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6KRUW� UDQJH� VWUXFWXUDO�RUGHU� LV�QRZ�ZHOO� NQRZQ� LQ� VLOLFD�JODVV��EXW�D� ORW�RI� LQYHVWLJDWLRQV�DUH� VWLOO� LQ�

SURJUHVV� WR� FKDUDFWHULVH� DQG� XQGHUVWDQG� PHGLXP� UDQJH� RUGHU�� +HUH�� ZH� LQYHVWLJDWH� E\� DWRPLF� IRUFH�

PLFURVFRS\� �$)0�� WKH� PRUSKRORJ\� RI� IUHVKO\� FOHDYHG� VXUIDFHV� RI� *H�GRSHG� VLOLFD� RSWLFDO� ILEHUV�� 7KH�

FRPSDUDWLYH�VWXG\�RI�WKH�FRUH�DQG�WKH�FODGGLQJ�VKRZV�WKDW�PHDVXUHPHQWV�DUH�VHQVLWLYH�WR�*H�GRSLQJ��7KLV�

VHQVLWLYLW\� GHSHQGV� RQ� WKH� LPDJLQJ� HQYLURQPHQW� DQG� PRGH�� :H� FDUU\� RXW� LQYHVWLJDWLRQV�� GRZQ� WR� WKH�

QDQRPHWULF�VFDOH��LQ�DLU�DQG�OLTXLG�ZLWK�ERWK�FRQWDFW��WRSRJUDSK\��IULFWLRQ��DQG�WDSSLQJ�PRGHV��

,QWURGXFWLRQ�

,Q�VLOLFD�RSWLFDO�ILEHUV�*H�GRSLQJ�LV�XVHG�WR�LQFUHDVH�WKH�UHIUDFWLYH�LQGH[�RI�WKH�FRUH�ZKLFK�
FRQVWLWXWHV��WKH�JXLGLQJ�SDUW�RI�WKH�ILEHU��2QH�H[SHFWV�WKDW�*H�GRSLQJ�PRGLILHV�WKH�LQWULQVLF�
LQKRPRJHQHLWLHV� LQ� WKH�JODVV�VWUXFWXUH�DW�PHGLXP� OHQJWK�VFDOH��7KHVH� LQKRPRJHQHLWLHV�PD\�
KDYH� VHYHUDO� RULJLQV� VXFK� DV�� IRU� LQVWDQFH�� IUR]HQ�LQ� GHQVLW\� IOXFWXDWLRQV�� FRPSRVLWLRQDO�
IOXFWXDWLRQV� RU�PLFURVFRSLF� LQWULQVLF� VWUHVVHV�ZKLFK� DUH� SRVWXODWHG� WR� H[LVW� LQ� WRSRORJLFDOO\�
GLVRUGHUHG� VWUXFWXUHV�� 7KH\� DUH� H[SHFWHG� WR� EH� RI� WKH� RUGHU� RI� IHZ� QDQRPHWHUV�� $W� WKLV�
OHQJWK�VFDOH��$)0�KDV�HPHUJHG�DV�DQ�DSSURSULDWH�WRRO�IRU�SURELQJ�WKH�ORFDO�FKDUDFWHULVWLFV�RI�
R[LGH�JODVVHV������+HUH��ZH�LQYHVWLJDWH�E\�$)0�WKH�VXUIDFH�SURSHUWLHV�RI�ILEHU�FURVV�VHFWLRQV�
FDUHIXOO\�FOHDYHG�ZLWK�D�GLDPRQG��7KH�DWRPLF�IRUFH�PLFURVFRSH�LV�XVHG�XQGHU�ERWK�WDSSLQJ�
PRGH� DQG� FRQWDFW�PRGH�� ,Q� DGGLWLRQ� WR� WKH� XVXDO� WRSRJUDSKLF� LPDJHV�� ZH� UHFRUG� LPDJHV�
UHSUHVHQWLQJ�WKH�VXUIDFH�IULFWLRQ�EHKDYLRU��XVLQJ�WKH�ODWHUDO�IRUFH�VLJQDO�XQGHU�FRQWDFW�PRGH��
DQG�WKH�DGKHVLRQ�IRUFHV��XVLQJ�WKH�SKDVH�VLJQDO�XQGHU�WDSSLQJ�PRGH���$W�ILUVW��ZH�FRPSDUH�
WKH� VHQVLWLYLW\� RI� WKHVH� GLIIHUHQW�PRGHV� WR� WKH�*H�GRSLQJ� E\� UHFRUGLQJ� ODUJH�VFDOH� LPDJHV�
LQFOXGLQJ� ERWK� WKH� FRUH� DQG� WKH� FODGGLQJ� RI� WKH� ILEHUV�� 7KHQ�� ���� QP�ZLGH� LPDJHV� DUH�
DFKLHYHG�WR�VWXG\�VPDOO�OHQJWK�VFDOH�SURSHUWLHV�RI�WKH�IUDFWXUH�VXUIDFH��

([SHULPHQWDO�GHWDLOV�

7ZR� ILEHUV� RI� GLIIHUHQW�*H�FRQFHQWUDWLRQ� KDYH� EHHQ� VWXGLHG�� )LJ�� �� VKRZV� WKHLU� VLPSOLVWLF�
UHIUDFWLYH� LQGH[�SURILOH��+HUHDIWHU�� WKH� ILEHUV� DUH� ODEHOOHG�E\� WKH� VWHS�RI� LQGH[�EHWZHHQ� WKH�
FRUH�DQG�WKH�FODGGLQJ��7KH�)���ILEHU�KDV�WKH�JUHDWHVW�JHUPDQLXP�FRQFHQWUDWLRQ�DQG��DQ�LQQHU�
FODGGLQJ� GRSHG� ZLWK� IOXRU�� )�GRSLQJ� LV� XVHG� WR� GHFUHDVH� WKH� UHIUDFWLYH� LQGH[�� )LEHUV� DUH�
FOHDYHG�ZLWK�D�FXWWLQJ�WRRO�SURGXFLQJ�D�´PLUURUµ�UHJLRQ�DOO�RYHU�WKH�VXUIDFH�DV�VKRZQ�LQ�)LJ��
���1RWH� WKDW� WKH� FUDFN� IURQW�SURSDJDWHV� IURP� WKH� GHIHFW� FOHDUO\� YLVLEOH�RQ� WKH� HGJH�RI� WKH�
ILEHU�� )UHVKO\� FOHDYHG� VXUIDFHV�ZHUH� LPDJHG� XQGHU� DPELHQW� FRQGLWLRQV� XVLQJ� D�1DQRVFRSH�
,,,D��'LPHQVLRQ� ����� IURP�'LJLWDO� ,QVWUXPHQWV�� XVLQJ� VWDQGDUG� VLOLFRQ� WLSV� XQGHU� WDSSLQJ�
PRGH�DQG�VWDQGDUG�6L�1��WLSV�XQGHU�FRQWDFW�PRGH���
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)LUVW FODGGLQJ

6HFRQG FODGGLQJ
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)LJXUH�����VFKHPDWLF�SORW�RI�WKH�UDGLDO�SURILOH�RI�UHIUDFWLYH�LQGH[�RI�WKH�WZR�VWXGLHG�ILEHUV��

)���OHIW��DQG�)����ULJKW���

�

)LJXUH�����W\SLFDO�YLHZ�RI�RQH�)���ILEHU�FURVV�VHFWLRQ�ZLWK�DQ�RSWLFDO�PLFURVFRSH��7KH�

RXWHU�GLDPHWHU�RI�WKH�ILEHU�LV������P��

$)0�LQYHVWLJDWLRQV�DW�PLFURPHWULF�OHQJWK�VFDOH�

7RSRJUDSK\�REVHUYDWLRQV�

7\SLFDO� LPDJHV� RI� WKH� IUDFWXUH� VXUIDFH� WRSRJUDSK\� DURXQG� WKH� FRUH� DQG� WKH� FODGGLQJ� DUH�
VKRZQ� LQ�)LJ�����7KH� LPDJHV�DUH�YHU\�VLPLODU�XVLQJ�HLWKHU� WKH� WDSSLQJ�PRGH�RU� WKH�FRQWDFW�
PRGH��2QH�REVHUYHV�FOHDUO\�D�TXLWH�VWURQJ�FRQWUDVW�EHWZHHQ�WKH�FRUH�� WKH�FODGGLQJ�DQG�WKH�
VXSSRUWLQJ� WXEH�� )RU� ERWK� ILEHUV�� WKH� FODGGLQJ� DSSHDUV� DERYH� WKH� PHDQ� OHYHO� RI� WKH�
VXSSRUWLQJ� WXEH� DQG� WKH� FRUH� IRUPV� D� GHSUHVVLRQ� DW� WKH� FHQWUH�� ,W� LV�ZHOO� NQRZQ� WKDW� WKLV�
WRSRJUDSK\�RULJLQDWHV�LQ�WKH�UHOHDVH��LQ�WKH�SODQH�RI�WKH�IUDFWXUH��RI�UHVLGXDO�LQWHUQDO�VWUHVVHV�
VWRUHG�LQ�WKH�ILEHU����7KH�VWUHVV�ILHOG�LV�LQ�SDUW�SURGXFHG�E\�WKH�UDGLDO�YDULDWLRQ�RI�H[SDQVLRQ�
FRHIILFLHQW� RFFXUULQJ� LQ� WKH� ILEHU� GXH� WR� WKH� UDGLDO� YDULDWLRQ� RI� JODVV� FRPSRVLWLRQ�� 7KH�
FODGGLQJ� LV�JHQHUDOO\�XQGHU�FRPSUHVVLYH�VWUHVV�ZKHUHDV�WKH�FRUH� LV�XQGHU�WHQVLOH�VWUHVV��7KH�
FKDUDFWHULVWLF� GLDPHWHUV� RI� WKH� GLIIHUHQW� UHJLRQV� UHYHDOHG� LQ� WKHVH� PHDVXUHPHQWV� DUH� LQ�
DJUHHPHQW�ZLWK�WKRVH�GHGXFHG�IURP�WKH� LQGH[�SURILOH��2QH�QRWHV� LQ�)LJ����WKH�SUHVHQFH�RI�
XQZDQWHG�ZDYHV�DOO�RYHU�WKH�IUDFWXUH�VXUIDFH�ZKLFK�VOLJKWO\�GLVWRUW�WKH�FKDUDFWHULVWLF�SURILOH���
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)LJXUH�����W\SLFDO�ODUJH�OHQJWK�VFDOH�WRSRJUDSK\�PHDVXUHPHQWV�RI�)���OHIW��DQG�)����ULJKW��

ILEHUV�XQGHU�FRQWDFW�PRGH��7KH�ILUVW�FODGGLQJ�RI�)��ILEHU�LV�FOHDUO\�YLVLEOH�DERYH�WKH�PHDQ�

OHYHO�RI�WKH�LPDJH��,WV�GLDPHWHU�PDWFKHV�WKH�RQH�GHGXFHG�IURP�LQGH[�SURILOH��∼����µP���
7KH�ILUVW�DQG�WKH�VHFRQG�FODGGLQJ�RI�)���ILEHU�DUH�LQGLVWLQJXLVKDEOH��ERWK�DSSHDULQJ�DERYH�

WKH�PHDQ�OHYHO�RI�WKH�LPDJH��)RU�ERWK�ILEHUV��WKH�FRUH�DSSHDUV�DV�D�GHSUHVVLRQ�DW�WKH�

FHQWUH��7KLV�GHSUHVVLRQ�LV�QHDUO\����QP�GHHS�LQ�)���ILEHU�DV�VHHQ�RQ�WKH�SURILOH�H[WUDFWHG�

IURP�WKH�WRSRJUDSKLFDO�LPDJH�RI�)����ERWWRP���

)ULFWLRQ�PDSSLQJ�

%HVLGHV� WKH�RUGLQDU\� WRSRJUDSKLFDO� VLJQDO� �UHVXOWLQJ� IURP�QRUPDO� IRUFH� IOXFWXDWLRQV��� ODWHUDO�
IRUFH� IOXFWXDWLRQV� FDQ� EH� VLPXOWDQHRXVO\� UHFRUGHG� RQ� WKH� VDPH� DUHD�� ,W� DOORZV� WR� LPDJH�
IULFWLRQDO� SURSHUWLHV� RI� WKH� IUDFWXUH� VXUIDFHV�� )LJ�� �� VKRZV� VXFK� LPDJHV� VLPXOWDQHRXVO\�
UHJLVWHUHG�ZLWK�WKRVH�RI�)LJ�����$�TXLWH�VWURQJ�FRQWUDVW�LV�FOHDUO\�HYLGHQFHG�EHWZHHQ�WKH�FRUH�
DQG� WKH�FODGGLQJ�ZKLFK�FDQ�EH�XQDPELJXRXVO\� DWWULEXWHG� WR�YDULDWLRQ� LQ�*H�FRQFHQWUDWLRQ��
$Q�DFFXUDWH�PHDVXUHPHQW�RI�WKH�FRUH�GLDPHWHU�LV�WKHQ�SRVVLEOH��0RUHRYHU��D�ZHDN�FRQWUDVW�LV�
REVHUYHG�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�FODGGLQJ�DQG�WKH�VXSSRUWLQJ�WXEH�ZKLFK�DOVR�DOORZV�LWV�
GLDPHWHU�GHWHUPLQDWLRQ��$OWKRXJK�WKLV�IULFWLRQDO�VLJQDO�LV�QRW�TXDQWLWDWLYHO\�XQGHUVWRRG��RQH�
NQRZV�WKDW�LW�GLUHFWO\�UHODWHV�WR�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VXUIDFH��,WV�DPSOLWXGH�FDQ�EH�
HQKDQFHG�RU�GHFUHDVHG�E\�YDU\LQJ�WKH�H[SHULPHQWDO�HQYLURQPHQW��)RU�H[DPSOH��WKH�IULFWLRQDO�
FRQWUDVW� REVHUYHG� EHWZHHQ� WKH� FRUH� DQG� WKH� FODGGLQJ� RI� )�� ILEHU� XQGHU� DLU� HQYLURQPHQW�
FRPSOHWHO\�GLVDSSHDUV�XQGHU�DTXHRXV�HOHFWURO\WH�RI�S+�a����
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)LJXUH�����W\SLFDO�IULFWLRQDO�LPDJHV�RI�)���OHIW��DQG�)����ULJKW��ILEHUV��2QH�FDQ�HDVLO\�

UHFRJQLVH�WKH�FRUH�RI�HDFK�ILEHU��7KHLU�GLDPHWHU�QLFHO\�FRLQFLGHV�ZLWK�WKDW�VKRZQ�RQ�WKH�

LQGH[�SURILOH�SORW�RI�)LJ�����

3KDVH�LPDJLQJ�

)LQDOO\�� WKH� SKDVH� RI� WKH� FDQWLOHYHU� RVFLOODWLRQ� XQGHU� WDSSLQJ� PRGH� FDQ� EH� UHFRUGHG�
VLPXOWDQHRXVO\� ZLWK� WKH� WRSRJUDSKLFDO� LPDJH�� 7KH� SKDVH� VLJQDO� UHODWHV� WR� WKH� GLVVLSDWLRQ�
HQHUJ\�DVVRFLDWHG�WR�WKH�WLS�VDPSOH�FRQWDFW��,W�PD\�YDU\�ZLWK�PDQ\�SURSHUWLHV�RI�WKH�VXUIDFH�
VXFK� DV� IRU� LQVWDQFH� WKH� DGKHVLYH� RU� WKH� IULFWLRQDO� SURSHUWLHV�� $V� VKRZQ� LQ� )LJ�� ��� WKH�
DPSOLWXGH�RI� WKH�SKDVH� VLJQDO� LV�KLJKO\� VHQVLWLYH� WR� WKH� VXUIDFH�FKHPLFDO� FRPSRVLWLRQ��7KH�
SKDVH� LPDJH�RI�)��� ILEHU� LQ�)LJ�� ��KLJKOLJKWV� WKH� H[LVWHQFH�RI� WZR� UHJLRQV� LQVLGH� WKH� FRUH�
LWVHOI� SUREDEO\� UHODWHG� WR� GLIIHUHQW� *H�FRQFHQWUDWLRQ�� ZKLFK� ZHUH� QRW� PHQWLRQHG� E\� WKH�
PDQXIDFWXUHU��
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)LJXUH�����W\SLFDO�SKDVH�LPDJHV�UHFRUGHG�XQGHU�WDSSLQJ�PRGH�RQ�)���OHIW��DQG�RQ�

)����ULJKW��ILEHUV��

QDQRPHWUH�VFDOH�LQYHVWLJDWLRQV�

:H�DFTXLUHG�����QP�ZLGH� DQG�����QP�ZLGH� LPDJHV�ERWK� LQVLGH� WKH� FRUH� DQG� WKH� FODGGLQJ�
UHJLRQV�RI�WKH�)��DQG�)���ILEHUV��$OO�VXUIDFHV�H[KLELW�D�VLPLODU�QDQRVFDOH�JUDQXODU�VWUXFWXUH�LQ�
WRSRJUDSK\��+RZHYHU��RQH�VKRXOG�UHPLQG�WKDW�WKH�VSDWLDO�UHVROXWLRQ�LV�OLPLWHG�E\�WKH�VKDSH�



DQG�WKH�VL]H�RI�WKH�WLS��7KH�DYHUDJH�ODWHUDO�GLPHQVLRQ�RI�WKH�KLOORFNV�PHDVXUHG�ZLWK�6L�1��WLSV�
XQGHU� FRQWDFW�PRGH� LV� LQGHHG�PRUH� WKDQ� WZLFH� DV� ODUJH� DV� WKDW� REVHUYHG�ZLWK� VLOLFRQ� WLSV�
�a��������� QP�� XVLQJ� WKH� WDSSLQJ� PRGH�� 7KH� FDOFXODWHG� SRZHU� VSHFWUDO� GHQVLW\� FXUYHV� RI�
WKHVH�LPDJHV�DUH�YHU\�VLPLODU�ZKHQ�PRYLQJ�IURP�WKH�FRUH�WR�WKH�FODGGLQJ�RI�WKH�ILEHUV��:H�
FDQ� GHGXFH� IURP� WKHVH� REVHUYDWLRQV� WKDW� WKH� XOWLPDWH� QDQRVFDOH� VWUXFWXUH� RI� WKH� FOHDYHG�
VXUIDFHV� LV� XQIRUWXQDWHO\� QRW� UHVROYHG� VR� ZH� GR� QRW� OHDUQ� PXFK� RI� LQIRUPDWLRQ� DW� WKH�
QDQRPHWUH�VFDOH��)LQHU�WLSV�VKRXOG�EH�WHVWHG��

&RQFOXVLRQ�

:H�KDYH�VKRZQ�WKH�UHOHYDQFH�RI�$)0�PHDVXUHPHQWV�WR�FRQWURO�WKH�PRUSKRORJ\�RI�ERWK�WKH�
FRUH�DQG�WKH�FODGGLQJ�RI�*H�GRSHG�VLOLFD�RSWLFDO�ILEHUV��+RZHYHU��REWDLQHG�UHVXOWV�DUH�PDLQO\�
TXDOLWDWLYH�� 7KH� SKDVH� VLJQDO� XQGHU� WDSSLQJ� PRGH� DQG� WKH� IULFWLRQDO� VLJQDO� XQGHU� FRQWDFW�
PRGH� DUH� KLJKO\� VHQVLWLYH� WR� YDULDWLRQ� LQ� FKHPLFDO� FRPSRVLWLRQ�� 7KH� DPSOLWXGH� RI� WKHVH�
VLJQDOV� FRXOG�EH�PRQLWRUHG�E\�RSHUDWLQJ�XQGHU�FRQWUROOHG�HQYLURQPHQW��$W� WKH�QDQRPHWUH�
VFDOH�� WKH� GLIIHUHQW� UHJLRQV� RI� WKH� ILEHUV� DUH� LQGLVWLQJXLVKDEOH� VLQFH� WKH� VWDQGDUG� 6L�WLSV� RI�
UDGLXV�a����QP�GR�QRW�DOORZ�WR�UHVROYH�WKH�LQWULQVLF�QDQRVWUXFWXUH�RI�WKH�VXUIDFHV��

�

$FNQRZOHGJPHQW�

7KH�DXWKRUV�DUH�LQGHEWHG�WR�0��5DPRQGD��/DERUDWRLUH�GH�0LFURVFRSLH�HQ�&KDPS�3URFKH��
0RQWSHOOLHU��)UDQFH��IRU�KLV�FRQWULEXWLRQ�WR�$)0�PHDVXUHPHQWV��

�������������������������������������������������

��$UULEDUW�+��DQG�$EULRX�'���&HUDPLFV�6LOLNDW\�����S��������������

��5lGOHLQ�(�DQG�)ULVFKDW�*�+���-RXUQDO�RI�1RQ�&U\VWDOOLQH�6ROLGV������S�������������

��3RXPHOOHF�%���*XpQRW�3���1DGMR�5���.HLWD�%��DQG�1LFRODUGRW�0���-RXUQDO�RI�/LJKWZDYH�

WHFKQRORJ\�����S���������������
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