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$EVWUDFW��
�
7KH� VFRSH� RI� WKLV� UHYLHZ� LV� WR� GLVFXVV� JOXFRVH�
KRPHRVWDVLV� LQ� PLQN� XQGHU� YDU\LQJ� GLHWDU\�
FRQGLWLRQV� DQG� LQ� UHODWLRQ� WR� SUHJQDQF\� DQG�
ODFWDWLRQ���
�
$V� D� UHVXOW�RI� HYROXWLRQDU\�DGDSWDWLRQ� WR�GLHWV�
ZKLFK�DUH�ORZ�LQ�FDUERK\GUDWHV��FDUQLYRUHV�KDYH�
KLJKHU�DFWLYLWLHV�RI�JOXFRQHRJHQLF�HQ]\PHV�WKDQ�
RPQLYRUHV�� 7KH� DFWLYLW\� RI� OLYHU� HQ]\PHV�
LQYROYHG� LQ� DPLQR�DFLG� FDWDEROLVP� LV�KLJK�DQG�
XQDIIHFWHG�E\�GLHWDU\�SURWHLQ�OHYHO�LQ�FDUQLYRUHV��
)XUWKHUPRUH��WKH�DFWLYLW\�RI�WKHVH�HQ]\PHV�LV�WKH�
VDPH�LQ�WKH�IHG�DQG�IDVWHG�VWDWHV��7KLV�HQDEOHV�WKH�
FDUQLYRURXV�VSHFLHV�FDWV�DQG�PLQN�WR�V\QWKHVLVH�
VXIILFLHQW�JOXFRVH�SULPDULO\�EDVHG�RQ�DPLQR�DFLGV�
WR�DOORZ�JOXFRVH�XWLOLVDWLRQ�ERWK�LQ�WKH�IHG�DQG�
WKH� IDVWHG� VWDWHV��0LQN�DQG�GRJV� FDQ�PDLQWDLQ�
JOXFRVH�KRPHRVWDVLV�ZKHQ�IHG�FDUERK\GUDWH�IUHH�
GLHWV�GXULQJ�SUHJQDQF\�DQG�ODFWDWLRQ��+RZHYHU��
WKLV� LV�QRW�WKH�FDVH�ZKHQ�WKHUH� LV�D�VKRUWDJH�RI�
JOXFRQHRJHQLF�SUHFXUVRUV��)XUWKHUPRUH��PLQN�DUH�
DEOH� WR� VWRUH� H[FHVV� JOXFRVH� LQ� WKH� IRUP� RI�
JO\FRJHQ�� ZKLFK� LQGLFDWHV� WKDW� WKH� ULVN� RI�
RYHUORDGLQJ� PLQN� ZLWK� JOXFRVH� XQGHU� IDUPHG�
FRQGLWLRQV�LV�ORZ���
�

.H\ZRUGV�� &DUQLYRURXV�� JOXFDJRQ��
JOXFRQHRJHQHVLV�� JO\FRO\VLV�� LQVXOLQ��
UHTXLUHPHQW��
�
�
$EEUHYLDWLRQV�� $/$7�� DODQLQH���R[RJOXWDUDWH�
DPLQRWUDQVIHUDVH�� $6$7�� DVSDUWDWH���
R[RJOXWDUDWH� DPLQRWUDQVIHUDVH�� '(�� GLJHVWLEOH�
HQHUJ\�� '0�� GU\� PDWWHU�� )%3DVH�� IUXFWRVH�����
GLSKRVSKDWDVH��*,'+��JOXWDPDWH�GHK\GURJHQDVH��
*/3����JOXFDJRQ�OLNH�SHSWLGH����*�3DVH��JOXFRVH�
��SKRVSKDWDVH��*6�� JO\FRJHQ� V\QWKHWDVH�� /'+��
ODFWDWH� R[LGRUHGXFWDVH�� 0(�� PHWDEROLVDEOH�
HQHUJ\�� 3&�� S\UXYDWH� FDUER[\ODVH�� 3(3&.��
SKRVSKRHQROS\UXYDWH� FDUER[\NLQDVH�� 3).���
SKRVSKRIUXFWRNLQDVH���3.��S\UXYDWH�NLQDVH��
�
,QWURGXFWLRQ�
�
7KH�PLQN�LV�D�FDUQLYRURXV�VSHFLHV�EHORQJLQJ�WR�
WKH� PDUWHQ� IDPLO\� �0XVWHOLGDH��� ,Q� LWV� QDWXUDO�
KDELWDW�LW�FRQVXPHV�PDLQO\�PDPPDOV��ELUGV�DQG�
ILVK�DQG�WKHUHIRUH�LWV�QDWXUDO�GLHW�LV�ULFK�LQ�DQLPDO�
SURWHLQ� DQG� IDW� ZKHUHDV� LW� LV� ORZ� LQ�
FDUERK\GUDWHV��'XULQJ�HYROXWLRQ�WKLV�KDV�UHVXOWHG�
LQ�D�YHU\�VLPSOH�GLJHVWLYH�WUDFW�ZLWK�ORZ�DFWLYLWLHV�
RI�WKH�FDUERK\GUDWH�GLJHVWLYH�HQ]\PHV��6DQJLOG�	�
(OQLI����������
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'XH�WR�WKH�ORZ�GLHWDU\�LQWDNH�RI�FDUERK\GUDWHV��
WKH�JOXFRVH�GHPDQG�RI�WKH�PLQN�KDV�WR�D�ODUJH�
H[WHQW�WR�EH�FRYHUHG�E\�GH�QRYR�JOXFRVH�V\QWKHVLV��
,W� KDV� EHHQ� VKRZQ� WKDW� IHPDOHV� QXUVLQJ� �� NLWV�
KDYH�WR�FRYHU�DSSUR[LPDWHO\�����RI�WKHLU�JOXFRVH�
GHPDQG� LQ� SHDN� ODFWDWLRQ� YLD� JOXFRQHRJHQHVLV�
ZKHQ�IHG�����RI�WKH�PHWDEROLVDEOH�HQHUJ\��0(��
IURP�FDUERK\GUDWHV���%¡UVWLQJ�	�'DPJDDUG���������
�
0RVW�ODFWDWLQJ�IHPDOH�PLQN�DUH�XQDEOH�WR�FRYHU�
WKHLU�HQHUJ\�UHTXLUHPHQW�E\�WKHLU�HQHUJ\�LQWDNH��
ZKLFK� OHDGV� WR� ORVV� RI� ERG\� ZHLJKW�� )HPDOHV�
QXUVLQJ� ODUJH� OLWWHUV� DUH� DW� D� KLJKHU� ULVN� RI�
GHYHORSLQJ�WKH�VR�FDOOHG�QXUVLQJ�GLVHDVH�GXH�WR�
WKH� H[WUHPH� PRELOLVDWLRQ� RI� ERG\� UHVHUYHV�
�&ODXVHQ�HW�DO���������:DPEHUJ�HW�DO����������1XUVLQJ�
GLVHDVH� LV� D� V\QGURPH� VHHQ� LQ� ODFWDWLQJ� PLQN�
IHPDOHV�DURXQG�ZHDQLQJ� �6FKQHLGHU� HW�DO���������
DQG�LV�FKDUDFWHULVHG�E\�H[WUHPH�ZHLJKW�ORVV��ORVV�
RI�DSSHWLWH��GHK\GUDWLRQ��SURJUHVVLYH�ZHDNQHVV��
K\SHUJO\FHPLD� LQ� WKH� ODWH� VWDJHV� DQG� D� KLJK�
PRUWDOLW\�UDWH��&ODXVHQ�HW�DO����������6RPH�VWXGLHV�
KDYH�LQGLFDWHG�D�KLJKHU�ULVN�RI�QXUVLQJ�GLVHDVH�WR�
EH� UHODWHG� WR� D� ORZ� GLHWDU\� VDOW� FRQFHQWUDWLRQ�
�&ODXVHQ�HW�DO����������DQG�WR�D�KLJK�SURSRUWLRQ�RI�
FDUERK\GUDWHV�LQ�WKH�GLHW��&ODXVHQ�	�2OHVHQ���������
�
'RHV� WKH�PLQN�KDYH� D� UHTXLUHPHQW� IRU� GLHWDU\�
FDUERK\GUDWHV� RU� FDQ� LW� V\QWKHVLVH� VXIILFLHQW�
DPRXQWV�RI�JOXFRVH�GH�QRYR�WR�PDLQWDLQ�JOXFRVH�
KRPHRVWDVLV"� &DQ� WKHUH� EH� QHJDWLYH� HIIHFWV� RI�
LQFOXGLQJ�H[FHVV�DPRXQWV�RI�FDUERK\GUDWHV�LQ�WKH�
GLHW"�7KH�VFRSH�RI�WKH�SUHVHQW�UHYLHZ�LV�WR�GLVFXVV�
WKHVH�TXHVWLRQV�LQ�UHODWLRQ�WR�JOXFRVH�KRPHRVWDVLV�
XQGHU�YDU\LQJ�GLHWDU\�FRQGLWLRQV�DQG�LQ�UHODWLRQ�
WR�SUHJQDQF\�DQG�ODFWDWLRQ��EDVHG�RQ�NQRZOHGJH�
REWDLQHG�ERWK�LQ�WKH�PLQN�DQG�RWKHU�VSHFLHV��
�
*HQHUDO�DVSHFWV�RI�JOXFRVH�PHWDEROLVP��
�
*OXFRVH� KRPHRVWDVLV� LV� PDLQWDLQHG� WKURXJK� D�
FDVFDGH�RI�ELRFKHPLFDO�SDWKZD\V��,Q�WKH�IHG�VWDWH��
GLJHVWLRQ� RI� FDUERK\GUDWHV� LV� IROORZHG� E\�
DEVRUSWLRQ�RI�JOXFRVH��ZKLFK�VWLPXODWHV�LQVXOLQ�
VHFUHWLRQ� EXW� LQKLELWV� SDQFUHDWLF� JOXFDJRQ�
VHFUHWLRQ� �:KLWH� HW� DO��� ������� 7KHVH� KRUPRQDO�
FKDQJHV� LQFUHDVH� WKH� SURFHVV� RI� JO\FRJHQ�
V\QWKHVLV� �JO\FRJHQHVLV�� DQG� LQKLELW� WKH�
FRQYHUVLRQ�RI�QRQ�JOXFRVH�PROHFXOHV�WR�JOXFRVH�
�JOXFRQHRJHQHVLV���*DQRQJ��������6WU\HU����������

*O\FRO\VLV�
*OXFRVH�LV�PHWDEROLVHG��JO\FRO\VLV��WR�S\UXYDWH�RU�
ODFWDWH� �)LJXUH� ��� XQGHU� DHURELF� DQG� DQDHURELF�
FRQGLWLRQV�� UHVSHFWLYHO\� �*DQRQJ��������:KLWH�HW�
DO����������*O\FRO\VLV�LV�LQKLELWHG�E\�D�KLJK�FHOOXODU�
HQHUJ\�FKDUJH��ZKLFK�LQKLELWV�WKH�DFWLYLW\�RI�WKH�
NH\�UDWH�OLPLWLQJ�HQ]\PH�SKRVSKRIUXFWRNLQDVH��
�3).����,Q�WKH�ILQDO�VWHS�RI�JO\FRO\VLV��S\UXYDWH�LV�
IRUPHG�� %HIRUH� S\UXYDWH� HQWHUV� WKH� FLWULF� DFLG�
F\FOH� �7&$�F\FOH��� LW� LV�R[LGLVHG� WR�DFHW\O�&R$��
ZKLFK� LV� DQ� LUUHYHUVLEOH� SURFHVV� FRQWUROOHG� E\�
LQVXOLQ��

�
)LJXUH����0DMRU�PHWDEROLF�SDWKZD\V�LQ�WKH�OLYHU�
DQG� WKH�NLGQH\��3DWKZD\V� IRU�JOXFRQHRJHQHVLV�
DUH� VKRZQ� DV� KHDY\� DUURZV�� )RXU� PDMRU� UDWH�
OLPLWLQJ� UHDFWLRQV� DUH� LQGLFDWHG� E\� DVWHULVNV�
�5HSULQWHG�IURP�%HUJPDQ�������ZLWK�SHUPLVVLRQ�
IURP�(OVHYLHU�6FLHQFH���
�
�
*OXFRQHRJHQHVLV�
*OXFRQHRJHQHVLV�WDNHV�SODFH�LQ�ERWK�WKH�OLYHU�DQG�
WKH�NLGQH\��KRZHYHU��LQ�PDPPDOV�WKH�PDMRU�VLWH�
RI�JOXFRQHRJHQHVLV�LV�WKH�OLYHU��'RQNLQ���������7KH�
IXQFWLRQ� RI� JOXFRQHRJHQHVLV� LV� WR� PDLQWDLQ�
JOXFRVH�KRPHRVWDVLV�LQ�WKH�EORRG��6WU\HU���������,Q�
WKH�JOXFRQHRJHQHVLV��JOXFRVH�FDQ�EH�V\QWKHVLVHG�
IURP�S\UXYDWH��KRZHYHU��WKLV�SURFHVV�LV�QRW�MXVW�D�
UHYHUVDO�RI�JO\FRO\VLV��VLQFH�RWKHU�SDWKZD\V�DQG�
HQ]\PHV� DUH� LQYROYHG�� 3\UXYDWH� FDUER[\ODVH�
�3&��� SKRVSKRHQROS\UXYDWH� FDUER[\NLQDVH�
�3(3&.��� JOXFRVH���SKRVSKDWDVH� �*�3DVH�� DQG�
IUXFWRVH�����GLSKRVSKDWDVH��)%3DVH��DUH�WKH�UDWH�
OLPLWLQJ� HQ]\PHV� LQYROYHG� �6WU\HU�� ������� 3&�
FDWDO\VHV� WKH� FRQYHUVLRQ� RI� S\UXYDWH� WR�
R[DORDFHWDWH�� DQG� 3(3&.� FDWDO\VHV� WKH�
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GHFDUER[\ODWLRQ�DQG�SKRVSKRU\ODWLRQ�RI�R[DORD�
FHWDWH�WR�SKRVKRHQROS\UXYDWH��)LJXUH�����)%3DVH�
FRQYHUWV�IUXFWRVH�����GLSKRVSKDWH�LQWR�JOXFRVH���
SKRVSKDWH�� *�3DVH� FDWDO\VHV� WKH� K\GURO\VLV� RI�
JOXFRVH���SKRVSKDWH�WR�JOXFRVH�ZKLFK�FDQ�OHDYH�
WKH�KHSDWRF\WHV��6WU\HU���������(QGRFULQRORJLFDOO\��
JOXFRQHRJHQHVLV� LV� VWLPXODWHG� E\� KLJK� SODVPD�
FRQFHQWUDWLRQV�RI�JOXFDJRQ�DQG�JOXFRFRUWLFRLGV�
DQG�E\�ORZ�LQVXOLQ�FRQFHQWUDWLRQV��:KLWH���������
�
$PLQR�DFLG�FDWDEROLVP�LQ�WKH�OLYHU�\LHOGV�FDUERQ�
VNHOHWRQV�ZKLFK�FDQ�EH�XWLOLVHG�LQ�WKH�7&$�F\FOH�
�)LJXUH�����([FHSW�IRU�WKH�VWULFWO\�NHWRJHQLF�DPLQR�
DFLG� OHXFLQH�� DOO� DPLQR� DFLGV� FDQ� WR� D� YDU\LQJ�
GHJUHH� EH� XWLOLVHG� DV� SUHFXUVRUV� LQ�
JOXFRQHRJHQHVLV� �6WU\HU�� ������� 7KH� PDLQ�
HQ]\PHV�SDUWLFLSDWLQJ�LQ�WKH�FRQYHUVLRQ�RI�DPLQR�
DFLGV�DUH�DODQLQH���R[RJOXWDUDWH�DPLQRWUDQVIHUDVH�
�$/$7��� DVSDUWDWH���R[RJOXWDUDWH� DPLQRWUDQV�
IHUDVH� �$6$7�� DQG� JOXWDPDWH� GHK\GURJHQDVH�
�*,'+����6WU\HU���������
�
&KDOOHQJHV�WR�JOXFRVH�KRPHRVWDVLV��
�
2QO\�IHZ�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�WR�VWXG\�
JOXFRVH� KRPHRVWDVLV� LQ� PLQN� GXULQJ� YDU\LQJ�
GLHWDU\�DQG�SK\VLRORJLFDO�FRQGLWLRQV��KRZHYHU��
VRPH� GDWD� DUH� DYDLODEOH� RQ� HQ]\PH� DFWLYLWLHV��
TXDQWLWDWLYH�JOXFRVH�PHWDEROLVP�DQG�UHJXODWLQJ�
KRUPRQHV��,Q�QRQ�SUHJQDQW��QRQ�ODFWDWLQJ�IHPDOH�
PLQN�DQG�LQ�PDOHV��D����KRXU�IDVW�KDV�EHHQ�VKRZQ�
WR� FDXVH� D� GHFOLQH� �3������� LQ� SODVPD� JOXFRVH�
FRQFHQWUDWLRQ� IURP� �� PPRO�O� WR� �� PPRO�O�
�6¡UHQVHQ��������� ,Q� IHPDOHV�QXUVLQJ���RU���NLWV��
SODVPD�JOXFRVH�ZDV�VLJQLILFDQWO\��3��������KLJKHU�
����KRXUV�DIWHU� IHHGLQJ� �����PPRO�O�� WKDQ�DIWHU�
IDVWLQJ� ����� PPRO�O��� GHVSLWH� WKH� UDWKHU� ORZ�
SURSRUWLRQ�RI�FDUERK\GUDWHV������RI�0(��LQ�WKH�
GLHW��%¡UVWLQJ�	�'DPJDDUG���������,Q�FDWKHWHULVHG�
IHPDOH�PLQN�QXUVLQJ���RU���NLWV��SODVPD�JOXFRVH�
FRQFHQWUDWLRQ� ����� PPRO�O�� ZDV� XQDIIHFWHG� E\�
OLWWHU� VL]H� �'DPJDDUG� 	� %¡UVWLQJ�� ������� ,Q� RXU�
ODERUDWRU\�ZH�KDYH�VWXGLHG�JOXFRVH�KRPHRVWDVLV�
LQ�JOXFRVH�WROHUDQFH�WHVWV�E\�LY��LQMHFWLRQ�RI�����J�
JOXFRVH�SHU�NJ�ERG\�ZHLJKW��*OXFRVH�WROHUDQFH�
FXUYHV�PHDVXUHG�GXULQJ�WKH���KRXUV�LPPHGLDWHO\�
DIWHU�WKH�LQMHFWLRQ�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�
EHWZHHQ� ODFWDWLQJ� IHPDOHV� ZLWK� �� RU� �� NLWV�
�'DPJDDUG� 	� %¡UVWLQJ�� ������� +RZHYHU�� WRWDO�
JOXFRVH� SURGXFWLRQ� ZDV� VOLJKWO\�� EXW�

LQVLJQLILFDQWO\� KLJKHU� LQ� WKH� IHPDOHV� ZLWK� WKH�
ODUJHVW�OLWWHUV��%¡UVWLQJ�	�'DPJDDUG���������1HZ�
GDWD� IURP� RXU� ODERUDWRU\� �'DPJDDUG�� )LQN� 	�
%¡UVWLQJ��XQSXEO���LQGLFDWH�WKDW�PLQN�FDQ�PDLQWDLQ�
JOXFRVH�KRPHRVWDVLV�RQ�D�FDUERK\GUDWH�IUHH�GLHW�
GXULQJ�SUHJQDQF\�DQG�ODFWDWLRQ��+RZHYHU��WKLV�
ZDV� RQO\� WKH� FDVH�ZKHQ� WKH�SURSRUWLRQ�RI�0(�
IURP�SURWHLQ�ZDV�DERYH�DSSUR[��������
�
6WXGLHV�RI�JOXFRVH�KRPHRVWDVLV�LQ�UHODWLRQ�WR�GLHW�
DUH�PXFK�PRUH�IUHTXHQW�LQ�DQRWKHU�FDUQLYRURXV�
VSHFLHV�� WKH�GRJ��,Q�JURZLQJ�IHPDOH�GRJV�IHG���
GLHWV�UDQJLQJ�LQ�FRPSRVLWLRQ�IURP�������RI�0(�
IURP�FDUERK\GUDWHV�DQG�IURP����WR�����RI�0(�
IURP� SURWHLQ� IRU� �� PRQWKV�� SODVPD� JOXFRVH�
FRQFHQWUDWLRQ�ZDV�QRW�DIIHFWHG�E\�GLHW��5RPVRV�HW�
DO��� �������$�VLPLODU� UHVXOW�ZDV� IRXQG� LQ� UDFLQJ�
VOHG�GRJV��ZKHUH�WKH�SODVPD�JOXFRVH� OHYHO�ZDV�
QRW�DIIHFWHG��ZKHQ�WKH�GRJV�ZHUH�IHG�D�PHGLXP�
�������ORZ�������RU�]HUR������FDUERK\GUDWH�GLHW�
GXULQJ� D� �� WR� ��� ZHHN� SHULRG� �.URQIHOG� HW� DO���
������� 3ODVPD�JOXFRVH�ZDV� VLPLODU� LQ�SUHJQDQW�
GRJV�IHG����RU�����RI�0(�IURP�FDUERK\GUDWHV�
DQG�����RI�0(�IURP�SURWHLQ�GXULQJ�SUHJQDQF\�
H[FHSW�LQ�WKH�ODVW�ZHHN�SUHSDUWXP��ZKHQ�SODVPD�
JOXFRVH�WHQGHG�WR�EH�UHGXFHG�LQ�ELWFKHV�IHG�WKH�
FDUERK\GUDWH�IUHH�GLHW��5RPVRV�HW�DO����������7KLV�
GLHW� DOVR� FDXVHG� KLJKHU� LQFLGHQFH� RI� VWLOOERUQ�
SXSV� DQG� PDWHUQDO� K\SRJO\FHPLD� LQ� WKH� ODVW�
ZHHN�SUH�SDUWXP��5RPVRV�HW�DO����������+RZHYHU���
%OD]D� HW� DO�� ������� GLG� QRW� ILQG� H[WUHPH� K\SR�
JO\FHPLD� EHIRUH� ZKHOSLQJ� RU� D� KLJKHU� SXS�
PRUWDOLW\�LQ�ELWFKHV�IHG�D�FDUERK\GUDWH�IUHH�GLHW�
FRQWDLQLQJ�����RI�0(�IURP�SURWHLQ��.LHQ]OH�	�
0H\HU��������IRXQG�WKDW�SXSV�ERUQ�E\�ELWFKHV�IHG�
D�FDUERK\GUDWH�IUHH��PHGLXP�SURWHLQ������RI�'(��
GLHW� GXULQJ� SUHJQDQF\� KDG� QRUPDO� SODVPD�
JOXFRVH�OHYHOV�LPPHGLDWHO\�DIWHU�ELUWK��EXW�������
KRXUV� DIWHU� ELUWK� WKH\� GHYHORSHG� VHYHUH�
K\SRJO\FHPLD��+RZHYHU��K\SRJO\FHPLD�ZDV�QRW�
VHHQ�� ZKHQ� SXSV� ZHUH� ERUQ� E\� ELWFKHV� IHG� D�
FDUERK\GUDWH�IUHH� GLHW� ZLWK� D� KLJK� SURWHLQ�
FRQWHQW������RI�'(��GXULQJ�SUHJQDQF\��
�
7KHVH�VWXGLHV�LQGLFDWH�WKDW�ERWK�PLQN�DQG�GRJV�
FDQ� PDLQWDLQ� JOXFRVH� KRPHRVWDVLV� ZKHQ� IHG�
FDUERK\GUDWH�IUHH�GLHWV��+RZHYHU��WKLV�LV�QRW�WKH�
FDVH�ZKHQ�WKHUH�LV�D�VKRUWDJH�RI�JOXFRQHRJHQLF�
SUHFXUVRUV�LQ�WKH�IRUP�RI�DPLQR�DFLGV��
�
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,QVXOLQ�
,QFUHDVHG� SODVPD� JOXFRVH� FRQFHQWUDWLRQ� SRVW�
SUDQGLDOO\��DV�IRXQG�HVSHFLDOO\�ZKHQ�KLJK�OHYHOV�
RI�FDUERK\GUDWHV�DUH�IHG��LV�WKH�PDMRU�VWLPXOXV�IRU�
WKH�VHFUHWLRQ�RI�LQVXOLQ��%UDQG�HW�DO����������,QVXOLQ�
UHJXODWHV� WKH� FHOOXODU� JOXFRVH� XSWDNH� DQG�
VXSSUHVVHV�SURWHLQ�GHJUDGDWLRQ�LQ�OLYHU��FDUGLDF�
DQG�VNHOHWDO�PXVFOH��NLGQH\�DQG�DGLSRVH�WLVVXH�
�0RUWLPRUH�	�3|V|���������
�
:KHQ�SUHJQDQW�GRJV�ZHUH�IHG�HLWKHU�D�PHGLXP�
FDUERK\GUDWH������RI�'(���PHGLXP�SURWHLQ������
RI�'(��GLHW�RU�D�FDUERK\GUDWH�IUHH��KLJK�SURWHLQ�
�����RI�'(��GLHW��RQO\�VPDOO�GLIIHUHQFHV�LQ�SODVPD�
LQVXOLQ� FRQFHQWUDWLRQV� ZHUH� REVHUYHG�� 2Q� WKH�
RWKHU� KDQG�� GRJV� IHG� D� FDUERK\GUDWH�IUHH��
PHGLXP� SURWHLQ� ����� RI� '(�� GLHW� KDG� DQ�
H[WUHPHO\� ORZ�SODVPD�LQVXOLQ� OHYHO�WKURXJKRXW�
SUHJQDQF\��.LHQ]OH�	�0H\HU����������
�
,Q� QRQ�SUHJQDQW�� QRQ�ODFWDWLQJ� IHPDOH� PLQN��
SODVPD�LQVXOLQ�GHFUHDVHG�VLJQLILFDQWO\�GXULQJ�D�
SHULRG� RI� IHHG� UHVWULFWLRQ� DQG� LQFUHDVHG�
VLJQLILFDQWO\�GXULQJ�UH�IHHGLQJ�LQ�IOXVK�IHG�PLQN�
�%¡UVWLQJ�HW�DO���������)LQN�	�7DXVRQ��������)LQN�HW�
DO����������/DFWDWLQJ�IHPDOH�PLQN�IHG�����RI�0(�
IURP�FDUERK\GUDWHV�KDG�D�VLJQLILFDQWO\��3�������
KLJKHU�SODVPD�LQVXOLQ�FRQFHQWUDWLRQ���KRXUV�DIWHU�
IHHGLQJ�������P8�O��WKDQ����KRXUV�DIWHU�IHHGLQJ�
����� P8�O�� �%¡UVWLQJ� 	� 'DPJDDUG�� ������� $IWHU�
JOXFRVH�LQIXVLRQ������J�SHU�NJ��LQ�IDVWHG��ODFWDWLQJ�
PLQN��SODVPD�LQVXOLQ�LQFUHDVHG�IURP����P8�O�WR�
���P8�O�ZLWKLQ����PLQXWHV��3��������UHPDLQHG�
FRQVWDQW� DW� WKLV� OHYHO� XQWLO� ��� PLQXWHV� DIWHU�
LQIXVLRQ�DQG�UHWXUQHG�WR�WKH�EDVLF�OHYHO�DIWHU�����
PLQXWHV� �'DPJDDUG� 	� %¡UVWLQJ�� ������� ,QVXOLQ�
UHVSRQVH�WR�IHHGLQJ�ZDV�LQFUHDVHG�ZLWK�LQFUHDVHG�
OHYHO� RI� FDUERK\GUDWHV� LQ� WKH� IHHG� �*DGH� 	�
%¡UVWLQJ��)LQN�	�%¡UVWLQJ��XQSXEO���
�
,Q�D�JOXFRVH�WROHUDQFH�WHVW�SHUIRUPHG�DIWHU�D����
KRXU� IDVW� LQ� QRQ�SUHJQDQW�� QRQ�ODFWDWLQJ� GRJV��
JOXFRVH�FRQFHQWUDWLRQ��LQVXOLQ�FRQFHQWUDWLRQ�DQG�
WKH�JOXFRVH�WR�LQVXOLQ�UDWLR�ZHUH�DOO�KLJKHU�IRU�WKH�
ILUVW� ���PLQXWHV� DIWHU� JOXFRVH� LQIXVLRQ� LQ� GRJV�
SUHYLRXVO\�IHG�D�FDUERK\GUDWH�IUHH�GLHW�FRPSDUHG�
ZLWK�GRJV�SUHYLRXVO\�IHG�����RU�����RI�0(�IURP�
FDUERK\GUDWHV� �%HOR� HW� DO��� ������� 7KH� LQVXOLQ�
UHVSRQVH� ZDV� HVSHFLDOO\� KLJK� LQ� GRJV� IHG� D�
FDUERK\GUDWH�IUHH�GLHW�ZLWK�D�ORZ�OHYHO�RI�SURWHLQ�

�����RI�0(��DQG�D�KLJK�OHYHO�RI�IDW������RI�0(��
�%HOR�HW�DO����������
�
/LWWHU� VL]H� GLG� QRW� LQIOXHQFH� SODVPD� LQVXOLQ�
LQFUHPHQW�ZKHQ�ODFWDWLQJ�IHPDOHV�ZLWK���RU���NLWV�
ZHUH�LQIXVHG�ZLWK�����J�JOXFRVH�SHU�NJ��'DPJDDUG�
	� %¡UVWLQJ�� ������� +RZHYHU�� ODFWDWLQJ� IHPDOHV�
ZLWK���NLWV�KDG�D�VOLJKWO\�ORZHU��3�������SODVPD�
LQVXOLQ�FRQFHQWUDWLRQ�����KRXUV�SRVW�SUDQGLDOO\�
FRPSDUHG�ZLWK� IHPDOHV�ZLWK���NLWV� �%¡UVWLQJ�	�
'DPJDDUG���������$����KRXU�IDVW�FDXVHG�D�GHFOLQH�
�3�������� LQ� SODVPD� LQVXOLQ� IURP� ���P8�O� �DG�
OLELWXP�� WR� ��� P8�O� LQ� ERWK� IHPDOH� DQG�PDOH�
PLQN��6¡UHQVHQ���������/DFWDWLQJ�PLQN�VXIIHULQJ�
IURP�QXUVLQJ�GLVHDVH�DQG�IDVWHG�IRU���KRXUV�KDG�
VLJQLILFDQWO\� �3������� KLJKHU� LQVXOLQ� FRQFHQ�
WUDWLRQV� ����� P8�O�� FRPSDUHG� ZLWK� KHDOWK\�
ODFWDWLQJ�IHPDOH�PLQN�����P8�O���:DPEHUJ�HW�DO���
��������

�
*OXFDJRQ��
7KH�JHQH�HQFRGLQJ�SURJOXFDJRQ��WKH�ELRV\QWKHWLF�
SUHFXUVRU�RI�JOXFDJRQ��LV�H[SUHVVHG�QRW�RQO\�LQ�
WKH�SDQFUHDWLF�LVOHWV��EXW�DOVR�LQ�HQGRFULQH�FHOOV�RI�
WKH� JDVWUR�LQWHVWLQDO� PXFRVD� IURP� ZKHUH�
HQWHURJOXFDJRQ� SHSWLGHV� DUH� VHFUHWHG� �+ROVW��
������� *HQHUDOO\�� SDQFUHDWLF� JOXFDJRQ� LV�
VWLPXODWHG� E\� VWDUYDWLRQ�� ORZ� SODVPD� JOXFRVH�
FRQFHQWUDWLRQV�DQG�LQJHVWLRQ�RI�GLHWV�FRQWDLQLQJ�
ORZ�FDUERK\GUDWH�RU�KLJK�SURWHLQ�OHYHOV��*DQRQJ��
������� 2Q� WKH� RWKHU� KDQG�� DOO� RI� WKH� HQWHUR�
JOXFDJRQ�SHSWLGHV�DUH�VHFUHWHG�LQWR�WKH�EORRG�LQ�
UHVSRQVH�WR�LQJHVWLRQ�RI�FDUERK\GUDWHV�DQG�OLSLGV��
7KH�WZR�HQWHURJOXFDJRQ�SHSWLGHV�R[\QWRPRGXOLQ�
DQG�JOXFDJRQ�OLNH�SHSWLGH����*/3����KDYH�SURYHQ�
WR�EH�ELRORJLFDOO\�DFWLYH��+ROVW���������*/3���LV�D�
SRWHQW� LQVXOLQRWURSLF� KRUPRQH� ZKLFK� LQKLELWV�
JOXFDJRQ�VHFUHWLRQ�DQG�WKHUHIRUH�UHGXFHV�EORRG�
JOXFRVH��ZKHUHDV�WKH�HIIHFW�RI�R[\QWRPRGXOLQ�LV�
SUREDEO\� WR� LQWHUDFW�ZLWK�*/3��� DQG�JOXFDJRQ�
UHFHSWRUV��,Q�ODFWDWLQJ�IHPDOH�PLQN�IHG�����RI�0(�
IURP� FDUERK\GUDWHV�� SDQFUHDWLF� JOXFDJRQ� �����
SPRO�O���3�������ZDV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�
IHG� VWDWH� WKDQ� ��� KRXUV� SRVW�SUDQGLDOO\� �����
SPRO�O���%¡UVWLQJ�	�'DPJDDUG���������,Q�D�UHFHQW�
VWXG\� ZLWK� ODFWDWLQJ� PLQN�� ZH� DOVR� IRXQG�
LQFUHDVHV�LQ�SDQFUHDWLF�JOXFDJRQ��*DGH�	�%¡UVWLQJ��
XQSXEO���LQ�UHVSRQVH�WR�IHHGLQJ��,Q�ERWK�FDVHV�WKH�
DQWLERGLHV� ZHUH� PRQRFORQDO� DJDLQVW� WKH�
SDQFUHDWLF�JOXFDJRQ��7KHUHIRUH��WKH�LQFUHDVH�DIWHU�



� 5HYLHZHG�5HSRUW� �
 

��

IHHGLQJ�FDQ�SUREDEO\�EH�DVFULEHG�WR�WKH�KLJK�OHYHO�
RI�SURWHLQ�DQG�WKH�ORZ�OHYHO�RI�FDUERK\GUDWHV�LQ�
WKH�GLHWV��$�VLPLODU�UHVXOW�KDV�EHHQ�IRXQG�LQ�UDWV�
IHG�D�KLJK�SURWHLQ�GLHW��(LVHQVWHLQ�HW�DO����������
�
*O\FRO\WLF�HQ]\PHV���
,Q�WKH�PLQN��WKH�DFWLYLW\�RI�WKH�JO\FRO\WLF�HQ]\PH�
3.� LQ� WKH� OLYHU�ZDV� VLJQLILFDQWO\� KLJKHU� LQ� IHG�
QRQ�ODFWDWLQJ�� QRQ�SUHJQDQW� IHPDOHV� ���� ,8�J�
ZHW�ZHLJKW��WKDQ�LQ�IHG�PDOHV�����,8�J���7DEOH�����
7KHVH� 3.� DFWLYLWLHV� LQ� WKH� PLQN� ZHUH� KLJK�
FRPSDUHG� ZLWK� WKH� FDW� ���� ,8�J��� EXW� DOVR�
FRPSDUHG�ZLWK�WKH�RPQLYRURXV�UDW�����,8�J���)RU��
DQRWKHU�JO\FRO\WLF�OLYHU�HQ]\PH��3).��YDOXHV�RI��
����,8�J�DQG�����,8�J�ZHUH�IRXQG�LQ�PDOH�DQG�
IHPDOH�PLQN��UHVSHFWLYHO\��FRPSDUHG�ZLWK�RQO\�
����,8�J�LQ�WKH�UDW��7DEOH�����$����KRXU�IDVW�GLG�
QRW� KDYH� DQ\� VLJQLILFDQW� HIIHFW� �3!������ RQ� WKH�
DFWLYLW\�RI�WKH�WZR�JO\FRO\WLF�HQ]\PHV��3).��DQG�
3.��LQ�PDOH�PLQN��0LQRU�HIIHFWV�RQ�WKH�DFWLYLW\�RI�
3).��ZHUH�PRQLWRUHG�LQ�IHPDOHV�DIWHU�D����KRXU�
IDVW��ZKHUH�LW�GHFUHDVHG�IURP���WR���,8�J��3�������
�3HWHUVHQ�HW�DO����������,Q�DGXOW�FDWV��D�ORZ�SURWHLQ�
�������VR\�SURWHLQ��RU�D�KLJK�SURWHLQ������VR\�
SURWHLQ��GLHW�FDXVHG�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�
WKH�DFWLYLW\�RI�3.��5RJHU�HW�DO�����������
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7DEOH����� 6SHFLILF�DFWLYLWLHV�RI�KHSDWLF�HQ]\PHV�LQ�PLQN�FRPSDUHG�ZLWK�DFWLYLWLHV�LQ�FDWV�DQG�UDWV��

�0RGLIHG�IURP�6¡UHQVHQ�HW�DO����������
�
� 0LQN� 5DW� &DW�
� 0DOH� )HPDOH� � �
(Q]\PH� ,8�J�ZHW�ZW� ,8�J�ZHW�ZW� ,8�J�ZHW�ZW� ,8�J�ZHW�ZW�
3&� ���±���� �� ���� ��
3(3&.� ����±���� ����±���� ���� ����
)%3DVH� ����±���� ����±���� ����� ����
*�3DVH� ����±���


� ����±���


� ���� �����
3).�� ���±���� ���±���� ���� ��
3.� ����±���
� ����±���
� ����� �����
*,'+� ���±�� ���±��� ������ �����
$/$7� ���±��� ���±��� ����� �����
$6$7� ���±��� ���±��� ������ ������
*6���*�3�� �����±������ �����±������ ������ ��
*6���*�3�� �����±������ �����±������ ������ ��
/'+�� ���±��� �� ���� ����
�*�3�DQG�²*�3�GHVLJQDWH�WKH�SUHVHQFH�RU�DEVHQFH�RI�JOXFRVH���SKRVSKDWH�LQ�WKH�DVVD\�PL[WXUH�IRU�*6��
7KH�GHYLDWLRQV�DUH�JLYHQ�DV�6(0��
�3�������


�3��������
�
�
�
$OWRJHWKHU�� WKHVH� ILQGLQJV� LQIHU� WKDW� WKH�
FDUQLYRURXV�FDW�DQG�PLQN�DUH�DEOH�WR�V\QWKHVLVH�
VXIILFLHQW� JOXFRVH� WR� DOORZ� JOXFRVH� XWLOLVDWLRQ��
�JO\FRO\VLV�� ERWK� LQ� WKH� IHG� DQG� LQ� WKH� IDVWHG�
VWDWHV�DQG�ERWK�ZKHQ�IHG�KLJK�DQG�ORZ�SURWHLQ�
OHYHOV�� ,Q� RWKHU� ZRUGV�� WKH� HYROXWLRQDU\�
DGDSWDWLRQ� WR� ORZ� FDUERK\GUDWH� OHYHOV� KDV�
DSSDUHQWO\�QRW� LQYROYHG�D� UHGXFHG� UHOLDQFH�RQ�
JOXFRVH� XWLOLVDWLRQ� FRPSDUHG� ZLWK� VSHFLHV�
DEVRUELQJ�ODUJH�DPRXQWV�RI�JOXFRVH��
*OXFRQHRJHQLF� DQG� DPLQR� DFLG� FDWDEROLVLQJ�
HQ]\PHV�
&DUQLYRUHV� DUH� GHSHQGHQW� RQ� WKH� UDWH� OLPLWLQJ�
HQ]\PHV� RI� JOXFRQHRJHQHVLV� DQG� DPLQR� DFLG�
FDWDEROLVP� WR� PDLQWDLQ� JOXFRVH� KRPHRVWDVLV��
/RQJ�WHUP� UHJXODWLRQ� RI� JOXFRQHRJHQHVLV� LQ�
PRQRJDVWULFV�KDV�EHHQ�FKDUDFWHULVHG�E\�FKDQJHV�
LQ� WKH� H[SUHVVLRQ� RI� JHQHV� HQFRGLQJ�
JOXFRUHJXODWRU\�HQ]\PHV��PDLQO\�3(3&.�DQG�3.�
�'RQNLQ���������7KH�DFWLYLW\�RI�WKH�JOXFRQHRJHQLF��
HQ]\PHV�*�3DVH�DQG�3(3&.�KDV�EHHQ�VKRZQ�WR�
EH�DERXW�WHQ�IROG�KLJKHU��7DEOH����LQ�PLQN�OLYHU�
���� ,8�J� ZHW� ZHLJKW�� FRPSDUHG� ZLWK�
FRUUHVSRQGLQJ�ILJXUHV�IURP�UDWV�DQG�FDWV������DQG�

����,8�J���6LPLODUO\��LQ�WKH�IHG��FDUQLYRURXV�ELUG�
WKH� EODFN� YXOWXUH�� WKH� DFWLYLWLHV� RI�*�3DVH� DQG�
3(3&.� ZHUH� WZR� DQG� IRXU� WLPHV� KLJKHU�
FRPSDUHG� ZLWK� IHG� FKLFNHQV� �0LJOLRULQL� HW� DO���
������9HLJD�HW�DO����������)XUWKHUPRUH��OLYHU�VOLFHV�
IURP�IHG�EODFN�YXOWXUHV�V\QWKHVLVHG�JOXFRVH�IURP�
DODQLQH�WZLFH�DV�HIILFLHQWO\�DV�OLYHU�VOLFHV�IURP�IHG�
FKLFNHQV��0LJOLRULQL�HW�DO���������9HLJD�HW�DO����������
�
7KH�DFWLYLW\�RI�3(3&.�LQ�OLYHU�F\WRVRO�ZDV�KLJKHU�
�3��������ZKHQ�FDWV�ZHUH�IHG�D�KLJK�SURWHLQ������
RI�'0��GLHW�FRPSDUHG�ZLWK�D�KLJK�FDUERK\GUDWH�
GLHW������RI�'0���.HWWHOKXW�HW�DO����������+RZHYHU��
5RJHU� HW� DO�� �������GLG�QRW� ILQG�DQ\�VLJQLILFDQW�
GLIIHUHQFHV�LQ�WKH�DFWLYLW\�RI�3(3&.�ZKHQ�DGXOW�
FDWV�ZHUH�IHG�D�ORZ�SURWHLQ��������VR\�SURWHLQ��RU�
D�KLJK�SURWHLQ������VR\�SURWHLQ��GLHW��7KH�DFWLYLW\�
RI�PLWRFKRQGULDO� 3(3&.� LQFUHDVHG�ZKHQ�GRJV�
ZHUH�IHG�FDUERK\GUDWH�IUHH�GLHWV�LUUHVSHFWLYH�RI�
SURWHLQ�OHYHO�����RU�����RI�0(���%HOR�HW�DO����������
�
&DWV�SUHYLRXVO\�IHG�D�KLJK�FDUERK\GUDWH������RI�
'0��GLHW�KDG�D�VLJQLILFDQW��3�������LQFUHDVH�LQ�WKH�
DFWLYLWLHV�RI�F\WRVROLF�3(3&.�LQ�UHVSRQVH�WR�D����
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KRXU� IDVW� �.HWWHOKXW� HW� DO��� ������� +RZHYHU�� LQ�
IDVWHG�FDWV�SUHYLRXVO\�IHG�D�KLJK�SURWHLQ������RI�
'0�� GLHW�� WKH� DFWLYLW\� RI� F\WRVROLF� DQG�
PLWRFKRQGULDO� 3(3&.� ZDV� QRW� DIIHFWHG� E\�
IDVWLQJ��,Q�PLQN��D����KRXU�IDVW�GLG�QRW�KDYH�DQ\�
VLJQLILFDQW� LQIOXHQFH� RQ� WKH� DFWLYLW\� RI� 3(3&.�
�6¡UHQVHQ���������6¡UHQVHQ�HW�DO���������REVHUYHG�
KLJKHU� *�3DVH� DFWLYLW\� LQ� QRQ�ODFWDWLQJ�� QRQ�
SUHJQDQW�IHPDOH�PLQN�FRPSDUHG�WR�PDOHV��,Q�D�
FDUQLYRURXV�ELUG�����KRXUV�IDVWLQJ�GLG�QRW�DIIHFW�
WKH�DFWLYLW\�RI�HLWKHU�*�3DVH�RU�3(3&.��9HLJD�HW�
DO����������ZKHUHDV�LQ�FKLFNHQV�����KRXUV�IDVWLQJ�
JUHDWO\� HQKDQFHG� WKH� DFWLYLWLHV� RI� 3(3&.� DQG�
*�3DVH�FRPSDUHG�ZLWK�WKH�IHG�VWDWH��9HLJD�HW�DO���
��������
�
1R� VLJQLILFDQW� FKDQJHV� LQ� WKH� DFWLYLW\� RI� WKH�
HQ]\PHV�*,'+��$/$7�DQG�$6$7�SDUWLFLSDWLQJ�
LQ� WKH� FRQYHUVLRQ� RI� DPLQR� DFLGV�ZHUH� VHHQ� LQ�
QHLWKHU�PDOH�QRU�IHPDOH�PLQN�IDVWHG�IRU����KRXUV�
FRPSDUHG�ZLWK�WKH�DG�OLE�IHG�VWDWH��3HWHUVHQ�HW�DO���
������6¡UHQVHQ���������6¡UHQVHQ�HW�DO���������IRXQG�
WKDW� $/$7�ZDV� WKH� RQO\� DPLQR� DFLG� FDWDEROLF�
HQ]\PH�WKDW�VKRZHG�KLJKHU�DFWLYLW\�LQ�IHG�PLQN�
WKDQ�LQ�IHG�UDWV��7DEOH�����7KH�ODFN�RI�LQFUHDVH�LQ�
WKH�FDWDEROLF�HQ]\PHV�*,'+��$/$7�DQG�$6$7�
IRXQG�DIWHU�D�SURORQJHG�IDVW�RI�FDUQLYRUHV�LV�LQ�
DFFRUGDQFH� ZLWK� UHVXOWV� IURP� 6LOYD� 	� 0HUFHU�
�������� ,Q� WKH� FDW��SURWHLQ�GHJUDGDWLRQ�ZDV�QRW�
VWLPXODWHG� E\� JOXFDJRQ� DQG� JOXFRFRUWLFRLGV��
ZKLFK�RQ�WKH�RWKHU�KDQG�VWLPXODWH�SURWHRO\VLV�LQ�
WKH�OLYHU�RI�RWKHU�PRQRJDVWULF�VSHFLHV�OLNH�WKH�UDW�
�6LOYD�	�0HUFHU����������
�
:KHQ� FRPSDULQJ� WKH� DFWLYLW\� RI�$/$7��*,'+�
DQG�$6$7�LQ�IHG�PLQN�ZLWK�DFWLYLWLHV�LQ�IHG�UDWV��
6¡UHQVHQ�HW�DO���������IRXQG�WKDW�$/$7�ZDV�WKH�
RQO\�DPLQR�DFLG�FDWDEROLF�HQ]\PH�WKDW�VKRZHG�
KLJKHU�DFWLYLW\�LQ�WKH�PLQN�WKDQ�LQ�WKH�UDW��7DEOH�
����$GXOW�FDWV�IHG�D�ORZ��������VR\�SURWHLQ��RU�D�
KLJK�SURWHLQ������VR\�SURWHLQ��GLHW�VKRZHG�QR�
VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� DFWLYLW\�RI�$/$7��
$6$7� DQG� *,'+� �5RJHU� HW� DO��� ������� 7KLV� LV�
FRQWUDU\�WR�ZKDW�LV�QRUPDOO\�VHHQ�LQ�WKH�UDW��7KH�
ODFN�RI�LQIOXHQFH�RI�GLHWDU\�SURWHLQ�OHYHO�DQG�RI�
IHHGLQJ� YHUVXV� IDVWLQJ� RQ� WKH� DFWLYLW\� RI� WKHVH�
FDWDEROLF�HQ]\PHV�LV�LQGHHG�RQH�RI�WKH�NH\�IDFWRUV�
H[SODLQLQJ�WKH�KLJK�GLHWDU\�SURWHLQ�UHTXLUHPHQW�
RI� FDUQLYRURXV� VSHFLHV� �5RJHU� HW� DO��� �������
)XUWKHUPRUH��FDUQLYRUHV�KDYH�KLJKHU�DFWLYLWLHV�RI�

JOXFRQHRJHQLF� HQ]\PHV�� FRPSDUHG� ZLWK�
RPQLYRUHV��DV�D�UHVXOW�RI�HYROXWLRQDU\�DGDSWDWLRQ�
WR� GLHWV� ZKLFK� DUH� ORZ� LQ� FDUERK\GUDWHV��
+RZHYHU�� FDWV� DQG� GRJV� KDYH� WR� VRPH� H[WHQW�
UHWDLQHG� WKH� DELOLW\� WR� UHGXFH� WKH� DFWLYLW\� RI�
JOXFRQHRJHQLF�HQ]\PHV��ZKHQ�KLJK�DPRXQWV�RI�
JOXFRVH�DUH�DEVRUEHG�FRPSDUHG�ZLWK�ZKHQ�ODUJH�
DPRXQWV�RI�DPLQR�DFLGV�DUH�DEVRUEHG��:KHWKHU�
WKLV�LV�DOVR�WKH�FDVH�LQ�WKH�PLQN�KDV�QRW�\HW�EHHQ�
VWXGLHG���

�
*OXFRQHRJHQLF�SUHFXUVRUV��
/DFWDWH�� S\UXYDWH� DQG� DPLQR� DFLGV� �HVSHFLDOO\�
DODQLQH�DQG�JOXWDPLQH��DUH�LPSRUWDQW�SUHFXUVRUV�
XVHG� IRU� WKH� V\QWKHVLV� RI� JOXFRVH� LQ� JOXFRQH�
RJHQHVLV��.LHQ]OH�	�0H\HU��������IRXQG�WKDW�WKH�
WRWDO�IUDFWLRQ�RI�JOXFRQHRJHQLF�DPLQR�DFLGV�DQG�
SODVPD�DODQLQH�GHFUHDVHG�LQ�WZR�JURXSV�RI�GRJV�
IHG�FDUERK\GUDWH�IUHH�GLHWV��SURWHLQ������RI�'(�
RU� ���� RI� '(�� FRPSDUHG� ZLWK� GRJV� IHG�
FDUERK\GUDWH�FRQWDLQLQJ�GLHWV��,Q�FDWV�IHG�������
RU� ������ VR\�SURWHLQ�� WKH�SURWHLQ� OHYHO�GLG�QRW�
LQIOXHQFH� WKH� LQ� YLWUR� UDWH� RI� JOXFRVH� V\QWKHVLV�
IURP� S\UXYDWH�� DODQLQH� RU� WKUHRQLQH� LQ�
KHSDWRF\WHV��ZKHUHDV�JOXFRQHRJHQHVLV�EDVHG�RQ�
JOXWDPLQH�ZDV�VLJQLILFDQWO\�KLJKHU��3�������LQ�WKH�
FDWV� IHG� WKH� KLJK� SURWHLQ� GLHW� �6LOYD� 	�0HUFHU��
�������&DWV�IHG�D�KLJK�SURWHLQ�GLHW������RI�'0��
KDG�D�KLJKHU� �3�������UDWH�RI�JOXFRVH�V\QWKHVLV�
IURP�DODQLQH�WKDQ�FDWV�IHG�D�KLJK�FDUERK\GUDWH�
GLHW������RI�'0���.HWWHOKXW�HW�DO�����������
�
*O\FRJHQ�DQG�OLSLG�VWRUDJH�
6WRUDJH�DQG�PRELOLVDWLRQ�RI�JO\FRJHQ�LQ�WKH�OLYHU�
DV�ZHOO�DV�VWRUDJH�RI�OLSLGV�LQ�H[WUDKHSDWLF�WLVVXHV�
DUH� RWKHU� PHFKDQLVPV� LQYROYHG� LQ� JOXFRVH�
KRPHRVWDVLV�DQG�VWRUDJH�RI�H[FHVV�GLHWDU\�HQHUJ\��
,QVXOLQ�DFWLYDWHV�ERWK�JO\FRJHQ�V\QWKHWDVH��*6��
UHVXOWLQJ�LQ�VWRUDJH�RI�JOXFRVH�DV�JO\FRJHQ��:KLWH��
������ DQG� OLSRJHQLF� HQ]\PHV� OHDGLQJ� WR� OLSLG�
VWRUDJH� �'RQNLQ�� ������� 6¡UHQVHQ� HW� DO�� �������
IRXQG�WKDW�WKH�*6�DFWLYLW\�ZDV�DOPRVW�HTXDO� LQ�
PLQN�DQG�UDWV��7DEOH�����7KLV�LQIHUV�WKDW�WKH�PLQN�
WKURXJK�HYROXWLRQ�KDV�PDLQWDLQHG�WKH�DELOLW\�WR�
VWRUH�JOXFRVH� LQ�WKH�IRUP�RI�JO\FRJHQ��7KLV�KDV�
WZR�LPSOLFDWLRQV��)LUVWO\��WKH�PLQN�KDV�D�GHSRW�RI�
UHDGLO\�DYDLODEOH�HQHUJ\��DQG�VHFRQGO\�JO\FRJHQ�
V\QWKHVLV�LV�DQ�HIILFLHQW�ZD\�RI�FOHDULQJ�JOXFRVH�
IURP� WKH� EORRG� VWUHDP�� ZKHQ� WKH� PLQN� LV� IHG�
VXEVWDQWLDO�DPRXQWV�RI�FDUERK\GUDWHV���
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&DWV�IHG�D�KLJK�FDUERK\GUDWH������RI�'0��GLHW�
KDG�D�VLJQLILFDQWO\��3�������KLJKHU�OLYHU�JO\FRJHQ�
FRQWHQW� FRPSDUHG�ZLWK�FDWV� IHG�D�KLJK�SURWHLQ�
GLHW������RI�'0���.HWWHOKXW�HW�DO����������,Q�IDVWHG�
FDWV�SUHYLRXVO\�IHG�WKH�KLJK�FDUERK\GUDWH�GLHW��
WKH�OLYHU�JO\FRJHQ�FRQWHQW�GHFUHDVHG�GUDVWLFDOO\�
GXULQJ�IDVWLQJ��ZKLOH�OLYHU�JO\FRJHQ�PRELOLVDWLRQ�
ZDV�PXFK�VORZHU�LQ�FDWV�IHG�D�KLJK�SURWHLQ�GLHW�
�.HWWHOKXW� HW� DO��� ������� .LHQ]OH�	�0H\HU� �������
KDYH�VKRZQ�WKDW�SXSSLHV�ERUQ�IURP�GRJ�ELWFKHV�
IHG�FDUERK\GUDWH�IUHH�GLHWV������RU�����'(�IURP�
SURWHLQ�� GXULQJ� SUHJQDQF\� KDG� ORZ� OLYHU�
JO\FRJHQ�FRQWHQW�DQG�VPDOO�OLYHU�VL]HV�DW�ELUWK���
�
,Q�PLQN��D����KRXU�IDVW�FDXVHG�D�GHFOLQH�LQ�OLYHU�
JO\FRJHQ��3��������IURP���PJ�J�ZHW�ZHLJKW�WR�
����PJ�J�ZHW�ZHLJKW��3HWHUVHQ�HW�DO����������7KHVH�
UHVXOWV� VKRZ�WKDW�GXULQJ� IDVW�� OLYHU�JO\FRJHQ� LV�
LQHYLWDEO\�GHFUHDVLQJ��+RZHYHU��WKH�UDWH�DW�ZKLFK�
OLYHU�JO\FRJHQ�LV�GHFUHDVLQJ�LV�YHU\�GHSHQGHQW�RQ�
WKH�GLHW�SUHYLRXVO\�IHG���
7KH�FRQWHQW�RI�WULJO\FHULGHV�LQ�DGLSRF\WHV�LV�WKH�
EDODQFH�RI�WKH�UHFLSURFDO�UHJXODWLRQ�RI�OLSRJHQHVLV�
DQG� OLSRO\VLV�� ,QVXOLQ� SURPRWHV� PHWDEROLVP� RI�
JOXFRVH�LQ�OLSRJHQHVLV��ZKHUHDV�OLSRO\VLV�GXULQJ�
IDVW� LV� VWLPXODWHG� E\� JOXFDJRQ� �'RQNLQ�� �������
/LSRO\VLV�\LHOGV�JO\FHURO��ZKLFK�FDQ�EH�XWLOLVHG�LQ�
JOXFRQHRJHQHVLV��DQG�IDWW\�DFLGV��ZKLFK�FDQ�QRW�
EH�XWLOLVHG�LQ�WKLV�SDWKZD\��

���
*OXFRVH�KRPHRVWDVLV�GXULQJ�SUHJQDQF\�DQG�
ODFWDWLRQ��
�
'XULQJ�ERWK�SUHJQDQF\�DQG�ODFWDWLRQ�WKHUH�LV�DQ�
H[WUD�JOXFRVH�GHPDQG�IRU�JURZWK�RI�WKH�IHWXVHV�
DQG� PLON� ODFWRVH�� UHVSHFWLYHO\�� &RQVHTXHQWO\��
SODVPD� JOXFRVH� KDV� EHHQ� GHPRQVWUDWHG� WR�
GHFUHDVH� GXULQJ� SUHJQDQF\� LQ� D� QXPEHU� RI�
VSHFLHV��.LHQ]OH�	�0H\HU��������KDYH�VKRZQ�WKDW�
SUHJQDQW�GRJV�H[SHFWLQJ�ODUJH�OLWWHUV�FDQ�EHFRPH�
H[WUHPHO\�K\SRJO\FHPLF�SULRU�WR�ZKHOSLQJ��,Q�D�
UHFHQW� PLQN� VWXG\�� ZH� KDYH� IRXQG� D� ORZHU�
JOXFRVH�FRQFHQWUDWLRQ�RI�����PPRO�O��6(0 �����LQ�
ODWH�SUHJQDQF\�FRPSDUHG�ZLWK�HDUO\�SUHJQDQF\��
ZKHUH� JOXFRVH� FRQFHQWUDWLRQ� ZDV� ���� PPRO�O�
�6(0 ������*DGH�	�%¡UVWLQJ��XQSXEO����
�
$FFRUGLQJ�WR�5RPVRV�HW�DO����������ODFWDWLQJ�GRJ�
ELWFKHV� KDYH� D� UHODWLYHO\� ORZ� UHTXLUHPHQW� IRU�
JOXFRVH�IRU�ODFWRVH�V\QWKHVLV�EHFDXVH�WKHLU�PLON�

KDV� D� ORZ� FRQFHQWUDWLRQ� RI� ODFWRVH�� 3XSV� DQG�
NLWWHQV�LQJHVW�DERXW�����J�ODFWRVH�NJ�GD\�IURP�
WKH�PLON� �0H\HU�� ������5RPVRV� HW� DO��� �������7KH�
GDLO\�RXWSXW�RI� ODFWRVH�DQG�RWKHU�VXJDUV� LQ�WKH�
PLON�RI�D�IHPDOH�PLQN�QXUVLQJ�D�OLWWHU�RI���NLWV�LV�
DW� OHDVW� �� J�SHU�GD\��ZKLFK� LV�ZLWKLQ� WKH� VDPH�
UDQJH�DV�WKH�WRWDO�DEVRUSWLRQ�RI�JOXFRVH��%¡UVWLQJ�
	�'DPJDDUG�� ������� 7KHUHIRUH�� WKH� V\QWKHVLV� RI�
JOXFRVH� YLD� JOXFRQHRJHQHVLV� LV� HVVHQWLDO� IRU�
VXSSO\LQJ� WKH� PLQN� ZLWK� VXIILFLHQW� JOXFRVH��
HVSHFLDOO\� GXULQJ� WKH� ODFWDWLRQ� SHULRG�� 7KLV� LV�
VXSSRUWHG�E\�%¡UVWLQJ�	�'DPJDDUG���������ZKR�
IRXQG�WKDW�LQ�ODFWDWLQJ�PLQN�IHG�D�GLHW�ZLWK�����
RI� 0(� IURP� FDUERK\GUDWHV�� JOXFRQHRJHQHVLV�
DFFRXQWHG� IRU� DERXW� ���� RI� WKH� JOXFRVH�
UHTXLUHPHQW��,Q�D�UHFHQW�VWXG\��*DGH�	�%¡UVWLQJ��
XQSXEO���� DQ� LQFUHDVH� LQ� WKH� SURSRUWLRQ� RI�
FDUERK\GUDWHV�LQ�WKH�IHHG�IURP�����WR�����RI�0(�
GLG� QRW� LQFUHDVH� JOXFRVH� XWLOLVDWLRQ� GXULQJ� WKH�
LQWHUYDO���WR���KRXUV�SRVW�SUDQGLDOO\��+HQFH������
�RI�0(�IURP�JOXFRVH�FRPELQHG�ZLWK�����RI�0(�
IURP� SURWHLQ� \LHOGHG� VXIILFLHQW� JOXFRQHRJHQLF�
VXEVWDQFHV�WR�PDNH�WKH�VDPH�DPRXQW�RI�JOXFRVH�
DYDLODEOH�WR�WKH�PLQN�DV�ZKHQ�JOXFRVH�DEVRUSWLRQ�
ZDV�DOPRVW�GRXEOHG������RI�0(��DQG�SURWHLQ�ZDV�
VOLJKWO\� UHGXFHG� ����� RI�0(���$OWRJHWKHU�� WKLV�
GHPRQVWUDWHV� WKH� KLJK� DELOLW\� RI� WKH� PLQN� WR�
V\QWKHVLVH� JOXFRVH�� ZKHQ� VXIILFLHQW� SUHFXUVRUV�
DUH�DYDLODEOH�LQ�WKH�IRUP�RI�DPLQR�DFLGV��
�
/LWWHU�VL]H�VHHPV�WR�LQIOXHQFH�WKH�SURGXFWLRQ�UDWH�
RI� JOXFRVH� DV� VKRZQ�E\�%¡UVWLQJ�	�'DPJDDUG�
�������� ZKR� IRXQG� VOLJKWO\� KLJKHU� JOXFRVH�
SURGXFWLRQ�UDWHV� LQ� IHPDOH�PLQN�QXUVLQJ���NLWV�
FRPSDUHG�ZLWK�IHPDOHV�QXUVLQJ���NLWV��7KLV�PD\�
EH� SDUW� RI� WKH� HWLRORJLFDO� EDFNJURXQG� IRU� WKH�
GHYHORSPHQW� RI� QXUVLQJ� GLVHDVH� ZKLFK� LV�
FKDUDFWHULVHG� E\� D� GLVUXSWHG� JOXFRVH�
KRPHRVWDVLV��+HQFH��:DPEHUJ�HW�DO���������IRXQG�
WKDW� ODFWDWLQJ� PLQN� VXIIHULQJ� IURP� QXUVLQJ�
GLVHDVH� KDG� D� YHU\� KLJK� SODVPD� JOXFRVH� OHYHO�
������ PPRO�O�� FRPSDUHG� ZLWK� ���� PPRO�O� LQ�
KHDOWK\��ODFWDWLQJ�IHPDOHV�IHG�D�GLHW�FRQVLVWLQJ�RI�
���� RI�0(� IURP� FDUERK\GUDWHV��ZKLFK�ZDV� LQ�
DJUHHPHQW�ZLWK�UHVXOWV�IURP�6FKQHLGHU�	�+XQWHU�
�������� 5HVXOWV� IURP� :DPEHUJ� HW� DO�� �������
LQGLFDWH� WKDW� WKH� SHULSKHUDO� FHOOV� RI� PLQN�
VXIIHULQJ� IURP� QXUVLQJ� GLVHDVH� GHYHORS� ORZHU�
UHVSRQVLYHQHVV�WR�LQVXOLQ�UHVXOWLQJ�LQ�D�UHGXFHG�
FHOOXODU�XSWDNH�RI�JOXFRVH��
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&RPSDUHG� ZLWK� RPQLYRUHV�� FDUQLYRUHV� KDYH�
KLJKHU�DFWLYLWLHV�RI�JOXFRQHRJHQLF�HQ]\PHV�DV�D�
UHVXOW�RI�HYROXWLRQDU\�DGDSWDWLRQ�WR�GLHWV�ZKLFK�
DUH� ORZ� LQ� FDUERK\GUDWHV�� 7KH� DFWLYLW\� RI� OLYHU�
HQ]\PHV� LQYROYHG� LQ� DPLQR� DFLG� FDWDEROLVP� LV�
KLJK�LQ�FDUQLYRUHV��DQG�LW�LV�XQDIIHFWHG�E\�GLHWDU\�
SURWHLQ� OHYHO� DQG� HTXDO� LQ� WKH� IHG� DQG� IDVWHG�
VWDWHV��7KLV�HQDEOHV�WKH�FDUQLYRURXV�VSHFLHV�FDWV�
DQG� PLQN� WR� V\QWKHVLVH� VXIILFLHQW� JOXFRVH�
SULPDULO\�EDVHG�RQ�DPLQR�DFLGV�WR�DOORZ�JOXFRVH�
XWLOLVDWLRQ�ERWK� LQ� WKH� IHG�DQG� WKH� IDVWHG�VWDWH��
7KHUHIRUH�� WKH� HYROXWLRQDU\� DGDSWDWLRQ� WR� ORZ�
FDUERK\GUDWH�OHYHOV�KDV�DSSDUHQWO\�QRW�LQYROYHG�
D� UHGXFHG� UHOLDQFH� RQ� JOXFRVH� XWLOLVDWLRQ�
FRPSDUHG�ZLWK�VSHFLHV�DEVRUELQJ�ODUJH�DPRXQWV�
RI�JOXFRVH��0LQN�DQG�GRJV�FDQ�PDLQWDLQ�JOXFRVH�
KRPHRVWDVLV�ZKHQ� IHG� FDUERK\GUDWH�IUHH�GLHWV��
+RZHYHU�� WKLV� LV� QRW� WKH� FDVH�ZKHQ� WKHUH� LV� D�
VKRUWDJH�RI�JOXFRQHRJHQLF�SUHFXUVRUV�LQ�WKH�IRUP�
RI� DPLQR� DFLGV�� 7KH� ULVN� RI� K\SRJO\FHPLD� LV�
KLJKHVW� GXULQJ� ODWH� SUHJQDQF\� DQG� ODFWDWLRQ��
ZKHQ� JOXFRVH� UHTXLUHPHQW� LV� KLJKHVW��
)XUWKHUPRUH�� PLQN� DUH� DEOH� WR� VWRUH� H[FHVV�
JOXFRVH�LQ�WKH�IRUP�RI�JO\FRJHQ��ZKLFK�LQGLFDWHV�
WKDW�WKH�ULVN�IRU�RYHUORDGLQJ�PLQN�ZLWK�JOXFRVH�
XQGHU�IDUPHG�FRQGLWLRQV�LV�ORZ���
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