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Effects of Unobserved Heterogeneity and State Dependency on
Mode Choice of Private Autos
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Abstract

Whether we use our own vehicle or use public transportation or walking when we choose an individual modes
of transportation is influenced by a variety of factors. In this study, we analyze the effects of the initial condition
of transportation on the selection of individuals after the passage of time. Panel data are used to develop and estimate
models that can take into account dynamic changes to reflect these state dependencies. In this study, the factors
affecting the choice of the individual’s modes of transportation are considered human factors such as gender, age,
and income level and reflect the random effect on the assumption that there are unobserved heterogeneity such
as individual tendency or habits. In order to solve the problem of the initial condition in which the initial condition
without previous information is misinterpreted as the unobserved heterogeneity, we use the dynamic random effect
probit model using the Heckman estimator. The results of this study suggest that there is a significant state dependence,
which means that the initial condition of transport will not change over time. It is suggested that the early formation
of transportation is important for the transportation policy, and the development of the policy that is compatible

with the initial formation is necessary.

Keywords: State Dependence, Dynamic Probit, Panel Data, Heterogenous, Heckman Estimator

I A4 Bohe 2 AR AR R RERAIE o5t
T olsd AE A= 7 AEe] ZA0]

WA 249 Yol TS olg A o Aol Hopd a2 Al e ool oft Al

7] 1Rt A7t ol olfojA L S, AgrEF o] FoiE & }lth

goll wet A Re- AR Bt 2 S5t i1} oFs AE Al Thefet 8450l ofkt <

A B 2ol 2 S vRe Az dAH 2l AREAO] offolx|Et, 53] olFe] At Bl

. olere A9 A tSE il A1 A o] S A1 203 ARE-H1Ea9 5ol gl FZe]

# QAW TATY ATYANAAD | Research Fellow, Korea Transport Institute(KOTI) | Primary Author | cskim(@koti.re.kr

2]
wk SIIFSH | S A H A1 A1y | Researcher, Idea Commercialization Center, Korea Institute of Science Technology Information(KISTT)
| gngee(@kisti.re.kr

sox ZEOSH YHEAS} W4 WAIAZD | Prof,, Dept. of Information and Statistics, Chungbuk National Univ. | theo@cbnu.ac.kr

JHQ1el xP7HE 0130 FEE Dixl= Ol#Z oI 4nt JeielEdol et a7 47



AHele] ks AEe wefto 2 o) 5t *d%%ﬂ
T RS T5ske] Aokt 7Hou RS

1] Skya wslo] it A AR Lo
A T &S0 IS ol dAd B ©
S 2117, A 9] o] ofet AIA] gt o=
%7 9190 AREIsick SRt Bofol 231
s Ae] HY Aol ot AdHiolE e AAE
S48 B9S 59 Aol AZEglen] F2
AJAE wAUSS T Ao Aol 2 L
= SR8 Scarring Theory)©ll TRt ASAH o= &
915] 3=t Heckman 1981b, Narendranathan and

Elias 1993; Flaig, Georg and Viktor 1993; Muhleisen
and Zimmermann 1994; Arulampalam, Booth, and Taylor
2000).
ole} Zo| Hefet A= Sl 7] vl

= oIS FARE AJHlelA T2 @Ajel A= A
olofe 32 AV EARIHE Aol SEEA
ot Jefu Risd o s 4 Hidata 249 A
ol Al AEIT @l 57] dol oS ol g4
o8 ogld 4 gtk ©

Condition Problem)E- 34 0}7 | S5l vz o]dAlS

48 ZEXT X997 (2018, 12)

AL = e 9ol Basith ol#et 27

Astr] f1al vhefRt F7gHHiEo] Al
AlElont £ HiRo] He-91E 7HE & vkl
HHE T Heckman 1981a; Orme 2001; Wooldridge

rUlrl

2005; Panos 2008).
LF FoR AT Aelo] of5igt Alo] e
CEUNRIES o—oﬂ e} Mo] Hckd 51 2

_—
*JEH-OJ—EJQ %%‘% Sofl A" A2 S

At QRlo= s 4 Sl
A WAz, wEQlnet fE2 ol FARI wEH|

(e}

>
nt)
Y
)
2
of
ool
ilo
=)
o
=
(2]
=}
k2
N
I
=}
a.
]
5

1985). Th9] Aollx= TRIE A E (Multinomial

Logit Model)oll Al&llolAd 7S A-85to] A5t

AL Qlek ofERt dAFEolME wERlEEe]

(Levely& I CEH o FARE 2|9} axb7ix] = 7]

Ql9] ozt Adeho] This] ‘?’i*é(Elastlaty)— 7}1]
1

2] WEQ
%@%éﬂ%ﬁﬂ%# “’5—3-_ %** et 2 E=wellA
A ol mhe 1zt s wid
- HO|(Bias) ?:fﬂ~ Uepd = 9lonz L
oF7F wEQlEe}t S tiHskeS St
a9l %Tﬂ {21t 2 91212 e
ok £5] 752 f1R19F 7119 olFrd AdEe] At
TAIE A5t] floll A7 148 Self-selection) ] EA4

2§58 4 Ark o e BE ATAE of54
o 418 7]0] -S4 9le] ek Tk Voich

1991; Niemeier and Mannering 1994; Cervero 2002,
Krizek 2000, 2003; Chatman 2003).



olgol] e FakS mlAl= Al HiA &
9 ALS] QIHEAISHA aglod sl
7}14 W 2718 dge] ofzt Al2A 81l
deie]] GRS mxl=rte] gt 2 7}
734 °E—TL7§?% T 2tk Goodwin 1977; Horowitz
1991; Garling and Axhausen 2003; Fujii and Kitamura
ol Bl ¥ olF
l l—t— {12 gt E’rE A=A
30101] H] 5l ﬂ m‘lo}ﬁ}
obA 2 =ReAE 1
9] HX] ael, *‘ﬂ 9 A ¢
< sk =4 3} E}.

2003). 0131 2t 7

III. AR E X2t SAEHH

1. AIEE XI=2

rh

oA AH8E e AAE 2lFste] FEst
Ao, A71H o2 = f7F §4s
ot S ESR= 7P 20109 ©l% 54
Q27 bS5 ol M= o= AFH L} o] 8o ¥
HUE s wEtids ntelstr] ffsl 2012
| AEZAE 4=3Y5FIT). Statistics Portal2] T
1 7P EolA OPECO] HiET 7H4 o] 20094
20124 Aolefl Z¥zZt 60.86, 77.38, 107.46 1&]il
3] e 2P} thAh FESIILE ¢
olgigt Z71AIZE BEdE]o] 20121 =
F27F AL, ofdA] o
o] HAPR XHOM QAEIC WEFZolA {7t
Aol FegufElof ¥
Skl S84 tiE
gkl =g sy EP7l7k’ﬂ ELs &

Fl

rl

|0

—_

[¢]

t

o

10945222 54

o tf 2& o2k

7 &R0 o
s} ot 91 AR ol

B =Bl AREE A= 201087 H 201287k
2] 3o AA FLEFOZ FLAA HAITH 3]
2] ABEZAKRetrospective Survey) ZIHE S ofid
(Pane)FENZA] 7 Wi o] AJHHSLE A7t H9l=
Sh= $4 dlolE(Longitudinal Data)©]t}. 3139 AJ7H
2 Adol| ZA53ko] gl 3-HHE 7(Balanced) T'E
Amolng, A o= 4 D910 (-2, eI (-1, o)
= FLRIIA ZARE Zo|BR (-1, 0F FHSIHCE
Ao o3t AREds He=s FYsislor
8 Wl Higt 7]& 74]5— 72 Aesieict. A
| -8R 2,500 0lA o83t wE Ht 2%
o] AL7IE, WS, AJIEA, 7HEA S £
Aottt mirato 2 wiE- R AL Sl tigh

VPR o] A= BEAR A

o O

N
-
i

riE

o
T

k

%
!,
o
e
8,
ool
o
T
T
N
£
el
2
re
1o
N
-
%o
fir o
o
o
o

w
o

o
b5

1}
ﬁ
1o

g
oL
of

2
)
[e]
9,
e
K
° I
>
>
)
<
E=
ru
rE
il
S\
o, r
2
o Mo
%

%Zi?l(Dynalmc} TAE mle
(Variability)= A2

o 884

_olT
Rl
in

O

:l:‘;

TN

4>

¥

rr

i)

i

a
 rlo
o K

ofo  of
O ox

_I
&

2

F
ne
o
+
2
T

o] %
T T oo=

2o
oolI
re, _1
i
offt
ol
=
ro
1o
0,
Of
),
L
2o}
i
=

A1 A ARG ojRs ARSI o7 A1 7
8 A A AR, P, A S AT o A
o ThE o, 717 o, 22} off, A5, A%

SR, 2EIRE B olA] ofRES Heusw s

BYE SYsle] 1 JYRE HUskA Pk 24



Table 1_ Variable Name and Definition of Used Variables

Factor Variable Value Definition
Depend
pén ene - y(©) 0,1 If(Passenger car is used) 1, Otherwise O
Variable
Psychological Factor y(t-1) 0,1 In the previous year, If(Passenger car is used) 1, Otherwise O
Gender 0,1 IfiGender=male) 0, Otherwise 1
IfiAge < 20) 1,
Human Factor 1, 2 3 Hhge = 305 2,
Age ’4 ,5 ’ If(Age = 40s) 3,
’ IfiAge = 505) 4,
If(Age = 60 above) 5
If(Resi i i 1
Transpore Infra Seoul Metro 0.1 (Residence is Seoul n.letropo itan area) 1,
Otherwise 0
Vehicles 0, 1 If(Owned vehicle is 0) 0, Otherwise 1
Psychological Factor
Head of Household | 0, 1 If(Household member is head) 1, Otherwise O
Independent Work 0,1 If(Respondent is worker) 1, Ocherwise 0
Variables If(Household monthly income < 2000$) 1,
Sociological Factor If(Household monthly income >= 2000$ &
Income 1,23 . N
Household monthly income < 4000$) 2,
Otherwise 3
If(Current residence location is not changed under 5 years) 1,
L2 3 If(Current residence location is not changed during 5 through 10 years) 2,
Location Factor Residential ’ 4 ’5 > | IftCurrent residence location is not changed during 10 through 15 years) 3,
’ If(Current residence location is not changed during 15 through 20 years) 4,
If(Current residence location is not changed during 20 years) 5
If(Respondent has no job) 1,
Economic Factor Work Period 1,23 If(Job period is under 5 years) 2,
If(Job period is above 5 years) 3
Sociological Factor Impact Fee 0, 1 If(Respondent knows impact fee scheme) 1, Otherwise 1
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Table 2 _Descriptive Statistics of Used Variables

Variable Detailed Variable | Frequency | Percentage
Male 1,007 53.99
Gender
Female 858 46.01
20s 332 17.80
30s 466 24.99
Age 40s 496 26.62
50s 369 19.79
60 above 202 10.83
Metro 1,100 58.98
Seoul Metro
Non Metro 765 41.02
Multi Car 609 32.65
Car Ownership
One Car 1,256 67.35
Head 866 46.43
Household
Member 999 53.57
Work 1,250 67.02
Work
Nonwork 615 32.98
2,0008 under 328 17.59
Income 2,000~4,000$ 848 45.47
4,000$ above 689 36.94
S Years under 527 28.26
5~10 396 21.23
Residential
10~20 494 26.49
20 above 448 24.02
No 529 28.36
Work Period S Years under 624 33.46
5 Years above 712 38.18
Know 1,078 57.80
Impact Fee
Don’t know 787 42.20
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Table 3 _Car Mode Transition Ratio between (t—1)

and t Year
Current ey

Previous Non User Car User

1 Non User 38.15% 10.11%

Year Car User 4.56% 47.18%

Total 42.71% 57.29%
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Table 4 _Results of Two Models

() (b)
Dynamic
Model Random Effect Randgm Effect
Probit Model Probit Model
with Heckman
Estimator
Current Car User Estimate(S.E) Estimate(S.E)
] 2.0772"" 17557
Previous Car User (0.0559) (0.1089)
Gender(Female =1) 0.0076 -0.0087
(0.0677) (0.0708)
20 0.2016 0.1940
$ (0.1185) (0.1239)
0.3014" 0.3810"
30s
(0.1133) (0.1214)
Ages 40s 0.3229" 04237
(0.1105) (0.1204)
0.1465 0.2366"
50s
(0.1118) (0.1205)
60 above Reference Reference
-0.2228"" -0.2784™"
I M =1
Seoul Metro(base ) 0.0533) (0.0589)
Multi Vehicles 0.2723 03141
(0.0574) (0.0617)
0.2108" 0.2495™
H f Househol
ead of Household 0.0729) 0.0772)
Job(based =1) 0.1299 0.1354
(0.1218) (0.1275)
Incom 0.0819" 0.1006"
rieome (0.0400) (0.0422)
Residence -0.0279 -0.0347
! (0.0244) (0.0256)
No Reference Reference
Work | s Years under -0.0605 -0.0186
Period (0.1291) (0.1359)
-0.0374 0.0117
5 Years above 0.1354) (0.1425)
-0.0798 -0.0742
Impact Fee
(0.0571) (0.0596)
. -1.5927" -1.5246™"
nscant (0.1613) (0.1689)
N <0.0001 0.0693"
(0.0390)
7.1182™
0
(2.5736)
Observation 3730 5595
Log Likelihood -1495.5481 -2594.1348
Total log Likelihood -2600.9400 -2594.1348
Model x*(14) 1674.21%%* 915.18%**
(Prob > x*) (<0.001) (<0.001)
Note: ™ is 0.1%, ™ is 1%, " is 5% significance level.
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