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Fan-Shaped Model for Generating the
Anisotropic Catchment Area of Subway
Stations Based on Feeder Taxi Trips

Shiwei Liu1 , Yajuan Deng2, Xianbiao Hu3 , Jiaxing Zhou4,
and Jianming Chen5

Abstract
The catchment areas of subway stations have always been considered as a circular shape in previous research. Although some
studies show the catchment area may be affected by road conditions, public transportation, land use, and other factors, few
studies have discussed the shape of the catchment area. This study focuses on analyzing the anisotropy of catchment areas
and developing a sound methodology to generate them. Based on taxi global positioning system (GPS) data, this paper first
proposes a data mining method to identify feeder taxi trips around subway stations. Then, a fan-shaped model is proposed
and applied to Xi’an Metro Line 1 to generate catchment areas. The number and angle of fan areas are determined according
to the spatial distribution characteristics of GPS points. Results show that the acceptable distance of the catchment area has
significant differences in different directions. The average maximum acceptable distance of one station is 2.31 times the mini-
mum. Furthermore, for feeder taxis, the overlap ratio of the catchment area is very high. Travelers in several places could
choose several different stations during the travel. A multiple linear regression model was introduced to find the influencing
factors, and the result shows the anisotropy of the catchment area is affected not only by neighboring subway stations, but
also by the road network, distance from the city center, and so on.

Keywords
fan-shaped model, catchment area, anisotropy, subway station, feeder taxi

The subway has become one of the main transport modes
in big cities because of its high speed and punctuality.
Because of its low accessibility (i.e., a long distance from
one subway station to another), many passengers need
another mode of transportation to get to subway stations
or a destination. The problem is called ‘‘the first- or last-
mile problem.’’ Analyzing the feeder services of the sub-
way is an important way to understand regional traffic
characteristics and improve the service of the subway. As
such, the identification of the transit catchment area of
feeder services becomes important.

A subway station’s catchment area is defined as a
region where most of the station passengers come from
(1). Studying the catchment area of feeder services is of
great help in planning regional public transportation and
land use layout and designing reasonable transportation

policy, as well as improving the transportation environ-
ment of residents.

Many scholars have carried out research on different
kinds of transfer traffic modes, including walking (2, 3),
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cycling (4–7), buses (8, 9), and so on. However, studying
the feeder taxis of subway stations is often ignored by
researchers (10). Nowadays, more people are willing to
use both taxis and subways to complete their trips
because of the favorable environment of subways built
over the past decades and fast-developing online taxi ser-
vices (11). Relevant research shows that the existence of
subway stations has a positive effect on taxi passenger
flow (12). Feeder taxi trips can make up for the shortcom-
ings of the subway, such as low flexibility, limited catch-
ment area, and so on. Furthermore, based on the distance
decay theory, if a demand generating area of feeder taxis is
far away from the station, this means a large proportion
of travelers need to take a taxi to overcome the long dis-
tance so as to get to the station. It is likely that the service
of public transportation has not been well-developed in
that demand region. Therefore, studying the catchment
area of feeder taxis can help city planners improve the lay-
out of the public transportation system.

The existing literature on catchment areas is mainly
focused on public transport stations, such as bus stops,
tram stops (13), and subway stations (14). Some also
studied the catchment area of a park and ride (15).
Catchment areas are usually considered as a round shape
in the existing research. The determination of the round
shape radius, which is called the acceptable distance, is
the most important step in delineating the catchment area
(16). Take the subway station as an example. The accep-
table distance from a subway station, for a mode such as
walking, was determined based on experience in 1993
(17). O’Neil et al. (2) used GIS and buffer analysis to the
study catchment area of stations, and they concluded
that in the vicinity of subway stations, the better the
walking environment was, the more acceptable a longer
distance became. Later, some scholars started to develop
models to study the acceptable distance from subway
transit stations. In the study of subway stations, Li (18)
introduced a reachability theory and selected a general
travel time as a description index of reachability to
obtain acceptable distances of different modes of trans-
portation. Jiang et al. (19) used a least squares regression
model to obtain the acceptable walking distance from
subway stations. Generally speaking, modeling-based,
convex hull-based, and buffer-based methods are com-
mon methods to generate catchment areas nowadays
(14). The most frequently used one is the buffer-based
method, with which the buffer area can be delimited by a
circle or a network distance (14). Many scholars also
used the network distance to cut the buffer area and took
the road conditions into account (20). This method gen-
erally determined an acceptable distance or time in
advance according to the actual travel data or surveys,
and then the catchment area was determined according
to the road conditions.

Some researchers (1) have begun to discuss the spatial
boundary of park and ride catchment areas in recent
years, but for the catchment area of subway stations,
almost all the studies use a circle as the default geometry,
which needs further study and discussion. Besides the
travel distance, the road network conditions, destination
direction, land use around the subway station, and other
public transportation would all affect the shape of the
catchment area. Therefore, a circle may not be a precise
geometry to describe the catchment area. The anisotropy
of the catchment area is a kind of property in which the
acceptable distance is changed by different spatial angles
in this manuscript. If the characteristic of anisotropy is
considered when generating the catchment area, then the
impact of road network conditions, land use, and other
factors can be shown in the differences of acceptable dis-
tances in different directions. So, considering the aniso-
tropy of the catchment area can better describe the
spatial distribution of catchment areas, and can help
planners set transport policy in a more reasonable and
sustainable way. The anisotropic characteristic of the
catchment area can also be a reference to the city planner
when making a plan for the land use and public trans-
portation system. However, how to divide the space
around a subway station to reflect the anisotropic char-
acteristic is a challenging task.

This study uses taxi global positioning system (GPS)
data to analyze the catchment area of the subway station.
For a long time, scholars have focused on the identifica-
tion of taxi hotspots (21–23) and trajectory research to
provide a basis for public transport development (24, 25).
For example, Li et al. (26) analyzed taxi GPS data and the
transaction data of new subway lines to explore the impact
of an opening subway line on taxi passengers from the
space and time dimensions. After the subway was opened,
they found that most passengers who used to take taxis
chose a combination of a taxi and the subway. The taxi
was mainly used for the last mile of the trip. Wang and
Ross (27) explored the interaction between taxis and sub-
ways and divided the relationship into three categories: the
transit-extending taxi trip, transit-competing taxi trip, and
transit-complementing taxi trip. The transit-extending taxi
trip can approximately be regarded as the feeder taxi trip.
They found that a competitive relationship accounted for
the largest proportion. The travel distance of transit-
extending taxi trips is much smaller than that of other
types. However, Jiang et al. (28) reached a conclusion that
is almost completely the opposite. Their results showed
that the transit-complementing trip was the most common
one, and the transit-extending taxi trip had the longest dis-
tance. The inconsistencies in the criteria for classifying
taxis in these two studies may be one of the reasons for
the opposite results. So how to classify taxi trips is espe-
cially important.
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This paper first obtains feeder taxi data by developing
a data mining method based on a field survey and GPS
data. Then, a fan-shaped model based on mathematical
statistics is proposed to demonstrate the anisotropy of
acceptable distance. The model determined acceptable
distances in different directions by the spatial distribu-
tion of feeder taxi points. A new method is proposed to
select the acceptable distances when considering the ani-
sotropy of the catchment area.

The contents of this paper are organized as follows.
The second section mainly describes the processing of
taxi GPS data. The third section introduces the fan-
shaped model for determining the catchment area of fee-
der taxis. The fourth section discusses and analyzes the
relevant results of the study, and finally a conclusion is
drawn in the fifth section.

Data Preparation

As the ancient capital of 13 dynasties, Xi’an is a city with
a profound history and culture. In recent years, it has
also been rated as the national central city. There are five
subway lines in Xi’an now and, according to the plan,
Xi’an will have nearly 20 subway lines in the next decade.
We use about 100million taxi GPS data points of Xi’an,
on 17–20 April 2017, and take Subway Line 1 as an
example. Since the taxi GPS data could not distinguish
the feeder taxi data that transfers to the subway (from
those that do not), this paper needs to filter and extract
the feeder taxi GPS data first.

Classification and Recognition of Taxi Trips

According to the previous research (27, 28), taxi trips are
divided into three groups, namely, competitive relation-
ship, complementary relationship, and extending rela-
tionship, as defined below.

(1) Transit-extending taxi trip refers to a trip that
improves the accessibility of the subway. Most
trip passengers have taken or will take the sub-
way to complete the whole trip. In this paper,
this kind of trip is regarded as a feeder taxi trip.

(2) Transit-competing taxi trip means that one can
use the subway to complete the whole trip, and the
taxi and subway are in a competing relationship.

(3) Transit-complementing taxi trip refers to taxi
trips that the subway cannot complete, and there
is no direct relationship with the subway.

The three relationships are shown in Figure 1.
Figure 1 shows the three relationships between taxis

and the subway. This paper mainly studies the transit-
extending taxi trip, which can also be called the feeder

taxi trip. The focus of this section is to study in what cir-
cumstances would this kind of trip happen. Therefore,
the other two kinds of trips are not described in further
detail.

Trip C is a transit-extending taxi trip, also called a
feeder taxi trip. Its pick-up point is near station A, where
it is easy for the customer to transfer from the subway to
a taxi. It finishes at point b. Point b is not close to any
subway station, so it is difficult for passengers to walk
there. The total travel distance is d1. Normally, the clo-
sest subway station to the drop-off point is station a, but
here the closest station is station B and the distance is d2.
Sometimes passengers do choose other stations that are
not the closest one to get off because of some specific
reason, such as the station being much closer to the orig-
inal point. However, the distance gap should be in a rea-
sonable range. If d2 is much smaller than d1, which is
outside the reasonable range, then this trip cannot be a
feeder taxi trip. This is because if passengers took the
subway first, then they would likely get off at station B
and then take a taxi to destination b. This logic works
for pick-up and drop-off cases. Therefore, we summarize
that the feeder taxi trip C needs to meet three conditions.

Condition 1: one end of the taxi trip is close to the
subway station, for which the distance is less than D1,
and the subway is operating when the trip ends. This
will make it easier for passengers to transfer between
taxis and subways.
Condition 2: the other end of the taxi trip is far away
from the closest subway station and the distance must
be greater than D2. Otherwise, passengers do not need
to transfer to a feeder taxi, as they can finish the trip

Figure 1. Classification of taxi trips.
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by taking the subway to the closest station and
walking.
Condition 3: as shown in Figure 1, the gap between
distance d1 (distance between subway station a and
the other end of the trip point b) and d2 (distance
between the end b and the nearest subway station
except station a) should be in a reasonable range; D3

is the threshold. It must meet the following
requirements:

d3\D3 ð1Þ

d3 =max(d1 � d2, 0) ð2Þ

The data mining method is shown in Figure 2.

Parameter Calibration

Since there are three parameters D1,D2,D3 that are very
important in data extraction, a precise parameter calibra-
tion method is vital to the accuracy of the final data.

The Calibration of Parameters D1 and D2. This paper selects
a specific subway station in Xi’an– Banpo Subway
Station to conduct research. On 9 July 2019, from noon
to 3p.m., we conducted an on-the-spot investigation on
the four entrances of Banpo Station, and recorded a
total of 200 taxi data items. The result of the distance
between the taxi point and subway station is shown in
Figure 3. In Figure 3, the entrances and exits of subway
stations A–C transfer to roads, and then correspond to
points 1–3 in order. The statistical results show that all
feeder taxi data is within 100m from the subway station.

It can be observed from Figure 3 that most drop-off
and pick-up points of feeder taxis are within 20m of the
subway station, and all the drop-off and pick-up points
are within 100m. Therefore, according to the current
research results, it can be considered that if the drop-off
or pick-up point is more than 100m away from the sub-
way station, it is basically impossible to be related to the
subway, so D1 is 100m.

Many studies have shown that the pedestrian service
radius of the subway station is between 600 and 700m
(29, 30). This distance is affected by many factors, such
as road conditions, weather, and personal preferences. If
the other end of the taxi journey is too close to the sub-
way station, passengers can take the subway directly and
walk to the destination, so the value of D2 is between 600
and 700m. In this paper, the upper limit of 700m is
selected as the critical distance value of D2.

The Calibration of Parameter D3. The calibration method of
D3 is combined with the field survey data and GPS taxi
screening data. In the field survey, we can get the loca-
tion of every taxi trip that is near the subway station, as
shown in Figure 3. In this paper, it is assumed that at dif-
ferent subway stations, the relationship between the pro-
portion of feeder taxis to total taxis and the distance to
the entrances of subway stations remains the same.
Therefore, we imported the GPS data of Banpo Station
and used the first parameter D1 to screen the GPS data,
selecting the taxi data points within 100m of Banpo
Station. After that, the second parameter D2 is used. To
get the best match with the actual survey proportion,
there is a unique d3.

According to the above research results, we import the
GPS trajectory data of taxis on 17–20 April 2017 in Xi’an.
The data includes equipment ID, license plate number,
acquisition time, latitude and longitude, instantaneous
vehicle speed, vehicle orientation, and vehicle status. The
vehicle state changed at the place where passengers get into
and out of the taxi. The data is considered invalid when
the travel time is shorter than 60 s or longer than 5h. After
removing invalid data, the origin–destination (OD) data
that related to Banpo Station is taken as the research data-
set. The OD data was selected if they satisfied the first two
parameters, which are that one end of OD is within D1 m
of Banpo Station, and the other point is more than D2 m
away from any subway station. Then, we calculate the
parameter d3 according to Formula 2. According to the
field survey, there is still 24.8% data that is not related to
the subway. Therefore, the 75.2th percent of d3 is regarded
as D3. Finally, D3 is found to be 5586m. The calibration
of D3 is shown in Figure 4.

Figure 5 shows the distribution of all GPS data and
the feeder taxi data of interest.

Figure 2. The mining method of feeder taxi trips.
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Catchment Area Generation Based on the
Fan-Shaped Model

Generation Method of the Catchment Area

When studying the catchment area of subway stations,
the previous literature all assumed that the acceptable
distance of each direction was the same, which failed to
consider that the differences in road conditions, public
transportation, land use, or other factors in different
directions may influence the acceptable distance of the
subway station. To analyze the anisotropy of acceptable
distance, this paper takes the subway station as the vertex

and divides the space around the subway station into sec-
tors with different angles. Each sector has its own accep-
table distance and would be cut by network distance. The
generation of the catchment area can be divided into fol-
lowing steps.

Step 1: find the shortest path from the point of inter-
est to the subway station. The point of interest is a
pick-up or drop-off point far away from the subway
station during a feeder taxi trip. Therefore, travel
points near subway stations must be eliminated.
Specifically speaking, the excluded data points include

Figure 4. The calibration of D3.

Figure 3. The spatial distribution of taxi trip points near Banpo Station: (a) leaving subway stations and (b) arriving at subway stations.
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drop-off points of feeder taxi travel that go to the sub-
way station and pick-up points of feeder taxi travel
that depart from the subway station. The shortest
path is based on the road network, and the path
searching is performed through the built-in algorithm
of ArcGIS.
Step 2: divide the space of each subway station into
several fan-shaped areas and find the acceptable dis-
tance for each sector. The subway station is the center
of the circle. The number of sectors, acceptable dis-
tance, and angle of each sector area are determined
according to the distribution and distance of point of
interest to the subway station. The fan-shaped model
is established to decide these important factors.
Step 3: generate the catchment area of each sector.
The range of each sector is generated by network anal-
ysis in ArcGIS software based on the road network
around the subway station. A trim distance of 100m
was applied to trim a catchment area, thereby restrict-
ing it to this specified distance near the outer edges
(14). The catchment area generated in this step needs
to be tailored by angle to form a sector. Cropping is
based on the start and end angle of each sector gener-
ated in the second step.
Step 4: splicing sectors to determine the catchment
area of the station. According to the angle, the fan-
shaped areas of the same station are spliced with each
other to obtain the final catchment area.

The process is shown in Figure 6.

Fan-Shaped Model

The most important parts of generating the catchment
area are to determine how many sectors should be gener-
ated in each station and what is the center angle and
acceptable distance of each sector. Step 3 introduces a
fan-shaped model to settle these questions.

Acceptable Distance. For the acceptable distance, the 75th
and 85th percentiles of associated trip lengths for each
station were usually adopted as suitable indicators of the
‘‘acceptable’’ distance (14, 16). The 75th percentile trip
length was selected here. However, because the catch-
ment area is divided into several sectors, the acceptable
distance of each sector may not be the 75th percentile trip
length. The percentile of the acceptable distance in sector
i is Pi, which is calculated by the following formula:

Pi ¼
37:5%;Ni

cut øNi 3 0:625

90%;Ni
cut łNi 3 0:1

ðNi � Ni
cutÞ=Ni 3 100%; other

8>>><
>>>:

ð3Þ

where

Ni
cut =Nangle 3 ai ð4Þ

Nangle =

P
Ni 3 (1� 0:75)

360
ð5Þ

where Ni is the total points of interest in sector i, Ni
cut is

the number of points of interest that need to be deleted
when calculating the acceptable distance, Nangle is the
point number that needs to be deleted in a unit angle,
and ai is the center angle of sector i.

The 75th percentile trip length was selected as the
acceptable distance, as we suspect the last 25% distance
of the point of interest cannot represent the choice of
most people. These points are called special points in this
paper. The trips of special points are too far away from
the subway station, since the travel might happen in spe-
cial circumstances or if the traveler has special needs or
considerations. These unpredictable and personal factors
might occur to every traveler randomly. So, we suppose
special points appeared evenly at every angle. Therefore,
Pi is related to the density of points of interest in each

Figure 5. The spatial distribution of subway station and taxi global positioning system (GPS) data: (a) original taxi GPS data and (b)
feeder taxi GPS data.
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sector. To avoid the case that the points of interest in
one sector are so sparse that Ni

cut is larger than Ni, we set
a range such that the density of one sector can only fall
between 1

250% and 250%times the average density. If the
average density is m, then the range of the density is
between 0.4 m and 2:5m.

Center Angle of Each Sector. Another important factor is
the center angle of each sector. Since we want to study
the anisotropy of acceptable distance, the more sectors in
one station are divided, the more clearly the spatial char-
acteristics will be described. However, if the number of
sectors becomes higher, the center angle of each sector
will be reduced. This would cause inaccuracy in deter-
mining the acceptable distance, since the 75th percentile
trip length is meaningful only if the amount of data is sta-
tistically significant. Therefore, the model needs to divide
the catchment area based on the spatial distribution of
the points of interest. If the overall distance between
points of interest and the subway station varies greatly
from different angles, the number of divided sectors is
likely to increase. The fan-shaped model achieves this
goal by going through all points of interest twice. Each
time it begins at angle u, the searching direction is clock-
wise or counterclockwise and the subway station is in the
center.

Step 1: on the first search, when the number of points
of interest Ns reaches Nbound1 and the center angle b is
larger than bbound , then generate a sector and calculate
the acceptable distance. Assume whether each point
should be included or not is independent, then

according to the binomial distribution function, when
the number exceeds 36, there is a more than 92%
probability that the error of the selected point sort
number is less than 20%. In this study, Nbound1 is 40
and Nbound2 is 36. After generating one sector, the
acceptable distance of this sector is put into set U.
When all the points of interest are calculated, the stan-
dard deviation of U is si

bound .
Step 2: on the second search, three key parameters
need to be calculated to describe the spatial distribu-
tion of the points of interest, which are �d, dnow, and s.
Here, �d is the acceptable distance of all points in the
sector, dnow is the acceptable distance of the last
Nbound2 points that are searched, s is the standard
deviation of numbers in set E, and E is the set stores
all the dnow values that were generated earlier in this
sector. An explanation of the key parameters is shown
in Figure 7.

There are four cases that can generate a sector, as
follows:

1.
s.A1 3 si

bound ð6Þ

2.
dnow � �d
�� ��.A2 3 si

bound ð7Þ

3.
b ø 908 ð8Þ

4. X
b= 3608 ð9Þ

Figure 6. Sector splicing in generating the catchment area: (a) find the points that belong to the interest station and calculate the
distance of each point, (b) split the space into different sectors, generate and crop each of their catchment areas, and (c) splice sectors to
determine the catchment area of the station.
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where b is the center angle of a sector and A1,A2 are two
coefficients to adjust the sensitivity of the fan-shaped
model. These two parameters can adjust the sensitivity
of the model. If the value of A1 and A2 increase, then the
number of sectors will decrease.

The procedure in dividing the catchment area is shown
in Figure 8, and the algorithm is shown in Algorithm 1.

Results and Discussion

Taking Xi’an Subway Line 1 as an example, this paper
uses the data mining method to mine and extract the
related feeder taxi data for the subway. The fan-shaped
model is used to generate the catchment area of each sub-
way station. In the fan-shaped model, A1 equals 0.65 and
A2 equals 1.2. The result of the catchment area in each
subway station can be seen in Table 1 and Figure 9. The
fan-shaped model generates several sectors in each sta-
tion, and each sector contains an acceptable distance, so
there are multiple acceptable distances applying to one
station. In Table 1, the catchment area is the sum of the
areas of all of a station’s sectors, in square kilometers.
This value is obtained by summing the area of all the sec-
tors. We use minimum and maximum sector radius R to
represent the minimum and maximum acceptable dis-
tance in that station, respectively. Radii are recorded in
meters. The extreme difference of R is the maximum

Figure 7. Explanation of the three key parameters.

Algorithm 1. Fan-shaped method

1: Def acceptable distance N,ai,Nangle

� �
:

2: Ni
cut =Nangle3ai

3: Sort the distance of each point in N in increasing order, get Nsort

4: Calculate Pi using formula 3
5: Acceptable distance d=Nsort½Ni

all3Pi�, where Ni
all is the number of taxi point in set N

6: Return d
7: Import taxi dataset D and sort D according to the angle to the subway station

8: Nangle =

P
Ni 3(1�0:75)

360 , n= len Dð Þ,m= 0, start= random(n)

9: while m\n: # the first search
10: Put the data D[start] into set N
11: If len(N)= =Nbound1:
12: Generate a sector to cover all the points in set N, calculate the angle of the sector ai

13: Acceptable distance d= acceptable distance(N,ai,Nangle)
14: Put d into set U and clear set N
15: start+ = 1if start 6¼ n, else start= 0
16: m + = 1
17: Calculate the standard deviation si

bound in set U, clear set N and m = 0 # First search finished
18: while m\n: # the second search
19: Add D[start] into set N # add a new point into set N
20: Ns = len(N), b is the angle that sets N spans
21: If Ns.=Nbound1 and b.bbound :
22: distance d= acceptable distance(N,ai,Nangle)
23: Nnow is the last Nbound2 points that are added into set N; b0 is the angle that the last Nbound2 points span
24: distance dnow = acceptable distance(Nnow ,b0,Nangle)
25: add dnow to set E and calculate the standard deviation in set E
26: If any of the four conditions (6), (7), (8), (9) has been satisfied:
27: Divide N into a sector and clear set N
28: else:
29: start+ = 1
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radius R minus the minimum radius R. The SD of R
refers to the standard deviation of the radius of sectors in
each subway station.

The Space Distribution of the Catchment Area

The results show that the sizes of subway station catch-
ment areas mainly fall into the range of 50–83 km2, with
an average value of 68.26 km2. As for the radius, the
maximum sector radius Rmax is mostly distributed in the
of 6–10km. Here, Rmin is concentrated in the range of 2–
4 km. The average value of Rmax is 7675.96m, which is

2.31 times larger than the average value of Rmin. This
shows a great gap between Rmax and Rmin. The average
value of range R is 4514.60m. The SD values of R in
each station are mainly in the range of 1000–2400m.
These results all demonstrate that the travelers’ accepta-
ble distances at different angles from subway stations are
quite different. Therefore, it is necessary to consider the
anisotropy when generating the catchment area. More
interestingly, many catchment areas have the characteris-
tic that the radius is larger in the direction perpendicular
to the subway line. When following the subway line, the
radius is much smaller.

Figure 8. The procedure in dividing the catchment area into sectors.

Table 1. The Parameters of the Feeder Taxi Catchment Area in Xi’an Subway Line 1 Station

Number Station
Catchment
area (km2)

Minimum sector
radius R

Maximum sector
radius R

Extreme
difference of R SD of R

1 Fangzhicheng 64.21 1401.64 10411.43 9009.78 2404
2 Banpo 51.38 2404.44 7976.74 5572.31 2075.86
3 Chanhe 48.61 2407.99 6169.53 3761.54 1274.45
4 Changlepo 57.15 3509.27 7858.28 4349.02 1804.63
5 Wanshoulu 53.22 3390.09 6754.00 3363.91 1104.19
6 Tonghuamen 80.71 3760.15 8233.34 4473.19 1220.17
7 Kangfulu 103.39 4212.88 7928.35 3715.47 1186.62
8 Caoyangmen 83.34 4044.63 7595.41 3550.78 1111.6
9 Wulukou 69.01 3244.45 6845.38 3600.92 1202.47
10 Beidajie 83.78 3316.36 6136.45 2820.09 963.42
11 Sajinqiao 72.47 3194.44 6590.93 3396.49 1145.83
12 Yuxiangmen 66.25 3597.04 7163.40 3566.36 1406.24
13 Laodonglu 44.24 2702.47 6557.30 3854.83 1529.42
14 Kaiyuanmen 52.24 3294.67 6840.52 3545.86 1449.85
15 Hanchenglu 97.78 3515.02 8802.68 5287.67 1926.58
16 Zaoyuan 73.58 2741.14 10067.36 7326.22 2432.27
17 Zaohe 63.30 3242.90 9347.63 6104.73 1905.03
18 Sanqiao 58.63 2712.26 6757.59 4045.33 1412.11
19 Houweizhai 73.65 3374.08 7806.97 4432.88 1834.17
Average 68.26 3161.36 7675.96 4514.60 1546.78
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Figure 10. Comparison of the catchment area of the two methods. (Color online only.)

Figure 9. The catchment area of Xi’an Subway Line 1.
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Comparison Between the Traditional Method and Fan-
Shaped Model

After processing the taxi GPS data of each station in
Xi’an Line 1, we compare the catchment areas from the
proposed fan-shaped model with the network-based
method. Taking No. 1, No. 3, No. 11, No. 14, No. 15,
and No. 19 subway stations as examples, the comparison
is shown in Figure 10. Both acceptable distances of the
two methods are the distance of the 75% quantile. The
blue range represents the network-based method, the
black range represents the result of the fan-shaped model,
and the red points are the points of interest of the subway
station. It can be seen from the figure that there is a large
deviation in the catchment area obtained by the two
methods. When the acceptable distance of the subway
station is divided from different angles, the attraction
radii of different areas are quite different.

The network-based method does not consider the spa-
tial distribution characteristic of the demand at different
angles. It assumes that the spatial characteristic of the
demand is only influenced by the road network. Thus, it
does not consider that the distance between the demand
and the subway station can be different at different
angles. The density of the demand can also be different
at different angles. This is called anisotropy of the catch-
ment area. The fan-shaped model considers the aniso-
tropy of the catchment area and generates different
acceptable distances at different angles.

To better demonstrate which method is better at show-
ing the acceptable distance, we use the feeder taxi GPS
data to capture the target acceptable distance at every
angle. The target acceptable distance is calculated using
formulas 3–5 in this paper to ensure that we finally cov-
ered 75% of points in each station. To make sure that the
data is statistically significant, the target acceptable dis-
tance in angle a takes the GPS points from angle a-30� to
a into consideration. After obtaining the target acceptable
distance, the difference between the two acceptable

distances is the error. The average error in angle a is calcu-
lated by averaging the error among 19 stations. The error
shows the matching degree between the generated catch-
ment area and the actual taxi demand points. The average
error of each angle in 19 stations is shown in Figure 11.

As can be seen from Figure 11, the fan-shaped method
has a smaller error compared with the network-based
method. The error is 1111.26 for the network-based
method, and 771.84 for the fan-shaped method. The aver-
age error decreased 30.5% by using the fan-shaped method.

The Overlap Zones of the Catchment Area

As can be seen from Figure 9, there are many overlap-
ping areas between the subway stations. This paper cal-
culates the overlap percentage of each station using
ArcGIS. The result is shown in Figure 12. Figure 12
shows that all the stations contain an overlap area that
counts for more than half of the whole area. It also
demonstrates that in urban areas, the proportion of
overlap area is higher than in the suburbs. This paper
intercepts the catchment area of some adjacent subway
stations, and uses different colors to identify them. The
generated overlap picture is shown in Figure 13, which
shows a large part of the catchment area of adjacent sub-
way stations overlapped with each other. The high pro-
portion of overlap area indicates there is no clear
dividing line for the catchment area of feeder taxis. If the
travel distance is short, such as via walking or cycling, it
is easier to tell which station is the best one to go to, so it
could form the dividing line. However, few travelers con-
sider taxis when the trip distance is short. Taxis are more
competitive in long distance travel. If the distance is
large, the distance ratio of heading to different subway
stations decreases. This would erode the advantages of
the closest subway station. The road network would also
influence the choice. Taxis prefer choosing trunk roads
rather than branch roads. The station that is closest to
travelers does not necessarily have the shortest travel

Figure 11. Comparison of the fan-shaped method and the network-based method.
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time. Furthermore, each traveler would consider differ-
ent factors when choosing stations. The origin and desti-
nation of the travel, the great travel environment of the
taxi, and the degree of crowdedness of the station and
train could all influence the final choice of travelers.
These might be the reasons that the catchment area of
feeder taxis has no clear dividing line. Travelers in one
place may head for several different subway stations.

Linear Regression Analysis

To analyze the influencing factors and the possible quanti-
tative relationship among the factors and catchment area
results, linear regression was introduced. We analyze four
variables that might influence the catchment area. The first

is the distance from the city center. We set up two binary
parameters, which are downtown and suburbs. Downtown
is the area that is mainly inside the second ring road of
Xi’an, and the suburbs station is outside the third ring
road. The second and third variables are the transfer sta-
tion and terminal station, both of which are binary. The
hierarchy of the roads perpendicular to the subway line is
the last one. Vertical trunk road and vertical expressway
represents whether there exist a trunk road and expressway
that are perpendicular to the subway line, respectively. The
collinear relationship among these variables were first
tested and the variance inflation factors (VIFs) are all
under 2.0, which means there is no evidence to show the
model has multicollinearity problems. Five regression
models were established to capture five different

Figure 13. The overlapping area in Subway Line 1.

Figure 12. The overlap ratio of each station.
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parameters of the fan-shaped catchment area, which are
the catchment area (km2), SD of R, the maximum sector
radius Rmax, the range of R, and the number of feeder taxi
trips. T-tests (31) were introduced to test the significance
of the regression constant.

As can be seen from Table 2, the P-values of the first
three linear regression models are less than 0.05, which
indicates the models are significant and can help predict
the dependent variables. However, there seems to be no
linear relationship in the last two models, which are the
catchment area and number of points, as their adjusted
R squares are negative. From the first three explainable
models, we can see that an expressway perpendicular to
the subway line would decrease the maximum sector
radius. It can uniformize the spatial distribution of points
of interest and thus promote the balance of the accepta-
ble distance from all angles. The location of the subway
station would also influence the catchment area. When
the station is downtown, the SD of R, range of R, and
the maximum R are all likely to be smaller than average.
This might be because the land use and public transpor-
tation system are well-developed downtown. So, the
acceptable distance values are not significantly different
at different angles. If the subway station is in the sub-
urbs, the range of R and maximum R values tend to be
small. This might be because the travel demand in these
stations is less than that of the stations downtown, and
the passengers that might form a long taxi journey are
likely to be attracted by the terminal station. This is
because the range of R is large in the terminal station,
and in our case, the stations in the suburbs are close to
the terminal station. This also indicates that the range of
R and maximum of R are large in the stations that are
located between the gap of downtown and the suburbs.

Conclusion and Future Research

This paper proposes a fan-shaped model to generate
catchment areas. The model generates catchment areas

that acceptable distances are different in different direc-
tions. This model divides the subway station space into
several fan-shaped areas, and then calculates the radius
of each fan-shaped area in turn and finally splices them
together. Through the case study of Xi’an Metro Line 1,
it is found that the acceptable distance of the catchment
area in each subway station varies significantly in differ-
ent directions. The standard deviation of acceptable dis-
tance R in each sector is more than 1500m. Therefore, it
is necessary to consider the anisotropy of the catchment
area. After comparing the network-based method and
the fan-shaped model proposed in this paper, it is found
that the final results of the two are quite different. Under
different angles, the difference of the acceptable distance
will have a great impact on the shape of the catchment
area. We take the feeder taxi GPS data to generate the
target acceptable distance and calculate the average error
between the fan-shaped model and the network-based
method. The average error decreased 30.5% by using the
fan-shaped method. The network-based method assumes
that the spatial characteristic of the demand is only influ-
enced by the road network. Thus, it does not consider
the spatial distribution characteristics of the demand of
feeder taxis, such as the demand density distribution and
the anisotropy of the demand distance from the station.
However, the fan-shaped method considers the aniso-
tropy of the demand to generate the catchment area.

Furthermore, the overlapping area does not disappear
after dividing the space into different sectors. This indi-
cates that travelers consider not only the length of a trip,
but also many other factors, and most of these effects
vary from person to person. The high proportion of over-
lap area indicates there is no clear dividing line for the
catchment area of feeder taxis. Travelers in one place
might go to several different stations. From the case
study, we conclude that the distance from the city center
and the road network around the subway station will
influence the catchment area. If the subway station is

Table 2. Linear Regression Result Between Selected Variables and Catchment Area Parameters

Model Std of R Range of R Maximum of R Catchment area Number of points

Adjusted R square 0.699 0.585 0.597 20.175 20.196
P-valuea 0.001 0.007 0.006 0.760 0.791
Downtown 2790.334*** 22395.578** 22092.494** NA NA
Suburb 2367.659 21815.822* 21933.491** NA NA
Transfer station 2186.451 178.915 132.448 NA NA
Vertical trunk road 29.923 2284.276 48.089 NA NA
Vertical expressway 2794.133* 22101.758 22975.410** NA NA
Terminal station 249.296 1623.804* 955.048 NA NA
b (constant) 2038.66*** 6147.577*** 9096.849*** NA NA

Note: Significance codes: 0’***’ 0.01’**’ 0.05’*’.
aThe P-value of the whole model.

NA = not available.
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downtown, then the SD of radius and the range of the
radius are smaller, which means that the demand is dis-
tributed more evenly. If the station is between downtown
and the suburbs, the range and standard deviation of the
sector radius are large. If the subway station is in the sub-
urbs, the range of R and maximum R values tend to be
small. This might be because the travel demand is lower
in the suburbs, and passengers with long journeys are
likely to be attracted by the terminal station. The express-
way perpendicular to the subway line can decrease the
SD of the radius and decrease the maximum radius of the
catchment area.

The fan-shaped model proposed in this paper consid-
ers the anisotropic characteristic of the origin or destina-
tion of the feeder taxi. This feature leads to the different
acceptable distance of catchment areas in different direc-
tions. It breaks the limit that one catchment area can
only have one acceptable distance, which is an improve-
ment on the existing research methods. This method can
be used to analyze the demand distribution of subways,
predict the metro passenger flow, and develop the trans-
portation system in a more reasonable way. It is of great
help to ease urban traffic congestion and build a sustain-
able city. Secondly, the research finds that the catchment
areas of feeder taxis among different stations do not have
a clear dividing line. The overlapping area accounts for a
high proportion of the feeder taxis’ catchment area. The
research also finds that the distance from the city center,
the road network and whether it is a terminal station can
influence the catchment area.

In the process of taxi data identification of feeder taxi
trips, we did not consider the randomness and multi-
purpose of individual selection, and used pre-conceived
general conditions to filter the data, which may have an
impact on the final results. Another limitation is that this
paper uses straight-line distance to calibrate the para-
meter of the data mining method, instead of the actual
travel distance. From these analyses, we can see that
there is still much work we can do to analyze the quanti-
tative relationship and to predict the catchment area.
Firstly, the catchment area contains a great deal of infor-
mation in two dimensions. Only using the SD, range, or
maximum radius, one cannot obtain a catchment area in
detail. Secondly, the anisotropy of the catchment area
might be influenced by many factors, such as land use,
road network, and so on.
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