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Land use transition results from economic and social transformations. Land use in
the mountainous Chengdu-Chongging region is disturbed by multiple natural
factors and economic activities, contributing to the difficulty in space governance
in this area. Clarifying the transformation process and mechanism of land use
transition and proposing solutions for special regions can help achieve the goal of
urban-rural integration development at the national level. This study applied the
land use transfer matrix (LUTM), exploratory spatial data analysis (ESDA), and spatial
centers of gravity (SCG) and spatial econometric models to explore the
characteristics and mechanisms of land use transition in mountainous the
Chengdu-Chongging region. Our findings indicated that: 1) the characteristics
of structural transition of land use in this region showed similarity in two phases. In
both phases, the size of cultivated land decreased, while that of construction land
increased. The increase in construction land area occurred primarily due to the
transfer of cultivated land to construction land. The areas of woodland and unused
land fluctuated, while the areas of grassland and water body decreased slightly. 2)
The characteristics of spatial transition of land use in the Chengdu-Chongging
region showed significant spatial aggregation in different phases. In this period, the
gravity center of land use types in the region changed frequently with time. The
gravity center of cultivated land moved northwest, while those of woodland
moved northeast first and then southwest, that of grassland moved northeast
constantly, that of water bodies moved southeast first and then northwest and that
of unutilized land moved northwest. 3) The land use transition in the Chengdu-
Chongging region was driven by many natural and socio-economic factors. The
growth of construction land in this region was significantly impacted by the
available resources, economic growth, urbanization rate, population migration,
and policies. With the expansion of regional economic differences, economic
growth and the evolution of industrial structures played crucial roles in the
transition of construction land. The transfers from cultivated land to woodland

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.963197/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.963197&domain=pdf&date_stamp=2022-09-23
mailto:wangzhl@ctbu.edu.cn
mailto:zhangluyang624@126.com
https://doi.org/10.3389/fenvs.2022.963197
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.963197

Wang et al.

10.3389/fenvs.2022.963197

and grassland were primarily affected by the policies regarding land use and
ecological protection. 4) The mechanism of land use transition in the Chengdu-
Chongging region showed significant coupling. The land use transition in the
Chengdu-Chongqging region was a transitional process from conflict to
coordination guided by national and regional policies. The conflict in this
process was mainly the change in land supply and demand caused by regional
economic activities. The quantity of land supply in this region depended heavily on
the land use policies for living, production, and ecology. The land use transition in
this region was a dynamic coupling system resulting from the interdependence

and restriction of natural conditions, social economies, and policy systems.

KEYWORDS

explicit land transition, characteristics and mechanisms of land use transition,
mountainous economic zone, Chengdu-Chongging region, southwestern China

1 Introduction

Globally, the rapid advancements of industrialization and
urbanization in developing countries have profoundly
impacted land use activities (Kresse and van der Krabben,
20225 Delbecque et al,, 2022). Land use/cover change (LUCC)
is the most direct manifestation of the impacts of human
activities on land surface systems. Since the 1990s, driven by
the International Geosphere-Biosphere Program (IGBP),
LUCC has become one of the core issues in geography
(Seitzinger et al., 2015). Since the 21st century, the major
developing countries across the world have been undergoing
socio-economic transformations, contributing to impacts on
regional land use (Liu et al., 2021). This land use transition
has become a hot issue and frontier of LUCC research in
recent years (Long and Qu, 2018). The term land use
transition was first used by Grainger in his exploration of
land use in forest-oriented countries. The term was defined as
the spatio-temporal changes in land wuse patterns
corresponding to regional socio-economic transformations
(Grainger, 1986; Grainger, 1995; Grainger et al., 2003). Since
the proposal of land use transition coincides with the socio-
economic transformation of global emerging market
countries, the international community has performed
studies on land use transitions.

Studies on land use transitions generally involve the
connotation and basic theory (Grainger, 1986; Grainger,
1995; Long et al, 2007), the driving mechanisms (Mather
et al.,, 1999; Tian et al., 2020; Czekajlo et al., 2021), and the
impacts of land use transitions on regional environments and
ecosystems (Nuissl et al., 2009; Ojoyi et al., 2017; Qu and Long,
2018). In the early 21st century, the concept of land use
transition was introduced in China (Long et al, 2007).
Chinese scholars have achieved great progress in this field
of research and assessment in the context of China’s rapid
development. Studies on land use transitions in China have
mainly focused on the evolution of spatial-temporal

characteristics, drivers, the eco-environmental effects of land
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use transitions, and the relationships between land use
transitions and rural transformations (Tian et al., 2020; Xu
and Zhang, 2021; Xing et al., 2022; Feng et al., 2022).

Despite significant progress in the study of land use
transitions, there remain significant shortcomings: 1) Existing
studies generally overlook the original definition of land use
transition proposed by Grainger (1986); that is, regional land use
transition is the process and product of socio-economic
transformation. Few studies have focused on the impacts of
regional socio-economic transformations on land use
transitions, leading to unconvincing research results. 2) In
terms of driving mechanisms, most studies focused on the
impacts of urbanization, industrialization, and population
migration on land use transitions (Zhou et al, 2020; Tian
et al., 2020; Xu and Zhang, 2021) and not on the impacts of
policy factors on socio-economic transformation on land use
transition. 3) In terms of study areas, few studies have focused
on land use transitions in mountainous areas. In practice, due to
the impact of topography, land use in mountainous areas is
more constrained (Wang et al., 2020b; Xu et al., 2022) and the
process of land transition is more complicated compared to that
in plain areas. Consequently, studies are urgently needed on the
process and mechanism of land use transitions in mountainous
areas.

Over the past four decades of reform and opening-up, China
has made remarkable progress in industrialization and
urbanization and has also undergone profound economic and
social transformations. In this process of these transformations, a
series of problems have emerged in China’s land use, such as the
constant reduction of cultivated land due to urbanization, the
idleness of rural construction land and the abandonment of
farmland due to the transfer of rural populations, and the
degradation of land ecosystems due to rapid industrialization
(Liu et al., 20105 Liu et al., 2013; Liu et al., 2021; Guo and Liu,
2021). caused by
transformation appear to be more acute in the mountainous
areas of southwest China (Li et al., 2019; Wang et al., 2020a; Tan
et al, 2021; Xu and Zhang, 2021). The Chengdu-Chongging

Issues of land wuse socio-economic
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region is a major regional economic growth pole located in the
mountainous areas of southwest China. The region has also
experienced rapid urbanization in the past four decades. The
process of urbanization occupied much high-quality farmland,
which created an issue with farmland marginalization in this
region (Wang et al., 2020a; Wang et al., 2020b). With the rapid
advancement of urbanization, many farmers have moved to
cities, resulting in idle farmhouses and abandoned farmland
(Wu et al,, 2022). Furthermore, the intensification of human
activities, fragile ecologies, and rapid urbanization have
aggravated ecological degradation in special areas (Zhang Q
et al, 2020; Xiang et al, 2021). The main reason for these
problems is that the land use in mountainous areas is more
restrictive than that in plain areas and the transition process is
longer. Furthermore, due to the impacts of landform, the land use
form and the process and mode of urbanization and
industrialization in mountainous areas are also quite different
from those in plain areas. Mountainous areas are also ecologically
fragile and are prohibited from development, which aggravates
ecological degradation due to rapid urbanization in these areas.

To curb these problems, the Chinese government has enacted
a series of new policies and measures to promote economic
development and the sustainable use of land resources in
mountainous areas, including the establishment of pilot zones
for coordinated and integrated urban-rural reform, policies to
balance the occupation and replenishment of cultivated land,
policies to link the increase and decrease of urban and rural
construction land, and policies for ecological restoration. These
measures and policies have effectively alleviated the problems in
the Chengdu-Chongqing region and profoundly impacted the
socio-economic  development in  mountainous areas.
Nevertheless, the impacts of socio-economic transformation
on land use transitions in mountainous areas and the general
mechanism of land use transitions in these areas remain
unknown. Furthermore, the role of policy factors in this
process and how they interact with socio-economic factors to
drive the process of land use transitions in mountainous areas
remain unclear. Consequently, exploring the characteristics of
the land use transition in mountainous economic zones and
clarifying  the of
transformation on land use transition in special areas are of

impact  mechanisms socio-economic
great significance and an urgent demand has emerged for
sustainable land use in mountainous areas in southwestern China.

In this context, we used the LUTM to explore the structural
characteristics of land use transitions in different stages of
development, applied ESDA and SCG to examine the spatial
characteristics of land use transitions, and employed spatial
econometric models to explore the influencing factors and
mechanisms of land use transition in the mountainous
Chengdu-Chongqing region of China. The contributions of
this work include 1) summarization of the process of land use
transitions in mountainous area based on measurements of the

main characteristics of land use transitions in the Chengdu-
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Chongqing area and 2) the determination of the mechanism of
land use transitions in mountainous areas by investigating the
land use transitions in different phases of socio-economic
transformation in the Chengdu-Chongging area.

This study can be divided into five sections. Section 2
introduces the research area, research data sources, and
research methods, including the establishment of the indicator
framework. Section 3 uses Chengdu-Chongging region as an
example to quantitatively explore the structural and spatial
characteristics of land use transitions and the processes of
these transitions in mountainous areas. Section 4 applies a
spatial econometric model to further examine the influencing
factors and mechanism of land use transition in mountainous
areas. Section 5 is the conclusion of the study.

2 Study area, data, and methodology
2.1 Study area

The the
mountainous area of southwest China, is an important

Chengdu-Chongqing  region, located in
economic center and growth pole in the upper reaches of the
Yangtze River, known as the fourth growth pole of China. This
area borders Shaanxi and Gansu provinces in the north, Yunnan
and Guizhou provinces in the south, Hunan and Hubei provinces
in the east, and Tibet province in the west (Figure 1). It covers
29 districts of Chongqing and 15 cities of Sichuan, with a total
area of 206,000 km®. It is a major urban agglomeration, including
population and industry, in China. The Chengdu-Chongging
region is dominated by low mountains and hills.

In January 2020, China put forward the strategy for the
Chengdu-Chongqing Twin Cities Economic Zone, which has
brought new opportunities and challenges for the development of
the Chengdu-Chongging region and will profoundly impact the
land use in this region. To better examine the process of land use
transition in the Chengdu-Chongqing region, we first discuss the
regional socio-economic transformation. This paper divided the
socio-economic transformation of the Chengdu-Chongqing
region into two phases according to the evolution of the main
indicators of regional economic development.

2.1.1 Initial phase of economic transformation
(2000-2010)

Regional socio-economic development is closely associated with
the support of national policies for regional development (Li et al,,
2022). Since Chonggqing became a municipality directly under
China’s central government, it has grown into an important core
to drive the internal economic development of urban agglomeration
in the Chengdu-Chongqing region. The implementation of China’s
western development strategy has further enhanced the leading
position of Chengdu-Chongqging in western China. During
2000-2010, the economy of the Chengdu-Chongqing region
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FIGURE 2

Main economic indicators in the Chengdu-Chongging region, 2000-2018. (A-D) are respective the comparisons between the GDP growth
rate, proportion of secondary industry, proportion of tertiary industry, proportion of employment in tertiary industry of Chengdu-Chongging region

developed rapidly, with a GDP growth rate higher than China’s
average, although with fluctuations (Figure 2A). While the
proportion of secondary industries in the Chengdu-Chongging
region grew steadily, it was lower than China’s average in the
same period. The output value and employment of tertiary
industries were growing and comparable to China’s average. The
secondary industries remained an important engine to drive the
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economic development of the Chengdu-Chongqing region during
this period. The urbanization rate of the Chengdu-Chongging
region rose from 29.8% in 2000 to 39.34% in 2010, which was
below the national average (Figure 3). From the perspective of the
industrial structure and GDP growth rate, while the economy
developed rapidly in this stage, the quality of economic
development was lacking.
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2.1.2 Accelerated phase of economic
transformation (2010-2018)

In 2007, Chengdu and Chongqing were designated as a
national pilot zone for coordinated and integrated urban-rural
reform. Since then, the flows of urban-rural factors and the pace
of economic transformation in the Chengdu-Chongqing region
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have been greatly accelerated. During 2010-2018, the GDP
growth of the
accelerated rapidly. In this period, tertiary industries displaced

rate Chengdu-Chongqing region also
secondary industries as the leading role and the proportion of
employment in the tertiary industry decreased. The natural

growth rate of the population in the region was in decline and
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the population development moved to a lower static stage
(Figure 2B). Nevertheless, urbanization accelerated in this
region (Figure 3), with increasing rural populations migrating
to cities. The development of regional economies drove the
urbanization process. Overall, although the GDP growth rate
in the Chengdu-Chongging region slowed in this phase, the
industrial structure was constantly optimized and the quality of
economic development was constantly improved.

2.2 Framework and variables

the of
industrialization, the land use patterns changed significantly in

In context accelerated  urbanization and
the Chengdu-Chongqing region due to the socio-economic
transformation. The land use transition in this region is
impacted by many factors, which disproportionately reshaped
the spatial structure of land use (Figure 4). The changes in land
use structure reflected the socio-economic transformation of this
region. Specifically, regional land use transition is the process of
changing land use due to the transformation and innovation of
regional economies and societies in a given period. The land use
transition is generally believed to be driven by natural
environmental conditions, economic conditions, and human
activities (Burra et al.,, 2021; Swette and Lambin, 2021). The
drivers of land use transition also vary according to development
stages due to the different productivity levels. In this context, we
selected the major types of land use transitions (cultivated
land,

woodland—cultivated land, and waters—cultivated land) as the

land-construction cultivated land-woodland,
dependent variables to examine the key factors influencing land

use transitions in the Chengdu-Chonggqing region.

1) Socio-economic factors. Socio-economic development is the
basis for the transformation of regional economies (Esposito
et al., 2021; Mahmoud and Vogt, 2021). The Chengdu-
Chongqing region is a traditional industrial base in
southwest China.

The Chengdu-Chongging region is the engine of economic
development in western China; with two national central cities, it
is also a core growth pole of regional economic development. The
economic development of core cities in the Chengdu-Chongqing
can better reflect industrial and

region development

infrastructure layout, and profoundly impact land use
transition in the region according to planning. In terms of
quantity, the socio-economic transformation can drive the
adjustment of the industrial structures in the Chengdu-
The of

development depends heavily on the degree of different

Chongqing  region. level regional economic
industries’ development. Consequently, the growth of the
regional GDP, the improvement of local fiscal revenue (LFR),

and the decline of traditional gross agricultural output value
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(GAOV) are all important indicators of the socio-economic
transformation in the Chengdu-Chongqing region. In terms of
quality, farmers are the lowest-income group in China; thus, an
increase in farmers’ income can reflect the results of socio-
economic transformation in the Chengdu-Chongqing region.
Therefore, the rural per capita disposable income (RPCDI) of
farmers is an important indicator to measure regional socio-
economic transformations.

2) Population size and migration. During economic and social
development, populations play dual roles of producers and
consumers of social material wealth (Stech et al., 2012).
Population development and migration affect the level of
regional economic development and change the pattern of
regional land use. Population is also an important factor
impacting the transitions of regional land use (Zhu et al,
2020). The rapid development of urbanization and the
constant migration of urban-rural populations in the
Chengdu-Chongqing region have greatly affected land use
in this region. Land use in cause frequent variation in the
Chengdu-Chonggqing region is not only affected by planning
and management at the regional economic level but is also
impacted by population migration, in particular, by economic
development. In the context of rapid urbanization, rural
populations migrated to the core cities, which also caused
a large number of ‘hollow villages’ in rural areas of the
Chengdu-Chongqing region. The expansion of cities and
the spread of industries to the countryside have led to the
occupation of a large amount of farmland. Consequently, the
change in population size was positively correlated with land
use transition (Petrescu-Mag et al, 2022). The larger the
population, the greater the intensity of land use. The changes
in regional population cause frequent variations in the spatial
structures of regional land use and also reshape the spatial and
temporal patterns of land use. Therefore, due to the difficulty
in quantifying population diffusion, this study used
population size (PS) and urbanization rate (UR) to reflect
population size and migration.

w
~

Ecological and environmental policies. Land can be generally
defined as a natural synthesis of geological, geomorphic,
climatic, hydrological, vegetation, and other natural
elements in a certain section of Earth’s surface (Herrick
2019). Due to the constraints of the natural
in the

constantly and the scarcity of land is highlighted under the

et al,
condition region, land use pattern changes
influence of natural conditions (Chen et al., 2021). To ensure
the sustainability of land use and the ecological environment,
governments tend to enact a variety of policies and measures
to guide land use activities, alleviating the contradiction
between land scarcity and urban sprawl (Zhang Y N et al,
2020). These include policies for farmland protection, spatial
environmental

restoration, and

the

planning, ecological

protection. To some extent, regional land use
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transitions caused by these policies are even more influential
than those caused by natural, demographic, and economic
factors. Therefore, this study considered some variables
impacted by eco-environmental policy, including the forest
coverage rate (FCR), PM2.5 concentration, and fertilizer non-
point source pollution (FNSP).

2.3 Data sources

Existing data on land use in the study area during the three
periods (2000, 2010, and 2018) with an accuracy of >94% were
obtained in vector format (30 m x 30 m) from the Resources and
Environmental Data Center of the Chinese Academy of Sciences
(available at http://www.resdc.cn.). DEM data at 30-m cell sizes
were obtained from http://www.gscloud.cn/. Land use types are
normally classified into cultivated land, garden, woodland,
grassland, water area, rural settlement, urban land, and
unused land according to the standards of China’s land use
classification. ArcGIS was used to estimate the area of each land
type in different years and the area transferred between different
land types. A spatial analysis tool was used to examine the spatial
characteristics of regional land use transitions.

The socio-economic data used in this study were primarily
obtained from the China Statistical Yearbook (2001-2019),
China Demographic Yearbook (2001-2019), China County/
City Social and Economic Statistical Yearbook (2001-2019),
Sichuan Statistical Yearbook (2001-2019), and Chonggqing
Statistical Yearbook (2001-2019).

2.4 Methods

Research on land use transition usually involves quantitative
structural and spatial transitions (Long et al., 2014; Long and Qu,
2018). This study first explored the structural characteristics of
land use transition by LUTM and then assessed the spatial
characteristics, spatial agglomeration characteristics, and
transfer rules of land use by ESDA and SCG and summarized
the spatial characteristics of land use transition in the study area.
Finally, the spatial lag model (SLM) and spatial error model
(SEM) were used to analyze the factors influencing the land use

transition in the study area.

2.4.1 Land use transfer matrix (LUTM)

LUTM reflects the dynamic changes of transferred areas
among different land types in a certain area and a specific
period (Table 1). In the matrix,P;; represents the percentage of
total land area converted from land type i to land type j during
the periodT| — T5. P;; is the percentage of unchanged area of
land use type i during the period T — T,. P;, represents the
percentage of the total area of land type i at time-point T';. P,
is the percentage of the total area of land type j at time-point
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T,. Py — P;j represents the percentage of the reduced area of
land type i during the period T)-T,. Pj —P;; is the
percentage of increased area of land typejduring the period
T, -T,.

2.4.2 Exploratory spatial data analysis (ESDA)

ESDA is a set of spatial analysis methods used to test whether
there exist significant correlations between socio-economic
phenomena and their attribute values of the adjacent unit in
space (Dou et al., 2016). ESDA can be divided into global spatial
and local spatial autocorrelations.

First, we used Moran’s I index of global autocorrelation to
examine the spatial correlation of regional land use changes,
judged the aggregation, and explored the spatial correlation
structure pattern of land use types in the study area. Moran’s
I index was used to distinguish whether the distribution state of
land spatial features was clustered, discrete, or random. Moran’s I
index is generally >—1 or <1. An index value >0 indicates a
positive correlation between two geographical phenomena;
otherwise, a negative correlation exists between them. The
larger the absolute value of Moran’s I index, the stronger the
spatial correlation of land use type; that is, there exists a strong
spatial aggregation or strong dispersion of land use types.
Conversely, the smaller the absolute value, the smaller the
correlation of the spatial distribution. An index value
approaching 0 indicates a random spatial distribution of land
use type at that time point.

”i iWij (Xi - X)(X; - X)

i=1j=1

<iiwi,-)2(x,»—f()2

i=1j=1 i=1

1

Moran'sl =

Where, X; and X; are the attribute values of regions i and j,
respectively, and # is the total number of study objects in the
study area. The spatial weight matrix W;; represents the linkage
between the ith and jth points of the study objects. If two points
are adjacent, W; i=1 otherwise, W; = 0.X is the average value of
the attributes.

Second, we used the local Getis-ORD G: index to test the
spatial agglomeration of statistically significant hot spots (high
values) and cold spots (low values) in the changes in major land
use types in the study area, revealing the correlations between a
geographic unit and its neighbors in space.

G, (d) = zWij (d)Xj/in @
=i =1

Where X; and X; are the attribute values of region i and j,
respectively, and W;; is the spatial weight matrix (adjacent is
1, non-adjacent is 0). A significantly positive G; indicates that
the value around i is higher than the mean value,
corresponding to a hot spot; otherwise, it is the area of a
cold spot.

frontiersin.org


http://www.resdc.cn
http://www.gscloud.cn/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.963197

Wang et al.

TABLE 1 Land use transfer matrix.

Types T,

T, Ay Ay
Al Pll PIZ
A2 PZI PZZ
A, Py Py
Total P, P,
Increased P,,-P;; P,,-P,,

2.4.3 Spatial Centers of Gravity (SCQG)

SCG can be used to reflect the spatial agglomeration and
transfer rules of factors during regional development (Kuwil
et al,, 2020). The present study applied SCG to calculate the
gravity center changes in the spatial distribution of major land
use types in the study area. The model can be structured as

follows.
z Sm,Xm Z SmiYm
Xy = blﬂ 3 Y= —mzl,, (3)
Z Smt Z sz
m=1 m=1

where X7; and Yy are, respectively, the longitude and latitude
coordinates of barycenter of land use type i at time point T, and
Smi is the area of land use type i in region m.

2.4.4 Spatial econometric model

Spatial econometric models include a variety of models. This
study used the spatial lag model (SLM) and spatial error model
(SEM) to examine the relationship between dependent and
independent (influencing factors) variables according to the
sectional data of the study area in different years. SLM has
only a spatial weighting matrix and the explanatory variable
contains a spatial lag term of the explained variable, which can be
defined as follows.

Y=pWy+XB+e (4)

where Y is the dependent variable; X is the independent variable;
W is a spatial weight matrix; Wy is a spatial lag term; p is the
coefficient of spatial lag term, representing the degree of spatial
interaction of the dependent variable; S is the regression
coefficient of X, reflecting the impact of the independent
variable on dependent variable; and € is the error term.

SEM is also known as the spatial autocorrelation model,
which includes an added spatial correlation error term; that is,
the error term of a space element model is affected by the error
term of the adjacent space element model. It can be structured as
follows.

Y=XB+e (5)

Frontiers in Environmental Science

08

10.3389/fenvs.2022.963197

Total Decreased
Ay

Pln Pl+ P1+’Pll
PZn P2+ P2+’P22
Pon P Pn-Pnn
P, 1 0
Ppy-Pon

e=AW_.+u (6)

where W is the spatial weight matrix; 8 is the regression residual
coefficient; and A is the coefficient of the spatial error term,
which can measure the spatial dependence of sample
observations; that is, the influencing direction and degree of
the observed value Y in the neighboring region on observed
value Y in the local region.

This study used GeoDa software to perform ordinary least
squares (OLS), spatial lag model (SLM), and spatial error model
(SEM) analyses, respectively. We selected the models according
to the results of comparisons of the Lagrange multipliers of
regression analysis and their robust forms (LMlag, LMerror,
R-LMlag, and R-Lmerror).

3 Results

3.1 Structural characteristics of the land
use transition

During 2000-2018, the size and structure of land use changed
significantly in the Chengdu-Chongqing region (Table 2).
Specifically, the cultivated land area decreased continuously,
the construction land area increased continuously, and the
areas of the other land types fluctuated. The total area of
cultivated land in this region decreased by 302,100 hm® due to
the transfer of cultivated land to construction land and woodland
during this period. The decline rate of cultivated land during
2000-2010 (-1.39%) was higher than that during 2010-2018
(-1.09%). The grassland and water areas decreased by
154,900 hm* and 11,600 hm?, respectively, in this period. In
summary, the areas of woodland, construction land, and
unused land increased by totals of 70,400 hm? 386,900 hm?,
and 11,300 hm? respectively, with the largest increase in
construction land.

We further used LUTM to examine the scale and direction of
land use transition in the Chengdu-Chongqing region during
2000-2010 and 2010-2018, respectively. The results are shown in
Tables 3, 4.
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TABLE 2 Changes in land use types in the Chengdu-Chongqing region, 2000-2018.

10.3389/fenvs.2022.963197

Land use Area (10* hm?) Amount of change (10* hm?)
types

2000 2010 2018 2000-2010 2010-2018 Total
Cultivated land 1224.87 1207.85 1194.65 -17.02 -3.2 -30.22
Woodland 613.57 621.42 620.61 7.85 -0.8 7.04
Grassland 182.06 166.46 166.57 -15.59 0.11 -15.49
Water area 33.39 3573 3223 234 -3.5 -1.16
Construction land 29.21 0.58 67.9 21.37 17.32 38.69
Unused land 2.07 3.12 3.2 1.06 0.07 1.13
TABLE 3 Results of LUTM in the Chengdu-Chonggqing region, 2000-2010 (10* hm?).
Land use types  Year  Cultivated land  Woodland  Grassland ~ Water area  Construction land ~ Unused land

2010
Cultivated land 2000 1180.07 18.24 3.77 2.22 20.47 0.10
Woodland 18.17 588.34 4.47 0.45 1.18 0.96
Grassland 8.26 14.52 158.14 0.42 0.62 0.10
Water body 0.57 0.11 0.03 32.38 0.24 0.06
Construction land 0.79 0.16 0.02 0.19 28.06 0.01
Unused land — 0.06 0.03 0.07 — 1.90
TABLE 4 Results of LUTM in the Chengdu-Chongging region, 2010—2018 (10* hm?).
Land use types  Year  Cultivated land  Woodland  Grassland ~ Water area  Construction land ~ Unused land
2018

Cultivated land 2010 1189.87 0.03 0.15 1.25 16.48 0.07
Woodland 0.03 619.89 0.15 0.25 1.11 —
Grassland 0.09 — 165.94 0.17 0.26 —
Water area 4.11 0.62 0.30 30.40 0.29 0.01
Construction land 0.54 0.08 0.04 0.15 49.76 0.01
Unused land — — — 0.01 — 3.11

Table 3 shows that during the first phase, land use types in the
Chengdu-Chongqing region changed significantly during
2000-2010. The transferred size of cultivated land, woodland,
grassland, and construction land was larger, while that of water
area and unused land was not significant. The transferred areas of
cultivated land to woodland and cultivated land to construction
land increased to 182,400 hm?® and 204,700 hm?, respectively.
The transferred areas of cultivated land to grassland and to water
bodies increased to 37,700 hm” and 22,200 hm?, respectively.
Furthermore, the transferred areas of woodland to cultivated
land, grassland to cultivated land, and grassland to woodland
remained constant at181,700 hm?, 82,600 hm?, and 145,200 hm?,
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respectively. The transferred areas from woodland to grassland
and construction land were 44,700 hm? and 11,800 hm?
respectively. In summary, the scale of transferred farmland
was the largest, while the transferred directions varied. The
transferred trends of forest land and grassland were
significant, while the transferred scales of water area,
construction land, and unused land were smaller. Among all
pairwise transfers between different types of land use, that from
cultivated land to construction land was the largest.

Table 4 shows that compared to the first phase, the
transferred sizes of land use types in the Chengdu-Chonggqing
region weakened significantly during 2010-2018. Nevertheless,
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(A—F) are respective the changes of the gravity center of cultivated land, woodland, grassland, water body, construction land, and unused land in

the study area, 2000-2018.

the transferred scale of cultivated land was still the largest among
all land use types, and the transferred area from cultivated land to
construction land reached 164,800 hm? which was the largest.
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The transfer between cultivated land and water area was
significant, at 12,500 hm’ while the transferred area from
water area to cultivated land was 41,100 hm?. Meanwhile, the
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transferred area of woodland to construction land was
11,100 hm*.

In summary, in the second phase, the transfer between
cultivated and construction land was the major land use
transition, although the transferred area was less than that of
181,700 hm® observed in the first phase (2000-2010). The
pairwise transferred scale between other land use types was
also smaller in this phase.

3.2 Spatial characteristics of land use
transition

This section explores the spatial characteristics, spatial
agglomeration characteristics, and transfer rules of land use by
using SCG and ESDA. It also summarizes the spatial
characteristics of land use transitions in the study area.

3.2.1 Transfer of gravity center (SCQG)

SCG was used to gauge the changes in spatial barycenter of
land use types in the Chengdu-Chonggqing region. Analysis of the
migration of the barycenter of land use types can roughly
determine the direction of land transfer in this region to
summarize the spatial characteristics of land use transitions
based on the spatial transferred scale of major land use types
in different periods.

The results showed that the distributive gravity centers of
cultivated land in the Chengdu-Chongqing region constantly
migrated to the northwest from 2000-2018 (Figure 5A).
Although the transferred scale of woodland and grassland in
this region was not as large as that of cultivated land, the
transferred size of woodland and grassland was also enormous.

During 2000-2018, most woodlands were transferred to
cultivated land, grassland, and construction land, whilst
grassland was mainly transferred to cultivated land and
woodland. During 2000-2010, the transfers of land use types
were mainly the occupation of cultivated land, woodland, and
grassland by construction land. Cultivated land-construction
land was mainly distributed in Chengdu, Nanchong, and
Yubei. Woodland-construction land was distributed in Zigong
and Dazhou. Grassland-construction land was distributed in
Kaizhou and Leshan (Figure 6A). During this period, the spatial
distribution of woodland changed significantly with its gravity
center shifting to the northeast (Figure 5B) due to the large-scale
transfers of woodland in Zigong, Rongchang, Dazhou, and other
regions (Figure 6A). During 2010-2018, the transfers of land use
types involved the occupation of cultivated land by construction
land, mainly in the suburbs of Chengdu-Chongqing urban
agglomeration due to the rapid extension of urbanization
(Figure 6B). In this period, the gravity center of woodland
moved to the southwest (Figure 5B) due to the partial
migration of woodland in Banan, Chengdu, and other regions.
During 2000-2018, the gravity center of grassland constantly
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moved to the northeast (Figure 5C) due to the large-scale transfer
of grassland to cultivated land and woodland in Yaan, Fuling, and
Kaizhou and their adjacent areas (Figures 6A,B). During
2000-2010, the gravity center of the water area initially shifted
to the southeast but shifted sharply to the northwest during
2010-2018 (Figure 5D). During this period, the gravity center of
construction land moved to the southeast (Figure 5E), while the
gravity center of unused land first moved to the northwest and
then to the southeast (Figure 5F). Overall, the gravity centers of
land use types in the Chengdu-Chongqing area changed
frequently with different phases of social and economic
development.

3.2 2 Spatial correlations of land use types

The results of global autocorrelation analysis indicated that
Moran’s Index values increased from 0.6891 in 2000-2010 to
0.8641 in 2010-2018, indicating that the process of land use
transition in the Chengdu-Chongqing region was clustered in
space. More specifically, the transfer of major land use types
showed a strong aggregation in space (Table 5).
2000-2010, the transfer trend of all land types

aggregation. During 2010-2018, due to the

During
was spatial
impacts of
different drivers, the transfer intensity of land use type was
significantly lower and the transfer aggregation of land use
type also decreased.

Figure 7 illustrates the significant hot spots of land use
transitions in the Chengdu-Chongqing region from
2000-2018. During 2000-2011, the hot spots of land use
transitions in this region were mainly distributed in Chengdu,
Deyang, Mianyang, and Yubei, indicating the large scale of land
use transition and the active change in land use types (Figure 7A).
During 2011-2018, due to the weakened land use transition, the
transferred scales of cultivated land to construction land and
woodland to grassland decreased in the study area and the hot
spots of land use transitions in Chengdu decreased significantly
(Figure 7B).

4 Discussion

4.1 Economic transformation profoundly
impacted the land use transition in the
region

In the initial phase of the economic transformation, the GDP
and urbanization rate in the Chengdu-Chongqing region grew
steadily, while the proportions of secondary and tertiary
the
industrialization and urbanization, many cultivated lands were

production  increased  rapidly.  During rapid
occupied by construction. Table 3 and Figure 6 show that during
2000-2011, the total area of cultivated land in the Chengdu-
Chongqing region decreased by 448,800 hm’, of which

204,700 hm® was occupied by construction. During the same
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(A—B) represents the transfers of land use types of two phases in the Chengdu-Chongging region.

TABLE 5 Global Moran's Index of the main land type transitions in different phases.

Periods Cultivated Cultivated Woodland-cultivated Water body-cultivated

land-construction land-woodland land

land

Moran’s I P Moran’s I pP Moran’s I P Moran’s I 4
2000-2010 0.1776 0.0209** 0.1942 0.0001%** 0.2561 0.0068*** 07135 0.0001*
2010-2018 03562 0.0132%* — — 0.0218 0.0521* 0.1352 0.0721*
Notes: *p < 0.1, **p < 0.05, **p < 0.01.
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FIGURE 7

(A—B) represents the spatial distributions of hot spots of land use transitions of two phase in the Chengdu-Chongging region.
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period, the construction land increased in this area by a total of
225,100 hm?, about 90.94% of which came from occupied
farmland. The area of arable land occupied by construction
was mainly distributed in the suburbs of Chengdu and
Chongqing megacities, as well as Nanchong, which had more
rapid urbanization faster and flatter terrain. In this stage, due to
the overemphasis on the speed of economic development and
urbanization, large numbers of both arable and ecological lands
were reduced. During this period, the total woodland area
decreased to 252,300 hm?, mainly in Neijiang and Dazhou,
and the total grassland area decreased to 239,200 hm’, mainly
in Kaizhou and Leshan.

In the accelerated phase of economic transformation, the
growth rates of the GDP and urbanization in the Chengdu-
Chonggqing region slowed and the proportion of secondary
industries decreased, while the output value and employment
of the tertiary industry continued to increase, which reflected the
constant optimization of the industrial structure in this region.
During this period, the goal of economic development and
urbanization in the Chengdu-Chongqing region changed from
extensive growth to high-quality development. Due to the
transformation and upgrading of the economic structure and
the reduction of resource consumption, the decreased rate of
cultivated land in the Chengdu-Chongging area also slowed
compared to the previous phase. Table 4 and Figure 6 show
that from 2011-2018, the total reduced area of cultivated land in
the Chengdu-Chonggqing area was only 179,800 hm? which was
significantly lower than that in the primary stage of economic
transformation from 2000-2011. Nevertheless, the cultivated
land occupied by construction still accounted for 91.66% of
the total decrease, with construction occupation still the main
reason for the decrease in cultivated land in this phase. The
cultivated land occupied by the construction was mainly
distributed in the suburbs of the two megacities, as well as the
connecting areas between the two cores. During this phase, due to
the
development in the economic transformation, the reduction of

emphasis on ecological protection and sustainable
ecological land in this region slowed significantly. Specifically, the
woodland and grassland areas decreased by 15,400 hm* and
50,200 hm®, respectively, significant reductions compared to
those in the previous phase.

Consequently, the different of

transformation show significant differences in the use of

phases economic
cultivated land and the protection of ecological land, which
can deeply affect land use transition in the region. In the
initial stage of economic transformation, the strong pursuit of
rapid economic and urbanization rates can lead to a large
reduction of cultivated and ecological lands; thus, the transfer
speeds and distances of the center of gravity of cultivated land,
woodland, and grassland are relatively large (Figure 5), which
leads to unsustainable economic and social development in
mountainous areas. During the stage of accelerated economic
transformation, socio-economic development relies less on the
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consumption of traditional elements such as land and labor and
more on capital investment and technological progress. Hence,
the consumption of land resources is greatly reduced and the
transfer speeds and distances of the center of gravity of cultivated
land, woodland, and grassland are small (Figure 5). Overall, the
transformation of mountainous

s0cio-economic areas

profoundly affects the land use transition in these regions.

4.2 Factors influencing the land use
transition in the Chengdu-Chongqing
region

Some economic and social factors have significantly
impacted the different phases of the land use transition in the
Chengdu-Chongqing area. As shown in Table 5, the global
Moran’s index values of four types of land use transitions in
the Chengdu-Chongqing region during 2000-2018 are all >0,
implying a potential spatial effect of land use transition; that is, a
significant spatial correlation among the transfers of major land
use types in the Chengdu-Chongqing area. Hence we used a
spatial econometric model to explore the factors influencing the
land use transition.

To choose the right model, we first performed OLS by
comparing LMlag and LMerror as well as R-LMlag and
R-Lmerror. The results showed that LMlag was more
statistically significant than LMerror in the transfer of
cultivated land to construction land and woodland; therefore,
SLM was selected in this transfer. In the transfer of woodland and
water area to cultivated land, LMerror was more statistically
significant than LMlag. Hence, SEM was chosen for this transfer.
The results are shown in Tables 6, 7.

1) During 2000-2010, the Chengdu-Chongqing region was in a
stage characterized by rapid economic development and
reduced population growth and urbanization rates.

M1 indicated that the regression coefficient of the transferred
area from cultivated to construction land was positive with GDP,
local fiscal revenue (LFR), urbanization rate (UR), population
size (PS), and PM2.5 concentrations at the 5% confidence level,
and negative with gross agricultural output value (GAOP) at the
1% level. Therefore, the growth of GDP, UR, PS, LFR, and
PM2.5 were positively associated with the growth of the
transferred area from farmland to construction land (Table 6).

During this period, China implemented the Western
Development Strategy to develop western China, hence the
demand for non-agricultural construction land in this area
increased, and much cultivated land was occupied by
construction land. Since 2000, rural populations have poured
into the Chengdu-Chongqing city conglomeration, leading to the
rapid growth of regional urbanization and industrialization. The
expansion of cities and the spread of urban industries to rural
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TABLE 6 Factors influencing land use transitions in the study area, 2000-2010.

Variables Cultivated Cultivated Woodland-cultivated Water
land-construction land-woodland (M3) area—cultivated
land (M1) (M2) land (M4)
OLS SLM OLS SLM OLS SEM OLS SEM
GDP 0.0010%* 0.0001%* 0.0531* 0.0138** 0.0792* 0.0878*
GAOV —8.72%%* —8.79"% 0.0769* 0.0235%* 0.0538* 0.0374** 0.0859* 0.0724*
LFR 0.0415%* 0.0352**
UR 0.0492%** 0.0031%*
PS 0.0015%** 0.0018**
RPCDI 0.0739* 0.0163* —3.5200 ~1.830 ~7.07%%¢ ~7.61%%%
FCR 0.0541% 0.0493* —7.420%% —5.540%
PM2.5 0.0372** 0.0143**
FNSP 0.0998* 0.0161**
R 0.9943 0.9952 0.9748 0.9758 0.7236 0.9759 0.1808 0.2558
LogL ~139.15 ~137.62 -141.7 ~141.49 ~154.31 ~159.26 ~117.69 ~117.4
AIC 2983 297.26 303.55 304.98 350.2 338.51 255.39 254.81
sC 308.03 305.75 311.28 313.39 357.93 346.24 263.11 262.52

Notes: *p < 0.1, **p < 0.05, ***Significance at p < 0.01 level.

TABLE 7 Factors influencing land use transitions in the study area, 2010-2018.

Variables Cultivated

land-construction

land (M5)

OLS SLM
GDP 0.0004** 0.0001%**
GAOV ~2.63*** ~2.85%%
LFR 0.0618* 0.0632*
UR 00047+ 0.0095+
PS 0.0071+* 0.0001++%
RPCDI
FCR
PM2.5 0.0654* 0.0785*
FNSP
R 0.9993 0.9983
LogL -119.12 -116.12
AIC 258.25 25224
e 265.97 259.96

Notes: *p < 0.1, *p < 0.05, **p < 0.01.

areas contributed to the transfer from cultivated to construction
land. Furthermore, with the expansion of the urban population
and the acceleration of urbanization, the demands for urban,
rural residential, traffic, and other construction land types
increased rapidly, resulting in constant changes in regional
land use. The results also showed that the changes in PS were
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Woodland-cultivated

Water area—cultivated

land (M6) land (M7)

OLS SLM OLS SEM
0.0893* 0.0978*

0.0762* 0.0641* 0.0746* 0.0524*

—8.94% _8.780 5100 —3.240

0.0425* 0.0778*

0.9504 0.9564 0.2435 0.2672

-103.21 -102.35 ~126.69 ~126.40

126.42 126.69 178.42 175.35

132.82 133.72 195.44 19631
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positively correlated with land use transition in this region; that
is, the larger the population size, the greater the disturbance to
regional land use. The spatio-temporal pattern and structure of
land use were reshaped with the population change in the study
area. In contrast, with the rapid development of urbanization and
industrialization, woodland reduction, urban construction site
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dust increase, population aggregation, and urban waste
incineration destroyed the ecological environment, leading to
the continuous rise of PM2.5 levels.

M2 indicated that the areas transferred from cultivated land
to woodland were significantly positively correlated with GDP,
gross agricultural output value (GAOV), rural per capita
disposable income (RPCDI), forest coverage rate (FCR), and
fertilizer non-point source pollution (FNSP) at the 5% confidence
level. The “returning farmland to forestland” policy initiated in
2003 contributed to the transfer of farmland to woodland. In the
context of this policy, farmland with a slope of >25° was
converted to forestland, which resulted in a strong positive
effect on the conversion of farmland to forest land. After
2007, this program was discontinued and the scale of the
transferred area of farmland to woodland and grassland
decreased. Furthermore, to alleviate the contradiction between
the supply and demand of cultivated land caused by
urbanization, China has established a strict system to protect
cultivated land to ensure the dynamic stability of the quantity and
quality of this land. China implemented projects for land
consolidation and ecological restoration to control the supply
of cultivated land and protect ecological land, transforming the
methods of land use transition in the study area.

M3 and M4 showed that the areas transferred from woodland
and water area to cultivated land were significantly positively
correlated with GAOV at the 10% level and were negatively
correlated with RPCDI at the 1% confidence level. The transfer
of woodland to cultivated land was negatively correlated with FCR
at the 1% confidence level, while the transfer of water area to
cultivated land is significantly positively correlated with GDP at
the 10% level. Since 2000, China has performed large-scale
ecological restoration projects, such as “returning farmland to
forestland” in the Chengdu-Chongqing region, to improve the
regional ecological environment, contributing to a decreased
cultivated land area. To ensure national food security, China
began to implement financial subsidies for grain production in
2004, which encouraged farmers to grow grains and further
impacted the structural adjustment of agriculture and land use.
In 2005, China put forward a series of policies and measures to
enhance agricultural production by increasing farmers’
enthusiasm for agricultural production. To further replenish
cultivated land and improve agricultural ecological conditions,
China launched land consolidation projects in 2009, which greatly
promoted the transfer of woodland to cultivated land.

2) During 2010-2018, the Chengdu-Chongqing region was in a
phase of sustained economic growth, with a per-capita GDP
above the national average, reduced population growth, and

increased urbanization rates.
M5 indicated that during this phase, the regression

coefficient of the transferred area from cultivated land to
construction land was positive with GDP, LFR, UR, PS, and
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PM2.5 at the 10% level and negative with GAOV at the 1% level.
From 2007-2018, with economic development, the industrial
structure of the Chengdu-Chonggqing region changed constantly.
The proportion of secondary industries decreased, while that of
tertiary industries increased, which contributed to the accelerated
change in land use patterns in this region. After 2010, with the
increasing local government support of emerging industries, the
demand for industrial land in the Chengdu-Chongging region
kept increasing due to the acceleration of urbanization and the
transformation and upgrades to the regional industrial structure.
The demand further aggravated the occupation of cultivated land
for construction, increasing the pressure to protect cultivated
land (Table 7).

M6 and M7 showed that the transferred areas of woodland and
water areas to cultivated land were significantly positively
correlated with GAOV at the 10% level and are negatively
correlated with RCDI at the 1% confidence level. The transfer
of woodland to cultivated land was negatively correlated with FCR
at the 10% confidence level, while the transfer of water areas to
cultivated land was significantly positively correlated with GDP at
the 10% level. In this phase, to ensure regional food security and
supplement cultivated land, the Chengdu-Chongqing region
carried out more land consolidation projects. Many woodland
and water areas were converted to cultivated land. The scale of
cultivated land kept expanding and the conflicts between different
land use patterns were greatly alleviated.

4.3 Mechanisms of land use transitions in
the Chengdu-Chongging region

The land use transition basically reflects the coordination
process of regional man-land relationships; that is, the coupling
relationship between economic development and natural
resource utilization (Long et al, 2014; Li et al, 2019). The
land use transition in the Chengdu-Chongging region mainly
involved the conversion between cultivated land and other land
types, especially the transfer from cultivated land to construction
land. The transitional quantity and relationship of land use types
caused by socio-economic development reflected the potential
change in land quantity structures and spatial characteristics in
this region. In essence, the regional land use transition is a
constant process of spatial evolution from conflict to
coordination among different land use types. The root cause
of land use conflict lies in the disharmony of land use and an
imbalance of land supply and demand caused by rapid
development in different phases (Figure 8).

The results of the present case study indicated that the land use
transition in the Chengdu-Chongqing region was driven by many
socio-economic factors. Different factors have different effects on
the changes in land supply and demand. One key factor is national
policy. National policies have significantly accelerated the speed of
urban-rural integration in the Chengdu-Chongqing area, steadily
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Mechanism of land use transitions in the Chengdu-Chongging region.

improved the level of economic development, and allowed a more
reasonable allocation of land resources. Hence, factors such as
policies and institutions have directly driven the development of
the economic society and the process of urbanization and
industrialization in mountainous China, changing the direction
and intensity of different land use transitions (Wu et al., 2022). For
example, the policies for cultivated land protection and returning
cultivated land to forestland have changed the direction of the
transition of cultivated land use. The policy protecting cultivated
land has reduced the speed of its transition and maintained its
quantity and quality. Conversely, the policy of returning cultivated
land to forestland (woodland and grassland) changed the structure
of land use. In summary, the policies for national spatial
development, population control, and regional industrial layout
have disproportionately affected the development of the economy
and population and have also contributed to the changes in land
use patterns in the context of rapid urbanization and
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industrialization. Furthermore, due to the impacts of these
policies, the contradiction between the protection of the
ecological environment and socioeconomic development has
exacerbated the imbalance between the supply and demand of
land, leading to the large-scale transfers of land use types. For
example, a large number of ecological lands are destroyed,
resulting in the constant reduction of ecological land, which is
not in line with the green and sustainable development advocated
by local governments.

The mechanism of land use transition in the Chengdu-
Chongqing region is the result not only of policy guidance to
alleviate the conflict between ecological and environmental
protection and socio-economic development but also the
comprehensive effects of nature, the population, and the
economy. The rapid growth and diffusion of the population
and the acceleration of wurbanization promoted the
transformation of urban-rural development and changes
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in regional production and life, leading to the changes in
regional land use function that contributed to the transition
of land use. Furthermore, the differences in land use demand
between ecological protection and spatial development
policies have contributed to conflicts between economic
development and natural resource protection. Specifically,
the construction of infrastructure and the optimization of
industrial layout depend heavily on an increased demand for
land, while the protection of natural resources depends less
on the unrestrained occupation and exploitation of land. The
mechanism of land wuse transition in the Chengdu-
Chongqing region results from the mutual dependence
and socio-economic

and restriction between natural

factors, as well as a dynamic coupling process.
4.4 Limitations and prospects

the of the
industrialization and urbanization of mountainous areas

Due to guidance regional policies,
have developed rapidly, and large amounts of cultivated
land

construction land. To maintain the dynamic balance of

and woodland have been transformed into
cultivated land, the Chengdu-Chongqing region reclaimed
rural idle construction land to increase the cultivated land
area, aiming to achieve the urban construction quota by
compressing rural idle construction land. Although this
the the

allocation of land uses, it produced the spatial concurrence

measure alleviated contradiction in spatial
of land use in this region due to the mountainous terrain.
Consequently, methods for alleviating the spatial conflict of
“ecology, production and living” of land use should become a
priority in future studies on the land use transition in the
Chengdu-Chongqing region.

Furthermore, land use transitions generally involve not only
the explicit transition of land quantity and spatial structure but
also the implicit transition of land use function (Ge et al., 2018;
Chen et al,, 2020). Due to the unavailability of data, we only
examined the dominant form of land use transition in the

the
structural transitions of land use types. If future studies can

Chengdu-Chonggqing region, including spatial and
gather related tightness data, we can better gauge the

comprehensive process and mechanism of land use
transition in the Chengdu-Chongqing region at a larger

spatio-temporal level.

5 Conclusion

This study examined the typical characteristics and
mechanisms of the land use transition in the mountainous
Chengdu-Chongging region in southwestern China. Our
findings indicated that with the development of socio-
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economic transformation since 2000, the Chengdu-
Chongqing region has experienced a deep structural
transition in land use. Specifically, during 2000-2018, the
cultivated land area decreased, while the construction land
area increased primarily from the transfer of cultivated land
to construction land. The areas of woodland and unused land
fluctuated, while the areas of grassland and water bodies
decreased slightly. From 2000 to 2010, the land use types in
the Chengdu-Chongqing region changed significantly, with a
predominant transfer from cultivated land to construction
land in the study area. However, compared to the period
2000-2011, the transferred scale of land use types in the
Chengdu-Chongqing region weakened significantly from
2011 to 2018. The Chengdu-Chongqing region has also
experienced a deep spatial transition in land use since
2000. Specifically, the gravity center of land use types in
the region changed frequently with time. The gravity center
of cultivated land moved northwest, while that of woodland
moved northeast first and then southwest, that of grassland
moved northeast constantly, that of water body moved
southeast first and then northwest and that of unutilized
land moved northwest. Land use transitions in the Chengdu-
Chongging region showed significant spatial aggregation in
different phases. During 2000-2010, the land use transitions
in Chengdu, Deyang, Mianyang, and Yubei showed large-
scale spatial agglomerations, whilst the rest of the land use
transitions showed small-scale spatial agglomerations.
2010-2018, land the
northeastern Chengdu-Chongqing region and the Deyang,
Meishan,
agglomerations.

During use transitions in

and Luzhou regions showed small-scale

The socio-economic transformation of the Chengdu-
Chonggqing region has profoundly affected its land use
transition, which was reflected in the structural and spatial
transitions of land use in different transformation phases;
moreover, its essence is the change in the demand for land
use caused by economic transformation. Specifically, in the
initial phase of economic transformation, the unilateral
pursuit of rapid economic and urbanization development
likely leads to reductions in cultivated and ecological land,
which manifest in the larger transfer speed and distance of
the center of gravity in cultivated land, woodland, and
grassland, as well as in the accelerated phase of economic
transformation, economic, and social development, which no
longer rely solely on the consumption of traditional elements
such as land and labor but rather increasingly rely on capital
Thus, the

consumption of land resources is greatly reduced, and the

investment and technological progress.
transfer speed and distance of the center of gravity of
cultivated land, woodland, and grassland decreases.

Overall, this study provides a comprehensive overview of the
mechanism and underlying impacts of land use transitions in the

mountainous Chengdu-Chongqing region. Specifically, the

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.963197

Wang et al.

growth of construction land in this region was significantly
impacted by the amount of available resources, economic
growth, urbanization rate, population migration, and policies.
With the expansion of regional economic differences, economic
growth and industrial structure evolution play crucial roles in the
transition of construction land. The transfers from cultivated
land to woodland and grassland are primarily affected by the
policy for land use and ecological protection.

In summary, the land use transition in the Chengdu-
Chongqing region was a process from conflict to
coordination guided by national and regional policies. The
conflict in this process was mainly due to the change in land
supply and demand caused by regional economic activities.
The quantity of land supply in the Chengdu-Chongqing
region depends heavily on the land use policies for living,
production, and ecology. Land demand aims to meet the
needs for socio-economic development, which are indirectly
regulated by policies for spatial development, population
control, and regional industrial layout. The land use
transition in the Chengdu-Chongqing region is a dynamic
coupling system resulting from the interdependence and
restriction of natural conditions, the social economy, and
the policy systems. The methodology and conclusions of this
study also provide a valuable reference for the study of land
use transitions in mountainous economic zones undergoing

different phases in other developing countries.
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