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WKH QXFOHDWLRQ RI QHZ PLFUR�FUDFNV DQG WKH JURZWK RI H[LVWLQJ PLFUR�FUDFNV� 6R LW FDQ EH VDLG WKDW

WKH QRQ�OLQHDU EHKDYLRXU RI VXFK PDWHULDOV DULVHV DV D FRQVHTXHQFH RI WKH LUUHYHUVLEOH FKDQJHV RI WKH
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UDWH� GDPSLQJ UDWLR DQG KHDW FRQGXFWLYLW\� 7KH HIIHFWV RQ WKHVH SURSHUWLHV PD\ EH HYHQ PRUH

VLJQLILFDQW LQ FDVHV RI DQLVRWURSLF GDPDJH �&RUGHERLV ����� =KDQJ DQG 9DOOLDSSDQ ������
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,Q WKH SUHVHQW VWXG\� $XGRLQ DQG %DVWH GHYHORSHG D VSHFLILF XOWUDVRQLF GHYLFH E\ HYDOXDWLRQ RI

VWLIIQHVV WHQVRU FKDQJHV GXH WR DQLVRWURSLF GDPDJH LQ D FHUDPLF PDWUL[ FRPSRVLWH LQ RUGHU WR

LGHQWLI\ GDPDJH LQ D PDWHULDO �$XGRLQ DQG %DVWH ������ 3DQGH\ DQG %LVZDV GHYHORSHG DQ DQDO\WLFDO

PRGHO IRU GHWHFWLQJ DQG ORFDWLQJ GDPDJHV LQ VWUXFWXUHV XVLQJ FKDQJHV LQ IOH[LELOLW\ PDWUL[ �3DQGH\

DQG %LVZDV ������ *DPE\ HW DO� �*DPE\ ����� SUHVHQWHG D PRGHO WR SUHGLFW QRQ�XQLIRUP

GHYHORSPHQW RI GDPDJH LQGXFHG E\ NLQHPDWLF ZDYH LQ FRPSRVLWH ODPLQDWHV�

,W LV RI SDUDPRXQW LPSRUWDQFH LQ &LYLO (QJLQHHULQJ WR EH DEOH WR SUHGLFW WKH HIIHFWV RI GDPDJH RQ

WKH IUHTXHQF\ DQG G\QDPLF FKDUDFWHULVWLFV RI D VWUXFWXUH� HVSHFLDOO\ XQGHU G\QDPLF ORDGLQJ� 7R WKLV

HQG� WKH G\QDPLF UHVSRQVH RI D GDPDJHG VWUXFWXUDO FRPSRQHQW DQG WKH G\QDPLF EHKDYLRU RI D

GDPDJHG PDWHULDO DUH GHDOW ZLWK WKLV SDSHU ZLWKLQ D FRQWLQXXP GDPDJH�PHFKDQLFV DSSURDFK�

)URP WKH QXPHULFDO H[DPSOHV SUHVHQWHG KHUH� LW ZDV IRXQG WKDW WKH G\QDPLF ORDGLQJ DSSOLHG WR D

GDPDJHG VWUXFWXUH� OHDGV WR D VLJQLILFDQW JURZWK DQG SURSDJDWLRQ RI WKH GDPDJH� WR D UHGXFWLRQ RI

WKH QDWXUDO IUHTXHQFLHV RI WKH V\VWHP DQG WR D VWDWH RI UHVRQDQFH� ,Q VWXG\LQJ WKH SURSHUWLHV RI WKH

GDPDJHG PDWHULDOV� LW ZDV IRXQG WKDW WKH GDPSLQJ UDWLR LQFUHDVHG VLJQLILFDQWO\� ZKHUHDV WKH

HTXLYDOHQW YLVFRXV GDPSLQJ DQG FULWLFDO GDPSLQJ GHFUHDVHG� RZLQJ WR GDPDJH JURZWK�

�� )LQLWH HOHPHQW HTXDWLRQV RI D GDPDJHG ERG\

7KH FRQFHSW RI DQLVRWURSLF GDPDJH FDQ EH FRQVLGHUHG LQ WZR FDVHV� WKH ILUVW LV LQ DQ LVRWURSLF

PDWHULDO� WKH VHFRQG LV LQ DQ DQLVRWURSLF PDWHULDO� 7KXV� WKH DQLVRWURS\ LQ GDPDJHG PDWHULDOV PD\ EH

UHVXOWHG RQO\ IURP WKH DQLVRWURSLF GDPDJH LQ WKH ILUVW FDVH RU ERWK E\ WKH DQLVRWURSLF GDPDJH DQG

WKH DQLVRWURS\ RI PDWHULDO LQ WKH VHFRQG FDVH� 7KH WHUP RI DQLVRWURS\ LQ WKLV VWXG\ LV FRQVLGHUHG LQ

WKH VHFRQG FDVH LI ZLWKRXW VSHFLDO LQGLFDWLRQ�

7KH ILQLWH HOHPHQW HTXDWLRQ UHSUHVHQWLQJ DQ DQLVRWURSFDOO\ GDPDJHG ERG\ FDQ EH SUHVHQWHG DV

���

ZKHUH LV WKH PDVV PDWUL[ IRU D GDPDJHG HOHPHQW�

LV WKH WLPH GHSHQGHQW VWLIIQHVV PDWUL[ IRU DQ DQLVRWURSLFDOO\ GDPDJHG HOHPHQW�

LV NQRZQ DV WKH JHQHUDO QRGDO IRUFH YHFWRU� >&
�Ω�W��@

LV WKH WLPH�GHSHQGHQW GDPSLQJ PDWUL[�

,Q WKH HODVWLF FDVH� WKH FRQVWLWXWLYH PDWUL[ RI DQ DQLVRWURSLFDOO\ GDPDJHG PDWHULDO DW D JLYHQ SRLQW

DQG WLPH LQ D JHQHUDO FRRUGLQDWH V\VWHP �[\]� FDQ EH SUHVHQWHG DV�

���

:KHUH LV WKH HODVWLF PDWUL[ RI DQLVRWURSLFDOO\ GDPDJHG PDWHULDO LQ WKH SULQFLSDO FRRUGLQDWHV RI

WKH DQLVRWURS\ �[�� [�� [�� �9DOOLDSSDQ� =KDQJ DQG 0XUWL ������ ,Q ��'� WKH HODVWLF DQLVRWURSLFDOO\

GDPDJHG PDWHULDO FDQ EH H[SUHVVHG DV
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$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

���

7KH DQLVRWURSLFDOO\�GDPDJHG VWDWH RI D PDWHULDO LQ ��' FDQ EH H[SUHVVHG E\ WKH DQLVRWURSLF GDPDJH

YHFWRU � ZKHUH WKH SULQFLSDO DQLVRWURSLF GDPDJH YDULDEOHV� � DUH

WKH SULQFLSDO YDOXHV RI D VHFRQG RUGHU WHQVRU RI GDPDJH� 7KH PDWUL[ >7σ@ LQ (T� ��� LV WKH FRRUGLQDWH

VWUHVV YHFWRU WUDQVIRUPDWLRQ PDWUL[ GHILQHG LQ ��' DV

���

LQ ZKLFK θ LV WKH WZR GLPHQVLRQDO DQLVRWURSLF RULHQWDWLRQ DQJOH�

7KH UHODWLRQVKLS EHWZHHQ WKH QHW �HIIHFWLYH� VWUHVV YHFWRU ^σ
` DQG WKH &DXFK\ VWUHVV YHFWRU ^σ`
IRU DQLVRWURSLFDOO\ GDPDJHG PDWHULDOV LQ WKH JOREDO FRRUGLQDWH V\VWHP �[\]� FDQ EH SUHVHQWHG DV

���

ZKHUH >Φ
@ LV WKH GDPDJH WUDQVIHU PDWUL[ �=KDQJ DQG 9DOOLDSSDQ ������ ZKLFK KDV WKH IROORZLQJ

IRUPXODWLRQ LQ ��' �SODQH VWUHVV��

���

6LQFH WKH PLFUR�VWUXFWXUH ZLWKLQ D PDWHULDO KDV FKDQJHG GXH WR GDPDJH� WKH PDWHULDO FRQVWDQWV DQG

WKH LQWHUQDO HQHUJ\ GLVVLSDWLRQ �LQWHUQDO GDPSLQJ� DOVR FKDQJH �=KDQJ ������ 7KHUHIRUH� WKH VWLIIQHVV

PDWUL[ DQG WKH GDPSLQJ PDWUL[ RI D GDPDJHG HOHPHQW PXVW EH FRQVLGHUHG DV D IXQFWLRQ RI WKH

GDPDJH YDULDEOH ^Ω` ZKLFK YDULHV ZLWK WLPH� 6WULFWO\ VSHDNLQJ� WKH PDVV GHQVLW\ ZLOO DOVR FKDQJH
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GXH WR WKH GDPDJH� +RZHYHU� IURP WKH SRLQW RI YLHZ RI PDVV FRQVHUYDWLRQ� WKH JOREDO PDVV LV

XQFKDQJHG� DQG D PDVV PDWUL[ LQGHSHQGHQW RI WKH GDPDJH KDV WR EH DVVXPHG� 2Q WKH RWKHU KDQG�

GDPDJH FDXVHV D VWLIIQHVV GHJUDGDWLRQ� DQG WKH IUHTXHQF\ VSHFWUXP RI WKH VWUXFWXUH LV GRZQ�VKLIWHG

VLJQLILFDQWO\� +HQFH� WKH GDPDJH KDV LQHYLWDEOH LQIOXHQFHV RQ WKH LQWHUQDO GDPSLQJ�

6R IDU� WKH LQIOXHQFH RI GDPDJH RQ PDWHULDO GDPSLQJ KDV QRW EHHQ WKH VXEMHFW RI DQ\ PDMRU

H[SHULPHQWDO RU DQDO\WLFDO LQYHVWLJDWLRQ� ,Q RUGHU WR GLVFXVV WKLV SUREOHP IURP WKH SRLQW RI YLHZ RI

QXPHULFDO DQDO\VLV� LW LV FRQYHQLHQW WR DVVXPH D 5D\OHLJK�W\SH GDPSLQJ DQG WKH HTXLYDOHQW YLVFRXV

GDPSLQJ�

)RU WKH 5D\OHLJK GDPSLQJ PDWUL[� RQH FDQ DGRSW WKH XVXDO IRUPXODWLRQ�

���

)RU WKH HTXLYDOHQW YLVFRXV GDPSLQJ PDWUL[� ZH KDYH

���

ZKHUH α
� β
 DUH WKH 5D\OHLJK GDPSLQJ SDUDPHWHUV RI WKH GDPDJHG PDWHULDO� DQG U
�W� LV WKH WLPH�

GHSHQGHQW HTXLYDOHQW YLVFRXV GDPSLQJ FRHIILFLHQW�

�� 'DPDJH HYROXWLRQ HTXDWLRQ

)RU WKH FRPSOHWH DQDO\VLV RI G\QDPLF GDPDJH� LW LV QHFHVVDU\ WR LQWURGXFH WKH GDPDJH NLQHWLF

HTXDWLRQ �.DFKDQRY ����� RI WKH IRUP

���

,W PHDQV WKDW WKH GDPDJH JURZWK UDWH LV UHODWHG WR WKH VWDWH RI VWUHVV DQG GDPDJH� ZKLFK PHDQV �

LQ RWKHU ZRUGV� WKDW WKH GDPDJH DQG WKH VWUHVVHV GLVWULEXWHG LQ DQ HOHPHQW DUH D IXQFWLRQ RI WLPH DQG

SRVLWLRQ �IRU H[DPSOH LQ ��'� σLM�[� \� W�� Ω�[� \� W��� 7KH WLPH DQG VSDFH LQWHJUDWLRQ RI WKH GDPDJH

NLQHWLF HTXDWLRQV LQ D )� (� DQDO\VLV LV KHQFH GLIILFXOW �.DFKDQRY ����� DQG =KDQJ ������

0RVW SUHYLRXV LQYHVWLJDWLRQV FRQVLGHUHG WKH GDPDJH NLQHWLF HTXDWLRQ WR EH LQ WKH IRUP RI D SRZHU

ODZ �.DFKDQRY ����� 0DULJR ������ 6R IDU� WZR PDMRU GDPDJH HYROXWLRQ FULWHULD KDYH EHHQ

SURSRVHG IRU GLIIHUHQW NLQGV RI PDWHULDOV� 7KH ILUVW LV D SRZHU IXQFWLRQ RI DQ HTXLYDOHQW VWUHVV DQG

WKH RWKHU LV EDVHG RQ WKH GDPDJH VWUDLQ�HQHUJ\ UHOHDVH UDWH �9DOOLDSSDQ DQG =KDQJ ����� =KDQJ DQG

9DOOLDSSDQ ������ %RWK FULWHULD KDYH EHHQ DSSOLHG LQ WKLV VWXG\� ,Q WKH FDVH RI DQLVRWURS\� WKH NLQHWLF

HTXDWLRQ FDQ EH UHSUHVHQWHG DV
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$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

ZKHUH $ ! �� Q ! � LQ (T� ���� DUH PDWHULDO FRQVWDQWV ZKRVH YDOXHV GHSHQG RQ WKH UDWH RI ORDGLQJ� $

DQG Q FDQ EH HYDOXDWHG E\ H[SHULPHQWV� EDVHG RQ WKH WKUHH SRLQW WHVW �)DKUHQWKROG ����� *DPE\

������ 7KH SDUDPHWHUV % ! �� N ! � LQ (T� ���� DUH PDWHULDO FRQVWDQWV� ZKLFK DV ZHOO DV $ DQG Q� FDQ

EH GHWHUPLQHG E\ H[SHULPHQWDO PHDVXUHPHQWV XVLQJ D SURFHGXUH VLPLODU WR WKDW DOUHDG\ SUHVHQWHG

�)DKUHQWKROG ������ σHT FDQ EH FRQVLGHUHG DV DQ HTXLYDOHQW VWUHVV EDVHG RQ D IDLOXUH FULWHULRQ� VXFK

DV YRQ 0LVHV� 0RKU�&RXORPE RU 'UXFNHU�3UDJHU �=KDQJ ����� =KDQJ DQG 9DOOLDSSDQ ������ σGL LV

WKH WKUHVKROG YDOXH RI WKH WHQVLOH VWUHVV DW WKH RQVHW RI GDPDJH JURZWK LQ WKH L�WK GLUHFWLRQ� 7KH WRWDO

GDPDJH VWUDLQ HQHUJ\ UHOHDVH UDWH < FDQ EH H[SUHVVHG �=KDQJ ����� 9DOOLDSSDQ DQG =KDQJ �����

=KDQJ DQG 9DOOLDSSDQ ����� DV

����

ZKHUH <L LV WKH GDPDJH VWUDLQ�HQHUJ\ UHOHDVH UDWH LQ WKH L�WK DQLVRWURSLF GLUHFWLRQ� <GL LQ (T� ���� LV

WKH WKUHVKROG YDOXH RI WKH GDPDJH VWUDLQ�HQHUJ\ UHOHDVH UDWH LQ WKH L�WK DQLVRWURSLF GLUHFWLRQ DW WKH

VWDUW RI GDPDJH JURZWK

����

����

LQ ZKLFK

����

����

����

7KH LQWHJUDWLRQ RI (TV� ���� DQG ���� FDQ EH FDUULHG RXW XVLQJ WKH 1HZPDUN VFKHPH IRU WKH

DFFXPXODWLRQ RI GDPDJH LQFUHPHQWV RYHU ∆W LQWHUYDOV DW HDFK *DXVVLDQ SRLQW LQ DQ HOHPHQW�
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�� 'DPSLQJ IRU GDPDJHG PDWHULDO

)RU WKH 5D\OHLJK GDPSLQJ GHILQHG LQ (T� ���� WKH GDPDJHG GDPSLQJ UDWLR ζ 
 FRUUHVSRQGLQJ WR WKH

L�WK RUGHU YLEUDWLRQ PRGH RI D GDPDJHG VWUXFWXUH FDQ EH ZULWWHQ LQ VLPLODU PDQQHU WR WKDW IRU WKH

XQGDPDJHG FDVH DV

����

ZKHUH LV WKH L�WK FLUFXODU IUHTXHQF\ RI D GDPDJHG VWUXFWXUH�

7KH FRQWULEXWLRQ RI KLJKHU RUGHU PRGHV WR WKH G\QDPLF UHVSRQVH RI D VWUXFWXUH LV OHVV VLJQLILFDQW

WKDQ WKH FRQWULEXWLRQ RI WKH ILUVW DQG VHFRQG PRGHV� +HQFH� WKH G\QDPLF UHVSRQVH FDQ EH DSSUR[L�

PDWHG XVLQJ RQO\ WKH ILUVW� DQG VHFRQG�RUGHU GDPSLQJ UDWLRV� ,Q WKH FDVH RI LVRWURSLF GDPDJH� D

VLPSOH UHODWLRQVKLS FDQ EH IRXQG IURP (T� ���� DQG WKH UHODWLRQ LI WKH 5D\OHLJK

GDPSLQJ SDUDPHWHUV α DQG β DUH DVVXPHG WR EH FRQVWDQW�

���D�

���E�

7KH 5D\OHLJK GDPSLQJ SDUDPHWHUV α DQG β FDQ EH DSSUR[LPDWHO\ PHDVXUHG E\ D VSHFLILHG

IUHTXHQF\ RI D PRGH VXFK DV E\ WKH ILUVW RU WKH VHFRQG IUHTXHQF\ DV

�:DQJ ������ 7KH UDWLR RI β�α FDQ EH HVWLPDWHG PRUH DFFXUDWHO\ E\ WKH

JHRPHWU\ PHDQ IURP ERWK PRGHV DQG IRUPXODWHG LQGHSHQGHQWO\ WR WKH GDPSLQJ UDWLR DV

� 2Q WKH RWKHU KDQG� WKH SDUDPHWHUV α DQG β FDQ EH DSSUR[LPDWHO\ PHDVXUHG DOVR

E\ WZR IUHTXHQFLHV ω�� ω� DQG D VSHFLILHG GDPSLQJ UDWLR ζ DV DQG

�:DQJ ������ WKH UDWLR β�α JLYHV WKH VDPH UHVXOWV DV � 7KHUHIRUH�

D UDWLR RI GDPDJHG WR XQGDPDJHG GDPSLQJ UDWLRV ηζ  ζ 
�ζ FDQ EH GHILQHG DV D IXQFWLRQ RI WKH

GDPDJH YDULDEOH Ω DQG RI WKH UDWLR EHWZHHQ WKH QDWXUDO IUHTXHQFLHV ω��ω� RI WKH FRUUHVSRQGLQJ

XQGDPDJHG VWUXFWXUH�

����

6LQFH WKH UDWLR RI WKH QDWXUDO IUHTXHQF\ ω��ω� LV NQRZQ ZKHQ WKH JHRPHWULFDO DQG SK\VLFDO

SDUDPHWHUV RI D VWUXFWXUH DUH JLYHQ� (T� ���� FDQ GHVFULEH WKH LQIOXHQFH RI GDPDJH RQ WKH PDWHULDO

GDPSLQJ RI D GDPDJHG VWUXFWXUH� 7KHUHIRUH� ηζ FDQ EH GHILQHG DV ¦WKH 'DPSLQJ�5DWLR 'DPDJH

)DFWRU§ �9DOOLDSSDQ DQG =KDQJ ����� =KDQJ DQG 9DOOLDSSDQ ������ (T� ���� FRPELQHG ZLWK (T� ����

FDQ EH XVHG WR HYDOXDWH WKH GDPSLQJ UDWLR ζ 
 RI GDPDJHG PDWHULDOV� 7KXV� WKH GDPDJHG 5D\OHLJK

GDPSLQJ SDUDPHWHUV α
� β 
 FDQ EH DSSUR[LPDWHO\ GHWHUPLQHG DIWHU REWDLQLQJ WKH GDPDJHG IUHTXHQF\
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$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

����

����

,QWURGXFLQJ WKH HTXLYDOHQW YLVFRXV GDPSLQJ �0HLURYLWFK ����� IRU GDPDJHG DQG XQGDPDJHG

PDWHULDOV E\

����

����

ZKHUH LV HTXLYDOHQW PDVV� 7KH UDWLR RI GDPDJHG WR XQGDPDJHG HTXLYDOHQW YLVFRXV GDPSLQJ FDQ

EH ZULWWHQ DV

����

�� '\QDPLF EHKDYLRXU RI GDPDJHG VWUXFWXUHV

���� 5HVSRQVH RI GDPDJHG VWUXFWXUH XQGHU G\QDPLF ORDGLQJ

7KH G\QDPLF UHVSRQVH RI D GDPDJHG VWUXFWXUH FDQ EH REWDLQHG E\ PHDQV RI QXPHULFDO VROXWLRQV

DQG DQDO\WLFDO VROXWLRQV� ,I WKH GDPDJH VWDWH ZLWKLQ D GDPDJHG PDWHULDO XQGHU G\QDPLF ORDGLQJ KDV

XQVWDEOH FKDUDFWHULVWLFV� WKHQ WKH UHVSRQVH RI WKH GDPDJHG VWUXFWXUH VKRXOG EH FRXSOHG ZLWK WKH

GDPDJH JURZWK� )RU DQ XQVWDEOH GDPDJH VWDWH� WKH GHWHUPLQDWLRQ RI WKH G\QDPLF UHVSRQVH DV

PHQWLRQHG DERYH PXVW FRPELQH WKH (TV� ���� DQG ���� ZLWK WKH JRYHUQLQJ (T� ����

,Q RUGHU WR FOHDUO\ DQG GLUHFWO\ LOOXVWUDWH WKH HIIHFW RI GDPDJH RQ WKH G\QDPLF EHKDYLRU RI

PDWHULDOV DQG WKH G\QDPLF UHVSRQVH RI GDPDJHG VWUXFWXUHV� LQ WKH SUHVHQW VWXG\� VLPSOH FDQWLOHYHU

EHDPV� VLPSO\�VXSSRUWHG GHHS EHDPV �LQ WKH LVRWURSLF FDVH� DQG VLPSO\�VXSSRUWHG VKHOO SODWHV �LQ

WKH RUWKRWURSLF FDVH� KDYH EHHQ VWXGLHG QXPHULFDOO\� 7KH SXUSRVH RI WKHVH DQDO\VHV LV WR VLPXODWH
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7DEOH � 6WUXFWXUDO JHRPHWU\ DQG PDWHULDO SURSHUWLHV RI DQDO\]HG FRPSRQHQWV

6WUXFWXUDO JHRPHWU\ 0DWHULDO SURSHUWLHV

7\SH 6L]H /RDG (�a(�
0SD

ν�� ρ
.J�P�

ζ $a% QaN

&DQWLOHYHU EHDP �� × � × �
�P�

&RQFHQWUDWHG DW
IUHH HQG

��� × ���

��� × ���
��� ��� ����

6LPSOH VXSSRUWHG
GHHS EHDP

�� × � × ���
�PP�

&RQFHQWUDWHG DW
FHQWHU

���� × ���

���� × ���
���� ���� ���� ��� × ��−��

���� × ���
��
��

6LPSOH VXSSRUWHG
VTXDOO SODWH

� × � × ���
�P�

'LVWULEXWHG
XQLIRUP

����
����

���� ��� ����
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VRPH H[SHULPHQWDO WHVWV RQ GDPDJHG VWUXFWXUHV VXEMHFW WR G\QDPLF ORDGLQJ� 7KH VWUXFWXUDO JHRPHWU\

DQG PDWHULDO SURSHUWLHV DUH JLYHQ LQ 7DEOH ��

,Q WKLV VWXG\� WKH DQDO\VLV RI WKH G\QDPLF UHVSRQVH LV EDVHG RQ WKH GLUHFW QXPHULFDO�LQWHJUDWLRQ

PHWKRG LQ WKH WLPH GRPDLQ� )URP WKH DQDO\VLV� LW VKRXOG EH QRWHG WKDW WKH UHVXOWV IURP GLIIHUHQW

LQWHJUDWLRQ VFKHPHV �IRU H[DPSOH WKH 1HZPDUN DQG :LOVRQ θ VFKHPHV� GR QRW GLIIHU VLJQLILFDQWO\

XQGHU WKH FRUUHVSRQGLQJ LQWHJUDWLRQ VWDELOLW\ FRQGLWLRQV IRU YDULRXV GDPDJH VWDWHV�

)LJV� � DQG � QXPHULFDOO\ FRPSDUH WKH DQDO\WLFDO VROXWLRQV �0HLURYLWFK ����� =KDQJ ����� IRU WKH

G\QDPLF UHVSRQVHV LQ FDVHV RI LVRWURSLF GDPDJH �ν  ���� (��(� �� Ω ��� DQG γ  ���� DQG RUWKRWURSLF
�DQLVRWURSLF� GDPDJH �Ω� ���� Ω� �� θ  ��R�� 7KH G\QDPLF UHVSRQVH UHVXOWV SORWWHG LQ )LJ���� DUH

IRU WKH FDQWLOHYHU EHDP ZLWK GDPDJH VWDWH Ω ��� DQG YLVFRXV GDPSLQJ SDUDPHWHU γ  ����
7KH UHVXOWV SUHVHQWHG LQ )LJ� � DUH GLPHQVLRQOHVV� DQG UHVXOWV IRU DQ XQGDPDJHG SODWH DUH DOVR

VKRZQ LQ )LJ� �� 7KH DQDO\WLFDO UHVXOWV DUH REWDLQHG RQO\ IRU WKH LVRWURSLF GDPDJH FDVH XVLQJ WKH

/DSODFH WUDQVIRUPDWLRQ WHFKQLTXH DQG WKH QXPHULFDO UHVXOWV DUH REWDLQHG IRU ERWK LVRWURSLF DQG

DQLVRWURSLF GDPDJH FDVHV XVLQJ WKH 1HZPDUN WLPH LQWHJUDWLRQ WHFKQLTXH�

7KH UHVSRQVHV SUHVHQWHG LQ )LJV� � WR � VLPXODWH WKH GHIOHFWLRQ DW WKH ORDGLQJ SRLQW RI WKH VWUXFWXUH

XQGHU XQLW UHFWDQJXODU SXOVH ORDGLQJ RYHU QRQ�GLPHQVLRQDO WLPH� ZKHUH Z LV WKH GHIOHFWLRQ DW WKH

ORDGLQJ SRLQW RI WKH VWUXFWXUH DQG 7 LV WKH OHQJWK RI WKH ILUVW SHULRG RI WLPH ZKHQ WKH VWUXFWXUH LV

XQGDPDJHG�

,Q RUGHU WR LOOXVWUDWH WKH LQIOXHQFH RI GDPDJH HYROXWLRQ RQ WKH G\QDPLF UHVSRQVH RI D GDPDJHG

VWUXFWXUH� D GLPHQVLRQOHVV SORW RI WKH UDWLR RI GDPDJHG DQG XQGDPDJHG PD[LPXP GLVSODFHPHQWV IRU

GLIIHUHQW UHSUHVHQWDWLRQV RI GDPDJH VWDWH LV VKRZQ LQ )LJV� � DQG � IRU WKH GDPDJHG FDQWLOHYHU EHDP�

)LJ� � VKRZV WKH UDWLR RI GDPDJHG DQG XQGDPDJHG PD[LPXP GLVSODFHPHQW DW WKH IUHH HQG RI WKH

FDQWLOHYHU EHDP DJDLQVW WKH GHJUHH RI GDPDJH� )LJ� � VKRZV WKH UDWLR RI GDPDJHG DQG XQGDPDJHG

PD[LPXP GLVSODFHPHQW DW WKH IUHH HQG RI WKH FDQWLOHYHU EHDP YHUVXV WKH UDWLR RI OHQJWK RI WKH

GDPDJHG ]RQH WR WKH ZKROH OHQJWK RI WKH FDQWLOHYHU EHDP DV WKH GDPDJH ]RQH VSUHDGV IURP WKH

IL[HG DQG WR WKH IUHH HQG�

,W LV HYLGHQW WKDW WKH PD[LPXP GLVSODFHPHQW LQFUHDVHV VLJQLILFDQWO\ ZLWK GDPDJH JURZWK DQG

)LJ� � 5HVSRQVH DW IUHH HQG RI WKH GDPDJHG
FDQWLOHYHU EHDP

)LJ� � '\QDPLF UHVSRQVH DW WKH FHQWHU RI WKH
GDPDJHG VTXDUH SODWH



$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

SURSDJDWLRQ� ,W FDQ EH VHHQ WKDW WKH YDOXH RI WKH UDWLR LV DV KLJK DV � ZKHQ WKH GDPDJH YDULDEOH LV

���� )LJ� � FDQ EH XVHG WR LOOXVWUDWH WKH HIIHFW RI WKH GDPDJH YDULDEOH RQ WKH PD[LPXP GHIOHFWLRQ RI

WKH GDPDJHG FDQWLOHYHU EHDP� )LJ� � FDQ EH XVHG WR REVHUYH WKH HIIHFW RI GDPDJH SURSDJDWLRQ RQ WKH

PD[LPXP GHIOHFWLRQ RI WKH GDPDJHG FDQWLOHYHU EHDP� 7KLV SKHQRPHQRQ LV GHILQHG DV WKH FRQFHSW RI

'DPDJH 3URSDJDWLRQ �L�H�� GDPDJH ]RQH H[SDQVLRQ� LQ GDPDJH PHFKDQLFV WR GLVWLQJXLVK LW IURP WKH

)LJ� � 5DWLR RI WKH GDPDJHG DQG XQGDPDJHG PD[L�
PXP UHVSRQVH DJDLQVW WKH GHJUHH RI GDPDJH

)LJ� � 5DWLR RI WKH GDPDJHG DQG XQGDPDJHG PD[L�
PXP UHVSRQVHV DJDLQVW WKH SURSRUWLRQ RI WKH
GDPDJHG YROXPH LQ WKH EHDP

)LJ� � (IIHFW RI ORFDWLRQ RI GDPDJHG HOHPHQW LQ WKH EHDP RQ WKH G\QDPLF UHVSRQVH
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FRQFHSW RI 'DPDJH *URZWK �L�H�� GDPDJH YDOXH LQFUHDVHV� �.DFKDQRY ������

)LJ� � LQGLFDWHV WKH HIIHFW RI WKH ORFDWLRQ RI WKH GDPDJHG HOHPHQW RQ WKH GHIOHFWLRQ DW WKH IUHH HQG

RI WKH EHDP DV D IXQFWLRQ RI WKH QRQ�GLPHQVLRQDO WLPH� ,W FDQ EH REVHUYHG IURP WKH G\QDPLF

UHVSRQVH RI WKH VWUXFWXUH WKDW WKH ORFDWLRQ RI WKH GDPDJH LV YHU\ VLJQLILFDQW FRPSDULQJ FDVHV % DQG

& IRU H[DPSOH� LW FDQ EH VHHQ WKDW WKH UHVSRQVH ZKHQ WKH GDPDJH LV ORFDWHG DW WKH IL[HG HQG KDV

PRUH HIIHFW WKDQ WKDW ZKHQ ORFDWHG DW WKH PLGGOH HOHPHQW�

���� 'DPDJH HYROXWLRQ GXULQJ G\QDPLF UHVSRQVH

)LJV� � DQG � DUH SORWV RI WKH G\QDPLF UHVSRQVH EDVHG RQ WZR GLIIHUHQW GDPDJH HYROXWLRQ ODZV�

XQGHU LPSDFW ORDGLQJ� $V )LJV� � DQG � VKRZ� WKH GLVSODFHPHQWV DQG HTXLYDOHQW VWUHVV LQFUHDVH ZLWK

GDPDJH HYROXWLRQ ZKHQ FRPSDUHG ZLWK WKH FDVH RI QR GDPDJH�

)LJ� � 9HUWLFDO GLVSODFHPHQW RI WKH QRGH DW WKH ERWWRP DQG PLGGOH VHFWLRQ GXULQJ GDPDJH HYROXWLRQ

)LJ� � $YHUDJH QHW YRQ�0LVHV HTXLYDOHQW VWUHVV LQ WKH HOHPHQW DW WKH ERWWRP DQG PLGGOH EHDP GXULQJ GDPDJH
HYROXWLRQ



$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

1XPHULFDO FRPSDULVRQV RI WKH GLIIHUHQW GDPDJH HYROXWLRQ PRGHOV LQGLFDWH WKDW WKH SRZHU IXQFWLRQ

GDPDJH HYROXWLRQ ODZ EDVHG RQ WKH HTXLYDOHQW VWUHVV JLYHV D IDVWHU GDPDJH JURZWK�UDWH WKDQ GDPDJH

HYROXWLRQ EDVHG RQ WKH GDPDJH VWUDLQ�HQHUJ\ UHOHDVH UDWH� %XW� ZKHQ WKHUH DUH SUH�H[LVWLQJ PLFUR�

FUDFNV� WKH ODWWHU GDPDJH HYROXWLRQ ODZ JLYHV D PXFK JUHDWHU GDPDJH YDOXH GXULQJ ORDGLQJ GXH WR

WKH IDFWRU RI ��−Ω�� LQ (T� �����
,Q )LJ� �� WKH PDMRU SULQFLSDO VWUHVV FRQWRXUV DW WLPH W  ����� PVHF �DW ZKLFK WKH PD[LPXP

YDOXHV RI VWUHVV RFFXU� DUH VKRZQ� ,W FDQ EH REVHUYHG WKDW WKH HOHPHQWV FORVH WR WKH PLGGOH VHFWLRQ

RI WKH GHHS EHDP DUH PRUH VWUHVVHG WKDQ WKH RWKHUV DQG KHQFH WKH GDPDJH JURZV YHU\ UDSLGO\ DW WKDW

VHFWLRQ�

)LJV� ��D� DQG �E� VKRZ GDPDJH HYROXWLRQ LQ WKH HOHPHQWV ORFDWHG LQ WKH FHQWUDO VHFWLRQ DQG DW

GLIIHUHQW GHSWKV LQ WKH EHDP� ZKHQ WKHUH LV DQ LQLWLDO DYHUDJH GDPDJH RI ���� LQ DOO HOHPHQWV� 7KH

SORWV LQ )LJV� ��D� DQG �E� LQGLFDWH WKH GXUDWLRQ KLVWRU\ RI WKH DYHUDJHG GDPDJH LQ HDFK HOHPHQW IRU

WKH WZR GLIIHUHQW GDPDJH JURZWK PRGHOV UHVSHFWLYHO\�

,W VKRXOG EH SRLQWHG RXW DJDLQ WKDW LQ WKH FDVH RI ]HUR LQLWLDO GDPDJH� WKH GDPDJH LQ HDFK HOHPHQW

JURZV IDVWHU ZKHQ WKH GDPDJH HYROXWLRQ LV EDVHG RQ DQ HTXLYDOHQW VWUHVV WKDQ LQ WKH FDVH RI GDPDJH

VWUDLQ�HQHUJ\ UHOHDVH UDWH� 7KH PD[LPXP YDOXH RI WKH DYHUDJH GDPDJH DW WLPH W  ��� �PVHF� LV

)LJ� � 0DMRU QHW SULQFLSDO VWUHVV FRQWRXU LQ 03D DW WLPH W  ����� �PVHF� GXULQJ GDPDJH HYROXWLRQ

)LJ� � $YHUDJHG GDPDJH LQ DQ HOHPHQW LQ WKH FHQWUDO VHFWLRQ DQG DW GLIIHUHQW GHSWKV LQ WKH EHDP GXULQJ
GDPDJH HYROXWLRQ ZLWK LQLWLDO GDPDJH RI ����
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����� IRU WKH GDPDJH VWUDLQ�HQHUJ\ UHOHDVH UDWH PRGHO� DQG ���� IRU WKH HTXLYDOHQW VWUHVV PRGHO�

7KH GDPDJH HYROXWLRQ ODZ RI GΩ�GW %< N LV YHU\ VHQVLWLYH WR DQ LQLWLDO GDPDJH� 7KDW LV WKH

VSHFLPHQ IDLOV IDVWHU WKDQ IRU WKH HTXLYDOHQW VWUHVV FDVH� 7KLV IDFW KDV EHHQ LOOXVWUDWHG LQ )LJV� ��D�

DQG �E�� $OWKRXJK HOHPHQWV IDLO IURP WLPH W  ���� WR ���� �PVHF� DFFRUGLQJ WR GΩ�GW %< N� WKH

EHDP FDUULHV WKH ORDG XQWLO W EHFRPHV ���� WR ���� �PVHF�� %XW XVLQJ GΩ�GW $ �σHT���−Ω��Q� WKH
EHDP FDUULHV WKH ORDG XQWLO WLPH W ����� �PVHF��

,Q )LJV� ���D� DQG �E�� WKH DYHUDJH GDPDJH FRQWRXUV DFFRUGLQJ WR WKH WZR GLIIHUHQW GDPDJH

HYROXWLRQ ODZV KDYH EHHQ SORWWHG� 7KH GDPDJH PDLQO\ JURZV LQ WKH FHQWUDO ]RQH RI WKH EHDP

EHFDXVH RI WKH JUHDWHU VWUHVV FRQFHQWUDWLRQ WKHUH�

�� ,QIOXHQFH RI GDPDJH RQ G\QDPLF EHKDYLRU

���� ,QIOXHQFH RI GDPDJH RQ IUHTXHQF\ RI GDPDJHG VWUXFWXUH

7KH LQIOXHQFH RI GDPDJH RQ WKH QDWXUDO IUHTXHQFLHV RI D FRQWLQXXP V\VWHP KDV EHHQ VWXGLHG XVLQJ

ERWK DQDO\WLFDO DQG QXPHULFDO DQDO\VLV� 7KH QXPHULFDO UHVXOWV ZHUH REWDLQHG WKURXJK HLJHQYDOXH

DQDO\VLV XVLQJ WKH 6XEVSDFH 5HFXUUHQFH 0HWKRG�

7KH DQDO\WLFDO DQG )( VROXWLRQV DUH FRPSDUHG LQ )LJV� �� WR ��� )LJ� �� FRPSDUHV QXPHULFDO )(

VROXWLRQ RI WKH SHULRG 7 
 IRU WKH GHJUHH RI GDPDJH LQ WKH FDQWLOHYHU EHDP ZLWK WKH VROXWLRQ RI

HLJHQYDOXH DQDO\VLV IRU YDULRXV GDPDJH OHYHOV Ω �a���� ,Q )LJV� �� DQG ��� WKH UDWLRV RI IUHTXHQFLHV

EHWZHHQ GDPDJHG DQG XQGDPDJHG FDVHV DUH SUHVHQWHG IRU WKH VTXDUH SODWH� ERWK E\ DQDO\WLFDO DQG

ILQLWH HOHPHQW VROXWLRQV�

)LJ� �� $YHUDJH GDPDJH FRQWRXU ZLWK LQLWLDO GDPDJH Ω ����



$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

)LJ� �� VKRZV WKH IUHTXHQF\ UDWLR ωLM

�ωLM IRU WKH GDPDJHG DQG XQGDPDJHG VTXDUH SODWH DV WKH

GDPDJH YDULDEOH Ω� YDULHV IURP � WR ��� VLPXODWHG IRU WKH FDVH RI θ  ��R DQG Ω� �� )LJ� �� VKRZV

WKH FURVV IUHTXHQF\ UDWLR �ωLM

�ωLM L ≠ M� IRU WKH GDPDJHG DQG XQGDPDJHG VTXDUH SODWH DV WKH GDPDJH

DQJOH θ YDULHV IURP �R WR ��R VLPXODWHG IRU WKH FDVH RI Ω� ���� Ω� �� ,W FDQ EH VHHQ IURP WKHVH

ILJXUHV WKDW WKH UHVXOWV RI )( DQDO\VLV FRPSDUH ZHOO ZLWK WKH DQDO\WLFDO UHVXOWV�

7KH LQIOXHQFH RI GDPDJH RQ WKH GLDJRQDO IUHTXHQF\ UDWLR �ωLL

�ωLL L M� DQG WKH FURVV IUHTXHQF\

UDWLR �ωLM

�ωLM L ≠ M� EHWZHHQ GDPDJHG DQG XQGDPDJHG FDVHV DV WKH GDPDJH YDULDEOH FKDQJHV LV

SUHVHQWHG IRU WKUHH YLEUDWLRQ PRGHV�

,W LV LQWHUHVWLQJ WR QRWH IURP )LJV� �� DQG �� WKDW WKH IUHTXHQFLHV IRU KLJKHU PRGHV DUH ¨GRZQ�

VKLIWHG© E\ D ODUJHU DPRXQW WKDQ WKDW IRU WKH ORZHU PRGHV� 7KLV SKHQRPHQRQ FRQIRUPV WR WKH

)LJ� �� 3HULRG 7 
 RI WKH GDPDJHG FDQWLOHYHU EHDP YHUVXV GDPDJH

)LJ� �� )UHTXHQF\ UDWLR RI GDPDJHG DQG XQGDPDJHG
SODWH YHUVXV GDPDJH Ω�

)LJ� �� )UHTXHQF\ UDWLR RI GDPDJHG DQG XQGDPDJHG
SODWH YHUVXV GDPDJH DQJOH θ
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IUHTXHQF\ VKLIW WUHQG LOOXVWUDWHG DOVR LQ )LJ� ���

)LJ� �� LOOXVWUDWHV WKH LQIOXHQFH RI WKH DQLVRWURSLF GDPDJH DQJOH θ RQ WKH IUHTXHQF\ VSHFWUXP RI

WKH VTXDUH SODWH� ,W FDQ EH VHHQ WKDW WKH IRUP RI GRZQ�VKLIWHG IUHTXHQF\ IRU GLIIHUHQW GDPDJH DQJOHV

θ LV TXLWH UHJXODU� DQG WKH YDULDWLRQ RI IUHTXHQF\ VSHFWUXP LV V\PPHWULF DERXW θ  ��R� $OO

IUHTXHQFLHV KDYH EHHQ GRZQ�VKLIWHG VLJQLILFDQWO\ E\ DQLVRWURSLF GDPDJH� :KHUHDV� WKH LQIOXHQFH RI

WKH GDPDJH DQJOH θ LV QRW VLJQLILFDQW RQ GLDJRQDO IUHTXHQFLHV �ωLL� L M�� LW LV TXLWH VLJQLILFDQW RQ WKH

FURVV �QRQ�GLDJRQDO� IUHTXHQFLHV �ωLM� L ≠ M�� ,W FDQ EH VHHQ DOVR WKDW WKH KLJKHU WKH IUHTXHQF\� WKH

ORZHU WKH GRZQ�VKLIW FDXVHG E\ GDPDJH� ,W VKRXOG EH QRWHG WKDW LQ WKH LQLWLDO LVRWURSLF XQGDPDJHG

VWDWH� WKH FURVV IUHTXHQFLHV �ωLM� L ≠ M� KDYH WKH VDPH PDJQLWXGH ERWK IRU LM�WK PRGH DQG ML�WK PRGH�

:KHQ DQLVRWURSLF GDPDJH RFFXUV� WKHVH FURVV IUHTXHQFLHV DUH VKLIWHG E\ GLIIHUHQW PDJQLWXGHV DQG

KHQFH WKH\ DWWDLQ GLIIHUHQW YDOXHV �VXFK WKDW ω�� DQG ω��� GXH WR WKH QRQ�V\PPHWULF SURSHUW\ RI WKH

QHW VKHDU VWUHVVHV �9DOOLDSSDQ HW DO� ������ τLM

 ≠ τML


� +RZHYHU� ZKHQ WKH GDPDJH DQJOH UHDFKHV ��R�

WKH FURVV IUHTXHQFLHV KDYH WKH VDPH YDOXHV DJDLQ�

7KLV SDUWLFXODU VLPXODWLRQ PD\ EH XVHG WR LGHQWLI\ WKH VWDWH RI LVRWURSLF DQG DQLVRWURSLF GDPDJH LQ

D VWUXFWXUDO FRPSRQHQW� )URP WKH UHVXOWV SUHVHQWHG LQ WKLV VHFWLRQ� WKH IROORZLQJ REVHUYDWLRQV FDQ EH

PDGH DERXW WKH EHKDYLRXU RI GDPDJHG YLEUDWLQJ VWUXFWXUHV�

�� 7KH IUHTXHQF\ VSHFWUXP LV GRZQ�VKLIWHG IRU DOO PRGHV�

�� ,I WKH GDPDJH LV LVRWURSLF� WKH IUHTXHQF\ VSHFWUXP RI WKH VWUXFWXUH LV XQLIRUPO\ GRZQ�VKLIWHG�

�� +RZHYHU� LI WKH GDPDJH LV DQLVRWURSLF� WKH IUHTXHQF\ VSHFWUXP VKLIW H[KLELWV DQ DQLVRWURSLF

EHKDYLRXU DQG JHQHUDWHV GLIIHUHQW FRXSOHG FURVV IUHTXHQFLHV�

�� 7KH LQIOXHQFH RI GDPDJH DQJOH �θ � RQ WKH SULQFLSDO �GLDJRQDO� IUHTXHQFLHV �ωLL� LV QRW DV

VLJQLILFDQW DV LQ WKH FDVH RI WKH FURVV �QRQ GLDJRQDO� IUHTXHQFLHV �ωLM��

)LJ� �� ,QIOXHQFH RI DQLVRWURSLF GDPDJH DQJOH θ RQ IUHTXHQF\ VSHFWUXP RI WKH GDPDJHG VTXDUH SODWH



$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

$V D UHVXOW� LW PD\ EH SRVVLEOH WR SHUIRUP D EDFN DQDO\VLV IRU D GDPDJHG VWUXFWXUH E\ LQVSHFWLQJ

LWV IUHTXHQFLHV LQ WKH GDPDJHG VWDWH� %\ PHDVXULQJ WKH IUHTXHQF\ VKLIWV RI GDPDJHG VWUXFWXUH� WKH

DQLVRWURSLF GDPDJH VWDWH PD\ EH LQYHVWLJDWHG E\ YDULRXV SDUDPHWULF VWXGLHV�

���� ,QIOXHQFH RI GDPDJH RQ GDPSLQJ UDWLR

,Q RUGHU WR VWXG\ WKH LQIOXHQFH RI GDPDJH RQ WKH GDPSLQJ UDWLR RI PDWHULDOV� WKH KLVWRU\ RI WKH

DPSOLWXGH GHFUHPHQWV RI WKH FDQWLOHYHU EHDP KDV EHHQ UHFRUGHG� 7KH SURFHGXUH RI WKH /RJDULWKPLF

'HFUHPHQW 0HWKRG WR PHDVXUH WKH GDPSLQJ RI WKH FDQWLOHYHU EHDP �0HLURYLWFK ����� KDV EHHQ

QXPHULFDOO\ VLPXODWHG IRU YDULRXV GDPDJH VWDWHV� )LJ� �� VKRZV WKH VLPXODWHG GDPDJH IDFWRU HIIHFWV

RQ WKH GDPSLQJ UDWLR ηζ IRU YDULRXV GDPDJH VWDWHV ������

)LJ� �� VKRZV KRZ WKH GDPDJH IDFWRU IRU GDPSLQJ UDWLR ηζ � YLVFRXV GDPSLQJ ηγ DQG FULWLFDO

GDPSLQJ ηγ F �=KDQJ ����� YDU\ ZLWK WKH GDPDJH YDULDEOH Ω IRU WKH FDQWLOHYHU EHDP ZKHUH ω��ω� 

������� )URP WKLV ILJXUH� LW FDQ EH VHHQ WKDW WKH GDPSLQJ UDWLR ζ 
 LQFUHDVHV VLJQLILFDQWO\� ZKHUHDV

WKH HTXLYDOHQW YLVFRXV GDPSLQJ DQG FULWLFDO GDPSLQJ GHFUHDVH ZKHQ GDPDJH JURZWK RFFXUV� 7KH

UHDVRQ IRU WKLV LV WKDW WKH QDWXUDO IUHTXHQF\ LV GHFUHDVLQJ VLJQLILFDQWO\ DQG FULWLFDO GDPSLQJ DOVR

GHFUHDVHV PXFK PRUH WKDQ YLVFRXV GDPSLQJ�

���� ,QIOXHQFH RI GDPDJH RQ PDJQLILFDWLRQ IDFWRU

)URP WKH HQJLQHHULQJ SRLQW RI YLHZ� WKH VWHDG\�VWDWH UHVSRQVH DW D SRLQW LQ D VWUXFWXUH VXEMHFW WR

KDUPRQLF YLEUDWLRQV FDQ EH VLPSOLILHG DV WKH UHVSRQVH RI DQ HTXLYDOHQW PDVV�VSULQJ V\VWHP ZLWK D

VLQJOH GHJUHH RI IUHHGRP� 7KH PDVV VKRXOG EH WDNHQ DV DQ HTXLYDOHQW PDVV� DQG WKH VWLIIQHVV VKRXOG

EH WDNHQ DV DQ HTXLYDOHQW VWLIIQHVV E\ 5D\OHLJK©V PHWKRG� 7KXV� WKH G\QDPLF UHVSRQVH PDJQLILFDWLRQ

IDFWRU IRU D GDPDJHG VWUXFWXUH FDQ EH LQYHVWLJDWHG XQGHU YDULRXV GDPDJH VWDWHV�

)LJV� ���D� DQG �E� VKRZ D FRPSDULVRQ RI WKH ZHOO�NQRZQ PDJQLILFDWLRQ IDFWRU �0HLURYLWFK �����

)LJ� �� &RPSDULVRQ RI GDPDJH IDFWRU RI GDPSLQJ
UDWLR ηζ YHUVXV GDPDJH Ω

)LJ� �� 'DPDJH IDFWRU IRU GDPSLQJ UDWLR� YLVFRXV
GDPSLQJ DQG FULWLFDO GDPSLQJ YHUVXV GDPDJH
YDULDEOH



��� :RKXD =KDQJ� <XQPLQ &KHQ DQG <L -LQ

IRU WKH FDQWLOHYHU EHDP LQ ERWK GDPDJHG DQG XQGDPDJHG FDVHV DJDLQVW WKH IUHTXHQF\ UDWLR� ωI�ω��

IRU YDULRXV GDPSLQJ UDWLRV ζ  �a���� ,W FDQ EH VHHQ WKDW WKH UHVRQDQFH SHDN PRYHV IRUZDUG DQG

GHFUHDVHV ZLWK WKH GDPDJH� 7KLV PHDQV WKDW� HYHQ WKRXJK WKH H[FLWDWLRQ IUHTXHQF\ ωI LV OHVV WKDQ WKH

EDVLF QDWXUDO IUHTXHQF\ ω�� D UHVRQDQW UHVSRQVH PD\ EHFRPH SRVVLEOH LQ D GDPDJHG VWUXFWXUH�

���� ,QIOXHQFH RI GDPDJH RQ SKDVH DQJOH

7KH RWKHU LQIOXHQFH RI GDPDJH RQ WKH G\QDPLF UHVSRQVH RI D VWUXFWXUH LV WKH SKDVH DQJOH� 7KH

)LJ� �� &RPSDULVRQ RI PDJQLILFDWLRQ IDFWRU EHWZHHQ GDPDJHG DQG XQGDPDJHG FDVHV IRU YDULRXV GDPSLQJ
UDWLRV ζ �a���

)LJ� �� &RPSDULVRQ RI SKDVH DQJOH EHWZHHQ GDPDJHG DQG XQGDPDJHG FDVHV



$ VWXG\ RI G\QDPLF UHVSRQVHV RI LQFRUSRUDWLQJ GDPDJHG PDWHULDOV DQG VWUXFWXUHV ���

SKDVH DQJOH RI WKH HTXLYDOHQW V\VWHP LV GHILQHG DV φ  DUFWDQ��ζ λ)��−λ)
�� �0HLURYLWFK ������

6LPLODUO\� D GDPDJHG SKDVH DQJOH φ 
 FDQ EH LQWURGXFHG IRU GDPDJHG PDWHULDO�

)LJV� ���D� DQG �E� VKRZ WKH SORWV RI WKH GLIIHUHQW XQGDPDJHG DQG GDPDJHG SKDVH DQJOHV� ZKHQ

WKH GDPSLQJ UDWLR YDULHV IURP ��� WR ���� &RPSDULQJ )LJV� ���D� DQG �E�� LW FDQ EH VHHQ WKDW IRU WKH

FDVH RI GDPDJH YDULDEOH ���� WKH ¦LQYDULDQW SRLQW§ RI UHVRQDQFH LQ WKH SKDVH SODQH� φ a λ)� LV VKLIWHG

IURP λ) � �XQGDPDJHG FDVH� WR λ)  �����

�� &RQFOXVLRQV

,Q WKLV VWXG\� DQDO\WLFDO PRGHOV GHVFULELQJ WKH HIIHFWV WKDW GDPDJH KDV RQ WKH G\QDPLF UHVSRQVH RI

D VWUXFWXUDO HOHPHQW DQG WKH GDPDJH EHKDYLRXU RI GDPDJHG PDWHULDOV KDYH EHHQ GHYHORSHG LQ ERWK

WKH LVRWURSLF DQG DQLVRWURSLF FDVHV XVLQJ WKH ILQLWH HOHPHQW WHFKQLTXH� )URP WKH UHVXOWV RI WKH

DQDO\VLV� WKH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ�

:KHQ D GDPDJHG VWUXFWXUH LV VXEMHFWHG WR G\QDPLF ORDGLQJ� EHFDXVH RI KLJKHU VWUHVVHV QHDU WKH

GDPDJHG DUHDV� WKH G\QDPLF UHVSRQVH LQFUHDVHV VLJQLILFDQWO\ ZLWK WKH GHJUHH RI GDPDJH DQG WKLV LQ

WXUQ LQIOXHQFHV WKH GDPDJH SURSDJDWLRQ� )XUWKHU� WKH QDWXUDO IUHTXHQFLHV DUH UHGXFHG VLJQLILFDQWO\

ZLWK WKH GDPDJH JURZWK� )RU GDPDJHG PDWHULDOV� LW KDV EHHQ IRXQG WKDW WKH GDPSLQJ UDWLR LQFUHDVHV

VLJQLILFDQWO\ ZKLOH WKH HTXLYDOHQW YLVFRXV GDPSLQJ DQG FULWLFDO GDPSLQJ GHFUHDVH ZKHQ D GDPDJH

JURZWK RFFXUV� 0RUHRYHU� LW ZDV QRWHG WKDW WKH GDPDJH JURZWK PD\ WXUQ WKH UHVSRQVH RI D VWUXFWXUH

LQWR UHVRQDQFH DQG DV VRRQ DV D GDPDJH�LQGXFHG UHVRQDQFH RFFXUV� WKH VWUHVV OHYHO LQFUHDVHV DQG WKH

GDPDJH JURZV HYHQ IDVWHU�

)URP WKH QXPHULFDO LQYHVWLJDWLRQ RI WKH G\QDPLF SURSHUWLHV RI VLPSOH GDPDJHG VWUXFWXUHV �OLNH

FDQWLOHYHU EHDPV� GHHS EHDPV DQG VTXDUH SODWHV� WKH XQGHUVWDQGLQJ RI WKH LQIOXHQFH RI WKH GDPDJH

DQG LWV JURZWK RQ WKH IUHTXHQF\� DPSOLWXGH� SKDVH DQJOH� UHVSRQVH� UHVRQDQFH DQG PDWHULDO GDPSLQJ

RI G\QDPLF V\VWHPV ZDV JDLQHG� 7KLV JLYHV WKH SRVVLELOLW\ RI ZRUNLQJ RXW D PHWKRG IRU FRQWUROOLQJ

WKH GDPDJH DQG LWV JURZWK LQ D GDPDJHG PDWHULDO� DV ZHOO WKH G\QDPLF UHVSRQVH RI D GDPDJHG

VWUXFWXUH �

$FNQRZOHGJHPHQWV

7KH ILQDQFLDO VXSSRUWV IURP WKH 6FLHQFH DQG 7HFKQRORJ\ 'HYHORSPHQW 5HVHDUFK )XQG E\

=KHMLDQJ 3URYLQFH LQ &KLQD DQG WKH )XQG IRU 5HWXUQHG $EURDG 6FKRODU RI &KLQD E\ &KLQHVH

(GXFDWLRQDO &RPPLWWHH DUH JUDWHIXOO\ DFNQRZOHGJHG�

5HIHUHQFHV

$XGRLQ� %� DQG %DVWH� '� ������� ¦8OWUDVRQLF HYDOXDWLRQ RI VWLIIQHVV WHQVRU FKDQJHV DQG DVVRFLDWHG DQLVRWURSLF
GDPDJH LQ D FHUDPLF PDWUL[ &RPSRVLWH§� -� RI $SSOLHG 0HFKDQLFV� ��� ��������

&RUGHERLV� -�3� DQG 6LGRURII� )� ������� 'DPDJH ,QGXFHG (ODVWLF $QLVRWURS\� (GLWHG E\ %RHKOHU -�� 0DUWLQXV
1LMKRII� 7KH +DJXH� ��������

)DKUHQWKROG� (�3� ������� ¦$ FRQWLQXXP GDPDJH PRGHO IRU IUDFWXUH RI EULWWOH VROLGV XQGHU G\QDPLF ORDGLQJ§� -� RI
$SSO� 0HFK�� $60(� ��� ��������

*DPE\� '�� /DIDULH�)UHQRW� 0� DQG +HQDII�*DUGLQ� &� ������� ¦.LQHPDWLF ZDYH DQG QRQ�XQLIRUP GDPDJH
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GHYHORSPHQW LQ FRPSRVLWH ODPLQDWHV§� ,QW� -� 'DPDJH 0HFK�� O�� ������
.DFKDQRY� /�0� ������� ,QWURGXFWLRQ WR &RQWLQXXP 'DPDJH 0HFKDQLFV� 0DUWLQXV 1LMKRII 3XEOLVKHUV� %URRNOLQH
0$������ 86$�

.DZDPRWR� 7�� ,FKLNDZD� <� DQG .\R\D� 7� ������� ¦'HIRUPDWLRQ DQG IUDFWXULQJ EHKDYLRXU RI GLVFRQWLQXRXV URFN
PDVV DQG GDPDJH PHFKDQLFV WKHRU\§� ,QW� -� IRU 1XPHULFDO DQG $QDO\WLFDO 0HWKRGV LQ *HRPHFKDQLFV� ��� ��
���

0DULJR� -�-� ������� ¦0RGHOOLQJ RI EULWWOH DQG IDWLJXH GDPDJH IRU HODVWLF PDWHULDO E\ JURZWK RI PLFURYRLGV§� -�
(QJJ� )UDFWXUH 0HFK� ��� ��������

0HLURYLWFK� /� ������� (OHPHQWV RI 9LEUDWLRQ $QDO\VLV� 0F*UDZ�+LOO� 1HZ <RUN�
3HQGH\� $�.� DQG %LVZDV� 0� ������� ¦'DPDJH GHWHFWLRQ LQ VWUXFWXUHV XVLQJ FKDQJHV LQ IOH[LELOLW\§� -� 6RXQG DQG
9LEUDWLRQV� ������� �����

9DOOLDSSDQ� 6�� =KDQJ :RKXD DQG 0XUWL� 9� ������� ¦)LQLWH HOHPHQW DQDO\VLV RI DQLVRWURSLF GDPDJH PHFKDQLFV
SUREOHPV§� -� (QJJ� )UDFWXUH 0HFK�� ��� ����������

9DOOLDSSDQ� 6� DQG =KDQJ :RKXD� ������� ¦'\QDPLF DQDO\VLV RI URFN HQJLQHHULQJ SUREOHPV EDVHG RQ GDPDJH
PHFKDQLFV§� ,QW� 6\PS� RQ $SSOLFDWLRQ RI &RPSXWHU 0HWKRGV LQ 5RFN 0HFKDQLFV DQG (QJLQHHULQJ� ;LDQ
,QVWLWXWH RI 0LQLQJ DQG 7HFK�� &KLQD� ��������

9DOOLDSSDQ� 6� DQG =KDQJ :RKXD� ������� ¦$QDO\VLV RI VWUXFWXUDO FRPSRQHQWV EDVHG RQ GDPDJH PHFKDQLFV
FRQFHSW§� &XUUHQW $GYDQFHV LQ 0HFKDQLFDO 'HVLJQ DQG 3URGXFWLRQ� (GV�� (ODUDEL DQG :LIL� 3HUJDPHQ 3UHVV�
��������

:DQJ <XH�FRQJ� ������� ¦0RGHOLQJ RI GDPSLQJ LQ WUDQVLHQW G\QDPLF ILQLWH HOHPHQW DQDO\VLV§� 3K�'� 7KHVLV�
8QLYHUVLW\ RI 1HZ 6RXWK :DOHV� $XVWUDOLD�

=KDQJ :RKXD� ������� ¦1XPHULFDO DQDO\VLV RI FRQWLQXXP GDPDJH PHFKDQLFV§� 3K�'� 7KHVLV� 8QLYHUVLW\ RI 1HZ
6RXWK :DOHV� $XVWUDOLD�

=KDQJ :RKXD� ������� ¦)DWLJXH GDPDJH DQDO\VLV RI KDPPHU IRXQGDWLRQ§� 3URF� RI 6HPLQDU RQ ,PSDFW RI
&RPSXWDWLRQDO 0HFKDQLFV RQ (QJLQHHULQJ 3UREOHPV� (G� E\ 3XOPDQR� $�$� %$/.(0$ 3XEOLVKHUV� ��������

=KDQJ :RKXD DQG 9DOOLDSSDQ� 6� ������� ¦&RQWLQXXP GDPDJH PHFKDQLFV WKHRU\ DQG DSSOLFDWLRQ� 3DUW ,� 7KHRU\�
3DUW ,,� $SSOLFDWLRQ§� ,QW� -� RI 'DPDJH 0HFK�� �� �������� ��������

=KDQJ :RKXD DQG 9DOOLDSSDQ� 6� ������� ¦$QDO\VLV RI UDQGRP DQLVRWURSLF GDPDJH PHFKDQLFV SUREOHPV RI URFN
PDVV� 3DUW ,� 3UREDELOLVWLF VLPXODWLRQ� 3DUW ,,� 6WDWLVWLFDO HVWLPDWLRQ§� ,QW� -� 5RFN 0HFK� DQG 5RFN (QJJ�� ���
������� ��������




