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3 UHOLPLQDU\ DQG ,QFRPSOHWH
'R QRW TX RWH ZLWKRX W SHUPLV V LRQ

& RPPHQWV ZHOFRPH

$EVW U DF W � 7 Z R SUR SH UWLH V R I D VVH W SULF H V KD Y H R IWH Q EH H Q D VVR F LD WH G Z LWK ULVN �
QH XWUD OLW\ � �D� WKH H [ SH F WH G UH WXUQ R Q D OO D VVH WV H T XD OV WKH ULVN �IUH H UD WH �WKH
H[ SHFWHG�UHWX UQ SURSHUW\� D QG �E� WKH Y D OXH R I D Q D VVH W H T XD OV WKH SUH VH QW Y D OXH
R I WKH H [ SH F WD WLR Q �XQGH U WKH SK\ VLF D O PH D VXUH � R I LWV SD \ R o �WKH FHUWDLQW\�
HTX LYDOHQW SURSHUW\�� ,Q WKLV SD SH U� Z H VKR Z WKH IR OOR Z LQJ � �L� WKH WZ R SUR S�
H UWLH V D UH H T XLY D OH QW Z KH Q LQWH UH VW UD WH V D UH GH WH UPLQLVWLF EXW PXWXD OO\ H [ F OXVLY H
Z KH Q LQWH UH VW UD WH V D UH VWR F KD VWLF � �LL� D Q H F R QR P\ R I ULVN �QH XWUD O LQY H VWR UV Z KR
F R QVXPH R QO\ D W D VLQJ OH SR LQW R I WLPH LQ WKH IXWXUH Z LOO VXSSR UW WKH F H UWD LQW\ �
H T XLY D OH QW SUR SH UW\ � �LLL� WKH GLVWULEXWLR Q WKD W F D Q EH XQF R Y H UH G XVLQJ R SWLR QV
SULF H V LV D VVR F LD WH G Z LWK WKH F H UWD LQW\ �H T XLY D OH QW SUR SH UW\ � �LY� WKH GLVWULEXWLR Q
D VVR F LD WH G Z LWK WKH H [ SH F WH G�UH WXUQ SUR SH UW\ F D QQR W EH XQF R Y H UH G XVLQJ R SWLR Q
SULF H V Z KH Q LQWH UH VW UD WH V D UH VWR F KD VWLF � D OWKR XJ K WKH \ F D Q EH XQF R Y H UH G IUR P
IXWXUH V SULF H V R Q R SWLR QV WKD W H [ SLUH R Q WKH GH OLY H U\ GD WH � :H SUR Y LGH D Q H P�
SLULF D O LQY H VWLJ D WLR Q R I WKH UH OD WLR QVKLS EH WZ H H Q WKH VH PH D VXUH V LQ WKH F R QWH [ W R I
PXOWL�ID F WR U PR GH OV R I WKH WH UP VWUXF WXUH �

�� ,QW U RGXF W LRQ

7KH LGHD RI ULVN�QHXWUDO SULFLQJ GDWHV EDFN WR WKH DQDO\VLV RI WKH RSWLRQ SULFHV
E\ &R[ DQG 5RVV ������� 7KH\ DGGUHVV D FODVV RI PRGHOV LQ ZKLFK LQWHUHVW UDWHV DUH
GHWHUPLQLVWLF� 7KH\ SURSRVH ZKDW DPRXQWV WR WKH )H\QPDQ^.DF VROXWLRQ WHFKQLTXH
WR WKH SDUWLDO GLoHUHQWLDO HTXDWLRQ �3'(� GHULYHG E\ %ODFN DQG 6FKROHV ������� &R[
DQG 5RVV ������ QRWH WKDW VLQFH WKLV 3'( GRHV QRW LQYROYH DQ\ ULVN�SUHIHUHQFH
SDUDPHWHUV� DQ\ DVVXPSWLRQ DERXW ULVN SUHIHUHQFHV WKDW OHDGV WR D VROXWLRQ LV YDOLG�
$V WKH\ VD\ �S� �����

$ FRQYHQLHQW FKRLFH RI SUHIHUHQFHV � � � LV ULVN QHXWUDOLW\� ,Q VXFK D ZRUOG
HTXLOLEULXP UHTXLUHV WKDW WKH H[SHFWHG UHWXUQV RQ >DVVHWV@ PXVW HTXDO WKH
ULVNOHVV UDWH�

'DWH� 2F WR EH U � � � � � � �
-( / & ODV V LpFDWLRQ� *� � �
.H\ ZRUGV DQG SKUDV HV � (T XLY D OH QW PD UWLQJ D OH PH D VXUH V� ULVN �QH XWUD O SULF LQJ � VWR F KD VWLF LQWH UH VW
UD WH V� %OD F N ^ 6F KR OH V� R SWLR Q SULF LQJ � D VVH W SULF LQJ �
7 KH Y LH Z V H [ SUH VVH G KH UH LQ D UH WKH D XWKR UV
 D QG GR QR W QH F H VVD ULO\ UH qH F W WKR VH R I WKH %R D UG R I
*R Y H UQR UV R U WKH ) H GH UD O 5H VH UY H 6\ VWH P�

�
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7KLV SURSHUW\ RI DVVHW SULFHV KDV EHHQ ZLGHO\ DVVRFLDWHG ZLWK ULVN�QHXWUDOLW\ LQ WKH
DVVHW SULFLQJ OLWHUDWXUH�� :H UHIHU WR WKLV SURSHUW\ DV WKH H[SHFWHG�UHWXUQ SURSHUW\�
%HFDXVH LQWHUHVW UDWHV DUH GHWHUPLQLVWLF LQ WKHLU VHWWLQJ� &R[ DQG 5RVV ������ ZHUH
DEOH WR GHULYH D UHSUHVHQWDWLRQ IRU DVVHW SULFHV LQ WHUPV RI WKH SUHVHQW YDOXH RI
D FHUWDLQW\ HTXLYDOHQW� 7KLV SURSHUW\� WRR� KDV EHHQ ZLGHO\ DVVRFLDWHG ZLWK ULVN�
QHXWUDOLW\� :H UHIHU WR WKLV SURSHUW\ DV WKH FHUWDLQW\�HTXLYDOHQW SURSHUW\�
+RZHYHU� DV &R[� ,QJHUVROO� -U�� DQG 5RVV ������ &,5� SRLQW RXW� WKHVH SURSHUWLHV

GR QRW QHFHVVDULO\ IROORZ IURP ULVN QHXWUDOLW\ ZKHQ ZKHQ LQWHUHVW UDWHV DUH VWRFKDVWLF�
7KH\ PDNH WKH IROORZLQJ REVHUYDWLRQ UHJDUGLQJ WKH H[SHFWHG�UHWXUQ SURSHUW\�

6LQFH WKHUH DUH QR WHUP SUHPLXPV LQ WKLV IRUPXODWLRQ� PDQ\ DXWKRUV KDYH
EHHQ OXUHG LQWR UHIHUULQJ WR LW DV WKH ?5LVN�1HXWUDO ([SHFWDWLRQV +\SRWK�
HVLV�� ,Q IDFW� >LW@ LV QRW D FRQVHTXHQFH RI XQLYHUVDO ULVN�QHXWUDOLW\ � � � �

,QGHHG� &,5 VKRZ WKDW ULVN�QHXWUDOLW\ LWVHOI_DV FRPPRQO\ PRGHOHG_SURGXFHV GH�
WHUPLQLVWLF LQWHUHVW UDWHV� ,Q DGGLWLRQ� &,5 VKRZ WKDW LQ DQ HFRQRP\ ZLWK ERWK
ULVN�QHXWUDO DJHQWV DQG VWRFKDVWLF LQWHUHVW UDWHV� WKHUH LV D ULVN SUHPLXP EXLOW LQWR
H[SHFWHG UHWXUQV� ,Q SDUWLFXODU� WKH\ GHULYH WKH H[SHFWHG UDWH RI UHWXUQ IRU ]HUR�
FRXSRQ ERQGV ZKHQ ULVN�QHXWUDO LQYHVWRUV FRQVXPH RQO\ DW D VLQJOH SRLQW RI WLPH LQ
WKH IXWXUH� 7KH\ DOVR GHVFULEH FRQGLWLRQV XQGHU ZKLFK WKH H[SHFWHG�UHWXUQ SURSHUW\
KROGV DEVHQW ULVN QHXWUDOLW\�
,Q WKH PHDQWLPH� WKH EDVLF QRWLRQV RI ULVN�QHXWUDO SULFLQJ ZHUH H[WHQGHG WR PRUH

JHQHUDO VHWWLQJV E\ +DUULVRQ DQG .UHSV ������� 0RGHUQ DVVHW SULFLQJ WKHRU\ FDQ EH
FKDUDFWHUL]HG DV HTXLYDOHQW PDUWLQJDOH SULFLQJ� VLQFH GHqDWHG DVVHW SULFHV DUH PDU�
WLQJDOHV XQGHU DQ HTXLYDOHQW PHDVXUH� 0RUHRYHU� LW WXUQV RXW WKDW RSWLRQV SULFHV FDQ
EH XVHG WR XQFRYHU WKH GLVWULEXWLRQ RI WKH XQGHUOLHU RQH VXFK HTXLYDOHQW PDUWLQJDOH
PHDVXUH� ,W KDV EHHQ DVVHUWHG WKDW LI WKH UHSUHVHQWDWLYH LQGLYLGXDO ZHUH ULVN QHXWUDO�
WKHQ ZH FRXOG LGHQWLI\ WKLV GLVWULEXWLRQ ZLWK WKH SK\VLFDO PHDVXUH DQG XVH LW� IRU
H[DPSOH� WR FDOFXODWH PDUNHW H[SHFWDWLRQV�
7R HVWDEOLVK WKH OLQN EHWZHHQ DVVHW SULFHV DQG ULVN SUHIHUHQFHV� WKH IROORZLQJ FKDU�

DFWHUL]DWLRQ RI WKH DEVHQFH RI DUELWUDJH LV XVHIXO� 7KHUH H[LVWV D VWDWH�SULFH GHqDWRU
ZLWK WKH SURSHUW\ WKDW GHqDWHG DVVHW SULFHV DUH PDUWLQJDOHV XQGHU WKH SK\VLFDO
PHDVXUH�� 7KXV WKH SURSHUWLHV RI DVVHW SULFHV DUH UHODWHG WR WKH SURSHUWLHV RI WKH
VWDWH�SULFH GHqDWRU� 8QGHU IDLUO\ JHQHUDO FRQGLWLRQV� WKH VWDWH�SULFH GHqDWRU FDQ
EH LQWHUSUHWHG DV WKH PDUJLQDO XWLOLW\ RI ZHDOWK �RU� DEVHQW FRUQHU VROXWLRQV� WKH
PDUJLQDO XWLOLW\ RI FRQVXPSWLRQ��
,Q WKLV SDSHU� ZH VKRZ WKH IROORZLQJ� �L� WKH WZR SURSHUWLHV DUH HTXLYDOHQW ZKHQ

LQWHUHVW UDWHV DUH GHWHUPLQLVWLF DQG WKH\ DUH PXWXDOO\ H[FOXVLYH ZKHQ LQWHUHVW UDWHV
DUH VWRFKDVWLF� �LL� WKH OLQN EHWZHHQ WKH FHUWDLQW\�HTXLYDOHQW SURSHUW\ DQG ULVN QHX�
WUDOLW\ LV UREXVW� EXW WKH DJHQW
V SUHIHUHQFHV DUH TXLWH XQDSSHDOLQJ �ULVN�QHXWUDO

�([ F H SW LQ D R QH �J R R G� R QH �GD WH H F R QR P\ � ULVN QH XWUD OLW\ LV D Q D PELJ XR XV QR WLR Q� 6H H Y D ULR XV F LWH V
>WR EH LQF OXGH G@�
� ' XrH �� � � � � F KD SWH U � ��
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LQYHVWRUV FRQVXPH RQO\ DW D VLQJOH SRLQW RI WLPH LQ WKH IXWXUH�� �LLL� WKH GLVWULEX�
WLRQ WKDW FDQ EH XQFRYHUHG XVLQJ RSWLRQV SULFHV LV DVVRFLDWHG ZLWK WKH FHUWDLQW\�
HTXLYDOHQW SURSHUW\� �LY� WKH GLVWULEXWLRQ DVVRFLDWHG ZLWK WKH H[SHFWHG�UHWXUQ SURS�
HUW\ FDQQRW EH XQFRYHUHG XVLQJ RSWLRQ SULFHV ZKHQ LQWHUHVW UDWHV DUH VWRFKDVWLF�
DOWKRXJK WKH\ FDQ EH XQFRYHUHG IURP IXWXUHV SULFHV RQ RSWLRQV WKDW H[SLUH RQ WKH
GHOLYHU\ GDWH�
7KH DQDO\VLV RI WKLV SDSHU DPRXQWV WR DQ DSSOLFDWLRQ RI HTXLYDOHQW PDUWLQJDOH

PHDVXUH SULFLQJ� 7KH UHVW SDSHU LV RUJDQL]HG DV IROORZV� )LUVW� ZH WDNH WKH H[LVWHQFH
RI D VWDWH�SULFH GHqDWRU DV RXU VWDUWLQJ SRLQW DQG GHULYH WKH DEVHQFH�RI�DUELWUDJH
FRQGLWLRQ IRU WKH H[SHFWHG UHWXUQ XQGHU WKH SK\VLFDO PHDVXUH� DQG ZH VKRZ WKDW WKH
H[SHFWHG UHWXUQ GHSHQGV RQ WKH QXPHUDLUH� 6HFRQG� ZH VKRZ E\ QRUPDOL]LQJ DVVHW
SULFHV ZLWK WKH YDOXH RI D JLYHQ DVVHW� RQH FDQ JHQHUDWH DQ HTXLYDOHQW PHDVXUH DV�
VRFLDWHG ZLWK WKDW GHqDWRU^DVVHW XQGHU ZKLFK GHqDWHG DVVHW SULFHV DUH PDUWLQJDOHV�
7KXV GLoHUHQW GHqDWRU^DVVHWV JHQHUDWH GLoHUHQW PHDVXUHV ZLWK GLoHUHQW UHSUHVHQ�
WDWLRQV IRU DVVHW SULFHV DQG GLoHUHQW G\QDPLFV IRU DVVHW SULFHV XQGHU LWV DVVRFLDWHG
PHDVXUH� 7KLUG� ZH FKDUDFWHUL]H WZR LPSRUWDQW HTXLYDOHQW PDUWLQJDOH PHDVXUHV_
WKH IXWXUHV PHDVXUH �DVVRFLDWHG ZLWK WKH PRQH\�PDUNHW DFFRXQW� DQG WKH IRUZDUG
PHDVXUH �DVVRFLDWHG ZLWK D ]HUR�FRXSRQ ERQG�� 7KH WZR DUH LGHQWLFDO ZKHQ LQWHU�
HVW UDWHV DUH GHWHUPLQLVWLF� )RXUWK� ZH VKRZ WKH UHODWLRQVKLS EHWZHHQ WKH IXWXUHV
PHDVXUH DQG WKH )H\QPDQ^.DF VROXWLRQ WHFKQLTXH� DQG ZH VKRZ KRZ WKH IXWXUHV
PHDVXUH FDQ EH XQFRYHUHG ZLWK IXWXUHV SULFHV DQG WKH IRUZDUG PHDVXUH FDQ EH
XQFRYHUHG ZLWK IRUZDUG SULFHV �RU RSWLRQV SULFHV�� )LIWK� ZH H[DPLQH ULVN�QHXWUDO
SULFLQJ LQ WHUPV RI WKH IXWXUHV DQG IRUZDUG PHDVXUHV ZKHQ LQWHUHVW UDWHV DUH UDQGRP�
(DFK RI WKH WZR PHDVXUHV KDV D FODLP WR WKH WLWOH� 8QGHU WKH IXWXUHV PHDVXUH WKH
H[SHFWHG UHWXUQ RQ DVVHWV HTXDOV WKH ULVN�IUHH UDWH� ZKLOH XQGHU WKH IRUZDUG PHDVXUH
DVVHW SULFHV HTXDO WKH SUHVHQW YDOXH RI D FHUWDLQW\ HTXLYDOHQW� )LQDOO\� ZH LOOXVWUDWH
WKHVH SRLQWV ZLWK D PXOWL�IDFWRU PRGHO RI WKH WHUP VWUXFWXUH�

�� 7 KH VW DW H�SU LF H GHI O DW RU

$EVHQFH RI DUELWUDJH� /HW 9 �W� EH D VHFXULW\ SULFH SURFHVV DQG < �W� EH D GHqDWRU�
$ GHqDWRU LV D VWULFWO\ SRVLWLYH SURFHVV� 7KHQ D GHqDWHG VHFXULW\ SULFH SURFHVV LV
JLYHQ E\ 9 �W�< �W�� 7KH DEVHQFH RI DUELWUDJH LV HTXLYDOHQW WR WKH H[LVWHQFH RI D
VWDWH�SULFH GHqDWRU P�W� ZKHUH� IRU DOO V y W� GHqDWHG DVVHW SULFHV DUH PDUWLQJDOHV
XQGHU WKH SK\VLFDO PHDVXUH�

( 3
W >P�V�9 �V�@  P�W�9 �W�� �����

:H QRWH LQ SDVVLQJ WKDW LI PDUNHWV DUH FRPSOHWH� WKH VWDWH�SULFH GHqDWRU LV XQLTXH
JLYHQ WKH QXPHUDLUH�
6LQFH P�W� LV VWULFWO\ SRVLWLYH� ZH FDQ ZULWH LWV SURFHVV DV

GP�W�

P�W�
 zP�W� GW� �P�W�

!G: �W�� �����
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ZKHUH : �W� LV D YHFWRU RI RUWKRJRQDO %URZQLDQ PRWLRQV XQGHU WKH SK\VLFDO PHD�
VXUH 3� :H VXSSRVH WKDW 9 �W� LV WKH YDOXH RI DQ DVVHW WKDW SD\V QR GLYLGHQGV��
7KHQ ZH FDQ ZULWH

G9 �W�  zz9 �W� GW� z�9 �W�
!G: �W�� �����

ZKHUH WKH EDUV RYHU zz9 �W� DQG z�9 �W� LQGLFDWH WKDW WKHVH DUH DEVROXWH UDWKHU WKDQ
UHODWLYH GULIWV DQG YRODWLOLWLHV� :H DVVXPH WKHUH LV D PRQH\�PDUNHW DFFRXQW ZLWK
YDOXH SURFHVV Gp�W�  U�W�p�W� GW� ZKHUH U�W� LV WKH LQVWDQWDQHRXV ULVN�IUHH UDWH�

1RWH WKDW ZH FDQ ZULWH p�W�  H[S
t5 W
� U�X� GX

u
� JLYHQ p���  ��

*LYHQ WKH G\QDPLFV RIP�W� DQG 9 �W�� ,WR
V OHPPD JLYHV WKH G\QDPLFV IRUP�W�9 �W�
DV

G
b
P�W�9 �W�

c
 P�W�

Q
z9 �W� � zP�W�9 �W� � �P�W�

!z�9 �W�
R

GW�

P�W� I�P�W� � z�9 �W�J! G: �W�� �����

7KH DEVHQFH RI DUELWUDJH DV FKDUDFWHUL]HG E\ ����� LPSOLHV WKDW WKH GULIW RIP�W�9 �W�
LQ ����� LV ]HUR� 7KXV ZH KDYH

zz9 �W�  bzP�W�9 �W�b �P�W�
!z�9 �W�� �����

$SSO\LQJ ����� WR WKH PRQH\�PDUNHW DFFRXQW SURGXFHV zP�W�  bU�W�� ,Q DGGLWLRQ�
LW LV FRQYHQWLRQDO WR GHpQH WKH PDUNHW SULFH RI ULVN DV y�W� � b�P�W�� :LWK WKLV
FKDQJH RI QRWDWLRQ� ZH FDQ ZULWH ����� DV GP�W� P�W�  bU�W� GW b y�W�!G: �W��
0RUHRYHU ZH FDQ ZULWH ����� DV

zz9 �W�  U�W�9 �W� � y�W�!z�9 �W�� �����

1RWH WKDW LI 9 �W� LV VWULFWO\ SRVLWLYH� ZH FDQ ZULWH ����� DV

z9 �W�  U�W� � y�W�!�9 �W�� �����

ZKHUH z9 �W� � zz9 �W� 9 �W� DQG �9 �W� � z�9 �W� 9 �W�� (TXDWLRQ ����� VWDWHV WKDW
WKH H[SHFWHG UHWXUQ HTXDOV WKH ULVN�IUHH UDWH SOXV D ULVN�SUHPLXP WKDW GHSHQGV RQ
WKH QHJDWLYH RI WKH FRQGLWLRQDO FRYDULDQFH RI WKH DVVHW
V UHWXUQ ZLWK WKH VWDWH�SULFH
GHqDWRU�

&KDQJLQJ WKH QXPHUDLUH� 6XSSRVH ZH FKDQJH WKH QXPHUDLUH E\ GHqDWLQJ E\
DQRWKHU GHqDWRU� < �W�� /HW DVVHW YDOXHV GHQRPLQDWHG LQ WKH QHZ XQLWV EH GHQRWHG

E\ H9 �W� � < �W�9 �W�� 1RWH WKDW ����� LPSOLHV

( 3
W >HP�V� H9 �V�@  HP�W� H9 �W�� �����

ZKHUH HP�W� � P�W� < �W� LV WKH VWDWH�SULFH GHqDWRU IRU WKH QHZ QXPHUDLUH� 7KHUH�
IRUH ZH FDQ ZULWH WKH DEVHQFH�RI�DUELWUDJH FRQGLWLRQ LQ WHUPV RI WKH QHZ QXPHUDLUH

DV zzH9
�W�  HU�W� H9 �W�� Hy�W�!z�H9

�W�� DQG WKH G\QDPLFV RI WKH QHZ VWDWH�SULFH GHqDWRU
FDQ EH H[SUHVVHG LQ WHUPV RI WKH VKRUW UDWH DQG SULFH RI ULVN GHQRPLQDWHG LQ WHUPV

RI WKH QHZ QXPHUDLUH� GHP�W� HP�W�  bHU�W� GWb Hy�W�!G: �W��
�9 �W� F D Q EH WKR XJ KW R I D V WKH Y D OXH R I D VH OI�pQD QF LQJ WUD GLQJ VWUD WH J \ XQGH U Z KLF K D Q\ GLY LGH QGV
SD LG D UH UH LQY H VWH G�
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,W LV QDWXUDO WR XVH WKLV VHW XS ZKHQP�W� LV WKH VWDWH�SULFH GHqDWRU GHQRPLQDWHG LQ
GRPHVWLF FXUUHQF\� HP�W� LV WKH VWDWH�SULFH GHqDWRU GHQRPLQDWHG LQ IRUHLJQ FXUUHQF\�
LQ ZKLFK FDVH < �W� LV WKH IRUHLJQ H[FKDQJH UDWH� $QRWKHU QDWXUDO XVH LV ZKHQ P�W�
LV WKH VWDWH�SULFH GHqDWRU GHQRPLQDWHG LQ UHDO WHUPV� ZKLOH HP�W� LV WKH VWDWH�SULFH
GHqDWRU GHQRPLQDWHG LQ QRPLQDO WHUPV� LQ ZKLFK FDVH < �W� LV WKH SULFH OHYHO�
)URP D PRGHOLQJ SHUVSHFWLYH� ZH DUH IUHH WR FKRRVH DQ\ WZR RI IP�W�� HP�W�� < �W�J

DV H[RJHQRXV DQG GHULYH WKH G\QDPLFV RI WKH WKLUG XVLQJ ,WR
V OHPPD� )RU VRPH
SXUSRVHV LW LV FRQYHQLHQW WR WUHDW WKH SURFHVVHV IRU P�W� DQG HP�W� DV H[RJHQRXV DQG
GHULYH WKH SURFHVV IRU \�W� � ORJ�< �W��  ORJ�P�W� HP�W���

G\�W�  z\�W� GW� �\�W�
!G: �W��

ZKHUH

z\�W�  HU�W�b U�W�b �

�

t
NHy�W�N� b Ny�W�N�

u
����D�

DQG

�\�W�  Hy�W�b y�W�� ����E�

6HH� IRU H[DPSOH� 6DwD�5HTXHMR ������� 1RWH WKDW ZH FDQ UHZULWH ����� DV

HU�W�  U�W� � z\�W� �
�

�
N�\�W�N� � y�W�!�\�W�� ������

(TXDWLRQ ������ FDQ EH LQWHUSUHWHG DV HLWKHU �L� WKH UHODWLRQVKLS EHWZHHQ QRPLQDO
�HU� DQG UHDO �U� LQWHUHVW UDWHV� ZKLFK LQYROYHV H[SHFWHG LQqDWLRQ �z\�� WKH YDULDQFH
RI LQqDWLRQ �N�\N�� DQG D ULVN SUHPLXP �y!�\�� RU �LL� WKH UHODWLRQVKLS EHWZHHQ
IRUHLJQ �HU� DQG GRPHVWLF �U� LQWHUHVW UDWHV� ZKLFK LQYROYHV H[SHFWHG H[FKDQJH�UDWH
GHSUHFLDWLRQ� DQG VR IRUWK�

�� (TXLYDO HQW P DU W LQJDO H P HDVXU HV DQG GHI O DW RU ^ DVVHW V

'HqDWRU^DVVHWV� /HW ]�W� EH WKH YDOXH RI D VWULFWO\ SRVLWLYH DVVHW WKDW SD\V QR
GLYLGHQGV RYHU WKH UHOHYDQW SHULRG �D VHOI�pQDQFLQJ WUDGLQJ VWUDWHJ\�� 6LQFH ]�W� LV
VWULFWO\ SRVLWLYH� ZH FDQ ZULWH LWV SURFHVV DV G]�W� ]�W�  z]�W� GW � �]�W�

!G: �W��
'HpQH |]�W� � P�W� ]�W�� 6LQFH ]�W� LV WKH YDOXH RI DQ DVVHW� ZH KDYH E\ �����

G|]�W�

|]�W�
 bv]�W�

!G: �W�� �����

ZKHUH v]�W� � y�W�b�]�W�� *LYHQ WKH DEVHQFH RI DUELWUDJH DQG ������ ZH FDQ GHpQH
DQ HTXLYDOHQW PHDVXUH 4] XVLQJ *LUVDQRY
V 7KHRUHP DV IROORZV�

G:]�W�  G: �W� � v]�W� GW� �����

ZKHUH :]�W� LV D YHFWRU RI VWDQGDUG� LQGHSHQGHQW %URZQLDQ PRWLRQV XQGHU 4]�
7KH G\QDPLFV XQGHU 4] RI DQ DUELWUDU\ YDULDEOH ;�W� FDQ EH HDVLO\ IRXQG JLYHQ LWV
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G\QDPLFV XQGHU 3 XVLQJ ������

G;�W�  zz[�W� GW� z�;�W�
!G: �W�

 zz[�W� GW� z�;�W�
!bG:]�W�b v]�W� GW

c
 

b
zz;�W�b z�;�W�!v]�W�

c
GW� z�;�W�

!G:]�W��

�����

:H QRZ VKRZ WKDW 4] LV DQ HTXLYDOHQW PDUWLQJDOH PHDVXUH� /HW < �W�  ]�W�b�
EH D GHqDWRU DQG FRQVLGHU WKH GHqDWHG DVVHW SULFH 9]�W�  9 �W�< �W�  9 �W� ]�W��
:H UHIHU WR ] DV WKH GHqDWRU^DVVHW� ,WR
V OHPPD JLYHV WKH SURFHVV IRU 9]�W� XQGHU
WKH SK\VLFDO PHDVXUH 3�

G9]�W�  v]�W�
!z�9]�W� GW� z�9]�W�

!G: �W�� �����

ZKHUH z�9]�W�  z�9 �W�b �]�W�� 8VLQJ ����� DQG ����� ZH FDQ ZULWH

G9]�W�  z�9]�W�
!G:]�W��

ZKLFK VKRZV WKDW DVVHW YDOXHV GHqDWHG E\ < �W�  ]�W�b� DUH PDUWLQJDOHV XQGHU WKH
HTXLYDOHQW PHDVXUH 4]�

� 7KXV� IRU V y W� ZH KDYH

9]�W�  (4]
W >9]�V�@� �����

$OVR QRWH WKDW |]�W� LV WKH �FRQGLWLRQDO H[SHFWDWLRQ RI WKH� 5DGRQ�1LNRG\P GH�
ULYDWLYH� |]�W�  ( 3

W >G4] G3@�� ,Q SDUWLFXODU� ZH KDYH

(4[
W >;�V�@  

( 3
W >|]�V�;�V�@

|]�W�
�����

IRU DQ\ WLPH�V PHDVXUDEOH UDQGRP YDULDEOH ;�V�� $SSO\LQJ WKH VDPH UHDVRQLQJ DV
DERYH� LW FDQ EH VKRZQ WKDW

(
4t

W >;�V�@  
(4]
W

db
t�V� ]�V�

c
;�V�

eb
t�W� ]�W�

c � �����

ZKHUH 4t LV DQ HTXLYDOHQW PDUWLQJDOH PHDVXUH DVVRFLDWHG ZLWK WKH GHqDWRU^DVVHW t�

5HSUHVHQWDWLRQ DQG G\QDPLFV RI DVVHW YDOXHV� *LYHQ WKH HTXLYDOHQW PDUWLQ�
JDOH PHDVXUH DVVRFLDWHG ZLWK D JLYHQ GHqDWRU^DVVHW� ZH FDQ UHZULWH ����� WR JHW D
UHSUHVHQWDWLRQ RI DVVHW SULFHV XQGHU 4]�

9 �W�  (4]
W

x
]�W�

]�V�
9 �V�

y
� �����

1RWH WKDW ����� LV YDOLG IRU ]�W�  � P�W�� LQ ZKLFK FDVH 4]  3� /HW 3 �W� V� GHQRWH
WKH SULFH DW WLPH W RI D GHIDXOW�IUHH ]HUR�FRXSRQ ERQG WKDW SD\V RQH XQLW DW WLPH V�
7KHQ WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV KDV WKH IROORZLQJ UHSUHVHQWDWLRQ�

3 �W� V�  (4]
W

x
]�W�

]�V�

y
� �����

�:H KD Y H MXVW VKR Z Q WKD W LW LV VXrF LH QW IR U WKH GH qD WR U WR EH WKH LQY H UVH R I D VWULF WO\ SR VLWLY H D VVH W
Y D OXH � :H VKR Z QH F H VVLW\ LQ WKH $ SSH QGL[ �
�6H H ' XrH �� � � � � F KD SWH U � D QG D SSH QGL[ ' ��
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$OWKRXJK DOO HTXLYDOHQW PDUWLQJDOH PHDVXUHV JLYH WKH VDPH YDOXH IRU DQ DVVHW �DV
WKH\ PXVW E\ FRQVWUXFWLRQ�� WKH\ GR QRW LPSO\ WKH VDPH G\QDPLFV IRU DVVHW SULFHV
XQGHU WKHLU UHVSHFWLYH PHDVXUHV� ,Q SDUWLFXODU� XVLQJ ������ ������ DQG ������ ZH KDYH

G9 �W�  
b
U�W�9 �W� � �]�W�

!z�9 �W�
c
GW� z�9 �W�

!G:]�W�� ������

$JDLQ� LI 9 �W� LV VWULFWO\ SRVLWLYH� ZH FDQ ZULWH WKH H[SHFWHG UHWXUQ XQGHU 4] DV

U�W� � �]�W�
!�9 �W�� ������

(TXDWLRQ ������ VKRZV WKDW WKH H[SHFWHG UHWXUQ RQ DQ DVVHW XQGHU DQ HTXLYDOHQW
PDUWLQJDOH PHDVXUH HTXDOV WKH ULVN�IUHH UDWH SOXV D SUHPLXP HTXDO WR WKH FRQGLWLRQDO
FRYDULDQFH RI WKH DVVHW
V UHWXUQ ZLWK WKDW RI WKH GHqDWRU^DVVHW� 7KXV� RQO\ LI WKH
GHqDWRU^DVVHW LV SUHGLFWDEOH_L�H� RQO\ LI �]�W�  �_ZLOO H[SHFWHG UHWXUQV XQGHU
4] HTXDO WKH ULVN�IUHH UDWH�

�� 7 KH I XW XU HV P HDVXU H DQG W KH I RU Z DU G P HDVXU H

7ZR HTXLYDOHQW PDUWLQJDOH PHDVXUHV WKDW DUH SDUWLFXODUO\ XVHIXO DUH WKH IXWXUHV
PHDVXUH DQG WKH IRUZDUG PHDVXUH� 7KHVH PHDVXUHV DUH DVVRFLDWHG ZLWK GHqDWRUV
GHULYHG IURP WKH PRQH\�PDUNHW DFFRXQW DQG IURP D ]HUR�FRXSRQ ERQG WKDW PDWXUHV
RQ D JLYHQ GDWH� UHVSHFWLYHO\�
7KH IXWXUHV PHDVXUH 4p LV DVVRFLDWHG ZLWK ]�W�  p�W�� 7KH UHSUHVHQWDWLRQ IRU

DVVHW YDOXHV XQGHU 4p LV

9 �W�  (
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x
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9 �V�

y
 (

4p

W

x
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v
b
= V

W
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DQG WKH WHUP VWUXFWXUH LV JLYHQ E\

3 �W� V�  (
4p

W

x
H[S

v
b
= V

W
U�X� GX

wy
� �����

1RWH WKDW XQGHU 4p � H[SHFWHG UHWXUQV HTXDO U�W� IRU DOO DVVHWV VLQFH �]�W�  � ZKHQ
WKH PRQH\�PDUNHW DFFRXQW LV WKH GHqDWRU DVVHW� 7KH IXWXUHV PHDVXUH WKXV HPERGLHV
WKH H[SHFWHG�UHWXUQ SURSHUW\�
7KH IRUZDUG PHDVXUH 4� LV DVVRFLDWHG ZLWK

]�W�  

�
3 �W� �� LI V x �

H[S
b5 V

� U�X� GX
c
LI V ! � �

1RWH WKDW XQGHU 4� ZH KDYH� IRU V x � �
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W

x
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9 �V�
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W

x
�

3 �V� ��
9 �V�
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)RU SD\RoV DW WLPH � ZH KDYH D SDUWLFXODUO\ VLPSOH H[SUHVVLRQ�

9 �W�  3 �W� ��(4�
W >9 ���@ � �����

7KH IRUZDUG PHDVXUH WKXV HPERGLHV WKH FHUWDLQW\�HTXLYDOHQW SURSHUW\�
,I ZH DSSO\ ����� WR WKH PRQH\�PDUNHW DFFRXQW DQG UHDUUDQJH� ZH REWDLQ

�

3 �W� ��
 (4�
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x
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x
H[S
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V W
U�V� GV
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7KH WHUP VWUXFWXUH GRHV QRW KDYH D SDUWLFXODUO\ XVHIXO UHSUHVHQWDWLRQ XQGHU 4� �

3 �W� V�  3 �W� ��(4�
W

x
�

3 �V� ��

y
�

IRU V x � � 1RWH WKDW H[SHFWHG UHWXUQV XQGHU 4� DUH QRW HTXDOL]HG DFURVV DVVHWV�
UDWKHU WKHUH LV D ULVN SUHPLXP WKDW GHSHQGV RQ �9 �W�

!�3 �W� ��� WKH FRQGLWLRQDO
FRYDULDQFH RI DQ DVVHW
V UHWXUQ ZLWK WKH UHWXUQ RQ WKH ERQG WKDW PDWXUHV DW WLPH � �
1RWH WKDW WKH WZR PHDVXUHV DUH GLoHUHQW XQOHVV �3 �W� ��  �� LQ ZKLFK FDVH LQWHUHVW

UDWHV DUH GHWHUPLQLVWLF DQG

p�W�

p�V�
 

3 �W� ��

3 �V� ��
 H[S

v
b
= V

W
U�X� GX

w
�

VR WKDW WKH WZR PHDVXUHV DUH LGHQWLFDO� ,Q RWKHU ZRUGV� LI LQWHUHVW UDWHV DUH GHWHU�
PLQLVWLF� WKH WZR SURSHUWLHV DUH HTXLYDOHQW� ZKLOH LI LQWHUHVW UDWHV DUH VWRFKDVWLF� WKH
WZR SURSHUWLHV DUH LQFRQVLVWHQW�

)RUZDUG SULFHV DQG IXWXUHV SULFHV� /HW WKH IRUZDUG SULFH DW WLPH W IRU GHOLYHU\
RI < ��� DW WLPH � EH GHQRWHG ) �W� ��� ZKHUH < ��� LV DQ\ WLPH�� PHDVXUDEOH UDQGRP
YDULDEOH� 7KH IRUZDUG SULFH LV ZKDW PDNHV WKH YDOXH RI WKH IRUZDUG FRQWUDFW ]HUR�
7KXV� IRU WKH IXWXUHV PHDVXUH� VROYLQJ

(
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x
p�W�

p���

b
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IRU ) �W� �� \LHOGV
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,I < �W�  9 �W� LV WKH YDOXH RI DQ DVVHW WKDW SD\V QR GLYLGHQGV� WKHQ ) �W� ��  
9 �W� 3 �W� ��� %\ FRQWUDVW� IRU WKH IRUZDUG PHDVXUH ZH KDYH

(4�
W >3 �W� �� �< ���b ) �W� ��@  �� �����

ZKLFK SURGXFHV

) �W� ��  (4�
W >< ���@� �����

&RPSDULQJ HLWKHU ����� DQG ����� RU ����� DQG ������ ZH VHH WKDW IRUZDUG SULFHV
FDQ EH H[SUHVVHG DV WKH UDWLR RI WZR DVVHW YDOXHV� $OVR QRWH WKDW HYHQ WKRXJK WKH
UHSUHVHQWDWLRQV IRU ) �W� �� JLYHQ LQ ����� DQG ����� LQ WHUPV RI WKH H[SHFWDWLRQV DUH
GLoHUHQW� WKH YDOXHV IRU ) �W� �� DUH LGHQWLFDOO\ HTXDO�
&RQWUDVW WKH IRUZDUG SULFH ZLWK WKH IXWXUHV SULFH )�W� ��� 8QGHU WKH IXWXUHV

PHDVXUH ZH KDYH�

)�W� ��  (
4p

W >< ���@� ������

�6H H ' XrH �� � � � � F KD SWH U � ��
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ZKLOH XQGHU WKH IRUZDUG PHDVXUH ZH KDYH� E\ ������
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1RWH WKDW XQOHVV LQWHUHVW UDWHV DUH GHWHUPLQLVWLF� IXWXUHV SULFHV EHDU QR VLPSOH UHOD�
WLRQVKLS WR DVVHW YDOXHV�

�� 0 DU N RYLDQ VW DW H�YDU LDEO H U HSU HVHQW DW LRQV

7KH IXWXUHV PHDVXUH DQG WKH )H\QPDQ^.DF VROXWLRQ� ,Q WKLV VHFWLRQ� ZH
VXSSRVH WKH HFRQRP\ FDQ EH FKDUDFWHUL]HG E\ D pQLWH QXPEHU RI VWDWH YDULDEOHV;�W��
7KXV ZH ZLOO ZULWH 9 �W�  9 �;�W�� W�� U�W�  U�;�W��� DQG y�W�  y�;�W��� ZKHUH
9 �[� W�� U�[�� DQG y�[� DUH IXQFWLRQV RI [� 7KH DEVHQFH RI DUELWUDJH LV FKDUDFWHUL]HG
E\ ������ ZKLFK_LQ D VWDWH�YDULDEOH VHWWLQJ_ZH FDQ ZULWH DV

zz9 �;�W�� W�b y�;�W��!z�9 �;�W�� W�  U�;�W��9 �;�W�� W�� �����

/HW G\QDPLFV RI ;�W� EH JLYHQ E\

G;�W�  zz;�;�W�� GW� z�;�;�W��
!G: �W�� �����

7KHQ ,WR
V OHPPD JLYHV

G9 �W�  zz9 �;�W�� W� GW� z�9 �;�W�� W�
!G: �W��

ZKHUH
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�
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K
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L
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ZKHUH WU>D@ LV WKH WUDFH RI PDWUL[ D� DQG ZKHUH
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# [�G
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8VLQJ ������ ZH FDQ ZULWH WKH DEVHQFH�RI�DUELWUDJH FRQGLWLRQ ����� DV D SDUWLDO
GLoHUHQWLDO HTXDWLRQ�
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K
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ZKHUH

Azz;�[� � zz;�[�b z�;�[�!y�[�� �����

1RWH WKDW LI ;�W� LV D YHFWRU RI DVVHW YDOXHV �IRU DVVHWV WKDW SD\ QR GLYLGHQGV��
WKHQ E\ ����� Azz;�;�W��  U�;�W��;�W�� LQ ZKLFK FDVH ����� LV D SUHIHUHQFH�IUHH
FKDUDFWHUL]DWLRQ RI 9 �[� W�_LW GRHV QRW GHSHQG RQ WKH PDUNHW SULFH RI ULVN y�
:H FDQ REWDLQ HTXDWLRQ ����� IURP D GLoHUHQW PHDVXUH� ,Q SDUWLFXODU� LI WKH

G\QDPLFV IRU WKH VWDWH�YDULDEOHV ZHUH JLYHQ E\

G;�W�  Azz;�;�W�� GW� z�;�;�W��
!GF: �W�� �����

ZKHUH

GF: �W�  G: �W� � y�W� GW�

7KH )H\QPDQ^.DF VROXWLRQ WR ����� LV JLYHQ E\

9 �[� W�  E(W

x
H[S

v
b
= V

W
U�;�X�� GX

w
9 �;�V�� V�

y
� �����

ZKHUH E(W LQGLFDWHV WKDW ; LV DVVXPHG WR VROYH ������� 1RWH WKDW WKH )H\QPDQ^
.DF VROXWLRQ WHFKQLTXH LV IRUPDOO\ LGHQWLFDO WR YDOXLQJ VHFXULWLHV XVLQJ WKH IXWXUHV
PHDVXUH�
7KH WKH )H\QPDQ^.DF VROXWLRQ ����� LQYROYHV WKH HQWLUH SDWK RI WKH VKRUW UDWH�

ZKLFK LV QRW� LQ JHQHUDO� UHSUHVHQWDEOH DV D IXQFWLRQ RI WKH VWDWH YDULDEOHV ;�� $V
VXFK� DV ORQJ DV LQWHUHVW UDWHV DUH QRW GHWHUPLQLVWLF� LW LV RQO\ UHDOO\ D VROXWLRQ LQ
WKH VHQVH WKDW LW SURYLGHV D JXLGH WR 0RQWH &DUOR WHFKQLTXHV�

7KH LQGXFHG GLVWULEXWLRQV RI VWDWH�YDULDEOHV� ,Q WKLV VHFWLRQ� ZH VKRZ KRZ WR
XVH IRUZDUG DQG IXWXUHV SULFHV WR XQFRYHU WKH GLVWULEXWLRQ RI D VWDWH YDULDEOH XQGHU
WKH IXWXUHV DQG IRUZDUG HTXLYDOHQW PDUWLQJDOH PHDVXUHV DW VRPH p[HG WLPH � LQ WKH
IXWXUH�
)RU VLPSOLFLW\� ZH ZLOO FRQVLGHU D VLQJOH VWDWH YDULDEOH� &RQVLGHU WKH IROORZLQJ

SD\Ro DW WLPH � � PD[I;��� b .� �J� ZKHUH ; LV WKH VLQJOH VWDWH YDULDEOH ZH DUH
LQWHUHVWHG LQ�� 7KH H[SHFWDWLRQ RI WKLV SD\Ro FDQ EH H[SUHVVHG LQ WHUPV RI WKH
GLVWULEXWLRQV RQ ;��� LQGXFHG E\ WKH UHVSHFWLYH HTXLYDOHQW PDUWLQJDOH PHDVXUHV�
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W >PD[I;���b.� �J@  

= �

.
�[b.� I L�[� G[� �����

ZKHUH L � I4� �4pJ DQG I L�[� LV WKH LQGXFHG �FRQGLWLRQDO� GHQVLW\ RI ;L��� XQGHU
L� 'LoHUHQWLDWLQJ ERWK VLGHV RI ����� WZLFH ZLWK UHVSHFW WR . SURGXFHV

#�

# .�
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�6H H ' XrH �� � � � � F KD SWH U � D QG D SSH QGL[ (��
�2QH F D Q� R I F R XUVH � D OZ D \ V H [ SD QG WKH VH W R I VWD WH �Y D ULD EOH V �WR WKH VH W R I SDWKV � IR U H [ D PSOH � WR
R EWD LQ VXF K D UH SUH VH QWD WLR Q� %XW WKLV VWD WH �Y D ULD EOH VH WWLQJ Z R XOG OR VH LWV VWUXF WXUD O D SSH D O�
� 7 KH SD \ R o PD [ I . b;���� � J Z R XOG Z R UN MXVW D V Z H OO�
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5HFDOO WKH UHSUHVHQWDWLRQV ����� DQG ������ IRU WKH IRUZDUG DQG IXWXUHV SULFHV� UH�
VSHFWLYHO\� DQG OHW < ���  PD[I;���b.� �J� 7KHQ ZH XVLQJ ����� ZH FDQ ZULWH

b #�

# .�
) �W� ��  I4� �.� �����D�

DQG

b #�

# .�
)�W� ��  I4p�.� �����E�

,Q RWKHU ZRUGV� IRUZDUG SULFHV RQ WKH SD\Ro PD[I.b;���� �J FDQ EH XVHG WR UHYHDO
WKH GLVWULEXWLRQ RI ;��� LQGXFHG E\ WKH IRUZDUG PHDVXUH� ZKLOH IXWXUHV SULFHV RQ WKH
VDPH SD\Ro FDQ EH XVHG WR UHYHDO WKH GLVWULEXWLRQ LQGXFHG E\ WKH IXWXUHV PHDVXUH�
/HW &�;�W��.� EH WKH YDOXH RI D (XURSHDQ FDOO RSWLRQ RQ ; WKDW H[SLUHV DW WLPH

� ZLWK VWULNH SULFH .� 1RWH WKDW &�;����.�  PD[I. b;���� �J� 7KXV ZH FDQ
LQWHUSUHWHG ) �W� �� DQG )�W� �� DV IRUZDUGV DQG IXWXUHV RQ RSWLRQV WKDW H[SLUH RQ
WKH GHOLYHU\ GDWH� 0RUHRYHU� UHFDOO WKDW WKH YDOXH RI DQ DVVHW ZLWK D JLYHQ SD\Ro LV
FORVHO\ UHODWHG WKH IXWXUHV SULFH DVVRFLDWHG ZLWK WKDW SD\Ro� ,Q SDUWLFXODU� DSSO\LQJ
������ ZH KDYH

&�;�W��.�  3 �W� ��(4�
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7KHUHIRUH� (XURSHDQ RSWLRQV SULFHV FDQ EH XVHG WR UHYHDO WKH GLVWULEXWLRQ RI ;���
LQGXFHG E\ WKH IRUZDUG PHDVXUH�
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7KHUH LV� KRZHYHU� QR FRUUHVSRQGLQJ VLPSOH UHODWLRQVKLS EHWZHHQ WKH IXWXUHV SULFH
RI D SD\Ro DQG DVVHW YDOXH RI WKH SD\Ro WKDW DOORZV XV WR XVH RSWLRQV SULFHV GLUHFWO\
WR XQFRYHU WKH GLVWULEXWLRQ RI ;��� LQGXFHG E\ WKH IXWXUHV PHDVXUH �H[FHSW ZKHQ
WKH WZR PHDVXUHV FRLQFLGH����

�� 5LVN �QHXW U DO LW \ DQG U DQGRP U DW HV

:H ZLVK WR FRQVLGHU HFRQRPLHV ZKHUH LQWHUHVW UDWHV DUH UDQGRP� 7KH pUVW SRLQW
WR PDNH LV WKDW LW LV QRW REYLRXV KRZ ?ULVN QHXWUDO� LQYHVWRUV GHWHUPLQH DVVHW SULFHV
LQ JHQHUDO� :LWK UHJDUG WR WKLV LVVXH� &R[� ,QJHUVROO� -U�� DQG 5RVV ������ QRWH�
DPRQJ RWKHU WKLQJV� WKDW LQ WKH PRVW QDWXUDO FDVH ULVN QHXWUDOLW\ LWVHOI LPSOLHV WKDW
LQWHUHVW UDWHV DUH GHWHUPLQLVWLF�
)RU H[DPSOH� FRQVLGHU DQ HFRQRP\ ZKHUH DW DQ\ WLPH W FRQVXPHUV PD[LPL]H WKH

H[SHFWHG XWLOLW\ RI WKHLU FRQVXPSWLRQ SODQ� JLYHQ E\

( 3
W

x= 7

W
X�F�V�� V� GV

y
�

7KH WHUP ?ULVN�QHXWUDO� RIWHQ DSSOLHV WR LQYHVWRUV ZKRVH XWLOLW\ IXQFWLRQ LV OLQHDU
LQ FRQVXPSWLRQ� X�F�W�� W�  Hb~ W K�W� F�W�� ZKHUH K�W� LV VWULFWO\ SRVLWLYH� ,Q WKLV

��6KR XOG Z H VD \ VR PH WKLQJ D ER XW KR Z WKH WKH IR UZ D UG PH D VXUH LV F OR VH O\ UH OD WH G WR WKH *UH H Q
V
IXQF WLR Q� Z KLF K LV D OVR N QR Z Q D V WKH IXQGD PH QWD O VR OXWLR Q WR WKH 3' (� � � � "
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HFRQRP\� WKH VWDWH�SULFH GHqDWRU LV JLYHQ E\ WKH PDUJLQDO XWLOLW\ RI ZHDOWK��� P�W�  
XF�F�W�� W�  Hb~ W K�W�� *LYHQ WKH SRVLWLYLW\ RI K�W�� ZH FDQ ZULWH

GP�W�

P�W�
 

b
zK�W�b ~

c
GW� �K�W�

!G: �W�� �����

ZKHUH zK�W� DQG �K�W� DUH WKH GULIW DQG YRODWLOLW\ RI GK�W� K�W�� %\ LQVSHFWLRQ RI
������ ZH VHH WKDW U�W�  ~b zK�W� DQG y�W�  b�K�W��
&OHDUO\� WKH LPSOLFDWLRQV RI ULVN�QHXWUDOLW\ �DV FKDUDFWHUL]HG LQ WKLV VHWWLQJ� GH�

SHQG RQ WKH G\QDPLF SURSHUWLHV RI K� 7KH W\SLFDO DVVXPSWLRQ LV WKDW K LV FRQVWDQW�
LQ ZKLFK FDVH WKH LQWHUHVW UDWH LV FRQVWDQW DQG WKH PDUNHW SULFH RI ULVN LV ]HUR� 7KLV
LV WKH FDVH WKDW &R[� ,QJHUVROO� -U�� DQG 5RVV ������ GLVFXVVHG� 7KLV LV DOVR WKH VHW�
WLQJ LQ ZKLFK &R[ DQG 5RVV ������ FKDUDFWHUL]HG ULVN�QHXWUDO SULFLQJ� %\ FRQWUDVW�
LI K LV QRW SUHGLFWDEOH �LQ RWKHU ZRUGV� LI �K�W� �u ��� WKHUH LV D QRQ�]HUR PDUNHW SULFH
RI ULVN LQ WKLV HFRQRP\ RI VR�FDOOHG ULVN�QHXWUDO LQYHVWRUV�
7KH FDVH RI PRVW LQWHUHVW WR XV DW WKLV SRLQW LV ZKHQ K LV SUHGLFWDEOH EXW LWV GULIW

LV UDQGRP� VR WKDW ZH KDYH UDQGRP LQWHUHVW UDWHV FRPELQHG ZLWK QR ULVN SUHPLXPV�
7KLV ZRXOG VHHP WR FKDUDFWHUL]H ULVN�QHXWUDOLW\ ZKHQ LQWHUHVW UDWHV DUH UDQGRP� 7KH
H[SHFWHG UHWXUQ RQ DOO DVVHWV HTXDOV WKH ULVN�IUHH UDWH� 7KH VWDWH�SULFH GHqDWRU^DVVHW
LQ WKLV FDVH LV WKH PRQH\�PDUNHW DFFRXQW� P�W�b�  p�W�� 1RWH� KRZHYHU� WKDW D
VLPSOH FKDQJH RI QXPHUDLUH FDQ GHVWUR\ WKLV IHDWXUH� ,Q RWKHU ZRUGV� LI WKHUH LV QR
ULVN SUHPLXP LQ UHDO WHUPV� WKHUH ZLOO EH RQH LQ QRPLQDO WHUPV DV ORQJ DV WKH SULFH
OHYHO LV QRW GHWHUPLQLVWLF� &RQYHUVHO\� LI WKHUH ZHUH QR ULVN SUHPLXP LQ QRPLQDO
WHUPV� LW ZRXOG EH XQOLNHO\ WKDW WKHUH ZRXOG EH QR ULVN SUHPLXP LQ UHDO WHUPV� DQG
RXU OLQN WR SUHIHUHQFHV ZRXOG EH EURNHQ�

7KH IRUZDUG PHDVXUH DV SK\VLFDO PHDVXUH� $V ZH KDYH VHHQ� WKH ERQG SULFH
3 �W� �� LV D SHUIHFWO\ YDOLG GHqDWRU^DVVHW� DQG LV DVVRFLDWHG ZLWK DQ HTXLYDOHQW PDU�
WLQJDOH PHDVXUH� ,W LV QDWXUDO WR ZRQGHU LI LW LV SRVVLEOH WR FRQVWUXFW DQ HFRQRP\
LQ ZKLFK 4� HTXDOV WKH SK\VLFDO PHDVXUH 3� 7KH DQVZHU LV \HV� VXSSRVH WKDW WKH
UHSUHVHQWDWLYH LQYHVWRU KDV D ULJLG KRUL]RQ RI � � GRHV QRW FRQVXPH DW DQ\ RWKHU WLPH
DQG WULHV WR PD[LPL]H H[SHFWHG ZHDOWK DW � � 7KH \DUGVWLFN WR PHDVXUH WKH ZRUWK RI
DQ\ LQYHVWPHQW SURVSHFW LV WKH H[SHFWHG FRQWULEXWLRQ WR DJJUHJDWH ZHDOWK DW WLPH � �
:LWK WKH WRROV GHYHORSHG DERYH� LW LV HDV\ WR VKRZ WKDW IRU &,5
V HFRQRP\ RI

ULVN�QHXWUDO LQYHVWRUV ZKR FRQVXPH RQO\ DW D VLQJOH SRLQW RI WLPH LQ WKH IXWXUH�
3  4� � ,Q SDUWLFXODU� QRWH WKDW &,5 VKRZ WKDW WKH PDUJLQDO XWLOLW\ RI ZHDOWK
�4�<� W� LQ WKHLU QRWDWLRQ� HTXDOV WKH ULJKW�KDQG VLGH RI ����� �VHH WKHLU HTXDWLRQ
������ 7KHUHIRUH� WKH VWDWH�SULFH GHqDWRU IRU WKDW HFRQRP\ LV WKH LQYHUVH RI WKH ]HUR
FRXSRQ ERQG WKDW PDWXUHV DW WLPH � �
1RWH WKDW DQ LQYHVWPHQW DW WLPH W WKDW GHOLYHUV D UDQGRP SD\Ro J�V� DW WLPH V x �

LV QRW ZRUWKOHVV� ,QVWHDG� LWV YDOXH 9 �W� LV��

9 �W�  3 �W� ��( 3
W

x
J�V�

3 �V� ��

y
�

��6H H ' XrH �� � � � � F KD SWH U � � ��
��FI� �� �� ��
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1RWH WKH XVH WKH SK\VLFDO PHDVXUH WR FDOFXODWH H[SHFWDWLRQ VLQFH WKH DVVXPSWLRQ LV
WKDW LW LV WKH VDPH DV 4� � 7KLV SULFLQJ IRUPXOD KDV WKH QDWXUDO LQWHUSUHWDWLRQ WKDW
WKH LQYHVWRU SODQV WR UHLQYHVW WKH SURFHHGV LQWR WKH ERQG WKDW PDWXUHV DW � ���

6LQFH WKH LQYHVWRU PD[LPL]HV H[SHFWHG ZHDOWK� WKHUH LV D JRRG UHDVRQ WR FDOO KLP
ULVN QHXWUDO� 7KHUHIRUH� D SULFLQJ V\VWHP XQGHU ZKLFK 4�  3 FDQ UHDVRQDEO\ EH
FDOOHG ULVN QHXWUDO� %XW QRWH WKDW XQGHU WKLV GHpQLWLRQ� DVVHWV GR QRW KDYH HTXDO
H[SHFWHG UDWHV RI UHWXUQ� $V ZH KDYH VHHQ� WKH H[SHFWHG UHWXUQ RoHUV D FRPSHQVDWLRQ
IRU ULVN� ZKHUH WKH SULFH RI ULVN LV WKH SURSRUWLRQDO YRODWLOLW\� �3 �W� ��� RI WKH GHqDWRU^
DVVHW 3 �W� ���
1RWH WKDW FKDQJLQJ WKH QXPHUDLUH GRHV QRW DoHFW WKH VDOLHQW IHDWXUHV RI WKLV

HFRQRP\� 7KH UHSUHVHQWDWLYH LQYHVWRU
V ULJLG KRUL]RQ GRHV QRW GHSHQG RQ ZKHWKHU
DVVHW SULFHV DUH PHDVXUHG LQ UHDO WHUPV RU QRPLQDO WHUPV� 7KXV WKLV QRWLRQ RI
ULVN�QHXWUDO SULFLQJ LV DV UREXVW DV LW LV XQDSSHDOLQJ�
+HDWK� -DUURZ� DQG 0RUWRQ ������ +-0� GHULYH WKH DEVHQFH�RI�DUELWUDJH UHVWULF�

WLRQ LQ WHUPV RI IRUZDUG UDWHV� /HW WKH SURFHVV IRU IRUZDUG UDWHV EH JLYHQ E\

GI�W� 7 �  zI �W� 7 � GW� �I �W� 7 �
!G: �W��

7KH +-0 DEVHQFH�RI�DUELWUDJH UHVWULFWLRQ LV

zI �W� 7 �  �I �W� 7 �
!
v
y�W� �

= 7

V W
�I �W� V� GV

w
�

IRU DOO 7 y W� ,Q WKLV HFRQRP\� y�W�  �3 �W� ��  b 5 �
V W �I �W� �� GV� DQG WKXV

zI �W� 7 �  b�I �W� 7 �
!
= �

V 7
�I �W� V� GV� �����

:H VHH IURP ����� WKDW IRUZDUG UDWHV IRU WLPH � DUH PDUWLQJDOHV DQG WKHUHIRUH DUH
XQELDVHG SUHGLFWRUV RI WKH VSRW UDWH DW WLPH � � ,Q RWKHU ZRUGV� ZKHQ WKH IRUZDUG
PHDVXUH LV WKH SK\VLFDO PHDVXUH� WKH XQELDVHG H[SHFWDWLRQV K\SRWKHVLV KROGV IRU
WLPH � RQO\� 2Q WKH RWKHU KDQG� ����� LV WKH UHSUHVHQWDWLRQ IRU ERQG SULFHV XQGHU
WKH UHWXUQ�WR�PDWXULW\ K\SRWKHVLV���

�� $Q HP SLU LF DO LQYHVW LJDW LRQ� 7 KH W HU P VW U XF W XU H

:H XVH PXOWL�IDFWRU &,5 PRGHOV RI WKH WHUP VWUXFWXUH WR LQYHVWLJDWH WKH GLoHU�
HQFHV DPRQJ WKH PHDVXUHV ZLWK UHVSHFW WR WKH VKRUW�WHUP LQWHUHVW UDWH�

7KH GLVWULEXWLRQV LQ JHQHUDO� ,Q WKLV FODVV RI PRGHOV� WKH LQVWDQWDQHRXV ULVN�
IUHH UDWH HTXDOV WKH VXP RI XQREVHUYHG� LQGHSHQGHQW IDFWRUV �RU VWDWH�YDULDEOHV��

U�W�  
3G

M � [M�W�� :H DUH LQWHUHVWHG LQ WKH GLVWULEXWLRQ RI U�V� FRQGLWLRQDO RQ

WKH [M�W� IRU V y W� 8QGHU HDFK RI WKH WKUHH PHDVXUHV� WKH GLVWULEXWLRQ RI [M�V�
FRQGLWLRQDO RQ [M�W� LV rM ��{M � uM� ZKHUH rM LV D FRQVWDQW DQG ZKHUH ��{M � uM� LV D QRQ�
FHQWUDO FKL�VTXDUH YDULDWH ZLWK {M GHJUHHV RI IUHHGRP DQG QRQ�FHQWUDOLW\ SDUDPHWHU
uM �

��:H KD Y H VR ID U QR W F R QVLGH UH G SD \ R oV WKD W R F F XU EH \ R QG � � ,QY H VWR UV Z LOO R I F R XUVH Z D QW WR VH OO
D W � � D QG D WWD F K Y D OXH V WR WKH P�
��2I F R XUVH � WKH WZ R K\ SR WKH VH V F D QQR W KR OG IR U D OO PD WXULWLH V VLPXOWD QH R XVO\ �
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7KH FRQGLWLRQDO GLVWULEXWLRQ RI WKH VXP U�V�  
3G

L � [L�V� FDQ EH REWDLQHG DV
IROORZV� 7KH FKDUDFWHULVWLF IXQFWLRQ RI WKH VXP RI LQGHSHQGHQW UDQGRP YDULDEOHV LV
WKH SURGXFW RI WKH XQLYDULDWH FKDUDFWHULVWLF IXQFWLRQV� $V &KHQ DQG 6FRWW ������
VKRZ� WKH FKDUDFWHULVWLF IXQFWLRQ IRU rM ��{M � uM� LV JLYHQ E\

�M�X�  ��b � L X rM�b{M � H[S

~
L uM X rM
�b � L X rM

�
�

ZKHUH L  
Sb�� 7KH FKDUDFWHULVWLF IXQFWLRQ IRU U�V� WKHQ LV JLYHQ E\ j�X�  4G

M � �M�X�� 7KH GLVWULEXWLRQ IRU U�V� LV JLYHQ E\

I�U�V� M [��W�� � � � � [G�W��  �

�}

= �

b�
HbL U�V�X j�X� GX

 
�

}

= �

�
FRV�U�V�X���j�X�� GX�

ZKHUH ��j�X�� GHQRWHV WKH UHDO SDUW RI j�X�� 7KH VHFRQG HTXDOLW\ UHOLHV RQ WKH
QRQ�QHJDWLYLW\ RI WKH [M �

��

7KH IXWXUHV PHDVXUH� 7KH G\QDPLFV RI WKH IDFWRUV XQGHU 4p LV JLYHQ E\

G[M�W�  
b
DM � EM [M�W�

c
GW� FM

T
[M�W� G:

4p

M �W��

ZKHUH DOO RI WKH %URZQLDQV DUH LQGHSHQGHQW� &R[� ,QJHUVROO� -U�� DQG 5RVV ������

VKRZHG WKDW FRQGLWLRQDO RQ [M�W�� IRU � y W� [M��� LV GLVWULEXWHG DV rpM ��{M � u
p
M ��

ZKHUH ��{M � u
p
M � LV D QRQ�FHQWUDO FKL�VTXDUH YDULDWH ZLWK {M GHJUHHV RI IUHHGRP DQG

QRQ�FHQWUDOLW\ SDUDPHWHU upM � DQG ZKHUH

{M  
� DM
F�M

� upM  
� EM H

EM ��bW�

F�M
b
HEM ��bW� b �c [M�W�� DQG rpM  

F�M
b
HEM ��bW� b �c
� EM

�

7KH SK\VLFDO PHDVXUH� 1RZ VXSSRVH WKH PDUNHW SULFH RI ULVN LV JLYHQ E\ yM�W�  

�GM FM�
S

[M�W�� 7KHQ WKH SURFHVV IRU WKH VKRUW UDWH XQGHU WKH SK\VLFDO PHDVXUH LV
JLYHQ E\

G[M�W�  �DM � �EM b GM�[M�W�
c
GW� FM

T
[M�W� G: �W��

7KH GLVWULEXWLRQ IRU WKH VKRUW UDWH XQGHU WKH SK\VLFDO PHDVXUH LV WKH VDPH DV XQGHU
WKH IXWXUHV PHDVXUH� EXW ZLWK EM UHSODFHG E\ EM b GM �

7KH IRUZDUG PHDVXUH� 7R pQG WKH GLVWULEXWLRQ IRU WKH VKRUW UDWH XQGHU WKH
IRUZDUG PHDVXUH LQ WKLV HFRQRP\� pUVW QRWH WKDW ]HUR�FRXSRQ ERQG SULFHV DUH JLYHQ
E\

3 �[� W� V�  H[S
Q
b$�Vb W�b

G;
M �

%M�Vb W�[M

R
� �����

��6H H & KH Q D QG 6F R WW �� � � � � R Q WKLV SR LQW�
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ZKHUH WKH IDFWRU ORDGLQJV� %M�Vb W�� DUH JLYHQ E\

%M�Vb W�  
� �HqM �VbW� b ��

�qM � EM��HqM �VbW� b �� � � qM
DQG ZKHUH qM  

T
EM � � F�M �

(TXDWLRQ ����� LV WKH VWDQGDUG JHQHUDOL]DWLRQ RI WKH RQH�IDFWRU ERQG SULFLQJ IRUPXOD
LQ &R[� ,QJHUVROO� -U�� DQG 5RVV �������
7KH UHODWLYH YRODWLOLW\ RI WKH ]HUR�FRXSRQ ERQG WKDW PDWXUHV DW WLPH � LV JLYHQ

E\

�3 �W� � b W�  

�%#bF�%��� b W�
S

[��W�
���

bFG%G�� b W�
S

[G�W�

�&$ �

7KHUHIRUH� WKH FKDQJH RI LQ WKH GULIW RI [M�W� LQGXFHG E\ WKH FKDQJH RI PHDVXUH IURP
4p WR 4� LV

b�3 �W� � b W�!�;�W�  F�M %M�� b W�[M�W��

VR WKDW WKH SURFHVV IRU [M�W� XQGHU 4� LV

G[M�W�  
t
DM �

b
EM b F�M %M�� b W�

c
[M�W�

u
GW� FM

T
[M�W� G:

4� �W�� �����

&KHQ DQG 6FRWW ������ VKRZ WKDW FRQGLWLRQDO RQ [M�W�� [M��� LV GLVWULEXWHG XQGHU
4� DV r

�
M �

��{M � u
�
M �� ZKHUH {M LV JLYHQ DERYH DQG

u�M  
�
�M H

qM ��bW�


M � �M
[M�W� DQG r�M  � �
M � �M��

ZKHUH


M  
� qM

F�M �H
qM ��bW� b �� DQG �M  

qM b EM
F�M

�

5HVXOWV� )LJXUHV �^� VKRZ WKH UHVXOWV� :H WRRN WKH SDUDPHWHUV WKDW DUH pW E\ &KHQ
DQG 6FRWW ������ IRU RQH�� WZR�� DQG WKUHH�IDFWRU &,5 PRGHOV XVLQJ WKH 0F&XOORFK
GDWD IURP WKH PLG�����V WR ����� 7KH SDUDPHWHU YDOXHV DUH VKRZQ LQ 7DEOH �� 7KH
pJXUHV VKRZ 3')V DQG &')V IRU RQH�� pYH�� WHQ�� DQG WKLUW\�\HDU KRUL]RQV� 7KH
VROLG OLQHV LQGLFDWH 4� � WKH ORQJ GDVKHV LQGLFDWH 3� DQG WKH VKRUW GDVKHV LQGLFDWH
4p� 7KH FRQGLWLRQDO GLVWULEXWLRQV DUH HYDOXDWHG DW WKH XQFRQGLWLRQDO PHDQV XQGHU
WKH SK\VLFDO PHDVXUH DV LPSOLHG E\ WKH PRGHOV� z[M � 7KH WKUHH PRGHOV SXW WKH PHDQ
VKRUW UDWH LQ WKH QHLJKERUKRRG RI pYH WR VL[ SHUFHQW�
7KH UHVXOWV IRU WKH RQH�IDFWRU PRGHO DUH GLoHUHQW IURP WKRVH RI WKH WZR� DQG

WKUHH�IDFWRU PRGHOV� )RU WKH RQH�IDFWRU PRGHO� 4p DQG 4� DUH HVVHQWLDOO\ WKH VDPH
DW DOO KRUL]RQV XS WR WKLUW\ \HDUV� 7KH WZR HTXLYDOHQW PDUWLQJDOH PHDVXUHV GLYHUJH
VRPHZKDW IURP WKH SK\VLFDO PHDVXUH E\ WKH pYH�\HDU KRUL]RQ� EXW WKH GLYHUJHQFH
GRHV QRW LQFUHDVH EH\RQG WKDW� ,W KDV EHHQ ZLGHO\ GRFXPHQWHG WKDW RQH�IDFWRU
PRGHOV GR D SRRU MRE RI PDWFKLQJ ERWK WKH WLPH�VHULHV DQG FURVV�VHFWLRQDO SURSHUWLHV
RI WKH WHUP VWUXFWXUH� 7KXV� WKHUH LV UHDVRQ WR EH VNHSWLFDO DERXW WKHVH UHVXOWV�
1RZ FRQVLGHU WKH UHVXOWV IRU WKH WKH WZR� DQG WKUHH�IDFWRU PRGHOV� $W WKH RQH�\HDU

KRUL]RQ� 4p DQG 4� DUH YLUWXDOO\ LQGLVWLQJXLVKDEOH IURP HDFK DQG RQO\ PRGHUDWHO\
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D E F G z[  bD
E�G

����� b����� ����� b����� �����

����� b����� ����� b����� �����
������� ����� ����� b����� �����

����� b����� ����� b����� �����
������� ����� ����� b����� �����
������� ����� ����� b����� �����

7 DEO H � � (VWLPDWHG FRHrFLHQWV IRU RQH�� WZR�� DQG WKUHH�IDFWRU &,5 PRGHOV

GLoHUHQW IURP 3� $W WKH pYH�\HDU KRUL]RQ� WKH GLoHUHQFH EHWZHHQ WKH SK\VLFDO
PHDVXUH DQG WKH WZR PDUWLQJDOH PHDVXUHV LV TXLWH GLVWLQFW� ZKLOH WKH PDUWLQJDOH
PHDVXUHV DUH VWLOO FORVH WR HDFK RWKHU� $W WKH WHQ�\HDU KRUL]RQ� WKH GLoHUHQFH EHWZHHQ
3 DQG 4p LV VWULNLQJ� DQG 4� KDV PRYHG QRWLFHDEO\ WRZDUG 3� %\ WKH WKLUW\�\HDU
KRUL]RQ� 3 DQG 4� DUH TXLWH FORVH� ZKLOH 4p LV TXLWH IDU DZD\�

�� & RQF O XVLRQ

:H KDYH GHVFULEHG WZR HTXLYDOHQW PDUWLQJDOH PHDVXUHV� WKH IXWXUHV PHDVXUH �DV�
VRFLDWHG ZLWK WKH PRQH\�PDUNHW DFFRXQW� DQG WKH IRUZDUG PHDVXUH �DVVRFLDWHG ZLWK
D ]HUR�FRXSRQ ERQG�� %RWK PHDVXUHV DUH XVHIXO LQ UHSUHVHQWLQJ DVVHW YDOXHV� 8QGHU
WKH IXWXUHV PHDVXUH� WKH H[SHFWHG UHWXUQ RQ DVVHWV HTXDOV WKH ULVN�IUHH UDWH� 7KLV IHD�
WXUH� KRZHYHU� KDV RQO\ D WHQXRXV FRQQHFWLRQ ZLWK ULVN�QHXWUDOLW\ SHU VH� HVSHFLDOO\
ZKHQ UHWXUQV DUH PHDVXUHG LQ QRPLQDO WHUPV� 8QGHU WKH IRUZDUG PHDVXUH DVVHW YDO�
XHV HTXDO WKH SUHVHQW YDOXH RI D FHUWDLQW\ HTXLYDOHQW� 7KLV IHDWXUH FDQ EH DVVRFLDWHG
ZLWK ULVN�QHXWUDOLW\� EXW RI DQ XQDSSHDOLQJ VRUW� 0RUHRYHU� XQOHVV LQWHUHVW UDWHV DUH
GHWHUPLQLVWLF� WKH WZR PHDVXUHV DUH GLoHUHQW� DQG WKHUHIRUH RQH FDQQRW KDYH ERWK
IHDWXUHV LQ DQ HFRQRP\ ZKHUH LQWHUHVW UDWHV DUH UDQGRP� +RZHYHU� DV RXU HPSLULFDO
LQYHVWLJDWLRQ UHYHDOHG� IRU KRUL]RQV XS WR D \HDU DW OHDVW� WKH GLoHUHQFH EHWZHHQ WKH
WZR HTXLYDOHQW PDUWLQJDOH PHDVXUHV DSSHDUV WR EH QHJOLJLEOH� 2Q WKH RWKHU KDQG�
IRU ORQJHU KRUL]RQV �LQ WKH PXOWL�IDFWRU PRGHOV� WKH WZR PHDVXUHV GLYHUJH PDUNHGO\�
DQG WKH IRUZDUG PHDVXUH WHQGV WR PHUJH ZLWK WKH SK\VLFDO PHDVXUH�

$SSHQGL[ $� 'HI O DW RU V W KDW SU RGXF H HTXLYDO HQW P DU W LQJDO H P HDVXU HV

,Q WKH ERG\ RI WKH SDSHU ZH VKRZHG WKDW DQ HTXLYDOHQW PDUWLQJDOH PHDVXUH FDQ
EH FRQVWUXFWHG XVLQJ D GHqDWRU WKDW LV WKH LQYHUVH RI D VWULFWO\ SRVLWLYH DVVHW YDOXH�
,Q WKLV $SSHQGL[ ZH VKRZ WKDW WKH LQYHUVH RI DQ\ GHqDWRU WKDW \LHOGV DQ HTXLYDOHQW
PDUWLQJDOH PXVW KDYH WKH G\QDPLFV RI DQ DVVHW� WKHUHE\ HVWDEOLVKLQJ WKH QHFHVVLW\
QRWHG LQ WKH ERG\�
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/HW < �W� EH D VWULFWO\ SRVLWLYH SURFHVV� VR WKDW ZH FDQ ZULWH

G< �W�

< �W�
 z< �W� GW� �< �W�

!G: �W��

/HW WKH SURFHVV IRU WKH YDOXH RI DQ DVVHW� 9 �W�� EH JLYHQ E\ ����� DQG ������ DQG OHW
|< �W� � < �W�9 �W� EH WKH GHqDWHG YDOXH RI DQ DVVHW� 7KH SURFHVV IRU |< �W� LV JLYHQ
E\

G|< �W�  z|< �W� GW� �|< �W�
!G: �W��

ZKHUH

z|< �W�  < �W�
j
9 �W�

b
U�W� � z< �W�

c
� z�9 �W�

!by�W� � �< �W�
ck

DQG

�|< �W�  < �W�
j
z�9 �W� � 9 �W��< �W�

k
�

8QGHU DQ HTXLYDOHQW PHDVXUH� WKH SURFHVV IRU |< �W� LV JLYHQ E\

G|< �W�  
b
z|< �W�b v�W�!�|< �W�

c
GW� �|< �W�

!G:< �W��

7KH TXHVWLRQ LV WKLV� 8QGHU ZKDW FRQGLWLRQV LV |< �W� D PDUWLQJDOH IRU DQ DUELWUDU\
DVVHW 9 �W�" ,Q RWKHU ZRUGV� ZH VHHN WKH FRQGLWLRQV XQGHU ZKLFK

z|< �W�b v�W�!�|< �W�  � �$���

IRU DUELWUDU\ z�9 �W� DQG 9 �W�� 5HDUUDQJLQJ �$��� SURGXFHV

z�9 �W�
!jy�W� � �< �W�b v�W�

k
� 9 �W�

j
U�W� � z< �W�b v�W�!�< �W�

k
 �� �$���

7KH pUVW WHUP RQ WKH OHIW�KDQG VLGH RI �$��� LPSOLHV v�W�  y�W���< �W�� 8VLQJ WKLV
H[SUHVVLRQ IRU v�W�� WKH VHFRQG WHUP LPSOLHV

z< �W�  bU�W� � y�W�!�< �W� � N�< �W�N�� �$���

8VLQJ �$���� ZH FDQ ZULWH WKH SURFHVV IRU 8�W� � < �W�b� DV

G8�W�

8�W�
 

b
U�W� � y�W�!�8 �W�

c
GW� �8 �W�

!G: �W�� �$���

ZKHUH �8 �W�  b�< �W�� 7KXV �$��� VKRZV WKDW WKH LQYHUVH RI < �W� KDV WKH G\QDPLFV
RI DQ DVVHW YDOXH�

5HI HU HQF HV

%ODFN� )� DQG 0� 6FKROHV ������� 7KH SULFLQJ RI RSWLRQV DQG FRUSRUDWH OLDELOLWLHV�
-RXUQDO RI 3ROLWLFDO (FRQRP\ ��� ���^����

&KHQ� 5��5� DQG /� 6FRWW ������� 0D[LPXP OLNHOLKRRG HVWLPDWLRQ IRU D PXOWLIDFWRU
HTXLOLEULXP PRGHO RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� -RXUQDO RI )L[HG
,QFRPH 'HFHPEHU� ��^���

&KHQ� 5��5� DQG /� 6FRWW ������� ,QWHUHVW UDWH RSWLRQV LQ PXOWL�IDFWRU &R[�
,QJHUVROO�5RVV PRGHOV RI WKH WHUP VWUXFWXUH� :RUNLQJ SDSHU� 8QLYHUVLW\ RI
*HRUJLD� 'HSDUWPHQW RI )LQDQFH� $WKHQV *$ �����������



5HIHU HQ FHV ��

&R[� -� &�� -� (� ,QJHUVROO� -U�� DQG 6� $� 5RVV ������� $ UHH[DPLQDWLRQ RI WUD�
GLWLRQDO K\SRWKHVHV DERXW WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� -RXUQDO RI )L�
QDQFH ��� ���^����

&R[� -� &�� -� (� ,QJHUVROO� -U�� DQG 6� $� 5RVV ������� $ WKHRU\ RI WKH WHUP
VWUXFWXUH RI LQWHUHVW UDWHV� (FRQRPHWULFD �� ���� ���^����

&R[� -� &� DQG 6� $� 5RVV ������� 7KH YDOXDWLRQ RI RSWLRQV IRU DOWHUQDWLYH VWR�
FKDVWLF SURFHVVHV� -RXUQDO RI )LQDQFLDO (FRQRPLFV �� ���^����

'XrH� '� ������� '\QDPLF $VVHW 3ULFLQJ 7KHRU\ �VHFRQG HG��� 3ULQFHWRQ� 1HZ
-HUVH\� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

+HDWK� '�� 5� -DUURZ� DQG $� 0RUWRQ ������� %RQG SULFLQJ DQG WKH WHUP VWUXFWXUH
RI LQWHUHVW UDWHV� $ QHZ PHWKRGRORJ\� (FRQRPHWULFD ��� ��^����

6DwD�5HTXHMR� -� ������� 7KH G\QDPLFV DQG WKH WHUP VWUXFWXUH RI ULVN SUHPLD LQ
IRUHLJQ H[FKDQJH PDUNHWV� :RUNLQJ SDSHU� ,16($'�

�0 D UN ) LVKH U� 5HVHDU F K DQG 6W DW LVW LF V� %RDU G RI * RYHU QRU V RI W KH ) HGHU DO 5HVHU YH
6\VW HP � : DVKLQJW RQ� '& � � � � �

( �PDLO DGGUHV V � PILVKHU#IUE�JRY

�& KULVWLD Q *LOOH V� 0 RQHW DU \ $I I DLU V� %RDU G RI * RYHU QRU V RI W KH ) HGHU DO 5HVHU YH
6\VW HP � : DVKLQJW RQ� '& � � � � �

( �PDLO DGGUHV V � FJLOOHV#IUE�JRY


