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Abstract: Research on the spatial mismatch experienced by low-income minority residents is US-centric. However, spatial mismatch is
not necessarily an appropriate term when considering the situation of low-wage workers in cities of northwestern China where there is
higher proximity between jobs and housing and lower levels of residential segregation. This paper empirically examines the jobs-hous-
ing spatial relationship for one of the most typical low-wage groups, namely, public janitors, in Xi’an, China. Also, the causes of the
jobs-housing spatial relationship are discussed in detail. Individual-level data based on in-depth interviews and questionnaires, as well as
the GIS network analysis method, are used to provide baseline analyses of the jobs-housing spatial relationship. Results indicate that
there is no jobs-housing spatial mismatch for public janitors in Xi’an. This can be implied from the short commuting distance and time.
A basic cause is that most public janitors rent low-cost accommodation in villages-in-the-city, and in old residential quarters, near to
their places of work. Other causes lie in off-peak commuting and high sensitivity to commuting distance due to the greater extent of non-
motorized commuting modes. The conclusions, based on a large number of social surveys, are an illuminating analysis of the spatial

mismatch issue among low-wage workers in Chinese cities.
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1 Introduction still limited research examining how the SMH may have

affected low-wage groups in China. Although some re-

The spatial mismatch hypothesis (SMH) is a classic the-
ory focusing on inner-city poverty, social segregation,
and unemployment (Kain, 1992). Research on the SMH
was originally carried out under the specific background
of suburbanization in US cities. US researchers consist-
ently dominate the SMH field; their studies on spatial
mismatch are rich and in-depth. In China, since the eco-
nomic reform in 1978, with fast urban sprawl affecting
the location of housing and jobs, many researchers
began to take an interest in the SMH. However, there is
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searchers have indicated that low-income workers en-
counter spatial mismatch (Fan et al., 2014; Zhang and
Man, 2015; Zhou et al., 2016), the conclusion was
drawn mainly from examinations of large cities in east-
ern or southeastern China, such as Beijing and Guang-
zhou. Additionally, spatial mismatch is not necessarily
an appropriate term when considering the situation of
low-wage workers in the cities of northwestern China,
many of whom do not live in isolated geographical
areas. Therefore, the jobs-housing spatial relationship of
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low-wage groups in the cities of northwestern China and
its fundamental causes remain to be further discussed.

The SMH was first proposed by Kain in the 1960s.
Taking Chicago and Detroit as examples, Kain (1968)
maintained that the postwar suburbanization of jobs and
housing market segregation have acted together to cause
a surplus of workers compared to the number of avail-
able jobs in the city center where blacks are concen-
trated. This situation likely brought lower wages, high-
er joblessness, and longer commuting distances for
many black workers.

Since then, superior methods were applied to the
SMH. One of the most commonly used methods was to
compare differences in employment status (i.e., employ-
ment rates, job density, and wages), jobs-housing dis-
tances, and job accessibility between the minority (i.e.,
black people) and the majority (i.e., white people)
(Hughes and Madden, 1991; Ihlanfeldt and Sjoquist,
1991; Ihlanfeldt, 1993; Immergluck, 1998; Preston and
McLafferty, 1999; Hu, 2015). Also, commuting time
and commuting mode were also widely applied to ex-
amine the SMH (Holzer, 1991; DeRango, 2001; Got-
tlieb and Lentnek, 2001 ). Additionally, research topics
not only referred to African-Americans but also to other
groups, such as women (Thompson, 1997; Preston and
McLafferty, 1999 ), the urban poor (Covington, 2009;
Gobillon and Selod, 2014), and low-wage workers
(Cooke and Shumway, 1991; Sanchez, Shen, and Peng,
2004), Hispanics (Ihlanfeldt, 1993), and Latinos
(McLafferty and Preston, 1992). In Britain, scholars
tend to be more concerned with inner-city low-wage
workers (Houston, 2005).

Many studies have gone a step further to investigate
the mechanism of spatial mismatch. Findings from re-
search on Atlanta by Ihlanfeldt and Young (1996) indic-
ate that the spatial mismatch could be caused by poor
job accessibility, implying a shortage of public trans-
port from the inner urban areas to the white suburbs.
Meanwhile, Holzer and Ihlanfeldt (1996) maintained
that the distance between the homes of black workers
and the locations of their white employers positively af-
fected the SMH in Boston, Atlanta, Los Angeles, and
Detroit. In research across some metropolitan areas in
the USA, some studies demonstrated that the commut-
ing mode is a significant reason for spatial mismatch
(Taylor and Ong, 1995; Stoll, 1999). Ihlanfeldt (1997)
found that spatial mismatch, or why black workers ex-

perience unemployment, lies in their closed social net-
works. Furthermore, discrimination in the job and hous-
ing markets is also a critical factor (Ihlanfeldt and
Sjoquist, 1998; Hellerstein et al., 2008). By reviewing
theoretical models related to the spatial mismatch liter-
ature, Gobillon, Selod, and Zenou (2007) identified sev-
en different mechanisms in a spatial mismatch context
from the perspective of workers and of firms, indicating
that the mechanisms called for further empirical tests
(Gobillon et al., 2007). Houston held that the spatial
mobility barriers for low-wage workers and firm reloca-
tion are two important causes of spatial mismatch in
Britain (Houston, 2001).

In China, emerging studies indicate that the SMH is
also a growing problem over the past two decades in
Beijing and Guangzhou (Wang and Chai, 2009; Li,
2010; Wang et al., 2011; Fan et al., 2014; Zhou et al.,
2016). However, only a few research studies focused on
low-wage groups. Zhou et al. (2016) are among the
small number of researchers who examined spatial mis-
match among low-income workers. They found that
after the reform and relocation of state-owned enter-
prises in Guangzhou, many former employees became
typical of the marginalized urban poverty groups, exper-
iencing jobs-housing spatial mismatch and barriers to
housing change and job relocation (Zhou et al., 2016).
Fan et al. (2014) showed that low-income workers in
Beijing also face apparent spatial mismatch because ac-
commodation is more widely dispersed than jobs. Also,
the central city-focused public transit system for the dis-
persed low-income workers is insufficient (Fan et al.,
2014). Bi et al. (2019) found that the fundamental cause
of distance from employment is not entirely the result of
geographical segregation; it is also related to social se-
gregation.

Based on these shortcomings, this article presents an
empirical examination of the jobs-housing spatial rela-
tionship of public janitors in Xi’an, China. Public janit-
ors constitute one of the most typical low-wage groups.
The majority of public janitors in Xi’an earn only 5 to 6
yuan (RMB) (CNY) an hour, which is much lower than
the minimum wage in central Xi’an. According to the
Chinese National Bureau of Statistics in 2018, the min-
imum wage in central Xi’an was about CNY 17 an hour
(National Bureau of Statistics, 2018). Also, unlike other
low-wage workers with unstable jobs, or those who live
where they work, public janitors in Chinese cities gener-
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ally have regular job locations and stable housing, and
their accommodation is in a different location to their
place of work.

2 Materials and Methods

2.1 Study area

Xi’an is the provincial capital of Shaanxi Province in
the northwestern China. The study area in this paper is
Xi’an central urban area (Fig. 1). It is composed of sev-
en urban districts (Qu): Xincheng, Beilin, Lianhu,
Yanta, and the highly urbanized areas of Weiyang,
Bagiao, and Chang’an. Hereafter the study area is re-
ferred to as Xi’an; it covers an area of about 593.95 km”.

2.2 Data sources
In order to obtain the exact locations of public janitors’
jobs and residences (Origin-Destination trips data
source), as well as other information about individual
socio-economic background, travel modes, travel time
and time expense, housing type and factors influencing
housing choice, efc., public janitors completed 372 pa-
per questionnaires and 372 in-depth interviews. Finally,
340 questionnaires were deemed to be acceptable. The
paper questionnaires were conducted from April to July
of 2018.

The metro lines (up to December 2018, there were
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three lines in Xi’an) and three sections of the second
ring road in Xi’an were chosen for investigation pur-
poses. These choices improve efficiency and widen the
scope of our investigation. They also ensure the equal
distribution of samples. It is noteworthy that there are
no samples on some sections of the metro lines (Fig. 2a).
This is because we traveled along the metro lines from
the starting stations to the terminals. At lunchtimes,
there were no public janitors around, so we continued to
the next stations. We conducted a 26-sample pilot sur-
vey in the southeast part of Xi’an to test the effective-
ness of the survey instrument (Fig. 2a). The instruments
were shown to be effective. Therefore, we included
them in this research.

2.3 Methodology

2.3.1 Measurement of commuting distance

To build the database of jobs and places of residence in
ArcGIS, we used Baidu Maps (map.baidu.com), a popu-
lar search engine in China similar to Google Maps. The
street network was also inputted into ArcGIS based on
Baidu Maps (map.baidu.com). We prepared a shapefile
database in ArcGIS to calculate the street network dis-
tances from residences to jobs. We compiled shape-
files for (a) housing locations for 340 public janitors
(Fig. 2b), (b) job locations for 340 public janitors
(Fig. 2a), and (c) street network (Fig. 2). The street net-
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Fig. 2 Spatial distribution of public janitors’ jobs (a) and places of residence (b)

work distance from housing to work is the actual com-
muting distance. The distance was calculated using the
OD Cost Matrix tool in ArcMap.

2.3.2 Measurement of commuting direction
Commuting direction can reflect the spatial relationship
between jobs and housing. If the distance from housing
to the city center (d},) is longer than the distance from
the workplace to the city center (d;), the commuting dir-
ection points toward the city center (Fig. 3a). In con-
trast, if the distance from housing to the city center (d},)
is shorter than the distance from the workplace to the
city center (d;), the commuting direction will point away
from the city center (Fig. 3b). In other words, if d), di-
vided by d; is more than 1, the commuting direction
points toward the city center; however, if the result is
less than 1, the commuting direction points away from
the city center. When the result is 1, jobs and housing
coincide spatially.

The place that most closely resembles a CBD (Cent-
ral Business District) is the Bell Tower, commonly re-
cognized as marking the city center of Xi’an with the
highest concentration of commercial and office build-
ings around it. The Bell Tower is also the mid-point of

City center

Housing a Job b

Fig. 3 Commuting direction pointing toward (a) and away from
(b) city center

the Xi’an City Wall. The identification of the CBD loca-
tion helps in examining the commuting direction. The
distances of jobs or housing from the Bell Tower are
also computed using the OD Cost Matrix tool in Ar-
cMap.

3 Commuting Features and Jobs-Housing
Spatial Bond of Public Janitors

3.1 Spatial and temporal features of commuting
3.1.1 Commuting distance and time spent

The measurement results of commuting distances show
that many public janitors have an extremely short jour-
ney-to-work distance. As the commuting distances are
not normally distributed, the median commuting dis-
tance was calculated to represent the average commut-
ing distance. It was calculated that the median commut-
ing distance is 1.55 km. As the commuting distance in-
creases, the number of public janitors decreases accord-
ingly (Fig. 4). The figure shows that there are 130 public
janitors whose commuting distances are less than 1.2 km,
a ratio of almost 38.24%. As the commuting distance in-
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creases to 2.4 km, the ratio grows up to 67.06%. That is
to say, more than half of the public janitors travel a very
short distance, usually under 2.4 km, to their place of
work. When the commuting distance exceeds 2.4 km,
the number of public janitors drops sharply.

As Fig. 5 shows, almost half of the public janitors
only take 10 to 20 min to arrive at their workplace. The
proportion of public janitors traveling less than 10 min
accounts for about 20% of the total number of public
janitors; nearly the same number of public janitors
spends 20 to 30 min traveling to work. However, very
few public janitors commute for more than 30 min.

3.1.2 Commuting direction

It is found that 60.59% of the public janitors’ commut-
ing directions point toward the city center. Therefore, it
can be stated that the great majority of public janitors
live farther away from the city center than the location
of their workplaces (Fig. 6). This conclusion also con-
forms to the usual pattern of a general decline in house
price from the city center to the periphery.

According to the median distances to the city center,
public janitors whose commuting directions point to-
ward the city center (8.23 km) live farther away from
the city center than those with commuting directions
moving away from the city center (5.14 km). Further-
more, the median commuting distance of public janitors
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Fig. 5 Number of public janitors with different commuting
times

whose commuting directions move away from the city
center is 1.52 km, shorter than that of public janitors
whose commuting directions point toward the city cen-
ter (the median commuting distance is 1.62 km).

The above research shows that the mean journey-to-
work distance for public janitors is only 1.55 km. More
than half of the public janitors spend less than 20 min on
the journey to work. Additionally, most public janitors
walk or cycle to work. However, according to some ex-
isting research, the average travel distance for the gener-
al public in Xi’an is now 5.1 km (Zhou et al., 2013).
More than 52.8% of the residents have to commute over
33 min to work (Zhu et al., 2015). Additionally, the res-
idents in Xi’an have to use public transport (i.e., sub-
way, bus) or private cars to commute a long distance
(Zhu et al., 2015). These findings indicate that public
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janitors in Xi’an have almost no jobs-housing spatial
mismatch.

3.2 Causes of jobs-housing spatial bond
In short, there is no obvious jobs-housing spatial mis-
match for public janitors in Xi’an due to the short com-
muting distance and the small amount of time involved.
Furthermore, there are three important reasons (i.e.,
housing choice, commuting time, and sensitivity to
commuting distance) for the short commuting distance
and the small amount of time, resulting in a good spa-
tial bond between jobs and housing for public janitors.
3.2.1 Housing choice
Housing choice is one of the most critical reasons for
jobs-housing bond. Analyses indicate that, due to their
low wages, the vast majority of public janitors in Xi’an
are not homeowners. Also, most public janitors are mi-
grant workers who, as a result of China’s hukou regis-
tration system, have limited access to government-sub-
sidized accommodation.

Therefore, renting is the inevitable choice for most
public janitors. The number of public janitors who rent
is 256, roughly 75.29% of the sample (Fig. 7). Among
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Fig. 7 Number of public janitors with different housing types

the 256 public janitors who rent, 42.97% do so because
of low rent, and 49.61% do so to shorten commuting
distances, thereby reducing commuting expenses. So,
where do public janitors find low-rent housing close to
their workplaces?

The answer lies in two types of communities. The
first is villages-in-the-city (chengzhongcun in Chinese).
The second is the old residential quarters. According to
our survey, all but 56.64% of the 256 public janitors live
in the Xi’an villages-in-the-city (Fig. 8a). The propor-
tion of public janitors who rent in the old residential
quarters is 35.16%. The median commuting distances
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for public janitors who rent in villages-in-the-city and in
the old residential quarters are 1.46 and 1.2 km. Both
figures are significantly lower than the average level
(1.55 km as calculated). Fig. 8b indicates that the mean
center for public janitors renting in the old residential
quarters is located almost in the city center. In contrast,
the mean center for those who live in Xi’an villages
tends to be situated in the southwest, relatively far from
the city center.

According to Fan et al. (2014), villages-in-the-city
constitutes a reason for the spatial mismatch of migrant
workers in Beijing. This is because most migrant work-
ers in Beijing live in villages-in-the-city located in the
periphery of the city center. Therefore, they have to
travel a long journey to the job-concentrated city center.
However, unlike Beijing, Xi’an generally does not have
the strong administrative and economic power needed to
remove the many villages in the city center. Therefore,
Xi’an villages are more widely distributed in the city
periphery and city center (Fig. 9). More importantly,
Xi’an villages and the old residential quarters are not

located in segregated geographical residential areas.
They are generally mixed spatially with other residen-
tial spaces and job clustered areas, such as expensive
residential areas, high-rise downtown office building
areas, and so on. Therefore, the spatial mismatch de-
gree for migrant workers living in the Xi’an villages and
in the old residential quarters is currently much lower
than in Beijing.

Villages-in-the city constitute a specific urbanization
phenomenon in China. Rural land, usually collectively
owned by villagers, is distributed to farmers for build-
ing houses and for cultivation. The former land-use type
is considered as residence-based; the latter is
sidered to be farmland. The rapid urban land expansion

con-

caused rural land around cities to be occupied by built-
up area. After being requisitioned by city governments
to be legally state-owned, rural land can be used for urb-
an construction by property developers. When govern-
ments and property developers experience a shortage of
finance, farmland is more likely to be used for construc-
tion than residence-based land due to the lower cost.

Villages-in-the city
— Street network
—— Subway
] Ring road around city wall
[ 1 Second ring road
— Beltway
e  Bell tower

| Xi’an City Wall

Fig. 9 Distribution of villages-in-the city in Xi’an
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Therefore, residence-based land is gradually surroun-
ded by urbanized areas transformed from farmland into
village-in-the-city. When the farmers receive compens-
atory payments for their farmland from government and
property developers, most of them move to other urban
residential quarters with better living conditions. They
then rent their previous self-built houses in villages-in-
the-city at a low price. That is why many low-income
groups, especially migrant workers, live in villages in
the cities of China.

Villages-in-the-city are usually occupied by hun-
dreds of thousands of low-rise housing units developed
by native villagers. These low-rise buildings are always
distributed at random, and they are very crowded. Their
landscape is often in sharp contrast with the surround-
ing urbanized areas where the buildings are relatively
high and are distributed regularly with more open space.
These areas can be easily observed on Baidu Satellite
Images (Fig. 10), similar to Google Satellite Images.
Fig. 10 shows the Baidu Satellite image of one of the
villages in Xi’an.

A small number of public janitors rent their current
housing for other reasons. For example, 12 public janit-
ors want to make it more convenient for their spouses to
go to work or for their children to go to school.

3.2.2 Commuting time

By counting the number of commuters, i.e., the public
janitors, during different commuting time periods, we
can see that there is a considerable time difference

between public janitors’ rush hour and the general pub-
lic’s rush hour (Fig. 11). The Xi’an Traffic Police De-
tachment dataset, published in the Sangin Metropolis
Duaily in 2018, shows that the general morning rush hour
is from 7:30 to 8:00, with a peak at 7:50; the evening
rush hour is between 17:40 and 19:00, and the peak time
is 18:20. However, it is noteworthy that public janitors
start work much earlier in the morning. More than
98.24% of the public janitors must be at work before
7:30 when the general public morning rush hour begins
(Fig. 11a). However, there are two peaks for the even-
ing rush hour of public janitors. One is between 17:00
and 19:00, which is relatively coincident with the gener-
al public evening rush hour. The other peak time is from
21:00 to 23:00 when the bulk of the general public has
already been off work for about three hours (Fig. 11b).
In short, off-peak commuting greatly reduces the time
public janitors spend commuting because off-peak com-
muting helps them to cut down on time wasted in rush
hour traffic.

3.2.3 Sensitivity to commuting distance

Sensitivity to commuting distance is also a critical
factor. Increased sensitivity to commuting distance
means a greater possibility of living near jobs. Sensitiv-
ity to commuting distance can be summarized from the
perception of commuting distance. Four kinds of qualit-
ative measurements of distance, namely, very close,
close, far, and very far (Table 1) are used to investigate
public janitors’ perceptions of commuting distance. In
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Fig. 10  One of the villages in Xi’an, which is from Baidu Satellite Images
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Table 1 The number and proportion of public janitors with different perceptions of commuting distance and the median commuting

distance

Perception of commuting distance Number of public janitors

Proportion of public janitors / % Median commuting distance / km

Very close 40
Close 194
Far 83
Very far 23
Total 340

11.76 0.88
57.06 1.41
24.42 2.39
6.76 4.26
100 -

the opinions of most public janitors, they live close or
even very close to their jobs. It is noteworthy that the
number of public janitors who perceive commuting dis-
tance differently changes significantly as their actual
median commuting distance increases. When the medi-
an commuting distance is less than 1.41 km, most pub-
lic janitors think they live close or very close to their
jobs. However, it is only when the commuting distance
exceeds 2.39 km that perception of commuting distance
of public janitors changed to very far. Therefore, it can
be said that public janitors are very sensitive to commut-
ing distance.

The high sensitivity to the commuting distance of
public janitors is mainly caused by their high level of
non-motorized commuting modes. Most of them walk
or cycle to work. This is because public janitors gener-
ally have limited access to private cars or public trans-
port due to their low income. Therefore, they are more
likely to live close to their jobs.

4 Discussion and Conclusions

4.1 Discussion

The original SMH was conceived in the context of the
loss, over time, of low-paid retail jobs in areas close to
the inner city. Therefore, the emphasis was on temporal

change. In other words, it compared job access, over
time, for a disadvantaged group. For that reason, tradi-
tional studies testing this hypothesis often examine tem-
poral changes. Although for economic reasons, the pro-
cess of removing villages-in-the-city in Xi’an is slow,
the villages in Xi’an are disappearing gradually year-on-
year, especially in the city center, where land use is in-
creasingly intensified and expensive. Where will public
janitors live in the future? Based on the urban land
curve theory, it is likely that they will have to find low-
rent housing, mainly located in the periphery of Xi’an,
far from their workplaces. If this happens, will their jobs-
housing spatial mismatch occur and become increas-
ingly serious, as is the case in Beijing and Guangzhou?
Their jobs-housing spatial relationship could change
from ‘spatial-bond’ to ‘spatial-mismatch’. Therefore, it
is meaningful and important to investigate the evolution
of the jobs-housing spatial relationship for public janit-
ors as the Xi’an villages are gradually removed.
Additionally, future research needs to examine the
underlying reason for the jobs-housing spatial relation-
ship of public janitors: job accessibility. Problems arise
when the location separation between workplace and ac-
commodation is too big to be justified (e.g., a better-
paid worker may commute longer than a low-wage
earner but may not necessarily experience spatial mis-
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match). This prompts us to identify whether spatial mis-
match happens to this particular low-wage group in spe-
cific concentrated areas/locations.

The above findings have important policy implica-
tions. More attention should be paid to the reform of
government-subsidized housing projects to prevent fu-
ture spatial mismatch. These initiatives will ensure the
rights of poverty-affected local households and the large
migrant population (i.e., public janitors).
eously, the government also needs to go further to ad-
dress the issue of rent subsidies for the migrant poor,
who, for many years, have worked as public janitors in

Simultan-

Xi’an. They should have more opportunities to rent ac-
commodation near their workplaces. Additionally, ef-
forts are needed to reform the current salary policy for
public janitors, such as adding commuting allowances to
improve their transportation mobility.

4.2 Conclusions
This research, although exploratory in nature, is one of
the few research studies looking into the jobs-housing
spatial relationship issue among low-wage workers in
the cities of northwestern China. The aim of the re-
search was to test the effectiveness of the SMH for low-
wage workers in Chinese cities, and to fill the know-
ledge gap concerning the underlying factors that may, or
may not, result in spatial mismatch. This paper exam-
ines the jobs-housing spatial relationship of public janit-
ors in Xi’an, and it provides a detailed exploration of the
causes, based on in-depth interviews, questionnaires,
and GIS network analysis. The most important finding
is that there is no evident jobs-housing spatial mismatch
for public janitors in Xi’an. This conclusion reveals that,
to some extent, the effectiveness of the SMH may not be
applicable to all low-wage workers in Chinese cities.
The jobs-housing spatial bond for public janitors in
Xi’an can be implied from the short commuting dis-
tances and the short commuting times. According to our
investigation, it is not easy for public janitors to change
jobs due to the limitations of their knowledge and skills.
Therefore, when job locations are stable, the jobs-hous-
ing relationship lies in housing choice, commuting time,
and manner of commuting. In this study, the fundament-
al factor is that most public janitors rent accommoda-
tion in villages-in-the-city and in the old residential
quarters, both options being low-rent and close to their
workplaces. Our study shows that the average commut-

ing distance for public janitors who rent in villages-in-
the-city and in the old residential quarters is much lower
than that of all public janitors. Another important factor
is off-peak commuting, which greatly reduces the com-
muting time of public janitors. What is more, the
heightened sensitivity of public janitors to commuting
distance is another critical factor. The high sensitivity to
the commuting distance of public janitors is mainly
caused by their limited access to private cars or to pub-
lic transport. As is shown in our survey, the proportions
of the public janitors walking and cycling are 39.71%
and 36.47%, respectively, accounting for 76.18% of the
public janitors studied. This means that most public jan-
itors commute by walking and cycling.
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