interaction between urban residents and the environment.
As a supporting element, socio-economic factors provide economic sources for urban
residents to carry out a series of residential activities and also provide support for the
construction of urban architectural environments. As external elements, spatial form
elements provide environmental support for urban human settlement activities. As a
material element, the population size factor provides basic support for the vitality of urban
human settlements. An appropriate population size is conducive to increasing the intensity
of urban human settlement activities to promote the vitality of urban human settlements.
The four elements of the natural environment, social economy, spatial form, and population
size affect and interact with each other to jointly promote the development of vitality in
urban human settlements.
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5.2. Optimization Measures

Specific suggestions for the vitality development of urban human settlements in the
four districts of Dalian are as follows: (1) Create a good city brand. It focuses on creating
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a comfortable urban space environment, strengthening the construction of urban man-
agement teams, and combining the construction of a hard urban settlement environment
with the construction of soft urban settlements. On the other hand, paying attention to
regional, historical, and cultural construction gradually forms a regional brand image and
enhances regional attractiveness. (2) The vitality of urban human settlements had an obvi-
ous positive spatial dependence effect. Each region should strengthen its cooperation with
neighboring regions to achieve linkage cooperation. To achieve cross-regional cooperation
driven by policies, it is necessary to establish a comprehensive cooperation mechanism,
reach consensus on regional cooperation under its guidance, improve the transportation
network, build a comprehensive transportation network, and jointly promote infrastructure
construction. (3) The three-industry structure of Dalian in 2018 was 6.6:38.1:55.3, indicating
that tertiary industry has become the main pillar of Dalian’s economic growth. It is essential
to accelerate the optimization and upgrading of industrial structures and provide more
information for the development of the modern service industry.

5.3. Limitations

This study combines urban human settlements with urban vitality, analyzes the con-
cept and connotation of urban human settlement vitality, and expands the research field of
urban human settlements to a certain extent. However, urban human settlements are an
open and complex giant system, and their vitality has characteristics such as complexity
and chaos, which leads to certain limitations of research. First, this study is limited to the
availability of data, the impact of government policies and other indicators are difficult to
quantify, and the vitality evaluation index of urban human settlement needs to be further
improved. In addition, the vitality of human settlements has evident scale effects, and
the vitality of human settlements at different scales has different characteristics. There
is an urgent need to conduct research on the vitality of urban human settlements at the
scale of a municipality, urban area, block, community, and village or town and to explore
the scale effect of the vitality of human settlements at different scales. Because of the
limitation of data acquisition means, it is difficult to conduct research at a more micro
scale. In the future, we can combine a variety of data means and use big data such as
Baidu thermal data [54] to promote the high-quality integration of multi-source data and
explore the spatial distribution characteristics and influencing factors of the vitality of
urban human settlements at a more micro scale [51]. Finally, the COVID-19 pandemic has
had a significant impact on global urban construction, limiting urban residents’ travel and
other activities, thus affecting the vitality of urban human settlements [55,56]. However,
the impact of the COVID-19 pandemic on the vitality of urban human settlements was not
considered in this study, because it was before the epidemic. The impact of COVID-19 on
the vitality of urban human settlements will be explored further in the future. In view of
the above limitations, the vitality of urban human settlements should be studied in the
future to provide a reference for urban fine management.

6. Conclusions

In the past, most relevant research on cities has focused on macro-and micro-scales,
and there has been no relevant research on the micro scale. As the urban grassroots
management organization, the sub-district office explored the current situation regarding
the vitality of the entire residential environment in the street, paid attention to the dialectical
relationship between the whole and parts, analyzed the spatial differentiation pattern and
influencing factors of the vitality of the residential environment in the street, carried out the
vitality construction of street residential environments, and used the development of street
human settlement vitality to promote the development of urban overall residential vitality.

The city center shows a high vitality of urban human settlements in terms of the
urban architectural environment, urban human settlement activities, interaction between
people and activities, and comprehensive dimensions. Overall, the vitality of urban human
settlements gradually decreases from the city center to the administrative boundary, which
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is similar to Sung’s conclusion [25], showing a spatial distribution trend of “high in the
east and low in the west, high in the south, and low in the north”. The vitality of urban
human settlements presents unbalanced development in space, and the inter-regional
interdependence is strong, with a relatively obvious “Matthew effect”. Vitality hotspots of
urban human settlements in the main urban area of Dalian are mainly distributed in the
southeast. The spatial differentiation pattern of the vitality of urban human settlements
is the result of multiple factors intertwining and influencing each other [19]. Commercial
development, spatial structure, spatial form, and human capital are significant influencing
factors, similar to the conclusions of previous studies [52].

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

Funding: This research was funded by the National Natural Science Foundation of China (grant:
number 41671158).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References
1. Li, X.; Liu, H. The Influence of Subjective and Objective Characteristics of Urban Human Settlements on Residents’ Life Satisfaction

in China. Land 2021, 10, 1400. [CrossRef]
2. Wang, L.; Fan, H.; Wang, Y. An estimation of housing vacancy rate using NPP-VIIRS night-time light data and OpenStreetMap

data. Int. J. Remote Sens. 2019, 40, 8566–8588. [CrossRef]
3. Huang, Z.; He, C.; Zhu, S. Do China’s economic development zones improve land use efficiency? The effects of selection, factor

accumulation and agglomeration. Landsc. Urban Plan. 2017, 162, 145–156. [CrossRef]
4. Jiang, Y.; Mohabir, N.; Ma, R.; Zhu, P. Sorting through Neoliberal Variations of Ghost Cities in China. Land Use Policy 2017,

69, 445–453. [CrossRef]
5. Deng, C.; Ma, J. Viewing urban decay from the sky: A multi-scale analysis of residential vacancy in a shrinking U.S. city. Landsc.

Urban Plan. 2015, 141, 88–99. [CrossRef]
6. Shi, J.; Miao, W.; Si, H.; Liu, T. Urban Vitality Evaluation and Spatial Correlation Research: A Case Study from Shanghai, China.

Land 2021, 10, 1195. [CrossRef]
7. Pan, H.; Yang, C.; Quan, L.; Liao, L. A New Insight into Understanding Urban Vitality: A Case Study in the Chengdu-Chongqing

Area Twin-City Economic Circle, China. Sustainability 2021, 13, 10068. [CrossRef]
8. Luo, S.; Zhen, F. How to evaluate public space vitality based on mobile phone data: An empirical analysis of Nanjing’s parks.

Geogr. Res. 2019, 38, 1594–1608. [CrossRef]
9. Jacobs, J. The Death and Life of Great American Cities; Random House: New York, NY, USA, 1961.
10. Montgomery, J. Editorial Urban Vitality and the Culture of Cities. Plan. Pract. Res. 1995, 10, 101–110. [CrossRef]
11. Chion, M. Producing Urban Vitality: The Case of Dance in San Francisco. Urban Geogr. 2009, 30, 416–439. [CrossRef]
12. Yue, W.; Chen, Y.; Zhang, Q.; Liu, Y. Spatial Explicit Assessment of Urban Vitality Using Multi-Source Data: A Case of Shanghai,

China. Sustainability 2019, 11, 638. [CrossRef]
13. Palmer, J.S.; Lynn, L.E. A Theory of Urbanity: The Economic and Civic Culture of Cities. J. Policy Anal. Manag. 1999, 18, 528–532.

[CrossRef]
14. Lopes, M.N.; Camanho, A.S. Public Green Space Use and Consequences on Urban Vitality: An Assessment of European Cities.

Soc. Indic. Res. Int. Interdiscip. J. Qual. Life Meas. 2013 113, 751–767. [CrossRef]
15. Delclòs-Alió, X.; Gutiérrez, A.; Miralles-Guasch, C. The urban vitality conditions of Jane Jacobs in Barcelona: Residential and

smartphone-based tracking measurements of the built environment in a Mediterranean metropolis. Cities 2019, 86, 220–228.
[CrossRef]

16. Dong, Y.H.; Peng, F.L.; Guo, T.F. Quantitative assessment method on urban vitality of metro-led underground space based on
multi-source data: A case study of Shanghai Inner Ring area. Tunn. Undergr. Space Tech. 2021, 116, 104108. [CrossRef]

17. Yue, Y.; Zhuang, Y.; Yeh, A.G.O.; Xie, J.Y.; Ma, C.L.; Li, Q.Q. Measurements of POI-based mixed use and their relationships with
neighbourhood vibrancy. Int. J. Geogr. Inf. Sci. 2016, 31, 658–675. [CrossRef]

18. Jin, X.; Long, Y.; Sun, W.; Lu, Y.; Yang, X.; Tang, J. Evaluating cities’ vitality and identifying ghost cities in China with emerging
geographical data. Cities 2017, 63, 98–109. [CrossRef]

http://doi.org/10.3390/land10121400
http://doi.org/10.1080/01431161.2019.1615655
http://doi.org/10.1016/j.landurbplan.2017.02.008
http://doi.org/10.1016/j.landusepol.2017.09.001
http://doi.org/10.1016/j.landurbplan.2015.05.002
http://doi.org/10.3390/land10111195
http://doi.org/10.3390/su131810068
http://doi.org/10.11821/dlyj020180756
http://doi.org/10.1080/02697459550036649
http://doi.org/10.2747/0272-3638.30.4.416
http://doi.org/10.3390/su11030638
http://doi.org/10.1002/(SICI)1520-6688(199922)18:3&lt;528::AID-PAM19&gt;3.0.CO;2-R
http://doi.org/10.1007/s11205-012-0106-9
http://doi.org/10.1016/j.cities.2018.09.021
http://doi.org/10.1016/j.tust.2021.104108
http://doi.org/10.1080/13658816.2016.1220561
http://doi.org/10.1016/j.cities.2017.01.002


Land 2022, 11, 646 19 of 20

19. Long, Y.; Huang, C. Does block size matter? The impact of urban design on economic vitality for Chinese cities. Environ. Plan. B
Urban Anal. City Sci. 2017, 46, 406–422. [CrossRef]

20. Chao, W.; Ye, X.; Fu, R.; Du, Q. Check-in behaviour and spatio-temporal vibrancy: An exploratory analysis in Shenzhen, China.
Cities 2018, 77, 104–116. [CrossRef]

21. Wang, B.; Feng, Z.; Wei, Z.; Guo, S.; Chen, T. A theoretical framework and methodology for urban activity spatial structure in
e-society: Empirical evidence for Nanjing City, China. Chin. Geogr. Sci. 2015, 25, 672–683. [CrossRef]

22. Liu, S.; Zhang, L.; Long, Y. Urban Vitality Area Identification and Pattern Analysis from the Perspective of Time and Space Fusion.
Sustainability 2019, 11, 4032. [CrossRef]

23. Xia, C.; Yeh, A.G.O.; Zhang, A.Q. Analyzing spatial relationships between urban land use intensity and urban vitality at street
block level: A case study of five Chinese megacities. Landsc. Urban Plan. 2020, 193, 103669. [CrossRef]

24. Lu, S.; Shi, C.; Yang, X. Impacts of Built Environment on Urban Vitality: Regression Analyses of Beijing and Chengdu, China.
Int. J. Environ. Res. Public Health 2019, 16, 4592. [CrossRef] [PubMed]

25. Sung, H.G.; Go, D.H.; Chang, G.C. Evidence of Jacobs’s street life in the great Seoul city: Identifying the association of physical
environment with walking activity on streets. Cities 2013, 35, 164–173. [CrossRef]

26. Sung, H.; Lee, S. Residential built environment and walking activity: Empirical evidence of Jane Jacobs’ urban vitality. Transp. Res.
Part D Transp. Environ. 2015, 41, 318–329. [CrossRef]

27. Zeng, C.; Song, Y.; He, Q.; Shen, F. Spatially explicit assessment on urban vitality: Case studies in Chicago and Wuhan. Sustain.
Cities Soc. 2018, 40, 296–306. [CrossRef]

28. Ravenscroft, N. The Vitality and Viability of Town Centres. Urban Stud. 2000, 37, 2533–2549. [CrossRef]
29. Zarin, S.Z.; Niroomand, M.; Heidari, A.A. Physical and Social Aspects of Vitality Case Study: Traditional Street and Modern

Street in Tehran. Procedia-Soc. Behav. Sci. 2015, 170, 659–668. [CrossRef]
30. Qi, W.; Wang, K. City administrative area and physical area in China: Spatial differences and integration strategies. Geogr. Res.

2019, 38, 207–220. [CrossRef]
31. Wang, N.; Wu, J.; Li, S.; Wang, H.; Peng, Z. Spatial Features of Urban Vitality and the Impact of Built Environment on Them Based

on Multi-Source Data: A Case Study of Shenzhen. Trop. Geogr. 2022, 41, 1280–1291. [CrossRef]
32. King, K. Jane Jacobs and ‘The Need for Aged Buildings’: Neighbourhood Historical Development Pace and Community Social

Relations. Urban Stud. 2013, 50, 2407–2424. [CrossRef] [PubMed]
33. Hess, P.M.; Moudon, A.V.; Snyder, M.C.; Stanilov, K. Site design and pedestrian trave. Transp. Res. Rec. J. Transp. Res. Board 1999,

1674, 9–19. [CrossRef]
34. Ye, Y.; Li, D.; Liu, X. How block density and typology affect urban vitality: An exploratory analysis in Shenzhen, China.

Urban Geogr. 2018, 39, 631–652. [CrossRef]
35. Zheng, Q.; Zeng, Y.; Deng, J.; Wang, K.; Jiang, R.; Ye, Z. “Ghost cities” identification using multi-source remote sensing datasets:

A case study in Yangtze River Delta. Appl. Geogr. 2017, 80, 112–121. [CrossRef]
36. Wu, W.; Niu, X. Influence of Built Environment on Urban Vitality: Case Study of Shanghai Using Mobile Phone Location Data.

J. Urban Plan. Dev. 2019, 145, 4019007. [CrossRef]
37. Xin, L.; Yuan, L.; Tao, J.; Lin, Z.; Hamzi, L.H. The six dimensions of built environment on urban vitality: Fusion evidence from

multi-source data. Cities 2022, 121, 103482. [CrossRef]
38. Mao, W.; Zhong, Y. Spatial pattern and influencing factors of urban vitality in the middle reaches of the Yangtze River.

World Reg. Stud. 2020, 29, 86–95. [CrossRef]
39. Zhu, Y.; Li, Q.; Chen, L. Spatial vitality analysis and planning application of famous historical and cultural cities based on

multi-source data—Taking the old city of Enshi as an example. Dev. Small Cities Towns 2019, 37, 89–97. [CrossRef]
40. He, Q.; He, W.; Yan, S.; Wu, J.; Yin, C.; Mou, Y. The impact of urban growth patterns on urban vitality in newly built-up areas

based on an association rules analysis using geographical ‘big data’. Land Use Policy 2018, 78, 726–738. [CrossRef]
41. Deng, M.; Chen, J.; Tso, F.; Zhu, J.; Wang, M. On the Coupling and Coordination Development between Environment and

Economy: A Case Study in the Yangtze River Delta of China. Int. J. Environ. Res. Public Health 2022, 19, 586. [CrossRef]
42. Hou, C.; Chen, H.; Long, R. Coupling and coordination of China’s economy, ecological environment and health from a green

production perspective. Int. J. Environ. Sci. Technol. 2022, 19, 4087–4106. [CrossRef]
43. Bradford, E.; Schweidtmann, A.M.; Lapkin, A. Efficient multiobjective optimization employing Gaussian processes, spectral

sampling and a genetic algorithm. J. Glob. Optim. 2018, 71, 407–438. [CrossRef]
44. Gong, D.W.; Jing, S.; Miao, Z. A Set-Based Genetic Algorithm for Interval Many-Objective Optimization Problems. IEEE Trans.

Evol. Comput. 2018, 22, 47–60. [CrossRef]
45. Guo, H.; Xu, S.; Pan, C. Measurement of the Spatial Complexity and Its Influencing Factors of Agricultural Green Development in

China. Sustainability 2020, 12, 9259. [CrossRef]
46. Li, G.; Fang, C.; Wang, S. Exploring spatiotemporal changes in ecosystem-service values and hotspots in China. Sci. Total Environ.

2016, 545–546, 609–620. [CrossRef]
47. Xiang, Q.; Yu, H.; Xu, X.; Huang, H. Temporal and Spatial Differentiation of Cultivated Land and Its Response to Climatic Factors

in Complex Geomorphic Areas—A Case Study of Sichuan Province of China. Land 2022, 11, 271. [CrossRef]
48. Feng, C.; Zhang, H.; Xiao, L.; Guo, Y. Land Use Change and Its Driving Factors in the Rural–Urban Fringe of Beijing: A

Production–Living–Ecological Perspective. Land 2022, 11, 314. [CrossRef]

http://doi.org/10.1177/2399808317715640
http://doi.org/10.1016/j.cities.2018.01.017
http://doi.org/10.1007/s11769-015-0751-4
http://doi.org/10.3390/su11154032
http://doi.org/10.1016/j.landurbplan.2019.103669
http://doi.org/10.3390/ijerph16234592
http://www.ncbi.nlm.nih.gov/pubmed/31756945
http://doi.org/10.1016/j.cities.2013.07.010
http://doi.org/10.1016/j.trd.2015.09.009
http://doi.org/10.1016/j.scs.2018.04.021
http://doi.org/10.1080/00420980020080681
http://doi.org/10.1016/j.sbspro.2015.01.068
http://doi.org/10.11821/dlyj020180881
http://doi.org/10.13284/j.cnki.rddl.003406
http://doi.org/10.1177/0042098013477698
http://www.ncbi.nlm.nih.gov/pubmed/24163485
http://doi.org/10.3141/1674-02
http://doi.org/10.1080/02723638.2017.1381536
http://doi.org/10.1016/j.apgeog.2017.02.004
http://doi.org/10.1061/(ASCE)UP.1943-5444.0000513
http://doi.org/10.1016/J.CITIES.2021.103482
http://doi.org/10.3969/j.issn.1004-9479.2020.01.2018442
http://doi.org/10.3969/j.issn.1009-1483.2019.06.013
http://doi.org/10.1016/j.landusepol.2018.07.020
http://doi.org/10.3390/ijerph19010586
http://doi.org/10.1007/s13762-021-03329-8
http://doi.org/10.1007/s10898-018-0609-2
http://doi.org/10.1109/TEVC.2016.2634625
http://doi.org/10.3390/su12219259
http://doi.org/10.1016/j.scitotenv.2015.12.067
http://doi.org/10.3390/land11020271
http://doi.org/10.3390/land11020314


Land 2022, 11, 646 20 of 20

49. Wang, S.; Ding, L.; Ye, X.; Qiang, C.; Xiaorong, J. Fuzzy comprehensive evaluation on the urban vitality—A case of the main cities
in Hubei Province. J. Cent. China Norm. Univ. (Nat. Sci.) 2013, 47, 440–445. [CrossRef]

50. Lv, M. The Construction and Evaluation for the City Vigor Index System. Master’s Thesis, Dongbei University of Finance and
Economics, Dalian, China, 2011.

51. Yang, Y.; Ma, Y.; Jiao, H. Exploring the Correlation between Block Vitality and Block Environment Based on Multisource Big Data:
Taking Wuhan City as an Example. Land 2021, 10, 984. [CrossRef]

52. Lan, F.; Gong, X.; Da, H.; Wen, H. How do population inflow and social infrastructure affect urban vitality? Evidence from
35 large- and medium-sized cities in China. Cities 2020, 100, 102454. [CrossRef]

53. Kim, Y. Data-driven approach to characterize urban vitality: How spatiotemporal context dynamically defines Seoul’s nighttime.
Int. J. Geogr. Inf. Sci. IJGIS 2020, 34, 34–1235. [CrossRef]

54. Zikirya, B.; He, X.; Li, M.; Zhou, C. Urban Food Takeaway Vitality: A New Technique to Assess Urban Vitality. Int. J. Environ. Res.
Public Health 2021, 18, 3578. [CrossRef] [PubMed]

55. Zhang, W.; Zhuo, H.; Dong, Z. Labor shortage during the COVID-19 pandemic: Revisiting China’s labor migration and work
resumption policies. China Popul. Resour. Environ. 2020, 30, 29–39. [CrossRef]
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