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Rural development and restructuring are critical steps toward achieving optimal
spatial adjustment for regional and rural revitalization. Using the rural regional
system and the TOPSIS model supported by the entropy value method, this
study analyzed the model of rural development and spatial restructuring in the
study area from 2000 to 2020. The study examined the exchange and change
and discussed the internal logical correlation and role relation among them. The
results indicated that: (1) During the study period, the level of rural development
in the study area increased considerably. The rural regional function shifted
from a lower level of homogenous development to a higher level of diversified
development, which are important features of the evolution of economic
and social development levels. (2) Spatial restructuring was characterized by
temporal continuity and non-linearity of stages. The overall shape transformed
from “dispersion-homogeneity-differentiation.” (3) The coupling coordination
degree of the two subsystems showed a constant rise to a low level, with
apparent temporal heterogeneity. The type of coupling coordination became
a benign optimizing direction with a significant level of heterogeneity. Rural
revitalization depends on the coupling and coordination among economic,
social, ecological, and spatial systems. The research results provide baseline
information to decipher the path of rural revitalization at various degrees of
coupling and promoting sustainable rural development.

KEYWORDS

rural restructuring, rural development, coupling and coordination, rural revitalization,
rural regional system

1 Introduction

Since the 1950s, rapid industrialization and urbanization have led to generalized rural
shrinkage throughout the world, which has become an increasingly significant topic of
academic interest (Yu et al., 2017). The rapid urbanization of recent decades has profoundly
impacted rural areas, leading to significant structural changes and raising numerous practical
issues that require thorough investigation. As urban centers expand, rural regions often
experience depopulation, economic decline, and environmental degradation, necessitating
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structural adjustments to revitalize these areas. Different nations have
implemented various strategies to address these challenges, such as
promoting agricultural modernization, enhancing rural infrastructure,
and integrating rural and urban economies. Developed countries such
as the United States, the United Kingdom, Germany, and Australia
have typically experienced urbanization and reverse urbanization
(Long and Tu, 2017).

To improve rural comfort and explore rural revitalization,
research has been conducted on important changes in socio-economic
and regional patterns in rural areas, specifically the elements, patterns,
processes, and experiences of rural restructuring. Research has shown
that rural restructuring is characterized by temporal change and is a
key method for adapting to national socio-economic development and
achieving rural revitalization. Its significance lies in controlling rural
development dynamics and clarifying the characteristics of spatial
restructuring patterns to realize rural revitalization (Woods, 2011;
Woods, 2005). Woods defines rural restructuring as the restructuring
of the agricultural economy, the optimization and integration of rural
services, and the model of social development in the process of
industrialization and urbanization key methods for adaptation to
national socio-economic development and rural revitalization.
Heterogeneous elements are organized and combined into a rural
socio-economic subversion.

In China, the government has introduced comprehensive policies
under the rural revitalization strategy to tackle these issues, focusing
on improving living standards, boosting rural economies, and
preserving the environment. Despite these efforts, significant
challenges remain, including the need for better coordination between
economic development and spatial restructuring. Since the 1990s, the
acceleration of industrial development and urbanization has led to
significant structural and functional fluctuations in the geographical
configuration of the Chinese countryside. These fluctuations have
caused dramatic changes in the living environment and the
configuration of human-land relations, and extinguished most areas,
severely limiting the ability of rural communities to develop
sustainably. In response to this decline of the countryside and as a
crucial way to resolve the development conundrum, the Party
proposed in the report of the 19th National Congress to
comprehensively promote the construction of new rural areas,
implementing the strategy of rural revitalization in many aspects and
dimensions. Experts in China’s rural geography have closely linked the
restructuring of the countryside with China’s national condition,
highlighting its critical function in the new development stage.
Modern rural geography research possesses significant responsibility
and has the crucial task to accurately define contemporary rural
development and the evolution of rural spatial structure.
Strengthening the rural revitalization strategy and achieving
sustainable development in China is contingent upon accurate and
meticulous analysis and comprehensive re-search (Liu, 2018).

2 Theoretical framework and
hypothesis

2.1 Literature review

The restructuring of rural areas cannot be dissociated from the
contraction and decline of rural areas induced by urban development.
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European researchers conducted research on the components, models,
processes, and experiences of rural restructuring from the
mid-twentieth century to the early twenty-first century. With the
profound impact of information and globalization in recent years,
Chinese research on rural re-structuring is primarily based on rural
geography and the theory of regional systems of human-land relations.
The process-mechanism-regulation for rural spatial restructuring is
the primary research paradigm, and small-scale case studies have
developed new models of farmers’ geographical perspectives (Tu et al.,
2020). Researchers have defined rural restructuring as the process of
reshaping rural economic and social patterns and regional spatial
patterns through rational allocation and scientific organization of
several factors of rural development, based on the joint action of
exogenous and endogenous driving forces (Tu et al., 2020; Long et al.,
2021). This process aims to achieve the ratio of the components of the
rural regional system, complementary functional advantages, and
mutual promotion and coordinated development of rural regional
subsystems. It is a complex project that encompasses many dimensions.

Overall, academic research on rural development, spatial
restructuring, and revitalization exploration is extensive, and a variety
of academic schools have been established (Long et al., 2021;
Meyfroidt et al.,, 2013; Nelson, 2001), stressing the basic theory of rural
restructuring (Tu et al., 2020; Chen et al.,, 2018), the spatial evolution
of rural settlements (Chen et al., 2018; Li et al., 2015; Huang et al.,
2018; Nie et al., 2022), and rural transformation (Long and Liu, 2016;
Lietal, 2021). Researchers have discussed in detail the rotating and
changing nature of rural restructuring. However, throughout the
existing studies, most researchers have explored rural transformation,
rural development, and rural spatial restructuring in separate
discussions, without ad-dressing the intrinsic logical correlations or
the relationships between the level of development and the level of
spatial restructuring. They also cannot propose specific targeted
measures for the complex rural situation in China, and the situation
of blurring the disciplinary boundaries due to the extensive and
comprehensive geographic disciplines. In this respect, this study aims
to build a quantitative assessment of the level of rural development
and the level of restructuring based on X county of Zhejiang province
for case analysis. It will quantitatively determine the characteristics of
rural development and spatial restructuring in the county from 2000
to 2020 based on entropy weighted TOPSIS and GIS techniques. The
study will analyze the relationship between rural development and
spatial restructuring through a coupled coordination degree model,
direct route, and regulation mean for rural revitalization. The study
will provide a benchmark for coordinated local development.

2.2 Theoretical framework and hypothesis

The regional human-land relations system holds an important
place in the study of rural development as the heart of geography (Lyu
etal, 2021). The rural area is an open, diverse, and dynamic regional
complex system composed of several interdependent and
interdependent multi-faceted elements, such as natural, economic,
social, cultural, and spatial, within a certain regional scope. The
complexity of the system depends on the combination and the
structural and functional properties of the building blocks. Its
development is motivated by transformation and improvement in the
economy and society (Zheng and Zhang, 2021), as economic and
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societal developments shift the areas natural properties and
ecological landscape.

On this basis, this study investigates the internal logical correlation
and the role relationship between the level of rural development and
spatial restructuring from the regional rural system. It clarifies the
specific practical pathway for complex rural regions as part of the
rural revitalization strategy. This study constructs the index system to
evaluate the level of rural development based on three dimensions:
economic development, social development, and ecological building.
From the point of view of the theory of rural regional systems, it is
known that space belongs to the byproduct of the system (Zhang et al.,
2019). “Production-Living-Ecological Space” can reshape the spatial
form and even the socio-economic structure of rural areas. By
optimizing the rural spatial structure and promoting the
implementation of a rural re-generation strategy, the study builds a
system of a level index of rural spatial restructuring from three
aspects: production, ecology, and life.

The level of rural development measures the state of development
of the rural regional system formed by the arrangement and
combination of material and non-material elements at a specific
research time point. The dynamism and change are weak compared to
rural restructuring. The development model, driving mechanism, and
model form of rural development are all hotspots for research.

Rural spatial restructuring quantifies the extent to which the study
area moves spatially in a particular direction over a specific study
period. It is the quantitative shift and outward appearance of rural
settlement in spatial form. The relationship between the level of rural
development and the intensity of rural restructuring is demonstrated
by the concepts mentioned above. However, the relationship between
the rural development level constructed by non-spatial indicators
based on economic, social, and natural aspects and the intensity of
rural spatial restructuring constructed by the core of “Production-
Living-Ecological” is still open to debate.

Through the introduction of the Rural Development Level Index
and the Rural Spatial Restructuring Intensity Index, this study
combines rural transformation, rural development, and rural
restructuring in a discursive study. It comprehensively evaluates and
analyzes the rural development model and the spatial restructuring
trend in X County, Zhejiang Province, from 2000 to 2020. The study
explains the internal logical correlation and the relationship between
the level of rural development and the level of spatial restructuring.
The study provides suggestions and recommendations for the
implementation of rural revitalization.

Based on the theoretical analysis, the following research
hypotheses can be proposed to clarify the relationship between the
level of spatial reconstruction and the level of rural development: H1:
There is a positive correlation between the level of spatial
reconstruction and the level of rural development. As spatial
restructuring progresses, rural development indicators such as
economic growth, social progress, and ecological sustainability
improve. H2: The coupling coordination between spatial restructuring
and rural development follows a non-linear trajectory, characterized
by phases of low coordination evolving into higher coordination over
time. H3: Different dimensions of spatial restructuring (production
space, living space, and ecological space) contribute variably to rural
development, with production space restructuring showing immediate
economic impacts, while ecological and living space restructuring
contribute to long-term sustainable development. These hypotheses
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will guide the investigation of how changes in spatial organization and
usage affect overall rural development and will help in understanding
the dynamic interplay between these variables.

3 Study area, research methods, and
data sources

3.1 Study area

X County in Zhejiang Province was selected as a case study due to
its unique geographic and socio-economic conditions. Located at the
intersection of Zhejiang, Jiangxi, and Anhui provinces, the county
spans approximately 2,236 km” with a varied topography that is high
in the northwest and low in the southeast. This terrain, combined with
favorable climate and soil conditions, supports diverse agricultural
and ecological activities. Since the 1990s, X County has transitioned
from traditional agriculture to a more diverse economy incorporating
industry and tourism, driven by its advantageous transportation links
and resource availability.

The county’s industrial and economic evolution has led to
significant spatial restructuring. From 2000 to 2020, X County
experienced a notable shift from homogenous rural development to a
diversified development pattern. This restructuring is characterized
by temporal continuity and non-linear stages, moving from dispersion
to homogeneity and then differentiation. The county’s development is
measured through various socio-economic indicators, including
economic growth (farmers’ income, gross regional product), social
progress (healthcare, education), and ecological construction
(environmental protection investments, greening efforts).

X County’s development strategy emphasizes a balance between
industrial growth and ecological conservation, making it a nationally
important area for ecological function protection. The regions
comprehensive rural development and spatial restructuring provide a
representative example for studying sustainable rural development in
China. The integration of ecological preservation with economic
development in X County offers valuable insights and benchmarks for
implementing rural revitalization strategies across similar regions.

3.2 Research methods

3.2.1 TOPSIS entropy weighting method analysis

The study employed the TOPSIS entropy weighting method to
assign weights to the Rural Development Level Index and Rural Spatial
Restructuring Intensity Index of X County, Zhejiang Province during
2000-2020. The entropy weighting method is a relatively objective
weighting method that determines the weights of each evaluation index
by dimensionless processing of the obtained data through the extreme
value method. It avoids arbitrary and subjective weighting, which makes
it a preferable method. The TOPSIS model, also known as
“Approximation of Ideal Ranking; is often used to completely assess
multiple indicators in a study (Zhao et al., 2018). It can objectively and
scientifically reflect the dynamic shifts in the assessment system.

To evaluate the level of rural development and the intensity of
rural spatial restructuring, we utilized the TOPSIS entropy
methodology (Tu and Long, 2017). The data processing steps of the
TOPSIS model supported by the entropy method consist of indicator
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construction, data processing, and indicator assignment. Next, the
optimal solution and the worst solution are determined by calculating
the normalized weighting matrix with its Euclidean distance. Finally,
the evaluation score index is evaluated to determine the superiority
and inferiority of the evaluation subject.

The data standardization and evaluation index assignment steps
used the extreme value method to standardize the original data to
make them comparable. Then, we transformed the range of the index
interval between [0, 1]. Here is how the transformation was done:

. .
e .. aif—amin
Positive indicators : aij = ay—dmm - (1)
amax— amin
amax— da'ij
Reverse indicators : aij = ——— 2)

amax— amin

where i denote the year, j denotes the indicator, a; is the original
indicator data, a; is the standardized indicator data, and a,,,, and amin
are the maximum and minimum values in the original indicator data.

Steps for calculation of indicator weights using the
entropy method:
. o N .. aij
Calculating the contribution of indicators : Qij = " 3)
~aij
i=1

X
Entropy value of the i — th indicator : Wj = —LZQij In Qij (4)
Inx

i=1

1=

Weight of the i — th indicator : Nj= ———
Y (1-wj)
Jj=1

©)

where x and y represent the years and indicators of the study,
respectively, and the weights of each indicator are calculated by
the formula.

3.2.2 Measurement of rural development level

The index evaluation system was constructed from three
dimensions, drawing on relevant research results (Yu et al., 2017;
Long and Tu, 2017; Liu, 2018; Tu et al., 2020; Long et al., 2021; Long
et al,, 2021; Huang et al., 2018): economic development, social
These
dimensions were chosen because economic and social development

development, and ecological construction (Table 1).

can reflect the dynamic tendencies of a complex internal and
external environment, while ecological construction is linked to the
spatial change under the organic combination of human activities
and geographical elements.

Using the entropy-weighted TOPSIS model, we measured the
economic development level index, social development level index,
ecological construction level index, and comprehensive development
level index of X county in Zhejiang province from 2000 to 2020. Our
goal was to establish a system of indices to assess the level of rural
development, based on the principle of coherence of the range of
gauges and accessibility of data for assessment indices. To this end,
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we identified four indicators to reflect the economic development level
of the study unit: the level of farmers’ income, gross regional product,
gross agricultural product, and added value of the tertiary industry.
Additionally, we selected four indicators to reflect the social
development level of the study unit, including the total amount of post
and telecommunications services, level of medical and healthcare,
level of education, and level of gas pipeline penetration. Furthermore,
we identified four indicators to reflect the ecological construction of
the study unit, including domestic sewage treatment, level of
environmental protection investment, garbage treatment, and
greening of built-up areas. Each of these indicators captures an
essential aspect of the ecological construction of the study unit.
We have analyzed the magnitude of change for each indicator, which
reflects the intensity of change in the rural development level. By
combining all these indicators, we were able to gain comprehensive
insights into the rural development level of X county in Zhejiang
province over a period of 18 years.

3.2.3 Measurement of the rural restructuring
intensity index

The index evaluation system was constructed from three
dimensions of production spatial restructuring, living spatial
restructuring, and ecological spatial restructuring (Table 1), based on
the entropy-weighted TOPSIS model, to measure the production
spatial restructuring intensity index, living spatial restructuring
intensity index, eco-logical spatial restructuring intensity index and
comprehensive spatial restructuring intensity index in X County,
Zhejiang Province from 2000 to 2020. Under the premise of following
the same principles as the development level metric system, the system
of indicators of evaluation at the level of rural spatial restructuring is
built, and the spatial concentration index is selected to reflect the
production spatial restructuring intensity of the study unit. Spatial
concentration reflects the regional economic and demographic
concentration, which is of practical importance for calculating the
spatial intensity of the output of the unit of study; the network
accessibility index is selected to reflect the spatial restructuring
intensity of the home area of the study unit. The factors of network
accessibility include the development level of transportation road
network per unit area, which is closely related to human living
conditions; the index of landscape heterogeneity is selected to reflect
the intensity of ecological spatial restructuring of the study unit, and
landscape heterogeneity is a major factor in coordinating land
allocation and reasonable distance, which can reflect the level of
ecological spatial restructuring of the study area more intuitively
(Figure 1).

3.2.4 Coupling coordination evaluation method
Physical coupling refers to the interaction and influence between
two or more systems through interconnectedness (Li et al., 2015).
Achieving quality rural development requires promoting linkages and
coordination among various systems, such as rural development and
spatial restructuring (Gao et al., 2021). The organic combination of
production, living, and ecological spaces is a crucial precondition and
guarantee for the social, economic, and natural development of the
countryside. It provides the necessary conditions for the development
of economic, social, and natural systems, but it can also have negative
effects. The objective representation of the coupling between the two
systems focuses on the interaction between the elements of the system
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TABLE 1 Index system of rural development level and spatial restructuring intensity.

Category

Countryside Development

Dimension

Economic development

Indicator layer

Farmers’ income level

Calculation method

Farmers’ total income/population

Gross Regional Product

A sum of the added value of each industry

The total agricultural output value

The total amount of products produced by agriculture, forestry,

animal husbandry, and fishery

Value added of tertiary industry

Value added of tertiary industry

Social development

Total post and telecommunications business

Total post and telecommunications business

Medical and healthcare level

Medical and healthcare input

Education level

Number of various types of schools

Gas pipeline penetration level

Gas pipeline penetration rate

Ecological construction

Domestic sewage treatment

Domestic sewage treatment rate

Environmental protection investment level

Farmers’ total income/population

Garbage disposal

Domestic garbage treatment rate

Greening of built-up areas

Green space rate of built-up area

Space restructuring

Restructuring of production space

Spatial concentration

(Population concentration + economic concentration)/2

Life Space restructuring

Network accessibility

(Outward accessibility + internal connectivity)/2

Restructuring of production space

Landscape Heterogeneity

Urban and rural construction land area/total land area of the

district
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Theoretical framework diagram.
and the tendency of the system to develop toward complexity and
sophistication. There can be a high degree of coupling even when the 118°10'0"E  118°20'0°E  118°30'0"E  118°40'0°E
system is at a low level (Luo et al., 2020). Therefore, this study used the 20 Kiometers
coupling coordination degree model to comprehensively evaluate the z z
: o
level of rural development and spatial restructuring, as well as the 5 b
degree of coupling coordination in County X from 2000 to 2020, to = R
reveal the synergy between the two systems. The degree of coupling C %
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=] s
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Calculation of the coupling coordination degree: D =+ C x T (7) Geographical location map of X County.

Where C represents the coupling degree between two systems, the
higher its value, the better the coupling coordination between the two
surfaces; o« and P are coefficients to be determined and add up to
be equal to 1. According to the relevant studies with the contribution
of two systems, a==0.5 is taken in this study.

3.3 Research sources

In the present study, the county serves as the fundamental unit
of analysis, and the study period spans from 2000 to 2020. The
socioeconomic data used in this study were primarily sourced from
the Quzhou City Statistical Yearbook, X County Statistical

Frontiers in Sustainable Cities

Yearbook, Zhejiang Province Yearbook, China Rural Statistical
Yearbook, China Agri-cultural Yearbook, and other relevant
county and city statistical yearbooks within the study area. All
economic data were converted to comparable 2000 prices.
Additional data were collected from relevant government websites
between 2000 and 2020. Baseline geographic data was obtained
from the Chinese Academy of Sciences Resource and Environment
Data Center and associated data websites. Any missing data were
completed via linear interpolation, and land use data were obtained
from Landsat TM image interpretation data provided by the
Resource and Environment Data Center of the Chinese Academy
of Sciences (Figure 2).
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4 Discussion

4.1 Pattern characteristics of rural
development level

Between 2000 and 2020, the level of rural development in County
X rose substantially. This was reflected in the shift of geographic
functions from a lower level of consistent development to a higher
level of diversified development due to the geographic proximity of
the region (Long, 2014). The indices of economic and social
development also dis-played important time-changing characteristics,
which were closely related to the excellent ecological resources present
in the region. For the study period, the average value of the level of
integrated rural development in County X increased from 0.038 to
0.203, while the standard deviation was reduced from 0.316 to 0.270.
Additionally, there was an increase in the absolute value of the
skewness coeflicient and peak coefficient, and the degree of outlier
data increased. These findings indicate that the development process
of the rural area system in County X is moving away from a low level
of single development state and toward a high level of diversified
development trend. Upon analyzing the three dimensions of economy;,
society, and ecology, we found that the average economic level of
County X experienced the largest increase over the study period,
rising from 0.038 to 0.203. The level of social development also
increased from 0.044 to 0.156, while the level of ecological
construction changed significantly from 0.070 to 0.226 (Table 2).

TABLE 2 Statistical table of development levels in County X, 2000-2020.

10.3389/frsc.2024.1441750

To comprehensively evaluate the development level of County X
from 2000 to 2020, we assigned indicators and determined criteria for
each indicator before applying factor analysis. This enabled us to
calculate the level of rural development indices for each target level
and criterion level and analyze the characteristics of the rural
development level pattern of County X from 2000 to 2020 (Figure 3).

(1) Over the past two decades, County X’s economic development
has demonstrated a trend of “stable to good, high start and low
decline, “with the comprehensive economic development index
level increasing from 0.002 in 2000 to 0.385 in 2020 (Table 3).
How-ever, the overall economic development rate has
experienced fluctuations with an “in-creasing-decreasing-
stable” trend. Analysis of major economic indicators revealed
that in 2009, County X experienced its highest economic
development rate in 20 years, with the economic growth rate
surpassing the provincial and municipal averages, and
exhibiting a positive trend in terms of operating quality and
growth. However, after 2015, the economic situation became
increasingly complex and challenging, leading to a severe and
challenging development mission for the leadership team. To
address these challenges, the leadership team promoted
comprehensive industrial strength, green development, “a belt
of four platforms” economic construction, and a high level of
county governance to foster high-quality development,
gradually achieving stable and healthy improvements in

Category 2000 2020
Economy Society Ecology Integrated Economy Society Ecology Integrated
Mean Value 0.001 0.044 0.070 0.038 0.228 0.156 0.226 0.203
Standard
0.010 0.288 0.428 0.316 0.000 0.402 0.019 0.270
deviation
Skewness
2 2 1.993 2.260 -2 —1.764 -2 -3.230
coefficient
Peak coefficient 4 4 3.976 4.163 4 3.070 4 10.678
1.00 0.5
I Economic development
I Social development
0.80 I Ecological construction 04
Comprehensive level
0.60 0.3
0.40 0.2
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
FIGURE 3
Map of rural development levels in County X, 2000-2020.
Frontiers in Sustainable Cities 07 frontiersin.org


https://doi.org/10.3389/frsc.2024.1441750
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Zhang et al.

TABLE 3 Development level index scores for County X, 2000-2020.

10.3389/frsc.2024.1441750

Year Economic Social development Ecological Comprehensive level
development construction
2000 0.002 0.020 0.082 0.104
2001 0.006 0.030 0.070 0.106
2002 0.012 0.037 0.060 0.109
2003 0.014 0.054 0.072 0.140
2004 0.015 0.057 0.098 0.170
2005 0.026 0.077 0.103 0.206
2006 0.040 0.098 0.088 0.226
2007 0.059 0.126 0.168 0353
2008 0.074 0.126 0.144 0.344
2009 0.095 0.118 0.087 0.300
2010 0.129 0.100 0.172 0.401
2011 0.143 0.077 0.180 0.400
2012 0.173 0.082 0.186 0.441
2013 0.211 0.086 0.186 0.484
2014 0.229 0.095 0.177 0.501
2015 0.256 0.101 0.188 0.545
2016 0.264 0.135 0.231 0.631
2017 0.304 0.193 0.231 0.728
2018 0335 0.181 0.252 0.768
2019 0.351 0.161 0.262 0.774
2020 0.385 0.106 0.287 0.778

@

economic quality and life satisfaction for the people of
County X.

The overall social development level of X County follows a
flattened, inverted “S” pattern curve, where each cycle
continues the trend of the previous one. After each complete
cycle, the social development level enters a stage of rapid
upgrading, followed by a gradual slowdown or even stagnation.
The third stage shows a saturation of progress, signifying a shift
to a steady state of development. From 2008 to 2011, the trend
of social development level in X County mirrored that of
ecological construction, as rural agricultural development led
to pollution and a decline in rural habitat quality. This has
resulted in a lagging trend for social development. The
decreasing trend in rural social development levels between
2017 and 2020 can be attributed to the imbalance of the urban-
rural dichotomy, the adjustment of basic education facilities’
layout, and the market-oriented reform of higher education.
The solidified hukou registration system in X County has
restricted population transfer between rural and urban areas,
thereby increasing the burden of population support. The
reforms such as “school abolition” and “school consolidation,
“and structural adjustments in the layout, have led to a decrease
in the number of primary and secondary schools in rural areas
of County X, causing a concentration of spatial layout. The
and household
registration factors has culminated in a state of unequal social

confluence of economic, educational,

development in X County, necessitating an immediate
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(4)

implementation of requisite interventions to promote
harmonious growth.

The ecological construction level of X County has exhibited an
oscillatory trend in an upward direction, surpassing the level of
socio-economic advancement in particular quantitative values,
due to the county’s unique ecological resources and environment.
Despite the various ecological accomplishments and honors,
including its designation as a showcase county for national
ecological civilization-building, X County has faced the
challenge of decreasing ecological construction levels between
2007 and 2010, attributed to the resource consumption and
resulting environmental degradation posed by the expansion of
social industry and economy. To counteract this ecological
deterioration, X County, led by its county government,
implemented specialized industries for cultivating developmental
plans, prioritizing ecological considerations, green development,
and sustainable development to realize a thriving society with
pleasant landscapes, affluence, and revitalization. In 2014 and
2020, X County achieved full coverage of its ecological towns
and its first round of “Fresh Air Demonstration Areas;” explored
the national park system pilot, and strives to attain the dual
targets of healthy ecological civilization and synchronized socio-
economic development of the county.

The comprehensive development level of X County has
exhibited a fluctuating, yet an upward developmental trend,
with a rapid change of the development level score from
0.104 in 2000 to 0.746 in 2020. The unique location and natural
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resources of X County have earned it the distinction of being
hailed as “China’s natural oxygen bar,” with the improvement
of its developmental level being intrinsically linked to its
enviable ecological resources. The available data reveal the
period between 2000 and 2010 as the phase where the level of
ecological construction and lack of resource constraints
predominantly controlled the comprehensive development
level of X County. In contrast, since 2010, the current situation
manifests a more nuanced perspective, with the joint effect of
economic development and ecological construction on
comprehensive development taking center stage. In 2006, X
County committed to cultivating specialized industrial clusters,
thereby greatly enhancing its comprehensive capability, leading
to ecological damage. However, the excessive growth of
“two-silicon” enterprises and the development of electric light
sourcing, pencil, bamboo, and wood products industries led to
soil erosion and environmental pollution, leading to a
reduction in X County’s comprehensive developmental level
index, with regression evident in 2009. Notwithstanding, X
County has continually increased its ecological conservation
efforts through increased soil erosion control system and
ecological river construction, promoting local economic
development uniquely aligned with environmental protection,
thereby achieving steady, progressive enhancement in its
comprehensive developmental level coinciding with its
comprehensive rural area’s development.

TABLE 4 Change in restructuring level index in County X, 2000-2020.

10.3389/frsc.2024.1441750

4.2 Pattern characteristics of spatial
restructuring intensity of countryside

The current research methodology involves the application of the
entropy method to calculate the weights of various indicators in the
“Three Lives” spatial restructuring section of Table 1. The fractal
dimension and comprehensive index of rural spatial re-structuring are
derived via weighting techniques, and the outcomes are elucidated in
Figure 3 and Table 4. The spatial redesign of rural areas within the
research domain exhibits temporal continuity and stage nonlinearity,
with the general restructuring undergoing a process of “decentralized,
equalized, differentiated development” The average intensity of
production, living, and ecological spatial restructuring is steadily
increasing, with the three domains moving closer toward a stable and
balanced state, a scenario that aligns with the current
developmental conditions.

(1) The rural areas of X County continue to experience spatial
restructuring, and the spatial restructuring index continues to rise.
Between 2000 and 2020, Rural County X’s Global Spatial Restructuring
Level Index increased from 0.124 to 0.969. Among them, the index of
spatial restructuring of production increased from 0.004 to 0.385, and
the index of spatial restructuring of living and spatial restructuring of
ecology increased from 0.119 and 0.411 to 0.325 and 0.259. Spatial
restructuring of rural areas is a process of spatial transformation and
development of rural areas, tracing the spatial reconfiguration

indicators related to the “Production-Living-Ecological” and their

Year Production Contribution Living space Contribution Ecospatial Contribution Overall
Space rate restructuring rate restructuring rate score
restructuring
2000 0.004 0.032 0.001 0.008 0.119 0.960 0.124
2001 0.005 0.033 0.005 0.033 0.141 0.934 0.151
2002 0.006 0.038 0.009 0.057 0.144 0.906 0.159
2003 0.010 0.058 0.002 0.012 0.160 0.930 0.172
2004 0.011 0.061 0.001 0.006 0.168 0.933 0.180
2005 0.021 0.091 0.008 0.035 0.201 0.874 0.230
2006 0.035 0.154 0.001 0.004 0.192 0.842 0.228
2007 0.051 0.317; 0.020 0.124 0.090 0.559 0.161
2008 0.068 0.178 0.154 0.403 0.160 0.419 0.382
2009 0.096 0.211 0.179 0.394 0.179 0.394 0.454
2010 0.128 0.243 0.216 0.411 0.182 0.346 0.526
2011 0.142 0.229 0.215 0.347 0.262 0.423 0.619
2012 0.177 0.265 0.247 0.369 0.245 0.366 0.669
2013 0.208 0.284 0.268 0.366 0.256 0.350 0.732
2014 0.237 0.291 0.288 0.353 0.290 0.356 0.815
2015 0.261 0.331 0.291 0.369 0.237 0.300 0.789
2016 0.273 0.325 0.295 0.351 0.272 0.324 0.840
2017 0.284 0.354 0.297 0.370 0.222 0.276 0.803
2018 0.326 0.400 0.323 0.397 0.165 0.203 0.814
2019 0.341 0.392 0.323 0.372 0.205 0.236 0.869
2020 0.385 0.397 0.325 0.335 0.259 0.267 0.969
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changes: the characteristics of the rural landscape in County X have
changed significantly during the study period and are being
continuously transformed and upgraded. The restructuring of rural
production space is predominantly witnessed by an augmentation in
population concentration and economic concentration. Alternatively,
the restructuring of the rural living space is primarily reflected by an
increase in the total area of urban and rural building land, coupled
with the gradual intensification of the land. Lastly, the restructuring
of rural ecological space is chiefly manifested by an improvement in
the connectivity of ecological networks. Based on these findings,
substantial changes have occurred in the components and structure of
the regional rural system, which constantly promotes the
transformation and development of rural regional functions.

(2) The evolution of the “Production-Living-Ecological” space
serves as a critical medium for rural spatial restructuring, representing
the projection of politics, economy, society, culture, and nature on the
regional space. Rural spatial reconstruction in X County exhibits
phased and nonlinear characteristics, and the overall form of spatial
reconstruction has undergone a process of “decentralization,
equalization, differentiation development” (He, 2012). As a node,
around 2009, the contribution rate of rural ecological space
reconstruction decreased significantly in the early stage and slowed
down in the later stage. The contribution rate of rural living space
reconstruction tended to increase uniformly in the early stage and
remained relatively stable in the later stage. The fluctuation and
changes in the early stage and the increased amplitude in the later
stage of rural production space reconstruction tended to be calm. The
adjustment of industrial structure, the level of industry technology,
the size of input factors, and the advantages of natural resources all
have a significant impact on the spatial demand and competitiveness
of rural “Three Lives” areas under county units. Before 2009, the
reconstruction of rural ecological space in X County was in a
dominant and core position, which was in line with X County’s unique
ecological and environmental resource advantages. After 2009, the
growth rate of rural production space reconstruction became relatively
uniform, and the reconstruction of rural social space and ecological
social space tended to stabilize. This is consistent with the fact that X
County had excellent economic operation quality and was growing
steadily in 2009.

4.3 Coupling and coordination relationship
between the rural development level and
spatial restructuring

By establishing a coupling relationship model between the rural
development level and spatial restructuring level in County X, the
degree of coupling between rural development and spatial
restructuring in County X is estimated to be between 0.4 and 0.5
between 2000 and 2020. The level of coordination between the rural
development subsystem and the space restructuring subsystem is
constantly evolving. However, the simple calculation of the degree of
coupling does not make it easy to identify the coupling between
development and space under low-intensity restructuring and high-
intensity restructuring. To address this issue, the degree of coupling
coordination model was used to measure the development subsystem
and the space restructuring subsystem. The measurement results were
classified into the five following types based on the existing study (Li,
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2023) and the specific development situation of X County: severe
disorder (0.200 <D <0.300), moderate disorder (0.300 <D <0.400),
mild dysregulation (0.400<D<0.500), primary coordination
(0.500 <D <£0.600), and good coordination (0.600 <D <0.700).

The classification of the coupling coordination degree into five
categories helps to systematically evaluate the relationship between
rural development and spatial restructuring, offering a clear
understanding of their interactions and the extent of their integration.
The ranges are defined as follows:

Severe Disorder (0.200 <D <0.300): This range indicates a very
low level of coordination between rural development and spatial
restructuring, where the systems are largely independent and there is
significant misalignment. This could result from severe socio-
economic disparities, lack of infrastructure, or
environmental degradation.

Moderate Disorder (0.300<D<0.400): In this range, there is
some interaction between the systems, but it is insufficient for
meaningful integration. Challenges such as underdeveloped economic
sectors, insufficient social services, and moderate environmental
issues might characterize this stage.

Mild Disorder (0.400 <D <0.500): This level reflects a growing
interaction between rural development and spatial restructuring, yet
significant disparities and inefficiencies remain. Improvements in
infrastructure, economic diversification, and social services are
necessary to progress further.

Primary Coordination (0.500 <D <0.600): At this stage, the
systems are beginning to work together more effectively, showing
initial signs of synergistic development. Coordination is improving,
with better infrastructure, economic integration, and environmental
management leading to enhanced rural development.

Good Coordination (0.600<D<0.700): This highest range
indicates a strong, positive interaction between rural development and
spatial restructuring. The systems are well-aligned, leading to
sustainable development characterized by economic vitality, social
equity, policy
implementation and continuous improvement drive this high level of

and environmental sustainability. Effective

coordination (Table 5).

(1) The coordination of the coupling shows a constant increase at
low levels with significant temporal heterogeneity. Between
2000 and 2020, the degree of coupling of the rural development
subsystem with the space restructuring subsystem in County X
remained relatively stable. Over time, the degree of coupling
shifted from primarily low-level and antagonistic coupling to
the early cooperation and collaboration phases, and continues
to be in a crushing phase. The linear trend growth and
improvement in the value of coordinated development reflects
the ideal state of interaction among several systems in County
X over the study period, and is the presentation of diverse
development results and the global optimization and
enhancement of County X. As shown in Figure 4, between
2008 and 2009, with rapid economic and social development
in County X over the study period, ecological and
environmental capacity was coerced and faced greater
challenges, hindering the benign relationship and coordinated
development of social development and spatial restructuring
of Eco-Living Production, resulting in a slow upward trend (Li
etal, 2019). After 2010, X County’s overall level of development
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TABLE 5 Coupling coordination measures for County X, 2000-2020.

Coupling degree

Coordination degree

10.3389/frsc.2024.1441750

Coupling

coordination

2000 0.498 0.114 0.238 1 Severe disorders
2001 0.494 0.130 0.253 1 Severe disorders
2002 0.499 0.144 0.268 1 Severe disorders
2003 0.497 0.146 0.269 1 Severe disorders
2004 0.500 0.176 0.296 1 Severe disorders
2005 0.499 0.218 0.330 2 Moderate disorder
2006 0.500 0.228 0.337 2 Moderate disorder
2007 0.464 0.257 0.345 2 Moderate disorder
2008 0.499 0.363 0.425 3 Mild disorders
2009 0.490 0.377 0.429 3 Mild disorders
2010 0.495 0.464 0.479 3 Mild disorders
2011 0.488 0.510 0.499 3 Mild disorders
2012 0.489 0.556 0.521 4 Primary coordination
2013 0.489 0.608 0.546 4 Primary coordination
2014 0.486 0.658 0.565 4 Primary coordination
2015 0.492 0.667 0.573 4 Primary coordination
2016 0.495 0.736 0.603 5 Good coordination
2017 0.499 0.766 0.618 5 Good coordination
2018 0.500 0.791 0.629 5 Good coordination
2019 0.499 0.822 0.640 5 Good coordination
2020 0.497 0.874 0.659 5 Good coordination
1.20
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FIGURE 4
Trends in rural restructuring index and its structure in County X, 2000—-2020.

significantly increased, with the contribution of output and life
continuing to increase. The general trend of the degree of role
between the two subsystems also increased, and the trend in
the level of coupling and coordination became more evident.
The coupling coordination degree belongs to the concept of
time, and the mean value of the degree of coordination of
coupling of the two sub-systems of County X over the study
period shows a steady increase. Following the degree of
coordination and the characteristics of the change, it can
be seen that the degree of linkage coordination for County X
during the study period ranges from 0.238 to 0.659, exhibiting
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a homogeneous linear increase. With an improvement in
productivity and economic development, the interaction
between the two systems gradually increases, and the
orderliness of the development direction improves. However,
a complete comparison of the current level of coordination of
County X as a whole is weak and has not yet achieved the
benign high coordination state (Figure 5).

The type of coupling coordination changes to benign
optimization with significant stage heterogeneity. Between
2000 and 2020, the overall coordination relationship between
the level of rural development and the level of spatial
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FIGURE 5
Changes in the coupling coordination between rural development and spatial restructuring in County X, 2000-2020.

restructuring in County X evolved from severe dysfunction to
good coordination. The development history can be further
subdivided into four stages.(1) Between 2000 and 2004, the
overall level of economic and social development in County X
was low, and the level of economic and social development fell
The
coordination between the rural development subsystem and

significantly behind environmental development.

the spatial restructuring subsystem was the lowest, and the
interaction was weak. The mean level of coupling coordination
degree was between 0.238-0.296, indicating severe dysfunction.
(2) From 2005 to 2011, X County focused on cultivating special
industry clusters and promoting equalization of core public
services, leading to a breakthrough and an enhancement of
economic and social development and a significant increase in
the county’s total population. The coordination of the coupling
of the two subsystems changed from moderate to slight
dissonance, with the average level of coordination between
0.330 and 0.499, remaining in the basic dissonance stage, and
overall coordination of coupling remained weak and delayed
(Li et al, 2014). (3) From 2012 to 2015, both subsystems
reached a stage of coordination of light between them, and
their interactions tended to intensify. At this stage, with the
thorough implementation of the development strategy of
“ecological county, characteristic county” and the change in the
political context, the overall coordination of rural development
and spatial restructuring tended to be coordinated and was
nearing the end of the adversarial phase.(4) Since 2016, the
government of County X took “the pursuit of progress within
the framework of stability, the pursuit of activity during change,
the pursuit of good in transformation” as the overall orientation
of the county’s work, and adjusted the development strategy
system with the complex external situation, steadily improving
the economic construction and ecological construction, and
optimizing industrial conversion and structural adjustment.
The level of integration of the two subsystems has maintained
a steady and positive trend toward a good coordination stage,
and rural development and spatial restructuring of County X
tend to be coordinated, with the mean value of coupling
coordination above 0.573.
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5 Conclusion and suggestion

The core purpose of rural revitalization is to create a highly coupled
and coordinated state among all elements in the rural regional system
(Liu, 2018), which depends on the combination of economic, social,
ecological, and spatial aspects. This study analyzed the rural
development model and spatial restructuring characteristics of County
X over the period 2000-2020 using the TOPSIS model backed by the
entropy value method and decoded the County of X rural revitalization
pathway using the degree of coordination combining rural development
and spatial restructuring sub-systems. The natural resources and human
conditions of County X are diverse, which allows for diversified rural
development through integrated planning and regional systems. The
research concept and methodology integrate the spatial coupling of
rural regional function and “Production-Living-Ecological,” and the
research results provide baseline information to decipher the path of
rural revitalization at various degrees of coupling and promote
sustainable rural development (Table 6). The exchange, change, and role
of the elements of the grain system were also considered in the analysis,
providing a comprehensive understanding of the rural revitalization
process in County X.

(1) Rural areas with low levels of coupling and coordination need to
focus on regional resource advantages, optimize the rural
industrial structure, and develop leading industries. Currently,
most rural development in China is limited by natural
constraints and underdeveloped utilization, such as single
natural resources and low efficiency in utilizing ecological
resources. Large areas of old-growth forests and unused fertile
resource reserves are ubiquitous. “Greening” and “characterizing”
should be adopted as the starting point for optimizing industrial
structure based on local resource characteristics and regional
advantages. Different regions, including the “Sherao Barrier”
landscape, five types of topographic features, revolutionary base
areas’ red culture, and folk art, possess distinct cultural heritage
that needs to be explored. To revitalize ecological resources, new
trends in rural economic development, such as elderly care and
health preservation, green tourism, and ecological culture, need
to be developed through “densification” and “prioritization.” For
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TABLE 6 Rural revitalization paths under different coupling coordination degrees.

Situation

Development and restructuring
characteristics

Specific revitalization realization path

Severe disorder

Rural development and spatial restructuring level
linkage weak system relevance, a geographical

function is more homogeneous

® Greening: Relying on ecological highlands to guide environmental protection, raise
awareness of green development, and grasp absolute environmental advantages
@ Specialization: take advantage of the local area and settlement characteristics, preserve

traditional architecture, and develop local special industries

There is a trend of friction and mutual

collaboration between the two subsystems, but

@ Density: play the role of radiation driven by the city, absorbs the aggregated production

factors, and focuses on the development of an industrial economy

Moderate disorder
the level of development s still significantly ® Focus: explore the diversified value of the countryside, combine tourism, leisure, and
disconnected and lagging behind culture, and create leading industries
@ Integration: Integrate urban and rural construction reform, explore the integration of
The orderliness of the direction of integration of
education, infrastructure, and other system construction
Mild disorder the two subsystems increases, but the coupling

and coordination degree is still sluggish and slow

@ Organizationalization: strengthen the construction of a grass-roots organization system,

improve the core literacy of professional and efficient development of the countryside

Primary Coordination

The benign interaction between the two
subsystems increases, approaching the end of the
antagonistic phase and tending to a benign

resonance state

@ Systematization: Promote the integrated development of all subsystems, expand
industrial scale operation reasonably, and accelerate the integration of three industries
® Ecologization: Strengthen the construction of soil erosion control and ecological rivers in

development, and reasonably develop ecologically fragile areas

Good coordination

The level of integration of the two subsystems
develops toward good coordination, and
industrial transformation and structural

adjustment are continuously optimized

® Diversification: take agricultural development as the base color, guide agricultural
adjustment, and explore the development direction of diversified rural characteristics
® Coordination: carry out comprehensive land management, improve the layout of rural

settlements, and enhance the intensive use of the Production-Living-Ecological spaces

Highly coordinated

The two subsystems promote each other’s
integration, and the region enters a
comprehensive coordination stage, gradually

realizing rural revitalization

® High-end: respond to market demand to enhance the source of power, realize the
development of the whole countryside and farmers to increase income and generate income

® Experience: coordinate and improve the spatial layout, focus on strengthening talent

training and create a modern rural development demonstration area

@

instance, abundant mineral resources can be utilized for cement,
bricks, and tiles production, and the scientific and macro-
industrial development system can be optimized through
reasonable development, utilization, planning, and design. This
will provide resource support and basic guarantees for the
tertiary industry’s development. In contrast, superior soil and
water resources can promote the development of industries such
as grain and oil, tea, traditional Chinese medicine, and fruits and
vegetables, while accelerating the construction of an ecological
industrial system, increasing the added value of agricultural
production, and promoting the highly integrated complex of
primary and tertiary industries. “Organization” and “integration”
should be the foundation of rural revitalization, and
strengthening grassroots organizations and improving
infrastructure are effective means to implement rural
revitalization strategies.

High coupling and coordination rural areas need to coordinate
ecological and environmental protection, improve the spatial
layout of rural areas, and create replicable models. China’s
ecological deficit is gradually getting worse, therefore for rural
spatial restructuring and productivity expansion, the cornerstone
for survival is land resources and ecological resources. The
countryside faces enormous problems and tests in the rational
distribution of land resources and the rational organization of
land use, and it is crucial to “systematize” and “ecology” rural
development. On the one hand, areas with a high level of
ecological construction must develop environmentally
sustainable development ideas, strengthen ecological protection
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and the rational use of resources, pay attention to soil erosion
control and the ecological construction of rivers in the
construction and development of special industrial clusters,
developing ecologically sensitive areas sensibly, actively exploring
a diverse model of spatial development restructuring, and
building a green sample with a beautiful environment, thriving
industries and rich farmers. Based on the concept of
“diversification” and “coordination” of rural development,
we will expand the intense use of the three living spaces and truly
rejuvenate ecological resources. On the other hand, as society
continues to progress and farmers’ income generation targets
continue to rise, rural development must be “upscale” and
“experienced” to create the beautiful countryside of China.

By demonstrating the effectiveness of using the coupling
coordination degree model to analyze and enhance the synergy
between economic, social, and ecological systems, this study provides
a replicable framework for assessing and promoting rural
revitalization. The findings underscore the importance of integrated
development strategies that consider the unique geographical and
socio-economic conditions of each region. This research not only
highlights the critical role of spatial restructuring in achieving
diversified and sustainable rural development but also serves as a
benchmark for policymakers and researchers aiming to foster
harmonious growth in other rural areas facing the challenges of
industrialization and urbanization. This research is also crucial for
understanding the complexities of rural development in the context
of fast urbanization, offering insights into effective policy measures
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and sustainable development practices that can be applied both within
China and globally.
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