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7\SLFDO� H[DPSOHV� RI� KLJK� WHPSHUDWXUH� RSWLFDO� VSHFWUD� RI� VLOLFDWH� JODVV� PHOWV� DUH� SUHVHQWHG�� 7KH�

WHFKQRORJLFDO� LPSDFW�RI� WKHVH�SURSHUWLHV�RQ� WKH� UDGLDWLYH�KHDW� WUDQVIHU� LQ� LQGXVWULDO�JODVV�PHOWLQJ� WDQNV� LV�

GLVFXVVHG����

,QWURGXFWLRQ�

7KH�KLJK�WHPSHUDWXUH�SURSHUWLHV�RI�JODVV�PHOWV�DUH�RI�LQWHUHVW�IURP�ERWK�D�VFLHQWLILF�DQG�
D� WHFKQRORJLFDO� SRLQW� RI� YLHZ�� 7KLV� FRQWULEXWLRQ� LV� IRFXVHG� RQ� WKH� KLJK� WHPSHUDWXUH�
FKDUDFWHULVDWLRQ� RI� VLOLFDWH� JODVV�PHOWV� E\� VSHFWUDO� RSWLFDO�PHWKRGV�� 6RPH� W\SLFDO� UHVXOWV� RI�
KLJK� WHPSHUDWXUH� RSWLFDO� DEVRUSWLRQ� PHDVXUHPHQWV� RI� VLOLFDWH� JODVV� PHOWV� DUH� SUHVHQWHG��
&RPSRVLWLRQDO� DQG� UHGR[� HIIHFWV� RQ� WKH� JODVV� PHOW� RSWLFDO� SURSHUWLHV� DUH� GLVFXVVHG��
)XUWKHUPRUH�� WKH� WHFKQRORJLFDO� LPSRUWDQFH� RI� WKHVH� SURSHUWLHV� IRU� LQGXVWULDO� JODVV�
PDQXIDFWXULQJ� LV� LOOXVWUDWHG�� E\� DVVHVVLQJ� WKH� LPSDFW� RI� WKH� KLJK� WHPSHUDWXUH� VSHFWUDO�
SURSHUWLHV�RQ�WKH�UDGLDWLYH�KHDW�WUDQVIHU�LQ�VHPL�WUDQVSDUHQW�JODVV�PHOWV��

([SHULPHQWDO�PHWKRG�DQG�H[HPSODU\�UHVXOWV�

7KH�KLJK�WHPSHUDWXUH�VHW�XS�IRU�PHDVXUHPHQW�RI�WKH�VSHFWUDO�DEVRUSWLRQ�RI�JODVV�PHOWV��
GHYHORSHG� DW� WKH� 712� ,QVWLWXWH� RI� $SSOLHG� 3K\VLFV�� LV� GHFULEHG� LQ��� � )RU� PLQLPLVLQJ�
V\VWHPDWLFDO�HUURUV�LQ�WKH�KLJK�WHPSHUDWXUH�DERUSWLRQ�PHDVXUHPHQWV��D�VDPSOH�KROGHU�ZLWK�D�
YDULDEOH� RSWLFDO� SDWK� OHQJWK� LQ� WKH� JODVV� PHOW� VDPSOH� LV� XVHG�� 7KH� VSHFWUDO� H[WLQFWLRQ�

FRHIILFLHQW� .�λ�� DW� D� FHUWDLQ� WHPSHUDWXUH� LV� FDOFXODWHG� IURP� WKH� UDWLR� EHWZHHQ� WZR�
WUDQVPLWWDQFH�VSHFWUD��UHFRUGHG�DW�GLIIHUHQW�JODVV�PHOW�GHSWKV��7KH�VSHFWUDO�PHOW�SURSHUWLHV�RI�
D�ODUJH�QXPEHU�RI�LQGXVWULDOO\�SURGXFHG�VLOLFDWH�JODVVHV�KDYH�EHHQ�PHDVXUHG��LQFOXGLQJ��

• IOLQW��JUHHQ��DPEHU�DQG�ROLYH�JUHHQ�VRGD�OLPH�JODVVHV�IRU�FRQWDLQHUV�

• VRGD�OLPH�IORDW�JODVV�

• ERURVLOLFDWH�JODVV�IRU�WH[WLOH�JODVV�ILEHUV��(�JODVV��

• %D��DQG�6U��FRQWDLQLQJ�VLOLFDWH�JODVV��XVHG�IRU�79�VFUHHQV�

• OHDG�FU\VWDO�JODVV�

,Q�JHQHUDO��WKH�REVHUYHG�IHDWXUHV�LQ�WKH�KLJK�WHPSHUDWXUH�JODVV�PHOW�VSHFWUD�FDQ�EH�DVFULEHG�
WR�D�FRPELQDWLRQ�RI�DEVRUSWLRQV�GXH�WR��



• HOHFWURQLF� H[FLWDWLRQV� LQ� WKH� JODVV�PDWUL[� LQ� WKH� VKRUW�ZDYHOHQJWK� UHJLRQ� ������P���
JHQHUDOO\�LQWHQVLI\LQJ�ZLWK�WHPSHUDWXUH��

• DEVRUELQJ�VSHFLHV�LQ�WKH�JODVV��HVS��FRORXULQJ�LRQV�OLNH�)H�DQG�&U��DQG�2+�JURXSV�LQ�
WKH�LQWHUPHGLDWH�ZDYHOHQJWK�UHJLRQ����²����P����

• YLEUDWLRQDO�EDQGV�RI�WKH�JODVV�PDWUL[�IRU�WKH�ORQJ�ZDYHOHQJWK�UHJLRQ��!����P���

,Q�ILJ����WKH�DEVRUSWLRQ�VSHFWUD�RI�D�W\SLFDO�79�VFUHHQ�JODVV�FRPSRVLWLRQ��UHFRUGHG�DW�������
������ ����� DQG� ����� �&�� UHVSHFWLYHO\�� DUH� FRPSDUHG� WR� WKH� DEVRUSWLRQ� VSHFWUXP� DW� URRP�
WHPSHUDWXUH� �����&���7KH�HUURU� LQ� WKH�KLJK� WHPSHUDWXUH� DEVRUSWLRQ�GDWD� LV� HVWLPDWHG� WR�EH�
PD[LPXP�����

�

)LJ����6SHFWUDO�DEVRUSWLRQ�RI�79�VFUHHQ�JODVV�DW�URRP�WHPSHUDWXUH�DQG�DW�PHOW�

WHPSHUDWXUHV�

5HYLHZ�RI�REVHUYHG�KLJK�WHPSHUDWXUH�VSHFWUDO�IHDWXUHV��

7KH�IROORZLQJ�REVHUYDWLRQV��GHULYHG�IURP�D�UHYLHZ�RI�WKH�KLJK�WHPSHUDWXUH�VSHFWUD�IRU�
DOO�DERYH�PHQWLRQHG�VLOLFDWH�JODVV�W\SHV��DUH�RI�SUDFWLFDO�LQWHUHVW�IRU�LQGXVWULDO�JODVV�PHOWLQJ��$�
GLVWLQFWLRQ� LV� PDGH� EHWZHHQ� JODVVHV�PHOWV� ZLWK� UHODWLYHO\� KLJK� DQG� ORZ� LURQ� FRQWHQWV���
6SHFWUD�RI�JODVV�PHOWV�ZLWK�UHODWLYHO\�KLJK�LURQ�FRQWHQW��)H�2��!������ZW����

• )RU� FRORXUHG� FRQWDLQHU� JODVVHV� �JUHHQ�� ROLYH� JUHHQ� DQG� DPEHU��� IORDW� JODVV� DQG�
ERURVLOLFDWH�JODVV��WKH�DEVRUSWLRQ�EDQG�RI�)H���DURXQG������������P�DQG�WKH�IUHH�2+�
DEVRUSWLRQ�EDQG�DURXQG������P�GRPLQDWH�WKH�VSHFWUD�EHWZHHQ�����DQG����P�

• ,Q�JHQHUDO�IRU�WKHVH�JODVVHV��WKH�DEVRUSWLRQ�VWUHQJWK�RI�WKH�)H���EDQG�GHFUHDVHV�ZLWK�
WHPSHUDWXUH�
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• *UHHQ�JODVV��FRQWDLQLQJ�ERWK�)H��DQG�&U��LRQV��VKRZV�D�GHYLDWLQJ�EHKDYLRXU�DW�KLJK�
WHPSHUDWXUHV�� )RU� WKLV� JODVV� WKH� DEVRUSWLRQ� DURXQG� ���� ²� ���� �P� LQFUHDVHV� ZLWK�
WHPSHUDWXUH���

6SHFWUD�RI�ORZ�LURQ�FRQWHQW�JODVV�PHOWV���������ZW��)H�2����

• )RU� ORZ�LURQ� FRQWHQW�� R[LGLVHG� JODVVHV�� HVS�� IOLQW� FRQWDLQHU�� 79�VFUHHQ� DQG� OHDG�
FU\VWDO� JODVVHV�� WKH�)H��� DEVRUSWLRQ�EDQG�DURXQG�����²� �����P� LV� YLUWXDOO\� DEVHQW� DW�
KLJK� WHPSHUDWXUHV� DQG� RQO\� WKH� IUHH�2+� EDQG� UHPDLQV� FOHDUO\� YLVLEOH� LQ� WKH� KLJK�
WHPSHUDWXUHV�VSHFWUD�

• 7KH�DEVRUSWLRQ�OHYHO�RI�IOLQW�JODVV�DQG�79�JODVV�W\SHV�EHWZHHQ�����DQG������P�LV�ORZ�
�.�W\SLFDOO\�YDULHV�EHWZHHQ������DQG�����FP����DQG�WKH�VSHFWUDO�DEVRUSWLRQ�RI�WKHVH���
JODVV� W\SHV� LQ�WKLV�ZDYHOHQJWK�UHJLRQ�KDV�D�VOLJKW� WHPSHUDWXUH�GHSHQGHQFH��RQO\��FI��
ILJ�����

• /HDG�FU\VWDO�JODVV�PHOWV�VKRZ�D�SHFXOLDU�EHKDYLRXU�LQ�WKH�VSHFWUDO�UHJLRQ�EHWZHHQ�����
DQG� ���� �P�� WKH� DEVRUSWLRQ� LQFUHDVHV� DERXW� D� IDFWRU� ��� RYHU� WKLV� ZKROH� VSHFWUDO�
UHJLRQ�� ZKHQ� KHDWLQJ� WKH� JODVV� IURP� ����� WR� ����� �&�� $SSDUHQWO\�� WKH� VSHFLILF�
QHWZRUN� VWUXFWXUH� RI� OHDG� VLOLFDWH� JODVV� PHOWV� UHVXOWV� LQ� DQ� LQWHQVLILFDWLRQ� RI� WKH�

HOHFWURQLF�WUDQVLWLRQV�RI�WKH�PDWUL[�DW�HOHYDWHG�WHPSHUDWXUH��

�

5RVVHODQG�UDGLDWLRQ�FRQGXFWLYLW\�

7KH�PDLQ�KHDW�WUDQVIHU�PHFKDQLVP�LQ�VHPL�WUDQVSDUHQW�LQGXVWULDO�JODVV�PHOWV�LV�WKHUPDO�
UDGLDWLRQ� LQ� WKH� VSHFWUDO� UHJLRQ� �� �� �� �P�� 7KHUHIRUH�� GHWDLOHG� NQRZOHGJH� RI� WKH� VSHFWUDO�
RSWLFDO�SURSHUWLHV�RI�JODVV�PHOWV�LV�UHTXLUHG�LQ�RUGHU�WR�XQGHUVWDQG��WR�PRGHO�DQG�WR�RSWLPLVH�
WKH�KHDW�WUDQVIHU�DQG�PHOWLQJ�SURFHVVHV�LQ�LQGXVWULDO�JODVV�WDQNV��)RU�FRPSDULQJ�WKH�UDGLDWLYH�
KHDW�WUDQVIHU�FKDUDFWHULVWLFV�RI�GLIIHUHQW�JODVV�W\SHV�LW�LV�XVHIXO�WR�GHILQH�D�VR�FDOOHG�SKRWRQ�RU�
UDGLDWLRQ�FRQGXFWLYLW\��E\�XVLQJ�WKH�5RVVHODQG�RU�GLIIXVLRQ�DSSUR[LPDWLRQ��,Q�WKLV�DSSURDFK�
LW�LV�DVVXPHG�WKDW�WKH�JODVV�PHOW�V\VWHP�LV�RSWLFDOO\�WKLFN�IRU�KHDW�UDGLDWLRQ��7KLV�LPSOLHV�WKDW�
WKH�PHDQ�IUHH�SDWK�RI�WKH�SKRWRQV�� OP��P��� LV�VPDOO�FRPSDUHG�WR�WKH�WKLFNQHVV�G��P��RI�WKH�
JODVV�PHOW�V\VWHP��ZKHUH�WKH�PHDQ�IUHH�SDWK�RI�WKH�SKRWRQV�LV�GHILQHG�DV�WKH�UHFLSURFDO�YDOXH�
RI� WKH� H[WLQFWLRQ� FRHIILFLHQW�.� �P����� � OP�  � ��.���� G� �P�� )URP� DQ� DQDO\VLV� RI� WKH� KLJK�
WHPSHUDWXUH� VSHFWUD�� LW� LV� FRQFOXGHG� WKDW� WKH� 5RVVHODQG� GLIIXVLRQ� DSSUR[LPDWLRQ� FDQ� EH�
DSSOLHG� LQ� SUDFWLFDOO\� DOO� FDVHV� IRU�PRGHOOLQJ� LQGXVWULDO� JODVV�PHOWLQJ� WDQNV��ZKHUH� WKH� JODVV�
EDWK�GHSWK�LV�RI�WKH�RUGHU�RI�����FP��+RZHYHU��IRU�PRGHOOLQJ�UDGLDWLYH�KHDW�WUDQVIHU�LQ�WKH�
IRUHKHDUWK��W\SLFDO�GHSWK���������FP��RI�D�JODVV�IXUQDFH�SURGXFLQJ�ORZ�LURQ�FRQWHQW�JODVV��H�J��
IOLQW�FRQWDLQHU�JODVV���WKH�5RVVHODQG�DSSUR[LPDWLRQ�LV�QR�ORQJHU�YDOLG��VLQFH�WKH�FRQGLWLRQ��OP�
��� IRUHKHDUWK�GHSWK�� LV�QRW� VDWLVILHG��2WKHU� UDGLDWLRQ�PRGHOV�� OLNH� UD\� WUDFLQJ�DQG�GLVFUHWH�
WUDQVIHU� PRGHOV�� PXVW� EH� XVHG� IRU� GHVFULELQJ� UDGLDWLYH� KHDW� WUDQVIHU� LQ� VXFK� JODVV� PHOW�
V\VWHPV�� 7KH� 5RVVHODQG� UDGLDWLRQ� FRQGXFWLYLW\� NU� LV� FDOFXODWHG� IURP� WKH� VSHFWUD� E\�
QXPHULFDOO\�VROYLQJ�WKH�IROORZLQJ�IRUPXOD��ZLWK�LQWHJUDWLRQ�RYHU�WKH�VSHFWUDO�UHJLRQ�LQ�ZKLFK�
WKH�JODVV�PHOW�LV�VHPLWUDQVSDUHQW��DERXW�����²����P��������������

NU� ��∫������Q�������.�λ�����G0�λ��G7���Gλ��



ZLWK���

Q� �UHIUDFWLYH�LQGH[�RI�WKH�JODVV�PHOW�

0� �3ODQFN·V�IXQFWLRQ�RI�D�EODFN�ERG\�UDGLDWRU�

7� �DEVROXWH�WHPSHUDWXUH��.��

7KH� FDOFXODWHG� SKRWRQ� FRQGXFWLYLW\� RI� WKUHH� ORZ� LURQ� FRQWHQW� JODVVHV� �79�VFUHHQ�� OHDG�
FU\VWDODQG�IOLQW�FRQWDLQHU�JODVV��LV�SORWWHG�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�LQ�ILJXUH�����

)LJ���� 5RVVHODQG�SKRWRQ�FRQGXFWLYLW\�RI�GLIIHUHQW�ORZ±LURQ���������ZW��)H�2���

R[LGLVHG�JODVVHV�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�

,W�FDQ�EH�VHHQ�LQ�ILJXUH����WKDW�DW�WHPSHUDWXUHV�EHORZ������°&��WKH�OHDG�FU\VWDO�JODVV�KDV�WKH�
KLJKHVW�UDGLDWLRQ�FRQGXFWLYLW\�RI�WKH�WKUHH�ORZ�LURQ�FRQWHQW�JODVVHV��ZKHUDV�DW�WHPSHUDWXUHV�

KLJKHU�WKDQ������°&��WKH� OHDG�FU\VWDO�KDV�WKH� ORZHVW�SKRWRQ�FRQGXFWLYLW\��7KH�SURQRXQFHG�
GHFUHDVH�RI� UDGLDWLRQ�FRQGXFWLYLW\�ZLWK�WHPSHUDWXUH�IRU�WKH�OHDG�FU\VWDO�JODVV�LV�FDXVHG�E\�D�
VWURQJ�LQFUHDVH�LQ�RSWLFDO�DEVRUSWLRQ�ZLWK�WHPSHUDWXUH��DV�PHQWLRQHG�DERYH��

(IIHFW�RI�UHGR[�VWDWH�RQ�UDGLDWLYH�KHDW�WUDQVIHU�LQ�JODVV�PHOWV�

7KH�RSWLFDO�DEVRUSWLRQ�E\�)H��� LRQV�KDV�D�ODUJH�LPSDFW�RQ�WKH�UDGLDWLYH�KHDW�WUDQVIHU�LQ�
LQGXVWULDO�VLOLFDWH�JODVV�PHOWV��6LQFH�WKH�)H���FRQWHQW�LV�GHWHUPLQHG�E\�WKH�UHGR[�VWDWH�RI�WKH�
JODVV�� WKH� UHGR[� VWDWH�KDV� D�PDMRU� HIIHFW� RQ� WKH� SKRWRQ� FRQGXFWLYLW\� DW�PHOW� WHPSHUDWXUHV��

7KLV�HIIHFW�LV�LOOXVWUDWHG�LQ�ILJ�����ZKLFK�VKRZV�WKH�VSHFWUDO�DEVRUSWLRQ�DW������°&�RI�WZR�IORDW�
JODVVHV�ZLWK�D�VLPLODU�FKHPLFDO�FRPSRVLWLRQ��WRWDO�LURQ�R[LGH�FRQWHQW� ������ZW����EXW�ZLWK�
GLIIHUHQW� UHGR[�VWDWHV��7KH� ¶UHGXFHG·� IORDW�JODVV�KDV�DQ� LURQ�UHGR[�UDWLR�)H����)HWRW� � ������
DQG�WKH�PRUH�¶R[LGLVHG·�IORDW�JODVV�KDV�DQ�LURQ�UHGR[�UDWLR�RI�������URRP�WHPSHUDWXUH�UDWLR·V���
'XH�WR�WKLV�UHGR[�GLIIHUHQFH��WKH�DEVRUSWLRQ�RI�WKH�UHGXFHG�IORDW�JODVV�LQ�WKH�VSHFWUDO�UHJLRQ�
��²������P�LV�KLJKHU�WKDQ�WKH�FRUUHVSRQGLQJ�DEVRUSWLRQ�VSHFWUXP�RI�WKH�R[LGLVHG�IORDW�JODVV��
DV�FDQ�EH�VHHQ�LQ�ILJXUH�����
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79�VFUHHQ�JODVV

/HDG�FU\VWDO�JODVV

)OLQW�FRQWDLQHU�JODVV



�

)LJ��� $EVRUSWLRQ�VSHFWUD�DW�������&�RI�WZR�IORDW�JODVVHV�RI�GLIIHUHQW�UHGR[�VWDWH��

8VLQJ� WKH� VSHFWUD� RI� ILJ�� ��� WKH� UDGLDWLRQ� FRQGXFWLYLW\� DW� ����� °&�ZDV� FDOFXODWHG� WR� EH� ���
:�P.�IRU�WKH�UHGXFHG�IORDW�JODVV�DQG����:�P.�IRU�WKH�R[LGLVHG�IORDW�JODVV���6R��D�UHODWLYHO\�
VPDOO� UHGR[� GLIIHUHQFH� EHWZHHQ� WZR� IORDW� JODVVHV�ZLOO� KDYH� D� ODUJH� LPSDFW� RQ� WKH� UDGLDWLYH�
KHDW�SHQHWUDWLRQ��ZKHQ�WKHVH�JODVVHV�DUH�PHOWHG�LQ�DQ�LQGXVWULDO�WDQN��

&RQFOXGLQJ�UHPDUNV�

$OO�WKH�JODVV�PHOWV�WKDW�KDYH�EHHQ�VWXGLHG�VKRZ�KLJKHVW�WUDQVPLVVLRQ�LQ�WKH�ZDYHOHQJWK�
UHJLRQ�EHWZHHQ���DQG������P��L�H��WKH�VSHFWUDO�UHJLRQ�EHWZHHQ�WKH�)H���DEVRUSWLRQ�EDQG�DQG�
WKH� 2+� DEVRUSWLRQ� EDQG� DW� ���� �P�� 7KLV� LPSOLHV� WKDW� KHDW� UDGLDWLRQ� ZLWK� D� ZDYHOHQJWK�
DURXQG����P�ZLOO�KDYH�WKH�ODUJHVW�SHQHWUDWLRQ�GHSWK�LQ�WKH�JODVV�PHOW��7KXV��IRU�DQ�HIIHFWLYH�
UDGLDWLYH�KHDW� WUDQVIHU� IURP� WKH�FRPEXVWLRQ� FKDPEHU�RI� D� IXHO� ILUHG�JODVV� IXUQDFH� LQWR� WKH�
JODVV�PHOW�� WKH�EXUQHU�IODPHV�VKRXOG�KDYH�D�KLJK�UDGLDWLYH�HPLVVLRQ�EHWZHHQ���DQG������P��
HVSHFLDOO\�IRU�UHODWLYHO\�
GDUN
�JODVV�PHOWV��OLNH�DPEHU�DQG�JUHHQ�JODVVHV��,Q�JHQHUDO��JDV�IODPHV�
KDYH�D�FRQVLGHUDEO\�ORZHU�HPLVVLYLW\�LQ�WKLV�UHJLRQ�WKDQ�VRRW\�RLO�IODPHV��0RUH�OXPLQRXV�JDV�
IODPHV� FDQ� EH� DFKLHYHG� E\� DSSO\LQJ� QHDU� VWRLFKLRPHWULF� RU� HYHQ� UHGXFLQJ� FRPEXVWLRQ�
FRQGLWLRQV��ZKLFK�UHVXOWV�LQ�PRUH�VRRW�IRUPDWLRQ��
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�

��1LMQDWWHQ��3�$��YDQ��%URHNKXLMVH��-�7��DQG�)DEHU��$�-���6SHFWUDO�3KRWRQ�&RQGXFWLYLW\�RI�JODVV�DW�IRUPLQJ�DQG�

PHOWLQJ�WHPSHUDWXUHV��3URFHHGLQJV�RI�WKH��WK�(6*�&RQIHUHQFH��3UDJXH��-XQH�����������������

��5�0��3RWWHU�DQG�0�.��&KRXGKDU\��&DOFXODWLRQ�RI�UDGLDWLRQ�WKHUPDO�FRQGXFWLYLW\�LQ�VLOLFDWH�JODVV�PHOWV��3URF��

;9,,�,&*�&RQJUHVV��%HLMLQJ��������9RO�����S�����²�����

-��(QGU\V�HW��$O���6WXG\�RI�WKH�KLJK�WHPSHUDWXUH�VSHFWUDO�EHKDYLRXU�RI�FRQWDLQHU�JODVV��*ODVWHFKQ��%HU��*ODVV�
6FL��7HFKQ�������������1R������S������������
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R[LGLVHG�IORDW��)H�����)H�WRW�� �����
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