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Abstract: Previous studies on interest rate derivatives have been limited by the relatively short history of
most traded derivative securities. The prices for callable U.S. Treasury securities, available for the period
1926B95, provide the sole source of evidence concerning the implied volatility of interest rates over this
extended period. Using the prices of callable, as well as non-callable, Treasury instruments, this paper
estimates implied interest rate volatilities for the past seventy years. Our technique for estimating implied
volatilities enables us to address two important issues concerning callable bonds: the apparent presence of
negative embedded option values and the optimal policy for calling these, and similarly structured,
deferred-exercise embedded option bonds.

In examining the issue of negative option value callable bonds, our technique enables us to extend
significantly both the sample period and sample breadth beyond those covered by other investigators of
this phenomenon and to resolve the inconsistencies in their results. We show that the frequency of
mispriced bonds is time-varying and that there also exist irrationally underpriced bonds. Critically, both
anomalies are shown to be related to volatility-insensitive, away-from-the-money bonds.

In contrast to the naive call decision rules suggested by previous authors, we develop the option-theoretic
optimal call policy for deferred-exercised “Bermuda”-style options for which prior notification of intent to
call is required. We do this by introducing the concept of “threshold volatility” to measure the point at
which the time value of the embedded call option has been eroded to zero. By using this concept, we
address the valuation of such bonds and document the frequent optimality of the Treasury’s past call
decisions for U.S. government obligations.

JEL classification: G13, H63
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&DOODEOH 8� 6� 7UHDVXU\ %RQGV�

2SWLPDO &DOOV� $QRPDOLHV� DQG ,PSOLHG 9RODWLOLWLHV

� ,QWURGXFWLRQ

,QWHUHVW�UDWH FRQWLQJHQW FODLPV KDYH JURZQ VXEVWDQWLDOO\ LQ YDULHW\� RSHQ LQWHUHVW� DQG WUDGLQJ

YROXPH LQ UHFHQW \HDUV� &RQFRPLWDQW ZLWK WKHVH GHYHORSPHQWV KDYH FRPH D QXPEHU RI

LQWHUHVW�UDWH YDOXDWLRQ PRGHOV� 7KH HTXLOLEULXP�EDVHG PRGHOV RI &R[� ,QJHUVROO� DQG 5RVV

������� DQG 9DVLFHN ������ KDYH EHHQ DGDSWHG E\ %ODFN� 'HUPDQ� DQG 7R\ ������� %ODFN DQG

.DUDVLQVNL ������� DQG +XOO DQG :KLWH ������ WR nW DUELWUDU\ WHUP VWUXFWXUHV RI LQWHUHVW UDWHV

DQG YRODWLOLWLHV� $UELWUDJH�EDVHG DSSURDFKHV� WDNLQJ WKH WHUP VWUXFWXUH DV D VWDUWLQJ SRLQW�

ZHUH GHYHORSHG E\ +R DQG /HH ������ DQG +HDWK� -DUURZ� DQG 0RUWRQ �+-0� ������ ������

&KDQ� .DURO\L� /RQJVWDm� DQG 6DQGHUV ������ SURYLGH DQ HPSLULFDO FRPSDULVRQ RI VHYHUDO

PRGHOV RI GHWHUPLQLVWLF YRODWLOLW\� 7KHVH PRGHOV KDYH EHHQ H[WHQVLYHO\ WHVWHG XVLQJ H[FKDQJH�

WUDGHG DQG RYHU�WKH�FRXQWHU LQWHUHVW�UDWH GHULYDWLYHV ZKLFK KDV QHFHVVDULO\ UHVWULFWHG WKH

DQDO\VLV WR UHFHQW \HDUV ZKHQ WKHVH LQVWUXPHQWV ZHUH WUDGHG >H�J�� $PLQ DQG 0RUWRQ ������

DQG )OHVDNHU ������@� 2QH LQWHUHVW�UDWH GHSHQGHQW FRQWLQJHQW FODLP� KRZHYHU� KDV D ORQJ

KLVWRU\ WKDW KDV QRW KHUHWRIRUH EHHQ DQDO\]HG� FDOODEOH 8�6� 7UHDVXU\ ERQGV�

:H LPSOHPHQW D YDULDQW RI WKH %ODFN DQG .DUDVLQVNL ������ LQWHUHVW�UDWH PRGHO WR YDOXH

FDOODEOH ERQGV FRQGLWLRQDO RQ DQ DVVXPHG YRODWLOLW\ IRU WKH VKRUW UDWH SURFHVV� %\ nQGLQJ

WKH YRODWLOLW\ WKDW nWV WKH REVHUYHG ERQG SULFH� WKH LPSOLHG YRODWLOLW\ LV FRPSXWHG� 7DNLQJ

DSSURSULDWHO\ ZHLJKWHG FURVV�VHFWLRQDO DYHUDJHV RI LPSOLHG YRODWLOLWLHV� ZH PD\ DQDO\]H WKH

KLVWRU\ RI LQWHUHVW�UDWH YRODWLOLW\ RYHU WKH ����^���� SHULRG� D IDU PRUH H[WHQVLYH SHULRG WKDQ

LV SRVVLEOH ZLWK RWKHU GHULYDWLYH LQVWUXPHQWV� 8VLQJ FURVV�VHFWLRQDOO\ GHULYHG HVWLPDWHV RI

LQWHUHVW�UDWH YRODWLOLW\� ZH GRFXPHQW WKH FKDQJHV LQ YRODWLOLW\ WKURXJK WLPH�

7KH XVH RI FDOODEOH 8�6� 7UHDVXU\ VHFXULWLHV UHTXLUHV WKDW ZH FRQIURQW WKH LVVXH RI SRVVLEOH

LUUDWLRQDO SULFLQJ RI WKHVH VHFXULWLHV� $ QXPEHU RI DXWKRUV� EHJLQQLQJ ZLWK /RQJVWDm �������

KDYH IRXQG QHJDWLYH RSWLRQ YDOXHV LPSOLFLW LQ WKH PDUNHW SULFHV RI FDOODEOH 8�6� 7UHDVXULHV

WR YDU\LQJ GHJUHHV� 1HJDWLYH RSWLRQ YDOXH ERQGV GR QRW KDYH LPSOLHG YRODWLOLWLHV� 7KLV
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UDLVHV WKH WZLQ TXHVWLRQV RI ZKHWKHU FDOODEOH ERQGV DUH UDWLRQDOO\ SULFHG DQG ZKHWKHU WKH

FURVV�VHFWLRQDO DYHUDJHV RI WKHLU LPSOLHG YRODWLOLWLHV DUH PHDQLQJIXO� 7KH PHDQLQJIXOQHVV RI

LPSOLHG YRODWLOLW\ FDOFXODWLRQV DOVR KLQJHV� LQ SDUW� RQ ZKHWKHU RU QRW WKH 8� 6� 7UHDVXU\

LV UDWLRQDO LQ H[HUFLVLQJ WKH HPEHGGHG FDOO RSWLRQ� %RQGV ZLWK QHJDWLYH RSWLRQ YDOXHV� DQG

WKRVH ZLWK LPSODXVLEO\ KLJK LPSOLHG YRODWLOLWLHV� DUH VKRZQ WR FRQWDLQ OLWWOH UHOLDEOH YRODWLOLW\

LQIRUPDWLRQ DV PHDVXUHG E\ WKH VHQVLWLYLW\ RI ERQG YDOXH WR FKDQJHV LQ YRODWLOLW\� 7KH

QHJDWLYH RSWLRQ YDOXHV QRWHG E\ /RQJVWDm DQG RWKHUV H[LVW SUHGRPLQDQWO\ ZKHQ WKH RSWLRQ

LV GHHS LQ�WKH�PRQH\ DQG PD\ EH DWWULEXWHG WR SULFLQJ HUURUV ZHOO ZLWKLQ WKH QRUPDO UDQJH

IRXQG LQ QRQ�FDOODEOH 7UHDVXU\ VHFXULWLHV� ,QWHU DOLD ZH H[WHQG ERWK WKH VDPSOH SHULRG DQG

VDPSOH EUHDGWK EH\RQG WKDW SHUPLWWHG E\ WKH WHFKQLTXHV HPSOR\HG E\ RWKHU LQYHVWLJDWRUV RI

WKLV SKHQRPHQRQ DQG UHVROYH WKH LQFRQVLVWHQFLHV LQ WKHLU UHVXOWV�

/DVWO\� ZH GHULYH WKH RSWLPDO FDOO SROLF\ IRU FDOODEOH 8�6� 7UHDVXU\ VHFXULWLHV DQG WKHQ

H[DPLQH ZKHWKHU WKH 7UHDVXU\
V FDOO GHFLVLRQV LQ WKH SDVW KDYH EHHQ FRQVLVWHQW ZLWK VXFK DQ

RSWLPDO UXOH� /RQJVWDm
V ������ DQDO\VLV RI FDOODEOH 7UHDVXULHV� EDVHG RQ 9X ������� RYHUORRNV

FHUWDLQ FULWLFDO IHDWXUHV RI 7UHDVXU\ FDOO SURYLVLRQV DV ZHOO DV RSWLRQ WKHRU\� D SUREOHP VKDUHG

E\ RWKHU DXWKRUV� 7KHVH� DQG RWKHU� DXWKRUV EDVH WKHLU FDOO�QR�FDOO GHFLVLRQ RQ WKH PDUNHW

SULFH RI WKH FDOODEOH ERQG� :H DUJXH WKDW WKH PDUNHW SULFH LV VXEMHFW WR GLVWRUWLRQV DQG

WKDW WKH YDOXH� EDVHG RQ DQ LQWHUHVW�UDWH PRGHO LQFRUSRUDWLQJ ERWK LQWHUHVW UDWH PRYHPHQWV

DQG YRODWLOLW\� LV QHHGHG WR PDNH DQ LQIRUPHG GHFLVLRQ� )XUWKHU� VHYHUDO DXWKRUV� LQFOXGLQJ

/RQJVWDm ������� KDYH LJQRUHG WKH ����GD\ FDOO QRWLnFDWLRQ SHULRG� ZKLFK WKH 7UHDVXU\ PXVW

SURYLGH WR KROGHUV RI FDOODEOH ERQGV��

2XU RSWLPDO FDOO UXOH LV EDVHG RQ WKH SULQFLSOH RI PLQLPL]LQJ WKH H[SHFWHG YDOXH RI WKH

OLDELOLW\ RQ WKH FDOO GDWH� HLWKHU WKH SULQFLSDO WR EH UHSDLG LI WKH ERQG LV FDOOHG� RU WKH H[SHFWHG

YDOXH RI WKH FDOODEOH ERQG LI LW LV QRW� 7R GR WKLV ZH LQWURGXFH WKH ?WKUHVKROG YRODWLOLW\�� RU

YRODWLOLW\ DW ZKLFK WKH LVVXHU VKRXOG EH LQGLmHUHQW EHWZHHQ FDOOLQJ DQG QRW� %\ FRPSDULQJ

WKLV YDOXH WR SUHYDLOLQJ OHYHOV RI LPSOLHG YRODWLOLW\ DW WKH WLPH� GHULYHG IURP RXU DQDO\VLV RI

�7KH SUHGHFHVVRU SDSHU� 9X ������� DOVR LJQRUHV WKH OHVV�RQHURXV UHTXLUHPHQW IRU FRUSRUDWH

ERQGV� ZKLFK W\SLFDOO\ KDYH D SULRU QRWLnFDWLRQ SHULRG RI EHWZHHQ �� DQG �� GD\V�
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FURVV�VHFWLRQDO LPSOLHG YRODWLOLWLHV RI DOO FDOODEOH ERQGV� ZH DUH DEOH WR GHWHUPLQH WKH RSWLPDO

GHFLVLRQ�

$QDO\VLV RI SDVW 7UHDVXU\ FDOO GHFLVLRQV VKRZV WKDW PRVW SDVW FDOOV GHFLVLRQV KDYH EHHQ

RSWLPDO� 7KRVH WKDW KDYH QRW PD\ VRPHWLPHV EH H[SODLQHG XVLQJ WKH QDLYH FDOO GHFLVLRQ

UXOHV VXJJHVWHG E\ 9X� /RQJVWDm DQG RWKHUV� ,Q D IHZ FDVHV� WKH FDOO GHFLVLRQV ZHUH FOHDUO\

LUUDWLRQDO XQGHU DQ\ UXOH� 2XU YDOXDWLRQ PRGHO� ZKLFK HPEHGV WKH RSWLPDO FDOO GHFLVLRQ UXOH�

GHPRQVWUDWHV WKDW FDOODEOH ERQGV FDQ UDWLRQDOO\ WUDGH DW VXEVWDQWLDO SUHPLXPV WR SDU DV

REVHUYHG� EXW QRW H[SODLQHG� LQ /RQJVWDm �������

7KH UHPDLQGHU RI WKH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � GLVFXVVHV WKH HPSLULFDO

WHFKQLTXHV XVHG IRU PRGHOLQJ LQWHUHVW UDWH PRYHPHQWV� FRPSXWLQJ nWWHG YDOXHV RI FDOODEOH

ERQGV� DQG HVWLPDWLQJ LPSOLHG YRODWLOLWLHV� 7KH WLPH�VHULHV SURSHUWLHV RI LPSOLHG YRODWLOLW\

HVWLPDWHV DUH GLVFXVVHG DQG DQDO\]HG� 6HFWLRQ � DGGUHVVHV LQ GHWDLO WKH LVVXH RI QHJDWLYH

RSWLRQ YDOXHV� :H VKRZ WKDW WKH HmHFW LV SUHVHQW WKURXJKRXW RXU VDPSOH SHULRG EXW WKDW

WKH IUHTXHQF\ RI PLVSULFHG ERQGV LV WLPH�YDU\LQJ� 7KLV� WRJHWKHU ZLWK DQ DQDO\VLV RI KRZ

YLRODWLRQV DUH FRXQWHG� LV VKRZQ WR UHVROYH WKH VRPHWLPHV FRQoLFWLQJ UHVXOWV RI SUHYLRXV� PRUH

OLPLWHG VWXGLHV� 6HFWLRQ � GHYHORSV WKH RSWLPDO FDOO SROLF\ IRU FDOODEOH ERQGV DQG H[DPLQHV

WKH KLVWRU\ RI 8�6� 7UHDVXU\ FDOO GHFLVLRQV LQ WKH OLJKW RI WKLV DQG WKH QDLYH UXOHV� 6HFWLRQ �

FRQFOXGHV�

� &DOFXODWLRQ RI ,PSOLHG 9RODWLOLW\

��� 6WRFKDVWLF 0RGHOV RI ,QWHUHVW 5DWH 0RYHPHQWV

$V UHYLHZHG DERYH� WKH nQDQFH OLWHUDWXUH KDV SURYLGHG DQ DEXQGDQFH RI VWRFKDVWLF LQWHUHVW�

UDWH PRGHOV� :H SURSRVH WR XVH WKH IROORZLQJ ULVN�QHXWUDO VWRFKDVWLF PRGHO IRU VSRW LQWHUHVW

UDWH PRYHPHQWV��

GU  xW U GW� } U G]� ���

�$Q\ UHIHUHQFH KHUHDIWHU WR H[SHFWDWLRQV (�c� RU YDULDQFH 9DU�c� FRQVWLWXWHV D UHIHUHQFH WR WKH

YDULDEOH
V ULVN�QHXWUDO GLVWULEXWLRQ�
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ZKHUH

GU s WKH FKDQJH LQ WKH VKRUW�WHUP UDWH RI LQWHUHVW U�

xW s WKH H[SHFWHG FKDQJH LQ GU U� WKH xW
V IRU W  �� � � � � 7 DUH FKRVHQ WR SUHFLVHO\
PDWFK WKH REVHUYDEOH WHUP VWUXFWXUH RI LQWHUHVW UDWHV�

} s D PHDVXUH RI WKH VWDQGDUG GHYLDWLRQ� WKXV� 9DU�GU�  }�U� GW�

G] s LV WKH VWRFKDVWLF %URZQLDQ SURFHVV� ZLWK (�G]�  � DQG 9DU�G]�  GW�

,Q LPSOHPHQWLQJ WKH DERYH PRGHO� ZH SUHFLVHO\ PDWFK WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV��

$V LV ZHOO�NQRZQ� PRGHOV VXFK DV HTXDWLRQ ��� DUH ZLGHO\ XVHG ERWK LQ DFDGHPLD DQG LQGXVWU\�

7KHVH PRGHOV DUH QRW� KRZHYHU� ZLWKRXW WKHLU DFDGHPLF FULWLFV� 6SHFLnFDOO\� LQ GLVFUHWH WLPH�

WKH XVH RI WKH YHFWRU x
�
s >x�� x�� � � � � x7 @

� �GHVLJQHG WR PDWFK WKH WLPH�� WHUP VWUXFWXUH

H[DFWO\� W\SLFDOO\ JLYHV ULVH WR LQWHUWHPSRUDO LQFRQVLVWHQF\� ,QWHUWHPSRUDO FRQVLVWHQF\ ZRXOG

UHTXLUH WKDW WKH YHFWRU RI WKH WLPH GULIW SDUDPHWHUV DW WLPH �� x
�
� HTXDO WKDW DW WLPH � OHVV

x�� L�H�� x�
s >x�� x�� � � � � x7 @

� � 7KLV SURSHUW\ LV W\SLFDOO\ QRW VDWLVnHG ZLWK DUELWUDU\ WHUP

VWUXFWXUHV IRU WLPHV � DQG �� 1HYHUWKHOHVV� ZH DGRSW WKH XVDJH RI HTXDWLRQ ��� GXH WR LWV

LPSRUWDQW DELOLW\ WR H[DFWO\ PDWFK WKH REVHUYDEOH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� ,Q VR

GRLQJ� ZH PDNH PD[LPDO XVH RI WKH LQIRUPDWLRQ DYDLODEOH LQ WKH WHUP VWUXFWXUH RI LQWHUHVW

UDWHV DQG DUH DEOH WR PDWFK WKH SULFHV RI XQGHUO\LQJ QRQ�FDOODEOH DVVHWV��

��� 'DWD

7KH GDWD IRU WKLV VWXG\ DUH WDNHQ IURP WKH &563 PRQWKO\ *RYHUQPHQW %RQGV WDSHV� ,Q RUGHU

WR SHUIRUP RXU WHVWV� ZH UHTXLUH DQ HVWLPDWH RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� ZKLFK

HVWLPDWH ZH REWDLQ IURP WKH SULFHV RI QRQ�FDOODEOH 7UHDVXU\ VHFXULWLHV� %LOOV RI OHVV WKDQ RQH

PRQWK WR PDWXULW\ DQG QRWHV DQG ERQGV ZKRVH PDWXULW\ ZDV OHVV WKDQ WKH ORQJHVW PDWXULW\

ELOO LQ WKH VDPH PRQWK ZHUH H[FOXGHG IURP WKH WHUP VWUXFWXUH HVWLPDWLRQ VXEVDPSOH� 7KHVH

�7KLV PHDQV WKDW XQGHU WKH ULVN�QHXWUDO H[SHFWDWLRQ JHQHUDWHG E\ HT� ���� IRU JLYHQ }�x� LV

FKRVHQ VR WKDW

(

t
H[S

|
b

=
W

�

UV GV

}u
 39W� �W  �� � � � � 7

ZKHUH 39W LV WKH SULFH RI D ]HUR�FRXSRQ ERQG RI PDWXULW\ W�
�1R VLQJOH WHUP VWUXFWXUH LV DEOH WR PDWFK H[DFWO\ WKH SULFHV RI DOO QRQ�FDOODEOH 7UHDVXU\ VHFX�

ULWLHV� DV VKRZQ LQ %OLVV �������

�



ELOOV� QRWHV DQG ERQGV ZHUH XVHG WR FUHDWH WHUP VWUXFWXUHV XVLQJ WZR GLmHUHQW PHWKRGV� DV

RXWOLQHG EHORZ� ,Q DGGLWLRQ� D VDPSOH RI FRXSRQ 675,36 SULFHV ZDV REWDLQHG IURP 0HUULOO

/\QFK WR FUHDWH D WKLUG HVWLPDWHG WHUP VWUXFWXUH��

$ VXEVDPSOH RI FDOODEOH ERQGV ZDV DOVR H[WUDFWHG IURP WKH &563 nOHV� 7R DYRLG XVLQJ

WHUP VWUXFWXUH HVWLPDWHV ZKLFK H[WUDSRODWHG EH\RQG WKH DYDLODEOH QRQ�FDOODEOH LQVWUXPHQWV

XVHG WR FUHDWH WKH WHUP VWUXFWXUHV� ZH H[FOXGHG WKRVH FDOODEOH ERQGV ZKRVH PDWXULWLHV DUH QRW

VSDQQHG E\ WKHLU QRQ�FDOODEOH FRXQWHUSDUWV� 7R DYRLG KDYLQJ DGGLWLRQDO HPEHGGHG RSWLRQV

EH\RQG WKH FDOO RSWLRQ EHLQJ DQDO\]HG� ZH H[FOXGHG FDOODEOH ERQGV ZKLFK ZHUH DOVR oRZHU

ERQGV�� )LJXUH � SUHVHQWV WKH DYDLODELOLW\ DQG PDWXULWLHV RI FDOODEOH 8�6� 7UHDVXU\ ERQGV

EHIRUH DQG DIWHU DSSO\LQJ WKHVH nOWHUV IRU WKH SHULRG ����^����� ,Q WRWDO WKHUH ZHUH ������

REVHUYDWLRQV RQ �� LVVXHV GXULQJ WKH VDPSOH SHULRG� 7KH nOWHUV UHGXFHG WKH XVDEOH VDPSOH

WR ���� REVHUYDWLRQV RQ �� VHSDUDWH LVVXHV� 7KLV UHSUHVHQWV� E\ IDU� WKH ODUJHVW VDPSOH DQG

ORQJHVW VDPSOH SHULRG RI FDOODEOH ERQGV VWXGLHG WR GDWH�

7KH XVDEOH LVVXHV EUHDN LQWR WKUHH SHULRGV� 3ULRU WR ����� WKHUH ZDV D ODUJH VDPSOH RI

FDOODEOH ERQGV DYDLODEOH IRU DQDO\VLV� KRZHYHU� WKLV LV D SHULRG RI OLWWOH YDULDWLRQ LQ LQWHUHVW

UDWHV� %HWZHHQ ���� DQG ����� WKHUH DUH PDQ\ FDOODEOH ERQGV� EXW IHZ QRQ�FDOODEOH ERQGV�

7KXV� LQ WKLV SHULRG ZH FDQQRW FRQVWUXFW D QRQ�FDOODEOH WHUP VWUXFWXUH� ,Q DGGLWLRQ� PRVW RI

WKH FDOODEOH ERQGV LVVXHG EHWZHHQ ���� DQG ���� ZHUH oRZHU ERQGV� )RUWXQDWHO\� IHZ FDOODEOH

ERQGV ZHUH ZLWKLQ WKHLU FDOO SHULRG GXULQJ WKLV WLPH� VR RXU DQDO\VLV RI WKH 7UHDVXU\
V FDOO

KLVWRU\ LV QRW LPSDFWHG PDWHULDOO\� 7KH SRVW����� SHULRG VDZ WKH UH�LVVXDQFH RI ORQJ PDWXULW\

QRQ�FDOODEOH ERQGV DQG VR WKH SUHYLRXVO\ H[LVWLQJ FDOODEOH ERQGV FRXOG DJDLQ EH DQDO\]HG�

,VVXDQFH RI oRZHU ERQGV FHDVHG LQ �����

�675,36 VWDQGV IRU ?6HSDUDWH 7UDGLQJ RI 5HJLVWHUHG ,QWHUHVW DQG 3ULQFLSDO 6HFXULWLHV�� 6HYHUDO

VWXGLHV KDYH VKRZQ WKDW VWULSSHG SULQFLSDO SD\PHQWV FRQWDLQ OLTXLGLW\ HmHFWV� 6WULSSHG FRXSRQV

DUH IUHH RI WKHVH GLVWRUWLRQV DQG SURYLGH D PRUH FRPSOHWH WHUP VWUXFWXUH�
�)ORZHU ERQGV KDYH DQ HPEHGGHG SXW RSWLRQ ZKLFK SHUPLWV D SHUVRQ
V HVWDWH WR UHGHHP WKH

ERQGV DW IDFH YDOXH LQ SD\PHQW RI HVWDWH WD[HV LI WKH GHFHGHQW KHOG WKH ERQGV DW WLPH RI GHDWK�

RU VL[ PRQWKV EHIRUH� GHSHQGLQJ RQ WKH LVVXH� )ORZHU ERQGV WHQG WR WUDGH DW EHORZ�PDUNHW \LHOGV�

WR�PDWXULW\ DQG DUH SUHVXPDEO\ KHOG E\ SHUVRQV H[SHFWLQJ WR H[HUFLVH WKH SXW RSWLRQ LQ WKH QHDU

IXWXUH�

�



��� 1XPHULFDO ,PSOHPHQWDWLRQ 7HFKQLTXHV

7R HQVXUH WKDW RXU DQDO\VLV LV UREXVW WR PHDVXUHPHQW HUURUV LQ WKH HVWLPDWHG WHUP VWUXFWXUH�

ZH HVWLPDWH WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV XVLQJ WKUHH DOWHUQDWLYH SURFHGXUHV�

�� <LHOGV RQ VWULSSHG 7UHDVXU\ FRXSRQV� &�675,36 GDWD ZHUH DYDLODEOH EHJLQQLQJ LQ

)HEUXDU\ �����

�� ,PSOHPHQWDWLRQ RI WKH )DPD�%OLVV ������ PHWKRG RI H[WUDFWLQJ WKH SXUH GLVFRXQW UDWH

FXUYH IURP D VDPSOH RI QRQ�FDOODEOH ERQGV�� 7KH )DPD�%OLVV WHUP VWUXFWXUHV ZHUH

FRPSXWHG RYHU WKH HQWLUH SRVW����� VDPSOH SHULRG�

�� ,PSOHPHQWDWLRQ RI WKH 1HOVRQ�6LHJHO�%OLVV PHWKRG RI H[WUDFWLQJ WKH SXUH GLVFRXQW UDWH

FXUYH IURP D VDPSOH RI QRQ�FDOODEOH ERQGV� 6HH %OLVV ������ IRU GHWDLOV� 6XpFLHQW

GHQVLW\ RI QRQ�FDOODEOH ERQGV WR HVWLPDWHG 1HOVRQ�6LHJHO�%OLVV WHUP VWUXFWXUHV ZDV

DYDLODEOH EHJLQQLQJ LQ �����

6HH $SSHQGL[ $ IRU D GHVFULSWLRQ RI WKH ODWWHU WZR HVWLPDWLRQ PHWKRGV�

7KLV SURGXFHV WKUHH DOWHUQDWH HVWLPDWHV RI WKH FXUUHQW ULVN�IUHH SUHVHQW YDOXH IXQFWLRQ�

39W IRU � � W � 7 � WKH YDOXH RI 7 ZLOO EH GLFWDWHG E\ WKH PDWXULW\ GDWH RI WKH ORQJHVW�

PDWXULW\ QRQ�FDOODEOH ERQG LQ HDFK PRQWKO\ VDPSOH� *LYHQ WKH WHUP VWUXFWXUH� -DPVKLGLDQ

������ SURYLGHV WKH IRUZDUG�LQGXFWLRQ SURFHGXUHV XVHG IRU HVWLPDWLQJ WKH YHFWRU RI GULIWV x�

LQ DQ HpFLHQW PDQQHU LQ WKH FRQWH[W RI D ELQRPLDO WUHH IRU WKH VKRUW�WHUP UDWH RI LQWHUHVW�

7KH ELQRPLDO WUHH LV EXLOW WKURXJK DSSURSULDWH FDOFXODWLRQ RI WKH FHQWUDOLW\ SDUDPHWHUV

RI WKH WUHH IRU DOO IXWXUH SHULRGV� 7KXV� IRU D SHULRG RI OHQJWK c� FDOFXODWLQJ WKH FHQWUDOLW\

SDUDPHWHU IRU WKH VHFRQG WLPH LQWHUYDO UHTXLUHV VROYLQJ WKH QRQOLQHDU HTXDWLRQ IRU Xc DV JLYHQ

E\
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ZKHUH WKH GLVFUHWL]HG %URZQLDQ PRWLRQ H] KDV ( �H]�  � DQG 9DU�H]�  c�

�7KH &563 )DPD�%OLVV nOHV H[WHQG RQO\ WR D PDWXULW\ RI nYH \HDUV� 7KH VDPH XQGHUO\LQJ

SURFHGXUH ZDV XWLOL]HG WR H[WHQG RXU FDOFXODWLRQV WR WKH PDWXULW\ GDWH RI WKH ORQJHVW QRQ�FDOODEOH

ERQG�

�



$ UHFXUVLYH SURFHGXUH LV WKHQ XVHG WR FRQVWUXFW WKH WUHH IRU VXFFHVVLYH WLPH LQWHUYDOV�

$SSHQGL[ % SURYLGHV D QXPHULFDO H[DPSOH RI WKH LPSOHPHQWDWLRQ RI WKLV SURFHGXUH IRU WKH

ORJQRUPDO LQWHUHVW�UDWH GLVWULEXWLRQ LQ HT� ���� ,Q WKH LPSOHPHQWDWLRQ RI WKH LQWHUHVW�UDWH

WUHH� ZH XWLOL]H D VL[�PRQWK WLPH VWHS IRU c� +RZHYHU� ZH QHHG WR DFFRXQW IRU WKH WLPH

LQWHUYDO IURP WKH TXRWH GDWH WR WKH nUVW FRXSRQ GDWH� ZKLFK ZLOO JHQHUDOO\ EH GLmHUHQW IURP

VL[ PRQWKV� $SSHQGL[ % DOVR GHPRQVWUDWHV WKH QXPHULFDO SURFHGXUH LPSOHPHQWHG WR DFFRXQW

IRU WKH GLVWLQFW OHQJWK RI WKH nUVW WLPH LQWHUYDO IURP VXEVHTXHQW RQHV�

2QFH ZH KDYH FRPSOHWHG WKH FDOFXODWLRQ RI XLc IRU DOO SHULRGV L� IRU D JLYHQ } ZH FDQ

FDOFXODWH WKH YDOXH RI WKH FDOODEOH ERQG WKURXJK EDFNZDUG LQGXFWLRQ� 7KH LPSOLHG YRODWLOLW\

LV FKRVHQ WR HTXDWH WKH PRGHO
V ERQG YDOXH ZLWK WKH PDUNHW SULFH�

��� ,PSOLHG 9RODWLOLW\ 5HVXOWV

7R FKHFN WKH UREXVWQHVV RI WKH HVWLPDWHG LPSOLHG YRODWLOLWLHV WR WKH XQGHUO\LQJ WHUP VWUXFWXUH

XVHG WR EXLOG WKH ELQRPLDO WUHH� WKH VXPPDU\ VWDWLVWLFV IRU WKH VHYHUDO HVWLPDWHV DQG WKHLU

FRUUHODWLRQV DUH SUHVHQWHG LQ 7DEOH �� 7KLV WDEOH FRYHUV RQO\ WKH ODWWHU SHULRG ZKHQ DOO WKUHH

WHUP VWUXFWXUHV ZHUH DYDLODEOH� �'XULQJ WKLV SHULRG WKHUH ZHUH LQVXpFLHQW VKRUW�PDWXULW\

FDOODEOH ERQGV WR FRPSXWH PHDQLQJIXO VXPPDU\ VWDWLVWLFV�� $V GLVFXVVHG EHORZ� LW ZDV QRW

DOZD\V SRVVLEOH WR HVWLPDWH D XVDEOH LPSOLHG YRODWLOLW\� 7DEOH � H[FOXGHV WKRVH FDVHV ZKHUH

WKH RSWLRQ YDOXH ZDV QHJDWLYH RU WKH LPSOLHG YRODWLOLW\ LPSODXVLEO\ KLJK�

7KHUH LV VXEVWDQWLDO DJUHHPHQW DFURVV WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV LQ WKH UHVXOWLQJ

LPSOLHG YRODWLOLWLHV IRU LQWHUPHGLDWH PDWXULWLHV� $W ORQJHU PDWXULWLHV� WKH LPSOLHG YRODWLOLW\

OHYHOV GLmHU VRPHZKDW DFURVV WHUP VWUXFWXUHV EXW DUH VWLOO KLJKO\ FRUUHODWHG� 7KH ORJQRUPDO

LQWHUHVW�UDWH SURFHVV DVVXPHG LQ WKH LQWHUHVW�UDWH PRGHO DQG WKH ELQRPLDO�WUHH LPSOHPHQWD�

WLRQ LV PRUH VHQVLWLYH WR FKDQJHV LQ LQWHUHVW UDWHV DW ORQJHU KRUL]RQV�

�



)LQDOO\� WKH WHUP VWUXFWXUH�LQGHSHQGHQW UHVXOW WKDW ORQJHU�PDWXULW\ ERQGV KDYH KLJKHU

LPSOLHG YRODWLOLWLHV VXJJHVWV WKH H[LVWHQFH RI D WHUP VWUXFWXUH RI YRODWLOLWLHV� 7KLV FRXOG QRW

EH FDSWXUHG E\ WKH PHWKRGRORJ\ HPSOR\HG LQ WKLV VWXG\��

7KH YHJD� RU SDUWLDO GHULYDWLYH RI FDOODEOH ERQG SULFH ZLWK UHVSHFW WR D FKDQJH LQ LPSOLHG

YRODWLOLW\� SURYLGHV D PHDVXUH RI WKH LQIRUPDWLRQ FRQWHQW LQ WKH LPSOLHG YRODWLOLW\� $ VPDOO

PHDVXUHPHQW HUURU LQ D ERQG ZLWK D ORZ YHJD ZLOO UHVXOW LQ D ODUJH FKDQJH LQ WKH PHDVXUHG

LPSOLHG YRODWLOLW\� )RU WKLV UHDVRQ� ZH GLVFDUGHG LVVXHV ZLWK YHJDV RI OHVV WKH ���� DQG WKHQ

ZHLJKWHG WKH UHPDLQLQJ LPSOLHG YRODWLOLHV E\ WKH DVVRFLDWHG YHJDV ZKHQ DYHUDJLQJ WKHP�

0XOWLSOH REVHUYDWLRQV RI UDWLRQDOO\ SULFHG FDOODEOH ERQG SULFHV ZLWK YHJDV H[FHHGLQJ ���

DUH DYDLODEOH RQO\ IRU WKH SHULRG ����^���� DQG ����^����� ,Q WKH SHULRG ����^����� VXFK

XVDEOH GDWD RFFXUUHG RQO\ LQIUHTXHQWO\�

)LJXUH �D SUHVHQWV XVDEOH FDOODEOH ERQGV
 YHJD�ZHLJKWHG LPSOLHG YRODWLOLWLHV IRU WKH SHULRG

����^���� XVLQJ WKH )DPD�%OLVV PHWKRG IRU WKH HVWLPDWLRQ RI WKH WHUP VWUXFWXUHV RI LQWHUHVW

UDWHV� $ F\FOLFDO SDWWHUQ RI YDULDWLRQ LQ WKH LPSOLHG YRODWLOLWLHV LV HYLGHQW WKURXJK ����� DORQJ

ZLWK RFFDVLRQDO PRQWKV ZKHUH WKH ZHLJKWHG LPSOLHG YRODWLOLW\ DSSHDUV WR MXPS WHPSRUDULO\�

%HWZHHQ ���� DQG ����� LPSOLHG YRODWLOLWLHV OLH LQ D UDQJH EHWZHHQ �� DQG ���� )URP ����

WKURXJK ����� LPSOLHG YRODWLOLWLHV ZHUH FRQVLGHUDEO\ KLJKHU� LQ WKH UDQJH IURP ��� WR ����

%HWZHHQ ���� DQG ���� WKH FRQVLVWHQW SDWWHUQ EUHDNV GRZQ DQG WKH LPSOLHG YRODWLOLHV VKRZ

OLWWOH FRQVLVWHQF\ RWKHU WKDQ O\LQJ EHORZ ����

)LJXUH �E SUHVHQWV WKH YHJD�ZHLJKWHG LPSOLHG YRODWLOLWLHV IRU WKH SHULRG ����^���� IRU HDFK

RI WKH WKUHH HVWLPDWHG WHUP VWUXFWXUHV� %HWZHHQ ���� DQG ���� WKHUH LV OLWWOH FRQVLVWHQF\

LQ LPSOLHG YRODWLOLWLHV� HLWKHU DFURVV WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV LQ D JLYHQ PRQWK� RU

DFURVV PRQWKV IRU D JLYHQ WHUP VWUXFWXUH HVWLPDWLRQ PHWKRG� )RUWXQDWHO\� LQ WKLV SHULRG QR

ERQGV ZHUH FXUUHQWO\ FDOODEOH� 3RVW����� WKH SDWWHUQ EHFRPHV PRUH FRQVLVWHQW ZLWK LPSOLHG

�,QWHUHVWLQJO\� LW DOVR VXJJHVWV DQ XSZDUG�VORSLQJ WHUP VWUXFWXUH RI YRODWLOLW\ ZKLFK LV FRQWUDU\

WR UHFHLYHG ZLVGRP DQG WKH nQGLQJ RI RWKHU VWXGLHV� 7ZR H[SODQDWLRQV PD\ REWDLQ� )LUVW� WKH

QRQ�PHDQ UHYHUWLQJ LQWHUHVW�UDWH SURFHVV PD\ OHDG WR QXPHULFDO SUREOHPV DW ORQJ KRUL]RQV� 6HFRQG�

ORQJHU PDWXULW\ ERQGV GLmHU V\VWHPDWLFDOO\ IURP LQWHUPHGLDWH PDWXULW\ �DQG KHQFH ROGHU� LVVXHV LQ

WHUPV RI FRXSRQ UDWH DQG KHQFH PRQH\QHVV� VR WKH WZR VDPSOHV RI LPSOLHG YRODWLOLWLHV PD\ QRW EH

VWULFWO\ FRPSDUDEOH LI D ?VPLOH HmHFW� H[LVWV�

�



YRODWLOLWLHV YDU\LQJ LQ WKH UDQJH RI �� WR ��� DQG VKRZLQJ FRPPRQ WLPH�VHULHV YDULDWLRQ

DFURVV HVWLPDWLRQ PHWKRGV�

� 7KH &DOODEOH 7UHDVXU\ 3DUDGR[

7KH OLWHUDWXUH RQ DSSDUHQW PLVSULFLQJ RI FDOODEOH 8�6� 7UHDVXU\ ERQGV� WKH VR�FDOOHG ?&DOODEOH

7UHDVXU\ 3DUDGR[�� LV H[WHQVLYH� DW OHDVW VL[ DUWLFOHV KDYH EHHQ ZULWWHQ RQ WKH VXEMHFW ZLWK

YDU\LQJ FRQFOXVLRQV� ,Q WKLV VHFWLRQ ZH DQDO\]H WKH LVVXH IRU WZR UHDVRQV� )LUVW� RXU GDWD VHW

DQG PHWKRG RI GHWHUPLQLQJ ZKLFK ERQGV DUH PLVSULFHG DOORZV D PXFK PRUH H[WHQVLYH DQDO\VLV�

LQ WLPH DQG ERQGV FRYHUHG� WKDQ KDV EHHQ SRVVLEOH LQ WKH SDVW� 6HFRQG� RXU VXEVHTXHQW

DQDO\VLV RI LPSOLHG YRODWLOLWLHV QHFHVVDULO\ LJQRUHV PLVSULFHG ERQGV� :H WKHUHIRUH ZLVK WR

HVWDEOLVK WKDW WKH LQIRUPDWLRQ LQ WKHVH H[FOXGHG ERQGV UHJDUGLQJ JHQHUDO OHYHOV RI LPSOLHG

YRODWLOLWLHV LV PLQLPDO�

:H EHJLQ E\ VKRZLQJ WKDW WKH VRPHWLPHV FRQoLFWLQJ UHVXOWV LQ H[LVWLQJ SDSHUV RQ WKH

VXEMHFW PD\ EH UHVROYHG E\ DWWHQWLRQ WR GLmHUHQFHV LQ VDPSOH SHULRGV� ERQGV LQFOXGHG� DQG

PHWKRGV RI PHDVXULQJ WKH IUHTXHQF\ RI YLRODWLRQV� :H WKHQ GHPRQVWUDWH WKDW WKH 7UHDVXU\

3DUDGR[ KDV VXEVWDQWLDO WLPH YDULDWLRQ DQG WKDW WKHUH LV D V\VWHPDWLF SDWWHUQ LQ WKH ERQGV

IRXQG WR EH PLVSULFHG�

��� $UELWUDJH %RXQGV RQ WKH 3ULFLQJ RI &DOODEOH %RQGV

7KHUH DUH WZR ZHOO�NQRZQ DUELWUDJH ERXQGV IRU FDOODEOH ERQGV WKDW VKRXOG EH VDWLVnHG

E\ DQ\ QR�DUELWUDJH YDOXDWLRQ PRGHO� 7KHVH SHUWDLQ WR WKH UHODWLRQVKLS EHWZHHQ WKH PDUNHW

SULFH RI WKH FDOODEOH �DW SDU� ERQG %� RQ WKH RQH KDQG� DQG WKH YDOXHV RI WZR K\SRWKHWLFDO

QRQ�FDOODEOH ERQGV �ZLWK LGHQWLFDO FRXSRQV� PDWXULQJ DW WKH nUVW FDOO GDWH DQG WKH PDWXULW\

GDWH� :H GHQRWH WKH YDOXHV RI WKHVH ERQGV DV 6 DQG /� UHVSHFWLYHO\� ,W FDQ EH VKRZQ WKDW�

LQ WKH DEVHQFH RI DUELWUDJH�

% � PLQ I6� /J � ���

�



,QWXLWLYHO\� LQHTXDOLW\ ��� LV PRWLYDWHG E\ WKH IDFW WKDW WKH RSWLRQ QRW WR SUHFRPPLW RQ

WKH FDOO�QR�FDOO GHFLVLRQ LV YDOXDEOH�� $Q\ YLRODWLRQ RI UHODWLRQ ��� JLYHV ULVH WR DQ DUELWUDJH

RSSRUWXQLW\ DQG KHQFH FDQQRW EH UDWLRQDOO\ H[SODLQHG E\ DQ DUELWUDJH�IUHH YDOXDWLRQ PRGHO�

7KH FDOODEOH ERQG FDQ EH WKRXJKW RI DV D ORQJ ERQG� /� ZLWK D FDOO RSWLRQ� &� ZKRVH YDOXH

LV QRQ�QHJDWLYH� 6LQFH WKH RSWLRQ EHORQJV WR WKH ERQG LVVXHU ZKR LV VKRUW WKH XQGHUO\LQJ ORQJ

ERQG� WKH FDOODEOH ERQG
V YDOXH PXVW EH /b & � /� VLQFH & w �� ,I % ! /� D ORQJ SRVLWLRQ

LQ WKH ORQJ ERQG FRXSOHG ZLWK D VKRUW SRVLWLRQ LQ WKH FDOODEOH ERQG ZLOO HDUQ DUELWUDJH SURnWV

HTXDO DW OHDVW WR %b/� ,I LQWHUHVW UDWHV LQFUHDVH� VR WKDW ERWK ERQGV WUDGH DW D GLVFRXQW� GR

QRWKLQJ� 6LQFH WKHLU FRXSRQ DQG SULQFLSDO DPRXQWV H[DFWO\ RmVHW HDFK RWKHU� QHW IXWXUH FDVK

oRZV DUH ]HUR� +RZHYHU� LI DW DQ\ FDOO GDWH LQWHUHVW UDWHV KDYH GHFOLQHG VXpFLHQWO\ VR WKDW

WKH ORQJ ERQG LV VHOOLQJ DW D SUHPLXP� WKHQ VHOOLQJ WKH ORQJ ERQG DQG FDOOLQJ WKH VKRUWHG

ERQG ZLOO HDUQ DQ DGGLWLRQDO SURnW HTXDO WR WKH SUHPLXP�

7KH FDOODEOH ERQG FDQ DOVR EH WKRXJKW RI DV D VKRUW ERQG� 6� PDWXULQJ RQ WKH QH[W FDOO

GDWH� WRJHWKHU ZLWK D SXW RSWLRQ 3 DOORZLQJ WKH LVVXHU WR SXW WKH ERQG EDFN WR WKH ERQG

KROGHU DW LWV IDFH YDOXH RQ WKH FDOO GDWH� HmHFWLYHO\ H[WHQGLQJ WKH PDWXULW\� 7KH YDOXH RI WKH

HPEHGGHG SXW RSWLRQ LV QRQ�QHJDWLYH� VR WKH FDOODEOH ERQG PXVW DOVR EH YDOXHG DW 6b3 w 6�

7R SURnW IURP D QHJDWLYH LPSOLHG SXW RSWLRQ YDOXH� LI % ! 6� VHOO VKRUW WKH FDOODEOH ERQG

DQG EX\ WKH VKRUW ERQG� SRFNHWLQJ WKH GLmHUHQFH� 2Q WKH nUVW FDOO GDWH� 6 ZLOO SD\ �����

ZKLFK PD\ WKHQ XVHG WR FDOO WKH VKRUWHG ERQG�

��� 3UHYLRXV 6WXGLHV

/RQJVWDm ������ nUVW H[DPLQHG WKH TXHVWLRQ RI DSSDUHQW QHJDWLYH RSWLRQ YDOXHV LQ 8�6�

7UHDVXU\ ERQGV XVLQJ D VXEVHW RI nYH FDOODEOH 8�6� 7UHDVXU\ ERQGV RYHU WKH SHULRG -XQH ����

WKURXJK 6HSWHPEHU ����� /RQJVWDm
V PHWKRG ZDV WR FRQVWUXFW D V\QWKHWLF PDWFKHG�PDWXULW\�

�-RUGDQ� -RUGDQ� DQG -RUJHQVHQ ������ SRLQW RXW WKDW WKLV UHODWLRQ PXVW KROG IRU DOO FDOO GDWHV�

QRW PHUHO\ WKH nUVW RQH� ,Q SUDFWLFH� WKLV LV XQLPSRUWDQW VLQFH WKH SULFHV RI VLPLODU�FRXSRQ UDWH QRQ�

FDOODEOH ERQGV LV DOPRVW DOZD\V PRQRWRQLF LQ PDWXULW\ �LQFUHDVLQJ RU GHFUHDVLQJ GHSHQGLQJ RQ WKH

VKDSH RI WKH WHUP VWUXFWXUH�� ,W LV KLJKO\ XQOLNHO\ WKDW D FDOODEOH ERQG ZLOO VDWLVI\ % � PLQI6� /J

EXW YLRODWH WKH DUELWUDJH FRQGLWLRQ ZLWK UHVSHFW WR DQ LQWHUPHGLDWH FDOO GDWH� 1RQHWKHOHVV� RXU

PHWKRGRORJ\ IRU GHWHFWLQJ PLVSULFLQJ LPSOLFLWO\ DFFRXQWV IRU DOO WKH LQWHUPHGLDWH FDOO GDWHV� QRW

MXVW WKH RQH DW WKH H[WUHPHV�

��



PDWFKHG�FRXSRQ QRQ�FDOODEOH ERQG� / LQ RXU QRWDWLRQ� XVLQJ DQ H[LVWLQJ PDWFKHG�PDWXULW\

QRQ�FDOODEOH ERQG WRJHWKHU ZLWK D VLQJOH FRXSRQ 675,36 PDWXULQJ RQ WKH VDPH GDWH DV WKH

FDOODEOH DQG QRQ�FDOODEOH ERQGV��� %\ FRPELQLQJ WKH QRQ�FDOODEOH FRXSRQ ERQG ZLWK WKH

675,36 FRXSRQ LQ DQ DSSURSULDWH SRUWIROLR� WKH FRXSRQ UDWH� DV ZHOO DV WKH PDWXULW\� RI WKH

FDOODEOH ERQG FDQ EH PDWFKHG� 7KH FDOO RSWLRQ YDOXH LV WKHQ MXVW WKH GLmHUHQFH LQ WKH SULFHV

RI WKH FDOODEOH ERQG DQG WKH V\QWKHWLF ERQG� /RQJVWDm XVHV ELG�DVNHG PLGSRLQW SULFHV LQ KLV

FDOFXODWLRQV� +H nQGV WKDW� RQ DYHUDJH� LQ ����� RI WKH REVHUYDWLRQV WKH LPSOLHG RSWLRQ YDOXH

LV QHJDWLYH� L�H�� % ! /� 3HUFHQWDJHV DFURVV LQGLYLGXDO ERQGV YDULHG IURP ����� WR ������

/RQJVWDm FRQVLGHUV D QXPEHU RI SRVVLEOH H[SODQDWLRQV IRU WKLV VXUSULVLQJ SKHQRPHQRQ� EXW

nQGV QRQH VDWLVIDFWRU\�

(GHOVRQ� )HKU� DQG 0DVRQ ������ H[DPLQH D VXEVHW RI �� FDOODEOH ERQGV �LQFOXGLQJ WKH

nYH LQ /RQJVWDm
V VDPSOH� LQ WKH SHULRG 0DUFK ���� WKURXJK 6HSWHPEHU ����� (GHOVRQ HW

DO� EXLOG V\QWKHWLF ERQGV LQ WKH VDPH PDQQHU DV /RQJVWDm� EXW XVH ELG SULFHV IRU WKH FDOODEOH

ERQG DQG DVNHG SULFHV IRU WKH ERQGV LQ WKH V\QWKHWLF SRUWIROLR� ,Q DGGLWLRQ WR ORRNLQJ DW WKH

FDOO SULFHV LPSOLFLW LQ WKH PDWXULW\�PDWFKHG V\QWKHWLF ERQG� (GHOVRQ HW DO� H[DPLQH WKH SXW

RSWLRQV LPSOLFLW LQ SULFHV RI V\QWKHWLF ERQGV PDWXULQJ RQ WKH nUVW FDOO GDWH� 7KLV SHUPLWV

H[DPLQLQJ RSWLRQV HPEHGGHG LQ DQ DGGLWLRQDO �� ERQGV�

(GHOVRQ HW DO� nQG QHJDWLYH FDOO RSWLRQ YDOXHV LQ ����� RI WKHLU REVHUYDWLRQV� ZLWK ERQG�

VSHFLnF IUHTXHQFLHV YDU\LQJ IURP ���� WR ������ 7DNLQJ DFFRXQW RI WKH XVH RI VSUHDGV� ZKLFK

ZLOO WHQG WR SULFH WKH V\QWKHWLF KLJKHU DQG FDOODEOH ORZHU WKDQ XVLQJ PLG�SULFHV� WKHVH UHVXOWV

DUH FRPSDUDEOH WR /RQJVWDm
V� 3XW RSWLRQ YLRODWLRQV� % ! 6� RFFXUUHG LQ ����� RI FDVHV DQG

YDULHG IURP ����� WR ����� DFURVV ERQGV� (GHOVRQ HW DO� GR QRW UHSRUW� DQG LW LV LPSRVVLEOH

WR LQIHU� YLRODWLRQV RI % � PLQI6� /J LQ WKH WKUHH FDVHV ZKHUH LW ZDV SRVVLEOH WR FUHDWH

V\QWKHWLF 6 DQG / IRU WKH VDPH FDOODEOH ERQG�

��6XpFLHQW QRQ�FDOODEOH ERQGV DUH SXUFKDVHG WR PDWFK WKH FRXSRQ SD\PHQW DPRXQWV RI WKH

FDOODEOH ERQG� DQG WKHQ WKH 675,36 DUH XVHG WR DGMXVW WKH SULQFLSDO� 7KH WHFKQLTXH RI EXLOG�

LQJ V\QWKHWLF ERQGV XVLQJ H[LVWLQJ PDWFKHG�PDWXULW\ LQVWUXPHQWV OLPLWV WKH FDOODEOH ERQGV WKDW

PD\ EH VWXGLHG WR D VPDOO IUDFWLRQ RI WKRVH RXWVWDQGLQJ� 0RVW VWXGLHV RI WKH 7UHDVXU\ SDUDGR[�

&DUD\DQQRSRXORV ������� -RUGDQ� -RUGDQ� DQG .XLSHUV ������ DQG WKLV VWXG\ H[FHSWHG� KDYH XVHG

D YDULDQW RI WKLV WHFKQLTXH�

��



%RWK /RQJVWDm DQG (GHOVRQ HW DO� UHSRUW SHUVLVWHQFH LQ WKH RFFXUUHQFHV RI QHJDWLYH RSWLRQ

YDOXH ERQGV� 7KHLU UHVXOWV VXJJHVW WKDW UDQGRP PHDVXUHPHQW HUURUV DORQH DUH QRW VXpFLHQW

WR DFFRXQW IRU WKH H[LVWHQFH RI QHJDWLYH RSWLRQ YDOXHV�

-RUGDQ� -RUGDQ� DQG -RUJHQVHQ �---� ������ H[DPLQH VHYHQ FDOODEOH ERQGV RYHU YDULRXV

SHULRGV� GHSHQGLQJ RQ WKH PHWKRG RI FRQVWUXFWLQJ V\QWKHWLF ERQGV� HQGLQJ LQ $SULO �����

7KH\ XVH PRQWKO\ GDWD DQG ELG�DVNHG SULFHV WR DFFRXQW IRU WKH VSUHDG� 7KH ORQJHVW VDPSOH

EHJLQV 1RYHPEHU ����� WKRXJK PRVW REVHUYDWLRQV DUH SRVW������ --- XVH D YDULHW\ RI PHWKRGV

WR FRQVWUXFW WKH V\QWKHWLF ERQGV� ��� D PDWFKHG�FRXSRQ QRQ�FDOODEOH ERQG PDWXULQJ RQ D FDOO

GDWH� ��� D FRPELQDWLRQ RI D QRQ�FDOODEOH FRXSRQ ERQG DQG D FRXSRQ 675,36 �?VWULSOHWV���

DQG ��� WZR PDWFKHG�PDWXULW\ QRQ�FDOODEOH FRXSRQ ERQGV �?WULSOHWV���

--- WUHDW HDFK HPEHGGHG RSWLRQ DV D VHSDUDWH REVHUYDWLRQ� 7KXV� D QRW�FXUUHQWO\�FDOODEOH

FDOODEOH ERQG ZLWK D ��\HDU FDOO SHULRG LV FRQVLGHUHG WR SURYLGH �� LQGHSHQGHQW SXW YDOXH

RSWLRQ REVHUYDWLRQV� ZLWK DVVRFLDWHG QRQ�FDOODEOH V\QWKHWLF ERQGV PDWXULQJ RQ HDFK RI WKH

IHDVLEOH FDOO GDWHV� DQG RQH FDOO RSWLRQ YDOXH REVHUYDWLRQ ZLWK WKH DVVRFLDWHG QRQ�FDOODEOH

V\QWKHWLF ERQG KDYLQJ WKH VDPH PDWXULW\ DV WKH FDOODEOH ERQG��� %HFDXVH --- XVXDOO\ UHSRUW

RQO\ WKH IUDFWLRQ RI ?RSWLRQV� PLVSULFHG� LW LV LPSRVVLEOH WR GHWHUPLQH WKH IUDFWLRQ RI ERQGV

ZKLFK DUH PLVSULFHG� 7KHUHIRUH� WKHLU UHVXOWV DUH GLpFXOW FRPSDUHG WR /RQJVWDm RU (GHOVRQ

HW DO�

--- nQG WKDW RQO\ D VPDOO IUDFWLRQ RI HPEHGGHG RSWLRQV DUH PLVSULFHG� ����� ZLWK WKH

PDWFKHG�FRXSRQ PHWKRG� ����� ZLWK WKH WULSOHWV PHWKRG DQG ?QHDU PDWXULW\� PHWKRGV�

+RZHYHU� ZKHQ ORRNLQJ RQO\ DW HPEHGGHG FDOO RSWLRQV XVLQJ WKH WULSOHWV PHWKRG� WKH SHU�

FHQWDJH QHJDWLYH LQFUHDVHV WR ����� IRU PLG�PDUNHW SULFHV DQG ����� ZKHQ WKH VSUHDG LV

DFFRXQWHG IRU� 7KLV DQDO\VLV� KRZHYHU� RQO\ FRYHUV WZR FDOODEOH ERQGV�

--- FRQFOXGH WKDW SUHYLRXV nQGLQJ RI VLJQLnFDQW LQFLGHQFH RI QHJDWLYH RSWLRQ YDOXHV LV

GXH� LQ SDUW� WR WD[ HmHFWV LQ WKH SULFLQJ RI 675,36 DQG WKDW DFWXDO QHJDWLYH RSWLRQ YDOXHV�

��7KLV FUHDWHV D GLVWRUWLRQ LQ WKH QXPEHU RI ?PLVSULFLQJV� UHSRUWHG E\ SHUPLWWLQJ D VLQJOH FDOODEOH

ERQG WR FRQWDLQ ERWK IDLUO\ DQG LUUDWLRQDOO\ SULFHG RSWLRQV� 6LQFH WKHVH RSWLRQV DUH QRW LQGHSHQGHQW�

H[HUFLVLQJ D FDOO RSWLRQ HDUO\ H[WLQJXLVKHV WKH ?UHPDLQLQJ� SXW DQG FDOO RSWLRQV� :H SUHIHU WR GHnQH

PLVSULFLQJ LQ WHUPV RI ERQGV� LI DQ\ RI WKH HPEHGGHG RSWLRQV KDV D QHJDWLYH YDOXH� WKH ERQG LV

PLVSULFHG�

��



ZKHQ WKH\ RFFXU� DUH WRR VPDOO WR JLYH ULVH WR WUDGLQJ RSSRUWXQLWLHV� WKDW LV WKH\ nQG QR

DQRPDO\� +RZHYHU� WKH WD[ DUJXPHQW UHOLHV LPSOLFLWO\ RQ WKH XQOLNHO\ DEVHQFH RI D WD[�H[HPSW

HQWLW\ ZKLFK FDQ LJQRUH WKH WD[ HmHFWV DQG DUELWUDJH WKH SULFLQJ HUURUV�

&DUD\DQQRSRXORV ������ H[DPLQHV DOO �� FDOODEOH ERQGV RXWVWDQGLQJ RYHU WKH SHULRG -XO\

���� WKURXJK -XQH ����� 6\QWKHWLF ERQGV DUH FRQVWUXFWHG HQWLUHO\ IURP FRXSRQ 675,36�

&DUD\DQQRSRXORV FRQVWUXFWV ERWK VKRUW DQG ORQJ V\QWKHWLF ERQGV� WHVWV IRU YLRODWLRQV RI WKH

FRQGLWLRQ % � PLQI6� /J� DQG nQGV YLRODWLRQV LQ ����� RI FDVHV ZKHQ PLG�PDUNHW SULFHV DUH

XVHG DQG ����� ZKHQ VSUHDGV DUH DFFRXQWHG IRU�

-RUGDQ� -RUGDQ� DQG .XLSHUV �--.� ������ UH�H[DPLQH &DUD\DQQRSRXORV
 UHVXOWV XVLQJ WKH

VDPH PHWKRG� �� FDOODEOH ERQGV� DQG GDWD IRU WKH SHULRG -DQXDU\ ���� WKURXJK 'HFHPEHU

����� --. nQG ����� YLRODWLRQV RI % � / �QHJDWLYH FDOO RSWLRQV� ZKHQ XVLQJ VSUHDG DGMXVWHG

FRPSDULVRQV ������ XVLQJ ELG SULFHV RQO\�� DQG ���� ������ YLRODWLRQV RI % � 6 �QHJDWLYH

SXW RSWLRQV�� 'HSHQGLQJ RQ WKH RYHUODS RI ERQGV YLRODWLQJ % � / DQG % � 6� WKH LQFLGHQFH

RI YLRODWLRQV RI % � PLQI6�/J FRXOG EH DQ\ZKHUH IURP ����� WR ������ DFWXDOO\ KLJKHU WKDQ

&DUD\DQQRSRXORV
 ������ +RZHYHU� E\ FRXQWLQJ WKH YLRODWLRQV DV LQGHSHQGHQW RXWFRPHV DQG

DYHUDJLQJ WKHP� --. UHSRUW D YLRODWLRQ UDWH RI ���� DQG WKHUHE\ DVVHUW WKDW YLRODWLRQV DUH

OHVV IUHTXHQW WKDQ UHSRUWHG E\ &DUD\DQQRSRXORV� %RWK &DUD\DQQRSRXORV DQG --. nQG WKDW

WKH LQFLGHQFH RI YLRODWLRQV DUH UHODWHG WR WKH SUHPLXP�GLVFRXQW VWDWXV RI WKH FDOODEOH ERQG�

7R VXPPDUL]H� SDVW VWXGLHV KDYH IRXQG YDU\LQJ IUHTXHQFLHV RI PLVSULFHG FDOODEOH ERQGV�

2QO\ -RUGDQ� -RUGDQ DQG -RUJHQVHQ KDYH GLVPLVVHG WKH SKHQRPHQRQ� EXW WKHLU PHWKRG RI

FRXQWLQJ YLRODWLRQV OHDYHV WKHLU FRQFOXVLRQ LQ GRXEW� %HFDXVH� LQ SDUW� RI WKHLU UHOLDQFH RQ

675,36 WR FRQVWUXFW V\QWKHWLF ERQGV� QRQH RI WKHVH VWXGLHV KDV FRYHUHG D YHU\ ORQJ WLPH

SHULRG�

��� /RQJ�7HUP +LVWRU\ RI WKH 7UHDVXU\ 3DUDGR[

,Q FRQWUDVW WR WKHVH VWXGLHV� RXU VDPSOH FRYHUV WKH SHULRG ���� WKURXJK ����� 8QOLNH

/RQJVWDm� (GHOVRQ HW DO�� DQG -RUGDQ� -RUGDQ DQG -RUJHQVHQ� RXU PHWKRGRORJ\ GRHV QRW

GHSHQG RQ nQGLQJ OLNH�PDWXULW\ QRQ�FDOODEOH ERQGV IURP ZKLFK WR FRQVWUXFW V\QWKHWLF QRQ�

FDOODEOHV� 8QOLNH &DUD\DQQRSRXORV DQG -RUGDQ� -RUGDQ� DQG .XLSHUV� ZH GR QRW UHO\

��



H[FOXVLYHO\ RQ WKH H[LVWHQFH RI 675,36 SULFHV HLWKHU� :H FRQVWUXFW V\QWKHWLF QRQ�FDOODEOH

ERQGV XVLQJ WZR GLmHUHQW HVWLPDWHV RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV HVWLPDWHG IURP

WKH IXOO UDQJH RI QRQ�FDOODEOH ELOOV� QRWHV DQG ERQGV DYDLODEOH RQ HDFK REVHUYDWLRQ GDWH� )RU

WKH SRVW����� SHULRG� ZH XVH 675,36 SULFHV DV ZHOO� )RU WKH SRVW����� SHULRG WKH UHVXOWV RI

RXU DQDO\VLV DUH EURDGO\ LQ DJUHHPHQW UHJDUGOHVV RI ZKDW WHUP VWUXFWXUH LV XVHG_GLmHUHQFHV

LQ WKH LQFLGHQFH RI YLRODWLRQV DUH VPDOO� %HFDXVH WKH )DPD�%OLVV WHUP VWUXFWXUHV FRYHU WKH

ORQJHVW VDPSOH SHULRG� WKRVH UHVXOWV DUH UHSRUWHG KHUH�

5DWKHU WKDQ FRQVWUXFWLQJ WKH QRQ�FDOODEOH HTXLYDOHQW DQG FRPSDULQJ LWV SULFH WR WKDW

RI WKH FDOODEOH ERQG� ZH XVH WKH WHUP VWUXFWXUHV DQG RXU LQWHUHVW�UDWH PRGHO WR HVWLPDWH

LPSOLHG YRODWLOLWLHV� $ nQGLQJ RI D QHJDWLYH RSWLRQ YDOXH LV QRW LQWHUHVW�UDWH PRGHO�VSHFLnF

EHFDXVH D YLRODWLRQ RI LQHTXDOLW\ ��� GHSHQGV RQO\ RQ YDOXHV RI 6 DQG /� ZKLFK FRPH IURP

WKH WHUP VWUXFWXUH UDWKHU WKDQ D G\QDPLF LQWHUHVW�UDWH PRGHO� 7KHUHIRUH� ZKHQ DQ LPSOLHG

YRODWLOLW\ RI ]HUR UHVXOWV LQ WKH ERQG EHLQJ RYHU�SULFHG UHODWLYH WR WKH REVHUYHG PDUNHW SULFH�

LW LV HTXLYDOHQW WR WKH RSWLRQ YDOXH EHLQJ QHJDWLYH� ,Q DGGLWLRQ� ZKHQ DQ LPSODXVLEO\ KLJK

LPSOLHG YRODWLOLW\ LV LQVXpFLHQW WR ORZHU WKH nWWHG SULFH WR WKH REVHUYHG YDOXH� ZH FRQFOXGH

WKDW WKH FDOODEOH ERQG LV LUUDWLRQDOO\ XQGHUSULFHG� 7KXV� XQOLNH SUHYLRXV VWXGLHV� ZH DUH DEOH

WR LGHQWLI\ ERWK RYHU� DQG XQGHU�SULFHG FDOODEOH ERQGV� :KHQ FKHFNLQJ IRU QHJDWLYH RSWLRQ

YDOXHV� WKH ELG SULFH ZDV XVHG WR FRPSXWH WKH LPSOLHG YRODWLOLW\� WKXV ELDVLQJ DJDLQVW nQGLQJ

D YLRODWLRQ� :KHQ ORRNLQJ IRU ?KXJH� YLRODWLRQV� WKH DVNHG SULFH ZDV XVHG� 7KH )DPD�%OLVV

WHUP VWUXFWXUH HVWLPDWLRQ XVHG PLG�PDUNHW SULFHV� WKH 1HOVRQ�6LHJHO�%OLVV HVWLPDWLRQ PHWKRG

LQFRUSRUDWHG WKH VSUHDG� DQG IRU 675,36 WKH PLG�PDUNHW SULFHV ZHUH XVHG�

8VLQJ WHUP VWUXFWXUHV RI LQWHUHVW UDWHV HVWLPDWHG YLD WKH )DPD�%OLVV PHWKRG� ZH GH�

WHUPLQH ZKLFK FDOODEOH ERQGV DUH RYHUSULFHG �?QHJDWLYH� RSWLRQ YDOXHV�� UDWLRQDOO\ SULFHG

�?JRRG� LPSOLHG YRODWLOLWLHV�� DQG LUUDWLRQDOO\ XQGHUSULFHG �?KXJH� LPSOLHG YRODWLOLWLHV�� )LJ�

XUH � SORWV WKH DQQXDO IUHTXHQF\ RI WKHVH RXWFRPHV� ,W LV DSSDUHQW WKDW PLVSULFLQJ RI FDOODEOH

ERQGV ZDV SUHYDOHQW LQ RQH IRUP RU DQRWKHU SULRU WR ����� 7KH LUUDWLRQDOO\ XQGHUSULFHG ERQGV

RFFXUUHG PDLQO\ EHWZHHQ ���� DQG ����� SHULRGV GXULQJ ZKLFK LQWHUHVW UDWHV ZHUH ORZ DQG

VKRZHG OLWWOH YDULDELOLW\� 7KH GHJUHH RI DFWXDO PLVSULFLQJ LV QRW XVXDOO\ ODUJH� ,Q IDFW� YHU\

VPDOO SULFH FKDQJHV� RQ WKH RUGHU RI WKH nWWHG SULFH HUURUV IRU RXW�RI�VDPSOH QRQ�FDOODEOH

��



ERQGV REVHUYHG LQ %OLVV ������� ZRXOG KDYH EHHQ VXpFLHQW WR REWDLQ UHDVRQDEOH LPSOLHG

YRODWLOLWLHV�

2XU UHVXOWV LQGLFDWH WKDW WKHUH LV FRQVLGHUDEOH WLPH YDULDWLRQ LQ WKH IUHTXHQF\ RI FDOODEOH

ERQGV ZLWK QHJDWLYH RSWLRQ�YDOXHV� D SRLQW QRW SUHYLRXVO\ QRWHG� 7KH IUHTXHQF\ RI QHJDWLYH

RSWLRQ YDOXH FDOODEOH ERQGV KDV GHFOLQHG LQ UHFHQW \HDUV� 7KLV SURYLGHV DQ H[SODQDWLRQ IRU

WKH GLmHUHQWLDO UHVXOWV UHSRUWHG LQ SUHYLRXV VWXGLHV� /HDYLQJ DVLGH WKH PHWKRG RI FRXQWLQJ

YLRODWLRQV� WKH GLmHUHQFHV EHWZHHQ UHVXOWV UHSRUWHG E\ GLmHUHQW DXWKRUV LV HYLGHQWO\ UHODWHG

WR WKH VDPSOH SHULRGV XVHG� /DWHU VWXGLHV LQFOXGHG PRUH UHFHQW GDWD ZKHQ YLRODWLRQV ZHUH

UDUH� /RRNLQJ DW VXE�SHULRGV XVHG LQ SUHYLRXV VWXGLHV� ZH nQG�

3UHYLRXV 3HULRG 3HUFHQWDJH RI 2XU )LQGLQJV
6WXG\ &RYHUHG 9LRODWLRQV IRU 6DPH 3HULRG
(GHOVRQ� )HKU� DQG 0DVRQ 0DU
��^6HS
�� ���� ����
/RQJVWDm -XQ
��^6HS
�� ���� ����
&DUD\DQQRSRXORV -XO
��^-XQ
�� ���� ����
-RUGDQ� -RUGDQ� DQG .XLSHUV -DQ
��^'HF
�� ���� ����

2XU VDPSOH RI ERQGV LQ HDFK SHULRG LV QRW DOZD\V LGHQWLFDO� ZKLFK DFFRXQWV LQ SDUW IRU

GLmHUHQFHV� )RU LQVWDQFH� IRU WKH nYH ERQGV XVHG E\ /RQJVWDm� ZH nQG ��� YLRODWLRQV LQ WKH

SHULRG RI KLV VWXG\� VXJJHVWLQJ WKDW KLV UHVXOWV DUH GXH LQ SDUW WR VDPSOH VHOHFWLRQ� +RZHYHU�

RYHUDOO RXU UHVXOWV FRQnUP WKH WLPH GHSHQGHQFH RI WKH GLmHUHQFHV IRXQG LQ RWKHU VWXGLHV�

8VLQJ WHUP VWUXFWXUHV RI LQWHUHVW UDWHV HVWLPDWHG YLD WKH )DPD�%OLVV PHWKRG� ZH QH[W

H[DPLQH WKH FODVVLnFDWLRQ RI FDOODEOH ERQGV
 LPSOLHG YRODWLOLWLHV LQWR ?QHJDWLYH�� ?JRRG�� DQG

?KXJH� LQ WKH ���� WKURXJK ���� SHULRG LQ 7DEOH �� 7KH UHVXOWV DUH EURNHQ GRZQ E\ PDWXULW\�

WKH PRQH\QHVV RI WKH FDOODEOH ERQG
V IRUZDUG SULFH� DQG E\ VHQVLWLYLW\ RI WKH RSWLRQ YDOXH �DQG

KHQFH FDOODEOH ERQG YDOXH� 9 � WR YRODWLOLW\� RU YHJD s #9 #}� 7KH UDWLRQDOH IRU H[DPLQLQJ DQ

RSWLRQ
V YHJD OLHV LQ YHJD
V UHODWLRQ WR WKH LQIRUPDWLYHQHVV RI WKH HVWLPDWHG LPSOLHG YRODWLOLW\�

$ ORZ�YHJD RSWLRQ ZLOO UHTXLUH ODUJH FKDQJHV LQ LPSOLHG YRODWLOLW\ WR DFFRPPRGDWH VPDOO

FKDQJHV LQ RSWLRQ YDOXH� DQG WKXV ZLOO EH SDUWLFXODUO\ VHQVLWLYH WR PHDVXUHPHQW HUURUV LQ

PDUNHW SULFHV� $ KLJK�YHJD RSWLRQ� RQ WKH RWKHU KDQG� ZLOO EH PRUH UREXVW WR PHDVXUHPHQW

HUURUV� 0RUH UHOLDQFH PD\� WKHUHIRUH� EH SODFHG RQ LPSOLHG YRODWLOLWLHV ZLWK KLJKHU DVVRFLDWHG

YHJDV�

��



$Q RSWLRQ
V YHJD GHSHQGV RQ LWV PRQH\QHVV DQG WLPH�WR�H[SLUDWLRQ 7 DQG LV QRQ�PRQRWRQLF

LQ ERWK��� 7KXV� LQ FRQVLGHULQJ WKH FODVVLnFDWLRQ RI FDOODEOH ERQGV
 LPSOLHG YRODWLOLWLHV LQWR

?QHJDWLYH�� ?JRRG�� DQG ?KXJH�� ZH ORRN ERWK DW WKH LQWHUHVW�UDWH PRGHO�VSHFLnF YHJDV DQG

WKH LQWHUHVW�UDWH PRGHO�LQGHSHQGHQW FKDUDFWHULVWLFV RI PRQH\QHVV DQG WLPH�WR�PDWXULW\�

7DEOH � GHPRQVWUDWHV WKDW WKH ?JRRG� YRODWLOLWLHV DUH RYHUZKHOPLQJO\ PHGLXP� DQG KLJK�

YDOXHG YHJDV� DQG KHQFH LQIRUPDWLYH� ,Q FRQWUDVW� WKH ?QHJDWLYH� DQG ?KXJH� LPSOLHG YRODWLO�

LWLHV RFFXU SUHGRPLQDQWO\ LQ ORZ�YHJD ERQGV� ZKHUH WKH YRODWLOLW\ HVWLPDWHV� LI WKH\ ZHUH

SRVVLEOH� FRXOG QRW FRQWULEXWH PHDQLQJIXOO\ WR RXU ODWHU DQDO\VLV� )XUWKHU� WKH ?KXJH� LP�

SOLHG YRODWLOLWLHV DUH RYHUZKHOPLQJO\ ORQJ�GDWHG LQ�WKH�PRQH\�IRUZDUG ERQGV� 7KHVH UHVXOWV

DUH DOVR QRW WHUP VWUXFWXUH HVWLPDWLRQ PHWKRG�VSHFLnF�

7KHVH SULFLQJ HUURUV PD\ ZHOO EH D FRQVHTXHQFH RI ERQGV ZLWK ORZ YHJDV DQG ORZ RSWLRQ

WLPH�YDOXHV EHLQJ PRUH VHQVLWLYH WR PDUNHW LPSHUIHFWLRQV VXFK DV WD[�FOLHQWHOH RU WD[�WLPLQJ

RSWLRQ HmHFWV� :LWK ORZ YHJD DQG ORZ RSWLRQ WLPH�YDOXH� VPDOO SULFLQJ HUURUV ZLOO FDXVH

WKH ERQG WR H[KLELW ?QHJDWLYH� RU ?KXJH� LPSOLHG YRODWLOLWLHV� 5HFDOOLQJ WKDW WKH SULFHV RI

QRQ�FDOODEOH 8� 6� 7UHDVXU\ ERQGV DOVR FRQWDLQ SULFLQJ ?HUURUV� �LQ WKDW WKH\ FDQQRW DOO EH

nWWHG E\ D XQLTXH WHUP VWUXFWXUH RI LQWHUHVW UDWHV�� WKH SUHYDOHQFH RI ORZ�YHJD ERQGV LQ

WKH ?QHJDWLYH� DQG ?KXJH� FODVVLnFDWLRQV LV FRQVLVWHQW ZLWK FDOODEOH ERQGV
 SULFLQJ HUURUV

GLVSOD\LQJ EHKDYLRU VLPLODU WR WKDW RI WKHLU QRQ�FDOODEOH FRXQWHUSDUWV���

2XU DQDO\VLV RI WKH GDWD XQGHUO\LQJ )LJXUH � DQG 7DEOH � LQGLFDWHV WKDW WKH ?KXJH�

YRODWLOLWLHV PD\ DULVH IURP �DW OHDVW� WKUHH SRVVLEOH VRXUFHV� )LUVW� VKRUW PDWXULW\ ERQGV

FRPELQHG ZLWK D n[HG�LQWHUYDO �VL[ PRQWKV� ELQRPLDO ODWWLFH SURGXFH DQ LQVXpFLHQWO\ GHQVH

GLVWULEXWLRQ RI IXWXUH ERQG SULFHV� 6HFRQG� ORQJ�GDWHG FDOODEOHV DUH SULFHG XQGHU DQ LQWHUHVW�

UDWH GLVWULEXWLRQ WKDW KDV VSDUVH GHQVLW\ DW UHDVRQDEOH LQWHUHVW UDWHV� WKH UHPDLQLQJ IHZ

��7R VHH WKLV� FRQVLGHU WKH ZHOO�NQRZQ FDVH RI D FDOO RSWLRQ RQ VWRFN� )RU VXFK VHFXULWLHV� YHJD

SHDNV DW�WKH�PRQH\�IRUZDUG� SHU &R[�5XELQVWHLQ ������ S� ����� DQG GHFOLQHV DV WKH SULFH RI WKH

XQGHUO\LQJ DVVHW PRYHV DZD\ IURP WKH VWULNH SULFH� $V D IXQFWLRQ RI WLPH�WR�PDWXULW\ 7� YHJD VWDUWV

DW ]HUR IRU 7  �� ZKHQ D VWRFN RSWLRQ
V YDOXH LV PD[I6 b .� �J DQG WKXV QRW GHSHQGHQW RQ }�

ULVHV WR D PD[LPXP� DQG WKHQ IDOOV WR ]HUR DV 7 � �� ZKHQ WKH RSWLRQ
V YDOXH UHGXFHV WR WKH

}�LQVHQVLWLYH 6�
��%OLVV ������ KDV VKRZQ WKDW WKH nWWHG SULFH HUURUV RI RXW�RI�VDPSOH QRQ�FDOODEOH ERQGV LQFUHDVH

ZLWK PDWXULW\�

��



QRGHV DW WKH FHQWHU RI WKH WUHH KDYH LQVXpFLHQW GHQVLW\ WR SURGXFH PHDQLQJIXO FKDQJHV LQ WKH

ERQGV
 SUHVHQW YDOXHV DV } FKDQJHV� 7KH FRQVHTXHQFH RI ERWK WKHVH SKHQRPHQD LV WR SURGXFH

H[WUHPHO\ ORZ YHJDV� ZLWK ERQG YDOXHV WKDW DUH LQVHQVLWLYH WR FKDQJHV LQ YRODWLOLW\� )LQDOO\�

ZH REVHUYH D QXPEHU RI LQWHUPHGLDWH�PDWXULW\� ORZ�FRXSRQ ERQGV� SULPDULO\ LQ WKH ����V�

ZKRVH SULFHV DSSHDU XQUHDVRQDEO\ ORZ DQG FDQQRW EH DWWULEXWHG WR QXPHULFDO SUREOHPV�

7KHLU �UHDVRQDEOH� YHJDV LQGLFDWH D SULFH VHQVLWLYLW\ WR YRODWLOLW\ FKDQJHV� EXW HYHQ ?ODUJH�

YRODWLOLWLHV DUH XQDEOH WR H[SODLQ WKH ODUJH RSWLRQ YDOXH�

)RU WKH SXUSRVH RI WKLV VWXG\� WKHVH UHVXOWV DUH IRUWXLWRXV� :H DUH QRW LQWHUHVWHG LQ HVWL�

PDWLQJ LPSOLHG YRODWLOLWLHV IRU RSWLRQV IDU DZD\�IURP�WKH�PRQH\� ,QGHHG� LW LV PRVW GLpFXOW

WR GR VR� WKH RSWLRQ
V YHJD �GHnQHG DV #9 #}� DW WKH } ZKHUH PRGHO YDOXH HTXDOV PDUNHW

SULFH� ZLOO EH H[WUHPHO\ ORZ� UHQGHULQJ WKH LPSOLHG YRODWLOLW\ HVWLPDWH XQUHOLDEOH� 7KXV�

ZH ZLOO QRW EH FRQFHUQHG ZLWK KDYLQJ WR GLVFDUG WKRVH REVHUYDWLRQV IRU ZKLFK WKH LPSOLHG

YRODWLOLW\ FRXOG QRW LQ DQ\ FDVH KDYH EHHQ UHOLDEO\ HVWLPDWHG�

� 7KH 2SWLPDOLW\ RI WKH 7UHDVXU\
V &DOO 3ROLF\

:H EHJLQ E\ UHYLHZLQJ WKH SDVW OLWHUDWXUH RQ ZKHQ D FDOODEOH ERQG VKRXOG EH FDOOHG DQG

SRLQW RXW WKH IDOODFLHV RI WKHVH UHFRPPHQGHG UXOHV� 1H[W ZH GHYHORS WKH RSWLPDO FDOO UXOH

EDVHG RQ RSWLRQ WKHRU\ DQG WKH LQVWLWXWLRQDO IUDPHZRUN LQ ZKLFK FDOOV WDNH SODFH� /DVWO\� ZH

DQDO\]H WKH RSWLPDOLW\ RI WKH 7UHDVXU\
V SDVW FDOO SROLF\ E\ H[DPLQLQJ WKH GHFLVLRQV PDGH DW

HYHU\ HYHQW GDWH ZKHQ WKH 7UHDVXU\ FRXOG KDYH FDOOHG D ERQG LQ WKH SDVW���

7KH SHUWLQHQW LQVWLWXWLRQDO GHWDLOV DUH WKDW WKH LQGHQWXUH SURYLVLRQV IRU �PRVW� FDOODEOH

8�6� 7UHDVXU\ VHFXULWLHV FDOO IRU D ����GD\ QRWLnFDWLRQ SHULRG SULRU WR D FDOO� 0RVW FDOODEOH

7UHDVXU\ ERQGV DUH FDOO SURWHFWHG XQWLO nYH \HDUV SULRU WR PDWXULW\� DIWHU ZKLFK WKH DFWXDO

FDOO FDQ WDNH SODFH RQO\ RQ D FRXSRQ SD\PHQW GDWH� L�H�� WZLFH SHU DQQXP���

��%�XKOHU DQG 6FKXOW]H ������ LQYHVWLJDWHG WKH *HUPDQ JRYHUQPHQW
V FDOO SROLF\ DQG FRQFOXGHG

WKDW UDWLRQDO FDOO RSSRUWXQLWLHV ZHUH IUHTXHQWO\ PLVVHG� 1RW VXUSULVLQJO\� WKH\ DOVR GRFXPHQW WKH

SUHVHQFH RI LPSOLHG QHJDWLYH RSWLRQ YDOXHV LQ WKH *HUPDQ ERQG PDUNHW�
��%OLVV DQG 5RQQ ������ QRWH H[FHSWLRQV WR WKHVH QRUPV� PRVWO\ LQ WKH nUVW KDOI RI WKLV FHQWXU\�

7KH\ DOVR GLVFXVV LQ LQWXLWLYH WHUPV WKH UXOHV GHYHORSHG ULJRURXVO\ EHORZ�

��



��� 3UHYLRXVO\ 5HFRPPHQGHG &DOO 5XOHV

9X ������� VWXG\LQJ FDOODEOH FRUSRUDWH ERQGV� DUJXHG WKDW FDOODEOH ERQGV VKRXOG EH FDOOHG

ZKHQ WKHLU PDUNHW SULFH nUVW H[FHHGV WKH FDOO SULFH� :H ZLOO UHIHU WR WKLV DV WKH ?QDLYH UXOH�

IRU UHDVRQV ZKLFK ZLOO EH PDGH FOHDU VKRUWO\� 9X DVVHUWV WKDW WKLV ZLOO PLQLPL]H WKH YDOXH

RI WKH HPEHGGHG QRQ�FDOODEOH ERQG DQG WKXV PD[LPL]H WKH YDOXH RI HTXLW\� /RQJVWDm ������

DGRSWV WKLV UXOH WR WKH 7UHDVXU\ FRQWH[W DQG DVVHUWV WKDW FDOODEOH 8�6� 7UHDVXU\ ERQGV VKRXOG

EH FDOOHG ZKHQ WKHLU SULFH H[FHHGV SDU �WKH FDOO SULFH IRU 7UHDVXU\ ERQGV�� /RQJVWDm WKHQ

QRWHV�

?2QH SDUWLFXODUO\ VXUSULVLQJ UHVXOW � � � LV WKDW WKH FDOODEOH ERQG SULFH LV RIWHQ
VXEVWDQWLDOO\ DERYH WKH FDOO SULFH RI ��� DW WKH WLPH WKH 7UHDVXU\ FDOOV WKH ERQG�
2Q DYHUDJH � � � �� FHQWV �EDVHG RQ D SDU YDOXH RI ����� � � � �S� �����

/RQJVWDm DOVR QRWHV ERQGV WUDGLQJ DERYH SDU WKDW DUH QRW FDOOHG� $GGUHVVLQJ WKH FDOO QRWLFH

SHULRG� /RQJVWDm FRQFOXGHV WKDW ?>Q@HYHUWKHOHVV WKH FDOO QRWLFH SHULRG FDQQRW DFFRXQW IRU DQ

DYHUDJH SUHPLXP RI �� FHQWV RYHU SDU�� -RUGDQ� -RUGDQ� DQG -RUJHQVHQ ������ DOVR DVVHUW

WKDW FDOOLQJ D 8�6� 7UHDVXU\ ERQG DV VRRQ DV LW UHDFKHV SDU LV RSWLPDO �S� �����

2QH REYLRXV VKRUW�FRPLQJ RI WKH QDLYH UXOH LV WKDW LW LJQRUHV WKH HmHFW RI WKH QRWLFH SHULRG�

$ FDOO FDQQRW EH H[HFXWHG LPPHGLDWHO\� (GHOVRQ� )HKU� DQG 0DVRQ ������ PRGLI\ WKH QDLYH

UXOH WR FDOOLQJ ZKHQ WKH FDOODEOH ERQG SULFH H[FHHGV WKH SUHVHQW YDOXH RI SDU SOXV WKH QH[W

FRXSRQ� LQ HmHFW ?FDOO ZKHQ % w 6���� -RUGDQ� -RUGDQ� DQG .XLSHUV ������ IRRWQRWH �� DQG

-RUGDQ DQG -RUJHQVHQ ������ S� ��� DVVHUW D VLPLODUO\ PRWLYDWHG� WKRXJK SHUKDSV VRPHZKDW

LPSUHFLVH� UXOH WKDW WKH 7UHDVXU\ VKRXOG FDOO ZKHQ WKH SULFH RI WKH FDOODEOH ERQG H[FHHGV WKH

SULFH RI D ��PRQWK 7UHDVXU\ %LOO RQ WKH QRWLnFDWLRQ GDWH�

8QIRUWXQDWHO\� WKH QDLYH UXOH� LQ ERWK LWV RULJLQDO DQG PRGLnHG IRUPV� LV ZURQJ IRU WZR

NH\ UHDVRQV�

�� 7KH ODFN RI LQIRUPDWLYHQHVV RI WKH FDOODEOH ERQG
V FXUUHQW PDUNHW SULFH� %�

�� ,W LJQRUHV WKH WLPH�YDOXH FRPSRQHQW RI WKH RSWLRQ YDOXH�

��1RWH WKDW LW LV TXLWH SRVVLEOH IRU ��� � % � 6� ,Q WKLV FDVH� WKH QDLYH UXOH ZRXOG VD\ ?FDOO�

DQG WKH PRGLnHG UXOH ?GR QRW FDOO�� 6LPLODUO\ LW LV SRVVLEOH� ZKHQ WKH WHUP VWUXFWXUH LV GRZQZDUG

VORSLQJ� IRU 6 � % � ��� ZLWK WKH RSSRVLWH UHVXOWV�

��



7KH FXUUHQW PDUNHW SULFH RI WKH FDOODEOH ERQG LV RI OLWWOH XVH LQ GHFLGLQJ ZKDW WR GR� ,I WKH

ERQG LV PDUJLQDOO\ LQ� RU RXW�RI�WKH�PRQH\� WKH 7UHDVXU\ KDV UHODWLYHO\ OLWWOH� DQG LPSUHFLVH�

LQIRUPDWLRQ RQ ZKLFK WR DFW� )XUWKHU� DV ZH KDYH VHHQ� D VLQJOH ERQG PD\ EH PLVSULFHG� GXH

WR PLQRU PDUNHW IULFWLRQV RU WKH SRVVLEOH LPSDFW RI WD[DWLRQ��� 7KH FXUUHQW PDUNHW SULFH DOVR

HPEHGV WKH PDUNHW
V H[SHFWDWLRQV RI ZKDW WKH LVVXHU ZLOO GR� 8VLQJ WKHVH H[SHFWDWLRQV DV D

EDVLV IRU GHFLGLQJ ZKDW VKRXOG EH GRQH OHDGV WR D FLUFXODULW\ RI UHDVRQLQJ�

��� 7KH 2SWLPDO &DOO 'HFLVLRQ 5XOH

7KH FRUUHFW GHFLVLRQ UXOH LV WR FRPSDUH WKH SUHVHQW YDOXH RI WKH ERQG LI LW LV FDOOHG �SDU SOXV

WKH nQDO FRXSRQ SD\PHQW� ZLWK WKH H[SHFWHG YDOXH LI LW LV QRW FDOOHG �WKH QH[W FRXSRQ DQG

WKH H[SHFWHG YDOXH RI WKH UHPDLQLQJ FDOODEOH ERQG DW WKDW IXWXUH GDWH�� 7KH IRUPHU PD\ EH

HDVLO\ YDOXHG XVLQJ WRGD\
V WHUP VWUXFWXUH� 7KH ODWWHU UHTXLUHV DQ LQWHUHVW�UDWH DQG YRODWLOLW\

PRGHO� 7KH QDLYH UXOHV FRQWDLQ QHLWKHU�

,Q RUGHU WR EDVH WKH FDOO�QR�FDOO GHFLVLRQ RQ WKH ZLGH DUUD\ RI LQIRUPDWLRQ DYDLODEOH LQ

WKH SULFHV RI WUDGHG ERQGV_L�H�� LQ WKH IDLU YDOXH� 9� RI WKH ERQG_ZH HVWLPDWH WKH WHUP

VWUXFWXUH RI LQWHUHVW UDWHV IURP WKH SULFHV RI QRQ�FDOODEOH VHFXULWLHV� DQG WKHQ XVH WKH FDOODEOH

ERQG
V FRXSRQ UDWH WR DVVHVV WKH WKUHVKROG YRODWLOLW\� WKH YRODWLOLW\ DW ZKLFK WKH FDOO RSWLRQ

WLPH�YDOXH ZRXOG KDYH HURGHG WR ]HUR� DQG WKXV WKH ERQG VKRXOG EH FDOOHG �RU SXUFKDVHG� LI

9 � 6�� 6HWWLQJ WKH FDOODEOH ERQG SULFH WR MXVW EHORZ 6� ZH VROYH IRU WKH LPSOLHG YRODWLOLW\

DW WKDW SULFH� 7KLV WKUHVKROG YRODWLOLW\ LV GHQRWHG }7 � :H VKRZ WKDW ZKHQ }7 LV ?ODUJH� LQ

WKH VHQVH GHnQHG EHORZ� WKH ERQG VKRXOG EH FDOOHG�

&RQVLGHU QRZ D ERQG WKDW LV DSSURDFKLQJ WKH HQG RI LWV FDOO SURWHFWLRQ SHULRG� 6LQFH

7UHDVXU\ VHFXULWLHV W\SLFDOO\ SD\ LQWHUHVW PLG�PRQWK� DQG JLYHQ RXU HQG�RI�PRQWK SULFH RE�

VHUYDWLRQV� ZH FRQVWUDLQ WKH 7UHDVXU\ WR GHFLGH ZKHWKHU RU QRW WR FDOO QR ODWHU WKDQ ���

PRQWKV SULRU WR D FRXSRQ SD\PHQW GDWH� &OHDUO\� DQ\ GHFLVLRQ DW ��� RU ��� PRQWKV SULRU WR

��$Q DQDORJ\ IURP HTXLW\ PDUNHWV PD\ EH XVHIXO� (XURSHDQ�VW\OH RSWLRQV� DV WKH\ QHDU WKHLU

H[SLUDWLRQ GDWHV� PD\ VHOO DW D VOLJKW GLVFRXQW WR WKHLU LQWULQVLF YDOXH GXH WR WKH WD[ LPSOLFDWLRQV

RI H[HUFLVLQJ D FDOO RSWLRQ� 7D[ HmHFWV LQ ERQG PDUNHWV KDYH EHHQ GRFXPHQWHG E\ 6FKDHIHU �������

5RQQ ������� %OLVV ������� DQG -RUGDQ DQG -RUGDQ ������ DQG KHQFH FRQVWLWXWH SRWHQWLDO ?QRQ�39�

HmHFWV LQ ERQG SULFHV�

��



WKH QH[W FRXSRQ SD\PHQW ZRXOG EH VXERSWLPDO� $W ��� PRQWKV SULRU WR WKH QH[W FDOO GDWH�

WKH 7UHDVXU\ VKRXOG JLYH FDOO QRWLnFDWLRQ LI ERWK RI WKH IROORZLQJ WZR FRQGLWLRQV DUH VDWLVnHG�

�� 2Q WKH QRWLnFDWLRQ GDWH� WKH RSWLRQ LV LQ�WKH�PRQH\ IRUZDUG�

7KLV ZLOO EH WUXH LI WKH IRUZDUG SULFH RI WKH ORQJ ERQG / DV RI WKH QH[W FDOO GDWH�

REVHUYHG RQ WKH QRWLnFDWLRQ GDWH� LV JUHDWHU WKDQ SDU� RU HTXLYDOHQWO\ WKH ORQJ ERQG /

LV WUDGLQJ DW D SUHPLXP WR WKH VKRUW ERQG 6� 5HFDOO WKDW / ZDV SUHYLRXVO\ GHnQHG WR

EH DQ RWKHUZLVH�HTXLYDOHQW QRQ�FDOODEOH ERQG WKDW PDWXUHV RQ WKH FDOODEOH ERQG
V nQDO

PDWXULW\ GDWH� /HW 6���P EH DQ RWKHUZLVH�HTXLYDOHQW ERQG WKDW PDWXUHV LQ ��� PRQWKV�

7KLV nUVW QHFHVVDU\ FRQGLWLRQ VSHFLnHV WKDW LI

)3���P s
/b �6���P b ���39���P�

39���P

! ����� / ! 6���P� ���

WKHQ WKH RSWLRQ
V LQWULQVLF YDOXH LV SRVLWLYH���

�� 7KH WLPH�YDOXH RI WKH RSWLRQ KDV HURGHG WR ]HUR�

7KH YDOXH RI WKH FXUUHQWO\ FDOODEOH ERQG DW D QRWLnFDWLRQ GDWH ��� PRQWKV SULRU WR WKH

QH[W FRXSRQ GDWH LV

9��}�  PLQ

�
9 X
���P�}� � 9 G

���P�}�

�
39���P� 6���P

�
�

ZKHUH

9��}� s LV WRGD\
V YDOXH RI WKH FDOODEOH ERQG FRQGLWLRQDO RQ LQWHUHVW�UDWH YRODWLOLW\
EHLQJ HTXDO WR }�

9 V
���P�}� s WKH YDOXH RI WKH FDOODEOH ERQG ��� PRQWKV KHQFH� LI QRW FDOOHG WRGD\� LQ

WKH XS� �V  X� DQG GRZQ�VWDWHV �V  G�� IRU WKH VDPH OHYHO RI YRODWLOLW\
}� QH[W SHULRG�

��7KH TXDQWLW\ �6���Pb���39���P� VWULSV WKH SUHVHQW YDOXH RI WKH QH[W FRXSRQ SD\PHQW� ZKLFK

PXVW EH SDLG UHJDUGOHVV� IURP WKH ORQJ ERQG YDOXH� OHDYLQJ SUHVHQW YDOXH RI WKH FRXSRQ DQG SULQFLSDO

SD\PHQWV GXH GXULQJ WKH UHPDLQLQJ SHULRG ZKHQ WKH ERQG LV FDOODEOH� 7R DUULYH DW WKH IRUZDUG

SULFH� WKLV TXDQWLW\ LV FRPSRXQGHG WR WKH nUVW FDOO GDWH E\ GLYLGLQJ E\ 39���P�

��



7KH nUVW WHUP LQ WKH PLQ RSHUDWRU LV WKH YDOXH RI WKH FDOODEOH ERQG LI WKH RSWLRQ LV QRW

H[HUFLVHG� WKH VHFRQG WHUP LV WKH YDOXH LI LW LV� 7KH GLmHUHQFH�

�

�

r
9 X
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39���P b 6���P�

UHSUHVHQWV WKH WLPH�YDOXH UHPDLQLQJ LQ WKH RSWLRQ� :KHQ WKLV GLmHUHQFH LV ]HUR� DQG

9��}�  6���P� WKH WLPH�YDOXH LV FRPSOHWHO\ HURGHG�

1RZ� GHnQH WKH WKUHVKROG YRODWLOLW\� }7 � LPSOLFLWO\ E\ WKH UHODWLRQ
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IRU D SRVLWLYH� EXW DUELWUDULO\ VPDOO� q �H�J�� q  � FHQWV���� 1RWH WKDW }7 LV GHnQHG RQO\ RQ

QRWLnFDWLRQ GDWHV� L�H�� ��� PRQWKV SULRU WR WKH QH[W FDOO GDWH�FRXSRQ SD\PHQW GDWH�

7KH WKUHVKROG YRODWLOLW\� }7 � UHSUHVHQWV WKH PD[LPXP YRODWLOLW\ FRQVLVWHQW ZLWK DQ H[WLQ�

JXLVKHG WLPH�YDOXH� ,I WKLV PD[LPXP YRODWLOLW\ LV ODUJH UHODWLYH WR ?QRUPDO� PDUNHW YRODWLO�

LWLHV� ZH FDQ FRQFOXGH WKDW WKHUH LV QR WLPH�YDOXH UHPDLQLQJ LQ WKH FDOO RSWLRQ� DQG WKH

7UHDVXU\ VKRXOG FDOO WKH ERQG LI LW LV LQ�WKH�PRQH\ IRUZDUG��� 2Q WKH RWKHU KDQG� LI WKH

WKUHVKROG YRODWLOLW\ LV VPDOO� WKHUH PXVW EH WLPH�YDOXH UHPDLQLQJ LQ WKH RSWLRQ DW QRUPDO OHY�

HOV RI YRODWLOLW\� DQG WKH 7UHDVXU\ VKRXOG UHIUDLQ IURP FDOOLQJ WKH ERQG� 1RWH WKDW }7 GHSHQGV

RQO\ RQ WKH LQWHUHVW�UDWH PRGHO DQG WKH SULFHV RI QRQ�FDOODEOH ERQGV QHHGHG WR JHQHUDWH WKH

WHUP VWUXFWXUH_LW GRHV QRW GHSHQG RQ WKH REVHUYHG SULFHV RI FDOODEOH LQVWUXPHQWV�

6XSSRVH WKDW RSWLRQ LV LQ�WKH�PRQH\ �IRUZDUG� DQG WKDW }7 KDV D ORZ� EXW SRVLWLYH YDOXH�

7KHQ WKH WUXH } LV OLNHO\ WR EH JUHDWHU WKDQ }7 DQG 9 �}� � 9��}7 �  6���P b q� ,Q WKLV

FDVH WKH ERQG
V YDOXH LV OHVV WKDQ WKH YDOXH DW ZKLFK LW VKRXOG EH FDOOHG� DQG FDOOLQJ LV WKXV

VXERSWLPDO VLQFH LW LQFUHDVHV WKH YDOXH RI WKH OLDELOLW\�

��,I 9 �}  �� � 6���P� WKH WKUHVKROG YRODWLOLW\ FRQGLWLRQ ��� FDQQRW EH VDWLVnHG �WKH WKUHVKROG

YRODWLOLW\ LV QRW GHnQHG�� DQG WKH ERQG VKRXOG QRW EH FDOOHG�
��$OWHUQDWLYHO\� WKH 7UHDVXU\ VKRXOG SXUFKDVH WKH ERQG LQ WKH PDUNHWSODFH LI LWV FXUUHQW SULFH LV

OHVV WKDQ 6���P� )RU H[DPSOH� WKH �V RI 0D\ ����^���� FRXOG KDYH EHHQ DFTXLUHG DW ������ UDWKHU

WKDQ FDOOHG DW WKH �HmHFWLYH� SULFH RI 6  �������

��



,I� RQ WKH RWKHU KDQG� IRU D YHU\ ODUJH } �ZH XVH }  ������ LW LV VWLOO WUXH WKDW 9��}� !

6���P b q� ZH FRQFOXGH WKDW }7 LV DUELWUDULO\ ODUJH DQG FHDVH RXU VHDUFK� &OHDUO\� IRU VXFK

ODUJH }7 
V� WKH WUXH } FDQQRW H[FHHG }7 � DQG IRU WKH WUXH } 9��}� ! 6���P b q� 7R PLQLPL]H

WKH 7UHDVXU\
V OLDELOLW\� WKH ERQG VKRXOG EH FDOOHG�

��� $QDO\VLV RI 3DVW 7UHDVXU\ &DOO 'HFLVLRQV

*LYHQ REVHUYHG LQIRUPDWLRQ RQ RU EHOLHIV UHJDUGLQJ YRODWLOLW\� ZH DUH QRZ LQ D SRVLWLRQ WR

H[DPLQH WKH 7UHDVXU\
V FDOO SROLF\� :H GHHP LW RSWLPDO ZKHQ WKH 7UHDVXU\ FDOOV D ERQG

LI DQG RQO\ LI ERWK ��� )3���P ! ��� DQG ��� }7 H[FHHGV QRUPDO YDOXHV IRU WKDW SHULRG

DUH VDWLVnHG� DQG VXERSWLPDO ZKHQHYHU LW FOHDUO\ GHYLDWHV IURP VXFK D SROLF\� :KHUH WKH

WKUHVKROG YRODWLOLW\ DSSUR[LPDWHV QRUPDO PDUNHW YRODWLOLW\ ZLWKLQ WKH QRUPDO UDQJHV VKRZQ

LQ )LJXUH �� ZH GHVLJQDWH WKHVH FDVHV DV ?DPELJXRXV��

7DEOH � GRFXPHQWV WKH WKUHVKROG YRODWLOLWLHV IRU 8�6� 7UHDVXU\ FDOODEOH ERQGV IRU WKH WLPH

SHULRG IRU ZKLFK &�675,36 SULFHV DUH DYDLODEOH� ����^����� 'XULQJ WKLV WLPH IUDPH� WKHUH

ZHUH nYH ERQGV WKDW HQGHG WKHLU FDOO SURWHFWLRQ SHULRG� WKH ��
�
V RI $XJXVW ����^����� WKH �V

RI 0D\ ����^����� WKH ��
�
V RI 0D\ ����^����� WKH ��

�
V RI )HEUXDU\ ����^����� DQG WKH ��

�
V

RI $XJXVW ����^�����

6HYHUDO LPSRUWDQW FRQFOXVLRQV FDQ EH GUDZQ IURP 7DEOH ��

�� 7KH WHUP VWUXFWXUH HVWLPDWHV SURYLGHG E\ WKH &�675,36 GDWD� DQG WKH )DPD�%OLVV DQG

1HOVRQ�6LHJHO�%OLVV PHWKRGV� DUH LQ EURDG DJUHHPHQW ZLWK UHVSHFW WR WKH SUHVHQW YDOXHV

RI FDVK oRZV� L�H�� )3���P� 6���P DQG /� )XUWKHU� DOO WHUP VWUXFWXUH HVWLPDWHV DUH LQ

DJUHHPHQW ZLWK UHVSHFW WR FDVHV ZKHQ / � 6���P� 7KHUHIRUH� WKH XVDJH RI )DPD�%OLVV

DQG 1HOVRQ�6LHJHO�%OLVV WHUP VWUXFWXUHV LV DSSURSULDWH ZKHQ &�675,36 SULFHV DUH QRW

DYDLODEOH�

�� 7KH WKUHH WHUP VWUXFWXUH HVWLPDWHV \LHOG HVVHQWLDOO\ VLPLODU HVWLPDWHV RI WKH WKUHVKROG

YRODWLOLW\ }7 �

�� :H FRQFOXGH IURP 7DEOH � WKDW� DW OHDVW LQ UHFHQW \HDUV� WKH 7UHDVXU\ KDV FDOOHG WKH

ERQGV RSWLPDOO\� 7KH\ GLG QRW FDOO WKH ERQG ZKHQ WKH IRUZDUG SULFH ZDV DW D GLVFRXQW�

��



DQG WKH\ GLG QRW FDOO SUHFLSLWRXVO\� WKH WKUHVKROG YRODWLOLW\ ZDV DW OHDVW LQ WKH ���

UDQJH ZKHQ D FDOO ZDV WULJJHUHG� 1RWH� VSHFLnFDOO\� WKDW WKH 7UHDVXU\ GHFOLQHG WR FDOO

ZKHQ� RQ �� 0DUFK ����� WKH RSWLRQ ZDV LQ�WKH�PRQH\ IRUZDUG� EXW WKH WKUHVKROG

YRODWLOLW\ ZDV D QRUPDO ���� WR ������ 7KLV ERQG� WKH ��
�
V RI $XJXVW ����^�����

SURYLGHV WKH RQO\ UHFHQW FOHDQ WHVW RI WKH RSWLPDOLW\ RI WKH FDOO SROLF\� ,Q WKLV FDVH�

WKH ERQGV ZHUH LQ�WKH�PRQH\ IRUZDUG LQ 0DUFK ����� EXW ZLWK UHODWLYHO\ ORZ WKUHVKROG

YRODWLOLWLHV� :KHQ WKH 7UHDVXU\ GLG FDOO WKH IROORZLQJ 6HSWHPEHU� ERWK FRQGLWLRQV ZHUH

FOHDUO\ PHW�

7DEOH � SUHVHQWV HYLGHQFH IURP WKH )DPD�%OLVV WHUP VWUXFWXUH HVWLPDWHV IRU WKH HDUOLHU

SDUW RI WKH FHQWXU\� WKH \HDUV ���� WKURXJK ������� 7KH WDEOH GLVSOD\V WKH FDOO GHFLVLRQV IRU

WKH �� FDOODEOH ERQGV WKDW KDG PRYHG EH\RQG WKHLU FDOO SURWHFWLRQ SHULRG LQ WKH IRXU GHFDGHV

EHJLQQLQJ LQ WKH ����V� 6HYHUDO FRQFOXVLRQV FDQ EH GUDZQ IURP 7DEOH ��

�� 7KHUH ZHUH D WRWDO RI �� ERQGV ZLWK DSSDUHQWO\ VXERSWLPDO 7UHDVXU\ EHKDYLRU� )RU

WKH UHPDLQLQJ �� FDVHV� WKH FDOO GHFLVLRQ ZDV RSWLPDO� JLYLQJ WKH 7UHDVXU\ WKH EHQHnW

RI WKH GRXEW ZKHQ WKH WKUHVKROG YRODWLOLW\ ZDV LQ WKH QRUPDO UDQJH IRU WKH SHULRG�

�� $ FOHDUO\ LUUDWLRQDO GHFLVLRQ LV FDOOLQJ D ERQG ZKHQ WKH IRUZDUG SULFH LV DW D GLVFRXQW

EHFDXVH WKDW LPSOLHV WKDW WKH RSWLRQ LV EHLQJ H[HUFLVHG ZKHQ LW LV RXW�RI�WKH�PRQH\�

7KHUH DUH RQO\ IRXU LQVWDQFHV ZKHQ WKH 7UHDVXU\ KDV FDOOHG D ERQG ZKHQ WKH RSWLRQ

ZDV RXW�RI�WKH�PRQH\� ,Q HDFK FDVH WKH VSRW SULFH ZDV DW D SUHPLXP� EXW WKH IRUZDUG

SULFH ZDV DW D GLVFRXQW� VXJJHVWLQJ WKDW WKH 7UHDVXU\ LJQRUHG WKH IRUZDUG QDWXUH RI

WKH FDOO�

�� 2Q WKH RWKHU KDQG� IRU WKH PRVW SDUW WKH 7UHDVXU\ DOVR GLG QRW ZDLW XQGXO\ WR FDOO�

7KXV� ZH VHH LQ WKH UHPDLQLQJ �� ERQGV RQO\ VHYHQ ERQGV ZLWK KLJK WKUHVKROG YRODWLOLWLHV

DQG IRUZDUG SULFHV LQ H[FHVV RI SDU XQDFFRPSDQLHG E\ D FDOO� 7KHVH VHYHQ ERQGV

LQYROYHG �� PLVVHG RSWLPDO FDOO RSSRUWXQLWLHV�

��7KHUH ZHUH QR FXUUHQWO\ FDOODEOH ERQGV� ZLWK PDWXULWLHV VSDQQHG E\ QRQ�FDOODEOH ERQGV� EHWZHHQ

1RYHPEHU ���� DQG )HEUXDU\ �����

��



�� ,Q FRPSDULQJ WKH )ODW 3ULFH FROXPQ ZLWK 6���P� ZH REVHUYH WKDW WKH PDUNHW ZDV UHD�

VRQDEO\ HpFLHQW LQ DQWLFLSDWLQJ WKH 7UHDVXU\
V FDOO� LQ YLUWXDOO\ DOO FDVHV� 3 { 6���P

ZKHQ D VXEVHTXHQW FDOO QRWLFH ZDV JLYHQ���

�� ,Q �� LQVWDQFHV WKH QDLYH UXOH UHFRPPHQGHG FDOOLQJ D ERQG� ZKLOH WKH FRUUHFW RSWLPDO

UXOH JDYH DQ XQDPELJXRXV ?QR�FDOO� VLJQDO� ,Q � RI WKHVH FDVHV WKH 7UHDVXU\ GLG QRW

LQ IDFW FDOO WKH ERQG� ,Q FDVHV RI WZR RI WKH ERQGV LQYROYHG� WKH 7UHDVXU\ HYHQWXDOO\

FDOOHG ZKHQ LW VKRXOG QRW KDYH� LQGLFDWLQJ WKDW WKHLU HDUOLHU� DQG FRUUHFW� IRUEHDUDQFH

PD\ QRW KDYH EHHQ GXH WR DSSOLFDWLRQ RI WKH RSWLPDO FDOO UXOH�

�� ,Q D VLQJOH FDVH� WKH RSWLPDO UXOH XQDPELJXRXVO\ UHFRPPHQGHG FDOOLQJ DQ DW� RU EHORZ�

SDU ERQG ZKLFK ZDV QRW FDOODEOH XQGHU WKH QDLYH UXOH� ,Q WKLV FDVH� WKH ERQG ZDV QRW

FDOOHG�

�� ,Q WKH HDUOLHU SDUW RI WKH FHQWXU\� WKH 7UHDVXU\ LVVXHG FDOODEOH ERQGV ZLWK RWKHU WKDQ

D nYH�\HDU WHUPLQDO FDOO SHULRG�

:KLOH ZH FDQQRW MXVWLI\ HDFK 7UHDVXU\ FDOO GHFLVLRQ� WKH RYHUDOO 7UHDVXU\ FDOO SROLF\ DSSHDUV

FRQVLVWHQW ZLWK nQDQFLDO SULQFLSOHV� 7KLV UHVXOW PD\ EH D IRUWXLWRXV FRQVHTXHQFH RI D QDLYH

VWUDWHJ\� ,Q PRVW LQVWDQFHV ZKHUH FDOOV ZHUH PDGH� ERWK WKH QDLYH DQG RSWLPDO UXOHV OHDG WR

WKH VDPH GHFLVLRQ�

/DVWO\� UHWXUQLQJ WR /RQJVWDm
V ?DQRPDORXV� REVHUYDWLRQ RI ERQGV WUDGLQJ DERYH SDU DW

WLPH RI FDOO RU WUDGLQJ DERYH SDU DQG QRW EHLQJ FDOOHG� WKLV LV H[SODLQHG E\ RXU RSWLPDO FDOO

UXOH� ,Q 7DEOHV � DQG � ZH nQG �� LQVWDQFHV RI ERQGV WUDGLQJ LQ H[FHVV RI SDU RQ WKHLU FDOO

QRWLnFDWLRQ GDWHV� 7KH DYHUDJH SUHPLXP ZDV ����� DQG WKH PD[LPXP ������ 2I WKHVH�

�� ZHUH RSWLPDOO\ FDOODEOH ��� ZHUH DFWXDOO\ FDOOHG� ZLWK DYHUDJH SUHPLXPV RI ����� DQG D

PD[LPXP SUHPLXP RI ������ $ IHZ RI WKHVH ERQGV ZHUH FOHDUO\ RYHUSULFHG �3 ! 6�� EXW

PRVW ZHUH ZLWKLQ D IHZ EDVLV SRLQWV RI WKHLU UDWLRQDO SULFHV� ,Q �� LQVWDQFHV� LW ZDV RSWLPDO

WR GHIHU WKH FDOO HYHQ WKRXJK WKH ERQG ZDV WUDGLQJ DERYH SDU� 7KH DYHUDJH SUHPLXP LQ WKHVH

�� FDVHV ZDV ����� DQG WKH PD[LPXP ������ 7KH UHPDLQLQJ �� FDVHV LQYROYHG ERQGV ZLWK

��$ QRWDEOH H[FHSWLRQ LV WKH ��
�
V RI -XQH ����� :KHQ WKH FDOO QRWLFH ZDV JLYHQ LQ ����� 6���P  

������� EXW WKH PDUNHW SULFH ZDV TXRWHG DW DQ LQoDWHG �������

��



WKUHVKROG YRODWLOLWLHV LQ WKH QRUPDO UDQJHV� 7KHVH DPELJXRXV FDVHV KDG DYHUDJH SUHPLD RI

����� DQG D PD[LPXP SUHPLXP RI ������ 7KH �� FDVHV RI SUHPLXP ERQGV WKDW VKRXOG QRW

FOHDUO\ EH FDOOHG GHPRQVWUDWH WKDW WKHUH LV QRWKLQJ LQKHUHQWO\ LUUDWLRQDO LQ REVHUYLQJ PDUNHW

SULFHV RI FXUUHQWO\ FDOODEOH ERQGV LQ H[FHVV RI SDU�

� 6XPPDU\

8VLQJ D ORJQRUPDOO\ GLVWULEXWHG LQWHUHVW�UDWH PRGHO� QXPHULFDOO\ LPSOHPHQWHG XVLQJ D EL�

QRPLDO ODWWLFH� ZH KDYH H[DPLQHG WKH YDOXDWLRQ RI FDOODEOH 8�6� 7UHDVXU\ VHFXULWLHV IURP

WKH ODWH ����V WR WKH SUHVHQW DQG FDOFXODWHG WKH YRODWLOLWLHV LPSOLFLW LQ WKH SULFLQJ RI WKHVH

LQVWUXPHQWV� 3RVW������ WKHVH LPSOLHG YRODWLOLWLHV DUH W\SLFDOO\ LQ WKH UDQJH RI �� WR ����

:H IRUPDOO\ GHULYH DQ RSWLPDO ERQG FDOO SROLF\� WDNLQJ LQWR DFFRXQW WKH UHTXLUHG SULRU

QRWLnFDWLRQ SHULRG RI LQWHQW WR FDOO D 7UHDVXU\ ERQG� :H GR WKLV E\ GHYHORSLQJ WKH FRQFHSW RI

WKH ?WKUHVKROG YRODWLOLW\�� ZKLFK ZH XVH WR GHWHUPLQH ZKHQ WKH RSWLRQ
V WLPH�YDOXH KDV EHHQ

GULYHQ WR ]HUR� $SSO\LQJ WKLV WHFKQLTXH� ZH WKHQ H[DPLQH WKH RSWLPDOLW\ RI WKH 7UHDVXU\
V

REVHUYHG FDOO SROLF\ DQG FRQFOXGH RQ EDODQFH WKDW WKLV SROLF\ KDV EHHQ UHDVRQDEO\ RSWLPDO�

:H nQG WKDW WKH SULFHV RI VXFK VHFXULWLHV IUHTXHQWO\ H[KLELW ?LUUDWLRQDOLWLHV�_ LQ WKH

VHQVH WKDW WKH\ DSSHDU PLVSULFHG UHODWLYH WR VLPLODU QRQ�FDOODEOH VHFXULWLHV_SUHGRPLQDQWO\

LQ FDVHV ZKHUH WKH RSWLRQ LV DZD\�IURP�WKH�PRQH\ IRUZDUG� SUHFLVHO\ WKRVH FDVHV ZKHUHLQ WKH

HVWLPDWH RI LPSOLHG YRODWLOLW\ ZLOO EH XQUHOLDEOH GXH WR WKH ERQG
V ORZ YHJD� 7KH FRQoLFWLQJ

HVWLPDWHV RI WKH IUHTXHQF\ RI QHJDWLYH RSWLRQ YDOXHV LV VKRZQ WR UHVXOW IURP WLPH�YDULDWLRQ

LQ WKH IUHTXHQF\ RI QHJDWLYH RSWLRQ YDOXH ERQGV WRJHWKHU ZLWK WKH GLVSDUDWH VDPSOH SHULRGV

XVHG LQ SUHYLRXV VWXGLHV� $QRWKHU GLVFUHSDQF\ DURVH IURP GLmHUHQFHV LQ WKH QDWXUH RI WKH

YLRODWLRQV EHLQJ PHDVXUHG DQG WKH PHDQV RI FRXQWLQJ WKHP�

$ VHFRQG DSSDUHQW IRUP RI ?LUUDWLRQDO� SULFLQJ� ERQGV WUDGLQJ DERYH WKHLU FDOO SULFH�

LV VKRZQ WR EH� LQ IDFW� IUHTXHQWO\ UDWLRQDO ZKHQ WKH GHIHUUHG H[HUFLVH HOHPHQW LV SURSHUO\

DFFRXQWHG IRU� 7KLV UHVROYHV WKH DQRPDO\ QRWHG LQ /RQJVWDm �������

8QOLNH WKH QHJDWLYH RSWLRQ YDOXH GHWHUPLQDWLRQV� GHWHUPLQDWLRQV RI ZKHWKHU WR FDOO RU QRW

DUH LQWHUHVW UDWH PRGHO�VSHFLnF� $OWHUQDWLYH PRGHOV RI LQWHUHVW UDWH PRYHPHQWV� IRU LQVWDQFH

��



D VTXDUH�URRW SURFHVV� PLJKW \LHOG GLmHUHQW HVWLPDWHV RI LPSOLHG YRODWLOLWLHV DQG KLVWRULFDO

RSWLPDO FDOO GHFLVLRQV� 0RUH VRSKLVWLFDWHG PRGHOV PLJKW LQFRUSRUDWH D WHUP VWUXFWXUH RI

YRODWLOLW\� WKRXJK JLYHQ WKH SDXFLW\ RI DYDLODEOH FDOODEOH ERQGV LQ PRVW SHULRGV� nWWLQJ VXFK

KLJKO\ SDUDPHWHUL]HG PRGHOV PD\ SURYH GLpFXOW� )XWXUH UHVHDUFK PD\ LQYHVWLJDWH WKH GHJUHH

WR ZKLFK FDOO GHFLVLRQV DUH GHSHQGHQW RQ WKH LQWHUHVW�UDWH PRGHO DVVXPHG� ,QGLFDWLRQV LQ WKLV

SDSHU IURP UREXVWQHVV WHVWV XVLQJ GLmHUHQW HVWLPDWHV RI WKH WHUP VWUXFWXUH VXJJHVW WKDW

ERUGHUOLQH FDVHV ZLOO EH UHODWLYHO\ IHZ�

��



$SSHQGL[ $ 'HVFULSWLRQV RI 7HUP 6WUXFWXUH (VWLPDWLRQ

$�� 7KH 8QVPRRWKHG )DPD�%OLVV 0HWKRG

7KH 8QVPRRWKHG )DPD�%OLVV PHWKRG LV D PLQRU YDULDQW RQ WKH WHUP VWUXFWXUH HVWLPDWLRQ

PHWKRG HPSOR\HG LQ )DPD DQG %OLVV ������� 7KH XQGHUO\LQJ LGHD RI WKH )DPD�%OLVV PHWKRG

LV DV IROORZV�

q $VVXPH WKH VKRUWHVW PDWXULW\ LVVXH LV D ELOO �DV LV DOZD\V WKH FDVH�� :H FDQ WKHQ

FRPSXWH WKH YDOXH RI WKH WHUP VWUXFWXUH DW WKDW PDWXULW\ ZKLFK ZRXOG H[DFWO\ SULFH

WKH ELOO�

q :H DVVXPH WKDW WKH WHUP VWUXFWXUH IURP PDWXULW\ � WR WKH PDWXULW\ RI WKH nUVW LVVXH

LV FRQVWDQW �oDW��

q :H WKHQ H[DPLQH WKH QH[W ORQJHVW PDWXULW\ LVVXH� 7DNLQJ WKH SUHYLRXVO\ GHWHUPLQHG

WHUP VWUXFWXUH DV JLYHQ� ZH FRPSXWH WKH FRQVWDQW IRUZDUG UDWH RYHU WKH LQWHUYDO IURP

WKH SUHYLRXVO\ LQFOXGHG PDWXULW\ WR WKLV LVVXH
V PDWXULW\� ZKLFK ZRXOG UHVXOW LQ WKH

FXUUHQW LVVXH EHLQJ DFFXUDWHO\ SULFHG�

q :H FRQWLQXH WR H[WHQGHG WKH WHUP VWUXFWXUH E\ DGGLQJ ORQJHU DQG ORQJHU PDWXULW\

LVVXHV� DW HDFK SRLQW FRPSXWLQJ WKH �FRQVWDQW� IRUZDUG UDWH QHFHVVDU\ WR H[DFWO\ SULFH

WKH QHZ LVVXH� KROGLQJ n[HG WKH SUHYLRXVO\ GHWHUPLQHG WHUP VWUXFWXUH�

q 7KH 8QVPRRWKHG )DPD�%OLVV PHWKRG DFKLHYHV D FRQWLQXRXV WHUP VWUXFWXUH E\ OLQHDUO\

LQWHUSRODWLQJ WKH GLVFRXQW UDWHV EHWZHHQ PDWXULWLHV�

$ QXPEHU RI nOWHU UXOHV DUH LWHUDWLYHO\ DSSOLHG GXULQJ WKH SURFHVV WR H[FOXGH LVVXHV WKDW

SURGXFHG ODUJH MXPSV RU UHYHUVDOV RI WKH nWWHG WHUP VWUXFWXUH DW DGMDFHQW PDWXULWLHV_WKH

ORJLF EHLQJ WKDW� ZKLOH PRVW LVVXHV DUH FRUUHFWO\ SULFHG� GDWD FROOHFWLRQ DQG WUDQVFULSWLRQ

SURFHGXUHV RFFDVLRQDOO\ LQWURGXFH HUURQHRXV TXRWHV WKDW GR QRW UHoHFW XVHIXO LQIRUPDWLRQ�

7KLV PHWKRG QHFHVVDULO\ SULFHV WKH UHPDLQLQJ LQFOXGHG LVVXHV H[DFWO\� 7KH UHDGHU LV UHIHUUHG

WR WKH )DPD DQG %OLVV ������ SDSHU IRU WKH IXOO GHWDLOV RI WKH RULJLQDO PHWKRG� LQFOXGLQJ nOWHU

UXOHV� SDUDPHWHUV XVHG� DQG WKH LWHUDWLYH VHOHFWLRQ SURFHGXUH�

��



7KH )DPD�%OLVV PHWKRG UHGXFHV TXRWDWLRQV WR D VLQJOH YDOXH� WKH PHDQ RI WKH ELG DQG

DVNHG TXRWHV� DV LV WKH SUDFWLFH ZLWK PRVW PHWKRGV�

$���� 'LmHUHQFHV IURP 3UHYLRXV :RUN

7KH DSSOLFDWLRQ RI WKH )DPD�%OLVV PHWKRG LQ WKLV SDSHU GLmHUV IURP WKH RULJLQDO LQ VHYHUDO

PLQRU ZD\V�

q 7KH WHUP VWUXFWXUH EH\RQG nYH \HDUV ZDV FRPSXWHG DQG XVHG�

q 5DWKHU WKDQ SLFNLQJ Rm VHOHFWHG YDOXHV DW n[HG PDWXULWLHV� DV ZDV GRQH LQ )DPD DQG

%OLVV ������� ZH XVH KHUH WKH IXOO LQIRUPDWLRQ VHW SURGXFHG E\ WKH )DPD�%OLVV HVWLPDWLRQ

PHWKRG ZLWK GLVFRXQW UDWHV GHWHUPLQHG DW HDFK KRUL]RQ FRUUHVSRQGLQJ WR WKH PDWXULW\

RI D ERQG LQ WKH VDPSOH� 7KLV SUHVHUYHV DOO WKH LQIRUPDWLRQ LQ WKH SULFHV RI WKH LQFOXGHG

LVVXHV� :KHQ SULFLQJ ERQGV ZLWK SULQFLSDO DQG FRXSRQ SD\PHQWV� ZKLFK PD\ RFFXU DW

DQ\ SRLQW DORQJ WKH WHUP VWUXFWXUH� WKLV DGGLWLRQDO GHWDLO LV QHFHVVDU\�

q 7KH RULJLQDO )DPD�%OLVV PHWKRG IRUFHG LQ WKH ORQJHVW DYDLODEOH LVVXH� 7KLV GLG QRW

PDWWHU VLQFH WKH WHUP VWUXFWXUH ZDV VXEVHTXHQWO\ WUXQFDWHG DW � \HDUV� ,Q WKLV SDSHU�

ZKHUH ZH XWLOL]H WKH IXOO WHUP VWUXFWXUH� ZH KDYH FKRVHQ WR OHW WKH ORQJHVW PDWXULW\

ERQG EH LQFOXGHG RU H[FOXGHG RQ WKH EDVLV RI WKH VDPH nOWHUV XVHG IRU RWKHU LVVXHV�

$�� 7KH 1HOVRQ�6LHJHO�%OLVV 0HWKRG

7KH 1HOVRQ�6LHJHO�%OLVV PHWKRG GHYHORSHG LQ %OLVV ������ LQWURGXFHV D QHZ HVWLPDWLRQ PHWKRG

WR nW D PRGLnHG YHUVLRQ RI WKH DSSUR[LPDWLQJ IXQFWLRQ GHYHORSHG E\ 1HOVRQ DQG 6LHJHO �������

7KH 1HOVRQ�6LHJHO�%OLVV PHWKRG EULQJV WRJHWKHU VHYHUDO GHVLUDEOH FKDUDFWHULVWLFV_DFFRXQWLQJ

IRU ELG�DVNHG VSUHDGV� nWWLQJ WKH GLVFRXQW UDWH IXQFWLRQ GLUHFWO\ WR ERQG SULFHV� DQG SURGXF�

LQJ DQ DV\PSWRWLFDOO\ oDW WHUP VWUXFWXUH��_XVLQJ WKH IROORZLQJ DSSUR[LPDWLQJ IXQFWLRQ�
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��/LYLQJVWRQ DQG -DLQ ������ DQG 6LHJHO DQG 1HOVRQ ������ GHPRQVWUDWH WKDW WKLV SURSHUW\ LV

DSSURSULDWH LI IRUZDUG UDWHV DUH nQLWH�
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7KH SDUDPHWHU YHFWRU � s In�� n�� n�� ~�� ~�J LV WKHQ HVWLPDWHG XVLQJ WKH IROORZLQJ QRQ�

OLQHDU� FRQVWUDLQHG RSWLPL]DWLRQ� HVWLPDWLRQ SURFHGXUH�
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7KH FRQVWUDLQWV HQVXUH WKDW WKH GLVFRXQW IXQFWLRQ LV QRQ�LQFUHDVLQJ �QRQ�QHJDWLYH IRUZDUG

UDWHV� DQG WKDW WKH VKRUW DQG ORQJ HQGV RI WKH GLVFRXQW UDWH IXQFWLRQ DUH SRVLWLYH� 2QO\ WKH

ORQJ�UDWH FRQVWUDLQW SURYHG ELQGLQJ� DQG WKHQ RQO\ UDUHO\�

��



$SSHQGL[ % &RPSXWLQJ ,PSOLHG 9DULDQFHV IURP &DOODEOH

%RQG 3ULFHV

%�� ,WHUDWLYH 6HDUFK 3URFHGXUH

7KH WHUP VWUXFWXUH PRGHO XVHG LQ WKLV SDSHU LV WKH %ODFN DQG .DUDVLQVNL ������ ORJQRUPDO

SURFHVV ZLWK FRQVWDQW SURSRUWLRQDO YDULDQFH� ]HUR PHDQ UHYHUVLRQ� DQG WLPH�YDU\LQJ GULIW� xW�

FDOLEUDWHG WR WKH FXUUHQW WHUP VWUXFWXUH�

GU  xW U GW� } U G]�

7KH SURFHVV IRU nQGLQJ WKH LPSOLHG LQWHUHVW�UDWH YRODWLOLW\ IRU D SDUWLFXODU FDOODEOH ERQG

KDV WKUHH VWHSV�

�� 7KH WHUP VWUXFWXUH RI LQWHUHVW UDWHV LV HVWLPDWHG IURP WKH SULFHV RI QRQ�FDOODEOH ERQGV

XVLQJ DQ\ RI VHYHUDO HVWLPDWLRQ PHWKRGV RU IURP WKH SULFHV RI 7UHDVXU\ &�675,36�

�� $ YDOXH IRU WKH VKRUW�LQWHUHVW�UDWH YRODWLOLW\ LV DVVXPHG� 7KLV YRODWLOLW\ LV WKHQ XVHG WR

EXLOG D ELQRPLDO WUHH RI WKH IXWXUH HYROXWLRQ RI WKH VKRUW UDWH� 7KLV WUHH LV FRQVWUXFWHG

WR PDWFK WKH WHUP VWUXFWXUH HVWLPDWHG LQ WKH nUVW VWHS� 7R HQKDQFH VSHHG RI H[HFXWLRQ

WKH WUHH LV FRQVWUXFWHG XVLQJ WKH IRUZDUG LQGXFWLRQ PHWKRG GHYHORSHG E\ -DPVKLGLDQ

������� 7KH QRGHV RI WKH WUHH DUH SODFHG DW KRUL]RQV FRUUHVSRQGLQJ WR WKH FDVK oRZV

RI WKH SDUWLFXODU ERQG EHLQJ SULFHG�

�� 7KH nWWHG SULFH IRU WKH FDOODEOH ERQG LV QH[W GHWHUPLQHG E\ EDFNZDUG LQGXFWLRQ EHJLQ�

QLQJ ZLWK WKH WUHH QRGHV DW WKH PDWXULW\ RI WKH ERQG� 7KLV nWWHG YDOXH LV FRQGLWLRQDO

XSRQ WKH DVVXPHG }� DV ZHOO DV WKH HVWLPDWHG WHUP VWUXFWXUH� ERQG FDVK oRZV� DQG FDOO

WLPLQJ� ZKLFK UHPDLQ LQYDULDQW�

$ VHDUFK LV FRQGXFWHG RYHU IHDVLEOH YDOXHV RI }� UHSHDWLQJ ��� DQG ��� DW HDFK LWHUDWLRQ� XQWLO

D } LV IRXQG IRU ZKLFK WKH nWWHG SULFH LV HTXDO WR WKH REVHUYHG SULFH IRU WKDW ERQG�

��



%�� 0DWFKLQJ WKH 7HUP 6WUXFWXUH LQ D 1R�$UELWUDJH 5HFRPELQLQJ

,QWHUHVW�5DWH /DWWLFH

,Q 6WHS ��� DERYH WKH VKRUW�UDWH WUHH� UW M�
�� LV FRQVWUXFWHG IRU D JLYHQ YDOXH RI } WR

JXDUDQWHH WKDW WKUHH FRQGLWLRQV DUH PHW�

$W HDFK QRGH �W� M��

q 7KH H[SHFWHG FKDQJH LQ WKH QDWXUDO ORJDULWKP RI WKH VKRUW UDWH LV WKH VDPH UHJDUGOHVV

RI WKH DFWXDO VWDWH M DW WLPH W �WKRXJK LW ZLOO YDU\ IRU GLmHUHQW WLPH KRUL]RQV� W��

q 7KH YDULDQFH RI WKH FKDQJH LQ WKH ORJDULWKP RI WKH VKRUW UDWH LV HTXDO WR } UHJDUGOHVV

RI WKH DFWXDO VWDWH M RU WLPH W�

$QG ODVWO\�

q $W HDFK KRUL]RQ W WKH ?PHGLDQ� LQWHUHVW UDWH XW LV VHOHFWHG VR WKH SULFH RI D ]HUR�FRXSRQ

ERQG PDWXULQJ DW WKH KRUL]RQ ZLOO FRQIRUP WR WKH SUH�VSHFLnHG GLVFRXQW IXQFWLRQ�

7KH FRQVWUXFWLRQ RI WKH WUHH JXDUDQWHHV WKDW WKH nUVW WZR FRQGLWLRQV DUH PHW� 7KHVH FRQGL�

WLRQV DOVR HQVXUH WKDW WKH SURFHVV XQGHUO\LQJ WKH VKRUW UDWH LV 0DUNRYLDQ�

$ JHQHULF QRGH RI WKH ELQRPLDO WUHH ORRNV OLNH�
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7KH H[SHFWHG FKDQJH LQ WKH VKRUW UDWH DQG LWV YDULDQFH DUH���
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��7KH WUHH LV FRQVWUXFWHG IRU I�W� M� � W  �� �� � � � � 7 � M  W� W b �� � � � �bWJ� ZKHUH W LQGH[HV WKH

WLPH KRUL]RQV� M LQGH[HV WKH SRVVLEOH VWDWHV DW WKDW KRUL]RQ� DQG 7 FRUUHVSRQGV WR WKH PDWXULW\ RI

WKH FDOODEOH ERQG EHLQJ SULFHG�
��:H DUH FRJQL]DQW RI WKH IDFW WKDW WKH WLPH LQGH[ LV PRUH SURSHUO\ LQFUHPHQWHG E\ c WKDQ E\

XQLW\� )RU H[DPSOH� WKH H[SHFWDWLRQ LQ WKH WH[W VKRXOG EH ZULWWHQ OQ �XW�c XW� � :H PDLQWDLQ WKH

LQWHJHU LQFUHPHQW IRU VLPSOLFLW\ RI QRWDWLRQ DQG XQGHUVWDQGLQJ LQ WKLV H[SRVLWLRQ�

��



9DU �� OQ UW�� M UW�  }�c�

1RWLFH WKDW ( �� OQ UW�� M UW� LV LQGHSHQGHQW RI M DQG 9DU �� OQ UW�� M UW� LV LQGHSHQGHQW RI

ERWK M DQG W�

)RU YDOXLQJ FRXSRQ ERQGV WKH QRUPDO LQWHUYDO RI LQWHUHVW c FRUUHVSRQGV WR WKH VHPL�
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5HIHUHQFHV

$PLQ� .DXVKLN ,� DQG $QGUHZ -� 0RUWRQ� ?,PSOLHG 9RODWLOLW\ ,Q $UELWUDJH )UHH 7HUP
6WUXFWXUH 0RGHOV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV� ��� ����� ���^����

%ODFN� )LVFKHU� (PDQXHO 'HUPDQ� DQG :LOOLDP 7R\� ?$ 2QH�)DFWRU 0RGHO RI ,QWHUHVW
5DWHV DQG ,WV $SSOLFDWLRQ WR 7UHDVXU\ %RQG 2SWLRQV�� )LQDQFLDO $QDO\VWV -RXUQDO�

��� �����-DQ�)HE�� ��^���

%ODFN� )LVFKHU DQG 3LRWU .DUDVLQVNL� ?%RQG DQG 2SWLRQ 3ULFLQJ :KHQ 6KRUW 5DWHV $UH
/RJQRUPDO�� )LQDQFLDO $QDO\VWV -RXUQDO� �����-XO�$XJ�� ��^���

%OLVV� 5REHUW 5�� ?7HVWLQJ 7HUP 6WUXFWXUH (VWLPDWLRQ 0HWKRGV�� $GYDQFHV LQ )XWXUHV DQG

2SWLRQV 5HVHDUFK �IRUWKFRPLQJ�� �����

%OLVV� 5REHUW 5� DQG (KXG ,� 5RQQ� ?7R &DOO RU 1RW WR &DOO" 7KDW LV WKH 4XHVWLRQ� 2SWLPDO
&DOO 3ROLFLHV IRU &DOODEOH 8�6� 7UHDVXULHV�� )HGHUDO 5HVHUYH %DQN RI $WODQWD (FRQRPLF

5HYLHZ� ������ �����1RY�'HF�� �^��� �����0D\�� �

%�XKOHU� :ROIJDQJ DQG 0LFKDHO 6FKXOW]H� ?$QDO\VLV RI WKH &DOO 3ROLF\ RI %XQG� %DKQ� DQG
3RVW LQ WKH *HUPDQ %RQG 0DUNHW�� :RUNLQJ SDSHU� /HKUVWXKO I�XU )LQDQ]LHUXQJ� 8QL�
YHUVLW�DW 0DQQKHLP� �����

&DUD\DQQRSRXORV� 3�� ?7KH 0LVSULFLQJ RI 8�6� 7UHDVXU\ &DOODEOH %RQGV�� -RXUQDO RI )XWXUHV
0DUNHWV� ��� ����� ���^����

&KDQ� .� &�� *� $QGUHZ .DURO\L� )UDQFLV $� /RQJVWDm� DQG $QWKRQ\ %� 6DQGHUV� ?$Q
(PSLULFDO &RPSDULVRQ RI $OWHUQDWLYH 0RGHOV RI WKH 6KRUW�7HUP ,QWHUHVW 5DWH�� -RXUQDO
RI )LQDQFH� ��� �����-XO�� ����^�����

&R[� -RKQ &�� -RQDWKDQ (� ,QJHUVROO� -U�� DQG 6WHSKHQ 5RVV� ?$ 7KHRU\ RI WKH 7HUP 6WUXF�
WXUH RI ,QWHUHVW 5DWHV�� (FRQRPHWULFD� ��� �����0DU�� ���^����

&R[� -RKQ &� DQG 5XELQVWHLQ� 0DUN� 2SWLRQV 0DUNHWV� 3UHQWLFH�+DOO� ,QF�� (QJOHZRRG &OLmV�
1HZ -HUVH\� �����

(GOHVRQ� 0LFKDHO (�� 'DYLG )HKU� DQG 6FRWW 3� 0DVRQ� ?$UH 1HJDWLYH 3XW DQG &DOO 2S�
WLRQ 3ULFHV ,PSOLFLW LQ &DOODEOH 7UHDVXU\ %RQGV"� :RUNLQJ SDSHU �������� +DUYDUG
%XVLQHVV 6FKRRO� �����-XO��

)DPD� (XJHQH )� DQG 5REHUW 5� %OLVV� ?7KH ,QIRUPDWLRQ LQ /RQJ�0DWXULW\ )RUZDUG 5DWHV��
$PHULFDQ (FRQRPLF 5HYLHZ� ��� �����6HS�� ���^����

)OHVDNHU� %� ?7HVWLQJ 7KH +HDWK�-DUURZ�0RUWRQ�+R�/HH 0RGHO 2I ,QWHUHVW 5DWH &RQWLQ�
JHQW &ODLP 3ULFHV�� :RUNLQJ 3DSHU� 'HSDUWPHQW RI )LQDQFH� 8QLYHUVLW\ RI ,OOLQRLV DW
8UEDQD�&KDPSDLJQ� �����
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+HDWK� 'DYLG� 5REHUW -DUURZ� DQG $QGUHZ 0RUWRQ� ?%RQG 3ULFLQJ DQG WKH 7HUP 6WUXFWXUH
RI ,QWHUHVW 5DWHV� $ 'LVFUHWH 7LPH $SSURDFK�� -RXUQDO RI )LQDQFH DQG 4XDQWLWDWLYH

$QDO\VLV� ��� �����'HF� ���^����

+HDWK� 'DYLG� 5REHUW -DUURZ� DQG $QGUHZ 0RUWRQ� ?%RQG 3ULFLQJ DQG WKH 7HUP 6WUXFWXUH
RI ,QWHUHVW 5DWHV� $ 1HZ 0HWKRG IRU &RQWLQJHQW &ODLPV 9DOXDWLRQ�� (FRQRPHWULFD�

��� �����-DQ�� ��^����

+R� 7KRPDV 6� <� DQG 6DQJ�%LQ /HH� ?7HUP 6WUXFWXUH 0RYHPHQWV DQG 3ULFLQJ ,QWHUHVW
5DWH &RQWLQJHQW &ODLPV�� -RXUQDO RI )LQDQFH� ��� �����'HF�� ����^�����

+XOO� -RKQ DQG $ODQ :KLWH� ?3ULFLQJ ,QWHUHVW�5DWH�'HULYDWLYH 6HFXULWLHV�� 5HYLHZ RI )L�

QDQFLDO 6WXGLHV� �� ����� ���^����

-RUGDQ� %UDGIRUG '� DQG 6XVDQ '� -RUGDQ� ?7D[ 2SWLRQV DQG WKH 3ULFLQJ RI 7UHDVXU\ %RQG
7ULSOHWV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV� ��� �����1RY�� ���^����

-RUGDQ� %UDGIRUG '�� 6XVDQ '� -RUGDQ� DQG 5DQG\ -RUJHQVHQ� ?2SWLRQ 3ULFHV ,PSOLFLW LQ
&DOODEOH 7UHDVXU\ %RQGV� $ 5HVROXWLRQ RI WKH &DOODEOH 8�6� 7UHDVXU\�%RQG 3X]]OH��
-RXUQDO RI )LQDQFLDO (FRQRPLFV� ��� ����� ���^����

-RUGDQ� %UDGIRUG '�� 6XVDQ '� -RUGDQ� DQG 'DYLG '� .XLSHUV� ?7KH 0LVSULFLQJ RI &DOODEOH
8�6� 7UHDVXU\ %RQGV� $ &ORVHU /RRN�
 :RUNLQJ SDSHU� 8QLYHUVLW\ RI 0LVVRXUL^&ROXPELD�
�����$XJ��

-RUGDQ� %UDGIRUG '� DQG 5DQG\ -RUJHQVHQ� ?0HDVXULQJ WKH %HQHnW RI D %RQG 5HIXQGLQJ��
:RUNLQJ SDSHU� 8QLYHUVLW\ RI 0LVVRXUL^&ROXPELD� �����1RY��

/LYLQJVWRQ� 0LOHV DQG 6XUHVK -DLP� ?)ODWWHQLQJ RI %RQG <LHOGV &XUYHV IRU /RQJ 0DWXULWLHV��
-RXUQDO RI )LQDQFH ��� ����� ��� ^����

/RQJVWDm� )UDQFLV $�� ?$UH 1HJDWLYH 2SWLRQ 3ULFHV 3RVVLEOH" 7KH &DOODEOH 8�6� 7UHDVXU\
%RQG 3X]]OH�� -RXUQDO RI %XVLQHVV� ��� �����2FW�� ���^���� 0RGHO��

1HOVRQ� &KDUOHV 5� DQG $QGUHZ )� 6LHJHO� ?3DUVLPRQLRXV 0RGHOLQJ RI <LHOG &XUYHV�� -RXU�
QDO RI %XVLQHVV� ��� �����2FW�� ���^����

5RQQ� (KXG ,�� ?$ 1HZ /LQHDU 3URJUDPPLQJ $SSURDFK WR %RQG 3RUWIROLR 0DQDJHPHQW��
-RXUQDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� �����'HF�� ��������

6FKDHIHU� 6WHSKHQ 0�� ?7D[�,QGXFHG &OLHQWHOH (mHFWV LQ WKH 0DUNHW IRU %ULWLVK *RYHUQPHQW
6HFXULWLHV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� �����-XO�� ��������

6LHJHO� $QGUHZ )� DQG &KDUOHV 5� 1HOVRQ� ?/RQJ�7HUP %HKDYLRU RI <LHOG &XUYHV�� -RXUQDO
RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� �����0DU�� ���^����

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

)LQDQFLDO (FRQRPLFV� �� ����� ���^����
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9X� -RVHSK '�� ?$Q (PLSLULFDO ,QYHVWLJDWLRQ RI &DOOV RI 1RQ�&RQYHUWLEOH %RQGV�� -RXUQDO
RI )LQDQFLDO (FRQRPLFV� ��� �����-XQH�� ���^����
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Table 1a | Summary Statistics for Implied Volatilities
Data Period: January 1987 { December 1995

Intermediate Maturities (5 { 20 Years) Long Maturities (> 20 Years)
Estimation Mean Standard N Mean Standard N

Method Implied Vol Deviation (months) Implied Vol Deviation (months)

Nelson-Siegel-Bliss 9.15% 3.77% 105 17.82% 4.88% 93
Fama-Bliss 9.02% 3.93% 105 16.04% 3.65% 93
C-STRIPS 9.09% 4.08% 87 12.29% 3.65% 81

Table 1b | Correlation Matrices for Implied Volatilities
Data Period: 1987 { 1995

Intermediate Maturities (5 { 20 Years) Long Maturities (> 20 Years)
Estimation Nelson-Siegel- Fama- Nelson-Siegel- Fama-

Method Bliss Bliss C-STRIPS Bliss Bliss C-STRIPS

Nelson-Siegel-Bliss 1.000 1.000
Fama-Bliss 0.970 1.000 0.661 1.000
C-STRIPS 0.852 0.853 1.000 0.626 0.621 1.000

Notes:

1. Statistics are computed using the monthly vega-weighted implied volatilities,

2. Using observations with \good" implied volatilities and vega > 0:02.



Table 2 | Breakdown of Implied Volatility Estimates by Moneyness, Maturity, and Vega
Dates: January 1985 { December 1995

Implied Maturities Included
Volatilities Moneyness Short Medium Long All Vega Frequency
Neg. Out 0 236 23 259 Low 658

At 5 281 121 407 Medium 102
In 0 10 88 98 High 4

Total 5 527 232 764 764
Good Out 7 49 4 60 Low 78

At 27 528 59 614 Medium 801
In 0 612 796 1408 High 1203

Total 34 1189 859 2082 2082
Huge Out 0 0 0 0 Low 50

At 3 0 0 3 Medium 2
In 0 0 49 49 High 0

Total 3 0 49 52 52

1. Fama-Bliss term structure estimates were used to estimate the implied volatilities and
vegas.

2. \Implied Volatilities" refers to whether the implied volatility could be estimated.

² \Huge" indicates that the implied volatility exceeded 100% and was deemed un-
reasonably large.

² \Good" indicates that an implied volatility was found in the range [0,100%].

² \Neg." indicates that the option value was negative and the implied volatility
could not be computed.

3. \Moneyness" refers to the forward price of the equivalent non-callable bond as of the
call date. For \at-the-money" bonds: 95 · FP · 105. \In-" and \out-of-the-money"
bonds have forward prices above and below that range respectively.

4. \Maturities" are measured as of the noti¯cation date. \Medium" maturities are de¯ned
by: 5 years · Tm · 20 years.

5. \Vega" refers to @V=@¾ and is measured at the implied volatility for \good" implied
volatilities, at zero volatility for negative option value bonds, and at 100% volatility
for \huge" implied volatilities. Medium vegas are in the range [2%,10%].



Table 3 | Analysis of Threshold Volatilities
Dates: March 1988 { December 1995

Term Structure Estimation Technique Used
Quote Tm Flat C-STRIPS Fama-Bliss Nelson-Siegel-Bliss
Date Price FP4:5m S4:5m L ¾T FP4:5m S4:5m L ¾T FP4:5m S4:5m L ¾T

7 1
2
s of Aug'88{93

880331 5.37 97.16 96.40 100.38 96.87 Neg. 96.68 100.37 97.13 Neg. 96.60 100.49 97.17 Neg.
880930 4.88 95.38 95.25 99.88 95.26 Neg. 95.63 99.83 95.58 Neg. 95.53 99.89 95.55 Neg.
890331 4.37 92.38 93.08 99.26 92.58 Neg. 93.15 99.28 92.67 Neg. 93.29 99.34 92.85 Neg.
890929 3.88 96.75 97.55 99.69 97.32 Neg. 97.21 99.63 96.92 Neg. 97.29 99.67 97.04 Neg.
900330 3.38 96.41 96.51 99.76 96.38 Neg. 96.73 99.74 96.56 Neg. 96.78 99.77 96.64 Neg.
900928 2.88 98.25 98.04 99.95 98.05 Neg. 98.32 99.95 98.31 Neg. 98.17 99.97 98.19 Neg.
910328 2.38 100.50 100.02 100.60 100.62 7.5% 100.18 100.56 100.74 9.7% 100.18 100.56 100.73 10.3%
910930 1.88 101.41 101.85 100.79 102.61 66.2% 101.86 100.77 102.59 66.2% 101.90 100.79 102.66 67.5%
Called Feb'92 Call was optimal Call was optimal Call was optimal

7s of May'93{98
921231 5.37 100.87 102.37 101.37 103.72 20.3% 102.15 101.31 103.44 19.4% 102.37 101.38 103.72 19.8%
Called May'93 Call was optimal Call was optimal Call was optimal

8 1
2
s of May'94-99

931231 5.37 101.88 113.25 101.96 115.06 62.8% 113.26 101.88 114.98 63.1% 113.34 101.94 115.12 63.1%
Called May'94 Call was optimal Call was optimal Call was optimal

7 7
8
s of Feb'1995-2000

940930 5.38 100.84 101.67 100.97 102.61 11.1% 101.58 100.92 102.46 10.2% 101.55 100.99 102.51 9.8%
Called Feb'95 Call was optimal Call was optimal Call was optimal

8 3
8 s of Aug'1995-2000

950331 5.37 100.69 105.11 100.94 105.94 20.0% 104.84 100.86 105.59 19.1% 104.92 100.88 105.69 19.5%
Called Feb'96 Call was optimal Call was optimal Call was optimal

Notes:

Tm ´ Time to maturity, in years Flat Price ´ Market price, excluding accrued interest
FP4:5m ´ Forward price of L on next call date date S4:5m ´ Present value of otherwise equivalent non-callable

bond which matures in 4.5 months
L ´ Present value of otherwise equivalent non-callable

bond to Tm

¾T ´ Threshold volatility; \Neg" means negative option
value

Appendix B. describes the term structure estimation techniques,



Table 4 | Analysis of Threshold Volatilities
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

31
2
s of Mar'30{32 290830 2.54 97.50 99.93 99.41 99.34 Negative No

300228 2.05 99.56 99.90 99.97 99.88 Negative No
300829 1.55 100.72 100.53 100.05 100.58 70.0% Yes
310228 1.05 100.06 101.51 100.08 101.59 > 100% Yes Mar'31 Suboptimal (Late)

31
2
s of Sep'30{32 300228 2.55 99.56 99.90 99.95 99.85 Negative No

300829 2.05 100.72 100.70 100.05 100.75 48.7% Yes
310228 1.55 100.06 101.68 100.08 101.76 > 100% Yes Mar'31 Suboptimal (Late)

31
2
s of Dec'30{32 300529 2.55 100.37 100.40 100.55 100.95 15.0% ?

301129 2.05 101.03 100.87 100.01 100.88 58.1% Yes
310529 1.55 101.53 102.13 100.12 102.25 > 100% Yes
311130 1.04 100.03 100.89 100.06 100.95 > 100% Yes Dec'31 Suboptimal (Late)

4s of Nov'27{42 270430 15.54 100.03 109.77 100.24 109.83 11.2% ?
271031 15.04 99.81 110.74 100.04 110.77 17.3% ? May'28 Optimal

33
8
s of Mar'41{43 401031 2.37 102.38 106.42 101.20 107.62 > 100% Yes Mar'41 Optimal

² \Optimal to Call?"

{ \Yes" indicates (1) the threshold volatility, ¾T , is higher than normal levels of volatility observed in the market, indicating that the time
value of the option has eroded to zero, and (2) the forward price is in the money, i.e. FP4:5m > 100.

{ \No" indicates either (1) ¾T is low relative to normal and therefore that the option time has value remaining; or that (2) FP4:5m < 100.

{ \?" indicates ¾T is comparable to market levels and that calling or not is a matter of indi®erence.

² \Evaluation"

{ \Optimal" indicates either

¤ the call was made at the ¯rst call date at which it was clearly indicated by the forward price and high threshold volatility, or

¤ the bond was clearly not optimal call at each noti¯cation date and the call never occurred.

{ \Suboptimal (Late)" indicates that the call was rational but should have occurred at another, earlier date.

{ \Irrational" indicates that the bond was called either when the forward price was not in-the-money or when the time value remaining
in the option was high, as indicated by a low threshold volatility.



Table 4 | Analysis of Threshold Volatilities (Cont'd)
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

3 3
8
s of Jun'40{43 400131 3.37 102.00 109.02 101.21 110.22 > 100% Yes Jun'40 Optimal

3 1
4 s of Apr'44{46 431130 2.38 101.05 104.34 100.97 105.31 > 100% Yes Apr'44 Optimal

3 3
8
s of Jun'43{47 430130 4.38 101.06 108.53 101.15 109.67 > 100% Yes Jun'43 Optimal

3 1
2
s of Jun'32{47 320130 15.38 94.47 98.54 100.28 98.83 Negative No

320730 14.88 101.13 103.42 101.19 104.61 7.7% No
330131 14.37 103.31 106.80 101.29 108.09 17.3% No
330731 13.87 102.63 107.35 101.24 108.59 16.4% No
340131 13.37 101.31 104.56 101.13 105.69 8.4% No
340731 12.87 103.94 108.78 101.29 110.07 26.4% ?
350131 12.37 104.25 111.81 101.24 113.05 34.4% ? Jun'35 Optimal

4s of Jun'32{47 320130 15.38 95.00 104.26 100.46 104.68 4.8% No
320730 14.88 100.22 109.20 101.38 110.56 16.4% No
330131 14.37 101.47 112.56 101.47 114.03 26.4% ?
330731 13.87 101.00 112.93 101.43 114.35 25.3% ? Jun'35 Optimal¤

2 3
4
s of Sep'45{47 450430 2.38 100.94 103.28 100.77 104.04 > 100% Yes Sep'45 Optimal

3s of Jun'46{48 460131 2.37 101.00 104.29 100.83 105.11 > 100% Yes Jun'46 Optimal

3 1
8 s of Jun'46{49 460131 3.37 101.03 106.93 100.88 107.79 > 100% Yes Jun'46 Optimal

2s of Mar'48{50 471031 2.37 100.36 101.87 100.43 102.29 > 100% Yes
480430 1.88 101.25 100.89 100.39 101.28 > 100% Yes
481029 1.38 100.78 100.55 100.35 100.89 > 100% Yes
490429 0.88 100.69 100.39 100.32 100.70 > 100% Yes ¤¤ Suboptimal (Late)

2s of Dec'48{50 480730 2.38 100.44 101.17 100.38 101.55 92.5% Yes Dec'48 Optimal

¤: The 4s of Jun'32-47 were called two years after the last date for which we have price quotations.

¤¤: The 2s of Mar'48{50 were ¯rst partially called in Mar'48.



Table 4 | Analysis of Threshold Volatilities (Cont'd)
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

23
4
s of Mar'48{51 471031 3.37 100.69 105.00 100.71 105.69 > 100% Yes Mar'48 Optimal

2s of Jun'49{51 490131 2.37 100.31 101.30 100.31 101.60 97.5% Yes Jun'49 Optimal

2s of Sep'49{51 490429 2.38 100.30 101.47 100.32 101.79 > 100% Yes Sep'49 Optimal

2s of Dec'49{51 490729 2.38 100.44 101.52 100.40 101.91 > 100% Yes Dec'49 Optimal

2s of Mar'50{52 491031 2.37 100.36 101.64 100.35 101.99 > 100% Yes Mar'50 Optimal

2s of Sep'50{52 500428 2.38 100.36 101.17 100.34 101.50 90.0% Yes Sep'50 Optimal

21
2
s of Sep'50{52 500428 2.38 100.59 102.15 100.53 102.67 > 100% Yes Sep'50 Optimal

31
8
s of Dec'49{52 490729 3.38 100.92 105.48 100.82 106.28 > 100% Yes Dec'49 Optimal

2s of Sep'51{53 510430 2.38 100.00 101.51 100.21 101.72 > 100% Yes
511031 1.87 100.09 100.10 100.17 100.26 25.0% ?
520430 1.38 100.19 100.18 100.17 100.35 75.0% Yes
521031 0.87 100.02 100.03 100.09 100.12 > 100% Yes Never Suboptimal (Late)

21
4
s of Dec'51-53 510731 2.37 100.44 100.64 100.31 100.94 39.4% ? Dec'51 Optimal

21
2
s of Dec'49{53 490729 4.38 100.69 104.76 100.59 105.33 93.7% Yes Dec'49 Optimal

21
2 s of Mar'52{54 511031 2.37 100.28 101.07 100.35 101.41 62.5% Yes Mar'52 Optimal

2s of Jun'52-54 520131 2.37 100.00 100.01 100.13 100.14 11.2% No
520731 1.87 99.84 99.88 100.07 99.95 Negative No
530130 1.38 99.78 99.84 100.09 99.93 Negative No
530731 0.87 99.75 99.76 99.98 99.74 Negative No Never Optimal

23
4 s of Jun'51{54 510131 3.37 100.59 103.09 100.49 103.56 82.50% Yes Jun'51 Optimal



Table 4 | Analysis of Threshold Volatilities (Cont'd)
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

2s of Dec'44{54 450131 9.87 101.28 110.36 100.41 110.75 59.1% ?
450731 9.37 102.80 110.38 100.45 110.80 66.2% ?
460131 8.87 104.67 110.74 100.46 111.17 89.4% Yes
460731 8.37 103.78 109.34 100.42 109.74 81.2% Yes
470131 7.87 103.00 106.77 100.44 107.19 53.0% ?
470731 7.37 102.84 106.85 100.47 107.30 63.1% ?
480130 6.88 101.13 103.79 100.37 104.15 35.2% ?
480730 6.38 101.19 104.10 100.38 104.46 41.2% ?
490131 5.87 101.56 103.94 100.31 104.23 45.9% ?
490729 5.38 102.33 103.45 100.40 103.84 51.6% Yes
500131 4.87 101.84 103.01 100.33 103.33 51.6% Yes
500731 4.37 101.48 101.96 100.31 102.27 43.1% ?
510131 3.87 100.62 100.99 100.21 101.19 26.2% ?
510731 3.37 100.09 100.16 100.21 100.37 8.1% ?
520131 2.87 99.97 99.96 100.13 100.09 0.0% No
520731 2.37 99.80 99.80 100.07 99.87 Negative No
530130 1.88 99.66 99.65 100.09 99.74 Negative No
530731 1.37 99.47 99.60 99.98 99.59 Negative No
540129 0.88 100.72 100.28 100.54 100.82 > 100% Yes Never Suboptimal (Late)

4s of Dec'44{54 440731 10.37 101.36 129.98 101.26 131.17 > 100% Yes Dec'44 Optimal

2s of Jun'53{55 530130 2.38 100.13 99.52 100.09 99.61 Negative No Jun'53 Irrational

2 1
4 s of Jun'52{55 520131 3.37 100.17 100.58 100.23 100.80 21.2% ?

520731 2.87 100.09 100.28 100.16 100.45 16.2% ?
530130 2.38 99.97 100.01 100.18 100.19 6.2% ?
530731 1.87 99.69 99.77 100.07 99.84 Negative No
540129 1.38 100.44 100.63 100.64 101.26 > 100% Yes Jun'54 Optimal

3s of Sep'51{55 510430 4.38 100.68 106.90 100.59 107.45 > 100% Yes Sep'51 Optimal



Table 4 | Analysis of Threshold Volatilities (Cont'd)
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

2s of Dec'51{55 510731 4.37 100.03 100.19 100.21 100.40 5.6% ?
520131 3.87 99.91 99.70 100.13 99.84 Negative No
520731 3.37 99.78 99.52 100.07 99.60 Negative No
530130 2.88 99.38 99.45 100.09 99.54 Negative No
530731 2.37 99.06 99.16 99.98 99.14 Negative No
540129 1.88 100.69 100.52 100.54 101.07 72.5% Yes
540730 1.38 100.69 101.05 100.67 101.72 > 100% Yes Dec'54 Suboptimal (Late)

3 3
4
s of Mar'46{56 451031 10.37 101.13 128.94 101.10 129.95 > 100% Yes Mar'46 Optimal

2 1
4 s of Jun'54{56 540129 2.38 100.47 101.15 100.64 101.79 77.5% Yes Jun'54 Optimal

2 1
2
s of Mar'56{58 551031 2.37 99.94 100.23 100.20 100.43 0.0% No

560430 1.88 98.69 98.93 99.89 98.82 Negative No
561031 1.37 98.97 99.29 99.82 99.12 Negative No
570430 0.88 99.28 99.32 99.81 99.14 Negative No Never Optimal

2 3
8
s of Mar'57{59 561031 2.37 97.81 98.17 99.78 97.96 Negative No

570430 1.88 97.91 98.50 99.76 98.28 Negative No
571031 1.37 98.00 98.78 99.46 98.25 Negative No
580430 0.88 100.37 100.47 100.47 100.94 > 100% Yes Sep'58 Optimal

2 3
4 s of Sep'56{59 560430 3.38 100.19 99.22 99.98 99.20 Negative No Sep'56 Irrational

2 7
8
s of Mar'55{60 541029 5.38 100.84 103.95 100.76 104.70 47.3% ? Mar'55 Optimal

2 3
4 s of Jun'58-63 580131 5.37 100.38 99.26 100.37 99.63 Negative No Jun'58 Irrational

2 3
4
s of Dec'60{65 600729 5.38 100.19 96.81 100.05 96.89 Negative No

610131 4.87 100.47 95.86 100.09 95.99 Negative No
610731 4.37 100.50 96.34 100.16 96.53 Negative No
620131 3.87 100.34 95.91 99.97 95.93 Negative No
620731 3.37 100.31 97.13 99.97 97.13 Negative No Dec'62 Irrational



Table 4 | Analysis of Threshold Volatilities (Cont'd)
Dates: January 1932 { October 1971

Quote Tm Flat Fama-Bliss Term Structure Estimates Optimal When
Bond ID Date Price FP4:5m S4:5m L ¾T to Call? Called Evaluation

21
2
s of Sep'67{72 670428 5.38 91.00 90.19 99.46 89.79 Negative No

671031 4.87 88.13 87.46 99.15 86.83 Negative No
680430 4.38 88.88 88.46 98.84 87.54 Negative No
681031 3.87 91.63 91.26 98.87 90.31 Negative No
690430 3.38 90.56 90.73 98.64 89.58 Negative No
691031 2.87 87.56 89.28 98.13 87.71 Negative No
700430 2.38 88.72 90.17 98.29 88.71 Negative No
701030 1.88 92.88 93.98 98.73 92.84 Negative No
710430 1.38 96.81 97.46 99.42 96.92 Negative No
711029 0.88 98.31 98.95 99.36 98.33 Negative No Never Optimal



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

����� ����

�� �� �� �� �� �� ��

�
�
��

��
�
	
�

��
��

�
�
�	
��

�

�

	�

	�


�


�

��

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

����� ����

�� �� �� �� �� �� ��

�
�
��

��
�
	
�

��
��

�
�
�	
��

�

�

	�

	�


�


�

��



Figure 2a: Implied Volatilities, 1926 - 1955
 Minimum Vega: 0.02; Minimum Oservations/Month: 1
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Figure 2b: Implied Volatilities, 1978 - 1995
Minimum Vega: 0.02; Minimum Observations/Month: 1
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