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Abstract: Since China’s reform and opening up in 1978, the acceleration of industrialization and urbanization in China had led to dra-
matic changes in the pattern of urban-rural land use. In this paper, we focused on the rural industrialized areas in central China (Xinxi-
ang  County  and  Changyuan  City  of  Henan  Province).  We  used  the  average  nearest  neighbor  index,  spatial  statistical  analysis,  and  a
structural equation model to analyze the spatiotemporal evolution and influencing factors of urban-rural construction land based on multi-
source spatial data and survey data. The results showed that: 1) from 1975 to 2019, the spatial distribution of urban-rural construction
land in rural industrialized areas had evolved from homogeneous distribution to local agglomeration. In terms of comparative analysis of
cases,  the spatial  distribution of urban-rural construction land in Changyuan City had shown a trend from diffusion to agglomeration,
and Xinxiang County had overall shown a spatial change from homogenization to agglomeration and then to regional integration devel-
opment. 2) The hot spots with increased urban-rural construction land significantly expanded, and they had a high degree of spatial over-
lap with industrial  development.  Among them, Xinxiang County was concentrated in central and marginal areas,  and Changyuan was
mainly concentrated in central urban areas. 3) From the evolution of spatial proximity of urban-rural construction land, rural industrial-
ized areas generally decline, showing the characteristics of internal differentiation in the rate of change. 4) Industrial development, so-
cial economy,  the  policy  environment,  and urban development  played a  positive  role  in  promoting the  expansion of  urban-rural  con-
struction land in rural industrialized areas. To promote the optimal use of regional land and the integrated development of urban-rural
areas, we should combine the advantages of regional endowment, formulate development strategies according to local conditions, and
adjust the way that land is used in a timely manner.
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1　Introduction

Since  1978,  China’s  industrialization  and  urbanization

have  advanced  rapidly.  Population,  the  economy,  and
society  have  gone  through  dramatic  changes,  highli-
ghted by significant changes in the space of urban-rural
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construction land.  Influenced by rapid economic devel-
opment, non-agricultural industries and employment di-
versity have provided important support for urban-rural
development,  and  they  have  changed  the  relationship
between  people  and  the  land  in  the  region  (Liu  et  al.,
2016). In  particular,  the  rise  of  rural  industries  has  ac-
celerated  the  flow  of  factors  between  urban  and  rural
areas. The spatial patterns of social and economic devel-
opment  also  underwent  significant  changes  (Phillips,
1998; Woods, 2005). In terms of physical space, urban-
rural  land  use  patterns  and  configuration  patterns  are
important carriers of urban-rural space remodeling. The-
refore, it is important to understand the changes in urban-
rural  construction  space  by  analyzing  the  changes  in
urban-rural  construction  land  (Long  and  Liu,  2016).  In
actual development, rapid social and economic develop-
ment in  China  has  led  to  problems  in  some  industrial-
ized  areas  where  urban-rural  resource  elements  are
volatile.  These  problems  include  the  disordered  spatial
development of multi-scale urban-rural land use change,
urban-rural classification, land use types and grain pro-
duction (Uula  et  al.,  2022; Gao et  al.,  2023; Niu et  al.,
2023).  In  particular,  industrialized  areas  where  urban-
rural  resource  elements  are  volatile  are  typical  areas  of
spatial evolution and land use transformation (Lo et al.,
2016). Therefore, it is of theoretical and practical signi-
ficance to pay attention to the spatial evolution of urban-
rural land use caused by the drastic changes in the rela-
tionship between people and the land in areas with rap-
id industrial development after China’s reform and open-
ing up.

Land use change is an inevitable process of urbaniza-
tion.  In  particular,  land  use  changes  in  industrialized
areas are endogenous in the process of regional industri-
alization. Industrialization and urbanization play an im-
portant role in China’s modern economic and social de-
velopment.  Since  the  reform  and  opening  up  in  1978,
the social and economic space in urban and rural has un-
dergone drastic changes, such as the scale, spatial struc-
ture,  regional functions.  It  has attracted the attention of
scholars in geographers and economists. (Woods, 2009;
Ren et al., 2023; Song and Li, 2023). In a related study,
Anna  et  al.  contribute  to  debates  about  the  impact  that
urban growth and city-centric development strategies in
sparsely populated  areas  might  have  on  the  develop-
ment  prospects  for  small  and  distant  settlements  in  the
hinterland  (Anna  et  al.,  2022).  They  view  the  flow  of

factors in sparsely populated areas as part of urban-rur-
al  interactions  and  have  raised  attention  to  micro-scale
urbanization  within  the  hinterland.  In  the  research  of
urban-rural construction model, Jia et al. argued that the
evolution of urban-rural construction model in China is
a typical spatial production process. The transformation
of  production methods  led  to  multiple  evolutionary pa-
ths  of  urban-rural  construction model  (Jia  et  al.,  2022).
Land use types are closely related to changes in human
settlements. Zhu et al. found that rapid urbanization has
changed  the  landscape  and  land  use  functions  of  rural
areas around cities（Zhu et al.,  2014). There is a para-
sitic  relationship  between  cities  and  villages,  and  the
urban-rural land  use  scale  decreases  linearly  with  in-
creasing  distance  from  the  city  center  (Jahani  et  al.,
2015; Liu et al., 2016). The location and socio-econom-
ic  conditions  of  villages  affect  the  integration  potential
of  rural  construction  land.  The  stronger  adaptability  of
residents to urban living, the lower integration potential
of rural construction land (Fang et al., 2016).

In terms of the influencing factors of land use change,
Violette  and  Marin  studied  the  changes  in  the  scale  of
rural land use in Eastern Europe and found that rural un-
employment,  the  crisis  of  small  towns,  demographical
deterioration, and new township relations were the main
reasons for the spatial expansion or decline of rural set-
tlements (Violette and Marin, 1998). Population changes
have  a  significant  impact  on  rural  land  use.  Scholars
found that  population changes  and competition in  rural
space were the main reasons for rural spatial expansion
and land use conversion (Hudson, 1969; Shirgasin, 1983).
In  the  process  of  rapid  urbanization,  the  land  use
changes caused  by  the  change  of  rural  living  environ-
ment, the development of rural industry, rural revitaliza-
tion, and urban-rural integration have become the focus
of  research  by  domestic  scholars  in  recent  years.  Lu  et
al. considered the impact of different agricultural scales
on  the  spatial  layout  of  rural  human  settlements  and
conducted spatiotemporal simulations on different farm-
ing radius to obtain a reasonable layout of rural human
settlements  (Lu  et  al.,  2020).  Li  et  al.  considered  that
there was  no  large-scale  out-migration  of  the  popula-
tion, and that the distribution of urban-rural areas in in-
dustrial  counties generally changed from the traditional
rural  model  to  the  urban  model  in  the  form of  ‘in  situ
urbanization’or ‘rural urbanization’ (Li et al.,  2020). In
the  process  of  urbanization and urban-rural  integration,
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population change, agricultural productivity and non-ag-
ricultural  economic  development  are  the  main  reasons
for  the  spatial  expansion  and  functional  diversification
of  rural  land  (Chen  et  al.,  2023).  In  China,  urban-rural
construction land is a place system based on the region
and  manifested  as  a  spatial  continuum  that  spans  from
towns  to  villages  to  fields  (Yang  et  al.,  2022).  In  the
process of urban-rural transformation and development,
exploring the  change  of  rural  land  use  space  is  condu-
cive to promoting agglomeration of villages. Due to the
intensive  utilization  level  of  urban-rural  construction
land  was  low,  that  land  urbanization  was  faster  than
population urbanization, and that the withdrawal of rur-
al construction land was slower than that of the popula-
tion, especially in the southern Jiangsu Province of China
have experienced rapid economic development and sig-
nificant changes in rural space, due to the development
of rural industrialization (Zeng et al., 2019). In general,
rural development, industrialization, urbanization, coun-
ter-urbanization, and  population  migration  are  import-
ant driving forces of current rural land use change (Tan
and Li, 2013; Lin et al., 2023).

Overall,  scholars  mainly  focused  on  improving  the
living  environment  under  the  process  of  urbanization,
the changes  in  urban-rural  land  use  caused  by  popula-
tion mobility, and the types of land use generated by dif-
ferent  spatial  locations.  In  the  research  area,  it  was
mainly concentrated in urban suburbs, economically de-
veloped areas, and areas with intense population mobil-
ity.  However,  long-term  dynamic  research  on  land  use
changes in areas with prominent industrial development
was  insufficient.  Rural  industrialized  areas  are  one  of
the  important  areas  for  scholars  to  study  urban-rural
land use changes (Zhou and Long, 2023). Henan Provin-
ce  is  located  in  the  central  part  of  China.  Industry  in
Henan  Province  experienced  rapid  development  since
the reform and opening up. It became the leading force
in  the  process  of  industrialization  in  central  China  and
played an important role in promoting urbanization and
urban-rural  integration.  As  the  concentrated  area  of
China’s  ‘Three  Agricultural  Questions’,  rural  industry
was  the  leading  force  in  the  development  of  central
China, and it will have a great impact on the changes in
the construction land space in the region. Based on this,
we focused on the rural industrialization areas in central
China,  and  selected  Changyuan  City  and  Xinxiang
County  in  Henan Province  as  cases,  given their  typical
rural industrial characteristics.  We used spatial analysis

to explore  the  spatiotemporal  evolution  and  heterogen-
eity of urban-rural construction land in these areas from
1975 to 2019. A structural  equation model was used to
verify the influencing factors, and we analyzed the driv-
ing mechanism of changes to the localities of urban-rur-
al  construction  land.  We  aimed  to  enrich  research  on
rural geography,  and  our  results  can  serve  as  a  refer-
ence for optimizing regional urban-rural land use. 

2　Materials and Methods
 

2.1　Study area
Changyuan  City  is  located  at  the  junction  of  Henan
Province  and  Shandong  Province  in  China,  facing  the
Yellow River to the east (Fig. 1). In 2019, it was estab-
lished  as  Changyuan  City  at  the  county  level,  with  an
area  of  1051  km2 and  a  total  population  of  881  800  at
the end of 2019 (https://tjj.henan.gov.cn/). There are 11
towns,  2  townships,  5  sub-district  offices,  1  provincial
industrial cluster  area,  596  villages,  and  2  neighbor-
hood committees. The industry of Changyuan City star-
ted as a private industrial economy in the 1970s. It now
has  seven  characteristic  industries:  lifting  machinery,
medical equipment,  construction,  anti-corrosion,  cook-
ing,  green  food,  seedlings  and  flowers—with  over  700
enterprises, including 232 designated-size industrial en-
terprises.  It  has  honorary  titles  such  as  the  National
Demonstration Base for New Industrialization Industry,
the  National  Pilot  Unit  for  Rural  Governance  System
Construction,  China’s  Anti-corrosion  Capital,  China’s
Famous City for Lifting Machinery, and China’s Sanit-
ary  Materials  Production  Base.  The  lifting  machinery
industry is  mainly concentrated in the Weizhuang Sub-
district Office and Naoli Town. The medical equipment
and  hygiene  industries  are  concentrated  in  Dingluan
Town and Mancun Town. The anti-corrosion industry is
distributed in the Pubei Sub-district Office.

Xinxiang County is  adjacent  to  Xinxiang City  to  the
north  and  Zhengzhou  (the  provincial  capital)  to  the
south.  Xinxiang  County  covers  an  area  of  393  km2.  It
had jurisdiction over six towns, one township, one pro-
vincial economic  development  zone,  and  178  desig-
nated villages.  At  the end of  2019,  the total  population
was 350 600 (https://tjj.henan.gov.cn/). After 1978, Xin-
xiang County  vigorously  developed  large-scale  indus-
tries,  such  as  chemicals  and  machinery,  based  on  the
private economy, and it actively promoted the develop-
ment of rural industries. Among them, Qiliying, Xiaoji,
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and Guguzhai towns are representative. A large number
of  enterprises  drove  the  local  economic  development.
The industrial  development of Xinxiang County started
as a private economy before the 1978 reform and open-
ing up. Currently, it  has leading industries in bio-medi-
cine,  modern  papermaking,  machinery  manufacturing,
fine chemicals, and textiles. There are more than 800 in-
dustrial  enterprises,  including 122 industrial  enterprises
above  the  designated  size.  In  2019,  the  county’s  gross
domestic  product  reached  21.13  billion  yuan  (RMB),
with  a  non-agricultural  industrial  output  value  ratio  of
nearly 95.87%, per capita disposable income of 26 455
yuan  (RMB),  and  an  urban-rural  resident  income  ratio
of  1.63,  making  it  a  typical  suburban  industrial  county
in Henan Province. 

2.2　Methods and data 

2.2.1　Average nearest neighbor index
In this paper, we used the average nearest neighbor dis-
tance  index  (ANN)  to  analyze  the  spatial  distribution

characteristics  of  urban-rural  construction  land  in  each
period. The calculation formula is as follows (Mitchell,
2005):

ANN =

2
n∑

k=1

dk

n
√

n
A

(1)

where dk is  the  distance  between  element k and  its
nearest  neighbor  point, A represents  the  area  space.
When ANN is  equal  to  1,  the  distribution  is  random;
when ANN is less than 1, the distribution is clustered. If
the ANN index is  higher  than 1,  the  spatial  distribution
tends to spread. 

2.2.2　Spatial statistical analysis
In this paper, we used hot-spot detection (the Getis-Ord
Gi

* index)  in  spatial  statistical  analysis  to  test  whether
there are statistically significant high and low values in
the degree  of  the  spatial  expansion  of  urban-rural  con-
struction  land.  This  method  allowed  us  to  identify  the
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Fig. 1    Geographical location of Changyuan City and Xinxiang County of Henan Province in China
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area and degree of change in hot and cold changes in the
spatial expansion of land. The Getis-Ord Gi

* index for-
mula is as follows (Anselin and Getis, 1992):

G∗i (d) =

n∑
j=1

wij(d)x j

n∑
j=1

x j

(2)

For  the  convenience  of  analysis, Gi
*(d) was  standard-

ized:

Z(G∗i ) =
Gi−E(G∗i )√

Var(G∗i )

E(G∗i )
Var(G∗i )

Z(G∗i )

Z(G∗i )

where wij(d) is the spatial weight between geographical
units i and j. xj is the attribute value of geographic unit j.
Gi is the Getis-Ord index of geographical unit i.  is
the  mathematical  expected  value,  and  is  the
coefficient of variation. When  is positively signi-
ficant, this  indicates  the  high-value  spatial  agglomera-
tion of the spatial expansion degree of urban-rural con-
struction land, namely the hot spots. When  is neg-
atively  significant,  this  indicates  the  low-value  spatial
agglomeration of the spatial expansion degree of urban-
rural construction land, namely, the cold spots. 

2.2.3　Spatial proximity analysis
Spatial proximity analysis is used to describe the degree
of spatial proximity between two elements in geograph-
ical  space.  Correlation  analysis  methods  include  buffer
analysis, Voronoi  polygon  analysis,  and  nearest  neigh-
bor  analysis.  In  this  study,  we  used  spatial  proximity
analysis  to  analyze  the  changes  in  spatial  proximity
between urban-rural construction land. The proximity is
derived as follows (Mitchell, 2005):

D =
n∑

m=1

Dm/n (3)

where D is  the average distance value, n represents the
number  of  construction  land  patches  in  the  study  area,
and Dm represents the  closest  distance  between  con-
struction land m and the nearest rural or small town. 

2.2.4　Structural equation model
In  this  paper,  we  selected  a  structural  equation  model
for  a  quantitative  analysis  of  the  influential  factors  of
urban-rural  land  use  change.  The  formula  is  composed
as follows (Wu, 2009):
X = ∧xξ+σ (4)

Y = ∧yη+ε (5)

η = Bη+Γξ+ ζ (6)

∧x ∧y

Here, X and Y form a  measurement  model,  where X is
the  exogenous  observation  variable, Y is the  endogen-
ous observation variable,  and  are the factor load-
ings of the X and Y indicators, respectively; σ is the exo-
genous  observation  variable  error  term, ε is the  endo-
genous variable error term; ξ and η are the external lat-
ent variable  and  the  internal  latent  variable,  respect-
ively; η, ξ, Γ, and ζ constitute the structural model; B is
the  relationship  between the  internal  latent  variables; Γ
is the relationship between the influence of the external
latent variables and the internal latent variables; and ζ is
an error term of the structural equation, representing the
part that  can not  be explained by the independent  vari-
ables.  We  used  software  SPSS19.0  and  Amos16.0  for
structural  equation  modeling  operations.  Among  them,
reliability  testing  was  conducted  on  the  influencing
factor  data  through  the  feasibility  analysis  of  software
SPSS19.0, and Cronbach’s α > 0.6 indicated high reliab-
ility.  The  validity  of  the  influencing  factor  data  was
tested  through  factor  analysis  using  SPSS  19.0,  and
KMO  (Kaiser  Meyer  Olkin)  >  0.6  indicates  that  factor
analysis  was  suitable  (Wu,  2009).  We  used  software
Amos16.0 to apply the maximum likelihood method and
tested the fit between the model and the data through the
model  fitting  index  (Wu,  2009). The  main  selected  ab-
solute fit index include x2/df, RMR (Root Mean Square
Residual), RMSEA  (Root  Mean  Square  Error  of  Ap-
proximation), GFI (Goodness of Fit Index), AGFI (Ad-
justed  Goodness  of  Fit  Index),  and  comparison  fitting
indices  include  NFI  (Normal  Fit  Index),  RFI  (Root  Fit
Index), CFI (Comparative Fit Index), and Parsimony fit
index include  PGFI  (Parsimonious  goodness  of  fit  in-
dex)  PNFI  (Parsimonious  normalized  fit  index)  and
PCFI  (Parsimonious  Comparative  Fit  Index),  a  total  of
10 indicators. 

2.2.5　Data
This  paper  selected  the  years  1975,  1995,  2004,  and
2019 as time nodes. We used ArcGIS and ENVI to ex-
tract and correct the patches of urban-rural construction
land in Changyuan City and Xinxiang County. The spa-
tial data were collected from the Geospatial Data Cloud
(https://www.gscloud.cn/), and  included  annual  admin-
istrative division  maps  for  Changyuan  City  and  Xinxi-
ang County from 2013 (1:100 000), a 1975 topographic
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map  (1:50  000),  and  Landsat  TM/ETM  image  data  in
1995  (30  m),  2004  (30  m),  and  2019  (15  m).  We  also
used BIGMAP high-definition remote sensing images in
2019  (7  m)  to  assist  with  the  visual  interpretation  and
vectorization.  The  survey  data  were  collected  from  19
villages  in  Changyuan  City  (299  valid  questionnaires)
and 23 villages in Xinxiang County (339 valid question-
naires) in 2018. 

3　Results
 

3.1　 Spatiotemporal evolution  of  urban-rural  con-
struction  land  in  Changyuan  City  and  Xinxiang
County 

3.1.1　Spatial distribution pattern of urban-rural con-
struction land
The  spatial  distribution  characteristics  of  urban-rural
construction  land  in  Changyuan  City  and  Xinxiang
County were described based on the patch spatial distri-
bution and the average nearest  neighbor index (Fig.  2).
In  1975,  the  spatial  distribution  of  urban  construction
land  and  rural  construction  land  in  Changyuan  City
were  homogeneously  distributed,  and  the  distribution
area  of  urban  construction  land  was  small.  The  spatial
expansion  of  urban  construction  land  in  Changyuan
City  was  significant  in  1995,  2004,  and  2019,  and
changes  in  the  spatial  distribution  pattern  were  mainly
concentrated  in  Weizhuang  Town  and  Naoli  Town,
where rural  industrial  development  was  more  promin-

ent.  Rural construction land at the urban fringe showed
a  certain  spatial  agglomeration.  The  average  nearest
neighbor distance index for Changyuan City was 0.91 in
1975  (P <  0.01),  1.02  in  1995  (P >  0.1),  0.95  in  2004
(P <  0.01),  and  1.02  in  2019  (P >  0.1).  The  average
nearest  neighbor  distance  index  in  1975  and  2004  was
less than 1 (P < 0.01), indicating that  the spatial  distri-
bution  of  urban-rural  construction  land  in  Changyuan
City tended to spread as a whole but showed an agglom-
eration trend in 2004. Urban construction land and rural
construction land  in  Xinxiang  County  was  homogen-
eously  distributed  in  1975.  The  spatial  distribution  of
urban construction land expanded significantly in 1995,
2004, and  2019.  The  spatial  distribution  of  rural  con-
struction land near  the central  town and at  the  junction
of the Xinxiang urban area expanded significantly. The
average nearest  distance  index  of  urban  and  rural  con-
struction  land  in  Xinxiang  County  was  0.70  in  1975
(P < 0.01),  0.76 in 1995 (P < 0.01),  0.79 in 2004 (P <
0.01),  and  0.84  in  2019  (P < 0.01),  indicating  an  ag-
glomerated spatial  distribution  of  urban  and  rural  con-
struction land in Xinxiang County with integrated devel-
opment of urban and rural construction land. 

3.1.2　Evolution of urban-rural construction land
We  used  the Getis-Ord  Gi

* index of  local  spatial  pat-
terns  to  analyze  the  scale  of  urban-rural  construction
land  in  Changyuan  City  and  Xinxiang  County  from
1975–1995,  1995–2004,  2004–2019,  and  1975–2019
(Fig.  3).  Hot  spots  of  construction  land  in  Changyuan
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Fig. 2    Spatial distribution pattern of urban-rural construction land in Changyuan City and Xinxiang County of China in 1975, 1995,
2004 and 2019
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City and Xinxiang County in each time period signific-
antly  expanded,  and  they  had  a  high  degree  of  spatial
overlap with industrial development. Among them, Xin-
xiang County was concentrated in  the  central  and mar-
ginal areas, and Changyuan was mainly concentrated in
the  central  urban  areas.  From  1975  to  1995,  the  hot
spots  with  strong  expansion  of  construction  land  in
Changyuan City were concentrated near the county. The
sub-hot  spots  were  concentrated  in  Dingluan  and  Anili
towns;  and  the  hot  spots  in  Xinxiang  County  were
mainly concentrated in the Xiaoji and Guguzhai towns.
From 1995 to 2004, the expansion trend of construction
land  in  Changyuan  City  gradually  weakened, but  there
were some hot spots with strong expansion mainly con-
centrated in the Weizhuang Street area. The hot spots of
Xinxiang  County  extended  from  Xiaoji  Town  and
Guguzhai Town to Qiliying Town, among which the hot
spots of Guguzhai Town became sub-hot spots, and the
overall expansion degree of the county weakened. From
2004 to 2019, the scale of construction land in the cent-
ral  Changyuan  County  and  most  areas  in  Weizhuang
Street  expanded  significantly,  and  there  were  hot  spots
for expansion during this period. During the same peri-
od, the hot spots and sub-hot spots of construction land
in Xinxiang County expanded from the original  Xiaoji,
Qiliying, and  Guguzhai  towns,  and  other  areas  gradu-
ally  expanded  to  other  areas. Overall,  from  1975  to

2019,  the  hot  spots  of  urban-rural  construction  land  in
Changyuan City  were  mainly  concentrated  in  the  sur-
rounding  areas  of  the  county  and  most  of  Weizhuang
Street, while  the  hot  spots  and  sub-hot  spots  of  Xinxi-
ang County  were  mainly  concentrated  in  Xiaoji,  Qiliy-
ing, Guguzhai  towns,  and  other  areas  with  more  de-
veloped private industries. Based on the change charac-
teristics of the hot spots of urban-rural construction land
expansion in Changyuan City and Xinxiang County and
the status of regional  industrial  development,  we found
that  the  hot  spots  and  industrial  development  areas  in
each period showed a high degree of  spatial  superposi-
tion. 

3.1.3　Evolution  of  spatial  proximity  of  urban-rural
construction land
With the advancement of industrialization and the accel-
eration  of  urbanization,  the  spatial  proximity  between
villages and small  towns in  the region became smaller,
reflecting the strengthening of the spatial relationship of
urban-rural economy.

As  shown  by  the  color  changes  in Fig.  4,  we  found
that there were significant regional differences in Chang-
yuan City, including neighboring counties such as Wei-
zhuang Town  and  Dingluan  Town,  which  are  promin-
ent industrialization areas. Its spatial proximity changed
significantly.  In  towns  where  agricultural  production
was dominant and in towns distributed near the Yellow

 

Z(Gi*) index
Cold spots (99% confidence) Hold spots ( 99% confidence) Not significant
Cold spots (95% confidence) 

Hold spots ( 90% confidence)Cold spots (90% confidence) 

Hold spots ( 95% confidence)

a. Changyuan City

b. Xinxiang County

1975−1995 1995−2004 2004−2019 1975−2019

1975−1995 1995−2004 2004−2019 1975−2019

Region boundary
0 10  km

Farmland

N

Ye
llo

w 
Ri

ve
r

Ye
llo

w 
Ri

ve
r

Ye
llo

w 
Ri

ve
r

Ye
llo

w 
Ri

ve
r

Fig.  3    Changes  in  the  distribution  of  hot  spots  and  cold  spots  in  urban-rural  construction  land  in  Changyuan  City  and  Xinxiang
County, China in 1975–2019
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River dykes and near the boundary of Changyuan City,
their  proximity  changed  less.  The  spatial  proximity  of
urban-rural  construction  land  in  Xinxiang  County  also
tended to be adjacent, and the proximity changed prom-
inently was in the central  and marginal  areas.  The spe-
cific changes were as follows: 1) in 1975, the spatial pro-
ximity between urban-rural construction land in Chang-
yuan City was the largest,  and the average distance be-
tween  villages  and  small  towns  was 3086.54 m.  Curr-
ently,  the  spatial  distance  of  urban-rural  construction
land in Xinxiang County was the largest and the differ-
ence  between  regions  was  small.  The  average  distance
between  rural  and  small  towns  was  2945.00  m.  2)  In
1995,  the  spatial  proximity  of  urban-rural  construction
land in Changyuan City decreased. The spatial proxim-
ity  around  the  county  town  and  some  industrialized
township areas  changed  significantly.  The  average  dis-
tance  between  villages  and  small  towns  was  shortened
to 2712.91 m. The spatial proximity of urban-rural con-
struction land in Xinxiang County significantly reduced.
The average distance between villages and small towns
reduced to 2612.10 m. 3) In 2004, the spatial proximity
of urban-rural construction land was also shrinking, but
at  a  reduced  speed,  among  which  the  average  distance

between villages  and  small  towns  was  2698.11  m.  The
spatial  proximity  between  villages  and  small  towns  in
Xinxiang  County  was  further  reduced  to  2305.14  m.
4) In  2019,  the  spatial  proximity  of  urban-rural  con-
struction land  in  Changyuan  City  was  significantly  re-
duced, among  which  the  average  distance  between  vil-
lages and small towns was reduced to 2137 m, while the
average  distance  between  villages  and  small  towns  in
Xinxiang  County  was  reduced  to  2041  m.  In  terms  of
the average  proximity  reduction  rate,  the  annual  aver-
age speed of the spatial proximity distance between urb-
an-rural construction land in Changyuan City presented
a  ‘U’-shaped  change  characteristic  and  was  still  in  the
stage of accelerated increase, especially during the peri-
od from 2004 to 2019. From 1975 to 2019, the decreas-
ing speed of the average spatial proximity showed an in-
verted ‘U’-shape. 

3.2　 Driving mechanisms  of  urban-rural  construc-
tion land change in case areas 

3.2.1　Confirmatory analysis of influencing factors of
urban-rural construction land
Urban  and  rural  areas  are  important  expressions  of  the
relationship between land and people.  Based on the in-
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Fig. 4    Evolution of spatial proximity of urban-rural construction land in Changyuan City (a) and Xinxiang County (b), China in 1975,
1995, 2004 and 2019
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teraction and  changes  of  various  elements  in  the  com-
position of this relationship, it is helpful for us to under-
stand the driving mechanisms of land use change in urb-
an-rural areas. In the early time, the change of land use
was mainly  influenced  by  the  natural  geographical  en-
vironment, such as topographical factors, water sources,
and soil.  These factors  affected farming and the spatial
layout and development of villages and towns. With the
development  of  the  economy  and  the  improvement  of
human’s ability to transform nature, the role of human-
istic and economic elements is prominent and even do-
minates. For  example,  an  increase  in  population  ex-
pands the spatial scale of villages and towns, and differ-
ences in economic development mode and regional cul-
ture  make  the  landscape  structure  of  construction  land
different.  The  development  of  modern  society  and  the
economy, the  advancement  of  industrialization,  the  ex-
pansion of urbanization, government planning, and oth-
er increasingly diversified factors affect  the urban-rural
land use status, and they also bring new thinking to the
changes in the regional relationship between people and
the land.

The location of  towns and villages  reflects  the  inter-
action and mechanism between human activities and the
geographical  environment  (Li  and  Li,  2008).  Location
theory explains the interaction between humans and the
surrounding environment  to  form reasonable spatial  re-
lationships and spatial activities (Chai and Shen, 2008).
The  same  applies  to  the  interpretation  of  the  location,
spatial layout, and distribution of villages and towns. Jo-
hann  Heinrich  von  Thünen’s agricultural  location  the-
ory explains  the  relationship  between  reasonable  agri-
cultural production and urban distance, and pursues the
maximum benefit  of  agricultural  land use (Li  and Gao,
2008). Urban development  is  mostly  based on the  sup-
ply of rural agricultural production activities, so the de-
velopment of cities and towns has an impact on the dis-
tance between villages and their spatial distance and dis-
tribution.  Weber’s  industrial  location  theory  considers
industrial  production  activities  and  explains  the  large-
scale  migration  of  population  between  regions  and  the
agglomeration mechanism  of  urban  population  and  in-
dustries by analyzing the location distribution law of in-
dustrial  production activities  (Weber,  1929).  Therefore,
in the  process  of  industrialization,  industrial  develop-
ment  and  foreign  investment  have  a  greater  impact  on
the regional population size and spatial distribution. By

combining  field  research  with  location  theory  and  the
theory of the relationship between people and the land,
five dimensions were selected: the natural geographical
environment, social humanities (population, traffic, res-
idence) and  economy  environment,  industrial  develop-
ment,  the  policy  environment,  and  urban  development.
These were used as the basis for the construction of the
model of  influencing  factors  of  land  use  change  in  in-
dustrialized  regions.  By  combining  field  research  with
location theory and the theory of the relationship betw-
een people and the land, five dimensions were selected:
the natural geographical environment, social humanities
(population, traffic,  and residence)  and economy envir-
onment, industrial development, the policy environment,
and  urban  development.  These  were  used  as  the  basis
for the construction of the model of influencing factors
of land use change in industrialized regions.

A  survey  questionnaire  on  the  influencing  factors  of
urban-rural land use change was designed using a Likert
five-point  scale,  with  values  ranging  from  one  to  five
representing the degree of influence on urban-rural land
use change. The descriptive statistical analysis of the in-
fluencing factors is shown in Table 1.

The  data  regarding  the  influencing  factor  indicators
were considered reliable when Cronbach’s α was higher
than  0.60.  Cronbach’s α was  0.70  for  Changyuan  City
and  0.63  for  Xinxiang  County.  At  the  same  time,  we
tested Cronbach’s α values of the physical geographical
environment, social  humanities  and  economy  environ-
ment,  industrial  development,  the  policy  environment,
urban  development,  and  urban-rural  land  use  change.
The results were all higher than 0.60, indicating that the
data in the two cases were reliable.

The KMO value of Changyuan City was 0.70, and the
KMO  value  of  Xinxiang  County  was  0.79,  both  at  a
statistically significant level (P < 0.01). The data of the
two study areas passed the Bartlett sphericity test, which
met the requirements of factor analysis. Using principal
component  analysis  to  perform  the  maximum  variance
method rotation, we explored each observation variable
among the six latent variables (the natural geographical
environment, social  humanities  and  economy  environ-
ment,  industrial  development,  the  policy  mechanism,
urban  development,  and  urban-rural  land  use  change)
composed  of  24  observation  variable  indicators.  The
factor loadings were all higher than 0.50, and the accu-
mulative  variance  contribution  rate  of  the  six  principal
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component was 68.65%, indicating that the data used in
the study achieved good validity.

The  chi-square  value  of  the  model  was  reduced  by
adding the path between the two residuals with a higher
M.I. (Modification Index) between the model residuals,
and the fitting index of the modified structural equation
model was obtained (Table 2).

After verifying and modifying the structural equation
model, we obtained the optimal latent  variable test  res-
ults of the structural equation model of Changyuan City
and Xinxiang County (Table 3). Table 3 shows that the
physical  geographical  environment  of  Changyuan  City
and Xinxiang County had no significant impact on urb-
an  land  use  change,  while  other  factors  had  significant

 
Table 1    Descriptive statistical analysis of variables affecting urban-rural land use change
 

Latent variable Variables symbol Observed variable Symbol
Changyuan City Xinxiang County

Mean
value SD Mean

value SD

Natural geographical
environment

Exogenous latent
variables (ξ1)

River N1 1.78 0.42 1.91 0.37

Agricultural land and soil N2 1.81 0.42 2.10 0.45

Topography N3 1.88 0.32 2.03 0.40

Social humanities and
economy environment

Exogenous latent
variables (ξ2)

Population size S1 4.49 0.50 4.40 0.49

Production mode S2 4.24 0.43 4.20 0.44

Willingness of residents to improve the
residential environment

S3 4.47 0.50 4.18 0.39

Traffic S4 4.01 0.12 3.90 0.57
Economic development S5 4.40 0.49 4.40 0.49

Industrial development Exogenous latent
variables (ξ3)

Employment needs of industrial
enterprises near villages and towns

I1 4.27 0.44 4.69 0.46

Rural industry drives infrastructure I2 4.27 0.45 4.76 0.43

Industrial enterprises near villages and
towns

I3 4.08 0.28 3.89 0.50

Other industries in the region I4 4.23 0.42 4.54 0.53

Impact of industrial development on the
living environment

I5 4.09 0.28 4.09 0.64

Policy environment Exogenous latent
variables (ξ4)

Development policies affect rural
infrastructure construction

P1 3.53 0.50 3.95 0.42

Land transfer affects regional land use P2 3.49 0.50 3.57 0.50
The construction of new rural
communities and renovation of rural
residential areas affect the scale and
spatial change of villages and towns

P3 3.41 0.49 4.08 0.41

Urban development Exogenous latent
variables (ξ5)

Zhengzhou, Xinxiang and other
metropolitan areas radiate the regional
urban-rural space construction

C1 2.58 0.51 3.41 0.49

Spatial expansion of small towns affects
Regional development

C2 2.62 0.50 3.92 0.59

Urban development attracts regional
population mobility

C3 2.80 0.43 3.33 0.47

Urban-rural land use
change

Endogenous latent
variable (η1)

The scale of urban-rural land use R1 4.79 0.42 4.64 0.49
The trend of urban-rural spatial
distribution

R2 4.14 0.35 4.22 0.42

Urban-rural ecology and living
environment

R3 4.76 0.43 4.54 0.50

Urban-rural residential space R4 4.82 0.39 4.68 0.48
Urban-rural internal spatial structure R5 4.22 0.41 4.45 0.50
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and different effects. There was a significant interaction
between  the  factors.  The  path  coefficient  of  industrial
development was  0.32  and  0.42,  respectively.  This  in-
dicated that industrial development had a better explan-
atory  power  regarding  urban-rural  land  use  changes  in
Changyuan City and Xinxiang County. The path coeffi-
cient  of  social  humanities  and  economy  environment
was 0.21 and 0.37, respectively, which was the second-
largest explanatory factor of land use change in Changy-
uan and Xinxiang. The path coefficient of urban devel-
opment was 0.10 and 0.29, respectively,  indicating that
urbanization  played  an  important  role  in  urban-rural
land use change in Changyuan City and Xinxiang Coun-
ty,  although  there  were  some  regional  differences.  The
path  coefficient  of  the  policy  environment  was  0.10
and 0.13, respectively. This indicated that the process of
urban-rural land use change in Changyuan City and Xin-
xiang  County  was  affected  by  the  relevant  policies  of
local governments.  The  physical  geographical  environ-
ment failed to pass the significance test, with path coef-
ficients of 0.07 and 0.00 in Changyuan City and Xinxi-

ang County,  respectively,  indicating  that  the  explanat-
ory power regarding the impact of urban-rural land use
change was small. The interaction between government
mechanism and  industrial  development,  industrial  de-
velopment  and  social  humanistic  economy,  industrial
development and urban development in Changyuan City
and  Xinxiang  County  passed  the t-test  (P <  0.05,  C.R.
(Critical Ratio) > 1.96), indicating that the policy envir-
onment had  a  positive  role  in  promoting  industrial  de-
velopment  in  Changyuan  City  and  Xinxiang  County,
and the industrial development had a significant impact
on  social  humanities  and  economy  environment  and
urban development. 

3.2.2　Driving mechanisms  of  urban-rural  construc-
tion land change
The  spatial  evolution  of  urban-rural  construction  land
was driven by various factors. It is believed that the core
driving force was rapid urbanization in leading areas of
rural industrialization, driven by the influencing factors
of  the  evolution  of  urban-rural  construction  land  in
Xinxiang County  and  Changyuan.  To  facilitate  an  un-

 
Table 2    Modified structural equation model fitting index
 

Areas Fit index
Absolute fit index Comparative fit index Parsimony fit index

x2/df RMR RMSEA GFI AGFI NFI RFI CFI PGFI PNFI PCFI
Changyuan City Standard value < 2.00 < 0.05 < 0.08 > 0.90 > 0.90 ≥  0.95 ≥  0.95 ≥  0.95 > 0.50 > 0.50 > 0.50

Model value 1.04 0.01 0.01 0.96 0.93 0.97 0.95 1.00 0.57 0.63 0.66

Xingxiang County Standardvalue < 2.00 < 0.05 < 0.08 > 0.90 > 0.90 ≥  0.95 ≥  0.95 ≥  0.95 > 0.50 > 0.50 > 0.50

Model value 0.66 0.01 0.00 0.97 0.95 0.96 0.95 1.00 0.72 0.77 0.81

Notes: MR (Root Mean Square Residual), RMSEA (Root Mean Square Error of Approximation), GFI (Goodness of Fit Index), AGFI (Adjusted Goodness of Fit
Index), NFI (Normal Fit Index), RFI (Root Fit Index), CFI (Comparative Fit Index), PGFI (Parsimonious goodness of fit index), PNFI (Parsimonious normalized fit
index), PCFI (Parsimonious Comparative Fit Index)

 
Table 3    Latent variable test results for the structural equation model
 

Path
Variable
relation

Normalized path coefficient C.R. value

Changyuan
City

Xinxiang
County

Changyuan
City

Xinxiang
County

Natural geographical environment→urban-rural land use change ξ1→η1 0.07 0.00 0.12 0.03

Social humanities and economy environment→urban-rural land use change ξ2→η1 0.21*** 0.37*** 4.12 7.74

Industrial development→urban-rural land use change ξ3→η1 0.32*** 0.42*** 7.85 10.66

Government mechanisms→urban-rural land use change ξ4→η1 0.10** 0.13*** 2.25 3.83

Urban development→urban-rural land use change ξ5→η1 0.10** 0.29*** 2.01 5.48

Policy environment→industrial development ξ4→ξ3 0.10*** 0.13** 4.14 3.23

Industrial development→social humanities and economy environment ξ3→ξ2 0.26*** 0.33*** 5.86 6.93

Industrial development→Urban development ξ3→ξ5 0.13** 0.27*** 2.32 5.16

Notes: *, **, *** indicate significant at the 0.1, 0.05, and 0.01 levels, and C.R. (Critical Ratio) larger than 1.96 means passing the t test
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derstanding of  the  driving  mechanisms,  this  paper  di-
vided  the  driving  elements  into  four  aspects:  drivers,
driving objects,  driving  force  generation  and  transmis-
sion, and driving output. The main drivers of urban-rur-
al construction land use change in central China’s rural
industrial  development  areas  were  residents,  industrial
enterprises, and  governments.  Residents  were  the  lead-
ers in the transformation and expansion of construction
space. Industrial  enterprises  changed  the  scale  of  con-
struction land  by  constructing  factory  sites  and  attract-
ing labor. Governments guided urban-rural land use and
construction  land  through  relevant  policies  and  plans.
The  driving  object  was  urban-rural  construction  land.
The  generation  and  transmission  of  driving  forces  are
the  key  to  urban-rural  construction  land  use  changes.
The driving force was the kinetic energy of land use and
development in urban-rural areas. It was generated from
the  promoting  influence  of  various  leading  factors  on
urban-rural land use change. The driving force transmis-
sion was to transmit the driving force to the driving ob-
ject  through  the  intermediary  transmission  system.  The
driving forces  of  urban-rural  land  use  change  in  indus-
trialized areas  were  mainly  composed  of  industrial  de-
velopment,  urban  development,  social  humanities  and
economy  environment,  and  government  mechanisms.
Among them, urban development, social humanities and
economy  environment,  and  government  mechanisms
were external drivers.  Industrial development promoted
regional  economic  development  and  provided  the  core
driving force for urban-rural land use changes. The driv-
ing force transmission system was mainly manifested in
the flow  of  factors,  economic  spillovers,  spatial  radi-
ation,  policy  guidance,  and  population  flow  generated

by  various  leading  factors.  The  driving  output  referred
to the changes in various forms of urban-rural land use,
including  spatial  patterns,  land  scale,  spatial  structure,
etc.  The  driving  factors  of  urban-rural  land  use  change
together formed the  driving  system of  urban-rural  con-
struction land use change, and each subject played a dif-
ferent role in the driving system (Fig. 5). 

4　Discussion

After the reform and opening up in 1978, China’s indus-
trialization and urbanization evolved rapidly. Because of
this,  the  urban-rural  space  has  undergone  dramatic
changes. In particular, local and rural industries have ac-
celerated this transformation. We focused on urban-rur-
al  land  use  in  the  industrialized  rural  areas  of  central
China.  We  analyzed  the  spatiotemporal  evolution  of
urban-rural construction land in central  rural  industrial-
ized  areas  by  investigating  two  typical  areas.  With  the
rapid  evolution  of  industrialization  and  urbanization,
more land use changes have been caused by urban con-
struction and the development  of  enterprises.  By track-
ing  the  long-term  changes  of  urban-rural  construction
land in two study areas, we found that the industrializa-
tion stage was relatively low in 1975, and that the rela-
tionship  between  land  supply  and  construction  demand
was weak.  The  spatial  distribution  of  urban-rural  con-
struction  land  was  homogeneous.  After  the  reform and
opening up,  owing to  industrialization-driven urbaniza-
tion,  the  evolution  of  urban-rural  construction  land  in
rural  industrialized areas was significantly endogenous.
Among them, the land use change in rural  areas shows
obvious tendency due to industrial development, that is,
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Fig. 5    The driving mechanism of urban-rural construction land change
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the  changes  were  more  prominent  in  areas  with  better
industrial development show the characteristics of local
agglomeration and gradually expand to the surrounding
areas. The increase in hot spots was due to the rapid in-
crease in urban-rural construction land during the indus-
trial  development.  And the  decline  in  spatial  proximity
between  urban-rural  construction  land  spaces  around
central towns and towns with better  industrial  develop-
ment  was significantly smaller  than that  of  other  areas.
We  also  found  that  industrial  development  played  an
important role in urban-rural land use based on our ana-
lysis of  influencing  factors.  Due  to  differences  in  geo-
graphical  location,  there  was  still  a  certain  degree  of
heterogeneity in  the  evolution  of  urban-rural  construc-
tion land, mainly because of spatial interference in urb-
an built-up areas.

Previous  studies  mainly  focused  on  the  macro-scale
land use change, and discussed the relationship between
urbanization, population change and land use. And pre-
vious studies  had  found  that  the  occupation  of  cultiv-
ated land  in  rural  industrialized  areas  leads  to  the  in-
crease  of  land use  diversity  and fragmentation,  and the
spatial  distribution  of  construction  land  tended  to  be
centralized  (Tang  and  Yu,  2004; Guo  et  al.,  2020).  In
this study, we mainly explored the spatio-temporal evol-
ution of land use at the micro-scale, revealed the endo-
genous driving force of industrial development on rural
land  use  change  through  case  analysis,  and  found  land
use changes exhibit a characteristic of local agglomera-
tion which in areas with better rural industrial develop-
ment, and  the  heterogeneity  of  land  use  spatial  evolu-
tion caused  by  geographical  differences.  This  conclu-
sion is  consistent  with  relevant  research  in  rural  indus-
trialized  areas.  Therefore,  rural  industrialized  areas
should focus on the endogenous driving force of indus-
trial development,  integrate  regional  land  use  from  de-
centralization to concentration, and rely on industries to
expand central villages and towns.

Urban and rural areas were always an inseparable or-
ganic integration, and that the new high-quality urbaniz-
ation  process  was  a  process  of  urban-rural  integration
and rural revitalization (Fang, 2022). In the rapid devel-
opment process, the disorderly expansion of urban-rural
land  use  space  and  the  weak  coordination  of  central
towns  have  seriously  hindered  the  flow  of  urban-rural
factors  in  China.  It  becomes  the  main  obstacle  to  the
realization of  rural  revitalization  and  urban-rural  integ-

ration development.  The  paper  studied  the  spatial  het-
erogeneity changes of urban-rural land use in typical in-
dustrialized areas. It is helpful to accelerate the efficient
flow of urban-rural resources, promote the extension of
urban infrastructure and public service facilities to rural
areas, and  contribute  to  the  debate  on  the  spatial  rela-
tionship between industrial development and urban-rur-
al  construction in  the process  of  rural  revitalization.  At
the same time, we have revealed characteristics of influ-
encing  factors  in  areas  where  human-land  relationship
rapidly  changes  with  industrial  development  from  the
perspective of  land  use  change,  which  helps  to  under-
stand the  changes  in  human-land  relationship  in  indus-
trialized  rural  areas  of  central  China.  However,  this
study  only  explored  areas  where  rural  industrialization
developed  well,  that  is,  in  the  central  plains  of  China.
The  key  to  rural  revitalization  lies  in  the  prosperity  of
industries, and the development of rural industries often
accompanies  changes  in  land  use  space.  Therefore,  in
future research, it  is necessary to closely link industrial
development  with  changes  in  land  factors  to  examine
the integration of urban-rural spatial development. For a
more  comprehensive  analysis  of  the  characteristics  of
the  relationship  between  people  and  the  land,  and  of
construction land  changes  in  industrialized  areas,  sys-
tematic  research  on  different  types  of  areas  is  needed.
When  formulating  regional  development  strategies,  we
should combine regional endowment advantages and the
actual situation of urban-rural land use. We should also
optimize and regulate land use policies and markets in a
timely manner and promote the optimal use of regional
land and the integration of urban-rural development. 

5　Conclusions

In  this  paper,  we  took  Changyuan  City  and  Xinxiang
County  in  Henan  Province,  China  as  typical  cases  of
prominent  rural  industrial  development.  Focusing  on
land use changes and influencing factors in rural indus-
trialized areas under the rapid industrialization process.
The main conclusions are as follows:

(1) The  spatial  distribution  of  urban-rural  construc-
tion land in  rural  industrialized areas  has  evolved from
homogeneous distribution to local agglomeration. Among
them,  cases  of  Changyuan  City  and  Xinxiang  County
showed  similar  characteristics  in  1975  and  2004.  That
is, they experienced a process from homogeneity to loc-
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al  agglomeration  in  evolution  of  spatial  distribution  of
urban-rural construction land. In 2019, the spatial distri-
bution  of  urban-rural  construction  land  in  Changyuan
City  tended  to  spread,  while  Xinxiang  County  showed
the  characteristics  of  agglomeration  at  the  junction  of
central towns and in Xinxiang’s urban areas. Due to the
different  geographical  locations,  the  average  nearest
neighbor distance  index of  Changyuan City  and Xinxi-
ang  County  showed  some  differences.  The  average
nearest neighbor distance index of Changyuan City was
close  to  1,  and  Xinxiang  County  was  in  all  cases  less
than 1,  revealing  heterogeneity  in  the  spatial  distribu-
tion of urban-rural construction land in these two cases.

(2)  The  evolution  of  urban-rural  construction  land
scale  in  rural  industrialized  areas  is  characterized  by  a
tendency  towards  industrial  agglomeration  areas  and
urbanization  built-up  areas.  Among  them,  Xinxiang
County  was  concentrated  in  the  central  and  marginal
areas,  and  Changyuan  was  mainly  concentrated  in  the
central urban areas.

(3) From the evolution of spatial proximity of urban-
rural construction land, rural industrialized areas gener-
ally decline,  showing the characteristics of  internal  dif-
ferentiation in the rate of change.  Regarding the evolu-
tion of the spatial proximity of urban-rural construction
land,  the  proximity  of  Changyuan  City  and  Xinxiang
County from 1975 to 2019 decreased gradually, and the
variation  degree  of  proximity  distance  differed  inside
the two study areas. That is, Changyuan City showed a
trend of overall proximity, and Xinxiang County show-
ed a significant reduction in the border area between the
central  town and  the  edge  of  the  main  urban  area.  The
two  study  areas  showed  heterogeneity  in  the  adjacent
shrinking speed.  The  annual  average  speed  of  Changy-
uan City showed a ‘U’-shaped change feature, while the
annual  average  speed  of  change  in  Xinxiang  County
showed an inverted ‘U’-shaped change feature.

(4)  Combining  case  studies  and  structural  equation
model analysis,  the urban-rural  land use in  rural  indus-
trialized areas was mainly affected by four dimensions,
industrial development,  social  economy,  the  policy  en-
vironment, and  urban  development,  and  there  were  in-
teractions among these factors. Based on the path coeffi-
cient,  we  found  that  industrial  development  had  the
greatest impact on urban-rural land use in the two study
areas, followed by social economy, urban development,
and government  mechanisms.  Each  factor  mainly  pro-

moted  the  evolution  of  urban-rural  construction  space
through factor  flows,  economic  spillovers,  spatial  radi-
ation, and policy orientation. 
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