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A Mode Choice Model with Market Segmentation of Beneficiary
Group of New Transit Facility

ABSTRACT

The introduction of a new transit facility affects mode share of travel alternatives. The multinomial logit model, which has been the
most commonly used for estimating mode share, has difficulty in reflecting heterogeneity of travelers’ choices, and it has a limitation
on grasping their characteristics of mode choice. The limitation may lead to over- or under-estimation of the new transit facility and
bring about significant social costs. This paper aims to find a methodology to overcome the problem of preference homogeneity. It also
applies market segmentation structure of separating the whole population into direct and indirect beneficiary to consider their
preference heterogeneity. A mode choice model is estimated on data from Jeju Province and statistically tested. The results show that
mode transfer rate of direct beneficiaries that inhabit in downtown areas increases as the new transit facility provides more advanced
services with higher costs. The results and the model suggested in this study can contribute to improving the accuracy of demand
forecasting of new transit facilities by reflecting heterogeneity of mode-transfer patterns.

Keywords : Mode choice model, Market segmentation, New transit facility, Direct & indirect beneficiary, Preference heterogeneity
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Table 1. Scenarios of new transit facility (NTF)

Full factorial design

[Variable 1]
Travel time of NTF

[Variable 2]
Travel cost of NTF

Changing level 1 | 85% of bus travel time| 130% of bus travel cost

Changing level 2 | 75% of bus travel time| 150% of bus travel cost

Scenario 1 | ® 85% of bus travel time + 130% of bus travel cost
Scenario 2 | ® 85% of bus travel time + 150% of bus travel cost
Scenario 3 | ® 75% of bus travel time + 130% of bus travel cost
Scenario4 | ® 75% of bus travel time+ 150% of bus travel cost
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Table 2. Descriptive statistics for input data

Gk Sealape] AAEEE Tefdh ek

A Aldal] =L, AuR]L
ELEa) %)/ A (fractional

Gender
Male 901 (55.0%)
Female 737 (45.0%)
Age
Under 30 646 (39.4%)
30~50 691 (42.2%)
Over 50 301 (18.4%)
Number of car ownership
0 122 (7.4%)
Individual ! 754 (46.0%)
information 2 612 (37.4%)
3 and over 150 (9.2%)
Tob Income level
(ten thousand won)
Student | 420 (25.6%) | 100 under |436 (26.6%)
Employee |399 (24.4%)| 100-200 |451 (27.5%)
Official 46 (2.8%) 200-300 | 382(23.3%)
emiel:)f}_/e d 396 (24.2%) | 300-500 | 177 (10.8%)
Housewife | 116 (7.1%) | 500 over 68 (4.2%)
etc. 257 (15.7%) |Not specified| 124 (7.6%)
Travel time (min)
Mode Mean Standard deviation
Car 14 6
Taxi 17 6
Bus 26 11
New transit 21 9
Travel cost (won)
Preference Mode Mean Standard deviation
information Car 2,535 738
of travel Taxi 5,230 1,888
mode Bus 1,428 305
New transit 1,873 346
Choice probability
Car 58.91%
Taxi 4.95%
Bus 22.16%
New transit 13.98%
Urban residence 811 (50.2%)
Residence Under the S0min | ) ¢ 37 65)
information Sub.-urban to urban area
residence ot\;e:l ;gzj;)r rer;m 211 (129%)

670 Journal of the Korean Society of Civil Engineers

ny

factorial design) 9] tigke] 47} A 7HAER] @) wet
A Gtelrs 7] 75 AU £ FhEe] 7 S3iFe]
2k 7HY sl 7i1R 8719 71 Aue|ert flefH o S
HE2ALS A 83l0] SPRALES 2AJE1)(Jang et al., 2012; Waerden
et al., 2011).
ARZAR= 2011 395E §F g2t AFwe] AFskaL Qe
01,0008 opgo 2 ANEIn: =3 AFE SRR
= 52, AFAY B T8 107 Aol e
= AN, AR AEre] K A 249 e
o ANNEAATZANPE, A7, /PRy, 2, 55
& ), AYEFARANEA B¢ E3hof] 3k RP data
2 Teln ALl RSN TR 4 Qe AR
BRAFA ¥ w0 o] FYIT FAARE FAFE Bt
ZAREIGIk T vlolers ARaste] AR Tefsie] 134
Q1 waw e ST EF AESTAE 54 Pel
= A A28 SI8) AR ASEA SAAE
s 0]4%}04 A BT A W8 fARPA AT
27 FEY A FPsIIE A3t F 6,552719] ek
A5 Aert el BRTFE) o gtk dolse] A
E A& Table 29} 2tk

welol) ALg e Thaesl

RS o]gsin, st ‘-%3— @754 A 83} k52 F89
oz T
Uin: I/zn_l—gzn (])
U, : 780 n& 9I3F tijtio] & &8
V., : 718 n& I3k viok io] A2 F&
Sin 7H?_]. 1’1*% ‘ﬂisl— EH?} 19’] Q‘%‘Zﬁ] §_—g—

Fr

24 Ege ol vioke] SEls) ofd Thoke Helst
THele] ARSI gl T, 2 ATl Tk S
& Ve SR SIS Tela geISRSE WS
o] BEUSE TEIh Wep oiclie] F B8E 4
o) A,

oL

Hoo

U=a,+8 « TT,+3 « TC +¢, (@)

a, Uik o) tieKEMAks
g 20daE ke mg

Parameter)



YEg - Hobs - FA - W

7T, : Uit ie] & ERAR
7C, : Tt ie] % EaAmle

RS = tijke] 77t IR o J-170 =2 2d7dsoksb
(Ben-Akiva and Lerman, 1985) €d¥4= ko] 12+ 8%)= diet
7t 5L g3fEs 2= UbHS(generic variable)o} 2H5-8%1
= ¢S A < (mode specific variable) 2 1 4=
S AP B BRTe] JEFES vlashes Flo]
Qre] S/dHlE 7re] Aol FUS FHE
Fk wEbr] o] 7kt St 4o sl BARE 3EkE
', Sang gFgEe 7 Aed 39 284 589
QEEe] Aol(e;— ¢,)7F 1ID Gumbel (Weibull) 235
Tl 7PgstSts W 7] no] tijhis HeisA e e

;

)
tilo
AL

L N X2 o2
Fens
L
o
(g
utl
=
¢
r
%

& oo o F
E% i o
KN
)

kv

P,(i)=Prob(U;, > U, , VJEC,)

7

Viu

= ©)

9]

"M\l
¢
-~

<
I
—_

1k

P, (i) : 701 no] digk is AMEg &
C, 708l no] e & Qle uijkee] [yt

o] 7y Al 3 T o R o ide R o) AR
F$-FAH(maximum likelihood method)S AMg3FG 0w, EA)
7|7)A] Limdep 8.0 NLOGIT 3 Z213]& 0|83t} 449
2320 APEE sk AL et 2ok 94, 3=
Al 7kl F37t AEAR1 A2 Fe=AE whast H Al
e rEAIREEE pvalue) 0 2 7 WiRe] AeE EEIITE

theo 2 o% w3 A Adlw(goodness of fit)E TTHsl7|
93} p?(rho-squared: likelihood ratio index)E o]-8-3}=], g
T} SIEFE ARt SV RS ARPISE HE
A ?(rho bar-squared: adjusted likelihood ratio index)E
Aol HESIITE AUA AP S A P gko] 02
~04x101Yd - FARCE FEFQ] BEo g ekl 4 9tk

wREe 2, 389 AlF ghs o83ty FaRke] ARIAIE
2hEShe 24 4 E BEo] dA kS whedsl=A]] tiste]
AESATE B4 ARV 49 2835 S R
FmE0 = 27t AvpRgl i, 7 SRR B Fhee]
Al gHe HEE EEEnt 99 B3] ARV St
ATolA AABIAL = FARe] ARPEA] gkt vaste] g
2 o] ofFE s Ak

aU/eTT G

Vo= "tlare ~ &

e )

VOT : S322] AZ71x|(value of time)

B S3AREe] BSx(parameter)
- LIRS R
c s

B o) b Fas BAe Awssue] 34 BAAE
F49) 1§0] ofd o] WA 1FO2 AFsL, 2 S
W A A AAREE SR Aoltk Wb o] e
B S TS FPAE TRGOM, 1 Tk Fig
15} ek

13440 2 AEAEe] AR 917 P8 olgsiel 24 A
Aot vl AFAE BRI B AREAE AFE A
F FAARAE 52 % AHAREY $2E o
wAS 27psE o) e MBS EARIIEh Tep o]
A%e TF AGG BAAY, T 9] A4S PriAdo e
Ak AL B A wAlme] o]z
W AEe] el Qe Ao w Wkelel, 24 ARSI Alst
ek o] o] olAAtE AT 4 P W mAo =] S
3 A0 2] BYSHE1F)50) welsiglck vpite] 48
A7} Aok =4 2h) Aeke es Qxjsha g4 ek,
7F7e] e T ARE FESH= Ao] 44 Ay e
S4l029) o] AAE YA TR WFE g Atk
W oA7z)e] thehis w4lo 2e] BN U FAS
B ejshlrk

HEHo 2 FARHNN) o8 /s Teiske] YA
2 27} As} 7R Asin: S, 2 AT A
AR e AR 4RE Bl gk 2 AE)

ol

r e

Full population
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Urban residence

(Market segment 1)

Travel time to urban

Short distance traveler
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(Market segment 2-1)

—_—
Long distance traveler
(over 30 min)
(Market segment 2-2)

Fig. 1. Design of market segmentation
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Table 3. Logit estimates of travelers' mode choice (whole traveler)

Model : Total Population

Number of observations 1,638
Adjusted * (/) 0.2374
Log Likelihood Fn (Z(3)) -1729.828

Variables | Coefficient | Std. err. t-value p-valueD)
Qoup 1.1784 0.1022 11.525 .0000 **
Uy yr -0.4071 0.0111 -2.166 .0303 **
Aprs 0.6520 0.0963 6.771 .0000 **
Beosr -0.00028 0.00005 -5.418 .0000 **
Briup -0.06380 0.01118 -5.707 .0000 **

§ Value of time (VOT) = 13,558 won / hour
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Table 4. Logit estimates of travelers' mode choice (urban traveler)
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Table 6. Logit estimates of travelers' mode choice (suburban
traveler - short distance)

Model : Urban (Segment : 1)

Model : Sub-urban_Short (Segment : 2-1)

Number of observations 811 Number of observations 616
Adjusted p* ) 0.2636 Adjusted p* () 0.2552
Log Likelihood Fn (Z(3)) -826.170 Log Likelihood Fn (Z(3)) -636.827

Variables | Coefficient | Std. err. t-value p-value Variables | Coefficient | Std. err. t-value p-value

Qogr 1.1507 0.1471 7.823 .0000 ** Qogp 1.0665 0.1704 6.259 .0000 **

gy -0.2141 0.2807 -0.763 4454 Qrgxr -0.5531 0.2978 -1.857 .0633 *

Appg 0.7757 0.1402 5.5531 .0000 ** Qpps -0.0114 0.1641 -0.069 9446

Beosr -0.00042 0.00008 -5.158 .0000 ** Beosr -0.00023 0.00008 -2.903 .0037 **

Brive -0.09881 0.0167 -5.894 .0000 ** Brie -0.05048 0.0192 -2.622 .0087 **

§ Value of time (VOT) = 14,036 won / hour

§ Value of time (VOT) = 12,893 won / hour

Table 5. Logit estimates of travelers' mode choice (sub-urban
traveler)

Table 7. Logit estimates of travelers' mode choice (suburban
traveler - long distance)

Model : Sub-urban (Segment : 2)

Model : Sub-urban_Long (Segment : 2-2)

Number of observations 827 Number of observations 211
Adjusted p?* (/) 0.2156 Adjusted 7 (/) 0.2568
Log Likelihood Fn (Z(3)) -897.438 Log Likelihood Fn (Z(3)) -215.654

Variables | Coefficient Std. err. t-value p-value Variables | Coefficient | Std. err. t-value p-value

Qoun 1.2378 0.1443 8.577 .0000 ** QouR 2.0280 0.3550 5.711 .0000 **

Qraxr -0.4919 0.2564 -1.918 .0551 * Qpgxr 0.3232 0.5441 0.594 5526

Aprg 0.5557 0.1334 4.164 .0000 ** Apus 2.0564 0.3256 6.316 .0000 **

Beosr -0.00019 0.00006 -2.812 .0049 ** Beosr -0.00019 0.00014 -1.316 .1881

Brie -0.03648 0.0153 -2.384 0171 ** Briue -0.01104 0.0284 -0.387 .6989

§ Value of time (VOT) = 11,257 won / hour

§ Value of time (VOT) = 3,457 won / hour
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Table 8. Test of market segmentation (Test for taste variations)

Test for Taste Variations

Null hypothesis

. irect beneficiary _ pinderect beneficiary _ gtotal
H Hdzlf'z’f Yy — [3 ] y — ﬂf
0 -

Log Likelihood Function

Total Population) -1729.828

Segment 1 : direct beneficiary -826.170

Segment 2 : indirect beneficiary -897.438
—2[L,(3 E L,

g=1 '
Test Result
Test Statistic 12.440 (Reject)
Degree of Freedom 5
Xo.05 11.071

Table 9. Asymptotic #test (urban v.s. sub-urban)
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Table 10. Asymptotic #test (sub-urban short distance vs. sub-
urban long distance)

Asymptotic r-test

Asymptotic #-test

Null hypothesis

Null hypothesis

% ﬂd_}g’cl beneficiary /gt,]l’b(tjllr‘b(‘// beneficiary = ﬂ&hurt distance _ ﬂg_a(r;_q distance
H - ﬂd;i;rt beneficiary _ H']rz](i‘ire(:t beneficiary ﬂ&mrf distance _ éo;g distance
Travel cost Travel time Travel cost Travel time
Coefficient | Std. err. | Coefficient | Std. err. Coefficient | Std. err. | Coefficient | Std. err.
S t 1 S t 1
cemen -0.00042 | 0.00008 | -0.09881 | 0.0167 N -0.00023 | 0.00008 | -0.05048 | 0.0192
: direct : direct
S t 2 S t2
camen -0.00019 | 0.00006 | -0.03648 | 0.0153 camen 0.00019 | 000014 | -0.01104 | 0.0284
: indirect : indirect
B0 5=
(var (8}) +var (87))"? (var (8}) +var (8))"/?
Test Result Test Result

Test Statistic (travel cost) -2.1203 > 1.96 (Reject)

Test Statistic (travel cost) 0.2645 < 1.96 (Accept)

Test Statistic (travel time) -2.7458 > 1.96 (Reject)

Test Statistic (travel time) 1.1490 < 1.96 (Accept)

674 Journal of the Korean Society of Civil Engineers



2eg -

zlo}= -

43 S8 DHO| M| Y ALt BEE £5
v FEAow A% AEsh Wkl tig SAel E‘JSM]-E
% 714 Alo] ARk SR IR Ed AR
o] Sl S el Aolslol v, 5
2 7} 550 AHgE mte] BUSH o] ue] mazte]
a7 SFTRs olek meb B Aot e

Tl golaHA] Heet 4= Yus T RES A3e Euds

e T A T o= O HLT-o°=
AJslazl spH, 23k iRt S FARE 2 S3HE-
o) A ANE S QS frEskia gk BEwEe) /)R

BReke A SRR sk, AT AR AFS)
= TS FElete] ¥ A8 ¢ I=E e
(interaction term)© & B2l = WS =Y5k] SPARE 2 53
Hl-g-o] WE2E-S T3 5= A STk
Kim et. al.(2006)¢] F7-oxl= Alag4et Aol F5s
Hkeg3lr] $13 ODE i) =011 ] B9 i) =A1211 o) - <)%
%33 i) =77 BAEY 0 R BRde] 8.8 sk WEE
AL ek B AFelMe Alusrete] 2B Frate]
?‘]ﬁaﬂ@‘ﬂ B e ] S18 29129 OD(ZFE7[RFE 30 =
7 e TR S el FEEEe A8 e Aljls)

ATt
U=a,+( Tol_i_ﬁ[vb . DUY .« TC )
+(p2 Tat + ﬂUrb DU o 7T
T AR B Sl o wa
T A A YA ek ms
Table 11. Logit estimates of integrated model
Final Combined Model
Number of observations 1,638
Adjusted * (/) 0.2394
Log Likelihood Fn (Z(3)) -1742.680
Variables | Coefficient Std. err. T-Value P-Value
Qoup 1.1884 0.1025 11.586 .0000 **
Qg vy -0.3617 0.1887 -1.917 .0553 *
Aprs 0.659 .0965 6.832 .0000 **
Tot p | -0.00022 | 0.00005 -3.858 .0001 **
ot o -0.0487 0.0119 -4.066 .0000 **
BYL e -0.00016 0.00007 -2.260 0.0238 **
AL -0.0366 0.0116 -3.145 0017 **

P - 5t
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Table 12. Descriptive statistics for RP data

Mode Travel cost (won) Travel time (min)
Mean 4,338.9 19.5
Auto
Std. dev. 3,159.5 13.8
Mean 8,313.7 22.7
Taxi
Std. dev. 8,088.7 14.6
Mean 1,337.6 48.5
Bus
Std. dev. 955.0 26.1
Changing level 130% of bus travel cost
1 85% of bus travel time
Changing level 150% of bus travel cost
Ne“.’ 2 75% of bus travel time
transit
facility Changing level 140% of bus travel cost
3 75% of bus travel time
Changing level 160% of bus travel cost
4 60% of bus travel time
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Fig. 2. Choice probability for new transit facility depending on
analysis scenario

Table 13. Choice probability comparison on analysis scenario

Changing level 1 = 4 | Difference
P (Auto) 61.08% 57.03% -4.05%
Total P (Bus) 1937% | 17.76% | -1.61%
population
P (New transit) | 12.67% 18.73% +6.71%
P (Auto) 67.26% 60.55% -6.06%
Direct
. P (Bus) 15.24% 12.59% -2.65%
beneficiary
P (New transit) | 11.73% 21.61% +9.88%
F&/do] WAstaL, o] “mﬁi 2 FAbEelA Alalsrde]
A e o2 ddgs ARt ojHgt Y HE
Ho g A= 7 g ARPERY] Xol(HA] T84} 1 12,925

QAR ) AR 5812 1 13,177 )elM = Rk e 315
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