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T, T0. 2t Ly oiEEsHEZ Tw3), —DoDH
e LT, H21-H23 DICIZEIFERA YA VDL E K
SAHEET 24 AVSHEEFN TR I EREZILN
3. 20X kit TOREREDZLEES 2
EMTELZLELNRRNT—YDRTH 5.

RIT, FT=6121F, MAFICB T 28N 1 BH7 0 F
MEATHERE (M@ X 2 HEE) ooz L Tov 5,
3 O ? Wave TESTIRRED 7340 1348 H B e - e itk
HEOVELTORELI ERbR3,

DL EDSHTZ, RSN 7 — & ORARREZ 02 3
200bDTHY, 7uREiLED LD ML
T = RITICOWTIE, S 20 23|I N7 o,

4. HEEAMNTOENBE-ERETETILDEBE

1) BEEFTILDOERL

AREICTIE, BIETTHE L 2 2RSSR LT — 5 D F]
HZZEITEWT, AT OB EER-EHEE 7V
DERLZIT) . A THET 2ET LS AT LI,
Ordered Probit & 7V (HEFEEIRE TIV) %\ 7 HiE
GRHH, BHEHO 2 fH) MoREE8kEE T,
Tobit €7V FTHEYID D H 5 RIFEE TIV) &2 7548
BHENOFEMETHERrEET T L2 OMEINS, X
51z, 216 OKYFADEEDY, RE —FIH, R*RE
CGEHE) —fF (EA®HE), FIH GEHE) —FH
(REHBIE) OBERITEIO M CHE B Z > L [H
Rrlz, WEOBEIITE D> O bFEELRT 2 L9 RIREE
KR ZE L EET AL AT L ELEHS>TWVS

| 511



-2 H21Wave * f# BEE O A

[HEEIED

T 0 I 2 3 ARk
0 92 426 81 17 616
1 1,307 504 68 14 1,893
2 312 79 19 4 414
3 47 23 5 1 76
S 1,758 1,032 173 36 2939

5=-3 H23Wave - {8 B EB D AL

[FIEEER
T 0 I 2 3 AEb
0 172 448 72 16 708
1 1,291 491 62 12 1,856
2 286 67 25 3 381
3 38 15 1 0 54
&aF 1,787 1,021 160 31 2939

-4 H24Wave - 48 B 5O L

[FIEEER
FeJH AL 0 I 2 3 &ab
0 155 466 76 10 707
1 1,360 462 47 9 1,878
2 272 60 30 1 363
3 34 16 1 0 51
aar 1,821 1,004 154 20 2939
=-5 HEIHAATEEOZL
D A TRED LA — H21—-H23 H23—H24
0 ZfkiL 2,037  (69.31%) 2,265 (77.07%)
1 BB (REETOEVWEZ) 532 (18.10%) 253  (8.61%)
2 EUVEER GRHE—IR B E) 56 (1.91%) 46  (1.57%)
30 HWEZ (RE B E—RH ) 48 (1.63%) 44 (1.50%)
4 EVEL GRA - 82 B 83 L) 6 (020%) 20  (0.68%)
5 EUMEL (1 B B EORN) 56 (191%) 46 (1.57%)
6 EUMHEL GRHEOHIN) 52 (1L77%) 75 (2.55%)
7 FHL GRAHE-# A B ELED) 10 (034%) 12 (0.41%)
8 Bl (A BHOWHA) 50 (1.70%) 75 (2.55%)
9 FHL CGEHEOWD) 92 (3.13%) 103 (3.50%)

i 2,939 (100.00%) 2,939 (100.00%)

W i (BFAhTiRINE “G07EFRT) I
DWVTEZ L, REFILL AT LICET BEEEEI,
BABHEOMA BT 1, 1), FHEDRE B .3, 1),
PRABEBIE | 52472 ) OFEMEEETIEE v, 0, R
BRME 1 Y47 ) OERPEYEITIERE y,6,0) D 4
Ths. I THENORAEKE, FHEEORET
BN 2 ITELEL i (i, 1), v, 1) DR K> TH
EINDLDEEZD, KT, REGEDORL
R OITEN 2 HH— I ) 72 o, BRI 1 A4
D DIEREPFETIEM 2 B AR E L TR LTV %,
EATIREE L, ARAAR CGEfTIEEE n) OB&ICB VT
FIHY1D (Censoring)?V 23 2 % Z & ICHLRE L 72 HfdH]
D “WHER 8 BT IR v, 0, yiG ) ZBAL TE
FILT AT LITHLY AT,

DlbzEEd2E, BB ZMHE | O HBTHE
A - FHOEBYERE (FHEETV) 1ERD K9 %I
EEBETFTNLVEATLELTERMLEN S,

Vi@, 0 = x{ (i, )81, + U1(i, 1)

Y50, 1) = x5 (i, ) B + Ua(i, 1)

y3@, 1) = x40, 1) B3 + Us(i, 1)

Vi@, 1) = X, (i, 1) Ba; + Ua(i, 1)
ZIT, j= L., 4252 ERTHFETLT S L,
(i, ) [T - Ml - BB ER S R £ L o 2 ATED
DFHEBAN 7 bV, By ERAVST A =5 X7 b,
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F 7z, H NS E T 2 BEOHE 4 & NITREBHK A
REEICBIL T, B2 RTbDEKET S, Thb
b, RIS 2 &M (BEB)HEE 2 I3 HE) off
HAEEOEEHREZ, FICE T 2 MEEOMAE G,
HiC B 2 FEEORE G5, HiicE 1 2 5l §ifE
DA EE, T E T 2 FEEEOE TR, ifics
V3 BB THEEO P TE) & B H B E v
bOTHS, MRS, H2HMD 1 HHHERTY
AEATHREE L, MR EMO LTI, R o MR

ey

-6 HH 1 & &7 D HEREETHIEED B iR

Wave H21 H23 H24
[k (km) % T L T % R
0 1,767 (60.1%) 654 (22.3%)| 1,773 (60.3%) 705 (24.0%)| 1,789 (60.9%) 746 (25.4%)
~3000 373 (12.7%) 553 (18.8%)| 366 (12.5%) 519 (17.7%)| 298 (10.1%) 405 (13.8%)
~5000 258 (8.8%) 417 (14.2%)| 263 (8.9%) 408 (13.9%)| 247 (84%) 388 (13.2%)
~10000 363 (12.4%) 850 (28.9%)| 386 (13.1%) 915 (31.1%)| 416 (14.2%) 938 (31.9%)
~ 15000 118 (4.0%) 317 (10.8%)| 109 (3.7%) 270 (92%)| 135 (4.6%) 315 (10.7%)
~20000 33 (L1%) 90 (3.1%)| 24 (0.8%) 76 (2.6%)| 29 (1.0%) 98 (3.3%)
~25000 15 (0.5%) 26 (0.9%) 7 (02%) 21 (0.7%) 17 (0.6%) 32 (1.1%)
~30000 7 (02%) 22 (0.7%) 8 (0.3%) 18 (0.6%) 5 (0.2%) 8 (0.3%)
30,000~ 5 (0.2%) 10 (0.3%) 3 (0.1%) 7 (0.2%) 3 (0.1%) 9 (0.3%)
05 Te) 2,517.3 5,722.9 2,479.7 5,535.2 2,659.0 5,804.5
FEI0BRS) 6,312.7 7,357.7 6,245.0 7275.4 6,795.4 7,779.1
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W&, MREAEBHZ512E 1 547 ) OE TR
DA T B DD, NEEHBhEL & EHE O R 3R
% - HBIBIRD T NDEE LG 2 DD RELE-
7RIS EZHS IS TE L DD WIS N S,
DEDETIVE AT LDEBAEE UG, 1), Ui, t -
Dyj=1,---, 422 LU ELTEED, INK
DE) IR P L0, o BT E, 2R
8 RILD LA RIERLI A (MVN) IZHE) LAIRET 5.
U, ~ MVYN(O,X) @)
T X, B2 MO B oMBINEE & £ oL - 4t
TEATHITH B, AR TIE 3 R SRV T—5 % H
W57, t=2 (H21-H23) WitNc + = 3 (H23—-H24)
D 2 D DIRYLT DIRFEIKAFBIR DRI AIBE & 72 5,

Q) AEEFILOER

RIT, WEE TN ERET 2 HELB (G ) &,
X9 % SIS (G, 1) & DBIRERTHIEE T
DY AT LIZOWTHIHT S, Ordered Probit € 7LD
FBEZHEDE, BABE (j=1), FHE(j=2) D&
REAEE ZNZENZBET 2R & DRIFRIZD
TokIrckENnsdbnE 95,
0 if
1 if an, <yjG0) < aizy

n@n=4 . G)
2 if apr < yl(l, 1) < a3

160 < ay

30 an <G
0 if
1 if
2 if
3 if apy < y;(i, 1)

ZIT, i @i @iz Qa1 Q2o @3 (SEIFTERI D
BIETH 2. FangW Ick 3L, TNH6DRTRA—=FD
WAl DTz iz ik, EHERFIEER B O o) %

50, 1) < s

) @1y < Y50, 1) < axy
ya(ist) = : )

@y < y5(i,1) < aoy;

T ayy, = ag, = —071(1/4), a3 = azs = ©71(1/4)
W)l AT 208 3H D, AiFSED Fang'Y 12l
WD D iy, oy BRAINTA—=F L LTHEET 5.
RIz, ETHEEOMHEE T VI OWTHAT S, b
B DS H B B2 A L T WEAITIE, Z OERE
D1 HH Y FERETER ST Ic ks, Z
UL T 2 728D, ARBFZE Tl Tobit €T NVDEZ S %
HIEE TOVICGEM LT3, Fkkic, Yi%HBEZ R
HLTWSHDDZDEMEITIHEED X v DR IZE
LThH, v T RADOFADPBH ST RWITEY)D
Db 5T =58 A7, [ARIC Tobit ETNVDHE X%
WHT %, Z2oROHlEE T VIFRATERINS,

. yi(i,r) if yi(i,H) >0
y3(i, 1) = 3 3 5)

0 if Y360 <0

. vi@,t) if y;(i,6)=0
yaGiyr) =474 4 (6)

0 if yj(i,0<0

3) Ty EmEt~FEUET/ILOEY
IC, ETIWNRT A=Y DHEDT=DHITIE, 2 (1)~(6)

KkoTRINE (FHER) €7V AT 200 EH
BEeEHT5 L0 ETHS, L L, Fang™ /0
oD THiEfE N TV 2 k92, o HEfiAe
& R % RN I Sl 3 2 [R5 AR Uk % o L EE B S o
TR IR D CTHEMEIC R 5. AIfEDET IV AT AT,
S50, B sRFEOREBKAEFR Q) bEE
INTVEIEDL, ZOHEANTELS RS, Tk
) B AIEDFHE L O WNEEN: 2 [k % 72 ®, Fang %
AR S FRRIC, AR TH A ZHEED 7 7 a—F 1
HAOVWTETNUARIA =Y DWEERITIZ L ET S,
AWFZETIE,, Kitamura'?, Maddala?) 22#%I2 L C,
ETNTAT L (BERHET)L) L hiFEROXEZES,
Z D%, MCMC vE D % VRIS T, Bt 5
BT 27— 7 el 2179 2 & T, BIFAEAEGR
MEOFEMORZUTOEBDEL Z L TE 5,
Ui, 1) = a,Us(i, 1) + by, UG, t = 1) + ¢, Us (i, 1 = 1)

+dy Us(iyt = 1) + ey Uiyt = 1) + € (i, 1)
Us(i, 1) = an,U1(i, 1) + by U1t — 1) + ¢2,Us (i, 1 = 1)

+dy Us(iy t = 1) + e2,Ug(is t = 1) + &(i, 1)
Us(i. 1) = a3, Us(i.0) + b3 U (0.1) + e3,Un(i. 1)

+dy Us(iyt — 1) + e, Us(iyt — 1) + (i, 1)
Us(i, 1) = ag,Us(i, 1) + by Uy (i, 1) + c4,Uo (i 1)

+dy Us(iyt — 1) + e Us(i,t — 1) + (i, 1)
2T, apbjcjndp, e, j =1, 4 13I7HL - oy
EPOEMINEARKHMAA I A= 2ERT, G5« "Ik
INFNOPEEDOEAZBERLTED, X4 XHEE
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DFEDOFTRDSND. £ €i,0),j=1,---,4 13D
TO—RICIEHSA (N) IS HERERTH B (17
L oy (3TENR2).
(i)~ N©0,075), j=1,---,4
PETERERINLERD 2N D) KRATBZ LI
EoT, KREFNIATF LR, AEERWEHT S Z
EWTRE L 72 %,

@) A ZHE
a) Gibbs Sampling 7 /)L T X I

KREFNT AT JTBOTAA ZHEE 21T H ETHD
b BHERERIS, () LR Y G0 Vi, jt, (2R
HNT R—=25 By, aje, b, ¢jrs dyy, € V), 1, (3) BRAZTHL
o-?t Vj,t, (4) Ordered Probit € 7V DBl a1y, @, YVt T
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By 1) 25 By |- ZEKT B,

71'(0'?2 | )25 0'%2 |- 24T 5.
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I Fang '™ ICHE U O B2 FV 2. 2006 OABGEE
1%, SRR 7 n ZEHEZEL T, BEHEND 22K
=-8 PALE GlEEAL) OFIfE & e 2
H21 H23 H24
B Ty e Ty fFEE Ty e

WEEE (N) 1.29 0.89 1.26 0.91 1.25 0.92

TR EER (N) 2.03 0.85 1.99 0.85 1.98 0.85

LR R 0.33 0.25 0.33 0.25 0.33 0.25

IS 3.52 1.29 3.58 1.30 3.52 1.31

R (EEEhE)  (km/1) 5.90 7.86 5.78 7.72 5.80 7.83

R (e ED)  (kmyl) 9.33 6.58 9.28 6.79 9.35 6.97

JERFUER (km/T-A) 10.29 5.68 10.36 5.73 10.36 5.73

ANOZRE (A /km?) 1522.34 242226 2350.67 322494 237229  3265.82

FREER D SINAE TD 4 BRI AFVHEL DGO N7 bDTH . 206 DIIHIMLDH

Fr—%

R=2k D=2y FrrickoTHonkzdboThs,
AT 8 B (11 ~200 71, 21 ~300 J71, 3:~500 5, 4:~800 /7, 5:~1000 /7,
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e
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eSS — 412 40.1 39.0
FeHHL FHHEM GB% - dEy) ¥ 3 — 29.4 30.2 30.2
eSS — 79.3 76.4 76.5
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DFEBFE AR R 9,000 MICFRE L7, BonnN5
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F-11 BEHBHERA AT 7V OHEER R

H21 H23 H24
WA | BHERTY O ERTY HEBRTH
logl NOZE] | -0.100 % -0.079 **  -0.050 **
BREFE | 0.116%%  0.082 %%  0.072 **
TEHRAEHEE | 0.176 % 0.152%%  0.145 **
A | -0.142 %% -0.085 **  -0.090 **
WERILER | -0.008 0.022 0.045
LHGRFFREE | 0.025 0.023 * 0.034 #**
TEHIE | -0.174 * -0.267 **  -0.492 #*
¥87% Ua(i,1) | -0.839 %% 0578 #%  -0.293 **
U,G,t-1) 0.976 **  0.930 **
Us(i,t— 1) 0.680 **  0.244
Us(i,t— 1) 0.009 0.009
O4(i,t - 1) 0.031 *  -0.007
o7, | 0208#F  0.116 %% 0.079 **
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SIS | BT HRTYE SRR
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BEEEEEL | -0.020 -0.018 * -0.005

RAFRAEE | 0173 %% 0.155%%  0.145 **

ICA | 0.128 % 0.113 %%  0.094 **

WHHEER | 0.037 *  0.035%%  0.032 **

LEGRFFRAE®R | -0.050 #*  -0.043 %% -0.039 **

EHIE | -0.145 * -0.148 #* 0267 **

¥872 U,(i,1) | -0474 %%  -0335% 0217 **

UG,t—1) 0.337 *  0.210 **
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i, NOEEE, IWADOFB T AMEE R>TED, #)
H B I A E AR A O O A 12 B s D A5 1
X BHAMENZ EDRB IS, F 72, H23Wave &
H24Wave DT E T 22HOWE 2 15 &, EfTH
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e THEREZKIET LD L LT, FAHNY = —
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WTOXMZ T 27-0DEH) BEFons, L2
Rl b > TRABHEOFHICER R IEDME L 5
ZTVREH, THFEKICAKT 2R TH S, £,

R-13 BEABHGETHIEEE 7V OHEER R

H21 H23 H24
AR | HBRTE HEBRTE O HEBRTY
BREEEER | -0.024 0.090 * -0.047

AR EES | 0.083 0.007 0.311 **
I | -0.031 -0.067 -0.330 **
log[ A1 JE] | -0.076 -0.084 **  -0.032
WRE | 0.036 0.252 ** 2.412
THGRFREE | -0.021 -0.021 -0.022
FHBMWY S — | 0.773 ** 0.513 ** 1.342 %%
RES I — | 13.135%  11.538 #%  6.524 **
EBIE | -5.253 %% 3.475%% 1,689 **
P82 Us(i,r) | 0213 %% 0.445 %% 0230 **
UG,0) | 0411 * 0.088 0.169
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TWBEERH D b ah 5, HlZlX, H23Wave ¥
TR B A & A IS IZIED B S - 72
e omH IFHTEMOBRTH > 72535, H24Wave T
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F-15 ABFERRETERERORRHIRRLE (%) 73l

AT | EJE | Il [ 1% | 5 % | 10 £
0H 7.70 7.99 8.71 9.70
0H IS 433 439 46.2 487
2 H 10.7 10.2 8.12 6.09
0A 142 13.9 12.3 9.50
1 & IS 152 15.8 18.4 213
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0A 3.01 2.73 1.42 0.53
2 A 1 & 2.32 223 1.71 123
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ANALYSIS OF HOUSEHOLDS’ CAR OWNERSHIP AND USAGE WITH A LARGE-
SCALE PANEL SURVEY AND A DYNAMIC DISCRETE-CONTINUOUS MODEL

Daisuke FUKUDA and Myu ITO

This paper develops a dynamic discrete-continuous model for analyzing households’ multiple vehicle ownership (light-
sized vehicle, standard sized vehicle or their combinations) and their usage (vehicle distance travelled per year). The
model is calibrated by using Bayesian estimation to explore the determinants of households’ mobility decision with a
nationwide large-scale panel survey which has been continuously conducted in Japan for years. We find that income and
number of female drivers would affect the changes in vehicle ownership pattern (i.e. positive impacts on the propensity
to own standard-sized vehicles more than light-sized ones). While state-dependencies among ownership and among
usage have been confirmed, a clear correlation structure has not been confirmed between ownership and usage.
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