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Development of a 2-phases Sequential Modal Split Model for Inter -
regional Inter-modal Trip in Korea
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Choi, Sung-Taek - Rho, Jeong-Hyun - Kim, Seung-Hoon
Abstract
Long distance trip has been increased and travel patterns are complicated due to diversity
of transportation mode. Evolution of public transport which has made traveler more
comfortable also contribute this phenomenon. So, prediction of transportation demand is
becoming far more difficult and important than in the past. To impove the prediction of
demand, this study suggests 2-phases modal split model that reflect characteristic of
inter-regional inter-modal trip. 2-phases model separates whole trip into main mode trip and
access/egress trip. After that, each multi-nominal logit model is calibrated by trip
characteristic. After that, optimum model is selected which is the highest model fitness and
significant statistically. The result shows that generic variables and separation of time variables
are suitable for both models. Model fitness of optimum model is over 0.2 and all variables
are significant statistically. Traveler who takes main mode prefer auto to transit and who
takes access/egress mode prefer transit to auto. The result of validation for value of time
shows reasonable value comparing with standard guideline on KDI. Comparison with existing
models also shows improved outcome of explanation. In conclusion, 2-phases model can
explam and descrlbe travel pattem better than exustlng models
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Table 1. Characteristic of inter-regional trip by phase

25 F &t 5y
Category Main trip

odsEst ¢
Access/Egress trip

2| 5%

Edo| E4 | -Llong distance trip

Tt SYE AT 2N Y
-Auxiliary trip for main trip

M2 S EEX M EL EOIE2NRS] Y

. -Access trip : from origin to main terminal for
Characte-rist E— 4 9
ic of tri -EEA|ZH0] A T QA0 =2
OB | B REEE B = WESY | EX ED|QUN EAXTIR S
-Taking a long time and expensive fare G . . ;
-Egress trip : from main terminal for arrival to
destination
+ SEAL DEHA, KTX, YRR}, &S 58X AILHHZ, X|SHE, BA|
Mode -Auto, express bus, KTX, rail, air -Auto, intra-city bus, metro, taxi
A XY 2 SYON Al = 2B 5 0/30] DRiEE 2XNQ 5Y
M =2 -1st priority trip of Nationwide scale -2nd priority trip of Nationwide scale
Priority | 2|8, 1&g B S0 Mejo] g FES E £ AUS

-High efficiency and high cost

It can affect choice of main mode partially
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Calibration of A/E Model

_ Access/Egress mode : Auto, Bus, Metro

§ catibration of A/E Model by mode |

' . Calculation of Composite cost l

|

=
v Calibration of Main Model
'_ Main mode: Auto, Bus, KTX, Rail, Air

i Calculation of’ Final cost I
I Calibration of Main Model by mode i

Calculating Modal Split Ratio

' ; Mode ratio by main mode i

i Mode ratio by access/egress i

18 3. 28 By Fito| 32

Fig. 2. Flow of 2-phases model calibration
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Table 2. Composition of Out-vehicle time by
mode

A Ef TN B2 =)
fhisirs Value
Mode Contents (min)
SEA | SEAMKIS| F2-HEAL |
Auto | Access/Egress time to auto
HA
Z= £=BH Bus -
Main KTX 20
mode [ & Ch7| Al :
Rail Waiting time 0
stz
[=N<=]
Air <b
SEA | SEAMIK|S] Y- HEAIZ 0
Ha Auto | Access/Egress time to auto
m SUTIAZE 1, 2
FE M2 mawsaciol gpiAz MEY3
Aceess| °YS + HEEbEA|7E 1, 2 At
/Egress Access time by walking 1, 2 [Network
mode | X|&}4 |+ Waiting time for A/Emode| value
Metro |+ Egress time by walking 1, 2

ZHHAIZHIn-vehicle Time) WH$E LER0] Ao}

@it ol AoJehlol oA EFS 1Ee &9
OIRNAE FIHE £ Sds R AAlsH
BESSIC]E Figure 32 S8 K0 3
ST 0|8 el HAE ol8sk=s FEsds U
ERA ZojT}. o714 2 9] AJAIRM] sig
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A7} 202S Bojsiirt? FHE $tho] QA

emme/2 UEHTNM AE5E TH SHART

AAR W= 5819 29, KTDBY 2010

E3 23230 S#s
Table 3. Independent variables of logit model

T 4 7y 82
Cate- s
Variable Contents
gory
= Art TIENED
B G
KHHAIZKE) Main mode Invehicle time
In-vehicle
time(min) (S EEFE XH'_H A||7'_F
A/E mode Invehicle time
= H CH7| AlZt
Al ZHxtoiAz ks Main mode Waiting time
Time ; N
?r;—g&w;g;eﬁ%%}gﬁ\_a H3l +.§\_I3 + CHZ|A|IZE
AJE mode Walking + trgnsfer
+ waiting time
: L X 7}
Total travel time ‘ _H + X8| A"—_
= SeyA7H Invehicle + Outvehicle
S84 /Rl + FAH|
+ QXH| + S|
Z 40t | Auto:gas + parking +
Main mode| maintenance + toll
y g 5% I8 f5as : 23
Cost Travel Public : fare
- S8 il + FAH|
(#1,000) + fRH + SEH|
M-gEsarl Auto @ gas + parking
A/E mode | +maintenance + toll
zus : 85
Public : fare
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Table 5. Access/Egress model (1)
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Table 4. Classification of Access/Egress model

o | SHEP SF G | SBAR S| S
Mo d:l Type of Type of
independence variable travel time
prp 9 x| AW/AANT 2
Generic variable In/out-vehicle time
Y a7 He E At
AEGT Generic variable Total travel time
AEAL | IUEN BE (RLYKIRIARE 22
ASV variable In/out-vehicle time
Y oSy #s 3 SUAZ
HEAT ASV variable Total travel time
She Z9Es X0l SdAR H4E Xl 2
Q| AlZHHE Be|$t Fejoltt. 289 e

0.21301H HAQF Aok =t thetaer+= 95%
aF, AR AR B HIE WO Ales 90%
TEOIM Rolsi] [EE R Agtt BYos &
EEg g + Atk

AE-G-IEE2 EE FHO] shi9 A
Foh= JRWES IR0 SR HSE

AR B w2 e Frjolth 2

\_0, Op i
P oom ok

S 01430001 AT R Ei0] Rl
4 £ SHARE Hee 5% sEOA ]S AS
2 Uekdth et g Wt B4R Ro4e
gusta Rs) MFsK RE a8Fs DEos

= G 2 & g $AEG-I) € & (AE-G-1I)
Mode Utility function(AE-G-1) t|||ty function(AE-G-1I)
ENy=) s
A:th:l. (-0.002%)xIVT + (-0.017") x COST (-0.007 )xTT + (-0.045) x COST
:Ilﬁ 0357" + (-0.002) x IVT + (-0.002) x OVT+ (—0.017'") x COST 0.335" + (-0.007) x TT + (-0.045) x COST
ALK o
ﬂ;ﬁ; 10697 + (00024 x VT + (0002 x QVT + (0017 x COST{l 09777 + (-0007) x TT + (-0.045) x COST
LL(c) -1,063.909 -1,065.363
() 0213 0143
*= 90% =N Folet * means significance in 90% level
M= 95% 0N Folgt ** means significance in 95% level

e 99%EOIM folzt
e VT AHLAIZL OVTE

*** means significance in 99% Ievel
XIQIA|ZE COSTE SWH|E, TT= & S¥AIZE 20|

**** IVT means in-vehicle time, OVT means out-vehicle time, COST means travel cost, TT means total travel time
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Table 6. Access/Egress model (2)
= &t 2 8 & $(AE-A-T) 2 8 & $(AE-A-I)
Mode Utility function(AE-A-T) Utility function(AE-A-II)
29
ifft? (-0.009)xIVTs + (-0.006) x COST (-0.008)xTT4 + (-0.014) x COST
E;Lﬁ 0.272" + (-0.002) x IVTy + (-0.002) x OVTr + (-0.006) x COST| 0275 + (-0.759™") x TTr + (-0.014) x COST
PN . "
Natre 1.000" + (-0.002°) x IVTr + (-0.002") x OVTr + (-0.006) x COST| 0917 + (-0.759"") x TTr + (-0.014) x COST
LL(c) -1,062.999 -1,064.904
o (c) 0128 0141

= 90%TT0|A T2l * means significance in 90% level

e 95%==0A 72lgt  ** means significance in 95% level
e 99%ZOA KOE  *** means significance in 99% level

Kk IVT, L A
AT SO

Kb ALHAIZE VT HSRE XHHAIZL OV CHERE AteAIZES f0|

***+ IVTa means in-vehicle time of auto, IVTa means in-vehicle time of transit, OVTy means out-vehicle time of transit
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**% TT, means total travel time of auto, TTr means total travel time of transit, COST means travel cost
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H 7. Main model (1) Table 7. & =Et 2% (1)
= 2 8 g £M-G-I) 2 g g #M-G-I)

Mode Utility function(M-G-I) Utility function(M-G-II)

i&? (-0.007™") x MT + (-0.056"7) x COST (-0.003 ) x TT + (-0.067 ) x COST
Bus | 43837 (0.0077) x MT + (-0.004”) x AET + (0056 ™) x COST| -4.344™ + (-0.003™) x TT + (-0.067") x COST
KTX | -1.834*** + (-0.007**) x MT + (-0.004**) x AET + (-0.056****) x COST| -1.694™" + (-0.003™") x TT + (-0.067") x COST
Rail | 21997 # (0007444 x MT + (0.004*) x AET + (:0.056**") x COST| -2.226™" + (-0.003™) x TT + (-0.067™) x COST
oy
N | LISI™ (00074 x MT + (-0.004*44) x AET + (0056 x COST| -0.403"" + (-0.003™) x TT + (-0067™) x COST
LL(c) -10,508.71 -10,531.86

p’(c) 0.237 0.220

"= 0%+ 01N wold

L 95%R0|4 [o/E
s 99%AF0|M olgt
oo MTE 7 2B B8AIZL AFTS H2- WSt

* means significance in 90% level
** means significance in 95% level
*** means significance in 99% level

SHAZE COSTE SHHIE, T &

=

SdAIZtE <l|

***% MT means main mode travel time, AET means A/E mode travel time, COST means travel cost, TT means total travel time
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M-G-IEZS BE FOo] L9 AFLE 28 Y1 SAlo] SJAIR H4E F S @ gad

ohe SEs X0 SHAI BSE & S8 E5U ARMESE B2)s gejolt). 28] FEt:

ARIO] B Bz Agkst gefjolth BE9) A & 01140/H HEE ST mjobs W EdAgh

S HI8H4T}E 99% FFolA |Ojg ZAo=Z Lt

H 8 F Cio| Iy E2 ERSATY.

Table 8. Classification of Main model M-A-IREEE 7} rthy EXo) } EA)7H
o & | SEETY 38 g | SMperolgr W9l S R Foske it 58 W 7
Model | . depegggfc;fvaﬁab,e o b 2 BAlo] BHARE WSS & EdAIR ©

z9o wa 2t ez 22 HeR ZEth grjojth 289 AREE 0132
MOT | Generic variable | Separation of oy pe spo) gorgs @ @A =4 W

wem| SR | SEBNZ - guies} ooy +EOIA Rolg HoR ekt
” . -
T o= v 2:_};1 -’?—E;AIZJ _fg_s_a| Z} mEd it 7%51} AUEoE F 44 By
ASV variable 2_p%a£e'%';‘oge 9] EAR {o4de gHEE Zlog LERITE 0]
M-A-TL Tg/%v/iiaflj To'fl t%ra%uél\li_i}me }f EE %}—g f‘:“:j EZOH l—j]éH ’m]«% O]QQ] E;J%
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e 2 8 3 F=M-A-I) 2 8 3 $£(M-A-TD)

Mode Utility function(M-A-1) Utility function(M-A-II)

S84 (-0.0107) x MT4 + (-0.041) x COST (-0.009™) x TTa + (-0.043"") x COST
Auto
E;; -4.485 + (-0.006™) x MTr + (-0.005™") x AET + (-0.041"") x COST|| -4.519"" + (-0.004"") x TTr + (-0.043") x COST
KTX | -2.151%** + (-0.006***) x MTT + (-0.005***) x AET + (-0.041***) x COST| -2.133"" + (-0.004"") x TTr + (-0.043) x COST
S|
Ea% -2 415%* + (-0.006***) x MTT + (-0.005***) x AET + (-0.041***) x COST|| -2.478"" + (-0.004™") x TTr + (-0.043"") x COST
sk
ii‘r’ -2.239%** + (-0.006**) x MTT + (-0.005***) x AET + (-0.041***) x COST( -2.028"" + (-0.004"") x TTr + (-0.043) x COST
LL(c) -10,488.45 -10,498.18
9

) 0.114 0132

= 90%=T0|A [olgt * means significance in 90% level

e 95%F0|M |28 ** means significance in 95% level
= Q9%TEUA ]2l *** means significance in 99% level

R MTae S8 T SHAIZL MTre HZRE Tt SWAIZL AETE F2-UE S8AIZtE 20|
**x MTa means travel time of auto(main), MTr means travel time of transit(main), AET means travel time of A/E mode
Rk Thae S84 & SYAZL T EWE T S¥AZL COSTE SdH|82 2|0|
*x TTa means total travel time of auto, TTr means total travel time of transit, COST means travel cost
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Table 10. Value of travel time per person

Table 12, Modal spllt model of KTDB on

oHel nationwide scale
Unit : won
7 E Z88 | B2 | ZE = EEa s

Category Auto Bus Rail Mode Utility Function

SRARE I za%
-0.009) x IVT + (-0.002) x PCOST + (-0.267) x NZ

TE 10707 | 6497 6,203 Auto | £0009) X IVT + (-0002) x PCOST + (-0.267) x NZD

travel time B2 | 1 648+ (-0.009)  IVT + (:0.002) x TCOST + (0296) x TR
EN G C2ME PR AYY WHETY XA BEXY S Bus

Source : Standard Gmde!mes for Preliminary Feasibility Studies
on Road and Railway Sector (5th Edition),

= floll Ak o tig FAE 8
o AARIge &8, SR 12

ARVIRIZ etsldtt. 2t -8 Shit dik=
Table 103} Ztt.

= G7Egd
1} ZTh ARTER] Hi
ARG B ATHEO ARVIRlE RARSH gt
Hols Zoz Ueldrh HE pgo=z mFAE
M-G- 1 289 AZPIRE 75009901 o] e
RE 2010 Wi X0t} 0|2 ZOBHTH KDI

ARWIR] AVE Zik= Table 11
231}, KDoA AlSshke

ﬂJlO

-~

ol AMAlch=s S8ARE HIZ, Fx9 ARVIAl 8
¢ A3 2 3739 ARV RARILEL 28
Hog F £t HE B9 A A £E

oA Xds] F=ATt & 4 ATk
2 d7EYY sURHE 89 HnE Sl

B 11. & =t 279 A[ZI7HK|
Table 11. Value of travel time by main model

5ok s UL -
& o-efficient o
2as rman ode __|  Value of
Model . "smiiih | =dam | Lo -
travel time cost (#1,000)
M-G- I -0.007 -0.056 %5
M-G-II -0.003 -0.067 26
Auto -0.010 146
M-A- I ‘ 0041 |——
Transit -0.006 8.7
Auto -0.009 1255
M-A-TI - 0043 ——m
Transit -0.004 55
236 | (ADOjSRE-SAAEE

QHFH K} -1.828 + (-0.009) x IVT + (-0.002) x TCOST
Rail +0.362 x ST + (-0.267) x NZD

-1.171 + (-0.009) x IVT + (-0.002) x TCOST

— +0.362 x ST + (-0.267) x NZD
)
0 (c) 0.514
* BE H$E 90%0/4 +EHA RolE

*All coefficients are significant in 90% level
** VT KU A[ZE PCOSTE S2XAE4UH|L,
TCOST= CHENE E3MH|L, STRF TR ZF =Gt
E{0|d 0|, NZD& H|=A|X|Y C{o|E 2|o|
**IVT means in-vehicle time, PCOST means cost of auto
TOCST means cost of transit, ST and TR mean terminal
durmmy variable, NZD means non-urbanization dummy variable
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Table 13. Mean absolute error rate by mode

CHel %
Unit : %
F KTDBZ & 2t B
Main mode KTDB model 2-phase model
S8 1237 1062
Auto ' :
Yo 1028 844
Bus
Rt 1203 508
Rail
KTX 678 214
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