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$EVWUDFW�
6SRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH� �V&-'�� LV� WKH�PRVW� FRPPRQ�KXPDQ�SULRQ�

GLVHDVH�� LQ� ZKLFK� WKH� FHOOXODU� SULRQ� SURWHLQ� �3U3&�� DSSHDUV� WR� VSRQWDQHRXVO\�

PLVIROG�DQG�DJJUHJDWH�LQWR�D�GLVHDVH�DVVRFLDWHG�IRUP�OHDGLQJ�WR�LQYDULDEO\�IDWDO�

QHXURGHJHQHUDWLRQ��$OWKRXJK�WKHUH�LV�FOHDU�JHQHWLF�FRQWURO�LQ�V&-'��QR�ORFL�H[FHSW�

3513��HQFRGLQJ�3U3&��KDYH�SUHYLRXVO\�EHHQ�FRQVLVWHQWO\�VLJQLILFDQW�LQ�JHQHWLF�

VWXGLHV�� 7KURXJK� LQWHUQDWLRQDO� FROODERUDWLRQ� D� WZR�VWDJH� JHQRPH� ZLGH�

DVVRFLDWLRQ�VWXG\��*:$6��ZDV�FRQGXFWHG�IRU�V&-'�ULVN�DQDO\VLQJ�D�WRWDO�RI�������

FDVHV�DQG���������PDWFKHG�FRQWURO� LQGLYLGXDOV� IURP����FRXQWULHV��7KLV� WKHVLV�

GHVFULEHV�WKH�ILUVW�UHSOLFDWHG�DVVRFLDWLRQ�RI�WZR�QRYHO�ORFL�DORQJVLGH�3513��ZLWK�

YDULDQWV� LQ� RU� QHDU� 67;�� �HQFRGLQJ� V\QWD[LQ���� DQG� *$/�67�� �HQFRGLQJ�

FHUHEURVLGH� VXOIRWUDQVIHUDVH��� DV� FRQIHUULQJ� ULVN� IRU� V&-'� DW� JHQRPH�ZLGH�

VLJQLILFDQFH� LQ�SRSXODWLRQV�ZLWK�(XURSHDQ�DQFHVWU\��:LWK�D� IRFXV�KHUHDIWHU�RQ�

HOXFLGDWLQJ�WKH�FDVXDO�JHQH�DQG�IXQFWLRQDO�PHFKDQLVPV�DW�WKH�67;��ORFXV��ILQH�

PDSSLQJ�DQG�LQWHJUDWLRQ�RI�SXEOLFDOO\�DYDLODEOH�H[SUHVVLRQ�TXDQWLWDWLYH�WUDLW� ORFL�

GDWDEDVHV�SURYLGHV�HYLGHQFH�IRU�LQFUHDVHG�67;��H[SUHVVLRQ�LQ�WKH�FDXGDWH�DQG�

SXWDPHQ�DV�GULYLQJ�WKLV�DVVRFLDWLRQ��51$�VLOHQFLQJ�LQ�LPPRUWDOLVHG�FHOO�OLQHV�DQG�

&5,635�PHGLDWHG� JHQH� NQRFNRXW� LQ� KXPDQ� L36�GHULYHG� FRUWLFDO� QHXURQV� DQG�

PLFH� ZHUH� XVHG� WR� PRGHO� WKH� ELRORJLFDO� PHFKDQLVP� RI� V\QWD[LQ��� LQ� SULRQ�

SURSDJDWLRQ� DQG� FHOO� ELRORJ\� ZLWK� D� SDUWLFXODU� IRFXV� RQ� LWV� UROH� LQ� WKH�

HQGRO\VRVRPDO� V\VWHP�� .QRFNRXW� DQG� KHPL]\JRXV� H[SUHVVLRQ� RI� 6W[�� LQ�

&��%/���PLFH�PRGHVWO\�H[WHQGV�VXUYLYDO�WLPH�IROORZLQJ�LQRFXODWLRQ�ZLWK�PRXVH�

DGDSWHG�VFUDSLH�SULRQ�VWUDLQV�50/�DQG�0(���VXSSRUWLQJ�WKH�JHQHWLF�DVVRFLDWLRQ�

RI�67;��H[SUHVVLRQ�LQ�SDWLHQWV��,GHQWLILFDWLRQ�RI�QRQ�3513�ORFL�DVVRFLDWHG�ZLWK�

V&-'� ULVN� SURYLGHV� QHZ� LQVLJKW� LQWR� GLVHDVH�PHFKDQLVPV� DQG� RIIHUV� SRWHQWLDO�

DGGLWLRQDO� WDUJHWV� IRU� WKHUDSHXWLF� LQWHUYHQWLRQ�� )XUWKHUPRUH� WKH� SUHYLRXV�

LPSOLFDWLRQ�RI�67;��LQ�UHODWHG�QHXURGHJHQHUDWLYH�GLVHDVHV�VXFK�DV�WKH�WDXRSDWK\�

SURJUHVVLYH�VXSUDQXFOHDU�SDOV\�LQGLFDWHV�D�SRVVLEOH�VKDUHG�UROH�RI�V\QWD[LQ���LQ�

WKH�SDWKRELRORJ\�RI�RWKHU�³SULRQ�OLNH´�SURWHLQV�DQG�GLVRUGHUV��
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,PSDFW�VWDWHPHQW�
3ULRQ� GLVHDVHV� DUH� D� FODVV� RI� QHXURGHJHQHUDWLYH� GLVHDVHV�� RI�ZKLFK� VSRUDGLF�

&UHXW]IHOGW�-DNRE�GLVHDVH��V&-'�� LV�WKH�PRVW�FRPPRQ��DOO�DVVRFLDWHG�ZLWK�WKH�

PLVIROGLQJ�DQG�DJJUHJDWLRQ�RI�WKH�FHOOXODU�SULRQ�SURWHLQ�LQWR�GLVHDVH�DVVRFLDWHG�

IRUPV��/LNH�QHDUO\�DOO�RWKHUV��SULRQ�GLVHDVHV�DUH�LQYDULDEO\�IDWDO�GXH�WR�WKH�ODFN�RI�

HIIHFWLYH� WKHUDSHXWLF� WUHDWPHQWV� DYDLODEOH� WR� PRGLI\� RU� KDOW� SURJUHVVLRQ�� 7KH�

3513�JHQH�HQFRGLQJ�WKH�FHOOXODU�SULRQ�SURWHLQ�LV�D�NH\�JHQHWLF�GHWHUPLQDQW�RI�DOO�

GLVHDVH�VXEW\SHV��KRZHYHU�HYLGHQFH�VXJJHVWV�WKHUH�UHPDLQV�XQGHILQHG�KHULWDEOH�

ULVN�IDFWRUV��)XUWKHUPRUH�LW�LV�QRW�\HW�FOHDU�ZKHWKHU�WDUJHWLQJ�WKH�SULRQ�SURWHLQ�ZLOO�

SURYH�WR�EH�DQ�HIIHFWLYH�WKHUDSHXWLF�VWUDWHJ\��DQG�VR�HOXFLGDWLRQ�RI�WKHVH�RWKHU�

JHQHWLF�PRGLILHUV�LV�HVVHQWLDO��

7KLV� WKHVLV� GHVFULEHV� WKH� UHSOLFDEOH� LGHQWLILFDWLRQ� RI� QRQ�3513� JHQHWLF� ULVN�

IDFWRUV� IRU� V&-'� WKURXJK� D� JHQRPH�ZLGH� DVVRFLDWLRQ� VWXG\� �*:$6���

&RPSXWDWLRQDO�SRVW�*:$6�DQDO\VLV�UHVWULFWV�SXWDWLYH�FDXVDO�JHQHV�DW�WKHVH�VLWHV�

DQG� KLJKOLJKWV� OLNHO\� PHFKDQLVPV� GULYLQJ� WKLV� DVVRFLDWLRQ�� KRZHYHU� WR� VHFXUH�

WKHVH�K\SRWKHVHV��H[SORUDWLRQ�RI�WKH�UROH�RI�RQH�RI�WKHVH�JHQHV��67;���LQ�YLWUR��LQ�

FHOO�FXOWXUH�PRGHOV�DQG�LQ�YLYR�SURYLGHV�FULWLFDO�ELRORJLFDO�HYLGHQFH�WR�YDOLGDWH�WKH�

SDWKRJHQLF�DVVRFLDWLRQ�RI�WKLV�JHQH��

7KURXJK�FODVVLI\LQJ�XQUHFRJQLVHG�JHQHV�DV�GULYLQJ�ULVN�IRU�V&-'��WKLV�WKHVLV�KDV�

XQYHLOHG�QHZ�SDWKZD\V�ZKLFK�KDYH�QRW�EHHQ�SUHYLRXVO\�H[SOLFLWO\�DVVRFLDWHG�ZLWK�

WKH� GLVHDVH�� LQFOXGLQJ� DVSHFWV� RI� YHVLFXODU� SURWHLQ� WUDIILFNLQJ� DQG� VSKLQJROLSLG�

PHWDEROLVP��7KLV�RSHQV�XS�QHZ�DYHQXHV� WR�EH�H[SORLWHG�E\� UHVHDUFKHUV��ZLWK�

VHFXUH�JHQHWLF�DVVRFLDWLRQ�SURYLGLQJ� LPSOLFLWO\�FDXVDO�HYLGHQFH�DQG�PLQLPLVLQJ�

WLPH�ORVW�RQ�HUURQHRXV�OHDGV��7KURXJK�VKDULQJ�WKHVH�UHVXOWV�LQ�ERWK�SXEOLFDWLRQ�

DQG�DW�LQWHUQDWLRQDO�UHVHDUFK�FRQIHUHQFHV��DV�ZHOO�DV�SURYLGLQJ�RSHQ�DFFHVV�WR�

GDWDVHWV�RQOLQH��WKHVH�QHZ�ULVN�IDFWRUV�DUH�QRZ�HYLGHQW�WR�WKH�ZLGHU�UHVHDUFK�ILHOG�

DFFHOHUDWLQJ�UHOHYDQW�GLVFRYHU\��

7KH�FDXVDOLW\�RI�WKH�DVVRFLDWLRQV�LGHQWLILHG�LQ�WKLV�VWXG\��DV�ZHOO�DV�WKH�HYLGHQFH�

SURYLGHG� IRU� D� SURWHFWLYH� HIIHFW� RI� LQKLELWLQJ� 67;�� LQ� D� PRXVH� PRGHO� RI� WKH�

GLVHDVH�� VXSSRUWV� WDUJHWLQJ� WKHVH� SDWKZD\V� LQ� FOLQLFDO� WUHDWPHQW� IRU� SULRQ�

GLVHDVHV��SURYLGLQJ�DQ�DOWHUQDWLYH�WR�SHUWXUELQJ�WKH�SULRQ�SURWHLQ�LWVHOI�IRU�ZKLFK�

VXFFHVV�LV�QRW�JXDUDQWHHG��7DUJHWLQJ�WKHVH�DGGLWLRQDO�ULVN�IDFWRUV�LQ�FRPELQDWLRQ�
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ZLWK�3513�PD\�DOVR�LQFUHDVH�HIILFDF\�RU�UHGXFH�YXOQHUDELOLW\�WR�UHVLVWDQFH�GXULQJ�

WUHDWPHQW��3XEOLFDWLRQ�RI�WKLV�UHVHDUFK�LQ�DFFHVVLEOH�IRUPV��LQFOXGLQJ�EORJV�DQG�

SRGFDVWV��DLPHG�WR�LPSDUW�WKLV�KRSH�RQ�LQGLYLGXDOV�VXIIHULQJ�DV�D�UHVXOW�RI�V&-'�

DQG�RWKHU�SULRQ�GLVHDVHV��

)LQDOO\��LQFUHDVLQJO\�LQ�QHXURGHJHQHUDWLYH�GLVHDVH�UHVHDUFK��SDUDOOHOV�DUH�EHLQJ�

GUDZQ� EHWZHHQ� SULRQ� GLVHDVHV� DQG� RWKHU� GLVHDVHV� DVVRFLDWHG� ZLWK� DEHUUDQW�

SURWHLQ�PLVIROGLQJ��7KH�VDPH�JHQHWLF�DVVRFLDWLRQ�DW�67;��GHVFULEHG�LQ�WKLV�WKHVLV�

LV� VKDUHG� ZLWK� UHODWHG� QHXURGHJHQHUDWLYH� GLVHDVH�� SURJUHVVLYH� VXSUDQXFOHDU�

SDOV\�� ZLWK� DGGLWLRQDO� HYLGHQFH� LPSOLFDWLQJ� WKH� VDPH� VLJQDO� LQ� $O]KHLPHU¶V�

GLVHDVH��7KHUHIRUH�ERWK�WKH�ZRUN�DQG�PRGHOV�GHYHORSHG�WR�H[SORUH�WKH�UROH�RI�

67;�� GHVFULEHG� LQ� WKLV� WKHVLV�� DV�ZHOO� DV� WKH� VXSSRUW� LWV� GLVFRYHU\� OHQGV� WR�D�

FRPPRQ� PHFKDQLVP� LQ� WKHVH� UHODWHG� GLVHDVHV�� ZLOO� KDYH� EURDG�UDQJLQJ�

DSSOLFDWLRQV�IRU�WKH�ZLGHU�QHXURGHJHQHUDWLRQ�UHVHDUFK�ILHOG�� �
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7DEOH�RI�FRQWHQWV�
$EVWUDFW�����������������������������������������������������������������������������������������������������������������
,PSDFW�VWDWHPHQW��������������������������������������������������������������������������������������������������
7DEOH�RI�FRQWHQWV��������������������������������������������������������������������������������������������������
/LVW�RI�WDEOHV���������������������������������������������������������������������������������������������������������
/LVW�RI�ILJXUHV�������������������������������������������������������������������������������������������������������
/LVW�RI�DEEUHYLDWLRQV��������������������������������������������������������������������������������������������
���,QWURGXFWLRQ������������������������������������������������������������������������������������������������������
�����+LVWRU\�RI�SULRQ�GLVHDVHV�����������������������������������������������������������������������������
�����7\SHV�RI�SULRQ�GLVHDVH��������������������������������������������������������������������������������
�������$QLPDO�SULRQ�GLVHDVHV���������������������������������������������������������������������������
�������+XPDQ�SULRQ�GLVHDVHV��������������������������������������������������������������������������
���������6SRUDGLF��������������������������������������������������������������������������������������������
���������,QKHULWHG���������������������������������������������������������������������������������������������
���������$FTXLUHG��������������������������������������������������������������������������������������������

�����&HOOXODU�SULRQ�SURWHLQ�����������������������������������������������������������������������������������
�������6WUXFWXUH�����������������������������������������������������������������������������������������������
�������7UDIILFNLQJ���������������������������������������������������������������������������������������������
���������6HFUHWRU\�SDWKZD\�����������������������������������������������������������������������������
���������(QGRF\WRVLV���������������������������������������������������������������������������������������
���������'HJUDGDWLRQ�DQG�UHF\FOLQJ�����������������������������������������������������������������
�������)XQFWLRQ������������������������������������������������������������������������������������������������

�����3ULRQ�JHQHWLFV���������������������������������������������������������������������������������������������
�������7KH�3513�JHQH������������������������������������������������������������������������������������
�������*HQHWLFV�LQ�KXPDQ�SULRQ�GLVHDVHV��������������������������������������������������������
�������*HQHWLFV�LQ�DQLPDO�SULRQ�GLVHDVHV��������������������������������������������������������

�����3ULRQV�DQG�RWKHU�GLVHDVH�DVVRFLDWHG�IRUPV�RI�3U3�������������������������������������
�������3ULRQ�PHFKDQLVP����������������������������������������������������������������������������������
�������6WUXFWXUH�����������������������������������������������������������������������������������������������
�������6WUDLQV��������������������������������������������������������������������������������������������������
�������&HOO�ELRORJ\�������������������������������������������������������������������������������������������
���������3ULRQ�FRQYHUVLRQ��������������������������������������������������������������������������������
���������3ULRQ�WUDIILFNLQJ����������������������������������������������������������������������������������

�����5HODWLRQVKLS�ZLWK�RWKHU�QHXURGHJHQHUDWLYH�GLVHDVHV����������������������������������
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�������3ULRQ�OLNH�GLVHDVHV��������������������������������������������������������������������������������
�������,QWHUDFWLRQ�ZLWK�3U3�������������������������������������������������������������������������������

�����6\QWD[LQ�����������������������������������������������������������������������������������������������������
�������6\QWD[LQ���DV�D�UHWURJUDGH�WUDQVSRUW�61$5(���������������������������������������
���������,GHQWLILFDWLRQ�RI�V\QWD[LQ�������������������������������������������������������������������
���������6\QWD[LQ���VWUXFWXUH���������������������������������������������������������������������������
���������5HJXODWLRQ�DW�WKH�WUDQV�*ROJL�QHWZRUN��7*1��������������������������������������
�������6\QWD[LQ���DV�D�SURPLVFXRXV�61$5(�SURWHLQ���������������������������������������
���������(QGRVRPHV����������������������������������������������������������������������������������������
���������3URWHLQ�UHF\FOLQJ��������������������������������������������������������������������������������
���������6HFUHWLRQ��������������������������������������������������������������������������������������������
���������'HJUDGDWLRQ���������������������������������������������������������������������������������������
���������&HOO�SK\VLRORJ\�����������������������������������������������������������������������������������
�������5ROH�RI�V\QWD[LQ���LQ�WKH�EUDLQ��������������������������������������������������������������
���������1HXURQDO�SK\VLRORJ\��������������������������������������������������������������������������
���������1HXURGHJHQHUDWLRQ����������������������������������������������������������������������������

�����61$5(V�DQG�YHVLFOH�WUDIILFNLQJ�LQ�QHXURGHJHQHUDWLRQ��������������������������������
�����3URMHFW�RXWOLQH�DQG�SUH�VXPPDU\�����������������������������������������������������������������

���0DWHULDOV�DQG�0HWKRGV������������������������������������������������������������������������������������
�����*:$6���������������������������������������������������������������������������������������������������������
�������6DPSOH�FROOHFWLRQ����������������������������������������������������������������������������������
�������'LVFRYHU\�SKDVH�����������������������������������������������������������������������������������
�������5HSOLFDWLRQ�SKDVH���������������������������������������������������������������������������������

�����)LQH�PDSSLQJ����������������������������������������������������������������������������������������������
�������&$9,$5������������������������������������������������������������������������������������������������
�������H&$9,$5����������������������������������������������������������������������������������������������
�������3$,1725����������������������������������������������������������������������������������������������
�������)80$����������������������������������������������������������������������������������������������������

�����&HOO�OLQHV�DQG�SODVPLG�FRQVWUXFWV����������������������������������������������������������������
�����*HQHUDWLRQ�RI�VWDEOH�NQRFNGRZQ�3.��DQG�&$'��FHOOV��������������������������������
�������2SWLPLVDWLRQ�RI�6W[��NQRFNGRZQ�LQ�3.��FHOOV���������������������������������������
�������*HQHUDWLRQ�RI�ILQDO�6W[��NQRFNGRZQ�3.��DQG�&$'��FHOOV��������������������
�������57�T3&5����������������������������������������������������������������������������������������������
�������%UDGIRUG�DVVD\��������������������������������������������������������������������������������������
�������,PPXQREORW�������������������������������������������������������������������������������������������
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�������*URZWK�UDWH�������������������������������������������������������������������������������������������
�������$XWRPDWHG�6FUDSLH�&HOO�$VVD\�������������������������������������������������������������
�������,PPXQRIOXRUHVFHQFH�IRU�V\QWD[LQ���DQG�3U3�LQ�3.��FHOOV��������������������
�������,PDJH�TXDQWLILFDWLRQ������������������������������������������������������������������������������

�����0DQLSXODWLRQ�RI�JHQH�H[SUHVVLRQ�LQ�L3.��FHOOV��������������������������������������������
�������7UDQVLHQW�WUDQVIHFWLRQ�RI�L3.��FHOOV�������������������������������������������������������
�������*HQHUDWLRQ�RI�VWDEOH�L3.��FHOO�OLQHV������������������������������������������������������
�������'RW�EORW�LPPXQRDVVD\��������������������������������������������������������������������������
�������,PPXQRIOXRUHVFHQFH�IRU�V\QWD[LQ���DQG�SULRQ�DJJUHJDWHV�LQ�L3.��FHOOV
�����������������������������������������������������������������������������������������������������������������������
�������3ULRQ�UHOHDVH�LQWR�FXOWXUH�PHGLD�����������������������������������������������������������

�����(/,6$�IRU�3U3�V\QWD[LQ���LQWHUDFWLRQ�����������������������������������������������������������
�������3UHSDUDWLRQ�RI�UHFRPELQDQW�SURWHLQV�����������������������������������������������������
�������3URWHLQ�LQWHUDFWLRQ�(/,6$����������������������������������������������������������������������

�����+(.���7�WDX�ELRVHQVRU�DVVD\��������������������������������������������������������������������
�������+(.���7�WDX�ELRVHQVRU�FHOO�OLQH�����������������������������������������������������������
�������VL51$�WUDQVIHFWLRQ��������������������������������������������������������������������������������
�������6HHGLQJ�DVVD\��������������������������������������������������������������������������������������
�������,PDJH�DQDO\VLV��������������������������������������������������������������������������������������

�����.QRFNRXW�RI�67;��LQ�L36�FHOOV���������������������������������������������������������������������
�������L36�FHOO�OLQHV�����������������������������������������������������������������������������������������
�������&5,635�513�WUDQVIHFWLRQ��������������������������������������������������������������������
�������6FUHHQLQJ�&5,365�NQRFNRXW�E\�VHTXHQFLQJ����������������������������������������
�������6LQJOH�FHOO�FORQLQJ���������������������������������������������������������������������������������
�������&RORQ\�VFUHHQLQJ�E\�3&5���������������������������������������������������������������������
�������.DU\RW\SLQJ�������������������������������������������������������������������������������������������
�������*URZWK�UDWH�DQDO\VLV�����������������������������������������������������������������������������
�������:KROH�H[RPH�VHTXHQFLQJ��������������������������������������������������������������������
�������'LIIHUHQWLDWLRQ�LQWR�FRUWLFDO�QHXURQV�������������������������������������������������������
��������,PPXQRIOXRUHVFHQFH��������������������������������������������������������������������������

�����3ULRQ�WUDQVPLVVLRQ�LQ�6W[��NQRFNRXW�PLFH���������������������������������������������������
�������0LFH������������������������������������������������������������������������������������������������������
�������*HQRW\SLQJ�������������������������������������������������������������������������������������������
�������,PPXQREORW�RI�PRXVH�EUDLQ�KRPRJHQDWH�IRU�V\QWD[LQ�������������������������
�������(/,6$�IRU�3U3&�H[SUHVVLRQ�������������������������������������������������������������������



��
�

�������,QRFXODWLRQ�VWXG\�����������������������������������������������������������������������������������
�������%HKDYLRUDO�DQG�SK\VLRORJLFDO�SKHQRW\SLQJ��������������������������������������������
�������6XUYLYDO�DQDO\VLV�����������������������������������������������������������������������������������
�������,PPXQRKLVWRFKHPLVWU\�IRU�SULRQ�UHODWHG�QHXURSDWKRORJ\����������������������
�������,PPXQRKLVWRFKHPLVWU\�TXDQWLILFDWLRQ�DQG�VWDWLVWLFDO�DQDO\VLV���������������

������([SUHVVLRQ�DQDO\VLV�LQ�KXPDQ�VDPSOHV�����������������������������������������������������
��������,PPXQRKLVWRFKHPLVWU\�RI�IURQWDO�FRUWH[�DQG�FHUHEHOOXP���������������������
��������57�T3&5�DQDO\VLV�RI�KXPDQ�FHUHEHOOXP��������������������������������������������

������6WDWLVWLFDO�DQDO\VLV�������������������������������������������������������������������������������������
���*HQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�IRU�V&-'����������������������������������������������������
�����,QWURGXFWLRQ��������������������������������������������������������������������������������������������������
�������*HQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��������������������������������������������������������
�������3RVW�*:$6�DQDO\VLV����������������������������������������������������������������������������
�������%HQHILWV�DQG�OLPLWDWLRQV�RI�*:$6�PHWKRGRORJ\�����������������������������������
�������*:$6�IRU�KXPDQ�SULRQ�GLVHDVHV���������������������������������������������������������
�������&KDSWHU�VXPPDU\��������������������������������������������������������������������������������

�����5HVXOWV�������������������������������������������������������������������������������������������������������
�������*HQRPH�ZLGH�GLVFRYHU\�RI�ULVN�DVVRFLDWHG�YDULDQWV����������������������������
������� 5HSOLFDWLRQ� RI� JHQRPH�ZLGH� VLJQLILFDQW� YDULDQWV� LQ� DQ� LQGHSHQGHQW�
FRKRUW�������������������������������������������������������������������������������������������������������������
�������)LQH�PDSSLQJ�RI�FDXVDO�YDULDQWV�DW�ULVN�DVVRFLDWHG�ORFL�XVLQJ�OLQNDJH�
GLVHTXLOLEULXP�VWUXFWXUH����������������������������������������������������������������������������������
�������,QWHJUDWLRQ�RI�IXQFWLRQDO�GDWD�ZLWK�*:$6�GDWD�DW�67;��ORFXV�������������

�����'LVFXVVLRQ��������������������������������������������������������������������������������������������������
���,QYHVWLJDWLQJ�WKH�UROH�RI�67;��LQ�SULRQ�GLVHDVHV�LQ�YLWUR����������������������������
�����,QWURGXFWLRQ�������������������������������������������������������������������������������������������������
�������&HOO�OLQHV�DV�D�PRGHO�IRU�SULRQ�LQIHFWLYLW\����������������������������������������������
�������&HOO�OLQHV�DV�D�WRRO�WR�VWXG\�SULRQ�ELRORJ\���������������������������������������������
�������&HOO�OLQHV�DV�D�PRGHO�IRU�UHODWHG�SURWHRSDWKLF�DJJUHJDWHV�������������������
�������&KDSWHU�VXPPDU\��������������������������������������������������������������������������������

�����5HVXOWV�������������������������������������������������������������������������������������������������������
�������5ROH�RI�67;��LQ�SULRQ�LQIHFWLRQ������������������������������������������������������������
�������5ROH�RI�67;��LQ�SULRQ�FOHDUDQFH����������������������������������������������������������
�������5ROH�RI�67;��LQ�SULRQ�SURWHLQ�LQWHUDFWLRQV��������������������������������������������
�������5ROH�RI�67;��LQ�LQWUDFHOOXODU�SULRQ�WUDIILFNLQJ���������������������������������������
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�������5ROH�RI�67;��LQ�WDX�DJJUHJDWLRQ����������������������������������������������������������
�����'LVFXVVLRQ��������������������������������������������������������������������������������������������������

���'HYHORSPHQW�RI�D�KXPDQ�FHOO�PRGHO�WR�LQYHVWLJDWH�67;��IXQFWLRQ������������
�����,QWURGXFWLRQ������������������������������������������������������������������������������������������������
�������'HYHORSPHQW�RI�L36�FHOOV�DQG�L36�GHULYHG�QHXUDO�FHOOV�����������������������
�������L36�GHULYHG�FHOOV�LQ�SULRQ�UHVHDUFK������������������������������������������������������
�������*HQH�HGLWLQJ�DQG�L36�FHOOV�������������������������������������������������������������������
�������&KDSWHU�VXPPDU\��������������������������������������������������������������������������������

�����5HVXOWV�������������������������������������������������������������������������������������������������������
�������&KDUDFWHULVDWLRQ�RI�L36�FHOO�OLQHV���������������������������������������������������������
�������2SWLPLVDWLRQ�RI�&5,635�PHGLDWHG�JHQH�NQRFNRXW�LQ�L36�FHOOV������������
�������.QRFNRXW�RI�67;��LQ�L36�FHOOV�������������������������������������������������������������
�������9DOLGDWLRQ�RI�67;��NQRFNRXW����������������������������������������������������������������
�������&KDUDFWHULVDWLRQ�RI�LVRJHQLF�67;��NQRFNRXW�FHOO�OLQHV�������������������������
�������'LIIHUHQWLDWLRQ�RI�67;��.2�L36�FHOOV�LQWR�FRUWLFDO�QHXURQV�������������������

�����'LVFXVVLRQ��������������������������������������������������������������������������������������������������
���,QYHVWLJDWLQJ�WKH�UROH�RI�67;��LQ�SULRQ�GLVHDVHV�LQ�YLYR�����������������������������
�����,QWURGXFWLRQ������������������������������������������������������������������������������������������������
�������2YHUYLHZ�RI�LQ�YLYR�PRGHOV�IRU�SULRQ�GLVHDVH���������������������������������������
�������0RXVH�PRGHOV�RI�DFTXLUHG�SULRQ�GLVHDVH��������������������������������������������
�������0RXVH�PRGHOV�RI�SULRQ�GLVHDVH�JHQHWLFV���������������������������������������������
�������&KDSWHU�VXPPDU\��������������������������������������������������������������������������������

�����5HVXOWV�������������������������������������������������������������������������������������������������������
�������*HQHUDWLRQ�RI�6W[��NQRFNRXW�PLFH�������������������������������������������������������
�������,QRFXODWLRQ�RI�6W[��NQRFNRXW�PLFH�ZLWK�PRXVH�DGDSWHG�VFUDSLH�SULRQV
����������������������������������������������������������������������������������������������������������������������
�������+LVWRORJLFDO�DQDO\VLV�RI�SULRQ�GLVHDVH�LQ�6W[��NQRFNRXW�PLFH��������������
�������3KHQRW\SLF�FKDUDFWHULVDWLRQ�RI�6W[��NQRFNRXW�PLFH�����������������������������
�������([SUHVVLRQ�RI�67;��LQ�KXPDQ�EUDLQ����������������������������������������������������

�����'LVFXVVLRQ��������������������������������������������������������������������������������������������������
���&RQFOXVLRQV�DQG�IXWXUH�GLUHFWLRQV����������������������������������������������������������������
�����&RQFOXVLRQV������������������������������������������������������������������������������������������������
�����)XWXUH�GLUHFWLRQV����������������������������������������������������������������������������������������

$FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������
5HIHUHQFHV����������������������������������������������������������������������������������������������������������
�
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/LVW�RI�WDEOHV�
7DEOH����VK51$�FRQVWUXFW�VHTXHQFHV��������������������������������������������������������������������

7DEOH����3ULPDU\�DQWLERGLHV�����������������������������������������������������������������������������������

7DEOH����6HFRQGDU\�DQWLERGLHV������������������������������������������������������������������������������

7DEOH����'HWDLOV�RI�L36�FHOO�OLQHV�XVHG�LQ�WKLV�VWXG\������������������������������������������������

7DEOH����&5,635�VJ51$�DQG�SULPHU�VHTXHQFHV���������������������������������������������������

7DEOH����&5,635�RSWLPLVDWLRQ�FRQGLWLRQV��������������������������������������������������������������

7DEOH����3513��67;��DQG�*$/�67��613V�ZHUH�VXFFHVVIXOO\� UHSOLFDWHG� LQ�DQ�
LQGHSHQGHQW�FRKRUW��3���������WR�D�VLPLODU�HIIHFW�DV�WKH�GLVFRYHU\�SKDVH�������������

7DEOH����&RORFDOLVDWLRQ�RI�DVVRFLDWLRQ�VWDWLVWLFV� IRU�V&-'�*:$6�DQG�H47/V� LQ�
WKH�*7([�GDWDVHW�IRU�613V�DW�WKH�67;��ORFXV�GHPRQVWUDWH�KLJKHVW�FRORFDOLVDWLRQ�
SRVWHULRU�SUREDELOLW\��&/33��ZLWK�PRGLILHG�67;��H[SUHVVLRQ�LQ�WKH�GRUVDO�VWULDWXP�
������������������������������������������������������������������������������������������������������������������������������

7DEOH� ��� ,QWHJUDWLRQ� RI� JHQH� UHJXODWRU\� GDWDVHWV� XVLQJ� 3$,1725� LGHQWLILHV�
UV����������UV��������DQG�UV���������ZLWK�KLJK�FRQILGHQFH�IRU�FDXVDOLW\�DW�WKH�
67;��ORFXV�����������������������������������������������������������������������������������������������������������

7DEOH�����'DWDVHWV�DQG�WLVVXHV�LGHQWLILHG�WKURXJK�)80$��PDSSLQJ�*:$6�613V�
DW� WKH� FKURPRVRPH� �� ORFXV� WR� 67;�� WKURXJK� VLJQLILFDQW� H47/V� LQFOXGLQJ� LQ�
PXOWLSOH�EUDLQ�WLVVXHV��������������������������������������������������������������������������������������������

7DEOH�����6XPPDU\�RI�YDULDQWV�DW�FKURPRVRPH���ORFXV�KLJKOLJKWHG�LQ�WKH�V&-'�
*:$6�DQG�SRVW�*:$6�DQDO\VLV��������������������������������������������������������������������������

7DEOH�����$VVRFLDWLRQ�VWDWLVWLFV�DW�67;��ORFXV�IRU�363�DQG�V&-'������������������������

7DEOH� ���� 6RPDWLF� FRS\� QXPEHU� YDULDQWV� �&19V��� VLQJOH� QXFOHRWLGH� YDULDQWV�
�619V�� DQG� LQGHOV� LGHQWLILHG� E\� ZKROH� H[RPH� VHTXHQFLQJ� ZLWKLQ� ���� NE�
VXUURXQGLQJ�LQ�VLOLFR�SUHGLFWHG�RII�WDUJHW�&5,635�FXW�VLWHV�����������������������������������

7DEOH�����6W[��SURWHLQ�FRGLQJ�WUDQVFULSWV�DQG�SXWDWLYH�WUXQFDWHG�JHQH�SURGXFWV
������������������������������������������������������������������������������������������������������������������������������

7DEOH�����6XPPDU\�RI�DQDO\VLV� IRU�DVVRFLDWLRQ�RI�6W[�� JHQRW\SH�ZLWK�GLVHDVH�
LQFXEDWLRQ�WLPH�IROORZLQJ�LQRFXODWLRQ�ZLWK�50/�DQG�0(��SULRQV���������������������������

7DEOH� ���� 6LJQLILFDQW� SKHQRW\SHV� DVVRFLDWHG� ZLWK� 6W[�� NQRFNRXW� LQ� WKH�
,QWHUQDWLRQDO�0RXVH�3KHQRW\SLQJ�&RQVRUWLXP��,03&�������������������������������������������

7DEOH�����3URSRVHG�ELRORJLFDO�PHFKDQLVPV�RI�V\QWD[LQ���LQ�SULRQ�GLVHDVHV�DQG�
IXWXUH�H[SHULPHQWDO�ZRUN���������������������������������������������������������������������������������������
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/LVW�RI�ILJXUHV�
)LJXUH����3513�YDULDQWV�DVVRFLDWHG�ZLWK� ,3'V�RU�PRGLI\LQJ�SULRQ�GLVHDVH�ULVN�
�������������������������������������������������������������������������������������������������������������������������������

)LJXUH����3U3&�VWUXFWXUH�FRPSULVLQJ�DQ�Į�KHOLFDO�&�WHUPLQDO�JOREXODU�GRPDLQ�DQG�
D�IOH[LEOH�1�WHUPLQDO�UHJLRQ������������������������������������������������������������������������������������

)LJXUH����7UDIILFNLQJ�RI�3U36F�DQG�3U3&�WKURXJK�HQGRF\WLF�DQG�VHFUHWRU\�SDWKZD\V�
DQG�UHODWLRQVKLS�ZLWK�61$5(�SURWHLQ�V\QWD[LQ������������������������������������������������������

)LJXUH����7KH�SULRQ�K\SRWKHVLV������������������������������������������������������������������������������

)LJXUH����0HFKDQLVP�RI�61$5(�PHGLDWHG�YHVLFOH�GRFNLQJ�DQG�IXVLRQ�����������������

)LJXUH����6WUXFWXUH�RI�V\QWD[LQ���61$5(�SURWHLQ�DQG�SXWDWLYH�LQWHUDFWRUV������������

)LJXUH����4XDQWLILFDWLRQ�RI�3U3�ORFDOLVDWLRQ�LQ�3.��DQG�L3.��FHOOV�XVLQJ�&ROXPEXV�
�������������������������������������������������������������������������������������������������������������������������������

)LJXUH����2XWOLQH�RI�FDVH�FRQWURO�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��*:$6���������

)LJXUH� ��� 6WXG\� GHVLJQ� IRU� V&-'� *:$6� GLVFRYHU\� DQG� UHSOLFDWLRQ� UHOLHG� RQ�
ZRUOGZLGH�FROODERUDWLRQ����������������������������������������������������������������������������������������

)LJXUH�����0DQKDWWDQ�SORW�KLJKOLJKWLQJ�3513�DQG���QRYHO�QRQ�3513�V&-'�ORFL��
LQ�RU�QHDU�WR�67;��DQG�*$/�67���ZLWK�DVVRFLDWLRQV�WKDW�UHDFKHG�JHQRPH�ZLGH�
VLJQLILFDQFH��3�����[�������LQ�WKH�GLVFRYHU\�*:$6������������������������������������������������

)LJXUH�����5HJLRQDO�SORWV�IRU�HDFK�RI�WKH�VLJQLILFDQW�ORFL�VKRZV�H[SHFWHG�OLQNDJH�
GLVHTXLOLEULXP�VWUXFWXUH�EHWZHHQ�WRS�613V�DQG�QHLJKERXULQJ�YDULDQWV����������������

)LJXUH�����&DVH�FRQWURO�PLQRU�DOOHOH�IUHTXHQFLHV��0$)��VXSSRUW�WKH�UHSOLFDWLRQ�RI�
3513��67;��DQG�*$/�67��ZLWK�!����SRZHU�WR�GHWHFW�VLJQLILFDQW�DVVRFLDWLRQV�
������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����6WDWLVWLFDO�ILQH�PDSSLQJ�XVLQJ�&$9,$5�LGHQWLILHV�VHW�RI�SXWDWLYH�FDXVDO�
YDULDQWV�DW�HDFK�*:$6�VLJQLILFDQW�ORFXV��VXJJHVWLQJ�SRWHQWLDO�DGGLWLRQDO�VLJQDO�LQ�
3513�XSVWUHDP�RI�FRGRQ����������������������������������������������������������������������������������

)LJXUH�����*:$6� UHVXOWV� IRU� V&-'�*:$6�DW�67;�� FRORFDOLVH�ZLWK�H47/V� IRU�
67;�� H[SUHVVLRQ� LQ� WKH� FDXGDWH�� SXWDPHQ�DQG� K\SRWKDODPXV�� DQG�.,$$�����
H[SUHVVLRQ�LQ�WKH�WLELDO�QHUYH��������������������������������������������������������������������������������

)LJXUH�����2YHUOD\�RI� UHJLRQDO�DVVRFLDWLRQ�SORW�DW�67;�� ORFXV�ZLWK�&$''�DQG�
5HJXORPH'%�VFRUHV�KLJKOLJKWV�SXWDWLYH�GHOHWHULRXV�DQG�UHJXODWRU\�613V�����������

)LJXUH�����2SWLPLVDWLRQ�RI�UHWURYLUDO�6W[��NQRFNGRZQ�LQ�3.��FHOOV�DQG�SLORW�VWXG\�
RI�LQIOXHQFH�RI�SULRQ�SURSDJDWLRQ�LQ�DXWRPDWHG�VFUDSLH�FHOO�DVVD\��$6&$������������
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)LJXUH�����.QRFNGRZQ�RI�6W[��H[SUHVVLRQ�LQ�3.��FHOOV�E\�!����GRHV�QRW�KDYH�D�
FRQVLVWHQW� HIIHFW� RQ� SULRQ� SURSDJDWLRQ� LQ� WKH� DXWRPDWHG� VFUDSLH� FHOO� DVVD\�
�$6&$�������������������������������������������������������������������������������������������������������������������

)LJXUH�����2SWLPLVHG�SURWRFRO� IRU�VK51$�PHGLDWHG�JHQH�NQRFNGRZQ�GRHV�QRW�
\LHOG�VWDEOH�FHOO�OLQHV�ZLWK�UHGXFHG�6W[��H[SUHVVLRQ�LQ�&$'��FHOOV�����������������������

)LJXUH�����7UDQVLHQW�NQRFNGRZQ�RI�6W[��H[SUHVVLRQ�IRU�XVH�LQ�FHOO�FXULQJ�DVVD\�
LV�QRW�VXIILFLHQW������������������������������������������������������������������������������������������������������

)LJXUH�����.QRFNGRZQ�RU�RYHUH[SUHVVLRQ�RI�6W[��LQ�FKURQLFDOO\�LQIHFWHG�L3.��FHOOV�
GRHV�QRW�FXUH�FHOOV�RI�3.�UHVLVWDQW�3U3�����������������������������������������������������������������

)LJXUH�����6\QWD[LQ���VKRZV�D�KLJK�GHJUHH�RI�FRORFDOLVDWLRQ�ZLWK�ERWK�3U3&�DQG�
3U3�DJJUHJDWHV�LQ�WKH�F\WRSODVP�RI�3.��FHOOV������������������������������������������������������

)LJXUH�����5HFRPELQDQW�V\QWD[LQ���GRHV�QRW�LQWHUDFW�ZLWK�IXOO�OHQJWK�UHFRPELQDQW�
3U3&����������������������������������������������������������������������������������������������������������������������

)LJXUH�����.QRFNGRZQ�RI�6W[��GRHV�QRW�KDYH�D�JURVV�HIIHFW�RQ�WKH�ORFDOLVDWLRQ�RI�
3U3&�LQ�3.��FHOOV��������������������������������������������������������������������������������������������������

)LJXUH�����.QRFNGRZQ�RI�6W[��GRHV�QRW�KDYH�D�JURVV�HIIHFW�RQ�WKH�ORFDOLVDWLRQ�RI�
3U3�DJJUHJDWHV�LQ�FKURQLFDOO\�LQIHFWHG�L3.��FHOOV�������������������������������������������������

)LJXUH� ���� $� SUHOLPLQDU\� VWXG\� GRHV� QRW� LQGLFDWH� D� UROH� RI� V\QWD[LQ��� LQ� SULRQ�
UHOHDVH�IURP�L3.��FHOOV�����������������������������������������������������������������������������������������

)LJXUH� ���� .QRFNGRZQ� RI� V\QWD[LQ��� LQ� +(.� WDX� ELRVHQVRUV� KDV� QR� HIIHFW� RQ�
VHHGHG�DJJUHJDWLRQ�RI�WDX������������������������������������������������������������������������������������

)LJXUH�����*HQH�NQRFNRXW�ZLWK�&5,635�DQG�&DV��ULERQXFOHRSURWHLQV����������������

)LJXUH�����%RWK�2/,*��DQG�3$09��L36�FHOO�OLQHV�H[SUHVV�SOXULSRWHQF\�PDUNHUV�
������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����2SWLPLVDWLRQ�RI�&5,635�PHGLDWHG�JHQH�NQRFNRXW�LQ�2/,*��L36�FHOO�
OLQH������������������������������������������������������������������������������������������������������������������������

)LJXUH�����&5,635�PHGLDWHG�NQRFNRXW�RI�67;��LQ�L36�FHOO�OLQH�SRRO�XVLQJ�PXOWL�
JXLGH�VWUDWHJ\�������������������������������������������������������������������������������������������������������

)LJXUH�����6LQJOH�FHOO�FORQLQJ�RI�L36�FHOO�SRRO�LVRODWHV�KRPRJHQRXV�SRSXODWLRQV�
RI�SUHGLFWHG�67;��NQRFNRXW�FHOOV��������������������������������������������������������������������������

)LJXUH�����9DOLGDWLRQ�RI�67;��JHQH�NQRFNRXW�E\�57�T3&5�DQG�LPPXQREORW������

)LJXUH�����&KDUDFWHULVDWLRQ�RI�67;��NQRFNRXW�L36�FORQHV������������������������������������
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)LJXUH�����9DU\LQJ�IUHTXHQF\�RI�LQGHOV��FRS\�QXPEHU�YDULDQWV��&19��DQG�VLQJOH�
QXFOHRWLGH� YDULDQWV� �619�� SUHVHQW� LQ� 67;�� NQRFNRXW� DQG� FRQWURO� L36� FHOOV�
LGHQWLILHG�E\�ZKROH�H[RPH�VHTXHQFLQJ�UHODWLYH�WR�XQHGLWHG�SDUHQW�����������������������

)LJXUH�����&KDUDFWHULVDWLRQ�RI�QHXUDO�VWHP�SURJHQLWRU�FHOOV�GHULYHG� IURP�67;��
.2�DQG�:7�L36�FHOO�OLQHV�DW�GD\V����DQG����SRVW�LQGXFWLRQ���������������������������������

)LJXUH�����&KDUDFWHULVDWLRQ�RI�FRUWLFDO�QHXURQV�GHULYHG�IURP�67;��.2�DQG�:7�
L36�FHOO�OLQHV�DW�GD\����SRVW�LQGXFWLRQ������������������������������������������������������������������

)LJXUH�����*HQHUDWLRQ�RI�6W[�����DQG�6W[�����&��%/��1�PLFH���������������������������������

)LJXUH� ���� ([WHQGHG� VXUYLYDO� WLPHV� LQ� 6W[����� PLFH� IROORZLQJ� LQWUDFHUHEUDO�
LQRFXODWLRQ�ZLWK�50/�DQG�0(��PRXVH�DGDSWHG�VFUDSLH�SULRQV����������������������������

)LJXUH�����1R�GLIIHUHQFH�LQ�QHXURQDO�ORVV�RU�VSRQJLIRUP�FKDQJH�LQ�SULRQ�GLVHDVH�
ZLWK�NQRFNRXW�RI�6W[���������������������������������������������������������������������������������������������

)LJXUH�����0RGHVW�LQFUHDVH�LQ�UHDFWLYH�DVWURJOLRVLV�LQ�SULRQ�GLVHDVH�ZLWK�NQRFNRXW�
RI�6W[��IROORZLQJ�0(��LQRFXODWLRQ�������������������������������������������������������������������������

)LJXUH�����9DULDEOH�HIIHFW�RI�6W[��JHQRW\SH�RQ�,ED��SRVLWLYH�PLFURJOLD�FRXQW� LQ�
SULRQ�GLVHDVH��������������������������������������������������������������������������������������������������������

)LJXUH�����1R�GLIIHUHQFH�LQ�3U3�GHSRVLWLRQ�LQ�SULRQ�GLVHDVH�ZLWK�NQRFNRXW�RI�6W[��
������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����1R�HYLGHQFH�RI�QHXURSDWKRORJ\�ZLWK�NQRFNRXW�RI�6W[�������������������������

)LJXUH�����1R�HYLGHQFH�RI�ZLGHVSUHDG�UHDFWLYH�DVWURJOLRVLV�RU�PLFURJOLRVLV�ZLWK�
NQRFNRXW�RI�6W[����������������������������������������������������������������������������������������������������

)LJXUH� ���� 3K\VLRORJLFDO� FKDUDFWHULVDWLRQ� RI� 6W[����� DQG� 6W[����� PLFH� VKRZV�
LQFUHDVHG� PDVV� RI� VXEFXWDQHRXV� LQJXLQDO� ZKLWH� DGLSRVH� WLVVXH� �L:$7�� ZLWK�
NQRFNRXW�RI�6W[����������������������������������������������������������������������������������������������������

)LJXUH� ���� %HKDYLRXUDO� FKDUDFWHULVDWLRQ� RI� 6W[����� DQG� 6W[����� PLFH� LQGLFDWHV�
UHGXFHG�PRWLYDWLRQ�DQG�PRWRU�DELOLW\�ZLWK�NQRFNRXW�RI�6W[�����������������������������������

)LJXUH� ����1R� GLIIHUHQFH� LQ� KLVWRORJLFDO� DQDO\VLV� RI� V\QWD[LQ��� H[SUHVVLRQ� DQG�
GLVWULEXWLRQ�LQ�IURQWDO�FRUWH[�DQG�FHUHEHOOXP�EHWZHHQ�V&-'�FDVHV�DQG�FRQWUROV�
������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����1R�FKDQJH�LQ�67;��P51$�H[SUHVVLRQ�UHODWLYH�WR�KRXVHNHHSLQJ�JHQHV�
LQ�V&-'�SDWLHQWV�FRPSDUHG�WR�QHXURORJLFDOO\�QRUPDO�FRQWUROV�������������������������������

)LJXUH�����3URWHLQ�FRGLQJ� LVRIRUPV�RI�PXULQH�V\QWD[LQ���DQG�GHOHWHG� UHJLRQ� LQ�
6W[��NQRFNRXW�PLFH�����������������������������������������������������������������������������������������������
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/LVW�RI�DEEUHYLDWLRQV�

$'� $O]KHLPHU
V�GLVHDVH�

$/6� $P\RWURSKLF�ODWHUDO�VFOHURVLV�

$33� $P\ORLG�SUHFXUVRU�SURWHLQ�

$6&$� $XWRPDWHG�VFUDSLH�FHOO�DVVD\�

%03� %RQH�PRUSKRJHQLF�SURWHLQ�

%6(� %RYLQH�VSRQJLIRUP�HQFHSKDORSDWK\�

&$$� &HUHEUDO�DP\ORLG�DQJLRSDWK\�

&$'� &DWK�D�GLIIHUHQWLDWHG�

&$''� &RPELQHG�DQQRWDWLRQ�GHSHQGHQW�GHSOHWLRQ�

&$9,$5� &DXVDO�YDULDQWV�LGHQWLILFDWLRQ�LQ�DVVRFLDWHG�UHJLRQV�

&'6� &RGLQJ�VHTXHQFH�

&)3� &\DQ�IOXRUHVFHQW�SURWHLQ�

&)75� &\VWLF�ILEURVLV�WUDQVPHPEUDQH�FRQGXFWDQFH�UHJXODWRU�

&+,3� &KURPDWLQ�LPPXQRSUHFLSLWDWLRQ�

&-'� &UHXW]IHOGW�-DNRE�GLVHDVH�

&/33� &RORFDOLVDWLRQ�SRVWHULRU�SUREDELOLW\�

&16� &HQWUDO�QHUYRXV�V\VWHP�

&19� &RS\�QXPEHU�YDULDQW�

&2*� &RQVHUYHG�ROLJRPHULF�*ROJL�FRPSOH[�

&33� &DXVDO�SRVWHULRU�SUREDELOLW\�

&5,635� &OXVWHUHG�UHJXODUO\�LQWHUVSDFHG�VKRUW�SDOLQGURPLF�UHSHDWV�

&67� &HUHEURVLGH�VXOIRWUDQVIHUDVH��

&:'� &KURQLF�ZDVWLQJ�GLVHDVH�

'+6� '1DVH�K\SHUVHQVLWLYLW\�VLWH�

'50� 'HWHUJHQW�UHVLVWDQW�PHPEUDQH�

($53� (QGRVRPH�DVVRFLDWHG�UHF\FOLQJ�SURWHLQ�FRPSOH[�

((� (DUO\�HQGRVRPH�

(*)5� (SLGHUPDO�JURZWK�IDFWRU�UHFHSWRU�
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(/,6$� (Q]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\�

(/,6327� (Q]\PH�OLQNHG�LPPXQRVSRW�

(0� (OHFWURQ�PLFURVFRS\�

H47/� ([SUHVVLRQ�TXDQWLWDWLYH�WUDLW�ORFL�

(5� (QGRSODVPLF�UHWLFXOXP�

(6� (PEU\RQLF�VWHP�

)%6� )RHWDO�ERYLQH�VHUXP�

I&-'� )DPLOLDO�&UHXW]IHOGW�-DNRE�GLVHDVH�

)),� )DWDO�IDPLOLDO�LQVRPQLD�

)5(7� )OXRUHVFHQFH�UHVRQDQFH�HQHUJ\�WUDQVIHU�

)7'� )URQWRWHPSRUDO�GHPHQWLD�

)80$� )XQFWLRQDO�PDSSLQJ�DQG�DQQRWDWLRQ�RI�JHQRPH�ZLGH�DVVRFLDWLRQ�
VWXGLHV�

*$53� *ROJL�DVVRFLDWHG�UHWURJUDGH�SURWHLQ�FRPSOH[�

J'1$� *HQRPLF�'1$�

*3,� *O\FRV\OSKRVSKDWLG\OLQRVLWRO��

*66� *HUVWPDQQ�6WUlXVVOHU�6FKHLQNHU�GLVHDVH��

*:$6� *HQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�

+'� +XQWLQJWRQ
V�GLVHDVH�

+'5� +RPRORJ\�GLUHFWHG�UHSDLU�

,&(� ,QIHUHQFH�RI�&5,635�HGLWV�

,1'(/� ,QVHUWLRQ�DQG�GHOHWLRQ�

,3'� ,QKHULWHG�SULRQ�GLVHDVH�

L3.�� 50/�LQIHFWHG�3.��

L36� ,QGXFHG�SOXULSRWHQW�VWHP�

.2� .QRFNRXW�

/'� /LQNDJH�GLVHTXLOLEULXP�

/(� /DWH�HQGRVRPH�

0$)� 0LQRU�DOOHOH�IUHTXHQF\�

05,� 0DJQHWLF�UHVRQDQFH�LPDJLQJ�
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09%� 0XOWLYHVLFXODU�ERG\�

1&$0� 1HXULWH�FHOO�DGKHVLRQ�PROHFXOH�

1*)� 1HUYH�JURZWK�IDFWRU�

1+(-� 1RQ�KRPRORJRXV�HQG�MRLQLQJ�

1,0� 1HXUDO�LQGXFWLRQ�PHGLD�

105� 1XFOHDU�PDJQHWLF�UHVRQDQFH�

16)� 1�HWK\OPDOHLPLGH�VHQVLWLYH�IXVLRQ�SURWHLQ�

2(� 2YHUH[SUHVVLRQ�

25� 2GGV�UDWLR�

25,� 2FWDSHSWLGH�UHSHDW�LQVHUWLRQ�

3$0� 3URWRVSDFHU�DGMDFHQW�PRWLI�

3'� 3DUNLQVRQ
V�GLVHDVH�

3.� 3URWHLQDVH�.�

30� 3ODVPD�PHPEUDQH�

30&$� 3URWHLQ�PLVIROGLQJ�F\FOLF�DPSOLILFDWLRQ�

336� 3HQWRVDQ�SRO\VXOIDWH�

3U3� 3ULRQ�SURWHLQ�

3U3&� &HOOXODU�SULRQ�SURWHLQ�

3U36F� 6FUDSLH�DVVRFLDWHG�SULRQ�SURWHLQ�

363� 3URJUHVVLYH�VXSUDQXFOHDU�SDOV\��

3:$6� 3URWHRPH�ZLGH�DVVRFLDWLRQ�VWXG\�

4&� 4XDOLW\�FRQWURO�

47/� 4XDQWLWDWLYH�WUDLW�ORFL�

5(� 5HF\FOLQJ�HQGRVRPH�

5)3� 5HG�IOXRUHVFHQW�SURWHLQ�

50/� 5RFN\�PRXQWDLQ�ODERUDWRULHV�

513� 5LERQXFOHRSURWHLQ�

57� 5HYHUVH�WUDQVFULSWLRQ�

6&$� 6FUDSLH�FHOO�DVVD\�
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V&-'� 6SRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH�

60%� 6FUDSLH�LQIHFWHG�PRXVH�EUDLQ�FHOOV�

61$3� 6ROXEOH�16)�DWWDFKPHQW�SURWHLQ�

61$5(� 61$3�UHFHSWRU�

613� 6LQJOH�QXFOHRWLGH�SRO\PRUSKLVP�

619� 6LQJOH�QXFOHRWLGH�YDULDQW�

67;�� 6\QWD[LQ����

7&,8� 7LVVXH�FXOWXUH�LQIHFWLRXV�XQLW�

7*1� 7UDQV�*ROJL�QHWZRUN�

70� 7UDQVPHPEUDQH�

76(� 7UDQVPLVVLEOH�VSRQJLIRUP�HQFHSKDORSDWK\�

875� 8QWUDQVODWHG�UHJLRQ�

Y&-'� 9DULDQW�&UHXW]IHOGW�-DNRE�GLVHDVH�

9(3� 9DULDQW�HIIHFW�SUHGLFWRU�

9363� 9DULDEO\�SURWHDVH�VHQVLWLYH�SULRQRSDWK\�

:$7� :KLWH�DGLSRVH�WLVVXH�

:*6� :KROH�JHQRPH�VHTXHQFLQJ�

:7� :LOGW\SH�

<)3� <HOORZ�IOXRUHVFHQW�SURWHLQ�
�� �
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���,QWURGXFWLRQ�
�����+LVWRU\�RI�SULRQ�GLVHDVHV�

,W�LV�WKRXJKW�WKH�GHVFULSWLRQ�RI�DQ�XQXVXDO�GLVHDVH�LQ�VKHHS�DV�HDUO\�DV�WKH���WK�

FHQWXU\� LV� WKH� ILUVW� UHFRUGHG� DFFRXQW� RI� D� SULRQ� GLVHDVH�� ZKLFK� ZDV� ODWHU�

GHVLJQDWHG� ³VFUDSLH´� GXH� WR� FKDUDFWHULVWLF� LWFKLQJ� �6WRFNPDQ�� ������� :LWK�

LQFUHDVHG�XQGHUVWDQGLQJ�RI� ELRORJLFDO� FRQFHSWV� RYHU� WKH� FRPLQJ� FHQWXULHV� WKH�

QDWXUH�RI�WKLV�GLVHDVH�ZDV�KLJKO\�GHEDWHG�ZLWK�ERWK�JHQHWLF�DQG�LQIHFWLRXV�RULJLQV�

SURSRVHG��,Q�������&XLOOp�DQG�&KHOOH�ILUVW�FOHDUO\�GHPRQVWUDWHG�WKH�WUDQVPLVVLELOLW\�

RI� WKH� GLVHDVH� WKURXJK� LQWUDRFXODU� LQRFXODWLRQ� RI� KHDOWK\� VKHHS� DQG� JRDWV��

FODVVLI\LQJ�VFUDSLH�DV�WKH�SURWRW\SLFDO�WUDQVPLVVLEOH�VSRQJLIRUP�HQFHSKDORSDWK\�

�76(��� DOWKRXJK� WKH� LGHQWLW\� RI� WKH� LQIHFWLRXV� DJHQW� DW� WKLV� VWDJH�ZDV� XQFOHDU�

�&XLOOp�	�&KHOOH���������

1HDUO\�����\HDUV�DIWHU�VFUDSLH�ZDV�ILUVW�LGHQWLILHG��QHXURORJLVWV�+DQV�&UHXW]IHOGW�

DQG� $ORQV� -DNRE� LQGHSHQGHQWO\� GHVFULEHG� D� UDSLGO\� SURJUHVVLYH� QHXURORJLFDO�

GLVRUGHU�LQ�KXPDQV��ODWHU�FODVVLILHG�E\�:DOWKHU�6SLHOPH\HU�DV�&UHXW]IHOGW�-DNRE�

GLVHDVH� �&-'�� �&UHXW]IHOGW��������-DNRE���������6RPH����\HDUV�DIWHU� WKLV�� WKH�

ILUVW�FDVHV�ZHUH�GHWDLOHG�LQ�WKH�OLWHUDWXUH�RI�DQRWKHU�QHXURORJLFDO�GLVRUGHU�DIIHFWLQJ�

WKH� )RUH� HWKQLF� JURXS� LQ� WKH� KLJKODQGV� RI� 3DSXD� 1HZ� *XLQHD� FDOOHG� NXUX�

�*DMGXVHN� 	� =LJDV�� ������� ,Q� ������ +DGORZ�� WKURXJK� D� FKDQFH� YLVLW� WR� DQ�

H[KLELWLRQ� DW� WKH� :HOOFRPH� 0HGLFDO� 0XVHXP� LQ� /RQGRQ�� VWDUWHG� WR� GUDZ�

VLPLODULWLHV�EHWZHHQ�NXUX�DQG�VFUDSLH�� IROORZHG�VKRUWO\�DIWHU�E\�.ODW]R� IRU�NXUX�

DQG�&-'��+DGORZ��������.ODW]R��*DMGXVHN��	�=LJDV���������7KHVH�REVHUYDWLRQV�

OHG�WR�ODQGPDUN�LQRFXODWLRQ�VWXGLHV�RI�ERWK�NXUX�DQG�&-'�LQWR�SULPDWHV��VLPLODU�WR�

ZKDW�ZDV�SHUIRUPHG�GHFDGHV�EHIRUH�IRU�VFUDSLH��GHILQLWLYHO\�GHPRQVWUDWLQJ�WKH�

WUDQVPLVVLEOH�QDWXUH�RI�WKHVH�GLVHDVHV��*DMGXVHN��*LEEV��	�$OSHUV��������*LEEV�

HW�DO����������

'HVSLWH�WKH�FHUWLILHG�LQIHFWLYLW\�RI�WKHVH�76(V��WKH�H[DFW�QDWXUH�RI�WKH�LQIHFWLRXV�

DJHQW� RI� ZDV� KLJKO\� FRQWHQGHG� IRU� GHFDGHV� WR� IROORZ�� ,QFUHDVHG� VFLHQWLILF�

DZDUHQHVV�RI�YLUDO�UHSOLFDWLRQ�SURPSWHG�LQLWLDO�K\SRWKHVHV��,Q�������6LJXUGVVRQ�

ILUVW�FRLQHG�WKH� WHUP� µVORZ�YLUXV¶� WR�GHVFULEH� WKH�VFUDSLH�DJHQW��GXH�WR� LWV�FOHDU�

WUDQVPLVVLELOLW\� �WKRXJKW� WR� EH� RI� YLUDO� RULJLQ�� EXW� ORQJ� LQFXEDWLRQ� WLPHV�

�6LJXUGVVRQ�� ������� 7KLV� KRZHYHU� IDLOHG� WR� FRQVLGHU� HDUOLHU� H[SHULPHQWV� E\�
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*RUGRQ� D� GHFDGH� SULRU� GHPRQVWUDWLQJ� WKH� UHVLVWDQFH� RI� WKH� VFUDSLH� DJHQW� WR�

IRUPDOLQ�LQDFWLYDWLRQ��GXULQJ�YDFFLQH�SUHSDUDWLRQ���LQGLFDWLQJ�WKH�LQIHFWLRXV�DJHQW�

ZDV�GLVWLQFW�IURP�WUDGLWLRQDO�YLUXVHV��*RUGRQ���������1RQHWKHOHVV�WKLV�UHPDLQHG�

WKH�SULPDU\�K\SRWKHVLV�IRU�DURXQG�D�GHFDGH�XQWLO�WKH�ODWWHU�KDOI�RI�WKH���WK�FHQWXU\�

ZKHQ� D� QXPEHU� RI� VWXGLHV� VWDUWHG� WR� DJDLQ� TXHVWLRQ� WKH� YLUDO� RULJLQ�� GXH� WR�

XQVXFFHVVIXO� DWWHPSWV� WR� UHPRYH� LQIHFWLYLW\� ZLWK� RWKHU� WHFKQLTXHV� LQFOXGLQJ�

UDGLDWLRQ��H[WUHPH�KHDW�DQG�SUHVVXUH�DQG�FKHPLFDO�DJHQWV��NQRZQ�WR�LQDFWLYDWH�

YLUXVHV��RU�UREXVWO\�LGHQWLI\�QXFOHLF�DFLGV�LQ�WKHVH�SUHSDUDWLRQV��$OSHU�ZDV�WKH�ILUVW�

WR�FRQFOXGH�LQ������WKDW�WKH�LQIHFWLRXV�DJHQW�PD\�EH�GHYRLG�RI�QXFOHLF�DFLG��$OSHU��

&UDPS��+DLJ��	�&ODUNH���������,Q�WKH�VDPH�\HDU�*ULIILWK�PDGH�WKH�ILUVW�SURSRVDO�

RI�D�SURWHLQDFHRXV�DJHQW�GULYLQJ� LQIHFWLYLW\� �*ULIILWK��������� OHDGLQJ� WR�3UXVLQHU�

FRLQLQJ�WKH�WHUP�³SULRQ´��GHULYHG�IURP�SURWHLQDFHRXV�LQIHFWLRXV�SDUWLFOH��LQ������

�3UXVLQHU����������

$WWHPSWV�WR�SXULI\�SULRQV�WKURXJK�HQULFKLQJ�IRU�LQIHFWLYLW\�LQ�VFUDSLH�LQIHFWHG�EUDLQ�

KRPRJHQDWH�LGHQWLILHG�D�������N'D�SURWHDVH�UHVLVWDQW�VLDORJO\FRSURWHLQ�VSHFLILF�

WR�LQIHFWHG�EUDLQV�WHUPHG�WKH�SULRQ�SURWHLQ��3U3��������ZKLFK�FRXOG�EH�LQDFWLYDWHG�

E\�DJHQWV�VSHFLILF�WR�SURWHLQ�GHQDWXUDWLRQ��%ROWRQ��0F.LQOH\��	�3UXVLQHU��������

3UXVLQHU��%ROWRQ��HW�DO����������,W�ZDV�LQLWLDOO\�DVVXPHG�WKLV�3U3�SURWHLQ�PXVW�EH�

HQFRGHG� E\� YLUDO� QXFOHLF� DFLGV� KRZHYHU�� WKURXJK� GHGXFWLRQ� RI� WKH� P51$�

VHTXHQFH�� &KHVHEUR� DQG� 5DFH� LGHQWLILHG� WUDQVFULSWV� LQ� ERWK� LQIHFWHG� DQG�

XQLQIHFWHG� DQLPDOV� LQGLFDWLQJ� 3U3� ZDV� DFWXDOO\� D� QRUPDO� FHOOXODU� FRPSRQHQW�

�&KHVHEUR�HW�DO����������7KH�KRVW�JHQH��3UQS��ZDV�LGHQWLILHG�LQ�WKH�VDPH�\HDU�E\�

3UXVLQHU�DQG�:HLVVPDQ�EXW�ZDV�QRW�DVVRFLDWHG�ZLWK� LQIHFWLYLW\��VXSSRUWLQJ� WKH�

SURWHLQ�RQO\�QDWXUH�RI�WKH�LQIHFWLRXV�DJHQW��2HVFK�HW�DO����������$QDO\VLV�RI�WKH�

SULPDU\�VHTXHQFH�RI�WKH�QRUPDO�SURWHDVH�VHQVLWLYH�JHQH�SURGXFW�RI�3UQS��ODWHU�

WHUPHG� FHOOXODU� 3U3� RU� 3U3&�� DQG� WKH� VFUDSLH�DVVRFLDWHG� 3U3� �WHUPHG� 3U36F��

FRQFOXGHG� ERWK� ZHUH� GHULYHG� IURP� WKH� VDPH� SURWHLQ� YLD� SRVW�WUDQVFULSWLRQDO�

SURFHVVHV��%DVOHU�HW�DO����������7KH�3UQS�JHQH�ZDV�FOHDUO\�LPSRUWDQW�IRU�GLVHDVH�

KRZHYHU�� DV� HDUO\� VWXGLHV� LGHQWLI\LQJ� D� FKURPRVRPDO� UHJLRQ� DVVRFLDWHG� ZLWK�

GLVHDVH�LQFXEDWLRQ�WLPH�LQ�PLFH�ZHUH�PDSSHG�WR�WKH�VDPH�UHJLRQ��&DUOVRQ�HW�DO���

������'LFNLQVRQ��0HLNOH��	�)UDVHU���������*HQHUDWLRQ�RI�3UQS�NQRFNRXW�PLFH�E\�

%XHOHU� DQG� FROOHDJXHV� LQ� ����� FRQILUPHG� WKLV� JHQH� LV� LQ� IDFW� HVVHQWLDO� IRU�

SDWKRJHQHVLV��%XHOHU�HW�DO�����������
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3ULRQ� GLVHDVHV� DUH� QRZ� XQGHUVWRRG� WR� EH� LQYDULDEO\� IDWDO� QHXURGHJHQHUDWLYH�

GLVHDVHV�RI�ERWK�KXPDQV�DQG�DQLPDOV��FKDUDFWHULVHG�E\�WKH�WHPSODWHG�FRQYHUVLRQ�

RI� WKH�FHOOXODU�SULRQ�SURWHLQ� �3U3&�� LQWR�D�QXPEHU�RI�GLVHDVH�DVVRFLDWHG� IRUPV��

LQFOXGLQJ�SURWHLQDVH�.��3.��UHVLVWDQW�VFUDSLH�DVVRFLDWHG�3U36F��,Q�KXPDQV��SULRQ�

GLVHDVHV�FDQ�EH�VSRUDGLF��DFTXLUHG�RU� LQKHULWHG��DOO�FKDUDFWHULVHG�E\�D�WULDG�RI�

QHXURSDWKRORJLFDO� LPSDLUPHQWV�RI�GLVWLQFW�VSRQJLIRUP�YDFXRODWLRQ�DFFRPSDQLHG�

E\�QHXURQDO� ORVV�DQG�DVWURF\WH�SUROLIHUDWLRQ� �%XGND�HW�DO����������$�QXPEHU�RI�

DQLPDO�SULRQ�GLVHDVHV�KDYH�DOVR�EHHQ�FKDUDFWHULVHG�LQFOXGLQJ�VFUDSLH�LQ�VKHHS�

DQG� JRDWV�� FKURQLF� ZDVWLQJ� GLVHDVH� �&:'�� LQ� FHUYLGV� DQG� ERYLQH� VSRQJLIRUP�

HQFHSKDORSDWK\��%6(��LQ�FDWWOH��

�����7\SHV�RI�SULRQ�GLVHDVH�

�������$QLPDO�SULRQ�GLVHDVHV�
$V� SUHYLRXVO\� PHQWLRQHG�� VFUDSLH� KDV� EHHQ� UHFRUGHG� LQ� (XURSH� IRU� RYHU� ����

\HDUV��,W�LV�WKHUHIRUH�RIWHQ�GHVFULEHG�DV�WKH�³SURWRW\SLFDO´�SULRQ�GLVHDVH�DIIHFWLQJ�

IDUPHG� VKHHS� DQG� JRDWV� �0F*RZDQ�� �������0XOWLSOH� VWUDLQV� RI� W\SLFDO� VFUDSLH�

KDYH�EHHQ�GHVFULEHG��PRVW�FRPPRQO\�SUHVHQWLQJ�ZLWK�WKH�VDPH�LQWHQVH�SUXULWXV�

DV� LQLWLDOO\� UHSRUWHG� �SULRQ� VWUDLQV� GLVFXVVHG� ODWHU� LQ� VHFWLRQ� ������� �3DWWLVRQ�	�

0LOOVRQ���������0RUH�UHFHQWO\��DW\SLFDO�IRUPV�KDYH�DOVR�EHHQ�REVHUYHG��FOLQLFDOO\�

FKDUDFWHULVHG� LQVWHDG� E\� GLVWLQFW� DWD[LD� DQG� LQFRRUGLQDWLRQ� �%HQHVWDG� HW� DO���

��������

6LQFH�WKH�LGHQWLILFDWLRQ�RI�VFUDSLH��D�QXPEHU�RI�RWKHU�DQLPDO�SULRQ�GLVHDVHV�KDYH�

DOVR�EHHQ�UHFRJQLVHG��DOWKRXJK�SUHGRPLQDQWO\�VWLOO�LQ�IDUPHG�OLYHVWRFN��&ODVVLFDO�

%6(�ZDV�ILUVW�GLDJQRVHG�LQ�FDWWOH�LQ������DQG�UDSLGO\�OHG�WR�DQ�HSLGHPLF�LQ�WKH�

8.�ZLWK�RYHU��������QHZ�IRUPDOO\�GLDJQRVHG�FDVHV�SHU�\HDU�DW�LWV�SHDN��ZKLFK�LV�

SUREDEO\�D�PDUNHG�XQGHUHVWLPDWH�RI�WKH�WUXH�QXPEHU�RI�FDVHV��$QGHUVRQ�HW�DO���

������:LOHVPLWK��:HOOV��&UDQZHOO��	�5\DQ���������6XUYHLOODQFH�WHVWLQJ�KDV�VLQFH�

LGHQWLILHG�WZR�DGGLWLRQDO�GLVWLQFW�%6(�VWUDLQV�GHQRWHG�DV�+��DQG�/�W\SH��%LDFDEH��

/DSODQFKH��5\GHU��	�%DURQ��������&DVDORQH�HW�DO����������'LHWDU\�WUDQVPLVVLRQ�

WR�KXPDQV� OHG� WR� WKH�VXEVHTXHQW�ZHOO�GHVFULEHG�YDULDQW�&-'��Y&-'��HSLGHPLF�

�GHVFULEHG� ODWHU� LQ�VHFWLRQ����������� ,QWHUHVWLQJO\�� LQFLGHQFH�RI�WZR�RWKHU�DQLPDO�

SULRQ� GLVHDVHV� DOVR� RYHUODSSHG� ZLWK� WKH� %6(� HSLGHPLF�� IHOLQH� VSRQJLIRUP�

HQFHSKDORSDWK\� �)6(�� DIIHFWLQJ� GRPHVWLF� DQG� FDSWLYH� ZLOG� FDWV�� DQG� H[RWLF�
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XQJXODWH� HQFHSKDORSDWK\� �(8(�� DIIHFWLQJ� H[RWLF� ]RR� DQLPDOV� LQ� WKH� %RYLGDH�

IDPLO\� �.LUNZRRG� 	� &XQQLQJKDP�� ������� LQYHVWLJDWLRQ� RI� VWUDLQ� SURSHUWLHV�

LPSOLFDWHV�]RRQRWLF�WUDQVPLVVLRQ�IURP�FRQWDPLQDWHG�IHHG�VLPLODU�WR�Y&-'��)UDVHU�

HW�DO���������-HIIUH\��6FRWW��:LOOLDPV��	�)UDVHU���������2WKHU�SULRQ�GLVHDVHV� LQ�

FDSWLYH� DQLPDOV� LQFOXGH� WUDQVPLVVLEOH� PLQN� HQFHSKDORSDWK\� �70(�� LQ� IDUPHG�

PLQN�DQG�PRUH�UHFHQWO\�GHVFULEHG�SULRQ�GLVHDVH� LQ�GURPHGDU\�FDPHO� OLYHVWRFN�

�%DEHOKDGM�HW�DO���������0DUVK�	�+DGORZ���������

&:'�LV�WKH�RQO\�SULRQ�GLVHDVH�ZKLFK�KDV�EHHQ�GHVFULEHG�LQ�IUHH�UDQJLQJ�DQLPDOV��

DIIHFWLQJ� ERWK� ZLOG� DQG� IDUPHG� PHPEHUV� RI� WKH� &HUYLGDH� IDPLO\� �:LOOLDPV� 	�

<RXQJ�� ������� ,W� ZDV� ILUVW� GRFXPHQWHG� LQ� 1RUWK� $PHULFD� EXW� PRUH� UHFHQWO\�

GHVFULEHG� LQ�6RXWK�.RUHD�DQG�VRPH�FRXQWULHV� LQ� WKH�6FDQGLQDYLDQ�3HQLQVXOD��

'XH�WR�WKH�FRPPRQ�FRQVXPSWLRQ�RI�ZLOG�GHHU� LQ�VRPH�RI� WKHVH�UHJLRQV��&:'�

SRVHV�VRPH�SXEOLF�KHDOWK�FRQFHUQV��KRZHYHU�VWXGLHV�KDYH�VR� IDU� VXJJHVW� WKH�

]RRQRWLF�SRWHQWLDO�RI�WKLV�SULRQ�GLVHDVH�LV�OLPLWHG�ZLWK�QR�HYLGHQFH�IRU�&:'�EHLQJ�

DEOH�WR�VHHG�FRQYHUVLRQ�RI�KXPDQ�3U3�HLWKHU�LQ�YLWUR�RU�LQ�WUDQVJHQLF�PLFH��.XUW��

7HOOLQJ��=DEHO��	�+RRYHU��������6DQGEHUJ�HW�DO����������

�������+XPDQ�SULRQ�GLVHDVHV�

���������6SRUDGLF�
$FFRXQWLQJ� IRU�DSSUR[LPDWHO\�����RI�DOO� LQFLGHQFH��V&-'� LV� WKH�PRVW�FRPPRQ�

KXPDQ�SULRQ�GLVHDVH�LQ�PRVW�SRSXODWLRQV��ZLWK�DQ�DSSUR[LPDWH�DQQXDO�PRUWDOLW\�

UDWH�RI�����GHDWKV�SHU�PLOOLRQ�SHRSOH��/DGRJDQD�HW�DO����������7KH�PHGLDQ�DJH�RI�

RQVHW�RI�V&-'�LV�LQ�WKH�VHYHQWK�GHFDGH�RI�OLIH�ZKHQ�SDWLHQWV�FODVVLFDOO\�SUHVHQW�

ZLWK� UDSLGO\� SURJUHVVLYH� GHPHQWLD� �PHGLDQ� GLVHDVH� GXUDWLRQ� �� PRQWKV��

DFFRPSDQLHG�E\�YDULRXV�RWKHU�QHXURORJLF�V\PSWRPV�LQFOXGLQJ�P\RFORQXV��DWD[LD�

DQG�YLVXDO�SUREOHPV��&ROOLQV�HW�DO����������KRZHYHU�WKHUH�LV�FRQVLGHUDEOH�YDULDWLRQ�

LQ�FOLQLFDO�SUHVHQWDWLRQ�DQG�GLVHDVH�SURJUHVVLRQ��7KLV�FDQ�EH�SDUWLDOO\�H[SODLQHG�

E\�JHQRW\SH�DW�D�FRPPRQ�3513�YDULDQW�DW�FRGRQ������VHH�VHFWLRQ��������DQG�

UHODWHG�3U36F�VXEW\SH��VHH�VHFWLRQ���������)RU�H[DPSOH��SDWLHQWV�KRPR]\JRXV�IRU�

PHWKLRQLQH�DW� FRGRQ�����DQG� W\SH���3U36F�SURILOH� JHQHUDOO\� KDYH� WKH� VKRUWHVW�

GLVHDVH�GXUDWLRQ��+LOO�HW�DO�����������

/HVV�FRPPRQ�VSRUDGLF�SULRQ�GLVHDVHV�KDYH�EHHQ�GHVFULEHG�LQ�DGGLWLRQ�WR�V&-'��

7KLV�LQFOXGHV�WKH�PRVW�UHFHQWO\�LGHQWLILHG�KXPDQ�SULRQ�GLVHDVH��YDULDEO\�SURWHDVH�
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VHQVLWLYH�SULRQRSDWK\��9363U���FKDUDFWHULVHG�E\�SDUWLDO�3U36F�SURWHDVH�VHQVLWLYLW\�

DQG�D�GLVWLQFW�3U36F�VXEW\SH�WR�V&-'��*DPEHWWL�HW�DO����������'XH�WR�WKH�QRYHOW\�

RI�WKLV�GLVHDVH��WKH�FOLQLFDO�FULWHULD�DUH�OHVV�ZHOO�GHILQHG��EXW�KDV�JHQHUDOO\�EHHQ�

GLDJQRVHG� LQ�HOGHUO\�SRSXODWLRQV�ZLWK�D� ORQJHU�GLVHDVH�GXUDWLRQ� WKDQ�V&-'��$�

VPDOO�QXPEHU�RI�FDVHV�RI�VSRUDGLF�IDWDO�LQVRPQLD�KDYH�DOVR�EHHQ�LGHQWLILHG�ZKLFK�

VKDUH�PDQ\� FOLQLFDO� DQG�SDWKRORJLFDO� IHDWXUHV�ZLWK� WKH� LQKHULWHG� SULRQ�GLVHDVH�

�,3'�� IDWDO� IDPLOLDO� LQVRPQLD� �)),�� GHVFULEHG� LQ� WKH� QH[W� VHFWLRQ�� ZLWKRXW� DQ�

LGHQWLILDEOH�JHQHWLF�FDXVH��0DVWULDQQL�HW�DO����������

)RU� VSRUDGLF� SULRQ� GLVHDVHV� WKHUH� LV� QR� NQRZQ� JHQHWLF� DHWLRORJ\� RU� DQ�

HSLGHPLRORJLFDO�OLQN�VR�DUH�WKRXJKW�WR�EH�FDXVHG�E\�HLWKHU�D�VWRFKDVWLF�PLVIROGLQJ�

HYHQW�RI�3U3&�RU�VRPDWLF�3513�PXWDWLRQ�LQ�VLQJOH�FHOOV��DOWKRXJK�DQ�XQLGHQWLILHG�

LDWURJHQLF�VRXUFH�FDQQRW�EH�UXOHG�RXW���

���������,QKHULWHG�
,QKHULWHG�RU�JHQHWLF�SULRQ�GLVHDVHV�DFFRXQW�IRU��������RI�DQQXDO�SULRQ�GLVHDVH�

LQ�PRVW�SRSXODWLRQV��DQG�DUH�DOO�FDXVHG�E\�KLJKO\�SHQHWUDQW�DXWRVRPDO�GRPLQDQW�

PXWDWLRQV�LQ�WKH�3513�JHQH��/DGRJDQD�HW�DO����������7R�GDWH�RYHU����YDULDQWV�

KDYH�EHHQ�LGHQWLILHG�LQ�3513��D�QXPEHU�RI�ZKLFK�FDXVH�,3'��)LJXUH�����0HDG��

/OR\G��	�&ROOLQJH���������7KH�IUHTXHQF\�DQG�GLVWULEXWLRQ�RI�WKHVH�YDULHV�DPRQJ�

SRSXODWLRQV��IRU�H[DPSOH�WKH�9���,�PXWDWLRQ�LV�UHODWLYHO\�SUHYDOHQW�LQ�(XURSHDQ�

SRSXODWLRQV�EXW�UDUHO\�UHSRUWHG�LQ�6RXWK�(DVW�$VLDQ�SRSXODWLRQV��&��&KHQ�	�'RQJ��

�������7KH�DJH�RI�RQVHW�DQG�FOLQLFDO�SUHVHQWDWLRQ�FDQ�EH�KLJKO\�YDULDEOH�HYHQ�

ZLWKLQ� IDPLOLHV� EXW� JHQHUDOO\� SUHVHQWV� \RXQJHU� WKDQ� V&-'� ZLWK� RIWHQ� ORQJHU�

GLVHDVH�GXUDWLRQ�WLPHV��.RYDFV�HW�DO����������

,3'V�DUH� FODVVLILHG� LQWR� WKUHH�PDLQ� JURXSV�EDVHG�RQ� FOLQLFDO� SUHVHQWDWLRQ�DQG�

JHQHWLF�DHWLRORJ\��JHQHWLF�&-'��J&-'���)),�DQG�*HUVWPDQQ�6WUlXVVOHU�6FKHLQNHU�

GLVHDVH��*66���%XGND�HW�DO���������/DGRJDQD�	�.RYDFV���������7KH�ODUJHVW�JURXS�

LV� J&-'�� FKDUDFWHULVHG� E\� FOLQLFDO� DQG� SDWKRORJLFDO� IHDWXUHV� VLPLODU� WR� V&-'��

DOWKRXJK�DJDLQ�ZLWK�D�JHQHUDOO\�\RXQJHU�DJH�RI�RQVHW�DQG�ORQJHU�GXUDWLRQ��7KHUH�

DUH�QXPHURXV�PXWDWLRQV�ZKLFK�FDXVH�J&-'�ZLWK�(���.�EHLQJ�WKH�PRVW�FRPPRQ�

�.RYDFV�HW�DO����������XQOLNH�)),�IRU�ZKLFK�RQO\�D�VLQJOH�KDSORW\SH�FRQWDLQLQJ�WKH�

PLVVHQVH�PXWDWLRQ�'���1�DVVRFLDWHG�ZLWK�PHWKLRQLQH�DW�FRGRQ�����KDV�EHHQ�

GHVFULEHG� �0HGRUL� HW�DO��� �������3DWLHQWV�ZLWK�)),�DUH�FOLQLFDOO\�GLVVLPLODU� IURP�
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J&-'� DQG� V&-'� FKDUDFWHULVHG� LQVWHDG� E\� VHYHUH� LQVRPQLD� DQG� G\VDXWRPQLD��

*66� LV� DOVR� GLVWLQFW�� SUHVHQWLQJ� ZLWK� DV� VORZO\� SURJUHVVLYH� FHUHEHOODU�

GHJHQHUDWLRQ�RU�SDUNLQVRQLVP�DQG�PRUH�YDULDEOH�QHXURORJLF�V\PSWRPV��

)LJXUH����3513�YDULDQWV�DVVRFLDWHG�ZLWK�,3'V�RU�PRGLI\LQJ�SULRQ�GLVHDVH�ULVN��
7KH� FRORXUHG� EDU� UHSUHVHQWV� 3U3&� DQG� DVVRFLDWHG� VWUXFWXUDO� IHDWXUHV� LQFOXGLQJ� WKH�
RFWDSHSWLGH� UHSHDW� GRPDLQ� �UHG��� ȕ�VWUDQGV� �RUDQJH�� DQG� Į�KHOLFHV� �JUHHQ��� 'HILQLWH�
GLVHDVH�FDXVLQJ�PXWDWLRQV� �SDWKRORJLFDOO\� FRQILUPHG�� DUH� OLVWHG� DERYH� DQG� SURWHFWLYH�
YDULDQWV��JUHHQ�WH[W��RU�ULVN�IDFWRUV��UHG�WH[W��OLVWHG�EHORZ��3UREDEOH�RU�SRVVLEOH�GLVHDVH�
FDXVLQJ�PXWDWLRQV�QRW�VKRZQ��)LJXUH�DGDSWHG�IURP��0HDG�HW�DO����������

�

0RUH� UHFHQWO\� D� QRYHO� FOLQLFRSDWKRORJLF� SKHQRW\SH� KDV� EHHQ� GHVFULEHG�

DVVRFLDWHG� ZLWK� WKH� <���;� WUXQFDWLRQ� PXWDWLRQ� �0HDG� HW� DO��� ������� 7KHVH�

SDWLHQWV�DUH�XQXVXDOO\�FKDUDFWHULVHG�ZLWK�D�PRUH�SHULSKHUDO�SDWKRORJ\�LQFOXGLQJ�

GLDUUKHD�� DXWRQRPLF� QHXURSDWK\�� DQG� D� V\VWHPLF� 3U3� DP\ORLGRVLV��2WKHU� VWRS�

FRGRQ�PXWDWLRQV�KDYH�DOVR�EHHQ�DWWULEXWHG�WR�KHUHGLWDU\�SULRQ�FHUHEUDO�DP\ORLG�

DQJLRSDWK\��*KHWWL��7DJOLDYLQL��7DNDR��%XJLDQL��	�3LFFDUGR���������

���������$FTXLUHG�
3ULRQ� GLVHDVHV� DSSHDU� XQLTXH� LQ� WKHLU� DELOLW\� WR� HIILFLHQWO\� WUDQVPLW�

QHXURGHJHQHUDWLRQ� EHWZHHQ� RUJDQLVPV�� HVSHFLDOO\� EHWZHHQ� GLIIHUHQW� VSHFLHV��

Y&-'�ZDV�ILUVW�LGHQWLILHG�LQ�SDWLHQWV�LQ�WKH�8QLWHG�.LQJGRP�LQ�������TXLFNO\�OLQNHG�

WR�FURVV�VSHFLHV�WUDQVPLVVLRQ�RI�%6(�WKURXJK�LQIHFWHG�PHDW�SURGXFWV��:LOO�HW�DO���

������� 7KH� VXEVHTXHQW� HSLGHPLF� SHDNHG� LQ� ������ ZLWK� D� WRWDO� RI� ���� FDVHV�

LGHQWLILHG�WR�GDWH��&UHXW]IHOGW�-DNRE�'LVHDVH�,QWHUQDWLRQDO�6XUYHLOODQFH�1HWZRUN��

�������*HQHUDOO\�Y&-'�LV�GLVWLQFW�IURP�V&-'�ZLWK�D�\RXQJHU�DJH�RI�RQVHW��PHGLDQ�

DJH� ��� \HDUV�� DQG� ORQJHU� GLVHDVH� GXUDWLRQ� �PHDQ� ����� PRQWKV��� XVXDOO\�

SUHVHQWLQJ� ZLWK� SV\FKLDWULF� DQG�RU� VHQVRU\� V\PSWRPV� �+HDWK� HW� DO��� �������
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$OWKRXJK�QHZ�GLDJQRVHV�RI�Y&-'�DUH�FXUUHQWO\�H[WUHPHO\�UDUH��WKH�KLJK�OHYHO�RI�

H[SRVXUH�LQ�WKH�SRSXODWLRQ�PHDQV�LW�LV�OLNHO\�WKDW�VRPH�LQGLYLGXDOV�DUH�KDUERXULQJ�

VXE�FOLQLFDO� Y&-'� SULRQV�� LQGLFDWHG� E\� WKH� GHVFULSWLRQ� RI� DEQRUPDO� 3U3� LQ� WKH�

DSSHQGLFHV�RI�VRPH�DV\PSWRPDWLF�LQGLYLGXDOV��*LOO�HW�DO����������&RQVHTXHQWO\��

Y&-'�LV�VWLOO�PRQLWRUHG�DV�D�SXEOLF�KHDOWK�FRQFHUQ�HVSHFLDOO\�GXH�WR�KLVWRULFDO�ORQJ�

LQFXEDWLRQ�WLPHV�IROORZLQJ�H[SRVXUH��XS�WR�GHFDGHV��DQG�WKH�SUHYLRXVO\�GHVFULEHG�

WUDQVPLVVLRQ� IURP� LQIHFWHG� EORRG� WUDQVIXVLRQV� WR� WKUHH� LQGLYLGXDOV� �*LOO� HW� DO���

������/OHZHO\Q�HW�DO����������7KH�ULVNV�RI�Y&-'�KRZHYHU�DUH�QRZ�FXUUHQWO\�WKRXJKW�

WR�EH�PLQLPDO��

$V� SUHYLRXVO\� PHQWLRQHG�� NXUX� ZDV� WKH� ILUVW� DFTXLUHG� SULRQ� GLVHDVH� WR� EH�

GHVFULEHG� LQ� KXPDQV�� RULJLQDOO\� LGHQWLILHG� E\� *DGMXVHN� ZLWKLQ� WKH� )RUH� HWKQLF�

JURXS�LQ�WKH�KLJKODQGV�RI�3DSXD�1HZ�*XLQHD��&ROOLQJH�HW�DO���������*DMGXVHN�	�

=LJDV���������7KLV�HSLGHPLF�ZDV�GULYHQ�E\�WKH�PRUWXDU\�SUDFWLFH�RI�WUDQVXPSWLRQ��

OHDGLQJ� WR� LQFUHDVHG� SUHYDOHQFH� RI� QHXURORJLFDO� GLVHDVH� FKDUDFWHULVHG� E\�

FHUHEHOODU�DWD[LD�PDQLIHVWLQJ�ZLWK�WUHPRUV��FKRUHLIRUP�DQG�DWKHWRLG�PRYHPHQWV��

3URKLELWLRQ�RI�WKLV�SUDFWLFH�LQ�WKH�PLG�����V�OHG�WR�GHFOLQH�LQ�LQFLGHQFH��KRZHYHU�

WKH�ODVW�FDVHV�ZHUH�QRW�GLDJQRVHG�XQWLO�WKH�EHJLQQLQJ�RI�WKH���VW�FHQWXU\�GXH�WR�

H[WHQGHG�LQFXEDWLRQ�SHULRGV�WKDW�PD\�KDYH�H[FHHGHG����\HDUV��

7UDQVPLVVLRQ�RI�SULRQV�EHWZHHQ�KXPDQV�LQ�WKH�IRUP�RI�LDWURJHQLF�&-'��L&-'��ZDV�

ILUVW�GHVFULEHG�LQ������LQ�D�SDWLHQW�ZKR�UHFHLYHG�FDGDYHULF�FRUQHDO�WUDQVSODQW�IURP�

D�GRQRU�ZLWK�V&-'��'XII\�HW�DO����������6LQFH�WKHQ�RYHU�����FDVHV�RI�L&-'�KDYH�

EHHQ� LGHQWLILHG�� SUHGRPLQDQWO\� WKURXJK� KLVWRULF� WUHDWPHQWV� ZLWK� HLWKHU�

FRQWDPLQDWHG�GXUD�PDWWHU�JUDIWV��DSSUR[LPDWHO\�����FDVHV��RU�KXPDQ�FDGDYHULF�

SLWXLWDU\� JURZWK� KRUPRQH� �DSSUR[LPDWHO\� ���� FDVHV�� �3�� %URZQ� HW� DO��� �������

2WKHU� VRXUFHV� RI� WUDQVPLVVLRQ� KDYH� LQFOXGHG� QHXURVXUJLFDO� HTXLSPHQW� DQG�

LQWUDFHUHEUDO�HOHFWURGHV��7KH�LQFXEDWLRQ�WLPH�DQG�FOLQLFDO�SUHVHQWDWLRQ�YDULHV�ZLWK�

VRXUFH�DQG� URXWH�RI� WUDQVPLVVLRQ��ZLWK�RIWHQ� ORQJ� LQFXEDWLRQ� WLPHV�VRPHWLPHV�

PDNLQJ� DWWULEXWLQJ� DQ� LDWURJHQLF� FDXVH� GLIILFXOW� DQG� SHUKDSV� OHDGLQJ� WR�

XQGHUHVWLPDWHV�RI�L&-'�SUHYDOHQFH��
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�����&HOOXODU�SULRQ�SURWHLQ�

�������6WUXFWXUH�
,Q�KXPDQV��3U3&�LV�D�����DPLQR�DFLG�FHOO�VXUIDFH�JO\FRSURWHLQ�H[SUHVVHG�LQ�PRVW�

WLVVXHV��ZLWK�KLJK�H[SUHVVLRQ�LQ�WKH�SHULSKHUDO�DQG�FHQWUDO�QHUYRXV�V\VWHP��&16���

HQFRGHG�E\� WKH�JHQH�3513�RQ�FKURPRVRPH���� �6DUQDWDUR��3HSH��	�=XU]ROR��

������� %RWK� VHTXHQFH� DQG� VWUXFWXUH� DUH� KLJKO\� FRQVHUYHG� EHWZHHQ�PDPPDOV�

�:RSIQHU�HW�DO����������7KH�SURWHLQ�LV�SUHGRPLQDQWO\�Į�KHOLFDO�DQG�FDQ�EH�EURDGO\�

GLYLGHG�LQWR�D�&�WHUPLQDO�JOREXODU�GRPDLQ�DQG�D�IOH[LEOH�XQVWUXFWXUHG�1�WHUPLQDO�

UHJLRQ�� DV� ZHOO� DV� DQ� 1�WHUPLQDO� VLJQDO� SHSWLGH� WR� GLUHFW� FR�WUDQVODWLRQDO�

WUDQVORFDWLRQ� LQWR� WKH� HQGRSODVPLF� UHWLFXOXP� �(5�� GXULQJ� V\QWKHVLV� �)LJXUH� ���

�5LHN��+RUQHPDQQ��:LGHU��*ORFNVKXEHU��	�:XWKULFK���������

�

)LJXUH����3U3&�VWUXFWXUH�FRPSULVLQJ�DQ�Į�KHOLFDO�&�WHUPLQDO�JOREXODU�GRPDLQ�DQG�D�
IOH[LEOH�1�WHUPLQDO�UHJLRQ��
3U3&� LV� D� ���� DPLQR� DFLG� SURWHLQ� �SULRU� WR� FOHDYDJH� RI� 1�� DQG� &�WHUPLQDO� VLJQDO�
VHTXHQFHV��QRW�VKRZQ����D��3ULPDU\�VHTXHQFH�VKRZV�WZR�FKDUJHG�UHVLGXH�FOXVWHUV��&&���
&&����D�VHULHV�RI�RFWDSHSWLGH�UHSHDW��25��VHTXHQFHV�DQG�D�K\GURSKRELF�GRPDLQ��+'��
ZLWKLQ�WKH�XQVWUXFWXUHG�1�WHUPLQDO�UHJLRQ��DQG�D�VWUXFWXUHG�&�WHUPLQDO�FRPSULVHG�RI�WZR�
ȕ�VKHHWV��ȕ�����DQG�WKUHH�Į�KHOLFHV��Į�����ZLWK�D�GLVXOSKLGH�ERQG��6�6��OLQNLQJ�KHOLFHV���
DQG����WZR�1�OLQNHG�JO\FRV\ODWLRQ�VLWHV��*�����DQG�D�JO\FRV\OSKRVSKDWLG\OLQRVLWRO��*3,��
PHPEUDQH� DQFKRU�� (QGRSURWHRO\WLF� SURFHVVLQJ� RFFXUV� DW� WKUHH� VLWHV� �Į�� ȕ�� Ȗ��� �E��
([DPSOH� ;�UD\� FU\VWDO� VWUXFWXUH� RI� KXPDQ�3U3&� GHPRQVWUDWLQJ� SUHGRPLQDQW� Į�KHOLFDO�
IROG�� ZLWK� SRVLWLRQ� RI� 1�WHUPLQDO� IOH[LEOH� WDLO� DQG� *3,�DQFKRU� DWWDFKPHQW� GHSLFWHG��
6WUXFWXUH� GHWHUPLQHG� E\� �6�� /HH� HW� DO��� ������ REWDLQHG� IURP� WKH� 3URWHLQ� 'DWD� %DQN�
�UFVE�RUJ���%HUPDQ�HW�DO����������)LJXUH�DGDSWHG�IURP��:DWWV��%RXUNDV��	�$UVKDG���������

�

7KH� VWUXFWXUH� RI� WKH� JOREXODU� GRPDLQ� KDV� EHHQ� VWXGLHG� H[WHQVLYHO\� E\� ;�UD\�

FU\VWDOORJUDSK\�DQG�QXFOHDU�PDJQHWLF�UHVRQDQFH��105���.QDXV�HW�DO���������5LHN�

HW�DO���������=DKQ�HW�DO����������7KLV�KDV�FRQVLVWHQWO\�GHVFULEHG�WKUHH�Į�KHOLFHV�

�GHQRWHG�+��+���DQG� WZR�VKRUW�DQWL�SDUDOOHO�ȕ�VKHHWV��ZLWK�D�FULWLFDO�GLVXOSKLGH�
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ERQG�OLQNLQJ�WKH�+��DQG�+��KHOLFHV��7KLV�GRPDLQ�LV�SRVW�WUDQVODWLRQDOO\�PRGLILHG�

ZLWK� 1�OLQNHG� JO\FRV\ODWLRQ� DW� WZR� VLWHV� DQG� DGGLWLRQ� RI� D�

JO\FRV\OSKRVSKDWLG\OLQRVLWRO��*3,��PHPEUDQH�DQFKRU�WR�D�VLJQDO�SHSWLGH�DW�WKH�&�

WHUPLQDO� �ZKLFK� LV�VXEVHTXHQWO\�GHJUDGHG���*O\FRV\ODWLRQ�FDQ�RFFXU�RQ�RQH�RU�

ERWK�VLWHV�DOORZLQJ�IRU�WKUHH�SRVVLEOH�JO\FRIRUPV�RI�3U3&����

%HFDXVH�RI�WKH�KLJKO\�IOH[LEOH�QDWXUH�RI�WKH�1�WHUPLQDO�UHJLRQ�RI�3U3��VWUXFWXUDO�

LQIRUPDWLRQ� LV� FXUUHQWO\� ODFNLQJ�� KRZHYHU� WKH� SULPDU\� DPLQR� DFLG� VHTXHQFH�

LQGLFDWHV�WZR�FKDUJHG�FOXVWHUV��&&��DQG�&&����D�JO\FLQH�ULFK�RFWDSHSWLGH�UHSHDW�

�25�� UHJLRQ� DQG� D� K\GURSKRELF� GRPDLQ�� 'HVSLWH� LWV� XQVWUXFWXUHG� QDWXUH�� WKLV�

UHJLRQ�RI�WKH�SURWHLQ�LV�YLWDO�IRU�IXQFWLRQ��ZLWK�WKH�1�WHUPLQDO�SUHGLFWHG�WR�DFW�DV�D�

³PROHFXODU� VHQVRU´� IRU� WKH� SURWHLQ�ZLWK� QXPHURXV� LQWHUDFWRUV� LGHQWLILHG�� 7KHVH�

LQFOXGH�GLYDOHQW�FDWLRQV�OLNH�FRSSHU��,,��LRQV�DQG�RWKHU�SURWHLQ�SDUWQHUV�LQFOXGLQJ�

ROLJRPHULF�IRUPV�RI�DP\ORLG�ȕ�DQG�RWKHU�QHXURGHJHQHUDWLYH�GLVHDVH�DVVRFLDWHG�

SURWHLQV��GLVFXVVHG�ODWHU�LQ�VHFWLRQ���������%HODQG�	�5RXFRX���������

3U3&� LV� SURFHVVHG� E\� PXOWLSOH� HQGRSURWHRO\WLF� HYHQWV� DV� SDUW� RI� LWV� QRUPDO�

PHWDEROLVP�� JHQHUDWLQJ� YDULRXV� SURWHLQ� IUDJPHQWV� ZKLFK� DUH� WKRXJKW� WR� KDYH�

LQGHSHQGHQW� IXQFWLRQV� �+DLJK� 	�&ROOLQV�� ������� 7KLV� RFFXUV�DW� WZR�PDLQ� VLWHV�

WHUPHG�Į��DQG�ȕ�FOHDYDJH��7KH�ILUVW�RI�WKHVH�IDOOV�ZLWKLQ�WKH�K\GURSKRELF�GRPDLQ�

DQG�JHQHUDWHV�D�&�WHUPLQDO�IUDJPHQW��&���ZKLFK�UHPDLQV�OLQNHG�WR�WKH�PHPEUDQH��

OLNHO\� UHOHDVLQJ� WKH�1��1�WHUPLQDO� IUDJPHQW� LQWR� WKH�H[WUDFHOOXODU� VSDFH� �6��*��

&KHQ�HW�DO����������$OWHUQDWLYHO\�ȕ�FOHDYDJH�RFFXUV�DW�WKH�HQG�RI�WKH�25�UHJLRQ�WR�

JHQHUDWH� 1�� DQG� &�� IUDJPHQWV�� WKLV� LV� JHQHUDOO\� WKRXJKW� WR� EH� D� SDWKRJHQLF�

SURFHVV�DV� LW� LQFUHDVHV� LQ� IUHTXHQF\�GXULQJ�GLVHDVH�DQG� LW�SUHVHUYHV� WKH� OLNHO\�

DP\ORLGRJHQLF�UHJLRQ�WR�SURPRWH�SULRQ�FRQYHUVLRQ��,QWHUHVWLQJO\��KRZHYHU��ERWK�

WKH�1��DQG�1��IUDJPHQWV�KDYH�EHHQ�IRXQG�WR�H[KLELW�QHXURSURWHFWLYH�HIIHFWV��$�

WKLUG�Ȗ�FOHDYDJH�PHFKDQLVP�KDV�DOVR�PRUH� UHFHQWO\�EHHQ�GHVFULEHG�RFFXUULQJ�

ZLWKLQ�WKH�JOREXODU�&�WHUPLQDO�GRPDLQ��OLNHO\�WKHUHIRUH�WR�H[HUW�GLVWLQFW�IXQFWLRQV�

WR�Į��DQG�ȕ�FOHDYDJH�IUDJPHQWV�DOWKRXJK�WKHVH�DUH�\HW�WR�EH�FKDUDFWHULVHG��/HZLV�

HW�DO����������)LQDOO\�VKHGGLQJ�RI�3U3&�DOVR�RFFXUV�FRQVWLWXWLYHO\�YLD�FOHDYDJH�DW�

WKH�*3,�DQFKRU�E\�PHWDOORSURWHDVHV��UHOHDVLQJ�WKH�SURWHLQ�IURP�WKH�FHOO�VXUIDFH�

�3DUNLQ��:DWW��7XUQHU��	�+RRSHU���������
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�������7UDIILFNLQJ�
6WXG\LQJ�WUDIILFNLQJ�RI�3U3&�DQG�SULRQ�DJJUHJDWHV�LV�NH\�WR�XQGHUVWDQGLQJ�GLVHDVH�

ELRORJ\��SDUWLFXODUO\�GXH�WR�WKH�K\SRWKHVLV�WKDW�HLWKHU�D�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�

WKH�FHOOXODU�IRUP�DQG�PLVIROGHG�SURWHLQ�RU�YLD�DQRWKHU�FR�IDFWRU�XQGHUSLQV�SULRQ�

FRQYHUVLRQ� DQG� GLVHDVH� SURJUHVVLRQ�� OLNHO\� WR� RFFXU� DW� VRPH� SRLQW� GXULQJ� WKH�

QRUPDO�FHOOXODU�WUDQVSRUW�RI�WKH�WZR�SURWHLQV��$GGLWLRQDOO\��UHVHDUFK�LQGLFDWHV�WKDW�

WKH�PLFURHQYLURQPHQW�RI�WKH�SURWHLQV�FDQ�FRQWULEXWH�WR�HIIHFWLYH�SULRQ�FRQYHUVLRQ��

VRPHWKLQJ� ZKLFK� YDULHV� VXEVWDQWLDOO\� EHWZHHQ� GLIIHUHQW� VXEFHOOXODU�

FRPSDUWPHQWV��

���������6HFUHWRU\�SDWKZD\�
)ROORZLQJ�V\QWKHVLV��3U3&� LV� ILUVW� WUDQVORFDWHG� LQWR� WKH�(5�ZKHUH�JO\FRV\ODWLRQ�

DQG�DGGLWLRQ�RI�D�*3,�DQFKRU�RFFXUV��DV�ZHOO�DV�FOHDYDJH�RI�WKH�1��DQG�&�WHUPLQDO�

SHSWLGHV��6DUQDWDUR�HW�DO����������$IWHU�FRUUHFWO\�IROGLQJ��WKH�SURWHLQ�LV�WUDQVSRUWHG�

WKURXJK� WKH� W\SLFDO� VHFUHWRU\� SDWKZD\� YLD� WKH�*ROJL� FLVWHUQDH� IRU� IXUWKHU� SRVW�

WUDQVODWLRQDO�PRGLILFDWLRQV�RI�WKH�JO\FRV\ODWLRQ�VLWHV�DQG�*3,�DQFKRU��IROORZHG�E\�

WUDQVORFDWLRQ�WR�WKH�SODVPD�PHPEUDQH�ZKHUH�WKH�PDMRULW\�RI�VWHDG\�VWDWH�3U3&�LV�

ORFDWHG��)LJXUH�����&DXJKH\��5DFH��(UQVW��%XFKPHLHU��	�&KHVHEUR��������6WDKO��

%RUFKHOW��+VLDR��	�3UXVLQHU���������:LWKLQ�WKH�SODVPD�PHPEUDQH��WKH�SURWHLQ�LV�

ORFDOLVHG�VSHFLILFDOO\�ZLWKLQ�GHWHUJHQW�UHVLVWDQW�PHPEUDQHV��'50V��RU�OLSLG�UDIWV�

LQ� DOO� FHOO� W\SHV� VWXGLHG� �1DVODYVN\�� 6WHLQ�� <DQDL�� )ULHGODQGHU�� 	� 7DUDERXORV��

������� 0XOWLSOH� OLQHV� RI� HYLGHQFH� LQGLFDWH� FKROHVWHURO� DQG� VSKLQJROLSLG� OHYHOV�

UHJXODWH�3U3&�ORFDOLVDWLRQ�WR�WKHVH�GRPDLQV��ZLWK�LPSDLUHG�FKROHVWHURO�V\QWKHVLV�

LQ� 1�D� DQG� HSLWKHOLDO� FHOOV� SUHYHQWLQJ� DVVRFLDWLRQ� RI� 3U3&� ZLWK� WKHVH� '50V��

SRVVLEO\�WKURXJK�SUHYHQWLQJ�*ROJL�H[LW�RU�(5�PDWXUDWLRQ��*LOFK��.HKOHU��	�6FKDW]O��

������6DUQDWDUR�HW�DO���������6DUQDWDUR�HW�DO����������)XUWKHUPRUH��LQGXFWLRQ�RI�

(5� VWUHVV� LQ� FHOO� FXOWXUH� DOVR� SHUWXUEV� 3U3&� WUDQVSRUW� WKURXJK� WKH� VHFUHWRU\�

SDWKZD\��1XQ]LDQWH�HW�DO����������:LWKLQ�QHXURQV��3U3&�FDQ�EH�GHWHFWHG�RQ�FHOO�

VXUIDFH�PHPEUDQHV�RI�DOO�SURFHVVHV� �DOWKRXJK�QRW� LQ�V\QDSWLF�YHVLFOHV���DJDLQ�

UHJXODWHG�E\�ERWK�FKROHVWHURO�DQG�VSKLQJROLSLGV��DQG�XQGHUJRHV�ERWK�DQWHURJUDGH�

DQG�UHWURJUDGH�WUDQVSRUW�ZLWKLQ�D[RQV�PHGLDWHG�E\�PRWRU�SURWHLQV�NLQHVLQ���DQG�

F\WRSODVPLF� G\QHLQ� �(QFDODGD�� 6]SDQNRZVNL�� ;LD�� 	�*ROGVWHLQ�� ������*DOYDQ��

&DPROHWWR��'RWWL��$JX]]L��	�/HGHVPD��������0LURQRY�HW�DO����������
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)LJXUH����7UDIILFNLQJ�RI�3U36F�DQG�3U3&�WKURXJK�HQGRF\WLF�DQG�VHFUHWRU\�SDWKZD\V�
DQG�UHODWLRQVKLS�ZLWK�61$5(�SURWHLQ�V\QWD[LQ����
%RWK�3U3&�DQG�3.�UHVLVWDQW�DJJUHJDWHV��H�J��3U36F��DUH�FRQVWLWXWLYHO\�WUDIILFNHG�EHWZHHQ�
WKH�SODVPD�PHPEUDQH��30��DQG�HQGRF\WLF�FRPSDUWPHQWV�LQ�FHOO�PRGHOV��3U3&��\HOORZ�
DUURZV��LV�V\QWKHVLVHG�LQ�WKH�(5�DQG�WUDIILFNHG�WKURXJK�WKH�*ROJL�WR�OLSLG�UDIWV�RQ�WKH�30��
(QGRF\WRVLV�RI�3U3&��RFFXUV�YLD�FODWKULQ��� FDYHRODH��RU�RWKHU� UDIW�GHSHQGHQW� URXWHV� WR�
HDUO\�HQGRVRPHV��((��ZKHUH�LW�LV�HLWKHU�UHF\FOHG�EDFN�WR�WKH�30�YLD�UHWURJUDGH�WUDQVSRUW�
WKURXJK� WKH� WUDQV�*ROJL� QHWZRUN� �7*1�� RU� YLD� UHF\FOLQJ� HQGRVRPHV� �5(��� 3U3&�LV�
DOWHUQDWLYHO\�WUDIILFNHG�WR�ODWH�HQGRVRPHV��/(��DQG�O\VRVRPHV�IRU�GHJUDGDWLRQ��3U36F�LV�
SULPDULO\�IRUPHG�RQ�WKH�30��LQGLFDWHG�E\�WKH�VWDU�V\PERO��LQ�DVVRFLDWLRQ�ZLWK�OLSLG�UDIWV�
EHIRUH�LQWHUQDOLVDWLRQ��UHG�DUURZV��YLD�FDYHRODH��RU�FODWKULQ�PHGLDWHG�HQGRF\WRVLV�WR�((��
,W�FDQ�WKHQ�EH�UHF\FOHG�WR�WKH�30�YLD�WKH�7*1�RU�5(��ZKHUH�DGGLWLRQDO�FRQYHUVLRQ�PD\�
RFFXU���RU�IURP�7*1�RU�((�WR�/(�PXOWLYHVLFXODU�ERG\��09%���DQRWKHU�SRWHQWLDO�FRQYHUVLRQ�
VLWH�� DQG� O\VRVRPHV� DQG�RU� DXWRSKDJRVRPHV�� 5HWURWUDQVORFDWLRQ� IURP� WKH� (5� WR� WKH�
F\WRVRO�GXULQJ�V\QWKHVLV�PD\�DOVR�SURPRWH�DJJUHJDWLRQ�LQ�WKH�SURWHDVRPH��&HOO�WR�FHOO�
3U36F�WUDQVPLVVLRQ�KDV�EHHQ�GHPRQVWUDWHG�WKURXJK�H[RVRPHV�DQG�WXQQHOLQJ�QDQRWXEHV��
6\QWD[LQ����67;���LV�SULPDULO\�ORFDOLVHG�WR�WKH�7*1�DQG�((�EXW�KDV�DOVR�EHHQ�GHWHFWHG�
RQ� 30�� 5(�� /(� DQG� DXWRSKDJRVRPHV�� ,W� LV� IXUWKHU� LPSOLFDWHG� LQGLUHFWO\� LQ� H[RVRPDO�
WUDQVSRUW�DQG�FDYHRODH�PHGLDWHG�HQGRF\WRVLV��)LJXUH�JHQHUDWHG�ZLWK�ELRUHQGHU�FRP���

�

�

� �
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���������(QGRF\WRVLV�
)ROORZLQJ� VHFUHWLRQ� WR� WKH� PHPEUDQH�� WKH� WUDQVSRUW� RI� 3U3&� WKURXJK� WKH�

HQGRO\VRVRPDO�V\VWHP�KDV�EHHQ�ZLGHO\�VWXGLHG�DQG�PDQ\�DVSHFWV�DUH�VWLOO�XQGHU�

GHEDWH�� 0XOWLSOH� GLIIHUHQW� SDWKZD\V� DQG� UHJXODWRUV� KDYH� EHHQ� GHVFULEHG�� LQ�

VWHDG\�VWDWH��3U3&�LV�PRVW�DEXQGDQW�RQ�SODVPD�PHPEUDQHV��EXW�LV�DOVR�GHWHFWHG�

ZLWKLQ�D�QXPEHU�RI�PHPEUDQH�ERXQG�RUJDQHOOHV� LQFOXGLQJ� WKH�*ROJL��HDUO\�DQG�

UHF\FOLQJ�HQGRVRPHV�� ODWH�HQGRVRPHV�� O\VRVRPHV�DQG�PLWRFKRQGULD� LQGLFDWLQJ�

QXPHURXV�SRWHQWLDO�URXWHV�WKURXJK�WKH�FHOO��SULRQ�WUDIILFNLQJ�VXPPDULVHG�LQ�)LJXUH�

��� �)DULV� HW� DO��� ������0DULMDQRYLF�� &DSXWR�� &DPSDQD�� 	� =XU]ROR�� ������� 7KLV�

VXEFHOOXODU� ORFDOLVDWLRQ� DSSHDUV� SDUWLDOO\� PHGLDWHG� E\� SURWHLQ� FRPSRVLWLRQ�

LQFOXGLQJ� JO\FRV\ODWLRQ� VWDWH�� *3,� DQFKRU� FRQWHQW� DQG� SDWKRORJLFDO� PXWDWLRQV��

ZLWK�DEQRUPDO�SURWHLQV�PRVWO\�EHLQJ�UHWDLQHG�LQWUDFHOOXODUO\��,YDQRYD��%DUPDGD��

.XPPHU��	�+DUULV��������3XLJ�HW�DO���������6DODPDW��'URQ��&KDSXLV��/DQJHYLQ��	�

/DXGH���������)RU�H[DPSOH�FRPSUHKHQVLYH�H[SORUDWLRQ�E\�'DYLG�+DUULV¶V�JURXS�

RQ� LPSDLUHG� VHFUHWLRQ� RI�PXWDQW� 3U3� �SDUWLFXODUO\� WKH�'���1�)),�PXWDWLRQ�� LQ�

QXPHURXV�FHOO� OLQHV�KDV�GHPRQVWUDWHG� WKDW� WKLV�SURWHLQ�DFFXPXODWHV�DORQJ� WKH�

VHFUHWRU\� SDWKZD\� DQG� LPSDLUV� SRVW�*ROJL� WUDQVSRUW� RI� PXOWLSOH� RWKHU� FDUJR��

LQFOXGLQJ�*3,�DQFKRUHG�SURWHLQV��DV�ZHOO�DV� LPSDLULQJ� IXQFWLRQDOLW\�RI� UHF\FOLQJ�

VPDOO�*73DVH�5DE����0DVVLJQDQ�HW�DO���������5HVWHOOL�HW�DO����������7KLV�LQGLFDWHV�

HIIHFWLYH� 3U3&� WUDQVSRUW� LWVHOI� LV� UHTXLUHG� IRU� HIILFLHQW� WUDIILFNLQJ� DORQJ� UHODWHG�

SDWKZD\V��KLJKOLJKWLQJ�D�SRWHQWLDO�SDWKRJHQLF�PHFKDQLVP�LQ�,3'V��

'HVSLWH�EHLQJ�ORFDOLVHG�WR�OLSLG�UDIWV��WKH�PHFKDQLVP�RI�3U3&�HQGRF\WRVLV�LV�VWLOO�

VRPHZKDW�FRQWHQGHG��8QH[SHFWHGO\�D�FODWKULQ�GHSHQGHQW�URXWH�KDV�EHHQ�PRVW�

ZLGHO\� SURSRVHG� DV� WKH� SULPDU\� PHFKDQLVP� LQ� ERWK� FHOO� PRGHOV� DQG� SULPDU\�

QHXURQV�GXH�WR�ORFDOLVDWLRQ�RI�3U3&�ZLWKLQ�FRDWHG�SLWV�DQG�LQWHUDFWLRQ�RI�WKH�SURWHLQ�

ZLWK�FODWKULQ�DVVRFLDWHG�SURWHLQV�VXFK�DV�WKH�/53��UHFHSWRU��$3�0��DQG�5DE�D�

�%DOOPHU�HW�DO���������)HKOLQJHU�HW�DO���������-HQ�HW�DO���������3DUN\Q�HW�DO���������

6KRZ�/LQJ�6K\QJ��+HXVHU��	�+DUULV�� ������6XQ\DFK�HW�DO��� �������+RZHYHU�D�

QXPEHU�RI�VWXGLHV�KDYH�EHHQ�XQDEOH�WR�VXSSRUW�D�UHODWLRQVKLS�EHWZHHQ�FODWKULQ�

DQG�3U3&�VXUIDFH�H[SUHVVLRQ��SURYLGLQJ�HYLGHQFH�IRU�DOWHUQDWLYH�URXWHV�LQFOXGLQJ�

D�FDYHRODH�GHSHQGHQW�PHFKDQLVP�GXH�WR�WKH�VHQVLWLYLW\�RI�3U3&�HQGRF\WRVLV�WR�

FKROHVWHURO�� DQG� FRORFDOLVDWLRQ�ZLWK� FDYHRODH�DVVRFLDWHG� SURWHLQV� DQG� YHVLFOHV�

�0DUHOOD��/HKPDQQ��*UDVVL��	�&KDEU\��������3HWHUV��0LURQRY��	�3HUHW]��������
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7DUDERXORV�HW�DO����������)XUWKHUPRUH��HQGRF\WRVLV�RI�3U3&�YLD�QRQ�FODWKULQ��RU�

FDYHRODH�GHSHQGHQW� PHFKDQLVPV� KDV� EHHQ� GHPRQVWUDWHG�� IRU� H[DPSOH�

UHJXODWHG�E\�$UI��VLJQDOOLQJ�PROHFXOH�LQ�1�D�FHOOV��LQ�GLVDJUHHPHQW�ZLWK�SUHYLRXV�

UHSRUWV�RI�FODWKULQ�PHGLDWHG�HQGRF\WRVLV��RU�WKH�'50�HQGRF\WLF�SURWHLQ�IORWLOOLQ���

WKURXJK�GLUHFW�LQWHUDFWLRQ�LQ�D�KXPDQ�QHXUREODVWRPD�FHOO�OLQH��LQGHSHQGHQW�IURP�

WKH�DIRUHPHQWLRQHG�FDQRQLFDO�SDWKZD\V��<��6��.DQJ��=KDR��/RYDDV��(LVHQEHUJ��

	�*UHHQH��������.��5HQ�HW�DO����������(QGRF\WRVLV�RI�3U3&�PD\�WKHUHIRUH�SUHVHQW�

DQ�XQXVXDO�SDWKZD\�GHSHQGHQW�RQ�ERWK�FODWKULQ�DQG�OLSLG�UDIWV��KRZHYHU�LW�LV�OLNHO\�

WKDW� WKH� PHFKDQLVP� RI� HQGRF\WRVLV� LV� KLJKO\� GHSHQGHQW� RQ� FHOO� W\SH� VWXGLHG�

�6DUQDWDUR�HW�DO����������5HJDUGOHVV��HIIHFWLYH�HQGRF\WRVLV�DSSHDUV�WR�UHTXLUH�D�

FRPSOHWH� 1�WHUPLQDO� UHJLRQ� ZLWK� GHOHWLRQ� PXWDQWV� RI� YDULRXV� VHFWLRQV� DOO�

VLJQLILFDQWO\� LPSHGLQJ� LQWHUQDOLVDWLRQ� LQ�1�D� FHOOV�� DQG� WKH� SURFHVV� LV� VWURQJO\�

VWLPXODWHG� E\� ELQGLQJ� RI� FRSSHU� �,,�� LRQV� WR� WKLV� IOH[LEOH� UHJLRQ�� SRWHQWLDOO\�

FRQWULEXWLQJ� WR� WKH�SK\VLRORJLFDO� UROH�RI�3U3&� �GLVFXVVHG� ODWHU� LQ�VHFWLRQ��������

�1XQ]LDQWH�� *LOFK�� 	� 6FKDW]O�� ������ 3DXO\� 	� +DUULV�� ������� $OWKRXJK� WKH�

PHFKDQLVP�RI�HQGRF\WRVLV� LV�XQFOHDU��PRVW�3U3&� FHUWDLQO\�FRQWLQXRXVO\�F\FOHV�

EHWZHHQ�WKH�SODVPD�PHPEUDQH�DQG�LQWUDFHOOXODU�FRPSDUWPHQWV��7KLV�RFFXUV�ZLWK�

DQ�HVWLPDWHG�WXUQRYHU�WLPH�LQ�1�D�FHOOV�RI�DURXQG����PLQXWHV��IURP�LQWHUQDOLVDWLRQ�

WR� UHF\FOLQJ� WR� WKH� PHPEUDQH�� DQG� D� KDOI�OLIH� RI� ���� KRXUV� �HQGRO\VRVRPDO�

WUDIILFNLQJ�URXWHV�RI�3U3&�VKRZQ�LQ�)LJXUH�����1XQ]LDQWH�HW�DO���������6��/��6K\QJ��

+XEHU��	�+DUULV���������

���������'HJUDGDWLRQ�DQG�UHF\FOLQJ�
)ROORZLQJ� HQGRF\WRVLV�� 3U3&� LV� GLUHFWHG� WR� HDUO\� HQGRVRPHV�� IURP� ZKLFK� WKH�

SURWHLQ� FDQ�HLWKHU� EH� UHF\FOHG�EDFN� WR� WKH�SODVPD�PHPEUDQH�RU� WUDIILFNHG� IRU�

GHJUDGDWLRQ�� %RWK� RI� WKHVH� SDWKZD\V� KDYH� EHHQ� H[SORUHG� H[WHQVLYHO\� ZLWK�

PXOWLSOH�UHJXODWRU\�SDUWQHUV�LGHQWLILHG��)RU�H[DPSOH�D�GLUHFW�LQWHUDFWLRQ�KDV�EHHQ�

GHVFULEHG�EHWZHHQ�3U3&�DQG�VRUWLOLQ��D�PHPEHU�RI� WKH�9SV���VRUWLQJ� UHFHSWRU�

IDPLO\� �LQWHUHVWLQJO\� DOVR� H[WHQVLYHO\� FKDUDFWHULVHG� LQ� WKH� FRQWH[W� RI� $33�

SURFHVVLQJ���DQG�SHUWXUEDWLRQ�RI�VRUWLOLQ�IXQFWLRQ�LQ�1�D�FHOOV�UHGXFHG�3U3&�VRUWLQJ�

WR�O\VRVRPHV��%DUWKHOVRQ��1HZPDQ��	�/DUGHOOL��������8FKL\DPD�HW�DO����������$�

VLPLODU�VWXG\�DOVR�FKDUDFWHULVHG�PXVNHOLQ�DV�FRRUGLQDWLQJ�O\VRVRPDO�GHJUDGDWLRQ�

YLD�LQWHUDFWLRQ�ZLWK�NLQHVLQ�DQG�G\QHLQ�PRWRU�SURWHLQV��DQG�SURWHRPLFV�DQDO\VLV�LQ�

DQ� LPPRUWDOLVHG� PXULQH� KLSSRFDPSDO� FHOO� OLQH� IRU� 3U3&� LQWHUDFWRUV� LGHQWLILHG�
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O\VRVRPDO�5DE�D��DOWKRXJK� WKH� IXQFWLRQ�RI� WKLV� LQWHUDFWLRQ� LV�QRW�ZHOO�GHILQHG���

KLJKOLJKWLQJ�O\VRVRPDO�GHJUDGDWLRQ�DV��D�NH\�UHJXODWRU\�SDWKZD\��+HLVOHU�HW�DO���

������ =DIDU� HW� DO��� ������� /\VRVRPDO� GHJUDGDWLRQ� DV� ZHOO� DV� FHOO� VXUIDFH�

H[SUHVVLRQ�RI�3U3&�DUH�PRGXODWHG�E\� UHWURJUDGH� WUDQVSRUW�DVVRFLDWHG�SURWHLQV�

936��� DQG� PDQQRVH���SKRVSKDWH� UHFHSWRU� �0�35��� LQGLFDWLQJ� D� V\QHUJLVWLF�

UHODWLRQVKLS� EHWZHHQ� WKH� GHJUDGDWLYH� DQG� UHF\FOLQJ� SDWKZD\V� LQ� SURWHLQ�

UHJXODWLRQ� �%DOOPHU� HW� DO��� ������� 3KDUPDFRORJLFDO� LQKLELWLRQ� RI� SURWHDVRPH�

IXQFWLRQ�LQ�FHOO�FXOWXUH�DOVR�LQFUHDVHV�3U3&�H[SUHVVLRQ�VXJJHVWLQJ�WKLV�PD\�DOVR�

FRQWULEXWH�WR�SURWHLQ�GHJUDGDWLRQ�DOWKRXJK�WKLV�LV�OHVV�ZHOO�HVWDEOLVKHG��1XQ]LDQWH�

HW�DO����������$ORQJ�ZLWK�VXUIDFH�H[SUHVVLRQ��FKROHVWHURO�OHYHOV�DSSHDU�WR�DOWHU�WKH�

GHJUDGDWLRQ�RI�3U3&��EXW�LW�LV�XQFOHDU�ZKHWKHU�WKLV�LV�GXH�WR�LWV�KLQGHUHG�WUDQVSRUW�

WKURXJK�WKH�VHFUHWRU\�SDWKZD\�RU�DQ�LQGHSHQGHQW�PHFKDQLVP��7DUDERXORV�HW�DO���

������� ,QWHUHVWLQJO\�PLVIROGHG�3U3� ODFNLQJ� WKH�GLVXOSKLGH�ERQG� �DV�D�SUR[\� IRU�

PLVIROGHG�*3,�DQFKRUHG�SURWHLQV��DSSHDUV�WR�VWLOO�EH�GHJUDGHG�LQ�WKH�O\VRVRPH�

GXULQJ� (5� VWUHVV�� DQG� QRW� WKH� SURWHDVRPH� DV� VKRZQ� IRU� RWKHU� PLVIROGHG� (5�

SURWHLQV� �6DWSXWH�.ULVKQDQ� HW� DO��� ������� 7KLV� RFFXUV� YLD� D� YHVLFOH�PHGLDWHG�

WUDQVSRUW� SDWKZD\� LQ� FRRUGLQDWLRQ� ZLWK� (5� FKDSHURQHV�� WKRXJKW� WR� SUHYHQW�

DFFXPXODWLRQ�RI�DEHUUDQW�SURWHLQV�LQ�WKLV�RUJDQHOOH��=DYRGV]N\�	�+HJGH���������

,W�ZRXOG�EH�RI� LQWHUHVW� WR�GHWHUPLQH�ZKHWKHU� WKLV�SDWKZD\� LV�DOVR�XVHG� IRU� ,3'�

PXWDQWV���

)LQDOO\��DV�SUHYLRXVO\�GLVFXVVHG��3U3&� LV�FRQVWLWXWLYHO\�UHOHDVHG�IURP�FHOOV��VHH�

VHFWLRQ���������7KLV�FDQ�EH�RFFXU�HLWKHU�DV�µVKHG¶�SURWHLQ�IROORZLQJ�HQGRSURWHRO\WLF�

FOHDYDJH��ZKLFK�LV�DOVR�UHJXODWHG�E\�FRPSRQHQWV�RI�WKH�HQGRO\VRVRPDO�SDWKZD\�

VXFK�DV�61;����DV�ZHOO�DV�ZLWKLQ�H[RVRPHV�GHULYHG�IURP�PXOWLYHVLFXODU�ERGLHV�

GXULQJ�O\VRVRPDO�PDWXUDWLRQ��+HLVHNH�HW�DO����������7KH�ODWWHU�KDV�EHHQ�REVHUYHG�

IURP�PXOWLSOH�FHOO�OLQHV�LQFOXGLQJ�PRXVH�KLSSRFDPSDO�QHXURQV�DQG�1�D�FHOOV��DOVR�

UHJXODWHG�E\�PXVNHOLQ���DV�ZHOO�DV�5.���FHOOV�DQG�PRUH�VSHFLDOLVHG�PDFURSKDJHV�

DQG� PRQRF\WHV�� LQGLFDWLQJ� D� FRPPRQ� PHFKDQLVP� SRWHQWLDOO\� FRQWULEXWLQJ� WR�

SURWHLQ� IXQFWLRQ� �/��&KHQJ��=KDR��	�+LOO�� ������+HLVOHU� HW� DO��� ������*��:DQJ��

=KRX��%DL��=KDQJ��	�=KDR��������*��+��:DQJ�HW�DO����������

�������)XQFWLRQ�
7KH�H[DFW�FHOOXODU�IXQFWLRQ�RI�3U3&�KDV�EHHQ�UHSHDWHGO\�LQYHVWLJDWHG�DOWKRXJK�D�

FOHDU�DQVZHU�LV�VWLOO�PRVWO\�ODFNLQJ��,WV�SUHVHQFH�LQ�PRVW�YHUWHEUDWHV��ZLWK�D�ODUJH�
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GHJUHH� RI� VWUXFWXUDO� FRQVHUYDWLRQ�� LQGLFDWHV� WKDW� 3U3&� PXVW� SOD\� D� FUXFLDO�

SK\VLRORJLFDO�UROH��DQG�KLJKHVW�H[SUHVVLRQ�LQ�WKH�&16�VXJJHVWV�WKLV�LV�OLNHO\�WKH�

SULPDU\�IXQFWLRQDO�VLWH��)RUG��%XUWRQ��0RUULV��	�+DOO��������+DUULVRQ��.KDFKDQH��

	�.XPDU���������$WWHPSWV� WR� LQYHVWLJDWH� WKLV�KRZHYHU�KDYH�QRW�SURYLGHG�FOHDU�

DQVZHUV��HVSHFLDOO\�DV�WKH�JHQHUDWLRQ�RI�PXOWLSOH�3UQS�QXOO�PRXVH�PRGHOV�DQG�

KLJKHU� VSHFLHV� LQFOXGLQJ� JRDWV� DQG� FDWWOH� GLVSOD\� QR� REYLRXV� GHOHWHULRXV�

SKHQRW\SH� �3U3&� IXQFWLRQV� UHYLHZHG� LQ� �:DWWV� HW� DO��� �������� ([FHSW� FRPSOHWH�

UHVLVWDQFH� WR�SULRQ� LQIHFWLRQ�� WKHVH�DQLPDOV�DUH�GHYHORSPHQWDOO\��EHKDYLRXUDOO\�

DQG�SK\VLRORJLFDOO\�QRUPDO�XS�WR�ODWH�DGXOWKRRG���

$OWKRXJK�ODFN�RI�3U3�H[SUHVVLRQ�GRHV�QRW�DSSHDU�GHWULPHQWDO�WR�VXUYLYDO��PRUH�

LQWULFDWH� LQYHVWLJDWLRQV�KDYH�KLJKOLJKWHG�SRWHQWLDO�PRUH�VXEWOH� IXQFWLRQV�RI�3U3��

LQFOXGLQJ��EXW�QRW� OLPLWHG�WR��D�UROH� LQ�QHXURJHQHVLV��QHXURSURWHFWLRQ��SODVWLFLW\��

DSRSWRVLV� DQG� FHOO�FHOO� DGKHVLRQ� �:DWWV� HW� DO��� ������� 7KH� SHUKDSV� PRVW�

FRQYLQFLQJ�SKHQRW\SH�DVVRFLDWHG�ZLWK�3UQS�NQRFNRXW�LV�D�FKURQLF�GHP\HOLQDWLQJ�

SRO\QHXURSDWK\�LQ�SHULSKHUDO�QHUYHV��7KLV�P\HOLQDWLRQ�GHILFLW�KDV�EHHQ�REVHUYHG�

LQ� PXOWLSOH� NQRFNRXW� PRXVH� OLQHV� DV� ZHOO� DV� 3U3� QXOO� JRDWV�� VXJJHVWLQJ� WKLV�

IXQFWLRQ�LV�FRQVHUYHG�DFURVV�VSHFLHV��%UHPHU�HW�DO���������6NHGVPR�HW�DO����������

5HDVVXULQJO\��UH�LQWURGXFWLRQ�RI�3U3&�LQWR�SHULSKHUDO�QHXURQV�DSSHDUV�WR�UHVFXH�

WKLV�SKHQRW\SH��%UHPHU�HW�DO����������0RUH�UHFHQW�ZRUN�E\�$JX]]L�DQG�FROOHDJXHV�

KDV�KLJKOLJKWHG�D�SXWDWLYH�LQWHUDFWLRQ�RI�3U3&�ZLWK�WKH�*�SURWHLQ�FRXSOHG�UHFHSWRU�

$GJUJ�� LQ�6FKZDQQ�FHOOV� IXQFWLRQLQJ� LQ� WUDQVFULSWLRQDO� UHJXODWLRQ�GXULQJ�P\HOLQ�

PDLQWHQDQFH�� SURYLGLQJ� D� SRWHQWLDO� PHFKDQLVP� IRU� WKLV� �.XIIHU� HW� DO��� �������

+RZHYHU�� HYHQ� WKRXJK� 3U3&� H[SUHVVLRQ� LV�PXFK� KLJKHU� LQ� WKH� &16� WKDQ� WKH�

SHULSKHU\��D�P\HOLQDWLRQ�GHILFLW�LQ�WKH�EUDLQ�LV�QRW�REVHUYHG��VXJJHVWLQJ�WKDW�3U3&�

PD\�SOD\�D�GLIIHUHQW�UROH�LQ�WKH�WZR�V\VWHPV���

'HVSLWH�QR�REYLRXV�QHXURSDWKRORJLFDO�SKHQRW\SH� LQ�NQRFNRXW�DQLPDOV��PXOWLSOH�

OLQHV�RI�HYLGHQFH�DOVR�SRLQW�WRZDUGV�D�UROH�RI�3U3&�LQ�QHXURJHQHVLV�DQG�QHXULWH�

RXWJURZWK�� FRQFRUGDQW� ZLWK� KLJK� 3U3&� H[SUHVVLRQ� LQ� SUROLIHUDWLYH� EUDLQ� DUHDV�

GXULQJ� HPEU\RQLF� GHYHORSPHQW� �7UHPEOD\�� %RX]DPRQGR�%HUQVWHLQ�� +HLQULFK��

3UXVLQHU�� 	� 'H$UPRQG�� ������� %RWK� FHOO� FXOWXUH� DQG� PRXVH� PRGHOV� KDYH�

LQGLFDWHG� D� GLUHFW� LQWHUDFWLRQ� RI� 3U3&�ZLWK� WKH� QHXULWH� FHOO� DGKHVLRQ� PROHFXOH�

�1&$0���VKRZQ�WR�LQGXFH�QHXURJHQHVLV�WKURXJK�D�VLJQDOOLQJ�FDVFDGH�PHGLDWHG�

E\� WKH� SURWHLQ� NLQDVH� )\Q� �0HKUDELDQ� HW� DO��� ������ 6DQWXFFLRQH�� 6\WQ\N��
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/HVKFK\QV
ND��	�6FKDFKQHU��������6ODSVDN�HW�DO����������+RZHYHU��D�FRQYHUVH�

VWXG\� FRQFOXGHG� 3U3&�)\Q� VLJQDOOLQJ� LQGXFHV� SURGXFWLRQ� RI� UHDFWLYH� R[\JHQ�

VSHFLHV�� LQGLFDWLQJ� WKLV� UHODWLRQVKLS� IXQFWLRQV� LQVWHDG� LQ� D� QHXURWR[LF� SDWKZD\�

�6FKQHLGHU� HW� DO��� ������� 7KHUHIRUH� WKH� H[DFW� FRQVHTXHQFH� RI� 3U3� LQ� WKLV� LV�

XQFOHDU�� ZLWK� WKH� SRVVLELOLW\� IRU� GLYHUVH� IXQFWLRQV� LQ� PXOWLSOH� SDWKZD\V� RU� LQ�

GLIIHUHQW�FHOO�W\SHV��7R�WKLV�HIIHFW��WKH�3U3�1&$0�LQWHUDFWLRQ�DOVR�DSSHDUV�WR�EH�

UHTXLUHG� IRU� QHXURQDO� GLIIHUHQWLDWLRQ� RI� QHXUDO� VWHP� FHOOV� �3URGURPLGRX��

3DSDVWHIDQDNL��6NODYLDGLV��	�0DWVDV���������

6\QDSWLF� VLJQDOOLQJ� DQG� SODVWLFLW\� KDYH� EHHQ� UHSHDWHGO\� LPSOLFDWHG� LQ� 3U3&�

IXQFWLRQ��(OHFWURSK\VLRORJ\�VWXGLHV�RQ�RUJDQRW\SLF�VOLFH�FXOWXUHV�REWDLQHG�IURP�

3U3� NQRFNRXW�PLFH� LQLWLDOO\� KLJKOLJKWHG� D� V\QDSWLF� LPSDLUPHQW� �&ROOLQJH� HW� DO���

�������6LPLODU�VWXGLHV�KDYH�DOVR�REVHUYHG�D�VSHFLILF�GHILFLW�RI�10'$�H[FLWRWR[LFLW\�

LQ� WKHVH�FXOWXUHV� �*DVSHULQL��0HQHJKHWWL��3DVWRUH��%HQHWWL��	�/HJQDPH���������

)XUWKHU� LQYHVWLJDWLRQ� VXJJHVWV� D� GHIHFW� LQ� 6�QLWURV\ODWLRQ� RI� 10'$� UHFHSWRU�

VXEXQLWV��UHTXLUHG�IRU�FORVXUH�RI�WKH�LRQ�FKDQQHOV�GXULQJ�GHDFWLYDWLRQ��WR�EH�WKH�

FDXVH�� ZLWK� WKH� DXWKRUV� SURSRVLQJ� D� PHFKDQLVP� LQ� ZKLFK� ELQGLQJ� RI� 3U3&� WR�

FRSSHU� �,,�� LRQV� LQ� WKH�V\QDSVH�� LQ�FORVH�SUR[LPLW\� WR�1'0$�UHFHSWRU�VXEXQLWV��

DFWV� WR� SURYLGH� D� FUXFLDO� HOHFWURQ� DFFHSWRU� IRU� WKLV� SURFHVV�� $GGLWLRQDOO\�

PHWDERWURSLF�JOXWDPDWH�UHFHSWRUV��P*OX5V��KDYH�EHHQ�UHSHDWHGO\�LPSOLFDWHG�LQ�

3U3&�IXQFWLRQ��VSHFLILFDOO\�WKH�P*OX5��VXEXQLW��DV�ZHOO�DV�SODVWLFLW\�VLJQDOOLQJ�YLD�

SURWHLQ�NLQDVH�$��%HUDOGR�HW�DO���������&DLDWL�HW�DO���������+DDV�HW�DO����������7KLV�

VXJJHVWV�3U3&�PD\�DFW�WR�UHJXODWH�PXOWLSOH�SDWKZD\V�GXULQJ�V\QDSWLF�VLJQDOOLQJ��

VXSSRUWHG� E\� LGHQWLILFDWLRQ� RI� DURXQG� ��� GLIIHUHQWLDOO\� H[SUHVVHG� JHQHV� LQ� D�

SURWHRPLFV�DQDO\VLV�RI�SULPDU\�FHUHEHOODU�JUDQXOH�QHXURQV�IURP�3UQS�QXOO�PLFH�

FRPSDUHG� WR�FRQWUROV�� LQFOXGLQJ�PXOWLSOH� LQYROYHG� LQ�V\QDSWLF�YHVLFOH� WUDIILFNLQJ�

�3HJJLRQ�HW�DO�����������

,W�LV�SRVVLEOH�WKDW�3U3&�SOD\V�D�GLYHUVH�DQG�PXOWL�IDFHWHG�UROH�LQ�QHXURQV�DQG�RWKHU�

FHOO� W\SHV�� KRZHYHU� WKH� IUHTXHQW� XVH� RI� JHQH� NQRFNRXWV� WR� VWXG\� IXQFWLRQ� DUH�

XQOLNHO\� WR� UHSUHVHQW� WKH� SK\VLRORJLFDO� VWDWH�� $OWKRXJK� PRUH� VRSKLVWLFDWHG�

PHWKRGV� RI� SHUWXUEDWLRQ� KDYH� EHHQ� GHYHORSHG�� LQFOXGLQJ� FUXFLDO� FRQGLWLRQDO�

NQRFNRXWV� LQ� DGXOW� PRXVH� EUDLQ�� WKHVH� KDYH� QRW� EHHQ� DQ\� PRUH� IUXLWIXO� IRU�

GHOLQHDWLQJ�D�FOHDU�3U3�IXQFWLRQ��0DOOXFFL�HW�DO����������,W�LV�KRZHYHU�KLJKO\�XQOLNHO\�

WKDW�3U3&�KDV�EHHQ�FRQVHUYHG�MXVW�WR�SURYLGH�VXVFHSWLELOLW\�WR�SULRQ�GLVHDVHV��VR�
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IXWXUH� VWXGLHV�DV�JHQH�PDQLSXODWLRQ� WHFKQRORJLHV�SURJUHVV�ZLOO� KRSHIXOO\� VKHG�

PRUH�OLJKW�RQ�WKLV�WRSLF���

�����3ULRQ�JHQHWLFV�

�������7KH�3513�JHQH�
,Q�KXPDQV�3513�LV�ORFDWHG�RQ�FKURPRVRPH����DQG�LV�IRUPHG�RI�WZR�H[RQV��DQG�

LQ�PLFH�RQ�FKURPRVRPH���ZLWK�WKUHH�H[RQV��HQFRGLQJ�D�����DQG�����DPLQR�DFLG�

SURWHLQ�UHVSHFWLYHO\��SULRQ�SURWHLQ�VWUXFWXUH�GLVFXVVHG�LQ�VHFWLRQ���������0HDG�HW�

DO���������2HVFK�HW�DO���������� ,Q�ERWK�FDVHV� WKH�ZKROH�RSHQ� UHDGLQJ� IUDPH� LV�

ORFDWHG� ZLWKLQ� WKH� ODVW� ODUJHU� H[RQ� SUHYHQWLQJ� SRVVLEOH� DGGLWLRQDO� VSOLFLQJ�

LVRIRUPV��3513� IRUPV� SDUW� RI� D� VPDOO� JHQH� IDPLO\� FRPSULVLQJ� LWVHOI� DQG� WZR�

UHODWHG� JHQHV��6351� �µVKDGRR¶� H[SUHVVHG� SUHGRPLQDQWO\� LQ� EUDLQ�� DQG�351'�

�µGRSSHO¶� H[SUHVVHG� LQ� WHVWLV��� WKRXJKW� WR� KDYH� HYROYHG� IURP� D� FRPPRQ� =,3�

WUDQVSRUWHU� DQFHVWRU� JHQH� �6FKPLWW�8OPV�� (KVDQL�� :DWWV�� :HVWDZD\�� 	� :LOOH��

������� 7KH� SULRQ� SURWHLQ� LV� H[SUHVVHG� LQ�PRVW� YHUWHEUDWHV� DQG� RIWHQ� IRXQG� LQ�

PXOWLSOH�FRSLHV��ZLWK�D�KLJKO\�FRQVHUYHG�DPLQR�DFLG�VHTXHQFH�EHWZHHQ�PDPPDOV�

LQGLFDWLQJ�JHQH�IXQFWLRQ�LV�IDYRXUDEO\�VHOHFWHG�GXULQJ�HYROXWLRQ��7VDQJDUDV�HW�DO���

������� *HQH� DQG� SURWHLQ� H[SUHVVLRQ� LV� KLJKHVW� LQ� WKH� &16� ZLWK� D� VSHFLILF�

HQULFKPHQW�RQ�QHXURQDO�V\QDSWLF�PHPEUDQHV��EXW�FDQ�DOVR�EH�GHWHFWHG�DW�ORZHU�

OHYHOV�LQ�SHULSKHUDO�WLVVXHV�DQG�LPPXQH�FHOOV��)RUG�HW�DO����������

�������*HQHWLFV�LQ�KXPDQ�SULRQ�GLVHDVHV�
2YHU����YDULDQWV�KDYH�EHHQ� LGHQWLILHG� LQ� WKH�KXPDQ�3513�JHQH�FRPSULVLQJ�D�

YDULHW\� RI� VLQJOH� QXFOHRWLGH� SRO\PRUSKLVPV� �613V��� PLVVHQVH� PXWDWLRQV��

DOWHUDWLRQV�LQ�RFWDSHSWLGH�UHSHDW�QXPEHU��SUHPDWXUH�WUXQFDWLRQV�RU�UDUHU�IUDPH�

VKLIW�PXWDWLRQV�� VRPH� RI�ZKLFK� OHDG� WR� ,3'V� �VHH� UHFHQW� UHYLHZ� �0HDG� HW� DO���

������� �)LJXUH� ���� $� KDQGIXO� RI� WKHVH� YDULDQWV� KDYH� DOVR� EHHQ� LPSOLFDWHG� LQ�

VSRUDGLF�DQG�DFTXLUHG�SULRQ�GLVHDVH�ULVN��KRZHYHU�WKH�FDXVDOLW\�RI�WKRVH�LGHQWLILHG�

LQ� V&-'� SDWLHQWV� LV� OHVV� FOHDU� GXH� WR� WKH� SRVVLELOLW\� RI� XQGLDJQRVHG� ,3'�ZLWK�

SRWHQWLDOO\�YDULDEOH�SHQHWUDQFH���

3513�FRGRQ�����LV�D�SULPDU\�JHQHWLF�GHWHUPLQDQW�IRU�DOO�KXPDQ�SULRQ�GLVHDVHV��

RFFXSLHG�E\�HLWKHU�YDOLQH�RU�PHWKLRQLQH�DV�HQFRGHG�E\�WKH�SUHVHQFH�RI�HLWKHU�*�

RU�$�DW�WKH�UV��������SRO\PRUSKLVP��7KH�LPSOLFDWLRQ�RI�WKLV�YDULDWLRQ�LV�WKRXJKW�

WR� UHODWH� WR�GLIIHULQJ�VXVFHSWLELOLW\�DQG�FRQIRUPDWLRQ�RI�SULRQ�VWUDLQV��GLVFXVVHG�
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ODWHU�LQ�VHFWLRQ��������7KH�JHQRW\SH�DW�WKLV�VLWH�GULYHV�VXVFHSWLELOLW\�IRU�V&-'�ZLWK�

ERWK�KRPR]\JRXV�JHQRW\SHV�LQFUHDVLQJ�GLVHDVH�ULVN��DV�ZHOO�DV�EULQJLQJ�DERXW�

GLVWLQFW�FOLQLFDO�SKHQRW\SHV��IRU�H[DPSOH�00�LQGLYLGXDOV�JHQHUDOO\�SURJUHVV�PRUH�

UDSLGO\� IROORZLQJ� V\PSWRP� RQVHW� �3DOPHU�� 'U\GHQ�� +XJKHV�� 	� &ROOLQJH�� ������

3RFFKLDUL�HW�DO�����������

:LWK�DFTXLUHG�SULRQ�GLVHDVHV��WKH�UROH�RI�FRGRQ�����SRO\PRUSKLVPV�LV�VRPHZKDW�

PRUH�FRPSOH[��)RU�H[DPSOH�LQ�L&-'�WKH�UHODWLRQVKLS�VHHPV�WR�GLIIHU�VXEVWDQWLDOO\�

EHWZHHQ�SRSXODWLRQV��SRWHQWLDOO\�UHIOHFWLQJ�GLIIHULQJ�RULJLQV�RI�WKH�SULRQ�VWUDLQ��ZLWK�

D� WHPSRUDO� FKDQJH� LQ� JHQRW\SH� IUHTXHQF\� LQGLFDWLQJ� D� SRVVLEOH� DGGLWLRQDO�

DVVRFLDWLRQ�RI�FRGRQ�����ZLWK�LQFXEDWLRQ�WLPH��&ROOLQJH��3DOPHU��	�'U\GHQ��������

5XGJH� HW� DO��� ������� 1RQHWKHOHVV�� DV� ZLWK� V&-'�� LQ� DOO� SRSXODWLRQV� VWXGLHG�

KRPR]\JRVLW\� DJDLQ� LQFUHDVHV� GLVHDVH� ULVN�� &RQYHUVHO\� IRU� DQRWKHU� DFTXLUHG�

SULRQ�GLVHDVH��NXUX��FRGRQ�����JHQRW\SH�KDV�D�PDUNHG�LQIOXHQFH�LQVWHDG�RQ�WKH�

DJH� RI� RQVHW�� ZLWK� D� KRPR]\JRXV� PHWKLRQLQH� JHQRW\SH� EHLQJ� ODUJHO\�

RYHUUHSUHVHQWHG�LQ�\RXQJHU�DJH�JURXSV��&ROOLQJH�HW�DO����������$�VLPLODU�HIIHFW�LV�

DOVR�IRXQG�LQ�PXOWLSOH�,3'V�ZLWK�KHWHUR]\JRXV�JHQRW\SHV�GLVSOD\LQJ�D�ODWHU�FOLQLFDO�

RQVHW��0HDG�HW�DO����������7KH�PRVW�VWULNLQJ�HIIHFW�KRZHYHU�KDV�EHHQ�REVHUYHG�

IRU� Y&-'� IRU� ZKLFK�� XQWLO� UHFHQWO\� ZKHQ� WZR� SDWLHQWV� ZHUH� GLDJQRVHG� ZLWK� D�

KHWHUR]\JRXV� JHQRW\SH�� DOO� LGHQWLILHG� FDVHV� KDYH� EHHQ� KRPR]\JRXV� IRU�

PHWKLRQLQH�DW�WKLV�VLWH��.DVNL�HW�DO���������0HDG��3RXOWHU��HW�DO���������0RN�HW�DO���

�������

$OWKRXJK�YDULDWLRQ�DW�FRGRQ�����DSSHDUV�WR�EH�WKH�VWURQJHVW�JHQHWLF�ULVN�IDFWRU�

IRU� KXPDQ� SULRQ� GLVHDVH� DQG� WKH� RQO\� DVVRFLDWLRQ� LPSOLFDWHG� LQ� DOO� GLVHDVH�

VXEW\SHV��D�KDQGIXO�RI�DGGLWLRQDO�YDULDQWV�ZLWKLQ�3513�KDYH�EHHQ�IRXQG�WR�DOWHU�

GLVHDVH�ULVN� LQ�GLVWLQFW�FRQWH[WV��7KH�SUHVHQFH�RI�YDOLQH�DW�FRGRQ�����DSSHDUV�

FRPSOHWHO\�SURWHFWLYH�DJDLQVW�NXUX��0HDG��:KLWILHOG��HW�DO����������7KLV�YDULDQW�KDV�

DOPRVW� VROHO\� EHHQ� LGHQWLILHG� LQ� NXUX�DIIHFWHG� SRSXODWLRQV� �ZLWK� RQO\� RQH�

H[FHSWLRQ� LGHQWLILHG� WKURXJK� WKH� *HQRPH� $JJUHJDWLRQ� 'DWDEDVH� �JQRP$'��

�.DUF]HZVNL�HW�DO�����������\HW�QRQH�RI�WKH�LQGLYLGXDOV�GLDJQRVHG�ZLWK�NXUX�FDUULHG�

WKLV�DOOHOH��XQOLNH����RI�WKH�XQDIIHFWHG�SRSXODWLRQ�RI�WKH�3XURVD�YDOOH\�ZKR�DUH�

SUHGLFWHG�WR�KDYH�EHHQ�H[SRVHG�WR�WKH�GLVHDVH��)XUWKHUPRUH�D�SRO\PRUSKLVP�DW�

FRGRQ�����LV�SURWHFWLYH�DJDLQVW�V&-'�LQ�(DVW�DQG�6RXWK�(DVW�$VLDQ�SRSXODWLRQV��

ZLWK�WKH�SUHVHQFH�RI�O\VLQH�LQ�WKH�KHWHUR]\JRXV�VWDWH�FRQIHUULQJ�UHGXFHG�GLVHDVH�
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ULVN��5LHGHO��6WUDXEH��6FKZDU]��:LOVNH��	�0OOHU���������9���,�DQG�0���5�OLNHO\�

UHSUHVHQW� DGGLWLRQDO� XQFRPPRQ� SRO\PRUSKLVPV� DVVRFLDWHG� ZLWK� V&-'� ULVN� LQ�

-DSDQHVH� SRSXODWLRQV� GXH� WR� WKH� ODFN� RI� IDPLO\� KLVWRU\� DVVRFLDWHG� ZLWK� WKHVH�

YDULDQWV��%HFN��&ROOLQJH��	�0HDG��������4LQD�HW�DO����������

7KH�LGHQWLILFDWLRQ�RI�QRQ�3513�DVVRFLDWHG�JHQHV�LQ�KXPDQ�GLVHDVH�KDV�SURYHG�

PRUH�FKDOOHQJLQJ��SDUWLFXODUO\�GXH�WR�WKH�UDULW\�RI�KXPDQ�SULRQ�GLVHDVHV�KLQGHULQJ�

VDPSOH�DVFHUWDLQPHQW��RIWHQ� OLPLWLQJ�SRZHU� WR�GHWHFW�YDULDQWV�ZLWK� VPDOO�HIIHFW�

VL]HV��3ULRU�VSHFLILFDWLRQ�RI�FDQGLGDWH�JHQHV�LV�RQH�ZD\�WR�VXUPRXQW�WKLV��UHGXFLQJ�

WKH� QXPEHU� RI� VWDWLVWLFDO� WHVWV� UHTXLUHG�� )RU� H[DPSOH� &DOHUR� DQG� FROOHDJXHV�

JHQRW\SHG�D�FRPPRQ�SRO\PRUSKLVP� LQ�%$&(�� SUHYLRXVO\�DVVRFLDWHG�ZLWK�$'�

ULVN��UV��������LQ�����V&-'�FDVHV�DQG�IRXQG�D�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�V&-'�

VXVFHSWLELOLW\��SDUWLFXODUO\�LQ�FRGRQ�����PHWKLRQLQH�KRPR]\JRWHV��&DOHUR�HW�DO���

�������KRZHYHU�RQH�PXVW�EH�FDXWLRXV�ZLWK�LQWHUSUHWLQJ�FDQGLGDWH�JHQH�VWXGLHV�

GXH�WR�SURSHQVLW\�IRU�ELDV��7KHVH�UHVXOWV�UHTXLUH�UREXVW�LQGHSHQGHQW�UHSOLFDWLRQ��

DV�GHPRQVWUDWHG�E\�FRQIRXQGLQJ�VWXGLHV�RI�$32(�JHQRW\SH� LQ�SULRQ�GLVHDVHV�

�&DOHUR�HW�DO���������3LFNHULQJ�%URZQ�HW�DO���������6DOYDWRUH�HW�DO����������

,Q� WKH� ODVW� WZR� GHFDGHV� DGYDQFHPHQWV� LQ� VHTXHQFLQJ� WHFKQRORJLHV� KDYH�

DFFHOHUDWHG� KXPDQ� JHQHWLFV� VWXGLHV�� DOORZLQJ� IRU� LQFUHDVHG� DYDLODELOLW\� RI�

VDPSOHV� ZLWK� JHQRPH�ZLGH� LQIRUPDWLRQ�� WKXV� SHUPLWWLQJ� VXIILFLHQWO\� SRZHUHG�

VWXGLHV� RQ� GLYHUVH� SRSXODWLRQV�� 7KLV� KDV� OHG� WR� WKH� LQFUHDVHG� SRSXODULW\� RI�

JHQRPH�ZLGH� DVVRFLDWLRQ� VWXGLHV� �*:$6�� EHLQJ� SHUIRUPHG� IRU� GLVHDVHV� DQG�

TXDQWLWDWLYH�WUDLWV��$OWKRXJK�WKH�LVVXHV�ZLWK�VDPSOH�DVFHUWDLQPHQW�DUH�VWLOO�SUHVHQW�

IRU�KXPDQ�SULRQ�GLVHDVHV��D�KDQGIXO�RI�*:$6�KDYH�EHHQ�SHUIRUPHG�IRU�YDULRXV�

GLVHDVH� VXEW\SHV�� 7KLV� ZLOO� EH� GLVFXVVHG� LQ� GHWDLO� DV� WKH� VXEMHFW� RI� D� IXWXUH�

FKDSWHU��VHH�FKDSWHU����VHFWLRQ�������7R�VXPPDULVH�EULHIO\��SUHYLRXV�VWXGLHV�KDYH�

VWLOO� EHHQ� ODUJHO\� XQGHUSRZHUHG� WR� UREXVWO\� GHWHFW� QRQ�3513� ULVN� YDULDQWV� DW�

JHQRPH�ZLGH�VLJQLILFDQFH��ZLWK�WKH�XQH[SHFWHG�H[FHSWLRQ�RI�Y&-'�DOWKRXJK�WKH�

UHSOLFDWLRQ�HYLGHQFH�KHUH�LV�ODFNLQJ��0HDG��3RXOWHU��HW�DO���������6DQFKH]�-XDQ�

HW�DO����������7KH�FXUUHQW�WKHVLV�ZLOO�GHVFULEH�WKH�ILUVW�*:$6�VXIILFLHQWO\�SRZHUHG�

WR�LGHQWLI\�YDULDQWV�ZLWK�ORZ�HIIHFW�VL]HV�IRU�V&-'�ULVN��ZLWK�UHSOLFDWLRQ�HYLGHQFH�

SURYLGHG�IRU�JHQRPH�ZLGH�VLJQLILFDQW�YDULDQWV� LQ�DQG�DURXQG�WKH�JHQHV�3513��

67;��DQG�*$/�67���-RQHV�HW�DO����������
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�������*HQHWLFV�LQ�DQLPDO�SULRQ�GLVHDVHV�
7KH� JHQHWLFV� XQGHUO\LQJ� PXOWLSOH� DQLPDO� SULRQ� GLVHDVHV� KDV� EHHQ� VWXGLHG�

H[WHQVLYHO\� LQ� WKH� LQWHUHVW� RI� ERWK� IXUWKHULQJ� RXU� XQGHUVWDQGLQJ� RI� WKHVH�

GHELOLWDWLQJ�GLVHDVHV�DQG�WKHLU�RFFXUUHQFH�LQ�GLIIHUHQW�SRSXODWLRQV��EXW�DOVR�DV�D�

PRGHO�WR�DLG�XQGHUVWDQGLQJ�RI�KXPDQ�SULRQ�GLVHDVHV��

$V�H[SHFWHG��GXH�WR�WKH�VWURQJ�JHQHWLF�DVVRFLDWLRQ�RI�3513�YDULDQWV�LQ�KXPDQ�

SULRQ� GLVHDVHV�� PXOWLSOH� SRO\PRUSKLVPV� KDYH� EHHQ� GHVFULEHG� LQ� WKLV� JHQH� LQ�

DQLPDOV��0HDG�HW�DO����������2YLQH�3U3�LV�SDUWLFXODUO\�SRO\PRUSKLF�ZLWK�PXOWLSOH�

FRPPRQ�FRGLQJ�YDULDQWV�GHVFULEHG�LQFOXGLQJ�D�VXEVHW�DVVRFLDWHG�ZLWK�VFUDSLH��

WKH�FRPELQDWLRQ�RI�DOOHOHV�DW�FRGRQV����������DQG�����GHILQH�ILYH�GLIIHUHQW�ULVN�

JURXSV� GULYLQJ� GLIIHULQJ� VXVFHSWLELOLW\� WR� FODVVLFDO� VFUDSLH� �%D\OLV�	�*ROGPDQQ��

�������7KLV�DSSHDUV�VWUDLQ�VSHFLILF��KRZHYHU�WKH�VHOHFWLYH�EUHHGLQJ�DQG�JHQHWLF�

GLVWLQFWLRQ� EHWZHHQ� KHUGV� PDNHV� LQWHUSUHWLQJ� DOOHOH� IUHTXHQFLHV� LQ� OLYHVWRFN�

SRSXODWLRQV� GLIILFXOW� �/XKNHQ� HW� DO��� ������� $� VLPLODU� DVVRFLDWLRQ� LV� IRXQG� ZLWK�

VFUDSLH�LQ�JRDWV��ZLWK�WKH�DGGLWLRQDO�UHFHQW�LGHQWLILFDWLRQ�RI�D�QDWXUDOO\�RFFXUULQJ�

QRQVHQVH�PXWDWLRQ� DW� FRGRQ� ��� SUHYHQWLQJ� IXOO� SURWHLQ� WUDQVODWLRQ� DQG� GULYLQJ�

GLVHDVH� UHVLVWDQFH� �%HQHVWDG�� $XVWER�� 7UDQXOLV�� (VSHQHV�� 	� 2OVDNHU�� ������

6DOYHVHQ� HW� DO��� ������� &RQYHUVHO\� ERYLQH� 3U3� GLVSOD\V� PXFK� OHVV� FRPPRQ�

YDULDWLRQ�SRVVLEO\�GXH�WR�ORQJ�WHUP�LQEUHHGLQJ��ZLWK�RQO\�D�VPDOO�GHOHWLRQ�LQ�WKH�

SURPRWHU� UHJLRQ� LPSOLFDWHG� LQ� GLVHDVH� ULVN� �+DDVH� HW� DO��� ������� $OWKRXJK� WKH�

RYHUODS�ZLWK�3513�YDULDWLRQ�LQ�KXPDQ�SULRQ�GLVHDVHV�DSSHDUV�VXUSULVLQJO\�ORZ��

YDULDWLRQ�DW�FRGRQ�����LQ�5RFN\�0RXQWDLQ�HON��HTXLYDOHQW�WR�KXPDQ�FRGRQ������

DSSHDUV� WR� DOWHU� &:'� VXVFHSWLELOLW\�� DQG� WKHUH� DUH� UHSRUWV� RI� JHQHWLF� SULRQ�

GLVHDVH�LQ�FDWWOH�DVVRFLDWHG�ZLWK�D�(���.�PXWDWLRQ��HTXLYDOHQW�WR�KXPDQ�(���.���

LQGLFDWLQJ� VRPH� RYHUODS� EHWZHHQ� PHFKDQLVPV� LQ� DQLPDO� DQG� KXPDQ� SULRQ�

GLVHDVHV��2
5RXUNH�HW�DO���������5LFKW�	�+DOO���������

7KH� QDWXUDO� VXVFHSWLELOLW\� RI� DQLPDOV� WR� GLVHDVH� DOORZV� UHVHDUFKHUV� WKH� UDUH�

RSSRUWXQLW\�WR�UHSOLFDWH�DOO�FKDUDFWHULVWLFV�RI�KXPDQ�GLVHDVHV�LQ�PRGHO�V\VWHPV��

6WXGLHV�UHSUHVHQWLQJ�DFTXLUHG�SULRQ�GLVHDVHV�LQ�PLFH�KDYH�EHHQ�PRVW�FRPPRQ�

GXH� WR� WKH� UHODWLYH� IHDVLELOLW\� DQG� DYDLODELOLW\� RI� WRROV� IRU� JHQHWLF�PDQLSXODWLRQ�

�DQLPDO�PRGHOV� RI� SULRQ� GLVHDVHV� GLVFXVVHG� LQ� GHWDLO� ODWHU� LQ� FKDSWHU� ���� 7KH�

GLYHUVLW\�RI� LQFXEDWLRQ�WLPHV�EHWZHHQ�PRXVH�VWUDLQV�IROORZLQJ�SULRQ� LQRFXODWLRQ�

KDV� DOORZHG� LQYHVWLJDWLRQ� RI� DVVRFLDWHG� TXDQWLWDWLYH� WUDLW� ORFL� �47/V��� 7KHVH�
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VWXGLHV� KDYH� EHHQ� VRPHZKDW� KLQGHUHG� E\� ODUJH� UHJLRQV� RI� OLQNDJH� FRQWDLQLQJ�

KXQGUHGV�RI�JHQHV��DV�ZHOO�DV�D�JHQHUDO�ODFN�RI�UHSURGXFLELOLW\�EHWZHHQ�GLIIHUHQW�

PHWKRGRORJLHV�� KRZHYHU� UHJLRQV� RQ� FKURPRVRPHV� ��� �� DQG� ��� KDYH� EHHQ�

UHSHDWHGO\� LPSOLFDWHG� �0HDG� HW� DO��� ������� $WWHPSWV� WR� PDS� WKHVH� DUHDV� E\�

VWXG\LQJ�PRUH�JHQHWLFDOO\�GLYHUVH�KHWHURJHQHRXV�VWRFN�PLFH�KDV�KLJKOLJKWHG�WKH�

JHQHV�&SQH��DQG�+HFWG���DOWKRXJK�WKH�XQGHUO\LQJ�PHFKDQLVPV�KHUH�DUH�\HW�WR�

EH�HOXFLGDWHG��/OR\G��0D\WKDP��*UL]HQNRYD��+XPPHULFK��	�&ROOLQJH��������/OR\G�

HW�DO����������1RQHWKHOHVV�WKH�ODWWHU�ZDV�DOVR�VKRZQ�WR�EH�VLJQLILFDQWO\�DVVRFLDWHG�

ZLWK�Y&-'�DQG�NXUX�ULVN��VXSSRUWLQJ�WKH�XVH�RI�PLFH�DV�D�JHQHUDO�SULRQ�GLVHDVH�

PRGHO��'XH�WR�WKH�UDULW\�RI�VSRQWDQHRXV�GLVHDVH�LQ�DQLPDOV��WKH�VWXG\�RI�JHQHV�

GLUHFWO\�UHOHYDQW�WR�VSRUDGLF�SULRQ�GLVHDVHV�LV�PRUH�GLIILFXOW��IRU�H[DPSOH�DWWHPSWV�

WR�VWXG\�WKLV�LQ�FDWWOH�DQG�VKHHS�KDYH�EHHQ�LQVXIILFLHQWO\�SRZHUHG�WR�GHWHFW�QRQ�

3513�DVVRFLDWHG�JHQHV��0RUHQR�HW�DO���������&��=KDQJ�HW�DO����������

�����3ULRQV�DQG�RWKHU�GLVHDVH�DVVRFLDWHG�IRUPV�RI�3U3�

�������3ULRQ�PHFKDQLVP�
6KRUWO\�DIWHU� WKH� LQLWLDO�GHVFULSWLRQ�RI�SURWHDVH�UHVLVWDQW�SURWHLQDFHRXV�PDWHULDO�

DVVRFLDWHG�ZLWK�VFUDSLH�LQIHFWLYLW\��3U36F��DQG�WKH�VXEVHTXHQW�LGHQWLILFDWLRQ�RI�D�

FKURPRVRPDO� JHQH� HQFRGLQJ� WKH� VDPH� DPLQR� DFLG� VHTXHQFH� LQ� XQLQIHFWHG�

DQLPDOV�� WKH� GHEDWH� RQ� KRZ� WKHVH� SDUWLFOHV� UHODWH� WR� GULYH� LQIHFWLYLW\� LQ� SULRQ�

GLVHDVHV�KDV�EHHQ�RQJRLQJ� �SULRQ�KLVWRU\�SUHYLRXVO\�GHVFULEHG� LQ� VHFWLRQ������

�%DVOHU�HW�DO���������3UXVLQHU���������$OWKRXJK� WKH�K\SRWKHVLV�RI�D�QXFOHRWLGH�

EDVHG�LQIHFWLRQ�VLPLODU�WR�YLUXVHV�ZDV�KHOG�E\�VRPH�UHVHDUFKHUV�IRU�PDQ\�\HDUV��

WKH� H[SHULPHQWDO� VXSSRUW� IRU� WKLV� ZDV� FOHDUO\� ODFNLQJ� �3UXVLQHU�� ������� $Q�

LQFUHDVLQJ�ERG\�RI�HYLGHQFH�LQVWHDG�GHVFULEHG�D�SRVW�WUDQVODWLRQDO�FRQYHUVLRQ�RI�

3U3&� LQWR� 3U36F�� ZLWK� WKH� DEVHQFH� RI� DQ\� GLIIHUHQFHV� LQ� VHTXHQFH� RU� NQRZQ�

FRYDOHQW�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV�EHWZHHQ� WKH� WZR�SURWHLQV� LQGLFDWLQJ�D�

SXUHO\�FRQIRUPDWLRQDO�GLVWLQFWLRQ��SURYRNLQJ�DOWHUQDWLYH�K\SRWKHVHV�RI�D�SURWHLQ�

RQO\�WHPSODWHG�FRQYHUVLRQ��WHUPHG�WKH�µSULRQ�K\SRWKHVLV¶���&DXJKH\�	�5D\PRQG��

������*ULIILWK��������3UXVLQHU���������

6XSSRUW�IRU�WKH�SULRQ�K\SRWKHVLV�KDV�H[SDQGHG�RYHU�WKH�IROORZLQJ�GHFDGHV��7KH�

JHQHUDWLRQ�RI�3U3�QXOO�PLFH�UHVLVWDQW�WR�ERWK�SULRQ�GLVHDVH�DQG�WKH�DFFXPXODWLRQ�

RI�3U36F�FRQILUPHG�WKDW�3U3&�H[SUHVVLRQ�LV�UHTXLUHG�IRU�WKH�LQIHFWLRXV�PHFKDQLVP�
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�%XHOHU�HW�DO���������� ,QLWLDO� LQ�YLWUR�VWXGLHV� OHQW�VXSSRUW� WR� WKH�SULRQ�K\SRWKHVLV�

GHPRQVWUDWLQJ� VHHGHG� DJJUHJDWLRQ� RI� 3U3&� ZDV� IHDVLEOH�� ZLWK� LQFXEDWLRQ� RI�

SXULILHG�3U3&�DQG�GHQDWXUDWLRQ�UHVLVWDQW�3U3�UHVXOWLQJ�LQ�LQFUHDVHG�3.�UHVLVWDQW�

3U3�DJJUHJDWHV��.RFLVNR�HW�DO����������7KH�HIILFLHQF\�RI�FRQYHUVLRQ�KRZHYHU�ZDV�

ORZ� SUHYHQWLQJ� GHWHUPLQDWLRQ� RI� LQIHFWLYLW\� DQG� QRW� UHIOHFWLQJ� WKH� H[SRQHQWLDO�

JURZWK� WKDW� LV� VHHQ� GXULQJ� GLVHDVH�� 6XEVHTXHQW� GHYHORSPHQW� RI� WKH� SURWHLQ�

PLVIROGLQJ�F\FOLF�DPSOLILFDWLRQ� �30&$��DVVD\�E\�&ODXGLR�6RWR¶V�JURXS� LQ������

SURYLGHG� WKH� FOHDUHVW� VXSSRUW� WR� WKH� SULRQ� K\SRWKHVLV�� GHPRQVWUDWLQJ� DQ�

H[SRQHQWLDO�LQFUHDVH�LQ�DXWKHQWLFDOO\�LQIHFWLRXV�SULRQV�IROORZLQJ�FR�LQFXEDWLRQ�RI�

SULRQ�LQIHFWHG�EUDLQ�KRPRJHQDWH�ZLWK�XQLQIHFWHG�PDWHULDO�DQG�PXOWLSOH�URXQGV�RI�

VRQLFDWLRQ��&DVWLOOD��6DD��+HW]��	�6RWR��������6DERULR��3HUPDQQH��	�6RWR���������

,W�LV�QRZ�JHQHUDOO\�DFFHSWHG�WKDW�H[SRQHQWLDO�LQFUHDVHV�LQ�3U36F�GXULQJ�GLVHDVH�

RFFXUV�WKURXJK�LQWHUDFWLRQ�RI�3U3&�ZLWK�DJJUHJDWHG�LQIHFWLRXV�3U3��QXFOHDWLQJ�WKH�

PLVIROGLQJ�DQG�UHFUXLWPHQW�LQWR�WKH�DP\ORLG�SURWHLQ�IRUP��IROORZHG�E\�GLVSHUVLRQ�

WR�LQFUHDVH�QXFOHDWLRQ�FRPSHWHQW�VSHFLHV�IRU�H[SRQHQWLDO�JURZWK��)LJXUH�����

�

)LJXUH����7KH�SULRQ�K\SRWKHVLV��
7KH� K\SRWKHVLV� RI� SURWHLQ�RQO\� LQIHFWLYLW\� LQLWLDOO\� SURSRVHG� LQ� WKH� FRQWH[W� RI� SULRQ�
GLVHDVHV��WHUPHG�WKH�SULRQ�K\SRWKHVLV��SURSRVHV�WKDW�SDWKRORJLFDO�RU�LQIHFWLRXV�SURWHLQ�
IRUPV�� LQ� WKLV� FDVH� RI� 3U36F� �EOXH��� WHPSODWH� DQG� UHFUXLW� WKH� DJJUHJDWLRQ� RI� WKH�
SK\VLRORJLFDO�SURWHLQ��JUHHQ���3U3&��LQ�D�G\QDPLF�UHDFWLRQ��3URWHLQ�DJJUHJDWHV�RU�ILEULOV�
FDQ�WKHQ�HLWKHU�EH�GHJUDGHG�E\�FHOOXODU�PHFKDQLVPV��RU�FRQWLQXH�WR�HORQJDWH�WKURXJK�
FRQWLQXRXV� WHPSODWHG� FRQYHUVLRQ�� )LEULOV� FDQ� WKHQ� EH� IUDJPHQWHG� WR� QXFOHDWH� WKH�
H[SRQHQWLDO�JURZWK�RI�QHZ�DJJUHJDWHV��
�

�

� �
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$OWKRXJK�WKH�WHPSODWHG�FRQYHUVLRQ�RI�3U3&�LQWR�SULRQV�LV�QRZ�ZHOO�DFFHSWHG�DV�

DQ�H[SODQDWLRQ�IRU�LQIHFWLYLW\��WKH�H[DFW�PHFKDQLVP�RI�KRZ�WKLV�SURFHVV�RFFXUV�LQ�

YLYR�DQG�KRZ�WKLV�OHDGV�WR�GLVHDVH�LV�VWLOO�XQFOHDU��,W�KDV�ORQJ�EHHQ�GHVFULEHG�WKDW�

ERWK�3U3� LQIHFWLYLW\�DQG�QHXURWR[LFLW\�DUH�GLVWLQFW� IURP�WKH� OHYHO�RI�3.�UHVLVWDQW�

3U3� �&ROOLQJH� 	� &ODUNH�� ������� 7KLV� LV� GULYHQ� E\� PXOWLSOH� OLQHV� RI� HYLGHQFH�

LQFOXGLQJ��3.�UHVLVWDQW�3U3�OHYHOV�GR�QRW�FRUUHODWH�ZLWK�LQIHFWLYLW\�RI�PXOWLSOH�SULRQ�

VWUDLQV��OHYHOV�RI�3U36F�LQ�ERWK�PLFH�DQG�KXPDQV�GR�QRW�FRUUHODWH�ZLWK�GLVHDVH��

FRQGLWLRQDO�NQRFNRXW�RI�3U3�LQ�QHXURQV�IROORZLQJ�SULRQ�DFFXPXODWLRQ�SUHYHQWV�DQG�

HYHQ�UHYHUVHV�FOLQLFDO�GLVHDVH�LQ�PLFH��)ULJJ��.OHLQ��+HJ\L��=LQNHUQDJHO��	�$JX]]L��

������ 0DOOXFFL� HW� DO��� ������ 6DIDU� HW� DO��� ������ =HUU� HW� DO��� ������� $� UHFHQW�

VRSKLVWLFDWHG� VWXG\� SHUIRUPHG� E\� 6DQGEHUJ� DQG� FROOHDJXHV� KDV� FOHDUO\�

GHPRQVWUDWHG� WKDW� SULRQ� LQIHFWLYLW\� DQG� WR[LFLW\� RFFXU� LQ� GLVWLQFW� PHFKDQLVWLF�

SKDVHV��ZLWK�SULRQ�WLWUH�LQLWLDOO\�LQFUHDVLQJ�H[SRQHQWLDOO\�LQ�D�SURFHVV�LQGHSHQGHQW�

IURP�3U3&�H[SUHVVLRQ��IROORZHG�E\�D�VHFRQG�SKDVH�LQ�ZKLFK�WKH�OHYHO�RI�LQIHFWLYLW\�

LV�VWDEOH�EXW�WKH�FOLQLFDO� LQFXEDWLRQ�SHULRG�WR�RQVHW�RI�GLVHDVH� LV�GHSHQGHQW�RQ�

3U3&�H[SUHVVLRQ��6DQGEHUJ��$O�'RXMDLO\��6KDUSV��&ODUNH��	�&ROOLQJH���������7KLV�

VXJJHVWV� DQ� LQGHSHQGHQW�� OLNHO\� 3U3�EDVHG� VSHFLHV� GULYHV� QHXURWR[LFLW\��

JHQHUDWHG� IROORZLQJ� DFFXPXODWLRQ� RI� LQIHFWLRXV� 3U36F�� SRVVLEO\� XVLQJ� WKHVH�

DJJUHJDWHV�DV�D�FDWDO\WLF�VXUIDFH��2QJRLQJ�GHYHORSPHQW�RI�UHOHYDQW�DVVD\V�DEOH�

WR�GLVWLQJXLVK�WKHVH�SURFHVVHV�ZLOO�KRSHIXOO\�DOORZ�LGHQWLILFDWLRQ�RI�WKLV�WR[LF�3U3�

VSHFLHV� �%HQLORYD� HW� DO��� �������2I� QRWH�� LQ� WKH� OLWHUDWXUH�� 3U36F� LV� RIWHQ� XVHG�

LQWHUFKDQJHDEO\�WR�GHVFULEH�3.�UHVLVWDQW�3U3�DQG�DXWKHQWLFDOO\�LQIHFWLRXV�SULRQV��

LQ�WKLV�WKHVLV��3U36F�LV�RQO\�XVHG�WR�GHVFULEH�NQRZQ�LQIHFWLRXV�SULRQ�VSHFLHV��WR�

GLVWLQJXLVK� IURP� SURWHLQDVH� RU� GHWHUJHQW� UHVLVWDQW� DJJUHJDWHV� RI� XQNQRZQ�

LQIHFWLYLW\���

�������6WUXFWXUH�
,W�LV�FOHDU�WKDW�VROYLQJ�WKH�LQIHFWLRXV�SULRQ�VWUXFWXUH�ZLOO�EH�NH\�WR�GHWHUPLQLQJ�WKH�

PROHFXODU�EDVLV�RI�SULRQ�FRQYHUVLRQ��2YHU����\HDUV�DJR�WZR�SXEOLFDWLRQV�LQ�VKRUW�

VXFFHVVLRQ�LQGHSHQGHQWO\�GHVFULEHG�ILEULOODU�URG�OLNH�VWUXFWXUHV�HQULFKHG�LQ�SULRQ�

LQIHFWHG� EUDLQ� PDWHULDO� IURP� PXOWLSOH� VRXUFHV� WKURXJK� QHJDWLYH� VWDLQ� HOHFWURQ�

PLFURVFRS\��(0���0HU]��6RPHUYLOOH��:LVQLHZVNL��	�,TEDO��������3UXVLQHU��%ROWRQ��

HW�DO����������&KDUDFWHULVDWLRQ�RI�WKHVH�SUHSDUDWLRQV�E\�3UXVLQHU�DQG�FROOHDJXHV�

GHVFULEHG�D�3.�UHVLVWDQW�3U3�VSHFLHV�RI� ������ N'D�VSHFLILF� WR� WKHVH� VDPSOHV�
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�ODWHU� XQGHUVWRRG� WR� EH� WKH� SURWHDVH� UHVLVWDQW� FRUH� RI� 3U36F�� DQG� VXEVHTXHQW�

LQYHVWLJDWLRQV�LQGLFDWHG�WKDW�WKH�FRQYHUVLRQ�RI�3U3&�WR�URG�VKDSHG�3U36F�LQYROYHV�

WKH�FRQYHUVLRQ�IURP�D�SUHGRPLQDQW�Į�KHOLFDO�VWUXFWXUH�WR�RQH�ZLWK�LQFUHDVHG�ȕ�

VKHHW�FRQWHQW� �.��0��3DQ�HW�DO���������3UXVLQHU��%ROWRQ��HW�DO���������3UXVLQHU��

*URWK��%ROWRQ��.HQW��	�+RRG���������+RZHYHU��GHVSLWH�GHFDGHV�RI�WU\LQJ��SURJUHVV�

KDV�EHHQ�VORZ�LQ�GHOLQHDWLQJ�WKH�H[DFW�PROHFXODU�VWUXFWXUH�RI�LQIHFWLRXV�SULRQV��

7KLV� FDQ� EH� DWWULEXWHG� WR� PXOWLSOH� KLQGHULQJ� IDFWRUV� LQFOXGLQJ� GHEDWHV� RYHU�

SXULILFDWLRQ� DUWHIDFWV�� WKH� SURSHQVLW\� IRU� KHWHURJHQHRXV�3U3� VWUXFWXUHV� ERWK� LQ�

YLWUR�DQG�H[�YLYR��DQG�D�ODFN�RI�FRQVLVWHQW�DQG�VSHFLILF�SULRQ�LQIHFWLYLW\�FRUUHODWLQJ�

ZLWK�SXULILHG�SUHSDUDWLRQV��7HUU\�	�:DGVZRUWK���������

:LWKLQ�UHFHQW�\HDUV�VLJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�RXU�XQGHUVWDQGLQJ�RI�

LQIHFWLRXV�SULRQ�VWUXFWXUH��GULYHQ�E\�FHOO�PRGHOV�HQDEOLQJ�TXLFN�GHWHUPLQDWLRQ�RI�

SULRQ� LQIHFWLYLW\�� DGYDQFHPHQWV� LQ� ELRSK\VLFDO� WHFKQLTXHV� IRU� VWXG\LQJ� SURWHLQ�

VWUXFWXUH�DQG�LPSURYHG�SXULILFDWLRQ�SURFHGXUHV��:RUN�E\�WKH�:DGVZRUWK�JURXS�WR�

GHYHORS�D�UREXVW�SURWRFRO�IRU�VSHFLILF�SXULILFDWLRQ�RI�KLJK�WLWUH�SULRQV�HQDEOHG�WKH�

ILUVW� VWUXFWXUDO� FKDUDFWHULVDWLRQ� RI� DXWKHQWLF� KRPRJHQRXV� SULRQ� SUHSDUDWLRQV�

�:HQERUQ�HW�DO����������$QDO\VLV�RI�WKHVH�VWUXFWXUHV�SXULILHG�IURP�50/�LQIHFWHG�

PRXVH� EUDLQ� LQ� ZRUN� OHG� E\� 7HUU\�� XVLQJ� D� FRPELQDWLRQ� RI� DWRPLF� IRUFH�

PLFURVFRS\��QHJDWLYH�VWDLQ�HOHFWURQ�WRPRJUDSK\�DQG�FU\R�(0��GHVFULEHG�D�KHOLFDO�

SDLUHG�ILEHU�VWUXFWXUH�RI�a���QP�LQ�ZLGWK��FRPSULVLQJ�WZR�VWUDQGV�WKRXJKW�WR�EH�

LQGHSHQGHQW�SURWRILODPHQWV�VHSDUDWHG�E\�D�FRQIRUPDWLRQDOO\�GLVWLQFW�JDS�RI������

QP� FRQWDLQLQJ� XQVSHFLILHG� ELRORJLFDO�PDWHULDO� �7HUU\� HW� DO��� ������ 7HUU\� HW� DO���
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(DUOLHU�WKLV�\HDU�WKH�ILUVW�QHDU�DWRPLF�VWUXFWXUH�RI�SULRQV�ZDV�SXEOLVKHG�WKURXJK�

FU\R�(0� DQDO\VLV� RI� SULRQ� URG� VWUXFWXUHV� SXULILHG� IURP� ���.�LQIHFWHG� KDPVWHU�

EUDLQ�� LQGLFDWLQJ� D� SDUDOOHO� LQ�UHJLVWHU� LQWHUPROHFXODU� ȕ�VKHHW� �3,5,%6��

FRQIRUPDWLRQ� ZLWK� SHUSHQGLFXODU� UXQJV� WR� WKH� ILEULO� D[LV� �.UDXV� HW� DO��� �������

,QWHUHVWLQJO\� DWRPLF� UHFRQVWUXFWLRQ� VXJJHVWV� WKHVH� URGV� FRPSULVH� D� VLQJOH�

FRQWLQXRXV�FRYDOHQWO\�OLQNHG�VWUXFWXUH��UDWKHU�WKDQ�WKH�WZR�LQGHSHQGHQW�ILODPHQWV�

SUHYLRXVO\�GHVFULEHG��ZLWK�JO\FDQV�DQG�*3,�DQFKRU�H[WHQGLQJ�H[WHUQDOO\� WR� WKH�

ILODPHQW� FRUH�� 6WUXFWXUDO� UHVROXWLRQ� RI� RWKHU� UHODWHG� SULRQ� VWUDLQV� ZLOO� VXSSRUW�

ZKHWKHU�WKHVH�FRQIRUPDWLRQDO�GLIIHUHQFHV�EHWZHHQ�SUHSDUDWLRQV�DUH�GXH�WR�VWUDLQ�

FKDUDFWHULVWLFV� RU� FRQIRXQGLQJ� PHWKRGRORJLHV�� $GGLWLRQDOO\�� IXUWKHU�
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FKDUDFWHULVDWLRQ� RI� RWKHU� 3U3� VWUXFWXUHV� �SUHYHQWHG� KHUH� E\� WKH� UHVWULFWLYH�

UHTXLUHPHQW� IRU� KRPRJHQRXV� SRSXODWLRQV� LQ� FU\R�(0�� LQFOXGLQJ� LQFUHDVHG�

XQGHUVWDQGLQJ�RI�QHXURWR[LF�VSHFLHV��ZLOO�IXUWKHU�RXU�XQGHUVWDQGLQJ�RI�KRZ�WKHVH�

VWUXFWXUHV�UHODWH�WR�GLVHDVH��6DQGEHUJ�HW�DO����������

�������6WUDLQV�
7KH�SUHVHQFH�RI�GLVWLQFW�SULRQ�VWUDLQV�KDV�EHHQ�HYLGHQW� VLQFH�HDUO\� VWXGLHV�RI�

VFUDSLH�ZKHUH�PXOWLSOH� GLIIHUHQW� LVRODWHV� LQGXFHG� GLVWLQFW� LQFXEDWLRQ� WLPHV� DQG�

QHXURSDWKRORJ\� LQ� PRXVH� PRGHOV� �)UDVHU� 	� 'LFNLQVRQ�� ������� +RZHYHU�� WKH�

GLVFRYHU\�RI�SULRQV�DV�³SURWHLQ�RQO\´�LQIHFWLRXV�DJHQWV�OHG�WR�XQFHUWDLQW\�RYHU�KRZ�

SURWHLQV�FRQVLVWLQJ�RI�D�VLQJOH�SULPDU\�VHTXHQFH�FDQ�OHDG�WR�GLVWLQFW�GLVHDVHV��

,VRODWLRQ�RI�3U36F�IURP�LQIHFWHG�VSHFLHV�DQG�VWXGLHV�RI�GLVHDVH�WUDQVPLVVLRQ�KDYH�

OHG�WR�FKDUDFWHULVDWLRQ�RI�SULRQ�VWUDLQV�DV�3U3�VWUXFWXUHV�ZLWK�GLVWLQFW�ELRFKHPLFDO�

�VXFK� DV� HOHFWURSKRUHWLF� PRELOLW\�� JO\FRV\ODWLRQ� SDWWHUQV�� SURWHDVH� UHVLVWDQFH��

VWDELOLW\�� DQG� FOLQLFRSDWKRORJLFDO� �L�H�� LQFXEDWLRQ� WLPH�� QHXURORJLFDO�

PDQLIHVWDWLRQV��SURSHUWLHV��&ROOLQJH�	�&ODUNH���������$V�WKH�SULPDU\�VHTXHQFH�LV�

RIWHQ�WKH�VDPH�IRU�GLVWLQFW�VWUDLQV��LW�LV�FOHDU�WKDW�WKHLU�PROHFXODU�EDVLV�LV�LQVWHDG�

VRPHKRZ� HQFRGHG� E\� SURWHLQ� FRQIRUPDWLRQ�� ZKLFK� LV� VXSSRUWHG� E\� VXVWDLQHG�

SURSDJDWLRQ� RI� WKH� DIRUHPHQWLRQHG� VWUDLQ� FKDUDFWHULVWLFV� XSRQ� WUDQVPLVVLRQ� LQ�

YLWUR�DQG�LQ�YLYR��%HVVHQ�HW�DO���������)UDVHU�	�'LFNLQVRQ���������)XUWKHUPRUH��

WUDQVPLVVLRQ�LV�XVXDOO\�PRVW�HIILFLHQW�ZKHQ�PDWFKLQJ�3U3�SULPDU\�VHTXHQFHV�DUH�

H[SUHVVHG��L�H��ZLWKLQ�VSHFLHV���ZKLFK�LV�RIWHQ�UHTXLUHG�IRU�HIIHFWLYH�WUDQVPLVVLRQ�

LQWR�PRXVH�PRGHOV� �3UXVLQHU�HW�DO����������7KH�HIIHFW�RI�SULPDU\�VHTXHQFH�RQ�

SULRQ�VWUDLQ�WUDQVPLVVLRQ�LV�H[HPSOLILHG�E\�WKH�DVVRFLDWLRQ�RI�DPLQR�DFLG�DW�FRGRQ�

����ZLWK�KXPDQ�SULRQ�GLVHDVHV��DV�SUHYLRXVO\�GLVFXVVHG�LQ�VHFWLRQ��������OLNHO\�

UHJXODWLQJ�SHUPLVVLEOH�SULRQ�VWUDLQV�ZLWKLQ�WKH�KRVW��)RU�H[DPSOH��WKHUH�LV�JRRG�

HYLGHQFH�WKDW�3U3&�ZLWK�YDOLQH�DW�WKLV�SRVLWLRQ�LV�XQDEOH�WR�DGRSW�WKH�Y&-'�SULRQ�

FRQIRUPDWLRQ�SUHYHQWLQJ�WUDQVPLVVLRQ�WR�LQGLYLGXDOV�KRPR]\JRXV�IRU�WKLV�YDULDQW�

�:DGVZRUWK�HW�DO����������

$OWKRXJK�WKHUH�LV�D�FOHDU�VSHFLHV�EDUULHU�IRU�WUDQVPLVVLRQ�RI�PRVW�SULRQ�VWUDLQV��

OLNHO\�GULYHQ�VRPHZKDW�E\�WKLV�GLVWLQFWLRQ�LQ�SULPDU\�VHTXHQFH��LW�LV�HYLGHQW�IURP�

KLVWRULF� FURVV�VSHFLHV� LQIHFWLRQ� WKDW� SULRQ� GLVHDVHV� FDQ� EH� ]RRQRWLF� EHWZHHQ�

RUJDQLVPV� H[SUHVVLQJ� GLIIHUHQW� 3U3� VHTXHQFHV�� ,W� KDV� WKHUHIRUH� EHHQ�
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K\SRWKHVLVHG� WKDW� HDFK� 3U3� VHTXHQFH� KDV� WKH� FDSDELOLW\� WR� DFTXLUH� PXOWLSOH�

3U36F�VWUXFWXUHV� DQG� DQ� RYHUODS� EHWZHHQ� WKHVH� LV� UHTXLUHG� IRU� LQWHU�VSHFLHV�

WUDQVPLVVLRQ��GHILQHG�DV�WKH�FRQIRUPDWLRQDO�VHOHFWLRQ�PRGHO��&ROOLQJH�	�&ODUNH��

�������+RZHYHU��DOWKRXJK� WKH�VDPH�ELRFKHPLFDOO\�FKDUDFWHULVHG�VWUDLQ�FDQ�EH�

VXVWDLQHG� XSRQ� WKLV� WUDQVPLVVLRQ�� VWUDLQ� ³PXWDWLRQ´� FDQ� DOVR� RFFXU� LQ�ZKLFK� D�

GLVWLQFW� VWUDLQ� LV� LQVWHDG� SURSDJDWHG� �.LPEHUOLQ�� &ROH�� 	� :DONHU�� ������� 7KH�

REVHUYDWLRQ�RI�KHWHURJHQHRXV�3U3�VSHFLHV�ZLWKLQ� WKH�VDPH�SULRQ� LVRODWH� OHQGV�

VXSSRUW� WR� D� K\SRWKHVLV� LQ� ZKLFK� D� SRRO� RI� SULRQV� GHILQLQJ� WKH� SRVVLEOH�

FRQIRUPDWLRQV�SHUPLWWHG�E\�WKH�SULPDU\�VHTXHQFH�LV�SUHVHQW�DW�RQH�WLPH�ZLWKLQ�

DQ� RUJDQLVP�� DQG� WKH� SUHVHQFH� RI� D� GLVWLQFW� SULRQ� ³VHHG´� RU� IDYRXUDEOH�

PLFURHQYLURQPHQW�GULYHV�VHOHFWLRQ�DQG�SUHIHUDEOH�SURSDJDWLRQ�RI�RQH�RI� WKHVH�

VWUDLQV��3RO\PHQLGRX�HW�DO����������

�������&HOO�ELRORJ\�
6LPLODU�WR�WKH�FHOOXODU�SURWHLQ��WKH�WUDIILFNLQJ�RI�SULRQ�DJJUHJDWHV�KDV�DOVR�EHHQ�

H[WHQVLYHO\�VWXGLHG��ZLWK�D�NH\� IRFXV�RQ� LGHQWLILFDWLRQ�RI� WKH�VLWH�RI�FRQYHUVLRQ�

DQG�SURSDJDWLRQ�RI� WKH�PLVIROGHG� IRUP��*HQHUDOO\� WKH�HQGRO\VRVRPDO�SDWKZD\�

KDV� ORQJ� EHHQ� K\SRWKHVLVHG� DV� D� SRWHQWLDO� VLWH� IRU� WKLV�� GXH� WR� WKH� LQFUHDVHG�

SURSHQVLW\� IRU�3U3�PLVIROGLQJ� DQG� DJJUHJDWLRQ� DW� ORZ�S+� �VLPLODU� WR� HQGRF\WLF�

YHVLFOHV��DQG�WKH�VHQVLWLYLW\�RI�3U36F�IRUPDWLRQ�LQ�FHOO�FXOWXUH�PRGHOV�WR�FKDQJHV�

LQ� WHPSHUDWXUH� �FRPPRQO\� XVHG� WR� PRGXODWH� WUDIILFNLQJ� VWHSV� LQ� WKH�

HQGRO\VRVRPDO� DQG� VHFUHWRU\� SDWKZD\V�� �$UQROG� HW� DO��� ������ %RUFKHOW��

7DUDERXORV�� 	� 3UXVLQHU�� ������ +RUQHPDQQ� 	� *ORFNVKXEHU�� ������� 3U3�

DJJUHJDWHV� ZHUH� LGHQWLILHG� HDUO\� RQ� ZLWKLQ� VXEFHOOXODU� FRPSDUWPHQWV� RI� WKH�

HQGRO\VRVRPDO�SDWKZD\�ERWK�LQ�FHOO�FXOWXUH�DQG�DQLPDO�PRGHOV��%RUFKHOW�HW�DO���

������*RROG�HW�DO����������0RUH�UHFHQWO\��ORQJ�UHFRPELQDQW�ILEULOV�KDYH�DOVR�EHHQ�

IRXQG� WR� GLVVRFLDWH� LQWR� VKRUWHU� SURWRILODPHQWV� XQGHU� FRQGLWLRQV�PLPLFNLQJ� WKH�

HQGRF\WLF� SDWKZD\�� SRWHQWLDOO\� LQFUHDVLQJ� VHHG� FDSDELOLWLHV� DQG� GULYLQJ� WKH�

H[SRQHQWLDO�LQFUHDVH�LQ�LQIHFWLYLW\�VHHQ�GXULQJ�GLVHDVH��;��4L��0RRUH��	�0F*XLUO��

�������

���������3ULRQ�FRQYHUVLRQ�
,GHQWLI\LQJ� VLWHV� RI� SULRQ� FRQYHUVLRQ�ZLWKLQ� FHOOV�ZLOO� XQGRXEWHGO\� LQFUHDVH� RXU�

XQGHUVWDQGLQJ�RI� WKLV�HOXVLYH�PHFKDQLVP�DQG�DOORZ�XV� WR�SHUWXUE� WKLV�SURFHVV�

PRUH�HIIHFWLYHO\��7KH�DYDLODELOLW\�RI�FHOO�FXOWXUH�OLQHV�DEOH�WR�SURSDJDWH�LQIHFWLRXV�



���
�

SULRQV�KDV�DOORZHG�UHVHDUFKHUV�WR�UHDGLO\�VWXG\�WKLV�SURFHVV�LQ�ELRORJLFDO�V\VWHPV�

�GLVFXVVHG� ODWHU� LQ� FKDSWHU� ��� VHFWLRQ� �������� 5HSRUWV� RI� WKH� VWHDG\�VWDWH�

ORFDOLVDWLRQ�RI�3U36F�DUH�YDULDEOH�DQG�RIWHQ�FRQIRXQGLQJ��ZLWK�ORFDOLVDWLRQ�UHSRUWHG�

LQ�QHDUO\�DOO�VXEFHOOXODU�FRPSDUWPHQWV�LQFOXGLQJ�WKH�SODVPD�PHPEUDQH��HDUO\�DQG�

ODWH�HQGRVRPHV��O\VRVRPHV��UHF\FOLQJ�HQGRVRPHV��*ROJL�DQG�HYHQ�WKH�F\WRVRO��

WKHUHIRUH�QRW�SURYLGLQJ�DQ\�REYLRXV�DQVZHUV�WR�ZKHUH�WKHVH�DUH�IRUPHG��*RROG�

HW�DO���������0RRNKHUMHH�HW�DO���������9HLWK��3ODWWQHU��6WXHUPHU��6FKXO]�6FKDHIIHU��

	�%XUNOH��������<DPDVDNL��%DURQ��6X]XNL��+DVHEH��	�+RULXFKL��������<DPDVDNL�

HW� DO��� ������� 7KLV� DOVR� VXJJHVWV� WKH� ORFDOLVDWLRQ� RI� DJJUHJDWHV� LV� KLJKO\�

GHSHQGHQW�RQ�FHOO� W\SH�DQG�PHWKRGRORJ\�XVHG��6WXGLHV�RI�3U36F� IRUPDWLRQ�DUH�

HYHQ� IXUWKHU�FRPSOLFDWHG�E\� WKH� ODFN�RI�DQWLERGLHV�DEOH� WR�GLVWLQJXLVK�EHWZHHQ�

3U3&�DQG�DJJUHJDWHV��UHTXLULQJ�KDUVK�GHQDWXUDWLRQ�FRQGLWLRQV�WR�HQULFK�IRU�3U3�

DJJUHJDWHV��ZKLFK�LV�SRWHQWLDOO\�SUHFOXGLQJ�GHWHFWLRQ�RI�RWKHU�PDUNHUV��

*HQHUDOO\�� LQ� RUGHU� WR� GHGXFH� D� VXEFHOOXODU� FRPSDUWPHQW� IRU� 3U36F�IRUPDWLRQ��

UHVHDUFKHUV�KDYH�XWLOLVHG�JHQHWLF�RU�FKHPLFDO�SHUWXUEDWLRQ�RI�GLIIHUHQW�WUDIILFNLQJ�

SDWKZD\V�DQG�PHDVXUHG�WKH�HIIHFW�RQ�3.�UHVLVWDQW�3U3�OHYHOV�DQG�LQWUDFHOOXODU�

ORFDOLVDWLRQ�RI�DJJUHJDWHV��)RU�H[DPSOH�0DULMDQRYLF�DQG�FROOHDJXHV�HPSOR\HG�

JHQHWLF�PDQLSXODWLRQ�LQ�FKURQLFDOO\�SULRQ�LQIHFWHG�*7���PRXVH�QHXURQDO��FHOOV�RI�

SURWHLQV� LQ� WKH� UHF\FOLQJ� SDWKZD\�� IRFXVVLQJ� RQ� UHF\FOLQJ� HQGRVRPH� SURWHLQ�

5DE��D��DQG�IRXQG�D�VSHFLILF�UHGXFWLRQ�LQ�3.�UHVLVWDQW�3U3�IROORZLQJ�LQKLELWLRQ�RI�

HDUO\� HQGRVRPH� WR� UHF\FOLQJ� HQGRVRPH� WUDQVSRUW� �0DULMDQRYLF� HW� DO��� �������

&RQYHUVHO\�KRZHYHU��<LP�HW�DO�XVHG�VLPLODU� WHFKQLTXHV�RI�JHQH�NQRFNGRZQ� LQ�

LQIHFWHG� 1�D� DQG� 60%� FHOOV�� WKLV� WLPH� IRFXVVLQJ� RQ� WKH� PDWXUDWLRQ� RI� ODWH�

HQGRVRPHV�PXOWLYHVLFXODU� ERGLHV�� WR� DOWHUQDWLYHO\� FRQFOXGH� WKDW� WKHVH� DUH� WKH�

PDLQ�VLWH�RI�SULRQ�FRQYHUVLRQ��DV� LQKLELWLRQ�RI� WUDQVSRUW� WR� WKHVH�FRPSDUWPHQWV�

�YLD�5DE���UHGXFHG�3.�UHVLVWDQW�3U3�ORDG�ZKHUHDV�SUHYHQWLQJ�UHF\FOLQJ�IURP�KHUH�

�YLD�UHWURPHU�FRPSRQHQW�9SV����KDG�WKH�RSSRVLWH�HIIHFW��<LP�HW�DO����������7KHVH�

VWXGLHV�KLJKOLJKW�WKH�UHTXLUHPHQW�IRU�PXOWLSOH�PHWKRGRORJLHV�DQG�FHOO�OLQHV�WR�GUDZ�

VHFXUH� FRQFOXVLRQV�� DV� ZHOO� DV� WKH� OLNHO\� KHWHURJHQHLW\� LQ� 3U36F�WUDIILFNLQJ�

SDWKZD\V��$OWKRXJK�ODUJHO\�SULRQ�IRUPDWLRQ�LV�WKRXJKW�WR�RFFXU�DIWHU�WUDIILFNLQJ�WR�

WKH�SODVPD�PHPEUDQH�RI�3U3&��VLPLODU�VWXGLHV�KDYH�DOVR�KLJKOLJKWHG�D�IXQFWLRQ�RI�

WKH� (5� LQ� WKLV�� VXJJHVWLQJ� WKDW� WUDQVSRUW� RI� 3U3&�LQWR� WKH� F\WRVRO� YLD�

UHWURWUDQVORFDWLRQ� FDQ� OHDG� WR� XQJO\FRV\ODWHG� GHWHUJHQW� LQVROXEOH� DJJUHJDWHV�
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�%RUFKHOW� HW� DO��� ������ %UDQJHU� 	� 0DQJ�� ������ 0D� 	� /LQGTXLVW�� ������� 7KH�

UHOHYDQFH�RI�WKHVH�WR� LQIHFWLRXV�3U36F�LV�KRZHYHU�GHEDWHG�DQG�PD\�LQVWHDG�EH�

SURWHFWLYH� GXULQJ� (5� VWUHVV� �6�� :�� .DQJ� HW� DO��� ������ 5RXFRX�� *XR�� =KDQJ��

*RRG\HU��	�/H%ODQF���������

'HYHORSPHQW�RI�PRUH�VRSKLVWLFDWHG�FHOO�PRGHOV�KDV�DOORZHG�GLUHFW�YLVXDOLVDWLRQ�

RI�FRQYHUVLRQ�WR�DJJUHJDWHG�IRUPV�LQ�D�WHPSRUDO�PDQRU��,Q�D�VWXG\�OHG�E\�*RROG��

DJJUHJDWLRQ�SHUPLVVLYH�HSLWRSH�WDJJHG�3U3�ZDV�H[SUHVVHG�LQ�1�D�FHOOV�DEOH�WR�

SURSDJDWH�LQIHFWLRXV�PXULQH�SULRQV��*RROG�HW�DO����������,Q�WKLV�ZRUN��DJJUHJDWLRQ�

RI�GH�QRYR�GHQDWXUDWLRQ�UHVLVWDQW�3U3�DJJUHJDWHV�ZDV�LQVWHDG�REVHUYHG�RQ�WKH�

SODVPD� PHPEUDQH� ZLWKLQ� PLQXWHV� RI� SULRQ� H[SRVXUH�� ZKLFK� ZDV� UDSLGO\�

LQWHUQDOLVHG� WRZDUGV� WKH�SHULQXFOHDU� UHJLRQ�� IRUPLQJ�D�VWHDG\�VWDWH�KHUH�ZLWKLQ�

WZR� KRXUV� �*RROG� HW� DO��� ������*RROG� HW� DO��� ������� 8QIRUWXQDWHO\�� FHOO� FXOWXUH�

PRGHOV� DUH� FXUUHQWO\� OLPLWHG� WR� PRGHOOLQJ� DFTXLUHG� SULRQ� GLVHDVH� ZLWK� QR�

SXEOLVKHG� V\VWHP� VKRZQ� WR� VSRQWDQHRXVO\� DFFXPXODWH� 3U36F�� WKHUHIRUH� WKLV�

SODVPD�PHPEUDQH�SULRQ�FRQYHUVLRQ�PD\�EH�OLPLWHG�WR�WHPSODWHG�DJJUHJDWLRQ�DQG�

QRW� LQLWLDO� SULRQ� IRUPDWLRQ�� +RZHYHU� LQGHSHQGHQW� VWXGLHV� LQFOXGLQJ� LQ� YLWUR�

HYLGHQFH�GRHV�VXSSRUW�D�UROH�RI�OLSLG�UDIW�FRPSRQHQWV�LQ�SULRQ�DJJUHJDWLRQ��$ELG��

0RUDOHV��	�6RWR���������2I� FRXUVH��SULRQ�FRQYHUVLRQ� VLWHV�DUH�QRW�QHFHVVDULO\�

H[FOXVLYH�DQG�WKHVH�VWXGLHV�PD\�KLJKOLJKW�PXOWLSOH�DVVRFLDWHG�SRWHQWLDOLWLHV���

���������3ULRQ�WUDIILFNLQJ�
3U36F�� OLNH� 3U3&�� F\FOHV� G\QDPLFDOO\� EHWZHHQ� WKH� SODVPD� PHPEUDQH� DQG�

SHULQXFOHDU� UHJLRQ�DQG�RQFH� LQWHUQDOLVHG�KDV�� OLNH�3U3&�� EHHQ� LGHQWLILHG� LQ� WKH�

PDMRULW\� RI� LQWUDFHOOXODU� FRPSDUWPHQWV� �VHH� )LJXUH� ��� �<DPDVDNL� HW� DO��� �������

9DULRXV� WUDIILFNLQJ�SDWKZD\V�PXVW� WKHUHIRUH�EH� LQYROYHG� LQ�PRYLQJ�DJJUHJDWHV�

WKURXJKRXW�WKH�FHOO��/LNH�RWKHU�PHPEUDQH�SURWHLQV��3U36F�LV�JHQHUDOO\�WKRXJKW�WR�

EH�HQGRF\WRVHG� WR�HDUO\�HQGRVRPHV��ZKHUH� LW� LV�HLWKHU� UHF\FOHG� WR� WKH�SODVPD�

PHPEUDQH�RU�WUDIILFNHG�IRU�GHJUDGDWLRQ��9HLWK�HW�DO�����������

6LPLODU�WR�3U3&��WKH�PHFKDQLVP�E\�ZKLFK�3U36F�LV�HQGRF\WRVHG�LV�DOVR�XQFOHDU��

3U36F� KDV� EHHQ� LGHQWLILHG� LQ� PHPEUDQH� IUDFWLRQV� VXJJHVWLYH� RI� FDYHRODH�

PHGLDWHG� HQGRF\WRVLV� LQ� ERWK� FHOO� PRGHOV� DQG� LVRODWHG� V\QDSWLF� PHPEUDQHV�

LQGLFDWLQJ�FDYHRODH��RU�DW�OHDVW�UDIW�GHSHQGHQW�HQGRF\WRVLV��*RROG�HW�DO���������

9H\� HW� DO��� ������� $GGLWLRQDOO\�� SHUWXUEDWLRQ� RI� FODWKULQ�� RU� G\QDPLQ�GHSHQGHQW�
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HQGRF\WRVLV�KDG� OLWWOH�HIIHFW�RQ�3U36F�XSWDNH� LQ�1�D�FHOOV� �*RROG�HW�DO����������

+RZHYHU� IOXRUHVFHQWO\� ODEHOOHG� H[� YLYR� SULRQ� ILEULOV� DSSHDU� WR� FRPSHWH� IRU� WKH�

VDPH�/53��PRGXODWHG�SDWKZD\�DV�3U3&�LQ�PRXVH�VHQVRU\�QHXURQV�� LQGLFDWLQJ�

DQ�DVVRFLDWLRQ�LQVWHDG�ZLWK�FODWKULQ�YHVLFOHV��-HQ�HW�DO����������0RUH�UHFHQW�ZRUN�

OHG�E\�)HKOLQJHU�VLPXOWDQHRXVO\�H[SORUHG�WKH�GLIIHUHQWLDO�UROH�RI�HDFK�HQGRF\WLF�

URXWH�GXULQJ�WKH�LQIHFWLRQ�RI�D�/����PRXVH�ILEUREODVW�FHOO�OLQH�ZLWK�ERWK�50/�DQG�

��/�SULRQV��)HKOLQJHU�HW�DO����������,Q�WKLV�VWXG\�WKH�DXWKRUV�IRXQG�WKDW��DOWKRXJK�

ERWK�VWUDLQV�UHTXLUHG�FDYHRODH�IRU�VXVWDLQHG�SURSDJDWLRQ��NQRFNGRZQ�RI�FDYHRODH�

KDG�QR�HIIHFW�RQ�SURGXFWLYH�LQIHFWLRQ��ZKHUHDV�FODWKULQ�ZDV�UHTXLUHG�VSHFLILFDOO\�

IRU�50/�LQIHFWLRQ��,QWHUHVWLQJO\�WKHUH�ZDV�QR�VLJQLILFDQW�HIIHFW�RI�SHUWXUEDWLRQ�RI�

DQ\�SDWKZD\�RQ�3U36F�LQWHUQDOLVDWLRQ��7KLV�OHQGV�VXSSRUW�WR�YDULDEOH�SDWKZD\V�IRU�

GLIIHUHQW�VWUDLQV�DQG�SRLQW�RI�LQIHFWLRQ��ZLWK�SRVVLELOLW\�WR�XWLOLVH�PXOWLSOH�SDWKZD\V�

GHSHQGLQJ� RQ� DYDLODELOLW\�� OLNHO\� DOVR� GHSHQGHQW� RQ� FHOO� W\SH�� (YLGHQFH� DOVR�

VXJJHVWV� DJJUHJDWH� LQWHUQDOLVDWLRQ� LV� GHSHQGHQW� RQ� ILEULO� VL]H�� ZKLFK� PD\�

PRGXODWH� WKH� URXWH� RI� LQWHUQDOLVDWLRQ� �0DJDOKHV� HW� DO��� ������ 5RXYLQVNL� HW� DO���

�������

5HF\FOLQJ�WR�WKH�SODVPD�PHPEUDQH�FDQ�JHQHUDOO\�EH�PHGLDWHG�HLWKHU�E\�GLUHFW�

WUDIILFNLQJ�WR�UHF\FOLQJ�HQGRVRPHV�RU�YLD�UHWURJUDGH�WUDQVSRUW�WR�WKH�*ROJL��%RWK�

SDWKZD\V�KDYH�EHHQ�LPSOLFDWHG�LQ�WKH�WUDQVSRUW�RI�3U36F��GHVFULEHG�LQ�WKH�UHOHYDQW�

VXEFHOOXODU� FRPSDUWPHQWV� LQ� FHOO� FXOWXUH� PRGHOV� DQG� VKRZQ� WR� IROORZ� VLPLODU�

WUDQVSRUW�URXWHV�WR�FDQRQLFDO�FDUJR�RI�ERWK�SDWKZD\V��L�H��FKROHUD�WR[LQ�%��&7[%��

DQG�WUDQVIHUULQ��7IQ��UHVSHFWLYHO\���PHGLDWHG�E\�UHJXODWRU\�SURWHLQV�LQFOXGLQJ�WKH�

UHWURPHU�FRPSOH[�DQG�UDE�*73DVH�5DE���*RROG�HW�DO���������<DPDVDNL�HW�DO���

������<DPDVDNL��6X]XNL��+DVHEH��	�+RULXFKL��������<DPDVDNL�HW�DO���������<LP�

HW�DO����������

'HJUDGDWLRQ�RI�SULRQV�LV�FOHDUO\�RI�LQWHUHVW�LQ�GLVHDVH�ELRORJ\��$V�H[SHFWHG�GXH�WR�

WKH� ZHOO� FKDUDFWHULVHG� WUDQVSRUW� RI� 3U36F� WKURXJK� WKH� HQGRO\VRVRPDO� V\VWHP��

GHJUDGDWLRQ� E\� O\VRVRPHV� KDV� EHHQ� HVWDEOLVKHG�� ZLWK� O\RVRVPDO� LQKLELWLRQ� LQ�

PXOWLSOH�H[SHULPHQWV� OHDGLQJ� WR�GHWHUJHQW��RU�3.�UHVLVWDQW�3U3�DFFXPXODWLRQ� LQ�

HQODUJHG�/$03��SRVLWLYH�O\VRVRPHV��*RROG�HW�DO���������8FKL\DPD�HW�DO���������

<DPDVDNL�HW�DO����������7KLV�LV�VXSSRUWHG�E\�WKH�REVHUYHG�LQFUHDVHG�H[SUHVVLRQ�

DQG�DEQRUPDO�GLVWULEXWLRQ�RI�O\VRVRPDO�SURWHDVH�FDWKHSVLQ�'�LQ�&-'�SDWLHQWV�DQG�

0(��LQRFXODWHG�PRXVH�EUDLQ�WLVVXH��.RYDFV�HW�DO���������;LDQJ�HW�DO����������$Q�
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LQFUHDVLQJ�ERG\�RI�HYLGHQFH�DOVR�GHVFULEHV�D�UROH�RI�DXWRSKDJ\�LQ�WKH�GHJUDGDWLRQ�

RI� SULRQ� DJJUHJDWHV�� ZLWK� VLPLODU� VWXGLHV� XVLQJ� VPDOO� PROHFXOHV� WR� UHJXODWH�

DXWRSKDJLF�IOX[�VKRZLQJ�PRGXODWHG�3.�UHVLVWDQW�3U3�H[SUHVVLRQ��+RPPD�HW�DO���

������3KDGZDO�HW�DO���������7KHOOXQJ�HW�DO����������)XUWKHUPRUH��WKHUH�LV�VRPH�

VXJJHVWLRQ�RI�D�UROH�RI�SURWHDVRPH�PHGLDWHG�GHJUDGDWLRQ�DOWKRXJK�WKLV�LV�OLNHO\�

UHVWULFWHG�WR�UDUHU�F\WRVROLF�3U3�IRUPV��*RROG�HW�DO���������1XQ]LDQWH�HW�DO�����������

5HODWHG�WUDIILFNLQJ�SDWKZD\V�PD\�DOVR�LQIOXHQFH�WKH�FHOO�WR�FHOO�VSUHDG�RI�SULRQV��

PXOWLSOH� VWXGLHV� KDYH� GHVFULEHG� WKH� SUHVHQFH� RI� GLIIHUHQW� LQIHFWLRXV� 3U36F�

VWUDLQV�ZLWKLQ� H[RVRPHV� �GHULYHG� IURP� ODWH� HQGRVRPHV� SULRU� WR� O\VRVRPDO�

PDWXUDWLRQ��LQ�YDULRXV�FHOO�FXOWXUH�PRGHOV��ZLWK�VWUDLQ�HIIHFWV�RQ�H[RVRPH�UHOHDVH�

SRWHQWLDOO\�FRQWULEXWLQJ�WR�WURSLVP�LQ�GLVHDVH��$EGXOUDKPDQ��$EGHOD]L]��	�6FKDW]O��

������ $UHOODQR�$QD\D� HW� DO��� ������ )HYULHU� HW� DO��� ������� $GGLWLRQDOO\� 3U36F�

WUDQVSRUW� WKURXJK� DFWLQ�FRQWDLQLQJ� PHPEUDQH� FRQQHFWLRQV� WHUPHG� WXQQHOOLQJ�

QDQRWXEHV� KDV� EHHQ� GHVFULEHG� LQ� &$'�� FHOOV� LQ� DVVRFLDWLRQ� ZLWK� HQGRVRPDO�

YHVLFOHV��SURYLGLQJ�DQRWKHU�URXWH�RI�FHOO�WR�FHOO�VSUHDG��9LFWRULD�	�=XU]ROR���������

$OWKRXJK� LW� LV� KLJKO\� OLNHO\� SURWHLQ� WUDIILFNLQJ� WKURXJK� WKH� VHFUHWRU\� DQG�

HQGRO\VRVRPDO� SDWKZD\V� LPSDFWV� SULRQ� SURSDJDWLRQ� DQG� GLVHDVH� SURJUHVVLRQ��

WKH�GLVHDVH�LWVHOI�DSSHDUV�WR�KDYH�D�UHFLSURFDO�HIIHFW�RQ�QRUPDO�FHOO�SK\VLRORJ\��

3ULRQ� LQIHFWLRQ� LQ�GLVHDVH�PRGHOV�VHTXHVWHUV�(5�SURWHLQV�GLVUXSWLQJ�RUJDQHOOH�

LQWHJULW\� DQG� LQGXFLQJ� (5� VWUHVV�� UHGXFHV� PDWXUDWLRQ� RI� O\VRVRPHV� YLD�

SHUWXUEDWLRQ� RI� 5DE�� ORFDOLVDWLRQ�� GLVWXUEV� SRVW�*ROJL� SURWHLQ� WUDQVSRUW� DQG�

LQGXFHV�DXWRSKDJLF�DQG�SURWHDVRPDO�IOX[��0RRNKHUMHH�HW�DO���������2WHUR�HW�DO���

������6KLP��.DUUL��/DZ��6FKDW]O��	�*LOFK��������7KHOOXQJ�HW�DO���������8FKL\DPD�

HW�DO����������)XUWKHUPRUH�VWXGLHV�RI�DOWHUHG�JHQH�DQG�SURWHLQ�H[SUHVVLRQ�LQ�V&-'�

EUDLQ� KDYH� GHPRQVWUDWHG� HQULFKPHQW� RI� VHFUHWRU\� SDWKZD\� DQG� LQWUDFHOOXODU�

WUDQVSRUW� JHQHV�� LQFOXGLQJ� PXOWLSOH� 61$5(� SURWHLQV� RU� LQWHUDFWLRQ� SDUWQHUV��

UHWURPHU� FRPSRQHQWV� DQG� 5DE� SURWHLQV� 5DE�D�� 5DE�� DQG� 5DE��� DV� ZHOO� DV�

GHFUHDVHG�H[SUHVVLRQ�RI�V\QDSWLF�YHVLFOH�SURWHLQV��%DUWROHWWL�6WHOOD�HW�DO���������

)HUUHU��5LYHUD��%ODQFR��	�0DUW��������.RYDFV�HW�DO���������=DIDU�HW�DO����������$�

QXPEHU�RI�WKHVH�KDYH�EHHQ�IRXQG�WR�FRUUHODWH�ZLWK�GLVHDVH�VWDJH��VWUDLQ�W\SH�RU�

FRGRQ�����JHQRW\SH��.RYDFV�HW�DO���������=DIDU�HW�DO����������$OWKRXJK�FDXVH�DQG�

HIIHFW�DUH�KDUG� WR�GHOLQHDWH� LQ� WKHVH�VWXGLHV�� LW� LV�SRVVLEOH� WKDW�SHUWXUEDWLRQ�RI�
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QRUPDO� WUDIILFNLQJ� SDWKZD\V� GXULQJ� LQIHFWLRQ� PD\� LQGXFH� D� SRVLWLYH� IHHGEDFN�

PHFKDQLVP�FRQWULEXWLQJ�WR�WKH�H[SRQHQWLDO�VSUHDG�WKURXJK�WKH�EUDLQ���

$OWKRXJK� D� YDVW� DPRXQW� RI� UHVHDUFK� LQWR� WKH� UROH� RI� LQWUDFHOOXODU� WUDIILFNLQJ�

SDWKZD\V� LQ� SULRQ� GLVHDVHV� KDV� EHHQ� SHUIRUPHG�� WKHUH� VWLOO� UHPDLQV� D� ORW� RI�

TXHVWLRQV�� 7KH� GLVDJUHHPHQW� ZLWKLQ� WKH� OLWHUDWXUH� OLNHO\� FRPHV� GRZQ� WR� D�

VHQVLWLYLW\�WR�H[SHULPHQWDO�VHW�XS�LQFOXGLQJ�FHOO�PRGHO�DQG�SULRQ�VWUDLQ�VWXGLHG��$�

VLJQLILFDQW� LVVXH� LQ� VWXG\LQJ� WKH� VSRUDGLF� GLVHDVH� DOVR� FRPHV� IURP� WKH�

UHTXLUHPHQW�LQ�DOO�PRGHOV�IRU�VHHGLQJ�ZLWK�LQIHFWLRXV�SURWHLQV�WR�LQGXFH�PLVIROGLQJ��

D�PHFKDQLVP�ZKLFK�PD\�QRW� UHSUHVHQW� WKH� VSRQWDQHRXV�HVWDEOLVKPHQW� RI� WKH�

GLVHDVH�LQ�V&-'�SDWLHQWV��7KHUHIRUH�EHWWHU�GLVHDVH�PRGHOV�ZLOO�EH�UHTXLUHG�WR�IXOO\�

XQGHUVWDQG�WKLV�DVSHFW�RI�SULRQ�ELRORJ\��DV�GLVFXVVHG�LQ����VHFWLRQ���������

�����5HODWLRQVKLS�ZLWK�RWKHU�QHXURGHJHQHUDWLYH�
GLVHDVHV�

�������3ULRQ�OLNH�GLVHDVHV�
0RVW�DGXOW�QHXURGHJHQHUDWLYH�GLVHDVHV�DUH�DVVRFLDWHG�ZLWK�SURWHLQ�DJJUHJDWLRQ�

DQG�GHSRVLWLRQ�LQ�WKH�EUDLQ�VLPLODU�WR�3U3�LQ�SULRQ�GLVHDVHV��LQFOXGLQJ�$O]KHLPHU¶V�

GLVHDVH� �$'�� WDX� DQG� ȕ�DP\ORLG��� 3DUNLQVRQ¶V� GLVHDVH� �3'�� Į�V\Q\FOHLQ���

IURQWRWHPSRUDO�GHPHQWLD��)7'��7'3����� WDX�DQG�)86��DQG�DP\RWURSKLF� ODWHUDO�

VFOHURVLV��$/6��7'3�����UHFHQWO\�UHYLHZHG�LQ��-DXQPXNWDQH�	�%UDQGQHU����������

7KHVH�SURWHLQV�RIWHQ� VKDUH� FRPPRQDOLWLHV�ZLWK�3U3�� QRWDEO\�D� VLPLODU� DP\ORLG�

VWUXFWXUH� �FURVV� ȕ�VKHHW���+RZHYHU�� LQ�PRUH� UHFHQW� \HDUV�� RWKHU� VLPLODULWLHV� WR�

SULRQV�KDYH�EHHQ�GHVFULEHG��OHDGLQJ�WR�WKH�LQFUHDVLQJ�XVH�RI�WKH�WHUP�³SULRQ�OLNH´�

RU�³SULRQRLG´�GLVRUGHUV��0RVW�IUHTXHQWO\�WKLV�GHVLJQDWLRQ�LV�GULYHQ�E\�WKH�DSSDUHQW�

DELOLW\�RI�GLVHDVH�DVVRFLDWHG�DJJUHJDWHV�WR�LQGXFH�WKH�VHOI�WHPSODWHG�FRQYHUVLRQ�

RI�FHOOXODU�SURWHLQV�VLPLODU�WR�SULRQV��VHH�VHFWLRQ����������

7KH�DELOLW\�RI�SDWKRORJLFDO�DJJUHJDWHV�WR�WHPSODWH�FRQYHUVLRQ�LQ�SULRQ�GLVHDVHV�LV�

W\SLFDOO\�VWXGLHG�XVLQJ�ERWK� LQ�YLWUR�DVVD\V� �L�H�� WKURXJK�PHDVXULQJ� LQFUHDVH� LQ�

DJJUHJDWHV�IROORZLQJ�DGGLWLRQ�RI�VHHGLQJ�FRPSHWHQW�PDWHULDO�WR�FHOOXODU�SURWHLQ��

DQG� LQ� YLYR� DVVD\V� �L�H�� GHSRVLWLRQ� RI� SURWHLQ� DJJUHJDWHV� DQG� VXEVHTXHQW�

KLVWRSDWKRORJLFDO� GLVHDVH� IROORZLQJ� LQRFXODWLRQ� RI� VHHG� PDWHULDO� LQWR� KRVW�

VSHFLHV���%RWK� LQ�YLWUR�DQG� LQ�YLYR�VWXGLHV�KDYH�VXFFHVVIXOO\�GHPRQVWUDWHG� WKH�

DELOLW\�IRU�WKH�DIRUHPHQWLRQHG�GLVHDVH�DVVRFLDWHG�SURWHLQV�WR�LQGXFH�DJJUHJDWLRQ�
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RI�FHOOXODU�IRUPV��VXSSRUWLQJ�WKLV�FRPPRQ�PHFKDQLVP�DW�OHDVW�XQGHU�H[SHULPHQWDO�

FRQGLWLRQV� �-DXQPXNWDQH�	�%UDQGQHU���������+RZHYHU� WKH�UHOHYDQFH�RI� WKLV� WR�

UHDO�ZRUOG�DHWLRORJ\� LV�XQFOHDU�DQG� WKHUH� LV� OLPLWHG�HYLGHQFH� WR�VXSSRUW�KXPDQ�

WUDQVPLVVLRQ�� ZLWK� WKH� H[FHSWLRQ� RI� ȕ�DP\ORLG�� &ROOLQJH� DQG� FROOHDJXHV� ILUVW�

SXEOLVKHG�REVHUYDWLRQDO�UHSRUWV�RI�IUHTXHQW�ȕ�DP\ORLG�SDWKRORJ\�LQ�WKH�EUDLQV�RI�

LQGLYLGXDOV�GLDJQRVHG�ZLWK�L&-'��DV�D�UHVXOW�RI�WUHDWPHQW�ZLWK�SULRQ�FRQWDPLQDWHG�

FDGDYHULF�KXPDQ�JURZWK�KRUPRQH��L&-'�GHVFULEHG�LQ�VHFWLRQ�����������LQGLFDWLYH�

RI� SUH�FOLQLFDO� FHUHEUDO� DP\ORLG� DQJLRSDWK\� �&$$��� VXJJHVWLQJ� SRVVLEOH�

FRQFXUUHQW� WUDQVPLVVLRQ� RI� ȕ�DP\ORLG� SDWKRORJ\� IURP� WKLV� WUHDWPHQW�

�-DXQPXNWDQH�HW�DO����������7KH\�KDYH�UHFHQWO\�JRQH�RQ�WR�VKRZ�WKDW�WKH�VDPH�

&$$� SDWKRORJ\� FRXOG� EH� WUDQVPLWWHG� IURP� WKH� RULJLQDO� JURZWK� KRUPRQH�

SUHSDUDWLRQV� WR�PLFH� H[SUHVVLQJ� KXPDQLVHG� DP\ORLG� SUHFXUVRU� SURWHLQ� �$33���

VWURQJO\�VXSSRUWLQJ�WKH�SUHVHQFH�RI�FRQWDPLQDWLQJ�VHHGLQJ�FRPSHWHQW�ȕ�DP\ORLG�

GULYLQJ�SDWKRORJ\�LQ�WKHVH�SDWLHQWV��3XUUR�HW�DO����������

$ORQJ�ZLWK�WHPSODWHG�DJJUHJDWLRQ��WKHUH�DUH�RWKHU�GHILQLQJ�IHDWXUHV�ZKLFK�VKRXOG�

EH�FRQVLGHUHG�ZKHQ�FRPSDULQJ�RWKHU�GLVHDVHV�WR�FDQRQLFDO�SULRQ�GLVHDVHV��7KLV�

LQFOXGHV� WKH� SUHVHQFH� RI� GLIIHUHQW� VWUDLQV� ZLWK� GLVWLQFW� VWUXFWXUDO� DQG� FOLQLFDO�

GHILQLWLRQV�� 7KH� K\SRWKHVLV� WKDW� GLIIHUHQW� VWUDLQV� DOVR� GHILQH� DOWHUQDWLYH�

FOLQLFRSDWKRORJLFDO�SKHQRW\SHV�ZLWKLQ�RWKHU�QHXURGHJHQHUDWLYH�GLVHDVH�FODVVHV�

LV� EHLQJ� LQFUHDVLQJO\� H[SORUHG�� )RU� H[DPSOH� WKHUH� LV� QRZ� FRPSUHKHQVLYH�

HYLGHQFH� IURP� ERWK� FHOO�EDVHG� DQG� PRXVH� PRGHOV� WKDW� GLIIHUHQW� WDXRSDWKLHV��

LQFOXGLQJ�SURJUHVVLYH�VXSUDQXFOHDU�SDOV\��363���FRUWLFREDVDO�GHJHQHUDWLRQ�DQG�

DUJ\URSKLOLF�JUDLQ�GLVHDVH��DUH�DEOH�WR�LQGXFH�UHOHYDQW�QHXURSDWKRORJLFDO�IHDWXUHV�

XSRQ�WUDQVPLVVLRQ�DQG�SUHVHQW�GLVWLQFW�ELRFKHPLFDO�FKDUDFWHULVWLFV�ZKLFK�FDQ�EH�

VHULDOO\�SURSDJDWHG��UHYLHZHG�LQ��9DTXHU�$OLFHD��'LDPRQG��	�-RDFKLPLDN����������

/DQGPDUN�VWXGLHV�KDYH�QRZ�UHVROYHG�KLJK�UHVROXWLRQ�VWUXFWXUHV�REWDLQHG�E\�FU\R�

(0�RI�WDX�ILEULOV�IURP�PXOWLSOH�WDXRSDWKLHV�KLJKOLJKWLQJ�FOHDU�VWUXFWXUDO�GLIIHUHQFHV��

VXSSRUWLQJ� WKH� SUHVHQFH� RI� DOWHUQDWLYH� WDX� FRQIRUPDWLRQV� DQG� WKXV� VWUDLQV� LQ�

GLVHDVH��)DOFRQ�HW�DO���������)DOFRQ�HW�DO���������)LW]SDWULFN�HW�DO����������

$OWKRXJK�WKH�WHUP�³SULRQ´�ZDV�RULJLQDOO\�GHILQHG�RQO\�DV�D�GLVHDVH�LQ�ZKLFK�SURWHLQ�

LV� DQ� HVVHQWLDO� FRPSRQHQW�� WKH� VLQFH� FKDUDFWHULVDWLRQ� RI� SULRQ� GLVHDVHV� DV�

WUDQVPLVVLEOH�DQG�LQIHFWLRXV�QHXURGHJHQHUDWLYH�GLVHDVHV�PHDQV�FDXWLRQ�PXVW�EH�

WDNHQ� ZKHQ� PDNLQJ� WKHVH� FRPSDULVRQV�� HVSHFLDOO\� GXH� WR� WKH� SXEOLF� KHDOWK�
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FRQFHUQV�DVVRFLDWHG�ZLWK�SULRQ�GLVHDVHV��)XWXUH�UHVHDUFK�ZLOO�GHWHUPLQH�ZKHWKHU�

DQ� DELOLW\� WR� VHHG� SURWHLQ� DJJUHJDWLRQ� HTXDWHV� WR� XQGLDJQRVHG� KXPDQ�

WUDQVPLVVLRQ� IRU� RWKHU� QHXURGHJHQHUDWLYH� GLVHDVHV�� DQG� FRQVHTXHQWLDOO\� KRZ�

³SULRQ�OLNH´�WKHVH�GLVHDVHV�DUH���

�������,QWHUDFWLRQ�ZLWK�3U3��
7KH� UHTXLUHPHQW�RI�3U3&� IRU� LQIHFWLYLW\�DQG�QHXURWR[LFLW\�PHGLDWHG�E\�GLVHDVH�

DVVRFLDWHG�3U3�DJJUHJDWHV�LQ�SULRQ�GLVHDVHV�LV�QRZ�ZHOO�HVWDEOLVKHG��+RZHYHU�

PRUH�UHFHQW�VWXGLHV�KDYH�DOVR�LPSOLFDWHG�D�UROH�RI�3U3&�LQ�WKH�SDWKRJHQHVLV�RI�

UHODWHG� QHXURGHJHQHUDWLYH� GLVHDVHV�� ZKLFK�� VLPLODUO\� WR� 3U3�DJJUHJDWHV�� DOVR�

VHHPV�WR�EH�PHGLDWHG�SUHGRPLQDQWO\�E\�D�GLUHFW�SURWHLQ�LQWHUDFWLRQ��UHYLHZHG�LQ�

�/HJQDPH� 	� 6FLDOR�� �������� $Q� LQWHUDFWLRQ� RI� 3U3&� ZLWK� ȕ�DP\ORLG� ZDV� ILUVW�

KLJKOLJKWHG� LQ� DQ� H[SUHVVLRQ� FORQLQJ� VFUHHQ� RI� DGXOW� PRXVH� EUDLQ� F'1$V� IRU�

SXWDWLYH� LQWHUDFWRUV�RI�V\QWKHWLF�ROLJRPHUV��QDPHO\�DP\ORLG�ȕ�GHULYHG�GLIIXVLEOH�

OLJDQGV� �$''/V��� LQ� &26��� FHOOV� �/DXUHQ�� *LPEHO�� 1\JDDUG�� *LOEHUW�� 	�

6WULWWPDWWHU���������7KLV�KLJK�DIILQLW\�LQWHUDFWLRQ�ZLWK�WKH�3U3&�1�WHUPLQDO�LV�QRZ�

ZLGHO\�DSSUHFLDWHG�DQG�KDV�EHHQ�VKRZQ�WR�PHGLDWH�DW�OHDVW�VRPH�RI�ȕ�DP\ORLG¶V�

QHXURWR[LF�HIIHFWV� LQ�YLWUR�DQG� LQ�YLYR�� LQFOXGLQJ� ORQJ�WHUP�SRWHQWLDWLRQ�GHILFLWV��

GHQGULWLF�ORVV�DQG�PHPRU\�LPSDLUPHQWV��&RUEHWW�HW�DO���������)UHLU�HW�DO���������

*LPEHO� HW� DO��� ������� ,QWHUHVWLQJO\� WKHUH� LV� DOVR� FRQYHUVH� HYLGHQFH� WR� VXJJHVW�

VKHG�3U3�DQG�1��Į�FOHDYDJH�IUDJPHQWV�DUH�SURWHFWLYH�DJDLQVW�WR[LF�ȕ�DP\ORLG��

SRWHQWLDOO\�E\�UHGXFLQJ�VXUIDFH�3U3&�H[SUHVVLRQ�DV�D�WR[LF�UHFHSWRU��RU�WR�LQKLELW�

H[WUDFHOOXODU�DJJUHJDWHV�SULRU�WR�ELQGLQJ�DW�WKH�FHOO�VXUIDFH��)OXKDUW\�HW�DO���������

6FRWW�0F.HDQ�HW�DO����������

7KH�LGHQWLILFDWLRQ�RI�3U3&�DV�D�WR[LF�UHFHSWRU�IRU�SDWKRORJLFDO�ȕ�DP\ORLG�KDV�VLQFH�

GULYHQ�VLPLODU�VWXGLHV�RI�RWKHU�QHXURGHJHQHUDWLRQ�DVVRFLDWHG�SURWHLQ�DJJUHJDWHV��

$� GLUHFW� LQWHUDFWLRQ� RI� 3U3&� ZLWK� WDX� DQG� Į�V\QXFOHLQ� ROLJRPHUV� KDV� EHHQ�

UHSHDWHGO\�GHVFULEHG�LQ�YLWUR�DQG�LQ�YLYR��WKRXJKW�WR�RFFXU�DW�WKH�VDPH�VLWH�DV�ȕ�

DP\ORLG��&RUEHWW�HW�DO����������7KLV�LQWHUDFWLRQ�FRQWULEXWHV�DJDLQ�WR�VRPH�RI�WKH�

QHXURWR[LF� HIIHFWV� RI� WKHVH� SUHSDUDWLRQV�� LQFOXGLQJ� V\QDSWLF� SODVWLFLW\� DQG�

EHKDYLRXUDO�GHIHFWV��&RUEHWW�HW�DO���������'��*��)HUUHLUD�HW�DO���������2QGUHMFDN�

HW�DO����������$�UHFHQW�SXEOLFDWLRQ�KDV�DOVR�LPSOLFDWHG�3U3&�LQ�7'3����SDWKRORJ\�

EXW�WKLV�UHTXLUHV�IXUWKHU�H[SORUDWLRQ��6FLDOR�HW�DO����������)RU�WKHVH�LQWUDFHOOXODU�

DJJUHJDWHV��FHOO�FXOWXUH�EDVHG�VWXGLHV�KDYH�KLJKOLJKWHG�D�SXWDWLYH�UROH�RI�3U3&�LQ�
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WKH� XSWDNH� RI� WKHVH� SDWKRORJLFDO� SURWHLQV� LQWR� FHOOV�� SRWHQWLDOO\� PHGLDWLQJ� WKLV�

QHXURWR[LFLW\� �$XOLF� HW� DO��� ������ 'H� &HFFR� HW� DO��� ������ 6FLDOR� HW� DO��� �������

$OWKRXJK�IXUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�GHWHUPLQH�ZKHWKHU�WKH�WR[LF�PHFKDQLVP�

DVVRFLDWHG�ZLWK�WKLV�LQWHUDFWLRQ�LV�WKH�VDPH�LQ�DOO�LQVWDQFHV��WKH�GLUHFW�LPSOLFDWLRQ�

RI�3U3&�LQ�PXOWLSOH�QHXURGHJHQHUDWLYH�GLVHDVHV�KLJKOLJKWV�WKH�H[FLWLQJ�SRVVLELOLW\�

RI�D�FRPPRQ�WKHUDSHXWLF�LQWHUYHQWLRQ�IRU�WKHVH�XQWUHDWDEOH�GLVRUGHUV��

�����6\QWD[LQ���

7KLV�WKHVLV�GHVFULEHV�WKH�LGHQWLILFDWLRQ�RI�QRQ�3513�ULVN�IDFWRUV�IRU�V&-'�WKURXJK�

D�UHSOLFDWHG�*:$6��VHFWLRQ���������7KLV�DQG�VXEVHTXHQW�H[SORUDWLRQ�KLJKOLJKWV�

67;��DV�D�ULVN�JHQH�DVVRFLDWHG�ZLWK�WKLV�GLVHDVH��67;��HQFRGHV�V\QWD[LQ���RQ�

FKURPRVRPH����D�����DPLQR�DFLG�61$5(�SURWHLQ�LPSOLFDWHG�LQ�YHVLFOH�WUDIILFNLQJ��

SULPDULO\�GXULQJ�UHWURJUDGH�WUDQVSRUW�EHWZHHQ�HDUO\�HQGRVRPHV�DQG�WKH�*ROJL��

�������6\QWD[LQ���DV�D�UHWURJUDGH�WUDQVSRUW�61$5(��

���������,GHQWLILFDWLRQ�RI�V\QWD[LQ���
7KH� UHTXLUHPHQW� RI� YHVLFXODU� VWUXFWXUHV� IRU� SURWHLQ� WUDQVSRUW� KDV� ORQJ� EHHQ�

DSSUHFLDWHG�VLQFH�WKH�ILUVW�VWXGLHV�RI�RUJDQHOOHV�E\�*HRUJH�3DODGH�LQ�WKH�����V��

KRZHYHU� DW� WKLV� SRLQW� WKH� PHFKDQLVPV� XQGHUO\LQJ� WUDQVSRUW� EHWZHHQ� VSHFLILF�

FHOOXODU�FRPSDUWPHQWV�ZDV�QRW�FOHDU��3DODGH���������3LRQHHULQJ�ZRUN�E\�-DPHV�

5RWKPDQ�RYHU�WKH�VXFFHHGLQJ�WKUHH�GHFDGHV�OHG�WR�WKH�LGHQWLILFDWLRQ�RI�PXOWLSOH�

NH\�FRPSRQHQWV�RI�WKH�YHVLFOH�GRFNLQJ�DQG�IXVLRQ�PDFKLQHU\��5HFRQVWLWXWLRQ�RI�

YHVLFOH�WUDQVSRUW�LQ�D�FHOO�IUHH�HQYLURQPHQW�DQG�LWV�VHQVLWLYLW\�WR�DON\ODWLQJ�UHDJHQW�

1�HWK\OPDOHLPLGH�OHG�WR�LGHQWLILFDWLRQ�RI�1�HWK\OPDOHLPLGH�VHQVLWLYH�IXVLRQ�SURWHLQ�

�16)�� DQG� ELQGLQJ� SDUWQHU� V\QDSWRVRPDO�DVVRFLDWHG� SURWHLQ� �61$3�� DV�

IXQGDPHQWDO� FRPSRQHQWV� RI� WKH� WUDIILFNLQJ�PDFKLQHU\� �)LJXUH� ��� �%ORFN��*OLFN��

:LOFR[��:LHODQG��	�5RWKPDQ��������&ODU\��*ULII��	�5RWKPDQ���������7KH�F\WRVROLF�

QDWXUH� RI� WKHVH� SURWHLQV� GURYH� IXUWKHU� H[SORUDWLRQV� IRU� DQ� LQWHJUDO� PHPEUDQH�

SURWHLQ� WKRXJKW� WR�EH�UHTXLUHG� WR�GULYH� IXVLRQ��3XULILFDWLRQ�RI�³61$3�UHFHSWRUV´�

�61$5(V��IURP�EUDLQ�KRPRJHQDWH�LQ������WKURXJK�VSHFLILF�ELQGLQJ�WR�$73�ERXQG�

16)�DQG�Į�61$3��GHQRWHG�WKH���6�FRPSOH[��OHG�WR�FODVVLILFDWLRQ�RI�SUHYLRXVO\�

LGHQWLILHG� V\QWD[LQ�� 61$3���� �ORFDOLVHG� WR� SODVPD� PHPEUDQHV�� DQG� 9$03�

�ORFDOLVHG�WR�V\QDSWLF�YHVLFOHV��DV�61$5(�SURWHLQV�DQG�SURSRVDO�RI�WKH�61$5(�

K\SRWKHVLV�RI�PHPEUDQH�IXVLRQ��6ROOQHU�HW�DO����������
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)LJXUH����0HFKDQLVP�RI�61$5(�PHGLDWHG�YHVLFOH�GRFNLQJ�DQG�IXVLRQ��
'XULQJ�WUDQVSRUW��61$5(�SURWHLQV�ZLWKLQ�WKH�PHPEUDQH�ELOD\HU�RI�YHVLFOHV��Y�61$5(V�
RU�5�61$5(V��LQWHUDFW�ZLWK�61$5(�SURWHLQV�RQ�WKH�PHPEUDQH�RI�WKHLU�LQWHQGHG�WDUJHW�
FRPSDUWPHQW��W�61$5(V�RU�4�61$5(V���=LSSHULQJ�RI�FRUUHVSRQGLQJ�61$5(�GRPDLQV�
LQ� D� KLJKO\� HQHUJHWLF� FRQIRUPDWLRQDO� UHDUUDQJHPHQW� EULQJV�PHPEUDQHV� LQ� VXIILFLHQWO\�
FORVH� SUR[LPLW\� IRU� ELOD\HU� IXVLRQ�� JHQHUDWLQJ� D� IXVLRQ� SRUH� DOORZLQJ� SURWHLQ� WUDQVSRUW�
EHWZHHQ� FRPSDUWPHQWV�� 7KH� UHVXOWLQJ� FLV�61$5(� FRPSOH[� LV� UHOHDVHG� ZLWK� WKH�
VFDIIROGHG�UHFUXLWPHQW�RI�16)��1�HWK\O�PDOHLPLGH�VHQVLWLYH�IXVLRQ�SURWHLQ��$73DVH�E\�
Į�61$3��VROXEOH�16)�DWWDFKPHQW�SURWHLQ��DGDSWRU�SURWHLQ��UHOHDVLQJ�WKH�FRPSOH[�DQG�
DOORZLQJ�61$5(V�WR�EH�UHF\FOHG�IRU�VXFFHVVLYH�IXVLRQ�HYHQWV��)LJXUH�DGDSWHG�IURP��5L]R�
	�6XGKRI���������)LJXUH�JHQHUDWHG�ZLWK�ELRUHQGHU�FRP��
�

6\QWD[LQ���ZDV�ILUVW�LGHQWLILHG�LQ������E\�%RFN�DQG�FROOHDJXHV�GXH�WR�LWV�VHTXHQFH�

KRPRORJ\�WR�D�\HDVW�V\QWD[LQ�3HS��S�ZLWK�D�UROH� LQ�*ROJL� WR�YDFXROH�WUDQVSRUW�

�%RFN��/LQ��	�6FKHOOHU���������$QDO\VLV�RI�WKH�����DPLQR�DFLG�VHTXHQFH�SUHGLFWHG�

VWUXFWXUHV� VLPLODU� WR� RWKHU� PDPPDOLDQ� V\QWD[LQV�� LQFOXGLQJ� D� &�WHUPLQDO�

K\GURSKRELF� UHJLRQ� �UHVLGXHV� ��������� OLNHO\� WR� IRUP� DQ� LQWHJUDO� PHPEUDQH�

DQFKRU��DV�ZHOO�DV�WZR�VHTXHQFHV�FRPSXWDWLRQDOO\�SUHGLFWHG�WR�IRUP�FRLOHG�FRLO�

VWUXFWXUHV�DW�GLVWLQFW�HQGV�RI� WKH�SURWHLQ��UHVLGHV�������DQG�����������61$5(�

SURWHLQ� LGHQWLW\� ZDV� FRQILUPHG�ZLWK� ELQGLQJ� WR� FDQRQLFDO� SDUWQHUV� LQFOXGLQJ� Į�

61$3��

$ORQJVLGH� WKLV� LQLWLDO� FKDUDFWHULVDWLRQ�� %RFN� HW� DO� DOVR� FRQILUPHG� V\QWD[LQ��� WR�

ORFDOLVH�WR�*ROJL�VWUXFWXUHV�LQ�FHOO�FXOWXUH�GXH�LWV�FRORFDOLVDWLRQ�ZLWK�NQRZQ�*ROJL�

UHVLGHQW� SURWHLQV�� VXSSRUWHG� WKH� IROORZLQJ� \HDU� E\� LPPXQR�(0� GHPRQVWUDWLQJ�

V\QWD[LQ��� LQ� FODWKULQ�FRDWHG�*ROJL� VWUXFWXUHV�� DV�ZHOO� DV� WR� D� OHVVHU� H[WHQW� LQ�

YDULRXV� VPDOOHU� SHULSKHUDO� YHVLFOHV� RXWVLGH� RI� WKH� SHULQXFOHDU� UHJLRQ� �%RFN��

.OXPSHUPDQ��'DYDQJHU�� 	�6FKHOOHU�� ������%RFN� HW� DO��� ������� 7KLV� OHG� WR� WKH�

SURSRVDO�RI�D�UROH�RI�V\QWD[LQ��� LQ� WKH� WUDQVSRUW�RI�SURWHLQV�EHWZHHQ�WKH� WUDQV�
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*ROJL�QHWZRUN��7*1��DQG�HQGRVRPHV��VXSSRUWHG�VXEVHTXHQWO\�E\�OLYH�LPDJLQJ�RI�

ODEHOOHG�YHVLFOHV�WUDIILFNLQJ�EHWZHHQ�WKHVH�WZR�FRPSDUWPHQWV�LQ�15.�FHOOV��/DWHU�

GHPRQVWUDWLRQ� RI� WKH� UHTXLUHPHQW� RI� V\QWD[LQ��� IRU� WKH� WUDQVSRUW� RI� FDQRQLFDO�

UHWURJUDGH�FDUJR�VXFK�VKLJD�WR[LQ�DQG�7*1���IURP�HDUO\�HQGRVRPHV�WR�WKH�7*1��

ZKLFK� KDYH� VLQFH� EHHQ� UREXVWO\� UHSOLFDWHG� LQ� PXOWLSOH� FHOO� OLQHV�� VHFXULQJ� D�

FRPPRQ� UROH� RI� V\QWD[LQ��� LQ� UHWURJUDGH� SURWHLQ� WUDQVSRUW� �&KDR� HW� DO��� ������

.XOLDZDW�HW�DO���������/LHX�HW�DO���������0DOODUG�HW�DO����������

���������6\QWD[LQ���VWUXFWXUH�
7KH�FRPPRQ�VWUXFWXUH�RI�WKH�61$5(�SURWHLQV�ZLWK�DQ�LQWHJUDO�PHPEUDQH�GRPDLQ�

DQG� DQ� H[WHQVLRQ� LQWR� WKH� F\WRSODVP� LQGLFDWHG� WKDW� DQ� LQWHUDFWLRQ� EHWZHHQ�

FRUUHVSRQGLQJ�F\WRSODVPLF�GRPDLQV�PD\�GULYH�YHVLFOH�GRFNLQJ�DQG�VXEVHTXHQW�

IXVLRQ��/DQGPDUN�UHDOLVDWLRQ�RI�D�61$5(�FRPSOH[�VWUXFWXUH�E\�%UXQJHU�DQG�-DKQ�

LQ� ����� XVLQJ� ;�UD\� FU\VWDOORJUDSK\� OHQW� VXSSRUW� WR� WKLV� K\SRWKHVLV�� DV� WKH\�

GHPRQVWUDWHG�D�³SLQ�OLNH´�VWUXFWXUH�RI�IRXU�SDUDOOHO�Į�KHOLFHV��VXJJHVWLQJ�WKDW�WKH�

LQWHUWZLQLQJ� RI� FRPSOHPHQWDU\�61$5(�SURWHLQV� GULYHV� ELOD\HU� IXVLRQ��6LQFH�� D�

QXPEHU�RI�61$5(�SURWHLQ� FRPSOH[HV�KDYH�EHHQ�GHVFULEHG�DFWLQJ� LQ�GLIIHUHQW�

VXEFHOOXODU�FRPSDUWPHQWV��LQFOXGLQJ�D�FDQRQLFDO�61$5(�FRPSOH[�RI�V\QWD[LQ���

DW�WKH�7*1�ZLWK�9WL�D��9$03��DQG�V\QWD[LQ����LQ�ERWK�SHULSKHUDO�DQG�QHXURQDO�

FHOO� OLQHV�DQG� LQ�PXULQH�EUDLQ� WLVVXH��ZLWK�HYLGHQFH�RI�DGGLWLRQDO�HQULFKPHQW� LQ�

V\QDSWLF�UHJLRQV��)HOGPDQQ��:LQWHUVWHLQ��:KLWH��7URWWHU��	�.UDPHU�$OEHUV��������

.UH\NHQERKP��:HQ]HO��$QWRQLQ��	�$WODFKNLQH��������6WHHJPDLHU��.OXPSHUPDQ��

)ROHWWL��<RR��	�6FKHOOHU��������;X�HW�DO�����������

:LWK�WKH�GHVFULSWLRQ�RI�LQFUHDVLQJ�QXPEHUV�RI�61$5(�SURWHLQV��D�FRQVHUYHG����

FRLOHG�FRLO� DPLQR� DFLG� PRWLI� ZDV� GHVFULEHG� DQG� GHQRWHG� WKH� ³61$5(� PRWLI´��

VXEVHTXHQWO\� FRQILUPHG� WR� PHGLDWH� LQWHUDFWLRQV� WR� GULYH� PHPEUDQH� IXVLRQ�

�:HLPEV�HW�DO����������7KLV�OHG�WR�WKH�FODVVLILFDWLRQ�RI�V\QWD[LQ���LQ�WKH�61$3���

&�IDPLO\�RI�61$5(�SURWHLQV�GXH� WR�VHTXHQFH�KRPRORJ\�RI� WKLV�FULWLFDO�GRPDLQ�

�%RFN��0DWHUQ��3HGHQ��	�6FKHOOHU�� ������0LVXUD��%RFN��*RQ]DOH]��6FKHOOHU��	�

:HLV���������61$5(�SURWHLQV�FDQ�DOVR�EH�FODVVLILHG�DV�4��RU�5�61$5(V�EDVHG�

RQ�WKH�SUHVHQFH�RI�D�NH\�JOXWDPLQH�RU�DUJLQLQH�UHVLGXH�LQ�WKH�61$5(�KHOL[��ZLWK�

4�61$5(V� IXUWKHU� GHQRWHG� DV� 4D�� 4E� RU� 4F� GHSHQGLQJ� RQ� WKHLU� ORFDOLVDWLRQ�

ZLWKLQ�WKH�IRXU�KHOL[�EXQGOH��)DVVKDXHU��6XWWRQ��%UXQJHU��	�-DKQ���������'XH�LWV�

61$3���&�KRPRORJ\��V\QWD[LQ���LV�FODVVHG�DV�D�4F�61$5(��
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6RRQ� DIWHU� WKH� LQLWLDO� 61$5(� VWUXFWXUH� ZDV� UHDOLVHG�� KLJK� UHVROXWLRQ� FU\VWDO�

VWUXFWXUHV�ZHUH�REWDLQHG�IRU�WKH�1�WHUPLQDO�UHJLRQ�RI�V\QWD[LQ����UHVLGXHV��������

�0LVXUD�HW�DO����������+HUH�0LVXUD�HW�DO�GHPRQVWUDWHG�D�WKUHH�KHOLFDO�DQWL�SDUDOOHO�

EXQGOH��GHQRWHG�+DEF��D���±�����E����±�����F����±������VWUXFWXUDOO\�HTXLYDOHQW�WR�

WKDW� IRU� V\QWD[LQ��D�� VXUSULVLQJ� GXH� WR� ZHDN� VHTXHQFH� KRPRORJ\� �)LJXUH� ����

+RZHYHU��XQOLNH�V\QWD[LQ��D�DQG�RWKHU�61$5(�SURWHLQV��WKLV�1�WHUPLQXV�GLG�QRW�

VKRZ�HYLGHQFH�RI�UHJXODWRU\� LQWHUDFWLRQV�ZLWK�WKH�61$5(�GRPDLQ��,QVWHDG�WKLV�

UHJLRQ� OLNHO\� UHJXODWHV� SURWHLQ� IXQFWLRQ� GLVWLQFWO\�� YLD� LQWHUDFWLRQV� ZLWK� RWKHU�

SURWHLQV�VXFK�DV�Į�61$3��DQG�FRQWULEXWHV�WR�LWV�ORFDOLVDWLRQ��%RFN�HW�DO����������

V\QWD[LQ��� 1�WHUPLQDO� UHJLRQ� LV� UHTXLUHG� WR� GLUHFW� ORFDOLVDWLRQ� RI� UHFRQVWLWXWHG�

OLSRVRPHV�WR�*ROJL�GHULYHG�YHVLFOHV��.RLNH�	�-DKQ���������$Q�DGGLWLRQDO�<*5/�

PRWLI�ORFDWHG�EHWZHHQ�WKH�1�WHUPLQDO�KHOLFHV�DQG�WKH�61$5(�PRWLI�DGGLWLRQDOO\�

FRQWULEXWHV�WR�7*1�ORFDOLVDWLRQ��DW�OHDVW�LQ�DGLSRF\WHV��:DWVRQ�	�3HVVLQ����������

�

)LJXUH����6WUXFWXUH�RI�V\QWD[LQ���61$5(�SURWHLQ�DQG�SXWDWLYH�LQWHUDFWRUV��
6\QWD[LQ���LV�D�����DPLQR�DFLG�SURWHLQ�FRPSULVHG�RI�WZR�FRLOHG�FRLO�UHJLRQV��RQH�ZLWKLQ�
WKH� 1�WHUPLQXV� FRQVWLWXWLQJ� WKUHH� LQGHSHQGHQW� KHOLFHV� �+D�F�� UHG�� WHUPHG� WKH� +DEF�
GRPDLQ��DQG�DQRWKHU�ZLWKLQ�WKH�61$5(�PRWLI��DOVR�FDOOHG�+���FODVVLILHG�DV�4F�GXH�WR�D��
FRQVHUYHG�JOXWDPLQH�UHVLGXH��EOXH���$�K\GURSKRELF�UHJLRQ�DW� WKH�&�WHUPLQDO�DFWV�DV�D�
WUDQVPHPEUDQH�DQFKRU��70��JUHHQ���7KH�SUHVHQFH�RI�<*5/�PRWLI�LQ�WKH�PLGGOH�UHJLRQ�
LV�WKRXJKW�WR�EH�IXQFWLRQDOO\�LPSRUWDQW�IRU�ORFDOLVDWLRQ��$�QXPEHU�RI�ELQGLQJ�SDUWQHUV�KDYH�
EHHQ�GHVFULEHG�DV�LQGLFDWHG�EHORZ��LQFOXGLQJ�D�QXPEHU�RI�GLIIHUHQW�61$5(�FRPSOH[HV�
DQG�RWKHUV�ZKHUH�QR�ELQGLQJ�VLWH�KDV�EHHQ�GHILQHG��XQGHILQHG���*$53��*ROJL�DVVRFLDWHG�
UHWURJUDGH� SURWHLQ� FRPSOH[�� ($53�� HQGRVRPH�DVVRFLDWHG� UHF\FOLQJ� SURWHLQ� FRPSOH[��
&2*��FRQVHUYHG�ROLJRPHULF�*ROJL�FRPSOH[��)LJXUH�DGDSWHG�IURP��-XQJ��,QDPGDU��7LZDUL��
	�&KRXGKXU\���������
�

���������5HJXODWLRQ�DW�WKH�WUDQV�*ROJL�QHWZRUN��7*1��
2YHU�WKH�ODVW�IHZ�GHFDGHV��IXUWKHU�H[SORUDWLRQ�RI�WKH�IXQFWLRQ�RI�V\QWD[LQ���DW�WKH�

7*1�KDV� LGHQWLILHG� D� QXPEHU� RI� QHWZRUNV�ZKLFK� OLNHO\� FRQWULEXWH� WR� LWV� UROH� LQ�

UHWURJUDGH�WUDQVSRUW��)LUVWO\��PXOWLSOH�VWXGLHV�KDYH�GHPRQVWUDWHG�DQ� LQWHUDFWLRQ�

EHWZHHQ� V\QWD[LQ��� DQG� PHPEHUV� RI� WKH� *ROJL�DVVRFLDWHG� UHWURJUDGH� SURWHLQ�
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�*$53��FRPSOH[��D�PXOWL�VXEXQLW�WHWKHULQJ�FRPSOH[�FRPSULVHG�RI�IRXU�VXEXQLWV�

�9SV���$QJ���9SV����9SV���DQG�9SV����UHTXLUHG�IRU�UHWURJUDGH�WUDQVSRUW�IURP�

ERWK�ODWH�DQG�HDUO\�HQGRVRPHV�WR�WKH�7*1��&RQLEHDU�	�6WHYHQV���������,Q�\HDVW�

D� WZR�K\EULG� VFUHHQ� DQG� LQ� YLWUR� H[SHULPHQWV� LGHQWLILHG� 7OJ�S� �V\QWD[LQ���

KRPRORJXH�� DV� DQ� LQWHUDFWRU� RI� *$53� VXEXQLW� 9SV���� VLQFH� FKDUDFWHULVHG� LQ�

KXPDQ�FHOOV�DV�DQ�LQWHUDFWLRQ�EHWZHHQ�$QJ���PDPPDOLDQ�9SV���KRPRORJXH��ZLWK�

WKH�1�WHUPLQDO�+DEF�GRPDLQ�RI�V\QWD[LQ����$EDVFDO�3DODFLRV��6FKLQGOHU��5RMDV��

%RQLIDFLQR��	�+LHUUR��������&RQLEHDU��&OHFN��	�6WHYHQV��������3HUH]�9LFWRULD�	�

%RQLIDFLQR�� ������ 3HUH]�9LFWRULD� HW� DO��� ������� 7KLV� LQWHUDFWLRQ� UHFUXLWV� DQG�

VWDELOLVHV� WKH� FDQRQLFDO� V\QWD[LQ��� 61$5(� FRPSOH[� DW� WKH� 7*1� ERWK� LQ� FHOO�

PRGHOV� DQG� UHFRQVWLWXWHG� V\VWHPV� �.RLNH� 	� -DKQ�� ������ 3HUH]�9LFWRULD� 	�

%RQLIDFLQR�� ������� $GGLWLRQDO� LQWHUDFWRUV� RI� ERWK� V\QWD[LQ��� DQG� WKH� *$53�

FRPSOH[� LQFOXGLQJ� 6+,3���� �XQFKDUDFWHULVHG� SURWHLQ� FRPSOH[� UHJXODWHG� E\�

V\QWD[LQ���H[SUHVVLRQ���WKH�FRQVHUYHG�ROLJRPHULF�*ROJL��&2*��FRPSOH[��&2*��

DQG� &2*��� DQRWKHU� PXWOL�VXEXQLW� *ROJL� WHWKHULQJ� FRPSOH[�� DQG� OHXFLQH�ULFK�

UHSHDW�NLQDVH����/55.���GLYHUVH�IXQFWLRQ�LQ�WKH�HQGRO\VRVRPDO�V\VWHP��VXJJHVW�

D�FRPSOH[�QHWZRUN�RI�WZR�ZD\�LQWHUDFWLRQV�UHJXODWLQJ�SURWHLQ�IXQFWLRQ�DQG�YHVLFOH�

WUDIILFNLQJ� WR� WKLV�VLWH� �%HLOLQD�HW�DO���������/DXIPDQ��+RQJ��	�/HY��������2WWR��

5D]L�� 0RUYDQ�� 6WHQQHU�� 	� 7RR]H�� ������ :LOOHWW� HW� DO��� ������� &RRUGLQDWLRQ� RI�

V\QWD[LQ��� E\� DGGLWLRQDO� UHVLGHQW� SURWHLQV� LQFOXGLQJ� JROJLQ�*&&��� DQG� VRUWLOLQ�

KHOS�GHOLQHDWH�WKH�FRPSOH[LW\�RI�WKLV�UHJXODWRU\�SDWKZD\��+DWDNH\DPD�	�.DQ]DNL��

������/LHX�HW�DO����������)LQDOO\��HYLGHQFH�VXJJHVWV�FKROHVWHURO�DOVR�PRGXODWHV�

V\QWD[LQ��� ORFDOLVDWLRQ� WR� WKH� 7*1�� ZLWK� RQH� VWXG\� UHSHDWHGO\� GHPRQVWUDWLQJ�

UHGXFHG�*ROJL� FKROHVWHURO� �WKURXJK� DFFXPXODWLRQ� LQ� ODWH� HQGRVRPHV�� UHGXFHV�

V\QWD[LQ��� ORFDOLVDWLRQ� DW� WKH� WKLV� VLWH� �5HYHUWHU�� 5HQWHUR�� *DUFLD�0HOHUR�� 	�

+RTXH���������7KHVH�GLYHUVH�DQG�QXPHURXV�UHJXODWRU\�PHFKDQLVPV�LQGLFDWH�WKH�

UROH�RI�V\QWD[LQ���DW� WKH�7*1�LV�D�FULWLFDO�FRPSRQHQW�RI�HQGRO\VRVRPDO�YHVLFOH�

WUDIILFNLQJ��

6RPH�HYLGHQFH�VXJJHVWV�V\QWD[LQ���SOD\V�D�FRRSHUDWLYH�UROH�DW�WKH�7*1�ZLWK�LWV�

SUHVHQFH�QRW�RQO\�UHJXODWHG�E\�*ROJL�LQWHUDFWLRQV��EXW�DOVR�LWVHOI�PRGXODWLQJ�VRPH�

DGGLWLRQDO�*ROJL�IXQFWLRQV�DVLGH�IURP�UHWURJUDGH�SURWHLQ�WUDQVSRUW��7KHUH�LV�OLPLWHG�

HYLGHQFH�WR�VXJJHVW�D�IXQFWLRQ�LQ�PDLQWDLQLQJ�WKH�*ROJL�PHPEUDQH�VWUXFWXUH�IRU�

H[DPSOH��ZLWK� NQRFNGRZQ�RI� V\QWD[LQ��� DQG� LW¶V� FDQRQLFDO�61$5(�SDUWQHUV� LQ�
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+HOD�FHOOV�LQGXFLQJ�VRPH�GLVSHUVDO�RI�RWKHU�UHVLGHQW�*ROJL�SURWHLQV�DQG�PRGLILHG�

VWDFN� PRUSKRORJ\� �6KLWDUD� HW� DO��� ������� $GGLWLRQDOO\� LWV� UHODWLRQVKLS� ZLWK�

FKROHVWHURO�WUDQVSRUW�LV�SRWHQWLDOO\�V\QHUJLVWLF��ZLWK�HYLGHQFH�WR�VXJJHVW�V\QWD[LQ�

��PRGXODWHV�FKROHVWHURO�WUDQVSRUW�EDFN�WR�WKH�(5�ZLWK�VRPH�VXSSRUW�IRU�D�GLUHFW�

LQWHUDFWLRQ� LQ� +H/D� FHOOV�� DOWKRXJK� WKLV� UHTXLUHV� IXUWKHU� YDOLGDWLRQ� GXH� WR�

LQFRQVLVWHQW� UHVXOWV� DQG� D� PXOWLWXGH� RI� SURWHLQV� VWXGLHG� �+XOFH�� &RJQHWWD��

1LSKDNLV�� 7XOO\�� 	� &UDYDWW�� ������ 8UDQR� HW� DO��� ������� )XUWKHU� OLSLG�SURWHLQ�

LQWHUDFWLRQV� LQFOXGLQJ�VXOIDWLGH�DQG�PXOWLSOH�SKRVSKRLQRVLWLGHV� LQ� WKH�VDPH�FHOO�

OLQH�PD\�DOVR� FRQWULEXWH� WR� V\QWD[LQ��� UHJXODWLRQ� LQ�PHPEUDQHV� �.DEHLVHPDQ��

&LFKRV��	�0RRUH���������

�������6\QWD[LQ���DV�D�SURPLVFXRXV�61$5(�SURWHLQ�

���������(QGRVRPHV�
'HVSLWH�LWV�FOHDU�UROH�LQ�UHWURJUDGH�WUDQVSRUW��WKH�GHVFULSWLRQ�RI�V\QWD[LQ���DV�D�

³SURPLVFXRXV´�61$5(�SURWHLQ�LQ�D�UHYLHZ�WZR�GHFDGHV�DJR�DOUHDG\�KLJKOLJKWHG�

WKH�GLYHUVH� IXQFWLRQV�RI� WKLV�SURWHLQ� LQ�YHVLFOH�ELRORJ\� �VHH�)LJXUH����SDJH�����

�+RKHQVWHLQ�	�5RFKH���������7KH�HDUO\�GHVFULSWLRQ�RI�V\QWD[LQ���RQ�SHULSKHUDO�

YHVLFOHV� LQ� DGGLWLRQ� WR� WKH� 7*1� OHG� WR� WKH� LGHQWLILFDWLRQ� RI� D� QRQ�FDQRQLFDO�

V\QWD[LQ���61$5(�FRPSOH[�RQ�WKHVH�VWUXFWXUHV��FRPSULVLQJ�V\QWD[LQ����LQ�SODFH�

RI�V\QWD[LQ�����%UDQGKRUVW�HW�DO���������,��*��0LOOV��8UEH��	�&ODJXH���������6XSSRUW�

RI� LWV� UROH� RQ� HQGRVRPHV� FRPHV� IURP� HYLGHQFH� RI� UHJXODWLRQ� RI� KRPRW\SLF�

HQGRVRPH� IXVLRQ� LQ� ERWK� FHOO� FXOWXUH� DQG� FHOO�IUHH� V\VWHPV�� $GGLWLRQDOO\�

UHFRQVWLWXWHG� OLSRVRPHV� FRQVLVWLQJ� VROHO\� RI� V\QWD[LQ��� DUH� GLUHFWHG� WR� *ROJL�

GHULYHG� YHVLFOHV�� KRZHYHU� WKH� DGGLWLRQ� RI� V\QWD[LQ���� UH�GLUHFWV� WUDQVSRUW� WR�

HQGRVRPDO�YHVLFOHV��LQGLFDWLQJ�V\QWD[LQ���KDV�WKH�DELOLW\�WR�GLUHFW�YHVLFOH�WUDQVSRUW�

LQ�D�FRPELQDWRULDO�PDQRU�ZLWK�GLIIHULQJ�61$5(�SURWHLQV��.RLNH�	�-DKQ���������

6LPLODU�WR�VWXGLHV�RQ�UHWURJUDGH�WUDQVSRUW��LGHQWLILFDWLRQ�RI�D�UROH�RI�V\QWD[LQ���LQ�

HDUO\�HQGRVRPHV� OHG� WR�H[SORUDWLRQ�RI�SRWHQWLDO� LQWHUDFWRUV�DW� WKLV�VLWH��7KH�1�

WHUPLQDO�+DEF�GRPDLQ�RI�V\QWD[LQ���KDV�EHHQ�UHSHDWHGO\�GHPRQVWUDWHG�WR�LQWHUDFW�

ZLWK�WKH�&�WHUPLQDO�GRPDLQ�RI�(($���DQ�HDUO\�HQGRVRPH�WHWKHULQJ�PROHFXOH��,��*��

0LOOV�HW�DO���������2WWR�HW�DO���������6LPRQVHQ��*DXOOLHU��'
$UULJR��	�6WHQPDUN��

�������$QRWKHU�HQGRVRPDO�WHWKHULQJ�FRPSOH[�WHUPHG�WKH�HQGRVRPH�DVVRFLDWHG�

UHF\FOLQJ�SURWHLQ��($53��FRPSOH[��KLJKO\�UHODWHG�WR�WKH�*$53�FRPSOH[�VKDULQJ�

WKUHH� RXW� RI� IRXU� FRPPRQ� VXEXQLWV� �9SV���� 9SV��� DQG� 9SV���$QJ�� ZLWK�
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DGGLWLRQDO�V\QGHWLQ���KDV�DOVR�EHHQ�GHPRQVWUDWHG�WR�LQWHUDFW�ZLWK�V\QWD[LQ���RQ�

5DE��SRVLWLYH� HDUO\� HQGRVRPHV�� OLNHO\� YLD� WKH� SUHYLRXVO\� GHVFULEHG� $QJ��

LQWHUDFWLRQ��6FKLQGOHU��&KHQ��3X��*XR��	�%RQLIDFLQR���������'XH�WR�WKH�GLVWLQFW�

WUDIILFNLQJ� URXWHV� RI� V\QWD[LQ��� YHVLFOHV� LQ� FRPELQDWLRQ� ZLWK� V\QWD[LQ�����

UHVHDUFKHUV�DLPHG�WR�LGHQWLI\�D�VSHFLILF�LQWHUDFWRU�RI�WKHVH�SURWHLQV�LQ�FRPELQDWLRQ�

�.RLNH�	�-DKQ���������7KLV�ZRUN�KLJKOLJKWHG�9SV��E��DOWKRXJK�WKH�H[DFW�UROH�RI�

WKLV�SURWHLQ�LV�\HW�WR�EH�FKDUDFWHULVHG��,W�LV�OLNHO\�V\WDQ[LQ���ORFDOLVDWLRQ�LV�GULYHQ�

E\�GLVWLQFW�LQWHUDFWLRQV�DW�GLIIHULQJ�VXEFHOOXODU�FRPSDUWPHQWV�WR�UHJXODWH�PXOWLSOH�

WUDIILFNLQJ�SDWKZD\V�LQ�WKH�HQGRO\VRVRPDO�QHWZRUN���

���������3URWHLQ�UHF\FOLQJ�
$W�WKH�HDUO\�HQGRVRPH��SURWHLQV�IDFH�D�IDWH�GHFLVLRQ�RI�UHF\FOLQJ��HLWKHU�GLUHFWO\�

WR�WKH�SODVPD�PHPEUDQH��YLD�UHF\FOLQJ�HQGRVRPHV�DQG�WKH�HQGRF\WLF�UHF\FOLQJ�

FRPSDUWPHQW�� RU� YLD� WKH� 7*1�� RU� GHJUDGDWLRQ�� &RQVHTXHQWO\�� WKH� IXQFWLRQ� RI�

V\QWD[LQ��� LQ� HQGRVRPHV� DSSHDUV� WR� H[WHQG� WR� UHJXODWLRQ� RI� WKH� UHF\FOLQJ�

SDWKZD\�� 7KH� UROH� RI� V\QWD[LQ��� PD\� EH� ERWK� DW� WKH� HDUO\� HQGRVRPH�� ZLWK�

V\QWD[LQ��� DQG� WKH� ($53� FRQWULEXWLQJ� WR� SODVPD� PHPEUDQH� UHF\FOLQJ� RI�

WUDQVIHUULQ�UHFHSWRU��7IQ5���DV�ZHOO�DV�WKH�UHF\FOLQJ�HQGRVRPHV��6FKLQGOHU�HW�DO���

������� 0XOWLSOH� VWXGLHV� XVLQJ� D� YDULHW\� RI� FHOO� OLQHV� KDYH� GHPRQVWUDWHG� DQ�

LQWHUDFWLRQ�RI�V\QWD[LQ���ZLWK�D�GLVWLQFW�61$5(�SURWHLQ��9$03���ZKLFK�KDV�EHHQ�

ZHOO�FKDUDFWHULVHG�LQ�UHF\FOLQJ�HQGRVRPHV��SRWHQWLDOO\�LQ�D�FRPSOH[�ZLWK�V\QWD[LQ�

���DQG�9WL�D�RU�9WL�E�EXW�WKLV�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��0DOODUG�HW�DO���������

1R]DZD��0LQRZD�1R]DZD��$LNDZD��	�1DNDJDZD��������5LJJV�HW�DO����������$V�D�

UHVXOW�� PDQLSXODWLRQ� RI� V\QWD[LQ��� LQ� FHOO� FXOWXUH� KDV� OHG� WR� WKH� REVHUYHG�

SHUWXUEDWLRQ� RI� SODVPD�PHPEUDQH� H[SUHVVLRQ� IRU� D� GLYHUVH� UDQJH� RI� SURWHLQV��

LQFOXGLQJ�JURZWK�IDFWRU�UHFHSWRUV�9(*)5���DQG�,*)��5��LQWHJULQV�FRQVWLWXWLQJ�Į���

Į�� DQG� ȕ�� VXEXQLWV�� WKH� F\VWLF� ILEURVLV� WUDQVPHPEUDQH� FRQGXFWDQFH� UHJXODWRU�

�&)75��DQG�0HW�NLQDVH��DV�ZHOO�DV�OLSLG�UDIW�DVVRFLDWHG�SURWHLQV�VXFK�DV�&DY����

*0��JDQJOLRVLGH� DQG� *3,�DQFKRUHG� SURWHLQV� LQ� KXPDQ� FHOOV�� LPSOLFDWLQJ� DQ�

DGGLWLRQDO� UROH� RI� V\QWD[LQ��� LQ� FDYHRODH�PHGLDWHG� HQGRF\WRVLV� �-�� &KHQJ��

&HERWDUX�� &HERWDUX�� 	� *XJJLQR�� ������ &KRXGKXU\�� 0DUNV�� 3URFWRU�� *RXOG�� 	�

3DJDQR��������*DUFD�0HOHUR�HW�DO���������*UDVVL�HW�DO���������0DQLFNDP�HW�DO���

������5HYHUWHU�HW�DO���������5LJJV�HW�DO���������7LZDUL�HW�DO���������<��=KDQJ��6KX��

	�&KHQ��������=KX�HW�DO����������)XUWKHUPRUH�V\QWD[LQ���FOHDUO\�FRQWULEXWHV� WR�
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SODVPD� PHPEUDQH� WUDQVSRUW� IURP� GLVWLQFW� UHVSRQVLYH� FRPSDUWPHQWV� LQ�

VSHFLDOLVHG� FHOOV�� VXFK� DV� WKH� WUDQVSRUW� RI� */87�� DQG� ,5$3� IURP� WKH� LQVXOLQ�

UHVSRQVLYH�FRPSDUWPHQW�LQ�ERWK�DGLSRF\WHV�DQG�PXVFOH�FHOOV��)ROH\�	�.OLS��������

.XPXGX�HW�DO���������:DWVRQ��+RX��	�3HVVLQ���������7KHVH�VWXGLHV�FOHDUO\�VHFXUH�

D� UROH� RI� V\QWD[LQ��� LQ� SODVPD� PHPEUDQH� SURWHLQ� WUDQVSRUW� XQGHU� VSHFLILF�

FRQGLWLRQV�� KRZHYHU� D� PRUH� QRQ�ELDVHG� DSSURDFK� ZRXOG� EH� LQWHUHVWLQJ� WR�

GHWHUPLQH�WKH�H[WHQW�RI�V\QWD[LQ���UHF\FOLQJ�FDUJR��

���������6HFUHWLRQ�
)XUWKHU� WR� WUDIILFNLQJ�EHWZHHQ�GLIIHUHQW� VXEFHOOXODU� FRPSDUWPHQWV�� YHVLFOHV�DUH�

DOVR�XWLOLVHG�IRU�VHFUHWLRQ�RI�SURWHLQV�DQG�PROHFXOHV�LQWR�WKH�H[WUDFHOOXODU�VSDFH��

3URWHLQ�VHFUHWLRQ�FDQ�RFFXU�YLD�WKH�VHFUHWRU\�SDWKZD\�IROORZLQJ�V\QWKHVLV��ZKHUH�

PROHFXOHV�DUH�WUDQVSRUWHG�HLWKHU�GLUHFW�IURP�WKH�7*1�WR�WKH�SODVPD�PHPEUDQH�

RU� DUH� VWRUHG� LQ� VHFUHWRU\� YHVLFOHV� WR� EH� UHOHDVHG� ZKHQ� UHTXLUHG�� RU� FDQ� EH�

GLYHUWHG� IURP�WKH�HQGRO\VRVRPDO�V\VWHP�IRU� UHOHDVH��HLWKHU�ZLWKLQ�H[WUDFHOOXODU�

YHVLFOHV� �VXFK� DV� H[RVRPHV� GHULYHG� IURP� PXOWLYHVLFXODU� ERGLHV�� RU� QRQ�

PHPEUDQH� ERXQG� �VXFK� DV� O\VRVRPDO� H[RF\WRVLV��� 'XH� WKH� ZHOO�GHVFULEHG�

IXQFWLRQV�RI�V\QWD[LQ���LQ�WKH�HQGRO\VRVRPDO�V\VWHP��D�UROH�LQ�WKH�ODWWHU�SDWKZD\�

LV�SHUKDSV�PRUH�REYLRXV��7KLV�KDV�EHHQ�HOXGHG�WR�RQ�D�FRXSOH�RI�RFFDVLRQV�ZLWK�

V\QWD[LQ��� NQRFNGRZQ� UHGXFLQJ� H[RVRPH� UHOHDVH� LQ� D� FHOO� PRGHO� IRU� GUXJ�

UHVLVWDQFH�LQ�SURVWDWH�FDQFHU��DQG�HYLGHQFH�IRU�V\QWD[LQ���PRGXODWLQJ�XSWDNH�RI�

WDX� LQWR� QRQ�GHVFULSW� YHVLFOHV� �UHFRQVWLWXWHG� OLSRVRPHV�� DQG� VHFUHWLRQ� IURP�

+(.���7�FHOOV��:��6��/HH�HW�DO���������3HDN��3DQLJUDKL��HW�DO����������+RZHYHU��

D�UROH�LQ�UHJXODWHG�VHFUHWLRQ�LQ�VSHFLDOLVHG�VHFUHWRU\�FHOOV�LV�EHWWHU�HVWDEOLVKHG��

)RU�H[DPSOH�D�QXPEHU�RI�LPPXQH�FHOOV�XVH�VHFUHWLRQ�WR�LQLWLDWH�FKDLQ�UHDFWLRQV�

ZLWKLQ� WKH� LPPXQH� UHVSRQVH�� DQG� D� UROH� RI� V\QWD[LQ��� LQ� WKH� GHJUDQXODWLRQ� RI�

QHXWURSKLOV� �ZKHUH� LW� LV� LQWHUHVWLQJO\� GHWHFWHG� RQ� WKH� SODVPD� PHPEUDQH� LQ�

FRPSOH[� ZLWK� 61$5(� 61$3����� DQG� F\WRNLQH� VHFUHWLRQ� �71)�Į�� LQ� DFWLYDWHG�

PDFURSKDJHV��LQ�FRPSOH[�ZLWK�V\QWD[LQ���DQG�9WL�E��KDV�EHHQ�GHVFULEHG��0DUWLQ�

0DUWLQ�� 1DERNLQD�� %ODVL�� /D]R�� 	� 0ROOLQHGR�� ������ 0XUUD\�� :\OLH�� .KURP\NK��

+XPH��	�6WRZ�� ������� )XUWKHUPRUH� V\QWD[LQ���PRGXODWHV� KRPRW\SLF� IXVLRQ�RI�

LPPDWXUH�VHFUHWRU\�JUDQXOHV�LQ�SDQFUHDWLF�ȕ�FHOOV�SRWHQWLDOO\�UHJXODWLQJ�VHFUHWRU\�

JUDQXOH� PDWXUDWLRQ� SULRU� WR� LQVXOLQ� UHOHDVH� �.OXPSHUPDQ�� .XOLDZDW�� *ULIILWK��

*HX]H��	�$UYDQ��������:HQGOHU��3DJH��	�8UE���������&KROHVWHURO�DQG�RWKHU�OLSLGV�
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KDYH� DJDLQ� EHHQ� DVVRFLDWHG� ZLWK� V\QWD[LQ��� IXQFWLRQ� LQ� WKHVH� VSHFLDOLVHG�

FRPSDUWPHQWV� SRVVLEO\�PRGXODWLQJ� WKH� UHWXUQ� RI� UHOHYDQW� SURWHLQV� WR� WKH� 7*1�

�%RJDQ��;X��	�+DR��������)ROH\�	�.OLS���������:LWK�WKH�SUHVHQFH�RI�V\QWD[LQ���LQ�

GLYHUVH�61$5(�FRPSOH[HV�LW�LV�OLNHO\�WKH�UROH�RI�WKLV�SURWHLQ�LV�GLVWLQFWO\�UHJXODWHG�

LQ�WKHVH�VSHFLDOLVHG�FHOO�W\SHV��

���������'HJUDGDWLRQ�
3URWHLQ�GHJUDGDWLRQ�LV�YLWDO�IRU�FHOO�IXQFWLRQ�WR�UHPRYH�XQZDQWHG�PROHFXOHV��L�H��

GXH�WR�HUURUV�LQ�V\QWKHVLV��RU�IURP�LQYDVLRQ�RI�IRUHLJQ�SDWKRJHQV��DV�ZHOO�DV�IRU�

UHJXODWLRQ� RI� SURWHLQ� H[SUHVVLRQ�� $V� SUHYLRXVO\� PHQWLRQHG� WKH� HQGRVRPHV�

SURYLGH� D� GLYHUJLQJ� SRLQW� IRU� SURWHLQV� WR� HLWKHU� EH� UHF\FOHG� RU� GHJUDGHG� LQ�

O\VRVRPHV�DQG�UHODWHG�RUJDQHOOHV��$V�ZHOO�DV�D�UROH�LQ�UHF\FOLQJ��PRGXODWLRQ�RI�

V\QWD[LQ���IXQFWLRQ�DOVR�DSSHDUV�WR�LPSDFW�WKH�O\VRVRPDO�GHJUDGDWLRQ�RI�PXOWLSOH�

SURWHLQV� LQ� GLIIHUHQW� FHOO� OLQHV�� VXFK� DV� &)75� LQ� +(.���7� DQG� &26�� FHOOV��

9(*)5��DQG�Į�ȕ��LQWHJULQV�LQ�+89(&V�DQG�6HPOLNL�)RUHVW�9LUXV�LQ�SDQFUHDWLF�

ȕ�FHOOV��-��&KHQJ�HW�DO���������.XOLDZDW�HW�DO���������0DQLFNDP�HW�DO���������7LZDUL�

HW� DO��� ������� ,QWHUDFWLRQ� RI� V\QWD[LQ��� +��61$5(� GRPDLQ� ZLWK� WZR� UHODWHG�

XELTXLWLQ� OLJDVHV�� 0$5&+�,,� DQG� 0$5&+�,,,�� SURYLGHV� VRPH� LQGLFDWLRQ� RI� LWV�

IXQFWLRQ�LQ�WKLV�SDWKZD\��)XNXGD��1DNDPXUD��	�+LURVH��������1DNDPXUD���������

)RU� H[DPSOH� D� 0$5&+�,,�V\QWD[LQ��� FRPSOH[� UHJXODWHV� &)75� OHYHOV�� ZLWK�

V\QWD[LQ���HQKDQFLQJ�0$5&+�,,�PHGLDWHG�XELTXLWLQDWLRQ�RI�WKH�SURWHLQ��PDUNLQJ�

LW�IRU�GHJUDGDWLRQ��-��&KHQJ�	�*XJJLQR��������)XNXGD�HW�DO���������1DNDPXUD��
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6\QWD[LQ��� KDV� DGGLWLRQDOO\� EHHQ� LPSOLFDWHG� LQ� WDUJHWLQJ� DQG� GHJUDGDWLRQ� RI�

LQYDGLQJ�SDWKRJHQV��7KH�<*5/�PRWLI�RI�V\QWD[LQ����VKRZQ�WR�JHQHUDOO\�ORFDOLVH�

WKH� SURWHLQ� WR� WKH� 7*1�� GULYHV� ORFDOLVDWLRQ� WR� PHPEUDQH� LQFOXVLRQV� IROORZLQJ�

&KODP\GLD�WUDFKRPDWLV�LQIHFWLRQ��.DEHLVHPDQ�HW�DO���������0RRUH��0HDG��'RROH\��

6DJHU�� 	� +DFNVWDGW�� ������� 6LPLODUO\� WKHUH� LV� LQFUHDVHG� FRORFDOLVDWLRQ� ZLWK�

UHF\FOLQJ�HQGRVRPHV�DQG�DXWRSKDJRVRPHV�ZLWK�*URXS�$�6WUHSWRFRFFXV��*$6��

LQIHFWLRQ�LQ�FXOWXUH��1R]DZD�HW�DO����������$�VXJJHVWLYH�LQWHUDFWLRQ�RI�V\QWD[LQ���

ZLWK� DXWRSKDJ\� DVVRFLDWHG� SURWHLQV� /&�%� DQG� *$%$5$3�� YLD� SXWDWLYH� /&��

LQWHUDFWLQJ�PRWLIV� LQ�WKH�+DEF�GRPDLQ��VXSSRUW�WKLV�UROH� LQ�DXWRSKDJ\��KRZHYHU�

WKLV� ZDUUDQWV� IXUWKHU� LQYHVWLJDWLRQ� DV� WKLV� FRQFOXVLRQ� ZDV� QRW� VXSSRUWHG� ZLWK�

HQGRJHQRXV�SURWHLQV��*X�HW�DO����������+RZHYHU��WKHVH�VWXGLHV�LQGLFDWH�V\QWD[LQ�
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�� DFWV� LQ� WKH� GHFLVLRQ� DW� HQGRVRPHV� DV� WR�ZKHWKHU� SURWHLQV� DUH� UHWULHYHG� IRU�

UHF\FOLQJ�WR�WKH�SODVPD�PHPEUDQH��RU�UHPDLQ�LQ�WKHVH�VWUXFWXUHV�IRU�PDWXUDWLRQ�

DQG�GHJUDGDWLRQ�LQ�O\VRVRPHV�DQG�UHODWHG�SDWKZD\V��

���������&HOO�SK\VLRORJ\�
'XH�WR�WKHVH�GLYHUVH�IXQFWLRQV�RI�V\QWD[LQ����LW�LV�QR�VXUSULVH�WKDW�WKLV�SURWHLQ�KDV�

EHHQ� DVVRFLDWHG�ZLWK� D� QXPEHU� RI� EURDGHU� SK\VLRORJLFDO� SURSHUWLHV� RI� FHOOV� LQ�

FXOWXUH��:LWK�PXOWLSOH�VWXGLHV�GHVFULELQJ�WKH�SHUWXUEDWLRQV�RI�SODVPD�PHPEUDQH�

SURWHLQ� WUDIILFNLQJ� RI� NH\� SURWHLQV� VXFK� DV� LQWHJULQV�� JURZWK� IDFWRU� UHFHSWRUV�

�9(*)5���(*)5��� DQG� VLJQDOOLQJ� NLQDVHV� �0HW�� IRFDO� DGKHVLRQ� NLQDVH��ZKHQ�

V\QWD[LQ��� IXQFWLRQ� LV� PRGLILHG�� LW� LV� OLNHO\� WKHVH� DUH� GULYLQJ� WKH� SKHQRW\SLF�

FKDQJHV� REVHUYHG� E\� UHVHDUFKHUV� LQ� FHOO� FXOWXUH�� LQFOXGLQJ� DGKHVLRQ� WR�

H[WUDFHOOXODU�PDWUL[�PRGHOV��SUROLIHUDWLRQ��PLJUDWLRQ��LQ�UHVSRQVH�WR�JURZWK�IDFWRU�

VWLPXODWLRQ���VSUHDGLQJ��LQFOXGLQJ�DQJLRJHQHVLV��DQG�DSRSWRVLV��-��'X��/LX��:X��

=KX��	�7DQJ��������<��'X�HW�DO���������0DQLFNDP�HW�DO���������5LJJV�HW�DO���������

7LZDUL�HW�DO���������<��=KDQJ�HW�DO����������7KH�UROH�RI�V\QWD[LQ���LQ�PDLQWDLQLQJ�

QRUPDO�FHOO�ELRORJ\�LV�VXSSRUWHG�ZLWK�V\QWD[LQ���UHSHDWHGO\�LPSOLFDWHG�LQ�FDQFHU�

ELRORJ\��EHLQJ�WKH�PRVW�IUHTXHQWO\�XSUHJXODWHG�61$5(�LQ�WKHVH�GLVHDVHV��-��'X�

HW�DO���������3HDN��3DQLJUDKL��HW�DO���������3HDN��6X��&KDSSOH��&K\U��	�'HHS��

������5LJJV�HW�DO���������<��=KDQJ�HW�DO����������$OWKRXJK� WKH�YDVW�PDMRULW\�RI�

VWXGLHV�RQ�V\QWD[LQ��� IXQFWLRQ�KDYH�EHHQ�SHUIRUPHG�HLWKHU� LQ�YLWUR�RU� LQ� WLVVXH�

FXOWXUH�PRGHOV��OLPLWLQJ�WKHLU�DSSOLFDELOLW\�WR�KXPDQ�SK\VLRORJ\��WKH�GLYHUVH�UDQJH�

RI�FHOO�W\SHV�DQG�PHFKDQLVPV�VWXGLHG�LV�UHDVVXULQJ�WKDW�V\QWD[LQ���LV�IXQGDPHQWDO�

WR�YHVLFOH�ELRORJ\��7KH�YDULDWLRQ�LQ�SKHQRW\SHV�REVHUYHG�DOVR�KLJKOLJKWV�WKH�QHHG�

IRU�FDUHIXO�FRQVLGHUDWLRQ�ZKHQ�GHVLJQLQJ�H[SHULPHQWV�DV�WKH�UROH�RI�V\QWD[LQ���

PD\EH�FHOO�W\SH�VSHFLILF���

�������5ROH�RI�V\QWD[LQ���LQ�WKH�EUDLQ�

���������1HXURQDO�SK\VLRORJ\�
'XULQJ� WKHLU� LQLWLDO� FKDUDFWHULVDWLRQ� RI� V\QWD[LQ���� %RFN� DQG� FROOHDJXHV�

HVWDEOLVKHG� WKDW� WKH� H[SUHVVLRQ� RI� WKLV� SURWHLQ� ZDV� SDUWLFXODUO\� KLJK� LQ� EUDLQ�

WLVVXHV��%RFN�HW�DO����������$OWKRXJK�LWV�SULPDU\�IXQFWLRQ�LV�WKRXJKW�WR�EH�LQ�WKH�

*ROJL�DQG�SHULQXFOHDU�UHJLRQ��WKH�FDQRQLFDO�V\QWD[LQ���61$5(�FRPSOH[�ZDV�DOVR�

SURPSWO\� GHVFULEHG� LQ� V\QDSWRVRPHV� LVRODWHG� IURP� UDW� EUDLQ� SUHSDUDWLRQV�

�.UH\NHQERKP� HW� DO��� ������� 0RUH� UHFHQW� FKDUDFWHULVDWLRQ� RI� WKHVH� UHJLRQV�
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VXJJHVWV�D�QXPEHU�RI�HQGRVRPDO�61$5(V�FDQ�EH�IRXQG�LQ�WKH�V\QDSWLF�ERXWRQ�

DQG�ZLWKLQ�WKH�DFWLYH�]RQH��DOWKRXJK�DW�ORZ�QXPEHUV�ZLWK�RQO\�DSSUR[LPDWHO\�����

FRSLHV� RI� V\QWD[LQ��� SHU� V\QDSVH� �FRPSDUHG� WR� a�������� IRU� SUHGRPLQDQWO\�

V\QDSWLF� 61$5(� SURWHLQ� V\QWD[LQ� ��� �:LOKHOP� HW� DO��� ������� 7KH� H[DFW� UROH� RI�

V\QWD[LQ��� LQ�V\QDSWLF�YHVLFOH� WUDIILFNLQJ� LV�XQFOHDU�DV�ERWK�61$5(�FRPSOH[HV�

ZLWK� V\QWD[LQ���� DQG� V\QWD[LQ���� KDYH� EHHQ� LGHQWLILHG� LQ� V\QDSWLF� UHJLRQV��

KRZHYHU�LW�LV�WKRXJKW�WR�FRQWULEXWH�WR�IXVLRQ�EHWZHHQ�V\QDSWLF�YHVLFOHV�DQG�HDUO\�

HQGRVRPHV�GXULQJ�UHF\FOLQJ�DQG�RU�UHOHDVH�IURP�WKH�UHDGLO\�UHOHDVDEOH�SRRO��ZLWK�

RQO\� PRGHUDWH� HYLGHQFH� RI� PRELOLVDWLRQ� GXULQJ� IXOO� QHXURQ� GHSRODULVDWLRQ�

VXJJHVWLQJ�LW�GRHV�QRW�FRQWULEXWH�WR�QHXURWUDQVPLWWHU�UHOHDVH��+RRSPDQQ�HW�DO���

������5DPLUH]��.KYRWFKHY��7UDXWHUPDQ��	�.DYDODOL��������5L]]ROL�HW�DO����������

1HXURQV� DUH� KLJKO\� SRODULVHG� FHOOV� DQG� WKLV� SRODULVDWLRQ� LV� NH\� WR� ERWK�

GHYHORSPHQW� DQG� IXQFWLRQ�� $V� SUHYLRXVO\�PHQWLRQHG�� V\QWD[LQ��� UHJXODWHV� WKH�

WUDQVSRUW�RI�D�PXOWLWXGH�RI�SURWHLQV�WR�WKH�VXUIDFH��ZKLFK�DOVR�DSSOLHV�WR�QHXURQDO�

FHOOV��2QH�RI�WKHVH�HIIHFWRUV��,*)��5��SOD\V�D�NH\�VWHS�LQ�WKH�HVWDEOLVKPHQW�RI�

QHXURQDO�SRODULW\�ZLWK� LWV�HQULFKPHQW�DW� IXWXUH�D[RQV� UHTXLUHG� IRU�GHYHORSPHQW�

�*UDVVL�HW�DO����������.QRFNGRZQ�RI�V\QWD[LQ���LQ�SULPDU\�KLSSRFDPSDO�QHXURQV�

WKHUHIRUH�SUHYHQWV�D[RQ�HORQJDWLRQ�DQG�SRODULVDWLRQ��ZLWK�HYLGHQFH�LQGLFDWLQJ�D�

GLUHFW�LQWHUDFWLRQ�ZLWK�ERWK�,*)5���DQG�D[RQDO�PRWRU�SURWHLQ�.,)�&�PHGLDWHV�WKLV�

SRODULVHG� WUDQVSRUW� �*UDVVL�HW�DO����������3UHOLPLQDU\�HYLGHQFH�DOVR�VXJJHVWV�D�

UROH�RI�V\QWD[LQ���LQ�QHUYH�JURZWK�IDFWRU�LQGXFHG�QHXULWH�RXWJURZWK�LQ�3&���FHOOV��

KRZHYHU�DSSURSULDWH�FRQWUROV��RYHUH[SUHVVLRQ�RI�D�GRPLQDQW�QHJDWLYH�SURWHLQ�QRW�

FRPSDUDEOH� WR�HQGRJHQRXV�H[SUHVVLRQ��DQG�DGGLWLRQDO�PRGHOV�DUH� UHTXLUHG� WR�

FRQILUP�WKLV��.DED\DPD��7RNXVKLJH��7DNHXFKL��	�0LNRVKLED���������

���������1HXURGHJHQHUDWLRQ�
%RWK� V\QWD[LQ��� SURWHLQ� DQG� JHQH� IXQFWLRQ� KDYH� DOUHDG\� EHHQ� LPSOLFDWHG� LQ� D�

QXPEHU�RI�RWKHU�UHODWHG�QHXURGHJHQHUDWLYH�GLVHDVHV��PDNLQJ�WKH�LGHQWLILFDWLRQ�RI�

WKLV� JHQH� LQ� V&-'� �WKH� IRFXV�RI� WKLV� WKHVLV�� HVSHFLDOO\� LQWULJXLQJ� �-RQHV�HW�DO���

�������,Q�D�WZR�VWDJH�*:$6�FRPSDULQJ�D�WRWDO�RI�������LQGLYLGXDOV�ZLWK�WDXRSDWK\�

363�WR�QHXURORJLFDOO\�KHDOWK\�FRQWUROV��613V�LQ�67;��ZHUH�UREXVWO\�DVVRFLDWHG�

ZLWK� GLVHDVH� ULVN�� ZKLFK� KDV� VLQFH� EHHQ� UHSOLFDWHG� LQ� IXUWKHU� SDWKRORJLFDOO\�

FRQILUPHG�FDVHV�VHFXULQJ�WKLV�ORFXV�DV�D�JHQHWLF�ULVN�IDFWRU�IRU�363��+RJOLQJHU�HW�

DO���������6DQFKH]�&RQWUHUDV�HW�DO����������$OWKRXJK�WKHVH�YDULDQWV�GR�QRW�DSSHDU�
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WR�PRGLI\�RWKHU�GLVHDVH�SDUDPHWHUV� LQFOXGLQJ�FRJQLWLRQ��DJH�RI�RQVHW�� VXUYLYDO�

WLPH�DQG�WDX�KLVWRSDWKRORJLFDO�SKHQRW\SHV��WKHVH�YDULDQWV�GR�PRGLI\�ERWK�67;��

H[SUHVVLRQ�DQG�EUDLQ�YROXPH� LQ�D�QXPEHU�RI�EUDLQ� UHJLRQV� LQFOXGLQJ� WKH�ZKLWH�

PDWWHU�DQG�VWULDWXP��SRVLQJ�D�SRWHQWLDO�PHFKDQLVP�IRU�67;��GULYLQJ�ULVN�DW�WKLV�

ORFXV� �WR� EH� GLVFXVVHG� ODWHU� LQ� FKDSWHU� ��� VHFWLRQ� ����� �)HUUDUL� HW� DO��� ������

*HUVWHQHFNHU�HW�DO���������-DEEDUL�HW�DO���������.RXUL�HW�DO���������/LWYDQ�HW�DO���

������=KDR�HW�DO����������,QWHUHVWLQJO\��363�KDV�EHHQ�SUHYLRXVO\�DVVRFLDWHG�ZLWK�

D� VPDOOHU� EUDLQ� YROXPH� LQ� PXOWLSOH� EUDLQ� UHJLRQV� UHODWLYH� WR� KHDOWK\� QRQ�

QHXURORJLFDO� GLVHDVH� FRQWUROV� RU� SDWLHQWV� ZLWK� 3'� �0HVVLQD� HW� DO��� �������

)XUWKHUPRUH��D�GLUHFW�SURWHLQ�SURWHLQ�LQWHUDFWLRQ�EHWZHHQ�V\QWD[LQ���DQG�WDX�KDV�

EHHQ� UHFHQWO\� LGHQWLILHG� LQ� +(.���7� FHOOV� ZLWK� VXJJHVWLRQ� RI� D� UROH� LQ� WDX�

VHFUHWLRQ��SURYLGLQJ�D�SRWHQWLDO�FHOOXODU�PHFKDQLVP�IRU�WKH�DVVRFLDWLRQ�RI�67;��

ZLWK� 363� ULVN� �:�� 6�� /HH� HW� DO��� ������� 6\QWD[LQ��� KDV� DOVR� EHHQ� UHSHDWHGO\�

LPSOLFDWHG�LQ�WKH�IXQFWLRQ�RI�13&���D�SURWHLQ�LQYROYHG�LQ�WKH�H[SRUW�RI�FKROHVWHURO�

IURP�ODWH�HQGRVRPHV�DQG�O\VRVRPHV�WR�RWKHU�LQWUDFHOOXODU�FRPSDUWPHQWV��LQ�ZKLFK�

PXWDWLRQV� OHDG� WR�1LHPDQQ�3LFN�GLVHDVH� W\SH�&� �13&�� �5HYHUWHU�HW�DO��� ������

5RJHUV� HW� DO��� ������� ,QGLYLGXDOV�ZKR� SUHVHQW�ZLWK� ODWH�RQVHW�13&�KDYH� EHHQ�

UHSHDWHGO\�UHSRUWHG�WR�GLVSOD\�D�363�OLNH�V\QGURPH��.UHVRMHYLF�HW�DO����������

0RUH�UHFHQWO\�67;��KDV�EHHQ�DGGLWLRQDOO\�JHQHWLFDOO\�LPSOLFDWHG�LQ�$'��WKH�PRVW�

FRPPRQO\�GLDJQRVHG�QHXURGHJHQHUDWLYH�GLVHDVH�DVVRFLDWHG�ZLWK�ERWK�WDX�DQG�

ȕ�DP\ORLG�SDWKRORJLHV��7KURXJK�LQWHJUDWLQJ�SURWHRPH�GDWD�IURP�����GRUVRODWHUDO�

SUHIURQWDO� FRUWH[� VDPSOHV� ZLWK� D� ODUJH� *:$6� RI� $'� ULVN� �Q�  � ��������� LQ� D�

SURWHRPH�ZLGH�DVVRFLDWLRQ�VWXG\��3:$6���WKH�PRGLILHG�H[SUHVVLRQ�RI�V\QWD[LQ���

LQ�WKLV�EUDLQ�UHJLRQ�ZDV�FDXVDOO\�DVVRFLDWHG�ZLWK�WKH�GLVHDVH��:LQJR�HW�DO����������

7KH� DXWKRUV� JR� RQ� WR� SHUIRUP� D� VLPLODU� H[SORUDWLRQ� ZLWK� ���� IURQWDO� FRUWH[�

WUDQVFULSWRPHV�� WKURXJK� ZKLFK� WKH\� FRQFOXGH� WKDW� PRGLILHG� 67;�� P51$�

H[SUHVVLRQ�LV�GULYLQJ�WKLV�SURWHLQ�DVVRFLDWLRQ��3HUIRUPLQJ�WKLV�NLQG�RI�IXQFWLRQDO�

DQDO\VLV� HQULFKHV� *:$6� UHVXOWV�� KLJKOLJKWLQJ� FDXVDO� JHQHV� DQG� SXWDWLYH�

PHFKDQLVPV� WKDW�ZHUHQ¶W� VLJQLILFDQW� LQ� WKH�RULJLQDO� VWXG\��DV� LV� WKH�FDVH�KHUH��

/LPLWHG�GDWD� LQGLFDWHV� WKLV�DVVRFLDWLRQ� LV�QRW� UHIOHFWHG� LQ�DQ�$'�PRXVH�PRGHO�

�$33����EXW�IXUWKHU�VWXGLHV�DUH�ZDUUDQWHG�LQ�EHWWHU�PRGHOV�DQG�SDWLHQWV��$33���

PLFH�EDUH�OLPLWDWLRQV�ZLWK�RYHUH[SUHVVLRQ�DUWHIDFWV�DQG�OLPLWHG�QHXURSDWKRORJ\��

�.ROGDPRYD�HW�DO����������
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8QOLNH�$'�DQG�363��3'�LV�WUDGLWLRQDOO\�FKDUDFWHULVHG�E\�SDWKRORJLHV�WKRXJKW�WR�

EH�GLVWLQFW�WR�WDX�ZLWK�WKH�DFFXPXODWLRQ�RI�Į�V\QXFOHLQ�FRQWDLQLQJ�/HZ\�ERGLHV��

'HVSLWH� WKLV��V\QWD[LQ���KDV�DOVR�EHHQ� LPSOLFDWHG� LQ�3'�DHWLRORJ\��DOEHLW�PRUH�

LQGLUHFWO\��$�UHFHQW�PHWD�DQDO\VLV�RI�3'�*:$6�WRWDOOLQJ��������FDVHV��RU�ILUVW�

GHJUHH�UHODWLYHV�DV�SUR[LHV��LGHQWLILHG����LQGHSHQGHQW�ULVN�ORFL��1DOOV�HW�DO����������

7KLV�LQFOXGHG�YDULDQWV�DURXQG�9$03���D�61$5(�SDUWQHU�IRU�V\QWD[LQ���LQ�PRVW�

LGHQWLILHG�61$5(�FRPSOH[HV��+RZHYHU��GXH�WR�WKH�VLQJOH�VWDJH�VWXG\�GHVLJQ�DQG�

PXOWLWXGH� RI� DVVRFLDWLRQV�� WKLV� UHTXLUHV� LQGHSHQGHQW� UHSOLFDWLRQ� DQG� IXUWKHU�

DQDO\VLV�WR�FRQILUP�9$03��DV�WKH�FDXVDO�JHQH�DW�WKLV�ORFXV��1RQHWKHOHVV�D�UHFHQW�

DQDO\VLV�RI�DVVRFLDWLRQ�RI�WKHVH�FRPPRQ�YDULDQWV�ZLWK�3'�SKHQRW\SHV�LPSOLFDWHG�

9$03�� LQ� RFFXUUHQFH� RI� VOHHS� DSQHD� DV� D� FRPRUELGLW\� LQ� 3'� SDWLHQWV�

�0DUNRSRXORX� HW� DO��� ������� $QDO\VLV� RI� SURWHLQ� LQWHUDFWLRQ� QHWZRUNV� �XVLQJ�

675,1*��RI�DOO�JHQHV�DVVRFLDWHG�ZLWK�D�3'�FOLQLFDO�SKHQRW\SH�DQG�VXEVHTXHQW�

H[SORUDWLRQ� RI� JHQH� RQWRORJ\� SDWKZD\V� VHFXUHG� WKH� VWURQJ� UHODWLRQVKLS� ZLWK�

9$03��DQG�V\QWD[LQ����ZLWK�WKH�WRS���QHWZRUNV�LPSOLFDWHG�LQ�3'�SKHQRW\SHV�DOO�

FRQWDLQLQJ� 67;��� )XUWKHUPRUH� D� UHFHQW� VWXG\� DLPLQJ� WR� LGHQWLI\� /55.��

LQWHUDFWRUV��D�JHQH�UREXVWO\�DVVRFLDWHG�ZLWK�ERWK�VSRUDGLF�DQG�IDPLOLDO�3'�ULVN��

FKDUDFWHULVHG� D� FRPSOH[� RI� V\QWD[LQ��� DQG� 9$03�� ZLWK� WKLV� SURWHLQ�� LQ�

DVVRFLDWLRQ�ZLWK�9SV����VXEXQLW�RI�WKH�*$53�DQG�($53�FRPSOH[HV�RQ�7*1�DQG�

HDUO\� HQGRVRPHV�� LQ� QHXURQV�� VXJJHVWLQJ� V\QWD[LQ��� DQG� /55.�� ZRUN� LQ�

FRRUGLQDWLRQ�WR�UHJXODWH�UHWURJUDGH�WUDQVSRUW��%HLOLQD�HW�DO����������$OWKRXJK�3'�

LV� WUDGLWLRQDOO\� GHVFULEHG� DV� D� V\QXFOHLQRSDWK\�� *:$6� KDV� QRZ� UHSHDWHGO\�

KLJKOLJKWHG�0$37�DV�D�ULVN�JHQH�IRU�WKH�GLVHDVH��DQG�PXOWLSOH�LQ�YLWUR�DQG�LQ�YLYR�

H[SHULPHQWV�KDYH�VWDUWHG�WR�LPSOLFDWH�WDX�LQ�GLVHDVH�SDWKRORJ\��UHFHQWO\�UHYLHZHG�

LQ��/��3DQ��0HQJ��+H��	�=KDQJ����������7KHUHIRUH�ZKHWKHU�WKH�UROH�RI�V\QWD[LQ���

DQG�UHODWHG�SDWKZD\V�LQ�WKHVH�QHXURGHJHQHUDWLYH�GLVHDVHV�LV�DOO�YLD�D�FRPPRQ�

HIIHFW�RQ�WDX�ELRORJ\��RU�ZKHWKHU�WKHUH�DUH�GLVWLQFW�SHUWXUEDWLRQV�RI�WDX��ȕ�DP\ORLG��

Į�V\QXFOHLQ�DQG�3U3�IXQFWLRQV��ZLOO�EH�D�IDVFLQDWLQJ�URXWH�IRU�IXWXUH�UHVHDUFK���

�����61$5(V�DQG�YHVLFOH�WUDIILFNLQJ�LQ�
QHXURGHJHQHUDWLRQ�

%H\RQG�SULRQ�GLVHDVHV��SURWHLQ�WUDIILFNLQJ�DQG�WKH�HQGRO\VRVRPDO�V\VWHP�KDYH�

EHHQ� UHSHDWHGO\� LPSOLFDWHG� LQ� WKH� DHWLRORJ\� RI� PXOWLSOH� GLIIHUHQW�

QHXURGHJHQHUDWLYH� GLVHDVHV�� )RU� H[DPSOH�� HQGRVRPDO� DEQRUPDOLWLHV� DUH� QRZ�
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DSSUHFLDWHG�WR�EH�D�NH\�SDWKRORJLFDO�KDOOPDUN�RI�$'��ZLWK�HQODUJHPHQW�RI�HDUO\�

HQGRVRPHV�HYHQ�SUHFHGLQJ�GHWHFWDEOH�ȕ�DP\ORLG�GHSRVLWLRQ�LQ�WKH�EUDLQ��&DWDOGR�

HW�DO����������7KLV�SDWKRORJ\�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�DFWLYLW\�RI�UDE�*73DVH�

5DE���SUHYLRXVO\�DWWULEXWHG�WR�DEHUUDQW�SURFHVVLQJ�RI�$33�E\�ȕ�VHFUHWDVH�%$&(��

�VSHFLILFDOO\�WKH�ȕ�&�WHUPLQDO�IUDJPHQW��GULYLQJ�5DE��UHFUXLWPHQW��6��.LP�HW�DO���

�������+RZHYHU��D� UHFHQW�VWXG\� LQ�ZKLFK� UHVHDUFKHUV�RYHUH[SUHVVHG�QHXURQDO�

5DE�� LQ� PLFH� LQGLFDWHV� WKLV� DORQH� LV� VXIILFLHQW� WR� GULYH� D� QHXURGHJHQHUDWLYH�

SKHQRW\SH��3HQVDOILQL�HW�DO����������7KLV�VWXG\�KLJKOLJKWV�WKH�SRWHQWLDO�V\QHUJLVWLF�

UHODWLRQVKLS� EHWZHHQ� WUDIILFNLQJ� G\VIXQFWLRQV� LQ� QHXURGHJHQHUDWLRQ�� LPSOLFDWLQJ�

GHIHFWLYH�SURFHVVLQJ�LQ�ERWK�FDXVH�DQG�HIIHFW��7KLV�LV�VXSSRUWHG�E\�WKH�LQFUHDVLQJ�

DVVRFLDWLRQ� RI� YHVLFOH� WUDIILFNLQJ� JHQHV� ZLWK� ERWK� IDPLOLDO� DQG� VSRUDGLF�

QHXURGHJHQHUDWLYH�GLVHDVHV�� LQFOXGLQJ� IDPLOLDO� �H�J��936����'1$-&���/55.���

DQG� VSRUDGLF� �H�J��*%$��/55.���70(0�����3'�� ODWH�RQVHW�$'� �H�J��625/���

%,1��� 3,&$/0�� 61;��� 70(0���%�� *51�� DQG� )7'� �H�J��*51�� 70(0���%��

&+03�%���%DNHU�HW�DO���������%HOOHQJXH]�HW�DO���������(GYDUGVRQ�HW�DO���������

1DOOV�HW�DO���������5RJDHYD�HW�DO���������6NLELQVNL�HW�DO���������9DQ�'HHUOLQ�HW�DO���

������9LODULQR�*XHOO�HW�DO���������=LPSULFK�HW�DO����������$�FRPSUHKHQVLYH�UHYLHZ�

RI�WKH�H[WHQVLYH�OLWHUDWXUH�RQ�SURWHLQ�DQG�YHVLFOH�WUDIILFNLQJ�LQ�QHXURGHJHQHUDWLRQ�

LV�EH\RQG� WKH�VFRSH�RI� WKLV� LQWURGXFWLRQ��EXW�D�QXPEHU�RI� UHFHQW� UHYLHZV�KDYH�

KLJKOLJKWHG�WKH�EUHDGWK�RI�OLWHUDWXUH�RQ�WKLV�WRSLF��LQFOXGLQJ�UHSHDWHG�LPSOLFDWLRQV�

RI� HQGRVRPDO�� O\VRVRPDO�� UHF\FOLQJ�� DXWRSKDJ\�� VHFUHWRU\� DQG� H[RVRVRPDO�

SDWKZD\V� LQ� WKHVH�GLVHDVHV� �1L[RQ��������5RRW��0HULQR��1XFNROV�� -RKQVRQ��	�

.XNDU��������6PROGHUV�	�9DQ�%URHFNKRYHQ��������9HOOD��+LOO��	�&KHQJ��������;��

:DQJ��+XDQJ��%X��	�;X���������

,Q� DGGLWLRQ� WR� WKH� SUHYLRXVO\� GHVFULEHG� DVVRFLDWLRQV� RI� V\QWD[LQ��� ZLWK�

QHXURGHJHQHUDWLRQ��VHH�VHFWLRQ�����������WKH�IXQFWLRQV�RI�RWKHU�61$5(�SURWHLQV�

KDYH�DOVR�EHHQ�LPSOLFDWHG�LQ�UHODWHG�GLVHDVHV��UHFHQWO\�UHYLHZHG�LQ��0DUJLRWWD��

�������� 7KH� FDQRQLFDO� 61$5(� FRPSOH[� GULYLQJ� H[RF\WLF� IXVLRQ� RI� V\QDSWLF�

YHVLFOHV�FRQVWLWXWHV�V\QWD[LQ��D��9$03��DQG�61$3�����ZKLFK�DUH�DOO�H[SUHVVHG�

DW�KLJK�OHYHOV�LQ�WKHVH�UHJLRQV��:LOKHOP�HW�DO����������7KHUHIRUH�LW�LV�QRW�VXUSULVLQJ�

WKDW�WKH�IXQFWLRQ�RI�WKHVH�61$5(V�KDV�EHHQ�DVVRFLDWHG�ZLWK�QHXURQDO�SDWKRORJ\��

$�PDUNHG�LQFUHDVH�LQ�61$3����OHYHOV�LQ�WKH�FHUHEURVSLQDO�IOXLG�RI�LQGLYLGXDOV�ZLWK�

$'�DQG�PLOG�FRJQLWLYH�LPSDLUPHQW��0&,��LV�WKRXJKW�WR�LQGLFDWH�V\QDSWLF�GDPDJH��
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SUHFHGLQJ� QHXURQDO� ORVV� LQ� SDWLHQWV� DQG� SRWHQWLDOO\� HYHQ� H[SORLWDEOH� DV� D�

QHXURGHJHQHUDWLYH� ELRPDUNHU� �$JOLDUGL� HW� DO��� ������ +�� =KDQJ� HW� DO��� �������

&RQYHUVHO\�WKH�H[SUHVVLRQ�RI�WKHVH�WKUHH�61$5(�SURWHLQV�DSSHDUV�UHGXFHG�LQ�

HQG�VWDJH�$'�SDWLHQW�EUDLQV��3KDP�HW�DO����������6\QWD[LQ��D�GLVSOD\V�SURSHQVLW\�

WR�LQWHUDFW�ZLWK�ERWK�ȕ�DP\ORLG�PRQRPHUV�DQG�ROLJRPHUV�LQ�YLWUR�YLD�WKH�61$5(�

GRPDLQ�� LQKLELWLQJ� FRPSOH[�DVVHPEO\�� KRZHYHU�ZKHWKHU� WKLV� FRQWULEXWHV� WR� WKH�

VDPH� SURFHVV� LQ� YLYR� UHTXLUHV� IXUWKHU� LQYHVWLJDWLRQ� �<DQJ� HW� DO��� �������

)XUWKHUPRUH� Į�V\QXFOHLQ� FRORFDOLVHV� ZLWK� WKLV� FRPSOH[� LQ� QHXURQV� YLD� GLUHFW�

LQWHUDFWLRQ�ZLWK�9$03��SURPRWLQJ�61$5(�FRPSOH[�DVVHPEO\��KRZHYHU�GLIIHUHQW�

DJJUHJDWHG�SURWHLQ�VWDWHV�DQG�FRQFHQWUDWLRQV�DSSHDU�WR�KDYH�FRQYHUVH�HIIHFWV��

VR� WKH� LPSDFW� RI� WKLV� LQWHUDFWLRQ� GXULQJ� GLVHDVH� UHTXLUHV� IXUWKHU� LQYHVWLJDWLRQ�

�%XUUH�� 6KDUPD�� 	� 6XGKRI�� ������ %XUUH� HW� DO��� ������ &KRL� HW� DO��� �������

1RQHWKHOHVV� WKH� HPHUJLQJ� UROH� RI� Į�V\QXFOHLQ� DW� V\QDSWLF� PHPEUDQHV� LV�

IDVFLQDWLQJ��ZLWK�HYLGHQFH�WR�VKRZ�WKDW�WKLV�DORQH�LV�VXIILFLHQW�WR�GULYH�PHPEUDQH�

WXEXODWLRQ�DQG�FXUYDWXUH�LQ�YLWUR��DV�ZHOO�DV�DFWLQJ�DV�D�WHWKHU�WR�LQGHSHQGHQWO\�

GRFN�YHVLFOHV�DW�WKH�LQQHU�OHDIOHW� �)XVFR�HW�DO���������9DUNH\�HW�DO����������7KH�

FRPPRQ� LPSOLFDWLRQ� RI� V\QDSWLF� YHVLFOH� 61$5(V� PD\� KLJKOLJKW� D� UHODWHG�

PHFKDQLVP�RI�QHXURWR[LFLW\�LQ�ERWK�$'�DQG�V\QXFOHLQRSDWKLHV��

61$5(� SURWHLQV� QRW� WUDGLWLRQDOO\� DVVRFLDWHG� ZLWK� V\QDSWLF� YHVLFOHV� KDYH� DOVR�

EHHQ�LPSOLFDWHG�LQ�QHXURGHJHQHUDWLRQ��VLPLODU�WR�V\QWD[LQ����)RU�H[DPSOH��D�UROH�

RI� V\QWD[LQ���� D� 61$5(� UHJXODWLQJ� IXVLRQ� DW� WKH� (5� DQG� *ROJL�� KDV� EHHQ�

GHVFULEHG� LQ� WKH� SDWKRJHQLF� SURFHVVLQJ� RI� $33� DQG� VXEVHTXHQW� ȕ�DP\ORLG�

VHFUHWLRQ�LQ�UHODWLRQ�WR�(5�VWUHVV��+HUQDQGH]�=LPEURQ�	�5LYDV�$UDQFLELD��������

6XJD��6DLWR��0LVKLPD��	�$NDJDZD���������2WKHU�61$5(�SURWHLQV�KDYH�DOVR�EHHQ�

LPSOLFDWHG�LQ�WKH�VHFUHWLRQ�RI�WDX�IURP�FHOOV�LQ�FXOWXUH�LQFOXGLQJ�V\QWD[LQ����DV�ZHOO�

DV�9$03��DQG�V\QWD[LQ����:��6��/HH�HW�DO���������3LOOLRG�HW�DO����������KLJKOLJKWLQJ�

D�SRWHQWLDO�FRPPRQ�UROH�RI�WKH�61$5(�SURWHLQ�IDPLO\�LQ�WKH�SDWKRJHQLF�FHOO�WR�

FHOO� VSUHDG� RI� GLVHDVH�DVVRFLDWHG� SURWHLQV�� )LQDOO\�� D� UHODWLRQVKLS� EHWZHHQ�

V\QWD[LQ����PHGLDWHG� IXVLRQ� RI� PLWRFKRQGULD� GHULYHG� YHVLFOHV� DQG� WKH�

3,1.��SDUNLQ�SDWKZD\��WZR�PLWRFKRQGULDO�SURWHLQV�DVVRFLDWHG�ZLWK� IDPLOLDO�3'��

KDV� DOVR� EHHQ� GHVFULEHG� LQ� 3'� SDWKRJHQHVLV�� SRWHQWLDOO\� FRQWULEXWLQJ� WR� WKH�

PLWRFKRQGULDO�G\VIXQFWLRQ�VHHQ�LQ�WKLV�GLVHDVH��0F/HOODQG��/HH��0F%ULGH��	�)RQ��

�������
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7KH�IUHTXHQW�GHVFULSWLRQ�RI�61$5(�SURWHLQ�IXQFWLRQ�LQ�QHXURGHJHQHUDWLRQ�LV�MXVW�

DQ� H[DPSOH� RI� WKH� W\SHV� RI� WUDIILFNLQJ� SURWHLQV� WKDW� KDYH� EHHQ� UHSHDWHGO\�

DVVRFLDWHG��KLJKOLJKWLQJ�WKH�YLWDO�UROH�LQ�HIIHFWLYH�SURWHLQ�DQG�YHVLFOH�WUDQVSRUW�LQ�

PDLQWDLQLQJ�FHOO�IXQFWLRQ��DQG�WKH�GHWULPHQWDO�HIIHFWV�SHUWXUEDWLRQ�KDV�LQ�GLVHDVH��

7KH�FRPSOH[�DQG�HQWZLQHG�QDWXUH�RI�WKH�SDWKZD\V�DQG�SURWHLQV�WKDW�FRQVWLWXWH�

WKH�VHFUHWRU\�DQG�HQGRO\VRVRPDO�QHWZRUNV�PHDQ�IXUWKHU�ZRUN�LV�VWLOO�UHTXLUHG�WR�

IXOO\� XQGHUVWDQG� WKH� FRQVHTXHQFHV� RI� WKHVH� DVVRFLDWLRQV�� EXW� H[SDQGLQJ�

UHVHDUFK�LQ�WKLV�ILHOG�ZLOO�XQGRXEWHGO\�VHFXUH�WKLV�DV�D�NH\�WDUJHW�LQ�GLVHDVH��

�����3URMHFW�RXWOLQH�DQG�SUH�VXPPDU\�

7KH�LGHQWLILFDWLRQ�RI�JHQHWLF�ULVN�IDFWRUV�IRU�GLVHDVH�SURYLGHV�WKH�UDUH�RSSRUWXQLW\�

IRU� XQELDVHG� LGHQWLILFDWLRQ� RI� LPSOLFLWO\� FDXVDO�PHFKDQLVPV��$OWKRXJK�3513� LV�

FOHDUO\�D�VWURQJ�JHQHWLF�GHWHUPLQDQW�IRU�V&-'�ULVN�DQG�WKH�UROH�RI�3U3&�LV�HYLGHQW��

WKH�XWLOLW\� RI� WKLV� DV� D� WKHUDSHXWLF� WDUJHW� LV� \HW� WR� EH� FRQILUPHG��7KHUHIRUH� WKH�

LGHQWLILFDWLRQ�RI�QRQ�3513�JHQHV�DVVRFLDWHG�ZLWK�V&-'�LV�HVVHQWLDO��WR�H[SDQG�

RXU� NQRZOHGJH� RI� IXQGDPHQWDO� GLVHDVH� ELRORJ\�� DV� ZHOO� DV� WR� EURDGHQ� WKH�

DYDLODELOLW\�RI�YDOLG�WKHUDSHXWLF�WDUJHWV��+RZHYHU��DOWKRXJK�*:$6�LV�D�SRZHUIXO�

WRRO�IRU�LGHQWLI\LQJ�GLVHDVH�DVVRFLDWHG�YDULDQWV�DQG�ORFL��IROORZ�XS�DQDO\VLV�LV�NH\�

WR�XQGHUVWDQG�WKH�LPSOLFDWLRQ�RI�WKHVH��7KLV�LQFOXGHV�LGHQWLILFDWLRQ�RI�WKH�FDXVDO�

JHQH� GULYLQJ� WKLV� JHQHWLF� DVVRFLDWLRQ�� DV� ZHOO� DV� XVLQJ� UHOHYDQW� PRGHOV� DQG�

IXQFWLRQDO�JHQHWLFV�WRROV�WR�EXLOG�D�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�JHQH�IXQFWLRQ�

LQ�GLVHDVH�ELRORJ\�DQG�WR�H[SORUH�LWV�XWLOLW\�DV�D�WKHUDSHXWLF�WDUJHW���

� �
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7KH�PDLQ�DLPV�RI�WKLV�WKHVLV�ZHUH�WKHUHIRUH�WR��

��� 6HFXUH�DVVRFLDWLRQ�RI�YDULDQWV�DVVRFLDWHG�ZLWK�V&-'�ULVN�WKURXJK�*:$6�

�FKDSWHU����

��� ,GHQWLI\�FDXVDO�JHQHV�DQG�YDULDQWV�DW�DVVRFLDWHG�ORFL��FKDSWHU����

��� 'HYHORS� DSSURSULDWH� FHOO�EDVHG� PRGHOV� WR� LQYHVWLJDWH� WKH� UROH� RI�

DVVRFLDWHG�JHQH�V��LQ�SULRQ�SURSDJDWLRQ��FKDSWHUV���DQG����

��� 7HVW�UROH�RI�DVVRFLDWHG�JHQH�V��LQ�YLYR�LQFOXGLQJ�GLVHDVH�VXUYLYDO�WLPH�LQ�D�

PRXVH�ELRDVVD\�IRU�SULRQ�LQIHFWLYLW\��FKDSWHU����

� �
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���0DWHULDOV�DQG�0HWKRGV�
�����*:$6��

�������6DPSOH�FROOHFWLRQ�
6DPSOHV� ZHUH� FROOHFWHG� IURP� VSHFLDOLVW� QDWLRQDO� VXUYHLOODQFH� FHQWUHV� IURP�

PXOWLSOH� FRXQWULHV� RI� SUHGRPLQDQWO\� (XURSHDQ� DQFHVWU\� IURP� SDWLHQWV� ZLWK� D�

GLDJQRVLV�RI�GHILQLWH�RU�SUREDEOH�V&-'�DFFRUGLQJ�WR�ZLGHO\�DFFHSWHG�GLDJQRVWLF�

FULWHULD� �=HUU� HW� DO��� �������$SSURYDO� IRU� JHQHWLFV� VWXGLHV�ZDV�JUDQWHG�E\� ORFDO�

HWKLFV�FRPPLWWHHV�DQG�FRQVHQW�IRU�JHQHWLFV�UHVHDUFK�REWDLQHG�IRU�HDFK�VDPSOH��

�������'LVFRYHU\�SKDVH�
*HQRW\SLQJ��4&�DQG�DVVRFLDWLRQ�WHVW�ZHUH�SHUIRUPHG�E\�-DPHV�8SKLOO�DQG�+ROJHU�

+XPPHULFK��$OO�YLVXDOLVDWLRQV�DQG�H[SORUDWLRQV�JHQHUDWHG�E\�P\VHOI��&DVHV�ZHUH�

JHQRW\SHG�XVLQJ�WKH�,OOXPLQD�2PQLH[SUHVV�DUUD\�DQG�YDOLGDWLRQ�SHUIRUPHG�XVLQJ�

K\GURO\VLV�SUREHV�IRU�D�VHOHFWLRQ�RI�613V��9DULRXV�TXDOLW\�FRQWURO��4&��PHDVXUHV�

ZHUH�DSSOLHG�LQFOXGLQJ�JHQRW\SLQJ�UDWH��!������PLQRU�DOOHOH�IUHTXHQF\��! �������

+DUG\� :HLQEHUJ� GLVHTXLOLEULXP� LQ� FRQWUROV� �!�������� DQG� UHPRYDO� RI� FU\SWLF�

GXSOLFDWHV� DQG� UHODWHGQHVV�� 3XEOLFO\� DYDLODEOH� FRQWURO� GDWD� PDWFKHG� IRU�

SRSXODWLRQ� ZHUH� XVHG�� )XUWKHU� JHQRW\SHV� ZHUH� LPSXWHG� XVLQJ� WKH� 0LFKLJDQ�

,PSXWDWLRQ�6HUYHU�� $� IUHTXHQWLVW� DVVRFLDWLRQ� WHVW�ZDV� SHUIRUPHG�DVVXPLQJ� DQ�

DGGLWLYH� DOOHOLF� PRGHO� XVLQJ� 6137(67�� )ROORZLQJ� LPSXWDWLRQ� 4&�� ����������

613V�ZHUH�XVHG�LQ�WKH�DQDO\VLV���

�������5HSOLFDWLRQ�SKDVH��
*HQRW\SLQJ�RI�613V�IRU�WKH�UHSOLFDWLRQ�SKDVH�ZDV�SHUIRUPHG�XVLQJ�WKH�IROORZLQJ�

FRPPHUFLDOO\�DYDLODEOH�7DT0DQ�613�*HQRW\SLQJ�$VVD\V��$SSOLHG�%LRV\VWHPV��

���������DFFRUGLQJ�WR�PDQXIDFWXUHU¶V�SURWRFRO��&BBB�������B�B��UV����������

&BBB�������B����UV�������&BB��������B����UV�����������&BBB�������B���

�UV����������&BBB�������B�B��UV���������������QJ�'1$�ZDV�PL[HG�ZLWK����O�

7DT0DQ�*7;SUHVV�0DVWHU�0L[��$SSOLHG�%LRV\VWHPV�����������DQG������O�613�

JHQRW\SLQJ� DVVD\� ���;�� WR� D� YROXPH� RI� ��� �O�� T3&5� ZDV� SHUIRUPHG� RQ�

4XDQW6WXGLR���.�)OH[�5HDO�7LPH�3&5�6\VWHP�ZLWK�)DVW����ZHOO�EORFN��$SSOLHG�

%LRV\VWHPV�����R&����VHFV����R&����VHFV�����F\FOHV�[���R&���VHF����R&����VHFV��

��R&����VHFV��DQG�JHQRW\SH�DVVLJQPHQW�SHUIRUPHG�XVLQJ�4XDQW6WXGLR���.�)OH[�

VRIWZDUH�Y�����$GGLWLRQDO�SXEOLFDOO\�DYDLODEOH�FRQWURO�GDWD�ZDV�LPSXWHG�XVLQJ�WKH�



���
�

0LFKLJDQ� ,PSXWDWLRQ� 6HUYHU� DV� SUHYLRXV� DQG� JHQRW\SHV� IRU� UHSOLFDWLRQ� 613V�

FDOOHG� ZLWK� JHQRW\SLQJ� TXDOLW\� WKUHVKROG� ������ $VVRFLDWLRQ� DQDO\VLV� ZDV�

SHUIRUPHG�XVLQJ�3/,1.��Y������XVLQJ�DOOHOH�EDVHG�Ȥ��WHVWV�IRU�HDFK�FDVH�FRQWURO�

FRKRUW� PDWFKHG� IRU� SRSXODWLRQ� DQG� VXEVHTXHQW� IL[HG�HIIHFWV� PHWD�DQDO\VLV�

SHUIRUPHG�RQ�VXPPDU\�VWDWLVWLFV��3XUFHOO�HW�DO����������

�����)LQH�PDSSLQJ�

�������&$9,$5�
&$9,$5�XWLOLVHV�VXPPDU\�VWDWLVWLFV�WR�PRGHO�DVVRFLDWLRQ�DW�D�ORFXV�DQG�HVWLPDWHV�

WKH�SRVWHULRU�SUREDELOLW\�RI�D�YDULDQW�WR�EH�FDXVDO�WKURXJK�PRGHOOLQJ�GLVWULEXWLRQ�

FRQGLWLRQDO�RQ�WKH�VHW�RI�FDXVDO�613V��+RUPR]GLDUL��.RVWHP��.DQJ��3DVDQLXF��	�

(VNLQ���������*:$6�ORFL�ZHUH�GHILQHG�DV�����613V�XSVWUHDP�DQG�GRZQVWUHDP�

RI�WKH�613�ZLWK�WKH�KLJKHVW�DVVRFLDWLRQ��$�OLQNDJH�GLVHTXLOLEULXP��/'��PDWUL[�ZDV�

FDOFXODWHG�IURP�V&-'�*:$6�GDWD�XVLQJ�3/,1.���U��IXQFWLRQ�DQG�*:$6�]�VFRUHV�

GHILQHG� DV� ȕ�YDOXH� RYHU� VWDQGDUG� HUURU�� &$9,$5� ZDV� UXQ� ZLWK� DQ� XQGHILQHG�

QXPEHU�RI�FDXVDO�YDULDQWV�DQG�FDXVDO�VHW�SUREDELOLW\�VHW�DW�������

�������H&$9,$5�
H&$9,$5� LV� DQ�H[WHQVLRQ�RI� WKH�&$9,$5� IUDPHZRUN� WR�HVWLPDWH� WKH�SRVWHULRU�

SUREDELOLW\� RI� WKH� VDPH� YDULDQW� EHLQJ� FDXVDO� LQ� ERWK� *:$6� DQG� H[SUHVVLRQ�

TXDQWLWDWLYH�WUDLW�ORFL��H47/��GDWDVHWV��+RUPR]GLDUL��YDQ�GH�%XQW��	�6HJU���������

7KH� 67;�� ORFXV� ZDV� GHILQHG� DV� ���� YDULDQWV� XSVWUHDP� DQG� GRZQVWUHDP� RI�

UV����������613V�ZHUH�SUXQHG�ZLWK�YDULDQW�LQIODWLRQ�IDFWRU�RI���WR�H[WUDFW�GLVWLQFW�

VLJQDOV� DQG� /'� PDWUL[� FDOFXODWHG� IURP� V&-'� *:$6� GDWD� XVLQJ� 3/,1.� DV�

SUHYLRXV��:H�REWDLQHG�H47/�GDWD�IRU����WLVVXHV�LQFOXGHG�LQ�WKH�*7([�SRUWDO��Y����

H47/V� IRU� WKHVH� ��� SUXQHG� YDULDQWV� ZLWK� QRPLQDO� 3� �� ����� ZHUH� GHILQHG� DV�

H*HQHV� DQG� H&$9,$5� SHUIRUPHG� IRU� HDFK� LQ� LWV� WDUJHW� WLVVXH� IURP� VXPPDU\�

VWDWLVWLFV��]�VFRUHV�FDOFXODWHG�DV�WKH�VORSH�RI�WKH�ORJLVWLF�UHJUHVVLRQ�RYHU�VWDQGDUG�

HUURU���5HVXOWLQJ�FRORFDOLVDWLRQ�SRVWHULRU�SUREDELOLW\��&/33��ZDV�UDQNHG�WR�LGHQWLI\�

WDUJHW�JHQH�DQG�WLVVXH��7KH�GDWD�XVHG�IRU�WKH�DQDO\VHV�GHVFULEHG�LQ�WKLV�WKHVLV�

ZHUH�REWDLQHG�IURP�WKH�*7([�3RUWDO�RQ��WK�)HEUXDU\�������*7([�&RQVRUWLXP��

�������
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�������3$,1725�
3$,1725�DQDO\VLV�SHUIRUPHG�LQ�FROODERUDWLRQ�ZLWK�+ROJHU�+XPPHULFK��3$,1725�

XWLOLVHV�D�%D\HVLDQ�SUREDELOLVWLF�IUDPHZRUN�WR�LQWHJUDWH�*:$6�VXPPDU\�VWDWLVWLFV�

DQG� /'� GDWD�ZLWK� IXQFWLRQDO� JHQRPLF� DQQRWDWLRQ� LQFOXGLQJ� UHJXODWRU\� GDWDVHWV�

VXFK�DV�)$1720� �)DQWRP�&RQVRUWLXP�DQG� WKH�5,.(1�30,�DQG�&/67�HW�DO���

������DQG�(1&2'(��(QFRGH�3URMHFW�&RQVRUWLXP��������WR�FDOFXODWH�D�SRVWHULRU�

SUREDELOLW\�RI�D�YDULDQW�EHLQJ�FDXVDO�DQG�JHQHUDWHV�D�FUHGLEOH�FDXVDO�VHW��.LFKDHY�

HW�DO����������7KH�VRIWZDUH�ZDV�UXQ�XVLQJ�GHIDXOW�SDUDPHWHUV�ZLWK�YDULDQWV�����NE�

DURXQG�WKH�OHDG�*:$6�613��UV����������ZLWK�DOO�EUDLQ�WLVVXH�DQQRWDWLRQV��Q� �

�������

�������)80$�
)80$� �Y�����D�� LV� D� ZHE�EDVHG� DSSOLFDWLRQ� IRU� SRVW�*:$6� DQDO\VLV� ZKLFK�

LQWHJUDWHV� QXPHURXV� IXQFWLRQDO� DQQRWDWLRQV� ZLWK� *:$6� VXPPDU\� VWDWLVWLFV�

LQFOXGLQJ� SRVLWLRQDO�� H[SUHVVLRQ� DQG� UHJXODWRU\� GDWDVHWV� WR� DLG� K\SRWKHVLV�

JHQHUDWLRQ� DQG� KLJKOLJKW� SXWDWLYH� FDXVDO� JHQHV� DQG� YDULDQWV� �:DWDQDEH��

7DVNHVHQ��YDQ�%RFKRYHQ��	�3RVWKXPD���������7KLV�VRIWZDUH�ZDV�UXQ�ZLWK�GHIDXOW�

SDUDPHWHUV�XVLQJ�DOO�DYDLODEOH�LQSXW�VRIWZDUH�DQG�GDWDVHWV��0$*0$��Y�������GH�

/HHXZ�� 0RRLM�� +HVNHV�� 	� 3RVWKXPD�� ������� $1129$5� �.�� :DQJ�� /L�� 	�

+DNRQDUVRQ�� ������� &$''� �Y����� �.LUFKHU� HW� DO��� ������� 5HJXORPH'%� �Y�����

�%R\OH�HW�DO�������������FRUH�FKURPDWLQ�VWDWH�DQG�HQKDQFHU�DQG�SURPRWHU�UHJLRQV�

�5RDGPDS�&RQVRUWLXP���5RDGPDS�(SLJHQRPLFV�&RQVRUWLXP�HW�DO����������*7([�

�Y��Y��Y����*7([�&RQVRUWLXP���������%ORRG�H47/�EURZVHU��:HVWUD�HW�DO����������

%,26�47/� EURZVHU� �=KHUQDNRYD� HW� DO��� ������� %5$,1($&� �5DPDVDP\� HW� DO���

������� 0X7+(5� �*UXQGEHUJ� HW� DO��� ������� [47/6HUYHU� �1J� HW� DO��� �������

&RPPRQ0LQG�&RQVRUWLXP��)URPHU�HW�DO����������H47/*HQ��9}VD�HW�DO����������

',&(� �6FKPLHGHO� HW� DO��� �������3V\FK(1&2'(� �'��:DQJ�HW� DO��� ������� H47/�

FDWDORJXH� �YDULRXV��� )$1720�� �)DQWRP�&RQVRUWLXP�DQG� WKH�5,.(1�30,� DQG�

&/67�HW�DO����������+L�&��DGXOW�DQG�IHWDO�FRUWH[���*LXVWL�5RGUtJXH]�HW�DO����������

0VLJ'%�Y�����/LEHU]RQ�HW�DO����������

�����&HOO�OLQHV�DQG�SODVPLG�FRQVWUXFWV�

3.��DQG�L3.��FHOOV�ZHUH�REWDLQHG�IURP�(PPD�4XDUWHUPDQ�DQG�FXOWXUHG�LQ�2SWL�

0(0��*LEFR�������������ZLWK�����IHWDO�ERYLQH�VHUXP��)%6��*LEFR�������������
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DQG� ��� SHQLFLOOLQ�VWUHSWRP\FLQ� �*LEFR�� ����������� �FRPSOHWH� 2SWL�0(0���

3KRHQL[�(&2� FHOOV� �$7&&�� &5/������� ZHUH� FXOWXUHG� LQ� 'XOEHFFR
V� 0RGLILHG�

(DJOH�0HGLXP��*LEFR�������������ZLWK�����)%6�DQG����SHQLFLOOLQ�VWUHSWRP\FLQ��

&$'��FHOOV�ZHUH�REWDLQHG�IURP�3DUPMLW�-DW�DQG�FXOWXUHG�LQ�2SWL�0(0�ZLWK�ERYLQH�

JURZWK�VHUXP��&\WLYD��6+��������+,��DQG����SHQLFLOOLQ�VWUHSWRP\FLQ��&HOOV�ZHUH�

VWRUHG�LQ�DQ�LQFXEDWRU�DW���R&����&2��DQG�SDVVDJHG�WZLFH�ZHHNO\�E\�WULWXUDWLRQ��

2WKHU�FHOO� OLQHV�XVHG�DUH�GHVFULEHG� LQ�UHOHYDQW�VHFWLRQV��6W[��WDUJHWLQJ����PHU�

VK51$� VHTXHQFHV� LQ� S5HWUR6XSHU� YHFWRU� ZHUH� SXUFKDVHG� IURP� ,QVLJKW�

%LRWHFKQRORJ\� �7DEOH� ���� 67;�B$� �7*������$��� 67;�B%� �7*������%���

67;�B&��7*������&���67;�B'��7*������'���3UQS�WDUJHWLQJ�VK51$��3513��

ZDV�SUHYLRXVO\�FORQHG�LQWR�S5HWUR6XSHU�YHFWRU��*RROG�HW�DO����������6FUDPEOHG�

DQG�5IS�WDUJHWLQJ�VK51$V�ZHUH�DOVR�SXUFKDVHG�IURP�,QVLJKW�%LRWHFKQRORJ\�DV�

FRQWUROV��1RQ�VLO��75��������VK5)3��75��������6W[��F'1$�LQ�S(=�/Y����YHFWRU�

ZDV� SXUFKDVHG� IURP� *HQH&RSHLD� �(;�0P������/Y����� ZLWK� HPSW\� YHFWRU�

FRQWURO��(;�1(*�/Y������

&RQVWUXFW� 6HTXHQFH���¶�±��¶��
67;�B$� &$*$7*7&$*&77&$7&7*7*&$**&$&7�
67;�B%� **$*$**7$&$*$$$*&$*7&$$&$&7*&�
67;�B&� &&$*7**7*7*&&$7$*&&$7&&7&77&*�
67;�B'� 7**$$7*&7**$*7**&$*$7&*&7$7**�
3513� *$*$&$$7&7$$$&$77&7�
1RQ�VLO� *&$&7$&&$*$*&7$$&7&$*$7$*7$&7�
VK5)3� &77&$$*$&&$&$7$&$*$7&&$$*$$$&�
�
7DEOH����VK51$�FRQVWUXFW�VHTXHQFHV�
�

�����*HQHUDWLRQ�RI�VWDEOH�NQRFNGRZQ�3.��DQG�&$'��
FHOOV�

�������2SWLPLVDWLRQ�RI�6W[��NQRFNGRZQ�LQ�3.��FHOOV�
)RU�LQLWLDO�VFUHHQLQJ��3KRHQL[�(&2�FHOOV�ZHUH�SODWHG�DW���[�����FHOOV�SHU����FP�

GLVK�a���K�SULRU�WR�WUDQVIHFWLRQ������O�)X*(1(���WUDQVIHFWLRQ�UHDJHQW��3URPHJD��

(������ZDV�GLOXWHG�LQ������O�2SWL�0(0��LQFXEDWHG�IRU���PLQ�DQG����J�RI�SODVPLG�

'1$�DGGHG�EHIRUH�DSSO\LQJ�GURSZLVH�WR�FHOOV�����K�SRVW�WUDQVIHFWLRQ��D�FRPSOHWH�

PHGLD� FKDQJH� ZDV� SHUIRUPHG�� ��� K� SRVW�WUDQVIHFWLRQ� YLUDO� VXSHUQDWDQW� ZDV�
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FROOHFWHG�DQG�ILOWHUHG�WKURXJK�������P�V\ULQJH�ILOWHU��3.��FHOOV�ZHUH�SODWHG�DW���[�

����FHOOV�SHU����FP�GLVK����K�SULRU� WR�WUDQVGXFWLRQ�ZLWK���PO�IUHVK�ILOWHUHG�YLUDO�

VXSHUQDWDQW�LQ�FRPSOHWH�2SWL�0(0�ZLWK����J�PO�SRO\EUHQH��0HUFN��75������*���

&RPSOHWH�PHGLD�FKDQJH�ZDV�SHUIRUPHG�DIWHU�����K��$IWHU���GD\V�WUDQVGXFHG�FHOOV�

ZHUH�VHOHFWHG�XVLQJ�PHGLD�VXSSOHPHQWHG�ZLWK����J�PO�SXURP\FLQ��*LEFR��$�����

������&HOOV�ZHUH�JURZQ�LQ�SXURP\FLQ�VHOHFWLRQ�PHGLD�IRU�DW�OHDVW���ZHHNV�EHIRUH�

JHQH�H[SUHVVLRQ�PHDVXUHG��'XULQJ�RSWLPLVDWLRQ����J�SODVPLG�'1$�ZDV�XVHG�IRU�

WUDQVIHFWLRQ�DQG�SXURP\FLQ�FRQFHQWUDWLRQ�EHWZHHQ���±����J�PO���

�������*HQHUDWLRQ�RI�ILQDO�6W[��NQRFNGRZQ�3.��DQG�&$'��FHOOV�
)RU�3.��FHOOV�VLQJOH�FHOO�FORQLQJ�DQG�LQLWLDO�57�T3&5�VFUHHQLQJ�ZDV�SHUIRUPHG�LQ�

FROODERUDWLRQ�ZLWK�(PPDQXHOOH�9LUp��IRU�&$'��FHOOV�WKLV�ZDV�SHUIRUPHG�E\�P\VHOI��

&HOOV� ZHUH� SODWHG� DW� �� [� ���� FHOOV� SHU� ZHOO� LQ� D� ��ZHOO� SODWH� ��� K� SULRU� WR�

WUDQVIHFWLRQ�������J�SODVPLG�'1$�GLOXWHG�LQWR������O�2SWL�0(0�ZLWK������O�3/86�

UHDJHQW� �,QYLWURJHQ�� $������� ZDV� DGGHG� WR� ���� �O� 2SWL�0(0� ZLWK� �� �O�

/LSRIHFWDPLQH� /7;� 5HDJHQW� �,QYLWURJHQ�� $�������� 7UDQVIHFWLRQ� PL[� ZDV�

LQFXEDWHG�IRU���PLQ�DW�URRP�WHPSHUDWXUH�EHIRUH�����ȝO�ZDV�DGGHG�GURSZLVH�WR�

FHOOV�������J�'1$�ILQDO������K�SRVW�WUDQVIHFWLRQ�FHOOV�ZHUH�VSOLW�LQWR�D����FP�GLVK�

WR� SURPRWH� VK51$� LQWHJUDWLRQ�� ��� K� SRVW�WUDQVIHFWLRQ� WUDQVIHFWHG� FHOOV� ZHUH�

VHOHFWHG� ZLWK� �� �J�PO� SXURP\FLQ� �*LEFR�� $���������� LQ� FRPSOHWH� 2SWL�0(0��

&HOOV�ZHUH�JURZQ� IRU�XS� WR���ZHHNV�EHIRUH�VLQJOH�FORQHV�ZHUH�VHSDUDWHG�DQG�

VFUHHQHG�IRU�NQRFNGRZQ�E\�57�T3&5���

�������57�T3&5�
&HOOV�ZHUH�UHVXVSHQGHG�LQ�'XOEHFFR
V�SKRVSKDWH�EXIIHUHG�VDOLQH��'3%6��*LEFR��

����������DQG�SHOOHWHG�DW�����[�J� IRU���PLQ��3HOOHWV�ZHUH� O\VHG� LQ������O�75,�

5HDJHQW� �=\PR�5HVHDUFK�� 5������������ DQG� 51$� H[WUDFWHG� XVLQJ� 'LUHFW�]RO�

51$�0LQLSUHS��=\PR�5HVHDUFK��5������DFFRUGLQJ�WR�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��

%ULHIO\��DQ�HTXDO�YROXPH�RI�HWKDQRO�ZDV�DGGHG�WR�HDFK�O\VDWH��PL[HG�WKRURXJKO\�

DQG�ORDGHG�RQWR�WKH�51$�ELQGLQJ�FROXPQ��&ROXPQV�ZHUH�WUHDWHG�ZLWK�'1DVH�,�

��������8��O� ILQDO�� IRU����PLQ��ZDVKHG�DQG�51$�HOXWHG� LQ�����O�QXFOHDVH�IUHH�

ZDWHU�� 5HYHUVH� WUDQVFULSWLRQ� ZDV� SHUIRUPHG� XVLQJ� 4XDQWL7HFW� 5HYHUVH�

7UDQVFULSWLRQ�.LW��4LDJHQ����������DFFRUGLQJ�WR�SURWRFRO������QJ�51$�ZDV�GLOXWHG�

LQ�QXFOHDVH�IUHH�ZDWHU�ZLWK�J'1$�ZLSH�RXW�DQG�LQFXEDWHG�DW���R&�IRU���PLQ�WR�

HOLPLQDWH�JHQRPLF�'1$��5HYHUVH� WUDQVFULSWDVH�PL[� FRQWDLQLQJ�G173V��51DVH�
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LQKLELWRU��0J���DQG�XQLYHUVDO�SULPHUV�ZDV�DGGHG�WR�HDFK�VDPSOH�DQG�LQFXEDWHG�

DW���R&� IRU����PLQ� IROORZHG�E\���R&� IRU���PLQ� IRU�HQ]\PH� LQDFWLYDWLRQ��T3&5�

UHDFWLRQV�FRPSULVHG�RI�����O�)DVW�6<%5�*UHHQ�0DVWHU�0L[��$SSOLHG�%LRV\VWHPV��

��������� DQG� �� �O�4XDQWL7HFW� 3ULPHU� $VVD\� �4LDJHQ��6W[���0PB6W[�B�B6*��

47����������3UQS��0PB3UQSB�B6*��47����������*DSGK��0PB*DSGKB�B6*��

47����������$FWE��0PB$FWEB�B6*��47����������DQG����O�F'1$��GLOXWHG�����

LQ� QXFOHDVH�IUHH� ZDWHU�� ZHUH� SHUIRUPHG� RQ� 4XDQW6WXGLR� ��.� )OH[� 5HDO�7LPH�

3&5�6\VWHP�ZLWK�)DVW� ���ZHOO� EORFN� �$SSOLHG�%LRV\VWHPV�� ���R&����VHFV�� ���

F\FOHV�[���R&���VHF����R&����VHFV��PHOW�FXUYH����R&����VHFV����R&���PLQ����R&�

���VHFV����

�������%UDGIRUG�DVVD\�
&HOOV�ZHUH�UHVXVSHQGHG�LQ�'3%6�DQG�SHOOHWHG�DW�����[�J�IRU���PLQ��3HOOHWV�ZHUH�

O\VHG�XVLQJ�5,3$�EXIIHU�����P0�7ULV�+&O�S+��������P0�1D&O�����13����������

VRGLXP�GHR[\FKRODWH�������6'6��ZLWK�SURWHDVH�LQKLELWRUV��5RFKH���������������

XVLQJ�D����*�QHHGOH��/\VDWHV�ZHUH�GLOXWHG�����LQWR�'3%6�DQG����O�GLVSHQVHG�LQWR�

D����ZHOO�SODWH�LQ�WULSOLFDWH�ZLWK������O�%UDGIRUG�UHDJHQW��6LJPD��%�������%RYLQH�

VHUXP�DOEXPLQ��%6$��7KHUPR�6FLHQWLILF���������VWDQGDUGV�ZHUH�SUHSDUHG�ZLWK���

IROG�VHULDO�GLOXWLRQ�VHULHV����±��������PJ�PO���$EVRUEDQFH�ZDV�PHDVXUHG�DW�����

QP�XVLQJ�D�SODWH�UHDGHU��7HFDQ��,QILQLWH�)����3UR���

�������,PPXQREORW�
/\VDWHV�ZHUH�GLOXWHG�LQ�'%36�ZLWK��;�6'6�VDPSOH�EXIIHU������P0�7ULV�EDVH��

����JO\FHURO�����6'6��������EURPRSKHQRO�EOXH��DQG�ERLOHG�DW���R&�IRU���PLQ��

��� �J� RI� WRWDO� SURWHLQ� ZDV� ORDGHG� RQWR� D� ������ %LV�7ULV� SRO\DFU\ODPLGH� JHO�

�,QYLWURJHQ��13����%2;��ZLWK�&KDPHOHRQ�'XR�3UH�VWDLQHG�3URWHLQ�/DGGHU��/,�

&25�������������DQG�HOHFWURSKRUHVHG�DW�����9�IRU���K�WKHQ�HOHFWUREORWWHG�WR�D�

QLWURFHOOXORVH�PHPEUDQH��,QYLWURJHQ��/&������DW����9�IRU���K��0HPEUDQHV�ZHUH�

EORFNHG� LQ� 2G\VVH\� %ORFNLQJ� %XIIHU� �/,�&25�� ����������� IRU� �� K� DW� URRP�

WHPSHUDWXUH��SUREHG�ZLWK�PRQRFORQDO�DQWL�3U3�DQWLERG\��FORQH�,&60�����������

'�*HQ�/WG��7DEOH����RU�DQWL�V\QWD[LQ����FORQH�&��%����������7DEOH����RYHUQLJKW�

DW��R&��0HPEUDQHV�ZHUH�ZDVKHG�ZLWK�������7ZHHQ�����6LJPD��3������LQ�3%6�

�3%67��IRU���[���PLQ�ZLWK�DJLWDWLRQ�DQG�LQFXEDWHG�ZLWK�DQWL�ȕ�DFWLQ���������UDEELW�

SRO\FORQDO�RU��������PRXVH�PRQRFORQDO��7DEOH������$IWHU�ZDVKLQJ�DV�SUHYLRXVO\�

GHVFULEHG�� PHPEUDQHV� ZHUH� SUREHG� ZLWK� IOXRURSKRUH�FRQMXJDWHG� VHFRQGDU\�
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DQWLERGLHV�,5'\H����&:�'RQNH\�DQWL�UDEELW�,J*����������/,�&25��7DEOH����DQG�

,5'\H����5'�JRDW�DQWL�PRXVH�,J*����������/,�&25��7DEOH���� IRU���K�DW�URRP�

WHPSHUDWXUH�� 0HPEUDQHV� ZHUH� ZDVKHG� DJDLQ� DQG� LPDJHG� ZLWK� 2G\VVH\� *HO�

'RFXPHQWDWLRQ�6\VWHP��/,�&25��0RGHO��������
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7DEOH����3ULPDU\�DQWLERGLHV��
:%� �:HVWHUQ�EORW��'%� �'RW�EORW��,)� �,PPXQRIOXRUHVFHQFH��,+&� �,PPXQRKLVWRFKHPLVWU\��

� �

7DUJHW� +RVW�VSHFLHV� 'LOXWLRQ� 6XSSOLHU� &DWDORJXH�QXPEHU� 0HWKRG�

3U3� 0RXVH� ������ '�*HQ�/WG� 1$��FORQH�,&60���� :%��'%�

3U3� 0RXVH� ������ 6LJPD� 3�������FORQH��+��� ,)�

3U3� 0RXVH� ����������,)��
����������(/,6$�� %LR/HJHQG� ��������FORQH��'���� ,)��(/,6$�

3U3� 0RXVH� ������� '�*HQ�/WG� 1$��FORQH�,&60���� ,+&�

6\QWD[LQ��� 5DEELW� �������:%��'%��
�������(/,6$�� &HOO�6LJQDOLQJ� ����6��FORQH�&��%��� :%��'%��(/,6$�

6\QWD[LQ��� 0RXVH� ������ $EFDP� $E�������FORQH��'���� ,)�

6\QWD[LQ��� 5DEELW� ������ $WODV�$QWLERGLHV� +3$������� ,+&�

ȕ�DFWLQ� 0RXVH� ������� 6LJPD� $����� :%�

ȕ�DFWLQ� 5DEELW� ������� 6LJPD� $����� :%�

2FW�� *RDW� ������ $EFDP� $E������ ,)�

7UD������ 0RXVH� ������ $EFDP� $E������ ,)�

3D[�� 5DEELW� ������ %LROHJHQG� ������� ,)�

.L���� 0RXVH� ����� $EFDP� $E����� ,)�

7XM�� 5DEELW� ������ %LROHJHQG� ������� ,)�

7EU�� 5DEELW� ������ $EFDP� $E������ ,)�

&WLS�� 5DW� ������ $EFDP� ������ ,)�

0DS�� &KLFNHQ� ������� $EFDP� $E����� ,)�

*RUDSV���*5$36���� 5DEELW� ������� 3URWHLQ7HFK� ��������$3� ,)�

,ED�� 5DEELW� ������ $OSKD/DERUDWRULHV� ���������� ,+&�

*)$3� 5DEELW� ������� 'DNR��$JLOHQW�� =����� ,+&�
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7DUJHW� +RVW�VSHFLHV� &RQMXJDWH� 'LOXWLRQ� 6XSSOLHU� &DWDORJXH�QXPEHU� 0HWKRG�

5DEELW�,J*��+���/��� 'RQNH\� ,5'\H����&:� ������� /,�&25� ���������� :%��'%�

0RXVH�,J*��+���/�� *RDW� ,5'\H����5'� ������� /,�&25� ���������� :%��'%�

0RXVH�,J*��)DE�VSHFLILF��� *RDW� 3HUR[LGDVH� ��������� 6LJPD� $����� (/,6$�

5DEELW�,J*��:KROH�PROHFXOH�� *RDW� 3HUR[LGDVH� ��������� 6LJPD� $����� (/,6$�

0RXVH�,J*��)FȖ�VXEFODVV���� *RDW� $OH[D�)OXRU����� ������� -DFNVRQ�,PPXQR5HVHDUFK� ������������ ,)�

0RXVH�,J*��)FȖ�VXEFODVV��E�� *RDW� 5KRGDPLQH�5HG�;� ������� -DFNVRQ�,PPXQR5HVHDUFK� ������������ ,)�

0RXVH�,J*��)FȖ�VXEFODVV��D�� *RDW� 5KRGDPLQH�5HG�;� ������� -DFNVRQ�,PPXQR5HVHDUFK� ������������ ,)�

*RDW�,J*��+���/�� 'RQNH\� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

0RXVH�,J*��+���/�� 'RQNH\� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

0RXVH�,J*��+���/�� 'RQNH\� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

5DEELW�,J*��+���/�� 'RQNH\� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

5DEELW�,J*��+���/�� 'RQNH\� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

5DW�,J*��+���/�� *RDW� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

&KLFNHQ�,J<��+���/�� *RDW� $OH[D�)OXRU����� ������ ,QYLWURJHQ� $������� ,)�

�

7DEOH����6HFRQGDU\�DQWLERGLHV��
:%� �:HVWHUQ�EORW��'%� �'RW�EORW��,)� �,PPXQRIOXRUHVFHQFH��
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�������*URZWK�UDWH�
&HOO� OLQHV� ZHUH� VHHGHG� LQWR� D� 7��� IODVN� �7KHUPR� 6FLHQWLILF�� ���������� DW� D�

FRQVLVWHQW�GHQVLW\�DQG�JURZQ�IRU��� WR���GD\V��&HOOV�ZHUH�UHVXVSHQGHG� LQ���PO�

FRPSOHWH�2SWL�0(0������O�FHOO�VXVSHQVLRQ�ZDV�PL[HG�����ZLWK������7U\SDQ�EOXH�

VWDLQ��,QYLWURJHQ��7�������DQG�FHOO�FRXQW�ZDV�PHDVXUHG�XVLQJ�WKH�&RXQWHVV�,,�)/�

$XWRPDWHG� &HOO� &RXQWHU� �,QYLWURJHQ�� $04$)������� &HOO� GRXEOLQJ� WLPH� ZDV�

FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��ZKHUH�1W� �HQG�SRLQW�FHOO�QXPEHU��1�� �

VWDUW�SRLQW�FHOO�QXPEHU�DQG�W� �WLPH��GD\V����

ሻݏݕ�ሺ݀ܽ݁݉݅ݐ�݈ܾ݃݊݅ݑܦ ൌ � ݐ
���ଶ ௧ܰ

ܰ

�

�������$XWRPDWHG�6FUDSLH�&HOO�$VVD\�
$XWRPDWHG�6FUDSLH�&HOO�$VVD\V��$6&$��ZHUH�SHUIRUPHG�E\�&KULVWLDQ�6FKPLGW��

*HRUJH� 7KLUOZD\� DQG� 3DUYLQ� $KPHG� DV� SUHYLRXVO\� GHVFULEHG� �.ORKQ�� 6WROW]H��

)OHFKVLJ��(QDUL��	�:HLVVPDQQ���������(DFK�FHOO�OLQH�ZDV�VHHGHG�DW�����[�����FHOOV�

SHU� ZHOO� LQ� D� ���ZHOO� SODWH� ��� K� SULRU� WR� LQIHFWLRQ� ZLWK� ���� �Z�Y�� 50/� EUDLQ�

KRPRJHQDWH�DW���[���������[���������[���������[���������[������DQG���[������GLOXWLRQV�

ZLWK� ��� ZHOOV� SHU� FRQGLWLRQ�� &HOOV� ZHUH� VSOLW� ���� HYHU\� �� WR� �� GD\V� XVLQJ� DQ�

DXWRPDWHG� OLTXLG� KDQGOLQJ� URERW� �%LRPHN� );� OLTXLG� KDQGOLQJ� URERW�� %HFNPDQ�

&RXOWHU�� DQG� DVVD\HG� DIWHU� WKH� �UG� DQG� �WK� VSOLWV�� ������� FHOOV�ZHUH� SODWHG� RQ�

(/,6SRW� ,3�)LOWHU�3ODWHV��39')�PHPEUDQH��������P��0HUFN��06,31������DQG�

IL[HG�DW���R&� IRU���K�EHIRUH� WUHDWPHQW�ZLWK����J�PO�SURWHLQDVH�.� �3.��5RFKH��

������������ LQ� O\VLV� EXIIHU� ���ௗP0�7ULV�+&O� S+���� ���ௗP0�1D&O�� ����� �Z�Y��

VRGLXP� GHR[\FKRODWH�� ����� �Y�Y�� 7ULWRQ� ;������ DW� ��R&� IRU� �� K�� 3ODWHV� ZHUH�

ZDVKHG� DQG� WUHDWHG� ZLWK� �0� JXDQLGLQH� WKLRF\DQDWH� �0HOIRUG�� *������� IRU�

GHFRQWDPLQDWLRQ�DQG�DQWLJHQ�UHWULHYDO�EHIRUH�EORFNLQJ�ZLWK�6XSHU%ORFN�EORFNLQJ�

EXIIHU��7KHUPR����������6WDLQLQJ�ZDV�SHUIRUPHG�XVLQJ�DQWL�3U3�DQWLERG\��FORQH�

,&60����'�*HQ�/WG��7DEOH����IROORZHG�E\�GHWHFWLRQ�ZLWK�DONDOLQH�SKRVSKDWDVH�

OLQNHG�DQWL�,J*��DQWLVHUXP��6RXWKHUQ�%LRWHFK������������6SRWV�ZHUH�YLVXDOLVHG�

ZLWK� DONDOLQH� SKRVSKDWDVH� FRQMXJDWH� VXEVWUDWH� �%LR�5DG�� ���������� DQG� 3.�

UHVLVWDQW� 3U3� LQIHFWHG� FHOOV� FRXQWHG� XVLQJ� WKH� %LRUHDGHU� �����(ȕ� �%LR6\V�

.DUEHQ��*HUPDQ\����
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�������,PPXQRIOXRUHVFHQFH�IRU�V\QWD[LQ���DQG�3U3�LQ�3.��
FHOOV�

&HOOV�ZHUH�VHHGHG�DW�����[�����FHOOV�SHU�ZHOO� LQWR���ZHOO�JODVV�FKDPEHU�VOLGHV�

�7KHUPR�6FLHQWLILF����������DQG�LQFXEDWHG�DW���R&����&2��IRU���GD\V��&HOOV�ZHUH�

ULQVHG� WZLFH� ZLWK� '3%6� DQG� IL[HG� IRU� ���PLQ� DW� 57� ZLWK� ����� IRUPDOGHK\GH�

�6LJPD�� )������ GLOXWHG� LQ� '3%6�� $IWHU� ZDVKLQJ� �� [� '3%6�� FHOOV� ZHUH�

SHUPHDELOLVHG�XVLQJ�������7ULWRQ�;������6LJPD��7������LQ�'3%6�IRU����PLQ�DW�

57�� &HOOV� ZHUH�ZDVKHG� DJDLQ� DV� SUHYLRXV� DQG� LQFXEDWHG�ZLWK� DQWL�V\QWD[LQ���

�FORQH��'���� ������� 7DEOH� ��� RU� DQWL�3U3� �FORQH��+��� ������� 7DEOH� ��� SULPDU\�

DQWLERGLHV�LQ������;�6XSHU%ORFN��7KHUPR�6FLHQWLILF���������RYHUQLJKW�DW��R&��7KH�

IROORZLQJ� GD\� FHOOV� ZHUH� ZDVKHG� DJDLQ� DQG� LQFXEDWHG� ZLWK� ,J*�VSHFLILF�

IOXRURSKRUH�FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV��-DFNVRQ�,PPXQR5HVHDUFK��7DEOH�

���LQ������;�6XSHU%ORFN�RYHUQLJKW�DW��R&��$QWLERGLHV�ZHUH�UHPRYHG�DQG�QXFOHL�

VWDLQHG�ZLWK� '$3,� ���������0HUFN�� '������ IRU� ���PLQ� LQ� '3%6� DW� 57� EHIRUH�

ZDVKLQJ� DQG� LPDJLQJ� XVLQJ� D� FRQIRFDO� PLFURVFRSH� �=HLVV�� /60� ����� DW� ��;�

REMHFWLYH���

�������,PDJH�TXDQWLILFDWLRQ�
,PDJH� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� &ROXPEXV� ,PDJH� 'DWD� 6WRUDJH� DQG�

$QDO\VLV�6\VWHP��3HUNLQ�(OPHU��RQ�����LPDJHV�SHU�LQGHSHQGHQW�UHSOLFDWH��1XFOHL�

DQG�FHOO�ERXQGDULHV�ZHUH�LGHQWLILHG�WKURXJK�'$3,�VWDLQLQJ�DQG�XVHG�WR�GHILQH�WKH�

QXFOHL��F\WRSODVPLF�DQG�PHPEUDQH�ERXQGDULHV��)LJXUH�����2EMHFWV�ZHUH�GHILQHG�

DV�LQGLYLGXDO�FHOOV��)RU�DQDO\VLV�RI�SURWHLQ�FRORFDOLVDWLRQ��PDVNV�ZHUH�JHQHUDWHG�

IRU�HDFK�FKDQQHO�ZLWKLQ� WKH�F\WRSODVP�UHJLRQ�DQG�RYHUODLG�RQWR� WKH�DOWHUQDWLYH�

FKDQQHO�DQG�DUHD�DQG�LQWHQVLW\�ZLWKLQ�WKLV�PDVN�TXDQWLILHG��)RU�DQDO\VLV�RI�3U3�

ORFDOLVDWLRQ� ZLWKLQ� FHOOV� WKH� DUHD� DQG� LQWHQVLW\� ZLWKLQ� HDFK� FHOO� UHJLRQ� ZDV�

GHWHUPLQHG�� 7RWDO� SURWHLQ� ZDV� FDOFXODWHG� DV� LQWHQVLW\� �DYHUDJH� SHU� SL[HO��

PXOWLSOLHG�E\�DUHD��SL[HOV����3URSRUWLRQV�ZHUH�FDOFXODWHG�DV�WRWDO�SURWHLQ�SHU�FHOO�

UHJLRQ�SHU�REMHFW�RYHU�WRWDO�SURWHLQ�SHU�REMHFW���

� �
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)LJXUH����4XDQWLILFDWLRQ�RI�3U3�ORFDOLVDWLRQ�LQ�3.��DQG�L3.��FHOOV�XVLQJ�&ROXPEXV��
� �
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�����0DQLSXODWLRQ�RI�JHQH�H[SUHVVLRQ�LQ�L3.��FHOOV�

�������7UDQVLHQW�WUDQVIHFWLRQ�RI�L3.��FHOOV�
L3.��FHOOV�ZHUH�SODWHG�DW�����[�����FHOOV�SHU�ZHOO�LQ�D����ZHOO�SODWH�a��K�SULRU�WR�

WUDQVIHFWLRQ�LQ�FRPSOHWH�2SWL�0(0�����QJ�RI�HDFK�6W[��WDUJHWLQJ�VK51$�SODVPLG�

�$�'��ZDV�GLOXWHG�ZLWK�2SWL�0(0�DQG������O�3/86�UHDJHQW��,QYLWURJHQ��$�������

WR�D�ILQDO�YROXPH�RI����O�SHU�ZHOO������QJ�1RQ�VLO�RU�3513�SODVPLG�ZHUH�SUHSDUHG�

LQ� WKH� VDPH� ZD\�� ���� �O� /LSRIHFWDPLQH� /7;� WUDQVIHFWLRQ� UHDJHQW� �,QYLWURJHQ��

$�������ZDV�GLOXWHG�LQWR������O�2SWL�0(0��'1$�PL[�ZDV�DGGHG�WR�WKH�WUDQVIHFWLRQ�

UHDJHQW�PL[�DQG�LQFXEDWHG�IRU���PLQ�DW�URRP�WHPSHUDWXUH�EHIRUH�DGGLQJ�WR�FHOOV��

$�FRPSOHWH�PHGLD�FKDQJH�ZDV�SHUIRUPHG�a���K�SRVW�WUDQVIHFWLRQ��)RU�57�T3&5�

DQDO\VLV�FHOOV�ZHUH�GHWDFKHG�ZLWK�������WU\SVLQ�('7$�DIWHU����DQG����K�DQG���

ZHOOV� SRROHG�� 57�T3&5� ZDV� SHUIRUPHG� DV� SUHYLRXVO\� GHVFULEHG� �VHH� VHFWLRQ�

��������&HOOV�ZHUH�O\VHG�DW����K�SRVW�WUDQVIHFWLRQ�IRU�GRW�EORW�LPPXQRDVVD\��VHH�

VHFWLRQ����������

�������*HQHUDWLRQ�RI�VWDEOH�L3.��FHOO�OLQHV�
L3.��FHOOV�ZHUH�VHHGHG�DW���[�����FHOOV�SHU�ZHOO� LQ�D���ZHOO�SODWH�a��K�SULRU� WR�

WUDQVIHFWLRQ�DV�SUHYLRXV��VHH�VHFWLRQ���������$IWHU����K�FHOOV�ZHUH�VSOLW�LQWR����FP�

GLVK�DQG�DIWHU����K�WUDQVIHFWHG�FHOOV�ZHUH�VHOHFWHG�ZLWK����J�PO�SXURP\FLQ��*LEFR��

$����������LQ�FRPSOHWH�2SWL�0(0��&HOOV�ZHUH�JURZQ�DV�SRSXODWLRQV�IRU�DW�OHDVW�

�� ZHHNV� EHIRUH� JHQH� H[SUHVVLRQ� PHDVXUHG�� *URZWK� UDWH� ZDV� PHDVXUHG� DV�

SUHYLRXVO\�GHVFULEHG��VHFWLRQ���������

�������'RW�EORW�LPPXQRDVVD\�
���� �O� LFH�FROG� O\VLV� EXIIHU� ����P0�7ULV� S+� ����� ����P0�1D&O�� ����� VRGLXP�

GHR[\FKRODWH�������WULWRQ�;������ZDV�DGGHG�WR�HDFK�ZHOO�RU�WR�SHOOHWHG�FHOOV�DW�D�

ILQDO�FHOO�GHQVLW\�RI���������FHOOV�SHU�PO�RI�O\VLV�EXIIHU�DQG�LQFXEDWHG�RQ�LFH�IRU����

PLQ�� 1LWURFHOOXORVH�PHPEUDQH� �*(�+HDOWKFDUH�� ���������� ZDV� SUH�VRDNHG� LQ�

O\VLV�EXIIHU�IRU���PLQ�EHIRUH�DVVHPEO\�LQWR�WKH�%LR�'RW�0LFURILOWUDWLRQ�$SSDUDWXV�

�%LR�5DG�������������$IWHU�SUH�ZDVKLQJ�ZLWK�O\VLV�EXIIHU�������O�FHOO� O\VDWH�ZDV�

ORDGHG�LQWR�ZHOO��O\VDWHV�DSSOLHG�WR�PHPEUDQH�XVLQJ�YDFXXP�DQG�ZDVKHG�WZLFH�

ZLWK� O\VLV� EXIIHU�� 0HPEUDQHV� ZHUH� UHPRYHG� IURP� WKH� DSSDUDWXV� IRU� IXUWKHU�

SURFHVVLQJ��)RU�GHWHFWLRQ�RI�3.�UHVLVWDQW�3U3��PHPEUDQHV�ZHUH�LQFXEDWHG�ZLWK�

�� �J�PO� 3.� �0HUFN�� �������� IRU� �� K� DW� ��R&� ZLWK� DJLWDWLRQ� EHIRUH� ��� PLQ�

LQFXEDWLRQ� ZLWK� �� P0� �����$PLQRHWK\O��EHQ]HQHVXOIRQ\O� IOXRULGH� �$(%6)��
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0HIORUG��0%������WR�LQDFWLYDWH�WKH�HQ]\PH��$OO�PHPEUDQHV�ZHUH�WUHDWHG�ZLWK���

0�JXDQLGLQH�WKLRF\DQDWH�IRU����PLQ�DW�URRP�WHPSHUDWXUH�IRU�GHFRQWDPLQDWLRQ�DQG�

DQWLJHQ�UHWULHYDO�DQG�ZDVKHG���[���PLQ�ZLWK�GG+�2��%ORFNLQJ��LPPXQRGHWHFWLRQ�

DQG� LPDJLQJ� ZHUH� SHUIRUPHG� DV� SUHYLRXVO\� GHVFULEHG� �VHH� VHFWLRQ� ������ IRU�

LPPXQREORWWLQJ�� 7DEOH� ����6WDLQLQJ�ZLWK� DQWL�ȕ� DFWLQ� DQWLERGLHV�ZDV� SHUIRUPHG�

DIWHU�LPDJLQJ�LQLWLDO�SULPDU\�DQWLERG\�WR�SUHYHQW�XQGHWHFWDEOH�FURVV�UHDFWLYLW\��

�������,PPXQRIOXRUHVFHQFH�IRU�V\QWD[LQ���DQG�SULRQ�
DJJUHJDWHV�LQ�L3.��FHOOV�

L3.�� FHOOV�ZHUH� SODWHG�� IL[HG� DQG� SHUPHDELOLVHG� DV� GHVFULEHG� SUHYLRXVO\� �VHH�

VHFWLRQ� �������� )ROORZLQJ� SHUPHDELOLVDWLRQ�� FHOOV� ZHUH� WUHDWHG� ZLWK� ���� 0�

JXDQLGLQH� WKLRF\QDWH� GLOXWHG� LQ� GG+�2� IRU� ���PLQ� DW� 57�� 7R� UHPRYH� UHVLGXDO�

JXDQLGLQH�FHOOV�ZHUH�ZDVKHG�WKRURXJKO\�ZLWK���[�'3%6�EHIRUH�VWDLQLQJ�ZLWK�DQWL�

V\QWD[LQ����FORQH��'�����������7DEOH����RU�DQWL�3U3��FORQH��'��������������7DEOH�

���LQ�����;�6XSHU%ORFN�21�DW��R&��7KH�IROORZLQJ�GD\�FHOOV�ZHUH�ZDVKHG���[�'3%6�

DQG� LQFXEDWHG� ZLWK� ,J*�VSHFLILF� IOXRURSKRUH�FRQMXJDWHG� VHFRQGDU\� DQWLERGLHV�

�-DFNVRQ�,PPXQR5HVHDUFK��7DEOH����LQ�����;�6XSHU%ORFN�21�DW��R&��$QWLERGLHV�

ZHUH�UHPRYHG�DQG�QXFOHL�VWDLQHG�ZLWK�'$3,����������0HUFN��'������IRU����PLQ�

LQ�3%6�DW�57�EHIRUH�ZDVKLQJ�DQG�LPDJLQJ�XVLQJ�D�FRQIRFDO�PLFURVFRSH��=HLVV��

/60������DW����;�REMHFWLYH���

�������3ULRQ�UHOHDVH�LQWR�FXOWXUH�PHGLD�
L3.��FHOOV�ZHUH�VHHGHG�DW���[�����FHOOV�LQWR����FP�FXOWXUH�GLVKHV�LQ����PO�FRPSOHWH�

2SWL�0(0��ZLWKRXW�SXURP\FLQ�VHOHFWLRQ��DQG�LQFXEDWHG�IRU����K�DW���R&����&2���

&HOOV�ZHUH�WKHQ�ULQVHG�LQ�'%36�DQG����PO�IUHVK�PHGLD�DGGHG�DQG�SODFHG�EDFN�

LQWR� WKH� LQFXEDWRU� RYHUQLJKW� �a���K���0HGLD�ZDV� WKHQ� FROOHFWHG�� FHQWULIXJHG�DW�

����� [� J� IRU� ���PLQ� DQG� VXSHUQDWDQW� ILOWHUHG� XVLQJ� ����� ȝP�3(6�PHPEUDQH�

�6WDUODE��(����������� WR�UHPRYH�DQ\�UHPDLQLQJ�FHOOV��&XOWXUH�PHGLD�ZDV�WKHQ�

HLWKHU�IUR]HQ�DW����R&�RU�XVHG�IUHVK�LQ�WKH�$6&$�DV�SUHYLRXV��VHH�VHFWLRQ��������

DFURVV���[������WR���[������GLOXWLRQ�UDQJH��7LVVXH�FXOWXUH�LQIHFWLRXV�XQLWV�SHU�PO�

VDPSOH��7&,8��ZHUH�FDOFXODWHG�UHODWLYH�WR�D�VWDQGDUG�FXUYH�RI�50/�LQIHFWHG�EUDLQ�

KRPRJHQDWH��
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�����(/,6$�IRU�3U3�V\QWD[LQ���LQWHUDFWLRQ�

�������3UHSDUDWLRQ�RI�UHFRPELQDQW�SURWHLQV�
5HFRPELQDQW�SURWHLQV�ZHUH�SUHSDUHG�E\�0DUN�%DWFKHORU�DV�SUHYLRXVO\�GHVFULEHG�

ZLWK�DPHQGPHQWV��-DFNVRQ�HW�DO����������'1$�HQFRGLQJ�KXPDQ�3U3�UHVLGXHV����

���� �KX3U3�������� LQ� S7UF+LV%� YHFWRU� RU� KXPDQ� V\QWD[LQ��� UHVLGXHV� ������

�KX6W[��������LQ�S47(9�YHFWRU�ZHUH�WUDQVIRUPHG�LQWR�%/����'(���FRPSHWHQW�FHOOV��

&XOWXUHV� ZHUH� JURZQ� LQ� /%� PHGLXP� ZLWK� ���� ȝJ�PO� DPSLFLOOLQ� RU� ��� PJ�PO�

FDUEHQLFLOOLQ��$W�RSWLFDO�GHQVLW\��2'�������±�����SURWHLQ�H[SUHVVLRQ�ZDV�LQGXFHG�

ZLWK���P0�,37*��0HOIRUG��,�������DQG�LQFXEDWHG�DW���R&�21�ZLWK�VKDNLQJ��7KH�

IROORZLQJ�GD\�SURWHLQ�ZDV�SXULILHG�IURP�LQFOXVLRQ�ERGLHV�XVLQJ�D�1L�17$�FROXPQ�

�1L�6XSHUIORZ�5HVLQ��XQGHU�GHQDWXULQJ�FRQGLWLRQV�ZLWK�R[LGDWLYH�UHIROGLQJ�XVLQJ�

DQ� $.7$� SXUH� �*(�+HDOWKFDUH� /LIH� 6FLHQFHV�� DQG� HOXWHG� XVLQJ� DQ� LPLGD]ROH�

JUDGLHQW��)RU�KX3U3�������WKH�KLVWLGLQH�WDJ�ZDV�FOHDYHG�XVLQJ�����P0�&D&O�����8�

WKURPELQ� �9:5�� DQG� 1L�17$� SXULILFDWLRQ� UHSHDWHG�� %RWK� SURWHLQV� ZHUH� WKHQ�

GLDO\VHG�IRU�!��K�DJDLQVW����P0�%LV�7ULV��S+������RU����P0�7ULV���P0�('7$����

P0�'77����P0�1D&O��S+�������IRU�KX3U3�������DQG�KX6W[�������UHVSHFWLYHO\��)LQDO�

SURWHLQ�FRQFHQWUDWLRQ�ZDV�PHDVXUHG�E\�DEVRUEDQFH�DW�����QP��PRODU�H[WLQFWLRQ�

FRHIILFLHQWV��KX3U3�������������0���FP����KX6W[�������������0���FP����DQG�VWRUHG�

DW����R&�XQWLO�XVH���

�������3URWHLQ�LQWHUDFWLRQ�(/,6$�
���ZHOO� SODWHV� �7KHUPR�6FLHQWLILF�� ��������ZHUH�FRDWHG�ZLWK����ȝO�ZHOO� RI� ����

ȝJ�PO�KX3U3�������RU�����ȝJ�PO�KX6W[�������LQ�FDUERQDWH�ELFDUERQDWH�EXIIHU��������

0�1D+&2����������0�1D�&2���S+������ IRU�����K�DW� URRP� WHPSHUDWXUH��3ODWHV�

ZHUH� ZDVKHG� ZLWK� �� [� ���� ȝO�ZHOO� ������ 3%67� XVLQJ� D� PLFURSODWH� ZDVKHU�

�7KHUPR�6FLHQWLILF�:HOOZDVK��0.���DQG�EORFNHG�XVLQJ�����ȝO�ZHOO�6XSHU%ORFN�

%ORFNLQJ�%XIIHU��7KHUPR���������IRU���K�DW���R&�ZLWK�JHQWOH�DJLWDWLRQ��3ODWHV�ZHUH�

ZDVKHG�DV�SUHYLRXV�DQG�ZKHUH�DSSOLFDEOH�LQFXEDWHG�ZLWK����ȝO�ZHOO�RI�KX6W[���

���� LQ�D���IROG�VHULDO�GLOXWLRQ� IURP����� WR�������ȝJ�PO�RU�FDUERQDWH�ELFDUERQDWH�

EXIIHU� DORQH� IRU� �� K� DW� ��R&�ZLWK� JHQWOH� DJLWDWLRQ�� $IWHU�ZDVKLQJ�� SODWHV�ZHUH�

LQFXEDWHG�ZLWK����ȝO�ZHOO�DQWL�V\QWD[LQ����FORQH�&��%����������7DEOH����RU�DQWL�

3U3��FORQH��'��������������7DEOH����LQ����PLON��6LJPD���������IRU���K�DW���R&�

ZLWK� JHQWOH� DJLWDWLRQ�� 'XULQJ� RSWLPLVDWLRQ� DGGLWLRQDO� SULPDU\� DQWLERGLHV� ZHUH�

WHVWHG��DQWL�V\QWD[LQ����FORQH��'�������������DQWL�3U3��FORQH�,&60�������������
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3ODWHV� ZHUH� DJDLQ� ZDVKHG� EHIRUH� LQFXEDWLRQ� ZLWK� SHUR[LGDVH�FRQMXJDWHG�

VHFRQGDU\�DQWLERGLHV��6LJPD��7DEOH����LQ�������3%67�IRU���K�DW���R&�ZLWK�JHQWOH�

DJLWDWLRQ��$IWHU� ILQDO�ZDVKLQJ�DV�SUHYLRXV��HTXDO�YROXPHV�RI� URRP� WHPSHUDWXUH�

70%�VROXWLRQV�$�DQG�%��%'�%LRVFLHQFHV����������ZHUH�PL[HG�����ȝO�DGGHG�WR�

HDFK�ZHOO�DQG�LQFXEDWHG�IRU����PLQ�DW�URRP�WHPSHUDWXUH�LQ�WKH�GDUN��7R�VWRS�WKH�

UHDFWLRQ�����ȝO�RI���0�+�62��ZDV�DGGHG�WR�HDFK�ZHOO��$VVD\�SODWHV�ZHUH�UHDG�DW�

����QP�XVLQJ�D�SODWH�UHDGHU��7HFDQ��,QILQLWH�)����3UR����

�����+(.���7�WDX�ELRVHQVRU�DVVD\�

�������+(.���7�WDX�ELRVHQVRU�FHOO�OLQH�
+(.���7� WDX�ELRVHQVRU� FHOOV�ZHUH�SUHYLRXVO\�JHQHUDWHG�E\�0DUF�'LDPRQG� WR�

H[SUHVV�3���6�WDX�UHSHDW�GRPDLQ�IXVHG�WR�&)3�DQG�<)3��+ROPHV�HW�DO���������

DQG�REWDLQHG�IURP�-XOLD�5DYH\��&HOOV�ZHUH�FXOWXUHG� LQ����FP�GLVKHV� LQ�'0(0�

�*LEFR�������������VXSSOHPHQWHG�ZLWK�����IRHWDO�ERYLQH�VHUXP��)%6��*LEFR��

����������� ��� SHQLFLOOLQ�VWUHSWRP\FLQ�� ��� *OXWD0D[� �*LEFR�� ���������� DQG�

PDLQWDLQHG�DW���R&����&2���&HOOV�ZHUH�SDVVDJHG�DW������WR������GLOXWLRQ�HYHU\�

��WR���GD\V�XVLQJ�������WU\SVLQ��*LEFR�������������

�������VL51$�WUDQVIHFWLRQ�
67;��WDUJHWLQJ� �+RUL]RQ�� /����������������� RU� QRQ�WDUJHWLQJ� �+RUL]RQ�� '�

��������������2Q7DUJHW�3/86�VL51$�60$57�SRRO�ZHUH�UHVXVSHQGHG�LQ�GG+�2�

WR� D� VWRFN� FRQFHQWUDWLRQ� RI� ��� ȝ0� DQG� VWRUHG� DW� ���R&�� )RU� WUDQVIHFWLRQ�

RSWLPLVDWLRQ��FHOOV�ZHUH�VHHGHG�LQ�DQWLELRWLF�IUHH�PHGLD�DW���������FHOOV�ZHOO�LQ�D�

���ZHOO�SODWH�����KRXUV�SULRU� WR� WUDQVIHFWLRQ�ZLWK�������SPRO�VL51$�DQG�����ȝO�

/LSRIHFWDPLQH� ����� �,QYLWURJHQ�� ���������� GLOXWHG� LQ� 2SWL�0(0� DFFRUGLQJ� WR�

PDQXIDFWXUHU¶V� SURWRFRO�� &RPSOH[HV� ZHUH� LQFXEDWHG� IRU� ���PLQ� DW� 57� EHIRUH�

DGGLWLRQ�WR�WKH�FHOOV��&HOOV�ZHUH�FROOHFWHG�LQ�'3%6��SHOOHWHG�DW�����[�J�IRU���PLQ�

DQG�O\VHG�LQ�����ȝO�75,�5HDJHQW�IRU�T3&5�DQDO\VLV��VHH�VHFWLRQ��������RU�����ȝO�

5,3$�EXIIHU� �VHH�VHFWLRQ�������� IRU�:HVWHUQ�EORW�DQDO\VLV��)RU�VHHGLQJ�DVVD\V�

FHOOV�ZHUH�SODWHG�LQ�DQWLELRWLF�IUHH�PHGLD�DW��������FHOOV�SHU�ZHOO�LQ�D����ZHOO�SODWH�

���� KRXUV� SULRU� WR� WUDQVIHFWLRQ� ZLWK� �� SPRO� VL51$� XVLQJ� ���� ȝO� OLSRIHFWDPLQH��

0HGLD� ZDV� FKDQJHG� WKH� IROORZLQJ� PRUQLQJ� IRU� FRPSOHWH� FXOWXUH� PHGLD��

.QRFNGRZQ�HIILFLHQF\�ZDV�PHDVXUHG�E\�57�T3&5� �VHH�VHFWLRQ�������� �SULPHU�
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GHWDLOV�� 67;��� +VB67;�B�B6*�� *$3'+�� +VB*$3'+B�B6*�� DQG�

LPPXQREORWWLQJ��VHH�VHFWLRQ���������

�������6HHGLQJ�DVVD\�
7UHDWPHQW�ZLWK�WDX�VHHGV�ZDV�SHUIRUPHG�DW����KRXUV�SRVW�VL51$�WUDQVIHFWLRQ����

��KRXUV�IROORZLQJ�FRPSOHWH�PHGLD�FKDQJH��DW�DSSUR[LPDWHO\�����FHOO�FRQIOXHQF\�

DV�SUHYLRXVO\�GHVFULEHG��+ROPHV�HW�DO����������+HSDULQ�LQGXFHG�WDX�ILEULOV�ZHUH�

SUHYLRXVO\�JHQHUDWHG� IURP� WDX����PRQRPHU�XVLQJ�DJLWDWLRQ� LQ� VRGLXP�DFHWDWH�

EXIIHU�E\�-XOLD�5DYH\������ȝO� WDX� ILEULOV�ZHUH� LQFXEDWHG�ZLWK������ȝO�SHU�ZHOO�RI�

/LSRIHFWDPLQH� ����� GLOXWHG� LQ�2SWL�0(0� IRU� ���PLQ� RQ� LFH� EHIRUH� DGGLWLRQ� WR�

FXOWXUH� PHGLD� WR� D� ILQDO� ������ VHHG� GLOXWLRQ�� 3ODWHV� ZHUH� LQFXEDWHG� IRU� ��� K�

,QFXF\WH�6��/LYH�&HOO�$QDO\VLV�6\VWHP��6DUWRULXV������������&�����&2����

�������,PDJH�DQDO\VLV�
,PDJH�DFTXLVLWLRQ�DQG�DQDO\VLV�XWLOLVHG�WKH�,QFXF\WH�6��6RIWZDUH��VHW�WR�DFTXLUH�

��LPDJHV�SHU�ZHOO�HYHU\���K�DW����;�REMHFWLYH�LQ�WKH�SKDVH�DQG�JUHHQ�FKDQQHOV�

IRU� !� ��� K�� 3KDVH� LPDJHV� ZHUH� XVHG� WR� JHQHUDWH� D� FRQIOXHQFH� PDVN�� 7DX�

DJJUHJDWHV�GHQRWHG�E\�VPDOO��EULJKW�SXQFWD�LQ�WKH�JUHHQ�FKDQQHO�ZHUH�VHOHFWHG�

XVLQJ�VL]H�����WR����ȝP����HFFHQWULFLW\���������DQG�PHDQ�LQWHQVLW\����������ILOWHUV��

0HDQ�DJJUHJDWH�FRXQW�DQG�VWDQGDUG�HUURU�SHU�ZHOO�ZDV�QRUPDOLVHG�WR�SHUFHQWDJH�

FRQIOXHQFH�DQG�DUELWUDU\�YDOXHV�FDOFXODWHG� UHODWLYH� WR� WKH�PD[LPXP�DJJUHJDWH�

FRXQW�SHU�UHSOLFDWH� WR�HQDEOH�FRPSDULVRQ�EHWZHHQ�UHSOLFDWHV��0HDQ�DJJUHJDWH�

OHYHOV�GXULQJ�WKH�SODWHDX�SKDVH�����WR����K��ZHUH�FRPSDUHG�XVLQJ�6WXGHQW¶V�W�

WHVW���

�����.QRFNRXW�RI�67;��LQ�L36�FHOOV�

�������L36�FHOO�OLQHV�
,PSXWHG�JHQRW\SHV� IRU� FRQWURO�KXPDQ� L36�FHOO� OLQHV� �PDOH��DJH�������� IHHGHU�

IUHH��ZHUH�GRZQORDGHG� IURP�WKH�KXPDQ�SOXULSRWHQW�VWHP�FHOO� LQLWLDWLYH� �+LS6FL��

FDWDORJXH� DQG� JHQRW\SHV� H[WUDFWHG� IURP� �YFI� ILOHV�� 7ZR� FHOO� OLQHV� ZLWK� $�$� DW�

UV��������DQG�GLIIHULQJ�KRPR]\JRXV�JHQRW\SHV�DW�UV���������$�$��+36,����L�

SDPYB��� ³3$09�´�� *�*�� +36,����L�RLOJB��� ³2/,*�´�� ZHUH� SXUFKDVHG� IURP�

3XEOLF� +HDOWK� (QJODQG¶V� (XURSHDQ� &ROOHFWLRQ� RI� $XWKHQWLFDWHG� &HOO� &XOWXUHV�

�(&$&&�� �7DEOH� ���� L36� FHOOV�ZHUH� FXOWXUHG� RQ� ��ZHOO� SODWHV� �7KHUPR�)LVKHU��

�������� LQ� (VVHQWLDO� �� PHGLXP� �*LEFR�� $���������� 3ODWHV� ZHUH� FRDWHG� ZLWK�
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*HOWUH[�FRDWHG���������*LEFR��$���������IRU�!��K�EHIRUH�XVH��$W�����FRQIOXHQF\�

FHOOV�ZHUH�SDVVDJHG�DW�����WR�����UDWLR�E\�LQFXEDWLRQ�ZLWK�����ȝP�ILOWHU�VWHULOLVHG�

������('7$��,QYLWURJHQ������������IRU�����PLQ�DW���R&��DVSLUDWLRQ�RI�('7$�DQG�

WULWXUDWLRQ�ZLWK���PO� IUHVK�(VVHQWLDO����0XOWL�JXLGH�V\QWKHWLF�VLQJOH�JXLGH�51$V�

�VJ51$V�� WDUJHWLQJ� KXPDQ� 67;�� �*HQH� .QRFNRXW� .LW� Y��� DQG� 75$&�

�7UDQVIHFWLRQ�2SWLPLVDWLRQ�.LW��ZHUH�SXUFKDVHG�IURP�6\QWKHJR��7DEOH�����VJ51$�

SRROV� ZHUH� UHVXVSHQGHG� LQ� QXFOHDVH�IUHH� 7(� EXIIHU� WR� D� ILQDO� ���� ȝ0� VWRFN�

FRQFHQWUDWLRQ�DQG�VWRUHG�DW����R&��

�

'RQRU� +36,�RLOJ� +36,�SDPY�

&HOO�OLQH� +36,����L�RLOJB���2/,*��� +36,����L�SDPYB���3$09���

67;���UV��������� *�*� $�$�

3513��UV��������� $�$� $�$�

'LVHDVH�VWDWXV� 1RUPDO� 1RUPDO�

$JH� ������ ������

(WKQLFLW\� :KLWH���:KLWH�%ULWLVK� :KLWH���:KLWH�%ULWLVK�

6H[� 0DOH� 0DOH�

%LRVDPSOH� 6$0($�������� 6$0($��������

7LVVXH�3URYLGHU� &DPEULGJH�%LR5HVRXUFH� &DPEULGJH�%LR5HVRXUFH�

%DQNLQJ�VWDWXV� (&$&&��(%L6&�DV�:76,L����$� (&$&&��(%L6&�DV�:76,L����$�

6RXUFH�PDWHULDO� 6NLQ�WLVVXH� 6NLQ�WLVVXH�

0HWKRG�RI�GHULYDWLRQ� &\WR7XQH��� &\WR7XQH���

'DWH�RI�GHULYDWLRQ� ����������� �����������

&XOWXUH�FRQGLWLRQV� )HHGHU�IUHH�ZKHQ�EDQNHG� )HHGHU�IUHH�ZKHQ�EDQNHG�

3OXULSRWHQF\�VFRUH� ������� �������

1RYHOW\�VFRUH� ������ ������

1XPEHU�RI�UHJLRQV�GLIIHUHQW�
IURP�SULPDU\�WLVVXH� �� ��

/HQJWK�RI�GLIIHUHQFHV�IURP�
SULPDU\�WLVVXH� ��0ES� ��0ES�

�
7DEOH����'HWDLOV�RI�L36�FHOO�OLQHV�XVHG�LQ�WKLV�VWXG\��
� �
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&RQVWUXFW� 'HVFULSWLRQ� 6HTXHQFH���¶�±��¶��

67;��*�� VJ51$� $8$$&&8&&**$*&$8$*$*�

67;��*�� VJ51$� 88*88*&8*8**$****8&&�

67;��*�� VJ51$� $$$*&$*8&$$&$&8*&&&$�

75$&�*�� VJ51$� &8&8&$*&8**8$&$&**&$�

75$&�*�� VJ51$� *$*$$8&$$$$8&**8*$$8�

75$&�*�� VJ51$� $&$$$$&8*8*&8$*$&$8*�

75$&�3&5�)� 3ULPHU� 7&$**777&&77*$*7**&$**�

75$&�3&5�5� 3ULPHU� 7$$**&&*$*$&&$&&$$7&$*�

75$4�6(4� 3ULPHU� &7**&&*7*$$&*77&$&7*$$$7&$7**&�

67;��3&5��)� 3ULPHU� $&&$$*7**$$*&$7*7***$$�

67;��3&5��5� 3ULPHU� 7*$&7&&$***7&&$&$*7&$7�

67;��3&5��)� 3ULPHU� 7***$$7**7**77*&7*$**$��

67;��3&5��5� 3ULPHU� &&*$$7**&$&$*$&$&&$&$*��

67;��6(4� 3ULPHU� 7**&7$77*7$77&&$$*&$7&$*�

�
7DEOH����&5,635�VJ51$�DQG�SULPHU�VHTXHQFHV�
�

�������&5,635�513�WUDQVIHFWLRQ�
2QH�GD\�SULRU�WR�WUDQVIHFWLRQ��2/,*��L36�FHOOV�ZHUH�VHHGHG�DW���[�����FHOOV�SHU�

ZHOO�LQWR�D����ZHOO�SODWH��7KHUPR�6FLHQWLILF����������LQ�����ȝO�(VVHQWLDO���PHGLXP�

VXSSOHPHQWHG�ZLWK�ZLWK����ȝ0�52&.�LQKLELWRU��<�������GLK\GURFKORULGH��0HUFN��

<������IROORZLQJ�SDVVDJH�DV�SUHYLRXVO\�GHVFULEHG�DQG�WULWXUDWLRQ�WKURXJK�3�����

SLSHWWH�WR�GLVSHUVH�FHOO�FOXPSV��7UDQVIHFWLRQ�ZDV�SHUIRUPHG�XVLQJ�/LSRIHFWDPLQH�

&5,6350$;�&DV��7UDQVIHFWLRQ�5HDJHQW��,QYLWURJHQ��&0$;�������DFFRUGLQJ�WR�

PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� %ULHIO\�� WKH� ULERQXFOHRSURWHLQ� �513�� FRPSOH[�ZDV�

SUHSDUHG� E\� PL[LQJ� ����� QJ� &DV�� QXFOHDVH� ���� ȝ0� VWRFN� FRQFHQWUDWLRQ��

6\QWKHJR��� ��� SPRO� VJ51$� DQG� �� ȝO� &DV�� 3OXV� 5HDJHQW� LQ� ��� ȝO� 2SWL�0(0�

UHGXFHG� VHUXP� PHGLXP� �*LEFR�� ����������� LQ� D� VWHULOH� 51DVH�IUHH� WXEH�

�,QYLWURJHQ�� $0�������� ,Q� D� VHSDUDWH� WXEH� ���� ȝO� /LSRIHFWDPLQH� &5,365PD[�

UHDJHQW�ZDV� DGGHG� WR� ��� ȝO�2SWL�0(0�� 7KH�513� FRPSOH[�ZDV� DGGHG� WR� WKH�

WUDQVIHFWLRQ�UHDJHQW�DQG�LQFXEDWHG�IRU���PLQ�DW�URRP�WHPSHUDWXUH�EHIRUH�DGGLQJ�

���ȝO�WR�HDFK�ZHOO����K�SRVW�WUDQVIHFWLRQ�D�FRPSOHWH�PHGLD�FKDQJH�ZDV�SHUIRUPHG�

IRU�(VVHQWLDO���ZLWKRXW�52&.�LQKLELWRU��2SWLPLVDWLRQ�ZDV�SHUIRUPHG�DV�GHVFULEHG�

LQ�7DEOH���XVLQJ�7UDQVIHFWLRQ�2SWLPLVDWLRQ�.LW��6\QWKHJR����
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�
VJ51$��
�QJ�SPRO��

&DV���
�QJ�SPRO��

VJ51$�&DV��
UDWLR��PRO��

/LSRIHFWDPLQH��
�XO��

3/86�
UHDJHQW�

5HIHUHQFH�

$� �������� ��������� ����� ���� �� &5,635PD[��

%�� �������� ������� ���� ���� �� 6\QWKHJR�

%�� �������� ������� ���� �� �� 6\QWKHJR�

&� ������� ��������� ����� ���� �� ,QYLWURJHQ��

�
7DEOH����&5,635�RSWLPLVDWLRQ�FRQGLWLRQV�
�

�������6FUHHQLQJ�&5,365�NQRFNRXW�E\�VHTXHQFLQJ�
'1$� H[WUDFWLRQ� ZDV� SHUIRUPHG� XVLQJ� TXLFN�'1$� PLQLSUHS� NLW� �=\PR�� '������

DFFRUGLQJ�WR�PDQXIDFWXUHU¶V�SURWRFRO��'XULQJ�WUDQVIHFWLRQ�RSWLPLVDWLRQ�FHOOV�ZHUH�

O\VHG���GD\V�SRVW�WUDQVIHFWLRQ�E\�DGGLQJ�����ȝO�*HQRPLF�/\VLV�%XIIHU� WR�HDFK�

ZHOO�� )RU� DQDO\VLV� RI�67;��NQRFNRXW� FHOOV�ZHUH�SDVVDJHG� LQWR�D����ZHOO� SODWH�

�7KHUPR����������DQG�����ȝO�*HQRPLF�/\VLV�%XIIHU�DGGHG�WR�FRQIOXHQW�FHOOV��'1$�

ZDV�HOXWHG�LQ����ȝO�QXFOHDVH�IUHH�ZDWHU��)RU�3&5�DPSOLILFDWLRQ�����QJ�'1$�ZDV�

DGGHG� WR�3&5�PL[� �����Q0� IRUZDUG�SULPHU�� ����Q0� UHYHUVH�SULPHU� �7DEOH� ���

75$&�3&5��67;��3&5������P0�0J&O�������P0�HDFK�G173�������8�*R7DT�*��

+RW� 6WDUW� 3RO\PHUDVH� �3URPHJD�� 0������� �;� *R7DT� )OH[L� %XIIHU� �3URPHJD��

0���$���LQ����ȝO�ILQDO�YROXPH�DQG�DPSOLILHG�DV�IROORZV��75$&����PLQ���R&�����

F\FOHV�[����VHFV���R&�����VHFV���R&�����VHFV���R&����PLQ���R&���67;�����PLQ�

��R&�����F\FOHV�[����VHFV���R&�����VHFV���R&�����VHFV���R&����PLQ���R&��������

ȝO�3&5�SURGXFWV�ZHUH�UXQ�RQ�D����DJDURVH�JHO��,QYLWURJHQ�������������IRU�����K�

DW����9�WR�FRQILUP�DPSOLILFDWLRQ�EHIRUH�3&5�FOHDQ�XS�XVLQJ�*HQRPLF�'1$�&OHDQ�

	� &RQFHQWUDWRU� �=\PR�� '������ DFFRUGLQJ� WR� PDQXIDFWXUHU¶V� SURWRFRO�� '1$�

VHTXHQFLQJ�ZDV�SHUIRUPHG�E\�6RXUFH�%LRVFLHQFH��7DEOH����75$&�6(4��67;��

6(4��DQG�DQDO\VHG�XVLQJ�,QIHUHQFH�RI�&5,635�(GLWV��,&(��WRRO��6\QWKHJR����

�������6LQJOH�FHOO�FORQLQJ��
)ROORZLQJ�,&(�DQDO\VLV��KRPRJHQRXV�FRORQLHV�RI�2/,*��L36�FHOOV�WUDQVIHFWHG�ZLWK�

67;��WDUJHWWLQJ�513V�ZHUH�LVRODWHG��7R�JHQHUDWH�D�VLQJOH�FHOO�VXVSHQVLRQ��FHOOV�

ZHUH� GHWDFKHG� XVLQJ� DFFXWDVH� �*LEFR��$���������� IRU� �����PLQ� DW� ��R&�XQWLO�

FRPSOHWHO\�GHWDFKHG�IURP�SODWH��VXVSHQVLRQ�ZDVKHG�ZLWK�'3%6�DQG�FHQWULIXJHG�

DW�����[�J�IRU���PLQ�DQG�SHOOHW�UHVXVSHQGHG�LQ���PO�(VVHQWLDO���ZLWK����ȝ0�52&.�

LQKLELWRU�DQG�FRXQWHG�XVLQJ�D�KDHPRF\WRPHWHU��1DQR(QWHN��'+&�1������������

FHOOV�ZHUH�SODWHG�LQ�D�*HOWUH[�FRDWHG����FP�SODWH�LQ����PO�(VVHQWLDO���ZLWK����ȝ0�
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52&.� LQKLELWRU�� 0HGLD� ZDV� JHQWO\� FKDQJHG� DIWHU� ��� K� WR� UHPRYH� WKH� 52&.�

LQKLELWRU��$IWHU���ZHHN��FRORQLHV�ZHUH�VHOHFWHG�LQ�'3%6�IROORZLQJ���PLQ�LQFXEDWLRQ�

ZLWK� ������('7$�DQG� WUDQVIHUUHG� WR� D�*HOWUH[�FRDWHG� ���ZHOO� SODWH� �&RUQLQJ��

������LQ�(VVHQWLDO���ZLWK����ȝ0�52&.�LQKLELWRU��0HGLD�ZDV�DJDLQ�JHQWO\�FKDQJHG�

DIWHU����K�WR�UHPRYH�WKH�52&.�LQKLELWRU��

�������&RORQ\�VFUHHQLQJ�E\�3&5�
'XULQJ�WKH�ILUVW�SDVVDJH� LQ� WKH����ZHOO�SODWH�IRUPDW�����ȝO�FHOO�VXVSHQVLRQ�ZDV�

UHPRYHG�IRU�VFUHHQLQJ�E\�3&5��&UXGH�O\VDWHV�ZHUH�JHQHUDWHG�E\�LQFXEDWLQJ�WKH�

FHOO� VXVSHQVLRQ� ZLWK� ��� ȝO� �;� O\VLV� EXIIHU� ��;� *R7DT� )OH[L� %XIIHU� �3URPHJD��

0���$��� ���� PJ�PO� 3.� �,QYLWURJHQ�� $0������� ��� 13��� �7KHUPR� )LVKHU��

-������$3�� LQ� D� 3&5� SODWH� �7KHUPR� 6FLHQWLILF�� $%������� DW� ��R&� IRU� ���PLQ�

IROORZHG�E\���R&�IRU����PLQ�XVLQJ�DQ�$OSKD�&\FOHU���WKHUPRF\FOHU��3&5PD[�����

ȝO� O\VDWHV�ZHUH� WKHQ�DGGHG� WR���ȝO�3&5�PL[� �����Q0� IRUZDUG�SULPHU������Q0�

UHYHUVH� SULPHU� �7DEOH� ��� 67;�� 3&5� ���� ���� P0�0J&O��� ��� '062� �7KHUPR�

6FLHQWLILF��������������P0�HDFK�G173�������8�*R7DT�*��+RW�6WDUW�3RO\PHUDVH�

�3URPHJD�� 0������� �;� *R7DT� )OH[L� %XIIHU� �3URPHJD�� 0���$��� LQ� ��� ȝO� ILQDO�

YROXPH�DQG�DPSOLILHG�DV�IROORZV����PLQ���R&�����F\FOHV�[����VHFV���R&�����VHFV�

��R&�����VHFV���R&����PLQ���R&��3&5�SURGXFWV�ZHUH�UXQ�RQ�D����DJDURVH�JHO�DW�

����9�IRU���K�ZLWK�����ES�'1$�PROHFXODU�ZHLJKW�PDUNHU��%LROLQH��%,2���������

5HTXLUHG�FORQHV�ZHUH�H[SDQGHG�IRU�FU\RSUHVHUYDWLRQ�LQ�����'062�(VVHQWLDO�����

�������.DU\RW\SLQJ�
.DU\RW\SLQJ� RI�PRVW� FRPPRQ� L36� FKURPRVRPDO� DEQRUPDOLWLHV�ZDV� SHUIRUPHG�

XVLQJ�K36&�*HQHWLF�$QDO\VLV�.LW��6WHP�&HOO�7HFKQRORJLHV���������DFFRUGLQJ�WR�

PDQXIDFWXUHU¶V�SURWRFRO��'1$�ZDV�H[WUDFWHG�IURP�FHOOV�DV�GHVFULEHG�SUHYLRXVO\�

�VHH�VHFWLRQ��������DQG�����QJ�XVHG�IRU�DQDO\VLV��T3&5�UHDFWLRQV�ZHUH�SUHSDUHG�

LQ�0LFUR$PS�2SWLFDO�����:HOO�5HDFWLRQ�3ODWHV� �$SSOLHG�%LRV\VWHPV�����������

DQG� DPSOLILFDWLRQ� ZDV� SHUIRUPHG� RQ� 4XDQW6WXGLR� ��.� )OH[� 5HDO�7LPH� 3&5�

6\VWHP�ZLWK�����ZHOO�EORFN��$SSOLHG�%LRV\VWHPV��DQG�DQDO\VHG�XVLQJ�WKH�*HQHWLF�

$QDO\VLV�$SSOLFDWLRQ��6WHP�&HOO�7HFKQRORJLHV����

�������*URZWK�UDWH�DQDO\VLV�
67;�� NQRFNRXW� L36� FORQHV� ZHUH� SDVVDJHG� XVLQJ� DFFXWDVH� DV� GHVFULEHG�

SUHYLRXVO\��VHH�VHFWLRQ��������WR�HQDEOH�FRXQWLQJ�DQG�VHHGHG�DW��������FHOOV�SHU�

ZHOO�LQWR�D�*HOWUH[�FRDWHG����ZHOO�SODWH�LQ�(VVHQWLDO���ZLWK����ȝ0�52&.�LQKLELWRU��
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3ODWHV�ZHUH�LQFXEDWHG�LQ�WKH�,QFX&\WH�6��/LYH�&HOO�$QDO\VLV�6\VWHP��6DUWRULXV��

����������&�����&2���IRU���GD\V��7KH�,QFX&\WH�6��6RIWZDUH������%��ZDV�VHW�XS�

WR� DFTXLUH� ��� LPDJHV� SHU� ZHOO� LQ� WKH� SKDVH� FKDQQHO� HYHU\� �� KRXUV� DW� ��;�

REMHFWLYH��0HGLD�ZDV�UHSODFHG�DIWHU����KRXUV�WR�UHPRYH�52&.�LQKLELWRU��*URZWK�

UDWH�ZDV�FDOFXODWHG�DV�SUHYLRXVO\�GHVFULEHG��VHH�VHFWLRQ����������

�������:KROH�H[RPH�VHTXHQFLQJ�
:KROH� H[RPH� VHTXHQFLQJ� �:(6�� ZDV� SHUIRUPHG� E\� 1RYRJHQH� DV� SHU� WKHLU�

VWDQGDUG� SLSHOLQH�� )ROORZLQJ� J'1$� H[WUDFWLRQ� DV� SUHYLRXVO\� GHVFULEHG� �VHH�

VHFWLRQ��������'1$�TXDOLW\�ZDV�PHDVXUHG�E\�UDWLR�RI�DEVRUEDQFH�DW���������QP�

�!����� DQG� FRQFHQWUDWLRQ� PHDVXUHG� XVLQJ� 4XELW� IOXRURPHWHU�� 6DPSOHV� ZHUH�

SUHSDUHG� DV� !�� �J�'1$�DW� !��� QJ��O� LQ� GG+�2�DQG� WUDQVIHUUHG� RQ� GU\� LFH� WR�

1RYRJHQH�IRU�DQDO\VLV��%ULHIO\�WKH�1RYRJHQH�:(6�SLSHOLQH�LV�DV�IROORZV��OLEUDULHV�

ZHUH� SUHSDUHG� E\� VRQLFDWLRQ� SULRU� WR� H[RQXFOHDVH� GLJHVWLRQ� WR� JHQHUDWH� EOXQW�

HQGV� DQG� OLJDWLRQ� RI� DGDSWHU� VHTXHQFHV�� H[RPHV�ZHUH� K\EULGLVHG�ZLWK� ELRWLQ�

ODEHOOHG� SUREHV� DQG� FDSWXUHG� ZLWK� VWUHSWDYLGLQ�FRQMXJDWHG� PDJQHWLF� EHDGV��

SXULILHG�DQG�VHTXHQFHG�RQ�WKH�,OOXPLQD�3(����SODWIRUP��4&�ZDV�SHUIRUPHG�RQ�

VHTXHQFLQJ�UHVXOWV��L�H�� IRU�DUWHIDFWV��DGDSWHU�FRQWDPLQDWLRQ�� ORZ�TXDOLW\�UHDGV��

DQG� DOLJQHG� WR� WKH� UHIHUHQFH� JHQRPH� �*5&K���� WR� LGHQWLI\� JHUPOLQH� VLQJOH�

QXFOHRWLGH� YDULDQWV� �619V��� FRS\� QXPEHU� YDULDQWV� �&19V�� DQG�

LQVHUWLRQV�GHOHWLRQV��LQGHOV����

µ6RPDWLF¶� PXWDWLRQV� ZHUH� LGHQWLILHG� E\� FRPSDULQJ� &5,635� FHOO� FORQHV� WR� WKH�

XQWUDQVIHFWHG� SDUHQW� OLQH� �2/,*���� )RU� DQDO\VLV� RI� &5,635� RII�WDUJHW� HIIHFWV��

SUHGLFWHG�FXW�VLWHV�E\�&DV��HQGRQXFOHDVH�XS�WR���PLVPDWFKHV�EHWZHHQ�VJ51$�

DQG�WDUJHW�ZHUH�REWDLQHG�IRU�HDFK�VJ51$�VHTXHQFH�IURP�WKH�*XLGH�9HULILFDWLRQ�

7RRO��6\QWKHJR��DGDSWHG�IURP�D�SXEOLFDWLRQ�E\�'RHQFK�HW�DO��'RHQFK�HW�DO����������

6RPDWLF�PXWDWLRQV�ZHUH�H[WUDFWHG�ZLWKLQ�����NE�XSVWUHDP�DQG�GRZQVWUHDP�RI�

HDFK�SUHGLFWHG�FXW�VLWH���

�������'LIIHUHQWLDWLRQ�LQWR�FRUWLFDO�QHXURQV�
L36�FHOOV�ZHUH�GLIIHUHQWLDWHG�LQWR�FRUWLFDO�QHXURQV�XVLQJ�GXDO�60$'�LQKLELWLRQ�DV�

SUHYLRXVO\� GHVFULEHG� ZLWK� PRGLILFDWLRQV� �6KL�� .LUZDQ�� 	� /LYHVH\�� ������� &HOOV�

ZHUH�SDVVDJHG�LQWR�*HOWUH[�FRDWHG������������ZHOO�SODWHV�DW�D�UDWLR�RI�����ZHOOV���

ZHOO� WR� �� ZHOO����ZHOO� WR� DFKLHYH� ����� FRQIOXHQFH� DIWHU� ������ K�� 7R� LQGXFH�
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GLIIHUHQWLDWLRQ� FXOWXUH�PHGLD�ZDV� H[FKDQJHG� IRU� 1%���PHGLD� �����1�� ��;�1��

�*LEFR����������������ȝJ�PO� LQVXOLQ��6LJPD�� ,���������P0�/�JOXWDPLQH��*LEFR��

����������������ȝ0�QRQ�HVVHQWLDO�DPLQR�DFLGV��*LEFR������������������ȝ0�ȕ�

PHUFDSWRHWKDQRO��*LEFR�����������������8�PO�SHQLFLOOLQ����PJ�PO�VWUHSWRP\FLQ�

�*LEFR�� ������������'0(0�)���ZLWK�*OXWD0$;� �*LEFR�� ������������ DQG�%���

��;� %��� ZLWK� YLWDPLQ� $� �*LEFR�� ������������ ���� P0� /�JOXWDPLQH�� ��� 8�PO�

SHQLFLOOLQ����PJ�PO�VWUHSWRP\FLQ��1HXUREDVDO��*LEFR��������������VXSSOHPHQWHG�

ZLWK�GRUVRPRUSKLQ����ȝ0��&DPEULGJH�%LRVFLHQFHV��60�������DQG�6%�����������

ȝ0�� &DPEULGJH� %LRVFLHQFHV�� 60������� LQKLELWRUV� �µ1HXUDO� ,QGXFWLRQ� PHGLD�

�1,0�¶���&HOOV�ZHUH�JURZQ�LQ�1,0�IRU����GD\V�ZLWK�FRPSOHWH�PHGLD�FKDQJHV�GDLO\�

EHIRUH�JHQWOH�SDVVDJLQJ�ZLWK�������('7$�ZLWK�PDQXDO�GLVUXSWLRQ�RQWR�ODPLQLQ�

FRDWHG����ZHOO�SODWHV��������7UHYLJHQ���������������DW�D�����UDWLR�LQ�1%���PHGLD��

+DOI�PHGLD�FKDQJHV�IRU�IUHVK�1%���ZHUH�SHUIRUPHG�HYHU\�����GD\V��$W����GD\V�

SRVW�LQGXFWLRQ�FHOOV�ZHUH�SDVVDJHG�DJDLQ�XVLQJ�������('7$�DW�����RQWR�ODPLQLQ�

FRDWHG����ZHOO�SODWHV�DQG�KDOI�PHGLD�FKDQJHG�HYHU\���GD\V��)RU�ZHOOV�ZLWK�D�KLJK�

QXPEHU� RI� QRQ�QHXURQDO� FHOOV� WZR� DGGLWLRQDO� SDVVDJHV� ZHUH� SHUIRUPHG� E\�

LQFXEDWLQJ�FHOOV�ZLWK����ȝJ�PO�GLVSDVH��*LEFR������������IRU���PLQV�DW���R&�DQG�

ZDVKLQJ�FHOO�VXVSHQVLRQ���[����PO�'3%6�ZLWKRXW�FHQWULIXJDWLRQ���

$W����GD\V�SRVW�LQGXFWLRQ�FHOOV�ZHUH�SDVVDJHG�ZLWK�DFFXWDVH��*LEFR��$����������

DW���R&�IRU����PLQ��ZDVKHG�LQ�'3%6�DQG�SHOOHWHG�DW�����[�J�IRU���PLQ��&HOOV�ZHUH�

UHVXVSHQGHG�LQ���PO�1%���PHGLD��FHOO�FRXQW�PHDVXUHG�XVLQJ�WKH�&RXQWHVV�,,�)/�

$XWRPDWHG�&HOO�&RXQWHU�DQG�VHHGHG�DV�UHTXLUHG����������FHOOV�ZHOO�LQWR�ODPLQLQ�

FRDWHG������������ZHOO�SODWHV��*UHQLHU�%LR�2QH�������������������FHOOV�ZHOO�RQWR�

ODPLQLQ�FRDWHG� ������� ��� PP� JODVV� FRYHUVOLSV� �(SUHGLD��

&%$'�����5$���01=����LQ�D����ZHOO�SODWH��+DOI�PHGLD�FKDQJHV�IRU�IUHVK�1%���

ZHUH� SHUIRUPHG� HYHU\� ���� GD\V� IRU� XS� WR� ��� GD\V� SRVW�LQGXFWLRQ�� )RU�

FU\RSUHVHUYDWLRQ� RI� QHXUDO� VWHP� FHOOV� DW� ��� GD\V� SRVW�LQGXFWLRQ�� FHOOV� ZHUH�

SDVVDJHG�XVLQJ�DFFXWDVH�DV�GHVFULEHG�DQG�FHOO�SHOOHW�UHVXVSHQGHG�LQ�1%�������

'062��&U\RYLDOV�ZHUH�VWRUHG�LQ�D�IUHH]LQJ�FRQWDLQHU�DW����R&�IRU�!��KRXUV�DQG�

WUDQVIHUUHG�WR�YDSRXU�SKDVH�QLWURJHQ�IRU�ORQJ�WHUP�VWRUDJH���

��������,PPXQRIOXRUHVFHQFH��
&HOOV�ZHUH�IL[HG�ZLWK������IRUPDOGHK\GH�LQ�'3%6�IRU����PLQ�DW�57��ZDVKHG���[�

��PLQ�'3%6�DQG�VWRUHG�DW��R&�XQWLO�XVH��3ULRU� WR�DQWLERG\�VWDLQLQJ�FHOOV�ZHUH�
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SHUPHDELOLVHG� ZLWK� ����� 7ULWRQ� ;����� LQ� EORFNLQJ� EXIIHU� ���� ERYLQH� VHUXP�

DOEXPLQ��%6$��6LJPD�������������KRUVH�VHUXP��*LEFR������������LQ�'3%6��IRU�

��PLQ�DW�57��:HOOV�ZHUH�ULQVHG�ZLWK�'3%6�EHIRUH�LQFXEDWLQJ�ZLWK�EORFNLQJ�EXIIHU�

IRU�����K�DW�57�DQG� LQFXEDWLRQ�ZLWK�SULPDU\�DQWLERGLHV�21�DW��R&��7DEOH���� LQ�

DQWLERG\�EXIIHU� ����%6$�����KRUVH�VHUXP�������7ULWRQ�;����� LQ�'3%6���7KH�

IROORZLQJ� GD\� ZHOOV� ZHUH� ZDVKHG� �� [� �� PLQ� '3%6� EHIRUH� LQFXEDWLRQ� ZLWK�

IOXRURSKRUH�FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV��������� IRU���K�DW�57� LQ�DQWLERG\�

EXIIHU�SURWHFWHG�IURP�OLJKW��,QYLWURJHQ��7DEOH�����$QWLERGLHV�ZHUH�DVSLUDWHG�DQG�

QXFOHL�VWDLQHG�ZLWK�'$3,����������0HUFN��'������IRU����PLQ�DW�57�EHIRUH�ZDVKLQJ�

DJDLQ���[���PLQ�'3%6��&RYHUVOLSV�ZHUH�PRXQWHG�RQWR�PLFURVFRSH�VOLGHV��'L[RQ�

6FLHQFH��1�$�����ZLWK�IOXRUHVFHQFH�PRXQWLQJ�PHGLXP��$JLOHQW��6������DQG�OHIW�

WR�GU\�21�EHIRUH� LPDJLQJ��,PDJHV�ZHUH�DFTXLUHG�XVLQJ�D�FRQIRFDO�PLFURVFRSH�

�=LHVV��/60������DW����;�DQG����;�REMHFWLYH���

�����3ULRQ�WUDQVPLVVLRQ�LQ�6W[��NQRFNRXW�PLFH�

�������0LFH�
�� [� PDOH� DQG� �� [� IHPDOH� 6W[����� PLFH� �&��%/��17DF�6W[�HP��,03&�+�+�� ZHUH�

REWDLQHG� IURP� 05&� +DUZHOO� RQ� D� &��%/��17DF� JHQHWLF� EDFNJURXQG�� %ULHIO\�

NQRFNRXW�ZDV�JHQHUDWHG�E\�05&�+DUZHOO�WKURXJK�&5,635�PHGLDWHG�GHOHWLRQ�RI�

�����QW�VSDQQLQJ�FULWLFDO�H[RQV���DQG���IRUPLQJ�D�SUHPDWXUH�VWRS�FRGRQ��

,Q�KRXVH�PRXVH�KXVEDQGU\�DQG�GLVVHFWLRQV�ZHUH�SHUIRUPHG�E\�VWDII�DW�WKH�DQLPDO�

IDFLOLW\�LQFOXGLQJ�/XF\�'UDSHU��$PL�:RRGFRFN�DQG�7KRPDV�+RUDQ�ZKHQ�EUHHGLQJ�

DQG�PDLQWDLQLQJ�WKHVH�OLQHV��7KH�EUHHGLQJ�SODQ�ZDV�GHVLJQHG�DQG�LQVWUXFWHG�E\�

P\VHOI��&URVV�EUHHGLQJ�HVWDEOLVKHG�D�NQRFNRXW�6W[�����OLQH�DQG�D�ZLOGW\SH�6W[�����

OLQH�IURP�OLWWHUPDWHV��+HPL]\JRXV�OLWWHUV�ZHUH�REWDLQHG�DV�UHTXLUHG�WKURXJK�FURVV�

EUHHGLQJ�RI� WKHVH� WZR� OLQHV��:RUN�ZDV�SHUIRUPHG�XQGHU�DSSURYDO� DQG� OLFHQVH�

JUDQWHG�E\�WKH�8.�+RPH�2IILFH��$QLPDOV��6FLHQWLILF�3URFHGXUHV��$FW��������ZKLFK�

FRQIRUPHG� WR� 8&/� LQVWLWXWLRQDO� DQG� $QLPDO� 5HVHDUFK�� 5HSRUWLQJ� RI� ,Q� 9LYR�

([SHULPHQWV��$55,9(��JXLGHOLQHV���

�������*HQRW\SLQJ�
'1$�ZDV�H[WUDFWHG�E\�6K\PD�+DPGDQ�IURP�HDU�ELRSVLHV�RI�DOO�PLFH��*HQRW\SHV�

ZHUH�FRQILUPHG�XVLQJ���3&5�DVVD\V�E\�P\VHOI��)RU�3&5�DVVD\�������O�'1$�ZDV�

DGGHG� WR� ��� �O� 3&5� PL[� ����� Q0� IRUZDUG� SULPHU� ��¶��
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&*$7&7*7*$*$&7&$7&***�� 6LJPD��� ���� Q0� UHYHUVH� SULPHU� ��¶�

***$*7&&7$$&$&&$&&77&�� 6LJPD��� �� P0�0J&O��� ���� P0� HDFK� G173��

������ P0� *R7DT� *�� +RW� 6WDUW� 3RO\PHUDVH� �3URPHJD�� 0������� �;� UHDFWLRQ�

EXIIHU��DQG�DPSOLILHG�XVLQJ�$OSKD�&\FOHU���WKHUPRF\FOHU��3&5PD[�����PLQ���R&��

��� F\FOHV� [� ��� VHFV� ��R&�� ��� VHFV� ��R&�� ���� PLQ� ��R&�� �� PLQ� ��R&��� 3&5�

UHDFWLRQV�ZHUH�HOHFWURSKRUHVHG�RQ�D������DJDURVH�JHO�ZLWK���NE�'1$�PROHFXODU�

ZHLJKW�PDUNHU��%LROLQH��%,2��������DW����9�IRU���K��)RU�3&5�DVVD\�������O�'1$�

ZDV� DGGHG� WR� ��� �O� 3&5� PL[� ����� Q0� IRUZDUG� SULPHU� ��¶�

&&7*$&7&7&7*$7$*&&$&�� 6LJPD��� ���� Q0� UHYHUVH� SULPHU� ��¶�

$&$$$$&&$$$*&&7*&$&�� 6LJPD��� RWKHU� FRPSRQHQWV� DV� SUHYLRXV�� DQG�

DPSOLILHG�DV�SUHYLRXV����PLQ���R&�����F\FOHV�[����VHFV���R&�����VHFV���R&�����

VHFV���R&����PLQ���R&����3&5�UHDFWLRQV�ZHUH�UXQ�RQ����DJDURVH�JHO�ZLWK�����ES�

'1$�PROHFXODU�ZHLJKW�PDUNHU��%LROLQH��%,2��������DW����9�IRU�����K��%DQGV�ZHUH�

GHWHFWHG� XVLQJ� 5HG6DIH� 1XFOHLF� $FLG� 6WDLQLQJ� 6ROXWLRQ� ����������� L1W521�

%LRWHFKQRORJ\���������RQ�8QLYHUVDO�+RRG�,,�*HO�'RF�6\VWHP��%LR�5DG�����

�������,PPXQREORW�RI�PRXVH�EUDLQ�KRPRJHQDWH�IRU�V\QWD[LQ���
0LFH�ZHUH�FXOOHG�DW�������GD\V��EUDLQV�UHPRYHG��GLVVHFWHG�RQ�WKH�VDJLWWDO�SODQH�

DQG� IODVK� IUR]HQ�� 6DPSOHV� ZHUH� WKDZHG� RQ� LFH�� ZHLJKHG� DQG� ULERO\VHG� ZLWK�

FHUDPLF�KRPRJHQLVDWLRQ�EHDGV��%HUWLQ�7HFKQRORJLHV��.7���������������DW�PD[�

VSHHG�IRU�����VHFV�DV�����KRPRJHQDWHV�LQ�'3%6�����DQG�����KRPRJHQDWHV�

ZHUH� VWRUHG� DW� ���2&� XQWLO� XVH�� 3URWHLQ� FRQFHQWUDWLRQ� ZDV�PHDVXUHG� XVLQJ� D�

%UDGIRUG�DVVD\��VHH�VHFWLRQ��������DQG����ȝJ�XVHG�IRU�LPPXQREORW�DQDO\VLV�DV�

SUHYLRXVO\� GHVFULEHG� �VHH� VHFWLRQ� �������� 6\QWD[LQ��� ZDV� GHWHFWHG� XVLQJ� WZR�

GLIIHUHQW�PRQRFORQDO�DQWLERGLHV��FORQH�&��%����������FORQH��'�����������7DEOH�

����

�������(/,6$�IRU�3U3&�H[SUHVVLRQ�
%UDLQ�KRPRJHQDWHV�ZHUH�SUHSDUHG�IRU�DQDO\VLV�E\�P\VHOI��(/,6$�ZDV�SHUIRUPHG�

E\�0LFKDHO�:LJJLQV�'H�2OLYHLUD��%UDLQ�KRPRJHQDWHV�ZHUH�SUHSDUHG�DQG�SURWHLQ�

FRQFHQWUDWLRQ� DVVD\HG� DV� SUHYLRXVO\� GHVFULEHG� �VHH� VHFWLRQ� �������� 6DPSOHV�

ZHUH�GLOXWHG�WR�����PJ�PO�WRWDO�SURWHLQ�LQ�3%6�LQ����ȝO�YROXPH��7R�FRUUHVSRQG�WR�

VWDQGDUG�SURWRFROV��L�H��ZKHUH�3.�UHVLVWDQW�3U3�LV�PHDVXUHG�����ȝO�$(%6)��VWRFN�

����ȝ0��DQG���ȝO�����Z�Y�6'6�ZDV�DGGHG�WR�HDFK�VDPSOH�DQG�ERLOHG�DW����R&�

IRU����PLQ����ȝO�VDPSOH�DOLTXRWV�ZHUH�SUHSDUHG�DQG�VWRUHG�DW����R&�XQWLO�XVH��$�
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KLJK�ELQGLQJ����ZHOO� IODW�ERWWRP�SODWH�ZDV�SUH�FRDWHG�ZLWK�����ȝO�RI�����ȝJ�PO�

DQWL�3U3�DQWLERG\��,&60����'�*HQ�/WG��LQ������0�FDUERQDWH�FRDWLQJ�EXIIHU��������

0� 1D+&2��� ������ 0� 1D�&2��� S+� ����� DQG� LQFXEDWHG� DW� �R&� RYHUQLJKW�� 7KH�

IROORZLQJ�PRUQLQJ� SODWHV�ZHUH�ZDVKHG�ZLWK� �� [� ���3%67�� ���� ȝO� SUH�KHDWHG�

FDSWXUH�EXIIHU����R&����;��S+���������1�/DXUR\OVDUFRV\O�����%6$�����7ULWRQ�;�

��������P0�7ULV�EDVH�S+������ZDV�DGGHG�WR�HDFK���ȝO�VDPSOH�DOLTXRW�IUHVK�����ȝO�

VDPSOH�DGGHG�WR�HDFK�ZHOO� LQ� WULSOLFDWH�DQG� LQFXEDWHG�DW���R&�IRU���K��6DPSOH�

ZDV�ZDVKHG�ZLWK���[����3%67�SULRU�WR�GHWHFWLRQ�ZLWK���ȝJ�PO�ELRWLQ\ODWHG�DQWL�

3U3�DQWLERG\��,&60����'�*HQ�/WG��GLOXWHG�LQ����3%67�DW���R&�IRU����PLQ�DQG�

ZDVKHG� DV� SUHYLRXV�� )RU� GHWHFWLRQ� ���� ȝO� VWUHSWDYLGLQ�+53� �KRUVH� UDGLVK�

SHUR[LGDVH��7KHUPR�6FLHQWLILF��3,(5�������GLOXWHG����������LQ�3%67�ZDV�DGGHG�

WR� HDFK� ZHOO� DQG� LQFXEDWHG� DW� ��R&� IRU� ��� PLQ� SULRU� WR� GHYHORSPHQW� ZLWK�

4XDQWD%OX�)OXRURJHQLF�3HUR[LGDVH�6XEVWUDWH�.LW��7KHUPR�6FLHQWLILF���������DV�

SHU�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��3ODWHV�ZHUH�LPDJHG�XVLQJ�D�SODWH�UHDGHU��7HFDQ�

,QILQLWH�0�����ZLWK� ���� QP�DQG� ���� QP�H[FLWDWLRQ� DQG� HPLVVLRQ�ZDYHOHQJWKV�

UHVSHFWLYHO\���

�������,QRFXODWLRQ�VWXG\�
([SHULPHQWDO�GHVLJQ��SUHSDUDWLRQ�RI�LQRFXOD��SURMHFW�PDQDJHPHQW�DQG�RYHUVLJKW�

ZDV�SHUIRUPHG�E\�P\VHOI�� ,QRFXODWLRQ�� VXEVHTXHQW�PRQLWRULQJ�DQG�GLVVHFWLRQV�

ZHUH�SHUIRUPHG�E\�VWDII�DW�WKH�DQLPDO�IDFLOLW\�LQFOXGLQJ�1LFN�.D\H��&UDLJ�)LW]KXJK�

DQG�*DYLQ�*UDKDP��$QDHVWKHWLVHG�PLFH�ZHUH� LQRFXODWHG� LQWUDFHUHEUDOO\� LQ� WKH�

ULJKW�SDULHWDO�OREH�ZLWK����ȝO����&��%/��-�PRXVH�DGDSWHG�50/�RU�0(��SULRQ�

LQIHFWHG�EUDLQ�KRPRJHQDWH� �LQRFXOD�FRGHV� ,������DQG� ,������ UHVSHFWLYHO\��DV�

SUHYLRXVO\� GHVFULEHG� �2
6KHD� HW� DO��� ������� 3RZHU� FDOFXODWLRQV� ZHUH� XVHG� WR�

SURSRVH�JURXS�VL]HV�RI����PLFH�SHU�H[SHULPHQWDO�FRQGLWLRQ��VXIILFLHQW�WR�LGHQWLI\�

D����GLIIHUHQFH�LQ�LQFXEDWLRQ�WLPH�ZKLOVW�DOORZLQJ�IRU�ORVV�GXH�WR�LQFXUUHQW�LOOQHVV��

0LFH�ZHUH�PRQLWRUHG�GDLO\�DQG�FXOOHG�IROORZLQJ�GLDJQRVLV�ZLWK�VFUDSLH�VLFNQHVV�

DFFRUGLQJ� WR� HVWDEOLVKHG� FULWHULD� RU� LGHQWLILFDWLRQ� RI� GLVWLQFW� KHDOWK� FRQFHUQV�

�2
6KHD�HW�DO����������%UDLQV�ZHUH�UHPRYHG��RQH�KHPLVSKHUH� IODVK� IUR]HQ�DQG�

VWRUHG� DW� ���R&� DQG� WKH� RWKHU� IL[HG� LQ� ���� IRUPDO� EXIIHUHG� VDOLQH� IRU�

KLVWRSDWKRORJLFDO�DQDO\VLV��
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�������%HKDYLRUDO�DQG�SK\VLRORJLFDO�SKHQRW\SLQJ�
%HKDYLRXUDO�VWXGLHV�ZHUH�GHVLJQHG�DQG�DQDO\VHG�E\�P\VHOI�DORQJ�ZLWK�0LFKDHO�

)DUPHU�DQG�7KRPDV�&R\VK��([SHULPHQWV�ZHUH�SHUIRUPHG�E\�0LFKDHO�)DUPHU�DQG�

7KRPDV�&R\VK�RQ�3%6�LQRFXODWHG�FRQWURO�PLFH������PLFH�SHU�JURXS��DJHG�������

ZHHNV���

0LFH�ZHUH�ORQH�KRXVHG�IRU�WKHVH�DQDO\VHV�ZLWK�VXIILFLHQW�UHVW�WLPH�EHWZHHQ�WHVWV��

DQG� QRW� WHVWHG� ZLWKLQ� ��� K� RI� FDJHV� EHLQJ� FOHDQHG�� 1HVWLQJ� DQDO\VLV� ZDV�

SHUIRUPHG�DFFRUGLQJ�WR��'HDFRQ������D���%ULHIO\��DQLPDOV�ZHUH�ORQH�KRXVHG�ZLWK�

QHVWOHWV��/%6�%LRWHFKQRORJ\�����������LQ�WKH�DIWHUQRRQ�DQG�QHVWOHWV�VFRUHG�IURP�

���� WKH� IROORZLQJ�PRUQLQJ� EDVHG� RQ� D� VWDQGDUG� TXDOLW\� VFDOH�� %XUURZLQJ� ZDV�

SHUIRUPHG�DV�SHU��'HDFRQ������E��DQG�PLFH�ZHUH�KDELWXDWHG�ZLWK�F\OLQGHUV�IRU�

���K�SULRU�WR�WHVWLQJ��%XUURZLQJ�F\OLQGHUV�ZHUH�ILOOHG�ZLWK�����J�IRRG�SHOOHWV�WKH�

DIWHUQRRQ�DQG�DGGHG�WR�ORQH�KRXVHG�PLFH�IRU����K��5HPDLQLQJ�SHOOHWV�ZHUH�WKHQ�

ZHLJKHG� WKH� IROORZLQJ� PRUQLQJ� DQG� GLIIHUHQFH� FDOFXODWHG�� 7ZR� URXQGV� ZHUH�

SHUIRUPHG� WR�DOORZ� IRU�SUDFWLFH�DQG� UHGXFHG�YDULDELOLW\�� WKH�VHFRQG� URXQG�RQO\�

XVHG� LQ� WKH�DQDO\VLV��6LPLODUO\��GLHW�FRQVXPHG�RYHUQLJKW�ZDV�PHDVXUHG�DV�WKH�

GLIIHUHQFH� LQ� ZHLJKWV� EHWZHHQ� IRRG� SHOOHWV� DGGHG� WR� WKH� KRSSHU� �VWDQGDUG�

DSSDUDWXV� LQ�PRXVH�FDJH�� �a����J��DQG� UHPDLQLQJ� IRRG�PHDVXUHG�DIWHU����K��

0RWRU�FRRUGLQDWLRQ�ZDV�PHDVXUHG�DV�WKH�WLPH�VSHQW�RQ�WKH�URWDURG�DSSDUDWXV�DW�

DQ�DFFHOHUDWLRQ�RI���USP�DQG�PD[�VSHHG����USP��ZLWK�D�SUDFWLFH�UXQ�IROORZHG�E\�

WKUHH� UHSOLFDWHV� SHU� DQLPDO�� DFFRUGLQJ� WR� VWDQGDUG�SURFHGXUH� �'HDFRQ�� �������

)LQDOO\�FRPELQHG�KLQG�DQG�IRUHOLPE�JULS�VWUHQJWK�ZDV�PHDVXUHG�XVLQJ�D�VWDQGDUG�

JULS�VWUHQJWK�DSSDUDWXV�ZLWK� WKUHH� UHSOLFDWHV�SHU�DQLPDO��QRUPDOLVHG� WR�PRXVH�

ZHLJKW�DW�WKH�WLPH�RI�PHDVXUHPHQW��%HKDYLRXUDO�WHVWV�ZHUH�SHUIRUPHG�E\�0LFKDHO�

)DUPHU�DQG�7KRPDV�&R\VK���

$W�WLPH�RI�FXOOLQJ��DJHG�������ZHHNV���3%6�LQRFXODWHG�PLFH�ZHUH�ZHLJKHG�DQG�

QDVRDQDO� OHQJWK�PHDVXUHG�� SULRU� WR� GLVVHFWLRQ� WR� UHPRYH� ERWK� EUDLQV� �DV� SHU�

VHFWLRQ��������DQG�SHULSKHUDO�WLVVXHV��6XEFXWDQHRXV�SHULJRQDGDO�ZKLWH�DGLSRVH�

WLVVXH� �:$7��ZDV� UHPRYHG�DQG�ZHLJKHG�DQG�SURSRUWLRQ� UHODWLYH� WR� WRWDO� ERG\�

ZHLJKW�PHDVXUHG���
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�������6XUYLYDO�DQDO\VLV�
,QFXEDWLRQ�WLPH�ZDV�GHILQHG�DV�WKH�QXPEHU�RI�GD\V�IURP�LQRFXODWLRQ�XQWLO�GHILQLWH�

VFUDSLH�GLDJQRVLV��2
6KHD�HW�DO����������'LVHDVH�IUHH�LQFXEDWLRQ�WLPH�ZDV�GHILQHG�

DV� WKH� QXPEHU� RI� GD\V� IURP� LQRFXODWLRQ� WR� SUHVHQWDWLRQ� RI� WKH� ILUVW� VFUDSLH�

DVVRFLDWHG�QHXURORJLFDO�V\PSWRP��.DSOHLQ�0D\DU�VXUYLYDO�FXUYHV�DQG�DQDO\VHV�

ZHUH� JHQHUDWHG� XVLQJ� 56WXGLR� SDFNDJHV� ³VXUYLYDO´� DQG� ³VXUYPLQHU´� DQG�

GLIIHUHQFHV�LQ�VXUYLYDO�EHWZHHQ�JHQRW\SHV�IRU�HDFK�LQRFXOD�ZDV�DQDO\VHG�XVLQJ�

D� ORJ�UDQN� WHVW�� )RU� DQDO\VLV� RI� LQFXEDWLRQ� WLPH� WR� VFUDSLH� GLDJQRVLV�� DQLPDOV�

FXOOHG�GXH�WR�RWKHU�UHDVRQV�ZHUH�FHQVRUHG��KRZHYHU�IRU�DQDO\VLV�RI� LQFXEDWLRQ�

WLPH�WR�RQVHW�RI�ILUVW�V\PSWRPV�DQLPDOV�FXOOHG�GXH�WR�ZHW�JHQLWDO�UHJLRQ�ZHUH�QRW�

FHQVRUHG��

�������,PPXQRKLVWRFKHPLVWU\�IRU�SULRQ�UHODWHG�
QHXURSDWKRORJ\�

,PPXQRKLVWRFKHPLVWU\� IRU� SULRQ�UHODWHG� QHXURSDWKRORJ\� ZDV� SHUIRUPHG� E\�

7DPVLQ� 1D]DUL�� )ORULQ� 3LQWLOOL� DQG� -DFNLH� /LQHKDQ� DQG� DQDO\VHG� E\� 6HEDVWLDQ�

%UDQGQHU�DV�SUHYLRXVO\�GHVFULEHG�ZLWK�PRGLILFDWLRQV� �:DGVZRUWK�HW�DO����������

3URMHFW�PDQDJHPHQW�DQG�GHVLJQ�ZDV�SHUIRUPHG�E\�P\VHOI�ZLWK�-DFNLH�/LQHKDQ��

7UDQVJHQLF�PRXVH�EUDLQV�ZHUH� IL[HG� LQ�����EXIIHUHG�IRUPDO�VDOLQH��SURFHVVHG�

DQG� SDUDIILQ� ZD[� HPEHGGHG�� 6HULDO� VHFWLRQV� RI� �� ȝP� QRPLQDO� WKLFNQHVV�ZHUH�

WDNHQ�� 'HSDUDIILQLVHG� VHFWLRQV� ZHUH� LQYHVWLJDWHG� IRU� DEQRUPDO� KXPDQ� 3U3��

PLFURJOLDO��DQG�DVWURF\WH�GHSRVLWLRQ�RQ�D�9HQWDQD�'LVFRYHU\�;7�DXWRPDWHG�,+&�

VWDLQLQJ�PDFKLQH� �5RFKH�7LVVXH�'LDJQRVWLFV�� XVLQJ� SURWRFROV� GHYHORSHG� RQ� D�

9HQWDQD�%HQFKPDUN� VWDLQLQJ�PDFKLQH��$QWL�3U3�PRQRFORQDO� DQWLERG\� ,&60���

���������'�*HQ�/WG��ZDV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�ELRWLQ\ODWHG�SRO\FORQDO�UDEELW�

DQWL�PRXVH�LPPXQRJOREXOLQ�VHFRQGDU\�DQWLERGLHV��'DNR��$JLOHQW��DQG�9HQWDQD�

SURSULHWDU\�GHWHFWLRQ�UHDJHQWV�XWLOL]LQJ����ƍ�GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH�

DV�WKH�FKURPRJHQ��'$%�0DS�'HWHFWLRQ�.LW��5RFKH�7LVVXH�'LDJQRVWLFV���6HFWLRQV�

ZHUH� WUHDWHG� ZLWK� FHOO� FRQGLWLRQLQJ� VROXWLRQ� �'LVFRYHU\� &&��� 5RFKH� 7LVVXH�

'LDJQRVWLFV�� DW� ���&� IRU� ��� PLQXWHV� IROORZHG� E\� WUHDWPHQW� ZLWK� D� ORZ�

FRQFHQWUDWLRQ�RI�SURWHDVH��3URWHDVH����5RFKH�7LVVXH�'LDJQRVWLFV��IRU����PLQXWHV�

SULRU� WR� VWDLQLQJ�� $QWL�LED��PLFURJOLDO� DQWLERG\� ��������$OSKD/DERUDWRULHV�� ����

�������RU�DQWL�*)$3�DQWLERG\����������$JLOHQW��=������ZHUH�XVHG�LQ�FRQMXQFWLRQ�

ZLWK�ELRWLQ\ODWHG�SRO\FORQDO�JRDW�DQWL�UDEELW�LPPXQRJOREXOLQ�VHFRQGDU\�DQWLERGLHV�

�'DNR�� $JLOHQW�� DQG� 9HQWDQD� SURSULHWDU\� GHWHFWLRQ� UHDJHQWV� XWLOL]LQJ� ���ƍ�
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GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH�DV�WKH�FKURPRJHQ��'$%�0DS�'HWHFWLRQ�.LW��

5RFKH�7LVVXH�'LDJQRVWLFV���6HFWLRQV�ZHUH�WUHDWHG�ZLWK�FHOO�FRQGLWLRQLQJ�VROXWLRQ�

�'LVFRYHU\�&&���5RFKH�7LVVXH�'LDJQRVWLFV��DW����&�IRU����PLQXWHV�RU�D�PHGLXP�

FRQFHQWUDWLRQ�RI�SURWHDVH��3URWHDVH����5RFKH�7LVVXH�'LDJQRVWLFV��IRU���PLQXWHV�

�UHVSHFWLYHO\�SULRU�WR�VWDLQLQJ��&RQYHQWLRQDO�PHWKRGV�RQ�D�*HPLQL�$6�$XWRPDWHG�

6OLGH�6WDLQHU� �7KHUPR�)LVKHU�6FLHQWLILF��ZHUH� XVHG� IRU� KHPDWR[\OLQ� DQG� HRVLQ�

�+	(��VWDLQLQJ��3RVLWLYH�FRQWUROV�IRU�WKH�VWDLQLQJ�WHFKQLTXH�ZHUH�XVHG�WKURXJKRXW��

$OO�VOLGHV�ZHUH�GLJLWDOO\�VFDQQHG�RQ�D�+DPDPDWVX�1DQR=RRPHU�����LQVWUXPHQW��

DQG�LPDJHV�ZHUH�FDSWXUHG�IURP�WKH�1'3�VHUYH��VRIWZDUH��1DQR=RRPHU�'LJLWDO�

3DWKRORJ\��DQG�FRPSRVHG�ZLWK�$GREH�3KRWRVKRS��

�������,PPXQRKLVWRFKHPLVWU\�TXDQWLILFDWLRQ�DQG�VWDWLVWLFDO�
DQDO\VLV�

,PPXQRVWDLQLQJ�RI�*)$3�DQG�,ED��LQ�ZKROH�EUDLQ�VHFWLRQV�ZHUH�TXDQWLILHG�XVLQJ�

4X3DWK��Y�������VRIWZDUH�RQ�����PLFH�IURP�3%6�LQRFXODWHG�JURXSV�������DQG���

���PLFH� IURP�SULRQ�LQRFXODWHG�JURXSV��&RORXU�GHFRQYROXWLRQ�ZDV�SHUIRUPHG� WR�

GLVWLQJXLVK�'$%�VWDLQLQJ�IURP�+	(�EDFNJURXQG�DQG�SL[HO�FODVVLILFDWLRQ�XVHG�WR�

VHOHFW�WLVVXH�IRU�DQDO\VLV��ZKROH�EUDLQ���3L[HO�FODVVLILFDWLRQ�ZDV�DSSOLHG�IXUWKHU�WR�

VHOHFW�UHJLRQV�SRVLWLYH�IRU�'$%�VWDLQLQJ��FODVVLILHU�WUDLQHG�RQ�����RI�WRWDO�LPDJHV���

$UHD�SRVLWLYH�IRU�'$%�VWDLQLQJ�ZDV�FDOFXODWHG�IRU�HDFK�LPDJH�DQG���DUHD�VWDLQHG�

FDOFXODWHG�UHODWLYH�WR�WRWDO�WLVVXH�DUHD�DQDO\VHG��6WDWLVWLFDO�GLIIHUHQFHV�JHQRW\SHV�

ZLWKLQ�HDFK�JURXS�ZHUH�GHWHUPLQHG�XVLQJ�D�RQH�ZD\�$129$��DIWHU�FRQILUPDWLRQ�

RI� QRUPDO� GLVWULEXWLRQ� DQG� HTXDO� YDULDQFHV� IRU� XVH� RI� D� SDUDPHWULF� WHVW�� DQG�

7XNH\¶V�SRVW�KRF�WHVW�XVLQJ�56WXGLR��Y���������VRIWZDUH���

������([SUHVVLRQ�DQDO\VLV�LQ�KXPDQ�VDPSOHV�

��������,PPXQRKLVWRFKHPLVWU\�RI�IURQWDO�FRUWH[�DQG�
FHUHEHOOXP�

,PPXQRKLVWRFKHPLVWU\�SHUIRUPHG�E\�7DPVLQ�1D]DUL��+HOHQD�&RVWD�DQG�-DFNLH�

/LQHKDQ�DQG�DQDO\VHG�E\�6HEDVWLDQ�%UDQGQHU�� ,PPXQRVWDLQLQJ�ZDV�SHUIRUPHG�

RQ� ��� V&-'� FDVHV� REWDLQHG� IURP� WKH� 'LYLVLRQ� RI� 1HXURSDWKRORJ\�� 8QLYHUVLW\�

&ROOHJH�/RQGRQ�+RVSLWDOV�1+6�)RXQGDWLRQ�7UXVW�DQG����QRQ�SULRQ�FRQWURO�FDVHV�

REWDLQHG�IURP�4XHHQ�6TXDUH�%UDLQ�%DQN�DV�IUR]HQ�PDWHULDO�ZKLFK�ZDV�IRUPDOLQ�

IL[HG� E\� LPPHUVLRQ�� IRUPLF� DFLG� WUHDWHG� DQG� SURFHVVHG� DV� VWDQGDUG� LQWR� D�

)RUPDOLQ� )L[HG� 3DUDIILQ� (PEHGGHG� �))3(�� VDPSOH�� )URQWDO� FRUWH[� DQG�
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FHUHEHOOXP� �LQFOXGLQJ� WKH� GHQWDWH� QXFOHXV�� ZHUH� VWDLQHG� ZLWK� DQWL�V\QWD[LQ���

DQWLERG\���������$WODV�$QWLERGLHV��+3$��������IRU���K�DW�57���

��������57�T3&5�DQDO\VLV�RI�KXPDQ�FHUHEHOOXP�
51$�H[WUDFWLRQ�DQG�57�SHUIRUPHG�E\�3HQQ\�1RUVZRUWK\�DQG�P\VHOI��51$�ZDV�

H[WUDFWHG�IURP����±�����PJ�SRVW�PRUWHP�FHUHEHOOXP�RI����V&-'�FDVHV�DQG����

QHXURORJLFDOO\�QRUPDO�FRQWUROV�XVLQJ�WKH�'LUHFW]RO�'1$�51$�PLQLSUHS�NLW��=\PR��

5������DFFRUGLQJ�WR�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��)ROORZLQJ�DQ�DGGLWLRQDO�'1DVH�

,�GLJHVWLRQ�DQG�SXULILFDWLRQ�XVLQJ�51$�&OHDQ�DQG�&RQFHQWUDWRU����=\PR��5������

VDPSOHV� ZHUH� DQDO\VHG� XVLQJ� 7DSH6WDWLRQ� ����� �$JLOHQW�� IRU� LQWHJULW\� �51$�

LQWHJULW\�QXPEHU��5,1��!����DQG�FRQFHQWUDWLRQ��57�T3&5�ZDV�WKHQ�SHUIRUPHG�DV�

SUHYLRXVO\� GHVFULEHG� �VHFWLRQ� ������� XVLQJ� WKH� IROORZLQJ�SULPHU�DVVD\V��&<&���

+VB&<&�B�B6*�� 53/���� +VB53/��B�B6*�� 8%(�'��� +VB8%(�'�B�B6*��

%0(5%��� +VB&��RUI��B�B6*�� 67;��� +VB67;�B�B6*�� 3',$���

+VB3',$�B�B6*��*$/�67���+VB*$/�67�B�B6*��3513��+VB3513B�B6*���

�������6WDWLVWLFDO�DQDO\VLV�

6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� 56WXGLR� �Y��������� VRIWZDUH��:KHUH�

IHDVLEOH�SRSXODWLRQV�ZHUH�WHVWHG�IRU�QRUPDO�GLVWULEXWLRQ�XVLQJ�6KDSLUR�:LON�WHVW�

DQG�HTXDO�YDULDQFHV�XVLQJ�/HYHQH¶V�WHVW�DQG�WUDQVIRUPHG�DV�DSSURSULDWH��*URXS�

GLIIHUHQFHV� ZHUH� DQDO\VHG� XVLQJ� 6WXGHQW¶V� W�WHVW� RU� 2QH�:D\� $129$� ZLWK�

7XNH\¶V�SRVW�KRF�WHVW��Q�QXPEHU�LQGLFDWHV�LQGHSHQGHQW�ELRORJLFDO�UHSOLFDWHV��3ORWV�

ZHUH�JHQHUDWHG�XVLQJ�56WXGLR�SDFNDJH�³JJSORW�´��� �
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���*HQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�IRU�V&-'�
�����,QWURGXFWLRQ�

�������*HQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV�
7KH�DGYHQW�RI� ORZHU�FRVW�DQG�KLJKHU�TXDOLW\�PHWKRGV� WR�REWDLQ� ³JHQRPH�ZLGH´�

LQIRUPDWLRQ� KDV� DOORZHG� FROODWLRQ� RI� LQFUHDVLQJ� VDPSOH� QXPEHUV� IRU� KXPDQ�

JHQHWLFV�VWXGLHV��DOORZLQJ�UHVHDUFKHUV�WR�RYHUFRPH�SUHYLRXV�OLPLWDWLRQV�RI�SRZHU�

GXH�WR�YDVW�KXPDQ�JHQHWLF�GLYHUVLW\�LQ�ZKROH�JHQRPH�FRPSDULVRQV��7KLV�KDV�OHG�

WR� LQFUHDVLQJ�*:$6�EHLQJ�SHUIRUPHG� IRU�D�YDVW�QXPEHU�RI�FRPSOH[� WUDLWV�DQG�

GLVHDVHV�RYHU�WKH�ODVW�WZR�GHFDGHV��7KH�³FRPSOHWLRQ´�RI�WKH�ILUVW�KXPDQ�JHQRPH�

VHTXHQFH�LQ������DQG�WKH�VLQFH�GHYHORSPHQW�RI�D�UHIHUHQFH�VHTXHQFH��KDV�OHG�

WR�DFFXPXODWLQJ�NQRZOHGJH�RI�FRPPRQ�YDULDWLRQ� LQ� WKH�KXPDQ�SRSXODWLRQ�DQG�

LGHQWLILFDWLRQ� RI� 613V�� DV� ZHOO� DV� GHVFULSWLRQ� RI� UHJXODUO\� LQKHULWHG� UHJLRQV� RU�

KDSORW\SHV� ZLWK� SDWWHUQV� RI� /'� VHSDUDWHG� E\� UHFRPELQDWLRQ� KRWVSRWV�

�,QWHUQDWLRQDO� +DS0DS� &RQVRUWLXP�� ������ ,QWHUQDWLRQDO� +XPDQ� *HQRPH�

6HTXHQFLQJ�&RQVRUWLXP���������,W�LV�WKLV�XQGHUVWDQGLQJ�RI�³EORFN�OLNH´�LQKHULWDQFH�

DQG�FRQVHTXHQW�UHGXQGDQW�613V�ZKLFK�LQFUHDVHG�IHDVLELOLW\�RI�*:$6��DOORZLQJ�

IRU�³JHQRPH�ZLGH´�LQIRUPDWLRQ�WR�EH�REWDLQHG�IURP�WKH�JHQRW\SH�RI�MXVW�D�VXEVHW�

RI�YDULDQWV���

*HQHUDOO\�*:$6�DUH�SHUIRUPHG�E\�FRPSDULQJ�WKH�DOOHOH�IUHTXHQF\�RI�613V��EXW�

FDQ� DOVR� EH� XVHG� WR� ORRN� DW� RWKHU� YDULDWLRQ� VXFK� DV� FRS\� QXPEHU� YDULDQWV��

EHWZHHQ�GLIIHUHQW�JURXSV�RI�LQGLYLGXDOV��WR�LGHQWLI\�JHQHWLF�UHJLRQV�DVVRFLDWHG�ZLWK�

D� SDUWLFXODU� SKHQRW\SH� �)LJXUH� ��� �*:$6� PHWKRGRORJ\� FRPSUHKHQVLYHO\�

UHYLHZHG�UHFHQWO\�LQ��8IIHOPDQQ�HW�DO�����������$IWHU�FROODWLRQ�RI�'1$�DQG�UHOHYDQW�

SKHQRW\SH�LQIRUPDWLRQ��JHQRW\SHV�DUH�FXUUHQWO\�PRVW�FRPPRQO\�REWDLQHG�WKURXJK�

FRPPHUFLDOO\� DYDLODEOH� PLFURDUUD\V�� QRZ� DYDLODEOH� ZLWK� SUREHV� IRU� RYHU� WZR�

PLOOLRQ� 613V�� 'XH� WR� WKH� DIRUHPHQWLRQHG� KDSORW\SHV� DQG� /'� VWUXFWXUHV��

DGGLWLRQDO�613V�FDQ� WKHQ�EH� LPSXWHG� IURP� UHIHUHQFH�JHQRPHV� WR�REWDLQ�QHDU�

ZKROH�JHQRPH� LQIRUPDWLRQ�� 2I� QRWH�� GDWD� REWDLQHG� IURP� ZKROH�JHQRPH�

VHTXHQFLQJ� �:*6�� VWLOO� SURYLGHV� PRUH� DFFXUDWH� JHQHWLF� LQIRUPDWLRQ� VXFK� WKH�

SUHVHQFH�RI�UDUH�YDULDQWV��ZKLFK�LV�OLNHO\�WR�EH�LQFUHDVLQJO\�XVHG�IRU�*:$6�ZLWK�

UHGXFLQJ�FRVWV�RI�WKHVH�WHFKQRORJLHV���
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)LJXUH����2XWOLQH�RI�FDVH�FRQWURO�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��*:$6���
2XWOLQH�RI�D�W\SLFDO�FDVH�FRQWURO�*:$6��6DPSOHV�DUH�FROOHFWHG�IURP�LQGLYLGXDOV�ZLWK�WKH�
SKHQRW\SH�RI�LQWHUHVW��H�J��GLVHDVH��DQG�UHOHYDQW�PDWFKHG�FRQWUROV�DQG�JHQRW\SHG�L�H��
XVLQJ� D� PLFURDUUD\�� )ROORZLQJ� LPSXWDWLRQ� RI� DGGLWLRQDO� YDULDQWV� �LI� UHTXLUHG�� GDWD� LV�
SURFHVVHG� WKURXJK� TXDOLW\� FRQWURO� SDUDPHWHUV� VXFK� DV� JHQRW\SLQJ� TXDOLW\�� ORZ� DOOHOH�
IUHTXHQFLHV� DQG� GHWHFWLRQ� RI� SRSXODWLRQ� VWUDWLILFDWLRQ� �GHSLFWHG��� $OOHOH� IUHTXHQFLHV�
EHWZHHQ�WKH�WZR�SRSXODWLRQV�FDQ�WKHQ�EH�FRPSDUHG�LQ�DQ�DVVRFLDWLRQ�WHVW�� W\SLFDOO\�D�
ORJLVWLF� UHJUHVVLRQ� WHVW��6LJQLILFDQW� YDULDQWV� FDQ� WKHQ�EH� UHSOLFDWHG� LQ�DQ� LQGHSHQGHQW�
FRKRUW� WR� VHFXUH� DVVRFLDWLRQ�� ILQH�PDSSHG� WR� KLJKOLJKW� SXWDWLYH� FDXVDO� YDULDQWV� DQG�
DQDO\VHG� XVLQJ� YDULRXV� IXQFWLRQDO� GDWD� VHWV� DQG� ZHW�ODE� WHVWLQJ� WR� GHILQH� XQGHUO\LQJ�
ELRORJLFDO�PHFKDQLVPV��)LJXUH�DGDSWHG�IURP��8IIHOPDQQ�HW�DO���������DQG�JHQHUDWHG�ZLWK�
ELRUHQGHU�FRP��

�

$IWHU�VXIILFLHQW�TXDOLW\�FRQWURO�PHDVXUHV�DUH�LPSOHPHQWHG��IRU�H[DPSOH�WR�LGHQWLI\�

LQDFFXUDWH�JHQRW\SH�FDOOV�RU�WR�HQVXUH�WKDW�DOO�VDPSOHV�DUH�RI�VLPLODU�DQFHVWU\�WR�

DYRLG� IDOVH�SRVLWLYH� DVVRFLDWLRQV�� DOOHOH� IUHTXHQFLHV� FDQ� EH� FRPSDUHG� LQ� D�

VWDWLVWLFDO�DVVRFLDWLRQ�WHVW��7\SLFDOO\�WKLV�D�ORJLVWLF�UHJUHVVLRQ�WHVW�IRU�FDVH�FRQWURO�

*:$6� �RU� OLQHDU� UHJUHVVLRQ� LI� ORRNLQJ� DW� FRQWLQXRXV� WUDLWV�� ZLWK� LQFOXVLRQ� RI�

FRYDULDWHV� ZKLFK� PD\� FRQIRXQG� UHVXOWV� VXFK� DV� DJH�� VH[� DQG� DQFHVWU\��

,PSRUWDQWO\�� FDUHIXO� FRQVLGHUDWLRQ� PXVW� EH� JLYHQ� WR� WKUHVKROGV� IRU� LGHQWLI\LQJ�

VLJQLILFDQW�YDULDQWV��GXH�WR�WKH�YDVW�QXPEHU�RI�VLPXOWDQHRXV�WHVWV�SHUIRUPHG��D�

%RQIHUURQL�FRUUHFWHG�WKUHVKROG�RI�3�����[������LV�JHQHUDOO\�DSSOLHG�WR�DFFRXQW�IRU�

DQ� HVWLPDWHG� RQH� PLOOLRQ� LQGHSHQGHQW� JHQRPLF� VLJQDOV� �3�  � ����������

�,QWHUQDWLRQDO�+DS0DS�&RQVRUWLXP���������7R�PRVW�DFFXUDWHO\�DFFRXQW�IRU�IDOVH�

GLVFRYHU\�UDWHV��DOOHOH�IUHTXHQFLHV�VKRXOG�EH�UHSOLFDWHG�LQ�DQ�LQGHSHQGHQW�FRKRUW��
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�������3RVW�*:$6�DQDO\VLV�
$OWKRXJK�WKH�SUHVHQFH�RI�/'�EORFNV�LV�KLJKO\�XVHIXO�IRU�REWDLQLQJ�JHQRPH�ZLGH�

LQIRUPDWLRQ�DW�ORZ�FRVW��WKLV�DOVR�JHQHUDWHV�RQH�RI�WKH�PRVW�SURPLQHQW�OLPLWDWLRQV�

ZLWK�*:$6�VWXGLHV��JHQRPH�ZLGH�VLJQLILFDQW�YDULDQWV�GR�QRW�LPPHGLDWHO\�DPRXQW�

WR� PHFKDQLVPV� RI� DVVRFLDWLRQ� GXH� WR� WKH� FRQFXUUHQW� LGHQWLILFDWLRQ� RI� PXOWLSOH�

YDULDQWV�� 7KHVH� FDQ� RIWHQ� HQFRPSDVV� PXOWLSOH� JHQHV�� RU� PRUH� IUHTXHQWO\� QR�

JHQHV� DW� DOO�� PDNLQJ� LGHQWLILFDWLRQ� RI� ZKLFK� JHQHV� RU� YDULDQWV� DUH� GULYLQJ� WKLV�

FDXVDO�DVVRFLDWLRQ�GLIILFXOW��7KHUHIRUH��WR�OLPLW�WKH�QXPEHU�RI�YDULDQWV�DQG�JHQHV�

UHTXLUHG�IRU�IROORZ�XS�DQDO\VLV��VWDWLVWLFDO�DQG�IXQFWLRQDO�WRROV�DUH�LPSOHPHQWHG�LQ�

D�SURFHVV�WHUPHG�³ILQH�PDSSLQJ´��6FKDLG��&KHQ��	�/DUVRQ��������6SDLQ�	�%DUUHWW��

��������

)LQH�PDSSLQJ�FDQ�EH�SHUIRUPHG�VROHO\�XVLQJ�VWDWLVWLFDO�PRGHOOLQJ��6FKDLG�HW�DO���

�������)LUVWO\�WKLV�FDQ�EH�SHUIRUPHG�XVLQJ�D�VWHSZLVH�FRQGLWLRQDO�DQDO\VLV��XVLQJ�

WKH� OHDG� YDULDQW� DV� D� FRYDULDWH� LQ� WKH� DVVRFLDWLRQ� DQDO\VLV� DQG� LQFOXGLQJ�

VXEVHTXHQW�VLJQLILFDQW�613V�XQWLO�QR�WHVWV�DUH�VLJQLILFDQW��7KLV�FDQ�EH�XVHG�WR�

LGHQWLI\�LQGHSHQGHQW�VLJQDOV�IURP�WKH�OHDG�613��+RZHYHU�WKHUH�DUH�OLPLWDWLRQV�WR�

WKLV�VLPSOH�PHWKRG��LQFOXGLQJ�WKH�DIRUHPHQWLRQHG�LVVXHV�ZLWK�SHUIRUPLQJ�PXOWLSOH�

VWDWLVWLFDO�WHVWV�LQ�WDQGHP��DV�ZHOO�DV�OLPLWHG�SRZHU�WR�GHWHFW�DGGLWLRQDO�613V�ZLWK�

ORZ� HIIHFW� VL]HV�� 7KHUHIRUH�� DOWHUQDWLYH� ILQH�PDSSLQJ� VWUDWHJLHV� KDYH� EHHQ�

GHYHORSHG�� SULPDULO\� XVLQJ� %D\HVLDQ� IUDPHZRUNV�� ,Q� WKHVH� PHWKRGV�� %D\HV�

IDFWRUV��WKH�OLNHOLKRRG�RI�WKH�GDWD�JLYHQ�WKDW�HDFK�YDULDQW�LV�FDXVDO��DUH�FDOFXODWHG�

XVLQJ�WKH�HYLGHQFH�RI�DVVRFLDWLRQ�DW�HDFK�YDULDQW��DOORZLQJ�IRU�LQSXW�RI�DGGLWLRQDO�

HYLGHQFH� VXFK� DV� /'� VWUXFWXUH� DQG� VDPSOH� VL]H�� WR� FDOFXODWH� WKH� SRVWHULRU�

SUREDELOLWLHV� IRU� FDXVDOLW\� IRU� HDFK� YDULDQW�� 7KH� SRVVLELOLW\� RI� PXOWLSOH� FDXVDO�

YDULDQWV�FDQ�DOVR�EH�LQFOXGHG�WR�JHQHUDWH�WKH�SULRU�PRGHO��7\SLFDOO\�WKHVH�WRROV�

RXWSXW� D� ���� FUHGLEOH� VHW� IRU� HDFK� ORFXV�� FRQWDLQLQJ� WKH� PLQLPXP� YDULDQWV�

VXPPLQJ� WR�D� WRWDO�RI�����SRVWHULRU�SUREDELOLW\�� ,Q� WKH�FXUUHQW� VWXG\��&$9,$5�

�µ&DXVDO�9DULDQWV�,GHQWLILFDWLRQ�LQ�$VVRFLDWHG�5HJLRQV¶��ZDV�LPSOHPHQWHG�ZKLFK�

XVHV�WKLV�%D\HVLDQ�PRGHO�DOORZLQJ�IRU�XS�WR�VL[�FDXVDO�613V�DW�D�ORFXV�WR�RXWSXW�

D�FDXVDO�SRVWHULRU�SUREDELOLW\��+RUPR]GLDUL�HW�DO�����������

,Q�VLOLFR�ILQH�PDSSLQJ�FDQ�EH�XVHIXO�IRU�LQFUHDVLQJ�WKH�UHVROXWLRQ�DW�D�ORFXV�DQG�

KLJKOLJKWLQJ� SXWDWLYH� LQGHSHQGHQW� FDXVDO� 613V�� KRZHYHU� WKHVH� DUH� RQO\� HYHU�

LQGLFDWLRQV�DQG� FDQQRW� SURYLGH� UREXVW� HYLGHQFH� IRU� FDXVDOLW\� DQG� LV� HVSHFLDOO\�
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OLPLWHG�LQ�UHJLRQV�RI�KLJK�/'��,QWHJUDWLRQ�RI�IXQFWLRQDO�GDWDVHWV�ZLWK�*:$6�GDWD�

FDQ�EH�YHU\�SRZHUIXO�LQ�ERWK�KLJKOLJKWLQJ�FDXVDO�YDULDQWV�DQG�JHQHV��DV�ZHOO�DV�

LQGLFDWLQJ� WKH� XQGHUO\LQJ�PHFKDQLVPV� ZKLFK�PLJKW� EH� GULYLQJ� WKH� DVVRFLDWLRQ�

�6SDLQ�	�%DUUHWW���������$�SOHWKRUD�RI�SXEOLFDOO\�DYDLODEOH�WRROV�DQG�GDWDVHWV�KDYH�

QRZ�EHHQ�GHYHORSHG��7KHVH�LQFOXGH�DQQRWDWLRQV�RI�WKH�IXQFWLRQDO�FRQVHTXHQFHV�

RI�YDULDQWV��H�J��$1129$5��YDULDQW�HIIHFW�SUHGLFWRU��9(3���0F/DUHQ�HW�DO���������

.��:DQJ�HW�DO����������DQG�GHOHWHULRXV�HIIHFWV��H�J��&$''��.LUFKHU�HW�DO�����������

QRQ�FRGLQJ�UHJXODWRU\�HOHPHQWV� LQFOXGLQJ�PHWK\ODWLRQ�VLWHV�� WUDQVFULSWLRQ� IDFWRU�

ELQGLQJ� VLWHV�� SURPRWHUV� DQG� HQKDQFHUV� �H�J�� WKH� (QF\FORSDHGLD� RI� '1$�

(OHPHQWV��(1&2'(��SURMHFW��)XQFWLRQDO�$QQRWDWLRQ�RI�WKH�0DPPDOLDQ�*HQRPH�

�)$1720�� DQG� WKH� 1,+� 5RDGPDS� (SLJHQRPLFV� &RQVRUWLXP� �(QFRGH� 3URMHFW�

&RQVRUWLXP�� ������ )DQWRP�&RQVRUWLXP� DQG� WKH�5,.(1�30,� DQG�&/67� HW� DO���

������5RDGPDS�(SLJHQRPLFV�&RQVRUWLXP�HW�DO����������DV�ZHOO�DV�YDULDQWV�ZKLFK�

PRGLI\�JHQH�H[SUHVVLRQ�FDOOHG�H[SUHVVLRQ�TXDQWLWDWLYH�WUDLW�ORFL��H47/��H�J��WKH�

*HQRW\SH�7LVVXH� ([SUHVVLRQ� �*7([�� SURMHFW� �*7([� &RQVRUWLXP�� �������� 7KH�

VSDWLDO�QDWXUH�RI�WKHVH�GDWDVHWV�FDQ�LQGLFDWH�WLVVXHV�LQ�ZKLFK�YDULDQWV�DUH�PRVW�

OLNHO\�WR�KDYH�D�IXQFWLRQDO�HIIHFW��DQG�WKH�DGYHQW�RI�VLQJOH�FHOO�H[SHULPHQWV�FDQ�

HYHQ� KLJKOLJKW� WKH� PRVW� UHOHYDQW� FHOO� W\SHV�� $IWHU� DOO�� WKH� DELOLW\� WR� WUDQVODWH�

JHQRPLF�ORFL�LQWR�ELRORJLFDO�PHFKDQLVPV�XQGHUSLQV�WKH�PRWLYDWLRQ�IRU�SHUIRUPLQJ�

*:$6�LQ�WKH�ILUVW�SODFH��)RU�H[DPSOH��LQ�WKLV�FKDSWHU��H&$9,$5��DQ�H[WHQVLRQ�RI�

WKH�WRRO�SUHYLRXVO\�GHVFULEHG��LV�XVHG�WR�LGHQWLI\�RYHUODS�LQ�FDXVDO�YDULDQWV�IURP�

WKH�*7([�H47/�DQDO\VLV��+RUPR]GLDUL�HW�DO����������

�������%HQHILWV�DQG�OLPLWDWLRQV�RI�*:$6�PHWKRGRORJ\�
,W�LV�QR�GRXEW�WKDW�*:$6�KDYH�EHHQ�VXFFHVVIXO�DW�IXUWKHULQJ�RXU�XQGHUVWDQGLQJ�

RI�WKH�JHQHWLF�DUFKLWHFWXUH�RI�FRPSOH[�WUDLWV�DQG�GLVHDVH��7DP��3DWHO��7XUFRWWH��	�

%RVV���������$W�WKH�WLPH�RI�ZULWLQJ�WKH�1+*5,�(%,�*:$6�FDWDORJXH�OLVWV������

GLIIHUHQW� SXEOLFDWLRQV� LGHQWLI\LQJ� RYHU� �������� DVVRFLDWLRQV�� GHPRQVWUDWLQJ� WKH�

KXJH�YDOXH�RI�WKLV�PHWKRG��%XQLHOOR�HW�DO���������1+*5,�(%,���������7KH�QXPEHU�

RI�YDULDQWV�LGHQWLILHG�KRZHYHU�LV�UHOLDQW�RQ�WKH�VDPSOH�VL]H�XVHG��DORQJ�ZLWK�WKH�

GHFUHDVLQJ�FRVW�� WKH� LQFUHDVLQJ�DSSUHFLDWLRQ�RI�PXOWL�VWXG\�PHWD�DQDO\VHV�DQG�

FXOWLYDWLRQ�RI�FURVV�ODERUDWRU\�FRQVRUWLXPV�LV�IDFLOLWDWLQJ�ODUJHU�VFDOH�VWXGLHV��QRZ�

UHDFKLQJ�RYHU�RQH�PLOOLRQ�SDUWLFLSDQWV��-��-��/HH�HW�DO����������7KLV�KDV�QRW�RQO\�

DOORZHG� UHDOLVDWLRQ� RI� ELRORJLFDO� PHFKDQLVPV� FRQWULEXWLQJ� WR� D� QXPEHU� RI�
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GLVHDVHV��EXW�LV�DLGLQJ�RXU�XQGHUVWDQGLQJ�RI�FRPSOH[�WUDLWV�WKURXJK�LGHQWLILFDWLRQ�

RI�ORFL�FRQWULEXWLQJ�WR�WKH�µPLVVLQJ�KHULWDELOLW\¶�QRW�DWWULEXWHG�IURP�IDPLO\�VWXGLHV��

DV�ZHOO�DV�IXUWKHULQJ�NQRZOHGJH�RI�WKH�HWKQLF�YDULDWLRQ�VHHQ�LQ�ERWK�TXDQWLWDWLYH�

WUDLWV�DQG�GLVHDVH�ULVN��7DP�HW�DO����������)XUWKHUPRUH��WKH�H[SDQVH�RI�JHQHWLF�

GDWD�WKDW�*:$6�KDYH�DPDVVHG�KDV�ZLGHVSUHDG�DSSOLFDWLRQV�EH\RQG�JHQRW\SH�

SKHQRW\SH� WHVWLQJ�� VXFK� DV� SRSXODWLRQ� VWXGLHV�� DQDO\VLV� RI� /'� VWUXFWXUH��

JHQHUDWLQJ�SRO\JHQLF�ULVN�VFRUHV��IRUHQVLF�DQDO\VLV�DQG�DQFHVWU\�WHVWLQJ���

*:$6��DV�ZLWK�DOO�PHWKRGRORJLHV��GRHV�FRPH�ZLWK� OLPLWDWLRQV�ZKLFK�VKRXOG�EH�

FRQVLGHUHG� �UHYLHZHG� LQ� �7DP� HW� DO��� �������� $V� SUHYLRXVO\� PHQWLRQHG��

IXQGDPHQWDOO\�LGHQWLILFDWLRQ�RI�UHJLRQV�RI�DVVRFLDWLRQ�GRHV�QRW�HTXDO�SLQSRLQWLQJ�

RI�FDXVDO�JHQHV�RU�YDULDQWV�GXH�WR�/'�OLQNLQJ�QHLJKERXULQJ�JHQHV�DQG�WUDQV�DFWLQJ�

UHJXODWRU\� UHJLRQV�� )XUWKHUPRUH�� RYHU� ���� RI� GLVHDVH�DVVRFLDWHG� YDULDQWV�

LGHQWLILHG�E\�*:$6�DUH�LQ�QRQ�FRGLQJ�UHJLRQV�RI�WKH�JHQRPH�RI�ZKLFK�UHODWLYHO\�

OLWWOH�LV�XQGHUVWRRG��0DXUDQR�HW�DO����������$OWKRXJK�RXU�XQGHUVWDQGLQJ�RI�WKHVH�

UHJLRQV�LV�LQFUHDVLQJ��IRU�H[DPSOH�WKURXJK�PDSSLQJ�RI�UHJXODWRU\�DQG�HSLJHQHWLF�

HOHPHQWV�� WKHUH� DUH� D� VXEVWDQWLDO� QXPEHU� RI� DVVRFLDWHG� ORFL� IRU� ZKLFK� WKH�

ELRORJLFDO�PHFKDQLVP�LV�XQNQRZQ��7KH�PHWKRGRORJ\�EHKLQG�*:$6�DOVR�SRVHV�

FKDOOHQJHV�ZLWK�VHSDUDWLQJ�WUXH�SRVLWLYHV�IURP�QRLVH�GXH�WR�PXOWLSOH�WHVWLQJ�DQG�

SRSXODWLRQ�VWUDWLILFDWLRQ��WKH�LPSOHPHQWDWLRQ�RI�VWULQJHQW�VLJQLILFDQFH�WKUHVKROGV�

OLPLWV�IDOVH�SRVLWLYH�DVVRFLDWLRQV�EXW�LV�DOVR�OLNHO\�UHVXOWLQJ�LQ�VXEVWDQWLDO�GDWD�ORVV��

)XUWKHUPRUH�WKHUH�LV�GHEDWH�DERXW�WKH�WUDQVODWLRQDO�QDWXUH�RI�WKHVH�VWXGLHV�ERWK�

WR�D�FOLQLFDO�VHWWLQJ��L�H��ZKHWKHU�ODUJH�QXPEHUV�RI�YDULDQWV�ZLWK�VPDOO�HIIHFWV�VL]HV�

SRVH�DV�IHDVLEOH�GUXJ�WDUJHWV��DV�ZHOO�DV�WR�RWKHU�SRSXODWLRQV�±�DV�RI������RYHU�

����RI�*:$6�ZHUH�SHUIRUPHG�VROHO\�RQ� LQGLYLGXDOV�RI�(XURSHDQ�GHVFHQW�� WKH�

ILQGLQJV� RI� ZKLFK� DUH� RIWHQ� QRW� DSSOLFDEOH� WR� RWKHU� SRSXODWLRQV� �0��&��0LOOV� 	�

5DKDO���������

�������*:$6�IRU�KXPDQ�SULRQ�GLVHDVHV�
)RU� GLVHDVHV� VXFK� DV� V&-'� IRU�ZKLFK� OLWWOH� LV� XQGHUVWRRG� DERXW� VXVFHSWLELOLW\��

*:$6�FRXOG� SURYLGH� NH\� LQVLJKW� LQWR� QRYHO� XQGHUO\LQJ�PHFKDQLVPV�DQG�HYHQ�

WKHUDSHXWLF�WDUJHWV��$OWKRXJK�3513� LV�FOHDUO\�D�NH\�JHQHWLF�GHWHUPLQDQW�IRU�DOO�

KXPDQ�SULRQ�GLVHDVHV��SUHYLRXVO\�GLVFXVVHG�LQ�VHFWLRQ�������LW�LV�QRW�\HW�NQRZQ�

ZKHWKHU� WDUJHWLQJ� WKLV�ZLOO� SURYH�DQ�HIIHFWLYH�DQG�YLDEOH� WUHDWPHQW� LQ� WKH�FOLQLF�

�-RQHV�	�0HDG���������,W�LV�WKHUHIRUH�VWLOO�RI�LQWHUHVW�WR�LGHQWLI\�DGGLWLRQDO�GLVHDVH�
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PRGLILHUV�IRU�ERWK�PHFKDQLVWLF�DQG�WKHUDSHXWLF�DSSOLFDWLRQV��)XUWKHUPRUH�WKHUH�LV�

LQFUHDVLQJ� HYLGHQFH� WKDW� UHODWHG� QHXURGHJHQHUDWLYH� GLVHDVHV� VKDUH� FRPPRQ�

PHFKDQLVPV� ZLWK� SULRQ� GLVHDVHV� VXFK� DV� WKH� WHPSODWHG� FRQYHUVLRQ� LQWR�

SDWKRJHQLF�DJJUHJDWHV��VHH�VHFWLRQ����������DQG�VR�PRGLILHUV�RI�SULRQ�GLVHDVH�ULVN�

KDYH� WKH� SRWHQWLDO� WR� WUDQVODWH� WR� WKH� VSUHDG� RI� RWKHU� µSULRQ�OLNH¶� SURWHLQV�

�-DXQPXNWDQH�	�%UDQGQHU���������

7KH�UHTXLUHPHQW�RI�ODUJH�VDPSOH�VL]HV�IRU�VXIILFLHQW�SRZHU�WR�GHWHFW�DVVRFLDWLRQV�

KDV�SRVHG�LVVXHV�IRU�SULRQ�GLVHDVH�UHVHDUFK�WR�GDWH��$�QXPEHU�RI�*:$6�KDYH�

EHHQ�SHUIRUPHG�IRU�D�YDULHW\�RI�GLVHDVH�W\SHV��DOO�VXSSRUWLQJ�3513�FRGRQ�����

DV�D�VWURQJ�ULVN�IDFWRU�IRU�DOO�SULRQ�GLVHDVHV��EXW�WKH�QXPEHU�RI�YDULDQWV�LGHQWLILHG�

DW�JHQRPH�ZLGH�VLJQLILFDQFH�RXWVLGH�RI�WKH�3513�ORFXV�LV�PLQLPDO��,Q�RQH�RI�WKH�

ODUJHVW�VWXGLHV�WRWDOOLQJ������KXPDQ�SULRQ�GLVHDVH�FDVHV��FRPELQLQJ�LQGLYLGXDOV�

IURP�DOO� GLVHDVH�VXEW\SHV� WR� LQFUHDVH�VDPSOH�VL]H��QR�QRQ�3513�613V�ZHUH�

VLJQLILFDQWO\� DVVRFLDWHG�ZLWK� SULRQ� GLVHDVH� ULVN� �DOWKRXJK� WKH�=%7%��±5$6$��

ORFXV�ZDV�VXJJHVWLYH���0HDG�HW�DO����������7KH�KHWHURJHQHLW\�EHWZHHQ�GLVHDVHV�

PD\�QRW�SHUPLW�VXFK�DQDO\VLV�IRU�LGHQWLILFDWLRQ�RI�YDULDQWV�ZLWK�ZHDNHU�HIIHFW�VL]HV��

6WXGLHV�IRFXVLQJ�SULPDULO\�RQ�Y&-'�GHVFULEHG�HYLGHQFH�IRU�DQ�DVVRFLDWLRQ�ZLWK�

5$5%�7+5%�LQ�D�VLQJOH�VWDJH�VWXG\��Q� �������0HDG��3RXOWHU��HW�DO���������DQG�

0705��DQG�YDULDQWV�QHDUE\�13$6��LQ�D�PHWD�DQDO\VLV�RI�WZR�FRKRUWV��Q� ������

�6DQFKH]�-XDQ�HW�DO����������KRZHYHU�WKHVH�VWXGLHV�DUH�ERWK�OLPLWHG�E\�D�ODFN�RI�

UHSOLFDWLRQ�HYLGHQFH�LQFUHDVLQJ�OLNHOLKRRG�RI�IDOVH�SRVLWLYH�DVVRFLDWLRQV��7KHUH�LV�

VRPH�HYLGHQFH�IRU�FRPPRQ�JHQHWLF�LQIOXHQFHV�EHWZHHQ�GLVHDVHV�KRZHYHU��ZLWK�

5$5%�7+5%�DQG�6701��DOVR�DVVRFLDWHG�ZLWK�L&-'�DQG�NXUX�ULVN�UHVSHFWLYHO\�

�0HDG��3RXOWHU��HW�DO����������

7KH�VDPSOH�VL]HV�IRU�WKHVH�DFTXLUHG�SULRQ�GLVHDVHV�DUH�OLPLWHG�GXH�WR�UHGXFLQJ�

FDVH�QXPEHUV�IURP�SXEOLF�KHDOWK�LQWHUYHQWLRQ��EXW�IRU�V&-'�VDPSOH�UHVRXUFHV�DUH�

FRQVWDQWO\� JURZLQJ�� HVSHFLDOO\�ZLWK� LQWHUQDWLRQDO� FROODERUDWLRQ�� 3UHYLRXV� WR� WKH�

FXUUHQW�VWXG\��WKH�ODUJHVW�SXEOLVKHG�*:$6�WR�GDWH�IRU�V&-'�ULVN�FRPSULVHG�D�WRWDO�

RI�������FDVHV� �6DQFKH]�-XDQ�HW�DO����������7KH�GLVFRYHU\�SKDVH�FRQVWLWXWLQJ�

RQO\� ���� RI� WKHVH� KRZHYHU� GLG� QRW� LGHQWLI\� DQ\� QRQ�3513� JHQRPH�ZLGH�

VLJQLILFDQW� KLWV�� EXW� UHSOLFDWLRQ� RI� WRS� 613V� LQ� WKH� UHPDLQLQJ� VDPSOHV� DQG�

VXEVHTXHQW�PHWD�DQDO\VLV�SURSRVHG�DVVRFLDWLRQ�RI�RQH�QRQ�3513�LQWURQLF�613�
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LQ�*50��� VXEVHTXHQW� ILQH�PDSSLQJ� RI� WKLV� ORFXV� VXJJHVWHG� SHUWXUEDWLRQV� LQ�

PL51$�ELQGLQJ��

%H\RQG�ULVN��*:$6�IRU�SULRQ�GLVHDVHV�KDYH�DOVR�LQYHVWLJDWHG�JHQHWLF�DVVRFLDWLRQ�

ZLWK�UHODWHG�FOLQLFDO�SDUDPHWHUV��3ROHJJL�DQG�FROOHDJXHV�UHFHQWO\�SURYLGHG�VRPH�

HYLGHQFH� IRU�613V� WDJJLQJ�&<3�;��PRGLI\LQJ�DJH�RI�RQVHW� IRU�(���.�UHODWHG�

,3'� DQG� V&-'� E\� DSSUR[LPDWHO\� ��� DQG� ��� \HDUV� UHVSHFWLYHO\�� KRZHYHU� WKH�

GLVFRYHU\�FRKRUW�LQ�WKLV�VWXG\�ZDV�KLJKO\�OLPLWHG�ZLWK�RQO\����LQGLYLGXDOV��3ROHJJL�

HW�DO����������0RUH�PRGHVW�HIIHFWV�KDYH�DOVR�EHHQ�VXJJHVWHG�IRU�WKH�6701��ORFXV�

IRU� V&-'� �ILYH� \HDUV� IRU� KRPR]\JRXV� JHQRW\SHV�� DV�ZHOO� DV�=%7%��±5$6$��

613V�KRZHYHU�WKLV�WDUJHWHG�DQDO\VLV�RI�QRQ�VLJQLILFDQWO\�DVVRFLDWHG�YDULDQWV�LV�

OLNHO\�VXEMHFW�WR�ELDV��0HDG��3RXOWHU��HW�DO���������0HDG�HW�DO����������7KRPSVRQ�

HW�DO�DGGLWLRQDOO\�LQYHVWLJDWHG�JHQHWLF�DVVRFLDWLRQ�IRU�EHKDYLRXUDO�GLVWXUEDQFH�DQG�

SV\FKLDWULF� V\PSWRPV� LQ� KXPDQ� SULRQ� GLVHDVHV�� KRZHYHU� QR� JHQRPH�ZLGH�

VLJQLILFDQW�ORFL�ZHUH�LGHQWLILHG��7KRPSVRQ�HW�DO�����������

�������&KDSWHU�VXPPDU\�
7KH� GLVFRYHU\� VWDJH� RI� WKLV� *:$6� ZDV� SHUIRUPHG� E\� RWKHUV� �VHH� 0HWKRGV�

VHFWLRQ������SULRU�WR�WKH�LQLWLDWLRQ�RI�WKLV�WKHVLV��DOO�VXEVHTXHQW�ZRUN�GHVFULEHG�LQ�

WKLV�FKDSWHU��DV�ZHOO�DV�DOO�YLVXDOLVDWLRQ�DQG�DQDO\VLV�GHVFULEHG��ZDV�RULJLQDO�ZRUN�

SHUIRUPHG�E\�P\VHOI��

7KLV�VWXG\�GHVFULEHV�WKH�ILUVW�*:$6�SRZHUHG�WR�GHWHFW�YDULDQWV�ZLWK�PRGHUDWH�

HIIHFW� VL]HV� DVVRFLDWHG�ZLWK� V&-'� ULVN�ZLWK� WKH� DLP� WR� LGHQWLI\� DGGLWLRQDO� QRQ�

3513�JHQHWLF�DVVRFLDWLRQV�DQG�SDWKZD\V�DVVRFLDWHG�ZLWK�WKH�GLVHDVH��6WDWLVWLFDO�

WRROV�DQG�SXEOLFO\�DYDLODEOH�IXQFWLRQDO�GDWDVHWV�ZHUH�HPSOR\HG�WR�SUHGLFW�WKH�PRVW�

OLNHO\�FDXVDO�JHQHV�DQG�YDULDQWV�DW�DVVRFLDWHG�VLWHV��WR�PLQLPLVH�WKRVH�UHTXLUHG�

IRU� WLPH�FRQVXPLQJ� DQG� FRVWO\� IXQFWLRQDO� IROORZ�XS�� KLJKOLJKWLQJ� 67;�� DQG�

*$/�67��DV�QRYHO�V&-'�ULVN�JHQHV��

� �
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�����5HVXOWV�

�������*HQRPH�ZLGH�GLVFRYHU\�RI�ULVN�DVVRFLDWHG�YDULDQWV�
1RWH� WKDW� WKH�ZRUN�GHVFULEHG� LQ� WKH�FXUUHQW�VXE�VHFWLRQ� ��������ZDV�SUHYLRXVO\�

SHUIRUPHG� E\� RWKHUV� LQ� WKH� 0HDG� ODE�� KRZHYHU� KDV� EHHQ� LQFOXGHG� IRU�

FRPSOHWHQHVV�RI�WKH�VWXG\�GHVFULEHG�LQ�WKLV�FKDSWHU��

/DUJH�VDPSOH�VL]HV�DUH�HVVHQWLDO�IRU�*:$6�DQDO\VLV�WR�RYHUFRPH�WKH�VXEVWDQWLDO�

PXOWLSOH�WHVWLQJ�EXUGHQ�DVVRFLDWHG�ZLWK�FRPSDULQJ�ODUJH�QXPEHUV�RI�YDULDQWV�LQ�D�

VLQJOH� VWDWLVWLFDO� WHVW��2YHU� WKH� ODVW� GHFDGH�� GXH� WR� WKH� UDULW\� RI� V&-'�PDNLQJ�

VDPSOH� DVFHUWDLQPHQW� GLIILFXOW�� DQ� LQWHUQDWLRQDO� FROODERUDWLRQ� RI� PRVW� SULRQ�

GLVHDVH� UHVHDUFK� DQG� VXUYHLOODQFH� FHQWUHV� LQ� FRXQWULHV� ZLWK� SRSXODWLRQV� RI�

SUHGRPLQDQWO\�(XURSHDQ�DQFHVWULHV�ZDV�HVWDEOLVKHG��DOORZLQJ�FROODWLRQ�RI�D�WRWDO�

RI�������'1$�VDPSOHV�IURP�SDWLHQWV�GLDJQRVHG�ZLWK�SUREDEOH�RU�GHILQLWH�V&-'�

IRU�WKLV�VWXG\��)LJXUH�����7KHVH�VDPSOHV�ZHUH�GLYLGHG�DFURVV�D�WZR�VWDJH�VWXG\�

GHVLJQ� ZLWK� DQ� LQLWLDO� JHQRPH�ZLGH� GLVFRYHU\� SKDVH� IROORZHG� E\� WDUJHWHG�

UHSOLFDWLRQ�RI�VLJQLILFDQW�YDULDQWV��

,Q�WKH�GLVFRYHU\�VWXG\�SUHYLRXVO\�SHUIRUPHG�LQ�WKH�JURXS��FDVH�JHQRW\SHV�ZHUH�

REWDLQHG�XVLQJ�,OOXPLQD¶V�%HDG&KLS�PLFURDUUD\V�DQG�DGGLWLRQDO�YDULDQWV�LPSXWHG�

XVLQJ� WKH�0LFKLJDQ�VHUYHU��)ROORZLQJ�TXDOLW\�FRQWURO� �4&��VHH�0HWKRGV�VHFWLRQ�

������� JHQHWLF� LQIRUPDWLRQ� IRU� ���������� 613V�ZDV� FRPSDUHG� EHWZHHQ� ������

V&-'� FDVHV� DQG� ������� SRSXODWLRQ�PDWFKHG� FRQWUROV� REWDLQHG� IURP�SXEOLFDOO\�

DYDLODEOH�GDWDEDVHV��)LJXUH�����-RQHV�HW�DO����������$�IUHTXHQWLVW�DVVRFLDWLRQ�WHVW�

ZLWK�DQ�DGGLWLYH�PRGHO�SHUIRUPHG�XVLQJ�6137(67�ZLWK�SRSXODWLRQ�FRYDULDWHV�GLG�

QRW� GHPRQVWUDWH� VXEVWDQWLDO� JHQRPLF� LQIODWLRQ� �Ȝ�  � ������� LQGLFDWLQJ� D� ODFN� RI�

V\VWHPLF�ELDV�LQ�WKH�DQDO\VLV���



����
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�

)LJXUH� ��� 6WXG\� GHVLJQ� IRU� V&-'� *:$6� GLVFRYHU\� DQG� UHSOLFDWLRQ� UHOLHG� RQ�
ZRUOGZLGH�FROODERUDWLRQ��
�D��)ORZFKDUW�RI�WKH�*:$6�WZR�VWDJH�VWXG\�GHVLJQ�LQFOXGLQJ�JHQRW\SLQJ��LPSXWDWLRQ�DQG�
TXDOLW\�FRQWURO��4&��SULRU�WR�DVVRFLDWLRQ�WHVWLQJ�XVLQJ�6137(67��$�VLQJOH�613�DW�HDFK�
JHQRPH�ZLGH� VLJQLILFDQW� ORFXV� ZDV� WKHQ� JHQRW\SHG� DQG� WR� FRQWURO� IRU� SRSXODWLRQ�
GLIIHUHQFHV� LQGHSHQGHQW� DVVRFLDWLRQ� WHVWV� ZHUH� FRPELQHG� LQ� D� PHWD�DQDO\VLV�� �E�� F��
&RXQWU\�RI�RULJLQ�RI�DOO�VDPSOHV���E�� WKH�GLVFRYHU\�VWDJH�XWLOLVHG�D�WRWDO�RI������V&-'�
FDVHV��UHG��DQG�������PDWFKHG�SXEOLFO\�DYDLODEOH�FRQWUROV��EOXH��DQG��F��WKH�UHSOLFDWLRQ�
SKDVH� DQ� DGGLWLRQDO� ������ FDVHV� DQG� �������� IXUWKHU� LQGHSHQGHQW� FRQWURO� VDPSOHV�
PDWFKHG� IRU�SRSXODWLRQ��1RWH� WKDW� WKH�GLVFRYHU\�VWXG\�ZDV�SHUIRUPHG�SUHYLRXV� WR� WKH�
RULJLQDO�ZRUN�GHVFULEHG�LQ�WKLV�WKHVLV��WKH�UHSOLFDWLRQ�VWXG\�ZDV�SHUIRUPHG�E\�P\VHOI���

�

,Q�WKLV�ILUVW�SKDVH�D�QXPEHU�RI�YDULDQWV�VXUSDVVHG�WKH�VLJQLILFDQFH�WKUHVKROG�DW�3�

����[������DV�VKRZQ�LQ�)LJXUH�����$ORQJVLGH�WKH�NQRZQ�JHQHWLF�ULVN�DW�WKH�3513�

JHQH����S����UV���������25������>�����±�����@��3� ������[��������)LJXUH���G���

613V�DW� WZR�QRYHO� ORFL� UHDFKHG�JHQRPH�ZLGH� VLJQLILFDQFH�� LQ� DQG�DURXQG� WKH�

JHQHV�67;����T������UV���������25������>�����±�����@��3� ������î�������)LJXUH�

��D��DQG�*$/�67�����T������UV���������25������>�����±����@��3� ������î��������

)LJXUH���H���7ZR� IXUWKHU�VLWHV�ZHUH�DOVR�VXJJHVWLYH�RI�DVVRFLDWLRQ�DURXQG� WKH�

JHQHV�3',$����T������UV������25������>�����±�����@��3� ������[�������)LJXUH���E�

��DQG�%0(5%�����S�������UV���������25������>�����±�����@��3� ������[�������
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)LJXUH� ��F��� JHQH�EDVHG� WHVWLQJ� XVLQJ� 9(*$6�� VXSSRUWHG� WKH� DVVRFLDWLRQ� RI�

WKHVH�JHQHV�ZLWK�V&-'�ULVN��GDWD�QRW�VKRZQ����

�

)LJXUH�����0DQKDWWDQ�SORW�KLJKOLJKWLQJ�3513�DQG���QRYHO�QRQ�3513�V&-'�ORFL��LQ�
RU� QHDU� WR� 67;�� DQG� *$/�67��� ZLWK� DVVRFLDWLRQV� WKDW� UHDFKHG� JHQRPH� ZLGH�
VLJQLILFDQFH��3�����[�������LQ�WKH�GLVFRYHU\�*:$6��
3ORW�RI�±ORJ���RI�WKH�3�YDOXHV�IURP�DQ�DOOHOLF�ORJLVWLF�UHJUHVVLRQ�WHVW�RI������V&-'�FDVHV�
YV�������FRQWUROV��ZLWK�JHQRPH�ZLGH�VLJQLILFDQFH�WKUHVKROG��3� ���[�������GHSLFWHG�E\�
WKH� KRUL]RQWDO� OLQH� DQG� FRORXUV� LQGLFDWLQJ� FKURPRVRPH� QXPEHU�� /DEHOOHG� ORFL� ZHUH�
FKRVHQ� IRU� IXUWKHU� YDOLGDWLRQ� DQG� UHSOLFDWLRQ� IROORZLQJ� TXDOLW\� FRQWURO�� ZLWK� PXOWLSOH�
DVVRFLDWHG�613V�DW�WKHVH�VLWHV��3',$��DQG�%0(5%��LQ�JUH\�ZHUH�QRW�VLJQLILFDQW�DW�WKH�
UHSOLFDWLRQ� VWDJH�� 7KH� DQDO\VLV� GHSLFWHG� LQ� WKLV� ILJXUH� ZDV� SHUIRUPHG� E\� +ROJHU�
+XPPHULFK�DQG�-DPHV�8SKLOO��YLVXDOLVDWLRQ�JHQHUDWHG�E\�P\VHOI��� �



����
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�

)LJXUH�����5HJLRQDO�SORWV�IRU�HDFK�RI�WKH�VLJQLILFDQW�ORFL�VKRZV�H[SHFWHG�OLQNDJH�
GLVHTXLOLEULXP�VWUXFWXUH�EHWZHHQ�WRS�613V�DQG�QHLJKERXULQJ�YDULDQWV��
�D�H��3ORW�RI�±ORJ���RI� WKH�3�YDOXHV� IURP�WKH�DVVRFLDWLRQ�DQDO\VLV�RI�613�ZLWK�KLJKHVW�
VLJQLILFDQFH�DW�HDFK�ORFXV��&RORXU�LQGLFDWHV�OHYHO�RI�OLQNDJH�GLVHTXLOLEULXP��U���ZLWK�WRS�
613� HVWLPDWHG� XVLQJ� WKH� ����� *HQRPHV� (85� GDWDVHW�� 7KH� JUHHQ� OLQH� LQGLFDWHV�
UHFRPELQDWLRQ�KRWVSRWV�HVWLPDWHG� IURP�WKH�+DS0DS�SURMHFW��613V�GLUHFWO\�JHQRW\SHG�
DUH�VKRZQ�DV�D�WULDQJOH�V\PEROV���D��UV���������������NE��UHSOLFDWLRQ�613�UV���������
�E��UV�����������NE���F��UV��������������NE���G��UV�������������NE��UHSOLFDWLRQ�613�
UV����������H��UV��������������NE��UHSOLFDWLRQ�613�UV���������7KH�DQDO\VLV�GHSLFWHG�
LQ� WKLV� ILJXUH� ZDV� SHUIRUPHG� E\� +ROJHU� +XPPHULFK� DQG� -DPHV� 8SKLOO�� YLVXDOLVDWLRQ�
JHQHUDWHG�E\�P\VHOI��

�
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�������5HSOLFDWLRQ�RI�JHQRPH�ZLGH�VLJQLILFDQW�YDULDQWV�LQ�DQ�
LQGHSHQGHQW�FRKRUW�

5HSOLFDWLRQ�RI�DVVRFLDWLRQV�LQ�DQ�LQGHSHQGHQW�FRKRUW� LV�QHFHVVDU\� LQ�*:$6�WR�

SUHYHQW�IDOVH�SRVLWLYH�UHVXOWV�GXH�WR�WKH�SURSHQVLW\�IRU�ELDV�LQ�WKLV�PHWKRGRORJ\��

$� 613� DW� HDFK� RI� WKH� DIRUHPHQWLRQHG� ORFL� ZKLFK� SDVVHG� RU� DSSURDFKHG� WKH�

JHQRPH�ZLGH�VLJQLILFDQFH�WKUHVKROG�LQ�WKH�GLVFRYHU\�VWDJH�ZHUH�JHQRW\SHG�LQ�WKH�

FXUUHQW�VWXG\��XVLQJ�K\GURO\VLV�SUREHV�LQ�DQ�DGGLWLRQDO�������FDVHV�DQG�FRPSDUHG�

WR���������IXUWKHU�FRQWUROV��)LJXUH�����7KHVH�YDULDQWV�ZHUH�FKRVHQ�IURP�613V�DW�

HDFK�ORFXV�GXH�WR�IXQFWLRQDO�DQQRWDWLRQ�RU�FRPPHUFLDO�DYDLODELOLW\�RI�SUREHV��'XH�

WR�WKH�ODFN�RI�JHQRPH�ZLGH�GDWD�LQ�WKH�UHSOLFDWLRQ�SKDVH��DVVRFLDWLRQ�WHVWV�ZHUH�

SHUIRUPHG� LQGHSHQGHQWO\� IRU� HDFK� FDVH�FRQWURO� FRKRUW�PDWFKHG� IRU� FRXQWU\� RI�

RULJLQ�WR�DYRLG�SRSXODWLRQ�VWUDWLILFDWLRQ��DQG�D�PHWD�DQDO\VLV�ZDV�SHUIRUPHG�RQ�

WKH�UHVXOWV��

$VVRFLDWLRQ� RI� 613V� ZLWKLQ� 3513�� 67;�� DQG� *$/�67�� ZDV� VXFFHVVIXOO\�

UHSOLFDWHG��3� ���������3� ��������DQG�3� �������UHVSHFWLYHO\��LQ�WKLV�QHZ�FRKRUW��

KRZHYHU�3',$��DQG�%0(5%��ZHUH�QRW�VLJQLILFDQW�DW�WKLV�VWDJH��3� ������DQG�3�

 � ����� UHVSHFWLYHO\�� DQG� UHGXFHG� DVVRFLDWLRQ� LQ� D� PHWD�DQDO\VLV� ZLWK� WKH�

GLVFRYHU\�VWDJH��7DEOH�����JHQRW\SHV�DW�PXOWLSOH�YDULDQWV�ZRXOG�EH�UHTXLUHG� WR�

UHSOLFDWH�WKH�UHVXOWV�RI�WKH�JHQH�EDVHG�WHVW�IRU�WKHVH�YDULDQWV��$V�H[SHFWHG��WKH�

GLUHFWLRQ�RI�HIIHFW�ZDV�WKH�VDPH�IRU�ERWK�VWDJHV�RI�WKH�VWXG\��)LJXUH���D�DQG�E��

ZLWK�VXIILFLHQW�SRZHU��!�����WR�GHWHFW�DQ�DVVRFLDWLRQ�IRU�YDULDQWV�ZLWK�JHQRW\SH�

UHODWLYH�ULVN��DSSUR[LPDWH�WR�RGGV�UDWLR�IRU�GLVHDVHV�ZLWK�ORZ�SHQHWUDQFH�VXFK�DV�

V&-'��RI�JUHDWHU�WKDQ������ZLWK�DQ�DOOHOH�IUHTXHQF\�RYHU�����LQ�WKH�GLVFRYHU\�DQG�

UHSOLFDWLRQ�SKDVHV��DV�LV�WKH�FDVH�IRU�WKH�VLJQLILFDQW�ORFL�LQ�WKLV�VWXG\���)LJXUH���F�

DQG�G���'XH�WR�WKH�ORZHU�DOOHOH�IUHTXHQF\�RI�UV�����DQG�UV���������ODUJHU�VDPSOH�

VL]HV�PD\EH�UHTXLUHG�WR�REWDLQ�VXIILFLHQW�SRZHU��

� �
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1HDUHVW�JHQH� 3513� 67;�� *$/�67�� 3',$�� %0(5%��
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7DEOH� ��� 3513�� 67;�� DQG� *$/�67�� 613V� ZHUH� VXFFHVVIXOO\� UHSOLFDWHG� LQ� DQ�
LQGHSHQGHQW�FRKRUW��3���������WR�D�VLPLODU�HIIHFW�DV�WKH�GLVFRYHU\�SKDVH��
6XPPDU\�RI�613V�WDNHQ�WKURXJK�IURP�GLVFRYHU\�WR�UHSOLFDWLRQ�VWDJHV�ZLWK�3�YDOXH�DQG�
RGGV�UDWLRV�FDOFXODWHG�IURP�DVVRFLDWLRQ�WHVWV�OLVWHG��7KH�UHSOLFDWLRQ�3�YDOXHV�DUH�JLYHQ�
DV��D�PHWD�DQDO\VLV�RI�QHZ�FDVH�FRQWURO�FRKRUWV�DORQH�RU���LQ�FRPELQDWLRQ�ZLWK�GLVFRYHU\�
VXPPDU\� VWDWLVWLFV�� 5HSOLFDWLRQ� PLQRU� DOOHOH� IUHTXHQFLHV� �0$)�� DUH� HVWLPDWHG� DV� D�
ZHLJKWHG�PHDQ�RI�HDFK�FRKRUW�EDVHG�RQ�FDVH�VDPSOH�QXPEHU���

� �
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)LJXUH�����&DVH�FRQWURO�PLQRU�DOOHOH�IUHTXHQFLHV��0$)��VXSSRUW�WKH�UHSOLFDWLRQ�RI�
3513��67;��DQG�*$/�67��ZLWK�!����SRZHU�WR�GHWHFW�VLJQLILFDQW�DVVRFLDWLRQV��
�D��E��0$)�RI�UHSOLFDWLRQ�613V�LQ�V&-'�FDVHV�DQG�FRQWUROV�IRU�WKH��D��GLVFRYHU\�DQG��E��
UHSOLFDWLRQ�VWDJHV��7KHUH�LV�D�FOHDU�GLVWLQFWLRQ�LQ�DOOHOH�IUHTXHQF\�EHWZHHQ�WKH�WZR�JURXSV�
IRU�DOO���613V�WHVWHG�IRU�WKH�GLVFRYHU\��KRZHYHU�LQ�WKH�UHSOLFDWLRQ�SKDVH�WKH�IUHTXHQFLHV�
IRU�3',$���UV������DQG�%0(5%���UV���������DUH�VLPLODU�DV�UHIOHFWHG�LQ�WKH�DVVRFLDWLRQ�
WHVW��5HSOLFDWLRQ�0$)�FDOFXODWHG�XVLQJ�D�ZHLJKWHG�PHDQ�RI�HDFK�FRKRUW�EDVHG�RQ�FDVH�
VDPSOH� QXPEHU� WR� EHWWHU� UHSUHVHQW� SRZHU� DOORFDWLRQ� LQ� WKH� PHWD�DQDO\VLV�� �F�� G��
6WDWLVWLFDO�SRZHU�WR�GHWHFW�DOOHOHV�ZLWK�JHQRW\SH�UHODWLYH�ULVN�VWUDWLILHG�E\�GLVHDVH�DOOHOH�
IUHTXHQF\�FDOFXODWHG�XVLQJ�WKH�*HQHWLF�$VVRFLDWLRQ�6WXG\��*$6��3RZHU�&DOFXODWRU�IRU�
WKH� �F�� GLVFRYHU\� VWXG\� �3�  � �� [� ������ DQG� �G�� UHSOLFDWLRQ� VWXG\� �3�  � ������ EDVHG� RQ�
GLVHDVH�SUHYDOHQFH�RI���������*UH\�GRWWHG�OLQH�LQGLFDWHV�VWDWLVWLFDO�SRZHU�RI������
�

� �



����
�

�������)LQH�PDSSLQJ�RI�FDXVDO�YDULDQWV�DW�ULVN�DVVRFLDWHG�ORFL�
XVLQJ�OLQNDJH�GLVHTXLOLEULXP�VWUXFWXUH�

6WDWLVWLFDO�ILQH�PDSSLQJ�ZDV�XVHG�LQLWLDOO\�WR�ILQH�PDS�HDFK�ORFXV�DQG�LGHQWLI\�WKH�

PRVW� OLNHO\� FDXVDO� YDULDQWV� DW� HDFK� VLWH�� 7KH� &$9,$5� �µ&DXVDO� 9DULDQWV�

,GHQWLILFDWLRQ� LQ�$VVRFLDWHG�5HJLRQV¶�� VWDWLVWLFDO� IUDPHZRUN�ZDV� ILUVW� XWLOLVHG� WR�

LGHQWLI\� D� VHW�ZLWK�����SUREDELOLW\� RI� FRQWDLQLQJ� WKH� FDXVDO�613� �µFDXVDO� VHW¶��

�+RUPR]GLDUL�HW�DO����������7KLV�WRRO�XWLOLVHV�D�%D\HVLDQ�IUDPHZRUN�WR�PRGHO�WKH�

SUREDELOLW\� RI� HDFK� YDULDQW� EHLQJ� FDXVDO�� ZKLOVW� DOORZLQJ� IRU� WKH� SRVVLELOLW\� RI�

PXOWLSOH� FDXVDO� YDULDQWV� DW� D� VLQJOH� VLWH�� )RU�3513�� 613V� WDJJLQJ� UV��������

ZHUH�SUHGRPLQDQWO\�LGHQWLILHG�DV�H[SHFWHG��KRZHYHU�D�FOXVWHU�RI�613V��¶�WR�WKLV�

LQ�ORZ�/'�ZHUH�DOVR�SXWDWLYHO\�FDXVDO�VXJJHVWLQJ�D�SRWHQWLDO�DGGLWLRQDO�VLJQDO�DW�

WKLV�ORFXV��)LJXUH���D���,Q�D�VHFRQGDU\�*:$6�DQDO\VLV�XWLOLVLQJ�D�KHWHUR]\JRXV�

PRGHO�PRUH�UHOHYDQW�WR�WKH�NQRZQ�JHQHWLF�HIIHFW�RI�FRGRQ������FRQGLWLRQLQJ�IRU�

JHQRW\SH�DW� WKLV�VLWH�GLG�QRW�KRZHYHU�VXSSRUW� WKH�DVVRFLDWLRQ�RI� WKLV�XSVWUHDP�

VLJQDO��GDWD�QRW�VKRZQ���-RQHV�HW�DO����������

$W�WKH�67;�� ORFXV��WKH�UHJLRQ�RI�KLJK�/'�VXUURXQGLQJ�UV��������LQFUHDVHV�WKH�

VL]H� RI� WKH� FDXVDO� VHW� LGHQWLILHG� E\� WKH� &$9,$5� IUDPHZRUN� DQG� PDNHV�

LGHQWLILFDWLRQ�RI�D�VLQJOH�FDXVDO�YDULDQW�PRUH�FKDOOHQJLQJ��KRZHYHU�WKH�YDULDQWV�

ZLWK� WKH� KLJKHVW� FDXVDO� SRVWHULRU� SUREDELOLW\� �&33�� IHOO� ZLWKLQ� WKH�67;�� JHQH�

VXSSRUWLQJ�WKLV�DV�D�OLNHO\�FDXVDO�JHQH�DW�WKLV�VLWH��PHDQ�&33�RI�FDXVDO�VHW��LQ�

67;�� �����������������6(0���RXWVLGH�67;�� ������������������)LJXUH���E���$V�

WKH�*:$6�VLJQDO�DW�WKH�*$/�67��ORFXV�LV�RQO\�DVVRFLDWHG�ZLWK�WZR�613V�LQ�ORZ�

/'� ZLWK� VXUURXQGLQJ� YDULDQWV�� WKHVH� SUHGRPLQDQWO\� GHILQH� WKH� FDXVDO� VHW� DV�

H[SHFWHG��EXW�DUH�VWDWLVWLFDOO\�LQGLVWLQJXLVKDEOH�IURP�HDFK�RWKHU�XVLQJ�WKLV�PHWKRG�

�)LJXUH���F��� �
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)LJXUH�����6WDWLVWLFDO�ILQH�PDSSLQJ�XVLQJ�&$9,$5�LGHQWLILHV�VHW�RI�SXWDWLYH�FDXVDO�
YDULDQWV�DW�HDFK�*:$6�VLJQLILFDQW�ORFXV��VXJJHVWLQJ�SRWHQWLDO�DGGLWLRQDO�VLJQDO�LQ�
3513�XSVWUHDP�RI�FRGRQ������
&$9,$5�XWLOL]HV�VXPPDU\�VWDWLVWLFV�DQG�/'�VWUXFWXUH�WR�SUHGLFW�WKH�SUREDELOLW\�RI�HDFK�
YDULDQW� EHLQJ� FDXVDO�� SURGXFLQJ� D� µFDXVDO� VHW¶� ZLWK� ���� SUREDELOLW\� RI� FRQWDLQLQJ� WKH�
FDXVDO�613��ZKLOVW�DOORZLQJ� IRU� WKH�SRVVLELOLW\�RI�PXOWLSOH�FDXVDO�613V�DW�HDFK� ORFXV��
(DFK�ORFXV�ZDV�GHILQHG�DV�����YDULDQWV�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�WRS�613��3ORWV�
VKRZ� FDXVDO� SRVWHULRU� SUREDELOLW\� RI� HDFK� YDULDQW� DW� �D�� 3513�� �E�� 67;�� DQG� �F��
*$/�67��FRORXUHG�E\�/'�ZLWK� WKH� WRS�613��&LUFOHV� LQGLFDWH�YDULDQWV�ZLWKLQ� WKH�����
FDXVDO�VHW��/'�FDOFXODWHG�IURP������JHQRPHV�(XURSHDQ�SRSXODWLRQ���
�

� �
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�������,QWHJUDWLRQ�RI�IXQFWLRQDO�GDWD�ZLWK�*:$6�GDWD�DW�67;��
ORFXV��

8WLOLVLQJ� /'� VWUXFWXUH� WR� SUHGLFW� OLNHO\� FDXVDO� YDULDQWV� DW� D� ORFXV� KDV� XWLOLW\� IRU�

PLQLPLVLQJ� WKH� QXPEHU� RI� 613V� IRU� IXQFWLRQDO� IROORZ� XS�� KRZHYHU� LQWHJUDWLQJ�

DGGLWLRQDO�IXQFWLRQDO�GDWDVHWV�ZLWK�*:$6�UHVXOWV�FDQ�EH�PRUH�SRZHUIXO�LQ�ERWK�

ILQH�PDSSLQJ�FDXVDO�JHQHV�DQG�YDULDQWV��DV�ZHOO� LQGLFDWLQJ� SRWHQWLDO�ELRORJLFDO�

PHFKDQLVPV��

,W�ZDV� LQLWLDOO\� QRWHG� WKDW�� LQ� WKH�*HQRW\SH�7LVVXH�([SUHVVLRQ� �*7([��GDWDVHW��

VLJQLILFDQW�*:$6�YDULDQWV�LQFOXGLQJ�UV��������ZHUH�DOVR�VLJQLILFDQW�H47/V�IRU�

WKH�LQFUHDVHG�H[SUHVVLRQ�RI�67;��LQ�WKH�GRUVDO�VWULDWXP��IRUPHG�RI�WKH�SXWDPHQ�

DQG�FDXGDWH��ZLWK�WKH�ULVN�DOOHOHV���SXWDPHQ��UV���������3� �����î��������*7([�

Y��� �*7([�&RQVRUWLXP��������=HUU�HW�DO���������� WKH� ORJ�DOOHOLF� IROG�FKDQJH� IRU�

UV�������7��U��!������ZLWK�UV�������*�������JHQRPHV�(85�SRSXODWLRQ��UHODWLYH�

WR� WKH� UHIHUHQFH� DOOHOH� LQ� WKH� SXWDPHQ� LV� �������� FRUUHVSRQGLQJ� WR� D� ������

UHGXFWLRQ� LQ� P51$� H[SUHVVLRQ� IRU� WKH� QRQ�ULVN� DOOHOH�� 7KH� GRUVDO� VWULDWXP� LV�

ODUJHO\� LPSOLFDWHG� LQ� V&-'� SDWKRJHQHVLV�� FOHDUO\� DEQRUPDO� LQ� SDWLHQWV� LQ�

GLDJQRVWLF�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��VFDQV��0HLVVQHU�HW�DO����������

3UHYLRXV�GDWD�KDYH�UHSRUWHG�KRZHYHU�WKDW�XS�WR�KDOI�RI�DOO�ULVN�DVVRFLDWHG�613V�

FDQ� DFW� DV� DQ� H47/� LQ� DW� OHDVW� RQH� VWXG\� �*DOODJKHU� 	� &KHQ�3ORWNLQ�� �������

7KHUHIRUH� LQ� RUGHU� WR� LQYHVWLJDWH�ZKHWKHU� WKHVH�H47/�DQG�*:$6�VLJQDOV� DUH�

GULYHQ�E\�WKH�VDPH�JHQHWLF�PHFKDQLVP��H&$9,$5��DQ�H[WHQVLRQ�RI�WKH�&$9,$5�

VRIWZDUH�LQWHJUDWLQJ�H47/�FDXVDO�YDULDQWV��ZDV�XWLOLVHG�WR�DQDO\VH�WKH�GHJUHH�RI�

FRORFDOLVDWLRQ� RI� WKH� V&-'� *:$6� ULVN� YDULDQWV� ZLWK� H47/V� LQ� DOO� ��� WLVVXHV�

SUHVHQW�LQ�WKH�*7([�GDWDVHW��WR�HOXFLGDWH�WKH�PRVW�UHOHYDQW�WLVVXH�DQG�JHQH�DW�

WKLV�ORFXV��+RUPR]GLDUL�HW�DO����������

$V� WKH�FDXVDO�SUREDELOLW\�DW� WKLV�VLWH� LV�GLOXWHG�DFURVV�D� UHJLRQ�RI�KLJK�/'�� WKH�

613V�ZHUH�ILUVW�SUXQHG�DJDLQVW�D�YDULDQW�LQIODWLRQ�IDFWRU��9,)��WKUHVKROG�RI�ILYH�WR�

H[WUDFW�LQGHSHQGHQW�VLJQDOV��L�H��UHPRYLQJ�613V�ZLWKLQ�KLJK�/'�RI�U��!�����ZLWK�

HDFK� RWKHU� WR� JHQHUDWH� D� UHILQHG� VHW� RI� LQGHSHQGHQW� YDULDQWV��� $� JHQH� ZLWK�

H[SUHVVLRQ�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�DQ\�RI�WKH�UHPDLQLQJ�YDULDQWV��3���������

ZDV�GHILQHG�DV�DQ�H*HQH�IRU�WKDW�WLVVXH�DQG�FRORFDOLVDWLRQ�SRVWHULRU�SUREDELOLW\�

�&/33��GHWHUPLQHG��7DEOH�����67;��H[SUHVVLRQ�LQ�WKH�FDXGDWH�DQG�SXWDPHQ�ZDV�

PRVW�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�WKH�*:$6�YDULDQWV��DORQJ�ZLWK�WKLV�JHQH�LQ�WKH�
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K\SRWKDODPXV� DQG� QHDUE\� .,$$����� H[SUHVVLRQ� LQ� WKH� WLELDO� QHUYH�� 7KLV� LV�

GHPRQVWUDWHG�E\�FRORFDOLVDWLRQ�RI�UHJLRQDO�3�YDOXHV�IURP�ERWK�VWXGLHV�DV�VKRZQ�

LQ� )LJXUH� ���� $OWKRXJK� H*HQHV� DUH� SUHVHQW� IRU� RWKHU� YDULDQWV�� WKH� ORZ� &/33�

LQGLFDWHV� D� VLWH� GLVWLQFW� IURP� WKH� *:$6� DVVRFLDWLRQ� VLJQDO� LV� GULYLQJ� WKLV�� DV�

GHPRQVWUDWHG�IRU�.,$$�����H47/V�LQ�WKH�WLELDO�DUWHU\��)LJXUH���H���

*HQFRGH�,'� *HQH�6\PERO� 7LVVXH� &/33�
(16*������������ 67;�� %UDLQ���&DXGDWH��EDVDO�JDQJOLD�� ������

(16*������������ 67;�� %UDLQ���3XWDPHQ��EDVDO�JDQJOLD�� ������

(16*������������ 67;�� %UDLQ���+\SRWKDODPXV� ������

(16*������������ .,$$����� 1HUYH���7LELDO� ������

(16*������������ .,$$�����$6�� :KROH�%ORRG� ������
(16*������������ .,$$����� %UDLQ���3XWDPHQ��EDVDO�JDQJOLD�� ������

(16*������������ 67;�� %UDLQ���6XEVWDQWLD�QLJUD� ������

(16*������������ .,$$�����$6�� 7K\URLG� ������

(16*������������ $&%'�� &HOOV��7UDQVIRUPHG�ILEUREODVWV� ������

(16*������������ 53�����$����� 6PDOO�,QWHVWLQH���7HUPLQDO�,OHXP� ������

(16*������������ /+;�� &HOOV���7UDQVIRUPHG�ILEUREODVWV� ������
(16*������������ .,$$����� $UWHU\���7LELDO� ������
�
�
7DEOH����&RORFDOLVDWLRQ�RI�DVVRFLDWLRQ�VWDWLVWLFV�IRU�V&-'�*:$6�DQG�H47/V�LQ�WKH�
*7([� GDWDVHW� IRU� 613V� DW� WKH� 67;�� ORFXV� GHPRQVWUDWH� KLJKHVW� FRORFDOLVDWLRQ�
SRVWHULRU�SUREDELOLW\��&/33��ZLWK�PRGLILHG�67;��H[SUHVVLRQ�LQ�WKH�GRUVDO�VWULDWXP��
����YDULDQWV�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�WRS�613�DW�WKH�67;��ORFXV��UV����������
ZHUH�SUXQHG�IRU�/'��YDULDQW�LQIODWLRQ�IDFWRU�WKUHVKROG� �����7KH����WLVVXHV�SUHVHQW�LQ�WKH�
*7([�GDWDVHW�ZHUH�WHVWHG�DQG�µH*HQHV¶�ZHUH�LGHQWLILHG�DV�KDYLQJ�DW�OHDVW�RQH�YDULDQW�
ZLWK�VLJQLILFDQW�DVVRFLDWLRQ��3���������ZLWK�H[SUHVVLRQ�RI�WKDW�JHQH�LQ�WKDW�WLVVXH��&/33�
RI�FDXVDO�613V�LQ�ERWK�GDWDVHWV�IRU�HDFK�H*HQH�ZHUH�FDOFXODWHG�XVLQJ�H&$9,$5���
� �
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)LJXUH�����*:$6�UHVXOWV�IRU�V&-'�*:$6�DW�67;��FRORFDOLVH�ZLWK�H47/V�IRU�67;��
H[SUHVVLRQ�LQ�WKH�FDXGDWH��SXWDPHQ�DQG�K\SRWKDODPXV��DQG�.,$$�����H[SUHVVLRQ�
LQ�WKH�WLELDO�QHUYH��
3ORW�RI�±ORJ��

�RI�3�YDOXHV�IURP�WKH�*:$6�DVVRFLDWLRQ�DQDO\VLV�DW�WKH�67;��ORFXV��EODFN��
DJDLQVW� WKH� H47/� DVVRFLDWLRQ� DQDO\VLV� IURP� WKH� *7([� GDWDVHW� �UHG�� IRU�� �D�� 67;��
H[SUHVVLRQ�LQ�WKH�FDXGDWH���E��67;��H[SUHVVLRQ�LQ�WKH�SXWDPHQ���F��67;��H[SUHVVLRQ�LQ�
WKH�K\SRWKDODPXV���G��.,$$�����H[SUHVVLRQ�LQ�WKH�WLELDO�QHUYH���H��.,$$�����H[SUHVVLRQ�
LQ�WKH�WLELDO�DUWHU\��3HDNV�FRUUHVSRQG�WR�WKH�&/33�LQ�WKH�H&$9,$5�DQDO\VLV�ZLWK�D�KLJKHU�
GHJUHH�RI�FRORFDOLVDWLRQ�ZLWK�LQFUHDVLQJ�&/33��
�

� �
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7R� LQYHVWLJDWH� IXUWKHU� WKH� SXWDWLYH� FDXVDO� YDULDQWV� DW� WKH� 67;�� ORFXV�� WKH�

3$,1725� �µ3UREDELOLVWLF� $QQRWDWLRQ� ,QWHJUDWRU¶�� � IUDPHZRUN� ZDV� XWLOLVHG� WR�

LQWHJUDWH�HSLJHQHWLF�DQG�JHQH�UHJXODWRU\�GDWD� LQ�EUDLQ�DQG�UHODWHG�WLVVXHV�ZLWK�

WKH� V&-'� *:$6� WKURXJK� DQ� (PSLULFDO� %D\HV� HVWLPDWLRQ�� LQFOXGLQJ� WKH� 1,+�

5RDGPDS� (SLJHQRPLFV� 0DSSLQJ� &RQVRUWLXP� �5RDGPDS�� �5RDGPDS�

(SLJHQRPLFV�&RQVRUWLXP�HW�DO���������DQG�)$1720��)DQWRP�&RQVRUWLXP�DQG�

WKH�5,.(1�30,�DQG�&/67�HW�DO���������VWXGLHV�DV�ZHOO�DV�LQGHSHQGHQW�GDWDVHWV�

�+QLV]�HW�DO���������.LFKDHY�HW�DO���������0DXUDQR�HW�DO����������9DULDQWV�ZLWK�D�

&33�!�����ZLWKLQ�WKH�����FUHGLEOH�FDXVDO�VHW�DUH�OLVWHG�LQ�7DEOH����7KLV�DQDO\VLV�

LGHQWLILHG�WKUHH�613V�DV�SXWDWLYHO\�FDXVDO�IRU�WKH�*:$6�VLJQDO�GXH�WR�DVVRFLDWLRQ�

ZLWK� '1DVH� K\SHUVHQVLWLYLW\� VLWHV� �UV���������� UV���������� KLVWRQH�

PRGLILFDWLRQV� �UV���������� UV���������� DQG� HQKDQFHU� UHJLRQV� RU� FKURPDWLQ�

VWDWHV��UV����������UV�����������$V�ZHOO�DV�PLQLPLVLQJ�FDXVDO�YDULDQWV�IRU�DQ\�

IXQFWLRQDO�IROORZ�XS��WKH�SUHVHQFH�RI�VLJQLILFDQW�YDULDQWV�LQ�HOHPHQWV�DVVRFLDWHG�

ZLWK�JHQH�UHJXODWLRQ�VXSSRUW�WKH�K\SRWKHVLV�WKDW�WKH�*:$6�VLJQDO�DW�WKH�67;��

ORFXV�LV�GULYHQ�E\�DOWHUHG�JHQH�H[SUHVVLRQ�LQ�UHOHYDQW�EUDLQ�UHJLRQV���

� �
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5VLG� $�� $�� *:$6�
=�VFRUH�

3RVW��
SURE�� 'DWDVHW� $QQRWDWLRQ�

UV��������� 7� *� ������� ����� 0DXUDQR�HW�DO��6FLHQFH�
�������'+6�

I%UDLQ�'6������
I%UDLQ�'6������

UV�������� $� *� ������� ���� 0DXUDQR�HW�DO��6FLHQFH�
�������'+6�

I%UDLQ�'6������
I%UDLQ�'6������

UV��������� 7� *� ������� �����
5RDG0DS��$VVD\HG�
1DUURZ�3HDN��&+,3�
VHT��

+�.��DFB%UDLQB+LSSRFDPSXVB0LGGOH�
+�.�PH�B%UDLQB+LSSRFDPSXVB0LGGOH��
+�.��PH�B%UDLQB6XEVWDQWLDB1LJUD�
+�.��PH�B%UDLQB$QJXODUB*\UXV�
+�.�DFB%UDLQB$QJXODUB*\UXV�
+�.�PH�B)HWDOB%UDLQB0DOH�
+�.��DFB%UDLQB&LQJXODWHB*\UXV�
+�.��PH�B%UDLQB&LQJXODWHB*\UXV�
+�.�PH�B)HWDOB%UDLQB)HPDOH�
+�.�PH�B%UDLQB&LQJXODWHB*\UXV�
+�.�PH�B)HWDOB%UDLQB)HPDOH�

UV��������� &� 7� ������� �����
5RDG0DS��$VVD\HG�
1DUURZ�3HDN��&+,3�
VHT��

+�.�PH�B%UDLQB+LSSRFDPSXVB0LGGOH�
+�.�PH�B%UDLQB,QIHULRUB7HPSRUDOB/REH�
+�.�PH�B%UDLQB0LGB)URQWDOB/REH�
+�.��DFB%UDLQB6XEVWDQWLDB1LJUD�
+�.�PH�B%UDLQB6XEVWDQWLDB1LJUD�
+�.�PH�B%UDLQB$QJXODUB*\UXV�
+�.�PH�B%UDLQB$QWHULRUB&DXGDWH�
+�.�PH�B)HWDOB%UDLQB)HPDOH�
+�.�PH�B%UDLQB&LQJXODWHB*\UXV�

UV��������� 7� *� ������� ����� 5RDG0DS�����6WDWH�
&+520(�+00�PRGHO�

7[:NB%UDLQB$QJXODUB*\UXV�
(QK*B%UDLQB$QWHULRUB&DXGDWH�
(QK*B%UDLQB&LQJXODWHB*\UXV��
7[B%UDLQB*HUPLQDOB0DWUL[�
(QK*B%UDLQB+LSSRFDPSXVB0LGGOH�
7[:NB%UDLQB,QIHULRUB7HPSRUDOB/REH��
(QK*B%UDLQB0LGB)URQWDOB/REH�
(QK*B%UDLQB6XEVWDQWLDB1LJUD��
(QKB)HWDOB%UDLQB0DOH�
7VV$B)HWDOB%UDLQB)HPDOH�

UV��������� &� 7� ������� ����� 5RDG0DS�����6WDWH�
&+520(�+00�PRGHO�

(QKB%UDLQB$QJXODUB*\UXV�
(QKB%UDLQB$QWHULRUB&DXGDWH��
(QKB%UDLQB&LQJXODWHB*\UXV��
(QKB%UDLQB*HUPLQDOB0DWUL[�
(QKB%UDLQB+LSSRFDPSXVB0LGGOH�
(QKB%UDLQB,QIHULRUB7HPSRUDOB/REH��
(QKB%UDLQB0LGB)URQWDOB/REH�
(QKB%UDLQB6XEVWDQWLDB1LJUD��
7[:NB)HWDOB%UDLQB0DOH�
(QKB)HWDOB%UDLQB)HPDOH�

UV��������� 7� *� ������� ����� 5RDG0DS��(QKDQFHUV� ��

UV��������� &� 7� ������� ����� 5RDG0DS��(QKDQFHUV�

UHJLRQVBHQKB%UDLQB$QJXODUB*\UXV�
UHJLRQVBHQKB%UDLQB$QWHULRUB&DXGDWH��
UHJLRQVBHQKB%UDLQB&LQJXODWHB*\UXV��
UHJLRQVBHQKB%UDLQB+LSSRFDPSXVB0LGGOH�
UHJLRQVBHQKB)HWDOB%UDLQB)HPDOH�
UHJLRQVBHQKB%UDLQB,QIHULRUB7HPSRUDOB/REH�
UHJLRQVBHQKB%UDLQB0LGB)URQWDOB/REH�
UHJLRQVBHQKB%UDLQB6XEVWDQWLDB1LJUD�

�
�

7DEOH� ��� ,QWHJUDWLRQ� RI� JHQH� UHJXODWRU\� GDWDVHWV� XVLQJ� 3$,1725� LGHQWLILHV�
UV����������UV��������DQG�UV���������ZLWK�KLJK�FRQILGHQFH�IRU�FDXVDOLW\�DW�WKH�
67;��ORFXV��
3$,1725�XWLOLVHV�*:$6�VXPPDU\�VWDWLVWLFV��/'�VWUXFWXUH�DQG�IXQFWLRQDO�DQQRWDWLRQV�WR�
JHQHUDWH�D�SRVWHULRU�SUREDELOLW\�RI�FDXVDOLW\�WKURXJK�DQ�(PSLULFDO�%D\HV�HVWLPDWLRQ�ZKLOVW�
DOORZLQJ� IRU�PXOWLSOH�FDXVDO�613V�DW�D� ORFXV������NE�VXUURXQGLQJ� WKH� WRS�613�DW� WKH�
67;��ORFXV�ZHUH�LQWHJUDWHG�ZLWK�UHJXODWRU\�GDWDVHWV�LQ�EUDLQ�DQG�UHODWHG�WLVVXHV�REWDLQHG�
IURP�HLJKW�VRXUFHV�DYDLODEOH�WKURXJK�WKH�3$,1725�WRRO��9DULDQWV�IRU�HDFK�GDWDVHW�ZHUH�
ILOWHUHG� IRU� D� FDXVDO� SRVWHULRU� SUREDELOLW\� �&33�� !� ���� DQG� RYHUODSSLQJ� DQQRWDWLRQV�
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H[WUDFWHG��I%UDLQ� �IHWDO�EUDLQ��7[:N� �ZHDN�WUDQVFULSWLRQ��(QK*� �JHQLF�HQKDQFHUV��7VV$�
 �DFWLYH�766��(QK� �HQKDQFHUV��
�
7R� FRPELQH� ERWK� H[SUHVVLRQ� DQG� UHJXODWLRQ� GDWDVHWV� D� ZHE�EDVHG� WRRO� ZDV�

VXEVHTXHQWO\�XWLOLVHG��)80$��µ)XQFWLRQDO�0DSSLQJ�DQG�$QQRWDWLRQ�RI�*HQRPH�

:LGH�$VVRFLDWLRQ�6WXGLHV¶���ZKLFK�HPSOR\V�D�QXPEHU�RI�GLIIHUHQW�PHWKRGV�DQG�

GDWDVHWV� WR� SHUIRUP� VXEVWDQWLDO� SRVW�*:$6�DQDO\VLV� �:DWDQDEH� HW� DO��� �������

7KLV�LQFOXGHV�FODVVLILFDWLRQ�RI�YDULDQWV�E\�HQULFKPHQW�RI�IXQFWLRQDO�FRQVHTXHQFHV�

DQG�JHQH�VHWV��DV�ZHOO�DV�XWLOLVLQJ�QXPHURXV�H47/�DQG�UHJXODWRU\�GDWDVHWV� WR�

KLJKOLJKW�SXWDWLYH�FDXVDO�JHQHV�DQG�YDULDQWV���

,Q� WRWDO� WKH�)80$�VRIWZDUH� LGHQWLILHG� ILYH� LQGHSHQGHQW� VLJQLILFDQW�613V� LQ� WKH�

V&-'�*:$6��FRPSULVLQJ�WKUHH�DW� WKH�3513� ORFXV�DQG�RQH�DW�HDFK�RWKHU�VLWH��

VXSSRUWLQJ�WKH�FRQFOXVLRQV�IURP�WKH�&$9,$5�DQDO\VLV��$�)LVKHU¶V�H[DFW�WHVW�RQ�

IXQFWLRQDO� DQQRWDWLRQV� IURP� $1129$5� �.�� :DQJ� HW� DO��� ������ GHPRQVWUDWHG�

VLJQLILFDQW�HQULFKPHQW�RI�LQWURQLF�YDULDQWV��UHODWLYH�WR�WKH�UHIHUHQFH�JHQRPH��ZLWK�

������RI�WKH�V&-'�*:$6�YDULDQWV�LQWURQLF��3� �����[���������7KLV�UHIOHFWV�SUHYLRXV�

VWXGLHV�VKRZLQJ�WKDW�WKH�PDMRULW\�RI�YDULDQWV�LGHQWLILHG�WKURXJK�*:$6�OLH�ZLWKLQ�

QRQ�FRGLQJ�UHJLRQV�RI�WKH�JHQRPH��0DXUDQR�HW�DO����������*HQH�VHW�HQULFKPHQW�

DQDO\VLV� XVLQJ�0$*0$� �GH�/HHXZ�HW� DO��� ������ LGHQWLILHG� RQO\� RQH� VLJQLILFDQW�

DVVRFLDWLRQ� ZLWK� WKH� &D���&DOPRGXOLQ�GHSHQGHQW� 3URWHLQ� .LQDVH� $FWLYDWLRQ�

SDWKZD\� �%,2&$57$B&$&$0B3$7+:$<�� 3ERQ�  � �������� GULYHQ� E\� QLQH�

GLIIHUHQW�JHQHV��QRW� LQFOXGLQJ�DQ\�RI�WKH�VLJQLILFDQW� ORFL� LQ�WKH�*:$6��1R�JHQH�

VHWV�FRQWDLQLQJ�WKH�67;��ORFXV�ZHUH�VLJQLILFDQW�IROORZLQJ�%RQIHUURQL�FRUUHFWLRQ���

���GLIIHUHQW�613V�PDSSHG�WR�WKH�FKURPRVRPH���ORFXV��LQFOXGLQJ����QRW�LQFOXGHG�

LQ�WKH�*:$6�EXW�LGHQWLILHG�IURP�WKH������JHQRPHV�GDWDVHW�ZLWK�U��!������\HW�WKHVH�

ZHUH�DOO�GULYHQ�E\�WKH�VDPH�JHQHWLF�VLJQDO�ZLWK�RQO\�RQH�LQGHSHQGHQWO\�VLJQLILFDQW�

613�SURSRVHG��7KH� IROORZLQJ�GDWDVHWV�ZHUH� WKHQ�PDSSHG� WR� WKHVH� FDQGLGDWH�

613V�WR�VXSSRUW�LGHQWLILFDWLRQ�RI�FDXVDO�YDULDQWV��SUHGLFWHG�GHOHWHULRXV�YDULDQWV�

�&$''� �µ&RPELQHG� $QQRWDWLRQ� 'HSHQGHQW� 'HSOHWLRQ¶��� �.LUFKHU� HW� DO��� �������

SUHGLFWHG� UHJXODWRU\� HOHPHQWV� �5HJXORPH'%�� �%R\OH� HW� DO��� ������� H47/V�

�YDULRXV� VRXUFHV�� VHH� 0HWKRGV� VHFWLRQ� �������� IXQFWLRQDO� DQQRWDWLRQV�

�$1129$5�� �.�� :DQJ� HW� DO��� ������� FKURPDWLQ� VWDWH� �5RDGPDS�� �5RDGPDS�

(SLJHQRPLFV� &RQVRUWLXP� HW� DO��� ������ DQG� FKURPDWLQ� LQWHUDFWLRQV� �*LXVWL�

5RGUtJXH]�HW�DO�����������



����
�

7KH�EHVW�ZD\�WR�LQWHUSUHW�&$''�VFRUHV�LV�GHEDWHG��KRZHYHU�D�WKUHVKROG�RI�!���

KDV�EHHQ�VXJJHVWHG�WR�LQGLFDWH�D�OLNHO\�GHOHWHULRXV�YDULDQW��.LUFKHU�HW�DO����������

1R�YDULDQWV� LQ� WKLV�DQDO\VLV�VXUSDVVHG� WKLV� WKUHVKROG� LQGLFDWLQJ�QRQH�ZRXOG�EH�

GHOHWHULRXV�WR�JHQH�IXQFWLRQ��KRZHYHU� WKHVH�VFRUHV�FDQ�VWLOO� LQGLFDWH�IXQFWLRQDO�

FRQVHTXHQFHV�DQG�FDQ�WKXV�EH�XVHG�WR�SUHGLFW�FDXVDOLW\��$Q�LQWURQLF�YDULDQW�ZLWKLQ�

67;��� UV���������KDG� WKH�KLJKHVW�&$''�VFRUH� ������� IROORZHG�E\� WZR�H[RQLF�

YDULDQWV��LQ�67;���UV���������V\QRQ\PRXV��DQG�$/����������UV���������QRQ�

FRGLQJ�51$��������DQG������UHVSHFWLYHO\���)LJXUH�������

5HJXORPH'%�DQQRWDWHV�613V�ZLWK�UHJXODWRU\�HOHPHQWV�REWDLQHG�IURP�PXOWLSOH�

SXEOLVKHG�GDWDVHWV�WR�SUHGLFW�YDULDQWV�LQ�UHJXODWRU\�UHJLRQV��ZLWK�HDFK�UHFHLYLQJ�

D�UDQN�IURP���WR���WR�UHSUHVHQW�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKLV�HYLGHQFH��,Q�WKLV�

DQDO\VLV�RQH�613��UV���������ZDV�UDQNHG�DV��D�LQGLFDWLQJ�VRPH�HYLGHQFH�IRU�D�

UROH��RQH�RI�WUDQVFULSWLRQ�IDFWRU�ELQGLQJ��DQ\�ELQGLQJ�PRWLI��'1DVH�SHDN�V���ZLWK�D�

SUREDELOLW\�VFRUH�RI��������VFDOH������ZLWK���EHLQJ�PRVW�OLNHO\�WR�EH�D�UHJXODWRU\�

HOHPHQW���)LJXUH������)XUWKHU�LQYHVWLJDWLRQ�LQGLFDWHG�LQWHUDFWLRQ�RI�WKLV�613�ZLWK�

���WUDQVFULSWLRQ�IDFWRUV��&+,3�VHT��DQG�LWV�SUHVHQFH�LQ�'1DVH�SHDNV�DQG�KLJKO\�

WUDQVFULEHG� DQG� HQKDQFHU� FKURPDWLQ� VWDWHV�� LQFOXGLQJ� LQ� WZR� EUDLQ� UHJLRQV�

KLJKOLJKWHG�LQ�WKH�H&$9,$5�DQDO\VLV��WKH�FDXGDWH�DQG�KLSSRFDPSXV��$�QXPEHU�

RI� 613V� LQ� WKLV� UHJLRQ� DUH� DOVR� LQYROYHG� LQ� LQWUD�FKURPRVRPDO� FKURPDWLQ�

LQWHUDFWLRQV� SURYLGLQJ� IXUWKHU� SRWHQWLDO� PHFKDQLVPV� IRU� UHJXODWLQJ� JHQH�

H[SUHVVLRQ���

� �



����
�

�

)LJXUH� ���� 2YHUOD\� RI� UHJLRQDO� DVVRFLDWLRQ� SORW� DW� 67;�� ORFXV� ZLWK� &$''� DQG�
5HJXORPH'%�VFRUHV�KLJKOLJKWV�SXWDWLYH�GHOHWHULRXV�DQG�UHJXODWRU\�613V��
)80$� LV� D� ZHE�EDVHG� DSSOLFDWLRQ� IRU� QXPHURXV� SRVW�*:$6� DQDO\VHV� LQFOXGLQJ�
LQWHJUDWLRQ� RI� IXQFWLRQDO� GDWDVHWV� IURP� &$''� �PLGGOH� VHJPHQW�� DQG� 5HJXORPH'%�
�ERWWRP�VHJPHQW��ZLWK�*:$6�VXPPDU\�VWDWLVWLFV��WRS�VHJPHQW��WR�DVVLVW�SUHGLFWLRQ�RI�
SRWHQWLDO� FDXVDO� YDULDQWV�� 7KH� WRS� �� 613V� E\� &$''� VFRUH� �UV��������� LQWURQLF��
UV��������� V\QRQ\PRXV� LQ� 67;�� H[RQ�� UV��������� QRQ�V\QRQ\PRXV� LQ� QRQ�FRGLQJ�
51$� $/��������� H[RQ�� DUH� KLJKOLJKWHG� LQ� EOXH�� DQG� WKH� 613� ZLWK� WKH� KLJKHVW�
5HJXORPH'%�UDQN��UV���������LV�KLJKOLJKWHG�LQ�JUHHQ��/'�LV�HVWLPDWHG�IURP�WKH������
*HQRPHV�(85�SRSXODWLRQ�DQG�VKRZQ�UHODWLYH�WR�WKH�OHDG�*:$6�613��UV�����������3ORW�
JHQHUDWHG�ZLWK�)80$��
�

� �
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)LQDOO\��)80$�DOVR�SURYLGHV�WKH�IXQFWLRQDOLW\�WR�LQWHJUDWH�IXUWKHU�H47/�GDWDVHWV��

0DSSLQJ�RI�613V�WR�JHQHV�WKURXJK�H47/V�WKDW�DUH�PRVW�OLNHO\�WR�LQIOXHQFH�WKHLU�

H[SUHVVLRQ�PDSSHG�DOO����613V�LQFOXGH�LQ�WKH�DQDO\VLV�WR�67;���LQFOXGLQJ�H47/V�

LQ�PXOWLSOH� EUDLQ� WLVVXHV� IURP� WKH�*7([� GDWDVHW� �*7([�&RQVRUWLXP�� ������ DV�

H[SHFWHG�IURP�WKH�H&$9,$5�DQDO\VLV��DV�ZHOO�DV�WKH�ZKLWH�PDWWHU��%5$,1($&��

�5DPDVDP\� HW� DO��� ������� SUHIURQWDO� FRUWH[� �3V\FK(1&2'(�� �'��:DQJ� HW� DO���

������ DQG� GRUVRODWHUDO� SUHIURQWDO� FRUWH[� �%UDLQ6HT�� [47/6HUYHU�� �-DIIH� HW� DO���

������ 1J� HW� DO��� ������ �7DEOH� ����� 2I� QRWH�� DOO� 613V� ZHUH� DOVR� PDSSHG� WR�

H[SUHVVLRQ�RI�QHLJKERXULQJ�.,$$�����WKURXJK�D�VXEVHW�RI�EUDLQ�WLVVXHV�IURP�ERWK�

*7([�DQG�3V\FK(1&2'(��KRZHYHU�FDXVDOLW\�RI�WKLV�JHQH�LV�QRW�VXSSRUWHG�E\�

WKH�H&$9,$5�DQDO\VLV� LQ� WKH�*7([�GDWDVHW��0RGLILHG�67;�� H[SUHVVLRQ� LQ� WKH�

GRUVRODWHUDO� SUHIURQWDO� FRUWH[� �UV���������3� � ����� [� ������� DQG� KLSSRFDPSXV�

�UV���������3� ������[��������LV�IXUWKHU�VXSSRUWHG�E\�H47/V�LQ�WKH�/LHEHU�,QVWLWXWH�

IRU� %UDLQ� 'HYHORSPHQW� �/,%'�� VWXG\� �SKDVH� ��� �&ROODGR�7RUUHV� HW� DO��� �������

$GGLWLRQDOO\� D� *:$6� RI� ������� LQGLYLGXDOV� �REWDLQHG� IURP� WKH� 8.� %LREDQN��

LGHQWLILHG�613V�LQ�WKLV�UHJLRQ�WR�EH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�DOWHUHG�YROXPH�RI�

WKH�ULJKW�SDOOLGXP��UV���������3� ������[��������U��ZLWK�UV�������� �����������*�

(85���DQG�ZKLWH�PDWWHU��UV���������3� ������[��������U��ZLWK�UV�������� �������

GULYLQJ�DVVRFLDWLRQ�RI�67;��ZLWK�WKHVH�SKHQRW\SHV�LQ�JHQH�EDVHG�WHVWV��SURYLGLQJ�

DQ�DGGLWLRQDO�SXWDWLYH�ELRORJLFDO�PHFKDQLVP��=KDR�HW�DO����������

� �
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6RXUFH� 7LVVXH� 5HI�
H47/�FDWDORJXH��%UDLQ6HT�� 'RUVRODWHUDO�SUHIURQWDO�FRUWH[� �-DIIH�HW�DO���������

H47/�FDWDORJXH��)DLUID[������� 0RQRF\WHV����,)1�Ȗ�� �)DLUID[�HW�DO���������

H47/�FDWDORJXH��)DLUID[������� 0RQRF\WHV����/36�� �)DLUID[�HW�DO���������

H47/�FDWDORJXH��1HGHOHF������� 0DFURSKDJHV����/LVWHULD�� �1HGHOHF�HW�DO���������

H47/�FDWDORJXH��1HGHOHF������� 0DFURSKDJHV����6DOPRQHOOD�� �1HGHOHF�HW�DO���������

H47/�FDWDORJXH��4XDFK������� 0RQRF\WHV����,QIOXHQ]D�$�� �4XDFK�HW�DO���������

H47/�FDWDORJXH��7ZLQV8.�� /\PSKREODVWRLG�FHOO�OLQHV� �%XLO�HW�DO���������

3V\FK(1&2'(�H47/V� 'RUVRODWHUDO�SUHIURQWDO�FRUWH[� �'��:DQJ�HW�DO���������

H47/*HQ�FLV�H47/V� :KROH�EORRG� �9}VD�HW�DO���������
%,2647/��%,26�H47/�
JHQH/HYHO�� :KROH�EORRG� �=KHUQDNRYD�HW�DO���������

[47/6HUYHU�H47/V� 'RUVRODWHUDO�SUHIURQWDO�FRUWH[� �1J�HW�DO���������

&RPPRQ0LQG�&RQVRUWLXP�� 'RUVRODWHUDO�SUHIURQWDO�FRUWH[� �)URPHU�HW�DO���������

%5$,1($&� :KLWH�PDWWHU� �5DPDVDP\�HW�DO���������

*7([��Y��� :KROH�EORRG� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�$P\JGDOD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�$QWHULRU�FLQJXODWH�FRUWH[�%$��� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�&DXGDWH�EDVDO�JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�&RUWH[� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�)URQWDO�&RUWH[�%$�� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�+LSSRFDPSXV� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�+\SRWKDODPXV� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�1XFOHXV�DFFXPEHQV�EDVDO�
JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�3XWDPHQ�EDVDO�JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�6XEVWDQWLD�QLJUD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�&DXGDWH�EDVDO�JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�&RUWH[� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�+\SRWKDODPXV� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�1XFOHXV�DFFXPEHQV�EDVDO�
JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�3XWDPHQ�EDVDO�JDQJOLD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�6XEVWDQWLD�QLJUD� �*7([�&RQVRUWLXP��������

*7([��Y��� %UDLQ�&DXGDWH�EDVDO�JDQJOLD� �*7([�&RQVRUWLXP��������

�

7DEOH�����'DWDVHWV�DQG�WLVVXHV�LGHQWLILHG�WKURXJK�)80$��PDSSLQJ�*:$6�613V�DW�
WKH�FKURPRVRPH���ORFXV�WR�67;��WKURXJK�VLJQLILFDQW�H47/V�LQFOXGLQJ�LQ�PXOWLSOH�
EUDLQ�WLVVXHV��
3XEOLFO\�DYDLODEOH�H47/�GDWDVHWV�ZHUH�VFUHHQHG�IRU�VLJQLILFDQW�H47/V�DVVRFLDWHG�ZLWK�
DQ\�RI�WKH����FDQGLGDWH�613V�GHILQHG�WKURXJK�WKH�)80$�VRIWZDUH��YDULDQWV�LQ�/'�ZLWK�
DQ\�VLJQLILFDQW�*:$6�613V�ZLWK�*:$6�3���������LQ�RUGHU�WR�PDS�YDULDQWV�WR�D�JHQH��
/LVWHG�DUH�DOO�GDWDVHWV�FRQWDLQLQJ�VLJQLILFDQW�H47/V�DVVRFLDWHG�ZLWK�67;��H[SUHVVLRQ�
ZKLFK�ZHUH�XVHG�WR�PDS�67;��WR�WKH�*:$6�FKURPRVRPH���ORFXV��
� �



����
�

UV,'� 'HVFULSWLRQ� /RFDWLRQ��*5&K���� 5���'¶��
UV��������� 'LVFRYHU\��OHDG�613�� ������������ ����������
UV�������� 5HSOLFDWLRQ��)80$��&$''��H[RQLF�� ������������ ����������
UV��������� 3$,1725� ������������ ����������
UV�������� 3$,1725� ������������ ����������
UV��������� 3$,1725� ������������ ������������
UV�������� )80$��&$''��H[RQLF�� ������������ ����������
UV�������� )80$��5HJXORPH'%�� ������������� ����������

�

7DEOH�����6XPPDU\�RI�YDULDQWV�DW�FKURPRVRPH��� ORFXV�KLJKOLJKWHG� LQ�WKH�V&-'�
*:$6�DQG�SRVW�*:$6�DQDO\VLV��
/'��U��DQG�'¶��LV�VKRZQ�UHODWLYH�WR�UV��������DQG�ZDV�HVWLPDWHG�IURP�WKH������*HQRPHV�
(85�SRSXODWLRQ���
�

�����'LVFXVVLRQ�

7KLV� VWXG\� KDV� GHVFULEHG� WKH� ILUVW� UHSOLFDWHG� DVVRFLDWLRQ� RI� JHQRPH�ZLGH�

VLJQLILFDQW�YDULDQWV�RXWVLGH�RI�WKH�3513�JHQH�DV�FRQIHUULQJ�ULVN�IRU�V&-'��ZLWK�

YDULDQWV� LQ� DQG� DURXQG� WKH� JHQHV� 67;�� RQ� FKURPRVRPH� �� �UV��������� DQG�

*$/�67��RQ�FKURPRVRPH�����UV����������7KURXJK�UHSOLFDWLRQ�RI�WKHVH�YDULDQWV�

LQ� DQ� LQGHSHQGHQW� FRKRUW� ZLWK� DQ� DGGLWLRQDO� JHQRW\SLQJ� PHWKRG�� WKHVH� ZHUH�

VKRZQ�WR�EH�UREXVWO\�DVVRFLDWHG�ZLWK�FRQIHUULQJ�ULVN�IRU�WKH�GLVHDVH��

3UHYLRXV�*:$6�DLPLQJ� WR� LGHQWLI\� YDULDQWV� IRU� V&-'� ULVN� KDYH� EHHQ� SULPDULO\�

OLPLWHG�E\� LQDGHTXDWH�VDPSOH�VL]HV� WR�REWDLQ�VXIILFLHQW�SRZHU� WR�RYHUFRPH�WKH�

VWDWLVWLFDO� PXOWLSOH� WHVWLQJ� EXUGHQ�� $� SUHFHGLQJ� VWXG\� LQYHVWLJDWLQJ� V&-'� ULVN�

YDULDQWV�SHUIRUPHG�E\�6DQFKH]�-XDQ�HW�DO�LQFOXGHG�RQO\�����V&-'�FDVHV�LQ�WKH�

JHQRPH�ZLGH�GLVFRYHU\�SKDVH�DQG�FRQVHTXHQWO\�QR�QRQ�3513� ORFL�VXUSDVVHG�

WKHLU� VLJQLILFDQFH� WKUHVKROG� �6DQFKH]�-XDQ� HW� DO��� ������� 5HSOLFDWLRQ� RI�

VXJJHVWLYH�YDULDQWV� LQ�DQ�DGGLWLRQDO������FDVHV� LGHQWLILHG�613V� LQ�DQ� LQWURQLF�

UHJLRQ� RI� *50�� �HQFRGLQJ� P*OX5�� PHWDERWURSLF� JOXWDPDWH� UHFHSWRU�� DV�

VLJQLILFDQW�DW�WKLV�VWDJH��KRZHYHU�WKHVH�VDPH�YDULDQWV�ZHUH�QRW�DVVRFLDWHG�ZLWK�

V&-'�LQ�WKH�FXUUHQW�*:$6�VWXG\��UV���������3� ��������KLJKOLJKWLQJ�SRWHQWLDO�

ELDV�LQ�WKH�WDUJHWHG�UHSOLFDWLRQ�RI�QRQ�VLJQLILFDQW�YDULDQWV���

$QRWKHU�VWXG\�SHUIRUPHG�E\�0HDG�HW�DO�LQFOXGHG�V&-'�FDVHV�LQ�WKH�JHQRPH�ZLGH�

GLVFRYHU\�SKDVH�DV�SDUW�RI�D�EURDGHU�*:$6�SULPDULO\�LQYHVWLJDWLQJ�FRPPRQ�ULVN�

JHQHV� IRU� PXOWLSOH� KXPDQ� SULRQ� GLVHDVHV� �V&-'�� Y&-'�� ,3'�� L&-'� DQG� NXUX��
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�0HDG�HW�DO����������7KLV�VWXG\�LQFOXGHG������V&-'�FDVHV�LQ�WKH�GLVFRYHU\�SKDVH�

RI�D�WRWDO������VDPSOHV��KRZHYHU�DJDLQ�QR�ORFL�RXWVLGH�RI�3513�ZHUH�JHQRPH�

ZLGH�VLJQLILFDQW��6XJJHVWLYH�DVVRFLDWLRQ�DFURVV�WKH�=%7%���5$6$��ORFXV�IRU�DOO�

&-'� ULVN� ZDV� XSKHOG� IRU� 8.� V&-'� FDVHV� DORQH�� \HW� WKHUH� ZDV� QR� UHSOLFDWLRQ�

HYLGHQFH�ZKHQ�LQYHVWLJDWLQJ�WKLV�ORFXV�LQ�*HUPDQ�V&-'�FDVHV�VXJJHVWLQJ�WKHVH�

YDULDQWV�DUH�HLWKHU� VSHFLILF� WR� WKH�8.�SRSXODWLRQ�RU� WKDW� WKLV� UHVXOW� LQGLFDWHV�D�

IDOVH�SRVLWLYH�DVVRFLDWLRQ��$JDLQ�WKHVH�ZHUH�QRW�DVVRFLDWHG�ZLWK�V&-'�ULVN�LQ�WKH�

FXUUHQW�*:$6�VXSSRUWLQJ�WKH�ODWWHU��UV��������3� ���������

)XUWKHU�*:$6�KDYH�EHHQ�SHUIRUPHG�ZLWK�RWKHU�KXPDQ�SULRQ�GLVHDVHV�DV� WKH�

SULPDU\�RXWFRPH��\HW�LW�LV�IHDVLEOH�ULVN�YDULDQWV�PD\�EH�VKDUHG�EHWZHHQ�PXOWLSOH�

SULRQ�GLVHDVHV�DV� WKH�PHFKDQLVPV�DV�ZH�XQGHUVWDQG� WKHP�DUH�KLJKO\� UHODWHG��

7KLV�LQFOXGHV�WZR�VWXGLHV�DLPLQJ�WR�LGHQWLI\� ORFL�FRQIHUULQJ�ULVN�RI�Y&-'��7KHVH�

DUH� VXEVWDQWLDOO\� OLPLWHG� E\� VDPSOH� VL]H� DV� RQO\� ���� Y&-'� FDVHV� KDYH� EHHQ�

UHFRUGHG� WR�GDWH�ZRUOGZLGH��QRQHWKHOHVV�RQH�RI� WKHVH� LGHQWLILHG�JHQRPH�ZLGH�

VLJQLILFDQW�YDULDQWV�ORFDWHG�XSVWUHDP�RI�WKH�JHQH�5$5%��EXW�ODFNHG�LQGHSHQGHQW�

UHSOLFDWLRQ���&UHXW]IHOGW�-DNRE�'LVHDVH�,QWHUQDWLRQDO�6XUYHLOODQFH�1HWZRUN��������

0HDG��3RXOWHU��HW�DO����������7KHVH�VWXGLHV�DQG�WKH�FXUUHQW�V&-'�*:$6�GLG�QRW�

ILQG�DQ�DVVRFLDWLRQ�RI�DQ\�VXJJHVWLYH�Y&-'�ULVN�YDULDQWV�ZLWK�V&-'�ULVN��V&-'�

*:$6��5$5%��UV���������3� ��������6701���UV���������3� ��������0705���

UV��������� 3�  � ������ �QHDUE\� UV���������� 1$36��� UV��������� 3�  � �������

�0HDG��3RXOWHU��HW�DO���������6DQFKH]�-XDQ�HW�DO����������$�VHFRQGDU\�DQDO\VLV�

E\�IXUWKHU�LPSXWDWLRQ�RI�D�Y&-'�*:$6�DGGLWLRQDOO\�LGHQWLILHG�YDULDQWV�LQ�3/&;'��

DV�VLJQLILFDQW� IRU�Y&-'� ULVN��DOVR�VXJJHVWHG� WR�FRQIHU� ULVN� IRU�V&-'�XVLQJ�����

FDVHV��KRZHYHU� LQ�D�PXFK� ODUJHU� LQGHSHQGHQW� IROORZ�XS�VWXG\�ZLWK������V&-'�

SDWLHQWV�RU�WKH�FXUUHQW�VWXG\�WKLV�ZDV�DJDLQ�QRW�UHSOLFDWHG��UV��������3� ��������

�%DOHQGUD� HW� DO��� ������ %LVKRS�� 6DQFKH]�-XDQ�� 	� .QLJKW�� ������� 7KH� ODFN� RI�

DVVRFLDWLRQ�RI�Y&-'�YDULDQWV�ZLWK�V&-'�ULVN�PD\�VXJJHVW�WKDW�WKHUH�DUH�GLVWLQFW�

PHFKDQLVPV�ZKLFK�GULYH�GLVHDVH�VXVFHSWLELOLW\��KRZHYHU� WKH� ODFN�RI�UHSOLFDWLRQ�

HYLGHQFH�DFURVV�VWXGLHV�VXJJHVWV�LW�LV�SHUKDSV�PRUH�OLNHO\�GXH�WR�IDOVH�SRVLWLYH�

DVVRFLDWLRQV�LQ�XQGHUSRZHUHG�VWXGLHV�� ,Q�KRXVH�JHQRW\SH�GDWD�IRU�Y&-'�� L&-'�

DQG� NXUX� �DQG� UHVLVWDQFH� WR� NXUX�� ZHUH� TXHULHG� IRU� 67;�� �UV��������� DQG�

*$/�67���UV���������YDULDQWV��QR�HYLGHQFH�RI�DQ�DVVRFLDWLRQ�ZDV�IRXQG��3�!�

������EXW�SRZHU�LQ�WKHVH�WHVWV�ZDV�DJDLQ�OLPLWHG�E\�VPDOO�VDPSOH�VL]HV��
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,GHQWLILFDWLRQ�RI�GLVHDVH�PRGLILHUV�WKURXJK�*:$6�KDYH�SRWHQWLDOO\�JUHDWHU�FOLQLFDO�

EHQHILW�DV�WKHVH�FRXOG�SURYLGH�WKHUDSHXWLF�WDUJHWV�DIWHU�WKH�LQLWLDO�GLDJQRVLV�KDV�

EHHQ�PDGH��7KLV�KDV�EHHQ�WKH�IRFXV�RI�IXUWKHU�SUHYLRXV�*:$6�IRU�KXPDQ�SULRQ�

GLVHDVHV�� LQFOXGLQJ� 7KRPSVRQ� DQG� FROOHDJXHV�ZKR� SHUIRUPHG� DQ� LQLWLDO� VWXG\�

LQYHVWLJDWLQJ� YDULDQWV� ZKLFK� PRGLI\� D� QXPEHU� RI� EHKDYLRXUDO� DQG� SV\FKLDWULF�

SKHQRW\SHV� LQ� SULRQ� GLVHDVHV� �LQFOXGLQJ� ���� V&-'� FDVHV�� �7KRPSVRQ� HW� DO���

������� ,Q� WKLV� VWXG\�QR�JHQRPH�ZLGH� VLJQLILFDQW� YDULDQWV�ZHUH� LGHQWLILHG�DJDLQ�

OLNHO\� GXH� WR� OLPLWHG� VDPSOHV� DYDLODEOH� ZLWK� VXFK� GHSWK� RI� SKHQRW\SLF� GDWD��

KRZHYHU� VRPH� ORFL� ZHUH� VXJJHVWLYH� RI� DVVRFLDWLRQ� LQFOXGLQJ� YDULDQWV� ZLWKLQ�

$1.���6LPLODUO\�JHQHWLF�PRGLILHUV�RI�DJH�RI�RQVHW�FRXOG�SURYLGH�SRWHQWLDO�GUXJ�

WDUJHWV�IRU�GHOD\LQJ�SURJUHVVLRQ��HVSHFLDOO\�FRQFHLYDEOH�IRU�WUHDWPHQW�RI�,3'V��$�

VWXG\�RI����LQGLYLGXDOV�ZLWK�(���.�,3'�ZLWKLQ�WKH�,WDOLDQ�&DODUEULDQ�FOXVWHU�DJDLQ�

ODFNHG� SRZHU� WR� LGHQWLI\� JHQRPH�ZLGH� VLJQLILFDQW� YDULDQWV�� KRZHYHU� WDUJHWHG�

UHSOLFDWLRQ�RI�VXJJHVWLYH�YDULDQWV�LQ�&<3�;��LQ����DGGLWLRQDO�(���.�,3'�FDVHV�

DQG� ���� V&-'� FDVHV� IRXQG� DVVRFLDWLRQ� ZLWK� DJH�RI�RQVHW� LQ� ERWK� GLVHDVHV�

�3ROHJJL�HW�DO����������1RQH�RI�WKHVH�YDULDQWV�FRQIHU�ULVN�IRU�V&-'�LQ�WKH�FXUUHQW�

VWXG\��$1.���UV����������3� ��������QHDUE\�UV�����������&<3�;���UV���������

3� ��������LQGLFDWLQJ�SRWHQWLDOO\�GLIIHULQJ�SDWKZD\V�IRU�GLVHDVH�PRGLILHUV�WR�ULVN�

YDULDQWV��KRZHYHU�IXUWKHU�UHSOLFDWLRQ�LV�UHTXLUHG�WR�VHFXUH�WKHVH�DVVRFLDWLRQV�GXH�

WR�OLPLWLQJ�SRZHU�LQ�WKHVH�VWXGLHV��,Q�IXWXUH��LQWHJUDWLQJ�SKHQRW\SLF�GDWD�ZLWK�WKH�

FXUUHQW�*:$6�ZLOO�DOORZ�PRUH�FRPSUHKHQVLYH�FRPSDULVRQ�DQG�SURYLGH�LPSRUWDQW�

LQIRUPDWLRQ�DERXW�GLVHDVH�PHFKDQLVPV�DQG�SRWHQWLDO�WKHUDSHXWLF�WDUJHWV���

$OWKRXJK�HYLGHQFH�IRU�VKDUHG�JHQHWLF�ULVN�RXWVLGH�RI�3513�IRU�GLIIHUHQW�KXPDQ�

SULRQ�GLVHDVHV�LV�FXUUHQWO\�ODFNLQJ��WKHUH�DUH�H[DPSOHV�RI�JHQHV�VXFK�DV�$32(�

DQG�0$37�ZKLFK�DSSHDU�WR�SOD\�D�UROH�LQ�PXOWLSOH�QHXURGHJHQHUDWLYH�GLVHDVHV�

�6WUDQJ��*ROGH��	�*LDVVRQ��������=KRX��)X��	�,S���������:LWK�LQFUHDVLQJ�HYLGHQFH�

LQGLFDWLQJ� WKDW� D� QXPEHU� RI� WKHVH� GLVHDVHV� VKDUH� FRPPRQ� XQGHUO\LQJ�

PHFKDQLVPV� ZLWK� SULRQ� GLVHDVHV�� VXFK� DV� WKH� VHOI�WHPSODWHG� FRQYHUVLRQ� RI�

SURWHRSDWKLF� VHHGV� DQG� WKH� SRWHQWLDO� IRU� GLIIHUHQW� µVWUDLQV¶� RI� SDWKRJHQLF�

DJJUHJDWHV��JHQHWLF�ULVN�IDFWRUV� LGHQWLILHG�IRU�SULRQ�GLVHDVHV�PD\�VKHG�OLJKW�RQ�

RWKHU�µSULRQ�OLNH¶�GLVHDVHV��6XSSRUWLQJ�WKLV��D�SUHYLRXV�*:$6�E\�+|JOLQJHU�HW�DO�

UHSURGXFLEO\� LGHQWLILHG�WKH�VDPH�YDULDQWV� LQ�DQG�DURXQG�67;�� IURP�WKH�FXUUHQW�

VWXG\� DV� FRQIHUULQJ� ULVN� IRU� 363�� ZKLFK� ZDV� VXEVHTXHQWO\� UHSOLFDWHG� LQ� DQ�
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LQGHSHQGHQW�VWXG\�RI�SDWKRORJLFDOO\�FRQILUPHG�FDVHV�DQG�DQ�LQGHSHQGHQW�*:$6�

DQDO\VLV� �7DEOH����� �VHFWLRQ���������� �-��$��&KHQ�HW�DO���������+RJOLQJHU�HW�DO���

������ 6DQFKH]�&RQWUHUDV� HW� DO��� ������� 0RUH� UHFHQWO\� D� SURWHRPH� ZLGH�

DVVRFLDWLRQ�VWXG\��3:$6��LQWHJUDWLQJ�$'�*:$6�GDWD�ZLWK�GRUVRODWHUDO�SUHIURQWDO�

FRUWH[�SURWHRPHV��IURP�WKH�5260$3�VWXG\��LGHQWLILHG�67;��SURWHLQ�H[SUHVVLRQ�

LQ� WKLV� UHJLRQ� DV� DVVRFLDWHG�ZLWK� $'� ULVN� �:LQJR� HW� DO��� �������67;�� LV� OLNHO\�

WKHUHIRUH� WR� KDYH� SOHLRWURSLF� HIIHFWV� RQ� PXOWLSOH� UHODWHG� GLVHDVHV� SRWHQWLDOO\�

FRQWULEXWLQJ� WR� WKHVH� FRPPRQ� µSULRQ�OLNH¶� PHFKDQLVPV�� ZKHWKHU� WKLV� LV� DOO�

PHGLDWHG�E\�WKH�SULRQ�SURWHLQ��ZLWK�HYLGHQFH�RI�D�UROH�RI�3U3&�LQ�ERWK�WDX�DQG�ȕ�

DP\ORLG�IXQFWLRQ��SURYLGHV�D�IDVFLQDWLQJ�URXWH�IRU�IXUWKHU�UHVHDUFK��&RUEHWW�HW�DO���

�������
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7DEOH�����$VVRFLDWLRQ�VWDWLVWLFV�DW�67;��ORFXV�IRU�363�DQG�V&-'��
2GGV�UDWLR��25��VKRZQ�UHODWLYH�WR�WKH�PDMRU�DOOHOH�IRU�HDFK�VWXG\��/LQNDJH�GLVHTXLOLEULXP�
�/'��ZLWK�UV��������GHULYHG�IURP������*HQRPHV�(85�SRSXODWLRQ��

*:$6� PHWKRGRORJ\� KDV� XQGRXEWHGO\� EHHQ� UHYROXWLRQDU\� WR� LGHQWLI\LQJ� ULVN�

YDULDQWV� IRU� D�PXOWLWXGH� RI� GLVHDVHV�� KRZHYHU� WKH� SURSHQVLW\� IRU� IDOVH� SRVLWLYH�

DVVRFLDWLRQV�LQ�WKHVH�VWXGLHV�UHTXLUHV�LPSRUWDQW�FRQVLGHUDWLRQV�WR�VWXG\�GHVLJQ��

$V�SUHYLRXVO\�GLVFXVVHG��WKHUH�LV�DQ�H[WHQVLYH�PXOWLSOH�WHVWLQJ�EXUGHQ�DVVRFLDWHG�

ZLWK�SHUIRUPLQJ�ZKROH�JHQRPH�DQDO\VLV�LQ�WDQGHP��7KH�DSSURSULDWH�VLJQLILFDQFH�

WKUHVKROG�UHTXLUHG�WR�DFFRXQW� IRU�UHVXOWDQW�HUURUV� LV�GHEDWHG�GXH�WR� WKH� ODFN�RI�

FHUWDLQW\�RI�KRZ� WR�FDOFXODWH� LQGHSHQGHQW� WHVWV�GXH� WR�FRPSOH[�/'�VWUXFWXUHV��

ZKLFK�LV�DOVR�ODUJHO\�GHSHQGHQW�RQ�WKH�SRSXODWLRQ�VWXGLHG��7KH�3�YDOXH�WKUHVKROG�

RI���[������XVHG�LQ�WKLV�VWXG\�PD\�WKHUHIRUH�EH�H[FOXGLQJ�ZHDNHU�DVVRFLDWLRQV��

KRZHYHU�WKLV�ZDV�XSKHOG�GXH�WR�WKH�SURSHQVLW\�IRU�W\SH�,�HUURU�LQ�WKLV�VWXG\��)RU�
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H[DPSOH� KHUH� VDPSOHV� ZHUH� FROODWHG� IURP� PXOWLSOH� GLIIHUHQW� FRXQWULHV� DQG�

SRSXODWLRQV�� DOWKRXJK� WKHVH�ZHUH� OLPLWHG� WR� WKRVH� RI� SUHGRPLQDQWO\� (XURSHDQ�

DQFHVWU\�DQG�ZDV�FRQWUROOHG�IRU�GXULQJ�ERWK�WKH�4&�DQG�LQFOXGHG�DV�FRYDULDWHV�LQ�

WKH�DVVRFLDWLRQ�DQDO\VLV��WKLV�ZLOO�LQFUHDVH�WKH�OLNHOLKRRG�RI�SRSXODWLRQ�VWUDWLILFDWLRQ�

DQG� WKHUHIRUH� VSXULRXV� DVVRFLDWLRQV�� )XUWKHUPRUH� WKH� FRQWUROV� XVHG� LQ� ERWK�

SKDVHV� RI� WKLV� VWXG\� ZHUH� REWDLQHG� IURP� SXEOLFO\� DYDLODEOH� UHSRVLWRULHV� DQG�

WKHUHIRUH� JHQRW\SHG� DW� D� GLIIHUHQW� WLPH� WR� WKH� FDVH� VDPSOHV�� ZLWK� OLNHO\�

GLVFUHSDQFLHV� LQ� ERWK� PHWKRGRORJ\� DQG� H[SHULPHQWDO� GHVLJQ�� ,GHDOO\� SODWH�

FRQWUROV�ZRXOG�KDYH�EHHQ� LQFOXGHG� WR�DFFRXQW� IRU� WKLV� �L�H�� LQFOXGLQJ� WKH�VDPH�

VDPSOHV�RQ�ERWK�FDVH�DQG�FRQWURO�JHQRW\SLQJ�DUUD\V��XQIRUWXQDWHO\�WKHVH�ZHUH�

QRW� REWDLQDEOH��1RQHWKHOHVV� WKH�DGGLWLRQDO� UHSOLFDWLRQ�SKDVH�ZLWK� LQGHSHQGHQW�

VDPSOHV�DQG�DQ�DOWHUQDWLYH�JHQRW\SLQJ�PHWKRG�OLPLWV�WKH�OLNHOLKRRG�RI�FRQFOXGLQJ�

IDOVH�SRVLWLYH�DVVRFLDWLRQV�LQ�WKH�FXUUHQW�VWXG\���

,Q�WKLV�VWXG\�HYLGHQFH�ZDV�SURYLGHG�WKDW�3513��67;��DQG�*$/�67��GHILQH�WKH�

FDXVDO�JHQH�DW� WKHLU� UHVSHFWLYH�VLWHV��+RPR]\JRXV�JHQRW\SHV�DW�3513�FRGRQ�

����KDYH�EHHQ�UREXVWO\�GHPRQVWUDWHG�WR�LQFUHDVH�ULVN�IRU�V&-'��3DOPHU�HW�DO���

�������(YLGHQFH�LQ�WKLV�VWXG\�IURP�WKH�&$9,$5�DQG�)80$�ILQH�PDSSLQJ�DQDO\VLV�

VXJJHVWHG� SRWHQWLDO� YDULDQWV� RXWVLGH� RI� WKLV� DV� FRQIHUULQJ� LQGHSHQGHQW� ULVN�

VXSSRUWLQJ�SUHYLRXV�VWXGLHV�ZKLFK�KDYH�KLJKOLJKWHG�SXWDWLYH�LQGHSHQGHQW�VLJQDOV�

�0HDG�HW�DO����������$V�WKH�NH\�JHQH�LQ�SULRQ�SDWKRJHQHVLV�LW�LV�QRW�XQOLNHO\�WKDW�

DGGLWLRQDO�YDULDQWV�PD\�PRGLI\�GLVHDVH�ULVN��IRU�H[DPSOH�DQ\�YDULDQWV�DFWLQJ�DV�

H47/V�PD\�IHDVLEO\�DFW� WR�DOWHU�VXVFHSWLELOLW\�DV�WKH�H[SUHVVLRQ�OHYHO�RI�3513�

KDV�EHHQ�VKRZQ�WR�PRGLI\�GLVHDVH�LQFXEDWLRQ�WLPH�LQ�DQLPDO�PRGHOV��%HOHU�HW�DO���

�������+RZHYHU�QR�YDULDQWV�LGHQWLILHG�ZHUH�VLJQLILFDQW�H47/V�LQ�D�UHOHYDQW�WLVVXH�

DQG� ZHUH� QRW� VLJQLILFDQW� DIWHU� DGMXVWLQJ� IRU� KRPR]\JRVLW\� DW� FRGRQ� ����

�UV�����������

0DSSLQJ�RI� WKH�FDXVDO�JHQH�DW� WKH�*$/�67�� ORFXV�ZDV�DLGHG�E\� WKH� LVRODWHG�

VLJQLILFDQFH� RI� MXVW� WZR� YDULDQWV�� LQFOXGLQJ� WKH� UDUH� RFFXUUHQFH� RI� D� QRQ�

V\QRQ\PRXV�YDULDQW��7KLV�YDULDQW�HQFRGHV�D�YDOLQH�WR�PHWKLRQLQH�VXEVWLWXWLRQ�DW�

FRGRQ� ��� RI� WKH� HQ]\PH� HQFRGHG� E\� WKLV� JHQH�� FHUHEURVLGH� VXOIRWUDQVIHUDVH�

�&67���KLJKO\�OLNHO\�WR�EH�GULYLQJ�WKLV�DVVRFLDWLRQ��&67�LV�LQYROYHG�LQ�D�NH\�VWHS�

GXULQJ�WKH�V\QWKHVLV�RI�VXOIDWLGH��D�IXQGDPHQWDO�FRPSRQHQW�RI�WKH�P\HOLQ�VKHDWK�

DQG�D�SDWKZD\�SUHYLRXVO\�LPSOLFDWHG�LQ�QHXURORJLFDO�GLVRUGHUV��L�H��PHWDFKURPDWLF�
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OHXNRG\VWURSK\���6KDLPDUGDQRYD�HW�DO����������IXUWKHU�UHVHDUFK�ZLOO�EH�UHTXLUHG�

WR�HOXFLGDWH�WKH�GLUHFWLRQ�RI�HIIHFW�KHUH���

7KLV�VWXG\�KDV�SURYLGHG�ERWK�VWDWLVWLFDO�DQG�IXQFWLRQDO�JHQHWLF�HYLGHQFH�WKDW�67;��

LV�WKH�PRVW�OLNHO\�FDXVDO�JHQH�DW�WKH�FKURPRVRPH���ORFXV��,Q�RUGHU�WR�GR�WKLV�D�

QXPEHU�RI�FRPSXWDWLRQDO�WRROV�ZHUH�LPSOHPHQWHG��)LUVWO\�VWDWLVWLFDO�ILQH�PDSSLQJ�

ZDV�SHUIRUPHG�XVLQJ�&$9,$5�LQ�RUGHU�WR�PLQLPLVH�WKH�QXPEHU�RI�FDXVDO�YDULDQWV�

DW�WKLV�DQG�WKH�RWKHU�VLJQLILFDQW�ORFL��$V�SUHYLRXVO\�GHVFULEHG��VHH�VHFWLRQ��������

WKLV�WRRO�XVHV�D�%D\HVLDQ�IUDPHZRUN�DOORZLQJ�IRU�WKH�SRVVLELOLW\�RI�PXOWLSOH�FDXVDO�

YDULDQWV�DW�HDFK�ORFXV�ZLWK�LPSURYHG�VWDWLVWLFDO�SRZHU�WR�GHWHFW�YDULDQWV�ZLWK�ORZ�

HIIHFW� VL]HV��+RZHYHU� VWDWLVWLFDO� ILQH�PDSSLQJ� LV� RQO\� UHDOO\� XVHIXO� WR� VHSDUDWH�

LQGHSHQGHQW�VLJQDOV�DW�D�ORFXV�DQG�VXJJHVW�SXWDWLYH�FDXVDO�YDULDQWV��EXW�LV�QRW�

DEOH�WR�SURYLGH�GHILQLWLYH�FRQFOXVLRQV�GXH�WR�WKH�ODFN�RI�ELRORJLFDO�LQIRUPDWLRQ�RI�

IXQFWLRQDOLW\�RI�HDFK�YDULDQW��)XUWKHUPRUH�VXFK�DQDO\VLV�LV�QRW�DEOH�WR�GLIIHUHQWLDWH�

EHWZHHQ�YDULDQWV�LQ�QHDU�SHUIHFW�/'�RI�ZKLFK�QXPHURXV�YDULDQWV�DW�WKLV�ORFXV�DUH��

UHVXOWLQJ�LQ�D�ODUJH�QXPEHU�RI�VXJJHVWHG�FDXVDO�YDULDQWV�QRW�ODUJHO\�UHGXFHG�IURP�

WKH�QXPEHU�RI�YDULDQWV�VXUSDVVLQJ�WKH�VLJQLILFDQFH�WKUHVKROG��7KLV�DQDO\VLV�GLG�

FRQILUP� WKDW� WKH� 613V�ZKLFK� IDOO� ZLWKLQ� WKH�67;�� JHQH� DUH�PRVW� OLNHO\� WR� EH�

FDXVDO��KRZHYHU�XWLOLW\�EH\RQG�WKLV�ZDV�PLQLPDO��

$SSO\LQJ�IXQFWLRQDO�DQQRWDWLRQV�DQG�ELRORJLFDO�LQIRUPDWLRQ�WR�WKH�YDULDQWV�DW�WKLV�

VLWH�ZDV�D�PRUH�LQIRUPDWLYH�DQG�SRZHUIXO�PHWKRG�WR�FRQFOXGH�WKH�OLNHO\�FDXVDO�

JHQH�DW�WKLV�ORFXV��&RORFDOLVDWLRQ�DQDO\VLV�ZLWK�H&$9,$5�KLJKOLJKWHG�WKDW�H47/V�

ZKLFK�PRGLI\�67;��H[SUHVVLRQ�LQ�WKH�SXWDPHQ�DQG�FDXGDWH�LQ�WKH�VWULDWXP�DUH�

GULYHQ�E\�WKH�VDPH�JHQHWLF�PHFKDQLVP�DV�WKDW�ZKLFK� LQFUHDVHV�ULVN�IRU�V&-'��

7KLV�ZDV�DQ�LPSRUWDQW�ILQGLQJ�GXH�WR�WKH�YDVW�QXPEHU�RI�H47/V�LQ�WKH�JHQRPH�

OHDGLQJ�WR�WKH�OLNHOLKRRG�IRU�PHUH�RYHUODS�RI�ULVN�613V�ZLWK�WKHVH�YDULDQWV�GXH�WR�

RYHUODSSLQJ�/'�VWUXFWXUHV��ZKHQ�WKH\�FRXOG�EH�DVVRFLDWHG�ZLWK�WZR�LQGHSHQGHQW�

JHQHWLF�VLJQDOV��7KLV�SURYLGHV�ERWK�VWURQJ�HYLGHQFH�IRU�D�SXWDWLYH�FDXVDO�JHQH��

DV�ZHOO� DV�KLJKOLJKWLQJ�D�SRWHQWLDO� FDXVDO�PHFKDQLVP�DW� WKLV� VLWH�� IDVFLQDWLQJO\�

WKHVH�WZR�EUDLQ�UHJLRQV�DUH�WKH�PRVW�FRPPRQO\�DEQRUPDO�LQ�GLDJQRVWLF�EUDLQ�05,�

IRU� V&-'� �0HLVVQHU� HW� DO��� ������� )XUWKHUPRUH� LQWHUHVWLQJO\� D� *:$6� RI� 8.�

ELREDQN� SDUWLFLSDQWV� DOVR� GHPRQVWUDWHG� DOWHUHG� SDOOLGXP� YROXPH� ZLWK� WKHVH�

YDULDQWV�ZKLFK� IRUPV� SDUW� RI� WKH� EDVDO� JDQJOLD�ZLWK� WKH� VWULDWXP�DQG� LV� KLJKO\�

IXQFWLRQDOO\�FRQQHFWHG��=KDR�HW�DO����������$�VPDOOHU�EUDLQ�YROXPH�LQ�WKLV�UHJLRQ�
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DV�ZHOO�DV�WKH�SXWDPHQ�KDV�EHHQ�UHSRUWHG�LQ�SDWLHQWV�ZLWK�363��0HVVLQD�HW�DO���

������� 7KH� LPSOLFDWLRQ� RI� 67;�� *:$6� YDULDQWV� LQ� EUDLQ� WLVVXHV� LV� IXUWKHU�

VXSSRUWHG� E\� D� QXPEHU� RI� DGGLWLRQDO� LQGHSHQGHQW� H47/� GDWDVHWV� DQG� KDV�

DGGLWLRQDOO\�OHG�WR�LQGHSHQGHQW�PDSSLQJ�RI�WKH�JHQH�WR�363�ULVN�YDULDQWV��)HUUDUL�

HW�DO����������5HSHDWHG�DVVRFLDWLRQ�RI�V&-'�ULVN�YDULDQWV�ZLWK�67;�� LQ�PXOWLSOH�

GDWDVHWV� VHFXUHV� WKLV� DV� WKH� OLNHO\� FDVXDO� JHQH�� DV� ZHOO� DV� SURYLGLQJ� VWURQJ�

HYLGHQFH�IRU�PRGLILHG�51$�H[SUHVVLRQ�RI�WKLV�JHQH�LQ�UHOHYDQW�EUDLQ�UHJLRQV�DV�D�

OLNHO\�ELRORJLFDO�PHFKDQLVP���

3LQSRLQWLQJ�WKH�FDXVDO�YDULDQWV�DQG�VXEVHTXHQWO\�WKH�SUHFLVH�JHQHWLF�PHFKDQLVP�

OHDGLQJ� WR� PRGLILHG� 67;�� H[SUHVVLRQ� LQ� WKLV� VWXG\� ZDV� DWWHPSWHG� WKURXJK�

LQWHJUDWLQJ� D� QXPEHU� RI� UHJXODWRU\� DQG� HSLJHQHWLF� DQQRWDWLRQV� DW� WKLV� VLWH��

+RZHYHU�WKLV�DQDO\VLV�ZDV�OHVV�FRQFOXVLYH�ZLWK�GLIIHUHQW�WRROV�VXJJHVWLQJ�GLVWLQFW�

SXWDWLYH�FDXVDO�YDULDQWV��OLNHO\�GXH�WR�GLYHUJHQW�GDWDVHWV��)RU�H[DPSOH�DQDO\VLV�

XVLQJ�3$,1725�LGHQWLILHG�YDULDQWV�DVVRFLDWHG�ZLWK�'1DVH�K\SHUVHQVLWLYLW\�VLWHV�

�UV����������UV����������KLVWRQH�PRGLILFDWLRQV��UV����������UV����������DQG�

HQKDQFHU� UHJLRQV� RU� FKURPDWLQ� VWDWHV� �UV���������� UV����������� KRZHYHU�

UHJXORPH'%� LQVWHDG� SURSRVHG� UV�������� IRU� VLPLODU� DVVRFLDWLRQ� ZLWK� '1DVH�

K\SHUVHQVLWLYLW\�VLWHV�DV�ZHOO�DV�KLJKOLJKWLQJ�SRWHQWLDO�WUDQVFULSWLRQ�IDFWRU�ELQGLQJ�

DOWHUDWLRQV��)XUWKHUPRUH�WKH�SUHVHQFH�RI�UV��������LQ�DQ�H[RQ�RI�67;��LQFUHDVHV�

LWV�OLNHOLKRRG�WR�KDYH�DQ�HIIHFW�RQ�JHQH�IXQFWLRQ��7KHUHIRUH�LQ�RUGHU�WR�GHOLQHDWH�

WKH�SUHFLVH�YDULDQW�ZKLFK� LV�GULYLQJ� WKH�DVVRFLDWLRQ�DW� WKLV�VLWH� UHTXLUHV� IXUWKHU�

LQYHVWLJDWLRQ� DQG�� GXH� WR� WKH� LQFRQFOXVLYH� DQG� LQFRQVLVWHQW� QDWXUH� RI� WKHVH�

VWDWLVWLFDO�DQDO\VLV��WKLV�ZLOO�OLNHO\�UHTXLUH�SUDFWLFDO�GHWHUPLQDWLRQ�WKURXJK�VWHS�E\�

VWHS�DQDO\VLV�RI�JHQH�H[SUHVVLRQ�ZLWK�HDFK�YDULDQW�LQ�D�ELRORJLFDO�V\VWHP��VXFK�

DV� &5,635�PHGLDWHG� PXWDJHQHVLV� LQ� D� ELRORJLFDO� V\VWHP��� 1RQHWKHOHVV� WKLV�

DQDO\VLV�KDV�OLPLWHG�WKH�QXPEHU�RI�YDULDQWV�DV�D�VWDUWLQJ�SRLQW�IRU�H[SHULPHQWDO�

YDOLGDWLRQ�� DQG� WKH� UHSHDWHG� DVVRFLDWLRQ� RI� SXWDWLYH� FDXVDO� YDULDQWV� ZLWK�

UHJXODWRU\�PHFKDQLVPV�VXSSRUWV�DOWHUHG�51$�H[SUHVVLRQ�DV�D� OLNHO\� IXQFWLRQDO�

FRQVHTXHQFH�RI�WKHVH�YDULDQWV�� ,PSRUWDQWO\� WKH� ODFN�RI�DQ�H[DFW�FDXVDO�YDULDQW�

GRHV�QRW�SUHYHQW�WDUJHWLQJ�RI�H[SUHVVLRQ�RI�67;��LQ�IXWXUH�IXQFWLRQDO�VWXGLHV�DQG�

WKHUDSHXWLF�WUHDWPHQWV��

,W�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�HYLGHQFH�VXSSRUWLQJ�RWKHU�JHQHV�DV�FDXVDO�EHIRUH�

LQYHVWLQJ� LQ� FRVWO\� DQG� WLPH�FRQVXPLQJ� IXQFWLRQDO� DQDO\VLV�� 7KHUH� LV� OLPLWHG�
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HYLGHQFH�IRU�QHLJKERXULQJ�JHQH�.,$$������HQFRGLQJ�DQ�XQFKDUDFWHULVHG�SURWHLQ��

DV�FDXVDO�DV�VLJQLILFDQW�YDULDQWV�DOVR�DFW�DV�H47/V�IRU�WKLV�JHQH�LQ�D�VXEVHW�RI�

EUDLQ�WLVVXHV��EXW�WKHVH�DUH�PXFK�PRUH�OLPLWHG�WKDQ�WKRVH�IRU�67;���GR�QRW�UHDFK�

WKH�VDPH�OHYHOV�RI�VLJQLILFDQFH�DQG�GR�QRW�DSSHDU�WR�FRORFDOLVH�ZLWK�WKH�*:$6�

YDULDQWV��$GGLWLRQDOO\�D�613�DW�WKLV�ORFXV�LV�D�YDULDQW�LQ�$/����������HQFRGLQJ�D�

ORQJ�QRQ�FRGLQJ�51$��KRZHYHU�WKHUH�LV�QR�HYLGHQFH�IRU�DVVRFLDWLRQ�RI�DQ\�RWKHU�

YDULDQWV�ZLWK�WKLV�JHQH��)LQDOO\�IURP�+L�&�DQDO\VLV�LQ�WKH�FRQWH[W�RI�363��&KHQ�HW�

DO�GHVFULEHG�;35��DV�SXWDWLYHO\�FDXVDO�IRU�WKHVH�613V�EXW�WKH�HYLGHQFH�XVHG�WR�

GUDZ� WKLV�FRQFOXVLRQ� LV�QRW�FOHDU�DQG�+L�&�GDWD�ZDV�RQO\�REWDLQHG� IURP� IRHWDO�

WLVVXH�RU�FHOO�FXOWXUH��QRW�GLUHFWO\�UHOHYDQW�WR�V&-'��-��$��&KHQ�HW�DO����������

)XWXUH�ZRUN�GHVFULEHG�LQ�WKLV�WKHVLV�IRFXVVHV�RQ�XVLQJ�FHOOXODU�DQG�DQLPDO�PRGHOV�

WR�GHOLQHDWH�WKH�ELRORJLFDO�PHFKDQLVP�WKURXJK�ZKLFK�LQFUHDVHG�67;��H[SUHVVLRQ�

LQFUHDVHV� WKH� ULVN� RI� V&-'�� 3ULPDULO\� WKLV� ZRUN� IRFXVVHG� RQ� PRGHOOLQJ� WKH�

SURWHFWLYH�HIIHFWV�UHGXFLQJ�H[SUHVVLRQ�PD\�KDYH�RQ�SULRQ�GLVHDVH�SURJUHVVLRQ��

7KLV�ZDV� VHOHFWHG� RYHU� LQFUHDVLQJ� JHQH� H[SUHVVLRQ� IRU� D� QXPEHU� RI� UHDVRQV��

ILUVWO\��LQYHVWLJDWLQJ�ZKHWKHU�GLVHDVH�FDQ�EH�VORZHG�RU�LQKLELWHG�KDV�D�PRUH�GLUHFW�

WKHUDSHXWLF�DSSOLFDWLRQ��D�SULPDU\�IRFXV�RI�WKH�UHVHDUFK�SHUIRUPHG�LQ�WKH�0HDG�

ODE� DQG� ZLGHU� ,QVWLWXWH�� )XUWKHUPRUH� SUHOLPLQDU\� HYLGHQFH� �GLVFXVVHG� ODWHU� LQ�

VHFWLRQ������LQGLFDWHG�WKDW�RYHUH[SUHVVLRQ�RI�67;��OHDGV�WR�SURWHLQ�GLPHULVDWLRQ�

UDWKHU�WKDQ�LQFUHDVHG�H[SUHVVLRQ�RI�WKH�PRQRPHU�IRUP��XQOLNHO\�WR�UHSUHVHQW�WKH�

SULPDU\�SK\VLRORJLFDO�IXQFWLRQ�RI�WKH�SURWHLQ��1RQHWKHOHVV�LW�ZLOO�EH�LPSRUWDQW�WR�

VXSSRUW� DQ\� ILQGLQJV� UHODWHG� WR� UHGXFHG� JHQH� H[SUHVVLRQ� ZLWK� HLWKHU�

RYHUH[SUHVVLRQ� RU� UHVFXH� H[SHULPHQWV� WR� SUHYHQW� IDOVH� FRQFOXVLRQV� UHODWHG� WR�

NQRFNGRZQ�DUWHIDFWV��L�H��GXH�WR�RII�WDUJHW�HIIHFWV����

5REXVW� LGHQWLILFDWLRQ� RI� QRQ�3513� ULVN� ORFL� DQG� VHFXULW\� LQ� WKH� FDXVDO� JHQHV�

GULYLQJ� WKHVH� DVVRFLDWLRQV� KDV� KLJKOLJKWHG� WZR� QHZ� SDWKZD\V� IRU� IXWXUH� SULRQ�

UHVHDUFK��$OWKRXJK� IXUWKHU� IXQFWLRQDO� DQDO\VLV�ZLOO� EH� UHTXLUHG� WR�HOXFLGDWH� WKH�

SUHFLVH�UROHV�RI�WKHVH�JHQHV�LQ�SULRQ�GLVHDVHV��KDYLQJ�UREXVW�JHQHWLF�HYLGHQFH�WR�

VXSSRUW� H[SHULPHQWDO� ZRUN� ZLOO� XQGRXEWHGO\� DFFHOHUDWH� UHVHDUFK� DQG� SUHYHQW�

ZDVWLQJ�ERWK�WLPH�DQG�PRQH\�RQ�IXWLOH�OHDGV��

� �
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���,QYHVWLJDWLQJ�WKH�UROH�RI�67;��LQ�SULRQ�GLVHDVHV�
LQ�YLWUR�
�����,QWURGXFWLRQ�

�������&HOO�OLQHV�DV�D�PRGHO�IRU�SULRQ�LQIHFWLYLW\�
7KH�XVH�RI�FHOO�OLQHV�LQ�UHVHDUFK�KDV�EHHQ�IXQGDPHQWDO�WR�FRXQWOHVV�GLVFRYHULHV�

RYHU�WKH�ODVW�KDOI�FHQWXU\��OLPLWLQJ�WKH�UHTXLUHPHQW�IRU�KDUG�WR�VRXUFH�WLVVXHV�DQG�

DOORZLQJ� LQ�GHSWK� DQDO\VLV� RI� ELRORJLFDO�PHFKDQLVPV��7KLV� LV� LQFOXVLYH�RI� SULRQ�

GLVHDVH�UHVHDUFK��ZLWK�FHOO�PRGHOV�SURYLGLQJ�QRW�RQO\�D�ZD\�WR�VWXG\�ELRORJ\��EXW�

D�UHOLDEOH�DOWHUQDWLYH�WR�WLPH�FRQVXPLQJ�PRXVH�ELRDVVD\V��,Q�WKLV�JROG�VWDQGDUG�

DVVD\��DQLPDOV�DUH�WUDGLWLRQDOO\�LQRFXODWHG�ZLWK�VHULDO�GLOXWLRQV�RI�ELRPDWHULDOV�DQG�

GLVHDVH�LQFXEDWLRQ�WLPH��LQWHUYDO�IRUPDW��RU�GLOXWLRQ�IRU�����GLVHDVH�RQVHW��HQG�

SRLQW�IRUPDW��LV�XVHG�WR�GHWHUPLQH�SULRQ�WLWUH��WDNLQJ�RYHU�ILYH�PRQWKV�WR�SURGXFH�

DQ� RXWSXW� �3UXVLQHU�� &RFKUDQ�� HW� DO��� ������� ,PPRUWDOLVHG� FHOO� OLQHV� SURYLGH� D�

TXLFN��HDV\�WR�PDLQWDLQ�DQG�HDV\�WR�PDQLSXODWH�VRXUFH�RI�PDWHULDO��PDNLQJ�WKHP�

DSSHDOLQJ� PRGHOV� IRU� IXQFWLRQDO� JHQHWLF� LQYHVWLJDWLRQV� WR� FRPSOHPHQW�

ELRFKHPLFDO�PHWKRGV�LQ�D�ELRORJLFDO�V\VWHP��

7KH� ILUVW� FHOO� OLQH� VKRZQ� WR� EH� SHUPLVVLYH� WR� SULRQ� UHSOLFDWLRQ� LQ� FXOWXUH� ZDV�

LVRODWHG�IURP�D�VFUDSLH�LQIHFWHG�PRXVH�EUDLQ��WHUPHG�µ60%¶�FHOOV��E\�&ODUNH�DQG�

+DLJ�LQ������DQG�ODWHU�GHPRQVWUDWHG�WR�EH�RI�PHVRGHUPDO�RULJLQ��&ODUNH�	�+DLJ��

�������+RZHYHU�WKLV�DQG�VXEVHTXHQW�PRGHOV�ZHUH�OLPLWHG�E\�D�ODFN�RI�VHQVLWLYLW\�

FRPSDUDEOH�WR�WKH�PRXVH�ELRDVVD\�DQG�LW�ZDV�QRW�XQWLO�WKH�GHYHORSPHQW�RI�3.��

FHOOV��D�VXE�FORQH�RI�PRXVH�QHXUREODVWRPD�1�D�FHOOV��E\�.O|KQ�DQG�FROOHDJXHV�

RYHU����\HDUV�ODWHU�ZKHQ�WKLV�ZDV�DFKLHYHG�DQG�LPSOHPHQWHG�LQ�WKH�IRUP�RI�WKH�

VFUDSLH�FHOO�DVVD\��6&$���.ORKQ�HW�DO����������,Q�WKLV�DVVD\�3.��FHOOV�DUH�VHHGHG�

LQ�D����ZHOO�SODWH�IRUPDW��H[SRVHG�WR�50/�LQIHFWHG�EUDLQ�KRPRJHQDWH�IRU�WKUHH�

GD\V�DQG�VXEMHFWHG�WR�DW�OHDVW�WKUHH�SDVVDJHV�WR�UHPRYH�DQ\�PDWHULDO�IURP�WKH�

LQLWLDO� LQRFXOXP�� 7KH� QXPEHU� RI� FHOOV� UHPDLQLQJ� LQIHFWHG� IROORZLQJ� WKLV� ILQDO�

SDVVDJH�ZLWK� SURWHLQDVH�.� �3.�� UHVLVWDQW� 3U3� DJJUHJDWHV� �DV� D� VXUURJDWH� IRU�

LQIHFWLYLW\�� DUH� PHDVXUHG� LQ� DQ� (/,6$�EDVHG� DVVD\� XVLQJ� DQ� HQ]\PH�OLQNHG�

LPPXQRVSRW� �(/,6327�� SODWH�� 8VLQJ� WKLV� PHWKRG� WKH� DXWKRUV� GHPRQVWUDWHG�

VLPLODU�VHQVLWLYLWLHV�WR�WKH�HQG�SRLQW�PRXVH�ELRDVVD\��DEOH�WR�TXDQWLWDWLYHO\�GHWHFW�

3.�UHVLVWDQW�3U3�DW�XS�WR�a�����GLOXWLRQ�RI�LQIHFWHG�EUDLQ�KRPRJHQDWH��,PSRUWDQWO\�
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WKHVH�GH�QRYR�DJJUHJDWHV�KDYH�DOVR�EHHQ�FRQILUPHG�WR�EH�DXWKHQWLFDOO\�LQIHFWLRXV�

LQ�D�PRXVH�ELRDVVD\��%XWOHU�HW�DO����������6XEVHTXHQW�LQFOXVLRQ�RI�OLTXLG�KDQGOLQJ�

URERWV�LQ�WKH�DXWRPDWHG�6&$��$6&$��KDV�OHG�WR�URXWLQH�XVH�RI�WKLV�IDVW��VLPSOH�

DQG�UHOLDEOH�DVVD\�DV�D�WRRO�WR�PHDVXUH�SULRQ�LQIHFWLYLW\���

7KLV�ODQGPDUN�VWXG\�UHYROXWLRQLVHG�WKH�ILHOG�E\�SURYLGLQJ�D�VHQVLWLYH�UHDG�RXW�RI�

LQIHFWLRXV�SULRQ�WLWUH�ZLWKLQ�D�FRXSOH�RI�ZHHNV��KRZHYHU�OLPLWDWLRQV�ZHUH�DOUHDG\�

UHDOLVHG� ZLWK� DSSDUHQW� ODFN� RI� VXVFHSWLELOLW\� RI� 3.�� FHOOV� WR� DGGLWLRQDO� PXULQH�

SULRQV�VWUDLQV��0(��DQG���$�WHVWHG��RU�WKRVH�IURP�RWKHU�VSHFLHV��KDPVWHU����.��

%6(�� Y&-'�� �.ORKQ� HW� DO��� ������� 7KLV� KDV� GULYHQ� IXUWKHU� VWXGLHV� WR� LGHQWLI\�

DGGLWLRQDO�FHOO�OLQHV�DEOH�WR�SURSDJDWH�DOWHUQDWLYH�SULRQ�VWUDLQV�LQ�FXOWXUH��LQFOXGLQJ�

DGGLWLRQDO� QHXURQDO�OLNH� FHOO� OLQHV� VXFK� DV� 3&��� DQG� &$'�� FHOOV�� DV� ZHOO� DV�

SHULSKHUDO�FHOOV�VXFK�DV�WKH�PRXVH�ILEUREODVW�OLQH�/����DQG�UDEELW�NLGQH\�HSLWKHOLDO�

5.���FHOOV��SULRQ�SURSDJDWLRQ�LQ�FHOO�FXOWXUH�UHFHQWO\�UHYLHZHG�LQ��3LQHDX�	�6LP��

��������$OWKRXJK�WKH�PDMRULW\�RI�OLQHV�KDYH�VWLOO�RQO\�GHPRQVWUDWHG�VXVFHSWLELOLW\�

WR�PXULQH�SULRQV��LQ�VRPH�FDVHV�H[SUHVVLRQ�RI�VSHFLHV�UHOHYDQW�3U3�KDV�HQDEOHG�

SURSDJDWLRQ� RI� DGGLWLRQDO� VWUDLQV� LQFOXGLQJ� &:'� DQG� %6(� SULRQV�� SURYLGLQJ�

UHVHDUFKHUV�ZLWK�D�SOHWKRUD�RI�H[SHULPHQWDO�PRGHOV�LQ�ZKLFK�WR�VWXG\�WKLV�GLVHDVH�

DVVRFLDWHG�PHFKDQLVP���

8QIRUWXQDWHO\� QR� KXPDQ� PLWRWLF� FHOO� OLQHV� KDYH� GHPRQVWUDWHG� VXVWDLQHG�

DJJUHJDWLRQ� RI� SULRQV� LQ� FXOWXUH� DFURVV� SDVVDJHV�� DQG� QRQH� RI� WKH� SUHYLRXVO\�

LGHQWLILHG� FHOO� OLQHV�KDYH�EHHQ�DEOH� WR� UHOLDEOH�SURSDJDWH�KXPDQ�SULRQ� VWUDLQV��

VRPHWKLQJ� ZKLFK� ZRXOG� EH� RI� JUHDW� EHQHILW� WR� KXPDQ� IXQFWLRQDO� JHQHWLFV�� $�

QXPEHU�RI�VWXGLHV�KDYH�KRZHYHU�VKRZQ�DQ�LQFUHDVH�LQ�3.�UHVLVWDQW�3U3�IROORZLQJ�

H[SRVXUH�RI�UHOHYDQW�SRVW�PLWRWLF�QHXUDO�FHOOV�WR�YDULRXV�KXPDQ�VWUDLQV��LQFOXGLQJ�

SULPDU\�QHXURQDO�FXOWXUHV�GHULYHG� IURP�PLFH�H[SUHVVLQJ�KXPDQ�3U3�DQG�PRUH�

UHFHQWO\�KXPDQ�L36�GHULYHG�DVWURF\WHV�DQG�FHUHEUDO�RUJDQRLGV��KRZHYHU�WKH�ODFN�

RI�VHULDO�SDVVDJH�OLPLWV�WKHLU�XWLOLW\�DV�D�UHDG�RXW�IRU�LQIHFWLYLW\��*URYHPDQ�HW�DO���

������+DQQDRXL�HW�DO���������.UHMFLRYD�HW�DO����������7KH�GLVHDVH�UHOHYDQFH�RI�WKH�

DJJUHJDWHV�LV�DOVR�\HW�WR�EH�WHVWHG��GLVFXVVHG�LQ�GHWDLO�ODWHU�LQ�FKDSWHU����VHFWLRQ�

��������7KHUHIRUH��DORQJ�ZLWK�WKH�DGGHG�GUDZEDFNV�RI�H[WHQGHG�FXOWXUH�WLPHV�DQG�

UHODWLYH�GLIILFXOWLHV�ZLWK�JHQHWLF�PDQLSXODWLRQ��WKHVH�PRGHOV�DUH�QRW�\HW�VXIILFLHQW�

WR� UHSODFH� WKH� XVH� RI� LPPRUWDOLVHG� FHOO� OLQHV� DQG� PXULQH� SULRQV� LQ� IXQFWLRQDO�

JHQHWLFV�VWXGLHV���
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�������&HOO�OLQHV�DV�D�WRRO�WR�VWXG\�SULRQ�ELRORJ\�
$V�ZHOO� DV� SURYLGLQJ�D� WRRO� WR� HDVLO\�PHDVXUH� LQIHFWLYLW\�� WKH�DELOLW\� WR� IHDVLEO\�

PRQLWRU�SULRQ�SURSDJDWLRQ�LQ�FXOWXUH�KDV�DOORZHG�H[SORUDWLRQ�RI�WKH�PHFKDQLVPV�

RI�WKLV�SURFHVV�LQ�UHDO�WLPH��7KLV�KDV�LQFOXGHG�LQVLJKWIXO�VWXGLHV�LQWR�WKH�UROH�RI�WKH�

HQGRO\VRVRPDO�V\VWHP�LQ�SULRQ�ELRORJ\��LQFOXGLQJ�SHUPLWWLQJ�H[SHULPHQWV�LQWR�WKH�

LQLWLDO� VLWH� RI� SULRQ� FRQYHUVLRQ�� )RU� H[DPSOH�� LQ� DQ� HOHJDQW� VWXG\�� *RROG� DQG�

FROOHDJXHV�XVHG�WKH�3.��FHOO�OLQH�H[SUHVVLQJ�DJJUHJDWLRQ�SHUPLVVLYH�P\F�WDJJHG�

3U3&��DOORZLQJ�GLVFULPLQDWLRQ�RI�GH�QRYR�DJJUHJDWHV��WR�SURYLGH�HYLGHQFH�IRU�WKH�

IRUPDWLRQ�RI�3U3�DJJUHJDWHV�DW� WKH� FHOO� VXUIDFH�RFFXUULQJ�ZLWKLQ�PLQXWHV� DIWHU�

H[SRVXUH� WR� LQIHFWLRXV�SULRQV� �*RROG�HW�DO����������2I�QRWH�KRZHYHU� WKH�VLWH�RI�

SULRQ�FRQYHUVLRQ� LV�FRQWHVWHG�ZLWK�RWKHU�VWXGLHV� LQ�VLPLODU�FHOO� OLQHV�FRQFOXGLQJ�

GLIIHULQJ� FRPSDUWPHQWV� DV� WKH� SUHGRPLQDQW� VLWH� RI� FRQYHUVLRQ� �SULRQ� ELRORJ\�

SUHYLRXVO\� GLVFXVVHG� LQ� VHFWLRQ� �������� 7KHVH�GLIIHU� LQ� WKHLU�PHWKRGV� LQFOXGLQJ�

WLPH�UHVROXWLRQ��SULRQ�VWUDLQV�DQG�FHOO� OLQHV�XVHG��KLJKOLJKWLQJ� WKH�QHFHVVLW\� IRU�

PXOWLSOH�FRPSOHPHQWDU\�WHFKQLTXHV�DV�ZHOO�DV�WKH�OLNHO\�KHWHURJHQHLW\�EHWZHHQ�

FHOO�OLQHV�DQG�SULRQ�VWUDLQV��

2QH� RI� WKH� PRUH� VHOI�HYLGHQW� EHQHILWV� RI� EHLQJ� DEOH� WR� XWLOLVH� DIIRUGDEOH�� ORZ�

PDLQWHQDQFH�DQG�HDVLO\�PDQLSXODWHG�FXOWXUH�V\VWHPV�DV�D�PRGHO�IRU� LQIHFWLRXV�

SULRQ� UHSOLFDWLRQ�� LV� LWV� FOHDU� XVH� LQ� ODUJH�VFDOH� VFUHHQLQJ� IRU� WKHUDSHXWLFV� DQG�

JHQHWLF� PRGXODWRUV� LQ� ELRORJLFDO� V\VWHPV�� 0XOWLSOH� UHVHDUFK� JURXSV� KDYH�

H[SORLWHG� WKLV��SUHGRPLQDQWO\�XVLQJ�FHOOV� FKURQLFDOO\� LQIHFWHG�ZLWK�PXULQH�SULRQ�

VWUDLQV�DQG�WHVWLQJ�WKH�UHVXOWV�RI�WUHDWPHQW�RQ�3.�UHVLVWDQW�3U3�OHYHOV�����GD\V�

ODWHU��FHOO�PRGHOV�LQ�SULRQ�WKHUDSHXWLFV�UHFHQWO\�UHYLHZHG�LQ��.UDQFH�HW�DO�����������

7KLV�KDV�LQFOXGHG�PXOWLSOH�KLJK�WKURXJKSXW�VFUHHQV�RI�XS�WR��������FRPSRXQGV�

LQ�YDULRXV�FHOO�OLQHV��DV�ZHOO�DV�PRUH�WDUJHWHG�K\SRWKHVLV�GULYHQ�VWXGLHV��OHDGLQJ�

WR� LGHQWLILFDWLRQ� RI� QXPHURXV� DQWL�SULRQ� FRPSRXQGV� LQFOXGLQJ� ZHOO�VWXGLHG�

TXLQDFULQH� DQG� SRO\DQLRQV� VXFK� DV� SHQWRVDQ� SRO\VXOSKDWH� �336�� �&DXJKH\�	�

5D\PRQG��������'RK�8UD��,ZDNL��	�&DXJKH\���������+RZHYHU��DOWKRXJK�WKHUH�LV�

HYLGHQFH� WR� VXSSRUW� HIILFDF\� RI� VRPH� FRPSRXQGV� LQ� PRXVH� PRGHOV� RI� SULRQ�

GLVHDVH��WULDOV�LQ�SDWLHQWV�KDYH�QRW�VXFFHHGHG�LQ�SURYLGLQJ�VXIILFLHQW�HYLGHQFH�IRU�

D� FOLQLFDO� LPSDFW� RQ� GLVHDVH� SURJUHVVLRQ� �RXWVLGH� RI� REVHUYDWLRQDO� UHSRUWV� RI�

LQFUHDVHG� VXUYLYDO� WLPH� IRU� 336�� �%RQH�� %HOWRQ��:DONHU�� 	� 'DUE\VKLUH�� ������

&ROOLQJH� HW� DO��� ������� 7KLV� ODFN� RI� FOLQLFDO� HIILFDF\� HPSKDVLVHV� WKH� QHHG� IRU�
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FDXWLRQ�LQ�H[WUDSRODWLQJ�FRQFOXVLRQV�GUDZQ�IURP�FHOO�FXOWXUH�V\VWHPV�WR�KXPDQ�

GLVHDVH��1RQHWKHOHVV� IXQFWLRQDO�JHQHWLFV�VWXGLHV� LQ� WKHVH�FHOO� OLQHV�KDYH�EHHQ�

VRPHZKDW�VXFFHVVIXO��IRU�H[DPSOH�D�VFUHHQ�SHUIRUPHG�%URZQ�HW�DO�RI����SXWDWLYH�

GLVHDVH� DVVRFLDWHG� JHQHV� �SUHYLRXVO\� LGHQWLILHG� LQ� YDULRXV� KXPDQ� DQG�PRXVH�

VWXGLHV�� LQ� 3.�� FHOOV� VXSSRUWHG� D� UROH� IRU� �� RI� WKHVH� LQ� SULRQ� LQIHFWLRQ� DQG�RU�

SURSDJDWLRQ� LQ� WKH�$6&$�� LQGLFDWLQJ�VRPH�RYHUODS�EHWZHHQ� WKLV�PHFKDQLVP� LQ�

FHOO�OLQHV�DQG�SDWLHQWV��&��$��%URZQ�HW�DO����������

$OWKRXJK�QRQH�RI�WKH�LPPRUWDOLVHG�KXPDQ�FHOO�OLQHV�WHVWHG�DSSHDU�VXVFHSWLEOH�WR�

VXVWDLQHG� SULRQ� DJJUHJDWLRQ�� WKH\� VWLOO� SURYLGH� WKH� DGGHG� DSSHDO� RI� PRUH�

DFFXUDWHO\�UHSUHVHQWLQJ�WKH�JHQHWLF�EDFNJURXQG��DQG�WKXV�SRWHQWLDOO\�ELRORJ\��RI�

KXPDQ�GLVHDVHV�ZKLOVW�UHWDLQLQJ�WKH�HDVH�RI�XVH�DQG�ORZ�FRVW�EHQHILWV��3LQHDX�	�

6LP���������7KHUHIRUH�QXPHURXV�KXPDQ�OLQHV�KDYH�EHHQ�XVHG�LQ�SULRQ�UHVHDUFK��

SUHGRPLQDQWO\�IRU�H[SORUDWLRQV�RI�3U3&�IXQFWLRQ��)RU�H[DPSOH�WKH�QHXUREODVWRPD�

6+�6<�<�FHOO� OLQH�KDV�RIWHQ�EHHQ�XWLOLVHG�GXH�WR�LWV�KXPDQ�QHXURQDO�RULJLQ��DV�

ZHOO�DV�LWV�ODFN�RI�3U3&�H[SUHVVLRQ�SHUPLWWLQJ�WUDQVIHFWLRQ�RI�PXWDQW�DQG�HSLWRSH�

WDJJHG�3U3�ZLWKRXW� LQWHUIHUHQFH�IURP�HQGRJHQRXV�SURWHLQ��KRZHYHU� LQFUHDVLQJ�

SURSHQVLW\� IRU� RYHUH[SUHVVLRQ� DUWHIDFWV��� VXFK� DV� IRU� VWXG\� RI� 3U3&� UHFHSWRUV��

JO\FRV\ODWLRQ��VKHGGLQJ�DQG�UHJXODWLRQ��3DUNLQ�HW�DO���������3HDVH�HW�DO���������

:DOPVOH\��=HQJ��	�+RRSHU���������$OWKRXJK�WKHLU�DSSDUHQW�UHVLVWDQFH�WR�SULRQ�

LQIHFWLRQ�FDQQRW�EH�RYHUORRNHG��WKHUH�DUH�FHUWDLQO\�EHQHILWV�IRU�VWXG\LQJ�KXPDQ�

JHQHWLFV� LQ� D� VSHFLHV�PDWFKHG� V\VWHP�� 7KH� DIRUHPHQWLRQHG� UHFHQW�

GHPRQVWUDWLRQ�RI�KXPDQ�SULRQ�SURSDJDWLRQ�LQ�L36�GHULYHG�QHXUDO�FHOO� OLQHV�PD\�

RYHUFRPH�WKLV�OLPLWDWLRQ��KRZHYHU�WKLV�LV�\HW�WR�EH�IXOO\�FKDUDFWHULVHG��SHUPLWWLQJ�

VWXGLHV�RI�SULRQ�IXQFWLRQ�LQ�D�FHOO� OLQH�ZLWK�D�UHOHYDQW�JHQHWLF�EDFNJURXQG�� L36�

GHULYHG�QHXURQDO�FHOOV�KDYH�DOUHDG\�EHHQ�XVHG�IRU�VWXGLHV�RI�3U3&�LQFOXGLQJ�LWV�

IXQFWLRQ�DV�D�UHFHSWRU�IRU�RWKHU�ROLJRPHULF�DP\ORLG�VSHFLHV�DQG�H[SORUDWLRQ�RI�WKH�

DVVRFLDWHG�SDWKZD\V��&RUEHWW�HW�DO���������-DURV]�*ULIILWKV�HW�DO����������

�������&HOO�OLQHV�DV�D�PRGHO�IRU�UHODWHG�SURWHRSDWKLF�
DJJUHJDWHV�

7KH�LQFUHDVLQJ�DSSUHFLDWLRQ�RI�WKH�DELOLW\�RI�GLIIHUHQW�SURWHRSDWKLF�DJJUHJDWHV�WR�

DOVR� LQGXFH� WKH� VHOI�WHPSODWHG� FRQYHUVLRQ� RI� FHOOXODU� SURWHLQV� LQWR� SDWKRJHQLF�

IRUPV�� KDV� GULYHQ� LQHYLWDEOH� VWXGLHV� DWWHPSWLQJ� WR� PRGHO� WKLV� SURFHVV� LQ� FHOO�

FXOWXUH��VLPLODU�WR�WKRVH�GHVFULEHG�IRU�WKH�SULRQ�SURWHLQ��$V�SUHYLRXVO\�GLVFXVVHG��
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WKHVH� SURYLGH� QRW� RQO\� WRROV� WR� LQYHVWLJDWH� WKH� VHHGLQJ� SURSHQVLWLHV� RI�

ELRPDWHULDOV��ZKLFK�PD\�UHODWH�WR�GLVHDVH�DHWLRORJ\���EXW�DV�ELRORJLFDO�V\VWHPV�WR�

VWXG\�WKH�PHFKDQLVPV�RI�WKHVH�SURFHVVHV��

,Q� WKH� 6&$�� GH� QRYR� SULRQ� DJJUHJDWHV� DUH� GLIIHUHQWLDWHG� IURP� LQLWLDO� PDWHULDO�

WKURXJK� VHULDO� SDVVDJH� DQG� VXEVHTXHQW� 3.� GLJHVWLRQ�� 'XH� WR� WKH� UHODWLYH�

SURWHDVH�VHQVLWLYLW\�RI�RWKHU�SURWHLQ�DJJUHJDWHV�DQG�WR�OLPLW�WKH�UHTXLUHPHQW�IRU�

VXVWDLQHG�DJJUHJDWLRQ��D�QXPEHU�RI�FHOO�OLQHV�KDYH�EHHQ�HQJLQHHUHG�WR�H[SUHVV�

DOWHUQDWLYH� UHSRUWHUV� IRU� SURWHLQ� DJJUHJDWLRQ� �RIWHQ� WHUPHG� µELRVHQVRUV¶��� )RU�

H[DPSOH� 0DUF� 'LDPRQG¶V� JURXS� HQJLQHHUHG� D� +(.���7� FHOO� OLQH� WR� VWDEO\�

H[SUHVV� WKH� WDX� UHSHDW� GRPDLQ�ZLWK� WKH� SDWKRJHQLF� 3���6�PXWDWLRQ� IXVHG� WR�

HLWKHU�<)3�RU�&)3��+ROPHV�HW�DO����������8SRQ�SURWHLQ�DJJUHJDWLRQ��WKHVH�5'V�

EHFRPH�VXIILFLHQWO\�FORVH�IRU�GHWHFWDEOH�IOXRUHVFHQFH�UHVRQDQFH�HQHUJ\�WUDQVIHU�

�)5(7��� ZKLFK� FDQ� EH� XVHG� WR� UHSRUW� WKH� VHHGLQJ� FDSDELOLWLHV� RI� ELRVDPSOHV�

�+ROPHV�HW�DO����������7KH�VDPH�SXEOLFDWLRQ�DOVR�GHVFULEHG�D�VLPLODU�ELRVHQVRU�

IRU�V\QXFOHLQRSDWKLHV�YLD�IXVLRQ�RI�IXOO�OHQJWK�Į�V\QXFOHLQ�ZLWK�$��7�PXWDWLRQ�WR�

WKH�VDPH�IOXRURSKRUHV��7KHVH�PRGHOV�ZHUH�DEOH�WR�GHWHFW�WDX�DQG�Į�V\QXFOHLQ�

DJJUHJDWHV� LQ� D� KLJKO\� VHQVLWLYH� ������ S0�� GRVH�GHSHQGHQW� PDQRU� ZKLFK�

SUHFHGHG�WKH�RQVHW�RI�WDX�KLVWRSDWKRORJ\�LQ�PLFH��6LPLODU�VWXGLHV�KDYH�DOVR�EHHQ�

GHVFULEHG� IRU� RWKHU� UHODWHG� SURWHLQV� LQFOXGLQJ� KXQWLQJWLQ�� ȕ�DP\ORLG� DQG�

VXSHUR[LGH�GLVPXWDVH����62'����SURYLGLQJ�UHVHDUFKHUV�ZLWK�D�SOHWKRUD�RI�WRROV�

IRU�LQYHVWLJDWLQJ�SURSDJDWLRQ�RI�UHODWHG�SURWHLQV�LQ�ELRORJLFDO�V\VWHPV��$R\DJL�HW�

DO���������0XQFK��2
%ULHQ��	�%HUWRORWWL��������3��+��5HQ�HW�DO����������7KLV�LV�YLWDO�

QRW�RQO\�IRU�PHFKDQLVWLF�VWXGLHV�RI�WKLV�NH\�SDWKRJHQLF�SURFHVV�EXW�KDV�SRWHQWLDO�

DSSOLFDWLRQV�IRU�SXEOLF�KHDOWK��ZLWK�LQFUHDVLQJ�XQFHUWDLQW\�RYHU�WKH�UHOHYDQFH�RI�

WKLV�PHFKDQLVP� WR� LQIHFWLYLW\�� DQG�PD\EH� HYHQ� GLDJQRVWLFV� LI� VHHGLQJ� FDQ� EH�

GHWHFWHG�LQ�ELRIOXLGV��

$OWKRXJK� WKH� GHYHORSPHQW� RI� FHOO� FXOWXUH� V\VWHPV� DEOH� WR� UHIOHFW� WKH� VHHGHG�

DJJUHJDWLRQ�RI�GLVHDVH�DVVRFLDWHG�SURWHLQV� LV�XQGRXEWHGO\�JRLQJ� WR�EH�D�JUHDW�

DVVHW� IRU� HOXFLGDWLQJ� WKLV� PHFKDQLVP�� WKH� UHOHYDQFH� RI� WKHVH� PRGHOV� WR� WKH�

GLVHDVH�LV�\HW�WR�EH�IXOO\�HVWDEOLVKHG��,PSRUWDQWO\�ZKHWKHU�DJJUHJDWHV�IRUPHG�LQ�

WKHVH�FHOOV�DUH�UHSUHVHQWDWLYH�RI�WKRVH�ZKLFK�PD\�EH�FDXVLQJ�SDWKRJHQLF�VSUHDG�

LQ� WKH� GLVHDVH� LV� XQNQRZQ�� 7KLV� LV� SDUWLDOO\� GULYHQ� E\� WKH� ODFN� RI� VXVWDLQHG�

SURSDJDWLRQ�DFURVV�PXOWLSOH�SDVVDJHV�SUHYHQWLQJ�DFFXPXODWLRQ�RI�DJJUHJDWHV��
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DOVR�KLQGHULQJ�GLVWLQFWLRQ�RI�GH�QRYR�DJJUHJDWHV�IURP�VHHGLQJ�PDWHULDO��7KLV�PD\�

EH� GXH� WR� WKH� UHGXFHG� LQIHFWLYLW\� RI� WKHVH� SURWHLQV� FRPSDUHG� WR� SULRQV� DV�

VXJJHVWHG�E\�WKH�OLPLWHG�HYLGHQFH�RI�KXPDQ�WR�KXPDQ�WUDQVPLVVLRQ��7KHUHIRUH�

IXUWKHU�VWXGLHV�ZLOO�EH�UHTXLUHG�WR�GHWHUPLQH�WKH�UHOHYDQFH�RI�WKHVH�V\VWHPV�WR�

GLVHDVH� DHWLRORJ\� DQG� WKXV� VXLWDELOLW\� RI� PHFKDQLVWLF� DQG� IXQFWLRQDO� JHQHWLF�

VWXGLHV���

�������&KDSWHU�VXPPDU\�
7KH� ZRUN� GHVFULEHG� LQ� WKLV� FKDSWHU� ZDV� DVVLVWHG� E\� (PPDQXHOOH� 9LUp� ZKHUH�

VWDWHG�DQG�$6&$V�SHUIRUPHG�E\�&KULVWLDQ�6FKPLGW��3DUYLQ�$KPHG�DQG�*HRUJH�

7KLUOZD\��DOO�RWKHU�ZRUN�ZDV�SHUIRUPHG�E\�P\VHOI���

7KLV�VWXG\�DLPHG�WR�XWLOLVH�JHQHWLF�PDQLSXODWLRQ�LQ�FHOO�PRGHOV�DEOH�WR�SURSDJDWH�

UHOHYDQW� SURWHRSDWKLF� VHHGV�� LQ� FRPELQDWLRQ� ZLWK� ELRFKHPLFDO� SURWHLQ�EDVHG�

PHWKRGV�� WR� LQYHVWLJDWH� WKH� UROH� RI� 67;�� LQ� ERWK� SULRQ� SURWHLQ� ELRORJ\� ±� DV�

SUHYLRXVO\� GHVFULEHG��67;�� KDV� EHHQ� HVWDEOLVKHG� DV� D� JHQHWLF� ULVN� IDFWRU� IRU�

V&-'� ZLWK� D� FKDQJH� LQ� JHQH� H[SUHVVLRQ� LQ� EUDLQ� WLVVXHV� OLNHO\� GULYLQJ� WKLV�

DVVRFLDWLRQ��VHH�VHFWLRQ��������±�DV�ZHOO�DV�WDX�GXH�WR�DVVRFLDWLRQ�RI�WKH�VDPH�

JHQHWLF�VLJQDO�ZLWK�WKH�WDXRSDWK\�363��+RJOLQJHU�HW�DO���������-RQHV�HW�DO����������

([SHULPHQWV�LQ�WKLV�VWXG\�IRFXV�RQ�SULRQ�LQIHFWLRQ�DQG�FOHDUDQFH��SURWHLQ�SURWHLQ�

LQWHUDFWLRQV�DQG� LQWUDFHOOXODU� WUDQVSRUW�GXH� WR� WKH�SUHYLRXVO\�GHVFULEHG� UROHV�RI�

V\QWD[LQ���LQ�HQGRO\VRVRPDO�SURWHLQ�WUDQVSRUW��VHH�VHFWLRQ��������

�����5HVXOWV�

�������5ROH�RI�67;��LQ�SULRQ�LQIHFWLRQ�
7R�EHJLQ�WR�LQYHVWLJDWH�WKH�SRWHQWLDO�UROH�RI�V\QWD[LQ���LQ�SULRQ�GLVHDVH�ELRORJ\��

JHQH�H[SUHVVLRQ�ZDV�PDQLSXODWHG�LQ�WKH�1�D�VXE�FORQH��3.��FHOOV��DV�WKH�PRVW�

FRPPRQO\� XVHG� DQG�ZHOO� HVWDEOLVKHG� FHOO� OLQH� LQ� SULRQ� UHVHDUFK�� 6KRUW�KDLUSLQ�

51$V� �VK51$�� ZHUH� XWLOLVHG� WR� JHQHUDWH� VWDEOH� FHOO� OLQHV� ZLWK� UHGXFHG� 6W[��

H[SUHVVLRQ�WR�PRQLWRU�LQIHFWLYLW\�ZLWK�50/�RYHU�PXOWLSOH�SDVVDJHV�LQ�WKH�$6&$�

�DV�SUHYLRXVO\�GHVFULEHG�LQ�VHFWLRQ����������

5HWURYLUXVHV�ZHUH�JHQHUDWHG�FRQWDLQLQJ�RQH�RI�IRXU�VK51$�VHTXHQFHV��67;��$�

'��)LJXUH���D��LQ�D�S5HWUR6XSHU�YHFWRU��HDFK�WDUJHWLQJ�D�GLIIHUHQW�SDUW�RI�WKH�6W[��

P51$� FRGLQJ� VHTXHQFH�� DQG� WUDQVGXFHG� FHOOV� VHOHFWHG� XVLQJ� SXURP\FLQ�

UHVLVWDQFH��.QRFNGRZQ�HIILFLHQF\�LQ�3.��FHOOV�ZDV�PHDVXUHG�E\�LPPXQREORWWLQJ�
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UHODWLYH� WR� D� VFUDPEOHG� QRQ�VLOHQFLQJ� VK51$� VHTXHQFH� �µ1RQ�VLOHQFLQJB���

�)LJXUH���E�DQG�F���,Q�WKLV�LQLWLDO�VFUHHQ�67;�B'�GHPRQVWUDWHG�WKH�KLJKHVW�OHYHO�

RI�SURWHLQ�NQRFNGRZQ��E\�����UHODWLYH�WR�WKLV�FRQWURO���

�

)LJXUH�����2SWLPLVDWLRQ�RI�UHWURYLUDO�6W[��NQRFNGRZQ�LQ�3.��FHOOV�DQG�SLORW�VWXG\�
RI�LQIOXHQFH�RI�SULRQ�SURSDJDWLRQ�LQ�DXWRPDWHG�VFUDSLH�FHOO�DVVD\��$6&$���
�D��%LQGLQJ�VLWHV�RI�6W[��VK51$V��67;�B$��67;�B%��67;�B&��67;�B'��LQ�PRXVH�6W[��
P51$�RSHQ�UHDGLQJ�IUDPH�VSDQQLQJ�H[RQV�����ZLWKLQ�WKH�FRGLQJ�VHTXHQFH��&'6����E��
F��6FUHHQLQJ�RI�NQRFNGRZQ�HIILFLHQF\�RI���VK51$�VHTXHQFHV�LQ�WUDQVGXFHG�3.��FHOOV�
UHODWLYH�WR�QRQ�VLOHQFLQJ�VHTXHQFH��1RQ�VLOHQFLQJB���1RQ�VLOHQFLQJB�����E��,PPXQREORW�
IRU�V\QWD[LQ���DQG�ȕ�DFWLQ�SURWHLQ�OHYHOV��F��TXDQWLILHG�DV�LQWHQVLW\�RI�V\QWD[LQ���VWDLQLQJ�
DV�D�SURSRUWLRQ�RI�ȕ�DFWLQ��QRUPDOLVHG�WR�1RQ�VLOHQFLQJB����G��2SWLPLVDWLRQ�RI�NQRFNGRZQ�
ZLWK�67;�B'�DORQH�RU� FRPELQDWLRQ� RI� �� VK51$V� �67;�BDOO��ZLWK� GLIIHUHQW� SXURP\FLQ�
FRQFHQWUDWLRQV�������J�PO��IRU�VHOHFWLRQ�RU�DGGLWLRQ�RI�969�*�UHWURYLUDO�HQYHORSH�SURWHLQ�
��� 969�*��� ,PPXQREORW� IRU� V\QWD[LQ��� DQG� ȕ�DFWLQ� SURWHLQ� OHYHOV� �VROLG� OLQH� LQGLFDWHV�
GLVWLQFW�EORWV��� �H��$6&$�RQ�FHOO� OLQHV�ZLWK�KLJKHVW� OHYHO�RI�NQRFNGRZQ��67;�B'BQHZ��
67;�B'BDOO�DQG�1RQ�VLOHQFLQJ�DV�VKRZQ�LQ�SDQHO�'��67;�B'BRUL�DV�VKRZQ�LQ�SDQHOV�%�
DQG�&��SXURP\FLQ�FRQFHQWUDWLRQ�IRU�VHOHFWLRQ�������J�PO��LQGLFDWHG�LQ�JUH\�DW�WRS�RI�SORW��
ZLWK�DGGLWLRQDO�FRQWURO�FHOO�OLQHV��3UQS�NQRFNGRZQ��3513���HPSW\�S56�YHFWRU��(PSW\���
VK51$� WDUJHWLQJ�5)3� �5)3���� 9DULDEOH� HIIHFW� RI� NQRFNGRZQ� RQ� LQIHFWHG� FHOO� QXPEHU�
�6SRWV�SHU�ZHOO��GDWD�VKRZ�SRVW��WK�VSOLW��50/�GLOXWLRQ���[��������(UURU�EDUV��PHDQ���6(0�
�WHFKQLFDO�UHSOLFDWHV���Q� ����$6&$�SHUIRUPHG�E\�&KULVWLDQ�6FKPLGW��3DUYLQ�$KPHG�DQG�
*HRUJH�7KLUOZD\��

�
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.QRFNGRZQ� HIILFLHQF\� IROORZLQJ� UHWURYLUDO� WUDQVGXFWLRQ� ZLWK�6W[�� VK51$V� ZDV�

RSWLPLVHG� WKURXJK� PDQLSXODWLRQ� RI� D� QXPEHU� RI� SDUDPHWHUV�� FRQFHQWUDWLRQ� RI�

SXURP\FLQ�XVHG�IRU�VHOHFWLRQ�RI�WUDQVGXFHG�FHOOV������ȝJ�PO���WKH�FRPELQDWLRQ�RI�

YHFWRUV� �67;�B'�DORQH��DOO� �� WHVWHG�VK51$V� LQ� FRPELQDWLRQ� �µ67;�BDOO¶���� WKH�

DGGLWLRQ� RI� UHWURYLUDO� HQYHORSH� YHFWRU� 969�*�� �)LJXUH� ��G��� %\� LPPXQREORW�

DQDO\VLV�� FHOOV� XQGHU� VHOHFWLRQ� DW� �� DQG� �� ȝJ�PO� GHPRQVWUDWHG� WKH� KLJKHVW�

HIILFLHQF\�RI�V\QWD[LQ���SURWHLQ�NQRFNGRZQ��7KHVH�ZHUH�XVHG�IRU�D�SLORW�$6&$�

DORQJ� ZLWK� FHOO� OLQHV� WUDQVGXFHG� ZLWK� D� 3UQS�WDUJHWLQJ� VK51$� ZKLFK� KDV�

SUHYLRXVO\�EHHQ�VKRZQ�WR�LQKLELW�SULRQ�SURSDJDWLRQ�LQ�WKLV�DVVD\��SRVLWLYH�FRQWURO���

DQG�DQ�VK51$�WDUJHWLQJ�UHG�IOXRUHVFHQW�SURWHLQ��5)3��DV�DQ�DGGLWLRQDO�QHJDWLYH�

FRQWURO��*RROG�HW�DO����������$V�FDQ�EH�VHHQ�LQ�)LJXUH���H��XQOLNH�3U3��NQRFNGRZQ�

RI�V\QWD[LQ���WR�WKLV�H[WHQW�GRHV�QRW�DSSHDU�WR�UHOLDEO\�LQIOXHQFH�WKH�DELOLW\�RI�3.��

FHOOV�WR�SURSDJDWH�50/�SULRQV��KRZHYHU�WKH�HIILFLHQF\�RI�NQRFNGRZQ�KHUH�LV�ERWK�

OLPLWHG�DQG�YDULDEOH��

7R� WKHUHIRUH� IXUWKHU� LQFUHDVH� WKH� OHYHO�RI�6W[��NQRFNGRZQ��D�PRGLILHG�PHWKRG�

ZDV�XVHG�LQ�ZKLFK�VK51$V�ZHUH�GLUHFWO\�WUDQVIHFWHG��E\SDVVLQJ�WKH�UHTXLUHPHQW�

IRU�UHWURYLUXVHV���FHOOV�SDVVDJHG�WR�LQGXFH�VK51$�LQWHJUDWLRQ�GXULQJ�PLWRVLV��DQG�

VLQJOH� FHOO� FORQHG� WR� LGHQWLI\� FHOOV� GHPRQVWUDWLQJ� WKH� ODUJHVW� UHGXFWLRQ� LQ�JHQH�

H[SUHVVLRQ��)ROORZLQJ�GLUHFW�WUDQVIHFWLRQ�RI�3.��FHOOV�ZLWK�67;�B'�VK51$��VLQJOH�

FHOO�SRSXODWLRQV�ZHUH�VFUHHQHG�E\�57�T3&5��FORQHV������DQG���GHPRQVWUDWHG�WKH�

ODUJHVW�UHGXFWLRQ�LQ�6W[��P51$�H[SUHVVLRQ��WHUPHG�µ67;�B'��¶��µ67;�B'��¶�DQG�

µ67;�B'��¶��GDWD�QRW�VKRZ���7KLV�ZDV�YDOLGDWHG�E\�IXUWKHU�57�T3&5��)LJXUH���D��

67;�B'���YV�1RQ�VLO�$��3� ��������DQG�LPPXQREORW�LQ�ZKLFK�FORQHV�67;�B'���

DQG�67;�B'���GHPRQVWUDWHG�D������)LJXUH���E�DQG�F��3� �������YV�1RQ�VLO�%��

DQG� ���� �3�  � ������ YV�1RQ�VLO� %�� UHGXFWLRQ� LQ� V\QWD[LQ��� SURWHLQ� H[SUHVVLRQ�

UHODWLYH�WR�FRQWURO� OLQHV�UHVSHFWLYHO\��KRZHYHU�LQ�FORQH�67;�B'���WKHUH�ZDV�QR�

GLIIHUHQFH��)LJXUH���E�DQG�F���3UQS�NQRFNGRZQ�ZDV�DOVR�FRQILUPHG�E\�57�T3&5�

�)LJXUH���G��3� ��������YV�1RQ�VLO�$��3� �������YV�1RQ�VLO�%��3� ���������YV�

5)3��DQG�LPPXQREORW�ZLWK�DQWL�3U3�DQWLERG\��)LJXUH���H�DQG�I��a�����3� �������

YV�1RQ�VLO�%��3� ��������YV�1RQ�VLO�$���7KHVH�GDWD�DOVR�GHPRQVWUDWH�FRQVLVWHQW�

3U3�H[SUHVVLRQ�EHWZHHQ�RWKHU�FHOO�OLQHV�DQG�ZKLFK�KDV�EHHQ�VKRZQ�WR�LQIOXHQFH�

SULRQ�SURSDJDWLRQ�LQ�WKH�6&$��XQSXEOLVKHG�GDWD���6LPLODUO\�JURZWK�UDWH�PHDVXUHG�
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DFURVV�WKUHH�SDVVDJHV��GRXEOLQJ�WLPH�FDOFXODWHG�DV�SHU�0HWKRGV�VHFWLRQ��������

LV�FRQVLVWHQW�EHWZHHQ�DOO�FHOO�OLQHV��)LJXUH���J����

�

)LJXUH�����.QRFNGRZQ�RI�6W[��H[SUHVVLRQ�LQ�3.��FHOOV�E\�!����GRHV�QRW�KDYH�D�
FRQVLVWHQW�HIIHFW�RQ�SULRQ�SURSDJDWLRQ�LQ�WKH�DXWRPDWHG�VFUDSLH�FHOO�DVVD\��$6&$���
3.��FHOOV�ZHUH�WUDQVIHFWHG�ZLWK�VK51$V�WDUJHWLQJ�6W[��RU�3UQS��RU�UHG�IOXRUHVFHQW�SURWHLQ�
�5)3��RU�D�VFUDPEOHG�VHTXHQFH��1RQ�VLO��IRU�FRQWUROV��)ROORZLQJ�WUDQVIHFWLRQ�FHOOV�ZHUH�
VSOLW� WR� LQWHJUDWH�VK51$�DQG�WUDQVIHFWHG�FHOOV�VHOHFWHG�XVLQJ�SXURP\FLQ��&ORQHV�ZHUH�
VFUHHQHG�E\�57�T3&5���D�F��.QRFNGRZQ�LQ�FORQHV����67;�B'��������67;�B'����DQG���
�67;�B'����ZHUH�YHULILHG�E\��D��57�T3&5�UHODWLYH�WR�*DSGK�KRXVHNHHSLQJ�JHQH�DQG��E��
LPPXQREORW�ZLWK�DQWL�V\QWD[LQ���DQLWLERG\�ZLWK��F��EDQG�LQWHQVLW\�PHDVXUHG�UHODWLYH�WR�ȕ�
DFWLQ�ORDGLQJ�FRQWURO���G�I��3UQS�H[SUHVVLRQ�PHDVXUHG�E\��G��57�T3&5�UHODWLYH�WR�*DSGK�
UHIHUHQFH�JHQH�DQG��H��LPPXQREORW�ZLWK�DQWL�3U3�DQWLERG\��FORQH�,&60����ZLWK��I��EDQG�
LQWHQVLW\� PHDVXUHG� UHODWLYH� WR� ȕ�DFWLQ� ORDGLQJ� FRQWURO�� �J�� *URZWK� UDWH� PHDVXUHG� DV�
GRXEOLQJ�WLPH�LQ�GD\V��DOO�QV��RQH�ZD\�$129$�ZLWK�7XNH\¶V�SRVW�KRF�WHVW����K��$YHUDJH�
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VSRW�FRXQW�RI� LQIHFWHG�FHOO�QXPEHU�SRVW��WK�VSOLW� LQ�$6&$�ZLWK�50/�DW���[������GLOXWLRQ�
�PHDQV�FXEH�URRW�WUDQVIRUPHG�IRU�QRUPDOLW\����6WXGHQW¶V�W�WHVW��3����������3����������
3� �� �������� (UURU� EDUV�� PHDQ� �� 6(0�� Q�  � ��� ,QLWLDO� VFUHHQLQJ� ZLWK� DVVLVWDQFH� IURP�
(PPDQXHOOH�9LUp�DQG�$6&$�SHUIRUPHG�E\�&KULVWLDQ�6FKPLGW��3DUYLQ�$KPHG�DQG�*HRUJH�
7KLUOZD\��

�

$V� H[SHFWHG� 3U3� NQRFNGRZQ� JUHDWO\� UHGXFHG� SULRQ� SURSDJDWLRQ� LQ� WKH� $6&$�

�)LJXUH���K��3513�YV�1RQ�VLO�$��3� �����[�������YV�1RQ�VLO�%��3� �����[�������YV�

5)3��3� �����[��������+RZHYHU��GHVSLWH�NQRFNGRZQ�RI�V\QWD[LQ���WR�VLPLODU�OHYHOV�

LQ� WKH� WZR� FORQHV� WHVWHG�� WKH� HIIHFW� RQ� SURSDJDWLRQ�ZDV� QRW� FRQVLVWHQW�� FORQH�

67;�B'���KDG�UHGXFHG�VSRW�FRXQW�UHODWLYH�WR�FRQWUROV��67;�B'���YV�1RQ�VLO�%��

3� ��������FRPSDUHG�WR�67;�B'���IRU�ZKLFK�WKLV�ZDV�LQFUHDVHG��67;�B'���YV�

1RQ�VLO�$��3� ��������YV�5)3��3� �����[��������7KLV�GLIIHUHQFH�LV�OLNHO\�GXH�WR�RWKHU�

ELRORJLFDO�IDFWRUV�DULVLQJ�IURP�FORQDO�VHOHFWLRQ�LQIOXHQFLQJ�WKH�DELOLW\�RI�WKHVH�FHOOV�

WR�SURSDJDWH�SULRQV��7KH�NQRFNGRZQ�RI�V\QWD[LQ���GLG�QRW�GHPRQVWUDWH�DQ�HIIHFW�

RQ�SULRQ�LQIHFWLRQ�RU�SURSDJDWLRQ�DERYH�WKLV�LQWHU�FORQDO�YDULDWLRQ���

,Q� DGGLWLRQ� WR� 1�D� FHOOV� D� QXPEHU� RI� RWKHU� LPPRUWDOLVHG� FHOO� OLQHV� KDYH� EHHQ�

GHYHORSHG� IRU�PRGHOOLQJ�SULRQ�SURSDJDWLRQ� LQ�FXOWXUH��7KHVH�FHOO� OLQHV�DOO�GLIIHU�

VXEVWDQWLDOO\� LQ� WKHLU� SULRQ� VWUDLQ� VXVFHSWLELOLW\�� OLNHO\� GXH� WR� WKH� SUHVHQFH� RU�

DEVHQFH� RI� GLIIHUHQW� FRIDFWRUV� UHTXLUHG� IRU� HIILFLHQW� SURSDJDWLRQ�� IRU� H[DPSOH�

FDYHROLQ��� ODUJHO\� PLVVLQJ� IURP� 1�D� FHOOV� PD\� FRQWULEXWH� WR� SULRQ� XSWDNH�

�)HKOLQJHU�HW�DO���������6KRZ�/LQJ�6K\QJ�HW�DO����������7KHUHIRUH��WR�DFFRXQW�IRU�

WKLV�DQG�WKH�SRWHQWLDO�DEVHQFH�RI�RWKHU�NH\�SURWHLQV�ZKLFK�PD\�UHODWH�WR�WKH�UROH�

RI�V\QWD[LQ����DQ�DGGLWLRQDO�FHOO�OLQH�WR�3.��FHOOV�ZDV�XWLOLVHG��&KRXGKXU\�HW�DO���

������� &$'�� FHOOV� �VXEFORQH� RI� &DWK�D�GLIIHUHQWLDWHG� �&$'�� PRXVH�

FDWHFKRODPLQHUJLF�QHXURQDO�WXPRXU�FHOO�OLQH�WHUPHG�&$'��$�'���ZHUH�VHOHFWHG�

GXH�WR�WKHLU�VXVFHSWLELOLW\�WR�D�ZLGH�UDQJH�RI�SULRQ�VWUDLQV�DQG�WKHLU�URXWLQH�XVH�LQ�

WKH�8QLW��0DKDO�HW�DO����������7KH�VDPH�SURWRFRO�RSWLPLVHG�IRU�NQRFNGRZQ�RI�6W[��

DQG�3UQS�LQ�3.��FHOOV�ZDV�XVHG��DV�XVHG�LQ�)LJXUH�����KRZHYHU��XQOLNH�IRU�WKH�

3UQS�WDUJHWLQJ� VK51$� ZKLFK� GHPRQVWUDWHG� XS� WR� ���� UHGXFWLRQ� LQ� P51$�

H[SUHVVLRQ��QHLWKHU�WKH�SRRO�RI�WUDQVIHFWHG�FHOOV�RU�DQ\�RI�WKH����FORQHV�VFUHHQHG�

GHPRQVWUDWHG� DQ\� HYLGHQFH� RI� UHGXFHG� 6W[�� H[SUHVVLRQ� JUHDWHU� WKDQ� ����

GLIIHUHQFH�FRPSDUHG�WR�QRQ�VLOHQFLQJ�FRQWUROV��)LJXUH���D�DQG�E���$Q�DOWHUQDWLYH�

PHWKRG�ZRXOG�WKHUHIRUH�EH�UHTXLUHG�IRU�PDQLSXODWLQJ�6W[��H[SUHVVLRQ�LQ�WKLV�OLQH��
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�

)LJXUH� ���� 2SWLPLVHG� SURWRFRO� IRU� VK51$�PHGLDWHG� JHQH� NQRFNGRZQ� GRHV� QRW�
\LHOG�VWDEOH�FHOO�OLQHV�ZLWK�UHGXFHG�6W[��H[SUHVVLRQ�LQ�&$'��FHOOV��
&$'��FHOOV�ZHUH�WUDQVIHFWHG�ZLWK�VK51$�VHTXHQFHV�WDUJHWLQJ�6W[���67;�B'��67;�BDOO��
RU�3UQS� WR�JHQHUDWH�NQRFNGRZQ�FHOO� OLQHV��EOXH���RU�UHG�IOXRUHVFHQW�SURWHLQ��5)3��RU�D�
VFUDPEOHG�VHTXHQFH��1RQ�VLO��IRU�FRQWUROV��UHG���)ROORZLQJ�WUDQVIHFWLRQ��FHOOV�ZHUH�VSOLW�
WR�LQWHJUDWH�VK51$�VHTXHQFH�DQG�VHOHFWHG�XVLQJ�SXURP\FLQ�UHVLVWDQFH���D��E��57�T3&5�
RQ� �D�� FHOO� SRROV� IROORZLQJ� VHOHFWLRQ� DQG� �E�� IROORZLQJ� VLQJOH� FHOO� FORQLQJ� RI� µ1RQ�VLO¶��
µ3513¶��µ67;�BDOO¶�DQG�µ67;�B'¶�FHOO�OLQHV��PHDVXULQJ�3UQS�DQG�6W[��P51$��VKRZQ�LQ�
JUH\�DW�WRS�RI�SORW��H[SUHVVLRQ�UHODWLYH�WR�*DSGK�KRXVHNHHSLQJ�JHQH��Q� �����1R�FHOO�OLQHV�
GHPRQVWUDWH� NQRFNGRZQ� RI� 6W[��P51$� JUHDWHU� WKDQ� ���� UHODWLYH� WR� QRQ�VLOHQFLQJ�
FRQWURO��

�

�������5ROH�RI�67;��LQ�SULRQ�FOHDUDQFH�
7R� LVRODWH� SULRQ� SURSDJDWLRQ� IURP� LQIHFWLRQ�� JHQH� H[SUHVVLRQ� LQ� 3.�� FHOOV�

FKURQLFDOO\�LQIHFWHG�ZLWK�50/�SULRQV��WHUPHG�µL3.�¶�FHOOV��ZDV�PRGLILHG�DQG�WKH�

OHYHO�RI�µFXULQJ¶�RI�3.�UHVLVWDQW�3U3�PHDVXUHG�XVLQJ�D�GRW�EORW�LPPXQRDVVD\��1��

&�� )HUUHLUD� HW� DO��� ������� $V� WKH� NQRFNGRZQ�ZDV� QRW� UHTXLUHG� ORQJ�WHUP� �DQG�

WUDGLWLRQDOO\� µFHOO� FXULQJ¶� LV� PHDVXUHG� MXVW� ���� GD\V� SRVW�WUHDWPHQW�� LQLWLDOO\�

WUDQVLHQW�NQRFNGRZQ�RI�3UQS�DQG�6W[��H[SUHVVLRQ�ZDV�WHVWHG���

7UDQVIHFWLRQ�RI�WKH�VDPH�VK51$�SODVPLG�FRQVWUXFWV�DV�SUHYLRXV�ZDV�RSWLPLVHG�

�WUDQVIHFWLRQ�UHDJHQW�W\SH�DQG�FRQFHQWUDWLRQ��DPRXQW�RI�'1$��E\�PHDVXULQJ�*)3�

H[SUHVVLRQ�DQG���FRQIOXHQFH�LQ�UHDO�WLPH�RYHU����KRXUV��VHH�0HWKRGV�VHFWLRQ�

��������7KH�ILQDO�WUDQVIHFWLRQ�FRQGLWLRQV�GHPRQVWUDWHG�D�NQRFNGRZQ�RI�ERWK�6W[��

DQG�3UQS�P51$�H[SUHVVLRQ�E\�a����UHODWLYH�WR�FRQWUROV�DW����K�SRVW�WUDQVIHFWLRQ�

�)LJXUH� ��D� DQG� E� UHVSHFWLYHO\��� $� GRW� EORW� LPPXQRDVVD\� KRZHYHU� VKRZHG�

YDULDEOH�DQG�OLPLWHG�HYLGHQFH�RI�V\QWD[LQ���RU�3U3�NQRFNGRZQ�DW�WKH�SURWHLQ�OHYHO�

�)LJXUH���F�I��� �
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�

)LJXUH�����7UDQVLHQW�NQRFNGRZQ�RI�6W[��H[SUHVVLRQ�IRU�XVH�LQ�FHOO�FXULQJ�DVVD\�LV�
QRW�VXIILFLHQW�
�D��E��.QRFNGRZQ�RI�P51$�H[SUHVVLRQ�DW����DQG����K�SRVW�WUDQVIHFWLRQ�XVLQJ��D��6W[��
RU� �E��3UQS� WDUJHWLQJ� VK51$V�GHWHUPLQHG�E\�57�T3&5� UHODWLYH� WR�*DSGK�H[SUHVVLRQ�
VKRZV� a���� NQRFNGRZQ� DIWHU� ��� K� IRU� ERWK� JHQHV� �Q�  � ���� �F�I�� .QRFNGRZQ� RI� �F��
V\QWD[LQ���DQG��G��3U3&�SURWHLQ�OHYHOV�GHWHUPLQHG�XVLQJ�GRW�EORW��DV�IRU�FHOO�FXULQJ�DVVD\��
���K�SRVW�WUDQVIHFWLRQ�QRUPDOLVLQJ�WR�FHOO�FRXQWV�SULRU�WR�O\VLV��'RW�LQWHQVLW\�PHDVXUHG�IRU�
�H��V\QWD[LQ���DQG��I��3U3&�VKRZV�KLJK�YDULDELOLW\�DQG�LQHIILFLHQW�NQRFNGRZQ��(UURU�EDUV��
PHDQ���6(0��WHFKQLFDO�UHSOLFDWHV���Q� ����

�

7R�PLQLPLVH�YDULDELOLW\�DQG�LQFUHDVH�NQRFNGRZQ�HIILFLHQF\�VWDEOH�FHOO�OLQHV�ZHUH�

JHQHUDWHG� DV� SUHYLRXV�� L3.�� FHOOV� ZHUH� WUDQVIHFWHG� ZLWK� 6W[�� �µ67;�B'¶��

µ67;�BDOO¶��RU�3UQS��µ3513¶��WDUJHWLQJ�VK51$V�RU�QHJDWLYH�FRQWURO�YHFWRUV��µ1RQ�

VLO¶�� µ5)3¶��� DV�ZHOO� DV�D� YHFWRU� HQFRGLQJ�6W[��F'1$� IRU� JHQH�RYHUH[SUHVVLRQ�

�µ67;�B2(¶�� DQG� UHODWHG� HPSW\� YHFWRU� FRQWURO� �µ&RQWUROB2(¶��� ,PPXQREORW�

FRQILUPV� NQRFNGRZQ� ZLWK� 67;�B'� ������� 67;�BDOO� ������ DQG� 3513� ������

VK51$V�UHODWLYH�WR�1RQ�VLO�FRQWURO�WR�D�VXIILFLHQW�OHYHO��VR�VLQJOH�FHOO�FORQLQJ�ZDV�

QRW�SHUIRUPHG��)LJXUH���D�DQG�E���2YHUH[SUHVVLRQ�RI�6W[��SURGXFHV�DQ�DGGLWLRQDO�

LPPXQRUHDFWLYH�EDQG�DW�DSSUR[LPDWHO\����N'D�� OLNHO\�GXH� WR�GLPHULVDWLRQ�DV�D�

FHOOXODU�UHVSRQVH�WR�UHPRYH�H[FHVV�SURWHLQ�IURP�WKH�IXQFWLRQDO�SRRO��

3.�UHVLVWDQW� 3U3� OHYHOV� LQ� WKHVH� FHOO� OLQHV�ZDV�PHDVXUHG� E\� WUHDWPHQW� RI� WKH�

QLWURFHOOXORVH�PHPEUDQH�ZLWK���ȝJ�PO�3.�IRU���K�DIWHU�DSSO\LQJ�WKH�O\VDWHV��SULRU�
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WR�DQWLERG\�VWDLQLQJ��7KLV�WUHDWPHQW�LV�VXIILFLHQW�WR�GLJHVW�WKH�FHOOXODU�SULRQ�SURWHLQ�

RQ�WKH�PHPEUDQH�DQG�OHDYH�RQO\�3.�UHVLVWDQW�SULRQ�DJJUHJDWHV��DV�GHPRQVWUDWHG�

E\�WKH�ODFN�RI�LPPXQRUHDFWLYLW\�LQ�XQLQIHFWHG�3.��FHOOV��)LJXUH���F��3.����3UQS�

NQRFNGRZQ� VLJQLILFDQWO\� UHGXFHG� 3.�UHVLVWDQW� 3U3� OHYHOV� LQ� L3.�� FHOOV� DV�

H[SHFWHG��)LJXUH���G��3� �������YV�1RQ�VLO��3� �������YV�5)3��KRZHYHU�WKHUH�

ZDV�QR�VLJQLILFDQW�HIIHFW�RI�6W[�� NQRFNGRZQ�RU�RYHUH[SUHVVLRQ� LQ�DQ\�FHOO� OLQH�

WHVWHG��VXJJHVWLQJ� WKDW�V\QWD[LQ���GRHV�QRW�SOD\�D� UROH� LQ�SULRQ�SURSDJDWLRQ�RU�

FOHDUDQFH�GHWHFWDEOH�ZLWK�WKLV�DVVD\���

�

)LJXUH�����.QRFNGRZQ�RU�RYHUH[SUHVVLRQ�RI�6W[��LQ�FKURQLFDOO\�LQIHFWHG�L3.��FHOOV�
GRHV�QRW�FXUH�FHOOV�RI�3.�UHVLVWDQW�3U3��
�D��E��6WDEOH�NQRFNGRZQ�RI�V\QWD[LQ���IROORZLQJ�WUDQVIHFWLRQ�ZLWK�D�VLQJOH�6W[��VK51$�
�67;�B'��RU�D�FRPELQDWLRQ�RI����67;�BDOO���3513��VFUDPEOHG�QRQ�VLOHQFLQJ��1RQ�VLO��
DQG�5)3�VK51$V�ZHUH�XVHG�DV�FRQWUROV���D��,PPXQREORW�XVLQJ�DQWL�V\QWD[LQ���DQWLERG\�
DQG� DQWL�ȕ� DFWLQ� DV� D� ORDGLQJ� FRQWURO�� �E�� ,PPXQREORW� XVLQJ� DQWL�3U3� DQWLERG\� �FORQH�
,&60����DQG�DQWL�ȕ�DFWLQ�DV�D�ORDGLQJ�FRQWURO��QRQ�SURWHLQDVH�.��3.��WUHDWHG����F��G��3.�
UHVLVWDQW� 3U3� OHYHOV� LQ� VWDEOH� NQRFNGRZQ� FHOOV� PHDVXUHG� LQ� FHOO� FXULQJ� DVVD\�� �F��
,PPXQREORW� IRU�3U3�XVLQJ�DQWL�3U3�DQWLERG\�IROORZLQJ���K� LQFXEDWLRQ�ZLWK���ȝJ�PO�3.��
8QLQIHFWHG�3.��FHOOV�XVHG�DV�FRQWURO��3.�����G��,QWHQVLW\�RI�3U3�VWDLQLQJ�QRUPDOLVHG�WR�
L3.��WR�VWDQGDUGLVH�EHWZHHQ�EORWV��6WXGHQW¶V�W�WHVW���3����������(UURU�EDUV��PHDQ���6(0��
Q� ������

� �
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�������5ROH�RI�67;��LQ�SULRQ�SURWHLQ�LQWHUDFWLRQV�
$� GLUHFW� SURWHLQ�SURWHLQ� LQWHUDFWLRQ� FRXOG� HQDEOH� V\QWD[LQ��� WR�PRGLI\�PXOWLSOH�

SULRQ� SURWHLQ� IXQFWLRQV�� IRU� H[DPSOH� WKURXJK� DOWHULQJ� WKH� NLQHWLFV� RI� SURWHLQ�

PLVIROGLQJ�RU�DV�D�PHFKDQLVP�WR�PRGLI\�WKH�WUDQVSRUW�RI�HLWKHU�3U3&�RU�DJJUHJDWHG�

SURWHLQ�WKURXJK�WKH�HQGRO\VRVRPDO�QHWZRUN���

7R� ILUVWO\� H[SORUH� WKH� UHODWLRQVKLS� EHWZHHQ� V\QWD[LQ��� DQG� 3U3� ZLWKLQ� FHOOV� DW�

VWHDG\� VWDWH�� 3.�� DQG� FKURQLFDOO\� SULRQ�LQIHFWHG� L3.�� FHOOV� ZHUH� IL[HG��

SHUPHDELOLVHG�DQG�FR�LPPXQRVWDLQHG�IRU�WKH�WZR�SURWHLQV��L3.��FHOOV�ZHUH�SUH�

WUHDWHG�ZLWK�JXDQLGLQH�WKLRF\DQWH��D�ZHOO�HVWDEOLVKHG�PHWKRG�WR�VHOHFW�IRU�SULRQ�

DJJUHJDWHV�RYHU� WKH�FHOOXODU�SULRQ�SURWHLQ�DV�WKHUH� LV�QRW�FXUUHQWO\�DQ�DQWLERG\�

DYDLODEOH� WR� GLIIHUHQWLDWH� EHWZHHQ� WKHVH� WZR� IRUPV� �7DUDERXORV�� 6HUEDQ�� 	�

3UXVLQHU���������$V�VKRZQ�LQ�)LJXUH���D�DQG�E��ERWK�3U3F�DQG�3U3�DJJUHJDWHV�

ORFDOLVH� WR� WKH�SHULQXFOHDU� UHJLRQ�DQG� WKH�SODVPD�PHPEUDQH�RI� WKHVH� FHOOV� WR�

GLIIHULQJ� H[WHQWV�� ,Q� WKH� F\WRSODVP� DQG� SDUWLFXODUO\� WKLV� SHULQXFOHDU� UHJLRQ��

V\QWD[LQ���GHPRQVWUDWHV�D�KLJK�GHJUHH�RI�FRORFDOLVDWLRQ�ZLWK�ERWK�3U3&�DQG�3U3�

DJJUHJDWHV��DOWKRXJK�WKLV�LV�KLJKO\�YDULDEOH�EHWZHHQ�FHOOV��4XDQWLILFDWLRQ�RI�WKLV�

HVWLPDWHV� WKDW� LQ� 3.�� FHOOV�� ���� RI� 3U3&� LV� IRXQG� ZLWKLQ� DUHDV� RI� V\QWD[LQ���

VWDLQLQJ�DQG�����RI�V\QWD[LQ���FRORFDOLVHV�ZLWK�3U3�� LQGLFDWLQJ� WKH�PDMRULW\�RI�

V\QWD[LQ��� SRVLWLYH� FRPSDUWPHQWV� FRQWDLQ�3U3&� �)LJXUH� ��F��� 6LPLODUO\� LQ� L3.��

FHOOV�����RI�3U3�DJJUHJDWHV��DV�JXDQLGLQH�WUHDWPHQW�SUHYHQWV�LPPXQRGHWHFWLRQ�

RI�3U3&��LQ�WKH�F\WRSODVP�DUH�IRXQG�ZLWKLQ�DUHDV�RI�V\QWD[LQ���VWDLQLQJ��DQG�����

IRU� WKH� UHYHUVH�� VXJJHVWLQJ� D� VOLJKWO\� KLJKHU� SURSRUWLRQ�3U3� DJJUHJDWHV� DUH� LQ�

V\QWD[LQ���ODEHOOHG�FRPSDUWPHQWV�WKDQ�3U3&��)LJXUH���G���7KHUH�LV�D�VLJQLILFDQW�

SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�ORFDOLVDWLRQ�RI�ERWK�3U3�IRUPV�DQG�V\QWD[LQ���LQ�

ERWK�FHOO� OLQHV��3.���5� �������3������[�������� L3.���5� �������3�������[��������

�)LJXUH���H�DQG�I����

� �
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)LJXUH�����6\QWD[LQ���VKRZV�D�KLJK�GHJUHH�RI�FRORFDOLVDWLRQ�ZLWK�ERWK�3U3&�DQG�
3U3�DJJUHJDWHV�LQ�WKH�F\WRSODVP�RI�3.��FHOOV��
&R�LPPXQRIOXRUHVFHQFH� IRU� V\QWD[LQ��� �JUHHQ�� DQG� 3U3� �UHG�� LQ� SHUPHDELOLVHG�
XQLQIHFWHG��3.���DQG�FKURQLFDOO\� LQIHFWHG��L3.���FHOOV���D�E��5HSUHVHQWDWLYH�LPDJHV�RI�
FHOOV�VWDLQHG�ZLWK�DQWL�V\QWD[LQ���DQWLERG\�DQG��D��DQWL�3U3�DQWLERG\��FORQH��+���IRU�3.��
FHOOV� RU� �E�� DQWL�3U3� DQWLERG\� �FORQH� �'���� IROORZLQJ� WUHDWPHQW�ZLWK� ����0� JXDQLGLQH�
WKLRF\DQDWH�WR�VHOHFW�IRU�3U3�DJJUHJDWHV�LQ�L3.��FHOOV��,PDJHV�DW��[�]RRP�VKRZQ�EHORZ�
DV� LQGLFDWHG�E\�ZKLWH�ER[��1XFOHL�VWDLQHG�ZLWK�'$3,� �EOXH��� �F�I��4XDQWLILFDWLRQ�RI� WKH�
SURSRUWLRQ�RI�3U3�VWDLQLQJ�WKDW�FRORFDOLVHV�ZLWK�V\QWD[LQ����6W[���DQG�YLFH�YHUVD�LQ�WKH�
F\WRSODVP�RI��F��3.��FHOOV�DQG��G��L3.��FHOOV�VKRZV�������RI�3U3&�DQG�������RI�3U3�
DJJUHJDWHV� FRORFDOLVH� ZLWK� V\QWD[LQ��� UHVSHFWLYHO\�� ZLWK� �H�I�� D� VLJQLILFDQW� SRVLWLYH�
FRUUHODWLRQ�EHWZHHQ�WKH�ORFDOLVDWLRQ�RI�V\QWD[LQ���DQG�3U3�LQ�ERWK��H��3.��DQG��I��L3.��
FHOOV��6SHDUPDQ¶V�UDQN���6FDOH�EDU�����ȝP��WRS�����ȝP��ERWWRP���

�

7KH�KLJK�GHJUHH�RI�FRORFDOLVDWLRQ�EHWZHHQ�V\QWD[LQ���DQG�3U3�ZLWKLQ�FHOOV�GRHV�

LQGLFDWH�SRWHQWLDO�IRU�D�GLUHFW�SURWHLQ�SURWHLQ�LQWHUDFWLRQ��7R�H[SORUH�WKLV��D�SURWHLQ�

EDVHG� (/,6$�EDVHG� DVVD\� ZDV� XWLOLVHG� DV� VKRZQ� LQ� WKH� OLWHUDWXUH� WR� EH� DQ�

HIIHFWLYH� PHWKRG� IRU� LQYHVWLJDWLQJ� 3U3&� LQWHUDFWRUV� �)LJXUH� ��D�� VHH� 0HWKRGV�

VHFWLRQ�������&RUEHWW�HW�DO����������$OWKRXJK�LW�ZRXOG�EH�SUHIHUDEOH�WR�LQYHVWLJDWH�

WKLV� LQWHUDFWLRQ� LQ� FHOOV� RU� WLVVXHV� WR� DOORZ� IRU� D� UROH� RI� SRVW�WUDQVODWLRQDO�

PRGLILFDWLRQV�RU�RWKHU�LQWUDFHOOXODU�FRPSRQHQWV��DV�ERWK�3U3&�DQG�V\QWD[LQ���DUH�

PHPEUDQH� SURWHLQV� VWURQJ� GHWHUJHQWV� ZRXOG� EH� UHTXLUHG� WR� UHOHDVH� WKHVH�



����
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SURWHLQV� IURP�FHOO�PHPEUDQHV�ZKLFK�ZRXOG�EH�KLJKO\� OLNHO\� WR�GLVWXUE�DQ\�QRQ�

FRYDOHQW�LQWHUDFWLRQV���

7R� RSWLPLVH� FRQGLWLRQV� IRU� GHWHFWLRQ� RI� UHFRPELQDQW� V\QWD[LQ��� LQ� WKLV� IRUPDW��

SODWHV�ZHUH�FRDWHG�ZLWK����RU�����ȝJ�PO�IXOO�OHQJWK�KXPDQ�V\QWD[LQ����KX6W[���

�����µ6W[�¶��RU�EXIIHU�DORQH�DQG�WZR�GLIIHUHQW�DQWL�V\QWD[LQ���DQWLERGLHV�WHVWHG�IRU�

WKHLU�GHWHFWLRQ�HIILFLHQF\��$QWLERG\�FORQH�&��%��SURGXFHG�D�JRRG�VLJQDO�DW�ERWK�

FRDWLQJ� GLOXWLRQV�� KRZHYHU� FORQH� �'��� GLG� QRW� SURGXFH� D� VLJQDO� DERYH� WKH�

EDFNJURXQG�IURP�XQFRDWHG�ZHOOV��)LJXUH���E���7KH�DQWL�3U3�DQWLERG\�XVHG�DOVR�

GHWHFWHG�SURWHLQ�LQ�ZHOOV�FRDWHG�ZLWK�IXOO�OHQJWK�UHFRPELQDQW�KXPDQ�3U3��KX3U3���

�����µ3U3¶���&ORQH�&��%��ZDV�WKHQ�WLWUDWHG�WR�RSWLPLVH�GHWHFWLRQ�DQG�D�GLOXWLRQ�RI�

������ZDV�XVHG�JRLQJ�IRUZDUG�WR�JLYH�D�VWURQJ�VLJQDO�ZKLOVW�PLQLPLVLQJ�DQWLERG\�

XVHG��)LJXUH���F���

+DYLQJ�VKRZQ�ERWK�V\QWD[LQ���DQG�3U3�FDQ�EH�GHWHFWHG�LQ�WKLV�DVVD\�IRUPDW��D���

IROG�VHULDO�GLOXWLRQ�RI�V\QWD[LQ���UDQJLQJ� IURP����� WR����ȝJ�PO�ZDV� WLWUDWHG�RQWR�

ZHOOV� FRDWHG�ZLWK�HLWKHU� ��� ȝJ�PO�3U3�RU� EORFNLQJ�EXIIHU� DORQH��7KHUH�ZDV�QR�

FKDQJH�LQ�WKH�OHYHOV�RI�V\QWD[LQ���GHWHFWHG�EHWZHHQ�3U3�FRDWHG�DQG�XQFRDWHG�

ZHOOV�XQGHU� WKHVH�FRQGLWLRQV� LQGLFDWLQJ�V\QWD[LQ��� LV�QRW�ELQGLQJ� WR�3U3��XQOLNH�

V\QWD[LQ���RU�3U3�FRDWHG�ZHOOV�DORQH�ZKLFK�ZHUH�HIILFLHQWO\�GHWHFWHG��)LJXUH���G�

DQG�H�UHVSHFWLYHO\����

� �
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)LJXUH�����5HFRPELQDQW�V\QWD[LQ���GRHV�QRW�LQWHUDFW�ZLWK�IXOO�OHQJWK�UHFRPELQDQW�
3U3&��
�D��6FKHPDWLF�RYHUYLHZ�RI�SURWHLQ�SURWHLQ� LQWHUDFWLRQ�(/,6$��$����ZHOO�SODWH� LV�FRDWHG�
ZLWK����ȝJ�PO�SURWHLQ�EHIRUH�EORFNLQJ�WR�SUHYHQW�QRQ�VSHFLILF�ELQGLQJ��IROORZLQJ�DGGLWLRQ�
RI�D�VHFRQGDU\�ELQGLQJ�SURWHLQ��ZDVKLQJ�DQG�LQFXEDWLRQ�ZLWK�D�UHOHYDQW�SULPDU\�DQWLERG\��
$�SHUR[LGDVH�FRQMXJDWHG�VHFRQGDU\�DQWLERG\�JHQHUDWHV�D�FRORULPHWULF�VLJQDO�TXDQWLILHG�
E\�DEVRUEDQFH�DW�����QP���E�F��2SWLPLVDWLRQ�RI�(/,6$�DVVD\�IRU�GHWHFWLRQ�RI�IXOO�OHQJWK�
KX6W[������� DQG� KX3U3�������� �E�� 3U3� ���� ȝJ�PO�� ZDV� HIILFLHQWO\� GHWHFWHG� ZLWK� DQWL�3U3�
DQWLERG\� �FORQH� ,&60���� DQG� 6W[�� ���� DQG� ���� ȝJ�PO�� ZDV� GHWHFWHG� ZLWK� DQWL�6W[��
DQWLERG\�FORQH�&��%��EXW�QRW��'�����F��7LWUDWLRQ�RI�DQWL�6W[��DQWLERG\��&��%���VKRZV�
LQFUHDVHG�GHWHFWLRQ�ZLWK�KLJKHU�FRQFHQWUDWLRQV���G��$���IROG�GLOXWLRQ�VHULHV�RI�6W[��RQWR�
3U3�FRDWHG�ZHOOV��EOXH�OLQH��GRHV�QRW�LQFUHDVH�GHWHFWLRQ�ZLWK�DQWL�6W[��DQWLERG\�UHODWLYH�
WR�XQFRDWHG�SODWHV��JUH\�OLQH��LQGLFDWLQJ�ODFN�RI�LQWHUDFWLRQ���H��FRPSDUHG�WR�6W[��FRDWHG�
FRQWURO�ZHOOV��LQGLFDWHG�E\�GDVKHG�KRUL]RQWDO�OLQH���3U3�FRDWLQJ�LV�GHWHFWHG�ZLWK�DQWL�3U3�
DQWLERG\� �FORQH� �'����� %DUV�� PHDQ� RI� ELRORJLFDO� UHSOLFDWHV�� Q�  � ��� VKDSHV�� PHDQ� RI�
WULSOLFDWH�ZHOOV��

� �
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�������5ROH�RI�67;��LQ�LQWUDFHOOXODU�SULRQ�WUDIILFNLQJ�
$V�D�SURWHLQ�LQYROYHG�LQ�WKH�LQWUDFHOOXODU�WUDIILFNLQJ�RI�SURWHLQV�DQG�YHVLFOHV�LW� LV�

SRVVLEOH�WKDW�V\QWD[LQ���IXQFWLRQV�LQ�WKH�ORFDOLVDWLRQ�RI�3U3&�RU�DJJUHJDWHG�IRUPV�

RI�WKH�SURWHLQ�ZLWKLQ�FHOOV��LQGHSHQGHQW�IURP�DQ�HIIHFW�RQ�LWV�VHHGHG�DJJUHJDWLRQ��

FOHDUDQFH�RU�LQWHUDFWLRQ��ZKHWKHU�LW�EH�WKURXJK�D�GLIIHULQJ�PHFKDQLVP�RU�GXH�WR�D�

ODFN�RI�VHQVLWLYLW\�LQ�WKH�DVVD\V�XVHG�WR�WHVW�WKHVH�SKHQRW\SHV��7KLV�FRXOG�SURYLGH�

PXOWLSOH� SDWKZD\V� IRU� V\QWD[LQ��� WR� LQIOXHQFH� GLVHDVH� LQFOXGLQJ� ORFDOLVDWLRQ� RI�

SURWHLQV�WR�VXE�FHOOXODU�FRPSDUWPHQWV�ZLWK�PRUH�DJJUHJDWLRQ�SURQH�FRQGLWLRQV��

DOWHULQJ� WKH� UDWH� RI� SDWKRJHQLF� SURWHLQ� GHJUDGDWLRQ� RU� SURPRWLQJ� LQWHUFHOOXODU�

VSUHDG�RI�VHHGLQJ�FRPSHWHQW�SURWHLQV���

7R�LQYHVWLJDWH�D�UROH�RI�V\QWD[LQ���LQ�WKH�VWHDG\�VWDWH�ORFDOLVDWLRQ�RI�WKH�FHOOXODU�

SULRQ�SURWHLQ��WKH�VWDEOH�3.��FORQHV�SUHYLRXVO\�JHQHUDWHG�ZLWK�UHGXFHG�V\QWD[LQ�

�� H[SUHVVLRQ� ZHUH� IL[HG�� SHUPHDELOLVHG� DQG� VWDLQHG� IRU� 3U3&� DQG� V\QWD[LQ���

�)LJXUH���D���,Q�DOO�FORQHV��H[FHSW�3UQS�NQRFNGRZQ�FRQWURO��3U3&�GLVSOD\HG�WKH�

H[SHFWHG� SHULQXFOHDU� DQG� SODVPD� PHPEUDQH� VWDLQLQJ� SUHYLRXVO\� GHVFULEHG��

KRZHYHU�WKH�H[WHQW�WR�ZKLFK�LW�ORFDOLVHG�WR�HDFK�FRPSDUWPHQW�DSSHDUHG�YDULDEOH��

7R�TXDQWLI\�WKLV��WKUHH�GLIIHUHQW�VXE�FHOOXODU�FRPSDUWPHQWV�ZHUH�GHILQHG��QXFOHXV��

F\WRSODVP�DQG�PHPEUDQH��DQG�WRWDO�3U3�LQ�HDFK�FDOFXODWHG��VHH�0HWKRGV�VHFWLRQ�

�������)LJXUH�����7KH�ORFDOLVHG�SURSRUWLRQV�RI�3U3�ZHUH�KLJKO\�YDULDEOH�EHWZHHQ�

ERWK� FHOOV� DQG� LQGHSHQGHQW� UHSOLFDWHV�� KRZHYHU� WKLV� DQDO\VLV� GHPRQVWUDWHG� D�

PRGHUDWH�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�3U3&�RQ�WKH�SODVPD�PHPEUDQH�LQ�67;�B'�

��NQRFNGRZQ�FHOOV�UHODWLYH�WR�WKH�WZR�QRQ�VLOHQFLQJ�FRQWUROV��ZKLFK�ZDV�VLJQLILFDQW�

LQ�D�WZR�SURSRUWLRQV�]�WHVW�RI�DOO�FHOOV��)LJXUH���E�DQG�F��1RQ�VLO�$�YV�67;�B'����

3� ��������1RQ�VLO�%�YV�67;�B'����3� ���������7KLV�VXJJHVWV�D�SRWHQWLDO�UROH�RI�

V\QWD[LQ���LQ�WUDIILFNLQJ�RI�3U3F�WR�RU�IURP�WKH�SODVPD�PHPEUDQH��KRZHYHU�WKLV�

UHTXLUHV�YDOLGDWLRQ�ZLWK�DGGLWLRQDO�PHWKRGV�DQG�H[SHULPHQWV�GXH�WR�WKH�YDULDELOLW\�

LQ� WKLV� DVVD\� DQG� EHWZHHQ� FORQHV�� $� SUHOLPLQDU\� LPPXQREORW� IRU� VXUIDFH�3U3��

LVRODWHG� WKURXJK� ELRWLQ\ODWLRQ� DQG� LPPXQRSUHFLSLWDWLRQ�� GRHV� QRW� VXSSRUW� DQ\�

JURVV� LQFUHDVHV� LQ�6W[��NQRFNGRZQ�FHOO� OLQHV� UHODWLYH� WR�QRQ�VLOHQFLQJ�FRQWUROV�

�)LJXUH� ��G��� 0HDVXULQJ� WRWDO� SURWHLQ� E\� LPPXQRIOXRUHVFHQFH� VXSSRUWHG� D�

UHGXFWLRQ�LQ�SURWHLQ�H[SUHVVLRQ�RI�ERWK�3U3&�DQG�V\QWD[LQ���LQ�DOO�NQRFNGRZQ�OLQHV�

DOWKRXJK�PRGHVW�IRU�67;�B'���FORQH��)LJXUH���H�DQG�I���

� �
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)LJXUH�����.QRFNGRZQ�RI�6W[��GRHV�QRW�KDYH�D�JURVV�HIIHFW�RQ�WKH�ORFDOLVDWLRQ�RI�
3U3&�LQ�3.��FHOOV�
,PPXQRVWDLQLQJ�IRU�3U3&�DQG�V\QWD[LQ���LQ�VWDEOH�3.��FHOO�OLQHV�SUHYLRXVO\�VKRZQ�WR�KDYH�
UHGXFHG�6W[�� �67;�B'����67;�B'����RU�3UQS�H[SUHVVLRQ�RU�QRQ�VLOHQFLQJ��1RQ�VLO�$��
1RQ�VLO�%��RU�XQWUDQVIHFWHG��3.���FRQWUROV��&HOOV�ZHUH�IL[HG�DQG�SHUPHDELOLVHG�EHIRUH�
FR�LPPXQRODEHOOLQJ�ZLWK�DQWL�V\QWD[LQ���DQWLERG\��JUHHQ��DQG�DQWL�3U3�DQWLERG\��FORQH�
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�+����UHG�� �D��5HSUHVHQWDWLYH� LPDJHV� IRU�HDFK�FHOO� OLQH��1XFOHL�DUH�VWDLQHG�ZLWK�'$3,�
�EOXH����E�F��4XDQWLILFDWLRQ�RI�WKH�ORFDOLVDWLRQ�RI�3U3�WR�HDFK�FHOOXODU�FRPSDUWPHQW��QXFOHL��
F\WRSODVP�� PHPEUDQH�� GRHV� QRW� KLJKOLJKW� D� JURVV� PLV�ORFDOLVDWLRQ� RI� 3U3�� 3URWHLQ�
H[SUHVVLRQ�FDOFXODWHG�DV�D� IXQFWLRQ�RI�DUHD�DQG�PHDQ�SL[HO� LQWHQVLW\��DQG�SURSRUWLRQV�
FDOFXODWHG� UHODWLYH� WR� WRWDO� SURWHLQ� SHU� FHOO�� 3URSRUWLRQ� SHU� FHOO� OLQH� VKRZQ� �E�� SHU�
LQGHSHQGHQW�UHSOLFDWH�DQG��F��DV�D�PHDQ�SURSRUWLRQ�RQO\�DV�VWDFNHG�EDUV�IRU�FODULW\���G��
1R�JURVV�FKDQJH�LQ�VXUIDFH�3U3�ZLWK�V\QWD[LQ���NQRFNGRZQ�PHDVXUHG�E\�LPPXQREORW�
IROORZLQJ�LPPXQRSUHFLSLWDWLRQ�RI�VXUIDFH�ELRWLQ\ODWHG�SURWHLQV�XVLQJ�VWUHSWDYLGLQ�FRDWHG�
EHDGV�� ȕ�DFWLQ� XVHG� DV� ORDGLQJ� FRQWURO� IRU� GLOXWHG� ZKROH� FHOO� O\VDWHV� XVHG� IRU�
LPPXQRSUHFLSLWDWLRQ���H�I��7RWDO�H[SUHVVLRQ�RI��H��3U3�DQG��I��V\QWD[LQ���LQ�HDFK�FHOO�OLQH�
VXSSRUWV�JHQH�NQRFNGRZQ��3���������RQH�ZD\�$129$�ZLWK�7XNH\¶V�SRVW�KRF�WHVW���(UURU�
EDUV��PHDQ���6(0��Q� ����6FDOH�EDU�����ȝP���

�

7KH� VWDEOH� L3.�� FHOO� OLQHV� ZHUH� DGGLWLRQDOO\� VWDLQHG� IRU� 3U3� DQG� V\QWD[LQ���

IROORZLQJ�WUHDWPHQW�ZLWK�����0�JXDQLGLQH�WKLRF\QDWH��WR�VWXG\�WKH�ORFDOLVDWLRQ�RI�

3U3� DJJUHJDWHV� LQ� FHOOV� ZLWK� UHGXFHG� V\QWD[LQ��� H[SUHVVLRQ�� 3U3� DJDLQ�

GHPRQVWUDWHG�WKH�H[SHFWHG�SHULQXFOHDU�VWDLQLQJ�ZLWK�VRPH�DJJUHJDWHV�SUHVHQW�

RQ�WKH�SODVPD�PHPEUDQH�IRU�DOO�FHOO�OLQHV��H[FHSW�3UQS�NQRFNGRZQ�DQG�XQLQIHFWHG�

3.��FHOOV���)LJXUH���D���'HILQLWLRQ�RI�VXEFHOOXODU�FRPSDUWPHQWV�DV�SUHYLRXV�GLG�

QRW� LGHQWLI\� DQ\� VLJQLILFDQW� DOWHUDWLRQV� LQ� WKH� SURSRUWLRQ� RI�3U3� VWDLQLQJ� RQ� WKH�

PHPEUDQH�VXJJHVWLQJ�V\QWD[LQ���GRHV�QRW�SOD\�D�UROH�LQ�WKH�WUDIILFNLQJ�RI�SULRQ�

DJJUHJDWHV�LQ�L3.��FHOOV��)LJXUH���E�DQG�F���7KLV�DQDO\VLV�DJDLQ�GHPRQVWUDWHG�

WKH�H[SHFWHG�UHGXFWLRQ�LQ�ERWK�V\QWD[LQ���DQG�3U3�H[SUHVVLRQ��)LJXUH���G�DQG�

H���

� �
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)LJXUH�����.QRFNGRZQ�RI�6W[��GRHV�QRW�KDYH�D�JURVV�HIIHFW�RQ�WKH�ORFDOLVDWLRQ�RI�
3U3�DJJUHJDWHV�LQ�FKURQLFDOO\�LQIHFWHG�L3.��FHOOV��
,PPXQRVWDLQLQJ� IRU� 3U3� DQG� V\QWD[LQ��� LQ� VWDEOH� L3.�� FHOO� OLQHV� ZLWK� UHGXFHG� 6W[��
�67;�B'��67;�BDOO��RU�3UQS�H[SUHVVLRQ�RU�QRQ�VLOHQFLQJ��1RQ�VLO���XQWUDQVIHFWHG��L3.���
RU�XQLQIHFWHG��3.���FRQWUROV��&HOOV�ZHUH�IL[HG�DQG�SHUPHDELOLVHG�EHIRUH�WUHDWPHQW�ZLWK�
���� 0� JXDQLGLQH� WKLRF\QDWH� WR� VHOHFW� IRU� 3U3� DJJUHJDWHV�� &R�LPPXQRODEHOOLQJ� ZDV�
SHUIRUPHG� ZLWK� DQWL�V\QWD[LQ��� DQWLERG\� �JUHHQ�� DQG� DQWL�3U3� DQWLERG\� �FORQH� �'����
�UHG����D��5HSUHVHQWDWLYH�LPDJHV�IRU�HDFK�FHOO�OLQH��1XFOHL�DUH�VWDLQHG�ZLWK�'$3,��EOXH���
�E�F��4XDQWLILFDWLRQ�RI�3U3�ORFDOLVDWLRQ�LQ�HDFK�FHOOXODU�FRPSDUWPHQW��QXFOHL��F\WRSODVP��
PHPEUDQH��GRHV�QRW�VKRZ�D�JURVV�PLVORFDOLVDWLRQ�RI�3U3�DJJUHJDWHV��3URWHLQ�H[SUHVVLRQ�
FDOFXODWHG�DV�D� IXQFWLRQ�RI�DUHD�DQG�PHDQ�SL[HO� LQWHQVLW\��DQG�SURSRUWLRQV�FDOFXODWHG�
UHODWLYH� WR� WRWDO� SURWHLQ� SHU� FHOO�� 3URSRUWLRQ� SHU� FHOO� OLQH� VKRZQ� �E�� SHU� LQGHSHQGHQW�
UHSOLFDWH� DQG� �F�� DV� D� PHDQ� SURSRUWLRQ� RQO\� DV� VWDFNHG� EDUV� IRU� FODULW\�� �G�H�� 7RWDO�
H[SUHVVLRQ�RI��G��3U3�DQG��H��V\QWD[LQ���LQ�HDFK�FHOO�OLQH�VXSSRUWV�JHQH�NQRFNGRZQ��3�
��������RQH�ZD\�$129$�ZLWK�7XNH\¶V�SRVW�KRF�WHVW���(UURU�EDUV��PHDQ���6(0��Q� ����
6FDOH�EDU�����ȝP��
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7KHUH�LV�OLPLWHG�HYLGHQFH�LQ�WKH�OLWHUDWXUH�WR�VXJJHVW�D�UROH�RI�V\QWD[LQ���LQ�WKH�

VHFUHWLRQ� RI� SURWHLQV� IURP� FHOOV�� )RU� H[DPSOH�� /HH� DQG� FROOHDJXHV� IRXQG� D�

UHODWLRQVKLS� EHWZHHQ� WDX� UHOHDVH� LQWR� WKH� PHGLD� IURP� +(.���7� FHOOV� DQG�

V\QWD[LQ��� H[SUHVVLRQ� �:�� 6�� /HH� HW� DO��� ������� 7R� WKHUHIRUH� H[SORUH� ZKHWKHU�

V\QWD[LQ���PD\�FRQWULEXWH�WR�WKH�UHOHDVH�RI�SULRQV�DQG�WKXV�SRWHQWLDO�VSUHDG�RI�

SDWKRJHQLF� SURWHLQV�� D� SUHOLPLQDU\� VWXG\� ZDV� SHUIRUPHG� LQ� ZKLFK� PHGLD� ZDV�

FROOHFWHG�IURP�WKH�VWDEOH�L3.��FHOO�OLQHV�DIWHU����KRXUV�LQ�FXOWXUH�DQG�WKH�UHVXOWDQW�

LQIHFWLYLW\�PHDVXUHG� LQ� WKH�$6&$��7R�DOORZ� IRU�PXOWLSOH� UHSOLFDWHV��PHGLD�ZDV�

HLWKHU�IUR]HQ�DW����R&�SULRU�WR�XVH�RU�XVHG�IUHVK�WR�LQIHFW�3.��FHOOV���

$V�WKH�OHYHO�RI�SULRQV�UHOHDVHG�LQWR�WKH�FXOWXUH�PHGLD�ZRXOG�EH�DIIHFWHG�E\�JURZWK�

UDWH�DIWHU�SODWLQJ��WKLV�ZDV�ILUVW�DQDO\VHG�IRU�HDFK�OLQH��)LJXUH���D���7KHUH�ZDV�QR�

VLJQLILFDQW�GLIIHUHQFHV�LQ�GRXEOLQJ�WLPH�EXW�WKHVH�UHVXOWV�VXJJHVW�D�VORZHU�JURZWK�

UDWH�IRU�67;�B'�DQG�VR�$6&$�UHVXOWV�ZHUH�QRUPDOLVHG�WR�FHOO�FRXQW��7KHUH�ZDV�

QR� JURVV� FRQVLVWHQW� GLIIHUHQFH� LQ� WKH� FDOFXODWHG� WLVVXH� FXOWXUH� LQIHFWLRXV� XQLWV�

�7&,8�� VHFUHWHG� LQWR� WKH� FXOWXUH� PHGLD� EHWZHHQ� 6W[�� NQRFNGRZQ� FHOO� OLQHV�

�67;�B'��67;�BDOO��FRPSDUHG�WR�FRQWUROV��1RQ�VLO��5)3��3.���HLWKHU�SRVW��QG�RU�

SRVW��UG�SDVVDJH��LQGLFDWLQJ�V\QWD[LQ���LV�QRW�FRQWULEXWLQJ�WR�WKH�UHOHDVH�RI�SULRQV�

IURP� L3.�� FHOOV� LQ� WKLV� SUHOLPLQDU\� DVVD\� �)LJXUH� ��E��� 0HGLD� IURP� 3UQS�

NQRFNGRZQ� DQG� XQLQIHFWHG� FHOOV� VKRZHG� WKH� H[SHFWHG� UHGXFWLRQ� LQ� LQIHFWLYLW\��

,QWHUHVWLQJO\� XVLQJ� IUR]HQ� PHGLD� FRQVLVWHQWO\� UHGXFHG� WKH� LQIHFWLYLW\� LQ� WKH�

VDPSOHV�DQG��DOWKRXJK�WKLV�ZDV�IDLUO\�FRQVLVWHQW�EHWZHHQ�OLQHV��LV�OLNHO\�WR�DIIHFW�

WKH�UHVXOWV�DQG�VKRXOG�QRW�EH�XVHG�IRU�FRPSDULVRQ�� �
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)LJXUH� ���� $� SUHOLPLQDU\� VWXG\� GRHV� QRW� LQGLFDWH� D� UROH� RI� V\QWD[LQ��� LQ� SULRQ�
UHOHDVH�IURP�L3.��FHOOV��
6WDEOH� NQRFNGRZQ� RI� V\QWD[LQ��� IROORZLQJ� WUDQVIHFWLRQ� ZLWK� D� VLQJOH� 67;�� VK51$�
�67;�B'��RU�D�FRPELQDWLRQ�RI����67;�BDOO���3513��VFUDPEOHG�QRQ�VLOHQFLQJ��1RQ�VLO��
DQG�5)3� VK51$V�ZHUH� XVHG� DV� FRQWUROV�� �D��*URZWK� UDWH� RI� FHOO� OLQHV�PHDVXUHG� DV�
GRXEOLQJ�WLPH�LQ�GD\V��DOO�QV��RQH�ZD\�$129$�ZLWK�7XNH\¶V�SRVW�KRF�WHVW��PHDQ���6(0��
�E��$XWRPDWHG�VFUDSLH�FHOO�DVVD\��$6&$��WR�PHDVXUH�LQIHFWLRXV�SULRQV�LQ�FXOWXUH�PHGLD�
DW���[������GLOXWLRQ�FROOHFWHG�DIWHU����K�LQ�FXOWXUH��XVHG�IUHVK�RU�SUHYLRXVO\�VWRUHG�DW����R&��
GRHV�QRW�VKRZ�DQ\�JURVV�GLIIHUHQFHV� LQ� LQIHFWLYLW\�ZLWK�V\QWD[LQ���NQRFNGRZQ��7LVVXH�
FXOWXUH� LQIHFWLRXV�XQLWV��7&,8��FDOFXODWHG�UHODWLYH�WR�D�VWDQGDUG�FXUYH�RI�50/�LQIHFWHG�
PRXVH�EUDLQ�KRPRJHQDWH�SRVW��QG�RU�SRVW��UG�SDVVDJH�LQ�WKH�$6&$��Q� ������

�

�������5ROH�RI�67;��LQ�WDX�DJJUHJDWLRQ�
$V�67;��KDV�DOVR�EHHQ�DVVRFLDWHG�ZLWK�WDXRSDWK\�363�DQG�PRUH�UHFHQWO\�ZLWK�

$'�� LW� LV� SRVVLEOH� WKDW� V\QWD[LQ��� SOD\V� D� FRPPRQ� UROH� LQ� WKHVH� UHODWHG�

QHXURGHJHQHUDWLYH�GLVHDVHV��SRVVLEO\�FRQWULEXWLQJ�WR�WKH�µSULRQ�OLNH¶�VSUHDG�RI�WDX�

�+RJOLQJHU�HW�DO���������:LQJR�HW�DO����������7R�VWDUW�WR�H[SORUH�ZKHWKHU�V\QWD[LQ�

��FRQWULEXWHV�WR�WKH�VHHGHG�DJJUHJDWLRQ�RI�WDX�LQ�FHOO�FXOWXUH��JHQH�H[SUHVVLRQ�

ZDV�PRGLILHG� LQ� WKH�+(.���7�µWDX�ELRVHQVRU¶�FHOO� OLQH�SUHYLRXVO\�JHQHUDWHG�E\�

0DUF� 'LDPRQG¶V� JURXS� �VHH� VHFWLRQ� ������� �+ROPHV� HW� DO��� ������� ,Q� WKLV� OLQH�

DJJUHJDWLRQ�FDQ�EH�PHDVXUHG�WKURXJK�WKH�)5(7�VLJQDO�JHQHUDWHG��L�H��ZLWK�IORZ�

F\WRPHWU\��KRZHYHU�DJJUHJDWHV�DOVR�IRUP�GLVWLQFW�JUHHQ�SXQFWD�ZKLFK�FDQ�DOVR�

EH�HDVLO\�YLVXDOLVHG�XQGHU�D�IOXRUHVFHQW�PLFURVFRSH��)LJXUH���D����

$V�WKH�WLPH�FRXUVH�RI�WKLV�H[SHULPHQW�LV�VKRUW�ZLWK�DJJUHJDWLRQ�UHDFKLQJ�D�SODWHDX�

ZLWKLQ� WKUHH�GD\V�SRVW�VHHGLQJ�� WUDQVLHQW�NQRFNGRZQ�RI�JHQH�H[SUHVVLRQ�XVLQJ�

VKRUW�LQWHUIHULQJ�51$V��VL51$V��ZDV�XWLOLVHG��7KH�UDWLR�RI�VL51$�WR�WUDQVIHFWLRQ�

UHDJHQW�ZDV� ILUVW� WHVWHG� WR�RSWLPLVH� WKH�HIILFLHQF\�RI�67;��P51$�NQRFNGRZQ�
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UHODWLYH�WR�D�QRQ�VLOHQFLQJ�VL51$�FRQWURO�E\�57�T3&5��)LJXUH���E��VHH�0HWKRGV�

VHFWLRQ���������$OO�FRQGLWLRQV�WHVWHG�GHPRQVWUDWHG�UHGXFHG�H[SUHVVLRQ�DIWHU����K��

ZLWK�FRQGLWLRQ�µ&¶�����SPRO�VL51$�PO�������O�OLSRIHFWDPLQH�PO��VKRZLQJ�WKH�KLJKHVW�

SHUWXUEDWLRQ�� .QRFNGRZQ� RI� 67;�� P51$� XQGHU� WKHVH� FRQGLWLRQV� HIIHFWLYHO\�

UHGXFHG�H[SUHVVLRQ�RI�V\QWD[LQ���SURWHLQ�DV�GHWHFWHG�E\�LPPXQREORW�IURP����K�

SRVW�WUDQVIHFWLRQ��VXVWDLQHG�DW�XS�WR�����UHGXFWLRQ�IRU� WKH����K�WHVWHG��)LJXUH�

��F�DQG�G����

+DYLQJ�GHPRQVWUDWHG�VL51$� WUDQVIHFWLRQ�HIILFLHQWO\� UHGXFHV�V\QWD[LQ���SURWHLQ�

H[SUHVVLRQ�RYHU�WKH�WLPH�FRXUVH�UHTXLUHG�IRU�WKLV�DVVD\��WKH�HIIHFW�RQ�DJJUHJDWH�

IRUPDWLRQ� XSRQ� WUHDWPHQW� ZLWK� VHHGLQJ�FRPSHWHQW� UHFRPELQDQW� WDX� ILEULOV� ZDV�

PHDVXUHG�� &HOOV� ZHUH� PRQLWRUHG� LQ� UHDO�WLPH� DQG� DJJUHJDWH� FRXQW� TXDQWLILHG�

HYHU\� �� KRXUV�� 7UHDWPHQW� RI� FHOOV� ��� KRXUV� SRVW�VL51$� WUDQVIHFWLRQ� LQGXFHG�

IRUPDWLRQ�RI�YLVLEOH�DJJUHJDWHV�LQ�DOO�VDPSOHV��)LJXUH���H���KRZHYHU�WKHUH�ZDV�

QR�HIIHFW�RI�67;��NQRFNGRZQ�RQ� WKH�UDWH�RI�DJJUHJDWH� IRUPDWLRQ�RU�PD[LPXP�

DJJUHJDWH�FRXQW�FRPSDUHG�WR�QRQ�VLOHQFLQJ�RU�XQWUHDWHG�FRQWUROV��VXJJHVWLQJ�WKDW�

V\QWD[LQ���GRHV�QRW�FRQWULEXWH�WR�WKH�VHHGHG�DJJUHJDWLRQ�RI�WDX�LQ�WKLV�FHOO�OLQH�

�)LJXUH���I�DQG�J���

� �



����
�

�

)LJXUH� ���� .QRFNGRZQ� RI� V\QWD[LQ��� LQ� +(.� WDX� ELRVHQVRUV� KDV� QR� HIIHFW� RQ�
VHHGHG�DJJUHJDWLRQ�RI�WDX��
�D��6FKHPDWLF�RYHUYLHZ�RI�VHHGLQJ�DVVD\�LQ�+(.�WDX�ELRVHQVRU�FHOOV��+(.�FHOOV�ZHUH�
WUDQVIHFWHG� ZLWK� VL51$V� ��� K� SULRU� WR� WUHDWPHQW� ZLWK� VHHGLQJ�FRPSHWHQW� WDX� DQG�
LQFXEDWHG� IRU�����KRXUV� LQ� WKH� ,QFXF\WH�6��/LYH�&HOO�$QDO\VLV�6\VWHP� WR�PRQLWRU� WKH�
DSSHDUDQFH� RI� IOXRUHVFHQW� JUHHQ� SXQFWD� LQ� UHDO�WLPH�� �E�G�� 9DOLGDWLRQ� RI� 67;��
NQRFNGRZQ� XVLQJ� VL51$V�� �E�� .QRFNGRZQ� RI�67;��P51$� H[SUHVVLRQ� RSWLPLVHG� IRU�
OLSRIHFWDPLQH�VL51$�UDWLR��FRQGLWLRQV�GHQRWHG�$�&��E\�57�T3&5�UHODWLYH�WR�D�VFUDPEOHG�
QRQ�VLOHQFLQJ� FRQWURO� �1RQ�VLO�� DW� ��� DQG� ��� K� SRVW�WUDQVIHFWLRQ�� &RQGLWLRQ� &�
GHPRQVWUDWHG�WKH�KLJKHVW�HIILFLHQF\�RI�NQRFNGRZQ��.QRFNGRZQ�XS�WR�����ZDV�YDOLGDWHG�
E\� �F�� LPPXQREORW�XVLQJ�DQWL�V\QWD[LQ���DQWLERG\� �G��TXDQWLILHG� UHODWLYH� WR�DQWL�ȕ�DFWLQ�
ORDGLQJ�FRQWURO�QRUPDOLVHG�WR�QRQ�VLOHQFLQJ�FRQWURO�DW�HDFK�WLPH�SRLQW��Q� ������H�J��7DX�
DJJUHJDWH�IRUPDWLRQ�LQ�67;��NQRFNGRZQ�FHOOV�FRPSDUHG�WR�QRQ�VLOHQFLQJ�DQG�XQWUHDWHG�
�1RQH��FRQWUROV���H��5HSUHVHQWDWLYH�LPDJHV�RI�WDX�DJJUHJDWHV�DW����K�SRVW�VHHGLQJ���I�J��
0HDQ�DJJUHJDWH�FRXQW�IURP�WULSOLFDWH�ZHOOV�QRUPDOLVHG�WR�PD[LPXP�FRXQW�RQ�SODWH�DQG�
SHUFHQWDJH�FRQIOXHQFH��Q� ������I��3RLQWV��PHDQ�DJJUHJDWH�FRXQW�SHU�UHSOLFDWH��OLQH��ORFDO�
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ZHLJKWHG�UHJUHVVLRQ���6(0���J��$JJUHJDWH�FRXQW�DW�SHDN��������K��VKRZV�QR�VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�67;��NQRFNGRZQ�FHOOV�DQG�QRQ�VLOHQFLQJ�FRQWURO��6WXGHQW¶V�W�WHVW���
(UURU�EDUV��PHDQ���6(0��Q� ����

�

�����'LVFXVVLRQ�

,Q�WKLV�VWXG\�WKH�UROH�RI�V\QWD[LQ���LQ�WKH�ELRORJ\�RI�WZR�DVVRFLDWHG�SURWHLQV��3U3�

DQG�WDX��ZDV� LQYHVWLJDWHG�XVLQJ�FHOO�EDVHG�DQG�SURWHLQ�EDVHG�DVVD\V��0XOWLSOH�

K\SRWKHVHV�ZHUH�WHVWHG�LQFOXGLQJ�D�UROH�LQ�VHHGHG�DJJUHJDWLRQ�DQG�SURSDJDWLRQ�

RI�SURWHRSDWKLF�DJJUHJDWHV��WKH�ORFDOLVDWLRQ�RI�SURWHLQV�ZLWKLQ�FHOOV�DV�ZHOO�DV�WKH�

SRVVLELOLW\�IRU�GLUHFW�SURWHLQ�SURWHLQ�LQWHUDFWLRQV��7KHUH�ZDV�QR�HYLGHQFH�IRU�D�UROH�

RI�V\QWD[LQ���LQ�DQ\�RI�WKH�SURFHVVHV�WHVWHG��H[FHSW�D�SRWHQWLDO�PRGHVW�UHGXFWLRQ�

LQ�VXUIDFH�3U3&�H[SUHVVLRQ���

3.��FHOOV�ZHUH�SUHGRPLQDQWO\�XWLOLVHG�WR�LQYHVWLJDWH�WKH�UROH�RI�V\QWD[LQ���LQ�SULRQ�

ELRORJ\��1�D� FHOOV� KDYH�EHHQ�XVHG�PRVW� IUHTXHQWO\� LQ� SULRQ� UHVHDUFK�DQG� DUH�

URXWLQHO\� XVHG� LQ� WKH� $6&$� WR� PHDVXUH� 50/� LQIHFWLYLW\� RI� ELRPDWHULDOV��

.QRFNGRZQ�DQG�RYHUH[SUHVVLRQ�RI�JHQHV�LQ�WKLV�OLQH�KDV�SURYHG�DQ�HIIHFWLYH�ZD\�

WR�PRGHO�D�QXPEHU�RI�SUHYLRXVO\�LGHQWLILHG�JHQHWLF�DVVRFLDWLRQV�ZLWK�KXPDQ�SULRQ�

GLVHDVHV��&��$��%URZQ�HW�DO����������+RZHYHU�LQ�WKH�FXUUHQW�VWXG\�JHQHUDWLRQ�RI�

PXOWLSOH� 3.�� FHOO� OLQHV� ZLWK� RYHU� ���� UHGXFWLRQ� LQ� 6W[�� H[SUHVVLRQ� GLG� QRW�

GHPRQVWUDWH�D�FRQVLVWHQW�HIIHFW�RQ� LQIHFWLYLW\�ZLWK�50/�SULRQV� LQ� WKH�$6&$�RU�

DELOLW\� WR�PDLQWDLQ� SULRQ� SURSDJDWLRQ� UHODWLYH� WR� FRQWURO� OLQHV� LQ� WKH� FHOO� FXULQJ�

DVVD\��XQOLNH�WKH�VWULNLQJ�HIIHFW�RI�3UQS�NQRFNGRZQ�LQ�ERWK�RI�WKHVH��2I�QRWH��D�

KLJK� GHJUHH� RI� YDULDELOLW\� ZDV� REVHUYHG� EHWZHHQ� ERWK� 6W[�� NQRFNGRZQ� DQG�

FRQWURO�FHOO�OLQHV�LQ�WKH�$6&$��KLJKOLJKWLQJ�WKH�QHHG�IRU�VFUHHQLQJ�PXOWLSOH�FORQHV��

3UHYLRXV�VWXGLHV�KDYH�VKRZQ�VXEVWDQWLDO�UREXVWQHVV�RI�61$5(�IXQFWLRQV�WR�JHQH�

NQRFNGRZQ�LQFOXGLQJ�V\QWD[LQ����ZRUN�E\�%HWKDQL�HW�DO�GHPRQVWUDWHG�XS�WR�����

ORVV�RI�6W[��H[SUHVVLRQ�LQ�3&���FHOOV�LV�VWLOO�VXIILFLHQW�WR�IRUP�IXQFWLRQDO�61$5(�

FRPSOH[HV��%HWKDQL�HW�DO����������7KLV�PD\�SUHYHQW�GHOHWHULRXV�SKHQRW\SHV�LQ�WKH�

FHOO� OLQHV�JHQHUDWHG�LQ�WKH�FXUUHQW�VWXG\��DOWKRXJK�GHILFLWV�DVVRFLDWHG�ZLWK�6W[��

NQRFNGRZQ�KDYH�EHHQ�GHPRQVWUDWHG�E\�RWKHU�JURXSV�VXJJHVWLQJ�WKLV�LV�FRQWH[W�

VSHFLILF��&KRXGKXU\�HW�DO���������*DQOH\��(VSLQRVD��	�3IHIIHU���������1RQHWKHOHVV�

WKH� OHYHO� RI� NQRFNGRZQ� JHQHUDWHG� LV� IDU� JUHDWHU� WKDQ� WKH� JHQH� H[SUHVVLRQ�
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FKDQJHV�GULYHQ�E\�67;��ULVN�DVVRFLDWHG�YDULDQWV�LQ�UHOHYDQW�EUDLQ�WLVVXHV��a����

IRU�UV��������LQ�SXWDPHQ��*7([���VHH�VHFWLRQ���������*7([�&RQVRUWLXP����������

3.��FHOOV�DQG�WKH�$6&$�ZHUH�RULJLQDOO\�GHYHORSHG�DV�D�FHOO�EDVHG�DOWHUQDWLYH�WR�

WKH� WLPH� FRQVXPLQJ� PRXVH� ELRDVVD\� IRU� PHDVXULQJ� SULRQ� LQIHFWLYLW\� LQ�

ELRPDWHULDOV��7KLV�KDV�EHHQ�KLJKO\�VXFFHVVIXO�ZLWK�VHQVLWLYLWLHV�FRPSDUDEOH�WR�WKLV�

JROG�VWDQGDUG�DVVD\� �.ORKQ�HW� DO��� �������7KH\�ZHUH�QRW� KRZHYHU� LQWHQGHG�RU�

VHOHFWHG�IRU�WKHLU�DELOLW\�WR�PRGHO�WKH�GLVHDVH�DQG�DUH�WKHUHIRUH�IDU�ZLWKGUDZQ�IURP�

WKLV��)RU�H[DPSOH�� WKH�UHTXLUHPHQW� IRU�FRQWLQXRXV�SDVVDJH� WR�UHPRYH�SURWHLQV�

IURP�WKH�LQRFXOD�PHDQV�D�GLVWLQFWLRQ�IURP�WKH�SUHGRPLQDQWO\�SRVW�PLWRWLF�QHXURQV�

ZKLFK�DUH�LQIHFWHG�LQ�WKH�GLVHDVH��6LPLODUO\�WKH�+(.�WDX�ELRVHQVRUV�GHYHORSHG�E\�

WKH�'LDPRQG�ODE�SURYLGH�D�KLJKO\�VHQVLWLYH�UHDG�RXW�RI�WDX�VHHGLQJ�DFWLYLW\�DEOH�

WR�UHSRUW�WDX�VHHGV�EHIRUH�WKH�RQVHW�RI�DQ\�UHODWHG�KLVWRSDWKRORJ\��\HW�WKH�QRQ�

QHXURQDO�RULJLQ�RI�WKLV�OLQH�OLPLWV�WKH�UHOHYDQFH�WR�GLVHDVH�PRGHOOLQJ��+ROPHV�HW�

DO����������$�VWXG\�E\�WKH�VDPH�JURXS�IRXQG�NQRFNRXW�RI����$'�DVVRFLDWHG�JHQHV�

LGHQWLILHG� WKURXJK� *:$6� KDG� QR� HIIHFW� RQ� WDX� XSWDNH�� VHHGLQJ� RU� DJJUHJDWH�

SURSDJDWLRQ�KLJKOLJKWLQJ�WKHLU�OLPLWDWLRQV�DV�D�PRGHO�IRU�KXPDQ�GLVHDVH��.ROD\�	�

'LDPRQG���������6LPLODUO\�LQ�WKH�FXUUHQW�VWXG\��NQRFNGRZQ�RI�67;��H[SUHVVLRQ�

GLG�QRW�LPSDFW�WKH�VHHGLQJ�FDSDELOLWLHV�RI�WDX�DJJUHJDWHV�LQ�WKLV�FHOO�OLQH��

1�D�FHOOV�DQG�RWKHU�LPPRUWDOLVHG�FHOO�PRGHOV�DEOH�WR�SURSDJDWH�SULRQV�DUH�IXUWKHU�

OLPLWHG�E\�WKHLU�QRQ�KXPDQ�RULJLQ��LW�LV�SODXVLEOH�WKH�UROH�RI�D�JHQH�DVVRFLDWHG�ZLWK�

D�KXPDQ�SULRQ�GLVHDVH�PD\�EH�VSHFLHV�VSHFLILF��$V�SUHYLRXVO\�GLVFXVVHG��VHH�

VHFWLRQ� ����� WKHUH� LV� FXUUHQWO\� QR� HYLGHQFH� IRU� D� VKDUHG� JHQHWLF� DVVRFLDWLRQ�

RXWVLGH�RI�3513� IRU� GLIIHUHQW� KXPDQ�SULRQ�GLVHDVHV�DQG� WKHUHIRUH� WKH� UROH� RI�

V\QWD[LQ���PD\�HYHQ�EH�VSHFLILF�WR�V&-'�SULRQ�VWUDLQV��SUHYHQWLQJ�REVHUYDWLRQ�RI�

D� SKHQRW\SH� LQ� WKH� FXUUHQW� VWXG\� IRFXVVLQJ� RQ� WKH� PXULQH� 50/� SULRQ� VWUDLQ��

'HVSLWH� SURJUHVV� LQ� PRGHOOLQJ� VRPH� QRQ�URGHQW� SULRQ� VWUDLQV� LQ� FXOWXUH��

HVWDEOLVKLQJ�D�FHOO�PRGHO�DEOH�WR�SURSDJDWH�KXPDQ�SULRQV�KDV�SURYHQ�PXFK�PRUH�

FKDOOHQJLQJ� �DV� SUHYLRXVO\� GLVFXVVHG� LQ� VHFWLRQ� ������� �%LDQ� HW� DO��� ������

&RXUDJHRW�HW�DO���������3LQHDX�	�6LP��������9LOHWWH�HW�DO����������%RWK�D�FHOO�OLQH�

DEOH�WR�SURSDJDWH�KXPDQ�SULRQ�VWUDLQV�DQG�RQH�RI�KXPDQ�RULJLQ�ZRXOG�EH�SLYRWDO�

WR�KXPDQ�IXQFWLRQDO�JHQHWLFV�VWXGLHV�LQ�WKH�ILHOG���
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&HOO�PRGHOV�IRU�SULRQ�SURSDJDWLRQ�DUH�KLJKO\�GLYHUVH�LQ�WKHLU�VSHFLHV��RULJLQ�DQG�

FKDUDFWHULVWLFV��H[HPSOLILHG�E\�WKHLU�GLVWLQFW�VWUDLQ�VXVFHSWLELOLWLHV��7R�DFFRXQW�IRU�

WKHVH� GLIIHUHQFHV�� JHQHWLF� PDQLSXODWLRQ� RI� 6W[�� H[SUHVVLRQ� ZDV� WHVWHG� LQ� DQ�

DGGLWLRQDO� FHOO� OLQH�� &$'��� 7KH� UHDVRQ� EHKLQG� WKH� FHOO� WURSLVP� LQ� VWUDLQ�

SURSDJDWLRQ�LV�XQFOHDU��K\SRWKHVHV�LQFOXGH�GLIIHUHQWLDO�H[SUHVVLRQ�RI�D�QHFHVVDU\�

FRIDFWRU�RU�PLQRU�YDULDWLRQV�LQ�3U3&�H[SUHVVLRQ��KRZHYHU�DWWHPSWV�WR�DGGUHVV�WKLV�

KDYH�EHHQ�ODUJHO\�XQVXFFHVVIXO��&KDVVHLJQHDX[�HW�DO����������1RQHWKHOHVV�WKHVH�

FOHDU�GLIIHUHQFHV��KHLJKWHQHG�E\�WKH�VXEVWDQWLDO�VXE�FORQLQJ�UHTXLUHG�WR�LQFUHDVH�

SULRQ�VXVFHSWLELOLW\��PD\�PHDQ�WKDW�RQO\�D�VXEVHW�RI�FHOO�OLQHV�ZLOO�VKRZ�D�VSHFLILF�

UROH� RI� V\QWD[LQ��� LQ� SULRQ� SURSDJDWLRQ�� )RU� H[DPSOH� SUHYLRXV� UHVHDUFK� KDV�

KLJKOLJKWHG� D� UROH� RI� WKLV� SURWHLQ� LQ� FDYHRODH�PHGLDWHG� HQGRF\WRVLV� DQG� WKH�

WUDQVSRUW�RI�UHODWHG�SURWHLQV�WR�WKH�SODVPD�PHPEUDQH��D�PHFKDQLVP�WKRXJKW�WR�

FRQWULEXWH�WR�WKH�LQWHUQDOLVDWLRQ�RI�VRPH�SULRQ�VWUDLQV�LQ�FXOWXUH��\HW�RQH�RI�WKH�NH\�

SURWHLQV�LQ�WKLV�SDWKZD\��&DY����LV�PRVWO\�ODFNLQJ�IURP�1�D�FHOOV��&KRXGKXU\�HW�

DO���������3HWHUV�HW�DO���������6KRZ�/LQJ�6K\QJ�HW�DO����������&$'��FHOOV�ZHUH�

XWLOLVHG�LQ�WKH�FXUUHQW�VWXG\�DV�DQ�DOWHUQDWLYH�WR�1�D�FHOOV�GXH�WR�WKHLU�VXVFHSWLELOLW\�

WR�PXOWLSOH�SULRQ�VWUDLQV��KRZHYHU� WKH�VDPH�SURWRFRO�ZKLFK� UREXVWO\�JHQHUDWHG�

VWDEOH�FHOO�OLQHV�LQ�3.��FHOOV�ZDV�QRW�VXFFHVVIXO��7KLV�PD\�EH�GXH�WR�D�UHTXLUHPHQW�

RI� V\QWD[LQ��� LQ� QRUPDO� FHOOXODU� IXQFWLRQV� ZKLFK� LV� QRW� UHIOHFWHG� LQ� 3.�� FHOOV��

HVSHFLDOO\�SODXVLEOH�ZLWK�DQ�HVWDEOLVKHG�UROH�RI�V\QWD[LQ���LQ�ERWK�FHOO�DGKHUHQFH�

DQG�VXUYLYDO� �7LZDUL�HW�DO���������<��=KDQJ�HW�DO����������)XWXUH�VWXGLHV�VKRXOG�

FRQVLGHU�WHVWLQJ�3U3�UHODWHG�SDUDPHWHUV�LQ�WUDQVLHQWO\�PRGLILHG�FHOOV��RU�VFUHHQLQJ�

RWKHU�SULRQ�SURSDJDWLQJ�FHOO�OLQHV��)XUWKHU��WKH�UROH�RI�V\QWD[LQ���PD\�EH�VSHFLILF�

WR�SULRQ�SURSDJDWLRQ�EHWZHHQ�FHOOV�RI�D�VROLG�WLVVXH�RU�LQ�D�OLYH�DQLPDO�RU�SDWLHQW��

DQG�QRW�EH�HYLGHQW�LQ�FHOO�OLQHV��7KLV�ZLOO�EH�WKH�VXEMHFW�RI�DQRWKHU�FKDSWHU���

,PPXQRIOXRUHVFHQFH�DQDO\VLV�RI�IL[HG�FHOOV�LQ�WKLV�VWXG\�LQGLFDWHG�D�KLJK�GHJUHH�

RI�FRORFDOLVDWLRQ�EHWZHHQ�3U3&�DQG�V\QWD[LQ����\HW�LQ�DQ�(/,6$�EDVHG�DVVD\�ZLWK�

UHFRPELQDQW� IXOO�OHQJWK� KXPDQ� 3U3� DQG� V\QWD[LQ��� QR� GLUHFW� SURWHLQ�SURWHLQ�

LQWHUDFWLRQ� ZDV� REVHUYHG�� 7KLV� ZDV� XVHG� DV� DQ� DOWHUQDWLYH� WR� FR�

LPPXQRSUHFLSLWDWLRQ�WR�VWXG\�3U3�LQWHUDFWRUV�GXH�WR�WKH�PHPEUDQH�ORFDOLVDWLRQ�

OHDGLQJ�WR�WKH�UHTXLUHPHQW�IRU�VWURQJ�GHWHUJHQWV�IRU�H[WUDFWLRQ�RI�ERWK�SURWHLQV��

LQWHUIHULQJ� ZLWK� PRVW� SURWHLQ�SURWHLQ� LQWHUDFWLRQV�� 7KLV� DVVD\� SURYLGHG� QR�

HYLGHQFH�IRU�D�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�3U3&�DQG�V\QWD[LQ���XQOLNH�WKRVH�VHHQ�
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IRU�RWKHU�3U3�LQWHUDFWRUV�LQFOXGLQJ�WDX��ȕ�DP\ORLG�DQG�Į�V\QXFOHLQ��&RUEHWW�HW�DO���

�������7KHVH�GDWD�VXJJHVW�WKDW�3U3�DQG�V\QWD[LQ���PD\�EH�SUHVHQW�RQ�WKH�VDPH�

PHPEUDQH�RU�YHVLFXODU�VWUXFWXUHV�ZLWKRXW�GLUHFW�FRQWDFW��DOWKRXJK�IXUWKHU�WHVWLQJ�

LQ�VLWX�LV�ZDUUDQWHG�GXH�WR�WKH�PLQLPDOLVW�QDWXUH�RI�WKLV�PHWKRG���

8WLOLVLQJ� UHFRPELQDQW�SURWHLQV� IRU� WKLV�VWXG\�KDV�YDULRXV� OLPLWDWLRQV��9LWDOO\� WKLV�

LQFOXGHV�WKH�ODFN�RI�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV�SRWHQWLDOO\�NH\�WR�LQWHUDFWLRQV��

HVSHFLDOO\�ZLWK�WKH�DGGLWLRQ�RI�D�*3,�DQFKRU�WR�3U3�IRU�PHPEUDQH�LQVHUWLRQ�OLNHO\�

UHTXLUHG� WR� EULQJ� LW� LQ� SUR[LPLW\� ZLWK� V\QWD[LQ���� DV� ZHOO� DV� WKH� ODFN� RI� RWKHU�

LQWUDFHOOXODU� FRPSRQHQWV� UDLVLQJ� WKH� TXHVWLRQ� RI� ZKHWKHU�� MXVW� EHFDXVH� WZR�

SURWHLQV�PLJKW�KDYH�WKH�FDSDELOLW\�WR�LQWHUDFW��WKHLU�ORFDOLVDWLRQ�PDNHV�WKLV�IHDVLEOH�

ZLWKLQ�D�FHOO��H�J��WKH�PHPEUDQH�EDUULHU�EHWZHHQ�H[WUDFHOOXODU�3U3&�GRPDLQV�DQG�

F\WRVROLF�V\QWD[LQ���PD\�SUHYHQW�LQWHUDFWLRQ���$GGLWLRQDOO\�LW�ZRXOG�EH�LPSRUWDQW�

WR� GLIIHUHQWLDWH� EHWZHHQ� D� IXQFWLRQDO�� VSHFLILF� LQWHUDFWLRQ� DQG� FRLQFLGHQWDO�

FRORFDOLVDWLRQ� L�H�� GXH� WR� WUDIILFNLQJ� RI� 3U3&� WKURXJK� WKH� ELRV\QWKHWLF� SDWKZD\��

1RQHWKHOHVV�QR�SUHYLRXV�SURWHRPLFV�EDVHG�VWXGLHV�LQYHVWLJDWLQJ�3U3&�LQWHUDFWRUV�

LQ� D� YDULHW\� RI� V\VWHPV� RU� HYLGHQFH� IURP� WKH� 675,1*� SURWHLQ� LQWHUDFWLRQV�

GDWDEDVH� KLJKOLJKW� V\QWD[LQ��� DV� D� ELQGLQJ� SDUWQHU� �UHFHQWO\� UHYLHZHG� LQ�

�0LUDQ]DGHK� 0DKDEDGL� 	� 7DJKLELJORX�� �������� 2I� QRWH�� RQH� VWXG\� LGHQWLILHG�

3',$�� �DQRWKHU� VXJJHVWLYH� V&-'� ULVN� JHQH�� DV� D� 3U3�LQWHUDFWRU� LQ� 1�D� FHOOV�

KRZHYHU�WKH�HYLGHQFH�IRU�WKLV�LV�YDULDEOH��7RUUHV�HW�DO���������:DWWV�HW�DO�����������

$�UHFHQW�SXEOLFDWLRQ�E\�/HH�DQG�FROOHDJXHV�GLG�KRZHYHU�SURYLGH�VRPH�HYLGHQFH�

VXSSRUWLQJ�D�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�V\QWD[LQ���DQG�WDX��D�UHODWLRQVKLS�WKDW�ZDV�

QRW�H[SORUHG�LQ�WKH�FXUUHQW�VWXG\��:��6��/HH�HW�DO����������+HUH�WKH\�H[SUHVVHG�

WDJJHG�SURWHLQV�LQ�+(.���7�FHOOV�DQG�GHPRQVWUDWHG�FR�SXULILFDWLRQ�RI�V\QWD[LQ�

�� ZLWK� ERWK� ZLOG�W\SH� DQG� SVHXGR�SKRVSKRU\ODWHG� WDX� DQG� FR�ORFDOLVDWLRQ� LQ�

SULPDU\� QHXURQV�� KRZHYHU� WKLV� LQWHUDFWLRQ� ZDV� QRW� VXSSRUWHG� E\� SURWHRPLFV�

DQDO\VLV�LQ�WKH�VDPH�VWXG\��7KH�DXWKRUV�SURSRVH�V\QWD[LQ���DFWV�WR�IDFLOLWDWH�WDX�

XSWDNH�LQWR�YHVLFOHV�DQG�VXEVHTXHQW�VHFUHWLRQ��SURYLGLQJ�HYLGHQFH�IRU�LQFUHDVHG�

WDX�UHOHDVH�ZLWK�V\QWD[LQ���&�WHUPLQDO�H[SUHVVLRQ��DOWKRXJK�WKH�RYHUH[SUHVVLRQ�

DQG�PXWDQW�FRQVWUXFWV�XVHG�LQ�WKLV�VWXG\�PD\�QRW�UHIOHFW�WKH�SK\VLRORJLFDO�VWDWH��

$V�WDX�LV�F\WRVROLF��ZKHUHDV�ERWK�3U3&�DQG�3U3�DJJUHJDWHV�DUH�WKRXJKW�WR�ORFDOLVH�

SUHGRPLQDQWO\� WR� WKH� SODVPD� PHPEUDQH� DQG� ZLWKLQ� PHPEUDQH�ERXQG�

FRPSDUWPHQWV�� LW� LV�KDUG� WR�HQYLVDJH�D�VLPLODU�PHFKDQLVP�DSSOLFDEOH� LQ�SULRQ�
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SDWKRJHQHVLV��7KLV�VKRXOG�EH�FRQVLGHUHG�KRZHYHU��IRU�H[DPSOH�ZKHWKHU�SULRQV�

LQ�WKH�F\WRVRO�DUH�PRUH�IXQFWLRQDO�WKDQ�SUHYLRXVO\�WKRXJKW��*RGVDYH�HW�DO���������

8FKL\DPD�HW�DO����������,Q�WKH�FXUUHQW�VWXG\�SUHOLPLQDU\�H[SORUDWLRQ�RI�LQIHFWLRXV�

SULRQ� UHOHDVH� IURP�50/�LQIHFWHG� L3.�� FHOOV� GRHV�QRW� VXSSRUW� D� VLPLODU� UROH� RI�

V\QWD[LQ���LQ�SULRQ�VHFUHWLRQ��KRZHYHU�IXUWKHU�LQYHVWLJDWLRQ�LV�UHTXLUHG�WR�VHFXUH�

WKLV�FRQFOXVLRQ���

$�KLJK�GHJUHH�RI�FRORFDOLVDWLRQ�EHWZHHQ�GHQDWXUDWLRQ�UHVLVWDQW�3U3�DJJUHJDWHV�

DQG�V\QWD[LQ���LQ�L3.��FHOOV�ZDV�DOVR�REVHUYHG�LQ�WKH�FXUUHQW�VWXG\��([SHULPHQWDO�

LQYHVWLJDWLRQ� RI� LQWHUDFWRUV�ZLWK� GLVHDVH�DVVRFLDWHG�3U3� LV� FRPSOLFDWHG� E\� WKH�

QHHG� IRU� SXULILFDWLRQ� WR�GLVWLQJXLVK� WKLV� IURP� WKH� FHOOXODU� IRUP��PRVW� FRPPRQO\�

XWLOLVLQJ� SURWHDVH� GLJHVWLRQ� DQG� WKXV� UHPRYLQJ� DQ\� SURWHLQV� H[WHUQDO� WR� WKH�

UHVLVWDQW�FRUH��7KLV�DOVR�IDLOV�WR�DFFRXQW�IRU�SURWHDVH�VHQVLWLYH�3U3�IRUPV�NQRZQ�

WR�FRQVWLWXWH�D�VXEVWDQWLDO�SURSRUWLRQ�RI�GLVHDVH�DVVRFLDWHG�3U3��ZKLFK�PD\�KDYH�

GLVWLQFW�ELQGLQJ�SDUWQHUV��6DIDU�HW�DO����������1RQHWKHOHVV��IXUWKHU�LQYHVWLJDWLRQV�

DUH�UHTXLUHG�WR�GHWHUPLQH�LI�WKH�FRORFDOLVDWLRQ�REVHUYHG�LV�GXH�WR�D�SURWHLQ�SURWHLQ�

LQWHUDFWLRQ�VSHFLILF�WR�WKLV�IRUP�RI�WKH�SURWHLQ���

$V�ZLWK�DOO�ELRFKHPLFDO�WHFKQLTXHV��WKH�WRROV�XVHG�IRU�SKHQRW\SH�DQDO\VLV�LQ�WKLV�

VWXG\�IDOO�WR�YDULRXV�OLPLWDWLRQV��LPSRUWDQW�WR�FRQVLGHU�ZKHQ�GUDZLQJ�FRQFOXVLRQV�

IURP�WKHVH�GDWD��7KH�XVH�RI�LPPXQREORWWLQJ�DV�WKH�UHDG�RXW�LQ�D�QXPEHU�RI�DVVD\V�

LQ�WKH�FXUUHQW�VWXG\�LV�OLPLWHG�LQ�LWV�VHQVLWLYLW\�DQG�LV�QRW�HPLQHQWO\�TXDQWLWDWLYH�LQ�

LWV�QDWXUH��DOWKRXJK�WKH�XVH�RI�IOXRUHVFHQFH�FRQMXJDWHG�DQWLERGLHV�KDV�VRPHZKDW�

LQFUHDVHG� WKH� VHQVLWLYLW\� DQG� DFFXUDF\� RI� GLIIHUHQWLDO� SURWHLQ� H[SUHVVLRQ�

PHDVXUHPHQWV� �3LOODL�.DVWRRUL�� 6FKXW]�*HVFKZHQGHU�� 	� +DUIRUG�� �������

9LVXDOLVDWLRQ�RI�VLQJOH�FRORQLHV�RI�FHOOV�ZLWK�DQ�(/,6$�EDVHG�DVVD\�LQ�WKH�$6&$�

KDV�LQFUHDVHG�VHQVLWLYLW\�RYHU�WUDGLWLRQDO�LPPXQREORWWLQJ�WR�PHDVXUH�3.�UHVLVWDQW�

3U3��$GGLWLRQDOO\�DOO�DVVD\V�DUH�PRQLWRULQJ�VWHDG\�VWDWH�RU�HQG�SRLQW�SKHQRW\SHV��

7UDGLWLRQDOO\�� WKLV� LV� VLPSOHU�� HOLPLQDWLQJ� WKH� UHTXLUHPHQW� IRU� PRUH� VSHFLDOLVHG�

HTXLSPHQW�VXFK�DV�YLDEOH� LPDJLQJ�FKDPEHUV� IRU� OLYH�FHOO�FRQIRFDO�PLFURVFRS\��

DQG�ZRUNLQJ�ZLWK� LQIHFWLRXV�PDWHULDO� XQIRUWXQDWHO\� OLPLWV� WKH� DFFHVV� WR� VKDUHG�

UHVRXUFHV��+RZHYHU��HVSHFLDOO\�GXH�WR�WKH�G\QDPLF�QDWXUH�RI�WKH�HQGRO\VRVRPDO�

QHWZRUN� LQ�ZKLFK�V\QWD[LQ��� IXQFWLRQV�� IXWXUH�ZRUN�VKRXOG� LPSRUWDQWO\� IRFXV�RQ�

LQYHVWLJDWLQJ�GHILFLWV�LQ�D�WLPH�UHVROYHG�PDQRU��)XUWKHUPRUH�WKH�QHHG�IRU�VWDEOH�

JHQHWLF�PRGLILFDWLRQ�LQ�WKH�$6&$�JHQHUDWHV�WKH�SRVVLELOLW\�IRU�FRPSHQVDWLRQ�RI�
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UHODWHG�JHQHV�OLNHO\�WR�PDVN�WKH�HIIHFW�RI�V\QWD[LQ���NQRFNGRZQ��,Q�WKH�FXUUHQW�

VWXG\�QR�SKHQRW\SH�DVVRFLDWHG�ZLWK�V\QWD[LQ���NQRFNGRZQ�ZDV�REVHUYHG�LQ�FHOOV�

DW�VWHDG\�VWDWH�RXWVLGH�RI�D�PRGHUDWH�EXW�YDULDEOH�DOWHUDWLRQ�LQ�VXUIDFH�3U3�LQ�RQH�

OLQH�VWXGLHG���

/LPLWDWLRQV�LQ�FHOOXODU�DQG�ELRFKHPLFDO�V\VWHPV�DORQJ�ZLWK�FHOO�OLQH�DQG�WHPSRUDO�

KHWHURJHQHLW\� �H�J�� FHOO� F\FOH� SKDVHV�� KDYH� OLNHO\� SUHYHQWHG�HOXFLGDWLRQ�RI� WKH�

PHFKDQLVP�GULYLQJ� WKH�DVVRFLDWLRQ�RI�67;��ZLWK�V&-'�DQG� WDXRSDWKLHV� LQ� WKLV�

VWXG\�� KLJKOLJKWLQJ� WKH� UHTXLUHPHQW� IRU� D� FRPELQDWRULDO� DSSURDFK� WR�PRGHOOLQJ�

JHQHWLF�DVVRFLDWLRQV�LQ�ELRORJLFDO�V\VWHPV��DV�ZHOO�DV�FDUHIXO�FRQVLGHUDWLRQ�RI�WKH�

FRQVWUDLQWV� LQ� WKH� PRGHOV� XVHG�� $OWKRXJK� LPPRUWDOLVHG� FHOO� OLQHV� KDYH� JUHDW�

EHQHILWV�ZLWK�WKHLU�ORZ�FRVW��HDVH�RI�PDQLSXODWLRQ�DQG�TXLFN�UHVXOWV��PRUH�KXPDQ�

GLVHDVH� UHOHYDQW� PRGHOV� DV� ZHOO� DV� KLJKHU� UHVROXWLRQ� LQ� ERWK� WLPH� DQG�

PDJQLILFDWLRQ�ZLOO�EH�UHTXLUHG�WR�FRPSUHKHQVLYHO\�WHVW�K\SRWKHVHV�RI�V\QWD[LQ���

IXQFWLRQ�LQ�KXPDQ�SULRQ�GLVHDVHV��

� �
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����'HYHORSPHQW�RI�D�KXPDQ�FHOO�PRGHO�WR�
LQYHVWLJDWH�67;��IXQFWLRQ�
�����,QWURGXFWLRQ�

�������'HYHORSPHQW�RI�L36�FHOOV�DQG�L36�GHULYHG�QHXUDO�FHOOV�
6LQFH�WKH�ILUVW�JURXQG�EUHDNLQJ�SXEOLFDWLRQ�E\�7DNDKDVKL�DQG�<DPDQDND�LQ������

GHPRQVWUDWLQJ�WKH�DELOLW\�WR�UHSURJUDP�PRXVH�VRPDWLF�FHOOV�WR�D�VWDWH�UHVHPEOLQJ�

HPEU\RQLF�VWHP��(6��FHOOV��WKH�DSSOLFDWLRQ�RI�LQGXFHG�SOXULSRWHQW�VWHP��L36��FHOOV�

KDV� JURZQ� H[SRQHQWLDOO\� LQ� DQ� H[FLWLQJ� SHULRG� IRU� GLVHDVH� PRGHOOLQJ� DQG�

UHJHQHUDWLYH� PHGLFLQH� �7DNDKDVKL� 	� <DPDQDND�� ������� 7KLV� WHFKQRORJ\�

UHYROXWLRQLVHG�FHOO�ELRORJ\�SURYLGLQJ�UHVHDUFKHUV�ZLWK�D�ZD\�WR�JHQHUDWH�DOPRVW�

DQ\�FHOO�W\SH�GHVLUHG�ZLWK�D�KXPDQ�RULJLQ�LQ�DQ�HDVLO\�DFFHVVLEOH�DQG�H[SDQGDEOH�

PDQRU�� ZLWKRXW� WKH� HWKLFDO� OLPLWDWLRQV� SUHYLRXVO\� DVVRFLDWHG� ZLWK� VWHP� FHOO�

UHVHDUFK�� HVSHFLDOO\� LQVWUXPHQWDO� IRU� QHXURORJLFDO� GLVRUGHUV� ZKHUH� UHOHYDQW�

KXPDQ�FHOOV�DUH�SDUWLFXODUO\�LQDFFHVVLEOH��

,QLWLDO�JHQHUDWLRQ�RI�L36�FHOOV�IURP�PRXVH�DQG�KXPDQ�ILEUREODVWV�ZDV�DFKLHYHG�E\�

UHWURYLUDO�LQWHJUDWLRQ�RI�IRXU�WUDQVFULSWLRQ�IDFWRUV��RULJLQDOO\�LGHQWLILHG�GXH�WR�WKHLU�

IXQFWLRQV�LQ�PDLQWDLQLQJ�SOXULSRWHQF\�LQ�(6�FHOOV��2&7���62;���./)��RU�0<&�DQG�

1$12*� RU� /,1��� �7DNDKDVKL� HW� DO��� ������ 7DNDKDVKL� 	� <DPDQDND�� �������

(FWRSLF� H[SUHVVLRQ� RI� WKHVH� IDFWRUV� GURYH� WKH� JHQHUDWLRQ� RI� FHOO� FRORQLHV�

LQGLVWLQJXLVKDEOH�IURP�(6�FHOOV�LQ�WKHLU�PRUSKRORJ\��JURZWK�DQG�JHQH�H[SUHVVLRQ��

+RZHYHU�WKH�XVH�RI�YLUXVHV�KDV�FRQFHUQHG�UHVHDUFKHUV�GXH�WR�WKH�SURSHQVLW\�IRU�

XQZDQWHG�LQWHJUDWLRQ�DQG�SURPRWLRQ�RI�PDOLJQDQW�WUDQVIRUPDWLRQ��HVSHFLDOO\�ZLWK�

WKH�DSSOLFDWLRQ�RI� WKHVH�FHOO� OLQHV� LQ� UHJHQHUDWLYH�PHGLFLQH��7KLV�KDV� WKHUHIRUH�

GULYHQ�GHYHORSPHQW�RI�QRQ�LQWHJUDWLQJ�PHWKRGV�IRU�H[SUHVVLRQ�RI� WKHVH�IDFWRUV�

VXFK� DV� WKH� QRZ� FRPPRQO\� XVHG� 6HQGHL� YLUDO� YHFWRUV�� DQ� 51$� YHFWRU� ZKLFK�

UHSOLFDWHV�VROHO\�LQ�WKH�F\WRSODVP�ZLWKRXW�HQWHULQJ�WKH�QXFOHXV��%DQ�HW�DO�����������

'LIIHUHQWLDWLRQ�RI� L36�DQG�(6�FHOOV� LQWR�D�QHXUDO� OLQHDJH�ZDV�SURJUHVVHG� IURP�

KLVWRULFDOO\� YDULDEOH� DQG� LQHIILFLHQW� PHWKRGV� �VXFK� DV� HPEU\RLG� ERG\�

GLIIHUHQWLDWLRQ��ZLWK�ZRUN�E\�&KDPEHUV�DQG�FROOHDJXHV��ZKR�GHPRQVWUDWHG�WKDW�

LQKLELWLRQ� RI� VLJQDOOLQJ� SDWKZD\V� LQYROYLQJ� WZR� FRPSRQHQWV� RI� WKH� 7*)�ȕ�

VXSHUIDPLO\��ERQH�PRUSKRJHQLF�SURWHLQV��%03V��DQG�QRGDO��WHUPHG�µGXDO�60$'�

LQKLELWLRQ¶�� GULYHV� HIILFLHQW� DQG� KRPRJHQRXV� QHXUDO� FRQYHUVLRQ� RI� (6� FHOOV�



����
�

�&KDPEHUV� HW� DO��� ������� 'RZQ�UHJXODWLRQ� RI� %03�60$'� SURWHLQ� VLJQDOOLQJ� LV�

UHTXLUHG�GXULQJ�QHXURJHQHVLV�LQ�YLYR�IRU�QHXUDO�LQGXFWLRQ�LQ�WKH�HFWRGHUP��ZKLFK�

LV�PLPLFNHG� LQ�GXDO�60$'�LQKLELWLRQ� LQ�YLWUR� WKURXJK� WKH�XVH�RI�%03� LQKLELWRUV�

VXFK�DV�UHFRPELQDQW�QRJJLQ��/LX�	�1LVZDQGHU���������7KH�QRGDO�7*)�ȕ�DFWLYLQ�

SDWKZD\�DSSHDUV�WR�EH�UHTXLUHG�IRU�PDLQWHQDQFH�RI�SOXULSRWHQF\�LQ�(6�FHOOV�DQG�

VR�FR�LQKLELWLRQ�RI�WKLV�SDWKZD\��L�H��XVLQJ�LQKLELWRU�6%��������LV�DOVR�UHTXLUHG�IRU�

QHXURHFWRGHUP� GHYHORSPHQW� ZLWK� WKLV� PHWKRG� �-DPHV�� /HYLQH�� %HVVHU�� 	�

+HPPDWL�%ULYDQORX�� ������� )XUWKHU� LPSURYHPHQWV� WR� WKH� SURWRFRO� VXFK� DV� WKH�

UHSODFHPHQW�RI�UHFRPELQDQW�QRJJLQ�ZLWK�VPDOO�PROHFXOH�LQKLELWRU�GRUVRPRUSKLQ�

WR� OLPLW� YDULDELOLW\� DQG� FRVW� �RULJLQDOO\� E\� 0RUL]DQH� HW� DO��� DQG� WKH� DGGLWLRQ� RI�

UHWLQRLF�DFLG�YLWDPLQ�$�DV� UHTXLUHG� IRU�FRUWLFDO�QHXURJHQHVLV� LQ�YLYR� �6KL�HW�DO���

DOORZV�UREXVW�JHQHUDWLRQ��!����HIILFLHQF\��RI�QHXUDO�VWHP�DQG�SURJHQLWRU�FHOOV�

IURP�DOO�VWXGLHG�L36�FHOO�OLQHV��0RUL]DQH��'RL��.LNXFKL��1LVKLPXUD��	�7DNDKDVKL��

������ 6KL� HW� DO��� ������� 7KLV� KDV� OHG� WR� GXDO�60$'� LQKLELWLRQ� EHLQJ� WKH�PRVW�

IUHTXHQWO\�XVHG�PHWKRG�IRU�JHQHUDWLRQ�RI�QHXUDO�DQG�JOLDO�FHOOV�IURP�VWHP�FHOOV��

$GGLWLRQDOO\��PRUH�UHFHQW�DGYDQFHPHQWV�KDYH�SURJUHVVHG�WKLV�WR�GHYHORSLQJ��'�

FHOO�FXOWXUH� V\VWHPV� FRPSULVLQJ�PXOWLSOH� FHOO�W\SHV� DEOH� WR�PLPLF� WR� DQ� H[WHQW�

SK\VLRORJLFDO�RUJDQ�GHYHORSPHQW��WHUPHG�³RUJDQRLGV´���

�������L36�GHULYHG�FHOOV�LQ�SULRQ�UHVHDUFK�
7KH�JHQHUDWLRQ�RI�D�FHOO�OLQH��HVSHFLDOO\�RI�KXPDQ�RULJLQ��DEOH�WR�SURSDJDWH�KXPDQ�

SULRQV�ZRXOG�EH�UHYROXWLRQDU\�WR�SULRQ�UHVHDUFK��SUHYLRXVO\�GLVFXVVHG�LQ�FKDSWHU�

���VHFWLRQ���������7KLV�ZRXOG�SURYLGH�VFLHQWLVWV�ZLWK�D�WRRO�WR�VWXG\�WKH�PHFKDQLVP�

RI�KXPDQ�SULRQ�SURSDJDWLRQ� LQ�D�SK\VLRORJLFDOO\�UHOHYDQW�ELRORJLFDO�V\VWHP�� IRU�

H[DPSOH� DOORZLQJ� GHOLQHDWLRQ� EHWZHHQ� PHFKDQLVPV� GULYLQJ� LQIHFWLYLW\� RYHU�

QHXURWR[LFLW\��UHFHQWO\�VKRZQ�WR�EH�GLVWLQFW�SDWKZD\V���DV�ZHOO�DV�IRU�VFUHHQLQJ�

SRWHQWLDO�PRGXODWRUV�RU�WKHUDSHXWLFV�ZLWK�HDVH�DQG�DW�D�ORZ�FRVW��%HQLORYD�HW�DO���

������6DQGEHUJ�HW�DO����������,W�FRXOG�EH�K\SRWKHVLVHG�WKDW�WKH�PRUH�DFFXUDWHO\�

RQH�LV�DEOH�WR�VLPXODWH�WKH�GLVHDVH�DVVRFLDWHG�FHOO�W\SHV�LQ�FXOWXUH��WKH�PRUH�OLNHO\�

WKH\�ZLOO�EH�DEOH�WR�UHSOLFDWH�WKLV�NH\�GLVHDVH�DVVRFLDWHG�SDWKRJHQLF�PHFKDQLVP��

7KHUHIRUH�WKH�DGYHQW�RI�L36�FHOOV�KDV�LQHYLWDEO\�OHDG�WR�WHVWLQJ�GLIIHUHQW�FHOO�W\SH�

GHULYDWLRQV�IRU�WKHLU�DELOLW\�WR�VHHG�DJJUHJDWLRQ�RI�KXPDQ�SULRQ�VWUDLQV��7KH�ILUVW�

VXFFHVVIXO�GHPRQVWUDWLRQ�FDPH�IURP�.UHMFLRYD�HW�DO�ZKR�VKRZHG�DQ�LQFUHDVH�LQ�

3.�UHVLVWDQW�3U3�XS�WR����GD\V�IROORZLQJ�H[SRVXUH�RI�L36�GHULYHG�DVWURF\WHV�WR�
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YDULRXV�Y&-'�DQG�V&-'�SULRQ�VWUDLQV�LQ�D�3513�FRGRQ�����DQG�WLPH�GHSHQGHQW�

PDQRU� �.UHMFLRYD� HW� DO��� ������� 0RUH� UHFHQW� ZRUN� OHG� E\� %UDGOH\� *URYHPDQ�

VLPLODUO\�GHPRQVWUDWHG�DQ�LQFUHDVH�LQ�3.�UHVLVWDQW�3U3�IROORZLQJ�H[SRVXUH�RI�D�

VLQJOH�L36�GHULYHG�FHUHEUDO�RUJDQRLG�PRGHO�WR�RQH�V&-'�SULRQ�VWUDLQ��09�W\SH���

�3DUFKL���XS�WR�����GD\V�ODWHU��*URYHPDQ�HW�DO����������,PSRUWDQWO\�KRZHYHU�WKHUH�

LV�RQO\�OLPLWHG�HYLGHQFH�IRU�VHULDO�SURSDJDWLRQ�RI�VHHGHG�DJJUHJDWHV��ZLWK�ERWK�

PRGHOV� SUHGRPLQDQWO\� SRVW�PLWRWLF�� ZLWK� QHLWKHU� WHVWLQJ� WKH� JHQHUDWLRQ� RI�

DXWKHQWLFDOO\� LQIHFWLRXV�SULRQV��RU�LQFOXGLQJ�3513�NQRFNRXW�FRQWUROV�WR�YDOLGDWH�

3U3�WHPSODWHG�VHHGLQJ��UHTXLUHG�WR�FRQFOXGH�WKH�XWLOLW\�RI�WKHVH�PRGHOV��'HVSLWH�

REYLRXV� IXUWKHU� OLPLWDWLRQV�ZLWK� WKH�FRVW�DQG�H[WHQGHG� WLPH�FRXUVH� UHTXLUHG� WR�

JHQHUDWH� WKHVH�� L36�GHULYHG� FHOO� OLQHV� KDYH� VXFFHVVIXOO\� SURYLGHG� WKH� ILUVW�

UHSURGXFLEOH�HYLGHQFH�IRU�VHHGLQJ�RI�KXPDQ�SULRQV�LQ�FXOWXUH��LQ�D�FHOOXODU�V\VWHP�

UHOHYDQW�WR�WKH�GLVHDVH�DHWLRORJ\��

7KH�DELOLW\�WR�GLIIHUHQWLDWH�UHOHYDQW�FHOO�W\SHV�GLUHFWO\�IURP�SDWLHQWV�JUDQWHG�E\�WKH�

DGYHQW� RI� L36� FHOOV� ZDV� SDUWLFXODUO\� EHQHILFLDO� WR� JHQHWLF� GLVRUGHUV�� DOORZLQJ�

DFFHVV�WR�DQ\�FHOO� W\SH�ZLWK�WKH�H[DFW�JHQHWLF�EDFNJURXQG�DV�WKH�LQGLYLGXDO��,Q�

WKHVH� VWXGLHV�� FHOOV� GHULYHG� IURP� LQGLYLGXDOV� ZLWKRXW� WKH� PXWDWLRQV� ZHUH�

WUDGLWLRQDOO\�XVHG�DV�FRQWUROV��KRZHYHU�JHQHWLF�YDULDWLRQ�LQWURGXFHV�D�KLJK�GHJUHH�

RI� GLVFUHSDQF\� EHWZHHQ� OLQHV� DQG� WKHUHIRUH� RIWHQ� VXEVWDQWLDO� QRLVH� LQWR� WKH�

SKHQRW\SHV� EHLQJ� LQYHVWLJDWHG�� 7KLV� LV� HVSHFLDOO\� SUREOHPDWLF� IRU� VSRUDGLF�

GLVHDVHV�ZKHUH� WKH�VPDOOHU�JHQHWLF�FRPSRQHQW�� ODUJHU�KHWHURJHQHLW\�DQG� ODWHU�

RQVHW�OLNHO\�LQGXFHV�PRUH�PRGHUDWH�SKHQRW\SHV�LQ�FHOOXODU�PRGHOV��

3DWLHQW�GHULYHG�L36�FHOOV�KDYH�EHHQ�XVHG�WR�PRGHO�RQO\�D�FRXSOH�RI�,3'V��,Q������

0DWDPRURV�$QJOHV�DQG�FROOHDJXHV�ILUVW�GLIIHUHQWLDWHG�L36�FHOOV�REWDLQHG�IURP�DQ�

LQGLYLGXDO�ZLWK�D�UDUH�IRUP�RI�*66�FDXVHG�E\�<���1�3513�PXWDWLRQ�LQWR�FRUWLFDO�

QHXURQV�DQG�³VSKHURLGV´��0DWDPRURV�$QJOHV�HW�DO����������WKH\�ZHUH�QRW�DEOH�WR�

GHPRQVWUDWH�VSRQWDQHRXV�JHQHUDWLRQ�RI�3.�UHVLVWDQW�3U3��DOWKRXJK�WKLV�ZDV�RQO\�

WHVWHG�LQ�UHODWLYHO\�\RXQJ�FHOOV�DW����GD\V�SRVW�LQGXFWLRQ��RU�SURSDJDWLRQ�RI�*66�

RU�V&-'��00���3DUFKL���SULRQV��KRZHYHU�WKHUH�ZDV�VRPH�HYLGHQFH�RI�LQFUHDVHG�

UHDFWLYH� DVWURJOLRVLV� DQG� K\SHU�SKRVSKRU\ODWHG� WDX� LQ� WKLV� VPDOO� VDPSOH� VHW�

UHODWHG� WR� WKH� W\SLFDO� KLVWRSDWKRORJLFDO� IHDWXUHV� LQ� SDWLHQWV�� /DVW� \HDU�&DWKU\Q�

+DLJK¶V�JURXS�DGGLWLRQDOO\�XWLOLVHG�SDWLHQW�GHULYHG�FHOOV�IURP�WZR�LQGLYLGXDOV�ZLWK�

D�PRUH� FRPPRQ� ,3'�� IDPLOLDO�&-'�ZLWK�(���.�3513�PXWDWLRQ� �)ROLDNL� HW� DO���
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�������&HUHEUDO�RUJDQRLGV�JHQHUDWHG�IURP�HLWKHU�SDWLHQW�DJDLQ� ODFNHG�DQ\�3.�

UHVLVWDQW� RU� LQVROXEOH� VHHGLQJ�FRPSHWHQW� 3U3� DJJUHJDWHV� XS� WR� ���PRQWKV� LQ�

FXOWXUH��0RGHOOLQJ�RI�RWKHU�FRPPRQ�,3'�PXWDWLRQV��VXFK�DV�'���1��3���/�DQG�

25,V��LV�\HW�WR�EH�SXEOLVKHG�VR�IXUWKHU�UHVHDUFK�LV�UHTXLUHG�WR�GHWHUPLQH�LI�SDWLHQW�

GHULYHG�L36�FHOOV�FRXOG�SURYLGH�IXQFWLRQDO�PRGHOV�IRU�JHQHWLF�SULRQ�GLVHDVHV��

�������*HQH�HGLWLQJ�DQG�L36�FHOOV�
$GYDQFHV� LQ� WHFKQLTXHV� IRU� JHQHWLF�PDQLSXODWLRQ�KDYH�RYHUFRPH� VRPH�RI� WKH�

OLPLWDWLRQV� DVVRFLDWHG� ZLWK� L36� FHOOV�� DOORZLQJ� JHQHUDWLRQ� RI� LVRJHQLF� OLQHV�

PDWFKHG�IRU�JHQHWLF�EDFNJURXQG�RXWVLGH�RI�WKH�UHJLRQ�RI�LQWHUHVW��'HPRQVWUDWLRQ�

WKDW� WKH� &5,635� �µFOXVWHUHG� UHJXODUO\� LQWHUVSDFHG� VKRUW� SDOLQGURPLF� UHSHDW¶��

PHFKDQLVP� XVHG� E\� SURNDU\RWHV� WR� FOHDYH� IRUHLJQ� SDWKRJHQLF� '1$� FDQ� EH�

HIIHFWLYHO\�PRGLILHG� IRU�VHTXHQFH�VSHFLILF� WDUJHW� UHFRJQLWLRQ� LQ�PDPPDOLDQ�FHOO�

FXOWXUH�RSHQHG�XS�D�QHZ�UHDP�RI�JHQRPH�HGLWLQJ�SRVVLELOLWLHV��SURGXFLQJ�PXFK�

KLJKHU� HIILFLHQF\� DQG� IOH[LELOLW\� WKDQ� WKH� SUHFHGLQJ� WHFKQRORJLHV� �UHFHQWO\�

UHYLHZHG�LQ��/L�HW�DO�����������&RQJ�HW�DO���������-LQHN�HW�DO����������*HQHUDWLRQ�RI�

LVRJHQLF�FRQWUROV�UHGXFHV�YDULDELOLW\�EHWZHHQ�FHOO�OLQHV�LPSURYLQJ�QRW�RQO\�IDPLOLDO�

GLVHDVH�PRGHOOLQJ��EXW�DOVR�KLJKO\�EHQHILFLDO�ZKHQ�LQYHVWLJDWLQJ�JHQHV�DVVRFLDWHG�

ZLWK�VSRUDGLF�GLVHDVHV�IRU�ZKLFK�WKH�SKHQRW\SLF�HIIHFWV�PD\�EH�UHGXFHG��

&5,635� VHTXHQFHV� ZHUH� ILUVW� LGHQWLILHG� LQ� (�FROL� DV� UHJXODU� UHSHDWLQJ� PRWLIV�

XQXVXDOO\� GLVSHUVHG� E\� QRQ�UHSHDWLQJ� VHTXHQFHV� GHQRWHG� µVSDFHUV¶� �&5,635�

FRPSUHKHQVLYHO\� UHYLHZHG� LQ� �'RXGQD� 	� &KDUSHQWLHU�� �������� ,QFUHDVLQJ�

DYDLODELOLW\�RI�ZKROH�JHQRPH�LQIRUPDWLRQ�OHG�WR�WKH�XQH[SHFWHG�PDSSLQJ�RI�WKHVH�

VHTXHQFHV�WR�WKRVH�IURP�YLUXVHV�DQG�WUDQVSRVDEOH�HOHPHQWV��ILUVW�LQGLFDWLQJ�WKDW�

WKLV� PD\� PHGLDWH� VRPH� NLQG� RI� LQQDWH� LPPXQLW\� LQ� EDFWHULD�� 6XEVHTXHQW�

H[SHULPHQWV� E\� YDULRXV� JURXSV� TXLFNO\� HOXFLGDWHG� WKLV�� ZLWK� WKH� GHVFULSWLRQ� RI�

DGGLWLRQDO�FRPSRQHQWV�LQFOXGLQJ�WKH�FRQVHUYHG�&5,635�DVVRFLDWHG��&DV��JHQHV�

XSVWUHDP� RI� WKH� &5,635� UHJLRQ� DQG� SURWRVSDFHU� DGMDFHQW� PRWLI� �3$0��

VHTXHQFHV� FULWLFDO� IRU� HQ]\PH� WDUJHWLQJ� �)LJXUH� ����� &DV�� ZDV� DOVR� FUXFLDOO\�

LGHQWLILHG�DV�D�&DV�SURWHLQ�ZLWK�'1$�HQGRQXFOHDVH�DFWLYLW\��7KLV�LV�GULYHQ�E\�WZR�

VKRUW� 51$� VHTXHQFHV�� &5,635� 51$� �FU51$�� IRU� VHTXHQFH� UHFRJQLWLRQ� DQG�

WUDQV�DFWLYDWLQJ�FU51$��WUDFU51$��IRU�SURWHLQ�VFDIIROGLQJ��ODWHU�IXVHG�LQWR�D�VLQJOH�

JXLGH�51$��VJ51$�����
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'HPRQVWUDWLRQ�WKDW�WKHVH�&5,635�UHJLRQV�DUH�WUDQVIHUUDEOH�EHWZHHQ�RUJDQLVPV�

DQG�FDQ�EH�SURJUDPPHG�IRU�GLUHFWHG�WDUJHW�UHFRJQLWLRQ�OHG�WR�WKH�DIRUHPHQWLRQHG�

DSSOLFDWLRQ�WR�JHQH�HGLWLQJ�LQ�PDPPDOLDQ�FHOOV��&DV��VJ51$�FRPSOH[HV�FDQ�EH�

GHVLJQHG� WR�VSHFLILFDOO\� WDUJHW�D� UHJLRQ�RI� LQWHUHVW�DQG�� IROORZLQJ�JHQHUDWLRQ�RI�

GRXEOH�VWUDQG�EUHDNV��HQWRSLF�'1$�UHSDLU�PHFKDQLVPV�DUH�XWLOLVHG�WR�LQWURGXFH�

GHVLUHG� PRGLILFDWLRQV� �)LJXUH� ����� (UURU�SURQH� QRQ�KRPRORJRXV� HQG� MRLQLQJ�

�1+(-�� LV�NH\� IRU�JHQHUDWLQJ�JHQH�NQRFNRXWV�DV� LQWURGXFWLRQ�RI� LQVHUWLRQV�DQG�

GHOHWLRQV� �µLQGHOV¶�� LQWR� WKH� EUHDN� VLWH� FDQ� GLVUXSW� JHQH� IXQFWLRQ�� $OWHUQDWLYHO\��

WHPSODWH�VHTXHQFHV�FDQ�EH�XVHG�WR�LQWURGXFH�PRUH�VSHFLILF�'1$�PRGLILFDWLRQV�

YLD� KRPRORJ\� GLUHFWHG� UHSDLU� �+'5��� &5,635� XWLOLW\� KDV� VLQFH� EHHQ� IXUWKHU�

H[SDQGHG�WKURXJK�YDULRXV�PRGLILFDWLRQV��VXFK�DV�WKH�XVH�RI�QXFOHDVH�LQDFWLYDWHG�

&DV�HQ]\PHV�WR�GLUHFW�WUDQVFULSWLRQDO�UHSUHVVRUV�DQG�DFWLYDWRUV�WR�WKH�UHJLRQ�RI�

LQWHUHVW��OHDGLQJ�WR�&5,635�QRZ�EHLQJ�WKH�WRRO�RI�FKRLFH�IRU�LQFUHDVLQJ�IXQFWLRQDO�

JHQHWLFV�VWXGLHV��*LOEHUW�HW�DO���������/��6��4L�HW�DO�����������

�
)LJXUH�����*HQH�NQRFNRXW�ZLWK�&5,635�DQG�&DV��ULERQXFOHRSURWHLQV��
2XWVLGH�RI�WKH�FHOO�D�V\QWKHWLF�VLQJOH�JXLGH�51$��VJ51$��FRPSULVHG�RI�D�JHQH�WDUJHWLQJ�
VHJPHQW��VLPLODU�WR�WKH�&5,635�51$��FU51$��LQ�SURNDU\RWHV��DQG�D�VFDIIROGLQJ�VHJPHQW�
�DNLQ�WR�WKH�WUDQV�DFWLYDWLQJ�&5,635�51$��WUDFU51$��� LV�FRPSOH[HG�ZLWK�UHFRPELQDQW�
&DV��HQGRQXFOHDVH�WR�IRUP�D�ULERQXFOHRSURWHLQ��513���7KLV�FRPSOH[�LV�WKHQ�WUDQVIHFWHG�
LQWR�FHOOV�DQG�HQWHUV�WKH�QXFOHXV��ZKHUH�LW� ORFDWHV�DQG�ELQGV�LWV�FRPSOHPHQWDU\�WDUJHW�
VLWH�XSVWUHDP�RI�D�FULWLFDO�SURWRVSDFHU�DGMDFHQW�PRWLI��3$0���'1$�ELQGLQJ�DFWLYDWHV�&DV��
HQGRQXFOHDVH�DFWLYLW\�WR�LQGXFH�D�GRXEOH�VWUDQG�EUHDN��7KLV�LV�UHSDLUHG�E\�WKH�FHOOV�RZQ�
'1$�UHSDLU�PHFKDQLVPV��HLWKHU�WKURXJK�DFFXUDWH�KRPRORJ\�GLUHFWHG�UHSDLU��QRW�VKRZQ��
LI� D� FRPSOHPHQWDU\� VHTXHQFH� LV� SUHVHQW�� RU� PRUH� FRPPRQO\� E\� HUURU�SURQH� QRQ�
KRPRORJRXV�HQG�MRLQLQJ��1+(-���7KH�ODWWHU�LV�XWLOLVHG�IRU�JHQHUDWLQJ�JHQH�NQRFNRXWV�DV�
1+(-�IUHTXHQWO\�LQWURGXFHV�LQGHOV�WKDW�FDQ�GLVUXSW�JHQH�IXQFWLRQ��
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'XH�WR�WKH�UHGXFHG�YDULDELOLW\�JUDQWHG�E\�WKLV�WHFKQRORJ\�EHWZHHQ�LVRJHQLF�FHOO�

OLQHV�DQG�FRQWUROV��JHQHWLF�PDQLSXODWLRQ� LQ� L36�GHULYHG�QHXURQDO�FHOOV�KDV�QRZ�

EHHQ� XVHG� WR� LQYHVWLJDWH� JHQHV� DVVRFLDWHG� ZLWK� VSRUDGLF� IRUPV� RI�

QHXURGHJHQHUDWLYH� GLVHDVHV�� )RU� H[DPSOH� D� YDULHW\� RI� JHQHWLF� ULVN� IDFWRUV� IRU�

VSRUDGLF�$'�KDYH�EHHQ�PRGHOOHG�LQFOXGLQJ�$32(��75(0��DQG�625/��XWLOLVLQJ�

&5,635�WHFKQRORJ\�WR�LQWURGXFH�HLWKHU�ULVN�YDULDQWV�RU�NQRFNRXWV��&RVNHU�HW�DO���

������.QXSS�HW�DO���������/LQ�HW�DO����������7KHVH�VWXGLHV�ZHUH�DEOH�WR�UHFDSLWXODWH�

D� QXPEHU� RI� GLVHDVH�DVVRFLDWHG�SKHQRW\SHV� LQ� YDULRXV� L36�GHULYHG� FHOO� W\SHV�

LQFOXGLQJ�DFFXPXODWLRQ�RI�ȕ�DP\ORLG�DJJUHJDWHV�DQG�K\SHU�SKRVSKRU\ODWHG�WDX��

LPSDLUHG� PLFURJOLDO� UHVSRQVH� DQG� QHXURQDO� HQGRVRPH� HQODUJHPHQW�� $OWKRXJK�

UREXVW�HYLGHQFH�IRU�QRQ�3513�JHQHWLF�ULVN�IDFWRUV�IRU�KXPDQ�SULRQ�GLVHDVHV�ZDV�

SUHYLRXVO\� ODFNLQJ�� L36�GHULYHG� QHXURQV� KDYH� EHHQ� XVHG� LQ� VWXGLHV� RI� 3U3�

IXQFWLRQ� LQFOXGLQJ� DV� D� QHXURWR[LF� UHFHSWRU� IRU� SURWHRSDWKLF� ROLJRPHUV� DQG�

SURWHDVH�PHGLDWHG�H[WUDFHOOXODU�VKUHGGLQJ��&RUEHWW�HW�DO���������-DURV]�*ULIILWKV�

HW�DO����������

�������&KDSWHU�VXPPDU\�
,Q�WKLV�VWXG\�&5,635�LV�XWLOLVHG�WR�NQRFNRXW�WKH�H[SUHVVLRQ�RI�67;��LQ�L36�FHOOV�

IURP�D�QHXURORJLFDOO\�KHDOWK\� LQGLYLGXDO�ZLWK� WKH�DLP� WR�JHQHUDWH�D�KXPDQ�FHOO�

PRGHO� IRU� LQYHVWLJDWLQJ� WKH� UROH�RI�67;�� LQ�SULRQ�GLVHDVHV��+HUH�JHQHUDWLRQ�RI�

FRUWLFDO� QHXURQV� IURP� WKHVH� FHOOV� WKURXJK� GXDO�60$'� LQKLELWLRQ� GHPRQVWUDWHV�

WKHLU� DELOLW\� WR� EH� VXFFHVVIXOO\� GLIIHUHQWLDWHG� LQWR� D� QHXUDO� OLQHDJH� IRU� IXWXUH�

H[SHULPHQWV��$V�WKH�HIIHFW�VL]H�RI�WKH�JHQHWLF�DVVRFLDWLRQ�RI�67;��ZLWK�V&-'�LV�

VPDOO� LW� LV� OLNHO\� DQ\� SKHQRW\SH� ZLOO� EH� UHODWLYHO\� VXEWOH�� JHQH� NQRFNRXW� ZDV�

SHUIRUPHG� WR� DOORZ� LGHQWLILFDWLRQ� RI� JURVV� SHUWXUEDWLRQV� ZKLFK� FDQ� SURYLGH�

GLUHFWLRQ� IRU� IXUWKHU� VWXGLHV� PRGHOOLQJ� WKH� PRUH� PRGHVW� H[SUHVVLRQ� FKDQJHV�

XQGHUO\LQJ�WKH�JHQHWLF�ULVN��

� �
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�����5HVXOWV�

�������&KDUDFWHULVDWLRQ�RI�L36�FHOO�OLQHV�
7R�REWDLQ�KXPDQ�L36�FHOO�OLQHV�WKDW�ZRXOG�EH�PXOWLIDFHWHG�LQ�WKHLU�XWLOLW\��WZR�OLQHV�

ZHUH� LPSRUWHG� PDWFKHG� IRU� DJH�� VH[� DQG� GLVHDVH� VWDWXV� EXW� ZLWK� GLIIHULQJ�

JHQRW\SHV� DW� WKH�67;��KDSORW\SH�DVVRFLDWHG�ZLWK� V&-'� ULVN� �L�H�� UV����������

SURYLGLQJ� WKH� RSWLRQ� WR� IXUWKHU� LQYHVWLJDWH� WKH� LPSDFW� RI� HDFK� JHQRW\SH� IRU�

H[DPSOH�RQ�JHQH�H[SUHVVLRQ� LI� GHVLUHG��([RPHV�RI� IHHGHU�IUHH�FHOO� OLQHV� IURP�

KHDOWK\�PDOH�LQGLYLGXDOV��GXH�WR�VH[�GLIIHUHQFHV�GXULQJ�GLIIHUHQWLDWLRQ���DJHG����

����WR�PDWFK�WKH�W\SLFDO�V&-'�DJH�RI�RQVHW��ZLWK�00�JHQRW\SH�DW�3513�FRGRQ�

���� �L36�GHULYHG� DVWURF\WHV� ZLWK� 00� SUHYLRXVO\� GHPRQVWUDWHG� WR� EH� PRUH�

VXVFHSWLEOH�WR�SURSDJDWLRQ�RI�V&-'�SULRQV�LQ�FXOWXUH��.UHMFLRYD�HW�DO����������OLVWHG�

LQ�WKH�+XPDQ�3OXULSRWHQW�6WHP�&HOO�,QLWLDWLYH��+LS6FL��GDWDEDVH�ZHUH�VFUHHQHG�

DQG�WZR�FHOO�OLQHV�ZHUH�VHOHFWHG��+36,����L�RLOJB���µ2/,*�¶��UV��������*�*��DQG�

+36,����L�SDPYB�� �µ3$09�¶�� UV�������� $�$��� 7KHVH� OLQHV� ZHUH� JHQHUDWHG�

XVLQJ� QRQ�LQWHJUDWLQJ� 6HQGDL� YHFWRUV� �&\WRWXQH�� ,QYLWURJHQ�� DV� SUHYLRXVO\�

GHVFULEHG��VHH�VHFWLRQ���������

2/,*��DQG�3$09�� L36� FHOO� OLQHV�ZHUH� FKDUDFWHULVHG� WR� FRQILUP� WKH�H[SHFWHG�

PRUSKRORJ\� DQG� SOXULSRWHQF\�� ,PPXQRIOXRUHVFHQFH� DQDO\VLV� RI� ERWK� FHOO� OLQHV�

GHWHFWHG� H[SUHVVLRQ� RI� SOXULSRWHQF\� PDUNHUV� 2FW�� DQG� 7UD������� ZLWK� FHOOV�

IRUPLQJ� FRPSDFW� FRORQLHV� ZLWK� GLVWLQFW� ERUGHUV� DQG� ODUJH� QXFOHL� DV� H[SHFWHG�

�)LJXUH������7KHUH�ZDV�QR�GHWHFWDEOH�GLIIHUHQFH�EHWZHHQ� WKH� WZR� OLQHV�H[FHSW�

2/,*�� GHPRQVWUDWHG� D� JURZWK� UDWH� DQG� DGKHUHQFH� LQ� FXOWXUH� PRUH� FORVHO\�

UHIOHFWLQJ�SUHYLRXV�XVHG�OLQHV��7KLV�OLQH�RQO\�ZDV�XVHG�IRU�IXWXUH�H[SHULPHQWV�GXH�

WR�H[SHULPHQWDO�DQG�FRVW�OLPLWDWLRQV���

�



����
�

�
�
)LJXUH�����%RWK�2/,*��DQG�3$09��L36�FHOO�OLQHV�H[SUHVV�SOXULSRWHQF\�PDUNHUV��
,PPXQRIOXRUHVFHQFH�IRU�2FW���JUHHQ��DQG�7UD�������UHG��SOXULSRWHQF\�PDUNHUV�LQ�2/,*��
�WRS��DQG�3$09���ERWWRP��L36�FHOO�OLQHV��1XFOHL�VWDLQHG�ZLWK�'$3,��EOXH���6FDOH�EDU� ����
ȝP��

�

�������2SWLPLVDWLRQ�RI�&5,635�PHGLDWHG�JHQH�NQRFNRXW�LQ�L36�
FHOOV�

,Q� WKLV� VWXG\� D� FRPPHUFLDOO\�DYDLODEOH� PXOWL�JXLGH� VWUDWHJ\� �6\QWKHJR�� ZDV�

XWLOLVHG�WR�NQRFNRXW�WKH�H[SUHVVLRQ�RI�67;��LQ�2/,*��L36�FHOOV�ZLWK�WKUHH�VJ51$V�

WDUJHWLQJ� WKH�JHQH�REWDLQHG��DV�XWLOLVLQJ�PXOWLSOH�VJ51$V� LQ� WDQGHP�KDV�EHHQ�

VKRZQ� WR� LQFUHDVH� WKH� OLNHOLKRRG�RI�REWDLQLQJ� IXQFWLRQDO�NQRFNRXWV� WKURXJK� WKH�

LQWURGXFWLRQ�RI�ODUJHU�LQGHOV��-RVW�HW�DO����������

7KH� HIILFLHQF\� RI� VXFFHVVIXO�&5,635�DSSOLFDWLRQ� LQ� FHOO� FXOWXUH� GHSHQGV� RQ� D�

QXPEHU� RI� IDFWRUV� LQFOXGLQJ� GHVLUHG� RXWSXW� DQG� UHTXLUHG� UHSDLU� PHFKDQLVP��

VJ51$�VHTXHQFH�DQG�W\SH�RI�&DV�HQGRQXFOHDVH�XVHG��EXW�ZLOO�DOVR�EH�ODUJHO\�

LPSDFWHG�E\�WKH�HIILFLHQF\�RI�WUDQVIHFWLRQ�RI�FRPSRQHQWV�LQWR�WKH�FHOOV��HVSHFLDOO\�

ZLWK�KDUG�WR�WUDQVIHFW�FHOO�OLQHV�VXFK�DV�L36�FHOOV��,Q�WKLV�VWXG\�ULERQXFOHRSURWHLQV�

�513V��FRPSULVLQJ� WKH�V\QWKHWLF�VJ51$�DQG� UHFRPELQDQW�&DV��HQ]\PH�ZHUH�

XWLOLVHG� WR� PLQLPLVH� RII�WDUJHW� HIIHFWV�� KRZHYHU� ERWK� FXWWLQJ� DQG� WUDQVIHFWLRQ�

HIILFLHQF\�IRU�WKLV�V\VWHP�LV�OLNHO\�WR�EH�UHGXFHG��

7R�ILUVW�GHYHORS�D�SURWRFRO�WKDW�FRXOG�EH�XVHG�LQ�KRXVH�IRU�JHQH�NQRFNRXW�LQ�WKH�

2/,*�� L36� FHOO� OLQH�� WUDQVIHFWLRQ� RI� 513V� ZDV� WHVWHG� DW� IRXU� GLIIHUHQW�
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OLSRIHFWDPLQH�&DV��VJ51$�UDWLRV��VHH�0HWKRGV�VHFWLRQ��������7DEOH����µ$¶��µ%�¶��

µ%�¶�� µ&¶���$OWKRXJK�QXFOHRIHFWLRQ� LV�XVHG�PRUH�URXWLQHO\� IRU� WUDQVIHFWLRQ�RI� L36�

FHOOV��D�OLSLG�EDVHG�UHDJHQW�ZDV�XVHG�KHUH�GXH�WR�DYDLODELOLW\�RI�HTXLSPHQW��)RU�

RSWLPLVDWLRQ�� WKH�VDPH�PXOWL�JXLGH�VWUDWHJ\�DV�GHVFULEHG�ZDV�XVHG� WR� WDUJHW�D�

JHQH�SUHYLRXVO\�VKRZQ�FRPPHUFLDOO\�WR�SURGXFH�IXQFWLRQDO�NQRFNRXW�ZLWK�YLDEOH�

FHOOV��75$&��DV�LW�ZDV�QRW�\HW�NQRZQ�ZKHWKHU�67;��NQRFNRXW�ZRXOG�EH�IHDVLEOH���

)RXU� GD\V� SRVW�WUDQVIHFWLRQ� ZLWK� HDFK� FRQGLWLRQ�� JHQRPLF� '1$� �J'1$�� ZDV�

LVRODWHG� DQG� WKH� WDUJHW� UHJLRQ� DPSOLILHG� E\�3&5��$JDURVH� JHO� HOHFWURSKRUHVLV�

FRQILUPHG� VXFFHVVIXO� DPSOLILFDWLRQ� RI� WKH� WDUJHW� UHJLRQ� LQ� HDFK� VDPSOH�� ZLWK�

HYLGHQFH�RI�DQ�DGGLWLRQDO�VKRUWHU�EDQG�LQ�WKUHH�RI�WKH�FRQGLWLRQV�FRPSDUHG�WR�WKH�

XQHGLWHG� FRQWURO� �µQR� 513¶�� DOUHDG\� LQGLFDWLQJ� D� SRWHQWLDO� GHOHWLRQ� LQ� VRPH� RI�

WKHVH� FHOOV� �)LJXUH� ��D��� 7R� FRPSDUH� NQRFNRXW� HIILFLHQF\� LQ� WKHVH� OLQHV��

DPSOLFRQV�ZHUH�DQDO\VHG�E\�6DQJHU�VHTXHQFLQJ�DQG�D�ZHE�EDVHG�DSSOLFDWLRQ�

µ,QIHUHQFH� RI� &5,635� (GLWV¶� �,&(�� 6\QWKHJR�� ZDV� XWLOLVHG� WR� FDOFXODWH� HGLWLQJ�

HIILFLHQF\�DQG�SUHGLFW�OLNHO\�LQGHOV��)LJXUH���E�H���3ULRU�WR�WKH�ILUVW�VJ51$�ELQGLQJ�

VLWH�DOO�VHTXHQFHV�DOLJQHG�ZHOO�ZLWK�WKH�XQHGLWHG�FRQWURO��KRZHYHU�VXEVHTXHQW�WR�

WKLV��WUDFHV�LQ�DOO�VDPSOHV�VWDUWHG�WR�EHFRPH�OHVV�FRKHUHQW�DQG�GHPRQVWUDWHG�D�

KLJKHU� OHYHO� RI� UHODWLYH� GLVFRUGDQFH�� LQGLFDWLQJ� PXOWLSOH� '1$� VHTXHQFHV� DUH�

SUHVHQW�LQ�HDFK�VDPSOH��)LJXUH���E�DQG�F����
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)LJXUH�����2SWLPLVDWLRQ�RI�&5,635�PHGLDWHG�JHQH�NQRFNRXW�LQ�2/,*��L36�FHOO�OLQH��
'1$� H[WUDFWHG� IURP� 2/,*�� L36� FHOOV� WUDQVIHFWHG� ZLWK� PXOWL�JXLGH� ULERQXFOHRSURWHLQV�
WDUJHWLQJ�75$&�SRVLWLYH�FRQWURO��7UDQVIHFWLRQ�2SWLPLVDWLRQ�.LW��6\QWKHJR��DW�IRXU�GLIIHUHQW�
VJ51$�&DV��/LSRIHFWDPLQH�UDWLRV��$��%���%���&���(GLWHG�UHJLRQ�ZDV�DPSOLILHG�E\�3&5�
DQG�SURGXFWV��D��UXQ�RQ�DQ�DJDURVH�JHO�WR�FRQILUP�DPSOLILFDWLRQ��:7� �����ES��DQG��E�H��
VHTXHQFHG� E\� 6DQJHU� VHTXHQFLQJ�� �E�� ([DPSOH� VHTXHQFLQJ� WUDFHV� ZLWK� LQFUHDVHG�
GLVFRUGDQFH�EHWZHHQ�XQHGLWHG�FRQWURO��WRS��µ1R�513¶��DQG�HGLWHG�VDPSOH��ERWWRP��DIWHU�
VJ51$� ELQGLQJ� VHTXHQFH� �XQGHUOLQHG�� DQG� FXW� VLWH� �GDVKHG� OLQH��� �F�� /HYHO� RI�
GLVFRUGDQFH�DW�HDFK�SRVLWLRQ�LQGLFDWHV�ZHOO�DOLJQHG�VHTXHQFHV�SULRU�WR�VJ51$�GLUHFWHG�
FXW�VLWHV��GDVKHG� OLQHV��XVHG�WR� LQIHU��LQIHUHQFH�ZLQGRZ���G�� LQGHO�SHUFHQWDJH�DQG��H��
SUHGLFWHG�IXQFWLRQDO�NQRFNRXW�VFRUH��µ.2�VFRUH¶��IUDPHVKLIW�RU�LQGHO�!����ES���&RQGLWLRQV�
µ$¶�DQG� µ&¶�VKRZHG�HYLGHQFH�RI�JHQH�.2��a��������ES�GHOHWLRQ���$QDO\VLV�SHUIRUPHG�
XVLQJ�µ,QIHUHQFH�RI�&5,635�(GLWV¶��,&(��6\QWKHJR���

�

7KURXJK�LVRODWLQJ�WKHVH�GLVWLQFW�VLJQDOV��WKH�WRRO�ELRLQIRUPDWLFDOO\�LGHQWLILHV�LQGHOV�

LQ�WKH�VDPSOH�DQG�SUHGLFWV�WKH�SHUFHQWDJH�RI�FHOOV�LQ�ZKLFK�WKHVH�KDYH�RFFXUUHG��

ZLWK� WKRVH� LQGHOV� ZKLFK� LQGXFH� IUDPHVKLIWV� RU� ODUJH�VFDOH� GHOHWLRQV� �!��� ES��

SUHGLFWHG�WR�OHDG�WR�IXQFWLRQDO�.2��)LJXUH���G�DQG�H���)ROORZLQJ�WUDQVIHFWLRQ�ZLWK�

FRQGLWLRQV� µ$¶�DQG� µ&¶�DQ� LQGHO�RI�����ES�ZDV� LGHQWLILHG� LQ�a���RI� WKH�VDPSOH��

GHPRQVWUDWLQJ�VXFFHVVIXO�JHQHWLF�PRGLILFDWLRQ�XVLQJ�WKHVH�PHWKRGV�LQ�WKH�2/,*��
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L36�OLQH��7KLV�ODUJH�VFDOH�GHOHWLRQ��DOWKRXJK�LQ�IUDPH�WKXV�XQOLNHO\�WR�JHQHUDWH�D�

SUHPDWXUH� VWRS�FRGRQ�� ZLOO� UHPRYH� D� VXEVWDQWLDO� VHFWLRQ� RI� P51$� DQG� WKXV�

SURWHLQ�DW�WKH�1�WHUPLQXV�ZKLFK�LV�OLNHO\�WR�OHDG�WR�QRQ�VHQVH�PHGLDWHG�GHFD\�RI�

WKH�VHTXHQFH��&RQGLWLRQ�µ&¶�ZDV�XVHG�JRLQJ�IRUZDUG�GXH�WR�D�PRGHUDWH�LQFUHDVH�

LQ�WKH�LQWHQVLW\�RI�WKH�VKLIWHG�EDQG�RQ�WKH�DJDURVH�JHO���

�������.QRFNRXW�RI�67;��LQ�L36�FHOOV�
+DYLQJ�GHYHORSHG�D�SURWRFRO�DEOH�WR�VXFFHVVIXOO\�LQGXFH�JHQHWLF�GHOHWLRQV�LQ�WKLV�

L36�FHOO�OLQH��WKH�VDPH�SURFHVV�ZDV�QRZ�UHSHDWHG�ZLWK�VJ51$V�WDUJHWLQJ�67;���

$OLJQPHQW�RI�WKH�REWDLQHG�VJ51$V�VKRZV�ELQGLQJ�RI�DOO�WKUHH�ZLWKLQ�WKH�VHFRQG�

H[RQ�RI�WKH�SULPDU\�SURWHLQ�FRGLQJ�LVRIRUP��6W[�������)LJXUH���D���7KLV�WDUJHWV�

WKH�1�WHUPLQDO�RI�WKH�SURWHLQ�VHTXHQFH�DV�WKLV�ZLOO�PRVW�OLNHO\�OHDG�WR�IXQFWLRQDO�

NQRFNRXW��RYHU�SURWHLQ�WUXQFDWLRQV�IRU�H[DPSOH���2I�QRWH�WKHUH�DUH�D�QXPEHU�RI�

DGGLWLRQDO�WUDQVFULSWV�ZKLFK�GR�QRW�FRQWDLQ�WKLV�H[RQ�DQG�PD\�VWLOO�EH�H[SUHVVHG��

)ROORZLQJ�WUDQVIHFWLRQ��FHOOV�ZHUH�FROOHFWHG�XSRQ�SDVVDJH��J'1$�H[WUDFWHG�DQG�

WKH�WDUJHWHG�UHJLRQ�DPSOLILHG�E\�3&5��3URGXFWV�ZHUH�DQDO\VHG�E\�DJDURVH�JHO�

HOHFWURSKRUHVLV�WR�FRQILUP�VXFFHVVIXO�DPSOLILFDWLRQ��µ3&5��¶��)LJXUH���D�DQG�E���

DJDLQ��D� IDLQW�EDQG�DW�D� ORZHU�PROHFXODU�ZHLJKW�ZDV�RQO\�SUHVHQW� LQ� WKH�HGLWHG�

VDPSOH� �µ67;�¶�� DQG� QRW� WKH� QR� 513� FRQWURO�� LQGLFDWLQJ� D� SRWHQWLDO� GHOHWLRQ��

6DQJHU�VHTXHQFLQJ�DFURVV�WKLV�UHJLRQ�VKRZHG�FOHDU�WUDFHV�LQ�ERWK�VDPSOHV�XS�WR�

WKH� ILUVW� VJ51$� ELQGLQJ� VLWH�� DIWHU� ZKLFK� WKH� HGLWHG� VDPSOH� ZDV� QRLVLHU� ZLWK�

HYLGHQFH�RI�PXOWLSOH�'1$�VHTXHQFHV��)LJXUH���F���7KLV� LV� WUDQVODWHG� WR�D�KLJK�

OHYHO�RI�GLVFRUGDQFH�LQ�WKH�HGLWHG�VDPSOH��)LJXUH���G���,VRODWLRQ�RI�GLVWLQFW�WUDFHV�

SUHGLFWV�D�QXPEHU�RI�JHQHWLF�PRGLILFDWLRQV�ZLWK�WKH�SUHGRPLQDQW�EHLQJ�D���������

ES� GHOHWLRQ� LQ� a��� RI� WKH� VDPSOH��ZLWK� WKLV� ODUJH� GHOHWLRQ� SUHGLFWHG� WR� FDXVH�

IXQFWLRQDO�JHQH�NQRFNRXW��)LJXUH���H�DQG�I����
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)LJXUH�����&5,635�PHGLDWHG�NQRFNRXW�RI�67;�� LQ�L36�FHOO�OLQH�SRRO�XVLQJ�PXOWL�
JXLGH�VWUDWHJ\��
7KUHH�V\QWKHWLF�VJ51$V�ZHUH�REWDLQHG�WDUJHWLQJ�H[RQ���RI�WKH�SULPDU\�SURWHLQ�FRGLQJ�
WUDQVFULSW��6W[�������DQG�WUDQVIHFWHG�LQWR�2/,*��L36�FHOOV���D��'LDJUDP�RI�KXPDQ�67;��
JHQH�DQG�WUDQVFULSWV��GDUNHU�EOXH� �SURWHLQ�FRGLQJ�UHJLRQV��ZLWK�&5,635�WDUJHW�UHJLRQ�
DQG�SULPHU�ELQGLQJ�VLWHV�KLJKOLJKWHG���E�I��(GLWHG�UHJLRQ�ZDV�DPSOLILHG�E\�3&5��3&5����
DQG�SURGXFWV��E��UXQ�RQ�DQ�DJDURVH�JHO�WR�FRQILUP�DPSOLILFDWLRQ��:7� �����ES��DQG��F�I��
VHTXHQFHG�E\�6DQJHU�VHTXHQFLQJ��SULPHU��6HT��� �F��([DPSOH�VHTXHQFLQJ� WUDFHV�ZLWK�
LQFUHDVHG� GLVFRUGDQFH� EHWZHHQ� XQHGLWHG� FRQWURO� �1R� 513�� WRS�� DQG� HGLWHG� VDPSOH�
�ERWWRP��DIWHU�VJ51$�ELQGLQJ�VLWH��XQGHUOLQHG��DQG�FXW�VLWH��GDVKHG�OLQH����G��/HYHO�RI�
GLVFRUGDQFH�DW�HDFK�SRVLWLRQ�LQGLFDWHV�ZHOO�DOLJQHG�VHTXHQFHV�SULRU�WR�VJ51$�ELQGLQJ�
VLWHV� �GDVKHG� OLQHV�� XVHG� WR� LQIHU� �µLQIHUHQFH� ZLQGRZ¶�� �H�� LQGHO� SHUFHQWDJH� DQG� �I��
SUHGLFWHG�IXQFWLRQDO�NQRFNRXW�VFRUH��.2�VFRUH��IUDPHVKLIW�RU�LQGHO�!����ES���a��������
ES� GHOHWLRQ�� a���� ���� ES� GHOHWLRQ�� a���� ��� ES� GHOHWLRQ���$QDO\VLV� SHUIRUPHG� XVLQJ�
µ,QIHUHQFH�RI�&5,635�(GLWV¶��,&(��6\QWKHJR��� �
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$V�D�KLJK�SURSRUWLRQ�RI�WKH�VDPSOH��a�����GRHV�QRW�FRQWDLQ�DQ\�IXQFWLRQDO�LQGHOV��

WKH�SRRO�RI�FHOOV�ZDV�WKHQ�VLQJOH�FHOO�FORQHG�WR�LVRODWH�KRPRJHQRXV�SRSXODWLRQV�

WR�EH�VFUHHQHG�IRU�JHQHWLF�GHOHWLRQ��&HOOV�ZHUH�SDVVDJHG�DV�VLQJOH�FRORQLHV�LQWR�

D� ���ZHOO� SODWH� DQG� FUXGH� O\VDWHV� JHQHUDWHG� IURP� HDFK� ZHOO� XSRQ� VHFRQG�

SDVVDJH�� 3&5� DPSOLILFDWLRQ� RI� WKHVH� O\VDWHV� XVLQJ� SULPHUV� ERUGHULQJ� WKH�

SUHGLFWHG�LQGHOV�SURGXFHG�GLVWLQFW�EDQGV�WKDW�FRXOG�EH�YLVXDOLVHG�E\�DJDURVH�JHO�

HOHFWURSKRUHVLV��µ3&5��¶��)LJXUH���D���,Q�WKH����FRORQLHV�VFUHHQHG�WKHUH�ZHUH�D�

QXPEHU� RI� GLIIHUHQW� OHQJWK� DPSOLFRQV� LQFOXGLQJ� D� VHOHFWLRQ� RI� VDPSOHV� ZLWK�

PXOWLSOH�EDQGV��OLNHO\�GXH�WR�KHWHURJHQHRXV�SRSXODWLRQV��DV�ZHOO�DV�VRPH�ZLWK�D�

VLQJOH� VKRUWHU� DPSOLFRQ� DW� DSSUR[LPDWHO\� WKH� SUHGLFWHG� ���� ES� OHVV� WKDQ� WKH�

SRVLWLYH� XQHGLWHG� FRQWURO� �ODEHOOHG� µ.2� ���¶�� )LJXUH� ����� 7KH� ODWWHU� FHOOV� ZHUH�

H[SDQGHG�DORQJ�ZLWK� WKUHH�FORQHV�ZLWKRXW�HYLGHQFH�RI�JHQHWLF�PRGLILFDWLRQ�DV�

LVRJHQLF�FRQWUROV��µ:7����¶��IRU�IXUWKHU�YDOLGDWLRQ���

� �
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)LJXUH�����6LQJOH�FHOO�FORQLQJ�RI�L36�FHOO�SRRO�LVRODWHV�KRPRJHQRXV�SRSXODWLRQV�RI�
SUHGLFWHG�67;��NQRFNRXW�FHOOV��
2/,*��L36�FHOOV�WUDQVIHFWHG�ZLWK�67;��WDUJHWLQJ�&5,635�ULERQXFOHRSURWHLQV�ZHUH�VLQJOH�
FHOO�FORQHG�WR�REWDLQ�KRPRJHQHRXV�SRSXODWLRQV�ZLWK�GHOHWLRQV�DW�WKH�VJ51$�WDUJHW�VLWH��
7DUJHW� UHJLRQ� ZDV� DPSOLILHG� E\� 3&5� DQG� SURGXFWV� DQDO\VHG� E\� DJDURVH� JHO�
HOHFWURSKRUHVLV��:7� �����ES��LGHQWLI\LQJ�PXOWLSOH�FHOO�FORQHV�FRQWDLQLQJ�ODUJH�GHOHWLRQV�
�UHG��&���.2�����&���.2�����'���.2�����'����.2�����)����.2�����*���.2�����EDQG� �a����
ES��UHODWLYH�WR�SRVLWLYH�FRQWURO��&HOO�OLQHV�ZLWKRXW�HYLGHQFH�RI�JHQHWLF�PRGLILFDWLRQ�ZHUH�
XVHG�DV�QHJDWLYH�FRQWUROV��JUHHQ��%���:7�����(���:7�����*���:7�������
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�������9DOLGDWLRQ�RI�67;��NQRFNRXW��
'XH�WR�WKH�SRVVLELOLW\�RI�SURWHLQ�WUXQFDWLRQV�RU�PRGLILFDWLRQV�ZKLFK�GR�QRW�OHDG�WR�

IXQFWLRQDO�NQRFNRXW�LW�LV�LPSRUWDQW�WR�YDOLGDWH�DQ\�JHQHWLF�PRGLILFDWLRQV��7R�ILUVW�

GHWHUPLQH�ZKHWKHU�WKH�OHYHOV�RI�67;��WUDQVFULSW�ZHUH�DOWHUHG�LQ�WKH�.2�FHOO�OLQHV�

UHODWLYH� WR� WKH�:7� DQG� XQHGLWHG� FRQWUROV��57�T3&5�ZDV� SHUIRUPHG� RQ� F'1$�

JHQHUDWHG�IURP�HDFK�OLQH��KRZHYHU�WKHUH�ZDV�QR�HYLGHQFH�RI�UHGXFHG�H[SUHVVLRQ�

UHODWLYH�WR�*$3'+��XVHG�DV�D�µKRXVHNHHSLQJ¶�JHQH��RU�3513��)LJXUH���D���7KLV�

LV�SHUKDSV�QRW�VXUSULVLQJ�DV�WKH�VJ51$�WDUJHW�VLWHV�OLH�LQ�DQ�H[RQ�GLVWLQFW�IURP�WKH�

JHQH�SURPRWHU�RU�NQRZQ�WUDQVFULSWLRQDO�UHJXODWRUV���

7R�YDOLGDWH�ZKHWKHU�GHOHWLRQ�RFFXUUHG�DW�WKH�SURWHLQ�OHYHO��O\VDWHV�ZHUH�DQDO\VHG�

E\�LPPXQREORWWLQJ��7KLV�FRQILUPHG�WKH�H[SHFWHG�LPPXQRUHDFWLYH�EDQG�DW����N'D�

ZDV�PLVVLQJ�LQ�WKH�.2�FHOO� OLQHV�EXW�QRW�WKH�:7�FRQWUROV��FRUUHVSRQGLQJ�WR�WKH�

HGLWHG�6W[������ LVRIRUP� �)LJXUH� ��E���2I� QRWH� WKHUH� LV� D� ORZHU� LQWHQVLW\� EDQG�

YLVLEOH� DW� DSSUR[LPDWHO\� ��� N'D� LQ� DOO� FHOO� OLQHV� ZKLFK� OLNHO\� UHSUHVHQWV� WKH�

VHFRQGDU\� SURWHLQ�FRGLQJ� LVRIRUP� 6W[������ QRW� WDUJHWHG� E\� WKLV� PRGLILFDWLRQ��

KRZHYHU� WKLV�DSSHDUV� WR� UHSUHVHQW�D�VXEVWDQWLDOO\� ORZHU�SURSRUWLRQ�RI� WKH� WRWDO�

V\QWD[LQ���LQ�WKHVH�FHOOV���

�

)LJXUH�����9DOLGDWLRQ�RI�67;��JHQH�NQRFNRXW�E\�57�T3&5�DQG�LPPXQREORW��
�D��57�T3&5�RQ�F'1$�JHQHUDWHG�IURP�67;��.2��JUHHQ��DQG�:7�FRQWUROV��UHG��IRU�3513�
�WRS��DQG�67;���ERWWRP��H[SUHVVLRQ�GRHV�QRW�VKRZ�HYLGHQFH�RI�UHGXFHG�67;��P51$�
H[SUHVVLRQ�LQ�.2�FHOO�OLQHV�UHODWLYH�WR�*$3'+�KRXVHNHHSLQJ�JHQH���E��,PPXQREORW�IRU�
V\QWD[LQ����WRS��GHPRQVWUDWHV�ORVV�RI�SULPDU\����N'D�LPPXQRUHDFWLYH�EDQG�LQ�.2�FHOO�
OLQHV��ȕ�DFWLQ��ERWWRP��ZDV�XVHG�DV�D�ORDGLQJ�FRQWURO��

�
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�������&KDUDFWHULVDWLRQ�RI�LVRJHQLF�67;��NQRFNRXW�FHOO�OLQHV�
:KHQ� SHUIRUPLQJ� VXEVWDQWLDO� JHQHWLF� PRGLILFDWLRQV� VXFK� DV� JHQH� NQRFNRXWV��

WKHUH� DUH� D� QXPEHU� RI� SRWHQWLDO� XQZDQWHG� FRQVHTXHQFHV� ZKLFK� VKRXOG� EH�

FRQVLGHUHG�� VXFK� DV� RII�WDUJHW� FOHDYDJH� E\� WKH� &DV�� HQGRQXFOHDVH� DQG�

SHUWXUEDWLRQV�RI�FHOO� IXQFWLRQ��7KHVH�LVVXHV�DUH�IXUWKHU�DPSOLILHG�ZKHQ�ZRUNLQJ�

ZLWK� L36� FHOOV� GXH� WR� LQFUHDVHG� JHQRPLF� LQVWDELOLW\� DQG� SURSHQVLW\� WR�

VSRQWDQHRXVO\�GLIIHUHQWLDWH���

7R�WKHUHIRUH�FRQILUP�FORQHV�KDYH�UHWDLQHG�SOXULSRWHQF\�WKURXJK�WKLV�SURFHVV�FHOOV�

ZHUH�IL[HG�DQG�DJDLQ�VWDLQHG�IRU�SOXULSRWHQF\�PDUNHUV�2FW��DQG�7UD�������)LJXUH�

��D���%RWK�PDUNHUV�ZHUH�SUHVHQW�LQ�DOO�FHOO�OLQHV�DOWKRXJK�ZLWK�VRPH�YDULDWLRQ�LQ�

WKH� OHYHO� RI� GHWHFWLRQ� EHWZHHQ� FHOOV� DQG� EHWZHHQ� LPDJHV�� 7KLV� PD\� UHIOHFW�

GLIIHULQJ�OHYHOV�RI�SOXULSRWHQF\�EXW�IXUWKHU�WHVWLQJ�LV�UHTXLUHG�WR�FRQILUP�WKLV���

.DU\RW\SLF� DEQRUPDOLWLHV� DUH� FRPPRQ� LQ� VWHP� FHOOV�� ZLWK� ORQJ� WHUP� FXOWXUH�

LQFUHDVLQJ�JHQRPLF�LQVWDELOLW\��HVSHFLDOO\�SUREOHPDWLF�ZKHQ�WU\LQJ�WR�JHQHUDWH�D�

PRGHO�UHSUHVHQWDWLYH�RI�ZKRP�WKH�FHOOV�DUH�GHULYHG��,W�KDV�EHHQ�VKRZQ�WKDW�PDQ\�

DEQRUPDOLWLHV�LQ�L36�FHOOV�DUH�UHFXUUHQW�ZLWK�WKH�VDPH�GHIHFWV�RFFXUULQJ�LQ�PRVW�

LQVWDQFHV��VR�D�T3&5�EDVHG�PHWKRG�ZDV�XWLOLVHG�WR�VFUHHQ�HDFK�FHOO�OLQH�IRU�WKH�

PRVW�FRPPRQ�FKURPRVRPDO�DOWHUDWLRQV� �$VVRX�HW�DO���������� ,Q� WKLV�VFUHHQ�QR�

VLJQLILFDQW� FRS\� QXPEHU� DOWHUDWLRQV� ZHUH� LGHQWLILHG�� ZLWK� WZR� FRSLHV� RI� HDFK�

FKURPRVRPDO�UHJLRQ�WHVWHG�GHWHFWHG��H[FHSW�WKH�;�FKURPRVRPH�DV�WKHVH�FHOOV�

ZHUH�GHULYHG�IURP�D�PDOH�GRQRU���)LJXUH���E���

$V�SUHYLRXVO\�PHQWLRQHG��WKHUH�LV�D�SRVVLELOLW\�RI�RII�WDUJHW�HIIHFWV�ZLWK�&5,635�

JHQH� HGLWLQJ� GXH� WR� XQZDQWHG� FOHDYDJH� RI� &DV�� QXFOHDVH� DW� DGGLWLRQDO� VLWHV��

,GHQWLI\LQJ�WKHVH�RII�WDUJHW�HIIHFWV�LV�KRZHYHU�QRW�WULYLDO��IRU�H[DPSOH�WR�VFUHHQ�WKH�

ZKROH� JHQRPH� ZRXOG� EH� WLPH�FRQVXPLQJ� DQG� FRVWO\�� /DUJH� VFDOH� JHQHWLF�

DOWHUDWLRQV�DQG�FORQDO�H[SDQVLRQ�KDYH�WKH�SRWHQWLDO�WR�PRGLI\�WKH�JURZWK�UDWH�RI�

FHOOV�LQ�FXOWXUH�VR��WR�DOORZ�WLPHO\�SURJUHVVLQJ�ZLWK�ORQJ�WHUP�GLIIHUHQWLDWLRQ��WKLV�

ZDV�PHDVXUHG�WR�JDLQ�DQ�LQLWLDO�LQVLJKW�LQWR�DQ\�VXEVWDQWLDO�GLIIHUHQFHV�LQ�WKHVH�

PRGLILHG�FHOO�OLQHV��7KHUH�ZDV�VRPH�YDULDWLRQ�EHWZHHQ�FHOO�OLQHV�ZLWK�.2�OLQHV����

��DQG���KDYLQJ�D� ORQJHU�GRXEOLQJ�WLPH�UHODWLYH�WR�WKH�XQWUDQVIHFWHG�SDUHQW� OLQH�

�)LJXUH� ��F���'XH� WR� WKH� KLJK� FRVW� RI� UHDJHQWV� DQG� WLPH� FRPPLWPHQWV� IRU� WKH�

VXEVHTXHQW�H[SHULPHQWV��RQO\�.2�OLQHV������DQG���ZHUH�WDNHQ�IRUZDUG��)LJXUH�
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����� 2I� QRWH� RQH� RI� WKH�:7� FRQWURO� OLQHV� �:7� ��� DOVR� GHPRQVWUDWHG� UHGXFHG�

JURZWK�UDWH��KRZHYHU�DOO�WKUHH�:7�FRQWUROV�ZHUH�XVHG�JRLQJ�IRUZDUG�WR�REWDLQ�WKH�

VDPH�QXPEHU�RI�UHSOLFDWHV�IRU�HDFK�FRQGLWLRQ��

�
)LJXUH�����&KDUDFWHULVDWLRQ�RI�67;��NQRFNRXW�L36�FORQHV��
�D��,PPXQRIOXRUHVFHQFH�IRU�2FW���JUHHQ��DQG�7UD�������UHG��LQ�67;��.2��WRS��DQG�:7�
FRQWUROV��ERWWRP��GHWHFWV�H[SUHVVLRQ�RI�SOXULSRWHQF\�PDUNHUV�LQ�DOO�OLQHV��1XFOHL�VWDLQHG�
ZLWK�'$3,��EOXH���6FDOH�EDUV� �����P���E��.DU\RW\SLQJ�WKURXJK�GHWHFWLRQ�RI�PRVW�FRPPRQ�
L36�FRS\�QXPEHU�DOWHUDWLRQV�E\�T3&5�GRHV�QRW�LGHQWLI\�DQ\�VLJQLILFDQW�DEQRUPDOLWLHV�LQ�
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DQ\�FHOO�OLQH���F��0HDVXUHPHQW�RI�JURZWK�UDWH�DV�GRXEOLQJ�WLPH�LQ�GD\V�KLJKOLJKWV�PXOWLSOH�
.2��EOXH��DQG�:7��UHG��FHOO� OLQHV�ZLWK�VORZHU�JURZWK�UHODWLYH� WR�XQWUDQVIHFWHG�FRQWURO�
�8QWUDQV��GDVKHG�OLQH���%DUV��PHDQ��Q� ���

�

)LJXUH�����9DU\LQJ� IUHTXHQF\�RI� LQGHOV��FRS\�QXPEHU�YDULDQWV� �&19��DQG�VLQJOH�
QXFOHRWLGH� YDULDQWV� �619�� SUHVHQW� LQ� 67;�� NQRFNRXW� DQG� FRQWURO� L36� FHOOV�
LGHQWLILHG�E\�ZKROH�H[RPH�VHTXHQFLQJ�UHODWLYH�WR�XQHGLWHG�SDUHQW��
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:KROH�H[RPH�VHTXHQFLQJ�RI�JHQRPLF�'1$�H[WUDFWHG�IURP�67;��NQRFNRXW��.2������DQG�
ZLOG�W\SH�FRQWURO��:7������L36�FHOO�FORQHV��3ORW�RI�VRPDWLF�&19V��UHG���LQGHOV��JUHHQ��DQG�
619V��EOXH��UHODWLYH�WR�XQWUDQVIHFWHG�SDUHQW�OLQH��2/,*���E\�FKURPRVRPH�DQG�JHQRPLF�
SRVLWLRQ�� 0RVW� OLNHO\� LQ� VLOLFR� SUHGLFWHG� RII�WDUJHW� HIIHFWV� LQGLFDWHG� E\� FURVV� VKDSHV��
)UHTXHQF\�RI�SHUWXUEDWLRQ�OLVWHG�RQ�ULJKW�RI�SORW�ZLWK�WKH�QXPEHU�IDOOLQJ�LQ�H[RQV�LQGLFDWHG�
LQ� EUDFNHWV�� GHPRQVWUDWHV� YDU\LQJ� IUHTXHQF\� RI� VRPDWLF� DOWHUDWLRQV� ZLWK� WKH� KLJKHVW�
QXPEHU�RI�&19V�LQ�WKH�.2�FHOO�OLQHV��

�

7R�PRUH�DFFXUDWHO\�VFUHHQ�IRU�RII�WDUJHW�SHUWXUEDWLRQV�IROORZLQJ�&5,635��ZKROH�

H[RPH� VHTXHQFLQJ� ZDV� VXEVHTXHQWO\� SHUIRUPHG� RQ� J'1$� IURP� WKH� VHOHFWHG�

FORQHV�� &RS\� QXPEHU� YDULDQWV� �&19V��� LQGHOV� DQG� VLQJOH� QXFOHRWLGH� YDULDQWV�

�619V�� UHODWLYH� WR� WKH� UHIHUHQFH� JHQRPH� IROORZLQJ� 4&� ZHUH� LGHQWLILHG� �VHH�

0HWKRGV�VHFWLRQ���������7KHVH�ZHUH�FRPSDUHG�WR�WKH�XQHGLWHG�SDUHQW�FHOO�OLQH�WR�

LGHQWLI\�µVRPDWLF¶�DOWHUDWLRQV�IROORZLQJ�JHQH�HGLWLQJ��)LJXUH������,QWHUHVWLQJO\�WKH�

KLJKHVW�SURSRUWLRQ�RI�GLIIHUHQFHV��HVSHFLDOO\�IRU�&19V��LV�SUHVHQW�LQ�WKH�NQRFNRXW�

FHOO�OLQHV��+RZHYHU��HVSHFLDOO\�GXH�WR�WKH�DGGHG�JHQRPLF�LQVWDELOLW\�RI�L36�FHOOV��

LW�LV�OLNHO\�WKDW�QXPHURXV�VPDOO�GLIIHUHQFHV�LQ�JHQH�VHTXHQFH�ZLOO�DULVH�LQ�WKHVH�

OLQHV�E\�FKDQFH��7R�WKHUHIRUH�GLVWLQJXLVK�DQ\�FKDQJHV�GXH�WR�RII�WDUJHW�HIIHFWV�RI�

&DV��FOHDYDJH�� LQ�VLOLFR�DQDO\VLV�ZDV�XVHG�WR�SUHGLFW�WKH�PRVW� OLNHO\�DGGLWLRQDO�

FXW� VLWHV� LQ� WKH� KXPDQ� JHQRPH� ZLWK� XS� WR� �� VJ51$� PLVPDWFKHV� �*XLGH�

9HULILFDWLRQ�7RRO��6\QWKHJR��DGDSWHG�IURP��'RHQFK�HW�DO�����������6FUHHQLQJ�IRU�

VRPDWLF�FKDQJHV�����NE�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKHVH�SUHGLFWHG�FXW�VLWHV�

LQGLFDWHV� VRPH� HQULFKPHQW� RI� &19V� VXUURXQGLQJ� RQH� RI� WKHVH� SRVLWLRQV� RQ�

FKURPRVRPH����LQ�PXOWLSOH�FHOO�OLQHV��.2����.2����:7����KRZHYHU�WKHVH�ZHUH�DOO�

!���NE�GLVWDQW�IURP�WKH�FXW�VLWH�VR�DUH�OLNHO\�GLVWLQFW�IURP�&DV��DFWLYLW\��7DEOH������

7KHUH�ZDV�QR�HYLGHQFH�RI�RII�WDUJHW�PXWDJHQHVLV�ZLWKLQ����NE�RI�DQ\�SUHGLFWHG�

WDUJHW�VLWH�
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&HOO�OLQH� 7\SH� &KU� 3RVLWLRQ� ([RQLF"� VJ51$� 2II�WDUJHW�VLWH� 0LV�
PDWFKHV� &XW�VLWH� 3$0� 1HDUHVW�

JHQH�
'LVWDQFH�
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7DEOH� ���� 6RPDWLF� FRS\� QXPEHU� YDULDQWV� �&19V��� VLQJOH� QXFOHRWLGH� YDULDQWV� �619V�� DQG� LQGHOV� LGHQWLILHG� E\� ZKROH� H[RPH�
VHTXHQFLQJ�ZLWKLQ�����NE�VXUURXQGLQJ�LQ�VLOLFR�SUHGLFWHG�RII�WDUJHW�&5,635�FXW�VLWHV��
0RVW�OLNHO\�RII�WDUJHW�FOHDYDJH�VLWHV�ZLWK�67;��WDUJHWLQJ�VJ51$V�DQG�&DV��SUHGLFWHG�E\�LQ�VLOLFR�DQDO\VLV��*XLGH�9HULILFDWLRQ�7RRO��6\QWKHJR��
XS�WR���WDUJHW�VJ51$�PLVPDWFKHV��6RPDWLF�DOWHUDWLRQV�LGHQWLILHG�E\�ZKROH�H[RPH�VHTXHQFLQJ�UHODWLYH�WR�WKH�XQWUDQVIHFWHG�SDUHQW�OLQH�OLVWHG�
ZLWKLQ�����NE�XSVWUHDP�DQG�GRZQVWUHDP�RI�DOO�SUHGLFWHG�FXW�VLWHV��'LVWDQFH�OLVWHG�LQ�ES�EHWZHHQ�VRPDWLF�VLWH�DQG�SUHGLFWHG�RII�WDUJHW�FXW�
VLWH�VKRZV�QR�RII�WDUJHW�HIIHFWV�ZLWKLQ����NE��&RRUGLQDWHV�REWDLQHG�IURP�*5&K����
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�������'LIIHUHQWLDWLRQ�RI�67;��.2�L36�FHOOV�LQWR�FRUWLFDO�
QHXURQV�

7KURXJK� VXSSOHPHQWLQJ� WKH� JURZWK� PHGLD� ZLWK� GLIIHUHQW� FRPELQDWLRQV� RI�

FRPSRXQGV�DQG�JURZWK�IDFWRUV��L36�FHOOV�KDYH�EHHQ�VXFFHVVIXOO\�GLIIHUHQWLDWHG�

LQWR�PRVW�QHXURQDO� VXEW\SHV��:LGHVSUHDG�QHXURQDO� ORVV� LV� D� NH\�SDWKRORJ\� LQ�

SDWLHQWV�ZLWK�SULRQ�GLVHDVH�KRZHYHU�WKH�PHFKDQLVP�RI�WKLV�LV�QRW�ZHOO�XQGHUVWRRG��

DQG�VR�QHXURQV�KDYH�RIWHQ�IRUPHG�WKH�EDVLV�IRU�LQYHVWLJDWLQJ�WKH�FHOO�ELRORJ\�RI�

WKH�SULRQ�SURWHLQ�DQG�LWV�UHODWHG�QHXURWR[LFLW\��%HQLORYD�HW�DO����������

67;��.2� L36� FHOOV� DQG�:7� FRQWUROV� ZHUH� GLIIHUHQWLDWHG� LQWR� FRUWLFDO� QHXURQV�

XVLQJ�WKH�ZHOO�HVWDEOLVKHG�GXDO�60$'�LQKLELWLRQ�DV�SUHYLRXVO\�GHVFULEHG��6KL�HW�

DO��� �������$IWHU� ��� GD\V� LQ� FXOWXUH� SRVW�LQGXFWLRQ�ZLWK� QHXURQDO� GLIIHUHQWLDWLRQ�

PHGLD��VHH�0HWKRGV�VHFWLRQ��������DOO�FHOO�OLQHV�EHJDQ�WR�GHYHORS�WKH�H[SHFWHG�

QHXURQDO�URVHWWH�VWUXFWXUHV�ZLWK�H[SUHVVLRQ�RI�3D[��WUDQVFULSWLRQ�IDFWRU��D�PDUNHU�

IRU�QHXURQDO�VWHP�SURJHQLWRU�FHOOV��)LJXUH������7KLV�ZDV�DFFRPSDQLHG�E\�ORVV�RI�

H[SUHVVLRQ�RI�2FW��SOXULSRWHQF\�JHQH�LQGLFDWLQJ�D�VKLIW�IURP�L36�FHOO�VWDWH��

$IWHU����GD\V�SRVW�LQGXFWLRQ��YLVLEOH�QHXURQDO�SURFHVVHV�EHJDQ�WR�DSSHDU�LQ�HDFK�

ZHOO�H[SDQGLQJ�UDGLDOO\�IURP�WKH�QHXURQDO�URVHWWHV�DV�DQWLFLSDWHG��FRQILUPHG�E\�

H[SUHVVLRQ�RI�QHXURQ�VSHFLILF�ȕ�,,,�WXEXOLQ��7XM���)LJXUH������$W�WKLV�VWDJH�WKHUH�

ZHUH� D� VPDOO� QXPEHU� RI� PLWRWLF� FHOOV� VWDLQHG� E\� .L��� KLJKOLJKWLQJ� SRVVLEOH�

LQWHUPHGLDWH�SURJHQLWRU�FHOOV��KRZHYHU�LW�DSSHDUV�D�KLJK�SURSRUWLRQ�RI�WKHVH�FHOOV�

DUH�DOUHDG\�SRVW�PLWRWLF�DW�WKLV�VWDJH���

� �
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��
)LJXUH�����&KDUDFWHULVDWLRQ�RI�QHXUDO�VWHP�SURJHQLWRU�FHOOV�GHULYHG�IURP�67;��.2�
DQG�:7�L36�FHOO�OLQHV�DW�GD\V����DQG����SRVW�LQGXFWLRQ��
'XDO�60$'�LQKLELWLRQ�ZDV�XVHG�WR�LQGXFH�FRUWLFDO�GLIIHUHQWLDWLRQ�LQ�WKUHH�67;��.2��.2�
���.2����.2����DQG� WKUHH�:7�FRQWURO� �:7����:7����:7����FHOO� OLQHV��DV�ZHOO�DV� WKH�
XQHGLWHG�SDUHQW�OLQH��2/,*����&HOOV�IL[HG�DW��D��GD\����SRVW�LQGXFWLRQ�H[SUHVVHG�3D[��
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�UHG��FRUWLFDO� WUDQVFULSWLRQ� IDFWRU��EXW� ODFNHG�2FW�� �JUHHQ��SOXULSRWHQF\�PDUNHU��� �E��$W�
GD\����SRVW�LQGXFWLRQ�D�SURSRUWLRQ�RI�FHOOV�ZHUH�SRVLWLYH� IRU�.L��� �JUHHQ��SUROLIHUDWLRQ�
PDUNHU��DQG�SURFHVVHV�SRVLWLYH�IRU�7XM���UHG��QHXURQ�VSHFLILF�WXEXOLQ����

�

)ROORZLQJ� WKH� ILQDO� SDVVDJH� SHUIRUPHG� DW� ��� GD\V� SRVW�LQGXFWLRQ� WKHUH� ZDV�

XQIRUWXQDWHO\�D�KLJK�GHJUHH�RI�FHOO�GHDWK�LQ�PRVW�RI�WKH�FHOO�OLQHV�XVHG��ZLWK�YLDEOH�

FHOOV�RQO\�YLVLEOH�LQ�RQH�RI�WKH�.2�FHOO�OLQHV��.2����DQG�WZR�RI�WKH�:7�FHOO�OLQHV�

�:7���DQG�:7���� WR�YDU\LQJ�GHJUHHV��7KHUH�DUH�PXOWLSOH�SRWHQWLDO� UHDVRQV� IRU�

ORVV�RI�WKH�RWKHU�FORQHV�LQFOXGLQJ�WRR�KDUVK�SDVVDJLQJ�RI�IUDJLOH�QHXURQV��FKDQJHV�

LQ�S+�GXH�WR�UHFRUGHG�IOXFWXDWLRQV�LQ�&2��OHYHOV�LQ�LQFXEDWRU��WRR�ORZ�GHQVLW\�RI�

YLDEOH�FHOOV�RU�ELRORJLFDO�GLIIHUHQFHV�EHWZHHQ�FHOO�FORQHV�LQGXFLQJ�SURJUDPPHG�

FHOO�GHDWK��8QIRUWXQDWHO\��GXH�WR�WLPH�FRQVWUDLQWV�WKH�GLIIHUHQWLDWLRQ�FRXOG�QRW�EH�

UHSHDWHG�DQG�VR�IXUWKHU�LQYHVWLJDWLRQV�ZRXOG�EH�UHTXLUHG�WR�GHWHUPLQH�ZKDW�OHDG�

WR�WKLV�FHOO�ORVV��DOWKRXJK�LW�GRHVQ¶W�VHHP�WR�EH�GHSHQGHQW�RQ�NQRFNRXW�VWDWXV���

:LWK�WKLV�PHWKRG�LW�LV�H[SHFWHG�WKDW�DIWHU����GD\V�SRVW�LQGXFWLRQ�HDUO\�ERUQ�GHHS�

OD\HU� QHXURQV� H[SUHVVLQJ� 7EU�� DQG�RU� &WLS�� EHJLQ� WR� EHFRPH� WKH� PDMRU�

SRSXODWLRQ� �6KL� HW� DO��� ������� 6WDLQLQJ� RI� FHOO� OLQHV� DW� GD\� ��� VKRZHG� FOHDU�

H[SUHVVLRQ�RI�WKHVH�PDUNHUV�LQ�RQO\�RQH�OLQH��:7����ZLWK�PXFK�ORZHU�GHWHFWLRQ�LQ�

WKH�RWKHU�FORQHV��:7���DQG�.2�����)LJXUH���D���7KLV�LV�SRWHQWLDOO\�GXH�WR�KLJKHU�

OHYHOV�RI�FHOO�ORVV�LQ�WKHVH�OLQHV�OHDGLQJ�WR�ORZ�GHQVLW\�RI�YLDEOH�QHXURQV�DQG�WKXV�

OLPLWLQJ�WKH�QXPEHU�RI�FRQQHFWLRQV�EHWZHHQ�FHOOV��ZKLFK�ZRXOG�OLNHO\�EH�UHTXLUHG�

WR�SURPRWH�QHXURQDO�PDWXUDWLRQ�WKURXJK�WKH�IRUPDWLRQ�RI�IXQFWLRQDO�V\QDSVHV��,Q�

DOO� FHOO� OLQHV� KRZHYHU� 0DS��SRVLWLYH� GHQGULWHV� ZHUH� GHWHFWHG� LQGLFDWLQJ� WKDW�

NQRFNRXW�RI�67;��GRHV�QRW�SUHYHQW�GLIIHUHQWLDWLRQ�RI�L36�FHOOV�LQWR�PDWXUH�FRUWLFDO�

QHXURQV� �)LJXUH� ��D��� ,PPXQREORWWLQJ� FRQILUPHG� WKDW� H[SUHVVLRQ� RI� WKH� PDLQ�

V\QWD[LQ��� LVRIRUP� LV� VWLOO� DEVHQW� IURP� WKH� .2� QHXURQV� ZLWK� QR� HYLGHQFH� IRU�

FRPSHQVDWLRQ� WKURXJK� LQFUHDVHG� H[SUHVVLRQ� RI� RWKHU� LVRIRUPV� DW� WKLV� VWDJH�

�)LJXUH���E���,QWHUHVWLQJO\�DQ�DGGLWLRQDO�LPPXQRUHDFWLYH�EDQG�EHWZHHQ�����±�����

N'D� LV� SUHVHQW� LQ� WKH�:7� �� OLQH� RQO\�� SRWHQWLDOO\� UHIOHFWLQJ� D� UHVHUYH� SRRO� RI�

KRPRW\SLF�V\QWD[LQ���61$5(�FRPSOH[HV�LQ�PRUH�PDWXUH�QHXURQV���

� �
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)LJXUH�����&KDUDFWHULVDWLRQ�RI�FRUWLFDO�QHXURQV�GHULYHG�IURP�67;��.2�DQG�:7�L36�
FHOO�OLQHV�DW�GD\����SRVW�LQGXFWLRQ��
&RUWLFDO�QHXURQV�GLIIHUHQWLDWHG�IURP�67;��.2��.2����DQG�:7�FRQWURO��:7����:7����L36�
FHOOV� DW� ��� GD\V� SRVW�LQGXFWLRQ� RI� GLIIHUHQWLDWLRQ� E\� GXDO� 60$'� LQKLELWLRQ�� �D��
,PPXQRIOXRUHVFHQFH�VKRZV�YDU\LQJ�H[SUHVVLRQ�RI�7EU���JUHHQ��DQG�&WLS���UHG���GHHS�
OD\HU� FRUWLFDO� QHXURQ� PDUNHUV�� ZLWK� 0DS�� �JUH\�� GHQGULWHV�PDWXUH� QHXURQV�� SRVLWLYH�
QHXURQV� IRU� HDFK� OLQH�� 6FDOH� EDU�  � ��� �P�� �E�� ,PPXQREORW� IRU� V\QWD[LQ��� �WRS��
GHPRQVWUDWHV�VXVWDLQHG�ORVV�RI����N'D�EDQG�ZLWK�VLPLODU�LPPXQRUHDFWLYLW\�RI�RWKHU�EDQGV�
UHODWLYH� WR�ȕ�DFWLQ� ORDGLQJ�FRQWURO� �ERWWRP��� �F�� ,PPXQRIOXRUHVFHQFH� IRU�*RUDSV���UHG��
PLG��WUDQV�JROJL�PDUNHU��DQG�0DS��VKRZV�H[SHFWHG�ORFDOLVDWLRQ�LQ�DOO�OLQHV��6FDOH�EDU� �
����P��

�
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3UHYLRXV� ZRUN� KDV� KLJKOLJKWHG� D� UHTXLUHPHQW� IRU� V\QWD[LQ��� DQG� LWV� FRJQDWH�

61$5(�SDUWQHUV�LQ�PDLQWDLQLQJ�WKH�ULEERQ�VWUXFWXUH�RI�WKH�*ROJL��ZLWK�NQRFNGRZQ�

RI�DQ\�FRPSRQHQW�LQ�+H/D�FHOOV�LQGXFLQJ�D�GLVSHUVLRQ�RI�WKH�*ROJL�PDUNHUV�IURP�

D�FRQFHQWUDWHG�MX[WD�QXFOHDU�ORFDOLVDWLRQ�WR�GLVWLQFW�*ROJL�IUDJPHQWV��KLJKOLJKWLQJ�

D�UHTXLUHPHQW�IRU�UHWURJUDGH�WUDQVSRUW�LQ�PDLQWDLQLQJ�RUJDQHOOH�VWUXFWXUH��6KLWDUD�

HW� DO��� ������� 7KHUHIRUH� WR� EHJLQ� WR� LQYHVWLJDWH� ZKHWKHU� WKHUH� LV� DQ\� JURVV�

SKHQRW\SH�LQ�WKH�67;��.2�L36�GHULYHG�QHXURQV�FRPSDUHG�WR�WKH�:7�FRQWUROV��

FHOOV� IL[HG�DW�GD\����SRVW�LQGXFWLRQ�ZHUH�VWDLQHG� IRU�*RUDSV���D�PDUNHU�RI� WKH�

WUDQV�� DQG� PHGLDO�*ROJL�� KRZHYHU� LQ� DOO� FHOO� OLQHV� WKH� GLVWLQFW� DV\PPHWULFDO�

SHULQXFOHDU� ORFDOLVDWLRQ� ZDV� YLVLEOH� ZLWK� QR� HYLGHQFH� RI� *ROJL� IUDJPHQWDWLRQ�

�)LJXUH���F���7KLV�PD\�EH�GXH�WR�GLIIHULQJ�IXQFWLRQV�RI�V\QWD[LQ���LQ�GLIIHUHQW�FHOO�

OLQHV�� RU� GLIIHULQJ�PHFKDQLVPV� XVHG� IRU� JHQHWLF�PDQLSXODWLRQ�� KRZHYHU� LQ� WKLV�

SUHOLPLQDU\�LQYHVWLJDWLRQ�WKHUH�ZDV�QR�HYLGHQFH�RI�D�JURVV�*ROJL�GHIHFW�LQ�WKHVH�

FHOOV���

�����'LVFXVVLRQ�

,Q�WKLV�VWXG\�WKH�IHDVLELOLW\�RI�&5,635�PHGLDWHG�JHQH�NQRFNRXW�LQ�DQ�L36�FHOO�OLQH�

GHULYHG� IURP�D�KHDOWK\� LQGLYLGXDO�ZDV�H[SORUHG�DQG�VXEVHTXHQW� LVRJHQLF� OLQHV�

ODFNLQJ�H[SUHVVLRQ�RI�WKH�SULPDU\�67;��LVRIRUP�JHQHUDWHG��'XDO�60$'�LQKLELWLRQ�

ZDV� XWLOLVHG� WR� GLIIHUHQWLDWH� H[FLWDWRU\� JOXWDPDWHUJLF� FRUWLFDO� QHXURQV� XS� WR� ���

GD\V�LQ�YLWUR�ZKHUH�PDWXUH�QHXURQDO�SURFHVVHV�ZHUH�IRUPHG��&KDUDFWHULVDWLRQ�RI�

NQRFNRXW� L36�FHOOV��QHXURQDO�SURJHQLWRU�FHOOV�DQG�PDWXUH�QHXURQV�GLVSOD\V� WKH�

H[SHFWHG�PRUSKRORJ\� VXJJHVWLQJ� WKDW� NQRFNRXW� RI�67;��H[SUHVVLRQ� GRHV� QRW�

LPSDFW� SOXULSRWHQF\� RU� SUHYHQW� GLIIHUHQWLDWLRQ� RI� FHOOV�ZLWK� QHXUDO� OLQHDJH� IURP�

WKHVH�OLQHV��7KLV�HQDEOHV�IXWXUH�VWXGLHV�RI�67;��IXQFWLRQ�ZLWK�LQGHILQLWH�DYDLODELOLW\�

RI�GLVHDVH�UHOHYDQW�FHOO�W\SHV�RI�KXPDQ�RULJLQ��YLWDO�IRU�LQYHVWLJDWLQJ�JHQH�IXQFWLRQ�

DVVRFLDWHG�ZLWK�KXPDQ�QHXURGHJHQHUDWLYH�GLVHDVHV���

'XH� WR� WKH�VPDOO� HIIHFW� VL]HV�RI�67;�� ULVN� YDULDQWV� LQ� V&-'��ZLWK�SUHVHQFH�RI��

DVVRFLDWHG� DOOHOHV� RQO\� LQFUHDVLQJ� WKH� RGGV� RI� GLVHDVH� E\� D� VPDOO� DPRXQW�

�UV��������� 25�  � ����� ���&,� ����������� �VHFWLRQ� ������� 7DEOH� ����� LW� ZDV�

K\SRWKHVLVHG�WKDW�DQ\�UHOHYDQW�SKHQRW\SHV�DVVRFLDWHG�ZLWK�WKLV�JHQH�DUH�OLNHO\�WR�

EH� VXEWOH� DQG� VXEMHFW� WR� YDULDELOLW\�� 7KHUHIRUH� &5,635�PHGLDWHG� NQRFNRXW� LQ�

KXPDQ�FHOOV�ZDV�XWLOLVHG�KHUH�WR�LQFUHDVH�WKH�OLNHOLKRRG�RI�LGHQWLI\LQJ�SKHQRW\SHV�
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UHODWHG� WR� JHQH� IXQFWLRQ�� 7KLV� JURVV� SHUWXUEDWLRQ� KRZHYHU� LV� XQOLNHO\� WR� EH�

UHSUHVHQWDWLYH�RI�WKH�GLVHDVH��ZLWK�RQO\�D�PRGHVW�GLIIHUHQFH�LQ�JHQH�H[SUHVVLRQ�

EHWZHHQ�WKH�WZR�DOOHOHV�LQ�UHOHYDQW�EUDLQ�UHJLRQV��a����LQ�WKH�SXWDPHQ�FDOFXODWHG�

IURP�H47/V�LQ�WKH�*7([�VWXG\��GLVFXVVHG�SUHYLRXVO\�LQ�FKDSWHU����VHFWLRQ���������

7KHUHIRUH�WKH�DSSOLFDELOLW\�RI�FRQFOXVLRQV�GUDZQ�IURP�WKLV�DQG�DQ\�IXWXUH�VWXGLHV�

XVLQJ� WKHVH�FHOO� OLQHV�ZLOO� UHO\�RQ�PRUH�PRGHVW�FKDQJHV� LQ�67;�� IXQFWLRQ��)RU�

H[DPSOH��KHUH�WZR�L36�FHOO� OLQHV�ZHUH�REWDLQHG�ZLWK�GLIIHULQJ�KDSORW\SHV�DW�WKH�

67;��ORFXV�ZKLFK�FRXOG�EH�XVHG�IRU�FRPSDULVRQ��KRZHYHU�WKH�JHQHWLF�YDULDWLRQ�

EHWZHHQ�OLQHV�PD\�FRQIRXQG�WKLV��

)HDVLELOLW\�RI�GLIIHUHQWLDWLRQ�RI�FHOOV�ODFNLQJ�67;��H[SUHVVLRQ�LQWR�QHXUDO�OLQHDJHV�

ZDV� H[SORUHG� KHUH� XWLOLVLQJ� D� SURWRFRO� SUHYLRXVO\� GHPRQVWUDWHG� WR� HIILFLHQWO\�

JHQHUDWH� H[FLWDWRU\� JOXWDPDWHUJLF� QHXURQV� �6KL� HW� DO��� �������0DWXUH� GHQGULWLF�

SURFHVVHV� VWDLQHG� E\� 0DS��� ZLWK� PRGHVW� H[SUHVVLRQ� RI� GHHS�OD\HU� QHXURQDO�

PDUNHUV� &WLS�� DQG� 7EU��� LQGLFDWH� WKDW� NQRFNRXW� RI� 67;�� LV� FRQGXFLYH� WR�

JHQHUDWLRQ�RI�QHXUDO�FHOOV�DQG�WKHUHIRUH�WKH�L36�OLQHV�JHQHUDWHG�KHUH�FDQ�OLNHO\�

EH�XVHG�WR�SURGXFH�DGGLWLRQDO�QHXUDO�VXEW\SHV�IRU�IXWXUH�VWXGLHV��8QIRUWXQDWHO\��

IXUWKHU� FKDUDFWHULVDWLRQ� RI� QHXURQDO� SURSHUWLHV� RU� SULRQ�UHODWHG� SKHQRW\SHV� LQ�

WKHVH�FHOOV�ZDV�SURKLELWHG�E\�YDVW�FHOO�ORVV�XQUHODWHG�WR�WKH�JHQH�NQRFNRXW��OLNHO\�

DOVR�SUHYHQWLQJ�IXOO�PDWXUDWLRQ�GXH�WR�ORZ�GHQVLW\�FXOWXUHV��$OWKRXJK�SUHOLPLQDU\�

LQYHVWLJDWLRQV� RQ� *ROJL� VWUXFWXUH� DV� DQ� LQGLFDWLRQ� RI� V\QWD[LQ��� IXQFWLRQ� LQ�

UHWURJUDGH� WUDQVSRUW� GLG� QRW� VXJJHVW� D� JURVV� SHUWXUEDWLRQ�� PRUH� VXEVWDQWLDO�

DQDO\VLV�RI�RWKHU�HQGRO\VRVRPDO� WUDQVSRUW�PDUNHUV� LV� UHTXLUHG�DV�GLVUXSWLRQ�RI�

7*1� PRUSKRORJ\� LV� QRW� DOZD\V� HYLGHQW� LQ� SUHYLRXV� VWXGLHV� ZLWK� V\QWD[LQ���

SHUWXUEDWLRQ��

&RUWLFDO� QHXURQV� ZHUH� VHOHFWHG� IRU� WKLV� LQLWLDO� LQYHVWLJDWLRQ� GXH� ERWK� WR� WKHLU�

UHODWLYH�HDVH�RI�GLIIHUHQWLDWLRQ�±�DV�RQH�RI�WKH�ILUVW�IXOO\�GLIIHUHQWLDWHG�FHOO�W\SHV�WR�

SRSXODWH�IURP�WKH�QHXURHFWRGHUP�WKHVH�DUH�DOVR�RQH�RI�WKH�HDUOLHVW�QHXUDO�VXE�

W\SHV�WR�DSSHDU�LQ�FXOWXUH�±�DV�ZHOO�DV�WKHLU�GLVHDVH�UHOHYDQFH��+RQJ�	�'R���������

:LGH�VSUHDG� QHXURQDO� ORVV� LV� D� KDOOPDUN� RI� SULRQ� GLVHDVHV� KRZHYHU� WKH�

PHFKDQLVPV�OHDGLQJ�WR�WKLV�F\WRWR[LFLW\�DUH�QRW�ZHOO�GHVFULEHG� �%HQLORYD�HW�DO���

������%XGND�HW�DO����������7KH�QHXURQDO�FHOO�OLQHV�JHQHUDWHG�LQ�WKH�FXUUHQW�VWXG\�

FRXOG�WKHUHIRUH�SURYLGH�D�WRRO�WR�LQYHVWLJDWH�WKH�UROH�RI�V\QWD[LQ���LQ�SULRQ�LQGXFHG�

QHXURWR[LFLW\��+RZHYHU�RWKHU�QHXUDO�FHOO�W\SHV�DUH�FHUWDLQO\�RI�LQWHUHVW�IRU�GLVHDVH�
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PRGHOOLQJ� �DQG� OLNHO\�67;�� IXQFWLRQ��HVSHFLDOO\�ZLWK�HYLGHQFH� WKDW� L36�GHULYHG�

DVWURF\WHV�DQG�FHUHEUDO�RUJDQRLGV�DUH�DEOH�WR�SURSDJDWH�DJJUHJDWHG�V&-'�SULRQV�

DV� SUHYLRXVO\� GHVFULEHG� �*URYHPDQ� HW� DO��� ������ .UHMFLRYD� HW� DO��� ������� 7KH�

LPSDFW� RI� 67;�� NQRFNRXW� LQ� WKHVH� PRGHOV� ZLOO� EH� DQ� LPSRUWDQW� IROORZ�XS�

H[SHULPHQW�� SDUWLFXODUO\� DV� SUHYLRXV� H[SORUDWLRQV� RI� V\QWD[LQ��� IXQFWLRQ� LQ� WKH�

SURSDJDWLRQ� RI� PRXVH� SULRQV� LQ� LPPRUWDOLVHG� FHOOV� ZHUH� QRW� IRUWKFRPLQJ� �DV�

GLVFXVVHG�LQ�FKDSWHU�����([SHULPHQWV�LQ�WKHVH�KXPDQ�FHOO�OLQHV�ZLWK�KXPDQ�SULRQ�

VWUDLQV�ZLOO�WKHUHIRUH�KHOS�HOXFLGDWH�ZKHWKHU�V\QWD[LQ���IXQFWLRQ�LV�V&-'�RU�FHOO�

W\SH�VSHFLILF��DV�ZHOO�DV�SURYLGH�RSSRUWXQLWLHV�IRU�IXQFWLRQDO�LQYHVWLJDWLRQV�LQ�PRUH�

GLVHDVH�UHOHYDQW�FHOO�W\SHV���

$�FRPPHUFLDOO\�DYDLODEOH�V\VWHP�ZDV�XWLOLVHG�WR�JHQHUDWH�WKH�&5,635�PHGLDWHG�

JHQH�NQRFNRXWV� LQ� WKLV� VWXG\�� LQ�ZKLFK�VJ51$�VHTXHQFHV�ZHUH�SUH�GHVLJQHG��

7KLV�OHG�WR�HIILFLHQW�JHQH�HGLWLQJ�RI�ERWK�D�FRQWURO�JHQH��75$&��DQG�WKH�JHQH�RI�

LQWHUHVW�� 67;��� WKURXJK� LQGXFWLRQ� RI� ODUJH� IUDJPHQW� GHOHWLRQV� RYHU� ���� ES��

VXSSRUWLQJ� SUHYLRXV� FRQFOXVLRQV� WKDW� XVLQJ� PXOWLSOH� VJ51$V� LQ� WDQGHP� LV� DQ�

HIIHFWLYH�PHWKRG� IRU�JHQHUDWLQJ�VXIILFLHQW� LQGHOV� IRU�JHQH�NQRFNRXW� �-RVW�HW�DO���

������� $OWKRXJK� WKLV� ZDV� KLJKO\� VXFFHVVIXO� LQ� SUHYHQWLQJ� WUDQVODWLRQ� RI� WKH�

WDUJHWHG� WUDQVFULSWV�� RQH� OLPLWDWLRQ� RI� XWLOLVLQJ� RII�WKH�VKHOI� SURGXFWV� LV� WKDW�

VHTXHQFH�GHWDLOV�DUH�QRW�LPPLQHQWO\�UHYHDOHG��&RQVHTXHQWO\��WKH�VJ51$�GHVLJQ�

IDLOHG� WR�FRQVLGHU�DQ�DGGLWLRQDO�67;��SURWHLQ�FRGLQJ� WUDQVFULSW�ZKLFK� ODFNV� WKH�

WDUJHWHG�H[RQ��7KLV�VHFRQGDU\�WUDQVFULSW��GHQRWHG�6W[�������LV�ODFNLQJ�H[RQV���

DQG����DV�GHSLFWHG�LQ�)LJXUH������OHDGLQJ�WR�WUDQVODWLRQ�RI�D�VKRUWHU�SURWHLQ�LVRIRUP�

ZLWKRXW�WKH�1�WHUPLQDO�UHVLGXHV�������RI�WKH�SULPDU\�IXOO�OHQJWK�����DPLQR�DFLG�

SURWHLQ��DOWKRXJK�WKH�UHPDLQLQJ�VHTXHQFH�LV�FRQVHUYHG��

$�VSHFLILF�H[SORUDWLRQ�RI�WKH�GLIIHULQJ�IXQFWLRQV�RI�WKH�WZR�SURWHLQ�FRGLQJ�LVRIRUPV�

LV� DEVHQW� IURP� WKH� OLWHUDWXUH�� KRZHYHU� D� QXPEHU� RI� VWXGLHV� KDYH� HOXFLGDWHG�

VSHFLILF� IXQFWLRQV�RI� WKLV�1�WHUPLQDO� UHJLRQ��*HQHUDWLRQ�RI� FU\VWDO� VWUXFWXUHV�RI�

UHVLGXHV�������GHVFULEHG�DQ�DQWL�SDUDOOHO�WKUHH�KHOLFDO�EXQGOH��+DEF��D���±�����E�

���±�����F����±������V\QWD[LQ���VWUXFWXUH�DQG�IXQFWLRQV�SUHYLRXVO\�GLVFXVVHG�LQ�

VHFWLRQ������)LJXUH����ZKLFK�ZRXOG�EH�DEVHQW�LQ�WKLV�VHFRQGDU\�LVRIRUP��0LVXUD�

HW�DO����������,Q�WKLV�LQLWLDO�FKDUDFWHULVDWLRQ�WKH�H[SHFWHG�UHJXODWRU\�IXQFWLRQ�RI�WKLV�

UHJLRQ�LQ�ELQGLQJ�WR�WKH�61$5(�GRPDLQ�ZDV�QRW�IRXQG��D�FRPPRQ�PHFKDQLVP�

IRU�61$5(�SURWHLQ�LQDFWLYDWLRQ���KRZHYHU�VXEVHTXHQW�H[SHULPHQWV�KDYH�UHYHDOHG�
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WKH�LPSRUWDQFH�RI�WKLV�UHJLRQ�LQ�V\QWD[LQ���IXQFWLRQV��LQFOXGLQJ�GULYLQJ�ORFDOLVDWLRQ�

WR� WKH�7*1� IRU� UHWURJUDGH�SURWHLQ� WUDQVSRUW��DQG� LQ�PHGLDWLQJ� LQWHUDFWLRQV�ZLWK�

PXOWLSOH�UHJXODWRU\�SURWHLQV��LQFOXGLQJ�Į�61$3�16)�DGDSWRU��*$53��*ROJL��DQG�

($53��HQGRVRPDO��PXOWL�VXEXQLW�WHWKHULQJ�FRPSOH[HV�DQG�UHODWHG�6+,3�����DV�

ZHOO�DV�VHSDUDWH�(($��HQGRVRPDO�WHWKHU���%RFN�HW�DO���������.RLNH�	�-DKQ��������

2WWR�HW�DO���������3HUH]�9LFWRULD�HW�DO����������)XUWKHUPRUH��DQDO\VLV�RI� LVRIRUP�

H[SUHVVLRQ� IURP� 51$VHT� GDWD� �REWDLQHG� IURP� WKH� *7([� Y�� GDWDEDVH� �*7([�

&RQVRUWLXP���������LQGLFDWHV�WKDW�WKLV�VHFRQGDU\�LVRIRUP�RQO\�FRPSULVHV�D�VPDOO�

SURSRUWLRQ� RI� WUDQVFULSWV� LQ� DOO� KXPDQ� EUDLQ� UHJLRQV�� IRU� H[DPSOH� MXVW� ��� RI�

WUDQVFULSW�UHDG�FRXQWV�LQ�WKH�FHUHEHOOXP�DQG����LQ�WKH�SXWDPHQ�DUH�DWWULEXWHG�WR�

6W[�������FRPSDUHG�WR�����DQG�����UHVSHFWLYHO\�IRU�6W[��������7KHUHIRUH�LW�LV�

XQOLNHO\� WKDW�H[SUHVVLRQ�RI�6W[������DORQH�ZRXOG�EH�VXIILFLHQW� IRU�V\QWD[LQ���WR�

UHWDLQ�LWV�XVXDO�IXQFWLRQ�LQ�FHOOV��HVSHFLDOO\�DV�WKH�V&-'�ULVN�DVVRFLDWHG�DOOHOHV�DUH�

WKRXJKW� WR� FDXVH� PXFK� PRUH� PRGHVW� DOWHUDWLRQV� LQ� JHQH� H[SUHVVLRQ� �a�����

VHFWLRQ���������DQG�VR�WKLV�LV�XQOLNHO\�WR�SUHYHQW�SKHQRW\SLF�FKDQJHV�LQ�WKHVH�OLQHV��

+RZHYHU�� WDUJHWLQJ� WKLV�VHFRQGDU\� LVRIRUP�VKRXOG�EH�FRQVLGHUHG� LI� IXWXUH�ZRUN�

LQGLFDWHV�WKH�UHPDLQLQJ�V\QWD[LQ���LV�VWLOO�IXQFWLRQDO��2I�QRWH�LQ�WKLV�VWXG\�D�PRGHVW�

LQFUHDVH� LQ� EDQG� LQWHQVLW\� DW� a��� N'D� ZDV� GHWHFWHG� E\� LPPXQREORW� RI� WKH�

NQRFNRXW� FHOO� OLQHV� UHODWLYH� WR� WKH� FRQWUROV� �FRUUHVSRQGLQJ� WR� WKH� SUHGLFWHG�

PROHFXODU�ZHLJKW�RI�6W[�������)LJXUH���E���LQGLFDWLQJ�VRPH�FRPSHQVDWLRQ�PD\�

KDYH�RFFXUUHG��SRWHQWLDOO\�UHIOHFWHG�LQ�WKH�57�T3&5�DQDO\VLV�ZLWK�QR�HYLGHQFH�RI�

QRQ�VHQVH�PHGLDWHG�GHFD\�DW�WKLV�OHYHO���

8QGRXEWHGO\� &5,635� KDV� SURYHQ� DQ� LQYDOXDEOH� WRRO� IRU� IXQFWLRQDO� JHQHWLFV�

SURYLGLQJ� UHVHDUFKHUV�ZLWK�XQPHW�JHQH�HGLWLQJ� IOH[LELOLW\�DQG�HIILFLHQF\�� ,Q� L36�

FHOOV�WKLV�KDV�WDFNOHG�RQH�RI�WKH�NH\�OLPLWDWLRQV�RI�VRXUFLQJ�DSSURSULDWHO\�PDWFKHG�

FRQWUROV��/LNH�DOO�WHFKQLTXHV�KRZHYHU�WKLV�GRHV�QRW�FRPH�ZLWKRXW�LWV�LVVXHV��2QH�

RI�WKH�GRPLQDQW�GLVFXVVLRQV�VXUURXQGLQJ�WKLV�WHFKQRORJ\�LV�WKH�LPSDFW�RI�RII�WDUJHW�

HIIHFWV�RI�&DV��FOHDYDJH��ZLWK�JURZLQJ�HYLGHQFH� WR� LQGLFDWH� WKDW��HYHQ�ZLWKRXW�

VJ51$�PLVPDWFKHV��RII�WDUJHW�PXWDJHQHVLV� FDQ�RFFXU�DW� KLJK� UDWHV� LQ�KXPDQ�

FHOOV� �)X�HW�DO����������JHQH�NQRFNRXW�RU�PXWDWLRQV� LQ�XQZDQWHG� UHJLRQV�FRXOG�

HDVLO\�OHDG�WR�FRQIRXQGLQJ�SKHQRW\SHV�ZKLFK�PD\�EH�ZURQJO\�DVVRFLDWHG�ZLWK�WKH�

LQWHQGHG� WDUJHW�� ,Q� WKH� FXUUHQW� VWXG\� PXOWLSOH� VJ51$V� ZHUH� XVHG� LQ� WDQGHP��

IXUWKHU�LQFUHDVLQJ�WKH�OLNHOLKRRG�RI�RII�WDUJHW�FOHDYDJH��7UDQVIHFWLRQ�RI�513V�ZDV�
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XWLOLVHG�WR�PLQLPLVH�WKH�WLPH�HQGRQXFOHDVHV�DUH�SUHVHQW�LQ�WKH�FHOO�LQ�DQ�DWWHPSW�

WR�PLQLPLVH� WKLV�� DQG� VJ51$V� DUH� GHVLJQHG� WR� OLPLW� DGGLWLRQDO� FRPSOHPHQWDU\�

VHTXHQFHV��KRZHYHU�LW�LV�VWLOO�LPSRUWDQW�WR�FRQWURO�IRU�WKHVH�SRVVLELOLWLHV���

6FUHHQLQJ�IRU�RII�WDUJHW�HIIHFWV�LV�QRW�WULYLDO�DQG�WKH�EHVW�SUDFWLFH�LV�XQFOHDU��+HUH�

GXH� WR� OLPLWHG� WLPH�� JURZWK� UDWH� ZDV� LQLWLDOO\� PHDVXUHG� WR� LGHQWLI\� DQ\� JURVV�

SHUWXUEDWLRQV�LQ�FHOO�SUROLIHUDWLRQ�ZKLFK�PD\�LQGLFDWH�XQLQWHQGHG�JHQH�HGLWLQJ��RU�

RWKHU� FORQDO� DEQRUPDOLWLHV�� WR� DOORZ� SURPSW� SURJUHVVLRQ� ZLWK� GLIIHUHQWLDWLRQ��

+RZHYHU��WKH�XWLOLW\�RI�WKLV�LV�FOHDUO\�OLPLWHG�ZLWK�SRVVLEOH�RII�WDUJHW�HIIHFWV�ZKLFK�

GR�QRW� LPSDFW� JURZWK� RU� D�JURZWK�UHODWHG�SKHQRW\SH� LQGXFHG�E\� WKH� NQRFNRXW�

LWVHOI��7KHUHIRUH��VXEVHTXHQW�H[RPH�VHTXHQFLQJ�ZDV�SHUIRUPHG�RQ�WKH�VHOHFWHG�

FHOO� OLQHV�� 7KLV� PHWKRGRORJ\� ZDV� XVHG� LQ� RUGHU� WR� SHUPLW� FRPSUHKHQVLYH�

LGHQWLILFDWLRQ�WKH�PRVW�OLNHO\�IXQFWLRQDO�RII�WDUJHW�SHUWXUEDWLRQV�ZKLOVW�PLQLPLVLQJ�

FRVW� DQG� FRPSXWDWLRQDO� EXUGHQ� �L�H�� ZLWK� ZKROH� JHQRPH� VHTXHQFLQJ��� 7KLV�

DQDO\VLV� GLG� QRW� SURYLGH� DQ\� HYLGHQFH� IRU� RII�WDUJHW� FOHDYDJH� RI� &DV��

HQGRQXFOHDVH�DW�DQ\�LQ�VLOLFR�SUHGLFWHG�VLWHV��KRZHYHU�WKHUH�ZDV�VRPH�HYLGHQFH�

IRU�KLJKHU�VRPDWLF�DOWHUDWLRQV�LQ�WKH�67;��NQRFNRXW�FHOO�OLQHV�UHODWLYH�WR�WKH�ZLOG�

W\SH�FRQWUROV��1RQHWKHOHVV�VHOHFWLRQ�RI�PXOWLSOH�FORQHV�IRU�IXWXUH�H[SHULPHQWV�ZLOO�

DOORZ�IRU�WKHVH�GLIIHUHQFHV�DQG�OLPLW�SRWHQWLDO�IDOVH�DSSRLQWPHQW�RI�GHOHWHULRXV�RII�

WDUJHW�HIIHFWV�WR�67;��IXQFWLRQ���

L36�GHULYHG� FHOOV� SRVH� FOHDU� DGYDQWDJHV� IRU� LQYHVWLJDWLQJ� KXPDQ�

QHXURGHJHQHUDWLYH� GLVHDVHV�� HVSHFLDOO\� ZLWK� WKH� SDUWLFXODUO\� OLPLWHG� DFFHVV� WR�

RWKHU� UHOHYDQW�KXPDQ�FHOO� W\SHV��KRZHYHU�DV�ZLWK�DOO�PRGHOV� WKHUH�DUH�FOHDUO\�

VRPH�OLPLWDWLRQV�WKDW�VKRXOG�EH�FRQVLGHUHG��,Q�WKH�FXUUHQW�VWXG\�L36�FHOOV�GHULYHG�

IURP�D�³QRUPDO´�KHDOWK\�LQGLYLGXDO�ZLWKRXW�V&-'�ZHUH�XWLOLVHG�GXH�WR�WKH�HDVH�RI�

REWDLQLQJ� WKHVH� FHOOV� IURP� SXEOLFO\�DYDLODEOH� UHSRVLWRULHV�� XQIRUWXQDWHO\� QR� FHOO�

OLQHV�GHULYHG�IURP�V&-'�SDWLHQWV�ZHUH�DYDLODEOH�DW� WKH�WLPH�WKHVH�H[SHULPHQWV�

ZHUH�SHUIRUPHG��$V�SUHYLRXVO\�GLVFXVVHG��WKH�DLP�RI�WKLV�VWXG\�ZDV�WR�SHUIRUP�

ODUJH�SHUWXUEDWLRQV�RI�JHQH�IXQFWLRQ��L�H��NQRFNRXW�RI�67;���LQ�RUGHU�WR�LQFUHDVH�

WKH�OLNHOLKRRG�RI�LGHQWLI\LQJ�D�UHOHYDQW�SKHQRW\SH��ZKLFK�LV�QRW�UHSUHVHQWDWLYH�RI�

WKH�PRGHVW�HIIHFW�VL]H�VHHQ�LQ�SDWLHQWV��7KHUHIRUH��GXH�WR�OLPLWHG�WLPH�FRQVWUDLQWV�

ZKLFK�ZRXOG�QRW�DOORZ�IRU�REWDLQLQJ�WKH�UHOHYDQW�FHOOV�IURP�V&-'�SDWLHQWV�DQG�VHW�

XS�UHSURJUDPPLQJ�RI�SDWLHQW�GHULYHG�L36�FHOOV� LQ�KRXVH�� LW�ZDV�GHFLGHG�FRQWURO�

L36�FHOOV�ZRXOG�VWLOO�EH�EHQHILFLDO�IRU�PRGHOOLQJ�JHQH�IXQFWLRQ�LQ�D�UHOHYDQW�VSHFLHV�
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DQG�FHOO�W\SH��+RZHYHU�LW�LV�OLNHO\�WKDW�WKHUH�DUH�DGGLWLRQDO�ELRORJLFDO�PHFKDQLVPV�

RFFXUULQJ� LQ�V&-'�SDWLHQW�FHOOV�ZKLFK�PD\�EH�UHOHYDQW� WR�67;�� IXQFWLRQ�ZKLFK�

ZRXOG�EH�PLVVLQJ� IURP� WKHVH�FHOO� OLQHV�� VXFK�DV�DGGLWLRQDO�JHQHWLF� ULVN� IDFWRUV�

�HVSHFLDOO\�OLNHO\�GXH�WR�WKH�OLPLWHG�SRZHU�WR�LGHQWLI\�ORZ�HIIHFW�VL]H�YDULDQWV�LQ�DOO�

*:$6�SHUIRUPHG�WR�GDWH�IRU�WKLV�GLVHDVH���7KHUHIRUH�IXWXUH�VWXGLHV�VKRXOG�ZRUN�

WR�REWDLQ�V&-'�SDWLHQW�GHULYHG�L36�FHOO�OLQHV�LQ�RUGHU�WR�LQFUHDVH�WKH�UHOHYDQFH�RI�

WKLV�FHOO�PRGHO�WR�WKH�GLVHDVH�EHLQJ�VWXGLHG���

2QH�RI�WKH�SULPDU\�FRQFHUQV�RIWHQ�HYRNHG�E\�XVLQJ�L36�FHOOV�LV�WKHLU�IRHWDO�OLNH�

HPEU\RQLF� VWDWH� LQGXFHG� E\� WKH� UHSURJUDPPLQJ� EDFN� WR� SOXULSRWHQF\� �6WXGHU��

9HUD��	�&RUQDFFKLD���������7KLV� LV�HVSHFLDOO\�FRQFHUQLQJ�ZKHQ�PRGHOOLQJ� ODWH�

RQVHW�GLVHDVHV�VXFK�DV�V&-'�IRU�ZKLFK�DJH�LV�D�VLJQLILFDQW�ULVN�IDFWRU��7KLV�LV�QRW�

\HW�DQ�LVVXH�ZKLFK�KDV�EHHQ�FOHDUO\�VROYHG��ZLWK�GHEDWH�RYHU�ZKHWKHU�DWWHPSWV�

WR�UHFDSLWXODWH�DJLQJ�SKHQRW\SHV�ZLWK�FHOOXODU�VWUHVVRUV�RU�LQGXFLQJ�DJH�UHODWHG�

JHQH�H[SUHVVLRQ� IRU�H[DPSOH�DUH� UHSUHVHQWDWLYH�RI�QDWXUDO�FHOOXODU�PDWXUDWLRQ��

KRZHYHU�WKHUH�LV�HYLGHQFH�WR�VXJJHVW�WKDW�L36�FHOOV�UHWDLQ�VRPH�HSLJHQHWLF�PDUNV�

SUHVHQW� LQ�WKH�VRPDWLF�SDUHQW�FHOO�ZKLFK�PD\�LQFUHDVH�WKHLU�UHOHYDQFH�RYHU�(6�

FHOOV��.��.LP�HW�DO����������

8QOLNH�LQ�YLYR�PRGHOV��L36�FHOOV�KDYH�PRVW�IUHTXHQWO\�EHHQ�XVHG�IRU�VWXG\�RI�D�

VLQJOH�FHOO�W\SH�LQ�LVRODWLRQ�ZKLFK�LV�FOHDUO\�QRW�UHSUHVHQWDWLYH�RI�WKH�V\VWHPV�LQ�

ZKLFK�KXPDQ�GLVHDVHV�RFFXU��SDUWLFXODUO\�LQ�WKH�EUDLQ�IRU�ZKLFK�RYHU����XQLTXH�

FHOO�W\SHV�LQ�RYHU�����GLVWLQFW�UHJLRQV�KDYH�EHHQ�GHVFULEHG��*ODVVHU�HW�DO���������

+RGJH�HW� DO��� �������+RZHYHU�� LQ� UHFHQW� \HDUV�� SURJUHVV�KDV�EHHQ�PDGH�ZLWK�

LQFRUSRUDWLQJ� FHOO�W\SH� LQWHUDFWLRQV� LQ� H[SHULPHQWV� ZLWK� WKH� GHYHORSPHQW� RI�

RUJDQRLG� WHFKQRORJLHV� �L36�GHULYHG� VHOI�RUJDQLVLQJ� WKUHH�GLPHQVLRQDO� FXOWXUH�

V\VWHPV�FRPSULVLQJ�PXOWLSOH�FHOO�W\SHV�UHIOHFWLYH�RI�KXPDQ�RUJDQV���7KLV�LQFOXGHV�

PRGHOOLQJ�KXPDQ�EUDLQ�GHYHORSPHQW���

2UJDQRLGV�PLPLFNLQJ�YDULRXV�EUDLQ�VWUXFWXUHV�KDYH�EHHQ�GHYHORSHG�LQFOXGLQJ�WKH�

FHUHEHOOXP� �FHUHEUDO� RUJDQRLGV��� DV� ZHOO� DV� WKH� PLGEUDLQ�� K\SRWKDODPXV� DQG�

KLSSRFDPSXV� �UHFHQWO\� UHYLHZHG� LQ� �6KRX�� /LDQJ�� ;X�� 	� /L�� ��������:LWK� RQO\�

UHODWLYHO\� VKRUW�WHUP� FXOWXUH� QXPHURXV� FHOO� W\SHV� DUH� JHQHUDWHG� LQ� WKHVH�

RUJDQRLGV��LQFOXGLQJ�QHXURQV��DVWURF\WHV�DQG�QHXUDO�SURJHQLWRU�FHOOV��DQG�IXUWKHU�

GHYHORSPHQWV�KDYH�DFKLHYHG�ROLJRGHQGURF\WH�GHYHORSPHQW�DQG�YDVFXODULVDWLRQ�
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WR� LQFUHDVH� WKH� UHOHYDQFH� RI� WKHVH�PRGHOV� WR� WKH� KXPDQ� EUDLQ�� $V� SUHYLRXVO\�

GLVFXVVHG� WKHVH� V\VWHPV� KDYH� VXFFHVVIXOO\� UHFDSLWXODWHG� VRPH� GLVHDVH�

DVVRFLDWHG� SKHQRW\SHV� LQ� ERWK� SULRQ� GLVHDVHV� DQG� UHODWHG� QHXURGHJHQHUDWLYH�

GLVHDVHV�� DV� ZHOO� DV� SURYHQ� WKHUDSHXWLF� XWLOLW\� LQ� WKH� DSSOLFDWLRQ� RI� DQWL�SULRQ�

FRPSRXQGV��*URYHPDQ�HW�DO����������$OWKRXJK�VWXGLHV�RQ�67;��IXQFWLRQ�LQ�WKH�

EUDLQ� KDYH� JHQHUDOO\� IRFXVHG� RQ� LWV� UROH� LQ� QHXURQDO� GHYHORSPHQW� DQG�

QHXURWUDQVPLWWHU�VLJQDOOLQJ��GXH� WR� WKH�FRPSOH[� LQWHUSOD\�EHWZHHQ�FHOO� W\SHV� LQ�

QHXURGHJHQHUDWLRQ�IXWXUH�VWXGLHV�VKRXOG�IRFXV�RQ�XWLOLVLQJ�RUJDQRLG�V\VWHPV�IRU�

PRGHOOLQJ� WKH� GLVHDVH�� $V� WKH� JHQHWLF� HIIHFW� RI� 67;�� ULVN� YDULDQWV� RQ� JHQH�

H[SUHVVLRQ�DSSHDUV�WR�EH�UHJLRQ�VSHFLILF��DV�GLVFXVVHG�LQ�FKDSWHU����VHFWLRQ�������

���JHQHUDWLRQ�RI�UHOHYDQW�RUJDQRLGV�VXFK�DV�IRU� WKH�KLSSRFDPSXV�PD\�HYHQ�EH�

PRUH�IUXLWIXO�IRU�SKHQRW\SLF�VWXGLHV��

'HYHORSPHQW�RI�LVRJHQLF�L36�FHOO�OLQHV�ZLWK�PRGLILHG�H[SUHVVLRQ�RI�67;��SURYLGHV�

DQ� LPSRUWDQW� WRRO� IRU� IXWXUH�H[SHULPHQWV� LQYHVWLJDWLQJ�WKH�UROH�RI� WKLV�JHQH��QRW�

RQO\� LQ� V&-'� DQG� KXPDQ� SULRQ� GLVHDVHV�� EXW� IRU� WKH� PXOWLSOH� UHODWHG�

QHXURGHJHQHUDWLYH�GLVHDVHV�VXFK�DV�363�DQG�$'�IRU�ZKLFK�V\QWD[LQ���IXQFWLRQ�

KDV�EHHQ�LPSOLFDWHG��7KH�RSSRUWXQLW\�IRU�LQGHILQLWH�GLIIHUHQWLDWLRQ�RI�DQ\�GLVHDVH�

UHOHYDQW�FHOO�W\SH��LQFOXGLQJ�WKRVH�DEOH�WR�VHHG�WKH�DJJUHJDWLRQ�RI�KXPDQ�SULRQ�

VWUDLQV�� ZLOO� JUDQW� DFFXUDWH� PRGHOOLQJ� RI� GLVHDVH� SDWKRJHQHVLV� DQG� WKHUHIRUH�

KRSHIXOO\�DOORZ�XV�WR�XQFRYHU�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�V\QWD[LQ���GULYHV�

ULVN�RI�V&-'�DQG�QHXURGHJHQHUDWLRQ���
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���,QYHVWLJDWLQJ�WKH�UROH�RI�67;��LQ�SULRQ�GLVHDVHV�
LQ�YLYR�
�����,QWURGXFWLRQ�

�������2YHUYLHZ�RI�LQ�YLYR�PRGHOV�IRU�SULRQ�GLVHDVH�
$OWKRXJK� UHGXFWLRQLVW�PRGHOV� RI� GLVHDVH� �VXFK� DV� LQ� VLOLFR�� LQ� YLWUR� DQG� WLVVXH�

FXOWXUH� PRGHOV�� KDYH� WKHLU� XWLOLW\� IRU� GHYHORSLQJ� D� WKRURXJK� XQGHUVWDQGLQJ� RI�

VSHFLILF� DVSHFWV�RI� SDWKRJHQHVLV�� WKHVH�DUH�DOO� OLPLWHG�E\� WKHLU� UHODWLYH� ODFN�RI�

ELRORJLFDO�FRQWH[W��$SSO\LQJ�GLVFRYHULHV�LQ�WKHVH�PRGHOV�WR�LQ�YLYR�ZKROH�V\VWHPV�

LV� UHTXLUHG� WR� GHWHUPLQH� WKHLU� UHOHYDQFH� WR� GLVHDVH� ELRORJ\�� HVSHFLDOO\� IRU�

QHXURORJLFDO�GLVHDVHV�ZKHUH�RXU�XQGHUVWDQGLQJ�RI�FRPSOH[�EUDLQ�IXQFWLRQV�LV�VWLOO�

UHODWLYHO\�OLPLWHG���

8VLQJ�KXPDQ�WLVVXHV�ZKHQ�UHVHDUFKLQJ�KXPDQ�GLVHDVHV�KDV�FOHDU�EHQHILWV�IRU�

UHOHYDQFH� DQG� DSSOLFDELOLW\�� )RU� H[DPSOH� QHXURSDWKRORJLFDO� H[DPLQDWLRQ� RI�

SDWLHQW� WLVVXHV� LV� VWLOO� UHTXLUHG� IRU� SRVW�PRUWHP� GLDJQRVLV� RI� PRVW� KXPDQ�

QHXURGHJHQHUDWLYH� GLVHDVHV�� DQG� WKH� H[DPLQDWLRQ� RI� WKH� GLVWLQFW� SDWKRORJLFDO�

KDOOPDUNV� IRU� GLIIHUHQW� SULRQ� GLVHDVHV� KDV� DLGHG� RXU� GHILQLWLRQ� RI� SULRQ� VWUDLQV�

�)UDVHU�	�'LFNLQVRQ���������+RZHYHU�KXPDQ�WLVVXHV�DUH�OLPLWHG�LQ�WKHLU�WHPSRUDO�

UHVROXWLRQ��ZLWK�WKH�DYDLODELOLW\�RI�UHOHYDQW�VDPSOHV�SULRU�WR�HQG�SRLQW�UDUH�GXH�WR�

GLIILFXOWLHV� ZLWK� DVFHUWDLQPHQW� �ZLWK� WKH� H[FHSWLRQ� RI� FLUFXODWLQJ� IOXLGV��� DQG�

XQGHUVWDQGLQJ� WKHVH� LQLWLDO� VWDJHV� EHIRUH� FOLQLFDO� RQVHW� ZLOO� XQGRXEWHGO\� EH�

IXQGDPHQWDO� WR� VXFFHVVIXO� WKHUDSHXWLF� WUHDWPHQWV�� $GGLWLRQDOO\�� WKLV� ODFN� RI�

DYDLODELOLW\� OLPLWV� WKH�VWDWLVWLFDO�SRZHU� WKDW�FDQ�EH�DFKLHYHG�HVSHFLDOO\� IRU� UDUHU�

GLVHDVHV�VXFK�DV�SULRQ�GLVHDVHV��

6LQFH� WKH�HDUOLHVW�H[SHULPHQWDO�VWXGLHV�RI�SULRQ�GLVHDVHV��DQLPDO�PRGHOV�KDYH�

EHHQ�IXQGDPHQWDO�WR�RXU�XQGHUVWDQGLQJ��$OWKRXJK�WKH�FHOOXODU�PRGHOV�SUHYLRXVO\�

GLVFXVVHG� �FKDSWHUV� �� DQG� ��� FHUWDLQO\� DOORZ� UHVHDUFKHUV� WR� IHDVLEO\� VWXG\� D�

VXEVHW�RI�ELRORJLFDO�PHFKDQLVPV��WKHVH�GR�QRW�HQFRPSDVV�WKH�FRPSOH[�FHOO�DQG�

WLVVXH� LQWHUDFWLRQV� RU� WKH� UHOHYDQW� HQYLURQPHQWV� NH\� WR� ERWK� SK\VLRORJ\� DQG�

SDWKRORJ\��1RWDEO\�WKH�H[SHULPHQWDO�WUDQVPLVVLRQ�RI�VFUDSLH�LQWR�KHDOWK\�VKHHS�

DQG�JRDWV�DQG�ODWHU�WUDQVPLVVLRQ�RI�NXUX�DQG�&-'�LQWR�SULPDWHV�XQGHUSLQV�RXU�

IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�WKH�LQIHFWLRXV�QDWXUH�RI�SULRQ�GLVHDVHV��VHH�VHFWLRQ�

����� �&XLOOp�	�&KHOOH�� ������*DMGXVHN� HW� DO��� ������*LEEV� HW� DO��� ������� 6PDOO�
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UXPLQDQWV� DQG� SULPDWHV�� DV� ZHOO� DV� FDWWOH� DQG� FHUYLGV�� DUH� VWLOO� XVHG� LQ� SULRQ�

UHVHDUFK��DOEHLW�OHVV�IUHTXHQWO\�GXH�WR�YDULRXV�OLPLWDWLRQV�LQFOXGLQJ�WKHLU�ODUJH�VL]H��

WLPH� UHTXLUHG� IRU� JHQHUDWLRQ� DQG� VWXG\�� GLIILFXOW� DFFHVVLELOLW\� DQG� JHQHWLF�

PDQLSXODWLRQ�� LQFUHDVHG� HWKLFDO� LVVXHV� DQG� FRVW� RI� PDLQWHQDQFH� �VHH� UHYLHZ�

�%UDQGQHU�	� -DXQPXNWDQH�� ��������1RQHWKHOHVV� WKHVH� DQLPDO�PRGHOV� DUH� VWLOO�

FRQWULEXWLQJ�WR�RXU�XQGHUVWDQGLQJ��IRU�H[DPSOH�VWXGLHV�LQ�SULPDWHV�ZHUH�LQLWLDOO\�

XVHG�WR�VXSSRUW�WKH�FRPPRQ�RULJLQDWLQJ�VWUDLQ�RI�Y&-'�DQG�%6(��/DVPH]DV�HW�

DO����������

,Q� PRUH� UHFHQW� \HDUV� VPDOO� URGHQWV� KDYH� EHHQ� PRVW� FRPPRQO\� XVHG� DV�

H[SHULPHQWDO�PRGHOV� LQ�WKH�SULRQ�ILHOG��:LOG�W\SH�6\ULDQ�JROGHQ�KDPVWHUV�ZHUH�

IUHTXHQWO\� XVHG� LQ� HDUOLHU� VWXGLHV�� IRU� H[DPSOH� IRU� LQYHVWLJDWLQJ� WKH� VSUHDG� RI�

SULRQV�LQ�WKH�&16��DQG�EDQN�YROHV�DUH�VRPHWLPHV�XWLOLVHG�GXH�WR�WKHLU�DSSDUHQW�

VXVFHSWLELOLW\�WR�D�ZLGH�UDQJH�RI�SULRQ�VWUDLQV��.LPEHUOLQ�	�:DONHU��������1RQQR�

HW�DO����������+RZHYHU�PLFH�DUH�FXUUHQWO\� WKH�PRVW�ZLGHO\�XVHG�DQLPDO�PRGHO��

SULPDULO\�GXH�WR�WKH�ZHDOWK�RI�WRROV�IRU�VWXG\�DQG�PDQLSXODWLRQ�RI�WKHVH�DQLPDOV��

DV�ZHOO� DV� WKHLU� ORZ� FRVW� RI� XSNHHS�� VKRUW� WLPH� VFDOHV� DQG� VPDOO� VL]H�PDNLQJ�

KDQGOLQJ� DQG� PDLQWHQDQFH� PDQDJHDEOH� �VHH� UHFHQW� UHYLHZ� �0DULQ�0RUHQR��

(VSLQRVD�� 	� 7RUUHV�� �������� ,PSRUWDQWO\�� PLFH� �DV� ZLWK� WKH� RWKHU� VSHFLHV�

PHQWLRQHG�� DUH� QDWXUDOO\� VXVFHSWLEOH� WR� SULRQ� GLVHDVHV� DQG� WKHUHIRUH� IDLWKIXOO\�

UHFDSLWXODWH� NH\� SDWKRJHQLF� IHDWXUHV�� LQFOXGLQJ� GLIIHULQJ� VXVFHSWLELOLW\� DQG�

WUDQVPLVVLELOLW\� �L�H�� WR� GLVWLQFW� SULRQ� VWUDLQV�� DQG� GLVWLQFW� QHXURSDWKRORJLFDO�

IHDWXUHV��L�H��3U3�GHSRVLWLRQ��VSRQJLRVLV�DQG�DVWURF\WH�SUROLIHUDWLRQ����

$V� JHQHWLF� HQJLQHHULQJ� WHFKQRORJLHV� KDYH� DGYDQFHG�� WKH� WRROV� DYDLODEOH� WR�

UHVHDUFKHUV�IRU�PRGHOOLQJ�GLVHDVH�LQ�YLYR�KDYH�GHYHORSHG��*HQHWLFDOO\�PRGLILHG�

DQLPDOV�FDQ�JHQHUDOO\�EH�GHVFULEHG�DV�WUDQVJHQLF��NQRFN�LQ�RU�NQRFN�RXW��)LUVWO\��

WUDQVJHQLF�DQLPDOV�DUH�JHQHUDWHG�WKURXJK�WKH�PLFURLQMHFWLRQ�RI�D�'1$�FRQVWUXFW�

HQFRGLQJ� D� VSHFLILF� WUDQVJHQH� LQWR� IHUWLOLVHG� HPEU\RV�� OHDGLQJ� WR� UDQGRP�

LQWHJUDWLRQ�RI� WKH�WUDQVJHQH�LQWR�WKH�JHQRPH��0DULQ�0RUHQR�HW�DO����������7KLV�

FDQ�GLVUXSW�RWKHU�JHQHV�DQG�RIWHQ�FDXVHV�RYHUH[SUHVVLRQ�DV�WKH�FRS\�QXPEHU�LV�

QRW� FRQWUROOHG�� $OWKRXJK� WKLV� GRHV� QRW� UHIOHFW� QDWXUDO� SK\VLRORJ\�� WKLV� FDQ� EH�

DGYDQWDJHRXV�� IRU� H[DPSOH� LQFUHDVHG� 3U3� H[SUHVVLRQ� FDQ� UHGXFH� GLVHDVH�

LQFXEDWLRQ�IRU�FOLQLFDO�RQVHW�ZLWKLQ�WKH�OLIH�VSDQ�RI�WKH�DQLPDO��$OWHUQDWLYHO\�NQRFN�

LQ�DQLPDOV�DUH�JHQHUDWHG�E\�UHSODFLQJ�WKH�KRVW�JHQH��H�J��PRXVH�3U3��ZLWK�WKH�
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JHQH�RI� LQWHUHVW� �H�J��KXPDQ�3U3�� WKXV�H[SUHVVHG�DW�QRUPDO� OHYHOV�DQG�XQGHU�

HQGRJHQRXV� UHJXODWLRQ�� 1XPHURXV� JHQHWLF� HQJLQHHULQJ� WRROV� KDYH� EHHQ�

GHYHORSHG��LQFOXGLQJ�WKH�VDPH�SURJUDPPDEOH�HQGRQXFOHDVH�EDVHG�PHWKRGV�DV�

SUHYLRXVO\�GLVFXVVHG�IRU�FHOO�PRGHOV��H�J��&5,635��VHH�FKDSWHU����VHFWLRQ��������

)LJXUH�����ZKLFK�FDQ�EH�XVHG�IRU�ERWK�NQRFN�LQ�DQG�NQRFNRXW��DV�ZHOO�DV�PRUH�

VRSKLVWLFDWHG�WLVVXH�VSHFLILF�DQG�FRQGLWLRQDO�PRGLILFDWLRQV��,Q�PLFH��JHQH�HGLWLQJ�

FRPSRQHQWV� DUH� XVXDOO\� PLFURLQMHFWHG� LQWR� IHUWLOLVHG� HPEU\RV�� ZKLFK� DUH�

WUDQVSODQWHG�LQWR�SVHXGR�SUHJQDQW�DQLPDOV�DQG�RII�VSULQJ�SRVLWLYH�IRU�HGLWV�DW�WKH�

WDUJHW�VLWH��)���DUH�EUHG�ZLWK�ZLOGW\SH�PLFH�WR�FRQILUP�JHUPOLQH�WUDQVPLVVLRQ��)����

3UQS� NQRFNRXW� PLFH� KDYH� EHHQ� IXQGDPHQWDO� WR� WKH� SULRQ� ILHOG�� VHFXULQJ� WKH�

SURWHLQ�RQO\� K\SRWKHVLV� E\� GHPRQVWUDWLQJ� WKDW� 3U3� LV� DEVROXWHO\� UHTXLUHG� IRU�

LQIHFWLRQ��%XHOHU�HW�DO����������7KLV�PRGHO�KDV�DOVR�EHHQ�XVHG�WR�WU\�WR�GHOLQHDWH�

WKH� PROHFXODU� IXQFWLRQ� RI� 3U3&�DV� SUHYLRXVO\� GLVFXVVHG� �VHH� VHFWLRQ� ��������

KRZHYHU�D�SHULSKHUDO�GHP\HOLQDWLQJ�QHXURSDWK\� LV� WKH�RQO\�SKHQRW\SH�UREXVWO\�

DVVRFLDWHG� ZLWK� WKHVH� DQLPDOV� �%UHPHU� HW� DO��� ������� $V� YLWDOO\� WKRXJK�� WKH�

DYDLODELOLW\�RI�3UQS�QXOO�DQLPDOV�KDV�DOORZHG�IRU�HFWRSLF�H[SUHVVLRQ�RI�DOWHUQDWH�

3U3� VHTXHQFHV� �H�J�� VSHFLHV�VSHFLILF��ZLWKRXW� WKH� LQWHUIHUHQFH�RI� HQGRJHQRXV�

SURWHLQV��7KLV�KDV� OHG� WR�QXPHURXV� LPSRUWDQW�VWXGLHV� LQFOXGLQJ�RI� WUDQVPLVVLRQ�

DQG�RU�VSHFLHV�EDUULHUV��VWUDLQ�FKDUDFWHULVWLFV��LQIHFWLYLW\�WLWUHV��FHOOXODU�SDWKZD\V��

WR[LFLW\�DQG�WKHUDSHXWLF�GLVFRYHU\�DQG�YDOLGDWLRQ��GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ����

$OWKRXJK� WKH� XVH� RI� DQLPDOV� WR�PRGHO� SULRQ� GLVHDVHV�� HVSHFLDOO\� WKRVH�ZKLFK�

DIIHFW� KXPDQV�� KDV� FOHDU� XWLOLW\�� WKHUH� DUH� VWLOO� OLPLWDWLRQV� WKDW� VKRXOG� EH�

FRQVLGHUHG��)LUVWO\��HYHQ�WKRXJK�PLFH�DQG�KXPDQV�DUH�VRPHZKDW�HYROXWLRQDULO\�

FRQVHUYHG�ZLWK�VLPLODU�JHQHWLF�DQG�SK\VLRORJLFDO�PHFKDQLVPV��WKHVH�DQLPDOV�DUH�

VWLOO� GLVWLQFW� IURP�KXPDQV��ZKLFK� LV� OLNHO\� WR� UHVXOW� LQ�GLIIHUHQFHV� LQ�SDWKRJHQLF�

PHFKDQLVP�� 7KH� 3513� VHTXHQFH� LQ� SULPDWHV� �VSHFLILFDOO\� F\QRPROJXV�

0DFDTXHV�� LV�PRVW� VLPLODU� WR� KXPDQV�ZLWK� WKH� VDPH� FULWLFDO� SRO\PRUSKLVP� DW�

FRGRQ�����WKDW�FRQIHUV�JHQHWLF�VXVFHSWLELOLW\�WR�KXPDQ�SULRQ�GLVHDVHV��KRZHYHU��

DV� SUHYLRXVO\�PHQWLRQHG�� WKH� XVH� RI� WKHVH� DQLPDOV� LV� XVXDOO\� LPSUDFWLFDO� DQG�

VKRXOG�EH�FRQVWUDLQHG�WR�DEVROXWHO\�YLWDO�SXUSRVHV�IRU�HWKLFDO�UHDVRQV��%UDQGQHU�

	�-DXQPXNWDQH���������$GGLWLRQDOO\�JHQHWLF�PDQLSXODWLRQ�LQ�DQLPDOV�LV�QRW�DOZD\V�

UHOLDEOH� RU� VWUDLJKW�IRUZDUG�� )RU� H[DPSOH�� WKH� DWWULEXWLRQ� RI� FHUHEHOODU�

GHJHQHUDWLRQ� ZLWK� D� ODWH�RQVHW� DWD[LD� SKHQRW\SH� WR� WKH� NQRFNRXW� RI� 3UQS� LQ�
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PXOWLSOH�PRXVH�OLQHV�ZDV�ODWHU�UHIXWHG��VKRZQ�WR�EH�LQVWHDG�FDXVHG�E\�HFWRSLF�

H[SUHVVLRQ�RI�UHODWHG�JHQH�3UQG�GXH�WR�GHOHWLRQ�RI�D�VSOLFH�DFFHSWRU� LQ�D�3UQS�

LQWURQ� �:HLVVPDQQ� 	� $JX]]L�� ������� 1RQHWKHOHVV�� ZLWK� DSSURSULDWH�

FRQVLGHUDWLRQV� RI� WKH� OLPLWDWLRQV� DQG� FRQWUROV�� DQLPDO�PRGHOV� DUH� XQGRXEWHGO\�

FXUUHQWO\�HVVHQWLDO�IRU�GLVHDVH�UHVHDUFK��

�������0RXVH�PRGHOV�RI�DFTXLUHG�SULRQ�GLVHDVH�
1HDUO\� DOO� DQLPDO� PRGHOV� LQ� SULRQ� UHVHDUFK� KDYH� EHHQ� UHVWULFWHG� WR� DFTXLUHG�

GLVHDVHV�GXH�WR�WKH�ODFN�RI�VSRQWDQHRXV�SULRQ�JHQHUDWLRQ�RYHU�WKH�WLPH�FRXUVHV�

VWXGLHG��ZLWK�WKH�H[FHSWLRQ�RI�VRPH�,3'�PXWDWLRQV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ���

1RQHWKHOHVV� WKLV�KDV� IXHOOHG�RXU�XQGHUVWDQGLQJ�RI�PXOWLSOH�DVSHFWV�RI�GLVHDVH�

SDWKRJHQHVLV�LQFOXGLQJ�VWUDLQV��WUDQVPLVVLRQ�EDUULHUV�DQG�JHQHWLF�VXVFHSWLELOLW\�WR�

GLVHDVH��0DULQ�0RUHQR�HW�DO����������7KH�QDWXUDO�VXVFHSWLELOLW\�RI�PLFH�WR�SULRQ�

LQIHFWLRQ�KDV�DOORZHG�VWXGLHV�RI�WKHVH�SURSHUWLHV�LQ�ZLOGW\SH�DQLPDOV��ZLWK�D�W\SLFDO�

VWXG\�SHUIRUPLQJ�LQWUDSHULWRQHDO�RU�LQWUDFHUHEUDO�LQRFXODWLRQ�RI�LQIHFWLRXV�PDWHULDO�

DQG�PRQLWRULQJ�RQVHW�RI�HLWKHU�FKDUDFWHULVWLF�FOLQLFDO�V\PSWRPV�VXFK�DV�DWD[LD��

JHQHUDOLVHG�WUHPRU��ORVV�RI�ULJKWLQJ�UHIOH[�DQG�OLPE�SDUDO\VLV��2
6KHD�HW�DO����������

RU�QHXURSDWKRORJLFDO�KDOOPDUNV�LQFOXGLQJ�DEQRUPDO�3U3�GHSRVLWLRQ��UHSRUWLQJ�ERWK�

WLPH�IURP�LQRFXODWLRQ��WHUPHG�³LQFXEDWLRQ�WLPH´��DQG�QXPEHU�RI�DQLPDOV�DIIHFWHG�

�WHUPHG�³DWWDFN�UDWH´����

8QGHUVWDQGLQJ� WKH�PROHFXODU� EDVLV� RI� LQWUD�� DQG� LQWHU�VSHFLHV� WUDQVPLVVLRQ� RI�

SULRQV�LV�FOHDUO\�LPSRUWDQW�IURP�ERWK�D�PHFKDQLVWLF�DQG�SXEOLF�KHDOWK�SRLQW�RI�YLHZ��

,W�KDV�ORQJ�EHHQ�XQGHUVWRRG�WKDW�WKHUH�LV�D�³WUDQVPLVVLRQ�EDUULHU´�GULYHQ�ERWK�E\�

SULPDU\�VHTXHQFH��DOVR�UHIHUUHG�WR�DV�D�³VSHFLHV�EDUULHU´�EHWZHHQ�DQLPDOV�ZLWK�D�

GLIIHUHQW�3U3�VHTXHQFH��DQG�FRQIRUPDWLRQ��GLVFXVVHG�SUHYLRXVO\�LQ�VHFWLRQ��������

�&ROOLQJH�	�&ODUNH���������)RU�H[DPSOH��DQ�HDUO\�VWXG\� LQ������E\�%UXFH�DQG�

FROOHDJXHV�GHVFULEHG�D�WUDQVPLVVLRQ�EDUULHU�XSRQ�SULPDU\�SDVVDJH�RI�VFUDSLH�DQG�

%6(�LVRODWHV�WR�PLFH�ZLWK�ORZ�DWWDFN�UDWHV�DQG�ORQJ�LQFXEDWLRQ�WLPHV��ZKLFK�ZDV�

RYHUFRPH� XSRQ� VHFRQGDU\� SDVVDJH� LQWR� IXUWKHU� DQLPDOV� ZLWK� KLJK� HIILFLHQF\�

WUDQVPLVVLRQ��SURYLGLQJ�WKH�ILUVW�LQGLFDWLRQ�RI�VWUDLQ�DGDSWDWLRQ��%UXFH�HW�DO����������

2I�QRWH��VLPLODU�PRXVH�DGDSWHG�SULRQ�VWUDLQV�DUH�QRZ�FRPPRQO\�XVHG� LQ�SULRQ�

UHVHDUFK�GXH�WR�WKHLU�KLJK�LQIHFWLYLW\�LQ�ZLOG�W\SH�PLFH��50/�DQG�0(��XVHG�LQ�WKH�

FXUUHQW�VWXG\�DUH�ERWK�PRXVH�DGDSWHG�VFUDSLH�SULRQ�VWUDLQV�IURP�GLIIHUHQW�RULJLQV���

50/� ZDV� RULJLQDOO\� GHULYHG� IURP� VFUDSLH�LQIHFWHG� VKHHS� �66%3���� EUDLQ�
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KRPRJHQDWH� SDVVDJHG� LQ� JRDWV� DQG� WUDQVPLWWHG� WR�&'��PLFH�� DQG�0(�� IURP�

VFUDSLH�LQIHFWHG�VKHHS�VSOHHQ�WLVVXH�DQG�SDVVDJHG�GLUHFWO\�LQWR�5,,,�DQG�&��%/���

PLFH��.LPEHUOLQ��:DONHU��	�)UDVHU��������=ORWQLN�	�5HQQLH���������7KH�UHOLDELOLW\�

RI�0(��LQRFXODWLRQ�LQWR�PLFH�KDV�HYHQ�OHG�WR�LWV�XVH�E\�QRQ�SULRQ�UHVHDUFKHUV�DV�

D�JHQHUDO�PRGHO� IRU�FKURQLF�QHXURGHJHQHUDWLRQ� �&KRXKDQ��)RZOHU��:HEVWHU��	�

7HHOLQJ����������

7KH� JHQHUDWLRQ� RI� WUDQVJHQLF� DQG� NQRFN�LQ� DQLPDOV� H[SUHVVLQJ� DOWHUQDWLYH�

VSHFLHV�VSHFLILF� 3U3� LVRIRUPV� KDV� IXHOOHG� IXUWKHU� GHWDLOHG� VWXGLHV� RI� FURVV�

VSHFLHV�SULRQ�WUDQVPLVVLRQ��1XPHURXV�WUDQVJHQLF�PRXVH�PRGHOV�KDYH�QRZ�EHHQ�

GHYHORSHG�WR�PRGHO�QDWXUDOO\�REVHUYHG�SULRQ�WUDQVPLVVLRQ��DV�ZHOO�DV�DQLPDOV�LQ�

ZKLFK�QDWXUDO�GLVHDVH�KDV�QRW�EHHQ�GHVFULEHG�IRU�ERWK�VFLHQWLILF�DQG�SXEOLF�KHDOWK�

UHDVRQV��0DULQ�0RUHQR�HW�DO�����������

*HQHUDWLRQ� RI� WUDQVJHQLF� PLFH� H[SUHVVLQJ� KXPDQ� 3U3� KDV� EHHQ� HVSHFLDOO\�

LPSRUWDQW� IRU� PRGHOOLQJ� WKH� ]RRQRWLF� SRWHQWLDO� RI� SULRQ� VWUDLQV�� DQG� RYHU� ���

KXPDQLVHG�PLFH� OLQHV� KDYH� QRZ� EHHQ� GHYHORSHG� �%UDQGQHU� 	� -DXQPXNWDQH��

������� )RU� H[DPSOH�� H[WHQVLYH� WUDQVPLVVLRQ� VWXGLHV� KDYH� EHHQ� SHUIRUPHG� IRU�

%6(�DQG�Y&-'�SULRQ�VWUDLQV��WR�LQYHVWLJDWH�WKH�PROHFXODU�PHFKDQLVPV�DQG�H[WHQW�

RI�ULVN�WKHVH�GLVHDVHV�SRVH�WR�SXEOLF�KHDOWK��*HQRW\SH�DW�FRGRQ�����LV�VWURQJO\�

DVVRFLDWHG�ZLWK�VXVFHSWLELOLW\�LQ�KXPDQV�ZLWK�QHDUO\�DOO�Y&-'�FDVHV�KRPR]\JRXV�

IRU�PHWKLRQLQH�DW�WKLV�VLWH��VHH�VHFWLRQ�����������WKLV�LV�UHIOHFWHG�LQ�WUDQVJHQLF�PLFH��

ZLWK� KLJK�DWWDFN� UDWHV� XSRQ� WUDQVPLVVLRQ�RI� ERWK�%6(�DQG� Y&-'�SULRQV�ZKHQ�

H[SUHVVLQJ�KXPDQ�3U3����0��DOEHLW�RIWHQ�VXE�FOLQLFDO� LQIHFWLRQ�GXH�WR�WKH�ORQJ�

LQFXEDWLRQ�WLPHV�IRU�FOLQLFDO�GLVHDVH�LQ�WKLV�PRGHO��DQG�IDLWKIXO�UHSOLFDWLRQ�RI�VWUDLQ�

W\SH��GHQRWHG�W\SH���3U36F�� �$VDQWH�HW�DO����������ZKHUHDV� LQRFXODWLRQ�RI�%6(�

LQWR�PLFH� H[SUHVVLQJ� ���9� OHDGV� WR� GLIIXVH� 3U3� GHSRVLWLRQ�ZLWKRXW� GHWHFWDEOH�

3U36F�� ZKLFK� FDQQRW� VHHG� SDWKRORJ\� XSRQ� VHULDO� SDVVDJH� �+LOO� HW� DO��� ������

:DGVZRUWK�HW�DO����������6LPLODUO\��WUDQVPLVVLRQ�RI�Y&-'�LQWR�KXPDQ����9�PLFH�

KDV�PXFK�ORZHU�DWWDFN�UDWHV�ZLWK�VLPLODU�ZHDN�GLIIXVH�3U3�GHSRVLWV��LQWHUHVWLQJO\�

ZLWK� D� GLVWLQFW� 3U3� VWUDLQ� W\SH� �GHQRWHG� W\SH� �� 3U36F�� ZKLFK� VKRZV� PLQLPDO�

WUDQVPLVVLELOLW\� RQ� VHFRQGDU\� SDVVDJH�� UHIOHFWLQJ� WKH� ODFN� RI� Y&-'� LQ� YDOLQH�

KRPR]\JRXV�LQGLYLGXDOV��+LOO�HW�DO���������:DGVZRUWK�HW�DO����������,QWHUHVWLQJO\�

ZKHQ�WKHVH�PRXVH�OLQHV�ZHUH�FURVVHG�WR�JHQHUDWH�D�³KHWHUR]\JRXV´�OLQH��D�VXEVHW�

RI�DQLPDOV�SURSDJDWHG�WKH�H[SHFWHG�SULRQ�VWUDLQ�XSRQ�LQRFXODWLRQ�ZLWK�Y&-'��W\SH�
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���EXW�ZLWK�D�GLVWLQFW�QHXURSDWKRORJ\��VXJJHVWLQJ�WKH�GLVHDVH�PD\�EH�GLVWLQFW�LQ�

KHWHUR]\JRXV� LQGLYLGXDOV� DQG� VKRXOG� EH�PRQLWRUHG� DFFRUGLQJO\� �$VDQWH� HW� DO���

�������$OVR�RI�FXUUHQW�LPSRUWDQFH��KXPDQLVHG�PLFH�KDYH�EHHQ�XVHG�WR�PRGHO�WKH�

]RRQRWLF�SRWHQWLDO�&:'�VWUDLQV� WR�GHWHUPLQH�ZKHWKHU� WKH� LQFUHDVLQJ�VSUHDG�RI�

WKLV�GLVHDVH�SRVHV�D�ULVN�WR�SXEOLF�KHDOWK��WR�GDWH�WKHUH�KDV�EHHQ�QR�HYLGHQFH�RI�

WUDQVPLVVLRQ� IROORZLQJ� LQWUDFHUHEUDO� LQRFXODWLRQ� RI� WKHVH�PLFH� �RU� F\QRPROJXV�

0DFDTXHV��� KRZHYHU� WKH� UHVXOWV� RI� LPSRUWDQW� VHFRQGDU\� SDVVDJHV� WR� LGHQWLI\�

XQGHWHFWHG�LQIHFWLRQ�DUH�\HW�WR�EH�SXEOLVKHG��.RQJ�HW�DO���������5DFH�HW�DO���������

:DGVZRUWK�HW�DO����������

�������0RXVH�PRGHOV�RI�SULRQ�GLVHDVH�JHQHWLFV�
7KH� DELOLW\� WR� H[SUHVV� VSHFLHV�VSHFLILF�3513� VHTXHQFHV� LQ� D� SUDFWLFDO�PRGHO�

V\VWHP�VXFK�DV�PLFH��ZKLOH�VHHPLQJO\�UHFDSLWXODWLQJ�WKH�IXQFWLRQ�RI�WKH�QRUPDO�

JHQH� �DW� OHDVW� LQ� SDWKRELRORJ\��� DOORZV� UHVHDUFKHUV� WR� PRGHO� WKH� JHQHWLF�

VXVFHSWLELOLW\�DVVRFLDWHG�ZLWK�WKLV��7KLV�KDV�LQFOXGHG�SRO\PRUSKLVPV�DVVRFLDWHG�

ZLWK�GLVHDVH�ULVN�VXFK�DV�FRGRQ�����LQ�KXPDQ�SULRQ�GLVHDVHV�DV�GLVFXVVHG��DV�

ZHOO�DV�VFUDSLH�DVVRFLDWHG�YDULDWLRQ�DW�FRGRQV����������DQG����� LQ�RYLQH�3U3�

�&RUGLHU� HW� DO��� ������ DQG� WKH� NXUX�SURWHFWLYH� ���9� DOOHOH�ZKLFK�� LQ� HLWKHU� WKH�

KHWHUR]\JRXV�RU�KRPR]\JRXV�VWDWH��DOVR�GULYHV�UHVLVWDQFH�RI�WUDQVJHQLF�PLFH�WR�

PXOWLSOH�KXPDQ�SULRQ�VWUDLQV�LQFOXGLQJ�NXUX�DQG�V&-'��$VDQWH�HW�DO����������

,QKHULWHG� SULRQ� GLVHDVHV� DFFRXQW� IRU� ������� RI� DOO� KXPDQ� SULRQ� GLVHDVHV�

�/DGRJDQD� HW� DO��� ������� &XUUHQWO\� WKH� PROHFXODU� PHFKDQLVPV� ZKLFK� GULYH�

DJJUHJDWLRQ�RI�PXWDQW�3U3�SURWHLQV� LV�QRW�XQGHUVWRRG��8QIRUWXQDWHO\�KRZHYHU��

H[SUHVVLQJ� WKHVH� LQ� KXPDQLVHG�PLFH� KDV�� LQ� WKH�PRVW� SDUW�� QRW� UHFDSLWXODWHG�

GLVHDVH��ZLWK�QR�GHWHFWDEOH�DEQRUPDO�3U3�RU�UHOHYDQW�QHXURSDWKRORJ\�ZLWK�DQ\�

PXWDWLRQ� H[FHSW� WKH�*66�PXWDWLRQ� $���9�� IRU� ZKLFK� KRPR]\JRXV� WUDQVJHQLF�

PLFH� GHYHORS� VWRFKDVWLF� DQG� OLPLWHG� 3U3� SODTXHV� ZKLFK� FDQ� EH� HIILFLHQWO\�

WUDQVPLWWHG��$VDQWH�HW�DO����������,W�LV�QRW�NQRZQ�ZKHWKHU�WKH�OLPLWHG�VXFFHVV�RI�

WKLV�LV�GXH�WR�WKH�UHVWULFWHG�OLIH�VSDQ�RI�PLFH��RU�GLIIHUHQFHV�LQ�SK\VLRORJ\�EHWZHHQ�

VSHFLHV��2WKHU�,3'�PXWDWLRQV�WKDW�KDYH�LQGXFHG�QHXURSDWKRORJ\�KDYH�EHHQ�RQ�D�

FKLPHULF�EDFNJURXQG��IRU�H[DPSOH�ZLWK�PRXVH�DQG�EDQN�YROH�3U3��ZKLFK�DSSHDU�

PRUH�SURQH�WR�VSRQWDQHRXV�PLVIROGLQJ�DQG�DJJUHJDWLRQ�WKDQ�KXPDQ�3U3��RU�KDYH�

WKH� UHTXLUHG�FRIDFWRUV�SUHVHQW� LQ�PLFH�� �0DULQ�0RUHQR�HW�DO����������+RZHYHU��

WKHVH� VWXGLHV� KDYH� KDG� YDULDEOH� VXFFHVV� ZLWK� FRQWUDVWLQJ� SKHQRW\SHV�� DQG�
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HYLGHQFH�VXJJHVWV�WKHVH�PLFH�DUH�QRW�IDLWKIXOO\�SURSDJDWLQJ�WKH�VDPH�VWUDLQ�W\SHV�

�:DWWV�HW�DO����������

$OWKRXJK�3UQS�LV�FOHDUO\�D�NH\�SOD\HU�LQ�SULRQ�GLVHDVHV��ZH�NQRZ�WKDW�RWKHU�JHQHV�

DQG� SDWKZD\V� PXVW� EH� LQYROYHG� LQ� SDWKRJHQHVLV�� IRU� H[DPSOH� SULPDU\� 3U3�

VHTXHQFH� GRHV� QRW� SHUIHFWO\� FRUUHODWH� ZLWK� GLVHDVH� VXVFHSWLELOLW\� �&ROOLQJH� 	�

&ODUNH���������'XH�WR�WKH�QDWXUDO�VXVFHSWLELOLW\�RI�PLFH�WR�SULRQ�GLVHDVH��DQG�WKH�

UHODWLYHO\�KLJK�GHJUHH�RI�KRPRORJ\�EHWZHHQ�JHQHV�SUHVHQW�LQ�KXPDQV�DQG�PLFH��

WKHVH�DQLPDOV�KDYH�EHHQ�XVHG�IRU�GLVFRYHU\�VWXGLHV�WR�WKLV�HIIHFW��0HDG�HW�DO���

������� 7KH� YDU\LQJ� LQFXEDWLRQ� WLPHV� EHWZHHQ� LQEUHG� PRXVH� VWUDLQV� OHG� WR�

FODVVLILFDWLRQ�RI�WZR�3UQS�JHQRW\SHV��GHQRWHG�3UQSD�DQG�3UQSE��DVVRFLDWHG�ZLWK�

VKRUW�DQG�ORQJ�LQFXEDWLRQ�WLPHV��GULYHQ�E\�JHQRW\SHV�DW�FRGRQV�����DQG������EXW�

47/�VWXGLHV�KDYH�DOVR�HOXGHG�WR�QRQ�3UQS�JHQHWLF�PRGLILHUV�RI� WKLV�SKHQRW\SH�

�SUHYLRXVO\� GLVFXVVHG� LQ� VHFWLRQ� ������� �/OR\G� HW� DO��� ������ /OR\G� HW� DO��� ������

:HVWDZD\�HW�DO����������$W�OHDVW�LQ�WKH�FDVH�RI�+HFWG���WKLV�JHQHWLF�DVVRFLDWLRQ�

DOVR�DSSHDUV�UHOHYDQW� WR�KXPDQ�GLVHDVH� LQ�D� WDUJHWHG�DQDO\VLV��VXSSRUWLQJ� WKH�

XVH� RI�PLFH� LQ� GLVFRYHU\� VWXGLHV� �/OR\G� HW� DO��� ������� $GGLWLRQDOO\� KHDW� VKRFN�

SURWHLQ� +VSD��� KDV� EHHQ� DVVRFLDWHG� LQVWHDG� WKURXJK� H[SORULQJ� GLIIHUHQWLDOO\�

H[SUHVVHG�JHQHV�LQ�PLFH�ZLWK�GLVWLQFW�LQFXEDWLRQ�WLPHV��*UL]HQNRYD�HW�DO����������

0RXVH� PRGHOV� DOVR� DOORZ� IRU� LPSRUWDQW� WHPSRUDO� UHVROXWLRQ� WKDW� LV� GLIILFXOW� WR�

REWDLQ�LQ�KXPDQ�VDPSOHV��WKLV�KDV�JHQHUDWHG�D�ZHDOWK�RI�GDWD�DVVRFLDWLQJ�YDULRXV�

JHQHV�DQG�SDWKZD\V��KRZHYHU�FDXVDOLW\� LV�GLIILFXOW� WR�GHILQH�KHUH� �0HDG�HW�DO���

�������

)LQDOO\�� WKH� HDVH� RI� JHQHWLF� PDQLSXODWLRQ� LQ� PLFH� SHUPLWV� IHDVLEOH� VWXGLHV� RI�

FDQGLGDWH�JHQHV�LQ�ZKROH�ELRORJLFDO�V\VWHPV��0RVW�FRPPRQO\�LQ�WKH�SULRQ�ILHOG��

UHVHDUFKHUV� KDYH� XVHG� NQRFNRXW� DQLPDOV� WR� H[SORUH� JHQH� IXQFWLRQ�� JHQHUDOO\�

FRPSDULQJ�DWWDFN�UDWH�DQG�GLVHDVH�LQFXEDWLRQ�WLPH�IROORZLQJ�LQRFXODWLRQ�RI�ZHOO�

FKDUDFWHULVHG� SULRQV� VWUDLQV� �RIWHQ� 50/�� LQ� WKH� SUHVHQFH� DQG� DEVHQFH� RI� D�

FDQGLGDWH� JHQH�� DOWKRXJK� RYHUH[SUHVVLRQ� DQG�PRUH� VRSKLVWLFDWHG�PHWKRGV� WR�

SHUWXUE�JHQH�IXQFWLRQ�KDYH�DOVR�EHHQ�XWLOLVHG��6WXG\�RI�PXOWLSOH�JHQHV�LQYROYHG�

LQ�WKH�F\WRNLQH�DQG�FKHPRNLQH�UHVSRQVH�LQ�WKLV�ZD\�KDV�EHHQ�XVHG�WR�VXSSRUW�D�

FDXVDO�UROH�RI�WKLV�SDWKZD\�LQ�SULRQ�GLVHDVHV��ZKLFK�LV�UREXVWO\�XSUHJXODWHG�GXULQJ�

VFUDSLH� LQIHFWLRQ�� NQRFNRXW� RI� FKHPRNLQH� UHFHSWRU� &[�FU�� UHGXFHG� GLVHDVH�

LQFXEDWLRQ�WLPH�IROORZLQJ�SULRQ�LQRFXODWLRQ��DW�OHDVW�LQ�RQH�VWXG\���DQG�NQRFNRXW�
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RI�&[FU��DQG�FKHPRNLQH�0FS�� H[WHQGHG�VXUYLYDO� WLPHV�� DOWKRXJK� LQWHUHVWLQJO\�

ZLWK�HYLGHQFH�RI�D�PRUH�UDSLG�DQG�VXEVWDQWLDO�LQFUHDVH�LQ�SULRQ�WLWUH��)HOWRQ�HW�DO���

������ *UL]HQNRYD�� $NKWDU�� %UDQGQHU�� &ROOLQJH�� 	� /OR\G�� ������ 5LHPHU� HW� DO���

�������6LPLODUO\�NQRFNRXW�RI�LQWHUOHXNLQ�UHFHSWRU�,O�U��SURORQJHG�GLVHDVH�LQ�50/�

LQRFXODWHG�PLFH��KRZHYHU�NQRFNRXW�RI�LQWHUOHXNLQ�,O���VKRUWHQHG�LQFXEDWLRQ�WLPHV�

DQG�RWKHU�FRPPRQ�LQWHUOHXNLQV�DQG�VXEXQLWV��H�J��,O��E��,O���,O����KDG�QR�HIIHFW��

OLNHO\� UHIOHFWLQJ� WKH� FRPSOH[LW\� RI� F\WRNLQH� VLJQDOOLQJ� �7DPJQH\� HW� DO��� ������

7KDFNUD\��0F.HQ]LH��.OHLQ��/DXGHU��	�%XMGRVR��������7ULERXLOODUG�7DQYLHU�HW�DO���

������� 2WKHU� SDWKZD\V� IRU� ZKLFK� NQRFNRXW� PLFH� KDYH� SURYLGHG� VXSSRUWLYH�

HYLGHQFH�IRU�FDXVDOLW\�LQFOXGH�WKH�KHDW�VKRFN�UHVSRQVH�SURWHLQ�IDPLO\��+VS���QXOO�

DQG�+VSD���RYHUH[SUHVVLQJ�PLFH�ERWK�KDYH�UHGXFHG�LQFXEDWLRQ�WLPHV�FRPSDUHG�

WR�ZLOGW\SH�DQLPDOV���*UL]HQNRYD�HW�DO���������0D\V�HW�DO����������SURWHLQV�LQYROYHG�

LQ� QHXURQDO� GHDWK� DQG� FOHDUDQFH� �H�J�� 3$5��� 0)*(��ODFWDGKHULQ� DQG� ,..Į�

NLQDVH� �LQ� QRQ�FDQRQLFDO� 1)�ț%� SDWKZD\��� �-XOLXV� HW� DO��� ������ .UDQLFK� HW� DO���

������0DWHM��2OHMDU��-DQRXVNRYD��	�+RODGD���������DV�ZHOO�DV�SURWHLQV�LQYROYHG�

LQ�QRUPDO�3U3&� IXQFWLRQ�VXFK�DV�JDQJOLRVLGDVH�V\QWKDVH� �IRU�V\QWKHVLV�RI� OLSLG�

UDIWV��DQG�/53�HQGRF\WLF�UHFHSWRU��.RED\DVKL�HW�DO���������3IODQ]�HW�DO����������

/DVWO\��H[SORUDWLRQ�RI�JHQHV�DVVRFLDWHG�ZLWK�UHODWHG�QHXURGHJHQHUDWLYH�GLVHDVHV�

KDV� LPSOLFDWHG� VXSHUR[LGH� GLVPXWDVH� �� �6RG��� $/6�� DQG� DP\ORLG� SUHFXUVRU�

SURWHLQ� �$SS�� $'�� LQ� SULRQ� GLVHDVHV� �EXW� QRW� 3'�UHODWHG� Į�V\QXFOHLQ� �6FQD���

KLJKOLJKWLQJ�D�SRWHQWLDO�RYHUODS�LQ�SDWKRJHQLF�PHFKDQLVPV��$NKWDU�HW�DO���������

%LVWDIID�HW�DO���������7DPJQH\�HW�DO�����������

$OWKRXJK� LQRFXODWLRQ�VWXGLHV� LQ� NQRFNRXW�PLFH�KDYH�FOHDUO\�EHHQ� LPSRUWDQW� IRU�

H[SORULQJ�WKH�UROH�RI�SXWDWLYH�JHQHV�DQG�SDWKZD\V�LQ�SULRQ�SDWKRJHQHVLV��WKH�XVH�

RI� VXFK�JURVV�JHQHWLF� SHUWXUEDWLRQV�PXVW� EH� LQWHUSUHWHG� FDXWLRXVO\� GXH� WR� WKH�

SRVVLELOLW\� IRU� FRPSHQVDWRU\� PHFKDQLVPV� RU� RII�WDUJHW� HIIHFWV�� DV� ZHOO� DV� WKH�

DIRUHPHQWLRQHG�VSHFLHV�GLIIHUHQFHV��$GGLWLRQDOO\��GLYHUJHQFH�LQ�QHXURSDWKRORJ\�

RU�HQG�SRLQW�SULRQ�GHSRVLWLRQ�KDYH�UDUHO\�EHHQ�GHVFULEHG�LQ�WKHVH�VWXGLHV��DQG�

WKH�PDJQLWXGH�RI� WKHVH�HIIHFWV� LV�XVXDOO\�PLQLPDO�ZLWK� LQIUHTXHQW�GLIIHUHQFH� LQ�

LQFXEDWLRQ�WLPH�RI�RYHU������XQOLNH�WKH�DEVROXWH�HIIHFWV�RI�3UQS�NQRFNRXW��VR�LW�LV�

OLNHO\�WKH�UROH�RI�WKHVH�JHQHV�LQ�SULRQ�GLVHDVHV�IRUPV�SDUW�RI�D�FRPSOH[�UHJXODWRU\�

PHFKDQLVP��
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�������&KDSWHU�VXPPDU\�
7KH�H[SHULPHQWV�GHVFULEHG�LQ�WKLV�FKDSWHU�ZHUH�GHVLJQHG��VHW�XS��PDQDJHG�DQG�

DQDO\VHG�E\�P\VHOI�LQFOXGLQJ�JHQRW\SLQJ��ELRFKHPLVWU\��EUHHGLQJ�PDQDJHPHQW��

LQRFXOD�SUHSDUDWLRQ��TXDQWLILFDWLRQ�DQG�VWDWLVWLFDO�DQDO\VLV��7KH�IROORZLQJ�SUDFWLFDO�

ZRUN�ZDV�SHUIRUPHG�E\�RWKHUV��67;��KHPL]\JRXV�NQRFNRXW�PLFH�JHQHUDWHG�E\�

05&�+DUZHOO��DQLPDO�KXVEDQGU\��FDUH�DQG�GLVVHFWLRQ�SHUIRUPHG�E\�VWDII�DW�WKH�

DQLPDO�IDFLOLW\��LQFOXGLQJ�/XF\�'UDSHU��$PL�:RRGFRFN��7KRPDV�+RUDQ��1LFN�.D\H��

&UDLJ�)LW]KXJK�DQG�*DYLQ�*UDKDP���KLVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��LQFOXGLQJ�

-DFNLH�/LQHKDQ��7DPVLQ�1D]DUL�DQG�6HEDVWLDQ�%UDQGQHU���

7KLV�FKDSWHU�GHVFULEHV�H[SORUDWLRQ�RI�WKH�UROH�RI�6W[�� LQ�SULRQ�GLVHDVHV�LQ�YLYR��

LQFOXGLQJ�WKH�JHQHUDWLRQ�RI�6W[��NQRFNRXW�DQG�KHPL]\JRXV�PLFH�DQG�DQDO\VLV�RI�

SULRQ�DQG�QRQ�SULRQ�UHODWHG�SKHQRW\SHV��,QRFXODWLRQ�RI�WKLV�PRGHO�ZLWK�WZR�SULRQ�

VWUDLQV�VXSSRUWV�D�SDWKRORJLFDO�UROH�IRU�H[SUHVVLRQ�RI�WKLV�JHQH�LQ�SULRQ�GLVHDVHV��

ZLWK� NQRFNRXW� H[WHQGLQJ� WKH� LQFXEDWLRQ� WLPH� ZLWK� ERWK� 50/� DQG�0(�� SULRQV��

,PPXQRKLVWRFKHPLFDO�FKDUDFWHULVDWLRQ�RI�QHXURQDO�ORVV��VSRQJLIRUP�YDFXRODWLRQ��

DVWURF\WH�SUROLIHUDWLRQ�DQG�3U3�GHSRVLWLRQ�VKRZV� WKH�H[SHFWHG�QHXURSDWKRORJ\�

ZLWK� QR� GLIIHUHQFHV� REVHUYHG� EHWZHHQ� OLQHV�� ([SORUDWLRQ� RI� EHKDYLRXUDO� DQG�

SK\VLRORJLFDO�SKHQRW\SHV�LQ�WKHVH�PLFH�KLJKOLJKWV�D�PHWDEROLF�GHIHFW�ZLWK�6W[��

NQRFNRXW��ZLWK�LQFUHDVHG�IDW�VWRUDJH�LQ�VXEFXWDQHRXV�DGLSRVH�WLVVXHV��DOWHUDWLRQV�

LQ�FLUFXODWLQJ�PHWDEROLWHV�DQG�DVVRFLDWHG�DFWLYLW\�GHILFLWV��

�����5HVXOWV�

�������*HQHUDWLRQ�RI�6W[��NQRFNRXW�PLFH�
&��%/���PLFH�KHPL]\JRXV�IRU�6W[���µ+HP¶��6W[������ZHUH�JHQHUDWHG�H[WHUQDOO\�YLD�

&5,635�PHGLDWHG�GHOHWLRQ�RI������QXFOHRWLGHV�VSDQQLQJ�WZR�FULWLFDO�H[RQV�ZLWK�

DQ���QW� LQVHUWLRQ� �H[RQV���DQG���DV�GHSLFWHG� LQ� )LJXUH���D��SUHVHQW�ZLWKLQ�DOO�

SURWHLQ�FRGLQJ�LVRIRUPV���JHQHUDWLQJ�D�SUHPDWXUH�VWRS�FRGRQ��&5,635�GHVFULEHG�

SUHYLRXVO\�LQ�VHFWLRQ���������0LFH�ZHUH�WKHQ�LPSRUWHG�IRU�WKH�FXUUHQW�VWXG\�DQG�

FURVV�EUHG�WR�JHQHUDWH�OLQHV�KRPR]\JRXV�IRU�ERWK�WKH�QXOO�6W[��DOOHOH��µ.2¶��6W[��

���� DQG� ZLOGW\SH� DOOHOH� �µ:7¶��6W[������� *HQRW\SHV� ZHUH� REWDLQHG� YLD� WZR� 3&5�

DVVD\V�HLWKHU�VSDQQLQJ�WKH�GHOHWHG�UHJLRQ��µ3&5�¶��DPSOLI\LQJ�ERWK�WKH�:7�DQG�

.2�DOOHOHV�RU�ELQGLQJ�ZLWKLQ�WKH�GHOHWHG�UHJLRQ��µ3&5��¶��DPSOLI\LQJ�WKH�:7�DOOHOH�
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RQO\��)LJXUH���D���H[DPSOH�HOHFWURSKRUHVLV�JHOV�IRU�HDFK�SULPHU�SDLU�DUH�VKRZQ�

LQ�)LJXUH���E�DQG�F�UHVSHFWLYHO\��

�
)LJXUH�����*HQHUDWLRQ�RI�6W[�����DQG�6W[�����&��%/��1�PLFH��
&��%/��17DF� PLFH� KHPL]\JRXV� IRU� D� &5,635�PHGLDWHG� GHOHWLRQ� RI� FULWLFDO� H[RQV�
�6W[������+(0��ZHUH�LPSRUWHG�IURP�05&�+DUZHOO�DQG�EUHG�WR�KRPR]\JRVLW\�WR�JHQHUDWH�
6W[������.2��PLFH�DQG�ZLOGW\SH��6W[������:7��OLWWHUPDWH�FRQWUROV���D��'LDJUDP�RI�&��%/���
PXV�PXVFXOXV�6W[��JHQH�LQGLFDWLQJ�DOO�WUDQVFULSWV��SURWHLQ�FRGLQJ�UHJLRQV�LQ�GDUN�EOXH��
ZLWK������QW�GHOHWLRQ�LQ�H[RQV���DQG���DV�GHSLFWHG��ZLWK�SULPHU�ELQGLQJ�VLWHV�XVHG�IRU�
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JHQRW\SLQJ�LQGLFDWHG���E�F��([DPSOH�HOHFWURSKRUHVLV�JHOV�IRU�3&5�JHQRW\SLQJ��E��DFURVV�
WKH�GHOHWHG�UHJLRQ��3&5����ZLWK�D�EDQG�DW������ES�IRU�WKH�ZLOGW\SH�DOOHOH��µ:7¶��DQG�����
ES�IRU�WKH�NQRFNRXW��µ.2¶���DQG��F��ZLWKLQ�WKH�GHOHWLRQ��3&5����SURGXFLQJ�D�EDQG�DW�����
ES�IRU�WKH�ZLOGW\SH�DOOHOH�RQO\���G�J��,PPXQREORW�RI�EUDLQ�KRPRJHQDWH�IURP�WKUHH�PLFH�
IRU�HDFK�PRXVH�OLQH�XVLQJ�DQWL�V\QWD[LQ���DQWLERGLHV��G�I��FORQH�&��%��DQG��H�J��FORQH�
�'���� ȕ�DFWLQ� XVHG� DV� ORDGLQJ� FRQWURO�� 'HQVLWRPHWU\� RI� V\QWD[LQ��� LPPXQRVWDLQLQJ�
UHODWLYH�WR�ȕ�DFWLQ�XVHG�WR�TXDQWLI\�V\QWD[LQ���SURWHLQ�H[SUHVVLRQ��%RWK�DQWLERGLHV�FRQILUP�
ORVV�RI�SULPDU\�a���N'D�WUDQVFULSW�LQ�6W[������.2��PLFH�ZLWK�a����H[SUHVVLRQ��������DQG�
������UHVSHFWLYHO\��LQ�6W[������+(0��PLFH��(UURU�EDUV��PHDQ���6(0��Q� ������
�

3URWHLQ� NQRFNRXW�ZDV� YDOLGDWHG� E\� LPPXQREORW� XVLQJ� WZR� DQWLERGLHV� WDUJHWLQJ�

HLWKHU�WKH�PLGGOH�UHJLRQ��FORQH�&��%���DQ�XQVSHFLILHG�UHJLRQ�VXUURXQGLQJ�UHVLGXH�

�����RU�DQ�HSLWRSH�DW�WKH�1�WHUPLQXV��FORQH��'����UHVLGXHV�������RI�WKH�����DPLQR�

DFLG�SURWHLQ��)LJXUH���G�DQG�H�UHVSHFWLYHO\���%RWK�DQWLERGLHV�VXSSRUW�ORVV�RI�WKH�

SULPDU\� SURWHLQ� LVRIRUP� GHWHFWDEOH� DW� a��� N'D� �OLNHO\� UHSUHVHQWLQJ� 6W[������

DQG�RU� 6W[������ LVRIRUPV� ZLWK� SUHGLFWHG� PROHFXODU� ZHLJKW� RI� ��� N'D�� DQG�

TXDQWLILFDWLRQ�RI�WKLV�EDQG�VKRZV�D�a����UHGXFWLRQ�LQ�SURWHLQ�H[SUHVVLRQ�UHODWLYH�

WR� ȕ�DFWLQ� ORDGLQJ� FRQWURO� LQ� KHPL]\JRXV� PLFH� ZLWK� ERWK� DQWLERGLHV� �&��%���

�������)LJXUH���I���'�����������)LJXUH���J���2WKHU�EDQGV�SUHVHQW�DW�D� ORZHU�

LQWHQVLW\�GR�QRW�FRUUHVSRQG�WR�WKH�SUHGLFWHG�PROHFXODU�ZHLJKW�RI�DQ\�IXOO�OHQJWK�RU�

WUXQFDWHG�SURWHLQ�SURGXFW��ZLWK�WKH�H[FHSWLRQ�RI�D�SRWHQWLDO�EDQG�DW����N'D�YLVLEOH�

LQ� )LJXUH� ��G�� DOWKRXJK� WKLV� FDQ� DOVR� EH� GHWHFWHG� LQ� WKH� ZLOGW\SH�PLFH� VR� LV�

XQOLNHO\�WR�UHSUHVHQW�D�WUXQFDWHG�SURWHLQ��7DEOH������

�

1DPH� 7UDQVFULSW�,'� ES� 3URWHLQ� N'D� N'D�EHIRUH�GHOHWLRQ�

6W[������ (160867��������������� ����� ���DD� ��� ���

6W[������ (160867�������������� ����� ��DD� ��� ����

6W[������ (160867�������������� ���� ���DD� ��� ���

6W[������ (160867�������������� ���� ���DD� ��� ���

�
7DEOH�����6W[��SURWHLQ�FRGLQJ�WUDQVFULSWV�DQG�SXWDWLYH�WUXQFDWHG�JHQH�SURGXFWV�
/LVW�RI�SUHGLFWHG�SURWHLQ�FRGLQJ�WUDQVFULSWV�RI�6W[��LQ�&��%/���PLFH�ZLWK�WKH�FDOFXODWHG�
PROHFXODU�ZHLJKW�RI�WKH�ZLOGW\SH�LVRIRUP�LQ�N'D��DV�ZHOO�DV�WKH�PROHFXODU�ZHLJKW�RI�DQ\�
SURWHLQ�VHTXHQFH�SULRU�WR�WKH�&5,635�PHGLDWHG������QXFOHRWLGH�GHOHWLRQ�LQ�WKH�6W[��QXOO�
DOOHOH�WR�KLJKOLJKW�DQ\�SRVVLEOH�WUXQFDWHG�JHQH�SURGXFWV���

� �
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�������,QRFXODWLRQ�RI�6W[��NQRFNRXW�PLFH�ZLWK�PRXVH�DGDSWHG�
VFUDSLH�SULRQV�

7R�GHWHUPLQH� WKH�HIIHFW�RI�6W[��H[SUHVVLRQ�RQ�VXUYLYDO� DQG� LQFXEDWLRQ� WLPH�RI�

SULRQ�GLVHDVH�LQ�PLFH��6W[������µ.2¶���6W[������µ+(0¶��DQG�6W[������µ:7¶��PLFH�ZHUH�

LQRFXODWHG� LQWUDFHUHEUDOO\� ZLWK� WZR�PRXVH�DGDSWHG� VFUDSLH� SULRQ� VWUDLQV�� 50/�

DQG� 0(�� �VHH� 0HWKRGV� VHFWLRQ� �������� RU� 3%6� DV� D� PRFN�LQIHFWHG� QHJDWLYH�

FRQWURO�����PLFH�SHU�JURXS�ZHUH�XVHG��SURYLGLQJ�VWDWLVWLFDO�SRZHU�WR�GHWHFW�D����

GLIIHUHQFH�LQ� LQFXEDWLRQ�WLPH�DIWHU�DOORZLQJ�IRU� ORVV�GXH�WR� LQFXUUHQW� LOOQHVV�DQG�

LQFUHDVHG�YDULDWLRQ�DV�WKH�ILUVW�H[SHULPHQW�ZLWK�WKLV�JHQHWLF�PRGLILFDWLRQ���

7KH�QXOO�K\SRWKHVHV� WHVWHG�ZHUH� WKDW�PDQLSXODWLRQ�RI�6W[�� H[SUHVVLRQ�KDV�QR�

HIIHFW�RQ�LQFXEDWLRQ�WLPH�RU�SDWKRORJLFDO�DSSHDUDQFHV�LQ�50/�DQG�0(��PRXVH�

SULRQ� GLVHDVHV�� $� ORJ�UDQN� WHVW� RI� WKH� DVVRFLDWLRQ� RI� GLVHDVH� LQFXEDWLRQ� WLPH�

�PHDVXUHG�DV�WLPH�IURP�LQRFXODWLRQ�XQWLO�PLFH�ZHUH�FXOOHG�GXH�WR�FRQILUPDWLRQ�RI�

VFUDSLH�V\PSWRPV��ZLWK�6W[��JHQRW\SH�VKRZHG�D�VLJQLILFDQW�UHODWLRQVKLS�LQ�ERWK�

50/� �3�  � �������� )LJXUH� ��D�� DQG�0(�� �3� �� �������� )LJXUH� ��E�� LQRFXODWHG�

DQLPDOV��GHPRQVWUDWLQJ�6W[��JHQRW\SH�PRGXODWHV�VXUYLYDO�WLPH�RI�SULRQ�GLVHDVH�

ZLWK�ERWK�SULRQ�VWUDLQV��7DEOH�������

7R�TXDQWLI\�WKHVH�HIIHFWV��GHILQH�DVVRFLDWLRQV�ZLWK�VSHFLILF�JHQRW\SHV��DQG�WHVW�

WKH�UREXVWQHVV�RI�WKH�UHVXOWV��VHFRQGDU\�DQDO\VHV�ZHUH�SHUIRUPHG�E\�ORRNLQJ�DW�

GLIIHUHQFHV� LQ�HIIHFWV�EHWZHHQ�KHPL]\JRXV�DQG� IXOO� NQRFN�RXW�DQLPDOV��DQG�E\�

XVLQJ� GLIIHUHQW� GHILQLWLRQV� RI� SULRQ� GLVHDVH� RQVHW�� .QRFNRXW� RI� 6W[�� H[WHQGHG�

PHGLDQ�LQFXEDWLRQ�WLPH�IROORZLQJ�LQRFXODWLRQ�ZLWK�ERWK�50/�DQG�0(��SULRQV�E\�

���GD\V�UHODWLYH�WR�ZLOGW\SH�PLFH��50/��:7� �����GD\V�>����±����@�YV�.2� �����

GD\V�>����±����@��)LJXUH���D��0(���:7� �����GD\V�>����±����@��YV�.2� �����

GD\V�>����±�1$@��)LJXUH���E���$�SRVW�KRF�SDLUZLVH�ORJ�UDQN�WHVW�ZDV�VLJQLILFDQW�

RQO\�IRU�0(��LQRFXODWHG�NQRFNRXW�DQLPDOV��50/��3� �������.2�YV�:7���0(���3� �

���������.2�YV�:7����7DEOH������+RZHYHU��VXSSRUWLQJ�D�UROH�RI�6W[��H[SUHVVLRQ�

RQ�GLVHDVH� LQFXEDWLRQ� WLPH�ZLWK�50/�SULRQV�� LQFXEDWLRQ� WLPH� LQ�6W[�����DQLPDOV�

ZDV� H[WHQGHG� E\� WKH� VDPH� DPRXQW� DV� LQ� 6W[�����DQLPDOV� UHODWLYH� WR� ZLOGW\SH�

FRQWUROV��50/��+(0� �����GD\V�>����±����@��)LJXUH���D��ZKLFK�ZDV�VLJQLILFDQW�

LQ�WKH�SDLUZLVH�DQDO\VLV��3� ���������+(0�YV�:7����7DEOH������2I�QRWH�WKHUH�ZDV�

QR�VLJQLILFDQW�GLIIHUHQFH� LQ�VXUYLYDO�EHWZHHQ�6W[�����DQG�6W[�����PLFH� LQRFXODWHG�

ZLWK� 50/� SULRQV� �3�  � ������ �QRW� VKRZQ���� ,QWHUHVWLQJO\� KRZHYHU�� IROORZLQJ�
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LQRFXODWLRQ�ZLWK�0(��SULRQV��VXUYLYDO�WLPH�LQ�6W[�����PLFH�ZDV�LQVWHDG�PRGHUDWHO\�

EXW�VLJQLILFDQWO\�UHGXFHG�E\���GD\V�UHODWLYH�WR�ZLOGW\SH�DQLPDOV��0(���+(0� �����

GD\V�>����±����@��3� ����������)LJXUH���E���7DEOH������:KHWKHU�WKLV�UHIOHFWV�D�

VWUDLQ� WURSLVP� RU� D� FKDQFH� RFFXUUHQFH�ZLWKLQ� WKH� YDULDELOLW\� RI� WKH� H[SHULPHQW�

ZRXOG�UHTXLUH�IXUWKHU�UHSOLFDWLRQ��,PSRUWDQWO\�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�EUDLQ�3U3&�

H[SUHVVLRQ�EHWZHHQ�OLQHV��)LJXUH���F���

�

�

7DEOH� ���� 6XPPDU\� RI� DQDO\VLV� IRU� DVVRFLDWLRQ� RI� 6W[�� JHQRW\SH� ZLWK� GLVHDVH�
LQFXEDWLRQ�WLPH�IROORZLQJ�LQRFXODWLRQ�ZLWK�50/�DQG�0(��SULRQV��
6XPPDU\�VWDWLVWLFV�IRU�LQFXEDWLRQ�WLPHV�PHDVXUHG�DV�WLPH�XQWLO�DQLPDOV�ZHUH�FXOOHG�GXH�
WR�VFUDSLH�VLFNQHVV��WRS��RU�RQVHW�RI�ILUVW�VFUDSLH�DVVRFLDWHG�V\PSWRP��ERWWRP��IROORZLQJ�
LQWUDFHUHEUDO�LQRFXODWLRQ�ZLWK����50/�RU�0(��LQIHFWHG�&��%/���EUDLQ�KRPRJHQDWH�E\�
6W[��JHQRW\SH��.2�������:7�������+(0��������0HGLDQ�LQFXEDWLRQ�WLPH�LQ�GD\V�OLVWHG�ZLWK�
FRUUHVSRQGLQJ� ���� FRQILGHQFH� LQWHUYDOV�� 3�YDOXH� IURP� RYHUDOO� ORJ�UDQN� WHVW� RI�6W[��
JHQRW\SH� ZLWK� GLVHDVH� LQFXEDWLRQ� WLPH�� 3�YDOXH� IURP� D� SDLUZLVH� ORJ�UDQN� WHVW� IRU�
DVVRFLDWLRQ�RI�HDFK�JURXS�ZLWK�UHODWLYH�:7�FRQWUROV��
�
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)LJXUH� ���� ([WHQGHG� VXUYLYDO� WLPHV� LQ� 6W[����� PLFH� IROORZLQJ� LQWUDFHUHEUDO�
LQRFXODWLRQ�ZLWK�50/�DQG�0(��PRXVH�DGDSWHG�VFUDSLH�SULRQV��
,QWUDFHUHEUDO�LQRFXODWLRQ�LQ�WKH�ULJKW�SDULHWDO�OREH�RI�6W[������.2��UHG���6W[������+(0��JUHHQ��
DQG�6W[������:7��EOXH��&��%/���PLFH��Q� ����SHU�JURXS��ZLWK����EUDLQ�KRPRJHQDWH�IURP�
�D�G�I�� 50/� DQG� �E�H�J�� 0(�� LQIHFWHG� &��%/��� PLFH�� �D�E�� 6XUYLYDO� SUREDELOLW\� XQWLO�
DQLPDOV�FXOOHG�GXH�WR�VFUDSLH�VLFNQHVV�VKRZV����GD\�LQFUHDVH�LQ�PHGLDQ�LQFXEDWLRQ�WLPH�
IRU��D��ERWK�6W[�����DQG�6W[�����PLFH�IROORZLQJ�50/�LQRFXODWLRQ�DQG��E��IRU�6W[�����PLFH�RQO\�
IROORZLQJ�0(��LQRFXODWLRQ��ZLWK�D���GD\�GHFUHDVH�IRU�6W[������UHODWLYH�WR�6W[�����PLFH���F��
1R�GLIIHUHQFH�LQ�3U3&�H[SUHVVLRQ�LQ�ZKROH�EUDLQ�KRPRJHQDWHV�IURP�6W[������6W[�����DQG�
6W[�����HDUO\�DGXOW�PLFH����ZHHNV��PHDVXUHG�E\�(/,6$��RQH�ZD\�$129$�RQ�VTXDUH�URRW�
WUDQVIRUPHG�GDWD��� �G�H��5HDVRQ� IRU�FXOOLQJ�PLFH� LQ� �G��50/�LQRFXODWHG�DQG� �H��0(��
LQRFXODWHG�JURXSV�GHPRQVWUDWHV�D�ODUJH�SURSRUWLRQ�RI�6W[�����PLFH�ZHUH�QRW�GLDJQRVHG�
ZLWK�VFUDSLH�VLFNQHVV��EOXH��ZLWK�0(����I�J��'LVHDVH�IUHH�VXUYLYDO�SUREDELOLW\��WLPH�XQWLO�
RQVHW� RI� ILUVW� VFUDSLH� V\PSWRP�� �I�� GRHV�QRW� VKRZ�D� VLJQLILFDQW� DVVRFLDWLRQ�ZLWK�6W[��
JHQRW\SH� IROORZLQJ� 50/�LQRFXODWLRQ� ZLWK� RQO\� D� QRPLQDO� �� GD\� LQFUHDVH� LQ� PHGLDQ�
LQFXEDWLRQ�WLPH�LQ�6W[�����PLFH�UHODWLYH�WR�FRQWUROV��EXW��J��D���GD\�LQFUHDVH�LQ�6W[�����PLFH�
LQRFXODWHG�ZLWK�0(���3�YDOXHV�VKRZQ�IURP�DQ�RYHUDOO�ORJ�UDQN�WHVW�RI�DVVRFLDWLRQ�RI�DOO�
JURXSV�ZLWK�LQFXEDWLRQ�WLPH��&URVVHV�LQGLFDWH�FHQVRUHG�DQLPDOV��,QRFXODWLRQ�DQG�DQLPDO�
PDQDJHPHQW�SHUIRUPHG�E\�VWDII�DW�WKH�DQLPDO�IDFLOLW\��
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3ULRQ� GLVHDVH� LQ� PLFH� W\SLFDOO\� EHJLQV� WR� SUHVHQW� ZLWK� JHQHUDO� QHXURORJLFDO�

V\PSWRPV� VXFK� DV� KXQFKLQJ�� ODFN� RI� JURRPLQJ� RU� SLORHUHFWLRQ�� KRZHYHU�

FRQILUPDWRU\�RQVHW�RI�SULRQ�GLVHDVH� LV�ZHOO�GHILQHG�E\�FKDUDFWHULVWLF�V\PSWRPV�

LQFOXGLQJ� DWD[LD�� JHQHUDOLVHG� WUHPRU�� ORVV� RI� ULJKWLQJ� UHIOH[� DQG� OLPE� SDUDO\VLV�

�2
6KHD�HW�DO����������,W�LV�WKH�LGHQWLILFDWLRQ�RI�WKHVH�ODWWHU�V\PSWRPV�ZKLFK�OHDGV�

WR� GLDJQRVLV� RI� VFUDSLH� VLFNQHVV� DQG� VXEVHTXHQW� FXOOLQJ� RI� DQLPDOV�� KRZHYHU�

XQGHU� LPSRUWDQW� DQLPDO� ZHOIDUH� JXLGDQFH�� ZKHQ� DQLPDOV� SUHVHQW� ZLWK�

XQFKDUDFWHULVHG�V\PSWRPV�ZKLFK�PD\�LQGLFDWH�VLJQV�RI�GLVWUHVV�RU�KDUP��DQLPDOV�

DUH� DOVR� WHUPLQDWHG� WR� SUHYHQW� SURORQJHG� VXIIHULQJ�� ,W� LV� IRU� WKLV� UHDVRQ� LQ� WKH�

FXUUHQW� VWXG\� D� ODUJH� SURSRUWLRQ� RI� DQLPDOV�� SDUWLFXODUO\� ZKHQ� LQRFXODWHG� ZLWK�

0(���ZHUH�FXOOHG�SULRU�WR�GHILQLWH�VFUDSLH�GLDJQRVLV�DQG�WKXV�FHQVRUHG�IURP�WKH�

SUHYLRXVO\�GHVFULEHG�DQDO\VLV��)LJXUH���G�DQG�H��7DEOH������$V�VKRZQ�LQ�)LJXUH�

��H������RI�6W[�����PLFH�LQRFXODWHG�ZLWK�0(��ZHUH�FXOOHG�GXH�WR�DQ�XQXVXDO�³ZHW�

JHQLWDO�UHJLRQ´�LQGLFDWLQJ�LQFRQWLQHQFH��DQDO\VLV�RI�SULRU�H[SHULPHQWV�SHUIRUPHG�

LQ� WKH� 8QLW� IRXQG� PLFH� FXOOHG� GXH� WR� WKLV� V\PSWRP� KDG� WKH� VDPH� OHYHO� RI�

QHXURSDWKRORJ\�DQG�GHSRVLWLRQ�RI�3U36F�DV�PLFH�ZLWK�FRQILUPHG�SULRQ�GLVHDVH��

LQGLFDWLQJ�WKLV�PD\�EH�DQ�XQUHFRJQLVHG�GLVHDVH�V\PSWRP��XQSXEOLVKHG�GDWD����

7R�LQFUHDVH�VWDWLVWLFDO�SRZHU��WLPH�XQWLO�WKH�RQVHW�RI�WKH�ILUVW�QHXURORJLFDO�V\PSWRP�

ZDV�DOVR�DQDO\VHG��ZLWK�DQLPDOV�FXOOHG�GXH�WR�ZHW�JHQLWDO�UHJLRQ�LQFOXGHG�LQ�WKH�

DQDO\VLV�DV�FOLQLFDOO\�DIIHFWHG�E\�SULRQ�GLVHDVH��7KLV�KDV�SUHYLRXVO\�EHHQ�XVHG�LQ�

WKH�OLWHUDWXUH�DV�DQ�DOWHUQDWLYH�PHDVXUH�RI�GLVHDVH�LQFXEDWLRQ�WLPH��&DUOVRQ�HW�DO���

�������,Q�DQ�RYHUDOO�ORJ�UDQN�WHVW�RI�WKH�DVVRFLDWLRQ�RI�WKLV�SDUDPHWHU�ZLWK�6W[��

JHQRW\SH��D�VLJQLILFDQW�UHODWLRQVKLS�ZDV�DJDLQ�IRXQG�IRU�0(��LQRFXODWHG�DQLPDOV�

�3� �� �������� )LJXUH� ��J��� KRZHYHU� WKHUH� ZDV� QR� VLJQLILFDQW� DVVRFLDWLRQ� RI�

GLVHDVH�IUHH�LQFXEDWLRQ�WLPH�ZLWK�6W[��JHQRW\SH�LQ�50/�LQRFXODWHG�DQLPDOV��3� �

������)LJXUH���I���5HDVVXULQJO\�WKRXJK��LQFXEDWLRQ�WLPH�PHDVXUHG�LQ�WKLV�ZD\�GLG�

LQGLFDWH�D�SURORQJHG�GLVHDVH�SURJUHVVLRQ�LQ�6W[�����PLFH�DOEHLW�PRUH�PRGHVW�WKDQ�

IRU�VXUYLYDO�WLPH��ZLWK�PHGLDQ�WLPH�H[WHQGHG�E\���GD\V�LQ�50/�LQRFXODWHG�PLFH�

�50/��:7� �����GD\V�>����±����@�YV�.2� �����GD\V�>����±����@��)LJXUH���I��DQG�

��GD\V�LQ�0(��LQRFXODWHG�PLFH��0(���:7� �����GD\V�>����±����@�YV�.2� �����

GD\V�>����±����@��)LJXUH���J��UHODWLYH�WR�ZLOGW\SH�FRQWUROV��$V�H[SHFWHG�KRZHYHU��

WKLV�ZDV�RQO\�VLJQLILFDQW�IRU�0(��LQRFXODWHG�DQLPDOV�LQ�WKH�SRVW�KRF�SDLUZLVH�ORJ�
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UDQN�WHVW��50/��3� �������0(���3� ������[��������7DEOH������+HPL]\JRXV�6W[��

H[SUHVVLRQ� KRZHYHU�� XQOLNH� IRU� VXUYLYDO� WLPH�� GLG� QRW� LPSDFW� WKH� WLPH� XQWLO�

V\PSWRP� RQVHW� IRU� HLWKHU� SULRQ� VWUDLQ� FRPSDUHG� WR� ZLOGW\SH� DQLPDOV� LQ� WKLV�

DQDO\VLV��50/��+(0� �����GD\V�>����±����@��3� �������)LJXUH���I��0(���+(0� �

����GD\V�>����±����@��3� �������)LJXUH���J���7DEOH������,GHQWLILFDWLRQ�RI�WKH�ILUVW�

QHXURORJLFDO�V\PSWRP�LV�W\SLFDOO\�D�PRUH�YDULDEOH�DVVHVVPHQW��GLVFXVVHG�ODWHU��

ZKLFK�OLNHO\�XQGHUSLQV�WKH�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�DQDO\VHV��KRZHYHU�WKH�

UHSHDWHG� GHVFULSWLRQ� RI� H[WHQGHG� LQFXEDWLRQ� WLPH� LQ� 6W[�� NQRFNRXW� DQLPDOV�

VXSSRUWV� D� SDWKRORJLFDO� UROH� RI� H[SUHVVLRQ� IRU� WKLV� JHQH� LQ� SULRQ� GLVHDVH�

SURJUHVVLRQ��

�������+LVWRORJLFDO�DQDO\VLV�RI�SULRQ�GLVHDVH�LQ�6W[��NQRFNRXW�
PLFH�

3ULRQ� GLVHDVH� LV� W\SLFDOO\� FKDUDFWHULVHG� E\� D� WULDG� RI� LPSDLUPHQWV� LQFOXGLQJ�

VSRQJLIRUP�YDFXRODWLRQ��QHXURQDO�ORVV�DQG�DVWURF\WH�SUROLIHUDWLRQ��ZKLFK�FDQ�EH�

LGHQWLILHG� XSRQ� SRVW�PRUWHP� KLVWRSDWKRORJLFDO� DQDO\VLV� RI� WKH� EUDLQ� LQ� ERWK�

SDWLHQWV�DQG�DQLPDOV�ZLWK�WKH�GLVHDVH���

7R� GHWHUPLQH� ZKHWKHU� WKHUH� ZHUH� DQ\� GLVWLQFWLRQV� LQ� WKH� SULRQ�UHODWHG�

QHXURSDWKRORJ\�ZLWK� GLIIHULQJ�6W[�� H[SUHVVLRQ�� EUDLQV�ZHUH� UHPRYHG� IROORZLQJ�

RQVHW�RI�WHUPLQDO�SULRQ�GLVHDVH�IURP�50/�DQG�0(��LQRFXODWHG�6W[������6W[�����DQG�

6W[�����PLFH�DQG�SURFHVVHG�IRU�KLVWRORJLFDO�DQDO\VLV��VHH�0HWKRGV�VHFWLRQ���������

6DPSOHV� ZHUH� ILUVW� VWDLQHG� ZLWK� KDHPDWR[\OLQ� DQG� HRVLQ� �+	(�� WR� LGHQWLI\�

PRUSKRORJLFDO�FKDQJHV�LQ�WKH�WLVVXH��LQFOXGLQJ�WKH�QHXURQDO�ORVV�DQG�VSRQJLRVLV�

DVVRFLDWHG�ZLWK�SULRQ�GLVHDVHV��KDHPDWR[\OLQ�VWDLQV�'1$�WR�LGHQWLI\�QXFOHL�VKRZQ�

LQ� EOXH�� DQG�HRVLQ� VWDLQV� SURWHLQV� LQ� WKH� F\WRSODVP�DQG�H[WUDFHOOXODU�PDWUL[� LQ�

SLQN���$V�VKRZQ�LQ�)LJXUH�����+	(�UHYHDOV�WKH�SUHVHQFH�RI�GLVWLQFW�VPDOO��URXQG�

YDFXROHV�ZLWKLQ�WKH�QHXURSLO�LQ�PXOWLSOH�EUDLQ�UHJLRQV�LQFOXGLQJ�WKH�VWULDWXP��FRUWH[�

DQG�PLGEUDLQ�LQ�DOO�DQLPDOV��UHIOHFWLQJ�WKH�H[SHFWHG�VSRQJLIRUP�FKDQJH�LQ�WKHVH�

WLVVXHV�� 7KLV� DQDO\VLV� DOVR� VKRZHG� WKH� W\SLFDO� QHXURQDO� ORVV� ZLWKLQ� WKH�

KLSSRFDPSXV�IROORZLQJ�0(��LQRFXODWLRQ��8QIRUWXQDWHO\�WKH�SURFHVV�RI�JHQHUDWLQJ�

WLVVXH� VHFWLRQV� IRU� KLVWRORJLFDO� DQDO\VLV� DQG� VXEVHTXHQW� +	(� VWDLQLQJ� FDQ�

LQWURGXFH�LQFRQVLVWHQFLHV�LQ�VWDLQLQJ�LQGHSHQGHQW�IURP�VSRQJLIRUP�FKDQJH��VXFK�

DV�WHDUV�LQ�WKH�WLVVXH�IURP�VHFWLRQLQJ�RU�ZDWHU�GURSOHWV��PDNLQJ�TXDQWLILFDWLRQ�RI�

VSRQJLIRUP� FKDQJH� XQUHOLDEOH�� KRZHYHU� DOO� JURXSV� VKRZHG� WKH� H[SHFWHG�
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GLVWULEXWLRQ�DQG�OHYHO�RI�VSRQJLRVLV�DQG�QHXURQDO�ORVV�FKDUDFWHULVWLF�RI�LQRFXODWHG�

VWUDLQ�W\SH����

)LJXUH�����1R�GLIIHUHQFH�LQ�QHXURQDO�ORVV�RU�VSRQJLIRUP�FKDQJH�LQ�SULRQ�GLVHDVH�
ZLWK�NQRFNRXW�RI�6W[���
+HPDWR[\OLQ�DQG�HRVLQ��+	(��VWDLQLQJ�RI�ZKROH�EUDLQ��OHIW��ZLWK�VFKHPDWLF�GHSLFWLRQ�RI�
VSRQJLRVLV� �OLJKW�SXUSOH�VKDGLQJ��ZLGHO\�GLVSHUVHG�VSRQJLRVLV�� GDUNHU�SXUSOH� VKDGLQJ��
LQWHQVH�IRFDO�VSRQJLRVLV��\HOORZ�VKDGLQJ��QHXURQDO�ORVV��DQG�UHSUHVHQWDWLYH�LPDJHV�IURP�
VWULDWXP��FRUWH[�DQG�PLGEUDLQ��ULJKW��IURP�6W[������6W[�����DQG�6W[�����PLFH�LQRFXODWHG�ZLWK�
0(���WRS��DQG�50/��ERWWRP��PRXVH�DGDSWHG�VFUDSLH�SULRQV�VKRZV�H[SHFWHG�VSRQJLIRUP�
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SDWKRORJ\� LQ�DOO�VDPSOHV�DW�HQG�SRLQW�� LQFOXGLQJ�KLSSRFDPSDO�QHXURQDO� ORVV�ZLWK�0(���
ZLWK�QR�JURVV�GLIIHUHQFH�HYLGHQW�EHWZHHQ�JHQRW\SHV��%UDLQV�IURP������PLFH�GLDJQRVHG�
ZLWK�VFUDSLH�VLFNQHVV�ZHUH�FRPSDUHG�IRU�QHXURSDWKRORJ\�DQDO\VLV��,PDJHV�JHQHUDWHG�E\�
-DFNLH�/LQHKDQ�DQG�6HEDVWLDQ�%UDQGQHU��+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��

�

5HDFWLYH� DVWURJOLRVLV� DQG� PLFURJOLD� DFWLYDWLRQ� ZDV� DOVR� PHDVXUHG� LQ� WKHVH�

VDPSOHV�DV�D�KDOOPDUN�RI�SULRQ�GLVHDVHV��,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�ZLWK�DQ�

DQWL�*)$3� DQWLERG\� IRU� UHDFWLYH� DVWURF\WHV� GHPRQVWUDWHG� WKH� H[SHFWHG�

ZLGHVSUHDG�DVWURF\WH�SUROLIHUDWLRQ�LQ�DOO�VDPSOHV��ZLWK�SDUWLFXODU�LQWHQVLW\�LQ�WKH�

WKDODPXV�DQG�KLSSRFDPSXV�DV�SUHYLRXVO\�GHVFULEHG�LQ�SULRQ�GLVHDVH��)LJXUH�����

�0DNDUDYD�� &KDQJ�� .XVKZDKD�� 	� %DVNDNRY�� ������� 4XDQWLILFDWLRQ� RI� PHDQ�

SHUFHQWDJH� DUHD� LPPXQRVWDLQHG� ZLWK� *)$3� FRQILUPV� WKLV� ZLGH�VSUHDG�

SUROLIHUDWLRQ��ZLWK�DVWURF\WHV�SUHVHQW�LQ�!����RI�WKH�EUDLQ�WLVVXH�E\�DUHD�XQGHU�DOO�

FRQGLWLRQV��0(���.2� ����������������+(0� ����������������:7� ���������

������50/��.2� ���������������+(0� ���������������:7� ����������������)LJXUH�

�����7KLV�DQDO\VLV�KLJKOLJKWHG�D�a����LQFUHDVH�LQ�DVWURF\WH�DUHD�LQ�6W[�����PLFH�

LQRFXODWHG�ZLWK�0(��UHODWLYH�WR�ERWK�6W[������3� ������[�������DQG�6W[�����DQLPDOV�

�3� ������[��������:KHWKHU�WKLV�LV�D�FDXVH�RI�RU�UHVXOW�IURP�WKH�LQFUHDVHG�VXUYLYDO�

WLPH�RI�WKHVH�DQLPDOV�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��KRZHYHU�KLJKOLJKWV�D�SRWHQWLDO�

SURWHFWLYH�PHFKDQLVP�IRU�UHGXFHG�6W[��H[SUHVVLRQ�LQ�SULRQ�GLVHDVHV�LI�DVWURF\WHV�

DUH�DFWLQJ�WR�PDLQWDLQ�QHXURQDO�IXQFWLRQ��,PPXQRVWDLQLQJ�ZLWK�DQWL�,ED��DQWLERG\�

WR� GHWHFW� PLFURJOLD� GHPRQVWUDWHV� WKH� H[SHFWHG� YLVLEOH� PLFURJOLD� DFWLYDWLRQ�

IROORZLQJ�LQRFXODWLRQ�ZLWK�ERWK�50/�DQG�0(��SULRQV��RFFXS\LQJ��������RI�ZKROH�

EUDLQ�DUHD�LQ�DOO�FRQGLWLRQV��0(���.2� ���������������+(0� ����������������:7�

 ���������������50/��.2� ���������������+(0� ���������������:7� ���������

��������)LJXUH������,QWHUHVWLQJO\�ZLWK�ERWK�SULRQ�VWUDLQV�6W[�����PLFH�GHPRQVWUDWHG�

D�PRGHVWO\�KLJKHU�SURSRUWLRQ�RI�PLFURJOLD�UHODWLYH�WR�ERWK�6W[�����DQG�6W[�����PLFH��

ZKLFK�ZDV�VLJQLILFDQW�LQ�50/�LQRFXODWHG�DQLPDOV��3� ������[������DQG�3� ������[�

�����UHVSHFWLYHO\���:KHWKHU�WKLV�LV�D�GRVH�GHSHQGHQW�UHVXOW�RI�6W[��H[SUHVVLRQ�LQ�

PLFURJOLD�IXQFWLRQ�RU�D�VSXULRXV�HIIHFW�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��IRU�H[DPSOH�

FRQILUPDWLRQ�RI�,ED��H[SUHVVLRQ�E\�LPPXQREORWWLQJ��
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�

)LJXUH�����0RGHVW�LQFUHDVH�LQ�UHDFWLYH�DVWURJOLRVLV�LQ�SULRQ�GLVHDVH�ZLWK�NQRFNRXW�
RI�6W[��IROORZLQJ�0(��LQRFXODWLRQ���
5HDFWLYH� DVWURJOLRVLV�PHDVXUHG� DW� HQG�SRLQW� WKRXJK� LPPXQRKLVWRFKHPLVWU\� ZLWK� DQWL�
*)$3�DQWLERG\�LQ�ZKROH�EUDLQ��ZLWK��D�E��H[DPSOH�LPDJHV�DQG�VFKHPDWLF�GHSRVLWLRQ�RI�
VWDLQLQJ� LQWHQVLW\� �OLJKW�JUHHQ��PRGHUDWH�DVWURJOLRVLV�� GDUN�JUHHQ�� LQWHQVH�DVWURJOLRVLV��
IURP� 6W[������ 6W[����� DQG� 6W[����� PLFH� LQRFXODWHG� ZLWK� �D�� 0(�� DQG� �E�� 50/� PRXVH�
DGDSWHG� VFUDSLH� SULRQV�� VKRZV� H[SHFWHG� LQWHQVH� *)$3� VWDLQLQJ� LQFOXGLQJ� LQ� WKH�
KLSSRFDPSXV� DQG� WKDODPXV�� �F�G�� 4XDQWLILFDWLRQ� RI� �� DUHD� VWDLQHG� ZLWK� DQWL�*)$3�
DQWLERG\�LQ�ZKROH�EUDLQ�GHPRQVWUDWHV�D��F��a����LQFUHDVH�LQ�DVWURF\WH�QXPEHU�LQ�6W[��
���� UHODWLYH� WR� 6W[����� DQG� 6W[����� DQLPDOV� ZKHQ� LQRFXODWHG� ZLWK� 0(�� KRZHYHU� �G�� QR�
GLIIHUHQFH�EHWZHHQ�JHQRW\SHV�IROORZLQJ�50/�LQRFXODWLRQ��3����������RQH�ZD\�$129$�
ZLWK�7XNH\¶V�SRVW�KRF�WHVW���%UDLQV�IURP������PLFH�GLDJQRVHG�ZLWK�VFUDSLH�VLFNQHVV�ZHUH�
FRPSDUHG� IRU� QHXURSDWKRORJ\� DQDO\VLV�� ,PDJHV� JHQHUDWHG� E\� -DFNLH� /LQHKDQ� DQG�
6HEDVWLDQ�%UDQGQHU��+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��
� �
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�
)LJXUH� ����9DULDEOH� HIIHFW� RI�6W[�� JHQRW\SH�RQ� ,ED��SRVLWLYH�PLFURJOLD� FRXQW� LQ�
SULRQ�GLVHDVH��
0LFURJOLD� FRXQW� PHDVXUHG� DW� HQG�SRLQW� WKRXJK� LPPXQRKLVWRFKHPLVWU\� ZLWK� DQWL�,ED��
DQWLERG\�LQ�ZKROH�EUDLQ��ZLWK��D�E��H[DPSOH�LPDJHV�IURP�6W[������6W[�����DQG�6W[�����PLFH�
LQRFXODWHG�ZLWK��D��0(��DQG��E��50/�PRXVH�DGDSWHG�VFUDSLH�SULRQV��VKRZV�H[SHFWHG�
LQWHQVH�*)$3�VWDLQLQJ�LQFOXGLQJ�LQ�WKH�WKDODPXV���F�G��4XDQWLILFDWLRQ�RI���DUHD�VWDLQHG�
ZLWK� DQWL�,ED�� DQWLERG\� LQ� ZKROH� EUDLQ� GHPRQVWUDWHV� D� �F�� QR� GLIIHUHQFH� LQ� PLFURJOLD�
QXPEHU� EHWZHHQ� 6W[�� JHQRW\SHV� IROORZLQJ� 0(�� LQRFXODWLRQ� KRZHYHU� �G�� DQ� a���
LQFUHDVH� LQ� 6W[����� PLFH� UHODWLYH� WR� ERWK� 6W[����� DQG� 6W[����� DQLPDOV� IROORZLQJ� 50/�
LQRFXODWLRQ� �3� �� ������ 3� �� ������� RQH�ZD\� $129$� ZLWK� 7XNH\¶V� SRVW�KRF� WHVW���
+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��
�
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��

)LJXUH�����1R�GLIIHUHQFH�LQ�3U3�GHSRVLWLRQ�LQ�SULRQ�GLVHDVH�ZLWK�NQRFNRXW�RI�6W[���
,PPXQRKLVWRFKHPLVWU\� XVLQJ� DQWL�3U3� DQWLERG\� ,&60��� LQ� ZKROH� EUDLQ� �OHIW�� ZLWK�
VFKHPDWLF� GHSLFWLRQ� RI� 3U3� GHSRVLWLRQ� �SLQN� VKDGLQJ�� PRGHUDWH� 3U3� GHSRVLWLRQ�� UHG�
VKDGLQJ��LQWHQVH�3U3�GHSRVLWLRQ��UHG�GRWV��3U3�PLFUR�SODTXHV��RU�UHSUHVHQWDWLYH�LPDJHV�
IURP�VWULDWXP��FRUWH[�DQG�PLGEUDLQ��ULJKW��IURP�6W[������6W[�����DQG�6W[�����PLFH�LQRFXODWHG�
ZLWK�0(���WRS��DQG�50/��ERWWRP��PRXVH�DGDSWHG�VFUDSLH�SULRQV��VKRZV�H[SHFWHG�3U3�
GHSRVLWLRQ�LQ�DOO�VDPSOHV�DW�HQG�SRLQW��ZLWK�ZLGHVSUHDG�GLIIXVH�VWDLQLQJ�IRU�ERWK�VWUDLQV�
DQG�DGGLWLRQDO�SUHVHQFH�RI�PLFUR�SODTXHV�ZLWK�0(���\HOORZ�DUURZV���7KHUH�LV�QR�JURVV�
GLIIHUHQFH�HYLGHQW�EHWZHHQ�JHQRW\SHV��%UDLQV�IURP������PLFH�GLDJQRVHG�ZLWK�VFUDSLH�



����
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VLFNQHVV� ZHUH� FRPSDUHG� IRU� QHXURSDWKRORJ\� DQDO\VLV�� ,PDJHV� JHQHUDWHG� E\� -DFNLH�
/LQHKDQ�DQG�6HEDVWLDQ�%UDQGQHU��+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��
�

$ORQJ� ZLWK� WKH� SK\VLRORJLFDO� FKDQJHV� LQ� SULRQ� GLVHDVHV�� GHSRVLWLRQ� RI� 3U3�

DJJUHJDWHV�LQ�WKH�EUDLQ�LV�DVVRFLDWHG�ZLWK�GLVHDVH�SDWKRORJ\�IRU�PRVW�KXPDQ�DQG�

DQLPDO� SULRQ� GLVHDVHV�� DOWKRXJK� WKH� DSSHDUDQFH� DQG� ORFDOLVDWLRQ� RI� WKHVH�

DJJUHJDWHV�YDULHV��7R�GHWHUPLQH�ZKHWKHU�6W[��H[SUHVVLRQ�DOWHUV�WKH�GHSRVLWLRQ��

DSSHDUDQFH�RU�ORFDOLVDWLRQ�RI�3U3�DJJUHJDWHV�IROORZLQJ�LQWUDFHUHEUDO�LQRFXODWLRQ�

ZLWK�50/�DQG�0(��SULRQV��DIWHU�SURFHVVLQJ�WR�VHOHFW�IRU�GLVHDVH�DVVRFLDWHG�3U3��

VDPSOHV�ZHUH�LPPXQRKLVWRFKHPLFDOO\�VWDLQHG�ZLWK�DQWL�3U3�DQWLERG\�,&60����$V�

VKRZQ�LQ�)LJXUH�����3U3�GHSRVLWV�FDQ�EH�LGHQWLILHG�LQ�DOO�VDPSOHV�DW�WKLV�HQG�VWDJH�

RI� WKH� GLVHDVH�� ZLWK� ERWK� VWUDLQV�� GLVHDVH�DVVRFLDWHG� 3U3� FDQ� EH� GHWHFWHG�

GLIIXVHO\� ZLWK� DGGLWLRQDO� ZLGHVSUHDG� GHSRVLWLRQ� LQ�PLFUR�SODTXHV� ZLWK�0(�� DV�

SUHYLRXVO\�GHVFULEHG��:HQERUQ�HW�DO����������7KH�ODFN�RI�DQ�DQWLERG\�VSHFLILF�WR�

GLVHDVH�DVVRFLDWHG�RU�DJJUHJDWHG�3U3�LPPXQRKLVWRFKHPLVWU\�IRU�3U3�DJJUHJDWHV�

JHQHUDWHV�KLJK�OHYHOV�RI�EDFNJURXQG�VWDLQLQJ�DV�D�UHVXOW�RI�FRLQFLGHQW�GHWHFWLRQ�

RI� 3U3&�� IXUWKHUPRUH�� DV� GLVSOD\HG� LQ� )LJXUH� ���� WKHVH� DJJUHJDWHV� DUH� RIWHQ�

GLIIXVH�DQG�KLJKO\�YDULDEOH�EHWZHHQ�VWUDLQV��7KHUHIRUH�XQIRUWXQDWHO\�PHDQLQJIXO�

TXDQWLILFDWLRQ�RI�WKHVH�LPDJHV�ZDV�QRW�IHDVLEOH��KRZHYHU�DW�WKLV�UHVROXWLRQ�DQG�

WLPH�SRLQW� WKHUH�ZDV�QR�GLIIHUHQFH�HYLGHQW�EHWZHHQ� WKH�DSSHDUDQFH��H[WHQW�RU�

ORFDOLVDWLRQ�RI�GLVHDVH�DVVRFLDWHG�3U3�ZLWK�6W[��JHQRW\SH��

� �
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�������3KHQRW\SLF�FKDUDFWHULVDWLRQ�RI�6W[��NQRFNRXW�PLFH�
$V�WKLV�ZDV�D�QHZO\�JHQHUDWHG�PRXVH�OLQH�ZLWK�QR�RWKHU�UHSRUWV�RI�6W[��QXOO�PLFH�

HYLGHQW�LQ�WKH�OLWHUDWXUH��DGGLWLRQDO�FKDUDFWHULVDWLRQ�RI�WKHVH�OLQHV�ZDV�SHUIRUPHG��

IRU�H[DPSOH�WR�LGHQWLI\�DQ\�SDWKRORJLFDO�LPSDLUPHQWV�LQ�WKHVH�DQLPDOV�ZKLFK�FRXOG�

XQGHUPLQH�LWV�XVH�DV�D�WKHUDSHXWLF�WDUJHW�IRU�QHXURGHJHQHUDWLRQ��

)LUVW��KLVWRORJLFDO�DQDO\VLV�IRU�WKH�W\SLFDO�QHXURSDWKRORJLFDO�FKDQJHV�DVVRFLDWHG�

ZLWK�SULRQ�GLVHDVH�ZDV�SHUIRUPHG�RQ�PRFN�LQRFXODWHG�PLFH��DV�LQ�VHFWLRQ���������

+	(� VWDLQLQJ� IRU� JURVV�PRUSKRORJLFDO� FKDQJHV� GLG� QRW� KLJKOLJKW� DQ\� YDFXROHV�

LQGLFDWLYH�RI�VSRQJLIRUP�FKDQJH�RU�QHXURQDO�ORVV�DV�ZDV�VHHQ�ZLWK�WKH�LQRFXODWHG�

DQLPDOV��RU�DQ\�RWKHU�JURVV�QHXURORJLFDO�DEQRUPDOLWLHV��)LJXUH������)XUWKHUPRUH��

6W[��NQRFNRXW�RU�KHPL]\JRXV�H[SUHVVLRQ�GLG�QRW�LQGXFH�VSRQWDQHRXV�DEQRUPDO�

3U3�GHSRVLWLRQ��)LJXUH������UHDFWLYH�DVWURJOLRVLV��)LJXUH���D�DQG�F��RU�PLFURJOLRVLV�

�)LJXUH���E�DQG�G��DERYH�EDVHOLQH�OHYHOV��DQWL�*)$3��.2� ���������������+(0�

 ����������������:7� ����������������DQWL�,ED���.2� ��������������+(0� �

���������������:7� �����������������7KH�DEVHQFH�RI�6W[��H[SUHVVLRQ�WKHUHIRUH�

LV�QRW�GHWULPHQWDO�WR�JURVV�QHXURORJLFDO�SK\VLRORJ\�RU�GHYHORSPHQW��DQG�GRHV�QRW�

LQGXFH�DQ\�HYLGHQW�LQGHSHQGHQW�SDWKRORJLFDO�SKHQRW\SHV���
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�
)LJXUH�����1R�HYLGHQFH�RI�QHXURSDWKRORJ\�ZLWK�NQRFNRXW�RI�6W[���
+HPDWR[\OLQ� DQG� HRVLQ� �+	(�� VWDLQLQJ� �OHIW�� DQG� DQWL�3U3� LPPXQRKLVWRFKHPLVWU\�
�,&60����ULJKW�� LQ�6W[������6W[�����DQG�6W[�����PLFH�PRFN�LQRFXODWHG�ZLWK�3%6�VKRZ�QR�
HYLGHQFH� RI� QHXURQDO� ORVV�� VSRQJLRVLV� RU� DEQRUPDO� 3U3� GHSRVLWLRQ� ZLWK� QR� JURVV�
GLIIHUHQFH� HYLGHQW� EHWZHHQ� JHQRW\SHV�� 5HSUHVHQWDWLYH� LPDJHV� RI� ZKROH� EUDLQ� DQG�
VWULDWXP��FRUWH[�DQG�PLGEUDLQ��%UDLQV�IURP�����PLFH�DJHG�EHWZHHQ�������ZHHNV�ZHUH�
FRPSDUHG� IRU� QHXURSDWKRORJ\� DQDO\VLV�� ,PDJHV� JHQHUDWHG� E\� -DFNLH� /LQHKDQ� DQG�
6HEDVWLDQ�%UDQGQHU��+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��
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�
)LJXUH�����1R�HYLGHQFH�RI�ZLGHVSUHDG�UHDFWLYH�DVWURJOLRVLV�RU�PLFURJOLRVLV�ZLWK�
NQRFNRXW�RI�6W[���
�D�E��5HSUHVHQWDWLYH�LPDJHV�RI�LPPXQRKLVWRFKHPLVWU\�LQ�6W[������6W[�����DQG�6W[�����PLFH�
PRFN�LQRFXODWHG� ZLWK� 3%6� IRU� �D�� UHDFWLYH� DVWURJOLRVLV� PHDVXUHG� WKRXJK�
LPPXQRKLVWRFKHPLVWU\� ZLWK� DQWL�*)$3� DQWLERG\� LQ� ZKROH� EUDLQ�� ZLWK� VFKHPDWLF�
GHSRVLWLRQ�RI�VWDLQLQJ�LQWHQVLW\��OLJKW�JUHHQ��PRGHUDWH�DVWURJOLRVLV��GDUN�JUHHQ�� LQWHQVH�
DVWURJOLRVLV��DQG��E��PLFURJOLD�VWDLQHG�ZLWK�DQWL�,ED��DQWLERG\� LQ�ZKROH�EUDLQ�DQG�ZLWK�
VWUDLWXP��FRUWH[�DQG�PLGEUDLQ�VKRZQ�DW�KLJKHU�PDJQLILFDWLRQ���F�G��4XDQWLILFDWLRQ�RI���
DUHD�VWDLQHG�ZLWK��F��DQWL�*)$3�DQG��G��DQWL�,ED��DQWLERGLHV�LQ�ZKROH�EUDLQ�GHPRQVWUDWHV�
QR�JURVV�GLIIHUHQFH�HYLGHQW�EHWZHHQ�JHQRW\SHV�RU�HYLGHQFH�RI�DEQRUPDO� LQIODPPDWRU\�
UHVSRQVH�� %UDLQV� IURP� ���� PLFH� DJHG� EHWZHHQ� ������ ZHHNV� ZHUH� FRPSDUHG� IRU�
QHXURSDWKRORJ\�DQDO\VLV��,PDJHV�JHQHUDWHG�E\�-DFNLH�/LQHKDQ�DQG�6HEDVWLDQ�%UDQGQHU��
+LVWRORJ\�SHUIRUPHG�E\�FRUH�IDFLOLW\��

�

7R�H[SORUH�ZKHWKHU�6W[��H[SUHVVLRQ�FRQWULEXWHV�WR�RWKHU�SK\VLRORJLFDO�SURFHVVHV�

LQ�WKHVH�DQLPDOV��D�QXPEHU�RI�DGGLWLRQDO�ELRORJLFDO�SDUDPHWHUV�ZHUH�PHDVXUHG��

2EVHUYDWLRQDO� UHSRUWV� E\� FROOHDJXHV� GXULQJ� WKH� KDQGOLQJ� RI� WKHVH� DQLPDOV�

GHVFULEHG�WKH�6W[��NQRFNRXW�PLFH�DV�ODUJHU�DQG�KHDYLHU�WKDQ�6W[�����DQG�6W[�����

DQLPDOV�LQ�DGXOWKRRG��7R�TXDQWLI\�WKLV��DW�WLPH�RI�FXOOLQJ��PLFH�DJHG�������ZHHNV���

FRQWURO�3%6�PRFN�LQRFXODWHG�PLFH�ZHUH�ZHLJKHG��7KLV�VXSSRUWHG�D�VLJQLILFDQW�

���� LQFUHDVH� LQ�PHDQ�ERG\�ZHLJKW� LQ�6W[�����PLFH� UHODWLYH� WR�ZLOGW\SH�FRQWUROV�

�:7� ������J���������.2� ������J���������3� ��������DQG�D�����LQFUHDVH�UHODWLYH�

WR�KHPL]\JRXV�DQLPDOV��+(0� ������J���������3� ����������)LJXUH���D���7R�VWDUW�
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WR�LQYHVWLJDWH�WKH�XQGHUO\LQJ�ELRORJLFDO�FDXVH�RI�WKLV�LQFUHDVH��ERWK�VXEFXWDQHRXV�

UHODWLYH� DGLSRVH�PDVV� DQG� OHQJWK� RI� PLFH� ZHUH�PHDVXUHG�� 7KH� SURSRUWLRQ� RI�

DEGRPLQDO�VXEFXWDQHRXV�ZKLWH�DGLSRVH�WLVVXH��:$7���DQLPDOV�FXOOHG��WRWDO�PDVV�

ZHLJKHG�DQG�SHULJRQDGDO�:$7�GLVVHFWHG�DQG�ZHLJKHG� LPPHGLDWHO\�DIWHU��ZDV�

VLJQLILFDQWO\�LQFUHDVHG�IURP���������������RI�WRWDO�ERG\�ZHLJKW�LQ�6W[�����PLFH��WR�

��������������LQ�6W[�����PLFH��3� ����������)LJXUH���E���,QWHUHVWLQJO\�KRZHYHU�LQ�

6W[�����PLFH��WKH�SURSRUWLRQ�RI�DGLSRVH�WLVVXH�ZDV�VLJQLILFDQWO\�UHGXFHG�FRPSDUHG�

WR�6W[�����DQLPDOV�� WR���������������RI� WRWDO�ERG\�ZHLJKW� �3� ����������)LJXUH�

��E���7KHUH�ZDV� OLWWOH�GLIIHUHQFH�EHWZHHQ� WKH�RYHUDOO� VL]H�RI� WKHVH�DQLPDOV�DV�

PHDVXUHG� E\� QDVRDQDO� OHQJWK��ZLWK� RQO\� D�PRGHVW� EXW� VLJQLILFDQW� UHGXFWLRQ� LQ�

6W[�����PLFH� UHODWLYH� WR�6W[�����PLFH�� EXW� QR� GLIIHUHQFH� RI� HLWKHU� OLQH� UHODWLYH� WR�

ZLOGW\SH�FRQWUROV��:7� ������FP����������.2� ������FP���������YV�+(0� ������

FP���������3� �������� �)LJXUH���F���7KH�PHDVXUHPHQW�RI�VXEFXWDQHRXV�:$7�

ZHLJKW�E\�GLVVHFWLRQ�LV�D�VRPHZKDW�DSSUR[LPDWH�ZD\�RI�PHDVXULQJ�IDW�VWRUDJH�

GXH�WR�WKH�SURSHQVLW\�IRU�WHFKQLFDO�YDULDWLRQ��L�H��WKLV�GHSHQGV�RQ�WKH�DPRXQW�RI�

WLVVXH� WKH� UHVHDUFKHU� LV�DEOH� WR� UHPRYH��DQG�GRHV�QRW� UHIOHFW�VWRUDJH� LQ�RWKHU�

DGLSRVH� WLVVXHV��KRZHYHU� WKHVH� UHVXOWV� LQGLFDWH�D�PHWDEROLF� IDW�VWRUDJH�GHIHFW�

DVVRFLDWHG�ZLWK�6W[��H[SUHVVLRQ��$QDO\VLV�RI�PXOWLSOH�ELRFKHPLFDO�SDUDPHWHUV�LQ�

EORRG� SHUIRUPHG� E\� 05&� +DUZHOO�� PDGH� SXEOLFO\� DYDLODEOH� DV� SDUW� RI� WKH�

,QWHUQDWLRQDO�0LFH�3KHQRW\SLQJ�&RQVRUWLXP��,03&��DQ�LQWHUQDWLRQDO�FROODERUDWLYH�

HIIRUW�WR�URXWLQHO\�SKHQRW\SH�DOO�NQRFNRXW�PLFH���DOVR�GHVFULEHG�YDULRXV�VLJQLILFDQW�

GLIIHUHQFHV� DVVRFLDWHG� ZLWK� PHWDEROLVP� DQG�RU� KRPHRVWDVLV� LQ� 6W[����� PLFH�

UHODWLYH� WR� FRQWUROV�� 7KLV� LQFOXGHV� LQFUHDVHG� FLUFXODWLQJ� DONDOLQH� SKRVSKDWDVH��

EORRG�XUHD�QLWURJHQ�DQG�FKROHVWHURO�OHYHOV�DV�ZHOO�DV�LPSDLUHG�JOXFRVH�UHVSRQVH�

�LQFUHDVHG�WLPH�WR�UHWXUQ�WR�IDVWLQJ�EORRG�JOXFRVH�OHYHOV�IROORZLQJ�DGPLQLVWUDWLRQ���

VXSSRUWLQJ� D� UREXVW� PHWDEROLF� GHIHFW� LQ� WKHVH� DQLPDOV� �7DEOH� ����� 7KHVH�

VLJQLILFDQW� UHVXOWV�ZHUH�QRW�FRQVLVWHQW�EHWZHHQ� OLIH�VWDJHV�PHDVXUHG�KRZHYHU��

DQG�VR�ZKHWKHU� WKLV� UHIOHFWV�GHYHORSPHQWDOO\�PRGXODWHG�SKHQRW\SHV�RU� ODFN�RI�

UHSURGXFLELOLW\�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��

� �
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�
)LJXUH� ���� 3K\VLRORJLFDO� FKDUDFWHULVDWLRQ� RI� 6W[����� DQG� 6W[����� PLFH� VKRZV�
LQFUHDVHG� PDVV� RI� VXEFXWDQHRXV� LQJXLQDO� ZKLWH� DGLSRVH� WLVVXH� �L:$7�� ZLWK�
NQRFNRXW�RI�6W[���
�D��,QFUHDVHG�WRWDO�ERG\�ZHLJKW�RI�6W[������.2��PLFH�FRPSDUHG�WR�6W[������+(0��DQG�6W[�����
PLFH��3%6�PRFN�LQRFXODWHG�PLFH�DW�������ZHHNV��FRUUHVSRQGV�WR��E��LQFUHDVHG�DGLSRVH�
PDVV�PHDVXUHG�DV�ZHLJKW�RI�DEGRPLQDO�VXEFXWDQHRXV�:$7�SHU�J�RI�ERG\�ZHLJKW��F��
ZLWK�QR�GLIIHUHQFH�LQ�QDVRQDQDO�OHQJWK�FRPSDUHG�WR�6W[�����LQGLFDWLQJ�QR�FKDQJH�LQ�RYHUDOO�
VL]H�� (UURU� EDUV�� PHDQ� �� 6(0�� 6LJQLILFDQFH� GHWHUPLQHG� IURP� RQH�ZD\� $129$� RQ�
QRUPDOO\�GLVWULEXWHG�GDWD��3����������3����������3�����������'LVVHFWLRQV�SHUIRUPHG�
E\�1LFN�.D\H��
�

�
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$VVRFLDWHG�SKHQRW\SH� 3URFHGXUH� 3DUDPHWHU� 3�YDOXH� 6LJQLILFDQW�OLIH�
VWDJH�

6LJQLILFDQW�
VH[�

3�YDOXH�LQ�RWKHU�
OLIH�VWDJH�

,QFUHDVHG�FLUFXODWLQJ�DONDOLQH�
SKRVSKDWDVH� &OLQLFDO�&KHPLVWU\� $ONDOLQH�SKRVSKDWDVH� �����[������ (DUO\�DGXOW� %RWK� ������

,QFUHDVHG�EORRG�XUHD�QLWURJHQ� &OLQLFDO�&KHPLVWU\� 8UHD��%ORRG�8UHD�1LWURJHQ���
%81�� �����[����� (DUO\�DGXOW� )HPDOH� ������

,QFUHDVHG�FLUFXODWLQJ�
FKROHVWHURO� &OLQLFDO�&KHPLVWU\� 7RWDO�FKROHVWHURO� �����[����� /DWH�DGXOW� 0DOH� ������

'HFUHDVHG�FLUFXODWLQJ�JOXFRVH� &OLQLFDO�&KHPLVWU\� *OXFRVH� �����[����� /DWH�DGXOW� 0DOH� ������

$EQRUPDO�YLEULVVDH�
PRUSKRORJ\�

&RPELQHG�6+,53$�DQG�
'\VPRUSKRORJ\� 9LEULVVDH���DSSHDUDQFH� �����[����� (DUO\�DGXOW� 0DOH� ������

$EQRUPDO�JDLW� &RPELQHG�6+,53$�DQG�
'\VPRUSKRORJ\� *DLW� �����[����� (DUO\�DGXOW� %RWK� ������

3URORQJHG�55�LQWHUYDO� (OHFWURFDUGLRJUDP��(&*�� 55� �����[����� (DUO\�DGXOW� %RWK� 1$�

,PSDLUHG�JOXFRVH�WROHUDQFH� ,QWUDSHULWRQHDO�JOXFRVH�
WROHUDQFH�WHVW��,3*77��

$UHD�XQGHU�JOXFRVH�UHVSRQVH�
FXUYH� �����[����� (DUO\�DGXOW� 0DOH� 1$�

+\SHUDFWLYLW\� 2SHQ�)LHOG� :KROH�DUHQD�UHVWLQJ�WLPH� �����[����� (DUO\�DGXOW� %RWK� ������

+\SHUDFWLYLW\� 2SHQ�)LHOG� 3HULSKHU\�UHVWLQJ�WLPH� �����[����� (DUO\�DGXOW� %RWK� ������

'HFUHDVHG�DQ[LHW\�UHODWHG�
UHVSRQVH� 2SHQ�)LHOG� 3HUFHQWDJH�FHQWUH�PRYHPHQW�

WLPH� �����[����� (DUO\�DGXOW� %RWK� ������

�
�
7DEOH�����6LJQLILFDQW�SKHQRW\SHV�DVVRFLDWHG�ZLWK�6W[��NQRFNRXW�LQ�WKH�,QWHUQDWLRQDO�0RXVH�3KHQRW\SLQJ�&RQVRUWLXP��,03&���
3KHQRW\SLQJ�WHVWV�SHUIRUPHG�E\�05&�+DUZHOO�DV�SDUW�RI�WKH�,03&�LQFOXGLQJ�PRUSKRORJLFDO��SK\VLRORJLFDO�DQG�EHKDYLRXUDO�PHDVXUHPHQWV�
PHDVXUHG�DW�HDUO\�DGXOW��ZHHN�������DQG�ODWH�DGXOW��ZHHN��������OLIH�VWDJHV��'LIIHUHQFHV�EHWZHHQ�6W[�����PLFH��6W[�HP��,03&�+��DQG�ZLOGW\SH�
&��%/��1�PLFH�IURP�WKH�VDPH�IDFLOLW\�DQDO\VHG�XVLQJ�D�OLQHDU�PL[HG�PRGHO��FRQWLQXRXV�GDWD��RU�)LVKHU¶V�H[DFW�WHVW��FDWHJRULFDO�GDWD��DQG�
VLJQLILFDQW�DVVRFLDWLRQV�PDSSHG�WR�D�0DPPDOLDQ�3KHQRW\SH��03���/LVWHG�DUH�DOO�DVVRFLDWHG�SKHQRW\SHV�EHORZ�WKH�3��������WKUHVKROG��DV�
ZHOO� DV� WKH� 3�YDOXH� IRU� WKH� VDPH� WHVW� LI� SHUIRUPHG� DW� D� GLIIHUHQW� OLIH� VWDJH� �HDUO\� RU� ODWH� DGXOW��� 'DWD� DQG� DQDO\VHV� GRZQORDGHG� IURP�
ZZZ�PRXVHSKHQRW\SH�RUJ�
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$ORQJVLGH�SK\VLRORJLFDO�PHDVXUHPHQWV��FKDQJHV� LQ�DQLPDO�EHKDYLRXU�FDQ�DOVR�

LQGLFDWH�D�SDWKRORJLFDO�FKDQJH��VXFK�DV�D�QHXURORJLFDO�GHIHFW�QRW�GHWHFWDEOH�E\�

KLVWRORJLFDO� DQDO\VLV�� 7KHUHIRUH�� LQ� RUGHU� WR� GHWHUPLQH� LI� WKHUH� ZDV� DQ\� JURVV�

EHKDYLRXUDO�SKHQRW\SH�DVVRFLDWHG�ZLWK�6W[��H[SUHVVLRQ��D�IHZ�SUHOLPLQDU\�WHVWV�

ZHUH�SHUIRUPHG�RQ�WKH�FRQWURO�3%6�PRFN�LQRFXODWHG�PLFH�GXULQJ�ODWH�DGXOWKRRG��

)LUVWO\�� GLHW� FRQVXPHG�RYHUQLJKW� �a���KRXUV��ZDV�PHDVXUHG� WR� GHWHUPLQH�DQ\�

GLIIHUHQFHV�LQ�IHHGLQJ�EHKDYLRXU��DV�ZHOO�DV�WR�FRQILUP�ZKHWKHU�WKH�LQFUHDVH�LQ�

ERG\�ZHLJKW�DQG�IDW�VWRUDJH�REVHUYHG�LQ�6W[�����PLFH�ZDV�GXH�WR�D�KLJKHU�LQWDNH�

RI� IRRG� �L�H�� K\SHUSKDJLD�� RU� PHWDEROLF� GHIHFW�� 'XH� WR� WKH� SURSHQVLW\� IRU�

H[WUDQHRXV� IRRG� WR�EH� UHOHDVHG� IURP� WKH� IHHGLQJ�GHYLFH� WKHUH�ZDV�VXEVWDQWLDO�

YDULDELOLW\� LQ� WKLV�DQDO\VLV��KRZHYHU� WKHUH�ZDV�QR�GLIIHUHQFH�REVHUYHG�EHWZHHQ�

WKH� IHHGLQJ�EHKDYLRXUV� LQ� WKHVH�DQLPDOV�ZLWK� WKH�H[SHFWHG� FRQVXPSWLRQ� LQ�DOO�

JURXSV�VXSSRUWLQJ�WKH�ODWWHU�FRQFOXVLRQ��)LJXUH���D����

0RWRU�FRRUGLQDWLRQ�DQG�QHXURPXVFXODU�EHKDYLRXUV�ZHUH�DOVR�DQDO\VHG�XVLQJ�WZR�

WHVWV��JULS�VWUHQJWK�DQG�WLPH�VSHQW�RQ�D�VSLQQLQJ�URG��L�H��URWDURG���7KLV�DQDO\VLV�

KLJKOLJKWV�D�UHGXFHG�JULS�LQ�6W[�����PLFH�FRPSDUHG�WR�ERWK�6W[������.2� ������J�FP�

��J�����������:7� ������J�FP���J�����������3� ���������DQG�6W[����� �+(0� ������

J�FP���J�����������3� ��������PLFH�UHODWLYH�WR�ERG\�ZHLJKW��VXJJHVWLQJ�D�SRVVLEOH�

QHXURPXVFXODU�GHIHFW��)LJXUH���E���6LPLODUO\��D�UHGXFHG�WLPH�VSHQW�RQ�WKH�URWDURG�

DSSDUDWXV�LQ�6W[�����PLFH��.2� ������V�������YV�:7� �������V���������3� ����������

YV�+(0� �������V���������3� ���[�������LQGLFDWHV�D�SXWDWLYH�PRWRU�FRRUGLQDWLRQ�

GHIHFW��)LJXUH���F���+RZHYHU��ERWK�ERG\�ZHLJKW�DQG�JHQHUDO�DFWLYLW\�DVVRFLDWHG�

ZLWK�LQFUHDVHG�IDW�VWRUDJH�DUH�DOVR�OLNHO\�WR�FRQIRXQG�WKHVH�UHVXOWV���

)LQDOO\��DQDO\VLV�RI�EXUURZLQJ�DQG�QHVWLQJ�DV�LQQDWH�EHKDYLRXUV�ZDV�SHUIRUPHG�WR�

GHWHUPLQH�WKH�JHQHUDO�ZHOO�EHLQJ�RI�PLFH�ZLWK�YDU\LQJ�6W[��H[SUHVVLRQ��WKHVH�DUH�

VHQVLWLYH�PHDVXUHV�RI�RYHUDOO�KHDOWK�DQG�PRWLYDWLRQ�GULYHQ�E\�WKH�ZLOO�WR�FUHDWH�

VDIH�DQG�FRPIRUWDEOH�KDELWDWV��'HIHFWV�LQ�WKHVH�EHKDYLRXUV�KDYH�EHHQ�DVVRFLDWHG�

ZLWK�QHXURORJLFDO�G\VIXQFWLRQ�LQFOXGLQJ�VHQVLWLYH�HDUO\�LQGLFDWRUV�RI�SULRQ�GLVHDVH�

�&XQQLQJKDP�HW�DO����������$QDO\VLV�RI�EXUURZLQJ�EHKDYLRXU� �PHDVXUHG�DV� WKH�

DPRXQW� RI� SHOOHWV� GLVSODFHG� IURP�D� WXEH� FRQWDLQHU� RYHUQLJKW� DIWHU� KDELWXDWLRQ��

VKRZHG�D�UHGXFHG�PRWLYDWLRQ�LQ�6W[�����PLFH�UHODWLYH�WR�ZLOGW\SH�DQLPDOV��:7� �

������J���������.2� ������J��������3� ����������DV�ZHOO�DV�D�QRPLQDO�UHGXFWLRQ�

IRU�6W[����� PLFH� �+(0�  � � ����� J� �� ������ �)LJXUH� ��G�� KRZHYHU� WKHUH� ZDV� QR�



����
�

VLJQLILFDQW�FKDQJH�LQ�QHVWLQJ�EHKDYLRXUV��PHDVXUHG�DV�D�VFRUH�RI�QHVW�TXDOLW\��

EHWZHHQ� JHQRW\SHV� �)LJXUH� ��H���$JDLQ�� WKHVH� DQDO\VHV� RI� EURDG� EHKDYLRXUDO�

SKHQRW\SHV� PD\� KLJKOLJKW� SXWDWLYH� PRWLYDWLRQ�EDVHG� QHXURORJLFDO� GHIHFWV�

DVVRFLDWHG�ZLWK�6W[��NQRFNRXW��KRZHYHU��OLNH�PRWRU�IXQFWLRQV��WKHVH�ZLOO�DOVR�EH�

LQIOXHQFHG� E\� WKH� JHQHUDO� DFWLYLW\� RI� WKH� DQLPDOV�� 8QIRUWXQDWHO\�� GXH� WR� WLPH�

FRQVWUDLQWV�DQG�ORJLVWLFDO�OLPLWDWLRQV�ZLWK�DFFHVV�WR�IDFLOLWLHV��WKHVH�ZHUH�WKH�RQO\�

IHDVLEOH� H[SHULPHQWDO� VHW�XSV� DYDLODEOH� WR� SURYLGH� DQ� LQLWLDO� LQGLFDWLRQ� RI�

EHKDYLRXUDO�GHIHFWV�LQ�WKHVH�DQLPDOV��KRZHYHU�LQ�RUGHU�WR�GLVFHUQ�ZKHWKHU�WKHUH�

LV�D�QHXURORJLFDO�GHILFLW�LQGHSHQGHQW�IURP�UHGXFHG�DFWLYLW\�IXUWKHU�WHVWLQJ�VXFK�DV�

PHPRU\�VSHFLILF�WHVWV�ZRXOG�EH�UHTXLUHG����

�
)LJXUH� ���� %HKDYLRXUDO� FKDUDFWHULVDWLRQ� RI� 6W[����� DQG� 6W[����� PLFH� LQGLFDWHV�
UHGXFHG�PRWLYDWLRQ�DQG�PRWRU�DELOLW\�ZLWK�NQRFNRXW�RI�6W[���
3UHOLPLQDU\� EHKDYLRXUDO� DQDO\VLV� SHUIRUPHG� RQ� FRQWURO� 3%6�LQRFXODWHG� 6W[����� �.2���
6W[������+(0��DQG�6W[������:7��DGXOW�PLFH��������ZHHNV��Q� ��������D��1R�GLIIHUHQFH�LQ�
GLHW� PHDVXUHG� E\� IRRG� FRQVXPHG� RYHUQLJKW� EHWZHHQ� JHQRW\SHV�� �E�� 5HGXFHG� JULS�
VWUHQJWK� LQ�6W[�����PLFH�QRUPDOLVHG� WR� WRWDO�ERG\�ZHLJKW��FRPSDUHG� WR�ERWK�6W[�����DQG�
6W[�����PLFH���F��7LPH�VSHQW�RQ�URWDURG�LQGLFDWHV�UHGXFHG�PRWRU�DELOLWLHV�LQ�6W[�����PLFH�
FRPSDUHG� WR�ERWK�6W[�����DQG�6W[�����PLFH�� �G��3HOOHWV�EXUURZHG�DIWHU�a���K� LQGLFDWHV�
UHGXFHG� PRWLYDWLRQ� LQ� 6W[����� PLFH� FRPSDUHG� WR� 6W[������ (UURU� EDUV�� PHDQ� �� 6(0��
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6LJQLILFDQFH�GLIIHUHQFHV�LQ�FRQWLQXRXV�GDWD�PHDVXUHG�ZLWK�RQH�ZD\�$129$�RQ�QRUPDOO\�
GLVWULEXWHG�GDWD��D�G��ORJ�WUDQVIRUPHG��F��FXEH�URRW�WUDQVIRUPHG���3����������3���������
�3������������H��1R�VLJQLILFDQW�DVVRFLDWLRQ�RI�JHQRW\SH�ZLWK�TXDOLW\�RI�QHVWV�EXLOW�DIWHU�
a���K�VXJJHVWLQJ�QR�JURVV�ZHOO�EHLQJ�GHILFLWV��VFRUHG�IURP�����ZLWK���LQGLFDWLQJ�QR�QHVW�
EXLOW���)LVKHU¶V�H[DFW�WHVW���%HKDYLRXUDO�WHVWV�SHUIRUPHG�E\�0LFKDHO�)DUPHU�DQG�7KRPDV�
&R\VK��
�

�������([SUHVVLRQ�RI�67;��LQ�KXPDQ�EUDLQ�
%HFDXVH�67;�� LV�D�JHQHWLF�PRGLILHU�RI�V&-'��DV�LGHQWLILHG�WKURXJK�*:$6�DQG�

VXEVHTXHQW�PDSSLQJ� DQDO\VLV� WR� OLQN� WKLV� JHQH� WR� WKH� DVVRFLDWHG� UHJLRQ� �H�J��

WKURXJK� UHJXODWLQJ� EUDLQ� JHQH� H[SUHVVLRQ�� VHH� FKDSWHU� ��� VHFWLRQ� �������� WKH�

IXQFWLRQDO�GLIIHUHQFHV�RI�WKLV�JHQH�DUH�LPSOLFLWO\�FDXVDO�IRU�GLVHDVH�DHWLRORJ\��7KH�

UHVXOWDQW�ZRUNLQJ�K\SRWKHVLV� LV� WKDW� LQFUHDVHG�67;�� H[SUHVVLRQ� LV�GULYLQJ� WKLV�

ULVN��7R�GHWHUPLQH�WKHUHIRUH�ZKHWKHU�WKHUH�DUH�DQ\�REYLRXV�GLVWLQFWLRQV�EHWZHHQ�

JHQH�H[SUHVVLRQ�DQG�RU� ORFDOLVDWLRQ�RI� V\QWD[LQ��� LQ� SDWLHQWV�ZLWK� V&-'�� SRVW�

PRUWHP�EUDLQ�WLVVXHV�IURP����V&-'�FDVHV�DQG����QHXURORJLFDOO\�QRUPDO�FRQWUROV�

ZHUH� ILUVW� DQDO\VHG� WKURXJK� LPPXQRKLVWRFKHPLFDO� VWDLQLQJ� �)LJXUH� ����� 7KLV�

UHYHDOHG�WKH�H[SHFWHG�SUHGRPLQDQWO\�QHXURQDO�VWDLQLQJ�RI�V\QWD[LQ���LQ�ERWK�WKH�

IURQWDO� FRUWH[� DQG� FHUHEHOOXP� RI� DOO� LQGLYLGXDOV�� UHVWULFWHG� WR� WKH� FHOO� ERG\�

F\WRSODVP� ZLWKRXW� H[WHQGLQJ� LQWR� WKH� SURFHVVHV�� LQGLFDWLYH� RI� WKH� H[SHFWHG�

VWDLQLQJ�ZLWKLQ�WKH�*ROJL�DSSDUDWXV��VHH�VHFWLRQ���������,Q�WKH�IURQWDO�FRUWH[��RWKHU�

FHOO� W\SHV�� OLNHO\� DVWURF\WHV� RU� ROLJRGHQGURF\WHV�� ZHUH� DOVR� OHVV� FRQVLVWHQWO\�

VWDLQHG�� $OO� FHUHEHOODU� OD\HUV� ZHUH� SRVLWLYH� IRU� V\QWD[LQ��� UHDFWLYLW\� ZLWK�

LPPXQRVWDLQLQJ�REVHUYHG�ZLWKLQ�3XUNLQMH�FHOOV�DQG�ODUJH�QHXURQV�RI�WKH�GHQWDWH�

QXFOHXV��$� ILQHU�JUDQXODU�VWDLQLQJ�ZDV�DOVR�VHHQ� LQ� WKH�PROHFXODU� OD\HU��7KHUH�

ZDV� QR� GLIIHUHQFH� GHWHFWHG� LQ� HLWKHU� VWDLQLQJ� LQWHQVLW\� RU� GLVWULEXWLRQ� EHWZHHQ�

V&-'�FDVHV�DQG�FRQWUROV���
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�
)LJXUH� ���� 1R� GLIIHUHQFH� LQ� KLVWRORJLFDO� DQDO\VLV� RI� V\QWD[LQ��� H[SUHVVLRQ� DQG�
GLVWULEXWLRQ�LQ�IURQWDO�FRUWH[�DQG�FHUHEHOOXP�EHWZHHQ�V&-'�FDVHV�DQG�FRQWUROV��
,PPXQRKLVWRFKHPLVWU\�ZLWK�DQWL�V\QWD[LQ���DQWLERG\�LQ�IRUPDOLQ�IL[HG�SDUDIILQ�HPEHGGHG�
�))3(��VHFWLRQV� WUHDWHG�ZLWK� IRUPLF�DFLG� IURP���V&-'�SDWLHQWV��µV&-'���¶�� µV&-'���¶��
µV&-'���¶��FRPSDUHG�WR�QRQ�SULRQ�FRQWUROV��µ&RQWURO���¶�SUH�IUR]HQ��µ&RQWURO���¶�VWDQGDUG�
))3(���QRQ�IRUPLF�DFLG�WUHDWHG���([SHFWHG�ILQH�JUDQXODU�VWDLQLQJ�ZLWKLQ�WKH�F\WRSODVP�RI�
QHXURQV�FRPSDWLEOH�ZLWK�WKH�*ROJL��6WDLQLQJ�LQGLFDWLYH�RI�QHXURQV�LQ�IURQWDO�FRUWH[��,Q�WKH�
FHUHEHOOXP��VWDLQLQJ�IRXQG�LQ�3XUNLQMH�FHOOV��GHQWDWH�QXFOHXV�DQG�WKH�PROHFXODU�OD\HU��1R�
TXDOLWDWLYH� GLIIHUHQFH� LQ� VWDLQLQJ� LQWHQVLW\� RU� GLVWULEXWLRQ� EHWZHHQ� V&-'� FDVHV� DQG�
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FRQWUROV�� ,PDJHV� JHQHUDWHG� E\� -DFNLH� /LQHKDQ� DQG� 6HEDVWLDQ� %UDQGQHU�� +LVWRORJ\�
SHUIRUPHG�E\�FRUH�IDFLOLW\���
�
7R�GHWHUPLQH�ZKHWKHU�WKHUH�ZDV�DQ\�GLIIHUHQFH�LQ�67;��H[SUHVVLRQ�DW�WKH�P51$�

OHYHO��DV� WR�SURYLGH�D�PRUH�VHQVLWLYH�DQG�JOREDO� UHDG�RXW��F'1$�ZDV�REWDLQHG�

IURP�IUR]HQ�FHUHEHOOXP�VDPSOHV�RI����V&-'�FDVHV�DQG����QHXURORJLFDOO\�QRUPDO�

FRQWUROV��VHH�0HWKRGV�VHFWLRQ����������([SUHVVLRQ�RI�67;��DQG�RWKHU�V&-'�ULVN�

DVVRFLDWHG�JHQHV�LGHQWLILHG�LQ�WKH�V&-'�*:$6��3513�DQG�*$/�67���DV�ZHOO�DV�

3',$��DQG�%0(5%��ZKLFK�ZHUH�VLJQLILFDQW�LQ�JHQH�EDVHG�WHVWLQJ���VHH�FKDSWHU�

��� VHFWLRQ� �������� ZHUH�PHDVXUHG� E\� 57�T3&5�� 8QIRUWXQDWHO\� LQ� WKLV� DQDO\VLV�

WKHUH�ZDV�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�H[SUHVVLRQ�RI�DOO�KRXVHNHHSHU�JHQHV�WHVWHG�

EHWZHHQ� FDVHV� DQG� FRQWUROV� �L�H�� &<&��� 53/��� DQG� 8%(�'���� ZKLFK� ZHUH�

SUHYLRXVO\� VXJJHVWHG� WR� EH� VWDEO\� H[SUHVVHG� LQ� WKH� FHUHEHOOXP� LQ� UHODWHG�

QHXURGHJHQHUDWLYH�GLVHDVHV��)LJXUH������5\GELUN�HW�DO����������1RQHWKHOHVV�WKHUH�

ZDV�QR�GLIIHUHQFH�HYLGHQW�EHWZHHQ� WKH�H[SUHVVLRQ�RI�67;��RU�DQ\�RWKHU�JHQH�

WHVWHG�EHWZHHQ�V&-'�SDWLHQWV�DQG�FRQWUROV�DERYH�WKLV�JOREDO�YDULDWLRQ���

�

)LJXUH�����1R�FKDQJH�LQ�67;��P51$�H[SUHVVLRQ�UHODWLYH�WR�KRXVHNHHSLQJ�JHQHV�
LQ�V&-'�SDWLHQWV�FRPSDUHG�WR�QHXURORJLFDOO\�QRUPDO�FRQWUROV��
&\FOH�WKUHVKROG��&W��YDOXHV�IURP�57�T3&5�DQDO\VLV�RI�P51$�H[WUDFWHG�IURP�FHUHEHOOXP�
RI����V&-'�SDWLHQWV��FDVH��DQG����QHXURORJLFDOO\�QRUPDO�FRQWUROV�IRU�WKUHH�UHFRPPHQGHG�
KRXVHNHHSHU� UHIHUHQFH� JHQHV� DQG� HDFK� RI� WKH� JHQHV� LPSOLFDWHG� LQ� V&-'� ULVN� LQ� WKH�
*:$6�DQDO\VLV��7HVW���'XH�WR�YDULDWLRQ�LQ�WKH�KRXVHNHHSHU�JHQHV�EHWZHHQ�SRSXODWLRQV�
WKHVH� GDWD� ZHUH� QRW� QRUPDOLVHG� IRU� UHODWLYH� H[SUHVVLRQ�� KRZHYHU� &W� YDOXHV� GR� QRW�
LQGLFDWH�D�GLIIHUHQFH�LQ�JHQH�H[SUHVVLRQ�EHWZHHQ�FDVHV�DQG�FRQWUROV�IRU�DQ\�RI�WKH�WHVW�
JHQHV�DERYH�WKLV�YDULDWLRQ����
� �
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�����'LVFXVVLRQ�

7KLV�VWXG\�KDV�GHVFULEHG�WKH�LQYHVWLJDWLRQ�RI�V\QWD[LQ���IXQFWLRQ�LQ�ERWK�DFTXLUHG�

SULRQ�GLVHDVH�LQ�PLFH�DQG�SRVW�PRUWHP�V&-'�EUDLQ�WLVVXHV��.QRFNRXW�RI�6W[��LQ�

&��%/���PLFH�SURORQJHG�LQFXEDWLRQ�WLPH�E\����GD\V�IROORZLQJ�LQRFXODWLRQ�RI�WZR�

PRXVH�DGDSWHG�VFUDSLH�SULRQ�VWUDLQV��50/�DQG�0(���HTXDWLQJ� WR����DQG����

LQFUHDVH�LQ�VXUYLYDO�WLPH�UHVSHFWLYHO\�UHODWLYH�WR�ZLOGW\SH�DQLPDOV��5HGXFWLRQ�RI�

V\QWD[LQ���SURWHLQ�H[SUHVVLRQ�E\�����LQ�KHPL]\JRXV�DQLPDOV�ZDV�DOVR�VXIILFLHQW�

WR� QRPLQDOO\� H[WHQG� GLVHDVH� LQFXEDWLRQ� WLPH� E\� ��� �PHDVXUHG� DV� VXUYLYDO��

IROORZLQJ�50/�LQRFXODWLRQ��KRZHYHU�WKH�HIIHFW�ZDV�QRW�ZLWKKHOG�ZLWK�0(��LQ�WKHVH�

DQLPDOV��ZLWK�D�PRGHVW����UHGXFWLRQ�UHODWLYH�WR�ZLOGW\SH���,QWHUHVWLQJO\�DQ�a����

LQFUHDVH�LQ�DVWURF\WH�FRXQW�ZDV�DVVRFLDWHG�ZLWK�WKH�DEVHQFH�RI�6W[��VSHFLILFDOO\�

IROORZLQJ�0(��LQRFXODWLRQ��DQG�D�a���LQFUHDVH�LQ�PLFURJOLD�FRXQW�VHHQ�RQO\�ZLWK�

KHPL]\JRXV�H[SUHVVLRQ�RI�WKH�JHQH�IROORZLQJ�50/�LQRFXODWLRQ��$V�WKHVH�HIIHFWV�

DUH� QRW� FRQVLVWHQW� EHWZHHQ� VWUDLQV� RU� OHYHOV� RI� 6W[�� H[SUHVVLRQ� DQG� GR� QRW�

FRUUHODWH�ZLWK�VXUYLYDO�WLPH��KRZ�WKLV�PD\�UHIOHFW�D�UROH�RI�6W[��LQ�WKH�IXQFWLRQ�RI�

WKHVH�QRQ�QHXURQDO� FHOOV� LV� XQFOHDU� DQG� UHTXLUHV� IXUWKHU� LQYHVWLJDWLRQ� VXFK�DV�

YDOLGDWLRQ�RI�DVWURF\WLF�DQG�PLFURJOLDO�PDUNHU�H[SUHVVLRQ�E\�DQ�DOWHUQDWLYH�PHWKRG�

�L�H��:HVWHUQ�EORWWLQJ���1RQHWKHOHVV�WKLV�KLJKOLJKWV�D�SRWHQWLDO�UROH�RI�WKLV�JHQH�LQ�

WKHVH� FHOO� W\SHV�� SRWHQWLDOO\� SURYLGLQJ� D� VXSSRUWLYH� UROH� WR� QHXURQDO� IXQFWLRQ��

&KDUDFWHULVDWLRQ� RI� JHQHUDO� SK\VLRORJ\� DQG� ZHOO�EHLQJ� RI�6W[�� NQRFNRXW� PLFH�

LQGLFDWHV�D�SRWHQWLDO�PHWDEROLF�GHIHFW�ZLWK�LQFUHDVHG�IDW�VWRUDJH�LQ�VXEFXWDQHRXV�

:$7�DQG�DOWHUDWLRQV�LQ�WKH�OHYHO�RI�UHODWHG�FRPSRQHQWV�LQ�FLUFXODWLQJ�EORRG�LQ�ODWH�

DGXOWV� �H�J�� JOXFRVH�� FKROHVWHURO��� OLNHO\� UHIOHFWHG� LQ� D� UHGXFHG� RYHUDOO� DFWLYLW\��

7KHUH�ZDV�QR�HYLGHQFH�RI� D� QHXURORJLFDO� GHILFLW� LQ� WKHVH�DQLPDOV��$QDO\VLV� RI�

V\QWD[LQ���LQ�V&-'�KXPDQ�EUDLQ�WLVVXHV�GLG�QRW�KLJKOLJKW�DQ\�HYLGHQW�GLIIHUHQFHV�

LQ�HLWKHU�H[SUHVVLRQ�RU�ORFDOLVDWLRQ�DW�WKH�HQG�VWDJH�RI�GLVHDVH��

'HOHWLRQ� RI� 6W[�� LQ� PLFH� ZDV� DFKLHYHG� H[WHUQDOO\� WKURXJK� PLFURLQMHFWLRQ� RI�

&5,635�HQGRQXFOHDVH�FRPSRQHQWV�LQWR�]\JRWHV��L�H��&DV��P51$�DQG�J51$�V��

±�XVXDOO\�WZR�J51$V�DUH�XVHG�EXW�H[DFW�VHTXHQFHV�QRW�SURYLGHG��IODQNLQJ�FULWLFDO�

H[RQV���DQG���SUHVHQW�LQ�DOO�SURWHLQ�FRGLQJ�6W[��WUDQVFULSWV��DV�VKRZQ�LQ�)LJXUH�

�����6HTXHQFLQJ�RI�WKH�WDUJHW�VLWH�LQ�)��KHWHUR]\JRWHV�GHPRQVWUDWHG�D������QW�

GHOHWLRQ�DW�WKH�WDUJHW�VLWH�ZLWK�DQ���QW�LQVHUWLRQ��LQGXFLQJ�D�IUDPH�VKLIW�PXWDWLRQ�

DQG�WKXV�D� OLNHO\�SUHPDWXUH�VWRS�FRGRQ�DQG�QXOO�DOOHOH��ZKLFK�ZHUH�FURVVHG�LQ�
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KRXVH� WR� JHQHUDWH� PLFH� KRPR]\JRXV� IRU� WKH� QXOO� DOOHOH� DV� ZHOO� DV� ZLOGW\SH�

OLWWHUPDWHV�IRU�FRQWUROV��,PPXQREORWWLQJ�RI�EUDLQ�KRPRJHQDWH�IURP�WKHVH�DQLPDOV�

FRQILUPHG� ORVV�RI� WKH�SULPDU\�SURWHLQ�FRGLQJ� WUDQVFULSW�GHWHFWHG�DW�a���N'D� LQ�

6W[�����DQLPDOV�� DV�ZHOO� DV� DQ� DSSUR[LPDWH� �GXH� WR� WKH� OLPLWHG� DFFXUDF\�ZKHQ�

TXDQWLI\LQJ�LPPXQREORWV������SURWHLQ�H[SUHVVLRQ�LQ�KHPL]\JRXV�PLFH�UHODWLYH�WR�

WKH�ZLOGW\SH�FRQWUROV��LQGLFDWLQJ�EL�DOOHOLF�H[SUHVVLRQ�RI�6W[��XQGHU�HQGRJHQRXV�

FRQGLWLRQV�� 2I� QRWH�� DOWKRXJK� LW� LV� GHEDWHG� ZKHWKHU� RII�WDUJHW� FOHDYDJH� LV� D�

VXEVWDQWLDO� SUREOHP� LQ� PRXVH� JHQRPH� HGLWLQJ� GXH� WR� FRORQ\� YDULDWLRQ� GXULQJ�

EUHHGLQJ� LQFUHDVLQJ�EDFNJURXQG�PXWDJHQHVLV�DQG�VHJUHJDWLQJ�VPDOO� RII�WDUJHW�

HIIHFWV��DQG�DOJRULWKPV�HPSOR\HG�GXULQJ�J51$�GHVLJQ�WR�PLQLPLVH�QRQ�VSHFLILF�

ELQGLQJ� VLWHV�� WKHUH� ZDV� QR� HYLGHQFH� RI� RII�WDUJHW� VFUHHQLQJ� E\� WKH� VXSSOLHUV�

�$U\DO��:DV\OLVKHQ��	�/R]DQR��������$\DEH��1DNDVKLPD��	�<RVKLNL����������

$OWKRXJK�WKH�SUHVHQFH�RI�D�SUHPDWXUH�VWRS�FRGRQ�ZLOO� OLNHO\� OHDG�WR�QRQVHQVH�

PHGLDWHG�GHFD\�DQG�SUHYHQW�SURWHLQ�H[SUHVVLRQ� LQ� LWV�HQWLUHW\�� LW¶V� LPSRUWDQW� WR�

FRQVLGHU�SRWHQWLDO�IRU�DOWHUQDWH�WUXQFDWHG�SURWHLQ�SURGXFWV��7KH�SULPDU\�VWUXFWXUH�

RI�WKH�PDLQ�V\QWD[LQ���LVRIRUP�LV�KLJKO\�FRQVHUYHG�EHWZHHQ�PRXVH�DQG�KXPDQ��

ZLWK� ���� LGHQWLW\� LQ� VHTXHQFH�� WKH� VDPH� SUHGLFWHG� GRPDLQ� VWUXFWXUH� �L�H��

SUHGRPLQDQWO\� F\WRSODVPLF� �UHVLGXHV� ������� ZLWK� D� SUHGLFWHG� 61$5(� GRPDLQ�

����������DQG�D�&�WHUPLQDO�WUDQVPHPEUDQH�GRPDLQ�������������)LJXUH����VHFWLRQ�

���������DQG�)LJXUH������KRZHYHU�D�FU\VWDO�VWUXFWXUH�IRU�WKLV�SURWHLQ�KDV�QRW�EHHQ�

SXEOLVKHG�� 1RQHWKHOHVV� VWUXFWXUDO� SUHGLFWLRQ� E\� WKH� $OSKD)ROG� VRIWZDUH� �Y�����

LQGLFDWHV�WKH�VDPH���KHOLFDO�FRLOHG�FRLO�1�WHUPLQXV�DQG�DQ�DGGLWLRQDO�&�WHUPLQDO�

KHOL[��-XPSHU�HW�DO����������0LFH�KRZHYHU�DOVR�H[SUHVV�WZR�RWKHU�SURWHLQ�FRGLQJ�

LVRIRUPV�RI� V\QWD[LQ���ZKLFK�� XQOLNH� WKH� DOWHUQDWH� LVRIRUP� LQ� KXPDQV�ZKLFK� LV�

ODFNLQJ�WKH�1�WHUPLQDO�UHJLRQ��VHH�VHFWLRQ�������LQFOXGHV�DQ�DGGLWLRQDO�IXOO�OHQJWK�

LVRIRUP��6W[�������GLIIHULQJ�RQO\�DW�UHVLGXHV���������LQ�WKH�WUDQVPHPEUDQH�&�

WHUPLQDO�GRPDLQ��LQWHUHVWLQJO\�ZLWK�OHVV�K\GURSKRELF�UHVLGXHV�QRW�SUHGLFWHG�WR�VLW�

LQ�WKH�PHPEUDQH�E\�3KRELXV�WUDQVPHPEUDQH�WRSRORJ\�VRIWZDUH��(0%/���0DGHLUD�

HW�DO�����������DV�ZHOO�DV�D�VKRUWHU����DPLQR�DFLG�LVRIRUP�PDGH�XS�PRVWO\�E\�WKH�

61$5(�GRPDLQ��6W[�������FRUUHVSRQGLQJ�WR�UHVLGXHV���������RI�WKH�IXOO�OHQJWK�

SURWHLQ�� �)LJXUH� ����� 7KH� IXQFWLRQ� RI� WKHVH� LVRIRUPV� KDV� QRW� EHHQ� GLUHFWO\�

H[SORUHG�� KRZHYHU� WKH\� DUH� OLNHO\� WR� EH� IXQFWLRQDOO\� GLVWLQFW� LI� WKH\� DUH� QRW�

DVVRFLDWHG� ZLWK� WKH� PHPEUDQH�� 1RQHWKHOHVV� WKH� ����� QW� GHOHWHG� UHJLRQ�
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FRUUHVSRQGV� WR� UHVLGXHV���������� UHPRYLQJ�����RI� WKH�61$5(�GRPDLQ� LQ�DOO�

LVRIRUPV�� WKHUHIRUH�HYHQ� LI�D� WUXQFDWHG�JHQH�SURGXFW� LV� UHPDLQLQJ� �DV�SRVVLEO\�

LQGLFDWHG�E\�D�a���N'D�LPPXQRUHDFWLYH�EDQG�ZLWK�RQH�DQWL�V\QWD[LQ���DQWLERG\�

VKRZQ�LQ�)LJXUH���G���LW�LV�XQOLNHO\�WR�EH�IXQFWLRQDO���

�

)LJXUH�����3URWHLQ�FRGLQJ�LVRIRUPV�RI�PXULQH�V\QWD[LQ���DQG�GHOHWHG�UHJLRQ�LQ�6W[��
NQRFNRXW�PLFH���
6\QWD[LQ���LV�D�����DPLQR�DFLG�SURWHLQ�FRPSULVHG�RI�WZR�FRLOHG�FRLO�UHJLRQV��RQH�ZLWKLQ�
WKH� 1�WHUPLQXV� FRQVWLWXWLQJ� WKUHH� LQGHSHQGHQW� KHOLFHV� �+D�F�� UHG�� WHUPHG� WKH� +DEF�
GRPDLQ��DQG�DQRWKHU�ZLWKLQ�WKH�61$5(�PRWLI��DOVR�FDOOHG�+���FODVVLILHG�DV�4F�GXH�WR�D��
FRQVHUYHG�JOXWDPLQH�UHVLGXH��EOXH���$�K\GURSKRELF�UHJLRQ�DW� WKH�&�WHUPLQDO�DFWV�DV�D�
WUDQVPHPEUDQH�DQFKRU��70��JUHHQ��DQG�D�<*5/�PRWLI�LQ�WKH�PLGGOH�UHJLRQ�LV�WKRXJKW�WR�
EH�IXQFWLRQDOO\�LPSRUWDQW�IRU�ORFDOLVDWLRQ��,Q�PLFH��6W[������LV�WKRXJKW�WR�EH�WKH�SULPDU\�
SURWHLQ�FRGLQJ�LVRIRUP��6W[������GLIIHUV�DW�UHVLGXHV���������ZLWKLQ�WKH�70�GRPDLQ��DQG�
6W[������ FRPSULVHV� UHVLGXHV� �������� RI� WKH� IXOO� OHQJWK� SURWHLQ� RQO\�� 7KH� &5,635�
GHOHWHG� UHJLRQ� VSDQV� UHVLGXHV��������� UHPRYLQJ�a����RI� WKH�61$5(�GRPDLQ� �JUH\�
ER[����

�

7KH�FXUUHQW�VWXG\�H[SORUHG�WKH�UROH�RI�V\QWD[LQ���LQ�DFTXLUHG�SULRQ�GLVHDVHV�LQ�

PLFH�WKURXJK�LQRFXODWLRQ�RI�6W[������6W[�����DQG�6W[����� OLWWHUPDWHV�ZLWK�50/�DQG�

0(�� SULRQV�� ,Q� WKLV� DQDO\VLV� SULRQ� LQFXEDWLRQ� WLPH� ZDV� PHDVXUHG� XVLQJ� WZR�

FRPPRQO\� XVHG� SDUDPHWHUV�� WLPH� XQWLO� FXOOLQJ� GXH� WR� FOLQLFDO� SULRQ� GLVHDVH�

GLDJQRVLV��DQG�OHQJWK�RI�WKH�GLVHDVH�IUHH�SHULRG�XQWLO�RQVHW�RI�WKH�ILUVW�QHXURORJLFDO�

V\PSWRP�� ,Q� WKH� IRUPHU� DQDO\VLV�� D� ORJ�UDQN� WHVW� KLJKOLJKWHG� D� VLJQLILFDQW�

DVVRFLDWLRQ� RI� JHQRW\SH� ZLWK� ERWK� SULRQ� VWUDLQV�� 3RVW�KRF� H[SORUDWLRQ�

GHPRQVWUDWHG�D�FRPPRQ����GD\� LQFUHDVH� LQ� VXUYLYDO� WLPH�ZLWK�ERWK�VWUDLQV� LQ�

NQRFNRXW�DQLPDOV� UHODWLYH� WR�ZLOGW\SH�FRQWUROV� �DOEHLW�QRW�VLJQLILFDQW� IRU�50/� LQ�

NQRFNRXW�DQLPDOV�DORQH���DQG�ZLWK�50/� LQ�KHPL]\JRXV�DQLPDOV��+RZHYHU�ZLWK�

ODUJH� QXPEHUV� RI� FHQVRUHG� DQLPDOV� LQ� WKLV� VWXG\�� ZKR� ZHUH� FXOOHG� SULRU� WR�

GHILQLWLYH�VFUDSLH�GLDJQRVLV�GXH�WR�SXWDWLYH�XQFODVVLILHG�SULRQ�UHODWHG�V\PSWRPV��

WKH�VWDWLVWLFDO�SRZHU�ZDV�UHGXFHG��7KHUHIRUH�D�VHFRQGDU\�DQDO\VLV�ZDV�SHUIRUPHG�

RI� GLVHDVH�IUHH� VXUYLYDO� WLPH� DQG�� DOWKRXJK� WKLV� GLG� LQFUHDVH� WKH� VWDWLVWLFDO�
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VLJQLILFDQFH�RI� WKH�DVVRFLDWLRQ�RI�6W[��NQRFNRXW�ZLWK� LQFXEDWLRQ� WLPH� IROORZLQJ�

0(�� LQRFXODWLRQ� GXH� WR� LQFUHDVHG� GDWD� SRLQWV�� WKHUH� ZDV� QR� VLJQLILFDQW�

DVVRFLDWLRQ�ZLWK�JHQRW\SH�DQG�LQFXEDWLRQ�WLPH�LQ�50/�LQRFXODWHG�DQLPDOV�LQ�WKLV�

DQDO\VLV��7KH�FOLQLFDO�GLDJQRVLV�RI�VFUDSLH� LQ�PLFH� LV�QRZ�YHU\�ZHOO�HVWDEOLVKHG�

DQG��DIWHU�WKH�DIRUHPHQWLRQHG�ILUVW�VLJQV�RI�QHXURORJLFDO�G\VIXQFWLRQ�KDYH�EHHQ�

QRWHG��PLFH�DUH�PRQLWRUHG�YHU\�FORVHO\�WR�JXDUDQWHH�WKDW�VXUYLYLQJ�PLFH�DGKHUH�

WR� LPSRUWDQW� DQLPDO� ZHOIDUH� JXLGHOLQHV� ZLWK� KLJK� OHYHOV� RI� WUDLQLQJ� WR� HQVXUH�

VXIIHULQJ�LV�QRW�SURORQJHG�XQQHFHVVDULO\��+RZHYHU��WKH�LGHQWLILFDWLRQ�RI�WKHVH�ILUVW�

PRUH�VXEWOH�VLJQV�RI�SULRQ�GLVHDVH�LV�VRPHZKDW�PRUH�VXEMHFWLYH�DQG�OHVV�FORVHO\�

PRQLWRUHG�� 7KHUHIRUH�� XVLQJ� WKH� RQVHW� RI� WKH� ILUVW� QHXURORJLFDO� VLJQ� DV� DQ�

H[SHULPHQWDO�HQG�SRLQW�LV�RIWHQ�VXEMHFW�WR�PRUH�YDULDELOLW\�DQG�ELDV��OLNHO\�OHDGLQJ�

WR� WKH� GLIIHUHQFHV� REVHUYHG� LQ� WKHVH� DQDO\VHV� IRU� 50/� LQRFXODWHG� DQLPDOV��

1RQHWKHOHVV�WKH�FRPPRQ�DW�OHDVW�QRPLQDO�LQFUHDVH�LQ�PHGLDQ�SULRQ�LQFXEDWLRQ�

WLPH� LQ� NQRFNRXW� PLFH� PHDVXUHG� E\� ERWK� SDUDPHWHUV�� UHSOLFDWHG� LQ� WZR�

LQGHSHQGHQW� VWXGLHV� ZLWK� GLVWLQFW� SULRQ� VWUDLQV�� VXSSRUWV� D� FRPPRQ� UROH� RI�

V\QWD[LQ���LQ�SULRQ�GLVHDVH��

7KH�GLIIHUHQWLDO�UHVXOW�RI�KHPL]\JRXV�6W[��H[SUHVVLRQ�RQ�WKH�WZR�GLIIHUHQW�SULRQ�

VWUDLQV�WHVWHG��ZLWK�D�VLJQLILFDQW�LQFUHDVH�LQ�SULRQ�LQFXEDWLRQ�WLPH��PHDVXUHG�DV�

VXUYLYDO� WLPH�� IROORZLQJ� LQRFXODWLRQ�ZLWK�50/� EXW� D�PRGHVW� UHGXFWLRQ� LQ�0(��

LQRFXODWHG�DQLPDOV��FRXOG�EH�GXH�WR�D�VWRFKDVWLF�UHODWLRQVKLS�RI�KHPL]\JRXV�JHQH�

H[SUHVVLRQ�ZLWK�SULRQ�LQFXEDWLRQ�WLPH�GULYHQ�E\�H[SHULPHQWDO�YDULDWLRQ�RU�WKURXJK�

UHPDLQLQJ�XQFHUWDLQW\� LQ�VWDWLVWLFDO�DQDO\VHV��KRZHYHU�WKLV�PD\�DOVR�KLJKOLJKW�D�

SRWHQWLDO�VWUDLQ�WURSLVP�LQ�WKLV�UHODWLRQVKLS��3ULRQ�VWUDLQV�DUH�KLJKO\�GLYHUVH�LQ�WKHLU�

ELRFKHPLFDO��QHXURSDWKRORJLFDO�DQG�HSLGHPLRORJLFDO�SURSHUWLHV��VWUDLQV�GLVFXVVHG�

SUHYLRXVO\�LQ�VHFWLRQ���������$OWKRXJK�ERWK�50/�DQG�0(��RULJLQDWH�IURP�VFUDSLH�

SULRQV�DQG�DUH�KLJKO\�HIILFLHQW�LQ�LQGXFLQJ�SULRQ�GLVHDVH�LQ�PLFH��GLIIHUHQWLDO�VXE�

SDVVDJLQJ�KDV�UHVXOWHG�LQ�VWUDLQ�DGDSWDWLRQ�DQG�WZR�FOHDUO\�GLIIHUHQW�VWUDLQV��DV�

HYLGHQFHG�E\�WKH�GLVWLQFW�QHXURSDWKRORJ\��IRU�H[DPSOH�VKRZQ�LQ�)LJXUH�����DQG�

LQFXEDWLRQ� WLPHV� �)LJXUH� ���� DV� ZHOO� DV� WKHLU� GLYHUVH� JO\FRIRUP� UDWLRV� DQG�

ELRFKHPLFDO�SURSHUWLHV��7KDFNUD\��+RSNLQV��.OHLQ��	�%XMGRVR���������7KHUHIRUH�LW�

LV�OLNHO\�WKHVH�VWUDLQV�DUH�GLIIHUHQWLDOO\�SURFHVVHG�ZLWKLQ�FHOOV�DQG�WLVVXHV��VXFK�DV�

WKURXJK� YDU\LQJ� LQWHUDFWLRQV� RI� WKHVH� VWUDLQV� ZLWK� FRPSRQHQWV� RI� WUDIILFNLQJ�

PDFKLQHU\��)RU�H[DPSOH��LQYHVWLJDWLRQ�RI�WKH�URXWHV�RI�HQGRF\WLF�SULRQ�XSWDNH�DQG�
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LQIHFWLRQ�ZDV�UHFHQWO\�VKRZQ�WR�EH�GLIIHUHQWLDOO\�H[SORLWHG�E\�WZR�GLIIHUHQW�SULRQ�

VWUDLQV� �50/� DQG� ��/�� LQ� PRXVH� ILEUREODVW� FHOOV� �)HKOLQJHU� HW� DO��� �������

)XUWKHUPRUH� GLIIHUHQW� VWUDLQV� GLVSOD\� GLIIHUHQWLDO� WLVVXH� WURSLVP�� IRU� H[DPSOH�

VXEVWDQWLDO�QHXURQDO�ORVV�LV�REVHUYHG�LQ�WKH�KLSSRFDPSXV�ZLWK�0(��EXW�QRW�50/��

ZKLFK�PD\�EH�GXH� WR� WKH�GLIIHUHQWLDO� H[SUHVVLRQ�RI� FHOOXODU� FRPSRQHQWV�ZLWKLQ�

GLVWLQFW�EUDLQ� UHJLRQV�DQG�FHOO� W\SHV��7KHUHIRUH� LW� LV�SRVVLEOH� WKDW�50/� LV�PRUH�

UHOLDQW�RQ�V\QWD[LQ���IXQFWLRQ�IRU�HIILFLHQW�LQIHFWLRQ�RU�GLVHDVH�WKDQ�0(���GXH�WR�

PRGHVW�GLIIHUHQFHV�LQ�WKH�FHOOXODU�SURFHVVLQJ�RI�WKHVH�VWUDLQV��7R�FRQILUP�WKDW�WKH�

GLIIHUHQWLDO� UHODWLRQVKLS� RI� HDFK� VWUDLQ� ZLWK� 6W[�� JHQRW\SH� LV� OHJLWLPDWH�� WKHVH�

H[SHULPHQWV�LQ�KHPL]\JRXV�DQLPDOV�ZRXOG�QHHG�WR�EH�UHSOLFDWHG��

*HQHUDWLRQ�RI�NQRFNRXW�DQLPDOV�LV�URXWLQHO\�XVHG�WR�H[SORUH�JHQH�IXQFWLRQ�LQ�ERWK�

KHDOWK�DQG�GLVHDVH��$V�SUHYLRXVO\�GHVFULEHG��VHH�VHFWLRQ��������NQRFNRXW�PLFH�

KDYH�EHHQ�XVHG�WR�H[SORUH�WKH�UROH�RI�PDQ\�JHQHV�LQ�SULRQ�GLVHDVHV��URXWLQHO\�

HPSOR\LQJ� WKH�VDPH�H[SHULPHQWDO� GHVLJQ�DV� WKH�FXUUHQW� VWXG\� �L�H��PHDVXULQJ�

GLIIHUHQFHV� LQ� LQFXEDWLRQ� WLPH� IROORZLQJ� LQRFXODWLRQ� ZLWK� PRXVH�DGDSWHG� SULRQ�

VWUDLQV��� 7\SLFDOO\� LQ� WKHVH� VWXGLHV�� WKH� GLIIHUHQFH� LQ� LQFXEDWLRQ� WLPH� UHFRUGHG�

UDQJHV� IURP� ������� $OWKRXJK� WKH� HIIHFWV� REVHUYHG� LQ� WKH� FXUUHQW� VWXG\� DUH�

WRZDUGV�WKH�PRUH�PRGHVW�HQG�RI�WKLV�UDQJH���������WKLV�LV�QRW�XQH[SHFWHG�GXH�WR�

WKH�ORZ�HIIHFW�VL]H�RI�WKLV�JHQH�LQ�WKH�V&-'�*:$6��ZLWK�SUHVHQFH�RI�DVVRFLDWHG�

DOOHOHV�RQO\�LQFUHDVLQJ�WKH�RGGV�RI�GLVHDVH�E\�a�����VHH�FKDSWHU����VHFWLRQ��������

7DEOH����� �5REXVW�HYLGHQFH�DVVRFLDWHV� WKHVH�67;�� ULVN�DOOHOHV�ZLWK� LQFUHDVHG�

JHQH�H[SUHVVLRQ� LQ�PXOWLSOH� UHOHYDQW� EUDLQ� UHJLRQV� �VHH� VHFWLRQ� ������� OHQGLQJ�

LWVHOI�WR�WKH�K\SRWKHVLV�WKDW�UHGXFHG�6W[��H[SUHVVLRQ�ZRXOG�EH�SURWHFWLYH�DJDLQVW�

WKH�GLVHDVH��WKH�H[WHQGHG�LQFXEDWLRQ�WLPH�LQ�NQRFNRXW�PLFH�VXSSRUWV�WKLV�GLUHFWLRQ�

RI�HIIHFW��DV�ZHOO�DV�LQGLFDWLQJ�WKH�VDPH�PHFKDQLVP�LV�SUHVHQW�LQ�DFTXLUHG�SULRQ�

GLVHDVH�LQ�PLFH�DQG�V&-'�LQ�KXPDQV��,Q�WKLV�UHSRUW�QR�GLIIHUHQFH�LQ�V\QWD[LQ���

H[SUHVVLRQ�ZDV�IRXQG�LQ�SDWLHQWV�ZLWK�V&-'�UHODWLYH�WR�FRQWUROV�DFURVV�D�UDQJH�RI�

67;���UV���������DQG�3513��FRGRQ������UV���������JHQRW\SHV��VXJJHVWLQJ�D�

XQLODWHUDO� GLUHFWLRQ� RI� HIIHFW�ZLWK�67;�� H[SUHVVLRQ� QRW� URXWLQHO\�PRGLILHG� DV� D�

UHVXOW� RI� GLVHDVH�� KRZHYHU� WKLV� ZDUUDQWV� IXUWKHU� H[SORUDWLRQ� GXH� WR� WHFKQLFDO�

GLIILFXOWLHV�ZLWK�VRXUFLQJ�DSSURSULDWH�UHIHUHQFH�JHQHV��HVSHFLDOO\�GLIILFXOW�DW� WKH�

HQG�VWDJH�RI�WKH�GLVHDVH�GXH�WR�ZLGHVSUHDG�QHXURSDWKRORJ\�DQG�UHVXOWDQW�JHQH�

H[SUHVVLRQ� DOWHUDWLRQV�� DQG� WKH� ODFN� RI� VHQVLWLYLW\� RI� LPPXQRKLVWRORJ\� IRU�
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PHDVXULQJ�SURWHLQ�H[SUHVVLRQ��,PSRUWDQWO\��KRZHYHU��GLVHDVH�GRHV�QRW�DSSHDU�WR�

SHUWXUE�V\QWD[LQ���ORFDOLVDWLRQ�LQ�WKH�EUDLQ���

7KH�HYLGHQFH�GHVFULEHG�KHUH�IRU�D�SURWHFWLYH�HIIHFW�RI�UHGXFHG�6W[��H[SUHVVLRQ�

OHQGV� VXSSRUW� WR� LWV� SXWDWLYH� XVH� DV� D� WKHUDSHXWLF� WDUJHW� LQ� SULRQ� GLVHDVHV��

DOWKRXJK�D�GLUHFW�FRPSDULVRQ�WR�KXPDQ�GLVHDVH�FDQQRW�EH�PDGH�IURP�WKH�FXUUHQW�

VWXG\��DQG�LW�LV�QRW�NQRZQ�ZKHQ�GLVHDVH�LV�LQLWLDWHG�LQ�KXPDQV��DQ����SURORQJHG�

LQFXEDWLRQ� WLPH�ZRXOG� OLNHO\� EH� VLJQLILFDQW� IRU� SDWLHQWV��7R� WKLV� HIIHFW� LW�ZDV�RI�

LQWHUHVW�WR�LQYHVWLJDWH�ZKHWKHU�SHUWXUELQJ�JHQH�IXQFWLRQ�ZRXOG�EH�GHWULPHQWDO�WR�

JHQHUDO� DQLPDO� KHDOWK�� +LVWRORJLFDO� DQDO\VLV� RI� EUDLQ� WLVVXH� PRUSKRORJ\� DQG�

LQIODPPDWLRQ�GLG�QRW�KLJKOLJKW�DQ\�JURVV�QHXURORJLFDO�GHIHFWV�DVVRFLDWHG�ZLWK�6W[��

NQRFNRXW�� QRU� GLG� WKLV� DORQH� OHDG� WR� DEQRUPDO� 3U3� GHSRVLWLRQ�� 3UHOLPLQDU\�

DVVHVVPHQW�RI�JHQHUDO�ZHOOEHLQJ�EHKDYLRXUV�LQ�WKHVH�DQLPDOV�KLJKOLJKWHG�VRPH�

GHILFLHQFLHV�UHODWLYH�WR�ZLOGW\SH�FRQWUROV��KRZHYHU�WKH�UHSHDWHG�VKRUWFRPLQJV�RI�

WKHVH� DQLPDOV� PRUH� OLNHO\� UHIOHFWV� D� GLIIHUHQFH� LQ� JHQHUDO� DFWLYLW\� WKDQ� D�

QHXURORJLFDO�GHIHFW��HVSHFLDOO\�DV�6W[��QXOO�PLFH�KDG�DQ�LQFUHDVHG�ERG\�ZHLJKW�

FRPSDUHG�WR�ERWK�KHPL]\JRXV�DQG�ZLOGW\SH�DQLPDOV��

7KH�LQFUHDVH�LQ�ERG\�PDVV�LQ�6W[��NQRFNRXW�PLFH�ZDV�VKRZQ�WR�EH�DVVRFLDWHG�

ZLWK�D�ODUJHU�SURSRUWLRQ�RI�VXEFXWDQHRXV�:$7��3XEOLFDWLRQV�E\�RWKHU�UHVHDUFKHUV�

IURP�FHOO� FXOWXUH� H[SHULPHQWV� KDV� UREXVWO\� DVVRFLDWHG� V\QWD[LQ��� IXQFWLRQ�ZLWK�

*/87��WUDQVSRUW�WR�WKH�SODVPD�PHPEUDQH�LQ�ERWK�DGLSRF\WHV�DQG�PXVFOH�FHOOV�

�)ROH\�	�.OLS��������+DWDNH\DPD�	�.DQ]DNL��������.XPXGX�HW�DO���������0LQDPL��

<RNRWD�� 	� .DZDKDUD�� ������ :DWVRQ� HW� DO��� ������� ,Q� WKHVH� H[SHULPHQWV��

NQRFNGRZQ�RU�IXQFWLRQDO�LQKLELWLRQ�RI�V\QWD[LQ���UHVXOWV�LQ�DQ�LQFUHDVH�LQ�VXUIDFH�

*/87�� H[SUHVVLRQ� DW� EDVDO� OHYHOV�� EXW� D� UHGXFWLRQ� LQ� WKH� LQVXOLQ�UHVSRQVLYH�

WUDQVORFDWLRQ�DQG�XSWDNH�UHVSRQVH�LQWR�FHOOV��)ROH\�	�.OLS��������.XPXGX�HW�DO���

�������,W�LV�SRVVLEOH�WKHUHIRUH�WKDW�WKH�LQFUHDVHG�DGLSRVH�PDVV�LQ�6W[��NQRFNRXW�

PLFH�LV�WKH�UHVXOW�RI�D�ORQJ�WHUP�LQFUHDVH�LQ�JOXFRVH�XSWDNH��OHDGLQJ�WR�LQFUHDVHG�

IDW� VWRUDJH� LQ� DGLSRF\WHV�� 7KLV� PD\� DOVR� H[SODLQ� WKH� REVHUYHG� GHFUHDVH� LQ�

FLUFXODWLQJ� JOXFRVH� \HW� LPSDLUHG� LQVXOLQ�UHVSRQVLYH� JOXFRVH� XSWDNH�� 3HULSKHUDO�

WLVVXHV� LQFOXGLQJ� DGLSRVH�� OLYHU� DQG� PXVFOH� WLVVXH� ZHUH� VDPSOHG� GXULQJ� WKH�

FXUUHQW�H[SHULPHQW�DQG� IXWXUH�KLVWRORJLFDO�H[DPLQDWLRQ�RI� WKHVH� WLVVXHV� L�H�� IRU�

K\SHUWURSK\�DQG�RU�K\SHUSODVLD�ZLOO�VKHG�PRUH�OLJKW�RQ�WKH�H[WHQW�RI�IDW�VWRUDJH�

GHIHFWV� LQ� WKHVH� DQLPDOV�� $� SXWDWLYH� UROH� RI� V\QWD[LQ��� LQ� LQVXOLQ� V\QWKHVLV� LQ�
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SDQFUHDWLF�ȕ�FHOOV�PD\�DOVR�FRQWULEXWH� WR� WKLV�SHUWXUEDWLRQ�EXW� WKLV� LV� OHVV�ZHOO�

HVWDEOLVKHG��.XOLDZDW�HW�DO����������6\QWD[LQ���KDV�DOVR�EHHQ�VKRZQ�WR�PRGLI\�WKH�

WUDQVSRUW�RI�FKROHVWHURO�EHWZHHQ�VXEFHOOXODU�FRPSDUWPHQWV�LQ�YDULRXV�FHOO�OLQHV��

KRZHYHU� KRZ� WKLV� ZRXOG� UHVXOW� LQ� GLIIHUHQWLDO� XSWDNH� IURP� WKH� EORRGVWUHDP� LV�

XQFOHDU� �&KRXGKXU\� HW� DO��� ������ 5RJHUV� HW� DO��� ������ 8UDQR� HW� DO��� �������

1RQHWKHOHVV�WKLV�PD\�KDYH�OHG�WR�WKH�LQFUHDVHG�FLUFXODWLQJ�FKROHVWHURO�REVHUYHG�

LQ�WKHVH�PLFH��,QWHUHVWLQJO\�VLPLODU�LPSDLUHG�JOXFRVH�UHVSRQVH�DQG�LQFUHDVHG�IDW�

VWRUDJH� LQ� DGLSRVH� DQG� OLYHU� WLVVXH� KDV� EHHQ� GHVFULEHG� LQ� 3UQS� QXOO� PLFH�

SRWHQWLDOO\�KLJKOLJKWLQJ�D�FRPPRQ�PHFKDQLVP��GH�%ULWR�HW�DO����������5HJDUGOHVV��

KRZHYHU��NQRFNRXW�RI�V\QWD[LQ���GRHV�QRW�DSSHDU�GHWULPHQWDO�WR�DQLPDO�VXUYLYDO�

DV�DOO�DQLPDOV�ZHUH�IHUWLOH�DQG�YLDEOH��DW�OHDVW�XQWLO�ODWH�DGXOWKRRG���$GGLWLRQDOO\��

QR�SK\VLRORJLFDO�DEQRUPDOLWLHV�ZHUH�GHVFULEHG�LQ�KHPL]\JRXV�DQLPDOV�VXJJHVWLQJ�

WKLV� SHUWXUEDWLRQ� LV� VSHFLILF� WR� FRPSOHWH� JHQH� NQRFNRXW�� XQOLNHO\� WR� UHIOHFW�

WKHUDSHXWLF� LQKLELWLRQ� RI� WKLV� SURWHLQ�� )XWXUH� VWXGLHV� VKRXOG� QRZ� IRFXV� RQ�

LQYHVWLJDWLQJ�ZKHWKHU�LQKLELWLQJ�V\QWD[LQ���IXQFWLRQ�DW�D�ODWHU�VWDJH�RI�WKH�GLVHDVH��

IRU�H[DPSOH�WKURXJK�JHQHUDWLRQ�RI�FRQGLWLRQDO�6W[��NQRFNRXW�PLFH��LV�VXIILFLHQW�WR�

SURORQJ�GLVHDVH�LQFXEDWLRQ�WLPH�WR�EHWWHU�UHSUHVHQW�WKHUDSHXWLF�WUHDWPHQW���

'HPRQVWUDWLRQ�WKDW�PRGLILHG�6W[��H[SUHVVLRQ�DOWHUV�SULRQ�GLVHDVH�SURJUHVVLRQ�LQ�

DQ�DQLPDO�PRGHO�VXSSRUWV�WKLV�JHQH�DV�FDXVDO�QRW�RQO\�IRU�V&-'�SXW�SRWHQWLDOO\�

RWKHU� SULRQ� GLVHDVHV� LQFOXGLQJ� DFTXLUHG� IRUPV�� DV�ZHOO� DV� SURYLGHV� D� SXWDWLYH�

WKHUDSHXWLF�WDUJHW��SDWKZD\�DQG�PRGHO�IRU�IXWXUH�UHVHDUFK��0HDVXULQJ�DQ�HIIHFW�

RI�JURVV�SHUWXUEDWLRQ�RI�V\QWD[LQ��� IXQFWLRQ� LQ�YLYR�SURYLGHV�GLUHFWLRQ� IRU�PRUH�

UHVWULFWHG� LQYHVWLJDWLRQV� LQ� YLWUR�� LQ� FHOO� FXOWXUH�PRGHOV� DQG� LQ� KXPDQ� WLVVXHV��

UHTXLUHG�WR�HOXFLGDWH�WKH�SUHFLVH�PROHFXODU�PHFKDQLVP�RI�V\QWD[LQ���IXQFWLRQ�LQ�

SULRQ�GLVHDVHV���

�� �
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���&RQFOXVLRQV�DQG�IXWXUH�GLUHFWLRQV�
�����&RQFOXVLRQV�

7KH�FXUUHQW�WKHVLV�KDV�GHVFULEHG�WKH�UHSOLFDWHG�LGHQWLILFDWLRQ�RI�WZR�QRYHO�QRQ�

3513�JHQHV�DVVRFLDWHG�ZLWK�V&-'�ULVN��67;��DQG�*$/�67���DQG�VXEVHTXHQW�

H[SORUDWLRQ�RI�WKH�UROH�RI�67;��LQ�SULRQ�GLVHDVHV�LQ�YLWUR�DQG�LQ�YLYR��

$FTXLVLWLRQ�RI�WKH�ODUJHVW�FROOHFWLRQ�RI�V&-'�SDWLHQW�'1$�WR�GDWH�WKURXJK�D�YDVW�

LQWHUQDWLRQDO� FROODERUDWLRQ� DOORZHG� IRU� WKH� ILUVW� *:$6� VXIILFLHQWO\� SRZHUHG� WR�

GHWHFW�JHQHWLF�ULVN�IDFWRUV�IRU�WKH�GLVHDVH�ZLWK�ORZHU�HIIHFW�VL]HV�WKDQ�3513��7KLV�

WKHVLV�GHVFULEHG�WKH�IROORZ�XS�RI�WKLV�GLVFRYHU\�VWXG\��ZLWK�FULWLFDO�UHSOLFDWLRQ�RI�

SXWDWLYH�ORFL�LQ�DQ�LQGHSHQGHQW�FRKRUW�RI�V&-'�SDWLHQWV��VHFXULQJ�WKHVH�YDULDQWV�

DV�DVVRFLDWHG�ZLWK�GLVHDVH�ULVN��&RPSXWDWLRQDO�ILQH�PDSSLQJ�DQG�LQWHJUDWLRQ�RI�

IXQFWLRQDO�GDWDVHWV�VKRZHG�WKDW�67;��DQG�*$/�67��DUH�WKH�PRVW�OLNHO\�FDXVDO�

JHQHV�GULYLQJ�WKLV�DVVRFLDWLRQ��KLJKOLJKWLQJ�D�UREXVW�LQFUHDVH�LQ�67;��H[SUHVVLRQ�

LQ� PXOWLSOH� UHOHYDQW� EUDLQ� UHJLRQV� LQFOXGLQJ� WKH� SXWDPHQ� DQG� FDXGDWH� DV� D�

IXQFWLRQDO�FRQVHTXHQFH�RI�WKH�ULVN�DVVRFLDWHG�KDSORW\SH��SURYLGLQJ�D�OLNHO\�FDXVDO�

PHFKDQLVP�GULYLQJ�WKH�DVVRFLDWLRQ�RI�WKLV�JHQH��

,Q�RUGHU�WR�WU\�WR�XQGHUVWDQG�WKH�PROHFXODU�EDVLV�XQGHUO\LQJ�WKH�LQFUHDVHG�ULVN�RI�

V&-'�ZLWK�KLJKHU�H[SUHVVLRQ�RI�67;���DV�ZHOO�DV� WR�VHFXUH� WKLV�DV� WKH�FDXVDO�

JHQH�DQG�PHFKDQLVP�LQ�ELRORJLFDO�V\VWHPV��ERWK�LQ�YLWUR�DQG�LQ�YLYR�PRGHOV�RI�

JHQH�IXQFWLRQ�ZHUH�GHYHORSHG��)LUVWO\��FXOWXUHG�FHOOV�ZHUH�XWLOLVHG�WR�PRGHO�WKH�

UROH�RI� V\QWD[LQ��� LQ�SULRQ�GLVHDVHV��3ULPDULO\�D� VXE�FORQH�RI� WKH� LPPRUWDOLVHG�

PXULQH�QHXUREODVWRPD�OLQH�1�D��WHUPHG�3.���DEOH�WR�UHOLDEO\�SURSDJDWH�PRXVH�

DGDSWHG�SULRQ�VWUDLQV�ZLWK�D�KLJK�HIILFLHQF\�ZDV�H[SORUHG��.QRFNGRZQ�RI�67;��

H[SUHVVLRQ�LQ�WKLV�OLQH�KRZHYHU�GLG�QRW�UHOLDEO\�PRGLI\�WKHLU�DELOLW\�WR�EH�LQIHFWHG�

RU�SURSDJDWH�SULRQV�LQ�FXOWXUH��RU�GHPRQVWUDWH�DQ\�FDSDFLW\�WR�³FXUH´�WKHVH�FHOOV�

RI� LQIHFWLRQ��)XUWKHUPRUH��GHVSLWH� WKH�ZHOO�HVWDEOLVKHG�IXQFWLRQ�RI�V\QWD[LQ��� LQ�

LQWUDFHOOXODU�SURWHLQ�WUDIILFNLQJ��WKHUH�ZDV�QR�JURVV�HIIHFW�RI�JHQH�NQRFNGRZQ�RQ�

WKH� VWHDG\�VWDWH� ORFDOLVDWLRQ� RI� HLWKHU� 3U3&� RU� SULRQ� DJJUHJDWHV� LQ� WKLV� OLQH��

$OWKRXJK� LQYHVWLJDWLRQ� LQ� WKLV� PRGHO� ZDV� QRW� DEOH� WR� HOXFLGDWH� D� IXQFWLRQDO�

PHFKDQLVP� RI� V\QWD[LQ��� LQ� SULRQ� GLVHDVH�� WKHUH� DUH� FOHDU� OLPLWDWLRQV� WR�

SHUIRUPLQJ�KXPDQ�IXQFWLRQDO�JHQHWLFV�VWXGLHV� LQ� LPPRUWDOLVHG�PRXVH�FHOO� OLQHV�
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DQG�VLPSOLILHG�XQLIRUP�FXOWXUHV��ZKLFK�PD\�HTXDWH�WR�DEVHQFH�RI�UHOHYDQW�FHOOXODU�

SURFHVVHV���

%HFDXVH� WKH� UROH�RI�67;��ZDV� LGHQWLILHG� LQ�D�KXPDQ�VWXG\�DQG� WKH� ODFN�RI�DQ�

HIIHFW�RI�NQRFNGRZQ�LQ�PXULQH�FHOO�OLQHV��ZRUN�WKHQ�WXUQHG�WR�GHYHORSLQJ�D�PRUH�

UHOHYDQW�FHOO�PRGHO�IRU�WKH�GLVHDVH��3URSDJDWLRQ�RI�KXPDQ�SULRQV�LQ�FXOWXUH�KDV�

QRW�SURYHG�DQ�HDV\� WDVN��KRZHYHU� UHFHQW�SXEOLFDWLRQV�KDYH�GHPRQVWUDWHG� WKDW�

L36�GHULYHG�FHOO�OLQHV�PD\�EH�DEOH�WR�VHHG�DJJUHJDWLRQ�RI�KXPDQ�SULRQ�VWUDLQV��

LQFOXGLQJ�V&-'��*URYHPDQ�HW�DO���������.UHMFLRYD�HW�DO����������7KHUHIRUH��LQ�RUGHU�

WR�GHWHUPLQH�WKH�IXQFWLRQ�RI�V\QWD[LQ��� LQ� WKH�SURSDJDWLRQ�RI�KXPDQ�SULRQV��DV�

ZHOO�DV�WR�XWLOLVH�D�PRUH�SK\VLRORJLFDOO\�UHOHYDQW�FHOO�W\SH�WR�WKH�GLVHDVH��&5,635�

ZDV�DSSOLHG�WR�JHQHUDWH�LVRJHQLF�L36�FHOO�OLQHV�IRU�67;��NQRFNRXW��'LIIHUHQWLDWLRQ�

RI�WKHVH�OLQHV�LQWR�FRUWLFDO�QHXURQV�FRQILUPHG�WKH�IHDVLELOLW\�RI�JHQHUDWLQJ�UHOHYDQW�

QHXURQDO�FHOO�W\SHV��HQDEOLQJ�IXWXUH�PHFKDQLVWLF�VWXGLHV�LQ�WKLV�OLQH�DQG�KRSHIXOO\�

SURYLGLQJ� UHVHDUFKHUV� ZLWK� D� WRRO� WR� FODULI\� WKH� FHOOXODU� UHODWLRQVKLS� EHWZHHQ�

V\QWD[LQ���DQG�KXPDQ�SULRQV��GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ����

$OWKRXJK�LQ�YLWUR�DQG�WLVVXH�FXOWXUH�V\VWHPV�KDYH�FHUWDLQ�DGYDQWDJHV�LQFOXGLQJ�

WKHLU� DFFHVVLELOLW\�� IHDVLELOLW\� RI�PDQLSXODWLRQ�� UHODWLYH� ORZ� FRVW� DQG� VKRUW� WLPH�

VFDOHV�� WKHVH� V\VWHPV� DUH� PRVWO\� ODFNLQJ� WKH� FRPSOH[� LQWHUDFWLRQV� DQG�

HQYLURQPHQWV�IRXQG�LQ�ZKROH�WLVVXHV��7KHUHIRUH�WR�VXSSRUW�WKH�FHOO�FXOWXUH�VWXGLHV��

6W[��QXOO�PLFH�ZHUH�REWDLQHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�PRGLILHG�JHQH�H[SUHVVLRQ�

LQ�D�ZKROH�ELRORJLFDO�V\VWHP��,QRFXODWLRQ�RI�WKHVH�PLFH�ZLWK�WZR�PRXVH�DGDSWHG�

SULRQ� VWUDLQV� DV� D� JHQHUDO� SULRQ� GLVHDVH�PRGHO� VKRZHG� D�PRGHVW� EXW� UREXVW�

H[WHQVLRQ� LQ� LQFXEDWLRQ� WLPH� ZLWK� WKH� DEVHQFH� RI� 6W[�� H[SUHVVLRQ� UHODWLYH� WR�

FRQWUROV��VXSSRUWLQJ�WKH�SDWKRORJLFDO�UROH�RI�LQFUHDVHG�JHQH�H[SUHVVLRQ�LQ�V&-'��

,PSRUWDQWO\�WKHVH�PLFH�ZHUH�YLDEOH�DQG�QHXURORJLFDOO\�QRUPDO��ZLWK�RQO\�D�OLNHO\�

PHWDEROLF�GHIHFW�DVVRFLDWHG�ZLWK�DEHUUDQW�IDW�VWRUDJH��HQFRXUDJLQJ�LWV�YLDEOH�XVH�

DV�D�WKHUDSHXWLF�WDUJHW��:KHWKHU�WKLV�SKHQRW\SH�LV�UHOHYDQW�WR�WKH�UROH�RI�V\QWD[LQ�

��LQ�SULRQ�GLVHDVH�LV�\HW�WR�EH�GHWHUPLQHG��

)LQDOO\�� VKDUHG� JHQHWLF� DVVRFLDWLRQ� RI� 67;�� ZLWK� WDXRSDWKLHV� 363� DQG� $'�

LQGLFDWHV�D�SRWHQWLDO�FRPPRQ�ELRORJLFDO�PHFKDQLVP� LQ� WKHVH� UHODWHG�GLVHDVHV��

$OWKRXJK�SUHOLPLQDU\�LQYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�67;��H[SUHVVLRQ�RQ�WKH�³SULRQ�

OLNH´� VHHGLQJ� DFWLYLW\� RI� WDX� LQ� D� FHOO� FXOWXUH� PRGHO� GLG� QRW� VXSSRUW� D� UROH� RI�
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V\QWD[LQ���LQ�WKLV�SURFHVV��DJDLQ�WKLV�UHVWULFWHG�V\VWHP�PD\�QRW�DFFXUDWHO\�UHIOHFW�

SDWKRELRORJ\��1RQHWKHOHVV��LW�ZLOO�EH�IDVFLQDWLQJ�WR�GHWHUPLQH�ZKHWKHU�V\QWD[LQ���

SOD\V�D�FRPPRQ�UROH�LQ�WKHVH�UHODWHG�QHXURGHJHQHUDWLYH�GLVHDVHV�DQG�ZKHWKHU�

WKLV�UHIOHFWV�WKH�VDPH�FHOOXODU�PHFKDQLVP���

7KH�LGHQWLILFDWLRQ�RI�DGGLWLRQDO�JHQHWLF�PRGLILHUV�IRU�V&-'�KDV�KLJKOLJKWHG�SXWDWLYH�

QHZ� FDXVDO� SDWKZD\V� WKDW� ZHUH� QRW� SUHYLRXVO\� DSSUHFLDWHG�� :LWKRXW� DQ�

XQGHUVWDQGLQJ�RI� WKH�ELRORJLFDO�PHFKDQLVP�KRZHYHU�� WKH�DSSOLFDELOLW\� RI� WKHVH�

GLVFRYHULHV� LV� OLPLWHG�� HVSHFLDOO\� GXH� WR� FRPSOH[LWLHV� ZLWK� SLQSRLQWLQJ� FDXVDO�

JHQHV� LQ�*:$6� VWXGLHV��'HPRQVWUDWLRQ� WKDW� WKH� VDPH� K\SRWKHVLVHG� HIIHFW� LQ�

KXPDQV�LV�UHIOHFWHG�LQ�D�PRGHO�V\VWHP�RI�WKH�GLVHDVH�UHDVVXUHV�WKDW�WKH�FRUUHFW�

FDXVDO�JHQH�ZDV�GHOLQHDWHG�DQG�� WKURXJK�DSSO\LQJ� UHOHYDQW�PRGHO� V\VWHPV�RI�

JHQH�IXQFWLRQ��ZLOO�KRSHIXOO\�H[SDQG�RXU�XQGHUVWDQGLQJ�RI�WKH�PLVVLQJ�DHWLRORJLFDO�

PHFKDQLVPV� LQ� V&-'�� SULRQ� GLVHDVHV� DQG� RWKHU� QHXURGHJHQHUDWLYH� GLVHDVHV��

PRYLQJ�XV�RQH�VWHS�FORVHU�WR�D�FXUH�IRU�WKHVH�LQYDULDEO\�IDWDO�GLVRUGHUV��

�����)XWXUH�GLUHFWLRQV�

:RUN�LQ�WKLV�WKHVLV�ZDV�XQDEOH�WR�GHOLQHDWH�D�PHFKDQLVWLF�UROH�RI�V\QWD[LQ��� LQ�

SULRQ� GLVHDVHV� KRZHYHU�� HVSHFLDOO\� GXH� WR� WKH� SURPLVFXLW\� RI� IXQFWLRQV� RI� WKLV�

61$5(� SURWHLQ� GHVFULEHG� LQ� FHOOV� �VHH� VHFWLRQ� �������� WKHUH� DUH� PDQ\� PRUH�

IHDVLEOH�K\SRWKHVHV�RQH�FRXOG�SURSRVH�IRU�KRZ�WKLV�JHQH�LQFUHDVHV�ULVN�RI�V&-'��

,PSRUWDQWO\�� DOWKRXJK� WKH� SURSDJDWLRQ� DQG� VHHGHG� DJJUHJDWLRQ� RI� WKH� SULRQ�

SURWHLQ�ZDV�SULPDULO\�H[SORUHG�LQ�WKLV�ZRUN�DQG�LV�FHUWDLQO\�D�NH\�PHFKDQLVP�IRU�

GLVHDVH� SURJUHVVLRQ�� WKHUH� DUH� PDQ\� RWKHU� LQGHSHQGHQW� SURFHVVHV� GULYLQJ�

GLVHDVH� LQ�KXPDQV� LQFOXGLQJ�D�GLVWLQFW�QHXURWR[LF�SDWKZD\��DV�ZHOO�DV�D� OLNHO\�

LQGHSHQGHQW� SURFHVV� ZKLFK� OHDGV� WR� IRUPDWLRQ� RI� WKH� ILUVW� LQIHFWLRXV� SULRQ� LQ�

VSRUDGLF� GLVHDVH��$� OLVW� RI� SRWHQWLDO� GLVHDVH� SURFHVVHV� DIIHFWHG� E\� V\QWD[LQ���

IXQFWLRQ�� D� SURSRVHG� ELRORJLFDO� PHFKDQLVP� IRU� WKLV� DQG� KRZ� WKHVH� FRXOG� EH�

H[SHULPHQWDOO\�WHVWHG�DUH�OLVWHG�LQ�WKH�IROORZLQJ�WDEOH��7DEOH������2I�QRWH��GXH�WR�

WKH�FRPSOH[LWLHV�RI�WKH�QHWZRUN�WKDW�FRPSULVHV�LQWUDFHOOXODU�SURWHLQ�WUDQVSRUW�DV�

ZHOO�DV�SURWHLQ�DJJUHJDWLRQ�� WKH�VSHFLILF� FRQVHTXHQFH�RI� LQFUHDVHG�V\QWD[LQ���

H[SUHVVLRQ�LV�QRW�LPPHGLDWHO\�HYLGHQW��WKLV�PD\�QRW�VLPSO\�LQFUHDVH�DFWLYLW\�RI�D�

SDWKZD\��IRU�H[DPSOH�WKH�K\SRWKHWLFDO�LQFUHDVH�LQ�YHVLFOH�UHFUXLWPHQW�WR�WKH�7*1�

E\�UHWURJUDGH�WUDQVSRUW�ZLWK�KLJKHU�FRQFHQWUDWLRQV�RI�V\QWD[LQ����PD\�DOVR�DFW�WR�
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SHUWXUE� HQGRO\VRVRPDO� WUDQVSRUW� GXH� WR� WKH�KLJKO\� LQWHUWZLQHG�QDWXUH� RI� WKHVH�

WUDQVSRUW�SDWKZD\V��)XUWKHUPRUH�61$5(�SURWHLQ�IXQFWLRQ�LV�RIWHQ�FRQWUROOHG�SRVW�

WUDQVODWLRQDOO\�� )RU� WKLV� UHDVRQ� VSHFXODWLRQ� RI� WKH� VSHFLILF� GLUHFWLRQ� RI� HIIHFW�

LQFUHDVHG�H[SUHVVLRQ�PD\�KDYH�RQ�WKHVH�IXQFWLRQV�ZDV�RPLWWHG���

$V� GLVFXVVHG� IUHTXHQWO\� LQ� WKLV� WKHVLV�� WKH� FKRLFH� RI� PRGHO� DSSOLHG� WR� WKHVH�

H[SHULPHQWV�LV�DV�LPSRUWDQW�DV�WKH�H[SHULPHQWDO�GHVLJQ�LWVHOI��,Q�SHUVRQDO�RSLQLRQ��

LQFUHDVLQJ� SK\VLRORJLFDO� UHOHYDQFH� RI� PRGHOV� LQ� KXPDQ� IXQFWLRQDO� JHQHWLFV�

VWXGLHV�LV�NH\�WR�DFFXUDWHO\�GHOLQHDWLQJ�IXQFWLRQ��DQG�VR�IRFXVVLQJ�IXWXUH�VWXGLHV�

RQ� KXPDQ� L36�GHULYHG� QHXUDO� FHOOV� ZLOO� SURYLGH� ERWK� VSHFLHV� DQG� ELRORJLFDO�

UHOHYDQFH��DV�ZHOO�DV�WKH�DELOLW\�WR�VWXG\�SURSDJDWLRQ�RI�WKH�VSHFLILF�SULRQ�GLVHDVH�

WKH�JHQH�ZDV�GLVFRYHUHG�LQ��$GGLWLRQDOO\��WKH�DELOLW\�WR�GLIIHUHQWLDWH�LQWR�D�SOHWKRUD�

RI�FHOO�W\SHV�VXFK�DV�LQ�RUJDQRLGV��ZLOO�DOORZ�VRPH�SURJUHVV�WRZDUGV�PRGHOOLQJ�

WKH�FRPSOH[�LQWHUDFWLRQV�WKDW�RFFXU�LQ�D�EUDLQ��ZKLFK�FDQ�EH�VXSSRUWHG�E\�VWXGLHV�

LQ� ZKROH� V\VWHPV� VXFK� DV�PLFH� WR� FRQILUP� WKH� ELRORJLFDO� UHOHYDQFH� LQ� FOLQLFDO�

GLVHDVH���

*HQHWLFV� KDV� SURYLGHG� FOXHV� WR� LPSRUWDQW� QHZ� SDWKZD\V�� DQG� ZLWK� FDUHIXO�

FRQVLGHUDWLRQ�RI�H[SHULPHQWDO�GHVLJQ��PRGHOV�DQG�DQDO\VLV��,�KDYH�QR�GRXEW�ZH�

ZLOO�VRRQ�EH�WKDW�QH[W�VWHS�FORVHU�WR�D�WUHDWPHQW�IRU�WKLV�IDWHIXO�GLVHDVH��
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'LVHDVH�SURFHVV� 3RWHQWLDO�ELRORJLFDO�
PHFKDQLVPV�

6XSSRUWLQJ�HYLGHQFH�IURP�
V\QWD[LQ���IXQFWLRQ� ([DPSOHV�RI�H[SHULPHQWDO�ZRUN�

6WUHQJWK�RI�
HYLGHQFH�
������

)RUPDWLRQ�RI�DQ�LQLWLDO�
SULRQ�
�
8QIRUWXQDWHO\�WKHUH�
DUH�QR�PRGHOV�DEOH�WR�
UHSOLFDWH�
VSRQWDQHRXV�V&-'�
SULRQ�IRUPDWLRQ�VR�
WKLV�PXVW�EH�LQIHUUHG�
�

7UDIILFNLQJ�RI�3U3�VSHFLHV�
WR�DJJUHJDWLRQ�SURQH�
FRPSDUWPHQWV�VXFK�DV�
DFLGLF�HQYLURQPHQWV�RU�ZLWK�
FRUUHFW�OLSLG�FRPSRVLWLRQ�
�VHFWLRQ��������

5HJXODWHV�WUDIILFNLQJ�WR�DFLGLF�/(�
DQG�O\VRVRPHV�DQG�WR�WKH�
SODVPD�PHPEUDQH��VHFWLRQV�
��������DQG����������
�
5HJXODWHV�UHPRYDO�RI�SURWHLQV�
IURP�DFLGLF�((�YLD�UHF\FOLQJ�WR�
WKH�7*1��VHFWLRQ��������

(PSOR\LQJ�PHWKRGV�WR�PRQLWRU�3U3&�
WUDIILFNLQJ�LQ�UHDO�WLPH�ZLWK�WUDQVLHQW�67;��
JHQH�PDQLSXODWLRQ��VXFK�DV�IOXRUHVFHQWO\�
WDJJHG�SURWHLQV�RU�S+�VHQVLWLYH�G\HV��ZLWK�
PDUNHUV�IRU�LQWUDFHOOXODU�FRPSDUWPHQWV�
�
6HQVLWLYH�DQDO\VLV��H�J��SURWHRPLFV��WR�
PRQLWRU�VXUIDFH��DQG�WRWDO��SURWHLQ�
H[SUHVVLRQ�ZLWK�SHUWXUEDWLRQ�RI�67;��
�ZRXOG�EH�LQWHUHVWLQJ�WR�ORRN�DW�JOREDO�
FKDQJHV��

��

'LUHFW�SURWHLQ�SURWHLQ�
LQWHUDFWLRQ�PRGLI\LQJ�
NLQHWLFV�RI�SURWHLQ�
PLVIROGLQJ��VHFWLRQ��������

3UHVHQW�ZLWKLQ�WKH�VDPH�
LQWUDFHOOXODU�YHVLFOH�PHPEUDQHV�
DV�3U3&��DOEHLW�RQ�SUHGRPLQDQWO\�
GLIIHUHQW�VLGHV���VHFWLRQV�������
DQG��������
�
,QWHUDFWLRQ�ZLWK�RWKHU�
QHXURGHJHQHUDWLRQ�DVVRFLDWHG�
SURWHLQV�LQFOXGLQJ�WDX�DQG�
/55.���VHFWLRQ����������

&R�,3�RI�3U3&�DQG�V\QWD[LQ����OLNHO\�RI�
WDJJHG�FRQVWUXFWV�GXH�WR�GLIILFXOWLHV�RI�3U3�
,3��IURP�FHOO�FXOWXUH��H�J��+H/D��DQG�
VXEVHTXHQW�GHOHWLRQ�FRQVWUXFWV�
�
)5(7�RI�IOXRUHVFHQWO\�ODEHOOHG�SURWHLQV�
ZLWKLQ�OLYLQJ�FHOOV�DQG�KLJKHU�UHVROXWLRQ�
PLFURVFRS\�
�
3XOO�GRZQ�XVLQJ�WDJJHG�3U3��H�J��
JOXWDWKLRQH�6�WUDQVIHUDVH��ZLWK�ZLOGW\SH�DQG�
6W[��QXOO�EUDLQ�KRPRJHQDWH��DQG�YLFH�
YHUVD���
�
$GGLWLRQ�RI�V\QWD[LQ���WR�LQ�YLWUR�DJJUHJDWLRQ�
DVVD\V�

��

0RGXODWLRQ�RI�
PLFURHQYLURQPHQWV�VXFK�DV�
OLSLG�UDIWV�WR�SURPRWH�SULRQ�
FRQYHUVLRQ��VHFWLRQV�
��������DQG����������

0RGXODWHV�WUDIILFNLQJ�RI�OLSLG�UDIW�
FRPSRQHQWV�DQG�FKROHVWHURO�WR�
WKH�30��WKH�FRPSRVLWLRQ�RI�ZKLFK�
DOWHUV�SULRQ�DJJUHJDWLRQ��VHFWLRQ�
���������

0RQLWRULQJ�SHUWXUEDWLRQV�LQ�3U3&�WUDIILFNLQJ�
ZLWK�YDU\LQJ�FKROHVWHURO�H[SUHVVLRQ��H�J��
%2',3<�FKROHVWHURO�DQDORJXH��DQG�
ORFDOLVDWLRQ��H�J��VPDOO�PROHFXOH�8�����$��
DQG�HIIHFW�RI�6W[��H[SUHVVLRQ�
/LSLGRPLFV�RI�'50V�LQ�WKH�SUHVHQFH�DQG�
DEVHQFH�RI�6W[��H[SUHVVLRQ�

��
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,QWUDFHOOXODU�
SURSDJDWLRQ�RI�
LQIHFWLRXV�KXPDQ�
SULRQV�
�
,Q�JHQHUDO�RWKHU�
PRGHOV�IRU�SULRQ�
SURSDJDWLRQ��VXFK�DV�
L36�GHULYHG�FHOOV�ZLWK�
KXPDQ�SULRQV��ZLOO�
KHOS�GHWHUPLQH�LI�6W[��
KDV�DQ\�UROH�LQ�
LQWUDFHOOXODU�
SURSDJDWLRQ�
�

,QFUHDVH�FR�ORFDOLVDWLRQ�
DQG�LQWHUDFWLRQ�RI�3U3&�DQG�
LQIHFWLRXV�SULRQV�RQ�WKH�FHOO�
VXUIDFH��VHFWLRQ����������

5HJXODWHV�WUDIILFNLQJ�RI�RWKHU�
*3,�DQFKRUHG�SURWHLQV�WR�WKH�
SODVPD�PHPEUDQH��VHFWLRQ�
���������

6DPH�WHFKQLTXHV�DSSOLFDEOH�DV�SUHYLRXVO\�
GHVFULEHG�ZLWK�3U3&�DORQH��ZLWK�H[RJHQRXV�
DSSOLFDWLRQ�RI�3U3�DJJUHJDWHV�WDJJHG�ZLWK�D�
GLIIHUHQW�IOXRURSKRUH�WR�GLVWLQJXLVK�SULRQV�
�LQFOXGLQJ�UHDO�WLPH�WUDIILFNLQJ��)5(7��
�
.LQHWLFV�RI�UHDO�WLPH�JHQHUDWLRQ�RI�GH�QRYR�
SULRQV�RQ�VXUIDFH�XVLQJ�WDJJHG�3U3&��DV�SHU�
�*RROG�HW�DO����������

��

,QFUHDVH�FR�ORFDOLVDWLRQ�RI�
3U3&�DQG�LQIHFWLRXV�SULRQV�
LQ�DJJUHJDWLRQ�SURQH�
LQWUDFHOOXODU�FRPSDUWPHQWV�
IRU�FRQYHUVLRQ��H�J��
PXOWLYHVLFXODU�ERG\��
UHF\FOLQJ�HQGRVRPHV��
�VHFWLRQ����������

5HJXODWHV�WUDIILFNLQJ�WR�DFLGLF�
ODWH�HQGRVRPHV�DQG�O\VRVRPHV�
DQG�WR�WKH�SODVPD�PHPEUDQH�
�VHFWLRQV���������DQG����������
�
5HJXODWHV�UHPRYDO�RI�SURWHLQV�
IURP�DFLGLF�((�YLD�UHF\FOLQJ�WR�
WKH�7*1��VHFWLRQ��������

$V�DERYH�ZLWK�DGGHG�PDQLSXODWLRQ�RI�
UHJXODWRUV�RI�HDFK�SDWKZD\��H�J��5DEV��
VPDOO�PROHFXOHV��WR�GHWHUPLQH�LI�VDPH�
SDWKZD\�VKDUHG�ZLWK�V\QWD[LQ���LQKLELWLRQ��
DQG�PRQLWRULQJ�FRQVHTXHQFHV�RQ�LQIHFWLRXV�
SULRQ�ORDG�

��

0RGLI\�XSWDNH�RI�LQIHFWLRXV�
SULRQV�LQWR�FHOOV�YLD�
FDYHRODH��FODWKULQ�RU�RWKHU�
UDIW�GHSHQGHQW�URXWHV�
�VHFWLRQ����������

0RGLILFDWLRQ�RI�FDYHRODH�
PHGLDWHG�HQGRF\WRVLV�WKURXJK�
WUDQVSRUW�RI�FRPSRQHQWV�WR�30�
�VHFWLRQ����������

0LFURVFRS\�DQG�ODEHOOLQJ�RI�H[RJHQRXV�
SULRQV�VXFK�DV�ZLWK�S+�VHQVLWLYH�G\HV�WR�
PHDVXUH�HQGRF\WRVLV��LQ�WKH�SUHVHQFH�DQG�
DEVHQFH�RI�&DY���DQG�V\QWD[LQ���
�
(OHFWURQ�PLFURVFRS\�IRU�WUDQVSRUW�RI�
DQWLERG\�ODEHOOHG�3U3�VSHFLHV�LQWR�
HQGRVRPHV�ZLWK�6W[��SHUWXUEDWLRQ��IRU�
GLUHFW�YLVXDOLVDWLRQ�FRDWHG�YV�XQFRDWHG�
VWUXFWXUHV��

��

&HOO�WR�FHOO�VSUHDG�RI�
LQIHFWLRXV�SULRQV�

([RVRPDO�UHOHDVH�RI�SULRQV�
�VHFWLRQ����������

6RPH�HYLGHQFH�WR�VXJJHVW�
UHJXODWHV�H[RVRPDO�UHOHDVH�LQ�
FHOO�OLQHV�H�J��SDQFUHDWLF�FDQFHU�
�VHFWLRQ����������

6HOHFWLYH�LVRODWLRQ�RI�H[RVRPHV�IURP�
FXOWXUH�PHGLD�ZLWK�YDU\LQJ�6W[��H[SUHVVLRQ�
DQG�IURP�FLUFXODWLQJ�IOXLGV�LQ�PLFH��
�
'HWHUPLQH�UHVXOWDQW�LQIHFWLYLW\��H�J��LQ�6&$���

��

&RQVWLWXWLYH�VHFUHWLRQ�RI�
SULRQV��VHFWLRQ����������

(YLGHQFH�WR�VXJJHVW�PRGLILHV�WKH�
UHOHDVH�RI�WDX�LQWR�FHOO�FXOWXUH�
PHGLD��VHFWLRQ����������
�

,QIHFWLYLW\�LQ�JHQHUDO�FXOWXUH�PHGLD�ZLWK�
SHUWXUEDWLRQ�RI�6W[��
�

��
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5HJXODWLRQ�RI�UHF\FOLQJ�SDWKZD\�
PD\�UHJXODWH�VXUIDFH�3U3&�IRU�
FRQYHUVLRQ�RU�UHOHDVH�RI�
LQIHFWLRXV�PDWHULDO�H�J��WKURXJK�
LQFUHDVHG�VKHGGLQJ��VHFWLRQ�
���������

,QWHUFHOOXODU�WUDQVIHU�RI�LQIHFWLYLW\�EHWZHHQ�
VHSDUDWHG�FHOOV��H�J��WKURXJK�SURFHVVHV�RI�
QHXURQV�LQ�PLFURIOXLGLFV�GHYLFHV��
�
6WXG\�RI�VKHGGDVH�IXQFWLRQ��H�J��$'$0����
ZLWK�6W[��LQKLELWLRQ��H�J��ORFDOLVDWLRQ��WRWDO�
DQG�VXUIDFH�3U3&�H[SUHVVLRQ��
LPPXQRGHWHFWLRQ�RI�VKHG�3U3��

0RGLI\LQJ�SULRQ�
GHJUDGDWLRQ�

7UDIILFNLQJ�RI�PLVIROGHG�
VSHFLHV�WR�O\VRVRPHV�
�VHFWLRQ����������

5HJXODWHV�O\VRVRPDO�GHJUDGDWLRQ�
RI�PXOWLSOH�FDUJR��VHFWLRQ����������
�
,QWHUDFWLRQ�ZLWK�XELTXLWLQ�OLJDVHV�
�VHFWLRQ����������

7UDIILFNLQJ�RI�3U3�VSHFLHV�WR�O\VRVRPDO�
YHVLFOHV��H�J��/$03��SRVWLYH�RU�S+�
VHQVLWLYH�G\HV��ZLWK�LQKLELWLRQ�RI�V\QWD[LQ���
�
(IIHFW�RI�PRGLI\LQJ�6W[��H[SUHVVLRQ�LQ�
O\VRVRPH�LQKLELWHG�FHOOV��H�J��GRHV�
LQFUHDVLQJ�V\QWD[LQ���DFWLYLW\�LQFUHDVH�
O\VRVRPDO�GHJUDGDWLRQ�RI�3U3��

��

7UDIILFNLQJ�RI�PLVIROGHG�
VSHFLHV�WR�
DXWRSKDJRVRPHV��VHFWLRQ�
���������

,PSOLFDWHG�LQ�UHFUXLWPHQW�RI�
DXWRSKDJLF�YHVLFOHV�GXULQJ�
[HQRSKDJ\��VHFWLRQ����������
�
3XWDWLYH�LQWHUDFWLRQ�ZLWK�
FRPSRQHQWV�RI�DXWRSKDJ\�
PDFKLQHU\��VHFWLRQ����������

$V�DERYH�ZLWK�FRPSRQHQWV�RI�DXWRSKDJ\�
SDWKZD\�
�
1RWH��WKH�UROH�RI�V\QWD[LQ���LQ�DXWRSKDJ\�
XQGHU�QRUPDO�SK\VLRORJLFDO�FRQGLWLRQV�
QHHGV�YDOLGDWLQJ�

��

'ULYLQJ�QHXURWR[LFLW\�

7UDIILFNLQJ��GHJUDGDWLRQ�RU�
VHFUHWLRQ�RI�XQLGHQWLILHG�
WR[LF�VSHFLHV��VHFWLRQ�
�������

$V�SUHYLRXVO\�OLVWHG��UHJXODWHV�
PXOWLSOH�LQWUDFHOOXODU�WUDQVSRUW�
SDWKZD\V��VHFWLRQ��������

7KLV�ZRXOG�UHTXLUH�LGHQWLILFDWLRQ�RI�WKH�WR[LF�
VSHFLHV�±�LQ�SURJUHVV�ZLWKLQ�WKH�8QLW� ��

0RGLI\LQJ�V\QDSWLF�
VLJQDOOLQJ��VHFWLRQ��������

3UHVHQFH�LQ�V\QDSWRVRPHV�ZLWK�
SXWDWLYH�UROH�LQ�UHF\FOLQJ�RI�
V\QDSWLF�YHVLFOHV��VHFWLRQ�
���������

'HWHUPLQH�ZKHWKHU�UHGXFHG�6W[��
H[SUHVVLRQ�LQ�D�FHOO�V\VWHP�GHYHORSHG�IRU�
DVVD\LQJ�SULRQ�LQGXFHG�QHXULWRWR[LFLW\��L�H��
GHQGULWH�QXPEHU��QHXULWH�OHQJWK��%HQLORYD�HW�
DO����������FDOFLXP�VLJQDOOLQJ��LV�SURWHFWLYH�
(IIHFW�RI�LQFUHDVLQJ�V\QWD[LQ���H[SUHVVLRQ�
RQ�V\QDSWLF�VLJQDOOLQJ�GHIHFWV�LQ�3UQS�QXOO�
FXOWXUHV�

��
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�
7DEOH�����3URSRVHG�ELRORJLFDO�PHFKDQLVPV�RI�V\QWD[LQ���LQ�SULRQ�GLVHDVHV�DQG�IXWXUH�H[SHULPHQWDO�ZRUN��
3ULRQ�FRXOG�DOVR�EH�VXEVWLWXWHG�IRU�RWKHU�GLVHDVH�DVVRFLDWHG�SURWHRSDWKLF�VHHGV�VXFK�DV�WDX���� �VWURQJHVW�HYLGHQFH�IURP�OLWHUDWXUH���� �
ZHDNHVW�

5ROH�LQ�QHXULWH�RXWJURZWK�
PRGXODWHG�E\�1*)��DOVR�
IRXQG�WR�UHJXODWH�3U3�
H[SUHVVLRQ��0REOH\��1HYH��
3UXVLQHU��	�0F.LQOH\��
�������

6RPH�HYLGHQFH�RI�UHTXLUHPHQW�LQ�
1*)�LQGXFHG�RXWJURZWK�RI�FHOOV�
LQ�FXOWXUH��VHFWLRQ����������
�
5HJXODWHV�WUDIILFNLQJ�RI�LQWHJULQV�
PHGLDWLQJ�QHXULWH�RXWJURZWK�
�VHFWLRQV���������DQG����������
�
5HJXODWHV�WUDIILFNLQJ�RI�,*)��5�
�VHFWLRQ����������

5HDO�WLPH�DQDO\VLV�RI�QHXULWH�RXWJURZWK�LQ�
GHYHORSLQJ�QHXURQV�LQ�SUHVHQFH�DQG�
DEVHQFH�RI�V\QWD[LQ����H�J��SULPDU\�
FXOWXUHV��L36�GHULYHG�QHXURQV��

��

*HQHUDO�UROH�LQ�FHOO�VXUYLYDO��
DGKHVLRQ�DQG�DSRSWRVLV�
ZKLFK�PD\EH�DSSOLFDEOH�WR�
QHXUDO�FHOOV�

3HUWXUELQJ�V\QWD[LQ���IXQFWLRQ�
LQGXFHV�DSRSWRVLV�DQG�RU�UHOHDVH�
LQ�PXOWLSOH�FHOO�OLQHV��VHFWLRQ�
���������

$V�DERYH�ZLWK�3U3�WR[LFLW\�WR�PRQLWRU�
JHQHUDO�FHOO�VXUYLYDO�ZLWK�DSSOLFDWLRQ�RI�WR[LF�
SULRQV�
�
(IIHFW�RI�WUDQVLHQW�NQRFNGRZQ�RI�V\QWD[LQ���
RQ�DSRSWRVLV�LQ�PXOWLSOH�QHXUDO�FHOO�OLQHV�

��

,QGXFLQJ�LQVXOLQ�UHVLVWDQFH�
UHODWHG�FRJQLWLYH�GHFOLQH�LQ�
FRQFRUGDQFH�ZLWK�3U3�
IXQFWLRQ��H�J��LQVXOLQ�
UHVLVWDQFH�LQ�NQRFNRXW�
PLFH���VHFWLRQ������

5HJXODWHV�LQVXOLQ�UHVSRQVLYH�
WUDQVSRUW�RI�*/87���DQG�,5$3��
WR�WKH�30��VHFWLRQ����������
�
3XWDWLYH�HYLGHQFH�IRU�D�UROH�LQ�
LQVXOLQ�V\QWKHVLV�LQ�SDQFUHDWLF�ȕ�
FHOOV��VHFWLRQ������

)XUWKHU�LQYHVWLJDWLRQ�RI�LQVXOLQ�UHVLVWDQFH�LQ�
6W[��QXOO�PLFH�DQG�FRQVHTXHQW�FRJQLWLYH�
GHILFLWV�
�
0HDVXULQJ�PHWDEROLF�SDUDPHWHUV��H�J��
LQVXOLQ��FLUFXODWLQJ�JOXFRVH��JOXFRVH�
UHVSRQVH��LQ�SULRQ�LQIHFWHG�6W[��QXOO�PLFH�
UHODWLYH�WR�ZLOGW\SH�

��
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$FNQRZOHGJHPHQWV�
:KHQHYHU�,�WROG�SHRSOH�,�ZDV�JRLQJ�WR�GR�D�3K'�WKH\�XVXDOO\�UHFRLOHG�LQ�KRUURU�

DQG�VR�,�ZDV�FHUWDLQO\�H[SHFWLQJ�WKH�ZRUVW��KRZHYHU�QRZ�ORRNLQJ�EDFN�,�FDQ�VD\�

ZLWK�FRQILGHQFH�,�KDYH��LQ�WKH�PRVW�SDUW��WKRURXJKO\�HQMR\HG�WKLV�H[SHULHQFH��DQG�

,�NQRZ�WKDW�,�KDYH�WKH�SHRSOH�ZKR�ZHUH�VXSSRUWLQJ�PH�DORQJ�WKH�ZD\�WR�WKDQN�IRU�

WKDW��

)LUVWO\�,�ZRXOG�OLNH�WR�WKDQN�P\�SULPDU\�VXSHUYLVRU��6LPRQ�0HDG��IRU�LPSDUWLQJ�KLV�

HQGOHVV� NQRZOHGJH� DQG� HQWKXVLDVP� LQ� RXU�PHHWLQJV� DQG� LQ� IHHGEDFN� IRU� WKLV�

WKHVLV�� DV� ZHOO� DV� JHQHUDWLQJ� WKH� HQYLURQPHQW� WR� DOORZ� PH� WR� GHYHORS� P\�

FRQILGHQFH��SXUVXH�P\�LGHDV�DQG�JURZ�DV�D�VFLHQWLVW��,�DP�DOVR�JUDWHIXO�IRU�DOO�RI�

WKH�RSSRUWXQLWLHV�KH¶V�SURYLGHG�WR�HVWDEOLVK�P\VHOI�ZLWKLQ�WKH�VFLHQWLILF�FRPPXQLW\��

,�ZRXOG�DOVR�OLNH�WR�WKDQN�P\�VHFRQGDU\�VXSHUYLVRU��(PPDQXHOOH�9LUp��QRW�RQO\�

IRU�KHU�WKRURXJK�WUDLQLQJ�DQG�JXLGDQFH��EXW�IRU�KHU�VXSSRUW�DV�D�IULHQG�DQG�PHQWRU�

RYHU�WKH�FRXUVH�RI�P\�3K'��DQG�IRU�UHPLQGLQJ�PH�WKHUH¶V�PRUH�WR�OLIH�WKDQ�IDLOLQJ�

H[SHULPHQWV�� $QG� WR� WKH� UHVW� RI� WKH�+XPDQ�*HQHWLFV� WHDP� SDVW� DQG� SUHVHQW��

+ROJHU�+XPPHULFK��7UDF\�&DPSEHOO��3HQQ\�1RUVZRUWK\��7KDQRV�'LPLWULDGLV��/HH�

'DUZHQW�� :LOO� 7D\ORU�� -DPHV� 8SKLOO�� )HUQDQGR� *XQWRURL�� /LDP� 4XLQQ�� &KLDUD�

*LRUGDQL��+HOHQ�6SHHG\��(OL]DEHWK�+LOO��1RXU�0DMERXU��,VDEHO�1DWKR��ZKR�KDYH�

DOZD\V�SURYLGHG�KRQHVW�DGYLFH�DQG�EHHQ�VR�XQIDOWHULQJO\�KHOSIXO�DQG�JHQHURXV�

ZLWK�WKHLU�WLPH��7KLV�ZRUN�ZRXOG�DOVR�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�VXSSRUW�

RI�WKH�8QLW�GLUHFWRU��3URIHVVRU�-RKQ�&ROOLQJH��DQG�,�DP�WKDQNIXO�IRU�KLV�EHOLHI� LQ�

WKLV�SURMHFW�DQG�SURYLGLQJ�JXLGDQFH�DQG�HQFRXUDJHPHQW�DORQJ�WKH�ZD\���

0XFK� RI� WKH� ZRUN� LQ� WKLV� WKHVLV� KDV� UHOLHG� RQ� FROODERUDWLRQ� ZLWK� PDQ\� RI� WKH�

ZRQGHUIXO�VFLHQWLVWV�ZLWKLQ�WKH�05&�3ULRQ�8QLW�DW�8&/�IURP�ZKRP�,�KDYH�OHDUQHG�

VR� PXFK�� ,� ZRXOG� OLNH� WR� WKDQN� -DPHV� 8SKLOO� DQG� +ROJHU� +XPPHULFK� IRU� WKH�

FROODERUDWLYH�HIIRUW�RQ�WKH�*:$6��(PPD�4XDUWHUPDQ��1XQX�$URUD�DQG�3DUPMLW�

-DW� IRU� WKHLU� DVVLVWDQFH� ZLWK� FHOO� FXOWXUH� SURWRFROV� DQG� SURYLVLRQ� RI� FHOO� OLQHV��

&KULVWLDQ� 6FKPLGW�� *HRUJH� 7KLUOZD\� DQG� 3DUYLQ� $KPHG� IRU� WKHLU� ZRUN� RQ� WKH�

$6&$��0DGHOHLQH�5HLOO\�IRU�KHU�DVVLVWDQFH�ZLWK�LPDJH�TXDQWLILFDWLRQ��-XDQ�5LEHV�

DQG�3HWHU�.KO|Q�IRU�WKHLU�WUDLQLQJ�LQ�PLFURVFRS\��0DUN�%DWFKHORU�IRU�SURYLVLRQ�RI�

UHFRPELQDQW� SURWHLQ� SUHSDUDWLRQV�� -XOLD� 5DYH\�� %HHQD� 0LVWU\� DQG� &DWKHULQH�

7XUQEDOO�IRU�WKHLU�DVVLVWDQFH�DQG�WUDLQLQJ�ZLWK�WDX�DQG�L36�FHOO�ZRUN��(PPDQXHO�
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$VDQWH�� 6K\PD� +DPGDQ� DQG� WKH� UHVW� RI� WKH� 7UDQVJHQLFV� JURXS� IRU� WKHLU�

FRQWLQXRXV�VXSSRUW�ZLWK�WKH�JHQHUDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�WKH�PRXVH�OLQHV�

XVHG�LQ�WKLV�VWXG\��0DOLQ�6DQGEHUJ��+XGD�$O�'RXMDLO\�DQG�0LFKDHO�'H�2OLYHLUD�IRU�

WKHLU�DVVLVWDQFH�ZLWK�JHQHUDWLQJ�LQRFXOD�DQG�PHDVXULQJ�3U3�H[SUHVVLRQ��DOO�RI�WKH�

VWDII�DW�WKH�%6)�IRU�WKHLU�HQGOHVV�FDUH��H[SHUWLVH�DQG�ZRUN�ZLWK�WKH�PLFH�LQ�WKLV�

VWXG\�� LQFOXGLQJ�/XF\�'UDSHU��$PL�:RRGFRFN�DQG�7KRPDV�+RUDQ� IRU�EUHHGLQJ�

DQG�PDLQWDLQLQJ�WKHVH�OLQHV��DQG�1LFN�.D\H��&UDLJ�)LW]KXJK�DQG�*DYLQ�*UDKDP�

IRU�WKHLU�FDUHIXO�ZRUN�LQ�WKH�LQRFXODWLRQ�H[SHULPHQW��7KRPDV�&R\VK�DQG�0LFKDHO�

)DUPHU� IRU� WKHLU� H[SHUWLVH� LQ� EHKDYLRXUDO� DQDO\VLV�� DQG� ILQDOO\�� WKH� ILUVW�FODVV�

KLVWRORJ\� WHDP� RI� -DFNLH� /LQHKDQ�� 7DPVLQ� 1D]DUL�� 6HEDVWLDQ� %UDQGQHU�� )ORULQ�

3LQWLOOL�DQG�+HOHQD�&RVWD���

([WHUQDO�FROODERUDWRUV�KDYH�DOVR�GULYHQ�DQG�VXSSRUWHG�PXFK�RI�WKLV�ZRUN��1RW�LQ�

WKH�OHDVW�DUH�WKH�RWKHU����DXWKRUV�ZKR�FR�DXWKRUHG�WKH�*:$6�SDSHU�±�WKLV�ZDV�

XQGRXEWHGO\�D�PDVV�FROODERUDWLYH�HIIRUW�DQG�ZLWKRXW�WKH�SURYLVLRQ�RI�ERWK�VDPSOHV�

DQG� H[SHULPHQWDO� JXLGDQFH� IURP� WKHVH� LQGLYLGXDOV� WKLV� ZRXOG� QRW� KDYH� EHHQ�

SRVVLEOH��$OVR��D�VSHFLDO�WKDQNV�WR�6HOLQD�:UD\�DQG�&KDUOLH�$UEHU�DW�WKH�,QVWLWXWH�

RI�1HXURORJ\��ZKR�ZHUH�DOZD\V�VR�XQZDYHULQJ�ZLWK�WKHLU�VXSSRUW��JXLGDQFH�DQG�

ZRUOG�OHDGLQJ�NQRZOHGJH�RQ�DOO�WKLQJV�L36�FHOOV�DQG�,�DP�YHU\�JUDWHIXO�IRU�DOO�RI�

WKHLU�VHOIOHVV�KHOS�ZLWK�P\�SURMHFW���

$� YHU\� LPSRUWDQW� WKDQNV� JRHV� RXW� WR� DOO� RI� WKH� SDWLHQWV� DQG� WKHLU� IDPLOLHV� IRU�

SURYLGLQJ�XV�ZLWK�LQYDOXDEOH�VDPSOHV�DQG�DOORZLQJ�WKLV�ZRUN�WR�KDSSHQ��DQG�IRU�

WKHLU�VXSSRUW�LQ�DOO�RI�WKH�ZRUN�WKDW�KDSSHQV�LQ�WKH�8QLW���

+XJH�WKDQNV�JRHV�WR�DOO�RI�WKH�RWKHU�VWXGHQWV�DQG�IULHQGV�DW�WKH�8QLW�ZKR�KDYH�

NHSW�PH�VPLOLQJ�DORQJ�WKH�ZD\��VKDUHG�P\�ZRHV�DQG�SURYLGHG�QHFHVVDU\� OLJKW�

UHOLHI�RQ�D�OXQFK�EUHDN�DQG�)ULGD\�SXE�WULS��0DGHOHLQH�5HLOO\��-XOLD�5DYH\��7KDQRV�

'LPLWULDGLV��)HUQDQGR�*XQWRURL��/HH�'DUZHQW��%HUQLH�6LPRQH��/LDP�4XLQQ��/XNH�

'DELQ�� ,QHV� :KLWZRUWK�� +D]LP� +DOLP�� &KLDUD� *LRUGDQL�� (OL]DEHWK� +LOO�� 1RXU�

0DMERXU�� /DXUHQ� :RROH\�� 0DUN� %DWFKHORU�� %HHQD� 0LVWU\�� &DWKHULQH� 7XUQEDOO��

.H]LD�-DFN��,VDEHOOD�6KHLNK��7KLV�H[SHULHQFH�ZRXOGQ¶W�KDYH�EHHQ�VR�HQMR\DEOH�

ZLWKRXW�\RX�DOO��

)LQDOO\�,�ZRXOG�OLNH�WR�WKDQN�P\�FRQWLQXHG�VXSSRUW�QHWZRUN�RI�IULHQGV�DQG�IDPLO\�

ZKR�KDYH� OHG�PH� WR� WKLV�SRLQW�DQG�NHSW�PH�JURXQGHG�DORQJ� WKH�ZD\�� ,�NQRZ� ,�
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ZRXOGQ¶W�KDYH�PDGH�LW�WKURXJK�ZLWKRXW�VXFK�ZRQGHUIXO�SHRSOH�LQ�P\�OLIH��7R�P\�

GHDUHVW� IULHQGV�� WR�6HDQ�3ROGHQ�� IRU� OLVWHQLQJ� WR�P\�FULHV�DQG�H[FLWHPHQW�ZLWK�

HQGOHVV�VXSSRUW�DQG�FKHHUOHDGLQJ��DQG�IRU�WU\LQJ�WR�LQYHQW�QHZ�ZD\V�WR�VWRS�PH�

KDYLQJ�WR�IHHG�P\�FHOOV�RQ�D�6DWXUGD\�PRUQLQJ��WR�/LQGVH\�0LOOZDUG��IRU�OLVWHQLQJ�

WR�PH� UDQW� RYHU� OXQFK�DQG�DOZD\V�EHLQJ� WKHUH� WR� OLVWHQ�DQG� ODXJK�ZLWK�� WR�P\�

HYHUODVWLQJ�VFKRRO�IULHQGV�ZKRVH�XQIDOWHULQJ�VXSSRUW�DQG�K\VWHULFDO�ODXJKWHU�FRXOG�

DOZD\V�EULQJ�PH�EDFN�GRZQ�WR�HDUWK��WR�P\�KRPLHV�&KORp�'HQHXYH�DQG�$OLHQD�

$UFKHU�IRU�DOZD\V�EHLQJ�WKHUH�DW�WKH�HQG�RI�WKH�GD\�WR�FKHHU�PH�RQ�DQG�PDNLQJ�

P\�KRPH�VXFK�D�MR\RXV�VSDFH��DQG�WR�DOO�P\�RWKHU�IULHQGV�LQ�/RQGRQ�DQG�DFURVV�

WKH�8.�IRU�DOZD\V�EHLQJ�WKHUH�WR�FDWFK�PH��6XH��$QG\�DQG�'DYH�-RQHV��,�FRXOGQ¶W�

DVN�IRU�D�PRUH�ORYLQJ�RU�VXSSRUWLYH�IDPLO\��\RX�KDYH�WDXJKW�PH�WKDW�,�FDQ�DFKLHYH�

DQ\WKLQJ�,�SXW�P\�PLQG�WR�ZKLOVW�UHPLQGLQJ�PH�WKDW�WKHUH�LV�VR�PXFK�PRUH�WR�OLIH��

DQG�,�DP�HWHUQDOO\�JUDWHIXO�IRU�HYHU\WKLQJ�\RX�KDYH�JLYHQ�PH��,�NQRZ�,�FRXOGQ¶W�

KDYH�JRW�KHUH�ZLWKRXW�\RX���

7KLV�ZRUN�ZDV�IXQGHG�E\�WKH�8.�0HGLFDO�5HVHDUFK�&RXQFLO� WR� WKH�05&�3ULRQ�

8QLW�DW�8&/�� �
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3/&;'�� DUH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� YDULDQW� DQG� VSRUDGLF� &UHXW]IHOGW�-DNRE�
GLVHDVH��%0&�0HGLFDO�*HQHWLFV���������GRL�������������������������
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PHPEUDQH� FRPSDUWPHQW� RUJDQL]DWLRQ�� 1DWXUH�� ����������� ���������
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&KHPLVWU\�������������������������GRL���������MEF�0����������
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GRL���������M����������������WE������[�
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�������� ,GHQWLILFDWLRQ� RI� D� VHFRQG� ERYLQH� DP\ORLGRWLF� VSRQJLIRUP� HQFHSKDORSDWK\��
PROHFXODU�VLPLODULWLHV�ZLWK�VSRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH��3URF�1DWO�$FDG�6FL�8�6�$��
�������������������GRL���������SQDV������������

&DVWLOOD��-���6DD��3���+HW]��&���	�6RWR��&����������,Q�YLWUR�JHQHUDWLRQ�RI�LQIHFWLRXV�VFUDSLH�SULRQV��
&HOO�������������������GRL���������M�FHOO�������������
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$O]KHLPHU
V� GLVHDVH� DQG�'RZQ� V\QGURPH�� GLIIHUHQWLDO� HIIHFWV� RI� $32(� JHQRW\SH� DQG�
SUHVHQLOLQ�PXWDWLRQV��$P�-�3DWKRO�������������������GRL���������V�������������������
��

&DXJKH\��%���5DFH��5��(���(UQVW��'���%XFKPHLHU��0�� -���	�&KHVHEUR��%�� ��������3ULRQ�SURWHLQ�
ELRV\QWKHVLV�LQ�VFUDSLH�LQIHFWHG�DQG�XQLQIHFWHG�QHXUREODVWRPD�FHOOV��-�9LURO�������������
�����GRL���������-9,�������������������

&DXJKH\��%���	�5D\PRQG��*��-����������7KH�VFUDSLH�DVVRFLDWHG�IRUP�RI�3U3�LV�PDGH�IURP�D�FHOO�
VXUIDFH� SUHFXUVRU� WKDW� LV� ERWK� SURWHDVH�� DQG� SKRVSKROLSDVH�VHQVLWLYH�� -� %LRO� &KHP��
�����������������������

&DXJKH\��%���	�5D\PRQG��*��-����������6XOIDWHG�SRO\DQLRQ�LQKLELWLRQ�RI�VFUDSLH�DVVRFLDWHG�3U3�
DFFXPXODWLRQ� LQ� FXOWXUHG� FHOOV�� -� 9LURO�� ������� ��������� GRL���������-9,����������
���������

&KDPEHUV��6��0���)DVDQR��&��$���3DSDSHWURX��(��3���7RPLVKLPD��0���6DGHODLQ��0���	�6WXGHU��/��
��������+LJKO\�HIILFLHQW�QHXUDO�FRQYHUVLRQ�RI�KXPDQ�(6�DQG�L36�FHOOV�E\�GXDO�LQKLELWLRQ�RI�
60$'�VLJQDOLQJ��1DW�%LRWHFKQRO������������������GRL���������QEW������

&KDR��'��6���+D\�� -��&���:LQQLFN��6���3UHNHULV��5���.OXPSHUPDQ�� -���	�6FKHOOHU��5��+�� ��������
61$5(� PHPEUDQH� WUDIILFNLQJ� G\QDPLFV� LQ� YLYR�� -� &HOO� %LRO�� �������� ���������
GRL���������MFE�����������

&KDVVHLJQHDX[��6���3DVWRUH��0���%ULWWRQ�'DYLGLDQ��-���0DQLH��(���6WHUQ��0��+���&DOOHEHUW��-���������
/HKPDQQ�� 6�� �������� *HQHWLF� KHWHURJHQHLW\� YHUVXV� PROHFXODU� DQDO\VLV� RI� SULRQ�
VXVFHSWLELOLW\� LQ� QHXUREODVPD� 1�D� VXEOLQHV�� $UFK� 9LURO�� �������� �����������
GRL���������V�����������������

&KHQ��&���	�'RQJ��;��3����������(SLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�KXPDQ�SULRQ�GLVHDVHV��,QIHFW�
'LV�3RYHUW\������������GRL���������V�����������������

&KHQ��-��$���&KHQ��=���:RQ��+���+XDQJ��$��<���/RZH��-��.���:RMWD��.���������&RSSROD��*����������-RLQW�
JHQRPH�ZLGH� DVVRFLDWLRQ� VWXG\� RI� SURJUHVVLYH� VXSUDQXFOHDU� SDOV\� LGHQWLILHV� QRYHO�
VXVFHSWLELOLW\� ORFL� DQG� JHQHWLF� FRUUHODWLRQ� WR� QHXURGHJHQHUDWLYH� GLVHDVHV�� 0RO�
1HXURGHJHQHU�������������GRL���������V�����������������

&KHQ��6��*���7HSORZ��'��%���3DUFKL��3���7HOOHU��-��.���*DPEHWWL��3���	�$XWLOLR�*DPEHWWL��/����������
7UXQFDWHG�IRUPV�RI�WKH�KXPDQ�SULRQ�SURWHLQ�LQ�QRUPDO�EUDLQ�DQG�LQ�SULRQ�GLVHDVHV��-�%LRO�
&KHP������������������������GRL���������MEF��������������

&KHQJ��-���&HERWDUX��9���&HERWDUX��/���	�*XJJLQR��:��%����������6\QWD[LQ���DQG�&$/�PHGLDWH�WKH�
GHJUDGDWLRQ� RI� WKH� F\VWLF� ILEURVLV� WUDQVPHPEUDQH� FRQGXFWDQFH� UHJXODWRU�� 0ROHFXODU�
%LRORJ\�RI�WKH�&HOO���������������������GRL���������PEF�H�����������

&KHQJ��-���	�*XJJLQR��:����������8ELTXLWLQDWLRQ�DQG�'HJUDGDWLRQ�RI�&)75�E\�WKH�(��8ELTXLWLQ�
/LJDVH�0$5&+�� WKURXJK� ,WV�$VVRFLDWLRQ�ZLWK�$GDSWRU�3URWHLQV�&$/�DQG�67;���3/R6�
21(��GRL���������MRXUQDO�SRQH���������

&KHQJ��/���=KDR��:���	�+LOO��$��)����������([RVRPHV�DQG�WKHLU�UROH�LQ�WKH�LQWHUFHOOXODU�WUDIILFNLQJ�RI�
QRUPDO�DQG�GLVHDVH�DVVRFLDWHG�SULRQ�SURWHLQV��0ROHFXODU�$VSHFWV�RI�0HGLFLQH����������
����GRL���������-�0$0�������������

&KHVHEUR�� %��� 5DFH�� 5��� :HKUO\�� .��� 1LVKLR�� -��� %ORRP�� 0��� /HFKQHU�� '��� �� �� �� HW� DO�� ��������
,GHQWLILFDWLRQ�RI�VFUDSLH�SULRQ�SURWHLQ�VSHFLILF�P51$�LQ�VFUDSLH�LQIHFWHG�DQG�XQLQIHFWHG�
EUDLQ��1DWXUH����������������������GRL���������������D��

&KRL��%��.���&KRL��0��*���.LP��-��<���<DQJ��<���/DL��<���.ZHRQ��'��+���������6KLQ��<��.����������/DUJH�
DOSKD�V\QXFOHLQ�ROLJRPHUV�LQKLELW�QHXURQDO�61$5(�PHGLDWHG�YHVLFOH�GRFNLQJ��3URF�1DWO�
$FDG�6FL�8�6�$����������������������GRL���������SQDV������������
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&KRXGKXU\��$���0DUNV��'��/���3URFWRU��.��0���*RXOG��*��:���	�3DJDQR��5��(����������5HJXODWLRQ�RI�
FDYHRODU�HQGRF\WRVLV�E\�V\QWD[LQ���GHSHQGHQW�GHOLYHU\�RI�PHPEUDQH�FRPSRQHQWV�WR�WKH�
FHOO�VXUIDFH��1DWXUH�&HOO�%LRORJ\������������������GRL���������QFE�����

&KRXKDQ��-��.���)RZOHU��6��%���:HEVWHU��&��,���	�7HHOLQJ��-��/����������7KH�0(��SULRQ�PRGHO�RI�
QHXURGHJHQHUDWLRQ�DV�D�WRRO�WR�XQGHUVWDQG�DQG�WDUJHW�QHXURLQIODPPDWLRQ�LQ�$O]KHLPHU¶V�
GLVHDVH�� 'UXJ� 'LVFRYHU\� 7RGD\�� 'LVHDVH� 0RGHOV�� ������� �������
GRL���������M�GGPRG�������������

&ODUNH��0��&���	�+DLJ��'��$����������0XOWLSOLFDWLRQ�RI�VFUDSLH�DJHQW�LQ�FHOO�FXOWXUH��5HV�9HW�6FL��
�����������������

&ODU\��'��2���*ULII��,��&���	�5RWKPDQ��-��(����������61$3V��D�IDPLO\�RI�16)�DWWDFKPHQW�SURWHLQV�
LQYROYHG� LQ� LQWUDFHOOXODU�PHPEUDQH� IXVLRQ� LQ� DQLPDOV� DQG� \HDVW��&HOO�� ������� ���������
GRL����������������������������W�

&ROODGR�7RUUHV��/���%XUNH��(��(���3HWHUVRQ��$���6KLQ��-���6WUDXE��5��(���5DMSXURKLW��$���������-DIIH��$��
(����������5HJLRQDO�+HWHURJHQHLW\� LQ�*HQH�([SUHVVLRQ��5HJXODWLRQ��DQG�&RKHUHQFH� LQ�
WKH�)URQWDO�&RUWH[�DQG�+LSSRFDPSXV�DFURVV�'HYHORSPHQW�DQG�6FKL]RSKUHQLD��1HXURQ��
����������������H�����GRL���������M�QHXURQ�������������

&ROOLQJH�� -���	�&ODUNH��$��5�� ��������$�JHQHUDO�PRGHO�RI�SULRQ�VWUDLQV�DQG� WKHLU�SDWKRJHQLFLW\��
6FLHQFH����������������������GRL���������VFLHQFH���������

&ROOLQJH��-���*RUKDP��0���+XGVRQ��)���.HQQHG\��$���.HRJK��*���3DO��6���������'DUE\VKLUH��-����������
6DIHW\�DQG�HIILFDF\�RI�TXLQDFULQH� LQ�KXPDQ�SULRQ�GLVHDVH� �35,21���VWXG\���D�SDWLHQW�
SUHIHUHQFH�WULDO��/DQFHW�1HXURO�����������������GRL���������6���������������������

&ROOLQJH�� -��� 3DOPHU�� 0�� 6��� 	� 'U\GHQ�� $�� -�� �������� *HQHWLF� SUHGLVSRVLWLRQ� WR� LDWURJHQLF�
&UHXW]IHOGW�-DNRE� GLVHDVH�� /DQFHW� �/RQGRQ�� (QJODQG��� ����������� ������������
GRL����������������������������Y�

&ROOLQJH��-���:KLWILHOG��-���0F.LQWRVK��(���%HFN��-���0HDG��6���7KRPDV��'��-���	�$OSHUV��0��3����������
.XUX� LQ� WKH���VW� FHQWXU\��DQ�DFTXLUHG�KXPDQ�SULRQ�GLVHDVH�ZLWK� YHU\� ORQJ� LQFXEDWLRQ�
SHULRGV��/DQFHW������������������������GRL���������6���������������������

&ROOLQJH��-���:KLWWLQJWRQ��0��$���6LGOH��.��&���6PLWK��&��-���3DOPHU��0��6���&ODUNH��$��5���	�-HIIHU\V��
-��*����������3ULRQ�SURWHLQ�LV�QHFHVVDU\�IRU�QRUPDO�V\QDSWLF�IXQFWLRQ��1DWXUH�������������
���������GRL���������������D��

&ROOLQV��6��-���6DQFKH]�-XDQ��3���0DVWHUV��&��/���.OXJ��*��0���YDQ�'XLMQ��&���3ROHJJL��$���������:LOO��
5��*�� �������� 'HWHUPLQDQWV� RI� GLDJQRVWLF� LQYHVWLJDWLRQ� VHQVLWLYLWLHV� DFURVV� WKH� FOLQLFDO�
VSHFWUXP� RI� VSRUDGLF� &UHXW]IHOGW�-DNRE� GLVHDVH�� %UDLQ�� ����3W� ���� �����������
GRL���������EUDLQ�DZO����

&RQJ��/���5DQ��)��$���&R[��'���/LQ��6���%DUUHWWR��5���+DELE��1��� �� �� ��=KDQJ��)����������0XOWLSOH[�
JHQRPH� HQJLQHHULQJ� XVLQJ� &5,635�&DV� V\VWHPV�� 6FLHQFH�� ����������� ���������
GRL���������VFLHQFH���������

&RQLEHDU��(���&OHFN��-��1���	�6WHYHQV��7��+����������9SV��S�PHGLDWHV�WKH�DVVRFLDWLRQ�RI�WKH�*$53�
�9SV����������FRPSOH[�ZLWK�WKH� ODWH�*ROJL� W�61$5(�7OJ�S��0RO�%LRO�&HOO��������������
������GRL���������PEF�H�����������

&RQLEHDU��(���	�6WHYHQV��7��+����������9SV��S��9SV��S��DQG�9SV��S�IRUP�D�QRYHO�PXOWLVXEXQLW�
FRPSOH[�UHTXLUHG�IRU�SURWHLQ�VRUWLQJ�DW�WKH�\HDVW�ODWH�*ROJL��0RO�%LRO�&HOO������������������
GRL���������PEF����������

&RUEHWW��*��7���:DQJ��=���+RQJ��:���&RORP�&DGHQD��0���5RVH��-���/LDR��0��� �� �� ��:DOVK��'��0��
�������� 3U3� LV� D� FHQWUDO� SOD\HU� LQ� WR[LFLW\� PHGLDWHG� E\� VROXEOH� DJJUHJDWHV� RI�
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QHXURGHJHQHUDWLRQ�FDXVLQJ� SURWHLQV�� $FWD� 1HXURSDWKRO�� �������� ���������
GRL���������V������������������

&RUGLHU��&���%HQFVLN��$���3KLOLSSH��6���%HWHPSV��'���5RQ]RQ��)���&DODYDV��'���������%DURQ��7����������
7UDQVPLVVLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ERYLQH�VSRQJLIRUP�HQFHSKDORSDWK\�VRXUFHV�LQ�WZR�
RYLQH�WUDQVJHQLF�PRXVH�OLQHV��7J2Y3U3��DQG�7J2Y3U3�����-�*HQ�9LURO�����3W�����������
������GRL���������YLU�����������

&RVNHU��.���0DOODFK��$���/LPD\H��-���3LHUV��7��0���6WDGGRQ��-���1HDPH��6��-���������3RFRFN��-��0��
��������0LFURJOLDO�VLJQDOOLQJ�SDWKZD\�GHILFLWV�DVVRFLDWHG�ZLWK�WKH�SDWLHQW�GHULYHG�5��+�
75(0��YDULDQWV�OLQNHG�WR�$'�LQGLFDWH�LQDELOLW\�WR�DFWLYDWH�LQIODPPDVRPH��6FL�5HS���������
�������GRL���������V������������������

&RXUDJHRW��0��3���'DXGH��1���1RQQR��5���3DTXHW��6���'L�%DUL��0��$���/H�'XU��$���������9LOHWWH��'��
��������$�FHOO�OLQH�LQIHFWLEOH�E\�SULRQ�VWUDLQV�IURP�GLIIHUHQW�VSHFLHV��-�*HQ�9LURO�����3W�����
���������GRL���������YLU�����������

&UHXW]IHOGW�-DNRE�'LVHDVH� ,QWHUQDWLRQDO� 6XUYHLOODQFH�1HWZRUN�� �������� &-'�6XUYHLOODQFH�'DWD�
����������� 5HWULHYHG� IURP�
KWWSV���ZZZ�HXURFMG�HG�DF�XN�VXUYHLOODQFH���GDWD�����KWPO�

&UHXW]IHOGW�-DNRE�'LVHDVH�,QWHUQDWLRQDO�6XUYHLOODQFH�1HWZRUN����������Y&-'�&DVHV�:RUOGZLGH��
5HWULHYHG�IURP�KWWSV���ZZZ�HXURFMG�HG�DF�XN�GDWDBWDEOHV�

&UHXW]IHOGW�� +�� *�� �������� hEHU� HLQH� HLJHQDUWLJH� KHUGI|UPLJH� (UNUDQNXQJ� GHV�
=HQWUDOQHUYHQV\VWHPV��YRUOlXILJH�0LWWHLOXQJ���=HLWVFKULIW�I�U�GLH�JHVDPWH�1HXURORJLH�XQG�
3V\FKLDWULH����������������

&XLOOp��-���	�&KHOOH��3����������/D�PDODGLH�GLWH�³WUHPEODQWH�GX�PRXWRQ´�HVW�HOOH�LQRFXODEOH"�&5�
6HDQFHV�$FDG�6FL�������������������

&XQQLQJKDP��&���'HDFRQ��5��0���&KDQ��.���%RFKH��'���5DZOLQV�� -��1���	�3HUU\��9��+�� ��������
1HXURSDWKRORJLFDOO\� GLVWLQFW� SULRQ� VWUDLQV� JLYH� ULVH� WR� VLPLODU� WHPSRUDO� SURILOHV� RI�
EHKDYLRUDO�GHILFLWV��1HXURELRO�'LV������������������GRL���������M�QEG�������������

GH�%ULWR��*���/XSLQDFFL��)��&���%HUDOGR��)��+���6DQWRV��7��*���5RIIH��0���/RSHV��0��+���������+DMM��*��
1����������/RVV�RI�SULRQ�SURWHLQ�LV�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�LQVXOLQ�UHVLVWDQFH�
DQG�REHVLW\��%LRFKHPLFDO�-RXUQDO������������������GRL���������%FM���������

'H�&HFFR��(���&HODXUR��/���9DQQL��6���*UDQGROIR��0���%LVWDIID��(���0RGD��)��� �� �� ��/HJQDPH��*��
��������7KH�XSWDNH�RI� WDX�DP\ORLG� ILEULOV� LV� IDFLOLWDWHG�E\� WKH�FHOOXODU�SULRQ�SURWHLQ�DQG�
KDPSHUV� SULRQ� SURSDJDWLRQ� LQ� FXOWXUHG� FHOOV�� -� 1HXURFKHP�� �������� ���������
GRL���������MQF�������

GH�/HHXZ��&��$���0RRLM��-��0���+HVNHV��7���	�3RVWKXPD��'����������0$*0$��JHQHUDOL]HG�JHQH�
VHW� DQDO\VLV� RI� *:$6� GDWD�� 3/R6� &RPSXW� %LRO�� ������� H���������
GRL���������MRXUQDO�SFEL���������

'HDFRQ�� 5�� 0�� �����D��� $VVHVVLQJ� QHVW� EXLOGLQJ� LQ� PLFH�� 1DW� 3URWRF�� ������ �����������
GRL���������QSURW����������

'HDFRQ�� 5�� 0�� �����E��� %XUURZLQJ� LQ� URGHQWV�� D� VHQVLWLYH� PHWKRG� IRU� GHWHFWLQJ� EHKDYLRUDO�
G\VIXQFWLRQ��1DW�3URWRF�����������������GRL���������QSURW���������

'HDFRQ�� 5�� 0�� �������� 0HDVXULQJ� PRWRU� FRRUGLQDWLRQ� LQ� PLFH�� -� 9LV� ([S������ H������
GRL��������������

'LFNLQVRQ��$��*���0HLNOH��9��0���	�)UDVHU��+����������,GHQWLILFDWLRQ�RI�D�JHQH�ZKLFK�FRQWUROV�WKH�
LQFXEDWLRQ�SHULRG�RI�VRPH�VWUDLQV�RI�VFUDSLH�DJHQW�LQ�PLFH��-�&RPS�3DWKRO�������������
�����GRL������������������������������
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'RHQFK��-��*���)XVL��1���6XOOHQGHU��0���+HJGH��0���9DLPEHUJ��(��:���'RQRYDQ��.��)���������5RRW��'��
(����������2SWLPL]HG�VJ51$�GHVLJQ�WR�PD[LPL]H�DFWLYLW\�DQG�PLQLPL]H�RII�WDUJHW�HIIHFWV�
RI�&5,635�&DV���1DW�%LRWHFKQRO������������������GRL���������QEW������

'RK�8UD�� .��� ,ZDNL�� 7��� 	�&DXJKH\�� %�� �������� /\VRVRPRWURSLF� DJHQWV� DQG� F\VWHLQH� SURWHDVH�
LQKLELWRUV� LQKLELW� VFUDSLH�DVVRFLDWHG� SULRQ� SURWHLQ� DFFXPXODWLRQ�� -�9LURO�� �������� �����
������GRL���������MYL����������������������

'RXGQD��-��$���	�&KDUSHQWLHU��(����������*HQRPH�HGLWLQJ��7KH�QHZ�IURQWLHU�RI�JHQRPH�HQJLQHHULQJ�
ZLWK�&5,635�&DV���6FLHQFH����������������������GRL���������VFLHQFH���������

'X��-���/LX��;���:X��<���=KX��-���	�7DQJ��<����������(VVHQWLDO�UROH�RI�67;��LQ�HVRSKDJHDO�VTXDPRXV�
FHOO� FDUFLQRPD� JURZWK� DQG� PLJUDWLRQ�� %LRFKHPLFDO� DQG� %LRSK\VLFDO� 5HVHDUFK�
&RPPXQLFDWLRQV������������������GRL���������M�EEUF�������������

'X��<���6KHQ��-���+VX��-��/���+DQ��=���+VX��0��&���<DQJ��&��&���������+XQJ��0��&����������6\QWD[LQ���
PHGLDWHG� *ROJL� WUDQVORFDWLRQ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� QXFOHDU� IXQFWLRQV� RI� (*)5�
WKURXJK� PLFURWXEXOH�GHSHQGHQW� WUDIILFNLQJ�� 2QFRJHQH�� ������� ����������
GRL���������RQF��������

'XII\��3���:ROI��-���&ROOLQV��*���'H9RH��$��*���6WUHHWHQ��%���	�&RZHQ��'����������/HWWHU��3RVVLEOH�
SHUVRQ�WR�SHUVRQ�WUDQVPLVVLRQ�RI�&UHXW]IHOGW�-DNRE�GLVHDVH��1�(QJO�-�0HG���������������
������

(GYDUGVRQ��6���&LQQDPRQ��<���7D�6KPD��$���6KDDJ��$���<LP��<��,���=HQYLUW��6��� �� �� ��(OSHOHJ��2��
�������� $� GHOHWHULRXV� PXWDWLRQ� LQ� '1$-&�� HQFRGLQJ� WKH� QHXURQDO�VSHFLILF� FODWKULQ�
XQFRDWLQJ�FR�FKDSHURQH�DX[LOLQ�� LV�DVVRFLDWHG�ZLWK� MXYHQLOH�SDUNLQVRQLVP��3/R6�21(��
������H�������GRL���������MRXUQDO�SRQH���������

(QFDODGD��6��(���6]SDQNRZVNL��/���;LD��&��+���	�*ROGVWHLQ��/��6��%����������6WDEOH�NLQHVLQ�DQG�
G\QHLQ�DVVHPEOLHV�GULYH�WKH�D[RQDO�WUDQVSRUW�RI�PDPPDOLDQ�SULRQ�SURWHLQ�YHVLFOHV��&HOO��
������������������GRL���������M�FHOO�������������

(QFRGH�3URMHFW�&RQVRUWLXP����������$Q�LQWHJUDWHG�HQF\FORSHGLD�RI�'1$�HOHPHQWV�LQ�WKH�KXPDQ�
JHQRPH��1DWXUH��������������������GRL���������QDWXUH������

)DLUID[��%��3���+XPEXUJ��3���0DNLQR��6���1DUDQEKDL��9���:RQJ��'���/DX��(���������.QLJKW��-��&����������
,QQDWH�LPPXQH�DFWLYLW\�FRQGLWLRQV�WKH�HIIHFW�RI�UHJXODWRU\�YDULDQWV�XSRQ�PRQRF\WH�JHQH�
H[SUHVVLRQ��6FLHQFH����������������������GRL���������VFLHQFH���������

)DOFRQ��%���=KDQJ��:���0XU]LQ��$��*���0XUVKXGRY��*���*DUULQJHU��+��-���9LGDO��5���������*RHGHUW��0��
��������6WUXFWXUHV�RI�ILODPHQWV�IURP�3LFN
V�GLVHDVH�UHYHDO�D�QRYHO�WDX�SURWHLQ�IROG��1DWXUH��
��������������������GRL���������V���������������\�

)DOFRQ��%���=LYDQRY��-���=KDQJ��:���0XU]LQ��$��*���*DUULQJHU��+��-���9LGDO��5���������6FKHUHV��6��+��
:�� �������� 1RYHO� WDX� ILODPHQW� IROG� LQ� FKURQLF� WUDXPDWLF� HQFHSKDORSDWK\� HQFORVHV�
K\GURSKRELF�PROHFXOHV��1DWXUH����������������������GRL���������V�����������������

)DQWRP�&RQVRUWLXP�DQG�WKH�5,.(1�30,�DQG�&/67��)RUUHVW��$��5���.DZDML��+���5HKOL��0���%DLOOLH��
-��.���GH�+RRQ��0��-���������+D\DVKL]DNL��<����������$�SURPRWHU�OHYHO�PDPPDOLDQ�H[SUHVVLRQ�
DWODV��1DWXUH����������������������GRL���������QDWXUH������

)DULV��5���0RRUH��5��$���:DUG��$���5DFH��%���'RUZDUG��'��:���+ROOLVWHU��-��5��� �� �� ��3ULROD��6��$��
�������� &HOOXODU� SULRQ� SURWHLQ� LV� SUHVHQW� LQ�PLWRFKRQGULD� RI� KHDOWK\�PLFH��6FL�5HS�� ���
�������GRL���������VUHS������

)DVVKDXHU��'���6XWWRQ��5��%���%UXQJHU��$��7���	�-DKQ��5����������&RQVHUYHG�VWUXFWXUDO�IHDWXUHV�RI�
WKH�V\QDSWLF�IXVLRQ�FRPSOH[��61$5(�SURWHLQV�UHFODVVLILHG�DV�4��DQG�5�61$5(V��3URF�
1DWO�$FDG�6FL�8�6�$�����������������������GRL���������SQDV�������������
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)HKOLQJHU�� $��� :ROI�� +��� +RVVLQJHU�� $��� 'XHUQEHUJHU�� <��� 3OHVFKND�� &��� 5LHPVFKRVV�� .��� �� �� ��
9RUEHUJ��,��0����������3ULRQ�VWUDLQV�GHSHQG�RQ�GLIIHUHQW�HQGRF\WLF�URXWHV�IRU�SURGXFWLYH�
LQIHFWLRQ��6FLHQWLILF�5HSRUWV��������������GRL���������V������������������

)HOGPDQQ�� $��� :LQWHUVWHLQ�� &��� :KLWH�� 5��� 7URWWHU�� -��� 	� .UDPHU�$OEHUV�� (�� 0�� ��������
&RPSUHKHQVLYH�DQDO\VLV�RI�H[SUHVVLRQ��VXEFHOOXODU� ORFDOL]DWLRQ��DQG�FRJQDWH�SDLULQJ�RI�
61$5(� SURWHLQV� LQ� ROLJRGHQGURF\WHV�� -� 1HXURVFL� 5HV�� ������� �����������
GRL���������MQU�������

)HOWRQ��/��0���&XQQLQJKDP��&���5DQNLQH��(��/���:DWHUV��6���%RFKH��'���	�3HUU\��9��+����������0&3�
�� DQG� PXULQH� SULRQ� GLVHDVH�� 6HSDUDWLRQ� RI� HDUO\� EHKDYLRXUDO� G\VIXQFWLRQ� IURP� RYHUW�
FOLQLFDO� GLVHDVH�� 1HXURELRORJ\� RI� 'LVHDVH�� ������� ����������
GRL���������M�QEG�������������

)HUUDUL��5���5\WHQ��0���6LPRQH��5���7UDE]XQL��'���1LFRODRX��1���+RQGKDPXQL��*���������GH�6LOYD��5��
�������� $VVHVVPHQW� RI� FRPPRQ� YDULDELOLW\� DQG� H[SUHVVLRQ� TXDQWLWDWLYH� WUDLW� ORFL� IRU�
JHQRPH�ZLGH�DVVRFLDWLRQV�IRU�SURJUHVVLYH�VXSUDQXFOHDU�SDOV\��1HXURELRO�$JLQJ���������
�����H�����������GRL���������M�QHXURELRODJLQJ�������������

)HUUHLUD��'��*���7HPLGR�)HUUHLUD��0���9LFHQWH�0LUDQGD��+���%DWDOKD��9��/���&RHOKR��-��(���6]HJR��(��
0���������2XWHLUR��7��)����������DOSKD�V\QXFOHLQ�LQWHUDFWV�ZLWK�3U3�&��WR�LQGXFH�FRJQLWLYH�
LPSDLUPHQW� WKURXJK� P*OX5�� DQG� 10'$5�%�� 1DW� 1HXURVFL�� �������� �����������
GRL���������QQ������

)HUUHLUD��1��&���0DUTXHV��,��$���&RQFHLR��:��$���0DFHGR��%���0DFKDGR��&��6���0DVFDUHOOR��$���������
&RUGHLUR��<����������$QWL�3ULRQ�$FWLYLW\�RI�D�3DQHO�RI�$URPDWLF�&KHPLFDO�&RPSRXQGV��,Q�
9LWUR� DQG� ,Q� 6LOLFR� $SSURDFKHV�� 3/R6� 21(�� ������ H�������
GRL���������MRXUQDO�SRQH���������

)HUUHU��,���5LYHUD��5���%ODQFR��5���	�0DUW����������([SUHVVLRQ�RI�SURWHLQV�OLQNHG�WR�H[RF\WRVLV�DQG�
QHXURWUDQVPLVVLRQ�LQ�SDWLHQWV�ZLWK�&UHXW]IHOGW�-DNRE�GLVHDVH��1HXURELRORJ\�RI�'LVHDVH��
���������������GRL���������QEGL�����������

)HYULHU��%���9LOHWWH��'���$UFKHU��)���/RHZ��'���)DLJOH��:���9LGDO��0���������5DSRVR��*����������&HOOV�
UHOHDVH�SULRQV�LQ�DVVRFLDWLRQ�ZLWK�H[RVRPHV��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�
6FLHQFHV� RI� WKH� 8QLWHG� 6WDWHV� RI� $PHULFD�� ��������� ������������
GRL���������SQDV������������

)LW]SDWULFN��$��:��3���)DOFRQ��%���+H��6���0XU]LQ��$��*���0XUVKXGRY��*���*DUULQJHU��+�� -��� �� �� ��
6FKHUHV��6��+��:����������&U\R�(0�VWUXFWXUHV�RI�WDX�ILODPHQWV�IURP�$O]KHLPHU
V�GLVHDVH��
1DWXUH����������������������GRL���������QDWXUH������

)OXKDUW\��%��5���%LDVLQL��(���6WUDYDODFL��0���6FOLS��$���'LRPHGH��/���%DOGXFFL��&���������+DUULV��'��$��
��������$Q�1�WHUPLQDO�IUDJPHQW�RI�WKH�SULRQ�SURWHLQ�ELQGV�WR�DP\ORLG�EHWD�ROLJRPHUV�DQG�
LQKLELWV� WKHLU� QHXURWR[LFLW\� LQ� YLYR�� -� %LRO� &KHP�� ��������� �����������
GRL���������MEF�0�����������

)ROH\��.��3���	�.OLS��$�� ��������'\QDPLF�*/87��VRUWLQJ� WKURXJK�D�V\QWD[LQ���FRPSDUWPHQW� LQ�
PXVFOH�FHOOV�LV�GHUDLOHG�E\�LQVXOLQ�UHVLVWDQFH�FDXVLQJ�FHUDPLGH��%LRORJ\�2SHQ������������
������GRL���������ELR����������

)ROLDNL��6��7���*URYHPDQ��%��5���<XDQ��-���:DOWHUV��5���=KDQJ��6���7HVDU��3��� �� �� ��+DLJK��&��/��
�������� 3DWKRJHQLF� 3ULRQ� 3URWHLQ� ,VRIRUPV� $UH� 1RW� 3UHVHQW� LQ� &HUHEUDO� 2UJDQRLGV�
*HQHUDWHG� IURP�$V\PSWRPDWLF� 'RQRUV�&DUU\LQJ� WKH� (���.�0XWDWLRQ� $VVRFLDWHG�ZLWK�
)DPLOLDO�3ULRQ�'LVHDVH��3DWKRJHQV��������GRL���������SDWKRJHQV��������

)RUG��0��-���%XUWRQ��/��-���0RUULV��5��-���	�+DOO��6��0����������6HOHFWLYH�H[SUHVVLRQ�RI�SULRQ�SURWHLQ�
LQ� SHULSKHUDO� WLVVXHV� RI� WKH� DGXOW� PRXVH�� 1HXURVFLHQFH�� �������� ���������
GRL���������V���������������������
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)UDVHU��+���	�'LFNLQVRQ��$��*����������6FUDSLH�LQ�PLFH��$JHQW�VWUDLQ�GLIIHUHQFHV�LQ�WKH�GLVWULEXWLRQ�
DQG�LQWHQVLW\�RI�JUH\�PDWWHU�YDFXRODWLRQ��-�&RPS�3DWKRO����������������GRL��������������
����������������

)UDVHU��+���3HDUVRQ��*��5���0F&RQQHOO�� ,���%UXFH��0��(���:\DWW��-��0���	�*UXII\GG�-RQHV��7��-��
��������7UDQVPLVVLRQ�RI� IHOLQH�VSRQJLIRUP�HQFHSKDORSDWK\� WR�PLFH��9HW�5HF�����������
�����GRL���������YU������������

)UHLU��'��%���1LFROO��$��-���.O\XELQ��,���3DQLFR��6���0F�'RQDOG��-��0���5LVVH��(���������&ROOLQJH��-����������
,QWHUDFWLRQ� EHWZHHQ� SULRQ� SURWHLQ� DQG� WR[LF� DP\ORLG� EHWD� DVVHPEOLHV� FDQ� EH�
WKHUDSHXWLFDOO\� WDUJHWHG� DW� PXOWLSOH� VLWHV�� 1DW� &RPPXQ�� ��0D\��� �����
GRL���������QFRPPV�����

)ULJJ��5���.OHLQ��0��$���+HJ\L��,���=LQNHUQDJHO��5��0���	�$JX]]L��$����������6FUDSLH�SDWKRJHQHVLV�LQ�
VXEFOLQLFDOO\�LQIHFWHG�%�FHOO�GHILFLHQW�PLFH��-RXUQDO�RI�9LURORJ\�����������������������

)URPHU��0���5RXVVRV��3���6LHEHUWV��6��.���-RKQVRQ��-��6���.DYDQDJK��'��+���3HUXPDO��7��0���������
6NODU�� 3�� �������� *HQH� H[SUHVVLRQ� HOXFLGDWHV� IXQFWLRQDO� LPSDFW� RI� SRO\JHQLF� ULVN� IRU�
VFKL]RSKUHQLD��1DW�1HXURVFL���������������������GRL���������QQ������

)X��<���)RGHQ��-��$���.KD\WHU��&���0DHGHU��0��/���5H\RQ��'���-RXQJ��-��.���	�6DQGHU��-��'����������
+LJK�IUHTXHQF\� RII�WDUJHW� PXWDJHQHVLV� LQGXFHG� E\� &5,635�&DV� QXFOHDVHV� LQ� KXPDQ�
FHOOV��1DW�%LRWHFKQRO������������������GRL���������QEW������

)XNXGD��+���1DNDPXUD��1���	�+LURVH��6����������0$5&+�,,,�LV�D�QRYHO�FRPSRQHQW�RI�HQGRVRPHV�
ZLWK�SURSHUWLHV�VLPLODU�WR�WKRVH�RI�0$5&+�,,��-RXUQDO�RI�%LRFKHPLVWU\��������������������
GRL���������ME�PYM����

)XVFR��*���3DSH��7���6WHSKHQV��$��'���0DKRX��3���&RVWD��$��5���.DPLQVNL��&��)���������'H�6LPRQH��
$�� ��������6WUXFWXUDO�EDVLV�RI�V\QDSWLF�YHVLFOH�DVVHPEO\�SURPRWHG�E\�DOSKD�V\QXFOHLQ��
1DW�&RPPXQ������������GRL���������QFRPPV������

*DMGXVHN��'��&���*LEEV��&�� -��� 	�$OSHUV��0�� ��������([SHULPHQWDO� WUDQVPLVVLRQ� RI� D�.XUX�OLNH�
V\QGURPH�WR�FKLPSDQ]HHV��1DWXUH����������������������GRL���������������D��

*DMGXVHN��'��&���	�=LJDV��9����������.XUX��FOLQLFDO��SDWKRORJLFDO�DQG�HSLGHPLRORJLFDO�VWXG\�RI�DQ�
DFXWH�SURJUHVVLYH�GHJHQHUDWLYH�GLVHDVH�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�DPRQJ�QDWLYHV�RI�
WKH�(DVWHUQ�+LJKODQGV�RI�1HZ�*XLQHD��$P�-�0HG������������������GRL��������������
����������������

*DOODJKHU�� 0�� '��� 	� &KHQ�3ORWNLQ�� $�� 6�� �������� 7KH� 3RVW�*:$6� (UD�� )URP� $VVRFLDWLRQ� WR�
)XQFWLRQ��,Q��9RO�������SS�������������

*DOYDQ��&���&DPROHWWR��3��*���'RWWL��&��*���$JX]]L��$���	�/HGHVPD��0��'����������3URSHU�D[RQDO�
GLVWULEXWLRQ� RI� 3U3�&�� GHSHQGV� RQ� FKROHVWHURO�VSKLQJRP\HOLQ�HQULFKHG� PHPEUDQH�
GRPDLQV�DQG�LV�GHYHORSPHQWDOO\�UHJXODWHG�LQ�KLSSRFDPSDO�QHXURQV��0RO�&HOO�1HXURVFL��
����������������GRL���������M�PFQ�������������

*DPEHWWL��3���'RQJ��=���<XDQ��-���;LDR��;���=KHQJ��0���$OVKHNKOHH��$���������=RX��:��4����������$�
QRYHO� KXPDQ� GLVHDVH�ZLWK� DEQRUPDO� SULRQ� SURWHLQ� VHQVLWLYH� WR� SURWHDVH��$QQ�1HXURO��
����������������GRL���������DQD�������

*DQOH\��,��*���(VSLQRVD��(���	�3IHIIHU��6��5����������$�V\QWD[LQ����61$5(�FRPSOH[�GLVWLQJXLVKHV�
WZR�GLVWLQFW� WUDQVSRUW�URXWHV�IURP�HQGRVRPHV�WR� WKH�WUDQV�*ROJL� LQ�KXPDQ�FHOOV��-�&HOO�
%LRO�������������������GRL���������MFE�����������

*DUFD�0HOHUR��$���5HYHUWHU��0���+RTXH��0���0HQHVHV�6DODV��(���.RHVH��0���&RQZD\��-��5��:�������
�� 5HQWHUR�� &�� �������� $QQH[LQ� $�� DQG� ODWH� HQGRVRPDO� FKROHVWHURO� PRGXODWH� LQWHJULQ�
UHF\FOLQJ� DQG� FHOO� PLJUDWLRQ�� -RXUQDO� RI� %LRORJLFDO� &KHPLVWU\�� �������� ������������
GRL���������MEF�0�����������
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*DVSHULQL��/���0HQHJKHWWL��(���3DVWRUH��%���%HQHWWL��)���	�/HJQDPH��*����������3ULRQ�SURWHLQ�DQG�
FRSSHU� FRRSHUDWLYHO\� SURWHFW� QHXURQV� E\� PRGXODWLQJ� 10'$� UHFHSWRU� WKURXJK� 6�
QLWURV\ODWLRQ��$QWLR[LG�5HGR[�6LJQDO������������������GRL���������DUV�����������

*HUVWHQHFNHU�� $���5REHUVRQ�� (��'��� 6FKHOOHQEHUJ��*��'��� 6WDQGDHUW��'��*��� 6KSUHFKHU��'��5���
.OXJHU�� %�� 0��� 	� /LWYDQ�� ,�� �������� *HQHWLF� LQIOXHQFHV� RQ� FRJQLWLRQ� LQ� SURJUHVVLYH�
VXSUDQXFOHDU�SDOV\��0RYHPHQW�'LVRUGHUV����������������������GRL���������PGV�������

*KHWWL��%���7DJOLDYLQL��)���7DNDR��0���%XJLDQL��2���	�3LFFDUGR��3����������+HUHGLWDU\�SULRQ�SURWHLQ�
DP\ORLGRVHV��&OLQ�/DE�0HG����������������YLLL��GRL���������V���������������������

*LEEV��&��-���-U���*DMGXVHN��'��&���$VKHU��'��0���$OSHUV��0��3���%HFN��(���'DQLHO��3��0���	�0DWWKHZV��
:��%����������&UHXW]IHOGW�-DNRE�GLVHDVH��VSRQJLIRUP�HQFHSKDORSDWK\���WUDQVPLVVLRQ�WR�
WKH�FKLPSDQ]HH��6FLHQFH����������������������GRL���������VFLHQFH��������������

*LOEHUW��/��$���/DUVRQ��0��+���0RUVXW��/���/LX��=���%UDU��*��$���7RUUHV��6��(���������4L��/��6����������
&5,635�PHGLDWHG�PRGXODU�51$�JXLGHG�UHJXODWLRQ�RI� WUDQVFULSWLRQ� LQ�HXNDU\RWHV��&HOO��
�����������������GRL���������M�FHOO�������������

*LOFK��6���.HKOHU��&���	�6FKDW]O��+��0����������7KH�SULRQ�SURWHLQ�UHTXLUHV�FKROHVWHURO�IRU�FHOO�VXUIDFH�
ORFDOL]DWLRQ��0RO�&HOO�1HXURVFL������������������GRL���������M�PFQ�������������

*LOO��2��1���6SHQFHU��<���5LFKDUG�/RHQGW��$���.HOO\��&���%URZQ��'���6LQND��.��� �� �� ��%UDQGQHU��6��
��������3UHYDOHQFH�LQ�%ULWDLQ�RI�DEQRUPDO�SULRQ�SURWHLQ�LQ�KXPDQ�DSSHQGLFHV�EHIRUH�DQG�
DIWHU� H[SRVXUH� WR� WKH� FDWWOH� %6(� HSL]RRWLF�� $FWD� 1HXURSDWKRO�� �������� ���������
GRL���������V������������������

*LPEHO�� '�� $��� 1\JDDUG�� +�� %��� &RIIH\�� (�� (��� *XQWKHU�� (�� &��� /DXUHQ�� -��� *LPEHO�� =�� $��� 	�
6WULWWPDWWHU�� 6��0�� ��������0HPRU\� LPSDLUPHQW� LQ� WUDQVJHQLF� $O]KHLPHU�PLFH� UHTXLUHV�
FHOOXODU� SULRQ� SURWHLQ�� -�1HXURVFL�� �������� ����������� GRL���������-1(8526&,������
��������

*LXVWL�5RGUtJXH]��3���/X��/���<DQJ��<���&URZOH\��&��$���/LX��;���-XULF��,���������6XOOLYDQ��3��)����������
8VLQJ�WKUHH�GLPHQVLRQDO�UHJXODWRU\�FKURPDWLQ�LQWHUDFWLRQV�IURP�DGXOW�DQG�IHWDO�FRUWH[�WR�
LQWHUSUHW�JHQHWLF�UHVXOWV�IRU�SV\FKLDWULF�GLVRUGHUV�DQG�FRJQLWLYH�WUDLWV��ELR5[LY���

*ODVVHU��0��)���&RDOVRQ��7��6���5RELQVRQ��(��&���+DFNHU��&��'���+DUZHOO��-���<DFRXE��(���������9DQ�
(VVHQ�� '�� &�� �������� $� PXOWL�PRGDO� SDUFHOODWLRQ� RI� KXPDQ� FHUHEUDO� FRUWH[�� 1DWXUH��
��������������������GRL���������QDWXUH������

*RGVDYH��6��)���:LOOH��+���.XMDOD��3���/DWDZLHF��'���'H$UPRQG��6��-���6HUEDQ��$���������3HWHUV��3��-��
�������� &U\R�LPPXQRJROG� HOHFWURQ� PLFURVFRS\� IRU� SULRQV�� 7RZDUG� LGHQWLILFDWLRQ� RI� D�
FRQYHUVLRQ� VLWH�� -RXUQDO� RI� 1HXURVFLHQFH�� �������� ��������������
GRL���������-1(8526&,��������������

*RROG�� 5��� 0F.LQQRQ�� &��� 5DEEDQLDQ�� 6��� &ROOLQJH�� -��� 6FKLDYR�� *��� 	� 7DEUL]L�� 6�� -�� ��������
$OWHUQDWLYH�IDWHV�RI�QHZO\�IRUPHG�3U36F�XSRQ�SULRQ�FRQYHUVLRQ�RQ�WKH�SODVPD�PHPEUDQH��
-RXUQDO�RI�&HOO�6FLHQFH�����������������������GRL���������MFV��������

*RROG��5���5DEEDQLDQ��6���6XWWRQ��/���$QGUH��5���$URUD��3���0RRQJD��-���������7DEUL]L��6��-����������
5DSLG�FHOO�VXUIDFH�SULRQ�SURWHLQ�FRQYHUVLRQ�UHYHDOHG�XVLQJ�D�QRYHO�FHOO�V\VWHP��1DWXUH�
&RPPXQLFDWLRQV�������������GRL���������QFRPPV�����

*RUGRQ��:��6����������$GYDQFHV�LQ�YHWHULQDU\�UHVHDUFK��/RXSLQJ�LOO��WLFN�ERUQH�IHYHU�DQG�VFUDSLH��
9HWHULQDU\�5HFRUG����������������

*UDVVL��'���3ORQND��)��%���2NVGDWK��0���*XLO��$��1���6RVD��/��-���	�4XLURJD��6����������6HOHFWHG�
61$5(�SURWHLQV�DUH�HVVHQWLDO�IRU�WKH�SRODUL]HG�PHPEUDQH�LQVHUWLRQ�RI�LJI���UHFHSWRU�DQG�
WKH� UHJXODWLRQ� RI� LQLWLDO� D[RQDO� RXWJURZWK� LQ� QHXURQV�� &HOO� 'LVFRYHU\�� ���
GRL���������FHOOGLVF���������
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*ULIILWK�� -�� 6�� �������� 6HOI�UHSOLFDWLRQ� DQG� VFUDSLH�� 1DWXUH�� ����������� �����������
GRL����������������D��

*UL]HQNRYD��-���$NKWDU��6���%UDQGQHU��6���&ROOLQJH��-���	�/OR\G��6��(�� ��������0LFURJOLDO�&[�FU��
NQRFNRXW� UHGXFHV� SULRQ� GLVHDVH� LQFXEDWLRQ� WLPH� LQ� PLFH�� %0&� 1HXURVFL�� ���� ����
GRL�������������������������

*UL]HQNRYD��-���$NKWDU��6���+XPPHULFK��+���7RPOLQVRQ��$���$VDQWH��(��$���:HQERUQ��$���������/OR\G��
6��(����������2YHUH[SUHVVLRQ�RI�WKH�+VSD����6WFK��JHQH�UHGXFHV�SULRQ�GLVHDVH�LQFXEDWLRQ�
WLPH� LQ� PLFH�� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�� ��������� �������������
GRL���������SQDV������������

*URYHPDQ��%��5���)HUUHLUD��1��&���)ROLDNL��6��7���:DOWHUV��5��2���:LQNOHU��&��:���5DFH��%��� �� �� ��
+DLJK��&��/����������+XPDQ�FHUHEUDO�RUJDQRLGV�DV�D�WKHUDSHXWLF�GUXJ�VFUHHQLQJ�PRGHO�
IRU�&UHXW]IHOGW�-DNRE�GLVHDVH��6FL�5HS���������������GRL���������V������������������

*URYHPDQ��%��5���)ROLDNL��6��7���2UUX��&��'���=DQXVVR��*���&DUUROO��-��$���5DFH��%���	�+DLJK��&��/��
��������6SRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH�SULRQ�LQIHFWLRQ�RI�KXPDQ�FHUHEUDO�RUJDQRLGV��
$FWD�1HXURSDWKRO�&RPPXQ������������GRL���������V�����������������

*UXQGEHUJ��(���6PDOO��.��6���+HGPDQ��$��.���1LFD��$��&���%XLO��$���.HLOGVRQ��6���������&RQVRUWLXP��
0��7��+��(��5����������0DSSLQJ�FLV��DQG�WUDQV�UHJXODWRU\�HIIHFWV�DFURVV�PXOWLSOH�WLVVXHV�LQ�
WZLQV��1DW�*HQHW���������������������GRL���������QJ������

*7([� &RQVRUWLXP�� �������� +XPDQ� JHQRPLFV�� 7KH� *HQRW\SH�7LVVXH� ([SUHVVLRQ� �*7([�� SLORW�
DQDO\VLV�� PXOWLWLVVXH� JHQH� UHJXODWLRQ� LQ� KXPDQV�� 6FLHQFH�� ����������� ���������
GRL���������VFLHQFH���������

*X��<���3ULQFHO\�$EXGX��<���.XPDU��6���%LVVD��%���&KRL��6��:���-LD��-��� �� �� ��'HUHWLF��9�� ��������
0DPPDOLDQ� $WJ�� SURWHLQV� UHJXODWH� O\VRVRPH� DQG� DXWRO\VRVRPH� ELRJHQHVLV� WKURXJK�
61$5(V��(0%2�-����������H��������GRL����������HPEM������������

+DDV��/��7���6DOD]DU��6��9���.RVW\OHY��0��$���8P��-��:���.DXIPDQ��$��&���	�6WULWWPDWWHU��6��0��
��������0HWDERWURSLF�JOXWDPDWH�UHFHSWRU���FRXSOHV�FHOOXODU�SULRQ�SURWHLQ�WR�LQWUDFHOOXODU�
VLJQDOOLQJ�LQ�$O]KHLPHU
V�GLVHDVH��%UDLQ������3W��������������GRL���������EUDLQ�DZY����

+DDVH��%���'RKHUU��0��*���6HXEHUOLFK��7���'URJHPXOOHU��&���'ROI��*���1LFNHQ��3���������/HHE��7����������
3513� SURPRWHU� SRO\PRUSKLVPV� DUH� DVVRFLDWHG� ZLWK� %6(� VXVFHSWLELOLW\� LQ� 6ZLVV� DQG�
*HUPDQ�FDWWOH��%0&�*HQHW���������GRL������������������������

+DGORZ��:��-����������6FUDSLH�DQG�.XUX��7KH�/DQFHW����������������������GRL���������V�����
����������������

+DLJK��&��/���	�&ROOLQV��6��-����������(QGRSURWHRO\WLF�FOHDYDJH�DV�D�PROHFXODU�VZLWFK�UHJXODWLQJ�
DQG� GLYHUVLI\LQJ� SULRQ� SURWHLQ� IXQFWLRQ�� 1HXUDO� 5HJHQ� 5HV�� ������� ���������
GRL��������������������������

+DQQDRXL��6���*RXJHURW��$���3ULYDW��1���/HYDYDVVHXU��(���%L]DW��1���+DXZ��-��-���������+DLN��6����������
&\FOLQH�HIILFDF\�RQ�WKH�SURSDJDWLRQ�RI�KXPDQ�SULRQV�LQ�SULPDU\�FXOWXUHG�QHXURQV�LV�VWUDLQ�
VSHFLILF��-�,QIHFW�'LV���������������������GRL���������LQIGLV�MLW����

+DUULVRQ��3��0���.KDFKDQH��$���	�.XPDU��0����������*HQRPLF�DVVHVVPHQW�RI�WKH�HYROXWLRQ�RI�WKH�
SULRQ� SURWHLQ� JHQH� IDPLO\� LQ� YHUWHEUDWHV�� *HQRPLFV�� ������� ���������
GRL���������M�\JHQR�������������

+DWDNH\DPD��+���	�.DQ]DNL��0����������0ROHFXODU�%DVLV�RI�,QVXOLQ�5HVSRQVLYH�*/87��7UDIILFNLQJ�
6\VWHPV� 5HYHDOHG� E\� 6LQJOH� 0ROHFXOH� ,PDJLQJ�� 7UDIILF�� �������� ������������
GRL���������M����������������������[�
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+HDWK��&��$���&RRSHU��6��$���0XUUD\��.���/RZPDQ��$���+HQU\��&���0DF/HRG��0��$���������:LOO��5��*��
��������9DOLGDWLRQ�RI�GLDJQRVWLF�FULWHULD�IRU�YDULDQW�&UHXW]IHOGW�-DNRE�GLVHDVH��$QQDOV�RI�
1HXURORJ\���������Q�D��Q�D��GRL���������DQD�������

+HLVHNH��$���6FKREHO��6���/LFKWHQWKDOHU��6��)���9RUEHUJ��,���*URVFKXS��0��+���.UHW]VFKPDU��+���������
1XQ]LDQWH�� 0�� �������� 7KH� QRYHO� VRUWLQJ� QH[LQ� 61;��� LQWHUIHUHV� ZLWK� FHOOXODU� 3U3�
IRUPDWLRQ�E\�PRGXODWLRQ�RI�3U3�VKHGGLQJ��7UDIILF�������������������GRL���������M������
����������������[�

+HLVOHU�� )�� )��� 3HFKPDQQ�� <���:LHVHU�� ,��� $OWPHSSHQ�� +�� &��� 9HHQHQGDDO�� /��� 0XKLD�� 0��� �� �� ��
.QHXVVHO��0����������0XVNHOLQ�&RRUGLQDWHV�3U3&�/\VRVRPH�YHUVXV�([RVRPH�7DUJHWLQJ�
DQG�,PSDFWV�3ULRQ�'LVHDVH�3URJUHVVLRQ��1HXURQ��������GRL���������M�QHXURQ�������������

+HUQDQGH]�=LPEURQ��/��)���	�5LYDV�$UDQFLELD��6����������6\QWD[LQ���2YHUH[SUHVVLRQ�DQG�EHWD�
$P\ORLG������$FFXPXODWLRQ�LQ�(QGRSODVPLF�5HWLFXOXP�RI�+LSSRFDPSDO�&HOOV�LQ�5DW�%UDLQ�
,QGXFHG� E\� 2]RQH� ([SRVXUH�� %LRPHG� 5HV� ,QW�� ������ ���������
GRL����������������������

+LOO��$��)���'HVEUXVODLV��0���-RLQHU��6���6LGOH��.��&���*RZODQG��,���&ROOLQJH��-���������/DQWRV��3����������
7KH� VDPH� SULRQ� VWUDLQ� FDXVHV� Y&-'� DQG� %6(�� 1DWXUH�� ����������� ��������� �����
GRL���������������

+LOO��$��)���-RLQHU��6���:DGVZRUWK��-��'���6LGOH��.��&���%HOO��-��(���%XGND��+���������&ROOLQJH��-����������
0ROHFXODU�FODVVLILFDWLRQ�RI�VSRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH��%UDLQ������3W����������
������GRL���������EUDLQ�DZJ����

+QLV]��'���$EUDKDP��%��-���/HH��7��,���/DX��$���6DLQW�$QGUH��9���6LJRYD��$��$���������<RXQJ��5��$��
��������6XSHU�HQKDQFHUV�LQ�WKH�FRQWURO�RI�FHOO�LGHQWLW\�DQG�GLVHDVH��&HOO�������������������
GRL���������M�FHOO�������������

+RGJH��5��'���%DNNHQ��7��(���0LOOHU��-��$���6PLWK��.��$���%DUNDQ��(��5���*UD\EXFN��/��7���������/HLQ��
(��6����������&RQVHUYHG�FHOO�W\SHV�ZLWK�GLYHUJHQW�IHDWXUHV�LQ�KXPDQ�YHUVXV�PRXVH�FRUWH[��
1DWXUH��������������������GRL���������V�����������������

+RJOLQJHU��*��8���0HOKHP��1��0���'LFNVRQ��'��:���6OHLPDQ��3��0���:DQJ�� /��6���.OHL�� /��� �� �� ��
6FKHOOHQEHUJ�� *�� '�� �������� ,GHQWLILFDWLRQ� RI� FRPPRQ� YDULDQWV� LQIOXHQFLQJ� ULVN� RI� WKH�
WDXRSDWK\� SURJUHVVLYH� VXSUDQXFOHDU� SDOV\�� 1DW� *HQHW�� ������� ���������
GRL���������QJ�����

+RKHQVWHLQ��$��&���	�5RFKH��3��$����������61$3����LV�D�SURPLVFXRXV�V\QWD[LQ�ELQGLQJ�61$5(��
%LRFKHP�%LRSK\V�5HV�&RPPXQ�������������������GRL���������EEUF�����������

+ROPHV��%��%���)XUPDQ��-��/���0DKDQ��7��(���<DPDVDNL��7��5���0LUEDKD��+���(DGHV��:��&��� �� �� ��
'LDPRQG��0�� ,�� ��������3URWHRSDWKLF� WDX�VHHGLQJ�SUHGLFWV� WDXRSDWK\� LQ�YLYR��3URF�1DWO�
$FDG�6FL�8�6�$�����������(�����������GRL���������SQDV������������

+RPPD��7���,VKLEDVKL��'���1DNDJDNL��7���6DWRK��.���6DQR��.���$WDUDVKL��5���	�1LVKLGD��1����������
,QFUHDVHG� H[SUHVVLRQ� RI� S���64670�� LQ� SULRQ� GLVHDVHV� DQG� LWV� DVVRFLDWLRQ� ZLWK�
SDWKRJHQLF�SULRQ�SURWHLQ��6FL�5HS�����������GRL���������VUHS������

+RQJ��<��-���	�'R��-��7����������1HXUDO�/LQHDJH�'LIIHUHQWLDWLRQ�)URP�3OXULSRWHQW�6WHP�&HOOV�WR�
0LPLF� +XPDQ� %UDLQ� 7LVVXHV�� )URQW� %LRHQJ� %LRWHFKQRO�� ��� �����
GRL���������IELRH������������

+RRSPDQQ��3���3XQJH��$���%DU\VFK��6��9���:HVWSKDO��9���%XFNHUV��-���2SD]R��)���������5L]]ROL��6��2��
��������(QGRVRPDO�VRUWLQJ�RI�UHDGLO\�UHOHDVDEOH�V\QDSWLF�YHVLFOHV��3URF�1DWO�$FDG�6FL�8�
6�$������������������������GRL���������SQDV������������
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+RUPR]GLDUL��)���.RVWHP��(���.DQJ��(��<���3DVDQLXF��%���	�(VNLQ��(�� �������� ,GHQWLI\LQJ�FDXVDO�
YDULDQWV� DW� ORFL� ZLWK� PXOWLSOH� VLJQDOV� RI� DVVRFLDWLRQ�� *HQHWLFV�� �������� ����������
GRL���������JHQHWLFV������������

+RUPR]GLDUL��)���YDQ�GH�%XQW��0���	�6HJU�� ��������&RORFDOL]DWLRQ�RI�*:$6�DQG�H47/�6LJQDOV�
'HWHFWV� 7DUJHW� *HQHV�� $PHULFDQ� -RXUQDO� RI� +XPDQ� *HQHWLFV�� ������� ������������
GRL���������M�DMKJ�������������

+RUQHPDQQ�� 6��� 	�*ORFNVKXEHU�� 5�� �������� $� VFUDSLH�OLNH� XQIROGLQJ� LQWHUPHGLDWH� RI� WKH� SULRQ�
SURWHLQ�GRPDLQ�3U3����������LQGXFHG�E\�DFLGLF�S+��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�
RI� 6FLHQFHV� RI� WKH� 8QLWHG� 6WDWHV� RI� $PHULFD�� �������� ������������
GRL���������SQDV������������

+XOFH��-��-���&RJQHWWD��$��%���1LSKDNLV��0��-���7XOO\��6��(���	�&UDYDWW��%��)����������3URWHRPH�ZLGH�
PDSSLQJ�RI�FKROHVWHURO�LQWHUDFWLQJ�SURWHLQV�LQ�PDPPDOLDQ�FHOOV��1DWXUH�0HWKRGV���������
����������GRL���������QPHWK������

,QWHUQDWLRQDO� +DS0DS� &RQVRUWLXP�� �������� $� KDSORW\SH� PDS� RI� WKH� KXPDQ� JHQRPH�� 1DWXUH��
����������������������GRL���������QDWXUH������

,QWHUQDWLRQDO� +XPDQ� *HQRPH� 6HTXHQFLQJ� &RQVRUWLXP�� �������� )LQLVKLQJ� WKH� HXFKURPDWLF�
VHTXHQFH�RI�WKH�KXPDQ�JHQRPH��1DWXUH����������������������GRL���������QDWXUH������

,YDQRYD��/���%DUPDGD��6���.XPPHU��7���	�+DUULV��'��$����������0XWDQW�SULRQ�SURWHLQV�DUH�SDUWLDOO\�
UHWDLQHG� LQ� WKH� HQGRSODVPLF� UHWLFXOXP�� -� %LRO� &KHP�� ��������� �������������
GRL���������MEF�0����������

-DEEDUL��(���7DQ��0��0��;���5H\QROGV��5��+���0RN��.��<���)HUUDUL��5���0XUSK\��'��3���������0RUULV��+��
5����������&RPPRQ�YDULDWLRQ�DW�WKH�/55.��ORFXV�LV�DVVRFLDWHG�ZLWK�VXUYLYDO�LQ�WKH�SULPDU\�
WDXRSDWK\�SURJUHVVLYH�VXSUDQXFOHDU�SDOV\��ELR5[LY���

-DFNVRQ��*��6���+LOO��$��)���-RVHSK��&���+RVV]X��/���3RZHU��$���:DOWKR��-��3���������&ROOLQJH��-����������
0XOWLSOH� IROGLQJ� SDWKZD\V� IRU� KHWHURORJRXVO\� H[SUHVVHG� KXPDQ�SULRQ� SURWHLQ��%LRFKLP�
%LRSK\V�$FWD�����������������GRL���������V���������������������

-DIIH��$��(���6WUDXE��5��(���6KLQ��-��+���7DR��5���*DR��<���&ROODGR�7RUUHV��/���������:HLQEHUJHU��'��5��
�������� 'HYHORSPHQWDO� DQG� JHQHWLF� UHJXODWLRQ� RI� WKH� KXPDQ� FRUWH[� WUDQVFULSWRPH�
LOOXPLQDWH� VFKL]RSKUHQLD� SDWKRJHQHVLV�� 1DW� 1HXURVFL�� ������� �����������
GRL���������V���������������\�

-DNRE�� $�� �������� hEHU� HLJHQDUWLJH� HUNUDQNXQJHQ� GHV� ]HQWUDOQHUYHQV\VWHPV� PLW�
EHPHUNHQVZHUWHP�DQDWRPLVFKHQ�EHIXQGH��=HLWVFKULIW� I�U� GLH� JHVDPWH�1HXURORJLH� XQG�
3V\FKLDWULH������������������GRL���������%)���������

-DPHV��'��� /HYLQH�� $�� -��� %HVVHU��'��� 	�+HPPDWL�%ULYDQORX�� $�� �������� 7*)EHWD�DFWLYLQ�QRGDO�
VLJQDOLQJ� LV�QHFHVVDU\� IRU� WKH�PDLQWHQDQFH�RI� SOXULSRWHQF\� LQ�KXPDQ�HPEU\RQLF� VWHP�
FHOOV��'HYHORSPHQW���������������������GRL���������GHY�������

-DURV]�*ULIILWKV��+��+���&RUEHWW��1��-���5RZODQG��+��$���)LVKHU��.���-RQHV��$��&���%DURQ��-��� �� �� ��
+RRSHU�� 1�� 0�� �������� 3URWHRO\WLF� VKHGGLQJ� RI� WKH� SULRQ� SURWHLQ� YLD� DFWLYDWLRQ� RI�
PHWDOORSHSWLGDVH� $'$0��� UHGXFHV� FHOOXODU� ELQGLQJ� DQG� WR[LFLW\� RI� DP\ORLG�EHWD�
ROLJRPHUV��-�%LRO�&KHP����������������������GRL���������MEF�5$�����������

-DXQPXNWDQH��=���	�%UDQGQHU��6����������,QYLWHG�5HYLHZ��7KH�UROH�RI�SULRQ�OLNH�PHFKDQLVPV�LQ�
QHXURGHJHQHUDWLYH� GLVHDVHV�� 1HXURSDWKRO� $SSO� 1HXURELRO�� ������� ���������
GRL���������QDQ�������

-DXQPXNWDQH��=���0HDG��6���(OOLV��0���:DGVZRUWK��-��'���1LFROO��$��-���.HQQ\��-���������%UDQGQHU��6��
��������(YLGHQFH�IRU�KXPDQ�WUDQVPLVVLRQ�RI�DP\ORLG�EHWD�SDWKRORJ\�DQG�FHUHEUDO�DP\ORLG�
DQJLRSDWK\��1DWXUH����������������������GRL���������QDWXUH������
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-HIIUH\��0���6FRWW��-��5���:LOOLDPV��$���	�)UDVHU��+����������8OWUDVWUXFWXUDO�IHDWXUHV�RI�VSRQJLIRUP�
HQFHSKDORSDWK\� WUDQVPLWWHG� WR�PLFH� IURP� WKUHH�VSHFLHV�RI�ERYLGDH��$FWD�1HXURSDWKRO��
����������������GRL���������%)���������

-HQ��$���3DUN\Q��&��-���0RRWRRVDP\��5��&���)RUG��0��-���:DUOH\��$���/LX��4���������0RUULV��5��-����������
1HXURQDO�ORZ�GHQVLW\�OLSRSURWHLQ�UHFHSWRU�UHODWHG�SURWHLQ���ELQGV�DQG�HQGRF\WRVHV�SULRQ�
ILEULOV� YLD� UHFHSWRU� FOXVWHU� ��� -RXUQDO� RI� &HOO� 6FLHQFH�� �������� ����������
GRL���������MFV��������

-LQHN�� 0��� &K\OLQVNL�� .��� )RQIDUD�� ,��� +DXHU�� 0��� 'RXGQD�� -�� $��� 	� &KDUSHQWLHU�� (�� �������� $�
SURJUDPPDEOH� GXDO�51$�JXLGHG� '1$� HQGRQXFOHDVH� LQ� DGDSWLYH� EDFWHULDO� LPPXQLW\��
6FLHQFH����������������������GRL���������VFLHQFH���������

-RQHV��(���+XPPHULFK��+���9LUH��(���8SKLOO��-���'LPLWULDGLV��$���6SHHG\��+���������0HDG��6����������
,GHQWLILFDWLRQ�RI�QRYHO�ULVN�ORFL�DQG�FDXVDO�LQVLJKWV�IRU�VSRUDGLF�&UHXW]IHOGW�-DNRE�GLVHDVH��
D�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXG\��/DQFHW�1HXURO�������������������GRL���������6�����
����������������

-RQHV��(���	�0HDG��6����������*HQHWLF�ULVN�IDFWRUV�IRU�&UHXW]IHOGW�-DNRE�GLVHDVH��1HXURELRO�'LV��
�������������GRL���������M�QEG�������������

-RVW��0���-DFREVRQ��$��1���+XVVPDQQ��-��$���&LUROLD��*���)LVFKEDFK��0��$���	�:HLVVPDQ��-��6��
�������� &5,635�EDVHG� IXQFWLRQDO� JHQRPLFV� LQ� KXPDQ� GHQGULWLF� FHOOV�� (OLIH�� ����
GRL���������H/LIH�������

-XOLXV��&���+HLNHQZDOGHU��0���6FKZDU]��3���0DUFHO��$���.DULQ��0���3ULQ]��0���������$JX]]L��$����������
3ULRQ�SURSDJDWLRQ�LQ�PLFH�ODFNLQJ�FHQWUDO�QHUYRXV�V\VWHP�1)�NDSSD%�VLJQDOOLQJ��-�*HQ�
9LURO�����3W����������������GRL���������YLU�����������

-XPSHU��-���(YDQV��5���3ULW]HO��$���*UHHQ��7���)LJXUQRY��0���5RQQHEHUJHU��2����� ����+DVVDELV��'��
��������+LJKO\�DFFXUDWH�SURWHLQ�VWUXFWXUH�SUHGLFWLRQ�ZLWK�$OSKD)ROG��1DWXUH�������������
���������GRL���������V������������������

-XQJ��-��-���,QDPGDU��6KLYDQJL�0���7LZDUL��$���	�&KRXGKXU\��$����������5HJXODWLRQ�RI�LQWUDFHOOXODU�
PHPEUDQH� WUDIILFNLQJ� DQG� FHOO� G\QDPLFV� E\� V\QWD[LQ���� %LRVFLHQFH� 5HSRUWV��
GRL���������%65���������

.DED\DPD��+���7RNXVKLJH��1���7DNHXFKL��0���	�0LNRVKLED��.����������6\QWD[LQ���UHJXODWHV�QHUYH�
JURZWK� IDFWRU�GHSHQGHQW� QHXULWH� RXWJURZWK�� 1HXURVFLHQFH� /HWWHUV�� �������� ����������
GRL���������M�QHXOHW�������������

.DEHLVHPDQ��(��-���&LFKRV��.��+���	�0RRUH��(��5����������7KH�HXNDU\RWLF�VLJQDO�VHTXHQFH��<*5/��
WDUJHWV� WKH� FKODP\GLDO� LQFOXVLRQ�� )URQW� &HOO� ,QIHFW� 0LFURELRO�� ��� �����
GRL���������IFLPE������������

.DQJ�� 6�� :��� 5DQH�� 1�� 6��� .LP�� 6�� -��� *DUULVRQ�� -�� /��� 7DXQWRQ�� -��� 	� +HJGH�� 5�� 6�� ��������
6XEVWUDWH�6SHFLILF�7UDQVORFDWLRQDO�$WWHQXDWLRQ�GXULQJ�(5�6WUHVV�'HILQHV�D�3UH�(PSWLYH�
4XDOLW\�&RQWURO�3DWKZD\��&HOO���������������������GRL���������M�FHOO�������������

.DQJ��<��6���=KDR��;���/RYDDV��-���(LVHQEHUJ��(���	�*UHHQH��/��(����������&ODWKULQ�LQGHSHQGHQW�
LQWHUQDOL]DWLRQ�RI�QRUPDO�FHOOXODU�SULRQ�SURWHLQ�LQ�QHXUREODVWRPD�FHOOV�LV�DVVRFLDWHG�ZLWK�
WKH�$UI��SDWKZD\��-RXUQDO�RI�&HOO�6FLHQFH�����������������������GRL���������MFV��������

.DUF]HZVNL��.��-���)UDQFLROL��/��&���7LDR��*���&XPPLQJV��%��%���$OIROGL��-���:DQJ��4���������0DF$UWKXU��
'��*�� ��������7KH�PXWDWLRQDO�FRQVWUDLQW�VSHFWUXP�TXDQWLILHG� IURP�YDULDWLRQ� LQ���������
KXPDQV��1DWXUH����������������������GRL���������V�����������������

.DVNL��'���0HDG��6���+\DUH��+���&RRSHU��6���-DPSDQD��5���2YHUHOO��-���������5XGJH��3����������9DULDQW�
&-'� LQ� DQ� LQGLYLGXDO� KHWHUR]\JRXV� IRU� 3513� FRGRQ� ����� /DQFHW�� ����������� ������
GRL���������6���������������������
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.LFKDHY��*���<DQJ��:��<���/LQGVWURP��6���+RUPR]GLDUL��)���(VNLQ��(���3ULFH��$��/���������3DVDQLXF��%��
��������,QWHJUDWLQJ�IXQFWLRQDO�GDWD�WR�SULRULWL]H�FDXVDO�YDULDQWV�LQ�VWDWLVWLFDO�ILQH�PDSSLQJ�
VWXGLHV��3/R6�*HQHW����������H���������GRL���������MRXUQDO�SJHQ���������

.LP��.���'RL��$���:HQ��%���1J��.���=KDR��5���&DKDQ��3���������'DOH\��*��4����������(SLJHQHWLF�PHPRU\�
LQ�LQGXFHG�SOXULSRWHQW�VWHP�FHOOV��1DWXUH����������������������GRL���������QDWXUH������

.LP��6���6DWR��<���0RKDQ��3��6���3HWHUKRII��&���3HQVDOILQL��$���5LJRJOLRVR��$��� �� �� ��1L[RQ��5��$��
�������� (YLGHQFH� WKDW� WKH� UDE�� HIIHFWRU� $33/�� PHGLDWHV� $33�EHWD&7)�LQGXFHG�
G\VIXQFWLRQ�RI�HQGRVRPHV�LQ�'RZQ�V\QGURPH�DQG�$O]KHLPHU
V�GLVHDVH��0RO�3V\FKLDWU\��
����������������GRL���������PS���������

.LPEHUOLQ��5��+���&ROH��6���	�:DONHU��&��$����������7HPSRUDU\�DQG�SHUPDQHQW�PRGLILFDWLRQV�WR�D�
VLQJOH�VWUDLQ�RI�PRXVH�VFUDSLH�RQ�WUDQVPLVVLRQ�WR�UDWV�DQG�KDPVWHUV��-�*HQ�9LURO�������3W�
���������������GRL�����������������������������

.LPEHUOLQ�� 5��+��� 	�:DONHU�� &�� $�� �������� 3DWKRJHQHVLV� RI� VFUDSLH� �VWUDLQ� ���.�� LQ� KDPVWHUV�
LQIHFWHG�LQWUDFHUHEUDOO\��LQWUDSHULWRQHDOO\�RU�LQWUDRFXODUO\��-�*HQ�9LURO�������3W��������������
GRL����������������������������

.LPEHUOLQ��5��+���:DONHU��&��$���	�)UDVHU��+����������7KH�JHQRPLF�LGHQWLW\�RI�GLIIHUHQW�VWUDLQV�RI�
PRXVH�VFUDSLH� LV�H[SUHVVHG� LQ�KDPVWHUV�DQG�SUHVHUYHG�RQ� UHLVRODWLRQ� LQ�PLFH��-�*HQ�
9LURO�������3W����������������GRL�����������������������������

.LUFKHU��0���:LWWHQ��'��0���-DLQ��3���2
5RDN��%��-���&RRSHU��*��0���	�6KHQGXUH��-����������$�JHQHUDO�
IUDPHZRUN�IRU�HVWLPDWLQJ�WKH�UHODWLYH�SDWKRJHQLFLW\�RI�KXPDQ�JHQHWLF�YDULDQWV��1DW�*HQHW��
����������������GRL���������QJ������

.LUNZRRG�� -�� .��� 	� &XQQLQJKDP�� $�� $�� �������� (SLGHPLRORJLFDO� REVHUYDWLRQV� RQ� VSRQJLIRUP�
HQFHSKDORSDWKLHV�LQ�FDSWLYH�ZLOG�DQLPDOV�LQ�WKH�%ULWLVK�,VOHV��9HW�5HF��������������������
GRL���������YU������������

.ODW]R��,���*DMGXVHN��'��&���	�=LJDV��9����������3DWKRORJ\�RI�NXUX��/DE��,QYHVW���������������

.ORKQ��3��&���6WROW]H��/���)OHFKVLJ��(���(QDUL��0���	�:HLVVPDQQ��&����������$�TXDQWLWDWLYH��KLJKO\�
VHQVLWLYH�FHOO�EDVHG�LQIHFWLYLW\�DVVD\�IRU�PRXVH�VFUDSLH�SULRQV��3URF�1DWO�$FDG�6FL�8�6�$��
����������������������GRL���������SQDV������������

.OXPSHUPDQ�� -��� .XOLDZDW�� 5��� *ULIILWK�� -�� 0��� *HX]H�� +�� -��� 	� $UYDQ�� 3�� �������� 0DQQRVH� ��
SKRVSKDWH� UHFHSWRUV�DUH�VRUWHG� IURP� LPPDWXUH�VHFUHWRU\�JUDQXOHV�YLD�DGDSWRU�SURWHLQ�
$3���� FODWKULQ�� DQG� V\QWD[LQ� ��SRVLWLYH� YHVLFOHV�� -� &HOO� %LRO�� �������� ���������
GRL���������MFE�����������

.QDXV��.��-���0RULOODV��0���6ZLHWQLFNL��:���0DORQH��0���6XUHZLF]��:��.���	�<HH��9��&�� ��������
&U\VWDO�VWUXFWXUH�RI�WKH�KXPDQ�SULRQ�SURWHLQ�UHYHDOV�D�PHFKDQLVP�IRU�ROLJRPHUL]DWLRQ��1DW�
6WUXFW�%LRO�����������������GRL���������QVE���������

.QXSS��$���0LVKUD��6���0DUWLQH]��5���%UDJJLQ��-��(���6]DER��0���.LQRVKLWD��&����� �� ��<RXQJ��-��(��
��������'HSOHWLRQ�RI�WKH�$'�5LVN�*HQH�625/��6HOHFWLYHO\�,PSDLUV�1HXURQDO�(QGRVRPDO�
7UDIILF� ,QGHSHQGHQW� RI� $P\ORLGRJHQLF� $33� 3URFHVVLQJ�� &HOO� 5HS�� ������� ��������
GRL���������M�FHOUHS�������������

.RED\DVKL��$���4L��=���6KLPD]DNL��7���0XQHVXH��<���0L\DPRWR��7���,VRGD��1���������0L\RVKL��,����������
*DQJOLRVLGH� 6\QWKDVH� .QRFNRXW� 5HGXFHV� 3ULRQ� 'LVHDVH� ,QFXEDWLRQ� 7LPH� LQ� 0RXVH�
0RGHOV��$P�-�3DWKRO�������������������GRL���������M�DMSDWK�������������

.RFLVNR��'��$���&RPH��-��+���3ULROD��6��$���&KHVHEUR��%���5D\PRQG��*��-���/DQVEXU\��3��7���	�
&DXJKH\�� %�� �������� &HOO�IUHH� IRUPDWLRQ� RI� SURWHDVH�UHVLVWDQW� SULRQ� SURWHLQ�� 1DWXUH��
��������������������GRL���������������D��
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.RLNH�� 6��� 	� -DKQ�� 5�� �������� 61$5(V� GHILQH� WDUJHWLQJ� VSHFLILFLW\� RI� WUDIILFNLQJ� YHVLFOHV� E\�
FRPELQDWRULDO� LQWHUDFWLRQ� ZLWK� WHWKHULQJ� IDFWRUV�� 1DWXUH� &RPPXQLFDWLRQV�� �������
GRL���������V������������������

.ROD\��6���	�'LDPRQG��0�� ,�� ��������$O]KHLPHU
V�GLVHDVH� ULVN�PRGLILHU�JHQHV�GR�QRW�DIIHFW� WDX�
DJJUHJDWH�XSWDNH��VHHGLQJ�RU�PDLQWHQDQFH�LQ�FHOO�PRGHOV��)(%6�2SHQ�%LR��������������
������GRL�������������������������

.ROGDPRYD�� 5��� 6FKXJ�� -��� /HIWHURYD��0��� &URQLFDQ�� $�� $��� )LW]�� 1�� )��� 'DYHQSRUW�� )�� $��� �� �� ��
/HIWHURY�� ,�� �������� *HQRPH�ZLGH� DSSURDFKHV� UHYHDO� (*5��FRQWUROOHG� UHJXODWRU\�
QHWZRUNV�DVVRFLDWHG�ZLWK� QHXURGHJHQHUDWLRQ��1HXURELRORJ\� RI�'LVHDVH�� ���� ����������
GRL���������M�QEG�������������

.RQJ��4���+XDQJ��6���=RX��:���9DQHJDV��'���:DQJ��0���:X��'���������*DPEHWWL��3����������&KURQLF�
ZDVWLQJ�GLVHDVH�RI�HON��WUDQVPLVVLELOLW\�WR�KXPDQV�H[DPLQHG�E\�WUDQVJHQLF�PRXVH�PRGHOV��
-�1HXURVFL���������������������GRL���������-1(8526&,��������������

.RXUL��1���0XUUD\��0��(���5HGG\��-��6���6HULH��'��-���6RWR�%HDVOH\��$���$OOHQ��0���������'LFNVRQ��'��
:����������/DWHQW�WUDLW�PRGHOLQJ�RI�WDX�QHXURSDWKRORJ\�LQ�SURJUHVVLYH�VXSUDQXFOHDU�SDOV\��
$FWD�1HXURSDWKRO�������������������GRL���������V������������������

.RYDFV��*��*���*HOSL��(���6WUREHO��7���5LFNHQ��*���1\HQJDDUG��-��5���%HUQKHLPHU��+���	�%XGND��+��
�������� ,QYROYHPHQW� RI� WKH� HQGRVRPDO�O\VRVRPDO� V\VWHP� FRUUHODWHV� ZLWK� UHJLRQDO�
SDWKRORJ\� LQ� &UHXW]IHOGW�-DNRE� GLVHDVH�� -� 1HXURSDWKRO� ([S� 1HXURO�� ������� ���������
GRL���������QHQ��E���H������HFF��

.RYDFV��*��*���3XRSROR��0���/DGRJDQD��$���3RFFKLDUL��0���%XGND��+���YDQ�'XLMQ��&���������(XURFMG��
��������*HQHWLF�SULRQ�GLVHDVH��WKH�(852&-'�H[SHULHQFH��+XP�*HQHW�������������������
GRL���������V�����������������

.UDQFH��6��+���/XNH��5���6KHQRXGD��0���,VUDZL��$��5���&ROSLWWV��6��-���'DUZLVK��/���������:DWWV��-��&��
�������� &HOOXODU� PRGHOV� IRU� GLVFRYHULQJ� SULRQ� GLVHDVH� WKHUDSHXWLFV�� 3URJUHVV� DQG�
FKDOOHQJHV��-�1HXURFKHP�������������������GRL���������MQF�������

.UDQLFK�� -��� .UDXWOHU�� 1�� -��� )DOVLJ�� -��� %DOOPHU�� %��� /L�� 6��� +XWWHU�� *��� �� �� �� $JX]]L�� $�� ��������
(QJXOIPHQW�RI�FHUHEUDO�DSRSWRWLF�ERGLHV�FRQWUROV�WKH�FRXUVH�RI�SULRQ�GLVHDVH�LQ�D�PRXVH�
VWUDLQ�GHSHQGHQW�PDQQHU��-�([S�0HG����������������������GRL���������MHP����������

.UDXV��$���+R\W��)���6FKZDUW]��&��/���+DQVHQ��%���$UWLNLV��(���+XJKVRQ��$��*����� �� ��&DXJKH\��%��
��������+LJK�UHVROXWLRQ�VWUXFWXUH�DQG�VWUDLQ�FRPSDULVRQ�RI�LQIHFWLRXV�PDPPDOLDQ�SULRQV��
0RO�&HOO��GRL���������M�PROFHO�������������

.UHMFLRYD��=���$OLEKDL��-���=KDR��&���.UHQFLN��5���5]HFKRU]HN��1��0���8OOLDQ��(��0���������&KDQGUDQ��
6�� �������� +XPDQ� VWHP� FHOO�GHULYHG� DVWURF\WHV� UHSOLFDWH� KXPDQ� SULRQV� LQ� D� 3513�
JHQRW\SH�GHSHQGHQW� PDQQHU�� -� ([S� 0HG�� ��������� �����������
GRL���������MHP����������

.UHVRMHYLF��1���0DQGLF�6WRMPHQRYLF��*���'REULFLF��9���3HWURYLF��,���%UDMNRYLF��/���6WHIDQRYD��(�������
�� .RVWLF�� 9�� �������� 9HU\� /DWH�2QVHW� 1LHPDQQ� 3LFN� 7\SH� &� 'LVHDVH�� ([DPSOH� RI�
3URJUHVVLYH�6XSUDQXFOHDU�3DOV\�/RRN�$OLNH�'LVRUGHU��0RY�'LVRUG�&OLQ�3UDFW������������
�����GRL���������PGF��������

.UH\NHQERKP��9���:HQ]HO��'���$QWRQLQ��:���	�$WODFKNLQH��9��D����������7KH�61$5(V�YWL�D�DQG�
YWL�E�KDYH�GLVWLQFW�ORFDOL]DWLRQ�DQG�61$5(�FRPSOH[�SDUWQHUV��(XURSHDQ�-RXUQDO�RI�&HOO�
%LRORJ\�������������������GRL�������������������������

.XIIHU��$���/DNNDUDMX��$��.���0RJKD��$���3HWHUVHQ��6��&���$LULFK��.���'RXFHUDLQ��&���������$JX]]L��$��
��������7KH�SULRQ�SURWHLQ�LV�DQ�DJRQLVWLF�OLJDQG�RI�WKH�*�SURWHLQ�FRXSOHG�UHFHSWRU�$GJUJ���
1DWXUH����������������������GRL���������QDWXUH������
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.XOLDZDW��5���.DOLQLQD��(���%RFN��-���)ULFNHU��/���0F*UDZ��7��(���.LP��6��5���������$UYDQ��3����������
6\QWD[LQ��� 61$5(� LQYROYHPHQW� LQ� VHFUHWRU\� DQG� HQGRF\WLF� SDWKZD\V� RI� FXOWXUHG�
SDQFUHDWLF� EHWD�FHOOV�� 0ROHFXODU� %LRORJ\� RI� WKH� &HOO�� ������� ������������
GRL���������PEF�H�����������

.XPXGX��+���3HUHUD��,���&ODUNH��0���0RUULV��1��-���+RQJ��:���&KDPEHUODLQ��/��+���	�*RXOG��*��:��
��������6\QWD[LQ���5HJXODWHV�*OXW��7UDIILFNLQJ�LQ��7��/��$GLSRF\WHV��0ROHFXODU�%LRORJ\�
RI�WKH�&HOO������������������GRL���������PEF(�����������

.XUW��7��'���7HOOLQJ��*��&���=DEHO��0��'���	�+RRYHU��(��$����������7UDQV�VSHFLHV�DPSOLILFDWLRQ�RI�
3U3�&:'�� DQG� FRUUHODWLRQ� ZLWK� ULJLG� ORRS� ���1�� 9LURORJ\�� �������� ���������
GRL���������M�YLURO�������������

/DGRJDQD��$���	�.RYDFV��*��*����������&KDSWHU������*HQHWLF�&UHXW]IHOGW±-DNRE�GLVHDVH��,Q�0��
3RFFKLDUL�	�-��0DQVRQ��(GV����+DQGERRN�RI�&OLQLFDO�1HXURORJ\��9RO�������SS������������
(OVHYLHU��

/DGRJDQD��$���3XRSROR��0���&URHV��(��$���%XGND��+���-DULXV��&���&ROOLQV��6���������=HUU��,����������
0RUWDOLW\�IURP�&UHXW]IHOGW�-DNRE�GLVHDVH�DQG�UHODWHG�GLVRUGHUV�LQ�(XURSH��$XVWUDOLD��DQG�
&DQDGD��1HXURORJ\��������������������GRL������������:1/������������������%��

/DVPH]DV��&��,���'HVO\V��-��3���'HPDLPD\��5���$GMRX��.��7���/DPRXU\��)���'RUPRQW��'���������+DXZ��
-�� -�� �������� %6(� WUDQVPLVVLRQ� WR� PDFDTXHV�� 1DWXUH�� ����������� ���������
GRL���������������D��

/DXIPDQ��2���+RQJ��:���	�/HY��6����������7KH�&2*�FRPSOH[�LQWHUDFWV�GLUHFWO\�ZLWK�6\QWD[LQ���
DQG� SRVLWLYHO\� UHJXODWHV� HQGRVRPH�WR�7*1� UHWURJUDGH� WUDQVSRUW�� 7KH� -RXUQDO� RI� &HOO�
%LRORJ\��������������������GRL���������MFE�����������

/DXUHQ��-���*LPEHO��'��$���1\JDDUG��+��%���*LOEHUW��-��:���	�6WULWWPDWWHU��6��0����������&HOOXODU�SULRQ�
SURWHLQ�PHGLDWHV� LPSDLUPHQW� RI� V\QDSWLF� SODVWLFLW\� E\� DP\ORLG�EHWD� ROLJRPHUV��1DWXUH��
����������������������GRL���������QDWXUH������

/HH��-��-���:HGRZ��5���2NED\��$���.RQJ��(���0DJK]LDQ��2���=DFKHU��0���������&HVDULQL��'����������
*HQH� GLVFRYHU\� DQG� SRO\JHQLF� SUHGLFWLRQ� IURP� D� JHQRPH�ZLGH� DVVRFLDWLRQ� VWXG\� RI�
HGXFDWLRQDO� DWWDLQPHQW� LQ� ���� PLOOLRQ� LQGLYLGXDOV�� 1DW� *HQHW�� ������� �����������
GRL���������V�����������������

/HH��6���$QWRQ\��/���+DUWPDQQ��5���.QDXV��.��-���6XUHZLF]��.���6XUHZLF]��:��.���	�<HH��9��&��
��������&RQIRUPDWLRQDO�GLYHUVLW\�LQ�SULRQ�SURWHLQ�YDULDQWV�LQIOXHQFHV�LQWHUPROHFXODU�EHWD�
VKHHW�IRUPDWLRQ��(0%2�-������������������GRL���������HPERM����������

/HH��:��6���7DQ��'��&���'HQJ��<���YDQ�+XPPHO��$���,SSDWL��6���6WHYHQV��&���������,WWQHU��/��0����������
6\QWD[LQV���DQG���IDFLOLWDWH�WDX�LQWR�VHFUHWRU\�SDWKZD\V��%LRFKHP�-���������������������
GRL���������%&-���������

/HJQDPH��*���	�6FLDOR��&�� ��������2Q� WKH� UROH�RI� WKH�FHOOXODU�SULRQ�SURWHLQ� LQ� WKH�XSWDNH�DQG�
VLJQDOLQJ�RI�SDWKRORJLFDO�DJJUHJDWHV�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV��3ULRQ�������������
�����GRL�������������������������������

/HZLV��9���-RKDQVVHQ��9��$���&URXFK��3��-���.OXJ��*��0���+RRSHU��1��0���	�&ROOLQV��6��-����������
3ULRQ� SURWHLQ� �JDPPD�FOHDYDJH��� FKDUDFWHUL]LQJ� D� QRYHO� HQGRSURWHRO\WLF� SURFHVVLQJ�
HYHQW��&HOO�0RO�/LIH�6FL������������������GRL���������V���������������]�

/L��+���<DQJ��<���+RQJ��:���+XDQJ��0���:X��0���	�=KDR��;����������$SSOLFDWLRQV�RI�JHQRPH�HGLWLQJ�
WHFKQRORJ\� LQ� WKH� WDUJHWHG� WKHUDS\� RI� KXPDQ� GLVHDVHV�� PHFKDQLVPV�� DGYDQFHV� DQG�
SURVSHFWV��6LJQDO�7UDQVGXFW�7DUJHW�7KHU�����������GRL���������V���������������\�



����
�

/LEHU]RQ��$���6XEUDPDQLDQ��$���3LQFKEDFN��5���7KRUYDOGVGRWWLU��+���7DPD\R��3���	�0HVLURY��-��3��
��������0ROHFXODU�VLJQDWXUHV�GDWDEDVH��06LJ'%�������%LRLQIRUPDWLFV���������������������
GRL���������ELRLQIRUPDWLFV�EWU����

/LHX��=��=���'HUE\��0��&���7HDVGDOH��5��'���+DUW��&���*XQQ��3���	�*OHHVRQ��3��$����������7KH�*ROJLQ�
*&&��� ,V� 5HTXLUHG� IRU� (IILFLHQW� 5HWURJUDGH� 7UDQVSRUW� RI� &DUJR� IURP� WKH� (DUO\�
(QGRVRPHV� WR� WKH�7UDQV�*ROJL�1HWZRUN��0ROHFXODU�%LRORJ\�RI� WKH�&HOO����������������
������GRL���������PEF�(�����������

/LQ��<��7���6HR��-���*DR��)���)HOGPDQ��+��0���:HQ��+��/���3HQQH\��-���������7VDL��/��+����������$32(��
&DXVHV� :LGHVSUHDG� 0ROHFXODU� DQG� &HOOXODU� $OWHUDWLRQV� $VVRFLDWHG� ZLWK� $O]KHLPHU
V�
'LVHDVH�3KHQRW\SHV� LQ�+XPDQ� L36&�'HULYHG�%UDLQ�&HOO�7\SHV��1HXURQ��������� �����
�����H������GRL���������M�QHXURQ�������������

/LWYDQ��,���3URXGIRRW��-��$���0DUWLQ��(��5���6WDQGDHUW��'���5LOH\��'���+DOO��'���������-DQNRYLF��-����������
*HQH�(QYLURQPHQW� ,QWHUDFWLRQV� LQ� 3URJUHVVLYH� 6XSUDQXFOHDU� 3DOV\�� )URQW� 1HXURO�� ����
��������GRL���������IQHXU�������������

/LX��$���	�1LVZDQGHU��/��$����������%RQH�PRUSKRJHQHWLF�SURWHLQ�VLJQDOOLQJ�DQG�YHUWHEUDWH�QHUYRXV�
V\VWHP�GHYHORSPHQW��1DW�5HY�1HXURVFL������������������GRL���������QUQ�����

/OHZHO\Q��&��$���+HZLWW��3��(���.QLJKW��5��6��*���$PDU��.���&RXVHQV��6���0DF.HQ]LH��-���	�:LOO��5��
*�� �������� 3RVVLEOH� WUDQVPLVVLRQ� RI� YDULDQW� &UHXW]IHOGW�-DNRE� GLVHDVH� E\� EORRG�
WUDQVIXVLRQ��/DQFHW�����������������������GRL���������6�������������������;�

/OR\G��6��(���0D\WKDP��(��*���*UL]HQNRYD��-���+XPPHULFK��+���	�&ROOLQJH��-����������$�&RSLQH�
IDPLO\�PHPEHU��&SQH���LV�D�FDQGLGDWH�TXDQWLWDWLYH�WUDLW�JHQH�IRU�SULRQ�GLVHDVH�LQFXEDWLRQ�
WLPH�LQ�PRXVH��1HXURJHQHWLFV�������������������GRL���������V�����������������

/OR\G��6��(���0D\WKDP��(��*���3RWD��+���*UL]HQNRYD��-���0RORX��(���8SKLOO��-���������&ROOLQJH��-����������
+(&7'�� ,V� $VVRFLDWHG� ZLWK� 6XVFHSWLELOLW\� WR� 0RXVH� DQG� +XPDQ� 3ULRQ� 'LVHDVH��
GRL���������MRXUQDO�SJHQ���������

/XKNHQ�� *��� %XVFKPDQQ�� $��� %UDQGW�� +��� (LGHQ�� 0��� *URVFKXS�� 0�� +��� 	� (UKDUGW�� *�� ��������
(SLGHPLRORJLFDO�DQG�JHQHWLFDO�GLIIHUHQFHV�EHWZHHQ�FODVVLFDO�DQG�DW\SLFDO�VFUDSLH�FDVHV��
9HW�5HV����������������GRL���������YHWUHV���������

0D��-���	�/LQGTXLVW��6����������&RQYHUVLRQ�RI�3U3�WR�D�6HOI�3HUSHWXDWLQJ�3U36F�OLNH�&RQIRUPDWLRQ�
LQ�WKH�&\WRVRO��6FLHQFH�������������������������GRL���������VFLHQFH���������

0DGHLUD��)���3DUN��<��0���/HH��-���%XVR��1���*XU��7���0DGKXVRRGDQDQ��1���������/RSH]��5����������
7KH�(0%/�(%,�VHDUFK�DQG�VHTXHQFH�DQDO\VLV� WRROV�$3,V� LQ�������1XFOHLF�$FLGV�5HV��
���:����:����:�����GRL���������QDU�JN]����

0DJDOKHV��$��&���%DURQ��*��6���/HH��.��6���6WHHOH�0RUWLPHU��2���'RUZDUG��'���3UDGR��0��$��0���	�
&DXJKH\��%����������8SWDNH�DQG�QHXULWLF�WUDQVSRUW�RI�VFUDSLH�SULRQ�SURWHLQ�FRLQFLGHQW�ZLWK�
LQIHFWLRQ� RI� QHXURQDO� FHOOV�� -RXUQDO� RI� 1HXURVFLHQFH�� �������� ������������
GRL���������-1(8526&,��������������

0DKDO��6��3���%DNHU��&��$���'HPF]\N��&��$���6PLWK��(��:���-XOLXV��&���	�:HLVVPDQQ��&����������
3ULRQ�VWUDLQ�GLVFULPLQDWLRQ�LQ�FHOO�FXOWXUH��WKH�FHOO�SDQHO�DVVD\��3URF�1DWO�$FDG�6FL�8�6�$��
����������������������GRL���������SQDV������������

0DNDUDYD��1���&KDQJ��-��&���.XVKZDKD��5���	�%DVNDNRY��,��9����������5HJLRQ�6SHFLILF�5HVSRQVH�
RI�$VWURF\WHV�WR�3ULRQ�,QIHFWLRQ��)URQW�1HXURVFL������������GRL���������IQLQV������������

0DOODUG��)���7DQJ��%��/���*DOOL��7���7HQ]D��'���6DLQW�3RO��$���<XH��;��� �� �� ��-RKDQQHV��/�� ��������
(DUO\�UHF\FOLQJ� HQGRVRPHV�WR�7*1� WUDQVSRUW� LQYROYHV� WZR� 61$5(� FRPSOH[HV� DQG� D�
5DE��LVRIRUP��7KH�-RXUQDO�RI�&HOO�%LRORJ\��������������������GRL���������MFE�����������
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0DOOXFFL��*��5���5DWWH��6���$VDQWH��(��$���/LQHKDQ��-���*RZODQG��,���-HIIHU\V��-��*���	�&ROOLQJH��-��
��������3RVW�QDWDO�NQRFNRXW�RI�SULRQ�SURWHLQ�DOWHUV�KLSSRFDPSDO�&$��SURSHUWLHV��EXW�GRHV�
QRW�UHVXOW�LQ�QHXURGHJHQHUDWLRQ��(0%2�-������������������GRL���������HPERM����������

0DQLFNDP�� 9��� 7LZDUL�� $��� -XQJ�� -�� -��� %KDWWDFKDU\D�� 5��� *RHO�� $��� 0XNKRSDGK\D\�� '��� 	�
&KRXGKXU\�� $�� �������� 5HJXODWLRQ� RI� YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU� UHFHSWRU� ��
WUDIILFNLQJ� DQG� DQJLRJHQHVLV� E\� *ROJL� ORFDOL]HG� W�61$5(� V\QWD[LQ� ��� %ORRG��
GRL���������EORRG����������������

0DUHOOD��0��� /HKPDQQ��6���*UDVVL�� -��� 	�&KDEU\�� -�� �������� )LOLSLQ� SUHYHQWV� SDWKRORJLFDO� SULRQ�
SURWHLQ�DFFXPXODWLRQ�E\�UHGXFLQJ�HQGRF\WRVLV�DQG�LQGXFLQJ�FHOOXODU�3U3�UHOHDVH��-RXUQDO�
RI�%LRORJLFDO�&KHPLVWU\�������������������������GRL���������MEF�0����������

0DUJLRWWD�� $�� �������� 5ROH� RI� 61$5(V� LQ� 1HXURGHJHQHUDWLYH� 'LVHDVHV�� &HOOV�� �������
GRL���������FHOOV���������

0DULMDQRYLF��=���&DSXWR��$���&DPSDQD��9���	�=XU]ROR��&����������,GHQWLILFDWLRQ�RI�DQ�,QWUDFHOOXODU�
6LWH� RI� 3ULRQ� &RQYHUVLRQ�� 3/26� 3DWKRJHQV�� ������ H���������
GRL���������MRXUQDO�SSDW���������

0DULQ�0RUHQR��$���(VSLQRVD��-��&���	�7RUUHV��-��0����������7UDQVJHQLF�PRXVH�PRGHOV�IRU�WKH�VWXG\�
RI� SULRQ� GLVHDVHV�� 3URJ� 0RO� %LRO� 7UDQVO� 6FL�� ����� ���������
GRL���������EV�SPEWV�������������

0DUNRSRXORX�� .��� &KDVH�� %�� $��� 3UHPNXPDU�� $�� 3��� 6FKRQHEXUJ�� %��� .DUWKD��1���:HL�� -��� �� �� ��
0DUDJDQRUH��'�� ��������9DULDEOH�(IIHFWV�RI�3'�5LVN�$VVRFLDWHG�613V�DQG�9DULDQWV� LQ�
3DUNLQVRQLVP�$VVRFLDWHG�*HQHV�RQ�'LVHDVH�3KHQRW\SH�LQ�D�&RPPXQLW\�%DVHG�&RKRUW��
)URQW�1HXURO��������������GRL���������IQHXU�������������

0DUVK��5��)���	�+DGORZ��:��-����������7UDQVPLVVLEOH�PLQN�HQFHSKDORSDWK\��5HY�6FL�7HFK���������
���������GRL����������UVW����������

0DUWLQ�0DUWLQ��%���1DERNLQD��6��0���%ODVL��-���/D]R��3��$���	�0ROOLQHGR��)����������,QYROYHPHQW�RI�
61$3����DQG�V\QWD[LQ���LQ�KXPDQ�QHXWURSKLO�H[RF\WRVLV��%ORRG���������������������

0DVVLJQDQ��7���%LDVLQL��(���/DXUDQ]DQR��(���9HJOLDQHVH��3���3LJQDWDUR��0���)LRULWL��/���������%RQHWWR��
9�� ��������0XWDQW�SULRQ�SURWHLQ�H[SUHVVLRQ� LV�DVVRFLDWHG�ZLWK�DQ�DOWHUDWLRQ�RI� WKH�5DE�
*'3�GLVVRFLDWLRQ�LQKLELWRU�DOSKD��*',��5DE���SDWKZD\��0RO�&HOO�3URWHRPLFV������������
�����GRL���������PFS�0�������0&3����

0DVWULDQQL��-��$���1L[RQ��5���/D\]HU��5���7HOOLQJ��*��&���+DQ��'���'H$UPRQG��6��-���	�3UXVLQHU��6��
%����������3ULRQ�SURWHLQ�FRQIRUPDWLRQ�LQ�D�SDWLHQW�ZLWK�VSRUDGLF�IDWDO�LQVRPQLD��1�(QJO�-�
0HG����������������������GRL���������1(-0����������������

0DWDPRURV�$QJOHV��$���*D\RVVR��/��0���5LFKDXG�3DWLQ��<���GL�'RPHQLFR��$���9HUJDUD��&���+HUYHUD��
$���������'HO�5LR��-��$����������L36�&HOO�&XOWXUHV�IURP�D�*HUVWPDQQ�6WUDXVVOHU�6FKHLQNHU�
3DWLHQW�ZLWK�WKH�<���1�3513�0XWDWLRQ�5HFDSLWXODWH�WDX�3DWKRORJ\��0RO�1HXURELRO���������
�����������GRL���������V�����������������

0DWHM��5���2OHMDU��7���-DQRXVNRYD��2���	�+RODGD��.����������'HOHWLRQ�RI�SURWHDVH�DFWLYDWHG�UHFHSWRU�
�� SURORQJV� VXUYLYDO� RI� VFUDSLH�LQRFXODWHG� PLFH�� -� *HQ� 9LURO�� ���3W� ���� �����������
GRL���������YLU������������

0DXUDQR�� 0�� 7��� +XPEHUW�� 5��� 5\QHV�� (��� 7KXUPDQ�� 5�� (��� +DXJHQ�� (��� :DQJ�� +��� �� �� ��
6WDPDWR\DQQRSRXORV�� -�� $�� �������� 6\VWHPDWLF� ORFDOL]DWLRQ� RI� FRPPRQ� GLVHDVH�
DVVRFLDWHG� YDULDWLRQ� LQ� UHJXODWRU\� '1$�� 6FLHQFH�� ����������� �����������
GRL���������VFLHQFH���������
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0D\V��&��(���$UPLMR��(���0RUDOHV��5���.UDPP��&���)ORUHV��$���7LZDUL��$���������6RWR��&����������3ULRQ�
GLVHDVH� LV�DFFHOHUDWHG� LQ�PLFH� ODFNLQJ�VWUHVV�LQGXFHG�KHDW�VKRFN�SURWHLQ�����+63�����
-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\��MEF�5$������������GRL���������MEF�UD�����������

0F*RZDQ��-��3����������6FUDSLH�LQ�VKHHS��6FRWW��-��$JULF���������������

0F/DUHQ��:���3ULWFKDUG��%���5LRV��'���&KHQ��<���)OLFHN��3���	�&XQQLQJKDP��)����������'HULYLQJ�WKH�
FRQVHTXHQFHV� RI� JHQRPLF� YDULDQWV� ZLWK� WKH� (QVHPEO� $3,� DQG� 613� (IIHFW� 3UHGLFWRU��
%LRLQIRUPDWLFV���������������������GRL���������ELRLQIRUPDWLFV�EWT����

0F/HOODQG�� *�� /��� /HH�� 6�� $��� 0F%ULGH�� +�� 0��� 	� )RQ�� (�� $�� �������� 6\QWD[LQ���� GHOLYHUV�
3,1.��SDUNLQ�GHSHQGHQW�PLWRFKRQGULDO�YHVLFOHV�WR�WKH�HQGRO\VRVRPDO�V\VWHP��-�&HOO�%LRO��
�����������������GRL���������MFE�����������

0HDG��6���*DQGKL��6���%HFN��-���&DLQH��'���*DOOXMLSDOL��'���&DUVZHOO��&���������&ROOLQJH��-����������$�
QRYHO�SULRQ�GLVHDVH�DVVRFLDWHG�ZLWK�GLDUUKHD�DQG�DXWRQRPLF�QHXURSDWK\��1�(QJO�-�0HG��
��������������������GRL���������1(-0RD��������

0HDG��6���/OR\G��6���	�&ROOLQJH��-����������*HQHWLF�)DFWRUV�LQ�0DPPDOLDQ�3ULRQ�'LVHDVHV��$QQX�
5HY�*HQHW������������������GRL���������DQQXUHY�JHQHW���������������

0HDG��6���0DKDO�� 6��3��� %HFN�� -���&DPSEHOO�� 7��� )DUUDOO��0��� )LVKHU��(��� 	�&ROOLQJH�� -�� ��������
6SRUDGLF�%XW� QRW� YDULDQW�&UHXW]IHOGW�-DNRE� GLVHDVH� LV� DVVRFLDWHG�ZLWK� SRO\PRUSKLVPV�
XSVWUHDP�RI�3513�H[RQ����$PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV���������������������
GRL����������������

0HDG��6���3RXOWHU��0���8SKLOO��-���%HFN��-���:KLWILHOG��-���:HEE��7��(���������&ROOLQJH��-����������*HQHWLF�
ULVN� IDFWRUV� IRU� YDULDQW� &UHXW]IHOGW�-DNRE� GLVHDVH�� D� JHQRPH�ZLGH� DVVRFLDWLRQ� VWXG\��
/DQFHW�1HXURO���������������GRL���������6���������������������

0HDG��6���8SKLOO��-���%HFN��-���3RXOWHU��0���&DPSEHOO��7���/RZH��-���������&ROOLQJH��-����������*HQRPH�
ZLGH�DVVRFLDWLRQ�VWXG\� LQ�PXOWLSOH�KXPDQ�SULRQ�GLVHDVHV�VXJJHVWV�JHQHWLF� ULVN� IDFWRUV�
DGGLWLRQDO�WR�3513��+XP�0RO�*HQHW��������������������GRL���������KPJ�GGU����

0HDG��6���:KLWILHOG��-���3RXOWHU��0���6KDK��3���8SKLOO��-���&DPSEHOO��7���������&ROOLQJH��-����������$�
QRYHO�SURWHFWLYH�SULRQ�SURWHLQ�YDULDQW�WKDW�FRORFDOL]HV�ZLWK�NXUX�H[SRVXUH��1�(QJO�-�0HG��
��������������������GRL���������1(-0RD��������

0HGRUL��5���7ULWVFKOHU��+��-���/H%ODQF��$���9LOODUH��)���0DQHWWR��9���&KHQ��+��<���������HW�DO����������
)DWDO�IDPLOLDO�LQVRPQLD��D�SULRQ�GLVHDVH�ZLWK�D�PXWDWLRQ�DW�FRGRQ�����RI�WKH�SULRQ�SURWHLQ�
JHQH��1�(QJO�-�0HG�������������������GRL���������1(-0����������������

0HKUDELDQ��0���%UHWKRXU��'���:DQJ��+���;L��=���5RJDHYD��(���	�6FKPLWW�8OPV��*����������7KH�3ULRQ�
3URWHLQ� &RQWUROV� 3RO\VLDO\ODWLRQ� RI� 1HXUDO� &HOO� $GKHVLRQ� 0ROHFXOH� �� GXULQJ� &HOOXODU�
0RUSKRJHQHVLV��3/R6�21(���������H���������GRL���������MRXUQDO�SRQH���������

0HLVVQHU��%���.DOOHQEHUJ��.���6DQFKH]�-XDQ��3���5DPOMDN��6���.UDVQLDQVNL��$���+HLQHPDQQ��8�������
�� =HUU�� ,�� �������� 05,� DQG� FOLQLFDO� V\QGURPH� LQ� GXUD� PDWHU�UHODWHG� &UHXW]IHOGW�-DNRE�
GLVHDVH��-�1HXURO�������������������GRL���������V���������������]�

0HU]��3��$���6RPHUYLOOH��5��$���:LVQLHZVNL��+��0���	�,TEDO��.����������$EQRUPDO�ILEULOV�IURP�VFUDSLH�
LQIHFWHG�EUDLQ��$FWD�1HXURSDWKRO����������������GRL���������%)���������

0HVVLQD��'���&HUDVD��$���&RQGLQR��)���$UDELD��*���1RYHOOLQR��)���1LFROHWWL��*���������4XDWWURQH��$��
��������3DWWHUQV�RI�EUDLQ�DWURSK\�LQ�3DUNLQVRQ
V�GLVHDVH��SURJUHVVLYH�VXSUDQXFOHDU�SDOV\�
DQG� PXOWLSOH� V\VWHP� DWURSK\�� 3DUNLQVRQLVP� 5HODW� 'LVRUG�� ������� ���������
GRL���������M�SDUNUHOGLV�������������

0LOOV��,��*���8UEH��6���	�&ODJXH��0��-����������5HODWLRQVKLSV�EHWZHHQ�(($��ELQGLQJ�SDUWQHUV�DQG�
WKHLU�UROH�LQ�HQGRVRPH�IXVLRQ��-RXUQDO�RI�&HOO�6FLHQFH������������������
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0LOOV��0��&���	�5DKDO��&����������$�VFLHQWRPHWULF�UHYLHZ�RI�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��,Q�
�9RO������

0LQDPL��6���<RNRWD��1���	�.DZDKDUD��+����������%$*��FRQWULEXWHV�WR�JOXFRVH�XSWDNH�E\�VXSSRUWLQJ�
WKH� FHOO� VXUIDFH� WUDQVORFDWLRQ� RI� WKH� JOXFRVH� WUDQVSRUWHU� */87��� %LRORJ\�2SHQ�� ������
ELR��������GRL���������ELR��������

0LUDQ]DGHK� 0DKDEDGL�� +��� 	� 7DJKLELJORX�� &�� �������� &HOOXODU� 3ULRQ� 3URWHLQ� �3U3F��� 3XWDWLYH�
,QWHUDFWLQJ� 3DUWQHUV� DQG� &RQVHTXHQFHV� RI� WKH� ,QWHUDFWLRQ�� ,QW� -� 0RO� 6FL�� ��������
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3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV�� �������� ������������
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GRL���������SQDV������������

0RN��7���-DXQPXNWDQH��=���-RLQHU��6���&DPSEHOO��7���0RUJDQ��&���:DNHUOH\��%��� ������&ROOLQJH��-��
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V�'LVHDVH�*HQRPLFV��&����������,GHQWLILFDWLRQ�RI�QRYHO�ULVN�ORFL��
FDXVDO�LQVLJKWV��DQG�KHULWDEOH�ULVN�IRU�3DUNLQVRQ
V�GLVHDVH��D�PHWD�DQDO\VLV�RI�JHQRPH�
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1R]DZD��7���0LQRZD�1R]DZD��$���$LNDZD��&���	�1DNDJDZD��,����������7KH�67;��97,�%�9$03��
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UHODWHG� WR� SODTXH� IRUPDWLRQ� DQG� DJH� RI� RQVHW� LQ� VSRUDGLF� &UHXW]IHOGW�-DNRE� GLVHDVH��
1HXURVFLHQFH�/HWWHUV��������������������GRL������������������������������

3LOODL�.DVWRRUL��/���6FKXW]�*HVFKZHQGHU��$��5���	�+DUIRUG��-��$����������$�V\VWHPDWLF�DSSURDFK�WR�
TXDQWLWDWLYH� :HVWHUQ� EORW� DQDO\VLV�� $QDO� %LRFKHP�� ����� ��������
GRL���������M�DE�������������

3LOOLRG��-���'HVMDUGLQV��$���3HUQHJUH��&���-DPDQQ��+���/DURFKHOOH��&���)RQ��(��$���	�/HFOHUF��1��
�������� &OHDUDQFH� RI� LQWUDFHOOXODU� WDX� SURWHLQ� IURP� QHXURQDO� FHOOV� YLD� 9$03��LQGXFHG�
VHFUHWLRQ��-�%LRO�&KHP������������������������GRL���������MEF�5$�����������

3LQHDX��+���	�6LP��9��/����������)URP�&HOO�&XOWXUH�WR�2UJDQRLGV�0RGHO�6\VWHPV�IRU�,QYHVWLJDWLQJ�
3ULRQ�6WUDLQ�&KDUDFWHULVWLFV��%LRPROHFXOHV���������GRL���������ELRP���������

3RFFKLDUL��0���3XRSROR��0���&URHV��(��$���%XGND��+���*HOSL��(���&ROOLQV��6���������:LOO��5��*����������
3UHGLFWRUV� RI� VXUYLYDO� LQ� VSRUDGLF� &UHXW]IHOGW�-DNRE� GLVHDVH� DQG� RWKHU� KXPDQ�
WUDQVPLVVLEOH� VSRQJLIRUP� HQFHSKDORSDWKLHV�� %UDLQ�� ����3W� ����� �����������
GRL���������EUDLQ�DZK����

3ROHJJL�� $��� YDQ� GHU� /HH�� 6��� &DSHOODUL�� 6��� 3XRSROR�� 0��� /DGRJDQD�� $��� 'H� 3DVFDOL�� (��� �� �� ��
3RFFKLDUL��0����������$JH�DW�RQVHW�RI�JHQHWLF��(���.��DQG�VSRUDGLF�&UHXW]IHOGW�-DNRE�
GLVHDVHV� LV�PRGXODWHG�E\� WKH�&<3�;��JHQH��-�1HXURO�1HXURVXUJ�3V\FKLDWU\�� ��������
�����������GRL���������MQQS�������������

3RO\PHQLGRX��0���6WRHFN��.���*ODW]HO��0���9H\��0���%HOORQ��$���	�$JX]]L��$����������&RH[LVWHQFH�
RI�PXOWLSOH� 3U36F� W\SHV� LQ� LQGLYLGXDOV�ZLWK�&UHXW]IHOGW�-DNRE� GLVHDVH��/DQFHW�1HXURO��
����������������GRL���������6���������������������

3URGURPLGRX��.���3DSDVWHIDQDNL��)���6NODYLDGLV��7���	�0DWVDV��5�� ��������)XQFWLRQDO�FURVV�WDON�
EHWZHHQ� WKH�FHOOXODU�SULRQ�SURWHLQ�DQG� WKH�QHXUDO�FHOO�DGKHVLRQ�PROHFXOH� LV�FULWLFDO� IRU�
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QHXURQDO� GLIIHUHQWLDWLRQ� RI� QHXUDO� VWHP�SUHFXUVRU� FHOOV��6WHP�&HOOV�� ������� �����������
GRL���������VWHP������

3UXVLQHU�� 6�� %�� �������� 1RYHO� SURWHLQDFHRXV� LQIHFWLRXV� SDUWLFOHV� FDXVH� VFUDSLH�� 6FLHQFH��
��������������������GRL���������VFLHQFH���������

3UXVLQHU�� 6�� %�� ��������0ROHFXODU� ELRORJ\� RI� SULRQ� GLVHDVHV��6FLHQFH�� ����������� �����������
GRL���������VFLHQFH���������

3UXVLQHU��6��%���%ROWRQ��'��&���*URWK��'��)���%RZPDQ��.��$���&RFKUDQ��6��3���	�0F.LQOH\��0��3��
��������)XUWKHU�SXULILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�VFUDSLH�SULRQV��%LRFKHPLVWU\����������
�����������GRL���������EL�����D����

3UXVLQHU��6��%���&RFKUDQ��6��3���*URWK��'��)���'RZQH\��'��(���%RZPDQ��.��$���	�0DUWLQH]��+��0��
��������0HDVXUHPHQW�RI�WKH�VFUDSLH�DJHQW�XVLQJ�DQ�LQFXEDWLRQ�WLPH�LQWHUYDO�DVVD\��$QQ�
1HXURO������������������GRL���������DQD�����������

3UXVLQHU��6��%���*URWK��'��)���%ROWRQ��'��&���.HQW��6��%���	�+RRG��/��(����������3XULILFDWLRQ�DQG�
VWUXFWXUDO�VWXGLHV�RI�D�PDMRU�VFUDSLH�SULRQ�SURWHLQ��&HOO������������������GRL��������������
����������������

3UXVLQHU�� 6�� %��� 6FRWW��0��� )RVWHU�� '��� 3DQ�� .��0��� *URWK�� '���0LUHQGD�� &��� �� �� �� HW� DO�� ��������
7UDQVJHQHWLF�VWXGLHV�LPSOLFDWH�LQWHUDFWLRQV�EHWZHHQ�KRPRORJRXV�3U3�LVRIRUPV�LQ�VFUDSLH�
SULRQ�UHSOLFDWLRQ��&HOO������������������GRL����������������������������]�

3XLJ��%���$OWPHSSHQ��+��&���/LQVHQPHLHU��/���&KDNURXQ��.���:HJZLW]��)���3LRQWHN��8��.���������*ODW]HO��
0�� �������� *3,�DQFKRU� VLJQDO� VHTXHQFH� LQIOXHQFHV� 3U3� &� VRUWLQJ�� VKHGGLQJ� DQG�
VLJQDOOLQJ��DQG�LPSDFWV�RQ�GLIIHUHQW�SDWKRPHFKDQLVWLF�DVSHFWV�RI�SULRQ�GLVHDVH�LQ�PLFH��
3/26�3DWKRJHQV���������GRL���������MRXUQDO�SSDW���������

3XUFHOO��6���1HDOH��%���7RGG�%URZQ��.���7KRPDV��/���)HUUHLUD��0��$���%HQGHU��'���������6KDP��3��&��
��������3/,1.��D� WRRO�VHW� IRU�ZKROH�JHQRPH�DVVRFLDWLRQ�DQG�SRSXODWLRQ�EDVHG� OLQNDJH�
DQDO\VHV��$P�-�+XP�*HQHW������������������GRL����������������

3XUUR��6��$���)DUURZ��0��$���/LQHKDQ��-���1D]DUL��7���7KRPDV��'��;���&KHQ��=��� �� �� ��&ROOLQJH��-��
��������7UDQVPLVVLRQ�RI�DP\ORLG�EHWD�SURWHLQ�SDWKRORJ\�IURP�FDGDYHULF�SLWXLWDU\�JURZWK�
KRUPRQH��1DWXUH����������������������GRL���������V���������������\�

4L��/��6���/DUVRQ��0��+���*LOEHUW��/��$���'RXGQD��-��$���:HLVVPDQ��-��6���$UNLQ��$��3���	�/LP��:��$��
��������5HSXUSRVLQJ�&5,635�DV�DQ�51$�JXLGHG�SODWIRUP�IRU�VHTXHQFH�VSHFLILF�FRQWURO�
RI�JHQH�H[SUHVVLRQ��&HOO���������������������GRL���������M�FHOO�������������

4L��;���0RRUH��5��$���	�0F*XLUO��0��$����������'LVVRFLDWLRQ�RI�5HFRPELQDQW�3ULRQ�3URWHLQ�)LEULOV�
LQWR�6KRUW�3URWRILODPHQWV��,PSOLFDWLRQV�IRU�WKH�(QGRF\WLF�3DWKZD\�DQG�,QYROYHPHQW�RI�WKH�
1�7HUPLQDO�'RPDLQ��%LRFKHPLVWU\����������������������GRL���������EL������H�

4LQD��7���6DQMR��1���+L]XPH��0���+LJXPD��0���7RPLWD��0���$WDUDVKL��5���������0L]XVDZD��+����������
&OLQLFDO� IHDWXUHV�RI�JHQHWLF�&UHXW]IHOGW�-DNRE�GLVHDVH�ZLWK�9���,�PXWDWLRQ� LQ�WKH�SULRQ�
SURWHLQ�JHQH��%0-�2SHQ��������GRL���������EPMRSHQ�������������

4XDFK��+���5RWLYDO��0���3RWKOLFKHW��-���/RK��<��(���'DQQHPDQQ��0���=LGDQH��1���������4XLQWDQD�0XUFL��
/����������*HQHWLF�$GDSWDWLRQ�DQG�1HDQGHUWDO�$GPL[WXUH�6KDSHG�WKH�,PPXQH�6\VWHP�RI�
+XPDQ�3RSXODWLRQV��&HOO������������������H�����GRL���������M�FHOO�������������

5DFH��%���0HDGH�:KLWH��.��'���0LOOHU��0��:���%DUELDQ��.��'���5XEHQVWHLQ��5���/D)DXFL��*��� �� �� ��
&KHVHEUR��%����������6XVFHSWLELOLWLHV�RI�QRQKXPDQ�SULPDWHV�WR�FKURQLF�ZDVWLQJ�GLVHDVH��
(PHUJ�,QIHFW�'LV��������������������GRL���������HLG������������
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5DPDVDP\��$���7UDE]XQL��'���*XHOIL��6���9DUJKHVH��9���6PLWK��&���:DONHU��5���������:HDOH��0��(��
��������*HQHWLF�YDULDELOLW\�LQ�WKH�UHJXODWLRQ�RI�JHQH�H[SUHVVLRQ�LQ�WHQ�UHJLRQV�RI�WKH�KXPDQ�
EUDLQ��1DW�1HXURVFL���������������������GRL���������QQ������

5DPLUH]��'��0���.KYRWFKHY��0���7UDXWHUPDQ��%���	�.DYDODOL��(��7����������9WL�D�LGHQWLILHV�D�YHVLFOH�
SRRO� WKDW�SUHIHUHQWLDOO\�UHF\FOHV�DW�UHVW�DQG�PDLQWDLQV�VSRQWDQHRXV�QHXURWUDQVPLVVLRQ��
1HXURQ������������������GRL���������M�QHXURQ�������������

5HQ��.���*DR��&���=KDQJ��-���:DQJ��.���;X��<���:DQJ��6��%���������'RQJ��;��3����������)ORWLOOLQ���
PHGLDWHV� 3U3&� HQGRF\WRVLV� LQ� WKH� FXOWXUHG� FHOOV� GXULQJ� &X��� VWLPXODWLRQ� WKURXJK�
PROHFXODU�LQWHUDFWLRQ��,Q��9RO������SS�������������

5HQ��3��+��� /DXFNQHU�� -��(���.DFKLUVNDLD�� ,���+HXVHU�� -��(���0HONL��5���	�.RSLWR��5��5�� ��������
&\WRSODVPLF�SHQHWUDWLRQ�DQG�SHUVLVWHQW� LQIHFWLRQ�RI�PDPPDOLDQ�FHOOV�E\�SRO\JOXWDPLQH�
DJJUHJDWHV��1DW�&HOO�%LRO������������������GRL���������QFE�����

5HVWHOOL��(���&DSRQH��9���3R]]ROL��0���2UWRODQ��'���4XDJOLR��(���&RUEHOOL��$���������&KLHVD��5����������
$FWLYDWLRQ�RI�6UF�IDPLO\�NLQDVH�DPHOLRUDWHV�VHFUHWRU\�WUDIILFNLQJ�LQ�PXWDQW�SULRQ�SURWHLQ�
FHOOV��-�%LRO�&KHP���������������GRL���������M�MEF�������������

5HYHUWHU�� 0��� 5HQWHUR�� &��� *DUFLD�0HOHUR�� $��� 	� +RTXH��0�� D�� �������� &KROHVWHURO� 5HJXODWHV�
6\QWD[LQ� �� 7UDIILFNLQJ� DW� WUDQV�*ROJL� 1HWZRUN� (QGRVRPDO� %RXQGDULHV�� &HOO� 5HSRUWV��
GRL���������M�FHOUHS�������������

5LFKW��-��$���	�+DOO��6��0����������%6(�FDVH�DVVRFLDWHG�ZLWK�SULRQ�SURWHLQ�JHQH�PXWDWLRQ��3/R6�
3DWKRJ��������H���������GRL���������MRXUQDO�SSDW���������

5LHGHO��0���6WUDXEH��$���6FKZDU]��0��-���:LOVNH��%���	�0OOHU��1����������3URWHFWLYH�SULRQ�SURWHLQ�
SRO\PRUSKLVPV� DJDLQVW� VSRUDGLF� &UHXW]IHOGW�-DNRE� GLVHDVH�� /DQFHW�� ����������� �����
GRL���������V���������������������

5LHN�� 5��� +RUQHPDQQ�� 6��� :LGHU�� *��� *ORFNVKXEHU�� 5��� 	� :XWKULFK�� .�� �������� 105�
FKDUDFWHUL]DWLRQ�RI�WKH�IXOO�OHQJWK�UHFRPELQDQW�PXULQH�SULRQ�SURWHLQ��P3U3����������)(%6�
/HWW�������������������GRL���������V���������������������

5LHPHU��&���6FKXOW]��-���%XUZLQNHO��0���6FKZDU]��$���0RN��6��:���*XOWQHU��6���������%DLHU��0����������
$FFHOHUDWHG�SULRQ�UHSOLFDWLRQ�LQ��EXW�SURORQJHG�VXUYLYDO�WLPHV�RI��SULRQ�LQIHFWHG�&;&5�����
PLFH��-�9LURO�����������������������GRL���������-9,����������

5LJJV�� .�� $���+DVDQ��1���+XPSKUH\��'���5DOHLJK��&���1HYLWW�� &��� &RUELQ��'��� 	�+X��&�� ��������
5HJXODWLRQ�RI�LQWHJULQ�HQGRF\WLF�UHF\FOLQJ�DQG�FKHPRWDFWLF�FHOO�PLJUDWLRQ�E\�V\QWD[LQ���
DQG� 9$03�� LQWHUDFWLRQ�� -RXUQDO� RI� &HOO� 6FLHQFH�� ��������� ������������
GRL���������MFV��������

5L]R��-���	�6XGKRI��7��&����������6QDUHV�DQG�0XQF���LQ�V\QDSWLF�YHVLFOH�IXVLRQ��1DW�5HY�1HXURVFL��
���������������GRL���������QUQ����

5L]]ROL��6��2���%HWKDQL�� ,���=ZLOOLQJ��'���:HQ]HO��'���6LGGLTXL��7��-���%UDQGKRUVW��'���	�-DKQ��5��
�������� (YLGHQFH� IRU� HDUO\� HQGRVRPH�OLNH� IXVLRQ� RI� UHFHQWO\� HQGRF\WRVHG� V\QDSWLF�
YHVLFOHV��7UDIILF�������������������GRL���������M����������������������[�

5RDGPDS�(SLJHQRPLFV�&RQVRUWLXP��.XQGDMH��$���0HXOHPDQ��:���(UQVW��-���%LOHQN\��0���<HQ��$���
������.HOOLV��0����������,QWHJUDWLYH�DQDO\VLV�RI�����UHIHUHQFH�KXPDQ�HSLJHQRPHV��1DWXUH��
��������������������GRL���������QDWXUH������

5RJDHYD��(���0HQJ��<���/HH��-��+���*X��<���.DZDUDL��7���=RX��)���������6W�*HRUJH�+\VORS��3����������
7KH�QHXURQDO�VRUWLOLQ�UHODWHG� UHFHSWRU�625/�� LV�JHQHWLFDOO\�DVVRFLDWHG�ZLWK�$O]KHLPHU�
GLVHDVH��1DW�*HQHW������������������GRL���������QJ�����
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5RJHUV��0��$���&KDQJ��&��&��<���0DXH��5��$���0HOWRQ��(��0���3HGHQ��$��$���*DUYHU��:��6����� �� ��
&KDQJ��7��<����������$FDW��JHQH�.2�UHVWRUHV�7*1�FKROHVWHURO�GHILFLHQF\�LQ�PXWDQW�13&��
FHOOV�DQG�H[SDQGV�PXWDQW�1SF��PRXVH�OLIHVSDQ��ELR5[LY���

5RRW��-���0HULQR��3���1XFNROV��$���-RKQVRQ��0���	�.XNDU��7����������/\VRVRPH�G\VIXQFWLRQ�DV�D�
FDXVH� RI� QHXURGHJHQHUDWLYH� GLVHDVHV�� /HVVRQV� IURP� IURQWRWHPSRUDO� GHPHQWLD� DQG�
DP\RWURSKLF� ODWHUDO� VFOHURVLV�� 1HXURELRO� 'LV�� ����� ��������
GRL���������M�QEG�������������

5RXFRX��;���*XR��4���=KDQJ��<���*RRG\HU��&��*���	�/H%ODQF��$��&����������&\WRVROLF�3ULRQ�3URWHLQ�
,V�1RW�7R[LF�DQG�3URWHFWV�DJDLQVW�%D[�PHGLDWHG�&HOO�'HDWK�LQ�+XPDQ�3ULPDU\�1HXURQV��
-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\�������������������������GRL���������MEF�0����������

5RXYLQVNL��$���.DUQLHO\��6���.RXQLQ��0���0RXVVD��6���*ROGEHUJ��0��'���:DUEXUJ��*���������7DUDERXORV��
$����������/LYH�LPDJLQJ�RI�SULRQV�UHYHDOV�QDVFHQW�3U36F�LQ�FHOOVXUIDFH��UDIW�DVVRFLDWHG�
DP\ORLG� VWULQJV� DQG� ZHEV�� -RXUQDO� RI� &HOO� %LRORJ\�� �������� ����������
GRL���������MFE�����������

5XGJH��3���-DXQPXNWDQH��=���$GODUG��3���%MXUVWURP��1���&DLQH��'���/RZH��-���������&ROOLQJH��-����������
,DWURJHQLF� &-'� GXH� WR� SLWXLWDU\�GHULYHG� JURZWK� KRUPRQH� ZLWK� JHQHWLFDOO\� GHWHUPLQHG�
LQFXEDWLRQ� WLPHV� RI� XS� WR� ��� \HDUV�� %UDLQ�� ����3W� ����� �����������
GRL���������EUDLQ�DZY����

5\GELUN��5���)RONH��-���:LQJH��.���$]QDU��6���3DNNHQEHUJ��%���	�%UXGHN��7����������$VVHVVPHQW�RI�
EUDLQ�UHIHUHQFH�JHQHV�IRU�57�T3&5�VWXGLHV�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV��6FL�5HS�����
�������GRL���������VUHS������

6DERULR��*��3���3HUPDQQH��%���	�6RWR��&����������6HQVLWLYH�GHWHFWLRQ�RI�SDWKRORJLFDO�SULRQ�SURWHLQ�
E\� F\FOLF� DPSOLILFDWLRQ� RI� SURWHLQ� PLVIROGLQJ�� 1DWXUH�� ����������� ���������
GRL������������������

6DIDU��-���:LOOH��+���,WUL��9���*URWK��'���6HUEDQ��+���7RUFKLD��0���������3UXVLQHU��6��%����������(LJKW�
SULRQ�VWUDLQV�KDYH�3U3�6F��PROHFXOHV�ZLWK�GLIIHUHQW�FRQIRUPDWLRQV��1DW�0HG��������������
������GRL��������������

6DODPDW��0��.���'URQ��0���&KDSXLV��-���/DQJHYLQ��&���	�/DXGH��+����������3ULRQ�3URSDJDWLRQ�LQ�
&HOOV� ([SUHVVLQJ� 3U3� *O\FRV\ODWLRQ� 0XWDQWV�� -RXUQDO� RI� 9LURORJ\�� ������� ������������
GRL���������MYL����������

6DOYDWRUH��0���6HHEHU��$��&���1DFPLDV��%���3HWUDUROL��5���'
$OHVVDQGUR��0���6RUEL��6���	�3RFFKLDUL��
0�� �������� $SROLSRSURWHLQ� (� LQ� VSRUDGLF� DQG� IDPLOLDO� &UHXW]IHOGW�-DNRE� GLVHDVH��
1HXURVFLHQFH�/HWWHUV������������������GRL������������������������������

6DOYHVHQ��2���(VSHQHV��$���5HLWHQ��0��5���9XRQJ��7��7���0DODFKLQ��*���7UDQ��/����� �� ��(UVGDO��&��
�������� *RDWV� QDWXUDOO\� GHYRLG� RI� 3U3�&�� DUH� UHVLVWDQW� WR� VFUDSLH�� 9HW� 5HV�� ������� ���
GRL���������V�����������������

6DQFKH]�&RQWUHUDV��0��<���.RXUL��1���&RRN��&��1���6HULH��'��-���+HFNPDQ��0��*���)LQFK��1��$���������
5RVV�� 2�� $�� �������� 5HSOLFDWLRQ� RI� SURJUHVVLYH� VXSUDQXFOHDU� SDOV\� JHQRPH�ZLGH�
DVVRFLDWLRQ�VWXG\�LGHQWLILHV�6/&2�$��DQG�'863���DV�QHZ�VXVFHSWLELOLW\�ORFL��0ROHFXODU�
1HXURGHJHQHUDWLRQ���������GRL���������V�����������������

6DQFKH]�-XDQ��3���%LVKRS��0��7���$XOFKHQNR��<��6���%UDQGHO��-��3���5LYDGHQHLUD��)���6WUXFKDOLQ��
0��� �� �� �� YDQ� 'XLMQ�� &�� 0�� �������� *HQRPH�ZLGH� VWXG\� OLQNV� 0705�� JHQH� WR� YDULDQW�
&UHXW]IHOGW�-DNRE� ULVN�� 1HXURELRO� $JLQJ�� ������� ����� H�����������
GRL���������M�QHXURELRODJLQJ�������������

6DQFKH]�-XDQ��3���%LVKRS��0��7���.RYDFV��*��*���&DOHUR��0���$XOFKHQNR��<��6���/DGRJDQD��$���������
YDQ� 'XLMQ�� &�� 0�� �������� $� JHQRPH� ZLGH� DVVRFLDWLRQ� VWXG\� OLQNV� JOXWDPDWH� UHFHSWRU�
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SDWKZD\� WR� VSRUDGLF� &UHXW]IHOGW�-DNRE� GLVHDVH� ULVN�� 3/R6� 21(�� ������� H���������
GRL���������MRXUQDO�SRQH���������

6DQGEHUJ�� 0�� .��� $O�'RXMDLO\�� +��� 6KDUSV�� %��� &ODUNH�� $�� 5��� 	� &ROOLQJH�� -�� �������� 3ULRQ�
SURSDJDWLRQ� DQG� WR[LFLW\� LQ� YLYR� RFFXU� LQ� WZR� GLVWLQFW� PHFKDQLVWLF� SKDVHV�� 1DWXUH��
��������������������GRL���������QDWXUH������

6DQGEHUJ��0��.���$O�'RXMDLO\��+���6KDUSV��%���'H�2OLYHLUD��0��:���6FKPLGW��&���5LFKDUG�/RQGW��$���
������&ROOLQJH��-����������3ULRQ�QHXURSDWKRORJ\�IROORZV�WKH�DFFXPXODWLRQ�RI�DOWHUQDWH�SULRQ�
SURWHLQ� LVRIRUPV� DIWHU� LQIHFWLYH� WLWUH� KDV� SHDNHG�� 1DW� &RPPXQ�� ��0D\��� ������
GRL���������QFRPPV�����

6DQGEHUJ��0��.��� $O�'RXMDLO\��+���6LJXUGVRQ��&�� -���*ODW]HO��0���2
0DOOH\��&���3RZHOO��&��� �� �� ��
&ROOLQJH��-����������&KURQLF�ZDVWLQJ�GLVHDVH�SULRQV�DUH�QRW�WUDQVPLVVLEOH�WR�WUDQVJHQLF�
PLFH� RYHUH[SUHVVLQJ� KXPDQ� SULRQ� SURWHLQ�� -� *HQ� 9LURO�� ���3W� ����� �����������
GRL���������YLU������������

6DQWXFFLRQH��$���6\WQ\N��9���/HVKFK\QV
ND��,���	�6FKDFKQHU��0����������3ULRQ�SURWHLQ�UHFUXLWV�LWV�
QHXURQDO� UHFHSWRU� 1&$0� WR� OLSLG� UDIWV� WR� DFWLYDWH� S��I\Q� DQG� WR� HQKDQFH� QHXULWH�
RXWJURZWK��-�&HOO�%LRO�������������������GRL���������MFE�����������

6DUQDWDUR��'���&DPSDQD��9���3DODGLQR��6���6WRUQDLXROR��0���1LWVFK��/���	�=XU]ROR��&����������3U3�&��
DVVRFLDWLRQ� ZLWK� OLSLG� UDIWV� LQ� WKH� HDUO\� VHFUHWRU\� SDWKZD\� VWDELOL]HV� LWV� FHOOXODU�
FRQIRUPDWLRQ��0RO�%LRO�&HOO��������������������GRL���������PEF�H�����������

6DUQDWDUR��'���&DSXWR��$���&DVDQRYD��3���3XUL��&���3DODGLQR��6���7LYRGDU��6��6���������=XU]ROR��&��
��������/LSLG�UDIWV�DQG�FODWKULQ�FRRSHUDWH� LQ�WKH� LQWHUQDOL]DWLRQ�RI�3U3�LQ�HSLWKHOLDO�)57�
FHOOV��3/R6�21(��������H������GRL���������MRXUQDO�SRQH���������

6DUQDWDUR��'���3DODGLQR��6���&DPSDQD��9���*UDVVL��-���1LWVFK��/���	�=XU]ROR��&����������3U3&�LV�
VRUWHG�WR�WKH�EDVRODWHUDO�PHPEUDQH�RI�HSLWKHOLDO�FHOOV�LQGHSHQGHQWO\�RI�LWV�DVVRFLDWLRQ�ZLWK�
UDIWV��7UDIILF������������������GRL���������M����������������������[�

6DUQDWDUR��'���3HSH��$���	�=XU]ROR��&����������&HOO�%LRORJ\�RI�3ULRQ�3URWHLQ��3URJ�0RO�%LRO�7UDQVO�
6FL��������������GRL���������EV�SPEWV�������������

6DWSXWH�.ULVKQDQ��3���$MLQN\D��0���%KDW��6���,WDNXUD��(���+HJGH��5��6���	�/LSSLQFRWW�6FKZDUW]��-��
�������� (5� VWUHVV�LQGXFHG� FOHDUDQFH� RI� PLVIROGHG� *3,�DQFKRUHG� SURWHLQV� YLD� WKH�
VHFUHWRU\�SDWKZD\��&HOO�������������������GRL���������M�FHOO�������������

6FKDLG��'��-���&KHQ��:���	�/DUVRQ��1��%����������)URP�JHQRPH�ZLGH�DVVRFLDWLRQV�WR�FDQGLGDWH�
FDXVDO� YDULDQWV� E\� VWDWLVWLFDO� ILQH�PDSSLQJ�� 1DW� 5HY� *HQHW�� ������� ���������
GRL���������V���������������]�

6FKLQGOHU�� &��� &KHQ�� <��� 3X�� -��� *XR�� ;��� 	� %RQLIDFLQR�� -�� 6�� �������� ($53� LV� D�PXOWLVXEXQLW�
WHWKHULQJ�FRPSOH[�LQYROYHG�LQ�HQGRF\WLF�UHF\FOLQJ��1DWXUH�&HOO�%LRORJ\�������������������
GRL���������QFE�����

6FKPLHGHO��%��-���6LQJK��'���0DGULJDO��$���9DOGRYLQR�*RQ]DOH]��$��*���:KLWH��%��0���=DSDUGLHO�
*RQ]DOR��-��� �� �� ��9LMD\DQDQG��3�� �������� ,PSDFW�RI�*HQHWLF�3RO\PRUSKLVPV�RQ�+XPDQ�
,PPXQH� &HOO� *HQH� ([SUHVVLRQ�� &HOO�� �������� ���������� H������
GRL���������M�FHOO�������������

6FKPLWW�8OPV�� *��� (KVDQL�� 6��� :DWWV�� -�� &��� :HVWDZD\�� '��� 	� :LOOH�� +�� �������� (YROXWLRQDU\�
'HVFHQW�RI�3ULRQ�*HQHV�IURP�WKH�=,3�)DPLO\�RI�0HWDO�,RQ�7UDQVSRUWHUV��3/R6�21(��������
H������GRL���������MRXUQDO�SRQH���������

6FKQHLGHU��%���0XWHO��9���3LHWUL��0���(UPRQYDO��0���0RXLOOHW�5LFKDUG��6���	�.HOOHUPDQQ��2����������
1$'3+� R[LGDVH� DQG� H[WUDFHOOXODU� UHJXODWHG� NLQDVHV� ���� DUH� WDUJHWV� RI� SULRQ� SURWHLQ�



����
�

VLJQDOLQJ�LQ�QHXURQDO�DQG�QRQQHXURQDO�FHOOV��3URF�1DWO�$FDG�6FL�8�6�$�����������������
�������GRL���������SQDV������������

6FLDOR��&���&HODXUR��/���=DWWRQL��0���7UDQ��7��+���%LVWDIID��(���0RGD��)���������/HJQDPH��*����������
7KH�&HOOXODU�3ULRQ�3URWHLQ�,QFUHDVHV�WKH�8SWDNH�DQG�7R[LFLW\�RI�7'3����)LEULOV��9LUXVHV��
�������GRL���������Y���������

6FRWW�0F.HDQ��-��-���6XUHZLF]��.���&KRL��-��.���5XIILQ��9��$���6DODPHK��$��,���1LH]QDQVNL��.���������
6XUHZLF]�� :�� .�� �������� 6ROXEOH� SULRQ� SURWHLQ� DQG� LWV� 1�WHUPLQDO� IUDJPHQW� SUHYHQW�
LPSDLUPHQW�RI�V\QDSWLF�SODVWLFLW\�E\�$EHWD�ROLJRPHUV��,PSOLFDWLRQV�IRU�QRYHO�WKHUDSHXWLF�
VWUDWHJ\� LQ� $O]KHLPHU
V� GLVHDVH�� 1HXURELRO� 'LV�� ���� ���������
GRL���������M�QEG�������������

6KDLPDUGDQRYD��$��$���&KXOSDQRYD��'��6���6RORY\HYD��9��9���0XOODJXORYD��$��,���.LWDHYD��.��9���
$OOHJUXFFL�� &��� 	� 5L]YDQRY�� $�� $�� �������� 0HWDFKURPDWLF� /HXNRG\VWURSK\�� 'LDJQRVLV��
0RGHOLQJ�� DQG� 7UHDWPHQW� $SSURDFKHV�� )URQW� 0HG� �/DXVDQQH��� ��� ��������
GRL���������IPHG�������������

6KL��<���.LUZDQ��3���	�/LYHVH\��)��-����������'LUHFWHG�GLIIHUHQWLDWLRQ�RI�KXPDQ�SOXULSRWHQW�VWHP�FHOOV�
WR� FHUHEUDO� FRUWH[� QHXURQV� DQG� QHXUDO� QHWZRUNV�� 1DW� 3URWRF�� ������� �����������
GRL���������QSURW����������

6KLP��6��<���.DUUL��6���/DZ��6���6FKDW]O��+��0���	�*LOFK��6����������3ULRQ�LQIHFWLRQ�LPSDLUV�O\VRVRPDO�
GHJUDGDWLRQ�FDSDFLW\�E\� LQWHUIHULQJ�ZLWK� UDE��PHPEUDQH�DWWDFKPHQW� LQ�QHXURQDO�FHOOV��
6FLHQWLILF�5HSRUWV���������������GRL���������VUHS������

6KLWDUD��$���6KLEXL��7���2ND\DPD��0���$UDNDZD��7���0L]RJXFKL��,���6KDNDNXUD��<���	�7DNXPD��7��
�������� 9$03�� LV� UHTXLUHG� WR� PDLQWDLQ� WKH� ULEERQ� VWUXFWXUH� RI� WKH� *ROJL� DSSDUDWXV��
0ROHFXODU�DQG�&HOOXODU�%LRFKHPLVWU\��������������������GRL���������V�����������������

6KRX��<���/LDQJ��)���;X��6���	�/L��;����������7KH�$SSOLFDWLRQ�RI�%UDLQ�2UJDQRLGV��)URP�1HXURQDO�
'HYHORSPHQW� WR� 1HXURORJLFDO� 'LVHDVHV�� )URQW� &HOO� 'HY� %LRO�� ��� ��������
GRL���������IFHOO�������������

6K\QJ�� 6�� /��� +HXVHU�� -�� (��� 	� +DUULV�� '�� $�� �������� $� JO\FROLSLG�DQFKRUHG� SULRQ� SURWHLQ� LV�
HQGRF\WRVHG� YLD� FODWKULQ�FRDWHG� SLWV�� -RXUQDO� RI� &HOO� %LRORJ\�� �������� ������������
GRL���������MFE������������

6K\QJ��6��/���+XEHU��0��7���	�+DUULV��'��$����������$�SULRQ�SURWHLQ�F\FOHV�EHWZHHQ�WKH�FHOO�VXUIDFH�
DQG�DQ�HQGRF\WLF�FRPSDUWPHQW�LQ�FXOWXUHG�QHXUREODVWRPD�FHOOV��7KH�-RXUQDO�RI�%LRORJLFDO�
&KHPLVWU\��������������������������

6LJXUGVVRQ�� %�� �������� 5,'$�� $� &KURQLF� (QFHSKDOLWLV� RI� 6KHHS�� :LWK� *HQHUDO� 5HPDUNV� RQ�
,QIHFWLRQV� :KLFK� 'HYHORS� 6ORZO\� DQG� 6RPH� RI� 7KHLU� 6SHFLDO� &KDUDFWHULVWLFV�� %ULWLVK�
9HWHULQDU\�-RXUQDO�������������������GRL�KWWSV���GRL�RUJ���������6���������������������

6LPRQVHQ�� $��� *DXOOLHU�� -��0��� '
$UULJR�� $��� 	� 6WHQPDUN�� +�� �������� 7KH�5DE�� HIIHFWRU� (($��
LQWHUDFWV�GLUHFWO\�ZLWK�V\QWD[LQ����-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\�������������������������
GRL���������MEF��������������

6NHGVPR��)��6���0DODFKLQ��*���9DJH��'�� ,���+DPPHUYROG��0��0���6DOYHVHQ��2���(UVGDO��&��� �� �� ��
7UDQXOLV�� 0�� $�� �������� 'HP\HOLQDWLQJ� SRO\QHXURSDWK\� LQ� JRDWV� ODFNLQJ� SULRQ� SURWHLQ��
)$6(%�-��������������������GRL���������IM����������5�

6NLELQVNL��*���3DUNLQVRQ��1��-���%URZQ��-��0���&KDNUDEDUWL��/���/OR\G��6��/���+XPPHULFK��+������� ��
&ROOLQJH��-����������0XWDWLRQV�LQ�WKH�HQGRVRPDO�(6&57,,,�FRPSOH[�VXEXQLW�&+03�%�LQ�
IURQWRWHPSRUDO�GHPHQWLD��1DW�*HQHW������������������GRL���������QJ�����

6ODSVDN��8���6DO]DQR��*���$PLQ��/���$EVNKDURQ��5��1��� ,OF��*���=XSDQFLF��%��� �� �� ��/HJQDPH��*��
��������7KH�1�7HUPLQXV�RI�WKH�3ULRQ�3URWHLQ�0HGLDWHV�)XQFWLRQDO�,QWHUDFWLRQV�ZLWK�WKH�
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1HXURQDO�&HOO�$GKHVLRQ�0ROHFXOH� �1&$0��)LEURQHFWLQ�'RPDLQ��-�%LRO�&KHP�����������
�������������GRL���������MEF�0�����������

6PROGHUV��6���	�9DQ�%URHFNKRYHQ��&����������*HQHWLF�SHUVSHFWLYH�RQ�WKH�V\QHUJLVWLF�FRQQHFWLRQ�
EHWZHHQ� YHVLFXODU� WUDQVSRUW�� O\VRVRPDO� DQG� PLWRFKRQGULDO� SDWKZD\V� DVVRFLDWHG� ZLWK�
3DUNLQVRQ
V� GLVHDVH� SDWKRJHQHVLV�� $FWD� 1HXURSDWKRO� &RPPXQ�� ������ ����
GRL���������V������������������

6ROOQHU��7���:KLWHKHDUW��6��:���%UXQQHU��0���(UGMXPHQW�%URPDJH��+���*HURPDQRV��6���7HPSVW��3���
	�5RWKPDQ�� -�� (�� �������� 61$3� UHFHSWRUV� LPSOLFDWHG� LQ� YHVLFOH� WDUJHWLQJ� DQG� IXVLRQ��
1DWXUH����������������������GRL���������������D��

6SDLQ��6��/���	�%DUUHWW��-��&����������6WUDWHJLHV�IRU�ILQH�PDSSLQJ�FRPSOH[�WUDLWV��+XP�0RO�*HQHW��
���5����5���������GRL���������KPJ�GGY����

6WDKO��1���%RUFKHOW��'��5���+VLDR��.���	�3UXVLQHU��6��%����������6FUDSLH�SULRQ�SURWHLQ�FRQWDLQV�D�
SKRVSKDWLG\OLQRVLWRO�JO\FROLSLG��&HOO��������������������

6WHHJPDLHU��0���.OXPSHUPDQ�� -��� )ROHWWL��'�� /���<RR�� -��6���	�6FKHOOHU��5��+�� ��������9HVLFOH�
DVVRFLDWHG�PHPEUDQH�SURWHLQ��� LV� LPSOLFDWHG�LQ�WUDQV�*ROJL�QHWZRUN�YHVLFOH�WUDIILFNLQJ��
0ROHFXODU�%LRORJ\�RI�WKH�&HOO����������������������

6WRFNPDQ��6����������6FUDSLH��DQ�REVFXUH�GLVHDVH�RI�VKHHS��-RXUQDO�RI�&RPSDUDWLYH�3DWKRORJ\�
DQG�7KHUDSHXWLFV����������������

6WUDQJ��.��+���*ROGH��7��(���	�*LDVVRQ��%��,����������0$37�PXWDWLRQV��WDXRSDWK\��DQG�PHFKDQLVPV�
RI�QHXURGHJHQHUDWLRQ��/DE�,QYHVW������������������GRL���������V���������������[�

6WXGHU��/���9HUD��(���	�&RUQDFFKLD��'����������3URJUDPPLQJ�DQG�5HSURJUDPPLQJ�&HOOXODU�$JH�LQ�
WKH� (UD� RI� ,QGXFHG� 3OXULSRWHQF\�� &HOO� 6WHP� &HOO�� ������� ���������
GRL���������M�VWHP�������������

6XJD��.���6DLWR��$���0LVKLPD��7���	�$NDJDZD��.����������(5�DQG�*ROJL�VWUHVVHV�LQFUHDVH�(5�*ROJL�
61$5(�6\QWD[LQ���,PSOLFDWLRQV�IRU�RUJDQHOOH�VWUHVV�DQG�EHWD$33�SURFHVVLQJ��1HXURVFL�
/HWW��������������GRL���������M�QHXOHW�������������

6XQ\DFK��&���-HQ��$���'HQJ��-���)LW]JHUDOG��.��7���)UREHUW��<���*UDVVL��-���������0RUULV��5����������7KH�
PHFKDQLVP� RI� LQWHUQDOL]DWLRQ� RI� JO\FRV\OSKRVSKDWLG\OLQRVLWRO�DQFKRUHG� SULRQ� SURWHLQ��
(0%2�-RXUQDO����������������������GRL���������HPERM�FGJ����

7DNDKDVKL��.���7DQDEH��.���2KQXNL��0���1DULWD��0��� ,FKLVDND��7���7RPRGD��.���	�<DPDQDND��6��
��������,QGXFWLRQ�RI�SOXULSRWHQW�VWHP�FHOOV�IURP�DGXOW�KXPDQ�ILEUREODVWV�E\�GHILQHG�IDFWRUV��
&HOO�������������������GRL���������M�FHOO�������������

7DNDKDVKL��.���	�<DPDQDND��6����������,QGXFWLRQ�RI�SOXULSRWHQW�VWHP�FHOOV�IURP�PRXVH�HPEU\RQLF�
DQG� DGXOW� ILEUREODVW� FXOWXUHV� E\� GHILQHG� IDFWRUV�� &HOO�� �������� ���������
GRL���������M�FHOO�������������

7DP�� 9��� 3DWHO�� 1��� 7XUFRWWH�� 0��� 	� %RVV�� �������� %HQHILWV� DQG� OLPLWDWLRQV� RI� JHQRPH�ZLGH�
DVVRFLDWLRQ� VWXGLHV�� 1DWXUH� 5HYLHZV� *HQHWLFV�� ������� ���������� GRL���������V������
�����������

7DPJQH\��*���*LOHV��.���*OLGGHQ��'��9���/HVVDUG��3���:LOOH��+���7UHPEOD\��3���������3UXVLQHU��6��%��
��������*HQHV�FRQWULEXWLQJ� WR�SULRQ�SDWKRJHQHVLV�� -RXUQDO� RI�*HQHUDO�9LURORJ\�� �������
������������GRL���������YLU�����������������

7DUDERXORV�� $��� 6FRWW�� 0��� 6HPHQRY�� $��� $YUDKDPL�� '��� /DV]OR�� /��� 	� 3UXVLQHU�� 6�� %�� ��������
&KROHVWHURO�GHSOHWLRQ�DQG�PRGLILFDWLRQ�RI�&22+�WHUPLQDO�WDUJHWLQJ�VHTXHQFH�RI�WKH�SULRQ�
SURWHLQ� LQKLELW� IRUPDWLRQ� RI� WKH� VFUDSLH� LVRIRUP�� -� &HOO� %LRO�� �������� ���������
GRL���������MFE�����������
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7DUDERXORV��$���6HUEDQ��'���	�3UXVLQHU��6��%����������6FUDSLH�SULRQ�SURWHLQV�DFFXPXODWH�LQ�WKH�
F\WRSODVP� RI� SHUVLVWHQWO\� LQIHFWHG� FXOWXUHG� FHOOV�� -� &HOO� %LRO�� �������� �����������
GRL���������MFE������������

7HUU\��&���+DUQLPDQ��5��/���6HOOV��-���:HQERUQ��$���-RLQHU��6���6DLELO��+��5���������:DGVZRUWK��-��'��
)�� ��������6WUXFWXUDO� IHDWXUHV�GLVWLQJXLVKLQJ� LQIHFWLRXV�H[�YLYR�PDPPDOLDQ�SULRQV� IURP�
QRQ�LQIHFWLRXV� ILEULOODU� DVVHPEOLHV� JHQHUDWHG� LQ� YLWUR�� 6FL� 5HS�� ������ �����
GRL���������V����������������Z�

7HUU\��&���	�:DGVZRUWK��-��'��)����������5HFHQW�$GYDQFHV�LQ�8QGHUVWDQGLQJ�0DPPDOLDQ�3ULRQ�
6WUXFWXUH��$�0LQL�5HYLHZ��)URQW�0RO�1HXURVFL�����������GRL���������IQPRO������������

7HUU\��&���:HQERUQ��$���*URV��1���6HOOV��-���-RLQHU��6���+RVV]X��/��/���������:DGVZRUWK��-��'����������
([�YLYR�PDPPDOLDQ�SULRQV�DUH�IRUPHG�RI�SDLUHG�GRXEOH�KHOLFDO�SULRQ�SURWHLQ�ILEULOV��2SHQ�
%LRO��������GRL���������UVRE��������

7KDFNUD\��$��0���+RSNLQV��/���.OHLQ��0��$���	�%XMGRVR��5����������0RXVH�DGDSWHG�RYLQH�VFUDSLH�
SULRQ�VWUDLQV�DUH�FKDUDFWHUL]HG�E\�GLIIHUHQW�FRQIRUPHUV�RI�3U36F��-�9LURO����������������
�������GRL���������-9,����������

7KDFNUD\��$��0���0F.HQ]LH��$��1���.OHLQ��0��$���/DXGHU��$���	�%XMGRVR��5����������$FFHOHUDWHG�
SULRQ� GLVHDVH� LQ� WKH� DEVHQFH� RI� LQWHUOHXNLQ����� -� 9LURO�� �������� �������������
GRL���������-9,������������������������

7KHOOXQJ��6���6FRWL��%���&RUVDUR��$���9LOOD��9���1L]]DUL��0���*DJOLDQL��0��&���������)ORULR��7����������
3KDUPDFRORJLFDO�DFWLYDWLRQ�RI�DXWRSKDJ\�IDYRUV�WKH�FOHDULQJ�RI�LQWUDFHOOXODU�DJJUHJDWHV�RI�
PLVIROGHG� SULRQ� SURWHLQ� SHSWLGH� WR� SUHYHQW� QHXURQDO� GHDWK��&HOO�'HDWK�'LV�� ������ �����
GRL���������V�����������������

7KRPSVRQ��D��*��%���8SKLOO��-���/RZH��-���3RUWHU��0��&���/XNLF��D���&DUVZHOO��&���������0HDG��6����������
*HQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�RI�EHKDYLRXUDO�DQG�SV\FKLDWULF�IHDWXUHV�LQ�KXPDQ�SULRQ�
GLVHDVH��7UDQVODWLRQDO�SV\FKLDWU\��������H�����GRL���������WS���������

7LZDUL��$���-XQJ��-��-���,QDPGDU��6��0���%URZQ��&��2���*RHO��$���	�&KRXGKXU\��$����������(QGRWKHOLDO�
FHOO�PLJUDWLRQ�RQ� ILEURQHFWLQ� LV� UHJXODWHG�E\� V\QWD[LQ���PHGLDWHG�DOSKD�EHWD�� LQWHJULQ�
UHF\FOLQJ��-�%LRO�&KHP������������������������GRL���������MEF�0�����������

7RUUHV��0���0HGLQDV��'��%���0DWDPDOD��-��0���:RHKOELHU��8���&RUQHMR��9��+���6ROGD��7���������+HW]��
&����������7KH�3URWHLQ�GLVXOILGH�,VRPHUDVH�(5S���5HJXODWHV�WKH�6WHDG\�VWDWH�/HYHOV�RI�
WKH�3ULRQ�3URWHLQ��-�%LRO�&KHP������������������������GRL���������MEF�0�����������

7UHPEOD\��3���%RX]DPRQGR�%HUQVWHLQ��(���+HLQULFK��&���3UXVLQHU��6��%���	�'H$UPRQG��6��-����������
'HYHORSPHQWDO�H[SUHVVLRQ�RI�3U3�LQ�WKH�SRVW�LPSODQWDWLRQ�HPEU\R��%UDLQ�5HV�����������
����GRL���������M�EUDLQUHV�������������

7ULERXLOODUG�7DQYLHU��'���5DFH��%���6WULHEHO��-��)���&DUUROO��-��$���3KLOOLSV��.���	�&KHVHEUR��%����������
(DUO\�F\WRNLQH�HOHYDWLRQ��3U3UHV�GHSRVLWLRQ��DQG�JOLRVLV� LQ�PRXVH�VFUDSLH��QR�HIIHFW�RQ�
GLVHDVH�E\�GHOHWLRQ�RI�F\WRNLQH�JHQHV� ,/���S���DQG� ,/���S����-�9LURO����������������
�������GRL���������-9,����������

7VDQJDUDV��.���.RORNRWURQLV��6��2���8OULFK��5��*���0RUDQG��6���0LFKDX[��-���	�*UHHQZRRG��$��'��
��������1HJDWLYH�SXULI\LQJ�VHOHFWLRQ�GULYHV�SULRQ�DQG�GRSSHO�SURWHLQ�HYROXWLRQ��-�0RO�(YRO��
����������������GRL���������V�����������������

8FKL\DPD��.���0XUDPDWVX��1���<DQR��0���8VXL��7���0L\DWD��+���	�6DNDJXFKL��6�� ��������3ULRQV�
GLVWXUE�SRVW�*ROJL�WUDIILFNLQJ�RI�PHPEUDQH�SURWHLQV��1DWXUH�&RPPXQLFDWLRQV��������������
GRL���������QFRPPV�����
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8FKL\DPD��.���7RPLWD��0���<DQR��0���&KLGD��-���+DUD��+���'DV��1��5���������6DNDJXFKL��6����������
3ULRQV� DPSOLI\� WKURXJK� GHJUDGDWLRQ� RI� WKH� 936��3� VRUWLQJ� UHFHSWRU� VRUWLOLQ�� 3/26�
3DWKRJHQV���������H���������GRL���������MRXUQDO�SSDW���������

8IIHOPDQQ��(���+XDQJ��4��4���0XQXQJ��1��6���GH�9ULHV��-���2NDGD��<���0DUWLQ��$��5���������3RVWKXPD��
'����������*HQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��1DWXUH�5HYLHZV�0HWKRGV�3ULPHUV������������
GRL���������V������������������

8UDQR��<���:DWDQDEH��+���0XUSK\��6��5���6KLEX\D��<���*HQJ��<���3HGHQ��$��$���������&KDQJ��7��<��
�������� 7UDQVSRUW� RI� /'/�GHULYHG� FKROHVWHURO� IURP� WKH�13&�� FRPSDUWPHQW� WR� WKH�(5�
LQYROYHV�WKH�WUDQV�*ROJL�QHWZRUN�DQG�WKH�61$5(�SURWHLQ�FRPSOH[��3URFHHGLQJV�RI� WKH�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�������������������������GRL���������SQDV������������

9DQ�'HHUOLQ��9��0���6OHLPDQ��3��0���0DUWLQH]�/DJH��0���&KHQ�3ORWNLQ��$���:DQJ�� /��6���*UDII�
5DGIRUG��1��5��� �� �� ��/HH��9��0�� ��������&RPPRQ�YDULDQWV�DW��S���DUH�DVVRFLDWHG�ZLWK�
IURQWRWHPSRUDO� OREDU�GHJHQHUDWLRQ�ZLWK�7'3���� LQFOXVLRQV��1DW�*HQHW������������������
GRL���������QJ�����

9DTXHU�$OLFHD��-���'LDPRQG��0��,���	�-RDFKLPLDN��/��$����������7DX�VWUDLQV�VKDSH�GLVHDVH��$FWD�
1HXURSDWKRO�����������������GRL���������V������������������

9DUNH\��-���,VDV��-��0���0L]XQR��1���-HQVHQ��0��%���%KDWLD��9��.���-DR��&��&���������/DQJHQ��5����������
0HPEUDQH�FXUYDWXUH� LQGXFWLRQ�DQG� WXEXODWLRQ�DUH�FRPPRQ� IHDWXUHV�RI�V\QXFOHLQV�DQG�
DSROLSRSURWHLQV��-�%LRO�&KHP������������������������GRL���������MEF�0�����������

9HLWK�� 1�� 0��� 3ODWWQHU�� +��� 6WXHUPHU�� &�� $��� 6FKXO]�6FKDHIIHU�� :�� -��� 	� %XUNOH�� $�� ��������
,PPXQRORFDOLVDWLRQ�RI�3U36F�LQ�VFUDSLH�LQIHFWHG�1�D�PRXVH�QHXUREODVWRPD�FHOOV�E\�OLJKW�
DQG�HOHFWURQ�PLFURVFRS\��(XU�-�&HOO�%LRO����������������GRL���������M�HMFE�������������

9HOOD��/��-���+LOO��$��)���	�&KHQJ��/����������)RFXV�RQ�([WUDFHOOXODU�9HVLFOHV��([RVRPHV�DQG�7KHLU�
5ROH� LQ� 3URWHLQ� 7UDIILFNLQJ� DQG� %LRPDUNHU� 3RWHQWLDO� LQ� $O]KHLPHU
V� DQG� 3DUNLQVRQ
V�
'LVHDVH��,QW�-�0RO�6FL��������������GRL���������LMPV���������

9H\��0���3LONXKQ��6���:LOOH��+���1L[RQ��5���'H$UPRQG��6��-���6PDUW��(��-���������3UXVLQHU��6��%����������
6XEFHOOXODU� FRORFDOL]DWLRQ� RI� WKH� FHOOXODU� DQG� VFUDSLH� SULRQ� SURWHLQV� LQ� FDYHRODH�OLNH�
PHPEUDQRXV�GRPDLQV��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�
6WDWHV�RI�$PHULFD������������������������GRL���������SQDV�������������

9LFWRULD��*��6���	�=XU]ROR��&����������7KH�VSUHDG�RI�SULRQ�OLNH�SURWHLQV�E\�O\VRVRPHV�DQG�WXQQHOLQJ�
QDQRWXEHV�� ,PSOLFDWLRQV� IRU� QHXURGHJHQHUDWLYH� GLVHDVHV��7KH� -RXUQDO� RI�&HOO�%LRORJ\��
MFE������������GRL���������MFE�����������

9LODULQR�*XHOO��&���:LGHU��&���5RVV��2��$���'DFKVHO��-��&���.DFKHUJXV��-��0���/LQFROQ��6��-���������
)DUUHU��0��-����������936���PXWDWLRQV�LQ�3DUNLQVRQ�GLVHDVH��$P�-�+XP�*HQHW���������
���������GRL���������M�DMKJ�������������

9LOHWWH��'���$QGUHROHWWL��2���$UFKHU��)���0DGHODLQH��0��)���9LORWWH��-��/���/HKPDQQ��6���	�/DXGH��+��
��������([�YLYR�SURSDJDWLRQ�RI�LQIHFWLRXV�VKHHS�VFUDSLH�DJHQW�LQ�KHWHURORJRXV�HSLWKHOLDO�
FHOOV� H[SUHVVLQJ� RYLQH� SULRQ� SURWHLQ�� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�� ������� �����������
GRL���������SQDV�����������

9}VD��8���&ODULQJERXOG��$���:HVWUD��+��-���%RQGHU��0��-���'HHOHQ��3���=HQJ��%��� �� �� ��)UDQNH��/��
�������� 8QUDYHOLQJ� WKH� SRO\JHQLF� DUFKLWHFWXUH� RI� FRPSOH[� WUDLWV� XVLQJ� EORRG� H47/�
PHWDDQDO\VLV��ELR5[LY���

:DGVZRUWK��-��'��)���$VDQWH��(��$���'HVEUXVODLV��0���/LQHKDQ��-��0���-RLQHU��6���*RZODQG��,���������
&ROOLQJH��-����������+XPDQ�SULRQ�SURWHLQ�ZLWK�YDOLQH�����SUHYHQWV�H[SUHVVLRQ�RI�YDULDQW�
&-'�SKHQRW\SH��6FLHQFH������������������������GRL���������VFLHQFH���������
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:DGVZRUWK��-��'��)���-RLQHU��6���/LQHKDQ��-��0���-DFN��.���$O�'RXMDLO\��+���&RVWD��+���������&ROOLQJH��
-�� ��������+XPDQLVHG� WUDQVJHQLF�PLFH�DUH� UHVLVWDQW� WR�FKURQLF�ZDVWLQJ�GLVHDVH�SULRQV�
IURP�1RUZHJLDQ�UHLQGHHU�DQG�PRRVH��-�,QIHFW�'LV��GRL���������LQIGLV�MLDE����

:DOPVOH\�� $�� 5��� =HQJ�� )��� 	� +RRSHU�� 1�� 0�� �������� 0HPEUDQH� WRSRORJ\� LQIOXHQFHV� 1�
JO\FRV\ODWLRQ�RI�WKH�SULRQ�SURWHLQ��(0%2�-������������������GRL���������HPERM����������

:DQJ��'���/LX��6���:DUUHOO��-���:RQ��+���6KL��;���1DYDUUR��)��&��3����� �� ��*HUVWHLQ��0��%����������
&RPSUHKHQVLYH�IXQFWLRQDO�JHQRPLF�UHVRXUFH�DQG�LQWHJUDWLYH�PRGHO�IRU�WKH�KXPDQ�EUDLQ��
6FLHQFH�������������GRL���������VFLHQFH�DDW�����

:DQJ��*���=KRX��;���%DL��<���=KDQJ��=���	�=KDR��'�� ��������&HOOXODU�SULRQ�SURWHLQ� UHOHDVHG�RQ�
H[RVRPHV� IURP�PDFURSKDJHV�ELQGV� WR�+VS����$FWD�%LRFKLP�%LRSK\V�6LQ� �6KDQJKDL���
����������������GRL���������DEEV�JPT����

:DQJ��*��+���=KRX��;��0���%DL��<���<LQ��;��0���<DQJ��/��)���	�=KDR��'����������+VS���ELQGV�WR�
3U3&�LQ�WKH�SURFHVV�RI�3U3&�UHOHDVH�YLD�H[RVRPHV�IURP�7+3���PRQRF\WHV��&HOO�%LRO�,QW��
����������������GRL���������&%,���������

:DQJ��.���/L��0���	�+DNRQDUVRQ��+����������$1129$5��IXQFWLRQDO�DQQRWDWLRQ�RI�JHQHWLF�YDULDQWV�
IURP� KLJK�WKURXJKSXW� VHTXHQFLQJ� GDWD�� 1XFOHLF� $FLGV� 5HV�� �������� H�����
GRL���������QDU�JNT����

:DQJ�� ;��� +XDQJ�� 7��� %X�� *��� 	� ;X�� +�� �������� '\VUHJXODWLRQ� RI� SURWHLQ� WUDIILFNLQJ� LQ�
QHXURGHJHQHUDWLRQ��0RO�1HXURGHJHQHU���������GRL������������������������

:DWDQDEH��.���7DVNHVHQ��(���YDQ�%RFKRYHQ��$���	�3RVWKXPD��'����������)XQFWLRQDO�PDSSLQJ�DQG�
DQQRWDWLRQ� RI� JHQHWLF� DVVRFLDWLRQV� ZLWK� )80$�� 1DW� &RPPXQ�� ������ ������
GRL���������V������������������

:DWVRQ��5��7���+RX��-��&���	�3HVVLQ��-��(����������5HF\FOLQJ�RI�,5$3�IURP�WKH�SODVPD�PHPEUDQH�
EDFN�WR�WKH�LQVXOLQ�UHVSRQVLYH�FRPSDUWPHQW�UHTXLUHV�WKH�4�61$5(�V\QWD[LQ���EXW�QRW�WKH�
**$�FODWKULQ�DGDSWRUV��-�&HOO�6FL������3W����������������GRL���������MFV��������

:DWVRQ�� 5�� 7��� 	� 3HVVLQ�� -�� (�� �������� )XQFWLRQDO� FRRSHUDWLRQ� RI� WZR� LQGHSHQGHQW� WDUJHWLQJ�
GRPDLQV�LQ�V\QWD[LQ���LV�UHTXLUHG�IRU�LWV�HIILFLHQW�ORFDOL]DWLRQ�LQ�WKH�WUDQV�JROJL�QHWZRUN�RI�
�7�/�� DGLSRF\WHV�� 7KH� -RXUQDO� RI� %LRORJLFDO� &KHPLVWU\�� �������� ������������
GRL���������-%&������������

:DWWV��-��&���%RXUNDV��0��(��&���	�$UVKDG��+����������7KH�IXQFWLRQ�RI�WKH�FHOOXODU�SULRQ�SURWHLQ�LQ�
KHDOWK�DQG�GLVHDVH��$FWD�1HXURSDWKRO�������������������GRL���������V���������������\�

:DWWV��-��&���*LOHV��.���%RXUNDV��0��(���3DWHO��6���2HKOHU��$���*DYLGLD��0��� �� �� ��3UXVLQHU��6��%��
�������� 7RZDUGV�DXWKHQWLF� WUDQVJHQLF�PRXVH�PRGHOV� RI� KHULWDEOH�3U3�SULRQ�GLVHDVHV��
$FWD�1HXURSDWKRO�������������������GRL���������V�����������������

:DWWV�� -��&���+XR��+���%DL��<���(KVDQL��6��� -HRQ��$��+���6KL��7��� �� �� ��6FKPLWW�8OPV��*�� ��������
,QWHUDFWRPH�DQDO\VHV�LGHQWLI\�WLHV�RI�3U3�DQG�LWV�PDPPDOLDQ�SDUDORJV�WR�ROLJRPDQQRVLGLF�
1�JO\FDQV� DQG� HQGRSODVPLF� UHWLFXOXP�GHULYHG� FKDSHURQHV�� 3/R6� 3DWKRJ�� �������
H���������GRL���������MRXUQDO�SSDW���������

:HLPEV�� 7��� /RZ�� 6�� +��� &KDSLQ�� 6�� -���0RVWRY�� .�� (��� %XFKHU�� 3��� 	�+RIPDQQ�� .�� �������� $�
FRQVHUYHG� GRPDLQ� LV� SUHVHQW� LQ� GLIIHUHQW� IDPLOLHV� RI� YHVLFXODU� IXVLRQ� SURWHLQV�� D� QHZ�
VXSHUIDPLO\��3URF�1DWO�$FDG�6FL�8�6�$��������������������GRL���������SQDV�����������

:HLVVPDQQ��&���	�$JX]]L��$����������3HUVSHFWLYHV��QHXURELRORJ\��3U3
V�GRXEOH�FDXVHV�WURXEOH��
6FLHQFH����������������������GRL���������VFLHQFH��������������
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:HQERUQ��$���7HUU\��&���*URV��1���-RLQHU��6���'
&DVWUR��/���3DQLFR��6���������:DGVZRUWK��-��'����������
$�QRYHO�DQG� UDSLG�PHWKRG� IRU�REWDLQLQJ�KLJK� WLWUH� LQWDFW�SULRQ�VWUDLQV� IURP�PDPPDOLDQ�
EUDLQ��6FL�5HS���������������GRL���������VUHS������

:HQGOHU��)���3DJH��/���	�8UE����������+RPRW\SLF�)XVLRQ�RI�,PPDWXUH�6HFUHWRU\�*UDQXOHV�'XULQJ�
0DWXUDWLRQ� 5HTXLUHV� 6\QWD[LQ� ��� 0ROHFXODU� %LRORJ\� RI� WKH� &HOO��
GRL���������PEF�����������

:HVWDZD\��'���*RRGPDQ��3��$���0LUHQGD��&��$���0F.LQOH\��0��3���&DUOVRQ��*��$���	�3UXVLQHU��6��
%����������'LVWLQFW�SULRQ�SURWHLQV�LQ�VKRUW�DQG�ORQJ�VFUDSLH�LQFXEDWLRQ�SHULRG�PLFH��&HOO��
����������������GRL������������������������������

:HVWUD��+��-���3HWHUV��0��-���(VNR��7���<DJKRRWNDU��+���6FKXUPDQQ��&���.HWWXQHQ��-���������)UDQNH��
/����������6\VWHPDWLF�LGHQWLILFDWLRQ�RI�WUDQV�H47/V�DV�SXWDWLYH�GULYHUV�RI�NQRZQ�GLVHDVH�
DVVRFLDWLRQV��1DW�*HQHW���������������������GRL���������QJ������

:LOHVPLWK�� -�� :��� :HOOV�� *�� $��� &UDQZHOO�� 0�� 3��� 	� 5\DQ�� -�� %�� �������� %RYLQH� VSRQJLIRUP�
HQFHSKDORSDWK\��HSLGHPLRORJLFDO�VWXGLHV��9HW�5HF���������������������

:LOKHOP��%��*���0DQGDG��6���7UXFNHQEURGW��6���.URKQHUW��.���6FKDIHU��&���5DPPQHU��%���������5L]]ROL��
6��2����������&RPSRVLWLRQ�RI�LVRODWHG�V\QDSWLF�ERXWRQV�UHYHDOV�WKH�DPRXQWV�RI�YHVLFOH�
WUDIILFNLQJ�SURWHLQV��6FLHQFH������������������������GRL���������VFLHQFH���������

:LOO��5��*���,URQVLGH��-��:���=HLGOHU��0���&RXVHQV��6��1���(VWLEHLUR��.���$OSHURYLWFK��$���������6PLWK��
3��*����������$�QHZ�YDULDQW�RI�&UHXW]IHOGW�-DNRE�GLVHDVH�LQ�WKH�8.��/DQFHW�������������
����������GRL���������6���������������������

:LOOHWW��5���.XGO\N��7���3RNURYVND\D��,���6FKQKHUU��5���8QJDU��'���'XGHQ��5���	�/XSDVKLQ��9����������
&2*� FRPSOH[HV� IRUP� VSDWLDO� ODQGPDUNV� IRU� GLVWLQFW� 61$5(� FRPSOH[HV�� 1DWXUH�
&RPPXQLFDWLRQV�����GRL���������QFRPPV�����

:LOOLDPV��(��6���	�<RXQJ��6����������&KURQLF�ZDVWLQJ�GLVHDVH�RI�FDSWLYH�PXOH�GHHU��D�VSRQJLIRUP�
HQFHSKDORSDWK\��-�:LOGO�'LV����������������GRL���������������������������

:LQJR��$��3���/LX��<���*HUDVLPRY��(��6���*RFNOH\��-���/RJVGRQ��%��$���'XRQJ��'��0���������:LQJR��7��
6�� �������� ,QWHJUDWLQJ� KXPDQ� EUDLQ� SURWHRPHV� ZLWK� JHQRPH�ZLGH� DVVRFLDWLRQ� GDWD�
LPSOLFDWHV�QHZ�SURWHLQV�LQ�$O]KHLPHU
V�GLVHDVH�SDWKRJHQHVLV��1DW�*HQHW������������������
GRL���������V����������������]�

:RSIQHU��)���:HLGHQKRIHU��*���6FKQHLGHU��5���YRQ�%UXQQ��$���*LOFK��6���6FKZDU]��7��)���������6FKDW]O��
+��0����������$QDO\VLV�RI����PDPPDOLDQ�DQG���DYLDQ�3U3V�UHYHDOV�KLJK�FRQVHUYDWLRQ�RI�
IOH[LEOH� UHJLRQV� RI� WKH� SULRQ� SURWHLQ�� -� 0RO� %LRO�� �������� �����������
GRL���������MPEL�����������

;LDQJ��:���:LQGO��2���:XQVFK��*���'XJDV��0���.RKOPDQQ��$���'LHUNHV��1���������.UHW]VFKPDU��+��$��
��������,GHQWLILFDWLRQ�RI�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�VFUDSLH�LQIHFWHG�PRXVH�EUDLQV�
E\� XVLQJ� JOREDO� JHQH� H[SUHVVLRQ� WHFKQRORJ\�� -� 9LURO�� �������� �������������
GRL���������-9,������������������������

;X��<���:RQJ��6��+���7DQJ��%��/���6XEUDPDQLDP��9��1���=KDQJ��7���	�+RQJ��:�� ��������$����
NLORGDOWRQ�*ROJL� VROXEOH�1�HWK\OPDOHLPLGH�VHQVLWLYH� IDFWRU� DWWDFKPHQW� SURWHLQ� UHFHSWRU�
�9WL��US���LPSOLFDWHG�LQ�SURWHLQ�WUDIILFNLQJ�LQ�WKH�VHFUHWRU\�SDWKZD\��-�%LRO�&KHP�����������
�������������GRL���������MEF��������������

<DPDVDNL��7���%DURQ��*��6���6X]XNL��$���+DVHEH��5���	�+RULXFKL��0����������&KDUDFWHUL]DWLRQ�RI�
LQWUDFHOOXODU� G\QDPLFV� RI� LQRFXODWHG�3U3�UHV� DQG� QHZO\� JHQHUDWHG�3U36F� GXULQJ� HDUO\�
VWDJH� SULRQ� LQIHFWLRQ� LQ� 1HXUR�D� FHOOV�� 9LURORJ\�� ��������� ����������
GRL���������M�YLURO�������������
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<DPDVDNL��7���6X]XNL��$���+DVHEH��5���	�+RULXFKL��0����������5HWURJUDGH�7UDQVSRUW�E\�&ODWKULQ�
&RDWHG� 9HVLFOHV� LV� ,QYROYHG� LQ� ,QWUDFHOOXODU� 7UDQVSRUW� RI� 3U36F� LQ� 3HUVLVWHQWO\� 3ULRQ�
,QIHFWHG�&HOOV��6FLHQWLILF�5HSRUWV���������������GRL���������V������������������

<DPDVDNL�� 7��� 6X]XNL�� $��� 6KLPL]X�� 7��� :DWDUDL�� 0��� +DVHEH�� 5��� 	� +RULXFKL�� 0�� ��������
&KDUDFWHUL]DWLRQ�RI�LQWUDFHOOXODU�ORFDOL]DWLRQ�RI�3U3�6F�LQ�SULRQ�LQIHFWHG�FHOOV�XVLQJ�D�P$E�
WKDW�UHFRJQL]HV�WKH�UHJLRQ�FRQVLVWLQJ�RI�DD���������RI�PRXVH�3U3��-RXUQDO�RI�*HQHUDO�
9LURORJ\�������������������GRL���������YLU������������

<DQJ��<���.LP��-���.LP��+��<���5\RR��1���/HH��6���.LP��<���������6KLQ��<��.����������$P\ORLG�EHWD�
2OLJRPHUV�0D\� ,PSDLU�61$5(�0HGLDWHG�([RF\WRVLV�E\�'LUHFW�%LQGLQJ� WR�6\QWD[LQ��D��
&HOO�5HS��������������������GRL���������M�FHOUHS�������������

<LP�� <��,��� 3DUN�� %��&��� <DGDYDOOL�� 5��� =KDR�� ;��� (LVHQEHUJ�� (��� 	� *UHHQH�� /�� (�� �������� 7KH�
PXOWLYHVLFXODU�ERG\�LV�WKH�PDMRU�LQWHUQDO�VLWH�RI�SULRQ�FRQYHUVLRQ��-RXUQDO�RI�&HOO�6FLHQFH��
��������������������GRL���������MFV��������

=DIDU��6���YRQ�$KVHQ��1���2HOOHULFK��0���=HUU��,���6FKXO]�6FKDHIIHU��:��-���$UPVWURQJ��9��:���	�$VLI��
$��5�� ��������3URWHRPLFV�DSSURDFK� WR� LGHQWLI\� WKH� LQWHUDFWLQJ�SDUWQHUV�RI�FHOOXODU�SULRQ�
SURWHLQ� DQG� FKDUDFWHUL]DWLRQ� RI� 5DE�D� LQWHUDFWLRQ� LQ� QHXURQDO� FHOOV�� -� 3URWHRPH�5HV��
������������������GRL���������SU��������

=DIDU��6���<RXQDV��1���&RUUHLD��6���6KDILT��0���7DKLU��:���6FKPLW]��0���������=HUU��,����������6WUDLQ�
6SHFLILF�$OWHUHG�5HJXODWRU\�5HVSRQVH�RI�5DE�D�DQG�7DX�LQ�&UHXW]IHOGW�-DNRE�'LVHDVH�
DQG�$O]KHLPHU
V�'LVHDVH��0RO�1HXURELRO������������������GRL���������V���������������
��

=DKQ��5���/LX��$���/XKUV��7���5LHN��5���YRQ�6FKURHWWHU��&���/RSH]�*DUFLD��)���������:XWKULFK��.����������
105�VROXWLRQ�VWUXFWXUH�RI�WKH�KXPDQ�SULRQ�SURWHLQ��3URF�1DWO�$FDG�6FL�8�6�$�������������
�����GRL���������SQDV����������

=DYRGV]N\��(���	�+HJGH��5��6����������0LVIROGHG�*3,�DQFKRUHG�SURWHLQV�DUH�HVFRUWHG�WKURXJK�WKH�
VHFUHWRU\�SDWKZD\�E\�(5�GHULYHG�IDFWRUV��(OLIH�����GRL���������H/LIH�������

=HUU�� ,���*LHVH��$���:LQGO��2���.URSS��6���6FKXO]�6FKDHIIHU��:���5LHGHPDQQ��&��� �� �� ��3RVHU��6��
�������� 3KHQRW\SLF� YDULDELOLW\� LQ� IDWDO� IDPLOLDO� LQVRPQLD� �'���1����0�� JHQRW\SH��
1HXURORJ\���������������������GRL���������:1/�����������

=HUU��,���.DOOHQEHUJ��.���6XPPHUV��'��0���5RPHUR��&���7DUDWXWR��$���+HLQHPDQQ��8���������6DQFKH]�
-XDQ�� 3�� �������� 8SGDWHG� FOLQLFDO� GLDJQRVWLF� FULWHULD� IRU� VSRUDGLF� &UHXW]IHOGW�-DNRE�
GLVHDVH��%UDLQ�����������������������GRL���������EUDLQ�DZS����

=KDQJ��&���'H�.RQLQJ��'��-���+HUQDQGH]�6DQFKH]��-���+DOH\��&��6���:LOOLDPV��-��/���	�:LHQHU��3��
�������� 0DSSLQJ� RI� PXOWLSOH� TXDQWLWDWLYH� WUDLW� ORFL� DIIHFWLQJ� ERYLQH� VSRQJLIRUP�
HQFHSKDORSDWK\��*HQHWLFV���������������������GRL���������JHQHWLFV������������

=KDQJ��+���7KHUULDXOW��-���.DQJ��0��6���1J��.��3���3DVFRDO��7��$���5RVD�1HWR��3���������$O]KHLPHU
V�
'LVHDVH�1HXURLPDJLQJ�� ,�� ��������&HUHEURVSLQDO� IOXLG�V\QDSWRVRPDO�DVVRFLDWHG�SURWHLQ�
���LV�D�NH\�SOD\HU�LQ�V\QDSWLF�GHJHQHUDWLRQ�LQ�PLOG�FRJQLWLYH�LPSDLUPHQW�DQG�$O]KHLPHU
V�
GLVHDVH��$O]KHLPHUV�5HV�7KHU�������������GRL���������V�����������������

=KDQJ��<���6KX��/���	�&KHQ��;����������6\QWD[LQ����D�UHJXODWRU�RI�WKH�SURWHLQ�WUDIILFNLQJ�PDFKLQHU\�
DQG�D�WDUJHW�RI�WKH�S���IDPLO\��LV�UHTXLUHG�IRU�FHOO�DGKHVLRQ�DQG�VXUYLYDO��7KH�-RXUQDO�RI�
%LRORJLFDO�&KHPLVWU\�������������������������GRL���������MEF�0����������

=KDR��%���/XR��7���/L��7���/L��<���=KDQJ��-���6KDQ��<���������=KX��+����������*HQRPH�ZLGH�DVVRFLDWLRQ�
DQDO\VLV�RI��������LQGLYLGXDOV�LGHQWLILHV�YDULDQWV�LQIOXHQFLQJ�UHJLRQDO�EUDLQ�YROXPHV�DQG�
UHILQHV�WKHLU�JHQHWLF�FR�DUFKLWHFWXUH�ZLWK�FRJQLWLYH�DQG�PHQWDO�KHDOWK�WUDLWV��1DW�*HQHW��
�������������������GRL���������V�����������������
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=KHUQDNRYD��'��9���'HHOHQ��3���9HUPDDW��0���YDQ�,WHUVRQ��0���YDQ�*DOHQ��0���$ULQGUDUWR��:���������
)UDQNH��/����������,GHQWLILFDWLRQ�RI�FRQWH[W�GHSHQGHQW�H[SUHVVLRQ�TXDQWLWDWLYH�WUDLW�ORFL�LQ�
ZKROH�EORRG��1DW�*HQHW������������������GRL���������QJ������

=KRX�� ;��� )X�� $�� .��� 	� ,S�� 1�� <�� �������� $32(� VLJQDOLQJ� LQ� QHXURGHJHQHUDWLYH� GLVHDVHV�� DQ�
LQWHJUDWLYH� DSSURDFK� WDUJHWLQJ� $32(� FRGLQJ� DQG� QRQFRGLQJ� YDULDQWV� IRU� GLVHDVH�
LQWHUYHQWLRQ��&XUU�2SLQ�1HXURELRO�������������GRL���������M�FRQE�������������

=KX��/���;LRQJ��;���.LP��<���2NDGD��1���/X��)���=KDQJ��+���	�6XQ��+����������$FLG�VSKLQJRP\HOLQDVH�
LV�UHTXLUHG�IRU�FHOO�VXUIDFH�SUHVHQWDWLRQ�RI�0HW�UHFHSWRU�W\URVLQH�NLQDVH�LQ�FDQFHU�FHOOV��-�
&HOO�6FL����������������������GRL���������MFV��������

=LPSULFK��$���%LVNXS��6���/HLWQHU��3���/LFKWQHU��3���)DUUHU��0���/LQFROQ��6���������*DVVHU��7����������
0XWDWLRQV� LQ� /55.�� FDXVH� DXWRVRPDO�GRPLQDQW� SDUNLQVRQLVP� ZLWK� SOHRPRUSKLF�
SDWKRORJ\��1HXURQ������������������GRL���������M�QHXURQ�������������

=ORWQLN�� ,��� 	� 5HQQLH�� -�� &�� �������� )XUWKHU� REVHUYDWLRQV� RQ� WKH� H[SHULPHQWDO� WUDQVPLVVLRQ� RI�
VFUDSLH� IURP� VKHHS� DQG� JRDWV� WR� ODERUDWRU\� PLFH�� -� &RPS� 3DWKRO�� ���� ���������
GRL���������V���������������������
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