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job opportunities are highly concentrated while residential areas are
sprawling. Second, structural factors such as high housing prices and
sprawling development significantly contribute to the jobs-housing
imbalance. Third, regional planning policies such as development zones
contribute to jobs-housing imbalance due to the specialized industrial
structure and limited availability of housing. However, geographically
weighted regression reveals the development zones in the traditional
Pudong district are exceptional insofar as government policy has created
spatial heterogeneity there. In addition, the multilevel model used in
this study suggests regions with jobs-housing imbalance usually have
well-connected streets, and this represents the local government’s efforts

to reduce excessive commuting times created by jobs-housing imbalance.
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1 Introduction

Jobs-housing balance is an urban planning tradition of matching the workplaces and residences. A
jobs-housing balanced community is a self-contained one where people can both work and live (Gi-
uliano, 1991). Thus, jobs-housing balance can refer to the distribution of employment relative to the
distribution of workers within a given geographic area. Technically, urban scholars are using the spatial
mismatch between employment and population to capture jobs-housing imbalance since the popula-
tion census can roughly represent the distribution of residence. (e.g., Fan, Allen, & Sun, 2014; Wang,
Song, & Xu, 2011).
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Now jobs-housing imbalance has become a critical urban issue all over the world, particularly in
large metropolises, causing increased distances and durations of commuting, rising income inequal-
ity, traffic congestion, air pollution, and decreasing upward mobility (Cervero & Day, 2008; Ewing,
Hamidi, Grace, & Wei, 2016; Gobillon, Selod, & Zenou, 2007; Pan, Sheng, & Zhang, 2009; Yang &
Ferreira, 2005). However, the patterns, determinants, and victims of jobs-housing imbalance vary across
urban contexts. In the United States, exclusionary zoning and high housing costs lead to undersupply
of housing which contributes to jobs-housing imbalance (Cervero, 1989). In China, people living in
peripheral areas suffer more from the jobs-housing imbalance because of highly centralized job oppor-
tunities (Wang & Chai, 2009; Wang, Song, & Xu, 2011). Thus, although the jobs-housing imbalance
undermines urban sustainability and social resilience in both Chinese and US cities, its detailed dynam-
ics and impacts need further study.

Thanks to massive public resources and employment opportunities, Shanghai has attracted mil-
lions of low-income migrants, regarded as the “floating population” (Li et al., 2019a; Olds & Yeung,
2004; Yue, Fan, Wei, & Qi, 2014). Given that people with similar socioeconomic status are likely to live
in the same zone (Li, 2010), these low-income migrants are generally concentrated in the fringe areas of
Shanghai (Li et al., 2019b; You, Yang & Fu, 2018). At the same time, public services are still concen-
trated in central districts, making them scarce goods for suburban residents. Aside from demographic
suburbanization, fueled by the establishment of development zones, Shanghai has also experienced dra-
matic urban land expansion and spatial restructuring (Li, Lin, Li, & Wu, 2014), leading to a sophisti-
cated urban structure with highly concentrated job centers (Cartier, 2001; Feng, Zuo, & Ruan, 2002).

Rapid urban expansion and residential segregation have contributed to the jobs-housing imbalance
in Shanghai, while the average commuting distance increased from 4.3 kilometers in 1986 to 6.8 kilo-
meters in 2004 (SCCTPI, 2005). Recently, Sun, Ermagun, and Dan (2017) conducted a travel survey
in Shanghai, and the results show that the commuting distance has reached 8.8 kilometers, and the
average commuting time is about 40 minutes. This is the outcome of relocation towards suburban areas,
which leads to poor job accessibility and long commuting times (Cervero & Day, 2008). On the other
hand, the housing prices are exceptionally high in Shanghai, which also causes a longer commuting
time for the poor and middle classes. Moreover, the decentralization of job opportunities has failed in
Shanghai. As the urban land keeps increasing, the spatial mismatch between employment and residence
increases and the commuting distance/time would increase as well. Thus, the jobs-housing imbalance
has become an important obstacle to build a sustainable Shanghai, and understanding its dynamics is
the key to mitigating the problem in urban planning.

Jobs-housing imbalance in the United States is largely associated with social inequality indicators.
(Gobillon et al., 2007; Ihlanfeldt, & Sjoquist, 1998; Kain, 1992). Scholars have found that African
Americans and Latinos, who are concentrated in the urban centers, have poorer access to quality jobs
compared to whites. However, Shanghai is homogeneous ethnically (Han Chinese), and racial and
ethnic differences apparently fail to explain the city’s jobs-housing imbalance. The floating population,
which includes both peasants and well-educated workers, mainly constitutes the socially disadvantaged
population in urban China, and it is also is the most affected group by jobs-housing imbalance (Liang
& Ma, 2004). Moreover, in China, the monocentric urban structure plays a vital role in creating the
jobs-housing imbalance problem (Liu, Fang, & Li, 2014). This urban structure associated with the
administrative hierarchy of the centralized Chinese state, especially the state-led development zones, is
an essential determinant of the uneven spatial distribution of population and jobs (Han, Yang, Wang,
Song, & Zhang, 2015; Li, 2010). The unique urban demography and monocentric urban structure
further escalate China’s jobs-housing imbalance.

This study explores the causes of jobs-housing imbalance with Chinese characteristics and seeks to
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answer the following questions. What are the spatial patterns of jobs-housing imbalance in Shanghai?
How is the jobs-housing imbalance associated with the urban structure and regional planning policies?
Does such a relationship vary across space? To answer these questions, first, we calculate a spatial mis-
match index based on datasets of population and job opportunities to quantify the jobs-housing imbal-
ance for each subdistrict in Shanghai. Second, we compare the spatial associations between distributions
of population, job opportunities, and urban amenities using a jobs-housing imbalance index. Last, we
explore the underlying determinants and their spatial heterogeneity with multilevel modeling and geo-
graphically weighted regression.

2 Literature review

A balanced jobs-housing relationship would be found where people live, work, shop, and recreate in
a self-contained, self-reliant community (Cervero, 1989). Giuliano and Small (1993) argue that jobs-
housing balance could be defined as the distribution of employment relative to the distribution of
workers within a given geographic area. With the development of urban areas, a trend of increasing
commuting duration and jobs-housing imbalance can be observed. Due to economic agglomeration
effects and the relocation of residences and job centers, the jobs-housing imbalance is becoming severe.
Agglomeration economies concentrate job opportunities in the attempt to maximize the economic ben-
efits; as a result, commuting increases (Qin & Wang, 2017). Suburbanization leads to the relocation of
job opportunities and residences; people who require inexpensive housing are often disconnected from

their workplaces (Gobillon et al., 2007; Kain, 1992).
2.1 Jobs-housing imbalance and determinants

Studies of the determinants of jobs-housing imbalance can be divided into two groups (Horner & Mur-
ray, 2003). One group focuses on the demographic and socioeconomic characteristics of workers, such
as income, age, sex, race, educational attainment, and the self-selection (Cervero, 1989; Kim, Sang,
Chun, & Lee, 2012). Since people today are highly mobile thanks to the rapid development of trans-
portation, the dynamic jobs-housing balance with proper commuting distance also could be accepted
according to personal characteristics (Peng, 1997). Another perspective of jobs-housing imbalance is the
spatial dimension since the spatial separation between the labor market and the housing market based
on urban fabric necessitates commuting behavior (Suzuki & Lee, 2012; Zhou, Chun, Xiaojian, Wei, &
Peng, 2014).

From the perspective of neoclassical economics, the jobs-housing imbalance is a co-location prob-
lem between residences and job centers (Anas, Arnott, & Small, 1998). Thus, people’s socioeconomic
status and housing affordability play an essential role in a free housing market. The early research on
spatial mismatch suggests that disadvantages in socioeconomic status and poor housing affordability
limit the accessibility of job opportunities (Kain, 1992). Cervero (1989) found that a disparity between
people’s household income and housing prices is a driving force of jobs-housing imbalance. Thus, hous-
ing affordability can reflect people’s socioeconomic status, and this has already become a key concern in
explaining jobs-housing imbalance and commuting behavior (Suzuki & Lee, 2012).

Urban geographers are interested in explaining jobs-housing imbalance based on changes in the
urban structure such as decentralization of urban population and the relocation of job opportunities
(Glaeser, Kahn, & Rappapo, 2008; Stoll, 2005). The effects of urban structure on jobs-housing imbal-
ance vary between monocentric cities and polycentric cities. In some monocentric cities, suburbaniza-
tion of population and workplaces is found to reduce the commuting distance and time because people
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would change their residences or workplaces, or both, to adapt to worsening congestion and to maintain
an acceptable commute distance and time (Giuliano & Small, 1993; Gordon & Richardson, 1989;
Gordon & Richardson, 1997; Saadi, Boussauw, Teller, & Cools, 2016). However, in Bangkok, Thai-
land, the jobs-housing imbalance is created by workplaces suburbanizing while the population remains
centralized for public amenities such as schools in the urban center (Lobyaem, 2006).

On the other hand, the theoretical model of polycentric cities implies a jobs-housing balance be-
cause people would choose residences close to the job subcenters (Gordon & Richardson, 1989). The
results of Loo and Chow’s study (2011) support this hypothesis by comparing the impacts of different
urban structures on jobs-housing balance. However, a study of polycentric metropolitan areas in France
shows that people live in the sub-centers and work outside their residence (Aguilera, 2005). In this
scenario, the polycentric urban structure contributes to jobs-housing imbalance and increases commut-
ing time. Thus, there is not a consensus about the linkage between urban structure and jobs-housing
imbalance. A case-by-case analysis considering local urban context including geographic, economic, and
institutional factors, is needed (Ma & Banister, 2007).

Furthermore, compared to western cities, government policies in Asian countries play an important
role in shaping the urban structure and creating a jobs-housing imbalance. For example, the greenbelt
policy in South Korea was reinforced by a strong government strategy to build very large new towns
beyond the greenbelt, which results into a significant jobs-housing imbalance because people decentral-
ized much faster than jobs (Bae & Jun, 2003). Chinese global cities such as Beijing and Shanghai are still
highly concentrated, however the national strategies such as developing new towns and development
zones in suburban areas affect the spatial distribution of the job opportunities (Fan et al., 2014; Wang et
al., 2011; Xu, Chan, & Yung, 2013).

2.2 Jobs-housing imbalance and the Chinese context

In China, urban land expansion keeps pace with the urbanization of the population, and both popula-
tion and job opportunities are decentralizing more rapidly than in western countries (He, Huang, &
Wang, 2014). Therefore, the jobs-housing imbalance is growing much faster than in western countries
(Wang et al., 2011; Zhou et al., 2014). Current literature identifies the impacts of jobs-housing imbal-
ance on people’s daily lives and has uncovered several vital forces behind jobs-housing imbalance, such
as the social inequality and urban structure (Cervero, 1989; Fan, et al., 2014; Horner & Murray, 2003;
Loo & Chow, 2011; Wang & Chai, 2009).

Social and income inequality in China is primarily influenced by the household registration sys-
tem, which classifies people into the floating population and registered population. Migrants are usually
recorded as the floating population who are typically disadvantaged in socioeconomic status. A signifi-
cant jobs-housing imbalance is detected among blue-collar workers without Aukou in Beijing (Wang et
al., 2011). A study by Xu et al. (2013) explores the mechanism of jobs-housing imbalance in Shanghai
and finds that socially disadvantaged people appear to live far away from employment centers because
of a lack of affordable housing in Shanghai’s core areas. On the other hand, a study in Guangzhou ex-
amines the influence of people’s occupational status, finding that old and poor employees need to spend
more time commuting than others (Zhou, Liu, & Kwan, 2016). Thus, unlike the studies from Western
countries that focus on racial differentiation and low-income population, studies on the jobs-housing
imbalance in China should pay particular attention to poor migrant workers.

Furthermore, poor housing affordability is a primary barrier for poor people to live close to their
workplaces (Kain, 1992). Housing was not a problem in the Maoist period because the employees
lived in houses provided by Danwei (working unit), which are close to their workplaces (Wang & Chai,
2009). Since the market-oriented reform began, the provision of housing has shifted from Danwei to
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the real estate market (Fan, et al., 2014; Wang & Murie, 1996). Due to the fact that land revenue has
become a leading revenue source for urban municipal governments, most Chinese metropolises such as
Shanghai, Beijing, and Hangzhou have witnessed skyrocketing increases in housing prices (Li & Huang,
2006; Sun, Zheng, Geltner, & Wang, 2017). Therefore, people’s housing affordability is decreasing,
especially for the economically-disadvantaged floating population who usually live in the urban periph-
eries (Li, 2010; Li & Wu, 2006). Although some poor migrating workers can live in urban villages (Bai,
Shi, & Liu, 2014), space in urban villages is limited, and it is not a sustainable solution because urban
villages are likely to be replaced, given rapid urban development (Li et al., 2014).

The traditional urban theory suggests that the high house prices in the urban center would be
compensated by reduced commuting costs. However, in China, there is little evidence suggesting that
accessibility to job opportunities is a critical determinant of housing prices. Some recent studies dem-
onstrate that skyrocketing home prices in China are largely contributed by the scarcity and monopoly
of public services, such as public hospitals, school districts, and other amenities (Li et al., 2019a; Wen
& Goodman, 2013; Wen, Xiao, & Zhang, 2017). In the central urban area where job opportunities are
highly concentrated, is also the cluster of public services, which causes that the area’s residential land is a
scarce resource with extremely high prices. Thus, central districts with higher housing prices might also
indicate a higher mismatch between employment and population, and low commuting costs are not
expected to compensate for the extremely high housing prices.

As regards to urban structure, Chinese cities are highly concentrated; Liu and Wang (2016) find
that about ninety percent of Chinese cities have fewer than four urban centers. In particular, the popula-
tion in urban China is highly concentrated in the city cores (Liu, Dijst, & Geertman, 2014; Wang et
al., 2011). Some Chinese cities have started the transformation from a monocentric urban structure to
a polycentric urban structure, and population and job opportunities are decentralizing (He, Zeng, Xie,
Tan, & Wu, 2019). Meanwhile, there is ample evidence in the literature showing that on the whole
commuting time is rising in urban China (Day & Cervero, 2010; Li, 2010; Sun et al., 2017; Wang &
Chai, 2009; Yang et al., 2017).

Uneven job decentralization contributes to the growing jobs-housing imbalance in urban China.
With economic growth and the effort to upgrade industries, manufacturing facilities are moved out
from the central areas, and residents are also removed to indemnification housing in suburban areas
(Lin & Wang, 2009; Wei & Leung, 2005). Also, for environmental protection and because of high land
prices in the central urban area, manufacturing, and concomitant job opportunities, have been decen-
tralized as well (Gao, Liu, & Dunford, 2014). Also, job decentralization in China is driven by restructur-
ing policies such as the development of the new urban towns and development zones (Gao et al., 2014;
Huang & Wei, 2016; Qi, Fan, Sun, & Hu, 2018; Wei & Leung, 2005; Yang et al., 2017; Yuan, Wei,
Chen, & Jin, 2010). For example, development zones lead to highly concentrated employment clusters
that dramatically reshape the urban structure. Due to the typical land-use planning, there is limited
space for residential land within the development zones, which exacerbates the jobs-housing imbalance.
For example, Zhou, Wang, Cao, and Wang (2017) found that the over-supply of industrial land, and
limited residential land and public urban amenities, lead to longer commuting time and increasing use
of automobiles in Suzhou Industrial Park in Suzhou, China.

23 Summary

Some gaps remain in the literature on the spatial restructuring of locational patterns of residences and
workplaces, as well as jobs-housing imbalance in urban China. First, although urban inequality is severe
in China, little attention has been paid to local variations of the mechanism of jobs-housing imbalance
within urban areas, as most of the current studies focus on the whole city (Fan et al., 2014; Han et al.,
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2015; Sun et al., 2017; Wang & Chai, 2009). Second, state planning efforts, such as the establishment
of development zones, significantly contribute to the concentration of manufacturing opportunities in
the suburbs (Gu & Shen, 2003; Li et al., 2014; Wei & Leung, 2005). However, only the Zhou et al.
study (2017) implemented a qualitative study to identify the impact of the land use planning in the de-
velopment zones on the people’s commuting behavior in an industrial park in Suzhou. The state’s efforts
cannot be understood based on a single study of the land use planning in Suzhou Industry Park. Third,
housing affordability has become a critical issue in China’s global cities, such as Beijing and Shanghai,
because it influences the jobs-housing imbalance. However, little attention has been paid to how sky-
rocketing high housing prices contribute to a jobs-housing imbalance. Fourth, Chinas cities typically
exhibit a monocentric urban structure, characterized by highly concentrated job opportunities and a
population that is sprawling due to high housing prices (Li et al., 2019a). Thus, China’s city model is
different from the ones in western countries, and the mechanism of the jobs-housing imbalance may be
unique. Finally, regions with rapidly growing floating populations are attractive to some manufactur-
ers, and this can boost local economic growth. Current studies only focus on the floating population
concerning jobs-housing imbalance while ignoring the stimulus to economic growth provided by an
expanding low-wage labor pool (Fan, et al, 2014; Zhou et al., 2016).

3 Data and methodology

3.1 Study area and data

Most of the research on jobs-housing imbalance or commuting issues in China is conducted in Beijing,
the capital of China. Shanghai, as China’s leading global city, which has been experiencing rapid popula-
tion growth and urban land expansion (Li et al., 2014), is not well studied. In this study, we focus on
the mainland of Shanghai (Figure 1), including 18 districts of Shanghai, excluding Chongming. These
districts are classified into four parts, the traditional city proper area (Huangpu, Luwan, and Jingan),
expanded central city area (Xuhui, Changning, Putuo, Zhabei, Hongkou, and Yangpu), inner-suburban
area (Pudong, Minhang, and Boshan) and outer-suburban area (Wei, Bi, Wang, & Ning, 2016). The
other districts compose the outer-suburban area, including Jinshan, Fengxian, Songjiang, Qingpu, and
Jiading. Each district contains several subdistricts.

The population data was provided by the Sixth Census at the subdistrict level in 2010, while the
employment data comes from the Third Economic Census in 2013. They are the most recently available
population and employment datasets at the subdistrict level (the Fourth Economic Census in 2018 has
not been released), which are highly reliable and popular in identifying jobs-housing imbalance or job
accessibility (Fan et al., 2014; Hu, Fan & Sun, 2017). Compared to other datasets such as surveys (Zhou
etal., 2014), census data from the Chinese government is reliable and accurate to estimate jobs-housing
imbalance. Also, the spatial distributions of population and employment in Shanghai have shown a
stable pattern since 2010. The current population in Shanghai is about 24 million, while the population
in 2010 was already over 23 million (SSB, 2019). Furthermore, the spatial distributions of population
and employment do not change much in recent years compared to the Li et al. study (2019¢) based on
an open dataset in Shanghai. Thus, the research outcomes based on these datasets are still meaningful to
explore the determinants of jobs-housing imbalance in Shanghai.

The economic census data contains the company information, including the address, the number
of employees, and the year established. The sociodemographic data such as the size and status at the
district level are derived from the Shanghai Statistical Yearbook (SSB, 2014). Furthermore, a housing
dataset, including housing prices, is provided by Lianjia.com, which is one of the largest real-estate trans-
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action platforms in China. The housing data collected from Lianjia.com cover the whole of Shanghai,

and a previous study suggests that this dataset can appropriately reflect the spatial differentials of the
housing market in Shanghai (Li et al., 2019a & b).

N

A

I cra
I ecca |
(RN

[ Josa
\:l Neighbors

| Subdistrict
— District
— Boundary
----- Outer Ring]
Inner Ring
1. Xuhui
2. Hongkou
3. Zhaibei
4. Huangpu
5. Luwan
6. Putue
7. Changning
8. Jingan
9. Yangpu

20 Kilometers

.
L]

N ; - gt

Note:

TCPA - traditional city proper area
ECCA - expended city central area
ISA - inner-suburban area

OSA - outer-suburban area

(Wei et al, 2016)

Figure 1. Study area
3.2 Spatial mismatch indexes

In this study, we use the spatial mismatch between employment and population to capture jobs-
housing imbalance at subdistrict level (Fan et al., 2014; Wang et al., 2011). The spatial mismatch index,
which is derived from the dissimilarity index, describes the spatial relationship between employment
and population in a certain region. Using spatial analytical tools, scholars try to improve the spatial
mismatch index by adding a spatial weight matrix. The general form of the new spatial mismatch index
can be expressed as Equation 1. In this formula, C represents a spatial weight matrix to measure travel
cost between residences and job opportunities, which can be specified as a nonlinear equation with a
threshold such as 10-mile travel distance or 60-minutes travel time (Fan et al., 2014). In this research,
the spatial weight matrix C is calculated based on the topological relationship between the subdistricts.

(1)
P i| CP, CE, |
; = —
"2 LT cP XL CE)|
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0;if towniare far fromtown K
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For subdistrict K, we consider the population () and job opportunities (£) of the subdistricts that
are close to subdistrict K, to calculate the spatial mismatch index. We define “close” based on the adja-
cency relation between the subdistricts as following:

For any subdistrict, if the subdistrict that shares boundaries with subdistrict K, it is included in the
group K1. Then, for any other subdistrict, if the subdistrict that shares boundaries with subdistrict K1,
itis included in the group K2. The subdistricts in group K1 and K2 are the ones “close” to the target K.

This method is similar to the actual growth of the urban area. It helps get a better geographical unit
with a low factual dimension, which also corresponds to the natural growth of the urban area (Fother-
ingham, Batty, & Longley, 1989; Shen, 2002). The spatial mismatch index is calculated at the subdis-
trict level in this study, and each subdistrict is assigned with one value of the spatial mismatch index.
Compared to previous studies on jobs-housing imbalance, which calculate a quantitative measure for
the whole city (Stoll, 2005; Stoll & Covington, 2012; Wang et al., 2011), this spatial mismatch index
could reveal the spatial variance of jobs-housing imbalance within the urban area. Also, subdistrict level
data is the minimum analytical unit to examine the overall pattern of jobs-housing imbalance in urban
China.

We do not use travel time/distance to create spatial weight matrix because travel distance and
travel time are both sensitive to travel mode choice and the coverage of transportation facilities. So far
the coverage of the metro system is poor in suburban Shanghai and people still rely on the bus. Also,
sharing bikes is getting popular in urban China, and combined travel modes make it hard to estimate
commuting distance/time. Thus, we build the spatial weight matrix using neighbors. In the suburban
area, the subdistricts are larger than the ones in the central urban area and going through the subdistricts
needs longer commuting distance. However, the travel speed is faster in the suburban area than in the
central urban area because of the heavy traffic in the central urban area. Thus, using a neighbor to define
a spatial weight matrix creates an adaptive spatial region for analysis. In the suburban area, the com-
muting distance is longer, while the commuting time might be shorter. In the central urban area, the
commuting distance is short, but it might take more time because of heavy traffic. For subdistrict K, we
selected group K1 and K2 for analysis because the average commuting time of 40 minutes is expected to
go through two subdistricts. Therefore, when the transportation data for estimating travel distance/time
is not available, using neighbors to define a spatial weight matrix is a good option.

33 Multilevel modeling and geographically weighted regression

In addition to identifying the pattern of jobs-housing imbalance in Shanghai, we also explore its causes.
This study considers four aspects: social factors, urban structure, regional planning, and urban ameni-
ties. Social factors include the sociodemographic status of the local population. The urban structure
includes such factors as population density and housing price. The regional planning factor refers to the
development zones which largely influenced by government policy. Urban amenities consist of public
transportation and street connectivity. The theoretical model can be expressed as follows (Equation 2):

y(s)=F(USRA)+E& (2)

Where y(s) represents the jobs-housing imbalance, F (US,RA) is a functional form with urban
structure (U), social factors (S), regional planning (R), and urban amenities (4). € is the residual term.

Three types of regression are adopted in this study: ordinary least squares, multilevel models, and
geographically weighted regression. The estimation of ordinary least regression can be obtained from
Equation 3.
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Y=C+F(USRA) f+E E~N (0,021) 3)

Where Y is the dependent variable, C is the constant, F() contains the independent variables, and 8
is the estimations for the independent variables. € is the error term.

The urban land of Shanghai has expanded a lot in recent years and the huge development gap
exists between the central urban area and the urban periphery. Also, there are 17 districts in Shanghai,
and each district is unique in its urban structure, which is comprehensively influenced by history and
government policy. For example, the Pudong district is unique in that it is a sub-province district, and
this district attracts a large population and substantial foreign direct investment (FDI). This uniqueness
contributes to urban inequality within Shanghai, and the jobs-housing imbalance in different districts
varies along with urban structure and social factors. Furthermore, the result of the Hauseman test sug-
gests that the dataset in this paper is “nested” within the districts. The spatial effect caused by the fixed
effect can be partially explained by the multilevel model (MLM). There are two levels in the dataset, the
subdistrict level (level 1) and the district level (level 2), and the MLM can partition variance between
each level and explain the variance within each level (Tian, Wei, & Li, 2017). The two-level random
intercept HLM equation is as follows:

Yij: [}Oj+ ﬁlj F| [U,S,R,A)+ri].
B = YootHy,

Where Y is the dependent variable, spatial mismatch index, 7 refers to the subdistrict, and j refers
to the district.

ﬁoj is the intercept of Yij when all the variables in F(US,RA) are 0.

F(U,S,R,A) is a matrix of dependent variables,

B, is the coefficient for X

ryis the error term.

Y, is the average of intercept for the district j

H,; is the random error term for the j* district

Y10 is the fixed part of coefficients for X,

14, is the random error term for the slope

Furthermore, to control spatial heterogeneity, geographically weighted regression (GWR) is em-
ployed to measure the local variation among regression parameters. There are two reasons that the GWR
model is employed in this study. First, the previous two regression models can reflect the overall result
of the estimations. However, urban inequality makes the mechanism of jobs-housing imbalance not
consistent among all the districts. For example, the current Pudong district is the combination of the
traditional Pudong district (Northern part of current Pudong) and the Nanhui district (Southern part
of the current Pudong). The North-south division still can be found in the current Pudong district, e.g.,
in differences in housing price (Li et al., 2019a). Second, in the spatial test, we found a significant global
Moran’s [ as 0.416, which indicates strong spatial dependence. Hence, spatial heterogeneity should not
be ignored. In its most basic form, the GWR model takes the following equation (Equation 5)

V= C+3, B, FIUSRA), +€ ©)

Where Y is people’s minutes spent walking to be regressed, C.is constant, f3, is the parameter for in-
dividual explanatory variables, and F(U,S,RA) y (k=1,2, 3...n), g, is the error term. The adaptive kernel
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is employed as the kernel function (Fotheringham, Brunsdon, & Charlton, 2002). This model considers
spatial heterogeneity and manifests the complex local variation of regression parameters. With the GWR
model, it is easier to achieve a better understanding of the determinants and their influence.

34 Variables

Several variables are included in regression analysis, and the definition and description of the variables
are given in Table 1. The independent variables are classified into four categories: sociodemographic sta-
tus, urban structure, regional planning, and urban amenities. Due to limited data availability, some data
are at the subdistrict level, and other data are at the district level. The sociodemographic status contains
information about gender and age, the percentage of floating population, and people moving out of the
districts. People aged 19-59 constitute the working-age population group, and the percentage of people
aged 19-59 is included in this model.

Unlike previous studies that focus on rural migrant workers (Fan et al., 2014; Feng et al., 2002),
this paper pays particular attention to the floating population for the following reasons. First, Wu and
Logan (2016) suggest that rural migrants gather in urban villages that are close to job centers because
they cannot afford the cost of transportation. Educated newcomers, instead of the poorly educated and
low-income rural migrants, make up the majority of the floating population, who are the most vulner-
able group to jobs-housing imbalance and long commuting time (Li et al., 2019b). Also, the data on
rural migrants is limited because the population census in China only provides the data for the floating
population as a whole. Considering the large portion of the floating population in Shanghai with high
mobility, we include the floating population growth rate as an important demographic factor.

The variables related to the urban structure include the housing prices and population density.
Monocentric urban structure and polycentric urban structure are two common urban structures, and
the urban structure of Shanghai is now transforming from monocentric to polycentric. From the per-
spective of morphology, the spatial distribution of the population is most used to identify the urban
structure. Liu and Wang (2016) use the spatial distribution of population to identify polycentricity in
318 cities in China and achieve favorable outcomes. Thus, we employ population density as an indicator
of urban structure. In addition, housing prices are tightly associated with urban structure with respect
to residential differentiation and division of submarkets (Li et al., 2019a). Housing prices are sensitive
to the transformation of urban structure, and polycentric urban development is suggested to influence
housing prices (Wen & Tao, 2015). Thus, as the housing prices skyrocket in Shanghai, housing prices
should not be ignored as a critical determinant of urban structure. We obtained the housing price data
from Lianjia.com, which is a community-level dataset, and the average value of housing prices for each
district is taken as one variable.

Regional planning and urban amenities have not drawn much attention in previous studies on the
jobs-housing imbalance. In this study, four factors have been taken into consideration, the density of bus
stops, the density of metro stations, street connectivity, and the development zones. Figure 2 shows the
locations of the metro stations, and the traditional city proper area (TCPA), expanded central city area
(ECCA), and inner-suburban area (ISA) are provided with the metro stations. The traditional theory
suggests that a well-developed transportation system provides a solution to the jobs-housing imbalance
(Kain, 1992). Hence, understanding the relationship between public transportation and jobs-housing
imbalance is helpful for further policy suggestions. With respect to regional planning policy, we focus
on the impacts of development zones. Development zones play an important role in attracting FDI,
which can generate a lot of job opportunities (Wong & Tang, 2005; Wei & Leung, 2005). In this study,
we calculate the percentage of the area that is covered by development zones as an explanatory variable.
Furthermore, the percentage of residential apartments among all the buildings can reflect the availability
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of residences since the residential apartment provides most of the living space in Shanghai. Thus, we
consider the percentage of residential apartments among all the buildings in the model. Also, because
of uneven development in Shanghai, this paper employs a multilevel model to consider the effects of
China’s hierarchical administrative system.

Metro Stations

Boundary = .
m DETelipeTazaneS 0 5 10 20 Kilometers
[ | District

Figure 2. Locations of development zones and metro stations



400

JOURNAL OF TRANSPORT AND LAND USE 14.1

Table 1. Description of variables

Description Description
Dependent Variable
Spatial Mismatch Index Authors’ calculation (Eq.2)
Independent Variables

District level

Percentage of population flow out
Percentage of people aging from 18-59

Percentage of male residents

Percentage of residential apartments

Population density

Population flow out divided by total population
Population aging from 18-59 divided by total population
Number of men divided by total population

Number of residential apartments divided by rotal number of
apartments

Number of total population divided by area (m’)

Subdistrict level

Percentage of floating population
Growth rate of floating population
Housing price

Development zones
Density of metro stations
Density of intersections

Density of bus stops

Number of floating population divided by toral population
Growth rate of floating population from 2000 to 2010
Average value of housing price in the subdistricts

Total area of development zones located in the subdistricts
divided by the total area of the subdistricts

Number of the subway stations divided by total area of the
subdistricts

Number of street intersections divided by total area of the
subdistricts

Number of bus stops divided by total area of the subdistricts

4 Population, job opportunities and spatial imbalance in Shanghai

Although the urban area in Shanghai expanded dramatically in recent years, the urban structure of
Shanghai is still highly concentrated (Li, Wei, & Huang, 2014). Densities of population and job op-
portunities are essential measures of urban structure. Figure 3 contains two maps that present the spatial
distribution of population and job opportunities. The population is highly concentrated in the central
urban area, while there are some job centers detected on the periphery regions. Furthermore, Table 2
suggests that only a few representatives of the floating population live in the ECCA, especially in the
Pudong district. As regards housing price (Figure 4 (c)), a core-periphery pattern also can be detected.
Housing prices in the central city and the Pudong district are extremely high, which means the TCPA
can only provide residences for rich people. People have to live in the ECCA or the urban periphery
while they are working in TCPA. ECCA also has many job opportunities. However, the size of the
population is vast there, with high population density. The large population in ECCA could compensate
for the labor force requirement in TCPA since they are close to each other. The high housing prices and
limited job opportunities in the ECCA can explain the lack of a floating population.
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Figure 3. Maps (a) spatial distribution of population; (b) spatial distribution of job opportunities
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Table 2. Summary of job opportunities and population in 2013

TCPA ECCA ISA OSA Pudong
Job Opportunities 925,458 1,460,173 1,599,246 1,851,060 921,693
Population 401,083 6,003,601 9,728,193 5,950,524 5,044,430
Floating Population 257,283 1,632,073 4,095,273 3,199,365 826,494
Area (km?) 28.08 260.85 1,830.72 3,013.93 1,390.62
Job Density 32,957.91 5,597.75 873.56 614.17 662.79
Population Density 14,283.58 23,015.53 5,313.86 1,974.34 3,627.47
Floating Population 9,162.5 6,256.74 2,236.97 1,061.52 594.33

Density

* Data source: China’s demographic census at town level in 2012; enterprise registered survey in Shanghai, 2013
Note: TCPA: traditional city proper area; ECCA: expanded city central area; ISA: inner-suburban area; OSA: outer-suburban
area.

ISA and outer suburban area (OSA) are two regions with a relatively low density of both job op-
portunities and population. However, in recent years, the ISA and the OSA have been experiencing
rapid population growth. Figure 4 (a) shows that the concentration of population growth can be mainly
found on the boundary of ISA, especially in the Minghang and Songjiang districts. The development of
university towns contributed to the high growth rate of population, and in recent decades, many uni-
versities established new campuses in Songjiang and Minhang, such as Shanghai Jiao Tong University
and Eastern China Normal University. The university towns are treated as “new cities” by the Chinese
government, and considerable efforts have been devoted to the development of university towns (Ye,
Chen, Chen, & Guo, 2014). Moreover, increasing job opportunities in service-based industries that are
not knowledge-based also led to a high growth rate of the floating population on the edge of Shanghai,
as Figure 4 (b) suggests. Since the 1990s, manufacturing firms have experienced a process of decentral-
ization in most of China’s big cities. For Shanghai, the newly established development zones, such as the
Fengxian economic development zone, created the proper environment for this decentralization (Feng
etal., 2002; Gu & Shen, 2003).
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Figure 4. (a) Growth rate of total population; (b) growth rate of floating population (c) housing price

Population growth rates in TCPA and ECCA are low, and the growth rate of population in some
subdistricts has even been negative. Shanghai is the financial center of China, and in central city areas
such as Lujiazui District, there is a high concentration of financial and service industries. With the de-
centralization of manufacturing (Feng et al., 2002; Gu & Shen, 2003), the central area requires fewer
laborers than before, which might contribute to the negative growth rate of population. In addition,
unaffordable housing prices also constitute a barrier to keeping people from moving to the central urban
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area. Figure 4 (c) shows the spatial distribution of housing prices in Shanghai, and extremely high hous-
ing prices can be detected in TCPA, where housing price reached about 80,000 Yuan (about $12,000)
per m2. Housing prices in ISA and OSA are much lower, and even in such fast-growing districts as
Songjiang and Minghang, the housing value is about 30,000 Yuan (about $4500) per m2. Hence, con-
sidering the geographies of job opportunities and housing prices, the Songjiang district and Minghang
district become the ideal places for the well-educated floating population.

The statistics for Pudong district are also provided in Table 2. Historically, the northwestern part
of the new Pudong district was the first modern financial center of Shanghai; Lujiazui and the new
free trade zone were located in the northern part of the Pudong district. The southern part used to be
named the Nanhui district. To contribute to the growth and development of Pudong, Nanhui District
was combined with the traditional Pudong district into the current Pudong district in 2009. Because
the combination happened fairly recently, there is still a significant difference between southern Pudong
and northern Pudong with respect to housing prices and population growth. The population density is
high in the northern part of the new Pudong district, and the population density in the southern part is
as low as the population density in OSA.

Combining the spatial patterns of job opportunities and population in Shanghai, Figure 5 shows
the value of the spatial mismatch index. The jobs-housing relationship shows a ring pattern, and jobs-
housing imbalance mainly happens in the middle ring, on the periphery of the expanded central urban
area. This pattern is caused by the fact that job opportunities are concentrated in the central urban area,
while the expanded central urban areas mainly provide residential sites. This pattern also reveals the
decentralization of population in the expanded urban area, which makes the area attractive for develop-
ment zones and university towns (Wang & Chai, 2009; Ye et al., 2014; Zhou et al., 2017). As the urban
land of Shanghai keeps expanding (Li et al., 2014), the middle ring is expected to provide residences to
the workers in both the outer ring and inner ring.
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Figure 5. Spatial mismatch index in Shanghai at the subdistrict-level
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5 Determinants of jobs-housing imbalance

Much research has been done on jobs-housing imbalance and the determinants in developed countries,
but that experience cannot be directly transplanted into the context of China. Only a few studies have
addressed the jobs-housing imbalance in China and its impact (Wang et al., 2011; Xu etal., 2013; Zhou
et al., 2014; Zhou, Chen & Zhang, 2016; Zhou et al., 2017). To further quantify how social factors,
urban structure and growth, regional planning, and the administrative system collectively shape the
jobs-housing imbalance in Shanghai, a multivariate regression analysis was conducted. Table 3 shows
the results of the multilevel regression model and the GWR model. The variance inflation factor (VIF)
value for each variable is below three, which means that the problem of multicollinearity is insignificant.
The R? of the multilevel model is much higher than the R? of OLS, which suggests that geographic scales
and administrative hierarchy matter in explaining the jobs-housing imbalance in Shanghai. Also, in the
multilevel model, about 21% of the variance within cities and 74% of the variance between cities has
been explained. Thus, the administrative hierarchy is vital in explaining the jobs-housing imbalance in

Shanghai.

Table 3. Regression result

Variables Coefficients MLM GWR(Mean)
District level
Population flow out 1.220e-6 -3.700e-6
Percentage of people aging from 18-59 -0.788 -0.637
Percentage of men 0.096 0.455
Percentage of housing for living 0.411** 0.237
Population density 5.234e-7 8.973e-7
Subdistrict level
Percentage of floating population 0.038** 0.030
Growth rate of floating population -0.004** -0.007
Housing price 9.234e-7** 8.385¢-7
Development zones 1.243e-7* 3.324e-8
Density of metro stations -0.014 -0.016
Density of intersections 2.514e-4 5.861e-4
Density of bus stops -2.691e-4 -4.892¢-4
Measures
R 0.543 0.612
AlIC -442.412 -791.105
Observations N=289 N=289

Note: *** Significant at 0.01 level; ** Significant at 0.05 level; * Significant at 0.1 level.

5.1 The result of MLM

According to the results of MLM, the percentage of people aged from 18 to 59, the percentage of
residential properties, and the percentage of the floating population are the three significant variables
according to the OLS model. People aged from 18 to 59 are the leading working-age population group,
and the negative coefficient suggests that they are likely to live in the area of jobs-housing balance.
The positive coefficient for the percentage of residences suggests that the residential land is enough in
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most of the region, and increasing job opportunities could relief jobs-housing imbalance problem. The
percentage of the floating population is significant in the regression models, and the subdistricts with
more floating populations tend to have a higher degree of jobs-housing imbalance. Thus, compared to
the registered population, the floating population is more likely to suffer from jobs-housing imbalance.
Residential availability is an essential concern for the floating population when they look for jobs.

We employed four variables to represent the urban structure in Shanghai. Unlike the coefficient of
floating population percentage, the coefficient for growth rate of floating population is negative in the
regression models. Since Shanghai is the financial center of China, the job opportunities in the core are
mainly for high-skill occupations such as financial services, and the manufacturing industry has moved
to the periphery of Shanghai. Figure 4 (b) suggests that the growth of the floating population mainly
happens in the OSA in Shanghai. The OSA is under-developed, and there are not many people living
there. However, some development zones create a lot of job opportunities, which triggers an inflow of
the floating population.

The positive coefficient of housing price in the regression model supports our assumption that
high property value leads to jobs-housing imbalance. Housing price is the most fundamental factor in
selecting residential sites because people choose homes according to their income (Campbell, Kim, &
Eckerd, 2014). As the Danwei system is diminishing in China, high land value or housing price creates
an imbalanced distribution between residences and job opportunities. The high cost of housing may
make it difficult to find an apartment close to job opportunities. The relatively poor “floating” workers
have to find affordable homes, which are usually distant from their workplaces. Thus, the development
of affordable housing and the public rent housing system could play a key role in providing residences
for migrant workers in the future.

Moreover, the establishment of development zones exacerbates the jobs-housing imbalance. De-
velopment zones, such as high-tech parks and duty-free zones, aim to attract foreign direct investment,
which generates a large number of job opportunities (Wei & Leung, 2005). In 2014, there were 23
nation-level development zones and 55 province-level development zones in Shanghai. To maximize the
use of development zones, most of the land in development zones is designated for industrial or com-
mercial use rather than residential. The jobs-housing imbalance is obvious since there is limited living
space for workers. Hence, mixed land-use planning in development zones is urgently needed to relieve
the jobs-housing imbalance problem. Or the government should provide convenient transportation
between the development zones and the affordable houses.

A well-connected street network or a good public transit system can relieve the jobs-housing imbal-
ance problem (Ong & Miller, 2005). The regression models show that road connectivity is high in the
jobs-housing imbalanced regions. Thus, with respect to road connectivity, urban planners in Shanghai
are trying to deal with the current jobs-housing imbalance problem. If supported by a well-designed
road network and urban transit system, people working in the central urban area could reside in the
suburban region and enjoy short commutes. However, the model results show that there are not enough
metro stations in the jobs-housing imbalance areas. Currently, the expanded central urban area provides
most of the residences, and the connection between the expanded central urban area and the suburban
area is weak.

5.2 The result of GWR

The geographically weighted regression was employed to examine spatial heterogeneity. The mean val-
ues of the coefficients are attached in Table 3. We could see that the coefficients of the variables like the
growth rate of the floating population are different from the ones in the MLM. Hence, the coefficients
of population density (a), development zone (b), and percentage of the floating population (c) are pre-
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sented in Figure 6 to explore the spatial heterogeneity. Map (b) suggests that in northern-eastern Shang-
hai, in particular in the western part of Pudong district (without Nanhui) where many development
zones are located, the subdistricts with more development zone coverage have a lower value of spatial
mismatch index. Thus, in this region, the development zones contribute to jobs-housing balance which
is opposite to other subdistricts and the previous finding in Suzhou (Zhou et al., 2017). In the northern
Pudong district, many development zones have been established for decades, and the planning there is
mature. In recent years, there are a large number of housing projects launched in the Pudong district,
which provide residential sites for people working in the development zones. Also, the housing projects
in the Pudong district have extremely high housing prices and good accessibility to public transportation
(Li etal., 2019¢). Thus, the Pudong district can serve as an example for creating more jobs-housing bal-
anced communities for improving job accessibility in the development zones. Furthermore, the negative
impact of development zones on jobs-housing imbalance is severe in the suburban regions of Shanghai,
which are also less covered by the transportation system. Thus, a jobs-housing imbalance is a challenge
for people working there.

Moreover, in the central urban region, which is highly developed, high population density contrib-
utes to jobs-housing imbalance (Figure 6 (a)). Unlike the general pattern in which there are more people
than job opportunities, there are a huge number of job opportunities in the central urban region where
the residential sites are expensive and limited. On the other hand, the coefficients of the floating popula-
tion percentage are positive in most of the suburban regions in Shanghai. Since the floating population
is socioeconomically disadvantaged, the limited living space near job opportunities makes it difficult for
them to live in Shanghai, and it is also hard for them to afford the expense of commuting. Therefore,
the local government should make more efforts to solve the jobs-housing imbalance problem for the
floating population.
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Figure 6. Estimated coefficient maps of geographically weighted regression, (a) population density (b) development zone (c)
percentage of floating population

6 Conclusion and discussion

Jobs-housing imbalance is growing in urban China and threatens the sustainability of development and
social resilience (Fan et al., 2014; Wang et al., 2011; Xu et al., 2013). Traditional theories find that social
and economic inequality, as well as urban structure and amenities, are key factors driving jobs-housing
imbalance (Cervero, 2007; Gobillon et al., 2007; Stoll, 2005). However, the Chinese characteristics
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make the jobs-housing imbalance unique in China, such as the administrative system, household regis-
tration system, and development zones (Wang & Chai, 2009; Zhou et al., 2017). This study examines
the jobs-housing imbalance in Shanghai from the perspectives of urban structure and inequality, which
allow us to quantify the effects of social factors, the administrative system, regional planning policy, and
urban amenities.

The spatial mismatch index reveals that in general jobs-housing imbalance in Shanghai mainly
happens on the periphery of the expanded central urban area. The ring pattern of jobs-housing imbal-
ance is different from western experience. That is because both job opportunities and urban amenities
are highly concentrated in the central urban area of Shanghai. The housing price in the expanded urban
area is not extremely high, and this region has good accessibility to the jobs in the central urban area.
Thus, a lot of people choose to reside in the expanded urban area. Since the high-skill job opportunities
are located in the urban center, and the low-skill jobs such as manufacturing have been decentralized to
the urban edge, the highly concentrated population in the expanded urban area leads to a jobs-housing
imbalance.

The multilevel and geographical weighted regression models confirm that social factors, administra-
tive system, urban structure, regional planning policy, and urban amenities influence the jobs-housing
imbalance in Shanghai. First, the jobs-housing balanced regions are attractive to the floating population
because they can easily access job opportunities and save commuting costs. Second, the development
zones contribute to the jobs-housing imbalance in Shanghai. There is one exception: Pudong district,
where the development zones are jobs-housing balanced compared to the surrounding areas. Thus, zon-
ing policies do not necessarily lead to jobs-housing imbalance because well-developed zones can create a
self-contained geographical region with a balanced jobs-housing relationship.

Furthermore, housing prices are found to positively contribute to jobs-housing imbalance. The tra-
ditional urban model based on the experience in the Western countries suggest that high housing prices
in the urban center would be compensated by reduced commuting cost. However, the model results
suggest that a jobs-housing balance cannot help reduce housing prices in Shanghai. Job opportunities
are concentrated in the urban center, where the housing prices are extremely high. High housing prices
force people to move out of the central urban region to the expanded central urban area and contribute
to a jobs-housing imbalance because the job opportunities are still in the central urban area. Regarding
the huge population in Shanghai, the high demand of housing contributes to the rise of housing prices
in the expanded central urban area. Thus, Shanghai does not simply follow the Western urban model
that the regions with good accessibility to job centers would have lower housing prices. Instead, the
competition for limited living space in the central urban region, as well as an expanded central urban
area, contributes to high housing prices.

On the other hand, factors such as the establishment of the development zones, the development
of the transportation system, and high housing prices might be interrelated. For example, development
zones have been proven in several studies to contribute to the rise of local housing prices and construc-
tion of infrastructure because of the single industry land use for maximizing economic profit (Wei, &
Leung, 2005; Wong & Tang, 2005). Thus, houses become a scarce resource around development zones,
and people have to compete for the residential sites to live closer to job opportunities.

Even though limitations still exist in this study. We employed the subdistrict-level data for analysis,
which is the minimum unit available. However, Zhou & Yeh (2020) suggest that the modifiable areal
unit problem (MAUP) exists while estimating jobs-housing balance, which highlights the importance
of choosing a proper analyzing unit. In this study, we examine the jobs-housing imbalance in Shanghai
at the subdistrict level. Most of the subdistricts are larger than the turning point suggested in Zhou and
Yeh's paper (2020) (2 km), and the impacts of MAUP on the results could be minimized. Even though
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further study should pay attention to MAUP problems and select the proper analytical unit. Further-
more, our datasets are not updated while the population data is from the 2010 population census and
employment data from the economic census in 2013. The recent datasets on population and employ-
ment are going to be released which could help improve the understanding of the current jobs-housing
imbalance in Shanghai. Finally, this study identifies jobs-housing imbalance through the employment/
population relationship using population and economic census. The other issues, such as non-work
population and population mobility, which would influence estimating the number of residences, are
not considered. As the open data technique is emerging and used to explore urban and social issues, it is
expected to improve our understanding of the jobs-housing imbalance.

Although limitations exist, the findings contribute to the literature by explaining the mechanism of
jobs-housing imbalance in China’s city model. First, the jobs-housing imbalance is caused by centralized
planning because the centralized workplaces raise property values, which forces people to move out of
the center due to poor housing affordability. This example of Shanghai provides valid evidence to sup-
port the hypothesis by Kain (1992) that poor housing affordability would contribute to jobs-housing
imbalance. On the other hand, the poorly developed industrial zones, which are very common in de-
veloping countries, increase jobs-housing imbalance by limiting the space for housing. Although these
industrial zones contribute to rapid economic growth, the jobs-housing imbalance is a significant urban
issue that affects sustainable development and social resilience. The success of the development zones in
the Pudong district highlights the importance of housing availability in creating jobs-housing balanced
communities in the industrial zones.

Moreover, these findings are potentially valuable for the government to deal with the jobs-housing
imbalance in urban China. First, the results of the regression models suggest that the street network in
Shanghai has been well developed in the jobs-housing imbalanced regions. The major problem is the
limited coverage of the metro system in the outer urban areas where many development zones are lo-
cated. Given the fact that the transportation system contributes to the development of high-tech zones
(Zandiatashbar, Hamidi, & Foster, 2019), extending the metro system to reach the development zones
is necessary for Shanghai. Second, the floating population is likely to be influenced by jobs-housing
imbalance, and the government should pay attention to the housing needs of the floating population,
such as affordable housing projects and public renting projects. Finally, in light of the uneven develop-
ment in Shanghai indicated by the results of the GWR model, government policies should be adapted
to fit the local context.
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