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ABSTRACT

Recently, the Korean government promoted the construction of metropolitan express subway to
connect major transportation hub in the metropolitan area within 30 minutes. Most stations of the
metropolitan express subway are connected to existing subway stations, so the importance of transfer
increased. Although many studies have been conducted on the effect of transfer penalty on route
choice, there are few studies on the transfer behavior of the metropolitan express subway. Therefore,
in this study, a transfer behavior analysis was conducted on the Shinbundang Line, a representative
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metropolitan express subway. To analyze the transfer behavior according to the degree of traffic
congestion and the presence of fare payment, route choice models were made using transport card
data divided according to week, time, and user characteristics. As a result of the analysis, users of
the metropolitan express subway had greater disutility to the transfer waiting time compared to the
transfer moving time. Furthermore, especially during the peak time, EIVM(Equivalent in-vehicle
minutes) of the transfer waiting time was 3.51. In this study, EIVM for metropolitan express subway
users were analyzed to be 2.6 minutes, which is significantly lower than the results of previous
studies on subways. This suggests that there is a difference in the transfer penalty between subways
and metropolitan express subway, and that it is necessary to apply the transfer penalty between
subways and express subway differently when forecasting subway traffic demand.

Key words : Transfer Penalty, Route choice, Metropolitan express subway, Transport card data,
EIVM(Equivalent In-vehicle Minutes)
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<Table 1> Number of traffic card data usage per day

Date Day of the week Number of use cases Average # of use cases
o (persons/day) (persons/day)
2019.10.21 Mon 15,240,423
2019.10.22 Tue 15,530,293
15,738,018
2019.10.24 Wed 15,616,536
2019.10.25 Thu 16,649,680
2019.10.26 Sat 13,133,704
11,448,572
2019.10.27 Sun 9,763,439

* Data for Wed. Oct. 23th, 2019 is excluded from basic data set because it is not fully complete

UA AFS Hie} o] FEH EAAE SYAYAE H2uFTFAH1~-83A), JAHuF AL ZHY 52
AR FGAet ARG, 954, o8, e}, FRA A 3 2L IS PAE FAEHEH
olF AN FEE =4 It B HE AJEVL AR H QA Yot e i 9 g FSARE
& 71 glnk 201999 EA) FEHE0) 29FU FHHEE ARG, AHFIAE, A3HE9TAH Fo] o
o, B8& %= 27} 50.7km/h, 58.0km/h, 39.6km/holth e e F83 UREGAE Hadste] EYZol
o, wEItEdolE oA Fei hdfo]gal FEo] HA ¢, JHFFHEEE AHLEAT AATAF
gL A FYd Ao E gAAR}F EAEIA Y=t
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<Table 2> Comparison of two subway lines studied

Bundang Line Sinbundang Line
Length 52.9km 31.3km
# of stations 36 13 N
\
Average dlstzjmce between 1.56km 2 85km
stations Q
Scheduled Speed 36.9km/h 50.7km/h \
|
Fare /
(Under 10km) 1,250won 2,350won /_/
Travel Time Jeongja~Seolleung : 35min | Jeongja~Gangnam : 17min
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<Table 3> Classification of Data to Analyze

Data classification Analysis contents

* Peak time : 4hours(07~09, 17~19)
* Non-peak time : All time except peak hours

Day * Weekday, Weekend

Time * Transfer behavioral analysis by congestion in

trains or platforms

* Gradually increasing proportion of the free riders

User characteristic * General user, free rider * Analysis of the differences in transfer impedance
between general users and free riders

<Table 4> Steps to Build Analysis Data

Contents Note
STEP 1 * Classifying data by category * Time/Day/User characteristic
STEP 2 * Extracting data of Shinbundang Line users -

* Extracting the same OD as the Step 2 OD among

STEP 3 non-users of the Shinbundang Line i
* Removal of data that does not overlap with Step 3
STEP 4 -
data among data from Step 2
liminati . * There is a distortion caused by fare variable in
STEP 5 E ating free rider data from weckday-weckend route choice model because free rdiers would

and peakenonpeak data on Step 4 choose the shortest route regardless of the fare

FQlol8xE AYS w WY HAHA R} AR FY VIFHTE T 1,8847) olH, {DAHRE o]
S5YFL 17,9972, HEFEIALL 6098, HF LT 2,7489, AAAZ o] &FFHFL 190182, HEF
YAZE 7228, B8 1734902 UYEINTH HDAE o] &A= oF 48.6%01H, BTN AAE
of vl3) 11.3%°] W21, FHFL 7S 1,01490] =2 A2 EAHATK<Table 5>). TFFo] H2 Foo=
Y 71TAT 126470, DA 2] 8H]& 49.6%0|1, HA7 2o 8= HEFFPAIZIo] 1117 W23, Hit
852 1,04790] BA £QFUATH<Table 6>). L H HY o] &4 HIA R o] & HIFS FABHAT,

o] -gate] FHAF YA FLol| vls] F 108 7HFo] Bol 285 AR VEhT
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<Table 5> Analysis data of Weekday

Sinbundang(Shortest path*) Bundang(Alternative path)
No. Origin Destination Travel Time** | Number of Fare Travel Time | Number of Fare
(min) users (Won) (min) users (Won)
1 Yongsan Samdong 82.0 1 2,750 89.0 1 1,750
2 Yongsan GyeonggiGwangju 83.0 2 2,850 105.0 1 1,850
3 Yongsan Ori 74.0 1 2,750 91.0 2 1,750
4 Yongsan Jukjeon 69.0 5 2,750 86.9 20 1,750
5 Noryangjin GyeonggiGwangju 64.0 8 2,850 85.6 7 1,850
6 Noryangjin Sindundoyechon 95.0 1 3,150 102.0 1 2,150
7 Noryangjin Bubal 93.6 7 3,450 100.3 4 2,450
8 Noryangjin Sunae 56.0 2 2,650 64.0 10 1,650
9 Noryangjin Ori 57.9 5 2,650 69.8 6 1,650
10 Noryangjin Bojeong 66.0 1 2,750 73.0 4 1,750
11 Noryangjin Jukjeon 64.0 5 2,750 72.8 9 1,750
12 Noryangjin Singal 76.6 5 2,850 84.1 11 1,850
13 Noryangjin Giheung 64.0 5 2,850 90.1 10 1,850
1882 Jeongneung Gonjiam 92.0 1 3,150 115.0 1 2,150
1883 Janggi Ori 114.0 1 3,350 127.0 1 2,350
1884 Unyang Ori 119.0 1 3,350 125.0 1 2,350
Average(Sum) 60.9 (17,997) 2,748 722 (19,018) 1,734

* From the extracted data, users of the Shinbundang Line take less travel time than users of the Bundang Line, so it is named
as “the shortest path”, and the path that users of the Bundang Line take is defined as “the alternative path”

**The travel time is the time from the tag time of the boarding station to the tag time of the destination station, and the
access/egress time is excluded

<Table 6> Analysis data of Weekend

Sinbundang(Shortest path) Bundang(Alternative path)
No. Origin Destination Travel Time | Number of Fare Travel Time | Number of Fare
(min) users (Won) (min) users (Won)
1 Noryangjin GyeonggiGwangju 76.2 7 2,850 85.5 2 1,850
2 Noryangjin Ori 60.1 4 2,650 819 6 1,650
3 Noryangjin Giheung 84.0 1 2,850 99.3 4 1,850
4 Noryangjin Kangnam Univ. 83.0 1 2,850 105.0 2 1,850
5 Yeongdeungpo | GyeonggiGwangju 875 4 2,850 125.0 1 1,850
6 Yeongdeungpo Chowol 93.0 1 2,950 110.0 2 1,950
7 Yeongdeungpo Icheon 92.0 1 3,350 102.0 1 2,350
8 Yeongdeungpo Seohyeon 73.0 1 2,650 78.1 10 1,650
9 Yeongdeungpo Jukjeon 87.0 2 2,750 95.7 8 1,750
10 Yeongdeungpo Singal 94.0 1 2,850 121.0 2 1,850
11 Hoegi Jeondae-Everland 118.0 1 3,250 129.8 8 2,250
12 Sangbong Yeoju 112.0 1 3,650 124.3 3 2,650
13 Haengsin Jeondae-Everland 149.5 2 3,550 162.0 2 2,550
1262 |Jeondae-Everland| Myeong-dong 138.7 7 3,250 174.0 2 2,250
1263 | JeondaeEverland Hoehyeon 125.0 2 3,250 145.5 2 2,250
1264 | Jeondae-Everland Yatap 115.0 1 3,050 130.0 1 2,050
Average(Sum) 70.8 (6,021) 2,841 81.9 (6,094) 1,794
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<Table 7> Analysis data of Peek hours

Sinbundang(Shortest path)

Bundang(Alternative path)

No. Origin Destination Travel Time |Number of | Fare Travel Time | Number of |  Fare
(min) users (Won) (min) users (Won)

1 Seoul Imae 61.0 1 2,650 69.0 2 1,650

2 Seoul Seohyeon 67.6 5 2,650 72.8 6 1,650

3 Seoul Sunae 67.0 5 2,750 76.5 3 1,750
4 Seoul Jukjeon 81.3 7 2,750 88.0 2 1,750

5 Seoul Guseong 81.5 2 2,350 104.0 2 1,850

6 Seoul Singal 85.2 4 2,350 103.0 2 1,850
7 Seoul Giheung 87.0 1 2,950 102.5 3 1,950
8 City Hall Ori 68.5 2 2,750 717 15 1,750
9 City Hall Bojeong 73.5 2 2,850 82.0 3 1,850
10 City Hall Guseong 78.0 2 2,350 105.0 2 1,850
11 Jonggak Ori 713 3 2,750 84.0 2 1,750
12 Jonggak Bojeong 79.0 1 2,850 98.0 1 1,850
13 Jonggak Jukjeon 73.0 3 2,850 94.0 2 1,850
1162 |Jeondae-Everland Hongik Univ 137.5 17 3,350 160.4 22 2,350
1163 |Jeondae-Everland| Myeong-dong 129.3 9 3,250 136.4 13 2,250
1164 Janggi Ori 114.0 1 3,350 127.0 1 2,350
Average(Sum) 59.9 (8,555) 2,736 712 (8,911 1,731

<Table 8> Analysis data of Non-Peek hours

Sinbundang(Shortest path) Bundang(Alternative path)
No. Origin Destination Travel Time | Number of Fare Travel Time | Number of Fare
(min) users (Won) (min) users (Won)
1 Seoul GyeonggiGwangju 75.0 1 2,850 98.0 1 1,850
2 Seoul Chowol 82.8 7 2,950 89.0 1 1,950
3 Seoul Bubal 97.0 1 3,450 122.0 1 2,450
4 Seoul Ori 714 8 2,750 83.0 3 1,750
5 Seoul Bojeong 71.0 1 2,850 112.0 1 1,850
6 Seoul Jukjeon 78.1 10 2,750 95.6 6 1,750
7 Seoul Guseong 79.0 1 2,850 116.0 2 1,850
8 Seoul Sanggal 87.0 1 2,950 112.8 4 1,950
9 City Hall GyeonggiGwangju 81.5 4 2,950 1009 7 1,950
10 City Hall Bojeong 75.0 1 2,850 859 5 1,850
11 Jonggak Gonjiam 88.0 2 3,150 231.0 2 2,150
12 Jonggak Sindundoyechon 96.0 3 3,250 112.0 1 2,250
13 Jonggak Icheon 108.0 1 3,350 129.0 1 2,350
1767 |Jeondae-Everland Taereung 134.0 1 3,350 141.0 1 2,350
1768 | Jeondae-Everland Gongneung 137.0 1 3,350 145.0 2 2,350
1769 Jeongneung Gonjiam 92.0 1 3,150 115.0 1 2,150
Average(Sum) 65.7 (13,782) 2,785 784 (13,993) 1,785
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<Table 9> Analysis data of General users

Sinbundang(Shortest path) Bundang(Alternative path)

No. Origin Destination Travel Time |Number of |  Fare Travel Time | Number of |  Fare
(min) users (Won) (min) users (Won)
1 Seoul GyeonggiGwangju 71.0 2 2,850 98.0 1 1,850
2 Seoul Bubal 97.0 1 3,450 122.0 1 2,450
3 Seoul Sunae 68.1 11 2,750 74.8 8 1,750
4 Seoul Ori 74.4 11 2,750 83.0 3 1,750
5 Seoul Jukjeon 80.2 17 2,750 93.1 8 1,750
6 Seoul Guseong 81.5 2 2,350 110.0 4 1,350
7 Seoul Giheung 87.0 1 2,950 117.7 5 1,950
8 Seoul Sanggal 87.0 1 2,950 100.6 6 1,950
9 City Hall GyeonggiGwangju 81.5 4 2,950 96.2 4 1,950
10 City Hall Yeoju 116.0 1 3,750 148.0 1 2,750
11 City Hall Ori 70.8 5 2,750 76.0 29 1,750
12 City Hall Bojeong 74.3 3 2,850 83.9 8 1,850
13 City Hall Guseong 82.2 4 2,850 96.9 14 1,850
2258 Sincheon Yatap 115.0 1 3,050 130.0 1 2,050
2259 Janggi Ori 114.0 1 3,350 127.0 1 2,350
2260 Unyang Ori 119.0 1 3,350 125.0 1 2,350
Average(Sum) 64.1 (23,727) 2,773 76.1 (22,763) 1,759

23 AR oA BY F1FHEE 226070 olnl, HUAR o84 237277), AUAR o) &

7} 22,7630 0.2 HTAR o] §HIF(51.0%)°] AAFZHT FA YERGTH<Table 9>). duto]82te] AT
2 HAZIANTLL 641802 AAAZET 12080 A 285, HHQ72 2,773¢02 AHHE B
T} 1,01490] =& A 0Z UERGTH<Table 10>).
Fololgate] HAUAR o] &A= 10,6029 (0] &HF 583%) S8 OE BEF7|EdE 24 HGAdzE A
gH]go] - A Yelytth ol HARe} AAAZ 8 FA 07 §IE AE, ol 8AE Tl A
A5 HOHEE AEste A dedde 7|RIg Ao g A
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<Table 10> Analysis data of Free rider

Sinbundang(Shortest path) Bundang(Alternative path)
No. Origin Destination Travel Time Number of Travel Time Number of
(min) users (min) users
1 Seoul Chowol 81.9 7 95.0 4
2 Seoul Yeoju 123.0 1 1415 2
3 Seoul Sunae 715 5 96.0 1
4 Seoul Ori 735 2 80.8 3
5 Seoul Jukjeon 76.3 5 107.0 1
6 Seoul Guseong 75.0 1 97.0 1
7 Seoul Singal 85.0 1 97.0 2
8 Seoul Giheung 96.0 2 135.0 1
9 Seoul Sanggal 95.5 2 102.5 2
10 City Hall Icheon 98.0 1 113.0 1
11 City Hall Yeoju 138.7 8 148.0 1
12 City Hall Ori 734 13 78.7 19
13 City Hall Sanggal 92.0 8 99.7 20
1767 | Bukhansan Ui Ori 100.0 2 1103 5
1768 | Bukhansan Ui Jukjeon 111.0 1 117.0 1
1769 | Siheung Daeya Yatap 112.0 1 130.0 1
Average(Sum) 67.4 (10,602) 83.8 (7,588)
B ¢ Fhol & LA TLVNIFTHTFE 25407, FL7ITH TAF 51,9805 ol FUol &

AE A3l FYNFTATE 258% 04, TY 7154 THFL 288% 7 T3t tH<Table 11>). 2, 5
2L AN FL7EHF 5Y VEH ST HYF FAE BT 2 THAs =T

HIAT =R Reolg
ol Uiol gAY ARHAR A Tl §ae] FAY Aol 4 S Ao BHHLk
B ATl AY A2 RY e Felol A AT AT HevH A% PAE ) FASAA A

<Table 11> Number of analysis data

Including free rider Excluding free rider
Caegory Classification e of el :rlpjarcl)f the Same OD N = :npdsa;f the Same OD
.. umber of the umber of the
criteria mouncang Bundang mouncang Bundang
same OD (Shortest (Alternative path) same OD (Shortest (Alternative path)
path) ? path) ?
D Weekday 2,540 27,511 24,478 1,884 17,997 19,018
7)
Y Weekend 1,806 9,595 8,516 1,264 6,021 6,094
- Peak hours 1,499 11,585 11,117 1,164 8,555 8,911
ime
Non-peak 2,376 23,342 20,277 1,769 13,782 13,993
User General 2260 23,727 22,763
.. users Same as left data
characteristic -
Free rider 1,480 10,602 7,588
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<Table 12> Traffic zone

Routes Station # of Zone Routes Station # of Zone
Kyungwon line Soyosan 1 : : :
Kyungwon line Dongducheon 2 Bundang line Apgujeongrodeo 595
Kyungwon line Bosan 3 Bundang line Seoul-forest 596
Kyungwon line Dongducheonjungang 4 Sinbundang line Gwanggyo 597
Kyungwon line Jihaeng 5 Sinbundang line GwanggyoJungang 598
Kyungwon line Deokjeong 6 Sinbundang line Sanghyeon 599
Kyungwon line Deokgye 7 Sinbundang line Seongbok 600
Kyungwon line Yangju 8 Sinbundang line Suji-gu office 601
Kyungwon line Nogyang 9 Sinbundang line Dongcheon 602
Kyungwon line Ganeung 10 Sinbundang line Pangyo 603
Kyungwon line Uijeongbu 11 Sinbundang line Cheonggyesan 604

: : : Sinbundang line | Yangjae Citizen’s Forest 605
<Table 13> Headway by route
.. . . Headway(min)
Route Direction Origin Destination
Peak Non-peak
Sungsu Sindorim 60 45
Ascending Sungsu Sungsu 3.58 6.04
. Sindorim Sungsu 18.46 81.82
Line 2 - -
Sungsu Sindorim 30 81.82
Descending Sungsu Sungsu 3.38 5.92
Sindorim Sungsu 999* 50
Ogeum Suseo 5.1 7.0
Ascending Suseo Gupabal 43 6.4
. Gupabal Daehwa 7.4 9.5
Line 3
Daehwa Gupabal 7.2 9.5
Descending Gupabal Suseo 40 6.5
Suseo Ogeum 49 7.5

* Headway is 999 minutes when the line is scheduled to run once per day

213, THI6=2(2022'H 128)
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<Table 14> Transfer distance and time by transfer station

Transfer station Transfer Line Average walklng time for Transfer distance(m)**
transfer(min)*

Garak Market 39 Line o 8" Line 37 219
Gasan Digital Complex 1* Line o 7" Line 34 203
Gangnam 2" Line o Sinbundang 37 220
Gangnamgu Office 7" Line o Bundang 23 139
Gunkuk Univ 2" Line o 7" Line 4.0 238
Geomam Airport Express | <> | Incheon 2™ Line 5.6 334
Kwangwoon Univ. 1* Line <> | Kyungchun Line 1.0 59
Seoul Eﬁitc;gr’fv of 2™ Line - 39 Line 36 214
Gunja 5" Line o 7" Line 32 189
Geumjeong 1 Line - 4™ Line 0.9 53
Giheung Bundang Line And Ever Line 2.8 166

* The average walking time includes the whole travel time using elevators, escalators, stairs, and moving walks.
** When calculating the transfer distance, the walking speed is applied as 1.0m/s

<Fig. 1> Network for estimating path
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Y HGH 2 <Table 16>4 B o] XAz we] APAZHE FTF 16950] FH o1}
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<Table 15> Basic Statistics_including free riders

Average
Category Path Invehicle Fare Number of Tr@fer TraT)éfer Total
. . walking waiting transfer
time(min) (won) Transfers . . . . . .
time(min) time(min) time(min)
Shortest path 42.0 2,787 2.3 6.1 8.8 149
Weekday
D Alternative path 59.8 1,857 12 2.8 4.6 7.5
a
Y Shortest path 472 2,871 2.3 6.2 10.1 16.2
Weekend
Alternative path 63.6 1,917 14 32 6.0 9.2
Shortest path 412 2,773 22 6.2 6.5 12.7
Peak hours -
Alternative path 58.4 1,841 1.0 2.6 3.0 5.6
Time
Shortest path 434 2,811 23 6.1 9.9 16.0
Non-peak
Alternative path 61.8 1,888 1.3 3.1 5.8 8.8
Fare paying Shortest path 42.4 2,796 2.3 6.1 8.7 14.8
User users Alternative path 59.9 1,857 12 2.8 46 73
character
isti ) Shortest path 43.1 2,792 23 6.1 9.8 159
1suc Free riders
Alternative path 62.2 1,894 13 32 5.7 89
<Table 16> Basic Statistics_excluding free riders
Average
Category Path Invehicle Fare Number of Trans.fer Traf)lsfer Total
. . walking waiting transfer
time(min) (won) Transfers . . . . . .
time(min) time(min) time(min)
Shortest path 40.8 2,770 23 6.1 8.6 14.8
Weekday
D. Alternative path 57.7 1,827 1.1 2.6 43 6.8
a
Y Shortest path 46.7 2,874 23 6.1 10.0 16.1
Weekend
Alternative path 62.0 1,899 1.3 30 5.7 8.7
Shortest path 40.2 2,757 22 6.2 6.4 125
Peak hours
Ti Alternative path 56.9 1,822 1.0 2.4 2.8 5.3
ime
Shortest path 429 2,811 23 6.1 9.9 159
Non-peak
Alternative path 60.4 1,870 13 29 55 8.4
User users Alternative path 59.9 1,857 12 2.8 46 73
character
isti Shortest path 43.1 2,792 2.3 6.1 9.3 159
1stie Free riders -
Alternative path 62.2 1,894 1.3 32 5.7 89
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<Table 17> Logistic regression model variables

Variable Variable description Variable Unit
Dependent Whether to take the | ¢ Whether to users take the shortest route or not
variable shortest route or not ( the shortest path : 1 / Use the alternative path: 0)
In-vehicle time * In-vehicle time for each route Min
Independent Fare* * Fare for each route Won
variable Number of transfer * Number of transfer for each route times
(Model ) Transfer walking time | * Transfer moving time for each route Min
Transfer waiting time | * Transfer waiting time for each route Min
In-vehicle time * In-vehicle time for each route Min
Indep.endent Fare * Fare for each route Won
variable
(Model IT) Number of transfer * Number of transfer for each route times
Total transfer time * Total transfer time for each route Min

* Fare is excluded from a model built as classifying type of users due to free riders
* Fare variable are excluded in free-rider model because free riders do not pay subway fares

ARNNARF L Foo|8AE A Y3 HolES 7EoE TR oL}, <Table 18>9] 23 [ oA H|AF
Al - HY - itk b fofsiAl @2 AL =Z eI, <Table 19>9] ZF M= HIHSF -
[e]
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<Table 18> Estimated parameter of Model |

Regression coefficient(t-value) Log likelihood | Likeli
P— F— _hood Number
Category In-vehicle | Fare  |Number of| oo e ratio | ©f
Constant | . . walking | waiting 163 0
time(min) | (won) | Transfers | S : —2 data
time(min) | time(min) (p)
-0.5225 -0.1272 -0.0001 -0.2685 -0.1530 -0.1801
) Weekday | PV | DS 019) | (139 | 81dyees | (3 1y | 4780 | 83973 | 089 | 37015
ay
-0.1638 -0.1501 -0.0006 -0.2401 -0.0596 -0.3443
Week -21,892.6 |-25,642. X 12,11
cekend | 056) [(3861y¢| (224% | (2624 | (5.53ywx | (1390w | 218920 256428] 085 | LIS
0.3719 -0.1630 -0.0016 0.1175 -0.0651 -0.619
, Peak hours (0.88) | (22920)%% | (4.18)%¥* | (6.06)%** | (-4.02)%%* | (25,15 -10,254.0(-12,102.9| 0.85 | 17,466
ime

07056 | 0.1343 | 00000 | -0.1185 | -0.0941 | -0.2807
Nonspeak | 1ou |z 13w | (0.14) | (089) | (778 | (gglyeer | P04 [ 192514 ] 089 | 27,775

Fare paying| 02359 | 01399 | -0.0004 | -0.3800 | -0.0803 | -0.2674
User users (0.93) | (4180 ¥ | (-1.69) | (-4.61)%** | (-8.47)%¥ | (-2,03)rw

character 0.5296 -0.1157 1.1189 0.0391 0.0123
-istic i - : - o : - - -
Free riders | o 0o | 456+ 8ty | oty | (oan) |TL3T0|123575| 092 | 18,190

* p-value < 0.05, ** p-value < 0.001, *** p-value <0.0001

-28,126.0|-32,214.4| 0.87 | 46,490

<Table 19> Estimated parameter of Model Il

Regression coefficient(t-value) Log likelihood | Likeli-
hood | Number
Category Constant In-vehicle Fare Number of |Total transfer 5 0 ratio | of data
time(min) (won) Transfers time(min) (;)2)
-0.5202 -0.1272 -0.0001 -0.3396 -0.1582
Wi - - . .
s eekday CL11) (21.4dy++ (0.20) @7 | (1027 7,478.1|-8,397.3| 0.89 | 37,015
ay
-0.1684 -0.1502 -0.0007 -0.8947 -0.1110
Weekend 0.58) (38,57 (2.48)" (1327 | (11654 21,9453|-25,642.8| 0.86 | 12,115
1.3324 -0.1564 -0.0021 -0.0217 -0.2774
, Peak hours G | (2821)%%% | (5.36)+* (1.30) (31.63)++ -10,373.4(-12,102.9| 0.86 | 17,466
ime
-0.6390 -0.1342 -0.0000 -0.6426 -0.1257
Non-peak (1.99) (30.08)++ 0.15) @795 | (12,16 -17,084.9(-19251.4| 0.89 | 27,775
Fare paying| -0.1679 -0.1390 -0.0005 -0.8102 -0.1145
User users (066) | (4L55y+ | (2UI% | (1363 | (1387w [2B1530) 322144 087 146490
character 0.5421 0.1161 1.2574 0.0297
dstic | Free riders (_9"2 e | (3 4:75)*** - . 139 oy (2: sop  |[1LATL|-123575) 092 | 18,190

* p-value < 0.05, ** p-value < 0.001, *** p-value <0.0001

a7t SHHTE FoshA 42 AL

fru
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il

| wel, a3 A9 F 2 Aol sejEE A

AL <Table 20> P 1 A4S 53 FHEFPAE o] SEAS AHEH, o] &A= S5A o]
N7 B} S5t A7 2 ARGS 2t Ao g Yehgth St A7ke) BIVME 1.41~3.51 ¢l §hd,
S50l S A 7HY] EIVME 0.34~1.20 0.2 3kt 7| A7t EIVMo] Sk5o] B A7bol vls] HaZ o2 oF 47H] &
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<Table 20> Estimated parameter of Model | after excluding fare variable

Regression coefficient(t-value) Log likelihood | Likeli-
hood | Number
Category In-vehicle | Number of Tran%,fer Tra??fer ratio
Constant ; ) moving waiting Jéi 0 of data
time(min) Transfers . . . . -2
time(min) | time(min) (p)
-0.6083 -0.1280 -0.2672 -0.1532 -0.1805
Week -7,478.0 | - . . 1
5 eckday (938)++% | (3127)+% (1.39) (816 | (37304 74780 | -83973 | 0.89 | 37,015
ay
-0.8072 -0.1562 -0.2274 -0.0618 -0.3481
Weekend 1702+ | (5632 (2.48) (5760 | (1417 21,895.1]-25,642.8| 0.85 | 12,115
-1.3580 -0.1783 0.1150 -0.0605 -0.6263
. Peak hours CI36LS | (41705 | (593y++ | (374y% | (25474 -10262.7[-12,1029| 0.85 | 17,466
ime
-0.6606 -0.1339 -0.1198 -0.0941 -0.2803
Non-peak 1370y | (45.67)+ “091) 78y | (863 -17,072.41-19251.4| 0.89 | 27,775
Fare paying| -0.6593 -0.1439 -0.3649 -0.0817 -0.2713
User users (-16.37)*** | (-60.01)*** | (-4.45)*** | (-8.66)*** | (-12.26)*** B1274\-32.2144) 087 | 46,490
character 0.5296 0.1157 1.1189 0.0391 0.0123
-istic i - e o . by - -
Free riders (8.94)=+ | (3456y++ | (874yex .91y 041) 11,376.0|-12,357.5| 0.92 | 18,190

* p-value < 0.05, ** p-value < 0.001, *** p-value <0.0001
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<Table 21> Estimated parameter of Model Il after excluding fare variable

Regression coefficient(t-value) Log likelihood Likelihood | Numb
umber
Category Constant In-vehicle | Number of |Total transfer 5 0 ratio (—2) of data
time(min) Transfers time(min) &
-0.6116 -0.1280 -0.3390 -0.1584
s Weekday 048y | (BL30y | (277 | (1032)%% -7,478.1 -8,397.3 0.89 37,015
ay
-0.8825 -0.1570 -0.8846 -0.1137
Weekend C18.75)5 | (5641)%% | (1315 | 12,01y 21,9483 | -25,642.8 0.86 12,115
-0.8544 -0.1758 -0.0283 -0.2771
, Peak hours (910" | (4128 (1.70) (31.64)++ -10,387.8 | -12,102.9 0.86 17,466
ime
-0.6873 -0.1346 -0.6421 -0.1258
Non-peak (1432 | (4588)%% | (7790 | (12.22)%* -17,084.9 | -19,251.4 0.89 27,775
Fare paying| -0.6954 -0.1440 -0.7987 -0.1168
User users (17345 | (5997y%%% | (1349)%++ | (14.27)%* 28,1552 | -32,214.4 0.87 46,490
character 0.5421 0.1161 1.2574 0.0297
-istic | Free riders (_9.'24)*** (_34:75)“* (—13:96)*** (2'450)* -11,377.1 | -12,357.5 0.92 18,190

* p-value < 0.05, ** p-value < 0.001, *** p-value <0.0001
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<Table 22> Comparison of Estimated parameter for transfer-related variables

In-vehicle Total transfer time Number of transfer
Trip purpose .
time Parameter EIVM Parameter EIVM
Yang(2000) -0.184 -0.313 1.70 -1.881 10.2
Cho(1999) -0.020 -0.035 1.75 -0.268 132
Kim(1999) Gross -0.254 -3.270 129
Cergigﬂ“;ﬁ’;’g;‘;ion 0043 10099 230 0315 73
Son(2006) -0.155 -0.211 1.36 - -
Yoon(2000) Home-based work -0.011 -0.066 5.81 - -
Business -0.043 -0.082 1.92 - -
Kim(2017) Commute -0.027 -0.032 1.16 - -
Non-business -0.018 -0.045 2.50 - -
This Study Gross -0.128 -0.158 1.24 -0.339 2.6
234 A= <Table 22>9 2 oW, FHFYPA L o] &A= SaolEAtol gl Srst7]Atel] 2 A
S e AoE Usigth 53] Aok ARE Ul §8S ¢Esfok v HAFARH e S5tz AR
EIVM 3512 HIHFAIZ 20980 54 =25HAoh OE A A S Eapjaitge] S7tda=
FAFPAE ol A7} BERFo] s ARG AAFFHOR FIRTE Holth WY Hsuse
EIVM< 26591 vk 3] EIVML 56302 Ao nis) 2uf o4 A Uehgth
sAgo 2 B AT 28 FAFPAE ol gl BEAYR HYATH UL J1F0E £

H ARk A5k o] 8] S A RS HwHyth E AT SeARtH Ss3la EIVME 7]E AdAT
of wla tha WA Yetston, 5¢] Ssslae AFATER 2 AolE EAh
A& g o 2 3 AFATY Ee13T 7HAE 7.3~13289 AW U Aow £
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