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*ODVV�PHOW�LV�D� VHPLWUDQVSDUHQW�PHGLXP�DQG�UDGLDWLRQ�KHDW� WUDQVSRUW�KDV�D�VLJQLILFDQW� LPSDFW�RQ�WKH�

HQHUJ\� WUDQVSRUW� LQ� WKH� PHOW�� 5DGLDWLRQ� LQ� JODVV� FDQ� EH� DEVRUEHG� RU� SDVVHG� WKURXJK� GHSHQGLQJ� RQ� WKH�

DEVRUSWLRQ�FRHIILFLHQW�DQG�RQ�JODVV�WDQN�GLPHQVLRQV��)RU�VLOLFD�EDVHG�JODVVHV��W\SLFDOO\���VSHFWUDO�EDQGV�FDQ�

EH�GLVWLQJXLVKHG�IRU�WKH�ZDYHOHQJWK�GHSHQGHQW�DEVRUSWLRQ�FRHIILFLHQW��)RU�ZLQGRZ�JODVV�EHWZHHQ�����DQG�
����P��WKH�DEVRUSWLRQ�FRHIILFLHQW�LV� ORZ��DERYH�����P�LW�EHFRPHV�KLJKHU�DQG�WKH�JODVV� LV�QHDUO\�RSDTXH��

)RU� ODUJH� RSWLFDO� WKLFNQHVV�� UDGLDWLRQ� LV� DEVRUEHG� DQG� HPLWWHG� ORFDOO\�� WKXV� DFFRUGLQJ� WR� OLWHUDWXUH�� WKH�

5RVVHODQG� DSSUR[LPDWLRQ� LV� YDOLG�� 1HYHUWKHOHVV�� IRU� LQWHUPHGLDWH� RU� ORZ� RSWLFDO� WKLFNQHVV� WKH� UDGLDWLRQ�

WUDQVIHU� HTXDWLRQ� VKDOO� EH� VROYHG� VHSDUDWHO\�� DQG� D�PRUH� HODERUDWH� UDGLDWLRQ�PRGHO� LV� QHHGHG�� )RU� JODVV�

PHOWV��WKLV�PRGHO�VKRXOG�EH�LGHDOO\�VSHFWUDO�DQG�YDOLG�IRU�D�ODUJH�UDQJH�RI�RSWLFDO�WKLFNQHVVHV��7KH�'LVFUHWH�

2UGLQDWH�0HWKRG�LV�RQH�RI� WKH�ZHOO�HVWDEOLVKHG� UDGLDWLRQ�PRGHOV�DQG�FDQ�EH� LQWHJUDWHG� LQWR�D�&)'�FRGH��

+RZHYHU�� RXU� YHULILFDWLRQ� RQ� WKH� 7&���557�� WDQN� ZLWK� κ ��P��� ×� �P� VKRZV� VLJQLILFDQW� GLIIHUHQFHV�
EHWZHHQ�'20�DQG�5RVVHODQG��$�ERWWRP�WHPSHUDWXUH�GLIIHUHQFH�RI�DERXW���.�DQG�VLJQLILFDQW�GLIIHUHQFHV�LQ�

WKH�UHFLUFXODWLRQ�LQWHQVLW\�DUH�VWDWHG��8VLQJ�D��'�UDGLDWLRQ�SUREOHP�ZLWK�ERXQGDU\�FRQGLWLRQV�VLPLODU�WR�WKH�

VLWXDWLRQ�LQ�JODVV�WDQNV��WKLV�LQFRQVLVWHQF\�FDQ�EH�H[SODLQHG��7KH�UHVXOWV�DUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�

WKH�5RVVHODQG�DQG�'20�PRGHOV��)RU� ODUJH�RSWLFDO� WKLFNQHVV��DQ� H[DFW�VROXWLRQ� IRU� WKH�UDGLDWLRQ�SUREOHP�

SXEOLVKHG�E\�+HDVOHW�DQG�:DUPLQJ�>����@�ILWV�ZHOO�ZLWK�WKH�5RVVHODQG�DSSUR[LPDWLRQ��2QH�FDQ�DOVR�VKRZ�

WKHRUHWLFDOO\� WKDW� IRU�ODUJH�RSWLFDO� WKLFNQHVV��κ�!������'20�LV�QRW�YDOLG�� �%HFDXVH�HYHQ�FOHDU�JODVV�PHOWV�

SUHVHQW� KLJKHU� DEVRUSWLRQ� FRHIILFLHQWV� IRU� λ� !� ���� �P�� VWDQGDUG� PXOWLEDQG� '20� LV� LQDSSURSULDWH� DV� D�

UDGLDWLRQ�PRGHO�RI�WKH�PHOW�LQ�JODVV�WDQNV��

,QWURGXFWLRQ�

5DGLDWLRQ�KHDW�WUDQVIHU�SOD\V�D�SUHGRPLQDQW�UROH�LQ�WKH�PHOWLQJ�SURFHVV�RI�JODVV��*ODVV�LV�
D�VHPLWUDQVSDUHQW�PHGLD��SDUW�RI�WKH�UDGLDWLRQ�FDQ�EH�UHDGLO\�DEVRUEHG�RU�FDQ�SDVV�WKURXJK�

WKH�JODVV�RQ�D� ORQJ�UDQJH��7KLV�EHKDYLRXU�GHSHQGV�RQ�VSHFWUDO�DEVRUSWLRQ�RI�WKH�JODVV�D�λ��
DQG�RQ�JODVV�WDQN�GLPHQVLRQV��W\SLFDO�JODVV�WDQN�GHSWK�/ ��P���7KH�RSWLFDO� WKLFNQHVV��κ� �
D×/�� LV� XVXDOO\� XVHG� WR� DSSUHFLDWH� WKDW� SK\VLFV�� 5RXJKO\�� �� VSHFWUDO� EDQGV� FDQ� EH�
GLVWLQJXLVKHG�IRU�WKH�DEVRUSWLRQ�FRHIILFLHQW�RI�W\SLFDO�ZLQGRZ�JODVV��%HWZHHQ������P�DQG�����
�P�WKH�DEVRUSWLRQ�LV�ORZ�DQG�DERYH�LW�EHFRPHV�VWURQJHU�DQG�QHDUO\�RSDTXH��
)LJ���SUHVHQWV�VSHFWUDO�GLVWULEXWLRQ�RI�WKH�DEVRUSWLRQ�FRHIILFLHQW�IRU�GLIIHUHQW�W\SHV�RI�FOHDU�
JODVV�FRPSDUHG�WR�WKH�EODFN�ERG\�UDGLDWRU����
)RU� D�PDWKHPDWLFDO�PRGHO� RI� WHPSHUDWXUH� DQG� DGYHFWLRQ� RI� WKH�PHOW� LQ� D� JODVV� WDQN�� LW� LV�
FUXFLDO�WR�XVH�DQ�DSSURSULDWH�UDGLDWLRQ�PRGHO���

�

�

�



0DWKHPDWLFDO�$VSHFWV�

8VXDOO\� JODVV� LV� FRQVLGHUHG� DV� DQ� DEVRUELQJ� QRQ�VFDWWHULQJ�PHGLXP�� ,I� WKH�PHGLXP� LV�
DVVXPHG�WR�EH�JUD\��UDGLDWLRQ�WUDQVIHU�HTXDWLRQ�EHFRPHV��
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ZKHUH� ,� LV� WKH� UDGLDWLRQ� LQWHQVLW\� WUDYHOOLQJ� LQ� D� VLQJOH� GLUHFWLRQ� SHU� XQLW� VROLG� DQJOH� DQG�
FURVVLQJ� D� XQLW� DUHD� QRUPDO� WR� WKH� GLUHFWLRQ� RI� WUDYHO�� )URP� ����� WKH� LQWHQVLW\� GLVWULEXWLRQ�
WKURXJK�WKH�PHGLXP�LV�REWDLQHG�VR�WKDW�WKH�QHW�UDGLDWLYH�HQHUJ\�VRXUFH�GLVWULEXWLRQ�FDQ�EH�
IRXQG�� 7KLV� VRXUFH� LV� LQVHUWHG� LQWR� WKH� HQHUJ\� FRQVHUYDWLRQ� HTXDWLRQ�� WR� REWDLQ� WKH�
WHPSHUDWXUH�GLVWULEXWLRQ�LQ�WKH�PHGLXP���
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7KXV��WR�VROYH�HTXDWLRQ������DQ�H[SUHVVLRQ�IRU�WKH�GLYHUJHQFH�RI�WKH�UDGLDQW�KHDW�IOX[�YHFWRU�

∇TU�LV�UHTXLUHG��0DQ\�PHWKRGV�DUH�NQRZQ�WR�VROYH�WKLV�SUREOHP��7KH�SXUSRVH�RI�WKLV�SDSHU�
LV�QRW�WR�JLYH�D�UHYLHZ�RI�GLIIHUHQW�PRGHOV��EXW�WR�FRPSDUH�DQG�WR�FKHFN�WKH�YDOLGLW\�RI�WKH�
5RVVHODQG� DSSUR[LPDWLRQ� DQG� RI� WKH�'LVFUHWH� 2UGLQDWH�0HWKRG� �'20�� IRU� DQ� LQGXVWULDO�
DSSOLFDWLRQ��
7KH�5RVVHODQG�DSSUR[LPDWLRQ�UHTXLUHV�WKDW� WKH�PHGLXP�LV�RSWLFDOO\� WKLFN�DQG�WKH�UDGLDWLRQ�
LQWHQVLW\� LV� LVRWURSLF� LQ� DOO� DQJXODU� GLUHFWLRQV�� 7KLV� FRQGLWLRQ� LV� RQO\� UHVSHFWHG� IRU� ORZ�
WHPSHUDWXUH�JUDGLHQWV��,Q�WKH�GHYHORSPHQW�RI�WKH�KHDW�IOX[�YHFWRU���VHFRQG�RUGHU�WHUPV�DUH�
WUXQFDWHG��DQG�ILQDOO\�WKH�GLYHUJHQFH�RI�WKH�UDGLDQW�KHDW�IOX[�YHFWRU�LV�JLYHQ�E\�5RVVHODQG��LQ�
D��'�IRUPXODWLRQ��

�

�
�� �

�

��

G[

7G
7Q

DG[

GT U σ−= � ����

$W� WKH� LQWHUIDFHV�� EHFDXVH� WHPSHUDWXUH� JUDGLHQWV� DUH� VWURQJ�� DQG� WKH� 5RVVHODQG�
DSSUR[LPDWLRQ� LV� QRW� YDOLG�� D� ´5DGLDWLRQ� VOLSµ� ERXQGDU\� FRQGLWLRQ� VKDOO� EH� XVHG��
7HPSHUDWXUH� JUDGLHQW� DQG� KHDW� IOX[� DW� WKH� ZDOOV� DUH� FRUUHFWHG�� )RU� LWV� VLPSOLFLW\�� WKH�
5RVVHODQG�DSSUR[LPDWLRQ�LV�IUHTXHQWO\�XVHG�LQ�JODVV�WDQN�VLPXODWLRQV���
+RZHYHU��VSHFWUDO�DVSHFWV�RI�WKH�UDGLDWLRQ�KHDW�WUDQVIHU�FDQQRW�EH�WUHDWHG�SURSHUO\�ZLWK�WKLV�
PHWKRG�DQG�HVSHFLDOO\�IRU�FOHDU�JODVV��RSWLFDO�WKLFNQHVV�FDQ�EH�VPDOO�LQ�WKH�´RSWLFDO�ZLQGRZµ�
RI� WKH� DEVRUSWLRQ� FRHIILFLHQW�� 7KH� '20� LV� DQ� H[WHQVLRQ� RI� DQ� DSSURDFK� FDOOHG� ��IOX[�
PHWKRG�����7KH�'20�FRQVLVWV�RI�GLVFUHWL]LQJ�WKH�GRPDLQ�VSDWLDOO\�DQG�ZLWK�UHVSHFW�WR�DQJOH��
7KH�GLYHUJHQFH�RI�WKH�UDGLDQW�KHDW�IOX[�YHFWRU�LV�FDOFXODWHG�IURP�WKH�VROXWLRQ�RI�������
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,Q� D� �'� FDVH�� ZLWK� WKH� ��IOX[� PHWKRG� WKH� GLYHUJHQFH� RI� WKH� UDGLDQW� KHDW�IOX[� YHFWRU� LV�
VLPSOLILHG�WR���
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:H�FDQ�SRLQW�RXW�WKDW��FRPSDUHG�WR�����WKH�IDFWRU�����LV�DEVHQW�LQ�WKLV�UHODWLRQ��7KH���IOX[�
PHWKRG� LV� FRQVLGHUHG� VXLWDEOH� IRU� LVRWURSLF�PHGLD��� 7KH� WHUP� ���� LV� WKHQ� LQWURGXFHG� DV� D�
VRXUFH�WHUP�LQ�WKH�HQHUJ\�HTXDWLRQ��,Q�QXPHULFDO�DOJRULWKP�IRU�WKH�VROXWLRQ�RI�����WKH�VRXUFH�
WHUP�LV�WKHQ�OLQHDULVHG��
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9DOLGDWLRQ�WHVW�FDVHV�

7KH��'�FDVH� LV� DQ� HIILFLHQW� WRRO� WR�GHWHUPLQH� WKH� YDOLGLW\�RI� UDGLDWLRQ�PRGHOOLQJ��7KH�
FKRRVHQ�ERXQGDU\�FRQGLWLRQV�DUH�NH\�SDUDPHWHUV�IRU�LGHQWLI\LQJ�WKH�FRUUHFW�UHVXOW��'LIIHUHQW�
FDVHV�PD\�EH�SURSRVHG�WR�YDOLGDWH�UDGLDWLRQ�PRGHOV��7DEOH���VKRZV�WKH�GLIIHUHQW�SRVVLELOLWLHV��
7KH�PRVW� FRQYHQLHQW� FDVH� HVSHFLDOO\� IRU� ODUJH� RSWLFDO� WKLFNQHVV� LV� JLYHQ� LQ� FROXPQ� ���7KH�
RWKHU�SRVVLELOLWLHV�SUHVHQW�FHUWDLQ�GLVDGYDQWDJHV��VRPH�RI�WKHP�QHHG�YHU\�WKRURXJK�SUHFLVLRQ�
LQ� WHPSHUDWXUH� FDOFXODWLRQ�� RU� DUH� QRW� YHU\� UHSUHVHQWDWLYH� IRU� ERXQGDU\� FRQGLWLRQ� XVHG� LQ�
JODVV� PHOWV�� RU� H[DFW� VROXWLRQV� DUH� QRW� DYDLODEOH�� 5HVXOWV� LQ� FROXPQ� �� WHVW� FDVH� XVHG� DUH�
UHSUHVHQWHG�LQ�)LJ����7KH�DEVRUSWLRQ�FRHIILFLHQW�LV�FKRVHQ�HTXDO�WR����P����KHDW�IOX[�LV�IL[HG�
WR� D� YDOXH� RI� �����Z�P��� 7KH� JULG� GLPHQVLRQ� LV� FKRVHQ� VPDOOHU� WKDQ� WKH�PHDQ� IUHH� SDWK�
OHQJWK�����

'LVFXVVLRQ�DQG�FRQFOXVLRQ�

)LJ� �� DQG� �� VKRZ� D� GLIIHUHQFH� ODUJHU� WKDQ� ���� RQ� ERWWRP� WHPSHUDWXUH� �DW� / �P��
EHWZHHQ�'20�DQG�5RVVHODQG�DSSUR[LPDWLRQ��)XUWKHUPRUH��WKH�5RVVHODQG�VROXWLRQ�LV�VLPLODU�
WR�WKH�H[DFW�RQH���7KLV�GLIIHUHQFH�LV�GXH�WR�WKH�PHWKRGRORJ\�RI�WKH�'20���
)RU�ODUJH�RSWLFDO�WKLFNQHVV�WKH�FRXSOLQJ�RI�UDGLDWLRQ�DQG�HQHUJ\�HTXDWLRQ�LV�QR�ORQJHU�FRUUHFW�
ZLWK�'20��)URP�WKH�SUHYLRXV�SDUDJUDSK��WKLV�FDQ�EH�H[SODLQHG�DV�IROORZV��7KH�VRXUFH�WHUP�
LQ� WKH� HQHUJ\� HTXDWLRQ� LV� DOZD\V� OLQHDULVHG� LQ� QXPHULFDO� DOJRULWKPV��� %XW� IRU� ODUJH� RSWLFDO�
WKLFNQHVV�� WKLV� VRXUFH� WHUP� WHQGV� WRZDUGV� 5RVVHODQG� DSSUR[LPDWLRQ� DQG� LV� UHODWHG� WR�
WHPSHUDWXUH� IRU� WKH� �'� FDVH� E\� HTXDWLRQ� ������ 1HYHUWKHOHVV� WKH� VRXUFH� WHUP� FDOFXODWHG�
GLUHFWO\� IURP� LVRWURSLF� LQWHQVLW\� LV� HTXDO� WR� WKH� H[SUHVVLRQ� LQ� HTXDWLRQ� ����� )RU� D� SXUH�
UDGLDWLRQ� SUREOHP�� WKH� UHODWLRQ� EHWZHHQ� VRXUFH� WHUP� DQG� WHPSHUDWXUH� LV� XVHG� WR� ILQG� WKH�
WHPSHUDWXUH�ILHOG��:KHQ�WKH�WHPSHUDWXUH�LV�FDOFXODWHG�ZLWK�WKH�HQHUJ\�FRQVHUYDWLRQ�HTXDWLRQ�
����DQG�WKH�FDOFXODWHG�WHPSHUDWXUH�YDOXH�XVHG� LQ�WKH�UDGLDWLRQ�HTXDWLRQ��DQ�HUURU�RFFXUV�RQ�
WKH�ILQDO�VROXWLRQ�RI������
7KH� HUURU� LQGXFHG� E\� '20� KDV� D� GUDVWLF� FRQVHTXHQFH� RQ� WKH� PRGHOLQJ� RI� WKHUPR�
FRQYHFWLRQ� LQ� JODVV� WDQNV�� 7R� LOOXVWUDWH� WKLV� SUREOHP�� WKH� 7&���557�� WHVW� FDVH� LQ� �'�
DSSURDFK�ZLWK�D�IL[HG�EDWFK�KHDW�ORVV���LV�XVHG�WR�FRPSDUH�5RVVHODQG�DQG�'20��$Q�DYHUDJH�
ERWWRP� WHPSHUDWXUH� GLIIHUHQFH� RI� DERXW� ��.� LV� IRXQG�� '20� RYHUHVWLPDWHV� WKH� ERWWRP�
WHPSHUDWXUH�� '20� LV� QRW� YDOLG� IRU� ODUJH� RSWLFDO� WKLFNQHVV�� 0XOWLEDQG� '20� LV� QRW�
DSSURSULDWH�� HYHQ� IRU� YHU\� FOHDU� JODVV� KDYLQJ� DEVRUSWLRQ� FRHIILFLHQWV� TXLWH� KLJK� IRU�
ZDYHOHQJWK�!�����P�IRU� VLOLFD�EDVHG�JODVVHV��2Q�WKH�RWKHU�KDQG��5RVVHODQG�DSSUR[LPDWLRQ�
FDQQRW�EH�XVHG�IRU�VPDOO�RSWLFDO�WKLFNQHVV��YHU\�FOHDU�JODVV�RU�VPDOO�GHSWK���DQG�LWV�VLPSOLFLW\�
LV�VRPHZKDW�XQVXLWHG�WR�RXU�SUREOHP��
��6SHFWUDO�DVSHFW�LV�DSSUR[LPDWHG��WKH�PHGLXP�LV�FRQVLGHUHG�JUD\���
��%RXQGDU\�FRQGLWLRQ�DW�WKH�YLFLQLW\�RI�VHPL�WUDQVSDUHQW�LV�QRW�ZHOO�WUHDWHG��XVXDOO\�WKH�

VSHFXODU�EHKDYLRXU�LV�QRW�WDNHQ�LQWR�DFFRXQW��
��7KH�FODVVLFDO�5RVVHODQG�DSSUR[LPDWLRQ�GRHV�QRW�LQFOXGH�DQ\�LQIRUPDWLRQ�DERXW�WKH�

JHRPHWU\�RI�WKH�PHGLXP��

%HFDXVH�WKHUPRFRQYHFWLRQ�LV�GLUHFWO\�UHODWHG�WR�UDGLDWLRQ�KHDW�WUDQVIHU�LQ�JODVV�PHOW��UDGLDWLRQ�
PRGHO�VKRXOG�EH�LGHDOO\�VSHFWUDO�DQG�YDOLG�IRU�ODUJH�UDQJH�RSWLFDO�WKLFNQHVV��
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7DEOH����%RXQGDU\�FRQGLWLRQ�SRVVLELOLWLHV�IRU�UDGLDWLRQ�EHQFKPDUN�FDVH�

%�&�� 7ZR�WHPSHUDWXUHV� 7ZR�IOX[HV� 7HPSHUDWXUH�DQG�
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7ZR�FRQYHFWLRQ�

FRQGLWLRQV�

*UDSKLFV�

�7��

7��

�=ε �
=ε �

�=ε � �

�T��

�T��

�=ε �
=ε �

�=ε � �

�7��

T��

�=ε �
=ε �

�=ε � �

�K��

K��

�=ε �
=ε �

�=ε �
�

2XWSXW�
7HPSHUDWXUH�SURILOH�

DQG�KHDW�IOX[�
7HPSHUDWXUH�SURILOH� 7HPSHUDWXUH�SURILOH�

7HPSHUDWXUH�SURILOH�

DQG�KHDW�IOX[�

1XPHULFDO�VROXWLRQ� +LJK�SUHFLVLRQ� ,OO�SRVHG�SUREOHP� B� +LJK�SUHFLVLRQ�

([DFW�VROXWLRQ�� $YDLODEOH� 1RW�DYDLODEOH� $YDLODEOH� 1RW�DYDLODEOH�
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)LJ����:DYHOHQJWK�GHSHQGHQFH�RI�DEVRUSWLRQ�FRHIILFLHQW�IRU�ZLQGRZ�DQG�WDEOHZDUH�JODVV��
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)LJ����7HPSHUDWXUH�SURILOH�RI�5RVVHODQG�DSSUR[LPDWLRQ�DQG�'20�IRU�DQ�DEVRUSWLRQ�

FRHIILFLHQW�RI����P
��
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2QO\�5RVVHODQG�VROXWLRQ�ILWV�ZLWK�H[DFW�VROXWLRQ��
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7ERWWRP ����.�

4IUHH�VXUIDFH ��N:�P�

7ERWWRP ����.�

4IUHH�VXUIDFH ��N:�P�

�

)LJ����7&���557��WHVW�WDQN�LQ��'���,VRWKHUPV��� .7 ��=∆ ��DQG�SURILOHV�RI�KRUL]RQWDO�

YHORFLW\�IRU��D��'20���E�5RVVHODQG�$SSUR[LPDWLRQ���

7HPSHUDWXUHV�DQG�IORZ�DUH�GLIIHUHQW�LQ�ERWK�PRGHOV��
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��1�1HXURWK��*ODVVWHFK�%U����S��������������
��5��6HLJHO	-�5�+RZHOO��LQ�7KHUPDO�5DGLDWLRQ�+HDW�7UDQVIHU��HGLWHG�E\�0DU\�3HUVFRWW�	�&DURO\Q�
9�RUPV��WD\ORU	IUDQFLV��ZDVKLQJWRQ���������7KLUG�HGLWLRQ��9RO�����S�������
��6�5RVVHODQG��0�1�5�$�6������S��������������
��5��9LVFDQWD��$GYDQFHV�LQ�+HDW�7UDQVIHU����S�������������������
��:��:�-RKQVRQ�LQ�9,�,QWHUQDWLRQQDO�6HPLQDU�2Q�0DWKHPDWLFDO�PRGHOOLQJ�$QG�$GYDQFHG�1XPHULFDO�
0HWKRGV�,Q�)XUQDFH�GHVLJQ�DQG�2SHUDWLRQ���������S������
��0�$�+HDVOHW��DQG�5��)��:DUPLQJ��,QWHUQDWLRQQDO�-RXUQDO�RI�+HDW�7UDQVIHUW����S��������������
��6�9�3DWDQNDU��LQ�1XPHULFDO�+HDW�7UDQVIHU�$QG�)OXLG�)ORZ��HGLWHG�E\�0�$�3KLOOLSVDQG�
(�0�0LOOPDQ��7D\ORU	)UDQFLV����������S������
��:�6�.XKQ��*ODVV�VFLHQFH�DQG�WHFKQRORJ\�����S�������������
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