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Relationship Identification of Diffusion Effect on High-speed Rail Demand Increase
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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
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e qusel Heasgiden AelE G ol A el 199 B N o8 o il A
% 5 gEHo Sk 2All olrk. 58] 20104 19 ARTEAE 26 B 20104 129 AHA KTX 22 93
OR KTX o] §2%E =4 Z7h stgom, KTXY ABom Algzle] gsigiks £8T 4 4 W n45Hwe] AFe

: € guays Fycide

AP Aed FAeIet F3n8-0] Hks PR webA AaE A Ao R ThE KTX:= B
7V HA sho] F=5UA| Aldol] AR ALEA o g T afe|thels M A GRS AT & 4

SHoA KTX oJA4=0 F7to] tigh 9Fals Ao o} 5A44E B3t g5ued o2 Q14 g o]2je] aaoA
T 2E dadgo] okl Al

AA7IA] KTX AT 2 450 A5E] fou, & dqtese 1A dlolgE vl e KTX o448 719
el A= AlZollA EASkaLA} gt AAR KTX 7iE & X 98gA 571 S71stal glow o|2jdt @A 7i7)de a8
Zpolof] w2 KTX o] g2 29] ehigt gro g H7o= SHA7L Stk wgsthe] Ao §lof o]-8Al= of2] 71A] 2l 4
BrE W=tk 7Skl olef wheh KTXS] Algt 5 &8l B5E 3T 4 8o = Qlsf fau= o829 A4,
AEd g1lo] KTX g8 F7tol| ke 7|Xvk= A& 7|27Hde AAsto] olg AFstast gt

Ne 129& S KTXE o ofdg=q F7} T/l sl MEL AlZollA HESIL o]0 7]Zste] Al KTXE| A&
7hs 9L gt RS naskaa gty KTXE o83k |97t 97, £33, &35 5 THH A9 S71d
1S 1E3IA}, upAlE HokolA g o] &= Q= LA (Af#: Word-of Mouth) 7igof 7]%3t 3Hilo| 2 (Diffusion theory)

ZQl Bass W< 1—1%6}0% KTX o]0 9] 57} @& AESIR. ol& 28l 8 H=AlRl AL, oA, di+t, 21

AR Aok KTX ZA5A9 7iE 3 20159 129712)9] 4 o]-87] tlofgl & o]83fo] w41 XIsgstqlt.
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2HZ7) 7HRA Qe AR} theokst HELIE B AutEls FARS LA (D{H: Word-of Mouthyo]glal 3ok (Park#
Chung, 2006). oj2] APAFE Sl AFTt AR WAE 2njRte] vk, B7F, A%, 28R o2 AFREY AlE
8, Fifjei o] FaFe vixiths 2ol ERlEeH, v FofollA= ol & Foll Atk 53] e5ddt ol TRt EHT
iAo} Fazt et Aol e FuRke] oF 80%7t ArAEe & f ko] AR S e W Aew e
Wt (Hong} Lee, 2004). Voss(1984)] oJsh# g2 w233} gz muAold Eaole E5takal dukan| =t o] A
F7F FRQ1] A% AQ1 Hal(someone's direct recomendation)of] oJsfjA] o]Fojxm ol2fgl gle] thsfA Flolet uj=ul
(feed-back)wt F=7}21Q1 Arg o] 7]3]7F Qlar, Hrp 2Hstar A= Qe 24 Algel 7Fsshd, 7M1 A52 S5to] AE]A
Aot Aol avts d& 4= 7] lwolekal dstal Qlrk(Day, 1971; Hwangd}t Kim, 1995).

olf] 9] At oG] Fefjofl 7RIRE o] 202 - Fofollx] A-8E 4 Itk Abou-Zeid €] (2013)& o] T2 SH
o4 9] tj3EAQl A4tE Schmocker 2] (2014)2} Belgiwan et al. (2016)0] 153t “informational mass effects”®} Ben-Akiva
2] (2012)7} A|QFgt “interaction effect in loose social networks”7} AFEo] & 4= Qlth. o]59] AFoA= EHFxe} Fot
e, 283 weeth g 5o wEddEold e By yehdal ltkal 7]sstal o, olo] BElE 9IRt Akel4lE
a4 nblg Teln dEEal veE 3RS el ok S8l )3 ol PARe YEA Aolam, AT,
74, 295 AgrEaSe) QRres 1 pulelrl A4E olw, ofeie SHow njso] ¥ v mERUNE AR 7
A 2E ol 83th A&7bse wErthe] S3kE ER @ 4 qlrkar dgstarl Qloh E3F KTXE| 7ee = Qs gt <
FET gl W] 9w AR He] ool FIQlekT Uk MEHE o] gAol ] HYE o BAIZLY] T, %]
Zlojao] Hlg7tA Sog srgos MEE B3} of, 47 E3ro] Z7bET Qlal(Lee 2, 2011; Kim €], 2010; DGI,
2009; BDI, 2008). Costa and Fernandes (2012)¢} Parkes at al. (20132 £3) gJEnEA AR Q] FgF A4 o] S83} n)3%
oM SR Sl glon, o) Fulo] upES & Bass9| St o] ITS9} A7 AHeAF A4} e 1% Hofof| ]
2 o L(Bae, 2001; Wei et al., 2009Y57} Schmocker 2] (2014)9] A5 H]F HFS w], KTX o] &<rQ0|= A=A} -
ool PRk mRthaL A Qe A FFFo] AgE o] oA PFE FANZhe M AR = TheA Tk
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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
=
] social status
2
50 & I .
E 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
1 below average social status
0
l tors Earl Earl Lat L d . . .
2”_2‘1}{? ors A?,[,Fy,ters M"’;jg,ity Maajirity 129.51” s Laggards: In contact with only family and close friends,
135% 34% 34% lowest financial liquidity

Fig. 1. Roger’s bell curve.

thal 913l Rogers (1983)= Fig. 10 Ueht= =
2 AFEE o|AL FA19 841 o] HERE

2} ek, anlah Qo)A A AAE] Shito] Fagh ofehe Sasha
S AFE] BHE BE9] 7| %0l 202 AT Rogerse] HAI4§tA

[0 o

%

ERole BPoR Ui TS thE Alge] H]gl| &3 T 7H“}5]°1 k= AkaLe]] 7|25 FaL 9lor thee] AE F3
A8 o] Z(Diffusion of Innovation Theory)o|g}al &E2]3l Qlct. oj7]ol= & 5714]Q] o]&x} 50| AgEn 2z 159 &
42 ot Ak

7P WA A4S Yol ARl SAlAK(Innovators)= WS- 2>(HA9] 3%l thar AR S whEA] gtk 1k
sh, A9 14%e] sfFst= 7] 4-85(Early Adopters)> FAIRHTH= i% ZATE, AR FP:”& Z oaw o AR
2o o] A& Aok Yola 2o 2 e JPAske ADEL ousitt. Es] AEdE 27| T8 (Early
Majority}:> A FA =8.9] 33%e] sigshH, & S8 AAE= XHFJ*oPEE A58k @1%% gttt 53] 71sEe]
HPR o2 Qg SA|EE theke] A17|7)7) ABBIA 0|47} Eli= @Z, Early®l Adoptere] dH4doj¢l 27| 482 (Early Adopter)!”
& dole tisselAl olv %3t whojzt HSich

213 MRy N

L= vl (Frank Bass)oll oJ8f] At Ry o davte] npgoz A= AlFo] Aol EE= Aol ite] 2ol
o ol277HA|9] IS FFEste] 283t o]l m AAE =Y Al 1L AR Buivt AbEE RS ATEsh] fijt 2ot
AARET A710] -8t Shitol el e 2 mEe APHEAEL 7140 o0 ES fle Z8EL Qlok Al 271d%
Fjoll FaFe vlXl= FAlA AR Aol HRS FRE 2248 Ff7 o] R o= AeE YEle ERAlTE FE =
IAA o|F AAE FAAL A S= 9Jrh(Fig. 2). Bass®] ik o] 2438 AL AL EA|H 0T A&t Aol
ok AgAos SAHEE Mas ol ARE (7] S Fske AEAE] |, =2 Hauxlshs 2 7719 el
th AP AA|19] wEg-o]th(Kim et al., 2001).
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Fig. 2. Adopters curve and new adapters curve of bass diffusion model.

1) Rogers7} 1995\ o ¥ “7]2] W (Diffusion of innovation)o|gt HoflA A& At olE52 A vhFol B Ay dAlE 70
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31, Bass®] SR P WehEA| 0|2 FoA] GhA] AW Rogerse] o] £o] 7122 Fa gl ole] Fasbge Aulae)
Hzu) A7) ol Fulah St paAslold Slrks Aoleh. A4 o] oba) ol Tt ol olxA| gkgrrkal B wf 11 A
710l Hzpulz olFold SEL o4 oo APPSR Slolul A1)zt o] FALCE. of714 finye A7) Ak
2 e SHERiolT Aok 20le] ARk K9] A A7l o] g A5 HekehE S thekha ik wheby 1 Ao
Aol R o[ §AH] 4= =N, T AL S V= NFO7k Bk A% 7k 02 A9, olde] A o
Y% 09 2 PR Laye A% prh Bk 3, 4% p7 1= 02 v A2 Jojxje] Shgolm, o] B8] S/l Aol ¥
AAFES] F04S Wt SAIASR AGETh N AT 48 LhehHaL, g FojarEe] A ke ekl
A o] g ZAIA Tk ole) A TuRg) lgo] WS ¢F Fe ACR oo Pl ZASHA B
o ool nlx Jape] Pwg oulgick. et Raus] et HBTSEA AV14] Bie EHs nyoR
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_ Ay
L(t)_-l—:Fit—)_p+qN’ t>0 (1)

o7IA, Fo)=n " ool AtAlEeR ek w22E, f(n = A 7IR] dekeo] digh =askE(F®e] e,
L(t) = A1 oIM & =3t Aekg, Y= A7) AAIEe R Jhd w8, N= AR, p= GAAIS, g = ZUAlS.

ME

22 2 = A BM
221 KTX O{Zi4Q2 MRS MF
2 AFE KTX o4509] $71 agle] Ao et 7t A5 olefoll 472 olF9] AB|A/Ae] 4 Hsle] tigt -8
T} oJgt Aolahs 7FES vhgo] £ 9ok AARE KTX 74E 0% Aex9de] 49 Bigs oar|#oze] 3zt 1% 4ol
AskE T 9o (Lee e al, 2011), BiollA] ALs o]Ed)] 4Wsh Fmrt A7k 2,5000 o] FFma AkEE|olckHyundai
Department Store, 2008). THA| W] KTXS o] &3t £, o|&, Balyste] 21 ZAFalo o) SMIEglom o] HHA
ol KTX oJ7i5=Q Z7lo] 9Jake Zrbal 2 A7 7pgeic). mebd KTX A%AS galez vEY D 9 7|e A gt
o] TFaclo] LS Ao aa) BAkaTle] 7|25te] F=E Basse] IRIRES 2galo] KTXQ] o4 Z7leAle A
staL, o] oAg=a 7S EWshs AR Al Bt ot ool A et Basso] SAHEF O] S Algt Al
Z o]@Ao A KTX AEA olgxtz wMatiA Aejaium A(2)et 2ot
__f» Y

t
=p+q—, >0 2
—rg Py (@)

L(9)

o7, =17 ollel KTX %54 ol§3 wH2kg, f(n=rMA7Kel KTX %54 o8| et 7k,
L= AN KTX ZRA 271 0|88, Y= A7) KTX ZRA 2ol §4%, N=KTX %54 Eog7He(r
ol § A% EoIFR), p= SHAASKTX BFA 7] 0§44, ¢ = BHARKTX Z54 =3 o] g2,

LOE AZE A FAASES] ARAOR 1EEstom AlQe] ek Ao BARRE 23] Pojict.

Of

An=[p+dy Jn-rFe )

M) gy = NAOI1 B2 FA SR V= NFHE A(3)el tidshd A4)et L

- - q — q
3= N = (p+4Y Jv-1) = pN+(a-p)Y,- 477, 150 @
olul, A@E A& A Baghe ZES olFst 4719 A(5)2) BAe] mE

y,=pN+(q—p)Y,,1—]q\’,Y,2,1, t=1,2
Q)

:a0+alYt—l+a2Yf—l’ =12
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AG)E Yol et oA IAOE a, an, ard T3 F, 05 ThA] Akedto] Bass @] stehle p, ¢, N T,

Y, = NF(1) = Nx ——2pC@* )0 ©)
1 +gexp(1 —(p+9)D)

5

olgA| Az wetnlg p, ¢, N& 2(6) Y,= NF()oll tste] 408 Ar&shd, ZRAE A]-871A]2] KTX ARAl9] =3
O18ASE ol&T 4 9lrh.

222 KTX {242 MBS £F

wgo] =g wlehilg p, ¢, N 24517 5kl KTX ARAQ] 7HEAHS], 20046 495 E 20156 1297149 99 o] &
() HolEl (n=141)F ©]8510] BAE WSt A(5)E oo At B4 714 SPsse] PSS
S Table 13 22 A gk ao, @, ayd T, B ARG HoRl Rghe 0942 wEEo] 248 Apghe] Al
Sl & Aoz wekAt. oloh ol Fig. 33 2ol SFIERS} xe] A PPLRE Mgl Fke Felz maws)
7] wjo] 248 myo| SAH Ngwet Ay vhe wojt Ao wWehdc

=A%) A2 2k ay, ar, arS Bass SR O] wlehu|g p, g, N2 HESPE Table 29 23} gro] AEETH BHlAlS g7} &
A poll BI3) oF 1) 2 Fhe 71T Q= ZoR Yehdon® KTX ARAS 4322 wEAA0z Aj7to] Aulat
of ufe} ol axlert Zo ek o, H] o] exldsi 7hashAl HokT ghoksl 2 girh. wak KTX AEA0] =2o|e7 7|2
ZFAAFRE oF 380 o AEE|girh

TEE 27 B 50 o520 A A5 i8] WU EE- A (mean absolute percentage error, MAPE)E AM85}
Qon] PRAtfuEEote] 41 thgu} 2},

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

10
2 05
£
2
[
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I3 064
3
g
g o0
o]
021
0.0
Observed Cum Probability
Fig. 3. Result of model fit.
Table 2. Estimated coefficients.
ap a ap p q N

1967.858 0.00673 -6.63E-09 0.001511 0.00824 1,302,271(thousands)




™ M4 (2016 88)

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 | 08l 151 | 076 | 053 | 018 | -021

Feb 842 | 085 | 214 | 216 | -118 | 0091 139 | 075 | 052 | 019 | -023

C Mar | 819 | 066 | -219 | 209 | 087 | 1.07 133 | 079 | 052 | 020 | -0.15

 Apr | 808 | 075 | 215 | -193 | -062 | 127 133 0.82 0.51 022 | -0.14

May | 1149 | 744 | 036 | 212 | -1.81 | 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 | -0.10 | 165 | 113 | 081 0.41 0.11 0.09

Aug | 995 | 553 | 040 | 212 | -158 | 012 | 177 | 108 | 084 | 042 | o011 | 0.8

Sep | 936 | 447 | 077 | 218 | 159 | o018 | 180 | 097 | 082 | 039 | 004 | 020

Oct 978 | 413 | -069 | 205 | -147 | 050 | 194 | 095 | 08 | 035 | 003 | 026

Nov | 943 | 324 | -121 | 210 | -145 | 050 | 190 | 084 | 076 | 028 | -0.07 | 024

Dec | 982 | 267 | -146 | 211 | -139 | 069 | 174 | 081 | 067 | 019 | 012 | 025
Ave,

woape | 958 | S0t | ose | 2is 162 | 014 | 171 102 | 080 | 037 | 005 | o011

Total Average MAPE = 1.06

=

V-
MAPE = 100><—:--------—
N

~
~
~

MAPES if20] ofdol7] o= Feke] Zuyon A2 o2 Amol tet 298 vme i o] 7issiks o] 9
o, Uuke o =2 MAPEZL 10% vlgho]d the: 945t of 3 majolel hetsind, 10%elx] 20% Apole] 4t 25
uliA] ekt cllZo] 7Hsat 30% njgke] Aol vlmA FelHel dlSo] JHset wEoR sl Atk B Aol =
28 BP9 MAPES 106% AHEElo] o9 955k o] 2 1 W olo] Solgith. Table 37} o] A=A A7 AR o2
Aok AA| A S0 7k0) A2 ulas) B Awh AE 27lols v@A 2 exeg Rolw glott ARA 28 A% Fal
2012835E]= 08% o[319] Ul AL LG Holkz Ao Lehgrh.

il s

Ay

3.2 E

129 A e F A= 3ARe] Ao R ghe KTX= 2814, H2ld S d5s g3 ARlHoR g72] 53
o] wfHciE WAL & 4= olck AAE N A3 79yl A S B o84 dA) 1 29ie) =gl 15
gt oz SRkt o|g A A& oR S8k Gl KTX 9458+ KTXO] A&7kt e ¢ 583t aza

aflol= Eelal A BEA A TR 4 BRI AAYE B4 T8 @714 oS50 HFE] itk

IS FAARE Al B T R S 5 odR 8RISR QS Adeert STREIEAL ShARE By ASA]

AV S S 841 olejef o] &AL FHoAMe] aFrF AE e Fart

237}k 2918 WA Bask et 53 A4
onf o] AT M} (&AL KTX LYHeF Sl 7K 0= AL mepy B AT 7129 e
O AEE AZHOR ol g2 ZHY| KTX of2a0] Z7HA4S sotshuiat 44 vbg RololA He| olglw 9)
Sparast Ade et

i & 32 4>

£35] olgAte] AbalaAle| tﬂ.ﬂoﬂ o8 KTX ol 4t $7bsh9la, A1442) Z7Fade] dhallali Shkiuael ofst 2
ook 7hge nietel F1 242 2 } Gich. oiolgo] 7128 Sl Ue) ol§% 9l Basse] SHHRRo] KTX A3A

o] 12d 2] A9 HlolE S Hgate], AbEH wetu|EE vgoR KTX ofZa=a9] gitants ASsiolnt. 24 23 239
BAE g7k FalAlE poll vl of 1IHH 23 TR AoR AEE|, s 12d7F B3AL 7o FHOE Qg KTX o]
Bhito] AEE Ao 5 A
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508 AESITHE SHod B ATl whe Fa3 oo} sMitkn ¥ 4 glrh AbouZeid 9 (013 BEABORA
ARl TS B9 BT THS 47N WEST] BHSLE ER & 4 UTHT A A3 e weom B A
A ok G Zueld WEAH|Le] nhAlge] FRsth AAFES HelEm glek. AR Kim (2005)] e 1143
o] A0l WEA AL I3 At 492k Tk KTXup dekso] Aajsiolrta giv. webd & o] duks
WEAR|20] S SIRE AR AAES ABSHE o] WS Fat AT s g Adbet wEA Wy
2 9 7% ATEE B8E 4 Yoka Ak,
ShAlEE AL A U U ol S4S ws 2at Y, aelm Ay

Aol glol, Aulze] FEsh aclo] 9 A9 lAsa F7b %
A 5 AelAE KTX o1§9] AADE B4} wi3F @ 7t
ol ThA Rl Aluel et Sk maol

bl
i)
2
9
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K

z 7l

o] EFe 2014AE FREIHHEIC] Ao FRATATE] UL ol el ATI(NRF-2010-0028693)
(NRF-2014R1A1A3052320).
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