Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)

Vol. 35, No. 4: 875-886/ August, 2015 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2015.35.4.0875 www.kscejournal.or.kr
Transportation Engineering 33

OIAI2FOI0IRI0] 6'H '=MO| HI0H nlSa=SHMEH(] St X1

OJHZI* - OIKIZ™ - Ol A1™* - o[

Lee, Back Jin*, Lee, Se Hong**, Lee, Yun Seok***, Lee, Deok Hwan****

A Study on the Transport Mode Choice for Asian Highway No.6
Route

ABSTRACT

By promoting the international transportation and the improvement of advanced exchange between South and North Korea, the Asian
Highway plan was expected to make considerable economical effects in the North-East Asian region. This study focuses on a part of
AHS6 route (i.e., South Korea-North Korea-China-Far East Russia) and aims to analyze the behavioral change of international
passenger transport around the Korean Peninsula by assuming the non-existent North Korea land transport network connectivity. The
study was performed using two main methods. First, a stated preference survey was performed to derive the actual modal share of each
travel mode. Second, a disaggregate analysis was performed to develop possible mode-choice models for international passenger travel
and find out the suitable choice. Based on the results of the model estimation, it is found that over 90% of the international passenger
transport would be converted to land transport (rail+highway). In addition, international railroad modal share rate would be increased
from 62.8% to 66.1% and international bus would be decreased from 29.6% to 21.9% as the distance lengthened (903km~1,631km).

Key words : Asian highway, Arterial road network in the Korean Peninsula, AH6, Nested logit model
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AH6 Route

(Busan-Sonbong)
AH6 Route
AHI Route
AH32 Route

Fig. 1. Subject Areas (AH6 route)
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Table 1. Flight Passenger O-D Matrix: South Korea-China(2009) (unit: person)

O D| Incheon ‘Gimpo‘Gimhae‘Daegu‘Cheongju‘Muan Beijing | Shenyang | Dalian | Changchun|Mudanjiang| Yanji |Harbin| Total
Incheon 584,126| 171,095 |187,021| 78,670 18,837 |124,010{60,303 | 1,224,062
Gimpo - - - - - - - -
Gimhae 91,422 | 16911 | 3,702 - - 1,308 - 113,343
Daegu 12,675 | 6,000 - - - - - 18,675

Cheongju 1,735 - - 662 - 1,463 - 3,360
Muan 5,297 - - - - 2,176 - 7,473
Beijing | 574,343 | 325 |93,370(12,188| 2,013 |6,446

Shenyang | 184,526 - 17,052 | 5,722 - -

Dalian | 187,296 | - |3,742| - - -
Changchun| 78,075 - - - 632 -
Mudanjiang| 18,759 - - - - -
Yanji | 129,872 | - | 1,230 | 1,774 | 2222 -
Harbin 58,331 - - - - -
Total |1,231,202| 325 |115394|19,684| 4,867 |6,446 2,745,331

Source) Korea Customs statistics: import and export
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Table 2. Flight Passenger O-D Matrix: South Korea-Far East Russia(2009) (unit: person)

(0] D Incheon Busan Vladivostok Khabarovsk Total
Incheon 42,827 28,124 70,951
Busan 4,127 - 4,127
Vladivostok 42,768 4,321 47,089
Khabarovsk 27,977 - 27,977
Total 70,745 4,321 46,954 28,124 150,144
Source) Korea Customs statistics: import and export
Table 3. International Ferry Passenger Traffic(2009) (unit: person)
First quarter of 2009
China/Russia # South Korea South Korea # China/Russia subtotal
South Donghae-Vladivostok-Sakaiminato 2,622 2,417 5,039
Korea-Russia-Japan Sokcho-Zarubino-Vladivostok - - -
Sea Route subtotal 0 0 0
Incheon-Weihai 16,197 15,473 0
Incheon-Qingdao 10,632 9,005 0
Incheon-Tianjin 4,157 3,711 0
Incheon-Lianyungang 6,847 6,827 0
Incheon-Dalian 9,446 8,368 0
Incheon-Yantai 10,479 9,276 0
South Korea-China Incheon-Dandong 11,235 9,338 0
Sea Route Incheon-Shidao 12,128 11,731 0
Incheon-Yingkou 5,230 4,624 0
Incheon-Qinhuangdao 5,803 5,467 0
Pyeongtaek-Rongcheng 17,375 17,323 0
Pyeongtaek-Lianyungang 7,349 7,146 0
Pyeongtaek-Weihai - - -
Gunsan-Shidao 15,638 15,392 0
Total 42,464 37,433 98,722

Source) Ministry of Land, Transport and Maritime Affairs(2009)
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1 Khabarovsk

International Flight Passenger Traffic | Harbin

20,000 persons Mudanjiang
w— 100,000 persons Changchun
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Shenyang

Shenyang~Incheon Vladivostok~Igfcheon

35.5
Beijing 23

labarovsk~Incheon

(58)

Beijing~Busan(Gimh
(18.5)

[unit: 10,000 persons, 2009, two-way]

International Ferry Passenger Traffic \
Ussuriysk
. persons %o y
= 10000 persons Vladivostock
©ONahodka
Wl 30,000 Persons Possiet o
: O Viadivostok/
Rejin © Zarubino
Yingkou
Dandong
Qinhuangdao her 0 s;ss;a
Tianjin
Incheon
Pyeongtaek
Gunsan
Ulsan
3 M Busan
ianyungang asany Korea-Japan
Gwangyang Q) (22_0)p
[unit: 10,000 persons, First quarter of 2009, two-way]

Fig. 2. Status of International Passenger Traffic: Flight(left), Ferry(right)
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Table 4. The Scenario for Levels of SP
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Composition of scenario
Level 1 The international buses run at 80km/h from Goseong to Sonbong
Road Level 2 The international buses run at 100km/h from Goseong to Sonbong (base)
Level 3 The international buses run at 120km/h from Goseong to Sonbong
Level 1 The international trains run at 60km/h from Goseong to Sonbong
Railway Level 2 The international trains run at 80km/h from Goseong to Sonbong (base)
Level 3 The international trains run at 100km/h from Goseong to Sonbong

Table 5. The Levels of SP Factors for International Passer Travel by Road, Railway and Flight

Route Travel time Travel cost

Level 1 Level 2 (base) Level 3 Level 1 Level 2(base) Level 3
-Tumen 8h 50m 10h 12h 30m W55,000 W74,000 W93,000
-Vladivostok 10h 12h 13h 50m W68,000 W86,000 W104,000
(;:O:SI) -Jilin 12h 40m 14h 15h 50m W85,000 W103,000 W121,000
-Changchun 13h 40m 15h 17h W93,000 W111,000 W129,000
-Harbin 17h 18h 20m 20h 10m W116,000 W135,000 W 154,000
-Tumen 10h 20m 12h 30m 16h 10m W56,000 W72,000 W88,000
) -Vladivostok 10h 50m 13h 16h 40m W 68,000 W 85,000 W102,000
}ESSXJT;Y -Jilin 12h 10m 14h 30m 18h WI11,000 | W127,000 W 143,000
-Changchun 12h 50m 15h 18h 40m W127,000 W143,000 W 159,000
-Harbin 14h 10m 16h 20m 20h W 164,000 W 180,000 W196,000
-Tumen 3h 30m 3h 30m 3h 30m W360,000 W360,000 W360,000
) -Vladivostok 3h 50m 3h 50m 3h 50m W481,000 W481,000 W481,000
(1;2(%1:;) -Jilin 4h 25m 4h 25m 4h 25m W366,000 W366,000 W366,000
-Changchun 3h 15m 3h 15m 3h 15m W360,000 W360,000 W360,000
-Harbin 3h 15m 3h 15m 3h 15m 392,000 W392,000 W392,000

Data source. 1) Air transportation: Korean Air(https://kr.koreanair.com), Asiana Airlines(www.flyasiana.com)
Data soruce.2) Land transportation Information: Korea Railroad(http://www.korail.com), Piaojia(http://www.piaojia.cn), http://map.baidu.com/(road)
Data soruce.3) Sea transportation Information: Incheon Port Management Corp.(http://www.icferry.or.kr
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Table 6. Questionnaire Survey Overview

Changchun ‘ Jilin ‘ Tumen Harbin Vladivostok Vladivostok
. . . D harb:
Location survey Incheon International Airport .0 nghae harbor .
International Ferry Terminal
Survey target Korean-Chinese + Chinese Russian korean + Russian Russian korean + Russian
Num. of persons 50+25 | 50+25| 50+25 50 +25 40 +20 30+10
(Subtotal) (75) (75) (75) (75) (60) (40)
Total 400/400
? 55
—— : = BB LNREAROEHA, "
iy St b o i el I TR R R0 TR 4
Sl Tichen At Qg Aot Crngn A 'ﬁ’ i ‘ KKK
e, = ., = o, = .
Flight - % ( ) pul i e ia ‘@ { )
(Acoess and queting Tirme 60m) (BAU/ ST 605 )
Total travel time: 30 15m Total travel cost. © WAGDOD . 305 15 Fifh S 21447
Seatl Changchn i HR k&
= 0 [
3 g’uﬂ' - ~ J\@ — 3|y |W— @ o
- BE | o s
Toal travel time: 17h 00m  Total travel cost : W111,000 JA L 17AhbE 00/ A 6l
Sl Chengehun R X k&
comeimira 4 R )7 i [ ZE . ] AR E(FE) [§E
o~ — =@ e | 8
Y (Acoess and queing Time 30m) (B2 S 30704
Total travel time: 1541F 00 Total travel cost : WIS0.000 TR 150h8F 0054 Fim R orx
Fig. 3. Example of Mode Choice SP Card
Table 7. Modal Shares by Survey Points(Seoul-East Russia)
Intl. flight Intl. bus Intl. railway Total
Donghae harbor Frequency 4 41 75 0
International Ferry Terminal Share(%) 33 342 62.5 0
Frequency 99 28 153 0
Incheon International Airport
Share(%) 354 10.0 54.6 0
Frequency 103 69 228 0
Average
Share(%) 25.7 173 57.0 0
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Table 8. Actual Modal Shares form Survey Results

Intl. flight Intl. bus Intl. railway Total

Frequency 90 86 124 176

Tumen

Share(%) 30 28.7 413 58.7

. Frequency 103 69 228 172

Vladivostok
Share(%) 25.7 17.3 57.0 43
. Frequency 70 48 182 118
Jilin

Share(%) 233 16.0 60.7 393

Frequency 97 20 183 117

Changchun
Share(%) 323 6.7 61.0 39
. Frequency 134 40 126 174
Harbin
Share(%) 44.7 133 42.0 58
. Frequency 391 194 615 585
Seoul-Northeast China

Share(%) 325 16.2 513 48.7

. Frequency 103 69 228 172

Seoul-East Russia
Share(%) 25.7 17.3 57.0 43
Frequency 494 263 843 757
Toral
Share(%) 30.9 16.4 52.7 473
Table 9. Utility Functions of the Study
Utility function
Intl. ﬂlght I/flighf = Cbn‘gtflighf +ﬁtimf*7xlri7gfhf+ﬂcow* Tﬁi?thrd +d
Intl. bus I/Tn tlbus a)nStbus + ﬂtz'm( Ttl:urrj( + ﬂwst Izﬁl:t
Intl. railway Visttraitioy = Oty witiay + Brime™ Limme + Beost™ Ty ™"

Note.1) where, represent vectors of estimable coefficients and represent vectors of exogenous variables for mode i (i=3).

Note.2) d,= purpose of trip dummy(1=tour, O=the other)

Note.3) d; Travel frequency dummy(1=more than 3 times per year, O=the other)
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Aol wfe} ol g2 Eo] AEse SebiEl] 2 Aol Rel
9k
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29)
.
[
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-1l
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5.1 EHMERDY R gl —’?‘—@
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Table 99} #o] A2 7kl o8 7122 ?%f& &z, gkt

oAt e e SFFt e/ %)

) WAE wefsl] Yall, MLEST NLEE F 712] 32¢]

o g 7gste] AFRYS =Sk e e

o] Fx¥= Fig. 49} 2t}

FHIEEY 75 A9 FS(EET) oA ol A% 7
Sk ﬁ%ﬂ*i ARERIG vl gho] folaE 5% iellA
Frefeh, 29 FEE 7ML Jemg Lg AR BeTs,
29H]80] Y sigdehs aEsTEE Asshes Ao s Yet
stk gk g% NLEYS] f84d AeAES] pahs Ao,
0~1Afo1e] e LFERAAL Slof fr&sgh NLELF o 2 3tk Ben-Akiva,
1985)5]0, NLE&lo] MLE 4| H]8] SA2c2 So)at 18o]
2| sl 913k TRl AgE xRk B thedt o] frefr
= 1%Welx] =B =231 myo] frofido] HAHITE
K =—2(—1212.1888 +1204.14957) = 16.08 > 6.63
npAEte 2 35, et o olg<rad)] thit 3o Hayx
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Multiple Logit Model(ML)

Nested Logit Model(NL)

Travel mode choice

Travel mode choice

Air transport

Level 1
P Sa
Land transport
I'd Int. flight
Level 2
Y
Int. flight Int. railway .
prise
Int. railway Int. bus
Fig. 4. Mode Choice Model Structures for International Passenger Travel
Table 10. Estimation Results for Mode Choice Models
MNL NL
Explanatory 3 .
Estimates t-value Estimates t-value
Const flight -0.906 -2.551* -1.029 -0.935*
Const Bus -1.204 -14.851* -1.382 -14.120*
Time(minutes) -2.01E-03 -6.660* -4.43E-03 -6.565*
Cost(1,000won) -2.73E-03 -2.592%* -0.018 -4.016*
Purpose of trip Dummy -0.401 -2.963* -2.216 -2.388*
Travel frequency Dummy -1.286 -2.403* -6.411 -1.725
Scale parameter( /1) 0.194 3.089
Log-likelihood at initial -1393.040 -1393.040
Log-likelihood at convergence -1212.189 -1204.150
R squared(s?) 0.130 0.136
Adjusted-R squared(p") 0.126 0.131
Number of observations 1268.000 1268.000
Time Value(won/time) 44100.222 14804.420
(*) Indicates significance at 5% level of significance
= Aoz EHETKTable 10). Mo 7R Y] Qork s Ao e oFeif YT
A2 20% FES FAT F 9 ZloE Bk o) g

. _
52 AEHIDE 53

A g5, TRt oA i) #as B3 ol FolAE
71E oo o)Fjo] AH6:=o] 754 9ol oF 90%
FrolM SrTe R gk Zlo R wdtE, o] T A g}
FEREg0] 60% oPFo R me- =& Ao YeRdtkFig. 5).

TAH 2] gl ek EEL Hlud] TAR] FH(EF 903km)
7HA] oF 29.55%% 71 A Ve, o] A|(SF 27.7%),
2Ok 27.5%), Bafr] R Sk 23.0%), 5FAE(<k 21.9%)
07 Vet Al ] EEe] AR 2 A%
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Table 11. Elasticity of Mode Share of International Passenger Travel between Seoul and China, Seoul and Russia (unit : %)

Seoul-Tumen Seoul-Jilin Seoul-Changchun Seoul-Harbin Seoul-Vladivostok
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
Intl. Bus 12.6 36.4 11.8 34.6 11.7 34.1 9.1 28.1 9.1 28.9
Intl. Railway 56.0 80.1 56.1 79.3 55.1 719 60.1 79.7 56.1 85.8
Intl. Flight 7.0 7.9 8.6 9.7 10.1 113 11.0 12.2 5.0 7.5
7.69% 5.56% 9.49% 1097% 1201%
— 6276% 71.46% 62.80% 61.57%

22.98%

Seoul-vladivostok
(1,052km)

Seoul-Tumen
(903km)

O Intl. Flight

Seoul-Jilin(1,248km)

O Intl. Railway

66.11%

27.46%
21.88%

Seoul-Harbin
(1,631km)

Seoul-Changchun
(1,352km)

M Intl. Bus

Fig. 5. Predicted Modal Share of International Passenger Travel
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