ISPRS Int. J. Geo-Inf. 2015, 4, 1982-2003; doi:10.3390/ijgi4041982

ISPRS International Journal of

Geo-Information

ISSN 2220-9964
www.mdpi.com/journal/ijgi/

Article

Multi-Scale Analysis of Regional Inequality based on Spatial
Field Model: A Case Study of China from 2000 to 2012

Shasha Lu **, Xingliang Guan 2, Danlin Yu 3, Yu Deng ** and Linjie Zhou 2

1

School of Economics and Management, Beijing Forestry University, No. 35, Tsinghua East Road,

Beijing 100083, China
National Academy for Mayors of China, Huixin West Street, Beijing 100029, China;
E-Mails: guanxl.09b@igsnrr.ac (X.G.), zhoulinjie2008@126.com (L.Z.)

Department of Earth and Environmental Studies, Montclair State University, Montclair, NJ 07043,

USA,; E-Mail: yud@mail.montclair.edu

Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,

Datun Road, Beijing 100101, China

Authors to whom correspondence should be addressed; E-Mails: lushasha@bjfu.edu.cn (S.L.),

dengy@igsnrr.ac.cn (Y.D.); Tel.: +86-10-62-337-196 (S.L.); Fax: +86-10-64-928-482 (S.L.).

Academic Editor: Wolfgang Kainz

Received: 12 July 2015/ Accepted: 14 September 2015 / Published: 6 October 2015

Abstract: A large body of recent studies—from both inside and outside of China—are
devoted to the understanding of China’s regional inequality. The current study introduces
“the spatial field model” to achieve comprehensive evaluation and multi-scale analysis of
regional inequality. The model is based on the growth pole theory, regional interaction
theory, and energy space theory. The spatial field is an abstract concept that defines the
potential energy difference that is formed in the process of a regional growth pole driving
the economic development of peripheral areas through transportation and communication
corridors. The model is able to provide potentially more precise regional inequality estimates
and generates isarithmic maps that will provide highly intuitive and visualized presentations.
The model is applied to evaluate the spatiotemporal pattern of economic inequality in China
from 2000 to 2012 amongst internal eastern-central-western regions as well as north-south
regions at three geographical scales—i.e., inter-province, inter-city, and inter-county. The
results indicate that the spatial field model could comprehensively evaluate regional
inequality, provide aesthetically pleasing and highly adaptable presentations based on a
pixel-based raster, and realise the multi-scale analyses of the regional inequality. The paper
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also investigates the limitations and extensions of the spatial field model in future application.

Keywords: regional inequality; spatial field; nodality index; accessibility; China

1. Introduction

China has achieved great progress in economic and social development since the “open-door policy”
of 1978 and subsequent economic reforms. During the period following the transformations of the late
1970s, the country adopted industrial and urban priority development strategies which focused
specifically on economic growth based on regional comparative advantage, foreign direct investment,
international interaction and technological innovation. In so doing, regional inequality is deemed as an
inevitable result of such transformation process. Under such strategies, cities and coastal areas in China
have gained substantially development during the reform period due largely to their comparative
advantages, either as a result of geographic location or historical development. Consequently, regional
economic inequality in China has increased drastically during the past three decades [1,2]. Rising
regional inequality—such as that seen in China at present—may cause social and economic instability
within a country and compromise the prospect of achieving long-term sustainable growth through a
variety of social, political, and economic mechanisms [3]. Regional inequality has thus become an
important issue, attracting considerable attention from both the government and researchers.

Since the second half of the 1990s, the Chinese government has attached more emphasis to mapping
out programmes and national development strategies to alleviate regional inequality. For instance, in
1999 the central government of China formulated the Western Development Strategy (xibu da kaifa) to
boost the economic development in relatively underdeveloped western China. In 2003 and 2006,
Reinvigorating Old Industrial Bases of Northeast China (zhenxing dongbei) program, and the Central
Region Grow-Up Strategy (zhongbu jueqi) were launched in order to boost up economic growth in the north,
as well as in central regions [4]. Recently, the central government has compiled the Twelfth Five-Year
Plan (2011-2015), through which more attention has been paid to strengthening the coordination of
regional development, promoting a more balanced development of basic public services, and gradually
narrowing the gap between rural and urban residents’ living standards, as well as striving to solve the
unbalanced, uncoordinated, and unsustainable problems associated with existing economic and social
development patterns.

Regional inequality has also come to be seen as a serious issue amongst researchers, attracting
considerable attention from the academic community. The problem has been extensively documented
both inside and outside of China, generating a growing literature that can be characterised by five key
features. Firstly, the term “regional inequality” tends to clearly denote a regional economic difference
that can be divided into “absolute” and “relative” difference, the former reflecting the difference between
regions’ total economic outputs, the latter representing the difference in their economic development
levels [5]. Secondly, the spatiotemporal pattern of the evolution of regional economic difference—that
is, the spatial pattern of economic gaps between regions, as well as the features of the evolution of those
gaps over a sufficiently long time period—is still a core area of study within research addressing regional
inequality [6]. Thirdly, we note that the scale addressed by recent research has been diverse: the analysis
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scale of regional inequality has in fact shifted between the “macroscopic” scale—e.g., addressing
interior—coastal, north-south, rural-urban, inter-provincial or intra-provincial inequality [6-9]; the
“mesoscale”—e.g., addressing inter-rural and inter-urban, and inter-regional inequality [7]; and the
“microscale”—e.g., inequality at the county level as well as the township level [10]. Fourth, increasingly
vigorous technological and methodological contributions have been made in measuring regional
inequality. Inequality indices now include the Gini coefficient, the coefficient of variation, the Theil
index, the generalized entropy index, and the Atkinson index [6,11,12]. More recently, spatial analysis
models using geographic information systems (GIS) and geographically weighted regression, and
economic growth models have gradually been introduced to this field [13,14]. Finally, explanations—as
well as corresponding policy prescriptions—addressing the factors that are responsible for regional
inequality have become both the focus and the main foothold of current research efforts. The effects of
physical conditions [15], geographical location [16], labour migration [6], marketization, globalisation [17],
foreign direct investment [15], social capital [18], total factor productivity (TFP) and factor inputs,
national policies [19] and regional development strategies have been explored as important factors that
(Jointly) trigger regional inequality. Further, some scholars propose that human capital investment in
less-developed areas, factor market reform, infrastructure investment, social protection investment, and
governance can all contribute to promoting economic growth in lagging regions and reducing regional
gaps [8,15].

Despite these contributions, at least three aspects of study on regional inequality deserve far greater
attention. First of all, most of the previous studies use only a single indicator or a simple composite
indicator system to evaluate regional inequality—for instance, by considering per capita GDP, per capita
GNP, and/or per capita income. The development of the indicator plays an important role in the degree
and even the direction of change seen in the inequality being investigated; as such, conclusions may be
contingent upon the selection of specific measuring indicators [12,20]. Due to the limitation of a single
indicator, comprehensive measurement with respect to regional inequality (e.g., using comprehensive,
multiple, or composite indicators, introduced through the spatial field model developed in this study)
should garner greater attention in future research [20,21]. Secondly, though more studies have taken a
spatial data analytical approach, the majority of the existing work undertaken on the subject has applied
traditional statistical models in their analysis of regional inequality. In this regard, we believe that the
use of intuitive and visualised presentations of regional inequality, graphically presented through
isarithmic maps, should be further enhanced [22]. The third issue evidenced in previous work on regional
inequality lies in the different—and even opposite—conclusions yielded by the diversity of analysis
scales, measuring indicators and methods, statistical data, as well as urban definitions [6,7]. Such
variation is perceived as being serious problem, and can lead to a variety of diverse policy implications,
rather than a targeted response [23].

The objective of this study was to develop a “spatial field model” in response to the aforementioned
challenges. The model that we put forward has several advantages, including: (i) proposing a
comprehensive evaluation of regional inequality in terms of the current features of a region, and its future
potential for economic development; (ii) presenting evaluation results as intuitive and highly visualised
isarithmic maps; and (iii) achieving a multi-scale analysis of regional inequality. The spatial field model
was applied to evaluate intraregional inequality amongst the three often-referred-to economic regions
(the eastern, central, and western regions) in China, as well as the broader division of “the north” and
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“the south” of China, in the period 2000-2012. Each evaluation is done at the provincial-, the prefecture-
and county- levels. Results indicated that the spatial field model is a useful instrument in the evaluation
of regional inequality. A discussion of the results also highlights the limitations of the spatial field model,
and expands upon a series of matters requiring further attention in future applications of the model.

In detail, the eastern region includes 11 provinces: Beijing, Tianjin, Hebei, Liaoning, Shandong,
Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong and Hainan; the central region consists of 8 provinces:
Heilongjiang, Jilin, Shanxi, Henan, Hunan, Hubei, Jiangxi and Anhui; the western region comprises 12
provinces: Inner Mongolia, Shaanxi, Gansu, Ningxia, Qinghai, Xinjiang, Sichuan, Chongging, Guangxi,
Yunnan, Guizhou and Tibet. Moreover, the country is divided into “the north” and “the south” based on
the natural geographical boundaries, especially the climate boundary—i.e., Qinling-Huaihe Line. South
China includes 16 provinces: Shanghai, Jiangsu, Zhejiang, Fujian, Anhui, Jiangxi, Hunan, Hubei,
Guangdong, Guangxi, Hainan, Sichuan, Chongging, Yunnan, Guizhou and Tibet; north China consists
of the remainder provinces.

The remainder of this paper proceeds as follows. Section 2 describes the spatial field model employed
and presents the data acquisition and processing. Section 3 presents the results of regional inequality in
China from 2000 to 2012 at three geographical scales. Discussions and concluding remarks are presented
in Sections 4 and 5 respectively.

2. The Spatial Field Model
2.1. Defining the Spatial Field Model

The “central place theory”, originally proposed by the German geographer Walter Christaller in 1933,
constitutes both a doctrine on urban scale and urban hierarchies and a theoretical model for urban
planning and urban construction [24]. Subsequently, Perroux in the 1950s proposed the growth pole
theory in which growth poles serve as “centres from which centrifugal forces emanate and to which
centripetal forces are attracted” [25]. In general, a growth pole might exert two distinctly different types
of influence on its neighbours through strong attractive forces (concentration) and radial forces
(diffusion): these are termed as ‘“backwash effects” and “spreading effects” [26-28]. A stable
core-periphery pattern and an integration of regional development would be expected to achieve under
the impact of backwash and spreading effects of a well-devised growth pole strategy [29]. In the early
stages of a growth pole, polarisation effects lead the central city to absorb adjacent regions’ population,
capital, information, technology, and various other production elements. As the pole develops, the
“spreading effects” tend to dominate, leading to the spread of various factors and elements from central
cities to adjacent regions through various contact “channels” [30-32], which in real world mainly involves
the trunk lines of transportation and communication as well as channels for energy and water movement [16].

Since a growth pole is always more developed than its surrounding peripheral regions, from a pure
energy perspective (i.e., everything is converted to some types of energy), we can imagine that there
exists energy difference from the pole to the peripheral. We can designate such energy decays from the
pole to the farthest peripheral with values between 1 and 0. The diffusion distance of the energy will
likely be a function of the concentration of regional transportation and communication infrastructure
facilities. The “spatial field” is an abstract concept that we coined in an attempt to measure the sphere of
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influence of any growth poles at any given level [33]. Using energy as a universal measuring unit, the growth
pole shall have the largest spatial field (high energy level) than any other locations in its sphere of influence.
Such energy declines from the pole to the peripherals following typical distance decaying mechanism.

2.2. Constructing the Spatial Field Model

In general, a growth pole could drive the economic development of peripheral areas through the
spreading and backwash effects [26]. If a central city (as regional growth pole) has strong control ability
to aggregate and diffuse resources and production factors, and has good regional accessibility, the central
city would have a strong spatial field energy, and vice versa. Given that the value of the spatial field
energy gradually decreases as distance from the growth pole increases, a peripheral point that is far away
from the growth pole would have weak spatial field energy. Thus, the spatial field can be described with
the gravity-based potential model which is the most widely used types of interaction model [34,35]. In
physics, gravitation is a force that decreases with distance and increases with mass [35]. The gravity-based
potential model aims at measuring the influence exerted by a set of masses on a unit of mass located at
a given point in space [36—38]. The formula of the potential at point [i, j] is given as follows:

o Ly
Ey = (DilJf )a (1)

where [i, j] indicates the horizontal and vertical coordinates of the point; Ej indicates the intensity of the
potential at point [i, j] deriving from the mass k; Zkis usually represented by population size of the mass
k; Dj is the distance between the mass k and point [i, j] (e.g., Euclidean distance, economic cost, time);
a is the distance friction parameter (normally the value of a is set as 1). In this paper, Zkis represented
by the ability of central city k to aggregate and diffuse resources and the factors of production, and Dj is
represented by the time cost between the mass k and point [i, j].

In general, a spatial point has a composite spatial field for that it is simultaneously influenced by all
of the surrounding central cities. The composite spatial field constitutes the superposition of the spatial
field (potential energy value) from all of the surrounding central cities. The intensity of the composite

spatial field can be described as follows:
K
E; = ; = (2)

where Eij is the composite spatial field of the point [i, j] deriving from all of the central cities (k=1, ..., K).

It should be noted that when Dj; equals zero, the value of spatial field in the point [i, j] would be not
in conformity with the mathematical rules. In this situation, we set E as the largest spatial field value of
its surrounding points.

The intensity of a point’s composite spatial field is determined by the control ability of its regional
central cities (growth poles) to aggregate and spread resources and factors of production (Zx, k=1, ..., K),
as well as the regional accessibility of those cities (Dj, k=1, ..., K). In this paper, the ability of regional
central cities (growth poles) to aggregate and spread resources and factors of production is reflected by
the nodality index, which is a composite indicator system. The distance cost between a central city and
its neighbouring area is reflected by regional accessibility based on the Cost-Weighted Distance Method.
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2.2.1. The Indicator System of the Nodality Index

Each city has an absolute importance for it provides residents with goods and services. Preston put
forward nodality index and used it to describe the absolute importance of a city [39]. In the study, the
nodality index is used to evaluate the capability of central cities (growth poles) in aggregating and
spreading resources and factors of production from/to their neighbours. The nodality index therefore
reflects the aggregation ability and spread ability of central cities in driving the economic development
of peripheral areas. Based upon the considerations of manoeuvrability, dynamics, scientific validity, and
comprehensiveness, a critical indicator system was established using the expert consultation method, in
accordance with the scientific definition of a nodality index and with reference to related literature,
feasibility reports, and official reports. The index consists of the target layer, the criterion layer, and the
index layer, and includes 29 identified specific indicators to reflect economic development, social
development, infrastructure development, investment environment, science and technology, and the
condition of informatization (Table 1).

Table 1. The indicator system of nodality index.

Target Layer Criterion Layer Specific Indicators
Gross domestic product(Xi, 10, 000 RMB), per capita gross

domestic product (X, RMB), total population (X3, 10, 000 persons),

Economic . .
development gross industrial output value (X4, 10, 000 RMB_)), local gover_nment
condition bugetary revenue(Xs, 10, 000 RMB), total retail sales of social
consumer goods (Xs, 10, 000 RMB), savings deposit of urban and
rural household (X7, 10, 000 RMB)
Urbanisation rate of population (Xs, %), average wage of staff and
Social workers(Xs, RMB), mobile phone users (X1, 10, 000 number),
development number of theater and cinemas (X1, unit), total collections in
condition public libraries (Xi12, 1000 copies), number of licensed/assistant
doctors (Xi3, 10, 000 persons)
Built-up area (X14, km?), vegetation cover in respect to built-up area
Nodality Index Infrastructure (X24, %), total passenger traffic®(Xzo, 10, 000 persons), total freight
development traffic® (Xa1, 10, 000 tons), area of paved roads at year-end (X2, 10,
condition 000 m?), number of public vehicles under operation at year-end
(X23, unit)
Number of fully-employed staff and workers (Xis, 10, 000
Investment persons), total investment in fixed assets (X6, 10, 000 RMB),
environment amount of foreign capital actually utilized (X7, 10, 000 dollar),
condition water supply (Xis, 10, 000 tons), electricity consumption (X9, 10,
000 kwh)
. Postal and telecommunications services (Xzs, 10, 000 RMB), total
Science &

technology and
informatization
condition

research & development personnel (Xzg, persons), total
educational funds (X7, 10, 000 RMB), national regular
institutions of higher education (Xzs, unit), number of students
enrollment in higher education (X9, persons)

Note: ° indicates the indicators in relation to statistical data of municipal district is missing and are replaced
with the statistical data from the whole city.



ISPRS Int. J. Geo-Inf. 2015, 4 1988

Due to the difficulty in obtaining data, this study made use of data in two years, 2000 and 2012 for
prefecture-level or higher level cities. It should be noted that the evaluation result would be not accurate
due to the study ignored the county-centers for the difficulty in obtaining data. In fact, the county-centers
are always more developed than its surrounding peripheral regions and they might exert influence on its
neighbor through strong attractive forces (concentration) and radial forces (diffusion). Thus, it is necessary
to comprehensively consider the city-centers as well as the county-centers in the concessional conditions.

The data in these two special years were more complete and representative than others. In terms of
2000, it was not only the first year of the tenth “Five-Year Plan Period”, but also the beginning for the
central government began to accelerate the urbanisation process, strengthen the leading role and improve
the socio-economic function of the regional central cities. In the same year, the country initially
constructed a safe and effective regional transportation framework. In 2012, it was the beginning of the
twelfth “Five-Year Plan Period”. In addition, the socio-economic development and transportation
infrastructure construction in the year have not been affected by the country’s four trillion RMB
economic stimulus plan. In hence, these two years were very significant and typical for us to research
the spatio-temporal changes of regional inequality in China.

Since the economic reforms initiated in 1978, China has significantly restructured its urban
administrative/spatial system in order to empower central cities to play a leading role in driving national
and regional economic development. The country has constructed 260 prefecture- or higher level cities
(including 4 municipalities—Beijing, Tianjin, Shanghai and Chongqing, and 256 prefecture level cities)
in 2000 and 287 cities (including 4 municipalities and 283 prefecture level cities) in 2012, respectively.
This study selected those cities as the growth poles across the country, and derived their nodality index.

In order to ensure the comparability of the nodality index, the raw data of the various periods was
standardised using a Deviation Standardisation Method. Due to the difficulty in determining the weight
of each indicator as well as the high correlation between the indicators, principal component analysis
(PCA) was adopted to calculate the nodality index. Kaiser (1974) suggests adopting the Kaiser—Meyer—OlKkin
(KMO) measure of sampling adequacy to test the appropriateness of the data reduction techniques such
as PCA. A KMO value over 0.9 represents strong suitability for PCA,; a value of 0.8 indicates suitability;
a value of 0.7 shows moderate suitability. According to our preliminary analysis, the KMO value of the
29 indicators was 0.938 in 2000 and 0.946 in 2012, respectively, indicating that the sample was suitable
for PCA. The first four principal components of the PCA were found to have eigen values above 1. These
four components explained 85.02% and 86.39% respectively of total variance in 2000 and 2012, which
meant that they represent reasonably well the 29 original indicators with limited loss of information.

Figure 1 provides the calculation results of the central cities in 2000 (Panel A) and 2012 (Panel B). It
could be noted that the cities evidenced a drop in their numbers and density when comparing eastern
coastal China to central China, and then central China to western China. The results were correlated with
the overall level of economic development in those three areas; the urban systems in the three
agglomeration area (Yangtze River Delta, Pearl River Delta, and Bohai Rim) were most integrated and
well-developed in the country [40,41].
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Figure 1. Nodality index in relation to the central cities for different years in China for year

(a) 2000 and (b) 2012.

2.2.2. Regional Accessibility

N
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Regional accessibility is defined areas as the time required for a specific location to travel to its central
city [42,43]. This study uses the Cost-Weighted Distance Method (i.e., the shortest path method) to
calculate the time cost between a central city and its neighbouring area [44].

The main calculation steps followed in this study in calculating regional accessibility were as follows
(following [45]): (a) 1000 m > 1000 m grid cells were generated using the Grid Module of ArcGIS
software. The whole of China was divided into 5515 %4833 grid cells. (b) The transportation speed was
set according to different road types in different periods based on the designed road speed provided by
Highway Engineering Technical Standard of the People’s Republic of China (JTGB01-2003). The
average speeds of high-speed railways, normal railways, highways, national highways, provincial
highways, and normal roads in 2000 were set at 250 km/h, 80 km/h, 100 km/h, 70 km/h, 50 km/h, and
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40 km/h respectively; the corresponding average speeds in 2012 were set at 250 km/h, 100 km/h, 120 km/h,
80 km/h, 60 km/h, and 50 km/h respectively. In addition, the default value with respect to the speed of
land was set at 10 km/h. Water areas incur higher time costs than land, and thus the average speed over
water was set at 1 km/h. It is noted that the rapid development of the high-speed railway forms an
important characteristic in China’s transportation profile, as such the study also took into account the
12 high-speed lines that were in operation by the end of 2012. (c) A spatial diffusion map of accessibility
was generated using the Spatial Analysis Module of ArcGIS software. Figure 2 provides the time cost
of each grid cell in terms of distance to the nearest central cities in 2000 (Panel A) and in 2012 (Panel B).
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Figure 2. Spatial pattern of regional accessibility in relation to time cost in China for the
year (a) 2000 and (b) 2012.

2.3. Data Sources and Processing

(i) Spatial data: Vector data, in the form of spatial administrative boundaries of 1:1,000,000 and
China’s 1 km resolution digital elevation dataset, were acquired from the National Geomatics Centre of
China (NGCC). Transportation datasets for 2000 and 2012 (which include data on high-speed railways,
normal railways, highways, national highways, provincial highways, and normal roads) were acquired
from the Resources and Environment Data Centre at the Chinese Academy of Sciences (CAS). The
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digital map 1: 400, 0000 Highway Transport Version, also used in this study, was published by the
Ministry of Transport of the People’s Republic of China.

(if) Attribute data: All socio-economic data was obtained from the annual reports of the National
Bureau of Statistics of China, including the Chinese City Statistical Yearbook of 2001 and 2013, the
Chinese City Construction Statistical Yearbook of 2001 and 2013, as well as the yearbooks of 32 Chinese
provinces (autonomous regions and municipalities) relating to the relevant years. Because we aimed to
describe and compare all of these data for the selected cities, we made sure that any data used were from
unified statistical sources and that the economic data were based on comparable pricing (i.e., using the
constant price in 2000).

It should also be noted that population data as well as any “average” per capita indicator does have a
great influence on the evaluation of regional inequality. Due to the unique Chinese hukou systems, there
were two different types of population statistics (i.e., de jure and de facto population) [46,47]. The de
jure population (huji renkou) includes people who are registered but actually do not live in the unit and
exclude those who live in the unit but lack local hukou registration, which might tend to significantly
overstate the regional inequality [7]; the de facto population (changzhu renkou) includes local residents
and migrants without local hukou, which can depict an actual picture of regional inequality. In this study,
the population data as well as per capita indicators was based on de facto population statistics. The de
facto population of the year 2000 came from the fifth national population census of China; the de facto
population of the year 2012 was substituted with the sixth national population census of China in 2010,
which could not be obtained from the relevant statistical yearbook. During the rapid urbanization process
in China in recent years, the population and industry scales of different size cities present a polarization
trend—i.e., large and mega cities swiftly expanding and medium and small-sized cities relatively
shrinking. The substitution would narrow the gap of population size between large cities and small-sized
cities, which would reduce the disparity on nodality index between the different size cities. Therefore,
the corresponding consequence of the substitution would slightly reduce the regional development
disparity in China.

3. Results Analysis

By feeding our data in ArcGIS, we obtained the value of the spatial field across the 5515 %4833 grid
cells. The dasymetric map of the pattern of the spatial field in China in 2000 (Panel A) and in 2012
(Panel B) is provided at Figure 3. Following this first step, we then computed the mean of the spatial
field values based on the grid cells located in the specific administrative units—including provincial
level, prefecture level, and county level. The coefficient of deviation (CV) was employed in measuring
regional inequality across China, as well as intra-regional inequality in the eastern, central, and western
regions, and in the north and the south.
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3.1. Inequality in China at Three Geographical Scales
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This paper details an investigation of China’s regional development pattern, and the economic
inequality it revealed in the period 2000-2012. The results of the study suggest that China has attained
remarkable achievements in the socio-economic development since the turn of the century, seen in rapid
increases in the spatial fields (Table 2). Meanwhile, the study also showed that the unevenness of the
process of economic development across the country had intensified, in line with the rapid economic
growth. In fact, the coefficient of variation (CV) of the spatial field in relation to inter-province, inter-city,
and inter-county inequality rose significantly, from 1.336 in 2000 to 1.421 in 2012, from 0.888 to 0.999,
and from 1.131 to 1.496, respectively. The spatial field’s deviation coefficient showed, at all three
geographical scales, that regional inequality in China increased significantly within the period studied

(Table 2).
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Table 2. Difference in the spatial field at three geographical scales in China.

The Whole Country of China

Year Indicators . . . .
Provincial-Level Unit Prefecture-Level Unit County-Level Unit
Mean 0.295 0.247 0.254
2000 Std. Dev 0.394 0.219 0.287
Coefficient® 1.336 0.888 1.131
Mean 1.653 1.316 1.355
2012 Std. Dev 2.349 1.314 2.028
Coefficient® 1.421 0.999 1.496

Note: ® Coefficient is defined as the ratio of the standard deviation to the mean, which is a statistical index
commonly employed in measuring regional inequality.

It is worthwhile to point out that the degree of regional development inequality seen at the
inter-province and inter-county levels were more serious than that at the inter-city level. In addition,
inter-county inequality across the country was shown to experience a more conspicuous increase than
inter-province and inter-city inequality over the study period. Observed levels of regional inequality and
change within those levels can therefore be described as being contingent upon the geographical scales [20].
As such, the effect of the geographical scale of a given inquiry needs to be accounted in the design and
assessment of studies addressing regional equality, since the sensitivity of the degree and direction of
change in the inequality measured shifted as the choice of geographic scale changes. Such shifts have
the potential to generate quite different policy implications.

3.2. Intra-Regional Inequality in the Three Regions Studied

Table 3 reports the averages of the spatial field of the three regions at the three geographical scales.
It is noted that the mean values of the spatial field evidenced a drop from eastern coastal China to central
China, and then to western China in both 2000 and 2012. These results correlate with the overall level
of economic development in those three areas, with respect to which the eastern region is still far ahead
of the central and western regions [22].

Table 3. Difference in the spatial field of administrative units at various levels in the three
regions of China.

. Provincial-Level Unit Prefecture-Level Unit County-Level Unit
Year Indicators
Eastern Central Western Eastern Central Western Eastern Central Western
Mean 0.526 0.213 0.091 0.380 0.247 0.106 0.393 0.265 0.112

2000 Std. Dev 0.560 0.098 0.055 0.296 0.121 0.079 0.388 0.220 0.119
Coefficient®  1.064 0.457 0.604 0.780 0.490 0.741 0.989 0.831 1.062

Mean 3.064 1.085 0.472 2.100 1.277 0.534 2.204 1.344 0.564

2012 Std. Dev 3.323 0.565 0.301 1.833 0.711 0.390 3.114 1.165 0.553
Coefficient®  1.084 0.520 0.638 0.873 0.557 0.730 1.413 0.867 0.981

Note: ® Coefficient is defined as the ratio of the standard deviation to the mean, which is a statistical index
commonly employed in measuring regional inequality.

Table 3 also presents the development disparity in the three regions at the three geographical scales.
Overall, the estimated values of inequality evidenced at the provincial, the prefecture and county levels
indicates that intraregional inequality of the three regions presents impressive characteristics of
“reverse-to-natural gradient”, that is the interior parts of the eastern region has experienced more uneven
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development than the western region, and the western region has experienced a more uneven
development process than the central region.

The level of development inequality recorded in the internal eastern coastal region was particularly
high, and had increased significantly over the study period, an upward change that may stem from the
fact that a number of the wealthiest provinces as well a number of the poorest provinces in China are
both located in this region. Hainan and Guangxi, for example, which are located in the coastal region,
are significantly more impoverished than Beijing, Tianjin, and Shanghai. In addition, the largest three
urban agglomerations in China—the Yangtze River Delta, the Pearl River Delta, and
Beijing-Tianjin-Hebei—are also located in the eastern region, which is constructive in stimulating
high-speed socioeconomic growth in the region, but which also poses significant threats in terms of
increasing disparity. A number of scholars argue that the distribution of municipalities, urban
agglomerations, provincial capital cities, and special resource cities have a fundamental influence on the
overall regional inequality of China [22,48].

In contrast, the interior parts of the central region experienced the lowest degree of inequality and an
unimpressive degree of upward change. In fact, the provinces of the central region were found to enjoy
similar resource endowment and development levels in relation to natural conditions, geographical
location, and industrial structure, making the inequality in the central region significantly lower than that
of the eastern region and the western region. Currently, in order to stimulate the development of the
central region and balance the development of interior and coastal parts of the country, the Chinese
government has decided to engage in efforts to foster several urban agglomerations—Shijiazhuang-Taiyuan,
Wuhan, Zhongyuan, Changsha-Zhuzhou-Xiangtan, and Nanchang-Jiujiang—and develop them as
regional growth poles. These urban agglomerations will gradually become aggregation sites, absorbing
a wide range of resources and factors of production, which may ultimately result in increases in the
region’s internal regional inequality in the future.

Due to a series of factors—in particular, less favourable natural conditions, lagging infrastructure, a
lack of hometown connections amongst overseas Chinese, a poor transportation network, and poor
accessibility to international markets—economic development in Western China at present lags far
behind the eastern and central regions. The intraregional inequality in this region is still higher than that
of the central region. One possible explanation could be that since 1999, the central government has
pursued a Western Development Strategy, through which it has fostered several regional central
cities—Chongging, Chengdu, and Xi’an—in order to boost the economy of the western region. After a
decade of efforts, these large metropolitan areas can be seen to have basically reached the development
level of the central cities located in the coastal areas of the other regions. Widening regional inequality
within the western region thus also represents a direction sequence of national strategies.

3.3. Inequality in Relation to the Interior of North and South China

Table 4 illustrates the mean as well as the coefficient of variation (CV) in relation to the spatial field
of the interior, expressed through the division between the north and the south of China. The mean value
accorded to the spatial field of the south approximately equalled that of the north in 2000. However, the
value of the spatial field of the south was found to be significantly larger than that of the north in 2012.
This shift implies that the south experienced more significant growth than its northern counterpart in the
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period 2000-2012. This remarkable development may stem from a number of factors. Firstly, it is noted
that the “open-door policies” benefited the south much earlier and much more strongly than they
contributed to the north. The Special Economic Zones were first established in the south (in Shenzhen,
Zhuhai, Shantou in Guangdong province, and Xiamen in Fujian province). Subsequently, the Yangtze
Delta, the Pearl River Delta, and coastal Fujian, as well as Hainan Island, joined the troops entitled with
special privilege policies and other economic incentives. Secondly, for historical and geographical
reasons, most overseas Chinese have origins in southern areas, especially in Fujian, Guangdong, and
Zhejiang. The strong hometown connections of overseas Chinese have led to the south to become the
main recipient of foreign investment. Thirdly, the south has enjoyed the advantages of a geographical
location adjacent to Hong Kong, Macao, and Taiwan, and as a result is more competitive than the north
in terms of international trade, foreign investment, and technology spillovers.

Table 4 demonstrates the widening nature of intraregional inequalities in both the south and the north.
Despite this, it is noted that the extent of the change in regional equality varies at different analysis
scales. Table 4 also shows that the inequality evidenced in interior parts of the south region is more
significantly severe than in interior parts of the north.

Table 4. Difference in spatial field of administrative units at various levels in “the north”
and “the south” of China.

Year Indicators Provincial-Level Unit Prefecture-Level Unit County-Level Unit
South North South North South North

Mean 0.317 0.271 0.267 0.226 0.245 0.224

2000 Std. Dev 0.492 0.269 0.258 0.166 0.298 0.234
Coefficient® 1.552 0.991 0.966 0.734 1.212 1.046

Mean 1.804 1.493 1.492 1.127 1.399 1.307

2012 Std. Dev 2.863 1.730 1.567 0.935 2.484 1.346
Coefficient® 1.587 1.158 1.050 0.829 1.776 1.030

Note: ® Coefficient is defined as the ratio of the standard deviation to the mean, which is a statistical index
commonly employed in measuring regional inequality.

3.4. Summary of an Evaluation of Inequality in China

Since the turn of the new millennium, China has made great advancements in socioeconomic
development, evidenced in rapid increases in the values of the spatial field of its cities (Table 2).
Moreover, it is noted that the mean value of the spatial field and its change are significantly higher in
the eastern region and in the south than in the central or western regions and in the north (Tables 2 and 3);
this demonstrates that the eastern region are still far ahead of the central and western regions, and that
the south is more developed than the north.

Meanwhile, in line with China’s rapid economic growth, the uneven process of economic
development across the country intensified in the period studied (Table 5). In considering the direction
of changes in intraregional inequality in China between 2000 and 2012, we noted that the development
of the eastern region was characterised by greater unevenness than the development of the central and
western regions; at the same time, the interior parts of the south has experienced a greater inequality than
the interior parts of the north. It is, however, also worthwhile noting that the extent of changes in
inter-regional inequality, as well as in intra-regional inequality, varied at different scales of analysis.
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Observed levels of regional inequality and its change have been previously seen to be sensitive to the
geographical scales [20], a characteristic which also became apparent in this study. Since the late 1990s,
the central government has attempted to readjust its regional development strategies in order to improve
the economy of inland areas and promote coordinated economic development across the country. Whilst
the “open-door policies”, the Western Development Strategy, and the Central Region Grow-Up Strategy
have improved the socioeconomic performance of inland areas, they also pose significant threats to
inter- and intra-region inequality. Development theory and practice within the development field prove
that balanced development constitutes a long-term process and, further, that “absolute balance” is simply
not feasible between and within regions which have different natural conditions, geographic positions,
and historical and economic development bases [16].

Table 5. The development level and inequality of internal eastern-central-western region
and north-south region from 2000 to 2012.

] ] Three Economic Regions North-South Region
Indicators Period
Eastern  Central Western South North
Development level® 2000 and 2012 High Medium Low High Low
Development speed® From 2000 to 2012 High Medium Low High Low
Degree of inequality® 2000 and 2012 High Low Medium High Low
Increase of inequality® From 2000 to 2012 Low Medium High Low High

Note: ° indicates the overall conclusion was drawn from the results at the three geographical scales; ® indicates
the conclusion was drawn from the results on the inter-provincial inequality. In fact, the pattern in relation to
the increase of inequality drawn from the results at the three analysis scales is different even opposite.

4. Discussions
4.1. Advantages of the Spatial Field Model
4.1.1. Comprehensive Evaluation of Regional Inequality

The spatial field model developed through this paper has the advantage of being able to realise
“comprehensive” evaluations of regional inequality, offering an alternative to the “single indicator”
evaluations that have been employed in previous studies. Regional inequality, we argue, requires a
comprehensive index that is able to reflect a number of different aspects, including economic output,
industrial structure, residents’ income, social services, livelihood standards, and living
environment suitability.

The construction of the proposed model was based on a “nodality index”—a measure of the ability
of central cities (growth poles) to aggregate and to spread (and thus to drive the economic development
of periphery areas), and “regional accessibility”—a measure indicating the convenience of regional
transportation and communication infrastructure. The prosperity and development of the economy of a
specific region is closely related to the spillovers, dispersion, and spread effects of its regional growth
pole; the model reflects this relation. The results of the evaluation undertaken in this study
comprehensively demonstrate not only the current features of economic development but also future
economic development potential.



ISPRS Int. J. Geo-Inf. 2015, 4 1997

With regard to territorial exploitation and regional development, a higher value in terms of a regional
central city’s spatial field means that that city not only possesses strong abilities in terms of aggregation
and spreading(and therefore in driving the economic development of periphery areas), and convenient
and efficient contact channels, but also enjoys remarkable development potential. By contrast, a lower
value in terms of a city’s spatial field signals a city with weaker economic strength and spread effects,
inconvenient and inefficient contact channels, and ultimately unpromising development potential.

4.1.2. Provision of Aesthetically Pleasing and Highly Adaptable Presentations based on a Pixel-Based Raster

It is commonly known that socioeconomic datasets (e.g., data on gross domestic product, or
demographic datasets) are routinely collected through censuses and surveys, and are compiled for
political or administrative units [49]. These datasets are aggregated to areal units, such as counties and
census tracts [50]. All previous research on regional inequality has been based on aggregated datasets,
and has thus been subject to the typically arbitrary nature of the administrative units. Choropleth maps
are usually used to present the results of evaluations of regional inequality, giving the impression that
socioeconomic elements are distributed homogeneously within each political or administrative unit [50].
In reality, however, the actual location of boundaries is arbitrary, and in most cases bears no logical
relationship to the location of genuine discontinuities in the property being mapped. As such, the
spatially discontinuous choropleth map has been considered a poor representation of the underlying
continuous but not uniform distribution of various socioeconomic elements, especially where these
elements are concentrated in relatively small numbers of villages, towns, and cities [51].

The spatial field energy concept proposed through this study is calculated based on an exhaustive
tessellation of square grid cells, in which socioeconomic elements are modelled as a continuous density
surface instead of an irregular partitioning into arbitrary administrative units. The results of evaluations
of regional economy using the model are graphically represented as dasymetric and isarithmic maps,
which retain a high degree of spatial accuracy and simultaneously provide aesthetically pleasing and
highly adaptable presentations [51]. The results are actual density measures, which are recorded at a
consistent level of generalisation by grid cells that are easily modifiable. Moreover, the model can yield
precise spatial inequality estimates, providing the reader with a graphic representation and, in
comparison to the conventional choroplethic method, a more accurate impression of various
socioeconomic elements [51].

4.1.3. Realisation of Multi-Scale Analyses of Regional Inequality

The spatial field model can realise multi-scale analyses of regional inequality. Regional inequality
has been proved to be sensitive to geographical scale; as such, a single-scale investigation might hide
important characteristics of regional inequality [20,52]. In fact, there are several different geographic
scales in relation to the patterns of regional inequality in China—i.e., inter-region, between the three
regions; inter-province, between all provinces; inter-municipal-level city, between all cities;
inter-county/district, between all counties/districts; inter-township, between all townships; as well as
intra-region/province/city/county/township.

In previous studies, scholars have had to obtain evaluation indicators within various administrative
units if they have wanted to realise multi-scale analysis. Undoubtedly, obtaining the socioeconomic



ISPRS Int. J. Geo-Inf. 2015, 4 1998

datasets is both complicated and time-consuming, especially when the administrative units change
frequently. The results of the evaluation of inequality presented in this paper are represented as isarithmic
maps that are calculated from a pixel-based raster. Analysis can therefore appraise regional inequality at
various geographical scales, by calculating the sum or the mean of pixel values within the corresponding
administrative units. As shown in Figure 4, in order to evaluate the inequality present at inter-province,
inter-city, and inter-county levels, we calculated the sum of pixel values within the corresponding
administrative units. As a pixel-based evaluation mode, the spatial field model provides a very convenient
method to realise multi-scale analysis. This study evaluated regional inequality in the eastern-central-western
economic regions and the northern-southern region of China at three geographical scales. The results
indicate that the observed levels of regional inequality are contingent upon the geographic scales.
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Figure 4. Inequality evaluation based on calculating the sum of pixel values within the
administrative units at different geographical scales.

4.2. Limitations and Extensions of the Spatial Field Model
4.2.1. Limitations in the Construction of the Spatial Field

To begin with, greater importance should be attached to the construction of the indicator system
related to the spatial field. In this paper, the spatial field was defined based on nodality index and regional
accessibility. However, the choice of elements to measure within the nodality index (i.e., indicator system)
was largely subjective. As such, it is necessary to construct more scientific and accurate indicator systems.

Another deficiency in the indicator system used in calculating spatial field lay in the uncertainty
surrounding the act of setting the distance frictional coefficient (i.e., a), a value which had a significant
influence on the results. It is therefore necessary to conduct sensitivity analyses in the future so as to
determine a reasonable coefficient.

Thirdly, the regional accessibility intended to capture the transportation infrastructure and reflect the
degree of convenience of contact and interaction between growth poles (central cities) and the periphery
areas. However, the transportation modes considered were limited to surface road networks without
accounting for air and waterway transportation. It was not consistent with the reality through integrating
these surface networks by their speed without taking into account the traffic capacity and location of
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nodes/stations. Consequently, more scientific evaluation on regional accessibility remains to be explored
in depth in future.

4.2.2. Limitations and Extensions with Respect to the Solution Algorithm and Computational Requirements

The spatial field model can easily be implemented in an integrated raster-based GIS. It is, however,
noted that the model required large amounts of running time due to the complexity of regional
accessibility as well as the vast territory of China. In fact, in order to calculate the distance from the
5515 %4833 grid cells to the 260 central cities in 2000, and to the 287 central cities in 2012, with the
aid of an ArcGIS secondary development tool (i.e., ArcEngine) under the c# 2005 development
environment, the model consumed approximately 1245 min and 1438 min respectively. It is in reality
necessary to calculate the shortest distance between any spatial location and all of the central cities. In
this study, the grid cells were set as large as 1000 m > 1000 m (the area of a grid is about 1 square
kilometres) in order to shorten the computation time. It would, however, be much better to set the size
of the grid cells as small as 100 m <100 m in order to obtain a higher precision result (a shift requiring
strengthened computational facilities). While the spatial field model was used in this study in order to
evaluate the development inequality with respect to a small region (e.qg., city/county), we suggest setting
the grid cells at 50 m x50 m (i.e., about the width of a road) in order to generate a more accurate and
scientific evaluation result.

4.2.3. Extensions Related to the Inequality Evaluation in Other Dimensions of Human Development

Another potential extension lies in using the spatial field model to evaluate development inequality
in relation to other dimensions of human development—e.g., production, consumption, wage, education,
and healthcare, as well as living environments. In fact, substantial inequality exists between the
eastern-central-western regions, the rural-urban, and the provinces in China in these dimensions [12,53].
Further research should attach more attention to the crucial discrepancies evidenced in the diverse
regions of the country.

4.2.4. Extensions Related to the Identification of Urban Agglomerations

In the past decade, central and provincial governments have sought to foster urban agglomerations
(metropolitan areas) as regional growth poles and as strategic core areas with the potential to drive
continuous economic growth. An incipient structural system of urban agglomerations has indeed formed
in China [41], however the concept and standard definition of urban agglomerations remains a subject
of great dispute in the country. The value of a region’s spatial field reflects the level and the future
potential of economic development of that region, and can be adapted to determine the spatial location
and boundary of an urban agglomeration based on the dasymetric spatial field map. Figure 3 provides
evidence of at least four mature urban agglomerations (the Yangtze River Delta, the Pearl River Delta,
Beijing-Tianjin-Hebei, and the Shandong Peninsula) located in coastal regions, and several incipient
metropolitan areas (Chongging-Chengdu, Wuhan, Xi’an, Changsha-Zhuzhou-XiangTan, Nanchang-Jiujiang
and Shijiazhuang-Taiyuan) located in central and western regions.
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5. Conclusions

Based on the growth pole theory, regional interaction theory, and energy space theory, this paper puts
forward the spatial field model and defines and elaborates this evaluation method. “Spatial field” is an
abstract concept that can be used to define the spatial potential difference resulting from the process of
the growth pole of a regional economy driving the economic development of periphery areas through
transportation and communication corridors. The proposed model is characterised by the application of
a nodality index which indicates both the control ability of central cities (as growth poles) in aggregating
and spreading resources and factors of production, and regional accessibility—the convenience of
transportation and communication infrastructure. The spatial field model makes possible the realisation
of comprehensive evaluations of regional inequality with respect to current features and potential regional
socioeconomic development. In addition, through the model multi-scale analysis of regional inequality can
be realised, as the results are calculated based on a pixel-based raster. Moreover, the dasymetric method
can yield more reasonable and precise regional inequality estimates and graphically represent the
geographic distribution of various production factors, through intuitive and highly visual presentations.

The spatial field model was applied in this study in order to evaluate the spatiotemporal pattern of
regional development inequality across the country and the scope of intraregional inequality between
the inland eastern, central, and western regions as well as the north and the south. The evaluation
addressed the period between 2000 and 2012, and analysis was undertaken at three geographical scales.
The results indicated that China has made great achievements in socioeconomic development since the
turn of the new millennium. Meanwhile, along with rapid economic growth, the process of economic
development across the country has also become increasingly uneven; the eastern region is still far ahead
of the central and western regions and the south is more developed than the north. Coastal areas have
experienced more uneven development than the interior; at the same time, the interior parts of the south
was characterised by greater unevenness than the interior parts of the north. In the past decades, a number
of regional development strategies have been formulated and implemented that have improved the
socioeconomic performance of China’s regions. However, those same strategies and policies also pose
the risk of significantly increasing and widening inter- and intra-region inequality. In essence, pursuing
balanced and coordinated development is a long-term process that requires further research and solutions.

This study attempts to evaluate regional inequality in China based on a new method—*"“the spatial
field model”. Whilst a number of valuable implications have been drawn from the study, a number of
gaps in the research remain. One potential extension to be addressed through future research would be
to attach greater importance to the construction of the spatial field as a measure. Both the nodality index
and the measure of regional accessibility used in this study to define the spatial field should be improved
in future applications of the model. Another potential extension lies in setting the size of the grid cells
to approximately 50 m <50 m (i.e., about the width of a road) so as to obtain a more precise inequality
evaluation result for a smaller region (e.g., city/county). Undoubtedly, it is necessary to strengthen
computational facilities, as the evaluation process would be rather computationally complex and
time-consuming at such a fine scale. Moreover, the extended model could be applied to the identification of
urban agglomerations (metropolitan areas) and to the evaluation of inequality in other dimensions of regional
development—e.g., production, consumption, education, and healthcare, as well as living environments.
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