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Abstract
Jobs–housing balance (JHB) and employment self-containment (ESC) have been used to 
examine the jobs–housing relationship. However, the effect of the modifiable areal unit 
problem (MAUP) on ESC and JHB has received little attention. This study aims to exam-
ine the effect of the MAUP on the spatial variation of ESC and JHB by utilizing mobile 
positioning data from Shenzhen, China. Journey-to-work trips are examined at the indi-
vidual level and then aggregated into different spatial areal units. It is found that the aver-
age ESC increases with the increase in spatial areal units and that the relationship between 
JHB and ESC is amplified when the spatial areal unit increases with spatial aggregation. A 
2 km grid is found to be an ideal spatial unit for the analysis of ESC in Shenzhen because 
it is the turning point in which the increase in ESC started to slow down, and the decrease 
in the coefficient of variation began to diminish. In addition, workers were more likely to 
commute by non-motorized transport modes when their jobs were within 2 km. This study 
helps elucidate the effect of the MAUP on ESC and JHB as well as determine the appro-
priate grid size for analysis. This study further suggests that the ideal spatial unit for the 
analysis of ESC and JHB may be related to the transport mode of the city under study.
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Introduction

Employment self-containment (ESC) is the percentage of resident workers who live and 
work locally over the number of resident workers living in an area (Cervero 1996). High 
ESC helps decrease automobile dependence and is more environmentally friendly (Cur-
tis and Olaru 2010). Jobs–housing balance (JHB) and ESC indicators are generally used 
to measure the jobs–housing relationship and to understand the relationship between 
land use and commuting. ESC reflects actual jobs–housing balance that reflects whether 
workers choose local jobs. Policymakers have used JHB policies to increase ESC. Most 
previous studies on ESC and JHB utilized travel survey or census data and were based 
on traffic analysis zones (TAZ) or census tracts (Cervero 1996; Martinus and Biermann 
2017; Niedzielski et al. 2013). The spatial areal units in these studies were of different 
sizes, and comparative analyses of ESC and JHB in different areal units were affected by 
the modifiable areal unit problem (MAUP). A spatial areal unit is “modifiable,” or may 
be defined in different ways, and this condition affects analysis results (Fotheringham 
and Wong 1991). The MAUP is a typical problem in transportation research that uses 
spatially aggregated data (Hong et al. 2014; Zhang and Kukadia 2005). The proportions 
of intrazonal and interzonal trips vary with different geographical zones (Ding 1998). 
Moreover, the sizes of spatial areal units exert a positive effect on the percentage of 
intrazonal trips (Viegas et al. 2009).

Whether JHB effectively reduces urban commuting has been debated in the literature 
(Murphy and Killen 2011; Horner 2007; Levinson 1998). Journey-to-work data for Los 
Angeles indicate that JHB exerts a minor effect on commuting distances (Giuliano and 
Small 1993). 6-Year commuting patterns of Kaiser Permanente employees reveal that 
JHB does not significantly affect commuting distances (Wachs et al. 1993). By contrast, 
Horner (2002) showed that commuting distance is correlated with internal JHB at the 
metropolitan level. Yan et al. (2019) correlated jobs–residence balance and commuting 
time–cost with multiple scales and confirmed a positive impact of JHB. Comparing the 
results of different empirical studies is difficult and may be meaningless (Handy 1996; 
Yang et al. 2019).

Although the MAUP is a well-known problem in the geography literature (Open-
shaw 1984), it has got little attention in transportation studies. Few studies show that the 
MAUP affects jobs–housing relationship indicators (Horner and Murray 2002; Niedziel-
ski et al. 2013; Yang et al. 2019). Yang et al. (2019) examined the MAUP when study-
ing the relationship between the built environment and travel behavior in Beijing, China, 
and found the ideal unit with which the built environment was most associated with the 
specific trip. Understanding the effect of the MAUP in jobs–housing relationship helps 
to find the ideal spatial analysis areal unit.

It is necessary to analyze the relationships between JHB and ESC with different spa-
tial areal units and test what the ideal and meaningful one. Spatially detailed commuting 
trips with a large sample size could be inferred from mobile positioning data, which can 
be further aggregated into any grid size for analysis and can be used to analyze ESC with 
different spatial areal units. The current study used mobile positioning data in Shenzhen, 
a mega city in China, to analyze spatial variations in ESC at multiple spatial scales and to 
understand how the MAUP affects ESC and JHB. Uniform grids were utilized to examine 
the spatial variation in ESC and the relationship between ESC and JHB. Different uniform 
grids were selected as spatial areal units to maintain uniformity and examine the spatial 
variation in ESC and JHB, as well as the relationship between these two variables.
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Literature review

Employment self‑containment (ESC)

Self-containment is an important sustainable strategy in urban planning, and urban plan-
ners aim to achieve high ESC and encourage nonmotorized transport modes (Martinus and 
Biermann 2017). However, only a few studies in the literature have examined journey-to-
work trips from the perspective of ESC (Cervero 1996; Yigitcanlar et al. 2007).

Jobs–housing balance (JHB)

JHB represents jobs–housing relationship in an area (Cervero 1996), and several jobs–housing 
indicators have been developed in the literature (Horner and Mefford 2007). Different spa-
tial areal units, such as census tracts, TAZ, or large spatial units (e.g., buffers with radius of 
5–7 miles), have been used in previous studies (Peng 1997). Few studies have used big data to 
quantify JHB (Zhang et al 2017; Zhou et al 2018b; Long and Thill 2013).

The modifiable areal unit problem

The MAUP originated from the fact that spatial analysis units may be defined in different 
ways (Openshaw 1984). The scale problem is that analysis results vary when data used for 
the study are aggregated due to the uncertainty in the number of analysis units. The zoning 
problem is the variation in results of analysis when different analysis units are utilized with 
a constant number of units because of the uncertainty in the way that the analysis zone is 
subdivided into a number of analysis units (Wong 2009).

The MAUP is not only an active research area in spatial analysis but also a typical prob-
lem in transportation research. Zhang and Kukadia (2005) diagnosed the MAUP in the 
effect of urban form on travel modes and discovered that regression coefficients decrease as 
the spatial scale increases. Mitra and Buliung (2012) reported that zoning affects the rela-
tionship between built environment and active school transportation. Several studies have 
also examined the effect of the MAUP on the relationship between built environment and 
travel behavior (Clark and Scott 2014; Forsyth et al. 2007; Mitra and Buliung 2012). How-
ever, few studies have analyzed the effect of the MAUP on ESC and JHB (Horner and Mur-
ray 2002; Niedzielski et al. 2013; Yang et al. 2019). Understanding the effect of the MAUP 
in jobs–housing relationship helps minimize its effects on the spatial analysis results.

Examining work trips by using mobile positioning big data

Previous transport studies that used journey-to-work trips were usually based on household or 
roadside travel survey data, which are collected once every several years with low update fre-
quencies (Iqbal et al. 2014). Traditional travel survey data, as a type of small data, are limited 
by sample sizes. Massive spatiotemporal big data, such as mobile positioning data (Song et al. 
2010), taxi GPS trajectory data (Liu et al. 2012), and smart card data (Huang et al. 2018; Li 
et al. 2020a, b), have been used to track human mobility. However, travel information obtained 
from smart card and taxi GPS trajectory data are limited by the travel modes. With the increase 
in the functions of mobile phone, mobile phones have a higher penetration rate and a higher 
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percentage of residents have mobile phones than before. In Shenzhen, the ownership of mobile 
phone is around 90%. As a result of the high ownership rate, work trips with a large sampling 
size of the workers could be inferred and tracked from mobile phones (Kung et al 2014). The 
sampling size of mobile positioning data is larger than that of household travel diary survey 
data using questionnaires and can be used to study human mobility with larger samples (Xu 
et al. 2015). Kung et al. (2014) inferred residences and work locations of mobile phone users 
according to their most visited locations during sleeping and working periods.

The individual work trips derived from mobile positioning data can be aggregated into 
different spatial analysis units to examine the effect of the MAUP on ESC and JHB, as well 
as the relationship between the two variables.

Research methodology

Identifying work trips from mobile positioning data

Identification of home and work locations

To examine ESC and JHB, the home and work locations of workers were identified from 
the mobile positioning data. After that, journey-to-work trips were generated. A three-
dimensional coordinate system was utilized to help determine the activity patterns of resi-
dents in space–time at the individual level. A mobile phone user’s mobility pattern could 
be demonstrated as spatiotemporal paths in three dimensions where the X–Y axes reflected 
the geographic movements and the Z axis was the temporal dimension in different time 
of the day, to help understand the activity pattern (Shaw and Yu 2009). The movement 
was represented by a spatiotemporal sequence of triples ( xk, yk, tk ) that record the geo-
graphic coordinate of the resident at time t. The data model “activity place–activity starting 
time–activity duration” (Long and Thill 2013) was used to represent the movement of resi-
dents in the city, and the analytical framework in Zhou et al. (2018a) and Kung et al (2014) 
was used to identify mobile phone users’ home and work locations. Activity place refers 
to the cellphone tower service area. The average cellphone tower service area is about 
0.28 km2. Activity starting time refers to the approximate starting time when the cellphone 
user arrived at that place for the activity. Activity duration is the approximate duration of 
the mobile phone user’s stay in the place of the activity. During sleeping time, if a resident 
stayed in one activity place for a duration that is longer than the threshold (4 h), then this 
activity place might be inferred as the home location of that resident. The threshold was 
determined by a sensitivity analysis so that the inferred residents were reliable samples. 
The other constraint was that a proportion of the buildings in the activity place were for 
residential use instead of pure employment use according to the building information data 
to avoid the bias of shift workers.

During working time, if a person stayed at an activity place that was not his or her resi-
dence longer than the threshold (5 h), then this place would be inferred as the workplace of 
that person. The other constraint to consider this place as the workspace was that a propor-
tion of the buildings were for employment use instead of pure residential use according to the 
building information data. The estimation of sleeping time, from 0 a.m. to 7 a.m. and working 
time, from 8 a.m. to 12 a.m. and from 2 p.m. to 6 p.m., was based on the commuting habits 
of workers derived from the travel survey data (Zhou et al. 2018a). The thresholds were deter-
mined by a sensitivity analysis so that the inferred workers were reliable samples.
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For mobile phone users with few records, their records could not reflect their journey-
to-work trips. Hence, in the process of inferring the residences of mobile phone users, 
users with records below the threshold (4 h) during sleeping time were filtered out. This fil-
tering process ensured an appropriate degree of certainty that the inferred residences were 
the residential places of the cellphone users. Similarly, in the process of inferring the work-
places of mobile phone users, users with records below the threshold (5 h) during working 
time were filtered out.

Commuting inferred from the mobile positioning data

With the identified home and work locations of workers, the journey-to-work patterns were 
explored. For each mobile phone user, the commuting distance between residential tower 
cell and workplace tower cell was calculated using Dijkstra’s algorithm based on the road 
network data to represent the spatial proximity between residence and workplace.

Conversion of tower‑to‑tower OD matrix into zone‑to‑zone OD matrix

The tower-to-tower OD matrix was generated after home and work locations were identi-
fied from the mobile positioning data. Then, the tower-to-tower OD matrixes were aggre-
gated into the zone-to-zone OD matrix to examine work trips and the spatial variation in 
JHB and ESC. The towers are assigned to different zones based on locations because if 
the towers are within the same zone, then the tower coverage areas are likely to be within 
the same zone as well. Mobile positioning data provide individual-level work trips; hence, 
aggregating them into different spatial areal units is possible. The following section pre-
sents the methods to examine the spatial variation in JHB and ESC based on the zone-to-
zone OD matrix.

Calculating ESC and JHB

This study examines the relationship between ESC and JHB. ESC is calculated according 
to its definition as follows:

where zone i is the work trip origin, zone j is the work trip destination, ����ii repre-
sents the number of resident workers working in zone i , ����ij represents the number 
of commuters from zone i to zone j , and 

∑n

j=1
����ij is calculated as the number of 

employees who live in zone i.
JHB is measured with the jobs/workers ratio (JWR) using mobile positioning data in 

this study.

where JOBi represents available jobs of zone i , and ����i represents how many workers 
residing in zone i.

Figure 1 illustrates the scale issue of the MAUP with ESC and JHB. The work trips in 
a city are shown in panels (a, b) at fine and coarse scales with two zoning systems. The 

(1)���i =
����ii

∑n

j=1
����ij

(2)JWRi =
JOBi

����i
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total numbers of workers are same as the total number of jobs. ESC in the zones is shown 
as the diagonal elements of the tables in panels (c, d). JWR in the zones is shown as the 
diagonal elements of the tables in panels (e, f). Comparison of ESC at fine (c) and coarse 
(d) scales shows that the average ESC increases or remains the same as the spatial analy-
sis unit expands. Comparison of JWR at fine (e) and coarse (f) scales shows that the aver-
age JWR might increase, decrease or remain the same as the spatial areal unit increases.

In this study, ESC and JHB were analyzed with different spatial areal units through the 
use of mobile positioning data to understand the effect of the MAUP on ESC and JHB.

Study area and data

Study area

Shenzhen in the southern part of China is selected as the study area because it is similar 
with other Chinese cities in spatial structure, i.e. with core city and mixed industrial and 
housing suburbs. Urban expansion has led to long-distance commuting and increasing 

(a) (b)

(c) (d)

(e) (f)

Fig. 1  Illustration of the scale problem of the MAUP with ESC and JHB
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dependence on automobiles. The southeastern parts of the city are excluded because 
these areas are mainly used for recreation or conservation. The main built-up areas of 
Shenzhen are selected as the study area (Fig. 2). The population density is high, with 
more than 15 Mio. residents in an area of approximately 2000 km2.

Data

Mobile positioning data

Approximately 0.3 billion mobile positioning records from 5908 mobile phone towers 
have been collected on a working day in March, 2012. When the phone was active, the 
ID of each mobile phone user and the locations of the base transceiver station were 
recorded with around 0.5 to 1-h interval. The records of more than 12.4 Mio. cell-
phone users were provided by a leading cellphone operator with over 76.8% of the total 
mobile customers in Shenzhen. The residences of around 7.2 Mio. cellphone users were 
inferred from the mobile positioning data. Considering that Shenzhen has around 15 
Mio. residents, the sampling size of about 48% in this study was significantly higher 
than that for travel survey data of about 2%. The population density of Shenzhen was 
high, and towers were near one another in the study area. Cellphone users’ locations 
were approximated by Voronoi polygons through base transceiver stations.

Household travel survey data

The household travel survey data included detailed travel information, such as trip 
starting time, arrival time, and trip purposes of 480,692 trips made by 192,015 indi-
viduals, obtained with random sampling in October 2010. The data were provided 
by Shenzhen City Planning and Land Resources Bureau. The travel survey data 
were based on household questionnaire surveys, which were time-consuming and 

Fig. 2  Study area



 Transportation

1 3

labor-intensive. As a result, the sampling size for the travel survey data was relatively 
low, at approximately 2%, and lower than that of the mobile positioning data which can 
be 48% in this study.

Spatial variation in ESC with modifiable areal units

After the home and work location of the workers were inferred from the mobile position-
ing data with the help of the travel survey data, the work trips were generated. Figure 3 
shows the distribution of the workers’ commuting distance in whole Shenzhen. The aver-
age commuting distance was shorter in the suburbs (5.34 km) than that in the central city 
(6.12 km).

Table 1 demonstrates the commuting patterns and the ESC derived from mobile posi-
tioning data at the district level in whole Shenzhen.

ESC among the five districts in Shenzhen was compared at a macro level (Fig.  4A). 
The ESC in the suburbs including Bao’an and Longgang was higher than that in the cen-
tral–city areas including Nanshan, Futian, and Luohu. It was not feasible to conclude that 
workers residing in the suburbs were more likely to work locally than those residing in the 
central–city areas because the sizes of the districts in the suburbs were larger than those 
in the central–city areas. Figure 4B shows ESC at the sub-district level in the five districts 
in Shenzhen. In existing literature, the sub-district is usually employed to measure JHB in 
Chinese cities (Zhao et al. 2011). The sub-districts in a city are usually of different sizes 
and shapes, and the average sub-district size in Shenzhen is approximately 35.0 km2. Large 

Fig. 3  Distribution of commuting distances in Shenzhen
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sub-districts tended to be more self-contained than small ones. Average ESC at the sub-
district level was lower than that at the district level.

Table 1  Commuting patterns at the district level in whole Shenzhen

Bold values indicate ESC

Bao’an (%) Longgang (%) Luohu (%) Futian (%) Nanshan (%) Total percentage of 
outgoing work trips 
(%)

Bao’an 90.1 0.9 0.7 3.8 4.5 100.0
Longgang 2.3 86.9 4.1 5.6 1.1 100.0
Luohu 1.2 4.5 71.7 19.9 2.6 100.0
Futian 1.7 0.9 6.8 84.5 6.1 100.0
Nanshan 4.1 0.4 1.8 10.4 83.3 100.0

Fig. 4  Employment self-containment at the district and sub-district level in Shenzhen
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Jobs–housing balance and employment self‑containment 
with different spatial areal units

To perform a comparative analysis and maintain uniformity, uniform grids were selected 
as the spatial analysis unit to analyze the spatial variation in ESC. Figure 5 shows the spa-
tial variation in ESC and the coefficient of variation with different spatial areal units. The 
smallest areal unit was set as a 1 km grid to reduce possible errors caused by the variation 
in mobile phone coverage areas.

Statistical analyses showed that the average ESC in the central areas was lower than that 
in the suburbs in Shenzhen. Suburban residents mostly work near home while central city 
people commute longer distances, which is different from the commuting pattern in most 
Western cities. The spatial variation in ESC between the suburbs and central–city areas 
was hypothesized to be partly because the jobs–workers ratio (JWR) had a stronger cor-
relation with ESC in the suburbs than that in the central areas. JWR was used to explain the 
spatial variation in ESC. High JWR provided the potential to encourage workers to work 
locally, and the actual JHB was measured by ESC (Zhou et  al. 2018b). The logarithmic 
value of JWR was the independent variable because the relationship between JWR and 
ESC was nonlinear. The correlation between JWR and ESC was examined with different 
spatial areal units (Table 2).

JWR did not exert a significant effect on ESC at the 1 and 1.5 km grid levels. However, 
it had a mild effect on ESC at the 2 km grid level. The regression coefficient and R-squared 
value increased as the spatial areal unit increased to 2.5 and 3 km grids. The regression 
coefficient increased as the spatial areal unit increased and became increasingly aggregated 
because extreme values, such as minimum or maximum, became less varied, with small 

Fig. 5  Average employment self-containment increased, and the coefficient of variation decreased with the 
increase in the spatial areal unit

Table 2  Correlation between JWR and ESC with different spatial areal units

* Significant at the 0.05 level
**Significant at the 0.01 level
***Significant at the 0.001 level

Spatial areal units 1 km grid 1.5 km grid 2 km grid 2.5 km grid 3 km grid

Correlation coefficient No significant effect No significant effect 0.21* 0.36** 0.41***
R-squared 0.08 0.13 0.22
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spatial areal units aggregating to form large analysis units. Nonetheless, the regression and 
correlation coefficients might not represent the “real” effect of JWR on ESC with differ-
ent spatial areal units. The correlation between JWR and ESC increased as the number of 
aggregated spatial areal units increased. According to the MAUP analysis, an ideal spatial 
areal unit must be selected for the analysis of ESC and JHB to become meaningful.

As shown in Fig. 5, the 2 km grid was the turning point at which the increase in ESC 
started to decelerate, and the decrease in the coefficient of variation began to diminish. 
The 2 km grid in this study might be the right geographic unit for examining the correla-
tion between JWR and ESC because workers might commute by non-motorized modes if 
their work trips were shorter than 2 km. The average nonmotorized travel time was 17 min, 
and approximately 44% of workers travelled by walking and 10.2% by biking according to 
Shenzhen household travel survey data. The biking speed was 15 km/h and walking speed 
was 5 km/h approximately. Therefore, in this study, we use 2 km as the average work trip 
distance of the nonmotorized transport modes. Policies that increasing ESC at the 2 km 
grid level might induce workers to choose nonmotorized transport modes. As a result, 2 km 
grid is used as the ideal areal unit for this study in Shenzhen.

The average interzonal commuting distance in the grids was used to represent the dis-
tance the workers had to commute to their workplaces if they did not work locally. Figure 6 
demonstrates the scatterplot of ESC and average inter-zonal commuting distance in the 
central–city districts (Futian, Nanshan and Luohu) and in the suburban districts (Bao’an 
and Longgang). The average ESC was 44.2% (vertical line) and average inter-zonal com-
muting distance was 3.59 km (horizontal line).

The ESC and the average inter-zonal commuting distance of the 2 km grids in Shenzhen 
are mapped in Fig. 7. In Fig. 7A, the blue grids represent relatively highly self-contained 
grids with ESC higher than the average of 44.2% and an average inter-zonal commuting 
distance of 3.02  km; these cells were mostly in the suburbs. Many workers residing in 
these grids might be manufacturing workers who resided in factory dormitories and had 
short commuting distances. In Fig. 7B, the workers residing in the dark blue grids, com-
pared with those in the light blue grids, had to commute longer to other grids if they did 
not work locally. These grids might be in the suburbs adjacent to central areas, and workers 
commuting far away to central areas might be tertiary-sector workers. The choice to live in 

Fig. 6  The scatterplot of ESC and average inter-zonal commuting distance
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the suburbs far away from their workplaces may be because the housing prices in their resi-
dence areas were lower than those near their workplaces. The workers residing in the light 
blue grids only need to commute short distances to other grids if they did not work locally. 
In Fig. 7A, the red grids represent the less self-contained grids with ESC lower than the 
average of 44.2% and an average inter-zonal commuting distance of 4.32 km. Many work-
ers residing in the red grids in the central areas might be service and office workers who 
had long commuting distances. One reason was that they had higher transit accessibility, 
and tended to reside far away from their workplaces where housing would be cheaper than 
those near their workplaces. In Fig. 7B, the workers residing in the dark red grids had to 
commute longer to other grids to work compared with those in the light red grids. In the 
suburbs, workers residing in the light red grids only needed to commute short distances to 
the grids nearby to work, while those residing in the dark red grids near the central–city 
areas had to commute longer distances likely toward the central–city areas.

Fig. 7  Employment self-containment and average inter-zonal commuting distance
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Discussion

The analyses showed that ESC and JHB exhibited significant spatial variation with dif-
ferent spatial areal units. However, applying the analysis results from one spatial scale to 
another might result in biased findings because a spatial analysis unit may vary from a 
small area to the entire city. An ideal spatial analysis unit must be selected because an 
incorrect spatial analysis unit may lead to biased analysis results due to the MAUP. The 
MAUP occurs because the spatial analysis unit used is arbitrary and unable to represent 
the underlying process in the data. Understanding the biases caused by the MAUP can help 
make the analysis results reliable.

Although the MAUP has been well examined in the literature (Openshaw 1984; Fother-
ingham and Wong 1991), this study helps to elucidate the effect of the MAUP in transport 
research. First, mobile positioning data were used as a type of big data to aggregate jour-
ney-to-work trips into different spatial areal units to examine the spatial variation in ESC 
and JHB. Second, analyses at multiple spatial scales helped diagnose how the relationships 
between ESC and JHB are affected by the MAUP. Given that the spatial analysis units 
used in previous studies are inconsistent, this study provides a systematic analysis of how 
changes in spatial analysis units affect the analysis results.

As it is found that the MAUP will affect the analysis results, there is a need to find 
an appropriate spatial areal unit for the study of JHB and ESC. Travel behavior consid-
eration and justification for a specific areal unit are important when selecting an ideal spa-
tial analysis areal unit. ESC is proposed to encourage workers to work locally and select 
non-motorized transport modes besides JHB. Our analyses with different spatial areal units 
using mobile positioning data in Shenzhen shows that 2 km grid scale is the turning point 
where the increase in ESC started to slow down, and the decrease in the coefficient of vari-
ation began to diminish. Furthermore, the 2 km grid is the reasonable commuting distance 
for walking or biking in Shenzhen that workers might choose non-motorized transport 
modes. Therefore, around 2 km grid might be an ideal spatial areal unit for the analysis of 
ESC and JHB in Shenzhen.

Conclusion

Mobile positioning data could be utilized to track spatially detailed commuting trips with 
a large sample size, and these trips can be aggregated into different spatial analysis units to 
examine employment self-containment (ESC) and jobs–housing balance (JHB) at different 
spatial scales. The study shows how JHB and ESC vary with the increase in the size of the 
spatial areal unit. Large spatial areal units tend to have high ESC, whereas small spatial 
areal units are likely to have low ESC. The use of an inappropriate spatial areal unit may 
lead to inappropriate policies and decisions. Correlation analyses with an irregular spatial 
areal unit should consider the MAUP. Urban planning policies aiming to achieve high ESC 
should pay attention to the MAUP and select an appropriate areal unit for spatial analysis 
and formulation of urban policies. Achieving high ESC with a large spatial areal unit does 
not guarantee the same result as that obtained with a smaller spatial areal unit. Grids with 
uniform sizes and shapes should be used to explore spatial variations in ESC.

The study demonstrates that there is a turning point of the increase in spatial analy-
sis unit at which the ESC started to slow down and the coefficient of variation began to 
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diminish. In the case of Shenzhen, the turning point is found to be approximately 2 km, and 
it is related to nonmotorized modes of transport (primarily, walking or biking). The turning 
point is different in U.S. cities. For example, Fig. 8 shows that in Seattle, which is a high-
density city in the U.S., approximately 45% of the workers drove alone to work every day 
(Seattle Department of Transportation 2010). A larger share of workers (44% and 10.2%) 
in Shenzhen commuted by walking and biking, respectively, than that in Seattle (8% and 
3%).

This turning point may vary according to different transport modes that may vary from 
city to city. The hypothetical spatial analysis unit of the turning point of ESC in U.S. cities 
may be larger than that of Chinese cities (Fig. 9). This hypothesis derived from the present 
study could be further verified by carrying out similar studies of the changes in ESC with 
different spatial analysis units using mobile positioning data in U.S. cities.

The present study shows that the MAUP affects both JHB and ESC and their relation-
ship. The key to selecting the most ideal spatial analysis unit is to understand how the 
spatial analysis unit affects the analysis results. This study contributes to the existing lit-
erature of MAUP in jobs–housing relationship to show that travel behavior consideration 
and justification for a specific areal unit are important in selecting an ideal spatial analysis 
areal unit. An appropriate and meaningful spatial areal unit for analyzing ESC and JHB in 
Shenzhen might be around 2 km grid and it would vary in different cities. Travel behavior 
consideration and justification need to be tested in other cities in China or other countries 
to find the appropriate grid size for analyzing JHB and ESC.

This study has several limitations. Firstly, the use of mobile positioning data might lead 
to error in the inference of the home and work locations of workers. For example, mobile 
phone location records during sleeping time were used to infer the residences of workers, 
which may result in errors if a mobile phone user stayed at a friend’s home. Moreover, a 
mobile phone user might have stayed in a hospital as a patient during working hours and 

Fig. 8  Share of all commuters by mode in Seattle and Shenzhen in 2010 (Source: Seattle household travel 
survey and Shenzhen travel survey, respectively)
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thus might have been identified as a worker in the hospital. However, obtaining individual 
work trips on that day for validation is difficult. One-week mobile positioning data, if avail-
able, could better identify the residences and workplaces of workers. If a mobile phone 
user stays at one location during sleeping time most of the days of the week, then that 
location is likely to be the residence. Likewise, if a mobile phone user stays at one loca-
tion during working hours most of the days from Monday to Friday, then that location is 
likely to be the workplace. Second, short work trips may not have been recorded when the 
residence and workplace of a mobile phone user were within the same mobile phone tower 
service area. Work trips were recorded only when the current mobile phone tower servic-
ing a mobile phone user shifted to another. Workers with residences and workplaces within 
the same mobile phone coverage areas were excluded to minimize possible errors in the 
identification of workers. However, the above possible errors would not significantly affect 
the calculation of ESC and JHB if the spatial unit of analysis is 2 km as identified from the 
study.
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