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Abstract: In order to better explain the low passenger volume of rail transit network in Tianjin and promote the  

coordinated development of urban transportation and land use, this paper proposes the techniques for analyzing the 

spatial distribution of job-housing based on cellular data. Through discussing the relationship between rail transit 

network and urban spatial structure, the paper analyzes the urban spatial structure in Tianjin in three aspects: com-

muting circle, Central Business District, and commuting travel linkage. The results show that the coordination be-

tween the existing or recently-constructed rail transit network and urban spatial structure in Tianjin is generally not 

very good, and there is a large room for improvement. The paper emphasizes that a regular assessment should be 

carried out on the relationship among the job-housing spatial distribution, urban land use development and rail 

transit network based on cellular data, which can provide scientific basis for the rail transit network development 

and the adjustment of urban land use development. DOI: 10.13813/j.cn11-5141/u.2018.0604-en 
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0 Introduction 

As of the end of 2017, the permanent resident population 

of Tianjin was 15 568 700, the operating mileage of rail 

transit about 166 km, the daily ridership about 970 000, and 

the ridership intensity was 6 000 passengers∙d
−1

∙km
−1

. 

Compared with cities with similar population such as 

Guangzhou and Chongqing, Tianjin has relatively low rid-

ership and ridership intensity on its rail transit network 
[1]

. 

Whether the rail transit network and the urban spatial struc-

ture are interconnected is an important factor affecting the 

rail transit ridership. It is also a key indicator to measure 

whether the development of urban transportation and land use 

is going well. Relevant literature studies believe that rail 

transit plays an important role in the reconstruction and re-

generation of metropolitan space, while the spatial scale and 

structure of metropolitan areas determine the scale and shape 

of the rail transit network 
[2]

. Therefore, the study of the re-

lationship between urban spatial structure and rail transit 

network in Tianjin is an extremely important topic in the 

context of large-scale rail transit construction. 

As big data are constantly applied and popularized in  

urban transportation, the study on the relationship between 

job-housing spatial distribution and urban spatial structure 

based on cellular data has achieved rich research results. 

Reference [3] explored the reliability of different sampling 

methods of cellular data and their impacts on the identifica-

tion of home and work locations and the analysis of com-

muting characteristics. Reference [4] used cellular data to 

analyze the job-housing spatial distribution of users in Bei-

jing. Reference [5] studied the relationship between 

job-housing conditions and transportation systems in the 

main urban area of Chongqing. References [6–7] used cel-

lular data to look into the relationship between commuting 

area and job-housing spatial distribution in Shanghai. Ref-

erence [8] analyzed the spatial characteristics of the city 

cluster of Pearl River Delta based on cellular data. Reference [9] 

estimated the Origin-Destination (OD) distribution of trips 

among districts in San Francisco, USA, based on cellular 

data. 

Based on the experience of analysis algorithms of cellular 

data in the world, this paper obtains job-housing spatial dis-

tribution relationship by analyzing the cellular data in  
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Tianjin, and further proposes the idea of analyzing the urban 

spatial structure in three aspects: commuting area, Central 

Business District (CBD) and commuting travel connection. 

This idea is applied in Tianjin to explore the relationship 

between the existing and recently-constructed rail transit 

network and urban spatial structure, which provides a refer-

ence for the optimization of rail transit network and the ad-

justment of urban spatial structure. 

1 Application of cellular data 

1) Users’ job-housing and commuting analysis 

based on the identification of the residence and 

workplace 

With the advantages of high sampling rate, wide coverage 

and high accuracy, cellular data provide an important op-

portunity and data foundation to track each individual’s spa-

tial-temporal behaviors. In recent years, it has become a hot 

topic and has been widely used in the field of urban and 

transportation planning to establish models to identify the 

residence and workplace of urban residents based on cellular 

data to study the characteristics of job-housing spatial dis-

tribution. 

2) Travel OD analysis based on the identification 

of trip stops 

Urban residents’ travel OD and its characteristics consti-

tute the most important basic materials in transportation 

planning and management. They are also the focus of re-

search and discussion in the field of transportation. Cellular 

data accumulate massive users’ real-time location data, which 

provides rich resources to study residents’ travel behaviors, 

monitor real-time traffic status and estimate travel demand. 

In recent years, the research on travel OD analysis based on 

cellular data has been constantly making progress. However, 

subject to the positioning accuracy of mobile base stations, 

the applications have been limited in aspects such as 

short-distance travel OD and the analysis of related travel 

characteristics. 

2  Identification of the workplace and    

residence 

The analysis of urban spatial structure mainly uses the 

job-housing distribution obtained based on cellular data. 

2.1  Algorithm to identify the workplace and  

residence 

The algorithms to identify the workplace and residence 

based on cellular data can be divided into three major cate-

gories, including the time threshold method, the relative 

dwell time method and the information entropy method. 

1) Time threshold method. The location at which the dwell 

time over the night (e.g. 0:00–6:00) exceeds a certain 

threshold for more than a predefined number of times can be 

identified as the residence. The location at which the dwell 

time during the daytime (e.g. 9:00–17: 00) exceeds a certain 

threshold for more than a predefined number of times can be 

identified as the workplace. 

2) Relative dwell time method. This method calculates the 

ratio (P) of time staying in each space grid over the night (e.g. 

0:00–6:00), and takes the grid with the maximum P value as 

the residence. This method calculates the ratio (P) of time 

staying in each space grid during the daytime (e.g. 

9:00–17:00), and takes the grid with the maximum P value as 

the workplace. 

3) Information entropy method. In order to distinguish 

users resting at night and users resting during the day, Ref-

erence [10] introduced the concept of information entropy to 

analyze users’ activities during the study period, then effec-

tively identified users’ concentrated resting period, which 

effectively solved the problem of distinguishing users 

working during the day and users working at night. 

The time threshold method and the relative dwell time 

method are relatively simple, which are commonly used by 

various operators and research institutions. The information 

entropy method is relatively complicated with few applica-

tion cases, but it has effectively solved the problem of 

mis-identifying the workplace as the residence due to users’ 

irregular working hours or night shift jobs. 

A set of effective algorithms is developed in this research 

to identify the workplace and residence in Tianjin by refer-

ring to cellular data algorithms in the world. This set of al-

gorithms is based on the actual situation of cellular data from 

three operators in Tianjin, i.e., China Unicom, China Mobile 

and China Telecom. It comprehensively considers the appli-

cation of the time threshold method, the relative dwell time 

method and the information entropy method, and adopts the 

spatial-temporal double-layer clustering analysis. The tem-

poral clustering refers to the merging and processing of 

consecutive records located in the same grid (300 m × 300 

m). The spatial clustering means when calculating the dwell 

time of a potential residence location (or workplace), the 

dwell time of the grids within a certain range around this 

location should also be included due to the “ping-pong” 

phenomenon of the cellular data. The details are as follows: 

1) Data overview 

The cellular data for one consecutive month are obtained 

from three operators in Tianjin, i.e., China Unicom, China 

Mobile and China Telecom. The data include user number, 

grid ID, the longitude and latitude of the grid center, start 

time, end time and other information. The grid size is ap-

proximately 300 m × 300 m. 

2) Data pre-processing 

First of all, for users whose mobile phones are only used 
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for surfing the Internet and users whose cell phone signals do 

not appear on more than 50% of the working days in a month, 

they are filtered out and are not included in the identification 

of the workplace and residence. 

Second, the first record is added and the last record is 

improved. The grid number of the newly-added first record is 

set to be the user’s last grid number for yesterday. The start 

time is set as 00:00:00, and the end time is set as the start time 

of the existing first record on the current day. For the last 

record, its grid number and start time remain unchanged and 

its end time is set as 23:59:59. 

3)  Identification of users’ concentrated resting   

period and selection of users’ work analysis period 

The value of the information entropy reflects the user’s 

activity degree during the study period. The larger value 

indicates the higher degree of activity. The information en-

tropy value is 0 when the user is in a completely resting state. 

A working day is divided into four periods, i.e., 0:00–6:00, 

6:00–12:00, 12:00–18:00 and 18:00–24:00, and each period 

contains six hours. The dwell time of each user in each grid is 

calculated for each time period, and the corresponding in-

formation entropy value is calculated as follows. 

 
In this formula, Pij is the ratio of the dwell time of user Xi 

at stay point j and Pij = Tij/T, where Tij is the total dwell time 

(in hours) of user Xi at stay point j during the study period, 

and T is the total length of the study period (6 h). 

The period with the minimum information entropy value 

in the four periods of the whole day is selected as the con-

centrated resting period of the user. If a user has multiple 

periods with the same minimum information entropy value, 

the period of 00:00–06:00 should have higher priority; oth-

erwise, the concentrated resting period can be selected ran-

domly from these periods. 

The characteristics of concentrated resting and working 

periods of various users should be comprehensively consid-

ered, such as users who work in a three-shift schedule or in a 

two-shift schedule, and who commute during normal com-

muting hours. When the user’s concentrated resting period is 

0:00–6:00, the period of 10:00–20:00 should be selected as 

the work analysis period; otherwise, the period of 1:00–7:00 

should be selected. 

In order to better reflect the relationship between the 

characteristics of users’ activities and the values of infor-

mation entropy, the information entropy values of two users 

(named User 1 and User 2) are analyzed. These values are for 

one consecutive week with 0.5 h as the time interval. As 

shown in Figure 1, the abscissa represents different days in a 

week; the ordinate represents different statistical time inter-

vals within a day; and the numerical value is the information 

entropy value of a user’s activity in the corresponding time 

period on the corresponding day. The redder color indicates 

the larger information entropy value. When the information 

entropy value is 0, the user is not active. Figure 1 shows that 

the activities of User 1 are mainly concentrated in the day-

time, and the concentrated resting period is 00:00–06:00; the 

activities of User 2 are mainly concentrated at night, and the 

concentrated resting period is 12:00–18:00. Therefore, the 

calculation of information entropy values can effectively 

avoid the issue of mis-identifying the workplace as the resi-

dence, which is possible when a single concentrated resting 

period is selected and applied to all users. 

4) Inference of user’s residence and workplace 

First, the dwell time Ti,j,k should be calculated, which is the 

dwell time of user i in grid k during this user’s concentrated 

resting period (or work analysis period) on working day j. 

Second, a user’s potential residences and workplaces for a 

working day should be identified. Centering on the grid with 

the maximum dwell time of the day, spatial clustering of the 

grids that appear in this user’s concentrated resting period (or 

work analysis period) is conducted. Considering that the 

service range of the base station is about 0.4 km–1.5 km, the 

clustering radius is set to be 1.5 km when inferencing the 

residence and set to be 0.6 km when inferencing the work-

place. The total dwell time of each cluster is counted, and the 

users with total dwell time no less than ∆T are selected as the 

target users. ∆T is set to be 4 h and 2 h when inferencing the 

residence and the workplace respectively. For each target 

user, the top three grids by dwell time are selected as the 

potential residences (or workplaces) for the studied working 

day. 

As shown in Figure 2, user i appears in grids 1, 2 and 3 

during the concentrated resting period (6 h) on working day j, 

and Ti,j,1 ≥ Ti,j,2 ≥ Ti,j,3. Since the user’s location should be 

stable during the concentrated resting period, grid 1 is taken 

as the center to calculate the total dwell time of 

all grids within a radius of 1.5 km. If Ti,j is no less than 4 h, the 

potential residences of the user on the studied working day 

are identified to be grid 1, grid 2, and grid 3. 

Finally, all potential residence (workplace) grids in which 

a user appears in a month are ranked in the descending order, 

based on conditions such as the cumulative number of days 

and the cumulative dwell time. If the first potential residence 

(workplace) grid appears on more than half of the working 

days in the month, it is identified as the user’s residence 

(workplace) grid. 

In addition, users whose residence and workplace grids are 

the same are treated as special users, such as boarding stu-

dents or stay-at-home elderly people. 

2.2 Calculation results 

By analyzing the one-month cellular data of China Uni-

com, China Mobile and China Telecom, the workplaces and 

residences of Tianjin residents are identified, and the 

job-housing spatial distribution is analyzed.     
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Figure 1 Information entropy distribution by time 

 

Figure 2 Recognition of potential residence place 

1) Overview of the identification of the workplace 

and residence 

The residences of about 8.65 million Tianjin residents are 

identified, which is equivalent to sampling 55% of the per-

manent residents in Tianjin. The workplaces of about 6.97 

million residents are identified, and there are still 2.89 million 

residents after filtering out special users (such as boarding 

students, community business owners, and stay-at-home 

elderly people), among which about 10% are identified as 

working at night (shown in Table 1). 

2) Population density and employment density in 

twin cities of Tianjin 

As shown in Figure 3, in Tianjin’s central urban area, 

residents are mostly distributed within the fast ring road and 

jobs are highly concentrated along the Nanjing Road. In the 

core area of Binhai New Area, residents are mostly distrib-

uted in Tanggu Old Town and jobs are concentrated in areas 

such as the development zone and the waterfront area, which 

are basically consistent with the actual situation. 

Table 1 Overview of work and housing locations of Tianjin  
residents/104 
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Figure 3 Population density and employment density in twin 

cities of Tianjin 

3 Main ideas for analyzing urban spatial 

structure based on job-housing distribution 

The urban spatial structure connects various elements 

(such as economic activities, land use, buildings, and social 

groups) within the city, urban forms, and interactions be-

tween cities in a certain organizational way to form a com-

plete system
 [11]

. The use of cellular data to analyze the urban 

spatial structure mainly reflects the law of human activities, 

which indirectly reflects the urban spatial form, so it is more 

inclined to analyze the urban spatial structure from the per-

spective of geography. 

The analysis of the urban spatial structure based on the 

characteristics of job-housing distribution, which are ob-

tained through cellular data, mainly focuses on three aspects 

(shown in Figure 4), including the scope of urban spatial 

expansion, the size, structure and influence range of the urban 

CBD, and the strength of connections among areas. 

1) The scope of urban spatial expansion is the extent of a 

metropolitan area. Employment Interchange Measure (EIM) 

is the core indicator used to define metropolitan areas in 

foreign countries. Therefore, EIM of the central urban areas 

and peripheral area clusters can be obtained through cellular 

data, and the scope of the commuting area can be studied to 

define the main scope of urban spatial expansion. 

2) Urban form is mainly analyzed for the urban CBD. 

Through cellular data, the population density and employ-

ment density can be obtained, and the scale and extent of the 

CBD can be defined. The distribution law of workers and 

residents in the CBD can then be further analyzed to study the 

influence range of the CBD. 

3) Spatial connection among areas mainly analyzes the 

strength of commuting travel connection. The job-housing 

distribution relationship can be obtained through cellular 

data, and can then be used to study the strength of commuting 

travel connection among areas. 

4 Relationship between job-housing spatial 

distribution and rail transit network 

4.1 Commuting area analysis 

Commuting areas are also called metropolitan areas. In 

general, EIM of the peripheral areas and the central urban 

area is used as the main indicator to express the spatial hier-

archy structure of a metropolitan area. EIM is the sum of the 

percentage of workers living in the peripheral areas who 

commute to the central urban area and the percentage of 

employment in the peripheral areas that is accounted for by 

workers who reside in the central urban area. The criterion for 

metropolitan areas proposed by the U.S. in 1990 is that at 

least 15% of non-agricultural workers commute to the central 

urban area or the EIM (total of in- and out-commuting) 

reaches more than 20%. Japan defines metropolitan areas 

with the criterion of 5% or 10% EIM
 [12]

. 

 

Figure 4  Techniques of urban spatial structure based on 

job-housing distribution 
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Tianjin presents a spatial structure model with the central 

urban area and the core area of Binhai New Area as its dual 

cores. Therefore, the analyses of commuting area are con-

ducted for the central urban area and the core area of Binhai 

New Area respectively. The peripheral areas are divided into 

area clusters and their EIM with the twin cities are calculated. 

For each EIM criterion of 5%, 10%, 15% and 20%, the pro-

portions of workers’ residences and residents’ workplaces 

covered by the area clusters are calculated. The EIM criterion 

of 10% is finally selected as the threshold to define com-

muting areas (shown in Figure 5, Table 2 and Table 3), so that 

the proportion of residents’ workplaces covered by the 

commuting area is over 96%. 

The analyses show that 1) in terms of the area, the com-

muting area of the central urban area is much larger than that 

of the core area of Binhai New Area, indicating that the  

central urban area is the primary core of the dual-core  

structure, and the core area of Binhai New Area is the sec-

ondary core; 2) in terms of the commuting radius, the average 

commuting radius of the central urban area is about 27 km, 

while that of the core area of Binhai New Area is about 20 

km, both are relatively small; 3) in terms of the commuting 

direction, whether from the aspect of commuting range or 

commuting volume, commuting from inside to outside is 

greater than commuting from outside to inside for both cores. 

The ratio of inward to outward commuting for the central 

urban area is 1:1.87, while that for the core area of Binhai 

New Area is 1:1.08 (shown in Table 4). These ratios indicate 

that since Tianjin is an industrial city at this stage, the com-

muting volume to the secondary industry jobs in the periph-

eral area is greater than that to the tertiary industry jobs in the 

twin cities of Tianjin. 

 

Figure 5 Commuting loops in twin cities of Tianjin 

Table 2 Commuting loops in urban central area 

 

Table 3 Commuting loop in core area of Tianjin Binhai New Area 
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Table 4 Commuting directions in twin cities of Tianjin 

 

According to the Tianjin Urban Rail Transit Short-term 

Construction Plan 
[13]

, on the basis of existing Rail Transit 

Lines 1, 2, 3, and 9 and Rail Transits Lines 5 and 6 that are 

about to open, Rail Transit Lines 4, 7, 8 and 11 will be built in 

the central urban area of Tianjin. In the Binhai New Area, 

Rail Transit Line B1 and Inter-city Rail Transit Lines Z2 and 

Z4 will be built. 

From the perspective of the coupling relation between the 

commuting area and the rail transit network (shown in Figure 

6), rail transit covers most area clusters with strong com-

muting connection between the peripheral areas and the twin 

cities (the EIM is over 30%), but there are also deficiencies. 

1) The coverage of some area clusters with strong commuting 

connection is insufficient, such as the western area cluster of 

the central urban area. 2) The construction timing and func-

tional positioning of inter-city rail transit lines need further 

study. For example, Line Z4 runs south–north with Han’gu at 

its north end, which has weak commuting connection with 

the core area of Binhai New Area. The construction timing of 

this section of rail transit line is open to question. Line Z2 

runs east–west and passes through the northern periphery of 

the twin cities, with the major function to serve the commute 

between the industrial zones of the twin cities. However, 

passengers on Line Z2 need to transfer to access the central 

areas. Therefore, the function of Line Z2 is different from the 

typical function of inter-city rail transit, which is to mainly 

serve the commute between central areas, and the functional 

positioning of Line Z2 needs to be studied further. 

 

Figure 6  Relationship between commuting loop and       

recently-constructed rail transit network in twin cities of Tianjin 

4.2 CBD Analysis 

The distribution of employment density clearly shows the 

extent of the twin cities’ CBD areas. Since the energy level of 

the CBD in the core area of Binhai New Area is low at this 

stage, the CBD analysis focuses on the CBD of the central 

urban area and its extent is shown in Figure 7. The area of this 

CBD is about 10.4 km
2
, accounting for 0.5% of the com-

muting area. The resident population is about 345 000, ac-

counting for 4.0% of the population living in the commuting 

area, among which about 180 000 are commuters. The 

number of jobs is about 465 000, accounting for 8.9% of jobs 

in the commuting area. In general, the energy level of this 

CBD is relatively small, and its aggregation effect must be 

further strengthened. Therefore, from the perspective of ex-

erting the CBD effect, it is still necessary to gather rather than 

disperse at this stage. 

In terms of the CBD’s job-housing distribution, the CBD 

residents mostly work in the CBD and its immediate sur-

rounding areas (shown in Figure 8a), which accounts for 

61.2%; and workers working in the CBD mostly live in the 

areas within the outer ring road (shown in Figure 8b). The 

influence range of the CBD is small, with 82.4% of the CBD 

jobs taken by workers living outside. 

From the perspective of the relationship between the res-

idence distribution of the workers working in the CBD and 

the radial rail transit lines, the support of the rail transit 

network for the CBD needs to be strengthened, which is 

mainly reflected in two aspects: 1) some main commuting 

corridors lack rail transit coverage, or their main directions 

have not been covered (the commuting corridors are indi-

cated by the red arrows in Figure 9a); and 2) the distance 

between stations on some rail transit lines is too large, leading 

to insufficient coverage of CBD’s rail transit stations within 

the 500-m radius, which is only about 70% (shown in Figure 

9b). 

4.3  Strength analysis of commuting travel   

connection 

Spatial connection can be divided into spatial connection 

of people flow and goods flow. The spatial connection of 

people flow can be further divided into commuting travel 

connection and non-commuting travel connection. The 

job-housing spatial distribution can be obtained through 

cellular data, so as to analyze the strength of commuting 

travel connection. 
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Figure 7 Employment density and scope of CBD in urban central area 

 

Figure 8 Job-housing distribution in CBD 

Figure 10 shows that 1) commuting travel is generally 

centered on the dual cores, and the overall commuting con-

nection between the dual cores is not large; 2) the commuting 

connection between adjacent areas is stronger; and 3) the 

CBD in the central urban area has an obvious characteristic of 

outward radial travel. 

From the relationship between the loop line composed of 

Rail Transit Lines 5 and 6 in the central urban area and 

commuting travel (shown in Figure 11), the rail transit loop 

line is consistent with the commuting travel loop outside the 

CBD. The location of the loop line is basically reasonable, 

but the layout pattern is debatable. The combination loop line 

occupies the location of four radial lines, and three of the four 

radial corridors have strong connection with the CBD (which 

are M6 North, M6 South, and M5 South respectively). 

Therefore, rail transit passengers going to the CBD through 

these three corridors need to transfer at least once. Since 

important radial corridors are invaluable channel resources, 

from the perspective of passenger travel, the layout mode of 

the combined rail transit loop line in the central urban area of 

Tianjin needs to be discussed, and the complete loop mode is 

relatively reasonable. 

5 Conclusion 

The synergy relationship between existing and recently-

constructed rail transit network and the current urban spatial 

structure is ordinary and there is room for improvement. 1) In 

terms of commuting area, the coverage of rail transit network 

in the peripheral area clusters with strong commuting con-

nection is insufficient. The construction timing and func-

tional positioning of some inter-city rail transit lines in Binhai 

New Area need to be further studied. 2) In terms of the CBD, 

some main commuting corridors lack rail transit coverage, or 

their main directions have not been covered. The coverage of 
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CBD’s rail transit stations within the 500-m radius is insufficient, 

only about 70%. 3) In terms of the strength of commuting 

travel connection, the layout mode of the combined loop line 

in the central urban area needs to be discussed. 

The above-mentioned conclusions are mainly based on the 

relationship of current job-housing distribution characteris-

tics and urban spatial structure with rail transit network, but 

rail transit construction has a strong guiding effect on urban 

land use and spatial layout. With the improvement of the rail 

transit network, urban spatial structure will also change ac-

cordingly. Therefore, it is recommended to conduct regular  

 

Figure 9 Relationship between CBD and radial rail transit  

network 

 

Figure 10 Degree of commuting travel connecting 

 

Figure 11 Relationship between loop lines of rail transit in urban 

central area and commuting travel 

evaluation on the relationship between urban spatial structure 

and rail transit network based on cellular data, providing 

timely scientific basis for the construction of rail transit 

network and the adjustment of urban spatial structure. 
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