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ە ,QWURGXFWLRQ

7KH�HIILFDF\�RI�VXUYHLOODQFH LV�GHPRQVWUDWHG�E\�LQFUHDVHG OLNHOLKRRG�RI�HDUO\�GHWHFWLRQ�DQG�FXUDWLYH�

WKHUDS\��WKHUHE\�LPSURYLQJ�SURJQRVLV��%HFDXVH�LW�LV�UHODWLYHO\�HDV\�WR�SUHGLFW�SDWLHQWV�DW�KLJK�ULVN�RI�

+&&� VXUYHLOODQFH�KDV�EHHQ�ZLGHO\ SHUIRUPHG�IRU�KLJK�ULVN�SDWLHQWV LQ�-DSDQ��HVSHFLDOO\�WKRVH�ZLWK�

YLUDO�KHSDWLWLV�DFFRPSDQLHG�E\�FLUUKRVLV��+RZHYHU��SDWLHQWV�DW�KLJK� ULVN�RI� OLYHU�FDQFHU�DUH�DOVR�DW�

KLJK� ULVN� RI� UHFXUUHQW� FDQFHU� DIWHU� FXUDWLYH� WKHUDS\�� VXJJHVWLQJ� WKDW� HDUO\� GHWHFWLRQ� DQG� HDUO\�

WUHDWPHQW�GR�QRW�QHFHVVDULO\�OHDG WR�FRPSOHWH�FXUH��,QGHHG��HYHQ�WRGD\��WKHUH�LV�LQVXIILFLHQW�HYLGHQFH�

WKDW� VXUYHLOODQFH� ZLWK XOWUDVRQRJUDSK\� �86�� DORQH� RU� D� FRPELQDWLRQ� RI� 86� DQG WXPRU� PDUNHUV

LPSURYHV� WKH� SURJQRVLV� RI�+&&� SDWLHQWV�� DQG� LW� LV� XQOLNHO\ IURP� D�PDLQO\� HWKLFDO� VWDQGSRLQW WKDW�

UDQGRPL]HG�FRQWUROOHG�WULDOV �5&7V��ZLOO�EH�FRQGXFWHG�LQ�WKH�IXWXUH�

,Q� WKLV �����YHUVLRQ �IRXUWK�HGLWLRQ� RI� WKH�*XLGHOLQHV� ZH�EHJLQ� WKH�&4�VHFWLRQ�E\�DVNLQJ� WKH�

FUXFLDO TXHVWLRQ� ³,V� VXUYHLOODQFH� UHFRPPHQGHG"´� :H� WKHQ� GLVFXVV� WKH SRWHQWLDO� SURFHGXUHV� IRU�

VXUYHLOODQFH�ZKHQ�LW�LV�UHFRPPHQGHG�

:LWK UHFHQW� WHFKQRORJLFDO� DGYDQFHV�� +&&� LV� QRZ� GLDJQRVHG� PDLQO\� E\� LPDJLQJ�� ZLWK WXPRU�

PDUNHUV� SOD\LQJ� D� VXSSOHPHQWDU\� UROH� ,Q� SULQFLSOH�� GHILQLWLYH� GLDJQRVLV� LV� PDGH� EDVHG� RQ�

KLVWRSDWKRORJLFDO�ILQGLQJV��+RZHYHU� LW�LV�FRPPRQ�WR�PDNH�D�GHILQLWLYH�GLDJQRVLV�EDVHG�RQ�LPDJLQJ�

ILQGLQJV�LQ SDWLHQWV�VFKHGXOHG�WR�XQGHUJR SHUFXWDQHRXV�DEODWLRQ�DQG�HPEROL]DWLRQ��7KH�FRQVHQVXV�LV�

WKDW�WKH�W\SLFDO�LPDJLQJ�IHDWXUHV�RI�+&&�DUH�LQWHQVH�HDUO\ SKDVH�FRQWUDVW�HQKDQFHPHQW DQG�GHOD\HG�

SKDVH� ZDVKRXW�� 7KHUHIRUH�� ZH� IRFXVHG RQ KRZ� WR� GLDJQRVH DW\SLFDO� QRGXOHV� DQG� ZKDW� WKH� PRVW�

DSSURSULDWH� WKUHVKROG� YDOXH� LV� IRU� WXPRU� GLDPHWHU�� $OVR�� ZH� UHYLHZHG� DOWHUQDWLYH� LPDJLQJ� WHVWV�

UHFRPPHQGHG� ZKHQ UHJXODU� LPDJLQJ� LV� FRQWUDLQGLFDWHG �HJ�� LQ� SDWLHQWV� ZLWK� GHFUHDVHG� NLGQH\� RU

OLYHU�IXQFWLRQ� DQG�UHYLHZHG�GLDJQRVWLF�LPDJLQJ�WHVWV�UHFRPPHQGHG�IRU�H[WUDKHSDWLF�PHWDVWDVLV�

7XPRU�PDUNHUV DUH�XVHIXO� LQGLFDWRUV�RI� WKH�HIIHFWV�RI� VXUYHLOODQFH��GLDJQRVLV�� DQG� WUHDWPHQW�� ,Q�

WKH�SDVW��ZKHQ WKH LQFLGHQFH�UDWH�RI�DGYDQFHG�+&&�ZDV�DW�LWV KLJKHVW� DOSKD�IHWRSURWHLQ��$)3��ZDV�

XVHG� WR� PDNH� WKH� GHILQLWLYH� GLDJQRVLV�� +RZHYHU�� DV� GLDJQRVWLF� LPDJLQJ� WHFKQRORJ\ FRQWLQXHV� WR

DGYDQFH� WKH� UROH� WKDW� WXPRU�PDUNHUV� SOD\� LQ� WKH GLDJQRVLV� RI� OLYHU FDQFHUFRQWLQXHV WR� UHGXFH�� ,Q�

-DSDQ�� WKH�FRPPRQ� WXPRU�PDUNHUV� IRU�+&&�DUH�$)3� 3,9.$�,,� �D� SURWHLQ� LQGXFHG�E\� YLWDPLQ�.�

DEVHQFH�,,�� DQG�$)3�/��IUDFWLRQ��D�OHFWLQ�UHDFWLYH�IUDFWLRQ�RI�$)3�� DQG WKH�WHVWV DUH�FRYHUHG�E\ WKH

1DWLRQDO�+HDOWK�,QVXUDQFH V\VWHP��:KHQ�WKH�FXWRII�YDOXHV�DUH�XQFKDQJHG��PHDVXULQJ�WKH�OHYHOV RI���

RU�PRUH�WXPRU�PDUNHUV�FDWHJRULFDOO\ LPSURYHV�VHQVLWLYLW\�ZKLOH�GHFUHDVLQJ�VSHFLILFLW\�

:KHQ DEGRPLQDO�86�UHYHDOV�QR�REYLRXV�WXPRU��WXPRU�PDUNHU�WHVWLQJ�LV XVHG�WR�GHFLGH�ZKHWKHU�WR�

UHSHDW VXUYHLOODQFH�XVLQJ�D PRUH�VHQVLWLYH�LPDJLQJ�PRGDOLW\ VXFK�DV�G\QDPLF�FRPSXWHG�WRPRJUDSK\�

�&7�� 7XPRU� PDUNHUV� XVHG� LQ� VXFK� FDVHV VKRXOG� KDYH� ODUJH� SRVLWLYH� OLNHOLKRRG� UDWLRV�� EHFDXVH�

SRVLWLYH� UDWLRV��ZKLFK�DUH�FDOFXODWHG�XVLQJ� WKH�HTXDWLRQ 6HQVLWLYLW\� �� �� ± 6SHFLILFLW\��� VXJJHVW� WKDW�

SRVW�WHVW�SUREDELOLW\�LV�KLJK�

$EVROXWH�WXPRU�PDUNHU OHYHOV DUH�WKRXJKW�WR�UHIOHFW�WKH�WRWDO�QXPEHU�RI�WXPRUV�LQ�WKH�OLYHU�RU�WKH�
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HQWLUH�ERG\��7KHUHIRUH��SUHWUHDWPHQW�PHDVXUHPHQW�RI� WXPRU�PDUNHU� OHYHOV�HQDEOHV� WXPRU�UHGXFWLRQ�

DIWHU�WUHDWPHQW WR�EH�REMHFWLYHO\�HVWLPDWHG�

,Q�VXPPDU\� ZH LQYHVWLJDWHG�WXPRU�PDUNHUV�IURP�WKH�SHUVSHFWLYH�RI�VXUYHLOODQFH��GLDJQRVLV��DQG�

WUHDWPHQW�HIIHFWV�
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([SODQDWLRQ�RI�WKH�VXUYHLOODQFH�DQG�GLDJQRVWLF�DOJRULWKP�IRU�+&&

���7DUJHW SRSXODWLRQ�RI�VXUYHLOODQFH

7KH�GHFLVLRQ�WR�VWDUW�VXUYHLOODQFH�EHJLQV�ZLWK�ULVN�DVVHVVPHQW��3DWLHQWV�DUH�FRQVLGHUHG�DW�KLJK�ULVN�IRU�

+&&� ZKHQ� DQ\� RI� WKH� IROORZLQJ� WKUHH� FRQGLWLRQV� DUH� SUHVHQW�� FLUUKRVLV� FKURQLF� KHSDWLWLV� %� RU�

FKURQLF� KHSDWLWLV� &�� 7KH� VXUYHLOODQFH� LQWHUYDO� LV� GHWHUPLQHG� EDVHG� RQ� WKH� LQYROYHPHQW RI� RWKHU�

IDFWRUV� VXFK� DV� DJH�� VH[�� GLDEHWHV�� ERG\� PDVV� LQGH[�� DVSDUWDWH� WUDQVDPLQDVH� �$67��� DODQLQH�

WUDQVDPLQDVH� �$/7���SODWHOHW FRXQW��GDLO\�DOFRKRO�FRQVXPSWLRQ�� DQG�KHSDWLWLV�%�YLUXV� �+%9��'1$

OHYHOV �LQ�SDWLHQWV�ZLWK�KHSDWLWLV�%���$PRQJ�KLJK�ULVN�SDWLHQWV��WKRVH�ZLWK�FLUUKRVLV�W\SH�%�DQG &�DUH�

FRQVLGHUHG DQ H[WUHPHO\�KLJK�ULVN�JURXS� $OWKRXJK�WKH�LQFLGHQFH�RI�+&&�GHFUHDVHV�LQ�SDWLHQWV�ZLWK�

FKURQLF�KHSDWLWLV�%�UHFHLYLQJ QXFOHRV�W�LGH�DQDORJXH�WUHDWPHQW DQG LQ SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�

&�ZKR DFKLHYHG�VXVWDLQHG�YLURORJLF�UHVSRQVH��695��DIWHU�DQWL�KHSDWLWLV�&�YLUXV��+&9��WKHUDS\��WKHVH�

SDWLHQWV� VKRXOG� UHPDLQ� XQGHU VXUYHLOODQFH� EHFDXVH� WKH� ULVN� RI� GHYHORSLQJ� OLYHU� FDQFHU� LV� VWLOO�

UHODWLYHO\�KLJK�

���6XUYHLOODQFH�PHWKRG

7KH�FRUH�RI�VXUYHLOODQFH�LV�VFUHHQLQJ�ZLWK�DEGRPLQDO�86�DV�WKH�SULPDU\�PHDVXUH�DQG�WXPRU�PDUNHU�

WHVWV��ZKLFK� LV� UHSHDWHG� HYHU\� ����PRQWKV��7KLV� UHJXODU� VFUHHQLQJ�PHWKRG�PD\� EH� FRPELQHG�ZLWK�

G\QDPLF�&7�RU�G\QDPLF�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,� LQ�H[WUHPHO\�KLJK�ULVN�SDWLHQWV�VXFK�DV�

WKRVH�ZLWK�FLUUKRVLV�

7KHRUHWLFDOO\�� DV� WKH� VXUYHLOODQFH� LQWHUYDO� VKRUWHQV�� WKH�FKDQFH�RI�GHWHFWLQJ� WXPRUV� LQ� WKH� HDUO\�

VWDJH� LQFUHDVHV�� EXW� WKH� FRVW� RI� VXUYHLOODQFH� DOVR� LQFUHDVHV�� ,W� LV� WKHUHIRUH� LPSRUWDQW� WR� LQYHVWLJDWH�

ZKHWKHU�H[KDXVWLYH�VXUYHLOODQFH PDNHV D�FOLQLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WXPRU�VL]H�DQG�ZKHWKHU�

WKH� GLIIHUHQFH LV� ZRUWK� WKH� LQFUHDVHG� FRVW� RI VXUYHLOODQFH�� )XUWKHUPRUH�� WKH� VPDOOHVW� WXPRU� VL]H�

GHWHFWDEOH�RQ�VXUYHLOODQFH�GHSHQGV�RQ�YDULRXV�IDFWRUV�VXFK�DV�WKH�VHYHULW\�RI�FLUUKRVLV��REHVLW\��DQG�

EDFNJURXQG� OLYHU� GLVHDVH� DV� ZHOO� DV� WKH� DFFXUDF\� RI� WKH� VFUHHQLQJ GHYLFH� 7KHUHIRUH�� WKH� FXUUHQW�

YHUVLRQ� RI� WKH� *XLGHOLQHV� UHFRPPHQGV�� DV� DQ� LQLWLDWLYH�� VFUHHQLQJ� ZLWK� 86� HYHU\� �� PRQWKV� LQ�

KLJK�ULVN�SDWLHQWV�DQG�HYHU\�����PRQWKV�LQ�H[WUHPHO\�KLJK�ULVN�SDWLHQWV��7KH�XVH�RI�G\QDPLF�&7�RU�

G\QDPLF� 05,� �LQFOXGLQJ� JDGROLQLXP�HWKR[\EHQ]\O�GLHWK\OHQHWULDPLQH� SHQWDDFHWLF� DFLG�

>*G�(2%�'73$@�HQKDQFHG�05,� LV� DFFHSWDEOH LQ�SDWLHQWV�ZLWK�SDWKRORJLFDO� FRQGLWLRQV� WKDW�PDNH

WKH�GHWHFWLRQ�RI�VPDOO�+&& E\�86�GLIILFXOW��VXFK�DV�OLYHU�VKULQNDJH��VHYHUH�REHVLW\��DQG�FRDUVH�OLYHU�

SDUHQFK\PD�

)RU� WXPRU�PDUNHU� WHVWV�� VFUHHQLQJ�ZLWK�$)3��3,9.$�,,�� DQG�$)3�/�� IUDFWLRQ LV� UHFRPPHQGHG�

HYHU\���PRQWKV LQ KLJK�ULVN�SDWLHQWV�DQG�HYHU\ ����PRQWKV�LQ H[WUHPHO\�KLJK�ULVN�SDWLHQWV��+RZHYHU��

LW� VKRXOG� EH� QRWHG� WKDW�� DV� RI� ������ WKH� 1DWLRQDO� +HDOWK� ,QVXUDQFH� V\VWHP� FRYHUV� WXPRU� PDUNHU�

WHVWLQJ�ZLWK�$)3�DQG�3,9.$�,,�HYHU\�PRQWK�LQ�KLJK�ULVN�DQG�H[WUHPHO\�KLJK�ULVN�SDWLHQWV��ZKHUHDV�
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LW�FRYHUV�WHVWLQJ�ZLWK�$)3�/��IUDFWLRQ�RQO\�ZKHQ�WKHUH�LV�D�KLJK�LQGH[�RI�VXVSLFLRQ IRU�+&&�

���86�ILQGLQJV�RI�QRGXODU�OHVLRQV

:KHQ� 86� ILQGLQJV� VXJJHVW� QHZ� QRGXODU� OHVLRQV� G\QDPLF� &7�05,� LV� GRQH� IRU� FRQILUPDWLRQ��

&RQWUDVW�HQKDQFHG�86�LV�UHFRPPHQGHG�LQ�SDWLHQWV�IRU�ZKRP�G\QDPLF�&7�05, LV�FRQWUDLQGLFDWHG��,Q�

VRPH� FDVHV�� VXUYHLOODQFH� G\QDPLF� &7�05,� LV� SHUIRUPHG� WR� GHWHFW� QHZ� QRGXOHV EHFDXVH� RI� WKH�

GLIILFXOW\�ZLWK ZKROH�OLYHU�VFDQQLQJ E\�86�

(YHQ�ZKHQ�QR�WXPRU�LV�GHWHFWHG�RQ�86��LW�LV�LPSRUWDQW�WR�FRQVLGHU�XVLQJ�G\QDPLF�&7�05,�LQ�WKH�

IROORZLQJ�FDVHV��SHUVLVWHQW�HOHYDWLRQ�RI�$)3��������QJ�P/�RI�$)3�������P$8�P/�RI�3,9.$�,,��RU���

��� LQFUHDVH�LQ�$)3�/��IUDFWLRQ�

���$VVHVVPHQW RI�KHPRG\QDPLFV

,Q� FRQWUDVW�HQKDQFHG LPDJLQJ�� W\SLFDO� +&&� LV� FKDUDFWHUL]HG� E\� K\SHUYDVFXODU FKDQJHV��

GHPRQVWUDWLQJ LQFUHDVHG� DUWHULDO� EORRG� IORZ� LQ� +&& FRPSDUHG� ZLWK� WKH� VXUURXQGLQJ� OLYHU�

SDUHQFK\PD��+\SHUYDVFXODU FKDQJHV DUH�REVHUYHG�LQ�WKH�DUWHULDO��RU�HDUO\��SKDVH�RI�G\QDPLF�&7�DQG�

G\QDPLF�05,��LQFOXGLQJ�*G�(2%�'73$�HQKDQFHG�05,��

�����(DUO\ SKDVH�FRQWUDVW HQKDQFHPHQW�

7UHDWPHQW�VWUDWHJLHV�IRU�+&&�VKRXOG�EH�XVHG�IRU�OHVLRQV�WKDW�DUH�YLVXDOL]HG�DV�KLJK�DWWHQXDWLRQ�DUHDV�

�K\SHUGHQVH�RU�K\SHULQWHQVH�VLJQDOV��LQ�WKH�DUWHULDO�SKDVH�RI�G\QDPLF�&7�DQG�ORZ�DWWHQXDWLRQ�DUHDV�

�K\SRGHQVH�RU�K\SRLQWHQVH�VLJQDOV�� L�H���ZDVKRXW�� LQ� WKH�SRUWDO�HTXLOLEULXP�SKDVH�RI�G\QDPLF�05,�

FRPSDUHG�ZLWK�WKH�VXUURXQGLQJ�OLYHU�SDUHQFK\PD� ,Q�*G�(2%�'73$�HQKDQFHG�05,��D�UHGXFWLRQ�LQ�

VLJQDO�LQWHQVLW\�GXULQJ WKH�KHSDWRELOLDU\�SKDVH�LV�UHJDUGHG�DV�ZDVKRXW��+RZHYHU��EHFDXVH�FDYHUQRXV�

KHPDQJLRPD�VKRZV DV�K\SRLQWHQVH�VLJQDOV� LQ� WKH�KHSDWRELOLDU\�SKDVH��RWKHU�05�LPDJHV�VKRXOG�EH�

H[DPLQHG EHIRUH�H[FOXGLQJ�WKH�SRVVLELOLW\�

:KHQ� SHUIRUPLQJ� 6RQD]RLG��HQKDQFHG� 86� LQ� SDWLHQWV� IRU� ZKRP� G\QDPLF� &7�05, LV�

FRQWUDLQGLFDWHG��FRQWUDVW�GHIHFWV�LQ�WKH�SRVW�YDVFXODU��.XSIIHU��SKDVH�PD\�EH�REVHUYHG DV�ZDVKRXWV��

+RZHYHU� LW� LV� VRPHWLPHV� GLIILFXOW� WR� GLIIHUHQWLDWH� +&&� IURP� KLJK�IORZ� FDYHUQRXV� KHPDQJLRPD

EHFDXVH�WKH�ODWWHU VKRZV�FRQWUDVW HQKDQFHPHQW LQ�WKH�HDUO\�YDVFXODU�SKDVH�DQG�DSSHDUV DV�D�FRQWUDVW�

GHIHFW�LQ�WKH�.XSIIHU�SKDVH��QHFHVVLWDWLQJ�H[FOXVLRQ�EDVHG�RQ RWKHU�LPDJHV�

/HVLRQV�����FP QRW�YLVXDOL]HG DV�ZDVKRXWV�LQ�WKH�SRUWDO�HTXLOLEULXP�SKDVH�RI�G\QDPLF�&7�ZLOO�

UHTXLUH VFUHHQLQJ�ZLWK�86�HYHU\���PRQWKV��SURYLGHG�WKDW�WKH�OHVLRQV�DUH�GHWHFWDEOH RQ�86��'\QDPLF�

&7�05,� LV� UHVXPHG� RQ� REVHUYLQJ WXPRU� HQODUJHPHQW� RU� WXPRU� PDUNHU� HOHYDWLRQ�� /HVLRQV� QRW�

YLVXDOL]HG�RQ�86 PD\ EH IROORZHG XS�E\�SHUIRUPLQJ G\QDPLF�&7�05,� HYHU\���PRQWKV�� ,W� LV� QRW�

QHFHVVDU\�WR�IROORZ XS�OHVLRQV�GHILQLWLYHO\�GLDJQRVHG�DV�EHQLJQ�WXPRUV�RQ�GLDJQRVWLF�LPDJLQJ�

/HVLRQV�����FP VKRXOG�EH�LPDJHG�ZLWK *G�(2%�'73$�HQKDQFHG 05,��$Q�DSSURSULDWH�WUHDWPHQW�
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VWUDWHJ\� VKRXOG� EH� VHOHFWHG� IRU� OHVLRQV GHILQLWLYHO\� GLDJQRVHG� DV� +&&�� :KHQ�

*G�(2%�'73$�HQKDQFHG�05,�DQG�RWKHU� LPDJLQJ�PRGDOLWLHV�GR�QRW� FOHDUO\� VKRZ�ZKHWKHU� OHVLRQV�

DUH� EHQLJQ� RU� PDOLJQDQW�� LW� PD\� EH� QHFHVVDU\� WR� SHUIRUP� OLYHU� ELRSV\�� FRQWUDVW�HQKDQFHG� 86��

VXSHUSDUDPDJQHWLF�LURQ�R[LGH��63,2��HQKDQFHG�05,��&7�GXULQJ�DUWHULDO�SRUWRJUDSK\��&7$3���RU�&7�

GXULQJ�KHSDWLF�DUWHULRJUDSK\��&7+$��

�����$EVHQFH�RI HDUO\ SKDVH�FRQWUDVW HQKDQFHPHQW

/HVLRQV�������FP�QRW�YLVXDOL]HG�DV�KLJK�DWWHQXDWLRQ�DUHDV��K\SHUGHQVH�RU�K\SHULQWHQVH�VLJQDOV��LQ�WKH�

DUWHULDO�SKDVH�RI�G\QDPLF�&7�RU�G\QDPLF�05,��UHVSHFWLYHO\��ZLOO�UHTXLUH VFUHHQLQJ�ZLWK�86�HYHU\���

PRQWKV� SURYLGHG�WKDW� WKH�OHVLRQV�DUH�GHWHFWDEOH RQ�86� '\QDPLF�&7�05,�LV�UHVXPHG�ZKHQ�WXPRU�

HQODUJHPHQW�RU�WXPRU�PDUNHU�HOHYDWLRQ LV�REVHUYHG��/HVLRQV�QRW�YLVXDOL]HG�RQ�86�PD\�EH�IROORZHG

XS ZLWK� G\QDPLF� &7�05,� HYHU\� �� PRQWKV�� ,W� LV� QRW� QHFHVVDU\� WR� IROORZ XS� OHVLRQV� WKDW� DUH�

GHILQLWLYHO\�GLDJQRVHG�DV�EHQLJQ�WXPRUV�RQ�GLDJQRVWLF�LPDJLQJ�

/HVLRQV�������FP�QRW�YLVXDOL]HG�DV�KLJK�DWWHQXDWLRQ�DUHDV�LQ�WKH�DUWHULDO�SKDVH�RI�G\QDPLF�&7�ZLOO�

UHTXLUH� HYDOXDWLRQ� XVLQJ *G�(2%�'73$�HQKDQFHG�05,��:KHQ� D� UHGXFWLRQ� LQ� VLJQDO� LQWHQVLW\� LV�

REVHUYHG�LQ�WKH�KHSDWRELOLDU\�SKDVH��LW�PD\�EH�QHFHVVDU\�WR�SHUIRUP�OLYHU ELRSV\��FRQWUDVW�HQKDQFHG�

86��63,2�HQKDQFHG�05,��&7$3��RU�&7+$��:KHQ�QR�UHGXFWLRQ�LQ�VLJQDO�LQWHQVLW\�LV�REVHUYHG�LQ�WKH�

KHSDWRELOLDU\�SKDVH��OHVLRQV�ZLOO�UHTXLUH�VFUHHQLQJ�ZLWK�86�HYHU\���PRQWKV��SURYLGHG�WKDW�WKH�OHVLRQV�

DUH� GHWHFWDEOH� RQ� 86� '\QDPLF� &7�05,� VKRXOG� EH� UHVXPHG� ZKHQ� WXPRU� HQODUJHPHQW� RU� WXPRU�

PDUNHU� HOHYDWLRQ LV� REVHUYHG�� /HVLRQV� QRW� YLVXDOL]HG� RQ� 86� PD\� EH� IROORZHG XS� ZLWK� G\QDPLF�

&7�05,�

�����)LQGLQJV�VXJJHVWLYH RI�RWKHU�PDOLJQDQW�WXPRUV

)XUWKHU� H[DPLQDWLRQ� LV� UHTXLUHG� RI� OHVLRQV� PRVW� OLNHO\� WR� EH� LQWUDKHSDWLF� FKRODQJLRFDUFLQRPD� RU�

PHWDVWDWLF� OLYHU� FDQFHU� EDVHG� RQ� WKH� SDWWHUQV� RI� FRQWUDVW� HQKDQFHPHQW� GXULQJ� WKH� DUWHULDO� DQG�

SRUWDO�HTXLOLEULXP�SKDVH�
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� '\QDPLF�&7�05,�DUH�XVHG�IRU�VRPH�SDWLHQWV�LI�WKH�QRGXOH�V��DUH�QRW�YLVXDOL]HG�RQ�86�EHFDXVH�RI�

SRRU�YLVXDOL]DWLRQ�DQG�RU�WKH�WXPRU�PDUNHU�V��DUH�HOHYDWHG�
� '\QDPLF�05,�LQFOXGHV�*G�(2%�'73$�HQKDQFHG 05,�
� 2Q *G�(2%�'73$�HQKDQFHG�05,��D�UHGXFWLRQ�LQ�VLJQDO�LQWHQVLW\�GXULQJ�WKH�KHSDWRELOLDU\�SKDVH�LV�

UHJDUGHG� DV ZDVKRXW��+RZHYHU�� EHFDXVH� FDYHUQRXV� KHPDQJLRPD� LV� YLVXDOL]HG� DV� K\SRLQWHQVH�

VLJQDOV�LQ�WKH�KHSDWRELOLDU\�SKDVH��RWKHU�05�LPDJHV�VKRXOG�EH�H[DPLQHG�EHIRUH�H[FOXGLQJ�WKH�

SRVVLELOLW\�
� *G�(2%�'73$�HQKDQFHG�05,� LV� UHFRPPHQGHG� IRU� SDWLHQWV� ZKRVH� ILUVW� LPDJLQJ�PRGDOLW\� ZDV�

G\QDPLF�&7�
� /HVLRQV�GHWHFWDEOH�RQ�86�DUH�IROORZHG XS�XVLQJ�86��/HVLRQV�XQGHWHFWDEOH�RQ�86�PD\�EH�IROORZHG

XS�ZLWK�G\QDPLF�&7�05,�



��

&4� ,V�VXUYHLOODQFH�UHFRPPHQGHG"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� 5HJXODU� VFUHHQLQJ� HQDEOHV� WKH� HDUO\� GHWHFWLRQ� DQG� FXUDWLYH� WUHDWPHQW� RI�

+&&��OLNHO\�LPSURYLQJ�SURJQRVLV��7KHUHIRUH��VXUYHLOODQFH�LV�UHFRPPHQGHG�

ڦ %DFNJURXQG

6XUYHLOODQFH�IRU�+&&�LV�FRPPRQ�LQ�-DSDQ�GXH�WR�WKH�UHODWLYH�HDVH RI GHVLJQDWLQJ KLJK�ULVN�SDWLHQWV�

+RZHYHU��SDWLHQWV�DW�KLJK�ULVN�RI�OLYHU�FDQFHU�DUH�DOVR�DW�KLJK�ULVN�RI�UHFXUUHQW�FDQFHU�DIWHU�FXUDWLYH�

WKHUDS\�� $FFRUGLQJ� WR� D� IROORZ�XS� VXUYH\� RI� SULPDU\� OLYHU� FDQFHU�� OLYHU�UHODWHG� PRUWDOLW\� LV� WKH�

OHDGLQJ� FDXVH� RI� GHDWK� DPRQJ� +&&� SDWLHQWV�� LQFOXGLQJ� WKRVH� ZLWK� HDUO\�VWDJH� +&&��� +HUH�� ZH�

UHYLHZHG WKH�HIILFDF\�RI�VXUYHLOODQFH�LQ�SDWLHQWV�DW�KLJK�ULVN�RI�+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�ZDV�HVWDEOLVKHG�DV�D�FRQWLQXDWLRQ�RI�&4��LQ�WKH�WKLUG�HGLWLRQ�������YHUVLRQ���,Q�WKH�FXUUHQW�

UHYLVLRQ��D�OLWHUDWXUH�VHDUFK�RI DUWLFOHV�SXEOLVKHG�LQ�WKH�SHULRG -DQXDU\���������WR -XQH��������� �LH��

DIWHU� WKH� OLWHUDWXUH� VHDUFK� SHULRG� IRU� WKH� WKLUG� HGLWLRQ�� H[WUDFWHG ���� DUWLFOHV�� 7KLV ZDV QDUURZHG�

GRZQ� WR ��� DUWLFOHV� LQ WKH� ILUVW� VFUHHQLQJ DQG� WR� �� DUWLFOHV� LQ� WKH� VHFRQG� VFUHHQLQJ� EDVHG� RQ� WKH�

IROORZLQJ�LQFOXVLRQ�FULWHULD��FRQWUROOHG�VWXGLHV� WKDW�ZHUH�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�SURVSHFWLYH�

VXUYHLOODQFH�SURWRFROV�DQG�DQDO\]HG DOO�GHDWKV��$�WRWDO�RI���DUWLFOHV��LQFOXGLQJ WKH���DUWLFOHV IURP�WKH�

WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4��

5HJXODU� VXUYHLOODQFH� IRU� +&&� LPSURYHG WUHDWPHQW� RXWFRPHV LQ� DQ 5&7��� &RPSDUHG� ZLWK� WKH�

FRQWURO� JURXS� �QR VXUYHLOODQFH��� SDWLHQWV� ZLWK� KHSDWLWLV� %� YLUXV� �+%9�� LQIHFWLRQ� ZKR� XQGHUZHQW�

UHJXODU� VXUYHLOODQFH� ZLWK 86� DQG� $)3� PHDVXUHPHQW� HYHU\� �� PRQWKV KDG� PXFK� VPDOOHU� QRGXOHV��

ZKLFK�VLJQLILFDQWO\�LQFUHDVHG WKH�QXPEHU�RI�KHSDWHFWRP\�FDVHV�DQG�GHFUHDVHG WKH�PRUWDOLW\�UDWH�E\�

����� +RZHYHU�� LQ� DQRWKHU� 5&7� RI� SDWLHQWV� ZLWK� +%9 LQIHFWLRQ�� VXUYHLOODQFH� EDVHG� RQ� $)3�

PHDVXUHPHQW�DORQH�LPSURYHG�WKH�HDUO\�GHWHFWLRQ UDWH EXW�QRW�WKH�PRUWDOLW\�UDWH��

7ZR�5&7V KDYH� LQYHVWLJDWHG� WKH� VXUYHLOODQFH LQWHUYDO��7KH� ILUVW 5&7 LQYROYHG 86�VXUYHLOODQFH�

HYHU\���RU���PRQWKV�LQ�SDWLHQWV�ZLWK�FLUUKRVLV��EXW�QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�LQ�RYHUDOO�

VXUYLYDO�RU�LQ�WKH�GHWHFWLRQ�UDWH�RI�+&&������PP��ZKLFK�ZDV�WKH�SULPDU\�HQGSRLQW�RI�WKH�VWXG\���,Q�

WKH� VHFRQG�5&7�� WKH� GHWHFWLRQ� UDWH� RI� HDUO\�VWDJH�+&&� ��� �� FP��ZDV� KLJKHU� DPRQJ� SDWLHQWV�ZKR�

XQGHUZHQW� VXUYHLOODQFH�HYHU\���PRQWKV� WKDQ�ZKRVH�ZKR�XQGHUZHQW� VXUYHLOODQFH�HYHU\����PRQWKV��

ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�LQ���\HDU�VXUYLYDO UDWHV��

,Q�D�SURVSHFWLYH�VWXG\��EXW�QRW�DQ�5&7��UHJXODU�VXUYHLOODQFH�ZLWK�86�DQG�$)3�PHDVXUHPHQW�DOVR�

H[WHQGHG�VXUYLYDO�LQ�SDWLHQWV�ZLWK�FLUUKRVLV���,Q�DQRWKHU�VWXG\��D�FRPPXQLW\�EDVHG�FOLQLF�LQYHVWLJDWHG�

SURJQRVLV� DPRQJ� SDWLHQWV� ZLWK� +%9� LQIHFWLRQ� E\� FRPSDULQJ� SDWLHQWV� ZLWK +&&� GHWHFWHG� E\



��

VXUYHLOODQFH�DQG�SDWLHQWV�ZKR�SUHVHQWHG WR WKH FOLQLF ZLWK�+&&��UHYHDOLQJ�WKH�IDYRUDEOH�HIIHFW�RI�D�

PDVV� VFUHHQLQJ� SURJUDP� DIWHU� FRUUHFWLQJ� IRU� OHDG�WLPH� ELDV��� ,Q� D VWXG\ DVVHVVLQJ� WKH� HIIHFW� RI�

XOWUDVRQRJUDSK\�PDVV�VFUHHQLQJ�RI�FRPPXQLW\�UHVLGHQWV�LQ�D�KLJK�ULVN�DJH�JURXS�IRU�+%9�LQIHFWLRQ��

+&&� PRUWDOLW\� ZDV� GHFUHDVHG� E\� ���� LQ FRPPXQLW\ UHVLGHQWV� ZKR� SDUWLFLSDWHG� LQ� WKH PDVV�

VFUHHQLQJ SURJUDP FRPSDUHG�ZLWK�WKRVH�ZKR�GLG�QRW SDUWLFLSDWH��

ڦ ([SODQDWLRQ

7KH�PRVW�UHOLDEOH�HYLGHQFH�IRU�GHWHUPLQLQJ ZKHWKHU�WR�UHFRPPHQG�VXUYHLOODQFH�IRU�SDWLHQWV�DW�KLJK�

ULVN� RI� +&&� FDQ� EH� REWDLQHG� IURP� VWXGLHV� WKDW� FRPSDUH PRUWDOLW\ DIWHU� UDQGRPO\� DOORFDWLQJ�

SDUWLFLSDQWV�WR���VHSDUDWH�JURXSV��+RZHYHU��RQO\���SUHYLRXV VWXGLHV�KDYH�UDQGRPO\�DOORFDWHG�FOXVWHUV�

RI� SDWLHQWV�� RQH� LQ� ����� DQG� DQRWKHU� LQ� ��������� DQG� QRQH� PRUH� UHFHQWO\�� 7ZR� RWKHU� 5&7V� KDYH�

FRPSDUHG� VKRUW� DQG� ORQJ� VXUYHLOODQFH� LQWHUYDOV����� EXW� WKHVH� VWXGLHV ZHUH� FOHDUO\� XQGHUSRZHUHG� WR�

H[DPLQH PRUWDOLW\�JLYHQ�WKDW�WKH�HVWLPDWHG�KD]DUGV�ZHUH�ORZHU�

7KH�VHFRQG�PRVW�UHOLDEOH�HYLGHQFH�FDQ�EH�REWDLQHG�IURP�FRKRUW�VWXGLHV� WKDW�FRPSDUH DOO�GHDWKV�

ZLWKRXW�UDQGRPL]DWLRQ��+RZHYHU��WKH�PRVW�UHFHQW�OLWHUDWXUH�VHDUFK�H[WUDFWHG�QR�VWXGLHV�PDWFKLQJ�WKLV�

GHVFULSWLRQ� 6WXGLHV�FRPSDULQJ�DOO�GHDWKV�H[FOXVLYHO\�RQO\�DPRQJ�FDQFHU�SDWLHQWV�DIWHU�WKH�GLDJQRVLV�

RI�FDQFHU KDYH� LQIHULRU�HYLGHQFH� WR� WKH�IRUPHU� WZR�VWXGLHV�����EHFDXVH�RI�SUREOHPV DVVRFLDWHG�ZLWK�

OHDG� WLPH����� /HDG� WLPH� LV� HVWLPDWHG� EDVHG� RQ� WXPRU� GRXEOLQJ� WLPH� LQ� WKH� QDWXUDO� FRXUVH� RI� D�

SDUWLFXODU� FDQFHU� DQG� RQ� WKH� GLIIHUHQFH� LQ� WXPRU� GLDPHWHU EHWZHHQ� FDQFHUV� GHWHFWHG� WKURXJK�

VFUHHQLQJ�DQG�WKRVH�GHWHFWHG�EDVHG�RQ�V\PSWRPV��EXW�GHSHQGLQJ�RQ�WKH�SDUDPHWHUV�XVHG��HVWLPDWHG�

YDOXHV�PD\�YDU\�VXEVWDQWLDOO\��6WXGLHV�LQYHVWLJDWLQJ WKH�XVH RI�VXUYHLOODQFH�DW�WKH�WLPH�RI GLDJQRVLQJ

+&& ZHUH�H[FOXGHG�IURP�WKLV IRXUWK�HGLWLRQ�GXH�WR�WKH�LQYROYHPHQW�RI�DQ�DGGLWLRQDO�ELDV��UHIHUUDO�

ELDV���

7DNHQ� WRJHWKHU�� WKHVH� ILQGLQJV VXJJHVW� WKDW� UHJXODU� VFUHHQLQJ� IRU� +&&� FRQWULEXWHV� WR� HDUO\�

GHWHFWLRQ� DQG� FXUDWLYH� WUHDWPHQW� RI� +&&�� OLNHO\� LPSURYLQJ� SURJQRVLV�� 7KHUHIRUH�� VXUYHLOODQFH� LV�

VWURQJO\�UHFRPPHQGHG�

ڦ 5HIHUHQFHV

�� .XGR 0�� ,]XPL 1�� ,VKLGD 7�� HW� DO�� 7KH ��WK� IROORZ�XS� VXUYH\� RI� SULPDU\� OLYHU� FDQFHU� LQ� -DSDQ ������������

�)ROORZ�XS� 6XUYH\� &RPPLWWHH� RI� WKH� /LYHU� &DQFHU� 6WXG\� *URXS� RI� -DSDQ��� .DQ]R�� ����� ���� ������ �-DSDQHVH�

30,'�������������

���=KDQJ�%+��<DQJ�%+��7DQJ�=<��5DQGRPL]HG�FRQWUROOHG�WULDO�RI�VFUHHQLQJ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��-�&DQFHU�

5HV�&OLQ�2QFRO �������������������30,'����������

���&KHQ�-*��3DUNLQ�'0��&KHQ�4*��HW�DO��6FUHHQLQJ�IRU�OLYHU�FDQFHU��UHVXOWV�RI�D�UDQGRPLVHG�FRQWUROOHG�WULDO�LQ�4LGRQJ��

&KLQD��-�0HG�6FUHHQ �����������������30,'����������

���7ULQFKHW�-&��&KDIIDXW�&��%RXUFLHU�9��HW�DO��8OWUDVRQRJUDSKLF�VXUYHLOODQFH�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRVLV�



��

D�UDQGRPL]HG�WULDO FRPSDULQJ��� DQG���PRQWK SHULRGLFLWLHV��+HSDWRORJ\ �������������������30,'����������

��� :DQJ� -+�� &KDQJ� .&� .HH� .0�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD� VXUYHLOODQFH� DW� � YV�� ���PRQWK� LQWHUYDOV IRU�

SDWLHQWV� ZLWK� FKURQLF� YLUDO KHSDWLWLV� D� UDQGRPL]HG� VWXG\ LQ� FRPPXQLW\�� $P -� *DVWURHQWHURO ������ ����� ��������

30,'����������

���%RORQGL�/��6RILD�6��6LULQJR�6��HW�DO��6XUYHLOODQFH�SURJUDPPH�RI�FLUUKRWLF�SDWLHQWV�IRU�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW�

RI�KHSDWRFHOOXODU�FDUFLQRPD��D�FRVW�HIIHFWLYHQHVV�DQDO\VLV��*XW ����������������30,'����������

��� 7RQJ� 0-�� 6XQ� +(�� +VLHQ� &�� /X� '6�� 6XUYHLOODQFH� IRU� KHSDWRFHOOXODU� FDUFLQRPD� LPSURYHV� VXUYLYDO� LQ�

$VLDQ�$PHULFDQ� SDWLHQWV�ZLWK KHSDWLWLV� %�� UHVXOWV� IURP� D� FRPPXQLW\�EDVHG� FOLQLF��'LJ�'LV� 6FL ������ ���� ��������

30,'����������

��� <HK� <3�� +X� 7+�� &KR� 3<�� HW� DO�� (YDOXDWLRQ� RI� DEGRPLQDO� XOWUDVRQRJUDSK\� PDVV� VFUHHQLQJ� IRU� KHSDWRFHOOXODU�

FDUFLQRPD�LQ�7DLZDQ��+HSDWRORJ\ ������������������30,'�����������

&4� :KDW� SDWLHQW� JURXSV� DUH� WDUJHWHG DQG� ZKDW� PHWKRGV DUH� XVHG� LQ�
VXUYHLOODQFH"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ�� 3DWLHQWV�ZLWK� FKURQLF� KHSDWLWLV�&�RU�%� OLYHU� GLVHDVH� RU� QRQYLUDO� FLUUKRVLV�

VKRXOG� XQGHUJR� UHJXODU�+&& VXUYHLOODQFH FRPSULVLQJ DEGRPLQDO� 86� DV� WKH� SULPDU\� PHDVXUH� DQG�

WXPRU� PDUNHU� WHVWLQJ HYHU\� ���� PRQWKV�� $GGLWLRQDOO\� G\QDPLF� &7�05,� VKRXOG� EH� SHUIRUPHG� LQ�

H[WUHPHO\�KLJK�ULVN�SDWLHQWV�VXFK�DV�WKRVH�ZLWK�FLUUKRVLV�

ڦ %DFNJURXQG

+&&�H[KLELWV�VXEVWDQWLDO�UHJLRQDO�FOXVWHULQJ PRVWO\ GXH�WR�WKH�LQYROYHPHQW�RI�+%9�DQG�KHSDWLWLV�&�

YLUXV��+&9��DQG�WKH�LQIOXHQFH RI�OLIHVW\OH KDELWV��,Q�-DSDQ��DSSUR[LPDWHO\�����RI�SDWLHQWV�ZLWK�+&&�

KDYH�FKURQLF�KHSDWLWLV�% RU�&�OLYHU�GLVHDVH���$VLGH�IURP YLUDO�KHSDWLWLV��ULVN�IDFWRUV�IRU�+&&�LQFOXGH�

FLUUKRVLV��PDOH VH[��ROGHU�DJH��DOFRKRO�FRQVXPSWLRQ��VPRNLQJ��REHVLW\��IDWW\�OLYHU��DQG�GLDEHWHV��+HUH�

ZH�UHYLHZHG WKH�WDUJHWV DQG�PHWKRGV RI�VXUYHLOODQFH�IRU�+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRPELQDWLRQ RI &4���:KR�DUH�HOLJLEOH�FDQGLGDWHV�IRU�VXUYHLOODQFH"��DQG�&4���:KDW�

PHWKRGV�DUH�XVHG�LQ�VXUYHLOODQFH"��LQ�WKH�WKLUG�HGLWLRQ��,Q�&4� LQ�WKH�WKLUG�HGLWLRQ��WKH�ULVN�IDFWRUV�IRU�

+&&�ZHUH�LQYHVWLJDWHG�XVLQJ�D�VSHFLILF�VHDUFK�TXHU\��+HUH�LQ�WKLV�&4��LQ�WKH�IRXUWK�HGLWLRQ��LQVWHDG�

RI�FLWLQJ�WKH�UHIHUHQFHV�IRU�&4��LQ�WKH�WKLUG�HGLWLRQ��ZH�FLWH�QHZO\�H[WUDFWHG�DUWLFOHV��DQG�WKH�SDWLHQWV�

UHSRUWHG�LQ�WKHVH QHZO\�H[WUDFWHG�VWXGLHV�DUH WKH�UHFRPPHQGHG�WDUJHWV�RI�VXUYHLOODQFH�LQ�WKLV�&4�� $�

OLWHUDWXUH� VHDUFK� FRQGXFWHG� ZLWK� WKH� VHDUFK� TXHU\� XVHG� IRU� &4�� DQG� D� SXEOLFDWLRQ� GDWH� EHWZHHQ



��

-DQXDU\�������� DQG�-XQH��������� H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR���DUWLFOHV�LQ�

WKH� ILUVW� VFUHHQLQJ�EDVHG�RQ� WKH� LQFOXVLRQ� FULWHULRQ RI FRQWUROOHG� VWXGLHV WKDW� IROORZHG SURVSHFWLYH�

VXUYHLOODQFH�SURWRFROV��2QH�DUWLFOH�IURP�WKRVH�XVHG�LQ�WKH�WKLUG�HGLWLRQ�ZDV�DGGHG�WR�WKH���DUWLFOHV��

DQG�WKXV�D�WRWDO RI����DUWLFOHV�DUH�FLWHG�IRU�WKLV�&4�

6LQJDO�HW�DO��LQYHVWLJDWHG�WKH�PRVW�DSSURSULDWH�PRGDOLW\�IRU�+&&�VXUYHLOODQFH�LQ�����SDWLHQWV�ZLWK�

FLUUKRVLV��$PRQJ����SDWLHQWV�GLDJQRVHG�ZLWK�+&&�E\�DEGRPLQDO�86�DORQH��$)3�WHVWLQJ�DORQH��RU�D�

FRPELQDWLRQ� RI� DEGRPLQDO�86� DQG�$)3�� VHQVLWLYLW\�ZDV� ����� ����� DQG� ���� DQG� VSHFLILFLW\�ZDV�

����������DQG������UHVSHFWLYHO\�� LQGLFDWLQJ�WKDW�VXUYHLOODQFH�ZLWK�DEGRPLQDO�86�DQG�$)3�WHVWLQJ�

KDG�EHWWHU�VHQVLWLYLW\���/LNHZLVH��&KDQJ�HW�DO��UHSRUWHG�WKDW�VXUYHLOODQFH�ZLWK�DEGRPLQDO�86�DQG�$)3�

WHVWLQJ�LPSURYHG�VHQVLWLYLW\���������IRU�GHWHFWLQJ�OLYHU�FDQFHU�DPRQJ�������SDWLHQWV�ZLWK�FLUUKRVLV��

FRPSDUHG�ZLWK� VXUYHLOODQFH�ZLWK� DEGRPLQDO�86�RU�$)3� WHVWLQJ DORQH���$OVR�� VSHFLILFLW\� LQFUHDVHG�

IURP�������WR�������ZKHQ� WKH FXWRII�$)3�OHYHO ZDV� LQFUHDVHG E\�PXOWLSO\LQJ� WKH�QDGLU� IURP�WKH�

SUHYLRXV�\HDU�E\�� RU�PRUH��,Q�DQ�5&7�RI�����SDWLHQWV�ZLWK�FRPSHQVDWHG�FLUUKRVLV ZKR�KDG�D������

LQFLGHQFH�RI�FDQFHU�SHU�\HDU��3RFKD�HW�DO��FRPSDUHG�WKH�XWLOLW\�RI�DEGRPLQDO�86�HYHU\���PRQWKV�DQG�

FRQWUDVW�HQKDQFHG�&7�HYHU\����PRQWKV�DQG�IRXQG� WKDW� WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�DEGRPLQDO�

86� ZHUH� ������ DQG� ������� UHVSHFWLYHO\�� ZKLOH� WKRVH� RI� FRQWUDVW�HQKDQFHG� &7� ZHUH� ������ DQG�

������� UHVSHFWLYHO\�� LQGLFDWLQJ� VXSHULRU� VHQVLWLYLW\�RI� DEGRPLQDO�86�HYHU\���PRQWKV���$EGRPLQDO�

86�LV�DOVR�OHVV�FRVWO\�

7ZR�5&7V�KDYH�LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�VFUHHQLQJ�LQWHUYDO�DQG�+&&�GLDPHWHU�����,Q�

WKH� ILUVW� 5&7� LQYROYLQJ SDWLHQWV�ZLWK� FLUUKRVLV�� WKH� GHWHFWLRQ� UDWH� RI�+&&��� ���PP�� WKH� SULPDU\�

HQGSRLQW�RI�WKH�VWXG\��ZDV�FRPSDUHG�EHWZHHQ�SDWLHQWV�ZKR�XQGHUZHQW�VXUYHLOODQFH�ZLWK�DEGRPLQDO�

86�FRQGXFWHG�DW���PRQWK�RU���PRQWK�LQWHUYDOV���1R�VLJQLILFDQW�GLIIHUHQFH ZDV�IRXQG LQ�WKH�SULPDU\�

HQGSRLQW�RU LQ RYHUDOO� VXUYLYDO�� ,Q� WKH�VHFRQG�5&7 LQYROYLQJ VXUYHLOODQFH�DW���PRQWK�RU����PRQWK�

LQWHUYDOV��WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ���\HDU�VXUYLYDO�UDWHV�HYHQ�WKRXJK�WKH�GHWHFWLRQ�UDWH�

RI�+&&�����FP�ZDV�KLJKHU�LQ�WKH���PRQWK�JURXS��

+DQ� HW� DO�� FRPSDUHG� ���� SDWLHQWV�ZLWK�+&&� EDVHG� RQ� WKH� VXUYHLOODQFH� LQWHUYDO� DW� WKH� WLPH� RI�

GLDJQRVLV DQG UHSRUWHG VLJQLILFDQWO\�VPDOOHU� WXPRU�VL]H�DQG�VLJQLILFDQWO\�LPSURYHG�SURJQRVLV��DIWHU�

DGMXVWLQJ�IRU�OHDG�WLPH�ELDV��ZKHQ�WKH�LQWHUYDO�ZDV���� PRQWKV��

,Q� D� FDVH�FRQWURO� VWXG\�RI� ����SDWLHQWV�ZLWK�+&&� DQG FLUUKRVLV� DQG����� FRQWUROV��*RSDO� HW� DO��

LQYHVWLJDWHG WKH� GLDJQRVWLF� DFFXUDF\ RI� $)3� LQ� VXUYHLOODQFH� DQG� IDFWRUV� DIIHFWLQJ� WKH� GLDJQRVWLF�

DFFXUDF\ RI�$)3��7KH\�IRXQG WKDW�WKH�VSHFLILFLW\�RI�$)3�ZDV KLJKHU LQ�SDWLHQWV�ZLWK�QRQ�&�KHSDWLWLV���

6WHUOLQJ� HW� DO�� LQYHVWLJDWHG� IDFWRUV� DIIHFWLQJ� WXPRU� PDUNHU� OHYHOV� XVLQJ� GDWD� IURP� ���� SDWLHQWV�

REWDLQHG� LQ� WKH� +HSDWLWLV� &� $QWLYLUDO� /RQJ�7HUP� 7UHDWPHQW� $JDLQVW� &LUUKRVLV� �+$/7�&�� VWXG\�

ZKLFK�PHDVXUHG�$)3��$)3�/���DQG�3,9.$�,,�OHYHOV�HYHU\���PRQWKV��7KH\ UHSRUWHG PLOG�LQFUHDVHV

LQ�$)3�DQG�3,9.$�,,�OHYHOV�HYHQ�LQ�SDWLHQWV�ZLWK�KHSDWLWLV�&�DQG�OLYHU�ILEURVLV DV�ZHOO�DV +&&��

)XUWKHUPRUH��LQ�SURVSHFWLYH�VWXGLHV�RI�SDWLHQWV�ZLWK�KHSDWLWLV�%�DQG�FLUUKRVLV��:RQJ HW�DO��� DQG�



��

.LP HW� DO��� LQYHVWLJDWHG� WKH� GLDJQRVWLF� DFFXUDF\ RI�$)3� LQ� QXFOHRV�W�LGH� DQDORJXH� WUHDWPHQW DQG

VKRZHG WKDW� VHQVLWLYLW\�FRXOG EH� LPSURYHG ZKHQ WKH�FXWRII� OHYHO�RI�$)3 ZDV� ORZHUHG LQ� WKH�GUXJ�

DGPLQLVWUDWLRQ�JURXS�

ڦ ([SODQDWLRQ

7KHRUHWLFDOO\�� WKH�DGGLWLRQ�RI�$)3� WHVWLQJ� LQFUHDVHV� WKH�VHQVLWLYLW\�RI�+&&�VXUYHLOODQFH EHFDXVH� LW�

LQFUHDVHV� WKH� QXPEHU� RI� SDWLHQWV� ZKR� VXEVHTXHQWO\� XQGHUJR� IXUWKHU� H[DPLQDWLRQ� ZLWK� G\QDPLF�

&7�05,��+RZHYHU��GXH�WR�D�FRQFXUUHQW�LQFUHDVH�LQ�IDOVH�SRVLWLYH�UDWHV��WKH�FRVW�HIIHFWLYHQHVV�RI�WKLV�

FRPELQHG�VXUYHLOODQFH�GHFUHDVHV��6LPLODUO\��VKRUWHU�LQWHUYDO�VXUYHLOODQFH�WKHRUHWLFDOO\�GHWHFWV�VPDOOHU�

WXPRUV�� EXW� LW� FRVWV� PRUH�� 7KHUHIRUH�� WKH� TXHVWLRQ� LV� ZKHWKHU� H[KDXVWLYH� VXUYHLOODQFH� PDNHV� D�

FOLQLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� WHUPV� RI� WXPRU� VL]H� DQG�ZKHWKHU� WKH� GLIIHUHQFH� FDQFHOV RXW� WKH�

LQFUHDVHG VXUYHLOODQFH�FRVWV��,Q�DGGLWLRQ��WKH�VPDOOHVW�WXPRU�VL]H�GHWHFWDEOH�E\�VXUYHLOODQFH�GHSHQGV�

RQ�YDULRXV�IDFWRUV�LQFOXGLQJ WKH�VHYHULW\�RI�FLUUKRVLV��REHVLW\��DQG�EDFNJURXQG�OLYHU�GLVHDVH�DV�ZHOO�DV�

WKH� SHUIRUPDQFH RI� WKH� PRGDOLW\� XVHG� $OVR�� EHFDXVH� VFUHHQLQJ� FRVWV YDU\ FRQVLGHUDEO\ DPRQJ�

FRXQWULHV�� LW� LV� LPSUDFWLFDO� WR� DSSO\� GDWD� IURP FRVW�EHQHILW DQDO\VHV� FDUULHG� RXW� RYHUVHDV WR WKH�

VLWXDWLRQ�LQ -DSDQ�

$V�VXFK��WKH�FXUUHQW�WHQGHQF\�LV�WR�FRQWLQXH ZLWK�WKH�H[LVWLQJ�UHFRPPHQGDWLRQ��+RZHYHU��ZKHQ�

WKH�W\SLFDO�GRXEOLQJ�WLPH�RI�+&&�LV�FRQVLGHUHG��WKHUH�LV�LQVXIILFLHQW�UDWLRQDOH�IRU WKH�K\SRWKHVLV�WKDW�

WKH�PRVW�HIIHFWLYH�VXUYHLOODQFH LQWHUYDO�LV���� PRQWKV� $OVR��EHFDXVH *G�(2%�'73$�HQKDQFHG�05,�

H[DPLQDWLRQ�FRVWV�����WLPHV�PRUH�WKDQ DEGRPLQDO 86 VFUHHQLQJ�LQ�-DSDQ��LW VHHPV�XQOLNHO\�WKDW WKH�

DGGLWLRQDO PHGLFDO�FRVW�LV�ZRUWK�WKH�H[WHQGHG VXUYLYDO H[SHFWHG��7KHUHIRUH��ZH GHFLGHG�WR�PDLQWDLQ

WKH�H[LVWLQJ�³VWURQJ�UHFRPPHQGDWLRQ´��ZKLFK�LV�ZHOO HVWDEOLVKHG�DQG�ZLGHO\�XVHG�DFURVV�-DSDQ�

7RGD\��ZH�DUH�DEOH WR�VXSSUHVV�RU�HUDGLFDWH�KHSDWLWLV YLUXV�E\�QXFOHRV�W�LGH�DQDORJXH�WUHDWPHQW LQ�

SDWLHQWV� ZLWK KHSDWLWLV� %� DQG� E\� DQWLYLUDO� WKHUDS\� LQ� SDWLHQWV� ZLWK KHSDWLWLV� &�� $V� D� UHVXOW�� WKH�

VSHFLILFLW\�RI�$)3�LQFUHDVHV�GXH�WR�WKH�GHFUHDVH�LQ�$)3�V\QWKHVLV�LQ�WKH�EDFNJURXQG�OLYHU��7KHUHIRUH��

HVWDEOLVKLQJ D�QHZ�$)3�FXWRII�YDOXH�IRU�VXUYHLOODQFH�RI�VXFK SDWLHQWV LV�D�IXWXUH�FKDOOHQJH�

ڦ 5HIHUHQFHV

���0DVDWRVKL�.XGR��1DPLNL�,]XPL��7DNDIXPL�,VKLGD��HW�DO��7KH���WK�IROORZ�XS�VXUYH\�RI�SULPDU\�OLYHU�FDQFHU�LQ�-DSDQ�

������������ �)ROORZ�XS�6XUYH\� &RPPLWWHH� RI� WKH� /LYHU� &DQFHU� 6WXG\�*URXS� RI� -DSDQ���.DQ]R�� ������ ���� �������

�-DSDQHVH��30,'�������������

���6LQJDO�$*��&RQMHHYDUDP�+6��9RON�0/��HW�DO��(IIHFWLYHQHVV�RI�KHSDWRFHOOXODU�FDUFLQRPD�VXUYHLOODQFH� LQ�SDWLHQWV�

ZLWK�FLUUKRVLV��&DQFHU�(SLGHPLRO�%LRPDUNHUV�3UHY �����������������30,'���������

���&KDQJ�76��:X�<&��7XQJ�6<��HW�DO��$OSKD�IHWRSURWHLQ�PHDVXUHPHQW�EHQHILWV�KHSDWRFHOOXODU�FDUFLQRPD�VXUYHLOODQFH�

LQ�SDWLHQWV�ZLWK�FLUUKRVLV��$P -�*DVWURHQWHURO �������������������TXL] �����30,'����������

��� 3RFKD�&��'LHSHULQN� (��0F0DNHQ�.$��.QRWW�$�� 7KXUDV 3��+R� 6%�� 6XUYHLOODQFH� IRU� KHSDWRFHOOXODU� FDQFHU�ZLWK�



��

XOWUDVRQRJUDSK\�YV��FRPSXWHG� WRPRJUDSK\�D�UDQGRPLVHG�VWXG\��$OLPHQW�3KDUPDFRO�7KHU ������������������30,'��

��������

���7ULQFKHW�-&��&KDIIDXW�&��%RXUFLHU�9��HW�DO��8OWUDVRQRJUDSKLF�VXUYHLOODQFH�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRVLV��

D�UDQGRPL]HG�WULDO FRPSDULQJ��� DQG���PRQWK�SHULRGLFLWLHV��+HSDWRORJ\ ������������������30,'����������

���:DQJ� -+�� &KDQJ� .&�� .HH� .0�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD� VXUYHLOODQFH� DW� �� YV�� ���PRQWK� LQWHUYDOV� IRU�

SDWLHQWV� ZLWK� FKURQLF� YLUDO� KHSDWLWLV�� D� UDQGRPL]HG� VWXG\� LQ� FRPPXQLW\�� $P� -� *DVWURHQWHURO ������ ����� ��������

30,'����������

���+DQ�.+��.LP�'<� 3DUN�-<��HW�DO��6XUYLYDO�RI�KHSDWRFHOOXODU�FDUFLQRPD�SDWLHQWV�PD\�EH�LPSURYHG�LQ�VXUYHLOODQFH�

LQWHUYDO� QRW� PRUH� WKDQ� �� PRQWKV� FRPSDUHG� ZLWK� PRUH� WKDQ� �� PRQWKV�� D� ���\HDU� SURVSHFWLYH� VWXG\�� -� &OLQ�

*DVWURHQWHURO ������������������30,'����������

���*RSDO�3��<RSS�$&��:DOMHH�$.� HW�DO��)DFWRUV�WKDW�DIIHFW�DFFXUDF\�RI�Į�IHWRSURWHLQ�WHVW�LQ�GHWHFWLRQ�RI�KHSDWRFHOOXODU�

FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FLUUKRVLV��&OLQ�*DVWURHQWHURO�+HSDWRO ����������������30,'����������

���6WHUOLQJ�5.��:ULJKW�(&��0RUJDQ�75��HW�DO��)UHTXHQF\�RI�HOHYDWHG�KHSDWRFHOOXODU�FDUFLQRPD��+&&��ELRPDUNHUV�LQ�

SDWLHQWV�ZLWK�DGYDQFHG�KHSDWLWLV�&��$P�-�*DVWURHQWHURO ������������������30,'����������

����:RQJ�*/��&KDQ�+/��7VH�<.��HW�DO��2Q�WUHDWPHQW�DOSKD�IHWRSURWHLQ�LV�D�VSHFLILF�WXPRU�PDUNHU�IRU�KHSDWRFHOOXODU�

FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�%�UHFHLYLQJ�HQWHFDYLU��+HSDWRORJ\��������������������30,'����������

���� .LP� *$�� 6HRFN� &+�� 3DUN� -:�� HW� DO�� 5HDSSUDLVDO� RI� VHUXP� DOSKD�IRHWRSURWHLQ� DV� D� VXUYHLOODQFH� WHVW� IRU�

KHSDWRFHOOXODU�FDUFLQRPD�GXULQJ�HQWHFDYLU�WUHDWPHQW��/LYHU�,QW �����������������30,'���������

&4� :KDW�WXPRU�PDUNHUV�DUH�XVHIXO�IRU�GLDJQRVLQJ�+&&"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� ,W�LV�UHFRPPHQGHG�WR�PHDVXUH�$)3��3,9.$�,,��DQG�$)3�/��IUDFWLRQ�ZKHQ�

GLDJQRVLQJ�+&&�

ڦ %DFNJURXQG

,Q�-DSDQ��PHDVXUHPHQW�RI�WKH�IROORZLQJ���WXPRU�PDUNHUV�IRU�+&&�LV�FRYHUHG�E\�WKH�1DWLRQDO�+HDOWK�

,QVXUDQFH V\VWHP��$)3��3,9.$�,,��DQG�$)3�/���

)RU�GLDJQRVWLF�SXUSRVHV��WXPRU�PDUNHU�PHDVXUHPHQWV�DUH�XVHG�WR�REWDLQ�D�GHILQLWLYH�GLDJQRVLV�RU

DV�WKH�WULJJHU�IRU�WKH�QH[W�SURFHVV�GXULQJ�VXUYHLOODQFH��%HFDXVH�RI�FXUUHQW�GHYHORSPHQWV�LQ

LPDJLQJ�GLDJQRVWLFV��WXPRU�PDUNHU�WHVWLQJ�IRU�+&&�LV�QRW�D�UHTXLUHPHQW�IRU�GHILQLWLYH�GLDJQRVLV�

2Q�WKH�RWKHU�KDQG��LI�D�FHUWDLQ�WKUHVKROG�OHYHO�LV�H[FHHGHG�GXULQJ�VXUYHLOODQFH��LW�LV�LPSRUWDQW�WR

GHWHUPLQH�KRZ�WKH�SRVW�WHVW�SUREDELOLW\�FKDQJHV��WKHUHIRUH��LW�LV�UHFRPPHQGHG�WKDW�WKH�SRVLWLYH

OLNHOLKRRG�UDWLR�> 6HQVLWLYLW\�����í�6SHFLILFLW\�@�EH�XVHG�DV�DQ�LQGLFDWRU��+HUH��ZH�UHYLHZHG�WXPRU�

PDUNHUV�WKDW�DUH�XVHIXO�ZKHQ�GLDJQRVLQJ�+&&��



��

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�QHZ�DGGLWLRQ�WR�WKH�FXUUHQW�*XLGHOLQHV��IRXUWK�HGLWLRQ���$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�

ZLWK�WKH�VHDUFK�TXHU\�FUHDWHG�IRU�&4��LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\����

����� DQG� -XQH����� ����� H[WUDFWHG� ���� DUWLFOHV��$PRQJ� WKHP�� �� DUWLFOHV� DUH� DGRSWHG� EDVHG� RQ� WKH�

IROORZLQJ� LQFOXVLRQ� FULWHULD�� VWXGLHV� WKDW� GHVFULEHG� VHQVLWLYLW\�� VSHFLILFLW\�� DQG� WXPRU� VL]H� LQ� GHWDLO�

DQG�FRKRUW�VWXGLHV� WKDW�DQDO\]HG DGYDQFHG� WXPRUV�DQG� LQYROYHG�D�VXEDQDO\VLV�EDVHG�RQ� WXPRU�VL]H�

�H�J�� ����FP������FP��RU���� FP��

$�V\VWHPDWLF�UHYLHZ�ZDV�FRQGXFWHG�XVLQJ����UHVHDUFK�VWXGLHV�WKDW�H[DPLQHG�+&&�OHVLRQV � ��FP�LQ�

WHUPV� RI� VHQVLWLYLW\�� VSHFLILFLW\�� WKH� GLDJQRVWLF� RGGV� UDWLR�� DQG� WKH� SRVLWLYH OLNHOLKRRG� UDWLR�� $W� D�

FXW�RII� OHYHO� RI� ��� QJ�P/�� WKH $)3� VHQVLWLYLW\� DQG� VSHFLILFLW\� ZHUH� ��±��� DQG� ��±�����

UHVSHFWLYHO\��ZKLOH�DW� D�FXW�RII� OHYHO�RI�����QJ�P/�� WKH\�ZHUH��±����DQG ��±������ UHVSHFWLYHO\��

7KH�LQWHJUDWHG�GLDJQRVWLF�RGGV�UDWLRV�ZHUH������DQG����� DQG�WKH�SRVLWLYH�OLNHOLKRRG�UDWLRV�ZHUH������

DQG�������UHVSHFWLYHO\��$W�D�FXW�RII� OHYHO�RI��� P$8�P/��WKH�'&3�VHQVLWLYLW\�DQG�VSHFLILFLW\�ZHUH�

��±����DQG���±�����ZKLOH DW� D� FXW�RII� OHYHO� RI� ����P$8�P/�� WKH\�ZHUH��±����DQG���±������

UHVSHFWLYHO\��7KH LQWHJUDWHG�GLDJQRVWLF�RGGV�UDWLRV�ZHUH�������DQG����� DQG�WKH�SRVLWLYH�OLNHOLKRRG

UDWLRV�ZHUH�������DQG�������UHVSHFWLYHO\��7KH�$)3�/��IUDFWLRQ�VHQVLWLYLW\�DQG�VSHFLILFLW\�DW�D FXW�RII�

OHYHO�RI�����ZHUH���±����DQG���±�����ZKLOH�DW�D�FXW�RII�OHYHO�RI����� WKH\�ZHUH���±����DQG���±

������UHVSHFWLYHO\��7KH�LQWHJUDWHG�GLDJQRVWLF�RGGV�UDWLRV�ZHUH �����DQG�������HDFK��DQG�WKH�SRVLWLYH�

OLNHOLKRRG�UDWLRV�ZHUH������DQG�������

,Q�D�V\VWHPDWLF�UHYLHZ�RI���VWXGLHV�WKDW� LQYHVWLJDWHG�WKH�GLDJQRVWLF�DFFXUDF\�RI�$)3�LQ�SDWLHQWV�

ZLWK�KHSDWLWLV�&��VHQVLWLYLW\�ZDV���������VSHFLILFLW\���������SRVLWLYH� OLNHOLKRRG�UDWLR����������DQG�

QHJDWLYH�OLNHOLKRRG�UDWLR���������DW�D�FXWRII�YDOXH�RI����QJ�P/��

,Q�D�PRUH�UHFHQW�V\VWHPDWLF�UHYLHZ�RI����VWXGLHV��WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�ZHUH�����

�����FRQILGHQFH� LQWHUYDO� >&,@��������� DQG����������&,����������DQG� WKRVH�RI�3,9.$�,,�ZHUH�

���� ����� &,�� �������� DQG� ���� ����� &,�� ��������� UHVSHFWLYHO\��� 7KH� DUHD� XQGHU� WKH� UHFHLYHU�

RSHUDWLQJ�FKDUDFWHULVWLF��$852&��FXUYH�ZDV������IRU�$)3�DQG������IRU�3,9.$�,,��+RZHYHU��ZKHQ�

WKH�QXPEHU�DQG�VL]H�RI�WXPRUV�ZDV�OLPLWHG�WR���WXPRUV�����FP��WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�

ZHUH����������&,����������DQG����������&,����������DQG�WKRVH�RI�3,9.$�,,�ZHUH����������

&,����������DQG����������&,����������� UHVSHFWLYHO\��7KH�$852&�FXUYH�ZDV������IRU�$)3�DQG

�����IRU�3,9.$�,,�

,Q�D�FRKRUW�VWXG\�RI�����SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�RU�FLUUKRVLV��OLYHU�FDQFHU�GHYHORSHG�LQ����

SDWLHQWV�GXULQJ�WKH�PHDQ�REVHUYDWLRQ�SHULRG�RI�������GD\V���7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�DW�

D� FXWRII� YDOXH� RI� ��� QJ�P/�ZHUH� ������ DQG� ������ DQG� WKRVH� RI� 3,9.$�,,� DW� D� FXWRII� YDOXH� ���

P$8�P/�ZHUH�������DQG��������UHVSHFWLYHO\��,Q�D�FDVH�FRQWURO�VWXG\�RI�������SDWLHQWV�ZLWK�+&&�

DQG�����SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�RU�FLUUKRVLV��ZKHQ�WKH�FXWRII�YDOXH�RI�$)3�ZDV�VHW�DW����������



��

RU�����QJ�P/�IRU�WXPRUV�����FP��VHQVLWLYLW\�ZDV�����������DQG�����DQG�VSHFLILFLW\�ZDV�����������

DQG� ������ UHVSHFWLYHO\��� 6LPLODUO\�� ZKHQ� WKH� FXWRII� YDOXH� RI� 3,9.$�,,� ZDV� VHW� DW� ��� RU� ����

P$8�P/�� VHQVLWLYLW\� ZDV� ���� DQG� ���� DQG� VSHFLILFLW\� ZDV� ���� DQG� ������ UHVSHFWLYHO\�� 7KH�

$852&�FXUYH�ZDV������ IRU�$)3�DQG�������IRU�3,9.$�,,��6WUDWLILFDWLRQ�E\�WXPRU�VL]H�UHYHDOHG�WKDW�

WKH�GLDJQRVWLF�DFFXUDF\�RI�$)3�ZDV�VLJQLILFDQWO\�KLJKHU�IRU�WXPRUV�����FP��ZKHUHDV�WKH�GLDJQRVWLF�

DFFXUDF\�RI�3,9.$�,,�ZDV�VLJQLILFDQWO\�KLJKHU�IRU�WXPRUV�!���FP��,Q�D�FRKRUW�VWXG\�RI�����SDWLHQWV�

ZLWK�+&9�UHODWHG FLUUKRVLV��OLYHU FDQFHU�GHYHORSHG�LQ����SDWLHQWV�GXULQJ�WKH���\HDU�IROORZ�XS�SHULRG���

7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�DW�D�FXWRII�YDOXH�RI����QJ�P/�ZHUH�����DQG��������WKRVH�RI

$)3�/��IUDFWLRQ�DW�D�FXWRII�YDOXH�RI�����ZHUH�������DQG��������DQG�WKRVH�RI�3,9.$�,,�DW�D�FXWRII�

YDOXH�RI�����QJ�P/�ZHUH�������DQG��������UHVSHFWLYHO\��,Q�D�GLIIHUHQW�VWXG\��SDWLHQWV�ZLWK�FKURQLF�

KHSDWLWLV�%�ZHUH�GLYLGHG�LQWR�DQ�+&&�JURXS��Q� ������DQG�FRQWURO�JURXS��Q� ������DQG�XQGHUZHQW�

WXPRU�PDUNHU� WHVWLQJ�ZLWK�$)3�DQG�3,9.$�,,� � 7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�DW�D�FXWRII�

YDOXH� RI� ��� QJ�P/� ZHUH� ������ DQG� ������� ZKHUHDV� WKRVH� RI� 3,9.$�,,� DW� D� FXWRII� YDOXH� RI� ���

P$8�P/�ZHUH�������DQG��������UHVSHFWLYHO\��,Q�D�VWXG\�RI�VXUYHLOODQFH�IRU�+&&�LQ�������SDWLHQWV�

ZLWK� FKURQLF� OLYHU� GLVHDVH�� ����SDWLHQWV�ZLWK� D� GLDJQRVLV�RI� OLYHU� FDQFHU�ZHUH� FRPSDUHG�ZLWK�����

FRQWUROV�VHOHFWHG�EDVHG�RQ�SURSHQVLW\�VFRUH�PDWFKLQJ���:KHQ�WKH�FXWRII�YDOXH�RI�WKH�KLJKO\�VHQVLWLYH�

$)3�/�� IUDFWLRQ� ZDV� VHW� DW� ���� ����� RU� ����� VHQVLWLYLW\� ZDV� ������� ������� DQG� ������ DQG�

VSHFLILFLW\�ZDV�������������DQG�������UHVSHFWLYHO\��:KHQ�WKH�FXWRII�YDOXH�RI�$)3�ZDV�VHW�DW����RU�

����QJ�P/�� VHQVLWLYLW\�ZDV�������DQG�������DQG�VSHFLILFLW\�ZDV�������DQG�������� UHVSHFWLYHO\��

:KHQ�WKH�FXWRII�YDOXH�RI�3,9.$�,,�ZDV�VHW�DW����P$8�P/��VHQVLWLYLW\�ZDV�������DQG�VSHFLILFLW\�

ZDV�������

ڦ ([SODQDWLRQ

,Q�%D\HV¶� WKHRUHP��SRVW�WHVW�RGGV�DUH�FDOFXODWHG�E\�PXOWLSO\LQJ�SUH�WHVW�RGGV�E\�D�OLNHOLKRRG�UDWLR��

%HFDXVH� WKH� LQFLGHQFH� RI� +&&� LV� RQO\� ���� SHU� \HDU� LQ� H[WUHPHO\� KLJK�ULVN� SDWLHQWV�� WKH� SUHWHVW�

SUREDELOLW\�RI�GHWHFWLQJ�+&&�LQ�ELDQQXDO�VXUYHLOODQFH�LV�DSSUR[LPDWHO\����DQG�WKH�SUH�WHVW�RGGV�DUH�

RQH�QLQHWHHQWK�� :KHQ� DEGRPLQDO� 86� ILQGLQJV� DUH� QHJDWLYH�� SRVW�WHVW� RGGV� GHFUHDVH� WR� EHORZ�

RQH�IRUWLHWK�� 6R�� WR� EULQJ� WKH� SUREDELOLW\� RI� KDYLQJ�+&&� XS� WR� �� ����ZKHQ� WKH� UHVXOWV� RI� WXPRU�

PDUNHU�WHVWLQJ�DUH�SRVLWLYH��WKH�SRVLWLYH�OLNHOLKRRG�UDWLR�VKRXOG�EH�DW�OHDVW����7KLV�PHDQV�D�VHQVLWLYLW\�

RI�������DW�D�VSHFLILFLW\�RI���� DQG�D�VHQVLWLYLW\�RI�������DW�D�VSHFLILFLW\�RI������VXJJHVWLQJ�WKDW�

WKH�QXPEHU�RI�XQQHFHVVDU\�FRQILUPDWRU\� WHVWV� LQFUHDVHV�DQG� WKH�FRVW�EHQHILW� UDWLR�GHFUHDVHV�XQOHVV�

FXWRII� YDOXHV� DQG�SRVLWLYH� OLNHOLKRRG� UDWLRV� DUH� VHW� KLJK��%HFDXVH� WKH� VSHFLILFLW\� RI�$)3� LV� ORZ� LQ�

SDWLHQWV� ZLWK� FKURQLF� DFWLYH� KHSDWLWLV�� LW� LV� QHFHVVDU\� WR� VHW� WKH� FXWRII� YDOXH� DW� �� ���� QJ�P/��

&RPSDUHG� ZLWK� $)3�� $)3�/�� IUDFWLRQ� DQG� 3,9.$�,,� KDYH� H[FHOOHQW� SRVLWLYH� OLNHOLKRRG� UDWLRV�

EHFDXVH�RI�KLJK�VSHFLILFLW\�� HYHQ� WKRXJK� WKHLU�VHQVLWLYLW\ IRU�VPDOO�+&&�LV� LQIHULRU� WR� WKDW�RI�$)3��

5HFHQW�VWXGLHV�KDYH�UHSRUWHG�WKDW�WKH�VSHFLILFLW\�RI�$)3�LQFUHDVHV�LQ�SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�%�



��

ZKR� DUH� UHFHLYLQJ� QXFOHRV�W�LGH� DQDORJXH� WUHDWPHQW DQG LQ� SDWLHQWV�ZLWK� FKURQLF� KHSDWLWLV� &�ZKR�

KDYH�DFKLHYHG 695�DIWHU�DQWLYLUDO�WKHUDS\������)XUWKHU�VWXG\�LV�QHHGHG�WR�HVWDEOLVK�QHZ�FXWRII�YDOXHV�

LQ�WKHVH�SDWLHQW�JURXSV�

,Q�WKH�DSSUR[LPDWHO\����\HDUV�VLQFH�$)3�/��IUDFWLRQ�ZDV�DSSURYHG�DV�D�WXPRU�PDUNHU�IRU�+&&�LQ�

-DSDQ� �DQG� ZDV� WKH� ODVW� DSSURYHG��� PDQ\� QHZ� WXPRU� PDUNHUV� KDYH� EHHQ� UHSRUWHG�� LQFOXGLQJ�

JO\SLFDQ���� *ROJL� SURWHLQ� ���� RVWHRSRQWLQ�� DQG� PLFUR51$V�� +RZHYHU�� QRQH� RI� WKHVH� VHHP� WR� EH�

FOLQLFDO�DSSOLFDEOH�DW�WKLV�SRLQW��2Q�WKLV�EDVLV��LW�ZDV�GHFLGHG�WKDW�WKH�XVH�RI�WKH�WKUHH�FXUUHQW�WXPRU�

PDUNHUV�FRQWLQXH�WR�EH�VWURQJO\�UHFRPPHQGHG�EHFDXVH�WKHLU�UROHV�KDYH�EHHQ�HVWDEOLVKHG�DQG�WKH\�DUH�

FRYHUHG�E\�WKH�1DWLRQDO�+HDOWK�,QVXUDQFH�V\VWHP�

ڦ 5HIHUHQFHV

���7DWHLVKL�5��<RVKLGD�+��0DWVX\DPD�<��0LQH�1��.RQGR�<��2PDWD�0��'LDJQRVWLF� DFFXUDF\�RI� WXPRU�PDUNHUV� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��D�V\VWHPDWLF�UHYLHZ��+HSDWRO�,QW ����������������30,'���������

���*XSWD� 6��%HQW� 6��.RKOZHV� -�� 7HVW FKDUDFWHULVWLFV� RI� DOSKD�IHWRSURWHLQ� IRU� GHWHFWLQJ� KHSDWRFHOOXODU� FDUFLQRPD� LQ�

SDWLHQWV� ZLWK KHSDWLWLV� &�� $� V\VWHPDWLF� UHYLHZ� DQG� FULWLFDO� DQDO\VLV�� $QQ� ,QWHUQ� 0HG ����� ���� ������� 30,'��

��������

���/L�&��=KDQJ�=��=KDQJ�3��/LX�-��'LDJQRVWLF�DFFXUDF\�RI�GHV�JDPPD�FDUER[\�SURWKURPELQ�YHUVXV�DOSKD�IHWRSURWHLQ

IRU�KHSDWRFHOOXODU�FDUFLQRPD��D V\VWHPDWLF�UHYLHZ��+HSDWRO�5HV ����������(�������30,'����������

���,VKLL 0��*DPD�+��&KLGD�1��HW�DO��6LPXOWDQHRXV�PHDVXUHPHQWV�RI�VHUXP�DOSKD�IHWRSURWHLQ�DQG�SURWHLQ�LQGXFHG�E\�

YLWDPLQ�.�DEVHQFH�IRU�GHWHFWLQJ�KHSDWRFHOOXODU�FDUFLQRPD��6RXWK�7RKRNX�'LVWULFW 6WXG\�*URXS��$P�-�*DVWURHQWHURO

�������������������30,'����������

���1DNDPXUD� 6��1RXVR�.�� 6DNDJXFKL�.�� HW� DO�� 6HQVLWLYLW\ DQG� VSHFLILFLW\� RI� GHV�JDPPD�FDUER[\� SURWKURPELQ� IRU�

GLDJQRVLV�RI�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPDV�YDULHV�DFFRUGLQJ�WR�WXPRU�VL]H��$P�-�*DVWURHQWHURO �����������

���������30,'����������

���6WHUOLQJ�5.��-HIIHUV�/� *RUGRQ�)� HW�DO��8WLOLW\�RI�/HQV�FXOLQDULV DJJOXWLQLQ�UHDFWLYH�IUDFWLRQ�RI DOSKD�IHWRSURWHLQ�

DQG� GHV�JDPPD�FDUER[\� SURWKURPELQ�� DORQH� RU� LQ� FRPELQDWLRQ�� DV� ELRPDUNHUV� IRU KHSDWRFHOOXODU� FDUFLQRPD��&OLQ�

*DVWURHQWHURO�+HSDWRO �����������������30,'����������

���<RRQ�<-��+DQ�.+��.LP�'<��5ROH�RI�VHUXP�SURWKURPELQ�LQGXFHG�E\�YLWDPLQ�.�DEVHQFH�RU�DQWDJRQLVW�,,�LQ�WKH�HDUO\�

GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK� FKURQLF� KHSDWLWLV� %� YLUXV� LQIHFWLRQ�� 6FDQG� -� *DVWURHQWHURO

�����������������30,'����������

���.XPDGD�7�� 7R\RGD�+��7DGD�7�� HW� DO��+LJK�VHQVLWLYLW\�/HQV� FXOLQDULV DJJOXWLQLQ�UHDFWLYH� DOSKD�IHWRSURWHLQ� DVVD\�

SUHGLFWV�HDUO\�GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO ��������� ��������30,'����������

���:RQJ�*/��&KDQ�+/��7VH�<.��HW�DO��2Q�WUHDWPHQW�DOSKD�IHWRSURWHLQ�LV�D�VSHFLILF�WXPRU�PDUNHU�IRU�KHSDWRFHOOXODU�

FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�KHSDWLWLV�%�UHFHLYLQJ�HQWHFDYLU��+HSDWRORJ\ ������������������30,'����������

���� .LP� *$�� 6HRFN� &+�� 3DUN -:�� HW� DO�� 5HDSSUDLVDO� RI� VHUXP� DOSKD�IRHWRSURWHLQ� DV� D� VXUYHLOODQFH WHVW� IRU�

KHSDWRFHOOXODU�FDUFLQRPD�GXULQJ�HQWHFDYLU�WUHDWPHQW��/LYHU�,QW �����������������30,'���������



��

����0LQDPL�7��7DWHLVKL�5��.RQGR�0�� HW� DO��6HUXP� DOSKD�IHWRSURWHLQ�KDV�KLJK� VSHFLILFLW\� IRU� WKH� HDUO\�GHWHFWLRQ�RI�

KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�KHSDWLWLV�F�YLUXV�HUDGLFDWLRQ�LQ�SDWLHQWV��0HGLFLQH��%DOWLPRUH� ����������H�����30,'��

��������

&4� ,V� PHDVXULQJ� WKH� OHYHOV� RI �� RU� PRUH WXPRU� PDUNHUV� XVHIXO� IRU
GLDJQRVLQJ +&&"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� 0HDVXULQJ� WKH� OHYHOV�RI���RU�PRUH� WXPRU�PDUNHUV� LV� UHFRPPHQGHG�ZKHQ

GLDJQRVLQJ VPDOO�+&&V�

ڦ %DFNJURXQG

,Q�-DSDQ��$)3��3,9.$�,,��DQG�$)3�/��IUDFWLRQ�DUH�FRYHUHG�E\�WKH�1DWLRQDO�+HDOWK�,QVXUDQFH�V\VWHP�

IRU�XVH�DV�WXPRU�PDUNHUV�IRU�+&&�

7XPRU�PDUNHUV IRU�+&& DUH�XVHG�LQ�GHILQLWLYH�GLDJQRVLV RU�LQ�VXUYHLOODQFH�WR�GHWHUPLQH�WKH�QHHG�

IRU� WKH� QH[W� VWHS� LQ� WKH� GLDJQRVWLF� SURFHVV�� 7RGD\�� WHFKQRORJLFDO� DGYDQFHV� LQ� GLDJQRVWLF� LPDJLQJ

PHDQ� WKDW WXPRU� PDUNHU� WHVWLQJ� LV� QRW� DOZD\V� UHTXLUHG WR� PDNH� D� GHILQLWLYH� GLDJQRVLV� RI� +&&��

+RZHYHU��ZKHQ�WXPRU�PDUNHU�OHYHOV�H[FHHG�WKH�WKUHVKROG�YDOXHV�LQ�+&&�VXUYHLOODQFH��LW�LV�LPSRUWDQW�

WR� EH� IXOO\� DZDUH� RI FKDQJHV� LQ� WKH� SRVW�WHVW� SUREDELOLW\� XVLQJ� WKH� SRVLWLYH� OLNHOLKRRG� UDWLR��

FDOFXODWHG�ZLWK� WKH�HTXDWLRQ�6HQVLWLYLW\� �� ���± 6SHFLILFLW\�� DV�DQ� LQGLFDWRU��+HUH��ZH� UHYLHZHG� WKH�

YDOLGLW\�RI�PHDVXULQJ�WKH�OHYHOV�RI ��RU�PRUH WXPRU PDUNHUV�IRU�WKH�GHILQLWLYH�GLDJQRVLV�RI�+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�LGHQWLFDO�WR�&4��LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�

FUHDWHG� IRU�&4�� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG -XQH�����

�����H[WUDFWHG���� DUWLFOHV��$PRQJ�WKHVH� ��DUWLFOHV�ZHUH�FDUHIXOO\�VHOHFWHG�EDVHG�RQ WKH�IROORZLQJ�

LQFOXVLRQ�FULWHULD��VWXGLHV�WKDW�XVHG���RU�PRUH WXPRU�PDUNHUV�DQG�DQDO\]HG�VHQVLWLYLW\��VSHFLILFLW\��DQG�

WXPRU�VL]H LQ�GHWDLO� $�WRWDO�RI���DUWLFOHV��LQFOXGLQJ WKH���DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DUH�WKXV�FLWHG�

IRU�&4��

,Q� D� V\VWHPDWLF� UHYLHZ� RI� ��� VWXGLHV� WKDW� DQDO\]HG VHQVLWLYLW\�� VSHFLILFLW\�� GLDJQRVWLF� 25�� DQG�

SRVLWLYH� OLNHOLKRRG�UDWLR� LQ�SDWLHQWV�ZLWK�+&&�����FP�� WKH�VHQVLWLYLW\�DQG� VSHFLILFLW\�RI�$)3�ZHUH�

�������DQG���������UHVSHFWLYHO\��ZKHQ�WKH�FXWRII�YDOXH�ZDV�VHW�DW����QJ�P/���$W�D�FXWRII�YDOXH�RI�

���� QJ�P/�� WKH� VHQVLWLYLW\� DQG� VSHFLILFLW\� ZHUH� ������ DQG� ��������� UHVSHFWLYHO\�� $W� WKH� FXWRII�

YDOXHV RI����DQG�����QJ�P/��LQWHJUDWHG�GLDJQRVWLF 25V ZHUH �����DQG������DQG�SRVLWLYH�OLNHOLKRRG�

UDWLRV ZHUH �����DQG�������UHVSHFWLYHO\��)RU�3,9.$�,,��WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�DW�D�FXWRII�YDOXH�



��

RI����P$8�P/�ZHUH��������DQG������� DQG�WKRVH DW�D�FXWRII�YDOXH�RI�����P$8�P/�ZHUH�������

DQG����������UHVSHFWLYHO\��$W�WKH�FXWRII�YDOXHV RI����DQG�����P$8�P/��LQWHJUDWHG�GLDJQRVWLF�25V

ZHUH ������DQG������DQG�SRVLWLYH�OLNHOLKRRG�UDWLRV ZHUH ������DQG�������UHVSHFWLYHO\��7KH�VHQVLWLYLW\�

DQG�VSHFLILFLW\�RI�$)3�/��IUDFWLRQ�DW�D�FXWRII�YDOXH�RI�����ZHUH��������DQG��������DQG WKRVH DW�D�

FXWRII�YDOXH�RI���� ZHUH��������DQG����������UHVSHFWLYHO\��$W�WKH�FXWRII�YDOXHV RI�����DQG������

LQWHJUDWHG�GLDJQRVWLF 25V ZHUH �����DQG�������DQG�SRVLWLYH�OLNHOLKRRG�UDWLRV ZHUH �����DQG��������

UHVSHFWLYHO\� :KHQ�WZR�WXPRU�PDUNHUV�ZHUH�XVHG LQ�FRPELQDWLRQ��WKH�GLDJQRVWLF�25 ZDV�������������

ZKLFK�ZDV�KLJKHU�WKDQ�WKH�YDOXH�REWDLQHG�IURP�XVLQJ HDFK�WXPRU PDUNHU DORQH�

+RZHYHU��LQ�D�PRUH�UHFHQW�V\VWHPDWLF�UHYLHZ�RI����VWXGLHV��WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�

ZHUH����������&,����������DQG����������&,����������DQG�WKRVH�RI�3,9.$�,,�ZHUH����������

&,�� �������� DQG� ���� �����&,�� ��������� UHVSHFWLYHO\��� 7KH $8&V�ZHUH ����� IRU� $)3�� ����� IRU�

3,9.$�,,��DQG������IRU�WKHLU�FRPELQDWLRQ��VKRZLQJ�WKDW�GLDJQRVWLF�DFFXUDF\ LPSURYHG ZKHQ�WKH�WZR�

PDUNHUV�ZHUH XVHG�LQ�FRPELQDWLRQ��+RZHYHU��ZKHQ�WKH�QXPEHU�DQG�VL]H�RI�WXPRUV ZHUH OLPLWHG�WR���

WXPRUV�DQG ����FP�� WKH� VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�$)3�ZHUH����������&,����������DQG�����

�����&,����������DQG�WKRVH�RI�3,9.$�,,�ZHUH����������&,����������DQG����������&,�����������

UHVSHFWLYHO\�� 7KH�$8&V�ZHUH ����� IRU�$)3�� ����� IRU� 3,9.$�,,�� DQG� ����� IRU� ERWK�� VKRZLQJ� WKDW�

GLDJQRVWLF�DFFXUDF\�ZDV XQFKDQJHG E\�XVLQJ ��PDUNHUV�

,Q� D� FRKRUW� VWXG\�RI� ����SDWLHQWV�ZLWK� FKURQLF�KHSDWLWLV� RU� FLUUKRVLV��+&&�GHYHORSHG LQ����

SDWLHQWV�GXULQJ�WKH�PHDQ�REVHUYDWLRQ�SHULRG�RI�������GD\V���6HQVLWLYLW\�DQG�VSHFLILFLW\�ZHUH�������

DQG��������UHVSHFWLYHO\��LQ�DQ�DQDO\VLV�ZLWK�FXWRII�YDOXHV�RI�$)3�DQG�3,9.$�,,�VHW�DW����QJ�P/�DQG�

���P$8�P/�� UHVSHFWLYHO\�� ,Q D� FDVH�FRQWURO� VWXG\� RI� ������+&&� SDWLHQWV� DQG� ���� SDWLHQWV� ZLWK�

FKURQLF� KHSDWLWLV� RU� FLUUKRVLV�� VHQVLWLYLW\� DQG� VSHFLILFLW\� ZHUH� ���� DQG� ����� UHVSHFWLYHO\�� LQ� DQ�

DQDO\VLV�ZLWK�FXWRII�YDOXHV�RI�$)3�DQG�3,9.$�,,�VHW�DW����QJ�P/�DQG����P$8�P/��UHVSHFWLYHO\��

,Q� D� FRKRUW� VWXG\� RI� ���� SDWLHQWV� ZLWK� +&9�UHODWHG� FLUUKRVLV�� +&&� GHYHORSHG LQ� ��� SDWLHQWV�

GXULQJ�WKH���\HDU�IROORZ�XS�SHULRG��$W�D�FXWRII�YDOXH�RI����QJ�P/��WKH�VHQVLWLYLW\�RI�$)3�DORQH�ZDV�

�����EXW�ZKHQ�XVHG�LQ�FRPELQDWLRQ�ZLWK�$)3�/��IUDFWLRQ��DW�D�FXWRII�YDOXH�RI������DQG�3,9.$�,,�

�DW�D�FXWRII�YDOXH�RI�����QJ�P/���VHQVLWLYLW\�LQFUHDVHG�XS�WR�������,Q�D�VWXG\�FRPSDULQJ�SDWLHQWV�ZLWK�

FKURQLF� KHSDWLWLV� %� ZLWK�+&&� �Q ����� DQG� ZLWKRXW� +&&� �Q ������ WKH� VHQVLWLYLWLHV� RI� $)3� �DW� D�

FXWRII�YDOXH�RI����QJ�P/��DQG�3,9.$�,,��DW�D�FXWRII�YDOXH�RI����P$8�P/��ZHUH�������DQG��������

UHVSHFWLYHO\�� +RZHYHU�� ZKHQ� WKH� PDUNHUV� ZHUH� XVHG� LQ� FRPELQDWLRQ�� VHQVLWLYLW\� LQFUHDVHG� XS� WR�

������� ZKLOH� VSHFLILFLW\� GHFUHDVHG� VOLJKWO\� IURP� ���� DQG� ����� UHVSHFWLYHO\�� WR� MXVW� ������ ,Q� D�

VXUYHLOODQFH�VWXG\�RI�������SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH��ZKLFK�FRPSDUHG�����+&&�SDWLHQWV�

ZLWK�����FRQWUROV� VHOHFWHG�EDVHG�RQ� WKH�SURSHQVLW\� VFRUH�PDWFKLQJ�PHWKRG�� VHQVLWLYLW\�ZDV�������

DQG�VSHFLILFLW\�ZDV�����ZKHQ�WKH�FXWRII�YDOXHV�RI�WKH�KLJKO\�VHQVLWLYH�$)3�/��IUDFWLRQ�DQG�RI�$)3�

DQG�3,9.$�,,�ZHUH�VHW�DW���������QJ�P/��DQG����P$8�P/��UHVSHFWLYHO\��



��

ڦ ([SODQDWLRQ

,Q�WKH�VXUYHLOODQFH�RI�VPDOO�+&&V��WKH�XVH�RI�WZR�W\SHV�RI�WXPRU�PDUNHUV�LPSURYHV�VHQVLWLYLW\�ZKLOH�

PLQLPL]LQJ�ORVV�RI�VSHFLILFLW\��:KHQ PHDVXULQJ���RU�PRUH�WXPRU�PDUNHUV�LQ�FRPELQDWLRQ��WKH�UHVXOW�

RI� WKH� WXPRU� PDUNHU� WHVWLQJ� LV� QRUPDOO\� GHWHUPLQHG� WR� EH� SRVLWLYH� ZKHQ� WKH� OHYHO� RI� RQH� RI� WKH�

PDUNHUV� VXUSDVVHV� WKH� FXWRII� YDOXH�� 7KHUHIRUH�� DV� WKH� QXPEHU� RI� WXPRU� PDUNHUV� XVHG� LQ� RQH� WHVW�

LQFUHDVHV�� VHQVLWLYLW\� LQFUHDVHV�� ZKLOH� VSHFLILFLW\� LQHYLWDEOHO\� GHFOLQHV�� %HFDXVH� WKH� SRVLWLYH�

OLNHOLKRRG�UDWLR�LV�GHILQHG�E\�WKH�HTXDWLRQ�6HQVLWLYLW\������± 6SHFLILFLW\���VSHFLILFLW\�ORVV�KDV�D�JUHDWHU�

LPSDFW��ZKLFK�LQFUHDVHV�WKH�XVH�RI�XQQHFHVVDU\�FRQILUPDWRU\�WHVWV�LQ�WKH�FDVH�RI�VXUYHLOODQFH�RU�OHDGV�

WR� RQO\� D�QHJOLJLEOH� LQFUHDVH� LQ�SRVW�WHVW� SUREDELOLW\�� HYHQ�ZKHQ�SRVLWLYH�� LQ� WKH� FDVH�RI� GHILQLWLYH�

GLDJQRVLV�� 7R� DYRLG� ORVV� RI� VSHFLILFLW\�� WKH� FXWRII� YDOXHV� RI� WXPRU� PDUNHUV� XVHG� LQ� FRPELQDWLRQ�

VKRXOG� EH� VHW� KLJKHU� WKDQ� WKH� FXWRII� YDOXHV�ZKHQ� XVHG� DORQH�� ,W� LV� HVSHFLDOO\� LPSRUWDQW� WR� VHW� WKH�

FXWRII�YDOXH�RI�$)3�DERYH����QJ�P/�EHFDXVH�RI�ORZ�VSHFLILFLW\��,W�LV�DOVR�GHVLUDEOH�WR�FRPELQH�WXPRU�

PDUNHUV� WKDW� DUH�FRPSOHPHQWDU\� WR�HDFK�RWKHU��)URP� WKLV� VWDQGSRLQW� WKH�FRPELQDWLRQ�RI�$)3�DQG�

3,9.$�,,�LV LGHDO�EHFDXVH�RI�WKHLU�ORZ�DVVRFLDWLRQ��ZKLFK�VXJJHVWV WKH�FRPSOHPHQWDU\�UROHV�RI�$)3�

DQG�3,9.$�,, IRU�+&&�GLDJQRVLV�

,Q�WKH�DSSUR[LPDWHO\����\HDUV�VLQFH�$)3�/��IUDFWLRQ�ZDV�DSSURYHG�DV�D�WXPRU�PDUNHU�IRU�+&&�LQ�

-DSDQ� �WKH� ODVW� WR� EH� DSSURYHG��� QXPHURXV� QRYHO� WXPRU� PDUNHUV� KDYH� EHHQ� UHSRUWHG�� LQFOXGLQJ�

JO\SLFDQ���� *ROJL� SURWHLQ� ���� RVWHRSRQWLQ�� DQG� PLFUR51$V�� +RZHYHU�� QRQH� RI� WKHVH� VHHP� WR� EH�

FOLQLFDOO\� DSSOLFDEOH� DW� WKLV� SRLQW�� 7KHUHIRUH�� LW� ZDV� GHFLGHG� WKDW� WKH� XVH RI� � RU� PRUH RI� WKH� ��

FRQYHQWLRQDO� WXPRU�PDUNHUV� VKRXOG� FRQWLQXH� WR� EH� VWURQJO\� UHFRPPHQGHG� EHFDXVH� WKHLU� UROHV� DUH�

ZHOO�DFFHSWHG�DQG�WKHLU�XVH�LV�DUH�FXUUHQWO\�DSSURYHG�LQ�WKH�GLDJQRVLV�RI�+&&�LQ�-DSDQ�

ڦ 5HIHUHQFHV

���7DWHLVKL�5��<RVKLGD�+��0DWVX\DPD�<��0LQH�1��.RQGR�<��2PDWD�0��'LDJQRVWLF� DFFXUDF\�RI� WXPRU�PDUNHUV IRU�

KHSDWRFHOOXODU�FDUFLQRPD��D�V\VWHPDWLF�UHYLHZ� +HSDWRO�,QW ��������������� 30,'���������

���/L�&��=KDQJ�=��=KDQJ�3��/LX�-��'LDJQRVWLF�DFFXUDF\�RI�GHV�JDPPD�FDUER[\�SURWKURPELQ�YHUVXV�Į�IHWRSURWHLQ�IRU�

KHSDWRFHOOXODU�FDUFLQRPD��D V\VWHPDWLF�UHYLHZ��+HSDWRO�5HV ����������(�������30,'����������

���,VKLL 0��*DPD�+��&KLGD�1��HW�DO��6LPXOWDQHRXV�PHDVXUHPHQWV�RI�VHUXP�DOSKD�IHWRSURWHLQ�DQG�SURWHLQ�LQGXFHG�E\�

YLWDPLQ�.�DEVHQFH�IRU�GHWHFWLQJ�KHSDWRFHOOXODU�FDUFLQRPD��6RXWK�7RKRNX�'LVWULFW 6WXG\�*URXS��$P�-�*DVWURHQWHURO

�������������������30,'����������

���1DNDPXUD� 6��1RXVR�.� 6DNDJXFKL�.� HW� DO�� 6HQVLWLYLW\ DQG� VSHFLILFLW\� RI� GHV�JDPPD�FDUER[\� SURWKURPELQ� IRU�

GLDJQRVLV�RI�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPDV�YDULHV�DFFRUGLQJ�WR�WXPRU�VL]H��$P�-�*DVWURHQWHURO �����������

���������30,'����������

���6WHUOLQJ�5.� -HIIHUV�/� *RUGRQ�)� HW�DO��8WLOLW\ RI�/HQV�FXOLQDULV DJJOXWLQLQ�UHDFWLYH�IUDFWLRQ�RI DOSKD�IHWRSURWHLQ�



��

DQG� GHV�JDPPD�FDUER[\� SURWKURPELQ�� DORQH� RU� LQ� FRPELQDWLRQ�� DV� ELRPDUNHUV� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� &OLQ�

*DVWURHQWHURO�+HSDWRO �����������������30,'����������

���<RRQ�<-� +DQ�.+� .LP '<� 5ROH�RI�VHUXP�SURWKURPELQ�LQGXFHG�E\�YLWDPLQ�.�DEVHQFH�RU�DQWDJRQLVW�,,�LQ�WKH�HDUO\�

GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK� FKURQLF� KHSDWLWLV� %� YLUXV LQIHFWLRQ�� 6FDQG� -� *DVWURHQWHURO

�����������������30,'����������

���.XPDGD�7� 7R\RGD�+��7DGD�7� HW� DO��+LJK�VHQVLWLYLW\�/HQV� FXOLQDULV DJJOXWLQLQ�UHDFWLYH DOSKD�IHWRSURWHLQ� DVVD\�

SUHGLFWV�HDUO\�GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO �����������������30,'����������

&4� $UH� WXPRU� PDUNHUV� HIIHFWLYH� LQGLFDWRUV� RI WUHDWPHQW� UHVSRQVH LQ�
SDWLHQWV�ZLWK�+&&"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� 3RVW�WUHDWPHQW� WXPRU� PDUNHU� OHYHOV� DUH� HIIHFWLYH� LQGLFDWRUV� RI� FOLQLFDO

UHVSRQVH�LQ�SDWLHQWV�ZLWK�KLJK�WXPRU�PDUNHU�OHYHOV�SULRU�WR�WUHDWPHQW�

ڦ %DFNJURXQG

:KLOH�WKH�FRPSOHWHQHVV�RI�WXPRU�UHVHFWLRQ�FDQ�EH�HYDOXDWHG�E\ SDWKRORJLFDO�H[DPLQDWLRQ�DIWHU�OLYHU�

WUDQVSODQWDWLRQ� DQG� KHSDWHFWRP\�� LPDJLQJ� LV� XVHG� WR� DVVHVV� FOLQLFDO� UHVSRQVH� DIWHU� SHUFXWDQHRXV�

DEODWLRQ�� WUDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� �7$&(��� V\VWHPLF� FKHPRWKHUDS\� DQG UDGLDWLRQ�

WKHUDS\�� (YHQ� DIWHU� OLYHU� WUDQVSODQWDWLRQ� DQG� KHSDWHFWRP\�� LPDJLQJ� LV� XVHG� WR� DVVHVV� IRU� UHVLGXDO�

WXPRU�RXWVLGH� WKH� UHVHFWLRQ�PDUJLQV� DQG� WKH� OLYHU��+RZHYHU�� LPDJLQJ�EDVHG� DVVHVVPHQW� RI� FOLQLFDO�

WXPRU� UHVSRQVH� LV� RIWHQ� SUREOHPDWLF� GXH� WR� WUHDWPHQW�UHODWHG� FKDQJHV� VXFK� DV� DUWHULRSRUWDO� �$3��

VKXQW� DQG� /LSLRGRO� DFFXPXODWLRQ�� +HUH�� ZH� UHYLHZHG� WKH� SRVVLELOLW\� RI� XVLQJ� WXPRU� PDUNHUV� WR�

VXSSOHPHQW�LPDJLQJ�EDVHG�DVVHVVPHQW�RI�FOLQLFDO�WXPRU�UHVSRQVH�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�LGHQWLFDO�WR�&4��LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�

FUHDWHG�IRU�&4����LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH�����

�����H[WUDFWHG�����DUWLFOHV��$PRQJ�WKHVH����DUWLFOHV�ZHUH�FDUHIXOO\�VHOHFWHG�EDVHG�RQ�WKH�LQFOXVLRQ�

FULWHULRQ�RI�VWXGLHV�WKDW�XVHG�WXPRU�PDUNHUV�WR�HYDOXDWH�FOLQLFDO�WXPRU�UHVSRQVH��$�WRWDO�RI���DUWLFOHV��

LQFOXGLQJ�WKH���DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DUH WKXV FLWHG�IRU�&4��

$�SUHYLRXV�VWXG\�LQYHVWLJDWLQJ�ZKHWKHU�$)3��3,9.$�,,��DQG�$)3�/��IUDFWLRQ�SUHGLFWHG�WUHDWPHQW�

RXWFRPH� LQ� ���� SDWLHQWV� ZKR� XQGHUZHQW� FXUDWLYH� SHUFXWDQHRXV� DEODWLRQ� �UDGLRIUHTXHQF\� DEODWLRQ�

>5)$@���������3(,7���������30&7��������UHYHDOHG�WKDW�KLJK�SRVW�WUHDWPHQW�OHYHOV�RI�$)3��!�����

QJ�P/� DQG�$)3�/��IUDFWLRQ��!������ZHUH� LQGHSHQGHQW� IDFWRUV�SUHGLFWLQJ� WXPRU�UHFXUUHQFH��� ,Q�D�
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VWXG\�RI����SDWLHQWV�ZLWK�+&&�WUHDWHG�ZLWK�5)$��D�WRWDO�RI����WUHDWPHQW�VHVVLRQV���GHFUHDVH�LQ�$)3�

OHYHOV�ZLWKLQ���GD\V��L�H��� WKH�KDOI�OLIH�RI�$)3��ZDV�D�SUHGLFWLYH�IDFWRU�IRU�UHFXUUHQFH�IUHH�VXUYLYDO�

LQGHSHQGHQW�RI�WUHDWPHQW�RXWFRPH�DVVHVVHG�E\�GLDJQRVWLF�LPDJLQJ���,Q�D�VWXG\�RI�����+&&�SDWLHQWV�

ZKR�XQGHUZHQW� KHSDWHFWRP\�� SRVW�KHSDWHFWRP\�QRUPDOL]DWLRQ� UDWHV� RI� WXPRU�PDUNHUV�ZHUH�������

ZLWK�$)3�DQG�������ZLWK�3,9.$�,, ZKHQ�WKH�FXWRII� OHYHO�ZDV�VHW�DW����QJ�P/�DQG����P$8�P/��

UHVSHFWLYHO\���7KH�SUH�WUHDWPHQW�OHYHOV�RI�$)3�DQG�3,9.$�,,�ZHUH�FRUUHODWHG�ZLWK�UHFXUUHQFH�LQ�����

PRQWKV�EXW�QRW�DIWHU���\HDUV��,Q�DQRWKHU�VWXG\�RI�����SDWLHQWV�ZKR�XQGHUZHQW�KHSDWHFWRP\� QRQ�$)3�

QRUPDOL]DWLRQ�ZDV�OLNHO\�WR�EH�REVHUYHG�HVSHFLDOO\�LQ�UHFXUUHQW�+&&V��0XOWLYDULDWH�DQDO\VLV�UHYHDOHG�

DQ�DVVRFLDWLRQ�EHWZHHQ�+&&�UHFXUUHQFH�DQG�WKH�ORZHVW�$)3�OHYHOV�REVHUYHG�DIWHU�VXUJHU\���

$�VWXG\�RI�����+&&�SDWLHQWV�WUHDWHG�ZLWK�5)$�UHSRUWHG�DQ�DVVRFLDWLRQ�EHWZHHQ�WKH�OHYHOV�RI�$)3�

DQG� DODQLQH� WUDQVDPLQDVH� LQ� SDWLHQWV� ZLWK� HOHYDWHG� $)3� OHYHOV� GHVSLWH� QR� WXPRU� UHFXUUHQFH��� ,Q�

FRQWUDVW��SDWLHQWV�ZLWKRXW�HOHYDWHG�$)3�OHYHOV�DQG�+&&�UHFXUUHQFH�KDG�QRUPDO�$/7�OHYHOV��$W� WKH�

FXWRII� YDOXH� RI� ��� QJ�P/�� $)3� HOHYDWLRQ� DIWHU� 5)$� DW� +&&� UHFXUUHQFH� ZDV� IRXQG� LQ� ������ LQ�

SDWLHQWV� ZLWK� SUH�WUHDWPHQW� $)3� HOHYDWLRQ FRPSDUG� ZLWK ������ LQ� SDWLHQWV� ZLWK� SUH�WUHDWPHQW�

QRUPDOL]HG�$)3�

,Q�D�VWXG\�RI�����SDWLHQWV�ZKR�XQGHUZHQW�7$&(�RU�UDGLRHPEROL]DWLRQ��D�GHFUHDVH�RI�������LQ�

$)3�OHYHOV�ZDV�D�SURJQRVWLF�IDFWRU�GHSHQGHQW�RQ�LPDJLQJ�EDVHG�DVVHVVPHQW�RI�WUHDWPHQW�RXWFRPH��

,Q�D� VWXG\�RI����SDWLHQWV�ZKR�XQGHUZHQW� V\VWHPLF�FKHPRWKHUDS\� �LQFOXGLQJ�PROHFXODU�WDUJHWHG�

WKHUDS\���SURJQRVLV�ZDV�SDUWLFXODUO\�IDYRUDEOH�LQ�SDWLHQWV�ZKR�KDG�VWDEOH�GLVHDVH�GHWHUPLQHG�EDVHG�

RQ� LPDJLQJ� ILQGLQJV�DQG�ZHUH�$)3� UHVSRQGHUV� �L�H���KDG�D�����RU�PRUH� UHGXFWLRQ� LQ�$)3� OHYHOV���

FRPSDUHG�ZLWK�SDWLHQWV�ZKR�KDG�VWDEOH�GLVHDVH�DQG�ZHUH�QRQ�$)3�UHVSRQGHUV���6LPLODUO\��D�VWXG\�RI�

���� SDWLHQWV� ZKR� UHFHLYHG� V\VWHPLF� FKHPRWKHUDS\� RU� PROHFXODU�WDUJHWHG� WKHUDS\� VKRZHG� DQ�

DVVRFLDWLRQ�EHWZHHQ�IDYRUDEOH�SURJQRVLV�DQG�D�������GHFUHDVH�LQ�$)3�OHYHOV��

ڦ ([SODQDWLRQ

'LVHDVH�VHYHULW\��HVSHFLDOO\�IRU�KHSDWLWLV��LQ�WKH�EDFNJURXQG�OLYHU�LV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�$)3�

OHYHOV�DQG�WKLV�RIWHQ�SUHVHQWV�SUREOHPV�LQ�+&&�VXUYHLOODQFH��:KHQ�$)3�WHVW�UHVXOWV�UHPDLQ�SRVLWLYH�

LQ�SDWLHQWV�ZLWK�FRPSOHWH�UHVSRQVH�RQ�LPDJLQJ��LW�PD\�VXJJHVW�$)3�HOHYDWLRQ�UHODWHG�WR�LQIODPPDWLRQ�

LQ� WKH� EDFNJURXQG� OLYHU��:KHQ� XVLQJ�$)3�/�� IUDFWLRQ� RU 3,9.$�,,�� KRZHYHU�� ERWK� RI� ZKLFK� DUH�

KLJKO\� VSHFLILF� WXPRU�PDUNHUV� DQG� DUH� OHVV� VXVFHSWLEOH� WR� GLVHDVH� DFWLYLW\� LQ� WKH�EDFNJURXQG� OLYHU��

SHUVLVWHQWO\�SRVLWLYH�WHVW�UHVXOWV�VWURQJO\�LQGLFDWH�WKH�SUHVHQFH�RI�UHVLGXDO�WXPRU�

)URP� WKH� SHUVSHFWLYH� RI� WXPRU� SURJUHVVLRQ�� WKHUH� LV� D� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� WXPRU�

GLIIHUHQWLDWLRQ� DQG� WXPRU� PDUNHU SURGXFWLRQ�� $� OLQHDU� FRUUHODWLRQ� EHWZHHQ� WXPRU� VL]H� DQG� WXPRU�

PDUNHU�OHYHOV�FDQ�EH�REVHUYHG�LQ�JHQHUDO� DQG WKXV�WXPRU�PDUNHU�OHYHOV�FDQ�EH�XVHIXO�LQGLFDWRUV�RI�

UHVSRQVH�LQ�DGYDQFHG�+&&��,Q�VXPPDU\��WKH�XVH�RI�WKH���W\SHV�RI�WXPRU�PDUNHUV�VKRXOG�FRQWLQXH�WR�

EH� VWURQJO\� UHFRPPHQGHG� EHFDXVH� WKHLU� UROHV� KDYH� EHHQ�ZHOO� DFFHSWHG� DQG� WKHLU� XVH� LV� FXUUHQWO\�
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DSSURYHG�LQ�WKH�GLDJQRVLV�RI�+&&�LQ�-DSDQ�

7R�EH�WUXO\�YDOXDEOH�LQ�WKH�DVVHVVPHQW�RI�FOLQLFDO�WXPRU�UHVSRQVH��WXPRU�PDUNHU�WHVWLQJ�VKRXOG�EH�

LQFRUSRUDWHG�LQWR�FOLQLFDO�GHFLVLRQ�PDNLQJ�SURFHVVHV��H�J���GHFLGLQJ�ZKHQ�WR�SHUIRUP�LPDJLQJ�WHVWV�

RU� WR�FKDQJH�WUHDWPHQW�PRGDOLWLHV���+RZHYHU��QR�DUWLFOHV�UHSRUWLQJ� WKLV� LVVXH�FRXOG�EH�IRXQG�LQ�WKH�

FXUUHQW�OLWHUDWXUH�VHDUFK�

ڦ 5HIHUHQFHV

���7DWHLVKL�5��6KLLQD�6��<RVKLGD�+��HW�DO��3UHGLFWLRQ�RI�UHFXUUHQFH�RI�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�FXUDWLYH�DEODWLRQ�

XVLQJ�WKUHH�WXPRU�PDUNHUV��+HSDWRORJ\ �������������������30,'����������

���7VDL�0&��:DQJ�-+��+XQJ�&+��HW�DO��)DYRUDEOH�DOSKD�IHWRSURWHLQ�GHFUHDVH�DV�D�SURJQRVWLF�VXUURJDWH�LQ�SDWLHQWV�ZLWK�

KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�UDGLRIUHTXHQF\�DEODWLRQ��-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������

��� <DPDPRWR� .�� ,PDPXUD� +�� 0DWVX\DPD� <�� HW� DO�� 6LJQLILFDQFH� RI� DOSKD�IHWRSURWHLQ� DQG� GHV�JDPPD�FDUER[\�

SURWKURPELQ�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD�XQGHUJRLQJ�KHSDWHFWRP\��$QQ�6XUJ�2QFRO ��������������������

30,'����������

��� 1REXRND� '�� .DWR� <�� *RWRKGD� 1�� HW� DO�� 3RVWRSHUDWLYH� VHUXP� DOSKD�IHWRSURWHLQ� OHYHO� LV� D� XVHIXO� SUHGLFWRU� RI�

UHFXUUHQFH�DIWHU�KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD��2QFRO�5HS ����������������30,'����������

��� 6LULSRQJVDNXQ� 6�� :HL� 6+�� /LQ� 6�� HW� DO�� (YDOXDWLRQ� RI� DOSKD�IHWRSURWHLQ� LQ� GHWHFWLQJ� KHSDWRFHOOXODU� FDUFLQRPD�

UHFXUUHQFH�DIWHU�UDGLRIUHTXHQF\�DEODWLRQ��-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������

��� 5LD]� $�� 5\X� 5.�� .XOLN� /0�� HW� DO�� $OSKD�IHWRSURWHLQ� UHVSRQVH� DIWHU� ORFRUHJLRQDO� WKHUDS\� IRU� KHSDWRFHOOXODU�

FDUFLQRPD�� RQFRORJLF� PDUNHU� RI� UDGLRORJLF� UHVSRQVH�� SURJUHVVLRQ�� DQG� VXUYLYDO�� -� &OLQ� 2QFRO ������ ���� ���������

30,'����������

��� 6KDR�<<�� /LQ� ==�� +VX� &�� 6KHQ�<&�� +VX� &+�� &KHQJ�$/�� (DUO\� DOSKD�IHWRSURWHLQ� UHVSRQVH� SUHGLFWV� WUHDWPHQW�

HIILFDF\�RI�DQWLDQJLRJHQLF�V\VWHPLF�WKHUDS\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWR�FHOOXODU�FDUFLQRPD��&DQFHU �����������

��������30,'����������

���9RUD�65��=KHQJ�+��6WDGOHU�=.��)XFKV�&6��=KX�$;��6HUXP�DOSKD�IHWRSURWHLQ�UHVSRQVH�DV�D�VXUURJDWH�IRU�FOLQLFDO�

RXWFRPH�LQ�SDWLHQWV�UHFHLYLQJ�V\VWHPLF�WKHUDS\�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��2QFRORJLVW ������������������

30,'����������

&4� :KDW�LPDJLQJ�PRGDOLWLHV�KHOS WR�DFFXUDWHO\ GLDJQRVH W\SLFDO�+&&�LQ�
KLJK�ULVN�SDWLHQWV"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� '\QDPLF�&7��G\QDPLF�05,��DQG FRQWUDVW�HQKDQFHG�86�DUH UHFRPPHQGHG�

ZKHQ GLDJQRVLQJ W\SLFDO�+&&�



��

ڦ %DFNJURXQG

0RVW�+&&V�GHPRQVWUDWH�UDSLG�FRQWUDVW HQKDQFHPHQW�LQ�WKH�DUWHULDO�GRPLQDQW�SKDVH�DQG�DUH�GHWHFWHG�

DV�ZDVKRXWV�LQ�WKH�SRUWDO�YHQRXV�GRPLQDQW�SKDVH�RU�HTXLOLEULXP�SKDVH�RI�G\QDPLF�&7�05,��$V�VXFK��

+&&V�ZLWK�WKLV�W\SLFDO�FRQWUDVW�HQKDQFHPHQW�SDWWHUQ�RQ�LPDJHV�DUH�WHUPHG�W\SLFDO�+&&� :KHQ 86�

ILQGLQJV� VKRZ� QRGXOHV� ��� FP� LQ� SDWLHQWV� ZLWK� FLUUKRVLV� FRQWUDVW�HQKDQFHG� 86�� &7�� RU� 05,� LV�

SHUIRUPHG�WR�PDNH�D�GLDJQRVLV�RI�+&&�EDVHG�RQ�WKH�W\SLFDO�FRQWUDVW�HQKDQFHPHQW�SDWWHUQ��

+HUH��ZH�UHYLHZHG�WKH�XWLOLW\�RI�LQGLYLGXDO�LPDJLQJ PRGDOLWLHV�LQ�PDNLQJ�D�GLDJQRVLV RI�W\SLFDO

+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV� &4 ZDV� HVWDEOLVKHG� E\� FRPELQLQJ� &4��� DQG�&4��� LQ� WKH� WKLUG� HGLWLRQ�� $� OLWHUDWXUH� VHDUFK�

FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���

���� DQG -XQH����������H[WUDFWHG�������DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR����LQ WKH�ILUVW�VFUHHQLQJ�

DQG�WR����LQ�WKH�VHFRQG�VFUHHQLQJ�EDVHG�RQ�WKH�LQFOXVLRQ�FULWHULRQ RI�VWXGLHV�WKDW�DFFXUDWHO\ DVVHVVHG�

WKH�GLDJQRVWLF�DFFXUDF\�RI�LPDJLQJ�PRGDOLWLHV�IRU�W\SLFDO�+&&��$�WRWDO�RI����DUWLFOHV�� LQFOXGLQJ ���

DUWLFOHV��RXW�RI�����ZLWK�KLJK�TXDOLW\�HYLGHQFH�IURP�WKH�WKLUG�HGLWLRQ� DUH�FLWHG�IRU�&4��

7KH VHQVLWLYLW\� DQG� SRVLWLYH� SUHGLFWLYH� YDOXH� RI� G\QDPLF�&7� XVLQJ�PXOWLGHWHFWRU�&7� �0'&7��

VFDQQHUV�LV�����DQG������UHVSHFWLYHO\��ZKHQ�SHUIRUPHG�DW ��PP�VOLFH�WKLFNQHVV��ZLWK�QR�VLJQLILFDQW�

LPSURYHPHQW�LQ�GHWHFWLRQ�VHQVLWLYLW\�DW�����PP�VOLFH�WKLFNQHVV��

6HYHUDO� PHWD�DQDO\VHV� KDYH� VKRZQ� WKDW� WKH� GLDJQRVWLF� DFFXUDF\� RI� G\QDPLF� 05,� ZLWK� WKH�

KHSDWRELOLDU\�VSHFLILF�FRQWUDVW�DJHQW�*G�(2%�'73$��WUDGH�QDPH��(2%�3ULPRYLVW� LV�H[WUHPHO\�KLJK

IRU�+&&��ZLWK�D�VHQVLWLYLW\�RI�����������DQG�VSHFLILFLW\�RI���������������,Q�*G�(2%�'73$�HQKDQFHG�

05,��WKH�KHSDWRELOLDU\�SKDVH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�LPSURYLQJ�GLDJQRVWLF�DFFXUDF\������+RZHYHU��

LW� VKRXOG� EH� QRWHG� WKDW WKH� GLDJQRVWLF� DFFXUDF\� RI� *G�(2%�'73$�HQKDQFHG� 05, GHFUHDVHV� LQ�

SDWLHQWV�ZLWK�GHFUHDVHG�OLYHU�IXQFWLRQ DQG�LQ�SDWLHQWV�ZKR�UHTXLUH�OLYHU�WUDQVSODQWDWLRQ������

7KH�GHWHFWLRQ�VHQVLWLYLW\�RI�GLIIXVLRQ�ZHLJKWHG�05, LQ�GHWHFWLQJ�+&&�LV UHSRUWHG�WR�EH���������

RU��������,W�PD\����� RU�PD\�QRW�� EH�XVHIXO�WR�FRPELQH�*G�(2%�'73$�HQKDQFHG�05�LPDJHV�ZLWK

GLIIXVLRQ�ZHLJKWHG�LPDJHV�

3UHYLRXV� VWXGLHV� KDYH� FRPSDUHG� WKH� DFFXUDF\ RI� G\QDPLF� 05,� DQG� G\QDPLF� &7� �ERWK� ZLWK�

*G�(2%�'73$��IRU +&& GHWHFWLRQ��6RPH�VWXGLHV�UHSRUWHG�WKH�VXSHULRULW\�RI�05,�WR�&7�������ZKLOH�

RWKHUV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ WKH�WZR PRGDOLWLHV������ +RZHYHU����PHWD�DQDO\VHV�

KDYH� DOVR� VKRZQ� WKH� VXSHULRU� GLDJQRVWLF� DFFXUDF\� RI� 05,������� 05,� ZDV� DOVR� VXSHULRU� LQ� D�

FRPSDUDWLYH�VWXG\�LQYROYLQJ SDWLHQWV�ZLWK�W\SLFDO�+&&�RQO\�� DQG�ZDV�XVHIXO�IRU�VWDJLQJ�+&&�DQG�

SODQQLQJ�WUHDWPHQW������

63,2�HQKDQFHG�05, LV�QRW����� RU�LV�VOLJKWO\�� VXSHULRU�WR�G\QDPLF�&7�ZKHQ ��� 7�05,�VFDQQHUV�

DUH XVHG��ZKHUHDV�ZLWK���� 7�05,�VFDQQHUV��WKH�VHQVLWLYLW\�RI�63,2�HQKDQFHG�05,�LQFUHDVHV DQG�LV



��

VXSHULRU� DW� GHWHFWLQJ VPDOO� +&&V� �� �� FP���� &RPSDULVRQ� RI� 63,2�HQKDQFHG� 05,� DQG�

*G�(2%�'73$�HQKDQFHG�05, KDV�VKRZQ�WKDW� WKH�VHQVLWLYLW\�RI�*G�(2%�'73$�HQKDQFHG�05,�LV�

KLJKHU�ZLWK���� 7�05,�VFDQQHUV�� EXW�LV�FRPSDUDEOH�ZLWK���� 7�05,�VFDQQHUV���

$ PHWD�DQDO\VLV�RI�FRQYHQWLRQDO�FRQWUDVW�HQKDQFHG�86�LQ�SDWLHQWV�ZLWK +&&�����FP UHYHDOHG�WKDW

VHQVLWLYLW\��VSHFLILFLW\��DQG�WKH�$]�YDOXH�RQ�WKH�VXPPDU\�52&�FXUYH�ZHUH�����������&,��������������

����� ����� &,�� ������������ DQG� ������ UHVSHFWLYHO\��� 2QO\� D� OLPLWHG� QXPEHU� RI� VWXGLHV� KDYH�

LQYHVWLJDWHG� WKH� GLDJQRVWLF� DFFXUDF\� RI� FRQWUDVW�HQKDQFHG� 86� ZLWK SHUIOXRUREXWDQH PLFUREXEEOHV�

�WUDGH�QDPH��6RQD]RLG����ZLWK�HYHQ IHZHU�QXPEHU�RI�VWXGLHV�UHSRUWLQJ�HYLGHQFH�DQG�OHYHOV�FRPSDUHG�

ZLWK� &7� DQG� 05,�� ,Q� D� FRPSDUDWLYH� VWXG\� RI� 6RQD]RLG��HQKDQFHG� 86�� G\QDPLF� &7�� DQG�

*G�(2%�'73$�HQKDQFHG�05,��GLDJQRVWLF�DFFXUDF\�ZDV�����������DQG������UHVSHFWLYHO\��ZLWK�QR�

VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH PRGDOLWLHV����7KH�HDUO\�YDVFXODU�SKDVH�RI�6RQD]RLG��HQKDQFHG�86�

GHWHFWV� EORRG� IORZ� LQ� ����RI� OHVLRQV ZLWK� HDUO\� FRQWUDVW� HQKDQFHPHQW� DQG� ����RI�+&& ZLWK� QR�

HDUO\ SKDVH FRQWUDVW HQKDQFHPHQW�RQ�G\QDPLF�&7��7KH�.XSIIHU�SKDVH�RI�6RQD]RLG��HQKDQFHG�86�

GHWHFWV�DSSUR[LPDWHO\�����RI�OHVLRQV�YLVXDOL]HG�DV�ZDVKRXWV�RQ�G\QDPLF�&7��EXW�WKH�GHWHFWLRQ�UDWH�

GHFUHDVHV�IRU�OHVLRQV�����FP�DQG�WKRVH�ORFDWHG�����FP�IURP�WKH�ERG\�VXUIDFH����+RZHYHU��LQ�D VWXG\�

RI ���� QRGXODU� +&&V GHWHFWHG� LQ� ���� RI� ���� DUHDV� H[DPLQHG� XVLQJ� G\QDPLF� &7�� WKH� GHWHFWLRQ�

VHQVLWLYLW\�LQ�WKH�.XSIIHU�SKDVH�ZLWK�6RQD]RLG��HQKDQFHG�86�ZDV�������������ZKLFK�ZDV�LQIHULRU�WR�

WKH�GHWHFWLRQ�VHQVLWLYLW\�RI�QRQ�FRQWUDVW�%�PRGH�86 ���������������

7KH�DFFXUDF\�RI�GHWHFWLQJ�+&&�EHIRUH�WUHDWPHQW� LV�KLJKHU�ZLWK�*G�(2%�'73$�HQKDQFHG�05,�

WKDQ ZLWK� &7$3� �� &7+$� XVLQJ� ��VOLFH� 0'&7� VFDQQHUV���� EXW� WKH� GLDJQRVWLF DFFXUDF\� RI�

*G�(2%�'73$�HQKDQFHG�05,�PD\�� RU�PD\� QRW�� EH� VXSHULRU� WR &7$3���&7+$� XVLQJ� ���VOLFH�

0'&7�VFDQQHUV�

ڦ ([SODQDWLRQ

7RGD\�� PRVW� LQVWLWXWLRQV XVH� 0'&7� VFDQQHUV� WR� SHUIRUP� G\QDPLF� &7�� UDSLGO\� JHQHUDWLQJ� FOHDU

LPDJHV�FRPSDUHG�ZLWK�05,��%HFDXVH�RQH�VFDQ�WDNHV�RQO\�D�IHZ�VHFRQGV��WKH�TXDOLW\�RI�&7�LPDJHV�

UHPDLQV�KLJK�HYHQ LQ�SDWLHQWV�ZKR�FDQQRW�EUHDWK�KROG IRU�WKH�UHTXLUHG�SHULRG�RI�WLPH��,Q�DGGLWLRQ��WKH�

GLDJQRVWLF�DFFXUDF\�RI�&7�IRU�W\SLFDO�+&&�����FP�LV�VDWLVIDFWRU\������

5HPDUNDEOH� WHFKQRORJLFDO� DGYDQFHV� LQ� 05,� VFDQQHUV KDV� UHVXOWHG� LQ RXWVWDQGLQJ� GLDJQRVWLF�

DFFXUDF\� RI� *G�(2%�'73$�EDVHG� G\QDPLF� 05,� LQ� UHFHQW� \HDUV�� +RZHYHU�� WKH� KLJK� FRVWV RI�

LQFRUSRUDWLQJ��PDLQWDLQLQJ��DQG�RSHUDWLQJ�05,�VFDQQHUV�DQG�WKH�ORQJ�VFDQ�WLPH UHTXLUHG�PHDQ LW�PD\�

EH�LPSUDFWLFDO�IRU�VRPH�LQVWLWXWLRQV�WR�VFUHHQ�DOO�SDWLHQWV�DW�KLJK�ULVN�IRU�+&&�XVLQJ�05,��,W�LV�DOVR�

LPSRUWDQW� WR� NHHS� LQ�PLQG� WKDW� GHVSLWH� WKH� KLJK� VSHFLILFLW\� RI�*G�(2%�'73$�HQKDQFHG�05,� IRU�

+&&�� GLIIHUHQWLDO� GLDJQRVLV� PD\� EH� QHFHVVDU\ IRU� OHVLRQV� WKDW� VKRZ� VLPLODU� HDUO\ SKDVH� FRQWUDVW

HQKDQFHPHQW�� VXFK� DV� VPDOO� KHPDQJLRPD DQG� PDVV�IRUPLQJ� K\SHUYDVFXODU� LQWUDKHSDWLF�

FKRODQJLRFDUFLQRPD���



��

63,2�HQKDQFHG�05,�PD\�EH�D�YLDEOH�FKRLFH�IRU SDWLHQWV�ZLWK�NLGQH\�IDLOXUH�IRU�ZKRP LRGLQDWHG�

FRQWUDVW�DJHQWV�DQG�*G�EDVHG�DJHQWV�VXFK�DV�*G�(2%�'73$ DUH�FRQWUDLQGLFDWHG�

(YHQ� WKRXJK� &7� DQG� 05,� DUH� PRUH� REMHFWLYH PRGDOLWLHV�� FRQWUDVW�HQKDQFHG� 86� HQDEOHV� WKH�

KHPRG\QDPLFV� DQG� UHWLFXORHQGRWKHOLDO� V\VWHP� RI� WKH� OLYHU WR� EH� H[DPLQHG� DQG� LW� KDV� H[FHOOHQW�

GLDJQRVWLF�DFFXUDF\�ZKHQ�VHFRQG�JHQHUDWLRQ�FRQWUDVW�DJHQWV DUH�XVHG� 6RQD]RLG� LV�XVHG�LQ�SDWLHQWV�

ZLWK� RU� ZLWKRXW� NLGQH\� IDLOXUH� DQG� LV� DVVRFLDWHG� ZLWK� IDU IHZHU� FDVHV� RI� VHYHUH� DQDSK\ODFWRLG�

UHDFWLRQV� FRPSDUHG� ZLWK� LRGLQDWHG� FRQWUDVW� DJHQWV� DQG� *G�EDVHG� FRQWUDVW� DJHQWV���� +RZHYHU�� D�

JUHDWHU� QXPEHU� RI� FRPSDUDWLYH� VWXGLHV� VKRXOG� LQYHVWLJDWH WKH� GLDJQRVWLF� DFFXUDF\� RI�

6RQD]RLG��HQKDQFHG�86�LQ�SDWLHQWV�ZLWK�+&&�

$QJLRJUDSK\�KDV�ORQJ�EHHQ�XVHG�IRU�WKH�GLDJQRVLV�RI�+&&��,Q�UHFHQW�\HDUV��&7�VFDQQHU�V\VWHPV

ZLWK� LQWHUYHQWLRQDO� UDGLRORJ\� IHDWXUHV� �,95�&7� KDYH� EHHQ� LQFUHDVLQJO\� XVHG�� ZKHUH 0'&7� LV�

FRPELQHG�ZLWK�D�IODW�SDQHO�GHWHFWRU�DQJLRJUDSK\�V\VWHP��$QJLRJUDSK\��VXFK�DV�&7$3�DQG�&7+$��LV�

DQ� H[WUHPHO\ XVHIXO� GLDJQRVWLF PRGDOLW\� IRU� W\SLFDO�+&&�� EXW� LW� LV� LQYDVLYH� FRPSDUHG�ZLWK� RWKHU�

LPDJLQJ�PRGDOLWLHV�EHFDXVH�RI�WKH�FDWKHWHUL]DWLRQ�RI�WKH�KHSDWLF�DUWHU\�RU�VXSHULRU�PHVHQWHULF�DUWHU\��

)RU� WKLV� UHDVRQ�DQG�DOVR�IXQFWLRQDO� LPSURYHPHQW�RI�RWKHU�GLDJQRVWLF�PRGDOLWLHV��&7+$�DQG�&7$3�

DUH�SHUIRUPHG�OHVV�IUHTXHQWO\�IRU�GLDJQRVLQJ�+&&� /DWHO\��WKH\�DUH�PRVWO\�XVHG�LQ�FRPELQDWLRQ�ZLWK�

RWKHU�WKHUDSHXWLF�WHFKQLTXHV�VXFK�DV�7$&(�

,Q�FRQFOXVLRQ��6RQD]RLG��HQKDQFHG�86��G\QDPLF�&7��DQG�*G�(2%�'73$�HQKDQFHG�05,�DUH�DOO�

XVHIXO� LPDJLQJ PRGDOLWLHV�IRU� W\SLFDO�+&&��,W� LV� LPSRUWDQW� WR�FKRRVH� WKH�PRVW�DSSURSULDWH�RI� WKHVH�

EDVHG�RQ� WKH�FRQGLWLRQ�RI� LQGLYLGXDO�SDWLHQWV�DQG� LQVWLWXWLRQDO�FLUFXPVWDQFHV��$OO�RI� WKH�PRGDOLWLHV�

DUH� VXSSRUWHG� E\� VXIILFLHQW� VFLHQWLILF� HYLGHQFH�� DQG� WKHLU� FOLQLFDO� DSSOLFDWLRQ� KDV� EHHQ� ZHOO�

HVWDEOLVKHG�LQ�-DSDQ��7KHUHIRUH��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�E\�PDMRULW\�YRWH�WR�UHFRPPHQG�

WKHP�VWURQJO\�

ڦ 5HIHUHQFHV

��� 6DQJLRYDQQL� $�� 0DQLQL� 0$�� ,DYDURQH� 0�� HW DO�� 7KH GLDJQRVWLF� DQG� HFRQRPLF� LPSDFW� RI� FRQWUDVW� LPDJLQJ�

WHFKQLTXHV�LQ�WKH�GLDJQRVLV�RI�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRVLV� *XW ����� ������������30,'����������

��� .DZDWD� 6��0XUDNDPL� 7� .LP� 7� HW� DO�� 0XOWLGHWHFWRU� &7� GLDJQRVWLF� LPSDFW� RI� VOLFH WKLFNQHVV� RQ� GHWHFWLRQ� RI

K\SHUYDVFXODU KHSDWRFHOOXODU�FDUFLQRPD��$-5�$P�-�5RHQWJHQRO������������������30,'����������

���/LX ;� =RX�/� /LX )� =KRX�<� 6RQJ�%��*DGR[HWLF� DFLG�GLVRGLXP�HQKDQFHG�PDJQHWLF� UHVRQDQFH� LPDJLQJ� IRU� WKH�

GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV� 3OR6�2QH ���������H�������30,'����������

���&KHQ�/��=KDQJ�/��/LDQJ�0��HW�DO��0DJQHWLF�UHVRQDQFH�LPDJLQJ�ZLWK�JDGR[HWLF�DFLG�GLVRGLXP�IRU�WKH�GHWHFWLRQ�RI�

KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV�RI����VWXGLHV��$FDG�5DGLRO ��������� ���������30,'����������

��� -XQTLDQJ� /��<LQ]KRQJ�:�� /L =�� HW� DO�� *DGR[HWLF� DFLG� GLVRGLXP� �*G�(2%'73$��HQKDQFHG�PDJQHWLF� UHVRQDQFH�

LPDJLQJ�IRU� WKH�GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV��-�0DJQ 5HVRQ�,PDJLQJ �������������������

30,'� ��������



��

���.LHUDQV $6� .DQJ 6.� 5RVHQNUDQW] $%� 7KH GLDJQRVWLF SHUIRUPDQFH�RI�G\QDPLF FRQWUDVW�HQKDQFHG�05�LPDJLQJ�

IRU�GHWHFWLRQ�RI�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD�PHDVXULQJ�XS�WR���FP��D�PHWD�DQDO\VLV��5DGLRORJ\ ������������������

30,'� ��������

���$KQ 66� .LP 0-� /LP -6��+RQJ�+6��&KXQJ�<(� &KRL�-<� $GGHG�YDOXH�RI�JDGR[HWLF�DFLG�HQKDQFHG�KHSDWRELOLDU\�

SKDVH�05�LPDJLQJ�LQ�WKH�GLDJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD��5DGLRORJ\ �������������������30,'� ��������

��� 3KRQJNLWNDUXQ� 6�� /LPVDPXWSHWFK .�� 7DQQDSKDL 3�� -DWFKDYDOD -�� $GGHG� YDOXH� RI� KHSDWRELOLDU\� SKDVH� JDGR[HWLF�

DFLG�HQKDQFHG�05, IRU�GLDJQRVLQJ�KHSDWRFHOOXODU�FDUFLQRPD�LQ�KLJK�ULVN�SDWLHQWV��:RUOG�-�*DVWURHQWHURO ����������

���������30,'� ��������

���/HH�'+��/HH�-0��%DHN�-+��6KLQ�&,��+DQ�-.� &KRL�%,��'LDJQRVWLF�SHUIRUPDQFH�RI�JDGR[HWLF�DFLG�HQKDQFHG�OLYHU

05�LPDJLQJ� LQ� WKH�GHWHFWLRQ�RI�+&&V�DQG�DOORFDWLRQ�RI� WUDQVSODQW UHFLSLHQWV RQ�WKH�EDVLV�RI� WKH�0LODQ�FULWHULD DQG�

8126�JXLGHOLQHV��FRUUHODWLRQ�ZLWK KLVWRSDWKRORJLF�ILQGLQJV��5DGLRORJ\ �������������������30,'� ��������

����/HH�<-��/HH�-0��/HH�-6��HW�DO��+HSDWRFHOOXODU�FDUFLQRPD��GLDJQRVWLF�SHUIRUPDQFH�RI�PXOWLGHWHFWRU�&7 DQG�05

LPDJLQJ�D V\VWHPDWLF UHYLHZ DQG�PHWD�DQDO\VLV� 5DGLRORJ\ �������������������30,'� ��������

����.LP�$<� .LP <.��/HH�0:��HW�DO��'HWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�JDGR[HWLF�DFLG�HQKDQFHG�05, DQG�

GLIIXVLRQ�ZHLJKWHG�05, ZLWK�UHVSHFW�WR�WKH�VHYHULW\�RI�OLYHU FLUUKRVLV� $FWD�UDGLRO �����������������30,'� ��������

���� 1DNDPXUD� <�� 7DVKLUR +�� 1DPEX� -�� HW� DO�� 'HWHFWDELOLW\� RI� KHSDWRFHOOXODU� FDUFLQRPD� E\� JDGR[HWDWH�

GLVRGLXP�HQKDQFHG KHSDWLF�05,� WXPRU�E\�WXPRU DQDO\VLV LQ�H[SODQW OLYHUV� -�0DJQ�5HVRQ�,PDJLQJ ������������������

30,'� ��������

���� +DUGLH� $'�� .L]]LDK 0.�� %RXOWHU� '-�� 'LDJQRVWLF� DFFXUDF\� RI� GLIIXVLRQ�ZHLJKWHG� 05, IRU� LGHQWLI\LQJ

KHSDWRFHOOXODU� FDUFLQRPD� ZLWK OLYHU H[SODQW� FRUUHODWLRQ�� -� 0HG� ,PDJLQJ� 5DGLDW� 2QFRO ����� ���� ������� 30,'�

��������

����)DOHWWL�5��&DVVLQLV 0&��)RQLR�3��HW�DO��0XOWLSDUDPHWULF�*G�(2%�'73$�PDJQHWLF�UHVRQDQFH�LQ�GLDJQRVLV�RI�+&&�

G\QDPLF VWXG\� KHSDWRELOLDU\ SKDVH�� DQG� GLIIXVLRQ�ZHLJKWHG LPDJLQJ� FRPSDUHG� WR� KLVWRORJ\� DIWHU RUWKRWRSLF� OLYHU

WUDQVSODQWDWLRQ� $EGRP�LPDJLQJ �����������������30,'� ��������

���� 0RWRVXJL� 8�� ,FKLNDZD� 7�� 6RX� +�� HW� DO�� 'LVWLQJXLVKLQJ� K\SHUYDVFXODU� SVHXGROHVLRQV� RI� WKH� OLYHU� IURP�

K\SHUYDVFXODU� KHSDWRFHOOXODU� FDUFLQRPDV�ZLWK� JDGR[HWLF� DFLG�HQKDQFHG�05� LPDJLQJ��5DGLRORJ\ ������ ����� �������

30,'� ��������

���� 3DUN� 0-� .LP <.�� /HH� 0:�� HW� DO�� 6PDOO KHSDWRFHOOXODU� FDUFLQRPDV�� LPSURYHG� VHQVLWLYLW\� E\� FRPELQLQJ�

JDGR[HWLF� DFLG�HQKDQFHG DQG� GLIIXVLRQ�ZHLJKWHG 05 LPDJLQJ� SDWWHUQV� 5DGLRORJ\ ������ ����� �������� 30,'�

��������

����'L 0DUWLQR 0��'L�0LVFLR�5��'H�)LOLSSLV�*��HW�DO��'HWHFWLRQ�RI�VPDOO� ����FP��+&&�LQ�FLUUKRWLF�SDWLHQWV� DGGHG�

YDOXH�RI�GLIIXVLRQ�05�LPDJLQJ� $EGRP�,PDJLQJ ������������������ 30,'� ��������

����6XQ +<� /HH�-0��6KLQ�&,��HW�DO��*DGR[HWLF�DFLG�HQKDQFHG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�IRU�GLIIHUHQWLDWLQJ VPDOO�

KHSDWRFHOOXODU� FDUFLQRPDV� ��RU �� FP� LQ� GLDPHWHU�� IURP� DUWHULDO HQKDQFLQJ� SVHXGROHVLRQV�� VSHFLDO� HPSKDVLV� RQ�

KHSDWRELOLDU\�SKDVH�LPDJLQJ��,QYHVW 5DGLRO ������������������30,'� ��������

����'L 0DUWLQR�0��0DULQ '��*XHUULVL $�� HW� DO�� ,QWUDLQGLYLGXDO� FRPSDULVRQ� RI� JDGR[HWDWH� GLVRGLXP�HQKDQFHG�05�



��

LPDJLQJ� DQG� ���VHFWLRQ� PXOWLGHWHFWRU &7 LQ� WKH� GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK� FLUUKRVLV�

5DGLRORJ\ �������������������30,'� ��������

����,FKLNDZD 7� 6DLWR�.��<RVKLRND 1��HW�DO��'HWHFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�IRFDO�OLYHU OHVLRQV��D -DSDQHVH�SKDVH�,,,��

PXOWLFHQWHU FRPSDULVRQ� EHWZHHQ� JDGR[HWLF� DFLG� GLVRGLXP�HQKDQFHG� PDJQHWLF� UHVRQDQFH� LPDJLQJ� DQG�

FRQWUDVW�HQKDQFHG FRPSXWHG�WRPRJUDSK\�SUHGRPLQDQWO\ LQ�SDWLHQWV�ZLWK KHSDWRFHOOXODU�FDUFLQRPD�DQG�FKURQLF�OLYHU

GLVHDVH��,QYHVW 5DGLRO ������������������30,'� ��������

����6DQR�.��,FKLNDZD�7��0RWRVXJL�8��HW�DO��,PDJLQJ�VWXG\�RI�HDUO\�KHSDWRFHOOXODU�FDUFLQRPD��XVHIXOQHVV�RI�JDGR[HWLF�

DFLG�HQKDQFHG�05�LPDJLQJ��5DGLRORJ\ �������������������30,'� ��������

���� +ZDQJ� -�� .LP� 6+�� /HH�0:�� /HH� -<�� 6PDOO� ���� FP�� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV�ZLWK� FKURQLF� OLYHU�

GLVHDVH��FRPSDULVRQ�RI�JDGR[HWLF�DFLG�HQKDQFHG�����7�05, DQG�PXOWLSKDVLF����PXOWLURZ�GHWHFWRU�&7��%U�-�5DGLRO

����������H��������30,'� ��������

���� 'L�0DUWLQR�0�� 'H� )LOLSSLV�*�� 'H� 6DQWLV� $�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD� LQ� FLUUKRWLF� SDWLHQWV� SURVSHFWLYH�

FRPSDULVRQ�RI�86��&7�DQG�05�LPDJLQJ��(XU 5DGLRO ������������������30,'� ��������

����.LP�.$� .LP�0-��&KRL�-<��HW�DO��'HWHFWLRQ�RI�UHFXUUHQW KHSDWRFHOOXODU�FDUFLQRPD�RQ�SRVW�RSHUDWLYH�VXUYHLOODQFH�

FRPSDULVRQ�RI�0'&7�DQG�JDGR[HWLF�DFLG�HQKDQFHG�05,��$EGRP�,PDJLQJ �����������������30,'� ��������

����.LP�6+��.LP�6+��/HH�-�� HW�DO��*DGR[HWLF�DFLG�HQKDQFHG�05,�YHUVXV� WULSOH�SKDVH�0'&7� IRU� WKH�SUHRSHUDWLYH�

GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��$-5 $P�-�5RHQWJHQRO ��������������������30,'� ��������

����.LP�<.��.LP�&6��+DQ�<0��HW�DO��'HWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD� JDGR[HWLF�DFLG�HQKDQFHG���GLPHQVLRQDO�

PDJQHWLF� UHVRQDQFH� LPDJLQJ� YHUVXV PXOWL�GHWHFWRU� URZ� FRPSXWHG� WRPRJUDSK\�� -�&RPSXW�$VVLVW� 7RPRJU ������ ����

��������30,'� ��������

����$NDL�+��.LU\X�6��0DWVXGD�,��HW�DO��'HWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�E\�*G�(2%�'73$�HQKDQFHG�OLYHU�05,�

FRPSDULVRQ�ZLWK�WULSOH�SKDVH����GHWHFWRU�URZ�KHOLFDO�&7� (XU -�5DGLRO �����������������30,'� ��������

����%DHN�&.��&KRL�-<��.LP�.$� HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH��D�FRPSDULVRQ�

RI�JDGR[HWLF�DFLG�HQKDQFHG�05,�DQG�PXOWLSKDVLF�0'&7��&OLQ�5DGLRO ����� ������������30,'� ��������

����:X�/0��;X�-5��*X�+<� HW�DO�� ,V�OLYHU�VSHFLILF�JDGR[HWLF�DFLG�HQKDQFHG�PDJQHWLF�UHVRQDQFH� LPDJLQJ�D�UHOLDEOH�

WRRO�IRU�GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH"�'LJ�'LV�6FL �������������������

30,'� ��������

���� 2QLVKL� +�� .LP� 7�� ,PDL� <�� HW� DO�� +\SHUYDVFXODU� KHSDWRFHOOXODU� FDUFLQRPDV�� GHWHFWLRQ� ZLWK� JDGR[HWDWH�

GLVRGLXP�HQKDQFHG�05�LPDJLQJ�DQG�PXOWLSKDVLF�PXOWLGHWHFWRU�&7��(XU 5DGLRO ��������� ��������30,'� ��������

����<RR�6+��&KRL� -<�� -DQJ� -:�� HW� DO��*G�(2%�'73$�HQKDQFHG�05,� LV� EHWWHU� WKDQ�0'&7� LQ�GHFLVLRQ�PDNLQJ�RI�

FXUDWLYH WUHDWPHQW�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ�2QFRO ��������� ����������30,'� ��������

����&KD�',��/HH�0:��.LP�<.��HW�DO��$VVHVVLQJ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD�PHHWLQJ�WKH�0LODQ�FULWHULD� LV�

OLYHU��� WHVOD�05�ZLWK�JDGR[HWLF�DFLG�QHFHVVDU\ LQ�DGGLWLRQ� WR� OLYHU�&7" -�0DJQ�5HVRQ� ,PDJLQJ ������������������

30,'� ��������

����&KRL� 6+��%\XQ� -+��.ZRQ�+-�� HW� DO�� 7KH�XVHIXOQHVV� RI� JDGR[HWLF� DFLG�HQKDQFHG� G\QDPLF�PDJQHWLF� UHVRQDQFH�

LPDJLQJ�LQ�KHSDWRFHOOXODU�FDUFLQRPD� WRZDUG�LPSURYHG�VWDJLQJ��$QQ�6XUJ 2QFRO ������������������30,'� ��������



��

����.LP�6+��&KRL�'��.LP�6+��HW�DO��)HUXFDUERWUDQ�HQKDQFHG�05,�YHUVXV� WULSOH�SKDVH�0'&7�IRU� WKH�SUHRSHUDWLYH�

GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��$-5 $P�-�5RHQWJHQRO ��������������������30,'� ��������

����.LP�<.��.ZDN�+6��.LP�&6��&KXQJ�*+��+DQ�<0��/HH�-0��+HSDWRFHOOXODU�FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�

OLYHU� GLVHDVH�� FRPSDULVRQ� RI� 63,2�HQKDQFHG�05� LPDJLQJ� DQG� ���GHWHFWRU� URZ�&7��5DGLRORJ\ ������ ����� ��������

30,'� ��������

���� +RUL� 0�� 0XUDNDPL� 7�� .LP� 7�� HW� DO�� 'HWHFWLRQ� RI� K\SHUYDVFXODU� KHSDWRFHOOXODU� FDUFLQRPD�� FRPSDULVRQ� RI�

63,2�HQKDQFHG�05, ZLWK�G\QDPLF�KHOLFDO�&7� -�&RPSXW�$VVLVW 7RPRJU ��������� ��������30,'� ��������

����.LP�6-��.LP�6+��/HH�-��HW�DO��)HUXFDUERWUDQ�HQKDQFHG�����7�PDJQHWLF�UHVRQDQFH�LPDJLQJ�XVLQJ�SDUDOOHO�LPDJLQJ�

WHFKQLTXH� FRPSDUHG� ZLWK� WULSOH�SKDVH� PXOWLGHWHFWRU� URZ� FRPSXWHG� WRPRJUDSK\� IRU� WKH� SUHRSHUDWLYH� GHWHFWLRQ� RI�

KHSDWRFHOOXODU�FDUFLQRPD��-�&RPSXW�$VVLVW�7RPRJU ����� ������������30,'� ��������

����.LP�<.��.LP�&6��+DQ�<0��3DUN *��+ZDQJ� 6%��<X�+&��&RPSDULVRQ� RI� JDGR[HWLF� DFLG�HQKDQFHG 05, DQG�

VXSHUSDUDPDJQHWLF� LURQ� R[LGH�HQKDQFHG�05, IRU� WKH�GHWHFWLRQ�RI� KHSDWRFHOOXODU� FDUFLQRPD��&OLQ�5DGLRO ������ ����

��������30,'����������

���� /HH� -<� .LP 6+�� -HRQ� <+� HW� DO�� )HUXFDUERWUDQ�HQKDQFHG� PDJQHWLF� UHVRQDQFH� LPDJLQJ� YHUVXV� JDGR[HWLF�

DFLG�HQKDQFHG� PDJQHWLF� UHVRQDQFH� LPDJLQJ� IRU� WKH� SUHRSHUDWLYH� GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD�� LQLWLDO�

H[SHULHQFH��- &RPSXW�$VVLVW 7RPRJU ����������������� 30,'� ��������

���� 1LX� <� +XDQJ� 7� /LDQ )� /L )� &RQWUDVW�HQKDQFHG� XOWUDVRQRJUDSK\� IRU� WKH� GLDJQRVLV� RI� VPDOO� KHSDWRFHOOXODU�

FDUFLQRPD��D�PHWD�DQDO\VLV�DQG�PHWD�UHJUHVVLRQ�DQDO\VLV��7XPRXU�%LRO ��������� ���������30,'����������

����$ODERXG\�$�� ,QRXH�7� +DWDQDND�.��HW� DO��8VHIXOQHVV�RI�FRPELQDWLRQ�RI� LPDJLQJ�PRGDOLWLHV� LQ� WKH�GLDJQRVLV�RI�

KHSDWRFHOOXODU� FDUFLQRPD� XVLQJ� 6RQD]RLG��HQKDQFHG� XOWUDVRXQG�� JDGROLQLXP� GLHWK\OHQH�WULDPLQH�SHQWDDFHWLF

DFLG�HQKDQFHG PDJQHWLF�UHVRQDQFH�LPDJLQJ��DQG�FRQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\� 2QFRORJ\ ���������6XSSO�

�����������30,'����������

����0DQGDL�0��.RGD�0��0DWRQR�7� HW�DO��$VVHVVPHQW RI�KHSDWRFHOOXODU�FDUFLQRPD�E\�FRQWUDVW�HQKDQFHG�XOWUDVRXQG�

ZLWK SHUIOXRUREXWDQH�PLFUREXEEOHV��FRPSDULVRQ�ZLWK G\QDPLF�&7� %U -�5DGLRO �������������������30,'����������

����*RWR (� 0DVX]DNL� 5�� 7DWHLVKL 5�� HW� DO��9DOXH� RI� SRVW�YDVFXODU� SKDVH �.XSIIHU LPDJLQJ�� E\� FRQWUDVW�HQKDQFHG�

XOWUDVRQRJUDSK\� XVLQJ� 6RQD]RLG� LQ� WKH� GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD�� -� *DVWURHQWHURO ������ ���� ��������

30,'����������

����2RND�<��.DQDL�)��2NDEH�6��HW� DO��*DGR[HWLF�DFLG�HQKDQFHG�05, FRPSDUHG�ZLWK�&7 GXULQJ�DQJLRJUDSK\� LQ� WKH�

GLDJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD��0DJQ�5HVRQ�,PDJLQJ ������������������30,'����������

����.DNLKDUD�'��1LVKLH�$��+DUDGD�1��HW�DO��3HUIRUPDQFH�RI�JDGR[HWLF�DFLG�HQKDQFHG�05, IRU�GHWHFWLQJ�KHSDWRFHOOXODU�

FDUFLQRPD�LQ�UHFLSLHQWV�RI�OLYLQJ�UHODWHG�OLYHU�WUDQVSODQWDWLRQ� FRPSDULVRQ�ZLWK G\QDPLF�PXOWLGHWHFWRU�URZ�FRPSXWHG�

WRPRJUDSK\� DQG� DQJLRJUDSK\�DVVLVWHG FRPSXWHG� WRPRJUDSK\�� -�0DJQ�5HVRQ� ,PDJLQJ ������ ���� ����������30,'��

��������

����:LOVRQ� 65�� %XUQV 31��0LFUREXEEOH�HQKDQFHG�86� LQ� ERG\� LPDJLQJ�� ZKDW� UROH"�5DGLRORJ\ ����� ���� �������

30,'����������



��

&4�:KDW�VL]H��FP��RI�OLYHU�QRGXOHV�VKRZLQJ�DW\SLFDO�+&&�HQKDQFHPHQW�
SDWWHUQ�RQ�G\QDPLF�&7�05,�ZDUUDQWV�IXUWKHU�H[DPLQDWLRQ"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� )XUWKHU H[DPLQDWLRQ LV�UHFRPPHQGHG�IRU�K\SHUYDVFXODU�OHVLRQV�����FP�

ڦ %DFNJURXQG

7KHUH�LV�QR�GHILQLWLYH�HYLGHQFH�WKDW�HDUO\�GHWHFWLRQ�RI�+&&V�ZLWK�DW\SLFDO�LPDJLQJ�SDWWHUQV�LPSURYHV�

RYHUDOO�VXUYLYDO��+RZHYHU��LQ�WKH�FDVH�RI�SHUFXWDQHRXV�DEODWLRQ��WKHUH�LV�QRZ�HYLGHQFH�VXSSRUWLQJ�WKH�

LQFUHDVLQJ�SRVVLELOLW\� WKDW� ORFDO� FXUH� FDQ�EH� DFKLHYHG� DV� WKH� VL]H�RI� WKH� WXPRU�GHFUHDVHV��%HFDXVH�

VPDOOHU� QRGXOHV� JHQHUDOO\� KDYH� D� ORZHU� SUREDELOLW\� RI� PDOLJQDQF\�� ORZHULQJ� WKH� WKUHVKROG� YDOXHV�

GXULQJ� H[DPLQDWLRQV� LQFUHDVHV WKH� QXPEHU� RI� XQQHFHVVDU\� FRQILUPDWRU\� WHVWV� DQG� DOVR� GHFUHDVHV

FRVW�HIIHFWLYHQHVV��+HUH��ZH�UHYLHZHG�HIIHFWLYH�WKUHVKROG�YDOXHV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4 LV�LGHQWLFDO�WR�&4��LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�

XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH��������� H[WUDFWHG�

����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR���DUWLFOHV�EDVHG�RQ�WKH�IROORZLQJ�LQFOXVLRQ�FULWHULD��VWXGLHV�

WKDW�GHVFULEHG DW\SLFDO�LPDJLQJ�SDWWHUQV��WXPRU�VL]H��DQG�SDWKRORJLFDO�DVVHVVPHQWV RI�OLYHU�QRGXOHV��$

WRWDO�RI����DUWLFOHV��LQFOXGLQJ WKH�� DUWLFOHV IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4��

,Q� D� VWXG\� LQYROYLQJ� ��� SDWLHQWV� ZLWK� FLUUKRVLV�� %\UQHV� HW� DO�� SHUIRUPHG� KLVWRSDWKRORJLFDO�

H[DPLQDWLRQ� DQG� IROORZ�XS� REVHUYDWLRQ� WR� GHWHUPLQH� WKH� PDOLJQDQW� RU� EHQLJQ� SRWHQWLDO� RI� ����

QRGXOHV�����FP�WKDW�VKRZHG�HDUO\�HQKDQFHPHQW�DQG�VXEVHTXHQWO\�KDG�LVR� RU K\SHULQWHQVH�VLJQDOV�LQ�

WKH�SRUWDO�DQG�HTXLOLEULXP�SKDVHV RI�G\QDPLF�05,���7KH�UHVXOWV�VKRZHG� WKDW����������RI� WKH�����

QRGXOHV�ZHUH�+&&�DQG�WKH�UHVW�ZHUH�EHQLJQ�QRGXOHV��:KHQ�WKH�����QRGXOHV�ZHUH�FODVVLILHG�E\�VL]H�

LQWR�����QRGXOHV�����FP�DQG����QRGXOHV�� ��FP��WKH�SURSRUWLRQ�RI�+&&�ZDV����������DQG�����������

UHVSHFWLYHO\�

+DUDGRPH�HW�DO��FRPSDUHG�G\QDPLF�&7�DQG�*G�(2%�'73$�HQKDQFHG�05�LPDJH�ILQGLQJV�RI����

+&&�QRGXOHV�����FP� LQ����SDWLHQWV���(YHQ� WKRXJK�$852&�FXUYHV� IURP� WKH� WZR�PRGDOLWLHV�ZHUH�

VLPLODU�� YLVXDOL]DWLRQ� RI� QRGXOHV� �� ���� FP�ZDV� VLJQLILFDQWO\� EHWWHU�ZLWK�*G�(2%�'73$�HQKDQFHG�

05,�WKDQ�ZLWK�G\QDPLF�&7��:LWK�WKH�ODWWHU�����RI�WKH����QRGXOHV�ZHUH�IDOVH�QHJDWLYHV��DQG�DV�PDQ\�

DV� ���DQG����RI� WKH����QRGXOHV�ZHUH� UHDG�E\� UHDGHUV��� DQG���� UHVSHFWLYHO\� DV� QRGXOHV�ZLWK� HDUO\�

HQKDQFHPHQW� EXW� QR� ZDVKRXW�� +RZHYHU�� ERWK� UHDGHUV� UHSRUWHG� K\SRLQWHQVH� VLJQDOV� LQ� �� RI� WKH�

QRGXOHV� ZLWK� QR� ZDVKRXW� GXULQJ� WKH� KHSDWRELOLDU\� SKDVH� RI� *G�(2%�'73$�HQKDQFHG�05,�� 7KLV�

VXJJHVWV WKDW�*G�(2%�'73$�HQKDQFHG�05,�HQDEOHV�WKH�GLDJQRVLV�RI�K\SHUYDVFXODU�+&&V�WKDW�GR�



��

QRW�VKRZ�ZDVKRXW�

,Q�D�VWXG\�FRQGXFWHG�E\�6HUVWp�HW�DO������SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH�DQG�QRGXOHV�����FP�

RQ�DEGRPLQDO�86�XQGHUZHQW�G\QDPLF�&7��G\QDPLF�05,��DQG�ELRSV\���1RGXOHV�ZHUH�YLVXDOL]HG�RQ�

WKH�&7�RU�05�LPDJHV LQ����RI�WKH����SDWLHQWV�DQG�FODVVLILHG�EDVHG�RQ�KLVWRSDWKRORJLFDO�ILQGLQJV�LQWR�

���+&&V����KLJK�JUDGH�G\VSODVWLF�QRGXOHV����FKRODQJLRFDUFLQRPD��DQG���KHSDWLF�DQJLRP\ROLSRPD��

6XEVHTXHQWO\�� WKH���KLJK�JUDGH�G\VSODVWLF� QRGXOHV�ZHUH� DOO� WUHDWHG� DV�+&&�EHFDXVH�RI� FKDQJHV� LQ�

LPDJLQJ�SDWWHUQV�DQG�WXPRU�HQODUJHPHQW�GXULQJ�IROORZ�XS��$OVR��RQ�&7�DQG�05,�RI� WKH����+&&V��

HDUO\� HQKDQFHPHQW� DQG� ZDVKRXW� ZHUH� REVHUYHG� LQ� ��� ������ DQG� ��� ������ +&&V� DQG� HDUO\�

HQKDQFHPHQW�ZLWKRXW�ZDVKRXW�ZDV�REVHUYHG�LQ��������DQG���������+&&V��UHVSHFWLYHO\��2Q�&7�DQG�

05,� RI� WKH� ��� QRGXOHV� WKDW� ZHUH� GLDJQRVHG� DV� OHVLRQV� RWKHU� WKDQ� +&&�� HDUO\� HQKDQFHPHQW� DQG�

ZDVKRXW�ZHUH�REVHUYHG� LQ��� ������DQG��� ������QRGXOHV�DQG�HDUO\�HQKDQFHPHQW�ZLWKRXW�ZDVKRXW�

ZDV�VHHQ�LQ����DQG����QRGXOHV��UHVSHFWLYHO\�

8VLQJ�*G�(2%�'73$�HQKDQFHG�05,��*ROILHUL� HW� DO�� H[DPLQHG� ����QRGXOHV� WKDW� GLG� QRW� VKRZ�

W\SLFDO�LPDJLQJ�SDWWHUQV��LH��HDUO\�HQKDQFHPHQW�DQG�ZDVKRXW�LQ�WKH�SRUWDO�DQG�HTXLOLEULXP�SKDVHV��LQ�

���SDWLHQWV�ZLWK�FLUUKRVLV���:LWK�KLVWRSDWKRORJLFDO�GLDJQRVLV�DV�WKH�EHQFKPDUN�����RI�WKH�����QRGXOHV�

ZHUH� GLDJQRVHG� DV� EHQLJQ� DQG� WKH� UHPDLQLQJ� ��� QRGXOHV� DV�PDOLJQDQW� RU� ERUGHUOLQH� OHVLRQV�� 7KH�

FODVVLILFDWLRQ�RI�PDOLJQDQW� OHVLRQV�ZDV� DV� IROORZV�� ��� ������&ODVV� ,$�QRGXOHV� �LVRYDVFXODU� LQ� WKH�

DUWHULDO�SKDVH�DQG�K\SRLQWHQVH�LQ�WKH�KHSDWRELOLDU\�SKDVH��DQG��������&ODVV�,%�QRGXOH��LVRYDVFXODU�LQ�

WKH�DUWHULDO�SKDVH�DQG�LVRLQWHQVH�LQ�WKH�KHSDWRELOLDU\�SKDVH���$OO�FODVV�,&�QRGXOHV��LVRYDVFXODU�LQ�WKH�

DUWHULDO� SKDVH� DQG� K\SHULQWHQVH� LQ� WKH� KHSDWRELOLDU\� SKDVH�� ZHUH� EHQLJQ�� DQG� DOO� ,,$� QRGXOHV�

�K\SHUYDVFXODU� LQ�WKH�DUWHULDO�SKDVH��QR�ZDVKRXW��DQG�K\SRLQWHQVH�LQ�WKH�KHSDWRELOLDU\�SKDVH��ZHUH�

PDOLJQDQW��7KUHH� ��������&ODVV� ,,%�QRGXOHV� �K\SHUYDVFXODU� LQ� WKH�DUWHULDO�SKDVH��QR�ZDVKRXW�� DQG�

LVRLQWHQVH� LQ� WKH� KHSDWRELOLDU\� SKDVH�� ZHUH� PDOLJQDQW� DQG� �� �������� &ODVV� ,,&� QRGXOHV�

�K\SHUYDVFXODU�LQ�WKH�DUWHULDO�SKDVH��QR�ZDVKRXW��DQG�K\SHULQWHQVH�LQ�WKH�KHSDWRELOLDU\�SKDVH��ZHUH�

PDOLJQDQW��+\SRLQWHQVLW\�LQ�WKH�KHSDWRELOLDU\�SKDVH�RI�*G�(2%�'73$�HQKDQFHG�05,��&ODVV�,$�DQG�

,,$�QRGXOHV��KDG�D�VHQVLWLYLW\�RI������QHJDWLYH�SUHGLFWLYH�YDOXH�RI������DQG�GLDJQRVWLF�DFFXUDF\�RI�

����IRU�WKH�GLDJQRVLV�RI�PDOLJQDQW�RU�SUHPDOLJQDQW�OHVLRQV��YDOXHV�ZKLFK�ZHUH�VLJQLILFDQWO\�KLJKHU�

WKDQ� IRU� DQ\� RWKHU�05� LPDJLQJ� IHDWXUH� DORQH� RU� FRPELQHG� �S� �� ������ S� � ������� DQG� S� �� ������

UHVSHFWLYHO\��

3HUIRUPLQJ� DEGRPLQDO� 86� HYHU\� �� PRQWKV� DQG� G\QDPLF� &7� HYHU\� �� PRQWKV�� ,DYDURQH� HW� DO��

IROORZHG�XS����SDWLHQWV�ZLWK� FLUUKRVLV� DQG�KLVWRORJLFDOO\�SURYHQ�G\VSODVWLF� QRGXOHV� ���� ORZ�JUDGH�

DQG� ��� KLJK�JUDGH� G\VSODVWLF� QRGXOHV���� 'XULQJ� WKH� PHGLDQ� ���PRQWK� REVHUYDWLRQ� SHULRG� �UDQJH��

������PRQWKV���+&&�GHYHORSHG�LQ����SDWLHQWV��FRQYHUWHG�WR�D�UDWH�RI�������SHU�\HDU���'XULQJ�WKH�

IROORZ�XS� SHULRG�� ����� RI� WKH� QRGXOHV� XQGHUZHQW� PDOLJQDQW� WUDQVIRUPDWLRQ� SHU� \HDU�� ZKLOH� WKH�

LQFLGHQFH�RI�+&&�LQ�WKH�DUHD�RI�WKH�OLYHU�SDUHQFK\PD�WKDW�ZDV�QRGXOH�IUHH�ZDV������SHU�\HDU��7KH�

UDWH� RI� PDOLJQDQW� WUDQVIRUPDWLRQ� ZDV� KLJKHU� LQ� KLJK�JUDGH� G\VSODVWLF� QRGXOHV� WKDQ� LQ� ORZ�JUDGH�



��

G\VSODVWLF�QRGXOHV��������YV�������SHU�\HDU��UHVSHFWLYHO\��S� ���������

'L0DUWLQR� HW� DO�� LQYHVWLJDWHG� WKH� GLDJQRVWLF� DFFXUDF\� RI� *G�%237$�HQKDQFHG� 05,� LQ� ����

SDWLHQWV� ZLWK� ���� +&&V�� SHUIRUPLQJ� *G�%237$�HQKDQFHG� 05,� DORQJ� ZLWK� DEGRPLQDO� 86� DQG�

G\QDPLF�&7�DQG�XVLQJ�KLVWRSDWKRORJLFDO�GLDJQRVLV�RU� WXPRU�GLDPHWHU�����PP�DV� WKH�EHQFKPDUN���

$PRQJ� ��� QRGXOHV� ���� FP�� WKH� GLDJQRVWLF� FRQILGHQFH� RI� PDOLJQDQF\� LQFUHDVHG� IRU� ��� ��������

QRGXOHV� EDVHG� RQ� WKH� LPDJLQJ� SDWWHUQV� LQ� WKH� KHSDWRELOLDU\� SKDVH�� ZKHUHDV� ��� �������� QRGXOHV�

VKRZHG�LPDJLQJ�SDWWHUQV�LQGLFDWLYH�RI�PDOLJQDQF\�RQO\�LQ�WKH�KHSDWRELOLDU\�SKDVH�

8VLQJ� *G�(2%�'73$�HQKDQFHG� 05,� LQ� ���� SDWLHQWV� ZLWK� ���� SDWKRORJLFDOO\� SURYHQ� +&&V��

&KRL�HW�DO��VKRZHG�WKDW�+&&V�ZLWK�DW\SLFDO�SDWWHUQV�RI�FRQWUDVW�HQKDQFHPHQW�ZHUH�VPDOO��������LQ�

+&&V� �� �� FP��� ORZHU� KLVWRORJLF� JUDGH� ������� LQ� ZHOO�GLIIHUHQWLDWHG� +&&��� DQG� DVVRFLDWHG� ZLWK�

ZRUVH� &KLOG�3XJK� FODVV� ������� LQ� FODVV� &�� DQG� WKDW� +&&V� ZLWK� LVR� WR� K\SHULQWHQVLW\� LQ� WKH�

KHSDWRELOLDU\�SKDVH�ZHUH� VPDOOHU� ������� LQ�+&&V�����FP���KDG� ORZHU�KLVWRORJLF�JUDGH� ������� LQ�

ZHOO�GLIIHUHQWLDWHG�+&&V���DQG�ZHUH�DVVRFLDWHG�ZLWK�ZRUVH�&KLOG�3XJK�FODVV��������LQ�FODVV�&���

0DQLQL� HW� DO�� SHUIRUPHG� FRQWUDVW�HQKDQFHG�86�� G\QDPLF�&7�� DQG�G\QDPLF�05,� LQ� ��� SDWLHQWV�

ZLWK�FLUUKRVLV�DQG�����OLYHU�QRGXOHV����QRGXOHV�����FP�����QRGXOHV�����FP��DQG����QRGXOHV�!���FP��

GHWHFWHG� GXULQJ� 86� VXUYHLOODQFH�� PDNLQJ� D� GLDJQRVLV� RI� +&&� LQ� ��� QRGXOHV� �������� $PRQJ� ���

+&&V�����FP��W\SLFDO�LPDJLQJ�IHDWXUHV�ZHUH�VHHQ�LQ����������RQ�FRQWUDVW�HQKDQFHG�86�DQG�&7��LQ���

������RQ�&7�DQG�05,��LQ��������RQ�&7�RQO\��DQG�LQ��������RQ�05,�RQO\� %LRSV\�ZDV�QHHGHG�IRU�

GHILQLWLYH�GLDJQRVLV�LQ����������QRGXOHV�

,Q�D� VWXG\� LQYROYLQJ����SDWLHQWV�ZLWK�+&&������ OHVLRQV�����!���FP�DQG��������FP���<X�HW� DO��

VKRZHG�WKDW�PHDQ�VHQVLWLYLW\�RI�*G�(2%�'73$�HQKDQFHG�05,�ZDV�����IRU�+&&V�����FP��

)RUQHU�HW�DO��SHUIRUPHG�FRQWUDVW�HQKDQFHG�86�DQG�G\QDPLF�05,� LQ�����SDWLHQWV�ZLWK�FLUUKRVLV�

DQG� QRGXOHV� ����� PP� GHWHFWHG� GXULQJ� 86� VXUYHLOODQFH�� IROORZHG� E\� ELRSV\� LQ� SDWLHQWV� ZKRVH�

LPDJLQJ� ILQGLQJV� ZHUH� LQFRQFOXVLYH���� 7KH\� IRXQG� WKDW� ��� RI� ��� QRGXOHV� WKDW� GLG� QRW� DSSHDU� DV�

K\SHUYDVFXODU� OHVLRQV� RQ� FRQWUDVW�HQKDQFHG� 86� ZHUH� +&&�� OHDGLQJ� WKHP� WR� FRQFOXGH� WKDW� +&&�

VKRXOG�QRW�EH�H[FOXGHG�HYHQ�ZKHQ�K\SHUYDVFXODU�OHVLRQV�DUH�QRW�GHWHFWHG�RQ�FRQWUDVW�HQKDQFHG�86�

,Q� DFFRUGDQFH� ZLWK� WKH� /LYHU� ,PDJLQJ� 5HSRUWLQJ� DQG� 'DWD� 6\VWHP �/,�5$'6��� ZKLFK� ZDV�

HVWDEOLVKHG� WR� VWDQGDUGL]H�&7� DQG�05� LPDJLQJ� IHDWXUHV� IRU� WKH� GLDJQRVLV� RI�+&&��'DUQHOO� HW� DO��

HYDOXDWHG�����QRGXOHV�YLVXDOL]HG�RQ�05,�LQ�����SDWLHQWV�ZLWK�OLYHU�QRGXOHV������PP��ZKLFK�ZHUH�

GHWHFWHG� GXULQJ�86� VXUYHLOODQFH� IRU�+&&����2Q� WKH� /,�5$'6�� FDWHJRU\� �� DQG� �� QRGXOHV� LQGLFDWH�

GHILQLWHO\�DQG�SUREDEO\�EHQLJQ�OHVLRQV��UHVSHFWLYHO\��&DWHJRU\���DQG���QRGXOHV�LQGLFDWH�SUREDEOH�DQG�

GHILQLWLYH�+&&��UHVSHFWLYHO\��$PRQJ����FDWHJRU\���OHVLRQV��LQWHUPHGLDWH�SUREDELOLW\�RI�+&&���QRQH�

RI�WKH�� OHVLRQV������PP�ZHUH�+&&V��ZKHUHDV�������������RI�QRGXOHV�������PP�DQG�DOO����OHVLRQV�

������PP�ZHUH�+&&V�

ڦ ([SODQDWLRQ



��

7\SLFDO�IHDWXUHV�RI�+&&�RQ�G\QDPLF�&7�05,�DUH�QRGXOHV�YLVXDOL]HG�DV�KLJK�VLJQDO�LQWHQVLW\�DUHDV�LQ�

WKH�DUWHULDO�SKDVH��HDUO\�HQKDQFHPHQW��DQG�ORZ�VLJQDO�LQWHQVLW\�DUHDV�UHODWLYH�WR�WKH�VXUURXQGLQJ�OLYHU�

SDUHQFK\PD� LQ� WKH� SRUWDO� DQG�RU� HTXLOLEULXP� SKDVH� �ZDVKRXW���1RGXOHV�ZLWK� DW\SLFDO� ILQGLQJV� DUH�

GHILQHG�DV�WKRVH�VKRZLQJ�KLJK�VLJQDO�LQWHQVLW\�LQ�WKH�DUWHULDO�SKDVH�DQG�KLJK� RU�LVR�VLJQDO�LQWHQVLW\�

UHODWLYH�WR�WKH�VXUURXQGLQJ�OLYHU�SDUHQFK\PD�LQ�WKH�SRUWDO�DQG�HTXLOLEULXP�SKDVHV��RU�WKRVH�VKRZLQJ�

LVR� RU�ORZ�VLJQDO�LQWHQVLW\�LQ�WKH�DUWHULDO�SKDVH�DQG�LVR� RU�ORZ�VLJQDO�LQWHQVLW\�LQ�WKH�SRUWDO�DQG�RU�

HTXLOLEULXP�SKDVH��7KH�GLIIHUHQWLDO�GLDJQRVLV�LQFOXGHV�DUWHULRSRUWDO�VKXQW��IRFDO�QRGXODU�K\SHUSODVLD��

DQG� FDYHUQRXV� KHPDQJLRPD� IRU� WKH� IRUPHU�� DQG� UHJHQHUDWLYH� QRGXOHV�� G\VSODVWLF� QRGXOHV�� DQG�

HDUO\�VWDJH� +&&� IRU� WKH� ODWWHU�� :DVKRXWV� DUH� RIWHQ� XQFOHDU� LQ� VPDOO� QRGXOHV� HYHQ� LI� WKH\� DUH�

K\SHUYDVFXODU� +&&V�� +\SHUYDVFXODU� QRGXOHV� PD\� EHQHILW� IURP� HDUO\� GLDJQRVLV� EHFDXVH� WKHLU�

ELRORJLFDO�PDOLJQDQF\�LV�WKRXJKW�WR�FRQIRUP�WR�+&&V�ZLWK�W\SLFDO�LPDJLQJ�IHDWXUHV��,Q�FRQWUDVW��WKH�

EHQHILFLDO�HIIHFW�RI�HDUO\�GLDJQRVLV�LV�OHVV�FOHDU�LQ�HDUO\�VWDJH�K\SRYDVFXODU�+&&V�EHFDXVH�WKH\�DUH�

WKRXJKW�WR�EH�ZHOO�GLIIHUHQWLDWHG�FRPSDUHG�ZLWK�K\SHUYDVFXODU�+&&V��,Q�WKH�FDVH�RI�QRGXOHV�����FP��

LPDJLQJ�ILQGLQJV�DUH�RIWHQ�LQVXIILFLHQW�WR�PDNH�D�GHILQLWLYH�GLDJQRVLV��DQG�ELRSV\�LV�DVVRFLDWHG�ZLWK�D�

KLJK�LQFLGHQFH�RI�VDPSOLQJ�HUURU��)RU�WKHVH�UHDVRQV��DQG�EHFDXVH�LW�JHQHUDOO\�WDNHV�D�UHODWLYHO\�ORQJ�

WLPH�IRU�OHVLRQV�����FP�WR�GRXEOH�LQ�VL]H��JURZLQJ�LQWR�OHVLRQV�!���FP���IROORZ�XS�REVHUYDWLRQ�PD\�

EH� DSSURSULDWH�� 7KH� DERYH� ILQGLQJV� VXJJHVW� WKHUH� LV� VXIILFLHQW� HYLGHQFH� WR� UHFRPPHQG� WKRURXJK�

H[DPLQDWLRQ�IRU�K\SHUYDVFXODU� OHVLRQV�����FP�HYHQ�ZKHQ�WKH\�DUH�DW\SLFDO�QRGXOHV��7KHUHIRUH�� WKH�

5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�E\�PDMRULW\� YRWH� WR� VWURQJO\� UHFRPPHQG� IXUWKHU�H[DPLQDWLRQ� IRU�

OLYHU� QRGXOHV� �� �� FP� VKRZLQJ� KLJK� VLJQDO� LQWHQVLW\� LQ WKH� DUWHULDO� SKDVH� DQG� KLJK� RU� LVR�VLJQDO�

LQWHQVLW\� UHODWLYH� WR� WKH� VXUURXQGLQJ� OLYHU� SDUHQFK\PD� LQ� WKH� SRUWDO� DQG� HTXLOLEULXP� SKDVHV� RQ�

G\QDPLF�&7�05,�

ڦ 5HIHUHQFHV

���%\UQHV�9��6KL�+��.LU\X�6��5RIVN\ 10��$IGKDO 1+��7KH FOLQLFDO RXWFRPH�RI�VPDOO �����PP��DUWHULDOO\�HQKDQFLQJ�

QRGXOHV�RQ�05, LQ�WKH�FLUUKRWLF OLYHU��$P�-�*DVWURHQWHURO �������������������30,'� ��������

���+DUDGRPH�+��*UD]LROL /��7LQWL�5��HW� DO��$GGLWLRQDO YDOXH�RI�JDGR[HWLF�DFLG�'73$�HQKDQFHG�KHSDWRELOLDU\�SKDVH�

05� LPDJLQJ� LQ� WKH� GLDJQRVLV RI� HDUO\�VWDJH� KHSDWRFHOOXODU� FDUFLQRPD�� FRPSDULVRQ� ZLWK� G\QDPLF� WULSOH�SKDVH�

PXOWLGHWHFWRU &7 LPDJLQJ��-�0DJQ�5HVRQ�,PDJLQJ ��������� �������30,'� ��������

���6HUVWp�7��%DUUDX 9��2]HQQH�9��HW�DO��$FFXUDF\�DQG�GLVDJUHHPHQW�RI�FRPSXWHG�WRPRJUDSK\�DQG�PDJQHWLF�UHVRQDQFH�

LPDJLQJ� IRU� WKH� GLDJQRVLV� RI� VPDOO� KHSDWRFHOOXODU� FDUFLQRPD� DQG� G\VSODVWLF� QRGXOHV�� UROH� RI� ELRSV\�� +HSDWRORJ\��

�����������������30,'� ��������

��� *ROILHUL� 5�� *UD]LROL� /�� 2UODQGR� (�� HW� DO�� :KLFK� LV� WKH� EHVW�05, PDUNHU RI� PDOLJQDQF\� IRU� DW\SLFDO� FLUUKRWLF

QRGXOHV�� K\SRLQWHQVLW\� LQ� KHSDWRELOLDU\ SKDVH� DORQH� RU� FRPELQHG� ZLWK RWKHU� IHDWXUHV"� &ODVVLILFDWLRQ DIWHU

*G�(2%�'73$ DGPLQLVWUDWLRQ� -�0DJQ�5HVRQ�,PDJLQJ ������������������30,'� ��������



��

���,DYDURQH 0��0DQLQL�0$��6DQJLRYDQQL�$��HW�DO��&RQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\�DQG�XOWUDVRXQG�JXLGHG�

OLYHU ELRSV\�WR�GLDJQRVH�G\VSODVWLF OLYHU QRGXOHV�LQ�FLUUKRVLV� 'LJ�/LYHU�'LV ����������������30,'� ��������

��� 'L� 0DUWLQR�0� 'H� )LOLSSLV� *�� 'H� 6DQWLV� $�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD� LQ� FLUUKRWLF SDWLHQWV� SURVSHFWLYH

FRPSDULVRQ�RI�86��&7 DQG�05 LPDJLQJ��(XU 5DGLRO ����������������� 30,'� ��������

��� &KRL� -:�� /HH� -0��.LP 6-�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD�� LPDJLQJ� SDWWHUQV� RQ� JDGR[HWLF� DFLG�HQKDQFHG�05

,PDJHV�DQG�WKHLU YDOXH�DV�DQ�LPDJLQJ�ELRPDUNHU� 5DGLRORJ\ �������������������30,'� ��������

���0DQLQL 0$� 6DQJLRYDQQL $��)RUQDUL )� HW�DO��&OLQLFDO DQG�HFRQRPLFDO�LPSDFW�RI������$$6/' JXLGHOLQHV�IRU�WKH�

GLDJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD��-�+HSDWRO ��������������������30,'� ��������

���<X 0+��.LP -+��<RRQ�-+��HW�DO��6PDOO �� ��FP��KHSDWRFHOOXODU�FDUFLQRPD��GLDJQRVWLF�SHUIRUPDQFH�DQG�LPDJLQJ�

IHDWXUHV DW�JDGR[HWLF�DFLG�HQKDQFHG 05 LPDJLQJ��5DGLRORJ\ ���������� ��������30,'� ��������

����)RUQHU $� 9LODQD 5� %LDQFKL /� HW�DO� /DFN�RI�DUWHULDO�K\SHUYDVFXODULW\�DW�FRQWUDVW�HQKDQFHG�XOWUDVRXQG�VKRXOG�QRW�

GHILQH�WKH�SULRULW\ IRU�GLDJQRVWLF�ZRUN�XS�RI�QRGXOHV����FP��-�+HSDWRO �����������������30,'� ��������

����'DUQHOO�$��)RUQHU $��5LPROD�-��HW�DO��/LYHU�LPDJLQJ�UHSRUWLQJ�DQG�GDWD�V\VWHP�ZLWK�05�LPDJLQJ� HYDOXDWLRQ�LQ�

QRGXOHV����PP�RU�VPDOOHU�GHWHFWHG�LQ�FLUUKRVLV DW�VFUHHQLQJ�86��5DGLRORJ\ ����� ��������������30,'� ��������

&4� :KDW�LPDJLQJ�PRGDOLWLHV�KHOS�WR DFFXUDWHO\ GLDJQRVH HDUO\�VWDJH�+&&�
LQ�SDWLHQWV�ZLWK�FLUUKRVLV"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� *G�(2%�'73$�HQKDQFHG�05,� KDV D� KLJK GHWHFWLRQ� UDWH� IRU� HDUO\�VWDJH�

+&&�

ڦ %DFNJURXQG

:LWK�LPSURYHPHQWV LQ�WKH�SHUIRUPDQFH�RI�GLDJQRVWLF� LPDJLQJ�PRGDOLWLHV�DQG�ZLWK�WKH�LQWURGXFWLRQ�

RI�QRYHO�FRQWUDVW DJHQWV�DQG�GLIIXVLRQ�ZHLJKWHG�LPDJLQJ��LW�LV QRZ RIWHQ�SRVVLEOH�WR�GHWHFW�VPDOO�RU�

K\SRYDVFXODU�QRGXOHV��LQFOXGLQJ�HDUO\�VWDJH�+&&V��LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH��(DUO\�VWDJH�

+&&V��ZKLFK�DUH�JHQHUDOO\�LOO�GHILQHG�K\SRYDVFXODU�QRGXOHV�DQG�ZHOO�GLIIHUHQWLDWHG�+&&V��DUH�OHVV�

OLNHO\�WR�EH�PDOLJQDQW�DQG�DUH�KLJKO\�XQOLNHO\�WR�FDXVH�LQWUDKHSDWLF�PHWDVWDVLV RU�YDVFXODU�LQYDVLRQ��

%HFDXVH�+&&�SUHVHQWV�ZLWK�YDULRXV�LPDJLQJ�IHDWXUHV�GXULQJ�D�PXOWLVWDJH�GHYHORSPHQW SURFHVV��LW�LV�

LPSRUWDQW� WR�PDQDJH� HDUO\�VWDJH�+&&� GLIIHUHQWO\� IURP� W\SLFDO�+&&��+HUH�� ZH� UHYLHZHG� LPDJLQJ�

PRGDOLWLHV�IRU DFFXUDWH�GLDJQRVLV�RI�HDUO\�VWDJH�+&&�LQ�SDWLHQWV�ZLWK�FLUUKRVLV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�ZDV� HVWDEOLVKHG�E\� FRPELQLQJ�&4���� ���� DQG���� LQ� WKH� WKLUG� HGLWLRQ��$� OLWHUDWXUH� VHDUFK�

FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\����



��

�����DQG�-XQH����������H[WUDFWHG ����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR����DUWLFOHV� LQ� WKH�ILUVW�

VFUHHQLQJ� DQG� ��� DUWLFOHV� LQ� WKH� VHFRQG� VFUHHQLQJ� EDVHG� RQ� WKH� IROORZLQJ� LQFOXVLRQ� FULWHULD��

SUHIHUDEO\� 5&7V EXW� DOVR� QRQ�5&7V WKDW� LQYHVWLJDWHG WKH� DELOLW\� DQG� DFFXUDF\� RI� GHWHFWLQJ

HDUO\�VWDJH� +&&� E\ 6RQD]RLG��HQKDQFHG� 86�� *G�(2%�'73$�HQKDQFHG� 05,�� DQG�

FRQWUDVW�HQKDQFHG�&7� FRQGXFWHG� IROORZLQJ� DQ� DSSURSULDWH� SURWRFRO� GHVLJQHG� WR� GLDJQRVH�+&&��$

WRWDO�RI����DUWLFOHV��LQFOXGLQJ WKH����DUWLFOHV�IURP�&4���LQ�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4��

+&&�LV�VXVSHFWHG�ZKHQ�VHUXP�$)3 OHYHOV LQFUHDVH�JUDGXDOO\�DQG�QRGXOHV�DUH�GHWHFWHG�RQ�86�LQ�

SDWLHQWV�ZLWK�FLUUKRVLV�� EXW�EHFDXVH�RI�FLUUKRVLV�LQ�WKH�EDFNJURXQG�OLYHU��FRQYHQWLRQDO XQHQKDQFHG�

86�LV�RIWHQ�QRW�VHQVLWLYH�HQRXJK�WR�GLVWLQJXLVK�EHWZHHQ�ZHOO�GLIIHUHQWLDWHG�K\SRYDVFXODU�+&&�DQG�

G\VSODVWLF� QRGXOH� LQ� WKLV� JURXS� RI� SDWLHQWV�� $V� ZLWK� XQHQKDQFHG� 86� XVHG� IRU� VFUHHQLQJ��

6RQD]RLG��HQKDQFHG�86�HQDEOHV�PLFURYHVVHOV�DQG�GHIHFWV�LQ�WKH�.XSIIHU�SKDVH WR�EH�H[DPLQHG� DQG�

LV�XVHIXO�IRU�GLVWLQJXLVKLQJ HDUO\�VWDJH�+&&�DQG�ERUGHUOLQH�OHVLRQV����

,Q� G\QDPLF &7�� WKH� HTXLOLEULXP� SKDVH� LV� HVVHQWLDO� IRU� VPDOO� +&& GHWHFWLRQ��� 05,� SURYLGHV

VXSHULRU� WLVVXH�FRQWUDVW��FOHDUO\�GHOLQHDWLQJ�EHWZHHQ� WKH� OLYHU�DQG� WXPRU�HYHQ�ZLWKRXW� WKH�XVH�RI�D

FRQWUDVW� DJHQW�� +RZHYHU�� D� FRQWUDVW� DJHQW� LV� QHHGHG� IRU TXDOLWDWLYH� GLDJQRVLV� RI� OLYHU� WXPRUV��

*G�(2%�'73$�HQKDQFHG�05,�LV�DQ�H[FHOOHQW�GLDJQRVWLF�PRGDOLW\�IRU�+&&���GHWHFWLQJ�+&&�PRUH�

HIIHFWLYHO\�WKDQ�G\QDPLF�0'&7���,Q�D VWXG\ FRPSDULQJ WKH�GLDJQRVWLF�DFFXUDF\�RI�G\QDPLF�0'&7�

DQG� *G�(2%�'73$�HQKDQFHG� 05,� LQ� 52&� DQDO\VLV� RI� ��� QRGXOHV� WKDW� ZHUH� KLVWRORJLFDOO\�

GLDJQRVHG� DV� HDUO\�VWDJH�+&&� DIWHU� KHSDWHFWRP\� *G�(2%�'73$�HQKDQFHG�05,�ZDV� VXSHULRU� WR�

G\QDPLF� 0'&7� LQ� WHUPV� RI� $]� YDOXH� ����������� YV� ������ UHVSHFWLYHO\��� VHQVLWLYLW\� �������� YV�

��������UHVSHFWLYHO\���DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�������������YV�������������UHVSHFWLYHO\����7KH�

GLDJQRVWLF�DFFXUDF\�RI�*G�(2%�'73$�HQKDQFHG�05,�DQG�G\QDPLF�0'&7�ZDV�DOVR�FRPSDUHG�IRU�

���QRGXOHV�KLVWRSDWKRORJLFDOO\�GLDJQRVHG�DV�+&&�DQG�G\VSODVWLF�QRGXOH��*G�(2%�'73$�HQKDQFHG�

05,�KDG�D� VLJQLILFDQWO\�EHWWHU�GLDJQRVWLF�DFFXUDF\� IRU� K\SHUYDVFXODU�+&&V�����FP� WKDQ�G\QDPLF�

0'&7��DQG�*G�(2%�'73$�HQKDQFHG�05,�KDG�VLJQLILFDQWO\�KLJKHU�VHQVLWLYLW\� ������ LQ�GHWHFWLQJ�

K\SRYDVFXODU� QRGXOHV� WKDQ�0'&7� ���������6LPLODUO\�� LQ� RWKHU� VWXGLHV�� WKH�GLDJQRVWLF� DFFXUDF\�RI�

*G�(2%�'73$�HQKDQFHG� 05,� �KHSDWRELOLDU\� SKDVH�� ZDV� VXSHULRU� WR� G\QDPLF� 0'&7� IRU� VPDOO�

+&&� �HVSHFLDOO\ +&& �� �� FP��� K\SRYDVFXODU� +&&�� DQG� HDUO\�VWDJH +&&� HYHQ� WKRXJK� WKH�

GLDJQRVWLF�DFFXUDF\�IRU�W\SLFDO�+&&�LV�FRPSDUDEOH�WR�RU�VOLJKWO\�EHWWHU�WKDQ�G\QDPLF�0'&7������

,Q� D� VWXG\� FRPSDULQJ� WKH� GLDJQRVWLF� DFFXUDF\� RI� 6RQD]RLG��HQKDQFHG� 86� DQG�

*G�(2%�'73$�HQKDQFHG�05,� IRU� QRGXOHV� KLVWRSDWKRORJLFDOO\� GLDJQRVHG� DV� DGYDQFHG�+&&� �Q� �

����� ZHOO�GLIIHUHQWLDWHG� K\SRYDVFXODU� +&&� �Q�  � ����� RU� G\VSODVWLF� QRGXOHV� �Q�  � ���� ZKLOH� ��� RI�

G\VSODVWLF�QRGXOHV�DQG����RI�ZHOO�GLIIHUHQWLDWHG�K\SRYDVFXODU�+&&V�ZHUH�YLVXDOL]HG�DV�K\SRHFKRLF�

VLJQDOV� LQ� WKH� .XSIIHU� SKDVH� RI� 6RQD]RLG��HQKDQFHG� 86�� ���� DQG� ����� UHVSHFWLYHO\�� ZHUH�

YLVXDOL]HG� DV� K\SRLQWHQVH� VLJQDOV� LQ� WKH� KHSDWRELOLDU\� SKDVH� RI� *G�(2%�'73$�HQKDQFHG�05,����

7KLV�VXJJHVWV�WKDW�*G�(2%�'73$�HQKDQFHG�05,�LV�PRUH�HIIHFWLYH�WKDQ�6RQD]RLG��HQKDQFHG�86�DW�



��

GHWHFWLQJ K\SRYDVFXODU�DQG�ZHOO�GLIIHUHQWLDWHG�+&&V�

6RPH� VPDOO� K\SRYDVFXODU� QRGXOHV� ZLWK� K\SRLQWHQVH� VLJQDOV� LQ� WKH� KHSDWRELOLDU\� SKDVH� RI�

*G�(2%�'73$�HQKDQFHG�05,�XQGHUJR�WUDQVIRUPDWLRQ WR�K\SHUYDVFXODU�+&&V�������DQG�QRGXOHV�����

FP�DQG�IDW�FRQWDLQLQJ�QRGXOHV�DUH�DW�KLJK�ULVN�RI�K\SHUYDVFXODUL]DWLRQ����*G�(2%�'73$�HQKDQFHG�

05,�ZDV�UHSRUWHG�WR�H[WUHPHO\�XVHIXO�LQ�GLIIHUHQWLDWLQJ�HDUO\�VWDJH�+&&V�IURP�G\VSODVWLF�QRGXOHV LQ�

RQH�VWXG\���EXW LQ�DQRWKHU�VWXG\ LW�ZDV�GLIILFXOW�WR�XVH���

7DNHQ� WRJHWKHU�� WKH� ILQGLQJV� IURP� WKHVH� VWXGLHV� VXJJHVW� WKDW�*G�(2%�'73$�HQKDQFHG�05,� LV�

VXSHULRU�WR�G\QDPLF�0'&7�DQG�FRQWUDVW�HQKDQFHG�86�LQ�GHWHFWLQJ�HDUO\�VWDJH�+&&�

ڦ ([SODQDWLRQ

7KH� YDOLGLW\� RI� VXUYHLOODQFH� IRU� +&&� LV� GHPRQVWUDWHG� E\� LPSURYHG� SURJQRVLV�� E\� GHWHFWLQJ�

HDUO\�VWDJH� +&&� RQ� UHJXODU� VFUHHQLQJ� DQG� WKHQ� SURYLGLQJ� KLJKO\� FXUDWLYH� WUHDWPHQW�� ,Q� JHQHUDO��

LOO�GHILQHG��K\SRYDVFXODU�QRGXOHV�����FP�DQG�ZHOO�GLIIHUHQWLDWHG�+&&V�DUH�HDUO\�VWDJH�+&&V��DQG�QR�

VWURPDO�LQYDVLRQ�LV�DOVR�DQ�LPSRUWDQW�KLVWRSDWKRORJLFDO�IHDWXUH�

86��&7��DQG�05,�DUH�FRPPRQ�VFUHHQLQJ�PRGDOLWLHV�IRU�+&&��:KHQ�QRGXOHV�DUH�YLVXDOL]HG�RQ�

86��WKH\�DUH�WKHQ�HYDOXDWHG�RQ�G\QDPLF�0'&7�XVLQJ�FRQWUDVW�DJHQWV��7KLV�LV�EHFDXVH�WKH�G\QDPLFV�

RI� DUWHULDO� DQG� SRUWDO� EORRG� IORZ� FKDQJHV� EHWZHHQ� OLYHU� QRGXOHV� DQG� WKH� VXUURXQGLQJ� OLYHU�

SDUHQFK\PD�GXULQJ�PXOWLVWHS�KHSDWRFDUFLQRJHQHVLV��+RZHYHU�� LQ� WKH� FDVH�RI� KLJK�JUDGH�G\VSODVWLF�

QRGXOHV�ZLWK�����IROG�FHOO�GHQVLW\� LQ� VRPH�DUHDV�RU�ZLWK�PLOG� VWUXFWXUDO� DW\SLD�� WKHUH� LV�D� OLPLW� WR�

GLIIHUHQWLDOO\�GLDJQRVLQJ�HDUO\�VWDJH�+&&�DQG�G\VSODVWLF�QRGXOHV�EDVHG�RQ�LQWUDQRGXODU�EORRG�IORZ�

EHFDXVH� RI� RYHUODSSLQJ� LPDJLQJ� IHDWXUHV�� 7KHUHIRUH�� 6RQD]RLG��HQKDQFHG� 86� DQG�

*G�(2%�'73$�HQKDQFHG�05,�DUH PRUH�RIWHQ�XVHG�RI�ODWH��6RQD]RLG��HQKDQFHG�86�DOORZV�IRU�WKH�

DVVHVVPHQW�RI�EORRG�IORZ�LQ�QRGXOHV�GXULQJ�WKH�DUWHULDO�SKDVH�DQG�WKH�XSWDNH�RI�FRQWUDVW�DJHQW�GXULQJ�

WKH�SRVW�YDVFXODU��RU�.XSIIHU��SKDVH��VR�LV�YHU\�XVHIXO�IRU�UHDO�WLPH�DVVHVVPHQW�RI�KHPRG\QDPLFV�LQ�

OLYHU�QRGXOHV�DQG�.XSIIHU�FHOO�IXQFWLRQ��(DUO\�VWDJH�+&&V��ZKLFK�DUH�K\SRYDVFXODU�GXH�WR�UHGXFHG�

LQWUDWXPRUDO� DUWHULDO�SRUWDO� EORRG� IORZ�� DUH� H[SHFWHG� WR� VKRZ� K\SRHFKRLF� VLJQDOV� RQ�

6RQD]RLG��HQKDQFHG�86�FRPSDUHG�ZLWK�QRQ�WXPRU�DUHDV��KRZHYHU��DW�SUHVHQW��WKHUH�LV�QR�FRQVHQVXV�

DERXW�86�ILQGLQJV�RU�GLDJQRVWLF�DFFXUDF\�SUHVXPDEO\�GXH�WR�YHU\�VXEWOH�FKDQJHV�LQ�EORRG�IORZ��$OVR��

IHZ� HDUO\�VWDJH�+&&V� DUH� YLVXDOL]HG� DV� GHIHFWV� LQ� WKH�.XSIIHU� SKDVH� RI� 6RQD]RLG��HQKDQFHG�86�

EHFDXVH� HYHQ� WKH� .XSIIHU� FHOOV� KDYH� FRPSDUDEOH� RU� VOLJKWO\� UHGXFHG� VLJQDOV� FRPSDUHG� ZLWK�

QRQ�WXPRU�DUHDV�

6LPLODU� WR� G\QDPLF� &7�05,� XVLQJ� FRQWUDVW� DJHQWV�� *G�(2%�'73$�HQKDQFHG� 05,� SURYLGHV�

LQIRUPDWLRQ� DERXW� KHPRG\QDPLFV� LQ� WKH� DUWHULDO� DQG� SRUWDO� YHQRXV� SKDVHV�� DQG� WKH� KHSDWRELOLDU\�

SKDVH��ZKLFK�EHJLQV�DSSUR[LPDWHO\�������PLQ�DIWHU�WKH�LQMHFWLRQ�RI�FRQWUDVW�DJHQW��LV�WKRXJKW�WR�EH�

XVHIXO� IRU� GHWHFWLQJ� +&&�� LQFOXGLQJ� HDUO\�VWDJH� +&&�� EHFDXVH� RI� GLIIHUHQFHV� LQ� FRQWUDVW�

HQKDQFHPHQW�GXH�WR�IXQFWLRQDO�YDULDELOLW\�LQ�OLYHU�FHOOV��6LJQDO�LQWHQVLW\�LQ�WKH�KHSDWRELOLDU\�SKDVH�RI�



��

*G�(2%�'73$�HQKDQFHG�05,�FRUUHODWHV�ZLWK�WKH�PDOLJQDQW�SRWHQWLDO�RI�ERUGHUOLQH�OHVLRQV��DQG�GXH�

WR�FOHDU�K\SRLQWHQVH�VLJQDOV�� WKH�GHWHFWLRQ�UDWH�LV�KLJK�IRU�HDUO\�VWDJH�+&&�FRPSDUHG�ZLWK� WKDW�IRU�

G\VSODVWLF� QRGXOH��7KH� FRQVHQVXV� RQ�*G�(2%�'73$�HQKDQFHG�05,� LV� WKDW�� FRPSDUHG�ZLWK� RWKHU�

FRQYHQWLRQDO� GLDJQRVWLF� PRGDOLWLHV�� WKH� KHSDWRELOLDU\� SKDVH� PRUH� GLVWLQFWO\� YLVXDOL]HV� FKDQJHV�

RFFXUULQJ� LQ� WKH� HDUO\� VWDJH� RI�PXOWLVWHS RQFRJHQHVLV� �H�J��� IURP� G\VSODVWLF� QRGXOH� WR� HDUO\�VWDJH

+&&��DQG�LV�WKHUHIRUH�XVHIXO�IRU�GLVWLQJXLVKLQJ�+&&V�IURP�ERUGHUOLQH�OHVLRQV����+RZHYHU��LW�VKRXOG�

EH�NHSW�LQ�PLQG�WKDW�+&&�PD\�EH�SRRUO\�GHWHFWHG�LQ�SDWLHQWV�ZLWK�FLUUKRVLV�DQG�VHYHUH�KHSDWRFHOOXODU�

G\VIXQFWLRQ�� ZKLFK� LQFUHDVHV IDOVH� QHJDWLYHV�� EHFDXVH� RI� LQVXIILFLHQW� FRQWUDVW� HQKDQFHPHQW� RI� WKH�

OLYHU� SDUHQFK\PD�� $Q� LQFUHDVLQJ� QXPEHU� RI� LQVWLWXWLRQV� DUH� QRZ� DEOH� WR� SURGXFH� KLJK�TXDOLW\�

GLIIXVLRQ�ZHLJKWHG�05,�LPDJHV��,Q�VWXGLHV�WKDW�LQYHVWLJDWHG�WKH�ILQGLQJV�DQG�DFFXUDF\�RI�GLDJQRVWLF�

LPDJLQJ�LQ�+&&�DQG�K\SRYDVFXODU�+&&�����FP��GLDJQRVWLF�UHOLDELOLW\�ZDV�LPSURYHG�E\�FRPELQLQJ�

K\SRLQWHQVH� VLJQDOV� IURP� WKH� KHSDWRELOLDU\� SKDVH� RI� *G�(2%�'73$�HQKDQFHG� 05,� DQG�

K\SHULQWHQVH� VLJQDOV� IURP�GLIIXVLRQ�ZHLJKWHG�05,�������+RZHYHU�� LQ� DQRWKHU� VWXG\�� WKH� DGGLWLRQ�RI�

GLIIXVLRQ�ZHLJKWHG�LPDJHV�WR�*G�(2%�'73$�HQKDQFHG�05�LPDJHV�GLG�QRW�LQFUHDVH�WKH�GLDJQRVWLF�

DFFXUDF\�UDWH�IRU�+&&�����FP����VXJJHVWLQJ�WKDW� WKHUH�LV�FXUUHQWO\�LQVXIILFLHQW�HYLGHQFH�WR�VXSSRUW�

XVLQJ� GLIIXVLRQ�ZHLJKWHG� LPDJLQJ� IRU� WKH� GHWHFWLRQ� RI� HDUO\�VWDJH� +&&�� +\SRYDVFXODU� QRGXOHV�

YLVXDOL]HG�DV�K\SRLQWHQVH� VLJQDOV� LQ� WKH�KHSDWRELOLDU\�SKDVH�RI�*G�(2%�'73$�HQKDQFHG�05,�DUH�

VRPHWLPHV�YLVXDOL]HG�DV�K\SHUYDVFXODU�QRGXOHV�RQ�FRQWUDVW�HQKDQFHG�86��UHVXOWLQJ�LQ�D�GLDJQRVLV�RI�

+&&��)RU�WKLV�UHDVRQ��FRQWUDVW�HQKDQFHG�86�PD\�EH�XVHG�WR�FRPSOHPHQW�*G�(2%�'73$�HQKDQFHG�

05,���

$FFRUGLQJ� WR� WKH� DUWLFOHV� VHOHFWHG� IRU� WKLV� &4�� WKH� GLDJQRVWLF� DFFXUDF\� RI�

*G�(2%�'73$�HQKDQFHG�05,� LV KLJK� IRU� HDUO\�VWDJH�+&&� FRPSDUHG�ZLWK� G\QDPLF�0'&7� DQG�

FRQWUDVW�HQKDQFHG�86��SURYLGHG�WKDW�WKH�05,�VFDQQHU�LV�HTXLSSHG�IRU�KLJK�TXDOLW\�G\QDPLF�VFDQQLQJ��

/RZ�ILHOG�05,�VFDQQHUV�DQG�WKRVH�ZLWK�LQVXIILFLHQW�GLDJQRVWLF�DFFXUDF\�DUH�QRW�VXLWHG�IRU�GHWHFWLRQ�

RI� HDUO\�VWDJH� +&&�� &RPSDUHG� ZLWK� 86� DQG� 0'&7� GHYLFHV�� 05,� VFDQQHUV� HTXLSSHG� IRU�

KLJK�TXDOLW\�G\QDPLF�VFDQQLQJ�DUH�QRW�\HW�ZLGHVSUHDG�LQ�-DSDQ��$OVR��WKHUH�DUH�OLPLWV�WR�WKH�QXPEHU�

RI� SDWLHQWV�ZKR� FDQ� XQGHUJR�+&&� VFUHHQLQJ�ZLWK�*G�(2%�'73$�HQKDQFHG�05,�EHFDXVH�� XQOLNH�

&7�� WKH� VFDQQLQJ� WLPH� LV� ORQJ� DQG� SDWLHQW� WKURXJKSXW� LV� SRRU�� $V� IRU� FRQWUDVW�HQKDQFHG� 86�� WKH�

QXPEHU�RI�LQVWLWXWLRQV�RIIHULQJ�WKLV�VHUYLFH�LV�OLPLWHG�DW�WKLV�SRLQW�EHFDXVH�RI�FXPEHUVRPH�VWHSV�DQG�

VNLOO� UHTXLUHPHQWV�� ,Q� -DSDQ�� WKH� ODUJH� QXPEHU� RI� SDWLHQWV�ZLWK� FKURQLF� OLYHU� GLVHDVH� KDV� UHQGHUHG�

FRQYHQWLRQDO�86�DQG�G\QDPLF�0'&7�WKH�PDLQ�GLDJQRVWLF�PRGDOLWLHV�IRU�VFUHHQLQJ�+&&�

%HFDXVH� WKH�GLDJQRVWLF�DFFXUDF\�RI�*G�(2%�'73$�HQKDQFHG�05,�IRU�VPDOO�DQG�K\SRYDVFXODU�

+&&V�KDV�EHHQ�SURYHQ�LQ�PDQ\�VWXGLHV�� LQ� WKLV�&4�WKH�5HYLVLRQ�&RPPLWWHH�VWURQJO\�UHFRPPHQGV�

WKLV�LPDJLQJ�PRGDOLW\�IRU�WKH�DFFXUDWH�GLDJQRVLV�RI�HDUO\�VWDJH�+&&�LQ�SDWLHQWV�ZLWK�FLUUKRVLV�

ڦ 5HIHUHQFHV



��

���+H�<0� :DQJ�;<��*DR�6'��<X /<��/LQ ;'� /LQ /:� 8OWUDVRXQG�JXLGHG�ILQH�QHHGOH�ELRSV\�RI�LQWUDKHSDWLF�QRGXOHV�

DQG� ORZ�HOHYDWLRQ�RI�$)3� LQ�HDUO\ GLDJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRELOLDU\�3DQFUHDW�'LV� ,QW ���������

������30,'����������

���%HQQHWW�*/��.ULQVN\�*$��$ELWERO�5-��.LP�6<��7KHLVH�1'��7HSHUPDQ�/:��6RQRJUDSKLF�GHWHFWLRQ�RI�KHSDWRFHOOXODU�

FDUFLQRPD� DQG� G\VSODVWLF� QRGXOHV� LQ� FLUUKRVLV�� FRUUHODWLRQ� RI� SUHWUDQVSODQWDWLRQ� VRQRJUDSK\� DQG� OLYHU H[SODQW�

SDWKRORJ\�LQ�����SDWLHQWV��$-5 $P -�5RHQWJHQRO �����������������30,'����������

���,VR]DNL�7� 1XPDWD�.� .LED 7� HW�DO��'LIIHUHQWLDO�GLDJQRVLV�RI�KHSDWLF�WXPRUV�E\�XVLQJ�FRQWUDVW�HQKDQFHPHQW�SDWWHUQV�

DW�86��5DGLRORJ\ ����� ���� ���������30,'����������

���*LRUJLR�$��&DOLVWL�*��GL�6DUQR�$��HW�DO��&KDUDFWHUL]DWLRQ�RI�G\VSODVWLF�QRGXOHV��HDUO\�KHSDWRFHOOXODU�FDUFLQRPD�DQG�

SURJUHVVHG� KHSDWRFHOOXODU� FDUFLQRPD� LQ� FLUUKRVLV� ZLWK� FRQWUDVW�HQKDQFHG� XOWUDVRXQG�� $QWLFDQFHU� 5HV ������ ����

���������30,'����������

���:X�:��&KHQ�0��<DQ .��HW�DO��(YDOXDWLRQ�RI�FRQWUDVW�HQKDQFHG�XOWUDVRXQG�IRU�GLDJQRVLV�RI�G\VSODVWLF�QRGXOHV�ZLWK�

D�IRFXV�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�OLYHU FLUUKRVLV�SDWLHQWV��&KLQ�-�&DQFHU�5HV ����������������30,'����������

��� 0RQ]DZD� 6�� ,FKLNDZD� 7� 1DNDMLPD� +�� .LWDQDND� <�� 2PDWD� .�� $UDNL 7�� '\QDPLF� &7 IRU� GHWHFWLQJ� VPDOO�

KHSDWRFHOOXODU� FDUFLQRPD�� XVHIXOQHVV� RI� GHOD\HG� SKDVH� LPDJLQJ��$-5 $P - 5RHQWJHQRO ����� ���� ��������30,'��

��������

��� 'L� 0DUWLQR� 0�� 0DULQ� '�� *XHUULVL $� HW� DO�� ,QWUDLQGLYLGXDO FRPSDULVRQ� RI� JDGR[HWDWH� GLVRGLXP�HQKDQFHG� 05�

LPDJLQJ� DQG� ���VHFWLRQ� PXOWLGHWHFWRU� &7 LQ� WKH� GHWHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK� FLUUKRVLV��

5DGLRORJ\ ����� ���� ��������30,'����������

���,FKLNDZD 7� 6DLWR�.� <RVKLRND�1��HW�DO��'HWHFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�IRFDO�OLYHU OHVLRQV��D -DSDQHVH�SKDVH�,,,�

PXOWLFHQWHU� FRPSDULVRQ� EHWZHHQ� JDGR[HWLF� DFLG� GLVRGLXP�HQKDQFHG� PDJQHWLF� UHVRQDQFH� LPDJLQJ� DQG�

FRQWUDVW�HQKDQFHG FRPSXWHG�WRPRJUDSK\�SUHGRPLQDQWO\�LQ�SDWLHQWV�ZLWK KHSDWRFHOOXODU�FDUFLQRPD�DQG�FKURQLF�OLYHU

GLVHDVH��,QYHVW 5DGLRO ������������������30,'����������

���6DQR�.��,FKLNDZD 7� 0RWRVXJL�8��HW�DO��,PDJLQJ�VWXG\�RI�HDUO\�KHSDWRFHOOXODU�FDUFLQRPD��XVHIXOQHVV�RI�JDGR[HWLF�

DFLG�HQKDQFHG�05�LPDJLQJ��5DGLRORJ\ ����� ���� ��������30,'����������

���� ,QRXH� 7� .XGR�0�� .RPXWD�0�� HW� DO�� $VVHVVPHQW� RI� *G�(2%�'73$�HQKDQFHG�05, IRU� +&&� DQG G\VSODVWLF�

QRGXOHV�DQG�FRPSDULVRQ�RI�GHWHFWLRQ�VHQVLWLYLW\ YHUVXV�0'&7� -�*DVWURHQWHURO ����� �������������30,'����������

����%DHN�&.� &KRL�-<� .LP .$� HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU GLVHDVH��D�FRPSDULVRQ�

RI�JDGR[HWLF�DFLG�HQKDQFHG�05, DQG�PXOWLSKDVLF�0'&7� &OLQ�5DGLRO ����� ������������30,'����������

����&KHQ�/��=KDQJ�/��%DR�-��HW�DO��&RPSDULVRQ�RI�05, ZLWK�OLYHU�VSHFLILF�FRQWUDVW�DJHQWV�DQG�PXOWLGHWHFWRU�URZ�&7

IRU�WKH�GHWHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV RI����GLUHFW�FRPSDUDWLYH�VWXGLHV��*XW ������������������

30,'����������

���� 'L�0DUWLQR�0�� 'H� )LOLSSLV *�� 'H� 6DQWLV� $�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD� LQ� FLUUKRWLF� SDWLHQWV� SURVSHFWLYH�

FRPSDULVRQ�RI�86��&7 DQG�05 LPDJLQJ��(XU 5DGLRO ����������������� 30,'� ��������

����1XPDWD�.��)XNXGD�+��0LZD�+�� HW� DO��&RQWUDVW�HQKDQFHG�XOWUDVRQRJUDSK\� ILQGLQJV�XVLQJ� D�SHUIOXEXWDQH�EDVHG�

FRQWUDVW�DJHQW�LQ�SDWLHQWV�ZLWK HDUO\ KHSDWRFHOOXODU�FDUFLQRPD��(XU - 5DGLRO ������������������30,'����������



��

����5KHH�+��.LP 0-��3DUN <1� &KRL� -6��.LP .6� *DGR[HWLF�DFLG�HQKDQFHG�05, ILQGLQJV�RI�HDUO\�KHSDWRFHOOXODU�

FDUFLQRPD�DV�GHILQHG�E\�QHZ�KLVWRORJLF�FULWHULD��-�0DJQ�5HVRQ�,PDJLQJ ��������� �������30,'����������

����<RR�6+��&KRL� -<� -DQJ� -:�� HW DO��*G�(2%�'73$�HQKDQFHG�05, LV�EHWWHU� WKDQ�0'&7 LQ�GHFLVLRQ�PDNLQJ�RI�

FXUDWLYH WUHDWPHQW�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$QQ 6XUJ 2QFRO ��������� ����������30,'����������

���� 2KDPD� +�� ,PDL� <� 1DNDVKLPD� 2�� HW� DO�� ,PDJHV� RI� 6RQD]RLG�HQKDQFHG� XOWUDVRQRJUDSK\� LQ� PXOWL�VWHS�

KHSDWRFDUFLQRJHQHVLV��FRPSDULVRQ�ZLWK�*G�(2%�'73$�HQKDQFHG�05,��-�*DVWURHQWHURO �������������������30,'�

��������

����.RED\DVKL�6��0DWVXL�2��*DEDWD�7��HW�DO��*DGROLQLXP�HWKR[\EHQ]\O�GLHWK\OHQHWULDPLQH�SHQWDDFHWLF�DFLG�HQKDQFHG�

PDJQHWLF� UHVRQDQFH� LPDJLQJ� ILQGLQJV� RI� ERUGHUOLQH� OHVLRQV� DW� KLJK� ULVN� IRU� SURJUHVVLRQ� WR� K\SHUYDVFXODU� FODVVLF�

KHSDWRFHOOXODU�FDUFLQRPD��-�&RPSXW�$VVLVW 7RPRJU ��������� �������30,'� ��������

���� .XPDGD� 7�� 7R\RGD� +�� 7DGD� 7�� HW� DO�� (YROXWLRQ� RI� K\SRLQWHQVH� KHSDWRFHOOXODU� QRGXOHV� REVHUYHG� RQO\� LQ� WKH�

KHSDWRELOLDU\� SKDVH� RI� JDGR[HWDWH� GLVRGLXP�HQKDQFHG� 05,�� $-5 $P� -� 5RHQWJHQRO ������ ����� ������� 30,'�

��������

���� /HH� 0+�� .LP� 6+�� 3DUN� 0-�� 3DUN� &.�� 5KLP� +�� *DGR[HWLF� DFLG�HQKDQFHG� KHSDWRELOLDU\� SKDVH� 05,� DQG�

KLJK�E�YDOXH� GLIIXVLRQ�ZHLJKWHG� LPDJLQJ� WR� GLVWLQJXLVK� ZHOO�GLIIHUHQWLDWHG� KHSDWRFHOOXODU� FDUFLQRPDV� IURP� EHQLJQ�

QRGXOHV�LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH��$-5 $P�-�5RHQWJHQRO �����������:��������30,'� ��������

����0RWRVXJL�8��,FKLNDZD 7��6DQR�.��HW�DO��2XWFRPH�RI�K\SRYDVFXODU�KHSDWLF�QRGXOHV�UHYHDOLQJ�QR�JDGR[HWLF�DFLG�

XSWDNH�LQ�SDWLHQWV�ZLWK�FKURQLF�OLYHU�GLVHDVH��-�0DJQ�5HVRQ�,PDJLQJ ��������� �������30,'� ��������

����=HFK�&-��%DUWROR]]L�&��%LRXODF�6DJH�3��HW�DO��&RQVHQVXV�UHSRUW�RI�WKH�)LIWK ,QWHUQDWLRQDO�)RUXP�IRU�/LYHU 05,��

$-5 $P�-�5RHQWJHQRO��������������������30,'� ��������

���� 3DUN� 0-�� .LP� <.�� /HH� 0+�� /HH� -+�� 9DOLGDWLRQ� RI� GLDJQRVWLF� FULWHULD XVLQJ� JDGR[HWLF� DFLG�HQKDQFHG� DQG�

GLIIXVLRQ�ZHLJKWHG�05� LPDJLQJ� IRU� VPDOO� KHSDWRFHOOXODU� FDUFLQRPD� �� ���� FP� LQ� SDWLHQWV� ZLWK� KHSDWLWLV�LQGXFHG�

OLYHU�FLUUKRVLV��$FWD�5DGLRO�������������������30,'� ��������

���� 3DUN� 0-�� .LP� <.�� /HH� 0:�� HW� DO�� 6PDOO� KHSDWRFHOOXODU� FDUFLQRPDV� LPSURYHG� VHQVLWLYLW\ E\� FRPELQLQJ�

JDGR[HWLF� DFLG�HQKDQFHG� DQG� GLIIXVLRQ�ZHLJKWHG� 05� LPDJLQJ� SDWWHUQV�� 5DGLRORJ\ ������ ����� �������� 30,'�

��������

����'L�0DUWLQR�0��'L�0LVFLR�5��'H�)LOLSSLV *��HW�DO��'HWHFWLRQ�RI�VPDOO� ����FP��+&&�LQ�FLUUKRWLF�SDWLHQWV��DGGHG�

YDOXH�RI�GLIIXVLRQ�05�LPDJLQJ��$EGRP�,PDJLQJ �������������������30,'� ��������

����$ODERXG\�$�� ,QRXH�7��+DWDQDND�.��HW� DO��8VHIXOQHVV�RI�FRPELQDWLRQ�RI� LPDJLQJ�PRGDOLWLHV� LQ� WKH�GLDJQRVLV�RI�

KHSDWRFHOOXODU� FDUFLQRPD� XVLQJ� 6RQD]RLG��HQKDQFHG� XOWUDVRXQG�� JDGROLQLXP� GLHWK\OHQH�WULDPLQH�SHQWDDFHWLF�

DFLG�HQKDQFHG�PDJQHWLF�UHVRQDQFH�LPDJLQJ��DQG�FRQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\��2QFRORJ\ ���������6XSSO�

����������30,'� ��������

&4� :KDW� LPDJLQJ�PRGDOLWLHV� HIIHFWLYHO\� GHWHFW� OLYHU� FDQFHU LQ� SDWLHQWV�
ZLWK�GHFUHDVHG�NLGQH\�RU OLYHU�IXQFWLRQ"



��

5HFRPPHQGDWLRQV

:HDN�UHFRPPHQGDWLRQ� &RQWUDVW�HQKDQFHG�&7�RU�05, PD\�EH�SHUIRUPHG�LQ�SDWLHQWV�ZLWK�GHFUHDVHG�

NLGQH\� IXQFWLRQ LQ� DFFRUGDQFH� ZLWK WKH� IROORZLQJ� FULWHULD�� *G�(2%�'73$�HQKDQFHG� 05,� ZLWK�

HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��H*)5� ������P/�PLQ������P���63,2�HQKDQFHG 05,�ZLWK�H*)5�

�����P/�PLQ������P���DQG�63,2�HQKDQFHG�05,�RU G\QDPLF�&7�ZKHQ�XQGHUJRLQJ�GLDO\VLV�

:HDN� UHFRPPHQGDWLRQ� 1RQFRQWUDVW�HQKDQFHG�05$� �LQFOXGLQJ� GLIIXVLRQ�ZHLJKWHG�05,�� DQG� 86�

�LQFOXGLQJ�6RQD]RLG��HQKDQFHG�86��DUH�VDIH�DQG�HIIHFWLYH�LQ�SDWLHQWV�ZLWK�NLGQH\�IDLOXUH IRU ZKRP

FRQWUDVW�HQKDQFHG�&7�RU 05, LV�FRQWUDLQGLFDWHG�

�9HU\ IHZ�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFW�RI�FRQWUDVW�HQKDQFHG�&7�DQG�05, DQG�WKH�DSSURSULDWH�

FRQWUDVW�DJHQWV�WR�EH�XVHG�LQ�SDWLHQWV�ZLWK�GHFUHDVHG OLYHU�IXQFWLRQ HTXLYDOHQW�WR�&KLOG�3XJK�&��

ڦ %DFNJURXQG

7KHUH�DUH�OLPLWHG RSWLRQV�IRU�WHVWLQJ�DQG�GLDJQRVWLF�LPDJLQJ�LQ�SDWLHQWV�ZLWK�NLGQH\�DQG�OLYHU�IDLOXUH�

EHFDXVH� WKH�XVH�RI� LRGLQDWHG� FRQWUDVW� DJHQWV� DQG�*G�EDVHG� FRQWUDVW� DJHQWV� LV FRQWUDLQGLFDWHG� IRU�

SDWLHQWV� ZLWK� GHFUHDVHG� NLGQH\� IXQFWLRQ DQG� WKH� HQKDQFHPHQW HIIHFW� RI� KHSDWRELOLDU\�VSHFLILF�

FRQWUDVW�DJHQWV�GHFUHDVHV�LQ�SDWLHQWV�ZLWK�OLYHU�G\VIXQFWLRQ��+HUH��ZH�UHYLHZHG�LPDJLQJ�PRGDOLWLHV�

XVHIXO�IRU�WKH�GLDJQRVLV�RI�OLYHU�WXPRUV�LQ�WKLV�JURXS�RI�SDWLHQWV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�ZDV�HVWDEOLVKHG�EDVHG�RQ�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�

VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH�����

�����H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR����DUWLFOHV�DIWHU�WKH�ILUVW�VFUHHQLQJ�DQG�WR���

DUWLFOHV�DIWHU�WKH�VHFRQG�VFUHHQLQJ�EDVHG�RQ�WKH�IROORZLQJ�LQFOXVLRQ FULWHULD��VWXGLHV�WKDW�LQYROYHG D�

ODUJH�QXPEHU�RI�SDWLHQWV�DQG�UHSRUWHG KLJKHU�HYLGHQFH�OHYHOV�WKDQ�FURVV�VHFWLRQDO�VWXGLHV��2I�WKH���

DUWLFOHV� XVHG� LQ� WKH� WKLUG� HGLWLRQ�� �� DUWLFOH� WKDW� XVHG D� VSHFLDO� WHFKQLTXH� ZDV� H[FOXGHG� DQG ZDV�

UHSODFHG ZLWK�D�QHZ�DUWLFOH��7KHUHIRUH��D�WRWDO�RI����DUWLFOHV�DUH�FLWHG�IRU &4��

'LIIXVLRQ�ZHLJKWHG�LPDJLQJ�GRHV�QRW�RXWZHLJK�FRQWUDVW�HQKDQFHG�05,��EXW�LW�LV�XVHIXO�LQ�FHUWDLQ�

DVSHFWV����� 7KH� 86� FRQWUDVW� DJHQW� SHUIOXRUREXWDQH� PLFUREXEEOHV� �6RQD]RLG��� DQG�

KHSDWRF\WH�VSHFLILF�05,� FRQWUDVW� DJHQW� 63,2� �5HVRYLVW��� GR� QRW� DGYHUVHO\� DIIHFW� NLGQH\� IXQFWLRQ�

DQG�WKHLU�VLGH�HIIHFWV�DUH�QRW�DPSOLILHG LQ�SDWLHQWV�ZLWK�GHFUHDVHG�NLGQH\�IXQFWLRQ �DV�VWDWHG�LQ� WKH�

SDFNDJH�LQVHUWV��

$GPLQLVWUDWLRQ�RI�*G�(2%�'73$��(2%�3ULPRYLVW���IRU�SDWLHQWV�RQ�GLDO\VLV�LV�QRW�UHFRPPHQGHG�

EHFDXVH�WKHVH�SDWLHQWV�VKRZ�UHGXFHG�FRQWUDVW HQKDQFHPHQW�RI�WKH�OLYHU�SDUHQFK\PD�DQG�VLJQLILFDQWO\�

UHGXFHG� FOHDUDQFH RI� WKH� DJHQW�� 7R� GDWH�� RQO\� D� IHZ� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH� DSSURSULDWH�



��

FRPELQDWLRQV�RI�FRQWUDVW�DJHQWV�DQG�LPDJLQJ�PHWKRGV�ZKHQ�SHUIRUPLQJ�G\QDPLF�&7�05,�LQ�SDWLHQWV�

ZLWK�YDULRXV OHYHOV�RI�HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��H*)5��

6RPH�XWLOLW\ RI�*G�(2%�'73$�HQKDQFHG�05,�KDV�EHHQ�VKRZQ�LQ�SDWLHQWV�ZLWK�GHFUHDVHG�OLYHU�

IXQFWLRQ��� EXW� WKH� FRQWUDVW HQKDQFHPHQW� RI� WLVVXHV� GHFUHDVHV� LQ� WKH� KHSDWRELOLDU\� SKDVH���� DQG�

GLDJQRVWLF�DFFXUDF\�GHFUHDVHV�DV� OLYHU�IXQFWLRQ�GHWHULRUDWHV������ ,Q�DGGLWLRQ��SDWLHQWV ZLWK�GHFUHDVHG�

OLYHU�IXQFWLRQ VKRZ�GHFUHDVHG FRQWUDVW HQKDQFHPHQW�LQ�WKH�.XSIIHU�SKDVH RI�63,2�HQKDQFHG�05,��

DQG FRQWUDVW�HQKDQFHG�86����$OVR� WKH�GLDJQRVWLF�DFFXUDF\�RI�GLIIXVLRQ�ZHLJKWHG�05,� IRU�+&&� LV�

GHFUHDVHG LQ�WKLV�JURXS RI�SDWLHQWV ZLWK�GHFUHDVHG�OLYHU�IXQFWLRQ���7R�GDWH��RQO\�D�IHZ�VWXGLHV�KDYH�

LQYHVWLJDWHG� WKH�DSSURSULDWH�FRPELQDWLRQV�RI�FRQWUDVW�DJHQWV�DQG� LPDJLQJ�PHWKRGV� LQ�SDWLHQWV�ZLWK�

OLYHU�IDLOXUH UHJDUGHG�DV�&KLOG�3XJK &��SUHYHQWLQJ�XV�IURP�PDNLQJ�HYHQ�D�WHQWDWLYH�UHFRPPHQGDWLRQ

IRU�VXFK�FDVHV�

ڦ ([SODQDWLRQ

:KHQ�H[SODLQLQJ WKH�ULVNV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�LRGLQDWHG�FRQWUDVW�DJHQWV�DQG�*G�EDVHG�FRQWUDVW�

DJHQWV� LQ� SDWLHQWV� ZLWK GHFUHDVHG NLGQH\� IXQFWLRQ�� ZH� QHHG� WR� FLWH� RWKHU� JXLGHOLQHV� EHFDXVH� LW� LV�

RXWVLGH WKH�VFRSH�RI�WKH FXUUHQW *XLGHOLQHV��,Q�SDWLHQWV�ZLWK�H*)5������P/�PLQ����� P���LRGLQDWHG�

FRQWUDVW� DJHQWV� DUH� DVVRFLDWHG� ZLWK WKH� ULVN� RI� FRQWUDVW� QHSKURSDWK\�

�KWWS���ZZZ�HVXU�RUJ�JXLGHOLQHV�HQ�LQGH[�SKS���DQG�WKH�ULVN�LV�WKRXJKW�WR�LQFUHDVH LQ�WKH�SUHVHQFH�RI

RWKHU�ULVN�IDFWRUV�VXFK�DV�GLDEHWHV��GHK\GUDWLRQ��FRQJHVWLYH�KHDUW�IDLOXUH��JRXW��DJH������\HDUV��DQG�

DGPLQLVWUDWLRQ�RI�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV�

*G�EDVHG� FRQWUDVW� DJHQWV� DUH� DVVRFLDWHG� ZLWK� QHSKURJHQLF� V\VWHPLF� ILEURVLV� �16)�� LQ� SDWLHQWV�

ZLWK�GHFUHDVHG�NLGQH\�IXQFWLRQ �VHH�JXLGHOLQHV�RQ�WKH�DGPLQLVWUDWLRQ�RI�*G�EDVHG�FRQWUDVW�DJHQWV�LQ�

SDWLHQWV�ZLWK�NLGQH\� IDLOXUH��KWWS���ZZZ�UDGLRORJ\�MS�FRQWHQW�ILOHV�����SGI���7KHUHIRUH�� LQ�SULQFLSOH��

H[WUDFHOOXODU� *G�EDVHG� FRQWUDVW� DJHQWV� DQG� *G�(2%�'73$� DUH� FRQWUDLQGLFDWHG LQ� SDWLHQWV�

XQGHUJRLQJ�GLDO\VLV��SDWLHQWV�ZLWK�FKURQLF�NLGQH\�GLVHDVH��H*)5������P/�PLQ����� P����DQG�SDWLHQWV�

ZLWK� DFXWH� NLGQH\� IDLOXUH� +RZHYHU��ZKHQ� WKH� XVH RI *G�EDVHG� FRQWUDVW� DJHQWV� LV� LQHYLWDEOH� HYHQ�

DIWHU� ZHLJKLQJ� EHQHILWV� DQG� ULVNV�� JDGRGLDPLGH� �2PQLVFDQ��� DQG� JDGRSHQWHWDWH� GLPHJOXPLQH�

�0DJQHYLVW���VKRXOG�EH�DYRLGHG�EHFDXVH�RI�WKH�KLJK�LQFLGHQFH�RI�16)�

2QO\� D� IHZ� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH� DSSURSULDWH� FRPELQDWLRQV� RI� FRQWUDVW� DJHQWV� DQG�

LPDJLQJ�PHWKRGV�ZKHQ�SHUIRUPLQJ G\QDPLF�&7�05,�IRU�WKH�WKRURXJK�H[DPLQDWLRQ�RI�SDWLHQWV ZLWK�

GHFUHDVHG� NLGQH\� IXQFWLRQ DQG� YDULDEOH UDQJHV� RI� H*)5�� )RU� WKLV� UHDVRQ�� RQO\� D� WHQWDWLYH�

UHFRPPHQGDWLRQ�LV�PDGH�LQ�WKH�*XLGHOLQHV� *G�(2%�'73$�HQKDQFHG�05,�LV�UHFRPPHQGHG�EDVHG�

RQ� WKH� DVVXPSWLRQ WKDW� SDWLHQWV�ZLWK� H*)5�������P/�PLQ����� P� KDYH� D� UHODWLYHO\� VPDOO� ULVN�RI�

16)� ,Q�FRQWUDVW��WKH�ULVN�RI�16)�LQFUHDVHV�LQ�SDWLHQWV�ZLWK�H*)5������P/�PLQ����� P���VR�LW�ZDV�

GLIILFXOW� WR� GHFLGH� ZKHWKHU� *G�(2%�'73$�HQKDQFHG� 05,� RU� 63,2�HQKDQFHG� 05,� ZDV� WR� EH�

UHFRPPHQGHG� +RZHYHU�� 63,2�HQKDQFHG� 05, LV� UHFRPPHQGHG� EHFDXVH� WKH� SDFNDJH� LQVHUW� RI�
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*G�(2%�'73$�VWDWHV ³$YRLG�XVLQJ�WKLV�DJHQW´�DQG�EHFDXVH�WKH�QHHG�IRU�IUHTXHQW�DGPLQLVWUDWLRQ�LV�

KLJKO\ OLNHO\��*G�EDVHG� FRQWUDVW� DJHQWV� DUH� FRQWUDLQGLFDWHG IRU SDWLHQWV� XQGHUJRLQJ� GLDO\VLV�� (DFK�

LQVWLWXWLRQ�PD\�FKRRVH�63,2�HQKDQFHG�05,�RU�G\QDPLF�&7�GHSHQGLQJ�RQ�LWV�FLUFXPVWDQFHV�

$OWKRXJK� VRPH� XWLOLW\� RI� *G�(2%�'73$�HQKDQFHG� 05,� KDV� EHHQ� VKRZQ LQ� SDWLHQWV� ZLWK

GHFUHDVHG OLYHU� IXQFWLRQ� WKH� OLYHU� SDUHQFK\PD� GRHV� QRW� VKRZ� D� FOHDU� WLPH�GHSHQGHQW� LQFUHDVH� LQ�

FRQWUDVW�HQKDQFHPHQW�GXULQJ�WKH�KHSDWRELOLDU\�SKDVH��HVSHFLDOO\�LQ�SDWLHQWV�ZLWK�&KLOG�3XJK &�OLYHU�

IXQFWLRQ�DQG�KLJK�,&*5���UDWHV�����

ڦ 5HIHUHQFHV

��� +DUGLH� $'�� .L]]LDK 0.�� 5LVVLQJ�06�� &DQ� WKH� SDWLHQW� ZLWK� FLUUKRVLV� EH� LPDJHG� IRU� KHSDWRFHOOXODU� FDUFLQRPD�

ZLWKRXW JDGROLQLXP"� &RPSDULVRQ� RI� FRPELQHG� 7��ZHLJKWHG�� 7�
�ZHLJKWHG�� DQG� GLIIXVLRQ�ZHLJKWHG 05, ZLWK

JDGROLQLXP�HQKDQFHG 05, XVLQJ� OLYHU H[SODQWDWLRQ� VWDQGDUG�� -� &RPSXW� $VVLVW 7RPRJU ������ ���� ������� 30,'��

��������

���3DUN 0-� .LP <.��/HH 0:��HW�DO��6PDOO�KHSDWRFHOOXODU�FDUFLQRPDV��LPSURYHG�VHQVLWLYLW\ E\�FRPELQLQJ�JDGR[HWLF�

DFLG�HQKDQFHG DQG�GLIIXVLRQ�ZHLJKWHG 05 LPDJLQJ�SDWWHUQV��5DGLRORJ\ ����� ���� ��������30,'����������

��� 3DUN� 06�� .LP� 6�� 3DWHO� -�� HW� DO�� +HSDWRFHOOXODU� FDUFLQRPD�� GHWHFWLRQ� ZLWK� GLIIXVLRQ�ZHLJKWHG� YHUVXV�

FRQWUDVW�HQKDQFHG PDJQHWLF� UHVRQDQFH� LPDJLQJ� LQ� SUHWUDQVSODQW� SDWLHQWV�� +HSDWRORJ\ ������ ���� ������� 30,'��

��������

���9DQGHFDYH\H�9� 'H�.H\]HU )� 9HUVO\SH &��HW�DO��'LIIXVLRQ�ZHLJKWHG�05, SURYLGHV�DGGLWLRQDO�YDOXH�WR�FRQYHQWLRQDO�

G\QDPLF FRQWUDVW�HQKDQFHG 05, IRU�GHWHFWLRQ�RI�KHSDWRFHOOXODU� FDUFLQRPD��(XU 5DGLRO ������ �������������30,'��

��������

���;X 3-� <DQ )+� :DQJ�-+� /LQ -��-L <� $GGHG�YDOXH�RI�EUHDWKKROG�GLIIXVLRQ�ZHLJKWHG�05, LQ�GHWHFWLRQ�RI�VPDOO�

KHSDWRFHOOXODU� FDUFLQRPD� OHVLRQV� FRPSDUHG� ZLWK� G\QDPLF� FRQWUDVW�HQKDQFHG� 05, DORQH� XVLQJ� UHFHLYHU� RSHUDWLQJ�

FKDUDFWHULVWLF�FXUYH�DQDO\VLV��-�0DJQ�5HVRQ�,PDJLQJ ����� �����������30,'����������

���*VFKZHQG�6��(EHUW :��6FKXOW]H�0RVJDX�0��%UHXHU�-��3KDUPDFRNLQHWLFV�DQG�LPDJLQJ�SURSHUWLHV�RI�*G�(2%�'73$�

LQ�SDWLHQWV�ZLWK�KHSDWLF�DQG�UHQDO�LPSDLUPHQW��,QYHVW 5DGLRO ������������������30,'����������

���.LP $<��.LP <.��/HH 0:��HW� DO��'HWHFWLRQ�RI�KHSDWRFHOOXODU� FDUFLQRPD� LQ�JDGR[HWLF� DFLG�HQKDQFHG�05, DQG�

GLIIXVLRQ�ZHLJKWHG�05, ZLWK�UHVSHFW�WR�WKH�VHYHULW\ RI�OLYHU�FLUUKRVLV��$FWD�5DGLRO �����������������30,'����������

���/LDQJ�0��=KDR�-��;LH %��HW�DO��05�OLYHU LPDJLQJ�ZLWK�*G�(2%�'73$��WKH QHHG�IRU�GLIIHUHQW�GHOD\�WLPHV�RI�WKH�

KHSDWRELOLDU\�SKDVH�LQ�SDWLHQWV�ZLWK GLIIHUHQW�OLYHU IXQFWLRQ��(XU - 5DGLRO ������������������30,'����������

��� 0RWRVXJL� 8�� ,FKLNDZD 7� 6RX� +�� HW� DO�� /LYHU SDUHQFK\PDO� HQKDQFHPHQW� RI� KHSDWRF\WH�SKDVH� LPDJHV� LQ�

*G�(2%�'73$�HQKDQFHG�05� LPDJLQJ��ZKLFK� ELRORJLFDO�PDUNHUV RI� WKH� OLYHU IXQFWLRQ� DIIHFW� WKH� HQKDQFHPHQW"� -�

0DJQ�5HVRQ�,PDJLQJ�������������������30,'����������

���� 1DNDPXUD� 6�� $ZDL .� 8WVXQRPL\D� '�� HW� DO�� &KURQRORJLFDO� HYDOXDWLRQ� RI� OLYHU HQKDQFHPHQW� LQ� SDWLHQWV� ZLWK

FKURQLF�OLYHU GLVHDVH�DW�*G�(2%�'73$�HQKDQFHG���7�05 LPDJLQJ��GRHV�OLYHU�IXQFWLRQ�FRUUHODWH�ZLWK�HQKDQFHPHQW"�

-SQ�-�5DGLRO �����������������30,'����������



��

����7DPDGD� 7� ,WR�.��+LJDNL�$�� HW� DO��*G�(2%�'73$�HQKDQFHG�05� LPDJLQJ�� HYDOXDWLRQ�RI� KHSDWLF� HQKDQFHPHQW�

HIIHFWV�LQ�QRUPDO�DQG�FLUUKRWLF OLYHUV� (XU - 5DGLRO ����������H������ 30,'� ��������

����+ZDQJ�-��.LP�<.��.LP�-0��/HH�:-��&KRL�'��+RQJ�66��3UHWUDQVSODQW�GLDJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD�E\�

JDGR[HWLF� DFLG�HQKDQFHG DQG� GLIIXVLRQ�ZHLJKWHG PDJQHWLF� UHVRQDQFH� LPDJLQJ�� /LYHU 7UDQVSO ������ ���� ���������

30,'����������

����&KXQJ�<(��3DUN 06��.LP 06��HW�DO� 4XDQWLILFDWLRQ�RI�VXSHUSDUDPDJQHWLF� LURQ�R[LGH�PHGLDWHG VLJQDO� LQWHQVLW\�

FKDQJH�LQ�SDWLHQWV�ZLWK�OLYHU FLUUKRVLV�XVLQJ�7� DQG�7�
 PDSSLQJ��D�SUHOLPLQDU\�UHSRUW��-�0DJQ�5HVRQ�,PDJLQJ ������

�������������30,'����������

����6SRUHD�,��0DUWLH�$��%RWD�6��6LUOL 5��3RSHVFX�$��'DQLOD�0��&KDUDFWHUL]DWLRQ�RI�IRFDO�OLYHU OHVLRQV�XVLQJ�FRQWUDVW�

HQKDQFHG� XOWUDVRXQG� DV� D� ILUVW OLQH�PHWKRG�� D� ODUJH�PRQRFHQWULF� H[SHULHQFH�� -�*DVWURLQWHVWLQ� /LYHU 'LV ������ ����

�������30,'����������

&4�� $UH� KHDG� 05,�� WKRUDFLF� &7�� ERQH� VFLQWLJUDSK\�� DQG� )'*�3(7�
UHTXLUHG�IRU�VWDJLQJ�+&&"

5HFRPPHQGDWLRQV

:HDN� UHFRPPHQGDWLRQ� 7KRUDFLF�&7�DQG�)'*�3(7 DUH� UHFRPPHQGHG� IRU�+&&�SDWLHQWV�ZLWK� ULVN�

IDFWRUV�IRU�H[WUDKHSDWLF�PHWDVWDVLV�

:HDN� UHFRPPHQGDWLRQ� %RQH� VFLQWLJUDSK\� PD\� EH� SHUIRUPHG� ZKHQ� WKH� SDWLHQW¶V FRQGLWLRQ LV�

XQIDYRUDEOH�IRU�)'*�3(7�

:HDN�UHFRPPHQGDWLRQ� +HDG�&7�05,�PD\�EH�XVHG DV�D�VFUHHQLQJ�PRGDOLW\�IRU�EUDLQ�PHWDVWDVLV�LQ�

+&&�SDWLHQWV�ZLWK�QHXURORJLFDO�ILQGLQJV RU�OXQJ�PHWDVWDVLV�

ڦ %DFNJURXQG

7KH� SUHVHQFH� RU� DEVHQFH� RI� H[WUDKHSDWLF� PHWDVWDVLV� LV� DQ� LPSRUWDQW� LQGLFDWLRQ� WR� FRQVLGHU� ZKHQ�

VHOHFWLQJ�ORFRUHJLRQDO� WKHUDS\�IRU�+&&��7KHUHIRUH��+&&�SDWLHQWV�ZLWK�ULVN�IDFWRUV�IRU�H[WUDKHSDWLF�

PHWDVWDVLV� VKRXOG� XQGHUJR� H[DPLQDWLRQ� RI� DQDWRPLFDO� VLWHV� ZLWK D� KLJK� SURSHQVLW\� IRU� PHWDVWDVLV�

EHIRUH� VWDUWLQJ� WUHDWPHQW� IRU� LQWUDKHSDWLF� OHVLRQV�� +HUH�� ZH� UHYLHZHG� SUHYLRXV� VWXGLHV� WKDW�

LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�GLIIHUHQW�JURXSV�RI�SDWLHQWV�DQG�GLIIHUHQW�LPDJLQJ�PRGDOLWLHV�IRU�

H[WUDKHSDWLF�PHWDVWDVLV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�WKH�VDPH�DV�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�

XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�

����DUWLFOHV��7KLV�ZDV�QDUURZHG GRZQ�WR����DUWLFOHV�DIWHU�WKH�ILUVW�VFUHHQLQJ�DQG�WR���DUWLFOHV�DIWHU�WKH�



��

VHFRQG�VFUHHQLQJ�EDVHG�RQ�WKH�IROORZLQJ�LQFOXVLRQ�FULWHULD��VWXGLHV�WKDW� LQYROYHG������SDWLHQWV�DQG�

DVVHVVHG�WKH�VWDJLQJ�RI�+&&�EDVHG�RQ�KHDG�05,��WKRUDFLF�&7��ERQH�VFLQWLJUDSK\��DQG�)'*�3(7��$�

WRWDO�RI����DUWLFOHV��LQFOXGLQJ�WKH����DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

7KH�IUHTXHQF\�RI�RFFXUUHQFH�RI�H[WUDKHSDWLF�PHWDVWDVLV�LV�WKRXJKW�WR�EH�ORZ��DW�DURXQG�����������

LQ�SDWLHQWV�ZLWK�QHZ�RQVHW�+&&�����+RZHYHU��RQH�VWXG\ FRQGXFWHG�RYHUVHDV�KDV�VKRZQ�WKDW�������RI�

+&&�SDWLHQWV�KDYH�DV\PSWRPDWLF�H[WUDKHSDWLF�PHWDVWDVLV���7KH�IUHTXHQF\�RI�H[WUDKHSDWLF�PHWDVWDVLV�

WKDW�DSSHDUV GXULQJ�IROORZ�XS�DIWHU�WUHDWPHQW�RI�LQWUDKHSDWLF�OHVLRQV�LV������������7KH�IUHTXHQF\�RI�

PHWDVWDVLV�E\ VLWH�LV�������LQ�WKH�OXQJV��������LQ�WKH�O\PSK�QRGHV��DQG����������LQ�WKH�EUDLQ�������

7KH�ULVN�IDFWRUV�WKDW�KDYH�EHHQ�UHSRUWHG�IRU�H[WUDKHSDWLF�PHWDVWDVLV�DUH�SURJUHVVLRQ�RI� LQWUDKHSDWLF�

OHVLRQV��SRUWDO�YHLQ�WXPRU�WKURPEXV��3,9.$�,,�������P$8�P/��$)3�!�����QJ�P/��SODWHOHW�FRXQW���

���î�����ȝ/��WKH�DEVHQFH�RI�HVRSKDJHDO�YDULFHV��DQG�YLUDO�KHSDWLWLV����

7KRUDFLF�&7�DQG�ERQH�VFLQWLJUDSK\�IRU�VFUHHQLQJ�PHWDVWDVLV�VHOGRP�GHWHFW�QHZ�PHWDVWDWLF�OHVLRQV�

LQ� SDWLHQWV�ZLWK� VROLWDU\ +&&��� �� FP�RU� ��RU�PRUH�+&&V��� �� FP��EXW�ZKDW� LV�ZRUVH� LV� WKH� ORVV�

DVVRFLDWHG�ZLWK�IDOVH�SRVLWLYH UHVXOWV�����

%RQH�PHWDVWDVLV� IURP�+&&�LV�SULPDULO\�RVWHRO\WLF��DQG�DSSUR[LPDWHO\�����RI�ERQH�PHWDVWDVHV�

RFFXU� LQ� WKH� YHUWHEUDO� ERGLHV��� %RQH� VFLQWLJUDSK\�� DQG� )'*�3(7����� DUH� XVHIXO� ZKROH�ERG\�

VFUHHQLQJ�PRGDOLWLHV� IRU�ERQH�PHWDVWDVLV� LQ�+&&�SDWLHQWV��%RQH�VFLQWLJUDSK\�KDV�D� UHODWLYHO\�KLJK�

IDOVH�QHJDWLYH� UDWH���� DQG� )'*�3(7� LV� VXSHULRU� WR� ERQH� VFLQWLJUDSK\� LQ� WHUPV� RI� VHQVLWLYLW\� DQG�

VSHFLILFLW\�IRU�ERQH�PHWDVWDVLV������

7KH�GHWHFWLRQ�UDWH�RI�OXQJ�PHWDVWDVLV�LV�KLJKHU�ZLWK�WKRUDFLF�&7�WKDQ�ZLWK�)'*�3(7��� )'*�3(7�

LV� DOVR� XVHIXO� LQ� GHWHFWLQJ� RWKHU� H[WUDKHSDWLF� PHWDVWDVLV���� EXW� VHQVLWLYLW\� IRU� EUDLQ� PHWDVWDVLV� LV�

UHSRUWHG� WR� EH� ORZ�������2QH VWXG\� UHSRUWHG� WKDW� )'*�3(7� IRU� VWDJLQJ�+&&�GHWHFWHG� H[WUDKHSDWLF�

PHWDVWDVLV�LQ������RI�WKH�SDWLHQWV����$�PHWD�DQDO\VLV�KDV�UHYHDOHG�WKDW�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�

RI�)'*�3(7�IRU�H[WUDKHSDWLF�PHWDVWDVLV�ZDV�������DQG��������UHVSHFWLYHO\���

7KH�DFFXPXODWLRQ�RI�)'*�LQ�LQWUDKHSDWLF�OHVLRQV�GXULQJ�)'*�3(7�LV�DQ�LQGHSHQGHQW�SURJQRVWLF�

IDFWRU�IRU�+&&���

%HFDXVH�+&&�UDUHO\�FDXVHV�EUDLQ�PHWDVWDVLV����������PRVW�EUDLQ�PHWDVWDVLV�LV�DFFRPSDQLHG�E\�OXQJ�

PHWDVWDVLV�LQ�SDWLHQWV�ZLWK�+&&��

ڦ ([SODQDWLRQ

7KRUDFLF�&7�LV�WKH�VWDQGDUG�VFUHHQLQJ�PRGDOLW\�IRU�OXQJ�PHWDVWDVLV��&RPELQHG�DEGRPLQDO�G\QDPLF�

&7�DQG�WKRUDFLF�&7�LV�XVHG�IRU�H[DPLQLQJ�LQWUDKHSDWLF�OHVLRQV�DV�ZHOO�DV�GHWHFWLQJ�WKH�PDMRULW\�RI�

FRPPRQ�H[WUDKHSDWLF�PHWDVWDVHV�

%RQH� VFLQWLJUDSK\� LV� XVHIXO� IRU� ZKROH�ERG\� VFUHHQLQJ�� EXW� LW GRHV� QRW� DOZD\V� GHPRQVWUDWH�

LQFUHDVHG�UDGLRWUDFHU�DFFXPXODWLRQ�LQ�ERQH�PHWDVWDVLV�IURP�+&&��&RPSDUHG�ZLWK�ERQH�VFLQWLJUDSK\��

)'*�3(7� LV�DQ�H[FHOOHQW�GLDJQRVWLF� LPDJLQJ�PRGDOLW\� IRU�ERQH�PHWDVWDVLV� IURP�+&&�DQG� LW� HYHQ�



��

DOORZV�IRU LQIRUPDWLRQ�UHODWHG�WR�ERQH�IUDFWXUH��VXFK�DV�FRPSUHVVLRQ�IUDFWXUH��WR�EH�HYDOXDWHG�IURP�

&7�LPDJHV�JHQHUDWHG�LQ�3(7�&7��%HFDXVH�)'*�3(7�DOVR�GHWHFWV�H[WUDKHSDWLF�PHWDVWDVLV�RWKHU�WKDQ�

ERQH�PHWDVWDVLV��LQVWLWXWLRQV�HTXLSSHG�IRU )'*�3(7�PD\�SUHIHU�LW�RYHU�ERQH�VFLQWLJUDSK\��)'*�3(7�

KDV�H[FHOOHQW�GLDJQRVWLF�DFFXUDF\�IRU�H[WUDKHSDWLF�PHWDVWDVLV�IURP�+&&��VXFK�DV�ERQH�PHWDVWDVLV��VR�

SURDFWLYH�XVH�RI�)'*�3(7�LV�UHDVRQDEOH�ZKHQ�WKH�DEGRPLQDO�OHVLRQ�DQG�OXQJ�PHWDVWDVLV�GR�QRW�IXOO\�

H[SODLQ�HOHYDWHG�WXPRU�PDUNHU�OHYHOV��

+RZHYHU��JLYHQ�WKDW�RQO\�D�OLPLWHG�QXPEHU�RI�LQVWLWXWLRQV�DUH�SHUIRUPLQJ�)'*�3(7�LPDJLQJ�DW�

SUHVHQW� GXH� WR� KLJK� V\VWHP� FRVWV DQG� WKH� QHHG� IRU� D� UDGLRQXFOLGH� ZLWK� D� VKRUW� KDOI�OLIH�� ERQH�

VFLQWLJUDSK\�PD\�EH�SHUIRUPHG�DV�DQ�DOWHUQDWLYH�WR�)'*�3(7�

%DVHG� RQ� WKHVH� ILQGLQJV�� WKH� 5HYLVLRQ� &RPPLWWHH� KDV� FRQFOXGHG� WKDW� WKRUDFLF� &7�� ERQH�

VFLQWLJUDSK\��DQG�)'*�3(7�DUH�XVHIXO�IRU�VWDJLQJ�+&&�DQG�DUH�WKHUHIRUH�DOVR�XVHIXO�IRU�VFUHHQLQJ�

H[WUDKHSDWLF� PHWDVWDVLV�� +RZHYHU�� WKH� UHFRPPHQGDWLRQ� LV� UDWHG� ZHDN� EHFDXVH� RI� LQVXIILFLHQW�

VFLHQWLILF� HYLGHQFH� FXUUHQWO\� UHSRUWHG� E\� ODUJH�VFDOH� 5&7V� DQG� PHWD�DQDO\VHV�� 7KHUH� LV� DOVR�

LQVXIILFLHQW�HYLGHQFH�WR�VXSSRUW�WKHLU�XWLOLW\�IRU�VFUHHQLQJ�EUDLQ�PHWDVWDVLV��+RZHYHU��LQ�-DSDQ��WKHVH�

PRGDOLWLHV�DUH�FRPPRQO\�XVHG�IRU�VFUHHQLQJ�EUDLQ�PHWDVWDVLV�LQ�SDWLHQWV�ZLWK�QHXURORJLFDO�V\PSWRPV�

DQG� WKRVH�DW�KLJK�ULVN�RI�EUDLQ�PHWDVWDVLV�EDVHG�RQ�H[LVWLQJ�PHWDVWDVLV� WR�RWKHU�RUJDQV�VXFK�DV� WKH�

OXQJV�� &RQVHTXHQWO\�� WKH� 5HYLVLRQ� &RPPLWWHH� KDV� GHFLGHG� E\� PDMRULW\� YRWH� RQ� D� ZHDN�

UHFRPPHQGDWLRQ�

ڦ 5HIHUHQFHV

���1DWVXL]DND�0� 2PXUD�7� $NDLNH 7� HW�DO��&OLQLFDO�IHDWXUHV�RI�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�H[WUDKHSDWLF�PHWDVWDVHV��

-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������

���8FKLQR�.� 7DWHLVKL 5��6KLLQD�6��HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�ZLWK H[WUDKHSDWLF PHWDVWDVLV� FOLQLFDO�IHDWXUHV�DQG�

SURJQRVWLF�IDFWRUV��&DQFHU ����� ���� ���������30,'����������

���<L -� *ZDN *<� 6LQQ�'+��HW�DO��6FUHHQLQJ�IRU�H[WUDKHSDWLF PHWDVWDVHV�E\�DGGLWLRQDO�VWDJLQJ PRGDOLWLHV�LV�UHTXLUHG�

IRU� KHSDWRFHOOXODU� FDUFLQRPD�SDWLHQWV� EH\RQG�PRGLILHG�8,&& VWDJH�7�� +HSDWRJDVWURHQWHURORJ\ ���������� ��������

30,'����������

���6HQWKLOLQDWKDQ�6��0HPRQ�.��/HZDQGRZVNL�5-��HW�DO��([WUDKHSDWLF PHWDVWDVHV�RFFXU�LQ�D�PLQRULW\�RI�KHSDWRFHOOXODU�

FDUFLQRPD�SDWLHQWV�WUHDWHG�ZLWK�ORFRUHJLRQDO�WKHUDSLHV��DQDO\]LQJ�SDWWHUQV�RI�SURJUHVVLRQ�LQ�����SDWLHQWV��+HSDWRORJ\

�������������������30,'����������

��� 0DVDWRVKL� .XGR�� 6KLJHNL� $ULL�� ,ZDR� ,NDL�� HW� DO�� 7KH� ��WK� IROORZ�XS� VXUYH\� RI� SULPDU\� OLYHU� FDQFHU� LQ� -DSDQ�

�������������)ROORZ�XS�6XUYH\�&RPPLWWHH�RI�WKH�/LYHU�&DQFHU�6WXG\�*URXS�RI�-DSDQ� �([SODQDWLRQ���.DQ]R ������

�����������

���%DH�+0��/HH� -+��<RRQ� -+��.LP <-� +HR�'6��/HH�+6��3URWHLQ� LQGXFHG�E\�YLWDPLQ�. DEVHQFH�RU� DQWDJRQLVW�,,

SURGXFWLRQ�LV�D�VWURQJ�SUHGLFWLYH PDUNHU IRU�H[WUDKHSDWLF PHWDVWDVHV�LQ�HDUO\�KHSDWRFHOOXODU�FDUFLQRPD��D�SURVSHFWLYH�

HYDOXDWLRQ��%0& &DQFHU ���������������30,'����������



��

��� $GGDULR� /�� 7ULWWR *�� &DYDJOLj� (�� $PRGLR� )�� *LDQQHOOL� (�� 'L� &RVWDQ]R� **�� 3UHVHUYHG� OLYHU� IXQFWLRQ� SRUWDO�

WKURPERVLV�DQG�DEVHQFH�RI�RHVRSKDJHDO�YDULFHV�DUH�ULVN IDFWRUV�IRU�PHWDVWDVLV�RI�KHSDWR�FHOOXODU�FDUFLQRPD��'LJ�/LYHU

'LV ������������������30,'����������

���.DQGD�0��7DWHLVKL 5��<RVKLGD�+�� HW� DO��([WUDKHSDWLF PHWDVWDVLV� RI� KHSDWRFHOOXODU� FDUFLQRPD� LQFLGHQFH� DQG� ULVN

IDFWRUV��/LYHU ,QW �������������������30,'����������

���.RQHUX�%� 7HSHUPDQ /:� 0DQ]DUEHLWLD�&��HW�DO��$ PXOWLFHQWHU�HYDOXDWLRQ�RI�XWLOLW\ RI�FKHVW�FRPSXWHG�WRPRJUDSK\�

DQG� ERQH� VFDQV� LQ� OLYHU� WUDQVSODQW� FDQGLGDWHV�ZLWK� VWDJHV� ,� DQG� ,,� KHSDWRPD��$QQ� 6XUJ ����� ���� ������� 30,'��

��������

����-LQ�<-� /HH�+&��/HH�'��HW�DO��5ROH�RI� WKH�URXWLQH�XVH�RI�FKHVW�FRPSXWHG� WRPRJUDSK\�DQG�ERQH VFDQ� LQ�VWDJLQJ�

ZRUNXS�RI�KHSDWRFHOOXODU�FDUFLQRPD��- +HSDWRO ����������������� 30,'� ��������

���� &KHQ� &<� :X� .�� /LQ�:+� HW� DO�� +LJK� IDOVH� QHJDWLYH� UDWH� RI� 7F���P�0'3� ZKROH�ERG\� ERQH� VFLQWLJUDSK\ LQ�

GHWHFWLQJ�VNHOHWDO�PHWDVWDVHV�IRU�SDWLHQWV�ZLWK KHSDWRPD��- )RUPRV�0HG�$VVRF ����� ���� �������30,'����������

����/HH�.+��3DUN�-0��<RRQ�-.� .RK�.&��3DLN�6:��.LP�%7� %RQH�VFLQWLJUDSK\�RI�VNHOHWDO�PHWDVWDVLV�LQ�KHSDWRPD�

SDWLHQWV�WUHDWHG�E\�7$(��+HSDWRJDVWURHQWHURORJ\ ����������������� 30,'� ��������

����.LP�<.��/HH�.:��&KR�6<� HW�DO��8VHIXOQHVV���)�)'*�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\�FRPSXWHG�WRPRJUDSK\�IRU�

GHWHFWLQJ�UHFXUUHQFH RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�SRVWWUDQVSODQW�SDWLHQWV��/LYHU 7UDQVSO ������������������30,'��

��������

���� 6XJL\DPD�0�� 6DNDKDUD +�� 7RUL]XND 7� HW� DO�� ��)�)'* 3(7� LQ� WKH� GHWHFWLRQ RI� H[WUDKHSDWLF�PHWDVWDVHV� IURP�

KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO �����������������30,'����������

����6HR�+-��.LP *0��.LP -+��.DQJ�:-��&KRL�+-����)�)'*�3(7�&7 LQ�KHSDWRFHOOXODU�FDUFLQRPD��GHWHFWLRQ�RI�ERQH�

PHWDVWDVLV�DQG�SUHGLFWLRQ�RI�SURJQRVLV��1XFO�0HG�&RPPXQ ������������������30,'����������

����/HH�-(�� -DQJ�-<� -HRQJ�6:��HW� DO��'LDJQRVWLF�YDOXH� IRU�H[WUDKHSDWLF�PHWDVWDVHV�RI�KHSDWRFHOOXODU�FDUFLQRPD� LQ�

SRVLWURQ� HPLVVLRQ� WRPRJUDSK\�FRPSXWHG WRPRJUDSK\� VFDQ�� :RUOG� - *DVWURHQWHURO ������ ���� �������� 30,'��

��������

����3DUN�-:��.LP�-+��.LP�6.��HW�DO��$�SURVSHFWLYH�HYDOXDWLRQ�RI���)�)'*�DQG���&�DFHWDWH�3(7�&7 IRU�GHWHFWLRQ�RI�

SULPDU\ DQG�PHWDVWDWLF�KHSDWRFHOOXODU�FDUFLQRPD��-�1XFO�0HG �������������������30,'����������

����&KR�<� /HH�'+��/HH�<%� HW�DO��'RHV���)�)'*�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\�FRPSXWHG�WRPRJUDSK\ KDYH�D�UROH

LQ�LQLWLDO�VWDJLQJ�RI KHSDWRFHOOXODU�FDUFLQRPD" 3/R6�2QH ���������H��������30,'����������

����/LQ�&<� &KHQ�-+��/LDQJ�-$� /LQ�&&�� -HQJ�/%� .DR�&+����)�)'*�3(7�RU�3(7�&7 IRU�GHWHFWLQJ�H[WUDKHSDWLF�

PHWDVWDVHV� RU� UHFXUUHQW KHSDWRFHOOXODU� FDUFLQRPD�� D� V\VWHPDWLF� UHYLHZ� DQG�PHWD�DQDO\VLV��(XU -� 5DGLRO ������ ����

���������30,'����������

���� +\XQ� 6+�� (R� -6�� /HH� -:� HW� DO�� 3URJQRVWLF� YDOXH� RI� ��)�IOXRURGHR[\JOXFRVH SRVLWURQ� HPLVVLRQ�

WRPRJUDSK\�FRPSXWHG WRPRJUDSK\� LQ� SDWLHQWV� ZLWK %DUFHORQD� &OLQLF /LYHU &DQFHU� VWDJHV� �� DQG� $ KHSDWRFHOOXODU�

FDUFLQRPDV�� D� PXOWLFHQWHU� UHWURVSHFWLYH� FRKRUW� VWXG\�� (XU - 1XFO� 0HG� 0RO� ,PDJLQJ ������ ���� ��������� 30,'��

��������

����&KHQ�6)� 7VDL 1:��/XL &&� HW� DO��+HSDWRFHOOXODU� FDUFLQRPD�SUHVHQWLQJ� DV�QHUYRXV� V\VWHP LQYROYHPHQW��(XU -�



��

1HXURO ������������������30,'����������


