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5)�PDJQHWURQ� VSXWWHULQJ�� 7KH� ILOP� SKDVH� FRPSRVLWLRQV� DQG� VWUXFWXUHV� KDYH� EHHQ� GHWHU�
PLQHG� E\�;�UD\� GLIIUDFWLRQ�� VHFRQGDU\� LRQ�PDVV� VSHFWURPHWU\�� DQG� HOHFWURQ�PLFURVFRS\�
7KH� HIIHFW� RI� WKH� VXEVWUDWH� WHPSHUDWXUH� DQG� RI� SRVLWLYH� ELDV� SRWHQWLDO� YDOXH� RQ� WKH
WH[WXULQJ�H[WHQW�DQG�SKDVH�FRPSRVLWLRQ�KDV�EHHQ�GHILQHG��6RPH�JHQHUDO�UHJXODULWLHV�RI�WKH
ILOP� JURZWK� KDYH� EHHQ� HVWDEOLVKHG�� WKH� IRUPDWLRQ� RI� TXDVL�DPRUSKRXV� VWUXFWXUH� DQG� LWV
WUDQVLWLRQ�WR�WH[WXUHG�FRQGHQVDWH�ZLWK�YDULRXV�WH[WXULQJ�H[WHQW�
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%RULGHV� RI� WUDQVLWLRQ� PHWDOV� DUH� UDWKHU
DWWUDFWLYH� PDWHULDOV� IRU� ZLGH� VFDOH� DSSOLFD�
WLRQ� LQ� YDULRXV� ILHOGV� RI� PDFKLQH�EXLOGLQJ�
PHWDOOXUJ\�� LQVWUXPHQW�PDNLQJ�� FKHPLFDO
LQGXVWU\�� HWF��� GXH� WR� WKHLU�KLJK� WKHUPRG\�
QDPLF� VWDELOLW\�� KDUGQHVV�� HOHFWULF� FRQGXF�
WLYLW\� LQ� FRPELQDWLRQ� ZLWK� KLJK� PHOWLQJ
WHPSHUDWXUHV�� 7KLQ� ILOPV� SUHSDUHG� RQ� WKH
EDVLV� RI� WKRVH� PDWHULDOV� SURYLGH� D� VWLOO
ODUJHU� DSSOLFDWLRQ� ILHOG� WKHUHRI�� LQ� SDUWLFX�
ODU�� DV�GLIIXVLRQ�EDUULHUV� LQ�PLFUR�HOHFWURQ�
LFV��7LWDQLXP��]LUFRQLXP��ZROIUDP�DQG�FKUR�
PLXP� GLERULGHV� >�Ü�@� KDYH� EHHQ� VWXGLHG
PRVW�FRPSUHKHQVLYHO\�DQG�ILQG�SUDFWLFDO�DS�
SOLFDWLRQ�� 7KH� IRUPDWLRQ� SHFXOLDULWLHV� RI
WKLQ�ILOPV�RI�WDQWDOXP�GLERULGH��7D%���EHLQJW\SLFDO� UHSUHVHQWDWLYH� RI� WUDQVLWLRQ� PHWDO
ERULGH� FODVV� �PHOWLQJ� SRLQW� �����&�� PLFUR�
KDUGQHVV����*3D� >�@��KDYH�EHHQ�VWXGLHG� LQ�

VXIILFLHQWO\� WLOO� QRZ��7KH� JURZWK� SHFXOLDUL�
WLHV�RI� WDQWDOXP�ERULGH�WKLQ�ILOPV�SUHSDUHG
E\�5)�PDJQHWURQ�VSXWWHULQJ�RQ�VLOLFRQ�VXE�
VWUDWHV� KDYH� EHHQ� LQYHVWLJDWHG� LQ� >�@�� $
VWURQJ� LQIOXHQFH� RI� QHJDWLYH� ELDV� SRWHQWLDO
DSSOLHG� WR� WKH� VXEVWUDWH� RQ� WKH� VWUXFWXUH�
SKDVH�FRPSRVLWLRQ��DQG�HOHFWULFDO�SURSHUWLHV
RI� WKH� FRDWLQJV� LV� QRWHG�� ,Q� WKLV� ZRUN�� WKH
VWUXFWXUH� DQG� FRPSRVLWLRQ� RI� 7D%�� ILOPVSUHSDUHG�RQ�VWHHO�VXEVWUDWH�E\�5)�PDJQHWURQ
VSXWWHULQJ� LQ� DUJRQ� DWPRVSKHUH� DUH� VWXGLHG
GHSHQGLQJ�RQ�WKH�GHSRVLWLRQ�FRQGLWLRQV�
$� VLQWHUHG�7D%�� GLVN� RI� ����PP�GLDPH�WHU� ZDV� XVHG� DV� WKH� WDUJHW�� 7KH� RSHUDWLQJ

SUHVVXUH�ZDV� �����3D�� WKH� JHQHUDWRU� SRZHU
����:��WKH�ELDV�YROWDJH�EHLQJ�YDULHG�LQ�WKH
UDQJH�RI���9��HDUWKHG�EDVH��WR�����9��GHSR�
VLWLRQ� WLPH� EHLQJ� ��Ü��� PLQ�� 7KH� ILOP
WKLFNQHVV�ZDV�GHWHUPLQHG�E\�PXOWL�EHDP�LQ�
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WHUIHUHQFH�WHFKQLTXH�RQ�D�0,,���PLFURVFRSH�
WKH� VWUXFWXUH� DQG� SKDVH� FRPSRVLWLRQ� ZHUH
H[DPLQHG� E\� ;�UD\� GLIIUDFWLRQ� �'521���
XVLQJ�&X.D�UDGLDWLRQ��1L�ILOWHU���7KH�FRKHU�
HQW� GLVSHUVLRQ� DUHD� YDOXH� �&'$��ZDV� FDOFX�
ODWHG�XVLQJ�LPSURYHG�DSSUR[LPDWLRQ�PHWKRG
�6P\VORY�0LUNLQ��� 7KH� FRDWLQJ� FRPSRVLWLRQ
ZDV� FKHFNHG� E\� 6,06�PHWKRG� �06�����l��
7KH� UHODWLYH� DWRPLF� FRQFHQWUDWLRQ� �ERURQ� WR
WDQWDOXP�� ZDV� GHWHUPLQHG� E\� VWDQGDUG� WHFK�
QLTXH�>�@�XVLQJ�WKH�UHODWLYH�VHQVLWLYLW\�FRHIIL�
FLHQW�RI�ERURQ�WR�WDQWDOXP�IRXQG�IRU�SRZGHU
RI�LQLWLDO�WDUJHW��(OHFWURQ�PLFURVFRSLF�VWXGLHV
ZHUH� FDUULHG� RXW� XVLQJ� D� -(0����$� DSSDUD�
WXV��7KH�WH[WXULQJ�H[WHQW�RI�WKH�FRDWLQJV�ZDV
HYDOXDWHG�XVLQJ�RULHQWDWLRQ�IDFWRU�IKNO��
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,KNO� EHLQJ� GLIIUDFWLRQ� SHDN� LQWHQVLW\� IURPWKH� FKRVHQ� VXUIDFH�� )KNO�� GLVSHUVLRQ� IDFWRUIRU�WKDW�VXUIDFH��GHWHUPLQHG�IRU�WKH�SRZGHU
RI�WDUJHW��XQWH[WXUHG�VDPSOH��
7KH� PRVW� HVVHQWLDO� IDFWRUV� VWLPXODWLQJ

WKH� RUGHULQJ� SURFHVVHV� LQ� JURZLQJ� ILOP� DUH
NQRZQ� WR� EH� WKHUPDO� KHDWLQJ� DQG� UDGLDWLYH
LQIOXHQFH� RI� KLJK�HQHUJ\� SDUWLFOHV� �DWRPV
DQG� LRQV��ERPEDUGLQJ�WKH�ILOP��7KH�PHWKRG
RI� 5)� PDJQHWURQ� VSXWWHULQJ� LV� FKDUDF�
WHUL]HG�E\�D�UDWKHU�ORZ�HQHUJ\����WR����H9�
RI� SDUWLFOHV� EHLQJ� FRQGHQVHG�� $W� WKH� VDPH
WLPH�� DQ\� JURZWK� VXUIDFH� FRQWDLQV� QXPHU�
RXV�GDQJOLQJ�DWRPLF�ERQGV��ZKLFK�GHILQH�WKH
PRELOLW\� RI� SDUWLFOHV� LQ� WKH� DGVRUEHG� OD\HU�
7KHUHIRUH��LQ�WKHVH�FRQGLWLRQV��LW�LV�MXVW�WKH

WKHUPDO�IDFWRU�WKDW�FRQWULEXWHV�PRVW�FRQVLG�
HUDEO\�WR�WKH�RUGHULQJ�SURFHVVHV�
7KH� KHDWLQJ� RI� WKH� VXEVWUDWH� VXUIDFH

OD\HU� DQG� JURZLQJ� ILOP� PD\� DOVR� RFFXU
XQGHU� ERPEDUGLQJ� ZLWK� HOHFWURQ� IORZ�
+HQFH�� WKH� VWXGLHG� ILOPV� ZHUH� SUHSDUHG� LQ
GLIIHUHQW�WHFKQLTXHV�
,� Û� RQ� HDUWKHG� VXEVWUDWHV� ZLWKRXW� SUH�

KHDWLQJ�
,,� Û� RQ� HDUWKHG� VXEVWUDWHV� KHDWHG� WR

����.��WKH�KHDWHU�SRZHU�UHPDLQLQJ�FRQVWDQW
GXULQJ�WKH�ZKROH�GHSRVLWLRQ�WLPH��
,,,� Û� XQGHU� SRVLWLYH� ELDV� SRWHQWLDO�8� 

����9�DQG�ZLWKRXW�SUHKHDWLQJ�
,9� Û� XQGHU� SRVLWLYH� ELDV� SRWHQWLDO�8� 

���� 9� RQ� WKH� EDVH� KHDWHG� WR� ���� .� �WKH
KHDWHU�SRZHU�UHPDLQLQJ�FRQVWDQW�GXULQJ�WKH
ZKROH�GHSRVLWLRQ�WLPH��
7KH�FRDWLQJ�WKLFNQHVV�ZDV�YDULHG�GHSHQG�

LQJ� RQ� WKH� GHSRVLWLRQ� WLPH� DQG� WHFKQLTXH
DQG� DPRXQWHG� ����� WR� ���� PP�� 7KH� RWKHU
FRQGLWLRQV� EHLQJ� WKH� VDPH�� WKH� JUHDWHVW
WKLFNQHVV� YDOXHV� ZHUH� REWDLQHG� XVLQJ� WKH
WHFKQLTXH� ,�� WKH� OHDVW� RQHV�� E\� WKH� ,9� RQH�
7KH� FKDUDFWHULVWLF� IHDWXUH� RI� DOO� VWXGLHG
ILOPV�LV�WKDW�WLOO�D�FHUWDLQ�WKLFNQHVV��KF���DOORI�WKHP�KDG�TXDVL�DPRUSKRXV�VWUXFWXUHV��E\
;�UD\� GLIIUDFWLRQ� GDWD��� $W� WKH� VDPH� WLPH�
EHVLGHV� RI� GLIIXVH� ULQJV� W\SLFDO� RI� WKH� FDVH
�)LJ���D��� DUHDV� ZLWK� PLFUR� GLIIUDFWLRQ� SLF�
WXUHV� W\SLFDO� RI� RUGHUHG� WDQWDOXP� GLERULGH
SRO\FU\VWDOV� �)LJ���E�� KDYH� EHHQ� UHYHDOHG�
6XFK�UHVXOWV�DOORZ�WR�FRQFOXGH�WKH�H[LVWHQFH
RI� DQ� DPRUSKRXV�FU\VWDOOLQH� VWUXFWXUH� W\SL�
FDO� RI� WKLQ� ILOPV� REWDLQHG� XQGHU� KHDY\� VX�
SHUFRROLQJ��DQG�FRQVHTXHQWO\�XQGHU�KLJK�VX�
SHUVDWXUDWLRQ� LQ� WKH� DEVRUSWLRQ� OD\HU��� WKDW

)LJ�����0LFURGLIIUDFWLRQ�SDWWHUQV�IRU�YDULRXV�DUHDV�RI�LZ<��WKLQ�ILOPV�
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VWUXFWXUH� EHLQJ� GXH� DOVR� WR� WKH� GLPHQVLRQ
IDFWRU�LQIOXHQFH�>������@�
7KH� �FULWLFDO�� WKLFNQHVV� YDOXHV� KF� YDU\GHSHQGLQJ�RQ�WKH�SUHSDUDWLRQ�WHFKQLTXH��VHH

WKH�7DEOH���7KH�ILOPV�ZLWK�WKLFNQHVV�H[FHHG�
LQJ�KF� DUH� FKDUDFWHUL]HG�E\� WKH�SUHVHQFH� RIFOHDU� UHIOH[HV� DOORZLQJ� WR� LGHQWLI\� 7D%�SKDVH� UHOLDEO\�� 6XFK� VWUXFWXUDO� UHEXLOGLQJ
PD\� RFFXU� XQGHU� WKH� LQIOXHQFH� RI� KLJK� LQ�
WHUQDO�VWUHVVHV�DQG�LV�DFFRPSDQLHG�E\�DSSUH�
FLDEOH� LQFUHDVLQJ� JUDLQ� VL]H� DQG� PRUH� SUR�
QRXQFHG�WKUHH�GLPHQVLRQDO�JURZWK�FKDUDFWHU
�)LJ������ $QRWKHU� FKDUDFWHULVWLF� IHDWXUH� RI
ILOPV� KDYLQJ� WKLFNQHVV� H[FHHGLQJ� KF� LV� WKHSUHVHQFH� RI� D� WH[WXUH�� 7KH� WH[WXUH� ZDV
JURZQ� LQ� WKH� �����!� GLUHFWLRQ� SHUSHQGLFX�
ODU� WR� WKH� FRDWLQJ� JURZWK� IURQW� IRU� DOO
SUHSDUDWLRQ� PHWKRGV�� 7KH� WH[WXUH� H[WHQW
YDULHG� GHSHQGLQJ� RQ� WKH� SUHSDUDWLRQ
PHWKRG�� WKH� JUHDWHVW� RQH� ZDV� REVHUYHG� LQ
ILOPV�GHSRVLWHG�E\�WKH�,,,�PHWKRG��WKH�OHDVW
RQH�� LQ� WKRVH� REWDLQHG� E\� WKH� PHWKRG� ,,
�)LJ������;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI�ILOPV
GHSRVLWHG� E\� WKH� ,� DQG� ,9� PHWKRGV� ORRNHG
OLNH�WKDW�VKRZQ�LQ�)LJXUH��E��RQO\�DEVROXWH
SHDN�KHLJKWV�RI� UHIOHFWLRQV� IURP� �������DQG
�������SODQHV�DQG�WKHLU�UDWLR�EHLQJ�YDULHG��
9DULDWLRQV� LQ� VWUXFWXUDO� FKDUDFWHULVWLFV

RI� REWDLQHG� ILOPV�GHSHQGLQJ�RQ� WKH�PHWKRG

RI� SUHSDUDWLRQ� KDV� EHHQ�QRWHG�� ILUVW� RI� DOO�
GLIIHUHQFHV�LQ�&'$�VL]H�DQG�ODWWLFH�SDUDPH�
WHUV� �VHH� 7DEOH��� 7KH� ODWWHU� FRXOG� LQGLFDWH
YDULDWLRQV� LQ� GHIHFWQHVV� GHJUHH� RI� VWXGLHG
ILOP� FRDWLQJV� DQG�� DV� D� UHVXOW�� GHYLDWLRQV
IURP� VWRLFKLRPHWULF� FRPSRVLWLRQ� >��@�� 7KH

)LJ�����0LFURSKRWRV�RI�ILOP�VXUIDFH��D��WKLFNQHVV�OHVV�WKDQ�KF��E��WKLFNQHVV�H[FHHGLQJ�KF�

)LJ����� 7\SLFDO�;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI
FRDWLQJ� REWDLQHG� E\�� D�� ,,� PHWKRG�� E�� ,,,
PHWKRG�

7DEOH�

'HSRVLWLRQ
PHWKRG
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LQFUHDVH� RI� WKH� ODWWLFH� SDUDPHWHU� �F�� FRXOG
EH� LQGXFHG�� EHVLGHV� RI� KLJK� PDFURVFDOH
VWUHVVHV�� E\� ODUJH� QXPEHU� RI� YDFDQFLHV� LQ
QRQ�PHWDO� VXEODWWLFH��ZKLOH� LQFUHDVH�RI��D��
E\�YDFDQFLHV�LQ�PHWDO�RQH��7KLV�LV�FRQILUPHG
E\�WKH�UHVXOWV�RI�6,06�H[DPLQDWLRQ�
6XPPDUL]LQJ� WKH� VWXG\� UHVXOWV�� LW� FRXOG

EH� FRQFOXGHG� WKDW� WKH� VXEVWUDWH� KHDWLQJ� LQ
WKH�FRXUVH�RI�WKH�FRDWLQJ�GHSRVLWLRQ�IDYRUV�D
UHGXFWLRQ�LQ�WKH�WH[WXUH�H[WHQW�DQG�UHGXFHV
WKH�VWUXFWXUH�GHIHFWQHVV��$�SRVLWLYH�ELDV�SR�
WHQWLDO� DSSOLHG� WR� WKH� VXEVWUDWH�� WKRXJK� UH�
GXFLQJ� WKH� GHIHFWQHVV�� LQFUHDVHV� FRQVLGHU�
DEO\� WKH� WH[WXULQJ� RI� FRDWLQJV� REWDLQHG�
'XULQJ� WKH�H[SHULPHQWV��WKH�VXEVWUDWH�WHP�
SHUDWXUH�PRQLWRULQJ�KDV�VKRZQ�WKH�WHPSHUD�
WXUH�WR�EH�VHW�LQ�WKH�UDQJH����Ü����.�GXU�
LQJ� ������ PLQ� DQG� QRW� WR� EH� FKDQJHG� IXU�
WKHU�ZKHQ�GHSRVLWLQJ�ILOP�E\�WKH�,�PHWKRG�
:KHQ� GHSRVLWLQJ� E\� WKH� ,,,� PHWKRG�� WKH
WHPSHUDWXUH� ZDV� EHLQJ� VHW� LQ� WKH� UDQJH
���Ü����.�GXULQJ�WKH�VDPH�WLPH��7KH�HOHF�
WURQ� ERPEDUGPHQW� LQ� WKH� LQYROYHG� HQHUJ\
UDQJH� VHHPV� WR� FDXVH� RQO\� KHDWLQJ� RI� WKH
XSSHU�VXUIDFH�OD\HUV�RI�JURZLQJ�ILOP�DQG�GR
QRW� UHVXOW� LQ� SURGXFLQJ� VRPH� YLVLEOH� UDGLD�
WLRQ�LQGXFHG� GDPDJH��$V� D� UHVXOW�� ORZHULQJ
RI� WKH� VWUHVV� OHYHO� LQ� FRQGHQVDWH� RFFXUV�
DWRPLF�PRELOLW\� LQ� DGVRUEHG� OD\HU� EHLQJ� LQ�
FUHDVHG� VRPHZKDW� DV�ZHOO�� WKDW� LV� UHIOHFWHG
LQ� UHGXFHG� GHIHFWQHVV� RI� REWDLQHG� VWUXF�
WXUHV�� 7KH� WH[WXUH� IRUPDWLRQ� LQ� WDQWDOXP
GLERULGH� ILOPV� VHHPV� WR� EH�GXH� WR� WKH�SUHV�
HQFH� RI� WHPSHUDWXUH� JUDGLHQW� RQ� FRQGHQVD�
WLRQ�VXUIDFH�DQG�WR�LWV�YDOXH��WKH�JUHDWHU�LV
WKH� JUDGLHQW�� WKH� KLJKHU� LV� WKH� WH[WXULQJ
H[WHQW���&RQVLGHULQJ�WKH�UHVXOWV�REWDLQHG��LW
LV� SRVVLEOH� WR� PDNH� WKH� IROORZLQJ� FRQFOX�
VLRQV�� 7KH� VXEVWUDWH� KHDWLQJ� SURPRWHV� IRU�
PDWLRQ� RI� OHDVW� WH[WXUHG� FRYHULQJV�ZLWK� VL�
PXOWDQHRXV� LQFUHDVH� RI� WKH� JUDLQ� VL]H� DQG
GHFUHDVH�LQ�WKH�VWUXFWXUH�GHIHFWQHVV��7KH�HI�
IHFW�RI�SRVLWLYH�ELDV�SRWHQWLDO�FRUUHVSRQGV�DV
D� ZKROH� WR� WKH� HIIHFW� RI� WKHUPDO� IDFWRU�
+RZHYHU�� VRPH� UDGLDWLRQ� HIIHFW� LV� DOVR�SRV�
VLEOH�UHVXOWLQJ�LQ�LQFUHDVHG�VWUXFWXUH�GHIHFW�
QHVV�� QXPEHU� RI� WKH� QXFOHDWLRQ� FHQWHUV� RQ

WKH� JURZWK� VXUIDFH�� DQG� LQ� WKH� WRWDO� VWUXF�
WXUH�WKLQQLQJ�RI�WKH�FRDWLQJV�
7KXV�� WKH� VWUXFWXUH� FKDUDFWHULVWLFV� RI

WDQWDOXP� GLERULGH� ILOPV� GHSHQG� HVVHQWLDOO\
RQ�WKH�VSXWWHULQJ�FRQGLWLRQV�DQG�DUH�GXH�WR
WKH� HIIHFW� RI� UDGLDQW� KHDWLQJ� IDFWRUV�� 7KH
VWUXFWXUHV�FORVHVW�WR�HTXLOLEULXP�DUH�IRUPHG
DW�DGGLWLRQDO�KHDWLQJ�RI�VXEVWUDWHV�XS�WR�DW
OHDVW�����&��7KH�TXDVL�DPRUSKRXV�VWUXFWXUH
LV�IRUPHG�DW�DQ�LQLWLDO�VWDJH�RI�ILOP�JURZWK
LQ� DOO� FDVHV�� ,W� WUDQVLWV� LQWR� WH[WXUHG� FRQ�
GHQVDWH� ZLWK� YDULRXV� WH[WXULQJ� H[WHQW� DV
WKH�FRDWLQJ�WKLFNQHVV�LQFUHDVHV��'LVWLQFWLRQV
LQ�ILOP�VWUXFWXUHV�VKRXOG�FHUWDLQO\�LQIOXHQFH
WKHLU�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�

5HIHUHQFHV
� ���7�/DUVVRQ�� +��2�%ORP�� 6�%HUJ�� 7KLQ� 6ROLG

)LOPV������������������
� ���(�%UDQGVWHWWHU�� &�0LWWHUHU�� 5�(EQHU�� 7KLQ

6ROLG�)LOPV������������������
� ���-�:LOOHU�� 6�3RPSO�� '�5LVWRZ�� 7KLQ� 6ROLG
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