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Abstract: Conducting quality evaluations of rural residential areas and effectively improving their
utilization levels is an important aspect of correctly handling the relationship between humans and the
land and achieving high-quality rural developments. Taking Wangkui County, Heilongjiang Province,
as an example, this study aimed to achieve the “intensive, humanistic, and green” development
of rural residential areas. An evaluation index system of utilization quality was constructed using
three aspects: intensive land utilization, human settlement environment quality, and ecological
environment quality. The comprehensive evaluation results were classified using a multidimensional
combination matrix and targeted optimization plans were proposed. Additionally, an obstacle
diagnosis model was constructed to identify the factors that hinder the high-quality utilization of
rural residential areas. The results demonstrated the following: (1) The utilization quality of the
rural residential areas in the study area was mainly at a medium level, followed by low and high
levels, with proportions of 20.18%, 51.38%, and 28.44%, respectively. The utilization levels gradually
decreased from the town centers to the surrounding areas. (2) Based on the evaluation results,
there were 23 combinations of rural residential areas in the study area, which were classified into
four types: coordinated control, key development, single leading, and transforming and upgrading.
Optimization plans were proposed for the different types. (3) From the perspective of identifying the
barrier factors, the top five factors that hindered the high-quality utilization of rural residential areas
were the traffic land density, aggregation index, green-coverage rate of built-up areas, completeness of
public service facilities, and the proportion of secondary and tertiary industrial land area. This study
provides a significant reference for the evaluation of the utilization quality of rural residential areas
in plain agricultural regions to effectively raise their levels of intensive land utilization, improve their
settlement environments, enhance their ecological quality, and achieve a development of high quality.

Keywords: rural residential areas; utilization quality; type classification; obstacle factor

1. Introduction

Rural residential areas are the basic supporting units of production and living condi-
tions within the rural-area system, and they are important carriers for rural development [1].
For a long time, the layouts of the rural residential areas in China were mostly formed out
of independent choices, showing an overall state of disorderly development and lacking
scientific planning and guidance, which has resulted in a significant waste of land resources
and a low degree of intensive utilization [2,3]. At the same time, there are obstacles to this
development, such as the scarcity of public service facilities and infrastructures, as well as
an urgent need to enhance production conditions [4,5]. In addition, a series of problems
affect the high-quality use of rural residential areas. For example, the environmental pres-
sure brought about by agricultural production has become increasingly prominent [6]. To
change the current situation of rural settlement areas and improve their levels of utilization,
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China introduced a series of policies. In 2017, the concept of high-quality development
was officially proposed in the report of the 19th National Congress of the Communist
Party of China, emphasizing “quality as the foundation for building a strong country” and
“quality-driven transformation”. In 2021, the Central Committee of the Communist Party
of China and the State Council released the “Opinions on Promoting Rural Revitalization
and Accelerating Agricultural and Rural Modernization”, which pointed out the need
to promote high-quality developments, accelerate agricultural and rural modernization,
improve the living environment, and enhance the rural ecological environment. During the
14th Five-Year Plan period, China will adhere to the theme of high-quality development
and use it as a measure to promote various aspects of economic and social development.
This indicates that, against this background, the development of rural residential areas also
presents a valuable orientation of the project of high-quality utilization by adhering to the
goal of achieving “land conservation and intensive use, comfortable and convenient living
for residents, and healthy and sustainable ecological environment”. However, there is a
significant gap between the current problems of rural residential areas and the requirements
for achieving a high-quality development. As an important grain production area, the
plain agricultural regions in our country urgently demand the high-quality utilization
of rural residential areas to ensure agricultural production and the efficient utilization
of land resources. Therefore, researching the utilization-quality evaluation of rural res-
idential areas in the Northeast Plain agricultural area is beneficial for scientifically and
quantitatively describing their utilization statuses; the rational allocation of development
factors, such as rural land, population, and industry; and the correct handling of the rela-
tionship between humans and the land. This research provides a reference and technical
support for achieving the high-quality utilization and sustainable development of rural
residential areas.

In recent years, scholars at home and abroad have conducted a large amount of
research to achieve the optimal development of rural residential areas. Based on multiple
perspectives including geography [7], sociology [8], economics [9,10], and ecology [11],
foreign scholars have studied the impact of factors such as landform characteristics, rural
economy, population mobility, and environmental governance on the development of
rural residential areas. This also guides scholars to pay attention to the optimization
and utilization of rural residential areas from a multidisciplinary perspective. Domestic
scholars have conducted extensive research on intensive-utilization evaluation [12-14],
human-habitat-quality evaluation [15-17], ecological-suitability evaluation [18-20], and
other aspects, to achieve the optimal development of rural residential areas. Starting
from the perspectives of land use [21], location conditions [22], production and living
accessibility [23], the ecological environment [24], policy conditions [25], and other aspects,
and combining various natural, economic, social, and other factors, they used the entropy-
weighting method [26], the analytic-hierarchy process [27], the factor-analysis method [28],
among others, to construct evaluation index systems. They classified and organized villages
based on the evaluation results, and then proposed targeted optimization strategies. In
the new era of China’s entry onto the stage of high-quality development, research on
utilization quality was also launched in various fields; however, recent studies mainly
focused on the “quality of cultivated land utilization” [29], the “quality of construction
land utilization” [30], etc. In the exploration of land-use quality, scholars such as Fang [31]
and Wu [32] conducted research based on multidimensional data to achieve the high-
quality utilization of the entire land space. Rural residential areas are an important type of
territorial space; however, there has been relatively little research on their utilization quality.
The development of rural residential areas is no longer limited to layout optimization but
now also pays more attention to the development’s quality. The scholar Qu [33] defined
the connotation of the utilization quality of rural residential areas from the perspective of
the relationship between people and the land, and then proposed key points to focus on
to enhance it. It can be said that evaluating the utilization quality from the perspective of
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rural residential areas is an extension and refinement of the land-use quality that can guide
their efficient utilization.

Previous studies on the evaluation of rural residential areas by scholars mostly focused
on factors such as comprehensive resource endowment and village consolidation losses,
and they chose the reduction of the number of rural residential areas as the evaluation goal.
They ignored the development quality of rural residential areas and rarely considered the
comprehensive aspects of land utilization, living conditions, and the ecological environ-
ment. On the other hand, the evaluation of the utilization quality of rural residential areas
aims to guide and improve the quality of rural settlements. This study emphasized the
coordinated development of the multiple functions—such as production, settlement, and
ecological services—that rural residential areas can provide. In addition, previous studies
mainly focused on ecologically vulnerable areas [34], typical mountainous areas [35], etc.;
however, the rural residential areas in China are widely distributed in the plain regions [36],
where the terrain is flat and the main task is grain production. The existing problems in the
utilization of rural residential areas cause substantial difficulties in ensuring agricultural
production, farmers’ livelihoods, and rural ecology. We must urgently establish a scientific
evaluation system to improve the utilization quality of the rural residential areas in the
plain agricultural regions.

Based on the above, this study took the 109 administrative villages in Wangkui County,
Heilongjiang Province, which is a typical agricultural area on the Northeast Plain, as the
research area. The study aimed to improve the utilization quality of rural residential
areas and guide their development in the direction of intensification, humanization, and
greening, and it used a multifactor, comprehensive evaluation method to construct an
evaluation index system to assess the degree of intensive land utilization, human settlement
environment quality, and ecological environment quality. Next, we coded and combined
the evaluation results and used the multidimensional combination matrix to classify the
types of rural residential areas, and we then proposed suggestions for the different types.
In addition, we used the obstacle diagnosis model to identify the main obstacle factors.
This study aimed to provide support and a reference for the high-quality utilization of rural
residential areas in the plain regions.

2. Materials and Methods
2.1. Study Area

Wangkui County is under the jurisdiction of the city of Suihua, Heilongjiang Province,
and is one of the main typical areas of agricultural production on the Northeast China
Plain. Its geographical range is between 126°10'-126°59" E and 46°32'-47°28' N. The region
has a temperate continental monsoon climate, with a higher elevation in the northeast and
lower elevation in the southwest. The total area of Wangkui County is 231656.96 hectares,
which includes 10 towns and 5 townships, with 109 administrative villages. At the end
of 2019, the total population of the county was 442,900, including 369,100 members of the
agricultural population. Wangkui County is an important producer of commodity grain,
with a cultivated area of 186,856.52 hectares, accounting for 80.66% of the total land area. In
2019, the agricultural output value of Wangkui County was CNY 357.7 million, accounting
for 47.85% of the total output value of the agriculture, forestry, animal husbandry, and
fishery industries in the county. The high dependence of farmers” income on the agricultural
production space highlights the importance of land resources for rural development in
Wangkui County. In addition, there are long-standing problems in the layout and land use
of the rural residential areas in Wangkui County, with a per capita rural residential land area
of about 280.31 square meters, and prominent tensions between the people and the land. In
recent years, Wangkui County has actively carried out village planning and preparation
work; however, it urgently needs a scientific basis for planning from the perspective of high-
quality utilization to improve the level of intensive land utilization, the living conditions of
the villagers, and the ecological environment, to achieve the high-quality utilization of the
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rural residential areas and implement a strategy of rural revitalization and development.
The study area is shown in Figure 1.
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Figure 1. Location map of the study area. Unrated area represents the urban center and forest farm.

2.2. Data Source and Pretreatment

The data used in this study included land-use data, remote sensing image data, and
socioeconomic data. The land-use data were obtained from the third national land survey
database in 2018. The remote sensing image data were acquired from the high-resolution
Satellite 2 in June 2019, with a spatial resolution of 1 m x 1 m. The socioeconomic data
were sourced from the Heilongjiang Statistical Yearbook of 2019 and the Wangkui County
Statistical Yearbook of 2019. The rest of the data was obtained through field surveys.

The data preprocessing included six steps. First, the extraction of rural residential areas
was achieved using ArcGIS 10.2 software. Through visual interpretation, the boundaries of
rural residential areas were redrawn based on the color, shape, and texture of the patches
of rural residential areas presented in the high-resolution Satellite 2 in June 2019. The
redrawn rural residential areas” patch boundary data were overlaid with land-use data
from the third national land survey database. Modifications were made to improve the
interpretation accuracy by referring to the remote sensing images to address boundary
inaccuracies. We then obtained data on the rural residential areas. Second, ArcGIS10.2
software was utilized to extract information on the cultivated land, residential land, idle
land, road traffic land, secondary and tertiary industrial land, and ecological land. The near
tools in ArcGIS were used to obtain data on the accessibility of the central towns. Third,
the extracted rural-residential-area data were transformed into raster data, and FragStats
4.2 software was used to calculate the aggregation index and landscape shape index of
the rural residential areas. Fourth, the data on the completeness of public service facilities
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were obtained through field surveys and interviews with village cadres to understand
the construction situation of public service facilities in the village. The number of public
service facilities, such as schools, clinics, libraries, cultural squares, shops, and others,
was calculated by taking into account feedback from village cadres and conducting field
surveys. The statistical results were then categorized into different levels and assigned
corresponding scores. Fifth, the data on the amounts of pesticide, fertilizer, and agricultural
plastic film usage were provided by the Wangkui County Statistics Bureau. Finally, based
on the various obtained data, a unified summary analysis was conducted to construct a
utilization-quality evaluation database of the rural residential areas for the study area.

2.3. Explanation of the Utilization-Quality Connotation

The utilization quality of rural residential areas refers to the degree of the quality
of their utilization. Under the premise of complying with their natural attributes and
development laws, rural residential areas are efficiently developed and utilized to better
meet people’s needs. In the era of high-quality developments, the construction of rural
residential areas should be based on the requirements of “intensification, humanization, and
greening”. Intensified developments can promote improvements in the land-use efficiency
and conservation of precious land resources. Humanized development focuses on the
people’s pursuit of a better life, and it improves production and living conditions. Green
development highlights ecological civilization constructions and places higher demands
on ecological livability. Based on this, the evaluation of the utilization quality of the
rural residential areas was conducted in terms of three aspects, namely, intensive land
utilization, human settlement environment quality, and ecological environment quality, to
comprehensively measure their utilization quality levels and achieve the maximization of
economic, social, and ecological benefits.

2.4. Research Methods
2.4.1. Evaluation of Utilization Quality of Rural Residential Areas

Based on the understanding of the utilization quality of rural residential areas and
the perspectives of “intensive, humanistic, and green” development, and with reference to
relevant research on evaluation indicators [37-40], combined with the actual situation of
the study area, the utilization-quality evaluation index system of the rural residential areas
was constructed in terms of three aspects: intensive land utilization, human settlement
environment quality, and ecological environment quality (Table 1).

Table 1. Evaluation index system of utilization quality of rural residential areas.

Goal Level Criteria Level Indicator Level Indicator Weight Indicator Attribute

Per capita rural residential area 0.2373 -
Aggregation index 0.2979 +
Intensive land utilization Landscape-shape index 0.1593 -
Proportion of residential-land area 0.1520 +
Proportion of idle-land area 0.1534 -
Traffic land density 0.2745 -
Utilization quality of Human settlement Corr;gxe/:s:?‘ii?iftiz lslbhc 0.2095 +
rural residential areas environment quality Accessibility of central towns 0.1186 +
Land-cultivation rate 0.1665 +
Proportlgn of se.condary and tertiary 0.2309 +

industrial land area
Green-coverage rate of built-up areas 0.2967 +
E . . Proportion of ecological land area 0.2346 +

cological environment I - .

ualit ntensity of pesticide use 0.1562 -
! Y Intensity of fertilizer use 0.1562 -
Intensity of agricultural plastic film use 0.1563 -

Note: + represent positive indicators, — represent negative indicators.
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Intensive land utilization reflects the characteristics of the land-use scale, layout, and
structure in rural residential areas, and it mainly comprises five indicators: the per capita
rural residential area, the aggregation index, the landscape-shape index, the proportion of
residential-land area, and the proportion of idle-land area. Among them, the per capita
rural residential area reflects the per capita land-use scale of the village. The larger the
value, the lower the degree of intensive land utilization. The aggregation index reflects
the degree of aggregation of rural residential areas. The larger the aggregation index, the
higher the degree of aggregation. The landscape-shape index reflects the complexity of
the spatial forms of rural residential areas. The larger the value, the more complex the
shape of the rural residential area and the lower the degree of intensive utilization. The
proportion of residential-land area reflects the proportion of residential land in the total
area of the rural residential areas, which reflects the scale of the village residents’ living
areas. The larger the scale, the better the land-use condition. The proportion of idle-land
area reflects the proportion of idle land in the total area of rural residential areas. The larger
the proportion of idle land, the more unreasonable the land use.

The human settlement environment quality reflects the degree of excellence of the pro-
duction and life services available to the villagers, and it mainly comprises five indicators:
traffic land density, completeness of public service facilities, accessibility of central towns,
land-cultivation rate, and proportion of secondary and tertiary industrial land area. Among
them, the traffic land density reflects the degree of accessibility of the road traffic in the
villages. The more developed the traffic, the more convenient the living conditions of the
villagers. The completeness of public service facilities reflects the level of supporting public
service facilities in the village, representing the conditions of rural education, medical
care, and other factors. The accessibility of central towns reflects the distance between the
rural residential areas and the central towns. The closer to the central towns, the better
the location conditions of the village and the greater the role played by the economic
growth driven by urban development. The land-cultivation rate reflects the proportion of
cultivated land in the village area, representing the levels of agricultural development space
and land resources in the village. The proportion of secondary and tertiary industrial land
area reflects the level of development of secondary and tertiary industries in the village,
with larger values indicating better conditions of industrial development.

The ecological environment quality reflects the ecological resources and environmental
conditions of villages, and it mainly comprises five indicators: green-coverage rate of the
built-up areas, proportion of ecological land area, intensity of pesticide use, intensity of
fertilizer use, and intensity of agricultural plastic film use. Among them, the green-coverage
rate of the built-up areas reflects the degree of greening and coverage of rural residential
areas. The higher the green-coverage rate, the more beautiful the ecological environment.
The proportion of ecological land area reflects the proportion of ecological space and the
natural resource endowment status of the village. The intensities of pesticide use, fertilizer
use, and agricultural plastic film use reflect the amounts of pesticides, fertilizers, and plastic
films used in the village, respectively, and represent the ecological environmental pressure
brought about by the village’s agricultural production. The larger the numerical value, the
more severe the environmental pollution.

To eliminate the dimensional differences within the index system, the raw data were
normalized using Formulas (1) and (2):

X;; — min(X;
Positive Indicator : Xi’j = max?X )Im;(inl(l() )
i) i
max(X;) — X
Negative Indicator : Xj; = (Xi) = Xy @)

max(X;) — min(X;)
where Xi’j is the standardized index value, Xj; is the original value of the index, max(X;) is
the maximum value of the index, and min(X;) is the minimum value of the index.
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To avoid the interference of subjective factors in the evaluation results, after normaliza-
tion, the entropy weight method [26] was adopted to find the entropy value and difference
coefficient, and the index weight was calculated. Finally, the utilization-quality scores
of the rural residential areas were calculated according to the multifactor comprehensive
evaluation method. The related Formulas (3) to (6) are given below:

X!
Py= @)
/
T
n
i=1
1—¢
Wij = 7,1( ) ®)
Z (1- e])
j=1
S.. — Y X! W 6
) Z iyt ( )
j=1

where 7 is the number of indicators (a total of 15 indicators were selected in this study), P;;
is the weight of the i-th village under the j-th index, ¢; is the entropy value of the j-th index,
Wi; is the weight of each indicator, and S;; is the evaluation score of the utilization quality
of the rural residential areas. According to the evaluation results, the natural breakpoint
method in ArcGIS software was used to divide the intensive land utilization, human
settlement environment quality, and ecological environment quality and the utilization
quality of the rural residential areas into three levels of high, medium, and low, which were
used to analyze their comprehensive utilization.

2.4.2. Classification of Rural Settlement Areas

Based on the evaluation results, the multidimensional combination matrix [41] was
used to classify the rural settlement area types according to three aspects: intensive land
utilization (I), human settlement environment quality (H), and ecological environment
quality (E). The intensive land utilization, human settlement environment quality, and
ecological environment quality were divided into high, medium, and low levels based on
their numerical values, where 1 represented a high level, 2 represented a medium level,
and 3 represented a low level. For example, a type with high intensive land utilization,
medium human settlement environment quality, and low ecological environment quality
was represented by the code I1-H2-E3. This provides a clear judgment of the specific
utilization quality of rural settlement areas. The optimization types of rural residential
areas followed the principles of discerning whether the development of intensive land
utilization, human settlement environment quality, and ecological environment quality are
synchronous. According to the discrimination principles, if the three aspects developed
synchronously and were all at the same level, then this was classified as the coordinated-
control type. If the development levels of the three aspects were not synchronous and
two or more of them were at a high level, then this was classified as the key-development
type. If only one aspect was at a high level, then this was classified as the single-leading
type. If all three aspects were at a low or medium level, then this was classified as the
transforming-and-upgrading type. Finally, optimization schemes were proposed based on
the different types of rural residential areas (Figure 2).
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Figure 2. Classification of rural residential areas.

2.4.3. Diagnosis of Obstacle Factors

Based on the quality evaluation of the rural residential areas, an obstacle diagnosis
model was constructed, and the deviation, factor contribution, and obstacle degrees were
introduced for analysis. The main and secondary relationships of the influencing factors
were determined by ranking the obstacle degrees [42]. The larger the obstacle degree value,
the higher the degree of constraint on the high-quality utilization of rural residential areas.

The related Formula (7) is shown below:

_ Ui~ Wi
ij = "n ,
El Ui

@)

where Uj; is the index deviation degree; U;; = 1 — Xj; is the difference between the standard-
ized value of the single-index factor and the target value of 100%; X;; is the standardized
value of the i-th index; n is the number of evaluation indicators; Wl-j is the weight of the i-th

index; and Hj; is the obstacle degree.

3. Results

3.1. Analysis of the Utilization Quality of Rural Residential Areas

3.1.1. Diagnosis of Obstacle Factors

The scores of the intensive utilization of the rural residential areas in Wangkui County
ranged from 0.2163 to 0.8534. As shown in Figure 3a, the numbers of high-, medium-, and
low-level rural residential areas in the study area were 37, 49, and 23, respectively, account-
ing for 33.94%, 44.95%, and 21.10%, respectively. Spatially, the rural residential areas with a
high intensive utilization were mainly concentrated around the Wangkui County urban
area, including Wangkui Town and the southwest of Xiangbaimanzu Township. These areas
had obvious locational advantages, were strongly influenced by the development of the
central urban area, had high levels of human and material inputs, and had a good degree
of land-use intensification. The rural residential areas with a medium intensive utilization
were mainly distributed in the southern and eastern parts of Wangkui County, including
Hugimanzu Town and Weixing Town, etc. These areas had average levels of socioeconomic
development, their locational advantages were not obvious, and their land-use patterns
were extensive. The rural residential areas with a low intensive utilization were mainly
distributed in the northwest and southeast, including Xianfeng Town and Haifeng Town,
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etc. These areas made excessive use of the per capita residential land and had large village
areas, high proportions of idle land, and low levels of land-use intensification.

I nigh I migh
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Figure 3. Spatial distribution map of the utilization-quality grades of rural residential areas: (a) dis-
tribution map of the intensive-land-utilization grades; (b) distribution map of the human settlement
environment quality grades; (c) distribution map of the ecological-environment-quality grades;
(d) distribution map of the utilization-quality grades.

3.1.2. Analysis of the Human Settlement Environment Quality of Rural Residential Areas

The scores of the living-environment quality of the rural residential areas in Wangkui
County ranged from 0.1998 to 0.7887. As shown in Figure 3b, the numbers of high-,
medium-, and low-level rural residential areas in the study area were 12, 41, and 56,
respectively, accounting for 11.01%, 37.61%, and 52.38%, respectively. Spatially, the rural
residential areas with a high settlement-environment quality were mainly concentrated
in the villages where the township governments were located, with high accessibility,
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complete supporting public service facilities, and high suitability for population living.
The rural residential areas with a medium settlement-environment quality were mostly
concentrated in the middle of Wangkui County, including Xiangbaimanzu Township and
Dengta Town, etc. These areas were mainly developed for agriculture, with high rates
of land cultivation; however, the development of secondary and tertiary industries was
insufficient. The infrastructure and public service facilities barely met the daily needs of
the villagers. The rural residential areas with a low settlement-environment quality were
mainly distributed on the edge of Wangkui County, including the west of Xianfeng Town
and east of Dongsheng Township, etc. With the increase in the distance from the central
town, the suitability of the location of rural residential areas decreased. In addition, the
eastern part of Wangkui County had backward agricultural production levels and poor
living conditions for farmers.

3.1.3. Analysis of the Ecological Environment Quality of Rural Residential Areas

The scores of the ecological environment quality of the residential areas in Wangkui
County ranged from 0.2241 to 0.8511. As shown in Figure 3¢, the numbers of high-,
medium-, and low-level rural residential areas in the study area were 28, 63, and 18,
respectively, accounting for 25.69%, 57.80%, and 16.51%, respectively. Spatially, the rural
residential areas with a high ecological environment quality were mainly distributed at
the central, eastern, and western edges of Wangkui County, including Xianfeng Town
and the eastern part of Dongsheng Township, etc. The Tongken River flows through the
east of Wangkui County, which has relatively abundant wetland resources, and the Keyin
River flows through the west, with a large area of ecological land. The central villages
had relatively high greening coverage and good ecological environment quality. The rural
settlements with a medium ecological environment quality were distributed in most parts
of Wangkui County, including Lingshanmanzu Township and Xiangbaimanzu Township.
These areas had vast arable land areas; however, the large-scale use of fertilizers, pesticides,
and plastic films led to a decline in soil quality and had negative effects on the ecological
environment. The rural settlements with a low ecological environment quality were mainly
distributed in the southern areas, including Tongjiang Town and the eastern part of Huojian
Town. These areas had fewer ecological land resources and low greening coverage.

3.1.4. Analysis of Utilization Quality of Rural Residential Areas

The comprehensive scores of the quality of the rural residential areas in Wangkui
County ranged from 1.1977 to 1.8904. As shown in Figure 3d, the numbers of high-,
medium-, and low-level rural residential areas in the study area were 22, 56, and 31,
respectively, accounting for 20.18%, 51.38%, and 28.44%, respectively. Overall, the quality
was mainly medium, accounting for more than half of the rural residential areas, followed
by low quality and then high quality. Spatially, the utilization quality of the rural residential
areas showed a circular structure. The utilization level gradually decreased from the town
centers to the surrounding areas, and it showed some similarities to the distribution patterns
of the intensive land utilization, human settlement environment quality, and ecological
environment quality; however, it also possessed some unique characteristics. The rural
residential areas with a high utilization quality were mainly distributed in the central and
northeastern areas of Wangkui County, including Wangkui Town and Lianhua Town, etc.
The economic-development level in the central region was relatively high, and it had strong
suitability and convenience for production and living. These areas had better ecological
environment quality. The rural residential areas with a medium utilization quality were
mainly distributed in the northeast-southwest direction, including Tongjiang Town and
Dengta Town, etc. The density of the rural residential areas was low. Public service facilities
were lacking, such as education and medical care facilities, and agricultural production
caused serious soil pollution. The rural residential areas with a low utilization quality
were mainly distributed in the western and southeastern areas, including Xianfeng Town
and Haifeng Town, etc. The western region was limited by natural conditions, such as the
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terrain and agricultural conditions. Moreover, the nonagricultural-production conditions
were poor, the green-coverage rate was low, and ecological service facilities were lacking.

3.2. Classification and Optimization Scheme of Rural Residential Areas

This study aimed to improve the utilization quality of rural residential areas, and
it followed the principles of the synchronous development of intensive land utilization,
human settlement environment quality, and ecological environment quality to classify the
optimization types of rural residential areas. First, the three aspects, namely, intensive land
utilization, human settlement environment quality, and ecological environment quality,
were encoded and combined. There were 27 possible combinations. Based on the actual
situation in the study area, 23 types were finally derived. Second, according to the dis-
crimination principles, if the three aspects developed synchronously and were all at the
same level, then this was classified as the coordinated-control type. If the development
levels of the three aspects were not synchronous and two or more of them were at a high
level, then this was classified as the key-development type. If only one aspect was at a high
level, then this was classified as the single-leading type. If all three aspects were at a low or
medium level, then this was classified as the transforming-and-upgrading type. Finally,
optimization schemes were proposed based on the different types of rural residential areas
(Table 2 and Figure 4).

Xiangbaimanzu

Lingshanmanzu

\Housanxiang Haifeng

Key development type

‘ Coordinated control type
‘ Single leading type

Transforming and upgrading type

Tongjiang .y ‘ Unrated area

’\;‘ 0 5 10 20 km

Figure 4. Distribution map of optimized types of rural residential areas.
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Table 2. Types and optimization directions of rural residential areas.

Evaluation Result Coding Combination Optimization Type Optimization Direction

12-H2-E2

11-H1-E3 I1-H2-E1
11-H3-E1 I3-H1-E1

11-H2-E2 I1-H2-E3 I11-H3-E2 11-H3-E3
12-H1-E2 12-H1-E3 I3-H1-E2 13-H1-E3 Single-leading type
12-H2-E1 12-H3-E1 I3-H2-E1 13-H3-E1

12-H2-E3 12-H3-E2 12-H3-E3
13-H2-E2 I3-H2-E3 13-H3-E2

Insist on multi-functional coordinated
Coordinated-control type development and focus on the effective
combination of “quality” and “quantity”
Insist on key development, give full play to
Key-development type advantages and improve weaknesses
according to local conditions

Take advantage of dominant functions while
considering improving weak functions

Insist on transformation and upgrading and
Transforming-and-upgrading type make sure
to control reasonable development

The 12-H2-E2 combination of rural residential areas belonged to the coordinated-
control type. These areas were mostly distributed around villages near town or township
governments. Their overall strength was relatively coordinated, and they did not have
prominent advantages in intensive land utilization, human settlement environment quality,
or ecological environment quality; however, they still had substantial potential for devel-
opment. In the future, we must adhere to this coordinated control, focus on the effective
combination of “quality” and “quantity”, rely on the conditions of economic development,
and strengthen the communication and cooperation with surrounding villages. Moreover,
we should establish pillar industries for the villages” development, thoroughly dig into
the added value of agricultural products, strive to build a complete industrial chain for
grain production, and construct a modern agricultural production system. In addition, we
should improve the service capabilities of the various facilities within the villages and try
to achieve the sharing of the construction of infrastructure and public service facilities with
nearby towns and townships. Finally, we must reduce the use of pesticides and fertilizers
and promote the use of degradable plastic film.

The I11-H1-E3, 11-H2-E1, I1-H3-E1, and I3-H1-E1 combinations of the rural residential
areas belonged to the key-development type, which was mostly distributed in villages
where the town or township governments were located. The quality of their utilization
was relatively good, the land scale structure was reasonable, the degree of livability was
high, and the ecological environment was clean. Overall, there were single obstacles in the
intensive land utilization, human settlement environment quality, and ecological environ-
ment quality. In the future, we must stick to giving full play to each region’s advantages,
adhering to a high-quality-utilization orientation, and adopting effective strategies based
on local conditions to improve shortcomings. We can integrate advantageous resources and
industrial foundations, support the development of modern agriculture and rural tourism,
seize the opportunity to create agricultural-ecological tourism projects, and achieve in-
dustrial integration. Furthermore, we should continue to improve the levels of various
facilities, continuously improve the living environment, and focus on green and healthy
development to achieve the high-quality utilization of rural residential areas.

The I1-H2-E2, 11-H2-E3, I1-H3-E2, I1-H3-E3, 12-H1-E2, 12-H1-E3, I13-H1-E2, I3-H1-E3,
12-H2-E1, 12-H3-E1, 13-H2-E1, and I3-H3-E1 combinations of the rural residential areas
belonged to the single-leading type, which was mostly distributed in the central region.
They had certain developmental advantages in one aspect of intensive land utilization,
the human settlement environment quality, or ecological environment quality, and they
showed obvious directional characteristics. This type of rural residential area should persist
with the existing advantages as guidance and consider the improvement of weak functions.
For intensive land use, it is necessary to activate the stock land and improve the land-use
efficiency, and at the same time, improve the living conditions and ecological environment.
For the high-quality living environment orientation, it is necessary to establish a long-term
protection mechanism for human settlements and to orderly guide village construction
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while strengthening environmental governance. For the ecological function orientation,
it is crucial to insist on the developmental concept of healthy environmental protection
and to deeply explore the connotation value of ecological tourism. Meanwhile, we should
strengthen the efficient and intensive use of land and improve the living environment.

The 12-H2-E3, 12-H3-E2, 12-H3-E3, 13-H2-E2, 13-H2-E3, and 13-H3-E2 combinations
of rural residential areas belonged to the transforming-and-upgrading type, which was
mostly distributed in the peripheral areas. Their utilization quality was relatively poor,
and their intensive land utilization, human settlement environment quality, and ecological
environment quality were mostly in a weak position. For this type of rural residential
area, we should strengthen the transformation and upgrading, control the scale, and
promote reasonable development. We must give full play to the guiding role of village
planning, integrate low-efficiency and extensive rural residential areas, and strictly control
the disorderly expansion of land use. Moreover, we should improve various agricultural
production facilities and enhance the effective output of the cultivated land. It is equally
important that we should guarantee the daily shopping, medical, and other basic needs
of villagers; improve the connectivity between the rural residential areas; strengthen the
village environmental governance; and add garbage and sewage treatment facilities to
realize the sustainable development of the ecological environment.

3.3. Analysis of Obstacle Factors

According to Formula (7), the main obstacle factors affecting the quality of the rural
residential utilization in Wangkui County were diagnosed based on their obstacle degrees.
At the same time, based on the high and low obstacle-degree scores, the top five factors were
sorted as the main obstacle factors. These factors were the traffic land density, aggregation
index, green-coverage rate of built-up areas, completeness of public service facilities, and
proportion of secondary and tertiary industrial land area (Table 3).

Table 3. Main obstacle factors of rural residential area utilization quality.

. Obstacle Ranking
Quality Category 1 2 3 4 5
Proportion of
. Green-coverage Completeness of .
Traffic land . secondary ) . Aggregation
Obstacle factor densi rate of built-up ) public service ;
. . ensity and tertiary g index
High quality areas industrial land area facilities
Degree of
obstruction (%) 12.87 9.97 9.12 9.98 8.14
Completeness of Green-coverage Proportion of
Traffic land Aggregation P . orag secondary and
. . Obstacle factor . ; public service rate of built-up S -
Medium quality density index epe tertiary industrial
facilities areas
land area
Degree of
obstruction (%) 13.53 11.62 9.98 9.63 8.92
Proportion of Completeness of
Aggregation Traffic land Green-coverage rate secondary and P .
. Obstacle factor ; . : S - public service
Low quality index density of built-up areas tertiary industrial facilities
land area
Degree of
obstruction (%) 13.87 11.87 10.75 9.24 8.93
Completeness of Proportion of
Traffic land Aggregation Green-coverage rate P . secondary and
Obstacle factor densi ; : public service S -
C hensi ensity index of built-up areas faciliti tertiary industrial
omprehensive acilities
land area
Degree of 12.92 11.56 10.02 9.52 9.05

obstruction (%)

According to Table 2 and Figure 5, the top-ranked factor in terms of its overall obstacle
degree was the traffic land density, with an obstacle degree score of 12.92%. This factor had
a significant impact on villages located in high- and medium-quality areas, indicating that
the accessibility of transportation in these areas was relatively low. Issues such as damaged
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Medium quality <—<

road surfaces need to be urgently resolved. This phenomenon substantially affected the
convenience of the villagers’ travel and agricultural production activities.

High quality

A\

“‘“ Low quality
y

7

N
Traffic land density
Aggregation index
Green coverage rate of built-up areas
. Completeness of public service facilities
Comprehensive Proportion of the secondary and tertiary industrial land area

Figure 5. Obstacle degrees of main obstacle factors in rural residential areas’” utilization quality.
The coordinate axis value represents the degree of obstruction in high-quality utilization areas,
medium-quality utilization areas, low-quality utilization areas and comprehensive utilization areas.

The second-ranked factor in terms of its overall obstacle degree was the aggregation
index, with an obstacle-degree score of 11.56%. This factor negatively impacted medium-
and low-quality areas, indicating that the layouts of the rural residential areas in these
regions were dispersed, which made it difficult to plan and manage them uniformly.
This extensive use of land resources resulted in wastage and affected the intensive use of
the land.

The third-ranked factor in terms of its overall obstacle degree was the green-coverage
rate of built-up areas, with an obstacle-degree score of 10.02%. The obstacle degree was
higher in the high-quality areas, which indicated that the green-coverage rates in these
villages were relatively low and the sanitation conditions urgently need to be improved.
As the concepts of healthy and sustainable living become more widespread, people have
higher demands for their living environments. Therefore, we should make efforts to
accelerate the construction of gardens and green spaces to improve the quality of the
ecological environment.

The fourth-ranked factor in terms of its overall obstacle degree was the completeness
of public service facilities, with an obstacle-degree score of 9.52%. There was a large gap
in the level of public service facilities in rural residential areas, with most villages having
only small clinics and a few shops. Medium-quality villages in particular can only provide
simple living guarantees for villagers and make it difficult to meet higher-level needs, such
as education, medical care, and cultural and sports activities.

The fifth-ranked factor in terms of its overall obstacle degree was the proportion of
secondary and tertiary industrial land area, with an obstacle-degree score of 9.05%. Overall,
the villages lacked opportunities for the development of secondary and tertiary industries.
Traditional agricultural production was still the main source of income for villagers. It
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was difficult to form a complete industrial chain due to the lack of personnel, technology,
policies, and other factors.

In short, to achieve the high-quality development of rural residential areas, we should
persist with strengthening the construction of road and transportation networks, rationally
optimize their layout, increase their green-coverage rate, improve their level of public
services, and accelerate the construction of village industries.

4. Discussion
4.1. Construction of Rural Residential Areas Utilization Quality Index System

Compared with previous studies by scholars such as Chen, Zhu, and Liu, who re-
searched intensive-land-utilization evaluation [12-14]; Lu, Zhu, and Tang, who researched
human-settlement-quality evaluation [15-17]; and Hong, Wang, and Zhang, who studied
ecological-suitability evaluation [18-20], the quality evaluation of rural residential areas
provides a new integrated research perspective for the optimization and development of
rural settlements. The evaluation is not limited to the single aspects of intensive land uti-
lization, human settlement environment quality, or ecological environment quality research.
Instead, it incorporates elements of land, human habitat, and ecology into the indicator
system, and it conducts a comprehensive and systematic quantification and analysis that
fully reflects the requirements of the current era of the high-quality development of rural
residential areas. At the same time, for the selection of the indicators, we considered the fact
that the study area selected for this research was located in the Northeast Plain agricultural
region of China and undertook the important task of safeguarding food production. There-
fore, the ecological impact of the agricultural production was considered when constructing
the ecological indicators for the rural residential areas, and indicators such as the intensity
of use of fertilizers, pesticides, and agricultural plastic films were added.

4.2. Classification Analysis of Rural Residential Areas

Taxonomy is a science that is used to distinguish between different categories of
things [43]. Determining a reasonable classification scheme for rural residential areas is
beneficial for the specific implementation of optimization strategies. Among the existing
research on the classification of rural residential areas, the use of matrices that rely on
a combination of multidimensional features is a more common method. For example,
Chen [41] classified rural residential areas in the Loess hilly-gully region based on the
three-dimensional features of size, location, and layout, using the multidimensional combi-
nation matrix. Zhang [44] used the multidimensional combination matrix to classify rural
residential areas in Pinggu District from the three dimensions of size, morphology, and
location. Wang [45] used the combination matrix method to classify the rural residential
areas in Feixiang County, Hebei Province, in terms of the three dimensions of size, mor-
phology, and location. Qu [46] implemented the classification of rural residential areas
based on multifactor feature coupling in terms of the three dimensions of balance between
the rural production and labor structure, suitability of the human-habitat environment,
and intensity of land use. The above research showed that the application of the multi-
dimensional combination matrix in the classification of rural settlements was relatively
extensive, fully reflecting the multidimensional information of rural residential areas and
revealing the organic connections between the different dimensions. Based on relevant
research, in this study, we used the multidimensional combination matrix to classify the
rural residential areas into different types based on three aspects, namely, intensive land
utilization, human settlement environment quality, and ecological environment quality,
and then we proposed targeted policy suggestions that can verify the scientific validity and
reliability of the research results.

4.3. Obstacle Factors Affecting the Utilization of Rural Residential Areas

In the existing research on the obstacle factors of rural residential areas, Zhang [47]
pointed out that the rural road density and proportion of public space area are the main
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factors that affect rural residential areas. Lv [48] considered that the green-coverage rate
has a significant impact on the livability of rural residential areas. Qu [49] demonstrated
that the transportation conditions, infrastructure construction, and ecological environment
are the main obstacle factors that affect rural residential areas. This study used the obstacle
degree model to identify the obstacle factors that affect the high-quality utilization of rural
residential areas, and it determined the top five obstacle factors, based on their obstacle
degree, as the main obstacle factors. The specific order was as follows: transportation land
density > aggregation index > built-up area green-coverage rate > completeness of public
service facilities > proportion of secondary and tertiary industrial land area. The research
results of previous scholars support the conclusions of this study, and these factors indeed
have a certain degree of impact on the high-quality development of rural residential areas
and should be improved during the optimization process.

4.4. Limitations and Future Work

It is worth noting that the study area was located in the agricultural region of the
Northeast China Plain. In the process of constructing the index system, factors such as
the scale, location, and farming conditions of the rural settlements were the main ones
considered, while the influences of the topography and terrain were not. The indicators
selected for this study were all aimed at achieving the high-quality utilization of rural
residential areas in plain agricultural areas. Specific analyses should be conducted accord-
ing to the local conditions in different regions, and the regional characteristics should be
emphasized. Due to the limitations in the data availability, this study should be expanded
and improved in the future. In the construction of the index system, there was a lack of
consideration for indicators that are difficult to quantify, such as economic development,
the villagers” attitude, folk customs, and institutional policies. In addition, the evaluation
of the utilization quality of rural residential areas requires comprehensive research that
involves many aspects and is still in the early stages of development, with relatively few
mature research results. Therefore, in future research, it will be necessary to further reflect
on the implications of the utilization quality of rural residential areas in light of modern
requirements, to continue to strengthen the quantification of the indicators and enhance
their refinement and dynamism, and to put forward more practical and feasible suggestions
for the high-quality development of rural residential areas.

5. Conclusions

This study took Wangkui County as the study area—which is located in a typical
agricultural area of the Northeast Plain in Heilongjiang Province—and it constructed an
evaluation index system to assess the utilization quality of rural residential areas in terms
of three aspects: intensive land utilization, human settlement environment quality, and
ecological environment quality. Based on the evaluation results, the multidimensional
combination matrix was used to classify the rural residential areas. The obstacle diagnosis
model was employed to analyze the obstacle factors that affected the high-quality utilization
of rural residential areas, providing the basis for their high-quality development. The
research conclusions were as follows:

(1) This study demonstrated that the utilization quality of the rural residential areas in
Wangkui County was mainly at a moderate level, followed by low-level utilization
quality, and, finally, high-level utilization quality. In terms of spatial distribution, the
evaluation results of the utilization quality of the rural residential areas showed a
circular distribution pattern, with the overall quality of utilization decreasing from the
centers of the county towns to the surrounding areas. The central region had relatively
intensive land utilization and strong suitability and convenience for production and
living. With the increase in the distance from the central town, the advantageous loca-
tional conditions became less obvious. Furthermore, various types of service facilities
were lacking, and the pollution caused by agricultural production became more severe.
This phenomenon led to the poorer utilization quality of rural residential areas.
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(2) According to the evaluation results of the utilization quality of the rural residential
areas, and using the multidimensional combination matrix to code and combine
them, a total of 23 combination types were obtained. Based on the above results, the
rural residential areas were divided into four types: the coordinated-control type, the
key-development type, the single-leading type, and the transforming-and-upgrading
type. Specific optimization measures were proposed for each type according to
its characteristics.

(3) Based on the diagnosis results of the obstacle factors, we found that the top five obsta-
cle factors affected the high-quality utilization ranking of the rural residential areas
in Wangkui County; these obstacle factors were the traffic land density, aggregation
index, green-coverage rate of built-up areas, completeness of public service facilities,
and proportion of secondary and tertiary industrial land area. In the future, we must
focus on alleviating the main obstacle factors to enhance the utilization quality of
rural residential areas.
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