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Analysis of Mode Choice Behavior on Mass Transit Using Smart Card Data:
Focusing on Replacement and Competition of Bus for Metro
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Kyoungtae Kim - Inmook Lee

Abstract The problem of metro crowding due to insufficient capacity of Seoul Metro Line 9 has been raised as a social
problem. To reduce metro congestion, it is fundamentally necessary to increase the supply capacity of railways; however,
in the short term, operating buses as a replacement mode can be an alternative. To apply this alternative, it is necessary to
study the behavior of passengers choosing metro and bus. In this study, conditions under which metro had competitiveness
compared to bus were verified by classifying metro station OD by distance. The TRIPS (Travel Record based Integrated
Public transport operation System) program was used to extract data on sections where competition between metro and bus
occurred. Using the extracted data, the travel behavior between the two means was analyzed. The conclusion of this study
is that, to alleviate crowding and increase demand for metro, it is necessary to consider mode choice pattern (behavior) of
mass transit passengers by travel distance and by distance between metro stations and bus stops.

Keywords : Smart card data, Mode choice model, Bus, Metro, Mass transit
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Table 1. Summary of smart card data.

Date Number of stations  [Number of bus Number of trips by number of transfers
Metro Bus lines Total No transfer 1 2 3+
20191111 10,694,010 | 8,627,747 1,828200 | 208,616 29,447
20191112 10,935,560 | 8,822,944 1,872,835 | 211,000 28,781
2091113 | 739 14721 o7 10,867,316 | 8,731,163 1,800,622 | 215,348 30,183
20191114 | 10,791,766 8,704,141 1,850,144 | 208247 29,234
C20191115 | 14,710 616 11,026,869 | 8,946,765 1,849,626 | 202,846 27,632
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Fig. 2. Aggregated bus stops and metro stations.
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Table 2. Distances at which modal share of metro is achieved (non-transfer trips).

Modal share of metro
Do 50% 75% 85% 90% 95%
~ 100m 0~1km 0~1km 0~1km 1~2km 1~2km
~200m 0~1km 0~1km 1~2km 1~2km 2~3km
~300m 0~1km 1~2km 2~3km 3~4km 4~5km
~ 400m 0~1km 2~3km 3~4km 4~5km 5~6km
~ 500m 1~2km 3~4km 4~5km 5~6km 7~8km
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Fig. 3. Trends of modal share of metro for metro travel distance.
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Table 3. Summary of input data.

Number of Number of trips Average number of Average travel distance

OD pairs Rail Bus operating bus Rail Bus

~200m 1,320 465,155 33,093 563 3,332 2,476
~300m 2,234 784,718 89,344 552 3,525 2,564

of YolEE Abgale] FHet REWS AL Table 42} k. WE A%l ¢ glo] FOTFE & 5 i, PG B
AFg3llell AT Szolct.

tlo

Table 4. Summary of utility functions.

Constant (standard . _likeli
Coefficient (standard error, t-value) onstant (standard eror Rho-squared Log hke,hho,Od at zero
t-value) (Log-likelihood at
- (Rho-bar-squared)
a a rail bus convergence)
200 -0.00072043 0.00106168 2.9483 0 0.6714 -34,545.1
~200m
(0.000028, -25.2909) | (0.000035, 30.6972) | (0.0258, 114.4260) (0.6713) (-11,353.0)
200 -0.00068128 0.00091698 2.4049 0 0.5507 -60,626.1
~300m
(0.000020, -34.6536) | (0.000023, 39.4633) | (0.0167, 143.6913) (0.5507) (-27,236.9)
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S(Theile] FEAGE 00f) 7145 o2 Eaiepst 62 alspo] SARE A0l Io] /e o Badt B2 9%
o Telo] gl o B 4 9IS ol§3th. WE B J|F0R A4k AT 71EA e 200mel %S RMSE,
MAPE, MAE, $5A47F 7]127] 300mel 739-sek 4es] e 212 SHe1gh 4 glek(Table 5). 7172 200ms 474
3hel 300mel o] lshA WE Aol wale] Fehrt WA o AdEs ai ot A4 2§ Ale] Aol BFA
3} A 719] AE R0 AR FHI] R HESH Flo] A HES AN & U S0 waHdt,

Table 5. Validation of models.

Dy, Number of OD pairs RMSE MAPE MAE Theil’s U*
~200m 1,320 32.5924 40.1981 17.9710 0.0307
~ 300m 2,234 49.2391 49.4152 27.9632 0.0477

e [N, (Fa—Va)?/N )
Theil’s U= V,: the actual values, V, : the predicted values,

SN V)2/N+ \/Zg 1 (P)2/ N N: the number of observations
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3.8 B

A Al A, BAAE w4 AS BRstel, e o2 HEHY G 9lste] HEeh HA 71e) 44 % nek w
of B Aol Bl F715H ek, B AFANHE HEAS] WEACHOIEE ol§sto] wAMES} vAe) Seki
oS BBk ol I8 AR TR, A4 BAVE YYE 209 Y 8 59U 2] wEAEHolEE ol §5
of Wehe BAISIGIE. U Ak, thee] ARS wHSKch R, T BAG] Al vlAwMo] ek £AHE Sast gt
A 5 e BIskch B4, SARE i oawdo] 43 WA Qb A5, BEu nx ZRAY At phes
8 MAR BB f07k AN A, SAHES] 83 TAR a0 Bito] WA B, BAsor s T7o] ArjHe
2 FAE AReat the AYS FU s RS s FRG B GUE 9L 5 ok AT, BAEE w4
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