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Private-Car Mode Choice in Commuting and Its Hidden Impacts on the Travel Time
: Focused on the Multilevel Determinant Measures of Individual, Household, and Residential Area
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Abstract

Recent policy emphasis in the fields of urban and transport planning has been focused on reduction of vehicle miles
traveled. Therefore, many empirical studies have tried to respectively identify either how mode choice private car is cho-
sen against alternative transport ones or how much travel time by car is determined, not simultaneously both of them.
However, such an unintentionally separated approach may give a bias on the estimation of actual private car travel time.
This study is aimed at Identifying the unintentionally unrevealed impact of private car mode choice and its travel time in
commuting, focusing on the multilevel determinant measures of individual, household, and residential area in the Seoul
metropolitan region in Korea. Using the 2% sample raw data of the 2015 total population survey, the study employed the
multilevel Tobit model to estimate private car commuting time with the latent variable of its mode choice against active
modes. This is a combined model of the multilevel probit model for binomial mode choice and the multilevel linear regres-
sion model for private car commuting time. Comparing the two respective sub-models for mode choice and time of com-
muting, analysis results on the multilevel Tobit model demonstrate that there exist unintentionally but unrevealed effects in
estimating actual private car commuting time in simultaneously considering individual behavior on mode choice and travel
time. Such impacts are found in several determinant factors at all levels. The other conclusion coming from the analysis
results is that reducing the probability of choosing private car on commuting is more effective than decreasing its com-
muting time from the perspective of actual consumed time.

ZFHlof Ol=5HA| 2 £/ B, SEX}, +EHIH, SZARL CeE ESNZY

Keywords  Unintentional Hidden Impacts, Private Car, Mode Choice, Commuting Time, Multi-level Tobit Model

.M E A AL} FE gt 2914 =AM Hurban sprawl) ©-& 7H91 2 AR
3] WHol|A ] Tt EAIEAIE 5 (Salon, 2009)3H%.2H,
1, 2ol HiA o= 2141710l A %= A& A= A2k L Qlek, o] o] FAIA QL &

AR o2A 7] F o= 582 At o-of T

20M17] SHRE o] 5] Tt o] 7oA AksAt T4 aE FHIES S, 2L I vt HelE AEH A

oN R

* 0] =22 HROfAETSIR0| HRIOR SIROITIITIO| XIS Lot 48El HT2Y2018R1A2A2A05023450)
**  Associate Professor, Dept. of Urban Engineering, Chungbuk National University (hgsung@chungbuk.ac.kr)
*+ Agsociate Professor, Dept. of Architecture & Architectural Engineering, Yonsei University (Corresponding Author: sohndw@yonsei.ac.kr)

54 T=2EAE, HM55H M1E (2020)


https://crossmark.crossref.org/dialog/?doi=10.17208/jkpa.2020.02.55.1.54&domain=http://kpaj.or.kr/&uri_scheme=http:&cm_version=v1.5

=
g
1o
rlj
iy
l
2
_(?L
=1
oft
o
!
2

| o2 FHAIE SR QI

A, A 2ROz QIR AAIEEC] A5et ofof uhE H]
T B o] RHIAR #HES $71 50l ool sjEdtth. A
34 TolMe 3239 nEEA AStE A% A 9 A9
o] ofs}, s AR 7Hke] Iedt oY A] AR, 7183 X
A9 7)1z whE A&7 ket W) A, At HiE7t
20} gfojof mh 2 Q1% 4+ gl 7] o] ofs} 1 I E A
AP BE Asat S wE
AARE =AF ol et sjdtietE LsEole 3] A
S A ] St dpAjolH,

TH ot SRA Sl T2 214171 HolEoiME o
T8 WEHA Q) sproltt, o= o] AR FHE
93t oA e dd] S HA ot 44 ¢ =71
3 942 (derived demand)o|™, 317 5 2] 53] o
3] F HAof 7itste] WAYsEAL Q17] wZold. 53, 58
A A9 A=t FEEWS AF AR weEge) £,
1] o}, 7]l B ARl A S o] v, /el e
I A7 ofst 5 vt FAA Hsie ERithe Al 5
a3,

wHbA] St oby e} s QfoflA e A 9l i o) A
71t AHBRAEL TN S8 fEE e I &
HIAIZES) A =2 A8 5l A dioks vidshe 52 =Y
st gl FARCR, AR 58 2Rk S
Aehs diohd wgato s Heketes =i} 153
O] LAAREE AstEle =gl ok, Hate] A
& ol o]l Atk e e R 23S o 2%
FPollA o] 58] wEr B S Mot H 59 4 =
7RO, SR "e8AF &4
AstoA A= ofd Stofl Alz rtollA Heh B 242 Fofok sk
Hradiey

i

o

o

[

o

g2, & 5NN 582

3t
‘q] ‘)l\‘]:/_]'/\\j%y—]‘ 1 iH]A]Zl'% /\O}‘i %%}Z—] o] 7/—]\0] OI—L]E]— Ao]—i )
A L

2 AU a1 ik ol A He o] okl F

Ak ol
2] Ziito] Holop 3itt, et AThAOR A gk 71E A
So BgaolAe] LESTe] Aleat 1 A7 e 258
Qe Zi7te] my o TEst0] BAsha, ABA tokg 4TS}
L 5o H7e sl Yt 2nAoE FLERNY S84
ol§ AT 913 AHRAAS| i ol UFATES oJ=a}
A QIR BN Bl mEST A8 Bastel 753}
A) 9580 2 BA AT HO|bias) S FESAE 5 ek

2. 9170 =X

B AT BERON S8x0) B Alet o]o] A

o2 BYH H WAz A0 ExEyo] Hr} ulkag

WIS WS Bk, R B QA 2o S 238
Q15| e HFATEo] el B 7FE SEmt okt A%}
L 2 4L shefstan gleke oA i BgE 5%
of UFShA Gtk F, B AT 712 G7ENH AEHUE
BYRAEL AN1FF), 7FRE), AFACRDR AZ3
o e ENRFS Agehas A, Telw ole] BAAnS

[e]
SoAlE ol g Ly

re
re
-1
=2
>
rlr
20d
o2
re
il
ol
%
B
lo
rh
lo
M
__>,~l_,‘
o
i)
ﬂ
> TH
ox

WA, S8j0) shegt B3 ojzo] BAje} olo] ojgt A3e]
22 Eagol] gk Mot 58210 BROlRE | AlEhe B
g Bt Fo), EEe] A1) AR B A}

8} ofofl w2 E=AI of2kE 8%t (Shekarchian et al.,
2017)= A2 FAQ AFd Y Flofet, E3E algee] 9F, =7
2 2 ga B Galdre] ofsh wETIRA A Fke S
o 2 AL P EAIE Rtk A ESH FolA Y] 584
O] Mgt ofo] whE FA4 ¥R & 4 At Currey et al.,
2015).

o213t kAl TN o 584} AT BAE TLE D
off meksto] Rt A2 o= A vhaa) gk, WA Hayat
Aspdoleh= thets] S AAA - JAA ke S48t

+ 337t 9)th(Tajalli and Hajbabaie, 2017), E3} Chatterjee

Journal of Korea Planning Association Vol.55, No.1 (2020) 55



.S o
ot 252

et al.(2017) % 2]
At o 7RAZE ‘?ﬁf‘E"ﬂ HAA S v BskaL gl
Handy and Thigpen( 19)2 A& A2 E29] A} w7}
Aare= B 7HE Brelar Qlok, 19]aL 3§
S W] shond, 1T o7 hAIE RiES] 34 o
S 311 Q1S 88| 3L ITHZhu et al., 2017).

|9} Zro] 582k At FaY o) whE thefgt 7l B A
o)) 0] £710) Ei Hao] SRR gk BAEES
WA= Askr] flsted diebs] w4tk o2 S4skAuY
AR FAAREL DS YA SIt e el 3
Zsjo] & 7 w3 7419) APHolck. ofefd A oAl
9] Ty Hshs Ao ExE Z2 AU = (evel of
service)®] oA AgAte] e el Il S AITHES A 2])Zt
Aok= A1 R #Q] A5} 374 2] (Vehicle Miles Traveled,
Ak Aotk olE o1, 20089 A
37502 Ao % X]‘%W‘:’ 171] VMT A

(3

]

A 4 =

o, o]9] FAFHO R FuF e 1%‘711%& “HOJX# E%T
o] 821 81 e e S YAIBHATHBedsworth
et al., 2011 Lee and Handy, 2018). W= YA EF= vMT A
SFo B 7heE AAE UEE i 7199 SARE AST A
e AR AT, 2 9FAS AN ez AA 0
QltH(Carlson and Howard,
2010). E3}F Boarnet et al.(2017)2 VMT Ao 2 oL
W7 N A= A iﬂﬂ Aol Ko} Faste, A
gt TAoll A= 2HER]Y] Aa FA HAES Alalsk=
=02 &9 240 H% ?35}‘:}5— ZFzska ik,

9je} ol F-8ate] e} o] BAITHA )Y HAE F
AlA B B2 S VMT A4 5 5821 o g edsta

7l AL FE 0] BAZES sk 2%t 5 At
9] o5& uhii4= 2 (derived demand)ER= FoA B} #2535}

Al thFof Aok st Mokhtarian and Salomon, 2001). 53],
ToX 2B A [, B G, AL Sule] R Q14
(Ory et al., 2004), WEEF2 2 3t EHEE 2] A7H(Ye and
Titheridge, 2017), &4&2] 2|&:A7ko] vlggt AEF 20| 7}
(Higgins et al., 2018) 5-& & 0, 3253l 584} o&r
o) o] M dAdd 4 ‘21‘2},

2, Bl MBI 13
o7 Al BTAR s A7) 2201 WA DU, ol
2 Fa4T 29001 TASIA P, Teln AR 5
At 1 o] §AIZHEE Aol dae nlAlE AHacle )
Q) 9 LA G2 B B0 sl A%A B

56 =EAE, M558 M1E (2020)

1) S2AIZH7A2]) 2FLee!

HA, SZAREY =24 8]1e] ASAT TolA AEA]

71
FRE o= 8 Lee and McDonald(2003)= o2 ek &
Kol, AT} YU URE, TS| BE4T, FHLHE
B4E AgelEol BRI AeE wrt ol 4vjshu glg
2 9513 ek, Bl Bagele] FaaE Holg
3t Gimenez-Nalda et al, (2018)2 1] 31-8-0lo] z} AR} R T} 8}
F B 7.2 O £E9kS Bl glok, ol ATk

U= FARRS ofFlF-uklA2016)% A - o]47]
(2017)2] ALollA A E 4= 9t} A7 583t 7}:@@51 =
BgE-/H_,] ;(].o]a Hls] 71 0l X]E Q(ZOM)L ZU]'ET%

= 1 0|1 T
o, e} e, o 4ke} 4] B2kl
EYAL} doige wwsky glek 22w P Qoo of
HHETHE Aol BRSEC ¥4, A HL USRS, 1T
A7t oS, A2 59 U FA9 ol5AFel ULt F2

Ael7} Zoj e sl ek,

E—liswxu A%A] 44e] 1 welel nlxE Agaslel
TE Bl Sevete) BABAT ek FA gl
AS AT A9 Q014 A 1IR3 A5SF] &
2 FaAe} S0, W ApuEet ezt
m AR A EAM—% ngﬂ w

>,
o[)J
mlm e

c

o

H
fijo

>
d

Kb
0,

fr

N

jon

LN
>,
>
B T
il
NI
1o
i
N,
fo 1o
lo
ol
S
oN
S
il
tlo
B
Kl
SL

o R ORI &
12
&L=
> mjt
=% o
55 o
tlo |o
» u
J ¢ r_?L’
oo
HN
= > o
A9
© &
53
&S
filo &
L rlo
b kl
\11 o
20 I ¢
SO

1-_1

o] £25E, T BESE, AL £24E, A
7|8 Ar|2jio] Hads S| AojA|L, HA[4] 7]
/\—]H]/\O‘]O] 11;(«]&_,& E:L/qﬁ.o Zﬂ—o]—xl% E_,jg].j_ 3)11;].
e a2 Al Aolir] Bl SR 4
A3t s - o271 017)= AFE LA S5, %%Xl
o] Fel7lAo] Y42 kx| FEi7lHo] 2o B

o Z =
Zolag Azaka gk,

> oox AN
i
i)
>,
il
u)
Noox
chj ;
r-%’
N
o flo
2
o
lo
N
-
[
3
rlo
B
ol
ol
i)
i)
rH

FEHHT

rlomo o 4> %

el
o of
S

2) Esiact ZXQOI A
B4 A4 acle] AFATE et sjelw didsiel 1
reto] Hejatd choat At wA) T ALE ol Al
= gayo 2 3k o4 A (2013)2 101 7177} ROl Bl A0 oLy
&

o] ¥, 7T WE S S8k olgulEe] woke B



(2006)= 7 =7} %aﬁi *&X}EE} e R
31AE AE ghgol wou, AFAE A5t F4E AR
the HiEals, Weang Hrke BRo ol88hE] va= HT
SRl Qlet, M2Al &+t Fe 8 YRS AT Mahriayar
=REQ017)E S FAYET 3L, EHEEALPE
YY) Wi, T ol gHl&o] wobdE ¥l itk
EYF SEES hIOR oF AR F3T201002 et 8
U 57k 582k ol8AthS, 8] AFaat e ¥
&8 T YR nlEe] gaas Fids Aokl
At

g, sfefe] e W A7 FolM e
AFOR Eh Lu et al. (2018)2 £55E0] & F, 7ML 2
5, AFAAE GeE S8 AERE] w1, AAdEET}
For s, AP A Tk dijhy] St A g
Bl 52 Harshal gl gk, |72 SdolE 58k +
& AdEEEe] wokd = glom, AFA9] AT e of
80| Yoot ELFF o5 o8 FEC] waa Bl Slk

(Zhu et al., 2017). Zhang(2004)> 834 =2 AL
© 2RO e ol 8FES THAIZIAL, FAA] HEYA
;}(j:uﬁo] _ri —‘Q*X}J o]&il-go] lr_o].xl e) g .
LTEH Ak 79k 2Re] YA Heto] Akt J7F
al.(2017) HLA1SHaL Q).

B
o
il
EN
R
dr o
it
o)
K
ot

(Zhang, 2004; Salon, 2009
T AT - W&, 2008)7) olofl sgetet. thE FHoR

= FAHA ) LGl SR SedE B HEE A
23 ATERFHE, 2009; A -QE, 20155 A - ol
71, 2017)0] i}, 1yt o5 AT 7] F7hE SHAIE

(A2) E= TR o] the ]l 7, FAA] Sl st
of E3F AR A= W (endogenicity) & e{stal 314
otk SHolA R AR HZollA o] SHA7E EAE,
471K S-8Ate] e 1 ol A7k Atoleh: A
AEF A FA AFEY %‘LéJ WA= tietd wEtt
oH] 58k TR e af A

2 EYPAAY)S 188 4= 9= B8R (Tobit model)S

Z~(latent variable)

W EAQ] tiekoz zkskaiat 3t o] My FtEdgollAl
SEAE AP o2 EE tiy] o & A E3 o] & sH|

[e)
siehe onh} oEel BRAREE AuE ALE FEE 4
1

B obln(1938)°ﬂ ~loP°4 ANE BHog AELz
o Aol Yol SR ol a% QA A7}

EH]-E0]
ol 2 4348 e} HoA

AT 5k S olF of mulel RS AerUA
Amem1va(l97 )2 H QAo 2t ZLA Xq‘?ﬁ“(d&ymptotlc
normality)8] £4230] A3 FAT 4= Y=E PHES

SYskgiet, 1e]aL o] B O] 0|52 Amemiya(1985: 384)011A]

o
=
b
o
o
;i
=
x0,
rlr
oN,

#x Yool e5d E2al YItk(Wooldridge, 2002), & A+
L ook BRA ML 98 PHECR ENNgS S80S
e Sl ARG AL B 27t BHRES of
23 9t 92 Tlofalo] 4 et B,

o199 25 503z A3l 2t 2gen we
e A8 AEle TR 2

=] AuEH, FAX] 57 l o4 3374 2] (Schvvdnen
and Mokhtarian, 2005), 4153 572 SEAHA
.. 2007), AL o of F 582t T A ﬂ(@%ﬁ’ ks,
2010) T 7t oFe o7k A ols
2010), FAE] 53 ofH e} A (Reichert and Holz-Rau,
2015), F Fret 2% E2] 0] g7 2] (Chatman, 2003),
S e el gAY (ele7]- AR, 2017), AEER W
SARL AZFE o} FAFARLE(Park and Lee, 2017) 501 QiT},
AFollM e SEENM ] 582F ) A o7} 584
5'5”/\]7 Fo A QoA AgRt 92t v fFABIER,
g o e BEBlES AR = Jae A ARIRTE

4, Z&delet 2 Aol XiEY

AE7HA] “ﬂ%i AYAT 122 3 ;a}oq xmop:q X
-

%6301]&%94 %%ﬂiﬂ oEm o} %@Mﬂl

= o] Tt AHA Saehes Aot 53], F2 tirEe

27l elsafol Al ML, he] Rtof £gA aqle.

L, et S Al ZEeted e dnt e

2 foll A s-&aF S SR A%

1,

Journal of Korea Planning Association Vol.55, No.1 (2020) 57



AMS

o

rI-J

ﬁ?

0
0

A7)el elo] 4
e}

SEl A Bl TS0 S8 ofg B
of et 1 BaA e i Azkte] BT Aol el
75t A7 2o AFATo) 2 2YE Fof Yrke
SAE QI Tela o] 71k B Tt vl 2 go] up
£ 37 G} v 082 7
227k 9et,

ofefat HollA] £ A70] ApAAE 5840l OfF L A
FAAAIDY QTS Tefet AFRF ENRGS

271548 ATels o) Fa3t TS o)

e}

2-gRtommn il By FL5of| whE Ao 11O (bias) 2] HAY7F
T8 Ak, AR A HEE S8 49 HOE A
Aohs RS A8tttk bl Qv B3 ol Al 9 7
T FHEAMT of 2t FAX O Ee]4 0] WglE &
ot 584 FRHELEY I 2R ARk l=go] o] F
o)L Qlrh= S LRt Ao] F WiAe] & dte] Apd Aot
3849t AR B w40 BElA SAHSS B3 )
Bk 7

o 2ol Bttt AIZHZhu et al, 2017), S2A17E
(Paez et al., 20105 F-21- 72, 2015; 3AIE - 0]5=7], 2017),

AFFP A (A5A 9, 2014), 23 HAE((EH
2012; Lu et al., 2018) SollA 1 ol & ArwE 4= 9k, 4
2 & A7 FLdolA e et et A7k FAIA S
A 74 #Hﬂe—ﬂ FAA B 48 o=
Az o) A8l thez

AanES Aol

. 2AXI=e} WEHE

1. 24 Xzt =X}

1) 24 X2

B d=20159 01%2—24 2} 2% HE PARES} 0]9F A
S8 A7 9] gaa } g 75 AgEAd
& 371 W9R dlo] g ENEES 5] ASRAS
Syslaiz} gk, 20159 7111%%1 PR AET ARE B

AA KOSIS Atz e} =t n o191 2] gojg] o)A (DataBase)
A AR WEFA E ARE THgste] &5k,
eugh= OECD= 72 AR Hlalshd, A ld 9
SHE ok YE EZAES 101802 7 40, AL oA
o} 9F 20% ] W AIXhE FAIT] anlehe A o2 A §
THOECD Family Database, 2016). E3F St EilgH HEAlE

F

OD:—‘

(018, 5. 15)°0 T, A1 85, Q12(40.2%), 710,38
= T2 Aol ulsle] 714 1) W E A 8ARES 7H hEA]

o] slgeich, Wk ofjeh AT AE) M) Lz X ]

58 "ZEAE, M558 M1E (2020)

A 20109 61.3%0014 20161 82.5%% B3] Z7}slaL 9L
= 54 Adh 7 82K UE2E 584 w2 41
2 A=Al J*E. St WA o] 2 QISE thefsl A

A A e HolF= A2t g < Al

JH

el FRYAITHES Ag])ole), G 1) 20154 QI-FElg2
AR 2% AAAFRONA FET AR, A4 A
Al EAR= 186,332701H, o] T F8AtR Fohe Al
A 39,7981 73,9162 ey, Brheto] s ol
7HA Bt agedol EASHATE, of7]ofl= S84 o8 Al
A= A RRR she BFS 55k gk, of2 et HojlA &
SAhs wEeT EH, WA A A B A 95 55
02 tiohd] westho &2 SLEskgint, of2fgk Fi=2 Chatterjee
et al.(2017) GolA 582 4 524 Hpassive mode) >
2, AAIgRs o] pREE= it A4 - active modes)
ow ?—‘L—SPJ— o] o] 5 F&5k

A=A oA 2 tiohal St EHES HA
TEH7}18%, AE = A5HH0 16.1%, dFi% Q:—HI
7%°] °ole= GE )& Hoﬂ Az ek,

T AR ANESH 2 e AR B 5 A
ot & AtolM= X“F 2 A= Adsiglon, 21
ghsto] 2-8skoirt, FAIRES AdEigt v ol A2 %3S 3
S ARROA AR FE517] ofH R FAAS o= ¢
Ko} Alzto] Hrh o ¢Fadt A stek= 7] A= (Dubin, 1991;
22042z, 2015)0 719FsIAH. ool wEH fiEEe] =
AloAle AFAor WFUHEYATF HUSH FEE 0] °‘X]
oot Ag|Hths AlZto] Mot v Aejh A|sEetal A ofska
o}, E3F o] FARE FaHe] AlElo A HlgHL B vzt
3 A TR Salon(2009)& AZ3H k= HollA] A2

A7ko] B Fasieha wereigl,

PN

¢

;:O

Table 1. Summary statistics on two dependent variables

Mean/ Std. Dev./
Freq. Percent
Log-transformed 1.336 1.703
commuting time (8.367) (0.687)
o Bus (1) 35,772 19.2%
S Actve PRailorSubway(?) 29972 16.1%
3
g modes  Transfer (1>2) 13122 7.0%
>
g Walking 33,550 18.0%
o .
& Passve oo 73916 39.7%
mode

Note: The values with parenthesis indicate them after removing the obser-
vations for active modes.
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o} &, S-8Ae] atAle] BHE} o]o] AAIRkE ARt 58
o] BEA|7Ee] AL A o] opd FEjo] Aot

Slok 782 5ol tho] Al (1)3} o] ERT 4 glow, o]
Yobd BAmge my mg mslmgol Hr,

v, if y;>0,
Yi= . .
0 if /<0
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o] off, ;&= A (latent variable)o|H, 4] (2)2} 7o
woj,

ke
d

=ﬂxl.+ul.,ui~N(O,0'2) ()

o]7] A1, gieF ZA 42l v 7k 0K ek AAG 2o, ya= 00]
S5 yi7h 0BT AR,y 7k ek of vy AEHasa
xl Slete] A=), olsle] A=A gk RAHu)E FRol 0

olflA] 4te] 2l LS ol Tl ZPisp i,
sy mYe vk BAEA A LA ek 754%

EYmge B el 4 °ﬂ %Ol s

(Amemiya, 1973).

log L(B.0)= 21<y,>xlog< il

ﬂyL

+(1=1(y,)xlog(1-@(=——))

o714 O EEHFFEEET - (standard normal cumu-
lative function)°], o= ¥ BFEE WEd<(standard

normal probability density function)& &gt}

2) CieZ Ao Y
2 Aol A 9] B FROIAY] wEe et S84 1
AZFe] A 7Rl T91 2] ARl &/ (7)1 1 ARlo] &3t 7t
T EA(), 1AL 11 77F AL Qe =
Afolo] oJsto] o] fofxitkal 7HgY, &, AA %19 £
H1G), 7HH(), <8 T A Wle] AFA (=2 A |
T2 Eof Qlrkal &, viof o]zt of2] 7| 0] 2 E ALY
SFA] kol w0 FAS wofli= AYEiA @R (ecological
fallacy)i oI5t HO(bias)E A1 227} IthHox, 2010;
AEE 9, 2012: AEE, 2014: 2717 9JE, 2015).
2 AtolA= A TolA 1], 7HE, AR oleke
309 AlFTx] Fehd iro] 2jolg nejshs vyl

9] HAHEF(multi-level random-intercept model)= A

“—’—F‘

4

alaz} gict, o] w2 Aeh-of7| A= 7ot AFR] o] AH
o g2Ag 7187 4% Ao HE molrt B il
A5l G, & 7187]9 Wkt 5AA fode v

60 "=EAE, M55 M1E (2020)

Siolm s ulelA sz BAS 745 Q7] wizel] A
459 7187} 7 e M2 ojg A e
tjste] B8 = Qe 49 A2 E (random slope model) &
2 sato] 2481 o)

F79)

Yik = ﬂ1+ﬁ2x +§(2) €£3)+€,'jk 3)

A7NA, yyie kO Aletol] AFshe o 71t 19 7Rl
Z)A}olo] 93] Egiatty)l ESA7HS el B2AE 9
mlEltt, ¢ 7hre Al ©910) mAEA ) et oo
(Random Intercept)gkolml, & = k9] Aol AT} 71
Joll it Ao s ks ofuighct, oj2fet AlSehe 24 2y
o419} AeJH AT ¢, (KA}, Residual Error Term)= 4% 5
Aolek= 7Hg& 7Hit

V. Eo:lol E]ﬂ k71 I. XIck

= s Aujt 44
ol 4 A AT Sl A eEel S 6
FEAE (i RoET AUk, o] RoFEATE FolA
186,332 94%%] 7ol st BARL Bz BYlm R of
o] 519) 8 w8 FoK S8} AERtE mael T may)

2o X*%FJ%
NEEFS S8AF 5

EAgolh, E th2 a0k B 12 5]
A AR 0 2A 9] Tz AR

2ol HgE 73,0169] 587 B2APE o 20REA
ol

(@ 8 FAROR UoEH, A B9 £F APASE
23gQl o) A, AT, LS, BN, AALE e, B
AP RS, AYREY, 2RI Folek o] 7HE 442 257
7R 1%, ZhE AP, AR 2 o, FHEY e,
Fa 0, W ARA ARES, A% 9% off Soltk, Jelw
upxgko 2 34—5—%1 kel A S *l%% A2 34 7

[e]

=,
4= H]&, 24715k HHIA Z‘—A}x} &, %‘—%.4743117}7—% XI% A
AES AHIE, 654 ol AR QIFHIE, & 10,0009
A2t 520, A 145 ez A% EAEEY {7 A9

2R 7, DA HES §5 ol

i
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>
o
o
=,
=
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o
5
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Y
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]
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=
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]
=
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=
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Table 2. Summary statistics on explanatory variables

Entire-Commuting

Car-Commuting

(Obs.=186,332)

(Obs.=73,916)

e ey Mew Sbeu e
Gender (ref.=male) Female 78643 0.422 199 20118 0.272 1.66
40s-50s 94221 0.506 1.80 44128 0.597 1.74
Age group (ref.=20-30s)
60s and over 19208 0.103 1.69 5981 0.081 1.54
Education level College 91393  0.490 1.48 36272 0.491 1.54
©  (ref=High School or less) Graduate school 14914 0.080 2.37 6912 0.094 1.52
i Marriage status Not married 120054 0.644 1.70 56476 0.764 2.2
= (ref.=married) Others 15594  0.084 1.06 4716 0.064 16
% (Erg?:g;?;ﬁgg’s'gy Sometimes 8060 0043 108 1918 0026 105
= Working position Self-employed with 13585  0.073 1.22 8851 0.120 1
§ (ref =salaried workers) other employees
= Others 29900 0.160 1.10 12985 0.176 1.7
E Management 3569 0.019 .77 1932 0.026 1.14
Clél , Professional 44657 0.240 1.85 16699 0.226 1.77
g  Job type (ref =office) ,
§ Sales or service 43573 0.234 222 15397 0.208 1.74
- Others 57702 0.310 1.98 25104 0.340 211
. LT 5-years 54765 0.294 2.20 18786 0.254 1.4
J“C')g (rWe ?f‘[}g{;s;%"f current 190 years 60623  0.325 227 26823 0363  1.68
10-years and over 39698 0.213 1.96 19933 0.270 1.1
Householder (ref.=No) Yes 106248 0.570 172 49215 0.666 1.86
‘ T-person household 22858 0.123 1.07 6765 0.092 1.58
Household type (ref.=family)
Others 3132 0.017 1.34 1088 0.015 1.07
Car ownership (ref.=No) Yes 143021 0.768 132 70495 0.954 1.05
5 . Rented (Junse) 39986 0.215 1.50 14629 0.198 1.24
e (Hrgffg‘vgnteeg)“re status Monthly rented 38735 0208 110 12338 0167 133
S ' Others 6743 0.036 1.45 2772 0.038 1.1
§ Single family housing 47055 0.253 1.19 14578 0.197 1.29
(r/'_;j Housing type Multi-family housing 31947 0.171 1.10 10928 0.148 1.13
g  (ref=apartment) Office-type housing 5417 0.029 1.08 1611 0.022 1.06
Others 2623 0.014 1.38 605 0.008 1.04
No. years resided in current From 2- to 5-years 39616 0.213 1.69 16461 0.223 1.4
housing (ref. =LT 2-years) 5-years and over 91692 0.492 114 35996 0.487 1.68
Job-housing balance (ref.=No) Yes 70145 0.376 2.60 23602 0.319 1.08
Population density (persons/km?) 10279 7624 2.76 8249 7264 3
Ratio of jobs to population 0.365 0.301 3.26 0.351 0.240 2.23
No. employees per firm 8.894 1.5682 2.00 8.876 1.566 3.41
Ratio of wholesale and retail employees 0.152 0.037 2.03 0.147 0.039 2.43
Ratio of general service employees 0.436 0.115 2.93 0.413 0114 2.43
5 Ratio of knowledge-based service employees 0.092 0.076 2.69 0.082 0.072 3.02
% Index of housing transaction price 96.104 1.879 1.94 96.549 1.845 3.06
& Ratio of low-income class 0.019 0.008 217 0.018 0.008 213
8 Ratio of the elderly (age is over 65 years old) 0.111 0.027 2.22 0.108 0.028 2.81
No. cars registered per 10,000 residents 2871 555 222 2996 523 2
Highway length (km) per car 0.108 0.191 2.10 0.140 0.217 1.58
Urban railway station (Yes=1, No=0) 150380 0.80 1.08 54832 0.74 1.05
Inter-regional railway station (Yes=1, No=0) 37306 0.20 1.07 15328 0.20 1.05
High-speed railway station (Yes=1, No=0) 27119 0.15 1.006 11473 0.16 1.04
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e ﬁﬁ«l 4* el ;ﬂxﬂo 2y (fully
constrained model)¥} AHWHL7 AE ZIE|R] oFS KAk
28 (null or unconstrained model)2] B|7ES E35}o] ~3Y5}%
ot FAF mgyke] vlaE 271-$%E(Log-likelihood)2}
AIC(Akaike Information Criterion), 123l BIC(Bayesian
Information Criterion)2] SAFFOE o] Fo]x]A| Hr},

A, Z2e) A oF KRk o Alof e -9k FA
& HjaollA] I gro] Arides A S48 Kot o ARet 2
Folztal g &= Sl o3t 7]Eo] SARHH Al HE HF
AloF mP = ePdAef HEo] Hot ¢ & ZI-9= SAH

< 71X 1 Qi) OB Sol thez ENlngol|Ao] SRk ny
9o 2I-9%= FATES -266,110,00]2L, FHAF 2Ego] I &
A#S- -240,938.20]t},

EOE A Ao o] Aot A2 AICe} BIC
FAFE 18T 4 Stk o] FAF 01 A EﬂOIH “94 A
RS A =
o] gro] B} A& mo] Hrp des= E%OIEPE ?'%# Ak

Z1A H] 1l

4o
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Table 3. Model statistics and diagnostics

(@ 3yollA FA|eF w3} Ao mE o] AICe} BICS] B7%
S H|wste] B 3210] o] KW}t o] AL 7k 7FA] 3 9L
S ¢ 5 Qo FAFOR o BN FAeF 1o
AIC®}F BIC A2 532,228,172 532,268.6°] 3L, 24514 oF 2
o] A5 481,974.27} 482,470. 70tk &, & m]ok wEo =
EA o] Al F o 2 B Ark= HojA Eo} ¢ AHglst mgol}
AL g 4 gl
AR B o] 41=]
ol o g
=

°
gl
L
=

-
of
rlo ox

4o ™

e T o e v 2E 9
= H] A4 (Likelihood ratio test)¥}t
T WA (Intra-Class Correlation, ICC)S 0]-&3HH
o WA, Sen] AL 2F K} vlaste] FA|ofR g <
0y FAZE A BluE fJsto] AMshe SAEA I
(\X/ooldridge, 2002). GGE pollA] 1507 1F Uin] 3505 g9
-9 A AULR(=D) =2[L(0; 1) ~L(O) 1) 101
o3k x” BA, 23 o]o it p-ghe AAIBe] 1 Qi o]
& SAZ ZARMHE, FAloF BEu A of Ky B 14
& R HT= 35 o] Kot o Agsirtal weke o= itk

E OE v 1E 9] Alg)d gk gulideASICe) A
0} ofof| tit FAA ol = EAIEE Fote] wef
Pl (Rabe—Hesketh and Skrondal, 2008; Hox, 2010 3%
= 9], 2012). 25=(household) T} 35 (uty)«] ICC(Intra—Class
Correlation, p)&] FHE2 Ak&E3sl= 2] (4)9F 2,

jusg)

]

il

>
i
£

=

fo &

¢

i)

-

HE

(2) (3)

_ Y _ Y
phausehold_w(z) +W<3)+9’ pc”y_l//(2>+l//(3>+6 (4)
GE 3ol A FAF T BEHIEFOA 205 352 ICC

Individual Sub-model
Multi-level Tobit

Model Multi-level Probit Multi-level Linear
Model Model
Log-likelihood -266,110.0 -117,768.7 -73,0189
AIC 532,228.1 235,543.4 146,045.8
Null BIC 532,268.6 235573.8 146,082.7
(or unconstrained) ; —
model x’ statistics for LR test vs. level-1 model 13,156.3*** 14,761 8,131.37%**
Level-2 interclass correlation (ICC) 0.269*** 0.346*** 0.496 ***
Level-3 interclass correlation (ICC) 0.088 *** 0.117%* 0.113*+*
Log-likelihood -240,938.2 -95,988.0 -62,810.0
AIC 481974.3 192,071.9 125,718.0
Fully constrained _ BIC 482,470.7 192,558.1 126,169.1
model y* statistics for LR test vs. level-1 model 1,082.8*** 2,273.9%%* 4,438.8 ***
Level-2 interclass correlation (ICC) 0.183*** 0.269 *** 0.489 ***
Level-3 interclass correlation (ICC) 0.008 *** 0.013*** 0.013***

Note: Variables of significance (*: p<0.1, **: p<0.05, and ***: p <0.07)
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B AT 585 olgAIolei: FHBES Bya] 9ot
of BEoIA 5872 o 8IS Wt o] HalaA 275}
7] $fsto] ENRRE HEa1%ch, ENRRS Tobin(1955)0] ©f
W S sl PR S 25 I e
AIFRE o] F-2 Amemiya(1973)°]] oJsto] Frgw]ar, T W29
82 bl ARl ofitnt ofy 2} theket Zofoll A Zhs gt
H 1138} QJth(Daskalakis et al., 2019).

& Aol = EBlRG S FETeR 584 AElsel
uffgt ] o 2= FHAIZH )T TEE A B wf o] 53
Hy=0= 2gsto] ol5 o AeslA +4s17] 913t B84
ShA] AAJSFRTE, 123l o] ML AR S oAl
SEFet Adrte] S8AF A8 Ale] AR At
7F A 2O-9-f gk mgoleal A&t vl ek S2ollA
o] ertAlE] SHET FPATF o] ATl the BEHIL

B3} 0|5 Zi7}o] A SelmB oA g Lyl wu

tlo

o
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18 o

thp AP ng o] s (& 4o aokste] vl 4= 9l
EE AL 9l

WA 0 2 QP T} 5 TAURE 191 AHEA; =37
gl sl 2o g geiA ot AlA 8 EAIE(Newmand

and Kenworthy, 1989)3+ \|=+ E/\]E(Ewing et al., 2017)=
Foz o] T AT HA ik, ol A= Ay A ko]
A A5 001 ATYET B4 AR FAARN
BAT FASTL Aok, oo} 2L ATE B2 FojE A
BT} B8 AT AFEE ARFES 1918 587 BRI
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Table 4. Analysis results on the mutli-level Tobit model and its two sub-models

Multi-level Tobit

Individual Sub-model

Multi-level Probit

Model Multi-level Linear

Model Regression Model

Coef. z Coef. z Coef. z
Gender (ref.=male) Female -1.492%*% 66,13 -0.608*** -58.87 -0.167** 2957
Age group (ref =20-305) 40s-50s 0.377** 1508 0.149** 1379 0.057 *** 8.86
60s and over -0.642%*  -16.82 -0.317** -18.38 0.012 1.2
~ Education level College 0.070*** 3.21 0.021** 2.1 0.032*** 6.2
s (ref.=high school or less) Graduate school 02717 7.39 0.088** 529 0.055%* 619
é: Marriage status Not married 0.826** 2903  0.344** 269  -0.046™* -6.22
T (ref.=married) Others 0.806**  19.01 0.330%* 17.23  -0.012 -1.08
fz% '(Er‘;‘f";‘;';,:fnm';’;t)y Sometimes 0.444%% 947  -0200%* 991 0053 412
% Yy;rt?a%aﬁ?esgwgrkers) gfdif:ﬂ‘fg;ge";"th 1.163%* 3794  0.664** 4318  -0.122** -18.17
g_ ) Others 0.415**  16.63 0.216** 18.91 -0.117** -19.39
E Management 0.255*** 427 0.100 *** 3.57 0.015 1.1
é Job type (ref.=office) Professional 0177 %* -6.76 -0.079™*  -6.69 -0.036**  -547
s Sales or service -0.144 % 5.3 -0.058**  -4.74 -0.064** 948
= Others 0.143 *** 5.37 0.073 *** 5.96 -0.033***  -513
) LT 5-years 0.368***  13.09 0.162**  13.02 -0.034***  -4.54
gj’r'rg;’trj‘gg‘-’(r’t’e‘f‘:fT°: yeary LT 10-ears 0.538** 1914  0.240*"* 1911  -0.034** -47]
10-year and over 0.513**  16.24 0.225** 15,77 -0.034***  -4.21
Householder (ref.=No) Yes 0.114 *** 4.83 0.074**  6.95 -0.026***  -4.56
Household type (ref.=family) 1-person household 0.587**  16.19 0.291*** 17.52 -0.167** -17.85
Others 0.442*** 5.71 0.238*** 6.8 -0.182**  -8.52
Car ownership (ref.=No) Yes 3.654** 116.88 1.439***  06.46 -0.092***  -8.55
5 . Rented (Junse) -0.107 *** -4.08 -0.039**  -3.48 -0.022**  -3.43
e (Hrg]}*fgrﬁgeeg)“re status Monthly rented 0078** 288  0041** 327  -0.006 083
S Others 0.053 1.1 0.028 1.25 -0.064** 507
? Single-family housing ~ -0.248**  -979 -0.116%*  -10.04 -0.037** 557
€ Housing type Multi~family housing 0.37** 519 -0.055** 463  -0.016™  -2.31
2 (ref.=apartment) Office-type housing -0406%* 695  -0.197** 755  -0.041% 255
Others -1.103** -12.29 -0.510%*  -129 -0.098**  -3.81
No. years resided in current From 2- to 5-years 0.033 13 0.008 0.69 0.024** 367
housing (ref.=LT 2-years) 5-years and over -0.081** 353  -0.047** -4.49 0.031** 527
Job-housing balance (ref.=No) Yes -1.167** -60.54 -0.382**  -43.19 -0.633**  -130.4
Population density (persons/km?) -3.1E-05**  -397 -1.5E-05** -3.95 4.2E-06** 2.16
Ratio of jobs to population -0.450**  -3.33 -0.181**  -2.86 -0.003 -0.1
No. employees per firm -0.064* -1.72 -0.025 -1.43 -0.009 -0.95
Ratio of wholesale and retail employees -2.867 ** -2.42 -1.655*%* 278 0.647 ** 2.24
Ratio of general service employees -1.423%*  -3.34 -0.738**  -3.67 0.220** 2.12
5 Ratio of knowledge-based service employees -0.518 -0.61 -0.449 -1.18 0.362* 177
% Index of housing transaction price 0.063* 19 0.028* 1.81 0.003 0.38
Z  Ratio of low-income class 2.945 0.48 0.650 0.23 2.551* 1.72
g' Ratio of the elderly (age is over 65 years old) -2.407 -1.34 -0.585 -0.69 -1.701 %% -3.88
No. cars registered per 10,000 residents 4.3E-04*** 4.84 1.9E-04** 458 -4.9E-05** -2.28
Highway length (km) per car 0.290 1.61 0.175* 2.06 -0.079* -1.81
Urban railway station (Yes=1, No=0) -0.128 -0.99 -0.066 -1.07 0.021 0.67
Inter-regional railway station (Yes=1, No=0) 0.152 1.59 0.095** 2.12 -0.0671**  -2.61
High-speed railway station (Yes=1, No=0) 0.074 0.58 0.007 012 0.039 1.26

Note: Variables of significance (*: p<0.1, **: p <0.05, and ***: p <0.01)
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