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Regional economic development is inherently uneven as determined by the local conditions and available
resources. Specialized villages (SVs) in China played a very important role in the development and economic
transformation in rural areas. By integrating regional spatial structure theory, multilevel network theory, and
spatial interface theory, this article examines the spatial and temporal evolution of SVs in Henan Province,
China. Results from the analyses show that the development of SVs over time progressed in four stages, each
corresponding to important adjustments in national agricultural policy. SVs were distributed unevenly in space
and the distribution seemed to be scale-dependent. At a macrolevel, SVs displayed a dispersed pattern over a
large area. SVs showed localized clusters at a microlevel, however, also exhibiting a core–periphery structure.
Rural economic development in China showed that SVs formed a multilevel network hierarchy. We also
observed that SVs were often in transitional areas including urban–rural and plain–mountain interfaces and
administrative marginal zones. Finally, spatiotemporal clusters of SVs helped to identify the locations and time
periods when SVs grew significantly for analysis of impacts by national policies on rural development.
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W
ith the remarkable economic development in
China since the 1980s, most research in
regional economic development has focused

on examining the growth of manufacturing and indus-
trial activities from the industrial perspective (Tisdell
2009). The role of the agricultural sector in rural areas
in China’s economy has received only limited attention.
Using geographic information systems (GIS) and geo-
spatial analytics, this article presents a close examina-
tion of how economic activities in rural China
developed and how that contributed to the fast-paced
economic development in the country. This article con-
tributes to the literature on regional economic develop-
ment by suggesting a new approach that integrates three
theories under the broad concept of spatial imbalance
theory. In addition, we provide a new approach of
assembling a series of geospatial analytics to reveal and
understand the spatiotemporal trends of such uneven
growth. The analysis of these trends revealed that
growth poles existed, serving as the leading force that
brought economic growth to their peripheral regions.

Since 2004, a series of agriculture policies have been
implemented in China to speed up economic develop-
ment in rural areas. An obvious example was the New
Rural China Construction, as established by Central
Document No. 1 in 2004. Under this policy, all agricul-
tural taxes were to be abolished on 1 January 2006. This
policy aimed to significantly reduce the tax burden on
farmers and to increase farmers’ disposable income for
investment or for stimulating local economies in rural
areas (Long et al. 2011). Beginning in 2007, the Chi-
nese government started to provide financial subsidies to
farmers based on farm sizes. Since then, financial subsi-
dies have been increased and expanded to include finan-
cial assistance in seeding, fertilizing, and the purchase of
farming equipment. National policies of China’s central
government were critical in stimulating and guiding the
development of the rural economy. For example, the
nationwide Household Contract Responsibility System
was responsible for raising productivity in rural areas by
46.9 percent (Lin 1992) and was argued to be the main
force in the development of specialized villages (SVs) in
China. To that end, local economic policies have
become secondary in their importance in the develop-
ment of SVs.

As pointed out by many authors (Weitz 1971;
Veeck and Pannell 1989; Lin 1992; Kanbur and Zhang
2009; Tisdell 2009), regional specialization can be an
important method of regional economic development.
The role of individual entrepreneurships and local
regional specialization in rural China was critical in

the course of past rural development. This was dis-
cussed by Bellandi and Tommaso (2005), Whiting
(2006), A. Chen (2002), Christerson and Lever-Tracy
(1997), Putterman (1997), and Qiao, Li, and Kong
(2006). In these discussions, SVs, as a lower level spa-
tial entity than specialized towns (Bellandi and Tom-
maso 2005), were often identified as leading the
direction of changes in a rural economy. This was
especially apparent when SVs conglomerated to
achieve scale economies (Coates, Johnston, and Knox
1977; Fuchs and Demko 1979).

To fully understand the role that SVs played in
China’s rural economy, this article proposes a concep-
tual framework that integrates three regional eco-
nomic theories under the spatial imbalance theory
(Ottaviano and Thisse 2004; Gardiner et al. 2013) to
explain the imbalanced development of rural econo-
mies in Henan Province, an important region in
China’s rural economy for its size, location, and cul-
tural position. The first theory is regional spatial struc-
ture theory, which explains the urban core (growth
pole), rural areas (periphery), and the interrelation
between them. The second is the multilevel network
theory that allows the placement of villages of differ-
ent functions into a hierarchical network. Finally, the
spatial interface theory explains how economic factors
aggregated different systems and how the growth pole
and its peripheral areas were interrelated.

We begin our discussion with a brief description of
the study area and the reason why it was chosen for
this research. We then describe and discuss the geospa-
tial analytics used in this work. Finally, we conclude
our discussion by highlighting the polarization effect
and spillover effect that were apparent in the studied
area and time periods.

Relevant Literature

In the wave of an expanding global economy, tradi-
tional rural development has been increasingly influ-
enced by agricultural technology, industrialization,
globalization, and other exogenous factors (Kaya 2007;
Long, Zou, and Liu 2009; Li et al. 2010). To transform
from a traditional agricultural society into a modern
society, area specialization and cooperation were often
encouraged as a way to stimulate economic growth in a
rural areas (Habermas 1991; W. Zhang, Deng, and
Zhang 2014). These methods can help to attain an econ-
omy of scale so that agricultural practices are more effi-
cient, farmers are able to bargain for better prices, and
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farming becomes friendlier to ecosystems and environ-
ments (Dobson and Matthes 1971; Fern�andez 2014).

Villages are important bases for implementing sus-
tainable development and state policies (Taylor,
Yunez-Naude, and Hampton 1999). This was espe-
cially the case in China, where the village-level econ-
omy was the key to developing rural economies (Qiao,
Kong, and Li 2008). This is in line with the suggestion
of Mills and McDonald (1992), who suggested that
area specialization assisted the attainment of econo-
mies of scale with favorable external economies. SVs
began to take off when they had developed to a stage
that achieved a sizable spatial agglomeration, a signifi-
cant milestone in the expansion of SVs. Achieving
spatial agglomeration was an essential condition of
realizing the optimization of rural development. It was
a plausible solution for reducing the difference
between urban and rural regions and for promoting
agricultural economic development (Douglass 1998;
Owusu 2005).

The Concept of Specialized Villages

An SV is a rural settlement in which households
engage in production or some interrelated commodi-
ties or service activities. Such activities constitute the
main body of the social and economic values of this
village (Li et al. 2010). We classified villages in China
to be SVs if they meet the following requirements:

� SVs had to be, first of all, villages, from an administra-
tive point of view (the equivalent of communities).

� For each SV, at least 50 percent of the entire village’s
output was produced by one or just a few particular
leading industries, offering unique, marketable products
by using certain scientific and technological processes.

� For each SV, revenue from the leading industries or
products dominated the village’s total income and
was the main source of household incomes.

� For each SV, a majority of farmers were employed by
the leading industries or participated in the production
of the specialized products and corresponding business
activities.

The Role of Specialized Villages

The benefits of an SV included having an active
economy, a diverse society, a larger population, and
better use of environment and resources (Galloway,
Sanders, and Deakins 2011). SVs could also have

potential negative impacts, though, such as paternal-
ism, a lack of ethnic diversity, and overextraction of
local resources, among others (Clark 2006). In China,
the contribution of SVs to rural development has been
very significant in recent years. The total number of
SVs in China was 45,650 in 2008, which was only
7.10 percent of all administrative villages. In that
year, economic income from SVs was around US$219
billion, which was approximately 3.92 percent of
China’s gross domestic product (GDP) then. In time,
the number of SVs increased to 54,217 in 2013, or
8.58 percent of all villages. In 2013, the economic
income generated by SVs was US$431 billion, or 4.64
percent of China’s GDP. In 2013, the average annual
income per person in SVs was US$1,672, about 15 per-
cent higher than the national average. In 2008, there
were 1,569 SVs, each with a collective income exceed-
ing US$16 million. There was a growth rate of 10.26
percent for the period from 2008 to 2013.

The average per capita income of all 487 SVs in
Henan Province was US$933 in 2008, which was
45.46 percent higher than the average of the entire
province. The minimum per capita income of all SVs
was about US$693 and the maximum was US$7,071.
Among all SVs, the highest total village income was
US$961 million and the lowest was US$229,000 in
2008. Although SVs in Henan saw rapid growth in the
villages’ total income, their income levels were still
low compared to those of SVs in coastal provinces.

Existing Questions in Current Research

There remain some research questions to be addressed
with regard to SVs. First, at the regional scale, existing
literature mainly focused on SVs in developed countries,
paying less attention to those in developing countries.
This is especially true in the case of SVs in China. It is a
gap in the research on SVs that desperately needs to be
closed because SVs in China are unique in the way that
they developed with an agricultural practice that had
been developed over several thousands of years. Second,
existing research mostly examined SVs from the per-
spectives of social injustice and less from the perspective
of regional economic development. Third, most studies
in the current literature tended to examine SVs from
the viewpoint of political interests but not a search for
solutions to problems of individual households and prob-
lems in agro-development in rural areas. Finally, existing
literature provided only limited studies on the types of
industries that SVs engaged, such as mining, lumber,
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light manufacturing, or coal extraction. New or recently
developed industries, such as special plants, aquaculture
industry, and service industries in tourism that had been
adopted by SVs, require more research to find out how
they could be further promoted and made more efficient.

Rural Development Theories

There are many theories that have tried to explain
rural economic development, but these theories usu-
ally assign rural areas a lower status than urban areas
and consider them as having a less important role than
cities. To address this gap, we suggest that an inte-
grated approach based on three theories could better
explain and model the economic development in rural
areas. Under spatial imbalance theory as the overall
conceptual framework, these theories are regional spa-
tial structure theory (RSST), multilevel network the-
ory (MLNT), and spatial interface theory (SIT). Each
is briefly discussed next.

Regional Spatial Structure Theory

RSST is based on observations that the spatial
structure of resource distribution in a region is closely
related to the spatial patterns of economic activity
(Ottaviano and Puga 1998; Granovetter 2005). In a
region, there often existed a developmental imbalance
between the growth core and peripheral areas. This
might be due to either the uneven spatial distribution
of resources or the different value-added ability
between economic productions being engaged in
peripheral areas and those in urbanized areas. RSST
usually regarded rural areas as peripheral areas, hinter-
lands, outback areas, or areas that depend on urbanized
areas as economic cores, following classical economic
geography theories (Christaller 1966; Getis and Getis
1966; Berry 1968; Mulligan 1984; Sunley et al. 2005).
Instead of simply distinguishing rural areas and urban
areas, RSST in this article suggests that rural areas or
urban areas were not homogeneous as indicated by the
existence of interface areas between rural and urban.

If we considered rural areas as entities independent
from urban areas, the issue of economic development
in rural areas would in fact be a problem of how viable
their locations are in accessing transportation routes
and markets for their products and how capable their
local resources (raw materials and labor force) are of
supporting their economic activity. SVs in China had
been successful in that they brought prosperity to rural

areas and effectively increased the income of rural
households. Their development seemed to suggest that
rural areas were closing the income gap with that of
urbanized areas, albeit slowly. Nevertheless, SVs had
made significant imprints on the spatial structure of
regional economies in China. In short, RSST provided
the theoretical foundation for not regarding all rural
areas to be at the same level of development and for
regarding rural areas and urban areas to be at multiple
levels of development.

Multilevel Network Theory

It should not be a surprise that economic develop-
ment in rural areas in China was not spatially even
(Rozelle 1994; Yang 1999; Walder 2002; Marsden and
Sonnino 2008). Areas with more advanced develop-
ment could be regarded as developed points at a macro
scale. They functioned as growth poles for the entire
region (Takashi 2003). In rural China, SVs have been
a very important element in the course of regional
development, especially in less developed rural regions
(Li et al. 2010). These SVs became growth poles from
which spillover (trickling down) effects could take
place to spread economic development to nearby
villages.

In our study, we identified five levels of development
clusters among SVs in Henan Province. The SVs were
classified into five levels according to the practical crite-
ria of SVs presented earlier. First, the highest level was
the specialized towns, whose economic development was
the most specialized and advanced in the region. They
were SVs with other villages supporting them. There
were only several of these in the entireHenan Province.
TheseSVswerethegrowthpolesintheregion.

The second level was the clusters of agglomerated
SVs. These SVs often had high levels of specialization
in the economic activity in which they engaged. SVs
in this level were the backbone of the region’s eco-
nomic development. They were the first group of SVs
receiving the trickle-down growth from the specialized
towns (growth poles).

Villages in the third level were SVs that had slightly
lower levels of specialization than those in the second
level. Still, SVs of this level made up the majority of
all SVs and they were distributed throughout the
entire province. Villages in the fourth level were sup-
porting SVs that supported or serviced SVs of higher
levels. They did so by providing land, labor, and other
resources. Villages of the lowest (fifth) level were
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regular or nonspecialized villages that had existed for cen-
turies. Given the right stimulus, and perhaps the right
supports, from government, the supporting villages
(level four) and regular villages (level five) could be
developed into SVs or even become parts of SV
agglomerations. If most villages in a town were trans-
formed into SVs, this town is a specialized town.

The five levels of villages in the multilevel network
hierarchy are described in Figure 1. In Figure 1, a spe-
cialized town can consist of many villages, including
ordinary villages, SVs, and supporting SVs. The lines
in Figure 1 describe the relationships among these dif-
ferent types of villages. Some specialized villages might
be clustered to achieve an agglomeration economy.
MLNT helps explain why SVs had different levels of
specialization and why villages remained regular vil-
lages or support or serviced SVs.

Spatial Interface Theory

Because urban and rural areas coexisted in a region,
the transitional zone between these two areas likely
possessed features from both but with lower intensity.
Housing, for example, would be less dense than that in
urban areas but denser than in rural areas. Similarly,
farming activities in the transitional zone would be
greater than in urban areas but less than in rural areas.
This transitional zone is also known as the spatial inter-
face. A transitional zone can also be identified
between mountainous areas and plain areas.

SIT suggests that this transitional zone, however,
often provides opportunities for new development
because this zone provides cheaper land and lower
rents than urban areas. At the same time, this zone
possesses larger labor pools and has better access to

transportation routes than rural areas. The concept
of an interface between urban and rural areas has been
applied elsewhere to examine how the transitional
zone helps improve the flow of raw materials,
energy, information, and people (Sutherland et al.
1984; Gr�an�asy 1996; Pismen 2001; Hoffman 2009).

This transitional zone usually had less control by a
city government and was more likely to have a diverse
social and cultural environment. The concept of dis-
tance decay in geography fully explained the gradual
decrease of the intensity of urban functions as places
are farther from urbanized areas. This was also the case
in Henan Province.

Integrating Three Theories

RSST helped to explain the spatial structure of rural
economic development. MLNT connected SVs into a
hierarchy of different SVs to help understand the way
agglomerations or clusters of SV were formed. Finally,
SIT provided a way to explain how urbanized areas
interacted with rural areas.

Using geometric forms to represent these theories,
RSST saw SVs as polygons when considering the eco-
nomic development of each rural area. MLNT saw
SVs as points that were organized into different levels
in a hierarchy and at different scales. Finally, SIT
treated the interactions between urbanized areas (eco-
nomic cores) and rural areas (peripheral areas) as lines.
These lines might be physical linear features such as a
river, a transit line, or a highway that connected
urbanized areas to rural areas. They could also be sym-
bolic or invisible lines, such as social relationships or
cultural traits between people living in urbanized areas
and those in rural areas. The analogues of these three
theories to the three geometric forms were originated
from considering them as matrices, corridors, and eco-
logical nodes as discussed in Cantwell and Forman
(1993) and Harris, Dickinson, and Whigham (2014).
These three theories can be described by the configu-
ration shown in Figure 2.

In summary, the fact that there were five types of
SVs was the exact reason MLNT, SIT, and RSST were
integrated. This is because MLNT explained the rela-
tionships among supporting villages, SVs, clusters of
SVs, agglomerated SVs, and the growth poles. MLNT
also explained the hierarchy of SVs. SIT explains why
SVs by the growth pole were the first group to receive
trickle-down economic growth. RSST, in turn,
explained the imbalanced growth.

Figure 1. Multilevel network hierarchy of specialized villages
(SVs). (Color figure available online.)
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Concept, Survey Region, and Data
Processing

The definitions of SVs are different for different
countries at different developmental stages or histori-
cal periods. Definitions of SVs have not been static,
either. They have been dynamic and have been
changed or adjusted gradually over time. For this study
and based on the definition outlined earlier, an SV
needed to have a leading industry that was responsible
for at least 50 percent of the revenue in the SV. Alter-
natively, the revenue of households engaged in the
leading industry or product management activity
should take up at least half of the family’s total
income. For this study, we defined villages in Henan
Province to be SVs if they met these criteria.

Survey Region

Henan Province is located in the northern central
part of China (Figure 3). Due to its large population,

it is also a very important region in China’s economic
development. Henan is mountainous, coming off the
Loess Plateau in the west. In addition, the northwest-
ern and southern parts of the province are also moun-
tainous regions. Most villages in the mountainous
regions are small and lack economies of scale. As such,
very few villages in mountainous regions ever devel-
oped into SVs.

Henan had a total population of about 106 million
people as of 2013, accounting for 7 percent of China’s
population, giving it one of the largest populations
among all provinces. Compared with other provinces,
Henan is a unique province. It is the cradle of Chinese
civilization, as it hosted many earlier dynasties in Chi-
nese history. It has an important strategic position in
national economic and social development (Qiao, Li,
and Kong 2006). The annual per capita income of
rural residents in Henan Province was US$1,356 in
2013, which was below the national average of
US$1,423 (National Bureau of Statistics of China
2014) but was typical for rural areas in central China.

After the Central Plains Economic Zone (CPEZ)
was set up by the Chinese State Department in 2012,
Henan Province had become a model province for
industrialization, urbanization, and agricultural mod-
ernization. From these rural areas, manual laborers had
continued their exodus to cities in search of better
employment opportunities and higher pay. Such
migrating laborers did provide cheap labor to enter-
prises in cities (Murphy 2002; Jackson et al. 2005).
With whatever labor force was left in rural areas, SVs
could only engage in labor-intensive industries
because there were no better alternatives for the peas-
ants when they were not farming their fields. Given
this, there were available labor reserves, lower oppor-
tunity costs, and lower operating costs in Henan.
With the large population and a low level of urbaniza-
tion, Henan was ripe for development of SVs.

Data Processing

Based on our definitions for SVs, we selected 487
SVs from approximately 300,000 villages in Henan.
The data for the 487 SVs came from the Provincial
Rural Work Office (PRWO) and eighteen Municipal
Rural Work Offices (MRWOs). A database of attribute
information of the 487 SVs was built by assembling sta-
tistical data from the Henan Province Statistics Yearbook
(China Statistics Press 2009b) and China’s Rural Statis-
tical Yearbook (China Statistics Press 2009a).

Figure 2. Integration of regional spatial structure theory, multi-
level network theory, and spatial interface theory. Note: SV D spe-
cialized village. (Color figure available online.)
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The attribute database consisted of seventy-one var-
iables for each specialized village. These variables
included population, labor size, area size, size of culti-
vated farmland, housing number and structure, an
assortment of economic indexes, wage level and its
structure, location information, the output value and
products of leading industries, the sources of produc-
tion cost and technology, markets, and sizes. Conse-
quently, the attribute table was a matrix of 487 rows
and seventy-one columns.

Temporal and Spatial Evolution of SVs in
Henan, China

The economic development in Henan had not been
an even process spatially (Qiao, Kong, and Li 2008).
There existed regional economic imbalances that
would need further investigation and research to find
ways to correct them. The evolution of SVs had been
uneven over time as well, which also requires studies
to understand its processes.

The database assembled from field surveys and from
government statistics was valuable because it was the
only such database that allowed us to look into the
way SVs were formed, how SVs are related to each
other, and the different pathways the different SVs
took. Specifically, the mechanism of analysis pro-
ceeded as (1) using quantitative indexes (i.e., localized
Moran’s I) to assess the level of spatial agglomeration
to verify whether indeed economies of scale

contributed to and influenced the spatial imbalance of
regional economic development; (2) analyzing the
temporal trends of the numbers of SVs to detect the
periods of time when the numbers of SVs saw signifi-
cant changes; and (3) applying spatiotemporal scans
with SatScan to identify the clusters that showed the
characteristics of spatial and temporal clustering. The
three steps of this analysis provided an integrated
approach to examine the changing spatial structure of
SVs. This is also an assembly of analytics that can be
applied to other studies of spatiotemporal analysis.

Temporal Evolution of SVs

The pace of development of SVs had been acceler-
ating since the economic reforms started in 1978. As
can be seen in Figure 4, the growth of SVs had

Figure 4. Temporal trend of specialized village (SV) growth in
Henan Province, China, 1960–2008.

Figure 3. Location and topography of Henan, China. Source: Left graphic from http://mapsof.net/map/china-henan-location-map; right
graphic from authors. Left image reproduced under the Creative Commons Attribution-Share Alike 1.0 License.
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fluctuated between 1960 and 2008. Also, as described
in Figure 4, there were four peaks in the number of
SVs between 1960 and 2008: 1990, 1995, 2001, and
2005–2006. Two possible factors might have contrib-
uted to these phenomenal increases. First, external
factors such as national policies on industrial develop-
ment in those periods favored the establishments of
SVs (Lin 1992; Rozelle, Pray, and Huang 1997; Lich-
tenberg and Ding 2008). As a result, the growing num-
ber of SVs was due to the inauguration of the Rural
Household Contract Responsibility System proposed
by Deng Xiaoping in 1978, the decentralized controls
over state-owned enterprises since 1978, the imple-
mentation of China’s opening-up policy and market-
oriented reforms in 1992 (Meisner 1999), additional
opportunities created by the Asian financial crisis in
1997, and the eleven-year effort for developing rural
areas as the nation’s top priority since 2004.

Second, this fluctuating developmental trend could
also be the result of influences by internal factors of
SVs. In general, agricultural SVs were easily formed
because of the familiar production environment and
the familiar product technology used. Those SVs
engaging in secondary and tertiary industrial activities,
however, needed more time to incorporate new tech-
nology and develop new markets. From the changing
numbers of SVs in Figure 4, the cumulative number of
SVs went from 20 in 1978 to 100 in 1992, 160 in
1997, and eventually 300 in 2004. These changes
showed that there was an accelerating increasing
trend. This has been especially significant since start
of the twenty-first century when the newly emerged
SVs accounted for 55.65 percent of the total. It sug-
gested that SVs could be replicable prototypes for suc-
cessful economic developments in rural China (Parish
and Whyte 1980; X. Zhang and Hu 2013).

In China, most of the rural households tended to be
small operations, and some scholars named them
smallholders (Sharma et al. 2013). With limited avail-
able funding, these smallholders often had long wait-
ing times before adopting new seeds and seeding
methods, new technology, less polluting fertilizers, or
any other new agricultural practices. Only after these
smallholders witnessed the benefits of adopting new
agricultural practices would they follow suit. Once
that occurred, new practices quickly prevailed and
continued to be used in adjacent communities. This
temporal process would normally take one or more
decades from initiation to formation. Now, however,
the developmental cycle of SVs had been greatly
shortened because of the gradual improvement in the

level of educational attainment in rural households,
the changing attitudes toward new technologies by
farmers, and the encouraging external environments
created by local and central governments (Spence
1990; Li et al. 2010; Geng 2014).

As shown in Figure 4, there were only twenty SVs
by 1978 (i.e., nine SVs before 1978 and eleven in
1978), accounting for 2.26 percent of the total number
of SVs in the entire historical period in Henan Prov-
ince. Because 1978 was when China’s economic
reform started, the temporal evolution of the SVs can
be examined starting with 1978. Since the reform, vil-
lage-level economies had become increasingly promi-
nent in China’s economic development in rural areas
(Qiao, Kong, and Li 2008). A nonlinear regression
model was built to describe the temporal increases of
SVs using SPSS 17.0 (IBM Corporation, Armonk,
NY). The resulting curve is shown in Figure 5. The
equation for this regression model is

yD 9:625E� 67e0:079x.R2D 0:995; FD 5437:008;

Sig: D 0:000/;

where y is the cumulative number of SVs and x repre-
sents years.

This model explains the temporal trend very well, with
an R2 value of 0.995 and a statistically significant F value
of 5,437. It should be noted that the fitted curve shows a
reflection point soon after the year of 1978, suggesting
that the time when SVs took off in numbers coincide

Figure 5. Regression model for the temporal evolution of special-
ized villages in Henan, China.
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with the beginning of economic reform in China. This
helped to reinforce the understanding of how governmen-
tal policy changes might affect the growth of rural econo-
mies. In addition, the identified temporal trend showed a
nonlinear form, indicating that the increase in the num-
ber of SVs over time was not following a linear trend but
proceeding in an accelerated manner.

Spatial Distribution of SVs

In the context of regional spatial structure theory,
the spatial distribution of SVs in Henan is indeed
unique. First, the spatial distribution of SVs formed a
multilevel core–periphery spatial structure. The two
lines in Figure 6 connect three cities: Luoyang,
Puyang, and Zhumadian. These lines delineate a trian-
gular area of dense SVs in Henan. Inside this triangu-
lar area is the vicinity of Zhengzhou City, where the
most SVs were located. Given the gradual reduction of
the density of SVs as we moved away from Zhengzhou
(the provincial capital), it seemed that Zhengzhou
City was the core of economic activities, with its sur-
rounding areas as the periphery. Similar to what was
suggested by Veeck and Pannell (1989), this was
mainly due to the higher level of urbanization inside
the delineated region. This pattern is unique among
other provinces in China when compared to what was
described by Spencer and Horvath (1963). Notice
that some areas immediately adjacent to Zhengzhou
City show very low densities of SVs. This appears to

be the polarization effect of Zhengzhou City being the
growth pole, taking away the economic opportunities
of these outskirt areas because any potential economic
developments would have been drawn to nearby
Zhengzhou City instead.

Second, as shown in Figure 6, most of the SVs in
Henan were concentrated in the northern central
parts of the province because counties with ten or
more SVs were mostly in northern and central Henan.
At the same time, counties in western, southern, and
southwestern Henan have only a few SVs. The third
trend that can be observed from Figure 6 is that there
existed some “hollow areas” in southern and south-
western Henan where hardly any SVs. There were six-
teen counties in this region forming a contiguous belt
without any SVs. These counties were mostly located
in the marginal regions with high elevations or in
mountainous areas.

Overall, the spatial distribution of SVs in Henan did
show evidence of amultilevel network in which special-
ized towns led regional economic growth, agglomerated
SVswere formedbySVsengaging in similar productions,
and individualSVswere integratedverticallyorhorizon-
tally into the regional economic structure with support-
ingSVs.TheconnectionsbetweenSVsofdifferent levels
areoutlinedinFigure 1.

Fourth, there were areas in Henan that were
blocked out by governments from economic develop-
ment. No SVs could be developed in these areas. For
example, Zhongmou County was adjacent to Zheng-
zhou City, but industrial activity was prohibited here

Figure 6. Spatial distribution of specialized villages (SVs) in Henan, China. (Color figure available online.)
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for the purpose of protecting natural resources. Conse-
quently, few SVs were established in that county.

Spatial and Industrial Evolution of SVs

SVs did offer a welcome alternative to traditional
farming and became an economic force in Henan’s rural
areas. According to regional spatial imbalance theory,
the development of a region’s economy often progressed
in stages. Adopting this approach, the development of
SVs in Henan Province was divided into four periods:

1. Before 1978, which was a period with a relatively
balanced economic structure with an overall low
level of industrial output.

2. Between 1978 and 1989, which was a period
with a slightly more balanced economy among
SVs and a period of upgrades to secondary and
tertiary industrial activities.

3. In the 1990s, which was a period that began to
see differential developments among SVs that
resulted in economic inequality.

4. After 2000, which was a period of significant
inequality but with an overall increase of indus-
trial output from SVs.

In short, the spatial pattern of SV development in
Henan Province had evolved from having a low-level
homogeneity to having the spatial clustering pattern
of inequality shown in Figure 7.

Before 1980, SVs existed only sparsely. By the
1980s, many SVs were established with secondary eco-
nomic activity as the primary business. In addition, we
witnessed the initial appearance of SVs engaging in
tertiary economic activities, albeit only a few of them.
We can also see that many new SVs were established
for primary and secondary economic activities during
the period between 1990 and 1999. Finally, the

Figure 7. The spatial and industrial evolution of specialized villages in Henan, China. (Color figure available online.)
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distribution of SVs after 1999 showed both a trend of
continuing increases of SVs and engaging in tertiary
economic activities.

Relative Equality and Lower Industrial Level Period of SVs

There were only a few SVs in Henan before 1978
when the economic reforms started, and they were
scattered spatially. They were involved in traditional
food processing industries, including tofu, tea, and veg-
etables. There were seven SVs added between 1978
and 1980. Some of these SVs exported fruits, vermi-
celli, or incense, whereas others shipped out supplies
such as pipe fittings and screen equipment. The latter
accounted for 85.7 percent of all economic output at
the time. It was such a success that the outcome per-
suaded local government officials to further promote
the economic structure of SVs (Perkins and Yusuf
1984; Ho 1994; Long 2014).

By the 1980s, the number of SVs had increased to
forty-four. Geographically, SVs covered all of the sev-
enteen regions listed in Table 1. During this period,
SVs took on new industries, such as those in the pri-
mary sector: forestry nursery, wine making, and special

planting and breeding of livestock. Among those SVs,
some engaged in secondary sector economic activities,
including beer production, stone and grass processing,
jade carving, and production of steel measuring tapes
and other metal products. At the same time, there
were SVs engaging tertiary economic activities, such
as wholesale and retail of grains, crafts made by wheat
straw, and Chinese paintings. The period before 1990
was a golden era of industrial development in rural
China (Long et al. 2011).

Before 1990, SVs were scattered only sparsely in
Henan Province. As can be seen in Table 1, outputs
from SVs in the period from 1978 to 1989 were more
balanced among SVs than in the previous period (before
1978). Between these two periods, regions that had SVs
increased from five to seventeen. Before 1978, the top
five regions accounted for output from all of the SVs.
Between 1978 and 1989, however, the top five regions
accounted for only about 50 percent of total output.

Imbalanced Industrial Development Period of SVs

The number of SVs increased significantly during
the 1990s. There were twice as many SVs as there were

Table 1. Spatial and industrial evolution of specialized village formation

Number of SVs

Region Before 1978 1978–1989 1990–1999 After 2000

Total 9 (I5 C II4) 52 (I20 C II26 C III6) 119 (I57 C II51 C III11) 271 (I173 C II71 C III27)
Zhengzhou 3 (II3) 4 (I C II3) 14 (I6 C II8) 29 (I14 C II13 C III2)
Kaifeng 4 (I2 C II C III) 8 (I5 C II3) 12 (I8 C II3 C III)
Luoyang 3 (I2 C II) 11 (I4 C II6 C III) 8 (I8)
Pingdingshan 3 (I3) 2 (II C III) 10 (I3 C II3 C III4) 11 (I5 C II4 C III2)
Anyang 1 (II) 3 (I2 C II) 4 (I2 C II2) 16 (I9 C II7)
Hebi 3 (I C II C III) 4 (II3 C III) 7 (I C II C III5)
Xinxiang 1 (I) 3 (I3) 10 (I9 C II) 25 (I21 C II3 C III)
Jiaozuo 2 (II2) 14 (I5 C II7 C III2) 46 (I33 C II10 C III3)
Puyang 3 (II2 C III) 2 (II2) 12 (I10 C II2)
Xuchang 1 (I) 5 (I3 C II2) 17 (I6 C II10 C III) 28 (I11 C II11 C III6)
Luohe 2 (I C II) 3 (I2 C II) 4 (I2 C III2)
Sanmenxia 1 (I) 7 (I7)
Nanyang 1 (II) 7 (I4 C II2 C III) 16 (I9 C II6 C III)
Shangqiu 5 (I C II2 C III2) 3 (I2 C III) 13 (I9 C II2 C III2)
Xinyang 1 (II) 1 (I) 7 (I C II5 C III)
Zhoukou 8 (I2 C II6) 6 (I5 C II) 15 (I14 C II)
Zhumadian 2 (I C II) 5 (I3 C II2) 15 (I11 C II3 C III)
Average 1.80 (1.67, 2.00, —) 3.06 (1.64, 1.47, 2.00) 7.00 (4.07, 3.64, 1.57) 15.94 (10.18, 4.87, 2.27)
Standard deviation 1.10 (1.15, 1.41, —) 1.78 (0.81, 0.64, 2.00) 4.99 (2.13, 2.90, 1.13) 10.64 (7.72, 3.80, 1.74)
Coefficient of variation 0.61 (0.69, 0.71, —) 0.58 (0.49, 0.44, 1.00) 0.71 (0.52, 0.80, 0.72) 0.67 (0.76, 0.78, 0.76)

Note: The number in the table is the number of SVs. I, II, and III indicate primary, secondary, and tertiary industries in which SVs engaged. Superscripts repre-
sent the number of SVs engaging in the corresponding industry. For average, standard deviation, and coefficient of variation, the overall value is reported for
each time period along with corresponding values for the primary, secondary, and tertiary sectors listed in parentheses. SV D specialized village.
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in the preceding period. Some of the regions listed in
Table 1 had an increase of more than 300 percent in
the number of SVs. Most SVs added during this period
were in northern and central Henan. The total number
of SVs in northern and central Henan increased to sev-
enty-six, accounting for approximately two thirds of
the SVs in Henan Province for this period.

In terms of industrial structure of SVs, the primary
and secondary industries were still the dominant eco-
nomic sectors during the 1990s. Combining the pri-
mary and secondary sectors, they accounted for 91
percent of all SV output in the 1990s (Table 2). Also,
as shown in Table 1, the average output from these
two industrial sectors showed significant increases.

If the period before 1980s could be considered the
start of the era of sprouting SVs in Henan’s rural areas,
then the 1990s were a period of fast growth in SVs.
This trend can be seen in the 1990–1999 column in
Table 2, where the ratio of output value from the sec-
ondary industrial sector accounted for 94 percent of
output values from all sectors (i.e., US$3.56 billion of
a total of US$3.80 billion).

Diversification and Spatially Clustering Period of SVs

Since the turn of the century, all seventeen regions
listed in Table 1 showed increased numbers of SVs.
Comparing the values of averages, standard deviations,
and coefficients of variation between those of the peri-
ods of the 1990s and those of the period since 2000 in
Table 1, we can see that all regions gained in the

numbers of SVs (averages increased from 7.00 to 15.94
SVs). The distribution had become widened with
increased standard deviations (from 4.99 to 10.64).
There was also a slight decline in the coefficients of
variation, however (from 0.71 to 0.67). The top five
regions that had the most SVs were also mainly
located in northern and central Henan. The 147 SVs
in these five regions represented 54 percent of all SVs
in Henan.

Since 2000, there has been a clear trend that more
SVs have started to engage in the tertiary economic
sector. In this period, 10 percent of SVs with 12 per-
cent of rural households produced nonagricultural
industrial output that accounted for 4 percent of all
economic output in Table 2, which was the highest
level since SVs started to operate.

The key factors that affected the spatial distribution
of SVs might include terrain, climate, and water resour-
ces. These were especially important for SVs that
engaged in their early stages of development when they
mainly focused on agriculture-related production. As
pointed out by Ginsburg (1957), the possession of a siz-
able and diversified natural resource endowment would
be a huge advantage in initializing a region’s economy,
so available natural resources could definitely help SVs
to achieve rapid economic growth early on. Once SVs
were established, their success would depend on trans-
portation infrastructure, access to developed markets,
and their political role, especially for nonagricultural
SVs (Carlsson et al. 2012; Zhou and Qin 2012; Y.
Chen, Hu, and Sweeney 2013).

Table 2. Evolution of specialized village structure in Henan, China

Number of SVs Before 1978 1978–1989 1990–1999 After 2000

SVs in I 5 20 57 173
SVs in II 4 26 51 71
SVs in III 0 6 11 27
Total of SVs 9 52 119 271
Ratio of I:II:III 56:44:0 38:50:12 48:43:9 64:26:10
Output value of I (US$ millions) 3.94 27.98 188.06 732.06
Output value of II (US$ millions) 60.76 213.49 3,562.44 2,008.14
Output value of III (US$ millions) 0 5.61 47.57 101.81
Total of output value (US$ millions) 64.70 247.08 3,798.07 2,842.01
Ratio of I:II:III 6:94:0 11:86:2 5:94:1 26:71:4
Households of I 1,574 6,157 20,986 31,645
Households of II 2,043 6,920 15,263 16,926
Households of III 0 1,507 3,020 6,922
Total of households 3,617 14,584 39,269 55,493
Ratio of I:II:III 44:56:0 42:48:10 53:39:8 57:31:12

Note: I, II, and III represent primary, secondary, and tertiary industries. Conversion between Chinese yuan and U.S. dollar was calculated with a ratio of
6.945 to 1 (2008). SVD specialized village.
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Spatial Interface Areas

Nanyang City is the largest city in the Nanyang
Basin in southwest Henan, which provided an ideal
setting for understanding how SVs evolved in detail.
As a representative example for SVs in Henan, we
selected all SVs in Nanyang City and their corre-
sponding supporting villages for in-depth study.

There are twenty-four SVs, ninety-six supporting vil-
lages, and 4,386 regular villages, according to the official
data from the Nanyang Statistics Bureau. This study
selected eighty-three villages that were dominated by
agricultural production. They included thirteen agricul-
tural SVs and their corresponding seventy supporting vil-
lages. The study performed three investigations: a pilot
survey, a questionnaire survey of all selected villages, and
a follow-up survey with telephone communication. The
data collection was performed between April 2009 and
September 2012.

Similar to the spatial differentiation in Henan Prov-
ince, there existed inequality among SVs in Nanyang
City in termsof their levels andeconomicoutput.Ascan
be seen in Figure 8, SVs with larger industrial output
were locatedinthetransitionalareasbetweenmountain-
ous areas and plains. In addition, there were no SVs that
were within 60 km of Nanyang City downtown, which
includes the urban–rural transitional areas. These two
trends suggested that SIT was applicable to explaining
thespatialdistributionofSVsintheNanyangBasin.

Wefoundthat therewasamarginal zone, the interface
edgeofsomeadministrativeregions, locatedinmanySVs
and supporting villages if we enlarged the spatial scale
andfocusedonthedistributionof theseSVs inthewestof
NanyangCity.Anadministrativemarginal zone (AMZ)
is a spatial interface between different administrative
regions, and it can create an edge effect or border effect.
For example, there was an obvious zone of SVs with a
north–south orientation at the junction of four counties
(i.e., Xixia, Neixiang, Xichuan, and Deng, as shown in
Figure 8).A5-kmbuffer zonearoundthesecounties, rep-
resenting an AMZ, included sixteen SVs and their sup-
porting villages that accounted for 54 percent of all
villages in the four-county area in the Nanyang Basin.
Based on results from the questionnaire survey, villages
that were farther away from downtown Nanyang City
had fewer technology, finance, transportation, market
information, and policy information supports. This
weakness led thesevillages to bemostly agriculturalSVs,
withrelativelylessdevelopmentalstrength.

Spatial Differentiation and Agglomeration
in a Multilevel Network of SVs

Measurement and Agglomeration of SVs

Regional integration and globalization of the econ-
omyresulted inusesofmany resources being restructured

Figure 8. Industrial outputs from specialized villages in Nanyang Basin.
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inruralareas(GrantandNijman2002).Empiricalstudies
found that clustered SVs could reduce production costs
but the SVs in developing countries generally lacked
effective links to technical innovations.Only in the late
stages of development were there joint operations and
technology spillovers observed in SV clusters. InHenan
Province, 453 of the 487 sampled SVs had records indi-
cating exactly when they were established. Conse-
quently,onlythosewereusedinthesubsequentanalysis.

First, Table 3 lists the values of nearest neighbor
ratio. In addition, Table 3 also lists observed mean dis-
tances, expected mean distance, Z score, and associ-
ated p value for nearest neighbors. The results suggest
that there existed statistically significant spatial clus-
tering in terms of locations of SVs in each stage. Given
the decreasing values of nearest neighbor ratio, it
seemed that there had been an increasing degree of
spatial agglomeration of SVs over time.

Spatial Variation and Agglomeration of SVs

To observe spatial variation of agglomeration of
SVs, SVs were aggregated by counties. The localized
indicator of spatial association (LISA) was used to
detect forms of spatial clusters. In general, output from
applying LISA would show clusters of counties in four
types, including high–high (HH), low–high (LH),
low–low (LL), and high–low (HL). The HH type
shows that the number of SVs in each county was high
and neighboring counties also had high numbers of
SVs. The LL type shows that the numbers of SVs in a
county and its neighboring counties are all low. In
Figure 9, counties belonging to these two types were
shown in different colors to identify them as hot spots
(HH) and cold spots (LL) by the number of SVs in
each county.

Counties of HL type were in clusters where a county
with many SVs was surrounded by counties of fewer
SVs. Alternatively, counties of LH type are those with

few SVs being surrounded by counties with many SVs.
They typically had a strong negative spatial autocorre-
lation. Data for 453 villages were used to calculate
LISA value by different stages using the GeoDa soft-
ware (GeoDA Center, Tempe, AZ). Results are shown
in Figure 9.

Using LISA, counties in Henan Province show their
memberships in different types of spatial clusters. A hot
spot (HH) of SVs started in the vicinity of Zhengzhou
City before the 1980s. Note that according to LISA cal-
culated for the period before the 1980s, many counties
adjacent to Zhengzhou City appeared as cold spots (LL).
These existed because economic opportunities were
drawn to the growth pole, leaving limited prospects for
the cold spots to grow. Before the 1980s, these counties
were mainly concentrated in the second quadrant. In
time, more counties appeared in the other quadrants,
especially in the first quadrant in the 1980s. As indi-
cated by Figure 9, the 1980s was a period when spatial
agglomerations of SVs began to form.

Spatial Cluster and Agglomeration of SVs

To study the evolution of SVs in Henan, all of the
453 SV that had years of establishment were selected.
Using a space–time permutation model in SatScan
(http://www.satscan.org; Harvard Medical School and
Harvard Pilgrim Health Care Center, Boston, MA)), a
total of eight spatiotemporal clusters were detected. As
shown in Figure 10 and Table 4, only two detected
clusters were statistically significant. One of these two
clusters contained fourteen SVs (colored in red). They
were in a transition zone from mountainous terrains to
piedmont plains in northwest Henan. This region has
a flat terrain surface with a well-developed transporta-
tion infrastructure. In this spatial cluster, there were
ten agricultural SVs, two industrial SVs, and two ser-
vice-oriented SVs. The SVs in this cluster originated
from gardening and aquaculture industries in 1993. A

Table 3. The average nearest neighbor of specialized villages of Henan Province

Index Before 1980s 1980s 1990s After 2000

Observed mean distance 0.195601 0.158105 0.093592 0.063714
Expected mean distance 0.253738 0.230290 0.157757 0.106431
Nearest neighbor ratio 0.770877 0.686548 0.593268 0.598641
Z score ¡3.160827 ¡5.905920 ¡11.435775 ¡16.944469
p value 0.001573 0.000000 0.000000 0.000000
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significant expansion of SVs in this cluster occurred in
2007. Based on their locations, the SVs in this cluster
seemed to have taken advantage of the transportation
infrastructure available to them. Using data collected
via field surveys, initial capital investments in the SVs
in this cluster seemed to be from local sources. Specifi-
cally for initial investment, about 45 percent came
from personal savings, 23 percent from relatives, and
27 percent from bank loans. Outside investment con-
stituted less than 5 percent.

The second cluster was located in piedmont plains
(colored in pink), also in a plains–mountain transi-
tional zone in the central part of Henan Province.
There were three agricultural SVs in this spatial clus-
ter, all formed in 1967. Their leading industry was cul-
tivation of vegetables, mostly by small growers using
traditional means. Their produce was shipped to
nearby markets in urban areas. Given that SVs in each
of these two clusters engaged in very similar economic
activities, it could be argued that spreading the

Figure 9. Localized indicator of spatial association (LISA) of specialized villages of Henan Province. (Color figure available online.)
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concept and the ways of operations of SVs to villages
in close proximity was how spatial agglomeration of
SVs formed (Xu et al. 2006).

In terms of marketing products produced by SVs in
the two clusters, local markets consumed about 26 per-
cent (Cluster 1) and 21 percent (Cluster 2). Henan
Province, as the market, consumed 41 percent (Cluster
1) and 50 percent (Cluster 2).

Discussion and Conclusions

SVs normally had strong ties to their surrounding
rural areas, especially in less economically developed
regions. With prosperous SVs in a region, the sur-
rounding areas could benefit from what that SV

brought to the region. The classic polarization and
trickle-down (spillover) effects explained this relation-
ship perfectly. Based on what we observed from SVs in
Henan, the interplays between polarization and
trickle-down effects were significant. For example, the
areas immediately adjacent to Zhengzhou City, the
provincial capital, did not have any SVs because eco-
nomic opportunities mostly went to Zhengzhou
instead of those rural areas. As the spatial cluster of
SVs expanded over time, the trickle-down effect was
evident when the spatial distributions changed from
what they were before and after 2000.

SVs in Henan Province seem to have developed in
stages. Each stage showed distinctive characteristics in
terms of how even or uneven performance of SVs was,
how the number of SVs increased and clustered spatially,
and how SVs went from primarily focusing on the pri-
mary and secondary economic sectors to embracing the
tertiary economic sector. Overall, the development of
SVs did benefit rural areas in China by providing ways
to actively participate in economic production with the
natural resources and labor forces available to them.

The spatial agglomeration of SVs was important for
the development of rural areas. SVs were developed in
accordance with the division of labor, increasing returns
of scale, and external economies. With SVs developed
in a region, the region could further promote the devel-
opment of specialized industrial zones. The trend in
Henan that SVs went from a homogeneous spatial distri-
bution to a spatially clustered pattern suggested the play-
out of polarization and trickle-down effects.

In developing countries or regions, there were usu-
ally five forms and grades of population settlements,
such as specialized towns, clusters of agglomerated
SVs, SVs and their supporting villages, and regular vil-
lages from the perspective of specialization. These dif-
ferent types of settlements usually formed a multilevel
networked hierarchy. Rural areas of lower economic
levels were usually less specialized and were usually
supporting villages for SVs or other villages. Villages
with higher levels of specialization in what they pro-
duced were often those with better resource endow-
ment or better access to regional markets. Unlike most
existing studies in the literature that tended to focus
mainly on urban systems and settlement systems, we
adopted the approach of classifying villages to different
grades of SVs or specialized towns so that it was possi-
ble to see where economic progress was most effective
and how these SVs benefited their surroundings.

We suggest that SIT is a better theory for interpret-
ing the distribution of SVs and how they changed

Table 4. Status of eight clusters

Cluster number Number of SVs Time frame Test statistic p value

1 14 2007 13.899 0.0014
2 3 1967 12.068 0.010
3 75 1990–1992 9.216 0.326
4 7 2003 8.012 0.774
5 5 1978–1983 7.449 0.924
6 17 1995–1996 7.339 0.947
7 21 1962–1997 7.228 0.961
8 29 2006–2008 6.737 0.995

Note: SV D specialized village.

Figure 10. Space–time analysis and the identified specialized vil-
lage clusters. (Color figure available online.)

16 Qiao, Lee, and Ye



spatially and temporally. Many SVs were in areas of
spatial interface between urban and rural areas,
between plains and mountains, and between cities and
AMZs. The study presented here focused more on
human elements, including how the urban and rural
areas developed and the role of governmental policies.

Historically, SVs did not appear randomly. They
were formed in places with natural resources or with
better access to markets via some form of transporta-
tion. Once SVs were formed in an area, more could
appear in nearby locations to take advantage of scale
and external economies. There would be forward and
backward linkages between industries taken on by
SVs. The evolution of space structure of SVs often
resulted in a division of labor and specialization of
industries among villages. In addition, any success
achieved by SVs would require other villages to pro-
vide labor and other raw materials. In this manner,
supporting villages were recruited to support SVs by
providing labor, helping with marketing and sales, pro-
viding needed lands, and so on. This was in stark con-
trast to other existing studies in which most rural areas
were regarded merely as fringe areas at best. This study
treated SVs as a specialty engine and the core ele-
ments of this rural development that likely would also
bring economic progress to the other rural areas.

The formation, growth, and agglomeration of SVs
playedacritical roleinruraleconomicdevelopment.Stud-
ies that analyze villages tend to reveal more details of the
mechanisms of regional economic development in rural
areas. Depending on the scale, each SV could be regarded
as an area in which specialized production and industrial
activities functioned as its economic base. Systematically
studyingacollectionofSVswouldallowustobetterunder-
stand how the different functions work for individual SVs
as well as for a cluster of SVs.On the other hand, each SV
canbe regarded as a point in a larger region. Studying how
individualpointsfunctionedintheregionasawholewould
allow us to see the region’s economic development in a
holisticview,whichwouldallowbetter andmoreeffective
policiestobeformulatedandimplemented.

Finally, we wish to highlight the sequence of analyt-
ical procedures in applying spatial statistics to assess
the level and patterns of spatial dependency as exhib-
ited by the locations of SVs. With that revealed, the
application of hot and cold spot analysis helped to dis-
cover the agglomeration of SVs for the purpose of
understanding economies of scale. The use of SatScan,
in turn, allowed the identification of statistically signif-
icant clusters of SVs. Such identification enabled us to
carry out in-depth analysis of the types of economic

activities and market links of SVs in the clusters.
Overall, this assembly of geospatial analytics provided
a feasible approach to studying imbalanced economic
development in rural China.
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