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Abstract: For megacities, they are in a period of transformation from extensive development to smart
growth. Recognizing new characteristics and new changes of the residential space in megacities
under the backdrop of new development has great practical significance for realizing the sustainable
development of the city. As the only megacity in Northeast China, Shenyang was selected to be the
research object, with 1989-2018 as the research period. The research comprehensively used multiple
spatial representation methods and statistical methods to study the residential space pattern and
driving factors in Shenyang City. The results showed that: (1) Residential space expansion can be
divided into four stages: slow development, rapid expansion, speedy expansion, and stable extension.
(2) The residential space structure presented a spatial evolution characteristic of overall expansion,
forming multiple secondary core density centers. The east-west direction had a larger extension
range than the northeast-southwest direction. There was an axisymmetric zonal distribution on both
sides of the Hun River. (3) The agglomeration of different residential forms was obvious, and the
spatial heterogeneity was increasingly stronger. (4) Urban planning measures and economic strength
were the main driving forces of residential space expansion.

Keywords: residential space; structural evolution; multiple linear regression analysis; Shenyang City

1. Introduction

As an important aspect of improving people’s livelihood, housing has long attracted
widespread attention from the country and the wider society [1,2]. Since China’s reform
and opening up, urbanization and industrialization have developed rapidly, and the
scale and spatial structure of cities has expanded significantly [3,4]. Many megacities
have been born, and the expansion structure and form of residential space are constantly
changing [5,6]. However, with the increase in urban land saturation, some cities have
encountered unsustainable development problems such as disorderly expansion, low land-
use efficiency, and so on [7]. The national “13th Five-Year Plan” outline put forward the
goal of “optimizing the spatial layout of housing construction, significantly improving
living quality, transforming and upgrading housing construction mode”. In the context of
rapid urbanization, it is a top priority for China in the transitional period to systematically
analyze the status quo of housing, implement refined management of urban development,
and realize the sustainable development of residential space [8]. Urban residential space
as people’s living communication activities carrier is an important part of urban space.
It is not only the spatial combination of buildings but also the social system of human
activities [9]. Its evolution process and form are complementary to the evolution of the
whole city, deeply affecting the quality of the human settlement environment.
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The unprecedented activity of global urban construction has made scholars generally
pay attention to the impact on residential space [10]. The study of residential space origi-
nated after the Western Industrial Revolution. With the acceleration of industrialization, a
huge number of people gathered into cities, and urban functions were complicated, which
also brought about urban problems such as housing congestion, environmental deteriora-
tion, as well as serious social problems such as the slums and social polarization [11,12].
Therefore, theoretical exploration and practical problem solving emerged. Research on
the theory of residential space mainly began in the late 19th century. Social activists led
to utopian socialist urban planning ideas, such as the “Pastoral City Theory”, “Union
New Village” and “Daylight Port” [13]. Developed in the 1980s, five schools gradually
formed: ecological [14,15], neoclassical [16,17], behavioral [18], Marxist structural [19],
and institutional [20]. According to the existing international theoretical models, Chinese
scholars relied on the Marxist Structural School to deepen and put forward the theory of
“social-spatial unity”, which has been widely recognized as the theoretical basis of Chi-
nese urban residential space differentiation [21]. At the same time, there were theoretical
studies based on the comparative analysis of the social space differences of countries with
different systems, such as the social-spatial differences of “socialist transition countries”
and “post-socialist cities”, such as in Eastern Europe and the former Soviet Union [22,23].
The practical research of urban residential space was mostly related to practical issues
such as energy, economic society, ethnic and economic system influencing factors, which
can diversify the research perspectives and deepen the content. For example, there were
studies on the impact of residential buildings and urban forms on energy consumption,
the compactness of urban forms affected urban traffic, energy, and the formation of urban
heat islands [24,25]. Residential space differentiation characteristics and suburbanization
of different income groups, segregation in urban poverty-stricken areas, and mixed living
conditions among different races had also been studied [26-31]. The evolution of world
urban networks, urban shrinkage, and spatial evolution of human settlements are also hot
spots by scholars [32-39]. With the rapid development of science and technology, data
collection is more extensive, such as questionnaires, night light data, land cover data, real
estate network data, etc. Research methods are gradually diversified, such as principal
component analysis, structural equation model, spatial measurement model, etc. Scholars
have conducted a large number of empirical studies on the status quo of spatial layout,
evolution processes, spatial differentiation, spatial expansion, and driving mechanism
through multiple technical means and multi-data fusion [40-43].

China’s political and economic system is in a period of transformation, shifting from a
socialist planned economy to a socialist market-oriented economy. The housing system
has gradually shifted from “a plan” to “a market”. The expansion and evolution of
residential space closely revolve around the housing system. Due to the derailment of
the economic system and marketization, the Northeast China development was once in
trouble [44]. Shenyang, the capital of Liaoning Province, is one of the national heavy
industrial bases mainly built by the state in the early days of the founding of the People’s
Republic of China and is an important central city in Northeast China [45]. As a typical
megacity in China, Shenyang is the only megacity in China’s Bohai Rim region and the
three northeastern provinces. It has invested heavily in the real estate market in recent
years, and the urban space has been sprawling disorderly, which has kept housing prices
at a relatively low level among cities of the same scale, which indicates unreasonable
problems in its residential space structure. Therefore, it is particularly important to reveal
and summarize the expansion mechanism of residential space in megacities. Shenyang
is currently experiencing urban development challenges combining internal and external
renewal. Research in this area is very typical and representative. Clarifying the evolution
mode and driving mechanism of the expansion of residential space in Shenyang City in
the new development period is of great practical significance for exploring the sustainable
development of residential space in megacities around the world.
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2. Study Area and Data
2.1. Study Area

Shenyang is located in the central part of Liaoning Province, in the transition zone
between Changbai Mountain and the Liaohe River alluvial plain [46]. It covers an area
of 12,948 km? and is rich in water resources, belonging to two major water systems,
namely Liaohe River and Hun River. The terrain is flat, the east and north are mostly hilly
mountains. The overall terrain has a trend of sloping from northeast to southwest and
both sides to the middle. There is a temperate semi-humid continental climate with four
distinct seasons [47]. By the end of 2019, Shenyang had a permanent resident population
of 8.322 million and an urbanization rate of 81%. In 2019, the GDP of the region was
647.93 billion CNY. Referring to the definition of a central city in Shenyang City Master
Plan (2011-2020), this study limited its research scope within the fourth ring road of
Shenyang, including nine districts: Tiexi, Dadong, Heping, Shenhe, Huanggu, Sujiatun,
Yuhong, Shenbei New, and Hunnan Districts, covering an area of approximately 1545 km?
(Figure 1).
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Figure 1. Administrative division and basic elements map of Shenyang.

Due to its basic plain terrain features, Shenyang has had a spatial form reflecting an
inner square and outer circle since ancient times. Shenyang was positioned as an industrial
city, the railway runs through the city center, and each functional interval is distinctly
separated. In the urban fringe area, after successive measures, such as the expansion of
the industrial park and workers village, promoting a large agglomeration and transfer
of population, planning layout structure across the river development, which has greatly
extended and changed the living space.

2.2. Data Source

The residence data from nine districts of Shenyang was collected on 31 December
2018, including the administrative district, business district, completion time, property,
and real estate development companies, the average price of housing, number of buildings,
building type, and longitude and latitude. 2768 samples were obtained. After data cleaning
and correction, 2255 sets of valid data were filtered out. ArcGIS10.2 was used for spatial
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processing of other basic elements, and classification and registration were supervised by
remote sensing images (Table 1).

Table 1. Data description.

Data Type Year Source Pretreatment
Mai Collect other four websites to eliminate
https:/ /S}IL " incorrect data, combine with high-resolution
Residence data 2018 ps: o the}selco remote sensing images and Baidu’s online
(anjuke.com, soufang.com, fang.com, and 58.com) map to spat%ally correct data, carry qut a
geographical trend surface analysis.
Natural element data 2019 h]t:t}zsr S/ ; \/N nqu :x'.etjaqritcl;glc.gcm / Use the same Google Earth image to further
Traffic network data 2019 Pz/v-ww g‘glzl'o; d Cl’.l / correct and supplement the data.
Administrative division data 2019 http://www.Inditu.gov.cn/main/index.html
Obtain other relevant official publications,
Statistical panel data 2019 Shenyang Urban Statistical Yearbook (2002-2018) and official websites to ensure the accuracy
of the data.
3. Models and Methods
3.1. Spatially Extended Feature Model
3.1.1. Classification Standard of Residential Community Form
Previous studies on residential space differentiation are mainly based on housing
price or property right type. However, with the reform of the housing system and the
growth of the national economy, people are no longer concerned about whether they
have a place to live in, but about living more comfortably and improving their quality
of life. During residential space expansion in Shenyang, studying the residential form
can directly reflect the development quality of each stage, help the rational layout of
the city, and provide a deeper understanding of the construction characteristics of each
administrative unit. This study referenced the classification method by Sun, combined
with five elements: district closure, property right years, building structure, property
type, and building volume ratio [48]. The residential district form was divided into five
categories: dispersed communities, single closed communities, villas, mixed communities,
and integrated commercial and residential communities (Table 2).
Table 2. Classification standard of the residential communities.
Prop;zt;rrg{ight District Closure Building Structure Building Type Property Type Flooré\r l:;eRaﬁo
Dispersed Brick mix, Low-rise, . Medium low,
community 70 Open steel mix multi-story Residence medium
; Brick mix, . . . .
Single closed L Multi-story, small Residence, Medium, medium
community 70 Closed St;f; rrnn éx’ high-rise, high-rise apartments high, High
Brick mix,
Villa 70 Closed steel mix, Low-rise Villas Very low
frame ) )
Residence: 70 Brick mix, Low-rise, Residence Me?\liu r}?/lr?ie%lum
Mixed community Villa: 40 Closed; Semi-closed st?el mix, hrplilltijstog, shma.ll Villas LOV\;‘, v,ery%OW
Apartment: 40 rame 18 _n;ei;( eilg -rise Apa'rdt'ment High
Integrated corxlirer?érsig?;nd
commercial and 40 Open Steel mix, High-rise, super residential High,
residential P frame high-rise buildings, street super high
community buildings

3.1.2. Spatial Expansion Intensity Index

In the study of the driving factors affecting the expansion of residential space, the
spatial expansion intensity index was introduced. Current research on urban spatial
expansion mainly obtains the spatial growth area in different periods through remote
sensing image processing and calculates the land expansion speed or land expansion
intensity, to compare the temporal differences [49,50]. This method was used to calculate
the annual expansion intensity index by selecting the number of newly added communities
as the basic data, which reflects the evolution process of residential space expansion in the
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study area over time. The index refers to the percentage of the number of newly added
residential communities to the total number of the overall residential communities in a
certain spatial unit during the study period, and the formula is as follows:

Bit—t+n = (Njy — Nis—1)/ N *100% o

where B;; 1., represents the expansion strength index during the study period of ¢ to
t+n within the study unit of i; N;;, N;;_1 represent the number of existing residential
communities in 7 spatial unit in year ¢, year t—1, and N; represents the total number of the
overall residential communities in i unit; ¢ represents the research year, and i represents the
research spatial unit. In this study, Shenyang as the research unit (i), and 15 years (1) as the
research period.

3.1.3. Kernel Density Estimation Method

The kernel density estimation method solves the distribution density of the residential
space according to the point dataset of the residential district [51-53]. The spatial distribu-
tion characteristics of the data were studied starting from the kernel density estimation
sample itself. This method mainly calculates the magnitude value of each unit area accord-
ing to the data point elements of the residential district and fits each point or broken line
into a smooth cone surface. Let the random sample points Xj... X, distribute in the density
function f and estimate the function value f(x) at point X. The Rosenblatt Parzen kernel is
usually used to estimate:

x — xi

1 n
f”(x):%;K I )

K is the kernel function,  is the bandwidth, and & > 0; n is the sample number; (x-x;)
represents the distance between the estimated point x and the sample x;. By using ArcGIS to
conduct spatial interpolation analysis on the obtained function values, the location, shape,
and ductility of the distribution of each housing type can be clearly and intuitively obtained.
Among them, different h bandwidths caused different results. This study determined the
bandwidth to be 1000 m after several tests and calculations, which is consistent with the
spatial pattern of the residential community.

3.1.4. Multi-Distance Spatial Clustering Analysis

The spatial clustering pattern of the point elements in the residential community
changed with the change in scale, which is a distance-based technique based on dispersity.
It is widely used because it can effectively solve the dependence of the spatial agglomeration
pattern on the scale. This study used Ripley’s k function to study the spatial distribution
pattern and laws of different housing types in nine districts of Shenyang [54,55]. Ripley’s
K(d) estimation function is:

®)

K(d) \/A Y Y2y wij(d)

N n(n —1)

where d is the spatial scale, A represents the area of the study area, n represents the number
of communities, and w;(d) is the weight. If the distance between point i and point j within
the range of d is <d, the value is 1; if the distance is >1, the value is 0.

The simulation method was adopted, and the calculation results were compared with
the random distribution model (CSR) obtained by simulation. Under this formula, the
obtained function K(d) is the observed value of K, and the expected value of K is 4. If the
observed value of K is greater than the expected value of K, then the spatial distribution
clustering degree of this type of community in Shenyang is higher. If the observed value
of K is less than the expected value of K, the spatial dispersion of this type of community
is stronger. If the observed value of K is greater than the confidence interval of the high
value, then this type of community has a significant agglomeration. If the observed value
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of K is less than the confidence interval of the low value, then this type of community has
significant dispersion.

3.2. Driving Force Analysis Model
3.2.1. Driving Factors Selection

During the selection of indicators, the factors that have a greater impact on the
expansion of residential space were summarized. Residential space evolution was the result
of the joint action of several aspects. The policy support of the state and the overall planning
of the government guide social behavior. Real estate development enterprises built the
housing and responded to the housing development behavior through macro-control.
Moreover, the overall economic situation of the city also affected the change in population
structure and individual consumption behavior. Social behavior is an intermediate process
between policy and planning.

From macro and micro perspectives, supply-side and demand-side, the influencing
factors were screened by six driving factors: policy, planning, economy, population, the
housing market, and transportation externality [56-59]. The panel data of Shenyang from
2002 to 2017 was selected, and all the data were from the Shenyang Yearbook (2002-2018)
provided by Shenyang Statistical Information Network (Table 3).

Table 3. Driver selection and construction.

Factor Indicator Unit Variable Direction
Policy Investment in fixed assets 108 yuan(RMB) X1 +
Total tax revenue 10* yuan(RMB) X5 -
Planning Expenditure o; ;lé"zaclr;aacrillcilﬁr;ral community 104 yuan(RMB) Xs N
Number of schools at all levels person Xyq +
Green-covered area in the built-up area hm? X5 +
Economy GDP 108 yuan(RMB) X +
Engel coefficient % Xy -
Average wage of employees yuan(RMB) Xs +
Percapita income-expenditure ratio % X9 +
Total floor area of housing per capita m? X10 +
Population Permanent resident population 104 person X11 +
Urbanization rate Y% X12 +
Average population per household person X13 -
Estate Housing development efficiency % X14 +
Residential completed investment 108 yuan(RMB) Xi5 +
Residential investment and construction rate
Yo X16 +
of return
Traffic Road length km Xi7 +
Number of civilian cars number Xis +

Engel’s coefficient is the ratio of per capita consumption of food, tobacco, and alcohol
to current consumption expenditure. The ratio of per capita income to expenditure is
the ratio of per capita annual income to per capita consumption; the urbanization rate
is the proportion of the urban population to total population; residential development
efficiency is the proportion of the construction area to the completed area in the real estate
development of the year, and the rate of return on residential investment and construction
is the proportion of residential sales and completed value in real estate development.

3.2.2. Multiple Linear Regression Analysis Based on PCA

In the study of practical problems of urban development, the change in an urban
phenomenon is often determined by the influence of several factors. In this case, two or
more influential factors must be used as independent variables to explain the change in
dependent variables. When multiple independent variables have a linear relationship
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with the dependent variable, multiple linear regression analysis is performed; therefore,
to explore the driving force of residential space evolution in Shenyang, a multiple linear
regression analysis method was conducted [60,61].

B=mu X1+ Xo+...+ay X, +D 4)

where  represents the expansion strength index; X;,X»,...,X;, represent the driving factors;
®1,07,...,0tn Tepresent the importance degree of driving factors; D is the constant.

Due to the large number of impact factors selected in this study, principal component
analysis (PCA) was used to reduce the dimensionality of these factors first and extract the
main driving factors with greater impact.

4. Results
4.1. Evolution Stage and Characteristics of Residential Spatial Pattern in Shenyang

Shenyang’s existing residences were first built in 1989. From 1989 to 2018, the number
of residences continued to increase, and the incremental amount differed in different stages.
According to the trend and characteristics, with an annual increase of 50 residences and
100 residences as a cut-off point, residential space expansion in Shenyang was divided
into four stages: (1) slow development (1989-1994), (2) rapid expansion (1995-2003), (3)
high-speed development (2004—-2013), and (4) stable extension (2014-2018) (Figure 2). The
distribution characteristic was shown in Figure 3.

Rapid expansion High-speed development Stable extension

T

1989

T T

1991

T T = T T T T T T T T T T T T T T T T T T T T T T T T 1
1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Year

Figure 2. Number of new communities over the years.

Slow development stage: here, a total of 75 new communities were built, and most
were built after 1992, indicating that the demolition work in Shenyang was carried out
well. The residential areas were mainly located in Shenhe District, followed by Heping
and Huanggu Districts. There were no new residential areas in Shenbei New and Hunnan
Districts in this stage. The plot distribution was not uniform, and the overall spatial
distribution was the pattern of “one core, one ring, and one point”. The “One Core” was
the high-density area, extending from northwest to southeast, and was mainly located in
the center of Shenyang Railway Station, Shenyang North Railway Station, and Huanggutun
Railway Station. "Yihuan" was the position between the first ring and the second ring
and was distributed in a concentric ring, extending farther in the east-west direction than
in the north-south direction, with a long history of construction. “One point” refers to
the Sujiatun that had formed an independent residential area, which was farther from
the main urban area. During this period, Shenyang developed to the west, north, and
south, with a slightly longer distance from east to west. This is because, during this
period, Shenyang’s export-oriented economy pushed the city into the stage of overall scale
expansion (Figure 3a).
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Figure 3. New communities distribution in different stages. (a) Slow development stage. (b) Rapid
expansion stage. (c) High-speed development stage. (d) Stable extension stage.

Rapid expansion stage: There were 656 new communities built in this stage, 8.7 times
that of the previous stage. Shenhe District was still the administrative unit with the most
newly built communities, and the increase was different from other districts. Shenhe,
Heping, Huanggu, Tiexi, and Dadong Districts were still the center of residential dis-
trict construction. The new communities of Hunnan and Shenbei New Districts were
built around 2000 with good development; while Sujiatun District had relatively weak
development power and the total increase is small. Regarding spatial distribution, the city
expanded outward from the core in this period. The expansion mode was a linear extension
of the main roads with low density, and the filling development was still dominated by
the old city. The overall pattern was a ring-radial combination. The eastern part of the
First Ring Road and the southern part of the Second Ring Road were still the focus of the
construction, with a concentration in the center. The city mainly expanded to the north,
south, northeast-southwest, and southeast, along both sides of the main road, albeit on a
small scale. The universities originally located in the core area of Shenyang responded to
the call of the government, moved to the Shenbei New District and Hunnan New District,
forming the present Shenbei University Town and Hunnan University Town (Figure 3b).

High-speed development stage: During this period, with the improvement of urban
space, the real estate industry in Shenyang developed rapidly, and the total number of
residential areas was 1.7 times that of the last stage. The number of new residential areas
in Tiexi District was significantly different from that of other districts. The number of
residential areas in Yuhong and Hunnan New Districts increased rapidly. Regarding the
spatial distribution, the external expansion of Shenyang during this period was rapid, and
the area of living space greatly increased, extending to the third ring road, areas beyond the
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third ring road the north and south, and east and west in a cross shape. The north-south
direction reflected gradual expansion from Huanggu District to the north of Shenbei New
District. The southern Sujiatun District gradually became closer to the main urban area
and was connected with Hunnan District. In the east-west direction, the Tiexi Economic
Development Zone, Tiexi New District, Yuhong District, and other places built a large
number of new communities, extending to the west and southwest. Furthermore, the
east also expanded along the two sides of the Hunhe River to form a strip symmetrical
distribution. Additionally, villas were constructed around Qipanshan Scenic Area in the
northeast area, and high-grade residential buildings began to form in the areas with a good
ecological environment. The establishment of the airport formed a linear residential layout
pattern along the road from the main urban area to the airport (Figure 3c).

Stable extension stage: during this stage, every year, the number of new residential
communities was effectively controlled, there were fewer new main urban areas, and the
main construction was in Hunnan District. At this stage, the residential space in Shenyang
followed the polycentric distribution pattern of “one main body and four secondary
bodies”. With the relocation of Shenyang municipal government, Shenyang Olympic
Sports Center, the establishment of several large businesses, and the completion of the
main road, the new Hunnan New District began to attract developers’ investment, and
residential living space was transferred. Sujiatun District is connected with Hunnan
District, along each of Hun River, forming a unique urban landscape, and forming more
high-grade new urban complexes. In Puhe New Town, because of the attraction of several
large amusement parks, such as Font Joy World and Seven Star Sea World Theme Park,
the north exhibition continued based on the original living space on both sides of the
Puhe River. Since the northwest formed a regional logistics and trade base and equipment
manufacturing industry base, it also drove the reintegration of residential space in Yuhong
District. To realize new-type urbanization and achieve urban-rural integration, new-type
urban construction around cities was distributed in points. Traffic was the main factor
affecting the expansion of residential space in this stage. The construction of Shenyang
South Railway Station, East Railway Station, and the Fourth Ring Road, expressways to
surrounding cities were gradually improved, all of which drove the orderly expansion of
residential space in Shenyang (Figure 3d).

4.2. Current Residential Space Distribution Pattern in Shenyang

After four urban planning, the overall urban layout and distribution of various types
of land are becoming more and more perfect. The overall layout of the living space has
obvious agglomeration characteristics, and the single-center phenomenon is still obvious
and closely related to the distribution of underground traffic lines (Figure 4).

The high-value region of the core density was a hollow ring, which gradually de-
creased to the periphery and the interior; there were multiple secondary core density
centers in the east-west and northeast-southwest directions, among which the east-west
direction expansion was stronger and the northeast-southwest direction expanded farther.
The two sides of the Hunhe River had axisymmetric zonal distribution.

Core high-value area: the two high-value areas were Tiexi Square and Youth Street,
which are located on the east and west sides of the ring, respectively, and are symmetrically
distributed. This form was closely related to the construction of Metro Line 1 and was
the result of the coordination between traffic and residential space construction; Metro
Line 1 fully opened in 2010. In the early stage, the site selection must be combined
with the existing densely inhabited areas, and the opening of the subway motivates the
development of the surrounding communities, making the living space more concentrated.
To the east, it is connected with commercial areas such as Zhongjie, Joy City, Huaiyuan
Men, and other historical and cultural protection areas. The west connects Tiexi Plaza,
Yuhong Plaza, Wanda Plaza, and other central CBD areas, and gradually extends to the
Developing Avenue, Industrial Development Zone such as Zhang Industrial Zone, all of
which are densely populated areas and high - density urban buildings. It has convenient
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transportation facilities and relatively compact living spaces. Several core areas were
formed along the line. The construction of subway line 2 was distributed in a north-south
direction, mainly to connect Shenbei New District and Hunnan New District, drive the
development of the two new districts, and accelerate population flow.
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Figure 4. Overall residential communities distribution in Shenyang.

Low center area: located in the urban area in the middle of Beijing and Harbin road,
near three around the railway stations, namely Shenyang, Shenyang North, and Huanggu
District railway stations, and rail tracks across the city center. Therefore, the internal form
of the core of the triangle kernel density value was low; it also benefited from overall
planning and layout and urban renewal projects, etc.

The axisymmetric zone distribution on both sides of the Hunnan River: with the
continuous attention of the municipal government to the ecological environment and
to create a livable Hunnan New City, the landscape was optimized on both sides of the
Hunnan River and additional development was conducted on the Hunnan District in the
heyday. This caused substantial migration to the south bank of the Hunhe River. Cluster
areas had been formed on both sides.

Group distribution of peripheral new towns: the tilt of planning policy significantly
improved the development of the four sub-cities. With the development of the industry,
Puhe New City in the north, Tiexi West Industrial New City in the west, Hunhe New City
in the south of Hunnan District, and Yong’an New City in the northwest of Yuhong District
also obtained the surrounding resources and population flows.

4.3. Characteristics of Various Types of Residential Forms

The order of residential forms in Shenyang was as follows: single closed communities
(1031, 45.72%) > mixed communities (615, 27.27%) > dispersed communities (465, 20.62%)
> integrated commercial and residential communities (79, 3.50%) > villas (65, 2.88%),
indicating that the quality of residential communities in Shenyang is generally high, and
most are single enclosed communities with obvious differentiation in living space.

Regarding the development stage: in the slow development stage, the new residential
buildings were mainly dispersed communities. Single closed communities, mixed commu-
nities, and villas appeared. At this time, there was no integrated commercial or residential
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community. During the rapid expansion stage, dispersed communities still dominated;
however, the number of single closed communities increased significantly, while integrated
commercial and residential communities also appeared, and villas began growing slowly.
In the high-speed development stage, the single enclosed community was the main type of
residence. Along with the construction of mixed communities, the dispersed community
gradually faded out of the historical stage, and the new number of integrated commercial
and residential communities exceeded the new number of villas. In the stable extension
stage, the construction of dispersed residential areas stopped, and this kind of form was
replaced by other residential areas. The new number of single closed communities and
mixed communities was equal, and the construction of villas and integrated commercial
and residential communities slowed.

From the perspective of each administrative unit, Shenhe District was the only district
in which there were more dispersed communities than single closed communities, indi-
cating that the overall construction of Shenhe District has a long history and the urban
construction work must be improved. Moreover, Shenhe District had more integrated
commercial and residential communities, which is closely related to the financial center and
other CBD core business districts in this area. The number of single closed communities in
Tiexi District was more than that in other districts, which is associated with the vigorous
planning and development work later. The overall building age was relatively young. The
distribution of Taiyuan Street, Tiexi Square, and Wanda Plaza promoted the concentration
of residential space in Tiexi District, and the integrated commercial and residential commu-
nities in Tiexi District were the largest among the five old districts. The residential forms of
Heping, Huanggu, and Dadong Districts were similar. Regarding the number of residential
areas, the number of single closed communities was the highest, followed by dispersed
communities and mixed communities. Furthermore, the number of villas and integrated
commercial and residential communities was lower, which is a common feature of the old
city. Yuhong District developed later than the five districts of the old city, and the single
closed and mixed communities occupied the main position in the number. The number of
single closed and mixed communities in Hunnan District was more, which is closely related
to the construction of infrastructure. The villas and integrated commercial and residential
communities dominated in several districts, which is closely related to its excellent natural
environment, convenient traffic conditions, and the settlement of several large commercial
supermarkets. The development of the Shenbei New District was relatively slow, while
Sujiatun District built new residential areas based on the original old city, with fewer villas
and integrated commercial and residential communities (Figure 5).

From the perspective of residential forms: (1) Agglomeration: according to the results
of the multi-distance spatial clustering analysis, several residential forms show agglomera-
tion characteristics on the short distance scales. With the increase in scale, the agglomeration
characteristics of dispersed communities and single closed communities becoming more
obvious, the concentrating effect of mixed communities and integrated commercial and
residential communities basic remains unchanged. However, the villa was gradually trans-
formed from agglomeration in close scale, uniform distribution in medium-distance scale
to dispersion in long-distance scale. These cluster analyses passed 99% confidence intervals.
(2) Regarding the distribution area, the distribution shapes of dispersed, single closed, and
mixed communities were similar; however, the dispersed communities were distributed
within the second ring road area, with fewer surrounding areas and a smaller area. The
distribution area of the single closed communities was larger than that of the former, and it
was mainly distributed within the second ring road; however, it extended more around.
Mixed communities had the largest area, and the distribution was more scattered than
dispersed and single closed communities. There were fewer areas of integrated commercial
and residential communities and villas, with a center or surrounding scattered distribution.
(3) Regarding distribution characteristics, the high-density area of the dispersed commu-
nities was mainly located in Shenhe District, showing a mononuclear distribution. The
high-density area of the single closed community was located in Tiexi District and formed
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a cluster distribution of several small clusters. The overall range of the mixed communities
was relatively dispersed, forming multiple high-value areas of core density, which were
evenly distributed and had a multi-core distribution. The linear pattern of integrated
commercial and residential communities was the most obvious, extending along subway
line 1 to the east and west, and extending along subway line 2 to the south, showing a
T-shaped distribution. Villas were distributed around the second ring road in the periphery
of the main city distribution, showing suburbanization; its distribution depended on the
northeast Qipan Mountain Scenic Area and the suburban radial main road distribution

residential
communities
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Figure 5. Residential communities number in different regions.
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4.4. Driving Forces of Residential Space Evolution Based on Multiple Linear Regression

To ensure the accuracy and validity of the data, the 18 impact factors from 2002 to
2017 were preprocessed by range standardization. According to eigenvalues >1 as the basis
for the selection of the main component, three principal components were selected. The
cumulative variance contribution rate of variance reached 94.67%, which can reflect the
characteristics of the original 18 variables, which was enough to reflect the expression in
the original data (Table 4).

Table 4. Eigenvalues and squared loading of the principal components.

Principal Component Eigenvalues % of Variance Cumulative %
1 12.841 71.341 71.341
2 3.060 16.998 88.338
3 1.139 6.330 94.668

The principal component load matrix can explain the relationship between each prin-
cipal component and the associated variables. The greater a load of each index in the
principal component, the more able to characterize the characteristics of the index vari-
able. The main characteristic factors in the first main component: permanent resident
population(Xj1), road length(X;7), urbanization rate(Xj,), total floor area of housing per
capita(Xjp). It reflected the population characteristic, the status quo of economic develop-
ment, and transportation. It can be summarized as the residents’ behavior. The second main
component included expenditure on urban and rural community public facilities(X3) and
Engel coefficient(Xy), reflecting the planning and economic development. It can be summed
up as government functions. The third main component included total tax revenue(X;),
reflecting the national policy impact (Table 5).

Table 5. Principal component load matrix.

Component Component
1 2 3 1 2 3
X1 0.634 0.601 0.34 X10 0.984 * —0.036 0.118
X2 -0.321 —0.615 0.636 * X11 0.990 * —0.062 0.083
X3 0.432 0.896 * 0.042 X12 0.979 * —0.111 —0.151
X4 —-0.915 —0.224 0.331 X13 0.921 —0.143 —0.331
X5 0.957 0.203 —0.092 X14 0.972 —0.098 0.191
X6 0.972 0.011 0.166 X15 0.812 0.502 0.275
X7 —0.461 0.856 * —0.073 X16 0.749 0.045 0.23
X8 0.947 -0.318 -0.017 X17 0.980 * —0.048 0.175
X9 0.812 —0.298 —0.339 X18 0.894 —0.446 —0.045

* It refers to the driving factor that with the large load weight in each principal component.

The spatial expansion intensity index was used as the dependent variable Y, FAC1_1,
FAC2_1, and FAC3_1 were the independent variables. Use the “linear” in the SPSS
“regression analysis” to perform multiple linear regression analysis. After calculation,
R? = 0.991. The Durbin-Watson test was used to test the independence of the model resid-
uals, DW = 1.578. The value of DW was in the range without autocorrelation. Therefore,
the residual independence was determined and passed the test, with a significance level
of 0.013€ (0.01, 0.05). It indicated that it passed the 0.05 significance test but failed the
0.01 significance test, demonstrating that the regression model has significant statistical
significance. The linear relationship between the expansion strength index and the three
principal components was significant. The various regression coefficient results are shown
in Table 6.
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Table 6. Regression coefficient.
Non-Standardized Factor Standardized Factor e g
Model B Standard Error Beta T Significance
(Constant) 4.095 0.052 78.129 0
First primary —0.305 0.057 —0.349 —5315 0.014
component
Second primary 0.815 0.057 0.932 14.194 0.005
component
Third primary 0.024 0.057 0.028 0.425 0.012
component

The significance values were all less than 0.05, indicating that the regression coeffi-
cients B were present and significant. The regression linear equation of this model can be
obtained as follows:

B = —0.305FAC1_1 + 0.815FAC2_1 + 0.024FAC3_1 + 4.095 (5)

Since the coefficient of the second principal component in the formula was relatively
large (0.815). It indicated that the second principal component had a greater correlation
with B. That is, planning and urban economic development have a greater impact on the
intensity of urban expansion. Based on the prediction of this model, the spatial expansion
intensity in 2018 was 2.933-5.213, while the actual spatial expansion index in 2018 was
3.104€ (2.933, 5.213). The actual value was consistent with the predicted results, indicating
that the accuracy of this statistical model was high (Table 7).

Table 7. Residual statistics.

Minimum  Maximum Average Standard Deviation N

Forecast Value 2.933 5.213 4.095 0.870 15
Residual Difference —0.098 0.122 0.000 0.081 15
Standard forecast value —1.335 1.285 0.000 1.000 15
Standard residual —0.765 0.952 0.000 0.632 15

The results show that Engel’s coefficient, urban and rural community expenditure on
public facilities, and fixed asset investment are the three primary factors affecting urban
expansion intensity, which correspond to planning and economic development which are
the two primary driving factors affecting urban expansion. Meanwhile, other factors have a
relatively small influence. Urban planning is the main driving force affecting the expansion
of residential space. It guides real estate enterprises and residents to choose residential
space by combining the overall development direction of the country. Economic strength is
an important basis for the construction of urban vitality.

5. Discussion
5.1. Findings

The continuous optimization of residential space is an important content to improve
the quality of urban human settlements. Shenyang is the only megacity in Northeast
China, located in the old industrial heartland. It is of great research significance to grasp
the evolution model of its overall residential space, grasp the actual problems that its
residential space needs to solve, and put forward specific optimization opinions. It is not
only an exploration of the development characteristics of urban residential space itself but
also a supplement to the research on the development process of megacities in developing
countries. Compared with existing research results in the world, the spatial expansion of
megacities is mostly in developing countries, mainly in Asia and Africa. In developed
countries, this phenomenon rarely exists, such as Europe, Oceania, and North America [62].
Many scholars raise that urban problems are due to urban expansion and urbanization, such
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as the sacrifice of green land and farmland, and the deterioration of climatic conditions [6].
However, some scholars have proposed that in the process of urban development, if
orderly planning and reasonable ecological protection are obtained, and resource waste is
reduced, then it can also be defined as the sustainable development of human society [63].
Studies have shown that economic development is the main driving force for urban
expansion [5,33]. Areas with relatively good economic development develop faster, while
areas with less economic development are mainly still filled open spaces within boundaries.
At the same time, rates of urban expansion in most developing countries are greatly affected
by the structural transformation of societies [64—66]. According to the results of this study,
Shenyang’s residential space expansion characteristics are also closely related to China’s
economic system reform, and it is undergoing a transition from a planned economy to a
market economy, which has greatly expanded the residential space. At the same time, as the
capital of Liaoning Province, the urbanization of Shenyang has accelerated. It has realized
the importance of orderly expansion and sustainable development. Over the past 40 years,
there has been a continuous transformation of Shenyang, from the initial center to the
surrounding disorderly spread, to the later planning of industrial, commercial, university
town, economic, and technological development zones, and other multi-core cluster modes.
It has been in the stage of transition from boundary expansion to internal filling. With the
development of the city, the overall residential space in Shenyang has higher vitality and
potential. All these indicate that compared with other megacities, Shenyang has made
beneficial control and exploration in the overall development of the city.

In this study, we found that economic development and urban planning are the
primary driving forces for the intensity of residential space expansion. The development of
residential space cannot be separated from the macro-control and micro-transformation
of government department planning. The stable development of an urban economy, the
guarantee of per capita income, and improvement of consumption level can improve
people’s willingness to choose a living environment and promote the improvement of
living quality and development of the real estate. Moreover, the change of population
number and structure, accessibility of traffic layout, the regulation of the real estate market,
and national policy support will have a direct or indirect impact on the residential space
in terms of supply and demand. At the same time, the research also carried out an in-
depth analysis based on the five planning documents of Shenyang City’s urban space and
found that the results of this paper are consistent with the overall planning direction of
Shenyang City.

In the process of development, there were several problems, such as a waste of energy,
land, and public resources and an oversupply of housing. Smart growth and intensive
use were gradually integrated into urban planning. According to the research results,
there are still three practical problems in the development process of residential space
in Shenyang: crowded roads, obvious monopolization, and the small green coverage
rate of built-up areas. The specific optimization suggestions are as follows: to guide the
transfer of the residential population to the sub-cities, to form a complete high-speed road
system as soon as possible, and to strengthen the emphasis on ecological construction.
The control of residential space in Shenyang should give full play to the government’s
macro-control ability, weaken the phenomenon of single-polarization and obvious circle
structure, and reconstruct old residential areas. Urban construction work should give full
consideration to the livability of residents, improve the quality of the living environment,
enhance the happiness of residents. It should improve the construction of infrastructure,
promote the equal development of the city, and improve the fairness of urban areas. In
future development, planning and economic development should be coordinated to jointly
promote the high-quality development of urban residential space.

5.2. Contributions

The evolution model of residential space in China has unique Chinese characteristics.
It is not appropriate to directly quote the basic hypothetical theories of western countries.
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There are few theoretical studies on this in China, and the system is not perfect enough.
Firstly, due to the difficulties in collecting historical data, most of the research is based on
housing statistics obtained from historical materials such as census data [67], statistical
yearbook data, real estate information magazines, newspapers, and city chronicles [68].
With the further strengthening of technology, remote sensing data of land use in interval
years was introduced [69]. The acquisition method cannot be unified and the data lacks
continuity, so research can only be conducted through limited data. This research mainly
uses the data of existing residential quarters to analyze the development process and status
quo of residential space in Shenyang in recent years. Although the use of newly added
data each year cannot reflect the overall picture of the urban residential space at that time,
the urban planning process and direction information can be analyzed at the location of the
newly added communities. Divide the development stages according to the characteristics
of the number of newly-added communities, describe the change process in different stages,
and describe the dynamic evolution expansion process of residential space structure.

At the same time, in the qualitative description and analysis of the current situation of
the spatial structure, the evolution law of the housing form is introduced. Different levels of
cities have different phenomena at different development stages, and it is difficult to have
a unified theoretical model for their evolution laws. Existing morphological studies mostly
classify residential space according to single factors such as land use type or building
attributes, such as property type [70], floor area ratio [41], housing price [71], and lack
of specific analysis of residential morphology. The research describes the differentiation
characteristics and structural changes of the urban residential space form and analyzes the
overall residential space evolution in Shenyang qualitatively and quantitatively. Based on
this, the study enriches and expands the theory of urban space through practical research,
and furthers the theoretical research on the evolution mechanism of the urban residential
space structure in China.

5.3. Limitation

Due to the difficulty of accurately obtaining historical data and the lack of long-term
quantitative research, the comparative analysis should be strengthened in future research.
Moreover, more effective methods should be used to refine the research on the differences in
the driving factors of the expansion of residential space in various regions in future studies.

6. Conclusions

In this study, the characteristics of urban residential space evolution in Shenyang were
the research object. Based on the data of newly added residential from 1989 to 2018, the
spatiotemporal characteristics of Shenyang were analyzed using various spatial analysis
methods in ArcGIS and classified according to residential area morphology. The overall
internal characteristics and existing residential differentiation phenomenon of Shenyang
were described in detail. Finally, principal component analysis and multiple linear regres-
sion analysis were used to explore the driving mechanism affecting the intensity of urban
residential space expansion in Shenyang. The following conclusions were obtained:

(1) From to 1989-2018, Shenyang experienced four stages of slow development, rapid
expansion, high-speed expansion, and stable spread. In the process of evolution, the
main scope expanded continuously, the circle structure continuously improved, spatial
heterogeneity increased, and morphology had obvious spatial agglomeration features.

(2) The number of residential areas among administrative units in Shenyang was
different. The residential space of the whole city was large and distributed in a cross-
shaped multi-core group. However, there was still a generally circular structure, and
according to the results of the standard deviation ellipse, the length from the northeast to
southwest of the city is larger than that from the northwest to southeast.

(3) Based on the basic properties of residential areas, the residential areas were clas-
sified into five categories: dispersed communities, single closed communities, mixed
communities, integrated commercial and residential communities, and villas, and each
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residential form had a different degree of spatial agglomeration. The distribution of dis-
persed communities was mononuclear. The single closed communities are distributed
with Tiexi Square as the single core multi-group. Mixed communities were more uniform,
showing a multi-core distribution. The integrated commercial and residential buildings
were distributed along the subway line in a “T” shape. Villas were mainly distributed in
the vicinity of the Qipan Mountain Scenic Area or around the periphery of the main urban
area, and the phenomenon of suburbanization was obvious.

(4) Selecting 18 indicators as driving factors and using a multiple linear regression
model to analyze the spatial expansion intensity index of Shenyang from 2002 to 2017, it
was shown that this theoretical model has a good explanatory ability. According to the
influence of each factor on the spatial expansion intensity, six driving factors were ranked
in order: urban planning > economic strength > population > transportation > housing
market > national policy.
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