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Abstract

This study aims to classify 67 urban rail transfer stations in Seoul by comprehensively
analyzing user travel behavior and multidimensional local characteristics surrounding each
station. Utilizing smart card data, key indicators such as number of getting on/off passenger,
time-based getting on/off ratios, transfer volumes, and wide area trip volumes were derived to
represent travel behavior. Simultaneously, variables for clustering were constructed by
integrating multidimensional spatial characteristics of areas around the stations, including
public distance accessibility, population and employment density, and land use diversity. PCA
was conducted to extract major components from the variables, followed by the application of a
hybrid clustering method combining hierarchical and K-means clustering to classify the
transfer stations into five distinct types. Based on the characteristics of user travel behavior and
local features within each cluster, the resulting station types were defined as: Mixed Type,
Business Type, Suburban Transfer Hub Type, Residential Type, and Central Hub Type.
Statistically significant differences among clusters were confirmed through ANOVA and
interpretation of principal components to validate the classification. Furthermore, this study
proposes practical applications of the identified types in areas such as congestion and demand
management, transfer facility improvement, and Transit-Oriented Development strategies. The
results are expected to serve as foundational data for the integrated management and operation
of urban rail transfer stations and for policy formulation.

Keywords: hybrid clustering, local characteristics, trasfer station, travel behavior, typology
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Table 1. Variable of previous researches

Researcher Dependent variable Independent variable

Li et al.(2020) Classification of station Network structure, Time series, Passenger flow

Shiran et al.(2024) Classification of station Station usage, railway system, location, line geometry,
architecture, etc.

Zheng et al.(2024) Classification of HSR station Transportation, network, vitality, GDP, etc.

Hwang et al.(2024) Classification of station area Ridership pattern, zoning

Cho et al.(2019) Classification of station Number of metro line/gate/bus stops/department
stores/hospitals, weather, etc.

Oh et al.(2019) Number of metro Population density, LUM, road/intersection density,
Transfer station, workers, etc.

Kang et al.(2023) Classification of TOD type Number of direction/frequency of rail/bus, distance to
CBD, population, workers, land—use mix, intersection
density, etc.

Kim et al.(2015) Ridership patterns Associative area per facility, land use entropy index,

population density, car registrations, number of metro
stations/bus_stops, etc.

re
-
oz
rE

ox rir
M g

4 H m
ol 1%
ro,
Ty

=2

rLJ r
-4
rok
8
=
)
N,
N
i
)
i
ol»
18
tlo
N
N
l o
rE

Ath(Korea Law Information Center, 2025; Seoul Metropohtan Govemment 2025).
2 Aol A AR A2 4 A 2 A E e AR Q) 74 S8V GAE FAU-8-2 Figure 13 2t
A, EAEE 01%74} ST oA 219 B ol E A% oo 2 41E Hlo|E S HE o E 3
FE 9 M5 75 9 Aol ATEAS Sl Mgt SEH AHE whelshal A7t 2 Ha s
LAY AASt 2RAHE A AR 2 WS FEUTH Al HA A = RS S
5 PCA(Principal Component Analysis)& AA|ote] Hlo]E] 2} 2t89] I7| & S48 o] S| AH
INjalel fate S48 711 SIS S BAsIsle] §8& EEekn Hojgieh nhe Bl el
e FEE 0ol $98 24 7 Aol A4E WA RS B el 49 £Ro] HAA] e

q-to-% 9

I

o, N

J
FIE roh
o, 1% rE rlo Mz &

S
o

.
o >
N
au

e o
o X
i)

et

Buliding Variables Clusterina Analvsis Cluster Evaluation
g y and Suggest Plans

Correlation Analysis

+ Reduce data dimensions
(Principal Component Analysis)
o Clustering Analysis and
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Figure 1. Framework of overall analysis

652

Journal of Korean Society of Transportation Vol.43 No.5 October 2025



KIM, Taejun -+ JU, Yunho * KIM, Junghwa Article

1. Clojg 4

ALEAN B59 43 AAROR BR] S8, U ZAEE olgare] FYelel A9 4 YoleS

Table 23} o] = o84 FAY 245 Al T=LETIEARS] WEIIE Ho[B e} &l §EA]

o

d 242 ol = ETARt A2 SEARIA EAEE el JH, e A A B AR
2 gloleE 8. B A HE SAAHHEA LT Q7 5 FARA o= Hlo[8 E g glor, v A&
+ V-WORLD®IA A|got= EXo-§@%, 7155 GIS DB Hlo|EE A3t £33 wE7HE vlolgolA 5
2F 52 oA Eo] et 2SR AlASH, 25 ¥HE 500mell & Aol 2o 54 HlolEE A A

et

Table 2. Data collection

Index Data Source
User’s travel behavior Transportation card data(2020) Korea Smart card
Information of transfer passengers(2023) Seoul metro
Local Distance Seoul metro information(2024) Seoul metro,
characteristics accessibility Korail metro information(2024) Korail,
Seoul bus route information(2024) Seoul metropolitan
Seoul bus stop information(2024) government,
Density Population(2022) SGIS
Number of workers(2022)
Diversity Land use status(2024) V-WORLD

Architectural GIS DB(2024)
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EPln

n=1

LUM—W (1

where, V= Number of existing land use type,
n = Specific land use type,

= Proportion of a specific land use type relative to total land use area

Table 3. Building variables

Index Variable Unit Description
User’s travel behavior Getting on passenger Trip Average daily getting on passenger
Getting off passenger Trip Average daily getting off passenger
Wide area trip Trip Intercity trip volume
(Seoul <> Incheon, Gyeonggi)
Transfer volume Trip Average daily transfers volume
Get on Go to work % 7:00-10:00 getting on / total getting on
ratio Leave work % 17:00-20:00 getting on / total getting on
Get off Go to work % 7:00-10:00 getting off / total getting off
ratio Leave work % 17:00-20:00 getting off / total getting off
Local Distance Transfer line Count Number of metro and city bus routes available for
characteristics  accessibility transfer in the station area
Inter—regional Count Number of HSR, train, and express bus available
transportation mode for transfer in the station area
Direction Count Number of si, gun and gu accessible
Frequency Count Frequency of metro and city bus routes
Density Population People Population counted by combining station areas and
grids
Workers People Wokrer counted by combining station areas and grids
Residents density People/kit  Population density within the station area
Jobs density People/kit  Employment density within the station area
Diversity LUM (Land use mixture) - Entropy index of land uses in the station area
Area of sales facilities o’ Area of neighbourhood living and retail facilities in

the station area
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Table 4. Basic statistics

Index Variable Min Max Mean SD

User’s travel behavior Getting on passenger 3,754 91,757 32,301.13 21,098.82
Getting off passenger 3,803 95,545 32,574.70 21,826.49
Wide area trip 1,334 57,345 12,087.12 10,418.40
Transfer volume 5,621 277,033 67,192.03 51,696.47
Get on Go to work 0.03 0.47 0.21 0.11
ratio Leave work 0.11 0.56 0.28 0.10
Get off Go to work 0.07 0.64 0.27 0.14
ratio Leave work 0.07 0.38 0.24 0.08

Local Distance Transfer line 7.00 67.00 20.75 11.20
characteristics accessibility ~ Inter-regional transportation 0 2 0.15 0.43
mode

Direction 25 90 48.70 13.89
Frequency 942 7,336 2,445.42 1,055.16
Density Population 0 18,600 8,113.84 4,365.89
Workers 478 95,662 24.119.64 21,905.02
Residents density 0 22,365 10,303.20 5,358.29
Jobs density 533 107,414 28,260.40 24,950.67
Diversity Land use mixture 0 1 0.56 0.30
Area of sales facilities 0 1,050,628 313,497.04 228,338.99

Getting on passenger -l 045 033 0.20 -0.22 /.10 033 048 054 -0. 0.22 043
Getting off passenger -} -0.45 033 0.20 0.22 0.33 047 052 -0.19 |1 -0.16 0.21 043
Wide area trip -t 046 038 0.28 -0.32 0.44 031 046 043 -0.37 -0.34 0.54 0.09 033

Transfer volume — 0.26 0.07 0.53 0.30 -0.13 0.26 -0.11 0.25 0.17 0.50,

Get on ratio(Go to work) --0.45 0.45 -0.46 -0.29 p¥ -0.87 0.74 0. .31 -0.10 0.42 -0.36 0.49 Ruprd 0.48 EuZd -0.05

Get on ratio(Leave work) - 0.33 033 0.38 0.16 [k VORNVETIRGEEPY 0.17 -0.03 0.28 0.24 :ng -0.03 0.23
Get off ratio(Go to work) - 0.20 0.20 0.28 0.03 Ei .96 1.00 -0.1 0.09 -0.08 0.19 0.15 -0.45 R[N -0.46 KoL -0.04 0.10
Get off ratio(Leave work) --0.22 -0.22 -0.32 -0. EERRVEEPRRGE-CIBN 0.18 -0.06 -0.33 -0.26 0,55 FulL:] 0.55 EuvE] -0.05 0.30

Transfer line 4 ce 0.44 026 0.17 0.09

'0.26 0.29 -0.21 0.27 033 031

Inter-regional transportation mode - 0.33 0.33 0.31 0.07 -0.10 -0.03 -0.08 -0.06 0.43 KMl 0.30 0.48 -0.17 -0.02 0.14 -0.03 0.12 0.01

Direction - 0.48 0.47 0.46 0.53 0.42 028 0.19 0.33 1. 030 QN 7/ 0.36 0.27 0.33 0.28 032 0.43

Frequency - 0.54 0.52 043 030 -0.36 024 0.15 —0.26 0.48 T WY -0.35 0.27 0.31 0.26 0.26 0.28
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Figure 2. Heatmap of correlation analysis
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Figure 3. Graph of PCA explained variance ratio

Table 5. Results of assessing PCA suitability

Index PC1 PC2 PC3 PC4 PC5 PC6
Eigenvalue 7.78 3.26 1.89 1.10 1.03 1.00
Index KMO
KMO 0.713
Index Chi-square p—value
Bartlett test 1393.229 0.00000
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Table 6. PCA result (factor loading)

Index Variable PC1 PC2 PC3 PC4 PC5 PC6
User’s travel Getting on passenger -0.27 -0.27 0.20 -0.25 0.13 0.14
behavior Wide area trip -0.26 -0.16 0.07 -0.32 0.27 0.04

Transfer volume -0.16 -0.23 0.20 0.34 0.45 -0.13
Get on Go to work 0.30 -0.17 -0.04 -0.13 0.10 0.19
ratio Leave work -0.29 0.30 0.02 0.00 -0.11 -0.03
Get off Go to work -0.25 0.35 0.02 -0.04 -0.19 0.04
ratio Leave work 0.27 -0.29 0.06 -0.12 0.19 0.10
Local Transfer line -0.21 -0.32 -0.19 -0.01 -0.35 -0.03
characteristics Inter—regional transportation  —0.09 -0.26 -0.29 -0.37 -0.19 -0.22
mode
(Distance Direction -0.22 -0.23 -0.16 0.36 0.00 -0.17
accessibility, Frequency -0.22 -0.29 -0.27 0.02 -0.32 -0.15
Density, Population 0.21 -0.14 0.46 -0.02 -0.39 -0.04
Diversity) Workers -0.30 0.14 0.24 -0.12 -0.06 0.18
Land use mixture -0.07 -0.18 -0.13 0.39 -0.17 0.80
Area of sales facilities -0.18 -0.13 0.32 0.43 -0.01 -0.32
Label Residential ~ Business Mixed Sales Transfer  Land use
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Figure 4. Dendrogram of variables
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Table 7. Result of clustering
Cluster No. Type Component Count
0 Mixed used Garak market, hapjeong, chungjeongno, wangsimni, yeongdeungpo 14

—gu office, sinseoldong, sindang, sadang, dongmyo, dangsan,
nowon, sungsin women’s univ., konkuk univ., gongdeok
1 Business Seolleung, city hall, yangjae, yeouido, gangnam—gu office, seongsu, 14
euljiro 4-ga, euljiro 3-ga, seoul nat’l univ. of education,
dongdaemun history&culture park, dongdaemun, jongno 3-ga,
chungmuno, gasan digital complex

2 Suburban transfer Olympic park, onsu, sports complex, singil, ichon, suseo, gimpo 12
hub int’l airport, dobongsan, dongjak, dmc, samgakji, bokjeong
3 Residential Seokchon, gunja, taereung, daerim, chongsin univ., cheonggu, 20

cheonho, changdong, dogok, bomun, yaksu, seokgye, kkachisan,
bulgwang, sangbong, hyochang park, gangdong, oguem, oksu,
yeonsinnae
4 Central-hub Seoul station, jamsil, cheongnyangni, sindorim, gangnam, express 7
bus terminal, hongik univ.

|2], H 43¢ A 5%, 20253 102 639



Article Classification of Urban Rail Transfer Stations by Analysis of Traver Behavior and Multidimensional Local Characteristics

Table 8. Basic statistics of cluster

Type Index Variable Min Max Mean SD
Cluster User’s travel  Getting on passenger 13,502.00 64,494.00 31,615.86 14,882.38
No.0 behavior Getting off passenger 14,080.00 65,439.00 32,544.64 15,576.17

Wide area trip 4,915.00 19,862.00 9,657.29 4,195.15

Mixed Transfer volume 19,750.00 176,330.00 71,867.21 47,002.72
used Get on ratio Go to work 0.10 0.26 0.19 0.05
Leave work 0.19 0.37 0.27 0.06

Get off ratio Go to work 0.14 0.42 0.25 0.10

Leave work 0.14 0.33 0.25 0.06

Local Transfer line 7.00 38.00 23.07 8.53
characteristics Inter—regional transportation mode 0.00 1.00 0.07 0.27

(Distance Direction 31.00 73.00 51.36 10.63
accessibility,  Frequency 1,575.00 4,429.00 2,674.14 842.30

Density, Population 8,236.00 13,211.00 10,588.50 1,723.54

Diversity) Workers 16,531.00 38,978.00 24,004.36 7,328.80

Residents density 10,196.42 16,549.15 13,557.76 2,074.93

Jobs density 17,792.87 47,513.23 27,968.52 9,274.25

Land use mixture 0.14 1.00 0.58 0.27

Area of sales facilities 107,271.70 720,397.24 389,243.10 176,277.24

Cluster User’s travel — Getting on passenger 18,832.00 69,632.00 40,921.00 14,254.33
No.1 behavior Getting off passenger 19,219.00 66,505.00 41,454.43 13,324.25
Wide area trip 5,601.00 44,447.00 17,729.43 9,995.54

Business Transfer volume 22,950.00 222,447.00 86,566.71 58,424.81
Get on ratio Go to work 0.03 0.11 0.06 0.02

Leave work 0.30 0.56 0.44 0.07

Get off ratio Go to work 0.28 0.64 0.46 0.11

Leave work 0.07 0.17 0.12 0.03

Local Transfer line 7.00 37.00 20.79 9.31
characteristics Inter—regional transportation mode 0.00 0.00 0.00 0.00

Direction 28.00 80.00 55.29 15.17

(Distance Frequency 942.00 3,878.00 2,535.50 867.88
accessibility,  Population 1,079.00 8,775.00 4,039.71 2,708.27

Density, Workers 30,174.00 95,662.00 52,755.14 22,157.29

Diversity) Residents density 1,259.78 10,767.71 5,132.54 3,317.30

Jobs density 37,626.46 107,414.37 62,579.76 23,524.09

Land use mixture 0.00 1.00 0.56 0.33

Area of sales facilities 150,713.80 1,050,627.82 474,379.87 275,093.22

Cluster User’s travel — Getting on passenger 3,754.00 32,848.00 17,633.33 8,611.59
No.2 behavior Getting off passenger 3,803.00 33,442.00 16,954.50 9,882.72
Wide area trip 1,527.00 19,590.00 6,551.08 6,183.59

Suburban Transfer volume 18,186.00 70,271.00 42,363.00 15,242.06
transfer Get on ratio Go to work 0.10 0.47 0.28 0.11
hub Leave work 0.12 0.35 0.24 0.07
Get off ratio Go to work 0.11 0.34 0.22 0.07

Leave work 0.20 0.38 0.27 0.05

Local Transfer line 7.00 34.00 17.33 8.05
characteristics Inter—regional transportation mode 0.00 1.00 0.17 0.39

Direction 28.00 58.00 46.25 8.40

(Distance Frequency 1,139.00 3,517.00 2,263.75 757.22
accessibility,  Population 0.00 8,019.00 4,145.67 2,705.89

Density, Workers 478.00 18,233.00 6,133.58 4,975.54

Diversity) Residents density 0.00 10,047.46 5,141.20 3,269.48

Jobs density 532.69 18,462.55 7,603.70 5,517.85

Land use mixture 0.09 0.99 0.64 0.27

Area of sales facilities 0.00 90,739.88 42,209.33 34,983.50
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Table 8. Basic statistics of cluster (continued)

Type Index Variable Min Max Mean SD
Cluster User’s travel ~ Getting on passenger 7,276.00 33,522.00 20,438.30 9,300.12
No.3 behavior Getting off passenger 7,019.00 34,674.00 20,164.85 9,883.93

Wide area trip 1,334.00 14,076.00 6,427.10 3,619.99

Residential Transfer volume 5,621.00 105,055.00 44,493.05 26,084.65

Get on Go to work 0.18 0.44 0.30 0.06

ratio Leave work 0.11 0.31 0.20 0.05

Get off Go to work 0.07 0.35 0.18 0.07

ratio Leave work 0.18 0.38 0.29 0.05

Local Transfer line 7.00 25.00 14.15 5.59

characteristics Inter—regional transportation mode 0.00 1.00 0.05 0.22

Direction 25.00 57.00 38.20 9.17

(Distance Frequency 1,089.00 2,777.00 1,726.60 481.15

accessibility,  Population 7,418.00 18,600.00 12,366.20 2,675.95

Density, Workers 3,771.00 18,581.00 10,500.30 3,943.81

Diversity) Residents density 10,068.64 22,365.10 15,390.44 3,099.61

Jobs density 4,245.14 19,976.15 12,444.91 4,569.48

Land use mixture 0.00 0.95 0.43 0.30

Area of sales facilities 50,375.70 379,294.61 233,489.99 95,970.79

Cluster User’s travel — Getting on passenger 37,118.00 91,757.00 75,470.57 19,822.70

No.4 behavior Getting off passenger 37,645.00 95,545.00 77,109.57 20,537.26

Wide area trip 21,242.00 57,345.00 31,324.00 12,569.25

Central—- Transfer volume 23,854.00 277,033.00 126,510.57 84,247.50

hub Get on Go to work 0.06 0.26 0.15 0.07

ratio Leave work 0.20 0.37 0.28 0.06

Get off Go to work 0.14 0.36 0.23 0.09

ratio Leave work 0.17 0.29 0.23 0.05

Local Transfer line 30.00 67.00 40.71 13.83

characteristics Inter—regional transportation mode 0.00 2.00 0.86 0.90

Direction 41.00 90.00 64.43 15.11

(Distance Frequency 3,213.00 7,336.00 4,173.00 1,438.00

accessibility,  Population 3,977.00 9,556.00 5,965.71 2,061.68

Density, Workers 9,332.00 81,012.00 36,824.86 26,765.95

Diversity) Residents density 5,609.18 12,411.68 8449.61 2,598.15

Jobs density 11,447.88 90,476.83 40,804.03 28,726.06

Land use mixture 0.31 0.97 0.75 0.25

Area of sales facilities 237,559.13 685,790.92 533,895.48 143,281.72
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Table 9. Result of cluster ANOVA

Index Variable F-test p—value

User’s travel behavior Getting on passenger 29.221 0.00000
Wide area trip 20.34 0.00000

Transfer volume 5.66 0.00060

Get on ratio Go to work 31.309 0.00000

Leave work 33.415 0.00000

Get off ratio  Go to work 22.819 0.00000

Leave work 29.237 0.00000

Local Distance Transfer line 13.277 0.00000
characteristics  accessibility Inter—regional transportation mode 7.573 0.00005
Direction 8.904 0.00001

Frequency 11.946 0.00000

Density Population 37.137 0.00000

Workers 26.21 0.00000

Diversity Land use mixture 1.96 0.11169

Area of sales facilities 16.362 0.00000
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