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'HSDUWPHQW RI &LYLO (QJLQHHULQJ� ,QGLDQ ,QVWLWXWH RI 7HFKQRORJ\ .DQSXU� .DQSXU ������� ,QGLD

$EVWUDFW� 6RPH HOHYDWHG ZDWHU WDQNV KDYH IDLOHG GXH WR WRUVLRQDO YLEUDWLRQV LQ SDVW HDUWKTXDNHV� 7KH
RYHUDOO D[LV\PPHWULF VWUXFWXUDO JHRPHWU\ DQG PDVV GLVWULEXWLRQ RI VXFK VWUXFWXUHV PD\ OHDYH RQO\ D VPDOO
DFFLGHQWDO HFFHQWULFLW\ EHWZHHQ FHQWUH RI VWLIIQHVV DQG FHQWUH RI PDVV� 6XFK D VPDOO DFFLGHQWDO HFFHQWULFLW\
LV QRW H[SHFWHG WR FDXVH D WRUVLRQDO IDLOXUH� 7KLV SDSHU VWXGLHV WKH SRVVLELOLW\ RI DPSOLILHG WRUVLRQDO
EHKDYLRXU RI HOHYDWHG ZDWHU WDQNV GXH WR VXFK VPDOO DFFLGHQWDO HFFHQWULFLW\ LQ WKH HODVWLF DV ZHOO DV
LQHODVWLF UDQJH� XVLQJ WZR VLPSOH LGHDOL]HG V\VWHPV ZLWK WZR FRXSOHG ODWHUDO�WRUVLRQDO GHJUHHV RI IUHHGRP�
7KH V\VWHPV DUH FDSDEOH RI UHWDLQLQJ WKH FKDUDFWHULVWLFV RI WZR H[WUHPH FDWHJRULHV RI ZDWHU WDQNV QDPHO\�
D� WDQNV RQ VWDJLQJ ZLWK OHVV QXPEHU RI FROXPQV DQG SDQHOV DQG E� WDQNV RQ VWDJLQJ ZLWK ODUJH QXPEHU RI
FROXPQV DQG SDQHOV� 7KH VWXG\ VKRZV WKDW WKH SUHVHQFH RI D VPDOO HFFHQWULFLW\ PD\ OHDG WR ODUJH
GLVSODFHPHQW RI WKH VWDJLQJ HGJH LQ WKH HODVWLF UDQJH� LI WKH WRUVLRQDO�WR�ODWHUDO WLPH SHULRG UDWLR �τ� RI WKH
HOHYDWHG WDQNV OLHV ZLWKLQ D FULWLFDO UDQJH RI ��� � τ � ����� ,QHODVWLF EHKDYLRXU VWXG\ UHYHDOV WKDW VXFK
H[FHVVLYH GLVSODFHPHQW LQ VRPH RI WKH UHLQIRUFHG FRQFUHWH VWDJLQJ HOHPHQWV PD\ FDXVH XQV\PPHWULF
\LHOGLQJ� 7KLV PD\ OHDG WR SURJUHVVLYH VWUHQJWK GHWHULRUDWLRQ WKURXJK VXFFHVVLYH \LHOGLQJ LQ VDPH HOHPHQWV
XQGHU F\FOLF ORDGLQJ GXULQJ HDUWKTXDNHV� 6XFK ORFDOL]HG VWUHQJWK GURS SURJUHVVLYHO\ GHYHORS ODUJH VWUHQJWK
HFFHQWULFLW\ UHVXOWLQJ LQ ODUJH ORFDOL]HG LQHODVWLF GLVSODFHPHQW DQG GXFWLOLW\ GHPDQG� OHDGLQJ WR IDLOXUH� 6R�
HOHYDWHG ZDWHU WDQNV VKRXOG KDYH τ RXWVLGH WKH VDLG FULWLFDO UDQJH WR DYRLG DPSOLILHG WRUVLRQDO UHVSRQVH�
7KH WDQNV VXSSRUWHG RQ VWDJLQJ ZLWK OHVV QXPEHU RI FROXPQV DQG SDQHOV DUH IRXQG WR KDYH JUHDWHU
WRUVLRQDO YXOQHUDELOLW\� 7DQNV ORFDWHG QHDU IDXOWV VHHP WR KDYH WRUVLRQDO YXOQHUDELOLW\ IRU ODUJH τ�

.H\ ZRUGV� ODWHUDO�WRUVLRQDO FRXSOLQJ� HOHYDWHG ZDWHU WDQNV� VWDJLQJV� UHLQIRUFHG FRQFUHWH� IUDPH�W\SH�
LQHODVWLF� VWUHQJWK GHWHULRUDWLRQ�

�� ,QWURGXFWLRQ

7RUVLRQDO IDLOXUH RI VRPH UHLQIRUFHG FRQFUHWH DV ZHOO DV VWHHO HOHYDWHG ZDWHU WDQNV KDV RFFXUUHG LQ

SDVW HDUWKTXDNHV �6WHLQEUXJJH ����� 6WHLQEUXJJH DQG 0RUDQ ����� -DLQ HW DO� ������ 7KH ODWHVW

IDLOXUH RI WKLV NLQG ZDV WKH WRUVLRQDO IDLOXUH RI D UHLQIRUFHG FRQFUHWH HOHYDWHG ZDWHU WDQN GXULQJ

���� .LOODUL� ,QGLD� HDUWKTXDNH �-DLQ HW DO� ������ ,Q WKLV FDVH� WKH WDQN FRQWDLQHU YHUWLFDOO\ FROODSVHG

EXU\LQJ WKH VL[ VXSSRUWLQJ FROXPQV GLUHFWO\ XQGHUQHDWK WKH ERWWRP VODE RI WKH FRQWDLQHU� 7KLV

YHUWLFDO FROODSVH DQG WKH HYLGHQFH RI D FLUFXPIHUHQWLDO GLVSODFHPHQW RI DERXW ��� PHWUH VXJJHVW WKDW

DOI: http://dx.doi.org/10.12989/sem.2000.9.6.615



��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

WRUVLRQDO YLEUDWLRQV PD\ KDYH EHHQ WKH SULPDU\ FDXVH RI IDLOXUH� %XW� HOHYDWHG ZDWHU WDQNV ZLWK WKHLU

EURDGO\ D[LV\PPHWULF JHRPHWU\ DQG PDVV GLVWULEXWLRQ� GR QRW DSSHDU WR EH SURQH WR WRUVLRQ VLQFH�

FHQWUH RI VWLIIQHVV �&6� DQG FHQWUH RI PDVV �&0� WHQG WR FRLQFLGH� +RZHYHU� VPDOO HFFHQWULFLW\

EHWZHHQ &6 DQG &0 PD\ DULVH GXH WR DFFLGHQWDO UHDVRQV� )RU LQVWDQFH� D JHRPHWULFDO LPSHUIHFWLRQ

RU QRQXQLIRUPLW\ LQ FRQVWUXFWLRQ LQ WKH FROXPQV FRXOG VOLJKWO\ PRYH WKH &6� 6ORVKLQJ RI WKH ZDWHU

PDVV DOVR PD\ FDXVH D VKLIW LQ WKH &0 DW D JLYHQ LQVWDQW RI WLPH� $V\PPHWULF SODFHPHQWV RI

ODGGHUV� VWDLUV DQG SLSHOLQHV PD\ DOVR JLYH ULVH WR D VPDOO HFFHQWULFLW\�

7KH ODWHUDO DQG WRUVLRQDO PRWLRQV RI XQV\PPHWULF VWUXFWXUHV DUH FRXSOHG� /LWHUDWXUH RQ WKLV WRSLF

�H�J�� 6NLQQHU HW DO� ����� 6KHSKHUG DQG 'RQDOG ����� 3HQ]LHQ ����� +RHUQHU ����� .DQ DQG

&KRSUD ����� 7VR DQG 'HPSVH\ ����� .DQ DQG &KRSUD ����� &KRSUD DQG +HMDO ������ PDLQO\

IRFXVLQJ RQ WKH EXLOGLQJV� FOHDUO\ VKRZV WKDW G\QDPLF DPSOLILFDWLRQ RI WKH URWDWLRQDO UHVSRQVH

EHFRPHV VLJQLILFDQW DV WKH XQFRXSOHG ODWHUDO DQG WRUVLRQDO IUHTXHQFLHV RI WKH VWUXFWXUH JHW FORVH WR

HDFK RWKHU� 7KH DERYH VWXGLHV DOVR FRQFOXGH WKDW WKLV DPSOLILFDWLRQ HIIHFW LV PRVW SURQRXQFHG ZKHQ

WKH HFFHQWULFLW\ LV VPDOO� (YLGHQFH RI VPDOO HFFHQWULF VWUXFWXUHV H[KLELWLQJ FRQVLGHUDEOH WRUVLRQDO

UHVSRQVH GXULQJ HDUWKTXDNHV GXH WR FORVHO\�VSDFHG WRUVLRQDO DQG ODWHUDO QDWXUDO SHULRGV LV DOVR

UHFRUGHG LQ WKH OLWHUDWXUH �H�J�� /LQ DQG 3DSDJHRUJLRX ������

1XPHURXV VWXGLHV RQ WKH QRQOLQHDU EHKDYLRXU RI HFFHQWULF V\VWHPV XQGHU ODWHUDO�WRUVLRQDO FRXSOLQJ

KDYH EHHQ UHSRUWHG LQ WKH OLWHUDWXUH �5XWHQEHUJ ����� &KDQGOHU HW DO� ������ 0RVW RI WKHP VWXG\ WKH

UHVSRQVH XQGHU UHFRUGHG HDUWKTXDNH JURXQG PRWLRQV RU DVVRFLDWHG VSHFWUD� DQG RI V\VWHPV ZLWKRXW

VWUHQJWK GHWHULRUDWLRQ EXW XQGHU F\FOLF ORDGLQJ� 7KH DPSOLILFDWLRQ LQ WRUVLRQDO UHVSRQVH GXH WR

ODWHUDO�WRUVLRQDO FRXSOLQJ LV UHSRUWHG WR EH DEVHQW LQ VPDOO HFFHQWULFLW\ \LHOGLQJ V\VWHPV ZLWK HODVWR�

SODVWLF FKDUDFWHULVWLFV IRU UHVLVWLQJ HOHPHQWV �7VR DQG 6DGHN ������ 7KLV LV DWWULEXWHG WR WKH

FRQVLGHUDEOH GH�WXQLQJ RI WKH XQFRXSOHG ODWHUDO DQG WRUVLRQDO QDWXUDO SHULRGV RQ \LHOGLQJ� ,Q IDFW�

WZR HDUOLHU VWXGLHV �,UYLQH DQG .RXQWRXULV ����� 7VR DQG 6DGHN ����� FRQFOXGHG WKDW WKH SHDN

GXFWLOLW\ GHPDQG LQ VPDOO�HFFHQWULFLW\ V\VWHPV LV VLPLODU WR WKDW LQ WKH FRUUHVSRQGLQJ V\PPHWULF

V\VWHPV� $OVR� LW LV UHSRUWHG WKDW LQFOXGLQJ WKH VWLIIQHVV GHJUDGLQJ FKDUDFWHULVWLFV LQ WKH ORDG�UHVLVWLQJ

HOHPHQW GRHV QRW DSSUHFLDEO\ FKDQJH WKH SHDN GXFWLOLW\ GHPDQG LQ FRPSDULVRQ ZLWK WKDW REWDLQHG

ZLWKRXW LQFOXGLQJ WKH VDPH �7VR DQG 6DGHN ������

7KH VWXG\ SUHVHQWHG LQ WKLV SDSHU GLVFXVVHV WKH SRVVLELOLW\ RI DPSOLILFDWLRQ RI WKH GLVSODFHPHQW

UHVSRQVH RI WKH ODWHUDO ORDG�UHVLVWLQJ HOHPHQWV RI WKH IUDPH VWDJLQJV RI HOHYDWHG ZDWHU WDQNV ZLWK

VPDOO HFFHQWULFLW\� GXH WR WXQLQJ EHWZHHQ WRUVLRQDO DQG ODWHUDO QDWXUDO SHULRG� ,Q IDFW� WKH

GLVSODFHPHQW RI WKH ORDG�UHVLVWLQJ HOHPHQWV LV PRUH LPSRUWDQW WKDQ RYHUDOO URWDWLRQ RI WKH VWUXFWXUH

IURP WKH YLHZ SRLQW RI GHVLJQ� 2Q WKH FRQWUDU\� WKH PRVW RI WKH DERYH�PHQWLRQHG H[LVWLQJ OLWHUDWXUH

IRFXVHG RQO\ RQ WKH URWDWLRQDO UHVSRQVH RI WKH DV\PPHWULF V\VWHPV� ,W LV REVHUYHG KHUH� WKDW LQ

DGGLWLRQ WR WKH YDULRXV SDUDPHWHUV LGHQWLILHG LQ WKH SDVW� WKH UDWLR RI WRUVLRQDO VWLIIQHVV WR ODWHUDO

VWLIIQHVV DOVR DIIHFWV WKH WRUVLRQDO UHVSRQVH� ,QHODVWLF WRUVLRQDO EHKDYLRXU LV VWXGLHG WR REVHUYH WKH

HIIHFW RI VWUHQJWK GHWHULRUDWLRQ RI WKH UHLQIRUFHG FRQFUHWH PHPEHUV XQGHU F\FOLF ORDGLQJ� 7KH

H[FHVVLYH HODVWLF GLVSODFHPHQW DW RQH HGJH RI WKH VWDJLQJ PD\ FDXVH ORFDOL]HG \LHOGLQJ DQG

FRQVLGHUDEOH VWUHQJWK GURS LQ VXFFHVVLYH LQHODVWLF H[FXUVLRQ� 7KH ODUJH VWUHQJWK HFFHQWULFLW\ IURP

VXFK SURJUHVVLYH HIIHFW RI WRUVLRQ PD\ FUHDWH D YHU\ KLJK ORFDOL]HG GLVSOFHPHQW DQG GXFWLOLW\

GHPDQG� ,W LV REVHUYHG HOVHZKHUH �'XWWD ����D� WKDW HOHYDWHG ZDWHU WDQNV VXSSRUWHG RQ XVXDO

D[LV\PPHWULF IUDPH�W\SH VWDJLQJ �)LJ� �D� DUH OLNHO\ WR KDYH WXQLQJ EHWZHHQ WRUVLRQDO DQG ODWHUDO

QDWXUDO SHULRGV DQG KHQFH� DUH WRUVLRQDOO\ YXOQHUDEOH� )RXU DOWHUQDWH FRQILJXUDWLRQV �)LJV� �E� �F� �G

DQG �H� DUH VXJJHVWHG WR DYRLG WKLV SUREOHP�
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� 0RGHOLQJ RI HOHYDWHG ZDWHU WDQNV

���� ,GHDOL]HG V\VWHPV

*HQHUDOO\� HOHYDWHG ZDWHU WDQNV KDYH WZR W\SHV RI PRGHV RI ODWHUDO YLEUDWLRQ QDPHO\� WKH

LPSXOVLYH DQG WKH VORVKLQJ PRGHV RI YLEUDWLRQ� 6LPLODUO\� LPSXOVLYH DQG VORVKLQJ PRGHV RI YLEUDWLRQ

DOVR H[LVW XQGHU WRUVLRQDO PRWLRQ� 7KH QDWXUDO SHULRGV RI WKH VORVKLQJ PRGHV RI YLEUDWLRQ RI HOHYDWHG

ZDWHU WDQNV DUH XVXDOO\ TXLWH ODUJH LQ FRPSDULVRQ ZLWK ERWK WKH LPSXOVLYH QDWXUDO SHULRGV DQG WKH

QDWXUDO SHULRGV FRQWDLQHG LQ WKH HDUWKTXDNH JURXQG PRWLRQV� 7KLV LV HYLGHQW IURP D IHZ H[DPSOH

WDQN SUREOHPV VROYHG LQ WKH OLWHUDWXUH �-DLQ DQG 6DPHHU ������ 7KH LPSXOVLYH PRGH RI YLEUDWLRQ

VWURQJO\ GRPLQDWHV WKH G\QDPLF EHKDYLRXU RI HOHYDWHG ZDWHU WDQNV GXH WR WKH SDUWLFLSDWLRQ RI WKH

ZKROH VWUXFWXUDO PDVV DQG D PDMRU SDUW RI WKH ZDWHU PDVV� +HQFH� LW LV FRQVLGHUHG WKDW WKH FRXSOLQJ

EHWZHHQ LPSXOVLYH PRGHV RI YLEUDWLRQ LQ WUDQVODWLRQ DQG WRUVLRQ ZLOO SULPDULO\ JHQHUDWH WKH WRUVLRQDO

YLEUDWLRQ LQ HOHYDWHG ZDWHU WDQNV GXULQJ HDUWKTXDNHV� $FFRUGLQJO\� RQO\ LPSXOVLYH PRGHV RI

YLEUDWLRQ� LQ WUDQVODWLRQ DQG WRUVLRQ� DUH FRQVLGHUHG LQ WKLV VWXG\� 6R� WKH VWUXFWXUH LV PRGHOHG DV D

VLQJOH�VWRUH\ V\VWHP ZLWK WZR GHJUHHV RI IUHHGRP QDPHO\� WKH ODWHUDO WUDQVODWLRQ DQG WKH URWDWLRQ RI

WKH &0 LQ KRUL]RQWDO SODQH �)LJ� �D�� )RU FLUFXODU F\OLQGULFDO HOHYDWHG ZDWHU WDQNV� WUDQVODWLRQDO

PRWLRQ PD\ SURGXFH K\GURG\QDPLF SUHVVXUHV� 7RUVLRQDO PRWLRQ RI WKH VWDJLQJ PD\ SURGXFH

)LJ� � 8VXDO DQG D IHZ DOWHUQDWH WDQN VWDJLQJ FRQILJXUDWLRQV
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WUDQVODWLRQDO PRWLRQ QRUPDO WR WKH GLUHFWLRQ RI H[FLWDWLRQ� +RZHYHU� DQ\ SRVVLEOH HIIHFW RI WKHVH LV

QHJOHFWHG LQ WKH SUHVHQW VWXG\�

(OHYDWHG ZDWHU WDQNV KDYH UHVLVWLQJ HOHPHQWV �FROXPQV� RI FLUFXODU IUDPH VWDJLQJ SODFHG QHDU WKH

SHULPHWHU RI WKH WDQN� 7KH ODWHUDO VWLIIQHVV RI WKHVH HOHPHQWV DUH UHSUHVHQWHG E\ WKH ORDG�UHVLVWLQJ

HOHPHQWV QHDU WKH HGJHV RI WKH LGHDOL]HG V\VWHPV DV VKRZQ LQ WKH SODQ LQ )LJ� �E DQG �G�

UHVSHFWLYHO\� 7KH ORDG�UHVLVWLQJ HOHPHQWV DUH RIWHQ UHIHUUHG DV HOHPHQWV IRU VLPSOLFLW\ LQ WKH UHVW RI

WKH VWXG\� 7KHVH HOHPHQWV LQ WKH LGHDOL]HG V\VWHPV DUH DVVXPHG WR KDYH RQO\ LQ�SODQH VWLIIQHVV DV

LQGLFDWHG LQ WKH ILJXUH ZKLOH QR RXW�RI�SODQH VWLIIQHVV� 6R� WKH LGHDOL]HG PRGHOV FRQWDLQ D ULJLG IORRU

GLDSKUDJP� UHSUHVHQWLQJ WKH FRPSDUDWLYHO\ ULJLG FRQWDLQHU RI WKH WDQN� VXSSRUWHG E\ IRXU DQG WZR

ODWHUDO ORDG�UHVLVWLQJ HOHPHQWV� DQG UHIHUUHG DV IRXU�HOHPHQW DQG WZR�HOHPHQW V\VWHPV� UHVSHFWLYHO\�

7KH SODQV RI D VWDJLQJ ZLWK PDQ\ FROXPQV DQG WKH FRUUHVSRQGLQJ LGHDOL]HG IRXU�HOHPHQW V\VWHP

DUH VKRZQ LQ )LJ� �D DQG �E� UHVSHFWLYHO\� )RXU VHSDUDWH JURXSV RI FROXPQV DUH LGHQWLILHG DQG

PDUNHG LQ WKH ILJXUH� 7KH WZR JURXSV RI FROXPQV PDUNHG E\ XQVKDGHG HOOLSVHV KDYH WKH

FLUFXPIHUHQWLDO EHDPV DSSUR[LPDWHO\ VSDQQLQJ DORQJ WKH GLUHFWLRQ RI JURXQG PRWLRQ �VKRZQ E\

DUURZV LQ WKH ILJXUH�� 7KHVH FROXPQV PDLQO\ FRQWULEXWH ODWHUDO VWLIIQHVV LQ WKH GLUHFWLRQ RI JURXQG

PRWLRQ� DQG WRUVLRQDO VWLIIQHVV� 7KHVH FDQ EH DGHTXDWHO\ UHSUHVHQWHG E\ WZR SDUDOOHO ORDG�UHVLVWLQJ

HOHPHQWV DORQJ WKH GLUHFWLRQ RI JURXQG PRWLRQ� D GLVWDQFH ' �L�H�� GLDPHWHU RI WKH VWDJLQJ� DSDUW�

7KH WZR JURXSV RI FROXPQV PDUNHG E\ VKDGHG HOOLSVHV PDLQO\ FRQWULEXWH WR WKH VWLIIQHVV RI WKH

VWDJLQJ LQ WKH GLUHFWLRQ SHUSHQGLFXODU WR WKDW RI JURXQG PRWLRQ� 6R� WKHVH FROXPQV GR QRW FRQWULEXWH

ODWHUDO VWLIIQHVV LQ WKH GLUHFWLRQ RI JURXQG PRWLRQ� KRZHYHU� WKHVH FROXPQV GR FRQWULEXWH WRUVLRQDO

VWLIIQHVV� ,Q WKH IRXU�HOHPHQW LGHDOL]HG V\VWHP� WKHVH JURXSV RI FROXPQV DUH UHSUHVHQWHG E\ WKH WZR

HOHPHQWV ORFDWHG DW D GLVWDQFH ' IURP HDFK RWKHU DORQJ WKH GLUHFWLRQ SHUSHQGLFXODU WR WKDW RI JURXQG

PRWLRQ �)LJ� �E�� ,Q VWDJLQJV ZLWK IRXU FROXPQV� WKH RULHQWDWLRQ RI FLUFXPIHUHQWLDO EHDPV LV VXFK

WKDW DOO IRXU FROXPQV HTXDOO\ SDUWLFLSDWH LQ UHVLVWLQJ WKH ODWHUDO IRUFH DV ZHOO DV WRUVLRQDO PRPHQW

DSSUR[LPDWHO\ ZLWK VDPH VWLIIQHVV� VD\� N �)LJ� �F�� 6XFK VWDJLQJV DUH UHSUHVHQWHG E\ WKH WZR�

HOHPHQW V\VWHP VKRZQ LQ )LJ� �G ZKHUHLQ WKH WZR ORDG�UHVLVWLQJ HOHPHQWV �HDFK ZLWK VWLIIQHVV �N�

DUH DW D GLVWDQFH ' DSDUW ZKHUH ' UHSUHVHQWV WKH GLDPHWHU RI WKH DFWXDO VWDJLQJ L�H�� WKH GLVWDQFH

EHWZHHQ WZR GLDPHWULFDOO\ RSSRVLWH FROXPQV� 7KHVH WZR HOHPHQWV HTXDOO\ SDUWLFLSDWH LQ UHVLVWLQJ

ODWHUDO IRUFH DV ZHOO DV WRUVLRQDO PRPHQW� 1RZ WKHVH LGHDOL]HG PRGHOV DUH FRPSDUHG ZLWK DFWXDO

HOHYDWHG ZDWHU WDQNV UHJDUGLQJ WKH UDWLR RI WRUVLRQDO DQG ODWHUDO VWLIIQHVV DQG WKH UDWLR RI WRUVLRQDO

DQG ODWHUDO VWUHQJWKV DV GHVFULEHG EHORZ� 7KHVH DUH WZR LPSRUWDQW SDUDPHWHUV ZKLFK PD\ UHJXODWH

ODWHUDO�WRUVLRQDO FRXSOHG EHKDYLRU LQ HODVWLF DV ZHOO DV SRVW�HODVWLF UDQJH�

$ FORVHG�IRUP H[SUHVVLRQ ZDV GHULYHG IRU ODWHUDO VWLIIQHVV� �.[� RI IUDPH VWDJLQJ VKRZQ LQ )LJ� �D

E\ WKH PHWKRG RXWOLQHG E\ 6DPHHU DQG -DLQ ������ DQG DVVXPLQJ HTXDO KHLJKWV IRU DOO SDQHOV� 7KH

)LJ� � 3ODQV RI VWDJLQJV DQG FRUUHVSRQGLQJ LGHDOL]HG V\VWHPV
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FORVHG�IRUP H[SUHVVLRQ IRU WRUVLRQDO VWLIIQHVV �.θ� IRU WKH VDPH ZDV DOVR GHULYHG �'XWWD ����D��

6XEVHTXHQWO\� WKH H[SUHVVLRQ IRU UDWLR RI WRUVLRQDO DQG ODWHUDO VWLIIQHVVHV ZDV REWDLQHG DV IROORZV�

��D�

ZKHUH 1S� 1F DQG .U DUH QXPEHU RI SDQHOV� QXPEHU RI FROXPQV DQG WKH UDWLR RI IOH[XUDO VWLIIQHVV RI

FROXPQV DQG EHDPV� UHVSHFWLYHO\� 7KH YDULDWLRQ RI UDWLR .θ ��.['
�� DQG WKH YDULDWLRQ RI τ IRU VXFK

WDQNV DUH UHSRUWHG HOVHZKHUH �'XWWD HW DO� ����D�� 7KH DERYH H[SUHVVLRQ VKRZV WKDW IRU VWDJLQJV

ZLWK OHVV QXPEHU RI FROXPQV DQG SDQHOV� WKH QRQGLPHQVLRQDOL]HG VWLIIQHVV UDWLR .θ ��.['
��

DSSURDFKHV WR ����� )RU LQVWDQFH� WKLV UDWLR LV ����� ZKHQ 1S� 1F DQG .U � DOO DUH �� )RU VWDJLQJV ZLWK

FRQVLGHUDEO\ ODUJH QXPEHU RI FROXPQV DQG SDQHOV� WKH UDWLR DSSURDFKHV ��� �H�J�� LI 1S� 1F DQG .U

DUH �� �� DQG �� UHVSHFWLYHO\� WKH UDWLR EHFRPHV ������ ,I ' LV WKH GLVWDQFH EHWZHHQ WZR H[WUHPH HQG

HOHPHQWV RI WKH LGHDOL]HG V\VWHPV LQ HLWKHU GLUHFWLRQ� WKH UDWLR RI WRUVLRQDO VWLIIQHVV .θ DQG ODWHUDO

VWLIIQHVV .[ PD\ EH H[SUHVVHG LQ QRQ�GLPHQVLRQDO IRUP DV

��E�

+HQFH� WKH IRXU�HOHPHQW V\VWHPV UHIOHFW WKH VWLIIQHVV UDWLR RI WKH H[WUHPH FDWHJRU\ RI VWDJLQJV ZLWK

ODUJH QXPEHU RI FROXPQV� DQG SDQHOV� 2Q WKH RWKHUKDQG� WKH WZR�HOHPHQW V\VWHPV KDYH VWLIIQHVV

UDWLR FORVHU WR WKDW RI VWDJLQJV ZLWK IRXU FROXPQV DQG VPDOO QXPEHU RI SDQHOV� $Q LQFUHDVH LQ WKH

QXPEHU RI FROXPQV FRQVLGHUDEO\ LQFUHDVHV WKH VWLIIQHVV UDWLR� ZKLOH DQ LQFUHDVH LQ QXPEHU RI SDQHOV

LQFUHDVHV WKH VWLIIQHVV UDWLR RQO\ PDUJLQDOO\ �'XWWD ����D��

7KH UDWLR 6θ �6[ RI WRUVLRQDO VWUHQJWK� 6θ� DQG ODWHUDO VWUHQJWK� 6[� RI WKH LGHDOL]HG V\VWHPV VKRXOG

DOVR FORVHO\ PDWFK ZLWK WKDW RI WKH IUDPH VWDJLQJV RI HOHYDWHG ZDWHU WDQNV IRU IDLUO\ DFFXUDWH

SUHGLFWLRQ RI WKHLU LQHODVWLF FRXSOHG ODWHUDO�WRUVLRQDO EHKDYLRXU� 7KH UDQJH RI YDULDWLRQ RI 6θ �6[ UDWLR

IRU WKH FLUFXODU IUDPH�VWDJLQJV RI HOHYDWHG ZDWHU WDQNV DUH VWXGLHG HOVHZKHUH �'XWWD HW DO� ����E��

7KH DQDO\WLFDO H[SUHVVLRQV RI 6θ � 6[ DQG 6θ �6[ DUH GHULYHG LQ WKH VDPH VWXG\� ,W LV REVHUYHG WKDW 6θ �6[

EHFRPHV '�� IRU VWDJLQJV ZLWK OHVVHU QXPEHU RI FROXPQV DQG SDQHOV �VD\� 1F � DQG 1S �� ZKLOH

IRU VWDJLQJV ZLWK ODUJH QXPEHU RI FROXPQV DQG SDQHOV� WKLV UDWLR EHFRPHV ' ZKHUH ' UHSUHVHQWV WKH

GLDPHWHU RI WKH VWDJLQJ� +HQFH� WKH WZR�HOHPHQW DQG IRXU�HOHPHQW V\VWHPV KDYLQJ 6θ �6[ UDWLR '��

DQG '� UHVSHFWLYHO\ �UHIHU )LJ� �� DUH DGHTXDWH UHSUHVHQWDWLYH RI IUDPH VWDJLQJV ZLWK OHVVHU QXPEHU

RI FROXPQV DQG SDQHOV� DQG WKRVH ZLWK ODUJH QXPEHU RI FROXPQV DQG SDQHOV� UHVSHFWLYHO\�

$ VWDJLQJ ZLWK ODUJH QXPEHU RI FROXPQV DQG SDQHOV KDV KLJKHU GHJUHH RI LQGHWHUPLQDF\ WKDQ WKDW

ZLWK IRXU FROXPQV DQG VPDOO QXPEHU RI SDQHOV� /LNHZLVH� WKH LGHDOL]HG IRXU�HOHPHQW V\VWHP KDV

KLJKHU LQGHWHUPLQDF\ WKDQ WKH LGHDOL]HG WZR�HOHPHQW V\VWHP� +RZHYHU� WKHVH LGHDOL]HG V\VWHPV GR

QRW UHSUHVHQW WKH H[DFW QXPEHU RI LQGHWHUPLQDF\ RI WKH HOHYDWHG ZDWHU WDQNV WKH\ DUH PRGHOLQJ� %XW�

EHKDYLRXU RI D VWDJLQJ ZLWK IRXU FROXPQV ZLWK D GLUHFWLRQ RI H[FLWDWLRQ SHUSHQGLFXODU WR RQH RI WKH

EUDFHV DV VKRZQ LQ )LJ� ��F� PD\ EH DGHTXDWHO\ IHDWXUHG E\ WZR�HOHPHQW PRGHO� /HW WKH WUDQVODWLRQ

DQG URWDWLRQ RI VWDJLQJ EH X DQG θ� XQGHU FRXSOHG ODWHUDO�WRUVLRQDO PRWLRQ� ,Q WKLV FDVH� WZR FROXPQV
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��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

RQ RQH VLGH ZLOO KDYH UHVXOWDQW GLVSODFHPHQW RI VDPH PDJQLWXGH

�WKRXJK WKH GLUHFWLRQ RI UHVXOWDQW GLVSODFHPHQW ZLOO EH GLIIHUHQW� DQG ZLOO \LHOG WRJHWKHU� 6LPLODUO\�

WZR FROXPQV RQ WKH RWKHU VLGH ZLOO KDYH GLVSODFHPHQW DQG VKRXOG \LHOG

WRJHWKHU� 7KLV SRVVLELOLW\ RI VLPXOWDQHRXV \LHOGLQJ RI WZR FROXPQV RQ HDFK VLGH� WRJHWKHU� LV

UHSUHVHQWHG WKURXJK WKH FRQFHQWUDWHG PRGHOLQJ RI VWLIIQHVV LQ WZR�HOHPHQW PRGHO� 7KH DFWXDO

ULJRURXV PRGHOLQJ RI VWDJLQJ VWUXFWXUH LV DYRLGHG DV WKH REMHFWLYH RI WKH SUHVHQW ZRUN LV WR

TXDOLWDWLYHO\ UHFRJQL]H WKH PDJQLILFDWLRQ RI LQHODVWLF WRUVLRQDO GLVSODFHPHQW GXH WR VWUHQJWK

GHWHULRUDWLRQ� WULJJHUHG E\ DFFLGHQWDO HFFHQWULFLW\ DQG FORVHO\ VSDFHG WRUVLRQDO DQG ODWHUDO QDWXUDO

SHULRGV� $SDUW IURP VHYHUH FRPSOH[LW\ LQYROYHG� ULJRURXV PRGHOLQJ DOVR PD\ QRW \LHOG D YHU\

DFFXUDWH UHVXOW GXH WR XQFHUWDLQW\ LQYROYHG LQ RWKHU SDUDPHWHUV H�J�� DFWXDO PDJQLWXGH DQG GLUHFWLRQ

RI HFFHQWULFLW\� DQG SDUDPHWHUV LQYROYHG LQ K\VWHUHVLV EHKDYLRXU� 7KH SUHVHQW PRGHOV ZLWK .θ ��.['
��

DQG 6θ �6[ UDWLR FRQIRUPLQJ WR WKDW RI UHDO WDQNV LV H[SHFWHG WR JLYH DQ DFFHSWDEOH SUHGLFWLRQ RI

VWDJLQJ HGJH GLVSODFHPHQW LQ HODVWLF UDQJH DQG DW OHDVW TXDOLWDWLYHO\ JRRG SUHGLFWLRQ RI WKH VDPH LQ

LQHODVWLF UDQJH� 6XFK LGHDOL]HG RQH VWRUH\ PRGHOV DUH DOVR H[WHQVLYHO\ XVHG WR VWXG\ WKH VHLVPLF

EHKDYLRXU RI DV\PPHWULF EXLOGLQJV �&KDQGOHU HW DO� ������

7KH HIIHFW RI WRUVLRQ LQ WZR�HOHPHQW V\VWHP LQ WKH SRVW�\LHOG UDQJH LV H[SHFWHG WR EH ODUJHU WKDQ

WKDW LQ D IRXU�HOHPHQW V\VWHP EHFDXVH RI D ORZHU .θ ��.['
�� DQG 6θ �6[ UDWLRV RI WKH IRUPHU� +HQFH� D

GHWDLOHG VWXG\ LV FRQGXFWHG RQ LGHDOL]HG WZR�HOHPHQW V\VWHPV XQGHU XQL�GLUHFWLRQDO JURXQG PRWLRQ�

IROORZHG E\ D OLPLWHG VWXG\ RQ IRXU�HOHPHQW V\VWHPV XQGHU ERWK XQL�GLUHFWLRQDO DQG EL�GLUHFWLRQDO

JURXQG PRWLRQV�

,Q WKLV VWXG\� VPDOO HFFHQWULFLW\ LQ WKH HODVWLF UDQJH LV LQWURGXFHG E\ LQFUHDVLQJ WKH VWLIIQHVV RI RQH

ODWHUDO ORDG�UHVLVWLQJ HOHPHQW DQG GHFUHDVLQJ WKH VWLIIQHVV RI DQRWKHU HOHPHQW DORQJ WKH GLUHFWLRQ RI

JURXQG PRWLRQ� E\ DQ HTXDO DPRXQW� 7KH HOHPHQW ZLWK OHVVHU ODWHUDO VWLIIQHVV ZLOO KHUHLQDIWHU EH

FDOOHG D IOH[LEOH HOHPHQW DQG WKH RWKHU VWLII HOHPHQW�

���� 6\VWHP SURSHUWLHV

,Q WKH FXUUHQW VWXG\� V\VWHPV ZLWK 7[ ��� VHF� ��� VHF DQG ��� VHF� UHSUHVHQWLQJ WKH W\SLFDO QDWXUDO

SHULRGV LQ DFFHOHUDWLRQ�VHQVLWLYH� YHORFLW\�VHQVLWLYH DQG GLVSODFHPHQW�VHQVLWLYH UHJLRQV� UHVSHFWLYHO\�

RI WKH XVXDO GHVLJQ UHVSRQVH VSHFWUXP� DUH FRQVLGHUHG� 7KHVH YDOXHV RI ODWHUDO QDWXUDO SHULRGV DOVR

UHSUHVHQW WKH UHDOLVWLF ODWHUDO QDWXUDO SHULRGV RI HOHYDWHG ZDWHU WDQNV� (DUOLHU VWXGLHV KDYH XVHG 7[ �7θ
DV WKH LQIOXHQFLQJ SDUDPHWHU IRU VWXG\LQJ WRUVLRQDO UHVSRQVH� +RZHYHU� LQ WKH SUHVHQW VWXG\� τ  7θ �7[

LV XVHG� 6\VWHPV ZLWK ODUJH τ DUH WRUVLRQDOO\ IOH[LEOH� DQG WKRVH ZLWK VPDOO τ DUH WRUVLRQDOO\ VWLII�

7KH QDWXUDO SHULRG UDWLR τ IRU HOHYDWHG ZDWHU WDQNV JHQHUDOO\ WDNHV YDOXHV EHWZHHQ ��� DQG ���

�'XWWD ����D�� 6R� LQ WKH SUHVHQW VWXG\� τ LV YDULHG IURP ���� WR ���� τ FDQ EH H[SUHVVHG DV

ZKHUH U� WKH UDGLXV RI J\UDWLRQ RI WKH PDVV� PD\ LQGHSHQGHQWO\ FKDQJH GXH WR

WKH FKDQJH LQ FRQWDLQHU GLDPHWHU RU GHSWK RI ZDWHU LQ WKH FRQWDLQHU HWF� HYHQ LI ' DQG

DUH IL[HG IRU D VWDJLQJ�

1RUPDOLVHG HFFHQWULFLW\ LV FRQVLGHUHG LQ WZR ZD\V� QDPHO\ �D� FRQVWDQW H�U� DQG �E� FRQVWDQW H�'�

7KH UDGLXV RI J\UDWLRQ U RI WKH PDVV LV D PHDVXUH RI LWV VSUHDG LQ SODQ� +HQFH� D FRQVWDQW H�U LPSOLHV

WKDW HFFHQWULFLW\ LV D IL[HG SHUFHQWDJH RI WKH SODQ GLPHQVLRQ RI WKH PDVV� 2Q WKH RWKHU KDQG� D

FRQVWDQW YDOXH RI H�' LPSOLHV WKDW HFFHQWULFLW\ LV D IL[HG SHUFHQWDJH RI WKH GLVWDQFH ' EHWZHHQ WKH

H[WUHPH ODWHUDO IRUFH�UHVLVWLQJ HOHPHQWV� 6LQFH U LV GHSHQGHQW RQ WKH JHRPHWULF GLVWULEXWLRQ RI PDVV

LQ SODQ� LW LV QRW HDV\ WR SK\VLFDOO\ YLVXDOL]H WKH PHDQLQJ RI FRQVWDQW H�U� +RZHYHU� RQH FDQ HDVLO\

UHIOHFW RQ WKH PHDQLQJ RI FRQVWDQW H�'� VLQFH ' LV WKH SK\VLFDO GLVWDQFH EHWZHHQ ODWHUDO IRUFH
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6HLVPLF WRUVLRQDO YLEUDWLRQ LQ HOHYDWHG WDQNV ���

UHVLVWLQJ HOHPHQWV L�H�� WKH GLDPHWHU RI WKH WDQN VWDJLQJ� ,Q WKH FXUUHQW VWXG\� VPDOO HFFHQWULFLW\ FDVHV

RI ERWK H�U  ����� DQG H�' ���� DUH FRQVLGHUHG� $ ODUJH HFFHQWULFLW\ FDVH RI H�' ��� LV DOVR

FRQVLGHUHG WR REVHUYH WKH EDVLF WUHQGV LQ WKH EHKDYLRXU RI ODUJH�HFFHQWULFLW\ V\VWHPV�

$ FRQVWDQW YDOXH RI GDPSLQJ LV FRQVLGHUHG WKURXJKRXW WKH VWXG\� )RU KDUPRQLF VLQJOH�IUHTXHQF\

JURXQG PRWLRQ� �� RI FULWLFDO GDPSLQJ LV FRQVLGHUHG LQ HDFK PRGH RI WKH FRUUHVSRQGLQJ XQFRXSOHG

V\PPHWULF V\VWHP� 7KLV LV DGRSWHG WR IDFLOLWDWH GHFRXSOLQJ RI PRGHV DQG WR DUULYH DW DQ

DSSUR[LPDWH� EXW FORVHG�IRUP VROXWLRQ� 7KH GDPSLQJ PDWUL[ VR REWDLQHG LV

���

ZKHUH P LV WKH PDVV RI WKH V\VWHP� U LV WKH UDGLXV RI J\UDWLRQ RI WKH PDVV DERXW &0� ω[ DQG ωθ DUH

XQFRXSOHG ODWHUDO DQG WRUVLRQDO IUHTXHQFLHV� DQG ζ LV WKH PRGDO GDPSLQJ UDWLR WDNHQ DV ����� :KLOH

DQDO\VLQJ WKH V\VWHP IRU V\QWKHWLF VSHFWUXP�FRQVLVWHQW JURXQG PRWLRQV DQG IRU JURXQG PRWLRQ

UHSUHVHQWHG E\ LGHDOL]HG VSHFWUD� �� RI WKH FULWLFDO GDPSLQJ LV FRQVLGHUHG LQ HDFK PRGH RI WKH

WRUVLRQDOO\�FRXSOHG V\VWHP�

���� (TXDWLRQV RI PRWLRQ

7KH HTXDWLRQV RI PRWLRQ RI WKH ODWHUDO�WRUVLRQDOO\ FRXSOHG V\VWHPV LQ WKH QRQOLQHDU UDQJH FDQ EH

UHSUHVHQWHG DV

���

ZKHUH X� DQG DUH WKH ODWHUDO GLVSODFHPHQW� YHORFLW\ DQG DFFHOHUDWLRQ RI &0 ZLWK UHVSHFW WR

JURXQG� UHVSHFWLYHO\� θ� DQG � DUH WKH URWDWLRQDO GHIRUPDWLRQ� YHORFLW\ DQG DFFHOHUDWLRQ RI &0

ZLWK UHVSHFW WR JURXQG� UHVSHFWLYHO\� >& @ LV WKH GDPSLQJ PDWUL[� ^S` LV WKH VWLIIQHVV�UHODWHG UHVLVWLQJ

IRUFH YHFWRU� DQG LV WKH WUDQVODWLRQDO JURXQG DFFHOHUDWLRQ DW DQ\ WLPH LQVWDQW W� >& @ LV FKRVHQ

VXFK WKDW WKH GDPSLQJ LQ HDFK PRGH RI WKH LQLWLDO OLQHDU HODVWLF V\VWHP LV �� RI FULWLFDO GDPSLQJ�

7KH GDPSLQJ PDWUL[ VR REWDLQHG LV NHSW FRQVWDQW WKURXJKRXW WKH DQDO\VLV� 7KH VWLIIQHVV RI LQGLYLGXDO

HOHPHQW FKDQJHV DV LW XQGHUJRHV \LHOGLQJ� ZKLFK LQWURGXFHV QRQOLQHDULW\ LQ ^S` LQ WKH LQHODVWLF

UDQJH�

7KH QRQOLQHDU HTXDWLRQV RI PRWLRQ �(T� �� DUH QXPHULFDOO\ VROYHG LQ WKH WLPH GRPDLQ E\

1HZPDUN©V γ−β PHWKRG XVLQJ WKH LWHUDWLYH 0RGLILHG 1HZWRQ�5DSKVRQ WHFKQLTXH� 7KH 1HZPDUN©V

SDUDPHWHUV DUH FKRVHQ DV γ  ��� DQG β  ����� )RU V\VWHPV ZLWK ODWHUDO QDWXUDO SHULRG� 7[ � VHF DQG

� VHF� WKH WLPH VWHS IRU LQWHJUDWLRQ LV WDNHQ DV ���� VHF� ZKLOH IRU V\VWHPV ZLWK 7[ ��� VHF� LW LV

WDNHQ DV ����� VHF� 7KHVH WLPH VWHSV ZHUH IRXQG WR EH VXIILFLHQWO\ VPDOO IURP VDPSOH FRQYHUJHQFH

VWXGLHV FRQGXFWHG LQ HDFK FDVH�

�� *URXQG PRWLRQV XVHG

7KUHH VHWV RI JURXQG PRWLRQV DUH XVHG LQ WKLV VWXG\� QDPHO\ KDUPRQLF VLQJOH�IUHTXHQF\ V\QWKHWLF

JURXQG PRWLRQV� VSHFWUXP�FRQVLVWHQW V\QWKHWLF JURXQG PRWLRQ� DQG JURXQG PRWLRQV ZLWK LGHDOL]HG
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��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

VSHFWUD�

+DUPRQLF VLQJOH�IUHTXHQF\ V\QWKHWLF JURXQG PRWLRQV DUH VLQXVRLGDO SXOVHV RI GLIIHUHQW IUHTXHQFLHV�

7KHVH JURXQG PRWLRQV DUH FKDUDFWHUL]HG LQ WHUPV RI WKH UDWLR β RI JURXQG PRWLRQ IUHTXHQF\ ω WR

XQFRXSOHG ODWHUDO IUHTXHQF\ RI WKH VWUXFWXUH ω[� ,Q WKH SUHVHQW VWXG\� β  ω�ω[ LV YDULHG IURP ��� WR

���� 7KHVH JURXQG PRWLRQV KDYH VLPLODULW\ ZLWK WKH QDWXUH RI WKH JURXQG PRWLRQ JHQHUDWHG QHDU D

IDXOW �PRUH VSHFLILFDOO\� WKH PRWLRQ JHQHUDWHG GXH WR WKH PRYHPHQW EHWZHHQ WZR VLGHV RI D IDXOW

SDUDOOHO WR WKH GLUHFWLRQ RI WKH IDXOW�� )RU WKH H[DPSOH RI D QHDU�IDXOW PRWLRQ� RQH PD\ UHIHU WR WKH

DFFHOHURJUDP GDWD RI 3RUW +XHQHPH HDUWKTXDNH� 0DUFK ��� �����

$ JURXQG PRWLRQ RI ����� VHF GXUDWLRQ DQG FRQVLVWHQW ZLWK D VSHFWUXP VLPLODU WR WKH RQH JLYHQ LQ

,QGLDQ VHLVPLF FRGH �,6� ���������� IRU �� RI FULWLFDO GDPSLQJ� LV JHQHUDWHG E\ D SURFHGXUH

GHWDLOHG LQ OLWHUDWXUH �.KDQ ������ 7KH UHVSRQVH VSHFWUXP UHJHQHUDWHG IURP WKH V\QWKHWLF JURXQG

PRWLRQ WLPH KLVWRU\ KDV D PD[LPXP GHSDUWXUH RI DURXQG ��� IURP WKH WDUJHW VSHFWUXP LQ WKH

DFFHOHUDWLRQ VHQVLWLYH UHJLRQ �L�H�� IRU QDWXUDO SHULRGV XSWR ��� VHFRQG�� DV VKRZQ LQ )LJ� �D� 7KH

JHQHUDWHG WLPH KLVWRU\ LV VKRZQ LQ )LJ� �E� 7KLV JURXQG PRWLRQ LV UHIHUUHG DV VSHFWUXP�FRQVLVWHQW

V\QWKHWLF JURXQG PRWLRQ LQ WKH UHVW RI WKH VWXG\�

$ JHQHUDO FRQVHQVXV RQ RYHUDOO VHLVPLF EHKDYLRXU PD\ EH JDWKHUHG FRQVLGHULQJ WZR H[WUHPH

VSHFWUD HQFRPSDVVLQJ PRVW JURXQG PRWLRQV� QDPHO\ �D� WKH IODW DFFHOHUDWLRQ VSHFWUXP� L�H�� WKH

VSHFWUDO DFFHOHUDWLRQ �6$� LV FRQVWDQW� DQG �E� WKH K\SHUEROLF DFFHOHUDWLRQ VSHFWUXP� )XUWKHU� WZR

YDULDWLRQV LQ WKH K\SHUEROLF VSHFWUXP� QDPHO\ 6$M ��7 DQG 6$M ��7 ���� DUH FRQVLGHUHG ZKLFK

UHSUHVHQW WKH DFWXDO DQG GHVLJQ VSHFWUD LQ WKH ODUJH SHULRG UHJLRQ� 7KH UHVSRQVHV XQGHU WKHVH WKUHH

LGHDOL]HG VSHFWUD DUH REWDLQHG� 6LQFH� WKH UHVSRQVHV XQGHU WKHVH WKUHH VSHFWUD DUH YHU\ VLPLODU� WKH

UHVSRQVH XQGHU WKH K\SHUEROLF VSHFWUXP JLYHQ E\ 6$M ��7 ��� LV RQO\ SUHVHQWHG IRU WKH VDNH RI

EUHYLW\�

7KH UHVXOW RI LQHODVWLF DQDO\VLV H[KLELWLQJ WKH HIIHFW RI VWUHQJWK GHWHULRUDWLRQ LV SUHVHQWHG RQO\

XQGHU VSHFWUXP�FRQVLVWHQW V\QWKHWLF JURXQG PRWLRQ WR FRQFOXGH DERXW WKH EURDG UHIOHFWLRQV RI WKH

WUHQGV LQ EHKDYLRXU� :KLOH VWXG\LQJ WKH UHVSRQVH XQGHU IRXU�HOHPHQW V\VWHP XQGHU EL�GLUHFWLRQDO

JURXQG PRWLRQ� DQRWKHU XQFRUUHODWHG V\QWKHWLF JURXQG PRWLRQ RI WKH VDPH GXUDWLRQ RI ����� VHF LV

XVHG DORQJ WKH RWKHU D[LV RI V\PPHWU\ RI WKH V\VWHP� ,W KDV D VLPLODU UHVSRQVH VSHFWUXP DQG VDPH

)LJ� � 6SHFWUXP�FRQVLVWHQW V\QWKHWLF JURXQG PRWLRQ



6HLVPLF WRUVLRQDO YLEUDWLRQ LQ HOHYDWHG WDQNV ���

SHDN JURXQG DFFHOHUDWLRQ DV WKDW RI WKH V\QWKHWLF JURXQG PRWLRQ� 7KH IDXOW�SDUDOOHO DQG IDXOW�QRUPDO

SXOVHV JHQHUDWHG QHDU VWULNH�VOLS IDXOWV DUH DOVR HPSOR\HG LQ WKH SRVVLEOH VLPXODWHG LGHDOL]HG IRUPV

WR XQGHUVWDQG WKH EHKDYLRXU RI HOHYDWHG WDQNV ORFDWHG QHDU IDXOWV� 6XFK VLPXODWHG IDXOW SDUDOOHO

JURXQG PRWLRQ KDV D QHW UHVLGXDO VOLS� ZKLOH WKH IDXOW�QRUPDO PRWLRQ KDV QR UHVLGXDO VOLS EXW WKHUH LV

D KDOI�F\FOH GLVSODFHPHQW SXOVH� LQGLFDWLQJ PRPHQWDU\ RSHQLQJ DQG FORVLQJ RI WKH HDUWK LQ VOLS

UHJLRQ�

�� (ODVWLF UHVSRQVH WR KDUPRQLF JURXQG PRWLRQV

���� $QDO\WLFDO GHULYDWLRQ

7KH KDUPRQLF VLQJOH�IUHTXHQF\ JURXQG PRWLRQ LV WDNHQ DV

���

7KH HTXDWLRQV RI PRWLRQ IRU LGHDOL]HG V\VWHPV� (T� ���� DUH VROYHG DQDO\WLFDOO\� 7KH ODWHUDO

GLVSODFHPHQW RI &0 RI WKH GDPSHG V\VWHP LV

���

WKH URWDWLRQ RI &0 LV

��D�

DQG WKH FRQWULEXWLRQ RI URWDWLRQ WR WKH HOHPHQW GLVSODFHPHQW LV

��E�

ZKHUH

���

DQG

&RPSDUH D IRXU�HOHPHQW V\VWHP �)LJ� �E� DQG D WZR�HOHPHQW V\VWHP �)LJ� �G� KDYLQJ VDPH ODWHUDO
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��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

WLPH SHULRG� 7[� WKH WLPH SHULRG UDWLR� τ� QRUPDOL]HG HFFHQWULFLW\� GDPSLQJ DQG GLVWDQFH ' EHWZHHQ

WKH ORDG�UHVLVWLQJ HOHPHQWV� 6LQFH� � EHWZHHQ WKH DERYH WZR V\VWHPV� WKH

IRXU�HOHPHQW V\VWHP ZLOO KDYH U DV ODUJH DV WLPHV WKH U RI WKH WZR�HOHPHQW V\VWHP EHFDXVH RI

ODUJHU UDWLR �YDOXHV RI WKLV UDWLR IRU WKH DERYH WZR V\VWHPV FDQ EH REWDLQHG IURP )LJ� ���

$V GLVFXVVHG LQ VHFWLRQ ���� WKH QXPEHU RI FROXPQV DQG SDQHOV RI D VWDJLQJ UHJXODWHV WKH

LQIOXHQFLQJ SDUDPHWHUV UHODWHG WR WKH UHVLVWDQFH RI WKH VWDJLQJ IUDPH WR FRXSOHG ODWHUDO�WRUVLRQDO

PRYHPHQWV DQG KHQFH� EHFRPHV WKH FULWHULD IRU FKRRVLQJ LGHDOL]HG PRGHOV� 7KH GLVFXVVLRQ LV VHFWLRQ

��� VKRZV WKDW SK\VLFDOO\� WKH LGHDOL]HG IRXU�HOHPHQW DQG WZR�HOHPHQW V\VWHPV ZLOO UHSUHVHQW WZR

H[WUHPH FDWHJRULHV RI HOHYDWHG ZDWHU WDQNV� RQH VXSSRUWHG RQ VWDJLQJ ZLWK ODUJH QXPEHU RI FROXPQV

DQG SDQHOV� DQG WKH RWKHU VXSSRUWHG RQ VWDJLQJ ZLWK OHVV QXPEHU �H�J�� �� RI FROXPQV DQG SDQHOV�

UHVSHFWLYHO\� ,I ERWK RI WKHP KDYH VDPH 7[� QRUPDOL]HG HFFHQWULFLW\� GDPSLQJ� VWDJLQJ GLDPHWHU '

DQG τ� WKH FRQWDLQHU UDGLXV �ZKLFK SULPDULO\ UHJXODWHV WKH YDOXH RI U� RI WKH ILUVW WDQN ZLOO

DSSUR[LPDWHO\ EH WLPHV WKDW RI WKH VHFRQG RQH� %HFDXVH RI D VPDOOHU '�U UDWLR RI WKH ILUVW WDQN�

WKH FRQWULEXWLRQ RI WRUVLRQDO UHVSRQVH WR WKH HOHPHQW GLVSODFHPHQW� �'���θ �W�� ZLOO EH VPDOOHU DV VHHQ
IURP (T� ��E�� 6R� WKLV VKRZV WKDW DQ DGGLWLRQDO QRQGLPHQVLRQDOL]HG SDUDPHWHU �ZKLFK

LV UHSUHVHQWDWLYH RI QXPEHU RI FROXPQV DQG SDQHOV LQ WKH VWDJLQJ� LV QHHGHG WR EH VSHFLILHG ZLWK

XVXDO SDUDPHWHUV OLNH 7[� τ� QRUPDOL]HG HFFHQWULFLW\ DQG PRGDO GDPSLQJ WR IUHH]H '�U UDWLR DQG

KHQFH� WR ILQG RXW �'���θ �W� DV ZHOO DV HOHPHQW GLVSODFHPHQW DV D ZKROH� 7KLV LV SDUWLFXODUO\

LPSRUWDQW IRU HOHYDWHG ZDWHU WDQNV DV WKH\ PD\ KDYH ZLGH YDULDWLRQ RI '�U UDWLR GXH WR ODUJH

YDULDWLRQ LQ UDWLR RI VWDJLQJ UDGLXV DQG FRQWDLQHU UDGLXV� 7KLV GLVFXVVLRQ VKRZV WKDW EHWZHHQ WZR

HOHYDWHG ZDWHU WDQNV KDYLQJ VDPH 7[� τ� QRUPDOL]HG HFFHQWULFLW\ DQG PRGDO GDPSLQJ� WKH RQH

VXSSRUWHG RQ VWDJLQJ ZLWK OHVVHU FROXPQV DQG SDQHOV ZLOO H[KLELW D KLJKHU HOHPHQW GLVSODFHPHQW GXH

WR WRUVLRQDO FRXSOLQJ�

,W PD\ EH ZRUWK�PHQWLRQLQJ KHUH WKDW Uθ �W� DV REVHUYHG IURP H[SUHVVLRQ RI θ �W� �JLYHQ E\ (T� �D�
LV LQGHSHQGHQW RI '�U UDWLR DQG KHQFH� UDWLR� 7KH SUHYLRXV VWXGLHV �H�J�� .DQ DQG &KRSUD

����� 7VR DQG 'HPSVH\ ����� KDYH FRQVLGHUHG GLUHFWO\ RU LQGLUHFWO\ Uθ �W� DV D PHDVXUH RI WRUVLRQDO
HIIHFW LQVWHDG RI LQFUHDVH LQ GLVSODFHPHQW RI LQGLYLGXDO HOHPHQW� +HQFH� WKH HIIHFW RI

UDWLR ZDV QRW UHFRJQL]HG� 0RUHRYHU� WKH PD[LPXP HOHPHQW GLVSODFHPHQW EHLQJ D IXQFWLRQ RI ERWK

WUDQVODWLRQ DQG URWDWLRQ QHHG QRW EH PD[LPXP ZKHQ θ �W� ZLOO EH PD[LPXP�
7KH IOH[LEOH HOHPHQW GLVSODFHPHQW IRU IRXU�HOHPHQW V\VWHP LV

���

DQG WKH VWLII HOHPHQW GLVSODFHPHQW IRU IRXU�HOHPHQW V\VWHP LV

���

7KH GLVSODFHPHQW RI &0 RI WKH FRUUHVSRQGLQJ V\PPHWULF V\VWHP LV

����
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6HLVPLF WRUVLRQDO YLEUDWLRQ LQ HOHYDWHG WDQNV ���

+HQFH� WKH DPSOLWXGH RI HOHPHQW GLVSODFHPHQWV� DQG � QRUPDOLVHG ZLWK UHVSHFW WR WKH

DPSOLWXGH RI X��W� LV

����

DQG

����

���� 5HVXOWV DQG GLVFXVVLRQ

7KH DEVROXWH GLVSODFHPHQW X RI &0� WKH DEVROXWH URWDWLRQ θ DERXW &0� DQG WKH DEVROXWH

GLVSODFHPHQWV ∆I DQG ∆V RI WKH IOH[LEOH DQG VWLII HOHPHQWV� UHVSHFWLYHO\� LQFUHDVH ZLWK LQFUHDVH LQ

ODWHUDO QDWXUDO SHULRG 7[ DV VHHQ IURP (TV� ���� ���� ��� DQG ���� +RZHYHU� WKH QRUPDOLVHG PD[LPXP

GLVSODFHPHQWV ∆IQ DQG ∆VQ RI IOH[LEOH DQG VWLII HOHPHQWV� JLYHQ E\ (TV� ���� DQG ����� GR QRW GHSHQG

RQ ODWHUDO QDWXUDO SHULRG 7[ H[FHSW WKURXJK WKH IUHTXHQF\ UDWLR �

7KH QRUPDOLVHG PD[LPXP IOH[LEOH�HOHPHQW GLVSODFHPHQW ∆IQ RI WKH IRXU�HOHPHQW V\VWHP ZLWK

H�U  ���� LV VKRZQ LQ )LJ� �D� ,Q JHQHUDO� WKH SHDN LQ ∆IQ LQFUHDVHV ZLWK GHFUHDVH LQ β� H[FHSW DURXQG
β  �� $ VLPLODU WUHQG LV QRWLFHG LQ WKH QRUPDOLVHG VWLII HOHPHQW GLVSODFHPHQW ∆VQ RI WKH VDPH V\VWHP

LQ )LJ� �E� )LJ� � VKRZV WKDW SHDN GLVSODFHPHQWV RI HLWKHU IOH[LEOH RU VWLII HOHPHQW LQ PDQ\ FDVHV

H[FHHGV WKH GLVSODFHPHQW RI UHIHUHQFH V\PPHWULF V\VWHP E\ PRUH WKDQ ��� DQG HYHQ PD\ EH DV

KLJK DV PRUH WKDQ WZLFH WKDW RI V\PPHWULF V\VWHP� /LNHZLVH� WKH URWDWLRQDO UHVSRQVH� WKH SHDNV

DSSUR[LPDWHO\ RFFXU ZKHQ β LV FORVH WR ��τ� L�H�� ω ≈ ωθ� 0RUHRYHU� WKH SHDNV DUH KLJK ZKHQ β LV

OHVV L�H�� WKH GXUDWLRQ RI WKH SXOVH LV PXFK ORQJHU WKDQ WKH ODWHUDO WLPH SHULRG RI WKH V\VWHP�
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)LJ� � 0D[LPXP QRUPDOLVHG HOHPHQW GLVSODFHPHQW RI IRXU�HOHPHQW V\VWHP IRU VLQJOH�IUHTXHQF\ KDUPRQLF
JURXQG PRWLRQ �H�U �����



��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

)RU τ ! �� WKH IOH[LEOH HOHPHQW XQGHUJRHV ODUJHU GLVSODFHPHQW WKDQ WKH VWLII HOHPHQW� ZKLOH IRU

τ � �� WKH VWLII HOHPHQW XQGHUJRHV ODUJHU GLVSODFHPHQW WKDQ WKH IOH[LEOH HOHPHQW� 7KH JHQHUDO

LQFUHDVH LQ PD[LPXP HOHPHQW GLVSODFHPHQW ZLWK LQFUHDVH LQ τ� �HYHQ DV KLJK DV PRUH WKDQ WZLFH

WKDW RI WKH UHIHUHQFH V\PPHWULF V\VWHP� LV RZLQJ WR WKH LQFUHDVH LQ WRUVLRQDO IOH[LELOLW\ RI WKH

V\VWHP� 7KH LQFUHDVH LQ HOHPHQW GLVSODFHPHQW LV QRW KLJK IRU V\VWHPV ZLWK ORZHU YDOXH RI τ�
6LQFH� WKH KDUPRQLF SXOVHV FORVHO\ UHSUHVHQW WKH QDWXUH RI QHDU�IDXOW PRWLRQ� WKH WUHQGV RI WKH

UHVXOWV DUH LQGLFDWLYH RI WKH EHKDYLRXU RI HOHYDWHG WDQNV ORFDWHG QHDU IDXOWV GXULQJ HDUWKTXDNH� $

QHDU�IDXOW PRWLRQ PD\ KDYH SXOVH RI ODUJH GXUDWLRQ VXFK WKDW IUHTXHQF\ RI SXOVH� ω ≈ ωθ RI WDQNV�

7KLV PD\ FDXVH D YHU\ KLJK LQFUHDVH LQ HOHPHQW GLVSODFHPHQW LQ WDQNV ORFDWHG QHDU IDXOWV GXH WR

WRUVLRQDO FRXSOLQJ� 7KLV HIIHFW ZLOO EH PLQLPXP IRU WDQNV ZLWK ORZHU YDOXH RI τ�

� (ODVWLF UHVSRQVH WR JURXQG PRWLRQV ZLWK LGHDOL]HG VSHFWUD

���� $QDO\VLV

7KLV VHFWLRQ SUHVHQWV WKH IRUPXODWLRQ IRU PRGDO GLVSODFHPHQWV RI IOH[LEOH DQG VWLII HOHPHQW RI

LGHDOL]HG V\VWHPV XQGHU JURXQG PRWLRQ FRQVLVWHQW ZLWK LGHDOL]HG VSHFWUD �)LJ� ��� )URP WKH

JRYHUQLQJ HTXDWLRQV RI PRWLRQ� (T� ���� WKH SDUWLFLSDWLRQ IDFWRU 3L IRU PRGH L RI WKH WZR GHJUHH RI

IUHHGRP V\VWHP LV

����

ZKHUH DQG DUH WKH PRGH VKDSH YHFWRU HOHPHQWV FRUUHVSRQGLQJ WR ODWHUDO DQG URWDWLRQDO

GHJUHHV RI IUHHGRP� UHVSHFWLYHO\� LQ PRGH L� 7KH QRUPDOLVHG GLVSODFHPHQW RI WKH IOH[LEOH HOHPHQW LQ

PRGH L LV

����

6LPLODUO\� WKH QRUPDOLVHG GLVSODFHPHQW RI WKH VWLII HOHPHQW LQ PRGH L LV

����

)URP (TV� ���� DQG ����� WKH QRUPDOLVHG PD[LPXP HOHPHQW GLVSODFHPHQW LV D IXQFWLRQ RI ω[�ωL�
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6HLVPLF WRUVLRQDO YLEUDWLRQ LQ HOHYDWHG WDQNV ���

^φ`�� ^φ`� DQG ZKLFK DUH LQGHSHQGHQW RI 7[ �'XWWD ����D�� 6R� WKH QRUPDOLVHG PD[LPXP HOHPHQW

GLVSODFHPHQW LQ DOO WKH WKUHH FDVHV RI LGHDOL]HG JURXQG PRWLRQV VSHFWUD DUH LQGHSHQGHQW RI 7[� 0RGDO

DQDO\VLV LV FRQGXFWHG WR REWDLQ WKH UHVSRQVH RI WKH FRXSOHG V\VWHP IRU WKH LGHDOL]HG IODW DQG

K\SHUEROLF VSHFWUD� 7KH PRGDO UHVSRQVHV DUH FRPELQHG E\ WKH &4& PHWKRG �H�J�� *XSWD �����

XVLQJ D PRGDO GDPSLQJ RI �� RI FULWLFDO GDPSLQJ�

���� 5HVXOWV DQG GLVFXVVLRQ

7KH PD[LPXP GLVSODFHPHQW RI WKH ORDG�UHVLVWLQJ HOHPHQWV� QRUPDOL]HG ZLWK UHVSHFW WR WKH

GLVSODFHPHQW RI D VLPLODU V\PPHWULF V\VWHP ZLWK VDPH 7[� IRU IRXU�HOHPHQW V\VWHP ZLWK H�' ����

DQG H�'  ����� DQG WKDW IRU WZR�HOHPHQW V\VWHP ZLWK H�'  ���� XQGHU WKH K\SHUEROLF VSHFWUXP 6$

M ��7 ��� LV VKRZQ LQ )LJ� �� 7KH FXUYHV LQ )LJ� � DUH LQGHSHQGHQW RI 7[� )RU VPDOO�HFFHQWULFLW\

V\VWHPV� PD[LPXP QRUPDOLVHG HOHPHQW GLVSODFHPHQW KDV D PLQLPXP QHDU τ  �� DFFRPSDQLHG E\ D

PD[LPXP HDFK RQ HLWKHU VLGH ZLWKLQ D FULWLFDO UDQJH RI ��� � τ � ���� �)LJ� ��� $W τ  �� WKH URWDWLRQ
RI &0 LV PD[LPXP EXW WKH ODWHUDO PRYHPHQW RI &0 EHFRPHV PLQLPXP UHVXOWLQJ LQ D PLQLPXP

YDOXH RI HOHPHQW GLVSODFHPHQW �'XWWD ����D�� 7KH IXUWKHU GHWDLOV LQ WKLV UHJDUG LV DYDLODEOH

HOVHZKHUH �'XWWD ����D�� $OVR� D FRPSDULVRQ RI UHVSRQVHV RI IRXU�HOHPHQW DQG WZR�HOHPHQW V\VWHPV

ZLWK H�'  ���� LQ )LJ� � FRQILUPV WKDW ODWHUDO�WRUVLRQDO FRXSOLQJ LV VWURQJHU LQ WZR�HOHPHQW V\VWHPV

WKDQ LQ IRXU�HOHPHQW V\VWHPV� ,Q VPDOO�HFFHQWULFLW\ V\VWHPV� WKH PD[LPXP HOHPHQW GLVSODFHPHQWV

H[FHHG WKRVH RI WKH FRUUHVSRQGLQJ V\PPHWULF V\VWHPV E\ XSWR DERXW ��� DQG ��� IRU IRXU�HOHPHQW

DQG WZR�HOHPHQW V\VWHPV� UHVSHFWLYHO\� ,Q ODUJH�HFFHQWULFLW\ V\VWHPV ZLWK IRXU�HOHPHQW �H�' ������

WKLV H[FHHGDQFH LV E\ XSWR DERXW ��� IRU WKH K\SHUEROLF VSHFWUD �)LJ� �� ZKLOH E\ XSWR DERXW ���

IRU IODW VSHFWUXP �WKHVH UHVXOWV DUH QRW SUHVHQWHG LQ WKH OLPLWHG VFRSH RI WKH SUHVHQW SDSHU�� 7KXV� DQ

LQFUHDVH LQ HFFHQWULFLW\ IURP �� WR ��� GRHV QRW VLJQLILFDQWO\ LQFUHDVH WKH HIIHFW RI WRUVLRQDO

FRXSOLQJ RQ PD[LPXP HOHPHQW GLVSODFHPHQW� 7KH UHVSRQVHV XQGHU K\SHUEROLF VSHFWUXP� DV

SUHVHQWHG LQ )LJ� �� LV YHU\ PXFK VLPLODU ZLWK WKRVH XQGHU IODW VSHFWUXP DV ZHOO DV XQGHU VSHFWUXP�

FRQVLVWHQW V\QWKHWLF JURXQG PRWLRQ� 7KH ODWHU WZR FDVHV DOVR LQFOXGH WZR VKDUS SHDNV LQ QRUPDOL]HG

HOHPHQW GLVSODFHPHQW ZLWKLQ D FULWLFDO UDQJH RI ��� � τ � ����� 6R� WKH UHVSRQVHV XQGHU IODW VSHFWUXP
DQG XQGHU VSHFWUXP�FRQVLVWHQW V\QWKHWLF JURXQG PRWLRQ DUH QRW LQFOXGHG IRU WKH VDNH RI FRQFLVHQHVV�

7KHUH LV D JHQHUDO FRQFHUQ LQ WKH OLWHUDWXUH DERXW WRUVLRQDOO\ YHU\ IOH[LEOH V\VWHPV �ZKLFK KDYH

)LJ� � 0D[LPXP QRUPDOLVHG HOHPHQW GLVSODFHPHQW RI HFFHQWULF V\VWHPV XQGHU JURXQG PRWLRQ ZLWK K\SHUEROLF
VSHFWUXP



��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

ODUJH τ�� 7KH V\VWHPV ZLWK ODUJH τ HYHQ H[KLELW KLJK WRUVLRQDO UHVSRQVH XQGHU QHDU�IDXOW PRWLRQ DV

REVHUYHG IURP WKH UHVSRQVH XQGHU KDUPRQLF PRWLRQ� 7KLV LVVXH LV DOVR H[DPLQHG IRU UHVSRQVH XQGHU

JURXQG PRWLRQ ZLWK IODW DV ZHOO DV K\SHUEROLF VSHFWUXP FRQVLGHULQJ V\VWHPV ZLWK τ XSWR ���

+RZHYHU� WKH LQFUHDVH LQ PD[LPXP QRUPDOLVHG HOHPHQW GLVSODFHPHQW LV REVHUYHG WR EH YHU\ VPDOO�

7KLV REVHUYDWLRQ FDQ EH H[SODLQHG DV IROORZV� 7KH SDUWLFLSDWLRQ IDFWRU 3L� JLYHQ E\ (T� ����� UHGXFHV

FRQVLGHUDEO\ ZLWK LQFUHDVH LQ τ� L�H�� ZLWK DQ LQFUHDVH LQ U IRU WKH SUHGRPLQDQWO\ WRUVLRQDO PRGH�

7KLV LPSOLHV WKDW LI WKH HOHYDWHG WDQN LV ORFDWHG DZD\ IURP WKH IDXOW� ODWHUDO VKDNLQJ LV QRW H[SHFWHG

WR H[FLWH FRQVLGHUDEOH WRUVLRQDO UHVSRQVH LI URWDWLRQDO PRPHQW RI LQHUWLD LV YHU\ KLJK� XQOHVV YHU\

KLJK URWDWLRQDO NLQHWLF HQHUJ\ LV VXSSOLHG� ,I WKH JURXQG PRWLRQ FRQWDLQV VLJQLILFDQW WRUVLRQDO

FRPSRQHQW� WKH V\VWHP ZLWK ODUJH τ PD\ EH UHODWLYHO\ HDVLO\ H[FLWHG LQ WRUVLRQ� :KLOH WRUVLRQDO

JURXQG PRWLRQ LV SRVVLEOH LQ ORQJ�SODQ EXLOGLQJV RZLQJ WR VSDWLDO YDULDWLRQ RI HDUWKTXDNH JURXQG

PRWLRQ� LQ HOHYDWHG ZDWHU WDQNV� ZKLFK XVXDOO\ KDYH UHODWLYHO\ VPDOO SODQ GLPHQVLRQ� LW LV YHU\

XQOLNHO\�

�� ,QHODVWLF UHVSRQVH XQGHU VSHFWUXP�FRQVLVWHQW V\QWKHWLF JURXQQG PRWLRQ

���� +\VWHUHVLV PRGHO IRU VWUHQJWK GHWHULRUDWLRQ

$ QXPEHU RI VRSKLVWLFDWHG K\VWHUHVLV PRGHOV DUH DYDLODEOH LQ WKH OLWHUDWXUH �H�J�� 'XWWD ����E� IRU

UHLQIRUFHG FRQFUHWH PHPEHUV� H�J�� WKUHH SDUDPHWHU PRGHO �3DUN HW DO� ����� DQG 5RXIDLHO�0H\HU

PRGHO �&KXQJ HW DO� ������ 7KHVH PRGHOV LQFRUSRUDWH VWLIIQHVV GHJUDGDWLRQ DQG SLQFKLQJ

FKDUDFWHULVWLFV RI UHLQIRUFHG FRQFUHWH PHPEHUV LQ DGGLWLRQ WR WKH VWUHQJWK GHWHULRUDWLRQ

FKDUDFWHULVWLFV XQGHU F\FOLF ORDGLQJ� %XW WKH VRSKLVWLFDWLRQ RI WKHVH PRGHOV FDQ EH IXOO\ XWLOL]HG RQO\

WKURXJK WKH FDOLEUDWLRQ RI WKH SDUDPHWHUV WKURXJK H[SHULPHQWDO GDWD� +RZHYHU� WKH REMHFWLYH RI WKH

SUHVHQW VWXG\ LV WR TXDOLWDWLYHO\ H[DPLQH WKH SRVVLELOLW\ RI DPSOLILFDWLRQ RI GXFWLOLW\ GHPDQG GXH WR

XQV\PPHWULF \LHOGLQJ DQG VXEVHTXHQW SURJUHVVLYH VWUHQJWK GHWHULRUDWLRQ RQO\ LQ VPDOO�HFFHQWULFLW\

V\VWHPV� +HQFH� WKH LVRODWHG HIIHFW RI VWUHQJWK GHWHULRUDWLRQ WR DPSOLI\ WKH GXFWLOLW\ GHPDQG LV

VWXGLHG FRQYHQLHQWO\ WKURXJK D VLPSOH LGHDOL]HG VWUHQJWK GHWHULRUDWLQJ PRGHO HPSOR\HG IRU HDFK RI

WKH ORDG�UHVLVWLQJ HOHPHQWV� LQVWHDG RI HPSOR\LQJ RQH RI WKH ULJRURXV PRGHOV LQFRUSRUDWLQJ DOO RWKHU

FKDUDFWHULVWLFV ZLWK VHSDUDWH FDOLEUDWLRQ VWXG\ RI LWV SDUDPHWHUV� ,Q WKLV PRGHO� WKH QXPEHU RI \LHOG

H[FXUVLRQV UHJXODWHV WKH H[WHQW RI VWUHQJWK GHWHULRUDWLRQ� %XW� IRU VLPSOLFLW\� WKH VWUHQJWK

GHWHULRUDWLRQ LV FRQVLGHUHG DV D UHJLPH�LQGHSHQGHQW SKHQRPHQRQ LQ WKLV PRGHO� L�H�� WKH DPRXQW RI

SODVWLF VWUDLQ DFFXPXODWHG GRHV QRW FRQWURO WKH H[WHQW RI VWUHQJWK GHFD\�

7KH K\VWHUHVLV UXOHV HPSOR\HG LQ WKLV VLPSOLILHG VWUHQJWK GHWHULRUDWLQJ K\VWHUHVLV PRGHO DUH�

�� 7KH EDFNERQH FXUYH LV HODVWLF�SHUIHFWO\ SODVWLF�

�� (DFK \LHOGLQJ RQ HLWKHU VLGH� L�H�� SRVLWLYH VLGH RU QHJDWLYH VLGH� FDXVHV D GHWHULRUDWLRQ LQ WKH

\LHOG IRUFH E\ D GHILQLWH IUDFWLRQ δ RI WKH RULJLQDO �XQGHWHULRUDWHG� \LHOG IRUFH� 7KLV GHWHULRUDWLRQ LV

HIIHFWLYH RQO\ DW WKH QH[W \LHOGLQJ� RQ HLWKHU WKH SRVLWLYH VLGH RU WKH QHJDWLYH VLGH�

�� ,I D \LHOGLQJ LV IROORZHG E\ D VPDOO DPRXQW RI XQORDGLQJ VXFK WKDW WKH FXUUHQW IRUFH DIWHU

XQORDGLQJ LV VWLOO KLJKHU WKDQ WKH QHZ GHWHULRUDWHG VWUHQJWK DIWHU WKH ODVW \LHOGLQJ� WKHQ D IXUWKHU

ORDGLQJ ZLOO FDXVH LPPHGLDWH \LHOGLQJ DW WKH FXUUHQW IRUFH OHYHO LWVHOI�

6WUHQJWK GHWHULRUDWLRQ LQ UHLQIRUFHG FRQFUHWH PHPEHUV ODUJHO\ GHSHQGV RQ WKHLU GHWDLOLQJ� $

SURSHUO\ GHWDLOHG PHPEHU PD\ H[KLELW D YHU\ VPDOO GHWHULRUDWLRQ LQ VWUHQJWK� ZKLOH D SRRUO\ GHWDLOHG

PHPEHU H[KLELWV D YHU\ ODUJH GURS LQ VWUHQJWK XQGHU F\FOLF ORDGLQJ� +RZHYHU� PRVW RI WKH QRUPDOO\
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GHWDLOHG UHLQIRUFHG FRQFUHWH VWUXFWXUHV H[KLELW FRQVLGHUDEOH VWUHQJWK GHWHULRUDWLRQ� ([SHULPHQWDO

VWXGLHV DUH DYDLODEOH RQ WKH ORDG�GHIRUPDWLRQ EHKDYLRXU RI UHLQIRUFHG FRQFUHWH PHPEHUV �H�J��

%URZQ DQG -LUVD ����� :LJKW DQG 6R]HQ ����� 6FULEQHU DQG :LJKW ����� (KVDQL DQG :LJKW �����

6DDWFLRJOX DQG 2]FHEH ����� ZKLFK SURYLGH ORDG�GHIRUPDWLRQ FXUYHV IRU GLIIHUHQW UHLQIRUFHG

FRQFUHWH PHPEHUV ZLWK GLIIHUHQW GHWDLOLQJ VFKHPHV� )RU WKH SUHVHQW VWXG\� WKHVH FXUYHV DUH FDUHIXOO\

H[DPLQHG� 7KH WRWDO GURS LQ VWUHQJWK LV GLYLGHG E\ WKH WRWDO QXPEHU RI \LHOG H[FXUVLRQV WR REWDLQ WKH

DYHUDJH DPRXQW RI VWUHQJWK GHWHULRUDWLRQ LQ HDFK \LHOG H[FXUVLRQ� )URP D QXPEHU RI VXFK FXUYHV

DYDLODEOH LQ WKH OLWHUDWXUH �%URZQ DQG -LUVD ����� :LJKW DQG 6R]HQ ����� 6FULEQHU DQG :LJKW �����

(KVDQL DQG :LJKW ����� 6DDWFLRJOX DQG 2]FHEH ������ LQ PRVW FDVHV� WKH DYHUDJH UDWH RI

GHWHULRUDWLRQ δ LQ D VLQJOH \LHOG H[FXUVLRQ LV IRXQG WR EH DURXQG �� RI WKH LQLWLDO \LHOG VWUHQJWK IRU

RUGLQDULO\ GHWDLOHG UHLQIRUFHG FRQFUHWH VSHFLPHQ� +RZHYHU� LW LV IRXQG WR WDNH YDOXHV XSWR ����

+HQFH� WKH YDOXHV RI δ XVHG LQ WKLV VWXG\ DUH ���� ����� ����� ����� DQG ���� +RZHYHU� LQ FDVH RI EL�

GLUHFWLRQDO JURXQG PRWLRQ� RQO\ FDVHV RI δ  ���� DQG ��� DUH FRQVLGHUHG�

���� 'XFWLOLW\ UHGXFWLRQ IDFWRU 5µ

7KH H[WHQW RI LQHODVWLFLW\ LQ D VWUXFWXUH XQGHU D VSHFLILHG ORDGLQJ GHSHQGV RQ WKH UDWLR RI WKH

HODVWLF VWUHQJWK GHPDQG DQG WKH DFWXDO ODWHUDO VWUHQJWK� 7KH UHVSRQVH UHGXFWLRQ IDFWRU� 5� ZKLFK LV

WKH UDWLR RI WKH PD[LPXP ODWHUDO VWUHQJWK H[SHULHQFHG E\ WKH VWUXFWXUH LI LW ZHUH WR UHPDLQ HODVWLF

DQG WKH GHVLJQ ODWHUDO IRUFH IRU D V\VWHP� LV RQH ZD\ RI LQGLFDWLQJ WKH H[SHFWHG H[WHQW RI LQHODVWLFLW\

XQGHU D VSHFLILHG ORDGLQJ� %XLOGLQJ VWUXFWXUHV SRVVHVV ODUJH UHGXQGDQFLHV� DQG KHQFH� DUH DVVLJQHG D

ODUJH YDOXH RI 5 �H�J�� 1(+53 SURYLVLRQV VSHFLI\ 5 DV KLJK DV � IRU FHUWDLQ EXLOGLQJ V\VWHPV��

+RZHYHU� WKH HOHYDWHG ZDWHU WDQN VWUXFWXUHV GR QRW HQMR\ VXFK D KLJK GHJUHH RI UHGXQGDQF\� DQG DUH

DVVLJQHG D VLJQLILFDQWO\ ORZHU YDOXH RI 5 �H�J�� 5 ��� LQ 1(+53 5HFRPPHQGHG 3URYLVLRQV ������

6LQFH IDFWRUV RI VDIHW\ DUH LQYROYHG LQ WKH SURFHVV RI GHVLJQ� DOO VWUXFWXUHV LQFOXGLQJ HOHYDWHG ZDWHU

WDQNV ZLOO DOZD\V SRVVHVV VLJQLILFDQW RYHUVWUHQJWK RYHU DQG DERYH WKH GHVLJQ ODWHUDO IRUFH �H�J�� -DLQ

DQG 1DYLQ ������ 7KLV LPSOLHV WKDW \LHOGLQJ ZLOO WDNH SODFH QRW DW WKH GHVLJQ YDOXH RI ODWHUDO IRUFH

EXW DW D KLJKHU YDOXH� $ IDFWRU FDOOHG WKH GXFWLOLW\ UHGXFWLRQ IDFWRU 5µ LV GHILQHG LQ WKH OLWHUDWXUH DV

WKH UDWLR RI WKH PD[LPXP ODWHUDO IRUFH WKDW ZLOO EH H[SHULHQFHG E\ WKH VWUXFWXUH LI LW ZHUH WR UHPDLQ

HODVWLF DQG WKH \LHOG ODWHUDO IRUFH� 6R� WKH GXFWLOLW\ UHGXFWLRQ IDFWRU 5µ ZLOO EH OHVV WKDQ WKH UHVSRQVH

UHGXFWLRQ IDFWRU 5� 7KLV LPSOLHV WKDW 5µ IRU HOHYDWHG ZDWHU WDQNV ZLOO EH OHVV WKDQ ���� ,Q WKH FXUUHQW

VWXG\� WZR FDVHV RI 5µ � DQG 5µ � DUH FRQVLGHUHG� WKH IRUPHU EHLQJ WKH HODVWLF FDVH IRU WKH

V\PPHWULF V\VWHP�

���� (IIHFW RI VWUHQJWK GHWHULRUDWLRQ

:KLOH SUHVHQWLQJ UHVXOWV� WKH PD[LPXP HOHPHQW GLVSODFHPHQW RI WKH HFFHQWULF V\VWHP LV

QRUPDOL]HG ZLWK WKH PD[LPXP HOHPHQW GLVSODFHPHQW RI WKH FRUUHVSRQGLQJ V\PPHWULF V\VWHP RI WKH

VDPH ODWHUDO QDWXUDO SHULRG 7[�

������ 6WXG\ RI WZR�HOHPHQW V\VWHPV

7ZR�HOHPHQW V\VWHPV� ZLWK ERWK VWLIIQHVV�HFFHQWULF VWUHQJWK�V\PPHWULF DQG VWLIIQHVV�V\PPHWULF

VWUHQJWK�HFFHQWULF V\VWHPV� ZLWK ODWHUDO QDWXUDO SHULRG 7[ RI ��� VHF� � VHF DQG � VHF KDYH EHHQ

DQDO\]HG� 7KH YDULDWLRQ LQ WKH QRUPDOL]HG PD[LPXP HOHPHQW GLVSODFHPHQW ZLWK LVτ  7θ�7[( )
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VWXGLHG� 6DPSOH UHVSRQVH RI VWLIIQHVV�HFFHQWULF VWUHQJWK�V\PPHWULF V\VWHP ZLWK ODWHUDO QDWXUDO SHULRG

7[ ��� VHF DQG H�' ���� LV SUHVHQWHG LQ )LJ� �� 7KHVH UHVXOWV UHSUHVHQW WKH JHQHUDOL]HG WUHQGV LQ

HIIHFW RI VWUHQJWK GHWHULRUDWLRQ REVHUYHG IURP DOO RWKHU FDVHV VWXGLHG� 6R� WKH UHVXOWV RI DOO RWKHU

FDVHV� DYDLODEOH HOVHZKHUH �'XWWD ����D�� DUH QRW LQFOXGHG LQ WKH SUHVHQW SDSHU�

)RU VPDOO�HFFHQWULFLW\ V\VWHPV VWXGLHG LQ WKH SUHVHQW SDSHU� WKH QRUPDOL]HG HOHPHQW GLVSODFHPHQWV

SUHVHQWHG LQ DOO WKH ILJXUHV DUH DOPRVW VDPH DV WKH UDWLR RI WKH PD[LPXP HOHPHQW GXFWLOLW\ GHPDQG

RI WKHVH V\VWHPV QRUPDOL]HG ZLWK UHVSHFW WR WKH PD[LPXP HOHPHQW GXFWLOLW\ GHPDQG RI WKH

FRUUHVSRQGLQJ V\PPHWULF V\VWHPV�

)LJV� � VKRZV WKDW WKH HIIHFW RI HFFHQWULFLW\ RQ PD[LPXP HOHPHQW GLVSODFHPHQW� DQG KHQFH RQ

GXFWLOLW\ GHPDQG� JHQHUDOO\ LQFUHDVHV ZLWK LQFUHDVLQJ UDWH RI VWUHQJWK GHWHULRUDWLRQ� δ� )RU D KLJK

UDWH RI VWUHQJWK GHWHULRUDWLRQ RI δ  ��� �RU ������ WKH HFFHQWULF V\VWHPV VKRZ D YHU\ KLJK QRUPDOL]HG

HOHPHQW GLVSODFHPHQW HYHQ IRU 5µ � DV LW HQWHUV WKH LQHODVWLF UDQJH WKURXJK XQV\PPHWULF \LHOGLQJ�

7KH GLVSODFHPHQW RI WKH V\PPHWULF V\VWHP LV VPDOO GXH WR DQ HODVWLF UDQJH EHKDYLRXU ZKHQ 5µ ��

$V FRPSDUHG WR VXFK HODVWLF UDQJH GLVSODFHPHQW� WKH ORFDOL]HG LQHODVWLF UDQJH GLVSODFHPHQW RI WKH

HFFHQWULF V\VWHPV DUH IRXQG WR EH YHU\ KLJK� 7KH PD[LPXP HOHPHQW GLVSODFHPHQW DQG GXFWLOLW\

GHPDQG RI HFFHQWULF V\VWHPV DUH� LQ PDQ\ LQVWDQFHV� PRUH WKDQ WZLFH WKH HOHPHQW GLVSODFHPHQW DQG

GXFWLOLW\ GHPDQG RI WKH UHIHUHQFH V\PPHWULF V\VWHPV� $ ODUJH HOHPHQW GLVSODFHPHQW LV DOVR REVHUYHG

IRU 5µ � HYHQ ZKHQ δ  ����� 6LQFH� D UDWH RI VWUHQJWK GHWHULRUDWLRQ RI ���� LV QRW XQH[SHFWHG LQ

UHLQIRUFHG FRQFUHWH PHPEHUV� HOHYDWHG ZDWHU WDQNV FDQ KDYH ODUJH GLVSODFHPHQW DQG GXFWLOLW\

GHPDQG LQ ORDG�UHVLVWLQJ HOHPHQWV GXH WR VPDOO DFFLGHQWDO HFFHQWULFLW\� $ VPDOO DFFLGHQWDO

HFFHQWULFLW\ FDXVHV HDUO\ \LHOGLQJ RI RQH RI WKH HOHPHQWV� $ KLJKHU UDWH RI VWUHQJWK GHWHULRUDWLRQ

IXUWKHU ORZHUV WKH VWUHQJWK RI WKDW HOHPHQW XQGHU UHSHDWHG ORDGLQJ� 7KLV OHDGV WR D ODUJHU VWUHQJWK

HFFHQWULFLW\ UHVXOWLQJ LQ D IXUWKHU LQFUHDVH LQ HOHPHQW GLVSODFHPHQW� DQG KHQFH� LQ WKH GXFWLOLW\

GHPDQG� 7KH HIIHFW PD\ EH HYHQ ODUJHU LI ERWK VWLIIQHVV�HFFHQWULFLW\ DQG VWUHQJWK�HFFHQWULFLW\ RFFXU

WRJHWKHU�

������ 6WXG\ RI IRXU�HOHPHQW V\VWHPV

,GHDOL]HG IRXU�HOHPHQW V\VWHPV ZLWK VPDOO VWLIIQHVV HFFHQWULFLW\ DQG VWUHQJWK V\PPHWU\ DUH VWXGLHG

)LJ� � 0D[LPXP QRUPDOL]HG HOHPHQW GLVSODFHPHQW RI VWLIIQHVV�HFFHQWULF WZR�HOHPHQW V\VWHP �7[ ��� VHF�
H�' �����
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WR LQYHVWLJDWH WKHLU LQHODVWLF EHKDYLRXU� 7KH YDULDWLRQV LQ QRUPDOL]HG PD[LPXP HOHPHQW GLVSODFHPHQW

ZLWK τ XQGHU EL�GLUHFWLRQDO V\QWKHWLF JURXQG PRWLRQ IRU WZR YDOXHV RI UDWH RI VWUHQJWK GHWHULRUDWLRQ�

δ  ���� DQG ���� DQG IRU 5µ �� DUH VKRZQ LQ )LJ� �� 7KH UHVSRQVHV RI WKH IRXU�HOHPHQW V\VWHPV

XQGHU XQL�GLUHFWLRQDO JURXQG PRWLRQ ZLWK δ  ���� DUH DOVR SUHVHQWHG WR VWXG\ WKH HIIHFW RI EL�

GLUHFWLRQDO JURXQG PRWLRQ� 7KH FXUYHV DUH PDUNHG �' DQG �' WR LQGLFDWH WKH UHVSRQVHV XQGHU XQL�

GLUHFWLRQDO DQG EL�GLUHFWLRQDO JURXQG PRWLRQV� UHVSHFWLYHO\� 7KUHH YDOXHV RI ODWHUDO QDWXUDO SHULRGV�

7[ ��� VHF� ��� VHF DQG ��� VHF� DUH FRQVLGHUHG�

$V H[SHFWHG� WKH IRXU�HOHPHQW V\VWHPV VKRZ D JUHDWHU HIIHFW RI WRUVLRQDO FRXSOLQJ XQGHU EL�

GLUHFWLRQDO PRWLRQ WKDQ XQGHU XQL�GLUHFWLRQDO JURXQG PRWLRQ� )RXU�HOHPHQW V\VWHP KDYH WZR

DGGLWLRQDO HOHPHQWV ZLWK V\PPHWULF FKDUDFWHULVWLFV RULHQWHG DORQJ WKH SHUSHQGLFXODU GLUHFWLRQ RI

JURXQG PRWLRQ LQ DGGLWLRQ WR WKH WZR HOHPHQWV ZLWK XQV\PPHWULF FKDUDFWHULVWLFV RULHQWHG DORQJ WKH

GLUHFWLRQ RI JURXQG PRWLRQ� 8QGHU XQL�GLUHFWLRQDO JURXQG PRWLRQ� WKHVH DGGLWLRQDO HOHPHQWV PD\

UHPDLQ HODVWLF� 6R� HYHQ LI WKH VWLIIQHVV LQ WKH GLUHFWLRQ RI JURXQG PRWLRQ EHFRPHV ]HUR EHFDXVH RI

WKH \LHOGLQJ RI ERWK WKH HOHPHQWV� WKH WRUVLRQDO UHVLVWDQFH JHQHUDOO\ PD\ QRW UHGXFH EHORZ ��� RI

WKH RULJLQDO WRUVLRQDO VWLIIQHVV�

+RZHYHU� WKH VLWXDWLRQ PD\ EH GLIIHUHQW� LI D IRXU�HOHPHQW V\VWHP LV VXEMHFWHG WR EL�GLUHFWLRQDO

JURXQG PRWLRQV� ,Q WKLV FDVH� WKH DGGLWLRQDO HOHPHQWV DUH DOVR H[SHFWHG WR H[KLELW FRQVLGHUDEOH SRVW�

\LHOG UDQJH UHVSRQVH GXULQJ JURXQG VKDNLQJ RZLQJ WR WKH JURXQG PRWLRQ SDUDOOHO WR WKHLU RULHQWDWLRQ�

6R� XQGHU EL�GLUHFWLRQDO JURXQG PRWLRQ� WKH WRUVLRQDO UHVLVWDQFH PD\ EHFRPH ]HUR GXULQJ JURXQG

VKDNLQJ GHSHQGLQJ RQ WKH FRUUHODWLRQ EHWZHHQ WKH JURXQG DFFHOHUDWLRQ LQ WZR PXWXDOO\

SHUSHQGLFXODU GLUHFWLRQV� +HQFH� DV REVHUYHG LQ DQ HDUOLHU VWXG\ XVLQJ DQ HODVWR�SODVWLF EHKDYLRXU

�&RUUHQ]D DQG +XWFKLQVRQ ������ WKH SUHVHQW VWXG\ DOVR VKRZV WKDW WKLV GURS LQ WKH WRUVLRQDO

VWLIIQHVV PD\ LQFUHDVH WRUVLRQDO UHVSRQVH� $QRWKHU UHDVRQ RI LQFUHDVLQJ UHVSRQVH XQGHU EL�GLUHFWLRQDO

JURXQG PRWLRQ PD\ EH WKH LQWURGXFWLRQ RI XQV\PPHWU\ LQ VWUHQJWK LQ WKH DGGLWLRQDO HOHPHQWV GXH WR

WKHLU XQV\PPHWULFDO \LHOGLQJ DQG WKH VXEVHTXHQW GHWHULRUDWLRQ LQ VWUHQJWK XQGHU WKH FRPELQHG DFWLRQ

RI WKH ODWHUDO PRWLRQ LQ WKH GLUHFWLRQ RI WKH DGGLWLRQDO HOHPHQWV �L�H�� DORQJ WKH GLUHFWLRQ RI

V\PPHWU\� DQG WKH WRUVLRQDO PRWLRQ�

)XUWKHU� LI WKH FXUYHV RI δ  ��� DQG ���� LQ )LJ� � DUH FRPSDUHG ZLWK WKH FRUUHVSRQGLQJ FXUYHV IRU
WZR�HOHPHQW V\VWHPV IRU 5µ � LQ )LJ� �� D IRXU�HOHPHQW V\VWHP H[KLELWV D OHVVHU HIIHFW RI WRUVLRQ

WKDQ WZR�HOHPHQW V\VWHPV� 7KLV LV VR EHFDXVH D WZR�HOHPHQW V\VWHP EHFRPHV D PHFKDQLVP XQGHU

FRXSOHG ODWHUDO�WRUVLRQDO PRWLRQ LI DQ\ RQH RI WKH HOHPHQWV XQGHUJRHV \LHOGLQJ� ZKLOH D IRXU�HOHPHQW

)LJ� � 0D[LPXP QRUPDOLVHG HOHPHQW GLVSODFHPHQW RI VWLIIQHVV�HFFHQWULF IRXU�HOHPHQW V\VWHP XQGHU EL�
GLUHFWLRQDO DQG XQL�GLUHFWLRQDO JURXQG PRWLRQ �H�' �����
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V\VWHP KDV JUHDWHU UHGXQGDQF\� WRUVLRQDO VWLIIQHVV DQG VWUHQJWK� 7KLV LPSOLHV WKDW WKH IUDPH VWDJLQJV

ZLWK ODUJH QXPEHU RI SDQHOV DQG FROXPQV UHSUHVHQWHG E\ IRXU�HOHPHQW V\VWHPV DUH OHVV YXOQHUDEOH WR

WKH HIIHFW RI WRUVLRQ HYHQ LQ WKH SRVW�\LHOG UDQJH�

8QGHU EL�GLUHFWLRQDO JURXQG PRWLRQ� IRXU�HOHPHQW V\VWHPV ZLWK 7[ ��� VHF DQG � VHF� LQGLFDWH

KLJK HOHPHQW GLVSODFHPHQW DQG GXFWLOLW\ GHPDQG� XSWR WZLFH RU PRUH WKDQ WKDW RI WKH FRUUHVSRQGLQJ

V\PPHWULF V\VWHP� WKLV KDV VHULRXV LPSOLFDWLRQV� 6XFK D KLJK GLVSODFHPHQW DQG GXFWLOLW\ GHPDQG

FDXVHG E\ WRUVLRQ PD\ QRW EH DFFHSWDEOH DV IDU DV WKH GHWDLOLQJ RI ODWHUDO ORDG UHVLVWLQJ HOHPHQWV LV

FRQFHUQHG� 7KLV FOHDUO\ LQGLFDWHV WKDW HYHQ HOHYDWHG ZDWHU WDQNV VXSSRUWHG RQ VWDJLQJ ZLWK PDQ\

FROXPQV DQG SDQHOV DUH KLJKO\ YXOQHUDEOH WR WKH HIIHFW RI WRUVLRQDO FRXSOLQJ LQ D UHDO HYHQW RI

HDUWKTXDNH LQYROYLQJ EL�GLUHFWLRQDO JURXQG PRWLRQ�

&RPSDULVRQ RI WKH HOHPHQW GLVSODFHPHQW FXUYHV LQ )LJ� � IRU V\VWHPV ZLWK δ  ��� DQG ���� XQGHU

EL�GLUHFWLRQDO JURXQG PRWLRQV VKRZV WKDW WKH HIIHFW RI WRUVLRQDO FRXSOLQJ LQFUHDVHV ZLWK UDWH RI

VWUHQJWK GHWHULRUDWLRQ LQ IRXU�HOHPHQW V\VWHPV DOVR�

�� ,QHODVWLF EHKDYLRXU RI HOHYDWHG WDQNV ORFDWHG QHDU WHFWRQLF IDXOWV

7KH LQHODVWLF WRUVLRQDO EHKDYLRXU RI ODUJH�HFFHQWULFLW\ V\VWHPV ZLWK H�U  ��� �DSSURSULDWH IRU

EXLOGLQJV� XQGHU IDXOW�QRUPDO JURXQG PRWLRQ ZDV UHSRUWHG WR EH VLJQLILFDQW �*RHO DQG &KRSUD

������ ,QHODVWLF EHKDYLRXU RI VWHHO SODQDU EXLOGLQJ IUDPHV XQGHU IDXOW�SDUDOOHO DQG IDXOW�QRUPDO

JURXQG PRWLRQV KDV DOVR EHHQ UHSRUWHG WR EH YHU\ FULWLFDO �0XUW\ DQG +DOO ������ $ VLPLODU VWXG\ RQ

HOHYDWHG ZDWHU WDQNV VXSSRUWHG RQ IUDPH VWDJLQJV LV H[SHFWHG WR SURYLGH FUXFLDO LQSXWV LQ WKHLU

GHVLJQ� (ODVWR�SODVWLF EHKDYLRXU LV DVVXPHG IRU HDFK ODWHUDO ORDG�UHVLVWLQJ HOHPHQWV� +HQFH� WKH VDPH

K\VWHUHVLV PRGHO ZLWK δ  ��� LV XVHG IRU WKH VWXG\�
+RZHYHU� IRU VPDOO HFFHQWULFLW\ V\VWHPV �H�' ������ WKH WRUVLRQDO FRXSOLQJ HIIHFW LQFUHDVHV WKH

PD[LPXP HOHPHQW GLVSODFHPHQW DQG KHQFH� GXFWLOLW\ E\ RQO\ D VPDOO DPRXQW �DURXQG ������� DV

)LJ� � 9DULDWLRQ RI HOHPHQW GLVSODFHPHQW GXFWLOLW\ GHPDQG LQ V\PPHWULF V\VWHPV XQGHU IDXOW�SDUDOOHO DQG
IDXOW�QRUPDO JURXQG PRWLRQV ZLWK GLIIHUHQW SXOVH GXUDWLRQV
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FRPSDUHG WR D VLPLODU V\PPHWULF V\VWHP�

7KH YDULDWLRQ RI HOHPHQW GLVSODFHPHQW GXFWLOLW\ GHPDQG RI D V\PPHWULF V\VWHP IRU 5µ � ZLWK

7[�7� YDU\LQJ IURP ��� WR � LV VKRZQ LQ )LJ� �� 7KLV ILJXUH VKRZV WKDW ZKHQ WKH SXOVH GXUDWLRQ 7� LV

ODUJH� L�H�� 7[�7� LV VPDOO� WKH V\PPHWULF V\VWHP LWVHOI SURGXFHV D YHU\ KLJK GXFWLOLW\ GHPDQG�

'XFWLOLW\ GHPDQG VWDELOL]HV DW D YDOXH RI DURXQG �� ZKHQ WKH SXOVH GXUDWLRQ EHFRPHV OHVV WKDQ WKH

ODWHUDO QDWXUDO SHULRG �L�H�� 7[�7� Q�� 6R� D SXOVH RI ODUJH GXUDWLRQ PD\ SURGXFH D ODUJH GXFWLOLW\

GHPDQG LQ D V\VWHP GXH WR LQFUHDVHG DPSOLWXGH LQ ODWHUDO WUDQVODWLRQ LUUHVSHFWLYH RI V\PPHWU\ RU

VPDOO HFFHQWULFLW\ LQ LW� 6LQFH� D SXOVH GXUDWLRQ RI DURXQG � VHF LV QRW XQH[SHFWHG� HOHYDWHG ZDWHU

WDQNV KDYLQJ ODWHUDO QDWXUDO SHULRG OHVV WKDQ � VHF PD\ HQFRXQWHU D ODUJH GXFWLOLW\ GHPDQG LI VLWXDWHG

QHDU D WHFWRQLF IDXOW� /DUJH GLVSODFHPHQW PD\ QRW EH DFFHSWDEOH LQ HOHYDWHG ZDWHU WDQNV HYHQ IURP

WKH RSHUDWLRQDO SRLQW RI YLHZ H�J�� IUDFWXUH RI WKH FRQQHFWHG SLSHOLQHV� 0RUHRYHU� VXFK VWUXFWXUHV

KDYLQJ ODUJH PDVVHV FRQFHQWUDWHG DW FRQVLGHUDEOH KHLJKWV PD\ XQGHUJR FROODSVH RZLQJ WR VHFRQGDU\

3�∆ HIIHFWV�

�� &RQFOXVLRQV

,Q WKH FRQWH[W RI WRUVLRQDO IDLOXUH RI HOHYDWHG WDQNV LQ HDUWKTXDNHV� SUHVHQW SDSHU DLPV WR VWXG\ WKH

WRUVLRQDO EHKDYLRXU RI ZDWHU WDQNV VXSSRUWHG RQ FRQFUHWH IUDPH�W\SH VWDJLQJ �)LJ� �D�� XVLQJ VLPSOH

LGHDOL]HG PRGHOV� 7KH VDOLHQW FRQFOXVLRQV RI WKH VWXG\ DUH OLVWHG EHORZ�

�� 7KH WRUVLRQDO UHVSRQVH GXH WR VPDOO HFFHQWULFLW\ DULVLQJ GXH WR DFFLGHQWDO UHDVRQV DUH XVXDOO\

QRW FRQVLGHUHG E\ WKH GHVLJQHUV� 7KH HOHYDWHG WDQNV ZLWK τ ZLWKLQ WKH UDQJH RI ��� � τ � ���� PD\

H[KLELW SHDNV LQ GLVSODFHPHQW RI ORDG�UHVLVWLQJ HOHPHQWV DW RQH HGJH RI WKH VWDJLQJ LQ WKH HODVWLF

UDQJH GXH WR HYHQ D VPDOO DFFLGHQWDO HFFHQWULFLW\� 7KH SUHVHQW VWXG\ VKRZV WKDW DQ DFFLGHQWDO

HFFHQWULFLW\ RI �� PD\ FDXVH DQ HODVWLF�UDQJH GLVSODFHPHQW GHPDQG DV KLJK DV DERXW ��� WR HYHQ

PRUH WKDQ � WLPHV WKDW RI WKH V\PPHWULF V\VWHPV XQGHU QHDU�IDXOW PRWLRQ� +HQFH� WKH HODVWLF UDQJH

IRUFH GHPDQG ZLOO DOVR H[KLELW DQ LQFUHDVH RI VLPLODU RUGHU� ,Q WKH HYHQW RI DQ HDUWKTXDNH FRQVLVWHQW

ZLWK GHVLJQ VSHFWUXP� VXFK GLVSODFHPHQW GHPDQG DQG IRUFH GHPDQG PD\ EH DV KLJK DV ��� WLPHV

WKDW RI WKH V\PPHWULF V\VWHP� 6R� GXH WR VXFK D VPDOO HFFHQWULFLW\� WKH VWDJLQJ ZLOO QRW UHPDLQ

HODVWLF LQ WKH HYHQW RI HYHQ D PRGHUDWH OHYHO HDUWKTXDNH� WKRXJK LW LV GHVLJQHG WR UHPDLQ VR�

6XFK LQFUHDVH LQ HODVWLF UDQJH GLVSODFHPHQW DW RQH HGJH RI WKH VWDJLQJ PD\ FDXVH XQV\PPHWULF

\LHOGLQJ LQ WKH VWDJLQJ� ,W PD\ LQ WXUQ JHQHUDWH D YHU\ KLJK ORFDOL]HG GLVSODFHPHQW DQG GXFWLOLW\

GHPDQG LQ VWDJLQJ ORDG�UHVLVWLQJ HOHPHQWV GXH WR DV\PPHWULFDOO\ SURJUHVVLYH ORFDOL]HG GDPDJH

FDXVHG E\ VWUHQJWK�GHWHULRUDWLQJ FKDUDFWHULVWLFV RI UHLQIRUFHG FRQFUHWH PHPEHUV XQGHU F\FOLF ORDGLQJ�

7KH HIIHFW EHFRPHV PRUH VHYHUH ZLWK LQFUHDVH LQ UDWH RI VWUHQJWK GHWHULRUDWLRQ RI FRQFUHWH� 6XFK

HIIHFW RI WRUVLRQDO FRXSOLQJ LV IRXQG WR EH SUHVHQW QRW RQO\ LQ V\VWHPV GHVLJQHG WR EHKDYH

LQHODVWLFDOO\ �5µ �� EXW DOVR LQ V\VWHPV PDUJLQDOO\ GHVLJQHG WR EHKDYH HODVWLFDOO\ ZLWKRXW DQ\

RYHUVWUHQJWK �5µ ��� 6XFK D KLJK GLVSODFHPHQW DQG GXFWLOLW\ GHPDQG LQ VWDJLQJ ORDG�UHVWLQJ

HOHPHQWV ZLOO FOHDUO\ JLYH ULVH WR D KLJK FXUYDWXUH GXFWLOLW\ GHPDQG LQ LQGLYLGXDO UHLQIRUFHG FRQFUHWH

PHPEHUV�

�� 7R OLPLW WKH LQHODVWLF GLVSODFHPHQW E\ FRQWUROOLQJ SURJUHVVLYH GDPDJH� RQH PD\ WKLQN RI XVLQJ

UHLQIRUFHG FRQFUHWH PHPEHUV ZLWK D YHU\ ORZ YDOXH RI δ� DV WKH SUHVHQW VWXG\ VKRZV WKDW V\VWHPV

KDYLQJ ORDG�UHVLVWLQJ HOHPHQWV ZLWK KLJKHU δ VKRZ YHU\ KLJK GLVSODFHPHQW�GXFWLOLW\ GHPDQG� DIWHU

WKH \LHOGLQJ LV WULJJHUHG E\ DFFLGHQWDO VPDOO HFFHQWULFLW\ LI ��� � τ � ����� ,W LV REVHUYHG HOVHZKHUH

�%URZQ DQG -LUVD ����� :LJKW DQG 6R]HQ ����� 6FULEQHU DQG :LJKW ����� (KVDQL DQG :LJKW �����



��� 6HNKDU &KDQGUD 'XWWD� &�9�5� 0XUW\ DQG 6XGKLU .� -DLQ

6DDWFLRJOX DQG 2]FHEH ����� WKDW δ LV GHSHQGHQW RQ VKHDU VSDQ WR GHSWK UDWLR� ORQJLWXGLQDO

UHLQIRUFHPHQW� DQG VSDFLQJ� TXDQWLW\ DQG FRQILJXUDWLRQ RI WUDQVYHUVH UHLQIRUFHPHQW� %XW LQ DEVHQFH

RI D ZHOO DFFHSWHG VWDQGDUGL]HG TXDQWLWDWLYH JXLGHOLQHV UHODWLQJ δ ZLWK DERYH SDUDPHWHUV� LW LV

SUDFWLFDOO\ GLIILFXOW WR HOLPLQDWH SURJUHVVLYH� DV\PPHWULFDOO\ ORFDOL]HG WRUVLRQDO GDPDJH� 6XFK

GHWDLOLQJ RI UHLQIRUFHPHQW� HYHQ LI VWDQGDUGL]HG� ZRXOG EH HIIHFWLYH LI DGHTXDWH TXDOLW\ FRQWURO FDQ

EH DVVXUHG�

$Q DOWHUQDWH IHDVLEOH ZD\ WR DYRLG WRUVLRQDO IDLOXUH PD\ EH WR HQVXUH HODVWLF EHKDYLRXU RI VWDJLQJ�

6R� WR VWRS XQH[SHFWHG DV\PPHWULFDOO\ ORFDOL]HG \LHOGLQJ� WKH SHDNV LQ WKH HODVWLF UDQJH HOHPHQW

GLVSODFHPHQW VKRXOG SUHIHUDEO\ EH DYRLGHG� 7R DFKLHYH WKLV� WKH HOHYDWHG WDQNV VKRXOG EH FRQILJXUHG

WR KDYH τ RXWVLGH WKH FULWLFDO UDQJH RI ��� � τ � ���� GHWXQLQJ WKH WRUVLRQDO DQG ODWHUDO QDWXUDO

SHULRGV�

�� %HWZHHQ WZR VLPLODU HOHYDWHG WDQNV� �L�H�� ZLWK VDPH ODWHUDO WLPH SHULRG� 7[� WKH WLPH SHULRG

UDWLR� τ� QRUPDOL]HG HFFHQWULFLW\� DQG GDPSLQJ�� WKH WDQN VXSSRUWHG RQ VWDJLQJ ZLWK OHVV QXPEHU RI

FROXPQV DQG SDQHOV �UHSUHVHQWHG E\ WZR�HOHPHQW V\VWHPV� DUH IRXQG WR EH WRUVLRQDOO\ PRUH VHYHUHO\

YXOQHUDEOH FRPSDUHG WR WKH WDQN VXSSRUWHG RQ VWDJLQJ ZLWK ODUJH QXPEHU RI FROXPQV DQG SDQHOV LQ

HODVWLF DV ZHOO DV LQHODVWLF UDQJH� 6XFK EHKDYLRXU PD\ EH DWWULEXWHG WR WKH OHVVHU WRUVLRQDO�WR�ODWHUDO

VWLIIQHVV UDWLR DQG OHVVHU WRUVLRQDO�WR�ODWHUDO VWUHQJWK UDWLR RI WKH IRUPHU DV FRPSDUHG WR WKH ODWHU� 6R�

VWDJLQJ ZLWK VPDOO QXPEHU RI FROXPQV DQG SDQHOV VKRXOG EH DYRLGHG DV IDU DV SUDFWLFDEOH�

�� $V LQIHUUHG IURP WKH UHVSRQVH XQGHU KDUPRQLF SXOVHV� WKH HOHYDWHG WDQNV ZLWK KLJKHU τ PD\

H[KLELW FRQVLGHUDEOH LQFUHDVH LQ HOHPHQW GLVSODFHPHQW LI ORFDWHG QHDU IDXOWV� +HQFH� WKH HOHYDWHG

WDQNV QHDU IDXOWV VKRXOG EH FRQILJXUHG ZLWK OHVVHU τ� 6XFK WDQNV PD\ DOVR GHPDQG YHU\ KLJK

GLVSODFHPHQW DQG GXFWLOLW\ FDSDFLW\ LQ WKH LQHODVWLF UDQJH XQGHU D ORQJ GXUDWLRQ SXOVH FKDUDFWHULVWLFV

RI QHDU IDXOW PRWLRQ HYHQ GXH WR D SXUHO\ WUDQVODWLRQDO EHKDYLRXU�

7KH UDQJH RI YDULDWLRQ RI QDWXUDO SHULRG UDWLR τ RI WKH HOHYDWHG WDQNV ZLWK XVXDO VWDJLQJ

FRQILJXUDWLRQ �)LJ� �D� LV VWXGLHG HOVHZKHUH �'XWWD ����D� IRU XVXDO UDQJH RI YDULDWLRQ RI WKH

LQIOXHQFLQJ SDUDPHWHUV QDPHO\� WKH UHODWLYH VWLIIQHVV RI FROXPQV DQG EHDPV� QXPEHU RI FROXPQV DQG

QXPEHU RI SDQHOV� 0RVW RI VXFK WDQNV DUH OLNHO\ WR KDYH τ ZLWKLQ WKH FULWLFDO UDQJH RI ��� � τ � ����
XQGHU WDQN HPSW\� WDQN IXOO RU LQWHU PHGLDWH ZDWHU�GHSWK FRQGLWLRQV� 7KXV� WKH SUREOHP RI DPSOLILHG

WRUVLRQDO UHVSRQVH H[LVWV LQ PDQ\ RI WKHVH WDQNV� 7KH DOWHUQDWH VWDJLQJ FRQILJXUDWLRQV ZLWK UDGLDO

EHDPV �)LJ� �E�� ZLWK UDGLDO EHDPV DQG D FHQWUDO FROXPQ �)LJ� �F�� DQG WZR FLUFXODU URZV RI

FROXPQV �)LJ� �G�� LQFUHDVH τ� 7KH UDGLDO EHDPV DQG FHQWUDO FROXPQ GR QRW FRQWULEXWH WR WRUVLRQDO

VWLIIQHVV ZKLOH WKH\ LQFUHDVH ODWHUDO VWLIIQHVV E\ LQFUHDVLQJ IUDPLQJ DFWLRQ� ,Q WKH FRQILJXUDWLRQ RI

)LJ� �G� WKH LQQHU FLUFXODU URZ RI FROXPQV FRQWULEXWHV OHVV WR WRUVLRQDO VWLIIQHVV EHFDXVH RI VPDOOHU

UDGLXV ZKLOH LW DGGV VXEVWDQWLDOO\ WR ODWHUDO VWLIIQHVV� &RQILJXUDWLRQ RI )LJ� �H FDQ EH XVHG WR UHGXFH

τ VLQFH WKH GLDJRQDO EUDFHV LQGXFH WUXVV DFWLRQ� ZKLFK FUHDWHV UHODWLYHO\ VPDOOHU LQFUHDVH LQ ODWHUDO

VWLIIQHVV WKDQ LQ WRUVLRQDO VWLIIQHVV� 7KHVH DOWHUQDWH FRQILJXUDWLRQV PD\ EH FRQVLGHUHG LQ RUGHU WR

NHHS τ RXWVLGH WKH FULWLFDO UDQJH� DQG WKHUHIRUH WKH SUREOHP RI ODUJH WRUVLRQDO UHVSRQVH FDQ EH

DYRLGHG�
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