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ABSTRACT 

In this study, a model for the household decision on car/motorbike 
ownership and use is developed, estimated, and applied. The model takes both 
cars and motorbikes into account. It is mainly based on the microeconomic 
theory of consumer behavior, in which the fixed and variable car/motorbike 
costs are two main components of budget restriction. The probabilities of 
car/motorbike ownership are derived and calculated by comparing direct and 
indirect utilities. A disaggregate data set at the level of individual households 
was obtained based on the household interviews conducted in Taichung City in 
2000. Genetic Algorithm is applied to calibrate the parameters and further 
figure out the impact of changes in variable car/motorbikes, fixed car/motorbike 
costs, household income, and combinations of these on the household 
car/motorbike ownership and use. In general, the long-term income elasticity is 
greater than the variable cost elasticity and the fixed cost elasticity. The policy 
analysis also indicates that variable costs have more effects on reducing vehicle 
use. It is, therefore, a good direction for authorities to consider such strategies 
to improve transportation environment. 

Key Words: Ownership and use; Direct and indirect utilities; Genetic 
Algorithm; Elasticity 
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¤�C¥�K��¦§_¨�{\]¦§C© v_¨�ª�C�r�«�%����w

�����w\]!¬�­m��R�®D¯ef°±²=xy�³k´µ¶·�¸�S

¹�NRnopq=-.�º����Jz� r 

»¼�½B,¾m¿­ÀÁÂ����TZ[���Ã\]�ÄÅÆÇef�ÈÉm

�ÊË³ÌÅ0Í¢ÎUÏÐ��ÑÒr���������TÓ"Ô (discrete) ¦§�

�º\]Õ{�TÖ×Ô (continuous) ¦§�6������w\]� �TØÉÓ"Ô

wÖ×Ô�¦§� rÎ�����������w\]Î+�
���|TÙÚ�ÛÜ

ÝÞ�ßà-.lZO�d

 [1]
�á� 88â�����ãä� 6,513,324ã������

� 4,509,430 å������ 10,958,469 å�C¥�����æç�ã��è� 0.7 å�

��� 1.7l����T�
��é�=�ê�åä¥ë»elr����½BD���

���w\]m��ìí�î!ïð�de Jong [2] 
�ñòówô�õ

 [3] 
ö�÷øfù�ú

ûüýÞ�
��þ��\]����S���Ot*'C��JK��ð�����O

t(�Dé�Tl����
���m�D�r�	k
É�������ØÉ���

��sOt��®ÁÂÅ�3�����w\]
�=�I� �������ã���

���w\]�����I��
�����l�ê�å���w\]ÈÉ�S
��Æ

��»�Ôm��T���B�¨ä (��� �S) D��ã�����w\]=!

"���&'#��SX$�%Ár 

sOt�&'(7�j�)*'�D�½B�ã�å���w\]�JzOt°T+

,�)�'�
��-Ü�üýr).'/ÙsOt��01���2Ô�)3'�01

��ã������\]���b²��ù
��G4m��Æ��Þ&ûw�5r 

�����	 

2.1 ��������	 

Berkovec6 Rust [4] 
I��ãD�����78�¦§
�9º�:;-����<

��#=>2Ô[�J?Ô�{º@#=AlmCuBJKCD�J?9N%º��E,

�ÜF����åGH*�IJ (nest)��J�jKL�å,�m*3IUM�L%mH

��N3IO¦UMPÉrBerkovec [5] 
{Q�J�RS2�I�����3<��¦§


���T�u*T�UV� (scrappage) �W��X
²
������YúIZ
�w

[Õ
��º�»
P (simulation) =U�\A!�÷ø]ZD�����^_ (��)�

Æ�L%DIZ÷øf�\A���
`�\A`Z���[Õ3W�ab�*T�UV

�cr 

Jansson [6] 
������	def (entry propensity9exit propensity) °��:=Jz¨

ä�gh]i"V (cross-section) wj"V (longitudinal cohort) m���k!�]Zº�
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lmn (life-cycle) �����op��q*êr=��*s�\Arì�m¿xy!�

��tP�������!�âEt�!�Ô¿Óº�����	
wdu�Æ��
P

=U�\AÞ@v (1990�2000�� 2050â) ������r 

Said [7] 
Otwx2=������y����o2z��wx2�N{�=��N

|��}~��Y�Z[�¢Îw�?½=�wx2���ã�º��ök���Nº*

T��3��3���ø���øcçNm���6C� 90� �Ð��wx2���C
��Tl�Ð=�å�N%�T~�Ô��
�µ
Îwx2�s��wB���ã��

����r� Chin6 Smith [8] 
{�W
��D��h]`Z
�µ
!"�����Õ=

N|�º��#Ý���3��3������å�°*sc�!"�����=Úv¨

ärº�T����
�m�W
�� =-.�SD����=!"rG4&'Ú��

W
�Î 1989â��=��T���	
���ø¸'Æ�Úv�� 1990â����G

������X�é�4 (certificate of entitlement9COE) c��\����=��,�

���r 

� ¡
 [9] 
�xy��¢£¤��S¹DWX���äÕ*s�¥¸�h]¦§Ô78

�À�å��w��=ÈÉ¦§
�r 

2.2 ��
�����	 

Mannering [10] � simultaneous equation system-Ü�ã��¾l��\]
��g�

��el���ã�¨s�ù��m�r
�(xy�ã¾l�\]Õ�m©�Jk�T

~`ZÃIZ
��ªª«¹I¿��\]opj�ºI��ã�I¿����\]
�

{ku�ÁÂr 

Golobc� [11] 
u!"��\]=N|�¬��H��ã2Ô3���:\]�2Ô

���s­�2Ô�g� additional equations v®§�ã��l��=�:\]�=2

Ôr�Ot�Ú�Ô78 (RP) �¦§Ô78 (SP) vµ
Tl��el��Ð=�ã�

�\]op�h] RP �G¯-
v®§°�é�=�å�� SP G¯\A@vW�±�

���rº
��Q²] RP-SP �ÈÉµ
�kk�®ª³Þ½3B�¨ä=�®!"

¸'�¯´!"��µ RPG¯®¶Ï·¸Å=r�G4&'Ú��¹ê�u�ºd»�

�ku¼\]r^B�Îé�el��Ð=�ã��\]ÕuN�E3�°*s�ê½ (»

�) ±r!����_¨r 

2.3 �����
�����	 

Train [12] 
R]¾¿
� (sequential model) m������w\]�
��ØÉ���

���ÀÁ�����\]�Ö×���²] Heckman *Â�ÃµÏ�¥Qh] Logit

Ã Probit
�vÃµ�ãD¦§�����������»¢Ä¦§Å�Æ·�KZ]�

�
�Ãµ��=\]Õr 
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Hensherc� [13] 
D��\]w�å<�¦§°ÞÈÉµ
�de Jong [2] 

{�ÇÞ��

��w\]�ÈÉµ

�9�f���ÔÈÉ¸]Êä=U�-Ü�å<�¦§�Kh

] Roy’s Identity üýÞ��\]Õ���Êä�g�¦§Æ·ÅÖËÖ×Ô=\]¦§

wÓ"Ô=��¦§r�fh]IZFÌÍ��¸]
��u���=ÛÜ*s�¨ê*

s¬²\ÎÏX���g
PK¯´*s	
�Ðv=!"rG4&'Ú��	
ÛÜ*

s�¨ê*sD�WX���=*s|�¸=rÛÜ*s	
©d����=����¨

ê*s=	
DWX���=\]�kÄË=¸'r 

Buttonc� [14] 
{ÑÍ������!"����w\]=N|���������á

��Ò�  (GNP) �Ó��u�����m*3H�gm¿h] Log-Linear 
��

Quasi-Logistic 
�-Ü�å������
�µ
�å\]�g�mÞY��åwÔ]

�å���äw\]ÕrÕÖ×
 [15] 
{|ÎÓ"Ô¦§� ®\] logit
�w probit
��

�Ö×Ô¦§{\]��
��vxy�����w\]=ÈÉ¦§� ��ºÎÖ×Ô

¦§UV�h]¦§Æ·ÅvÆ·���\]Õ
�=¦§7Ø�UÏÐw Hensherc�

=°ÏH?r 

ÙÚÛ
 [16] 
ö�|�»D�ã��T¸]Êä=-Üv�À�����äÕ3Ü°f

Ü°Z[¦§3w���\]Õ�ØÉ��
����º������äÕwÜ°Z[¦

§�Ó"Ô�¦§����\]Õ{�Ö×Ô�¦§���OtD�wÐ§Ot�H±J

?9º��Ý����ãIZ��Þ5G4m��Ot&'Ú������äÕ3Ü°f

Ü°Z[¦§3w���\]ÕÓ�JzÔ[Îr�ìß
 [17] 
�������ã����

D�ã�����3\]��wÜ°f.àáÀ3Ü°Z[c�Sù��2Ô�ùOtr

�Ot�ITÈÀUC�
±��ª³Ü°f.àáÀw������S�gf!"z

¤9ºâ�\]Ó"ÔãÖ×Ô¦§
�v®§�����3Ü°Z[¦§3\]��Ó

¡%Jz¢J£!"�z¤rG4&'Ú�Ü°f�.àáÀw�ã�������Sä

G[�gf!"z¤9�����3\]wÜ°Z[¦§C[�JzÔwÈÀÔr 

ñòó�ô�õ
 [3] 
Îåæ de Jong [2] 

�UÏj�xy÷øfÎVç��\ÎÏXj�

uþ��ÛÜ*s6��\]=¨ê*s¬²����w\]=ÈÀ�S
����q*

¸]Æ,�g
PKÛÜ*s3¨ê*s���¨ê®�D�����\]�!"CDr 

2.4 
����	 

Jorgensen6 Tore [18] 
�»®Ó¾¿��=Z]��
ÕFÌ
�\A����3��

[Õ��Emè3��UV��W�þ���gµ
������W�þ�����Ôw

��*s�Ô (��énwsn�Ô)rº!��YÎ�µ
����
�®�|��TI

âêÎ 18� 75ë�Gì��ë»íTîïð�*â��OtD����T~Ot���

ã�Ot��9&'��sn�����ñ�Ôçkén��ò����én�óksn

�ó!ôõr 
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de Jong [19] 
h][ö
� (duration model) vµ
����®Ó3�RS2
�vI

���<��¦§3����
�vüµ���â\]÷Cä�»�¸�r 

Yamamoto6Kitamura [20] 
h] hazard-based duration modelI�Þ�ã���=Gì�

�®Ów\n��®Ó
��guGìw\nefÓ�ØøÅ�mass point
�
�ùËr 

úû
 [21] 
R][öúû��×®C
�xy÷øfZ[��®C��» Cox c�üý

�
��À÷øfZ[þVù�
��Ot&'Ú�Ì�f=��d
¨äÎ÷øf=Z

[��®C
�Ð�k�=��k½r 

2.5 �� 

F��Ðìí+,#���½BD�����JzOt�JK����z�����

w\]ÈÉ¦§
��Ot{|Ç�âvÊ
�xy=�¢,¾äOt�:�D����

�w\]�
�r��ÎGì�ö���
��R|u���=��w\]�®ÁÂÎ½

=�C¥�	�Î���=\n\]Õë»TÜ�����
��Ê©¼þ����rN

%��Ðìí
�g¶Ï�¸ª³Þ�
���ê�å��w\]�Sù���®Ô 

(simultaneity)r�����2�=��ìq@�
Î
���C\Ð§
�m�&'R]

Î����=0:ÔJD��r 

�%�sOt�� de Jong [2] 
wñòó�ô�õ

 [3] 
=
���®ÁÂÅ�
���l

�3�����w\]
�=�I��
É��E©2zZ[&I�ºD��
��þ�

�S�!"r��sOtw�§eOt�ø
{�ú�ò 1��r 

� 1  ���� de Jong ���	�
��
��� 

�� � � 
de Jong [2] � 

����	
� [3] 
�
� 

����� �� (��) �� (���) 

���� 9� 200�� 

���� − ��� !"# 
$%"#& α ' 

()*�+,� 
-./&01 

2 � 

3456 GRMAX [3]
7TSP GA 

89':;< − =>?@AB 
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sOt¤�IZFÌúû�Þ�}�vxy���å�å (
���) �j��
�

�ÎVD2ÜÏXÈÉj�º��¸]Æ,q=¦§� r) 3.1'�
��-Ü�) 3.2

'{�
��üýr 

3.1 ���� 

1. ������� 

��sOtÁÂ�
��Î2ÜÏXÈÉj�¸]Æ,q=¦§� �N%sOt�

�Q�D�ã��=¸]Êä
�-Ür;-�
���ÄË¸]Êä#�q*�É�

��)TÉ|��\]=÷Cä A�)*É|��\]�÷Cä B�)�É|�ø�º�

��Ã��=ÝÞ Xr�� (��) \]÷Cä=�ñ�ÛÜ*s C(F) 6¨ê*s v(u) 

*f�P*9��º���Ã��=�ñ{u�Ó�q� 1�g�����ò��rÄË

¸]
�ò��j� 

Maximize � UU =  (A, B, X)   (1) 

s.t.� XY ≥  ���l� (�) � 

    X ])()([
3

1 1

++Ω++≥∑∑
= =

ijijijij
i

i

j
ijijijij FBuCAvY ω  ��T��l���  

º�� 

ijω � �
�����Ó9= 1���
���� il�ê�å�¢������¾� j®9

= 0�º�r 

ijΩ ��
�����Ó9= 1���
���� il�ê�å�¢������¾� j®9

= 0�º�r 

i��
��������å`ä (i = 1, 2, 3)r 

j��
������å�¾ ( j = 1, 2, 3)r 

Y��
����*�Tâ���`6 (�����)r 

X��âÝ������B�º���=`ÝÞ (�����)�º�ñ�Ó�q� 1r 

A��âY�]� (
Ðj�) ���\]÷Cä (���� ÷)r 

B��âY�]� (
Ðj�) ���\]÷Cä (���� ÷)r 

C��â��ÛÜ*s��ÛÜ!"3��ø3#$�3ÛÜ¤�ø6ÛÜ%<��P*9
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¥|Î\]��®w÷Cä¶z=�:ÝÞ (�����)r 

F� �â��ÛÜ*s��ÛÜ!"3��ø3#$�6ÛÜ%<��P*9¥|Î\]

��®w÷Cä¶z=�:ÝÞ (�����)r 

v� �â��¨ê*s�¥�â\]����=ÝÞ�
»�*s3ç®¤�ø3ç®»

�ø6�&'Æø��(,lm|»�*s (����ã ÷)r 

u� �â��¨ê*s�¥�â\]����=ÝÞ�
»�*s6�&'Æø��(,

lm|»�*s (����ã ÷)r 

� Roy’s Identity#���ÊäwÓË¸]ÊäÓ�z¤��(2)��� 

A

Y
I

v
I

−=
∂

∂
∂

∂
, B

Y
I

u
I

−=
∂

∂
∂

∂
 (2) 

º� I�ÓË¸]ÊärAw B�ÄË¸]
���¨ä�)��T���º��Ê

ä�sOt�²]gDä±r�N�Dä��Êä�QÉÔ�Ãµ%ä�ÚvÔçkº�

Êä±r��
 [11]
�N%�T�u A w B þV� ln A w ln B (N�DäÊä�T�*d 

(non-decreasing) Êä�N%�%þVu!+¶)�N%ef�ÜFT,¢ç-ò\n�\

]÷Cr��T��l�ê�å��
��º�ê�å��Êä�ú�ò 2��r 

ò�)*.��
������ê�å�GHw�¾�� (�����) ò����

¾�����������
���º��\]Õ���Êä�)�.���ln A31= 

31313332318 )ln( vZFFCY βα −+−−− rY3C3F3v3u �ÜF/0ð�(1)rZ ò��
�

����:\]f�EF2Ô¨ä�Jò��
�����:\]f�EF2Ô¨ä� 1α ~ 

9α � β {�1Ãµ�%ärα �-ò=^F��
���ê�å\]÷C����Ôw
ÛÜ*s�Ô���+I�
��D����þ�äÕwPÉ!2J��sOtu α L�

��þ����PÉ�!�m¿-Ü%äð� 1α ~ 9α rü�� (���) w (���)

�ü�Q��Tl��K��Tl��=�
��wQ��Tl��K��Tl����


���ºø
(Î����¾!���º��*s{Jø!¾�N%��d¼���*

s�Dä%äðç-� 5α r��β ð�{�¨ê*s�¤är�» Roy’s Identity (�(2))

���Êä (ò 2) #�T�����Tl3el��l�å (
���) �ÓË¸]Ê

ä��ú�ò 3��r�34Ø5�sOt�T�u�å��GH�ÜF/Ù¦§�6�

;-K�
�����GH� (���) ®�ò��
���þ��S���*Go7�

(a) �
��°����*l�å (��â¾��8�)�!Kþ9��Ã���(b) �
�
�°����Tl���\ÜK��Tl��r�zò 2�ò 3�
���ê�å\]�

�Êä�ÓË¸]Êä�¤;] Hausman=��Ô\ÎÏX [22] 
�²] TraingDä��

Êä±r
 [12]
�v-ÜsOt��Êä�KF� Roy’s IdentityþV���ÓË¸]Êär 
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� 2  �������	
��
����� 

���� ������	 
��� 

(
) lnA11 = α1ln (Y − C11) + Z11 − β v11 
�� � � 

(�) lnB11 = α2ln (Y − F11) + J11 − β u11 

(
�
) 
(
�
) 

lnA21 = α3ln (Y − C21− C22) + Z21 − β v21 
lnA22 = α3ln (Y − C21− C22) + Z22 − β v22 

(���) 
(���) 

lnB21 = α4ln (Y − F21− F22) + J21 − β u21 
lnB22 = α4ln (Y − F21− F22) + J22 − β u22 

(
��) 
(
��) 

lnA21 = α5ln (Y − C21− C22) + Z21 − β v21 
lnB22 = α5ln (Y − C21− C22) + J22 − β v22 

�� � � 

(��
) 
(��
) 

lnB21 = α5ln (Y − F21− C22) + J21 − β u21 
lnA22 = α5ln (Y − F21− C22) + Z22 − β v22 

(
�
�
) 
(
�
�
) 
(
�
�
) 

lnA31 = α6ln (Y − C31− C32− C33) + Z31 − β v31 

lnA32 = α6ln (Y − C31− C32− C33) + Z32 − β v32 

lnA33 = α6ln (Y − C31− C32− C33) + Z33 − β v33 

(�����) 
(�����) 
(�����) 

lnB31 = α7ln (Y − F31− F32− F33) + J31 − β u31 

lnB32 = α7ln (Y − F31− F32− F33) + J32 − β u32 

lnB33 = α7ln (Y − F31− F32− F33) + J33 − β u33 
 

(
����) 
(
����) 
(
����) 

lnA31 = α8ln (Y − C31− F32− F33) + Z31 − β v31 

lnB32 = α8ln (Y − C31− F32− F33) + J32 − β u32 

lnB33 = α8ln (Y − C31− F32− F33) + J33 − β u33 

(��
��) 
(��
��) 
(��
��) 

lnB31 = α8ln (Y − F31− C32− F33) + J31 − β u31 

lnA32 = α8ln (Y − F31− C32− F33) + Z32 − β v32 

lnB33 = α8ln (Y − F31− C32− F33) + J33 − β u33 
�� � � 

(����
) 
(����
) 
(����
) 

lnB31 = α8ln (Y − F31− F32− C33) + J31 − β u31 

lnB32 = α8ln (Y − F31− F32− C33) + J32 − β u32 

lnA33 = α8ln (Y − F31− F32− C33) + Z33 − β v33 

 
(
�
��) 
(
�
��) 
(
�
��) 
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5678�9:;#<=�2>?�@ABCD�E2FGHIJ 

�K �	
�L�M9N���OPQ���O2R���S�TLU��#�K.��

"�K.��#���"�4 
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5#$2��î�w+ñ­n¶
�äG&3/� ®�ñ­�	���"#$!"î

�
Ò#ä'­��XÜÝà$ 2+â�#$2î�
%&àá 7+â'�3/� ®�

ñ­�	���"#$!"î�òàá 8+â� 

� 2  ��������� 

 

þá 7 Ê''ª­�õ�
(ch("qr�P��#$2��î� R2
& 0.34'�

ÜÞ
 R2
& 0.33�	�#$2��î� R2

& 0.36'�ÜÞ
 R2
& 0.35'î�
)*��

+Ê,¿��>+Ù-�	�¶�±|����¾é²���ÁÝ'3("î�./"°

±
,01�b23��û'ñ­%&¹õ�&ì'4â(�5¶�	�|�4'+Ù6

7¶��
�'�	�#$2¶,06��� |�8á9,:;�	�#$2,0¶<

=��'¹­�õ�&�'æ>�	�#$
� |�67'ò¹#$2-?'(",0

�ò
<=",02
�õ�>?@@"FGD�A>2
­�õ�h&ì'8á>?@

@BC"FGD�«¬67¶��
�'²�	�¶#$26����wghSDD�


	 �!E��6�'ò�²¶�	�¶#$267� 

þá 8wÊ''��
�T+Ù-	 �!�±|�
²�õ�äh&ì� (α1~α9) 

Fí 0.037~0.2'¹G&+Ù"�±|�
HrI1�� |�õ�& 0.01'J<Ê�®

nm��
��� |�I1í v = 10.57t'& −0.1�	�� |�I1í u = 4.09t'

ò& −0.04��´5�!�
��1 (��#$D"m��) òçì���3K'¹äF

í −0.5~0.6�3ÕÖ01�L'����D
��1�ì��'	���D
ÕÖ01�

õGà<'��1&ìM'ÊMõþí�!#$D5t#$�!3N¶	 �!'5Ý'

��1&�Mò�!&´5#$D
ÊM1B7�3#$m���1�L'���
#$ 
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 ��� �� 

�� 0.938(2.02) 0.922(2.48) 

ln (��	
−��
�) 0.177(2.50) 0.113(1.99) 

��
� (����) −0.026(−13.26) −0.029(−9.80) 

���� 0.004(1.28) 0.006(1.61) 

������� 0.445(1.38) 0.201(1.13) 

����� !"� 0.182(2.74) 0.097(1.68) 

R2 0.34 0.36 
2R  0.33 0.35 

#�� 383 580 

������ln (���	
���)
 

� 8  ��%�&' 

$%& $%' $%& $%' $%& $%' 

α1 0.064 
3332eeγ  −0.186 

2222mfγ  0.129 

α2 0.146 
2221 ffγ  0.286 

3131mfγ  0.443 

α3 0.037 
3231 ffγ  −0.343 

3232mfγ  −0.029 

α4 0.091 
3331 ffγ  0.443 

3333mfγ  −0.186 

α5 0.091 
3333 ffγ  0.186 

2221wwγ  −0.186 

α6 0.200 
1111weγ  0.029 

3231wwγ  −0.343 

α7 0.091 
2121weγ  0.286 

3331wwγ  −0.500 

α8 0.146 
2222weγ  0.129 

3332wwγ  −0.186 

α9 0.064 
3131weγ  −0.343 

2221mmγ  −0.343 

β 0.01 
3232weγ  −0.029 

3231mmγ  0.600 

2221eeγ  −0.029 
3333weγ  −0.029 

3331mmγ  0.129 

3231eeγ  −0.343 
1111mfγ  −0.343 

3332mmγ  −0.500 

3331eeγ  0.443 
2121mfγ  −0.343   

�������             −1172 

��	
��                 295 


��� = 200 

���� = 100 GA ��� 

���� = 3 

��GA������ Liu	Mahmassani [23] 
��
�����������������
��

����
 FORTRAN
compiler��
 6.0
�� !
Windows 98" 
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������� (�
2221wwγ , 

3231wwγ , 
3331wwγ )	
��
�������������

�	�������� !"#�	$��%&'() !*�"	+�
���,-.

/01�����234,-5 (��678) 9:;<=*������>?=*�4

�@A=�@?=��BCD�� (
2221mmγ , 

3332mmγ )	E
2221mmγ >

3332mmγ B �F	
�

@
=*�GH�@AI?=*��,-JKLM(�B; 

5.2 ����� 

NOPQ
RSTUVW#XY�����>Z%[\��� 	]^G_%`Ia

b�cd�Ne����f�gh�9:�i;NjkPG_^lmnVop��*�W

#�,-cd�iq 

op
qW#
r��	Cs (�); 

opAqW#
r*�	Cs (*); 

op?qtW#
r��	uW#
r��	Cs (�	�); 

opnqtW#
r*�	uW#
r*�	Cs (*	*); 

opvqtW#
r��	uW#
r*�	Cs (�	*); 

opwqtW#
r*�	uW#
r��	Cs (*	�); 

opxqtW#<r��	uW#
r��	Cs (�	�	�); 

opyqtW#<r��	uW#
r*�	Cs (�	�	*); 

opzqtW#<r*�	uW#
r*�	Cs (*	*	*); 

opmqtW#<r*�	uW#
r��	Cs (*	*	�); 

opm
qW#�*d�rXY���	*�	��	Cs (�	*	�); 

opmAqW#�*d�rXY�*�	��	��	Cs (*	�	�); 

opm?qW#�*d�rXY���	*�	*�	Cs (�	*	*); 

opmnqW#�*d�rXY�*�	��	*�	Cs (*	�	*); 

{|}mnVo~l	Njk�b^l�Vo���^G_	o� 1q%`�� 10��

o� 2qab�N�� 10��>o� 3qcd�N�� 10�;o� 2> 3����h�c

�le�*�W#>,-�9:G_;��ab�N�� 10� ��B��Q�����
������I���%��Ecd�N�� 10� ��B������� 2.00��� 

¡¢£¤¥¦�§¨©%ª�(«¬;­�%`��®¯°±�h9:%�	²�³´�

� �%`µ��¶·¸�°�%`�¹o�l������*�,-o~; 

W#�r l�����º ��»���rW#*¼½¾ 	̀E,-J�»�¿P

À»Á(Â ½�Ã
 2s�¾`����*d�rUVW#opl�,-J; 

�-^|ÄÅ�¾`{Æ#ÇÈc ½l�op	É^��ÊËo�;�o�4UV
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�rW#l�����º �Ì[\�� »�½�ÍÎÏÐÑN½ÒÓ�
 9%�	�


�Ô	UV�rW#l����� »�½�ÍÎ½�Õ�Ö×Ø	ÙÚbÛÜ�<Ý

ÕÞÜßàá )68.23)14(94.4( 2
05.0

2 =<= χχ ; 

� 9  �������	
��
���������� 

����� ���	
� 

� � 
 � � � ��� 
(�) 

��� 
(�) 

��� 
(��	) 

��� 
(��	) 

�
� ���� 2 2 0 0 

��� (�) 16 15 12.6 15.7 

��� (�) 26 24 5.8 5.4 

��� (���) 11 10 22.3 29.4 

��� (���) 29 31 6.4 8.4 

��  (���) 28 25 16.8 26.6 

��! (���) 74 63 16.2 23.2 

��" (�����) 4 5 59.8 89.4 

��# (�����) 8 8 24.5 38.7 

��$ (�����) 5 5 10.7 14.7 

��% (�����) 31 31 26.4 19.7 

��%� (�����) 9 13 23.6 25.0 

��%� (�����) 6 13 26.8 29.3 

��%� (�����) 15 15 26.4 17.7 

��%� (�����) 31 35 27.8 25.2 
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4�Ô	%`Iab�N>cd�N(�ceW#o~9:�#â	ã­Þ9:	kZä

$���å4æ�çèéêëì!°íî	ïèðñ)éòÇóô#Zõö÷	+°øZ

õc �ùcú	ñ)éò(W#t�
ab(ûü	Eý^���*d�rW#�,-

�N§�þ�����*d�r(�¹	ð�ç�����N	�¿Z9:	¬PmG#

â;
Ç	�
4�^���� �cd
G�	]ßð^ÇÈc (�c��¾`�µ

� (¹�µ�)	�
 11%�; 
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& & & & & & & & & & & & & & & & &  �'()
��
��� 

*+ 
�' 

,- 
+10� 

./01 
+10� 

2301

+10� 

����� (�) 2 2 2 2 
�
� 

�45��	
� (��	) 0 0 0 0 

����� 16 15 17 17 ��� 
(�) �45��	
� 12.65 12.69 12.59 12.56 

����� 26 27 27 27 ��� 
(�) �45��	
� 5.84 5.98 5.84 5.82 

����� 11 10 10 10 ��� 
(���) �45��	
� 22.27 22.37 22.24 22.18 

����� 29 29 29 29 ��� 
(���) �45��	
� 6.44 6.62 6.43 6.35 

����� 28 29 28 28 ��  
(���) �45��	
� 16.80 17.05 16.75 16.70 

����� 74 75 73 73 ��! 
(���) �45��	
� 16.19 16.43 16.14 16.02 

����� 4 5 4 4 ��" 
(�����) �45��	
� 59.77 61.92 59.03 59.62 

����� 8 8 8 9 ��# 
(�����) �45��	
� 24.51 24.89 24.26 24.22 

����� 5 5 5 5 ��$ 
(�����) �45��	
� 10.68 10.95 10.67 10.62 

����� 31 31 31 31 ��% 
(�����) �45��	
� 26.37 26.98 26.24 26.15 

����� 9 9 9 9 ��%� 
(�����) �45��	
� 23.64 23.92 23.54 23.47 

����� 6 5 6 5 ��%� 
(�����) �45��	
� 26.81 27.11 26.69 26.73 

����� 15 15 15 15 ��%� 
(�����) �45��	
� 26.41 27.01 26.28 26.15 

����� 31 30 31 31 ��%� 
(�����) �45��	
� 27.73 28.37 27.60 27.60 
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����	sPop?�w4�UÇÈc cd�Û������ cd¼ð^ÇÈc 

(cd¼;^�r� ���	W#�r� �
=�����Z�� �µ�½ (^�
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e½��)	���cd�Nµ��ç	ab�N��	%`µ��  (0.068 > 0.047 > 

0.034)	*��%`µ��ç	cd�N��	ab�Nµ��  (0.241 > 0.032 > 0.003);

W#�r� �<=�����Z�� ���µ�½ (^�e½��)	���cd�N

µ��ç	ab�N��	%`µ��  (0.283 > 0.238 > 0.126)	*��%`µ��ç	

cd�N��	ab�Nµ��  (0.435 > 0.243 > 0.122);W#�r� �?=����

�Z�� ���µ�½ (^�e½��)	���cd�Nµ��ç	%`�Nµ��

�	ab�Nµ��  (0.189 > 0.160 > 0.120)	*�¿^%`µ��ç	cdµ���	

ab�Nµ��  (0.179 > 0.091 > 0.074); 

� 11  ��������� �!"#� 

��� ��) 
��678 ,-9: ./019: 23019:

��� (�) 0.034 −0.047 −0.068 
�; 

��� (�) 0.241 −0.003 −0.032 

��� (���) 0.046 −0.012 −0.042 

��� (���) 0.285 −0.018 −0.140 

��  (���) 0.149 −0.032 −0.060 

��! (���) 0.151 −0.031 −0.103 

��45 0.126 −0.238 −0.283 

<; 

��45 0.435 −0.122 −0.243 

��" (�����) 0.359 −0.124 −0.026 

��# (�����) 0.152 −0.106 −0.122 

��$ (�����) 0.255 −0.013 −0.062 

��% (�����) 0.232 −0.050 −0.085 

��%� (�����) 0.119 −0.042 −0.074 

��%� (�����) 0.115 −0.043 −0.027 

��%� (�����) 0.230 −0.049 −0.096 

��%� (�����) 0.229 −0.050 −0.047 

��45 0.160 −0.120 −0.189 

�; 

��45 0.179 −0.074 −0.091 

�^|( !Ü�	���cd�Ne�� (9:�ç	*�¿±^%`e�� 

9:�ç	�«¬"#	$ý%��*��,-J	¿�GH&e°��V�'°�(h

()�*Z	¬;+P|}�ç �BÒÓ�
 12%�; 

,�� �%`µ�E-	UV�rW#l	*��� ���%`µ������

(0.214 > 0.034, 0.435 > 0.126, 0.179 > 0.160)	�.$����f/*���N01���

�f/�N%�;,ab�Nµ�E-	ÞøW#�r �ù	���ab�Nµ�½�
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��*� (0.047 > 0.03, 0.238 > 0.122, 0.120 > 0.074)�cd�NC#��(«¬ (0.068 > 

0.032, 0.283 > 0.243, 0.189 > 0.091);Ü���ab�cd�Ne������,-J�	

!�Üß; 

� 12  �������$�%&	'("#� 

�� 9:=>?@ ,-9: ./A23019: 

�� 2301 > ./01 > ,- 
�; 

�� ,- > 2301 > ./01 

�� 2301 > ./01 > ,- 
<; 

�� ,- > 2301 > ./01 

�� 2301 > ,- > ./01 
�; 

�� ,- > 2301 > ./01 

�� > �� �� > �� 

 

���cd�Ne�� (9:�ç	*�¿±^%`e�� 9:�ç	�«¬"

#	$ý%��*��,-J	¿�GH&e°��V�'°�(h()�*Z	¬; 

5.3 �� 

�µ�G_�«¬¿Ü��*�W#�,-�N(�þµ�ã1	ð��*�W#�

,-�N#ç�i(cd	�¿eZ,-9:É°Üß;{|}�[�2�l	´3ç4

56{Ê��*�7(������(89:Ó	���� (;<��W#�N( 5�)I

=� *���,-� (;<��W#�N( 4�) §	{>?�N<����%`�¼

°�(opl	Ö�¶�Ze�*�W#%��Ö#â; 

{Æ@AB4	$C×DE�F:��*��W#	GH��#IJ�ïK�LM	

�e)NO¾/[�>�>��7PQ#RS��T	$�	{�*�W#:ÓÄU	�

��þ���	¬#â	�V�ß6{WÓ J�XÖ%�§��þ��|	Y�Z[Q


RG_�\»; 

������� 

&e])f�gh[�	Njk^_í`Éab����*d�rW#>,-�cW

ghdÅ;�ghdÅÀ»e�Û	]�U9:c �C×µ�>Õ×µ��fgiG

_	�Q
RhiÙjc e�*�W# >,-J(9:;{]ïÈklË°m��D

n]t�ÃWTOopl	Njk«¬��o�pe� ��I*�:��h|
ºÂ�

�!	̂ q�p�'#	(rs�h;+PNjk%t����«¬�buvw"#�x; 
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6.1 �� 

Njk�«¬yz^l�{q 

1. Njk.|}~��§) [3] 
�jk	Q
Rab����?=*d�rW#�,-cW

ghdÅ	É��Zä#(��>â� (y�Â (�b>À»�Å(��)	Q
R

b�
!�Wå�F�*d�rW#�,-�cWghdÅ;̂ 8�Ý[��º�Ùj

Óø�Ê�	^b�����*d�rW#>,-��W�¾dÅ; 

2. Njkf�gh�a�G�^lmnVopq(
) W#
r��I(A) W#
r*�I 

(?) tW#
r��	uW#
r��I(n) tW#
r*�	uW#
r*�I(v)

tW#
r��	uW#
r*�I(w) tW#
r*�	uW#
r��I(x) tW
#<r��	uW#
r��I(y) t#<r��	uW#
r*�I(z) tW#<r
*�	uW#
r*�I(m) tW#<r*�	uW#
r��I(m
) W#�*d�
rXY���	*�	��I(mA) W#�*d�rXY�*�	��	��I(m?)

W#�*d�rXY���	*�	*�I(mn) W#�*d�rXY�*�	��	
*�; 

3. Njk^Ê$��� (Genetic Algorithms; GA) ¾i�;�� GA{À»� è"(Â

 5!Zõ���#	¼	²�{�Þ�¾` Hassia ��	$EÞ�`ÔUÂ ��

�ì�J	��	��#	À»dÅ�Â ½	Njk�PÂ �ú	^ OLS À»Á

�*�,-JdÅ	�
Â À»�7(B��` GA%���)½	^�� GAÀ»

´��*��i	®¯^ OLSÀ»«¬� R2
½� � 0.4	�Z4%À» ln (� %`

−ab�N) >cd�N�Â �ì�|��ÖÜß ( t >1.96);,7��dÅE-	

�<¡c �#	�i¢c ; 

4. �dÅÀ»«¬%»��UV�rW#l����� �Ì[\�� 	Ù�£ÄÚ

b	«¬Ü�»�½�ÍÎ½ÕÉÞ#Üàá	�¤NdÅ(eÒ�; 

5. Ù�fgiG_«¬Ü�	���cd�Ne�� (9:�ç	*�¿±^%`e�

� 9:�ç	�«¬"#$ý%��*��,-J	¿�GH&e°��V�'°�

(h()�*Z	¬; 

6. ,�� �%`µ�E-	*��� ���%`µ������	�.$����f

/*���N01����f/�N%�;,ab�Nµ�E-	���ab�Nµ�

½���*��cd�NC#��(«¬; 

7. ��¥mU¦��â�	Njk�«¬¸�#	§} (¶·) �*�W#�gh[�	

E¨56�,-J�©¢	$�buÛ}jk�&e�
o~�^ªÃTø; 

6.2 �� 

^l&eNjk%`«ø>jk´��Á�{bu	^oÛ}jk�Â�Ä«q 
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1. ��7�¦�ÉÞ�0¬�����­��®Ygh( panel data	$�ÉÞ�¯°�

���±�rW#gh²�[�	YNjk��a³���
�Ös-�~Å	buÛ

}jk�� panel data�`Û	Q
R´µNjkdÅ±�rW#gh²[��
��; 

2. Njk0â�dÅ¶·�¸¹i�º»�	̈ ST����*dW#�r� {?=^

l(o~	En=^|%#���W#XY¿Þ��^G_;$ý¼½ÍF¯°%#W

#op(ö÷gh[�	¿�b��dÅ�sÅ	^�QNdÅº»(¶�´�; 

3. Njk�dÅ�b�Â è"	
¾�À»��¿¹ÀÁ	���¾i	¼>À»(Ë

Â�	NjkÃ-Ê$���À»	¯EZ�Ä�Þ�`ÔÂ ���ì�J	$�{

¾i	¼�`ÔÂ ì�JÕÅ{
ÆÇ (trade-off) �B;Njkö÷¾i	¼	E

Â (�
�ÄU¿
[^ÈvdÅQ[·_	��(À»ÄÅ®�ÉMÊ$����

°Ê	²-�»�XY�Ó�³ËÌÍÎ	buÛ}jk�^¼òì�äÓ(���»

�ÄÅ	^ÏÐ�
�{; 

4. NjkÉÞ���*�ÑÇ (trade-in) (op	Cs�����gh¨��ýf/l


=���(o~	��{Ò�¶·ÄUP�ÍÎop(#ÁÃ	buÛ}jk�P�*

�ÑÇ(ÒÓwÃjk; 

5. �¶·dÅÄ��¤	Njk������ýf/l
=�r�,-)P°�ä#�r

�,-)6º	CsK�,-)�XY°c	¯���P°ÔÊ%#(����op	

buÛ}jk��Õ�
��; 

6. �À»Ä�	�������*��cd�NB  ( β ) ��	¯���³´�Ö×	É
Þ�½F¯°°��VW#�����Õ�àá	bu¸�(jk�P�
B ��°

�éò�^�G	^¼½Í¯°ÍÎop; 

7. n]7�t�ÃØÙÚ/ÛÜ (WTO)	ÃBÛ�����ÝÞßÌÏà (100ÌÛ�8

��ÝÞ)	P,`W#���ab�N=�Ïà	¶����¾üPßá��	�o

p�p[�^6�	É�ÂâNjk«¬>ãäå$��rs�h; 

���� 
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