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6RPH�EDVLF�PLQHUDORJLFDO�DQG�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�
DIIHFWLQJ�DXULIHURXV�S\ULWH�DQG�DUVHQRS\ULWH�IORWDWLRQ�
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3\ULWH�DQG�DUVHQRS\ULWH�DUH�WKH�PDLQ�PLQHUDO�FRQFHQWUDWRUV�RI�JROG��7KH�SUHVHQFH�RI� LQWHUVWLWLDO�JROG�LQ�
WKH�S\ULWH�DQG�DUVHQRS\ULWH�FU\VWDO�ODWWLFH�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�VWUXFWXUDO�GHIHFWV�WKDW�FDXVH�VLJQLILFDQW�
FKDQJHV�DQG�YDULDWLRQV� LQ� WKH�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI� WKH�PLQHUDOV��%HVLGH�JROG�FRQWHQW�DQG� WKH�
QDWXUH� RI� LWV� GLVVHPLQDWLRQ�� S\ULWHV� DQG� DUVHQRS\ULWHV� IURP�JROG� RUH� GHSRVLWV� DUH� FKDUDFWHUL]HG� E\� D� ULFK�
VSHFWUXP�RI� LPSXULW\�VSHFLHV��ZLWK�JHQHUDOO\�DERYH�DYHUDJH�UHODWLYH�DEXQGDQFH�RI�$X��$J��&X��3E��=Q�DQG�
$V��7KH�SUHVHQFH�RI� WKHVH� LVRPRUSKRXV� LPSXULWLHV� LQ�S\ULWH�DQG�WKH�QRQ�VWRLFKLRPHWU\�RI�WKH�PDMRU�S\ULWH�
FRPSRQHQWV� �)H�DQG�6�� DUH� UHVSRQVLEOH� IRU� WKH�YDULDELOLW\�RI� VHPLFRQGXFWLQJ�� HOHFWURSK\VLFDO� DQG� IORWDWLRQ�
SURSHUWLHV�RI�WKLV�PLQHUDO��

7KH�PLQHUDORJLFDO�SHFXOLDULWLHV�DQG�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�DXULIHURXV�S\ULWHV�DQG�DUVHQRS\ULWHV�
IURP�VHYHUDO�JROG�GHSRVLWV�ZHUH�H[DPLQHG�DQG�FRUUHODWLRQ�EHWZHHQ�HOHPHQW�FRPSRVLWLRQ��PLQHUDO�HOHFWURGH�
SRWHQWLDO��HOHFWULFDO�UHVLVWLYLW\��WHUPDO�HOHFWURPRWLYH�IRUFH�FRHIILFLHQWV�DQG�WKHLU�IORWDWLRQ�SURSHUWLHV�KDV�EHHQ�
UHYHDOHG��7KH�UROH�RI� LVRPRUSKRXV�LPSXULWLHV� LQ�WKH�IRUPDWLRQ�RI�K\GURSKRELF�VXOIK\GULF�FROOHFWRU� OD\HUV�RQ�
PLQHUDO� VXUIDFHV� LQ� FRPSOH[� RUH� SURFHVVLQJ� KDV� EHHQ� HOXFLGDWHG�� 7KH� SDUDPHWHUV� FKDUDFWHUL]LQJ� WKH�
YDULDELOLW\� RI� WKH� )H�6� UDWLR� LQ� S\ULWH� RI� GLIIHUHQW� RULJLQ�KDYH�EHHQ�GHWHUPLQHG�EDVHG�RQ�QRQ�VWRLFKLRPHWU\�
FKDUDFWHULVWLFV� RI� QDWXUDO� JROG�EHDULQJ� VXOILGH� FU\VWDOV�� ,W� KDV� EHHQ� IRXQG� WKDW� S\ULWHV� QRQ�VWRLFKLRPHWULF�
FRPSRVLWLRQ�FRUUHODWHV�ZLWK�WKH�FROOHFWRU�FKHPLVRUSWLRQ�RQ�WKHLU�VXUIDFH���������6'8��$OO�ULJKWV�UHVHUYHG��
�
.H\ZRUGV��)ORWDWLRQ��3\ULWH��$UVHQRS\ULWH��*ROG�
�
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�

*ROG�VXOILGH�RUHV�FRQVLVWLQJ�HVVHQWLDOO\�RI�S\ULWH��DUVHQRS\ULWH��FKDOFRS\ULWH�DQG�S\UUKRWLWH�EHFRPH�RQH�
RI�WKH�PDMRU�SUHFLRXV�PHWDO�VRXUFHV��EHLQJ�SUHVHQWO\�HVWLPDWHG�WR�DFFRXQW�IRU�PRUH�WKDQ�����RI�WRWDO�ZRUOG�
JROG� UHVHUYHV�� ,Q�DGGLWLRQ��PXFK�FRQVLGHUDWLRQ� LV�EHLQJ�JLYHQ�WR�XUJHQW� LVVXHV�RI�JROG�UHFRYHU\� IURP�EDVH�
PHWDO�RUHV�DQG�ROG�WDLOLQJV�IURP�SDVW�RSHUDWLRQV��

7KH�PDMRULW\�RI�5XVVLDQ�JROG�GHSRVLWV��ZKLOH�ZLWK�FRQVLGHUDEOH�H[SORUHG�UHVHUYHV��DUH�FKDUDFWHUL]HG�E\�D�
PRGHUDWH� DYHUDJH� JROG� FRQWHQW� RI� RUHV� �PRVWO\� ����SSP� $X��� LQ� DGGLWLRQ�� ZLWK� TXLWH� LUUHJXODU� JROG�
GLVWULEXWLRQ�DQG�ZLGHO\�YDU\LQJ�SURFHVVLQJ�FKDUDFWHULVWLFV�RI�JROG�EHDULQJ�RUHV��(QYLURQPHQWDO��ZHDWKHU�DQG�
FOLPDWLF�� FRQGLWLRQV� FKDUDFWHUL]LQJ� WKH� ORFDOLWLHV� RI� WKHVH� GHSRVLWV� DUH� XVXDOO\� XQIDYRUDEOH� IRU� WKH�
HPSOR\PHQW�RI�JHRWHFKQRORJLFDO�SURFHVVLQJ�WHFKQLTXHV�OLNH�KHDS�OHDFKLQJ��7KH�FR�SUHVHQFH�RI�S\ULWH�DQG�
DUVHQRS\ULWH��ZLWK�DUVHQRS\ULWH�DFFRXQWLQJ�IRU�XS�WR�����RI�WRWDO�VXOILGH��LQ�PRVW�RI�WKH�RUHV�KDPSHUV�RUH�
SURFHVVLQJ� E\� IORWDWLRQ� EHFDXVH� RI� VWULFW� OLPLWV� RQ� $V� FRQWHQW� RI� IORWDWLRQ� FRQFHQWUDWHV�� DQG� SUDFWLFDOO\�
SUHFOXGHV�WKH�XVH�RI�DQ\�S\URPHWDOOXUJLFDO�PHWKRGV��%RWK�QHZ�RUHV�RI�WKLV�VRUW�DQG�FRQFHQWUDWHV�SURGXFHG�
IURP� WKHP� E\� WUDGLWLRQDO� PHWKRGV� DUH� FODVVLILHG� DV� �UHVLVWDQW�� SURGXFWV�� ZLWK� PRVW� RI� WKHLU� KRVWHG� JROG�
FRQWDLQHG� ZLWKLQ� VROLG� PLQHUDO� DJJUHJDWHV�� 7KH� SURSRUWLRQ� RI� �F\DQLGDEOH�� JROG� LQ� WKHVH� SURGXFWV� QHYHU�
H[FHHGV������

7KH�SULPH�REMHFWLYH�RI�IORWDWLRQ�RI�JROG�EHDULQJ�VXOILGH�PLQHUDOV�LV�WR�LQFUHDVH�SUHFLRXV�PHWDO�UHFRYHU\�
DQG� WR� UHGXFH� WKH� SURGXFW� FRVW� WKURXJK� DFKLHYLQJ� PD[LPXP� VHOHFWLYLW\� RI� WKH� VHSDUDWLRQ� SURFHVV��
6HSDUDWLRQ�RI�)H�DQG�$V�VXOILGHV�LQ�VHOHFWLYH�IORWDWLRQ�RI�JROG�EHDULQJ�RUH�SURGXFWV�KHOSV�UHGXFH�WKH�DPRXQW�
RI�RUH�PDVV�EHLQJ�VHQW�WR�K\GURPHWDOOXUJLFDO�SURFHVVLQJ��DQG�SHUPLWV�RI�UHFRYHULQJ�JROG�IURP�$V�IUHH�JROG�
FRQWDLQLQJ�S\ULWH�FRQFHQWUDWH�E\�XVLQJ�D�ORZHU�FRVW�S\URPHWDOOXUJLFDO�SURFHGXUH��
�
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7KH�SUHVHQFH�RI�LQWHUVWLWLDO�JROG�LQ�WKH�S\ULWH�FU\VWDO�ODWWLFH�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�VWUXFWXUDO�GHIHFWV��
LQFUHDVH� LQ� $V� FRQWHQW�� DQG� FUHDWLRQ� RI� DFFHSWRU� VXOILGH� YDFDQFLHV� �7DXVRQ� HW� DO�� ������� 7KLV� FDXVHV�
VLJQLILFDQW�FKDQJHV�DQG�YDULDWLRQV�LQ�WKH�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�PLQHUDOV�EHLQJ�VWXGLHG��(YHQ�
ZLWKLQ�D�FRPPRQ�PLQHUDO�DVVHPEODJH�� UHVLVWLYLW\�DQG� WKHUPDO�HOHFWURPRWLYH� IRUFH�FRHIILFLHQW�YDOXHV�PD\�
YDU\�YHU\�ZLGHO\��XS�WR�FRQGXFWLYLW\�VLJQ�UHYHUVDO�GXH�WR�WKH�IRUPDWLRQ�RI��EORFNLQJ�]RQHV���

7KH� SUREOHP� RI� DXULIHURXV� DUVHQRS\ULWH� DQG� S\ULWH� VHSDUDWLRQ� XQGHU� JROG� DUVHQLF� RUHV� IORWDWLRQ� LV�
FRQQHFWHG� DV� ZLWK� VLPLODULW\� RI� WHFKQRORJLFDO� FKDUDFWHULVWLFV� RI� VHSDUDWHG� PLQHUDO� FRPSRQHQWV�� VR� DQG�
LUUHJXODULW\�RI�HOHPHQW�FRPSRVLWLRQ�DQG�HOHFWURSK\VLFDO�IHDWXUHV�RI�RQH�DQG�WKH�VDPH�PLQHUDO�IURP�YDULRXV�
GHSRVLWV�DQG�HYHQ�IURP�GLIIHUHQW�DUHDV�RI�WKH�VDPH�GHSRVLW��

7KH�FRPSDUDWLYH�DQDO\VLV�RI�FU\VWDO�VWUXFWXUDO�DQG�HOHFWURSK\VLFDO�SURSHUWLHV�RI�S\ULWH�DQG�DUVHQRS\ULWH�
�6KXH\�� ������ 5DNFKHHY�� ������ 8UXVRY� HW� DO�� ������ LGHQWLILHG� WKH� IROORZLQJ� GLIIHUHQFHV� �7DEOH� ���� 7KH�
YDOXHV�RI�VSHFLILF�UHVLVWDQFH�DQG�FRHIILFLHQW�RI�WKHUPR�HOHFWURPRWLYH�IRUFH�RI�S\ULWH�YDU\�LQ�EURDGHU�UDQJH�RI�
PHDQLQJV� WKDQ� IRU� DUVHQRS\ULWH�� )H�)H� ERQG� OHQJWK� LQ� S\ULWH� LV� KDOI� DV� ODUJH� WKDQ� LQ� DUVHQRS\ULWH�� &XUUHQW�
FDUULHU�PRELOLW\� LQ�S\ULWH� LV����� WLPHV�KLJKHU� WKDQ� LQ�DUVHQRS\ULWH�� )H�6�ERQG� LQ�S\ULWH� LV�PRUH�SRODULF�DQG�
IHDWXUHV�WKH�GLVSODFHPHQW�RI�HOHFWURQV�WR�DQLRQ��
�
7DEOH���
&U\VWDO�VWUXFWXUDO�DQG�HOHFWURSK\VLFDO�SURSHUWLHV�RI�S\ULWH�DQG�DUVHQRS\ULWH�

&KDUDFWHULVWLFV� 3\ULWH� $UVHQRS\ULWH�
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&KHPLFDO�IRUPXOD� )H���6���� )H���$V6���

$FWLYDWLQJ�HQHUJ\��H9�� ����r������ ������r�������
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(IIHFWLYH�IRUPXOD� )H������
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$V�������

6������

$V� LW� LV�GHWHUPLQHG�E\�.RUREH\QLNRY�HW�DO�� ��������D� ULFK�VSHFWUXP�RI� LPSXULW\�VSHFLHV��ZLWK�JHQHUDOO\�
DERYH�DYHUDJH�UHODWLYH�DEXQGDQFH�RI�$X��$J��&X��3E��=Q�DQG�$V��DOO�RI�WKHVH�LPSXULWLHV�VKRZLQJ�D�VLJQLILFDQW�
GLVSHUVLRQ� RI� VWDWLVWLFDO� SDUDPHWHUV�� &R�� 1L� DQG� &X� DUH� GRQRU� DGPL[WXUHV��ZKLOH�� $V� LV� WKH�PRVW� IUHTXHQW�
DFFHSWRU�LPSXULW\��,Q�DUVHQRS\ULWH�WKH�GHILFLW�RI�DUVHQLF�FDXVHV�Q�W\SH�FRQGXFWLYLW\��EXW�IRU�DUVHQLF�HQULFKHV�
VDPSOHV�WUDQVLWLRQ�WR�S�W\SH�LV�REVHUYHG��

7R�VXPPDUL]H��VWUXFWXUDO�LPSHUIHFWLRQV�DUH�FRQVLGHUHG�WR�EH�WKH�EDVLF�IDFWRUV�HIIHFWLQJ�WKH�YDULDELOLWLHV�RI�
VHPL�FRQGXFWLQJ�DQG�SK\VLFDO�FKDUDFWHULVWLFV�RI�QDWXUDO�S\ULWHV�DQG�DUVHQRS\ULWHV��,VRPRUSKRXV�LQFOXVLRQV�RI�
JROG�DQG�RWKHU�LPSXULWLHV�LQ�PLQHUDO�ODWWLFH�DQG�WKH�QRQ�VWRLFKLRPHWU\�RI�WKH�PDMRU�PLQHUDO�FRPSRQHQWV��IRU�
H[DPSOH��LURQ�DQG�VXOIXU�LQ�S\ULWH��DUH�UHVSRQVLEOH�IRU�WKH�VWUXFWXUDO�GHIHFWV�IRUPDWLRQ��

7KH�ORFDWLRQ�RI�VXOIXU�DWRPV�RQ�FHOOV�SDQHV�DQG�ULEV�LQ�S\ULWH�PDNHV�LW�DFFHVVLEOH�WR�R[\JHQ�DWWDFKPHQW��
,Q�DUVHQRS\ULWH�VXOIXU�DWRPV�DUH�ORFDWHG�LQVLGH�WKH�FU\VWDO�ODWWLFH��DQG�VR�LURQ�DQG�DUVHQLF�DWRPV�VKLHOG�WKHP��
'XH� WR� WKHVH� FU\VWDO� SHFXOLDULWLHV�� S\ULWH� JHQHUDOO\� H[LELWHV� KLJKHU� UHGR[� UHDFWLYLW\� LQ� IORWDWLRQ� SXOS� WKDQ�
DUVHQRS\ULWH�� %XW� XQGHU� WUDGLWLRQDO� VXOILGH� IORWDWLRQ� SURFHVVLQJ� WKHVH� PLQHUDOV� RIWHQ� UHYHDO� VLPLODU�
WHFKQRORJLFDO� UHFRYHU\�� $UVHQRS\ULWH� IORDWDELOLW\� KDV� DOVR� DSSHDUHG� WR� EH� DIIHFWHG� E\� LVRPRUSKRXV�
DGPL[WXUH�FRPSRVLWLRQ� �3ODNVLQ�HW�DO�� ������� ,Q�RUGHU�WR�SURGXFH�KLJK�JUDGH�S\ULWH�FRQFHQWUDWH��OHVV�WKDQ�
���$V��HIIHFWLYH�IORWDWLRQ�FRQGLWLRQV�VKRXOG�EH�ZRUNHG�RXW��

([DPLQDWLRQ� RI� WKH� FRPSRVLWLRQ� RI� VXUILFLDO� FRPSRXQGV� IRUPLQJ� RQ� WKH� VXUIDFH� RI� S\ULWH� GXULQJ� LWV�
IORWDWLRQ� UHYHDOHG� WKDW� GL[DQWKRJHQ� LV� WKH�PDLQ� IRUP� RI� [DQWKDWH� VRUSWLRQ� RQ� S\ULWH�� ZLWK� QR� FRQVHQVXV�
H[LVWLQJ�QRZ�DPRQJ�UHVHDUFKHUV�DV�WR�WKH�SUHVHQFH�DQG�IRUPDWLRQ�FRQGLWLRQV�RI�PHWDO�[DQWKDWH�FRPSRXQGV�
�$YGRNKLQ�DQG�$EUDPRY��������/HSSLQHQ�HW�DO�� ������%UDGVKDZ�DQG�2
&RQQRU���������

7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�HOHFWURSK\VLFDO�DQG�FU\VWDO�VWUXFWXUDO�SURSHUWLHV�RI�
)H� DQG� $V� VXOILGHV� DQG� WR� GHYHORS� D� PHWKRGRORJ\� IRU� WKH� DVVHVVPHQW� RI� PLQHUDORJLFDO� DQG� SURFHVVLQJ�
FKDUDFWHULVWLFV� RI� S\ULWH� DQG� DUVHQRS\ULWH� ZLWK� GLIIHULQJ� JHQHVLV�� 7KH� GHYHORSHG� PHWKRG� LV� SURSRVHG� WR�
LGHQWLI\�WKH�HVVHQWLDO�IDFWRUV�JRYHUQLQJ�WKH�EHKDYLRU�RI�PLQHUDOV�GXULQJ�IORWDWLRQ�DQG�WR�VHOHFW�SURSHU�FULWHULD�
RI�)H�DQG�$V�VXOILGHV�VHOHFWLYH�IORWDWLRQ�LQ�UHIUDFWRU\�JROG�RUH�SURFHVVLQJ��
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3\ULWH� DQG� DUVHQRS\ULWH� VDPSOHV� IURP� VHYHUDO� GHSRVLWV� RI� 5XVVLD� DQG� &,6� FRXQWULHV� ZHUH� VWXGLHG�
�&KDQWXUL\D�HW�DO�� �������7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VSHFLPHQV�ZDV�GHWHUPLQHG�E\�VSHFWUDO�DQDO\VLV�
XVLQJ�D� /0$� ODVHU� VSHFWUDO�PLFURDQDO\]HU�� DQG� WKHUHDIWHU� FKHFNHG�E\�DWRPLF�DEVRUSWLRQ� WHVWV�PDGH�ZLWK�
GHFRPSRVHG�PLQHUDO�VDPSOHV�DWWDFNHG�E\�DTXD�UHJLV��7KH�SKDVH�FRPSRVLWLRQ�RI�WKH�VSHFLPHQV�ZDV�VWXGLHG�
XVLQJ� D� '521���;�UD\� GLIIUDFWRPHWHU��ZLWK� WKH�$675$� VRIWZDUH� SDFNDJH� XVHG� WR� UHIHUHQFH� WKH� VSHFWUDO�
EDQGV�� 6XUIDFH� FKDUDFWHULVWLFV� RI� WKH�PLQHUDOV�ZHUH� DQDO\]HG� XVLQJ� DQ� ,QIDUP�,� LQIUDUHG�PLFURVFRSH�� 7KH�
HOHFWURSK\VLFDO�SURSHUWLHV�RI�WKH�PLQHUDOV��QDPHO\��WKHLU�HOHFWULFDO�UHVLVWLYLW\��U���WKHUPDO�HOHFWURPRWLYH�IRUFH�
FRHIILFLHQW� �D7(0)� DQG�FRQGXFWLYLW\� W\SH��ZHUH�H[DPLQHG�XVLQJ� WKH�VWDQGDUG� WHFKQLTXHV� �6KXH\��������E\�
WHVWLQJ�SROLVKHG�VHFWLRQV�RI�WKH�VSHFLPHQV��+DOO�FRQVWDQW��5+� YDOXHV�DQG�FKDUJH�FDUULHU�FRQFHQWUDWLRQV��QH RU
QS� ZHUH�FDOFXODWHG���

7KH�HOHFWULF�SRWHQWLDOV�RI�PRQRPLQHUDOLF�HOHFWURGHV��(��ZHUH�PHDVXUHG�LQ�HQYLURQPHQWV�ZLWK�S+�YDU\LQJ�
EHWZHHQ���DQG�����KDYLQJ�VHOHFWHG� WKH� OHDVW� MRLQW\�]RQHV� LQ� WKH� LQLWLDO�PLQHUDO� VSHFLPHQV�� ,Q�HDFK�RI� WKH�
HOHFWURGH� WHVWV�� WKH� HOHFWURGH� FRQVLVWHG� RI� D� KROGHU� GHVLJQHG� DV� D� JODVV� WXEH� ��PP� LQ� GLDPHWHU��ZLWK� D�
PRQRPLQHUDOLF� WDEOHW�PRXQWHG� �FHPHQWHG� E\� HSR[\� UHVLQ�� DW� RQH� RI� WKH� HQGV� DQG� D� ORZ�UHVLVWDQFH�ZLUH�
VROGHUHG�WR�WKH�WDEOHW��7KH�RXWHU�HQG�RI�WKH�ZLUH�ZDV�FRQQHFWHG�GLUHFWO\�WR�WKH�PHDVXULQJ�EXV�RI�WKH�PHWHU�
�DQ� ,����� LRQRPHWHU� RSHUDWLQJ� LQ� D� PLOOLYROWPHWHU� PRGH��� )RU� HDVH� RI� PRXQWLQJ� LQ� WKH� JODVV� KROGHU�� WKH�
PRQRPLQHUDOLF�WDEOHW�ZDV�FRQH�VKDSHG���PP�DFURVV�HQG���WR���PP�WKLFN��7KH�LQQHU�FRQGXFWRU�FRQVLVWHG�
RI�D�FRSSHU�ZLUH����PP�WKLFN��7R�HQVXUH�KLJK�FRQWDFW�FRQGXFWLYLW\��D�FRSSHU� OD\HU�ZDV�VSUD\HG�RQWR�WKH�
PLQHUDO� VXUIDFH��ZKHUHDIWHU�D�FRSSHU�FRQGXFWRU�ZDV�VROGHUHG� WR� WKH�VSUD\HG�FRQWDFW� OD\HU��6SUD\LQJ�ZDV�
SHUIRUPHG�E\�WKH�WKHUPDO�YDFXXP�PHWKRG��LQ�D�VSHFLDOO\�GHVLJQHG�YDFXXP�VWDWLRQ��GXULQJ����PLQXWHV��7KH�
PRQRPLQHUDOLF� HOHFWURGH� SRWHQWLDO� ZDV� PHDVXUHG� LQ� UHIHUHQFH� WR� DQ� $J&O� HOHFWURGH� ZLWK� VXEVHTXHQW�
FRQYHUVLRQ�ZLWK�UHVSHFW�WR�D�VDWXUDWHG�K\GURJHQ�HOHFWURGH��6+(��E\�WKH�IROORZLQJ�IRUPXOD��

(6+(� �($J&O������P9�� � � � � � � � � � � � � � � � � � � � � � � ����

7KH� WUXH� IRUPXODH� RI� S\ULWHV� DQG� QRQ�VWRLFKLRPHWU\� RI� DQLRQLF� �VXOILGH�� SDUW� ZHUH� FDOFXODWHG� IURP�
DQDO\WLFDO�UDWLR�RI�LURQ�DQG�VXOIXU��&KDQWXUL\D�HW�DO�� ��������

7KH� DPRXQWV� RI� HOHPHQWDU\� VXOIXU� DQG� DGVRUEHG� EXW\O� [DQWKDWH� FRPSRXQGV� XQGHU� FHUWDLQ� S+� YDOXHV�
ZHUH�DQDO\]HG�E\�WKH�H[WUDFWLYH�89�VSHFWURSKRWRPHWULF�DQDO\VLV�RQ�6SHFRUG�0�����

)ORWDWLRQ�DQG�VRUSWLRQ�WHVWV�ZHUH�SHUIRUPHG�RQ��J�VDPSOHV�JURXQG�WR���������P��ZLWK�IORWDWLRQ�YROXPH�
RI���PO��[DQWKDWH�GRVDJH����J�W��IURWKHU�GRVDJH����J�W��FRQGLWLRQLQJ�DQG�IORWDWLRQ�WLPH�WDNHQ�WR�EH��PLQ�
ZLWK�HDFK�UHDJHQW���
�

���5(68/76�$1'�',6&866,21�
�

,PSXULW\� FRQWHQW� RI� WKH� VDPSOHV� UHSUHVHQWLQJ� GLIIHUHQW� PRQRPLQHUDOLF� S\ULWH� YDULHWLHV� FKDQJHV� DV�
IROORZV��������WR������&X��������WR����1L� �ERWK�DUH�GRQRU� LPSXULWLHV���DQG�������WR������$V��DFFHSWRU�
LPSXULW\��� JROG� FRQWHQW� YDULHV� IURP� �� WR� ��SSP�$X� �7DEOHV� �� DQG� ���� $UVHQRS\ULWH� VDPSOHV� FRQWDLQ� WKH�
IROORZLQJ�LPSXULWLHV��������WR������&X�DQG�OHVV�WKDQ�������1L��ZLWK�JROG�FRQWHQW�YDU\LQJ�EHWZHHQ���DQG�
���SSP�� 3\ULWH� DGPL[WXUH� FRPSRVLWLRQ� YDULHV� PXFK� PRUH� ZLGHO\� WKDQ� WKDW� RI� DUVHQRS\ULWH�� ZKLFK� LV�
UHIOHFWHG�LQ�VHPL�FRQGXFWLYH�SURSHUWLHV�RI�PRQRPLQHUDOLF�VSHFLHV�EHLQJ�VWXGLHG��7DEOHV���DQG�����
�
7DEOH���
(OHPHQWDO�FRPSRVLWLRQ�DQG�QRQ�VWRLFKLRPHWU\�RI�S\ULWH�VDPSOHV�

&RQWHQW�6DPSOH�
)H�
�

6XOILGH�
6
�

&X�
�

$V�
�

$X�
SSP�

6XUIDFH�
PJ�J�
6

5HDO�
IRUPXOD�

1RQ��
VWRLFKLRPHWU\�

�

�6�6WKHRUHWLF�

� ����� ����� ���� ����� ��� ����� )H6����� �����
� ����� ����� ���� ����� ��� ����� )H6������ ����
� ����� ����� ���� ���� �� ����� )H6����� �����
� ������ ����� ���� ���� ��� ����� )H6����� �����
� ����� ����� ����� ���� ��� ����� )H6����� �����

(OHFWURSK\VLFDO� FKDUDFWHULVWLFV� VWXGLHV� KDYH� VKRZQ� WKDW� HOHFWULFDO� UHVLVWLYLW\� RI� WKH� H[DPLQHG� S\ULWH�
VDPSOHV�YDULHV�IURP�����[����2KP�P�WR����[����2KP�P��DQG�WKHLU�7(0)�FRHIILFLHQW�YDULHV�EHWZHHQ�����
DQG�����9��&��)RU�DUVHQRS\ULWH�VDPSOHV��WKHVH�SDUDPHWHUV�YDU\�DV�IROORZV����������[����2KP�P�DQG�����
����9��&�� UHVSHFWLYHO\�� 3\ULWH� VDPSOHV� ���� DQG� ���� DUH� FKDUDFWHUL]HG� E\� D� SUHGRPLQDQFH� RI� Q�W\SH�
FRQGXFWLYLW\�� ZKLOH� LQ� S\ULWH� VDPSOHV� ����� ���� DQG� ���� WKH� FRQGXFWLYLW\� LV� HVVHQWLDOO\� S�W\SH��PXFK� OLNH� LQ�
DUVHQRS\ULWH��VDPSOHV�����������DQG������DQG��RQO\��DUVHQRS\ULWH��VDPSOH�����GHPRQVWUDWHV��D�FRPELQHG�W\SH�RI��
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FRQGXFWLYLW\��$OO�S\ULWH�VDPSOHV�ZLWK�SUHGRPLQDQWO\�Q�W\SH�FRQGXFWLYLW\�KDYH�QHDUO\�WKH�VDPH�+DOO�FRQVWDQW�
DQG� FKDUJH� FDUULHU� FRQFHQWUDWLRQ� YDOXHV��ZKHUHDV� LQ� S\ULWH�ZLWK� S�W\SH� FRQGXFWLYLW\� WKH� VFDWWHU� RI� WKHVH�
SDUDPHWHUV�LV�DV�JUHDW�DV�������RUGHUV�RI�PDJQLWXGH��7KH�LQFUHDVH�LQ�S\ULWH�JROG�FRQWHQW�IURP����WR���SSP�
UHVXOWV� LQ� 7(0)� FRHIILFLHQW� ULVLQJ� IURP� ���� WR� ����9�R&�� $UVHQRS\ULWH� ���� ZLWK� �SSP� $X� FRQWHQW� LV�
FKDUDFWHUL]HG�E\�D7(0)� ����9�R&��
�
7DEOH���
(OHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�S\ULWH�VDPSOHV�

6DPSOH�
�

(OHFWULFDO�
UHVLVWLYLW\��
�[�����
2KP�P�

7(0)�
FRIILFLHQW��
�9�R&

6LJQ�RI�
7(0)�

+DOO�FRQVWDQW��
[����� P��&

7\SH�RI�
FRQGXFWLYLW\�

&XUUHQW�
FDUULHUV�

FRQFHQWUDWLRQ��
[����� P��

� ���� ���� �� ������ Q� ���
� ���� ���� �� ���� Q� �����
� ����� �� �� ������� S� ����
� ���� ���� �� ������ S� ���
� ����� ���� �� ����� S� ����

7DEOH���
(OHPHQW�FRPSRVLWLRQ�DQG�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�DUVHQRS\ULWH�VDPSOHV�

&RQWHQW�6DPSOH�
� $V�

�
&X�
�

$X�
SSP�

6XUIDFH�
PJ�J�
6

(OHFWULFDO�
UHVLVWLYLW\��

[����� 2KP�P�

7(0)�
FRHIILFLHQW��

�9�R&

6LJQ�
RI�

7(0)�

� ����� ����� ���� ���� ��� ���� ��
� ����� ����� ��� ����� ��� ���� ��
� ����� �� ��� ����� ���� ���� ��RU���
� ����� ���� �� ����� ��� ���� ��

)URP�DQDO\VLV� RI� H[SHULPHQWDO� UHVXOWV� DQG� WKHLU� FRUUHODWLRQ�GDWD� IURP� OLWHUDWXUH�RQ�PLQHUDORJ\�RI�JROG�
GHSRVLWV��.RUREH\QLNRY�HW�DO�� ������LW�ZDV�FRQFOXGHG�WKDW�WKH�S\ULWH�DQG�DUVHQRS\ULWH�VDPSOHV�VHOHFWHG�IRU�
WHVWLQJ� LQ� WKLV� VWXG\�ZHUH� UHSUHVHQWDWLYH� HQRXJK� WR� DGHTXDWHO\� UHIOHFW� WKH� GLYHUVH�PLQHUDORJ\� RI� S\ULWH�
DUVHQLF�RUHV��

8VLQJ�WKH�GDWD�SUHVHQWHG�LQ�7DEOH��� WKH�OLPLWLQJ�GHJUHH�RI�S\ULWH�R[LGDWLRQ�ZDV�GHWHUPLQHG�ZLWK�ZKLFK�
WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� LPSXULW\� FRQWHQW�� VHPLFRQGXFWLQJ�� HOHFWURFKHPLFDO� DQG� SURFHVVLQJ�
FKDUDFWHULVWLFV�RI�S\ULWH�FDQ�VWLOO�EH�DQDO\]HG�ZLWK�HQRXJK�FHUWDLQW\��7R�GR�WKLV��WKH�GHSHQGHQFH�RI�IRUPDWWHG�
UHVLVWLYLW\�YDOXHV�RQ�IUHH�VXOIXU�FRQFHQWUDWLRQ�RQ�PLQHUDO�VXUIDFHV�ZDV�H[DPLQHG��7KLV�UHODWLRQVKLS��JHQHUDOO\�
IRUPXODWHG� DV� U�UPD[ I�6�6PD[��� SURYHG� WR� EH� D� VHFRQG�GHJUHH� SRO\QRPLDO� ZLWK� 5�!����� VKRZLQJ� DQ�
LQWHQVLYHO\� DVFHQGLQJ� EUDQFK� IRU� DUJXPHQW� YDOXHV� JUHDWHU� WKDQ� ������ )URP� WKLV� UHDVRQLQJ�� WKH�PD[LPXP�
DGPLVVLEOH�DPRXQW�RI�HOHPHQWDO�VXOIXU�WKDW�VWLOO�GRHV�QRW�DIIHFW�WKH�UHPDLQLQJ�PXWXDO�FRUUHODWLRQV�ZDV�WDNHQ�
WR�EH������[�����PROH�NJ��DQG�RQO\�WKRVH�S\ULWH�VDPSOHV�WKDW�VDWLVILHG�WKLV�FRQGLWLRQ�ZHUH�WKHQ�GHDOW�ZLWK�LQ�
VXEVHTXHQW�H[SHULPHQWV��

7KH� H[SHULPHQWDO� (� YV�� S+� FXUYHV� SORWWHG� LQ� )LJXUH��� IRU� S+� ������� DUH� GHVFULEHG� E\� VHFRQG�GHJUHH�
SRO\QRPLDO�ZLWK�D�TXLWH�KLJK�VTXDUH�FRUUHODWLRQ�FRHIILFLHQW��5�! �������7KH�QXPEHUV�RI�WKH�FXUYHV�LQ�)LJXUH���
FRUUHVSRQG� WR� WKH� QXPEHUV� RI� WKH� DQDO\]HG� PLQHUDO� VDPSOHV�� 3\ULWH� VDPSOHV� ZLWK� Q�W\SH� FRQGXFWLYLW\�
�FXUYHV���DQG���� VKRZ�SHDN�SRWHQWLDO�YDOXHV� �(PD[� HTXDO� WR�����DQG����P9�� UHVSHFWLYHO\��ERWK�H[WUHPH�
PD[�SRLQWV�FRUUHVSRQGLQJ�WR�S+ ���3\ULWH�VDPSOHV�ZLWK�D�SUHGRPLQDQFH�RI�S�W\SH�FRQGXFWLYLW\� �FXUYHV���
DQG����DUH�FKDUDFWHUL]HG�E\�(PD[�YDOXHV�RI�����DQG����P9��UHVSHFWLYHO\��ZLWK�ERWK�H[WUHPH�SRLQWV�VKLIWHG�
E\�������S+�XQLWV� WRZDUGV�KLJKHU�DFLGLW\� UHODWLYH� WR� WKRVH�RI�VDPSOHV���DQG����/DVWO\�� WKH�SHDN�YDOXHV�RI�
DUVHQRS\ULWH�HOHFWURGH�SRWHQWLDOV�DUH�HTXDO�WR����P9��FXUYHV���DQG����DQG����P9��FXUYH�����WKH�H[WUHPH�
SRLQWV�FRUUHVSRQGLQJ�WR�S+ ��DQG�S+ ����

7R� IRUPDOL]H� WKH� H[SHULPHQWDO� GDWD�� WKH� HOHFWURGH� SRWHQWLDO� YDOXHV� LQ� WKH� GHVFHQGLQJ� VHJPHQWV� RI�
IXQFWLRQDO� UHODWLRQVKLSV� ZHUH� IRUPDWWHG� WKURXJK� GLYLVLRQ� E\� (PD[� YDOXHV� GHWHUPLQHG� IRU� UHVSHFWLYH�
PRQRPLQHUDOLF� HOHFWURGHV�� )LJXUH� �� GLVSOD\V� WKH� (�(PD[� YV�� S+� OLQHDU� DSSUR[LPDWLRQ� SORWV� IRU� GHFUHDVLQJ�
SRWHQWLDO�YDOXHV�PHDVXUHG�ZLWKRXW��FXUYHV��������D��DQG�ZLWK��FXUYHV����� E��VRGLXP�EXWK\O[DQWKDWH��'DVKHG�
OLQHV� GHSLFW� WKH� FDOFXODWHG� (�(PD[ I�S+�� UHODWLRQVKLSV� FRUUHVSRQGLQJ� WR� S\ULWH� R[LGDWLRQ� ZLWKRXW� DQ\�
VXOIK\GULF�FROOHFWRU�\LHOGLQJ�IHUULF�LURQ�K\GUR[LGH�DQG�IUHH�VXOIXU��FXUYH�����D��DQG�WR�S\ULWH�R[LGDWLRQ�ZLWK�
DGGHG�[DQWKDWH�UHIOHFWLQJ�WKH�VWDJH�RI�GL[DQWKRJHQ�IRUPDWLRQ��FXUYH�����E���

&XUUHQWOHVV� SRWHQWLDO� YDOXHV� RI� S\ULWHV�ZLWK� S�W\SH� FRQGXFWLYLW\� ��� DQG� ��� DUH� QHDUO\� LGHQWLFDO� WR� WKH�
YDOXHV��FDOFXODWHG���IRU���WKH��SURFHVV��RI��IRUPDWLRQ��RI��D��)H�2+�� SKDVH��RQ��PLQHUDO��VXUIDFHV���ZKHUHDV��WKH�
�
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9RO����1R���������������������SS����������
�

SRWHQWLDOV� RI� VDPSOHV� ZLWK� Q�W\SH� FRQGXFWLYLW\� ��� DQG� ��� DUH� �������P9� KLJKHU�� ZKLFK� DSSHDUV� WR� EH�
HYLGHQFH�RI�SUHIHUHQWLDO�GLVVROXWLRQ�RI�VXUILFLDO�ILOPV�RQ�S\ULWHV�ZLWK�Q�W\SH�FRQGXFWLYLW\��0HDVXUHPHQWV�RI�
PRQRPLQHUDOLF� HOHFWURGH� SRWHQWLDOV� LQ� WKH� SUHVHQFH� RI� VRGLXP� EXWK\O[DQWKDWH� UHYHDOHG� HYLGHQWO\�
SUHIHUHQWLDO� [DQWKDWH� R[LGDWLRQ� WR� GL[DQWKRJHQ� RQ� WKH� VXUIDFHV� RI� VDPSOHV� ZLWK� Q�W\SH� FRQGXFWLYLW\��
3RWHQWLDO� YDOXHV� PHDVXUHG� IRU� S\ULWHV� ZLWK� S�W\SH� FRQGXFWLYLW\� ���� DUH� FORVH� WR� WKH� YDOXH� REWDLQHG� IRU�
DUVHQRS\ULWH������
�

)LJXUH����0LQHUDO�HOHFWURGH�SRWHQWLDO�DV�D�IXQFWLRQ�RI�S+�

� D�� � � � � � � � � � � � � � � � E��
)LJXUH����)RUPDWWLQJ�PLQHUDO�HOHFWURGH�SRWHQWLDO�DV�D�IXQFWLRQ�RI�S+�

� D��ZLWKRXW�EXWK\O[DQWKDWH��E��ZLWK�EXWK\O[DQWKDWH�DGGLWLRQ�
�
$QDO\VLV� RI� SURGXFWV� RI� [DQWKDWH� UHDFWLRQ� ZLWK� S\ULWH� DQG� DUVHQRS\ULWH� XQGHU� YDU\LQJ� S+� FRQGLWLRQV�

UHYHDOHG� D� FRUUHODWLRQ� EHWZHHQ� WKH� QDWXUH� DQG� FRQFHQWUDWLRQ� RI� LPSXULW\� VSHFLHV� DQG� WKH� DPRXQW� RI�
[DQWKDWH�FRPSRXQGV�RQ�VDPSOH�VXUIDFHV�DQG�LQ�WKH�OLTXLG�SKDVH�RI�PRQRPLQHUDOLF�VXVSHQVLRQV��

)LJXUH���VKRZV�GL[DQWKRJHQ�VRUSWLRQ�SORWWHG�YHUVXV�S+�IRU�DOO�WKH�PLQHUDO�VDPSOHV�WHVWHG��ZLWK�QXPEHUV�
RI�FXUYHV�FRUUHVSRQGLQJ�WR�VDPSOH�QXPEHUV�LQ�7DEOHV���DQG����7KH�VWXG\�UHYHDOHG�WKDW�� LQ�PRQRPLQHUDOLF�
VXVSHQVLRQV� RI� HVVHQWLDOO\� SXUH� )H� DQG�$V� VXOILGHV�� [DQWKDWH� LV� R[LGL]HG� WR� GL[DQWKRJHQ�� ([SHULPHQWV� RQ�
VDPSOHV�ZLWK�&X��$X�DQG�1L�LPSXULWLHV�VKRZHG�WKH�HPHUJHQFH�RI�PHWDO�[DQWKDWHV��WKH�SURSRUWLRQ�RI�ZKLFK�
LQ�RYHUDOO�VRUSWLRQ�RI�WKH�FROOHFWRU�LQFUHDVHV�ZLWK�LQFUHDVLQJ�LPSXULW\�FRQWHQW�RI�WKH�VDPSOHV��*HQHUDOO\��S+�
IRU� S+�� WKH� RYHUDOO� [DQWKDWH� VRUSWLRQ� HQYLURQPHQW� WR� DQ� DONDOLQH� RQH�� ;DQWKDWH� VRUSWLRQ� RQ� DUVHQRS\ULWH�
FHDVHV�DW�S+�KLJKHU�WKDQ�����ZKHUHDV�IRU�S\ULWH�[DQWKDWH�VRUSWLRQ�WHUPLQDWHV�DW�S+�KLJKHU�WKDQ��������
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)LJXUH����'L[DQWKRJHQ�VRUSWLRQ�DV�D�IXQFWLRQ�RI�S+�
�1XPEHUV�RI�FXUYHV�FRUUHVSRQG�WR�S\ULWH�DQG�DUVHQRS\ULWH�VDPSOHV�LQ�7DEOHV���DQG����

�
$OO�QDWXUDO�DXULIHURXV�S\ULWHV�DUH�IRXQG�WR�EH�RI�QRQ�VWRLFKLRPHWULF�FRPSRVLWLRQ��7DEOH�����
$V�RI�QRZ��WKUHH�GLIIHUHQW�WUHQGV�DUH�HYLGHQW�LQ�WKHRULHV�RI�QRQ�VWRLFKRPHWU\�RI�FU\VWDOOLQH�VXEVWDQFHV��

ZKLFK� FDQ� EH� JHQHUDOO\� FODVVLILHG� DV� FKHPLFDO�� SK\VLFRFKHPLFDO� DQG� FU\VWDOORFKHPLFDO� DSSURDFKHV�
�$QGHUVRQ�� ������� 1RQ�VWRLFKLRPHWU\� LV� VRPHWLPHV� WUHDWHG� DV� VRPH� GLVEDODQFH� EHWZHHQ� WKH� DQLRQ� DQG�
FDWLRQ� FRQFHQWUDWLRQV� LQ� D� FU\VWDO�� RU� DV� WKH� SUHVHQFH� RI� ODWWLFH� YDFDQFLHV� PDNLQJ� IRU� WKHUPRG\QDPLF�
VWDELOLW\�RI�D�FU\VWDOOLQH�VXEVWDQFH�� )URP�WKH�VWDQGSRLQW�RI�VWUXFWXUDO�FU\VWDOORFKHPLVWU\��QRQ�VWRLFKLRPHWU\�
PD\� EH� UHODWHG� WR� VRPH� GLVSODFHPHQW� RI� SULPDU\� VWUXFWXUH�PLFUREORFNV� RU� WR� LQWHUJURZWK� RI� VWUXFWXUDOO\�
VLPLODU�PLFURGRPDLQV�ZLWK�GLIIHULQJ�FRPSRVLWLRQ��)HQGHU���������$Q\ZD\��QRQ�VWRLFKLRPHWU\�LV�UHOHYDQW�WR�
TXDQWLWDWLYH�UHODWLRQVKLSV�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV�RI�D�FU\VWDOOLQH�VXEVWDQFH��,Q�PRUH�H[DFW�WHUPV��D�
PLQHUDO�ZLWK� WKH� IRUPXOD� D E PXVW�KDYH�D�FRQVWDQW�D�E� UDWLR� �WKH� UDWLR�EHWZHHQ� WKH�TXDQWLWLHV�RI� ODWWLFH�
QRGHV�RFFXSLHG�E\�0�DQG�6�DWRPV��WR�EH�VWRLFKLRPHWULF��DQG�ZLWK�D�YDULDEOH�D�E�UDWLR�WKH�PLQHUDO�ZRXOG�EH�
QRQ�VWRLFKLRPHWULF��

:KHQ�GHDOLQJ�ZLWK�QRQ�VWRLFKLRPHWULF�FU\VWDOV��WKH�FKDUDFWHU�DQG��LQ�VRPH�FDVHV��WKH�GHJUHH�RI�GHYLDWLRQ�
IURP�VWRLFKLRPHWU\�PD\�EH�LQGLFDWLYH�RI�PLQHUDO�DFLGLW\�DONDOLQLW\��HYHQ�ZLWKLQ�D�FRPPRQ�PLQHUDO�VSHFLHV��
DV�ERWK�FRQGXFWLYLW\�W\SH�DQG�DFWXDO�HOHFWURFKHPLFDO�SRWHQWLDO�RI�D�PLQHUDO�GR�GHSHQG�RQ�LWV�FRPSRVLWLRQ��
)RU�H[DPSOH��S\ULWH�ZLWK�IRUPXOD�)H6�����ZLOO�KDYH�Q�W\SH�FRQGXFWLYLW\�DQG�KLJKHU�DONDOLQLW\�DV�FRPSDUHG�WR�
)H6�����S\ULWH��ZKLFK�ZLOO�EH�FKDUDFWHUL]HG�E\�D�GHILFLHQF\�RI�WKH�FDWLRQLF�SDUW�RI�S\ULWH�PLQHUDO�IRUPXOD��7KH�
IRUPXODH� RI� WKHVH� WZR� S\ULWHV� ZRXOG� EH� PRUH� FRUUHFWO\� ZULWWHQ� WDNLQJ� LQWR� DFFRXQW� WKH� SUHVHQFH� RI�
DQLRQLF�FDWLRQLF� YDFDQFLHV� DQG� UHVSHFWLYH� FKDUJHV� WKDW� FRXQWHUEDODQFH� WKH� H[FHVVLYH� FKDUJH� LQ�
FDWLRQLF�DQLRQLF�SDUWV�RI�WKH�PLQHUDO�IRUPXODH��)H��> @�����6����������DQG�)H��> @�����6���������� 2QO\�LQ�WKLV�FDVH�ZLOO�
WKH�XQLYHUVDO�SULQFLSOH�RI�HOHFWULF�QHXWUDOLW\�RI�DFWXDO�VROLGV�EH�REH\HG��$W� URRP�DQG�KLJKHU� WHPSHUDWXUHV��
WKH�HOHFWURQV� WKDW�FRXQWHUEDODQFH�WKH�H[FHVVLYH�SRVLWLYH�FKDUJH� LQ� WKH� ILUVW�S\ULWH�YDULHW\�PRVWO\� UHVW� LQ�D�
TXDVL�IUHH�VWDWH�ZLWKLQ�WKH�FRQGXFWLRQ�EDQG��DQG�TXDVL�IUHH�SRVLWLYH�KROHV�IRUP�LQ�WKH�YDOHQFH�EDQG�RI�WKH�
VHFRQG�S\ULWH�� ,Q�SDUWLFXODU�FDVHV��NQRZOHGJH�RI�WKH�VLJQ�RI�7(0)�IRU�WKH�PLQHUDOV�RFFXUULQJ�LQ�DVVRFLDWLRQ�
ZRXOG�VXIILFH�IRU�UHOLDEOH�FRPSDUDWLYH�DVVHVVPHQW�RI�WKHLU�DFLGLW\�DONDOLQLW\�FKDUDFWHULVWLFV��

%DVHG� RQ� DQDO\VLV� RI� WKH� HVVHQWLDO� FKDUDFWHULVWLFV� RI� WKH� H[DPLQHG� VDPSOHV�� WKH� S\ULWHV� VWXGLHG�ZHUH�
FODVVLILHG�E\� WKH�FKDUDFWHU�RI� UHODWLRQVKLSV�EHWZHHQ� WKH�VWUXFWXUH�DQG�FRPSRVLWLRQ��DV� LV�FXVWRPDU\�ZKHQ�
VWXG\LQJ�QRQVWRLFKLRPHWULF�FRPSRXQGV��:DGVOH\���������7KH�GHYLDWLRQ�IURP�PXOWLSOLFLW\�LQ�WKH�FDWLRQLF�WR�
DQLRQLF� UDWLRQV� LQ� VDPSOHV� ���� DQG� ���� LV� UHVSHFWLYHO\� GXH� WR� WKH� ODFN� RI� YDULDEOH� 6� DQG� )H� DPRXQWV�
�VXEWUDFWLRQ���1RQ�VWRLFKLRPHWU\�RI�VDPSOHV�����DQG�����PD\�EH�UHODWHG�WR�WKH�DGYHQW�RI�LPSXULW\�HOHPHQWV�
�UHVSHFWLYHO\��&X�DQG�$V��LQWR�WKH�KRVW�PLQHUDO�ODWWLFH��LQWHUSRODWLRQ���/DVWO\��VDPSOH�����ZLWK�KLJK�IUHH�VXOIXU�
FRQWHQW� LV� FKDUDFWHUL]HG� E\� D� SHFXOLDU� W\SH� RI� UHSODFHPHQW��ZKHUH� VRPH�H[FHVVLYH� )H� DWRPV�RFFXS\� WKH�
VLWHV�WKDW�ZHUH�SUHYLRXVO\�RFFXSLHG�E\�VXOIXU�DQG�EHFDPH�YDFDQW�RZLQJ�WR�6���R[LGDWLRQ�WR�6��

7KH�FRPSDULVRQ�RI� WKH�GDWD�RQ�WKH�UDWLR�RI�DFWXDO�DQG�VWRLFKLRPHWULF�VXOILGH�VXOIXU�FRQWHQWV� �6�6WKHRUHWLF�
DQG� WKH� HOHPHQWDO� VXOIXU� DPRXQWV� RQ� WKHLU� VXUIDFHV� GHPRQVWUDWHG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� QRQ�
VWRLFKLRPHWULF�IDFWRU�DQG�PLQHUDO�R[LGL]LQJ�DELOLWLHV��,Q�SDUWLFXODU��RQ�S\ULWH�VXUIDFHV�����DQG�����ZLWK�D�VPDOO�
GHIOHFWLRQ�IURP�D�VWRLFKLRPHWU\������DQG�����PJ�J�RI�IUHH�VXOIXU� LV�GHWHUPLQHG��ZKLOH�RQ�VDPSOHV�ZLWK�D�
FRQVLGHUDEOH�H[FHVV�����RU�GHILFLW�����RI�DQLRQLF�SDUWV�r������DQG�����PJ�J�RI�HOHPHQWDO�VXOIXU��DFFRUGLQJO\��
,W� VKRXOG� EH� QRWHG� WKDW� S\ULWH� JROG� FRQWHQW� HIIHFWV� LWV� VXUILFLDO� R[LGDWLRQ�� 6DPSOHV� ���� ��SSP�$X�� DQG� ����
���SSP� $X�� DUH� FKDUDFWHUL]HG� E\� DSSUR[LPDWHO\� LGHQWLFDO� GHYLDWLRQ� IURP� D� VWRLFKLRPHWULF� VXOILGH� VXOIXU�
FRQWHQW�� KRZHYHU� IUHH� VXOIXU� DPRXQW� GHWHUPLQHG� RQ� DXULIHURXV� VDPSOH� VXUIDFH� LV� �� WLPHV� OHVV� WKDQ� RQ�
VDPSOH������
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7KH�GHYLDWLRQ�RI�S\ULWH� IRUPXOD�IURP�WKH�VWRLFKLRPHWULF�)H�6�UDWLR�UHVXOWLQJ� LQ�WKH�IRUPDWLRQ�RI�FDWLRQLF�
DQG�DQLRQLF�YDFDQFLHV�LV�HYLGHQFH�RI�SDUWLDO�GHVWUXFWLRQ�RI�S\ULWH�FU\VWDO�ODWWLFH��WKDW�KDV�DSSHDUHG�WR�HIIHFW�
WKH�IRUPV�RI�[DQWKDWH�DGVRUSWLRQ�RQ�WKH�PLQHUDO�VXUIDFH��7KH�GHSHQGHQFH�RI�WKH�SURSRUWLRQ�RI�FKHPLFDOO\�
DGVRUEHG�FROOHFWRU�RQ�WKH�UDWLR�RI�WKH�DFWXDO�DQG�WKHRUHWLFDO�VXOILGH�VXOIXU�FRQWHQW�RI�WKH�VDPSOH�LV�LOOXVWUDWHG�
E\� )LJXUH� ��� ,QFUHDVH� LQ� QRQ�VWRLFKLRPHWU\�� ERWK� WRZDUGV� WKH� H[FHVV� RI� WKH� DQLRQLF� SDUW� RI� WKH� PLQHUDO�
IRUPXOD�DQG�WRZDUGV�LWV�GHILFLHQF\��HYLGHQWO\�WHQGV�WR�LQFUHDVH�WKH�SURSRUWLRQ�RI�FKHPLVRUSWLRQ��

7KH�UHODWLRQVKLS�EHWZHHQ�FKHPLVRUEHG�IRUP�RI�FROOHFWRU�DQG�D�SURSRUWLRQ�RI�D�VXEVWDQWLDO�DQG�LGHDOL]HG�
FRQWHQW�RI�VXOILGH�VXOIXU�LV�LOOXVWUDWHG�E\�FXUYHV�LQ�)LJXUH����7KH�LQFUHDVLQJ�LQ�QRQ�VWRLFKLRPHWU\�DV�LQ�D�IRUP�
RI�DQLRQLF�SDUW�VXUSOXV�RU�LWV�VKRUWDJH�UHVXOWV�LQ�WKH�FKHPLFDO�VRUSWLRQ�DVFHQGLQJ��

�

)LJXUH����;DQWKDWH�FKHPLVRUSWLRQ�DV�D�IXQFWLRQ�RI�S\ULWHV�DQLRQLF�SDUW�QRQ�VWRLFKLRPHWU\�
���r�S+������r�S+�������r�S+�������r�S+�����

�
)URP�WKH�GDWD�RQ�D�IUHH�VXOIXU�DPRXQW�DQG�LWV�VWDELOLW\�RQ�WKH�PLQHUDO�VXUIDFHV��DQG�DOVR�PDJQLWXGH�RI�WKH�

FROOHFWRU� FKHPLVRUSWLRQ� LW� LV� SRVVLEOH� WR� VXVSHFW�� WKDW� VDPSOHV� ZLWK� IDLOXUH� RI� LURQ� DQG� VXOIXU� UDWLRQ�
PXOWLSOLFLW\�DURXVHG�E\�WKH�HQWUDQFH�RI�HOHPHQWV�DGPL[WXUHV�LQ�WKH�ODWWLFH�RI�PLQHUDO�PDVWHU��ZLOO�GLIIHU�RQ�
WKH�EHKDYLRU�LQ�IORWDWLRQ�SURFHVV��

$QDO\VLV�RI�S\ULWH�DQG�DUVHQRS\ULWH�IORDWDELOLW\�SORWWHG�YHUVXV�S+��)LJXUH����UHYHDOV�WKDW�VDPSOHV�����DQG�
���� KDYH� TXLWH� VLPLODU� IORWDWLRQ� SURSHUWLHV�� )RU� WKHVH� S\ULWH� VDPSOHV�� UHFRYHU\� UDQJHV� XS� WR� ����ZLWK� S+�
YDU\LQJ�EHWZHHQ���DQG�����)XUWKHU� LQFUHDVH� LQ�S+�UHVXOWV� LQ�SDUWLDO�GHSUHVVLRQ��VXFK�WKDW�ZLWK�S+�YDU\LQJ�
EHWZHHQ������DQG������S\ULWH�UHFRYHU\�GRHV�QRW�H[FHHG����� 3\ULWH�VDPSOHV�����DQG�����ZLWK�KLJK�&X��$V�
DQG�$X�FRQWHQWV�DUH�UHDGLO\�IORDWDEOH�HYHQ�LQ�D�KLJKO\�DONDOLQH�HQYLURQPHQW�ZLWK�S+�DV�KLJK�DV������������
3XUH�DUVHQRS\ULWH�VDPSOHV�����DQG�����DUH�PRVW�VHQVLWLYH�WR�GHSUHVVLYH�DFWLRQ�RI�WKH�DONDOLQH�PHGLXP��

�

)LJXUH����)ORDWDELOLWLHV�RI�S\ULWH�DQG�DUVHQRS\ULWH�VDPSOHV�DV�D�IXQFWLRQ�RI�S+�
�1XPEHUV�RI�FXUYHV�FRUUHVSRQG�WR�S\ULWH�DQG�DUVHQRS\ULWH�VDPSOHV�LQ�7DEOHV���DQG����
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7KH�PHWKRG�RI�FRUUHODWLRQ�DQDO\VLV�LQYROYLQJ�WKH�SULQFLSOH�RI�IRUPDOL]DWLRQ�RI�H[SHULPHQWDO�UHODWLRQVKLSV�
ZDV�XVHG� WR�GHULYH� WKH� OLQHDU�FRUUHODWLRQ�HTXDWLRQV� OLQNLQJ� WKH� LPSXULW\�FRQWHQWV��7(0)�FRHIILFLHQWV��QRQ�
VWRLFKLRPHWU\�IDFWRUV�DQG�S\ULWH�DQG�DUVHQRS\ULWH�UHFRYHU\�YDOXHV��7DEOH�����

7KH�VWXG\�UHYHDOHG�D�SRVLWLYH�OLQHU�FRUUHODWLRQ�EHWZHHQ�IRUPDWWHG�YDOXHV�RI�S\ULWH�HOHFWURGH�SRWHQWLDO�DW�
QHXWUDO� S+� DQG� HOHFWULFDO� UHVLVWLYLW\� �5� ������� 7KHUH� LV� D� SRVLWLYH� OLQHU� FRUUHODWLRQ� EHWZHHQ� HOHFWULFDO�
UHVLVWLYLW\� DQG� FRSSHU� LPSXULW\� FRQWHQW� RI� DUVHQRS\ULWH� �5� ������� 7KH� IDFW� WKDW� QR� FRUUHODWLRQ�ZDV� IRXQG�
EHWZHHQ�HOHFWULFDO�UHVLVWLYLW\�DQG�LPSXULW\�FRQWHQW�RI�WKH�DQDO\]HG�S\ULWH�VDPSOHV�LV��LQ�RXU�RSLQLRQ��UHODWHG�
WR� MRLQW� SDUWLFLSDWLRQ� RI� GRQRU� DQG� DFFHSWRU� LPSXULW\� VSHFLHV� LQ� HOHFWULFDO� UHVLVWLYLW\� RI� WKH� S\ULWHV� EHLQJ�
VWXGLHG��
�
7DEOH���
/LQHDU�FRUUHODWLRV�EHWZHHQ�WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�S\ULWH�DQG�DUVHQRS\ULWH�YDULHWLHV�

1U� )XQFWLRQ� $UJXPHQW� 5� &RQVWUDLQWV�SURYLGLQJ�IRU�OLQHDU�
DSSUR[LPDWLRQ�FHUWDLQW\�

3\ULWH�
� (�(PD[� U�UPD[� ����� S+ ����
� D7(0)��D7(0)�PD[� D$V���D$V�PD[� ����� ������D$V�������
� D7(0)��D7(0)�PD[� D$X���D$X�PD[� ����� ��������D$X�������
� D7(0)��D7(0)�PD[� D1L��D1L�PD[� ����� �������D1L������
� D7(0)��D7(0)�PD[� >6@�>6WKHRU�@ ����� S+ �����
� U�UPD[� >6@�>6WKHRU�@ ����� S+ �����
� U�UPD[� D7(0)��D7(0)�PD[� ����� S+ �����
� H�H PD[� D$V � D$V PD[� ����� S+!���
� H�H PD[� D1L��D1L�PD[� ����� �������D1L�������S+ ����
��� H�H PD[� D7(0)��D7(0)�PD[� ����� �������D1L�������S+ ����
��� H�H PD[� D7(0)��D7(0)�PD[� ����� ������D$V�������S+ ������

$UVHQRS\ULWH�
� U�UPD[� D&X��D&XPD[� ����� ������D&X�������S+ ����
� D7(0)��D7(0)�PD[� D$X���D$X�PD[� ����� ���������D$X��������S+ ����
� H�H PD[� D7(0)��D7(0)�PD[� ����� ���������D$X��������

������D&X�������S+ ����
7KHUH� LV�D�SRVLWLYH� OLQHDU�FRUUHODWLRQ�EHWZHHQ�D7(0)�DQG�$X��$V�DQG�1L�FRQWHQWV�RI� WKH�DQDO\]HG�S\ULWH�

DQG�DUVHQRS\ULWH�VDPSOHV��ZLWK���������D$X��������������D$V�������DQG��������D1L�������,Q�DGGLWLRQ��
WKHUH�ZDV�IRXQG�D�SRVLWLYH�OLQHDU�FRUUHODWLRQ�EHWZHHQ�D7(0)�DQG�S\ULWH�QRQ�VWRLFKLRPHWU\��>6@�>6WKHRU�@��DQG�D�
QHJDWLYH� OLQHDU� FRUUHODWLRQ� EHWZHHQ� HOHFWULFDO� UHVLVWLYLW\� DQG� S\ULWH� QRQ�VWRLFKLRPHWU\� �>6@�>6WKHRU�@��� ,Q�
SDUWLFXODU��ZLWK�WKH�XVH�RI�S\ULWH�QRQ�VWRLFKLRPHWULF�SDUDPHWHU��>6@�>6WKHRU�@��WKHUH�ZDV�IRXQG�WKH�UHODWLRQVKLS�
EHWZHHQ�HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�DQDO\]HG�PLQHUDOV���

,Q� DGGLWLRQ�� WKHUH�ZDV� IRXQG� D� SRVLWLYH� OLQHDU� FRUUHODWLRQ� EHWZHHQ� UHFRYHU\� DQG�$V� FRQWHQW� RI� S\ULWH��
ZLWK� ������D$V������ �5� ������� ZKLFK� KROGV� DW� S+� !���� /DVWO\�� WKHUH� LV� D� FRUUHODWLRQ� EHWZHHQ� S\ULWH�
UHFRYHU\� DQG� 1L� FRQWHQW� RI� S\ULWH�� ZLWK� �������D1L������ �5� ������� ZKLFK� KROGV� DW� ��S+���� )URP� WKH�
FRPELQDWLRQ� RI� FRUUHODWLRQV� UHYHDOHG� WKHUH� ZDV� IRXQG� UHODWLRQVKLSV� EHWZHHQ� S\ULWH� DQG� DUVHQRS\ULWH�
UHFRYHU\�DQG�D7(0)�

6LPXOWDQHRXV�GHSHQGHQFH�RI�S\ULWH�7(0)�FRHIILFLHQWV�XSRQ�DUVHQLF�DQG�JROG�LPSXULWLHV�FRQWHQW�FDQ�EH�
H[SODLQHG� E\� SDUWLFXODULWLHV� RI� DXULIHURXV� PLQHUDOV� FU\VWDOOL]DWLRQ�� $FFRUGLQJ� WR� &DEUL� HW� DO�� ������� DQG�
7DXVRQ�HW�DO�� �������DUVHQLF�VHUYHV�DV�JROG�SURYLGHU�RQ�WKH�VWDJH�RI�VXOILGH�PLQHUDO� ODWWLFH�IRUPDWLRQ��7KH�
UHSODFHPHQW�RI�$V�E\�6� LQ�S\ULWH� LV�DFFRPSDQLHG�E\�DQ� LQFUHDVH�RI�DWRPLF�VSDFLQJ� LQ� WKH�FRPSOH[�VXOIXU�
DQLRQ� VWUXFWXUH�� ZKLFK� PDNHV� IRU� WKH� IRUPDWLRQ� RI� GLVORFDWLRQV�� ,Q� DGGLWLRQ�� WKH� IRUPDWLRQ� RI� VPDOO� JROG�
LQFOXVLRQV�LQ�S\ULWH�LV�UHODWHG�WR�WKH�GHYHORSPHQW�RI�XQVWDEOH��WUDQVLWRU\�SKDVHV�LQYROYLQJ�$V��ZKLFK�KDV�DQ�
HIIHFW�RQ� WKH� UHGLVWULEXWLRQ�RI�H[LVWLQJ� VWUXFWXUDO�GHIHFWV�DQG�SURPRWHV� WKH� IRUPDWLRQ�RI�QHZ�GHIHFWV� LQ�D�
FRPSOHWH�FU\VWDO��7KHUHIRUH��HOHFWURSK\VLFDO�FKDUDFWHULVWLFV�RI�DUVHQLF�S\ULWH��ZKLFK�LV�XVXDOO\�FKDUDFWHUL]HG�
E\� D� KLJKHU� WKDQ� DYHUDJH� JROG� FRQWHQW�� DUH� GHWHUPLQHG� HVVHQWLDOO\� E\� WKH� DFFHSWRU�$V� LPSXULW\�� DQG� WKH�
SHFXOLDU�VXUIDFH�FKDUDFWHULVWLFV�RI�DUVHQLF�S\ULWH�FU\VWDOV�DUH�UHODWHG�SULPDULO\�WR�WKHLU�ZHOO�GHYHORSHG�GHIHFW�
VWUXFWXUH��

7R�VXPPDUL]H��WKH�VWXG\�RI�VHPLFRQGXFWLQJ��VRUSWLRQ�DQG�IORWDWLRQ�SURSHUWLHV�RI�JROG�EHDULQJ�S\ULWH�DQG�
DUVHQRS\ULWH� VDPSOHV�� IROORZHG� E\� PDWKHPDWLFDO� IRUPDOL]DWLRQ� RI� WKH� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQW�
FKDUDFWHULVWLFV�RI�WKH�DQDO\]HG�PLQHUDOV��DOORZHG�XV�WR�LGHQWLI\�WKH�IROORZLQJ�UHJXODULWLHV��
x )RUPDWWHG�YDOXHV�RI�PRQRPLQDOLF�HOHFWURGH�SRWHQWLDOV�LQ�D�QHXWUDO�HQYLURQPHQW�DUH�GLUHFWO\�SURSRUWLRQDO�

WR�HOHWULFDO�UHVLVWLYLW\�RI�S\ULWH�VDPSOHV��
x 7(0)�FRHIILFLHQW�RI�S\ULWH�VDPSOHV�LV�SURSRUWLRQDO�WR�WKHLU�$V��$X�DQG�1L�FRQWHQWV��
�
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x (OHFWULFDO�UHVLVWLYLW\�RI�DUVHQRS\ULWH�VDPSOHV� LV�SURSRUWLRQDO�WR�WKHLU�&X�FRQWHQW�DQG�7(0)�FRHIILFLHQW� LV�
SURSRUWLRQDO�WR�WKHLU�$X�FRQWHQW��

x &XUUHQWOHVV�SRWHQWLDO�YDOXHV�RI�S\ULWHV�ZLWK�S�W\SH�FRQGXFWLYLW\�FRUUHVSRQG�WR�WKH�IRUPDWLRQ�RI�D�)H�2+��
SKDVH� RQ� WKHLU� VXUIDFHV�� ZKHUHDV� SRWHQWLDO� YDOXHV� RI� S\ULWHV� ZLWK� Q�W\SH� FRQGXFWLYLW\� SRLQW� WR�
SUHIHUHQWLDO�GLVVROXWLRQ�RI�VXUILFLDO�R[LGH�ILOPV��

x 2[LGDWLRQ� RI� EXWK\O[DQWKDWH� WR� GL[DQWKRJHQ� SURFHHGV�ZLWK� KLJKHU� LQWHQVLW\� RQ� WKH� VXUIDFH� RI� Q�W\SH�
S\ULWH��ZKLFK�LPSDUWV�WR�LW�D�KLJKHU�K\GURSKRELFLW\�DV�FRPSDUHG�WR�S�W\SH�S\ULWH��

x 7KH�SURSRUWLRQ�RI�FKHPLFDOO\�DGVRUEHG�FROOHFWRU� IRUPLQJ�PHWDO�[DQWKDWH�FRPSRXQGV�RQ�S\ULWH�VXUIDFH�
LQFUHDVHV�ZLWK�LQFUHDVLQJ�&X��1L�DQG�$X�FRQWHQWV�RI�S\ULWH��

x (OHFWURSK\VLFDO� SURSHUWLHV� RI� $V�FRQWDLQLQJ� S\ULWHV�� ZKLFK� DUH� XVXDOO\� FKDUDFWHUL]HG� E\� D� KLJKHU� WKDQ�
DYHUDJH� $X� FRQWHQW�� DUH� JRYHUQHG� E\� WKH� HIIHFW� RI� DFFHSWRU� $V� LPSXULW\�� ZKHUHDV� WKHLU� VXUIDFH�
FKDUDFWHULVWLFV�DUH�GHWHUPLQHG�E\�WKHLU�ZHOO�GHYHORSHG�GHIHFW�VWUXFWXUH��
,Q�DGGLWLRQ�WR�WKHVH�ILQGLQJV��GHILQLWH�S+�UDQJHV�KDYH�EHHQ�LGHQWLILHG��ZLWKLQ�ZKLFK�WKH�GHSHQGHQFH�RI�

S\ULWH� IORDWDELOLW\� RQ� WKH� VHW� DQG� FRQFHQWUDWLRQ� RI� GLIIHUHQW� LPSXULW\� VSHFLHV� LQ� S\ULWH� LV� SDUWLFXODUO\�
SURQRXQFHG��
�

���&21&/86,216�
�

$QDO\VLV�DQG�FRPSDULVRQ�RI�WKH�VWUXFWXUH�RI�)H�PROHFXODU�RUELWDOV�LQ�S\ULWH�DQG�DUVHQRS\ULWH��LQ�FRQFHUW�
ZLWK� FU\VWDO�VWUXFWXUDO� DVVHVVPHQW� RI� WKH� LRQLFLW\� RI� WKH� )H�6� ERQG� LQ� WKH� H[DPLQHG� PLQHUDO� VDPSOHV��
GHPRQVWUDWHG� WKDW� S\ULWH� JHQHUDOO\� H[KLELWV� KLJK� UHGR[� UHDFWLYLW\�� %DVHG� RQ� UHFHQW� GDWD� RQ� ILQH� JROG�
FRQFHQWUDWLRQ� DFFRPSDQLHG� E\� WKH� IRUPDWLRQ� RI� VWUXFWXUDO� GHIHFWV� DQG� RQ� WKH� FRUUHODWLRQ� EHWZHHQ� JROG�
FRQWHQW� RI� S\ULWH� DQG� WKH� SUHVHQFH� RI� $V� PLFURLQFOXVLRQV� LQ� WKLV� PLQHUDO�� DQG� WDNLQJ� LQWR� DFFRXQW� WKH�
SRVVLELOLW\�RI�IRUPDWLRQ�RI�DFFHSWRU�VXOILGH�YDFDQFLHV�GXH�WR�HPSODFHPHQW�RI�$X�LQWR�WKH�FU\VWDO� ODWWLFH�RI�
)H6�� DQ�LQJHQLRXV�PHWKRGRORJ\�IRU�WKH�DVVHVVPHQW�RI�PLQHUDORJLFDO�DQG�SURFHVVLQJ�FKDUDFWHULVWLFV�RI�S\ULWH�
DQG�DUVHQRS\ULWH�ZLWK�GLIIHUHQW�JHQHVLV�ZDV�GHYHORSHG��7KH�QHZO\�GHYHORSHG�PHWKRGRORJ\�DOORZHG�XV�WR�
LGHQWLI\�WKH�HVVHQWLDO�IDFWRUV�JRYHUQLQJ�WKH�EHKDYLRU�RI�PLQHUDOV�GXULQJ�IORWDWLRQ��7KLV�PHWKRG�DOVR�DOORZHG�
WR� FODVVLI\� JROG�EHDULQJ� )H� DQG� $V� VXOILGHV� EDVHG� RQ� D� VHW� RI� PLQHUDORJLFDO� DQG� SURFHVVLQJ� SDUDPHWHUV��
ZKLFK�ZRXOG�KHOS� WR�GHWHUPLQH� VHOHFWLYLW\� FULWHULD� IRU� HIILFLHQW� VHOHFWLRQ� �VHSDUDWLRQ�� RI� WKHVH�PLQHUDOV� LQ�
IORWDWLRQ�RI�JROG�VXOILGH�RUHV��
x 0RUH�WKDQ������&X��OHVV�WKDQ����$V�DQG�PRUH�WKDQ���SSP�$X�LQ�S\ULWH��DQG�
x /HVV�WKDQ������$V�DQG�QRW�PRUH�WKDQ����SSP�$X�LQ�DUVHQRS\ULWH��

&RPSDULVRQ� RI� WKH� HOHPHQWDO� FRPSRVLWLRQ�� QRQ�VWRLFKLRPHWU\� DQG� IORWDWLRQ� DFWLYLW\� RI� GLIIHUHQW�
PRQRPLQHUDOLF� S\ULWH� YDULHWLHV� UHYHDOHG� WKDW� VDPSOHV� ZLWK� QHJOLJLEOH� LPSXULW\� FRQWHQW� DUH� QHDUO\�
VWRLFKLRPHWULF��DQG�VKRZ�VLPLODU�IORWDWLRQ�SURSHUWLHV��6DPSOHV�ZLWK�KLJK�&X��$V�DQG�$X�FRQWHQWV�DUH�KLJKO\�
QRQ�VWRLFKLRPHWULF�DQG�UHDGLO\�IORDWDEOH��HYHQ�LQ�D�KLJKO\�DONDOLQH�HQYLURQPHQW��6DPSOHV�ZLWK�KLJK�VXUIDFH�
VXOIXU�FRQWHQW�DQG�WKH�PRVW�GHIHFWLYH�FU\VWDO�ODWWLFHV��ZLWK�LURQ�DWRPV�VXEVWLWXWLQJ�IRU�VXOILGH�YDFDQFLHV��DUH�
PRVW�VHQVLWLYH�WR�GHSUHVVLYH�DFWLRQ�RI�WKH�DONDOL��

)RUPDWWLQJ�DQG�OLQHDU�DSSUR[LPDWLRQ�RI�GDWD�REWDLQHG�LQ�WKLV�VWXG\�IRU�S\ULWHV�ZLWK�GLIIHULQJ�JHQHVLV�KDYH�
PDGH� LW�SRVVLEOH� WR�GHWHUPLQH�WKH�HIIHFW�RI� LPSXULW\�FRQWHQW��HOHFWULFDO� UHVLVWLYLW\�DQG�7(0)�RI� WKH�S\ULWHV�
VWXGLHG� RQ� WKHLU� HOHFWURGH� SRWHQWLDO� DQG� IORDWDELOLW\�� DQG� WR� IRUPDOL]H� WKH� UHYHDOHG� UHODWLRQVKLSV�� 3HDN�
SRWHQWLDO� YDOXHV� RI� GLIIHUHQW� S\ULWHV� DQG� UHODWLYH� SRVLWLRQV� RI� SRWHQWLDO� SHDNV� ZLWK� UHVSHFW� WR� S+� DUH�
JRYHUQHG�HVVHQWLDOO\�E\�S\ULWH�FRQGXFWLYLW\�W\SH��ZKHUHDV�IORDWDELOLW\�SHDNV�DQG�WKHLU�WUHQG�RI�VKLIW�WRZDUGV�
KLJKHU�DONDOLQLW\�GHSHQG�SULPDULO\�RQ�WKH�VHW�DQG�FRQFHQWUDWLRQ�RI�GLIIHUHQW�LPSXULW\�VSHFLHV�LQ�S\ULWH���

$ FRUUHODWLRQ�EHWZHHQ�WKH�W\SH�RI�FRQGXFWLYLW\��LPSXULW\�FRQWHQW�DQG�DPRXQW�RI�[DQWKDWH�FRPSRXQGV�RQ�
WKH�VXUIDFH�DQG�LQ�WKH�OLTXLG�SKDVH�RI�PRQRPLQHUDOLF�S\ULWH�DQG�DUVHQRS\ULWH�VXVSHQVLRQV�GHWHFWHG�E\�WKH�
H[WUDFWLYH� VSHFWURSKRWRPHWULF� DQDO\VLV� KDV� EHHQ� LGHQWLILHG� DQG� DQDO\]HG�� ([SHULPHQWV� VKRZHG� WKDW� WKH�
SURSRUWLRQ�RI�FXSURXV�[DQWKDWH�LQ�VRUSWLYH�FROOHFWRU�OD\HUV�RQ�VDPSOH�VXUIDFHV�LQFUHDVHV�ZLWK�LQFUHDVLQJ�&X�
FRQWHQW� RI� WKH� VDPSOHV�� ,Q� JHQHUDO�� S+� IRU� S+�� RYHUDOO� [DQWKDWH� VRUSWLRQ� RQ� S\ULWH� LV� JUHDWHU� WKDQ� RQ�
DUVHQRS\ULWH�� ZLWK� WKH� GLIIHUHQFH� LQFUHDVLQJ� LQ� SDVVLQJ� IURP� DQ� DFLG� HQYLURQPHQW� WR� DQ� DONDOLQH� RQH�� $�
VLJQLILFDQW�GHFUHDVH�LQ�[DQWKDWH�VRUSWLRQ�RQ�DUVHQRS\ULWH�LV�REVHUYHG�DW�S+�JUHDWHU�WKDQ����ZKHUHDV�VRUSWLRQ�
RQ�S\ULWH�PDUNHGO\�GHFUHDVHV�DW�S+�JUHDWHU�WKDQ�����

9DULDWLRQ� IURP�VWRLFKLRPHWU\�GXH� WR�DGYHQW�RI� LPSXULW\�HOHPHQWV� LQ�PLQHUDO� FU\VWDO� ODWWLFHV�PD\�\LHOG�
ERWK�DQ�H[FHVV��ZLWK�GRQRU�&X�LPSXULW\��DQG�D�GHILFLHQF\��ZLWK�DFFHSWRU�$V�LPSXULW\��RI�WKH�DQLRQLF�SDUW�RI�
WKH�PLQHUDO�IRUPXOD��7KLV�GHYLDWLRQ�IURP�WKH�VWRLFKLRPHWULF�)H�6�UDWLR�VLJQLILFDQWO\�LQFUHDVHV�WKH�SURSRUWLRQ�
RI�FKHPLFDOO\�DGVRUEHG�FROOHFWRU�DQG�HQVXUHV�S\ULWH�IORDWDELOLW\�HYHQ�LQ�D�VWURQJO\�DONDOLQH�HQYLURQPHQW��
�



���

9�$��&KDQWXUL\D�HW�DO����7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�
9RO����1R���������������������SS����������
�
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�
7KH� DXWKRUV� DUH� JUDWHIXO� WR� 5XVVLDQ� )XQGDPHQWDO� ,QYHVWLJDWLRQV� )RXQGDWLRQ� IRU� WKH� ILQDQFLDO� VXSSRUW�

UHFHLYHG��JUDQW��������������
�

5()(5(1&(6�
�
$QGHUVRQ�� -�&��� 7KHUPRG\QDPLFV� DQG� WKHRU\� RI� QRQ�VWRLFKLRPHWULF� FRPSRXQGV�� 3UREOHPV� RI� QRQ�

VWRLFKLRPHWU\��������0HWDOOXUJ\��0RVFRZ��
$YGRNKLQ�� 9�0��� $EUDPRY�� $�$��� 2[LGDWLRQ� RI� VXOILGH� PLQHUDOV� LQ� PLQHUDO� SURFHVVLQJ� �LQ� 5XVVLDQ��� ������

1HGUD��0RVFRZ������SS��
%UDGVKDZ��'�-���2n&RQQRU��&�7���7KH�V\QHUJLVP�RI�WKLRO�FROOHFWLRQ�LQ�D�PL[WXUH�XVHG�IRU�WKH�IORWDWLRQ�RI�S\ULWH��

3URFHHGLQJV�RI���WK ,03&��������SS�����������&���$DFKHQ��*HUPDQ\��
&DEUL��/�-���&KU\VVRXOLV��6�/���'H�9LOOLHUV�� -�3�5���/DIODPPH��-�+�*���7KH�QDWXUH�RI�oLQYLVLEOHp�JROG�LQ�DUVHQRS\ULWH��

&DQDGLDQ�0LQHUDORJLVW�������������������������
&KDQWXUL\D�� 9�$��� )HGRURY�� $�$���0DWYH\HYD�� 7�1��� )ORDWDELOLWLHV� RI� JROG�FRQWDLQLQJ� S\ULWH� DQG� DUVHQRS\ULWH�

ZLWK� VSHFLDO� FRQVLGHUDWLRQ� IRU� WKHLU� PLQHUDORJLFDO� SHFXOLDULWLHV�� 3K\VLFRFKHPLFDO� 3UREOHPV� RI� 0LQHUDO�
3URFHVVLQJ��;;;9�6\PSRVLXP��������SS���������:URFODZ��3RODQG��

&KDQWXUL\D��9�$���)HGRURY��$�$���0DWYH\HYD��7�1���7KH�HIIHFW�RI�DXULIHURXV�S\ULWHV�QRQ�VWRLFKLRPHWU\�RQ�WKHLU�
IORWDWLRQ�DQG� VRUSWLRQ�SURSHUWLHV�� 3K\VLFRFKHPLFDO� 3UREOHPV�RI�0LQHUDO� 3URFHVVLQJ��;;;9�6\PSRVLXP��
������SS�����������:URFODZ��3RODQG��

)HQGHU�� %�(�)��� 7KHRULHV� RI� QRQ�VWRLFKLRPHWU\�� 073� ,QWHUQDWLRQDO� 5HYLHZ� RI� 6FLHQFH�� ,QRUJDQLF� &KHPLVWU\��
6HULHV��������������SS����������

.RUREH\QLNRY�� $�)��� 1DUVHHY�� 9�$��� 3VKHQLFKNLQ�� $�-D�� 5HY\DNLQ�� 3�6��� $ULIXORY�� &�+��� 3\ULWHV� IURP� JROG� RUH�
GHSRVLWV��FKDUDFWHULVWLFV��]RQH�SURSHUWLHV��SUDFWLFDO�DSSOLFDWLRQ���LQ�5XVVLDQ���������&1,*5,��0RVFRZ������
SS��

/HSSLQHQ�� -��� /DDMDOHKWR�� .��� .DUWLR�� ,��� 6XRQLQHQ�� (��� )7,5� DQG�;36� 6WXGLHV� RI� 6XUIDFH� &KHPLVWU\� RI� 3\ULWH� LQ�
)ORWDWLRQ��3URFHHGLQJV�RI���WK�,03&��������SS���������9RO�����&RORUDGR��86$��

3ODNVLQ�� ,�1��� 0\DVQLNRYD�� *�$��� 2NRORYLFK�� $�0��� )ORWDWLRQ� SURFHVVLQJ� RI� DUVHQLF�S\ULWH� RUHV� �LQ� 5XVVLDQ���
������$FDGHP\�RI�6FLHQFHV�RI�WKH�8665�3UHVV��0RVFRZ������SS��

5DNFKHHY��$�'���1HZ�SK\VLFR�FKHPLFDO�PHWKRGV�WR�VWXG\�PLQHUDOV�URFNV�DQG�RUHV��LQ�5XVVLDQ���������1HGUD��
0RVFRZ������SS��

6KXH\��5�7���6HPLFRQGXFWLQJ�RUH�PLQHUDOV��������(63&��1HZ�<RUN������SS��
7DXVRQ��9�<D���0LURQRY��$�*���6PDJXQRY��1�9���*ROG�LQ�VXOILGHV��FRQGLWLRQ��SUREOHPV�RI�WKH�IRUPV�RI�ILQGLQJV�

DQG�SURVSHFWV�RI�H[SHULPHQWDO�VWXGLHV��LQ�5XVVLDQ���*HRORJ\�DQG�JHRSK\VLFV���������������SS�������
8UXVRY�� 9�6��� 7DXVRQ�� 9�<D��� $NLPRY�� 9�9��� *HRFKHPLVWU\� RI� WKH� VROLG� PDWWHU� �LQ� 5XVVLDQ��� ������ *(26��

0RVFRZ������SS��
:DGVOH\�� $�'��� ,QRUJDQLF� QRQ�VWRLFKLRPHWULF� FRPSRXQGV�� ,Q�� 1RQ�VWRLFKLRPHWULF� FRPSRXQGV�� ������

$FDGHPLF�3UHVV��1HZ�<RUN������SS��
�


