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Relationship Identification of Diffusion Effect on High-speed Rail Demand Increase
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Junghwa Kim - Ingon Ryu - Keechoo Choi - Myunghwan Lee

Abstract It is over 12 years since the launch of Korea Train eXpress (KTX) services. Demand for the KTX has been
on the increase continuously but few studies have been produced related to this phenomenon. KTX passenger demand
has been constantly increasing due to influencing factors such as the expansion of network, rise of oil prices, etc. In this
study, our main focus is to verify that there are other types of elements that are causing an increase in KTX demand;
our approach looks at changes in social and psychological aspect that have occurred due to the reduction of travel time
and cost, as well as the imposition of a five-day workweek. In other words, we considered diffusion theory in the mar-
keting area, which affects product selection and purchasing attitudes, as a key factor that is causing passenger demand
to increase. That is to say that it is hypothesized that the demand for travel on the KTX has increased due to the train’s
utility, which is spread by the diffusion effect Therefore, the Bass diffusion model was applied to explain the dramatic
increase in KTX passenger demand. Based on this foundation, it was also discussed how certain marketing strategies
that incorporate the diffusion effect should be considered variously for sustainable management of rail transportation,
while considering a steady passenger demand.

Keywords : Korea high-speed rail(KTX), Passenger demand, Diffusion effect, Bass model, Rail transport policy

E 8 2 it A% 1248 B $RuSEERTX, Korea Train eXpress)E HOR o448 27} of
ohsl s Aol ASHL ool Hhetslel e KTXSl A47Hs 2oiohe waskag gk A48os 57t
{3 gl KTX o500 ggaclost milel et SAY4S Bo tgmsel A4 43 Fol ¥ 4 oA
OLb, WA KTX Bela 7t olelgh 48 meish %3 A) S o)A ojZel WEslo] gtk & dfolis
BHARE G2 Qe olgAe] ABIH, Hleld dae] 2Ue B AQle mATIEON ofF I8 IR Ade
4 83tol o5 F7FAAS AWAHTh ARAZE A Qs ARt UEgaE el e Bl 8
AMEIHE AREATEE FoRE o] Qg wAE WAYEhE AdOs of efgfe] KTX olgo= HgHol ofaA4a &
AP ZAAZTHE 7HEE AASHL 248 AWBHATh KTX ARAS BAFoR ofAa $7to] 7]elsks ol g4e]
AVBIE, AelE] J3FE Basse] SR (Diffusion Modelyd $3] BA4sh1 1 AWE Erf= Ao KTXY| A47hs
o ool qlolA] olAsa PAL 91T WEARIZS] HAYH AAFA0] FHesitks KAl el sl

ZR0] : PRALHEKTX), A58, A, Bassd, AELAH

1. M =

B AtolMs 78S AEga Azl 285 e 404 B 9 AIAE B4 ol9fof thE H oA A7) oA
%7} FolE HEIHEIUA St 20044 4% sH=1E5-E (0]6F KTX, Korea Train eXpressy’} 5450l whe) g-2w Bt
Ak, mARe] Mol Bold AETEE ol Fh DA oiEol FrIskct. Ak B FETHEe g T

B ZPAIOIA 541900 199961 RE] 200347K) AR 241% 4 FAFAE Bt o|5d KTX ARusdE AE
A8 201 BAZIN ARG 1.95% 7 FAIE 1oL olek. ol AubeEel £EE B ol83E 1B o) KTXE
o] APRL oSk A olloliE, KTX HECR olgh o507} F7h whada Qears e 4 olek. 7H% Al oF 2
A} Sz0] 9 ol 8AL 20159 129 7|0 11 2] Rl Y SHke] ol 8AE FiAn of 5o we) xolg A% A
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A5 er 78k FAOl sk 53] 20104 1149 ARarsde 29 e
KTX o}§-2= 27 571 skglen, KTXO] 7HgoR Algzte] g&H vt 23d =
ARRIE] Ale)E] SR Eler SRRE-e] HISTE ThAsich mebd AsE A1 AgeR whE KTXe FeEdd FEofds
7Fs3IA Bt F5UA) AlFel 29kt AlelE] g os T wjEuilE MEATleY A4 93 iR &
oA KTX oda=g S7o] tieh JdFadle =40 el 544488 S5 tus R o4 gk o)2lef 8aoA
& Ze gaido] kil AR
FA7IA| KTX BHGT= F2 F80S AFH] skov, £ dqolMe I HolHE Al e® KTX 9758 571
sl =2 Alzrell A BABKLAR Fht. AAR KTX 7ig §- A3 £7F S718kaL jlom olefsh 2 el a8
Folef mkZ KTX ol§-0=8| subdeh o2 Ryjole AVt Slrt. mgege] Adef glo ol8Ale o7 71x] 8.4l 9
T derhal 7Pkl ofef me KTXO] At (58 26 5d AR 9 vlEo= Q8 fasE ol A9 ARgl4,
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A% 1268 9He KTXS SAROR ol 57 daoll sl =g A2old AEsh ofo] 7123k] e KTXS] A%
et 24 SIet AARES THekA T KTXS ol 8% Aei) olx, Lok, aUBA 5 FUH 4500l F7Ha
e TRRkLA, vpAY RololA el o gl Gl FA(H: Word-of Mouth) el 7158 SHAlo]2 (Diffusion theory)
of PEH2) Bass maS #8310] KTX o500 $7b BARS ZEshdrh. o2 Slo] 0 th=AIel A8, thal, i, 2]
T AR ARSHE KTX 44400 A% 5 20154 1297b409] 4 olga Holg2 o)gstel 14e At
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211 71 EHF EE

AHATE 7L Qe AR7F gokg EZE ol AutEs @4E HH(AfE: Word-of Mouthyolekar ket (Parkitt
Chung, 2006). o] APAFE Bl AFolit AR HAE 28] vk, B7), AJ3h 294 RE tE AFEY AeA
o, el Pk m|Zths Aol EIEglen, niAY Eopollie o}E B8 Fol Utk 535 e5d o] Rt i
A\ Farrh Wt Aol At Aol of 80%7F SARAAS T Wl rutbe] AIHA Q) S| RS W Aow UE
W{Th (Hong} Lee, 2004). Voss(1984)c]] oJobd ke WA} FarA Aol Shsolle E-okal dkan|-nl o] Ak
F7h 1] A9 AQ] Hal(someone's direct recomendation)o 2J8{A] o]0l ol Ao thaA] lolgt w=H)
(feed-backyt} F7119) o] 7]37h 9L, wef Gk Al e 29 AFo| ZKsam, Aeld HEE Bojo] AE
ARef Aele] BE Bg 4 o] vhzolelal AWk ek Day. 1971; Hwangd} Kim, 1995),

oldl A BT olgAte] Weol ZPME o202 1 RopollA] 18 4 ATk AbouZeid 9] (013)2 o] 2L Z
of|Ae] thiEAQl A= Schmocker 2] (2014)2} Belgiwan er al. (2016)0] 23t “informational mass effects”?} Ben-Akiva
9] (20127} AlRFSE “interaction effect in loose social networks”7} g% o] & 4= It} 0]59] A ftofa= ERHFALQF St
ek, Teal wge AE 5o wEsEoA e av ehvkar QIrkal Yleshar glem, olo] HelE 91gt AlElile
32 mA" Tea gisaapt stEE ASARE Roieal Qivk 53] A7 e A aate] tiEzel Alelas,

7, el AAEREY QEon 1 el A4Ha oL, olelE SwWow ulse) B ul wEAMIE AeFae 7
A B ol Skt A4 ket WE4He] BRHE En ¢ 4 qirky Ak ik B9 KX Ao ols 9% o
T Qe WrfE e Ao Ang 7o) Qo] 715k givh. D= ol8xjelA WAL ol5A7] B3, A
glojge] B84 sor srdoR HAFH 23} o=, &% FAHEO] S7HEAL flal(Lee €], 20115 Kim 9], 2010; DGL,
2009; BDI, 2008). Costa and Fernandes (2012)2} Parkes ar al. (2013)S %3

I s eAAR ] 35 Fatasdol f-83t vl
o) BHe TR SRlEn} glow], Aol fve] HiEe E Basse] BHbERo] ITSe AVIAEA A 2 W% Hofol 4
B-5 d(Bae, 2001; Wei er al., 2009Y53} Schmocker 9] (2014)2] 2 v)F] HeES W], KTX o840 w AEZAe ) &
o] Pk mRtk delA Sle 419 dgol AE-Eo] o4 LS SR M AR E TsA Fith

212 Ehlo|E DA
A FPoR AT FHOAE AR P4 AYTHY B AlAs AT Tl i) Tk o] 2ol o) st

o
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Innovators: Willing to take risks, have the highest social

100 status, social and have closest contact to scientific sources
Early adopters: Have the highest degree of opinion
75 leadership among the adopter categories, have a higher
=
2 social status
o
=0 s Early majority: Take prudence, contact with early
& adopters and seldom hold positions of opinion leadership
25
Late majority: Have a high degree of skepticism, have
| below average social status
0
I tors Earl Earl Lat L d . . :
2”_2‘2}? ors AZL};ters Mirjg’rity Maajirity 1de%ar s Laggards: In contact with only family and close friends,
132 . 34 % lowest financial liquidity

Fig. 1. Roger’s bell curve.

ek Sl e U DA SR 3R A 0ok e W Roge (989 Pl 19 ek &
AL AlES] 2l g9 7|20l 2o 2 AAISIGIT. Rogerse] SAl-8-SA0 R At of22 H4le] +8AE o ¥

Aot nuae U f6ie v AT Sl 501 M=) ek Aol 718 i g M) A
A FAL o) 2 (Diffusion of Innovation Theory)o|efal E8]al glct. of7|oll= & 571X)9] ol8A} T1Fo] AGEy 72 159 &
e e .

71 BA SRS 07t Akt Sl Innovatorsys: TS 44(HAIS] 3pILE The AR TS mheA) gRerha 715
o, A1) e ol 27] 45 Eary Adoper AR 7 S, 449 A 2 ot e g
o] Eo] &% Hud Yoo EAEe 0}"% 53] AlSgt 27] o83 (EBarly
Maorie)e: ) 2] -6.9] 33060l SAEFSIe, 08 B AVES ASEE ASe olne Garct 5ol SaAus)
o Q| ARl thake] 4171717k AbElE o)t ¥le 9%, Early@h Adoptere] @4dolel ‘2] 4~85(Barly Adopter)”
& ol tisEolAl ofnl &3k Tolrt w]lrh

21.3 MRy TE

= Bl (Frank Bass)oll of8f] A¢te Mo w rane] vigo s Y28 AEo] A EEe AdARe Lol
A oISl TR TSIl MR OB AAE £ Al T 4E] Palst SERE A8 Ao SIF mHole.
AARE A17149] 483t ghibol Tel A e AR 47140 e dSS Qs E8EA ok Al 27dE
Trfo]] RS WA= AIAGS FAlA Aol g B3t 24F 7t o) oAl AEE UEhle HAISE T =
YA O F AAE SIS A 5 Qich(Tig. 2). Basse] ST RO £0F U AR B0 ALTTiE Aol
o ARHOE SAEL WAL ol AL 7] HES TUSI AW Snl, R WKske 2 Al ndolek |
the AP HA|9] wkg-olch(Kim er al., 2001).
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~
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N
200 51/ e N
0 5 10 15 0 5 10 15
Year Year
Adopters weeseas Innovators = = Imitators New adopters

Fig. 2. Adopters curve and new adapters curve of bass diffusion model.

1) Rogers7} 19959 3 W 79| Hg(Diffusion of innovation)’o]& Mol 22 AFqh. o1& B kel B 457t tARlE 7HdARE]
vher Ak AR AERolt 2de] Fin ©x] Fefshe AelA dAle o] ofuEt AUl A 318 &7 o18 uhA) BRelAl dufdint
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), Basso] SRS E|2H o2 Folq b4 AWE Rogersd] o] E0] 7|25 Fa Q=] o]o] Farbge anlxe]
2l A7) o Tl 40 gRiElold glrks Aolth. A4 ©] ofd] ol Tt olsol XA Slgteka 3 uf 11 A
7lo]l Hz2707} ool B old TriAe] AT Aoln A1} ol AT o714 My AL A7k
& YRl SHETLolal Fors 910jo] ARE 4] RE 474 ol8A1Ee] ARSES e Qick whebd ¢ Ao
o] HBHE olgAe] S = NfW), TR FRAEWA] Sk ¥=NFG7E Erk A 7 02 A9, o)Hle] na el
Fo= 09 3h2 AR Liye A% prh Hch 2, A p7h 1= 02w Hz o] Sgoln, o] Bl A7)k Al
AAEE] Fa4S Nke FAASR AT N AT S8 R, g PAEe] T GUHE el
A ol g5t A T olde] APl W el WA ¢F Fe ACE olde] PuA4 BTt 1
o PRl Bl Qgre] HEE ofnjgit. mheby ikl tEt ARFTRRA AVl4e] SHhte HHsk mEoR
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AZ|A, F(ty=A13 ool AAlReR Hehd F2HE, A = A371A 2] Hgheol gk &HSE(F(e v,

L(n = A - 2] £7F ABE, =87 AAEC R HehE 5250, N= IR, p=G4lAS, g = HiA <

22 B =3 %

221 KTX 0 sind 49
E s KTX ofd4=0 9] St aglo] iAol Blfel §7t Ak o9fof A ofFe] A& /Aluld ot gl 2438
B oJgk Aloleks 7HYE iRl £ Qe AR KTX 7K8 o) A&A 99l 49| Bigs =7|#e 2] 24 & ol
ABEAL QLo (Lee er al, 2011), thtolld A&=E olFd] 4ok H=7E ATt 2,5009 o] R E AREEQIvH(Hyundai
Department Store, 2008). TFA] W3] KTXE o183 4%, olw, E3HE] F7l -Faade] ofF)] A=l oj= HA|1%
ol KTX AA4=8 F7tol 9 Svhal 2 o= 7PShet b KTX AR4A8 dibes dEQA 3 7|ef dAwgs
9] Faalo] gl Aol gl FAakadte] 7|&sto] 15E Basse| S-S 2-8oto] KTXS| A48 S7tads 4
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o71A, ()= ool KTX 448 o83 W23, /()= AE7H9 KTX %A o8] that &0wishe,
L) = A1elAe] KTX ARAL 47 0|88, F=X 4748 KTX 4441 -#lolg4i4, N=KTX 241 EEhAgHu(r
o) g% HEF), p= HAAGKTX A4 27] 01840, ¢ = BAASKTX 254 2 o184,

LZ A7 7S] R gEe] AgAos s on] A9l ks 5 Ao B=Re A3 dofdrt,
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A(5)e ol ek oIAPSAHACR o, a, arg 7RE F-, 015 THA] AESH] Bass 32| velE p, g, N 7k

Y, = NF(f) = Nx =P+ 9)) &
1 +Zexp(l —-(p+g)0)
p

ol@A| A& vlehulg p, g, N& 2(6) Y,=NF@el DiQsto] 4202 AEsld, BEAE A7) KTX 72249 =2
o1§ASE o&T 4 ).

222 KTX O{Hi+2 &Mny £3

wyel Fa vitg p, g, No FA0P] §igte] KTX 472d9] 7HgA10, 20044 4956 20159 128704 9] 2 o)&-
A(H) glolElm=141)2 ol-g-s}0] BAL ABIGILt. 452 ol o s Bysta BA w)7|x) SPsse] AFs| R4S
B9 Table 13 22 A G ap ar, arE FHBIATE B e HofFE RS 0942 EEHo] FAY ALl A
FEL £o Zl02 WeE) ofe} vlie] Fig 37 Zo] 7 HED} ARe] A PPELE Mg /e Fel2 =EEY
7] W] 5% wye] BAA Mshwel AP e Holdh Ao e Hugch

249 A ZF ap, a1, S Bass SAIRE O] nkhule] p, g, N& #3861 Table 20] AT} gro] AREETh mabAS g7} §
A poll Bl oF 114 2 3RS /IRT Q= AoE Uehtong KTX ARAL A3zl mEAlrgoR x)7te] Aulg
of wel 2ol A4t SrkslA e, v] o84k ol Bka Weket 4 girk ER KTX 4RA19] RHolga /)%
SESA AR oF 389 o AEEQIch

FEE Y B3 S0 &0 A3HY @52 98] FFE e 2 (mean absolute percentage error, MAPEYE AMS:S}
gom PEAquRg ool Ae thed} gt

og

i

Table 1. Results of estimated model.

Nonstandardized coefficient t P
Var B
B’ St.d value value
Con 1967.858 47.23 - 41.67 0.00
Y, 0.00673 0.00 1.44 11.66 0.00
Y? -6.63E-09 0.00 -.55 -4.42 0.00

Normal P-P Plot of
Regression Standardized Residuals

2 05
2 0.6
]
g
& 0.4
Il
g
0.0
Observed Cum Probability
Fig. 3. Result of model fit.
Table 2. Estimated coefficients.
ag a ap p q N
1967.858 0.00673 -6.63E-09 0.001511 0.00824 1,302,271(thousands)
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Table 3. Percentage error between estimated and observed cumulative passenger demand Y.

(e/Y)*100
' 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Jan 930 | 172 | -189 | 219 | -127 | 081 151 | 076 | 053 | 018 | -021
" Feb | 842 | 085 | 214 | 216 | -1.18 | 091 139 | 075 | 052 | 019 | -023
C Mar | 819 | 066 | 219 | 209 | -087 | 107 133 | 079 | 052 | 020 | -0.15
T Apr | gog8 | 075 | 215 | 193 | w06 | 127 133 | o082 | o051 022 | 014
May | 1149 | 744 | 036 | 212 | -181 | -042 | 143 125 | 08 | 050 | 021 | -0.12
Jun 663 | 647 | -014 | 229 | -191 | -037 | 143 112 | 078 | 040 | 012 | -0.19
Jul 1021 | 612 | 020 | 221 | 174 | -010 | 165 113 | 081 | 041 011 | 0.09
Aug | 995 | 553 | 040 | 212 | 158 | o012 | 177 | 108 | o84 | o042 | o011 | 018
Sep 936 | 447 | -077 | 218 | -159 | 018 | 180 | 097 | 082 | 039 | 004 | 020
Oct 978 | 413 | -069 | 205 | -147 | 050 | 194 | 095 | 085 | 035 | 003 | 026
Nov | 943 | 324 | -121 | 210 | -145 | 050 | 190 | o084 | 076 | 028 | -0.07 | 024
Dec | 982 | 267 | -146 | 211 | -139 | 069 | 174 | 081 | 067 | 019 | -0.12 | 025
Ave,
vme | 958 | sor | 0se | 215 162 | 014 | 171 102 | 080 | 037 | 005 | o1

Total Average MAPE = 1.06

”Y,— i
MAPE=100x ———
N

\\Mz

7)

MAPEL: o] o] ot 69] ZmH0s A2 the 4wl et B3e Alng v B8] /ssichs 4ol 9l

cF QUAOS RE MAPE 10% ol W3 346 ofd Solelat Tolol, 10% 20% Aolel & Aol
o157 A8 ofdo] A5, 30% blihe] Aol vl YA ool s myos we . & 7ol =
23 wHo] MAPES 1.06%s: AHEElo] 9 945 o3 1 e ool Solzitt. Table 33} o] A= WA o2

i
]

9k A td e zhe] A HlEs) & A RS 27ldle Hlmd  oAge Holwm glott A 2 AE F)
201287 08% ofste] e AL oAgS Hol: o= veht.

3.4 B
123 A A & A=g 343 AgHoR whE KTIXE =014, Aeld] S8 g2 B8l ARl A7 53
o] Fertde AL & 4= Qv AAIR JiE e 72l IR SR e ol 8 A A 1 28] ) 15
T o R SIS ojgA A&Hom ~7}0W = KTX o295 KTXO] A&7bssh 940 e a3k ass
Aolle S8l BRI TE] PSS TR AT BFI AAL 24E T B@Y1H f0Se AgEo g

BEE BRI w4 B el A7t 4 5 o] RAER A8 olA%art ZrhEeleka S net AEEe -
237} 09 TAY Bast gk B3l AM T 0 09 ojelel ol SHelAe] Sa%7t B 1AL Wast 9)
onf 0} TR uef A% KIX SIS 5l0] /15T 02 Dech ThobA 2 A7 1) PREaA o
OfLpH A2 AR ol §4; Ze] KTX ojAdne] 74 slofslnars A4) niAg Hofolls e ojgxlx gl

Zhkast AEe 2835kt

£35] olgte] AHslal/Alela] Wslo] ol KTX ol i 7, 2440l S7haie] thalis Shkstel ofat 2
ofehs 7VgE mieel a1 248 Auslet Stolze] 7128 5 g o)g =l Gl Basse] SAbmEe] KTX %A
o 124 % 4 HolEE He3tel, AEE SetnE S Mo KTX oiA4a0] SAanE A5t B4 23 mgel
A 7 BAAS pol B8] oF 1) 2 g e Ao ﬁgﬂ% A% 122 BAA 7o FAHOR AT KTX o]
B0 Glglee AET 4 gt
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AP AL AR D A7, T2 A4S So] ARl AEENE SHkaulE, B Au|ie] H8stel 1
508 AU SHA B AT vhe F0T 0Jo)E 7Mitki 2 4 girh AbouZeid 9] (013¥s WEABORA A
SpHel PG BT AT PEE Ad7hsd mESTe] BHSE Ew 3 4 olrka QET AT 2L wigos B o
Auke 1k e Suols mEAuIL] v Fssitke AAVEE RolFar glek. AR Kim (20050 T a1
o] 4l WEAR AU Yol A Sz TR KTXopE dekso] Alaidelckn dhch. webq 2 Qo] ke
SEARISO] AL T Al ARG AFSHE dol - FaT dlag st §F A4rksT wERAe) WA

B 8
< a7

I

[e]
2 QPRE 389 5 Yok AlRE.
AN 2 Aol AR D 9 o8 B4S sk Ea A, el AR
ol 9lo), Amlze] BEe 2glo] U & x
A BF AFlAE KTX o8] Al4ax
qle Th2bHel el et S magol efElolof St

= 7

o] =Ee 2014dE AREIFET)O] AUOR FRATAT] AL Wol 4 ATI(NRF-2010-0028693)
(NRF-2014R1A1A3052320).
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