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Bond Pricing with Default Risk

Abstract

We offer a new model for pricing bonds subject to default risk. The event
of default is remodeled as the first time that a state variable that captures the
solvency of the issue goes below a certain level. The payoff to the bond in case of
default is a constant fraction of the value of a security with the same promised
payoffs but without the risk of default. We show that our model is very tractable
under different models of interest rate risk and of the interaction between default
risk and interest rate risk, with closed-form solutions for corporate bond prices
in special cases. The model is seen to produce term structures of default yield
spreads and forward spreads with more reasonable properties than other models
that have recently been proposed. We illustrate the issue of our model by
estimating its parameters and backing up both the default writedown and the
state variable that governs default risk from a panel data set of bond prices
issued by RJR Nabisco.
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:H RoHU D QHZ PRGHO IRU SULFLQJ ERQGV VXEMHFW WR GHIDXOW ULVN� 7KH HYHQW RI GHIDXOW LV PRGHOOHG
DV WKH pUVW WLPH WKDW D VWDWH YDULDEOH WKDW FDSWXUHV WKH VROYHQF\ RI WKH LVVXHU JRHV EHORZ D FHUWDLQ
OHYHO� 7KH SD\Ro WR WKH ERQG LQ FDVH RI GHIDXOW LV D FRQVWDQW IUDFWLRQ RI WKH YDOXH RI D VHFXULW\
ZLWK WKH VDPH SURPLVHG SD\RoV EXW ZLWKRXW WKH ULVN RI GHIDXOW� :H VKRZ WKDW RXU PRGHO LV YHU\
WUDFWDEOH XQGHU GLoHUHQW PRGHOV RI LQWHUHVW UDWH ULVN DQG RI WKH LQWHUDFWLRQ EHWZHHQ GHIDXOW ULVN
DQG LQWHUHVW UDWH ULVN� ZLWK FORVHG�IRUP VROXWLRQV IRU FRUSRUDWH ERQG SULFHV LQ VSHFLDO FDVHV� 7KH
PRGHO LV VHHQ WR SURGXFH WHUP VWUXFWXUHV RI GHIDXOW \LHOG VSUHDGV DQG IRUZDUG VSUHDGV ZLWK PRUH
UHDVRQDEOH SURSHUWLHV WKDQ RWKHU PRGHOV WKDW KDYH UHFHQWO\ EHHQ SURSRVHG� :H LOOXVWUDWH WKH XVH RI
RXU PRGHO E\ HVWLPDWLQJ LWV SDUDPHWHUV DQG EDFNLQJ XS ERWK WKH GHIDXOW ZULWHGRZQ DQG WKH VWDWH
YDULDEOH WKDW JRYHUQV GHIDXOW ULVN IURP D SDQHO GDWD VHW RI ERQG SULFHV LVVXHG E\ 5-5 1DELVFR�
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:H FDQ ZULWH WKH WLPH W YDOXH RI D �FRUSRUDWH� GHIDXOW ULVN\ ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 DV
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ZKHUH 3 �W� 7 � LV WKH YDOXH RI D �7UHDVXU\� GHIDXOW ULVNOHVV ]HUR FRXSRQ ERQG ZLWK WKH VDPH PDWXULW\�
: �7 � LV WKH ZULWHGRZQ LQ FDVH RI GHIDXOW �DVVXPHG WR EH LQFXUUHG DW WKH PDWXULW\ RI WKH ERQG��
�I'�7J LV WKH LQGLFDWRU IXQFWLRQ RI GHIDXOW KDSSHQLQJ EHIRUH WKH PDWXULW\ RI WKH ERQG� U LV WKH
GHIDXOW ULVNOHVV LQVWDQWDQHRXV LQWHUHVW UDWH� DQG WKH H[SHFWDWLRQ LV WDNHQ ZLWK UHVSHFW WR D ULVN
DGMXVWHG SUREDELOLW\ PHDVXUH��

7KHUH DUH WKXV WKUHH HOHPHQWV WR VSHFLI\ ZKHQ PRGHOLQJ ULVN\ ERQGV� 7KH PDWXULW\ ZULWHGRZQ LQ
FDVH RI GHIDXOW� : �7 �� WKH HYHQW RI GHIDXOW� I' � 7J� DQG WKH G\QDPLFV RI WKH GHIDXOW ULVNOHVV VSRW
UDWH� U� DQG WKH FRUUHVSRQGLQJ ERQG SULFHV� 3 �W� 7 ��

7ZR EURDG DSSURDFKHV KDYH EHHQ WDNHQ WR PRGHOLQJ: �7 �� 7KH WUDGLWLRQDO DSSURDFK� WKDW VWDUWHG
ZLWK %ODFN DQG 6FKROHV ������ DQG 0HUWRQ ������� DVVXPHV VWULFW SULRULW\ UXOHV DUH HQIRUFHG� DQG
GLVWULEXWHV WKH YDOXH RI WKH pUP
V DVVHWV DPRQJ LWV FODLPDQWV DFFRUGLQJO\� ,Q WKHVH PRGHOV�: �7 � LV
WKH GLoHUHQFH EHWZHHQ WKH YDOXH RI WKH DVVHWV UHPDLQLQJ DIWHU SD\LQJ FODLPDQWV ZLWK KLJKHU SULRULW\
DQG WKH YDOXH RI WKH ERQG� $OWKRXJK FRQFHSWXDOO\ DSSHDOLQJ� WKHUH DUH WZR SUREOHPV ZLWK WKLV
DSSURDFK� LW LV RQO\ WUDFWDEOH WR SULFH VLPSOH VHFXULWLHV LVVXHG E\ pUPV WKDW KDYH VLPSOH FDSLWDO
VWUXFWXUHV� DQG� LW GRHV QRW HQFRPSDVV YLRODWLRQV RI VWULFW SULRULW\ WKDW DUH RIWHQ REVHUYHG LQ SUDFWLFH�

,QVWHDG� ZH WDNH : �7 � WR EH DQ H[RJHQRXVO\ JLYHQ FRQVWDQW� WKDW QHHGV WR EH HVWLPDWHG�� 7KLV
DSSURDFK KDV WKH DGYDQWDJH RI DOORZLQJ WKH YDOXDWLRQ RI D VHFXULW\ LQGHSHQGHQWO\ RI WKH RWKHU
VHFXULWLHV LVVXHG E\ WKH pUP� DQG WKHUHIRUH� PDNHV LW SRVVLEOH WR XVH VWXG\ FRPSOH[ OLDELOLWLHV LVVXHG
E\ pUPV ZLWK FRPSOLFDWHG FDSLWDO VWUXFWXUHV� ,Q SDUWLFXODU� D FRUSRUDWH FRXSRQ ERQG FDQ EH YDOXHG
DV D ZHLJKWHG VXP RI WKH YDOXHV RI LWV FRXSRQV� 7KH GUDZEDFN RI WKLV DSSURDFK LV� RI FRXUVH� WKDW
WKH EDQNUXSWF\ JDPH LV OHIW XQVSHFLpHG�

$V UHJDUGV WKH HYHQW WKDW WULJJHUV GHIDXOW� ZH FDQ DJDLQ LGHQWLI\ WZR W\SHV RI PRGHOV�� 7KH pUVW
W\SH RI PRGHO LV VW\OLVHG� GHpQLQJ WKH RFFXUUHQFH RI GHIDXOW DV WKH pUVW MXPS RI VRPH 3RLVVRQ
SURFHVV� $Q H[DPSOH RI VXFK ?VWDWLVWLFDO� PRGHOV LV 'XrH DQG 6LQJOHWRQ ������� ZKR VKRZ WKDW
WKH SULFLQJ IRUPXODV GHYHORSHG IRU FHUWDLQ G\QDPLFV RI GHIDXOW ULVNOHVV LQWHUHVW UDWHV FDUU\ RYHU WR
VXLWDEO\ GHpQHG GHIDXOW ULVN\ LQWHUHVW UDWHV�� 7KLV PDNHV WKLV DSSURDFK REYLRXVO\ DWWUDFWLYH IRU
SULFLQJ GHULYDWLYHV DQG GRLQJ HPSLULFDO ZRUN�
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VWUR QJ UH VWULF WLR QV R Q WKH F D SLWD O VWUXF WXUH R I WKH pUP LVVXLQJ WKH VH F XULWLH V WR EH Y D OXH G�
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7KHUH DUH KRZHYHU VRPH GUDZEDFNV WR WKLV FODVV RI PRGHOV� 6LQFH WKHUH LV QR FOHDU FRQQHFWLRQ
EHWZHHQ WKH SULFLQJ IRUPXODV DQG WKH VWDWH RI WKH pUP� WKH LQWHUSUHWDWLRQ RI GHIDXOW LV UDWKHU
DEVWUDFW� 0RUH LPSRUWDQWO\� WKH VLPSOH SDUDPHWUL]DWLRQV WKDW KDYH EHHQ XVHG LQ HPSLULFDO ZRUN
LPSO\ WKDW WKH SUREDELOLW\ RI GHIDXOW LQ WKH IXWXUH� FRQGLWLRQDO RQ QR SULRU GHIDXOW� GRHV QRW JR WR
]HUR ZLWK WKH OHQJWK RI WKH WLPH KRUL]RQ EXW UHPDLQV LQ JHQHUDO SRVLWLYH� 7KLV PHDQV WKDW WKHUH LV
QR UHVROXWLRQ RI WKH XQFHUWDLQW\ DERXW WKH HYHQW RI GHIDXOW� ZKLFK LV FRQWUDU\ WR WKH LQWXLWLRQ WKDW
LI D pUP VXUYLYHV IRU D ORQJ WLPH� LW KDV D ORZHU SUREDELOLW\ RI GHIDXOWLQJ DIWHU WKDW� :H ZLOO VKRZ
WKDW RXU PRGHO GRHV QRW KDYH WKLV IHDWXUH�

2XU PRGHO LV ?VWUXFWXUDO�� LQ WKDW ZH PRGHO WKH DVVHWV DQG WKH OLDELOLWLHV RI WKH pUP� :H VWDUW IURP
D SURFHVV IRU WKH YDOXH RI WKH pUP
V DVVHWV� 9 � DQG GHpQH WKH RFFXUHQFH RI GHIDXOW E\ WKH pUVW WLPH
WKLV YDOXH FURVVHV VRPH WKUHVKROG� .� UHSUHVHQWLQJ LQVROYHQF\� ([DPSOHV RI WKLV DSSURDFK VWDUW ZLWK
%ODFN DQG 6FKROHV ������ DQG 0HUWRQ ������ DQG FRQWLQXH ZLWK %ODFN DQG &R[ ������ DQG� PRUH
UHFHQWO\� /RQJVWDo DQG 6FKZDUW] �������

%ODFN DQG 6FKROHV ������ DQG 0HUWRQ ������ SRVLW D VLQJOH SRLQW GHIDXOW ERXQGDU\� VXFK WKDW
GHIDXOW FDQ RQO\ KDSSHQ DW PDWXULW\� ZLWK . EHLQJ WKH IDFH YDOXH RI WKH GHEW� %ODFN DQG &R[
������ DQG /RQJVWDo DQG 6FKZDUW] ������ DOORZ IRU D FRQWLQXRXV� GHWHUPLQLVWLF ERXQGDU\� VR WKDW
GHIDXOW PD\ RFFXU DW DQ\ SRLQW LQ WLPH UDWKHU WKDQ RQO\ DW PDWXULW\� 7KLV FDSWXUHV WKH LGHD WKDW�
LQ UHDOLW\� GHIDXOW RFFXUV ZKHQHYHU WKH pUP LV XQDEOH WR PHHW DQ\ SD\PHQW RQ DQ\ RI LWV GHEW
LVVXHV RXWVWDQGLQJ� RU ZKHQ LW IDLOV WR PHHW VRPH FULWHULRQ VWLSXODWHG LQ WKH FRYHQDQWV RI WKHVH GHEW
FRQWUDFWV� ZKLFK FDQ KDSSHQ DW DQ\ WLPH�

7KHUH LV KRZHYHU D FRQFHSWXDO SUREOHP ZLWK WKH ZD\ WKH FRQWLQXRXV GHIDXOW ERXQGDU\ KDV EHHQ
GHpQHG LQ WKH ODWWHU PRGHOV� 7KH ELJ DGYDQWDJH RI ?VWUXFWXUDO� PRGHOV DV FRPSDUHG WR ?VWDWLVWLFDO�
PRGHOV OLHV LQ JLYLQJ VRPH HFRQRPLF PHDQLQJ WR WKH HYHQW RI GHIDXOW� 1RZ� LQ RUGHU WR KDYH HFRQRPLF
PHDQLQJ� ZH ZDQW GHIDXOW WR EH WULJJHUHG E\ WKH YDOXH RI DVVHWV IDOOLQJ EHORZ WKH OHYHO RI OLDELOLWLHV�
VLQFH� LQ D IULFWLRQOHVV ZRUOG� GHIDXOW ZLOO RQO\ KDSSHQ ZKHQ WKH YDOXH RI OLTXLGDWLQJ WKH DVVHWV RI
WKH pUP LV QRW VXrFLHQW WR FRYHU WKH YDOXH RI WKH OLDEOLWLHV� 7KH pUP ZLOO RQO\ EH XQDEOH WR IDFH D
GXH SD\PHQW E\ UDLVLQJ QHZ IXQGV LI LWV QHW ZRUWK LV QRW SRVLWLYH�

)URP D WHFKQLFDO SRLQW RI YLHZ� 9 DQG . SOD\ QR GLUHFW UROH LQ WKH DQDO\VLV� ZKDW PDWWHUV LV WKH
ULVN DGMXVWHG SUREDELOLW\ RI WKH UDWLR RI 9 E\ .� FDOO LW WKH VROYHQF\ UDWLR� KLWWLQJ RQH� 1RZ� LI 9
DQG . DUH DVVHWV WKDW VRPH DJHQW LV ZLOOLQJ WR KROG� WKHLU ULVN DGMXVWHG GULIW ZLOO EH HTXDO WR WKH
LQVWDQWDQHRXV LQWHUHVW UDWH�� 7KHUHIRUH� IURP ,WR
V OHPPD� WKH GULIW RI WKH ORJ RI WKH VROYHQF\ UDWLR�
;� ZLOO QRW GHSHQG RQ WKH LQVWDQWDQHRXV LQWHUHVW UDWH��

8QIRUWXQDWHO\� %ODFN DQG &R[ ������ DQG /RQJVWDo DQG 6FKZDUW] ������ PDNH WKH GULIW RI ;
GHSHQGHQW RQ U� ZKLFK GRHV QRW DOORZ WKH HYHQW RI GHIDXOW LQ WKHVH PRGHOV WR EH LQWHUSUHWHG DV
EHLQJ FDXVHG E\ LQVROYHQF\�� 7KLV LV QRW WKH FDVH RI RXU PRGHO�

:H PXVW EH FDUHIXO KHUH� :H GR QRW KDYH D IXOO PRGHO RI DOO WKH VHFXULWLHV LVVXHG E\ WKH pUP�
LQFOXGLQJ WKH FRYHQDQWV WKDW WULJJHU GHIDXOW� QRU GR ZH QHFHVVDULO\ SUHVXPH WR REVHUYH WKH YDOXH
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RI WKH DVVHWV DQG WKH YDOXH RI DOO WKH OLDELOLWLHV� :H MXVW DUJXH WKDW� LQ WKH DVVXPHG ZRUOG ZLWK
QR IULFWLRQV� WKH RQO\ HFRQRPLFDOO\ PHDQLQJIXO GHpQLWLRQ RI GHIDXOW LV WKH HYHQW RI WKH YDOXH RI WKH
DVVHWV IDOOLQJ EHOORZ WKH YDOXH RI WKH OLDELOLWLHV�� ,W LV WKH IDFW WKDW WKHVH DVVHWV DUH KHOG E\ LQYHVWRUV
WKDW SXWV WKH �HFRQRPLF� FRQVWUDLQW RQ WKH ULVN DGMXVWHG GULIW RI ; �

7KH pQDO HOHPHQW LQ D PRGHO RI ULVN\ ERQGV LV WKH G\QDPLFV RI GHIDXOW ULVNOHVV LQWHUHVW UDWHV� 2XU
PRGHO LV WUDFWDEOH IRU D ZLGH YDULHW\ RI PRGHOV RI GHIDXOW ULVNOHVV ERQG SULFHV� ,Q WKH VSHFLDO FDVH
RI LQGHSHQGHQFH EHWZHHQ LQWHUHVW UDWH DQG GHIDXOW ULVNV� ZH REWDLQ FORVHG IRUP VROXWLRQV� ,Q RWKHU
FDVHV� ZH SURYLGH WUDFWDEOH QXPHULFDO VROXWLRQV RI ERQG SULFHV�

2XU PRGHO FDQ EH XVHG IRU SULFLQJ DQG KHGJLQJ GHIDXOW ULVN\ ERQGV DQG WKHLU GHULYDWLYHV� ,W PD\
DOVR KDYH DQ DSSOLFDWLRQ LQ UDWLQJ� VLQFH ZH FDQ H[WUDFW ERWK WKH LPSOLHG �ULVN DGMXVWHG� SUREDELOLW\
RI GHIDXOW DQG WKH LPSOLHG ZULWHGRZQ LQ FDVH RI GHIDXOW IURP REVHUYHG ERQG SULFHV�

� % RQG 3 U LFLQJ

:H DVVXPH WUDGLQJ RFFXUV FRQWLQXRXVO\� LQ SHUIHFW DQG IULFWLRQOHVV pQDQFLDO PDUNHWV ZLWK QR WD[HV�
WUDQVDFWLRQ FRVWV RU LQIRUPDWLRQDO DV\PPHWULHV� :H SRVLW WKH H[LVWHQFH RI D ULVN DGMXVWHG SUREDELOLW\
PHDVXUH WKDW SULFHV DOO DVVHWV LQ WKLV HFRQRP\ DV DQ H[SHFWDWLRQ RI WKHLU SD\RoV GLVFRXQWHG DW WKH
LQVWDQWDQHRXV LQWHUHVW UDWH� $OO SURFHVVHV EHOORZ DUH GHpQHG XQGHU WKLV ULVN DGMXVWHG SUREDELOLW\
PHDVXUH�

��� 'HIDXOW 5LVN

:H FRQVLGHU D pUP ZKRVH FDSLWDO VWUXFWXUH PD\ LQFOXGH D YDULHW\ RI VHFXULWLHV ZLWK GLoHUHQW PDWX�
ULWLHV� FRXSRQV� RU FRYHQDQWV LQ JHQHUDO� 7KH SURFHVV IROORZHG E\ WKH YDOXH RI WKH DVVHWV RI WKLV pUP
LV DVVXPHG WR EH LQGHSHQGHQW RI WKH pQDQFLQJ GHFLVLRQV WDNHQ E\ WKH pUP� :H IXUWKHU DVVXPH WKDW
WKH YDOXH RI WKH DVVHWV RI WKLV pUP� GHQRWHG 9 � IROORZV

G9 �W�
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ZKHUH �Y LV D SRVLWLYH FRQVWDQW DQG =Y D VWDQGDUG %URZQLDQ PRWLRQ XQGHU WKH ULVN DGMXVWHG SURE�
DELOLW\ PHDVXUH 4� :H DOORZ IRU D FRQVWDQW SD\RXW UDWH WR WKH LQYHVWRUV RI WKH pUP� rY�

7KH LQVWDQWDQHRXV LQWHUHVW UDWH� U� IROORZV D SURFHVV ZLWK XQFHUWDLQW\ GULYHQ E\ D %URZQLDQ PRWLRQ
=U�W��

� :H OHDYH WKH SDUDPHWUL]DWLRQ RI WKLV GLoXVLRQ IRU QRZ XQVSHFLpHG� :H MXVW DVVXPH =Y WR
EH FRUUHODWHG ZLWK =U�W� ZLWK FRUUHODWLRQ FRHrFLHQW ~UY�

:H DVVXPH WKDW� EHFDXVH RI FRQWUDFWXDO SURYLVLRQV� GHIDXOW LV WULJJHUHG VLPXOWDQHRXVO\ IRU DOO WKH
GHEW LVVXHV�� WKH pUVW WLPH WKDW WKH YDOXH RI WKH DVVHWV RI WKH pUP UHDFKHV D FULWLFDO OHYHO� GHpQHG
E\ D SURFHVV .� :H DVVXPH WKDW WKLV GHIDXOW EDUULHU FRUUHVSRQGV WR WKH YDOXH RI WKH OLDELOLWLHV RI

�9 F R XOG EH WKH Y D OXH R I R QO\ SD UW R I WKH D VVH WV R I WKH pUP� QD PH O\ WKR VH WKD W F D Q EH UH D GLO\ OLT XLGD WH G�
�:H Z LOO D VVXPH =U�W� WR EH R QH �GLPH QVLR QD O� D OWKR XJ KW WKH H [ WH QVLR Q WR KLJ KH U GLPH QVLR QV LV VWUD LJ KWIR UZ D UG�
�� 7 KLV LV LQ D F F R UGD QF H Z LWK F UR VV GH ID XOW SUR Y LVLR QV WKD W D UH Z LGH O\ XVH G LQ SUD F WLF H �
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WKH pUP� 7KH ULVN DGMXVWHG G\QDPLFV RI . LV WKHQ PRGHOOHG DV D MRLQW GLoXVLRQ ZLWK 9 DQG U

G.�W�

.�W�
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ZKHUH �NU DQG �NY DUH SRVLWLYH FRQVWDQWV DQG rN LV D FRQVWDQW SD\RXW UDWH WR WKH GHEWKROGHUV RI WKH
pUP� %HLQJ UHODWHG WR WKH GHEW RI WKH pUP� . KDV XQFHUWDLQW\ UHODWHG WR WKH LQWHUHVW UDWHV DQG WR
WKH YDOXH RI WKH DVVHWV RI WKH pUP� 7KH GHIDXOW ERXQGDU\ WKDW ZH SURSRVH LV WKHUHIRUH VWRFKDVWLF�

,W LV EH\RQG WKH VFRSH RI WKLV SDSHU WR GHULYH D FRUSRUDWH pQDQFH PRGHO ZKLFK HQGRJHQL]HV WKH
FRQWUDFWXDO SURYLVLRQV GHpQLQJ GHIDXOW� %RWK WKH H[LVWHQFH RI GHIDXOW DQG WKH SURFHVV IROORZHG E\
WKH GHIDXOW ERXQGDU\ DUH WDNHQ DV JLYHQ� +RZHYHU� ZH FDQ SURYLGH DQ LQWHUSUHWDWLRQ RI WKH PRGHOLQJ
DSSURDFK WR GHIDXOW DGRSWHG KHUH�

,Q SUDFWLFH� GHIDXOW LV WULJJHUHG HLWKHU E\ WKH YDOXH RI WKH DVVHWV RI WKH pUP IDOOLQJ EHORZ WKH YDOXH RI
WKH OLDELOLWLHV �VWRFN�EDVHG LQVROYHQF\� RU E\ WKH pUP
V IDLOXUH WR PDNH D FDVK SD\PHQW �qRZ�EDVHG
LQVROYHQF\�� +RZHYHU� qRZ�EDVHG GHIDXOW RQO\ UHqHFWV WKH pUP
V LQFDSDELOLW\ WR REWDLQ pQDQFLQJ
IRU LWV GXH SD\PHQWV� )DFLQJ D GXH SD\PHQW� WKH pUP FDQ XVH LWV RZQ DYDLODEOH FDVK qRZ RU IXQGV
UDLVHG E\ LVVXLQJ QHZ VHFXULWLHV� 7KHUHIRUH� RQO\ WKH LQFDSDELOLW\ RI WKH pUP WR UDLVH QHZ IXQGV
ZLOO XOWLPDWHO\ WULJJHU qRZ�EDVHG GHIDXOW� &HUWDLQO\� LQ D IULFWLRQOHVV ZRUOG� qRZ�EDVHG LQVROYHQF\
FDQ RQO\ EH GXH WR VWRFN�EDVHG LQVROYHQF\� VLQFH WKH pUP ZLOO RQO\ EH XQDEOH WR UDLVH QHZ IXQGV
ZKHQ WKH WRWDO PDUNHW YDOXH RI LWV DVVHWV LQ SODFH DQG LQYHVWPHQW RSSRUWXQLWLHV LV VPDOOHU WKDQ WKH
FXUUHQW PDUNHW YDOXH RI WKH RXWVWDQGLQJ FRQWUDFWXDO REOLJDWLRQV���

7R EH FRQVLVWHQW ZLWK VWRFN�EDVHG GHIDXOW� ZH PXVW EH DEOH WR GHpQH WKH HYHQW WKDW WULJJHUV GHIDXOW
DV WKH pUVW WLPH WKH YDOXH RI VRPH DVVHWV� 9 � KLWV WKH YDOXH RI VRPH OLDELOLWLHV� .� 1RZ� GHSHQGLQJ
RQ WKH OHJDO IUDPHZRUN DQG WKH FRYHQDQWV QHJRWLDWHG LQ WKH GHEW LVVXHV� 9 FDQ EH WKH YDOXH RI WKH
WRWDO DVVHWV RI WKH pUP RU WKHLU OLTXLGDWLRQ YDOXH� DQG. FDQ EH WKH �PDUNHW� YDOXH RI WKH WRWDO GHEW�
RU RQO\ RI WKH VHQLRU GHEW� RU FDQ HYHQ EH WKH SUHVHQW YDOXH� GLVFRXQWLQJ DW WKH GHIDXOW ULVNOHVV UDWH�
RI WKH IDFH YDOXH RI WKH OLDELOLWLHV� ,Q DQ\ RI WKHVH FDVHV� 9 DQG . DUH YDOXHV RI DVVHWV� +HQFH� XQGHU
WKH ULVN DGMXVWHG SUREDELOLW\ PHDVXUH� WKHLU GULIW VKRXOG EH HTXDO WR U� PLQXV WKH SD\RXW UDWH�

:H DVVXPH WKDW� LQ WKH HYHQW RI GHIDXOW DW RU SULRU WR PDWXULW\� WKH ERQG SD\V D p[HG YDOXH
� b: SHU XQLW RI IDFH YDOXH DW PDWXULW\� ,Q UHDOLW\� WKH SD\Ro WR D SDUWLFXODU VHFXULW\ LQ FDVH RI
GHIDXOW GHSHQGV RQ LWV GHJUHH RI VXERUGLQDWLRQ� LWV FROODWHUDO� DQG� PRUH JHQHUDOO\� RQ WKH QDWXUH
RI WKH EDUJDLQLQJ JDPH DPRQJ WKH GLoHUHQW FRUSRUDWH FODLPDQWV WR EH SOD\HG ZKHQ GHIDXOW RFFXUV�
3RVLWLQJ D FRQVWDQW ZULWHGRZQ KDV WKH DGYDQWDJH RI EHLQJ JHQHUDO LQ WKH VHQVH WKDW WKH RXWFRPH
RI pQDQFLDO GLVWUHVV GRHV QRW KDYH WR EH VSHFLpHG� WKDW LV� WKH pUP FDQ EH OLTXLGDWHG RU VRPH IRUP
RI UHVWUXFWXULQJ FDQ RFFXU� $OVR� QR H[SOLFLW DVVXPSWLRQ KDV WR EH PDGH DERXW WKH SULRULW\ RI WKH
VHFXULW\ XQGHU VWXG\� DQG WKH VHFXULW\ FDQ EH YDOXHG LQGHSHQGHQWO\ RI WKH RWKHU VHFXULWLHV LVVXHG
E\ WKH pUP� 7KXV� IRU H[DPSOH� WKH YDOXH D FRXSRQ ERQG ZLOO EH HTXDO WR WKH YDOXH RI D SRUWIROLR RI
]HUR�FRXSRQ ERQGV ZLWK WKH VDPH SURPLVHG SD\PHQWV� $GGLWLRQDOO\� LW VKRXOG EH QRWHG WKDW� SULRU
WR GHIDXOW� WKHUH LV YHU\ OLWWOH LQIRUPDWLRQ DERXW WKH PDJQLWXGH RI WKH ZULWHGRZQ�

�� + R Z H Y H U� GXH WR D QXPEH U R I UH D VR QV OLN H D V\ PPH WULF LQIR UPD WLR Q SUR EOH PV� D J H QF \ D QG OH J D O F R QqLF WV� ED QN UXSWF \
F R VWV D QG R WKH UV� WKLV F R PSD ULVR Q R I PD UN H W Y D OXH V PD \ QR W EH WKH R QO\ F ULWH ULR Q IR U LQY H VWR UV WR GH F LGH Z KH WKH U R U QR W

WR LQY H VW QH Z IXQGV LQ WKH pUP� 7 KH UH IR UH � LQ WKH SUH VH QF H R I PD UN H W IULF WLR QV VWR F N �ED VH G LQVR OY H QF \ D QG qR Z �ED VH G
LQVR OY H QF \ PD \ EH GLoH UH QW�

�



7KH ULVN\ SD\Ro RI D FRUSRUDWH ]HUR�FRXSRQ ERQG ZLWK PDWXULW\ 7 LV HTXLYDOHQW WR WKH FHUWDLQ
PDWXULW\ SD\Ro

&�7� 7 �  �b:�I�x7J ���

ZKHUH � LV WKH pUVW SDVVDJH WLPH RI WKH YDOXH�RI�WKH�pUP SURFHVV WKURXJK WKH GHIDXOW ERXQGDU\� VR
WKDW �I�x7J LV DQ LQGLFDWRU IXQFWLRQ ZKLFK WDNHV WKH YDOXH RQH LI WKH SURFHVV RI WKH YDOXH RI WKH
DVVHWV KLWV WKH GHIDXOW ERXQGDU\ GXULQJ WKH OLIH RI WKH ERQG� DQG ]HUR RWKHUZLVH�

7KH pUVW SDVVDJH WLPH LV GHpQHG IRUPDOO\ E\

�  LQI IX y W� 9 �X�  .�X�J  LQI IX y W� ;�X� u ORJ 9 �X�b ORJ.�X�  �J ���

:H WKXV VHH WKDW 9 DQG . GR QRW PDWWHU GLUHFWO\ WR WKH YDOXDWLRQ RI GHIDXOW ULVN\ ERQGV EXW RQO\
WKURXJK WKHLU UDWLR� ZKLFK LV D PHDVXUH RI WKH VROYHQF\ RI WKH pUP� )URP ,WR
V OHPPD� WKH ULVN
DGMXVWHG G\QDPLFV RI ; DUH JLYHQ E\

G;�W�  zGW� �G=[�W� ���

ZKHUH WKH FRQVWDQW GULIW DQG GLoXVLRQ FRHrFLHQWV DUH JLYHQ E\
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:H GHpQH =[ DV D QHZ %URZQLDQ PRWLRQ
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ZKLFK LV FRUUHODWHG ZLWK =U� ZLWK FRUUHODWLRQ FRHrFLHQW
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1RWH WKDW� IRU ]HUR SD\RXW UDWHV��� ZKHQ WKH YRODWLOLW\ RI WKH DVVHWV LV KLJKHU WKDQ WKH YRODWLOLW\ RI
WKH GHEW� WKH GULIW LV QHJDWLYH� ,Q WKLV FDVH� WKH �ULVN DGMXVWHG� SUREDELOLW\ RI GHIDXOW JRHV WR � DV
7 JRHV WR LQpQLW\�

,Q /RQJVWDo DQG 6FKZDUW] ������� WKH GULIW RI WKH SURFHVV WKDW FRUUHVSRQGV WR RXU ; LV HTXDO WR WKH
VSRW UDWH� U� PLQXV D FRQVWDQW� :H WKHQ VHH WKDW WKHLU PRGHO FDQ EH PDGH FRPSDWLEOH ZLWK RXUV
LI WKH GLoHUHQFH LQ WKH SD\RXW UDWHV RI WKH DVVHWV DQG WKH OLDELOLWLHV LV HTXDO WR WKH VSRW UDWH� 7KLV
DVVXPSWLRQ VHHPV XQGXO\ UHVWULFWLYH DQG ZLWK QR FOHDU HFRQRPLF PHDQLQJ�

��:KLF K PH D Q WKD W D Q\ SD \ PH QWV WKD W D UH PD GH WR WKH GH EWKR OGH U R I WKH F R PSD Q\ D UH pQD QF H G E\ LVVXLQJ QH Z

GH EW D QG SD \ PH QWV WR WKH H T XLW\ KR OGH UV D UH pQD QF H E\ QH Z H T XLW\ LVVXH V�
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��� 3 U LFLQJ % RQGV DQG 'HU LYDWLYHV

:H DUH QRZ UHDG\ WR SULFH GHIDXOW ULVN\ ERQGV� *LYHQ RXU GHpQLWLRQ RI WKH HYHQW RI GHIDXOW DQG D
FRQVWDQW ZULWHGRZQ� ZH FDQ UHZULWH ��� DV
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ZKHUH 47
W �I� � 7J� LV WKH IRUZDUG� ULVN DGMXVWHG� SUREDELOLW\ RI GHIDXOW EHIRUH WLPH 7 � 7KH IRUZDUG

ULVN DGMXVWHG SUREDELOLW\ LV WKH PHDVXUH XQGHU ZKLFK DVVHW SULFHV QRUPDOL]HG E\ WKH SULFH RI WKH
7 �PDWXULW\ GHIDXOW ULVNOHVV ERQG DUH PDUWLQJDOHV��� 1RWH WKDW WKH ZULWHGRZQ VXoHUHG DW PDWXULW\�
: �7 �� FDQ EH UDQGRP LQ RXU PRGHO� DV ORQJ DV LW LV XQFRUUHODWHG ZLWK ERWK WKH VROYHQF\ UDWLR RI
WKH pUP DQG LQWHUHVW UDWHV� ,Q WKLV FDVH� ZH ZRXOG UHSODFH : LQ ���� ZLWK (W>: �7 �@�

8QGHU WKLV IRUZDUG ULVN DGMXVWHG SUREDELOLW\ PHDVXUH� WKH G\QDPLFV RI ; DUH JLYHQ E\

G;�W�  >zb ~�V�W� 7 �@ GW� �G:[�W� ����

ZKHUH V�W� 7 � LV WKH �SHUFHQW� YRODWLOLW\ RI WKH 7 �PDWXULW\ 7UHDVXU\ ERQG SULFH DQG:[ LV D VWDQGDUG
%URZQLDQ PRWLRQ���

7KH DGGHG WHUP LQ WKH GULIW ~�V�W� 7 � VHUYHV WR FRUUHFW IRU LQWHUHVW UDWH ULVN DQG LWV FRUUHODWLRQ ZLWK
GHIDXOW ULVN� ~� ,I WKLV FRUUHODWLRQ EHWZHHQ WKH WZR VRXUFHV RI ULVN LV SRVLWLYH� ZKLFK FRUUHVSRQGV
WR ~ � �� WKHUH LV DQ LQFUHDVH LQ WKH GULIW RI ; � PDNLQJ GHIDXOW OHVV OLNHO\ XQGHU WKH IRUZDUG ULVN
DGMXVWHG SUREDELOLW\ PHDVXUH��� 7KH UHYHUVH KDSSHQV ZKHQ ~ LV SRVLWLYH�

7R REWDLQ PRUH LQWXLWLRQ� ZH FDQ \HW DJDLQ UHZULWH ��� DV
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7 KH WZ R %UR Z QLD Q PR WLR QV :� D QG :� D UH VWLOO R UWKR J R QD O D QG WKH UH IR UH F R QVWLWXWH D WZ R �GLPH QVLR QD O VWD QGD UG
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ZKHUH ZH XVH WKH GHpQLWLRQ RI FRYDULDQFH� 6R� ZH VHH WKDW� LQ JHQHUDO� WKH KLWWLQJ WLPH SUREDELOLWLHV
DUH GLoHUHQW XQGHU WKH IRUZDUG DQG VSRW ULVN DGMXVWHG PHDVXUHV� 2QO\ ZKHQ WKH ULVN RI GHIDXOW LV
LQGHSHQGHQW RI LQWHUHVW UDWHV DUH WKH WZR HTXDO� ,I WKH FRYDULDQFH LV SRVLWLYH� WKH ZULWHGRZQ ZLOO EH
LQFXUUHG ZKHQ LQWHUHVW UDWHV DUH KLJK� VR WKDW LWV H[SHFWHG YDOXH LV ORZ DQG FRUSRUDWH ERQG SULFHV
DUH KLJKHU�

7KH IRUZDUG ULVN DGMXVWHG SUREDELOLW\ RI GHIDXOW 47
W �I� � 7J� FDQ LQ JHQHUDO EH FRPSXWHG E\

VLPXODWLRQ� ,W LV RQO\ QHFHVVDU\ WR JHQHUDWH D ODUJH QXPEHU RI VDPSOH SDWKV RI ;��� IURP GDWH W WR
GDWH 7 � DQG FRPSXWH WKH SURSRUWLRQ RI WKHVH WKDW KLW ]HUR� :H ZLOO VHH LQ WKH QH[W VHFWLRQ WKDW LQ
VRPH VSHFLDO FDVHV LW LV SRVVLEOH WR REWDLQ FORVHG IRUP VROXWLRQV IRU WKH DERYH SUREDELOLW\ DQG� LQ
RWKHU FDVHV� PDNH XVH RI HrFLHQW QXPHULF DSSUR[LPDWLRQV�

)LQDOO\� ZH QRWH WKDW FRXSRQ ERQGV FDQ EH YDOXHG VLPSO\ DV D SRUWIROLR RI ]HUR FRXSRQ ERQGV� ZLWK
ZHLJKWV HTXDO WR WKH SURPLVHG FDVKqRZV� 3ULFLQJ ULVN\ ERQG GHULYDWLYHV LV VWUDLJKWIRUZDUG� 7KH
YDOXH DW WLPH W RI D IXWXUH UDQGRP SD\Ro j�7 � DW GDWH 7 LV JLYHQ E\

j�W�  3 �W� 7 �(7W >j�7 �@ ����

� ( [DPSOHV

��� , QGHSHQGHQW 5LVNV

:KHQ WKH HYHQW RI GHIDXOW LV LQGHSHQGHQW RI WKH LQVWDQWDQHRXV GHIDXOW ULVNOHVV LQWHUHVW UDWH��� ~  ��
ZH KDYH� IURP �����

&�W� 7 �  3 �W� 7 �b:3 �W� 7 �4W�I� � 7J� ����

DQG ZH FDQ REWDLQ D FORVHG�IRUP VROXWLRQ IRU FRUSRUDWH ERQG SULFHV VLQFH 4W�I� � 7J� LV MXVW WKH
SUREDELOLW\ WKDW DQ DULWKPHWLF %URZQLDQ PRWLRQ� ;� ZLOO KLW ]HUR EHWZHHQ WLPHV W DQG 7 � VWDUWLQJ
IURP DQ LQLWLDO YDOXH ;�W� ! ��

)URP .DUDW]DV DQG 6KUHYH ������� WKH pUVW SDVVDJH WLPH GHQVLW\ RI ; HYDOXDWHG DW � ! W LV
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ZKHUH 1 GHQRWHV WKH VWDQGDUG QRUPDO FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ�

:H QRWH WKDW WKLV PRGHO JLYHV FORVHG IRUP FRUSRUDWH ERQG SULFHV ZKHQ FRXSOHG ZLWK DQ\ G\QDPLF
PRGHO RI WKH WHUP VWUXFWXUH WKDW SURGXFHV FORVHG IRUP 7UHDVXU\ ERQG SULFHV� VXFK DV 9DVLFHN ������

�� 7 KH SUR F H VV ; PD \ EH D GLoXVLR Q MR LQWO\ Z LWK R WKH U VWD WH Y D ULD EOH V� GH SH QGLQJ R Q WKH IR UP R I WKH ER QG SULF H
Y R OD WLOLW\ V�W� 7 �� ,Q WKLV F D VH � LW LV QH F H VVD U\ WR J H QH UD WH WKH MR LQW VD PSOH SD WKV�

�� 7 KD W LV� GH ID XOW ULVN LV LGLR V\ QF UD WLF R U LW LV R QO\ UH OD WH G WR V\ VWH PD WLF ULVN V WKD W D UH LQGH SH QGH QW R I LQWH UH VW UD WH V�
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RU &R[� ,QJHUVROO DQG 5RVV ������� LQ VLQJOH IDFWRU RU PXOWLIDFWRU YHUVLRQV� 7KH VROYHQF\ UDWLR; DFWV
DV D VLQJOH DGGLWLRQDO VWDWH YDULDEOH WKDW� LI DVVXPHG QRW WR EH GLUHFWO\ REVHUYDEOH� FDQ EH H[WUDFWHG
IURP ERQG SULFHV� 1RWH WKDW� JLYHQ ERQG SULFHV DQG WKH FXUUHQW OHYHO RI ; � RQO\ RQH SDUDPHWHU
QHHGV WR EH HVWLPDWHG� �� 7KLV PRGHO LV WKHUHIRUH DV WUDFWDEOH DV WKH XVXDO LPSOHPHQWDWLRQV RI
'XrH DQG 6LQJOHWRQ ��������� ZKR DOVR LPSRVH LQGHSHQGHQFH EHWZHHQ WKH IDFWRUV WR REWDLQ FORVHG
IRUP VROXWLRQV IRU FRUSRUDWH ERQG SULFHV�

7KH GLoHUHQFH EHWZHHQ RXU IRUPXODWLRQ DQG /RQJVWDo DQG 6FKZDUW] ������ LV UHDGLO\ DSSDUHQW
LQ WKH FDVH RI LQGHSHQGHQW ULVNV� ,Q WKHLU PRGHO WKH GULIW RI ; XQGHU WKH IRUZDUG ULVN DGMXVWHG
SUREDELOLW\ PHDVXUH LV U � z� LQVWHDG RI VLPSO\ z LQ RXU PRGHO� 7KXV� XQGHU WKHLU IRUPXODWLRQ�
ZKHQ LQWHUHVW UDWHV JR XS� VR GRHV WKH GULIW RI ; � PDNLQJ WKH �IRUZDUG� ULVN DGMXVWHG SUREDELOLW\ RI
GHIDXOW JR GRZQ� 7KLV HoHFW FDQ EH VR LPSRUWDQW DV WR PDNH WKH SULFH RI WKH ULVN\ ERQG LQFUHDVLQJ
LQ U� LPSO\LQJ QHJDWLYH GXUDWLRQ� 1RWH WKDW WKLV HoHFW KDV QRWKLQJ WR GR ZLWK D SULFH DGMXVWPHQW
IRU WKH FRYDULDWLRQ EHWZHHQ WKH WZR VRXUFHV RI ULVN� ,W LV RQO\ GXH WR WKHLU PRGHOLQJ RI WKH GHIDXOW
ERXQGDU\ DV D GHWHUPLQLVWLF SURFHVV UDWKHU WKDQ DV DQ DVVHW YDOXH�

��� 'HWHU PLQLVWLF % RQG 9RODWLOLWLHV

$OVR RI LQWHUHVW LV WKH JHQHUDO FDVH RI GHWHUPLQLVWLF �GHIDXOW ULVNOHVV� ERQG YRODWLOLWLHV��� 3URPLQHQW
H[DPSOHV LQ WKLV FDWHJRU\ DUH JLYHQ E\ 9DVLFHN ������ DQG VHYHUDO PRGHOV LQ WKH +HDWK� -DUURZ DQG
0RUWRQ ������ IUDPHZRUN�

:H DVVXPH WKDW WKH SHUFHQW YRODWLOLW\ RI ERQG SULFHV� V�W� 7 �� LV D GHWHUPLQLVWLF IXQFWLRQ RI WLPH� ,Q
WKLV FDVH� ZH RQO\ QHHG WR FRPSXWH WKH pUVW KLWWLQJ WLPH SUREDELOLW\ RI ; �WKDW VWDUWV DW ;�W� ! ��
WKURXJK ]HUR LQ WKH LQWHUYDO >W� 7 @� ZKHUH WKH G\QDPLFV RI ; DUH JLYH E\ ����� 7KLV SUREOHP FDQ EH
UHVWDWHG DV WKH FRPSXWDWLRQ RI WKH pUVW KLWWLQJ WLPH SUREDELOLW\ RI D VWDQGDUG %URZQLDQ PRWLRQ�
WKURXJK D ERXQGDU\ WKDW LV D GHWHUPLQLVWLF IXQFWLRQ RI WLPH� 7KLV ERXQGDU\ LV JLYHQ� IRU \ LQ WKH
LQWHUYDO >W� 7 @� E\
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7KLV SUREDELOLW\ FDQ EH FRPSXWHG DQDO\WLFDOO\ RQO\ IRU WKH FDVH RI FRQVWDQW ERQG YRODWLOLW\� ZKLFK
GRHV QRW PDNH PXFK VHQVH� ,Q JHQHUDO� ZH FDQ XVH WKH UHVXOWV IURP 'XUELQ ������� ZKR VKRZV WKDW
WKH DERYH pUVW KLWWLQJ WLPH SUREDELOLW\ FDQ EH ZHOO DSSUR[LPDWHG E\
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ZKHUH %��X� GHQRWHV WKH VORSH RI WKH ERXQGDU\ DW X� 
�X� LV WKH GHQVLW\ RI RW WKH %URZQLDQ PRWLRQ
DW WLPH X� HYDOXDWHG DW %�X�� DQG 
�X� LV WKH MRLQW GHQVLW\ RI WKH %URZQLDQ PRWLRQ DW WLPHV X DQG

�� $ V PXOWLID F WR U WH UP VWUXF WXUH PR GH OV� R I WKH & R [ � ,QJ H UVR OO D QG 5R VV �� � � � � W\ SH � Z LWK R QH ID F WR U WR PR GH O WKH
WH UP VWUXF WXUH R I GH ID XOW \ LH OG VSUH D GV�

�� & R XSOH G Z LWK D Q\ PR GH O IR U WKH GH ID XOW ER XQGD U\ � UD WKH U WKD Q WKH Y H U\ VSH F LD O F D VH R I WKH SUH Y LR XV VXEVH F WLR Q�
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Y� HYDOXDWHG DW %�X� DQG %�Y�� ,W LV ZHOO NQRZQ WKDW
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7KH pUVW KLWWLQJ WLPH SUREDELOLW\ FDQ WKXV EH HDVLO\ FRPSXWHG QXPHULFDOO\ IRU PRVW FDVHV ZKHUH
WKH YRODWLOLW\ RI ERQG SULFHV LV WUDFWDEOH�

7KH QXPHULFDO DSSUR[LPDWLRQ IRU WKH pUVW SDVVDJH WLPH SUREDELOLW\ IURP 'XUELQ ������ FDQ EH
XVHG ZLWK DQ\ PRGHO LQ WKH +HDWK� -DUURZ DQG 0RUWRQ ������ IUDPHZRUN� DV ORQJ DV WKH YRODWLOLW\
IXQFWLRQ LV D GHWHUPLQLVWLF IXQFWLRQ RI WLPH� 7KH VLPSOHVW H[DPSOH LQ WKLV FODVV LV WKH ZHOO NQRZQ
+R DQG /HH ������ PRGHO� IRU ZKLFK V�W� 7 �  V�7 b W� ZLWK FRQVWDQW V�

��� 2WKHU 7 HU P 6WU XFWXU H 0 RGHOV

,Q WKH PRUH JHQHUDO FDVH ZKHUH 7UHDVXU\ ERQG SULFHV GHSHQG RQ D VHW RI VWDWH YDULDEOHV� FRUSRUDWH
ERQG SULFHV FDQ VWLOO EH YDOXHG E\ VLPXODWLRQ� 2QO\ QRZ WKH WUDMHFWRULHV RI ; KDYH WR EH VLPXODWHG
MRLQWO\ ZLWK WKHVH VWDWH YDULDEOHV�

$V D VLPSOH H[DPSOH� FRQVLGHU WKH RQH�IDFWRU &R[� ,QJHUVROO DQG 5RVV ������ PRGHO��� ,Q WKLV
PRGHO� WKH VWDWH YDULDEOH LV WKH LQVWDQWDQHRXV LQWHUHVW UDWH� ZKLFK LV DVVXPHG WR IROORZ D VTXDUH
URRW SURFHVV
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%RQGV FDQ EH SULFHG LQ FORVHG IRUP DQG KDYH YRODWLOLWLHV HTXDO WR V�W� 7 �  V%�W� 7 �
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,Q RUGHU WR SULFH FRUSRUDWH ERQGV� RU FUHGLW ULVN\ GHULYDWLYHV� LW LV QHFHVVDU\ WR VLPXODWH MRLQWO\ WKH
IROORZLQJ WZR SURFHVVHV
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ZKHUH WKH WZR %URZQLDQ PRWLRQV DUH RUWKRJRQDO�

�� 7 KH H [ WH QVLR Q WR WKH PXOWL�ID F WR U F D VH LV VWUD LJ KWIR UZ D UG�
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� <LHOG 6SU HDGV DQG )RU ZDU G 6SU HDGV

:H FDQ REWDLQ D EHWWHU XQGHUVWDQGLQJ RI RXU PRGHO E\ ORRNLQJ DW GHIDXOW \LHOG VSUHDGV DQG IRUZDUG
VSUHDGV� :H FDQ ZULWH FRUSRUDWH \LHOGV DV
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ZKHUH WKH VXEVFULSWV F DQG S UHIHU WR FRUSRUDWH DQG 7UHDVXU\ ERQGV�

:H VHH WKDW� VLQFH: LV D p[HG SDUDPHWHU DQG 47
W �I� � 7J� �EHLQJ D SUREDELOLW\� LV ERXQGHG DERYH

E\ �� WKH WHUP VWUXFWXUH RI GHIDXOW \LHOG VSUHDGV PXVW HYHQWXDOO\ JR WR ]HUR�

)RU LQWXLWLRQ� LPDJLQH WKDW WKH pUVW SDVVDJH WLPH GHQVLW\� RI ZKLFK47
W �I� � 7J� LV WKH WLPH LQWHJUDO�

LV FRQVWDQW IRUHYHU��� 7KHQ� 47
W �I� � 7J� ZRXOG EH WKH �FRQVWDQW� SUREDELOLW\ RI GHIDXOW SHU \HDU�

FRQGLWLRQDO RQ QR SUHYLRXV GHIDXOW� WLPHV �7 b W� \HDUV� 6R WKDW WKH VSUHDG ZRXOG EH SURSRUWLRQDO
WR WKH \HDUO\ �FRQGLWLRQDO� SUREDELOLW\ RI GHIDXOW�

'HpQH QRZ GHIDXOW ULVN\ LQVWDQWDQHRXV IRUZDUG UDWHV�� E\
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ZKHUH O LV WKH SHUFHQW ZULWHGRZQ RQ WKH YDOXH RI WKH FRUSRUDWH ERQG LQ WKH HYHQW RI FXUUHQW GHIDXOW�
WHUPHG WKH ?GHIDXOW ORVV UDWH�� DQG K LV WKH FRQGLWLRQDO GHQVLW\ RI GHIDXOW DW WLPH 7 ��� JLYHQ VXUYLYDO

��:KLF K R EY LR XVO\ LW F D QQR W EH �
�� 7 KH VH D UH QR W OLWH UD OO\ IR UZ D UG UD WH V LQ WKH VH QVH WKD W WKH \ Z R XOG EH LQWH UH VW UD WH V F R QWUD F WH G WR GD \ IR U LQVWD QWD �

QH R XV ER UUR Z LQJ R U OH QGLQJ LQ WKH IXWXUH E\ WKH pUP� EXW Z H VWLOO GH pQH WKH P E\ D QD OR J \ WR GH ID XOW ULVN OH VV IR UZ D UG

UD WH V�
�� 7 KH pUVW SD VVD J H WLPH GH QVLW\ R I ; WKUR XJ K � H Y D OXD WH G D W WLPH 7
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XQWLO WLPH 7 � ZKLFK LV WKH IRUZDUG KD]DUG UDWH� 7KH GLoHUHQFH LQ IRUZDUG UDWHV LV WKHUHIRUH WKH
H[SHFWHG ?GHIDXOW ORVV UDWH��

6LQFH WKH pUVW SDVVDJH WLPH GHQVLW\ JRHV WR ]HUR DV 7 JRHV WR LQpQLW\� WKH H[SHFWHG ORVV UDWH JRHV WR
]HUR� DQG WKH FRUSRUDWH IRUZDUG UDWH FRQYHUJHV WR WKH 7UHDVXU\ IRUZDUG UDWH DV 7 LQFUHDVHV ZLWKRXW
ERXQG� 7KLV LV LQ FRQWUDVW WR XVXDO LPSOHPHQWDWLRQV RI 'XrH DQG 6LQJOHWRQ ������� ZKHUH WKH
H[SHFWHG ORVV UDWH LV PRGHOHG DV D VWDWH YDULDEOH IROORZLQJ D VTXDUH URRW SURFHVV� ,Q WKLV FDVH�
WKH GLoHUHQFH LQ IRUZDUG UDWHV GRHV QRW FRQYHUJH WR ]HUR EXW WR D SRVLWLYH FRQVWDQW� 7KHUH LV QR
DV\PSWRWLF UHVROXWLRQ RI XQFHUWDLQW\� WKH IDFW WKDW WKH pUP VXUYLYHV IRU D YHU\ ORQJ WLPH GRHV QRW
DoHFW LWV H[SHFWHG ORVV UDWH�

� $Q ( PSLU LFDO , OOXVWU DWLRQ

7KLV VHFWLRQ RoHUV DQ LOOXVWUDWLRQ RI WKH HPSLULFDO XVHV RI RXU PRGHO� :H FRQVLGHU WZR SDUDPHWULF
PRGHOV H[DPLQHG LQ VHFWLRQ �� WKH PRGHO ZLWK LQGHSHQGHQW ULVNV �,� DQG WKH PRGHO ZLWK GHWHUPLQ�
LVWLF WHUP VWUXFWXUH RI YRODWLOLWLHV �,,�� ,Q ERWK PRGHOV� ZH WUHDW WKH VROYHQF\ UDWLR ; DV DQ DEVWUDFW
VWDWH YDULDEOH WR EH H[WUDFWHG IURP WKH GDWD�

1RWH WKDW RXU HFRQRPHWULF PHWKRG DOORZV WKH MRLQW HVWLPDWLRQ RI WKH ZULWHGRZQ SDUDPHWHU DQG
WKH pOWHULQJ RI WKH VROYHQF\ UDWLR� 7KLV PHDQV WKDW ZH FDQ UHFRYHU ERWK WKH �ULVN DGMXVWHG� WHUP
VWUXFWXUH RI SUREDELOLWLHV RI GHIDXOW DQG WKH H[SHFWHG SD\Ro LQ FDVH RI GHIDXOW�

��� 7 KH 'DWD

$OO GDWD LV REWDLQHG IURP 'DWDVWUHDP� :H REWDLQ �� PRQWKO\ SULFHV� IURP 1RYHPEHU ���� WR
)HEUXDU\ ����� RI �� ERQGV LVVXHG E\ 5-5 1DELVFR��� $OO DUH VLPSOH FRXSRQ ERQGV� ZLWK QR
HPEHGGHG RSWLRQV RU VLQNLQJ IXQG SURYLVLRQV� ZLWK UDWLQJV EHORZ LQYHVWPHQW JUDGH�

:H VHOHFW D VDPSOH RI � ERQGV IURP WKH DERYH ����� 7KH VHOHFWLRQ WULHV WR� REWDLQ D YDULHW\ RI
PDWXULWLHV��� VHOHFW ERQGV WKDW KDYH H[LVWHG IRU PRUH WKDQ � \HDUV� WR FRQVWUXFW D VXrFLHQWO\ ORQJ
VDPSOH VL]H� DQG FROOHFW SULFHV WKDW VHHP WR EH UHDVRQDEO\ OLTXLG� 7KLV OHDYHV XV ZLWK D VDPSOH RI
� ERQGV� ZKLFK DUH GHVFULEHG LQ 7DEOH ���� )LQDOO\� ZH DGMXVW SULFHV IRU DFFUXHG LQWHUHVW�

7KH 6	3 %RQG *XLGH OLVWV ERQGV IRU 5-5 1DELVFR DQG LWV VXEVLGLDU\� 1DELVFR ,QF� ,Q 1RYHPEHU
����� WKHUH ZHUH �� ERQGV OLVWHG IRU 5-5 1DELVFR� ZLWK D WRWDO RXWVWDQGLQJ DPRXQW RI �� ELOOLRQ�
7KH UDWLQJ IRU WKH QRWHV DQG VHQLRU QRWHV� LQFOXGLQJ �� RI WKH �� LVVXHV� ZDV ?%%%�� DQG WKH UDWLQJ
RI WKH RWKHU � LVVXHV� DOO VXERUGLQDWHG GHEHQWXUHV� ZDV ?%%��� 2I WKH �� ERQGV RXWVWDQGLQJ� ��
KDG QR FDOO RU VLQNLQJ IXQG SURYLVLRQV�

%\ 'HFHPEHU ����� 5-5 1DELVFR KDG �� ERQGV WUDFNHG LQ WKH 6	3 %RQG *XLGH IRU D WRWDO RXWVWDQG�
LQJ DPRXQW RI ���� ELOOLRQ� 7KHUH ZHUH QR VXERUGLQDWHG LVVXHV OHIW DW WKLV WLPH DQG DOO UHPDLQLQJ

�� $ OO SULF H V UH IH U WR WKH � � WK R I WKH PR QWK� R U WKH SUH Y LR XV Z R UN GD \ Z KH Q WKH � � WK Z D V D KR OLGD \ �
�� 7 KH GD WD LV R EWD LQH G IUR P ' D WD VWUH D P D QG F KH F N H G D J D LQVW WKH 6	3 %R QG *XLGH V IR U WKH \ H D UV � � � � WKUR XJ K

� � � � �
��2I QR PR UH WKD Q � � \ H D UV� Z KLF K LV WKH OR QJ H VW ULVN IUH H UD WH LQ R XU GD WD �

��



% RQ G ���� ���� ���� � ���� ���� � ���� ���� � ���� ���� � ����

7 \ S H 'HE W 6 HQ LRU 1 RWHV 1 RWHV 1 RWHV 6 HQ LRU 1 RWHV 1 RWHV

5HG HP S WLRQ 'DWH �������� �������� �������� �������� ��������

/LIH 5HP DLQ LQ J ���� ���� ���� ���� ����

& RX S RQ 5DWH ������ ������ ������ ������ ������

& RX S RQ 'DWHV ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

,VVX H < HDU ���� ���� ���� ���� ����

2S WLRQ V ( P E HG G HG 1 RQ H 1 RQ H 1 RQ H 1 RQ H 1 RQ H

6 LQ N LQ J )X Q G 1 RQ H 1 RQ H 1 RQ H 1 RQ H 1 RQ H

% RQ G )RU P 5 % ( % ( 5 % (

$ P RX Q W ,VVX HG ���� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ

$ P RX Q W 2X WVWDQ G LQ J ��� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ ���� P LOOLRQ

6 	3 5DWLQ J ������� % % % � % % % � % % % � % % % � % % % �

7DEOH �� 7KLV WDEOH UHSRUWV WKH FKDUDFWHULVWLFV RI WKH FRUSRUDWH ERQGV XVHG LQ WKH HPSLULFDO DSSOLFD�
WLRQ� $OO ERQGV DUH SODLQ YDQLOOD FRXSRQ ERQGV� ZLWK QR VLQNLQJ IXQG SURYLVLRQV RU RSWLRQ IHDWXUHV�
$OO DPRXQWV LQ PLOOLRQV RI 'ROODUV� 7KH DPRXQW RI WKH ���� ���� QRWHV ZDV UHGXFHG WR ����� PLOOLRQ
LQ -XO\ RI ����� $OO GDWD LQ WKH WDEOH DV RI 'HFHPEHU �����

LVVXHV ZHUH UDWHG ?%%%��� 7KLV UDWLQJ GLG QRW FKDQJH VLQFH WKH EHJLQQLQJ RI RXU VDPSOH LQ 1RYHP�
EHU ����� 2I WKH �� ERQGV OLVWHG LQ 'HFHPEHU ����� �� ZHUH QRQ�FDOOEOH DQG KDG QR VLQNLQJ IXQG
SURYLVLRQV�

7KH 1DELVFR VXEVLGLDU\ KDG � LVVXHV RXWVWDQGLQJ LQ 1RYHPEHU ����� %RWK LVVXHV KDG VLQNLQJ IXQG
SURYLVLRQV DQG DFFRXQWHG IRU RQO\ ��� PLOOLRQ� 7KH UDWLQJ ZDV ?%%%��� %\ 'HFHPEHU ����� WKHUH
ZHUH � LVVXHV RXWVWDQGLQJ IRU D WRWDO RI ���� ELOOLRQ� $OO ZHUH QRQ�FDOODEOH� ZLWK QR VLQNLQJ IXQG
SURYLVLRQV� DQG ZHUH UDWHG ?%%%��

7KH pYH ERQGV XVHG LQ WKLV VWXG\ DUH DOO GHQRWHG DV QRQ�FDOODEOH� ZLWK QR VLQNLQJ IXQG SURYLVRQV�
7KH DPRXQW RI WKH LVVXH RXWVWDQGLQJ ZDV FRQVWDQW RYHU RXU WLPH SHULRG IRU IRXU RI WKH pYH ERQGV�
7KH pUVW ERQGV
 DPRXQW RXWVWDQGLQJ GHFUHDVHG IURP ���� PLOOLRQ LQ -XQH RI ���� WR ����� PLOOLRQ
LQ -XO\ RI ����� 7KLV DPRXQW UHPDLQHG FRQVWDQW WKHUHDIWHU� 7KLV GHFUHDVH ZDV WKH UHVXOW RI DQ
H[FKDQJH RoHU ZKHUH WKH UHPDLQLQJ ������ PLOOLRQ ZDV H[FKDQJHG LQWR D 1DELVFR ERQG ZLWK WKH
H[DFW VDPH IHDWXUHV�

7KUHH RI WKH pYH ERQGV DUH GHQRWHG DV ?QRWHV� ZKLOH WKH RWKHU WZR DUH GHQRWHG DV �VHQLRU QRWHV��
7KH VHQLRU QRWHV DUH UHJLVWHUHG ZKLOH WKH QRWHV DUH OLVWHG DV ERRN HQWU\� 7KHUH LV QR UDWLQJ GLoHU�
HQWLDWLRQ EHWZHHQ QRWHV DQG VHQLRU QRWHV� 7KH VHQLRU QRWHV ZHUH IRUPHUO\ RI 5-5 1DELVFR &DSLWDO�

��



)LQDOO\� WKHVH ERQGV KDYH VXrFLHQW OLTXLGLW\� 7KH 6	3 %RQG *XLGH VKRZV WKH PRQWK�HQG SULFHV WR
EH VDOH SULFHV IRU RYHU � RI WKH � ERQGV HYHU\ PRQWK� 7KHVH LVVXHV DOVR KDYH D VXEVWDQWLDO DPRXQW
LVVXHG� ZLWK ���� PLOOLRQ EHLQJ WKH PLQLPXP DPRXQW LVVXHG� 1RWH WKDW WKLV LV QRW WKH FDVH RI DOO
5-5 1DELVFR ERQGV� )RU WKH ERQGV QRW LQ WKH VDPSOH� ZH RIWHQ IRXQG H[DFWO\ WKH VDPH SULFHV
LQ WKH GDWDEDVH IRU PRUH WKDQ WKUHH PRQWKV LQ D URZ� 7KLV VXJJHVWV WKDW WKH SULFHV UHSRUWHG DUH
QRW IRU WKH GDWH JLYH EXW IRU WKH ODVW GDWH LQ ZKLFK WKH\ WUDGHG� ZKLFK ZDV SRVVLEO\ LQ D SUHYLRXV
PRQWK� :H VHOHFWHG RXU VDPSOH VXFK WKDW WKH ERQGV XVHG KDYH SULFHV WKDW FKDQJH HYHU\ PRQWK�
1HYHUWKHOHVV� LW LV VWLOO SRVVLEOH WKDW WKHVH SULFHV DUH QRW DOO IURP WKH VDPH GD\�

)RU WKH WHUP VWUXFWXUH RI GHIDXOW ULVNOHVV LQWHUHVW UDWHV� ZH XVH GDLO\ GDWD RQ /LERU DQG VZDS UDWHV���

EHWZHHQ $XJXVW ���� DQG )HEUXDU\ ������� :H REWDLQ ]HUR FRXSRQ UDWHV E\ pWWLQJ WKH /LERU DQG
VZDS GDWD ZLWK SLHFHZLVH FRQVWDQW IRUZDUG UDWHV��� XVLQJ OHDVW VTXDUHV� DV SURSRVHG E\ &ROHPDQ�
)LVKHU DQG ,EERWVRQ ������� 7KH SULFHV RI GHIDXOW ULVNOHVV ERQGV WR XVH LQ RXU SULFLQJ IRUPXODV�
DW HDFK VDPSOH GDWH� DUH REWDLQHG E\ WDNLQJ WKH H[SRQHQWLDO RI WKH UHOHYDQW WLPH LQWHJUDO RI WKH
IRUZDUG UDWHV�

)RU WKH PRGHO ,� WKH GDWD DERYH LV HQRXJK IRU WKH HVWLPDWLRQ PHWKRG� 0RGHO ,, KRZHYHU UHTXLUHV
HVWLPDWHV RI WKH WHUP VWUXFWXUH RI YRODWLOLWLHV DW HDFK VDPSOH GDWH���

7R REWDLQ WKH WHUP VWUXFWXUH RI YRODWLOLWLHV� ZH pUVW HVWLPDWH WKH VWDQGDUG GHYLDWLRQV RI WKH FKDQJHV
LQ WKH IRUZDUG UDWHV� $W HDFK VDPSOH GDWH� ZH XVH WKH SUHYLRXV �� GDLO\ FKDQJHV LQ WKH FRUUHVSRQGLQJ
IRUZDUG UDWH WR FRPSXWH LWV VWDQGDUG GHYLDWLRQ� 7KHQ� ZH FRQVWUXFW WKH YRODWLOLWLHV RI ERQG SULFHV
E\ LQWHJUDWLQJ WKH SLHFHZLVH FRQVWDQW IRUZDUG UDWH VWDQGDUG GHYLDWLRQV XQWLO WKH UHOHYDQW PDWXULW\�
:H PDNH XVH RI WKH IDFW WKDW WKH GLoXVLRQ WHUP RI WKH 7 PDWXULW\ ERQG� 3 �W� 7 �V�W� 7 �� FDQ EH
ZULWWHQ DV 3 �W� 7 �

5 7
W ��W� \�G\� ZKHUH ��W� \� LV WKH GLoXVLRQ RI WKH LQVWDQWDQHRXV IRUZDUG UDWH ZLWK

PDWXULW\ \�

��� 7 KH 0 HWKRG

$FFRUGLQJ WR RXU PRGHO� WKH WLPH W SULFH RI FRUSRUDWH ERQG M ZLWK FRXSRQ UDWH x DQG0M UHPDLQLQJ
FRXSRQ SD\PHQW GDWHV LV
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ZKHUH &�W� 7 � v� LV FRPSXWHG XVLQJ PRGHO , RU ,,� DQG ZH PDNH H[SOLFLW WKH GHSHQGHQFH RQ WKH
SDUDPHWHU YHFWRU v  �z� �� ~�: � DQG WKH VWDWH YDULDEOH ; �

:H DVVXPH WKDW DW WKH WUXH SDUDPHWHUV DQG UHDOL]DWLRQ RI WKH VWDWH YDULDEOH� WKH REVHUYHG ERQG

�� $ OWKR XJ K� VWULF WO\ VSH D N LQJ � WKH VH UD WH V KD Y H VR PH GH ID XOW ULVN � *ULQEOD WW �� � � � � D UJ XH V WKD W WKH \ D UH F OR VH U WR
WKH WUXH GH ID XOW ULVN OH VV LQWH UH VW UD WH V WKD Q 7 UH D VXU\ ER QG UD WH V� Z KLF K KD Y H LPSR UWD QW OLT XLGLW\ SUH PLD LQF R USR UD WH G�

�� 7 KH /LER U UD WH V XVH KD Y H PD WXULWLH V R I � GD \ V� � � � D QG � PR QWKV D QG � \ H D U� 7 KH VZ D S UD WH V KD Y H PD WXULWLH V R I

� � � � � � � � � D QG � � \ H D UV�
��:LWK QR GH V D W � D QG � PR QWKV� � � � � � � � � � � � D QG � � \ H D UV�
��%H LQJ GH WH UPLQLVWLF � WKH WH UP VWUXF WXUH R I Y R OD WLOLWLH V VKR XOG QR W F KD QJ H WKUR XJ KR XW WKH VD PSOH � + R Z H Y H U� IR OOR Z �

LQJ WKH XVXD O SUD F WLF H LQ D SSO\ LQJ + H D WK� -D UUR Z D QG 0 R UWR Q �� � � � � PR GH OV� Z H H VWLPD WH D GLoH UH QW WH UP VWUXF WXUH
R I Y R OD WLOLWLH V D W H D F K GD WH LQ WKH VD PSOH �

��



SULFH� 9MW� LV HTXDO WR WKH PRGHO SULFH� A9MW� SOXV D PHDQ ]HUR HUURU WHUP

9MW  A9MW � �MW ����

:H IXUWKHU DVVXPH WKDW WKH QRUP RI WKH HUURU WHUP LV PLQLPL]HG DW WKH WUXH SDUDPHWHU YDOXHV DQG
UHDOL]HG YDOXH RI WKH VWDWH YDULDEOH� 7KH HFRQRPHWULF PHWKRG WKXV HVWLPDWHV WKH SDUDPHWHUV DQG
H[WUDFWV WKH VWDWH YDULDEOH ; E\ PLQLPL]LQJ WKH QRUP RI WKH YHFWRU �� ZLWK GLPHQVLRQV M  �� ���� �
DQG W  W�� ���� W���

)RU PRGHO ,� DVVXPLQJ LQGHSHQGHQW ULVNV� ]HUR FRXSRQ GHIDXOW ULVN\ ERQG SULFHV DUH FRPSXWHG ZLWK
WKH IRUPXOD ����� DQG� IRU PRGHO ,,� ZLWK GHWHUPLQLVWLF WHUP VWUXFWXUH RI ERQG YRODWLOLWLHV� ERQGV
DUH SULFHG E\ VLPXODWLRQ� ,Q WKLV FDVH� DW HDFK VDPSOH GDWH� W� DQG IRU HDFK SURPLVHG FDVK qRZ �RI
HDFK ERQG LQ WKH VDPSOH�� ZH SURGXFH ���� VLPXODWHG SDWKV RI D VWDQGDUG %URZQLDQ PRWLRQ :[

DQG REWDLQ WKH FRUUHVSRQGLQJ �IRUZDUG ULVN DGMXVWHG� GLVFUHWL]HG SURFHVV A;� VWDUWLQJ DW ;�W�� IURP

A;�W� �P� ��K�  A;�W�PK� � >zb ~�V�W�PK� 7 �@K

� � >:[�W� �P� ��K�b:[�W�PK�@ ����

IRU P  �� ����0 � ZKHUH K LV D GDLO\ LQWHUYDO �H[SUHVVHG LQ \HDUV� DQG 0 LV WKH QXPEHU RI GD\V
EHWZHHQ WKH VDPSOH GDWH DQG WKH FDVK qRZ GDWH��� :H DSSUR[LPDWH 47

W �I� � 7J� E\ WKH SURSRUWLRQ
RI VLPXODWHG SDWKV RI A; WKDW IDOO EHORZ ]HUR DQG SOXJ WKLV HVWLPDWHG SUREDELOLW\ LQ RXU JHQHUDO
IRUPXOD IRU SULFLQJ FRUSRUDWH ERQGV �����

7KH HFRQRPHWULF PHWKRG VWDUWV ZLWK DQ LQLWLDO JXHVV RI WKH YDOXHV RI WKH SDUDPHWHU YHFWRU v DQG RI
WKH VWDWH YDULDEOH; DW HDFK VDPSOH GDWH DQG WKHQ QXPHULFDOO\ PLQLPL]HV WKH QRUP RI WKH GLoHUHQFHV
EHWZHHQ WKH REVHUYHG ERQG SULFHV DQG WKH SULFHV FRPSXWHG ZLWK RXU PRGHO� :H VWDWH WKH HVWLPDWLRQ
SUREOHP� LQ WKH FRQWH[W RI *00� DV WKH PLQLPL]DWLRQ RI D GLVWDQFH IXQFWLRQ RI WKH IRUP

-�v�;�  
��;
W �

� A9W�v�;�W��b 9W�
�6b�� A9W�v�;�W��b 9W� ����

ZKHUH 9W DQG A9W�v�;�W�� DUH WKH YHFWRUV RI REVHUYHG DQG FRPSXWHG PRGHO SULFHV IRU WKH pYH ERQGV
DW GDWH W� DQG 6 LV D pYH�E\�pYH� V\PPHWULF� SRVLWLYH GHpQLWH ZHLJKWLQJ PDWUL[�

:H WUHDW ; DV D YHFWRU RI DGGLWLRQDO SDUDPHWHUV� ,Q GRLQJ WKLV� ZH GR QRW PDNH IXOO XVH RI WKH
LPSOLFDWLRQV RI WKH PRGHO� ,Q SDUWLFXODU� ZH GR QRW PDNH XVH RI WKH WUDQVLWLRQ GLVWULEXWLRQ RI ; �
DQG WKXV DYRLG KDYLQJ WR VSHFLI\ WKH GULIW RI ; XQGHU WKH WUXH SUREDELOLW\ PHDVXUH� $OWKRXJK QRW
HrFLHQW� WKH PHWKRG UHPDLQV FRQVLVWHQW�

7KH RQO\ UHPDLQLQJ SUREOHP LV GHWHUPLQLQJ 6� :H IROORZ D WZR�VWHS SURFHGXUH� ,Q WKH pUVW VWHS�
ZH WDNH 6 HTXDO WR WKH LGHQWLW\ PDWUL[� ,Q WKH VHFRQG VWHS� ZH PDNH 6 HTXDO WR WKH FRYDULDQFH
PDWUL[ RI WKH HUURUV HVWLPDWHG LQ WKH pUVW VWHS� 7KLV LV D FRQVLVWHQW HVWLPDWRU RI +DQVHQ
V ������
RSWLPDO ZHLJKWLQJ PDWUL[� XQGHU WKH DVVXPSWLRQ RI QR VHULDO FRUUHODWLRQ LQ WKH HUURUV�

��:H XVH D QWLWKH WLF Y D ULD EOH V� ,Q R UGH U WR GH F UH D VH WKH Y D ULD QF H R I WKH VLPXOD WLR Q� Z H R EWD LQ WKH LQF UH PH QWV R I
� � � VLPXOD WH G SD WKV R I WKH %UR Z QLD Q PR WLR Q IUR P D �SVH XGR � UD QGR P QXPEH U J H QH UD WR U D QG WKH R WKH U � � � SD WKV E\
WD N LQJ WKH QH J D WLY H V R I WKH LQF UH PH QWV J H QH UD WH G LQ WKH pUVW SOD F H � 3ULF H V Y D U\ OH VV WKD Q � ED VLV SR LQWV Z KH Q Z H WD N H

GLoH UH QW VH WV R I VLPXOD WH G SD WKV� 7 KLV Y D ULD WLR Q LV SUH VXPD EO\ VPD OOH U WKD Q WKH H UUR UV LQ WKH GD WD � ) LQD OO\ � SULF LQJ
R I WKH � ER QGV� Z LWK � � SUR PLVH G F D VK qR Z V� D W WKH � � VD PSOH GD WH V� WD N H V D SSUR [ LPD WH O\ � PLQXWH V R Q D SH UVR QD O
F R PSXWH U�

��



��� 7 KH 5HVXOWV

7DEOH � VKRZV SDUDPHWHU HVWLPDWHV� WKHLU UHVSHFWLYH VWDQGDUG GHYLDWLRQV� DQG WKH YDOXH RI WKH
REMHFWLYH IXQFWLRQ DW WKH RSWLPXP� IRU ERWK PRGHOV , DQG ,,�

0 R GH O z � ~ : -

0 R GH O , � �� � � � � �� � � � � � �� � � � � � �� � � �

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

0 R GH O ,, �� �� � � � � �� � � � �� �� � � � � �� � � � � � �� � � �

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

7DEOH �� 7KLV WDEOH UHSRUWV SDUDPHWHU HVWLPDWHV DQG WKHLU VWDQGDUG HUURUV IRU PRGHO , DQG ,,� 7KH
YDOXH RI WKH FULWHULXP IXQFWLRQ� - � DW WKH RSWLPXP LV DOVR VKRZQ IRU ERWK PRGHOV�

:H FDQ QRZ WHVW WKH FRQVWUDLQW WKDW ~  �� )RU WKLV� ZH XVH D SVHXGR OLNHOLKRRG UDWLR WHVW

O  -�Av, � A;,�b -�Av,, � A;,,� ����

8QGHU WKH QXOO� O LV GLVWULEXWHG DV D ��
�
� 7KH S�YDOXH RI WKH WHVW LV ������� ZKLFK OHDGV XV WR UHMHFW

WKH K\SRWKHVLV� ,QWHUHVWLQJO\ WKXV� WKH GHSHQGHQFH EHWZHHQ LQWHUHVW UDWH DQG GHIDXOW ULVNV DSSHDUV
WR EH LPSRUWDQW LQ H[SODLQLQJ FRUSRUDWH ERQG SULFHV�

7KH SDUDPHWHU HVWLPDWHV XQGHU PRGHO ,, DUH RI WKH ULJKW PDJQLWXGHV DQG VLJQV� ,Q SDUWLFXODU� ZH
HVWLPDWH ~ WR EH QHJDWLYH� ZKLFK FRUUHVSRQGV WR D SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH LQWHUHVW UDWH ULVN
DQG GHIDXOW ULVN� 7KH FRHrFLHQW PXOWLSOLHG E\ WKH YRODWLOLW\ RI WKH 7UHDVXU\ ERQG SULFHV LQFUHDVHV
WKH IRUZDUG ULVN DGMXVWHG GULIW RI ;� DPDNLQJ GHIDXOW OHVV OLNHO\� $QRWKHU SDUDPHWHU RI LQWHUHVW LV
WKH ZULWHGRZQ� ZKLFK ZH HVWLPDWH WR EH RI WKH RUGHU RI ���� 7KHUHIRUH� LQ FDVH RI GHIDXOW� WKH
PDUNHW LV H[SHFWLQJ WKDW RQO\ ��� RI WKH IDFH YDOXH RI WKHVH VHFXULWLHV PD\ EH UHFRYHUHG�

)LJXUH � VKRZV WKH HVWLPDWHG VDPSOH SDWK RI WKH VWDWH YDULDEOH ; XQGHU PRGHO ,,� )RU HDVH RI
LQWHUSUHWDWLRQ ZH VKRZ WKH H[SRQHQWLDO RI ; � ZKLFK FDQ EH LQWHUSUHWHG DV WKH VROYHQF\ UDWLR RI WKH
pUP�

)LQDOO\� )LJXUH � SURYLGHV D JUDSKLFDO LOOXVWUDWLRQ RI WKH SULFLQJ HUURUV XQGHU RXU SDUDPHWHU HVWLPDWHV
DQG pOWHUHG VWDWH YDULDEOH SDWK� $OWKRXJK HFRQRPLFDOO\ VLJQLpFDQW� WKH\ GR QRW VHHP WR EH RI D
KLJKHU RUGHU RI PDJQLWXGH WKDQ WKH QRLVH LQ WKH GDWD� :H WKXV FRQFOXGH WKDW WKH PRGHO WKXV D
JRRG MRE DW SULFLQJ WKLV VDPSOH RI FRUSRUDWH ERQGV�

1RWH WKDW WKHUH DUH RWKHU ZD\V RI pWWLQJ WKH PRGHO� 7KH SDUDPHWHU : FDQ EH HVWLPDWHG IURP
KLVWRULFDO GDWD UDWKHU WKDQ WKH LPSOLFLW DSSURDFK WDNHQ KHUH� 7KH IRUZDUG ULVN DGMXVWHG KD]DUG
UDWH FDQ DV ZHOO EH HVWLPDWHG IURP KLVWRULFDO GDWD RQ SUREDELOLWLHV RI GHIDXOW DQG WKH FRUUHVSRQGLQJ
IRUZDUG ULVN SUHPLXP�

��
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)LJXUH �� )RU WKH pYH ERQGV LQ WKH VDPSOH� DW HDFK VDPSOH GDWH� WKH pJXUH VKRZV WKH GHYLDWLRQ
EHWZHHQ WKH REVHUYHG SULFH DQG WKH SULFH FRPSXWHG IURP WKH PRGHO� ZLWK WKH SDUDPHWHU HVWLPDWHV
IRU PRGHO ,, SUHVHQWHG LQ 7DEOH ��
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� &RQFOXVLRQ

7KLV DUWLFOH SUHVHQWV D PRGHO RI GHIDXOW ULVN WKDW DOORZV IRU WUDFWDEOH SULFLQJ RI GHIDXOW ULVN\ FODLPV
XQGHU D YDULHW\ RI PRGHOV IRU WKH 7UHDVXU\ WHUP VWUXFWXUH RI LQWHUHVW UDWHV� DQG GHSHQGHQFH EHWZHHQ
LQWHUHVW UDWH DQG GHIDXOW ULVNV� :H VKRZ WKDW RXU PRGHO KDV EHWWHU WKHRUHWLFDO SURSHUWLHV WKDQ RWKHUV
WKDW KDYH EHHQ SURSRVHG LQ WKH UHFHQW OLWHUDWXUH� :H HVWLPDWH WKH PRGHO IURP D SDQHO GDWD VHW RI
ERQG SULFHV IURP 5-5 1DELVFR� DQG VKRZ LWV JRRG HPSLULFDO SHUIRUPDQFH�
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5HIHU HQFHV

$QGHUVRQ� 5� DQG 6� 6XQGDUHVDQ� ����� ?'HVLJQ DQG 9DOXDWLRQ RI 'HEW &RQWUDFWV��:RUNLQJ 3DSHU�

&ROXPELD 8QLYHUVLW\�

%ODFN� )� DQG -� &R[� ����� ?9DOXLQJ &RUSRUDWH 6HFXULWLHV� 6RPH (oHFWV RI %RQG ,QGHQWXUH 3URYL�

VLRQV�� -RXUQDO RI )LQDQFH ��� ��������

%ODFN� )� DQG 0� 6FKROHV� ����� ?7KH 3ULFLQJ RI 2SWLRQV DQG &RUSRUDWH /LDELOLWLHV�� -RXUQDO RI

3ROLWLFDO (FRQRP\ ��� ��������

%U\V� (� DQG )UDQ|FRLV GH 9DUHQQH� ����� ?9DOXLQJ 5LVN\ )L[HG 5DWH 'HEW� $Q ([WHQVLRQ�� -RXUQDO

RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� ��������

&ROHPDQ� 7�6�� /� )LVKHU H 5�*� ,EERWVRQ� ����� ?(VWLPDWLQJ WKH 7HUP 6WUXFWXUH RI ,QWHUHVW 5DWHV

IURP 'DWD WKDW ,QFOXGH WKH 3ULFHV RI &RXSRQ %RQGV�� -RXUQDO RI )L[HG ,QFRPH� �������

&R[� -�&�� -�(� ,QJHUVROO DQG 6� 5RVV� ����� ?$ 7KHRU\ RI WKH 7HUP 6WUXFWXUH RI ,QWHUHVW 5DWHV��

(FRQRPHWULFD ��� ��������

'XrH� '�� ����� ?'\QDPLF $VVHW 3ULFLQJ 7KHRU\�� 6HFRQG (GLWLRQ� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

'XrH� '� DQG .� 6LQJOHWRQ� ����� ?0RGHOOLQJ 7HUP 6WUXFWXUHV RI 'HIDXOWDEOH %RQGV�� :RUNLQJ

3DSHU� 6WDQIRUG 8QLYHUVLW\�

'XUELQ� -�� ����� ?7KH )LUVW 3DVVDJH 7LPH RI WKH %URZQLDQ 0RWLRQ 3URFHVV WR D &XUYHG %RXQGDU\��

-RXUQDO RI $SSOLHG 3UREDELOLW\ ��� ��������

*ULQEODWW� 0�� ����� ?$Q $QDO\WLFDO 6ROXWLRQ IRU ,QWHUHVW 5DWH 6ZDS 6SUHDGV�� :RUNLQJ 3DSHU�

8QLYHUVLW\ RI &DOLIRUQLD� /RV $QJHOHV�

+DQVHQ� /�3�� ����� ?/DUJH 6DPSOH 3URSHUWLHV RI *HQHUDOL]HG 0HWKRG RI 0RPHQWV (VWLPDWRUV��

(FRQRPHWULFD� ��� ����������

+HDWK� '�� 5�$� -DUURZ DQG $� 0RUWRQ� ����� ?%RQG 3ULFLQJ DQG WKH 7HUP 6WUXFWXUH RI ,QWHUHVW

5DWHV� $ 1HZ 0HWKRGRORJ\ IRU &RQWLQJHQW &ODLPV 9DOXDWLRQ�� (FRQRPHWULFD ��� �������

+R� 7� DQG 6� /HH� ����� ?7HUP 6WUXFWXUH 0RYHPHQWV DQG 3ULFLQJ ,QWHUHVW 5DWH &RQWLQJHQW &ODLPV��

-RXUQDO RI )LQDQFH ��� ����������

-DUURZ� 5�$�� '� /DQGR DQG 6� 7XUQEXOO� ����� ?$ 0DUNRY 0RGHO IRU WKH 7HUP 6WUXFWXUH RI &UHGLW

6SUHDGV�� 5HYLHZ RI )LQDQFLDO 6WXGLHV� ��� ��������

-DUURZ� 5�$� DQG 6� 7XUQEXOO� ����� ?3ULFLQJ 'HULYDWLYHV RQ )LQDQFLDO 6HFXULWLHV 6XEMHFW WR &UHGLW

5LVN�� -RXUQDO RI )LQDQFH ��� ������

.DUDW]DV� ,� DQG 6�(� 6KUHYH� ����� %URZQLDQ 0RWLRQ DQG 6WRFKDVWLF &DOFXOXV� 6SULQJHU�9HUODJ�

�QG� (GLWLRQ�

/DQGR� '�� ����� ?2Q &R[ 3URFHVVHV DQG &UHGLW 5LVN\ %RQGV�� :RUNLQJ 3DSHU� ,QVWLWXWH RI 0DWK�

HPDWLFDO 6WDWLVWLFV� 8QLYHUVLW\ RI &RSHQKDJHQ�

��



/HODQG� +�(� DQG .�%� 7RIW� ����� ?2SWLPDO &DSLWDO 6WUXFWXUH� (QGRJHQRXV %DQNUXSWF\� DQG WKH

7HUP 6WUXFWXUH RI &UHGLW 6SUHDGV�� -RXUQDO RI )LQDQFH ��� ���������

/RQJVWDo� )�$� DQG (�6� 6FKZDUW]� ����� ?$ 6LPSOH $SSURDFK WR 9DOXLQJ 5LVN\ )L[HG DQG )ORDWLQJ

5DWH 'HEW�� -RXUQDO RI )LQDQFH ��� ��������

0DGDQ� '� DQG +� 8QDO� ����� ?3ULFLQJ WKH 5LVNV RI 'HIDXOW�� :RUNLQJ 3DSHU� 8QLYHUVLW\ RI

0DULODQG�

0HOOD�%DUUDO� 3� DQG :� 3HUUDXGLQ� ����� ?6WUDWHJLF 'HEW 6HUYLFH�� -RXUQDO RI )LQDQFH ��� ��������

0HUWRQ� 5�&�� ����� ?2Q WKH 3ULFLQJ RI &RUSRUDWH 'HEW� 7KH 5LVN 6WUXFWXUH RI ,QWHUHVW 5DWHV��

-RXUQDO RI )LQDQFH ��� ��������

9DVLFHN� 2�� ����� ?$Q (TXLOLEULXP &KDUDFWHUL]DWLRQ RI WKH 7HUP 6WUXFWXUH�� -RXUQDO RI )LQDQFLDO

(FRQRPLFV �� ��������

��


