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a b s t r a c t

China's rural areas are undergoing considerable spatio-temporal change. To some extent, this change
increases the difficulty in our understanding the regional rural development and thus brings about
challenges for the making of feasible regional rural development policies and strategic planning. This
study establishes an index system to evaluate the degree of rurality in China at county level using na-
tional census data of 2000 and 2010, and examines the correlationship between rurality index and major
socio-economic and geographical indicators. The results of evaluation and spatial analysis show that the
rurality index can largely reflect the spatio-temporal patterns of China's rural development, and the
Pearson correlation analysis confirmed that counties with high rurality have been marginalized in the
aspects of both geographical location and economic development. As such, the patterns of rural devel-
opment identified by rurality index analysis significantly improve our knowledge on the recent devel-
opment of rural China. However, this index is less successful in revealing the agricultural production
status quo alone. The authors argue that rurality index is an important tool for measuring rural devel-
opment, and could provide us with valuable information for local planning and the innovation of rural
development policies. Furthermore, integrating rurality studies and rural socio-economic analysis can
contribute greatly to the making of integrated and regionalized rural development policies.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Since the economic reforms and open-door policy were initiated
in 1978, China's rural areas have undergone tremendous changes,
particularly, changing from a relatively simple, closed peasant
economy to a diversified market economy, and the regional dis-
parities of rural development also increased (Liu, 2006; Long et al.,
2010). As the central government of China has maintained a
comparative advantage and an open door policy that focus on the
growth of coastal regions to attract foreign investment and stim-
ulate economic growth, the eastern coastal regions have made
remarkable achievements in rapid economic growth and rural
development (Liu, 2007; Long and Woods, 2011; Li et al., 2014a).
However, the vast central and western regions of China, especially
iences and Natural Resources
ad, Chaoyang District, Beijing
their rural areas, have been lagged behind severely, under the
combined effects of the poor economic base and infrastructure,
scarcity of human capital endowments, market distortions and
poor geographical location (Li and Qiao, 2001; Ying, 2003; Xu and
Tan, 2002; Wei and Ye, 2009; Li and Wei, 2010; Li et al., 2013,
2014b, 2014c). In 2010, about 50% of China's population still lived
in the rural areas and 36.7% of total employment was working in
the agriculture sector which generated a 10% gross domestic
product (GDP) (NBSC, 2011a). Promoting the sustainable develop-
ment of agriculture and rural areas should still be the priority in the
agenda of China's central government (Li et al., 2014c). And the
innovation of the mechanism and policies of agricultural and rural
development to solve the problems related to farmers, agriculture
and rural areas (so called “San Nong Wen Ti” in Chinese or three
rural issues in English) in various regions is urgently needed (Gu
and Li, 2013; Liu, 2007; Liu et al., 2014a; Long et al., 2010).

Rural planning and rural policies need a good understanding of
what is rural (Cloke,1977;Waldorf, 2006). Especially, effective rural
development policies must be based on an accurate classification of
the essential characteristics of the regional types (OECD, 1994;
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2003; Gülümser et al., 2008, 2009; Madu, 2010). Such a frame work
allows the identification of both needs and opportunities in the
rural areas (Bogdanov et al., 2008). However, historically rural
development and rural areas were intrinsically associated with
non-urbanization and agriculture, which is not sufficient to
describe today's complex reality (Isserman, 2005). The conse-
quences of lack of proper understanding of rurality on rural
development are that the advantages associated with targeting
policies to rural areas based on better understanding of the dy-
namics and sense of identity are not harnessed (OECD, 2005). A full
recognition and better understanding of the properties of different
rural areasmay provide important information for decision-makers
and thus have significant reference value for restructuring the
framework of rural policies.

So far, the existing policy framework of China concerning rural
development is still mainly composed of uncoordinated one-size-
fits all policies (Long et al., 2010; Li et al., 2013). Compared with
Europe and the North America, the approach of targeting policies to
rural areas based on informed knowledge of rurality in current
China is still lacking and this to a large extent, has been responsible
for the relatively poor and fragmented rural development in China.
As for China, more efforts could be made on improving regional
policies and rural policies concerning local characteristics (Long
et al., 2010; Li et al., 2013, 2014b).

The concept, measurement and application of rurality, which
has been proved to be effective in somewhere else may provide a
reference for China (Cloke, 1977; OECD, 1994, 1996, 2003; Madu,
2010; Long and Zhang, 2012). In general, the analysis of dis-
courses over rurality is important on two levels: first, in obtaining
more adequate explanations of social change by observing changes
in attitudes and values regarding ‘the rural’ (Pratt, 1996); second, it
is on a policy level, more knowledge on rurality allows for planning
of more inclusive policies (Cloke, 1977; Zografos, 2007). Given this,
continuous studies about the evaluation of rurality have been car-
ried out in various countries and regions like England and Wales
(Cloke, 1977; Cloke and Edwards, 1986; Harrington and
O'Donoghue, 1998), Spain (Oca~na-Riola and S�anchez-Cantalejo,
2005; Prieto-Lara and Oca~na-Riola, 2010), USA(Waldorf, 2006),
Turkey (Gülümser et al., 2008, 2009), Serbia (Bogdanov et al., 2008),
Nigeria (Madu, 2010), China (Long et al., 2009a; Meng et al., 2013),
and so on. It is believed that the index provides a useful tool which
is able to give an insight not only into the static distribution of
rurality, but also into the processes of rural change over time.

Against this background, this study is intended to evaluate the
degree of rurality in recent China at county level, using classical
methods and successive national census data, so as to provide a
comparable picture of rurality in China and to improve our
knowledge about current characteristics of China's rural and
regional differences, and thus provide valuable information for
local planning and the innovation of rural development policy. This
paper is organized in five sections. Following the introduction, we
will give a brief background about rurality and China's recent rural
development from a spatial perspective. The third section in-
troduces the index, method and data source for evaluating China's
rurality at county level. In the fourth section, the index is used to
analyze the variations in rurality across space and time. Moreover,
the relationship between rurality index and typical socio-economic
and geographical indicators will be also addressed. The final section
summarizes the results of the analysis and derives a set of policy-
relevant conclusions and directions for future research.
2. The research background: rurality and China's rural
development

2.1. Rurality and rurality index

An operational definition for ‘rural area’ is pivotal if proposals,
policies and decisions aimed at optimizing the distribution of re-
sources, closing the gap on inequity between areas and raising
standards of living for the least advantaged populations are to be
put in place (Oca~na-Riola and S�anchez-Cantalejo, 2005). Questions
as to what is meant by a rural area, the identification of diagnostic
features and attempts at understanding the nature and scope of
rurality are continuing themes in the literature (Cloke, 1977;
Blunden et al., 1998; Prieto-Lara and Oca~na-Riola, 2010). It is
widely acknowledged that rural is a fuzzy concept which is con-
tested in terms of identifying the critical parameters of rural space
(Hoggart, 1990; Halfacree, 1993; Shambaugh-Miller, 2007; Wood,
2011). Low population density, abundance of farmland, and
remoteness from urban agglomerations are characteristics that
people typically associate with rural places. In fact, people
frequently use the term “rural” to collectively express their
perception of place characteristics thatdin one way or anoth-
erdtypify rurality (Zografos, 2007; Duenckmann, 2010). As such,
the meaning of rurality depends on the perception of each indi-
vidual who integrates visions of rurality into everyday life (Ilbery,
1998; Hoggart et al., 1995; Halfacree, 1995). Moreover, the devel-
opmental processes of social, economic and political restructuring
in many countries are reshaping rural areas (Woods, 2007a, 2011,
2013; Labrianidis, 2006), and rural has also been used in different
contexts from developed countries to the underdeveloped ones
(Dinis, 2006). Thus, the same as rural, rurality remains an elusive
concept (Waldorf, 2006; Woods, 2010), and special attention on
rural areas is necessary while focusing on the measurements of the
differences in the degree of rurality (Cloke, 1977).

In general, rurality has proved very difficult to define in an all-
embracing manner for three important reasons involving func-
tions, dynamics and variation (Cloke, 2006). Moreover, rural areas
are undergoing considerable spatio-temporal change due to social,
economic and technological developments, and especially the
interaction of various non-quantitative elements affecting rural
development (Long et al., 2009a). This kind of change, to some
extent, increases the difficulty in our understanding of the rural and
rurality. In broad terms, Cloke (2006) theoretically discussed
functional concepts of rurality, political-economic concepts of
rurality and social constructions of rurality, which have been
influential in constructing conceptualizations of rurality. In their
efforts to impose some order on the diversity of claims and con-
ceptions related to the countryside, Frouws (1998) identifies three
major strands of discourses, i.e., agri-ruralism, utilitarianism and
hedonism, while L�opez-i-Gelats et al. (2009) identify four dis-
courses of rurality, i.e., the conservationist, entrepreneurial, agri-
culturalist, and endogenous development.

In empirical studies, researchers and international organiza-
tions such as the Organization for Economic Co-operation and
Development (OECD) and European Union (EU) have developed
several typologies and different rural indicators in order to better
understand the dynamics of rural areas and to develop relevant
policies for rural areas (Cloke, 1977; OECD, 1994, 1996; 2003; EC,
1988; Woods, 2013). Especially since the influential earlier work
of Cloke (1977), several rurality indices have been developed spe-
cifically for different countries. The rurality index of England and
Wales (Cloke, 1977; Cloke and Edwards, 1986; Harrington and
O'Donoghue, 1998), the rural indicator of OECD (OECD, 1994,
1996, 2003), the MSU rurality index and the scale measure of
urbanicity of USA (Weinert and Boik, 1995; Dahly, 2007), the
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accesibility/remoteness index of Australia (Department of Health
and Aged Care (2001)), the general practice rurality index of Can-
ada (Olatunde et al., 2007), and the rurality index for small areas in
Spain (Prieto-Lara and Oca~na-Riola, 2010) are some of the complex
indices published in the international scientific literature. As in
China, the only precedent of a rurality compound index is the
rurality degree index for the eastern coastal China (Long et al.,
2009a).

Overall, various ways of classification and definition in the
literature are derived to measure differences in the degree of
rurality, including the level of population density, the rate of pop-
ulation loss or gain, settlement size, local economic structure,
accessibility and landscape, etc. (Ballas et al., 2003; Baum et al.,
2004; Bryden, 2002; Ilbery, 1998; Labrianidis, 2004). In line with
the various perspectives of rurality, evidence abounds in literature
that rural areas could be characterized by: specific open landscape;
a relatively low population density; the greater part of the popu-
lation being associated with agriculture and forestry; traditional
life styles and habits; agricultural and forest-related use of land; a
scarcity of built-up areas and settlement that is dispersed; and a
preponderance of inhabitants considering themselves country-
dwellers (Madu, 2010). This paper tries to establish a China's
rurality index system based on international literature and the
basic national conditions of China.

2.2. Spatial perspective of China's rural areas

Since 1978, China has pursued sweeping economic changes in
an officially sponsored transition from a centrally planned economy
to a market economy. In practice, the economic reforms have set in
train a process of potentially fundamental social and institutional
change in rural China which is creating new socio-economic forces,
shifting power in their direction, and raising the possibility of rural
transformation (Xu and Tan, 2001, 2002; Long et al., 2011, 2012).
More and more rural young labors out-migrated to eastern coastal
China for off-farm work and to a large extent, promoted the
development of the counties of destination (Fan, 2005). Rural
resident population experienced a process of firstly increase, then
decrease, and now come into the period of fast decrease (Li et al.,
2010; Long et al., 2012). Specifically, the original counties are suf-
fered more and more from the brain drain and consequent rural
hollowing, these counties shows lower rate of economic growth
(Liu et al., 2011a; Long et al., 2012; Li et al., 2014a).

The rural development in China has gradually attracted the in-
terest in academic circles both at home and abroad (Long et al.,
2009a), ranging from ruraleurban migration (Liu, 2008; Ma,
1999; Rozelle et al., 1999; Zhang et al., 2004; Liu et al., 2013), ru-
ral industry and employment (Mohapatra et al., 2007; Shen andMa,
2005; Unger and Chan, 1999), rural associations and state corpo-
ratism (Unger, 2006), rural taxation and government regulation
(Tao et al., 2004), rural poverty alleviation (Heilig et al., 2006;
Unger, 2002a, 2003; Park and Wang, 2010), rural transformation
development (Unger, 2002b, 2006; Liu, 2007; Long et al., 2011),
rural gentrification (Qian et al., 2013), urbanerural equalized
development (Liu et al., 2013), rural land-use change and building
new countryside (Liu et al., 2008, 2014b; Long et al., 2009b, 2010).
Some studies has also depicted the development stage of China's
rural development and explained the driving forces and breaking
forces during different period (Xu and Tan, 2001, 2002; Long et al.,
2010). Overall, these studies have given more or less a history
perspective or structure perspective on China's rural development.
Currently, we still have little knowledge about the nature of pattern
of rural development at a more fine scale beyond provincial (Liu,
2006; Liu et al., 2013; Long et al., 2011). As such, we will give a
brief depict about China's rural and its recent development from a
spatial perspective, before analyzing China's rurality index.
The natural environment factor is one of the main indices for

evaluating human habitats, sustained economic growth and
ecological health status. The vast land expanses of China include
plateaus, plains, basins, foothills, and mountains. Defining rugged
plateaus, foothills and mountains as mountainous, they occupy
nearly two-thirds of the land, higher in the west and lower in the
east just like a three-step ladder. The highest step of the typical
'ladder topography' including Qinghai province and Tibet autono-
mous region is formed by the Qinghai-Tibet Plateau at the average
height of over 4000 m. On the second step are large basins and
plateaus, most of which are 1000e2000 m high. The Daxing'an,
Taihang, Wu and Xuefeng Mountains divide this step and the next
lower one. Plateaus including Inner Mongolian, Loess, Yungui Pla-
teaus, and basins such as Tarim, Junggar, and Sichuan Basins are
situated here. The third step, abundant in broad plains, is dotted
with the foothills and lower mountains, with average altitude of
over 500 m. Here are located with famous plains: the Northeast
Plain, the Huang-Huai-Hai Plain, and the Middle-Lower Yangtze
River Plain, neighboring with each other from north to south. These
well-cultivated and fertile lands produce abundant crops. Using
natural environment data including climate, hydrology, surface
configuration and ecological conditions, Yang and Ma (2009)
establish natural environment suitability index (NESI) of China.
They find that the value of NESI is higher in the east and lower in
the west of China, and the best natural environment area is the
Yangtze River Delta region, while the worst are the northwest of
Tibet and southwest of Xinjiang. These physical features largely
shaped the patterns of local cultural and socio-economic develop-
ment. Areas with better natural environment are more prone to be
regions with higher population density and richer economy.

According to the state of economic development, GDP per capita
is one of the most frequently used indicators for measuring eco-
nomic performance and comparing the state of development of
different areas. Li and Qiao (2001) analyzed the economic dispar-
ities of China during 1990 and 1998 using nationwide county level
data of GDP per capita. They found that the counties with faster
growth rates than the national average were spread from several
growth centers to outside. Consequently, three growth corridors
gradually appeared, namely, the Coastal Corridor (along the na-
tion's coastal line), BeijingeGuangzhou Corridor (along the railway
from Beijing to Guangzhou), and the Yangtze River Corridor (along
the Yangtze River from Chengdu to Shanghai). Overall, the less
developed counties were mainly located in the western part of
China. The distribution pattern of less developed counties is
consistent with the disadvantageous development conditions in
mountainous, cold and dry areas, as well as with the isolation in the
provincial border regions. We collected the data of GDP per capita
in 2010. As we can see clearly in Fig. 1, which has been divided into
five grades by quintile, GDP per capita at county level shows huge
regional disparities. Counties in eastern coastal China which have
experienced rapid economic growth since the initiation of reform
and opening up policies, and counties in north China with rich
mineral resources and less population have higher GDP per capita.
In contrast, inland counties especially in southwest China with
mountainous terrain and central China major in agricultural pro-
duction have much lower GDP per capita. Furthermore, there are
also some counties in eastern coastal China have lower GDP per
capita and in west and central China, there are also some counties
with higher GDP per capita. This economic development pattern
can inevitably affect the local state of rural development.

With the rapid development of industrialization and urbaniza-
tion as well as enhancement of geographical differentiation and
diversity of man-earth areal system, territorial functions and
regional development orientations have shown an increasingly



Fig. 1. Spatial pattern of GDP per capita in China at county level in 2010. Note: The GDP per capita is divided into five grades by quintile; exchange rate US$ to RMB¥: 1e6.77.
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strong trend towards diversification. Liu et al. (2011b) evaluate and
grade the functional areas of economic development, food security,
social stability, environmental protection and comprehensive
function of China at county level. The results show that economy-
oriented functional areas are mainly distributed in eastern coastal
developed areas and peripheral areas of the metropolitan regions,
such as Pearl River Delta, Yangtze River Delta and Beijing-Tianjin-
Hebei region. Grain-oriented functional areas are mainly distrib-
uted in the Northeast Plain, the Huang-Huai-Hai Plain, Sichuan
Basin, central Hubei, eastern Hunan and other regions covered by a
large area of plain. The social security function indexes are gradu-
allyweakened from coastal to inland areas and fromnorth to south;
Eco-conservation areas are concentrated in the Northeast China
and southern Qinling MountaineHuaihe River Line.

Obviously, the physical conditions and socio-economic devel-
opment of rural China show great regional disparities, but our
knowledge about this pattern is still very inadequate especially
when making integrated and regionalized rural policies. So, this
paper will calculate China's rurality index at county level using
national census data of 2000 and 2010, and reveal the spatial pat-
terns and dynamics of rurality index. Moreover, the Pearson cor-
relation coefficients between rurality index and major socio-
economic and geographical indicators will be calculated to
examine to what extent the rurality index can characterize the
pattern of China's rural areas and to provide scientific support for
the making and improvement of rural policies.
3. Methodology

3.1. Index system and data source

When establishing the index system of rurality evaluation,
basically, the variables must be representative of the concept of
rurality in China in line with the theoretical and empirical back-
ground we discussed above. At the same time, they can be both
measured and quantified, especially be readily available and
accessible for users at a reasonable cost-benefit ratio. Moreover,
they must be easy to update at regular intervals (Oca~na-Riola and
S�anchez-Cantalejo, 2005). Rural system is complex and hybrid.
Rural development can be seen as the outcome of interactions
between various rural system components (Lakshmanan, 1982;
Marsden, 2010), e.g., geographical and bio-geo-physical condi-
tions, industrial development, rural population, and social and
cultural characteristics (Fang and Liu, 2009, 2014; Long et al., 2010,
2011; Ye et al., 2013). However, demographic characteristics are the
most important and active factors in reflecting the change of rural
development, as evidenced by some studies concerning land use
transitions affected by rural migration (Carr, 2009; Chen et al.,
2014), the spatio-temporal variations of driving factors of popula-
tion change in rural, suburban, and urban areas (Chi and Ventura,
2011), population pressure and agricultural intensification in rural
systems (Ali, 2007), and implications of rural population change for
policymaking in developing countries (Anríquez and Stloukal,
2008). As such, the national census data published every decade
was selected as the main source of information for rurality evalu-
ation, since many of the variables it includes meet these criteria
(Cloke, 1977; Harrington and O'Donoghue, 1998; Prieto-Lara and
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Oca~na-Riola, 2010).
Combining with previous studies and taking into account the

basic characteristics of rural China and the availability of data,
fifteen variables that could largely reflect the population density,
age-structure, education level, employment, migration and housing
condition of rural areas, have been chosen for evaluating rurality, so
as to explore the spatio-temporal pattern of China's rural devel-
opment from the perspectives of demographic characteristics and
their changes. The fifteen variables are population density, size of
household, young children index, senior citizen index, birth rate,
mortality rate, in-migration, education level, illiteracy rate, pro-
fessional and technical personnel, economic dependency index,
agricultural employment, share of rural population, housing
habitability index and share of self-built housing (Table 1). Our
initial judgment is, to a large extent, that counties with higher
rurality index may have lower population density, bigger size of
household, higher young children index, lower senior citizen index,
higher birth rate, higher mortality rate, lower in-migration, lower
education level, higher illiteracy rate, lower professional and
technical personnel, lower economic dependency index, higher
agricultural employment, higher share of rural population, higher
housing habitability index and higher share of self-built housing.

The data of the fifteen variables at county level in Table 1 were
obtained from the national 2000 census and 2010 census. County-
level socio-economic data were obtained from Chinese Counties
(Cities) Socio-economic Statistical Yearbook (NBSC, 2001, 2011b),
and Chinese Regional Economic Statistical Yearbook (NBSC, 2011c).
In order to ensure the accuracy of data, statistic yearbook of each
province was used for revising and checking when preparing the
dataset. DEM data for calculating relief degree of land surface and
transportation data for calculating distance from nearest provincial
capital, highway and railway were derived fromNational Resources
Table 1
Variables for measuring rurality index of China's counties.

Variable Explanation Unit Direction

Population
density

Number of inhabitants per square
kilometer

Persons/
km2

e

Size of household Average number of inhabitants living in
one household

Persons þ

Young children
index

Number of people aged 0e14 per 100
inhabitants

% þ

Senior citizen
index

Number of people over the age 65 per
100 inhabitants

% e

Birth rate Total number of births per 1000 of a
population during the year

‰ þ

Mortality rate Total number of deaths per 1000 of a
population during the year

‰ þ

In-migration Number of immigrants from outside the
county per 100 inhabitants

% e

Education level Average years of schooling of adults year e

Illiteracy rate Percent of adults who can't read % þ
Professional and

technical
personnel

Proportion of professional and technical
personnel in total employment

% e

Economic
dependency
index

Number of economically inactive per 100
persons of working age

% e

Agricultural
employment

Share of agricultural employment in
total employment

% þ

Share of rural
population

Percentage of population residing in
rural areas

% þ

Housing
habitability
index

Percentage of households with exclusive
use of running water, bathing facilities
and inside W.C.

% þ

Share of self-built
housing

Percentage of self-built houses in rural
area

% þ

Note: ‘þ’ means the higher the value of variable, the higher the rurality index; in
contrast, ‘e’ means the higher the value of variable, the lower the rurality index.
and Environmental Database presented by Resources and Envi-
ronmental Scientific Data Center, Chinese Academy of Sciences.

In terms of the number of counties for evaluation, according to
China Statistical Yearbook (NBSC, 2011a), the number of districts
under the jurisdiction of cities, cities at county level, counties and
autonomous counties are 853, 370, 1461 and 117, respectively. For
districts under the jurisdiction of cities could be seen as urban area,
so the county level regions used for rurality evaluation would be
cities at county level, counties and autonomous counties (in brief,
we call the three kinds of administrative districts counties), with a
total number of 1948. However, due to the adjustment of admin-
istrative divisions and a small number of counties lack socio-
economic data, 81 counties are removed from the research. Spe-
cifically, for data availability, counties of Tibet are all removed. As a
result, this research includes 1867 counties. The paper does not
include Taiwan, Hong Kong and Macau. Nevertheless, the 1867
counties consist of 96% of China's cities at county level, counties and
autonomous counties, and thus have strong representativeness.
3.2. Statistical analysis

Recent China's rurality at county level could be considered as a
combination of variables listed in Table 1. Principal component
analysis (PCA) is one of the most common methods used by data
analysts to provide a condensed description and describe patterns
of variation in multivariate data sets. Meanwhile, the PCA is a
classic and widely used method in rurality studies (Cloke, 1977;
Cloke and Edwards, 1986; Harrington and O'Donoghue, 1998;
Oca~na-Riola and S�anchez-Cantalejo, 2005; Madu, 2010; Prieto-Lara
and Oca~na-Riola, 2010). As such, PCA was used in this study to
summarize the information provided by the characteristics of the
counties into a single rurality factor. In detail, the first principle
component, which has the most comprehensive capacity (Kendall,
1975; Su, 2000), are chosen for calculating the component score,
i.e., rurality index.

Exploratory Spatial Data Analysis (ESDA) has been employed to
better reveal the spatial pattern of rurality (Anselin et al., 2007).
More specifically, a local spatial autocorrelation analysis using a
Local Indicator of Spatial Association (LISA) will help to describe
and visualize spatial distribution and discover patterns of spatial
association of rurality index (Anselin et al., 2006; Griffith, 2003;
Table 2
Variable loading scores for the index of 2000 and 2010.

Variable 2000 2010

Loading
score

Revised
loading score

Loading
score

Revised
loading score

Population density �0.177 e �0.258 e

Share of rural population 0.820 0.834 0.870 0.871
Size of household 0.614 0.632 0.641 0.656
Young children index 0.622 0.623 0.713 0.702
Senior citizen index �0.129 e �0.135 e

Birth rate 0.619 0.590 0.623 0.626
Mortality rate 0.467 e 0.251 e

In-migration �0.705 �0.728 �0.740 �0.768
Education level �0.752 �0.715 �0.721 �0.660
Illiteracy rate 0.559 0.520 0.487 e

Professional and technical
personnel

�0.645 �0.680 �0.703 �0.738

Economic dependency
index

�0.718 �0.725 �0.555 �0.569

Agricultural employment 0.841 0.844 0.805 0.810
Housing habitability index 0.467 e 0.574 0.548
Share of self-built housing 0.714 0.762 0.809 0.839
Percentage of current

variance explained
38.84% 49.30% 39.68% 51.17%
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Lehtonen and Tykkyl€ainen, 2010). In addition, across the numerous
studies of rurality index, few have quantitatively discussed the
correlationship between the rurality index and typical socio-
economic variables. In this paper, Pearson correlation coefficient
was employed to explore and examine the correlationship between
rurality index and main socio-economic and geographical
indicators.

As for the realization of above method, SPSS was the software
used both for the PCA and correlation analysis. Scores for the
rurality index were plotted on the county map of China and ArcGIS
(ArcMap) was the Geographic Information System used for this
purpose. The LISA analysis was also run in ArcGIS (ArcToolbox).

4. Results

4.1. Performing rurality index using principal components analysis

In the data of 2000, the first component accounts for 38.84% of
the total variance. Table 2 demonstrates the loading scores for this
combination. It is clear that the variables with large positive loading
scores are those which correspond with characteristics which are
evidently rural, such as a high level of agricultural employment.
Similarly, variables with large negative loading scores are identified
with more apparent urban characteristics, such as high levels of
professional and technical personnel. Variables with small loading
scores (between�0.5 andþ0.5), which means little contribution to
the regional differentiation, were discarded (Cloke, 1977). As a
result, the less important of the population density, senior citizen
index, mortality rate, and housing habitability index variables were
discarded. And thus eleven variables remained, for which a new
principal component was determined, accounting for 49.3% of the
current total variance. As for the data of 2010, the samemethod has
been employed to calculate loading score and revised loading score
(Table 2). The first component accounts for 39.68% of the total
variance. Further, four variables namely population density, senior
citizen index, mortality rate and illiteracy rate were discarded
because their loading scores are relatively small (between �0.5
and þ0.5). And thus also eleven variables remained, for which a
new principal component was determined, accounting for 51.17% of
the current total variance. Overall, the direction of each variable's
affection on rurality index is in line with our initial expectations.

Concerning the loading changes exhibited by each individual
variable, there has been a marked decline in the contribution of the
education level variable between 2000 and 2010. Recently, the
average years of schooling of adults in the most rural areas have
increased significantly, so this variable has decreased in value as an
indication of rurality distribution. Such change can also be seen on
illiteracy rate, economic dependency index and agricultural
employment. Other variables have shown increases in differentia-
tion over the intercensal period. Especially, the contribution of
variables closely linked with economic development such as in-
migration and professional and technical personnel increased
significantly. In the meantime, young children index and share of
self-built housing also show increasing contribution on the variety
of rurality. These opposing trends have tended to counterbalance
each other and have had little overall effect on the index. So, it
seems that the index could effectively indicate the changing nature
of rurality itself, as well as the spatial manifestation of this change.
Such an analysis would provide an interesting insight into the
reasons behind the varying contributions of different variables to
the principal component of rurality.

Overall, share of rural population (0.834), in-migration
(�0.728), economic dependency index (�0.725), agricultural
employment (0.844) and share of self-built housing (0.762) are the
top 5 variables most affecting rurality in 2000. As for 2010, the five
variables were share of rural population (0.871), in-migration
(�0.768), professional and technical personnel (�0.738), agricul-
tural employment (0.810) and share of self-built housing (0.839).
Obviously, from the perspective of social and economic develop-
ment, education, professional skills, employment and urbanization
are main factors contribute to the variety of rurality.
4.2. The spatial pattern of rurality

The index of rurality for 2000 and 2010 was calculated for each
county by evaluating the reduced principal component value for
each county; that is by substituting the values of the remaining
eleven variables in the principal component equation. A highly
positive index value denotes an extremely rural area. According to
the value of rurality index, the rurality in China have been divided
into five grades by quintile ranging from very low, through low,
average and high, to very high. The fifth-grade counties have the
highest rurality, while the first-grade has the lowest.

In 2000, the values of rurality index are between �4.83
and þ3.17. It can be seen from Fig. 2 that constrained by physical
conditions and general socio-economic development, China's
rurality index shows a gradually increasing spatial pattern from
east to west in 2000, except for the northern part, which has a very
low rurality index. In term of rurality index in 2010, it ranges
between �4.10 and þ3.06. Driven by different but consolidated
economic development models and rural transformation in-
tensities, the dynamic regional rurality index in China from 2000 to
2010 does not show an obvious spatial pattern. In addition, the
patterns of rurality index shown in Figs. 2 and 3 are very similar to
the pattern of GDP per capita shown in Fig. 1. These patterns denote
persistent spatial structures, and reveal, for instance, that the
transition of China's rural policies since 2004 has not visibly altered
the landscape of socioeconomic conditions in rural areas.

Threemajor belts with “very low” rurality index areas are clearly
visible from the index distribution (Figs. 2 and 3).

(1) The first belt is eastern coastal China. Due to its special ad-
vantages (optimal physical conditions, location, and socio-
economic factors for the development of non-agricultural
industry and urbanization), this region is the forefront and
engine of China's economic development, thus industriali-
zation and urbanization dominate the process of socio-
economic development but agriculture and rural landscape
and culture are experiencing rapid decline.

(2) The second belt is northeast China. This region is both
China's traditional heavy industrial base and national com-
modity grain base. This region faced economic depression
and industrial restructuring during the 1990s, but has been
experiencing a process of revitalization since the launch of
Economic Rejuvenation Plan for Northeast China (Dunford
and Li, 2010). In addition, the level of modernization of
agricultural production in this region is rather high and has
led to high agricultural output. As such, this region shows
more urbanity and remains a low rurality index.

(3) The third belt is northern China. Counties in this region
usually have rich mineral resources, and vast resources
exploration has dramatically changed local demographic
characteristics, socio-economic structure and traditional
culture, thus rurality index in this region declined
significantly.

Moreover, three belts with “very high” rurality index areas can
also be identified from Figs. 2 and 3.



Fig. 2. Spatial pattern of rurality index in 2000.
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(1) The first belt is southwest China. The development of non-
agricultural industry and urbanization in this region is lag-
ging behind compared to eastern coastal China, for relative
poor physical conditions, location, and weak socio-economic
foundation. Rural areas in this region are mountainous and
current agricultural production is still extremely backward
(Li et al., 2013).

(2) The second belt is northwest China, including southwest
Xinjiang, northern Gansu and northwest Sichuan. To a large
extent, these regions are ethnic minority areas, with remote
geographical location, poor accessibility, backward socio-
economic development, and are still struggling to trans-
form the traditional subsistence agriculture.

(3) The third belt is the North China Plain, i.e., the Huang-Huai-
Hai Plain. This region has long been one of China's most
important grain production areas, which has excellent agri-
cultural production conditions, and contributes a lot to na-
tional grain security (Li et al., 2011). However, due to growing
contradiction between population change and land use, and
the strictly control of prices of agro-products under urban-
rural dual structure, the socio-economic transition and ur-
banization of these region lagged behind (Li et al., 2014a),
which have contributed to a high rurality index.

Over all, counties with “very low” value of rurality index mainly
distribute in the eastern coastal, northeast and northern part of
China, while counties with “very high” value of rurality index
mainly distribute in the southwest of China and Huang-Huai-Hai
plain. Counties with “low”, “average” and “high” rurality index
show a staggered distribution in the rest regions, especially on the
periphery of inland urban areas.
In order to better discover the patterns of spatial association of

rurality index, LISA analysis has been carried out based on Arc-
Toolbox of ArcGIS. The LISA groups map of rurality index in 2000
and 2010 are shown in Figs. 4 and 5, respectively.

In 2000, the numbers of HigheHigh counties (the counties with
high rurality values surrounded by that with high rurality values),
LoweLow counties (the counties with low rurality values sur-
rounded by that with low rurality values), Low-High counties (the
counties with low rurality values surrounded by that with high
rurality values), High-Low counties (the counties with high rurality
values surrounded by that with low rurality values) and Not Sig-
nificant counties (Areas that are not significant at a default pseudo
significance level of 0.05) are 460, 335, 51, 3 and 1018, respectively.
It can be seen from Fig. 4, the HigheHigh counties mainly distribute
in the southwest of Xinjiang and southern Gansu in northwest
China, the most part of Yunnan and Guizhou and western Sichuan
in southwest China, and the traditional agricultural areas of central
China, namely, eastern Henan, Northern Anhui, southwest Shan-
dong and southern Hebei. While the LoweLow counties mainly
distribute in eastern Xinjiang, central Inner Mongolia, east part of
northeast China, Shandong Peninsula, southern Jiangsu, themost of
Zhejiang, northern Fujian and the Pearl River Delta. The number of
Low-High and High-Low counties was relatively small, and they
usually distribute in the periphery of HigheHigh counties and
LoweLow counties, respectively.

Since 2000, China has experienced different paces of industri-
alization, urbanization and rural transformation in different kinds
of areas, and brought about various impact on demographic and
socio-economic structures and thus exerted unequal influences on



Fig. 3. Spatial pattern of rurality index in 2010.

Fig. 4. LISA groups for rurality index in 2000.
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Fig. 5. LISA groups for rurality index in 2010.
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the changes of rurality. In 2010, the numbers of HigheHigh
counties, LoweLow counties, Low-High counties, High-Low
counties and Not Significant counties are 492, 346, 56, 9 and 964,
respectively. Compared with that in 2000, the LISA groups are fairly
stable over time, and the characteristics of spatial concentration
distribution further enhanced.

Roughly, three areas showing significant change can be identi-
fied clearly from Figs. 4 and Fig. 5: firstly, the HigheHigh counties in
Guangxi expand quite a lot; secondly, the LoweLow counties in
Fig. 6. Temporal persistence of rurality in China's counties.
Inner Mongolia increased significantly; and thirdly, the number of
LoweLow counties in northeast China reduced sharply.
4.3. The dynamic change of rurality

Areal variation is necessary to gain a widespread pattern of the
distribution of rurality, and variation over time is likely to offer an
Table 3
Change matrix of the number of counties with different level of rurality index in
2000 and 2010, and its changes.

Rurality index
in 2000

Rurality index in 2010 Total
(2000)

Loss Changes in
2010 (%)

Very
low

Low Average High Very
high

Very low 299 64 8 3 e 374 75 20.05
Low 63 206 91 12 2 374 168 44.92
Average 10 85 168 101 9 373 205 54.96
High 1 18 96 188 70 373 185 49.60
Very high 1 1 10 69 292 373 81 21.72
Total (2010) 374 374 373 373 373 1867 714 38.24
Gain 75 168 205 185 81 714 e e

Note: According to the value of rurality index, the counties in this study have been
divided into five grades by quintile ranging from very low, through low, average and
high, to very high. Since the total number of counties in this study is 1867, which is
not divisible by 5. So, the numbers of counties with very low, low, average, high and
very high rurality both in 2000 and 2010 are 374, 374, 373, 373 and 373, respec-
tively. This table aims to analyze the changes of the number of the counties with
different level of rurality index. For example, in the row of “very low”, compared to
2000, there were 299 counties remained the level of “very low”, 64 counties
changed to the level of “low”, 8 counties changed to the level of “average”, and 3
counties changed to the level of “high” in 2010.



Table 4
The correlation between rurality index and typical socio-economic and geographical
indicators.

Indicator type Indicator 2000 2010

The ability to attract
investment

Per capita urban fixed asset
investment

�0.331** �0.436**

Output and value-added
capabilities

Above-scale industrial output
per capita

�0.433** �0.543**

Share of non-agro industrial
value added

�0.538** �0.500**

GDP per capita �0.612** �0.597**

Local government financial
strength

Local budget revenue per
capita

�0.615** �0.613**

Local budget expenditure per
capita

�0.352** �0.294**

Residents' income and
savings levels

Per capita net income of
farmers

�0.567** �0.653**

Per capita savings deposits �0.685** �0.755**

Agricultural production Per capita grain output �0.012 0.014
Major agro-products output
per capita

�0.031 0.017

Relief feature Relief degree of land surface 0.301** 0.244**

Distance/marginalization Distance from nearest
provincial capital

�0.015 0.090**

Distance from nearest highway 0.005 0.089**

Distance from nearest railway 0.156** 0.191**

Note: ** Significant at 0.01 level.
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interesting insight into the changing nature of rurality (Cloke,
1977). The dynamics of rurality over time and space are further
detected in three ways. Firstly is the correlation analysis. Fig. 6
shows a scatter dot graph representing the rurality index in 2000
on the horizontal axis and that in 2010 on the vertical axis. Both the
linear ascending trend in the cloud of dots and the high correlation
between the two indices (regression coefficient (0.9155) almost
equals 1; R2 ¼ 0.838, and P < 0.01) suggest little change in the
rurality pattern of China's counties between 2000 and 2010.

Secondly is the changing matrix analysis. As shown in Table 3, in
the year of 2000, 374 counties were classified as “very low” rurality.
When compared to the year of 2010, among the 374 counties, there
are 64, 8 and 3 counties became counties with “low”, “average” and
“high” rurality, respectively. That is, the rurality category of about
20 percent of the “very low” rurality counties in 2000 changed. In
addition, the counties with “very high” rurality experienced nearly
the same dynamics. However, the counties with rurality of
“average”, “high” and “low” experienced much more changes. In
general, the rurality state of “very low” and “very high” counties
experienced much less change in the category of rurality, while the
other counties are more prone to get category of rurality changed.

Thirdly is the change of spatial pattern of rurality index. As
shown in Fig. 7, counties with rurality index increased at least one
level mainly distribute on Xinjiang, northeast China and the border
areas of Henan, Guangxi and Hunan. To a large extent, this well
reflects the large scale farmland reclamation and consequent
agricultural development in northern China, and the dilemma of
nearly stagnant socio-economic development in agricultural
counties and mountainous counties of central China. While,
counties with rurality index decreased at least one level mainly
Fig. 7. The changing pattern of ruralit
distribute in agro-pastoral interlaced region around Yulin, periph-
ery of Sichuan Basin, and themost part of Chongqing. This change is
due to the vast mineral resources exploration in Yulin of Northern
Shaanxi and the ambitious implementation of the Western
y index between 2000 and 2010.



Fig. 8. The scatter map of rurality index and typical socio-economic and geographical indicators.
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Development Strategy in Sichuan Basin, which results in the
development of non-agricultural economy.

4.4. The correlation between rurality and typical socio-economic
and geographical indicators

Rurality index has significant negative correlation with in-
dicators reflecting the local ability to attract investment, output and
value-added capabilities, local government financial strength and
residents’ income and savings levels. In the meantime, counties
with higher rurality degree are prone to have higher relief degree of
land surface, and have longer distances from nearest provincial
capital, highway and railway (see Table 4 and Fig. 8). Therefore,
counties with high rurality have been marginalized both
geographically and economically. Regional policies devote to pro-
moting rural development and eliminating regional disparities
should pay more attention to these marginal counties.

It is worth mentioning that, there was no significant correlation
between the rurality index and per capita grain output and major
agro-products output per capita (Table 4). As shown in the fifth row
of Fig. 8, per capita grain output and major agro-products output
per capita are higher in counties with moderate rurality index. In
fact, China's major grain producing counties mainly located in the
Northeast Plain, the Huang-Huai-Hai Plain, the Sichuan Basin and
the Middle-Lower Yangtze River Plain. Compared to the counties
with high rurality around them (Fig. 3), many of these counties
especially in Sichuan Basin, and the Middle-Lower Yangtze River
Plain are experiencing gradually socio-economic transition driven
by urbanization and industrialization and thus show a lower
rurality. As such, rurality index can help to understand the overall
pattern of China's rural development state effectively. However,
due to the vast regional difference of physical geography condition
and economic location at county level, and China's unique agri-
cultural and rural development policies under urban-rural dual
structure, this index is less successful in revealing the agricultural
production status quo alone.

5. Conclusions and discussion

To deal with the issues related to agriculture, farmer and rural
area in China, it would be rational to modify the current “one fit all”
agricultural and rural policies, fully recognize the nature of
different regions, and to allow the local attributes of rural areas
could be better considered. Unfortunately, we still have little
knowledge about the nature of pattern of rural development at a
more fine scale. In the light of this, using national census data of
2000 and 2010, this paper establishes an index system to assess the
varieties of rurality at county level and thus provide a comparable
picture of rurality in China, so as to better identifying and under-
standing the overall pattern and regional characteristics of rural
China. Moreover, the correlationship between rurality index and
major socio-economic and geographical indicators has been also
discussed based on Pearson correlation coefficient.

Overall, counties with ‘very high’ rurality index are mainly
located in the hilly areas of inner China with socio-economic
development seriously lagged behind, and Huang-Huai-Hai tradi-
tional agricultural areas which are China's major grain production
areas. These counties distribute centralized and contiguously. The
rurality index of most counties in other major agricultural areas
such as Northeast Plain, Jianghan Plain, Sichuan Basin and Jiangxi
province is relatively ‘high’. But these areas are in the process of
rapid urban-rural transformation development, and their rualilty is
changing toward the ‘average’ type. Counties with low rurality in-
dex are mainly around the eastern coastal big cities, northeast
national forest and northwest areas with rich mineral and energy
resources experiencing large-scale exploitation. Although they are
rural areas, the population property, settlementmode, and industry
pattern have differed largely from the traditional agricultural areas.
It was found that, in most cases, the rurality pattern reflects the
impact of physical geography, resource endowment, traffic location,
territorial culture, economic foundation and socio-economic policy
on the rural system effectively. The rurality index could largely
reflect the basic characteristics of the spatio-temporal pattern of
China's rural development, and the pattern identified by rurality
index significantly improved our knowledge on the recent devel-
opment of China's rural areas.

As we know, without an in-depth understanding of regional
pattern of rural state, feasible rural policies can hardly be mapped
out. However, rural system is a complex system that cannot be
perfectly demonstrated through only one or two indicators. In
terms of the patterns revealed by the rurality index and corre-
sponding regional policy demands, there are two little limitations.
Firstly, counties with ‘very high’ rurality index are located both in
the remote hilly areas and Huang-Huai-Hai Plain, which makes it
hard to identify target areas relying solely on the rurality to making
suitable rural development policy, especially aiming at promoting
the agricultural development and grain production. Secondly, re-
gions with low rurality index are either in the rural areas of eastern
coastal China with relatively high urbanization and industrializa-
tion level or in the energy-mineral resource areas of northern China
and forest areas of northeastern China. Different from the relative
developed rural areas in eastern coastal China, in the northern
China and forest areas of northeastern China, agriculture are still
the major source of rural residents' livelihood and these regions are
still the key areas in need of preferable rural development policy.
Therefore, due to the vast regional difference at county level both in
physical geographical conditions and economic location, as well as
China's unique agricultural and rural development policies under
urban-rural dual structure, this index is less successful in fully
revealing the agricultural production status alone.

But even so, important policy implications for China's rural
development can be addressed based on our rurality index analysis.
As we can see from Tables 2 and 4, the relationship between the
major original indicators and rurality index is stable, and the cor-
relationship between rurality index and socio-economic and
geographical indicators is significant. Compared with counties with
lower rurality index and thus have better economic performance,
local residents in counties with higher rurality index are more
likely to have lower education level, to be lack of professional skills
and to be employed by agricultural sector with less income, and the
urban development and urbanization level in these counties are
lower. It is confirmed that the counties with high rurality have been
marginalized in the aspects of both geographical location and
economic development. Apparently, they are the key challenges for
China during the course of integrating urban and rural develop-
ment in the 21st century. As such, in order to accelerate the rural
development in counties with high rurality index and thus to
reduce China's urban-rural development disparities and regional
development disparities, more efforts should be made to change
the status of peripheral through local transportation infrastructure
construction, to improve the education level and professional skills
of local population, and to revitalize the industries and urban
development in these marginalized counties.

Theoretically, this study could be seen as an attempt to construct
the knowledge about the rural through quantitative data as part of
academic and governmental discourses (Woods, 2011), aiming at
understanding the rural China. To a large extent, this could also be
identified as a functional perspective mainly driven by technolog-
ical and political factors to statistically categorize rural space
(Woods, 2009a). However, this kind of rematerializing rural
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depends highly on the definitions of rural areas, the indicators
selected and the scale of the territorial units used (Shambaugh-
Miller, 2007; Woods, 2011). However, both the non-numerical
representations of the rural and the contested hybrid reconstitu-
tion of networked rural localities within globalization processes
(Woods, 2007a, 2007b, 2009a, 2009b, 2011, 2013), were neglected
in this study. As such, we acknowledge the critiques of indices of
rurality in Europe & the US by Woods (2009a, 2011). It is worth to
mention that, although the quantitative discourses of rurality are
problematic in defining the limits of rural space, the lines that they
do draw have real effects on policy implementation and funding
programmes (Woods, 2011: 48). To this point, rural local govern-
ment has become concerned not only with advocating local in-
terests, but with advocating particular discourses of rurality,
especially in the aspect of strategic planning (Woods, 1998). As for
China, is experiencing a period of considerable rural restructuring
(Long andWoods, 2011; Long et al., 2012), has implemented various
policies and strategic planning (Long, 2014; Long et al., 2010). In
this sense, we tend to emphasize the positive role of rurality index.
Especially, this index is helpful for us to understand rural space and
rural change, and their regional differences, and it could provide
important information for the public and government when reex-
amining the problems and policies of China's rural development.
Furthermore, theoretically, successive rurality index studies should
further dock with important theoretical point of view of rural ge-
ography. Most importantly, we should devote our self to explore the
development mechanism of rural areas with different level of
rurality, discover the regional disparities of networks of rural
development, and build bridges to link the theories, practices and
policies of rural development.

Therefore, given the advantages and limitations of rurality index
from the perspectives of demographic characteristics and their
changes, the following aspects are needed to further study to bridge
the gaps between the local features and macro rural development
policies. Firstly, indicator system for rurality evaluation may be
further improved by adopting the indicators reflecting the acces-
sibility, land use, landscape and culture of rural areas. This may help
to improve its precision when identifying various rural areas. Sec-
ondly, more efforts should be made to explore the formation
mechanism of regional differences of rurality under China's specific
physical and socio-economic conditions. Thirdly, the studies on
rurality and rural socio-economic analysis should be integrated to
formulate better regionalized rural development policies. Only by
addressing these studies can we obtain in-depth knowledge and
understanding of the rurality and thus lead to more integrated,
regionalized and feasible rural development policies.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (Grant Nos. 41201176, 41130748 and
41171149). The insightful and constructive comments and sugges-
tions from both the anonymous reviewer and the editor Professor
Michael Woods are greatly appreciated.

References

Ali, A.M.S., 2007. Population pressure, agricultural intensification and changes in
rural systems in Bangladesh. Geoforum 38, 720e738.

Anríquez, G., Stloukal, L., 2008. Rural population change in developing countries:
lessons for policymaking. Eur. View 7, 309e317.

Anselin, L., Sridharan, S., Gholston, S., 2007. Using exploratory spatial data analysis
to leverage social indicator databases: the discovery of interesting patterns. Soc.
Indic. Res. 82 (2), 287e309.

Anselin, L., Syabri, I., Kho, Y., 2006. GeoDa: an introduction to spatial data analysis.
Geogr. Anal. 38 (1), 5e22.

Ballas, D., Kalogeresis, T., Labrianidis, L., 2003. A Comparative Study of Typologies
for Rural Areas in Europe. Paper presented at 43rd European congress of the
regional science association, Finland.

Baum, S., Frohberg, K., Hartmann, M., Matthews, A., Weingarten, P., 2004. The future
of rural areas in the CEE new member states. In: Report of Network of Inde-
pendent Agricultural Experts in the CEE Candidate Countries, Germany.

Blunden, J.R., Pryce, W.T.R., Dreyer, P., 1998. The classification of rural areas in the
European context: an exploration of a typology using neural network applica-
tions. Reg. Stud. 32 (2), 149e160.

Bogdanov, N., Meredith, D., Efstratoglou, S., 2008. A typology of rural areas in Serbia.
Econ. Ann. 53 (177), 7e29.

Bryden, J., 2002. Rural Development Indicators and Diversity in the European Union
(Paper presented at the conference of measuring rural diversity, Washington,
DC).

Carr, D., 2009. Population and deforestation: why rural migration matters. Prog.
Hum. Geogr. 33 (3), 355e378.

Chen, R.S., Ye, C., Cai, Y.L., Xing, X.S., Chen, Q., 2014. The impact of rural out-
migration on land use transition in China: past, present and trend. Land Use
Policy 40, 101e110.

Chi, G.Q., Ventura, S.J., 2011. Population change and its driving factors in rural,
suburban, and urban areas of Wisconsin, USA, 1970e2000. Int. J. Popul. Res.
http://dx.doi.org/10.1155/2011/856534. Article ID 856534.

Cloke, P., 1977. An index of rurality for England and Wales. Reg. Stud. 11 (1), 31e46.
Cloke, P., 2006. Conceptualizing rurality. In: Cloke, P., Marsden, T., Mooney, P. (Eds.),

Handbook of Rural Studies. Sage, London, pp. 18e28.
Cloke, P., Edwards, G., 1986. Rurality in England and Wales 1981: a replication of the

1971 index. Reg. Stud. 20 (4), 289e306.
Dahly, D.L., 2007. Quantifying the urban environment: a scale measure of urbanicity

outperforms the urbanerural dichotomy. Soc. Sci. Med. 64 (7), 1407e1419.
Department of Health and Aged Care, 2001. Measuring Remoteness Accessibility:

Remoteness Index of Australia (ARIA). Retrieved Oct 20, 2013, from Department
of Health.

Dinis, A., 2006. Rural entrepreneurship: an innovation and marketing perspective.
In: Vaz, T.N., Morgan, E.J., Nijkamp, P. (Eds.), The New European Rurality:
Strategies for Small Firms. Ashgate, England, pp. 157e178.

Duenckmann, F., 2010. The village in the mind: applying Qemethodology to
reeconstructing constructions of rurality. J. Rural Stud. 26 (3), 284e295.

Dunford, M., Li, L., 2010. Chinese spatial inequalities and spatial policies. Geogr.
Compass 4 (8), 1039e1054.

European Commision (EC), 1988. The future of rural society. COM (88) 501 final of
28.07.1988 Bull. Eur. Communities, Belg..

Fan, C.C., 2005. Interprovincial migration, population redistribution, and regional
development in China: 1990 and 2000 census comparisons. Prof. Geogr. 57 (2),
295e311.

Fang, Y.G., Liu, J.S., 2009. Cultural landscape evolution of cluster agricultural village:
the case of Yukou village in Shandong province. Geogr. Res. 28 (4), 968e978 (in
Chinese).

Fang, Y.G., Liu, J.S., 2014. The modification of North China quadrangles in response
to rural social and economic changes in agricultural villages: 1970e2010s. Land
Use Policy 39, 266e280.

Frouws, J., 1998. The contested redefinition of the countryside: an analysis of rural
discourses in the Netherlands. Sociol. Rural. 38 (1), 54e68.

Griffith, D., 2003. Spatial Auto Correlation and Spatial Filtering. Gaining Under-
standing through Theory and Scientific Visualization. Springer, Berlin.

Gülümser, A.A., Baycan-Levent, T., Nijkamp, P., 2009. Mapping rurality: analysis of
rural structure in Turkey. Int. J. Agric. Resour. Gov. Ecol. 8 (2e4), 130e157.

Gülümser, A.A., Baycan-Levent, T., Nijkamp, P., 2008. Turkey's rurality: a compara-
tive analysis at the EU level. In: Vaz, T.N., Nijkamp, P., Rastoin, J.L. (Eds.),
Traditional Food Production Facing Sustainability: a European Challenge. Ash-
gate, Aldershot.

Gu, C.L., Li, A.L., 2013. A framework for the integration planning between urban and
rural areas in China: from “city exploiting rural area” to solving “three issues in
rural area”. Economic Geography 33 (1), 138e141 (in Chinese).

Halfacree, K.H., 1993. Locality and social representation: space, discourse and
alternative definitions of the rural. J. Rural Stud. 9 (1), 23e37.

Halfacree, K.H., 1995. Talking about rurality: social representations of the rural as
expressed by residents of six English Parishes. J. Rural Stud. 11 (1), 1e19.

Harrington, V., O'Donoghue, D., 1998. Rurality in England and Wales 1991: a
replication and extension of the 1981 rurality index. Sociol. Rural. 38 (2),
178e203.

Heilig, G.K., Zhang, M., Long, H.L., Li, X.B., Wu, X.Q., 2006. Poverty alleviation in
China: a lesson for the developing world? Geogr. Rundsch. Int. Ed. 2, 4e13.

Hoggart, K., 1990. Let's do away with rural. J. Rural Stud. 6 (3), 245e257.
Hoggart, K., Buller, H., Black, R., 1995. Rural Europe: Identity and Change. Edward

Aenold, London.
Ilbery, B. (Ed.), 1998. The Geography of Rural Change. Longman, Essex.
Isserman, A.M., 2005. In the national interest: defining rural and urban correctly in

research and public policy. Int. Regional Sci. Rev. 28 (4), 465e499.
Kendall, M., 1975. Multivariate Malysis. Charles Griffin & Company Limited, London.
Labrianidis, L. (Ed.), 2004. The Future of Europe's Rural Peripheries. Ashgate Eco-

nomic Geography Series. Ashgate, England.
Labrianidis, L., 2006. Human capital as the critical factor for the development of

Europe's rural peripheral areas. In: Vaz, T.N., Morgan, E.J., Nijkamp, P. (Eds.), The
New European Rurality: Strategies for Small Firms. Ashgate, England.

Lakshmanan, T.R., 1982. A systems model of rural development. World Dev. 10 (10),
885e898.

http://refhub.elsevier.com/S0743-0167(15)00005-4/sref1
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref1
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref1
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref2
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref2
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref2
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref3
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref3
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref3
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref3
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref4
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref4
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref4
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref5
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref5
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref5
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref6
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref6
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref6
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref7
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref7
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref7
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref7
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref8
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref8
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref8
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref9
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref9
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref9
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref10
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref10
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref10
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref11
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref11
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref11
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref11
http://dx.doi.org/10.1155/2011/856534
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref13
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref13
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref14
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref14
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref14
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref15
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref15
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref15
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref16
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref16
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref16
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref16
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref17
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref17
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref17
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref18
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref18
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref18
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref18
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref19
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref19
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref19
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref19
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref19
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref20
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref20
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref20
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref21
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref21
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref22
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref22
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref22
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref22
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref23
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref23
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref23
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref23
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref24
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref24
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref24
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref24
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref24
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref25
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref25
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref25
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref26
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref26
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref27
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref27
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref27
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref27
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref28
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref28
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref28
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref28
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref113
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref113
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref113
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref113
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref29
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref29
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref29
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref30
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref30
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref30
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref31
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref31
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref31
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref31
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref32
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref32
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref32
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref33
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref33
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref34
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref34
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref35
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref36
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref36
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref36
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref37
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref37
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref38
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref38
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref39
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref39
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref39
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref40
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref40
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref40


Y. Li et al. / Journal of Rural Studies 38 (2015) 12e26 25
Lehtonen, O., Tykkyl€ainen, M., 2010. Selfereinforcing spatial clusters of migration
and socioeeconomic conditions in Finland in 1998e2006. J. Rural Stud. 26 (4),
361e373.

Li, X.J., Qiao, J.J., 2001. County level economic disparities of China in the 1990s. Acta
Ceogr. Sin. 68 (2), 136e145 (in Chinese).

Li, Y.R., Liu, Y.S., Long, H.L., 2010. Spatioetemporal analysis of population and res-
idential land change in rural China. J. Nat. Resour. 25 (10), 1629e1638 (in
Chinese).

Li, Y.R., Liu, Y.S., Long, H.L., 2011. Study on the pattern and types of rural develop-
ment in the HuangeHuaieHai region. Geogr. Res. 30 (9), 1637e1647 (in
Chinese).

Li, Y.R., Liu, Y.S., Long, H.L., Cui, W.G., 2014a. Communityebased rural residential
land consolidation and allocation can help to revitalize hollowed villages in
traditional agricultural areas of China: evidence from Dancheng County, Henan
Province. Land Use Policy 39, 188e198.

Li, Y.R., Liu, Y.S., Long, H.L., Wang, J.Y., 2013. Local responses to macro development
policies and their effects on rural system in China's mountainous regions: the
case of Shuanghe Village in Sichuan Province. J. Mt. Sci. 10 (4), 588e608.

Li, Y.R., Wang, J., Liu, Y.S., Long, H.L., 2014b. Spatial pattern and influencing factors of
the coordination development of industrialization, informatization, urbaniza-
tion and agricultural modernization in China: a prefecture level exploratory
spatial data analysis. Acta Gergr. Sin. 69 (2), 199e212 (in Chinese).

Li, Y.R., Wang, J., Liu, Y.S., Long, H.L., 2014c. Problem regions and regional problems
of socioeconomic development in China: a perspective from the coordinated
development of industrialization, informatization, urbanization and agricul-
tural modernization. J. Geogr. Sci. 24 (6), 1115e1130.

Li, Y.R., Wei, D.Y.H., 2010. The spatialetemporal hierarchy of regional inequality of
China. Appl. Geogr. 30 (3), 303e316.

Liu, H., 2006. Changing regional rural inequality in China 1980e2002. Area 38 (4),
377e389.

Liu, S.Q., Xie, F.T., Zhang, H.Q., Guo, S.L., 2014a. Influences on rural migrant workers'
selection of employment location in the mountainous and upland areas of
Sichuan, China. J. Rural Stud. 33 (1), 71e81.

Liu, Y.S., 2007. Rural transformation development and new countryside construc-
tion in eastern coastal area of China. Acta Ceogr. Sin. 62 (6), 563e570 (in
Chinese).

Liu, Y.S., Liu, Y., Chen, Y.F., 2011b. Territorial multiefunctionality evaluation and
decisionemaking mechanism at county scale in China. Acta Ceogr. Sin. 66 (10),
1379e1389 (in Chinese).

Liu, Y.S., Long, H.L., Chen, Y.F., Wang, J.Y., 2011a. China Rural Development Research
Report: Rural Hollowing and its Remediation Strategy. Science Press, Beijing (in
Chinese).

Liu, Y.S., Lu, S.S., Chen, Y.F., 2013. Spatioetemporal change of urbanerural equalized
development patterns in China and its driving factors. J. Rural Stud. 32,
320e330.

Liu, Y.S., Yang, R., Long, H.L., Gao, J., Wang, J.Y., 2014b. Implications of land-use
change in rural China: a case study of Yucheng, Shandong province. Land Use
Policy 40, 111e118.

Liu, Y.S., Wang, L.J., Long, H.L., 2008. Spatioetemporal analysis of landeuse con-
version in the eastern coastal China during 1996e2005. J. Geogr. Sci. 18 (3),
274e282.

Liu, Z.Q., 2008. Human capital externalities and ruraleurban migration: evidence
from rural China. China Econ. Rev. 19 (3), 521e535.

Long, H.L., 2014. Land use policy in China: introduction. Land Use Policy 40, 1e5.
Long, H.L., Li, Y.R., Liu, Y.S., Woods, M., Zou, J., 2012. Accelerated restructuring in

rural China fueled by “increasing vs. decreasing balance” landeuse policy for
dealing with hollowed villages. Land Use Policy 29 (1), 11e22.

Long, H.L., Liu, Y.S., Li, X.B., Chen, Y.F., 2010. Building new countryside in China: a
geographical perspective. Land Use Policy 27 (2), 457e470.

Long, H.L., Liu, Y.S., Wu, X.Q., Dong, G.H., 2009b. Spatioetemporal dynamic patterns
of farmland and rural settlements in SueXieChang region: implications for
building a new countryside in coastal China. Land Use Policy 26 (2), 322e333.

Long, H.L., Zou, J., Liu, Y.S., 2009a. Differentiation of rural development driven by
industrialization and urbanization in eastern coastal China. Habitat Int. 33 (4),
454e462.

Long, H.L., Zou, J., Pykett, J., Li, Y.R., 2011. Analysis of rural transformation devel-
opment in China since the turn of the new millennium. Appl. Geogr. 31 (3),
1094e1105.

Long, H.L., Woods, M., 2011. Rural restructuring under globalization in eastern
coastal China: what can be learned from Wales? J. Rural Community Dev. 6 (1),
70e94.

Long, H.L., Zhang, X.N., 2012. Progress in international rural geography research
since the turn of the new millennium and some implications. Economic Ge-
ography 32 (8), 1e7 (in Chinese).

L�opez-i-Gelats, F., T�abara, J.D., Bartolom�e, J., 2009. The rural in dispute: discourses
of rurality in the Pyrenees. Geoforum 40 (4), 602e612.

Ma, Z., 1999. Temporary migration and regional development in China. Environ.
Plan A 31 (5), 783e802.

Madu, I., 2010. The structure and pattern of rurality in Nigeria. GeoJournal 75 (2),
175e184.

Marsden, T., 2010. Mobilizing the regional eco-economy: evolving webs of agri-food
and rural development in the UK. Camb. J. Regions, Econ. Soc. 3 (2), 225e244.

Meng, H.H., Li, T.S., Yu, Z.S., Li, F., 2013. Rurality and a correlation analysis of the
county economy in Anhui province. Economic Geography 33 (4), 144e148 (in
Chinese).
Mohapatra, S., Rozelle, S., Goodhue, R., 2007. The rise of selfeemployment in rural
China: development or distress? World Dev. 35 (1), 163e181.

National Bureau of Statistics of China (NBSC), 2001. Chinese Counties (Cities) Socio-
economic Statistical Yearbook. China Statistics Press, Beijing.

National Bureau of Statistics of China (NBSC), 2011a. China Statistical Yearbook.
China Statistics Press, Beijing.

National Bureau of Statistics of China (NBSC), 2011b. Chinese Counties (Cities)
Socio-economic Statistical Yearbook. China Statistics Press, Beijing.

National Bureau of Statistics of China (NBSC), 2011c. Chinese Regional Economic
Statistical Yearbook. China Statistics Press, Beijing.

Oca~na-Riola, R., S�anchez-Cantalejo, C., 2005. Rurality index for small areas in Spain.
Soc. Indic. Res. 73 (2), 247e266.

OECD, 1994. Creating Rural Indicators for Shaping Territorial Policy. OECD Publi-
cations, Paris.

OECD, 1996. Territorial Indicators of Employment: Focusing on Rural Development.
OECD Publications, Paris.

OECD, 2003. Territorial Indicators of Socioeeconomic Patterns and Dynamics (OECD
working paper).

OECD, 2005. Placeebased Policies for Rural Development: Provinces of Arezzo and
Grosseto, Tuscany, Italy. OECD.

Olatunde, S., Leduc, E.R., Berkowitz, J., 2007. Different practice patterns of rural and
urban general practitioners are predicted by the general practice rurality index.
Can. J. Rural Med. 12 (2), 73e80.

Park, A., Wang, S.G., 2010. Communityebased development and poverty alleviation:
an evaluation of China's poor village investment program. J. Public Econ. 94
(9e10), 790e799.

Pratt, A.C., 1996. Discourses of rurality: loose talk or social struggle? J. Rural Stud. 12
(1), 69e78.

Prieto-Lara, E., Oca~na-Riola, R., 2010. Updating rurality index for small areas in
Spain. Soc. Indic. Res. 95 (2), 267e280.

Qian, J.X., He, S.J., Liu, L., 2013. Aestheticisation, renteseeking, and rural gentrifi-
cation amidst China's rapid urbanisation: the case of Xiaozhou village,
Guangzhou. J. Rural Stud. 32, 331e345.

Rozelle, S., Li, G., Shen, M., Hughart, A., Giles, J., 1999. Leaving China's farms: survey
results of new paths and remaining hurdles to rural migration. China Q. 158,
367e393.

Shambaugh-Miller, M., 2007. Development of a Rural Typology GIS for Policy
Makers (paper presented to the Quadrennial Conference of British, Canadian
and American Rural Geographers, Spokane, July).

Shen, X.P., Ma, L.J.C., 2005. Privatization of rural industry and de facto urbanization
from below in southern Jiangsu, China. Geoforum 36 (6), 761e777.

Su, W.H., 2000. The Theory and Method of Multiple Objective Comprehensive
Evaluation. Doctor Dissertation. Xiamen University.

Tao, R., Lin, J.Y.F., Liu, M.X., Zhang, Q., 2004. Rural taxation and government regu-
lation in China. Agric. Econ. 31, 161e168.

Unger, J., 2002a. Poverty, credit and microcredit in rural China. Dev. Bull. 57, 23e26.
Unger, J., 2002b. The Transformation of Rural China. M.E. Sharpe, Armonk.
Unger, J., 2003. Entrenching poverty: the drawbacks of the Chinese government's

policy programs. Dev. Bull. 61, 29e33.
Unger, J., 2006. Family customs and farmland reallocations in contemporary Chi-

nese villages. Soc. Transformations Chin. Soc. 1 (1), 113e130.
Unger, J., Chan, A., 1999. Inheritors of the boom: private enterprise and the role of

local government in a rural south China township. China J. 42, 45e74.
Waldorf, B., 2006. A continuous multiedimensional measure of rurality: moving

beyond threshold measures. In: Annual Meetings of the Association of Agri-
cultural Economics. Long Beach, CA.

Wei, Y.H.D., Ye, X., 2009. Beyond convergence: space, scale, and regional inequality
in China. Tijdschr. Econ. Soc. Geogr. 100 (1), 59e80.

Weinert, C., Boik, R.J., 1995. MSU rurality index: development and evaluation. Res.
Nurs. Health 18 (5), 453e464.

Woods, M., 1998. Advocating rurality? the repositioning of rural local government.
J. Rural Stud. 14 (1), 13e26.

Woods, M., 2007a. Engaging the global countryside: globalization, hybridity and the
reconstitution of rural place. Prog. Hum. Geogr. 31 (4), 485e507.

Woods, M., 2007b. Attractive Ruralities? Re-thinking European Peripheries in the
Global Countryside. In: Landliche Gesellschaft Europaischer Peripherien,
pp. 23e38.

Woods, M., 2009a. Rural geography: blurring boundaries and making connections.
Prog. Hum. Geogr. 33 (6), 849e858.

Woods, M., 2009b. Rural geography. In: Kitchin, R., Thrift, N. (Eds.), International
Encyclopedia of Human Geography, vol. 9. Elsevier, Oxford.

Woods, M., 2010. Performing rurality and practising rural geography. Prog. Hum.
Geogr. 34 (6), 835e846.

Woods, M., 2011. Rural. Routledge, Abingdon, United Kingdom and New York, NY.
Woods, M., 2013. Regions engaging globalization: a typology of regional responses

in rural Europe. J. Rural Community Dev. 8 (3), 113e126.
Xu, W., Tan, K.C., 2001. Reform and the process of economic restructuring in rural

China: a case study of Yuhang, Zhejiang. J. Rural Stud. 17 (2), 165e181.
Xu, W., Tan, K.C., 2002. Impact of reform and economic restructuring on rural

systems in China: a case study of Yuhang, Zhejiang. J. Rural Stud. 18 (1), 65e81.
Yang, X.H., Ma, H.Q., 2009. Natural environment suitability of China and its rela-

tionship with population distributions. Int. J. Environ. Res. Public Health 6,
3025e3039.

Ye, J.Z., Wang, C.Y., Wu, H.F., He, C.Z., Liu, J., 2013. Internal migration and left-behind
populations in China. J. Peasant Stud. 40 (6), 1119e1146.

http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref41
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref42
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref42
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref42
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref43
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref43
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref43
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref43
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref43
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref44
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref45
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref46
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref46
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref46
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref46
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref47
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref47
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref47
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref47
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref47
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref112
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref112
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref112
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref112
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref112
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref48
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref48
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref48
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref48
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref49
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref49
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref49
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref49
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref50
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref50
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref50
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref50
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref51
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref51
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref51
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref51
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref52
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref53
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref53
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref53
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref54
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref55
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref55
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref55
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref55
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref56
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref57
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref57
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref57
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref57
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref58
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref58
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref59
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref59
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref59
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref59
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref59
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref60
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref60
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref60
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref61
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref62
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref62
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref62
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref62
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref63
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref63
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref63
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref63
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref64
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref64
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref64
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref64
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref114
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref114
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref114
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref114
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref65
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref66
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref66
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref66
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref67
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref67
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref67
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref68
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref68
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref68
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref115
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref115
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref115
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref115
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref69
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref69
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref69
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref69
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref70
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref70
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref71
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref71
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref72
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref72
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref73
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref73
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref74
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref74
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref74
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref74
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref74
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref75
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref75
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref76
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref76
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref77
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref77
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref77
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref78
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref78
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref78
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref79
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref79
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref79
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref79
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref80
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref81
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref81
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref81
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref82
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref82
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref82
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref82
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref83
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref83
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref83
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref83
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref83
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref84
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref84
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref84
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref84
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref85
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref85
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref85
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref86
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref86
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref86
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref87
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref87
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref88
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref88
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref88
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref89
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref89
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref90
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref91
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref91
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref91
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref92
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref92
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref92
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref93
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref93
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref93
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref94
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref94
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref94
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref94
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref95
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref95
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref95
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref96
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref96
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref96
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref97
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref97
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref97
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref98
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref98
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref98
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref99
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref99
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref99
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref99
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref100
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref100
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref100
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref101
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref101
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref102
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref102
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref102
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref103
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref104
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref104
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref104
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref105
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref105
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref105
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref106
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref106
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref106
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref107
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref107
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref107
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref107
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref108
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref108
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref108


Y. Li et al. / Journal of Rural Studies 38 (2015) 12e2626
Ying, L.G., 2003. Understanding China's recent growth experience: a spatial
econometric perspective. Ann. Regional Sci. 37 (4), 613e628.

Zhang, L.X., Brauw, A.D., Rozelle, S., 2004. China's rural labor market development
and its gender implications. China Econ. Rev. 15 (2), 230e247.
Zografos, C., 2007. Rurality discourses and the role of the social enterprise in

regenerating rural Scotland. J. Rural Stud. 23 (1), 38e51.

http://refhub.elsevier.com/S0743-0167(15)00005-4/sref109
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref109
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref109
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref110
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref110
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref110
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref111
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref111
http://refhub.elsevier.com/S0743-0167(15)00005-4/sref111

	Spatio-temporal pattern of China's rural development: A rurality index perspective
	1. Introduction
	2. The research background: rurality and China's rural development
	2.1. Rurality and rurality index
	2.2. Spatial perspective of China's rural areas

	3. Methodology
	3.1. Index system and data source
	3.2. Statistical analysis

	4. Results
	4.1. Performing rurality index using principal components analysis
	4.2. The spatial pattern of rurality
	4.3. The dynamic change of rurality
	4.4. The correlation between rurality and typical socio-economic and geographical indicators

	5. Conclusions and discussion
	Acknowledgments
	References


