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Multimodal Transport Route Choice and Evaluation

of New Route between Korea and Mongolia

Ganbat, Enkhtsetseg

Department of Logistics

Graduate School of Korea Maritime and Ocean University

Abstract

According to the globalization of world economy on distribution and
sales, logistics and transportation parts are playing an important role.
Especially, they have to decide what is the key factor of route choice
model and how to choose the right transport route in multimodal
transport system. By considering the key factors in rote choice model for
freight forwarders between Mongolia and Korea, this thesis propose 4
main factors: Cost, Time, Freight and Logistics service with 13 sub
factors. Factors’ importance level surveyed through interview with

Mongolian freight forwarders, analyzed by AHP analysis.

In results, Time is most important factor to choose transport route,
Cost factor is second, and then Freight and Logistics service factors. And
the empirical insights about current status of Mongolian forwarders are

provided with different factors between transportation modes.

Therefore this thesis also considering about new transportation line, as
follow as government information, there will be open 7 new routes(5 of

shipping and rail line, 2 of air line) in nearest 5 years. Thus, the purpose
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of this thesis is determining efficiency and suggest activation plan for
those new route between Korea and Mongolia. In result, new lines 4 and
8 were expected higher utilization in shipping and rail route, and new

line 9 was expected higher utilization in air route.

The case of new line 4 is railway route through North Korea and
China’s railway. This route distance is 233km shorter, transportation time
is 10 hours shorter and transfer number is 2 times lower than existing
route. Case of new line 8 is multimodal route with shipping and railway
through China. This route transportation time is 5 hours shorter and
transfer number is 1 times lower than existing route, but transport

distance is 653kim longer than existing route.

Next case of airway line 9 is almost every elements are similar with
existing air route. However, new airport have more developed

infrastructure and capacity than existing airport.

For this reason this thesis suggesting 3 kind of activation plan of
systemical activation plan, infrastructural activation plan and connectional

activation plan of new routes between Korea and Mongolia.

First, Systemical activation plan of new lines; need to investment for
railway and highway construction and planning of professional
manpower training policy. Second, Infrastructural activation plan of new
lines; need to improve important terminal and facilities, construct the
new terminal and custom in the new railway route on border point. And
more important thing is solve the transfer technology and transfer facility

of railway gauge in Mongolia.

Third, Connectional activation plan of new lines; need to finish
construction of Asian highway road and new railway plan. Also one
important issue is usage of North Korean railway. Especially, connection

of Korea and North Korea railway.
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Lastly, this thesis have supplying significant information to next
empirical study of Korea and Mongolian trade relationship, logistics,

transportation route and new line implementation.
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2015 402 47 449
2016 429 50 479
2017 455 54 509
2018 481 57 538
2019 507 60 568
2020 534 64 597
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Table 6 oA BEZ2 49 o 285= v L A7+
20ft 40ft
A3}, Fy ), FA4ke) 400% ~ 500% 600$ ~ 700%
(Aak 4 A 1~ 2%
Tianjin 2,300$ ~ 2,400% 2,600$% ~ 2,700%

(173 =% AA) 9 ~ 12¥
Erenhot 1,000 ~ 1,200% 1,200$ ~ 1,400$

(717 &% GA) 4~69Y
= 3,700 ~ 4,005 |  4,400% ~ 4,800%

(R1&, 713h) 14 ~ 20¥
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Table 7 @A B AqteAde] g A1

A A% (km) FH3% SEAT
1-3l = 2,548 5 64
. 5
A 2-3l| 5 5120 5 134
T 3E 2,019 2 3
2,781 3 54
Ef - Aed » B4 > 2F - BF o AT -
1315
A — Dandong — Harbin — Numrug — Sainshand
— Ulaanbaatar — E¥ (Fig. 15)
3,201 3 60
o | EY o Aed o deke] > B7 > B o G o
5-31 %

%H¥l  —  Harbin —  Numrug — Sainshand —
Ulaanbaatar — E 2 (Fig. 16)

5,755 4 130

ols | S8 7 A o AR - #2 — AW - we
— &}t — Vladivostok — Habarovsk — Chita —

Ereentsav — Khuut — Ulaanbaatar — E ¥ (Fig. 17)

o>

A=

3,595 5 80

7-315 | 8] - Hedd — Viadivostok®d — %% — Harbin —

Numrug — Sainshand — Ulaanbaatar — E9 (Fig. 18)

3,093 4 74

8-3l% | EY — <HIP/FAE — Dalian®d — Harbin —

Numrug — Sainshand — Ulaanbaatar — E¥ (Fig. 19)

2,025 2 3
9-&% | EY — AHIFAFY — Khusigtin Khundii(A5F) —
E9 (Fig. 20)
2,322 2 3
10-33 | EY — ZAaiZAFF — Khusigtin Khundii(AZ3) —
E9 (Fig. 21)
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A4 A= TN EFesHE A998 Fo2E B3I}

2 AollAe = TINY EASAE Aded A4 2 BY A3E A
Astaral gy A Ao AREE = AHP(Analytic Hierarchy Process) 4]
WHES Aol B 4™ s Aed Aot teloEs ERATE VI
Hrog 3k AExA 74 2 =22F AHoE Mesta, A4 dEd ARSI

Mo A4H 200 WE HES $F ZYYYAE PO A
@ 3g % AHPEA ARHE AN Zolth FF @ e 255U uteA
A7t A2 OE Ae Bk

ot

41 AHP &4 =4

1970 ] = AW Yol ti8he] Tomas L. Saaty 1ol ofste] 7dd AZ
A7 A4 W (Analytic Hierarchy Process: AHP) oJAMAA 9] AlFTF=
s

& TSt Jde £4879 i 1l (pair-wise comparison)dl] ©]¥ A&
|

stof WrbArel A4, AW @ ARe AR shE shte] AR oA
W Eolth AHPE AR EAE 89l oo ZA%I, AH§AZH
A ATAQ el oF o] £Hgo) wed, WaA, 1A 2 Wedolg
Aoz ole} Bopol M Wel BEHI THETE, 2009)

ASH Fxo AA(Hierarchy)? & T4 2H(Weight), =214 <

2]
4 A (Consistency)®] 3¥2 o2 =24 FX o3 EANZE] 7Hs3t7]
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Table 10 7+ SHAES 9ol o= 9 dAA A+
1 2 3 4 5 6 7 8 9
v | 016 | 028 | 051 | 044 | 028 | 025 | 022 | 024 | 048
AZy | 051 | 039 | 021 | 023 | 045 | 05 | 054 | 054 | 0.29
3% | 01 | 016 | 017 | 019 | 017 | 015 | 01 | 0.09 | 0.13
Myl | 023 | 016 | 011 | 013 | 01 | 011 | 013 | 013 | 0.1
Cl 003 | 002 | 006 | 01 | 007 | 005 | 007 | 007 | 0.09
CR 0.03 | 002 | 007 | 012 | 008 | 0.06 | 0.08 | 008 | 0.1
10 11 12 13 14 15 16 17 A
o
& | 016 | 02 | 051 | 024 | 026 | 024 | 013 | 059 | 0.284
AZF | 046 | 052 | 025 | 052 | 053 | 046 | 054 | 022 | 0438
3l | 017 | 007 | 014 | 014 | 013 | 014 | 01 | 0.08 | 0134
Myl | 021 | 021 1009 | 01 | 008 | 016 | 022 | 012 | 0.144
CI 004 | 01 | 0.08 | 005 | 008 [ 004 | 007 | 007 | 0.06
CR | 004 | 011 | 0.09 | 006 | 0.09 | 0.04 | 0.08 | 008 | 007
432 39 9 st9jasd 4427
HA AHP 2404 9l ajil vE, AL, EF%, EFAHSE A9y
< u Fig. 233 22 A3 Yelgth 714 EFAAEY AY 254 A
ZehE 89l AZtRclo R 438%2 TLE #HS Holn on, oz H
£Q29%10] 284%, EFAH 2~ 8Ql0] 144%, SFEEA Qo] 134%° 2 JERG
o},
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S; = aud; + byt; + cytr; (2d)

HA A o] 8 F< MEEST A1, 29 FFEF =A43E FIAA 229
Zy 2o g, b, ¢ B AR ST, AL A= oS Table 149} Zo] Y
E}Ste,

Table 15 W Iebv| g A4HE I 3k
H

7t w4o] shejvl g

a, 0.000043 b, -0.0045 ¢ 0.1195

ay 0.00024 by -0.00597 Cy 0.01137
as 0.000054 by -0.00054 Cq 0.0086

ay 0.000049 b, -0.00169 ¢y 0.023

7t SEHEE ol gd) dlEedo] ATFwAlde] Azt wE, HEEH, BF

AMHl2 2]le Aldts] HE vt 2

A

Crswng = (0.000043 x 2781) + (—0.0045 x 54) + (0.1195 < 3) = 0.235
Tastwng = (0.00024 < 2781) 4 (—0.00597 % 54) + (0.01137 < 3) = 0.379
Fyswenq = (0.000054 % 2781) + (—0.00054 x< 54) + (0.0086 x 3) = 0.147
Systweng = (0.000049 < 2781) + (—0.00169 < 54) + (0.023 < 3) = 0.114

S5FE 1074419 A%, HWlg, Be54, EFA

=2 al
A= S Table 159 U<} ¢t}
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Table 16 A=A 2 AqteA SHHs AL23 @

A=A A=A
A1 A2 | 23| Al | A5 | A6 | A7 | A8 | eAd9 | eAt10

H & 042 | 0.218 | 0.234 | 0.235 | 0.226 | 0.140 | 0.392 | 0.278 | 0.313 | 0.325

AlZE | 0298 | 0.513 | 0.499 | 0.379 | 0.444 | 0.651 | 0.442 | 0.346 | 0.491 | 0.562

0.146 | 0.128 | 0.125 | 0.147 | 0.166 | 0.275 | 0.194 | 0.161 | 0.125 | 0.141

0132 | 014 | 014 | 0.114 | 0.124 | 0.154 | 0.156 | 0.118 | 0.140 | 0.155

g2oMe 4 SEARANA 3F B TYIFAT} sid HEE A3
A AR, B8, SEEA F Avl =9 Trade-off
HAAE st AHsERE, o] 8H]E&S AlZE, H

Ao B 7E ezl SEE ZPdEke] ot 2ol 29

Ri=X+aC+BT,+ 6F, + us, )

1A spPssel AbgE AEARe] FE B dEesoeR BYAA JANE
< "o BFFERZNormal Probability Plot)& ™ Table 163 #o]
)

)
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Table 17 3l & 2 FF2F FFFEEE (Normal Probability Plot)

= 5) L
S Rl
1.00 1.00
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a 3
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HA s FeEe] et depuHE 73 2R g2 44 ve3 2ol yE
STt

A = 5.307, a =—4.405, 3 =—4.362, § =—4.568, pp =—5.713

Sloh ol TaA TeuEE BB A o sl 2

Ripyinping = 5-307 — 4.405 T, — 4.362C, — 4.568F, — 5.7135,

A ARgE AgrEdeA 49 AIRE, HE, S5, ERAHE 2] @3

shebolE] GHEE AMES) AU R e 2

Ry = 5.307 — 4.405 X 0.235 — 4.362 < 0.379 — 4.568 X 0.147 — 5.713 < 0.114

= 1.296
sk we WA OE NFwA 5RE 874X A, Mg, HEEY, BRANL
WMEE P ATE Table 170] 7150} vk B wHEE o g3 4
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S 2%FF=A EF, SEFSETL LBA 9%), =H2E
EEET IHA 1% " o] 8Eo] Aol 4FHE 2020 =
wA10] 178%E, wA2E 07%E A 2 AR dadHn, 2t AFgeAde »
M4E 314%, =455 21.9%, =463 72 0 =

2 281%2 o4 ES HY AoE oiH

ofy

-4

H7F5 (Sensitivity Index: SDiEA oA+ oW SA43 dtepw el A A 4ol
drt F8sHA A8, e L geprere] Wt wet Aot depby
Hel=7te Uehdn. B dFdM s e s 4=2Y A, ¥E, =5
8, BF AHl2o Wste] & o] fH & WA ES t5 o] A3

R 4

A71M R = A3 &, SEEA, EF AHlZ 357 #SE oo FR2ol o)
£ ol&HlEs UM, R A B2 ol &reS YEHIT.

R.

1

o = B a G+ BT+ 6F; + pS;
AR, aCy+ BT, + 6F, + uS,

alCy+AC)+ B(Ty+ AT) + 6(Fy+ AF) + u(S, + AS)

N aCy+ BT, + 6F, + 18, )

A9 B)ANA a, 5,6, p £ AR ol&NEY FHwElH, T, ¢, £, ST

AHOIER y=aC+ BT, + 6F, + pns, &2 5 F ovz a3} o] 7+
o3 E@H,
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Table 20 s F&Fxrl AHEFHS ] ©HE A E

A 3t

A Sg =41 =42 =44 =45 =418
-90 1.1 -1993 | -2953 | -2643 | -27.64 | -24.17
-80 1.2 1771 | -26.25 | -2349 | -2457 | -21.48
-70 1.3 -1550 | -22.97 | -2056 | -21.50 | -18.80
-60 14 -13.28 | -19.69 | -17.62 | -1843 | -16.11
-50 1.5 -11.07 | -16.40 | -14.68 | -1536 | -13.43
-40 1.6 -8.86 -13.12 | -11.75 | -12.29 | -10.74
-30 1.7 -6.64 -9.84 -8.81 -9.21 -8.06
-20 1.8 -4.43 -6.56 -5.87 -6.14 -5.37
-10 1.9 -2.21 -3.28 -2.94 -3.07 -2.69

0 2 0.00 0.00 0.00 0.00 0.00
10 21 221 3.28 294 3.07 2.69
20 2.2 4.43 6.56 5.87 6.14 5.37
30 23 6.64 9.84 8.81 9.21 8.06
40 24 8.86 13.12 11.75 12.29 10.74
50 25 11.07 16.40 14.68 15.36 13.43
60 2.6 13.28 19.69 17.62 18.43 16.11
70 27 15.50 22.97 20.56 21.50 18.80
80 2.8 17.71 26.25 23.49 24.57 21.48
90 29 19.93 29.53 26.43 27.64 2417
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6 /
13 - =2
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3 |
.#\.HF
="1p | 10 50 80
-14
-5z
-30
Sr (%)
—s ] e—aerHd2 - A4 rH5 e —aiHg

Table 21+ 3t=54Wa Weld wE AR 7Y AxES ks Ro =+

A o

Table 22 s F&5d =54 MHste e Ud=

HESA Heus
A Sr RS 1 (948 | %2 =415 =418
-90 1.1 -11.46 | -1018 | -12.87 | -13.21 | -13.58
-50 1.5 -6.37 -5.66 -7.15 -7.34 -7.54
-10 1.9 -1.27 -1.13 -1.43 -1.47 -1.51
0 2 0.00 0.00 0.00 0.00 0
10 21 1.27 1.13 1.43 1.47 1.51
50 25 6.37 5.66 7.15 7.34 7.54
90 29 11.46 10.18 12.87 13.21 13.58

Table 21°] & A3} S YT HoFW Fig 273 2oh 2ol A
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1.40
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0.00
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Table 221 Sl= 23 e IH=Z= T84 Fig. 283 2o L1 ZoA H
o EFAH 20 e HEle] RE A5 M3 HSS BY o7 e
Uttt RE XS EFAHIA HETE 0% WIS w) 12% ~ 14% A= W
d

=5 Hola it

14

AR FAH A
(%) -80 -50 e 0 | 10 50 90
- -7
-14
Sr (%)
AR AL L M5 @= —eiAlg

gost GEeEe malolgEol - 0%lA 190%71A WHAE we)
MZE R4S A 3% A 99h 100 AAF AT S Table 230
HelFa otk AAAOR Bk w WAwA 33 AFwA 9o AT ge
Aol wzalt. ol B2ol A Fol i AFRT AP Ak B
AHFFNA 2R3N 25w dels ALt Aze 7] wFoluh
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Table 24 FFLFxA HE £423

A2 3} H] &9 3} SEEX W3 EFAH =
Sy 1 3}

A3 M9 | A3 =N | M3 | =H9 | =3 =409

90 | 1.1 | -16.374 | -16411 | -29.145 | -29.239 | 9958 | -9.983 | -13.356 | -13.143

50| 1.6 | 9.097 | -9117 | -16.192 | -16.244 | -5532 | -5546 | -7.420 | -7.302

-10 | 19| -1.819 | -1.823 | -3.238 | -3.249 | -1.106 | -1.109 | -1.484 | -1.460

0 [20] 0.000 | 0000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

10 | 21| 1.819 | 1.823 | 3.238 | 3.249 | 1.106 | 1.109 | 1.484 | 1.460

50 | 23 | 9.097 | 9117 | 16192 | 16.244 | 5.532 | 5.546 | 7.420 | 7.302

90 | 2.5 | 16.374 | 16.411 | 29.145 | 29.239 | 9.958 | 9.983 | 13.356 | 13.143

FEed AEY 1H4E 24 29 #e HoFa 3= Table 235 7[HtS
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= - T11Y FEFY FHEE Zamiin-Ude BH|do|H A=A E2,

a1, 71A, BN Al G5 Ho Qe AHolth od FAHES BT F 3
=5 ERddzet ViAol Hestt F8 W8 EZAE BARRY &5, AER
Aol BAs, FaRlze &5, SFUEY A dA, A&y A3t 5 otk

T3 5ES T AFEEE Mo EA e matA B &Y 3t
EE50] €52 dAYLE NumrugollAl AlFErld 7]H o] Hasich

3) QAN S| 243}

TEERE A HdiAe A A=xAToE o] Fojxr] oyt
5, s=IHEEY TE9 ofrRbeto]dol(Asian Highway)et A3t A7
e At Aol Basit. olE fdAs thad ol &3 Wele] T4
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%5 B FEjUEEA

1. Monroa CoJIOHroCbIH X0OPOHA a4aa (apaa TIIBIPIIX CyBAl COHIOXO[
TaHb HOJI06/116I XY4YUH 3YIICHIH epOHXMIl AHIWIAILIH TAIAapX acyyJra

Momnron CoJIOHTOCBIH XOOpOHI adaa 0apaa T3I3BIPJIX CyBar COHIOXOJ TaHb aib
XY4UH 3YHJI Hb WIYY 4yXaid B3?

Xavrwitn | Mau wx | Apa | Apait Vix Maw | Xamruiin
qyxain qyxai qyxal ‘% % qyxain qyxajn qyxai

ar
3apnan xyll-"lauaa

3apaan . . . . . \ . . . Avaa
sapras Ao

Ilar

X Avaa
Tar Jloskuc-
Auaa Hmc'

2. Monron ColoHrochbIH XO00pPOHX a4yaa 0apaa TIIBIPJIIX CyBar COHIOXOJ]
TAHb HOJIOOJIIOI XYYHMH 3YWICHIiH 131 OYJIrWilH Tajaapx acyyJ/ra

Part B — 3apuibiH XyuMH 3yiljic

3apUIblH XYYHMH 3YWIC JOTPOOC alb XYYUH 3YJI Hb WYY 4yxaa B3?
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yyXxan uyxai uyxain ayxa ayxa uyxai uyxain
Oy T/x
TIIBPUIH COJINX
3apaan 3apaaji
Oly b/u
TIIBPHIH YYCIX
3apaan 3apaai
T/x b/n
comx YYCIX
3apaain 3apaai
Part C — Ilar xyramaanbl Xy4MH 3yiijic
[lar xyramaaHbl XY4dH 3YHJIC JAOTPOOC alb XYYUH 3YWI Hb WYY 4YyXal B3?
Xewrviin | M Vix Aﬂﬁg A Aﬂﬁg Mumr | Xawrvii
qyXan qyXan qyXan qyxa ayxa qyXan qyXan
Oy Tx
THIBPHIH camx
Xyraga Xyrauaa
Oy Xwnap
TIIBPUIH HIBIPIX
Xyrauga Xyrauaa
Oy bu
TIIBPUIH Daiix
Xyranga Xyraiaa
O’yv Tlarraa
TIIBPUIH (12110
Xyraigaa Oaiinan
Tx Xwnap
CO/MX XY HPBIPIX
ranaa Xyrauaa
Tx bu
comX Xy Oaiix
ranaa Xyranaa
Tx Larmaa
CO/MX XY 04X
ranaa Oaiinan
Xwnap bu
IBIPIX Daiix
Xyrauga Xyraga
Xwnap larmaa
HBIPOX (101714
Xyraiaa Oaiinan
Bu Llarmaa
Daiix 04X
Xyraigaa Gaiinan
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Part D — Auyaa GapaaHbl XY4MH 3YilJic

Auyaa OapaaHpl XYYUH 3YHJIC JOTPOOC allb XYYUH 3YHI Hb WIYY 9yXail B3?

Xamrviir | Mam Vix Apait Apait 1ix Mam | Xavrvii

qyxan qyXat qyXxan liyxyany qyxyani qyxan qyxai qyXai
Xyna Onuroii
e . . . . . : . . . i

Part E — JloskucTuKC YITMWITIHUH XY4YHH 3YiIC

JIo)KHUCTUKC YIIUMATASHUN XYYUH 3YWIC AOTPOOC allb XYYMH 3YHI Hb WIYYy 4YyXal B
3?

Xavvi | Mam Vix Apait Apait Vix Mam | Xewrviis
qyXa qyXan qyxan LI:;IXYYM A % qyxan qyxan qyxan

Aloyiryii yypxaii

ks . . . . . / . . . il

. Y
Aroyiryit
a1

Ilyypxaii xyaml-l;IH

it . . ) . . . : . n
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3. Cymanraanj xamparjcaH XYMYYCHilH XYH aM3YiH M3I33JJ1

Toxupox xapuy.ranaaa \ THMISF TABHHA Yy

1. Hac:

2. Kommanuii HAp:

( / ambaH TylIaa: )

3. Komnaunuii tepein:

(__Yi#nmeap) ( Xymanmaa) ( Toasmap) ( Hamkyynard) (_Tepmumnans) (_Bycanm)
4. Yin axwuiaraa sByy/DK Oyi razap:
( Momnron) ( CoJ10HTOC)

6. Ta yr koMnaHumaa X3JPH XWI aKWiacaH 03?7

(__Dbxwmmoce goom) ( 1~3xwm) ( 3~5xmwn) (5~ 10xwmn) (_ 10c mamr xum)

7. Tanaii KOMITaHWH YHICOH XOPOHTOHHUU XIMXKID X1 BI?

(__10cas BOH poormr) (__10~30cas Bon) (__30cas BoHOOC mA331II)

8. Tamaii koMmaHuii HUUT SPIINTHHH XOPOHTe X131 BI?

(__10cas BoH moor) (__10~30cas BoH) (_ 30cas BOHOOC JP31II)

9. TaHail KOMIIAHA X3I3H AXKUITYMHTAA BD?

(__10c goom) (_ 10~20 xyn) ( 20~30xyn) (_30~40xyn) (_ 50c m3>rr)

% Cypanraanj xaMmparjacaH TaHI Oasipiianaa.
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