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Abstract: The evaluation of housing conditions is a crucial aspect of determining the well-being
of residents and the sustainable development of settlements. Assessing housing conditions at a
macro-level is imperative to understand the differences in well-being and livability among residents
in various regions within a country. Unfortunately, the spatial variation characteristics of housing
conditions in China have not been extensively studied at the county scale. Thus, this study examines
the housing conditions in China by using 2846 counties as the basic research unit. A housing condition
evaluation index system, comprising seven indicators, is constructed based on three aspects: housing
spaciousness, internal facilities, and elevator configuration. The entropy value method is used to
determine the weights of the indicators, and the spatial difference patterns and spatial autocorrelation
characteristics of the housing conditions and types of housing conditions in China are analyzed.
The correlation analysis method is used to analyze the correlation between the subtypes of housing
conditions and county fundamentals (population density, urbanization, foreign population, and
rental housing). The results show that: (1) the configuration of elevators is the most important
indicator of the differences in housing conditions in China; (2) the better housing conditions in China
are distributed on the southeast side of the “Hu Line”, while the worse areas are distributed on
the northwest side of the “Hu Line”, showing significant spatial clustering characteristics, while
the distribution of the different subtypes of housing conditions and their distribution in the H–H
and L–L zones also have significant variability; (3) housing conditions in China’s urban areas are
generally better than those in non-urban areas, and the internal infrastructure conditions of urban
housing and the degree of elevator configuration are better than those in non-urban areas; and (4) the
correlation between housing conditions and county fundamentals varies depending on the regional
level. At the national and urban levels, a negative correlation exists between county fundamentals
and housing spaciousness, although a positive correlation exists with internal infrastructure and
elevator configuration. Urbanization has the greatest impact on housing conditions in these areas. In
non-urban areas, there is significant variability in the correlation between county fundamentals and
housing conditions.

Keywords: housing conditions; housing spaciousness; internal facilities; elevator configuration;
spatial characteristics; correlation analysis; county fundamentals; China

1. Introduction

Housing is a fundamental issue that determines the sustainable development of cities
and regions. Improving the housing conditions of residents and their well-being, and build-
ing sustainable settlements, is an important approach toward sustainable development and
a continuous effort in many countries around the world. Housing conditions are highly
correlated with health, public safety, and life satisfaction [1–3]. With rapid economic devel-
opment, housing conditions have become significantly differentiated across regions and
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the instability of housing conditions has increased, which has led to increased differentia-
tion between groups with different socioeconomic backgrounds [4], highlighted by health
inequalities [5], violent crime risk differences [6], and residential energy differences [7,8].
This reduces the well-being and identity of the population and exacerbates the instability of
social development. Housing conditions are the most important factors affecting physical
health [9] and residential satisfaction [10,11], and they are the core evaluation indicators for
evaluating the livability of a city (or region) [12]. Indicators related to housing conditions
also influence the level of housing prices or rents [13,14]. More importantly, housing con-
ditions and sustainable development are closely related. Improving housing conditions
is often considered an essential aspect of sustainable development, as it can contribute to
residents’ well-being and the overall livability of cities and regions. Therefore, assessing
housing conditions is crucial for understanding the social, economic, and environmental
dimensions of the concept of “sustainability”. Therefore, conducting research on topics
related to housing conditions is necessary. This is an important fundamental study of
practical significance for building livable cities, solving urban problems, and promoting
stable social development.

Housing conditions are an important topic in housing research [15]. It has been shown
that spatial differences exist in housing conditions, mainly in the form of housing condi-
tion differentiation [16] and housing condition inequality [17], while the spatial clustering
of such differential characteristics portrays the spatial structure of urban housing condi-
tions [18]. The pattern of spatial differences in housing conditions is also an important
entry point for reflecting the spatial structure of society [19] and the spatial structure
of the housing market [20]. Therefore, research on spatial differences in housing condi-
tions is fundamental and key to understanding their economic and social aspects. This
research can be divided into two main areas: evaluation of housing conditions and factors
influencing housing conditions. Morenikeji et al. used indicators such as housing type,
decoration materials, water and electricity supply, and domestic toilet facilities to evaluate
housing conditions in Nigeria and then analyzed their spatial patterns [21]; Li, Zhang,
and Napiórkowska-Baryła et al. used indicators such as floor area per capita, number of
bedrooms and number of users, and the presence of a living room or bathroom indicators,
to assess housing conditions [10,22,23]; and Gu et al. proposed housing facilities, crowded-
ness, and housing tenure as indicators of housing conditions and then analyzed the spatial
structure of housing conditions and health status in China [24]. In recent years, housing
conditions have become a focus of attention during the COVID-19 global health crisis, with
Tai et al. arguing that the spaciousness of indoor spaces and the configuration of indoor
cleaning facilities affect residents’ health [25,26]. In their study, Zarrabi et al. pointed out
that natural light, ventilation, and open or semi-open spaces are the housing conditions
considered most important by residents [27]. Peters et al. suggested that healthy housing
conditions should have a balcony, a living room, and a focus on proper ventilation, lighting,
and landscaping [28]. Ahmad et al. evaluated the housing conditions of US counties and
regions based on four indicators, namely, overcrowdedness, the high burden of the cost
of housing, incomplete kitchen facilities, and incomplete plumbing facilities [29]. Thus,
the evaluation indicators of housing conditions are diverse and rich, and the main focus is
generally on the level of facilities and spaciousness. However, most housing in Chinese
cities is dominated by multi-story and high-rise buildings, and the elevator configuration
is also an important aspect when determining housing conditions, as evidenced by the
case of the regeneration of old urban neighborhoods [30]. Few studies of existing housing
conditions have focused on elevators. In terms of factors influencing housing conditions,
Bhattacharjee et al. indicated that education, home ownership, and family preferences
influence the housing conditions of refugee immigrants in Dallas, Texas [31]; Babalola used
the three main indicators of socioeconomic characteristics, objective housing characteristics,
and subjective variables as important predictors of housing conditions [32]; and Nieuwen-
huis et al. examined the impact of housing policies on the housing conditions of single
mothers in Europe [33]. In macro-scale studies of factors influencing housing conditions,



Buildings 2023, 13, 2028 3 of 17

urban (or regional) fundamentals (e.g., population, urbanization, employment, and so on)
may be influential factors in relation to housing conditions.

China has a unique urban housing market [5], and its housing problem has been the
focus of attention in all sectors of society. The population of cities is increasing rapidly as
urbanization continues to advance rapidly, generating a series of housing problems for
the low- and middle-income classes and the mobile population [34–36], and conducting
research on urban housing conditions in response to the current housing problems in China
is necessary. Studies of housing conditions in China have mainly focused on housing con-
ditions and health [5,24,37], housing conditions and satisfaction [10,38], housing conditions
and the mobile population [39,40], and housing condition evaluation [41]. However, there
is a lack of research on the spatial patterns of housing conditions in China at the county
level, which is crucial for understanding and improving housing conditions.

To address this gap in the literature, further studies are necessary to address various
issues, such as the differences in housing conditions across China, the characteristics of the
spatial patterns of various types of housing conditions, discrepancies between urban and
non-urban areas, and the relationship between housing conditions and county fundamen-
tals. These inquiries require further studies and responses from the academic community.
Thus, based on 2846 county-level research units, this paper constructs a comprehensive
evaluation system for housing conditions in three aspects: spaciousness, internal infrastruc-
ture, and elevator configuration; analyzes the differences in housing conditions in China;
derives the characteristics of spatial differences in housing conditions in China; and further
analyzes the relationship between housing conditions and county fundamentals in China.
Compared with previous studies, the innovation points and progress of this study are
as follows. First, this study extends the connotation of housing condition evaluation by
including elevator configuration into the evaluation system, which is more consistent with
the actual housing conditions in China. Second, in terms of such large-scale evaluation of
housing conditions in China, this study takes county-level administrative regions as the
basic evaluation unit, which is more refined than previous studies’ research units. Third,
this study analyzes the relationship between housing conditions in China and county
fundamentals (e.g., population density, urbanization, proportion of foreign population,
and proportion of rental housing). Fourth, this study is concerned with the variability of
housing conditions between urban and non-urban areas, which has been overlooked in
previous studies. Through its findings, this study expects to provide a new perspective on
the study of housing conditions at the macro scale, a new empirical case for the topic of
the spatial pattern of housing conditions in China and a basic reference for the regional
differentiation of housing policy formulation in China.

The remainder of the paper proceeds as follows. Section 2 provides a detailed de-
scription of the materials as well as the methodology of this paper, Section 3 presents the
results of this study and their analyses, Section 4 is the discussion section of this paper, and
Section 5 presents the conclusions, policy implications, and outlook for future research.

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

Counties (including counties, districts, county-level cities, banners, special zones, and
forest areas) were used as the study units (hereafter referred to as county-level units), with
a total of 2846 (Figure 1), and the study area did not comprise the Hong Kong SAR, Macao
SAR, or Taiwan Province. The data were obtained in 2020. The original data were mainly
obtained from the 2020 China Population Census Sub-County Information. Among them,
districts are municipal districts of municipalities directly under the central government,
sub-provincial cities, and prefecture-level cities, with urban functional territories as the
main focus, which are referred to as urban areas.
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Figure 1. Study area and county unit division.

2.2. Research Design

The specific analysis process of this paper is as follows (Figure 2). First, we construct a
comprehensive evaluation index system of China’s housing conditions, including seven
indicators from the aspects of housing spaciousness, internal facilities, and elevator con-
figuration. Second, this study adopts the entropy value method to determine the weights
of the seven indicators, after which it calculates the total score of China’s county hous-
ing conditions and its three subtypes of scores. Then, we analyze the patterns of spatial
differentiation in China’s housing conditions. Third, spatial autocorrelation analysis is
conducted to identify the spatial autocorrelation characteristics and the distributions of
hotspot areas of housing conditions throughout China. Then, we use correlation analysis to
explore the relationship and the direction between the county fundamentals and the three
subtypes of housing conditions in China. Finally, we draw conclusions, discuss them, and
raise policy implications.
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2.3. Comprehensive Evaluation System of Housing Conditions

Based on the principles of systematicity, validity, and accessibility of data, the housing
conditions of residents in county-level units in China are evaluated comprehensively in
three aspects: spaciousness of housing, internal infrastructure, and elevator configuration.
Among them, spaciousness is evaluated by the average number of rooms per household
and housing floor area per capita, for example, indicators such as the floor area per capita,
number of bedrooms, and number of occupants have been used to assess housing conditions
in prior studies, e.g., [10,23]. Internal infrastructure is mainly reflected by the configuration
of piped running water, as well as kitchen, toilet, and bathing facilities. Indicators such as
finishing materials, water and electricity supply, and household toilet facilities were used
to evaluate housing conditions in Nigeria in past studies, e.g., [21,22]. The configuration of
elevators is based on the ratio of the number of households with elevators in the building
where the housing is located. The elevator configuration is an important aspect of housing
convenience; housing with elevators is more convenient for residents to go up and down,
wherein housing conditions are better (Table 1 and Figure 3).

Table 1. Housing condition evaluation indicator system.

Major Categories Evaluation Indicators Abbreviations

Housing spaciousness

Average number of rooms per
household (room/household) AN_room

Per capita housing area
(m2/person) PCH_area

Internal facilities

Proportion of households with
piped water supply in their

housing (%)
PH_piped water

Proportion of households with
kitchens in their housing (%) PH_kitchens

Proportion of households with
toilets in their housing (%) PH_toilets

Proportion of households with
bathing facilities in their housing

(%)
PH_bathing facilities

Elevator configuration
Proportion of households with
elevators in the building where

the housing is located (%)
PH_elevators
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2.4. Determination of Indicator Weights of Housing Conditions Using the Entropy Method

The use of the entropy method to determine weights eliminates the subjective factor of
weight determination. The meaning of information entropy in social systems mainly refers
to the measure of the degree of uncertainty of the system state. The higher the value of
information entropy, the more balanced the system structure is and the smaller the variation;
conversely, the more unbalanced the system structure is and the larger the variation is.
According to the size of the entropy value of each indicator of housing conditions, the
degree of variation is calculated and the weight is determined, and the main steps are [42]:

Standardization of the housing condition single indicator scores:

cij =
(
Sij − Sjmin

)
/
(
Sjmax − Sjmin

)
(1)

Calculation of the weight of the score value of the jth housing condition evaluation
indicator for the ith county unit:

Cij = cij/
n

∑
i=1

cij (2)

Calculation of the indicator information entropy:

ej = −
1

ln n

n

∑
i=1

(Cij × ln Cij), 0 ≤ ej ≤ 1 (3)

Information redundancy:
dj = 1− ej (4)

Indicator weights:

Wj = dj/
m

∑
i=1

dj (5)

Total housing condition score for the i-th county unit:

HCSi =
m

∑
j=1

(Wj × Sij) (6)

where Sij is the score value of the jth housing condition evaluation index of county i, Sjmax
and Sjmin are the maximum and minimum values of the matrix column where the jth
evaluation index is located, n is the number of counties, m is the number of evaluation
indexes, and the larger the score value of the housing condition HCSi is, the better the
housing condition would be. This method can be applied to the evaluation of the total score
of comprehensive housing conditions as well as the score of each subsystem of housing
conditions (e.g., housing spaciousness or internal facilities).

2.5. Exploring the Spatial Clustering Characteristics of Housing Conditions Based on
Spatial Autocorrelation

Housing conditions in neighboring counties are generally spatially related and spa-
tially correlated. The global autocorrelation index (GMI) and local autocorrelation index
(LMI) can quantify the degree of spatial correlation and spatial pattern of housing condi-
tions in China. The GMI is expressed as follows [43]:

GMI =
n

∑
i=1

n

∑
j=1

(HCSi − HCS)(HCSj − HCS)/Q2
n

∑
i=1

n

∑
j=1

wij (7)

where HCSi is the residential housing condition score of the ith county, wij is the spatial
weight matrix of each county, and the distance between counties within the set threshold
distance is 1, and greater than that the distance is 0.



Buildings 2023, 13, 2028 7 of 17

Q2 =
n
∑

i=1
(HCSi − HCS)2/n, Z-test value: Z(G) = G−E(G)√

Var(G)
, where Var(G) is the

variance and E(G) is the mathematical expectation of the housing condition score. If the
Z value is significant, it indicates a pattern of spatial clustering of housing conditions
in China.

Local autocorrelation between counties often tends to occur based on the global
autocorrelation of housing conditions. Therefore, local autocorrelation is measured using
the LMI, which can be expressed as follows [44]:

LMI = ∑ w′ijZiZj (8)

where w′ij is the row standardization of wij, and Zi and Zj are the standardized values of
the housing condition scores. At less than a 0.05 significance level, if Ii and Zi are positive
at the same time, it means that the housing conditions of the ith county and its surrounding
counties are better, i.e., high–high agglomeration (HH); similarly, if Ii is negative and Zi is
positive, it is high–low agglomeration (HL); if Ii is positive and Zi is negative, it is low–low
agglomeration (LL); while if both Ii and Zi are negative, it is low–high agglomeration (LH).

2.6. The Relationship between Housing Conditions and County Fundamentals

Three subtypes of housing condition evaluation indicators (spaciousness, internal
infrastructure, and elevator configuration scores) are used as dependent variables, and
four factors influencing county fundamentals (population density, urbanization, foreign
population, and rental housing) are selected as independent variables in this study to
investigate the relationship between housing conditions and county fundamentals in
China. The population density is calculated by dividing the resident population by the
administrative area, and the urbanization rate (%), the proportion of foreign population
(%), and the proportion of rented households (%) are used as indicators of urbanization,
foreign population, and rented housing, respectively. Furthermore, this study conducts the
bivariate autocorrelation analysis using SPSS 22 (https://www.ibm.com/products/spss-
statistics, accessed on 2 May 2023).

A bivariate correlation analysis can quantitatively explain the strength of the statistical
relationships between variables and determine whether two variables are correlated with
each other. The method is fitted by least squares, and the Pearson correlation coefficient is
used to describe the degree and direction of the correlation between two variables, which
is calculated as follows:

rXY =

n
∑

i=1
(Xi − X)(Yi −Y)√

n
∑

i=1
(Xi − X)

2
√

n
∑

i=1
(Yi −Y)2

(9)

where X and Y are the independent and dependent variables to be analyzed, X and Y are
the means of the independent and dependent variables, i = 1, 2......n; rXY is the correlation
coefficient, −1 ≤ rXY ≥ 1, when r > 0, it means that the two variables are positively
correlated with each other; when r < 0, it means that the two variables are negatively
correlated before. Here, r = 1 is completely correlated and r = 0 is no correlation.

3. Results and Analysis
3.1. Spatial Differentiation Patterns of Housing Conditions in China

Based on the information entropy method, the information entropies and weights
of the seven indicators were calculated for 2846 counties in China (Table 2). The results
show that PH_elevators has the highest weight of 0.593538, which is the most important
indicator used to determine the inter-county differences in housing conditions in China,
and also indicates that there are large differences in elevator configurations among various
counties in China. Four indicators of internal facilities (PH_piped water, PH_kitchens,

https://www.ibm.com/products/spss-statistics
https://www.ibm.com/products/spss-statistics
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PH_toilets, and PH_bathing facilities) generally have lower weights, indicating that the
internal facilities configuration of housing in China is generally better in 2020, and the
disparity between counties is not large; therefore, the indicator of internal facilities is not
the main indicator category that determines the difference between counties in China.

Table 2. Information entropies and weights of the evaluation indicator of housing conditions in China.

Information Entropy Redundancy Weight

AN_room 0.983707 0.016293 0.195545
PCH_area 0.991551 0.008449 0.101402

PH_piped water 0.997729 0.002271 0.027257
PH_kitchens 0.999309 0.000691 0.008297

PH_toilets 0.999175 0.000825 0.009900
PH_bathing facilities 0.994662 0.005338 0.064060

PH_elevators 0.950545 0.049455 0.593538

Based on the weights in Table 2, the housing condition scores of each county were
derived. Based on the data distribution, the housing conditions in China were classified
into five grades: good (0.3–0.85 points), better (0.2–0.3 points), average (0.15–0.2 points),
poor (0.1–0.15 points), and poor (less than 0.1 points). Based on the aforementioned data,
GIS technology was used to derive the spatial differentiation pattern of housing conditions
in China (Figure 4). The figure shows that the regions with good housing conditions in
China are mainly urban areas, while the regions with poor housing conditions are mainly
in the northeast and parts of the Qinghai–Tibet Plateau and Xinjiang. The regions with
better housing conditions are generally distributed on the southeast side of the “Hu Line”
(Heihe–Tengchong Line), while on the northwest side of the “Hu Line”, housing conditions
are relatively poor.
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The pattern of the spatial differences in housing conditions (spaciousness, internal
infrastructure, elevator configuration) of the different subtypes was further analyzed
(Figure 4), and the way the housing conditions of different classes of subtypes were divided
is shown in the legend of Figure 5. A significant difference exists in the pattern of housing
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conditions of different subtypes. In terms of the spaciousness of housing (Figure 5a), it
shows a difference pattern of high in the south and low in the north. In terms of internal
facilities (Figure 5b), the scores of housing internal facilities in Northeast China, Inner
Mongolia, Shanxi, and the Qinghai–Tibet Plateau are relatively low, while the rest of
the regions have high scores. In terms of elevator configuration (Figure 5c), the elevator
configuration scores in urban areas are generally higher than those in non-urban areas,
showing a difference between urban and non-urban areas.
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3.2. Spatial Autocorrelation Characteristics and the Distribution of Hotspot Areas of Housing
Conditions in China

The spatial association and clustering characteristics of the housing conditions and
their subtypes in China were judged based on Moran’s I index. The FD method (fixed
distance) was used as the basis for judging the spatial weight matrix, and the threshold
distance was set to 150 km, while Moran’s I index and the Z-score and p-value derived
from its expected value were derived as shown in Table 3.

Table 3. The global spatial autocorrelation indexes of housing conditions in Guangzhou.

Total Score of
Housing Conditions Housing Spaciousness Internal Facilities Elevator Configuration

Moran’s I 0.2101 0.4316 0.3419 0.2063
Z-score 51.0704 104.7961 83.1077 50.1602
p-value 0.0000 0.0000 0.0000 0.0000

Table 3 shows that Chinese residents’ housing conditions generally show significant
spatial clustering characteristics. Among them, housing spaciousness, a subtype of housing
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conditions, has the most significant spatial clustering characteristics, with Moran’s I reach-
ing 0.4316. Based on this, the local spatial autocorrelation characteristics of the housing
conditions and its subsystems are judged based on the LMI (Figure 6).
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Figure 6a shows that the H–H zone of the housing spaciousness score is mainly
concentrated in the southern region of China (Fujian–Jiangxi–Hunan–Guizhou–Guangxi–
Yunnan, and western Hubei, western Sichuan, and southern Tibet) and in the northern
region of Henan Province, while the L–L zone is concentrated in the northeast region—
northern China, the Yangtze River Delta, Pearl River Delta, Shandong Peninsula, Hainan
Province, Xinjiang’s northern part, and the Sichuan–Qinghai border.

Figure 6b shows that the H–H zones of the internal facilities score are significantly
clustered in China’s eastern and central regions (except Shanxi). Guangxi, Chongqing,
central Sichuan, central Yunnan, and western Xinjiang in the western region also show
H–H clustering characteristics. L–L areas are clustered in the northeast region—Inner
Mongolia, Shanxi, northern Shaanxi, southern Gansu, Qinghai, and southern Tibet, showing
a concentrated contiguous distribution.

Figure 6c shows that the H–H zones of the elevator configuration scores are mainly
distributed in city clusters and metropolitan areas, including the Yangtze River Delta
city cluster, Pearl River Delta city cluster, Chengdu–Chongqing city cluster, West Coast
city cluster, Liaoning–China-South city cluster, Beijing–Tianjin metropolitan area, Wuhan
metropolitan area, and Urumqi metropolitan area.

In terms of the comprehensive housing conditions (Figure 6d), the H–H zones are
(1) five urban agglomerations: the Yangtze River Delta urban agglomeration, the Pearl River
Delta urban agglomeration, the West Coast urban agglomeration, the Central Plains urban
agglomeration, and the Changsha–Zhuzhou–Xiangtan urban agglomeration; and (2) the
Beijing–Tianjin metropolitan area, the Wuhan metropolitan area, the Chengdu metropolitan
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area, and the Chongqing metropolitan area. The L–L zones are mainly located in the
northeastern and western regions.

3.3. Differences in Housing Conditions between Urban and Non-Urban Areas in China

Using whether the study unit was a municipal district as the judgment criterion,
the county unit was divided into two sub-regions, urban and non-urban, to compare the
differences in housing conditions between urban and non-urban areas of China. The mean
scores of the urban and non-urban housing conditions are shown in Table 4, and the box
plots are shown in Figure 7. Housing conditions in urban areas of China are generally better
than those in non-urban areas, and in terms of housing spaciousness, the housing sizes
in the latter areas are more spacious than those in the former due to the higher number
of commercial housing units and the limited land supply in urban areas. However, most
of the housing units in non-urban areas are self-built and have a much larger housing
stock. In terms of internal facilities, the average score of urban houses is higher than
that of non-urban houses, indicating a higher degree of internal facility improvement in
urban housing. Similarly, in terms of the elevator configuration, urban housing shows a
significantly better configuration than non-urban housing. This can be attributed to the fact
that urban areas have a high number of high-rise dwellings and a high proportion of lifts
allocated to them, which is why urban areas have a higher lift allocation score.

Table 4. Mean scores for urban and non-urban housing conditions.

Sub-Region Average Score of
Housing Conditions

Housing Spaciousness
Average Score

Internal Facilities
Average Score

Elevator Configuration
Average Score

Urban area 0.353656 0.066264 0.100770 0.203361
Non-urban area 0.182871 0.087436 0.090764 0.061790
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As shown in Figure 7, the housing condition scores, internal facilities scores, and eleva-
tor configuration scores are generally higher in urban areas than in non-urban areas, with
a relatively dispersed data distribution. Furthermore, the housing spaciousness in urban
areas is lower than in non-urban areas, with a relatively concentrated data distribution.

3.4. Relationship between Housing Conditions and County Fundamentals in China

Using SPSS 22 software (https://www.ibm.com/products/spss-statistics, accessed
on 2 May 2023), a bivariate correlation analysis was used to analyze the four influencing
factors and three subtypes of housing conditions indicators containing 1846 county units
according to all the counties, urban areas, and non-urban areas, respectively, to derive
the correlation coefficients, and a two-sided test was conducted using the t-test method,
defining a test value less than 0.01 as a significant correlation, and the results are shown in
Table 5 below.

https://www.ibm.com/products/spss-statistics
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Table 5. Correlation analysis between housing conditions and county fundamentals in China.

Study Area
(Number)

Housing
Condition
Indicators

Result Type

Influencing Factors

Population
Density

(person/km2)

Urbanization
Rate (%)

Percentage of
Urban Floating
Population (%)

Percentage of
Renting

Households (%)

All
(2846)

Housing
spaciousness

Coefficient −0.277 −0.473 −0.185 −0.380
Significance 0.000 0.000 0.000 0.000

Internal facilities
Coefficient 0.197 0.390 0.189 0.118

Significance 0.000 0.000 0.000 0.000
Elevator

configuration
Coefficient 0.484 0.724 0.505 0.535

Significance 0.000 0.000 0.000 0.000

Urban areas
(973)

Housing
spaciousness

Coefficient −0.386 −0.670 −0.174 −0.430
Significance 0.000 0.000 0.000 0.000

Internal facilities
Coefficient 0.237 0.363 0.171 0.220

Significance 0.000 0.000 0.000 0.000
Elevator

configuration
Coefficient 0.374 0.602 0.436 0.461

Significance 0.000 0.000 0.000 0.000

Non-urban areas
(1873)

Housing
spaciousness

Coefficient 0.154 −0.238 −0.010 −0.242
Significance 0.000 0.000 0.651 0.0000

Internal facilities
Coefficient 0.335 0.296 0.064 −0.104

Significance 0.000 0.000 0.005 0.000
Elevator

configuration
Coefficient 0.413 0.466 0.228 0.221

Significance 0.000 0.000 0.000 0.000

Note: Two-tailed test of significance was used.

For all the counties (with a sample of 2846 counties), the correlations between the three
housing condition subtype scores, housing spaciousness, internal facilities, and elevator
configuration, and the four county fundamentals factors are shown in Figure 6.

Table 5 and Figure 8 show that housing conditions are significantly correlated with
county fundamentals at the national level, and that the four factors act in different di-
rections on housing conditions. Among them, the most significant correlation between
elevator allocation and county fundamentals is positive, with the magnitude of the correla-
tion coefficients of the four factors—urbanization, renter households, floating population
and population density—being 0.724, 0.535, 0.505, and 0.484, in that order; a significantly
positive correlation exists between housing interior facilities and county fundamentals,
with urbanization having the strongest effect on interior infrastructure; while a significantly
negative correlation exists between housing spaciousness and county fundamentals, indi-
cating that all four influencing factors of county fundamentals have a significant negative
effect on housing spaciousness, with urbanization (−0.473) and renter households (−0.380)
ranking as the top two in terms of the impact intensity.

A significant correlation exists between housing conditions and county fundamen-
tals at the urban level. Housing spaciousness and county fundamentals are significantly
negatively correlated, with the strongest correlation between housing spaciousness and
urbanization, with a correlation coefficient of 0.670, indicating that urbanization has the
greatest effect on housing spaciousness, and the higher urbanization has a relatively
narrow housing size. Internal infrastructure and elevator configuration are positively
correlated with county fundamentals, with urbanization having the most significant ef-
fect on housing internal infrastructure and elevator configuration. Thus, this shows that
the urbanization rate has a greater impact on housing conditions in urban areas. On the
one hand, the urbanization rate has a negative impact on housing spaciousness. On the
other hand, the urbanization rate has a positive effect on housing internal infrastructure
and elevator configuration.



Buildings 2023, 13, 2028 13 of 17Buildings 2023, 13, x FOR PEER REVIEW 14 of 18 
 

 

Figure 8. Scatterplot of the relationships between the housing condition scores and county funda-

mentals. 

A significant correlation exists between housing conditions and county fundamen-

tals at the urban level. Housing spaciousness and county fundamentals are significantly 

negatively correlated, with the strongest correlation between housing spaciousness and 

urbanization, with a correlation coefficient of 0.670, indicating that urbanization has the 

greatest effect on housing spaciousness, and the higher urbanization has a relatively 

narrow housing size. Internal infrastructure and elevator configuration are positively 

correlated with county fundamentals, with urbanization having the most significant 

effect on housing internal infrastructure and elevator configuration. Thus, this shows that 

the urbanization rate has a greater impact on housing conditions in urban areas. On the 

one hand, the urbanization rate has a negative impact on housing spaciousness. On the 

other hand, the urbanization rate has a positive effect on housing internal infrastructure 

and elevator configuration. 

At the non-urban level, large variability exists between county fundamentals and 

housing conditions, with varying degrees as well as directions of correlation. The corre-

lation between housing internal infrastructure and county fundamentals differs, with a 

negative correlation with renter households and a positive correlation with the rest of the 

factors, and the strengths of population density (0.335) and urbanization (0.296) ranked 

as the top two; county fundamentals and elevator allocation were positively correlated, 

with the strengths of urbanization, population density, floating population, and renter 

households in that order. 

4. Discussion 

Previous studies have neglected the importance of elevator configuration in deter-

mining housing conditions between counties in China. However, we recognize that ele-

vators are an indispensable indicator of evaluating housing conditions, especially in the 

context of China’s recent construction boom in multi-story and high-rise buildings. Ele-

Figure 8. Scatterplot of the relationships between the housing condition scores and county fundamentals.

At the non-urban level, large variability exists between county fundamentals and
housing conditions, with varying degrees as well as directions of correlation. The corre-
lation between housing internal infrastructure and county fundamentals differs, with a
negative correlation with renter households and a positive correlation with the rest of the
factors, and the strengths of population density (0.335) and urbanization (0.296) ranked
as the top two; county fundamentals and elevator allocation were positively correlated,
with the strengths of urbanization, population density, floating population, and renter
households in that order.

4. Discussion

Previous studies have neglected the importance of elevator configuration in determin-
ing housing conditions between counties in China. However, we recognize that elevators
are an indispensable indicator of evaluating housing conditions, especially in the context of
China’s recent construction boom in multi-story and high-rise buildings. Elevators have a
significant impact on housing conditions as an important facility for vertical transportation,
especially in medium and high-rise dwellings. This result is similar to the findings of
Au-Yong et al. [45] regarding the maintenance of lift systems in high-rise dwellings in
Malaysia and of Kshetrimayum et al. [46] regarding the evaluation of housing conditions
in the slums of Mumbai, and it should not be ignored in future studies.

Currently, the impact of internal facilities such as piped water, kitchens, toilets, and
bathing facilities on housing conditions is limited as they have become a standard configu-
ration in housing for Chinese residents due to improved living standards and economic
and social development. Consequently, regional differences in these indicators are not
significant, and they have become less important in evaluating housing conditions in China
compared to previous studies.

To evaluate housing conditions accurately, it is important to consider the variations be-
tween urban and non-urban areas. This aspect often goes unnoticed in existing studies due
to the stark differences in housing types between the two. Non-urban areas typically have
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a higher percentage of rural owner-occupied housing, whereas urban areas are dominated
by commercial housing such as multi-story and high-rise buildings. Consequently, housing
conditions vary greatly between these two subtypes and should be analyzed separately.

When analyzing the factors that influence housing conditions, considering the cor-
relation between different subtypes of housing conditions and county fundamentals is
important. For instance, the internal infrastructure of housing and elevator configuration
show a positive correlation with county fundamentals, whereas the correlation between
housing spaciousness and county fundamentals is in a different direction. This highlights
the importance of using subtype indicators when studying the factors related to regional
differences in housing conditions in China.

One limitation of this study is the difficulty in accurately distinguishing between com-
mercial housing (mainly multi-story and high-rise) and self-built housing (mainly low-rise)
when assessing housing conditions. This may affect the scores given to housing conditions,
as factors such as the presence of elevators in commercial buildings or the spaciousness
of self-built homes may not be fully accounted for. In addition, in the comprehensive
evaluation index system for housing conditions, this study did not consider sustainability
indicators, such as green and energy-saving as well as intelligent building indicators. Thus,
we expect that this will be improved in future studies.

5. Conclusions and Policy Implications
5.1. Main Conclusions

This study examines the various housing conditions and subtypes in county units
in China, and it investigates the correlation between housing conditions and county fun-
damentals. Elevator allocation is included in the comprehensive evaluation system for
housing conditions. Chinese counties are used as the study units. The study also distin-
guishes between urban and non-urban subtypes, and it analyzes the relationship between
housing conditions and county fundamentals such as population density, urbanization,
proportion of floating population, and proportion of renter households. This study’s contri-
bution lies in its comprehensive approach toward evaluating housing conditions and its
focus on Chinese counties as a unique study unit.

The following conclusions were obtained from this study. (1) The configuration of
elevators is the most important indicator of the differences in housing conditions in China.
(2) According to this research, areas with better housing conditions are primarily located
on the southeast side of the “Hu Line,” whereas areas with worse housing conditions are
located on the northwest side. Variations exist in the distribution of the different subtypes
of housing conditions. Chinese residents’ overall housing conditions exhibit significant
spatial clustering characteristics, and there are notable differences in the distribution of
different subtypes of high–high (H–H) and low–low (L–L) zones. (3) Housing conditions in
China’s urban areas are generally better than those in non-urban areas. (4) The correlation
between housing conditions and county fundamentals varies depending on the regional
level. At the national level, a negative correlation exists between county fundamentals
and housing spaciousness, although a positive correlation exists with internal infrastruc-
ture and elevator allocation. (5) Housing conditions vary considerably between urban
and non-urban areas: urban housing has better internal facilities and elevators are better
equipped than in non-urban areas; however, it is typically less spacious than in non-urban
areas. At the urban level, a negative correlation exists between county fundamentals
and housing spaciousness, although positive correlations are observed with internal in-
frastructure and elevator allocation. Furthermore, urbanization has the strongest effect
on housing conditions. However, at the non-urban level, there is greater variability in
the correlation between county fundamentals and housing conditions. The results also
indicate a positive correlation between county fundamentals and elevator configuration,
as well as a correlation of varying direction and strength with housing spaciousness and
internal facilities.
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This study examines the spatial differences in housing conditions in China and their
correlation with county fundamentals. The findings offer valuable insights for future
studies of housing conditions in China and the development of targeted housing policies.

5.2. Policy Implications and Perspectives
5.2.1. Policy Implications

Based on the conclusions of this study, it is recommended that the relevant man-
agement authorities improve housing conditions in China in the following ways. (1) In
non-urban areas, the level of the internal infrastructure configuration of typical housing
and buildings with more than six floors must be increased. All of them should be equipped
with lifts so as to improve accessibility to vertical transportation. (2) In urban areas, espe-
cially in the downtown areas of large cities that are usually congested with city dwellers,
the housing supply should be increased and the number of rooms per capita and per
household should be raised. These goals can be achieved through urban renewal and
efforts to encourage the population to move to the suburbs, thereby increasing the per
capita living area and the average number of rooms per household. Ultimately, these will
alleviate housing congestion. (3) In old urban areas, urban renewal should be actively
promoted, which can be achieved through the renovation of facades, the installation of lifts,
and through the adoption of new building technologies, energy-saving technologies, and
smart technologies. Doing so can comprehensively remediate the living conditions of the
housing stock, thus avoiding the old towns degenerating into slums and high-crime-risk
zones in the future. (4) The housing conditions in the northwestern part of the Hu line must
be actively improved through various measures, such as improving the conditions of the ex-
isting housing infrastructure and increasing the living comfort through the restoration and
renewal of the old houses. Furthermore, housing conditions can be improved by rebuilding
high-standard and modernized housing in different locations through resettlement.

5.2.2. Research Perspectives

In terms of research directions, future studies could be conducted in the following
areas. (1) Future studies can investigate the differences in housing conditions among
different housing types (e.g., commercial and self-built housing). Such studies could benefit
from more precise data that allow for a separate analysis of commercial and self-built
housing. (2) Although there are major differences between the housing within the built-up
urban areas and the housing within rural geographies, it is difficult to distinguish between
them using the current data. Therefore, in the future, we should further distinguish
between urban and rural areas, study housing conditions in these areas separately, and
propose countermeasures to improve the housing conditions accordingly. (3) In terms
of the evaluation index system for housing conditions, more attention should be paid to
sustainability indicators, such as intelligent building indicators and green and energy-
saving building indicators. (4) Due to China’s vast geographical scope and widely varying
features, the strong spatial heterogeneity of the factors affecting housing conditions can be
further investigated. This can be achieved by using geographically enhanced regression to
analyze the relationship between housing conditions and county-level fundamentals.
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