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Abstract: Despite various studies regarding polycentric development at metropolis or even larger
spatial scales, there is little systematic analysis regarding the rapid urbanization area at the county-
level scale. Therefore, this study explored polycentric development in 52 county-level
administrative units in Zhejiang Province, China, from a public service perspective. Based on point-
of-interest data, our analysis detected the intra-county urban centers and measured their polycentric
characteristics. According to the number, scale, and equilibrium value of intra-county
polycentricity, the 52 county-level units were classified into three types using a two-step cluster
algorithm method. The empirical results suggest that polycentric characteristics vary in the rapid
urbanization area, and the spatial distribution of typological units is characterized by
agglomeration. Topographical condition, fixed assets investment, public transportation, and
residential consumption ability are highly associated with the classification of polycentric urban
areas. The conclusion of this study would help local governments initiate better urban development
policies and provide potential research directions for further studies about the relationship of inter-
county urban centers.

Keywords: urban center; polycentricity; type classification; spatial distribution; rapid urbanization
area; public service

1. Introduction

As urbanization continues worldwide, urban areas have become the major habitat of human
beings. World Urbanization Prospects 2018 from the Department of Economic and Social Affairs of
the United Nations stated that approximately 55% of the total global population lives in urban areas.
With the increasing growth of urban populations, changes in urban spatial structures are inevitable.
In the early 20th century, urban sociologist Burges proposed a concentric ring model based on the
study of Chicago, wherein an urban area is divided into five functional regions from the center to the
marginal areas [1]. A group of economists and geographers, including Hurd and Alonso, explored
this spatial structure model from the perspective of land economics [2,3]. In the concentric ring model,
the urban center is the only core area of a city and contains retail and service sectors. However, Harris
and Ullman proposed multiple urban centers, one of which would remain the main core while the
rest are considered sub-cores [4]. With the continuous expansion of the urban scale, agglomeration
diseconomy would promote the dispersion of economic activities, and suburbanization would lead
the urban population to migrate to the periphery of cities [5,6]. Megalopolises have emerged in the
world’s busiest bay areas, including Tokyo, New York, and the Greater London Metropolitan Area.
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Geographically nearby cities with various types and scales have formed urban agglomerations via
transportation networks in North America and Western Europe [7]. Both megalopolises and urban
agglomerations blur the boundaries between cities. Therefore, the urban spatial structure
transformation must adapt to much wider and more diverse geographical scales, instead of only the
intra-city scale.

Recently, researchers, including Hall and Meijers, highlighted a new urban form called
polycentric urban regions (PURs) [8,9]. Polycentric urban regions are regional city clusters that may
still be physically separate but clearly function with interdependence [10]. Polycentric urban regions
refer more to the inter-city and transregional scales compared to the concentric ring model and the
multi-center model. Owing to the abundant empirical studies in high-rate urbanization regions,
PURs are always closely related to sustainable development and social justice, forming a more
competitive and vibrant regional urban area [8-11]. Thus, PURs have become a normative guideline
for regional development and the urbanization process for many policy makers. Among the 29
countries participating in the European Spatial Planning Observation Network (ESPON) project, 18
countries regarded polycentric development as the primary policy of national spatial planning [12].
In 1992, Tokyo Metropolitan Planning planned seven new urban centers in its surrounding counties,
Kiyu, Chiba, Kanagawa, and Ibaraki, to form a multi-core urban area. However, some scholars also
illustrated the disadvantages of the polycentric development, such as the decrease of cultural, leisure,
and sports amenities [13].

With the exception of the PURs in developed countries, polycentric regional development has
also been observed in developing countries, including India, Indonesia, and China. In these rapid
urbanization areas, concentration of population and production factors not only blur the boundary
between cities but also blur the boundaries between urban and rural areas. McGee used the term
“Desakota” to describe urban-rural integration areas that contain cities or towns as urban centers
and rural areas along major traffic corridors [14]. Similarly, PURs in the Pearl River Delta or Yangtze
River Delta of China, which have been extensively studied, are embodied by hundreds of towns and
villages [5,15,16]. In terms of actual population density, these towns always have more than 100,000
permanent residents, which basically corresponds to the small city scale in Europe or the USA. Due
to the large number of small and medium-sized enterprises (SMEs) gathering in towns, there are
sufficient local job opportunities, thereby ensuring that the residents do not need to search for jobs in
the surrounding big cities [17]. As the centers of local regions, these towns form a complex urban
center system that has multiple hierarchies and scales with the large cities from a wider regional scale
perspective, which is similar to the central place theory described [18].

Therefore, this study focuses on the urban center and regional polycentricity of the rapid
urbanization areas in China, which is the most populous and rapidly urbanizing country in the
world. After the Reform and Opening-Up policy proposed in 1978, China’s urbanization rate has
increased from less than 20% to more than 50% over the past 40 years. Decentralization and local
government competition have contributed to Chinese urbanization and further created remarkable
economic development [19]. With the “New Form of Urbanization Strategy”, multi-center regional
development was one of the main goals in China’s national urbanization plans. In addition, a large
number of cities, regardless of their scale, planned the construction of satellite towns or new urban
centers [20]. For example, Beijing has moved part of its city administrative functions to Tongzhou, a sub-
center in the metropolitan area, and is actively building a more distant regional development core named
Xiong'an. Meanwhile, some small cities, such as Yiwu, which is not even a prefectural-level city, were
considered for polycentric development to meet the booming needs of urban households and industrial
plants. However, previous studies paid more attention to the big cities [5,15,16,20], making their
measurement of polycentricity an inaccurate identification of urban centers from different scales and
hierarchies. In China, every prefecture-level city consists of urban districts and some independent
county-level administrative units. While previous research used prefecture-level cities as a whole
research object, it is common to ignore the urban centers within the county-level administrative units.
Therefore, the resultant identification results, which are not in accordance with the actual urban
spatial structure, do not reflect the importance of the local towns obtaining industry and service
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sectors for regional development. Because PURs are increasingly proposed as development
guidelines for cities of different sizes, a systematic analysis of polycentricity from various hierarchies
would help local governments initiate better polycentric development policies as well as drafting
more realistic spatial plans.

This study explored a polycentricity analysis from the county-level scale in the rapid
urbanization areas of China using high-precision big data from a digital map. More specifically, the
spatial structure of urban areas within a county-level scale was analyzed and organized. Herein, the
definition and measurement of urban centers and polycentricity as well as the classification method
for PURs is evaluated. Based on the analysis results, we discuss the spatial characteristics of
polycentricity and PURs, and their correlation with socioeconomic factors and topographical conditions,
before concluding with a summary of the methodological limitations and future research prospects. This
study takes Zhejiang Province as the study area, which is a coastal province at the forefront of China’s
rapid urbanization. As Zhejiang Province is one of the provinces with the best county-level economic
development in China, the analysis results and conclusion could serve as an important reference for the
future development of other Chinese provinces and other developing countries.

2. Materials and Methods

2.1. Definition and Measurement of Urban Centers

The connotation of an urban center is a collection of various center types, including a commercial
center, central business center district, and employment center [1,6,21,22]. As previously mentioned,
early urban structure research focused on urban commerce centers or financial centers based on the
land rent theory [1]. Later, more attention was paid to employment or settlement centers with the
emergence of suburbanization [21-23]. Thus, it seems that we can identify different urban centers
and observe diverse center spatial structures in the same city from distinct perspectives, although it
is not difficult to find that the geographical distribution of different urban centers frequently
overlaps. With the growing agglomeration of public service facilities in urban areas, urban centers
also act as places for entertainment and social communication, except for areas used for working,
shopping, or housing, thereby promoting the gradual involvement of urban centers in the public
service sector [24].

In addition, the geospatial identification of urban centers is conducted by the spatial analysis of
urban centers. Methods for identifying urban centers mainly include the threshold method, the
parametric model method, and the nonparametric estimation method [23,25-27]. Among these, the
threshold method is the most widely used. Researchers set the urban center identification threshold
according to specific indicators, such as employment density, population scale, job concentration,
and housing equilibrium ratio [5,21,22,28]. With the increased use of big data, academics can now
measure urban centers on a microscopic scale. Point-of-interest (POI) data, formally known as the
real geographic POI, are a commonly used data source [29,30]. In some existing studies, scholars
proved that POI data with high spatial precision and small geospatial granularity provide a fairly
good spatial expression ability that can support the urban center recognition method [29-31].

Thus, the urban centers were identified from the public service function perspective using POI
data. There are three steps involved in this measurement. First, one must set a fishnet grid over the
entire area of the empirical region. As the average 5 min walking distance of a human being is
approximately 300 m, each basic grid is set to be a 300 m square, which also considers that two
adjacent urban branch roads in Chinese cities should be spaced 150-300 m apart according to the
Chinese “Code for Design of Urban Road Engineering (CJ]37-2012)". Then, the kernel density value
of POIs (KOP) in each grid is used as the numeric tag based on a kernel density analysis of the POI
data. Second, the grids are selected as candidates according to their POI kernel density with a 600 m
search radius, to smoothly fit the spatial influence of public facilities. The total number of candidate
grids for each county-level administrative unit is 10% of the entire grid that covers the entire
construction land in this unit [31]. Third, the urban center boundaries are established as follows
(Figure 1). If there are other candidate grids within 600 m of a candidate grid, they are merged as a
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new grid group, Gi. Grids that are blocked by open space or located diagonally should not be
separated. In that case, if there are no other candidate grids within 600 m around Gi and the area of
Gi is greater than or equal to 180,000 m?, it is determined to be an independent urban center, Ci. If
not, the grids are deleted as their land scale is too small to be considered an independent center.

Grid Candidate G;

Search neighborhood
candidate grids within
600 meters of its

periphery

NO

Area = 0.18 KM*

Public Center C;

Figure 1. Spatial boundary identification process of urban centers.

2.2. Definition and Measurement of Polycentricity

Similar to the definition of an urban center, polycentricity can be explained from a wide range
of disciplines. Herein, we mainly observe and discuss polycentricity from a morphological
perspective. Therefore, for an individual city, polycentricity means that some intra-city urban centers
emerge in the same urban area [32]. Polycentricity from an inter-city scale or wider regional scale is
based on the various urban centers coming from one or more cities [15,16]. Previous studies mainly
used polycentricity as a descriptive indicator of urban spatial characteristics, wherein if the spatial
distribution of urban centers was more balanced, it would be deemed more polycentric. This creates
two critical problems: identifying the data that represent the individual characteristics of each urban
center and measuring the “balance” among the urban centers. Regarding the first issue, Section 2.1
summarizes the abundant types of urban characteristics that express the socioeconomic, political, or
functional dimensions of urban centers based on a literature review. For the second problem, scholars
usually prefer to use a clear indicator to explain the relative relationship between urban centers [10,21,33].
However, excessive simplified measurement equations often lead to the loss of original information
and the destruction of the data resource structure, which affect the final result. For example, the
polycentricity numerical value of a city with two urban centers may be the same as that of a city with
four urban centers according to a previous measurement. This measurement cannot illustrate that the
spatial features of the urban center system are different. Therefore, by adopting the morphological
definition of urban centers, this research analyzed the polycentricity of county-level administrative
areas through a comprehensive index, including the spatial distribution balance P;, total scale SUM;,
and the quantity of urban centers NUM; .

NUM; is the number of identified urban centers in a county-level administrative unit j. When a
specific region contains more urban centers, it commonly means that the polycentricity of this region
is more balanced. In addition, it is highly related to advanced urban development and high
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urbanization levels. SUM; is the sum of the POI kernel density of all the urban centers in the county-
level administrative unit j, as follows:

i
_ 1
SUM; = Z KOP;; 1)
1

where KOP;; is the POI kernel density of urban center i in county j. Because SUM; characterizes the
size of the total urban centers in one unit, it can be used to compare the scale difference among various
county-level centers. A larger scale urban center indicates a more powerful service capacity and a
broader range of functional radiation [29]. P; can be measured as follows:

P=1— Oobs (2)
Gmax
where P; is the polycentricity of unitj, 0,55 represents the standard deviation of the KOP of the unit

jyand opg, represents the maximum standard deviation of the two center city where one center has
“no importance” and the other has the maximum observed “importance”. According to Equation (2),
P, represents the overall relationship between public centers within county j. Thus, the value range
of P; is 0 to 1, and the equilibrium tends to balance as the value increases [5].

2.3. Classification of Polycentric Units and their Differential Factor Analysis

Based on the estimation of the aforementioned indicators, we still need to distinguish the
homogeneity and heterogeneity among the urban centers of the research units. Thus, a two-step
cluster algorithm method was introduced. This algorithm is a typical distance-based clustering
method and is an optimization of the balanced iterative reducing and clustering using hierarchies
(BIRCH) method [34]. Compared with commonly used clustering methods, such as BIRCH and K-means,
this two-step cluster algorithm automatically calculates the optimal number of clusters, thereby enhancing
the practicality of the algorithm [35]. This algorithm can combine the three variables, creating an intuitive
and effective dimensionality reduction for these urban center characteristics.

Using NUM;, SUM; , and P; as features and inputting each county-level unit as an individual
sample, the decision tree outputs sub-clusters. Then, the log-likelihood distance is used to calculate
the distance between the sub-clusters, and they are cohesively structured one-by-one using the
agglomerative hierarchical clustering method. Finally, the optimal cluster number is determined
using the Bayesian information criterion [36]. Subsequently, the algorithm calculates the log-
likelihood distance between the samples and clusters to determine their attributes and evaluate the
cluster model using the silhouette coefficients. The result of the two-step cluster algorithm method
places research units with similar characteristics into the same group and clearly expresses the
diversity between the different urban center development of county-level administrative units in the
rapid urbanization area.

To determine why the county-level units can be classified into different types, we must consider
the factors used for classification. As this process implies that we want the regulation derived from
this model to have a promotion value, the tree model was used to represent the classification. Further,
as a single decision tree is likely to fall into overfitting, and the current data set is not sufficient to
support the division of the training set and prediction, bagging based on bootstrap sampling is an
effective method to reduce sample disturbance [37]. Bagging is an ensemble learning method that
integrates multiple decision trees in parallel, utilizing voting to achieve a simple average of the
classification results of multiple decision trees. In this study, we used the extended change of bagging,
random forest (RF), to achieve the county-level urban center system classification [38]. Random forest
introduces random attribute selection based on bagging. Specifically, a general decision tree selects
an optimal attribute in the current attribute set when selecting division conditions (assuming there
are d attributes). For each node, a subset containing k attributes is randomly selected from the
attribute set, and then an optimal classification attribute is selected from this subset as the division
condition. Thus, k controls the randomness, and the recommended value of k is logzd [38]. Compared
with the general bagging method, RF balances the disturbance from both the samples and the
attributes, thus further improving the generalization performance in practice, lest it becomes stuck in
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an overfitting situation. Therefore, based on the RF method, we used the classified types of each
county-level unit as the input nominal variables. We sorted 11 social economic indicators and
topographical indicators related to urban center development as classification variables based on
previous studies [5,15,27,39,40], including the value-added of primary industry (PI), value-added of
secondary industry (SI), value-added of tertiary industry (TI), permanent resident population (POP),
general public budget expenditure (GPBE), investment in fixed assets (IFA), total retail sales of
consumer goods (TRS), per capita disposable income of urban resident (DIUR), household deposits
(HD), number of public bus stops (PBS), and average elevation (AE). The output results indicate the
importance of the characteristic variables in the classification model, and if the significance value is
beyond 0.75, the effect of the corresponding variable is considered significant.

2.4. Study Area

Zhejiang Province, which is between the longitudes 118°01'-123°10" and the latitudes 27°02'-
31°11', is located in the east coastal area of China (Figure 2). It covers approximately 105,500 km? and,
in 2017, had 56.57 million residents. Zhejiang’s GDP is nearly 730 billion US dollars, which is as much
as that of Turkey or Switzerland. As one of the most economically developed provinces in China, the
Zhejiang Province government provides administrative power over the county-level government via
a creative management method called the “Province Governing County System” [41]. This
decentralization system reduces the vertical management stratum and mitigates conflicts of interest
between the prefecture city government and county-level government, thereby bridging the gap of
policy and financial support from the central government. Therefore, Zhejiang Province has rapidly
realized industrialization and urbanization through the bottom-up development model, becoming a
typical representation of local development competition with Chinese characteristics [42]. During this
rapid urbanization, county-level administrative regions gradually generated their own growth poles
and further developed toward a polycentric mode. Therefore, using Zhejiang Province as the study
area provides diverse research samples for analyzing the spatial structure and geographical
heterogeneity of county-level polycentricity. Considering that Zhejiang Province has 19 county-level
cities and 33 counties, 52 research samples were used in this study. The remaining 11 urban districts
are treated as a comparative analysis group in the following sections.

31° N 4

30° N <

29° N «

28° N 4

27° N <

118° E 119° E 120° E 121° E 122 E 123° E

Figure 2. Location of Zhejiang Province. Note: Abbreviations in this figure are the first letters of each
county’s name; for example, YW represents Yi Wu. The same applies in subsequent figures.
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2.5. Data Source

Three kinds of data were used in this study: internet big data, spatial data, and census data.
Internet big data mainly refers to the POI data, which were captured from Amap via the Amap API
on 12 August 2018. As a leading provider of digital map, navigation, and location services in China,
Amap had more than 100 million users per day in 2018, making it the most popular digital map
service provider in China. Meanwhile, the precise POI data classification method adopted by Amap
can provide accurate POI data points to fit the diversity and accuracy needs of this research.
According to the definition of urban center in our paper, 10 categories of POI data were selected to
characterize the service function of urban centers: food and beverages (FB), public facilities (PF),
shopping (SP), finance and insurance services (FIS), science/culture and education services (SES),
daily life services (DLS), sports and recreation (SR), governmental organizations and social groups
(GS), accommodation services (AS), and medical services (MS). Among them, FB, SP, FIS, DLS, and
AS are commercial service facilities; PF, SES, SR, and MS are public service facilities; and GS
represents administrative facilities. It is obvious that the actual number of POIs in each category is
significantly different, as seen in Figure 3. The number of SP POIs is the largest, while FB and DLS
rank the second and third place, respectively. The sum of these three categories of POIs accounts for
more than 80% of the total POI data we used.

Accommodation Services
Governmental Organizations & Social...

Medical Services

Sports & Recreation

Daily Life Services

Science/Culture & Education Services

Finance & Insurance Services

Shopping

Public Facilities

Total
amount

Food & Beverages

0 300,000 600,000 900,000 1,200,000

Figure 3. Point-of-interest (POI) data for 10 categories in Zhejiang Province.

The spatial data were taken from the digital map of Zhejiang Province, which was obtained from
the Urban Research Center of Zhejiang Province (Hangzhou, China). It provides the administrative
boundary of every county-level unit and the geographic information of Zhejiang Province. The
construction land area of each unit in the urban center identification process is calculated from this
data set. The census data contain the overall social and economic statistics of Zhejiang Province we
used in this study, such as the county-level gross domestic product and the population, which was
mainly derived from “The Statistical Yearbook of Zhejiang Province in 2018” and “The Statistical
Yearbook of Shaoxing in 2018”.

3. Results

3.1. County-Level Urban Center Identification

In total, 115 county-level urban centers were identified using the aforementioned measurement
in Zhejiang Province, with an average of two urban centers per administrative unit. Note that the
scale of each urban center varies significantly. The largest county-level urban center is located in
Yiwu, which has a total KOP of over 300,000, while the smallest has a KOP of only 2000 and is located
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in Pinghu. The average KOP in urban centers was 27,019.88. Most of the county-level urban centers
are concentrated in the coastal areas of Zhejiang Province, especially in the Hangzhou Bay region. In
order to gain a better understanding of the county-level urban centers, we introduced the urban
districts of prefectural cities as a control group. Compared with the control group, the average and
minimum values of the two groups were relatively approximate, while the maximum urban center
of the control group was more than twice that of the county-level group, as seen in Table 1.
Meanwhile, the standard deviation of the county-level group was smaller than that of the control
group, which means that the scale of county-level urban centers fluctuates less. Thus, the county-
level urban centers are an indispensable part of the whole urban center system in the rapid
urbanization area.

Table 1. Descriptive statistics of urban centers.

Number Value Minimum Maximum Mean Star}dafrd
Range Deviation

County-Level
Administrative Unit
The Control Group (Urban
Districts of Prefectural 133 645,204.26 1977.16 647,181.42 36,258.21 81,470.55

Cities)

115 315,335.65 2234.90 317,570.55  27,019.88 35,375.86

3.2. Polycentric Characteristics of County-Level Units

First, SUM; varies greatly among the different counties. By sorting the SUM; of all the units in
descending order, it is not difficult to find that Yiwu is at the top of the sequence with great
superiority as it has an ultra-large scale, which is 2.75 times that of the next largest, while the
following counties decline steadily. Meanwhile, the P; of the county-level units showed the opposite
effect. The average P; of the total 52 units is less than 0.5, as shown in Table 2. If we exclude the
county-level units with P, equal to 0, the average P; is more than 0.9, expressing the well-balanced
structure of the county-level urban centers in China’s rapid urbanization area. If we set the P; of each
unit to the same order of SUM; (Figure 4), it stabilizes in an interval close to 1 after a period of volatile
rise. Note that in Lanxi, which has two urban center structures, the equilibrium of the urban centers
is nearly equal to 1 because it has two similar-scale urban centers. The NUM; of urban centers
fluctuates between 1 and 6. Among them, 23 counties had only one center, which means they might
be at the primary stage of urban center development and cannot even be considered as PURs.
According to the P, and SUM; values, the growth of the urban centers is not monotonic but instead
has some volatile characteristics. Based on the Pearson test, the correlation coefficient between SUM;
and P; is 0.61, indicating a strong link. At the same time, the correlation coefficient between NUM;
and the above two indicators is 0.64 and 0.74 respectively, also showing a significant correlation.
Thus, there is strong collinearity among these three indicators.

Compared to the control group, there were less polycentric values of the county-level units than
those of the urban districts in terms of scale and quantity. The average value of NUM; in the control
group was almost 6 times that of the county-level units, and the average scale of the county-level
units was approximately one-eighth that of the control group. In particular, the Hangzhou district,
which is the largest district in Zhejiang Province, had 35 identified urban centers, while its SUM f of
KOP was more than 4 times that of the largest county-level unit Yiwu. Conversely, the county-level
units had a more balanced structure of urban centers than the urban district, considering that the
average value of P;(PURs) in the county-level group was more than that of the urban districts. This
indicates that the county-level urban centers have their own characteristics compared with the
prefectural cities, proving that studying county-level polycentricity in rapid urbanization areas is
meaningful and necessary.
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Table 2. Descriptive statistics of the polycentric indicators.

. . . Standard
Indicator Minimum Maximum Mean ar} a}r
Deviation
NUM; 1.00 6.00 2.21 1.45
.. . . P; (total 0.00 1.00 0.52 047
County-level administrative unit Pil ((P U ng 0.67 1.00 0.94 0.06
SUM; 3073.42 371,291.40 59,755.49 55,390.65
NUM; 1.00 35.00 12.80 10.17
P j
The controi ;gfreocttxll::rillu'cl;tair;sc)hstrlcts of P, 075 1.00 0.86 007
p SUM; 116,708.10 1,513,717.16  471,020.50 393,137.11
SUM|(Total scale of the POI kernel density of the county-level urban centers)
400000
350000
300000
250000
200000
150000
100000
({0
0 >
B EREE R ‘ County
. P(Equilibrium of the county-level urban centers) ®
1
0.8
0.6
0.4
02
0
TR TrYLERT: : RRQENRGEEEREEYBERE4Y% Comty
_ A NUM;(Number of the county-level urban centers) )
6
4
.
B ENLiEEEYYAENE RSP ELNRUEEREEERRRNEORCARALAEABEAR Y 4 Conty

Figure 4. Statistics of three polycentric indicators. (a) Total point-of-interest kernel density scale of the
county-level urban centers in Zhejiang Province. (b) Equilibrium value of county-level urban centers
in Zhejiang Province. (¢) Number of county-level urban centers in Zhejiang Province. Note the series
of P, SUM; and NUM; in the descending order of SUM; .

In Zhejiang Province, as shown in Figure 5, the spatial distribution of the county-level units with
three urban center characteristics had regional agglomeration features. Whether via the SUM; or NUM;,
the county-level administrative units in the southwest area of Zhejiang Province expressed relatively
small values. Conversely, the county-level units with relatively larger SUM; and NUM; values and a
relatively smaller P; were concentrated in the central and coastal areas of Zhejiang Province.
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(a) :8um of the POl Kernal Density of
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(g) :Number of county—level urban centers (NUM;)

[ ] Urban Districts

Figure 5. Spatial distribution of county-level units with polycentric characteristics. (a) Spatial
distribution of county-level units with SUM;. (b) Spatial distribution of county-level units with P;. (c)
Spatial distribution of county-level units with NUM;.

3.3. Three Types of Polycentric County-Level Administrative Units

Based on the two-step cluster algorithm method, we can obtain more general spatial features of
polycentric county units. The silhouette coefficient of the two-step cluster algorithm is 0.84, meaning
that the clusters perform quite well with large cluster distances and tight intra-cluster distances. In this
study, 52 county-level units were divided into three different types based on the cluster algorithm results.

The first type (Type A) contained 23 units, nearly half of the total amount, all of which had one
urban center. The second type (Type B) contained 28 units. Compared with the counties in Type A,
the NUM; values of the counties in Type B were between 2 and 6. Note that the smallest value of P;
in those counties was beyond 0.88, indicating the well balanced polycentriciy. Meanwhile, this kind
of county-level urban center structure was not observed in Yiwu, where the P; is only 0.67. As the
total scale of urban centers in Yiwu was larger than the other 51 studied units and its P; was the
smallest, Yiwu itself was classified as the third type (Type C).

In general, P; had the largest influence on the cluster algorithm, contributing a 73% rate. The
contribution of SUM; accounted for 18%, while the remaining 9% was contributed by the NUM; .
Therefore, it seems that spatial structure is a crucial characteristic of the county-level urban centers,
similar to the general spatial characteristics of polycentric urban center systems in big cities [17,39].
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3.4. Factors for Polycentric Classification

As Type C only had one unit, we mainly analyzed the 51 units that belonged to Types A and B.
Therefore, the analysis was simplified to a binary classification focusing on the difference between
single-center units and multi-center units. Using the RF method, the number of trees was 100, and
the depth of trees was 10. We set the maximum feature number as 4.

The training model accuracy was more than 92%, reflecting its excellent classification ability.
There were three units classified incorrectly in the simulation result. Haiyan and Shenzhou, which
originally belonged to Type A, were erroneously categorized as Type B, while Pujiang, originally
belonging to Type B was allocated to Type A. Figure 6 shows that 10 factors contributed to the
classification, four of which (PBS, TRS, IFA, and AE) had significant impacts.

Number of Public Bus Stop (PBS) NN .06
Total Retail Sales of Consumer Goods (TRS) I .04
Investment in Fixed Assets (IFA) NI 101
Average Elevation (AE) I 0.95
General Public Budget Expenditure (GPBE) NG 0.6 1
Value-added of Secondary Industry (SI) NG 0.49
Value-added of Tertiary Industry (TI) | 0 .41
Value-added of Primary Iindustry (PI) [N 0.4 1
Household Deposits (HD) I 0.22

Permanent Resident Population (POP) [N 0.21

Per apita Disposable Income of Urban Resident B 0.04 Contribution
(DIUR) 3 Tmportance

0 0.2 0.4 0.6 0.8 1 12

Figure 6. Contribution importance of 10 classification factors based on the random forest method.

The results of the classification factor analysis indicated that economic development (IFA),
topographical features (AE), public transportation (PBS), and consumption ability (TRS) are
significant to county-level polycentricity. It is worth noting that the above four factors in this study
represent the differential characteristics between two types of county-level polycentricity.
Considering the fact that the county-level units in Type A are all single-center units while Type B
contains 28 multi-center units, those four indicators are the most important socioeconomical and
topographical indicators correlating to the emergence of PURs in the rapid urbanization area.

Our analysis suggests that the county-level units in mountainous areas with high average
elevation are less likely to have a multi-center structure. Although the county-level units in Type A
always have large administrative land scale, the complexity of their topography affects appropriate
construction land, which is concentrated in the valleys and basins, limiting the urban land expansion.
On the other hand, the county-level units in Type B always have relatively large area of plains,
affording enough expansion space for urban development. Intra-county public transportation also
helps to explain the emergence of PURs. The county-level units with more public bus stops are more
likely to have a polycentric urban center system. Although Zhejiang Province is the most developed
province in China, the number of private cars per capita was 0.18 in 2019, far lower than that in
developed countries, such as the USA and Japan. Public transportation was still the first choice for a
large part of local population in the county-level units. The rapid population stream relying on a
mature public transportation network can disperse population to different urban areas or even the
adjacent towns. Conversely, a weakened public transportation system would promote the population
concentration and further attract the agglomeration of service facilities in one specific urban area
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because of the inconvenience of obtaining public services for local people. More importantly, due to
the rapid economic development, the Type B counties all had strong development vitality. The
average income of citizens continued to increase, and consumption activities were gradually
enriched. In addition, local economic development promoted local government revenue and ensured
sufficient investment in public facilities [43,44]. At the same time, enterprises also have enough funds
to invest in fixed assets to achieve reproduction. These factors all contributed to county-level
polycentric emergence. Conversely, the economic development of the Type A counties lagged
compared with those in Type B, leading to fewer job opportunities. The siphon effect of the
surrounding counties with rapid economic development caused population outflow, further
affecting consumption activities [45,46]. Therefore, the relatively slow economic development and
lower consumption abilities of the local population in Type A counties could not support the
formation of a multi-center spatial structure.

4. Discussion

We identified county-level urban centers and measured their polycentricity, wherein 52 county-
level units were divided into three types. As shown in Figure 7, the 23 units with only one urban
center in Type A were mainly located in the south and west regions of Zhejiang Province, while most
of the Type B counties were distributed in the east and north coastal areas. Compared to the
prefectural-level cities in China, which belong to the control group in this study, or previous works,
the probability of polycentric spatial structure emergence in the county-level administrative units
with rapid urbanization is far lower. Among 318 prefectural-level cities in the empirical study by Liu,
only 46 cities had a single urban center, accounting for 14% of the total [5]. However, in Zhejiang
Province, which is one of the most developed regions in China, almost half of the counties did not
have a multi-center structure. Based on the classification analysis results, for those counties with
relatively high elevation and complex terrain conditions, strengthening the agglomeration of facilities
in the central urban area may be a more appropriate means of urban spatial development. In the
southwest mountain area of Zhejiang Province, the local governments recently proposed the urban
development goal called “Small County and Big City”. This development strategy precisely focuses
on the continuous concentration of the population and productive factors in the county-level central
urban area by relocating the remote settlements with poor traffic conditions and insufficient
development potential. Local governments can provide various high-quality public facilities through
centralized assets investment, instead of the enormous expenditure on the vast village roads and
infrastructures. At the same time, the agglomeration of population can also promote the development
of the urban service sector, providing more jobs for local people. At the present stage of the
urbanization, monocentric development may be the best approach for those county-level units
belonging to Type A. Meanwhile, with the continuous expansion of central urban area, the
polycentric development would be a suitable spatial structure for them in the future. It would be
useful to evaluate whether the economic development level, fixed assets investment, and residential
consumption ability can support the multi-center development before implementation of the
polycentric plans if those local governments have a strong willingness. Furthermore, the county-level
PURs had a more balanced spatial structure compared to the prefectural ones. This suggests that part
of the county-level administrative units in the Chinese rapid urbanization area possessed a self-
developing urban center system. The existing studies, which only paid attention to the prefectural
cities, ignored the significance of the county-level polycentric development because their
identification of urban centers concentrated on the central urban districts.
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Figure 7. Spatial distribution of different types of polycentric units in Zhejiang Province.

It must be noted that the factors in above discussion correlate to the polycentric classification
and do not directly influence the polycentric development. Previous studies have expended
significant efforts on identifying the influencing factors of urban centers and polycentricity. Thus,
physical, socioeconomic, and political factors, such as topography, GDP, and regional planning have
been proven to be associated with polycentric development [5,27,39,40,47]. The selection of 11 factors
in this study is also in accordance with those previous findings. Although the results of our research
on the polycentric classification factors were similar to those of previous works, the meaning implied
by our results differs from the existing impact factor analysis. Our analysis emphasizes the major
difference between the PURs and the single-center area, rather than the impact mechanism for
polycentric development.

5. Conclusions

This research improves upon the study of polycentric urban development by proposing an
urban center measurement that is suitable for county-level studies in rapid urbanization areas from
the public service perspective and introduces a comprehensive polycentricity index to determine the
spatial characteristics of inter-county urban centers. We identified county-level urban centers for 52
county-level administrative units in Zhejiang Province, which is a typical rapid urbanization area in
China. Based on three polycentricity indicators, these 52 units were divided into three types to
distinguish the differential features between polycentric areas and single-center regions. The results
suggest that the county-level urban center structure varies in number, scale, and equilibrium, and is
strongly associated with socioeconomic factors and topographical condition. Nearly half of the
county-level units in Zhejiang Province did not have polycentric urban form with relatively higher
elevation, lower residential consumption ability, undeveloped public transportation systems, and
less fixed assets investment, compared to the polycentric units. Unlike the big cities in the rapid
urbanization area, polycentricity may be not the best urban spatial structure for all kinds of county-
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level administrative units. Considering that promoting socioeconomic development is long-term
work involving huge investment, and that the topographical conditions are hard to change, local
governments should carefully propose the urban space development goals and strategies according
to their own conditions.

However, our study has several limitations, providing potential research directions for further
studies. First, the measurements of urban centers and the polycentricity herein still have potential
space for further comprehension. The two criteria of this threshold method (shown in Figure 1),
including the search range and the minimum area, highly depend on practical experience and
previous research. Using the minimum area of an urban center as an example, if the threshold land
area is raised from 0.18 to 0.27 km?, that is to say, from two to three grids, the number of identified
urban centers in Zhejiang Province would reduce by 19. In particular, for the Shensi county, there
would be no urban centers identified in its administrative area. Future research could introduce
comparable identification methods based on other big data or remote sensing data, such as luminous
and demographic data, as the basis for verification. Using identification calibration in the empirical
case study area, researchers can obtain a more reasonable standard for the threshold method to
represent the urban center geographical boundary. Further, our study only revealed the spatial
structure of county-level urban centers, ignoring the relationships at the inter-county level. The entire
regional urban center system is composed of urban centers in prefectural cities and county-level
areas, and the structure of urban centers is not only topographical but also functional. Previous
studies have proposed some methods for distinguishing urban network by observing the flow among
cities, such as information flow or population flow [16,48]. Nevertheless, from the county-level scale,
obtaining data that can accurately represent the flows is still a very difficult problem, and there are
few research teams that have proposed an effective approach. Therefore, further studies could use a
correlation analysis based on appropriate county-level data, forming a relational polycentricity.
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