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In recent years China has experienced a rapid and strong economic deve-
lopment with high rates of growth of the GDP. This development, sustained
by great public investments, may have produced, or changed, some territo-
rial inequalities, focusing more in some regions with respect to others. With
the aim to evaluate this process and possible effects on the Chinese society
we conducted a spatial statistical analysis on regional inequalities in Zhejiang
province, one of the most developed provinces of China. This spatial analy-
sis is based on per capita GDP, here proposed as principal indicator of regio-
nal economic development, and is conducted both at prefecture level and at
county level division, in the period 2010-2016. The choice of this regional units
is motivated by the limited contributions in the literature on this territorial
level, since most of the studies have been conducted on the whole provinces or
macro regions. The provincial inequality is firstly measured with Gini coeffi-
cient and then the intra-provincial inequality is measured with spatial statisti-
cal techniques, which include Moran I index, spatial autocorrelation, GIS map.
This analysis shows that in the period considered the overall inequalities are
decreased, with a remarkable spatial dependence relation at the county level.

Keywords: Spatial statistical; data analysis; per capita GDP; Gini coeffi-
cient; Moran I index.

Since the beginning of the reform of 1978, China’s economy has achieved a
rapid development in all the regions through a process of decentralization and
globalization. This rapid economic growth in the era of reform is associated
with a spatially uneven development with profound changes especially between
coastal and inland China, as described by (Li and Wei 2010; Xue and Zeng
2016; Xue et al. 2016). The main factors that have characterized the unequal
rate of growth are the differences in the level of infrastructure development,
proximity to markets and coastal areas, natural resource endowments, demo-
graphic factors and regional policy (Stiglitz 2012). These factors in fact seem
to have determined the economic wealth mainly in some regions of China.
This regional inequality has been one of the most salient features of develop-
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ment in China, and it may threaten national unity and social stability. Moreo-
ver, the presence of economic inequality between regions might have been an
obstacle to the sustainable growth, as discussed in (Alesina and Rodrik 1991;
Persson and Tabellini 2011; Zhang 2016). Wei and Fan (2000) have argued that
“Inequalities exist within provinces, and the spatial transformation in China
cannot be thoroughly understood without the study of intra-provincial inequa-
lity”(Graham and Ernstson 2012). Hence, China’s government has been, and is
committed to resolve this regional inequality based on different spatial scale-le-
vel (Yue et al. 2014; Wei et al. 2009; Chen et al. 2012), including at region-le-
vel (Lyhagen and Rickne 2013; Xu et al.2005; Fan et al. 2011), at province-level
(Zhang et al. 2016; Zhang 2012), and intra-provincial-level (Chen 2012).

However, although most studies have been focused on the evolution of
regional in-equality among Chinese provinces and groups of provinces (Li et al.
2010; Li and Fang 2014; Wei et al.2009; Fan and Sun 2008; Ye and Chen 2008)
recently the research on the regional inequality in China has been extended
to intra-provincial analysis of inequalities. Notably, this last aspect has been
developed with the recent advancements in the GIS technology (Geographical
Information System) and spatial statistical analysis (Berry et al. 1968), which
have been provided to analyze spatial association, agglomeration and cluste-
ring (Bailey and Gatrell 1995).

Indeed, with the aid of GIS technology and spatial statistical methods, the
patterns of regional inequality can be deeply explored at regional, municipal
and county levels.

In this paper, GIS technology is integrated with spatial statistical methods
for analyze regional inequality. In particular, applying this methodology we can
investigate Zheijang province inequality at the county level using a dataset that
include Percapita GDP based on resident population.

We employed the 89 counties of Zhejiang province as spatial data in two
different period 2010 and 2016. The source of data have been collected from
“Statistical Year-book Zheijang Province (2005, 2010 and 2016)”. In this work,
we investigated the intra-provincial inequality in Zheijang province to achieve
a measure of inequality among the counties and evaluate the dynamics of this
inequality in the period 2010-2016. With this aim, we adopted the Gini coeffi-
cient and the spatial autocorrelation indicators.

The results that we achieved show that per capita GDP inequality at
county level in Zheijang province is decreased according to Gini coefficient.
This decreasing inequality is characterized by a local dependence relation of
per capita GDP increase, for which high levels of county per capita GDP affect
the neighbor counties as wellas low levels of county per capita GDP affect
the levels of the neighbor counties. This aspect of the inequality is confirmed
by the spatial autocorrelation indicators. The paper is structured as follows:
Section 2 presents a brief description of the study area of Zhejiang province;
Section 3 describes the measures of intra-provincial inequality adopted such
as Gini coeflicient, for investigating the level of intra-provincial inequality, and
Moran’s index and GIS technology for studing spatial autocorrelation (Anse-
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lin 1995; Anselin 1996). Section 4 presents the results of our study showing the
intra-provincial inequalities dynamics in the period 2010-2016.

According to the Constitution of the People’s Republic of China, currently
in China there are three levels of administration, described below (china.org.
cn):

o the first level includes provinces, autonomous regions and municipa-
lities directly under the Central Government;

o the second level includes provinces and autonomous regions which
are divided into autonomous prefectures, counties, autonomous
counties and cities;

o the third level includes counties and autonomous counties which are
divided into townships, nationality townships and towns;

With reference to the first administrative level there are 34 divisions, clas-
sified as 23 provinces, 4 municipalities, 5 autonomous regions and 2 special
administered regions. The four municipalities are: Beijing, Shanghai, Tianjin
and Chongging, while the special administrative regions are Hong Kong and
Macau. We describe this administrative level in Fig. 1.

Figure 1

The administrative level in China.
|:| Autonomous Region

|:| Municipality

- Province

Special admnistrative Region
(Honk Kong and Macau)
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In this study we focus on Zheijang province. It is probably one of the
provinces of China that has most benefited from the reform policies, and its
economic and social growth reflects the economic trend of many other coastal
provinces such as Jiangsu and Shandong. It covers approximately an area of
101.800 square kilometers, that is one of the smallest province of China (only
1.06% of total area of China). Moreover, the area of the province encompasses
70.4% territory in mountains and hills, 23.2% in plains and basins, and 6.4% in
water surface. Zhejiang province is located on the east coast of China and it is
bordered by Jiangsu Province and Shanghai municipality to the north, Anhui
and Jiangxi Province to the west, and Fujian Province to the south. Hangzhou is
the capital of Zhejiang Province, and Ningbo is directly under the jurisdiction
of the national central government. In addition, more than 3061 islands (each
with a land area of > 500 m2) are distributed in this coastal area.

Zheijang province in the year 2016 includes 11 cities at prefecture level and
89 county level (36 districts, 20 county-level cities, 33 counties). In particular,
the 11 cities are classified in two sub-provincial cities, namely Hangzhou and
Ningbo and nine prefecture-level cities, namely Wenzhou, Huzhou, Jiaxing,
Shaoxing, Jinhua, Quzhou, Zhoushan, Taizhou and Lishui.

The administrative structure of Zheijang province is presented in Fig. 2
where Fig. a) describes the prefecture administrative level while the Fig. 2 b)
describes the county administration level.

Finally, the Zhejiang province is traditionally divided into northeast
(Hangzhou, Ningbo, Jiaxing, Huzhou, Shaoxing, Zhoushan) and southwest
(Wenzhou, Jinhua, Quzhou, Taizhou, Lishui)..
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Figure 2

The administrative division of Zheijang
province: a) prefecture administration
level (11 prefectures) and b) the county

administration level (89 counties).

l:l Autonomous County (1)
|:| County (33)

l:l County city level (20)
[ ] istrict 36)
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To develop a study on economic inequality among counties in the Zhei-
jang province, we used the following inequality measures:

o Gini coeflicient to evaluate the level and the dynamics of the inequa-
lity in the period 2010-2016;

o the Moran index, the spatial autocorrelation and GIS maps to study
the local dependence among the counties, adopted spatial autocorre-
lation indicator.

As a measure of inequality we adopted Gini coeflicient since it is a very
well know and commonly used indicator for evaluating the wealth and income
inequality (Sen 1997; Cowell 2000).

The Gini coefficient is defined as follows (Gini 1912)::

where xi and xj in this analysis represents the value of per capita GDP in
county i and county j, respectively, and n is the number of counties. This coef-
ficient takevalues from 0 to 1, where 0 indicates perfect equality, namely the
total income is distributed evenly between counties, and 1 indicates a perfect
inequality situation whit only one county gets whole income. Gini coefficient
can be viewed as a indicator that allows to measure how equity has changed in
a given situation over time, in particular how per capita GDP changed among
all the counties in Zheijang province in the period considered.

TThe Global Moran’s index is a measure of spatial clustering (Cliff and
Ord 1981; Upton and Fingleton 1985) and it is used to detect global and local
spatial dependence and autocorrelation among regions. In general, the index
provides a formal indication of the degree of linear association between the
spatial units and their neighbors. Considering Zhejiang Province divided in n
counties Moran’s I index takes in the following form::

wwhere xi and xj represents in our study per capita GDP for counties i
and j, y is the mean of the value of the n counties; and wi j is the spatial weight
matrix element that measures the strength of the relationship between two
spatial units. The spatial weights are used to measure the spatial contiguity or

PATHWAYS OF SUSTAINABLE URBAN DEVELOPMENT ACROSS CHINA



neighborhood of a given county.

The values of the Moran’s I range from -1 to +1. Positive values suggest
the presence of spatial clustering of similar values (positive spatial autocorrela-
tion) while negative values indicate spatial clustering of dissimilar values (nega-
tive spatial autocorrelation). A value equal to 0 means a random spatial pattern.

In literature several methods to define the spatial weights matrices have
been proposed. These methods can be based on distance between neighbors or
spatially contiguous neighbors.

In this work, the spatial weights matrix is based on territorial contiguity of
the counties. Therefore, wi j is a binary weight matrix, such that, wi j= 1 if the
i-th object is adjacent to the j-th object (share a boundary) , wi j= 0 otherwise.
Usually, the spatial weights matrix is row-standardized such that the elements
wi j in each row sum to 1.

The information that we can achieve from Moran’s index can be described
in a graph where it is reported the spatially lagged variable (Wy) on the y-axis
and the original variable observed on the x-axis (Anselin 1995).The Moran
graph gives an indication of the degree of linear association between the obser-
ved values and the spatially lag of the variable observed. In the Moran graph
data are dispersed in four quadrants that provide an easy way to categorize
the spatial autocorrelation. In particular, the positive autocorrelation involves
a distribution of counties in the 1st and 3rd quadrants of the graph. While, the
negative autocorrelation involves a distribution of counties in the 2nd and 4t h
quadrants of the graph. Therefore, plotting the counties of Zheijang province by
using the Moran graph we can evaluate how the economic growth of a county
can affect the economic growth of contiguous county developing a contagious
process.

In order to measure the economic growth inequality in Zheijang province
through per capita GDP, we consider data from “Statistical Yearbook Zhei-
jang Province (2005, 2010 and 2016) “and select two geographical scales the
prefecture and county level divisions. In this province the population increa-
sed from 48.98 (millions of people) of 2005 to 55.9 (millions of people) of 2016.
Moreover, in this period the urban resident population is increased from 27.42
(millions of people) in 2005 to 37.45 (millions of people) in 2016, whereas its
rural population is decreased from 21.52 (millions of people) to 18.45 (millions
of people) in the same period. This rapid growth of urban areas is the main
result of two factors: the natural increase in population and China’s urbaniza-
tion policies which requires a strict control of permanent migration to large
cities [4].In Fig. 3 we present the spatial distribution of per capita registered in
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Figure 3

Thematic map of the per capita GDP for
2005, 2010 and 2016 in Zheijang provin-
ce.

Classes of percepita GDP

|:| up to 25030
[ ] 2503146786
[ 4s787-68542
I s8542-90208
- more then 90298

2005, 2010 and 2016, for the 11 prefectures (or municipalities as they are tradi-
tionally called) of Zhejiang province.

This representation shows that the value of per capita GDP is increased
in all prefectures, in the period 2005-2016. According to this representation
the five prefectures located in the north of Zheijang province recorded a great
growth: Hangzhou, Shaoxing and Ningbo achieved the higher per capita GDP
in 2016, followed by Huzhou and Jiaxing with the second highest per capita
GDP growth. The prefectures located in the south of Zheijang province were
instead poorest, but they experienced an increasing growth in this period. We
evaluate the intra-provincial economic inequality by computing the Gini coef-
ficient.

This indicator decreases from 0.29 in 2010 to 0.18 in 2016, indicating a
reduction of the intra-provincial inequality, as described also in Fig. 3.

To evaluate a possible contiguity dependence of the per capita GDP growth
we derived the spatial autocorrelation and the Moran Index. On these data the
Moran index value of 0.13 for 2010 and of 0.46 for 2016. These values are both
positive expressing a GDP dependence relation between contiguous counties.
The increasing values from 2010 to 2016 show also an expanding local depen-
dence process, mostly due to economies of scales derived from the proximity
of the counties. In fact, high (low) developed counties affect the growth rate of
contiguous counties in the positive relation but also in the negative relation.

In Fig. 4 we notice that most counties fall in the Ist and 3rd quadrants
indicating positive spatial autocorrelation. From 2010 to 2016 we also notice
an increasing dispersion of the values involving a greater presence of counties
with high and low values.
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For instance in 2010, the counties as Xiaoshan, Xinchang and Shengzhou
were collocated in the 2nd quadrant then in 2016, these counties changed their
position in the graph and they moved to 1st quadrant. On the other hand, from
2010 to 2016 in the 3rd quadrant were collocated counties as Linshai, Ruian,
Jingning and Taishun which present a lower economic growth.

In Fig. 5 we can see the GIS map that represents the geographic distribu-
tion corresponding to the Moran graph. The GIS map reveals that high income
counties are clustered in the north while low GDP are clustered in the south, in
both years considered.

l:l Not significant (57)

HH (5)
LL@3)

LH (3)

e

HL (2)
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Figure 4
Moran graph for per capita GDP, in the
years 2010 and 2016.

Figure 5
GIS map corresponding in the years 2010
and 2016.

l:l Not significant (45)
. oo
.o
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Observing the dynamics between 2010 and 2016 we notice that the cluster
of counties with high GDP increases as well the cluster of counties with low
GDP, confirming the contagious process for the rich counties (red) can help
contiguous counties to increase their GDP; but poor counties can also affect
their neighbor to became even poorer.

In particular, in the 2016 more than 17% of the 89 counties are spatial
clusters in (in red in GIS map), focusing on Yangtse River Delta that inclu-
des Shaoxing, Jianxing, Hangzhou, Ningbo, Huzhou. In particular, this spatial
cluster located in the north of Zheijang is economically developed and the coun-
ties are highly dynamic. The large companies and the high-techzones are loca-
ted in Hangzhou and Ningbo, whereas the textile production industry leading
to the creation of a large enterprise center are located in Shaoxing and Jiaxing.

The cluster of low GDP counties (in blue in GIS map) is concentrated
around Wenzhou and Taizhou prefectures. Several reasons can explain the gap,
but in particular the financial crisis that started in Wenzhou in 2011 bankrup-
ted several firms.

In this paper, we investigated the per capita GDP inequality in one of
China’s most developed provinces, the Zheijang province. In particular, the
analysis has been developed in two steps: we evaluated the inequality among
counties in the Zheijang province by using the Gini coefficient as measure of
inequality . Its value gives an indication of the level and dynamics of this inequa-
lity in the considered period. We then evaluated a possible local dependence of
GDP levels between one county and its neighbours. The results have shown a
reduction in the time of the intra-provincial inequality, since the Gini coeffi-
cient decreases from 0.29 in 2010 to 0.18 in 2016. In addition, the values of the
Moran’s index and the spatial autocorrelation have shown a strong relationship
of contiguity dependence, confirming the described contagious process where
the rich counties affect neighboring counties to increase their GDP; whereas
the poor counties affect contiguous counties to decrease their GDP. Therefore,
this dynamic highlights the gap between north and south of Zhejiang province.
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