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The effect of price promotions on modal choice behaviors of car drivers
__ A case study of Taiwan High Speed Rail
Student : Wen-Ya Yeh Advisors : Dr. Cheng-Min Feng
Dr. Yi-Wen Kuo
Institute of Traffic and Transportation

National Chiao Tung University

Abstract

From the point of view of public transit marketing, this study explored the
effects of the promotions of high speed rail on car drivers’ modal choice behaviors
and analyzed which promotion is their optimal selection. This study discussed the
implementation of the intercity railway promotions by case study of Taiwan High
Speed Rail (THSR), and realized freeway drivers’ viewpoints of service qualities and
their modal choice behavior toward the price promotions of THSR.

This study conducted a survey-of which the guestionnaire was designed through
revealed preference and stated preference approaches to collect car drivers’ opinions
toward THSR service and their modal choice behaviors under five price promotion
scenarios. The survey target groups were constrained- to freeway drivers in Taiwan.
From this survey, we extracted significant latent variables that influence car drivers’
modal choice behavior on transport service qualities via factor analysis, and the
choice behavioral model regarding modal choice and price promotions choice via
discrete choice models were developed. In addition, the market share for each
transport mode was analytically calculated from the direct and cross elasticity with
respect to certain attributes.

The results showed that modal choice behavior are significant affected by
transport service qualities. Variables of travel time and travel cost are also empirical
verified in modal choice behavioral models. Other relevant travel and socio-economic
characteristics, such as trip purpose, usage frequency, elapsed time, fellow travelers,
income, car-ownership, are also play considerable influences on modal choice
behaviors. Discount of joint-purchase and round-trip ticket are most effective

marketing programs to attract car drivers to change their modal choice. Mixed Logit



models, which take individual heterogeneity into account, are highly improving in
explaining modal choice behaviors. Finally, some marketing implications which
addressed based on analytical results may assist to promote the operation of THSR for

enhancing its market share.

Key words: Modal choice, Service quality, Price Promotions, Taiwan High Speed

Rail (THSR), Discrete Choice Models
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3P~ o Kaiser (1960) 3% 5 5 B d P (R F $542(E (eigenvalue) = >t 1 eijid B & £
thoo fE ARG Bt » ¥ 1% F% gh (rotation) @ 35 R B B At g B R g 4
PR W HEm chd Lod Pl ET A S B % (orthogonal) £2 4L (oblique)
BCEREMET FHG LB A YR F e B R AR M
1o FE R FIF BT L SPSS i ARG DF B2 | TR PRt

2. SR FE A 72 (Confirmatory Factor Analysis, CFA)

KA FIE AR LR YL K R ARG N R R e B
B BETRNE S A RHRE S IAA T g SR 5 G E SRR D 0 B
TR AR A TR o BB T AR Y Y RS R R RS

(measurement model) # = & 43¢ (2) :
X=AxE+ O (2)

B¢ X fLG A BRI B (manifest variable) & ¥ 1 E LRI T DRI > Aok
At ORI S AR o S LG SRR A B % B (latent variable) # T i B R
PITIR%IE o Ay A RSB FLREF ST R FEed o 00 R X D
L o REH LRI EREENS R EL (covariance matrix) i€ % A 53+ ¥
Zyp o FW 0 RAFHRFBFELFIF AR A S Z 2 BEREEL AW E D EER
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OFL O ZELYE FPERBEL 7 A EFLEHET PPHL 0 R
REFAE L RREEL {3 F Lrib ARl 25 MM 56 O L RER -

S F R A E S I T OB REP| T PRI R E PR AR R B BRI D]
FPEE o S - BEBEFAMFTR AR AR o8 FR KDL R A TR | L
ol PR AP AR B RIEATH TR KB IR 7 g 7 o

4 %?Mrf;,j;;;iﬁnﬂmwp%ﬂm%&ia—aﬁ.;ﬂéﬁfr;v HAEF G 0 RS R2FARES
LA I I R FIR AT F S NS SRR BN G R
B Lo SRR DT R R EFD G 4 SRR R

3.3 FIEHHES

BACE AP R A BB TR3F 2 2 R P g0 TR G0 et don o
FooTH AR E R A i ko d R R R FERT S RO AR
R ERTE S - AR SR G BEGER Y BRKA- K no # ) B
%o B3 &gt Sl Uy %7 4ot (3) -

U,=V,+e, = Zﬂl;xnik + &5 (3)
K

H¥ Vi 5% &fic? ¥ F8 (observed) 3R>, eni & &2 f=8 (unobserved) &
FA IR (errorterm) o X & 7 P RNBIEE L F @A chiF it By R Fanl it
e & o FIRRAE PR SEREAAA T FOBEX T EF D o o F
Bk > R A AREF BApRTREN S AL BV P ERFAAIRIUD P =

Al Gumbel A e FARE S S B ERH c PR BRI RGN ER P TEARL
) LHEiRE R F S RFH2 7248 B (Independence from Irrelevant

Alternative, IAA) ik 8L FIRERF B L ILF He o Flyt McFadden >t 1981 # 3% o) -
AR AR R > TR HENE R FERG L A e gk o VA & AR

FpAR G Rxhk - K7 o X Ed ¢ F B ) RGP LN AR iR P e
McFaddern and Train (2000) #% iR £ B E BN S 0p 2 2 4 4p 4 5 o5l 7 13T iy

E R Sl THT BV YR & R E RSN b o AP R S R
AN 7 I ﬂ“bﬁi@‘iz‘ REHFORERERES A B EREE LY AR m
et R AR REER T L o A ERETR T SR TR hif S -
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331 %3 BT HEHHES (Multinomial Logit Modd)

PARFEES LR Sk AV EEORFAE c JRIEOb 2 2R
(Independently and Identically Distributed, 11D) < Gumbel 4 fe > % ¥+ Gumbel » fie i %
RBFBRIBEHFAVREDN I RIER S B PEF AN 08 @) 77 P E %
MED PP F > AFIHE AL RN DT HEEsct [ AR IER LT FED FOT TE x

LT W

W)
e 1
P=— " (4)
e
=1

BEAEH T ER DR OERERT I XFAROEFRELE G AL HE
(diagonal) % B #ic % 726> H 420 & s (off-diagonal) ¢h Sfics 5 00 Fla A 4
A 3280 58 T2Vt B8 B30 {8 » B RN g B = ‘FKJ'J P

HA sk gL 5 Ee o

T2 4p M F:E > % 0b> % (Independence of Irreverent Alternative, [1A) » * % % 18
BN & angd it _E'.;}ﬁﬂi HES FOMEPI R eSS ke > HER
FEP BT I RAERMN Fl o M EOR 2T ER TR > EF O EER BT
TEThe 07 A T EFTRGHN P BcE o B UHA R M SN A ki ]
Flld o ez Era iRy AR o FREDY C FEEF L MR 2 RF
Mgt pro % S BERHI GG NIMEAL o Flut > kB H 4 S
McFadden *+ 1978 # 3% 11 e A& it & i #-5¢ (Generalized Extreme Value) = it 558 &
R F 4855 (Nested Logit Model) fzi4-p4 B 38 < 8228 5 B F 4050 3 37 5 4] i
%ﬁ@ﬂ?ﬁ%?%’%up;ﬁ%@u&ﬁ;ﬂ%%%&ﬁ%ﬁﬁﬁﬁﬁﬁgc

332 RFHEZ S

Bk R Y 0 ok Sl Vip 2 RIS 0 G F Sl R5 A ok SR
B2 WA FRABFT A LT A B

(1) =+ 2 %#c (Generic Variable)

R OREHET FE SRR LR PIERREE T FE D Favey
SHcA A PRk o PPEATE FE Ramat S5 G Rk P GBS R
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(2) = % # 2 ¥ #ic (Alternative Specific Constant)

CEPIANEDALE P I FRE v R 2R A EanEL > Tt WS e
”bﬁﬁ CNCRE $ - S 7 Nfﬁﬁﬁiﬁ’ﬁ'l&i?j N-13> 2 ¥ T
F A E S

(3) = %4 = %% (Alternative Specific Variable)

R R RN T FES R A S

7
ek 0 S REBE R G B B FE S B 0 R Ak Slkh BRI ko B

BARRHCE S AP RR G- B N RS HS R 0 B R R
DR E T L E S R AR R PR R B o i B B Lﬁ_?"ﬁ 1034 5%
REG N F-FIFEIFEF oA EL 1o MEHAvFEIFa T o HEL 0092
P B PV A LTI 24
O 7 HE R

BRE B MR AR R 7 bl AR R
dN VR R AT PR RS I P RS TR - Al RS A o

E‘hvji]’%é"-z ,%—ﬁ fog’\%'ri’—,ﬁﬁﬁ#iﬁ/; éﬁﬁ:la 7\71‘—% s Ul]—lzr' 5‘—,«3]‘4—\-’ lg ]"J— N

TEBEA AL G2 B FEt Sfic2 R blde TE BT AER P
FFEE

333 & EBF#H5Y (Nested Logit Model)

LR 5 R AN 2 DA Z 8447 i A 4 0k 3 > McFadden (1978) 41 % — 4
it #& & 5% (Generalized Extreme Value, GEV) » & 4v 2 f§ it 3= S B cijp 42 R 0 > &
ToRFEFNENREFTAEEL A B o JUHGV A & endF BEA TR G Ap e
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BB ) RPN S RApifheng 4o KV
Ur‘b)é]_‘g‘;—\.*\:
- RS c REN LS REREEGRE > AT e

GG Y F ;b,%;ﬁfrgg'qﬂlﬂ“{f— 17 & TR 5N

-w

AN

.
e R
£ F R > vd WREFDFhEE S FRE L DFEL <
w

"3‘7
=

B 3.0 & 5 ek 2 1

AR RS ERGE B BRE Y F MBE S EmG Na B2k 2 RiRE D
w3 P&

(/-’mrm) (Vi /ﬂm)
P=P xP, =—" A7 (5)

m i/m M Vi ! )
(24Ty) i/ Hm
Zk=1e o ZieNme

Y et (6)

HP o5 Py a & mAtE Bl e (marginal probability) » Pym B 5 & m ¥ 2 %
| #E T ehig 2 48 5 (conditional probability) e ' % & m che F E %8 um 5 & m e
% B ¥ (inclusive value) » * M ELP S ) 2 Z g IWARR o Ak KTt Rk BBl @ %
EREB UM EANO0F 12/ o AR 02T 5P 2 Safp WARR RS © umARdR
TLAFEP > R AR RAE K o & FEBF I L LN R FEHHGIT N

i

SR ERWS ) PP TR E RS RN RS RS L KA R RS

334 RERTHHN (Mixed Logit Modd)

McFadden and Train (2000) #% J1iR & B F #8230 p ZH L 5
FOUTIE PR R c R ERFTEHEISEG T %%‘L : (1) o

B A i 4F en B ’%ﬁ'
;2 P EBRARREEREAIR > EA G TLR Q) F P> %7V R et
\ﬂ*ﬁ AR MRS RIS RN B E'v’mr,%ﬂ} o TR + i B 1

$7éﬁﬁﬁ’%U@ﬁéﬁﬁﬁ*%%ﬁﬂ°”T#%ﬁﬁﬁﬁﬁﬁ#%im
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(1) 3#BEFE

BARRRE BE R0 3 N dest (7) A1 o BRRERH NG I B

S & B2 &gt S8 AT

7/

U, =V,+e, = Z:Br‘]kxnik + &y (7)
K

sA

R Bk - R REe £ 0 B AT AR F n BB X eh (tastes) SEF A -
Kgmsc®oxnic » &2 R 2 L F 1 Baw BRIRE en (752 Sfc? gL
RSB ¥ = 24P 0 Gumbel & fe oo

A i d 0 B R ERRED T R R BISE LHR  F s
S ATIOR & R E RN 25 TRES S8R ¥ 45 (Random Parameter Logit, RPL) |
& THE k% £ # (Random Coefficient Logit, RCL) | #-5% < # 3 T T R
ARl TE Ed WA R A e il A e N T AR S & B
GESREES LR R EREIEH 2SS R L Lty R e B
B o kB RIS F2 )3 A e B IEG R RE R  R e BT R
Wi AA (X iR ¥ Lenkhfied; N @ 45353 4 fe (uniform distribution) ~ = & 4 fie
(triangular distribution) ~ # #& 4 fz (normal distribution) 2 2 ##c % & fe (log-normal

distribution) *

o303 2 42 ¥ GARAERTREF&EDL G § Bl a $itl
FRAfOFERAE 50 & SESRHRE L 25§ 5 p@ﬂ%w?g?mr
(Train, 2003) - —*‘Ffﬁ* CHRTEAERGHI N wenRT > S A% H A3 B
Wit Ald kg & (long upper tail) # it i <3 BB R L 2§ # (willing to pay,
WTP) B > 91306 & i o

MERFFHN BRI RN AL an Y g A FniF L R
Lo i A) o Bhat (1998) # 41 B AT Y Sficeh R P A R kp ot THE R
(preference heterogeneity) ; & " w iz & % (response heterogeneity) | o =+ % £ 2. 845 >

A3 VEPIEWADRERR LI PR D BEFR T BHAAGE P HE L EHE T
BERLFIVTERAODRE v R TR BPUKEL Rk ERZ2HLE - - &a

PRI e BT 2 B AL S R D R RS L FE R

%%ﬁ;ﬁﬂm@ﬂgﬁaﬁﬁwv*%ﬂ*Wﬁkﬁ%&% L aApE ie®

(interacting) » & 4| * %% 4 ¥ 7 3% [ (market segmentation scheme) AJ2 o & st
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R AR F AR R TR G RBMTDLE) T E AL RABER DR T
RERF T UL RE S HN R ik

PR BEIHNGNFRELAE DS Y R 2R B S RAF TR L mEY
Fadp AR » 78S AR REARLIAR > PEEFEFER 5 Ra oy
TEENS A T R 2k BRI NA kB 3 T LR s

Brenft h oo 4 i FATES & A M BT e 4 -

\ﬂb
tw

E:
=Ty

2

BEREARBEREFORERF YN EARBRFLAEYE S T2 Rk
A dIRATE B kAt Sfic? o AT B RJEHEYS (RBDIE AR S R R andic
HERIT A E b2 o gtk S R AN IT S T Gumbel A e o R £ SRR it R
APe s BEREIRR R AR TR AR ET R AT p e BT -
MERTRFENANFERANEERORSY DARERE R EFREN
FF UL LEEE AP AL EROERGTL -

¢
)
(w

FFRPFUN R E BT HLESP P s AR nEE S R i a8 (8)
P2 Li(B)E A R E RGN E RSO d LT Akt &lic? 7 R R85 Vii( B)
ER W I L] o b V(B)E G Mt Ar 2 Bk (405t 5) 0 @ S EGB S H S R
AP S P A 2 BEEE R PR S M R e T R SR R S BRI B)
s fe (dr¥s g A fe s ﬁ:’ﬁé}pa CCAAREHIEEEANE) 0L AT I BA S
B f(B)nToE ~ LN s > Ryt AfiFta iy £8 o

e(umrm) e(Vi/pm)

P=P xP, = x (8)

i m i/m M (Vi ! )
() i/t
DI zjeNme

:|anENm e(Vi/#m) (9)

d S E el kg o B R BT T IO Bl - R A S SERHS
B & e (mixed distribution) o & )V FM 0 ZWF VN IR I AR T EFEE R T

Lai( B) (Ffh A % 2 BB F %A &Kﬁ)‘wvﬂﬁﬁﬁﬁﬁmﬁ%ﬁ’ﬂ&ﬁ%Wﬂ
L ReE RS o L ERR A RE HHCS ¢ NER B 2R piEW@a’%

f(B)=1> RIFMEN AP P32 s AREFN -7 FRTN(B)5 @A
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FCA A e 0 T R A A el B AR M T

Q) &
MERTHHNOPFANE G AHPHORFE - I ERA REERPS
MR A SR o B R (simulation) B2k R fE o

Fofpeni ey oA F MK L BEIRIP B foo XN o SRR - B
Br(r=147 % - =cdb A ehB)e B S # Br % » s S 358 F /5 Lni(Br)o &l o
FEE AT A BB RS I B BT ST PR o 2 - FORIE S Po s 3
FHI PN h7 R P NI AR S R AR L R S

B SR 2 ey @A T 2T x L5 F# + Bf A (Monte Carlo
integration) - iF 2 & iF 3 B fiE N P & Wi ho~ i iz (maximum simulated
likelihood estimator, MSLE) » i %12 & B & #0530 endtficprin o e e 2 Bosp 340 5 s
¥ #HcpE i S #ie (simulated log-likelihood-function, SLL) » F © & < #2075 3402 @ H & =
Lo T R R Rl e

- @ 5o G R e Sl T e 38 < (stability) 2% > Bhat (1998) =3k d
E=IAL T 5 ) (pseudo-random sequence) ® # * 1000 =X =€ 4F 34 B~ (repetitions) o 7%
Moo F A R TRV ARAR SR LR R AR § S0 sS4 B Ao 05N e £z o Hensher
(2001) =3¢ 2550 ~ 100 ~ 250 ~ 500 » 1000 = e B~ =k Hre ik B 3 40 12 F R30S lieeh
BT Y E IS Pt BoAgiE 250 S pF i dicd ¢ & IR4E =PIk % o Papageorgiou and
Traub (1996) 4p i ik A g7 A 2 D B¢ 5 H R (clustering) R % » & T % L

BB EEY L RERS T R AR PSR 2 S
B TSRS S hm Rl 0§ EDY S B E IR B - B T oo ik
7| ¢ 5 Halton #c7) > %877 £ 5 FERE R & o 970 T B b a8 P i
i i i EEA 4T3 > E D B R anitiE sk o Train (1999) £ Bhat (2001) 4 3.d Halton
B P 3B~ 100 g £ B R R B 30 BIEEE] P 36 B~ 1000 gL g R Heo
R Halton #ior| s i g B L & TR -
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AL AELBPFERET TR REN > 2L H)AEERATLEERFL 2P
@,iaﬁﬂzgﬁﬁﬁsﬁmiaﬁﬂorﬂ’ﬁ9ﬁ+ﬁﬁﬁﬁ4ﬁﬂk$ﬁ%ﬁ
W R ER > BRI ERATABEL FBOER TR A
ﬁﬁﬁﬁﬁﬁ%ﬁﬁ*ﬂ&?w%’%&ﬁﬁwﬁﬁﬁﬁ4ﬁw%#%’£%z§?i
R A2 ERAGHT P BHBYRERL S ApFaF R AP HEY LR (customized)

?%W%éﬁﬁ#m%o$1$%&%W%a#\ﬁ#m%*ﬁﬁkﬁ%%&—im&
15 % BT o

41 KEEPFPE

KT T A A AR SRRSO R R AR A B GBI ¥ -
%rﬁﬁﬁﬁdxﬁ:%%ér@&%ﬁﬁﬁﬁﬁJ\“gﬁ%ér%ﬁ%ﬁﬁﬁ*%ﬁ
BEL B 5ens Tl g o Ms8 2 pRaris 28 | £41* 2 54 (Liker) 5
BB R AEE TR ERASRE R Bd T R BTN mARAEL T2
F2RA %7 12 TREBBHREL > RERGFL PIELE T BHEY R
& i W’ﬂ”ﬁﬁﬁﬁ“*~&¥ﬂmﬁ&ﬂ LR ERE 17 B e A
PR A A B ERA GIRA B A AR E L R RERF
Sed AR KB ERFERS > P LIRSSV B

kB ERIA FF A itdg— o
1. ==t

BEPL)AIERAGRGEOREFELRFHEOE O RE| AT ERA RS
FROL R HEL S AL FEH D ?opﬁufﬁﬁﬁi%ﬁiﬁﬁéﬁiﬁ
BB OBHEF R P FRBE SR DACE BT AP FA RIS LR
WM F R FATAL A ERATERFRFHDLLERTF LRS- A
CREPER CFTEFRIKEER irm&(w%:%éiﬁﬂéﬂw%‘%ﬁ
FHTREIEE) QHIERL (P FHAX TR FEBE - FRGED
F)sFREERL (M4 f&‘@@*\@&m?¢~iﬂ£&%?éﬁa§§y¢
PHRE (M4r: B kTR EEFE) T EAPBRE (bl BFx g 52

PRERE L E R i R E) e
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2. FEIRIFHRAIE

PR AR TR R AT R BER Ol 2 S ES v
Pl & AE g PRI 5 T 0% RIEY L AFT P E et —@Wﬁw?&ﬁﬁﬁl
pe Rl AR ERAEE FRPAD BERGEBNE RS % > 4 WA - BRI
FERBREFRLARITER - FEINLI e 3 i pFe 7 R REDL REFHRFE
FEERIERAED Ok BRI T RE I L FEFTAREFE S VEENEEL
B E A o TR REE C EEF M R WO g B ad p e
SR AT RS I 204 (Liker) 5 B R B AR T D KR A i)
AR FHWIRIEETALER -

3. BB AL FERF

F) % A R TR S N R AR T¢~@¥ﬂ”*%iﬁr1'%ﬁm

LR BE R HEARE L BEFROAE AT IERA AT RO T LT §
ﬁﬁ%iﬁfﬁﬁw\ﬁ ER M AEEE L ’%’{é’a‘&%@ﬁ@ﬁxw-’ %5 Pl fa %
PGt R EA S UPLERR T ERAGHT R BB REL S AT TR
FERTE oL MPE - pof T IERALGY F 2B R
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TR 75 4TEA LY L RER S Bk A > 7 F
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_ERMRR SRR EAUIRM . DR - FERERS R - AcigE EE TR
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(6" ~FEF ~A7T9 ~ 59 s ER S S @ ga) HRIIBITOI N (5
WA~ 3w g R R A AR R &k
FI* B R AREZANELAEHREL T L - BRF LW H R LS
KO8 #9710 11 o i T35E 5 30 ~ ¥ Tio- FE 10 22 (S

0 2009) o Aflit M ihdF R BB K 0 W R B S KL M T
B34 23028 A 2 BOREEL S cWE Y ME R RSE S OB
Frbrg - vk 40 A Ao ApREEE 2N dek 42 91T o

2Rk

R R &

41 - LR LRSS R R A

= g o= PN ER A
. :fi;ﬂ& éjﬁ;‘a 2 g (2 2)*80 2 /| pF
2 4 ek B im
(4 4b) x2) ﬁ(/;ig) ](;fg)
oAt ] 20 32 24 25
oAb -ET A 35 66 49 50
pA-Le 60 164 123 125
o -E & 85 245 183 185
cAt-5a 105 305 228 230
P | 120 337 252 255
FeF-AT 7 15 34 25 25
FeF]- 5S¢ 40 132 99 100
FeE-E & 65 213 159 160
FeEl-5 s 85 273 204 205
FeE-= ¥ 100 305 228 230
Fro-Lov 20 98 73 75
Frr-k 50 179 134 135
Fro-he 70 239 179. 180
Fro-i 80 271 203 205
cP-ER 25 81 60 60
cP-gE 45 141 105 105
SASEE | 60 173 129 130
E&-08 20 60 45 45
EE-2 ¥ 35 92 69 70
cE-xF 15 32 24 25
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A
%E v 13.33 -3 -1.00 -2 -0.67 -2 -0.38 | +17 | +5.67 -4 -1.33 -6 -2.00
B4

% 5 11.67 -4 -1.33 -6 -2.00 -3 -0.56 -2 -067 | 423 | +7.67 | -4 -1.33
[k # 20.30 -2 -0.67 -3 -1.00 -2 -0.38 -3 -1.00 -3 -1.00 | +33 | +11.00
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