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®¯ Rosen (1974) I°±²³´µ� (hedonic price method) �¶·r¸I¹

º´µ�4	!"»¼c¯y�½¾��jk¿QÀÁÂÃÄÅ(1) 
�no

�`!?,stp��°´IÆÇ½ÈO�É� 8� Ê 24� �,Ë(2) ��r

¸p?@ABI�´� TSP©PM10� COV§vU�M°±´µÌSQÍV

−0.455©−0.347� −0.132�Tp°´9½ÈÎÏIÐHÆÇË(3) �CDGH�

����rÑ¸�ÒÓÔrÕÖ�Ò×(ØÙÖVÚ±ÛwwÜ�zuÝÞC

DßàOá 67Qâ�3ãä9§�I°´åæË(4) ��ß��������

��ÁÂÃÄ�?@AB©CD©4	©?,stGHç�EF���è��

��é���ê 41.2� ~ 42.6��ëv½ÈO�kWì�_\U�j 

����RPSË²³´µ�Ë?,stË����QÀË�� 

ABSTRACT 

For decades, when conducting cost-benefit analysis on transportation 

investment projects, the government tends to consider only the construction cost, 

operating cost and measurable benefits such as travel time, cost savings, and the 

reduction of traffic accidents. Only few projects try to include benefits on 

improvement of air and noise pollution control. Most of the other externalities 

are regarded as non-quantitative costs (benefits) and thus ignored. This would 

result in the distortion of resource allocation and biased policy decisions. In fact, 

among the ignored externalities spatial separation caused by transportation 

facilities is very important. The relief of spatial separation is often the motive for 

investing in an urban transportation project. Failure to consider the relief of 

spatial separation will result in the distortion of the cost-benefit analysis and 

project contents. Thus, this study aims to measure the monetary value of the 

improvement on spatial separation caused by transportation facilities. Using the 

light rail project in Kaohsiung as an example, we did an economic benefit 

analysis which includes a more complete list of externalities. These externalities 

include traffic accidents, air pollution, noise pollution, and spatial separation 

caused by transportation facilities. The WTP price for air pollution, noise 

pollution and spatial separation are estimated using actual data of Kaohsiung 

through the hedonic price method. Traffic accident costs are estimated using 

outcomes of past studies. The conclusions of the present study are as follows: 

(1) Spatial separation caused by transportation facilities is about 8� ~ 24�, 

having a great influence on housing prices. 

(2) The key factors that inhabitants of Kaohsiung consider in purchasing their 

houses are “near downtown” and “transportation convenience”. However, if 

the traffic noise exceeds 67dB, it would begin to have negative impact on 

housing prices. 

(3) The elasticity of housing price with respect to TSP, PM10 and CO are 

estimated as − 0.455, − 0.345 and − 0.132, respectively, all have notable 

negative influences on housing prices. 

(4) Results of cost-benefit analysis indicated that benefits estimated from the 
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improvement of air pollution control, noise pollution control, traffic accident, 

and spatial separation constitute about 41.2� ~ 42.6� of the total benefit of 

the light rail project, which is a high percentage and should not be ignored. 

Key Words: Externality; Hedonic price method; Spatial separation; 

Economic benefit analysis; Light rail transit 
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À�ñò¥¦¨�óô9�»¼½¾@¿À@�õö÷	óô9ö÷,ZÙ�?DEö÷

øa$	�ÌÃÄ��	ÅÆ�ù�a(�úû���ü�ýþ-× ÌZDÃÄ��	
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� !"#$% (&'()*+) ��*,-.$%�/012'��34�567 8�

�&9:;<=>'?@ABC�2�DE���'FGHI�-JK���LMNOP

QRS6TU3V'�����WOXYZ[\A]^ 57 ����_`a���bc2

'dKef����'ghi6jkPKlmA 

���n6��o+PQpq���'TU����7M��r'setuMvrt

uwwxyAz{�SDE|�KJ't}����~���PQKJ�F�����D

Evrtu'��������G�6��r��o+vr�2'b�����'���

'FG�6��r+���\Mvrtu~����'<�U��A 
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��'o�¯34�°���'PKVe[±²i³�������c�'�´µ�¶q

·7¸lmA��r¹���;º���tu6»¼KJ½¾¿'¢£ÀÁ�Âm��c

�¶q'�´,r+��o�¯¶q'�´,ÃÄÅ�Ær+�� (�g�,ÇÈ�,É

Ê�Ë)�Ì#ÍÎ� BÏ�´»¼½¾A 

ÅÐÍ�»¼�Ñ7M��ÒÓ3�'ÔKÕ,Ö×�'¬ØyÙ�Ú�ÛÀ�*Ü

Mc�Ý×�Þßx��à'<NÍ� (áâ 3~ã)��7ä¡o+å{6��r+9t

uæçS°�ètu'TUéêsëìíoî�ïðhtuñ<���»¼½¾�òó�

îô���õö÷ÏQø��MùK���tu�úû�°��'¼�KJ½¾ü6<

àÎüÀ (network)�;Âýìíédþ��K�i²�÷�KJ�çS�ÃYÄ7¸�

»¼�����¥��¼�½¾�àA 
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-Å�5ï,)�01���'�22+�B3Æ4-ÅA�ñ1��'����56'

ò��z�22+A789�5¥:Í��;�´�<=��r��+��2���>?

@A�o+�vrtu�+�-SBC@�Æo+tu�x�DEA 

��	���»¼BCª���\��úòFGA1��ª�H!I�1��JK

��<ª�LM@1��'NO���<ª�JK@)PB1��ÕQ�'RS�2.�

��CT��óUU0V�KJWXYZ.���[\�Ve��-V�	�qS�

<]�¢£Ve�^9;~_`AaHbc�67��2��ª���\����6d¾

�¡
���	�úç_`Cª����A���»¼Ù* BÏ�´ªeÌ#�#;��

���'<=JK��×f'gh�i-j¯�¥V�òj�2'���JK�kû�ù

&�6�;l��m�����ñ�Cª���'Pn¯o�6¡
���	��U�

�A 

7ê6pqA��rþý3re+tu��,�stu,vô)PwY,|¨34x

yz{.vrë|Ï}�~Ë���pq%���89A��rÍ���¾����ã�

��rpq÷ý 65Æ� (dB) 'pq��� 37.5� (]^ 85�)�����r¥�S"5�

ý�pq�vrAKJ~së�pqK@�v)~îS�������r+����� (�

���M���),^�v�RS5���v�M���+N��øòw�P)��v5&

���rpq®��H����A���#;'¤)��B¼����PK,)ä�¼�

� 5¤)Ve�'pq�x¡�¢�£75¤)��Ve�+�-S�6õör]'	

¥¦A»¼½¾�pq�ò��§ývr�'¨©pq����v)lm�'i²�»¼

W°�§�v)'�pq���ñ�����ªK�{6»¼�Bpq�\ª�����

i-�	BNA 

Ãê6«±A<]� BÏ�Ï»¼*�¬}è�'<TU¢�Bý7�)P.ä�

«±Å�®`A¯°Å^��¡±�ã�BÏ�´�»¼á²M)�;»�;��7~s

ë�³¯6úòa|)6���x�ý|)�Ú�»¼'ä��;¼��´³H;¢µ�

¶·A��	;¸»¼½¾���³¯����~¹���º»¼~BCKJ3�K�Æ

¬��~E»���	�³¯���~��¼³¯����½¾¿À,ÁÂ.QÃ��ñ�

ëÄÅÆ'	��6�UA 

�����'��ÇÈÉª��%�úò89 (¦§ó;��9ÊÇ¯)�z7�´t

u6»¼½¾��®BCvr��v)�����§�����ÇÈÉ��\;~Ë�A

��ÇÈÉ��\���r�Ú�ÌÍ9U����'�ÇÈÉx¡89��v)6&�

��rN�ÇÎ�Ï¯�TU��'<A��Sþý3re�Ðû^]~ÑÒ��ÓÔv

ô)PwY�Õ]^ 90�'¾���); 379,687P�v); 997,578P�]^ 84 ~ 90

��)�+6} 16��v)�+67�} 49�AKJ3�Ö×'TUÈÉQ6<Ø¯Ù

(CO),ÙÚ¯Q (HC),ÛØ¯Q (NOX) .ÜÎQ (TSP M PM10) ËAÝ�Í�Þ�

�rÓß�ÇÈÉà��ÇÈÉÖ×�a6����CO,NOX;�} 32.3�,21.4� Sá

ý)P�Ö×�� TSP,PM10µ;�} 59.1�,31.1� Sáý)P�âãA�ñ�»¼
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B�ÇÈÉ�\ª������i-ä�BN��U0�ÇÎ��åæÅÆ'V	��

¡þK��ç¼i-�¼A 

<]� BÏ (. CÏ) �´»¼½¾'è<y���67kÊ��vr©¢�éêA

Cª��ë®��UÄ-Pn¯H6bc��hWlmìí	Å��-åæÅîæå´ï

ð�ñòU0%ó#�X¼'AÔô�WU-ìí	Å�S	����6���<=JK

�B©¢�\Å���A<]"õSìí	Å�'T¢öH÷�FGsë��høù2

{�0J9;ú{Cª��ûÐA6üý	�øù��hsë�ùB�ÅÐ×:©¢ª�

���þ��^�òi_�BN�7����þ��'����ò÷A�û�þý3�<

6��,<6����ñ'2W�h�x��<�ÆA 

	ÅÐ����»¼Y�~së���ö��ç_`�k;7�vr
olmtu

'éê�Cª����9;�Æ½�B�2��'JK�A5�k�	�7¸ª���

��Bª�Å.��Å^;~bc��ûGsë9��¼%��ûúÌ�Bª�Å��

��T��ïi-���ò�âÃVp<��ä�.�	A 

��������	
� 

���ÙU0�m�vrKJ¢£4��ç¼S	¼���»¼KJ½¾'¡
�

��;¸���»¼®��³
olm,éêÆ�,K�Æ¬,���Æ\ËYZVe��

���-	¼7Óß��þ��ÆA	¼��XÑ�2��,pq,�ÇÈÉË'��

åæÅî.ëÄ'ÅÆAþý���Bª�ÅTU����6KJ#Ó��2�����

ö'�	�lm�ª�6��Åî���<]B	��ÇÈÉ.pq�åæÅî�W÷{

lm��Åî��ï'�;y�ÇÈÉMpq'xy��92{����W<�°'��

��Åî� ��-üýsë!"~ '	�øùA�ýëÄÅÆþý<]�Úú¸o+

ö�#$�ïÙ%&ím7¸xy���'���òèä	�A�L"���Åî� '

	�¹�.ü²A 

3.1 �� !"#�$% 

��Åî���m	
�-�'³ Court (1939) m-���)ÅîM7öh2�y

(A'� Adelman M Criliches �°)*Åî+6)*Ó,�ö'��Åî��-��

Lancaster
 [14] µp<�°7�mBÓ,.PÅî���Å�Ridker M Henning

 [15] m-Æ/

j^0�GÜ+)*ÅîM12Í3Î��yÙA�ñ�����Åî�456<87�

Vû8Ï�7�¡ Criliches
 [16] � Rosen

 [17]�!9�@��Åî��[¥VûM°:Æ/ª

��;<A 

RosenÒqB[±=>���;?<�� �.'#$ö.P�7Åî P(Z) Ùþ�
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{ësñ.'@rM�A�U0�ñ�qÅ� (bidding) MUÅ (offering) 'ä6~së�

^ä����7� Z6��7Åî'Ó,�öÝ�A7��ÅîVû'�m�B�Ð§

ÒC(1) r�5[±=>��D:�v5sÎÅî�&´��(2) .P�Åî�þ7~�E

�ö�.��m'FG����ûÓ�öH��¯�(3) �A��X�m	÷¯�ës

��XÂI	÷¯A¡�A�Mës���'ÅîM �<C��J5r�^ä'ÅîM

 ��(4) r�Å�;÷��#$ö.P�~-.P�;KXòL�.�(5) 3»Pr�

ò�B�.P�[±�AòiiM�(6) Í3Î���-7¸��2ò�;÷�Æ;ö

(strong separability)A 

BÅÐ§Ò��Rosen ÂmN�ës� -�mVûOBq��ÅîVûA7OB0

4á�C 

Max U(X, Z
1
, Z

2
, ..., Z

n
) (1) 

s.t.  X + P(Z) = Y 

7� U6�m�X6�.P�7ÅîP6 1�P(Z) 6#$ö.P�Åî�Z
 i
6�ö i�

7�½¾Í3Î�~ �i = 1, 2, …, n�Y6~ÑAþQRS ��XÑ�ö'ö�Åî

P
i
 = [(1 / λ) × (

 

∂ U / ∂ Z
 i 

)]�λ6~Ñ�ö��mAB[±=>�§Ò���Ñ P(Z) = 

ΣP
 i
 × Z

 i
���#$ö.P'Åî6~;�öÅî'�-A 

��ÅîVû	Ûý�mB#$ö.PÅ��TU�6<,#$ö.P�7Åî´T

U���ö,12�öMÍ3�öË'��Aï^N�-��Åî���TUÅîMÍ3

�ö2'yÙ���ÌÍ{��ÇÈÉ,pqË�6Í��'Í3Î�~ �7�-�Ç

ÈÉª�'xy��	{�7~��'�ÇÈÉQ,��Åî� 'Ïe,.��ü²Ë

V�W 2A 

^N�Wò6-��Åî���pq'xy��ANelson
 [18] ËaH@Üjm��Åî

�S	¼��pq����t#7�TÅ'��÷:6D dB(A) �X 0.16� ~ 0.63� �Y

è�1^6 0.4��û7Z[\0<]^��të�÷:6 50dB(A) -ÅAPalmquist
 [19] '

���ã¡pq\0 55dB(A) ��TÅsë�����D 2.5dB(A)'��B 0.2� ~ 1.2� 

'2AVaughanM Huckins
 [20] nÆ/_Ä`����pq�TÅ����7üû�ã�T

Å×aj� (1970) ')*�55dB(A) '��6 3.31��65dB(A) '��6 10.24��75dB(A) 

'��µ6 17.65����xaj�')*�55dB(A)'��6 3.30��65dB(A) '��6

10.24��75dB(A) '��6 17.65�A�^N+b® [21] n-��Åî�	���,��|

�,v�Ë'pq�TÅ����pqö���Åî'	�ÆÆ 6DÆ�c�n 11,000

�,49,000�. 39,000�Adef [22]Wn	�g)v�pq�TÅ����D dBA'1

^��6 0.683�A 
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� 2� ������	
������� 

������� ���	 
�� ��� �      � 

Ridker�

Henning(1967)[23] 

St. Louis ��� (sulfation 

levels) ����� 

�� 

��� (linear) ���� �!�"#$0.25µm/100m2

/day ����%&'$()*+,"-

. 186.5 ~ 245.0/01 

Crocker(1970) Chicago ��������

�23456�� 

� 

789�� (log- 

linear) 

34!�:;<=>$?@� 0.2 ~ 0.5

ABC���!�:;<D=>110 

µg/m3�34%&� 1ppmE SO2%&$

(-.*+," 350 ~ 600/01 

Harrison� 

Rubinfeld(1978)[24] 

Boston 34 (particulate) �

F�G (NOX) HI 

J9�� (semi-log 

linear) 

� 1� KL#=>$<
�M��!�

"DN1 

Barton(1978) Chicago 34 ��� � 10� =>KL#$OP34�Q,R

;ST1 

Nelson(1978)[25] Washington 

D.C. 

OP34 (suspended 

particulate) U���

��2F��56�

�� 

���2J9�2V

J9�� (inverse 

semi- log linear) �7

89�� 

34!�WX 0.049 ~ 0.116A$F��

!�WX 0.007 ~ 0.019A$10µg/m3�3

4%&$(-.��*+," 576 ~ 596

/0BCF��Y%& 0.01ppm '$(

-.��*+," 141 ~ 152/01 

Sonstelie�

Portney(1980) 

San Mateo F�ZHI 

(oxidant 

concentration) 

Box-Cox[\� � 5� =>KL#$]^_`9Q,a

�;bcd1 

Bender,  

Gronberge

Hwang(1980)[26] 

Chicago 34 Box-Coxfg[\

� 

,hij = 0.262 

klij = 0.07 

Palmquist(1984)[27] Atlanta, 

Denver, 

Houston, 

Louisville*, 

Miami, 

Oklahoma*, 

Seattle* 

mOP34 (TSP) ���2J9�27

89�2VJ9� 

nop*�qrs$t� 5� =>KL

#$TSP9Qq+,hu;bcd1 

Bender� Hwang 

(1985) 

Chicago 34 Box-Cox[\� 9vwxyCz$34�Q,a�;S

T19w{xyCz$34�Q,T!

D|}1 

Cassel�

Mendelsohn 

(1985)[28] 

Los Angeles OP342~�I

(visibility)2NO22 

SO2 

���2Box-Cox 

[\�2Box-Cox

fg[\� 

�u~�I� 5� =>KL#$9Q,

u;bcd1 

Graves,  

Murdoch,  

Thayere

Waldman (1988)[29] 

Los Angeles, 

Orange, 

Riverside, 

San 

Berrardino 

~�I2TSP Box-Coxfg[\

� 

� 5� =>KL#$TSP 9Q,a�;

bcd$~�I�'�';$T!D|

}1 

Huh� 

Kwak (1996) 

Seoul TSP ���2J9�27

89�2Box-Cox[

\� 

������$u�����]^


�9Q,� 5� =>KL#u;bc

d1 
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� 2� ������	
������� (�) 

������� ���	 
�� ��� �      � 

��(1987)[30] ����r CO2NO22NOX 789�2J9�2

VJ9� 

� 10� =>KL#$]^
�9��u

=>�Ecd1 

���(1992)[31] ����r TSP Box-Cox[\� � 5� =>KL#$TSP 9Q,u;b

cd$TSP�8�,h: 0.56�01 

���2���

(1993)[32] 

��qr ]^
��j�� 

(� ¡M�¢£) 

��� � 5� =>KL#$¤¥M�9Q,¦

§;bcd1 

¨©ª(1993)[33] ��2��2 

«¬ 

PM10 Box-Cox[\� n��s$PM10 HI9Y®,u=

>E;bcd1 

¯°±(1993)[34] ����r TSP Box-Cox[\� TSP 9����ru=>cd$²³

1µg/m3� TSP$Y´WTP: 0.9�01

µ¶·(1995)[35] ����r TSP ���2J9�2V

J9�2789� 

� 5� =>KL#$TSP 9Q,u;b

cd1 

¸¹º2»N¼2 

�U½(2000)[36] 

«¬��r TSP2CO2NOX J9�2VJ9�2

789� 

� 5� =>KL#$²³ 1µg/m3� TSP$

Y´ WTP : 1.9 �0B²³ 1ppm �

CO$Y´WTP: 50.0�0BNOX�D

=>1 

¾¿À(1999) ��±Ár TSP Box-Cox[\� Â~ÃXÄÅÆÇEÈÉ$]^_`Ê

D�=>cdQ,E«.1 

ËÌÍÎÏy��ÐÑ1 

3.2 ��������	
��� 

(�) �������	 


��������������������������� !"#�$%

&'()%*+,-./012%&34�567�89:./����;<+%&34

�56=>?@ABCDEF*��GH 892IJ=KLMN��OP0QRSTU(�

�� 291IJGVHWXB 601IJY./�Z[\ 3; 

<]��&^_`��abcde3fgJ)��%&h�ijkVl��Qm2n

*�oJpqrscd��tu*vwxyJzBCD{%&h�|}vw����~�

����J)0��a�����; 

� 3� �������������� 
���� 

��� �	 
� � �� �� 
� �� �� �� �� ���

���� 45 28 157 9 69 79 273 72 25 135 892 

 !"��� 35 22 124 8 47 59 196 25 20  65 601 
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(�) �����~��� 

��������}�����������������������R��� 

¡�¢vwJ��£¤[¥¦ 

1. �*vw 

�*vw§¨*��MN¦(1) ��©�¦{����©����}a�ª(2) ���¦

{��«�}a�ª(3) ¬�¦{¬*«�}a�ª(4) ®¯�¦{®¯�}a�; 

2. �*vw 

°±������*vwtu�²�����4³£¤[¥¦ 

(1) ��²´¦�%7µ¶µ·¸�¹�º»µ¼�¹½¾¿�5À (Á) {¥�Â�6 ~ 11

Ã�Ä�12 ~ 16Ã�ÀR 17Ã{Å�À¡Æ²J��{ÇÈ��\É�; 

(2) ���Ê¦MN�#Ë���#ÌÍÎ��#ÌYÏ�ÊÐ²J{ÇÈ��\É�; 

(3) �Ñ¦{�}a��\É; 

(4) �]�À¦_Ò�]�ÀÓMÁ�ÀJ{ÇÈ��\É�; 

\ 4ÔÉ��XB����²ÕVJÖ×��}Ø,Ù 469ÚbJÖ×©�} 41.9J

Ö×�Ñ} 8.3�;89:���©�p,Û}�J,ÛÜÝÞ%���*©�ß 25 ~ 35

©�� (àáâJ1995ªãä� [37]J1999)JåR89:��æ],ÛçèJé�êëì

½¾¿Hí; 

3. ����� 

�����îï_ðñ��òó*�G�ô��uõöR��÷#òó*��øù

õö;Y7ß��øùú�*�������R��� ¡tu}BCDûü*ýþ��

�ßJ�£¤�]�; 

� 4  ������ !"#!$%� 

���� �� ��(�) �	
(��) ��(�) ��(�) ����(�) ��(�)

�� 12 59.51 818.17 4.7 2.1 3.3 8.66 

�� 

������ 

6 ~ 11� ! 

12 ~ 16 � 

89

160

82

165

51.20 

31.90 

39.80 

42.16 

883.58 

288.65 

397.66 

409.48 

4.1 

3.1 

2.9 

3.0 

2.1 

2.0 

1.9 

1.8 

2.8 

1.9 

1.8 

1.8 

15.22 

11.15 

7.01 

5.62 

17�" � 93 49.38 506.31 3.3 1.9 2.0 4.23 

#$%&' 41.91 469.05 3.3 2.0 2.1 8.30 

 

°±��*�������JBCDi§¨��7 (�) ��������R:	�


�°±¡;<]89:���.�Z���JYøù0�J���0�JzBCD��


.§��J`���3/�}����R�H�.�������R���Ê�v��



��������	
�����

�261� 

���ª� ß���ú�J<]���!�"êèé c�²0^JzBCD{3=

��#3EF$���%&��|}Y&'()u**+; 

��CD,-,-�ê*�./#3
��0}�] 200 ~ 500�123JzBCD

{ 200�1R 500�145��u
�|}89÷��./#3��6�:	�����

Rv���¡��*
�+öJé×{ÇÈ���rs�; 

4. ����� 

L7§¨���:78R9��¡���u
��� J�`��3â/�:;<�

=>�;<�?@;<���ABJ{CDrs���E�����°±F<; 

��GH��vw����íCDJ�I�J:78K}�«Sï*+JLE]

MN:78JOPH�«¤Q*�R;H*{9��|}:78J[STU (1992) V{

,Û9��|}78þ�Vl
�ªH*WX�èY8*�ZJ[[\] (1993) iX�

9���ó/R^R/4«:78/;BCD_`[\]��þO§"89I�/:78

�abc*vuJ`89::78�%Æd�e�Ðè�eRfg�e¡Ðh:78/�

§"; 

5. ��øù 

BCDG§¨ TSP�PM10�CO¡Ð5îï����ijkE����*°±Jå 

lH SO2�NO2¡m���	JE]{Sm�no�89:�£J0qpqYE��øù

*°±JzBCD`rsYÏ��kAt}uAu��	J2v./îïMN89wx7

yz{�,|¡m�/ª}~���7y����z{/ª��7��7�¡Sm�/¡

ÐhJ{+���89:îï��	�!.
�6���rs�; 

89�:GH 29«����JBCDX����d ArcView-Spatial AnalysisJ{ IDW 

(Inverse Distance Weighted) �`"����o$�)��89:������Z4³Je

)��"��	�¡o&J<�I��XB���H��¡o&'Ý*vu���"��

E�*��o;\ 5ÉXB�������R��øù+öo�p\JXBÖ×oR89

:���Q:Ö×o���kóJYo8�3â@������øù+öoçèJÔÉ8

9:��øù*æ�; 

� 5  �������	
���������� 

#$% PM10(µg/m
3
) TSP(µg/m

3
) CO(ppm) SO2(ppm) NO2(ppm) O3(ppm)

&'( 85.75 177.00 0.0170 1.302 0.0340 0.0259

&�( 59.00 109.50 0.0060 0.562 0.0258 0.0213

)*( 75.14 139.96 0.0107 0.958 0.0293 0.0237
��+, 

-./ 4.07 9.21 0.0018 0.128 0.0019 0.0008

012345+, 75.15 142.29 0.813 0.0110 0.0226 0.0241

��6347 

89:;-.( 
65 130 9

*
 0.03 0.05 0.06

*
 

 () 1.(  ) *+,-./0 

2. 
*
 12 8345&'6789+�&'60 

3.:;�<+=> 87�0 



������� �	
	�� ��� ���
	����

�262� 

6. �� 

{�� (dB) ��"Y��J���	}������89:���������JQ

:GH 19«���J"��XB���o�i{ ArcView-Spatial Analysis�d$�)�; 

7. ���  

����V��= W¡¢£7J�I`åK}0��"�¢¤JLH
ÅI:7�

��ô¥ß��� Å¦%0�*§¨J�©å°±7ª«��*��õöJzBCD¬

D£Vå� m%B�Ù�oJ{¤®Y¯Su;°±"{�"���ôEI:��*

� O²^HJBCD³¬{ÇÈ��*ú¹e3�´û;µE"��XB�8¶�%�

&·¸�8¹º»��3.¥¸�¼½RÖ&¸¡�
�_ÒÜÝ�¾¿
�o���Ç

È���}ÀÓÁJå�ÇÈ�����ú¹�/Â��¾¿o*°±;¾¿o*Ã�i

½ÝXB.þ�Ä��,-)�JOßÅ´6£Æ=ÝÇÈ<��)Ã�JÉ_Ê¥Ë

�£¤; 

ÅÌ"¢�����4³�a��_��ÂÍ@Î����	¡[\ 6�É; 

3.3 ��������	
��� 

BCD�� Rosen �ÏÐ�0�~�³Ñ�¬�Je3ÒÓE�´  (Inverse 

Semi-Log)�ÓE�´ (Semi-Log) RºÔE�´ (Double-Log) ¡Ð5~�´Ñ�_�6

£O�pYÕÖJ){ºÔE��ÕÖpìJY£VÕÖ[\ 7; 

Å¹6£ÕÖ×e3Øùu�Ù�JØùu�Ù�X�White’s General TestJÚVl

Û�Öú£V¹�ÜÝoJÞ�{ÜÝ¢ ( 2

i
e ) }���Je3YR�� ( ilx ) �ß¢�

� ( ijil xx ) *Å¹6£J[¹ (2)¦ 

iijillj

k

j

k

l

ill

k

l

i uxxxe +⋅+⋅+= ∑∑∑
−

=

−

=

−

=

λλλ

1

1

1

1

1

1

0

2  (2) 

)<¹(2)� 2
R oJà< 2

nR ~ 2
χ (m) �Ù�Y_ÒHØùu ( m }�<<);Vl�ÕÖ

2
nR = 312.88J�] 2

05.0
χ (314) = 356.04JÔÉ0qáâãØùu�Çãä�;)GÜÝD(D

4) 7��å�YaZ��æçuJå0�HèÕu*íé; 

���tu�²£¤Å¹6£�ÕÖ[¥¦ 

���������tu 

��������������£VÕÖ×RÚê�ë@;�*vw7Jß��²

´ú�Ji�×�Ôì (Ôìõö 20�¥)JßYÏ�í¡¥J½¾¿��}¸�*

1.13 îJ5 À{¥�Â��W�¸�æ7 32.66�;ß���Êú�J“�#ÌÍÎ”ï��

_ “ð�#”ï* 1.23îJéi�oß 1� Ôìõö¥�Ôì;)ñ�Ñ�£J{Ö×�

� 469.05Úb)òJ�óô 1�J��õö} 2.32ÚJé�Ôì (ß 95� ^÷/�¥); 
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� 6� ������	
������� 

������ ��	
�� ���� ���� 

���-�� (PH) ��  ���� 

� !� (SM) ! " ���� 

�#� (RO) � " ���� $ 

%� (LN) % " ���� 

&'�(   

) ) *+ ,-  

) ) ./ D1=1012=0 " 

) ) 3456�7 D2=1012=0 8 

) ) 6~1149: D3=1012=0 8 

) ) 12~1649: D4=1012=0 8 

) ) 1745;9: D5=1012=0 8 

���� 

&'<=   

) ) &> ,-  

) ) &>?@A D6=1012=0 " 

) ) &>?12 D7=1012=0 B�1

���� 

CD (YR) E 8 ���� 

+ 

F4 D8=1012=0 " ���� 

GHIJKLMN 500m5O D9=1012=0 " PQRSTUVW+ARCVIEWXY 

G�ZMN 200m5O D10=1012=0 " 

G[
�Z �2 
500m5O D11=1012=0 " 

PQRSTUVW+\R]^+ARCVIEWXY

_S�`�abc��3
 D12=1012=0 " PQ_�`deW+ARCVIEWXY 

fg
Kh
i 

G_jMN 200m5O D13=1012=0 8 PQ__jklm��+ARCVIEWXY 

Gn`oMN (STAT) �p 8 qr�ade�sRW (tuv 87) 

G_IwMN 1�g5O D14=1012=0 " [
_Iw
�4

+ARCVIEWXY 
fg
9h
i xyz{|} (DOP) ~zJx��g " PQ_����FU 

PM10 (PM10) µg/m
3
 8 

TSP (TSP) µg/m
3
 8 

CO (CO) ppb 8 

PQ_h���������h������
��ARCVIEW-spatial analysisXYO���

��
�� 

G���MN 800m5O D15=1012=0 8 [
�����R
�5

+ARCVIEWXY 

F���   

) ) �� 57dB D16=1012=0 8 

) ) 57 ~ 62dB ,-  

) ) 62 ~ 67dB D17=1012=0 8 

) ) 67dB5; D18=1012=0 8 

PQ_h���������h������
��ARCVIEW-spatial analysisXYO���

�j��   

) ) ���k S D19=1012=0 8 

��
�� 

) ) �¡�k S D20=1012=0 8 

�¢�K£�j������(87)+���fg
�� 

GP¤�d¥¦MN 100m5O D21=1012=0 8 

G�§¨MN 200m5O D22=1012=0 B 

qr�ade�sRW (tuv 87) + 

ARCVIEWXY 

GP©ª«MN 100m5O D23=1012=0 8 PQ_TUVW+\R]^+ARCVIEWXY 

G`�R6¨MN 100m5O D24=1012=0 8 PQ_TUVW+\R]^+ARCVIEWXY 

G¬¥¦MN 50m5O D25=1012=0 8 PQ_TUVW+\R]^+ARCVIEWXY 

�#
®  ̄
�6

 

Gx�¨�°S 100m5O D26=1012=0 B PQ_TUVW+\R]^+ARCVIEWXY 

��1.������	�
� 

2.����������������������	��� ��!"#$ (�%���&'��)�
()���*���+,-� 

3../0 500�1234�567 789:� 

4.;<=>?�@A>?�BC>?@-� 

5.;DE�F��GHI���JK�F�@-� 

6.LMNOPQRST34UVWXYZ[NS� 
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� 7� ������	
�� 

���—ln(��) LNTS 

����� ��	
 ��� t-statistic
��� 

��� C 7.457 5.088
**

 

���� LNSM 0.869 23.498
**

 

��� RO 0.023 1.467 � 

�� LN 0.075 2.325
*
 

��� D1 0.122 1.386 

5����  D2 −0.395 −4.459
**

 

6 ~ 11�!" D3 −0.309 −3.209
**

 

12 ~ 16�!" D4 −0.282 −2.972
**

 

17��#!" D5 −0.216 −2.228
*
 

$%&'( D6 0.213 4.826
**

 

$%&)* D7 −0.069 −1.282 

+, YR −0.005 −2.473
*
 

- 

1� D8 0.104 2.953
**

 

./012345 500m�6 D9 0.095 2.921
**

 

.�745 200m�6 D10 0.069 2.263
*
 

.89�7 500m�6 D11 0.080 2.593
**

 

�:;<=> D12 0.046 1.600 

?@2AB 

.CD45 200m�6 D13 −0.056 −2.396
*
 

E:F45 LNSTAT −0.023 −0.862 

.C0G45 1�@�6 D14 0.121 3.106
**

 ?@!AB 

HIJ> DOP 0.003 3.554
**

 

PM10 LNPM10 −0.347 −1.431 

TSP LNTSP −0.455 −2.230
*
 

CO LNCO −0.132 −1.215 
KLMN 

.MNOPQR45 800m�6 D15 −0.105 −1.383 

ST 57Db D16 −0.340 −4.096
**

 

62 ~ 67Db D17 −0.026 −0.947 

67dB�# D18 −0.109 −2.088
*
 

UVWXYZ (65 ~ 75dB) D19 −0.108 −0.957  

[\MN 

U]WXYZ (75dB�#) D20 −0.192 −1.525 

.^_�`ab45 100m�6 D21 −0.233 −1.987
*
 

.cde45 200m�6 D22 −0.066 −1.108 

.^fgh45 100m�6 D23 −0.141 −1.709
*
 

.:iR�e45 100m�6 D24 −0.273 −1.963
*
 

.jkab45 50m�6 D25 −0.079 −1.357 

K�lm 

.ncecop 100m�6 D26 0.289 1.716
*
 

R
2
 0.8451 

Adj-R
2
 0.8355 

��**�� 1� ����	
������� 0� 
� � *�� 10� ����	
������� 0� 
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4 4.5 5 5.5 6 6.5 7 7.5 8

LNTS ���

�
�
�

 (
R

E
S

)

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

 

 4� ��������� 

��������	
���������� 0.095 (�������� 1.10�)�

���������� −0.056 (��������� 5.46�)� !"#$%& (5� %&'

())�*!+,-.�/012���341�5!+,-67���891�:;<

=>��?@AB�C1DEFGH�IJEFKLMN�O=>EFDEPQRSTU

1GH�EPVWX�YG (7Z[\) ]^�_`abcd����ef/�gh 1.047

�D�ijPQkl�ef�m��#noTpq (r1� −0.023)�s t tuv%& 

(t = − 0.862)D 

wxyz{| 

PM10Kr1}~� −0.347��#$%& (20� %&'())�/�����n��{

|�����D� TSP �r1��� (− 0.455)��LM��o PM10 �_D�����

���� TSP ��� PM10�s������w!�#���/%���#�1�u� 

(r = 0.203)�/�� � 1�LM�u#¡DPM10¢£��¤¥¦§¨©ª�«¬©

®¯�°±²� TSPef¢£o_�¥³¬´µ¶·���)¸�¹��º»¼½¾\�

� TSP ���¿o��¹�n��)¸�LMÀ�o_/[ÁÂDCO Kr1}~�

−0.132�tto� (−1.215)�sÃ%&D�ºÄ<{|ÅGH�	{|ÅÆÇY 800EÈÉ

���Ê�H�ËÌ��¡ZÍ)BOÎÏÐ����ÑÒ� 9.97�DPM10xTSPxCO

KÓÔÕÖ�ÑtxÕÖ�Ñeftx0ef�Ñr1/[×(3)Ø×(5)}ÙKÚ 

1. ÓÔÕÖ�Ñt 

PM10Ú
10PM

*347.0

)10PM(

)(
HH
PP

=
∂

∂
−  
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TSPÚ
TSP

*455.0

)TSP(

)(
HH
PP

=
∂

∂
−  (3) 

COÚ
CO

*132.0

)CO(

)(
HH
PP

=
∂

∂
−  

��� P
H
Ú�����Û�Ñ (ÜÝ)² 

 PM10ÚPM10Þ� (µg/m
3
)² 

 TSPÚTSPÞ� (µg/m
3
)² 

 COÚCOÞ� (ppb)D 

2. ÓÔÕÖ�Ñeft 

PM10Ú =
∂

∂
−= ∑

=

N
P

WTP

N

i i

iH
PM

1

10

)10PM(

)(
2.1633 (ÜÝ) 

TSPÚ =
∂

∂
−= ∑

=

N
P

WTP

N

i i

iH
TSP

1
)TSP(

)(
1.5272 (ÜÝ) (4) 

COÚ =
∂

∂
−= ∑

=

N
P

WTP

N

i i

iH
CO

1
)CO(

)(
0.0643 (ÜÝ) 

��� 10PMWTP ÚPM10KÓÔÕÖ�Ñeft² 

 TSPWTP ÚTSPKÓÔÕÖ�Ñeft² 

 COWTP ÚCOKÓÔÕÖ�Ñeft² 

   i  Ú����² 

   N Ú���ß (601à)D 

3. ef�Ñr1 

PM10Ú 347.0
10PM

10 −=







×−

����

�����

H

PM

P
WTP  

TSPÚ 455.0
TSP

−=







×−

����

�����

H

TSP

P
WTP  (5) 

COÚ 132.0
CO

−=







×−

����

�����

H

CO

P
WTP  

á×(4)â}~ PM10)¸ 1 µg/m
3KÓÔÕÖ�Ñef� 21,633ÝxTSP)¸ 1 µg/m

3

KÓÔÕÖ�Ñef� 15,272Ý�CO)¸ 1ppb (1ppb = 0.001ppm) KÓÔÕÖ�Ñef

� 643 ÝDºef�Ñr1GH�PM10 � −0.347xTSP � −0.455xCO � −0.132�¶


É��#�ãä (å^ 8) #�o)f <ÁÎÏD 
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� 8� ������	
������������� 

PM10 (µg/m
3
) TSP (µg/m

3
) CO (ppm) �� 

��� 
���	
� 
��(��) 

�
�
�� 

���	
�
��(��)

�
� 
�� 

���	
� 
��(��) 

�
�
�� 

���*
 

(1992) 
� � � −0.009 � � 

���

(1993) 
0.38 ~ 2.92 � � � � � 

���* 

(1995) 
� � 0.45 ~ 7.15 −0.61 ~ −0.07 � � 

��� 

(2000) 
1.94 −0.372   50.00 −0.170 

!�� 

(2001) 
2.16 −0.347 1.53 −0.46 64.29 −0.132 

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

 

æxçè 

çè��KéJ�ê�ëì�=>çèê� 57dB[)x57 ~ 62dBx62 ~ 67dBx67dB

[\í���[æ�îï��,-KD�Ð�ðn���KIñò� (�óô�õ��A)�

ö÷ªô�çè����[�øù (87) EúKû��
Ôô�üÏYAøyçèýþA�

���úâAêKçèýþA���������âº��Kçè���êì���	w

�¶	æ�ýþA
���w�ýþAKçè�d 65dB [\��ô��1�çèl�

¡�tK=>çè��[��D^ 9�����Kçèêì¯~�á^���/%�õ�

57dB[0 67dB[)YAKef��oÒ��øyýþAK��#n�ÒD�� 57dB[

)��_:BO��A�����A����o���¹��3��Ò�� “67dB [\”

_:BO��¶�ó�[� �!�"#A�$%�RS¶� çè«¬��&'�u

(�¹��3Bef�Ñ�ÒD 

çèKÓÔÕÖ�ÑtxÓÔÕÖ�Ñeft0ef�Ñr1K~ÙG)¶\*yz

{|K~ÙG)#¡D=>çèâ+,���ÑK�-�}~./�/0Áå^ 9�çè

'(� 62 ~ 67ê12�n��)¸KLM���eft� 12.2ÜÝ�çè'(� 67ê1

[\2��LMef� 148.64 ÝD57 ê1[)K}~./%�n��Ê3HLM�45

¶6Á#7������YAçè'(º 57dB [)!v��å\*XBO��AK��

A�������Ñ�Òâ8D 

íxy9: 

áOu¥�-;}abé<n:�y9:�LM��ãä�=>[	iîï��,

-K��O?@A}B��ðnu¡�	iCDtêE�./DFy9:����GE

VHWxIVHWx�JKLxP"Y)M�áO��HLM�N�FCDtKéJºO
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�PQ2_:R#$ST�F��KU�A}./¶VW�#;�áX½�êE�%�U

�tY&	iCDt��-ÊZ�%&�[\]�^$��éJ�CDtå/_O_`?

@�âab�CDt2�U�K;cd����sentÊf��gh²�$CDt_O

_`?@�âab�CDt2�U�K;c�d����sentij�%�kGl_D 

� 9� ����������� !��	"# 

6789:; 
< 52 ~ 62:=*>?�@
 

ABCDEFG 

H!�@
DIJE
� 

(��) 

57:=%D 28.82� 135.19 

57 ~ 62:= � � 

62 ~ 67:= 2.60� 12.20 

67:=%K 10.37� 48.64 

 

�GEVRmMn=�:��m�no�pÐ�kGabqM�¹nrYab�m�

n���/01���nY���Ás\¿Ê3H�tuDvå/owx���o�nF

u¡AB�LM2�	iRmMo��AB¿�ol�AB/01o_��KY���#

n¿o��så	iRmMy�2��RSÄ9¶çèK�Ht/zÔ\#$_��a�

/01¿�	iNlK#�Y],�#noÒD�KVW	�GEVRmM	iKîï�

�âéJ�CDt¿LMU�KA}./���/·¿Ê;c\��{DzÔK?ï./

¶\*VW#;�$CDt_O 400EÈ2�U�K;c�3t��$CDt�O 200E

È2�U�K;c��tDáO�ãäK!|º}~abé<ny9:�LM����

ânoK/01�¹?@ 200EÈ���=îï��éJ��(�200EÈK�t�¶�

�F�GEVRmM��KO�PQò³_8#;D�=îï��K t t�−1.108�%&

'(o��Fîï��#n�Ò�/·^��\*y9:0/01K��LMâ8��

=�|�Ê�º5�ãä��"��=�KêE¶}~D 

[\F��n����HLM?@A}./[P"Y)M_�x�GEVHW���

2��YGef��#��ê�Ò� 23.86� ¶ 20.79���s���/·+�`u·��

��yz{�x��y�Ê��½�Y)M¶�â«¬� y�9:���GEVn

 �y���9:¿%&LM�/01â8D�	RmM	iy�2 (200EÈ[É)�

n���Ê�HLM������YAoÒ (efÒh 6.35�)²�JKL�	iÉ�Ê�

HLM���efÒh 13.12�D\*��HLM:#$/x�t�����#�ab�é

��2K ¡D 

ºIVGH�I¢HW����ZÍ#¡�BO�£��Û#�efÒ� 7.59��/

��Ê#$���9:t/Dt�=n�+IVeRMR¿£�LM��3�/·��+

��CóW¤Ó� A¥É��v���¦§WIVeRM�_XRÊY)M¶�JLK

£Á�¹����IVeRMLM!_:BOCóW¨©��ª«�!¬abM\�®
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qABK��"ieRMÃÊ¯��	i�¹�eRMKLM#n�mo����IVe

RM��°±_�z¨é<9:y²��,H¿�����/·+��BO��ª«�

 YRS¬M��� x²³é<´Ç�÷\CóWIV�µ�Ê¶·¸¬!¬MV�

~¹�R«¬®qYA���\º (U�^ 10)D 

� 10� ���$%&'�()*� !��	"# 

LMNO�� 
�������	
����

����� 

H!�@
DIJE
�

(��) 

3PQRST 100QUV 20.79� 97.53 

WXYZ[ 200QUV 6.35� 29.77 

3\]^ 100QUV 13.12� 61.55 

_`aDY 100QUV 23.86� 111.90 

bcZ[ 100QUV 7.59� 35.59 
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���� 

�».\*�G)����¼�yz{|xçèx½�xy9:�Ð¾1ºÉKC

ó�W¿¢tuK;}D;}À �.û��:¿A¿¢ab®¯ª��Có¿¢�éÁ

<���ú��â�ÂKVÃ0ÄÅxabÆÇ����"DÈ���âãïKVWÉ?

GÊÊí��ËÌÍºÎ¥Êâu¡�GÊ=ºÎ¥�ÏéOIVVÐ\����¶IV

ÑaÒ¢²GÊwxæ¶íÓºÎ¥¸ÏéOMV\�æ�GÊKËÌ�ºÔÕA�M

VÖ�o��Êù¾VWKu¡D;}KµW�¼�«µW¶×aµW��«µW�é~

é�íµ (�
 90µØ 93µ) ij/[ù¾SP�ØWSPÓÆ 10µ²×aµW�
É

#��b~¹;}KÙÚ�[ù¾ija[5K 30µ�~ÙÛ(�̂ �
 94µØ 123µD

Ü.;}./¶�²!|Ê�!��KO�»D 

4.1 ������ 

ÅÝtuKÎÞ�¼ß"2»àxß"¬�»àxyz{|á�xçèá�x½�

¬�á�xy9:âã�ä_å���ß"2»àxß"¬�»à å�=>zæ�

�À !¬���tu��²âabK;}G)¶=>âabKG)#¡�¹uçmD�

èFåK;}G)é*å)D 

1. yz{|á�tu 

áO¿¢×a5MVKRS�êá��abëì·Åâ«¬�yz{|�ê¿#íá
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����Có�W¿¢SP5ºyz{|GHK3tuD�RS�êî5F�aïKa�

ð\F�aïKyz{|ñò�� (å^ 11â�) /}ÙgF�{|á�Kó��ôB�

ó�/õÙg¿¢×a5K{|Þ���öá\»â}~KÓÔÕÖ�Ñ^/ÇÙ�Ñ÷

-tu�Dº��Køù)�~Ù2Í��£ú� (TSP 2 PM10) =û-ü (CO) �L

MD 

� 11� +,-./��0123#4 

de#Qfg_Qh 

ijk 

lm 
nop 6qrs 

tu_ 0.245 16.51 

vu_ 3 5.07 

"#wx 81yz�5 
{|}k#3PbR~*�����E�� (W��3b�01997)5 

 

~Ùyz{|á�Ktu�G)/ê)ýæ�þ��KÚ 

(1) Ub¿¢�éFGÊ¶�GÊK�o�/Ùgyz{|�á�����Ùg�é5

�{|Þ�D 

(2) [×(6)K�ê)~ÙÞ�¸�*5��ef��K¸�tuÚ 

i

X

X
ii
dXWTPB

i

i

∫=
1

0
 (6) 

���  iÚyz{|�ì�1� PM10²2� TSP²3� CO² 

 
i

X Ú	 i�{|KÞ�² 

 0

i
X Ú�GÊK{|Þ�² 

 1

i
X Ú¿¢�é5K{|Þ�² 

 
i

WTPÚ{| iKÓÔÕÖ�Ñ² 

 
i

B Ú{| iá�â������eftuD 

(3) }~���yz&'¸��	tu��~Ù×�Ú 

∑
=

×=

3

1i

i
BHTB   (7) 

 ���TBÚyz{|¸�	tu² 

 
 
 
 HÚ���	��V�tD 

\*K~Ù�[��Keftuð\���Fµ	���}~K�o<ÁK}~��



��������	
�����

�271� 

�{|�5�FYAK{|��¿Êâu¡��|DáOCóWIV¸��¿¢5�º

yz{|¸�GH�tu��¾ê�ab�ôPß�K¸b¢M_`ab�ï�®q/·

�ß��,�/·�Ï0�:¿A���¼¾êDÐß�ºÉ�¹v�}~�yz¸�t

uKYAêÏ�|�ØO�?@�IJ{|Å��K{|Å���CóWIVK¸��Ê

â�-�¹�°yz{|¸�Ktu����ãä��é[F�eftu�"×(7)�K�

}D 

2. çè¸Òtu 

çè�á�Ktu!¬�}~¿¢×a5��CóWIVçè�%&¸Òâ«¬�t

u���ôP[õØ¿¢5�çèá�Ktu�efçè'(�¸Òu_�¹/�é�n

�Û�°LMD 

û��:¿A¿¢ab®¯ª��Có¿¢�éÁ<���ú���g�º	i¿¢

®¯��W 15 EÈ£���x�x�0��F2¥Kf·è� (Leq) ê�� 54.0dB(A)x

55.2dB(A)x54.0dB(A) 0 48.6dB(A)�f/;<"#�����JKû_`�a®¯RS

çè�(�D�ß*CóWIV_:á��ÑP" �ÑP@×�!�ÑP���2ùþ

G�� 65km/h�¹+b"#$ (1990) IVRSçè@%I1V�?×�/}~�çè'

(D�5��çè'(YèÅK	i�&áKI10CóWüDK§'êÏ�/}~Có

WüÓçè¸�KtuD 

� 12  �� (��) ���	
�� 

���� �� (dB) ��	
��������� 

20�� 81.42 67���� 

30�� 74.52 67���� 

40�� 67.62 67���� 

50�� 60.72 57 ~ 62�� 

 

ôB ArcView(¨/}ÙCóWIVHWu¡	i)K�LM)���å^ 13D 

� 13  ������������� (�� 87 �) 

�� �� (�) 

��� 20���� 2800.7 

��� 20 ~ 30�� 1167.5 

��� 30 ~ 40�� 1176.4 

��� 40 ~ 50�� 1186.4 

100���� �� 6331.0 
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3. ½�¬�»àtu 

½�K¸��áO¿¢×aaMVRS�á�K5�MVRS½�*K#íá���

Æáâ¿¢â/·c+K½��^�¿¢º½�¸�GHKótuD½�â,+K¬�/

êæGH�=�P-â.8K/0�w�P-â.8K12�	æÓ�P-,+K�3�

��/0K¬�^â4+5�tD�ãäU�#�ãäâ~ÙK�t5�+b6�7¶8

9� (2000) �ãä./��ãäöán$�§10x:�3;x<=>gx�À3;�

zÔ (Ê³x?õ) ¬�¶+@&'¸ÒxAB�CxDE\3�°³¬��}Ù�FG

¶ØH��-½�¬��o·Hz�,-Ð¾¬�É¾-��tD+5�t�é�IJ÷

1,650ÜÝ (1999µ÷t)x12¬��é� 980ÜÝx��3¬�Ó�é� 290ÜÝD 

�\*K½�¬�/~ÙCóW¿¢º½�¬�»à\Ktu�å)×Ú 

)(
5

1

iititit

i

t
CVHILDB ×+×+×=∑

=

  (8) 

�� 
t

B Útµ½�¬�»àKtu² 

  iÚaï� (EV = 1x_KP = 2xIV = 3x�a = 4x¿¢ = 5) ² 

  
it

D Úiaï tµ/0§�Ká�² 

  
it
I Úiaï tµ�1§�Ká�² 

  
it

V Úiaï tµ:3�¹��Ká�² 

  LÚ/0+5�t² 

  H Ú�1+5�t² 

  
i

C Úiaï:3�¹¬�D 

4. y9:L;tu 

y9:âãKtu�~ÙG)¶çè¸�tuK}ÙG)#4�^ÇÙgâ�LM

K������5áIM�ÑN�â}~KÓÔÕÖ�Ñ�~Ù�y9:âãâ/,+

�tuD 

���!�\*y9:¸�tu¶yz{|xçè¸�tuK~ÙG×#¡�f�

Í~Ù=���u/Oµ~ÙD�IM�ÑN��Kí����ÛR¥2K����3B

2Kab¬��¹y9:¸�n��nºKtuÍ·~Ù!���u·Pº~Ùab

¬�á�tu2KOµ~Ù�Q÷D 

4.2 �������� 

FVWGÊÅÝtu (ÅÝtu�¼ab2»àxab¬�»àxyz{|á�x

çèá�x½�¸�xy9:âã�å) KOtå^ 14â�Dá^ 14/�g=>��

À �â!¬���ß"2»à¶ß"¬�»àtuR	tu��*�__�ê�Ê
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29.95� ~ 31.88� ¶ 26.80� ~ 27.42� KX²yz{|»àtuâR�*�	tuK 4.47� ~ 

4.56�²çè»àtu� 10.71� ~ 12.50�²½�¬�»àtu� 15.16� ~ 16.91�²y9

:âãtuÓ� 9.00� ~ 10.50�Dí��!�\*KÅÝtu�,-��CóWOÊJI

ÑaWSã5¸��¿¢ab®¯Ktu��tu�z\�¼ûOÊCóIVWSãKt

u�0ûT�¿¢®¯Ktu�ºÉ���UØ+T�¿¢®¯KtuD����=��

��CóWSã5�rYíåVUb[W«_�tuÓ�ö=X|����ãäâY}~

K!|D 

� 14� ������	
��	���� 

�� 
���� 

��� ��� ��	 ��
 

������� 
59.645 

(29.95�) 
69.162 

(31.01�) 
72.916 

(31.88�) 
74.084 

(31.88�) 

�������� 
54.602 

(27.42�) 
60.859 

(27.29�) 
61.305 

(26.80�) 
62.623 

(26.95�) 

�������� 
8.907 

(4.47�) 
10.081 
(4.52�) 

10.416 
(4.55�) 

10.592 
(4.56�) 

������ 
24.897 

(12.50�) 
24.897 

(11.16�) 
24.897 

(10.89�) 
24.897 

(10.71�) 

�������� 
30.190 

(15.16�) 
37.123 

(16.64�) 
38.263 

(16.73�) 
39.295 

(16.91�) 

����� �� 
20.919 

(10.50�) 
20.919 
(9.38�) 

20.919 
(9.15�) 

20.919 
(9.00�) 

����!��!��! 
����"# 

84.913 
(42.63�) 

93.020 
(41.7�) 

94.495 
(41.32�) 

95.703 
(41.18�) 

$�� 
199.160 
(100�) 

223.041 
(100�) 

228.715 
(100�) 

232.410 
(100�) 

%&1.'( 90)*+, 
    2.-*./ 7�, 
    3.(  ) 0/1���23��$��45., 

 

å/ê�ãäâ;}�¼ß"2»àxß"¬�»àxyz{|á�xçèá�x

½�¬�á�xy9:âã�KtuéZ�û�¼�Ð¾1Ktu��ê=>â��ß

"2»à0ß"¬�»à åtuéZK�û��¼�Ð¾1Ktu�w!K�oå^

15â�D/%�Ð¾1KtuâR��*#$��<~yz{|xçèx½�xy9:

�GH¸��tuR	tuK�*º 41.18� ~ 42.63� K�Rí¬[\D�K+[��

®qÐ¾12¿a;}./Ê%&�u¡D.��CóWâ«¬��Ky9:ò\�

m�[�ãäâabIM�Ñ)}~�y9:âã�¸�tu�u;�}~�=ab]

�~¹nrYabLMKtu�=�/���É]G)D.È��Êâ�^KGÊí�

m�å��Ð¾12�óOt� 6.5_Ýl÷Ø 102.2_Ý�u��� 1.05n�Ø 1.78�

�É+�`*� 7.5� l÷Ø 17.9��ËÌ#$_D®/aê%�:�ab]�~¹�;

}�å/u���Ð¾12��ÅÝ/"1�;}.//·b¤¥¿.8cd�.sD 
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� 15� ��������	
�������� 

��� ��� ��	 ��
 
�� 

67 867 67 867 67 867 67 867

9:�� (;<) 123.8 123.8 128.2 128.2 129.1 129.1 130.2 130.2

9:�� (;<) 199.2 114.2 223.0 130.0 228.7 134.2 232.4 136.7

=���9:��>?

(;<) 
0 −84.9 0 −93.0 0 −94.5 0 −95.7

@�� (;<) 75.4 −9.6 94.9 1.8 99.6 5.1 102.2 6.5 

��5 1.61 0.92 1.74 1.01 1.77 1.04 1.78 1.05 

0ABC. 17.1� 6.2� 17.6� 7.2� 17.8� 7.4� 17.9� 7.5� 

%&1.'( 90)D+, 

    2.-*./ 7�, 

������� 

�²K.s0�^/ê GHD�=�abé<KÐ¾1vX�ºab]�~¹�e

f�g��å/uaê��abé<�Ð¾1�/·¿,+cd�eJD�ãä>[��

CóWch�¿¢�Ú�"ÊÚKêE�ijöáIM�Ñ)�}Ùyz{|xçèxy

9:�Ð¾¬��Ñ÷-�Ñ��5�=��"�¼®qÐ¾1�ÅÝtu;}D�.

/%�Có�W¿¢®¯��én���ºyz{|xçèx½�xy9:�GH¸�

�tuR	tu��*Nz#$K_�ºí¬[\�zu/k»KD����ãä=>.

abé<n:�y9:KLM[IM�Ñ)}~�ÓÔÕÖ�Ñ�zlêE./%��

/"�G)\/o5�#�ãä�U�D�Ð���^5�ãä!º[IM�Ñ)�"�

� 1måyz{|xçèxy9:n��LMKãä2�/=>nYA1Kãä�[

�=��o¶olâ}~./K<Á10%&1D 
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