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ABSTRACT 

Due to severe international competition, it has become one of the important 
strategies for shipowners to improve competitiveness by shifting their vessels 
registration to the country of more comparative advantages, especially to the 
Flag of Convenience (FOC), in order to avoid motherland government’s 
regulations and controls, reduce operation costs, improve operation conditions, 
and/or be released from constraints of certain markets. Although some studies 
have discussed the phenomenon and causes of vessel flagging out, there is a 
lack of a systematic and quantified analysis, nor a differentiation between 
different shipping markets. This study adopts Analytic Hierarchy Process (AHP) 
to analyze in detail the influence factors of vessel registration of bulk carriers. 
To understand the degree of influence of the related factors to the vessel 
registration of Taiwan bulk shipping firms, this study develops a hierarchical 
analysis framework which consists of four different aspects of objective, 
including policy, cost, operation, and market. The results of this study showed 
that among the influence factors of bulk vessel registration decision, ‘reducing 
operating costs’ was the most important one, followed by ‘adopting to market 
environments’ and ‘improving operation conditions’. It is expected that the 
findings of this study can serve as a good reference for related firms and 
government agencies in making relevant decisions. 
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 [1] ������������ (deadweight tonnage) �

������� !�"��#$%&'(�)*+,-*� (flag of convenience, FOC)

./01�23�4%&56�789+ 87.10�:;� 82.25�:<� 74.14�:=> 70.07�:

?@ 53.29��A�BCDEFG 1 HIJ&KA�LMN�OPQ���%&5��R

)* FOC�23�S 1997&T 2002&UV 51.17�56T 71.72�FW�XYZ [2] [\�

�]�^_�`abcd FOC �ef�gcd+�#1hij�gUFkl��A�#

��\*mnoMpHqrstFuvwxy�+z{|}~�����F 

VG 2������)* (open registry) �"��������� [1] �b	����

���b���+�����M 168,508�����u���+�2�� 68,413����:

��� 44,123����:��� 36,649����:���� 32,097����F E��

�)*+,-*�1�¡¢b£¤�23�¥¦ 40.57��u���+§# 37.86�:¨©

� 8.98�:ª¨� 7.89�:u��� 4.70�F«� 2002&¬¡­ [3] �����)*®¯°

+±,-*� (quasi-FOC) 1�Bb£¤�23�¥�¦²M)*�� 68��u���+
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¨©� 14�:§# 12�:u��� 6�F³l������\* (flagging out) mn�b£

¤��+pHF 

� 1  	
��
��������� 

���� ����� 
� 	 

(
�) ROC� 
(�) 

FOC� 
(�) 

�
 
(�) 

ROC� 
(�) 

FOC� 
(�) 

�
 
(�) 

��
��
�� 

��
��

1997 
179 

(39.17) 
278 

(60.83) 
457 

(100) 
7,862,811 

(48.83) 
8,239,598 

(51.17) 
16,102,409 

(100) 
2.29 11 

1998 
167 

(34.79) 
313 

(65.21) 
480 

(100) 
7,617,309 

(42.35) 
10,370,568

(57.65) 
17,987,877 

(100) 
2.48 12 

1999 
163 

(32.02) 
346 

(67.98) 
509 

(100) 
7,603,196 

(38.61) 
12,088,206

(61.39) 
19,691,402 

(100) 
2.69 9 

2000 
162 

(31.09) 
359 

(68.91) 
521 

(100) 
7,205,099 

(38.19) 
11,662,034

(61.81) 
18,867,133 

(100) 
2.52 11 

2001 
144 

(26.57) 
398 

(73.43) 
542 

(100) 
6,697,751 

(30.87) 
14,995,465

(69.13) 
21,693,216 

(100) 
2.86 9 

2002 
133 

(25.19) 
395 

(74.81) 
528 

(100) 
6,313,645 

(28.28) 
16,014,886

(71.72) 
22,328,531 

(100) 
2.91 9 

���������� [1]� 
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"#� 
(�) 

$ % 
(�) 

&'� 
(�) 

(&� 
(�) 

)*� 
(�) 

+ 
 
(�) 

,-. 
(Panama) 

81,208 
(48.19) 

51,667 
(30.66) 

16,493 
(9.79) 

11,313 
(6.71) 

7,827 
(4.65) 

168,508 
(100) 

/012 
(Liberia) 

15,762 
(23.04) 

34,276 
(50.10) 

9,514 
(13.91) 

3,678 
(5.38) 

5,183 
(7.57) 

68,413 
(100) 

,3. 
(Bahamas) 

8,336 
(18.89) 

24,778 
(56.16) 

2,130 
(4.83) 

6,051 
(13.71) 

2,828 
(6.41) 

44,123 
(100) 

.4* 
(Malta) 

17,183 
(46.89) 

15,613 
(42.60) 

539 
(1.47) 

3,061 
(8.35) 

253 
(0.69) 

36,649 
(100) 

5678 
(Cyprus) 

19,427 
(60.53) 

6,080 
(18.94) 

2,739 
(8.53) 

3,486 
(10.86) 

365 
(1.14) 

32,097 
(100) 

+  
 
141,916 
(40.57) 

132,414 
(37.86) 

31,415 
(8.98) 

27,589 
(7.89) 

16,456 
(4.70) 

349,790 
(100) 

���������� UNCTAD92003� 
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V®A� 50&´µ¶N�·¸¹��º�» 60Q 70&´�_��º��#OPQ

���%&56F��¼½¾ [4] ¿�# (ÀÁÂ�QCÁÂ�) �������82&ÃÄ

�¥Å���M 10,269,696����uÆ�Ç)*�#ÈÉ%&ÊË�83T 86&ÌÍÎ

ÏÐÑÒ���Ó±ÔR 87&ÕÊËst%&6Ö�Jj&K¡¢��3+−9.81��u

×b 90&−11.40��+pHFT 92&Ø�#OP+ 235O:Ù���ÚM 6,121,877��

ÛÜÝJÞß&K�àáâ�ãÌÏäåæ×F 

çèé��#�ê	
Q\*�ë�ìí�îïu�ðñ­òó.ôõö÷øwùú

ûE���üV®ý1þ®�!�9�������QXz¡ [5] [\� +���!ìý

ô��	QC�
��	
stFV®�
���!�������î��������

cd+�#E��Ç®���wù»ðEyòóúûÊ�+��Ëà�!�9�����

���)*FG 3+A�� !"#�£¤�!���$%&':�(:)�:*+:,

�J&�����)*23�-rm.F/GHI²M��¢0�)* ROC�åæ�FOC

�56�stF1QG 1 22�2001 &A�!"#�£¤�!��×������)*

,-*�23�î&'�!��E�u34"���*¥®������ÔB5A�£¤

��)*+,-*�23�*¥®ÁÂ�øu���)*+,-*��23F 

� 3  	
"#$%&'()�*�������+, 
���� 

:; <= >? @A B? ?CDE


F(;G) ROC� FOC� ROC� FOC� ROC� FOC� ROC� FOC� ROC� FOC�

1996 (85) 78 22 54 46 23 77 65 35 100 0 

1997 (86) 67 33 38 62 20 80 59 41 100 0 

1998 (87) 67 33 39 61 15 85 41 59 100 0 

1999 (88) 71 29 26 74 8 92 26 74 100 0 

2000 (89) 64 36 30 70 8 92 29 71 16 84 

2001 (90) 64 36 11 89 8 92 24 76 8 92 

�����[6]� 

 

b��st���+x !6	Ã�"���\*mn67�8��\*��úûw

ùM9:8��\*wù×�A�Q��C��;xy8��\*�����<=���

<=b��<=+×>�gA�ñ?�<a�¿��@AñB��MC�DE.FGH

�8V®�!��®C��!���
\�C���\*¶+ [7]�³��ðEIJ�KL

MNOP�QM��úû��\*��Ívw�RRS6bT�r��UQ�r�BS�

�ÁÂQCÁÂ�!���C��	QVWF9OXYbA�\*�ë�7��£¤�!

+MNZ[�����)*�L\úûwù�b�r]^�Ué_wù�úû`a (,
�)�REzb��C�c	��!��¿®é_úûwù�de,�fgMuVWFî
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bOPhi»jkèlm+þnE�MN]^��oApq�U^ (analytic hierarchy 

process, AHP) K�rKLwù¿£¤�!����)*�úû`a�Âbrs�!ý1

Mt�!Bu»ñ?�<a�C��!ñB�v�F 

��������	 

£¤�!wýM7u�xý�sy®fzr	
�ÂÍ{�|}�~��båæ�

��u×���)*®C��"�5+fzrô�]��zFS�Þ�çè �bÆ��

f�Ç+åà.����ñ?��Q<��.+��Ëà�!�9��uf���9�

w�.+��¹SV	��!���wg�~22�) [8] 2¥�"�!�XYb,-�*

]�~*���+,-*�F��)*²�íKL�����U��ãùKf�ÇQñ?

L���F��������C��������f�� !�"��#$%&'(�D

7 1980&=>�êM 80�+�#�T 1997&�#i� 38� [9]F��\*.� ~*�+

,-�*.�Þ�*U�+��	��ëF 

�Þ�*�afV,-�*�a�ígK�¿�Çrs¡¢£¤:2àcd�9:¥

�@AE*���¦�"§�gl��åæ|¨gÎÏ�#�ê�R©���\* [10]F

�Þ�*üb�ªc«.S­¬.�óð�Á¬­+�*cd«� ¾�® 1980 &´�

+®¯��#\*Q°±2à���²�³�g)�.+h´�#�êåæ�w´Bu
 [9]�D7µ�¶ª (Isle of Man, 1984):^�·¸¹� (Kerguelen, 1986):?@���*c

d (Norwegian international ship registry, NIS):º»���*cd (Denmark international 

ship registry, DIS):;����*cd (Germany international ship registry, GIS) ø�aF

�Þ�*Q,-�*V¼�1996& CullinaneQ Robertshaw [11] [\���y®½1Ú¾®

SM�#6~»+u��¿
² ïF��!ÀÁ¿�Â (International Transport worker’s 

Federation, ITF) Ã+���)*®�Þ�*RÄÅ/+,-*��ÆBM¾�ÇÈ+,-

*� [9]F1993& SletmoQ Holste [12] ÉTèÁ�Þ�*+��cdQ��cd�ÊË«ÌF 

�����QA�¼½¾����³½+�A�RSM��b�Þ�*+cd� .

wuôõ�)Íu����Q,-�*K2RSM¹ 22�)F�çèÎA,-�*�

a�f�"���ÌÏ×®�� !�"�7=>:89:?@:<�øFCÐf�A�

Þ�*�aD7?@:º»:µ�ø�.±,-*��a7¯°:�6Ñø�.²ÒÓ�

ÔÕ�a7;�:Ö�ø��f�AQ,-�*/0£¤ö÷�×Ø�Ç½Ùcd�®2

2�)v4ÊXY���)*�ÚbÎÏ/��#�êÛÜF 

��A�ñ?ñB:�!�9:ô�ö÷Q��òóø�Ý	�.Q�EM²C��

w 9O�KLMNOP¬�+�EQ�ðÞ /}~�Ð��Ær\³�dUF 
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2.1 ������ 

bÊ�+SVrQ��rst:��\*Qôõwù:���9Q]Þ�²j]�6

bhiF 

2.1.1 ��������� 

IJÞß3&�ßî<�+!ÀT���àÍ���SVr:'�rQßî<�ñB�

¿!ÀýìíáâúûF1998& CharltonQ Gibb [13] ãôõ��Ã+�!ÀT�6SVr�

�äåòó:æ�Qç
¹ èéFw ��\*�èÁ+�!ýSAßî<��êF�

Ç-¹�*��xë�f+®���!ìíSVr [14]F��\*îf��rQ��r�

Æï�+®�9±|:��<=»KS�	×�"2à���9 [9]F2000 & Veenstra Q

Bergantino [7] oA��ðñ (Markov chain) òóà3]^[\��!î¥aôýìí�õ

��é»öfC���Q�!]�$% E���»÷#¾��7²M,:��<=Q�

!þ«ø�ôøyC�²M,Ê�C���ù¶�w ���\*f�!�!E�rC�

`a�I`F��E�r`a�����Mï)²M,:�ú»��<=�ûüôõìí

KýÁFw �Ç+rþ��Þ�%bE�r���5��\*I`��z��f�ú-

¹:�Þ��+��<=óT�E:�Æ��4+�ý��²\��B5ï)²M,*�

�ðF 

��!ÀÁ¿�Â (ITF) ���[\�,-�*�a�^§�Î�Ç�Û��"¡

	:Á¿
�§^Q �¿
úû��
F<� ITF¿
Ã+���ïñ?
�����

C´�ïñ?|¨ [15]F¦ñB�gÐ��Çï¨²Q!�
�»�k���b�+��

�ï�|��D7����ñ?���Ç�@A�92¥9�*���.C�®����

g�®�ð��±|��F�l��À\��b
��b|�y�M��mnÊ�@AÀ

~��k²í��E�9F���® 1986&Æ� �aSVr�¨²
�® ±!Ô1993

&�"��úSVr��Ç�XYM�ö÷SVcdÔ�&����ñ?Br\¡¢å#

ø£¤$%�b&'h*F1996& Coto-Millán [16] oAñB�U]^��Ð��� !ñ

BÃ+� !SVrI`�ìí�ÇF()*�úgo,-�*�»���+�
(ýø

����ÉTM�,F(�!ìý�stFw ,-�*�ÃÁ�ü[�Ç+Û�9��

¡:��»��<=�<��»�!��²ï�¾��®22�)Ê+��²XYcd�

�* [9,17]F³l��,-�*�ë�î���!¥aSVr	
�-ïF 

2.1.2 	
���
��� 

1979&./ñð [18] ® !ñBÐ0×�MN�Ç12,-*�[\�w���A»

��Î3�2à:�!xý�4Q��²|�567¡:�8���ý�49h9���

�g5�:'½¾�:�S¶;�bo
2à<��=>�:øwùF1999 & Li Q
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Wonham [19] C?��jß@A�� !�"Þß&�Â����Bu�ê��3»u�C

mn�	���U�	 !�"D7µ�:<�:89:;�ø���\*mn*2�	

×�"�D7×�:DÖ:,E:�6Ñø7��gã ¾�f�F2GQ2 H�� [8]F

³l���Ç���)*���ú�gC)*9��ú�����U��IÂ½øf+ñ

­.Jw=V�J&K ¾��fôõwù�� [20]F 

1998& BergantinoQMarlow [21] KI�LQlm]��-����U]^�M¿µ�

§#Qª¨�����U�úXYúûwù�ôjNMN	��úû��)*E�ú�w

+���9¦ 26��u���+<� 17�:��@A 13�:O��#P±�9 12�:�k

=V 9�:��wù 5�»u��9 5�F1Q�#�!�922�1998 & Goulielmos [9] 

[\�,-*��b2à!Q���+��\*���wF1993& Goss [22] B[\���

�!Rk����×�½ø2à�912�SìFúû��)*wù�$%TrQ�rw

ù�½17xýOr:�"SU:ÎÏP±�xë»��¾���#øÔÆ1��+ôõ

��!�9�� [21]F�l���ÇRÄÚ�V�9�R�9$f���ýÁ	wù��

uf���9 [11]F 

��\*��wùW$%ðíQEíwù�2000& VeenstraQ Bergantino [7] [\��

!��®C��!�����
\�C�\*¶+F���!�9���fXÎ�Ç-¹

�*��Eíwù�)*-¹.�Y�Qv)*��Z[��\]���9»¡¢�
�

 .� åæFw�ú� (flag country) b^G :à<»SV]�±|���²�_Î�
Ç���V�ðó*���b��jT�9`aF�ÇÃ+ ó*¿��ÞMK�bP�

Ré�ñ?�cÞd��#cd1�ãÄøeV�#óòst�w�êåæúû�"	

~:��ï@3Ëà»�f�gøFnã ¾��"�!ñB×�ø�A�ñ.u�jT

|¨]��b�
M.hh�"�ê+³PF��\*�Î��9iY�QvôõjT:

^k»²)*�¶ñ<=��[ [7]F1997& RowlinsonQ Leek [23] �Ðµ�*lCÁÂ�

�!ýmnvw�î�!��s6wùE�}~oU��õ.:ýk¶+»��-pø�

�ýÁ	wùFu×���Sµ�\*�+,-*��RV*Ç�" (7qkr.¯°) �

�±´µ����4���9s&�`ah 56�F1990 &´tÂ����!��!QÊ

u� ¾��!	~à®C)¡vÓ±�g!�QÔ:	~�5^	h²M�!�9Fw

 ��ÇQô=]cÞ���!�9`a»�)� 	��g���!ôõ�é»��c

d�w ��)*�XY�Peters [24] ü+�!ý�!�w�L\��F 

2.1.3 	�������� 

�� !ý\�,-�*.�Þ�*�w�f+®rsK¿2à���9»M�¡�
[8]F�Çb,-�*]��!��Ëà���9x	�7@A2à�9�E*��FML

�!�9��� !�"D7µ�:?@:89:=>ø�¥®�	×�"D7×�:D

Ö:,E:�6Ñø�gb���9+��� [11]F1996 & Lee [8] [\�+®rþ�!�

�Þ�Ö��Ç¿ yjw´Buf\*�.~*Ö��Þ�* (Korean international ship 
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register, KIS)�R���)*ü+�wL\F�Ç���)*���*��ú���³�

f+®`a�!�9 [25]F2002& AldertonQWinchester [20] �� !ý��rQßî<�

[\�,-�*�a�	
�¿�Çgl���+®ã�	×�"±|2à�9��F1998

& Goulinlmos [9] bôõ=Ð�U[\���\*�Ëà�Ç�!¡¢�9�5Î®�Cz

nÊ�B�{Æ��©���|�!	~1à®¡¢-í�9���=�©�F³l��

��\*�w�f+®�!�9����uf���9F 

��\*�����<=�g��<=b��<=+×>F1989& Sletmo [26] [\�

Ú��\*brþ�!}�r�û��	×�"��]Þ�²gÁFML��s6���

1999& LiQWonham [27] [\�³½�� �s~�����+×� (242,080])�u�

��+qkr (227,475]):��u (62,840]):�a (30,816]):�� (26,797]) ø

�F¾��� !�"�D7µ�:� �:6� :���:��ø�U�+RkE*

������s~�F¦6��gl�³½ �6���Y1�b,-�*�+��½j

���+���:����:�2��ø�F¾�U�	�"D789:?@:=>:<

�ø��
���*��Rk®�#��ó�g�+��E*��6��F,EQÖ�m

nK��IJf��À\��7�-���À~� [8]F� 1999 &���,E�È�Þß

��6�� [27]F1999 & Li Q Wonham [28] KI�L��]��r\�� #]Þs6[

\����# �M4��zRk®,-*�#���Rk®,-*�f�Ç�u�z

��w;®ñ?SM�<�òóÊ�!F 

��)*ýB¿�Çúû� �¦�9¾�²ép�áâ�Rúû�9���¾��

î#����9E��$%¡¢�
Q�q�AøF1998 & Goulielmos [9] [\�¦ñ?

§�gl�V®5^rs�k|¨�KS�!�¡	C´f�"³P�gã�*D-�î

�úC�E��é»��Q��<=��F1997 & Knudsen [29] bôõ=Ð�Â¡¢�9

Q�Â���9Lü��U�!ý�¡	�ôõ�	Ã+��¡	î�����!ìýÛ

4�wS���!	~�ý¡�K�®!Q�7î�ÔÌ���ý¡�"��Î�Ç5^

ÎÏ��ÞFgã�+�¿�j�!��òó��Çó*T�¡	�"�.�\]�"ô

õ¹� C(F 

oA,-*�WMu����7¾��Ç¿E*��Rk��»¿��aRC�ÈF

�l�����9`a��)�wíìÞËàgåæ [8,9]Fgã@AE*��ÈEw��

Í56 [30,31]�wg\]�j
��56�5�!�956FML��ÈEw��b,-*

�æ�áâ�V�M+�q���y�R�2��Q����CyuÈ [19]F 

2.2 ������ 

bÊ�+�#EóQ�ê�^:�!	
Q�!�9:��ñBQ��s6j]�6

bhiF 
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2.2.1 �����	��� 

��A� !��Ù; [32] MN��#Eó�wf���2f¡�Ôï��^»¦ý

Rk^ÛZ��Ç�@A� 2¥9�*��ÔwA�?�×>Ä��?��


(International Associations of Classification Society, IACS) 
�����y¡¢��q (dual 

class)�wgK¿�£¤�E�AÔï¥÷]'LüöDQóE×>)¦�ý�^¾��

³½ÚM,-*��T×�°§¤¨¨©Ô�A�ª�'f«í�±¡j%�^¬¼½í

�±¡ÛÁ��#È+�¡í���!À¿y�úû����­¶¿�#;�ÈÉ�_�

�:®$�¯�.56�E�°�
�b]56�N�9£\F¼½¾M¿A�	
�Þ

�*cd�a�¶	 [33] MN[\���\*��vwf�*���9I¥ã7�}��

u���+�#¡¢�
2�:ñ?¿�#±'$%C²:��>³=^´µQ�!¾

�:��:;ñB¶7:¨²C·Áã�#¿�¨¸!31à:���!¬­ï¾5^¸

¹¥÷¨�øwùF 

ÎÏ�#�ê�=V�,º»Q Ricklets [34] r\�M�"æ�:��¿EñB:_E

ôõ	
:¼\ !	
:�"G�øFXz¡ø] [35] MN�§�#_�»=�;�þ

:[\��Ç¿��)*�XY�î��:�¡:�½¬­øwùE����:®$B+

����wù�zF¾�» [36] B[\�,-*� �ÎA-ï�\]��� UNCTAD®

1986 &½Iª��cd�÷�h¬�bßý���¿,-*���Ð�uÚªôõj�

ù¬(5��:��²M,»��<=)��+,-*�jTÈ��èÁ�RÛÁ�*�´

j%M�<¿Q<��bO���P±Qé�^Û�x�ãÀjZ[za�+�*ñBÁ

��¡�=�ßýF 

���QXz¡ [5] ¿�#�ê�^��[\��ý	
úûA�®�� !����

Þ�ÎÏ»	
���#�ê�îrs¿E��!ÀjT6�E�R�rsÂ¡	J!Í

Þ�Ã¡²Ä�!Í�b¡�"ÅÆzn²6FJ&w�#ô��9r¥:_�C���

ubCÍ�¶×���¾�ø���Î�#�ê	
ï¾�ÉT8ÇåæFgã�J&K

V®×�ôõÆÈ	
�'í©�6�C�rþ�+���!���ÉFþ®ª��ÊË

×`��¬�¥÷½�ñB¾��³½A�#ÌCÍE~×���FªóE�!×><=

�^¬ÛÁ�B� &'ÎA,-*�F�#CÍE~¨²ÌÍ×����!��¶��

¾�����+A���\*�w�zF 

2.2.2 � !"�# �� 

M¿A��!	
�MN�XçÎ [37] [\��#Eó��vwf�@A¥�99�

��:����wý²|¡:ÎA¢���C�N�:�
��Ç�A�k:C|ô�×

��½øFÏÐQÑÍ¡ [38] Ã+�¥÷�!�nC��#	
�^Ò����2Ó,°

�½Ü��Q×�
� !ÔNmÕ�®¥÷½��nÊ�+ÖA�#Q×����b¡

ø×¤v4�Î�#�¶®óE�!×>»¥÷j«�½F�#\*��wù��Óø
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] [39] Ezb[\�M��C²Q�*¾�:���¡¢��q:�#¡�±'C²:¥

÷½��#¾�:���!��'�røwùF 

V®�
�������î��������cd+�#E� ¾��Ç®���w

ù»ðEyòóúûÊ�+��Ëà�!�9��������)*F�����

UNCTAD [1] �����A�N�ê (ÀÁÂ�QCÁÂ�) )*�E23�¥Ã���

71.72�F¦A�!"#�£¤�!��gl�Ø¸�QÙñÚ [6] [\�'� 90&aî&

'�!�� (36�) E��(:)�:*+:,�ø4"���)*,-*�����¦

uSM��23�¼¥Ã 89�:92�:76�:92� øF 

ÛÜ'ø] [40] ô�9�U	���Ç���� ~*���.�#\*D)���

ú��!�9+����wù�u×b���9�+��F£¤�#Q,-*�����

9VW�1���F@AE*���¡¢�`a���9 62.54��u×*l�¥Ã

66.73�Ô1�#@AÝ�H��D@,-*���1�¡¢�`a���9 52.89��u

×*l�¥Ã 58.48��w ���9f��)*L\��wùF�ue���)*+�

#.,-*��¿A��N�!�9$%���9:¡¢�
:¢��q�Aj_�úû�

¡¢s�s&VW¥Ã 549,736<ÞF¡¢�
Q��\*�Q5^µÐM� Lü�R

¡¢�
Ì¦�!�9K� 23�¦ñ?§�gl��!¡	Q�#�ê	
��oM

,v±ß��F 

2.2.3 	�$%�	�&' 

��A�ªE�*��@A��»<=�^¬ÛÁ���: à:#à�» <#ø

4]��@AA�*���g�àÞ]Q<#Þ]ø4]×�Þ]�B�@AA�*���

�l����)*<�×áq��MÞ]�â@E*��Ôãq��¾������à]

�ä�Þ��z�@AE*���u3Ì�@AA�*��FA���� Q2å<Q8

9+à�R$2�6Ñ:×�»ÇD�«¬+¥FK¿«��ÇXY)*+,-*��Ä

RCï#�]P¾��æg�SVâ@�92àE*��Fw 89ñ?U�F/���

���@AE*�� [15]�ãMåç��\*stF 

ML��s6]����,E�����U�2001& Linø] [41] oA×		��ð

(absorbing Markov) òóà3QÊË=Ð (Grey theory)���A��¶�]Þs6�	�

1993T 1998&��6� ®s~�(v23¡¢+ 41.96��ÂeJ&(vzn�Ïä5

6T 64.16�F¿#à�6�åæ����s&#à�sC´��ëÌèÏä56�Âe

J&#à�6� ®s~�(v23¡¢+ 14.51� [42]F V®�]#�RkÈÉ2à�

�Ç�@�àÍ<#C�²]Fw ñ?.´b�ºôõé~��� Q#àêTü+�

ë��Cb��à�v� [40]�.�j%��ìí´îì [5]�br¥�]#�RkÈÉF

�ÓA���@AÛÁ��#�@A9�*���ÆA���ÄR� 2¥�ã#�Rk

ÈÉC¥��Ç�@C��HIA�¿®��@AñB�oMC�DE6bFG�H�F 
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2.3 �	
� 

³�b#�OP��b	�CÐ�ð.�E²�
���\*�ë»u�Í�úûw

ù¢K�/0FgA�#D),-*���wù×�î®���9:¡¢�
:¢��q:

í��ïøwùE��ï¾®�¶��¾�����ð�#J&ññD),-*��Q¥

÷½�ñBM��KL	F�K�	 [43] �MN-Ð�A�£¤�#³½;®�ð5±'�

RM�!¬­¾�:�@AK¿2¥� 9���:�ð���F�!òÞøC���m

tFw ����£¤�#��w´¿B��yËà�!�9���]�f��#.�_

��)*+,-*��b#î#��#��¾��ÃÄËà�!�9�É.EJ×���

�³�F 

#��EOP×MoAñB�U]^��Ð !SVrI` [16]ÔMãýÁ	wù�

�ÐCÁÂ��!ýmnvw [23]ÔMbôõ=Ð��U�!ý�¡	�	 [29]ÔMoA�

LQlm-����U��Ð�úXYúûwù [21]ÔMA���� !�"�Â���

����\*mn [19]ÔMKI���L���eB�� #]Þs6 [28]ÔBMA��ð

ñòóà3]^�����\*�I` [7] øMNF 

T®�ðKLMN]��î Linø] [41,42] oA×		��ðòóà3QÊË=Ð��

�A��¶�Q#à�]Þs6��E�MLúûA���)*wù�MN� ¾�üb

�L:lm.Ð�]�E¶� øMNQèÅ�\úû��\*�Íwù�RRS}~�

�A¼wù¿�!����)*�úû`aFgã�!��®C��!���
\�C�

\*¶+ [7]�IJ�ðEKLOPî�ó�r�UE�BS¬�ÁÂ�!QCÁÂ�!�

�Fw �9OXYbô£¨£¤�!��+MN¿ë�M¿�Íúûu�*XY�wù

}~oU�RoApq�U^ (AHP)��BKLúûwù�,���b®ßuK¿��	�

R�£¤�!��ª��)*C�¬:ª��ÛÜ õ¬:ª!"#�Qg¬øjöC�

c	6b����¼E¶úûwù¿C��j�VW�UFÂ÷MN-ï�br\¹øù

yj����bs�Çde�!Bu�»ñ?KLa�C��#ñB�v�F 

��������	
��
 

9`�+ú�pq�U]^��	Q�BI`�Rûp ANOVA��CÁ�´AÔu

��p^£¤��)*úûwù�pq�Uüp�Rûpde±4�ðýF 

3.1 �
��� 

pq�U^ (AHP) f Thomas L. Saaty® 1971&²	
�ýB]^��ÆRôIC

�3ÜQNp�® 1978 &¹þ���u´AZ[Éá�KL�OPBf����� [44]     

y®ÚVô"�Èð���ªT�kr+po�pqüpjT�Rb�³�a�d�]�
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�±épqjTde±4�,�Fpq�U^���'`7ë 1²I�Rkuûp7Ê� 

 

� 1  �������	
 

(z) ^§pqLü 

AHP]^��zbf+¿����øù®ß�RôV�Þ��ø]^ [45] )Áde³

P:³�Q±4�pqüpFW� Saaty�^Ò�szpq�2C�	I�Ab#�de

±4F 

(Þ) ^§�¿22
� 

AHP ]^��BI`��y��sApqýBc	¥¥K¿��	�®^§pqü

pÆ�KI�L��
Ïïl1¥¥±4��KL,����^§�¿22
� (pairwise 

comparison matrix)F� Saaty�^Ò�b�a 1 ~ 9KGÃ³�»±4�� �¿22�d

2�a�b´GýB1XY12VWF�¿22;=I �̀�ÎýB1�de¹�Ü=	�

åæ����F�Æ�bÛx¡¢P��C�ýB1Ã���\�jýB�j�¡¢,�

{F�(1)GI�¿22
� A��B�� 



















=



















=

nnnn

n

n

nnnn

n

n

wwwwww

wwwwww
wwwwww

aaa

aaa
aaa

A

L

MOMM

L

L

L

MOMM

L

L

21

22212

12111

21

22221

11211

 (1) 

u× jiij wwa /= � ji ww  , é+±4 (.³�) iQ j�,�F 

(j) �B��{»��y� 

)wGé±4,�²õ��y��5 ] ,,,[ 21 nwwww L= F 

�±4�¿22
� A �#é±4,�²õ��y�w��|� 
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

















⋅



















=

nnnnn

n

n

w

w
w

wwwwww

wwwwww
wwwwww

wA
M

L

MOMM

L

L

2

1

21

22212

12111

 



















=

nw

w
w

n
M

2

1

   (2) 

�� ( ) 0  =− wInA  (3) 

�� ija � ji ww / ���	
��
������ ( ) 0  =− wInA ������� Saaty

��� A���� !"#$ maxλ %&' n( 

�� ( ) 0  max =− wIA λ  (4) 

()) *+,-$./0 

12�� A � !"#$34�5(4)60�789� !"#:;�<=*+.,

-$�>?@ABCDE/0 !"#$F�!GHI Saaty8JK�)	LM�%6&�

N�O�P:;QR$�S*TU5%6&=VW*+.,-XYZ[\�]5(5)8^_ 

�� ∑

∑
=

=

=
n

j
n

i
ij

ij

a

a

n
w

1

1

1
     nji  , ,2 ,1 , L=  (5) 

(`) @abcd 

AHP U�efg A <hi@ab.�����VWjklmP@abcd�n�c

opqDrs8t���uvX����w<@ab����cxpqDVW?
.iy

b(@abcde�5(6).@abzS (consistency index, C.I.) �5(7).@abv{

(consistency ratio, C.R.) <|*( 

1
.. max

−
−

=
n

n
IC

λ
 (6) 

} 0.. =IC ~^�������@ab�� 0.. >IC +~^����>@a�Saaty �

� 1.0.. ≤IC <3����
�(N���VW�� 1 ~ 98�����$���E>��
�� (order) ����>�� C.I. $��<��zS (random index, R.I.)(E������

��C.I. $� R.I. $�v{��<@abv{�Nd�]�_ 

..

..
..

IR

IC
RC =  (7) 

� 1.0.. ≤RC F�+���@ab���}
��3��b( 

���@A AHP  ¡?
�¢£u69,-�
�bmP ¡�¤¥m@¦§\

ANOVA ¨/cd�u=©�ª«¬=VW*+«-­�.
��®�cd(8gd.
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oH _~^=©�ª«¬=VW*+«.-­�����N p-value¯�¤¥gd.°±²

* 0.05�+³´ oH fg�µ.��N p-value!� 0.05�+�� oH fg( 

3.2 �������� 

¤¥¶·¸¹º»��¼¥½8¾¿�=À3ÁÂÃ�ÄÅÀcÆ?Ç�¢�º»È

DmPÉ�ÊË����ÌÍKÎ�ÏÐ<X-­�¼Ñ�Ä�g/KÒÓÔÕÖg×¼

ÑÂÃ�Ä. ¡ØÙÚÛo~ÜÝ�¢4ÞÛ�ß®�à�� �JKáºÓÔÕÖg

×ÂÃ�Ä.ªâ ¡ãt�]ä 28^(N�©�ª 1W ~^< (A)Ò�§åæåqØ�

2W < (B)Òçèéê�¤Ø� 3W < (C)Òëì4éíîØ� 4W < (D)ÒïiðñòóØ�

ß�VW©� (A)Ò�§åæåqØ<ô�+NVW*+ 1W ~^< (A1)ÒPåõyö÷Ø�

2W < (A2)ÒøùõúØ� 3W < (A3)Òûüýþ�úØ� 4W < (A4)Ò����ö÷Ø�

N�VW*+H���( 

 

� 2  �������	
��
���� 

ªâ ¡ãt 	©S�Í
 �ÕÖg×U5�VW©��;Ò�§åæåqØ


Òçèéê�¤Ø
Òëì4éíîØ�ÒïiðñòóØ)�ª��VW*+U���

§åæåq�ÒPåõyö÷Ø
Ò�ùõúØ
Òûüýþ�úØ�Ò����ö÷Ø

)À�çèéê�¤�ÒÕ��¤Ø
Ò�-Õâ�\Ø
Ò���öØ�Ò����Ø

)À�ëì4éíî�ÒÕ��\%�Ø
Òhi ITF­6Ø�ÒÕÖ�àñ8Ø�À�

ïiðñòó�Òº»ðñ� Ø�Òéê!"�úØ#À*+( 

¤¥8t�.ªâ ¡ãt��åq
�¤
4é�ðñ$��gdÒ�§åæåqØ


Òçèéê�¤Ø
Òëì4éíîØ�ÒïiðñòóØ)�©�ª��%&=�¼V

W*+.»'(i)*�+]~ 4( 
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� 4  ���������	
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�� ���� ������	 

(A1)
��
�� 
��������������
��
�������� !

"#$%&'(�)*+,�-./������01�234

5*+�67
�89:;�<=!">?@AB 

(A2)CD�& 
E�� FGHIJK�LM�NO'(����PQRSLJ

KTUV�WXYZ[B!\]!"*5T^_5R���`(

DS@!"PUabR<=�c�dB 

(A3)efgh%& 

i) �jklmnop'efqr�s%&����t^uv

_m�wxyXBEz {|rXm}�
NO'(��~u�

a��5!B��^uv_m�wxyX�efgh%&��R

��!"*5���dB 

(A) 
� 
� 
� 
� 
� 
s 

(A4)������ 
������!��������!������������

����� �����¡¢�£¤[¥¦§T������

���R��!"*5�c�dB 

(B1)!K�¨ 
!"©5R���E�� |�5!Kªa�3«�
NO'(

��-ªad�¬­�¨®¯���5!KB 

(B2)°±!²³a 
´)��µ!m}¶�·µ!¸¹ (IACS) ¹K����-[L
°±!²º$��»-¼½°±!²³aB 

(B3)¾¿À� 
��PQRSLJKTUV�WXYZ[�<=�·ÁÂ
��

��Ã¾ÄÅ���Æ!¾¿À�ÇÈ�TÉÊË|��ÌÍB

(B) 

Î 
Ï 
y 
X 
� 
¨ 

(B4)��ÌÍ 
���,���ÐUy�ÑÒÓ/��¡¢�[¥�����

�B!\]!"©5Ô��3�Õ67��ÌÍB 

(C1)!KªaÖ× 
��-ªad�¬­��5!K�Ø FOC!�^ÙÚ%&B�
���Û!KY*��� Ü�R!KY_�BÝop��ÞÝ

!Kßà^áÝâ���!\ãª¨�5!KÖ×�ÇÈB 

(C2)äå ITFWæ 

!"_5R���3�4 ITFTZ¹çèé&�!"©5R FOC
!�!\-êëÙ ITFçè�3uBØb�!\]!"_5ì��
T`íîï]!"©5)��5!�ð�ñ)ªa|5!K�!

\ò` T/CóôyX��3äå ITFWæB 

(C) 
õ 
ö 
÷ 
y 
ø 
ù 

(C3)!"úûxÓ 
�rXüý»þ�!"úû��ÛyX�Ò�{�±Wêë�c

�dBm��)!"úû������¨�[��	
���B

6�) FOC!»þ���!"
O�am�úû©�B 

(D1)��wx�� 
��ÜÊ_��gh�� (WTO)�i)�G��������
��¾v�rXwx�-�����^3à���������

��� �!"��v����¾��B 

(D) 
# 
å 
w 
x 
� 
{ 

(D2)yX$%%& 
!"*5ÛR�ñ�.�|wx�&�yXghA¹�'(m�

wx)�B*!"3`^+,!-.�/0,T0óì1�Ø�

�t^32m��íì34�ð$%yXB 
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4.1 ������� 

¤BC8g/�ÙÚ <#!, �-@, <=ªâ­Ä«.�uvX~�-#,

 <�ÊD¬N./01.|¤�2(¤¥<34BCN©�E5663�pqP<��

�ÙÚÛogd�áº7Ó8ÓÔ9ê016�:�ÕÖg×3;pq.<�4yÏ� 

(�=>?
@4y
A@4y
ByC4yD) <E­ÛouF�GHº»!�¯I01

]�_�º9ê
�JêK
)�9È
LM9È
+LêK
BN9È
OP3È
Q

L9È
QRSÕ
Q9
TU9È
|È9ê
VW9È
X+Tê
YZTê
[\

9ê
]R9È
^P9È
^_Tê
^`9ê
^aTê
bcêK¬defgDÓ

Ô9ê01(����áºS01<h�8i�.SÕ0h�E�	
�j��<�.'

~b����&N*kÛolm(ÙÚÛoU5e·�no#p¢&9�ÊD.�q��

ßrdF«�Ê�st �uvÙÚ�4wx>�¹¬£K?@abcd.�yÙÚ��

8rz.�yÙÚs#u#v(�¼ÙÚt �rz{|]~ 58^(~ 5�u�ÊD 

}.©�E�m@¦ ¡vX>�~b��ÊD.«�
��N�Õ�ø�!¯e�`u

]�-�<" S*��01.Õ�ø�!�`u]�-�Dd�<Òø�X!Ø( 

4.2 �	
��
�� 

�yÙÚ�24��Ô��/0�9�)�©�ª¬u�ÀVW*+.¹�VW,

-�]~ 68^( 

�~ 6 9��¹�VW)�©�ª¬u�ÀVW*+.,-jk�N C.I. $� C.R.

$R¯� Saaty 8��� 0.1�°^¤BC8rz��yÙÚRi�@ab(¹�VWj

k�)ÀVWª��Òçèéê�¤Ø <-­�N�H��ÒïiðñòóØ
Òëì

4éíîØ
Ò�§åæåqØD©�(u�ÀVW*+�Òéê!"�úØ -­�N

�H�<ÒÕ��¤Ø
ÒÕ��\%�Ø
Òº»ðñ� Ø
Ò���öØ
Ò��

��Ø
Òhi ITF­6Ø
ÒÕÖ�àñ8Ø
Ò�-Õâ�\Ø
Òûüýþ�úØ


Ò����ö÷Ø
ÒPåõyö÷Ø
Ò�ùõúØDÂÃ�Ä( 

<��=©�ª«¬VW*+«.,-�w�°±
��¤¥m@¦&~ 6¹�VW

jkmP ANOVA¨/cd�Njk]~ 78^( 

�~ 79��4¨/cdt��>��©�ªC*+ª�N p-valueR¯�°±²*

0.05���³´ oH fg(��.�¹��Ê.9ê3/���u�)�©�ª¬u�À

VW*+�¢>Ð<�D-­( 
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� 5  �������	
��
�������� 

�  � ���� ���� 	
�� 	
�����
(%) 

�
���� 

���� FOC 10 8 

�� ROC� FOC 15 13 

�  � 

29 

25 21 

������ 

���� 14 12 

���� 11 9 

�  � 

29 

25 21 

��� �! 

���  6 6 

��"�  19 15 

�  � 

29 

25 21 

 

#�$% 1 1 1 

&  � 30 26 22 

73.33 

� 6  �������	
��������� 

'( ()*) + , -./0 + , 12+, 
345678 0.193 (3) 0.032231 (12) 
9:5; 0.172 (4) 0.028724 (13) 
<=>?@; 0.383 (1) 0.063961 (10) 
ABCD78 0.253 (2) 0.042251 (11) 

EF4G4H 0.167 (4) 

=maxλ 4.002  C.I. = 0.001  C.R. = 0.001 

�IJK 0.340 (1) 0.113900 (2) 
L,�MNO 0.195 (4) 0.065325 (9) 
PQR7 0.245 (2) 0.082075 (5) 
STUV 0.221 (3) 0.074035 (6) 

WXYZJK 0.335 (1) 

=maxλ 4.002  C.I. = 0.001  C.R. = 0.001 

�I[O\] 0.402 (1) 0.096078 (3) 
^� ITF_` 0.309 (2) 0.073851 (7) 
�
abcd 0.288 (3) 0.068832 (8) 

efgYhi 0.239 (3) 

=maxλ 3.000  C.I. = 0.000  C.R. = 0.000 

jk clm 0.369 (2) 0.095940 (4) 
YZno@; 0.631 (1) 0.164060 (1) p� cqr 0.260 (2) 

=maxλ 2.000  C.I. = 0.000  (R.I. st 0u��v C.R. s) 

12-. =maxλ 4.001  C.I. = 0.000  C.R. = 0.000 

wxy�z{ ( ) |}+,~�� 



������� �	
��� �
�� ���
��	��

�44� 

� 7  �������	
��
������ 

'(()*) ��� ��� -./0 ��� ��� 

345678 0.199773 0.007636 

9:5; 0.182364 0.006840 

<=>?@; 0.358409 0.004993 

ABCD78 0.259564 0.009914 

EF 
4G4H 0.178136 0.005888 

p-valuet 1.84E−09������/ 0.05�E��� Ho� 

�IJK 0.329682 0.006772 

L,�MNO 0.192546 0.004421 

PQR7 0.246136 0.008336 

STUV 0.231727 0.011250 

WX 
YZJK 0.323136 0.003957 

p-valuet 1.74E−05������/ 0.05�E��� Ho� 

�I[O\] 0.394546 0.013527 

^� ITF_` 0.304273 0.009658 

�
abcd 0.301318 0.007856 
ef 
gYhi 0.242364 0.002418 

p-valuet 0.004221������/ 0.05�E��� Ho� 

jk clm 0.377182 0.003863 

YZno@; 0.622818 0.003863 
p� 
 cqr 0.256545 0.006054 

p-valuet 1.954E−16������/ 0.05�E��� Ho� 

p-valuet 1.03E−08������/ 0.05�E��� Ho� 

4.3 ��������	
� 

��������	
��
���������������������� !

"#$�%&'()*�����+,-./0�123 

4.3.1 ��������	 

45678����9:;<=>78? FOC@	=78? ROC	 FOC@AB��3

CD5678���+,-./0#$;E	FGHI�;JKL 8	L 9MN3 

OL 8	L 9PQ��R56=>78? FOC@S=78? ROC	 FOC@����

TJ�������12UV'W�X%=YZ[\]�@^<���_`4a�=bc

defg@h=ijk[lm@h=/nopoq@�rst	u���v�;Estw

�3�xyz��������12�kFGHI{|�56>78? FOC ���=}

~����@�������<=��5���@�=����@����78? ROC

	 FOC����<=����@�=��5���@��3�_�xz��������

����12���Ww�3 



��������	
��
�����

�45� 

4.3.2 45�����;� 

rz;��4�\��5�������_:;<=����@	=����@AB�

_���;K�M�3CD�\��5������+,-./0�#$;E	FGH

I�;JKL 10	L 11MN3 

OL 10	L 11PQ��R5�=����@S=����@����TJ����

���12�kFGHIst�_ p-value X�?!" � 0.05�/r����_���

�12UV'W�X%=YZ[\]�@^<��3�xyz��������12��

������=}~����@���Z?���������=��5���@���

¡¢?������3�_�x'z������������12���Ww�3 

4.3.3 �
��
���	 

£y¤;�%CD�\����<¥¦§d���:;<=¥¦§d@	=¥¦¨§

d@AB�R3CD�\��¥¦§d	��+,-./0�#$;E	FGHI�;J

KL 12	L 13MN3 

� 8  �������	
�������������  

� � ��� FOC ��� ROC/FOC 
� � 
(�	) ��� 

FOC 
��� 

ROC/FOC 


��
 
�
�� ���� �
�� ���� 

������ 0.240 (3) 0.033120 (11) 0.169 (3) 0.030251 (12)

���� 0.218 (2) 0.030084 (12) 0.145 (4) 0.025955 (13)

������ 0.360 (1) 0.049680 (9) 0.383 (1) 0.068557 (7)

�� 
� �! 

0.138 (4) 0.179 (4) 

"#$%�� 0.182 (4) 0.025116 (13) 0.303 (2) 0.054237 (11)

&'() 0.345 (1) 0.115575 (2) 0.329 (1) 0.109557 (2)

*�&+,- 0.241 (3) 0.080735 (8) 0.165 (4) 0.054945 (10)

./0� 0.280 (2) 0.093800 (4) 0.225 (3) 0.074925 (6)

12 
34() 

0.335 (1) 0.333 (1) 

5678 0.135 (4) 0.045225 (10) 0.281 (2) 0.093573 (4)

&'9-:; 0.325 (2) 0.083525 (6) 0.429 (1) 0.101244 (3)

<= ITF>? 0.359 (1) 0.092263 (5) 0.287 (2) 0.067732 (8)
@A 
B3CD 

0.257 (3) 0.236 (3) 

&EFGHI 0.316 (3) 0.081212 (7) 0.284 (3) 0.067024 (9)

JKLHMN 0.392 (2) 0.105840 (3) 0.364 (2) 0.092092 (5)O= 
LHPQ 

0.270 (2) 0.253 (2) 
34RS�� 0.608 (1) 0.164160 (1) 0.636 (1) 0.160908 (1)

wxy�z{ ( ) |}+,~�� 



������� �	
��� �
�� ���
��	��

�46� 

� 9  �������	
�������������� 

��� FOC ��� ROC/FOC ��� FOC ��� ROC/FOC� � 
(�	) TUV WXV TUV WXV


��
 
TUV WXV TUV WXV

������ 0.247250 0.012351 0.172154 0.003793

p-valueY 0.059396Z[�\]^� 0.05Z�_`a Hob

���� 0.219000 0.007722 0.160077 0.006032

p-valueY 0.124448Z[�\]^� 0.05Z�_`a Hob

������ 0.343875 0.004283 0.370231 0.005831

p-valueY 0.428708Z[�\]^� 0.05Z�_`a Hob

"#$%�� 0.190175 0.008257 0.297538 0.007445

0.149125 0.003221 0.187538 0.006762

p-valueY 0.013737Zc�\]^� 0.05Z�_de Hob

� 

� 

� 

  

� 

! 

p-valueY 0.261556Z[�\]^� 0.05Z�_`a Hob 

&'() 0.332500 0.002135 0.328615 0.010593

p-valueY 0.92141Z[�\]^� 0.05Z�_`a Hob

*�&+,- 0.236875 0.003654 0.166308 0.003533

p-valueY 0.016653Zc�\]^� 0.05Z�_de Hob

./0� 0.289125 0.012312 0.221083 0.005589

p-valueY 0.11714Z[�\]^� 0.05Z�_`a Hob

5678 0.141625 0.003484 0.280308 0.009022

0.320125 0.006762 0.324769 0.002971

p-valueY 0.001542Zc�\]^� 0.05Z�_de Hob

1 

2 

3 

4 

( 

) 

p-valueY 0.877383Z[�\]^� 0.05Z�_`a Hob 

&'9-:; 0.339250 0.022599 0.422462 0.007080

p-valueY 0.118105Z[�\]^� 0.05Z�_`a Hob

<= ITF>? 0.348875 0.013305 0.280000 0.007034

p-valueY 0.129335Z[�\]^� 0.05Z�_`a Hob

&EFGHI 0.312000 0.005829 0.297692 0.010135

0.265375 0.003264 0.232000 0.001655

p-valueY 0.734346Z[�\]^� 0.05Z�_`a Hob

@ 

A 

B 

3 

C 

D 
p-valueY 0.133718Z[�\]^� 0.05Z�_`a Hob 

JKLHMN 0.392000 0.000685 0.367462 0.006107

p-valueY 0.404918Z[�\]^� 0.05Z�_`a Hob

34RS�� 0.608000 0.000685 0.632538 0.006107
0.265500 0.006114 0.255923 0.006638

p-valueY 0.404918Z[�\]^� 0.05Z�_`a Hob

O 
= 
L 
H 
P 
Q p-valueY 0.793500Z[�\]^� 0.05Z�_`a Hob 

 
 



������������� !"#�

�47� 

�� 12�� 13�����	
��
���
���
������������

����� !"#�$%
&'()*+�,-���./01	
23�456�7


89:(;<�7
=>?@?A��BCD�E�FGH�IJCDKLM�NOP

FGQR�������:STUVWX���
�YZ�
[?\]^_�7
`a*

+�7
b3 ITF�c�OP���'d���
�YZM��
�YZe�f
ghi

j�=k�l���
�YZR�
`a*+�e-�f�mn����$o/d
()

pqrs��m����teuv�wxM�.yzPFGQR����m������

R{#KLM 

� 10  �������!"#$%����������  

� � fghc fgh[ � � 

(�	) fghc fgh[ 

��
 

�
�� ���� �
�� ���� 

������ 0.221 (2) 0.034697 (11) 0.164 (3) 0.027388 (12)

���� 0.198 (4) 0.031086 (13) 0.139 (4) 0.023213 (13)

������ 0.369 (1) 0.057933 (10) 0.383 (1) 0.063961 (8)

�� 
� �! 

0.157 (4) 0.167 (4) 

"#$%�� 0.211 (3) 0.033127 (12) 0.314 (2) 0.052438 (10)

&'() 0.319 (1) 0.111650 (2) 0.363 (1) 0.118338 (2)

*�&+,- 0.231 (3) 0.080850 (8) 0.150 (4) 0.048900 (11)

./0� 0.271 (2) 0.094850 (3) 0.217 (3) 0.070742 (6)

12 
34() 

0.350 (1) 0.326 (1) 

5678 0.180 (4) 0.063000 (9) 0.271 (2) 0.088346 (5)

&'9-:; 0.347 (1) 0.088138 (5) 0.445 (1) 0.102350 (3)

<= ITF>? 0.327 (2) 0.083058 (6) 0.294 (2) 0.067620 (7)
@A 
B3CD 

0.254 (2) 0.230 (3) 

&EFGHI 0.326 (3) 0.082804 (7) 0.261 (3) 0.060030 (9)

JKLHMN 0.381 (2) 0.091059 (4) 0.366 (2) 0.101016 (4)O= 
LHPQ 

0.239 (3) 0.276 (2) 
34RS�� 0.619 (1) 0.147941 (1) 0.634 (1) 0.174984 (1)

ijkVlm ( ) no��pqb 



������� �	
��� �
�� ���
��	��

�48� 

� 11  �������	
��
����������� 

���� ���� ���� ���� � � 

(�	) 
�� 
�� 
�� 
��
���� 


�� 
�� 
�� 
�� 

������ 0.224000 0.009891 0.169778 0.004498

p-value� 0.175094������� 0.05�� !" Ho# 

$%�& 0.207917 0.008045 0.148667 0.004635

p-value� 0.114804������� 0.05�� !" Ho# 

'()*+& 0.351167 0.004293 0.372222 0.006736

p-value� 0.520588������� 0.05�� !" Ho# 

,-./�� 0.217033 0.008702 0.309444 0.008073

0.171250 0.006638 0.175111 0.004738

p-value� 0.034223������� 0.05�� 01 Ho# 

� 

2 

� 

3 

� 

4 

p-value� 0.909967������� 0.05�� !" Ho# 

5678 0.309333 0.005180 0.357778 0.009135

p-value� 0.199962������� 0.05�� !" Ho# 

9:5;<= 0.222917 0.003527 0.153556 0.003637

p-value� 0.016446������� 0.05�� 01 Ho# 

>?@� 0.272917 0.010072 0.217889 0.005496

p-value� 0.182793������� 0.05�� !" Ho# 

ABCD 0.195000 0.012189 0.270778 0.008035

0.324000 0.005233 0.321667 0.003189

p-value� 0.108958������� 0.05�� !" Ho# 

E 

F 

G 

H 

7 

8 

p-value� 0.937053������� 0.05�� !" Ho# 

56I=JK 0.354417 0.018374 0.439222 0.004793

p-value� 0.10363������� 0.05�� !" Ho# 

LM ITFNO 0.320500 0.011802 0.287222 0.008190

p-value� 0.465815������� 0.05�� !" Ho# 

5PQRST 0.325333 0.010506 0.273556 0.004261

0.257167 0.003111 0.228111 0.001208

p-value� 0.201509������� 0.05�� !" Ho# 

U 

V 

W 

G 

X 

Y 
p-value� 0.186329������� 0.05�� !" Ho# 

Z[\S]^ 0.382750 0.002968 0.368889 0.005929

p-value� 0.63378������� 0.05�� !" Ho# 

GH_`+& 0.617250 0.002968 0.631111 0.005929
0.247833 0.007424 0.275222 0.004672

p-value� 0.63378������� 0.05�� !" Ho# 

a 
M 
\ 
S 
b 
c 

p-value� 0.442314������� 0.05�� !" Ho# 



������������� !"#�

�49� 

� 12  �������������������� !" 

� � ���� ����� 
� 	 

(
�) ���� 
�� 
��� 

�
�� 
���� ���� ���� ���� 

������ 0.135 (3) 0.022950 (12) 0.224 (3)* 0.035616 (12)*

���� 0.117 (4) 0.019890 (13) 0.197 (4) 0.031323 (13)

������ 0.422 (1) 0.071740 (7) 0.356 (1) 0.056604 (10)

 ! 

�"�# 
0.170 (4) 0.159 (4) 

$%&'�� 0.326 (2) 0.055420 (10) 0.224 (2)* 0.035616 (11)*

()*+ 0.267 (2) 0.088911 (5) 0.366 (1) 0.122244 (2) 

,�(-./ 0.144 (4) 0.047952 (11) 0.213 (3) 0.071142 (8) 

012� 0.236 (3) 0.078588 (6) 0.248 (2) 0.082832 (6) 

34 

56*+ 
0.333 (1) 0.334 (1) 

789: 0.353 (1) 0.117549 (2) 0.173 (4) 0.057782 (9) 

();/<= 0.435 (1) 0.099615 (3) 0.369 (1) 0.092250 (4) 

>? ITF@A 0.256 (3) 0.058624 (9) 0.339 (2) 0.084750 (5) 
BC 

D5EF 
0.229 (3) 0.250 (3) 

(GHIJK 0.309 (2) 0.070761 (8) 0.292 (3) 0.073000 (7) 

LM�JNO 0.337 (2) 0.090316 (4) 0.390 (2) 0.099840 (3) P? 

�JQR 
0.268 (2) 0.256 (2) 

56ST�� 0.663 (1) 0.177684 (1) 0.610 (1) 0.156160 (1) 

��� ��� ( ) ��	
��
* ������������������� 0.2235���� !
���� 0.2238
 

� 13  ����������������������� 

���� ����� ���� ����� � 	 

(
�) UVW XYW UVW XYW
�
�� 

UVW XYW UVW XYW 

������ 0.135167 0.001813 0.227000 0.008192

p-valueZ 0.029389[\]^_`� 0.05[ abc Hod 

���� 0.143333 0.010335 0.198200 0.005646

p-valueZ 0.186861[e]^_`� 0.05[ afg Hod 

������ 0.400667 0.002541 0.344000 0.005494

p-valueZ 0.103911[e]^_`� 0.05[ afg Hod 

$%&'�� 0.320667 0.011607 0.231027 0.007982

0.183167 0.011295 0.168800 0.003832

p-valueZ 0.064449e]^_`� 0.05[ afg Hod 

  

! 

� 

" 

� 

# 

p-valueZ 0.700385[e]^_`� 0.05[ afg Hod 



������� �	
��� �
�� ���
��	��

�50� 

� 13  ����������������������� (#) 

���� ����� ���� ����� � 	 

(
�) UVW XYW UVW XYW
�
�� 

UVW XYW UVW XYW 

()*+ 0.267333 0.005729 0.355200 0.005743

p-valueZ 0.026743[\]^_`� 0.05[ abc Hod 

,�(-./ 0.151000 0.005154 0.210067 0.003708

p-valueZ 0.071031[e]^_`� 0.05[ afg Hod 

012� 0.233333 0.004108 0.255733 0.010546

p-valueZ 0.627743[e]^_`� 0.05[ afg Hod 

789: 0.348667 0.008510 0.179000 0.004426

0.322167 0.004218 0.323333 0.004429

p-valueZ 0.000144[\]^_`� 0.05[ abc Hod 

3 

4 

5 

6 

* 

+ 

p-valueZ 0.971247[e]^_`� 0.05[ afg Hod 

();/<= 0.429833 0.014085 0.375133 0.013871

p-valueZ 0.34934[e]^_`� 0.05[ afg Hod 

>? ITF@A 0.232167 0.001973 0.335867 0.010363

p-valueZ 0.028103[\]^_`� 0.05[ abc Hod 

(GHIJK 0.338333 0.017388 0.289067 0.004721

0.218333 0.000454 0.255267 0.002865

p-valueZ 0.2699[e]^_`� 0.05[ afg Hod 

B 

C 

D 

5 

E 

F 
p-valueZ 0.121937[e]^_`� 0.05[ afg Hod 

LM�JNO 0.338667 0.003184 0.392067 0.003780

p-valueZ 0.081978[e]^_`� 0.05[ afg Hod 

56ST�� 0.661333 0.003184 0.607933 0.003780
0.276833 0.011125 0.252667 0.004627

p-valueZ 0.081978[e]^_`� 0.05[ afg Hod 

P 
? 
� 
J 
Q 
R 

p-valueZ 0.537175[e]^_`� 0.05[ afg Hod 

 

4.4 ���� 

4.4.1 ��������	 

��������	
��
	
�������������� 14�� 15�� 3

��� 



��������	
��
�����

�51� 

�� !� 7�� 9�� 11�� 13"������	
��
	
�������

����� 15���#��	
$%�& p-value'(#)*+, 0.05�-./0 Ho1

2345����67�89:;<=�>#?@����ABCDE"FG�#�
	


$%�& p-value'H#)*+, 0.05�-.I6 Ho12345��J
�>@K��

�FGL�MNOPQR� 

S� 14�� 3TU�VW�
	
��)��XYZ[\(
�>]^_`abcd

�]e�fghidj@�%�FGklm����	
�&n�
	
��BE�o&

pFq�rstu�v�5��w]xya9z{d|DFG�}&~>XYZ[\(


��53&��m~]e�fghid�]^_`abcd�o���FGLrsBH�

|��~]-�����d� 

wX��g�5�89��a9z{����z{���z{�H��Q��5��

�z{�G������������������3��z{�G��X�z{�X 

���¡{���¢£��?����z{Q�B¤6X¥BE�¦§3o��z{�¤

6X¥BE�¨I�©I¦§�{ª�«¬��)��­®¯°X 2¥±²¦§-³

´�Bµ~��	
¶�
	
����'~w·¸]xya9z{dD|�G¹º�&

´�X 2¥t±���G��]X�z{d�]»FX¼��d�]¡½¾¿d�]À

ÁÂÃd"?�� 

� 14  �������	
��
��������� 

���� (��) 
���� 

	
��
� 	����� ������ 
� � (��) 

� � 
��� 

FOC 

��� 

ROC/FOC
���� ���� ���� �� ��

(A)!"#$#% 0.167 (4) 0.138 (4) 0.179 (4) 0.157 (4) 0.167 (4) 0.170 (4) 0.159 (4)

(B)&'()*+ 0.335 (1) 0.335 (1) 0.333 (1) 0.350 (1) 0.326 (1) 0.333 (1) 0.334 (1)

(C),-.(/0 0.239 (3) 0.257 (3) 0.236 (3) 0.254 (2) 0.230 (3) 0.229 (3) 0.250 (3)

(D)12�345 0.260 (2) 0.270 (2) 0.253 (2) 0.239 (3) 0.276 (2) 0.268 (2) 0.256 (2)

������ ( ) ��	
��
 

 



������� ������ ����  �!��"�#�

�52� 

� 15  �	
��
������������������ 

���� ���� � � 

(��) ��� ��� �� ��� ��� �� ��� ���

��� FOC 0.149125 0.003221 ���

ROC/FOC
0.187538 0.006762

p-value� 0.261556 !�"#$% 0.05 &'() Ho
 

*+,- 0.171250 0.006638 *+,! 0.175111 0.004738

p-value� 0.909967 !�"#$% 0.05 &'() Ho
 

./01 0.183167 0.011295 ./201 0.168800 0.003832

&3 

4546 
0.178136 0.005888 

p-value� 0.700385 !�"#$% 0.05 &'() Ho
 

��� FOC 0.320125 0.006762 ���

ROC/FOC
0.324769 0.002971

p-value� 0.877383 !�"#$% 0.05 &'() Ho
 

*+,- 0.324000 0.005233 *+,! 0.321667 0.003189

p-value� 0.937053 !�"#$% 0.05 &'() Ho
 

./01 0.322167 0.004218 ./201 0.323333 0.004429

78 

9:;< 
0.323136 0.003957 

p-value� 0.971247 !�"#$% 0.05 &'() Ho
 

��� FOC 0.265375 0.003264 ���

ROC/FOC
0.232000 0.001655

p-value� 0.133718 !�"#$% 0.05 &'() Ho
 

*+,- 0.257167 0.003111 *+,! 0.228111 0.001208

p-value� 0.186329 !�"#$% 0.05 &'() Ho
 

./01 0.218333 0.000454 ./201 0.255267 0.002865

=> 

?9@A 
0.242364 0.002418 

p-value� 0.121937 !�"#$% 0.05 &'() Ho
 

��� FOC 0.265500 0.006114 ���

ROC/FOC
0.255923 0.006638

p-value� 0.793500 !�"#$% 0.05 &'() Ho
 

*+,- 0.247833 0.007424 *+,! 0.275222 0.004672

p-value� 0.442314 !�"#$% 0.05 &'() Ho
 

./01 0.276833 0.011125 ./201 0.252667 0.004627

BC 

1DEF 
0.256545 0.006054 

p-value� 0.537175 !�"#$% 0.05 &'() Ho
 

p-value� 1.03E−08 -�"#$% 0.05 &'GH Ho
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FOC 
��� 

ROC/FOC
���� ���� ���� �����

(A1)� !"#$ 0.032231 (12) 0.033120 (11) 0.030251 (12) 0.034697 (11) 0.027388 (12) 0.022950 (12) 0.035616 (12)*

(A2)%&!' 0.028724 (13) 0.030084 (12) 0.025955 (13) 0.031086 (13) 0.023213 (13) 0.019890 (13) 0.031323 (13) 

(A3)()*+,' 0.063961 (10) 0.049680 (9) 0.068557 (7) 0.057933 (10) 0.063961 (8) 0.071740 (7) 0.056604 (10) 

(A4)-./0#$ 0.042251 (11) 0.025116 (13) 0.054237 (11) 0.033127 (12) 0.052438 (10) 0.055420 (10) 0.035616 (11)*

(B1)	123 0.113900 (2) 0.115575 (2) 0.109557 (2) 0.111650 (2) 0.118338 (2) 0.088911 (5) 0.122244 (2) 

(B2)4�	567 0.065325 (9) 0.080735 (8) 0.054945 (10) 0.080850 (8) 0.048900 (11) 0.047952 (11) 0.071142 (8) 

(B3)89:# 0.082075 (5) 0.093800 (4) 0.074925 (6) 0.094850 (3) 0.070742 (6) 0.078588 (6) 0.082832 (6) 

(B4);<=> 0.074035 (6) 0.045225 (10) 0.093573 (4) 0.063000 (9) 0.088346 (5) 0.117549 (2) 0.057782 (9) 

(C1)	1?7@A 0.096078 (3) 0.083525 (6) 0.101244 (3) 0.088138 (5) 0.102350 (3) 0.099615 (3) 0.092250 (4) 

(C2)BC ITFDE 0.073851 (7) 0.092263 (5) 0.067732 (8) 0.083058 (6) 0.067620 (7) 0.058624 (9) 0.084750 (5) 

(C3)	
FGHI 0.068832 (8) 0.081212 (7) 0.067024 (9) 0.082804 (7) 0.060030 (9) 0.070761 (8) 0.073000 (7) 

(D1)JK�HLM 0.095940 (4) 0.105840 (3) 0.092092 (5) 0.091059 (4) 0.101016 (4) 0.090316 (4) 0.099840 (3) 

(D2)NOPQ,' 0.164060 (1) 0.164160 (1) 0.160908 (1) 0.147941 (1) 0.174984 (1) 0.177684 (1) 0.156160 (1) 

������ ( ) ��	
��
*�� 12 ��� 

 

 

� 4  ���	���������	
��
�� 



������������� !"#�

�55� 

 

� 5  ���	���������	
��
�� 

 

� 6  ���	�� !"�#��	
��
�� 

��������	
��
������������������
��� !

"#
$%&'() FOC���*+,-./012�34
5'() ROC6 FOC�

�27348&'() FOC ��97*:3$;<=1>*?@AB13C
5'()

ROC6 FOC���97*?@AB1>*:3$;<=13CDEF2GHI�*+,

-./013CJK)EF2LHI
5�*:3$;<=13CJMN)EF2LHID

OP�QHI�*RSTU/01V*$WXY1V*Z[ ITFC\1]^3CJK)O

P_�QHI
597*?@AB13CJ&`)*����	
1
5*?@AB1�

)OP_�QHI�3CJ�a�2KD 

�b*$WXY1cd
��OP�Q����
�efg���hi���
j9

7�3CJ&`)*����	
1
k7lK��XYmdn3C�opqrDsCq

7tuvw=x!>y�zt($W
{zt($W�5|}XY2N
#~�k�#$



������� �	
��� �
�� ���
��	��

�56� 

W����#�
tu$��wYt($W������Da��
��($����w

KXY��($W
��tV��V����t�$W
�q$W|}�qr_���


{�t����� ¡ (ITF) h¢£�¤¥¦6§

k�¨7�©tª$(«¬q­D

®¯°Y7±²$WXY
6³´$�[µ
¶$%·(³ 
́¬w=2KXY³´$W


°Y$�¸¬e¹º$c»¶$%¼½��
sC¾¿À7�lK$WXYD�Á³´$

W|}LÂÃÄ
ÅÆ³´$�kÇÈÉxF»¶$%·(���h�t
h¬�ÊË¶

$%'()��($tª
¬Ìw=�(h�t($W
³´$�¸¶$%¼½��
�

�*Z[ ITFC\1D)Í�ÎÏ�
ÅÐ!$%Ñ�¥¦
xÒ$�µ�f¶$ÓÔÕ

hÕ¨$Ê
Ö×ØÙÚÛ
¬ÜÝ×ÞD 

�b*tßQàáâ1cd
g����ãä
�3CJå)æçè
É�)zté

ê·ëìíîïð
ñ)tòóôõ�
tßLö÷øùúÍ�Qàûvüýáâ
��

�«tuÐþóô
tuüý����tßùúLö÷ø-�DqÉ��zt�	Í�H

I
��ê
���
��
k­
��Í�Qà��Ô�����

¬��t��	

Í�Qà�Ô�
)��¹Ù����$�
h���¯�÷����µ7ñY��
�

6tß�º$��� ¡[µ !b"
¬ÃÄ��t��	Í�Qà��
D�b*ø

#$/1cd
)g����ãä
�3CJå)æ%è
&Ö'R(øsC)3)��

*�+,
6$%'(2-./b"
5fztu01å7234Wh56sC���

7
opt�8'R�ztu(ø9:
;X<$ø#$/��
h=ê>�?@AB


Éxqr�&'() FOC A$�EF2G���a�27BCDqÉ��SDsTE

è
�FGHIX�tu;$A<$(øñ#
¬7�cJ�ÈKLtu$M¿"ND 

�b*?@AB1cd
)g����ãä
�3CJå)æOè
5OP�QHI

��97
�3CJ&`)*����	
1
sCq7zt¾P�tuQ5�?RST

�?
�_�7�?@UÝ-.
OP�QHIa�)OP_�QHI{V
�±?WX

hY2GDt�Z* [29] ¬�[Uei\Í�S��[ÐX]Ú
^?_`#Át�Í�

aSE�
0Q5�S?tª
¶bc$�-�defg
D�b*$%dhàT1cd


)g����ãä
�3CJå)æiè
�Í�HI{V
$%dhjkf��µSl

m¿3CFnqr�xD�t�)$%dhjkop6XY
7�q
fg-�Da�)

FOC${V
tu$%-�r=�tdh'0
X7zt$%Ú(õq�xD 

�b*:3$(<=1cd
)g����ãä
�3CJå)æsè
�)ztt

$�uvt�t$w¤ (IACS) ¤W
ztuv73:3$;xi
q{vyz:3$;

<=D�b*{|íî	
1cd
)g����ãä
�3CJå)æ}è
&Ö�t

��~zt�Lö÷ø�	
5ñ)*t�����~�1{|�ÍS�	

ztu0

��ù·�tQà��D��*m�Í��uTU��1E!
k8/��r=��($D

tu��ù·�tQà���{|íî	

X7zt$%Ú(õq�x
��op�J

�LD��>�³�Í�F»
){|�Í#��
6�|w��ztu6�t$%
�



������������� !"#�

�57� 

¬���.õ�
ÍR)m�Í��uD 

�*+,-./01V*RSTU/016*�ÜT
1�]^����
�efg

���hi���
�3CJa�2KD��
��xÃ¿f�b$%j�<cd
t�

HI]Ú
w=�($W9�R���=ê
bc$�j�<=6��XY�=ê [30,31]D

5��tß����
�)�( (����h�t) $Wr�
6³´$Wa��L
q

É FOC$�abj�<��¤C)=êD 

������� 

5.1 �� 

1. Y����m;i\��
�S�VXYV��VQà�ç ��¾¿md
i\zt

�	$%'(�b¡opqr
HIãäC¢
�efg���hi���
¬*lK

��XY1mdn73CD�g����37 33.5�
�`�£f¤[Qàlm 26.0�V

¨¥��¦§ 23.9�Aq­SDS� 16.7�D 

2. �	$%'(�¨©
ª}]^����{V
�efg���hi���
jf¬*�

���	
17«Cb¡opqrD�g�����37 16.41�
�`�£7$WX

Y 11.39�V$Ww=�� 9.61�VtßQàáâ 9.59�Vø#$/ 8.21�V?@AB

7.40�VZ[ ITFC\ 7.39�V$%dhàT 6.88�V:3$;<= 6.53�V{|íî	


 6.40�V+,-./0 4.23�VRSTU/0 3.22�V�ÜT
 2.87� �qrD 

3. zt�	tu�ef�$���h¼º©�r=
j¤�*����	
1D¬�tß

H�RS�	Lö÷øùú�$�¤�S�
ò8­<®¯°¬H¤f�¤�
�Át

ßQàáâ
ê�H�RSò��
¬A��$M�qr
ctu����tß��-

�
r����	
X7opzt�	$%'(¨©n3Cqr
qÉ7±²tu$M

Ú(
��SDsTEè
�³´H�µ¶	
�7�cJD 

4. �efg���hi���
L·j97*$WXY1�3CJ&`)����	
D

q7tuvw=x!>y�zt($W
�zt$Wv5|}2N
{¸��­\
�

XY2N�
$��wt($W��k���D��SDsTEè
�­¹F�º¨¥

�
�»¼½��
�$Ww=S�k� ¾¨ù
�Jâ¿w=�($W>y�ûCD 

5. �Ài����Ái\"#
���������3CJ����Á�L
5&'()

FOC���+,-./02�34
̧ 97:3$;<= (8.07�) >?@AB (4.52�)

3C
{'() ROC6 FOC���97
?@AB (9.36�) >:3$;<= (5.49�)

3CDEF2GHI�+,-./0 (3.31�) 3CJK)EF2LHI (5.24�)
5�

:3$;<= (8.09�) 3CJMN)EF2LHI (4.89�)DOP�QHI97?@A

B (11.75�) 3CJ&`)����	
 (17.77�)
5�OP_�QHI{V
?@A



������� �	
��� �
�� ���
��	��

�58� 

B (5.78�) 3CJa�2KD 

6. OP�QHI��97*?@AB13CJ&`)����	

q7zt¾P�tu

Q5�?RST�?
�_�?@UÝ-.
a�)OP_�QHI{V
�?@AB

hY23D5t�HI"#
^?_`#Át�Í�aSE�
0Q5�S?tª
¶

bc$�-�defg
Dd�#Ît�Í�fg
��SDsTEè
­³´Â¾?

yUÝ�?Ã��
hFG��ÄÅtª¬�è? (tonnage tax) �Æ�T?c»
¬

¯�Èq­tuÚ(¼½
Ç�$�¶$%LnÈ(~^?_tª
h¶bctªÕ3

L�É�D 

7. �Àt��HI]Ú
$�¶$%ÊË©t$Ó
®¯f7�SÌhÍRU�
Î�L

ÏiÐf�[qrFn [20]Dzt�)ÑmÐþ
�ÀY��HIãäC¢
opzt

�	$%'(b¡qr�
�����	
6$WXY7n3Cqr��
k�$Ww

=��VtßQàáâVø#$/V$%dhàT�qr�opDÒV�
zt�	$

%'(�¨©Ó�
�lK��XY��[qr�
06SDS�V{|íî	
�S

ÌhÍRqr�./bÔD 

8. �À [t UNCTAD [1] ��"#
ztÕ��$Ö×6Ø3�üÙ=�
5�#tu

Ö×6Ø3�üÙUÚ
��($Ö×6Ø3�üÙ=ê�BC��Dzt$%'(7

tu*�&]X{é
¸'(7��($*Û¬�	$>ynND�ztÜ�Ï�tu

Ø3�è��� [4]
$�'(tu9:nÎ]Ù (90 Ù~ 92 Ù) �l��BCÝ�


�jX�y7 −9.36�
~ 92ÙÞtuØ3�×
ßéàÎá}Ù�nKâã
¸0e

äUÚ�
Éx"N��å�zSDsTEèæ9
Õ¯ç�7�q­��D 

5.2 �� 

1. ¬zt�	Í�HI�à
$%�'()�ètª{X7tu
k�¨©ÊË©t$Ó

X7�($%
{�($%�'()éêëVì>íîVéïë�tX7��($
h

'()ðêñV���VËL?Vò~�t{X7v��($D�)Y�óô��
&

�xªÍ�HIõ�xÖ$%iö'()ðêñ6÷�
��Ð'(7��($
qÉ

Y��xø¯7��($ùRi\
×äHI�ù�'(7��($hv��($
h

¯úæá$(
J���Á
ùxûê¬Â¾i\DÉ�
Y�sC¾¿üÂ\ýÎ¿

Ó�R7
qÉ¼þ��¨!¬tß�	Í�HIý��6$%'(Î�Ó��N~�

U�W7sCóô��D���5a�ZHõì�ª�9�69�
k�FG)×äH

I��Lóô��D 

2. �b$%Ú(R7
xÒ{V
$�f­ýùc»{v	dXÚ(
�¬ð$'()t

u�9:2N

$�¬'()��($�9:2ND�	Í�HI�����
Å¬

�÷�� (_��<) 7s*
$%'(7tu>y2N
Å¬$%Ú¼ (_�¼#)

7s*
'(7��($>y2NDÉ�'(R7
YHIé)��¬��
��Î




��������	
��
�����

�59� 

k��ztOP�Q�	Í�HI'(��
����D�V�
�	$%'(�¨©

Ó�
6$�ð
V����VØ3�LG�k�./b DÉ�
op$%'(��

x�üYHI��¬��_1zt�	S*97f3C¿b¡opqr
��x tª

���V�útT
V��_·Vøa�+ìV�	6j��
�üY��_«¬�·


�µ×ä�HID 

3. É�
×äHIk�ù�tuÚ(×ä�tªg��[�op
¬A©tSD�ºq­

tuÚ(¼½
ùRÕå·¿Â¾
¬µ7SD�!g�S���FD#~�7U�t

uÚ(
Y���SDsTEè
­¸³´��æá$(
JüztÎ0��RXD 

�	
� 

1. UNCTAD, Review of Maritime Transport, United Nations Conference on Trade and 
Development, United Nations, UNCTAD/RMT, New York and Geneva, 2003~1998. 

2. ��������	
��
��������������������������

���� 2-12! 

3. "#$��%&
'()*+,
-.()/0������	�
��
���	1�

�234567893:56%&2345�78�2002� 2/1-8! 

4. ;<=������������;<=>?@�����A�! 

5. BC�6�D#��������� 
!�;<=3EFGH�����D�� 1-84! 

6. IJK6LMN��OP23-.Q3RS�TU��"#$%&'()*
��
���

�VWX9YZ423[\4]�������� 66-77! 

7. Veenstra, A. W. and Bergantino, A. S., “Changing Ownership Structures in the Dutch Fleet”, 
Maritime Policy and Management, Vol. 27, No. 2, 2000, pp. 175-189. 

8. Lee, T. W., “Flagging Options for the Future: A Turning Point in Korean Shipping Policy?” 
Maritime Policy and Management, Vol. 23, No. 2, 1996, pp. 177-186. 

9. Goulielmos, A. M., “Flagging Out and the Need for a New Greek Maritime Policy”, Transport 
Policy, Vol. 5, 1998, pp. 115-125. 

10. Kiriazidis, T., “Recent Aspects of the EU Maritime Transport Policy”, Maritime Policy and 
Management, Vol. 22, No. 2, 1995, pp. 179-186. 

11. Cullinane, K. and Robertshaw, M., “The Influence of Qualitative Factors in Isle of Man Ship 
Registration Decisions”, Maritime Policy and Management, Vol. 23, No. 4, 1996, pp. 321-336. 

12. Sletmo, G. K. and Holste, S., “Shipping and the Competitive Advantage of Nations: the Role of 
International Ship Registers”, Maritime Policy and Management, Vol. 20, No. 3, 1993, pp. 
243-255. 



������� ������ ����  �!��"�#�

�60� 

13. Charlton, C. and Gibb, R., “Transport Deregulation and Privatization”, Journal of Transport 
Geography, Vol. 6, No. 2, 1998, p. 85. 

14. Bergantino, A. S. and O’Sullivan, P., “Flagging Out and International Registries: Main 
Developments and Policy Issues”, Journal of International Transport Economics, Vol. 26, No. 3, 
1999, pp. 447-472. 

15. Cockcroft, D., “Beyond 2000: Some Thoughts on the Future of Maritime Trade Unionism”, 
Maritime Policy and Management, Vol. 24, No. 1, 1997, pp. 3-8. 

16. Coto-Millán, P., “Maritime Transport Policy in Spain (1974-1995)”, Transport Policy, Vol. 3, 
No. 1/2, 1996, pp. 37-41. 

17. Doganis, R. S. and Metaxas, B. N., “The Impact of Flags of Convenience”, Polytechnic of 
Central London, London, 1976, p. 2. 

18. ^_M`���+,�����abcde�fg�1979! 

19. Li, K. X. and Wonham, J., “Who Is Safe and Who Is at Risk: A Study of 20-Year-Record on 
Accident Total Loss in Different Flags”, Maritime Policy and Management, Vol. 26, No. 2, 
1999a, pp. 137-144. 

20. Alderton, A. and Winchester, N., “Globalisation and De-regulation in the Maritime Industry”, 
Marine Policy, Vol. 26, 2002, pp. 35-43. 

21. Bergantino, A. S. and Marlow, P., “Factors Influencing the Choice of Flag: Empirical Evidence”, 
Maritime Policy and Management, Vol. 25, No. 2, 1998, pp. 157-174. 

22. Goss, R. S., “The Decline of British Shipping: A Case for Action?” Maritime Policy and 
Management, Vol. 22, No. 2, 1993, pp. 93-100. 

23. Rowlinson, M. P. and Leek, B. M., “The Decline of the Regionally Based UK Deepsea Tramp 
Shipping Industry”, Journal of Transport Geography, Vol. 5, No. 4, 1997, pp. 277-290. 

24. Peters, H. J., “The International Ocean Transport Industry in Crisis”, The World Bank, 
Washington, DC, 1993, p. 21. 

25. Northrup, H. R. and Scrase, P. B., “The International Transport Workers Federation Flag of 
Convenience Shipping Campaign 1983-1995”, Transportation Law Journal, Vol. 23, No. 3, 
1996, pp. 369-423. 

26. Sletmo, G. K., “Shipping’s Fourth Wave: Ship Management and Vernon’s Trade Cycles”, 
Maritime Policy and Management, Vol. 16, No. 4, 1989, pp. 293-303. 

27. Li, K. X. and Wonham, J., “Who Mans the World Fleet? A Follow-Up to the BIMCO/ISF 
Manpower Survey”, Maritime Policy and Management, Vol. 26, No. 3, 1999b, pp. 295-303. 

28. Li, K. X. and Wonham, J., “A Method for Estimating World Maritime Employment”, 
Transportation Research E, Vol. 35, 1999c, pp. 183-189. 

29. Knudsen, K., “The Economics of Zero Taxation of the World Shipping Industry”, Maritime 
Policy and Management, Vol. 24, No. 1, 1997, pp. 45-54. 



��������	
��
�����

�61� 

30. McConville, J. and Timmermann, K. W., “An Analysis of the Quality and Redistribution of Dry 
Capesize Tonnage”, Maritime Policy and Management, Vol. 23, No. 1, 1996, pp. 45-53. 

31. Foy, D., “Bulk Carrier Losses: Unanswered Questions”, Seatrade, May 1988, p. 21. 

32. 93hQi@��OECDj^klmnDo93Mpqrst�uv�������D�

������D�� 11-21! 

33. Iwx6yz{6|}~6���6���6���6"��6����-�./"0�

12345678 
!�;<=��FG?��	�9�����4�23[\���

�����! 

34. ���6Ricklefs, J. E.���./94:;< 
!�;<=2M.�������! 

35. �D#6���6�����aV���
m�
�� ¡�FG��	�=��¢£¤�

¢�¥�����£�� 1-17! 

36. ¦����h§�
'¨©ª«-¬�aV­��®¯�°�������£�����

��±�� 54! 

37. �²³����23���­��´µ��¶�������£���������� 

8-11! 

38. ·¸6¹*#����	>?@��./+, 
!�;<=2M.�������! 

39. Bº6���6�D#����»¼½�­®¯¾p�FG��	�=��¢�¤�¢�

¥������� 1-18! 

40. ¿{�6LMN6�����
'À¼¾2�
Áag�ÂÃ���A�B=��¢A�

D¤�¢A¥�����D�� 663-678! 

41. Lin, C. T., Wang, S. M., and Chiang, C. T., “Manpower Supply and Demand of Ocean Deck 
Officers in Taiwan”, Maritime Policy and Management, Vol. 28, No. 1, 2001, pp. 91-102. 

42. Lin, C. T. and Wang, S. M., “Engineering Officers of National Vessels in Taiwan”, Information 
and Management Sciences, Vol. 11, No. 4, 2000, pp. 13-30. 

43. +Ä���iÅÆÇ­È�ÆÇ¾ak,É®ÊÂÃ�ËÌÍÎOP��ÏÐ���VW

X9YZ423[\FGHÑÒÓÔ�����D�! 

44. Saaty, T. L., The Analysis Hierarchy Process, McGraw Hill, New York, 1980. 

45. Hwang, C. L. and Lin, M. J., Group Decision Making under Multiple Criteria, Springer-Verlag, 
New York, 1987. 



������� ������ ����  �!��"�#�

�62� 

 


