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+RXVWRQ��7H[DV 

�'HSDUWPHQW�RI�3DWKRORJ\��7KH�8QLYHUVLW\�RI�7H[DV�0��'��$QGHUVRQ�&DQFHU�&HQWHU��+RXVWRQ� 

7H[DV 

$EVWUDFW 

(DUO\�GHWHFWLRQ�RI�RUDO�FDQFHU�DQG�RUDO�SUHPDOLJQDQW�OHVLRQV��23/V��FRQWDLQLQJ�G\VSODVLD�FRXOG 

LPSURYH�RUDO�FDQFHU�RXWFRPHV��+RZHYHU��JHQHUDO�GHQWDO�SUDFWLWLRQHUV�KDYH�GLIILFXOW\ 

GLVWLQJXLVKLQJ�G\VSODVWLF�23/V�IURP�FRQIRXQGHU�RUDO�PXFRVDO�OHVLRQV�LQ�ORZ�ULVN�SRSXODWLRQV��:H 

HYDOXDWHG�WKH�DELOLW\�RI�WZR�RSWLFDO�LPDJLQJ�WHFKQRORJLHV��DXWRIOXRUHVFHQFH�LPDJLQJ��$),��DQG 

KLJK�UHVROXWLRQ�PLFURHQGRVFRS\��+50(���WR�GLDJQRVH�PRGHUDWH�G\VSODVLD�RU�ZRUVH��0RG'\V���LQ 

���RUDO�PXFRVDO�OHVLRQV�LQ�D�ORZ�ULVN�SDWLHQW�SRSXODWLRQ��XVLQJ�KLVWRSDWKRORJ\�DV�WKH�JROG�VWDQGDUG� 

DQG�LQ����FOLQLFDOO\�QRUPDO�VLWHV��$),�FRUUHFWO\�GLDJQRVHG�����RI�0RG'\V��OHVLRQV������RI 

FOLQLFDOO\�QRUPDO�VLWHV��DQG�����RI�EHQLJQ�OHVLRQV��%HQLJQ�OHVLRQV�ZLWK�VHYHUH�LQIODPPDWLRQ�ZHUH 

OHVV�OLNHO\�WR�EH�FRUUHFWO\�GLDJQRVHG�E\�$),�������WKDQ�WKRVH�ZLWKRXW��������0XOWLPRGDO�LPDJLQJ 

�$),�+50(��KDG�KLJKHU�DFFXUDF\�WKDQ�HLWKHU�PRGDOLW\�DORQH������RI�0RG'\V��OHVLRQV������RI 

FOLQLFDOO\�QRUPDO�VLWHV��DQG�����RI�EHQLJQ�OHVLRQV�ZHUH�FRUUHFWO\�GLDJQRVHG��3KRWRV�RI�WKH��� 

OHVLRQV�ZHUH�HYDOXDWHG�E\����GHQWLVWV�RI�YDULHG�WUDLQLQJ�OHYHOV��LQFOXGLQJ����GHQWDO�UHVLGHQWV��:H 

FRPSDUHG�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWRU�FXUYH��$8&��RI�FOLQLFDO�LPSUHVVLRQ�DORQH�WR�FOLQLFDO 

LPSUHVVLRQ�SOXV�$),�DQG�FOLQLFDO�LPSUHVVLRQ�SOXV�PXOWLPRGDO�LPDJLQJ�XVLQJ�N�1HDUHVW�1HLJKERUV 

PRGHOV��7KH�PHDQ�$8&�RI�WKH�GHQWDO�UHVLGHQWV�ZDV�������UDQJH��������������7KH�DGGLWLRQ�RI�$), 

DORQH�WR�FOLQLFDO�LPSUHVVLRQ�VOLJKWO\�ORZHUHG�WKH�PHDQ�$8&��������UDQJH��������������ZKHUHDV�WKH 

DGGLWLRQ�RI�PXOWLPRGDO�LPDJLQJ�WR�FOLQLFDO�LPSUHVVLRQ�LQFUHDVHG�WKH�PHDQ�$8&��������UDQJH� 
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6WUHHW��+RXVWRQ��7H[DV��������3KRQH����������������)D[������������������UNRUWXP#ULFH�HGX� 
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,QWURGXFWLRQ 

2UDO�FDQFHU�LV�D�VLJQLILFDQW�FRQWULEXWRU�WR�WKH�JOREDO�FDQFHU�EXUGHQ��:RUOGZLGH��WKHUH�DUH 

RYHU���������QHZ�FDVHV�RI�RUDO�FDQFHU�HDFK�\HDU��UHVXOWLQJ�LQ���������GHDWKV�>�@��5DWHV�RI 

RUDO�FDQFHU�DUH�SDUWLFXODUO\�KLJK�LQ�6RXWK�$VLD�GXH�WR�EHWHO�TXLG�FKHZLQJ�>�@��'HVSLWH 

DGYDQFHV�LQ�PDQDJHPHQW�>�@��UDWHV�RI�VXUYLYDO�KDYH�QRW�LPSURYHG�VLJQLILFDQWO\��ZLWK�ODWH 

VWDJH�GLDJQRVLV�EHLQJ�D�PDMRU�UHDVRQ��,Q�WKH�8QLWHG�6WDWHV������RI�GLDJQRVHV�RFFXU�DIWHU 

UHJLRQDO�PHWDVWDVLV��WKHVH�SDWLHQWV�KDYH�D�����ILYH�\HDU�VXUYLYDO�UDWH��,Q�FRQWUDVW��WKH�ILYH� 

\HDU�VXUYLYDO�UDWH�LV�����LI�RUDO�FDQFHU�LV�GLDJQRVHG�ZKHQ�ORFDOL]HG�>�@��*OREDOO\��VXUYLYDO 

UDWHV�IRU�RUDO�FDQFHU�DUH�HYHQ�ORZHU�WKDQ�LQ�WKH�86�>�@��ODWH�GLDJQRVLV�LV�HYHQ�PRUH�FRPPRQ 

LQ�ORZ��DQG�PLGGOH�LQFRPH�FRXQWULHV� 

0RVW�RUDO�FDQFHUV�DUH�SUHFHGHG�E\�RUDO�SUHPDOLJQDQW�OHVLRQV��23/V���D�JURXS�RI�RUDO 

PXFRVDO�OHVLRQV�LQFOXGLQJ�OHXNRSODNLD��HU\WKURSODNLD��DQG�VXEPXFRXV�ILEURVLV�>���@��23/V 

FRQWDLQLQJ�G\VSODVLD�KDYH�D�SDUWLFXODUO\�KLJK�ULVN�RI�PDOLJQDQW�SURJUHVVLRQ��'\VSODVLD 

UDQJHV�LQ�JUDGH�IURP�PLOG�WR�PRGHUDWH�WR�VHYHUH��ZLWK�ZRUVH�JUDGHV�KDYLQJ�KLJKHU�ULVN�>�@� 

(DUO\�GHWHFWLRQ�RI�RUDO�FDQFHUV�DQG�G\VSODVWLF�23/V�FRXOG�GUDPDWLFDOO\�LPSURYH�RXWFRPHV� 

2YHU�����RI�DGXOWV�YLVLW�D�GHQWLVW�HDFK�\HDU�>�@��PDNLQJ�URXWLQH�GHQWDO�FDUH�D�SURPLVLQJ 

VHWWLQJ�LQ�ZKLFK�WR�LPSURYH�HDUO\�GHWHFWLRQ��*HQHUDO�GHQWDO�SUDFWLWLRQHUV��*'3V��IDFH�WZR 

PDMRU�EDUULHUV�WR�LPSURYHG�HDUO\�GHWHFWLRQ��)LUVW��WKH�PDMRULW\�RI�RUDO�PXFRVDO�OHVLRQV 

LGHQWLILHG�GXULQJ�URXWLQH�GHQWDO�YLVLWV�DUH�QRW�23/V�DQG�LQVWHDG�DUH�EHQLJQ�FRQIRXQGHUV�± 

LQQRFXRXV�LQIODPPDWRU\�RU�UHDFWLYH�RUDO�PXFRVDO�OHVLRQV�>��±��@��0RVW�*'3V�ODFN�WKH�VNLOOV 

WR�GLVWLQJXLVK�23/V�IURP�WKHVH�EHQLJQ�FRQIRXQGHUV��,Q�RQH�VWXG\�����6SDQLVK�*'3V�VKRZQ 

���SKRWRV�RI�RUDO�PXFRVDO�OHVLRQV�DQG�WKHLU�FOLQLFDO�KLVWRU\�GLVFULPLQDWHG�RUDO�FDQFHU�DQG 

23/V�IURP�EHQLJQ�FRQIRXQGHUV�ZLWK�D�������VHQVLWLYLW\�DQG�����VSHFLILFLW\�>��@��6HFRQG� 

HYHQ�LQ�WKH�KDQGV�RI�H[SHUW�SURYLGHUV��FRQYHQWLRQDO�RUDO�H[DP��&2(��FDQQRW�DFFXUDWHO\ 

GLVWLQJXLVK�G\VSODVWLF�23/V�IURP�QRQ�G\VSODVWLF�23/V��$�UHFHQW�PHWD�DQDO\VLV�FRQFOXGHG 

WKDW�&2(�KDG�D�����VHQVLWLYLW\�EXW�RQO\�D�����VSHFLILFLW\�WR�GLVWLQJXLVK�G\VSODVLD�DQG 

FDQFHU�IURP�EHQLJQ�OHVLRQV�>��@��7KHUHIRUH��ELRSVLHV�DUH�UHTXLUHG�IRU�GHILQLWLYH�GLDJQRVLV� 

EXW�WKH\�DUH�KLJKO\�LQYDVLYH��UHVRXUFH�LQWHQVLYH��GR�QRW�SURYLGH�LPPHGLDWH�UHVXOWV��DQG�RIWHQ 

UHVXOW�LQ�XQGHUGLDJQRVLV�GXH�WR�VDPSOLQJ�ELDV��$GGLWLRQDOO\��PDQ\�*'3V�DUH�UHOXFWDQW�WR 

SHUIRUP�ELRSVLHV�EHFDXVH�RI�XQIDPLOLDULW\�ZLWK�ELRSV\�WHFKQLTXH�DQG�ODFN�RI�IDLWK�LQ 

FKRRVLQJ�UHSUHVHQWDWLYH�ELRSV\�VLWHV�>��±��@��'LDJQRVWLF�DGMXQFWV�FDSDEOH�RI�GLVWLQJXLVKLQJ 

23/V�IURP�EHQLJQ�FRQIRXQGHUV��GLVWLQJXLVKLQJ�G\VSODVWLF�23/V�IURP�QRQ�G\VSODVWLF�23/V� 

DQG�JXLGLQJ�ELRSVLHV�WR�WKH�PRVW�DEQRUPDO�SDUW�RI�D�OHVLRQ�FRXOG�KHOS�*'3V�EHWWHU�LGHQWLI\ 

SDWLHQWV�ZLWK�KLJK�ULVN�23/V�IRU�GLDJQRVLV�DQG�UHIHUUDO� 

&XUUHQW�JXLGHOLQHV�GR�QRW�UHFRPPHQG�FRPPHUFLDOO\�DYDLODEOH�SRLQW�RI�FDUH�DGMXQFWV�VXFK�DV 

WROXLGLQH�EOXH��DFHWRZKLWHQLQJ��DQG�DXWRIOXRUHVFHQFH�LPDJLQJ��$),��>�����@��LQ�SDUW�GXH�WR 

ORZ�DFFXUDF\�LQ�GLVWLQJXLVKLQJ�23/V�IURP�EHQLJQ�FRQIRXQGHUV��)RU�H[DPSOH��$),�FRQVLVWV 

RI�WKH�QRQLQYDVLYH��PDFURVFRSLF�LPDJLQJ�RI�QDWLYH�WLVVXH�IOXRUHVFHQFH�XQGHU�EOXH�H[FLWDWLRQ 

OLJKW��$),�KDV�D�KLJK�VHQVLWLYLW\�IRU�WKH�GHWHFWLRQ�RI�G\VSODVLD�DQG�FDQFHU��ZKLFK�DUH 
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DVVRFLDWHG�ZLWK�ORVV�RI�IOXRUHVFHQFH��$V�G\VSODVLD�GHYHORSV��LQFUHDVHG�HSLWKHOLDO�PHWDEROLF 

DFWLYLW\��WKLFNQHVV��DQG�VFDWWHULQJ�FRPELQHG�ZLWK�VWURPDO�PLFURYDVFXODUL]DWLRQ�DQG�FROODJHQ 

FURVVOLQN�GHJUDGDWLRQ�UHVXOW�LQ�GHFUHDVHG�EOXH�JUHHQ�IOXRUHVFHQFH�DQG�RFFDVLRQDO�LQFUHDVHG 

UHG�IOXRUHVFHQFH�DVVRFLDWHG�ZLWK�SURWRSRUSK\ULQV�>�����@��2XU�JURXS�KDV�IRXQG�WKDW 

G\VSODVLD�DQG�FDQFHU�DUH�WKHUHIRUH�DVVRFLDWHG�ZLWK�DQ�HOHYDWHG�UHG�WR�JUHHQ�IOXRUHVFHQFH�UDWLR 

UHODWLYH�WR�WKH�VDPH�UDWLR�LQ�QRUPDO�RUDO�PXFRVD��FDOOHG�WKH�QRUPDOL]HG�5*�UDWLR��>��@��7KH 

PDMRU�OLPLWDWLRQ�RI�$),�LV�WKDW�EHQLJQ�OHVLRQV�IUHTXHQWO\�GHPRQVWUDWH�D�ORVV�RI�IOXRUHVFHQFH 

VLPLODU�WR�G\VSODVLD�DQG�FDQFHU��OHDGLQJ�WR�IDOVH�SRVLWLYHV��6WURPDO�LQIODPPDWLRQ��ZKLFK�LV 

FRPPRQ�LQ�EHQLJQ�FRQIRXQGHUV��PD\�EH�UHVSRQVLEOH�>��@��,Q�RQH�VWXG\�RI�����SDWLHQWV�ZLWK 

VXVSLFLRXV�OHVLRQV��$),�KDG�D�VHQVLWLYLW\�RI�������IRU�RUDO�G\VSODVLD�EXW�D�VSHFLILFLW\�RI�RQO\ 

������>��@��7KLV�OLPLWDWLRQ�LV�FULWLFDO�LQ�FRPPXQLW\�GHQWDO�FOLQLFV��ZKHUH�EHQLJQ 

FRQIRXQGHUV�DUH�PRUH�SUHYDOHQW� 

2XU�JURXS�KDV�GHYHORSHG�D�GHYLFH�FDOOHG�WKH�KLJK�UHVROXWLRQ�PLFURFURHQGRVFRSH��+50(� 

FDSDEOH�RI�LGHQWLI\LQJ�G\VSODVLD�DQG�FDQFHU�LQ�WKH�RUDO�PXFRVD��FHUYL[��DQG�HVRSKDJXV�>��± 

��@��7KH�+50(�LV�D�IOH[LEOH�ILEHU�RSWLF�IOXRUHVFHQFH�PLFURVFRSH�WKDW�FDQ�LPDJH�HSLWKHOLDO 

QXFOHL�XVLQJ�WKH�WRSLFDO�FRQWUDVW�DJHQW�SURIODYLQH�>��@��1XFOHDU�IHDWXUHV�RI�G\VSODVLD�DQG 

FDQFHU�VXFK�DV�LQFUHDVHG�QXFOHDU�WR�F\WRSODVP��1&��UDWLR�DQG�QXFOHDU�FURZGLQJ�DUH�HDV\�WR 

DVVHVV�LQ�+50(�LPDJHV��7KH�+50(�LPDJHV�RQO\�WKH�VXUIDFH�HSLWKHOLXP��UHVXOWLQJ�LQ 

LPSURYHG�VSHFLILFLW\�HYHQ�LQ�WKH�SUHVHQFH�RI�VWURPDO�LQIODPPDWLRQ�>�����@��+RZHYHU��WKH 

+50(�KDV�D����PP�ILHOG�RI�YLHZ��ZKLFK�LV�WRR�VPDOO�WR�DVVHVV�DQ�HQWLUH�OHVLRQ� 

:H�K\SRWKHVL]H�WKDW�FRPELQLQJ�$),�ZLWK�+50(��³PXOWLPRGDO�LPDJLQJ´��FRXOG�DOORZ 

FOLQLFLDQV�WR�H[SORLW�WKH�DGYDQWDJHV�RI�HDFK�PRGDOLW\��:LWK�LWV�ODUJH�ILHOG�RI�YLHZ��$),�FRXOG 

LGHQWLI\�VXVSLFLRXV�UHJLRQV�ZLWK�KLJK�VHQVLWLYLW\�IROORZHG�E\�+50(�LPDJLQJ�ZLWKLQ�WKRVH 

UHJLRQV�WR�LPSURYH�VSHFLILFLW\��3UHYLRXV�VWXGLHV�VKRZHG�WKDW�WKH�FRPELQDWLRQ�RI�QRUPDOL]HG 

5*�UDWLR�DQG�QXFOHDU�IHDWXUHV�IURP�$),�DQG�+50(�LPDJHV��UHVSHFWLYHO\��DFFXUDWHO\ 

GLVWLQJXLVKHG�EHQLJQ�RUDO�PXFRVD�IURP�PRGHUDWH�WR�VHYHUH�G\VSODVLD�DQG�FDQFHU�LQ�SDWLHQWV 

UHFHLYLQJ�VXUJHU\�IRU�RUDO�OHVLRQV��PRVW�RI�ZKLFK�FRQWDLQHG�FDQFHU�RU�KLJK�JUDGH�G\VSODVLD 

>�����@� 

7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�WKH�XVH�RI�$),�DQG�+50(�LQ�HYDOXDWLQJ�PRUH 

FRPPRQ��ORZ�ULVN�RUDO�PXFRVDO�OHVLRQV�W\SLFDOO\�HQFRXQWHUHG�LQ�D�JHQHUDO�GHQWDO�SUDFWLFH� 

)LUVW��ZH�DVVHVVHG�WKH�GLDJQRVWLF�SHUIRUPDQFH�RI�$),�DQG�+50(�LQGLYLGXDOO\�DQG�FRPELQHG 

WR�GHWHFW�PRGHUDWH�G\VSODVLD�WR�FDQFHU�LQ�RUDO�PXFRVDO�OHVLRQV��XVLQJ�KLVWRSDWKRORJ\�DV�WKH 

JROG�VWDQGDUG��DQG�LQ�FOLQLFDOO\�QRUPDO�PXFRVD��7KHQ��GHQWLVWV�RI�YDULHG�WUDLQLQJ�OHYHOV 

HYDOXDWHG�SKRWRV�RI�WKHVH�VDPH�OHVLRQV��ZH�FRPSDUHG�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWRU 

FXUYH��$8&��RI�WKHLU�FOLQLFDO�LPSUHVVLRQ�DORQH�WR�WKDW�RI�FOLQLFDO�LPSUHVVLRQ�SOXV�$),�DQG�WR 

FOLQLFDO�LPSUHVVLRQ�SOXV�ERWK�LPDJLQJ�PRGDOLWLHV� 

0DWHULDOV�DQG�0HWKRGV 

+XPDQ�6XEMHFWV 

7KH�VWXG\�ZDV�SHUIRUPHG�DW�WKH�87+HDOWK�6FKRRO�RI�'HQWLVWU\�LQ�+RXVWRQ��7H[DV��876'� 

+RXVWRQ��LQ�DFFRUGDQFH�ZLWK�UHFRJQL]HG�HWKLFDO�JXLGHOLQHV��3URWRFROV�ZHUH�DSSURYHG�E\�WKH 

,QVWLWXWLRQDO�5HYLHZ�%RDUGV�DW�876'�DQG�5LFH�8QLYHUVLW\��3DWLHQWV����\HDUV�RU�ROGHU�ZLWK�DW 
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OHDVW�RQH�RUDO�PXFRVDO�OHVLRQ�ZHUH�UHFUXLWHG��:ULWWHQ�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP 

DOO�VXEMHFWV� 

,QVWUXPHQWDWLRQ 

7KH�$),�DQG�+50(�GHYLFHV�KDYH�EHHQ�SUHYLRXVO\�GHVFULEHG�>�����@��7KH�$),�GHYLFH 

LPDJHV�D�����FP�GLDPHWHU�ILHOG�RI�YLHZ��)29��ZLWK�D����� P�ODWHUDO�VSDWLDO�UHVROXWLRQ�DQG 

FROOHFWV�LPDJHV�LQ�WZR�PRGHV��UHIOHFWDQFH�LPDJLQJ�XQGHU�ZKLWH�OLJKW�LOOXPLQDWLRQ��DQG 

DXWRIOXRUHVFHQFH�LPDJLQJ�XQGHU�����QP�H[FLWDWLRQ�OLJKW��7KH�+50(�LV�D�FRPSDFW�HSL� 

IOXRUHVFHQFH�ILEHU�RSWLF�PLFURVFRSH�ZLWK�D����� P�GLDPHWHU�ILHOG�RI�YLHZ�DQG����� P�ODWHUDO 

VSDWLDO�UHVROXWLRQ��,PDJLQJ�RFFXUV�ZLWK�����QP�H[FLWDWLRQ�OLJKW�IROORZLQJ�WRSLFDO�DSSOLFDWLRQ 

RI�������Z�Y�SURIODYLQH��D�IOXRUHVFHQW�FRQWUDVW�DJHQW�WKDW�VWDLQV�FHOO�QXFOHL��7KH�+50( 

FROOHFWV�GDWD�LQ���VHFRQG�YLGHRV�DW����IUDPHV�SHU�VHFRQG��7KH�%RWK�GHYLFHV�ZHUH�EXLOW�XVLQJ 

RII�WKH�VKHOI�FRPSRQHQWV�ZLWK�D�FRPELQHG�FRVW�RI�a������DQG�LQWHUIDFH�ZLWK�D�FRQVXPHU 

JUDGH�ODSWRS� 

&OLQLFDO�'DWD�&ROOHFWLRQ 

&OLQLFDO�(YDOXDWLRQ²$Q�RUDO�SDWKRORJLVW�ZLWK�H[SHUWLVH�LQ�RUDO�PXFRVDO�GLVHDVHV��µH[SHUW 

FOLQLFLDQ¶��19��LQVSHFWHG�WKH�RUDO�PXFRVD�RI�VXEMHFWV�DQG�LGHQWLILHG�RQH�RU�PRUH�FOLQLFDOO\ 

DEQRUPDO�DUHDV�GHILQHG�DV�RUDO�PXFRVDO�OHVLRQV��,Q�VRPH�VXEMHFWV��WKH�H[SHUW�FOLQLFLDQ�DOVR 

LGHQWLILHG�DUHDV�RI�FOLQLFDOO\�QRUPDO�PXFRVD��DGMDFHQW�RU�GLVWDQW�WR�WKH�OHVLRQ�V���7KH�H[SHUW 

FOLQLFLDQ�WKHQ�SURYLGHG�D�FOLQLFDO�LPSUHVVLRQ�DW�HDFK�OHVLRQ�DQG�DUHD�RI�FOLQLFDOO\�QRUPDO 

PXFRVD�XVLQJ�WKH�IROORZLQJ�VFDOH�����QRUPDO�RUDO�PXFRVD�����RUDO�PXFRVDO�OHVLRQ��QRW 

VXVSLFLRXV�IRU�G\VSODVLD�RU�FDQFHU�����RUDO�PXFRVDO�OHVLRQ��VXVSLFLRXV�IRU�G\VSODVLD�RU�FDQFHU� 

DQG����FDQFHU� 

,PDJLQJ�3URFHGXUH²7KH�$),�GHYLFH�DFTXLUHG�D�VHULHV�RI�LPDJHV�DW�HDFK�OHVLRQ�DQG�DUHD 

RI�FOLQLFDOO\�QRUPDO�PXFRVD��KHQFHIRUWK�NQRZQ�DV�³VLWHV´��XVLQJ�ERWK�ZKLWH�OLJKW�UHIOHFWDQFH 

DQG�DXWRIOXRUHVFHQFH�PRGHV��5RRP�OLJKWV�ZHUH�WXUQHG�RII�WR�PLQLPL]H�WKH�HIIHFWV�RI�DPELHQW 

OLJKW��7KHQ��SURIODYLQH�ZDV�DSSOLHG�WR�HDFK�VLWH�ZLWK�D�FRWWRQ�WLSSHG�VZDE��7KH�FOLQLFLDQ 

SODFHG�WKH�+50(�SUREH�GLUHFWO\�RQ�HDFK�VLWH�DQG�DFTXLUHG�D�VHULHV�RI�YLGHRV��%HFDXVH�WKH 

SUREH�KDV�D�VPDOO�ILHOG�RI�YLHZ��RQO\�D�SRUWLRQ�RI�WKH�VLWH�ZDV�LPDJHG��7KH�+50(�LV 

LQVHQVLWLYH�WR�DPELHQW�OLJKW��VR�LPDJLQJ�ZDV�SHUIRUPHG�ZLWK�URRP�OLJKWV�RQ� 

+LVWRSDWKRORJ\²%LRSVLHV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�VWDQGDUG�RI�FDUH��LQGHSHQGHQW�RI 

LPDJLQJ��7LVVXH�VSHFLPHQV�ZHUH�HYDOXDWHG�KLVWRSDWKRORJLFDOO\�XVLQJ�VWDQGDUG�876'� 

+RXVWRQ�SURFHGXUHV�DQG�ODWHU�UHYLHZHG�E\�DQ�H[SHUW�RUDO�SDWKRORJLVW��19���(DFK�ELRSV\�ZDV 

FDWHJRUL]HG�DV�EHQLJQ��QR�G\VSODVLD�RU�PLOG�G\VSODVLD��RU�0RG'\V���PRGHUDWH�G\VSODVLD� 

VHYHUH�G\VSODVLD��RU�RUDO�VTXDPRXV�FHOO�FDUFLQRPD���0LOG�G\VSODVLD�ZDV�FRQVLGHUHG�EHQLJQ 

GXH�WR�LWV�ORZ�ULVN�IRU�PDOLJQDQW�SURJUHVVLRQ�DQG�WKH�GLIILFXOW\�RI�GLVWLQJXLVKLQJ�PLOG 

G\VSODVLD�IURP�EHQLJQ�UHDFWLYH�HSLWKHOLDO�DW\SLD�LQ�WKLV�SDWLHQW�SRSXODWLRQ��7KH�SUHVHQFH�RI 

VWURPDO�LQIODPPDWLRQ�ZDV�DOVR�UHFRUGHG�DQG�FODVVLILHG�DV�VHYHUH�RU�QRW�VHYHUH��1R�FOLQLFDOO\ 

QRUPDO�VLWHV�ZHUH�ELRSVLHG� 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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,PDJH�$QDO\VLV 

$QDO\]HG�6LWHV²/HVLRQV�ZHUH�DQDO\]HG�LI�DQG�RQO\�LI�DQ�LQFLVLRQDO�RU�H[FLVLRQDO�ELRSV\ 

RI�WKH�OHVLRQ�ZDV�REWDLQHG�RQ�WKH�VDPH�GD\�DV�LPDJLQJ��$OO�LPDJHG�FOLQLFDOO\�QRUPDO�VLWHV 

ZHUH�DQDO\]HG� 

:LGHILHOG�$XWRIOXRUHVFHQFH²$�VLQJOH�DXWRIOXRUHVFHQFH�LPDJH�IRU�HDFK�VLWH�ZDV 

VHOHFWHG�E\�D�UHYLHZHU�EOLQGHG�WR�KLVWRSDWKRORJ\�UHVXOWV�EDVHG�RQ�ODFN�RI�PRWLRQ�DUWLIDFW� 

ODFN�RI�VDWXUDWHG�SL[HOV��JRRG�IRFXV��DQG�YLVLEOH�RUDO�PXFRVD�VXUURXQGLQJ�WKH�VLWH��7KHQ��WKH 

QRUPDOL]HG�5*�UDWLR�RI�WKH�VLWH�ZDV�FDOFXODWHG�DV�SUHYLRXVO\�GHVFULEHG�>��@� 

%ULHIO\��WKH�QRUPDOL]HG�5*�UDWLR�ZDV�GHILQHG�DV�WKH�DYHUDJH�UDWLR�RI�WKH�UHG�LQWHQVLW\�WR�WKH 

JUHHQ�LQWHQVLW\�DW�HDFK�SL[HO�LQ�WKH�VLWH��GLYLGHG�E\�WKH�VDPH�TXDQWLW\�LQ�D�UHJLRQ�RI�QRUPDO 

PXFRVD��7KH�QRUPDO�UHJLRQ�ZDV�GHILQHG�DV�WKH���î���VTXDUH�RI�PXFRVD�ZLWK�WKH�ORZHVW�5* 

UDWLR�DQG�ZDV�LGHQWLILHG�XVLQJ�DQ�DXWRPDWHG�DOJRULWKP�DV�IROORZV��)LUVW��WKH�PXFRVD�LQ�WKH 

LPDJH�ZDV�RXWOLQHG�WR�H[FOXGH�WHHWK�DQG�GHQWDO�LQVWUXPHQWV��7KHQ��WKH�5*�UDWLR�DW�HDFK�SL[HO 

ZLWKLQ�WKH�PXFRVD�ZDV�FDOFXODWHG�DQG�VPRRWKHG�ZLWK�D���î���PHDQ�ILOWHU��7KH�SL[HO�ZLWK 

WKH�ORZHVW�YDOXH�DIWHU�VPRRWKLQJ�ZDV�VHW�DV�WKH�FHQWHU�RI�WKH�QRUPDO�UHJLRQ��$OO�FDOFXODWLRQV 

ZHUH�SHUIRUPHG�XVLQJ�DQ�DXWRPDWHG�0$7/$%��7KH�0DWKZRUNV��1DWLFN��0DVVDFKXVHWWV� 

VFULSW� 

2QH�OHVLRQ�FRQVLVWHG�RI�WZR�GLVFUHWH�UHJLRQV�RI�GLIIHULQJ�DXWRIOXRUHVFHQFH��$�KLVWRJUDP� 

EDVHG�PHWKRG�ZDV�XVHG�WR�VHJPHQW�WKH�OHVLRQ�LQWR�WZR�UHJLRQV��DQG�WKH�UHJLRQ�ZLWK�WKH 

KLJKHU�5*�UDWLR�ZDV�VHOHFWHG�WR�UHSUHVHQW�WKH�VLWH��7KLV�FKRLFH�PLPLFV�KLVWRSDWKRORJ\��LQ 

ZKLFK�WKH�DUHD�ZLWKLQ�D�ELRSV\�ZLWK�WKH�ZRUVW�KLVWRSDWKRORJLF�ILQGLQJV�LV�PRVW 

UHSUHVHQWDWLYH� 

+50(²$W�OHDVW�RQH�KLJK�TXDOLW\�LPDJH�ZDV�VHOHFWHG�IURP�WKH�+50(�YLGHRV 

FRUUHVSRQGLQJ�WR�HDFK�VLWH�E\�D�UHYLHZHU�EOLQGHG�WR�KLVWRSDWKRORJ\�UHVXOWV��,Q�FDVHV�ZKHUH 

+50(�LPDJHV�ZHUH�REWDLQHG�IURP�GLIIHUHQW�ORFDWLRQV�ZLWKLQ�D�VLWH��PXOWLSOH�KLJK�TXDOLW\ 

+50(�LPDJHV�ZHUH�LGHQWLILHG��7KH�TXDOLW\�RI�DQ�LPDJH�ZDV�GHWHUPLQHG�VXEMHFWLYHO\�E\�D 

FRPELQDWLRQ�RI�IDFWRUV�LQFOXGLQJ����JRRG�IRFXV�����ODFN�RI�PRWLRQ�DUWLIDFW��DQG����YLVLEOH 

QXFOHL�LQ�!����RI�WKH�)29��6LWHV�ZLWKRXW�DQ�LPDJH�RI�VXIILFLHQW�TXDOLW\�ZHUH�H[FOXGHG�IURP 

DQDO\VLV��7KH�QXFOHL�LQ�HDFK�VHOHFWHG�LPDJH�ZHUH�VHJPHQWHG�WR�FDOFXODWH�WKH�QXFOHDU�WR� 

F\WRSODVP�UDWLR��1&�UDWLR��XVLQJ�D�FXVWRP�0$7/$%�VFULSW��7R�PLPLF�KLVWRSDWKRORJ\��VLWHV 

ZLWK�PRUH�WKDQ�RQH�VHOHFWHG�LPDJH�ZHUH�UHSUHVHQWHG�E\�WKH�LPDJH�ZLWK�WKH�KLJKHVW�1&�UDWLR� 

(YDOXDWLRQ�RI�'LDJQRVWLF�$FFXUDF\²7R�DVVHVV�WKH�GLDJQRVWLF�SHUIRUPDQFH�RI�$),�DQG 

+50(��VLWHV�ZLWK�LPDJHV�H[FHHGLQJ�D�WKUHVKROG�QRUPDOL]HG�5*�UDWLR�RU�1&�UDWLR� 

UHVSHFWLYHO\��ZHUH�FODVVLILHG�DV�0RG'\V���7KH�WKUHVKROGV�ZHUH�VHW�WR�FRUUHVSRQG�WR���� 

VHQVLWLYLW\��DQG�VSHFLILFLW\�ZDV�HYDOXDWHG�DW�WKRVH�WKUHVKROGV��6LPLODUO\��WKH�SHUIRUPDQFH�RI 

$),�SOXV�+50(�ZDV�DVVHVVHG�XVLQJ�D�OLQHDU�GLVFULPLQDQW�EDVHG�RQ�WKH�QRUPDOL]HG�5*�UDWLR 

DQG�1&�UDWLR�FRUUHVSRQGLQJ�WR�D�����VHQVLWLYLW\��7KH�VSHFLILFLW\�ZDV�HYDOXDWHG�IRU�WKLV 

FODVVLILHU��3RVLWLYH�SUHGLFWLYH�YDOXH��339��DQG�QHJDWLYH�SUHGLFWLYH�YDOXH��139��RI�$),� 

+50(��DQG�$),�SOXV�+50(�ZHUH�DOVR�FDOFXODWHG�IRU�OHVLRQV��7KH�:LOVRQ�VFRUH�LQWHUYDO 

ZDV�XVHG�WR�FDOFXODWH�����FRQILGHQFH�LQWHUYDOV��&,V���DQG�0F1HPDU¶V�WHVW�ZLWK�<DWHV 

FRQWLQXLW\�FRUUHFWLRQ�ZDV�XVHG�WR�FRPSDUH�VSHFLILFLWLHV��+LVWRSDWKRORJ\�ZDV�WKH�JROG 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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VWDQGDUG�IRU�OHVLRQV��DQG�FOLQLFDOO\�QRUPDO�VLWHV�ZHUH�DVVXPHG�WR�EH�EHQLJQ��7KH�VHQVLWLYLW\ 

DQG�VSHFLILFLW\�RI�OHVLRQV�ZHUH�XVHG�WR�FDOFXODWH�SRVLWLYH�DQG�QHJDWLYH�OLNHOLKRRG�UDWLRV��/5 

���/5����ZLWK�����&,V�FDOFXODWHG�DV�GHVFULEHG�E\�6LPHO�HW�DO�>��@��)LQDOO\��WZR�WDLOHG�FKL� 

VTXDUH�WHVWV�ZHUH�XVHG�WR�DVVHVV�ZKHWKHU�EHQLJQ�OHVLRQV�ZLWK�VHYHUH�VWURPDO�LQIODPPDWLRQ 

ZHUH�PRUH�OLNHO\�WR�EH�IDOVH�SRVLWLYHV�E\�$),��+50(��DQG�$),�SOXV�+50(�WKDQ�WKRVH 

ZLWKRXW�VHYHUH�VWURPDO�LQIODPPDWLRQ� 

'HQWLVW�&OLQLFDO�,PSUHVVLRQ�6XUYH\ 

$�VXUYH\�RI����GHQWDO�UHVLGHQWV�RI�YDULHG�VSHFLDOWLHV�DW�876'�+RXVWRQ��µQRQ�H[SHUWV¶��DQG 

WZR�IDFXOW\�OHYHO�RUDO�SDWKRORJ\�DQG�RUDO�PHGLFLQH�VSHFLDOLVWV��µRWKHU�H[SHUWV¶��ZDV 

FRQGXFWHG�WR�REWDLQ�DGGLWLRQDO�FOLQLFDO�LPSUHVVLRQ�GDWD�IRU�HDFK�DQDO\]HG�OHVLRQ��3DUWLFLSDQWV 

ZHUH�VKRZQ�WKH�UHIOHFWDQFH�ZKLWH�OLJKW�LPDJHV�RI�DOO�DQDO\]HG�OHVLRQV�DORQJ�ZLWK�WKH 

SDWLHQWV¶�DJH�DQG�VH[��7KH\�WKHQ�UDWHG�HDFK�VLWH�ZLWK�WKH�VDPH�FOLQLFDO�LPSUHVVLRQ�VFDOH�XVHG 

E\�WKH�µH[SHUW�FOLQLFLDQ¶��$8&V�ZHUH�FDOFXODWHG�XVLQJ�WKH�����VFDOH�WR�DVVHVV�HDFK�RI�WKH��� 

VXUYH\HG�GHQWLVW¶V�DELOLW\�WR�GLVWLQJXLVK�0RG'\V��IURP�EHQLJQ�OHVLRQV��6HQVLWLYLW\� 

VSHFLILFLW\��339��139��/5���DQG�/5��ZHUH�DOVR�FDOFXODWHG��FRQVLGHULQJ�FOLQLFDO�LPSUHVVLRQV 

��DV�0RG'\V���7KH�VDPH�PHWULFV�ZHUH�FDOFXODWHG�IRU�WKH�H[SHUW�FOLQLFLDQ��IRU�D�WRWDO�RI��� 

GHQWLVWV� 

&OLQLFDO�,PSUHVVLRQ�&RPELQHG�ZLWK�,PDJLQJ 

7R�DVVHVV�ZKHWKHU�WKH�DGGLWLRQ�RI�LPDJLQJ�LQIRUPDWLRQ�FRXOG�LPSURYH�WKH����GHQWLVWV¶ 

GLDJQRVWLF�DELOLW\��WZR�GLDJQRVWLF�DOJRULWKPV�ZHUH�GHYHORSHG�XVLQJ�WKH�N�1HDUHVW�1HLJKERUV 

�N�11��PRGHO��N�11�PRGHOV�VHW�WKH�SUREDELOLW\�WKDW�D�OHVLRQ�LV�0RG'\V��HTXDO�WR�WKH 

SHUFHQWDJH�RI�WKH�N�OHVLRQV�ZLWK�WKH�PRVW�VLPLODU�FOLQLFDO�LPSUHVVLRQ�DQG�LPDJLQJ�UHVXOWV�WKDW 

DUH�0RG'\V���7KH�ILUVW�DOJRULWKP�FRPELQHG�FOLQLFDO�LPSUHVVLRQ�ZLWK�WKH�QRUPDOL]HG�5* 

UDWLR�IURP�$),��DQG�WKH�VHFRQG�DOJRULWKP�FRPELQHG�FOLQLFDO�LPSUHVVLRQ�ZLWK�WKH�QRUPDOL]HG 

5*�UDWLR�IURP�$),�DQG�WKH�1&�UDWLR�IURP�+50(��7KH�$8&�RI�HDFK�GHQWLVW�DIWHU 

LQFRUSRUDWLQJ�LPDJLQJ�LQIRUPDWLRQ�ZDV�GHWHUPLQHG�ZLWK�WKH�SUREDELOLWLHV�FDOFXODWHG�E\�WKH 

N�11�DOJRULWKPV��7ZR�WDLOHG�SDLUHG�W�WHVWV�ZHUH�XVHG�WR�GHWHUPLQH�LI�WKH�FKDQJHV�LQ�WKH 

PHDQ�$8&�RI�WKH�QRQ�H[SHUWV�GXH�WR�LPDJLQJ�LQIRUPDWLRQ�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW� 

7KH\�ZHUH�QRW�SHUIRUPHG�IRU�WKH�H[SHUW�FOLQLFLDQ�RU�DGGLWLRQDO�H[SHUWV�GXH�WR�ORZ�VDPSOH 

VL]H� 

7R�DYRLG�RYHUILWWLQJ��$8&V�ZHUH�FDOFXODWHG�E\�DYHUDJLQJ����UXQV�RI����IROG�VWUDWLILHG�FURVV� 

YDOLGDWLRQ��)LJXUH�����7KH�IXOO�GDWDVHW�FRQVLVWHG�RI����FOLQLFDO�LPSUHVVLRQV�SDLUHG�ZLWK 

LPDJLQJ�IHDWXUH�V��DQG�D�SDWKRORJLF�GLDJQRVLV�IRU�HDFK�DQDO\]HG�OHVLRQ��)RU�HDFK�IROG��WKH 

WUDLQLQJ�VHW��)LJXUH����ZKLWH�VTXDUHV��FRQVLVWHG�RI�DOO����FOLQLFDO�LPSUHVVLRQV�SDLUHG�ZLWK 

LPDJLQJ�IHDWXUH�V��DQG�SDWKRORJLF�GLDJQRVLV�IRU�QLQH�WHQWKV�RI�WKH�OHVLRQV��7KH 

FRUUHVSRQGLQJ�YDOLGDWLRQ�VHW��)LJXUH����EODFN�VTXDUHV��FRQWDLQHG�WKH�VDPH�GDWD�IRU�WKH 

UHPDLQLQJ�RQH�WHQWK�RI�WKH�OHVLRQV��(DFK�WUDLQLQJ�VHW�ZDV�XVHG�WR�WUDLQ�D�N�11�DOJRULWKP� 

ZKLFK�SUHGLFWHG�WKH�SUREDELOLW\�WKDW�WKH�OHVLRQV�LQ�WKH�FRUUHVSRQGLQJ�YDOLGDWLRQ�VHW�ZHUH 

0RG'\V��IRU�HDFK�RI�WKH����GHQWLVWV��7KHVH�SUREDELOLWLHV�ZHUH�XVHG�WR�FDOFXODWH�HDFK 

GHQWLVW¶V�$8&�ZLWK�LPDJLQJ�LQIRUPDWLRQ�LQFRUSRUDWHG��ZKLFK�ZHUH�DYHUDJHG�DFURVV�WKH��� 

YDOLGDWLRQ�VHWV��7KH�ILQDO�$8&�RI�HDFK�GHQWLVW�ZDV�WKH�DYHUDJH�RI�DOO����FURVV�YDOLGDWLRQ 

UXQV��&DOFXODWLRQV�ZHUH�SHUIRUPHG�ZLWK�D�FXVWRP�0$7/$%�VFULSW��DQG�WKH�N�11�DOJRULWKPV 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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ZHUH�WUDLQHG�ZLWK�0$7/$%¶V�ILWFNQQ�IXQFWLRQ�XVLQJ�WKH�(XFOLGLDQ�GLVWDQFH�PHWULF�DQG 

N ���� 

5HVXOWV 

$QDO\]HG�6LWHV 

6HYHQW\�WZR�OHVLRQV�LQ����SDWLHQWV�ZHUH�LPDJHG�ZLWK�WKH�$),�DQG�+50(�DQG�UHFHLYHG�D 

FOLQLFDOO\�LQGLFDWHG�LQFLVLRQDO�RU�H[FLVLRQDO�ELRSV\�RQ�WKH�VDPH�GD\��2I�WKHVH��RQH�OHVLRQ�ZDV 

H[FOXGHG�IURP�IXUWKHU�DQDO\VLV�GXH�WR�D�KLVWRSDWKRORJLF�GLDJQRVLV�RI�NRLORF\WLF�G\VSODVLD� 

DQG�DQRWKHU�ZDV�H[FOXGHG�GXH�WR�D�GLDJQRVLV�RI�O\PSKRPD��.RLORF\WLF�G\VSODVLD�LQ�WKH�RUDO 

HSLWKHOLXP�LV�WKRXJKW�WR�EH�DVVRFLDWHG�ZLWK�+39��EXW�LWV�SRWHQWLDO�IRU�PDOLJQDQW 

WUDQVIRUPDWLRQ�LV�XQNQRZQ�>��@��:KLOH�O\PSKRPD�LV�PDOLJQDQW��WKH�SXUSRVH�RI�WKH�VWXG\ 

ZDV�WR�GLDJQRVH�RUDO�VTXDPRXV�FHOO�FDUFLQRPD�DQG�LWV�SUHFXUVRUV��)RXUWHHQ�OHVLRQV�ZHUH 

H[FOXGHG�GXH�WR�ODFN�RI�D�VXIILFLHQW�TXDOLW\�+50(�LPDJH��)RUW\�QLQH�FOLQLFDOO\�QRUPDO�VLWHV 

LQ����SDWLHQWV�ZHUH�LPDJHG�ZLWK�WKH�$),�DQG�+50(��RI�WKHVH��WKUHH�ZHUH�H[FOXGHG�GXH�WR 

ODFN�RI�D�VXIILFLHQW�TXDOLW\�+50(�LPDJH� 

,Q�VXP��GDWD�IURP�����VLWHV�LQ����SDWLHQWV�ZHUH�DQDO\]HG��LQFOXGLQJ����OHVLRQV�LQ����SDWLHQWV 

DQG����FOLQLFDOO\�QRUPDO�VLWHV�LQ����SDWLHQWV��7DEOH�����7ZHQW\�SHUFHQW�RI�WKH�OHVLRQV�ZHUH 

0RG'\V�����������DQG�����RI�WKH�OHVLRQV�ZHUH�EHQLJQ����������7KH�DQDWRPLF�VLWHV�RI�WKH��� 

RUDO�OHVLRQV�ZHUH��EXFFDO�������GRUVDO�WRQJXH������JLQJLYD������SDODWH������YHQWURODWHUDO�WRQJXH 

������7KH�DQDWRPLF�ORFDWLRQV�RI�WKH����FOLQLFDOO\�QRUPDO�VLWHV�ZHUH��EXFFDO�������GRUVDO 

WRQJXH������JLQJLYD������SDODWH������YHQWURODWHUDO�WRQJXH������ 

5HSUHVHQWDWLYH�6LWHV 

)LJXUH���VKRZV�WKH�LPDJHV�REWDLQHG�IURP�IRXU�UHSUHVHQWDWLYH�VLWHV��7KH�ILUVW�FROXPQ�GHSLFWV 

D�FOLQLFDOO\�QRUPDO�VLWH��)LJXUH��$��ZKLWH�DUURZ��RQ�WKH�ULJKW�EXFFDO�PXFRVD�SRVWHULRU�WR�D 

KLVWRSDWKRORJLFDOO\�GLDJQRVHG�EHQLJQ�ILEURPD��1R�ORVV�RI�IOXRUHVFHQFH�LV�YLVXDOO\�DSSDUHQW 

LQ�WKH�FRUUHVSRQGLQJ�DXWRIOXRUHVFHQFH�LPDJH��)LJXUH��%��ZKHQ�FRPSDULQJ�WKH�VLWH��UHG 

UHFWDQJOH��DQG�WKH�DXWRPDWLFDOO\�VHOHFWHG�QRUPDO�UHJLRQ��JUHHQ�VTXDUH��EDVHG�RQ�WKH 

PDQXDOO\�RXWOLQHG�PXFRVD��JUHHQ�SRO\JRQ���7KH�QRUPDOL]HG�5*�UDWLR�ZDV�������7KH�QXFOHL 

LQ�WKH�+50(�LPDJH��)LJXUH��&��DUH�VPDOO��FLUFXODU��DQG�HYHQO\�VSDFHG��FRQVLVWHQW�ZLWK 

EHQLJQ�HSLWKHOLXP��7KH�1&�UDWLR�ZDV������ 

7KH�VHFRQG�FROXPQ�VKRZV�D�OHVLRQ��)LJXUH��'��RQ�WKH�GRUVDO�WRQJXH�ZLWK�DQ�H[SHUW�FOLQLFLDQ 

FOLQLFDO�LPSUHVVLRQ�RI�³RUDO�PXFRVDO�OHVLRQ��QRW�VXVSLFLRXV�IRU�G\VSODVLD�RU�FDQFHU´��7KH 

OHVLRQ�GRHV�QRW�GHPRQVWUDWH�ORVV�RI�IOXRUHVFHQFH��)LJXUH��(���DQG�WKH�QRUPDOL]HG�5*�UDWLR 

ZDV�������7KH�QXFOHL�LQ�WKH�+50(�LPDJH��)LJXUH��)��DUH�VPDOO�DQG�HYHQO\�VSDFHG��ZLWK�DQ 

1&�UDWLR�RI�������7KH�VLWH�ZDV�GLDJQRVHG�KLVWRSDWKRORJLFDOO\�DV�D�EHQLJQ�ILEURPD�QHJDWLYH 

IRU�VHYHUH�LQIODPPDWLRQ��FRQVLVWHQW�ZLWK�WKH�H[SHUW�FOLQLFLDQ¶V�FOLQLFDO�LPSUHVVLRQ��$),��DQG 

+50(� 

7KH�WKLUG�FROXPQ�VKRZV�D�OHVLRQ��)LJXUH��*��RQ�WKH�ULJKW�EXFFDO�PXFRVD�ZLWK�DQ�H[SHUW 

FOLQLFLDQ�FOLQLFDO�LPSUHVVLRQ�RI�³RUDO�PXFRVDO�OHVLRQ��VXVSLFLRXV�IRU�G\VSODVLD�RU�FDQFHU´�DQG 

YLVLEOH�ORVV�RI�IOXRUHVFHQFH�RQ�WKH�$),�LPDJH��)LJXUH��+���7KH�QRUPDOL]HG�5*�UDWLR�ZDV 

������+RZHYHU��WKH�QXFOHL�RQ�WKH�+50(�LPDJH��)LJXUH��,��DUH�VPDOO�DQG�HYHQO\�VSDFHG�ZLWK 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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DQ�1&�UDWLR�RI�������FRQVLVWHQW�ZLWK�EHQLJQ�PXFRVD��7KH�KLVWRSDWKRORJLF�GLDJQRVLV�ZDV 

OLFKHQRLG�PXFRVLWLV��D�EHQLJQ�OHVLRQ��7KHUHIRUH��WKLV�VLWH�ZDV�D�IDOVH�SRVLWLYH�E\�WKH�H[SHUW 

FOLQLFLDQ¶V�FOLQLFDO�LPSUHVVLRQ�DQG�$),�EXW�ZDV�FRUUHFWO\�GLDJQRVHG�E\�+50(��7KH�OHVLRQ 

ZDV�SRVLWLYH�IRU�VHYHUH�VWURPDO�LQIODPPDWLRQ��FRQVLVWHQW�ZLWK�WKH�K\SRWKHVLV�WKDW 

LQIODPPDWLRQ�LV�DVVRFLDWHG�ZLWK�ORVV�RI�DXWRIOXRUHVFHQFH�OHDGLQJ�WR�IDOVH�SRVLWLYH�UHVXOWV� 

7KH�IRXUWK�FROXPQ�VKRZV�D�OHVLRQ��)LJXUH��-��RQ�WKH�ULJKW�JLQJLYD�ZLWK�DQ�H[SHUW�FOLQLFLDQ 

FOLQLFDO�LPSUHVVLRQ�RI�FDQFHU��7KH�VLWH�LV�ORFDWHG�LQ�WKH�GDUN�UHJLRQ�RI�WKH�DXWRIOXRUHVFHQFH 

LPDJH��)LJXUH��.���LQGLFDWLQJ�ORVV�RI�IOXRUHVFHQFH�FRPSDUHG�WR�WKH�EULJKWHU�QRUPDO�UHJLRQ� 

7KH�QRUPDOL]HG�5*�UDWLR�ZDV�������8QOLNH�WKH�RWKHU�WKUHH�VLWHV��WKH�QXFOHL�LQ�WKH�+50( 

LPDJH��)LJXUH��/��DUH�ODUJH��HFFHQWULF��DQG�LUUHJXODUO\�VSDFHG�ZLWK�DQ�1&�UDWLR�RI������ 

FRQVLVWHQW�ZLWK�0RG'\V���7KH�VLWH�ZDV�KLVWRSDWKRORJLFDOO\�GLDJQRVHG�DV�PRGHUDWHO\ 

GLIIHUHQWLDWHG�VTXDPRXV�FHOO�FDUFLQRPD��FRQVLVWHQW�ZLWK�H[SHUW�FOLQLFLDQ�FOLQLFDO�LPSUHVVLRQ� 

$),��DQG�+50(��7KH�VLWH�ZDV�SRVLWLYH�IRU�VHYHUH�LQIODPPDWLRQ� 

'LDJQRVWLF�3HUIRUPDQFH�RI�,PDJLQJ 

7R�DVVHVV�SHUIRUPDQFH�PRUH�V\VWHPDWLFDOO\��WKH�1&�UDWLR�YV��QRUPDOL]HG�5*�UDWLR�RI�HDFK 

VLWH�ZDV�SORWWHG��)LJXUH��$�%���$�QRUPDOL]HG�5*�UDWLR�WKUHVKROG�RI�������)LJXUH��$��YHUWLFDO 

GRWWHG�OLQH��FRUUHFWO\�GLDJQRVHG�����������������&,�����������RI�0RG'\V��OHVLRQV�DQG 

����������������&,�����������RI�FOLQLFDOO\�QRUPDO�VLWHV��EXW�RQO\�����������������&,� 

���������RI�EHQLJQ�OHVLRQV��7KH�339�DQG�139�IRU�OHVLRQV�ZHUH�����������������&,� 

���������DQG�����������������&,������������UHVSHFWLYHO\��7KH�/5��DQG�/5��ZHUH����� 

�����&,�������������DQG�����������&,��������������UHVSHFWLYHO\��$Q�1&�UDWLR�WKUHVKROG�RI 

������)LJXUH��$��KRUL]RQWDO�GRWWHG�OLQH��FRUUHFWO\�GLDJQRVHG�����������������&,� 

���������RI�0RG'\V��OHVLRQV������������������&,�����������RI�FOLQLFDOO\�QRUPDO�VLWHV� 

DQG�����������������&,�����������RI�EHQLJQ�OHVLRQV��7KH�339�DQG�139�IRU�OHVLRQV�ZHUH 

����������������&,�����������DQG�����������������&,������������UHVSHFWLYHO\��7KH�/5 

��DQG�/5��ZHUH�����������&,�������������DQG�����������&,��������������UHVSHFWLYHO\��7KH 

PXOWLPRGDO�LPDJLQJ�OLQHDU�WKUHVKROG��)LJXUH��$��GLDJRQDO�VROLG�OLQH��LQFRUSRUDWLQJ�ERWK�$), 

DQG�+50(�FRUUHFWO\�GLDJQRVHG�����������������&,�����������RI�0RG'\V��OHVLRQV����� 

������������&,�����������RI�FOLQLFDOO\�QRUPDO�VLWHV��DQG�����������������&,���������� 

RI�EHQLJQ�OHVLRQV��7KH�339�DQG�139�IRU�OHVLRQV�ZHUH�����������������&,�����������DQG 

����������������&,������������UHVSHFWLYHO\��7KH�/5��DQG�/5��ZHUH�����������&,� 

�����������DQG�����������&,��������������UHVSHFWLYHO\��7KH�GLIIHUHQFH�LQ�SHUFHQWDJH�RI 

FRUUHFWO\�FODVVLILHG�EHQLJQ�OHVLRQV�EHWZHHQ�$),�RQO\�DQG�$),�SOXV�+50(�ZDV�VWDWLVWLFDOO\ 

VLJQLILFDQW��S ��������WKH�RWKHU�FRPSDULVRQV�GLG�QRW�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH��7KHVH 

UHVXOWV�DUH�VXPPDUL]HG�LQ�)LJXUHV��&�DQG��'� 

7R�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�D�IDOVH�SRVLWLYH�GLDJQRVLV�DQG�LQIODPPDWLRQ��D�VFDWWHUSORW 

RI�WKH�1&�UDWLR�YV��WKH�QRUPDOL]HG�5*�UDWLR�IRU�WKH�EHQLJQ�OHVLRQV�VWUDWLILHG�E\�LQIODPPDWLRQ 

VWDWXV�LV�VKRZQ�LQ�)LJXUH��%��7KH�WKUHH�PLOG�G\VSODVLD�VLWHV�ZHUH�H[FOXGHG�EHFDXVH�FHOOXODU 

DW\SLD�FRXOG�H[SODLQ�D�VXVSLFLRXV�LPDJLQJ�UHVXOW��1HDUO\�DOO�RI�WKH�EHQLJQ�OHVLRQV�������� 

FRQWDLQHG�VWURPDO�LQIODPPDWLRQ��VR�RQO\�VHYHUH�VWURPDO�LQIODPPDWLRQ���������ZDV 

FRQVLGHUHG�SRVLWLYH��7KH�QRUPDOL]HG�5*�UDWLR�WKUHVKROG�RI�������)LJXUH��%��YHUWLFDO�GDVKHG 

OLQH��FRUUHFWO\�FODVVLILHG�D�ORZHU�SHUFHQWDJH�RI�LQIODPPDWLRQ�SRVLWLYH�EHQLJQ�OHVLRQV������ 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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������WKDQ�LQIODPPDWLRQ�QHJDWLYH�EHQLJQ�OHVLRQV���������������S ��������7KH�1&�UDWLR 

WKUHVKROG�RI���������)LJXUH��%��KRUL]RQWDO�GDVKHG�OLQH��FRUUHFWO\�FODVVLILHG������������RI 

LQIODPPDWLRQ�SRVLWLYH�EHQLJQ�OHVLRQV�DQG�������������RI�LQIODPPDWLRQ�QHJDWLYH�EHQLJQ 

OHVLRQV��S ��������7KH�PXOWLPRGDO�LPDJLQJ�OLQHDU�WKUHVKROG��)LJXUH��%��GLDJRQDO�VROLG�OLQH� 

FRUUHFWO\�FODVVLILHG������������RI�LQIODPPDWLRQ�SRVLWLYH�EHQLJQ�OHVLRQV�DQG�������������RI 

LQIODPPDWLRQ�QHJDWLYH�EHQLJQ�OHVLRQV��S ������� 

&OLQLFDO�,PSUHVVLRQ 

$V�VKRZQ�LQ�)LJXUH����RI�WKH�WKUHH�JURXSV�RI�GHQWLVWV�SURYLGLQJ�FOLQLFDO�LPSUHVVLRQV�RI�WKH��� 

DQDO\]HG�OHVLRQV��WKH�µH[SHUW�FOLQLFLDQ¶�KDG�WKH�KLJKHVW�SHUIRUPDQFH�WR�GLDJQRVH�0RG'\V� 

�$8&� ��������IROORZHG�E\�WKH�WZR�µRWKHU�H[SHUWV¶��PHDQ�$8&�������UDQJH��������������DQG 

WKH����µQRQ�H[SHUWV¶��PHDQ�$8&�������UDQJH������±�������,I�FOLQLFDO�LPSUHVVLRQV� ��ZHUH 

FRQVLGHUHG�0RG'\V���WKH�µH[SHUW�FOLQLFLDQ¶�FRUUHFWO\�GLDJQRVHG������RI�0RG'\V��OHVLRQV 

DQG�����RI�EHQLJQ�OHVLRQV��FRUUHVSRQGLQJ�WR�D�339�RI������139�RI�������/5��RI����� 

�����&,�������WR�������DQG�/5��RI����7KH�µRWKHU�H[SHUWV¶�FRUUHFWO\�GLDJQRVHG������UDQJH� 

���������RI�0RG'\V��OHVLRQV�DQG������UDQJH�����������RI�EHQLJQ�OHVLRQV� 

FRUUHVSRQGLQJ�WR�D�339�RI������UDQJH������������139�RI������UDQJH������������/5��RI 

����������&,�������WR�������DQG�/5��RI�����������&,�������WR��������)LQDOO\��WKH�µQRQ� 

H[SHUWV¶�FRUUHFWO\�GLDJQRVHG������UDQJH������������RI�0RG'\V��OHVLRQV�DQG������UDQJH� 

���������RI�EHQLJQ�OHVLRQV��FRUUHVSRQGLQJ�WR�D�339�RI������UDQJH������������139�RI 

�����UDQJH�������������/5��RI�����������&,�������������DQG�/5��RI�����������&,� 

������������7KHVH�UHVXOWV�DUH�VXPPDUL]HG�LQ�)LJXUH��$�%� 

7KH�$8&�RI�HDFK�RI�WKH����GHQWLVWV�DIWHU�LQFRUSRUDWLQJ�LPDJLQJ�LQIRUPDWLRQ�ZDV�HVWLPDWHG 

XVLQJ�FURVV�YDOLGDWLRQ�RI�N�11�PRGHOV��)LJXUH�����7KH�DGGLWLRQ�RI�WKH�QRUPDOL]HG�5*�UDWLR 

WR�FOLQLFDO�LPSUHVVLRQ�ORZHUHG�WKH�$8&�IRU�DOO�WKUHH�JURXSV��WKH�PHDQ�$8&V�ZHUH����������� 

�UDQJH��������������DQG�������UDQJH�������������S �������IRU�WKH�µH[SHUW�FOLQLFLDQ¶��µRWKHU 

H[SHUWV¶��DQG�µQRQ�H[SHUWV¶��UHVSHFWLYHO\��,Q�FRQWUDVW��WKH�FRPELQDWLRQ�RI�FOLQLFDO�LPSUHVVLRQ� 

WKH�QRUPDOL]HG�5*�UDWLR�IURP�$),��DQG�WKH�1&�UDWLR�IURP�+50(�LQFUHDVHG�WKH�PHDQ�$8& 

RI�DOO�WKUHH�JURXSV��7KH�$8&�RI�WKH�µH[SHUW�FOLQLFLDQ¶�LQFUHDVHG�IURP������WR�������WKH�PHDQ 

$8&�RI�WKH�WZR�µRWKHU�H[SHUWV¶�LQFUHDVHG�IURP������WR�������UDQJH��������������DQG�WKH�PHDQ 

$8&�RI�WKH�WZHQW\�VL[�QRQ�H[SHUWV�LQFUHDVHG�IURP������WR�������UDQJH�������������S��� ��� 

'LVFXVVLRQ 

,Q�WKLV�VWXG\��ZH�H[SORUHG�WKH�GLDJQRVWLF�YDOXH�RI�$),�DQG�+50(�WR�FODVVLI\�G\VSODVWLF�RU 

FDQFHURXV�DQG�EHQLJQ�RUDO�PXFRVDO�OHVLRQV��LQFOXGLQJ�PDQ\�QRQ�23/�FRQIRXQGHU�OHVLRQV��DV 

ZHOO�DV�FOLQLFDOO\�QRUPDO�PXFRVD�LQ�D�ORZ�ULVN�SRSXODWLRQ�W\SLFDO�RI�FRPPXQLW\�GHQWDO 

FOLQLFV��7KHQ��ZH�DVVHVVHG�WKH�SRWHQWLDO�EHQHILW�RI�LPDJLQJ�WR�WKH�FOLQLFDO�LPSUHVVLRQ�RI 

GHQWLVWV�RI�YDULHG�OHYHOV�ZLWK�WUDLQLQJ� 

$),�DFFXUDWHO\�GLDJQRVHG�0RG'\V��OHVLRQV������FRUUHFW��DQG�FOLQLFDOO\�QRUPDO�VLWHV����� 

FRUUHFW���EXW�ZDV�LQHIIHFWLYH�IRU�EHQLJQ�OHVLRQV������FRUUHFW���%HQLJQ�OHVLRQV�ZLWK�VHYHUH 

LQIODPPDWLRQ�ZHUH�VLJQLILFDQWO\�PRUH�OLNHO\�WR�EH�IDOVH�SRVLWLYHV��7KHVH�UHVXOWV�VXJJHVW�WKDW 

$),�FDQ�YLVXDOL]H�RUDO�PXFRVDO�OHVLRQV�EXW�FDQQRW�GLVWLQJXLVK�0RG'\V��OHVLRQV�IURP�EHQLJQ 

OHVLRQV�LQ�WKH�FRPPXQLW\�VHWWLQJ��$FFRUGLQJO\��WKH�9(/VFRSH��/('�'HQWDO��$WODQWD� 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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*HRUJLD���DQ�$),�GHYLFH��LV�)'$�DSSURYHG�WR�³HQKDQFH�WKH�LGHQWLILFDWLRQ�DQG�YLVXDOL]DWLRQ 

RI�RUDO�PXFRVDO�DEQRUPDOLWLHV�WKDW�PD\�QRW�EH�DSSDUHQW�RU�YLVLEOH�WR�WKH�QDNHG�H\H´�EXW�QRW 

WR�SUHGLFW�SDWKRORJ\�>��@� 

7KH�+50(�ZDV�PRUH�DFFXUDWH�WKDQ�$),��FRUUHFWO\�GLDJQRVLQJ�����RI�0RG'\V��OHVLRQV� 

����RI�FOLQLFDOO\�QRUPDO�VLWHV��DQG�����RI�EHQLJQ�OHVLRQV��DOWKRXJK�WKH�GLIIHUHQFHV�ZHUH�QRW 

VWDWLVWLFDOO\�VLJQLILFDQW��,W�LV�XQFOHDU�ZK\�WKH�DFFXUDF\�ZDV�ORZHU�IRU�EHQLJQ�OHVLRQV�WKDQ�IRU 

FOLQLFDOO\�QRUPDO�VLWHV��8QOLNH�$),��VHYHUH�VWURPDO�LQIODPPDWLRQ�GLG�QRW�VLJQLILFDQWO\�DIIHFW 

WKH�IDOVH�SRVLWLYH�UDWH�RI�EHQLJQ�OHVLRQV��7KH�FRPELQDWLRQ�RI�+50(�DQG�$),��³PXOWLPRGDO 

LPDJLQJ´��LPSURYHG�WKH�GLDJQRVWLF�DELOLW\�RI�HLWKHU�PRGDOLW\�DORQH��FRUUHFWO\�GLDJQRVLQJ 

����RI�0RG'\V��OHVLRQV������RI�FOLQLFDOO\�QRUPDO�VLWHV��DQG�����RI�EHQLJQ�OHVLRQV��7KH 

LQFUHDVH�LQ�SHUIRUPDQFH�IRU�EHQLJQ�OHVLRQV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�FRPSDUHG�WR�$), 

DORQH� 

:H�DOVR�VXUYH\HG�GHQWLVWV�RI�YDULHG�WUDLQLQJ�OHYHOV�WR�DVVHVV�WKHLU�DELOLW\�WR�GLVWLQJXLVK 

0RG'\V��OHVLRQV�IURP�EHQLJQ�OHVLRQV��7KH�RUDO�SDWKRORJLVW�WUHDWLQJ�WKH�SDWLHQW�KDG�WKH 

KLJKHVW�SHUIRUPDQFH��$8&� ��������IROORZHG�E\�WKH�WZR�VSHFLDOLVWV��$8&� �������DQG�WKH��� 

GHQWDO�UHVLGHQWV��$8&� �������YLHZLQJ�ZKLWH�OLJKW�LPDJHV�RI�WKH�OHVLRQV��,Q�D�JHQHUDO 

SUDFWLFH�VHWWLQJ��RUDO�OHVLRQV�DUH�LGHDOO\�HYDOXDWHG�ZLWK�KLJK�139��EXW�QRW�DW�WKH�H[SHQVH�RI 

DQ�H[FHVVLYHO\�ORZ�339��$W�WKLV�RSHUDWLQJ�SRLQW��WKH�GHQWDO�UHVLGHQWV�KDG�ZRUVH�139����� 

YV��������339������YV��������/5��������YV���������DQG�/5��������YV��������WKDQ�$),�DQG 

+50(�FRPELQHG��DOWKRXJK�WKHVH�YDOXHV�ZHUH�ZLWKLQ�WKH�����FRQILGHQFH�LQWHUYDOV�IRU 

PXOWLPRGDO�LPDJLQJ��7KH�ODUJH�UDQJHV�LQ�$8&��������������VHQVLWLYLW\������������ 

VSHFLILFLW\������������339������������DQG�139������������RI�WKH�GHQWDO�UHVLGHQWV��D 

SRSXODWLRQ�ZLWK�WUDLQLQJ�VLPLODU�WR�*'3V��KLJKOLJKWV�WKH�SRWHQWLDO�EHQHILW�RI�DXWRPDWHG 

DOJRULWKPV�WR�UHGXFH�YDULDWLRQ� 

)LQDOO\��ZH�DVVHVVHG�WKH�LPSDFW�RI�DGGLQJ�LPDJLQJ�LQIRUPDWLRQ�WR�FOLQLFDO�LPSUHVVLRQ��7KH 

DGGLWLRQ�RI�$),�WR�FOLQLFDO�LPSUHVVLRQ�VOLJKWO\�GHFUHDVHG�WKH�$8&�RI�WKH�H[SHUW�FOLQLFLDQ� 

RWKHU�VSHFLDOLVWV��DQG�GHQWDO�UHVLGHQWV��7KLV�GHFUHDVH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�WKH 

GHQWDO�UHVLGHQWV��LQGLFDWLQJ�WKDW�$),�GRHV�QRW�SURYLGH�GLDJQRVWLF�LQIRUPDWLRQ�KHOSIXO�WR 

*'3V�IRU�WKLV�SRSXODWLRQ��2Q�WKH�RWKHU�KDQG��WKH�DGGLWLRQ�RI�+50(�DQG�$),�WR�FOLQLFDO 

LPSUHVVLRQ�LPSURYHG�WKH�$8&�RI�DOO�WKUHH�JURXSV��ZLWK�WKH�LQFUHDVH�IRU�GHQWDO�UHVLGHQWV 

EHLQJ�VWDWLVWLFDOO\�VLJQLILFDQW��7KHVH�UHVXOWV�LQGLFDWH�WKDW�+50(�SURYLGHV�LQIRUPDWLRQ 

XQDYDLODEOH�WKURXJK�YLVXDO�DVVHVVPHQW� 

3UHYLRXV�VWXGLHV�RI�WKHVH�LPDJLQJ�PRGDOLWLHV�LQ�KLJK�ULVN�VXUJLFDO�SDWLHQWV�DW�0'�$QGHUVRQ 

&DQFHU�&HQWHU�IRXQG�WKDW�$),�SURYLGHG�VLJQLILFDQW�GLDJQRVWLF�YDOXH�LQ�WKDW�VHWWLQJ�>�����@� 

7KH�SDWLHQWV�LQ�WKLV�VWXG\�ZHUH�IURP�D�FRPPXQLW\�GHQWDO�FOLQLF�DW�876'�+RXVWRQ�DQG�UHIOHFW 

WKH�ORZ�ULVN�SDWLHQWV�SUHVHQWLQJ�WR�FRPPXQLW\�GHQWLVWV��LQFOXGLQJ�D�GLYHUVH�DUUD\�RI�QRQ�23/ 

RUDO�PXFRVDO�OHVLRQV��7KH�GLIIHUHQFH�LQ�$),¶V�SHUIRUPDQFH�EHWZHHQ�WKH�WZR�VHWWLQJV 

XQGHUVFRUHV�WKH�LPSRUWDQFH�RI�VWXG\LQJ�GLDJQRVWLF�DGMXQFWV�LQ�D�YDULHW\�RI�SRSXODWLRQV� 

2YHUDOO��RXU�UHVXOWV�SRLQW�WR�WKH�SRWHQWLDO�YDOXH�RI�$),�DQG�+50(�WR�*'3V��2QO\����RI�WKH 

���ELRSVLHG�OHVLRQV�ZHUH�0RG'\V���WKH�RWKHU����ELRSVLHV�ZHUH�WKHRUHWLFDOO\�XQQHFHVVDU\� 

$),�DQG�+50(�FRXOG�KHOS�UHGXFH�WKHVH�XQQHFHVVDU\�ELRSVLHV��DQG�LGHQWLI\�0RG'\V��LQ 

&DQFHU�3UHY�5HV��3KLOD���$XWKRU�PDQXVFULSW� 
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OHVLRQV�WKDW�ZRXOG�QRW�KDYH�EHHQ�ELRSVLHG��,Q�WKH�86��D�W\SLFDO�ELRSV\�FRVWV�VHYHUDO�KXQGUHG 

GROODUV��:LWK�D�RQH�WLPH�LQVWUXPHQWDWLRQ�FRVW�RI�D�IHZ�WKRXVDQG�GROODUV��FRVW�VDYLQJV�FRXOG 

EH�DFKLHYHG�TXLFNO\�E\�UHGXFLQJ�WKH�QXPEHU�RI�XQQHFHVVDU\�ELRSVLHV��,PSURYHG�HDUO\ 

GLDJQRVLV�FRXOG�DOVR�OHDG�WR�VLJQLILFDQW�FRVW�VDYLQJV��2WKHU�SRWHQWLDO�EHQHILWV�LQFOXGH�ELRSV\ 

VLWH�JXLGDQFH�DQG�LPSURYHG�VXUYHLOODQFH��,Q�SUDFWLFH��*'3V�FDQ�LQWHUSUHW�+50(�LPDJHV 

VXEMHFWLYHO\�DQG�RU�REMHFWLYHO\�ZLWK�DXWRPDWHG�DOJRULWKPV��7ZR�VWXGLHV�KDYH�IRXQG�WKDW 

QRQ�SDWKRORJLVWV�FDQ�DFFXUDWHO\�GLVWLQJXLVK�+50(�LPDJHV�RI�FDQFHURXV�WLVVXH�IURP�EHQLJQ 

WLVVXH�ZLWK�KLJK�LQWHU�UDWHU�DJUHHPHQW�DQG�OLWWOH�WUDLQLQJ�>�����@��$OWKRXJK�ORZ�TXDOLW\ 

LPDJHV�DQG�G\VSODVLD�LPDJHV�ZHUH�H[FOXGHG�IURP�ERWK�VWXGLHV��WKH\�VXJJHVW�WKDW�*'3V 

FRXOG�OHDUQ�WKH�IXQGDPHQWDOV�RI�VXEMHFWLYH�+50(�LPDJH�LQWHUSUHWDWLRQ��7KH�SHUIRUPDQFH 

PHWULFV�LQ�WKLV�VWXG\�ZHUH�EDVHG�RQ�REMHFWLYH�DOJRULWKPV��HVWDEOLVKLQJ�WKHLU�IHDVLELOLW\�LQ�WKLV 
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