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Abstract: In order to enhance the scientific understanding of the transition law of rural residential 
areas and enrich the theory and method system of land use transition research, this article takes 
Shandong Province as an example and constructs a comprehensive research framework of rural 
residential land scale, structure, and function from the perspective of the combination of the macro 
and micro scales based on differences between the rural residential areas in the region and the vil-
lage scale forms. Using model quantitative analysis and horizontal comparative analysis methods, 
this paper explores the process characteristics of rural residential land use scale transition and the 
corresponding stage differentiation law of spatial structure and system function. Research has 
shown that the stage characteristics of the scale transition of rural residential land use in Shandong 
Province in the past 10 years are significant. The five transition stages—from the primary stage, 
low stage, intermediate stage, advanced stage, to the stable stage—show obvious spatial agglom-
eration and spatial autocorrelation, which are mainly driven by the positive and negative interac-
tions of economic development, the policy environment, natural conditions, and population. With 
the gradual upgrading of the land use scale in rural residential areas, the spatial pattern of rural 
residential areas has been continuously optimized, the land use structure has tended to be bal-
anced and complicated, and the living-production-ecological function as a whole has been 
strengthened. The essence of this type of differentiation is the differential performance of rural 
residential areas adapting their own conditions to the external environment. The transition of the 
rural residential area from the macro to the micro scale is also the process of realizing rural recon-
struction and rural revitalization. In the future, under the framework of the “element–structure–
function” system of rural residential areas, the rural transition and development should be con-
tinuously promoted through the support, organization, guidance, and promotion mechanisms of 
internal and external factors. 

Keywords: land use transition; rural residential areas; land use scale; structure; function; rural 
reconstruction; Shandong Province 
 

1. Introduction 
Land use transition (LUT) is a new topic in the international frontier research of 

Land Change Science (LCS) [1]. Since the proposal of Mather and Grainger et al. [2–4], 
rapid development has been achieved in the land use transition of woodland [5,6], 
farmland [7,8], urban and rural construction land [9,10], and regional land [11,12]. In 
recent years, the depth of research on land use transition, especially arable land use 
transition from the point of view of land-scale research, has expanded to green transition 
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[13], function transition [14], intensive transition [15], and arable land use transition [16–
19] from the new perspectives of labor factor changes, the relationship between input and 
output, the organizational structure, and rural revitalization. At the same time, the scope 
of land use transition research has also been widened, and a large number of studies have 
emerged on the relationship between land use transition and rural reconstruction [20], 
farmers’ livelihoods [21], and the impact of land use transition on ecological environment 
change [22], continuously enriching the theory and method system of land use transition 
to form a research theory and method system including the comprehensive transition of 
explicit and implicit forms of land use [11]. 

Studies have shown that the governance of rural areas is mainly related to land is-
sues [23]. As a highly important land use type that exists widely in rural areas, rural 
residential areas have been in a state of steady evolution since they emerged from the 
stable natural geographical environment and location conditions, with the influence of 
the natural increases and decreases in rural population and the slow growth of the rural 
economy. However, with the acceleration of urbanization, the phenomenon of idle rural 
residential areas and the hollowing out of villages has stood out, coupled with the insuf-
ficient supply of newly added construction land under the rigid control of construction 
land indicators. In this context, policies and activities such as linking urban-rural con-
struction land increase and decrease in the hook, the reform of the rural land system, and 
comprehensive land improvement across the whole region have been implemented. 
Meanwhile, under the joint guidance of the rural revitalization strategy and rural con-
struction actions, a drastic reduction in the sizes of rural residential areas has taken place 
or will take place over the whole area, which reflects the basic characteristics and general 
laws of land use transition and has aroused widespread concern from all of society. 

At present, the research on rural residential areas mainly focuses on its quantity 
change [24,25], spatial distribution [26,27], utilization state [28,29], regulation mode 
[30,31], etc., which all belong to the research category of land use and land-cover change 
(LUCC) in the early stage and rarely involve research on the transition of rural residential 
areas. In 2006, Long [32] proposed the basic concept and measurement method of rural 
homestead transition and applied it to specific areas. Then, based on this theory, some 
scholars conducted a first empirical exploration of the transition of rural residential areas 
in Shandong Province and the Beijing-Tianjin-Hebei region; revealed the spatial differ-
entiation characteristics of the transition of regional rural residential areas [33,34]; and 
further explored the process and mechanism of the transition of the human–land rela-
tionship in rural residential areas, using per capita rural residential land area (PCRA) as 
the characterization index [35]. On this basis, related studies were carried out on the re-
lationship between rural residential areas and many types of land transition [36,37], the 
influencing factors of the transition of rural residential areas [38], and the effect of rural 
residential area transition [39], preliminarily forming a general theoretical system of rural 
residential area transition [40–42]. However, these studies mainly focused on the transi-
tion analysis of the scale and quantity of rural residential land, and there have been few 
studies carried out on the morphological evolution trend or transition characteristics of 
the land structure and system function under the spatial carrier attribute of rural resi-
dential land. The basic theories, research perspectives, and methods of rural residential 
area transition need to be further explored. 

To enhance the understanding of the theory and law of rural residential transition, 
and enrich the methodological system and practical application of land use transition, 
this study takes Shandong Province, which can be considered as a microcosm of China, 
as the research area. Based on the manifestations and characteristics of rural residential 
areas at village and regional levels, and combining both macro and micro levels, the 
method of amalgamating model measurement analysis and horizontal comparison is 
used to explore the process mechanisms of rural residential land scale transition and the 
corresponding gradual differentiation trend of the spatial structure and system function. 
Then, the framework and strategy of rural reconstruction are created from the compre-
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hensive perspective of “element-structure-function”. The structure of this paper is as 
follows: Section 2 proposes the theoretical framework and research ideas. Section 3 in-
troduces the relevant research methods and describes the data source and processing. 
Section 4 analyzes the scale transition, structure and function differentiation of rural 
residential land on the macro and micro scales. Sections 5 and 6 discuss the theoretical 
contributions and limitations of this paper, put forward a rural reconstruction strategy, 
and draw relevant conclusions. 

2. Theoretical Framework and Research Ideas 
2.1. Theoretical Framework 

Rural residential areas are a type of a complex system that is widely distributed in 
rural areas and corresponds to the locations of cities. At the national and regional levels, 
rural residential areas are usually regarded as the “containers” that accommodate the 
rural population. The scale of rural residential areas, especially their increase or decrease, 
which occurs with the movement of rural populations, is the key to their role in economic 
and social development [35], and also the main means by which administrative depart-
ments at all levels carry out statistical analyses. However, in certain areas affected by 
external factors such as geographical environment, traffic location, and industrial basic 
conditions, rural residential areas appear as patches of different shapes embedded in the 
agricultural landscape. These patches differ in density and arrangement, with obvious 
spatial structure characteristics of complexity of patch boundaries and agglomeration or 
dispersion of spatial patterns, which has become the main issue in territory spatial plan-
ning and village planning. In specific villages, a large number of houses, horizontal and 
longitudinal roads, scattered factories, concentrated public service facilities, and natural 
or artificial vegetation green spaces are distributed, which reflects that the patches of 
rural residential areas also contain various land types, buildings, facilities, industries, 
and other elements. These elements provide the most basic living guarantee, necessary 
production conditions, and special ecological environments for rural residents in differ-
ent combination forms, reflecting the element composition, structure organization, and 
functional value form of rural residential areas at the micro level. Therefore, the under-
standing of rural residential areas needs to be examined from a multi-scale perspective 
[33]. At the macro level, with the advancement of urbanization, the rural population 
outflow increases and the corresponding scale of rural residential land should decrease 
accordingly. The transition of rural residential land mainly shows that the incremental 
proportion of land use scale decreases gradually and tends to be stable; at the micro level, 
there will always be some people living in rural areas. Rural housing security, equal 
public services, and improvement in living environments are also important factors in 
the transition of rural residential areas. Therefore, from the perspective of combining 
macro and micro scales, the transition of rural residential areas is not a simple scale re-
duction and spatial transition, but also a process of the adjustment or redistribution of 
elements to drive the optimization of the system structure and functions. 

In general, the structure and function of rural residential areas are also transited in 
the process of the land scale transition of rural residential areas [40] (Figure 1). In the ini-
tial stage of the rural residential land scale transition, the scale increment is relatively 
large. On the one hand, affected by external factors such as transportation, nearby cities, 
and service facilities, the newly added land for rural residential areas is mostly distrib-
uted outside villages, and some of the land will be far away from the center of the village, 
causing the overall layout of rural residential areas to spread out, resulting in the shape 
of rural residential areas becoming more complex and the patch density becoming more 
scattered. On the other hand, due to the different uses of newly added land (generally 
residence, industry, and public service facilities), the structural combination and carrier 
functions of rural residential areas have shown a diversified trend. When the newly 
added land is mainly the residential land, the land structure will tend to be singular, and 
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the dominance of the residential security function will accordingly be stronger. When the 
newly added land is mainly based on the construction of the village and township in-
dustrial parks, the land structure of production and residence in rural residential areas 
will tend to be balanced and the rural non-agricultural production functions will also be 
improved. When the amount of land allotted to public service facilities increases, the land 
use structure of rural residential areas will likely be diversified, the life service functions 
will be enhanced, and the system functions of rural residential areas will become more 
complex. 

With the strict promotion and implementation of village planning and control poli-
cies, the scale of rural residential land tends to be stable or even shrink, and the amount 
of newly added land is relatively reduced. In the process of the unified planning and 
construction of new rural communities in scattered villages, the shape of rural residential 
areas tends to be regular, and the spatial layout of rural residential areas within a certain 
range is more concentrated. At the same time, in order to improve the equalization of 
urban and rural public services and the quality of the human settlement environment, 
rural areas also require increased education, medical care, transportation, leisure, ecolo-
gy, and other basic service facilities, encouraging the structure of rural residential land to 
be balanced, while the corresponding living, production, and ecological functions are 
continuously optimized and improved. In essence, the transition of rural residential areas 
is a synchronous process of the decreasing of the land use scale, with a regular and 
compact spatial layout, balanced land use structure, and coordination of liv-
ing-production-ecological function. 

 
Figure 1. Theoretical framework of rural residential transition based on dimension reduction. 

2.2. Research Ideas 
Land use transition research is generally based on the longitudinal comparative 

study of long-term series data, but the land use statistics in China concern a relatively 
short time-scale, especially with regard to micro data such as data on land use, build-
ings, facilities, population, and industry in a large range of rural residential areas. 
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However, affected by the regional differences in the natural environment and social and 
economic development, rural residential areas show obvious regional characteristics 
[43]. These characteristics show that the rural residential areas in different regions are in 
different transition stages due to the differences in regional socioeconomic development 
in the same period of time between areas. This provides weight to the feasibility of our 
idea to use the horizontal comparison method to carry out structural and functional 
changes in rural residential areas. 

Taking the above factors into consideration, the research idea of this study is shown 
in Figure 2. First, based on the change data of rural residential land scale, this paper uses 
the homestead transition measurement method proposed by Long [32] to identify the 
transition stage of the rural residential land scale in different counties and urban areas at 
the macro provincial level and further explores the influencing factors and mechanisms 
of the transition. Then, this study considers the characteristics of the influencing factors 
of the transition of rural residential land scale and selects the typical sample areas (coun-
ties/cities) from different transition stages. By adopting the idea of “point” mapping 
“surface” [44], this study further selects typical sample points (villages) in typical sam-
ple areas. Through sample site surveys and in-depth interviews, micro-data on land, 
population, industry, buildings, and facilities inside rural residential areas were ob-
tained. Using the diversified econometric model, the differentiation characteristics of the 
structure and function of rural residential areas in different transition stages were ana-
lyzed at the micro-level. Finally, based on the mechanism of rural residential land scale 
transition and the characteristics of structural and functional differentiation, the paper 
puts forward relevant strategies for promoting rural reconstruction through rural resi-
dential land transition. 

 
Figure 2. Research framework of rural residential land transition. 

3. Research Method 
3.1. Measurement of Rural Residential Land Scale Transition 
3.1.1. Transition Model 

Based on the characteristics of rural homestead scale change, Long [32] proposed 
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nomic development stage, until it tends towards a fixed value. The rural homestead he 
refers to is the land use type with the largest share of the rural residential area, and its 
essence is the rural residential area in a narrow sense. Therefore, this article uses this 
idea to calculate the transition index of the rural residential land use scale, and the cal-
culation method is as shown in Equation (1). 
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𝑇𝑇𝑇𝑇𝑟𝑟 = 𝐼𝐼𝐴𝐴𝑟𝑟𝑟𝑟
𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐

× 100%. (1) 

In the formula, TCr is the transition index of the rural residential land use scale with 
power index distribution characteristics. IArl is the area increment in rural residential 
land, hm2; IAcl is the increment of the total scale of construction land, hm2. 

3.1.2. Analysis of Influencing Factors 
Traditional regression models (OLS models) can be used to estimate samples and 

parameters globally. However, due to the influence of the spatial pattern relationship, if 
there is a spatial autocorrelation of independent variables, the independence assumption 
of residuals in the OLS model cannot be satisfied, and the parameter estimation of the 
ordinary least square method is no longer applicable. The geographically weighted re-
gression (GWR) model can estimate the influence of different regions and reflect the 
non-stationarity of parameter estimation in different spaces, making the results more in 
line with reality [35]. Therefore, in order to comprehensively analyze the influencing 
factors and the spatial differentiation of rural residential land transition, the GWR model 
was introduced on the basis of OLS model analysis so as to reflect the impact of influ-
encing factors in different spaces. The model structure is shown in Formula (2): 

𝑦𝑦𝑖𝑖 = 𝛽𝛽0�𝜇𝜇𝑖𝑖，𝑣𝑣𝑖𝑖� + �𝛽𝛽𝑘𝑘�𝜇𝜇𝑖𝑖，𝑣𝑣𝑖𝑖�𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑘𝑘=1

+ 𝜀𝜀𝑖𝑖 . (2) 

In the formula, yi is the PCRA score of the i-th spatial unit; β0 (µi, vi) is the regres-
sion coefficient of the i-th spatial unit, indicating the influence degree of the independent 
variable on the dependent variable; (µi, vi) are the geographic center coordinates of the 
i-th spatial unit; βk (µi, vi) is the score of the continuous function βk (µ, v) in the i-th spa-
tial unit; xik is the score of the k-th explanatory variable in the i-th spatial unit; εi is ran-
dom error. The accuracy of the GWR model is greatly affected by the weight and band-
width. Considering the differences between the freedom degrees of different models, 
this paper uses the Gaussian weighting method and “Optimization to Minimize AICc” 
bandwidth method for local estimation. 

Changes to the scale of rural residential land use are usually affected by many fac-
tors. We referred to related literature [32,35,44] and initially selected altitude (A1), dis-
tance from urban resident (A2), transportation convenience (A3), GDP change rate (B1), 
local fiscal revenue change rate (B2), fixed asset investment change rate (B3), rural pop-
ulation change rate (C1), change rate of rural residents’ per capita income (C2), change 
rate of per capita arable land area (C3), urban and rural construction land planning con-
trol scale (D1), urban and rural construction land increase or decrease linkage scale (D2), 
land supply rate of construction land planning (D3), and 12 other indicators as influenc-
ing factors for the transition of rural residential land use scale from the perspective of re-
flecting the regional natural background conditions, economic development level, social 
living conditions, and policy and institutional environment. 

3.2. Measurement of Rural Residential Areas’ Structure 
From a macro point of view, in an overall pattern in the form of a plaque, rural res-

idential areas are manifested in various shapes, agglomerations, and dispersions in a 
certain area, with structural differences in their spatial distribution. On the micro scale, 
rural residential areas include residential land, production land, public service land, 
roads, and greening land. These land use types form the whole rural residential space 
with different combinations and have different characteristics of land use structure. 
Therefore, the structural characteristics of rural residential areas were measured from 
the two aspects of spatial distribution structure and internal land use structure. 
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3.2.1. Spatial Distribution Structure 
Previous studies have shown that the landscape ecology index can effectively 

measure land use layout [45]. Generally, land use layout is described by selecting rele-
vant indexes from two aspects: individual characteristics and community characteristics 
of landscape patches. The landscape pattern index measurement software Fragstats 
contains nearly 30 optional indicators, but most of these indicators are collinear. To re-
flect the synthesis of indicators and eliminate nonlinearity, this study refers to the 
screening results of principal component analyses carried out in existing studies [46,47]. 
Meanwhile, considering the characteristics of the patch size, irregular shape, and scat-
tered distribution of rural residential land, five indicators (i.e., area-weighted mean 
patch shape index (AWMSI), area-weighted mean patch fractal index (AWMPFD), patch 
density(PD), patch association index (COHESION) and interspersion juxtaposition in-
dex(IJI)) were selected to measure the differentiation law of the spatial distribution pat-
tern. The analyses are conducted from two aspects, i.e., shape complexity and spatial 
agglomeration degree. The meanings and calculation methods of each index are shown 
in Table 1. 

Table 1. The indicator system of the spatial distribution structure. 

Indicator Metric Equation Description 

Degree of Shape Com-
plexity 

Area-Weighted Mean Patch 
Shape Index (AWMSI) 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = �[(
0.25𝑃𝑃𝑖𝑖𝑖𝑖
�𝑎𝑎𝑖𝑖𝑖𝑖

)(
𝑎𝑎𝑖𝑖𝑖𝑖

∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑛𝑛
𝑗𝑗=1

)]
𝑛𝑛

𝑗𝑗=1

 

Pij = perimeter (m) of patchij. 
aij = area (m2) of patchij. 

The value reflects the 
complexity of differ-
ent plaque shapes, the 
value range is ≥1, and 
it increases as the 
irregularity of the 
plaque shape in-
creases with no upper 
limit. When AWMSI = 
1, the patch is square. 

Area-Weighted Mean Patch 
Fractal Dimension 

(AWMPFD) 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = �[(
2𝑙𝑙𝑙𝑙 (0.25𝑃𝑃𝑖𝑖𝑖𝑖)

𝑙𝑙𝑙𝑙(𝑎𝑎𝑖𝑖𝑖𝑖)
)(

𝑎𝑎𝑖𝑖𝑖𝑖
∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑛𝑛
𝑗𝑗=1

)]
𝑛𝑛

𝑗𝑗=1

 

Pij = perimeter (m) of patchij. 
aij = area (m2) of patchij. 

The value reflects the 
impact of human 
activities on the 
landscape pattern, 
and the value range is 
between 1 and 2. The 
larger the value, the 
more complex the 
shape, indicating that 
the plaque is affected 
more by nature and 
less by humans. 

Degree of Spatial Ag-
glomeration 

Patch Density (PD) 

PD = ni/A (10,000) (100) 
ni = number of patches in the landscape of 
patch type (class) i. 
A = total landscape area (m2) 

The value reflects the 
spatial distribution of 
plaques. This is ≥ 0 
with no upper limit. 
The higher the value, 
the more fragmented 
the plaque. 

Patch Cohesion Index 
(COHESION) 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  

�1 −
∑ ∑ 𝑃𝑃𝑖𝑖𝑖𝑖𝑛𝑛

𝑗𝑗=1
𝑚𝑚
𝑖𝑖=1

∑ ∑ 𝑃𝑃𝑖𝑖𝑖𝑖 ∙ �𝑎𝑎𝑖𝑖𝑖𝑖𝑛𝑛
𝑗𝑗=1

𝑚𝑚
𝑖𝑖=1

� �1 −
1
√𝐴𝐴

�
−1

(100) 

Reflects the physical 
connectivity of simi-
lar patches. The value 
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Pij = perimeter (m) of patchij. 
aij = area (m2) of patchij. 
A = total landscape area (m2) 

ranges from 0 to 100. 
The larger the value, 
the higher the con-
nectivity between 
patches. 

Interspersion Juxtaposition 
Index 
(IJI) 

𝐼𝐼𝐼𝐼𝐼𝐼 =
−∑ ∑ [(

𝑒𝑒𝑖𝑖𝑖𝑖
𝐸𝐸 ) ∙ 𝑙𝑙𝑙𝑙 (

𝑒𝑒𝑖𝑖𝑖𝑖
𝐸𝐸 )]𝑛𝑛

𝑗𝑗=1
𝑚𝑚
𝑖𝑖=1

𝑙𝑙𝑙𝑙 (0.5[𝑚𝑚(𝑚𝑚 − 1)])
(100) 

eij = Boundary type length 
E= Sum of the length of the boundary type 
m = Number of plaques 

Reflects the corre-
sponding type of 
adjacent focus and 
dispersion under a 
specific random dis-
tribution. The value 
ranges from 0 to 100. 
The higher the value, 
the more scattered the 
plaques. 

3.2.2. Internal Land Use Structure 
According to the classification standard of land use status (GB-T21010-2007), the 

internal land use structure of rural residential areas is divided into six categories: home-
stead, public service land, industrial land, commercial service land, road, and idle land. 
The Gibbs–Martin diversity index and concentration index [48], which are often used to 
express the element structure in landscape ecology, were used to conduct the quantita-
tive analysis of the internal land use structure of rural residential areas in this research, 
and the measurement indexes and calculation methods are shown in Formulas (3) and 
(4). 

𝐺𝐺𝐺𝐺 = 1 − ∑ 𝑋𝑋𝑖𝑖
26

𝑖𝑖=1
(∑ 𝑋𝑋𝑖𝑖6

𝑖𝑖=1 )2
. (3) 

where GM is the Gibbs–Martin diversification index and Xi is the area or proportion 
of different land use types. Generally speaking, the higher the GM score, the more di-
verse the land use type, the greater the balance of land use, and the more complex the 
structure. When the area of each land use structure type is equal, the GM score reaches 
its theoretical maximum value. 

𝐼𝐼 = 𝐴𝐴−𝑅𝑅
𝑀𝑀−𝑅𝑅

. (4) 

In the formula, I is the concentration index of the regional land use structure; A is 
the sum of the cumulative percentages of various land use types in the region; M is the 
sum of the maximum cumulative percentages assuming that the land use in the region is 
concentrated in a certain type, which is 600; R is the sum of the cumulative percentages 
of various land use types in the upper level area of the sample area, which is 532. 

3.3. Measurement of Rural Residential Areas’ Function 
As an important carrier of rural residents’ life and production, rural residential areas 

comprise a complex system formed by the interaction and organization of population, 
land, industry, buildings, facilities, and other elements, playing an obvious mul-
ti-functional part in meeting the needs of residents [44]. According to the territorial sys-
tem of human–environment interaction of the logical train of thought of expression 
function elements, rural development takes moderately livable life space, intensive and 
efficient production space and ecological space of picturesque scenery as the goals. This 
study evaluates the functions of rural residential areas from the three aspects: living, 
production, and ecological functions. In accordance with the coupling, compatibility, 
and symbiosis processes of various elements, this study further subdivides the functions 
into six sub-functions of residence guarantee, basic services, agricultural production, 
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non-agricultural production, ecological conservation, and environmental maintenance to 
comprehensively measure the strength and coordination of various functions of rural 
residential areas (Table 2). First, according to the principle of the leading, comprehensi-
bility, conciseness, and substitution of the evaluation index, the multi-functional evalua-
tion index system of rural residential land was constructed. Residential guarantee and 
basic services functions are provided by residential buildings, public service facilities, 
and roads. Agricultural production and non-agricultural production functions are pro-
vided by factors such as productive buildings, employment methods, industrial types, 
and land resource allocation. Ecological conservation and environmental maintenance 
functions are provided by elements such as ecological infrastructure and environmental 
governance facilities. Then, the range standardization method was adopted to quantify 
the values of each index between 0 and 1, and the intensity score of each function of rural 
residential areas was measured by referring to the idea and method of quantifying 
farmers’ livelihood assets [44]. Finally, the comprehensive coordination degree model 
(Formulas (5) and (6)) was used to measure the comprehensive strength of rural residen-
tial functions and the coordination between them. 

Table 2. Multi-functional index system and calculation method of rural residential land. 

Type of Functions Metrics 
Calculation 

Method 
Comprehensive Calculation 

Formula 

Living 
function (Fl) 

Residence guarantee 
(Flr) 

Per capita housing 
area (r1) 

r1= residential 
floor area/rural 

population 

Flr = (r1 + r2 + 
r3)/3 

Fl = (Flr + 
Flf)/2 

Building quality (r2) 

r2= the number of 
buildings with 

brick and concrete 
structure/total 

number of village 
houses 

The proportion of 
buildings (r3) 

r3= the number of 
residential build-
ings/total number 

of rural house-
holds 

Basic services (Flf) 

Completeness of 
public service facili-

ties (f1) 

f1= the proportion 
of the number of 7 

public service 
facilities in the 

village (including 
water supply sys-

tem, drainage 
system, garbage 
disposal equip-

ment, health 
room, school, 

cultural station, 
fitness place) 

Flf = (f1 + f2 + 
f3)/3 

Road area per capita 
(f2) 

f2= rural road 
area/rural popula-

tion 
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Rural road quality 
(f3) 

f3= hardened rural 
road area/total 

area of rural road  

Production 
function (Fp) 

Agricultural Produc-
tion (Fpa) 

Cultivated land area 
per capita (a1) 

a1= arable land 
area/rural popula-

tion 

Fpa = (a1 + a2 + 
a3)/3 

Fp = (Fpa 
+ Fpna)/2 

Agricultural em-
ployment ratio (a2) 

a2= number of 
people engaged in 
agricultural pro-

duction/total 
population 

Agricultural income 
ratio (a3) 

a3= agriculture 
income/total in-

come 

Non-agricultural 
Production (Fpna) 

Per capita area of 
commercial building 

land (na1) 

na1= rural indus-
trial land ar-

ea/rural popula-
tion 

Fpna = (na1 + 
na2 + na3)/3 

Non-agricultural 
employment ratio 

(na2) 

na2= number of 
people engaged in 
non-agricultural 
production/total 
rural population 

Non-agricultural 
income ratio (na3) 

na3 = 
non-agriculture 
income/total in-

come 

Ecological 
function (Fe) 

Ecological conserva-
tion (Fec) 

Green area ratio (c1) 

c1= green land 
area in vil-

lage/total area of 
village 

Fec = (c1 + c2)/2 

Fe = (Fec + 
Fem)/2 

Ecological landscape 
land area ratio (c2) 

c2= ecological land 
area such as for-
est, grass, and 

water in the vil-
lage/total area of 

village 

Environmental 
maintenance (Fem) 

Sewage treatment 
rate (m1) 

m1= number of 
households with 
centralized sew-

age treat-
ment/total num-

ber of rural 
households Fem = (m1 + 

m2)/2 

Waste treatment rate 
(m2) 

m2= number of 
households with 
centralized gar-

bage dispos-
al/total number of 
rural households 
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𝐹𝐹 = 𝛼𝛼𝐹𝐹𝑙𝑙 + 𝛽𝛽𝛽𝛽𝑝𝑝 + 𝜆𝜆𝜆𝜆𝑒𝑒 (5) 

𝐶𝐶 = 3 �
(𝐹𝐹𝑙𝑙 × 𝐹𝐹𝑝𝑝 × 𝐹𝐹𝑒𝑒)

(𝐹𝐹𝑙𝑙 + 𝐹𝐹𝑝𝑝 + 𝐹𝐹𝑒𝑒)3
�
1/3

 (6) 

Here, F represents the comprehensive intensity index of living, production, and 
ecological functions and C represents the degree of coordination among living, produc-
tion, and ecological functions. α, β, and λ represent the functional coefficients, and their 
sum is 1. Considering that the significance and value of life, production, and ecological 
functions to rural residents are different, in this paper, α, β, and λ are set as 0.4, 0.35, and 
0.25, respectively. For example, living function is the basic life guarantee function of rural 
residents, and living conditions and social security directly determine the improvement 
of farmers’ happiness; as the employment guarantee function of rural residents, produc-
tion function reflects the important impacts that the extension of the rural industrial 
chain and the cultivation of new business forms shows on the survival guarantee of rural 
households in the context of rural revitalization; the dual differentiation between rural 
and urban areas makes rural areas better than urban areas in terms of ecological aspects, 
such as vegetation coverage and air purification, which further weakens rural house-
holds’ demand for ecological functions relative to living and production functions. 

3.4. Data Sources and Processing 
The research data involve two aspects: statistical data and survey data. The statisti-

cal data include land use change data, basic geographic information data, and economic 
and social statistical data, mainly from the National Basic Geographic Information Sys-
tem database and the “Shandong Province 2010~2020 Statistical Yearbook”. Survey data 
refer to the micro-basic information of typical samples. Aiming to assess the differences 
in the economic development level and topographical conditions of the study area, this 
study selected villages with the assistance and recommendation of local natural resources 
departments according to the principle of “economically developed counties choose vil-
lages with relatively strong internal economic strength, underdeveloped counties choose 
their internally developed villages, plain counties choose internally flat villages, moun-
tainous counties choose villages with more complex internal terrain”. From July 2019 to 
December 2020, three survey teams investigated 123 villages five times. Assisted by field 
observations of sample villages and questionnaire interviews with village committees or 
village cadres, we obtained data on the scale, land use structure, population structure, 
building structure, economic income, facility construction of each village, among other 
types of data. Based on the above basic data, the ArcGIS10.2 operating platform was 
used to establish the basic database of rural residential land transition research in Shan-
dong Province, including county-level administrative units and rural residential land 
plaques. 

4. Results and Analysis 
4.1. The Transition Process of Rural Residential Land Scale at the Macro Level 
4.1.1. Division and Distribution Characteristics of Transition Stages 

As can be seen from Figure 3 and Table 3, the transition index of rural residential 
land at each county level in Shandong Province gradually decreases with the fitting 
curve characteristic of power function (R2 = 0.9117), and the sequence mutations between 
each unit are obvious. Taking the mutation point as the critical value, the transition stage 
of rural residential area was divided into five stages from the primary stage to stable 
stage by the breakpoint method. This indicates that from the lower stage to the higher 
stage, the balance between rural residential land and other construction land gradually 
tends to a new state, which is basically consistent with the theory of rural homestead 
transition proposed by Long [32] and its application results along the Yangtze River [49]. 

At the same time, the coefficient of variation of the transition index of rural residen-
tial areas corresponding to the five transition stages of Shandong Province is relatively 
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low, indicating that the deviation of the transition index of rural residential areas within 
each stage is small and the concentration is strong. It can also be seen from Figure 3 that 
the spatial distribution of rural residential areas in the transition stage of Shandong 
Province is relatively concentrated, with the primary stage containing 11 administrative 
units, mainly distributed in Heze City and Liaocheng City on Luxi Plain. The low stage 
contains 38 county-level units, which are the most numerous and widely distributed, in-
cluding Linyi City, Laiwu City, Tai’an City, and other places adjacent to the primary 
stage in the West Shandong Plain and the middle of the Shandong mountainous area. 
The intermediate stage contains 29 county-level units, which are mainly distributed in 
the piedmont plains from the central Shandong mountainous area to the southwest and 
north of Shandong, mostly in Jinan City, Jining City, and Zibo City. The advanced stage 
also contains 29 county-level units, which are mainly located in Binzhou City, Dongying 
City, Weifang City, and the hinterland of Jiaodong Peninsula in the coastal area of 
northern Shandong Province, while a small number of units are distributed in 
Zaozhuang City and Rizhao City in the hilly area of southern Shandong Province. In the 
stable stage, there are 30 county-level units, which is a relatively large number, which 
are concentrated in the coastal cities of Jiaodong Peninsula and the core area of the Yel-
low River Delta. 

 

Figure 3. The division of rural residential land transition stages in Shandong Province. 

Table 3. Mathematical statistics of the rural residential transition index in Shandong Province. 

Transition Stage Index Threshold Mean Value 
Mutation 

Point 
Coefficient of 

Variation Numbers of Counties 

Primary stage 0.3068~0.3838 0.3324 0.3068 0.0246 11 
Low stage 0.2201~0.2775 0.2519 0.2201 0.0160 38 

Intermediate stage 0.1920~0.2089 0.2015 0.1920 0.0048 29 
Advanced stage 0.0845~0.1701 0.1275 0.1701 0.0276 29 

Stable stage 0.0396~0.0678 0.0552 0.0678 0.0094 30 

4.1.2. Identification and Action Pattern of Key Influencing Factors 
(1) Identification of key influencing factors 

In order to avoid the influence of index multicollinearity on the local estimation, the 
principal component analysis method was first used to reduce the amount of index data 
and transform the variables to eliminate the overlapping parts of much of the data, and a 
few new variables were used to represent the data structure of the original variables. 
The analysis found that the KMO test value of the original variable factor was 0.822, 
while the concomitant probability of the Bartlett sphericity test was 0.000, which was 
less than the significance level of 0.05, so it was suitable for factor analysis. Due to the 
fact that the eigenvalue was greater than 1, four principal component variables ( Table 4;  
Table 5) were extracted. The first principal component basically reflected the regional 
natural conditions of the transition of rural residential areas, the second principal com-
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ponent reflected the regional economic development level of the transition of rural resi-
dential areas, the third principal component reflected the social conditions of the transi-
tion of rural residential areas, and the fourth principal component reflected the policy 
environment of the transition of rural residential areas. Therefore, in accordance with 
the principle of independence and simplification, the maximum correlation coefficient of 
each principal component was selected as the final influencing factor, which were, re-
spectively, regional altitude (A1), GDP change rate (B1), rural population change rate 
(C1), and land supply rate of construction land planning (D3). 

Table 4. Total variance explained. 

Component 
Initial Eigenvalues 

Extraction Sums of Squared 
Loadings 

Rotation Sums of Squared  
Loadings 

Total % of  
Variance 

Cumulative % Total % of  
Variance 

Cumulative % Total % of  
Variance 

Cumulative % 

1 5.525 42.352 42.352 5.525 42.352 42.352 3.894 25.42 25.42 
2 3.82 26.044 68.396 3.82 26.044 68.396 3.738 23.153 48.573 
3 2.041 13.503 81.899 2.041 13.503 81.899 3.57 22.846 71.419 
4 1.738 10.274 92.173 1.738 10.274 92.173 3.216 20.754 92.173 
5 0.765 5.322 97.495            
6 0.414 1.003 98.498            
7 0.125 0.872 99.37            
8 0.063 0.365 99.735            
9 0.032 0.136 99.871            

10 0.017 0.083 99.954            
11 0.006 0.042 99.996            
12 0.001 0.004 100             

Table 5. Rotated component matrix. 

Indexes Component 
1 2 3 4 

A1 0.921 −0.038 −0.242 −0.176 
A3 −0.882 0.319 0.182 0.211 
A2 −0.847 0.330 0.137 0.067 
B1 0.167 −0.962 0.207 0.326 
B2 −0.328 −0.944 0.086 0.153 
B3 −0.040 −0.897 0.063 0.180 
C1 −0.089 −0.159 0.914 −0.065 
C3 −0.305 0.129 −0.887 −0.231 
C2 −0.155 −0.236 0.845 −0.084 
D3 −0.093 −0.165 −0.214 −0.908 
D1 0.088 0.163 0.208 −0.854 
D2 −0.235 0.202 0.091 −0.836 

(2) Analysis of the action pattern of key influencing factors. 
Generally speaking, R2 and Radj2 are effective parameters for analyzing the perfor-

mance of the quantitative evaluation model, and their values vary between 0 and 1. The 
larger the score, the better the fitting effect. Compared with the OLS model (Table 6), the 
R2 and Radj2 of the GWR model reached 0.726 and 0.741, respectively, indicating that the 
selected variables of the model can explain about 75% of the transition differentiation of 
regional rural residential areas, which was 15% higher than that of the OLS model. In 
addition, the AICc score of the GWR model was significantly smaller than that of the 
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OLS model, indicating that the former had a greater advantage in estimating local dif-
ferences and could better explain the spatial heterogeneity between rural residential area 
transition and influencing factors. 

Table 6. GWR and OLS model estimation result for rural residential land transition. 

Variables 
Regression  

Coefficient of OLS 
Model  

Regression Coefficient of GWR Model 

Minimum 1/4 Median Median 3/4 Median Maximum 

Intercept -- 0.152 0.244 0.351 0.473 0.675 
Altitude 0.511 *** 0.208 0.310 0.516 0.627 0.818 

GDP Change rate −0.634 *** −0.481 −0.564 −0.762 −0.811 −0.938 
Rural population 

change rate 
−0.484 *** −0.264 −0.389 −0.554 −0.676 −0.818 

Land supply rate of 
construction land plan-

ning 
−0.612 *** −0.311 −0.478 −0.594 −0.717 −0.886 

Local R2 -- 0.311~0.887 
R2 0.557 0.726 

Radj2 0.572 0.741 
AICc −101.43 −178.54 

Note: *, ** and *** indicate that the regression coefficients are significant at the level of 10%, 5% and 1%, respectively. 

The GWR model is a local estimation model, and each sample data point has a set 
of local parameter estimates. From the perspective of multivariate synthesis effects (Fig-
ure 4), it can be seen that the parameter estimation results and regression coefficients of 
the control variables of each county-level unit in Shandong Province are not the same, 
indicating that instability of the geographic space exists. The model determination coef-
ficient R2 is between 0.311 and 0.887, with an average value of 0.615, which shows a dif-
ferentiation pattern of “high in the west and low in the east, and abrupt changes in the 
southeast” as a whole. Among them, Heze City, Liaocheng City, Dezhou City, Jining 
City, Weifang City, Rizhao City, and other regions have higher R2 values, indicating that 
these regions have been better simulated. The R2 values of Yantai City, Weihai City, 
Dongying City, and Qingdao City are relatively low, indicating that the fitting optimiza-
tion of these areas is slightly poor, and the differentiation of rural residential areas’ tran-
sition stages is also affected by other factors outside the model. In terms of univariate 
effects (Figure 4), the order of influence on the transition index of rural residential areas 
is: GDP change rate > land supply rate of construction land planning > altitude > rural 
population change rate. In addition to altitude, other factors generally have a negative 
effect. 
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Figure 4. Spatial distribution map of R2 in the GWR model and distribution maps for the regression coefficients of inde-

pendent variables in the GWR model. 

Altitude has the least impact on the transition of rural residential areas in south-
western Shandong. The terrain in this area is simple, with a minimal topography, and 
the entire area is composed of plains. The effects of terrain conditions on the transition 
index of rural residential areas are very similar. In contrast, altitude has a greater impact 
on central and eastern Shandong. The terrain in this region is relatively complex, and is 
a transition zone from mountainous areas to piedmont plains. The new construction 
land is preferentially arranged in the flat terrain area with a low construction cost, and 
mostly in the area where the municipal or county-level government is stationed. From 
plains to hills and mountains, the newly increased scale of construction land is gradually 
decreasing, which will help to increase the proportion of rural residential areas and 
promote the transition of rural residential areas in the region.  

The GDP change rate has less of an impact on the transition of rural residential are-
as in eastern Shandong and has a greater impact on western Shandong. The differences 
in economic levels between the county-level units in eastern Shandong are relatively 
small, the scale of rural residential areas is relatively stable, and the structure and func-
tion of the rural residential areas are relatively stable. The economic development in 
western Shandong is relatively backward and the differences between the regions are 
large, especially from provincial capital cities to provincial cities, and from urban areas 
to counties. From the high administrative level to the low administrative level, the level 
of economic development gradually decreases. As a result, the scale of newly added 
construction land has increased. Administrative levels and economic conditions have a 
significant reverse effect on the transition index of rural residential areas. 

The rural population change rate has positive effects on the transition index of rural 
residential areas in eastern Shandong. The rural population flow in this area is mainly 
characterized by the characteristics of “leave the soil and never leave the hometown, and 
enter the factory and not enter the city”. The rapid development of the local economy 
has driven the employment transformation of local farmers from agriculture to industry. 
The increase in income has driven people to return to their hometown and build new 
homes. This phenomenon has led to the continuous expansion of the rural housing area 
and promoted an increase in the transition index of rural residential areas. The impact of 
the rural population’s mobility in central Shandong has a negative effect. Faced with the 
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problem of hollowing in rural residential areas, the region vigorously promotes rural 
land improvement projects and linking urban–rural construction land increase and de-
crease in the hook projects to transfer rural populations to cities for the purpose of liv-
ing, finding employment and retiring to vacant and over-standard rural residential land. 
The structure of construction land was adjusted by tapping the potential of the 
stock—that is, the rural population flow of “leaving the soil and leaving the hometown” 
is conducive to promoting the transition of rural residential areas. 

 The land supply rate of construction land planning also has the largest negative 
effect on the transition of rural residential areas in eastern Shandong, especially in 
Qingdao City. The scale of newly added construction land in Qingdao City is directly 
approved by the state, and the land supply rate is significantly higher than that in other 
regions. In addition, the newly added construction land is mainly used for urban devel-
opment and the construction of infrastructure. The scale of rural residential areas is ba-
sically stable, which is conducive to the continuous progress of its transition. However, 
the level of urbanization in southwestern Shandong is low, and the allocation of plan-
ning indicators for newly added construction land is relatively small. Many rural houses 
in the region are in violation of regulations. Coupled with the incomplete management 
system and high management costs, the scale of rural construction land continues to ex-
pand, which is extremely detrimental to the transition of rural residential areas. 

4.2. Staged Differentiation of Structure and Function of Rural Residential Areas at the Micro 
Level 
4.2.1. Selection of Typical Sample Areas and Sample Points in Different Transition Stages 

Comprehensively considering the social, economic, and natural environment and 
other leading factors that affect the transition of rural residential areas, we selected for 
analysis five typical county-level sample areas in different transition stages in Longkou 
County, Huantai County, Gaotang County, Mengyin County, and Cao County and their 
internal 123 sample villages (Table 7 and Figure 5). 

From the perspective of the sampling areas, on the one hand, the five typical sample 
areas and counties are located in the Ludong hilly economic zone, the Lubei coastal plain 
economic zone, the Luxi yellow river plain economic zone, the Luzhong mountain eco-
nomic zone, and the Lunan Huai-hai plain economic zone , reflecting the differences in 
comprehensive geographical conditions and social and economic development. On the 
other hand, the transition index of rural residential land scale in the five sample counties 
decreased gradually from Cao County, through Mengyin County, Gaotang County, and 
Huantai County, to Longkou County, showing the characteristic of power exponent 
consistent with the theoretical hypothesis and representing the different stages of rural 
residential land transition. From the perspective of samples, on the one hand, the number 
of typical samples within each sample area is equivalent, distributed in each township 
within each sample area and corresponding to the economic level and topographic con-
ditions of the sample area, ensuring the representativeness of the sample. On the other 
hand, the land use structure, spatial distribution structure, and liv-
ing-production-ecological function of rural residential areas in different typical samples 
of different areas have certain similarities and differences, providing the conditions for us 
to explore the differentiation law of the structure and function of rural residential areas in 
different transition stages. 

Table 7. Basic profile of rural residential land in  typical areas. 

Name 
Transition 

Index 
Transition 

Stage 
Economic  

Development Stage 
Geographical 

Conditions 

Per Capita Land Area of 
Rural Residential Areas 

(m2) 

Sample 
Numbers 

Longkou 
County 

0.0581 Stable stage Economically de-
veloped stage 

Ludong Hills 220.50 31 
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Hengtai 
County 0.1187 Advanced stage 

Advanced stage of 
industrialization Lubei Plain 232.03 21 

Gaotang 
County 0.2020 

Intermediate 
stage 

Intermediate stage 
of industrialization Luxi Plain 278.76 22 

Mengyin 
County 

0.2616 Low stage Initial stage of in-
dustrialization 

Luzhong 
Mountains 

304.05 25 

Cao County 0.3605 Primary stage Primary production 
stage Lunan Plain 366.23 24 

Note: The economic development stage is divided according to the standard of per capita GDP of 1200, 2400, 4800, 9000 
yuan/person in the literature [11]. 
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Figure 5. Distribution of typical sample areas and points in different transition stages. 

4.2.2. Stage Differentiation Characteristics of Rural Residential Structure 
(1) Differentiation of spatial distribution structure in rural residential areas 

From the perspective of the plaque shape complexity of rural residential areas (Ta-
ble 8), the changes in the AWMSI and AWMPFD indices of the five samples are con-
sistent. Overall, with the continuous upgrade from lower stage to higher stage in the 
transition, the shape of the rural residential areas changes from complex to regular, 
which also indicates that the fractal characteristics of rural residential areas tend to be 
simplified and that the influence degree of human activity is gradually increasing. This is 
mainly due to the influence of the mountainous terrain, the scattered rural residential 
areas, and the irregular shape of the village’s periphery. 

From the perspective of the spatial agglomeration degree of plaques in rural resi-
dential areas (Table 8), with the continuous upgrading of the transition stage, the frag-
mentation degree of rural residential plaques is gradually reduced, but the characteristics 
of this change are greatly affected by the terrain. On the other hand, the plaque connec-
tivity and dispersion of the five samples show an opposite trend of increases and de-
creases. Among them, the COHESION indexes of Longkou County and Huantai County 
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are significantly higher than those of the other three regions, and their IJI indexes are 
significantly lower than those of the other three regions. This shows that with the con-
tinuous upgrading of the transition stage, the degree of spatial connection and agglom-
eration of rural residential areas has gradually increased, and the spatial pattern of rural 
residential areas has gradually evolved from extensive to intensive. 

Table 8. Calculation results of the landscape metrics of rural residential land in a typical area. 

Sample Area 
Shape Complexity Spatial Agglomeration 

AWMSI AWMPFD PD COHESION IJI 
Longkou 
County 

14.66 1.07 11.56 68.85 26.21 

Hengtai 
County 19.08 1.17 9.02 60.40 26.32 

Gaotang 
County 23.09 1.29 9.21 53.93 40.32 

Mengyin 
County 

30.91 1.33 14.43 45.90 46.23 

Cao County 28.09 1.31 9.46 43.52 47.34 

(2) Differentiation of land use structure in rural residential areas 
According to the average statistics of the area proportion of land use types in the 

rural residential areas of the typical sample villages in various areas (Figure 6), the 
homestead is the main part of the rural residential areas, and shows a trend of gradually 
increasing from high-level stage areas to low-level stage areas. Road occupies the second 
place in terms of size in rural residential areas, presenting the opposite characteristics to 
those found with regard to homestead change. Among them, the proportion of street 
land area in Mengyin County is slightly higher. The reason for this is that rural houses in 
mountainous areas are scattered and the area of roads connecting with each other in-
creases; public service land, industrial land and commercial  land have a low overall 
scale configuration and show the opposite characteristics to those found with regard to 
the changes in homesteads. These characteristics indicate that the level of infrastructure 
allocation in rural residential areas at each stage remains to be improved. Idle land refers 
to vacant and unused land in a village, which makes up a certain proportion in the five 
typical sample areas. Affected by terrain, the proportion of idle land in the plain area is 
significantly higher than that in the hilly area and the mountainous area, which shows 
that the internal land use structure conversion in the transition process of rural residen-
tial areas is not yet sufficient and the level of intensive land use needs to be improved, 
especially in plain areas. 

 
Figure 6. The mean statistics of the proportion of rural residential land types in different areas. 

In terms of the diversity and concentration of the internal land use structure of rural 
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the sample point and area level. First of all, there are certain differences in the internal 
land use structure of rural residential areas among the various sample points in the five 
sample areas. Among them, the maximum and minimum values of GM continue to in-
crease with the upgrading of the transition stage, while the threshold range of GM 
gradually decreases from mountains and hills to the plain areas—that is, as the com-
plexity of the terrain increases, the diversity of land use types within rural residential 
areas becomes more significant. The change in the I value is basically the opposite of the 
GM score. The proportions of samples with an I value of less than 0 continues to increase 
with the upgrading of the transition stage, showing that the internal land use types of 
rural residential areas in the high-level transition stage tend to be more diversified, while 
the internal land use types of rural residential areas in the low-level transition stage tend 
to be a single type dominated by homesteads. The differences in the internal land use 
structure of rural residential areas as a whole in the five sample areas are also significant. 
With the gradual escalation of the transition stage of rural residential areas, the average 
GM value continues to increase. The mean value of I decreases, and the law of stage dif-
ferentiation is obvious. This phenomenon has a strong relationship with the regional so-
cio-economic conditions. The higher the level of socio-economic development, the higher 
the demand for improved living conditions, while the higher the intensity of industrial 
activities, the more diverse functions are carried by rural residential areas. Therefore, it is 
necessary to provide more land use options for people’s living and production activities 
so as to make the internal land use structure of rural residential areas more diversified. 
The more land types there are and the more balanced the structure ratio is, the lower the 
possibility of there being a single or small amount of land use types is and the weaker the 
concentration is. 

  

Figure 7. The mean statistics of the proportion of rural residential land types in different areas. 

4.2.3. Stage Differentiation Characteristics of Rural Residential Functions 
(1) Intensity differentiation of single function 

The living, production, and ecological functions of rural residential areas in the five 
sample areas all showed obvious gradient differences (Figure 8). Among them, the living 
function presents a “three-stage” gradient change, which is due to the high-level rural 
economy, the relatively large number of buildings, and the complete configuration of 
public services and infrastructure in the advanced transition stage. In terms of the pro-
duction function of rural residential areas, the “four-stage” gradient change characteris-
tics of the five sample areas are relatively significant, and the differences between dif-
ferent transition stages are more obvious. Among them, the non-agricultural production 
function in the primary stage is marginally better than that of the low stage. The reason 
for this is that the amount of per capita arable land area is relatively small. More rural 
laborers go out to work, and long-term or short-term non-agricultural production also 
drive the increase in non-agricultural income, which affects the changes in production 
and income structure. The ecological function of rural residential areas shows obvious 
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characteristics of “three-stage” gradient changes. More specifically, the change trajecto-
ries of the ecological conservation function and environmental maintenance function are 
quite different. Among them, the overall difference in the scores for the ecological con-
servation functions is not large, showing a phased increase, which is closely related to the 
per capita green area in the village. Villages in the advanced stage have relatively com-
plete rural home renovation and infrastructure construction, especially as the road 
hardening rate increases and the number of original trees in front of doors and at the 
roadside gradually decreases. In the low stage villages, a large number of trees and other 
types of vegetation are still preserved on both sides of the farmers’ courtyards and at the 
side of dirt roads. In this case, the overall score of the environmental maintenance func-
tion is quite different, and it maintains the characteristic of gradual decline. The ecologi-
cal facilities of the advanced stage villages are more complete and sound than those of 
the low stage villages, showing that they are important influencing factors. 

 
Figure 8. Single function value of rural residential areas in different areas. 

(2) Multi-functional integration and coordinated differentiation 
From the perspective of the comprehensive degree of the liv-

ing-production-ecological function of rural residential areas (Figure 9), there are certain 
differences between the five sample areas and their typical sample points. Among them, 
the highest value of the multi-functional comprehensiveness of rural residential areas in 
the advanced transition stage is close to 1.0, the threshold interval is about 0.45, and the 
average value is above 0.6. However, the intermediate stage and low stage have the 
highest value of functional comprehensiveness at around 0.8, the threshold interval is 
around 0.55, and the average value is between 0.3 and 0.5. This shows that with the up-
grading of the transition stage, the comprehensive functions of rural residential areas 
have been continuously enhanced, and the differences within the samples have gradually 
slowed down. From the perspective of the multi-functional coupling relationship of rural 
residential areas, the five sample areas and their typical sample sites all have certain 
process fluctuations—that is, with the continuous upgrading of the transition stage, the 
mean coupling degrees of the living-production-ecological function of rural residential 
areas decrease first and then increase. This volatility shows a certain terrain differ-
ence—that is, from the plain area to the hilly area to the mountain area, the mul-
ti-functional coupling degree of rural residential areas gradually decreases. In the plain 
area, with the upgrading of the transition stage, the multi-functional coupling degree of 
the rural residential areas gradually increases. 

From the perspective of the coordination of the multi-functional comprehensive 
degree and coupling degree of rural residential areas and the downgrading of the transi-
tion stage, the multi-functional coordination of rural residential areas gradually de-
creases and the types of coordination tends to become more complicated. The areas in the 
advanced transition stage have a high-level of multi-functional coordination. Among 
them, more than 50% of the samples in Longkou County are in the high coordinated 
state. Gaotang County, which is in the intermediate transition stage, has a relatively 
general multi-functional coordination, with mild coordination as the mainstay, account-
ing for about 60% of the total number of typical samples. However, Mengyin County and 
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Cao County, which are in the low transition stage, have low multi-functional coordina-
tion. In these two counties, less than 10% of the samples are coordinated moderately and 
highly, while more than 80% of the samples are in mild coordination and endangered 
disorder. 

 
Figure 9. Comprehensive and coupling degree of rural residential area functions in different areas. 

5. Discussion 
5.1. The General Law and Formation Mechanism of Rural Residential Transition 

The scale transition of rural residential land is the primary manifestation of the 
transition of rural residential areas. The transition of rural residential areas is actually a 
process of synergy and differentiation of structure and function on the basis of scale 
transition. This process is the result of the combined effect of multiple driving forces. 
Among them, the natural background condition is the basic driving force for the transi-
tion of rural residential areas, which has a long-term influence on the evolution of rural 
residential areas and plays a decisive role in the transition of early rural residential are-
as. With the development of economy and urbanization, the influence of natural condi-
tions has been surpassed by other non-natural factors to some extent. Affected by eco-
nomic development, population mobility, and government regulation [11], the transition 
of rural residential land scale has become more intense [29]. 

The transition of rural residential areas has stage characteristics. From the low-level 
transition stage to the high-level transition stage, the scale transition of rural residential 
areas is manifested as a slowdown or even as negative growth according to the land use 
scale. Meanwhile, the structures and functions of rural residential areas are gradually 
optimized and tend to be coordinated. In the low-level transition stage, it is less affected 
by urbanization and policy-related factors and retains significant rurality. The transition 
of rural residential land largely comprises the renewal and reconstruction of villages. 
With the gradual development of the rural economy, farmers have a strong desire to 
expand and build houses to improve their living conditions. The scale of rural residen-
tial areas has increased significantly. The spatial distribution is affected by natural con-
ditions and lacks planning guidance, often presenting a scattered and disorderly distri-
bution. The functions of rural residential areas are single, with traditional living function 
as the mainstay. In the mid-level transition stage, driven by urbanization and the market 
economy, the orientation of rural industrialization is obvious. Rural construction has 
shifted from housing to infrastructure and factories, and the rurality is gradually weak-
ened. The spatial form of rural residential areas is greatly affected by population migra-
tion. At this stage, the spatial structure presents a trend of differentiation, while regional 
agglomeration and internal empty and disused areas coexist. The internal land structure 
of rural residential areas tends to be balanced and decentralized, which is reflected in 
the gradual decrease in the proportion of homestead areas, and the gradual increase in 
public service facility land, industrial land, and roads. Rural residential areas mainly 
have living function and production function. In the high-level transition stage, the ur-
ban–rural integration becomes closer due to the effects of urban development and the 
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government’s policy regulation, while the rurality gradually weakens or even disap-
pears locally. Strictly controlled by policies such as land use planning and management 
systems, the scale of rural residential areas has remained stable or even been reduced, 
the spatial form has begun to pursue fairness and justice, the spatial distribution has be-
come more intensive and reasonable, the amount of empty and disused areas has de-
creased, and artificial buildings have become dense and regular. The internal structure 
of rural residential areas tends to be more complicated and their functions tend to be di-
versified. It can be seen that the transition stage differentiation of rural residential land 
scale consists in the difference in its own conditions to adapting to the external envi-
ronment. For rural residential areas with superior conditions and gradual improvement, 
their ability to adapt to changes in the external environment is relatively strong and they 
are gradually upgraded from the lower stage to the higher stage. For rural residential 
areas with poor conditions and continuous degradation, they do not adapt to the devel-
opment of the external environment and remain at a low stage until they die out [40]. 
This finding further enriches the existing single research content on the scale, structure, 
and functional transition of rural residential land use [29,32,50]. 

5.2. Rural Reconstruction Strategy Based on the Comprehensive Framework of “Elements–
Structure–Function” 

As a basic land use type and an important carrier of rural life and production, rural 
residential areas have comprehensively embodied the systematic characteristics of “ele-
ment–structure–function” in the process of continuous evolution and transition. Rural 
reconstruction is a process of adapting to changes in rural internal factors and the exter-
nal environment. By optimizing the allocation of elements and strengthening manage-
ment methods, the reconstruction of the rural social form and regional spatial pattern is 
aimed at achieving the optimization of the internal structure and function of the rural 
regional system [51]. It can be seen that the spatial distribution pattern, internal land 
structure, and stage differentiation and upgrading of the system functions of rural resi-
dential areas driven by the transition of land element attributes are essentially the pro-
cess of rural reconstruction [11,52]. Therefore, combined with the transmission charac-
teristics of the rural residential area transition and dimensionality reduction proposed in 
this paper, this research constructs a comprehensive rural restructuring framework of 
“element–structure–function” (Figure 10) and proposes corresponding implementation 
strategies. 

At the macro level, the land element attributes and spatial distribution pattern of 
rural residential areas are the main manifestations of this process. Under the influence of 
the urbanization process and the lack of a control system, the total scale of rural residen-
tial land is large, the phenomenon of hollowing and illegal construction is serious, and 
the spatial distribution is irregular and scattered. Changing these undesirable forms is 
the basic premise for promoting the transition of rural residential land. Therefore, under 
the joint action of a series of guiding mechanisms, such as external social development, 
market demand, technological progress, industrial upgrading, and policy innovation, 
the reconstruction of rural elements and space should be emphasized [53]. On the one 
hand, the village planning should be formulated scientifically. Based on the concept of 
equal emphasis on intensification and development, the village development boundary 
should be reasonably delimited and the overall land use scale of the village should be 
strictly controlled. At the same time, it is necessary to give full play to the blanking 
mechanism of planning and reserve a certain amount of land for uncertain projects in 
the process of future rural revitalization. On the other hand, it is also necessary to pro-
mote the land comprehensive consolidation and vigorously carry out hollow village 
governance. Taking advantage of the opportunity for rural land system reform, it is 
necessary to strengthen the orderly removal of the remaining rural construction land, 
such as idle and abandoned rural homesteads and industrial plants, so as to fully tap the 
potential of rural residential land and make use of land elements to promote the inte-
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grated development of rural industries and optimize the comprehensive effect of rural 
governance capacity. Moreover, with the effective planning and regulation of favorable 
policies concerning urban–rural integrated development and rural revitalization, the 
rural population should be appropriately concentrated in rural areas and 
non-agricultural industries should be appropriately structured to develop according to 
local conditions. Through different means, such as the relocation of villages and towns 
and the intensive internal organization of large-scale villages, the reconstruction of the 
rural spatial layout could be realized. 

At the micro level, the internal land use structure of rural residential areas and the 
diverse functions that meet the needs of villagers are the main manifestations. The im-
provement and promotion of awareness of the problems of simple land use structures 
within villages, unbalanced land use for supporting service facilities and industrial de-
velopment, poor living conditions, low production income, and pollution of the ecolog-
ical environment are the fundamental factors for promoting the transition of rural resi-
dential areas. In this regard, it is necessary to combine the resource endowment condi-
tions, location conditions, economic foundation, and subject behavior characteristics; 
encourage the internal support and organizational mechanism of the rural system; and 
focus on promoting the optimization and reorganization of the rural land structure and 
the restructuring of system functions. Among them, the optimization of land use struc-
ture should focus on rural homesteads, industrial land, and public service land. On the 
one hand, according to the principle of "one household has one house" and "every house 
has people living in it", some excess homestead land could be traded to users who need 
houses through ownership adjustment by means of policy incentives so as to solve the 
problem of the insufficient supply of homesteads. The other part of the surplus home-
steads could be used for the development of rural industry through conversion to solve 
the problem of the lack of non-agricultural industrial land. On the other hand, according 
to the revitalization needs of rural industries, the planning of rural industrial parks 
should be promoted and the integrated development of rural industries should be pro-
moted through the market transactions of stock collective construction land and appro-
priate incremental replenishment so as to provide opportunities for local employment 
and urban capital to the countryside. In addition, according to the requirements of the 
equalization of urban and rural public services, the allocation of rural public service re-
sources should be improved. In particular, for villages with priority development, land 
investment and a centralized layout of basic service facilities such as education, health, 
parks, and squares should be strengthened to continuously improve the rural service 
capacity. 

It is necessary to combine different aspects of life, production, and ecology with a 
definite target to improve the function of the rural system. On the one hand, under the 
guidance of the rural revitalization strategy, appropriate human intervention measures 
should be taken to improve the traditional rural development mode. With the help of 
policies and institutions, it is possible to improve the organizational capacity of rural 
communities and provide diversified sources of livelihoods. Using engineering tech-
nology to strengthen the renovation of rural dilapidated houses and the treatment of en-
vironmental pollution, we can gradually change rural employment methods, lifestyles, 
and family consumption concepts and ideologies and comprehensively improve the life 
quality of rural residents. On the other hand, based on planning guidance and market 
mechanisms and according to the principle of agglomeration development and intensive 
management, the development layout of rural industries should be coordinated, 
non-agricultural industries should be integrated into parks, and point land supply 
should be combined so as to promote the mutual flow of urban and rural populations 
and capital and accelerate the reconstruction of rural industries. In addition, based on 
the characteristics of the rural ecosystem, an ecological interception system should be 
established to absorb and purify non-point source pollution; strengthen the comprehen-
sive treatment project of pollutants; and form a system of source reduction, flow inter-
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ception, and treatment. At the same time, it is also important to follow the principles of 
landscape ecology to strengthen the background matrix of rural woodland and farmland 
ecosystems, improve the corridor of the rural ecosystem, protect the habitat environ-
ment of species, and maintain the diversity of biological resources. 

In this way, rural reconstruction can be placed in the integrated frame of the "ele-
ment–structure–function" of the rural residential system. Under the guidance and pro-
motion mechanism of the external environment of the system and through the macro 
reconstruction of land elements and spatial patterns, the structure and function of rural 
residential land will be continuously upgraded from the aspects of resource optimal al-
location and planning control. With the support of the internal elements of the system 
and the action of the organizational mechanism, the micro land use structure optimiza-
tion and function improvement can meet the needs of the improvement of residents' 
living quality and rural transition, and then feed back to the macro element allocation 
and spatial reconstruction. Finally, an evolutionary process of interaction between the 
guidance of macro-control and feedback of micro-control is formed to promote rural re-
construction [54]. 

 
Figure 10. The framework of rural reconstruction based on the integration of “factor, structure, and function”. 

5.3. Contributions, Limitations, and Future Work 
In theory, we have established a multi-level framework with comprehensive scale, 

structure, and function to discuss the transition mechanism and stage differentiation 
characteristics of rural residential areas, and—to some extent—solve the limitations of 
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rural residential land use transition research from a single perspective. The scale transi-
tion of rural residential land and the synergistic differentiation of structure and function 
revealed by this research will help enrich and improve the existing rural land use transi-
tion theories. The proposed theoretical framework is designed for research into the tran-
sition of different regions and different types of rural residential areas. It has a wide 
range of promotional value and universality. At the same time, we adopted Long’s clas-
sic model of rural homestead transition measurement [32], a landscape index model, a 
spatial statistical analysis method, and a multi-factor comprehensive analysis method. 
This study gradually reduces the dimensionality from the macro-provincial scale to the 
micro-village scale, and conducts a systematic empirical analysis of the transition pro-
cess of rural residential land use. We also put forward a feasible strategy for achieving 
rural restructuring, realizing an effective combination of theory and application. There-
fore, the systematic research logic and the multiple analysis methods of the dimension-
ality reduction process adopted by this research provide a new perspective for multidis-
ciplinary cross-integration research, which will help to enrich the theoretical research 
and practical applications of land use transition and rural development worldwide. 

However, although this study puts forward new ideas and a more effective method 
for understanding the transition problems of rural residential areas, there are certain 
potential uncertainties in the results. On the one hand, land use transition is a regional 
and even global issue, and different regions have different transition characteristics due 
to various factors [43]. This research mainly focuses on the transition characteristics of 
rural residential areas with different natural conditions and social and economic devel-
opment levels. The consideration of human factors, such as policy system, culture, and 
subject behavior, is still lacking. On the other hand, the various and complicated meth-
ods of land use transition are also a shortcoming of the current research, which is related 
to the land use system, including various types of land, such as productive land, public 
welfare land, and ecological land. This research mainly focuses on the scale characteris-
tics of rural residential areas and proposes a land use transition analysis method system 
for use in the process of dimensionality reduction. The analysis of long-term historical 
sequence evolution must be strengthened. Meanwhile, various detailed indicators are 
more suitable for the characteristics of the study area, and are not yet fully popularized. 
For use in other regions, they should be adjusted and supplemented. Therefore, the ap-
plication of the research framework constructed in this article to China as a whole, and 
indeed the world in the long-term rural residential area transition research still requires 
further research and discussion. In the future, comprehensive analysis of the driving 
factors behind all elements of nature, society, the economy, culture, and institutions, the 
research theory of the interaction between subject and object, and the horizontal, verti-
cal, and universal method systems will be an important research direction with regard to 
the transition of rural residential areas and even land use transition, which have im-
portant scientific value and practical significance in terms of developing a deep under-
standing of the evolutionary process of rural residential areas in different regions of the 
world. 

6. Conclusions 
Based on the process of dimensionality reduction transmission from the macro pat-

tern to the micro sample points, this paper used the index of scale transition, the land-
scape pattern, the diversity and concentration index, and the liv-
ing-production-ecological function index to divide the transition stages of the rural resi-
dential land use scale and comparatively analyze the influential factors of typical areas 
and sample points. On this basis, the procedural characteristics of the scale transition of 
rural residential land in Shandong Province over the past 10 years and the stage differ-
entiation law with the corresponding structure and function are discussed in depth. 

(1) The transition index of rural residential area in each county (district) of Shan-
dong Province ranges from 0.0396 to 0.3838, with significant stage characteristics. The 
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transition stage of rural residential areas in Shandong Province can be divided into five 
stages: a primary stage, low stage, intermediate stage, advanced stage, and stable stage. 
From the lower stage to the higher stage, the rural residential land gradually tends to-
ward a new balance, and the spatial distribution shows an obvious agglomeration and 
autocorrelation. The driving factors and intensity of the effects are expressed as GDP 
change rate > land supply rate of construction land planning > altitude > rural popula-
tion change rate. Altitude has a positive effect on the transition of rural residential areas, 
while other factors have a negative effect on the whole. 

(2) With the gradual upgrading of the transition stage, the spatial distribution pat-
tern of rural residential areas has been continuously integrated and optimized and the 
spatial distribution has become more intensive. The internal land use structure of rural 
residential areas tends to be balanced and decentralized, and the system functions of 
rural residential areas are gradually changing. The comprehensive functions of living, 
production, and ecology are gradually increasing, while the ecological conservation 
function is weakening. The stage differentiation of the structure and function of rural 
residential areas shows the difference in the conditions of rural residential areas adapt-
ing to the external environment. For rural residential areas with superior conditions and 
gradual improvement, their ability to adapt to changes in the external environment is 
relatively strong and they are gradually upgraded from the lower stage to the higher 
stage. Meanwhile, rural residential areas with poor conditions and continuous degrada-
tion cannot adapt to the development of the external environment and will remain in the 
lower stage until they die out. 
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