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Introduction

The phenomenon of residential spatial differentiation re-
fers to the fact that residents with particular characteris-
tics live in specific spatial areas of a city, which contains 
residential differentiation or even mutual segregation. 
Within relatively isolated areas, homogeneous popula-
tions share similar social characteristics, follow common 
customs and commonly accepted values, or maintain the 
same subculture. Many scholars have provided answers 
to the question of what defines a living space. Waddell 
and Borning (2004) thought of living spaces as resources 
on which residents depend for their survival and that re-
sults from the fact that people who settle in a particular 
residential space would maximize the utility of the activity 
space, which is a phenomenon based on location selection 
(Bhat & Guo, 2004). In turn, this phenomenon leads to the 
fact that residents with the same characteristics choose the 
area that best meets their living needs. Modai-Snir and 
Plaut (2019) indicated that spatial differentiation of ur-
ban living is an inevitable result of urbanization in market 
economic conditions and that the same living background 

and habits would increase the sense of the identity of the 
residents.

Today’s urbanization trends in China are also gradu-
ally leaning toward Western models (Forrest, 2012; Zhao, 
2013), in which high degrees of development lead to high 
degrees of socio-spatial segregation. The main driver of 
such current segregation in China is also the result of the 
unequal distribution of resources during the country’s 
transformation into a market economy (Wu, 2002). As a 
typical economically developed historical city in eastern 
China, Hangzhou has experienced large-scale urban ex-
pansion and urban renewal. Its economy has perennially 
ranked among the highest in the country in terms of land 
finance and land dependence (Qian, 2015). Around 2005, 
Hangzhou gradually transformed its economic focus to 
new sectors, such as finance and the Internet, information 
software, e-commerce, and the Internet of Things, which 
are now leading the economy.

Market economies have been implemented in the ma-
jor cities of China since the start of economic reforms and 
liberalization. Among these cities, Hangzhou has been 
given better development opportunities (Wei & Li, 2002). 
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As its strategic position in the country’s development has 
been rising in recent years, its development has gradually 
accelerated while its resources and scale have expanded. 
According to the censuses, the total population of the city 
in 2015 reached 9.018 million, which is an increase of 36% 
over that in 2010, and it even reached 12.204 million in 
2021. The non-local population growth rates from 2010 
to 2015 and from 2015 to 2020 were 1.50% and 109.91%, 
respectively. The abundant resources and recruitment 
policies have attracted a large number of non-local uni-
versity graduates to settle and work in this city. Residents 
with increasingly diverse educational and economic back-
grounds, as well as nationalities, gather in particular ar-
eas to form diverse social clusters. This pattern creates 
segregation and class solidification in certain areas in the 
long run, which may give rise to future social problems 
(Frankenberg, 2013; Tammaru et al., 2016). Therefore, it is 
particularly important to accurately identify the distribu-
tions of these residential “social areas” for policy making, 
market analysis, and amenity improvement.

The rapid development of China’s urban real estate 
market in the last two decades has led to exponential 
growth in housing development and housing prices, which 
have resulted in the expansion of housing market stock 
and rapid spatial expansion. The marketization of hous-
ing has broken the housing system previously based on 
work units, providing a way for residents to replace and 
improve their homes. The built-up area of Hangzhou grew 
from 412.5 km2 in 2010 to 706 km2 in 2022, correspond-
ing to an expansion of 1.7 times. As such, the spatial gra-
dient of housing prices is evident, and price has become 
an important consideration in residents’ housing choices. 
New classes, such as local homeowners who are compen-
sated for demolitions, homeowners of greatly appreciated 
school district housing, and newly arrived young universi-
ty graduates, have emerged and the spatial differentiation 
patterns of living spaces have been constantly changing. 
Organized by the Hangzhou government and transporta-
tion department, a large-scale household survey in 2015 
covered household demographic characteristics, housing 
status, and transportation. The data provide rare support 
for the study of residential differentiation. This study used 
the statistical data of this survey at the level of the smallest 
inner-city unit (i.e., the community) to reveal the charac-
teristics of the social dimension of residential space and 
the pattern of differentiation, with the aim to analyze the 
diversity and the degree of differentiation of social catego-
ries at a higher level, (i.e., administrative districts), and to 
study the association with house prices in the formation 
of spatial differentiation. By adopting the ecological fac-
tor analysis method, this study fully considered the con-
textual factors of Chinese cities in the process of social 
dimension analysis, diluted the ethnic status, highlighted 
the effects of household registration, education, occupa-
tion, and housing situation, and constructed a multivariate 
principal component analysis (PCA) method to reveal the 
spatial differentiation characteristics of modern Chinese 
cities, providing diverging empirical evidence from other 

related studies. As one of the few studies that focused on 
the interaction between housing prices and location sta-
tus (commuting time, etc.) and spatial differentiation pat-
terns, this study provided lessons for other regions where 
the real estate market is still in its expansion stages. This 
in-depth analysis of Hangzhou’s residential spatial differ-
entiation not only explained the city’s residential spatial 
patterns and socio-economic-demographic characteristics, 
but also provided some policy recommendations for ur-
ban development and planning, as well as some experi-
ences for the development pattern of the real estate market 
in other rapidly urbanizing cities.

The structure of the remainder of this paper is as fol-
lows. The next section is a summary of the current re-
search. The following section introduces the methodology 
and data. The section after that presents a community-
level analysis of residential clusters. The penultimate sec-
tion discusses residential diversity at the district level. The 
final section presents the conclusion.

1. Literature review

The theoretical basis of this study is the theory of socio-
spatial dialectic. The structure of spatial organization 
does not independently construct and transform itself, 
nor is it a simple expression of the class structure that 
originates from the social relations of production. On the 
contrary, it represents the dialectical unity component of 
the general relations of production, which are simultane-
ously social and spatial (Soja, 1980). Although space itself 
may be initially given, the organization, use, and value of 
space are the products of social translation, transforma-
tion, and experience. Spatial homogeneity exists within 
the urban built environment in unison with the social 
class structure and its conflicts and transformations. This 
homogeneity provides us with theoretical clues to study 
urban residential differentiation (Wu, 2016). Social area 
studies were first proposed by Shevky and Williams (1949) 
and elaborated by Shevky and Bell (1955), who formed 
the prototype of urban area studies by dividing cities into 
different social areas according to three dimensions: eco-
nomic status, family status, and ethnic status. Subsequent 
studies have adopted many measurement methods and 
geographers, such as Rees (1970) and Knox (1987), have 
developed a greater interest in research models about spa-
tial dimensions. They thought that the factor ecological 
research method of social area analysis could help peo-
ple understand intra-urban residential differentiation. 
This method has gradually become an important tool for 
studying the spatial structure of a city. The existence of 
these three dimensions was confirmed by studies in sev-
eral other global cities, including Melbourne, Toronto, 
and Chicago (Murdie, 1969; Rees, 1970); moreover, this 
method was successfully applied in several non-Western 
urban settings (Johnston et  al., 2001; Smith & Scarpaci, 
2000). Studies on social area analysis have been success-
ful in explaining the spatial variations in urban structure. 
Many dimensions produce the phenomenon of residential 
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spatial differentiation in cities besides economic develop-
ment. For example, the segregation of African Americans 
in the United States is attributed to economic reasons and 
racial factors (Williams & Collins, 2001). However, the sit-
uation in China is not the same because a large portion of 
economic development has been concentrated in the east-
ern regions, where the distribution of ethnic minorities is 
low. Li and Wu (2008), Liu et al. (2014), and Wang (2017) 
found that the main individual characteristic factors that 
have led to segregation in China were social status, resi-
dency rights, migration status, income levels, and socialist 
urban policies. Wu et  al. (2020) and Xing et  al. (2022) 
analyzed residential spaces in Chinese cities and argued 
that social policies regarding household registration and 
education for the mobile population should guide their 
orderly integration into the urban society.

Previous studies noted that higher socioeconomic 
households tend to live in neighborhoods with higher 
housing values (Baer & Williamson, 1988). Some scholars 
have also argued for the establishment of a link between 
housing values and other non-residential parameters in 
housing choice, such as demographics (Benefield, 2009; 
Shaw, 2002). Reed (2013) formally considered social area 
analysis and house price changes together. This study 
identified social dimension factors from a number of de-
mographic variables through PCA, and found that house 
price divergence in Melbourne suburban areas could be 
explained by economic and demographic variables. Feng 
and Han (2021) stated that heterogeneity in housing prices 
would lead to the heterogeneity in residential space seg-
regation, which would, in turn, intensify uncoordinated 
regional development. Studying the spatial heterogeneity 
of residents would be beneficial not only to coordinated 
regional development but also to the healthy and rational 
development of the real estate market. Chhetri et al. (2009) 
explored the Australian housing market and found that the 
boom in the real estate market had created segregation for 
individual housing and location choices in Australia’s met-
ropolitan areas. Research on urban spatial fragmentation 
patterns would help understand the various factors, such 
as personal consumption preferences, variety of local gov-
ernment planning schemes, job accessibility, quality edu-
cation, council fees, and taxation, of the housing market.

Inequality in income growth varies considerably across 
countries, depending mainly on the composition of eco-
nomic sectors. The transition from secondary to tertiary 
industries’ dominance in cities seems to be increasingly ac-
companied by a corresponding increase in the level of ur-
ban social polarization, a reduction of homogeneity among 
urban social classes, and an increasing structural complex-
ity (Badcock, 1997). In the era of globalization, the demand 
for unskilled labor has decreased considerably, while the 
income from new jobs created by producer services and 
knowledge industries has begun to rise consistently (Reich, 
1991). Fikire (2021) and Cox and Hurtubia (2021) have 
expressed a consistent view of households with different 
incomes that choose their housing locations according to 
their income levels. They also believed that different classes 

had the propensity to choose such housing that would con-
tribute to residential segregation.

The majority of literature investigated residential seg-
regation at the smallest spatial statistical unit scale. An 
example is Tammaru et al.’s (2016) study of Sweden based 
on the smallest residential neighborhood SAMS, with an 
average population of about 1,000 inhabitants. Li and Wu 
(2008) and Zhang et al. (2022) conducted a sub-district 
level study, which is equivalent to the town level in West-
ern countries, of this problem in Chinese cities. Li et al. 
(2010) and Wu et al. (2014), whose study is based on data 
from an earlier year, mainly used sub-district-level data 
from first-tier cities and a small portion of data from some 
towns. The study ultimately showed that better empirical 
results would be obtained with higher-quality data from 
smaller geographic units and that studies of large Chinese 
cities should use data with clearer boundaries.

The diversity index and the dissimilarity index are com-
monly used to measure the degree of residential differen-
tiation. The diversity index is more suitable to describe the 
even distribution of social groups, while the dissimilarity 
index is suitable for variables with significant regional dif-
ferences, such as housing tenure in the study of residential 
clusters in Nanjing (Wu et al., 2014). Allen et al. (2015) and 
Šimon et al. (2020) indicated that the index of dissimilarity 
is the most reliable measure to quantify the phenomenon 
of residential differentiation. Harris and Owen (2018); 
Preston and Ray (2020) and Křížková and Šimon (2022) 
used the index of dissimilarity to analyze racial segregation 
in several cities. Their research was based on the fact that 
there was already a clear racial division in the city, such as 
that between black people (i.e., the marginal group) and 
white people (i.e., the dominant group). However, in the 
case where multiple social groups coexist and the type of 
inhabitants is not well defined, the calculation of the dis-
similarity index becomes quite difficult. To calculate this 
index, Křížková and Šimon (2022) set a threshold for the 
proportion of population of {10%, 20%, ..., 100%}, so as to 
calculate the proportion of those groups that were beyond 
each threshold in each spatial unit. In a study of housing 
tenure differences and residential segregation in Shanghai, 
Li and Wu (2008) used a similar approach to measure the 
index of dissimilarity, and found that the degree of the resi-
dential concentration of each cluster in Shanghai is signifi-
cant. They concluded that there was no evidence of high 
levels of segregation among social groups to the extent that 
exists in Western countries.

In synthesis, social area research based on the ecologi-
cal factor analysis method needs to keep up with social 
development and the changes brought by the globalization 
and economic transformation in large cities. The dimen-
sions of economic status and family status need to be con-
sidered in a way that is more in line with local characteris-
tics. In fact, the main factors affecting socio-spatial differ-
entiation vary across different stages of urbanization, and 
with different degrees of urban development and maturity 
of real estate markets. At the same time, since the forma-
tion of socio-spatial differentiation patterns is the result of 
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tionnaire based on a sample of Hangzhou traffic man-
agement departments in 2015. The survey data included 
relevant community-level aggregated data such as family 
size, age, education, household registration, occupation, 
income, and travel times (to work, school, shopping, and 
entertainment) of the respondents, which were collected 
from 35,000 households in 629 relevant communities. The 
summary data at the community level are shown in Ta-
ble  1. House price is one of the most important factors 
influencing residents’ housing choices. To study how they 
affect the residential spatial distribution, this study addi-
tionally collected the transaction prices of housing at the 
community level in 2015, which were retrieved from the 
second-hand house prices data recorded by XiTai.com for 
each year in the city. We took the average of the transac-
tion prices of the communities for which transactions are 
recorded in a specific year, and used them as house price 
data of each community. The statistics of house prices are 
shown at the bottom of Table 1.

the aggregation of the housing choices of countless house-
holds, the city’s residential history, housing market devel-
opment, housing policies, and policies on migration influ-
ence the location of households, and can eventually affect 
the residential differentiation. Residential differentiation is 
an enduring topic that still needs vivid case studies cover-
ing different urbanization stages and different socio-cultur-
al contexts, which would enrich the theory of socio-spatial 
unity, provide empirical evidence for regions in similar de-
velopment stages, and offer policy recommendations for 
regional urban planning and housing development.

2. Methods and data

2.1. Data

The scope of this study covers 10 districts under the juris-
diction of Hangzhou: Shangcheng, Gongshu, Xihu, Binji-
ang, Xiaoshan, Yuhang, Linping, Qiantang, Fuyang, and 
Lin’an. The data were obtained from a household ques-

Table 1. Descriptive statistics of variables

Average Median SD Min. Max.

Family size 2.85 2.77 0.55 2.00 5.00
Housing space per capita (m2) 35.59 32.29 14.91 18.00 159.00
Housing area (m2) 101.67 92.48 49.94 46.00 396.00
Number of cars per household 0.72 0.70 0.34 0.00 2.00
Population ratio 6–19 years old 8.30% 7.88% 4.54% 0.00% 32.47%
Population ratio 20–29 years old 14.47% 12.50% 9.44% 0.00% 58.82%
Population ratio 30–59 years old 55.22% 56.68% 10.27% 7.02% 86.21%
Population ratio over 60 years old 22.01% 18.91% 14.00% 0.00% 75.00%
Proportion of population with university or higher
education

23.54% 21.06% 14.35% 0.00% 83.08%

The proportion of household registration in local 85.56% 91.25% 15.88% 9.00% 100.00%
The proportion of household registration ratio 90.40% 94.88% 12.47% 18.00% 100.00%
Proportion of population work as head of state 
institutions and enterprises

3.35% 2.04% 4.10% 0.00% 30.86%

Proportion of professional and technical staff 10.14% 9.03% 7.11% 0.00% 47.18%
Proportion of clerical and related staff 15.84% 14.71% 9.43% 0.00% 69.23%
Proportion of commercial and service workers 15.33% 13.79% 10.30% 0.00% 84.72%
Proportion of personnel in agricultural, forestry, 
animal husbandry and fishery

0.25% 0.00% 1.08% 0.00% 18.00%

Proportion of operators of production and 
transportation equipment

2.22% 0.90% 3.89% 0.00% 33.00%

Proportion of other employees 52.87% 51.82% 15.77% 0.00% 98.20%
Proportion of respondents with monthly income 
below 5k

65.59% 67.87% 15.27% 10.39% 96.15%

Proportion of respondents with monthly income 
between 5k–10k

17.94% 16.42% 11.57% 0.00% 63.89%

Proportion of respondents with monthly income 
between 10k–15k

1.57% 0.00% 2.79% 0.00% 32.76%

Proportion of respondents with monthly income 
above 15k

0.82% 0.00% 2.10% 0.00% 17.00%

Proportion of monthly household income below 10k 53.71% 54.55% 19.18% 0.00% 100.00%
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In this study, the Shannon-Wiener index was used to 
measure diversity and further analyze the residential dif-
ferentiation pattern, as follows:

1
– ln

R

i i
i

H S S
=

= ∑ ,	 (1)

where: H is the Shannon-Wiener Index; Si represents the 
proportion of the i-th social group in the bounded social 
region; and R is the total number of social groups in that 
social region.

Moreover, the cumulative proportion method was 
used to calculate the dissimilarity index. The degree of 
residential segregation was examined by counting the 
percentage of districts where each social group exceeds a 
certain threshold ratio.

3. Community-level residential differentiation in 
Hangzhou

The 629 community data points were subjected to PCA and 
rotated 15 times by varimax rotation to achieve conver-
gence and extract 7 principal components. The KMO value 
reached 0.689, indicating that the data were suitable for use 
in factor analysis. The variance contribution of each prin-
cipal component was relatively average and the final vari-
ance explained 64.425%. According to the rotated compo-
nent matrix (see Table A1 in Appendix), the correlation of 
each variable in the principal components can be judged. To 
assign the variables to each factor, the factor discriminant 
criterion can be formulated based on the absolute value 
of factor loading (Dolnicar & Grün, 2008; Chhetri et al., 
2009). Chhetri et al. (2009) set the criterion at 0.40 to maxi-
mize the specificity of their principal components. Sarstedt 
and Mooi (2019) suggested that if the number of factors 
to be extracted is very low, the loading should be at least 
0.50, while if the number is high, a loading of above 0.3 is 
acceptable. In this study, the loading level of 0.5 was used. 
These related variables reflect the structure of the residential 

2.2. Cluster analysis, diversity analysis and 
dissimilarity analysis

Factor-based social area research methods have been pro-
posed by previous scholars and have been widely applied 
gradually. PCA identifies the principal factors after effec-
tively identifying the interrelationships between multiple 
variable factors, thus achieving dimensionality reduction 
of the variables. The results of this analysis were used to 
define and distinguish different housing markets (Chhetri 
et al., 2009; Wu et al., 2014; Tomal, 2021). The use of PCA 
and cluster analysis was found as superior for studying 
social differentiation and spatial mixing in Chinese cit-
ies (Wu et al., 2017). Based on multiple variables such as 
population, education, occupation, and housing, this type 
of analytical approach enables the identification, classifica-
tion, and analysis of the spatial separation between differ-
ent social groups.

Following previous studies, especially Wu et al. (2014, 
2017), we collected household and socioeconomic vari-
ables for the residential submarket. These variables were 
designed for PCA. The household variables were family 
size, age and household registration while the socioeco-
nomic variables were education, income, and occupation. 
After a detailed transportation survey, we also incorpo-
rated individual travel variables such as travel times to 
schools, shopping centers, and recreational facilities. Clus-
ter analysis can accomplish a further analysis of the spatial 
differentiation of social residences after the identification 
of the resident characteristic factors.

The peculiarities of urban zoning in China have led to 
more possibilities for studying spatial differentiation and 
residential segregation. Compared to the former, the lat-
ter emphasizes the concepts of unevenness, exposure, and 
concentration (Liu et al., 2018; Massey, 2012). The intra-
city area is divided into multiple administrative districts, 
so it is feasible to further study the distribution of com-
munity diversity in each district after the cluster analysis.

Average Median SD Min. Max.

Proportion of monthly household income between 
10k–20k

38.56% 38.89% 14.63% 0.00% 81.82%

Proportion of monthly household income between 
20k–30k

6.55% 4.23% 7.73% 0.00% 52.00%

Proportion of monthly household income between 
30k–40k

1.03% 0.00% 2.74% 0.00% 24.00%

Proportion of monthly household income above 40k 0.16% 0.00% 0.85% 0.00% 12.00%
Average travel time to work 32.22 31.00 9.67 12.00 79.00
Average travel time to school 24.99 21.67 16.11 3.00 230.00
Average travel time to shopping 21.94 20.13 9.97 5.00 105.00
Average travel time to entertainment 32.88 30.00 17.59 5.00 162.00
Average travel time to home 30.49 29.58 8.65 12.00 70.00
Average travel time for other purposes 31.8 28.17 17.55 3.00 150.00
House price of community (¥/m2) 17562.40 16750.00 7089.30 3017.74 45030.00

Note: 1 EUR is equal to 7.3718 CNY (Chinese Yuan Renminbi).

End of Table 1 
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components of the society. The characteristics and spatial 
distribution of each principal component are summarized 
in Table 2. The spatial distribution of the factor scores for 
each principal component is shown in Appendix Figure A1.

Many studies have used cluster analysis (Tu et al., 2022). 
Yang et al. (2019) stated that K-means clustering was a type 
of unsupervised learning that generally used Euclidean 
distances as a measure of similarity between data objects. 
There are the advantages of simplicity, satisfactory results, 
and easy implementation with this type of method. How-
ever, the number of clusters K in the K-Means algorithm 
needs to be determined in advance. If the chosen K-value 
is too small or too large in the empirical analysis, then the 
results will deviate from reality. In this study, K-means 
clustering was used for the cluster analysis. To establish 
the relationships among the community house prices more 
intuitively, the house price factor was added as the eighth 
principal component1. The Euclidean distances were used 

1	 Referring to Sarstedt and Mooi (2019), Dolnicar and Grün 
(2008) and Shoemaker (1994), since factor-cluster analysis 
may discard some variables with low loadings in the extracted 
factors, which may have important information for identifying 
niche categories, we added additional house prices to the clus-
tering analysis. The high F-ratio not presented here also shows 
that it can differentiate clusters well.

as the measure of similarity and 6–9 classes were tested. 
After the outliers were processed, the best choice for the 
K-value was 8 to obtain an even distribution of the num-
ber of communities in each cluster and to conduct a social 
cluster analysis more conveniently at a later stage.

The calculation of a more intuitive discriminant coef-
ficient helped to discern the main characteristics of each 
cluster. Referring to Shoemaker (1994), Wu et al. (2014) 
and Wu (2016), we calculated the correlation coefficients 
(γij) between the principal components of the clusters. 
Also, we used the squared mean of the correlation coef-
ficients ( 2

LR ) to determine the dominant characteristics of 
each cluster. The functional form is:

2

2
ij

i j
LR k

≠
γ

=
∑

,	 (2)

where γij represents the correlation coefficient calculated 
from the sequence of factor scores between principal com-
ponents i to j. These scores are given by each community 
in the clusters. k represents the number of correlation co-
efficients obtained for any principal component. The clus-
tering components and score discriminant data are shown 
in Table 3. The largest value in each row means that in that 
cluster, the summed correlation between that factor and 
the other factors is the strongest. The two factors with the 

Table 2. Characteristics of principal components and the spatial distribution

Variance 
contribution Component name Component characteristics Main spatial distribution

Principal 
Component I
12.51%

Upper middle-
income factor

Proportion of monthly income above 15k (0.86), 
Proportion of monthly household income between 
30k–40k (0.833), Proportion of monthly household 
income between 20k–30k (0.583), Proportion of 
monthly income between 10k–15k (0.787)

Employment center (Huanglong, 
near Yuhang Science and 
Technology Park); Wulin CBD; 
Qianjiang New CBD

Principal 
Component II
10.71%

Long-distance 
travel factor

Average time to travel home (0.838), to entertainment 
areas (0.684), to work (0.671), and other activities 
(0.666)

More remote areas on the 
outskirts of cities

Principal 
Component III
9.34%

Non-local resident 
young business 
service workers 
factor

Proportion of commercial and service workers (0.675), 
Population ratio 20–29 years old (0.647), Proportion 
of other employees (–0.835), Proportion of household 
registration ratio (–0.304), Proportion of household 
registration in local (–0.28)

The concentration areas are not 
very clearly distributed in all 
areas of the city

Principal 
Component IV
8.99%

Low- and middle-
income population 
with higher 
education factor

Proportion of monthly household income between 
10k–20k (0.803), Proportion of monthly income 
between 5k–10k (0.798), Population with university or 
higher education (0.584)

Clustering in higher education 
resource areas within Hangzhou

Principal 
Component V
8.23%

Middle-aged 
and elderly local 
residents factor

Proportion of household registration ratio (0.856), 
Registration in local (0.84), Population ratio 6–19 years 
old (–0.116), Population ratio 20–29 years old (–0.302)

There is a relatively even 
distribution in the inner city of 
Hangzhou

Principal 
Component VI
7.69%

Family with school-
age children factor

Population ratio 6–19 years old (0.719), Population 
ratio 30–59 years old (0.729), Number of cars per 
household (0.529)

Mainly located in the inner 
city and suburban areas around 
university towns and famous 
secondary schools

Principal 
Component VII
6.96%

Primary and 
secondary industry 
employees factor

Proportion of personnel in agriculture, forestry, animal 
husbandry, and fishery (0.689), Proportion of operators 
of production and transportation equipment (0.675), 
Population ratio 20–29 years old (0.327)

Urban–rural fringes, including 
agricultural areas and fisheries, 
industrial, science, and 
technology parks, and other areas

Note: CBD means “central business district”. According to the industry classification standard of the National Bureau of Statistics of China, 
agriculture, forestry, animal husbandry, and fishery belong to the primary industry, and production and transportation equipment belong to 
the secondary industry.
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these communities are the middle-aged and elderly local 
residents (Component V), and the primary and second-
ary industry employees (Component VII). They live in the 
outer suburbs of the city and the urban-rural fringe areas, 
where there are more primary industries and industrial 
parks, in which “old Hangzhou people” may be working 
in related industries.

Cluster 5: The volume of such communities is 22.2%. 
The main resident characteristics of this cluster are low- 
and middle-income residents with higher education 
(Component IV), primary and secondary industry em-
ployees (Component VII), and house price. The range of 
settlements is concentrated in the central business district 
(CBD). The median housing price in the communities is 
around ¥23k–24k per square meter, which is the highest 
level in the city.

Cluster 6: The volume of such communities accounts 
for 24.1%, which is the largest community share volume. 
The main explanatory factors are the middle-aged and el-
derly local residents (Component V) and the non-local 
resident young business service workers (Component III). 
These people live in communities where the housing pric-
es are at relatively low levels. As can be seen in Figure 1, 
they live in areas far from the inner city. In addition to 
some local residents who are native to these townships, 
non-local workers also choose to live in these areas for the 
lower housing prices and rents.

Cluster 7: The volume of this community is 7.5%. The 
main characteristics of this group are primary and sec-
ondary industry employees (Component VII), non-local 
resident young business service workers (Component III), 
long-distance commuting workers (Component II), and 
families with school-age children (Component VI). These 
people live far away from the inner city in areas where 
the housing prices are at low levels. The income level of 
this cluster is not high and the commuting distances are 
usually long.

Cluster 8: The main characteristics of this small group 
are low- and middle-income residents with higher edu-
cation (Components IV), and upper middle-income class 

largest coefficients of determination were used to charac-
terize each cluster. The spatial distribution of residences in 
each cluster is shown in Figure 1.

Cluster 1: The volume of communities in this cluster 
accounts for 14%. The characteristics of the population 
are the families with school-age children (Component VI), 
and the primary and secondary industry employees 
(Component VII). According to the geographical analysis 
in Figure 1, the primary and secondary industry employ-
ees mainly live in the suburbs. Others are mostly located 
in Xihu District, which is rich in educational resources. In 
Xihu District, 144 public and private primary and second-
ary schools, as well as kindergartens, are equipped with 
high-standard facilities and equipment. Of the primary 
and secondary schools, 97.6% are covered by provincial 
compulsory education standards. Famous universities are 
also located in this district. The median level of communi-
ty housing prices in the communities located in the Xihu 
District is rather high at about ¥23k per square meter (see 
the last column of Table 4).

Cluster 2: The volume of such communities is 4.5%. 
The main characteristics of this clustered population are 
families with school-age children (Component VI), low- 
and middle-income population with higher education 
(Component IV), and the non-local residents young busi-
ness service workers (Component III). Most people among 
this group live far away from the inner city in suburban ar-
eas that are yet to be developed. The median house price of 
the residential community is the lowest of all the clusters.

Cluster 3: Clustering of families with school-age chil-
dren. The main feature exhibited by such a clustered pop-
ulation is the number of communities having families with 
school-age children (Component VI) accounts for 9.4%. 
Residents are distributed in Xihu and Gongshu Districts, 
which are quality middle-school districts and have univer-
sities. They live in the peripheral areas of these two dis-
tricts around the inner-city area and the price of housing 
is at a medium level.

Cluster 4: These communities account for 13.5% of 
the total number of people. The main characteristics of 

Table 3. Clustering components and score discriminations ( 2
LR )

Clusters Number of
communities

Clustering variables

PC I PC II PC III PC IV PC V PC VI PC VII House 
price

CL 1 74 0.006 0.011 0.010 0.026 0.015 0.044 0.050 0.040

CL 2 24 0.068 0.037 0.105 0.106 0.067 0.126 0.042 0.048

CL 3 50 0.045 0.045 0.054 0.019 0.029 0.097 0.059 0.039
CL 4 72 0.021 0.039 0.025 0.026 0.056 0.016 0.046 0.035
CL 5 118 0.021 0.027 0.010 0.040 0.028 0.011 0.038 0.037
CL 6 128 0.035 0.006 0.055 0.021 0.064 0.004 0.040 0.012
CL 7 40 0.006 0.041 0.043 0.037 0.022 0.040 0.045 0.020
CL 8 21 0.098 0.038 0.076 0.114 0.085 0.063 0.065 0.096
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(Components I). The discriminant coefficient of 0.096 for 
the house price factor showed its characteristic correla-
tion in this cluster. This type of population is distributed 
in a small area and the house prices are high. According 
to Figure 1, this group of people mainly live in high-end 
communities, close to the new CBD, the traditional CBD, 
and the upcoming third CBD located in the western part 
of the city.

As mentioned earlier in this Section, the sociodemo-
graphic characteristics of some clusters are highly consist-
ent with the average house price level in their neighbor-
hood. In order to further assess the correlation between 
residential spatial differentiation and housing prices, we 
clustered the house prices of communities into five cat-
egories from low to high, and conducted spatial coupling 
analysis with social areas. The results in Table  4 clearly 
show the consistency of these two elements. In the three 

social areas with high average house prices, the majority 
of communities have a moderate house price, and only a 
limited number of communities are in the mid-high and 
high price range. A similar situation was observed in the 
social areas with low home prices, where the majority of 
communities are in the mid-low range. This suggests that 
there is no significant polarization of house price levels 
across social areas.

The community clustering was able to identify most 
of the social characteristics obtained from the sub-district 
clustering in Zhang et al. (2022). Some small differences 
may be present because sub-district-level clustering does 
not allow for a detailed composition of smaller social 
units, so it would be unable to identify minority fac-
tors. The results obtained from the community-level data 
would also allow for more diverse and superior findings 
from the social context analysis.

Figure 1. Colored map based on administrative division sub-clustering (The base map is from Baidu Maps)

Table 4. Cross-tabulation of house price clustering and social area clustering

Clusters Communities
Housing price Median house 

price (¥/m2)Low Middle-low Middle Upper middle High

CL 1 74 0 15 43 13 3 22500
CL 2 24 15 9 0 0 0 10500
CL 3 50 6 35 9 0 0 16964
CL 4 72 12 38 21 1 0 16133
CL 5 118 2 29 63 22 2 23388
CL 6 128 46 74 7 0 0 13500
CL 7 40 18 21 1 0 0 12000
CL 8 21 3 6 10 2 0 21453
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4. Diversity and residential segregation in 
districts

The functional division of the districts in Hangzhou is 
quite evident, and the trend of dual-center development 
is significant (Yue et al., 2010). The Shangcheng District 
is the emerging central business district; the Xihu District 
is famous for its quality educational resources, while the 
Gongshu District is the most polarized in terms of resi-
dential differentiation. Two city centers are attractive to 
residents, while the suburbs include areas of integration 
with urban villages, and industrial and technology parks.

The diversity index was calculated using Equation (1). 
The higher the diversity in the performance of a district, 
the higher the value of the index of diversity (Wu et al., 
2014; Mengdi et al., 2018; Křížková & Šimon, 2022). The 
results in Table 5 show that the area with the lowest level 
of diversity is Shangcheng District, where the new CBD is 
located, and the house prices are the highest in the city. 
The second-tier districts with low diversity are Xihu and 
Xiacheng Districts, which have higher numbers of quality 
schools and prosperous business areas, respectively. These 

districts attract families whose children are students, as 
well as some people with high standards of living. Al-
though the overall accessibility to the CBD from Xiacheng 
District and Gongshu District is good, the uneven devel-
opment between the north and south, as well as the ac-
cessibility to the CBD, have led to a more pronounced 
residential diversity in both districts. A similar situation 
arises in Jianggan District, where community diversity is 
weaker along the border with Shangcheng District. The 
other areas are in the suburbs of Hangzhou, which have 
mixtures of local residents and migrant workers. The re-
gional diversity index is generally high in these places and 
shows a radial trend of greater diversity in areas further 
away from the CBD. The uneven distribution of social re-
sources over time may exacerbate residential segregation 
and class solidification in different parts of the city.

Based on the results of the cluster analysis, the pro-
portion of communities in various clusters within each 
district could be calculated. Finally, the cumulative per-
centage of districts that exceed a certain threshold can be 
obtained. The threshold was set as {5%, 10%, 20%, ... 90%, 
100%}; the results are shown in Table 6 and Figure 2.

Table 5. Diversity index of administrative divisions

Zonal diversity index

District CL 1 CL 2 CL 3 CL 4 CL 5 CL 6 CL 7 CL 8 H H/Hmax

Shangcheng 0 0 2 4 29 0 0 2 0.747 0.071
Xiacheng 16 0 5 10 27 13 2 3 1.667 0.159
Xihu 29 0 7 12 13 3 1 4 1.578 0.151
Gongshu 8 2 12 16 12 16 4 2 8.937 0.854
Jinaggan 20 1 7 17 23 23 11 3 6.448 0.616
Binjiang 2 4 12 1 1 15 1 3 10.471 1
Xiaoshan 10 1 5 5 3 11 7 0 5.424 0.518

Table 6. Cumulative percentage of districts for clusters

Cumulative percentage

CL 1 CL 2 CL 3 CL 4 CL 5 CL 6 CL 7 CL 8

5% 85.71% 14.29% 100.00% 85.71% 85.71% 71.43% 42.86% 42.86%
10% 71.43% 14.29% 57.14% 85.71% 71.43% 71.43% 28.57% 0.00%
20% 42.86% 0.00% 14.29% 14.29% 42.86% 57.14% 0.00% 0.00%
30% 14.29% 0.00% 14.29% 0.00% 28.57% 14.29% 0.00% 0.00%
40% 14.29% 0.00% 0.00% 0.00% 14.29% 0.00% 0.00% 0.00%
50% 0.00% 0.00% 0.00% 0.00% 14.29% 0.00% 0.00% 0.00%
60% 0.00% 0.00% 0.00% 0.00% 14.29% 0.00% 0.00% 0.00%
70% 0.00% 0.00% 0.00% 0.00% 14.29% 0.00% 0.00% 0.00%
80% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
90% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

100% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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5. Discussion

The diversity indexes for the districts have shown certain 
degrees of social class solidification in the city. Some dis-
tricts have uneven development, resulting in significant 
differences in the populations clustered in different parts 
of these areas. Affected by housing prices and amenities, 
residential segregation has been characterized by the high-
est concentration of residential groups in city centers. The 
closer the area to the periphery, the more diverse the resi-
dents’ distribution. For example, residential segregation is 
more pronounced in places close to the CBDs and high-
quality education districts. Because of the concentration of 
the primary and secondary industries, residential diversity 
is more pronounced in suburban areas.

Better educational and social resources attract people 
to live in nearby communities, but the uneven distribution 
of resources in a city would lead to serious social polari-
zation. If residential segregation continues, then it would 
lead to deep-rooted class divisions among the residents 
and create a detriment to further social development. 
Some past policies, such as the school district allocation 
policy of “Nearby enrollment” and “Zero school choice”, 
have not produced actual equity but may have even ex-
acerbated income divisions and inequality in educational 
opportunities (Wen et al., 2017). Peng et al. (2021) stated 
that policies should discourage the gentrification of low-
priced houses by ensuring the rights of low-income groups 
to have their children attend high-quality primary schools. 
So, cities must have more reasonable resource allocation 
policies, such as improving the quality of life and the resi-
dential facilities. Moreover, more reasonable allocations of 
educational resources and the construction of commercial 
complexes would alleviate the pressure on the selection of 
residential locations.

The housing price distribution has a strong spatial 
correlation with the pattern of residential differentiation, 
reflecting the interaction between housing location choice 
and house prices. People seeking higher standards of living 
and families with school-age children should have more 
options for home ownership and no longer be limited to 
the CBDs or the vicinities of prestigious schools. Such 
measures would not only promote the healthy develop-
ment of intra-city housing prices and the diversification of 
industries in various areas but also more reasonable hous-
ing prices to reduce residential differentiation and conse-
quent social conflicts. The change in Hangzhou’s urban 
development strategy in the last two years has shown that 
the city’s administration has been making the necessary 
effort. In 2021, a major adjustment to the administrative 
divisions merged the Shangcheng and Jianggan Districts, 
as well as the Xiacheng and Gongshu Districts. This zon-
ing adjustment has merged administrative districts with 
strong and weak residential segregation, thus leveling 
community distribution and rationalizing the distribution 
of social resources.

The residential dissimilarity of various groups was 
found to basically follow a bifurcated trend. Cluster  1, 
Cluster 3, Cluster 4, Cluster 5, and Cluster 6 have a rela-
tively high dissimilarity, while Cluster  2, Cluster  7, and 
Cluster 8 are at a low level. Cluster 5 is the most promi-
nent group. The proportion of districts with more than 
30% of this Cluster is 28.7%, and the percentage of com-
munities covered by this group in Shangcheng district is 
more than 70%. The percentage of districts exceeding the 
5% threshold is 85.7%, indicating that Cluster 5 is widely 
distributed throughout the city. Cluster 1 has a very simi-
lar distribution trend to Cluster 5, as the watershed be-
tween them is the threshold of 20%. Cluster 6 (Non-local 
young business service workers, as well as middle-aged 
and elderly local population) performs most prominently 
at the 20% level. Its gentle curve shows that it has a rela-
tively high proportion in the majority of districts. Some 
similarity was also observed between the distribution of 
Cluster 3 (Families with school-age children) and Clus-
ter 4 (Local residents engaged in primary and secondary 
industries), whose curves plummet after exceeding the 5% 
and 10% thresholds, respectively.

The remaining three clusters, i.e., Clusters  2, 7, and 
8 are less distributed across districts. Their curves show 
a plummeting trend, with the watershed at the 5% and 
10% threshold indicating that these are minority groups 
in the city. Neither the low-income group (Cluster 2) nor 
the high-income affluent group (Cluster 8) has developed 
a prominent concentration.

Overall, the results of this analysis are consistent with 
the distribution in Figure 1, and the distribution of each 
Cluster in the various districts is generally consistent with 
the pattern of public facility supply. Hangzhou has had a 
significant improvement in its living standards, business 
atmosphere, educational resources, and entrepreneurial 
opportunities in recent years. The overall residential distri-
bution of different social groups was found to be harmo-
nious. No residential imbalance was found at the income 
level, while a relatively high spatial differentiation was 
found among the highly educated, families with school-
age children, and workers in primary and secondary in-
dustries. Residential heterogeneity is mainly influenced 
by the distribution of industries and educational facilities.

Figure 2. Dissimilarity of the clusters in districts
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Conclusion

Using socio-demographic variables and variables related to 
housing conditions, this study used PCA and cluster analy-
sis to classify residential communities in Hangzhou into 
eight categories. There is a clear spatial differentiation of 
living space among different social groups. The cluster con-
taining the largest number of communities, dominated by 
local middle-aged, elderly, and young commercial service 
workers, resides mainly in the northeastern and southeast-
ern peripheral areas of the city, where the level of housing 
prices is low. Highly educated people and those employed 
in primary and secondary industries live in new areas of the 
city that have expanded in the last two decades, between 
the traditional downtown and the new CBD. The upper 
middle-income class occupies both CBD areas, along with 
the local middle-aged and elderly residents. Families with 
school-age children are mainly clustered in the older urban 
areas, where various facilities are convenient, and in the 
new, western part of the city, where educational resources 
are higher. The residence pattern showed that the trend of 
“double-center” development was obvious. Business areas 
and quality school districts still play significant roles in in-
fluencing the housing preferences of residents. The com-
bination of urban and rural areas on the outskirts of the 
city has resulted in concentrations of primary industries, 
as well as industrial and technological parks, and presents 
a distinctly mixed housing situation. This phenomenon is 
caused by the different functional zoning of the city, un-
balanced regional development, uneven distribution of re-
sources, and differences in housing prices. Nowadays, with 
the influx of non-local immigrants and the rise of new 
classes in the city, the pattern of spatial differentiation of 
urban living is gradually becoming more complex.

This study argued that future urban development and 
housing market-related policies need to focus more on the 
following aspects. First, future policies should strengthen 
public facility investments in the outskirts of the city, as 
well as enhance its educational, employment, and com-
mercial resources, thus improving the city’s residential 
heterogeneity. Second, the housing policy should focus on 
alleviating the imbalance of development inside a city and 
provide residents with more diversified housing purchase 
choices. Third, future development policies should focus 
more on providing quality housing for all districts of the 
city. Finally, zoning adjustment, such as the merging of 
administrative districts with strong and weak residential 
segregation, is also a viable optimization solution.
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Appendix

Table A1. Component matrix after maximum variance rotation

Component

1 2 3 4 5 6 7

Average price of community 0.105 0.128 –0.117 0.167 0.173 –0.463 –0.419
Housing space per capita 0.238 –0.19 0.197 –0.027 0.404 0.096 0.364
Number of cars per household 0.276 –0.21 0.191 0.294 0.174 0.569 0.339
Population ratio 6–19 years old 0.059 –0.082 –0.26 0.1 –0.116 0.719 –0.056
Population ratio 20–29 years old –0.033 –0.1 0.647 0.074 –0.302 –0.288 0.327
Population ratio 30–59 years old 0.08 –0.059 0.396 0.022 0.151 0.729 0.01
Proportion of population with 
university or higher education

0.372 0.209 0.378 0.584 0.092 –0.067 –0.177

Proportion of respondents with 
monthly income between 5k–10k

0.327 0.091 0.167 0.798 –0.1 –0.112 –0.135

Proportion of respondents with 
monthly income between 10k–15k

0.787 0.011 0.051 0.242 –0.067 0.004 –0.084

Proportion of respondents with 
monthly income above 15k

0.86 0.033 –0.032 –0.027 –0.059 0.067 –0.026

Proportion of monthly household 
income between 10k–20k

–0.101 –0.03 –0.004 0.803 0.006 0.21 0.069

Proportion of monthly household 
income between 20k–30k

0.583 –0.005 –0.157 0.51 –0.084 0.062 –0.047

Proportion of monthly household 
income between 30k–40k

0.833 0.046 –0.084 –0.014 –0.099 0.022 0.009

The proportion of household 
registration in local

–0.218 –0.086 –0.28 –0.049 0.84 –0.029 –0.058

The proportion of household 
registration ratio

–0.148 –0.013 –0.304 –0.005 0.856 –0.026 –0.093

Proportion of population work as head 
of state institutions and enterprises

0.425 0.155 0.186 0.298 0.287 0.203 –0.096

Proportion of commercial and service 
workers

–0.176 –0.033 0.675 –0.028 –0.324 0.061 –0.046

Proportion of personnel in agricultural, 
forestry, animal husbandry and fishery

–0.049 0.072 –0.029 0.063 0.043 –0.012 0.689

Proportion of operators of production 
and transportation equipment

–0.09 –0.063 0.126 –0.148 –0.119 0.055 0.675

Proportion of other employees –0.054 0.004 –0.835 –0.2 0.091 –0.219 –0.123
Average travel time to entertainment –0.026 0.684 0 0.047 –0.109 0.108 –0.061
Average travel time for daily living –0.05 0.666 –0.041 0.016 –0.001 –0.053 0.124
Average travel time to work 0.055 0.671 –0.12 0.059 0.013 –0.192 –0.319
Average travel time to shopping 0.147 0.631 0.08 –0.053 0.004 –0.051 0.158
Average travel time to home 0.052 0.838 –0.024 0.08 –0.007 –0.146 –0.169

Note: Spatial features of principal components; deeper colors indicate higher scores given by the community. The factor scores for each com-
munity indicates the performance of a weighted linear combination of the items in that principal component.
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Figure A1. Colored map of factor scores


