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Student : Hung-Ling Lin Advisor : Ka-lo Wong
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Abstract

Macao has been enjoying the rapid economic growth since the last few decades,
together with huge changes in the social environment, population and land use pattern.
As demand for mobility increases with income of people and development of the city,
the rapid increase of transportation demand and purchase power for private vehicle
causes the traffic congestion problems more serious. Previous studies suggested that
motorcycles were temporary transportation modes before entering the era of private
cars, and motorcycles may phase out gradually with increasing in the number of cars.
However, the private vehicle‘ownerships in Macao are growing, and the number of
cars and motorcycles are increasing over the past years. Reducing the private vehicle
ownership and usage is one of.the key challenges in the development of a sustainable
transportation system. However, to evaluate the effectiveness of a policy, it is
necessary to understand the factors that influence the preferences and behavior of
travelers.

In this study, we analyze the database of atravel characteristics survey of Macao,
which includes the household attributes, personal attributes and travel itineraries. A
discrete choice approach is used to estimate the number of private vehicles that a
household would own. A Multinomial Logit Model is used to formulate the choice
behavior of household car ownership and household motorcycle ownership. Macao is
a high population density area, and both private cars and motorcycles are popular
transportation modes. Family members of a household living together may affect the
travel behavior of each others, and the level of vehicle ownership is commonly
considered to be a household decision. This study further finds that the motorcycle
ownership is not only a household decision but also related to the personal attributes
of the motorcycle rider, therefore a motorcycle usage model at the individual personal
level is also proposed to investigate the characteristics of motorcycle riders.

The result of the estimated models suggests that income has positive effect on
both car and motorcycle ownership. Car ownership level is higher at lower population



density at residential location, whereas motorcycle is more popular at high population
density area. The model of individual motorcycle usage found that the age group of
19 to 24 is more likely to be motorcycle users, and the usage level decreases with the
age group. As the motorcycles have low holding costs, most of people have the ability
to own a motorcycle. Therefore, in order to control the growth of motorcycle
ownership in the future, policies such as promotion of use of public transportation
would be more effective if focusing on the youths.

Keywords: Car and motorcycle ownership, Motorcycle usage for individual, Discrete
choice models, Logit model, Macao
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Bk ;La;-‘gf do— b FE S % ¢ - a9 5 H07) (Ben-Akiva and Lerman, 1985) o fi-
e AR R M et 1% (Random Utility Theory )22 52 % & % i BB o ST 4%
P L R AR e BN E AT E D RN F A T R - oy o 8
P R SRR S R SlAh AT GE RIS B o JI ¥ AT
AEA R VAEED 7 B2 ATE H Y o e - &R B 03¢ (Generalized
Extreme Value) ~ ¥ % +* i3\ (Probit Model) 2 % % 4 fic;¢ (Logit Model) % - % /&%
Fno 5 EFE S FPFO REEF R AT 2 FED Ko doT S A0w

U, >U, 0= Vi jeA (3.1)
He

i

L EiAT A %ﬂ%;‘i—%‘;—‘ﬁniﬁi’*

.m)‘; .m)\;
e

2 R TR %ﬂ%‘a;‘i—a‘;—‘ﬁniéi%
mﬁwﬁﬁﬁi£%§§*$i%€ﬂ&mb
B et SifU,, Rk ¢ FVEEINLV, ME AV ERENRLS e, 0 AT

U,
U,
A :

FOAT

U, =V, +&, (3.2)
;\::‘ ’

Vi =+ X+ B Xg +ooo4 B xS (3.3)
He

Vo HiE S R b R na T grR

En B R LARENL DV R EWFLR

Xy i N2 $Kip 298 %

VA R S

Bk HiE S Riz $KB ¥k
1T Bt i RRIZ BRI FnEREFE S Fis i

P, =PrlU, >U,;,vj i) (3.4)

23

-



BARF RS BEE S AN YT R P RS R E A

HP v BN SR ELE L IR EV AR 2 FBREA LT
% 2 4p I¢ (Independent and Identical Distribution , 1ID)scdie i+ & A # - A m &
TR F R RN SRR FAMFAL Y FERE S FEAGE -

M pES P EEARE GERRG T AR R R TN EFRE A R
T EHN L B A9E L RE(IID)2 Gumbel & e 0 HE S L HE AL 0 B
WHAHI O H BB e S BFE R KR AR RY Bt S
FAEOEFHESANESZ SR RE L ¥ ;%P?{ﬁ"m% * o AR
TR RER N ARG R REREA T FAFTE ST ELET ) B
¥ A i 538 B E #4058 (Multinomial Logit Model, MNL) & & ;% % & 4 # ;¢
(Nested Logit Model, NL) -

53 Bd SN

58 B E AR S BEnh SdeU 2 2 RS A e, A PR
#€(Independent and Identical Distribution; l1D)2 Gumbel 4~ fiz - i% i 4 fe 7 % 4% 1%
F R SEAFA P N EAT

exp(Vy,)

TS exp(vy)
i<, (3.5)

RIS RREEREN CERE RN AR Lo AR
;¢ (Binary Logit Model, BL) 5 % & * % G oo B A IR R d
;% (Multinomial Logit Model, MNL) e S sE B F ¥ 3\ 5 A FE > 22 F =
Ep e (Independent of Irrelevant Alternative, 1lA) » T 7 4p & i8> 2 b= 4

AR ERS FE ‘iiéfﬁﬁkﬁfi—%i’é?ﬁ’*%"’«iiﬂ’ﬁFaé’i’—f—f’ff*‘““%wi
et B oo ¥ R B0 allARE M ’ﬁ Higpgkor % 8E o E/i—?ﬁ—‘ﬁ’ﬁ ¥ren
FES RV EERE R R RS AFE S F Lk o ARTT A LR
ot Sl SfE e b CFTFE SR E R Fogow E

Bl R BHES R ZAPHERPBIR R H

et 2 I A E R g Rt Sl T REY R 2 REPFA T (T e B

Exvﬁvﬁ FTE RFTREP TR AP IR BREAZ L R I RF
SARRIGEAL oM FE D KL P E SRR

FREY P e TR MRS A AT i A2 E

Al R ERERAINALE R EE NG B FES Y A FES L

L RBEM SRR PR B IIMFEIRIRTLI T RE LR o

L NAG g BFF RN FLAAPR L FES F 57 2 s forfi
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Mend A BFRFHN > R I REFFERES S TR

v

33{WAREHIEE

BEAE S EOORE D Z R e e T F @ E] T2
" g~ 022 (Maximum Likelihood Method) » 2 @ o+ iz &R 5 @ %
AERFIENERAPENGER R L BRPIEE ] RAFAPT o vt Sk
7 — IfE(consistency) 1 & »x 5 4 (efficiency) e — 4L EApEF B35k A o 4o o
% ﬁt&f\; B AR R RS R T A R R R ATE R EY
L5 5 RB2Z M RA X2 r R LG 7 i (unbiasness) > 7 i A
I 5 B w2 A ST o WL DA E ik w0 - BT
P ol 4o @ WD o B B AR YRR B IR KRR R RS

258 A BESAEG LT RT A5G SR s B0 B iR L et
& % = 48 /# (Ben-Akiva and Lerman, 1985) :

%

155 S dcie <
IBRAEHEGY T 2R R SRR RS IR BT R R
TR G LET ELRIES 502t <
25 R T
B4 PRI gt R s S R e R b s
(1) 62 v+ 45 54 % (Likelihood Ratio Index » p*)
ARG AR R ORI g a4 0 WL K TN E & & (goodness
of fit)2_ 45 1% » +£ & 47 ivie fF st ¢ 2 2 % fadc(Rho-Square » R*) « # 2 &4
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2 =1_M

InL(0) (356)
INL(P) : $#cfe3tE i f2 Pan o icie
InL(0) : % it 5 = (Equal Share)%s:\ 2 PRI S0 Bz ¥
d o pt 0812 |tk p fERTINIF 7 IR L e b i 4 5 - 43
# ik g (Market Share)#i-;t 2 2 FE > 2 F L nHE¥En 2 ¢ 7 H B
R ot m BT G FROot iR pl BT R B iR R

e Sl E R ek o H TR A0T

o7 =1- InL(p)
InL(C) (3.7)

INL(C) & HF ¥ 3 FH 2 it iicie
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(2)fx v £t £ (Likelihood Ratio Statistics)
PEi Lt Bt B it dp e TS AHD v RGN e 0 Rfe T
BoaS P 9 Sl B F M o I B AT
—2[InL(0) - InL(pB)] (3.8)
FRAAGAFEREF S (X)AR o w2 B pd AN EATT R
PR A Sl Bce EAL N EC(N) 0 BIA T AR Gk ET
SRR R B PR AT RBIER B E B F N L (N)
PIZ 00 ek I KT AR BN RE g FH G P TES L & B
2% o

3.brittis T (Asymptotic t test)

RO e A & TRASRHEE BRI Y TG ST 0 m BRTUR LA & 4R

- B SECAB R R e LB SR F AR 0 PEASF I AT Y At

W R e BRTHE 820 M R L 0 B 250 eT

< S.E(B)

/AEEEE R AR S S
SE(B,) : % i &

(3.9)

3.4 EP 3§

b AR ETAE S BV P > & JF & % BB 48 (disaggregate) 14 £ 43 kY
(aggregate)s#fd 2 % B o BAEEIE N L BAERP S > TR E BB ERH O
RARR > THAESE S R IR h R R E o BT
A A A

Vo =+ B X + B g+ f X7

(3.10)

_ exp(vni)

P, IP,

EXP*"NI T oxM /xN

— al:)nl aVﬂJ' ﬁ

GV, ax;N P
oexp(Vy)

ex —eX .)-eX )

_Zj‘, p(Vm) v, p(V,) - exp(V,,) v,

. > exp(v )T o' Py
J
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aeXp(\/ni)
_ aan _ eXp(Vni) : eXp(an) . aan . Xr:N
| Dexev ) eV ) | ox' Py

ZZ(5ij _Pnj)‘ﬂle Xy

(3.12)
He
oP, {P —Py-Pyi=]
oV, 0-R;-By,i#] (3.13)
6exp(\/ni) — {exp(vni)fi = J
oV, 0,i#] (3.14)
_{._,
C 00 (3.15)

DRENEFEG R B 2 sk
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1:Mfuﬁna7;:wp
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BORAGEI R L KR L LR RS X T R R B e ff

FETER S RiOEMA T B RN R B ER S R ER Y
B3 FancgHA) o 24T
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Z _1Pn|
N

P(i) =
(3.16)

P(i) : #7EH> 2P Y bG35

N @A 2 B AL B
A~ P SN e
£F0 Z_lpm Ey

2P (3.17)

Py BN it 2 2
EJy ¢ R NG iRiT B 2 AR~ SEgL
FEET BHEEEES A  F R o BB 1%PF > BRRS BT R
o2 F A A P BT S 2 M~ S A T g T

%(,1%% ’ éﬁ:ﬁi#f’ﬁ = %ﬁf*ﬁ%frq7 A}LL °
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