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,QWURGXFWLRQ

6WXGLHV� RQ� WKH� IHHGLQJ� EHKDYLRXU� RI� $VLDQ�
HOHSKDQWV� �(OHSKDV� PD[LPXV�� KDYH� HPSOR\HG�
GLUHFW�REVHUYDWLRQV��0F.D\�������9DQFX\OHQEHUJ�
������ 6XNXPDU� ������� IHHGLQJ� VLWH� LQVSHFWLRQ�
�,VKZDUDQ� ������ 0XHOOHU�'RPERLV� ������
'KDNDO�	�2MKD��������LVRWRSH�VWXGLHV��6XNXPDU�
	� 5DPHVK� ������ &RGURQ� HW� DO�� ������� DQG�
PLFURKLVWRORJLFDO�DQDO\VLV��'H�%RHU�HW�DO��������
6WHLQKHLP�HW�DO��������3UDGKDQ�HW�DO���������

)UHH�UDQJLQJ� $VLDQ� HOHSKDQWV� PRVWO\� LQKDELW�
SRRU�YLVLELOLW\� KDELWDW�� GLVSOD\� DJJUHVVLYH� RU�
DYRLGDQFH� EHKDYLRXUV� WR� FORVH� DSSURDFK� E\�
KXPDQ� REVHUYHUV�� DQG� DUH� ODUJHO\� QRFWXUQDO�
�)HUQDQGR� ������� OLPLWLQJ� WKH� XWLOLW\� RI� GLUHFW�
REVHUYDWLRQV��)HHGLQJ�VLWH�LQVSHFWLRQ�LV�RI�OLPLWHG�
DSSOLFDELOLW\�EHFDXVH�HQXPHUDWLRQ�RI�IRRG�LWHPV�
RQFH�WKH\�KDYH�EHHQ�UHPRYHG�LV�GLIÀFXOW��DOORZV�
RQO\�TXDOLWDWLYH�DQDO\VLV��DQG�FDQ�EH�FRQIRXQGHG�
E\� IHHGLQJ� RI� RWKHU� DQLPDOV�� ,VRWRSH� DQDO\VLV�
RQO\� SURYLGHV� D� JUD]H�EURZVH� UDWLR�� )DHFDO�
PLFURKLVWRORJLFDO� DQDO\VLV� RYHUFRPHV� PDQ\�
GUDZEDFNV� RI� WKH� RWKHU� WHFKQLTXHV�� DQG� FRXOG�
SURYLGH�GHWDLOHG�LQIRUPDWLRQ�RQ�GLHW�FRPSRVLWLRQ��
DQG�LWV�LQGLYLGXDO��WHPSRUDO��DQG�VSDWLDO�YDULDWLRQ�

5HVHDUFK�$UWLFOH� *DMDK����������������

'LHW�&RPSRQHQW�(VWLPDWLRQ�LQ�$VLDQ�(OHSKDQWV�
E\�0LFURKLVWRORJLFDO�)DHFDO�$QDO\VLV

3ULWKLYLUDM�)HUQDQGR���/��.��$��-D\DVLQJKH���5��$��5DKXOD�3HUHUD���9LPXNWKL�:HHUDWXQJD���
6DUDWK�:��.RWDJDPD����	�-HQQLIHU�3DVWRULQL���

�&HQWUH�IRU�&RQVHUYDWLRQ�DQG�5HVHDUFK��7LVVDPDKDUDPD��6UL�/DQND
�8QLYHUVLW\�RI�&RORPER��&RORPER��6UL�/DQND
�$QWKURSRORJLVFKHV�,QVWLWXW��8QLYHUVLWlW�=�ULFK��=�ULFK��6ZLW]HUODQG
&RUUHVSRQGLQJ�DXWKRU·V�H�PDLO���SUXWKX��#JPDLO�FRP

$EVWUDFW�� �:H�UHSRUW� RQ� WKH�JXW�SDVVDJH� WLPHV�RI�GLFRW� DQG�PRQRFRW� IRGGHU� LQ�$VLDQ�
HOHSKDQWV�DQG�WKH�XWLOLW\�RI�PLFURKLVWRORJLFDO�IDHFDO�DQDO\VLV�IRU�WKH�TXDQWLWDWLYH�HYDOXDWLRQ�
RI�GLHW�LQ�HOHSKDQWV��$�IHHGLQJ�WULDO�ZDV�FRQGXFWHG�ZLWK�WKUHH�GRPHVWLFDWHG�HOHSKDQWV�DQG�
IDHFDO�VDPSOHV�DQDO\]HG�XVLQJ�D�SRLQW�TXDGUDW�PHWKRG��*XW�SDVVDJH�WLPHV�LQ�HOHSKDQWV�
ZHUH�IRXQG�WR�EH�FRPSDUDEOH�WR�WKDW�UHSRUWHG�IRU�UXPLQDQWV��EXW�ZLWK�D�VKRUWHU�¶WLPH�RI�
HOLPLQDWLRQ·��7KH�SHUFHQW�HSLWKHOLDO�IUDJPHQW�RFFXUUHQFH�RI�HDFK�IRUDJH�FODVV�LQ�WKH�IDHFHV�
DFFXUDWHO\�UHÁHFWHG�LWV�SHUFHQW�GU\�ZHLJKW�LQ�WKH�GLHW��:H�FRQFOXGH�WKDW�PLFURKLVWRORJLFDO�
IDHFDO�DQDO\VLV�LV�D�YDOLG�PHWKRG�IRU�VWXG\LQJ�IRUDJH�FODVV�YDULDWLRQ�LQ�WKH�GLHW�RI�HOHSKDQWV�

$� QXPEHU� RI� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� RQ�
JXW�SDVVDJH� WLPHV�RI� HOHSKDQWV�XVLQJ� VHHGV�DQG�
EHDGV� DV� PDUNHUV� �'XGOH\� ������ :HHUDVLQJKH�
HW� DO�� ������ &DPSRV�$UFHL]� HW� DO�� ������� :H�
IDLOHG� WR�ÀQG� DQ\� VWXGLHV� UHSRUWLQJ�JXW� SDVVDJH�
WLPHV� IRU� IRGGHU�� RU� DVVHVVLQJ� WKH� DSSOLFDELOLW\�
RI�PLFURKLVWRORJLFDO�IDHFDO�DQDO\VLV�WR�HOHSKDQWV��
LQ� WKH� SXEOLVKHG� OLWHUDWXUH�� .QRZOHGJH� RI� JXW�
SDVVDJH�WLPHV�DQG�DQ\�LQWURGXFHG�ELDV�LV�LPSRUWDQW�
LQ� LQWHUSUHWLQJ� UHVXOWV� RI� PLFURKLVWRORJLFDO�
IDHFDO� DQDO\VLV�� (OHSKDQWV� FRQVXPH� ERWK� JUDVV�
DQG�EURZVH�DQG� WKHLU�GLHW� FRQVLVWV�RI� OHDI\�DQG�
ZRRG\�FRPSRQHQWV��7KH�UHODWLYH�SURSRUWLRQV�RI�
IRUDJH�FODVV�DQG�FRPSRQHQW�LQ�WKH�GLHW�PD\�YDU\�
VHDVRQDOO\�DQG�E\�KDELWDW��ZKLFK�KDV�LPSOLFDWLRQV�
IRU�GLJHVWLELOLW\�DQG�QXWULWLRQDO�YDOXH�RI�FRQVXPHG�
IRGGHU�� KHQFH� KDELWDW� VXLWDELOLW\��.QRZOHGJH� RI�
WKH�UHODWLYH�FRQWULEXWLRQ�WR�GLHW�RI�HOHSKDQWV�IURP�
GLIIHUHQW�IRUDJH�W\SHV�DQG�FRPSRQHQWV��DQG�WKHLU�
LQGLYLGXDO��WHPSRUDO�DQG�VHDVRQDO�YDULDWLRQ�LV�RI�
LQWHUHVW�ERWK�LQ�WKH�VWXG\�RI�WKHLU�IHHGLQJ�HFRORJ\�
DQG�LQ�PDQDJLQJ�KDELWDW�IRU�HOHSKDQWV�

7KH� REMHFWLYHV� RI� WKLV� VWXG\� ZHUH� WR� DVVHVV� ���
WKH� JXW� SDVVDJH� WLPHV� IRU� IRGGHU� ��� WKH� XWLOLW\�
RI� PLFURKLVWRORJLFDO� IDHFDO� DQDO\VLV� IRU� WKH�
TXDQWLWDWLYH�HYDOXDWLRQ�RI�GLHW�FRPSRVLWLRQ��DQG�

�������7KH�$XWKRUV���2SHQ�$FFHVV
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��� WKH� µZRRG\¶� FRPSRQHQW� ZKHQ� FRQVXPLQJ� D�
PDLQO\� OHDI\� GLHW� DQG� LWV� YDULDWLRQ� ZLWK� PDMRU�
IRUDJH�W\SHV�

0HWKRGV

7KH� VWXG\� ZDV� FRQGXFWHG� DW� WKH� ¶0LOOHQLXP�
(OHSKDQW� )RXQGDWLRQ·� LQ� .HJDOOH�� 6UL� /DQND��
XVLQJ�WKUHH�FDSWLYH�HOHSKDQWV��7KH�VWXG\�DQLPDOV�
ZHUH�RQH�PDOH� DQG� WZR� IHPDOH� HOHSKDQWV�� DJHG�
�������DQG����\HDUV�UHVSHFWLYHO\��$OO�WKUHH�ZHUH�
LQ�JRRG�KHDOWK�WKURXJKRXW�WKH�VWXG\�SHULRG��7KHLU�
UHJXODU� GD\� URXWLQH� FRQVLVWHG� RI� EHLQJ� WHWKHUHG�
LQ� SODFH�� LQWHUDFWLQJ� ZLWK� WRXULVWV�� WDNLQJ� WKHP�
RQ�VKRUW� ULGHV��DQG�EHLQJ� WDNHQ� WR� WKH�ULYHU�DQG�
EDWKHG� WZLFH� D� GD\�� /LWWOH� IRRG� ZDV� FRQVXPHG�
GXULQJ� WKH� GD\��7KH\�ZHUH� WHWKHUHG� LQ� SODFH� DW�
WKH�HQG�RI�WKH�GD\�DQG�SURYLVLRQHG�ZLWK�FRFRQXW�
SDOP� IURQGV� VXSSOHPHQWHG� ZLWK� JUDVV� RU� GLFRW�
IRGGHU��ZKLFK�WKH\�FRQVXPHG�WKURXJK�WKH�QLJKW��
7KLV�SDWWHUQ�RI�IHHGLQJ�DQG�DFWLYLW\�ZDV�SUHVHUYHG�
GXULQJ�WKH�HQWLUH�H[SHULPHQW�WR�SUHYHQW�DQ\�HIIHFW�
RQ�GLJHVWLRQ��LQGXFHG�E\�D�VXGGHQ�FKDQJH�LQ�WKH�
IHHGLQJ�RU�DFWLYLW\�SDWWHUQ�

)HHGLQJ�H[SHULPHQW

7KH� WKUHH� HOHSKDQWV� ZHUH� SURYLGHG� ZLWK� DQ�
H[FOXVLYH�GLHW�RI�FRFRQXW�SDOP��&RFRV�QXFLIHUD��
IURQGV� IRU� �� GD\V�� DQ� H[SHULPHQWDO� IHHG� RI�
PHDVXUHG�TXDQWLWLHV�RI�GLFRW��JUDVV�DQG�FRFRQXW�
SDOP�IURQGV�RYHU���GD\V��DQG�DJDLQ�DQ�H[FOXVLYH�
FRFRQXW� SDOP� IURQG� GLHW� IRU� �� GD\V�� 7KH� GLFRW�
FRPSRQHQW� LQ� WKH� H[SHULPHQWDO� IHHG� FRQVLVWHG�
PRVWO\�RI�FXW�EUDQFKHV�RI� MDFNIUXLW� �$UWRFDUSXV�
LQWHJUDIROLD��DQG�D�IHZ�RI�EUHDGIUXLW��$UWRFDUSXV�
DWLOLV���RI�ZKLFK�WKH�HOHSKDQWV�VWULSSHG�WKH�EUDQFKHV�
DQG� FRQVXPHG�PDLQO\� WKH� OHDYHV��$� IHZ�RI� WKH�
VPDOOHU� WZLJV�DQG�VRPH�SLHFHV�RI�EDUN�VWULSSHG�
IURP� WKH� ODUJHU� EUDQFKHV� ZHUH� DOVR� FRQVXPHG��
$V�VXIÀFLHQW�TXDQWLWLHV�RI� VLQJOH� VSHFLHV� VWDQGV�
RI�JUDVV�ZHUH�QRW�DYDLODEOH��WKH�JUDVV�FRPSRQHQW�
RI� WKH� H[SHULPHQWDO� IHHG� FRQVLVWHG� RI� DERXW� ���
JUDPLQRLG�VSHFLHV��7KH�HOHSKDQWV�ZHUH�SURYLGHG�
ZLWK� ZKROH� FRFRQXW� SDOP� IURQGV�� ZKLFK� WKH\�
VWULSSHG��FRQVXPLQJ�PDLQO\�WKH�OHDI\�SDUW�

7KH�H[SHULPHQWDO�IHHG�RI�GLFRW��JUDVV�DQG�FRFRQXW�
SDOP� IURQGV�ZDV� JLYHQ� DW� ������ K� RQ� DOO� WKUHH�
GD\V��DQG�D�¶GD\·�ZDV�GHÀQHG�DV�VWDUWLQJ�DW�WKDW�

WLPH�DQG�H[WHQGLQJ�IRU����KRXUV��$W������K�HDFK�
PRUQLQJ�DIWHU�DQ�H[SHULPHQWDO�IHHG��XQFRQVXPHG�
IRGGHU�ZDV�ZHLJKHG�DQG� WKH� DPRXQW� FRQVXPHG�
HVWLPDWHG�� $V� WKH� LQWHUYDO� EHWZHHQ� SUH�� DQG�
SRVW�IHHGLQJ� IRUDJH� ZHLJKW� GHWHUPLQDWLRQV� ZDV�
UHODWLYHO\�FRRO�ZLWK�KXPLGLW\�OHYHOV�DSSURDFKLQJ�
VDWXUDWLRQ�� ORVV� RI� ZHLJKW� GXH� WR� GHVLFFDWLRQ�
ZDV�DVVXPHG�WR�EH�PLQLPDO��2QO\�FRFRQXW�SDOP�
IURQGV�ZHUH�JLYHQ�GXULQJ�WKH�GD\�DQG�WKH�DPRXQW�
FRQVXPHG�ZDV�VLPLODUO\�HVWLPDWHG�DQG�DGGHG�WR�
WKDW�GD\·V�GLHW��7KH�PHDQ�GDLO\�PRLVW�ZHLJKW�RI�
IRGGHU�FRQVXPHG�E\�DQ�HOHSKDQW�RYHU� WKH� WKUHH�
GD\V�RI�H[SHULPHQWDO�IHHG�ZDV��������������NJ��
ZLWK� WKH�PHDQ�SHUFHQWDJH�RI�JUDVV�DQG�GLFRW� LQ�
WKH�GLHW�EHLQJ���������������DQG���������������
UHVSHFWLYHO\�

7R� HVWLPDWH� GU\� ZHLJKW� IRU� HDFK� IRGGHU� FODVV��
D� FRUUHFWLRQ� IDFWRU� ZDV� GHULYHG� E\� VXQ�GU\LQJ�
WZR� �� NJ� VDPSOHV� IURP� HDFK� W\SH� RI� IRGGHU� WR�
FRPSOHWH� GHVLFFDWLRQ�� 7KH� \RXQJHU� IHPDOH� DQG�
WKH�PDOH�ZHUH�QRWHG� WR�KDYH�FRQVXPHG�D�VPDOO�
DPRXQW�RI�GLFRW�IRGGHU�RQ�RQH�RI�WKHLU�ZDONV��RQ�
WKH�GD\�SULRU�WR�WKH�VWDUW�RI�WKH�H[SHULPHQWDO�IHHG��
&RQVHTXHQWO\��YDOXHV�IRU� WKHLU�GLHWV�RQ� WKDW�GD\�
ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV��

6DPSOH�FROOHFWLRQ

7KH� VWXG\� HOHSKDQWV� SURGXFHG� �²�� GXQJ� SLOHV�
GXULQJ�WKH�GD\�DQG�DSSUR[LPDWHO\�WKH�VDPH�LQ�WKH�
QLJKW��(DFK�SLOH�FRQVLVWHG�RI��²��GLVFUHWH�EROL��,Q�
DQ�DGXOW��D�EROXV� LV�DSSUR[LPDWHO\���²���FP�LQ�
FLUFXPIHUHQFH�DQG���²���FP�LQ�KHLJKW��6DPSOHV�
ZHUH�FROOHFWHG�E\�EUHDNLQJ�RII�D�SLHFH�RI�D�EROXV�
�DSSUR[LPDWHO\�����J���SODFLQJ�LW�LQ�D�VFUHZ�FDS�
FRQWDLQHU�DQG�DGGLQJ�����HWKDQRO��6DPSOHV�ZHUH�
VWRUHG�DW�DPELHQW�WHPSHUDWXUH�

%DVHG�RQ�D�SLORW�VWXG\��GXQJ�VDPSOHV�ZHUH�FROOHF�
WHG� IURP� WZR� GD\V� SULRU� WR� WKH� FRPPHQFHPHQW�
WR�ÀYH�GD\V� DIWHU� FHVVDWLRQ�RI� WKH� H[SHULPHQWDO�
IHHG�� )LYH� VDPSOHV� ZHUH� FROOHFWHG� SHU� GD\� SHU�
HOHSKDQW��$V� WKH�HOHSKDQWV�ZHUH� WHWKHUHG�LQ�RQH�
SODFH� WKURXJKRXW�QLJKW��DOO�GXQJ�SLOHV�SURGXFHG�
LQ�WKH�QLJKW�DFFXPXODWHG�LQ�RQH�KHDS��7KHUHIRUH��
VDPSOHV� RQH� DQG� WZR� ZHUH� FROOHFWHG� DW� ����� K�
WKH�QH[W�PRUQLQJ�IURP�D�EROXV�DW�WKH�ERWWRP�DQG�
WRS� UHVSHFWLYHO\�RI� WKH�RYHUQLJKW�KHDS�RI�GXQJ��
6DPSOHV�WKUHH��IRXU�DQG�ÀYH�ZHUH�FROOHFWHG�IURP�



��

D�UDQGRP�EROXV�LQ�WKH�GXQJ�SLOH�GHSRVLWHG�FORVHVW�
WR��������������DQG�������K�UHVSHFWLYHO\��

6DPSOH�SUHSDUDWLRQ

$�VXEVDPSOH�RI�DERXW����J�ZDV�WDNHQ�IURP�HDFK�
VDPSOH��SODFHG�LQ�D����PO�SODVWLF�WXEH�DQG�ERLOLQJ�
ZDWHU�DGGHG�WR����PO��7KH�WXEH�ZDV�FDSSHG�DQG�
DJLWDWHG�XQWLO�WKH�GXQJ�ZDV�EURNHQ�XS��DQG�WKHQ�
OHIW�VWDQGLQJ�IRU����PLQ�ZLWK�RFFDVLRQDO�DJLWDWLRQ��

5HPRYDO� RI� ODUJH� LWHPV� �6WRUU� ������ KDV� EHHQ�
UHSRUWHG�WR�GHFUHDVH�ELDV��(OHSKDQW�GXQJ�FRQWDLQV�
D� ODUJH�PDFURVFRSLF�FRPSRQHQW�ZLWK� LQGLYLGXDO�
SLHFHV� RI� EDUN�� ZRRG\� ÀEUHV� HWF�� PHDVXULQJ�
PDQ\� FP� LQ� OHQJWK�� 7KHUHIRUH�� WKH� VOXUU\� ZDV�
ÀOWHUHG� WKURXJK� D� ����PP� VLHYH� WR� H[FOXGH� WKH�
PDFURVFRSLF� IUDFWLRQ�� $V� IUDJPHQWV� VPDOOHU�
WKDQ� ���� PP� FDQQRW� EH� FRQFOXVLYHO\� LGHQWLÀHG�
�0DUWLQ� ������ DQG� VDPSOLQJ� IURP� D� UHODWLYHO\�
KRPRJHQHRXV� VL]H� IUDFWLRQ� UHGXFHV� ELDV�
�&KDPUDG�	�%R[��������WKH�ÀOWUDWH�ZDV�ZDVKHG�
XVLQJ�D�����PP�VLHYH��REWDLQLQJ�D�IUDJPHQW�VL]H�
UDQJH�RI����²����PP��

7KH� IUDJPHQWV� ZHUH� UH�VXVSHQGHG� LQ� �� PO� RI�
ZDWHU��DQG�DQ�HTXDO�YROXPH�RI�GRPHVWLF�EOHDFK�
VROXWLRQ� �VRGLXP� K\SRFKORULWH�� ZDV� DGGHG� WR�
FOHDU�WKH�IUDJPHQWV�RI�SLJPHQW�WKDW�ZRXOG�LPSDLU�
LGHQWLÀFDWLRQ��:LOOLDPV�������9DYUD�	�+ROHFKHN�
������� 7KH� VXVSHQVLRQ� ZDV� OHIW� VWDQGLQJ� IRU�
DSSUR[LPDWHO\����PLQ�XQWLO�DOO�SDUWLFXODWH�UHVLGXH�
ZDV� YLVLEO\� EOHDFKHG�� 7KH� UHVLGXH� ZDV� DJDLQ�
ULQVHG�ZLWK�ZDWHU�HPSOR\LQJ�WKH�����PP�VLHYH�WR�
UHPRYH�WKH�EOHDFK��DQG�D�VFUDSLQJ�WDNHQ�ZLWK�D�
VSDWXOD�IRU�DQDO\VLV��

0LFURVFRSLF�LGHQWLÀFDWLRQ

7KH�VFUDSLQJ�ZDV�SODFHG�LQ�D�FRXQWLQJ�FKDPEHU�
ZLWK�D���PP�JULG��ZDWHU�DGGHG��DQG�WKH�IUDJPHQWV�
GLVSHUVHG�RYHU�WKH�FRXQWLQJ�VXUIDFH�DW�D�GHQVLW\�
SUHFOXGLQJ�VLJQLÀFDQW�RYHUODS��%DUWRORPH�HW�DO��
�������7KH�FKDPEHU�ZDV�RYHUODLG�ZLWK�D�FRYHUVOLS�
DQG� VFDQQHG� V\VWHPDWLFDOO\� DW� ���� ;� XQGHU� DQ�
RSWLFDO�PLFURVFRSH��$�SRLQW�TXDGUDW�PHWKRG�ZDV�
XVHG�WR�FRQWURO�IRU�GLIIHUHQW�IUDJPHQWDWLRQ�UDWHV�
RI� FRPSRQHQWV� E\� FRXQWLQJ� RQO\� WKH� IUDJPHQWV�
RYHUODSSLQJ� FURVV� SRLQWV� RI� WKH� JULG� �7DNDWVXNL�
�������$�PLQLPXP�RI�����WRWDO�IUDJPHQWV�ZHUH�

LGHQWLÀHG� DQG� HQXPHUDWHG� E\� IUDJPHQW� FODVV� DW�
HDFK�FRXQW�

5HIHUHQFH� VOLGHV� RI� HSLWKHOLXP� IURP� IRGGHU�
VSHFLHV� ZHUH� PDGH� WR� IDFLOLWDWH� LGHQWLÀFDWLRQ�
RI� HSLWKHOLDO� IUDJPHQWV� LQ� GXQJ�� ZKLFK� ZHUH�
LGHQWLÀHG�RQ�WKH�EDVLV�RI�GHQVLW\��VL]H�DQG�VKDSH�
RI� HSLGHUPDO� FHOOV�� VWUXFWXUDO� SHFXOLDULWLHV� RI�
WKH� FHOO� ZDOO�� DQG� FHOOXODU� LQFOXVLRQV� �0DUWLQ�
������ =\]QDU� 	� 8UQHVV� �������0HVRSK\OO� DQG�
IUDJPHQWV� ZLWKRXW� D� UHFRJQL]DEOH� DUFKLWHFWXUH�
ZHUH� QRW� FRXQWHG�� )UDJPHQWV� ZHUH� VFRUHG� DV�
¶JUDVV·��¶FRFRQXW·��¶GLFRW¶��DQG�µZRRG\¶�

$QDO\VLV

7KURXJKSXW�WLPH�ZDV�HVWLPDWHG�DV�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�WLPH�RI�ÀUVW�LQJHVWLRQ�RI�D�SDUWLFXODU�
LWHP�DQG�WKH�WLPH�RI�FROOHFWLRQ�RI�WKH�ÀUVW�VDPSOH�
ZLWK�WKH�SUHVHQFH�RI�WKH�LWHP��DV�GHWHUPLQHG�E\�
PLFURKLVWRORJLFDO�DQDO\VLV��(OLPLQDWLRQ�WLPH�ZDV�
VLPLODUO\�HVWLPDWHG�DV�WKH�WLPH�EHWZHHQ�WKH�ODVW�
LQJHVWLRQ� DQG� WKH� ODVW� VDPSOH� RI� GXQJ�ZLWK� WKH�
LWHP��

7KH�DFWXDO� LQJHVWLRQ�RI�D� IRRG� LWHP�FRXOG�KDYH�
WDNHQ� SODFH� DQ\WLPH� EHWZHHQ� SURYLVLRQ� RI� WKH�
H[SHULPHQWDO�IHHG�DW�������K�DQG�LWV�FOHDULQJ�WKH�
QH[W�PRUQLQJ�DW������KU��7KHUHIRUH�� WKH� WLPH�RI�
LQJHVWLRQ�ZDV�WDNHQ�DV�WKH�PLGSRLQW�RI�WKLV�SHULRG�
ZLWK�DQ�HUURU�RI�(���K�IRU�FDOFXODWLRQ�RI�WKH�WLPHV�
RI�WKURXJKSXW�DQG�HOLPLQDWLRQ��$OWKRXJK�LW�ZRXOG�
KDYH� EHHQ� SUHIHUDEOH� WR� UHGXFH� WKH� SRVVLEOH�
YDULDWLRQ�LQ�WLPH�RI�LQJHVWLRQ�E\�SURYLGLQJ�DFFHVV�
WR�WKH�IRRG�IRU�RQO\�RQH�KRXU��WKLV�ZDV�QRW�GRQH�LQ�
RUGHU�WR�SUHVHUYH�WKH�UHJXODU�SDWWHUQ�RI�IHHGLQJ�

7R�WHVW�WKH�UHODWLRQVKLS�RI�SHUFHQW�GU\�ZHLJKW�RI�
HDFK�IRRG�FODVV�LQ�WKH�GLHW�WR�LWV�SHUFHQW�HSLWKHOLDO�
IUDJPHQW�RFFXUUHQFH�LQ�WKH�GXQJ��WKH�PHDQ�RI�WKH�
ÀYH�GDLO\�VDPSOHV�IRU�HDFK�RI�WKH�IRUDJH�FODVVHV�
RQ�D�JLYHQ�
GD\
�ZDV�WDNHQ�WR�UHSUHVHQW�WKH�YDOXH�
IRU�WKDW�
GD\
�IRU�D�SDUWLFXODU�HOHSKDQW��&RUUHODWLRQ�
DQDO\VHV� ZHUH� FDUULHG� RXW� E\� SDLULQJ� WKH� GDLO\�
YDOXHV�IRU�GXQJ�ZLWK�GDLO\�YDOXHV�IRU�IRRG����K�
SULRU�WR�FRPSHQVDWH�IRU�WKURXJKSXW�WLPH��DQG�WR�
WHVW�WKH�UHODWLRQVKLS�RI�GLIIHUHQW�IRUDJH�FODVVHV�WR�
WKH�¶ZRRG\·�IUDJPHQW�FRPSRQHQW�LQ�WKH�GXQJ��E\�
SDLULQJ�WKH�YDOXHV�IRU�ZRRG\�IUDJPHQWV�LQ�GXQJ�
ZLWK�WKH�YDOXHV�IRU�HDFK�FODVV�RI�IRRG�
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)LJXUH� ��� � 9DULDWLRQ� RI� SHUFHQWDJH� HSLWKHOLDO�
IUDJPHQWV�LQ�GXQJ��UHG�WULDQJOHV��DQG�SHUFHQWDJH�
GU\� ZHLJKW� LQ� IRRG� �JUHHQ� VTXDUHV�� GXULQJ� WKH�
IHHGLQJ�H[SHULPHQW��E\�IRUDJH�FODVV�

5HVXOWV

)RU�JUDVVHV��WKURXJKSXW�WLPH�LQ�WKH�WKUHH�HOHSKDQWV�
ZDV���±���K�DQG�WKH�HOLPLQDWLRQ�WLPH���±���K��
)RU�GLFRWV��WKH�WKURXJKSXW�WLPH�ZDV���±���K�DQG�
HOLPLQDWLRQ�WLPH���±���K�

7KH�YDULDWLRQ�RI�SHUFHQW�HSLWKHOLDO�IUDJPHQWV�RI�
HDFK�IRUDJH�FODVV�LQ�GXQJ�UHÁHFWHG�WKH�YDULDWLRQ�
RI�SHUFHQW�GU\�ZHLJKW�RI�WKH�FRUUHVSRQGLQJ�IRUDJH�
FODVV� LQ� WKH� GLHW��ZLWK� WKH� HVWLPDWHV� IURP� GXQJ�
LQLWLDOO\�ODJJLQJ�EHKLQG�WKH�GLHW�SURSRUWLRQV��WKHQ�
HTXDOOLQJ�RU�H[FHHGLQJ�WKHP��)LJ������7KH�PDMRU�
SRUWLRQ�RI�ERWK�JUDVVHV�DQG�GLFRWV�DSSHDUHG�LQ�WKH�
IDHFHV�DSSUR[LPDWHO\�RQH�GD\�DIWHU�ÀUVW�LQJHVWLRQ�
DQG� ZDV� HOLPLQDWHG� E\� DSSUR[LPDWHO\� WZR�
GD\V� DIWHU� ODVW� LQJHVWLRQ�� ZLWK� DOPRVW� DOO� EHLQJ�
HOLPLQDWHG�E\�WKH�IRXUWK�GD\�DIWHU�ODVW�LQJHVWLRQ�
�)LJ�����

7KH�SHUFHQW�GU\�ZHLJKW�LQ�WKH�GLHW�RI�HDFK�IRRG�
FODVV�ZDV�VLJQLÀFDQWO\�FRUUHODWHG��S����������ZLWK�
WKH� FRUUHVSRQGLQJ� SHUFHQW� IUDJPHQW� RFFXUUHQFH�
LQ� GXQJ�� 7KH� FRHIÀFLHQWV� RI� GHWHUPLQDWLRQ� IRU�
WKH�WKUHH�IRRG�FODVVHV�ZHUH��FRFRQXW��U�� ��������
GLFRWV��U�� ��������DQG�JUDVV��U�� �������

7KH�ZRRG\� IUDFWLRQ� LQ�GXQJ�ZDV�PDLQWDLQHG� DW�
D� FRQVHUYHG� OHYHO� WKURXJKRXW� WKH� H[SHULPHQW�
�PHDQ� GDLO\� SHUFHQWDJH� RI�ZRRG\� IUDJPHQWV� LQ�
GXQJ� ��������(��������DQG�VKRZHG�D�ZHDN�EXW�
VWDWLVWLFDOO\�VLJQLÀFDQW�FRUUHODWLRQ�ZLWK�IRRG�FODVV�
LQ�GLHW��SRVLWLYH�ZLWK�FRFRQXW�DQG�QHJDWLYH�ZLWK�
GLFRW�DQG�JUDVV��FRFRQXW��U�� ��������GLFRW�� U�� �
�������DQG�JUDVV�U�� ��������S����������7KHUHIRUH��
DOWKRXJK�WKH�HOHSKDQWV�VWULSSHG�ERWK�WKH�FRFRQXW�
IURQGV�DQG�GLFRW�EUDQFKHV�DQG�PDLQO\�FRQVXPHG�
WKH�OHDI\�SRUWLRQ��PRUH�µZRRG\¶�PDWHULDO�DSSHDUV�
WR� KDYH� EHHQ� LQJHVWHG� LQ� WKH� FDVH� RI� FRFRQXW�
IURQGV�

'LVFXVVLRQ

*XW�SDVVDJH�WLPHV

*UDVVHV�²�6WHZDUW��������UHSRUWHG�YDOXHV�UDQJLQJ�
IURP���²���K�IRU�WLPHV�RI�WKURXJKSXW�IRU�GLIIHUHQW�
VSHFLHV�RI�JUDVV�IHG�WR�WZR�JUD]LQJ�UXPLQDQWV��D�
ZLOGHEHHVW��&RQQRFKDHWHV�WDXULQXV��DQG�D�EXIIDOR�
�6\QFHUXV�FDIIHU���DQG�D�JUD]LQJ�QRQ�UXPLQDQW��D�
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]HEUD��(TXXV�EXUFKHOOLL���REVHUYLQJ�QR�GLIIHUHQFH�
EHWZHHQ� WKH� UXPLQDQWV� DQG� WKH� QRQ�UXPLQDQW��
7DNDWVXNL� ������� UHSRUWHG�D� WKURXJKSXW� WLPH�RI�
´DERXW�WZR�GD\Vµ�IRU�JUDVV�LQ�D�UXPLQDQW��6LND�GHHU�
�&HUYXV� QLSSRQ��� D� ¶PL[HG� IHHGHU·� �FRQVXPLQJ�
ERWK�JUDVV�DQG�EURZVH���7KHUHIRUH��WKH�YDOXH�RI�
��±���K� WKURXJKSXW� WLPH�IRU�JUDVV�REVHUYHG�E\�
XV� IRU� HOHSKDQWV�� LV� VLPLODU� WR� WKDW� UHSRUWHG� IRU�
RWKHU� VSHFLHV��6WHZDUW� ������� UHSRUWHG� WLPHV�RI�
HOLPLQDWLRQ�RI�JUDVVHV�LQ�UXPLQDQWV�DV����²��GD\V�
DQG�DV���GD\V�IRU�WKH�]HEUD��DQG�WKH�UDQJH�RI���²
���K�REVHUYHG�E\�XV�IRU�HOHSKDQWV�LV�OHVV�WKDQ�WKDW�
IRU� WKH� WZR� UXPLQDQWV�EXW� VLPLODU� WR� WKDW�RI� WKH�
]HEUD�

'LFRWV� ²� =\]QDU� DQG�8UQHVV� ������� UHSRUWHG� D�
WKURXJKSXW�WLPH�RI����K�IRU�PXOH�DQG�ZKLWH�WDLOHG�
GHHU� �2GRFRLOHXV�KHPLRQXV�DQG�2��YLUJLQLDQXV��
EDVHG� RQ� WKH� DSSHDUDQFH� RI� GURSSLQJV� VWDLQHG�
ZLWK� IXFKVLQ� G\H�� IROORZLQJ� IHHGLQJ� ZLWK� DQ�
XQVSHFLÀHG� IRGGHU� VSHFLHV� WUHDWHG� ZLWK� G\H��
7KH\�XVHG���� IRUDJH� VSHFLHV� LQFOXGLQJ�JUDVVHV��
EURZVH�DQG�IRUEHV�LQ�WKHLU�VWXG\��9RWK�DQG�%ODFN�
������� IHG���� VSHFLHV�RI�EURZVH� WR� D�PRXQWDLQ�
EHDYHU��$SORGRQWLD�UXID��±�D�QRQ�UXPLQDQW�VPDOO�
PDPPDO� ±� DQG� UHSRUWHG� D� YDOXH� RI� ��� K� IRU�
WKH� WLPH�RI� WKURXJKSXW� DQG���GD\V� IRU� WKH� WLPH�
RI� HOLPLQDWLRQ��7KXV�� WKH� YDOXH� RI� ��±��� K� IRU�
WKURXJKSXW�RI�GLFRWV�REVHUYHG�E\�XV�LQ�HOHSKDQWV�
LV�VLPLODU�WR�WKDW�UHSRUWHG�IRU�RWKHU�VSHFLHV��7KH�
YDOXH� RI� ��²��� K� IRU� HOLPLQDWLRQ� REVHUYHG� E\�
XV�LQ�HOHSKDQWV��LV�OHVV�WKDQ�WKDW�UHSRUWHG�IRU�WKH�
EHDYHU�� $OWKRXJK� QR� FRPSDUDWLYH� HOLPLQDWLRQ�
WLPHV�IRU�GLFRWV� LQ�UXPLQDQWV�ZHUH�DYDLODEOH�� LQ�
WKH�YLHZ�RI�JXW�SDVVDJH�WLPHV�IRU�JUDVVHV��LW�FRXOG�
EH�H[SHFWHG�WR�EH�ORQJHU�WKDQ�LQ�HOHSKDQWV�

$�VWXG\�DVVHVVLQJ�JXW�SDVVDJH�WLPHV�ZLWK�PDUNHUV�
LQ�DQ�$VLDQ�HOHSKDQW��UHSRUWHG�WKURXJKSXW�WLPHV��
WLPHV� RI� HOLPLQDWLRQ� DQG� JXW� UHWHQWLRQ� WLPHV�
UHVSHFWLYHO\�RI����K�����K�DQG������K�IRU�PHORQ�
VHHGV� DQG� ��� K�� ��� K� DQG� ����� K� IRU� SODVWLF�
EHDGV� �:HHUDVLQJKH�HW�DO���������$�VWXG\�XVLQJ�
WDPDULQG�VHHGV�UHSRUWHG�D�UHWHQWLRQ�WLPH�RI������K�
�&DPSRV�$UFHL]�HW�DO���������*XW�UHWHQWLRQ�WLPH�
IRU�$FDFLD� HULRORED� VHHGV� LQ�$IULFDQ� HOHSKDQWV�
ZDV�����±���K��'XGOH\�������

2EVHUYHG� GLIIHUHQFHV� LQ� JXW� SDVVDJH� WLPHV� RI�
JUDVVHV�DQG�GLFRWV�LQ�WKH�SUHVHQW�VWXG\��DQG�WKDW�

RI�PDUNHUV� �:HHUDVLQJKH� HW� DO�� ������&DPSRV�
$UFHL]�HW�DO���������VXJJHVW�WKDW�IRGGHU�W\SH�DQG�
VSHFLHV� LQÁXHQFH� JXW�SDVVDJH� WLPH�� 7KHUHIRUH��
RQO\� JURVV� GHYLDWLRQV� FDQ� EH� FRQVLGHUHG�
VLJQLÀFDQW�LQ�FRPSDULQJ�UHVXOWV�RI�VWXGLHV�XVLQJ�
GLIIHUHQW�IRGGHU�VSHFLHV�

2XU� UHVXOWV� LQGLFDWH� WKDW� WKH� GXQJ� RI� HOHSKDQWV�
PDLQO\�UHÁHFW�WKH�GLHW�RYHU�GD\V�RQH�WR�WKUHH��ZLWK�
VRPH�LQÁXHQFH�IURP�WKH�GLHW�RI�GD\V�IRXU�WR�ÀYH��
SUHFHGLQJ� GHIHFDWLRQ�� *LYHQ� WKDW� WKHUH� LV� OLWWOH�
GLIIHUHQFH�LQ�PHDQ�UHWHQWLRQ�WLPH�ZLWK�YDULDWLRQ�
LQ� GU\�PDWWHU� LQWDNH� LQ� HOHSKDQWV� �&ODXVV� HW� DO��
������ &DPSRV�$UFHL]� HW� DO�� ������� ZH� H[SHFW�
RXU�UHVXOWV�WR�EH�UREXVW�DQG�FKDUDFWHULVWLF�RI�WKH�
VSHFLHV��

(VWLPDWLRQ�RI�GLHW�FRPSRQHQWV

7KH� SUHVHQW� VWXG\� LQGLFDWHV� WKDW� WKH� SHUFHQW�
HSLWKHOLDO� IUDJPHQW� RFFXUUHQFH� RI� GLHW� FRP�
SRQHQWV� LQ� WKH� IDHFHV� RI� HOHSKDQWV� LV� D� UHOLDEOH�
HVWLPDWRU� RI� WKH� SHUFHQW� GU\� ZHLJKW� RI� HDFK�
FRPSRQHQW� LQ� WKH� GLHW�� 7KXV� LW� GHPRQVWUDWHV� D�
KLJK�OHYHO�RI�DFFXUDF\�LQ�GLHW�DVVHVVPHQW�WKURXJK�
PLFURKLVWRORJLFDO� IDHFDO� DQDO\VLV� LQ� HOHSKDQWV��
HYHQ�ZLWKRXW�WKH�DSSOLFDWLRQ�RI�FRUUHFWLRQ�IDFWRUV��

7KH�YDULDWLRQ�EHWZHHQ�GLHWDU\�FRPSRQHQWV�LQ�WKH�
ELRPDVV� UHSUHVHQWHG� E\� WKH� VSHFLÀF� HSLGHUPDO�
IUDJPHQWV� �HSLGHUPDO� ZHLJKW� LQGH[�� DQG� WKH�
GHJUHH� RI� GHJUDGDWLRQ� RI� WKH� HSLGHUPLV� GXH� WR�
GLJHVWLRQ� �HSLGHUPDO� HURGLELOLW\� IDFWRU�� ZHUH�
FRQVLGHUHG�WR�EH�LPSRUWDQW�FRUUHFWLRQ�IDFWRUV�E\�
%DUWRORPH�HW�DO�� ��������'LJHVWLRQ� LQ�HOHSKDQWV�
LV�PXFK�DEEUHYLDWHG�FRPSDUHG�WR�UXPLQDQWV��DQG�
PD\� FDXVH� OHVV� GHJUDGDWLRQ� RI� WKH� HSLGHUPLV��
7KHUHIRUH�� IRU� GLHW� DVVHVVPHQW� WKURXJK�
PLFURKLVWRORJLFDO�DQDO\VLV�LQ�HOHSKDQWV��YDULDWLRQ�
LQ� HSLGHUPDO� GHJUDGDWLRQ� EHWZHHQ� GLIIHUHQW�
IRGGHU� VSHFLHV�PD\� EH� RI� OHVV� LPSRUWDQFH� WKDQ�
LQ�UXPLQDQWV��:KLOH�WKH�HSLGHUPDO�ZHLJKW�LQGH[�
FRUUHFWLRQ� PD\EH� LPSRUWDQW� LI� WKHUH� LV� ZLGH�
YDULDWLRQ� LQ� WKH� UDWLR� RI� OHDI� VXUIDFH� WR� ZHLJKW�
EHWZHHQ�IRGGHU�VSHFLHV��WKH�XVH�RI�GU\�ZHLJKW�RI�
IRGGHU�VSHFLHV�LQ�WKH�FRPSDULVRQ�VKRXOG�UHGXFH�
VXFK�YDULDWLRQ��

7KH�OHYHO�RI�DFFXUDF\�GHPRQVWUDWHG�LQ�WKLV�VWXG\�
LV� DGHTXDWH� IRU� WKH�TXDQWLWDWLYH� VWXG\�RI� IRUDJH�
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FODVV�YDULDWLRQ�LQ�WKH�GLHW�RI�HOHSKDQWV��$�KLJKHU�
OHYHO� RI� DFFXUDF\� HPSOR\LQJ� FRUUHFWLRQ� IDFWRUV�
PD\�EH� UHTXLUHG� IRU� WKH�TXDQWLWDWLYH� HYDOXDWLRQ�
RI� YDULDWLRQ� LQ� LQGLYLGXDO� IRGGHU� VSHFLHV� LQ� WKH�
GLHW�

$� IDHFDO�PLFURKLVWRORJLFDO� VWXG\� RQ� WKH� GLHW� RI�
IUHH� UDQJLQJ� HOHSKDQWV� LQ�1HSDO�� IRXQG� ����RI�
WKH� GLHW� WR� EH� FRPSRVHG� RI� ¶ZRRG\·� IUDJPHQWV�
�6WHLQKHLP� HW� DO�� ������� :H� IRXQG� D� KLJKHU�
EXW� IDLUO\� FRQVHUYHG� IUDFWLRQ�� SRVVLEO\� GXH� WR�
PHWKRGRORJLFDO� GLIIHUHQFHV�� :H� VXJJHVW� WKDW�
VWDQGDUGL]HG� IDHFDO� PLFURKLVWRORJLFDO� DQDO\VLV�
FDQ� SURYLGH� XVHIXO� FRPSDUDWLYH� LQIRUPDWLRQ� RQ�
WKH�SURSRUWLRQ�RI�OHDI\�YHJHWDWLRQ�LQ�WKH�GLHW��DQG�
LWV�VHDVRQDO�DQG�VSDWLDO�YDULDWLRQ�LQ�IUHH�UDQJLQJ�
HOHSKDQWV�

7KH�SUHVHQW�VWXG\�GHPRQVWUDWHV�WKH�UREXVWQHVV�RI�
PLFURKLVWRORJLFDO�DQDO\VLV�RI�GXQJ� LQ�DQDO\]LQJ�
GLHW� FRPSRVLWLRQ� YDULDWLRQ� LQ� HOHSKDQWV� DQG�ZH�
FRQFOXGH� WKDW� LW� LV� D� YDOLG�� UHOLDEOH�� DQG� XVHIXO�
WHFKQLTXH�IRU�WKH�SXUSRVH�

$FNQRZOHGJPHQWV

2XU�WKDQNV�WR�WKH�RZQHU�0UV��&��6DPDUDVLQJKH��
PDQDJHU� +�5�� -D\DVXQGHUD� DQG� WKH� HOHSKDQW�
PDKRXWV�DW�WKH�¶0LOOHQLXP�(OHSKDQW�)RXQGDWLRQ¶��
.HJDOOH��6UL�/DQND��IRU�WKH�FRRSHUDWLRQ�H[WHQGHG�
WR� XV� LQ� FDUU\LQJ� RXW� WKH� VWXG\�� 8�.�*�.��
3DGPDODO� IRU� DGYLFH� RQ� PHWKRGRORJ\� DQG� ORDQ�
RI�HTXLSPHQW��)�+�0�$��6LOYD�IRU�FRPPHQWV�RQ�
WKH� DQDO\VLV��1��'D\DZDQVD� IRU� FUXFLDO� ORJLVWLF�
VXSSRUW�� DQG� 2SHQ� 8QLYHUVLW\� RI� 6UL� /DQND��
+�6�� 3DQZDU� DQG� 1�� $PHUDVHNDUH� IRU� KHOSLQJ�
FRRUGLQDWH� ÀHOGZRUN� DQG� JUDQW� DGPLQLVWUDWLRQ��
:H� ZRXOG� OLNH� WR� WKDQN�� 5�� /DQGH�� 5� 5XGUDQ��
&�� +RO]DSIHO��:�� %UDGVKDZ�� DQG� 6�� 5DWQHU� IRU�
YDOXDEOH�FRPPHQWV�RQ�DQ�HDUOLHU�YHUVLRQ�RI�WKLV�
PDQXVFULSW�� 7KLV� VWXG\� ZDV� IXQGHG� LQ� SDUW� E\�
D� JUDQW� IURP� WKH� *OREDO� (QYLURQPHQW� )DFLOLW\��
WKURXJK�WKH�'HSDUWPHQW�RI�:LOGOLIH�&RQVHUYDWLRQ�
6UL� /DQND� DQG� 2SHQ� 8QLYHUVLW\� 6UL� /DQND�� IRU�
WKH�VWXG\�RI�WKH�HFRORJ\�DQG�UDQJLQJ�SDWWHUQV�RI�
HOHSKDQWV�

5HIHUHQFHV

%DUWRORPH�-��)UDQFK� -��*XWPDQ�0�	�6HOLJPDQ�

1*��������7HFKQLFDO�QRWH��3K\VLFDO�IDFWRUV�WKDW�
LQÁXHQFH� IHFDO� DQDO\VLV� HVWLPDWHV� RI� KHUELYRUH�
GLHWV�� -RXUQDO� RI� 5DQJH�0DQDJHPHQW� ���� ����
����

&DPSRV�$UFHL]� $�� /DUULQJD� $5�� :HHUDVLQJKH�
85�� 7DNDWVXNL� 6�� 3DVWRULQL� -�� /HLPJUXEHU� 3��
)HUQDQGR� 3� 	� 6DQWDPDULD� /� ������� %HKDYLRU�
UDWKHU�WKDQ�GLHW�PHGLDWHV�VHDVRQDO�GLIIHUHQFHV�LQ�
VHHG�GLVSHUVDO� E\�$VLDQ� HOHSKDQWV��(FRORJ\�����
����������

&KDPUDG�$'�	�%R[�7:��������$�SRLQW� IUDPH�
IRU�VDPSOLQJ�UXPHQ�FRQWHQWV��-RXUQDO�RI�:LOGOLIH�
0DQDJHPHQW��������������

&ODXVV�0��6WUHLFK�:-��6FKZDUP�$��2UWPDQQ�6�	�
+XPPHO�-��������7KH�UHODWLRQVKLS�RI�IRRG�LQWDNH�
DQG�LQJHVWD�SDVVDJH�SUHGLFWV�IHHGLQJ�HFRORJ\�LQ�
WZR�GLIIHUHQW�PHJDKHUELYRUH�JURXSV��2LNRV������
��������

&RGURQ�-��&RGURQ�'��/HH�7KRUS�-$��6SRQKHLPHU�
0�� .LUNPDQ� .�� 'XII\� .-� 	� 6HDO\� -� �������
/DQGVFDSH�VFDOH� IHHGLQJ� SDWWHUQV� RI� $IULFDQ�
HOHSKDQW�LQIHUUHG�IURP�FDUERQ�LVRWRSH�DQDO\VLV�RI�
IHFHV��2HFRORJLD������������

'H�%RHU�:)��1WXPL�&3��&RUUHLD�$8�	�0DIXFD�
-0��������'LHW�DQG�GLVWULEXWLRQ�RI�HOHSKDQW�LQ�WKH�
0DSXWR�(OHSKDQW�5HVHUYH��0R]DPELTXH��$IULFDQ�
-RXUQDO�RI�(FRORJ\�������������

'KDNDO� *� 	� 2MKD� 13� ������� 6WXGLHV� RQ� GLHW�
SUHIHUHQFHV�RI�WKH�HOHSKDQW��(OHSKDV�PD[LPXV���
LQ�5R\DO�&KLWZDQ�1DWLRQDO�3DUN��7LJHU�3DSHU�����
������

'XGOH\� -3� ������� 6HHG� GLVSHUVDO� RI� $FDFLD�
HULRORED� E\�$IULFDQ� EXVK� HOHSKDQWV� LQ�+ZDQJH�
1DWLRQDO� 3DUN�� =LPEDEZH�� $IULFDQ� -RXUQDO� RI�
(FRORJ\�������������

)HUQDQGR� 3� ������� .HHSLQJ� MXPER� DÁRDW�� ,V�
WUDQVORFDWLRQ� WKH�DQVZHU� WR� WKH�KXPDQ�HOHSKDQW�
FRQÁLFW"�6UL�/DQND�1DWXUH���������

,VKZDUDQ� 1� ������� (OHSKDQW� DQG� ZRRG\�SODQW�
UHODWLRQVKLSV� LQ�*DO�2\D��6UL�/DQND��%LRORJLFDO�
&RQVHUYDWLRQ�������������
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0DUWLQ�'-� �������)HDWXUHV�RQ�SODQW�FXWLFOH��$Q�
DLG�WR�WKH�DQDO\VLV�RI�WKH�QDWXUDO�GLHW�RI�JUD]LQJ�
DQLPDOV��ZLWK�HVSHFLDO� UHIHUHQFH� WR�6FRWWLVK�KLOO�
VKHHS��7UDQVDFWLRQV�RI� WKH�%RWDQLFDO� 6RFLHW\�RI�
(GLQERURXJK�������������

0F.D\�*0� �������%HKDYLRXU� DQG� (FRORJ\� RI�
WKH� $VLDWLF� (OHSKDQW� LQ� 6RXWKHDVWHUQ� &H\ORQ��
6PLWKVRQLDQ�&RQWULEXWLRQV�WR�=RRORJ\��1R�������
6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ�'�&���
86$�

0XHOOHU�'RPERLV�'��������&URZQ�GLVWRUWLRQ�DQG�
HOHSKDQW�GLVWULEXWLRQ�LQ�WKH�ZRRG\�YHJHWDWLRQV�RI�
513��&H\ORQ��(FRORJ\��������������

3UDGKDQ� 10%��:HJJH� 3��0RH� 65�	� 6KUHVWKD�
$.��������)HHGLQJ�HFRORJ\�RI� WZR�HQGDQJHUHG�
V\PSDWULF� PHJDKHUELYRUHV�� $VLDQ� HOHSKDQW�
(OHSKDV� PD[LPXV� DQG� JUHDWHU� RQH�KRUQHG�
UKLQRFHURV� 5KLQRFHURV� XQLFRUQLV� LQ� ORZODQG�
1HSDO��:LOGOLIH�%LRORJ\�������������

6WHLQKHLP�*��:HJJH�3��)MHOOVWDG�-,��-QDZDOL�65�	�
:HODGML�5%��������'U\�VHDVRQ�GLHWV�DQG�KDELWDW�
XVH� RI� V\PSDWULF� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV�� DQG� JUHDWHU� RQH�KRUQHG� UKLQRFHURV�
�5KLQRFHUXV� XQLFRUQLV�� LQ� 1HSDO�� -RXUQDO� RI�
=RRORJ\�������������

6WHZDUW�'50��������$QDO\VLV�RI�SODQW�HSLGHUPLV�
LQ� IDHFHV�� $� WHFKQLTXH� IRU� VWXG\LQJ� WKH� IRRG�
SUHIHUHQFHV� RI� JUD]LQJ� KHUELYRUHV�� -RXUQDO� RI�
$SSOLHG�(FRORJ\�����������

6WRUU� *0� ������� 0LFURVFRSLF� DQDO\VLV� RI�
IDHFHV�� D� WHFKQLTXH� IRU� DVFHUWDLQLQJ� WKH� GLHW� RI�
KHUELYRURXV� PDPPDOV�� $XVWUDOLDQ� -RXUQDO� RI�
%LRORJLFDO�6FLHQFH�������������

6XNXPDU�5��������7KH�$VLDQ�(OHSKDQW��(FRORJ\�
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