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Modeling Disaggregate Behaviors in Choosing Type and
Vintage of Cars and Motorcycle

Student : Wei-Ying Wang Advisor : Dr. Yu-Chiun Chiou
Dr. Chieh-Hua Wen

Institute of Traffic and Transportation

National Chiao Tung University

Abstract

The rapidly growing number of cars and motorcycles in Taiwan has inevitably
brought a severe problem of energy consumption and air pollution. To achieve the
goal of sustainability, it is imperative to propose strategies which can effectively
reduce energy consumption and emissions of motor vehicles without a serious impact
to ordinary economic activities. According to related reports, the engine size and age
of vehicles have rather significant effects on gas mileage and emitted pollution,
implying that economic development and environmental protection can be both
achieved by simply encouraging people to choose fuel economy and low-polluting
cars and motorcycles. Undoubtedly, it is_important to develop the choice behavior
models of type and vintage of cars and motoercycles, so that the corresponding
strategies can then be proposed and analyzed:

To this end, this study: conducts “a  nationwide questionnaire survey by
disseminating a total of 90,000-questionnaitres, containing both reveal preference and
stated preference items, to the owners of registered cars and motorcycles based on a
stratified random sampling techniqué: A total'of 2,379 and 2,536 valid questionnaires
of cars and motorcycles are “teturned, respectively. Among these returned
questionnaires, 1,419 and 1,249 questionnaires of the owners those who bought the
vehicles in recent three years are selected for calibrating national car and motorcycle
Logit models, respectively. In addition, to further scrutinize the differences of choice
behaviors in various living environments, 23 counties/cities of Taiwan are first
classified into three regions: major metropolitan, minor metropolitan and ordinary
cities, then the regional car and motorcycle Logit models are developed.

The calibrated results of the nationwide type and vintage choice models show
that the fuel cost, purchasing price, insurance cost, maintenance cost of the vehicle
and the income, gender and education of the principal driver are found to be
significant. The calibrated results of the nationwide type choice model of alternative
fuel vehicles also show a similar result that the variables of the fuel cost, purchasing
price, maintenance cost, accessibility of refuel stations, purchasing subsidy of the
vehicle and the income, gender and education of the principal driver are significant.
Although most of these variables are also found significant at the regional models,
however, they exhibit different degrees of effect on the choice behaviors, suggesting
the necessity to develop regional models for the better description of local choice
behaviors.

To demonstrate the applicability of the proposed models, the changes in the
vehicle type and vintage market shares under various strategies, including increase of
license tax and fuel fee, increase of fuel price, levy of registration tax etc., are
examined. The results show that the market shares of large-size car (engine size larger
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than 1800 c.c.) and motorcycle (engine size larger than 125 c.c.) will decrease by
5.89% and 6.18%, respectively, if a registration tax of 50% vehicle price is imposed.
To increase 50% of usage cost of aged vehicles (more than 5 years for cars and more
than 3 years for motorcycles), the market shares of aged car and motorcycle will then
decrease by 5.33% and 6.64%, respectively. Moreover, to increase the accessibility of
refuel stations is the most effective strategy for encouraging people to choose
alternative fuel vehicles. Corresponding strategies are then proposed based on the
applications.

Keywords: type, vintage, reveal preference, stated preference, Logit model.
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2 0~10 526 | 57.14 | 0.44 |54.87| 0.00 |27.42 | 0.00 | 38.89
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* (gii) 51~100 10.53 | 0.00 | 64.81 | 0.88 | 89.07 | 9.68 | 17.53 | 5.56
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0~5000 15.79 | 28.57 | 9.87 [20.54 | 9.07 | 11.48 | 5.15 | 11.11
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e 6~10 2222 | 33.33 | 10.88 | 23.85 | 31.08 | 35.48 | 48.96 | 76.47
fﬁf 11~20 77.78 | 66.67 | 87.01 | 73.39 | 67.95 | 64.52 | 51.04 | 23.53

X R
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# e 0~5 5.56 421429 1090 | 0.90 | 1.44 | 9.68 | 9.28 | 29.41
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/ 0~3000 | 57.89 | 57.14 |23.46 | 59.29 | 12.59 | 50.00 | 8.25 | 38.89
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61




2 4-19 BABHBETIIAIE Y %2 22 AFE(H)

1200c.c.r4* | 1201-1800c.c | 1801-2400c.c | 2401c.c.xZ *+
EP 5# AZiE | 5# | A | 5F | ARE | S5E | KE
M 5 # mT |5 | MTFT | b® | U | &
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
ERTa 0.00 0.00 | 440 | 2.65 | 3.56 | 3.23 | 3.09 | 0.00
1 0.00 0.00 | 572 | 531 | 546 | 323 | 5.15 | 0.00
2 526 | 1429 | 425 | 3.54 | 404 | 484 | 5.15 | 11.11
ERRETE RS 3 3 0.00 0.00 | 3.81 | 3.54 | 404 | 484 | 6.19 | 0.00
i@ (%) 4 15.79 0.00 | 30.21 | 29.20 | 30.64 | 19.35 | 29.90 | 33.33
% 5 10.53 0.00 | 10.85|13.27 | 13.06 | 22.58 | 13.40 | 0.00
A~ 6 0.00 1429 | 792 | 7.08 | 641 | 8.06 | 4.12 | 11.11
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90c.c./4* 91-125c.c. 126c¢.c.r4 ¢}
oy 5B 3 # ALi§ 3 # ALi§ 3 # A2 1§
T 3 & T 3 & T 3 &
(%) | (90) | (%) | (%) | (%) | (%)
1 0.00 1.69 1.02 242 1.43 0.00
2 11.84 | 13.56 | 6.66 | 10.89 | 4.29 | 20.00
’ 3 1447 | 2034 | 18.82 | 23.79 | 17.14 | 26.67
»&?‘" e 4 30.26 | 28.81 | 32.01 | 28.23 | 40.00 | 13.33
(<) 5 21.05 | 15.25 | 21.38 | 19.76 | 20.00 | 26.67
6 14.47 8.47 11.65 7.26 10.00 6.67
7 2.63 6.78 5.63 3.23 4.29 0.00
Fe 8 11t 5.26 5.08 2.82 4.44 2.86 6.67
= s 0 5132 | 54.24 | 48.27 | 56.05 | 50.00 | 40.00
& ik 18 1 18.42 | 2542 | 23.30 | 22.18 | 21.43 | 40.00
~ g 2 18.42 ('11.86 | 18.05 | 14.11 | 15.71 | 13.33
7 (1) 3 9.21 5.08 8.32 484 | 1143 | 6.67
i 411t 2.63 3.39 2.05 2.82 1.43 0.00
A& 5 42.11 | 30.51 | 34.44 | 37.10 | 31.43 | 26.67
5~*& % 10 | 31.58 | 44.07 | 4443 | 47.58 | 47.14 | 53.33
P S 10~* 7% 15 | 13.16 | 16.95 | 14.21 8.87 14.29 | 13.33
Lt 15~ % 20 | 9.21 3.39 2.69 2.02 2.86 0.00
(§ ~) 20~ A & 25 1.32 0.00 1.66 2.42 1.43 0.00
25~k &% 30 | 1.32 1.69 0.77 0.40 1.43 0.00
30 4} 1.32 3.39 1.79 1.61 1.43 6.67
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%g ) 5B 3& | RF | 3F& | ARE | 3& | RiE
E 3 & E 3 & E 3
(%) | () | () | (%) | (%) | (%)
- 0 19.74 | 16.95 | 21.13 | 21.95 | 20.00 | 20.00
K;” . 1 51.32 | 64.41 | 59.92 | 55.69 | 52.86 | 66.67
?\ #'4( ;5{ 2 2237 | 13.56 | 15.08 | 19.11 | 22.86 | 6.67
; 32t 6.58 | 5.08 | 3.87 | 325 | 429 | 6.67
" 1 35.53 | 20.34 | 16.26 | 24.60 | 14.29 | 0.00
5 T B 2 31.58 | 35.59 | 40.46 | 28.63 | 30.00 | 46.67
L ¥k 3 14.47 | 27.12 | 24.84 | 2540 | 34.29 | 40.00
(i) 4 11.84 | 11.86 | 13.57 | 15.73 | 1571 | 6.67
514t 6.58 | 5.08 | 487 | 5.65 | 571 | 6.67
5 ke ] 36.84 | 47.46 | 63.38 | 70.56 | 95.71 | 86.67
4 63.16 | 52.54 | 36.62 | 29.44 | 429 | 13.33
20 1T 1.32,.[. 508 | 12.68 | 4.03 | 11.43 | 0.00
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P || kg | RE | x| REY | R F | kg g | R g x| REV
S5&ET 0.58% | 1.57% | 1.59% | +1.27% | 1.61% | +2.55% | 134% | 1.37% | +2.24% | 1.39% | +3.73%
1200c.c. )2 F
A2 5 & 0.30% | 0.51% | 0.49% | -3.92% | 0.47% | -7.84% | 0.46% | 0.44% | -4.35% | 0.42% | -8.70%
5&EMT 42.53% | 46.96% | 47.67% | +1351% | 4824% | +2.73% | 47.85% | 48.80% | +1.99% | 49.59% | +3.64%
1201-1800c.c.
AR 5 £ 3.60% | 8.15% | 8.15% 4 0.00% | 8.14%+ -0.12% | 9.65% | 9.62% | -0.31% | 9.58% | -0.73%
5&ET 33.05% | 29.14% | 28.96% | -0.62%{-28:81%| -1.13% | 26.51% | 26.28% | -0.87% | 26.07% | -1.66%
1801-2400c.c.
A2 5 & 3.32% | 4.30% | 4.23% | -1.63%{114.18% | -2.79% | 4.98% | 4.89% | -1.81% | 4.82% | -3.21%
24010.0 S5&ENT 13.93% | 5.66% | 5.48% | -3.18% | 5.34% | -565% | 6.68% | 6.34% | -5.09% | 6.06% | -9.28%
- ,
B A 5 & 2.69% | 3.71% | 3.43%| -7.55% | 3.21% |-13.48% | 2.53% | 2.26% |-10.67%| 2.07% | -18.18%
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1 — " 3215 100% 10.0% " 325 100%
WP | | |N [ [N | [N T N || [ (| —
1200c.c.r2*  1201-1800c.c. 1801-2400c.c  2401c.c.’/ + TR LA 1200c.c.’2*  1201-1800c.c. 1801-2400c.c  240lc.c.r + FE
SE k& SE O KE SE RE sk 4 ) S& Al SE AE KE 5 4l
T 5&#8 M 5& T 5 & T 5 wT  §5&F ™M 5F T 5 & e 5 &

W65 & B G2 f;i(-ktﬂ'rsgnﬁﬁﬂlﬁﬂfﬁi)
%69 #3 ,e;r._ ,..ﬂ%% ;L%z% A% AT HERY)

B] 6-6 %0 2 BIP(- KBTI I D RES)

iRyte TR | - ST

LR B 35 £350% | &3 100% B 35 5 B 35

S| B3 F | e | Ry X | ®E | BFF | BFF
A 78.49% | 78.09% | -0.51% | 77.68% | -1.03% 80.54% 82.00%
By @ 7.85% 7.97% | +1.53% | 8.08% | +2.93% 7.40% 7.29%
wERED 6.07% 6.16% | +1.48% | 6.26% | +3.13% 4.62% 5.08%
RCENE 5.41% 5.50% | +1.66% | 5.59% | +3.33% 5.53% 4.10%
FETE 2 | 2.18% 2.28% | +459% | 2.39% | +9.63% 1.91% 1.53%
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26-10 B F B FiFegF (LR IE N D HSY)
KL #% 50% # 3 100%
13 \ , 7 i— J"f& N , 7 i— J:{tl-‘\ \ , 7 i J‘{ﬂ.‘\
LI A SR A IS U Bl R IS N I e LR | e |
R g Lo RR | AR | RE | . R | AR | RE | L | FR
R E i 5 RE | BR 4 RE | BR 4
5%
e 0.46% | 0.05% | 0.04% | 0.03% | 001% | 045% | 0.05% | 0.04% | 0.03% | 001% | 045% | 0.05% | 0.04% | 0.03% | 0.01%
1200c.c. | B# - - - - - -2.17% | 0.00% | 0.00% | 000% | 000% | -2.17% | 0.00% | 0.00% | 0.00% | 0.00%
e Py
);‘f 024% | 0.02% |  0.02% | 0.02% | 001% | 023% | 0.02%:| 0.02% | 002% | 001% | 023%| 0.02% | 0.02% | 0.02% | 0.01%
) - - - - - 4.17% | 0.00%" 0:00% | 0.00% | 0.00% | -417% | 0.00% | 0.00% | 0.00% | 0.00%
5%
. 3337% | 334% | 2.58% | 2.30% | 0.93% |7 3321%71 339% | 12:62% | 234% | 097% | 33.03% | 3.44% | 2.66% | 238% | 1.02%
1001 | BEw - - - - - -048% | +150% +1.55% | +1.74% | 4.30% | -1.02% | +2.99% | +3.10% | +3.48% | +9.68%
1800c.c. | 4z
);‘f 2.83% | 028% | 022% | 0.19% | 0.08% | 281% | 029% | 0.22% | 020% | 0.08% | 280% | 0.29% | 023% | 020% | 0.09%
3 - - - - - 0.71% | +357%| 0.00% | +5.26% | 0.00% | -1.06% | +3.57% | +4.55% | +5.26% |+12.50%
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20610 A B2 e85 (0824 T W)

P 355 #3 50% #3 100%
BRE | 28| a, | BE | aE ff woy |y | BE | T f,ff w | oy | BE T if
YA 5 () /F-!é‘- Z'/Ell /;m YA 7 { /Fg Z'/Ell /;L YA 5 () /gg Z'/Ell "}gﬂ..
ii 25.94% | 2.59% | 2.01% | 1.79% | 0.72% | 25.81% | 2.63% | 2.04% | 1.82% | 0.75% | 25.66% | 2.67% | 2.07% | 185% | 0.79%
1801- gL - - - - - -0.50% | +1.54% | +1.49% | +1.68% | +4.17% | -1.08% | +3.09% | +2.99% | +3.35% | +9.72%
2400c.c. ff 261% | 026% | 020% | 0.18% | 0.07% | 2:59% | 0.26%:) 020% | 0.18% | 007% | 2.58% | 027% | 021% | 0.19% | 0.08%
g - - - - - -0.77% | 0.00%", 0.00% | 0.00% | 0.00% | -1.15% | +3.85% | +5.00% | +5.56% |+14.29%
ii 10.93% | 1.09% | 0.85% | 0.75% | 0.30% |7 10.88%-richt% | (0.86% | 0.77% | 032% | 10.81% | 1.13% | 0.87% | 0.78% | 0.33%
2401C.C. g - - - - - -0.46% | ¥1:83% | +1.18% | +2.67% | +6.67% | -1.10% | +3.67% | +2.35% | +4.00% |+10.00%
e ?f 211% | 021% | 0.16% | 0.15% | 0.06% | 2.10% | 021% | 0.16% | 0.15% | 0.06% | 2.09% | 0.22% | 0.17% | 0.15% | 0.06%
3 - - - - - -0.47% | 0.00% | 0.00% | 0.00% | 0.00% | -0.95% | +4.76% | +6.25% | 0.00% | 0.00%
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4611 A K2 5E

BR(RRE DS

& R T # 3 50% # 3 100%
#3 z 2 ¥ o @ 7 L LA o B 7 L & D 7 L LS
[N . A= /) KN [N . PA=: N () KX [P . TAN . N () S
R W N - e A R - R R R LA I - T
Yo B { ,é e v { Ié Vi~ { /Q
5 &
. 1.26% | 0.12% 0.07% | 0.09% | 0.03% 1.28% | 0.12% | 0.07% | 0.09% | 0.03% 130% | 0.12% | 0.07% | 0.09% | 0.03%
1200c.c. | ¥# - - - - - +1.59% 1 0:00% | 0.00% | 0.00% | 0.00% | +3.17%| 0.00% | 0.00% | 0.00% | 0.00%
[V iay -
K iE 0.41% | 0.04% 0.02% | 0.03% | 0.01% 0.39% -1 0.04% | 0.02% | 0.03% | 0.01% 0.38% | 0.04% | 0.02% | 0.03% | 0.01%
5 &
B - - - - - -4.88% | 0.00% | 0/00% | 0.00% | 0.00%| -7.32% | 0.00%| 0.00%| 0.00% | 0.00%
5%
i 37.81% | 3.48% 217% | 2.60% | 0.90% | 3840% | 3.53% | 220% | 2.64% | 091% | 38.84% | 3.57% | 2.23% | 2.67% | 0.92%
'] %
1201 bl - - - - - +1.56% | +1.44% | +1.38% | +1.54% | +1.11% | +2.72% | +2.59% | +2.76% | +2.69% | +2.22%
1800c.c. | 42 :@
5 6.56% | 0.60% 0.38% | 0.45% | 0.16% 6.56% | 0.60% | 0.38% | 045% | 0.16% 6.56% | 0.60% | 038% | 045% | 0.16%
Bt - - - - - 0.00% | 0.00% | 0.00% | 0.00% | 0.00% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
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2611 BENFLFLEF(ZRMEA D HN)ED)

¥ 5w B3 50% #3 100%
L o - . o T . wx 3 W%
#FE | 28 . e | | F o AR A U o S| WR R
ARC I I 51 A Lo R | AR | RR ) . R | R | RE | L | FR
S ) . R4 ) . B E ) .
# # #
5&
| 23A46% | 216% | 135% | 161% | 056% | 2333% | 2.14% | 134% | 1.60% | 0.55% | 23.19% | 213% | 133% | 159% | 055%
g0 | EF - - - - - -0.55% | -0.93% | -0.74% | -0.62% | -1.79% | -115% | -1.39% | -1.48% | -1.24% | -1.79%
2400c.c. | A
c & 346% | 0.32% | 020% | 024% | 0.08% | 3d41% | 031%: 020% | 0.23% | 0.08% | 3.37% | 031% | 0.19% | 023% | 0.08%
3 - - - - - -1.45% | +3.13%|. 0.00% | -4.17% | 0.00% | -2.60% | -3.13% | -5.00% | -4.17% | 0.00%
5%
e 456% | 0.42% | 026% | 031% | 0.11% |7 4.41%f7041% | 1025% | 030% | 0.10% | 430% | 0.40% | 025% | 0.30% | 0.10%
sa0lcc. | BEH - - - - - -3.29% | '72.38% | -3.85% | -3.23% | -9.09% | -5.70% | -4.76% | -3.85% | -3.23% | -9.09%
2 b i
c & 2.99% | 027% | 0.17% | 021% | 0.07% | 2.76% | 0.25% | 0.16% | 0.19% | 0.07% | 2.59% | 024% | 0.15% | 0.18% | 0.06%
g - - - - - -7.69% | -7.41% | -5.88% | -9.52% | 0.00% | -13.38% | -11.11% |-11.76% | -14.29% | -14.29%
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%6-12 3 R R 2FEHEEF(- &BIF T D)

*F A # 3 50% # 3 100%
L & # ‘ o | B ‘ ¢ FR , ¢ g%
#‘$ :!i - M\ :1—‘:‘;’ Il_;{'_“:_’] 'Ié' ";Rr_’. 7l’§ it ;Fl,_;, ;'.‘,‘El] ll_iéé, ‘/é’ g: 7l’§ e ;Flc% “'_‘,.é &E’, "El’ ';F: h’§ it ‘lt_l_'ﬁ!
YA 5 { ,F-!é‘. ?/Fb /*:’m YA 7 /Fg ?/Fb /*“’ﬂ_‘ YA 5 { /gg ?/Fb /‘,ﬂ..
Vad ad ad
5#
T 1.10% 0.10% 0.07% 0.05% 0.02% 1.12% | 0.10% 0.07% 0.05% 0.02% 1.14% | 0.10% | 0.07% 0.05% 0.02%
1200c.c E3 A -- -- -- -- -- +1.82% | 0.00% | 0.00% 0.00% | 0.00% | +3.64% | 0.00% | 0.00% 0.00% | 0.00%
[ g
5 & 0.38% 0.03% 0.02% 0.02% 0.01% 0:36% | 0.03% |= 0.02% 0.02% 0.01% 0.34% | 0.03% | 0.02% 0.02% 0.01%
B -- -- -- -- -- :5.26% | 0.00% | 0:00% 0.00% 0.00% | -10.53% | 0.00% | 0.00% | 0.00% | 0.00%
5#
T 39.25% 3.49% 2.43% 1.96% 0.73% 40.02% [3:56% |+ 2.48% 2.00% 0.75% 40.66% | 3.62% | 2.52% 2.03% 0.76%
1201 3 -- -- -- -- -- +1.96% | +2.01% | +2.06% | +2.04% | +2.74% | +3.59% | +3.72% | +3.70% | +3.57% | +4.11%
1800c.c. | #42:®
5 & 7.91% 0.70% 0.49% 0.40% 0.15% 7.89% | 0.70% 0.49% 0.39% 0.15% 7.86% | 0.70% | 0.49% 0.39% 0.15%
B -- -- -- -- -- -0.25% | 0.00% | 0.00% | -2.50% 0.00% -0.63% | 0.00% | 0.00% | -2.50% | 0.00%
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20612 BB F2 e B (- I 2 H)(H)
AT # % 50% # % 100%
L& # ‘ - F e ‘ - F e : - s
# $ i - M\ :1—‘:‘;’ Il_;{'_“:_’] 'Ié' g_’. 7l’§ it ;Fl,_;, ;'.‘,‘Ell “l—é\:}l ‘/é’ g: 7l’§ e ;Flc% “'_‘,.é &E’, "El’ ';F: ﬂk it ‘lt_l_'ﬁ!
Y o 555?- Z"ié T W Ya'wi 7 '}F’é‘. ‘/'él T w 'R vk ‘}5’=$ Z"}él = W
s Pt Yad
5 &
e 21.74% 1.93% 1.35% 1.09% 0.41% 21.55% 1.92% 1.34% 1.08% 0.40% 21.38% 1.90% 1.32% 1.07% 0.40%
B L - - -- -- -- -0.87% | -0.52% | -0.74% -0.92% | -2.44% -1.66% | -155% | -2.22% | -1.83% | -2.44%
1801-
2400c.c. 2%
?_EE 4.08% 0.36% 0.25% 0.20% 0.08% 4:01% 0.36% 0.25% 0.20% 0.07% 3.95% 0.35% 0.24% 0.20% 0.07%
%fﬁ L - - -- -- -- -1.72% |~ 0.00% 0.00% 0.00% | -12.50% -3.19% | -2.78% | -4.00% 0.00% | -12.50%
5 &
- 5.48% 0.49% 0.34% 0.27% 0.10% 5.20% 0.46% 0:32% 0.26% 0.10% 4.97% 0.44% 0.31% 0.25% 0.09%
2401c.c %iﬁ L -- -- -- -- -- -511%.| -6.12%" -5.88% | -3.70% 0.00% -9.31%(-10.20% | -8.82% | -7.41%|-10.00%
Ik = 3
?}f 2.07% 0.18% 0.13% 0.10% 0.04% 1.85% 0.16% 0.11% 0.09% 0.03% 1.70% 0.15% 0.11% 0.08% 0.03%
%fﬁ L - - -- -- -- -10.63% | -11.11% | -15.38% | -10.00% | -25.00% | -17.87% |-16.67% |-15.38% | -20.00% | -25.00%
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B E | kpE | REV | gy | REV ] Rgg | BFE
3#EMT | 482% | 491% | +1.87% | 4.98% | +3.32% 4.58% 6.52%
90c.c.;4 ™
REIE | 437% | 4.19%(1:412% | 4.05% | -7.32% 4.33% 4.04%
3ENMT | 5991% | 60:31% [ #0.67%:| 60.62% | +1.19% |  62.77% | 63.47%
91-125c.c. et =~
A 3#E | 23.65% | 2329% | <1.52% | 23.00% | -2.75% 21.88% |  19.76%
3EMT | 637% | 643%] +0.94% " 6.48% | +1.73% 4.83% 4.47%
126c.c.r4 + ‘
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