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Abstract: This study examined the hollowing process of rural communities, which is caused by
migration, and explored its influence factors based on Hierarchical Linear Model (HLM) analysis
in an attempt to explore effect of regional characteristic. To capture the essence of rural hollowing,
a logical framework was constructed. The rural hollowing was then evaluated based on an index
system. Based on the assessment, HLM analysis was conducted to explore the influence factors
at the household and community levels. The results demonstrated significant differences of rural
hollowing among villages. In addition, the hollowing was not only affected by household-level
variables but also by community-level variables. Further, for rural hollowing, the household-level
variable was endogenous drive, while the community-level variables were exogenous drive. Among
all the endogenous influence factors, population quality was the most important, and thus the loss
of highly educated talents will aggravate the trend of rural hollowing and hinder the sustainable
development of the countryside. Furthermore, in addition to promoting economic development
and its diversification to alleviate rural hollowing, improving the quality of the population is more
important to the sustainable development of the countryside in China.

Keywords: rural hollowing; population decline; aging population; migration; HLM

1. Introduction

Population hollowing in rural settlements is one of the most significant social issues
for many countries. Particularly in recent years, several researchers have identified rural
communities as “pioneer” areas given their prior experiences with social changes caused
by population hollowing [1]. Different disciplines define rural population hollowing from
different perspectives, although two are the most common: sociological and geographical.
From the sociological perspective, hollowing refers to the phenomenon of low social and
economic development: changes in the organizational structure of rural society and social
and cultural life due to the decrease of population, especially young and middle-aged
inhabitants; the lack of popularity and vitality in rural society; and the low level of social
and economic development [2]. This viewpoint emphasizes the fundamental changes in
the structure of rural society caused by population migration. The geographical perspective
focuses on the change of spatial form, which emphasizes the spatial form of extensive rural
land use and the expansion of inner space caused by population migration [3–5].

Researchers generally believe that population hollowing is the decline of community
autonomy and organizational activities caused by population decline and aging [1]. It is
a multistage process, including the stage of increasing vulnerability, the stage in which
a population changes from growth or stability to instability or decline, and the stage of
population migration, which leads to decreasing adaptability of the remaining residents [6].
Identifying the process of population hollowing can help decision makers formulate strate-
gies for rural sustainable development. Different scholars have proposed the hollowing
classification framework from different perspectives. Robert A. McLeman depicted the
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process of population hollowing in terms of population size changes, vulnerability, and
driving force, primarily emphasizing the changes of population and environmental factors
in the process of population hollowing [7]. Kasamatsu, Odagiri, and Sakuno suggested clas-
sifying the degree of rural population hollowing using the relationship between population
size and community function. Kasamatsu et al. emphasized the degradation of community
functions caused by population changes in the process of population hollowing from the
perspective of rural residents’ living standards.

Due to further understanding of the connotations of population hollowing, exploring
the causes of population hollowing has attracted attention that is more academic. At first,
the migration of the rural population, especially young people, was considered to be the
most important reason for population hollowing. With the deepening understanding of the
human–environment relationship, scholars have proposed that population migration and
rural structural changes are potentially influenced by various environmental factors [8–10],
such as environmental changes, natural disasters, and other events [7,11–13]. In addition,
urbanization and industrialization are also considered to be the main factors affecting
population hollowing. By 2030, the global urbanization rate is projected to reach about
60%, with most of the growth coming from developing countries, leading to an increasing
amount rural out-migration in developing countries. Contrary to this, counter-urbanization,
a new type of inward migration to rural areas that first appeared in the 1960s–1970s, is
expected to be a means for the possible recovery of rural populations [14,15].

Based on the pattern found in developed countries, when the urbanization rate is
close to 60%, rural population hollowing will be intensified [16]. Japan and South Korea
can be taken as examples. Since the 1960s and 1970s, a large amount of the rural population
has been drained, and the problem of population hollowing in rural areas has become
increasingly serious. In China, the acceleration of the national urbanization process will
directly promote the accelerated transfer of the rural population, and population hollowing
of rural areas will continue to increase over an extended period. Sampling data from
administrative villages in China’s third national agricultural census of 2016 revealed that
the number of administrative villages with a net outflow of population accounted for
79.01% of the total, among which the proportion of so-called “hollow villages,” that is,
those with a hollowing rate ≥5%, was 57.50%, while the overall hollowing rate was 23.98%.
More importantly, rural population hollowing is negatively correlated with economic
development. The proportion of hollow villages in the eastern provinces of China is lower,
while the proportions in the central and western regions are generally higher [17].

However, since research on the rural population in China has mainly focused on
land use change, its perspective has been the vacancies of rural homesteads [5,18,19], a
phenomenon whose formation mechanism and expression differ from rural population
hollowing. Research exploring the rural population hollowing of China from a comprehen-
sive perspective has been relatively insufficient. More importantly, scant attention has been
paid to the relationship between population hollowing and rural sustainability. A complete
understanding of the rural population hollowing in China will help China implement rural
revitalization and new urbanization strategies for different types of villages. Therefore, the
objective of this study was to establish a comprehensive framework, which fully considers
the rural structure and functional changes caused by population migration, in order to
evaluate the rural population hollowing in China, and to explore the influence factors
from both macro- and microperspectives, in an attempt to investigate the relationship
between rural hollowing and rural sustainability. To achieve these goals, this study selected
Sichuan Province, which is located in western China and has the largest net outflow of rural
population, to evaluate rural population hollowing and to explore its driving mechanisms
using HLM analysis, considering both household-level and community-level variables,
with the hope of revealing the key to the sustainable development of rural areas in China.
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2. Materials and Methods
2.1. Data Sources

The statistics used in this study originated from the survey data of the field investiga-
tion that took place during January 2020 in Sichuan Province, China. During the winter
vacation period of college students, we conducted a questionnaire survey. The hometown
distribution of the students was random, so the selected sample points were random.
Ultimately, a total of 31 college students were recruited, involving 31 villages. This survey
was composed of two sections: (1) a questionnaire-based survey to households and (2) an
interview survey with the chairperson of each village. The household survey accounted
for 10% of the total number of households for each village. A total of 551 household
questionnaires and 31 village questionnaires were eventually received. After eliminating
the unqualified questionnaires, the final effective questionnaires included 451 household
questionnaires and 21 village questionnaires from the 31 villages. The details of the sample
villages are shown in Figure 1 and listed in Table 1.
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Figure 1. Location map of sample villages.

Table 1. The detail information of the sample villages.

Name ID Total
Households

Total
Population

Total Area of
Agricultural

Land (ha)

Per Capita Net
Income of

Farmers (CNY)

Number of
Households Living
Away from Home

Biluo 1 555 2265 514.89 11,058.5 83
Changxing 2 238 937 381.9 8635.7 45
Qinggang 3 161 715 205.355 8675 26
Changyu 4 296 1255 289.44 15,600 90

Anle 5 182 782 224.45 14,352 7
Xinfa 6 536 2065 323.007 6322 20

Sazheyi 7 358 1468 125.156 9200 105
Nanshan 8 348 1628 144.72 7125 75
Guancun 9 432 1864 215.137 13217 15

Dishuiyan 10 286 1466 168.639 8722.5 16
Wangjiafen 11 232 976 272.355 6811 13

Putao 12 297 1410 101.103 9310 6
Lugao 13 1080 3350 113.9 4500 25

Wangjiachang 14 923 2556 14.07 20,000 100
Yingchun 15 352 1363 203.144 12,150 5

Yintai 16 540 1559 110.081 1500 94
Mutiwan 17 205 608 42.13362 80,500 138

Baian 18 1392 5073 1256.25 5890 286
Sanchakou 19 614 1976 50.116 180,460 100

Xinjian 20 246 1047 108.808 4000 12
Shengquan 21 684 1950 156.11 10,000 340
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The questionnaire survey was primarily selected for the two reasons: (1) it could
effectively collect the general information concerning household hollowing status, such as
population decline and age rate, out-migration status, visits and roles of out-migrated fam-
ilies, and residents’ future concerns; and (2) it could facilitate sample choice in subsequent
research that would focus on differences in the hollowing process of rural communities
and their influence factors.

2.2. Modeling Method and Variable Design
2.2.1. Logical Framework

The hollowing process of rural communities is caused by the decline of community-
based autonomy and various activities in conjunction with the decline and aging of their
populations. It is characterized not only by land use change but also by the transition of
social structure. From the perspective of the rural resilience, a sense of belonging and social
participation can mitigate against such decline that is caused by the population declines.
Furthermore, the rural resilience emphasizes that compared to the economic function and
place-identity, the sense of belonging and primary social contact patterns are subject to
much greater inertia [20–22]. Therefore, based on the literature review, this study con-
structed a logical framework (Figure 2). First, the migration of the young family members
produce two results: the aging of the family and the reduction of the family population.
Eventually, families become hollowed. As increasingly more families are hollowing, the
rural communities change accordingly. On the one hand, due to the population decline
and aging, the recreational activities, neighborhood assistance, autonomous participation,
and other community factors gradually diminish, resulting in the decline of rural vitality.
On the other hand, rural public service provisions are adversely affected, particularly basic
public services such as health care and education. The population density of rural areas
is lower than the “population threshold” for the operation of the public service system,
making the matching of public services difficult and falling into a vicious circle of “high
cost, low efficiency, and difficult maintenance,” ultimately leading to the reduction of
public services. Along with the decline of rural vitality and public service recession, the
village begins to be hollowed.
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Figure 2. Logical framework of hollowing.

Population migration is the key factor in hollowing and it, together with family
resource allocation and rural development conditions, form the influence chain. Household
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resource endowment and village development status affect household hollowing via their
influence on population migration. The village development status then influences the
household hollowing indirectly through its effect on the household resource endowment.
Based on the logical framework of hollowing, this study focused on two aspects, namely
the evaluation of household hollowing and the analysis of its influence factors.

2.2.2. Evaluation System Construction

Applying a multidisciplinary approach, combining geography, sociology, and demo-
graphics, and based on the logical framework, the evaluation index system was established
by taking the migration status as the core factor and considering the impact of migration
on the size, structure, and vitality of the family. Given the four aspects, the first level in this
system considered four indices, that is, (1) population mobility status, (2) family vitality,
(3) the link between the out-migrated members and the family, and (4) future concerns of
the household.

The first index included two subindices, the rate that people leave home and where
these people go. The more people that leave home, the greater the household hollowing.
Moreover, the farther people go, the greater the household hollowing. Given the fact that
when the younger adults leave, the family vitality decreases. Thus, the age of people
staying at home was used to evaluate the family vitality. The closer the link between
the outgoing population and the family, the lower the household hollowing degree. To
evaluate this link, this study chose two subindices: how often people returned home and
how long they stayed. Migration intention reflects the household hollowing trend. The
stronger the migration intention, the more likely the occurrence of household hollowing.
Overall, there were six subindices, which are listed in Table 2. Through the internet, we
consulted 15 experts and researchers to determine the index weight. The group consisted
of experts and researchers from the Chinese Academy of Sciences, Yunnan University,
Sichuan University, Sichuan Normal University, and Sichuan Agriculture University. Using
the analytic hierarchy process (AHP) method, pairwise comparison was used on each
indicator to determine its importance.

Table 2. Evaluation index system of household hollowing.

First Level Second Level

Status of population mobility Rate of outgoing people
Where people migrate to

Family vitality Age of people staying at home

Link between outgoing population and family How often people return home
How long they stay at home

Household hollowing trend Migration intention

2.2.3. Analysis of Influence Factors

(1) HLM analysis

Hierarchical linear modeling (HLM) is a complex form of ordinary least squares (OLS)
regression that is used to analyze variance in the outcome variables when the predictor
variables are at varying hierarchical levels. From the logical framework, the influencing
factors were divided into two levels, the household level and the village level, and the
hierarchical linear model was then used to explore the influence factors. A hierarchical
linear model of the household and village variables was constructed. Households in the
same village shared the same variance, given the same situation in the village. The data
structure was hierarchical. The model estimated the household levels and implementations
when estimating the village-level outcomes.

The procedure is described as follows:
Utilizing HLM 6.08 software, a basic model was established (Model 0). Model 0 con-

ducted a regression on the first and second layers, with no variables in these two layers.
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This model was designed to identify whether the variances came from the difference
between villages. The basic form of Model 0 follows:

Level 1 Model: Yij = β0j + rij

Level 2 Model: β0j = γ00 + µ0j

If the p-value for the final estimation of variance components was significant, it was
necessary to establish a variable model at the first level (Model 1). Model 1 conducted a
regression on the first layer variables, with no variables in the second layer. This model
was designed to determine whether the variances of the intercept and slope ratios of the
first level were significant in the second layer. The basic form of Model 1 follows:

Level 1 Model: Yij = β0j + ∑βnjXnij + rij

Level 2 Model: β0j = γ00 ++µ0j

βnj = γn0 + µnj

If the T-test of the variance components was significant, then Model 2, with variables
in both the first and second levels, was established. On level 2, the slope(s) and intercept of
level 1 become dependent variables that are predicted from the level 2 variables. The basic
form of Model 2 follows:

Level 1 Model: Yij = β0j + ∑βnjXnij + rij

Level 2 Model: β0j = γ00 + ∑γ0mWmj + µ0j

βnj = γn0 + ∑γnmWmj + µnj,

where i represents the household; j represents the village; X is the household-level variable;
Yij is the household hollowing; β_0j represents the intercept of group j; β_nj represents the
slope of variable Xn of group j; r_ij represents the residual for household i within group
j; γ_00 and γ_n0 are intercepts; and γ_0m and γ_nm represent the slopes predicting β_0j
and β_nj, respectively, from variable Wm.

(2) Design of the independent variables and hypotheses

(a) Household-level variables and hypotheses

The literature review and logical framework revealed that out-migration is one of the
main reasons for household hollowing [23]. More important types of livelihood capital
represent the resource endowments of rural households, and different livelihood capital
portfolios can achieve different results, directly affecting whether or not migration oc-
curs [24]. Therefore, in combination with the livelihood capital analysis framework, and
fully considering the available data, this study selected six variables involving human
capital, social capital, financial capital, and physical capital. A detailed description of the
variable design is presented in Table 3. This study hypothesized that:

(i) Human capital and social capital variables exert positive influences on house-
hold hollowing.

(ii) Financial capital and physical capital exert negative influences on household
hollowing.

(b) Village-level variables and hypotheses

Family hollowing is subject to the effects of household factors, but it is also affected
by village factors. This study focused on the influence of economic development, resource
endowment, and interpersonal communication. A detailed description of the variable
design is presented in Table 3.

Based on the logical framework, the effects of the village-level variables on household
hollowing were divided into two aspects, direct impacts and regulatory impacts. In terms
of direct effects, the village factors affect household hollowing via their influence on the
household-level factors. For the direct impacts, we hypothesize that: (1) economic develop-
ment negatively affects household hollowing, that is, the better the economic development,
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the less household hollowing; (2) resource endowment negatively affects household hol-
lowing, that is, the more resource endowment, the less household hollowing; and (3) the
interpersonal communication environment positively affects household hollowing. When
local elites support villagers leaving home, or when increasingly more people around the
inhabitants leave the village, those inhabitants are more likely to choose to leave the village.
As a result, household hollowing is high. For the indirect impacts, the village factors affect
household hollowing via their influence on the variables of household-level.

Table 3. Variables in the HLM.

Level 1

Human capital variables Social capital variable Financial capital variable Physical capital variable
Total population, Highest

education of family members,
Average years of schooling for

family members

Disposal of family farmland Family income structure Farmland area of family

Level 2

Economic development variables Resource endowment variables Interpersonal communication
environment variables

Per capita village income (PCV),
Income source of the village

(INSource), Whether the village is
a poverty village, as recognized

by the government (Wpoor)

Area of farmland in the village (AFV), Rate of farmland
rent (Rfarmalan)

Attitude of village chief
toward village hollowing

(ATchief), Village hollowing
status (VHstatus)

3. Results
3.1. Household Hollowing Characteristics
3.1.1. Out-Migration

There were 499 out-migrations in our investigation, accounting for 25.58% of the total.
Their characteristics are listed in Table 4. The proportion of the population aged 18–30 years
was the highest, at 39.88%, followed by those between the ages of 30 and 50 years. There
were fewer minors (younger than age 18 years) and elderly (over age 60 years) leaving their
villages. The educational background of the out-migrating population was generally low,
with 41.68% having only a junior high school education or less. Those with undergraduate
and graduate degrees totaled 8.82%, with only 0.8% having a master’s degree or above.
Most people who left tend to return home once or twice a year on average, accounting for
77% of the total. For 4.85% of the migrants, their return frequency is not fixed, and can
depend on specific circumstances, although not returning home is likely.

Table 4. Migration characteristics (%).

Age of Migrant (Years) Education of Migrant Frequency of Returning Home
Per Year

0–17 7.82 Variable 4.85
18–30 39.88 No schooling 6.61 Once 54.85
31–40 17.84 Junior high school 41.68 Twice 22.15
41–50 19.24 Senior high school 11.02 3–5 times 8.86
51–60 11.22 Undergraduate 8.02 6–9 times 2.95
61–70 3.01 Graduate 0.80 ≥ 10 times 6.33
>70 1.00

(1) Migration characteristics of different ages

This study further analyzed the various reasons for leaving home, the different desti-
nations, and the frequency of returning home, among different age groups (Figure 3). In
terms of the reasons for leaving, people of different ages can be divided into three groups.
The first group consists of the people who were younger than 18 years, most of whom
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migrated for studying. The second group comprises the people aged 30–60 years, who
mainly migrated for working. The third group is composed of people older than 60 years,
most of whom migrated with their children, in addition to a small number of migrant
workers. In general, a plot of the number of people who migrated for work as a function of
age tends to resemble an inverted U shape.
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accounting for 60.36%. “In the county” and “in the city” were the main migration destina-
tions for people over 70, accounting for 80%. “In the province” and “out of the province”
were both migration destinations for people aged 31–60 years, both exceeding 75%, while
the migration destinations were diverse for people younger than 18 and aged 61–70 years.
For the people younger than 18, 41.03% selected “in the province” as their migration desti-
nation, while the other three destinations were relatively evenly distributed. For the people
aged 61–70 years, in addition to “in the province” and “out of the province,” “in the county”
was also a major destination. It is worth noting that people between 51 and 70 were more
likely to travel to random destinations, a phenomenon related to job opportunities. These
people, especially construction workers, were mainly engaged in labor-intensive work,
with unstable jobs, and moved as the job opportunities changed.

The characteristics of the frequency of returning home among the different age groups
follow. People aged 31–50 years had the lowest return rate, most preferring to come home
only once a year. The frequency of people aged 51–70 years varied, with half returning
home once a year and the rest evenly distributed between two or more visits. The group
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aged 18–30 years exhibited the return characteristics of low frequency and high randomness,
while the visits of people older than 70 years were both highly frequent and random. People
under the age of 18 years exhibited a two-headed trend, with a high proportion going home
either 1–2 times or more than 10 times. Generally speaking, the frequency of returning
home tended to have an inverted U shape with increasing age.

(2) Migration characteristics of different education levels

The purpose of migrating varied significantly among people with different education
levels (Figure 4). As education increased, the proportion of migrations for work decreased
and the proportion for study increased. People with a graduate degree or above migrated
only for work or study, while other educational groups left for relatively diverse purposes.
The lower the level of education, the greater the proportion that followed relatives. The
rates of following relatives were 6.98%, 4.9%, and 5.15% for people who not been to school,
had a junior high school education, and had a senior high school education, respectively.
The people who migrated to join the military were mainly those with high school and
undergraduate degrees.
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The migration destination choice was found to be closely related to education level
(Figure 4). As the education level increased, the proportion of “in the county” and “out of
the province” destinations decreased, while the proportion of “in the province” increased.
The main migration destinations of the people with senior high school education or less
were “in the province” and “out of the province,” while they were “in the city” and “in
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the province” for the people with an undergraduate degree. Most of the people with a
graduate degree preferred “in the province” as their migration destination, accounting for
87.5%. The migration destination choice of people with senior high school education or
less was slightly random; the proportions of “random” were 2.33% and 2.86% for people
who had not been to school or had a senior high school education or less.

People with different education levels exhibited varying characteristics in terms of
the frequency of returning home. People who had not been to school or with junior high
school or undergraduate degrees displayed the characteristics of low frequency and high
concentration. Most of them preferred to return home once or twice a year. People with
senior high school or undergraduate degrees tended toward highly discrete visits, that is,
the proportional distribution of each frequency was similar. They also came home the most
often; the people in these groups who returned home more than five times a year were
10.31% and 9.43%, respectively. With the exception of people with a graduate degree, all
other groups exhibited a degree of randomness.

(3) Migration characteristics of different transportation modes

To explore the effects of distance and transportation mode on return home frequency,
this study analyzed the relationship between different distances and the modes of trans-
portation with return home frequency. The results revealed that as the distance increased,
the return home frequency decreased. When the return travel time was more than five
hours, the randomness of returning home was significantly enhanced. In contrast, if
the return travel time was only one hour or so, the frequency of going home increased
significantly.

The influence of transportation mode on the frequency of returning home was obvious.
When the mode was either “by air” or “by car,” the randomness of returning home was
higher. When the mode of transportation was “by air,” most people preferred to go home
once or twice a year. When the number of trips home was less than five, the modes of
transportation were more diverse, otherwise driving predominated.

3.1.2. Evaluation of Household Hollowing

The household hollowing of 26 villages and 453 households was evaluated. For
the villages, the maximum value was 5.79 and the minimum value was 2.07. For the
households, the maximum value was 12.17, while the minimum value was 0.55.

The median is a better measure of the data since it is not affected by the extremes. The
box plot in Figure 5 reveals that the variation of village hollowing was significant. There
is one village with a median <2, and its box plot is short, that is, its household hollowing
value is concentrated.
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There are 15 villages with median values ranging from 2 to 3 (Figure 6). These
villages can be divided into two categories. The first category includes seven villages.
The box plots of these villages are short and their medians are roughly in the centers
of the boxes, indicating that the household hollowing of these villages is generally low,
concentrated, and symmetrical. The second category consists of eight villages. The box
plots of these villages are long, that is, the household hollowing variations are significant.
Furthermore, the median values of these villages are generally low and the upper quartile
and maximum values are generally higher, indicating that the values are more dispersed
when the household hollowing value is higher than the median.
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There are four villages whose median values are between 3 and 4. Of these villages,
two have short box plots and their upper quartile data are approximately 4, showing that
their household hollowing is relatively low. There is one village with a short box plot and
a median value close to 4, demonstrating that its household hollowing is relatively high
and concentrated. There is also one village with a long box plot, with a median value
that is relatively low and located near the lower quartile; that is, the data distribution is
asymmetric and when the value is higher than the median, the household hollowing is
dispersed.

There are four villages with median values ranging from 4 to 5. The household
hollowing of these villages is high and its distribution is symmetric. The household
hollowing of YC is particularly high and its median value is close to the upper quartile. The
box plots of these villages are of medium length, indicating that their household hollowing
differences are relatively significant.

There are two villages whose median values are >5. The box plots of these villages
are long; that is, the household hollowing of these villages varies significantly. The lower
quartile data are greater than 4, indicating that the household hollowing in these two
villages is serious.

3.2. Influence Factors of Household Hollowing
3.2.1. Data and Analysis Characteristics of Model 0

Based on the research design of the independent variables and the descriptive sta-
tistical analysis, Model 0 was established and its results listed in Table 5. The variance
components of level 1 and level 2 were 3.771 and 0.779, respectively. The χ2-value was
115.17 (p = 0.001, df = 21, where df is the degrees of freedom). This indicated that it was nec-
essary to conduct a two-layer model. Furthermore, by analyzing the variance components
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between these two levels, we determined that the first and second levels accounted for
82.88% and 17.12%, respectively. This result revealed that the differences between villages
led to differences in household hollowing.

Table 5. Final estimation of variance components.

Random Effect Standard
Deviation

Variance
Component df Chi-Square p-Value

INTRCPT1 U0 0.88236 0.77857 21 115.16792 0.000
Level 1 R 1.94179 3.77053

3.2.2. Construction of the Optimal Model

To select the optimal model, we set up three models. In the first model, we added all
the variables in level 1 and considered the influence of the level 2 variables on the slope
of level 1. The results showed that only Wpoor passed the 95% significance test (1.863,
p = −0.078). In the second model, we deleted the control variables in level 1, leaving
only the independent variables. This revealed that Wpoor and INsource passed the 95%
significance test and PCV passed the 90% significance test. Finally, we constructed Model 3.

3.2.3. Effects of Household Variables on Family Hollowing

Among the household variables, three were found to affect household hollowing:
highest education of the family, total population of the family, and farmland area of the
family (Table 6). The HI_EDU and POP exerted a positive effect on household hollowing,
meaning that as the education and population of the family increased, the household
hollowing value increased. The influence coefficients of HI_EDU and POP were 0.41 and
0.21, respectively. Compared to population, education was found to exert a greater impact
on household hollowing. This indicates that relative to population quantity, population
quality is the key factor affecting hollowing. The FRMAREA was revealed to have a
negative effect on household hollowing, with a coefficient of 0.02. In other words, as the
farmland area of the family increased, the household hollowing decreased.

Table 6. Final estimation of fixed effects.

Fixed Effect Coefficient Error T-Ratio df p-Value

For INTRCPT1, B0
INTRCPT2, G00 1.401765 0.265380 5.282 21 0.000

PERCAP, G01 −0.071 0.000040 −1.759 21 0.093
WPOOR, G02 1.400283 0.266209 5.260 21 0.000

INSOURCE, G03 −0.0575 0.000163 −3.527 21 0.002
For HI_EDU slope, B1

INTRCPT2, G10 0.411055 0.126049 3.261 437 0.002
For AV_EDU slope, B2

INTRCPT2, G20 0.035124 0.026316 1.335 437 0.183
For INCOME slope, B3

INTRCPT2, G30 0.000423 0.001928 0.219 437 0.827
For POP slope, B4
INTRCPT2, G40 0.209000 0.065596 3.186 437 0.002

For FRMAREA slope, B5
INTRCPT2, G50 −0.02087 0.015425 −0.135 437 0.096

PERCAP, G51 −0.001 0.000003 −0.405 437 0.685
WPOOR, G53 −0.095385 0.030159 −3.163 437 0.002

INSOURCE, G54 0.0131 0.000015 8.582 437 0.000

This study divided the independent and control variables into four categories, com-
prising human capital, social capital, financial capital, and physical capital variables. The
results demonstrated that among the types of livelihood capital, human capital and physi-
cal capital influenced household hollowing. This finding is consistent with our hypothesis
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that human capital variables exert a positive influence while physical capital variables
exert a negative influence. Resource endowments made little difference, however, with a
coefficient of only 0.02.

3.2.4. Effects of Village Variables on Family Hollowing

The effects of village variables on household hollowing include two aspects: direct
effect and regulatory influence. First, there are three village variables that affect household
hollowing directly, including per capita of the village (PCV), whether the village is a
poverty village, as recognized by the government (WPOOR), and the income source of
the village (INSOURCE). PCV and INSOURCE were both found to exert a negative effect
on household hollowing. The coefficient of the per capita effect was 0.071; when it was
lower, the household hollowing was higher. In this study, the value of the income source
represents the diversification of income, that is, the greater the value, the greater the income
diversity. The negative effect indicates that as the income diversity increased, the household
hollowing decreased. WPOOR was found to exert a positive effect on household hollowing.
This shows that the household hollowing of the villages that are not recognized by the
government as poverty villages was more serious.

Second, WPOOR and INSOURCE influenced household hollowing indirectly via
their effects on the slope of FRMAREA-Yij. WPOOR weakened the positive influence
farmland area had on household hollowing. Due to the effect of WPOOR, the coefficient of
FRMAREA decreased by 0.09. In the villages that are not recognized by the government
as poverty villages, the connection between farmland area and household hollowing was
much weaker. In other words, the influence of farmland area on household hollowing is
less important in a village with higher economic development. INSOURCE strengthened
the positive influence of farmland area on household hollowing. Due to the effect of income
source, the coefficient of farmland area increased by 0.013. This result indicates that, in
the villages with diversified income sources, the connection between farmland area and
household hollowing is much stronger.

4. Discussion

The household-level variable was determined to be endogenous drive, while the
community-level variables consisted of exogenous drive, endogenous influence factors
leading to rural hollowing, and exogenous influence factors accelerating it.

The conclusion that the influence of WPOOR is contrary to the effect of PCV reveals
the influence of endogenous and exogenous variables on hollowing. The effect of PCV
indicates that the worse the economy, the worse the rural hollowing. Todaro emphasized
that the effect of economic factors was the key to explaining rural–urban migration [25]. In
the regions with the slow economic development and fewer job opportunities available,
people have to migrate. As a result, rural hollowing in these regions was worse. It is
worth noting that the influence of WPOOR, however, shows that the rural hollowing of the
villages recognized by the government as poor villages is better. In reality, the economic
development of these villages was lowest. The rural hollowing in these regions, however,
was not the worst. Through our analysis, the overall population quality of nonpoor villages
is higher than that of poor villages. The average length of schooling for poor villages is
4.48 years, while it is 7.56 years for nonpoor villages. Education is one of the cores of human
capital. That is, the villages that were recognized by the government as poor villages have
lower levels of human capital. According to the human capital theory, human capital is
a determining factor for migration [25]. Liu et al. reported that education was the most
influential factor, and once education levels exceeded junior college and education level
increased, the ratio of residential willingness increased [26]. Furthermore, the impact of
human capital–social capital matching on the migration is significant [27]. The human
capital of poor villages is at a low level, so its social capital structure is single and the degree
of homogeneity is high, which has a restraining effect on migration; thus, the population
is in a state of “want to migrate but cannot.” Considering all of these characteristics, the
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relationship between the PVC and WPOOR indicated that endogenous drive was more
important than exogenous drive for rural hollowing. Our conclusion also supports these
findings. Because endogenous variables play a decisive role in rural hollowing, even with
better economic development, the rural hollowing of nonpoor villages is more serious.
On the one hand, when endogenous variables are relatively consistent, we can compare
exogenous variables. For example, since the population quality differences in the nonpoor
villages are not significant, we could compare the economic development of these villages.
This comparison revealed that the worse the economic development, the more serious
the rural hollowing. On the other hand, when there are large differences in endogenous
variables, the endogenous variables play a decisive role, a relationship that is supported by
the situations of poor villages.

Considering all the above, in addition to the individual characteristics, the rural
environment also affects rural hollowing. More importantly, from the perspective of
rural hollowing, the relationship between population hollowing and rural sustainable
development is complex. For some villages, population hollowing is a serious problem.
The loss of talent accelerate rural hollowing and hinder rural sustainability. Meanwhile,
for other villages, rural hollowing is not a serious problem. One reason for this is the low
quality of their populations, and population quality is the key factor for rural sustainability.
Thus, a high amount of hollowing cannot be simply classified as unsustainable and a
low amount as sustainable. Instead, the causes of the hollowing differences should be
comprehensively analyzed.

The loss of highly educated talent aggravate the trend of rural hollowing and hinder
the sustainable development of the countryside.

The impact of human resources is mainly and most importantly at the family level,
with population quantity and quality being the key factors. The richer the human resources
of the family, the more serious the household hollowing. Moreover, compared with
population quantity, population quality is more important. The coefficient of HI_EDU
effect was 0.4, while it was 0.2 for POP. This influence is reflected in two aspects. First,
social integration is one of the key factors affecting the intention to migrate. According to
the literature, as the education level increases, the ratio of migration intention increases [26].
With higher education, migrants have opportunities to obtain higher income and welfare,
helping them to integrate into cities. More important, the return intention of people with
high level education was lower [26]. As a result, it becomes more likely that they guide
their entire family to migrate. This is consistent with our findings. When the highest level
of education of a family was a bachelor’s degree or above, 31.01% of families thought
it was very likely that they would leave the village in the future. It has been reported
that the higher the highest degree of a family member, the stronger the willingness of
the family to migrate. For the villages with more family migration, the social network
of these villages was better. Social capital theory emphasizes the important role of social
network in the process of migration. The accumulation of social capital in the destination
increases the opportunity of migration, the social network of the sending region is a kind
of push on migration [28]. More important, when the level of human capital is high, the
heterogeneous resources in the social capital of rural–urban floating population increase,
and the top resources reached through the social network are more, which has a decisive
positively impact on the migration decision. As a result, the loss of highly educated talent
may drive more migration [27]. Second, residents often receive a variety of support from
out-migrated family members who live close to the community. Once this type of support
exists and expands to community-based activities, the community functions may not
decline as rapidly as shown in the framework [1]. Since prefecture-level cities lack the
ability to attract talent, our findings revealed that the frequency of returning home of highly
educated family members is low and they often prefer cities as their migration destination.
This shows that highly educated family members have less access to and care for their
families. This study found that for household hollowing, the family elite exert a significant
driving effect. In addition, household hollowing is directly related to rural hollowing. As
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a result, a key to reducing rural hollowing and promoting sustainable development is to
guide the return of talent and establish policies to attract highly educated talent.

In addition to promoting economic development and its diversification to allevi-
ate rural hollowing, improving the quality of the population is more important in the
countryside.

Sustainable villages feature attributes that include a moderate-sized population, sound
economy, and vibrant rural function [1]. Population is the root, economy is the fertilizer, and
function is the fruit. From our research results, in addition to retaining people, improving
the quality of the population is more important for alleviating hollowing. First, due to the
migration of heterogeneous labor force, talent in backward areas is more scarce [29]. Based
on the literature, rural residents who continue to study after graduating from junior high
school will reduce the possibility of rural residents to migrate across counties and cities.
However, families cannot support scholars, so they often choose to migrate [30]. Thus,
targeted improvement of regional education level is conducive to inhibiting population
migration, thus slowing down the degree of hollowing out and promoting regional sus-
tainable development. Second, our findings revealed that the household hollowing of the
villages that are not recognized by the government as poverty villages is more serious. This
result is contrary to the conclusion that rural economic development and rural hollowing
are negatively correlated. In our investigation, among the 26 villages, three are recognized
by the government as poverty villages. In 60% of the families in these three villages, the
highest education level is primary school, and in 15% of the families, all members are
illiterate. There are no people with undergraduate degrees in these three poverty villages.
In contrast, the highest educational level of the families is more evenly distributed in the
remaining villages. All members are illiterate in only 7% of the families, while in 2% of
the families, the highest educational achievement is undergraduate or above. Population
quality hinders migration in the government-recognized poverty villages, so although
the economic development of these villages is not good, the degree of rural hollowing
is lower [31]. Although the rural hollowing is not serious, it is not sustaining villages,
because the root is not healthy, and cannot bear nutritional fruit. Generally, the greater
the improvement in population education level, the stronger the promotion effect on the
regional economic growth [29]. This is especially true for the villages that are recognized
as poor villages by the government. Thus, improving the quality of the population is more
important in the countryside.

Of course, in addition to population, economic development as the fertilizer is also
very important. Michael P. Todaro emphasized that the effect of economic factors was the
key to explaining rural–urban migration [25]. Our results support this view, using per
capita net income to measure rural economic development, and demonstrated that as the
per capita net income increased, the household hollowing decreased. To put it another way,
people migrate from rural to urban areas in search of higher incomes. From the point of
view of push–pull theory, there are urban pull forces and rural push forces, namely the
higher income of urban areas and the lower economic development of rural areas. When
the rural economy develops well, the thrust of migration will be weakened. Furthermore,
according to our study, the higher the diversity of family income, the lower the household
hollowing. When households derive part of their income from tourism, the amount of
hollowing is low. Therefore, promoting the diversified development of the rural economy,
particularly the development of rural tourism, is helpful for alleviating hollowing.

5. Conclusions

This study examined the process of population hollowing and to determine the factors
that affect rural hollowing in order to establish the key to sustainable development in rural
areas. To explore the process of population hollowing, migrant characteristics, including
the purpose of migration, migration destination, and frequency of returning home, were
analyzed. An HLM model was then constructed to find the factors considering the family
level and regional level. The results led to the following conclusions:
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(1) The difference of rural hollowing in different villages was significant. According
to the median values, the villages were divided into four categories. Furthermore,
considering the shape of the box diagram, it can be further subdivided into eight
subcategories. The subcategories represent the difference of family hollowing in
different villages.

(2) The difference of migration characteristics among people with different ages and
education levels was obvious. The distribution with age of people migrating for work
and the frequency of returning home both tended to exhibit an inverted U shape.
As education increased, the proportion of migration for work decreased. For the
frequency of returning home, with the exception of people with a graduate degree, all
others exhibited a degree of randomness.

(3) Through the relationship between the family level and regional level, the differences
between villages led to differences in household hollowing. The analysis of the
variance components between these two levels showed that the first and second levels
accounted for 82.88% and 17.12%, respectively. From perspective of the family level,
there were three factors that affected household hollowing: highest education of
the family, total population of the family, and farmland area of the family. Among
the three factors, the influence of highest education of the family was the most
significant, indicating that human capital was most important during the process of
rural hollowing. From perspective of the regional level, two features are important:
first, there are three village variables that affect household hollowing directly—per
capita of the village (PCV); whether the village is a poverty village, as recognized by
the government (WPOOR); and the income source of the village (INSOURCE). Both
PCV and INSOURCE were found to exert a negative effect on household hollowing.
Second, the variables WPOOR and INSOURCE influenced household hollowing
indirectly via their effects on the slope of FRMAREA-Yij.

This study analyzed the hollowing process in China. Generally, urbanization and
industrialization have been considered the main factors affecting population hollowing.
In the process of urbanization, Japan is faced with the same problem of rural hollowing.
By 2030, the global urbanization rate is projected to reach about 60%, with most of the
growth coming from developing countries, leading to an increasing amount rural out-
migration in developing countries. Therefore, the hollowing process of China and Japan can
provide certain reference for developing countries in Asia that are currently accelerating
urbanization, such as Vietnam, which is currently experiencing a period of accelerated
migration from rural to urban areas.
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