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The work of rural residential land consolidation is related to several aspects, such as optimization of the structure of rural layout
and improvement of the ecological environment in rural areas. Therefore, the work of rural residential land consolidation must be
carried out rationally and effectively on the basis of scientific estimation of the real potential of rural residential land consolidation.
However, according to the existing estimation method of the consolidation potential of rural residential land, it ignores the
willingness of farmers who are closely related to it and cannot meet the current requirements of rural residential consolidation.
Under the background of rural revitalization and based on the new requirements of standardizing rural land improvement work,
this study organically combines rural residential land consolidation and the protection of farmers’ land rights and interest from
the perspective of farmers’ wishes. The research uses a multimethod integrated approach (the per-capita construction land
standard method, per-household construction land standard method, and town system planning method) to measure theoretical
potential of the rural residential land consolidation and constructs a correction index system in two dimensions: natural
conditions and economic feasibility. And then, this study further optimizes the correction index system from the perspective of
farmers’ willingness. Finally, the feasibility of the estimation method is verified by a case. The research will initiate new ideas for
estimating land consolidation potential in residential areas and provide references for the work and the special plan of rural

residential land consolidation in various localities.

1. Introduction

As the general background of the urbanization process
continues to accelerate, the trend of the one-way flow of
rural production factors (e.g., population and land) to cities
also has accelerated significantly. As such, a new reality has
emerged: the size of the rural population has continued to
decrease, and the size of towns has continued to increase.
This has created, to a certain extent, a situation of land
constraint for urban construction. In contrast, the originally
tight rural residential land has begun to be utilized ineffi-
ciently and even has been left idle in large quantities. The
obvious shortage of rural labor has increased both the
pressure of arable land protection and the cost of agricultural

production. For issues relating to agriculture, rural areas and
farmers, especially in agriculture and rural development, are
under great pressure.

The timely implementation of rural residential land
consolidation not only can attract urban capital into rural
areas but also can revitalize rural construction land. In
addition, the development of rural residential land con-
solidation can adjust the structure of urban and rural
construction land and alleviate land conflicts through spatial
exchange, which is an effective means to improve the land-
use intensification of rural settlements and provide a land
index for urban development [1].

As an important tool for building new countryside and
coordinating urban and rural development, rural residential


mailto:tangliang99@sohu.com
https://orcid.org/0000-0003-1228-8200
https://orcid.org/0000-0001-5495-1635
https://orcid.org/0000-0002-1525-4236
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6446502

land consolidation is not only an effective means to realize
the balance of arable land, increase the utilization rate of
rural land, and improve the rural environment but also an
important basis for implementing the rural revitalization
strategy [2]. Considering the current rural development
situation and the pressure on urban land, rural settlements
have been developed vigorously in various regions. This not
only improves the living environment in rural areas but also
provides the required construction land index for urban
development, a certain amount of development funds, and
high-quality arable land for rural development in the context
of the policy of linking urban and rural construction land
increases and decreases. As a result, the development of rural
residential land consolidation has become a major spatial
strategy in the field of land management to realize the co-
ordination of resource protection and guarantee
development.

As rural residential land consolidation is the improve-
ment of land-use intensification through certain measures,
the degree of improvement of the level of land-use inten-
sification for a rural settlement is related to factors such as
the current status of land use in the rural settlement and the
measures used. This means that the potential of rural res-
idential land consolidation is different for different settle-
ments. The rural residential land consolidation potential
includes the area of agricultural, construction, and com-
mercial lands that can be increased through engineering,
planning, technical, and administrative means based on
detailed surveys.

According to the principle of operability, the potential of
rural residential land consolidation can be divided into
theoretical and realistic potential. Theoretical potential re-
fers to the theoretical land area that can be increased through
rural residential land consolidation work provided that all
conditions are met and all stakeholders cooperate in ac-
cordance with the relevant policies. The theoretically cal-
culated potential of rural residential land consolidation is
not fully realized in real life because various factors constrain
rural residential land consolidation work. Therefore, the
actual area of land that can be increased by natural settle-
ment consolidation work, which is obtained based on the
practical analysis of the operability of the theoretical po-
tential, is called the realistic potential. In the practical op-
eration of rural residential land consolidation, the main
influencing factors include nature, policy, economy, tech-
nology, and farmers’ willingness. Therefore, the realistic
potential of rural residential land consolidation reflects the
natural adaptability, policy compliance, economic ratio-
nality, technical feasibility, and farmers’ aspirations of rural
residential land consolidation. On this basis, it is necessary
to correct the natural, policy, economic, and farmer aspi-
rations regarding rural residential land consolidation po-
tential. Thus, the actual potential of rural residential land
consolidation, that is, the realistic potential, is calculated.

The work of rural residential land consolidation is sci-
entific and serious and is related to the optimization of rural
layout structure, the improvement of ecological environ-
ment in rural areas, and many other aspects. Therefore, it is
necessary to carry out the work rationally and effectively on
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the basis of scientific estimation of the real potential of rural
residential land consolidation. This work involves the vital
interests of farmers, so it is necessary to combine rural
residential land consolidation and the protection of farmers’
land rights on the basis of extensive consultation with
farmers’ willingness to avoid a series of negative social
impacts caused by the “merging of villages into one house”
in places such as Shandong. In the Rural Revitalization Plan
(2018-2022), issued by the Central Committee of the
Communist Party of China and the State Council, “the
relocation of rural settlements and the removal of villages
must respect farmers’ willingness and be agreed by the
villagers meeting. Farmers’ willingness must be respected
and approved by the villagers’ meeting”. In addition, “No
forced relocation or concentration of farmers’” buildings” is
explicitly stated. Therefore, it is important to conduct sci-
entific research on the method of measuring the consoli-
dation potential of rural settlements based on the survey of
farmers” willingness.

1.1. Literature Review. In response to the problem of rural
residential land consolidation, significant exploration has
been done in regard to rural settlement management (e.g.,
layout influencing factors and rural settlement zoning) in
China and abroad. Rural settlements are the spatial carriers
of rural development and represent a widespread and im-
portant type of land use in rural areas. Since its creation in a
specific natural and human environment, rural settlements
have been in a state of gentle evolution influenced by the
natural increase and decrease of the rural population and the
slow growth of the rural economy [3]. Studies on rural
settlements have focused on changes in the number of rural
settlements [4], spatial distribution [5, 6], utilization status
[7], and remediation methods [8, 9]. On this basis, the
exploration of the role of the influence of geographical
conditions, institutional reform, population mobility, in-
dustrial and economic development, and the construction of
public services on the evolution of rural settlements [10, 11]
can reveal the mechanism of change in the morphology of
rural settlements to a certain extent. Some studies on the
transformation of rural settlements have focused on the scale
increment of land use, structural transformation, functional
transformation, and spatial differentiation characteristics
and have achieved landmark results [12-14].

The evaluation of the layout of rural settlements and the
analysis of their influencing factors are conducted mainly in
terms of natural endowments, production and living con-
ditions, and economic and social conditions [15]. Studies
have shown that the influence of agriculture on settlements
is gradually weakening [16]. The development of rural
settlements is influenced by history and culture, natural
geographical conditions, the socioeconomic development
level, and customs and practices [17]. Some scholars have
selected typical cases for the study of rural residential land
consolidation. They have explored the classification of rural
settlement types, landscape characteristics, and driving
factors. For example, Long et al. focused their research on
the development of agriculture-dominated villages,
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especially on the issues of village reconstruction and hollow
villages [18]. Xi et al. analyzed the process of spatial mor-
phology evolution of tourism-dominated villages over the
past 30years, taking Yesanpo as an example [19]. By
quantitatively portraying the spatial and temporal changes
in the expansion process of rural settlement sites, these past
studies have revealed the characteristics of rural settlement
sites. Dong et al. analyzed the variability of the drivers of the
spatiotemporal evolution of different types of settlements
[20]. Zhang Ruijuan et al. proposed an optimal regulation
strategy based on the classification of the types of rural
settlements, taking into account the actual situation [21].
Based on the combined characteristics of the scale, mor-
phology, and distribution of rural settlements, Dong
Guanglong et al. classified the types of rural settlements in
the Yellow Huaihai Plain. Comparatively, they analyzed the
spatial morphology and evolutionary characteristics of
different types of rural settlements [22].

Rural residential land consolidation potential estimation
is not only an important part of land remediation but also a
core part of land remediation planning [23]. The scientific
estimation of rural residential land consolidation potential
provides an important basis for determining the scale of
consolidation, selecting the consolidation mode, and
screening the consolidation effect [24]. Owing to the dif-
ference in the human-land relationship, only a small part of
foreign research is dedicated to the potential of rural resi-
dential land consolidation. In contrast, domestic research in
this area has already started and has produced some research
results. Rural residential land consolidation potential esti-
mation studies involve contents, such as the connotation of
potential, evaluation index system, and estimation methods
[25]. Commonly used estimation methods are derived
mainly from the potential theoretical perspective to directly
measure the potential of the consolidation area. They deviate
greatly from the actual released realistic potential. Ac-
cordingly, scholars later built a series of models with cor-
rection coeflicients. These scholars chose correction
indicators from natural, economic [26], social acceptability
[27], and implementation subjects [28] to correct the the-
oretical potential and thus derive the realistic potential.

Today, more research results are available on the
management of rural settlements in China and abroad. In
particular, many research methods have been developed to
measure rural residential land consolidation potential, and
they have been widely applied in practice. Based on the
existing studies, however, there are two problems with the
current research: (1) The research does not consider the
farmers’ willingness to finish rural settlement. Because rural
residential land consolidation involves the vital interests of
rural residents, if the farmers’ opinions are not fully con-
sidered and their interests are harmed, a series of social
incidents may occur. Accordingly, it is necessary to take into
account farmers’ willingness in rural residential land con-
solidation to cope with the potential of rural residential land
consolidation in advance. (2) The research does not combine
rural residential land consolidation with territorial consol-
idation. However, rural residential land consolidation is a
hot issue in the current urban management. In the process of

territorial consolidation, the issue of rural residential land
consolidation inevitably will be involved. Therefore, it needs
to be considered in an integrated manner. In view of the
shortcomings in previous research studies, this paper pro-
poses a methodological system for measuring the potential
of rural residential land consolidation based on the con-
sideration of farmers’ willingness, which has a certain re-
search value.

2. Method

2.1. Rural Residential Land Consolidation Potential Estima-
tion Framework System considering Farmers’ Willingness.
The theoretical potential is the basis of rural residential land
consolidation potential estimation. Realistic potential is a
modification of the theoretical potential, which is based on
the influencing factors that exist in an actual work to reflect
the actual consolidation potential of a settlement in a more
realistic way. Therefore, the specific steps needed to carry out
the rural residential land consolidation potential estimation
are as follows.

2.1.1. Calculation Analysis of the Theoretical Potential.
The main methods for calculating the theoretical potential of
rural residential land consolidation are the standard method
of per-capita construction land, the standard method of per-
household construction land, and the method of town
system planning. In this study, a combination of the three
methods is attempted; that is, the theoretical potential of
rural residential land consolidation is calculated using each
of the three methods. Accordingly, certain weights are
assigned to each method to obtain the combined value of the
theoretical potential of rural residential land consolidation.

2.1.2. Calculation of Realistic Potential considering Natural
Conditions and Economic Feasibility. Various factors, such
as the natural environment and economic conditions, can
have an impact on the estimation of the realistic potential of
rural residential land consolidation. Given that natural
conditions and economic feasibility are reflected in several
aspects, this study first constructs feedback indicators of
natural conditions and economic feasibility, corrects the
theoretical potential based on the weights and scores of each
indicator in the feedback indicators, and then calculates the
correction coefficients. On this basis, it is necessary to
calculate a realistic potential considering natural conditions
and economic feasibility.

2.1.3. Calculation of Collation Reality Potential considering
Farmers’ Willingness. Farmers’ willingness to organize their
settlements has an impact on their real potential. Therefore,
it is necessary to correct the realistic potential based on the
survey of farmers’ willingness. According to an in-depth
investigation and analysis of the mechanism of the impact of
rural residential land consolidation on farmers, it is nec-
essary to construct an index system of the impact of rural
residential land consolidation on farmers and calculate the



correction coefficient of realistic potential considering
farmers’ willingness. On this basis, it is also necessary to
calculate the realistic potential considering farmers’
willingness.

2.1.4. The End Result of the Realistic Potential of Rural
Residential Land Consolidation. The integration needs to
consider the realistic potential based on natural conditions,
economic feasibility, and the realistic potential considering
farmers’ willingness to calculate the final realistic potential.

2.2. A Multimethod Integrated Approach for Measuring the
Theoretical Potential of Rural Residential Land Consolidation.
On the basis of in-depth rural residential land consolidation
survey and analysis, the per-capita construction land stan-
dard method, per-household construction land standard
method, and town system planning method were chosen as
theoretical potential calculation methods.

Assume that the theoretical potential of rural residential
land consolidation is calculated by the per-capita construction
land standard method, per-household construction land
standard method, and town system planning method, which
are q,, q,, and g3, respectively. Moreover, the weights of the
three methods are w,, w,, and wj;, respectively. Then, the
theoretical potential of rural residential land, g, is

q=w1 99, + W gq, + W3gq;. (1

Here, g is the theoretical potential of rural residential
land consolidation; gq;, q,, and g are the theoretical potential
calculated by using the per-capita construction land stan-
dard method, per-household construction land standard
method, and town system planning method, respectively;
and w;, w,, and w; are the weight of the per-capita con-
struction land standard method, per-household construc-
tion land standard method, and town system planning
method, respectively.

We used the Group-Decision Analytic Hierarchy Process
(GAHP) to determine the weights of these three methods. In
other words, the relative importance weights of the three
methods are determined by several experts according to the
steps and requirements of the hierarchical analysis method,
and the arithmetic mean of the results of each expert’s de-
termination is taken as the final weight. Given the relative
maturity of the method, it is not repeated in this paper.

2.3. Calculation of the Realistic Potential of Rural Residential
Land Consolidation Based on Natural Conditions and Eco-
nomic Feasibility. The theoretical potential of rural resi-
dential land consolidation cannot be fully realized, and the
actual realistic potential needs to be obtained on the basis of
an analysis of operability. Many factors affect the realistic
potential. Therefore, in this section, we first measure the
correction coefficient Cy_g of the realistic potential of rural
residential land consolidation in two dimensions: natural
conditions and economic feasibility.
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2.3.1. Evaluation Index System. This study constructs a
realistic potential correction coefficient evaluation index
system considering natural conditions and economic fea-
sibility. The details are given in Table 1.

Natural conditions indicate the degree of limitation of
natural conditions in the area for rural residential land
consolidation. In this study, three indicators are selected to
measure natural conditions, namely, the aggregation of rural
settlements (B;;), the average slope of rural settlements
(By2), and the topographic relief (B;;). The greater the ag-
gregation of rural settlements, the greater the number of
people gathered in the area, the more difficult it is to or-
ganize, and the easier it is for the area to develop into an
agglomeration. The larger the average slope of rural set-
tlements and the greater the topographic relief, the less
conducive the topographic structure of the area is to carrying
out the consolidation work and the consolidation may face a
certain level of pressure.

Economic feasibility is an indicator that characterizes the
size of the local government’s investment capacity. In this
study, three indicators, per-capita gross domestic product
(GDP) (B,;), available fiscal revenue (B,,), and percentage of
primary industry revenue (B,3), are selected as indicators of
economic feasibility. The higher the per-capita GDP,
available fiscal revenue, and percentage of primary industry
revenue, the greater the assurance of funding that local
governments can devote to rural residential land
consolidation.

2.3.2. Determination of the Evaluation Index System Weight.
The weights are determined using the GAHP for the same
method. In this case, the weight values of each indicator are
characterized in the following way:

(1) The aggregation of rural settlements (By;), Qu_g
(2) The average slope of rural settlements (B1,), wg,
(3) The topographic relief (B;3), wpg;

(4) Per-capita GDP (By), wpy,

(5) Available fiscal revenue (B,,), wg,,

(6) Percentage of primary industry revenue (B,3), wg,s

2.3.3. Standardization of Indicator Values. Assuming that
the original value of each indicator in the realistic potential
correction coeflicient evaluation index system is x5 , then
for the six indicators in the index system, each data set is
standardized by the extreme difference.

For convenience, the standardized index values are
noted as. X B The formula for processing positive indicators
is

Xp, ~ mm(xBi}_)
XB.. = .
ij .
max(xB_,) - mm(xBu)
ij ij

The formula for processing negative indicators is

(2)
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TaBLE 1: Rural residential land consolidation real potential correction factor evaluation index system considering natural conditions and

economic feasibility.

Guideline layer

Indicator layer

Nature of indicator (forward/reverse)

The aggregation of rural settlements B,; (dimensionless) -

Natural conditions B,

The average slope of rural settlements By, (%) -

The topographic relief B3 (%) -

Per-capita GDP B, (RMB)
Available fiscal revenue B,, (RMB 10,000)
Percentage of primary industry revenue B3 (%)

Economic feasibility B,

+ + +

max(xBij> - Xp,

. ’
max(xBu> - mm(xB,,)
. i

Here, Xp_ denote the index values after standardization;
xp i the 0r1g1nal value of index; max(xB ) is the maximum
value of the index; and min (xp ) is the minimum value of
the index.

Xg (3)

2.3.4. Correction Factor. The real potential correction factor
of rural residential land consolidation considering natural
conditions economic feasibility is #,_; then,

n

NN-E = Z (XB,.]. X wBU)' (4)

i=1

Here #5_g is the rural residential land consolidation real
potential correction factor considering natural conditions
economic feasibility; X is the index value after standard-
ized treatment; and wB: is the index weight.

2.3.5. Realistic Potential of Rural Residential Land Consoli-
dation Based on Natural Conditions and Economic
Feasibility. Specifying the realistic potential of rural resi-
dential land consolidation based on natural conditions and
economic feasibility as Qy_g, then

Qn-g =9 X 1N-p (5)
We have the following:

(1) Qu_g: the realistic potential of rural residential land
consolidation based on natural conditions economic
feasibility

(2) ny_g: considering natural conditions, the realistic
potential correction factor of economic feasibility

(3) g: theoretical potential

2.4. Real Potential Calculation of Rural Residential Land
Consolidation Based on Farmers’ Willingness. As for actual
users of rural settlements, farmers have lived in rural set-
tlements for a long time and are dependent on them for their
livelihood and psychological well-being. Because of this, the
willingness of farmers to carry out settlement preparation
work, ie., the willingness of farmers to settle settlement
preparation, affects the actual potential of settlement
preparation to a certain extent. Therefore, farmers’

willingness should be taken into account when carrying out
the calculation of consolidation potential. And, farmers’
willingness is reflected in several aspects. In such a context, it
is required to propose a comprehensive and systematic index
system of the impact of rural settlement on farmers based on
the specific analysis of the mechanism of the impact of rural
residential land consolidation on farmers and to clarify
farmers’ willingness size through the design and distribution
of questionnaires.

On this basis, a realistic potential considering farmers’
willingness needs to be calculated.

The real potential of rural residential land consolidation
considering farmers’ willingness is Qy; then,

Qy =g x1ny. (6)
We have the following:

(1) Qy: the real potential of consolidation considering
farmers’” willingness

(2) ny: correction factor of realistic collation potential
considering farmers’ willingness

(3) g: collation of theoretical potential

In the framework of realistic potential calculation, the
problem of calculating realistic potential considering
farmers’ willingness is a complex problem. Farmers’ will-
ingness is reflected and expressed in certain ways and
eventually reflected in the satisfaction dimensions, so it is
necessary to find out the real willingness of farmers through
systematic survey work. Therefore, it is necessary to find out
the real willingness of farmers through systematic survey
work and use it to calculate the real potential. Based on this,
the following is a detailed discussion of this issue.

2.4.1. Farmers’ Willingness Survey Method in Rural Resi-
dential Land Consolidation Potential Estimation. In the
previous paper, a rural residential land consolidation po-
tential estimation framework system considering farmers’
willingness is proposed to support the development of rural
residential land consolidation potential estimation. In this
system, a farmers’ willingness survey is used to conduct rural
residential land consolidation potential estimation. In this
system, a farmers’ willingness survey is the key to rural
residential land consolidation potential estimation. Based on
this, this section will investigate the method of farmers’
willingness survey in rural settlements consolidation po-
tential estimation.



2.4.2. Structural Analysis of Farmers’ Willingness in Rural
Residential Land Consolidation Based on the Pressure-State-
Response Theory. For farmers, their willingness to work on
rural residential land consolidation is reflected in two main
ways: results and behavior. Therefore, when analyzing the
structure of farmers’ willingness in rural residential land
consolidation, the analysis also should be constructed
according to two dimensions: outcome and behavior.
Moreover, farmers’ willingness will be reflected and
expressed in a certain way and finally reflected in the di-
mensions of satisfaction. This also means that the farmers’
willingness structure in rural residential land consolidation
can be reflected by the three dimensions of “pressure-state-
response” (PSR), which is consistent with the basic idea of
the PSR theory.

The analysis of farmers’ willingness structure in rural
residential land consolidation using PSR theory not only
can reflect the cyclic coordination relationship of “action-
teedback-action” constituted by the three dimensions of
pressure, state, and response faced by farmers in rural
residential land consolidation but also can characterize the
current situation of farmers in rural residential land
consolidation and their judgment of future outcomes in a
unified manner. Among them, government policies and
farmers’ conditions exert a certain amount of pressure on
their willingness to express themselves in rural residential
land consolidation. The farmers’ willingness to change their
living environment reflects the current level of living in
rural settlements. The farmers’ satisfaction with rural
residential land consolidation reflects the results of this
work to a certain extent. Among them, the two dimensions
of pressure and state reflect the process of rural residential
land consolidation, whereas the corresponding system
reflects the result of rural residential land consolidation. On
this basis, the structure of farmers’ willingness in rural
residential land consolidation is constructed according to
three dimensions: government policy and farmers’ own
conditions (pressure dimension), the current settlement
level of farmers (state dimension), and farmers’ satisfaction
with rural residential land consolidation (response
dimension).

According to this analysis, the overall idea of con-
structing the structure of farmers’ willingness in rural res-
idential land consolidation based on PSR theory is shown in
Figure 1.

According to the overall framework of farmers™ will-
ingness structure in the rural residential land consolidation
potential estimation, shown in Figure 1, the specific contents
of farmers’ willingness structure are proposed, as shown in
Table 2.

Based on the structure of farmers’ willingness in the
potential estimation of rural residential land consolidation
(Table 2), the constructed structure of farmers’ willingness
can reflect farmers’ willingness toward rural residential land
consolidation more comprehensively. The scientific and
reasonable design of the research questionnaire and the
implementation of the research work are conducive to the
true reflection of the potential size of rural residential land
consolidation.
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2.4.3. Farmers’ Willingness Questionnaire Design in Rural
Residential Land Consolidation Potential —Estimation.
When surveying farmers” willingness to measure the rural
residential land consolidation potential, the factors involved
in the structure of farmers’ willingness need to be pro-
blematized by answering questions that can reflect farmers’
opinions on each factor quantify them.

To quantify and problematize the factors involved in the
structure of farmers’ willingness, this paper adopts a Likert
scale to quantify the factors by means of a scale from 1 to 10
so that respondents can realize the purpose of the research
according to their own understanding and grasp of the
issues.

On this basis, the factors of the farmers’ willingness
structure of the rural residential land consolidation potential
measure (Table 2) are problematized separately. After
problematizing the factors of the farmers’ willingness
structure in measuring the potential of rural residential land
consolidation, a questionnaire was designed according to the
requirements of the Likert scale.

According to this analysis, a farmers’ willingness
questionnaire in rural residential land consolidation po-
tential estimation was developed, as shown in Appendix 1.

2.4.4. Methodology for Implementing and Analyzing the
Results of the Farmers” Willingness Survey in the Estimation
of Rural Residential Land Consolidation Potential. In the
process of measuring the potential of rural residential land
consolidation, a farmers’ willingness survey is the first issue
to be addressed. The willingness of affected farmers can be
surveyed by means of sampling to reflect the level of farmers’
support for rural residential land consolidation work. In the
sampling process, the sampling proportion should be no less
than 10% of the number of local households included in the
scope of rural residential land consolidation.

By distributing the questionnaires and collecting and
collating them, after eliminating the unqualified question-
naires, the results of the survey of the questions corre-
sponding to each factor can be taken as the arithmetic mean
of the scores for each question in the questionnaire as the
final score of each willingness factor.

To determine the weights of each factor of farmers’
willingness, the same GAHP is used for determination.

Representation of the weight of each factor in the
structure of farmers’ willingness in the estimation of rural
residential land consolidation potential in this paper is listed
in Table 3.

The scores of each factor in Table 2 are E,,
(m = p,s,r;n=p;s;,r;), the weights of each factor are w,),,,,
and the score of farmers’ willingness in a region is T. Then,

T= zEmn X Wy (7)
According to equation (6),
T
’1Y = 1_0) (8)

where 7y is farmers’ willingness-based rural residential land
consolidation  actual  potential  correction  factor.
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farmer’s willingness structure in Rural Residential Land Consolidation
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FIGURE 1: Schematic diagram of the overall framework for the construction of farmers’ willingness structure in rural residential land
consolidation based on PSR theory.

TaBLE 2: Farmers® willingness structure in rural residential land consolidation potential estimation.

Dimension Specific representation

Farmers’ attitudes toward policies related to settlement consolidation P,
Farmers’ perceptions of rural residential land consolidation work P,
Farmers’ understanding of the contradiction between land supply and demand P;
Age structure Py
Long-term employment of family members outside the home Ps
Education level Pg
Satisfaction level of housing area status S;
Status dimensions S Satisfaction level of the current state of the surrounding environment S,
Satisfaction level of the current status of supporting facilities S3
Satisfaction level of housing area after consolidation R,
Satisfaction level of household income after consolidation R,
Response dimensions R Satisfaction level of housing subsidy R;
Satisfaction level of living conditions after consolidation R4
Satisfaction level of supporting facilities after consolidation Rs

Stress dimensions P

TaBLE 3: Representation of the weight of each factor in the structure of farmers’ willingness in the estimation of rural residential land
consolidation potential.

Results of weight

Dimension Specific representation d o
etermination
Farmers’ attitudes toward policies related to settlement consolidation P, Wp,
Farmers’ perceptions of rural residential land consolidation work P, Whp,
Stress dimensions P Farmers’ understanding of the contradiction between land supply and demand P; Wps
Age structure Py Wpy
Long-term employment of family members outside the home Ps Wps
Education level Pg Wpg
Satisfaction level of housing area status S; wg;
Status dimensions S Satisfaction level of the current state of the surrounding environment S, Wg,
Satisfaction level of the current status of supporting facilities S; W3
Satisfaction level of housing area after consolidation R, Wpy
Satisfaction level of household income after consolidation R, W,
Response dimensions R Satisfaction level of housing subsidy R; Wps
Satisfaction level of living conditions after consolidation Ry Wy

Satisfaction level of supporting facilities after consolidation Rs Wgs




Accordingly, the rural residential land consolidation actual
potential considering farmers’ willingness is calculated as
Q.

Based on (8), the end result of the realistic potential of
rural residential land consolidation can be calculated as Q.

2.5. Final Result of the Realistic Potential of Rural Residential
Land Consolidation. According to this analysis, this work
needs to consider a number of factors-that is, on the basis of
the theoretical potential calculation, the impact of natural,
economic, farmers’ willingness, and other factors needs to be
integrated so that the calculated results are true and effective
and are more in line with the reality of the requirements.

The arithmetic mean of the two calculations is taken as
the final result of the actual potential calculated in Sections
3.3 and 3.4.

If we denote the result of the realistic potential of rural
residential land consolidation as Q, then

Q= % (QN—E + QY)’ 9)

where Q is final result of actual potential; Q, is actual
potential considering farmers’ willingness; and Qy_p is
actual potential based on natural conditions and economic
feasibility.

3. Case Study

3.1. Rugao City Profile and Land-Use Status. Rugao City is
located in the south of Jiangsu Province, a county-level city
adjacent to the Yangtze River and the Yellow River. It is an
important part of the Yangtze River Delta and the Shanghai
metropolitan area. The district has 20 towns, with a total area
of 1576 km?. In 2020, the per-capita disposable income of all
residents in Rugao District was RMB 37,646, an increase of
6.1% from the prior year. Urban residents’ per-capita dis-
posable income was RMB 49,118, an increase of 4.6% from
the prior year. The per-capita disposable income of rural
residents was RMB 23,599, an increase of 7.7% from the
prior year. The urban-rural income ratio shrank from 2.14: 1
in 2019 to 2.08: 1, and the balance of urban-rural integration
development was remarkable.

In 2018, the agricultural land in Rugao was
104,445.15 ha’, accounting for 66.26% of the total land area.
The construction land was 39,090.12 ha®, accounting for
24.80% of the total land area. Other lands occupied
14,097.97 ha®, accounting for 8.94% of the total land area. As
of 2018, the total construction land in the city and county is
35,218.89 ha®, accounting for 22.34% of the total area of the
city, of which rural construction land accounts for 89.72% of
urban and rural construction land.

In the current situation, a prominent feature of the
current land use in Rugao is the high degree of land use. The
utilization rate has exceeded 90%. The proportion of rural
construction land is too large, the land-use structure has
large regional differences, and the degree of coordination
needs to be improved. In the face of environmental and
climate change, the ecological pressure on land use in Rugao
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TaBLE 4: Results of determining the weights of the three methods.

Method Weight
Per-capita construction land standard method 0.314
Per-household construction land standard method 0.352
Town system planning method 0.334

TaBLE 5: Calculation results of the theoretical potential of 20 towns
in Rugao City.

Serial no. Town name Theoretical consolidation potential g
1 XZ1 2435.75
2 XZ2 2213.45
3 X7Z3 1323.89
4 XZ74 1876.34
5 XZ5 1984.23
6 XZ6 2109.35
7 XZ7 2387.52
8 X7Z8 2783.13
9 XZ9 893.56
10 X710 1204.82
11 X711 879.24
12 X712 2104.45
13 X713 1452.52
14 X714 1342.59
15 X715 873.14
16 X716 874.22
17 X717 689.73
18 X718 1342.16
19 X719 1235.19
20 X720 984.23

is gradually increasing and the land-use intensification still
has certain shortcomings. Moreover, according to the rel-
evant planning data, the scale of new urban and rural
construction land in Rugao in the future will be small. Thus,
it is necessary for Rugao’s municipal government to promote
rural residential land consolidation work over time. Failing
to do so will affect the sustainable development of the
economy and society to a large extent.

3.2. Data Source. The data used for this study and its sources
are as follows:

(1) Socioeconomic development data: from Rugao City
Statistical Yearbook 2015-2020, based on the data of
the previous Statistical Yearbook, which forecasts the
relevant socioeconomic development data in 2025

(2) Current land-use data: from the 2018 Rugao City
Land Use Change Database

(3) Planning data: from the General Land Use Plan
(2006-2020) of the city and each town provided by
the Rugao Natural Resources and Planning Bureau

(4) Other information: “Rugao City National Economic
and Social Development 14th Five-Year Plan, 2035
Visionary Goals Planning Outline,” and other
documents
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TaBLE 6: Determination of rural residential land consolidation actual potential correction factor evaluation index system weights con-

sidering natural conditions and economic feasibility.

Guideline layer Indicator layer

Nature of indicator (forward/reverse) Indicator weights

The aggregation of rural
Natural conditions B, settlements B;; (dimensionless)
The topographic relief By; (%)
Per-capita GDP B,, (RMB)
Economic feasibility B,

The average slope of rural settlements By, (%) -

Available fiscal revenue B,, (RMB 10,000)
Percentage of primary industry revenue B,; (%)

- 0.243

0.112
- 0.105
0.137
0.179
0.224

+ + +

TaBLE 7: Calculation of the realistic potential of rural residential land consolidation based on natural conditions and economic feasibility

results for the 20 towns in Rugao.

Serial no. Town name Theoretical consolidation potential g Correction factor #y_g Actual potential Qy_g
1 XZ1 2435.75 0.58 1412.74
2 XZ2 2213.45 0.67 1483.01
3 XZ3 1323.89 0.68 900.25
4 XZ74 1876.34 0.73 1369.73
5 XZ5 1984.23 0.48 952.43
6 XZ6 2109.35 0.53 1117.96
7 Xz7 2387.52 0.48 1146.01
8 XZ8 2783.13 0.54 1502.89
9 XZ9 893.56 0.55 491.46
10 X710 1204.82 0.63 759.04
11 X711 879.24 0.76 668.22
12 X712 2104.45 0.77 1620.43
13 X713 1452.52 0.51 740.79
14 XZ14 1342.59 0.62 832.41
15 XZ15 873.14 0.45 392.91
16 X716 874.22 0.58 507.05
17 X717 689.73 0.81 558.68
18 X718 1342.16 0.73 979.78
19 X719 1235.19 0.67 827.58
20 X720 984.23 0.77 757.86

3.2.1. Theoretical Potential Estimation of Rural Residential
Land Consolidation in Rugao City Based on the Multimethod
Synthesis. We selected the three methods of the per-capita
construction land standard method, the per-household
construction land standard method, and the town system
planning method to calculate the theoretical potential of
rural residential land consolidation in Rugao City.

To determine the weights of the per-capita construction
land standard method, per-household construction land
standard method, and town system planning method, nine
experts from Rugao City were gathered to determine the
relative importance of the three methods. The relative im-
portance weights of the three methods were determined
according to the steps and requirements of the hierarchical
analysis method. The arithmetic average of the results of the
experts’ judgment was taken as the final weight.

Table 4 lists the results of determining the weights of the
three methods when measuring the theoretical potential of
rural residential land consolidation in Rugao City.

The results of calculating the theoretical potential of 20
towns in Rugao City are given in Table 5.

3.3. Correction of Rural Residential Land Consolidation Po-
tential in Rugao City Based on Natural Conditions and Eco-
nomic Feasibility. We performed the rural residential land
consolidation actual potential correction according to
two dimensions: natural conditions and economic
feasibility.

First, the weights of the rural residential land consoli-
dation actual potential correction factor evaluation index
system considering natural conditions and economic fea-
sibility were determined according to the steps of GAHP.
The results are given in Table 6.

On this basis, combining the specific data of 20 towns
in Rugao City and the normalization process, formula (4)
was applied to calculate the rural residential land con-
solidation actual potential correction factor, #y_g, con-
sidering natural conditions and economic feasibility.
Based on the missing correction factor Qy_g, the rural
residential land consolidation actual potential based on
natural conditions and economic feasibility was calculated
according to (5). The calculation results are given in
Table 7.
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TaBLE 8: Results of determining the weights of the factors in the structure of farmers’ willingness in the estimation of rural residential land

consolidation potential.

Results of weight

Dimension Specific representation determination
Farmers’ attitudes toward policies related to settlement consolidation P, 0.083
Farmers’ perceptions of rural residential land consolidation work P, 0.057
S . . Farmers” understanding of the contradiction between land supply and demand P; 0.089
tress dimensions P
Age structure Py 0.104
Long-term employment of family members outside the home Ps 0.045
Education level Pg 0.059
Satisfaction level of housing area status S; 0.112
Status dimensions S Satisfaction level of the current state of the surrounding environment S, 0.072
Satisfaction level of the current status of supporting facilities S3 0.042
Satisfaction level of housing area after consolidation R, 0.045
Satisfaction level of household income after consolidation R, 0.068
Response dimensions R Satisfaction level of housing subsidy R; 0.093
Satisfaction level of living conditions after consolidation R4 0.052
Satisfaction level of supporting facilities after consolidation Rs 0.079

TaBLE 9: Calculation results of rural residential land consolidation actual potential considering farmers’ willingness in 20 towns of Rugao

City.

Serial no. Town name Theoretical consolidation potential g Correction factor #y Actual potential Qy
1 XZ1 2435.75 0.62 1510.17
2 XZ2 2213.45 0.54 1195.26
3 XZ3 1323.89 0.51 675.18
4 XZ4 1876.34 0.38 713.01
5 XZ5 1984.23 0.73 1448.49
6 XZ6 2109.35 0.64 1349.98
7 XZ7 2387.52 0.65 1551.89
8 XZ8 2783.13 0.71 1976.02
9 XZ9 893.56 0.62 554.01
10 X710 1204.82 0.55 662.65
11 XZ11 879.24 0.58 509.96
12 X712 2104.45 0.63 1325.80
13 X713 1452.52 0.72 1045.81
14 X714 1342.59 0.67 899.54
15 XZ15 873.14 0.66 576.27
16 X716 874.22 0.57 498.31
17 X717 689.73 0.82 565.58
18 X718 1342.16 0.34 456.33
19 X719 1235.19 0.43 531.13
20 X720 984.23 0.67 659.43

3.4. Potential Correction of Rugao Rural Residential Land
Consolidation considering Farmers’ Willingness. A survey on
farmers’ willingness in rural residential land consolidation
potential estimation was organized and implemented by
Rugao City in 20 towns, a sample survey was conducted
according to the contents of the questionnaire in Appendix
3, and experts were gathered to determine the weight of each
factor in the rural residential land consolidation potential
estimation. The weight of each factor in the structure of
farmers’ willingness in the estimation of rural residential
land consolidation potential was determined by experts. The
results of weight determination are given in Table 8.

On this basis, the rural residential land consolidation
actual potential correction factor, 7y, considering farmers’

willingness was determined based on the results of the
questionnaire survey in each town, combined with the
weights determined in Table 8. Then, according to (6), the
rural residential land consolidation actual potential con-
sidering farmers’ willingness was calculated, and the results
are shown in Table 9.

3.5. Rugao Rural Residential Land Consolidation Potential
Final Results. According to (9), we calculated the final rural
residential land consolidation potential of 20 towns in Rugao
City, and the results are given in Table 10.

Accordingly, the relevant departments of the Rugao
municipal government can reasonably arrange the relevant
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TaBLE 10: Final calculation of rural residential land consolidation realistic potential of 20 towns in Rugao City.

Serial no. Town name  Theoretical consolidation potential ¢  Actual potential Qy_;  Actual potential Qy  Final potential Q
1 XZ1 2435.75 1412.74 1510.17 1461.46
2 XZ2 2213.45 1483.01 1195.26 1339.14
3 XZ3 1323.89 900.25 675.18 787.72
4 XZ4 1876.34 1369.73 713.01 1041.37
5 XZ5 1984.23 952.43 1448.49 1200.46
6 XZ6 2109.35 1117.96 1349.98 1233.97
7 X7Z7 2387.52 1146.01 1551.89 1348.95
8 XZ8 2783.13 1502.89 1976.02 1739.46
9 XZ9 893.56 491.46 554.01 522.74
10 XZ10 1204.82 759.04 662.65 710.85
11 XZ11 879.24 668.22 509.96 589.09
12 XZ12 2104.45 1620.43 1325.80 1473.12
13 X713 1452.52 740.79 1045.81 893.30
14 XZ14 1342.59 832.41 899.54 865.98
15 XZ15 873.14 39291 576.27 484.59
16 XZ16 874.22 507.05 498.31 502.68
17 X717 689.73 558.68 565.58 562.13
18 X718 1342.16 979.78 456.33 718.06
19 XZ19 1235.19 827.58 531.13 679.36
20 XZ20 984.23 757.86 659.43 708.65
Total 30989.51 19021.23 18704.82 18863.08
TaBLE 11: Farmers’ willingness questionnaire in rural residential land consolidation potential estimation.
Degree (1 is the lowest
Serial . degree, 10 is the highest
no. Question d%gree, please tickgthe
corresponding number)
1 How well you know the policies related to rural residential land consolidation 12345678910
1 How well you understand the tasks of rural residential land consolidation 12345678910
2 How well you understand the current conflict between land supply and demand 12345678910
3 How much you can support the work of rural residential land consolidation at your age 12345678910
How much your family members who are not working outside the home can support the work of
4 . . 1 123456738910
rural residential land consolidation
5 How much your education level can support the work of rural residential land consolidation 1 2 3 4 5 6 7 8 9 10
6 How much you are dissatisfied with the size of your current home 12345678910
7 How much you are dissatisfied with the surrounding environment of your home 12345678910
8 How much you are dissatisfied with the current status of your family’s facilities 12345678910
9 How much you are satisfied with the expected area of your house after consolidation 12345678910
10 How much you are satisfied with the expected family income after the arrangement 12345678910
11 How much you are satisfied with the expected housing allowance after consolidation 12345678910
12 How much you are satisfied with the expected living conditions after consolidation 12345678910
13 How much you are satisfied with the expected supporting facilities after consolidation 1234567 8910

rural residential land consolidation work according to the
final results of the calculated rural residential land consol-
idation potential to ensure that the urban and rural con-
struction land can meet the requirements.

4. Conclusion and Discussion

4.1. Conclusion. Under the background of rural revitaliza-
tion and based on the new requirements of standardizing
rural land improvement work, this study organically com-
bines rural residential land consolidation and the protection
of farmers’ land rights and interests and provides an

estimation method of the consolidation potential of rural
residential land considering farmers’ willingness. The esti-
mation method is based on calculation of the theoretical
potential and then constructs a comprehensive correction
index system in three dimensions, natural conditions,
economic feasibility, and farmers’ willingness, so as to get
the realistic potential of rural residential land consolidation.
The comprehensive correction index system includes the
following (1) Correction index system: calculation of the
realistic potential of rural residential land consolidation
based on natural conditions and economic feasibility. It
includes three indicators of natural conditions (namely, the
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aggregation degree of rural settlements, the average slope of
rural settlements, and the topographic relief) and three
indicators of economic feasibility (namely, the per-capita
GDP, available fiscal revenue, and the percentage of the
income of the primary industry). (2) Further optimization of
the correction index system: considering farmers’ willing-
ness. Firstly based on PSR theory, the study systematically
analyzed the structure of farmers’ willingness in rural res-
idential land consolidation. And then, the study designed a
scientific and operational questionnaire for farmers’ will-
ingness in rural residential land consolidation potential
estimation and proposed a systematic survey implementa-
tion and result analysis method. On this basis, the opti-
mization system of rural residential land consolidation
potential estimation method considering farmers’ willing-
ness was constructed.

The feasibility of the estimation method is verified by a
case. And, the estimation method initiates new ideas for
estimating land consolidation potential in residential areas
and provides effective support for the planning and
implementation of rural residential land consolidation in
each local area.

4.2. Discussion. Although the thesis has made some valuable
explorations in the calculation of the realistic potential of
rural residential land consolidation based on natural con-
ditions, economic feasibility, and farmers’ willingness, some
shortcomings still need to be improved owing to the limi-
tation of the research level:

(1) The paper does not carry out research in theoretical
studies and case studies on issues such as subsequent
rural residential land consolidation time-series
partitioning, so this requires further research in the
future.

(2) The paper does not yet take into account the relevant
social benefits in the context of rural residential land
consolidation potential estimation, so future at-
tempts are needed to quantify the social benefits and
incorporate them into the rural residential land
consolidation potential estimation system.

Appendix

A. Farmers’ Willingness Questionnaire in Rural
Residential Land Consolidation
Potential Estimation

This questionnaire was designed to effectively investigate
farmers’ willingness in rural residential land consolidation
potential estimation. The questionnaire consists of 13
questions on 13 factors of rural residential land consoli-
dation potential estimation. Please check the corresponding
numbers according to your own understanding (Table 11).

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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