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Urbanization and cultivated land use coordination is the key to urban—rural
coordinated development, especially in the major grain-producing areas in
China, but it is rarely examined. A coordination framework of urbanization and
cultivated land use efficiency systematically clarified how to achieve
Urbanization and cultivated land use coordination. Taking Hunan Province as
an example, this study explored the spatiotemporal evolution of the level of
Urbanization and cultivated land use coordination from 2000 to 2018 at the
county level, identified current types of Urbanization and cultivated land use
coordination and discussed the key optimization measures for different types.
The results showed that 1) urban—rural coordinated development, abstractly
represented by the Urbanization and cultivated land use coordination in major
grain-producing areas, depends on the intensity of interactions and the level of
integration of urbanization and cultivated land use systems. 2) From 2000 to
2018, the level of Urbanization and cultivated land use coordination in Hunan
changed from serious maladjustment to great maladjustment to coordination.
3) The current Urbanization and cultivated land use coordination pattern in
Hunan Province has a strong spatial differentiation, which can be divided into
eight subregions. The key to the coordinated development of each type is to
accelerate the flow of elements through deepening reform and innovation
mechanisms to complement the shortcomings of development. This study will
provide a scientific reference for the effective implementation of regional
coordinated development strategies in major food-producing regions.
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1 Introduction

With global urbanization and industrialization, drastic
changes have occurred in industrial, employment and social
structures in urban and rural areas (Dadashpoor and Alidadi,
2017; Quan et al,, 2019; Zhou et al., 2020), giving rise to problems
such as rural decay, false urbanization and an imbalance in
urban—rural relations (Liu and Li, 2017; Cai et al., 2019; Cai
et al, 2021). As one of the fastest growing urbanized countries,
China faces even
(Ji et

has
national strategies

more serious pressures of urban—rural
2019). the Chinese
successively ~formulated several major

imbalance al., In response,
government
since the beginning of the new century,
such as new-type urbanization, rural revitalization, and
urban—rural integration (Zhang and Lu, 2018). Urban and
with
complementary structures and coupled functions (Liu et al,
2020; Delgado-Vifias and Gémez-Moreno, 2022). Urban—rural

relationships refer to the interactive symbiotic relationship

rural areas are complex territorial  systems

between urban and rural areas, which cover urban—rural
economic, social, ecological, spatial and humanistic aspects
(Zhang and Lu, 2018; Liu et al, 2020). A good urban—rural
relationship plays an important role in the development of cities
and villages (Tacoli, 1998; Yang et al., 2021). For example,
stronger rural-urban connectivity is generally associated with
higher overall agricultural inputs and yields (Boudet et al., 2020).
Urban—rural coordinated development, which is essentially a
stage in the evolution of urban—rural relationships, is regarded as
the optimal state and eventual form of the urban—rural
relationship (Torreggiani et al., 2012; He et al,, 2019; Baffoe,
2020). Understanding the variability of contemporary rural—
urban interactions could provide insight into future urban—
rural coordinated development.

Large population but limited cultivated land is the basic
national condition of China. In order to respond to the increasing
demand, the efficiency of cultivated land use must be improved.
The importance of cultivated land in promoting the stable
development of rural areas cannot be overstated. As the main
livelihood for rural people, cultivated land use (CLU) activities
widely exist in rural areas, especially in food-producing areas
(Gollin, D. (2010) Cultivated land is an important input into
agricultural activities, such as agricultural cultivation, livestock
production and NR-based collection. And high CLUE reflects the
realization of the value of cultivated land resources in agricultural
production (Kuang et al., 2020). Cultivated land is also essential
for the sustainable development of urban systems in terms of
providing raw materials and agricultural products, especially
potential development space (Zhou et al., 2021). Many urban
enterprises rely on demand from rural consumers, and access to
urban markets and services is often crucial for agricultural
producers (Tacoli, C, 1998). Therefore, high cultivated land
efficiency (CLUE) is
development in urban and rural regions (Cao and Birchenall,

use fundamental for sustainable
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2013; Liu et al, 2016; Duan et al, 2021). In this respect,
urbanization and cultivated land use coordination (UCLUC)
have profound implications for coordinated urban—rural
development. However, urbanization characterized by
population and industrial agglomeration may have positive or
negative effects on the cultivated land use system (Satterthwaite
et al,, 2010; Oueslati et al., 2019; Boudet et al., 2020), which
promotes the heterogeneity and dynamics of UCLUC. Hence, it
is necessary to review and clarify the spatiotemporal evolutionary
laws of UCLUG, scientifically determine the current situation of
UCLUCG, and better formulate adaptive policies for regions to
promote sustainable development of urban and rural areas.
Scholars in various fields have focused on urban—rural
coordinated development, including its definition (Tacoli,
1998; He, 2018; Baffoe, 2020) and mechanisms (He et al,
2019; Liu et al,, 2020), measurement and evaluation methods
(Li and Liu, 2021; Yang et al., 2021), effects (Mayer et al., 2016),
and optimization strategy (Adugna and Hailemariam, 2011; Ma
et al,, 2021). The evaluation of urban—rural relationships has
been examined from multiple perspectives, such as urban and
rural welfare (Azam, 2019), ecological networks (Xiao et al,
2017), public investment (Calabro and Cassalia, 2018), and
2017).  Most
have adopted comprehensive index

tourism relations (Slocum and  Curtis,

quantitative studies
systems in the evaluation of urban-rural integration. Rao and
Gao (2022) proposed a systematic evaluation index system of
urban-rural integration from four dimensions of economy,
space, society and environment (Rao and Gao, 2022). Wang
et al. (2016) evaluated the relationship between urban and rural
the perspective of
productivity” (Wang et al.,, 2016). Shen et al. (2012) applied a
set of critical indicators consisting of benefit indicators and
the of

coordinated  urban-rural

areas from “income-consumption-

fairness indicators to evaluate contribution

infrastructure ~ projects  to
development (Shen et al., 2012). In terms of the measurement
model of urban—rural relationships, scholars have mostly
adopted the coupling coordination degree model (Song and
Tao, 2022), deviation coefficient model (Liu et al., 2017), and
decoupling model (Zhu et al,, 2020; Cai et al., 2021). Scholars
have basically reached a consensus that China’s urban—rural
relations have undergone a gradual shift from separation and
opposition to coordination and integration (Yang et al., 2021).
These achievements have greatly contributed to integrated
urban—rural development and have laid a solid foundation for
our research. However, few studies have explored urban—rural
coordinated development from the perspective of UCLUC,
particularly using panel data from major grain-producing
regions (Bai et al., 2018).

In this paper, we utilize Hunan Province, one of the major
grain-producing areas in China, as the research case. The
objectives of this study are to 1) construct a theoretical
framework of UCLUC from the perspective of synergy; 2)
explore the spatiotemporal evolution of the level of UCLUC
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FIGURE 1
Location and administrative division of Hunan Province in China.

from 2000 to 2018 at the county level; and 3) recognize the
current subdivisions of UCLUC in Hunan Province and propose
optimal recommendations for different types to promote
coordinated urban—rural development. The results can provide
a reference for high-quality and sustainable development in
major grain-producing areas.

2 Materials and methods
2.1 Study area and data sources

This study takes Hunan Province in China as the research
area and counties as the analysis object. Hunan Province is
one of the 13 major grain-producing areas in China playing a
decisive role in ensuring the effective supply of major
agricultural products and one of the key areas to promote
the new urbanization strategy (Zhang et al., 2021), which
makes it an ideal case area for this study. At present, Hunan
Province is still in a stage of rapid development and needs to
resolve the conflicts between urbanization and CLU (Luo
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et al, 2018). The county is the basic unit of China’s
administrative structure, and current social problems such
as uneven development are mainly reflected at the county
scale. In addition, promoting county urbanization to
accommodate China’s urban—rural transition has become a
major direction for China’s urbanization (Zhang et al., 2022).
The 2000-2018 period is chosen and divided by 2009 and
2013 into three stages to reveal the evolutionary patterns of
UCLUC. 2009 was the middle breakpoint of the research
period, and 2012 was the starting year when China
implemented the new urbanization strategy. After 2012,
Hunan Province entered the new-type urbanization stage
of the
population, industry, space, society, resources, and the

characterized by coordinated development
environment (Yu, 2021).

The area of cultivated land in Hunan Province was
41,500 km? in 2018, accounting for 19.59% of the total area
(211,800 km?). Hunan’s total population was more than
68 million in 2018, with an urbanization rate of 59.58%,
which was a mere 36.22% in 2000. According to the
administrative division in 2018, Hunan Province included
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FIGURE 2
Analytical framework of UCLUC
122 county-level administrative units composed of 2.2 A theoretical framework of UCLUC

36 districts, 19 county-level cities, 60 counties, and seven
autonomous counties, which are referred to as counties
(Figure 1).

The data sources used in this study are as follows: land use
raster datasets, including four phases in 2000, 2009, 2013, and
2018, are used to calculate the spatial urbanization level
characterized by the proportion of the urban built-up area.
The spatial resolution of the land use data in 2000 is 1 km x
1 km, which is from the resources and environmental platform of
the Chinese Academy of Sciences (http://www.resdc.cn/), while
in the other three phases, it is 30 m x 30 m from the China Land
Surveying and Planning Institute (Wei et al, 2022). We use
socioeconomic statistical data to measure the urbanization level
and CLUE, the Hunan Statistical Yearbook
(2001-2019) and Hunan Rural Statistical Yearbook
(2001-2019). The merger and renaming of administrative

including

divisions are identified based on the administrative divisions
in 2018 and combined with time-series data. The mean value
method and linear trend method are used for interpolation to
deal with some missing socioeconomic data (Song and Tao,
2022).
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Although systems and the subsystems that compose them
vary widely in nature, the synergy theory, founded by Haken
(1983), argues that the qualitative changes in the macroscopic
structure of systems are similar, or are even the same. When
under the action of external energy or the aggregation state of
matter reaches a certain critical value, there will be synergy
between the subsystems of any complex system, which will
change the system from disorder to order and produce a
certain stable structure that evolves to a higher development
level of the system (Serrano and Fischer, 2007). Synergetic
science is widely applicable because it captures the common
characteristics of different systems in the critical process and can
describe the transition law from disorder to order in combination
with the specific phenomena of each system. Synergetic theory is
a strong guide to the study of UCLUC. Many scholars hold the
view of coordinated urban and rural development. Caffyn and
Dahlstrom (2005) believed that urban-rural dependencies are a
way of supporting sustainable, regional growth. And Yang et al.
(2021) point out that urban relationships refer to the interactive
symbolic relationship between urban and rural areas that

frontiersin.org
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TABLE 1 Evaluation index system and weight of urbanization.

Urbanization dimension

10.3389/fenvs.2022.1091898

Population urbanization

Land urbanization Economic urbanization

Social urbanization

Indices (Unit) Index code Weight
Proportion of the urban population (%) PU1 0.060
Scale of urban population (Person) PU2 0.033
Proportion of non-agricultural employed population (%) PU3 0.039
Proportion of urban built-up area in the total area of the region (%) LU1 0.301
GDP per capita (10,000 Yuan/Person) EU1 0.129
Proportion of the output value of secondary and tertiary industries (%) EU2 0.003
Total retail sales of social consumer goods per capita (10,000 Yuan/Person) SU1 0.175
Investment in fixed assets per capita (10,000 Yuan/Person) Su2 0.179
Number of hospital beds per 10,000 people (Sheets/10,000 persons) SU3 0.062
Number of middle school students per 10,000 people (Person/10,000) SU4 0.019

interactions with and influences each system. In this study, we
refer to the collaboration model proposed by Serrano and Fischer
(2007) to explain the mechanisms for implementing UCLUC
(Figure 2).

Regional sustainable development is accompanied by urban—
rural coordinated development (Baffoe et al, 2021), abstractly
represented by UCLUC. UCLUC includes two factors: the
intensity of interaction and the level of integration, which are
represented on the horizontal and vertical axes, respectively.
Achieving the integration process includes different stages of
the integration of resources, the integration of elements, the
integration of processes and finally the integration of
performance (Liu, 2018; Yang et al., 2021). Resources are
objective natural products, including raw materials, land,
water, etc. Elements, the production factors utilized in the
process of urbanization and cultivated land use subsystems,
are value products transformed by human labor, including
(cultivated land, etc.)
(technology, information, etc.) factors. Urbanization and CLU

tangible labor, and intangible
are the main processes in urban—rural systems that we focus on,
and urbanization level and cultivated land use efficiency are the
of Urban—rural

development is achieved by different levels of interaction of

results subsystem actions. coordinated
elements or systems (Yang et al, 2021). These include
element flow, optimized allocation, synchronous actions, and
the systematic matching of performances (Fang, 2022). The more
integrated an urban—rural system is, the more interactions are
necessary or the deeper the intensity of the interactions. The most
basic form of interoperation is communication (Boudet et al.,
2020; Song and Tao, 2022). The more communication between
urban and rural areas, the more activities are executed together
and the more aspects need to be coordinated (Tacoli, 1998). The
integration process is accumulative: first is resource flow and
element optimal allocation to form communication, then comes

the integration of processes (urbanization and CLU) to
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collaboration, and then comes the integration of performances
from urbanization and CLUE to firm coordination.

2.3 Estimating the level of urbanization

2.3.1 Developing the urbanization level index
An increasing number of scholars have tended to adopt a
comprehensive definition of urbanization to describe the
multidimensional characteristics of urbanization (Cai et al.,
20215 Yu, 2021). Population, space, economy and society are
interrelated and comprehensively reflect the development level of
the
urbanization evaluation system into four aspects, including
10 indices (Table 1). Population urbanization (PU), which
mainly reflects the process of a non-agricultural population, is
described by PU1-PU3 (Cai et al., 2021). Land urbanization (LU)
reflects the process of continuous transformation from

urbanization. Here, we summarize comprehensive

agricultural land to urban construction land, described by the
proportion of the built-up area (LU1) (Bai et al., 2018; Cai et al.,
2021). Economic urbanization (EU) mainly reflects economic
development and the non-agricultural transformation of the
economic structure, as described by EU1-EU2 (Bai et al,
2018; Yu, 2021). Social urbanization (SU) indicators mainly
reflect the social security and lifestyle changes of urbanization,
represented by SU1-SU4 (Bai et al.,, 2018).

2.3.2 Global entropy weight method
The global entropy weight method (GEWM) is used to
the the

comprehensive urbanization level in Hunan Province. As one

measure weight and dynamically analyze
of the commonly used and objective assignment methods, the
GEWM achieves the measurement of panel data and overcomes
the inconsistency between the measurement results of time series

data and cross-sectional data compared with the traditional
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TABLE 2 Evaluation index system of CLUE.

10.3389/fenvs.2022.1091898

Variable Indicators Index code Representational meaning
Input Cultivated areas (ha) Input 1 Land input

Agricultural practitioners (10,000 persons) Input 2 Labor input

Consumption of chemical fertilizer (ton) Input 3 Capital investment

Power of agricultural machinery (kW) Input 4 Capital investment
Expected output Total grain output (ton) Output 1 Social performance

Total agricultural output value (10,000 yuan) Output 2 Economic performance

entropy weight method (Yun and Nam, 2021). First, we
introduce time series into the cross-section data to construct
the initial global evaluation matrix, which includes 10 indices
from 122 counties of Hunan Province for 4 years: 2000, 2009,
2013, and 2018. Second, the regularization formula is used to
standardize the indices, and then the weight of each index is
calculated according to the entropy weight method. Finally, the
linear weighting method is used to calculate the urbanization
level.

2.4 Estimating CLUE

2.4.1 Developing the index system of CLUE
Efficiency is a state of resource allocation (Paltasingh et al.,
2022). CLUE reflects the ability to use various resources and
convert them into economic benefits in the process of CLU,
which is affected by inputs and outputs (Kuang et al., 2020).
Regarding the measurement of CLUE, two main methods are
adopted: single factor productivity and total factor productivity.
Although single factor productivity can directly reflect the
of this
comprehensively consider and control the impact of other
factors (Zhao et al., 2021). Therefore, we use the latter. We
select four input indicators in the categories of land, labor, and

contribution factor to output, it cannot

capital, such as cultivated land area, and two expected output
indicators in the categories of economic and social benefits
(Table 2). These indicators are selected based on their
relevance to CLUE reported in recent research (Hou et al,
2019; Zhao and Zhang, 2019; Kuang et al., 2020; Zhao et al,,
2021).

2.4.2 SBM-DEA model

Data envelopment analysis (DEA) is an objective evaluation
method based on the relative effectiveness of the production
Frontier, which is suitable for multi-input and multioutput
efficiency analysis. The best performers have a full efficient
status denoted by 1, and usually multiple decision-making
units (DMUs) have this “efficient status” from experience,
which affects measuring the coordination degree between
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CLUE and urbanization in our research (Bai et al., 2018). The
slack-based model (SBM-DEA) can avoid this situation and
discriminate between these efficient DMUs. It first removes
the evaluated DMUs from the original production possibility
set, then takes the remaining DMUs as samples to construct a
new production possibility set and forms a new effective
production Frontier; finally, the effectiveness of DEA is
determined based on the new Frontier (Tone, 2002). In this
study, we use an input-oriented SBM-DEA model under variable
returns to scales. The SBM-DEA model can be described as Eq. 1.

( min §
st. ) NXju + S, = X
j=1
Jj#No
1 1
> NXi =8 =Y
j=1
Jj# Ao
| Aj20,8,>0, S; >0

where S, and S; are the relaxation variables of input and
expected output, respectively; X; and Y; are the values of
input and expected output in county j, respectively; A is the
weight vector; and 6 is the CLUE value. When 6 < 1, it implies
that the DMUs are inefficient or weakly efficient, while when
0 >1, the DMUs are efficient and can be sorted by their
effectiveness.

2.5 Evaluation and grading of UCLUC

2.5.1 Evaluation of UCLUC

In the process of rapid urbanization, there is a deviation
opposite to coordination between the improvements of
urbanization and CLUE (Liu and Li, 2017), which refers to
the quantitative mismatching relationship between systems or
internal elements of the system. We use the coefficient of
variation (CV) to measure the deviation (Pan and Liu, 2014).
First, the annual average growth rate of urbanization (Uy.) and
CLUE (L,,) are calculated according to Eqs 2, 3. Then, the CV of
each county at different periods is calculated according to Eq. 4.
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TABLE 3 Coordination classification of UCLUC.

cv Coordination classification
(0.8, + c0) Serious imbalance
(0.6, 0.8) High imbalance
(0.4, 0.6) Medium imbalance
(0.2, 0.4) Mild imbalance
(0, 0.2) Coordinated development
Ccv
Lagging a:gging CLY
aggin‘ urban velopment
Serious imbalance ; ) :08
: !
[
Mild imbalance | b 10.6
- : _ § ’CLUEr, =
Medium imbalance 10.4 ~
7 7
Slight imbalance 10.2
o 1
A N <O (S| Y
UNTr, - Coordinated | .- .20 UNr, +
) P )

CLUEr, +

FIGURE 3
Zoning model for different UCLUC types.

Uyn-U
U, =—" ' % 100% )
nU;
Liw-L
L, = =2~ % 100% 3)
nL;
1 _ Ustlir 2 _ Uytly\?
CV:iz \/Z[Utr 2 +(L¢r 2 ) ] =|Utr_Ltr|
x| Uiyl U, + Lyl
(4)

where Uy, and L,, are the average growth rates of urbanization
and CLUE, respectively. U;, Ugyy, Ly and Ly, are the
urbanization level and CLUE in ¢t and t + n periods,
respectively. S is the standard deviation, and X is the average
value. The smaller the CV is, the smaller the imbalance between
urbanization development and cultivated land use, which we
refer to as a higher UCLUC.

According to the value of the dispersion coefficient, we divide
the UCLUC into five levels, including serious imbalance, high
imbalance, medium imbalance, mild imbalance, and coordinated

development (Table 3).
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2.5.2 Subdivisions of the UCLUC

The scientific diagnosis of the geographic types of UCLUC
and their intrinsic causes are of great relevance for promoting
sustainable urban and rural development in the new era.
Coordinated development represents “stable growth” and
“coordinated development”. Therefore, the main subdivisions
of UCLUC depend on three indicators: the CV value, the growth
rate of urbanization and CLUE. Here, the three-dimensional
magic cube spatial classification method is used to optimize the
zoning of UCLUC (Xie et al., 2021). According to the principle of
the three-dimensional tesseract, the CV value, the growth rate of
the urbanization level and the growth rate of CLUE are set as the
X-axis, Y-axis and Z-axis of the tesseract, respectively, to
construct a three-dimensional tesseract. Among them, the CV
value is still maintained at five levels, as shown before, and the
growth rate of the urbanization level and the growth rate of
CLUE are divided into two levels of development and lagging
with 0 as an interval. As a result, 20 subdivisions of UCLUC exist
theoretically (Figure 3).

3 Results

3.1 Characteristics of urbanization and
CLUE

Since the beginning of the new century, the urbanization of
Hunan Province has experienced a stage of fast development,
rapid development and slow development, and the urbanization
subsystem has developed from imbalance to equilibrium
(Figure 4A). The urbanization level of Hunan Province
steadily increased from 0.131 in 2000 to 0.289 in 2018, with
an increase of 0.158 over 18 years and an average annual growth
rate of 0.83%. The PU level was the highest in 2009; the SU level
was the highest in 2000, 2013, and 2018; and the EU level was the
lowest in the whole study period. Specifically, the SU was
developing rapidly, reflected in the increase in fixed asset
investment (SU2) and healthcare (SU3), while SU4 was in a
rapid decline after 2009, which created a highly balanced
urbanization state.

The CLUE in Hunan Province was 0.779, 0.740, 0.663, and
0.739 in 2000, 2009, 2013 and 2018, respectively (Figure 4B), with
a decrease of 0.040 over 18 years and an average annual growth
rate of -0.22%. There were three evolutionary trends in the six
input—output variables of CLUE in Hunan Province in
2000-2018: the consumption of chemical fertilizer and
cultivated land area remained stable; gross agricultural
product and total power of machinery experienced rapid
increases; and agricultural employees and grain output
remained stable (2010-2018) after decreasing and increasing
(2000-2009), respectively.

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1091898

Wei et al.

10.3389/fenvs.2022.1091898

A B
035 Social Urbanization PUI T2 2000
i Economic urbanization 100 ~-2009
030 i Land Urbanization 0.289 SU4 30 PU2 —-2013
@ Population Urbanization s 2018
——Urbanization 0.252
025 |
b 0.114 SU3 /, —
020 0.17¢ . ANES
TO045 | 0131 0.041 > \
N i )%
= q LUl
0.10 + 0051
005
SUl EU1
0.00 ! EU2
2000 2009 2013 2018
Year
—-2000
(o] D Inputl ~+-2009
69 ~+-2013
50 2018
40
mmPTEC mmSEC —CLUE Output2 30 Input2
1.0 0.8 .
0.8 08
=06 =
n
3 0.7 é
E 04
02 0.7 Outputl Input3
0.0 0.6
2000 2009 2013 2018
Year Input4
FIGURE 4
Characteristics of urbanization and CLUE in Hunan Province. (A): The characteristics of different urbanization dimensions; (B): The
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TABLE 4 UCLUC in Hunan Province in different periods.

Coordination classification

Periods

2000-2009 1.347 Serious imbalance
2010-2013 1.634 Serious imbalance
2014-2018 0.132 Coordinated development

3.2 Temporal-spatial characteristics of
UCLUC

3.2.1 Dynamic changes of UCLUC

From 2000 to 2018, the dispersion coefficient between
urbanization and CLUE in Hunan Province showed a trend of
slight expansion and then significant reduction, which increased
from 1.347 in 2009 to 1.634 in 2013 and then decreased
significantly to 0.132 in 2018, which was in a state of
coordinated development (Table 4). This showed that the
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situation between urbanization and CLUE changed from
serious imbalance to coordinated development.

3.2.2 Spatial patterns of UCLUC

From 2000 to 2009, more than 95% of the counties were in a
state of imbalance, and only five counties (i.e., Furong, Hetang,
Dingcheng, Wulingyuan, and Heshan) were in a state of
coordination (Figure 5 and Table 5). During 2009-2013, only
one additional county was in a state of coordination compared to
the previous period, but the number of counties with serious
imbalances was as high as 109, 1.2 times higher than the previous
period. These results are consistent with the analysis results at the
provincial scale; that is, the overall degree of coordination in
Hunan Province deteriorated from 2009-2013.
2014-2018, the with
development significantly increased to 27, and the number of

During

number of counties coordinated
serious imbalance counties dropped sharply to 53. Moreover, the
counties with coordinated development were mainly distributed

in the northwestern and central regions.
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TABLE 5 Statistics of the types of country coordination degrees in different periods.

Periods  Indicators Serious High Medium Mild Coordinated
imbalance imbalance imbalance imbalance development
2000-2009  Number of counties/ 89 12 10 6 5
Unit
Percentage/% 72.95 9.84 8.20 4.92 4.10
2010-2013  Number of counties/ 107 2 3 4 6
Unit
Percentage/% 87.70 1.64 2.46 3.28 4.92
2014-2018  Number of counties/ 53 8 16 18 27
Unit
Percentage/% 43.44 6.56 13.11 14.75 22.13

3.3 Zoning for coordinated development

As previously discovered, UCLUC had obvious spatial
variation. According to Section 2.5.2, there were eight types of
UCLUC in Hunan Province from 2014-2018 (Figure 6A): serious
imbalance of development (Type I), high imbalance of
development (Type Il), medium imbalance of development
(Type Ill), slight imbalance of development (Type IV),
coordinated development (Type V), serious imbalance with
lagging CLUE (Type VI), serious imbalance with lagging
urban development (Type VII), and slight imbalance of lagging
(Type VIII). Their geographic location and limiting factors are
summarized based on their numerical characteristics (Figure 6).

Serious imbalance of development (Type I): This type of
region is distributed in 16 counties, such as Taoyuan and
Guiyang, accounting for 13% of all counties (Figure 6A). The
region has an average level of urbanization and an abundance of
cultivated land resources, but both urbanization and CLUE are at
an increasing stage of development (Figures 6B,C). The lack of
synchronization between the growth rate of urbanization and
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CLUE is the main cause of the serious mismatch in the region.
Nevertheless, the disparity coefficient is low (i.e., 0.901). High
imbalance of development (Type Il): This region includes eight
counties, including Pingjiang and Xintian, and is mainly located
in the more peripheral urban areas and areas with richer arable
land resources. Medium imbalance of development (Type Ill):
The region includes 16 counties (i.e., Yanling), located in the
western ecologically fragile areas and areas dominated by
which of high
importance and mostly in restricted development zones,

agricultural production, are ecological
resulting in the average annual growth rate of urbanization
development being less than that of CLUE (Table. 6). Slight
imbalance of development (Type IV): This area includes
17 counties, such as Changsha, which is mainly located within
the radiation circle of city transportation with richer cultivated
land and is farther away from the urban center. The traffic axis
drives the movement of various factors, such as population and
capital, between urban and rural areas, promoting their joint
development (Stastna and Vaishar, 2017). As a result, the degree
of incoherence is low (i.e., 0.291). Coordinated development
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TABLE 6 Geographic location, limiting factors, and key measures of different UCLUC types.

Type  Numerical Geographic location Limiting factors Key measures
characteristics
Cv  Unr  CLUEr
| 0901 0.042  0.047 More peripheral urban areas; Lack of synchronization but a low Make full use of transport axes to further connect
Areas with richer cultivated land | disparity coefficient core cities; Strengthen the connection between
resources urban and rural areas; Guide the transformation
of CLU to improve the economic output; Nurture
the branding of traditional agricultural products
and develop new agriculture
1l 0.714 = 0.058 0.023
1] 0479  0.051 0.107 Ecologically fragile areas and areas | Development is prohibited because of | Develop low-intensity and high-value ecological
dominated by agricultural its ecological importance agricultural products; Strengthen the integrated
production development of tourism and agricultural product
production
\% 0.291 = 0.050 0.054 Within the radiation circle of city = Richer cultivated land resources and | Promote the systematic and diversified
transportation farther away from the urban center development of rail transport; Strengthening the
gradual diffusion of “transport axes”
\ 0.096 = 0.053 0.049 Areas around central cities; Areas = Low growth rate of CLUE and Further deepen the reform of the population and
with richer land resources urbanization land systems to coordinate the free and efficient
flow of factors between urban and rural areas
Vi 4191  0.041  -0.035 Core cities; Ecologically fragile Rapid urban development “robs” Limit high-intensity industrialization and
areas in the northwest inputs of CLU. In addition, the urbanization; Optimize the layout of the urban
restriction of CLU. and rural industrial structure; For ecologically
fragile areas, the measures are similar to Type Il
Vil 1.957 | 0.023 0.472 Four counties: Tianxin, Yuhua, CLU and urbanization are in the Accelerating the transition process; Deepen the
Shifeng and Yanfeng process of drastic transformation reform of the population management system,
such as planning urban public services and
infrastructure based on the quantity and structure
of the resident population; Optimizing the
industrial structure and functional layout
Vil 0.200 -0.026 = —0.040
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(Type V): There are 27 counties in this type of area, accounting
for 22% of all counties. It can be divided into two types of areas:
one is the areas with relatively high development intensity
around central cities (i.e., Liuyang), and the other is in the
areas with richer land resources (i.e., Changde and Huaihua).
High imbalance of development (Type VI): This type includes
34 counties, such as Furong and Longshan, which are mainly
located in the “Changsha-Zhuzhou-Xiangtan City Group” and
the ecologically fragile areas in the northwest (Zou and Wang,
2022). Serious imbalance with lagging urban development (Type
VII): This type of area includes three counties, Tianxin, Yuhua,
and Shifeng, which are severely mismatched between different
urbanization dimensions and CLUE and are developing slowly.
Specifically, only the SU in Shifeng increased, only PU in Tianxin
increased, and all dimensions of urbanization in Yuhua
decreased (Figure Al). Slight imbalance of lagging (Type VIII):
There is only one county (i.e., Yanfeng) of this type, in which
cultivated land use and urbanization are in the process of drastic
transformation.

4 Discussion

4.1 Evolution of urbanization, CLUE and
UCLUC

Hunan Province is a lens through which to observe
China’s urbanization process and CLUE evolution. UCLUC
presents a horizontal rugby shape, which is enclosed by a flat
S-shaped urbanization curve and a U-shaped CLUE curve, as
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New-type urbanization Time

shown in Figure 7. The overall level of urbanization has been
improving with a flat S-shaped curve, which is an objective law
verified by many countries (Mulligan, 2013). At the beginning
of the China’s
“development is absolute

new century,
the
urbanization lagged seriously. In this context, policymakers

guiding ideology was

principle”, and social
in Hunan Province were committed to pursuing economic
growth, mainly driven by “land finance” and “migrant worker
tide” (Gu and Liu, 2012; Lin et al.,, 2015), and healthcare,
education and employment had to make concessions. In 2009,
the development of economic urbanization was seriously
impacted by the global financial crisis, and the export-led

economy was hit hard in Hunan Province (Mi et al., 2017).

Meanwhile, the global financial crisis also created
development opportunities; a direct result was that the
whole country entered the adaptation period of

urbanization transformation. Hunan Province turned to

increasing infrastructure construction and stimulating
domestic demand to drive economic growth. Meanwhile,
disadvantages such as unfairness that had accumulated
during rapid urbanization gradually erupted. As a revision,
a new urbanization strategy was proposed in 2012, marking
China’s entry into the new urbanization stage (2013-2018).
Compared with the traditional urbanization model, new
urbanization is characterized as “people-oriented” and
attaches importance to the quality of urbanization and the
governance of the ecological environment (Yu, 2021). With
the adjustment of industrial structure and the strategic
adjustment of urbanization development direction, Hunan’s

economic development recovered from the international
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financial crisis, and urbanization has tended to be highly
balanced while the rate has decreased.

China’s urbanization is known as “urbanization at breakneck
speed” in human history, and it has changed CLUE considerably
(Hou et al,, 2019). There is a substitution effect of technology for
rural labor in CLU along with urbanization (Zhao et al., 2021),
and it has changed from weak to strong. In the early stage of
urbanization, the necessary input elements for farmland
production, such as the rural labor force and farmland, are
rapidly “absorbed” by cities due for rapid urbanization and
industrialization (Zhou et al,, 2021), resulting in insufficient
farmland use inputs, and abandonment and extensive land use
behaviors appear in many areas (Su et al., 2020). As urbanization
reaches a certain stage, the central government begins to focus on
rural development strategies, to give more attention to the
multifunctional value and sustainability of agriculture, and to
apply the advanced management experience and technology that
has emerged with urbanization to the cultivated land utilization
system (Hou et al., 2019). As a result, labor-saving inputs such as
machinery and pesticides replace the lost agricultural labor. At
the same time, the output is also increasing due to yield-
enhancing inputs such as improved seeds and management
addition, because people’s
awareness is also upgrading, the pursuit of green organic food

techniques. In consumption
further guides the input reduction and agricultural structural
changes (Chang et al, 2018). Therefore, in the later stage of
urbanization, the CLUE begins to improve, and the gap between
urbanization and CLUE closely narrows.

4.2 Remove institutional barriers and
accelerate the flow of factors

The realization of urban—rural coordinated development is
accompanied by the narrowing of the urban—rural gap. The
urban—rural gap is mainly reflected in the industrial structure
and the public facility services that serve the industrial structure
(Azam, 2019). The narrowing of the gap between urban and rural
public services and industrial sectors mainly relies on the all-
around cooperation of the three major changes: labor transfer,
technological progress and changes in consumer demand. These
three major changes emerge in the long-term interactions of
cultivated land, labor force, agricultural products, technology and
other factors (Satterthwaite et al., 2010; Hou et al., 2019; Deng
et al., 2020). There is a strong link between the three changes,
with technological progress facilitating labor migration, labor
migration facilitating the upgrading of consumer demand, and
technological progress securing the upgrading of consumer
demand. In the context of China, this process of interaction is
deeply regulated by institutions, including the national
development strategy, the household registration system and
the land system (Yan et al, 2018). Because CLU systems are
artificial-natural systems, the interactions are also related to
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geographic location and resource endowments (Figure 8). The
policy intervention points to the coordinated development of
urbanization and CLUE lies in accelerating the urban—rural flow
of factors through policy improvement, promoting the upgrading
of the three processes. Specifically, 1) institutional reform and
innovation should be deepened to establish and improve a
unified urban—rural element market and a mechanism for
integrated development, to promote the free flow of elements
(people, land, economy, and industry) in both directions between
urban and rural areas and to enhance the allocation efficiency of
elements. 2) Moreover, it is suggested to promote regional
coordinated development by zoning and classification because
of diverse basic conditions and development goals, as well as
varying rates of development in different regions. According to
their development orientation and comprehensive development
level, there are eight coordination types in Huan Province, and
different promotion strategies should be adopted for each type.

4.3 Policy guidance for UCLUC zoning
management

On this basis of mechanisms for urban—rural coordinated
development, geographic location and limiting factors, adaptive
policies for regions to promote sustainable development of urban
and rural areas are proposed (Table 6). For the serious imbalance
of development (Type |) zones, it is important to fully utilize
transport axes to further connect core cities, allowing them to
gather population and the economy, to highlight core city
development characteristics and to promote high-quality
urbanization. At the same time, it should make sensible use of
land the
transformation of cultivated land use to improve economic

cultivated resources and scientifically guide
output. Specifically, the advantages of land and labor force in
rural areas should be utilized fully, the branding of traditional
agricultural products should be nurtured, and a combined
primary and tertiary industrial chain based on agriculture
should be formed, new agriculture such as eco-agriculture and
experiential agriculture should be vigorously developed, and the
should be

strengthened. In regard to the high imbalance of development

connection between urban and rural areas
(Type Il) zones, the causes of development dislocation are similar
to those of Type I, and the key measures are similar to those of
Type L

To promote UCLUC in the medium imbalance of
development (Type III) zones, its rich ecological resource
endowment should be utilized to develop low-intensity and
high-value ecological agricultural products and to strengthen
the integrated development of tourism and agricultural product
production to improve comprehensive CLUE while preserving
ecological space.

For the slight imbalance of development (Type IV) zones, the
gradual diffusion of “transport axes” into rural areas should be
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Mechanisms for urban—rural coordinated development from the perspective of urbanization and CLUE coordination.

further promoted to improve the efficiency of factor flows and to
promote UCLUC in this type of zone. In particular, the
construction of urban and rural rail transport should be
strengthened, and the systematic and diversified development
, 2019).

For coordinated development (Type V) zones, owing to the

of rail transport should be promoted (Lu et al.

location advantage, resources from the countryside provide a
good foundation for the development of suburban areas. On the
other hand, the capital and technology in cities overflow into
rural areas through the trickle-down effect to promote the
transformation of cultivated land use from labor-intensive to
capital-intensive, which effectively improves CLUE (Zhang et al.,
2020). As a result, the region has formed a pattern of coordinated
development of urbanization and CLUE. However, the low
growth rate of CLUE and urbanization limits its further
harmonious development. In the new era, the key to
enhancing the UCLUC in this region lies in raising the level
of urbanization and CLUE by further deepening the reform of the
population and land systems; coordinating the free and efficient
flow of people, land, money, industry and other elements
between urban and rural areas; improving the efficiency of
resource allocation; and finally creating a model for high-level
coordinated urban and rural development.

Serious imbalance with lagging CLUE (Type VI) zones has
had a high level of urbanization and a rapid growth rate affected
by the radiation of “Changsha-Zhuzhou-Xiangtan City Group”
as the leader of economic development in Hunan Province.
“robbed”

However, rapid urban development has a large
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amount of cultivated land, rural labor and other resources,
leading to a reduction in the input of cultivated land systems,
which has led to a slow increase in CLUE (Han et al.,, 2021). The
key to achieving coordinated urban—rural development in the
region lies in regulating urban expansion speed and the structure
of the industry to the suitable urbanization stage. Furthermore,
the relationship between urban—rural development should be
regulated by optimizing the layout of the urban and rural
industrial structure considering that “population is the carrier
of other factors” and “people follow industry”. Ecologically
fragile areas present a high level of EU and a low level of
CLUE due to the restrictions of construction and cultivated
land use activities (Zou and Wang, 2022). To promote
UCLUC in this region, it should fully utilize its rich ecological
resource endowment based on the environmental carrying
capacity, insist on protecting the ecological space to develop
low-intensity and high-value ecological agricultural products,
and strengthen the combination of tourism and ecological
agricultural products to improve the comprehensive CLUE.
Moreover, the provincial agro-eco-compensation mechanism
is recommended to support ecologically fragile areas and
narrow the regional development gap.

Type VIl zones are in the transition stage of urbanization
from speed to deepening quality, which is characterized by
The key to
improving UCLUC in this region lies in deepening the reform

lagging urbanization and serious imbalance.

of the population management system to enhance the
inclusiveness of cities for foreign populations (Yang et al,
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2019). The quantity and structure of the resident population
should be used as the basis for planning urban public services and
infrastructure (Wu et al., 2020). Furthermore, the industrial
structure and functional layout should be optimized to
enhance the city’s innovation capacity and core advantages for
speeding up and increasing the quality of urban development.
The cause of the development disorder of the slight imbalance of
lagging (Type VIII) zones is similar to Type VII. Therefore, the
governance measures are similar to Type VII; in short,
accelerating the transition process.

4.4 Research limitations

In addition to bringing the economic benefits considered in
this study, there are certain negative externalities associated with
CLU, particularly in ecological terms, such as large amounts of
carbon dioxide released (Deng and Gibson, 2019; Kuang et al.,
2020). Moreover, the use of green production in agriculture is an
of global
development and an important measure to achieve the

inevitable requirement modern  agricultural
2030 sustainable development goal of the United Nations (Xie
et al.,, 2018). Given this, the connotation of CLUE should be
expanded, and ecological efficiency indicators should be included

to evaluate CLUE in follow-up research.

5 Conclusion

This paper expands on the study of urban—rural coordinated
development from the perspective of urbanization and CLUE
coordination and proposes an analytical framework for UCLUC.
This study measures Hunan’s UCLUC level based on estimating
the level of urbanization and CLUE and explores the
spatiotemporal evolution. On this basis, it identifies the types
of UCLUC in Hunan Province and finally proposes optimization
policy suggestions to promote coordinated urban and rural
development for different types of areas. The results show that
from 2000 to 2018, the level of UCLUC in Hunan Province
changed from serious maladjustment to great maladjustment to
coordination, with the level of urbanization rapidly improving
and CLUE first decreasing and then increasing. The high-
UCLUC areas were mainly in the northwestern regions of
Hunan Province. Eight types of UCLUC are identified in
the
optimization measures should be taken for different types in

Hunan Province. In future, targeted governance
the new era. In general, it should unify the urban and rural factor

markets, promote the free flow and equal exchange of factors,
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and strengthen the foundation for UCLUC. Moreover, it is
necessary to strengthen the construction of infrastructure such
as transportation and networks, improve the level of urban and
rural public services, and improve the eco-compensation system
to promote the harmonious development of urban and rural

areas.
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