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HIGHLIGHTS

Over 90% of cities have four or fewer intra-city centers.
Higher degree of polycentricity is found in mountainous cities.

Polycentricity is positively associated with GDP per capita in Eastern China.
Identified patterns of centers in a number of cities are largely consistent with corresponding master plans.
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Despite much insightful work on polycentric urban development in China, there is a lack of systematic
comparison at the intra-city level. Therefore, this paper explores polycentric urban development in 318
cities of China using detailed gridded population data. Our analysis examines the spatial structure of
urbanized area within individual cities and identifies population centers within cities that are at the
prefectural level and above. Our empirical results suggest that over 90% of Chinese cities have four or

I<e3(words: fewer ‘centers’, and approximately 40% only have one ‘dominating’ center. Regression models reveal that
ggll;caentricity higher degrees of polycentricity are associated with cities in fragmented landscapes. Conditioning on
Subcenters topographic characteristics and total land area, Gross Domestic Product (GDP) per capita is associated
Intra-city positively with high polycentricity in Eastern China. Furthermore, our analysis suggests that the devel-
Urban form opment of multiple (sub)centers in a number of cities (e.g., Shanghai and Tianjin) is relatively consistent
Urban policy with their master plans.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The emergence of polycentric urban development has been
highlighted in recent literature (Anas, Arnott, & Small, 1998;
Audirac, 2005; Musterd & Kloosterman, 2001; Vasanen, 2012).
Polycentric cities are formed when previously close-by but inde-
pendent urban settlements form a larger and more integrated
city-system. Polycentricity is oftentimes deemed a desirable urban
form, generating greater agglomeration externalities as well as
facilitating the achievement of social, economic, and environmen-
tal goals (Parr, 2004). More importantly, polycentricity has been
observed and analyzed at various geographical scales, including the
intra-city scale (e.g., Central Business Districts (CBDs), edge cities,
and satellite towns within a city), the inter-city scale (e.g., the ‘Pearl
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River Delta’ mega-city region), and the trans-regional scale (e.g.
continental ‘development poles’ identified in European Union’s
territorial development policies; Halbert, Convery, & Thierstein,
2006).

This paper focuses on polycentric urban development at the
intra-city level in China, based on the identification of intra-city
population centers. As the world’s most populous country and
largest developing economy, China’s urban transformation has sig-
nificant global socioeconomic and environmental impacts (Bai, Shi,
& Liu, 2014). A recent World Bank report suggests that China is
home to approximately 70% cities with more than 100 thousands
people in East Asia and the Pacific region (World Bank, 2015).

Among all strategies and measures to tackle the challenges of
China’s urban transformation, we witness an increase in normative
plans and policies that target at polycentric urban development
(Liu, Derudder, & Wu, 2015). For example, (polycentric) urban
regions are identified as the cornerstone in the recently released
national plan for ‘new form of urbanization’ and also referred to
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in China’s Central Urban Work Conference in December 2015. In
addition, ‘polycentric urban patterns’ are deliberately sought after
in many cities’ strategic plans (Qin & Han, 2013; Yue, Fan, Wei, & Qi,
2014). For example, in a study conducted by the National Reform
and Development Commission of China, 133 out of the 144 pre-
fectural level cities included in the survey are planning to develop
or developing new districts/towns outside their old urban cores
(Sun & Wei, 2015). More recently, the drive for polycentricity is
evidenced by the plan in which Beijing’s municipal government,
along with tens of thousands of civil servants and other supporting
functions, will be moved out of the crowded old city to a satellite
town. This trend resonates with an international quest for polycen-
tric urban development. For example, European spatial and social
development policies highlight the benefits of polycentric urban
development (Burger & Meijers, 2012; Hall & Pain, 2006), and dis-
cussions about ‘megaregion’ as a planning and governance tool (re)
surface in the US (Nelson & Lang, 2011).

Despite many insightful studies on polycentric urban develop-
ment in China, there lacks a systematic comparison at the intra-city
level. On the one hand, most analyses have focused on inter-city or
regional polycentricity, i.e., polycentric urban regions or megare-
gions (Yang, 2005; Liu, Derudder, et al., 2015; Yang, Song, & Lin,
2015; Zhang & Wu, 2006). On the other hand, case studies of urban
polycentricity at the intra-city scale are restricted to a few larger
cities along the Eastern coast, such as Beijing (Qin & Han, 2013;
Zhao, Lu, & de Roo, 2011), Shanghai (Lehmann, 2013; Yue et al,,
2014), Guangzhou (Wu, 1998), and Hangzhou (Yue, Liu, & Fan,
2010). As ideas about urban polycentricity are increasingly put into
normative plans, systematic analyses of intra-city polycentricity
would help generate a better understanding of polycentric urban
development, as well as evaluating relevant development policies
and plans.

Aiming to help fill this gap, this paper presents an exploratory
analysis of intra-city polycentricity across China using detailed
gridded population data. More specifically, our paper examines
the spatial structure of urban area within individual cities and is
organized as follows. The next section introduces the definition
of polycentricity, identification of sub-centers as well as measure-
ment of morphological polycentricity for individual cities. We then
discuss our data and the calculation of different polycentric mea-
sures. Polycentric development patterns in China are subsequently
reviewed, and the association with socioeconomic, physical, and
political factors is presented. The paper concludes with a sum-
mary of major findings, methodological limitations and avenues
for further research.

2. Data and methods
2.1. Data and study area

Our analysis starts with 364 Mainland Chinese cities at the
prefectural level and above (Fig. 1). To ease comprehension for
international readers, the nature of a prefecture-level city needs
some clarification (see Li, 2014 for a comprehensive review of the
Chinese planning and administrative system): Within the Chinese
administrative division system, a prefectural-level city (di ji shi)
ranks below a provincial-level unit but above county-level units. A
prefectural level city usually comprises of core urban districts and
their surrounding region which in turn contains districts, county-
level cities, counties, towns, and/or other sub-divisions. In other
words, a Chinese prefectural city resembles an intra-city urban
system, consisting of a central urban area and outlying urbanized
areas such as the seats of counties. In addition to prefecture-level
cities, our analysis includes four municipalities under direct con-
trol of the central government (i.e., Beijing, Tianjing, Shanghai,

and Chongging), which have the same administrative ranks as
provinces.

The measurement of polycentricity is based on the LandScan™
High Resolution Global Population Dataset (Dobson, Bright,
Coleman, Durfee, & Worley, 2000), which estimates global pop-
ulation distributions in approximately 1km by 1km grids. Errors
in population estimation notwithstanding, the LandScan dataset
offers two advantages in understanding urban spatial structures:
First, LandScan characterizes population distributions at a fine spa-
tial resolution, while official census data are usually aggregated
at the city level and do not reflect intra-city population distribu-
tion. Second, existing attempts at downscaling aggregated census
data (e.g., Wu, Long, Mao, & Liu, 2015) are affected by politi-
cal/administrative boundary changes, thus becoming less useful
for longitudinal analyses. In addition, LandScan averages popula-
tion distribution over a 24-h period, partially taking commuting
and population migration into consideration. LandScan data are
gathered for the year of 2012.

As LandScan data only characterize the spatial distribution of
population, individual urban centers (including both core urban
districts and subcenters) identified by our approach correspond
to population rather than employment centers. While the analysis
of employment centers is key to understanding the urban spatial
economy (Giuliano & Small, 1991), there is usually a mismatch
between employment and population centers (as characterized by
job-housing (im)balance). A close examination of population cen-
ters is still policy-relevant in the Chinese context (Shen & Wang,
2012; Wang & Meng, 1999). For example, the redistribution/control
of population is highlighted in many master plans and per-capita
standards are widely employed in determining the supply of public
services and infrastructure (Li, 2014).

City-level Gross Domestic Product (GDP) and population statis-
tics for 2012 are collected from China City Statistical Yearbook.
Our analysis also includes the standard deviation of landform
curvature for individual cities, which is derived from the digital
elevation model (DEM) of China. The DEM data are acquired from
the United States Geological Survey. Following the definition of Chi-
nese macro-regions in Fan and Sun (2008), cities are grouped into
three regions: the eastern, the western, and the central.

2.2. Defining and measuring polycentricity

We employ a straightforward and morphological definition of
polycentricity (Halbert et al., 2006). The polycentricity of indi-
vidual cities is measured based on the size and distribution of
intra-city centers; a city is deemed more polycentric if it is char-
acterized by a more balanced distribution of centers (Meijers &
Burger, 2010; Musterd & Kloosterman, 2001; Parr, 2004). In other
words, a polycentric city would be consist of a group of urban
centers with a relatively even distribution of importance. Vari-
ous urban characteristics have been employed to approximate the
‘importance’ of individual centers, such as population size, employ-
ment counts, and GDP (Batty, 2013; Meijers & Burger, 2010). In
addition, we are aware of the functional, relational, and political
dimensions of polycentricity (Halbert et al., 2006; Liu, Derudder
et al., 2015). Although these perspectives generate more nuanced
understandings of polycentric cities, they usually have higher data
requirements. For example, functional and relational approaches to
polycentricity require information about the flows of people, infor-
mation and goods among individual centers. However, measuring
intra-city flows is difficult, especially for a large number of cities
(Liu, Derudder et al., 2015). Still, there is usually a positive asso-
ciation between morphological and other forms of polycentricity
(Burger & Meijers, 2012; Vasanen, 2012). Therefore, our analysis
adopts a morphological definition of polycentricity.
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