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Abstract: China’s long-standing urban-rural dichotomy has led to a widening gap between urban
and rural areas, posing a huge challenge to the sustainable development of Chinese society. This
paper adopted the subjective-objective weighting method, coupled coordination degree model, and
geographically weighted regression model to conduct urban-rural sustainable development research
on 31 provincial administrative regions in China and discussed their spatial-temporal divergence
and driving mechanisms during 2007-2018. The results showed that (1) the quality of both rural
revitalization and new urbanization improved during the study period, and the gap between them
showed a trend of increasing after fluctuations. Both of them had significant spatial and temporal
divergence characteristics. (2) The urban-rural coupling coordination degree in China continued
to increase during the study period and showed an overall pattern of “high in the east-west and
low in the north and southwest”. The changes of relative development type indicated that new
urbanization had far surpassed rural revitalization during the study period. (3) The coefficients of
driving factors varied significantly in space, showing a hierarchical band distribution. Seven of the
eight driving factors showed a strong positive correlation in the vast majority of regions. The results
and suggestions of this research can further promote the organic combination of rural revitalization
and new urbanization strategy, which is of great practical significance for narrowing the urban-rural
gap and realizing sustainable urban-rural development. Likewise, it can be a reference for other
developing countries around the world.

Keywords: urban-rural relationship; sustainable development; coupling coordination; rural revital-

ization; new urbanization; China

1. Introduction

Urban-rural relations are the most basic economic and social relations, gradually
formed in the division of social production and labor [1]. The urban-rural relations are
very rich in connotation, including urban-rural economic relations, social relations, class
relations, ecological and environmental relations, cultural and location relations [2]. Thus,
the study of urban-rural relations can involve many disciplines. According to the general
characteristics and implications of the evolution of urban-rural relations, they can be
divided into three stages: merger, divergence, and integration [3]. At the beginning of
the period, the early classical theories emphasized the close connection between urban
and rural areas. After that, the proposed dual structure theory led to the tendency of
urban-rural division and urban-rural bias. Finally, after the 1980s, the study of urban-rural
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relations gradually returned to traditional thinking, and the development of urban-rural
integration became a consensus.

In general, “core-periphery” theories are most relevant to urban-rural issues [4]. At
the time these theories were created, in the 1950s and 1960s, people were aware of the
existence of the unbalanced status of urban and rural areas. Urban and rural areas are an
organism, and only when both are sustainable can they support each other [5]. However,
rural areas were often at a disadvantage in the competition with cities, resulting in a host
of problems [6]. Although rural development processes and problems varied from country
to country around the world, they all experienced common problems such as poor rural
infrastructure, declining economic status of agriculture, continued exodus of young adults,
worrying state of health literacy, environmental pollution, and resource shortages [7-9].

Different countries adopted different strategies to face the problem of unbalanced
development between rural and urban areas. The U.S. government placed great emphasis
on rural infrastructure development [10], and a series of agricultural subsidy systems
enhanced the market adaptability and competitiveness of agriculture in rural areas [11]. In
addition, the development of the technology industry also greatly contributed to the link-
ages and synergies between rural and urban areas in the United States [12]. For European
regions, the development gap between urban and rural areas is not large. The balanced
urban-rural development in the European region was promoted through a series of mea-
sures such as rural industrialization policy tilt and rural community organization [13].
Similarly, permanent and temporary migration into rural areas was considered the most
important factor in the development of Hungary’s rural areas in the last decades [14].
Faced with the dramatic widening of the urban-rural gap, Japan adopted agricultural
restructuring to promote balanced development of the primary and secondary industries,
quickly achieved zero disparity between urban and rural incomes [15].

Urban-rural issues are not a completely new problem. Academia and practitioners
are more interested in this area to support balanced territorial development [16,17]. Some
scholars have quantitatively analyzed and visualized the results of sustainable urban and
rural studies during 1900-2018 [18]. The shift in regional development strategies from an
economic perspective to sustainable well-being was considered to be an important factor
affecting urban-rural relations [19]. Similarly, the introduction of the value of ecosystem
services in urban planning helped people rethink the urban-rural divide [20]. Relations
between the development of urban and rural areas, including their mutual synergy and
cooperation, were also discussed by several prominent economists and geographers [21,22].
Urban-rural linkages are considered an integral part of promoting development in both
urban and rural areas [23], and scholars attempted to identify the challenges of urban-rural
linkages and their corresponding solutions [24]. In addition, the concept of mixed urban-
rural communities was also proposed and seen as a micro-unit for achieving urban-rural
integration [25].

Since the reform and opening up in 1978, the urbanization process has been in full
swing in China, and rapid economic and social development has been achieved. However,
China’s long-standing urban-rural dual structure and emphasis on urban over rural areas
has led to a widening urban-rural gap [26]. Facing the withering and decay of rural
areas, China proposed the implementation of the rural revitalization strategy in 2017. The
Strategic Plan for Rural Revitalization (2018-2022), for the first time, proposed the “two-
wheel drive” of new urbanization and rural revitalization. In 2020, the “Proposal of the
Central Committee of CPC on Formulating the Fourteenth Five-Year Plan for National
Economic and Social Development and the 2035 Visionary Goals” clearly proposed to
form a new urban-rural relationship with complementary development of urban and
rural areas, coordinated development, and common prosperity. However, at the present
stage, China is in the period when the new urbanization strategy is deepening, and the
rural revitalization strategy is just starting [27]. Therefore, how to effectively promote the
coordinated advancement of the two national strategies is the key point. For this purpose,
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many scholars explored the theoretical basis and realization paths for the integration of the
two national strategies. [28-30].

Chinese scholars reassessed the evolution of the urban-rural relations in China since
the reform and opening up [31] and analyzed the relationship between rural development
and urbanization from the perspective of literature and policy evolution [32]. Empirical
study has revealed a strong relationship between connections between land conversion
rates and urban-rural transformation intensity in China [33]. Macro data was used to iden-
tify whether there was a turning point in the urban-rural relations from three dimensions:
agriculture, rural areas, and farmers [34]. Different urban-rural interaction patterns were
identified, and specific ways were proposed to achieve urban-rural integration with respect
to those different patterns [35]. Some scholars explored the impact of reduced land system
costs on the degree of urban-rural integration, using the example of Chengdu, China [36].
With the idea of realizing green poverty reduction in rural areas, scholars designed models
to explore an urban-rural sustainable cooperation pattern [5]. In addition, the current status
of urban-rural equalized development in China’s municipal cities was studied [37].

Most existing studies have explored sustainable urban-rural development on a theo-
retical level but are weak in conducting empirical studies, especially for China at a critical
period of change in urban-rural relations. Therefore, on the basis of previous research, this
study constructs an empirical study on urban-rural sustainable development based on Chi-
nese provincial panel data. This paper reveals the spatial-temporal evolution characteristics
and driving mechanisms of sustainable urban-rural development in 31 provincial-level ad-
ministrative regions during the period of 2007-2018. The results of this research can further
promote the organic integration of rural revitalization and new urbanization strategies.
Likewise, it is of great practical significance for narrowing the urban-rural gap, adjusting
the urban-rural structure, optimizing the urban-rural pattern, and finally realizing sus-
tainable urban-rural development. In addition, it can be a reference for other developing
countries around the world.

2. Materials and Methods
2.1. Study Area and Data Source

(1) Study Area

China is the world’s most populous developing country, with the third-largest land
area. China is the second-largest economy in the world, with its economy exceeding
100 trillion CNY for the first time in 2020, and continues to be the largest contributor
to world economic growth. China has 34 provincial administrative units, including
23 provinces, 5 autonomous regions, 4 municipalities directly under the central government
(Beijing, Tianjin, Shanghai, and Chonggqing), and 2 special administrative regions (Hong
Kong and Macau) (Figure 1).

Considering the availability of data, 31 provincial administrative regions, excluding
Taiwan Province and the Hong Kong and Macao Special Administrative Regions, were
selected as the study area in this study. As the world’s largest developing country, China’s
main contradiction has been transformed into the contradiction between people’s growing
need for a better life and unbalanced and insufficient development. Above all, the problem
of unbalanced urban-rural development and inadequate rural development is most promi-
nent. According to the Seventh National Census of China in 2020, the total population
of China is 1.412 billion, accounting for 21% of the world’s total population. Therefore,
the selection of China as the study area is significant and has important implications for
balanced urban-rural development on a global scale.
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Figure 1. Administrative map of the study area. (Source: made by authors).

(2) Data Sources and Data Pre-processing

The data in this study are mainly from the national-level yearbooks such as China
Statistical Yearbook, China Rural Statistical Yearbook, China Environmental Statistical Year-
book, China Science and Technology Statistical Yearbook, China Social Statistical Yearbook,
and China Financial Statistical Yearbook, supplemented by the statistical yearbooks of each
province in China. Land-related data are obtained from the Resource and Environment
Data Cloud Platform (http://www.resdc.cn/ (accessed on 20 September 2021)). At the
same time, work reports and statistical bulletins of the State Council and provincial govern-
ments, statistical reports of the Ministry of Natural Resources, the Ministry of Agriculture
and Rural Development, the Ministry of Housing and Urban-Rural Development, the
Ministry of Ecology and Environment and other relevant departments are used to make up
for the missing data.

The data of different indicators may have different units and characteristics. Therefore,
in order to eliminate the effects of dimensionality, magnitude, positivity, and negativity,
numerical data need to be pre-processed before use. The raw data were pre-processed via
the data range method [38], as shown in Formula (1). As follows, all indicator values were
transformed into normalized values with a numerical range of 0 to 1.

X/ — { (Xi — Xoin)/ (Xmax — Xpin) (positive indicator) 1)
Pl (Kmax — Xi)/ (Ximwax — Xiin) (negative indicator)

Different conversion formulas are adopted for positive and negative indicators, where
X; is the original data of the indicator, X;’ is the standardized data, and Xysx and X,,;;,, are
the maximum and minimum values of the indicator, respectively.
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2.2. Construction of Index System and Determination of Index Weight

(1) Construction of Index System

A deep understanding of the rural revitalization strategy and the new urbanization
strategy can help construct a suitable evaluation index system. (1) The rural revitalization
strategy covers the three agricultural issues of agriculture, rural areas, and farmers and
adheres to the priority development of agriculture and rural areas [39]. It accelerates the
modernization of agriculture and rural areas in five aspects of the prosperous industry,
ecological livability, civilized countryside, effective governance, and affluent living. (2) The
new urbanization strategy is dedicated to realizing urbanization with the basic features
of urban-rural integration, industrial integration, intensive land use, ecological livability,
and harmonious development. The connotation of high-quality development of new
urbanization can be summarized as the organic unity of high-quality urban construction,
high-quality infrastructure, high-quality public services, high-quality living environment,
high-quality urban management, and high-quality citizenship [40].

On the basis of relevant studies on urban and rural evaluation [41,42], and in accor-
dance with principles of scientificity, comparability, representativeness, systemativeness,
and data availability, this paper constructed a preliminary index system for rural revital-
ization and new urbanization respectively. Subsequently, after the evaluation, addition,
and elimination of the index system by experts in related fields, the final evaluation index
system that can fully reflect the connotation of rural revitalization and new urbanization
was determined, respectively. Both sets of index systems include four criterion layers
and 20 indicators. For the rural revitalization index, four dimensions are measured: rural
economy, farmer security, agricultural production, and rural environment. Similarly, for
the new urbanization index, four aspects are measured: urban economy, social security,
education and science, and urban environment (Table 1).

(2) Determination of Index Weight

There are many methods for determining weights, which can be divided into two
main categories: subjective weighting method (SWM) and objective weighting method
(OWM). Both methods have certain advantages and disadvantages. (1) SWM is a mature
method, which relies on experts” empirical knowledge to make reasonable decisions on
practical problems. The index weights obtained by this method are more consistent with
the actual importance of indexes. However, at the same time, results obtained by SWM
have strong subjective arbitrariness and lack of objectivity. In addition, it will bring a large
burden to decision analysts. (2) The core idea of OWM is that the importance of an indicator
is determined by the amount of information provided by each indicator. OWM is based on
a rigorous mathematical theory and is more objective. However, this method does not take
into account the subjective intention of decision-makers, so that the determined indicator
weights will not match people’s subjective intention or the actual situation. In other words,
important indicators are not given greater weights. Therefore, in order to coordinate the
decision maker’s preference of SWM and the objective truth of OWM, the two methods can
be combined. In this way, the determination of weights is based on the decision maker’s
experience and the inherent law between data, thus realizing the unification of subjective
and objective weights [43]. Therefore, this study uses the composite weights of SWM and
OWM to conduct a comprehensive evaluation study. Among them, the selected SWM
refers to the hierarchical analysis method and the selected OWM is the entropy weight
method, and the weights are represented §; and 0;, respectively. The weights obtained by
the two methods are considered equally important in this paper; hence the final composite
weights w; = 0.5 x §; + 0.5 x ;. Due to space limitation, the weight calculation formula
and the specific procedure are omitted here. The final derived composite weights are
shown in Table 1.
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Table 1. Evaluation indicator system and composite weights of R;) and Up,).

Target Layer Guideline Layer Indicators Unit w;
A1-1 Rural per capita output value Qf agriculture, forestry, 108 CNY 0.0536
animal husbandry and fishery (+)
Rural A1-2 Proportion of retail sales of consumer goods in rural % 0.0419
economy Al areas (+)
A1-3 Investment in fixed assets per rural household (+) 1CNY 0.0410
A1-4 Disposable income per rural resident (+) 1CNY 0.0641
A1-5 Per capita consumption level of rural residents (+) 1CNY 0.0625
A2-1 Number of village health gfflce personnel per 1000 person 0.0881
rural population (+)

. A2-2 Proportion of people living in rural areas with o
Farmer security minimum living standards (—) o 0.0379
A2 A2-3 Years of education of rural population (+) year 0.0584
Rural revitalization index A2-4 Gini coefficient of rural residents” income (—) / 0.0354
R A2-5 Engel coefficient of rural residents” households (—) % 0.0429
A3-1 Grain yield per unit of arable land (+) kg/hm? 0.0779
Agricultural A3-2 Effective irrigation rate of arable land (+) % 0.0587
production A3-3 Mechanical power per unit of crop sown area (+) kW /hm? 0.0541
A3 A3-4 Proportion of crops affected by disasters (—) % 0.0473
A3-5 Fertilizer application amount (+) kg/hm? 0.0481
A4-1 Amount of agricultural plastic film used (—) kg/hm? 0.0217
A4-2 Amount of pesticides used (—) kg/ hm? 0.0240
Rural environment A4-3 Penetration rate of rural sanitary toilets (+) % 0.0404

A4 A4-4 Ratio of the area of nature reserves to the area of the N
e Yo 0.0522

jurisdiction (+)
A4-5 Ratio of soil erosion control area to arable land area (+) % 0.0504
B1-1 Total Factor Productivity (+) / 0.0465
B1-2 Per capita disposable income of urban residents (+) 1CNY 0.0513
Urban economy Bl B1-3 Per capita consumption level of urban residents (+) 1CNY 0.0439
B1-4 Proportion of fiscal revenue to GDP (+) Y% 0.0860
B1-5 Average wage of urban unit workers on duty (+) 1CNY 0.0455
B2-1 Urban registered unemployment rate (—) % 0.0578
Social S . B2-2 Urban social insurance participation rate (+) % 0.0580
ocla Becunty B2-3 Number of per 1000 people (+) person 0.0459
2 B3-4 Engel coefficient of urban residents” households (—) % 0.0376
B2-5 Gini coefficient of urban residents” income (—) / 0.0368
New urbanization index B3-1 Number of paten; 2Egic(a:1)ons granted per 10,000 piece 0.0591
o) B3-2 Student-teacher ratio of general higher education
. . e / 0.0584
Education and science institutions (—)
B3 B3-3 Average }f@ucahon expenc.hture per student in general 1CNY 0.0615
igher education institutions (+)

B3-4 Technology contract turnover per capita (+) 1CNY 0.0797
B3-5 Years of education for urban population (+) year 0.0393
B4-1 Green space per capita (+) m? 0.0346
B4-2 Road area per capita (+) m? 0.0335
Urban environment B4-3 Harmless disposal rate of domestic waste (+) Y% 0.0298
B4 B4-4 Number of public toilets per 10,000 people (+) seat 0.0344
B4-5 Ratio of industrial pollution treatment investment to % 0.0607

total industrial output (+)

2.3. Calculation of Rural Revitalization Index and New Urbanization Index

Based on standardized index values and derived composite index weights, rural
revitalization index R(,;) and new urbanization index U are calculated by Formulas (2)

and (3).

m

U = ;(X/ x wy')
]:

@

®)
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In the above equation, X;" and X’ are standardized indicator values. w;" and w;" are
composite weight values of corresponding indicators. m and n indicate the number of
indicators included in the rural revitalization and new urbanization systems, respectively.

2.4. The Coupling Coordination Degree Model (CCD)

In the context of new urbanization and rural revitalization strategy, the relationship
between urban and rural areas is getting closer and closer. There are various forms of
interactions between urban and rural areas, such as population, goods, capital, land, infor-
mation, etc. (Figure 2). Coupling, which stems from physics, describes the phenomenon by
which two or more systems influence each other through interactive mechanisms [44,45].
Therefore, the coupling degree (C) can be used to explore the relationship between urban
and rural development. The mathematical formula can be written as:

(4)

I
Funds, technology ,other elements
and new agricultural machinery

Supply of agricultural products,
demand for agricultural products

Conversion of agricultural land to Land conservation, arable land

| |
I |
| |
I | I |
' | ' |
: | : |

| |
: construction land | : protection |

| |
|| Growth in consumer demand and | | $ Il Extension of public services and |
| | I |
| | I |
| | I |
| | I |
| |

increased citizenship ‘ Léhd I infrastructure to rural areas

Excellent traditional culture in Urban cultural products and
rural areas services

g} [y

Sustainable development

Urban-rural integration

Figure 2. Integration of rural revitalization and new urbanization system. (Source: made by authors).

However, C can only indicate the degree of interaction between rural revitalization
and new urbanization but cannot identify the coordination status of the two, i.e., high-level
coupling or low-level coupling. Therefore, the coupling coordination degree (D) needs to
be introduced to indicate whether the two are coupled at a high or low level. Compared
with C, D can better reflect the relationship between the two.

D=VCxT ©)

T = DCR(H) + ,BU(h) 6)
L= R(a)/U(b) @)

In the above equation, T is the composite development index, and L is the relative
development index. &, B denotes the contribution of R, and Uy, respectively. Since they
are considered equally important, we make &« = = 0.5. Based on the magnitude of D, it is
divided into six grades. In addition, each coupling level is subdivided into three different
types with reference to the value of L, namely new urbanization lagging type (NULT),
synchronous development type (SDT), and rural revitalization lagging type (RRLT), as
shown in Table 2.
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Table 2. Criteria for classifying the type of coupling coordination degree.

D-value Interval

Coordination Grade

Relative Development Type

Type of Coupling Coordination

(0.9-1.0)

(0.8-0.9)

(0.7-0.8)

(0.6-0.7)

(0.5-0.6)

(0-0.5)

Excellent coordination-New urbanization

L>1.05 .
lagging type
o Excellent coordination-Synchronized
Excellent coordination 0.95<L <105 development type
L>095 Exce‘ller'lt cqordmatl'on—Rural
revitalization lagging type
L>105 Good coordmatmrn—New urbanization
lagging type
Good coordination 095 <L < 1.05 Good coordination-Synchronized
development type
Good coordination-Rural revitalization
L>0.95 :
lagging type
L>1.05 Intermed}ate. coordm.atlon—New
urbanization lagging type
Intermediate coordination 0.95 <L < 1.05 Intermediate coordination-Synchronized
development type
Intermediate coordination-Rural
L>095 e .
revitalization lagging type
L>105 Primary coordmat}on—New urbanization
lagging type
Primary coordination Primary coordination-Synchronized
095<L<1.05
development type
L>095 Primary coordlnatlpn—Rural revitalization
lagging type
Barely-acceptable coordination-New
L>1.05 S .
urbanization lagging type
Barely-acceptable Barely-acceptable
coordination 095 <L <1.05 coordination-Synchronized
development type
Barely-acceptable coordination-Rural
L>0.95 A .
revitalization lagging type
L>105 On the verge of dlsqrder—New
urbanization lagging type
On the verge of disorder 095 <L <1.05 On the verge of disorder-Synchronized
development type
L>0095 On the verge of disorder-Rural

revitalization lagging type

2.5. Geographically Weighted Regression Model (GWR)

The traditional regression model employs the least-squares method to estimate the
parameters, which has a good estimation for spatially smooth data regression but is
not ideal for spatially non-smooth data regression [46,47]. The geographically weighted
regression model (GWR) is an improved spatial linear regression model that embeds
geographic location into the regression parameters, and its main advantage is that the
spatial weight matrix is applied to the linear regression model, which can visualize the
spatial structure divergence. The formula is as follows:

Y; = Bo(pi,vi) + Y Bu(pi, 01) Xin + € (8)

where Y; is the global dependent variable, X, is the global independent variable, Sy and
B are a set of parameters, n is the number of units, (y;, v;) are the coordinates of the
ith sampling point, Bo(y;, v;) is the constant term of the statistical regression at the ith
sampling point, B, (y;, v;) is the nth regression parameter at the ith sampling point, ¢; is



Land 2021, 10, 1027

9of21

the random error in the ith region. In this study, the Gaussian function method was used
to determine the spatial weight function, and the cross-validation and AIC information
criteria were used to optimize the bandwidth.

3. Results

The calculation results were obtained based on the method and formula mentioned
above. ESRI ArcGIS version 10.7© software and Origin 2017© were further used to spatially
visualize the results in order to discover and reveal more patterns, thus leading to more
meaningful conclusions.

3.1. Characteristics of Rural Revitalization and New Urbanization during 2007-2018

As can be seen from Figure 3, the overall level of R(,) and U showed an upward
trend during the study period, indicating that the quality of rural revitalization and new
urbanization has both improved during the study period. R(;) improved by 28.57% during
the 12-year period, while U ) improved by 46.56%. It can be seen that the enhancement
of Up, was significantly greater than that of R;) during the study period. In addition,
the processes also differed. R(; showed a relatively linear and smooth growth during
2007-2017; then it fell slightly in 2018. U, showed a phased growth. During 20072012,
it showed an almost S-shaped growth pattern. However, during 2012-2014, it changed
its previous growth momentum and saw a steady wave of small declines. Fortunately,
the decline stopped in 2014, and then it resumed its rapid growth phase and reached
a higher level in 2018. However, it should be noted that after more than a decade of
improvement, the quality of both rural revitalization and new urbanization was still less
than 0.5, implying further room for improvement on the overall level.

0.50 —A— |1 of rural revitalization

“*I" —m—p of new urbanization —u—p - 0.16
0.48k —A— C-V of rural revitalization . 4
|t

| —B— C-V of new urbanization

0.46} /
L | |

0.44} / N, y

042 - ./. /._.

L ||
0.40F A lon

0.38-\ A '

L N\a—a \ A 4T 0.11
0.36_—A/ A\ _/ A \—
034 a—m

032- 1 1 | 1 1 1 1 1

A N N A A N N

Figure 3. Characteristic maps of R,;) and Uy, in China during 2007-2018. (Source: made by authors).

The relationship between R () and Uy, R(;) was above Uy, during 2007-2009, but by
2010, Uy overtook R, and stayed ahead for the rest of the year. During 2010-2014, the
gap between R(,;) and Uy, first increased, then decreased, and by 2014, the gap reached
its smallest level during the study period. However, good times did not last long, and
the gap between the two widened rapidly after 2014, reaching a peak in 2018. It can be
seen that the new urbanization level had been in the leading position after it surpassed the
rural revitalization level in 2009. And the gap between them showed a trend of increasing
after fluctuations.
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It can also be seen from Figure 3 that the coefficient of variation (C-V) of Uy, was
consistently higher than that of R, during the study period, indicating that the difference
in new urbanization quality among regions was significantly greater than that of rural
revitalization. Regional differences in rural revitalization dropped to the lowest level
in 2018 after fluctuation declines and rises during the study period, while the regional
differences in new urbanization rose and fell through fluctuations but culminated in 2018.
Although the average level of R;) was lower than that of U, it showed a more balanced
development among regions.

3.2. Spatial Evolution of Rural Revitalization and New Urbanization during 2007-2018

It can be seen from Figure 4a that the spatial distribution of R,) generally showed a
development trend of “high in the central, eastern and northwest and low in the northeast
and southwest” in 2007. The low-value area had a spatial T-shaped structure, dividing
the high-value area into two parts, east and west. Six regions, including Beijing, Tianjin,
Shandong, Shanghai, Fujian, and Tibet, were at the forefront in China, and six regions,
including Heilongjiang, Inner Mongolia, Gansu, Yunnan, Guizhou, and Hainan, were at the
bottom of the country. Figure 4b showed that the spatial distribution pattern of R, in China
had changed somewhat by 2018. The number of regions in both the first and last classes
decreased from six to three. The number of regions located in the middle level increased,
and the spatial distribution gradually tended to develop towards a balanced state.
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Figure 4. (a—d) Spatial and temporal evolution of rural revitalization and new urbanization. (Source:
made by authors).

From Figure 4c, we can see that the spatial distribution of Uy, showed a “central
collapse” in 2007, while Beijing and Tianjin (Bohai Sea Rim), the Yangtze River Delta, and
the Pearl River Delta regions were high-value areas. The low-value areas were largely
concentrated in the central regions. By 2018, Beijing was found in the absolute leading
position. Figure 4d showed that the high-value areas were still located in the eastern coastal
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region. The low-value areas were located in the southwest, central and northeast regions.
The differences between regions became larger in 2018 compared to 2007.

3.3. Characteristics of Coupled Coordinated Development Degree during 2007-2018

As can be seen from the above Figure 5a, the coupling coordination degree between
rural revitalization and new urbanization in China was consistently rising during the study
period. The overall level of D rose from 0.5824 in 2007 to 0.6825 in 2018, an increase of
17.19% in 12 years. The C-V of D fluctuated somewhat during the study period but was
generally at a low level overall, which shows that the differences between regions were
not significant.
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Figure 5. (a—c) Characteristics and types of coupled coordinated degree during 2007-2018. (Source: made by authors).

The number of regions in each coordination level from 20072018 can be seen in
Figure 5b. In 2007, only seven regions, including Beijing, Tianjin, Shanghai, Jiangsu,
Zhejiang, Shandong, and Tibet, were located in the primary coordination level, mostly
distributed in the eastern coastal region except for Tibet. Twenty-four regions were on
barely acceptable coordination grade in 2007, and then this number grew slightly in 2008
before decreasing rapidly. By 2015, there were no more districts at the barely acceptable
coordination level nationwide. From 2010 on, Beijing was the first to enter the intermediate
coordination stage, and the number of regions on intermediate coordination level gradually
increased. By 2017, Beijing was again the first region to enter good coordination stage,
and by 2018 it was still the only one at the good level stage. In 2018, the coordination
development stage improved more comprehensively compared to 2007, and the vast
majority of regions have raised their coordination development levels. In particular, the
coupling coordination level for Beijing and Fujian was upgraded by two levels, where
Fujian was upgraded from barely acceptable coordination to intermediate coordination,
and Beijing was upgraded from primary coordination to good coordination. It is worth
noting that among the 31 regions, only Tibet and Shandong failed to achieve an increase
with regard to the coupling coordination level. In fact, the coupling coordination degree of
these two regions improved somewhat during the study period, in which the coordination
development of Shandong increased from 0.6057 in 2007 to 0.6910 in 2018, and Tibet
increased from 0.6054 in 2007 to 0.6969 in 2018; only the degree of improvement was not
enough to break the criteria of stratification.

The relative development of rural revitalization and new urbanization can be seen
in Figure 5c. In 2007, 12 regions were included in the new urbanization lagging type
(NULT), nine regions in the synchronized development type (SDT), and ten regions in the
rural revitalization lagging type (RRLT). During the study period, the number of NULT
decreased to 1 by 2018 after fluctuations, indicating that urbanization was developing
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faster than rural revitalization. For RRLT, after declining in 2008 and 2009, it rose to its
highest level in 2018, reaching 19 and accounting for more than 60% of all study areas.
As for type SDT, its number changed little, increasing and decreasing during the study
period, reaching 11 by 2018. The number of SDT did not achieve a significant breakthrough
during the study period, indicating that the synchronized development between rural
revitalization and new urbanization encountered a bottleneck.

3.4. Spatial Evolution of Coupled Coordinated Development Degree during 2007-2018

With the help of the natural break-point classification method (Jenks) in ArcGIS version
10.7© software, D was classified according to the principle of maximum difference between
groups (Figure 6). In 2007, D showed an overall pattern of “high in the east-west and low
in the north and southwest”. In 2007, Beijing and Shanghai had the highest level of D,
while Gansu and Guizhou had the lowest D. By 2018, the overall pattern of D compared to
2007 showed a trend of “contraction in the high-value area and expansion in the low-value
area”. In particular, the most significant low-value expansion was seen in the Southwest
and Central regions. The five regions of Beijing, Tianjin, and the Yangtze River Delta were
the only remaining relatively high-value areas. Compared with these high-value areas,
there is still some room for improving the coupling and coordination of rural revitalization
and urbanization in most areas.
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Figure 6. (a,b) Spatial and temporal evolution of coupling coordination degree during 2007-2018. (Source: made by authors).

For L, it can be seen from the previous discussion that the numbers of the three types
were relatively balanced in 2007. The spatial distribution of the three types in 2007 can
be seen in Figure 6a. (1) The overall spatial distribution of NULT was characterized by
a “large concentration and small dispersion”. Seventy-five percent of the NULT regions
were clustered on the periphery of Beijing and the Yangtze River Delta. The other three
NULT regions were located in Tibet, Sichuan, and Jilin. (2) The distribution of RRLT types
showed a spatial dispersion in 2007. They were mainly distributed in highly developed
urbanized areas, such as Beijing, Shanghai, and Guangdong, as well as in areas unsuitable
for agricultural development with a complex topography and harsher natural environment,
such as Hainan, Yunnan, Guizhou, Qinghai, Shanxi, Heilongjiang, etc. (3) The spatial
distribution of SDT formed two synergistic development belts in the east and west, namely
the western line of Xinjiang, Gansu, Ningxia, Shaanxi, Chongqing and Guangxi, and the
eastern line of Liaoning, Jiangsu, and Zhejiang. The difference is that D was lower in the
western route and higher in the eastern route. In other words, although the development
levels of rural revitalization and new urbanization in the western route areas were relatively
consistent, they belonged to a lower level of synchronization.
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The most intuitive feeling from Figure 6b is that there was only one NULT left in
2018, which was Hunan. During 2007-2018, 19 regions experienced a change in relative
development type. This variation can be divided into four types, with the largest to smallest
percentages being NULT—SDT (42.11%), SDT—RRLT (36.84%), NULT—RRLT (15.79%),
and RRLT—SDT (5.26%), and no type transferred to NULT. The above changes indicated
that new urbanization had far surpassed rural revitalization during the study period, which
resulted in 30 of the 31 study areas having urbanization levels that exceed or equal rural
revitalization levels. In 2018, 61.29% of districts were RRLT, compared to 32.26% in 2007,
and nearly doubled, indicating that rural revitalization has become a major issue limiting
high-quality, sustainable development in China.

3.5. Analysis of the Driving Mechanism of the Coupling Coordination Degree during 20072018

Based on the coupling coordination status of rural revitalization and new urbanization
in the previous section, as well as drawing on previous research results, the following eight
indicators were taken as driving factors, which are the ratio of the output value of tertiary
industry (TI), total factor productivity (TFP), the intensity of investment in research and
development (RD), the proportion of total import and export to GDP (FT), equilibrium
index of urban and rural per capita income (URI), equilibrium index of urban and rural per
capita consumption (URC), equilibrium index of urban and rural fixed asset investment
(URF), and the proportion of cultivated land transfer (CLF) respectively. The data of these
eight indicators in 2007 and 2018 were selected and standardized as independent variables,
and D of the corresponding year was used as a dependent variable.

With the help of GeoDa version 1.18.00 software, the global Moran’s I of D from
2007-2018 was derived (Table 3). As can be seen from Table 3, the values of Moran’s I were
between 0.358 and 0.452, indicating that D had a significant positive correlation in the
spatial distribution. Therefore, if the traditional ordinary least squares (OLS) model is used
for regression analysis, the spatial factor may be neglected. Therefore, the OLS model was
performed first, followed by the GWR model test.

Table 3. Global Moran’s I of coupling coordination degree from 2007-2018.

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Moran’s1 0444 0.452 0.417 0457 0.427 0432 0435 0.403 0.358 0.421 0.409 0.387

The adjusted R? under OLS estimation was 0.711 in 2007 and 0.774 in 2018, while the
corrected R? in the GWR model was 0.769 in 2007 and 0.819 in 2018, indicating that the
GWR model had more explanatory power, and therefore the GWR model was selected for
driving force analysis. With the help of ESRI ArcGIS version 10.7 software, the regression
coefficients of the GWR model were visualized, as shown in Figure 7.

As shown in Figure 7, the coefficients of driving factors varied significantly in space
and generally showed a development trend of hierarchical band distribution. Except
for URF, which showed a significant negative spatial correlation, the other influences
all showed a strong positive correlation in the vast majority of regions. In 2018, the
absolute values of regression coefficients according to the drivers, in descending order, were
TI>RD > CLT > TFP > URI > FT > URF > URC.
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Figure 7. (a-p) Spatial distribution of regression coefficients of driving factors during 2007-2018. (Source: made by authors).

(1) For TI, the development of the tertiary industry can promote the transformation
and upgrading of industrial structure, thus accelerating the development of urbanization.
At the same time, it also promotes the improvement of agricultural production efficiency
and drives the linkage development of agricultural and non-agricultural sectors. It can
be seen from Figure 7a,b that the regression coefficients increased significantly over the
study period and showed a more pronounced banding feature in 2018 than in 2007. In 2007,
the development of the tertiary sector had a strong positive impact on the coordinated
development of urban and rural areas in Shanghai, Zhejiang, Heilongjiang, and Jilin. By
2018, the impact coefficient of TI showed a more pronounced east-west divergence, with the
eastern region being more sensitive to changes in the tertiary sector than the western region.

(2) For TFP, it is the main driving force of national economic growth, and the report of
the Nineteenth National Congress of the CPC put forward for the first time the urgent re-
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quirement to improve total factor productivity back in 2017. It clearly advocated improving
production efficiency and optimizing resource allocation through technological progress to
achieve more output with less input, marking a new era for national economic development.
It can be seen from Figure 7c,d that TFP also exhibited significant east-west divergence,
with urban-rural coordination in the eastern region being more sensitive to changes in TFP.
The improvement of TFP is important for promoting urban-rural integration, integrating
their unique quality resources for innovative development.

(3) For RD, in 2007, it had the greatest impact on the southeast coastal region, gradually
weakening towards the west and north, with a strong negative correlation for Xinjiang
and Tibet. This is because Xinjiang and Tibet have a higher demand for infrastructure
and livelihood capital than research and development funding, and limited investment in
research funding cannot achieve qualitative changes in research. By 2018, the high-value
area shifted to the northeast, mainly in the eastern coastal and central regions, indicating
that RD had become an important driver of coordinated urban-rural development in the
central-eastern region.

(4) For FT, foreign trade can reduce production costs by expanding the scale of pro-
duction and develop new foreign markets to bring more profits. It can be seen from
Figure 7g,h that in 2007, the high-value area focused on the northeast, and by 2018 the
high-value area spread to the central and coastal regions. FT had a strong drive for coupled
urban-rural coordination in these regions, and urban-rural coordination in the west was
not very significant for FT, showing a weak negative correlation.

(5) For URLI, too large a gap between urban and rural areas will inhibit not only
economic growth but also stimulate social conflicts and exacerbate the unbalanced and
insufficient regional development. It can be seen from Figure 7i,j that the spatial distribution
changed significantly during the study period. In 2007, the improvement of urban-rural
income balance had a greater impact on urban-rural coordination in the eastern coastal
and northeastern regions, and the regression coefficients showed an obvious decay from
east to west. By 2018, the high-value area shifted to the southern region of China, showing
an overall decreasing trend from north to south. However, the regression coefficients did
not differ significantly across regions of the country, indicating that the improvement of
urban-rural income balance had a significant driving effect on urban-rural coordination on
the national level.

(6) For URC, consumption is the driving force of production development, and poor
consumption is a deep-seated contradiction and structural problem that has long plagued
China’s economic development. The spatial pattern shifted significantly during the study
period, with the high-value area in 2007 changing to the low-value area in 2018, and
similarly, the low-value area in 2007 changing to the high-value area in 2018. In 2007, URC
had the greatest impact on northeast China and decreased from northeast to southwest,
and in 2018, the high-value area switched to northwest and southwest and decreased from
west to east. Overall, the role of URC in driving urban-rural coordination was significantly
greater in 2007 than in 2018.

(7) For URF, investment in fixed assets is the main means of reproduction of fixed assets
in society. The economy is strengthened through the activity of building and acquiring
fixed assets. The overall effect of URF on coordinated urban-rural development was
negatively correlated, as seen in Figure 7m,n. In 2007, only Xinjiang and Tibet were
positively correlated, indicating that increasing rural fixed asset investment has played a
positive role in coordinated urban-rural development in these two regions. By 2018, the
regression coefficients of all regions were negative, showing that URF had a negative effect
on coordinated urban-rural development.

(8) For CLT, the transfer of cultivated land can help rural areas realize the large-
scale operation of cultivated land, thus enhancing farmers’ income and promoting the
development of agriculture. At the same time, cultivated land transfer can release a large
amount of agricultural labor, which can then be invested in labor-intensive secondary and
tertiary industries. It can be seen from Figure 70,p that CLF had a strong positive driving
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effect on coordinated urban-rural development. High values of regression coefficients
in 2007 were located in three regions, Guangdong, Hainan, and Inner Mongolia. The
regression coefficients in 2018 were overall higher than those in 2007, and a more obvious
spatial clustering and band distribution was formed/ Among them, the high-value areas
were located in the three northeastern provinces, and the regression coefficients decreased
from northeast to northwest layer by layer.

4. Discussion

Currently, the relationship between rural revitalization and new urbanization is both
a classic urban-rural issue and a national strategic one, which has attracted continuous
attention and discussion in academic circles [48]. In this study, the Beijing-Tianjin region
and the Yangtze River Delta region were both highly coupled and coordinated areas for
rural revitalization and new urbanization. This is due to the strong comprehensive compet-
itive strength and sound development of urban and rural systems in the eastern region,
which is the economically developed region in China at this stage [42]. However, rural
revitalization in several of China’s most economically developed regions, such as Beijing,
Shanghai, Jiangsu and Zhejiang, and Guangdong, has lagged behind new urbanization.
By comparing urban-rural relations in different European countries (i.e., Finland, France,
Hungary, the Netherlands, and Spain), it was confirmed that the pressure of cities on
rural areas is not a negative process [49]. Therefore, developed regions should exert their
core regional advantages to drive the development of urbanization in the surrounding
areas, and at the same time, do a good job in the revitalization of the countryside. Not
only that, at the beginning of the study, the ratio of the number of NULT, SDT, and RRLT
types was 12:9:10; by the end of the study period, the ratio changed to 1:11:19, which was
sufficient to show that in recent years, the development momentum of rural revitalization
was significantly lagging behind that of new urbanization. A British regional study also
confirms that the economic development approach in urban areas has a negative impact
on the competitiveness of rural areas [50]. As a result, in future development, sufficient
attention must be given to rural revitalization so that the two-wheel drive between urban
and rural areas can advance smoothly.

Scholars have conducted a number of quantitative or qualitative studies on factors
influencing sustainable urban and rural development. Research showed that processes for
coordinating urban and rural development in China were driven by four major forces: the
economic development and urbanization level, bottom-up rural development, national
government policy, and local human developmental state practices [51]. In addition,
scholars also identified 10 key causes related to the urban-rural conflict in China from the
factors observed in the literature [52]. Based on existing studies and combined with specific
practices, this paper selects eight driving factors that can reveal the coordinated urban-rural
development in China. The driving mechanism analysis showed that different drivers had
different effects on the coupling coordination in different regions. In terms of the most
recent 2018, the hierarchical banding distribution of TI and TFP revealed a clear east-west
divergence in the driving of coupling coordination degree, indicating that the eastern
region should embark on industrial upgrading and total factor productivity improvement.
Similarly, studies in the Romanian region demonstrated that some economic activities
were transferred from urban to rural areas during economic fluctuations, thus promoting
industrial shifts and upgrading [53]. RD’s high-value areas were located in the eastern coast
and central region, and it can be seen that these places should seize the key point of science
and technology innovation to achieve a breakthrough. The high-value areas of FT and CLT
were clustered in the northeastern part of China, showing that these regions should start
to raise the level of foreign investment utilization and rely on their own characteristics to
attract foreign investment for their development. In addition, the northeast region should
strengthen the transfer of rural land so as to optimize the allocation of land resources
between urban and rural areas and improve the efficiency of land resources utilization.
Current research demonstrated that land use transformation has a negative impact on
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the development of urban-rural integration [54]. However, according to the results of
this paper, the act of arable land transfer played a role in promoting the coordinated
development of urban and rural areas. For URI and URC, narrowing the income and
consumption gap between urban and rural areas plays an obvious role in promoting the
coordinated development of urban and rural areas nationwide. Therefore, it is necessary to
narrow the income and consumption gap between urban and rural residents and promote
the continuous improvement of the basic livelihood security level and consumption level
in rural areas [55]. Investments in territorial capital and regional capacity building were
considered to be the main instruments of rural development [56]. However, this study
concludes that URF showed a weak negative correlation nationwide. This is because
urban and rural fixed asset investments need a certain degree of concentration to reflect the
agglomeration benefits, so urban concentrated investments can better reflect the investment
benefits. A study in Romania also confirmed that investment in rural infrastructure was
not the best strategy for economic development in rural areas [57]. China’s urbanization
rate exceeded 60% at the end of 2020, and the China Rural Development Report (2021)
pointed out that China’s urbanization rate will reach about 72% by 2035, and there will still
be a large number of farmers flocking to cities. Therefore, we should continue to increase
the total amount of urban fixed-asset investment while raising the per capita level of rural
fixed asset investment and promoting the simultaneous improvement of urban and rural
infrastructure construction.

This paper tries to reconstruct the evaluation index system of rural revitalization and
new urbanization. The existing research on new urbanization is relatively mature, while
the research on rural revitalization is still at the exploratory stage. Rural revitalization is a
complex system involving various elements of human, land, industry, and environment,
and a unified research system has not yet been formed in the academic field. Therefore, it
is one of the directions of future research to further explore the construction of a scientific,
systematic, comprehensive, and practical index system for rural revitalization. In addition,
based on the availability of data, this paper chooses to conduct the study on the provincial
level. In the future, with the standardization and enrichment of statistical data, municipal
or county-level data can be obtained. Then, a more detailed study can be conducted to
reveal the inner laws of sustainable urban and rural development at a smaller scale.

5. Conclusions

This study firstly proposed an evaluation framework including four criteria layers and
20 indicators for rural revitalization and new urbanization, respectively. Then the subjective-
objective weighting method (SWM-OWM) was used to calculate the rural revitalization
index and new urbanization index of each region. Subsequently, the coupled coordination
degree (CCD) model was introduced to measure the coupled and coordinated development
status between rural revitalization and new urbanization. Finally, the geographically
weighted regression (GWR) model was applied to analyze the driving mechanism of
coordinated urban-rural development. The main conclusions can be drawn as follows:

(1) The quality of both rural revitalization and new urbanization improved during the
study period, with R,;) improving by 28.57% and U;) improving by 46.56%. U;) had been
in the leading position after it surpassed R(;) in 2009, and the gap between them showed a
trend of increasing after fluctuations. Although the average level of R(,;) was lower than
that of Uy, it showed a more balanced development among regions. In 2007, the spatial
distribution of R, generally showed a development trend of “high in the central, eastern
and northwestern regions and low in the northeast and southwest”. By 2018, the spatial
distribution gradually tended to develop towards a balanced state. The spatial distribution
of Uy, showed a “central collapse” in 2007, while Beijing and Tianjin (Bohai Sea Rim),
the Yangtze River Delta, and the Pearl River Delta regions were high-value areas. The
differences between regions became larger in 2018 compared to 2007.

(2) The coupling coordination degree between rural revitalization and new urbaniza-
tion in China was consistently rising during the study period. In 2007, D showed an overall
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pattern of “high in the east-west and low in the north and southwest”. By 2018, the overall
pattern of D compared to 2007 showed a trend of “contraction in the high-value area and
expansion in the low-value area”. During 2007-2018, 19 regions experienced a change in
relative development type. This variation can be divided into four types, with the largest
to smallest percentages being NULT—SDT (42.11%), SDT—RRLT (36.84%), NULT—RRLT
(15.79%), and RRLT—SDT (5.26%), and no type transferred to NULT.

(3) The coefficients of driving factors varied significantly in space and generally
showed a development trend of hierarchical band distribution. Except for URF, which
showed a significant negative spatial correlation, the other factors showed a strong positive
correlation in the vast majority of regions. In 2018, the absolute values of the regression
coefficients according to the drivers, in descending order, were TI > RD > CLT > TFP > URI
> FT > URF > URC.

Based on the results of the empirical study, this study proposes an operable path to
providing institutional support and reference for the sustainable development of urban
and rural areas, which is also the ultimate landing point of this study.

(1) Construction of a modern industrial system that integrates urban and rural in-
dustries

Industrial development is the fundamental solution to continuously improve the
living standards of residents and achieve common prosperity. The core of urban and
rural industrial system construction is the integration of urban and rural factors and
product markets, especially the formation of a new pattern of urban and rural industries
with complementary advantages and mutual support. Firstly, industrial development
should enhance the radiation-driven effect of towns on rural industrial development. We
should stimulate the transformation and promotion of agricultural science and technology
achievements, and accelerate the application of the Internet of Things, big data, and remote
sensing in agriculture, so as to enhance the innovative power of agricultural development
comprehensively. Second, the integrated development of agriculture, industry and service
industries should be promoted. We should comply with the new trend of consumption
upgrade of urban and rural residents, and take “Internet +” “Ecology +” “Tourism +” as an
opportunity to improve the leisure agriculture, rural tourism, rural e-commerce, health and
pension, and other new industries. By extending the industrial chain and enhancing the
value chain, the high-quality development of new rural industries can finally be realized.

(2) Accelerate the integration of basic public services and infrastructure between
urban and rural areas

At this stage, the key to breaking the dual structure of urban and rural areas and
achieving urban-rural integration and balanced development is to establish an integrated
process of basic public services and infrastructure in urban and rural areas. (1) Public
services including, education, medical care, and social assistance, are related to people’s
survival and quality of life. The traditional policy of resource allocation is to emphasize
urban areas over rural areas, which also forms a circular structure with the central city
as the core and gradually decreasing outward. The more remote the areas are, the more
marginalized they become. As a result, rural areas are facing a series of complex problems
such as weak foundations and insufficient development momentum. Therefore, the gov-
ernment should promote the extension of public services to rural areas and establish a basic
public service system that integrates urban and rural areas. (2) Infrastructure, including
roads, water supply, electricity supply, heating, information, etc., is the basic material
condition to ensure the convenience of life and modernization of life. The same bias in
resource allocation has created a large gap between urban and rural areas, and the more
remote and poor the areas are, the worse the condition of public facilities is, which cannot
even guarantee people’s survival and quality of life. Therefore, it is important to focus
on public infrastructure construction in the countryside, accelerate the upgrading of rural
infrastructure, and promote the real integration of urban and rural infrastructure systems.

(3) Establish a comprehensive institutional mechanism and policy system to pro-
mote the free flow of urban and rural factors in both directions
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The free flow of urban and rural elements in both directions, including people, land,
money, and other elements, is the basis for the integrated development of rural revitaliza-
tion and new urbanization. Firstly for the population factor, not only should we strengthen
the willingness and ability of the rural population to enter the city, but also focus on at-
tracting all kinds of talents to return to the rural areas to start businesses and employment,
and increase rural vitality. Second, for land elements, the first thing is to strictly protect
arable land and intensive use of land. Based on the premise of steadily promoting the
reform of the rural land system, we should revitalize the idle land in rural areas and attract
capital, technology, talent, and other elements to rural areas with the advantage of re-
sources. Thirdly, in terms of capital elements, a diversified input mechanism for integrated
urban-rural development should be constructed. Financial funds should actively play their
leading role and strive to attract more social funds. In addition, capital should be tilted
toward agriculture, and a reasonable benefit distribution mechanism should be established
between farmers and agriculture-related enterprises in order to effectively protect farmers’
rights and interests.
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