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Abstract: Social  interaction  has  become  one  of  the  key  factors  affecting  the  spatial  reconstruction  of  rural  settlements  (SRRS).
However, most studies ignored the multi-scale impact of social networks on the identification of restructuring types of rural settlements.
This paper, taking Ezhou City of Hubei Province, China as the case study area, developed a potential inter-settlement network through
considering settlements as nodes, and inter-settlement interactions induced by the spatial disparity of public facilities as edges, divided
towns in Ezhou City into three zones based on community structure at the town level, and then identified four types of rural settlements
in light of the characteristics of cluster patterns and centrality at the patch level. The results show that the inter-settlement network in
Ezhou City presents apparent disparities in terms of community structure, cluster patterns and centrality. In community analysis,  high
inter-community and intra-community interactions are concentrated in well-developed areas in the north and east, while weak interac-
tions between communities occur in the southern areas dominated by traditional agricultural production. Accordingly, three zones are di-
vided such as  the urban-leading zone,  urban-rural  integration zone and rural-leading zone.  For  the network centrality  and cluster  pat-
terns, high-level rural settlements are mainly distributed in the urban-leading zone, followed by the urban-rural integration zone and the
rural-leading zone. Moreover, the lump cluster pattern is observed in each zone, but the chain pattern and dispersed pattern largely oc-
cur in the rural-leading zone. At same time, four types of rural settlements are identified, namely urbanized settlements, central settle-
ments, grassroots settlements and relocated settlements. The corresponding plans are discussed in different zones regarding urbanization,
integration and characteristics to provide meaningful insights for policymakers to guide SRRS. This study would contribute to our un-
derstanding of the impact of social network involved in daily life on rural settlement reconstruction, and expect to provide theoretical
and methodological support for rural sustainable development in practice.
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1　Introduction

Since  the  policy  of  reform  and  opening  up,  China  has
made great  progress  in  urbanization  and  industrializa-
tion,  with  an  increase  of  urban  population  from 17.9%
in 1978 to 60.6% in 2019 (National Bureau of Statistics
of China, 2020). However, the rapid urbanization has at-

tracted  massive  rural  labor  flooding  into  cities,  leading
to  population  decline  and  the  emergence  of  hollowed
villages (Liu et al., 2013; Chen et al., 2014). It has fully
illustrated the inefficient use of rural construction lands
and  inharmonious  human-land  relations  in  rural  areas
(Long et al., 2012; 2016; Liu et al., 2018). To revitalize
rural development,  an important strategy of ‘building a

 
Received date: 2020-12-24; accepted date: 2021-04-20
Foundation item: Under the auspices of the National Natural Science Foundation of China (No. 41871301)
Corresponding author: HE Jianhua. E-mail: hjianh@whu.edu.cn
© Science  Press,  Northeast  Institute  of  Geography  and  Agroecology,  CAS  and  Springer-Verlag  GmbH  Germany,  part  of  Springer

Nature 2021 

 

Chin. Geogra. Sci. 2021 Vol. 31 No. 6 pp. 1011−1028
https://doi.org/10.1007/s11769-021-1236-2

  Springer      Science Press 
 www.springerlink.com/content/1002-0063

 

mailto:hjianh@whu.edu.cn


new countryside’ was put forward by the Chinese cent-
ral government back in 2005 (Long et al., 2010). Then,
in 2017, the Rural Vitalization Strategy (RVS) was pro-
posed in the report of the 19th National Congress of the
Community Party of China, aiming to construct a beau-
tiful countryside  with  prosperous  industry,  livable  eco-
logy, civilized  rural  style,  effective  governance  and  af-
fluent  living (Li  et  al.,  2020).  Under  this  circumstance,
rural spatial restructuring has been used as a significant
instrument  to  solve  increasingly  serious  human-land
conflicts  and  realize  rural  sustainable  development
(Long,  2014; Rao,  2020). In  particular,  rural  settle-
ments, as the carriers of farmers’ living and production,
can reflect the interaction between human activities and
the geographical environment (Hosseini et al., 2015; Lu
et al., 2020). Therefore, the spatial reconstruction of rur-
al settlements  (SRRS)  is  the  key  to  practice  the  con-
struction  of  beautiful  countryside  and  improve  human
settlement environment (Tian et al., 2018).

SRRS, as a type of spatial rearrangement of land use,
emphasizes  reorganization  of  the  spatial  distribution  of
rural  settlements  by  exploring  different  restructuring
directions and modes (Kong et al., 2021). This calls for
rational  village-town  systems  in  which  different  rural
settlements have varied functional orientations and hier-
archical  roles  (Liu  et  al.,  2019).  Different  restructuring
modes including in situ urbanization, concentrated rural
settlements  and  hollowed  village  consolidation  have
been proposed (Tian et al., 2016; Lu et al., 2020). Thus,
it  is essential to identify the restructuring types of rural
settlements,  as  it  can  provide  targeted  guidance  for
SRRS,  improve  land  use  efficiency  and  alleviate  rural
human-land  contradiction  (Long,  2014; Kong  et  al.,
2021). Recently, SRRS has received considerable atten-
tion from scholars, and numerous empirical studies have
discussed  the  appropriateness  of  spatial  reconstruction
modes.  The  criterion  for  identifying  the  restructuring
modes of rural settlements has been changed from only
stressing  the  superiority  of  production  and  rank  size,
such  as  rural  settlement  size  (He  et  al.,  2019), popula-
tion  size  (Porta  et  al.,  2013)  and  farming  radius  (Lu  et
al.,  2020), to considering the convenience of travel and
livability of the living environment (Li et al., 2014; Ma
et al.,  2018; Zhao et  al.,  2019). However,  the rapid de-
velopment of  globalization  and  urbanization  has  con-
tributed to the emergence of transportation networks, in-
formation  networks  and  production  networks.  In  this
context,  rural  settlements  are  no  longer  isolated,  but

tightly  interconnected  by  population,  information  and
material  flows  (Tacoli,  1998; Milbourne  and  Kitchen,
2014).  Influenced  by  various  spatial  interactions,  rural
residents’ cognitions  and demands for  living space  and
the roles of rural settlements have changed qualitatively
(Cui  et  al.,  2019).  Therefore,  traditional  reconstruction
methods stressing a single attribute of rural settlements,
to some  extent,  can  not  provide  reasonable  interpreta-
tions  for  the  current  spatial  layout  of  rural  settlements
due to a lack of capturing the spatial interaction among
rural settlements.

Spatial interaction  theory  is  widely  applied  to  de-
scribe various  element  flows  and  reflect  interconnec-
tions between  them.  It  focuses  on  the  mode  and  struc-
ture of the social  network formed by spatial  interaction
and  the  identification  of  individual  roles  and  functions
from  the  overall  perspective  (He  et  al.,  2017).  Social
network is  an important component of rural  life,  which
has direct  influence  on  residential  mobility,  the  evolu-
tion and  distribution  of  rural  settlements  and  even  fu-
ture  rural  development  (Wong  et  al.,  2016; Hang  and
Payne,  2017). Given  that  social  networks  have  exhib-
ited remarkable advantages in population migration, em-
ployment  and  housing  (Hou  et  al.,  2015; Zhang  et  al.,
2020), a growing number of scholars have extended so-
cial  network  analysis  to  discriminate  the  roles  of  rural
settlements in social networks (Wang et al., 2016). Spe-
cifically, Su and Wang (2018) constructed a village spa-
tial  network  using  an  improved  potential  model  and
identified three kinds of restructuring modes: central vil-
lage  diffusion  type,  grassroots  village  growth  type  and
scattered  rural  settlement  promising  type. Tian  (2016)
proposed  a  restructuring  method  of  rural  settlement  by
observing  spatial  and  non-spatial  connections  among
settlements, analyzed  the  characteristics  of  social  net-
works and  revealed  the  hierarchy  of  village-town  sys-
tems, that is, central villages, marginal villages and gen-
eral villages. The above research undoubtedly provided
a supportive reference for rural planning and reorganiza-
tion. However,  most  studies  have  discussed  the  con-
struction of  social  networks,  and  identified  the  restruc-
turing  modes  and  types  of  rural  settlements  from  the
overall perspective based on a  single centrality  indicat-
or,  such  as  degree  centrality,  in  which  connections  can
be modeled  based  on  actual  observations  and  simula-
tion approaches like gravity model and radiation model
(Tian  et  al.,  2016; Esch  et  al.,  2014; Cui  et  al.,  2019;
Kong  et  al.,  2021).  Few  works  have  focused  on  the
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multi-scale impact of social  networks on the identifica-
tion of  rural  settlement  restructuring types.  In  fact,  due
to  regional  discrepancies  in  resource  endowment  and
economic development,  the spatial  heterogeneity of  so-
cial  networks  is  obvious  at  the  town  level  and  patch
level. Therefore, it is necessary to explore different cri-
teria to identify the roles and types of rural settlement in
social networks in local conditions.

Moreover,  social  networks are multiplex relationship
networks in  rural  areas  that  consist  of  diverse  interac-
tions  (Faust  et  al.,  2000). Daily  interaction for  the  pur-
pose  of  working,  education,  recreation  and  so  on,  has
proven promising  to  provide  guidance  for  rural  settle-
ment relocation (Milbourne and Kitchen, 2014; Kong et
al.,  2021). Since  public  service  facilities  serve  as  im-
portant  incubators  of  daily  interactions,  residents  need
to  travel  between  various  settlements  to  satisfy  their
needs for public facilities such as schools, hospitals and
markets  (Tian  et  al.,  2018; Gieling  et  al.,  2019). Obvi-
ously, the spatial differences of public facilities have the
potential to illustrate interactions among settlements and
regional  discrepancies  of  social  networks.  However,
how the spatial allocation of public facilities shapes so-
cial  networks  in  rural  areas  has  not  received  sufficient
attention.

This paper attempts to construct an analytical  frame-
work to  identify  the  restructuring  types  of  rural  settle-
ments  based on the  multi-scale  characteristics  of  social
networks. To  be  specific,  this  paper  would  like  to  ad-
dress the following key issues: 1) constructing an inter-
settlement  network  based  on  the  daily  interaction
between  rural  settlements  and  public  service  facilities;
2) carrying out zonal division at the town level based on
the community structure of the inter-settlement network;
3) comprehensively  evaluating  the  roles  and  signific-
ance  of  rural  settlement  in  the  inter-settlement  network
at the patch level;  4) identifying the restructuring types
of rural  settlement  in  the  SRRS?  We  expect  the  find-
ings would provide guidance for SRRS. 

2　Materials and Methods
 

2.1　Study area
Ezhou  City  (30°00′N–30°06′N,  114°32′E–115°05′E)  is
a medium but  rapidly  growing  city  located  in  the  east-
ern part of Hubei Province in the central China (Fig. 1).
It  consists  of  21  towns  and  4  streets,  covering  a  total
area  of 1596 km2 and  a  population  of  1.3  million  in

2019, of  which  rural  population  accounted  for  approx-
imately 35% (Ezhou City Bureau of Statistics, 2020).

Ezhou  is  a  nation-level  demonstration  of  urban-rural
integration development in China, in which the urbaniz-
ation rate increased from 30.00% in 1990 to 65.91% in
2019.  However,  rapid urbanization leads to an increase
in the demand for  urban construction land.  It  is  critical
to reorganize  the  development  potential  of  rural  settle-
ments  to  meet  the  demands  of  urban  development.  On
the  other  hand,  with  large  migration  of  rural  surplus
labor  flowing  into  urban  areas,  the  non-agricultural
transfer of labor contributes to stable growth in farmers’
income, which was 19 313 yuan (RMB) in 2019 (Ezhou
City Bureau of Statistics, 2020), far higher than the av-
erage  level  of  Hubei  Province.  At  the  same  time,  the
phenomena of multi-homesteads for one family and hol-
lowed out are increasingly prominent. In addition, rural
settlements  are  relatively  scattered  and  fragmented  in
the  southern  areas,  such as  Tujiaonao and Taihe  which
is  not  conductive  to  infrastructure  construction  and  the
allocation of  public  service  facilities.  This  result  indic-
ates  that  rural  settlements  were  inefficiently  used  in
Ezhou City.  Hence, SRRS has been implemented as an
effective tool to solve land-related problems and optim-
ize the spatial structure of rural construction land: some
rural settlements need to be demolished to new suitable
sites,  while  some  need  to  be  consolidated  into  urban
areas  to  support  urban  development.  It  is  necessary  to
explore the spatial  structure and identify the restructur-
ing  types  of  rural  settlements  to  support  the  decision-
making of the rural settlement reconstruction. 

2.2　Data source and processing
We collected data as follows: 1) Land-use data and road
data in  2018 were  derived from Bureau of  Natural  Re-
sources  and  Planning  of  Ezhou;  2)  Population  data  at
village level were acquired from Bureau of Statistics of
Ezhou  (Ezhou  City  Bureau  of  Statistics,  2015),  and
were calculated  at  patch  level  according  to  the  propor-
tion of the patch area. 3) Nine types of public service fa-
cilities were derived from Baidu Map POI (point of in-
terest, http://lbsyun.baidu.com) and  the  field  investiga-
tion  to  represent  four  types  of  interactions:  education,
healthcare, recreation  and  shopping.  The  spatial  distri-
bution and amount of  each public facility are shown in
Fig. 2. 
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2.3　Methodology
Fig. 3 illustrates the framework of the construction and
evaluation of inter-settlement networks. The framework

comprises three  stages:  1)  constructing  the  spatial  net-
work  of  rural  settlements;  2)  carrying  out  a  two-level
analysis, including the community structure at the town
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Fig. 1    Location of Ezhou City, Hubei Province, China
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level,  integrated  centrality  and  cluster  patterns  at  the
patch level; and 3) identifying the restructuring types of
rural settlements according to zonal differences of cent-
rality  and cluster  patterns.  At  the  first  stage,  urban and
rural  settlements  were  taken  as  nodes,  and  interactions
among settlements were taken as edges based on public
service  facilities  in  the  inter-settlement  network,  which
was  measured  based  on  the  improved gravity  model  in
rural areas.  The second stage  includes  a  two-level  ana-
lysis. At  the  town  level,  the  towns  of  Ezhou  were  di-
vided  into  three  zones,  and  the  development  directions
of  each zone  was  determined in  light  of  the  inter-com-
munity  strength  and  intra-community  strength.  At  the
patch level, the significance of each rural settlement was
evaluated in  the  inter-settlement  network  by  compre-
hensively considering  three  kinds  of  centrality  indicat-
ors.  At  the  final  stage,  four  restructuring  types  of  rural
settlement  in  SRRS  were  identified  by  combining  the
zonal differences with the centrality and cluster patterns. 

2.3.1　Construction of the inter-settlement network
Spatial interactions among rural settlements mainly ori-
ginated from various flows of population and elements.
Sparse  data  in  rural  areas  make  the  representation  of
inter-settlement  interactions  a  great  challenge.  Public
service  facilities  serve  as  important  incubators  of  daily
interactions.  Knowing  which  rural  settlements  exist
sharing  public  facilities  can  provide  useful  information
about the potential interactions among rural settlements
(Faust et al., 2000). Therefore, the basic assumption be-
hind the spatial network is a link exists between two set-
tlements  sharing  the  same  facilities  within  interactive
areas. As shown in Fig. 4, there is a sharing public facil-
ity p2 between  settlements S1 and S2 in  the  interactive
areas, so it can be seen that the link exists between them
in  the  final  social  network.  The  interaction  strength  is
closely related to the population and distances between
two  settlements  in  the  traditional  simulation  model
(gravity model).  In this study, we modified the popula-
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tion  based  on  the  number  of  shared  facilities,  which  is
equal to the sum of the population visiting to sharing fa-
cilities, not the total population of each rural settlement.
The interaction strength based on a certain category c of
public facility is calculated as:

IS c
mn =

J∑
j=1

(Pm×S Pm j)× (Pn×S Pn j)×D−2
mn (1)

where ISmn
c is  the spatial  interaction based on a certain

category c of public facility between settlement m and n;
Pm and Pn are the population of settlements m and n. SPmj

and SPnj are  the  possibility  of  settlements m and n at-
tending  to  sharing  facility j, representing  the  compre-
hensive  adjustment  of  actual  population  flow; J is  the
number of sharing facilities in the category c of facility;
and Dmn

−2 is the travel time from settlement m to settle-
ment n.

In general, people are more likely to attend to facilit-
ies  with  higher  service  capacity  and  closer  distances
among competing facilities within ideal interactive areas
(Huff, 1963). Assuming that the service capacity of each
facility remains constant, the possibility of settlement m
attending to facility j can be formulated as:

S Pm j =
S j×D−2

m j

J∑
j=1

S j×D−2
m j

(2)

where, SPmj is  the  possibility  that  settlement m attends
to facility j; Sj represents the service capacity of facility
j, which is set to 1; and Dmn

−2 is the travel time from set-
tlement m to facility j.

Then, the total interaction between settlement m and n
is calculated using Formula (3)

IS mn =

R∑
r=1

C∑
c=1

wr ×wc× IS c
mn (3)

wc =
Nc

Nr
(4)

where ISmn is the total interaction between settlement m
and n with regard to all  relationships. R is the relation-
ship  type, C is the  category  of  public  facilities  in  rela-
tionship r. wc denotes the interaction frequency of a cer-
tain  category c of  public  facility,  determined  by  the
amount of public facility in a certain category c, and the
total number of public facilities in a certain relationship
r. wr is  the  weight  of  relationship c,  determined by the
Delphi method. To facilitate the analysis and visualiza-
tion  of  the  inter-settlement  network,  the  interaction  of
each settlement with higher than the average value is re-
tained,  and some spurious and statistically insignificant
interactions are ignored.

In this paper, the time cost that residents can accept is
different with regard to various types of public facilities.
Time-cost  accessibility  can  provide  references  for  the
interactive areas of rural settlements in daily life. Thus,
the interactive time of each type of public facility is de-
termined  by  the  vehicle  choices  and  land-use  types
(Tian et al.,  2018). According to our investigation, mo-
torbikes, public buses and private cars are the preferred
transportations  for  residents  when  attending  middle
schools,  health  centers,  hospitals,  cultural  centers  and
fairs,  while  walking  is  the  main  choice  for  residents  to
go to kindergartens, primary schools, clinics and cultur-
al stations. The time cost of different scenarios is listed
in Table  1.  The  ideal  interactive  time  of  each  type  of
public facility is determined by its average shortest dis-
tance, and the specific details of public service facilities
and interactive areas are listed in Table 2. 
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2.3.2　Structure of the inter-settlement network
(1) Community structure detection

Community structure  depicts  the  existence  of  sub-
groups  with  close  intra-community  connections  but
loose inter-community connections, which can provide a
useful reference for zonal division at the town level. To
detect  the  community  structure  in  the  network,  the
Louvain algorithm is used to identify community struc-
ture  in  this  paper,  and  the  modularity  (Q)  is  used  to
evaluate  the  quality  of  the  network  partition  (Newman
and  Girvan,  2004). The  modularity  is  defined  as  fol-
lows:

Q =
n∑

c=1

[
Lc/m− (kc/2m)2

]
(5)

where, Q represents the modularity, n is  the number of
communities, m is  the  sum  of  total  interactions  in  the
network, Lc is  the  sum of  intra-community  interactions
for community c, and kc is the total interactions of com-
munity c.

(2) Centrality analysis
Many previous  studies  confirmed  that  the  signific-

ance and role  of  individual  node in  social  networks af-
fected willingness, performance, and accessibility to re-
sources (Isaac and Matous, 2017; Xia et al., 2020). It is
actually consistent with three network centrality indicat-
ors:  strength  centrality,  betweenness  centrality  and
closeness  centrality.  Strength  centrality  combines  the

notions of degree and edge weight, depicting the amount
and intensity of ties a node has with other nodes (Opsahl
et al., 2010; Cao et al., 2019). A settlement with higher
strength centrality is expected to access more resources
through  direct  connections  with  other  settlements.
Betweenness  centrality  measures  the  probability  of  a
node being on the shortest path between any two nodes,
which  captures  intermediary  position  of  a  settlement
serving as a bridge to facilitate interaction between oth-
er settlements (Hang and Payne, 2017; Xia et al., 2020).
A settlement  with  higher  betweenness  centrality  gener-
ally has a greater capacity to provide public facilities for
other settlements in the inter-settlement network. Close-
ness  centrality  refers  to  the  sum  of  the  shortest  paths
from  a  given  node  to  all  other  nodes  (Opsahl  et  al.,
2010). A settlement with higher closeness centrality in-
teracts  with  other  settlements  to  obtain  public  services
more quickly and efficiently. The formulas of the three
centrality  indicators  can  be  found  in Erath  et  al.(2009)
and Opsahl et al.(2010). However, given that the above-
mentioned centrality indicators often stress a certain as-
pect of  settlements,  an  integrated  centrality  is  de-
veloped  using  the  entropy  method  to  compound  three
indicators. This not only embodies the connections of a
settlement with other settlements but also considers the
role serving as a bridge in the network. It can be defined
as follows:
ICi = αS i+βBi+γCi (6)

where ICi is an integrated centrality of node i. Si, Bi and
Ci represent  the  strength,  betweenness  and  closeness
centrality of node i, respectively. α, β and γ are the cor-
responding  weights  of  each  centrality  metric,  which
were set to 0.463, 0.532, 0.005, respectively. 

2.3.3　 Identification  of  restructuring  types  of  rural
settlement
Centrality and cluster patterns, as two important factors
of the network play significant roles in identifying types
and directions in the SRRS. The examination of central-
ity reveals the significance of each settlement in the net-
work, while the cluster pattern reflects residents’ prefer-
ence for destinations in daily interactions, which facilit-

 
Table 1    Time costs in different situations in Ezhou City
 

Spatial objects Highway Main road Country road Urban settlement Rural settlement Other land Water

Speed (km/h) 120 60 30 6 4 3 1

Time cost (min/10m) 0.005 0.010 0.020 0.100 0.150 0.200 0.600

 
Table 2    Interactive time of each public facility in Ezhou City
 

Interaction Public service facility Interactive time
Education Kindergartens 20 min by walking

Primary schools 20 min by walking

Middle schools 20 min by car

Healthcare Clinics 20 min by walking

Health centers 20 min by car

Hospitals 38 min by car

Recreation Cultural stations 20 min by walking

Cultural centers 25 min by car

Shopping Fairs 30 min by car
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ates the identification of social centers and relocated dir-
ections.  Accordingly,  the  cluster  pattern  is  determined
by the maximum interaction strength diagram. The most
interconnected settlement of each rural settlement is dis-
covered  according  to  the  maximum  interconnection
strength.  The  settlements  with  the  greatest  number  of
maximum  connection  strength  are  identified  as  social
centers.

In this paper, we combined centrality and cluster pat-
terns to  identify  the  restructuring  types  of  rural  settle-
ments.  Four  types  of  rural  settlements  are  classified,
namely  urbanized  settlements,  central  settlements,
grassroots  settlements  and  relocated  settlements.  The
judgement rules are listed in Table 3. Specifically, 1) in
terms  of  urbanized  settlements,  benefiting  from  close
distance  to  urban  areas  and  convenient  transportation,
people  in  urbanized  settlements  tend  to  go  to  urban
areas to obtain public services and goods.  These settle-
ments therefore  often  have  strong  interaction  with  urb-
an settlements and high-level centrality in the inter-set-
tlement  network;  2)  central  settlements,  owing  to  the
abilities of  providing  relatively  complete  public  ser-
vices and goods,  also have high centrality and serve as
social centers for local residents to come together; 3) in-
frastructure and  public  facilities  around  grassroots  set-
tlements are often relatively poor, which can only meet
the basic  needs  of  farmers.  As  they  lack  competitive-
ness  and  attractiveness,  the  daily  population  flow  is
mainly  outflow.  Thus,  grassroots  settlements  generally
have medium-level centrality but do not serve as social
centers;  4)  relocated  settlements  with  distant  locations
and scattered distributions often suffer from inadequate
infrastructure and public facilities, such that loose inter-
actions  occur  between  relocated  settlements  and  other
settlements.  Hence,  they  generally  have  low  centrality
and dispersed  patterns.  Certainly,  to  avoid  the  concen-
trated  distribution  of  central  settlements  and  relocated

settlements in regions, we also considered development
modes of zones and ranked the significance of network
centrality within each zone, rather than from the overall
perspective. 

3　Results
 

3.1　Construction of the inter-settlement network
Social networks  based  on  the  demands  of  rural  resid-
ents  to  public  service  facilities  consist  of  education-
based interactions,  healthcare-based  interactions,  recre-
ation-based interactions  and  shopping-based  interac-
tions in Ezhou City. As stated earlier, all interactions are
weighted  and  form  an  inter-settlement  network.  In  the
inter-settlement  network  (Fig.  5), 1088 settlements  are
connected with a total of 26 034 spatial links. To facilit-
ate analysis, only the top 10, 000 links are extracted for
visualization,  and  the  interaction  strengths  are  divided
into  three  levels:  high,  medium  and  low.  The  result
shows that  the  interactions  of  the  inter-settlement  net-
work have a heterogeneous spatial  distribution and that
spatial  hubs  exist.  Specifically,  the  network  density  is
high  and  links  are  crisscrossed  in  the  north  and  east,
while the network density is relatively low and links are
mainly distributed along the traffic in the south. It indic-
ates  that  settlements  in  the  north  and  east  are  more
closely connected than those in the south. In terms of in-
teraction strength, high-level interactions are largely dis-
tributed  around  urban  areas  and  along  the  main  traffic,
with the greatest number in Ezhou Proper and northern
towns such as Gedian and Huarong. 

3.2　Zonal  division  based  on  community  structure
analysis
Based  on  the  structure  of  the  inter-settlement  network,
we  conducted  community  structure  analysis  in  Pajek
5.09 (Fig. 6a). There are 17 communities with the mod-
ularity of 0.94, implying a significant spatial coherence.
Settlements in the same community have closer interac-
tions.  To  better  illustrate  the  community  structure,  the
interaction strengths  in  the  same  and  different  com-
munities were aggregated as intra-community and inter-
community interaction strengths. It showed obvious dif-
ferences  in  community  size,  intra-community  strength
and inter-community strength.

The size of communities ranges from 10 to 131, with
an average size  of  64.  More than half  the  communities

 
Table 3    Discrimination criteria  of  classification of  rural  settle-
ments in Ezhou City
 

Four restructuring types
Centrality Clustering centers

High Medium Low Yes No

Urbanized settlements ● − − − ●

Central settlements ● − − ● −

Grassroots settlements − ● − − ●

Relocated settlements − − ● − ●
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are larger than the average size, with the largest number
in C6 centered the Ezhou Proper. Moreover, it  shows a
certain degree of spatial  consistency between the scope
of communities  and  towns,  indicating  that  most  resid-
ents  tend  to  conduct  daily  interactions  in  the  same
towns. In terms of interaction strength, two hubs can be
observed, i.e., C3 and C6, which have strong inter-com-
munity and intra-community interactions. The neighbor-
ing  communities  (C2,  C5,  C7,  C9,  C12  and  C13)  only
have high inter-community interactions with C3 and C6,
that is, there is a dense interaction with other communit-
ies, but  loose  interaction  within  communities.  In  com-
parison, although  communities  in  the  south  are  relat-
ively  larger,  they  have  low  inter-community  and  intra-
community strength, indicating loose interactions in the
south.

The zonal division at the town level is determined by
the  inter-community  strength  and  intra-community
strength  in  the  community  structure.  The  two  metrics
are  used  to  reflect  the  attractiveness  and  cohesion  of
towns  and  rural  areas.  A  total  of  25  city  and  towns  in
Ezhou City are divided into three zones using cross dis-
crimination (Fig. 6b), in which the average value of two
metrics are  viewed  as  the  threshold  of  the  discrimina-
tion of 0.231 and 0.134, respectively. Communities with
higher  than  the  average  value  in  the  inter-community
and intra-community strength are divided into the urban-
leading  zone,  which  coincides  with  the  geographical
scape of the Ezhou Proper, Gedian, Huarong, Zelin and
Xinmiao. These towns, especially the Ezhou Proper and
Gedian as centers of urban development,  have absolute
advantages in population size,  infrastructure and public
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facilities,  such  that  they  have  strong  internal  cohesive
forces and external attractions. Communities with high-
er  than  average  value  in  the  inter-community  strength
but lower  values  of  intra-community  strength  are  di-
vided into the urban-rural integration zone. These towns
include  Duandian,  Linjiang,  Putuan,  Dushan,  Yanji,
Shawo, Yangye,  Huahu,  Tingzu  and  Bishidu.  Com-
pared with  towns  in  the  urban-leading  zone,  the  weak-
ness  in  these  towns  is  relatively  low-level  urbanization
and  a  less-perfect  public  facility  system,  which  limits
the cohesive force of urban areas to internal rural settle-
ments. Influenced by strong radiation, settlements in this
zone prefer going to towns in the urban-leading zone to
obtain services and goods. Communities with low inter-
community  and intra-community  strength are  classified
into the  rural-leading  zone.  Towns  in  these  communit-
ies  are  largely  distributed  in  southern  Ezhou  City,  and
the economics and diversity of their public facilities lag
behind those  of  other  towns,  which  results  in  loose  in-
teractions in the zone. 

3.3　Distribution  of  settlements’ centralities in  dif-
ferent zones
Four kinds of centrality indicators are measured, and the

spatial distribution are shown in Fig 7 and the basic stat-
istics of  centrality  indicators  in  different  zones  are  lis-
ted  in Table  4.  To  facilitate  visualization  and  analysis,
their  values  are  divided  into  three  levels  based  on  the
natural breaks method: high, medium and low. It can be
seen that all centrality indicators show considerable het-
erogeneities.

Strength  centrality.  The  city  average  value  of
strength  centrality  is  3.311.  The  average  value  in  the
urban-leading  zone  scores  higher  than  7,  far  from  the
city  average  value.  By  contrast,  the  average  values  in
the  urban-rural  integration  zone  and  rural-leading  zone
are  lower  than  2,  especially  for  the  rural-leading  zone,
which scores the lowest at 1.673. The high-level settle-
ments are largely situated around urban areas and along
the  main  traffic  in  the  central  regions,  including  the
Ezhou Proper,  Zelin  and  Xinmiao,  showing  a  down-
ward trend toward the peripheral regions.

Betweenness  centrality.  The  city  average  value  of
betweenness centrality is 0.0036, and the urban-leading
zone has  the highest  average value of  0.004.  The aver-
age values of the remaining zones are similar to the city
average  value.  Moreover,  the  number  of  settlements
(86)  with  high  betweenness  centrality  is  the  greatest  in
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the urban-rural integration zone, implying that these re-
gions have many settlements acting as bridges to facilit-
ate interactions even if their interactions are not strong.
Obviously,  a  large  proportion  of  high-level  settlements
are concentrated  in  Putuan,  Dushan,  Duandian,  Linji-
ang, and a few are scattered in the east and south.

Closeness centrality. The city average value of close-
ness  centrality  is  0.386.  The  urban-leading  zone  and
urban-rural integration zone have higher average values
of 0.407 and 0.401, respectively, while the lowest aver-

age value is 0.351 in the rural-leading zone. There are a
great number of settlements (497) falling into the inter-
val  of  high  value  in  the  north  and  east,  indicating  that
most settlements  have close interactions with each oth-
er in these regions.

Integrated centrality.  According to the results  of the
previous  three  centralities,  the  integrated  centrality  of
settlements  comprehensively  reflecting  the  significance
of  settlements  was  evaluated.  The  value  ranges  from
0.0001 to  0.977,  with  a  city  average  value  of  0.015.
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Similarly, the average value in the urban-leading zone is
the  highest  in  three  zones.  Moreover,  compared  with
medium-level  and low-level  settlements,  the number of
high-level  settlements  is  relatively  small,  with  the
largest number in the urban-leading zone and urban-rur-
al  integration  zone.  With  a  decrease  in  the  centrality
value,  the  number  of  settlements  with  medium  values
increases.  They  are  distributed  far  away  from  urban
areas  and  traffic.  Additionally,  most  rural  settlements
have comparatively low centrality and are distributed in
every  town,  with  the  highest  numbers  in  Miaoling,
Shawo and Tujianao. Almost all urban settlements have
high  centrality,  and  a  few  rural  settlements  in  suburbs
and along traffic also have high centrality, which indic-
ates that urban settlements and a small proportion of rur-
al settlements occupy the key position and become cores
of  the overall  network.  Overall,  the urban-leading zone
has the highest average value in all centrality indicators,
followed by the urban-rural integration zone and the rur-
al-leading zone,  indicating  that  the  strongest  interac-
tions in the urban-leading zone,  but the loosest  interac-
tions in the rural-leading zone. 

3.4　Differential pattern of clustering in rural settle-
ments
To identify  social  centers  among  settlements,  the  max-

imum interaction of each settlement was extracted from
the  inter-settlement  network  (Fig.  8). To  alleviate  re-
gional differentiation, in addition to typical lump cluster
patterns,  e.g.,  urban  settlement-centered  lump  clusters
and rural  settlement-centered  lump  clusters,  chain  pat-
terns  were  also  considered  a  kind  of  cluster  patterns.
Rural settlements that did not belong to any of three pat-
terns were classified as dispersed patterns. Two kinds of
lump cluster patterns are the most common in the urban-
leading zone.  Moreover,  the  number  of  rural  settle-
ments  in  the  urban  settlement-centered  lump  cluster  is
relatively  large  in  the  urban-leading  zone.  The  results
indicate that  urban  settlements  and  some  rural  settle-
ments  have  a  great  impact  on  surrounding  settlements.
Similarly, settlements in the urban-rural integration zone
also  show  obvious  lump  cluster  patterns,  with  a  few
chain clusters  and dispersed patterns in Shawo and Pu-
tuan.  However,  the  small  scale  of  urban  settlement-
centered lump clusters  indicates  the  relatively  weak at-
traction of  these  towns  to  rural  settlements.  Interest-
ingly, we found that many rural settlements are directly
connected with urban settlements such that the scale of
urban  settlement-centered  clusters  is  also  very  large  in
the  rural-leading  zone.  Additionally,  the  chain  patterns
and dispersed patterns predominate in most  rural  areas,
while  rural  settlement-centered  cluster  patterns  are

 
Table 4    Basic statistics of centrality indicators in different zones of Ezhou City
 

Zone Centrality Minimum value Maximum value Average value High-level settlements
The whole area Strength 0.00 263.50 3.31 110

Betweenness 0.00 0.24 0.01 168

Closeness 0.25 0.63 0.39 602

Integrated centrality 0.00 0.98 0.02 161

Urban-leading zone Strength 0.00 263.50 7.46 45

Betweenness 0.00 0.24 0.04 40

Closeness 0.26 0.63 0.41 199

Integrated centrality 0.00 0.98 0.03 55

Urban-rural integration zone Strength 0.00 82.14 1.97 36

Betweenness 0.00 0.15 0.04 86

Closeness 0.26 0.52 0.40 298

Integrated centrality 0.00 0.32 0.01 61

Rural-leading zone Strength 0.00 57.88 1.67 29

Betweenness 0.00 0.10 0.0 42

Closeness 0.25 0.45 0.35 105

Integrated centrality 0.00 0.31 0.01 45
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largely distributed in Miaoling.
 

3.5　Restructuring types of rural settlements
Considering  the  differences  in  centrality  and  clustering
patterns in different zones, the classification of rural set-
tlements was  carried  out.  Four  types  of  rural  settle-
ments  were  identified  for  rural  reconstruction  planning
(Fig.  8),  i.e.,  urbanized settlements,  central  settlements,
grassroots  settlements  and  relocated  settlements.  The
characteristics of each type of rural settlement are listed

in Table 5.
A total of 90 rural settlements serve as urbanized set-

tlements  with  the  highest  average  interaction  strength
(3.32),  but  their  average  link  number  is  relatively  low
(18.01). Except for Linjiang, Shawo and Tujianao, urb-
anized  settlements  are  spatially  gathered  around  each
town, with the most settlements in Ezhou Proper, Gedi-
an  and  Duandian.  Benefiting  from  close  geographical
location  to  urban  areas  and  convenient  transportation,
urbanized settlements  tend to  obtain  public  service  and
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Table 5    Statistics of four types of rural settlement in Ezhou City
 

Classification Average interaction strength Average link number Patch number

Urbanized settlements 3.32 18.01 90

Central settlements 2.60 27.48 95

Grassroots settlements 0.49 22.38 820

Relocated settlements 0.03 15.46 49
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goods in urban areas. There are 95 rural settlements act-
ing as central settlements, with a relatively strong aver-
age interaction strength of 2.48 and a high average link
number of  27.48.  Spatially,  central  settlements  are  ho-
mogeneously distributed along the main roads. In com-
parison, most  settlements  belong  to  grassroots  settle-
ments.  Although they account  for  a  large proportion of
the  patch  number  (820),  they  present  a  relatively  low
average interaction strength (0.49). Additionally, a small
proportion of rural settlements (49) are determined to be
removed.  They  have  the  lowest  average  interaction
strength (0.03) and average interaction number (15.46),
implying weak interactions among them. Spatially, they
largely lie near the town boundaries and water conversa-
tion areas, with the most in Duandian, Zhaoshan, Liang-
zihu and Tujianao. 

4　Discussion
 

4.1　 Multi-scale  differences  in  the  inter-settlement
network
In rural China, human beings are the intrinsic determin-
ant  of  rural  settlements  (Hu and Wang,  2020). The ba-
sic purpose of SRRS is to meet people’s needs and im-
prove  people’s  quality  of  life  (Wang  et  al.,  2017). De-
sire for public service facilities,  as a major representat-
ive of basic life needs,  impels people to flow from ori-
gin  settlements  to  destination  settlements  and  generate
intimate daily  interactions.  Therefore,  this  paper  de-
veloped an  inter-settlement  network  composed  of  edu-
cation,  healthcare,  recreation  and  shopping  interactions
from the perspective of public service facilities. Aiming
to  achieve  targeted  management  in  the  SRRS,  specific
zones based  on  the  characteristics  of  community  struc-
ture were  determined,  and  four  types  of  rural  settle-
ments were  identified  on  the  basis  of  regional  differ-
ences in terms of centrality and cluster pattern.

Scientific  partition  at  the  town  level  is  the  premise
and basis  for  the  identification  of  rural  settlement  re-
structuring types. This can not realize the even distribu-
tion of rural  settlement types if  classification is accom-
plished according to a unified standard on a larger scale.
It easily brings out a large area of rural settlement relo-
cation  in  relatively  backward  areas  and  an  excessive
concentration  of  central  settlements  in  well-developed
areas.  Therefore,  zonal  division  is  necessary  in  the
SRRS.  According  to Fei  (1992),  he  described  the

Chinese  rural  village  as  an  ‘acquaintance  society’ that
contains  some  small-scale  communities.  The  members
within each community interact intimately, but the inter-
actions between  communities  are  weak.  The  com-
munity structure can provide a reasonable basis for zon-
al  division  avoiding  subjective  partitioning.  Based  on
the  urban  development  level  and  population  size,  each
town was equipped with diverse public service facilities.
Therefore, the  inter-settlement  network  has  a  signific-
ant  spatially  coherent  structure,  and  three  zones  have
been  divided  based  on  the  inter-community  interaction
strength  and  intra-community  interaction  strength.
Towns in  the  urban-leading  zone  usually  have  relat-
ively high urbanization levels and perfect public facility
systems such that they have strong cohesion to internal
settlements and  attractions  to  external  settlements.  Af-
fected by the strong radiation of the core city and towns,
residents  in  neighboring  towns  still  prefer  to  conduct
daily activities in the Ezhou Proper and Gedian. The co-
hesion  of  these  towns  has  been  seriously  weakened,  as
interpreted by high inter-community strength but low in-
tra-community strength. In comparison, due to the limit-
ations  of  terrain  and  economic  conditions,  the  public
service facilities in the south are lacking such that their
capacities to interact with other settlements are limited.
Communities in  this  region  have  relatively  loose  inter-
actions.

In  terms  of  centrality  and  cluster  patterns,  it  also
presents  obvious  diversities  in  different  zones.  Ezhou
City involves a heterogeneous town-village system that
ranges from the central urban area, general towns, cent-
ral settlements  to  grassroots  settlements.  Existing  stud-
ies  have  illustrated  that  social  interactions  are  highly
correlated  with  population  distribution,  infrastructure
and public services (Liu et al., 2019). That is, the great-
er the population and public facilities, the closer the in-
teraction among  settlements.  Thus,  in  daily  life,  resid-
ents generally favor visiting higher-level towns and vil-
lages  to  obtain  a  richer  series  of  goods  and  services,
which  causes  the  heterogeneous  characteristics  of  the
inter-settlement network.  As  previously  stated,  settle-
ments in  the  urban-leading  zone  have  absolute  domin-
ance  in  the  interaction  population,  public  facilities  and
transportation. Thus, many settlements in this zone have
high centrality.  Urban  settlements  and  central  settle-
ments  are  very  attractive  to  surrounding  settlements
such  that  the  lump  cluster  pattern  becomes  a  common
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phenomenon  in  this  zone.  In  the  second  zone,  because
the  population  and  public  facilities  are  smaller  than
those in  the  urban-leading  zone,  convenient  transporta-
tion makes residents favor commuting to adjacent high-
level  towns to  obtain  public  goods  and services,  which
leads to  a  relatively  weak  attraction  of  urban  settle-
ments.  However,  a  large  number  of  central  settlements
still act as bridges to facilitate interactions among other
rural settlements in rural areas far from urban areas. Ac-
cordingly,  settlements  with high betweenness centrality
and rural settlement-centered cluster patterns are mostly
distributed in this zone. Owing to insignificant urbaniza-
tion in  the rural-leading zone,  massive rural  population
outflows. Most Public facilities are concentrated in town
centers such that residents from remote settlements suf-
fer various inconveniences in their daily lives. Specific-
ally, some residents need to travel to local towns to meet
their needs of public service and goods, while other res-
idents  only  interconnect  with  neighboring  settlements
with  loose  interactions.  Consequently,  rural  settlements
largely  have  low  centrality,  and  the  urban  settlement-
centered lump  patterns  control  this  zone.  A  few  settle-
ments belong to the chain cluster patterns and dispersed
patterns. 

4.2　Implications for rural settlement reconstruction
Restructuring and optimizing the network structure is an
effective approach  for  instituting  improvement  meas-
ures  to  accommodate  rural  development  (Hang  and
Payne, 2017; Xia et al., 2020). More accurate structural
analysis  is  necessary  to  strengthen  interactions  among
settlements  and  improve  the  performance  of  the  social
network.  Therefore,  rural  reconstruction  and  regional
development plans should coexist to reduce regional dif-
ferences and direct rural revitalization based on specific
interactions.

We  provide  corresponding  strategies  for  three  zones
ranging from  urbanization  (urban-leading  zone),  integ-
ration  (urban-rural  integration  zone)  to  characteristics
(rural-leading  zone).  As  shown  in Fig.  9,  towns  in  the
urban-leading zone experienced relatively rapid urbaniz-
ation and urban expansion, which promotes the upgrad-
ing of rural transformation development and triggers tre-
mendous  land  use  transitions.  Influenced  by  the  strong
radiation from  urban  areas,  the  suburbs  gradually  be-
come transitional  regions  where  populations  increas-
ingly gather in cities and towns under the needs of im-

provement of their living conditions. Urbanization is the
primary goal in the progress of the SRRS in the urban-
leading  zone.  Policymakers  should  give  priority  to  the
consolidation of urbanized settlements by reasonable in
situ urbanization.  Meanwhile,  some  grassroots  settle-
ments  with  higher  centrality  and  close  to  urban  areas
should  be  prepared  for  future  urban  expansion.  In  the
urban-rural integration zone, an efficient solution is pro-
moting  the  integrated  development  of  urban  and  rural
areas by enhancing the cohesion and influence of urban
settlements  and  central  settlements.  Urban  areas  and
central settlements are well-known as critical regions for
all urban-rural public service facilities. On the one hand,
policymakers should improve the diversity of public fa-
cilities  in  urban  areas  to  enhance  the  attractiveness  to
surrounding rural settlements such that some advantage-
ous clustering areas, such as urbanized settlements, can
be transformed moderately into urban areas. On the oth-
er hand, central settlements need to make full use of the
advantages  in  information  and  policies  to  expand  the
scope of goods and services. This can enable other set-
tlements  convenient  access  to  public  facilities,  thus
strengthen daily  interactions  among settlements  and  at-
tract the migration and agglomeration of scattered, small-
scale rural  settlements.  In  terms  of  grassroots  settle-
ments in  this  zone,  they  should  be  preserved  in  prin-
ciple.  However,  with  the  further  promotion  of  SRRS,
grassroots  settlements  with  low  centrality  will  finally
move toward natural  decline  by gradually  directing the
population outward.  In  terms of  the  rural-leading zone,
it  is  difficult  to  achieve  high-level  urbanization.
However, depending on abundant natural resources and
ecological bases,  the  regions  have  the  potential  to  at-
tract  inflows  of  population.  Policymakers  should  select
central  settlements  and  potential  grassroots  settlements
to build a series of characteristic villages (folk villages,
ecological villages and cultural villages) and realize the
construction of  a  new  socialist  countryside  by  improv-
ing  their  supporting  infrastructures  and  rural  tourism
supply  chain.  Additionally,  policymakers  should  attach
significant importance  to  the  demolition  and  resettle-
ment of relocated settlements in this zone. The develop-
ment potential and ecological vitality of relocated settle-
ments  should  be  continuously  stimulated  to  reduce  the
regional imbalance. Given that rural residents are defin-
itely more inclined to be removed to settlements where
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they have  strong  interactions,  the  restructuring  direc-
tions  of  relocated  settlements  are  determined  based  on
the maximum interaction strength. 

4.3　Future works
Although  this  study  proposed  a  new idea  and  effective
method for constructing an inter-settlement network and
exploring  the  influence  of  the  spatial  network  on  rural
settlement  reconstruction,  several  imitations  still  exist.
First,  spatial  interactions  among  settlements  rely  on
daily behaviors of farmers, but only a few of them were
considered in this work due to a lack of population mi-
gration data.  Merging  cellular  signaling  data,  naviga-
tion,  personal  location  service  apps  and  other  data  will
be  our  first  choice  in  evaluating  social  interactions  of
rural settlements  in  the  future.  Second,  this  study  at-
tempted to capture the roles and importance of rural set-
tlements with a strong emphasis on the connectivity and
dominance in the spatial network. Actually, this is rather
complex and affected by multiple factors, such as natur-
al  environments,  economy and society.  Future  research
should pay more attention to these limitations. 

5　Conclusions

In this  study,  we  constructed  an  inter-settlement  net-
work composed of education, healthcare, recreation and
shopping interactions  based  on  the  demands  of  resid-
ents  for  public  facilities.  We  subsequently  divided  all

towns into three zones based on community structure at
the  town  level,  and  then  identified  four  restructuring
types of  rural  settlements  in  light  of  the  spatial  differ-
ences  of  centrality  and  clustering  patterns  at  the  patch
level.  Detailed  suggestions  for  SRRS  were  provided
based on the research findings.

Our results indicated an obvious spatial coherence in
community  structure  analysis.  Communities  with  high-
level inter-community and intra-community interactions
were  observed  in  the  Ezhou  Proper,  Gedian,  Huarong,
Xinmiao and Zelin. Influenced by the strong radiation of
Ezhou Proper  and  Gedian,  adjacent  communities,  in-
cluding  Yangye,  Huahu,  Tingzu,  Bishidu,  Dushan  and
Duandian,  have  high  inter-community  interactions  but
relatively  low  intra-community  interactions.  In  the
south, most communities have low inter-community and
intra-community interactions,  implying  loose  interac-
tions among  rural  settlements.  Additionally,  four  re-
structuring  types  of  rural  settlements  were  identified
based  on  the  centrality  and  cluster  patterns:  urbanized
settlement,  central  settlements,  grassroots  settlements
and relocated  settlements.  According  to  the  spatial  dif-
ferences  in  different  zones,  corresponding  strategies  of
rural  settlement  reconstruction  were  proposed  ranging
from  urbanization,  integration  and  characteristics,  and
priority  types  of  rural  settlements  were  determined  in
different regions.  As  a  whole,  social  networks  simu-
lated by the needs of rural residents for public facilities
could truly reflect social interactions in daily life. Mean-
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Fig. 9    The pattern of rural settlement reconstruction in different zones
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time,  multi-scale  analysis  of  social  networks  can
provide more  accurate  information  to  identify  the  re-
structuring  types  of  rural  settlements.  Although  this
study was conducted in Ezhou city, the employed meth-
odology  would  also  be  useful  to  other  rural  areas  in
China, which  can  help  policymakers  develop  reason-
able strategies for SRRS.
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