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%U\DQ (OOLFNVRQ DQG -RVuH 3HQDOYD�=XDVWL
'HSDUWPHQW RI (FRQRPLFV� 8&/$

5HYLVHG 0DUFK ��� ����

�7KLV UHVHDUFK ZDV VXSSRUWHG E\ D JUDQW IURP WKH 8&/$ $FDGHPLF 6HQDWH�
:H ZRXOG OLNH WR WKDQN 'DYLG /HYLQH� -RVHSK 2VWUR\ DQG :LOOLDP =DPH DV ZHOO
DV SDUWLFLSDQWV DW WKH 8&/$ (FRQRPLFV 'HSDUWPHQW 7KHRU\ :RUNVKRS� WKH ��QG
6HPLQDU RI WKH (XURSHDQ *URXS RI 5LVN DQG ,QVXUDQFH (FRQRPLVWV� DQG WKH :KDU�
WRQ )LQDQFLDO ,QVWLWXWLRQV &HQWHU &RQIHUHQFH RQ 5LVN 0DQDJHPHQW LQ ,QVXUDQFH
)LUPV IRU KHOSIXO FRPPHQWV RQ HDUOLHU YHUVLRQV RI WKLV SDSHU�



� ,QWURGXFWLRQ

7KLV SDSHU GHYHORSV D IUDPHZRUN ZKLFK DOORZV LQVXUDQFH FRQWUDFWV WR EH
SULFHG XVLQJ WKH WHFKQLTXHV RI LQWHUWHPSRUDO nQDQFH� )URP 0DOLQYDXG >�����
����@ WR &DVV� &KLFKLOQLVN\ DQG :X >����@� D VLJQLnFDQW SDUW RI WKH OLWHUDWXUH
RQ LQVXUDQFH KDV EHHQ SUHRFFXSLHG ZLWK H[SODLQLQJ KRZ LQVXUDQFH PDUNHWV
PDQDJH WR IXQFWLRQ GHVSLWH WKH LQGLYLGXDOL]HG QDWXUH RI LQVXUDQFH FRQWUDFWV�
LI Q LQGLYLGXDOV HDFK IDFH WKH SURVSHFW RI KDYLQJ DQ DFFLGHQW RU QRW� WKH VWDWH
VSDFH LV RI VL]H �Q ZKLFK VHHPV WR LPSO\ DQ LPSRVVLEO\ ODUJH QXPEHU RI FRQ�
WLQJHQW FRQWUDFWV� $V 0DOLQYDXG GHPRQVWUDWHG� WKLV DSSDUHQW SDUDGR[ FDQ
EH UHVROYHG WKURXJK DQ DSSHDO WR WKH ODZ RI ODUJH QXPEHUV� :H VXJJHVW DQ�
RWKHU DSSURDFK WR H[SODLQLQJ ZK\ LQVXUDQFH PDUNHWV ZRUN� LQWURGXFLQJ WKH
SRVVLELOLW\ WKDW DFFLGHQWV GR QRW KDSSHQ DOO DW RQFH� DV LQ D VWDWLF PRGHO� EXW
JUDGXDOO\ DV SDUW RI D SURFHVV WKDW XQIROGV RYHU WLPH� 7KLV SDSHU GHYHORSV
WKH GLVFUHWH�WLPH YHUVLRQ RI WKH WKHRU\�
,Q RXU PRGHO� LQVXUDEOH HYHQWV DUH UHSUHVHQWHG DV D PDUNHG SRLQW SURFHVV�

D VWRFKDVWLF SURFHVV LQ ZKLFK WKHUH LV QHYHU PRUH WKDQ RQH DFFLGHQW DW DQ\
JLYHQ GDWH� ,Q WKLV VHWWLQJ WKH UHYHODWLRQ RYHU WLPH RI WKH WUXH VWDWH RI
QDWXUH FDQ EH UHSUHVHQWHG E\ D YHU\ VLPSOH LQIRUPDWLRQ VWUXFWXUH� DQ HYHQW
WUHH ZLWK WKH VDPH QXPEHU RI EUDQFKHV HPHUJLQJ IURP HDFK QRGH� RQH EUDQFK
IRU HDFK W\SH RI ?DFFLGHQW� SOXV D EUDQFK FRUUHVSRQGLQJ WR WKH SRVVLELOLW\ RI
QR DFFLGHQW� $V D FRQVHTXHQFH� PDUNHW FRPSOHWHQHVV LQ WKH G\QDPLF VHQVH RI
.UHSV >����@ UHTXLUHV D QXPEHU RI FRQWUDFWV SURSRUWLRQDO WR Q� WKH QXPEHU
RI FRQVXPHUV� UDWKHU WKDQ �Q�
(VWDEOLVKLQJ D IUDPHZRUN LQ ZKLFK G\QDPLF VSDQQLQJ DSSOLHV WR LQVXU�

DQFH PDUNHWV LV WKH KHDUW RI WKLV SDSHU� WKH UHVW VLPSO\ DSSOLHV VWDQGDUG
nQDQFH LQ WKLV VSHFLDOL]HG VHWWLQJ� $V ZH VKDOO VHH� nQDQFH SURYLGHV VRPH
IUHVK LQVLJKWV LQWR WKH QDWXUH RI LQVXUDQFH� )RU H[DPSOH� HYHQ LQ D ZRUOG
RI ULVN�DYHUVH FRQVXPHUV DQG LQYHVWRUV� LQVXUDQFH FRQWUDFWV FDQ EH YLHZHG
DV ?DFWXDULDOO\ IDLU� XQGHU WKH ULJKW SUREDELOLW\ PHDVXUH� ZH VKRZ WKDW WKH
SULFH RI DQ LQVXUDQFH FRQWUDFW LV WKH GLVFRXQWHG H[SHFWHG YDOXH RI IXWXUH
SD\PHQWV IRU WKH LQVXUHG HYHQWV ZKHUH H[SHFWDWLRQ LV WDNHQ UHODWLYH WR WKH
ULVN QHXWUDO SUREDELOLW\ PHDVXUH LQWURGXFHG E\ +DUULVRQ DQG .UHSV >����@ LQ
WKHLU V\QWKHVLV RI nQDQFLDO DVVHW SULFLQJ WKHRU\� ,QVXUDQFH FRQWUDFWV SURYLGH
D SDUWLFXODUO\ QDWXUDO LQWHUSUHWDWLRQ RI WKH +DUULVRQ�.UHSV UHVXOW� WKH ULVN
QHXWUDO SUREDELOLW\ PHDVXUH LQFRUSRUDWHV VRFLHW\
V DYHUVLRQ WR ULVN DQG VR
EXLOGV LQWR HYHU\ ?DFWXDULDOO\ IDLU� LQVXUDQFH FRQWUDFW D ORDG ZKLFK FRPSHQ�
VDWHV LQVXUHUV IRU WKH ULVN WKH\ EHDU�
6HFWLRQ � EHJLQV ZLWK D IRUPDO GHVFULSWLRQ RI D GLVFUHWH�WLPH PDUNHG
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SRLQW SURFHVV DQG LWV DSSOLFDWLRQ WR LQVXUDQFH PDUNHWV� 8VLQJ D PDUNHG
SRLQW SURFHVV DV WKH EDVLF VRXUFH RI XQFHUWDLQW\� ZH GHnQH DQ LQWHUWHPSRUDO
H[FKDQJH HFRQRP\ RQ WKH HYHQW WUHH JHQHUDWHG E\ WKH DFFLGHQW SURFHVV DQG
FKDUDFWHUL]H WKH FRPSHWLWLYH HTXLOLEULXP LQYROYLQJ WUDGH LQ $UURZ�'HEUHX�
5DGQHU �$'5� GDWH�HYHQW FRQWLQJHQW FRPPRGLWLHV RQ WKLV WUHH� 7KH FRU�
UHVSRQGLQJ FRQWLQJHQW SULFHV DOORZ XV WR SULFH LQVXUDQFH FRQWUDFWV� ZKLFK
DUH W\SLFDOO\ QRW VWDQGDUG $'5 FRQWUDFWV� DV UHGXQGDQW VHFXULWLHV� :LWK
WKLV VWDQGDUG FRPSHWLWLYH HTXLOLEULXP LQ SODFH� ZH WKHQ ?UHPRYH� WKH $'5
FRQWLQJHQW FRPPRGLWLHV� OHDYLQJ RQO\ WKH LQVXUDQFH FRQWUDFWV WR GHDO ZLWK
ULVN� $V ZH WKHQ VKRZ� LQVXUDQFH FRQWUDFWV DORQH \LHOG G\QDPLFDOO\ FRP�
SOHWH PDUNHWV LQ WKH VHQVH RI .UHSV >����@ SURYLGHG WKHUH LV RQH LQVXUDQFH
FRQWUDFW IRU HDFK W\SH RI DFFLGHQW� 6HFWLRQ � LOOXVWUDWHV WKH WKHRU\ ZLWK D
VLPSOH H[DPSOH \LHOGLQJ D QDWXUDO LQWHUSUHWDWLRQ RI WKH +DUULVRQ�.UHSV ULVN
QHXWUDO PHDVXUH DQG D GUDPDWLF GHPRQVWUDWLRQ KRZ WUDGLQJ D IHZ LQVXUDQFH
FRQWUDFWV FDQ G\QDPLFDOO\ FRPSOHWH PDUNHWV HYHQ WKRXJK WKH VWDWH VSDFH LV
H[WUHPHO\ ODUJH� $OWKRXJK WKH IRFXV RI 6HFWLRQ � LV RQ SURYLGLQJ D EULGJH WR
WKH WUDGLWLRQDO LQVXUDQFH OLWHUDWXUH� RXU XOWLPDWH LQWHQW LV WR XVH LQWHUWHPSR�
UDO nQDQFH WR GHYHORS D WKHRU\ RI KRZ WR LQVXUH HYHQWV VXFK DV HDUWKTXDNHV
RU KXUULFDQHV IRU ZKLFK WKH WUDGLWLRQDO WKHRU\ VHHPV OHVV UHOHYDQW� 6HFWLRQ �
GHVFULEHV VRPH RI WKH DSSOLFDWLRQV DQG H[WHQVLRQV ZH KDYH LQ PLQG�

� 7KH PRGHO

2XU DSSOLFDWLRQ RI nQDQFH WKHRU\� WR LQVXUDQFH PDUNHWV KLQJHV FUXFLDOO\ RQ
WKH DVVXPSWLRQ WKDW PDUNHWV DUH G\QDPLFDOO\ FRPSOHWH LQ WKH VHQVH RI .UHSV
>����@� $FFLGHQWV DUH PRGHOHG DV D GLVFUHWH�WLPH YHUVLRQ RI D PDUNHG SRLQW
SURFHVV ZLWK WLPH LQWHUYDOV ZKLFK VKRXOG EH LQWHUSUHWHG DV YHU\ VKRUW�� VKRUW
HQRXJK� VD\ D QDQRVHFRQG� VR WKDW DW PRVW GDWHV WKHUH LV QR ?DFFLGHQW� DQG
DW QR GDWH LV WKHUH PRUH WKDQ RQH� 7R VLPSOLI\ WKH GLVFXVVLRQ� ZH FRQnQH
DWWHQWLRQ WR D PRGHO RI SXUH H[FKDQJH ZLWK D VLQJOH FRPPRGLW\ DYDLODEOH IRU
FRQVXPSWLRQ DW HDFK GDWH�
/HW 7 � I �� �� � � � � 7 J UHSUHVHQW WKH WLPH VHW�� $Q DFFLGHQW FDQ KDSSHQ

�$V SUHVHQWHG� IRU H[DPSOH� LQ 'RWKDQ >����@� 'XpH >����@ RU +XDQJ DQG /LW]HQEHUJHU
>����@�

�$ FRQWLQXRXV�WLPH IRUPXODWLRQ� ZKLFK ZH DUH GHYHORSLQJ� LV PRUH HOHJDQW EXW DOVR
PRUH FRPSOLFDWHG� )RU WUHDWPHQWV RI PDUNHG SRLQW SURFHVVHV VHH� IRU H[DPSOH� %UuHPDXG
>����@ RU /DVW DQG %UDQGW >����@�

�:H DVVXPH WKDW 7 � � LQ WKLV VHFWLRQ� EXW WKH DQDO\VLV JHQHUDOL]HV TXLWH GLUHFWO\ WR
WKH LQnQLWH KRUL]RQ FDVH� 7KH H[DPSOH RI 6HFWLRQ � WUHDWV WKH FDVH 7  ��
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DW DQ\ GDWH W w �� EXW QHYHU PRUH WKDQ RQH DFFLGHQW DW DQ\ JLYHQ GDWH� ,I
DQ DFFLGHQW KDSSHQV DW GDWH W� LW LV DVVXPHG WR RFFXU DQG EH NQRZQ WR DOO
DJHQWV LQ WKH HFRQRP\ SULRU WR WUDGH RU FRQVXPSWLRQ DW GDWH W�
:H DVVXPH WKDW DQ\ DFFLGHQW RFFXUULQJ DW GDWH W FDQ EH FODVVLnHG LQWR

RQH RI D nQLWH QXPEHU RI DFFLGHQW W\SHV LQGH[HG E\ . � I �� � � � � . J ZLWK
N  � VLJQLI\LQJ ?QR DFFLGHQW�� $OO XQFHUWDLQW\ LQ WKH HFRQRP\ LV FDSWXUHG
E\ WKH SUREDELOLW\ VSDFH �l�) � 3 � ZLWK VWDWH VSDFH l � .7 � }�DOJHEUD
)  �l� DQG SUREDELOLW\ PHDVXUH 3 � 7KURXJKRXW WKLV SDSHU� ZH DVVXPH
WKDW 3 ��� ! � IRU DOO � � l� )RU N ! �� OHW 1N�7 d l � =

�
UHSUHVHQW

WKH VWRFKDVWLF SURFHVV ZKLFK FRXQWV WKH QXPEHU RI DFFLGHQWV RI W\SH N� L�H��
1N�W� �� LV WKH QXPEHU RI DFFLGHQWV RI W\SH N ZKLFK KDYH RFFXUUHG XS WR
GDWH W� 1N LV QRQGHFUHDVLQJ� 1N��� ��  � IRU DOO � � l� DW PRVW RQH RI WKH
SURFHVVHV 1N MXPSV DW DQ\ LQVWDQW W DQG� ZKHQ D MXPS RFFXUV� LW LV DOZD\V
E\ H[DFWO\ RQH XQLW� 7KH YHFWRU�YDOXHG VWRFKDVWLF SURFHVV GHnQHG E\

1�W� �� � �1��W� ��� � � � � 1.�W� ���

LV FDOOHG D GLVFUHWH WLPH� .�YDULDWH FRXQWLQJ SURFHVV RU� HTXLYDOHQWO\� D
PDUNHG SRLQW SURFHVV�
7R LOOXVWUDWH WKHVH LGHDV PRUH FRQFUHWHO\� QRWH WKDW D VDPSOH SRLQW � � l

FDQ EH LGHQWLnHG ZLWK D VHTXHQFH N�N� � � � N7 ZKHUH NW � . GHQRWHV WKH W\SH
RI DFFLGHQW RFFXUULQJ DW WLPH W� 7KXV� LI 7  �� DQG .  �� D VDPSOH SRLQW

�  ����������

FRUUHVSRQGV WR D UHDOL]DWLRQ LQ ZKLFK WKHUH LV DQ DFFLGHQW RI W\SH � DW GDWH
nYH� DFFLGHQWV RI W\SH � DW GDWHV WZR DQG HLJKW� DQ DFFLGHQW RI W\SH � DW
GDWH VHYHQ� DQG QR DFFLGHQW DW DQ\ RWKHU GDWH� 1

�
� WKH VWRFKDVWLF SURFHVV

ZKLFK FRXQWV HYHQWV RI W\SH �� VWDUWV DW 1���� ��  � DW GDWH �� MXPSV
WR 1���� ��  � DW GDWH � DQG WR 1���� ��  � DW GDWH � ZKLOH UHPDLQLQJ
FRQVWDQW RWKHUZLVH�
,Q WKH XVXDO ZD\� WKH VWRFKDVWLF SURFHVV 1 JHQHUDWHV D nOWUDWLRQ� D QRQ�

GHFUHDVLQJ VHTXHQFH RI }�DOJHEUDV

)� | )� | )� | c c c | )7  )

ZLWK WKH SURSHUW\ WKDW )W LV WKH FRDUVHVW }�DOJHEUD ZLWK UHVSHFW WR ZKLFK WKH
UDQGRP YDULDEOH 1�W�� l� =� LV PHDVXUDEOH� /HW IW GHQRWH WKH SDUWLWLRQ RI
l ZKLFK JHQHUDWHV WKH }�DOJHEUD )W ZLWK I�  Il J DQG I7  I I� J M � �
l J� FRUUHVSRQGLQJ WR WKH DEVHQFH RI LQIRUPDWLRQ DW GDWH W  � DQG FRPSOHWH
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LQIRUPDWLRQ DW GDWH 7 � :H ZLOO XVH DW WR GHQRWH D W\SLFDO HOHPHQW RI WKH
SDUWLWLRQ IW DW GDWH W�
&RQVXPHUV LQ WKLV HFRQRP\ DUH LQGH[HG E\ WKH nQLWH VHW ,  I �� � � � � Q J�

)RU HDFK FRQVXPHU L � ,� D FRQVXPSWLRQ SURFHVV LV D IXQFWLRQ [L� 7 dl� 5
DQG DQ HQGRZPHQW SURFHVV D IXQFWLRQ ZL� 7 d l� 5� HDFK DGDSWHG WR WKH
nOWUDWLRQ JHQHUDWHG E\ WKH DFFLGHQW SURFHVV 1 � /HW / GHQRWH WKLV YHFWRU
VSDFH� 3URFHVVHV DGDSWHG WR WKH DFFLGHQW nOWUDWLRQ DUH FRQVWDQW RQ WKH VHWV
IWJ d DW IRU HDFK HYHQW DW � IW�
&RQWLQJHQW FRPPRGLWLHV SURYLGH D FRQYHQLHQW ZD\ WR UHSUHVHQW WKHVH

FRQVXPSWLRQ RU HQGRZPHQW SURFHVVHV� 7KH �W� DW��FRQWLQJHQW FRPPRGLW\�
UHSUHVHQWLQJ RQH XQLW RI FRQVXPSWLRQ LQ HYHQW DW � IW DW GDWH W� LV UHSUHVHQWHG
E\ WKH LQGLFDWRU IXQFWLRQ ��W� DW�� 7 d l� 5 GHnQHG E\�

��W� DW��W
�� ���  

|
� LI W�  W DQG �� � DW�
� RWKHUZLVH�

8VLQJ WKHVH FRQWLQJHQW FRPPRGLWLHV DV D EDVLV� D FRQVXPSWLRQ SURFHVV [L � /
IRU FRQVXPHU L � , KDV WKH UHSUHVHQWDWLRQ
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7;
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;
D
W
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[L�W� DW���W� DW�

DQG DQ HQGRZPHQW SURFHVV WKH UHSUHVHQWDWLRQ

ZL  
7;
W �

;
D
W
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W

ZL�W� DW���W� DW��

/HWWLQJ

/
�
� I[ � / M [�W� DW� w � � W � 7 	 DW � IW J

UHSUHVHQW WKH QRQQHJDWLYH RUWKDQW RI /� DVVXPH WKDW HDFK FRQVXPHU L � ,
KDV FRQVXPSWLRQ VHW ;L  /

�
� HQGRZPHQW ZL � /

�
� DQG SUHIHUHQFH UHODWLRQ

yL RQ ;L d ;L ZKLFK LV D FRPSOHWH SUHRUGHULQJ DQG VWURQJO\ PRQRWRQLF�
&RPSHWLWLYH SULFHV DUH JLYHQ E\ D OLQHDU IXQFWLRQDO S�/ � 5 ZLWK UHSUHVHQ�
WDWLRQ

S�[�  { c [  
;
W�7

;
D
W

�I
W

{�W� DW�[�W� DW�

�:H ZULWH ��W� D
W

� UDWKHU WKDQ WKH PRUH XVXDO ��W�DW� IRU W\SRJUDSKLFDO FRQYHQLHQFH�
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ZKHUH {�W� DW� LV WKH SULFH RI D �W� DW��FRQWLQJHQW FRPPRGLW\� -XVW DV IRU
FRQVXPSWLRQ SURFHVVHV [� ZH FDQ DOVR YLHZ { � /� DV D VWRFKDVWLF SURFHVV
DGDSWHG WR WKH DFFLGHQW nOWUDWLRQ� $ FRPSHWLWLYH HTXLOLEULXP IRU WKLV H[�
FKDQJH HFRQRP\ FRQVLVWV RI D IHDVLEOH DOORFDWLRQ [ DQG D SULFH V\VWHP S VXFK
WKDW [L LV LQ WKH GHPDQG VHW

� �L�S� RI FRQVXPHU L IRU HYHU\ FRQVXPHU L � ,�
7KH $'5 FRQWLQJHQW FRPPRGLWLHV DUH� RI FRXUVH� SXUHO\ WKHRUHWLFDO FRQ�

VWUXFWV ZLWK OLWWOH UHVHPEODQFH WR DFWXDO LQVXUDQFH FRQWUDFWV� +RZHYHU� VLQFH
PDUNHWV DUH FRPSOHWH� DQ\ DGGLWLRQDO FRQWUDFWV ZKLFK ZH FKRRVH WR LQWUR�
GXFH DUH UHGXQGDQW DVVHWV DQG� FRQVHTXHQWO\� WKH\ FDQ EH SULFHG� 6XSSRVH
ZH LQWURGXFH D FROOHFWLRQ RI DVVHWV ZKLFK UHVHPEOH DFWXDO LQVXUDQFH FRQWUDFWV�
LQGH[HG E\ M � - � $VVRFLDWHG ZLWK HDFK VHFXULW\ M � � LV D GLYLGHQG SUR�
FHVV GM � /� ZKHUH GM�W� DW� UHSUHVHQWV WKH SD\RXW RI LQVXUDQFH SROLF\ M DW
GDWH�HYHQW �W� DW�� PHDVXUHG LQ XQLWV RI WKH FRQVXPSWLRQ JRRG DW �W� DW�� :H
DVVXPH WKDW GM���l�  � IRU DOO M � �� $V IRU WKH SULFH DQG FRQVXPSWLRQ
SURFHVVHV� HDFK GLYLGHQG SURFHVV GM FDQ EH YLHZHG DV D VWRFKDVWLF SURFHVV
DGDSWHG WR WKH DFFLGHQW nOWUDWLRQ� UHoHFWLQJ WKH IDFW WKDW DQ LQVXUDQFH FRQ�
WUDFW ZLOO SD\ Rm RQO\ RQ DFFLGHQWV ZKLFK KDYH DOUHDG\ KDSSHQHG DQG QRW
RQ WKRVH ZKLFK DUH \HW WR FRPH� ,Q DGGLWLRQ WR WKHVH LQVXUDQFH SROLFLHV�
ZH DOVR DVVXPH WKHUH H[LVWV D ULVNIUHH DVVHW DYDLODEOH DW HDFK GDWH�HYHQW
�W� DW� ZKLFK FRVWV RQH XQLW RI WKH FRQVXPSWLRQ JRRG DW �W� DW� DQG UHWXUQV
G
�
�W� DW���  � � U�W� DW� RI WKH FRQVXPSWLRQ JRRG DW HDFK VXFFHVVRU HYHQW

DW�� | DW� DW�� � IW��� :H ZLOO UHIHU WR U�W� DW� DV WKH ULVNIUHH UDWH�
)URP QRZ RQ� ZH DGRSW WKH SULFH QRUPDOL]DWLRQ� {���  � VR WKDW WKH

FRPSHWLWLYH SULFH IXQFWLRQDO KDV WKH UHSUHVHQWDWLRQ

{ c [  [��� �
7;
W �

;
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W
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W

{�W� DW�[�W� DW��

*LYHQ SULFHV {� GHnQH IRU HDFK HYHQW DW � IW DQG DW�� � IW��� ZKHUH DW�� |
DW� WKH PDUWLQJDOH FRQGLWLRQDO SUREDELOLW\

4�DW�� M DW� � {�W� �� DW���3
D

�

W��
|D

W

{�W� �� D�
W��
�
� ���

�7KH QRWDWLRQ DGRSWHG KHUH LV IURP (OOLFNVRQ >����@�
�%HFDXVH WKH LQLWLDO DQG WHUPLQDO LQIRUPDWLRQ SDUWLWLRQV KDYH D VSHFLDO VWUXFWXUH�

I�  Il J DQG I
7

 I I� J M � � l J�
LW LV FRQYHQLHQW WR DEXVH QRWDWLRQ VOLJKWO\� ZULWLQJ {��� DQG [��� LQ SODFH RI {���l� RU
[���l� DQG {�7� �� RU [�7� �� LQ SODFH RI {�7� I� J� RU [�7� I� J�
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$VVXPLQJ WKDW SULFHV RI DOO LQVXUDQFH DVVHWV DUH H[ GLYLGHQG� ZH GHnQH IRU
HDFK W � 7 WKH SULFH SURFHVV 6M IRU DVVHW M DFFRUGLQJ WR WKH UHODWLRQ

{�W� DW�6M�W� DW�  
7;

V W��

;
D
V

�I
V

D
V

|D
W

{�V� DV�GM�V� DV��

WKH $UURZ�'HEUHX YDOXDWLRQ RI WKH GLYLGHQG VWUHDP IROORZLQJ WKH GDWH�HYHQW
�W� DW�� $W WHUPLQDO QRGHV� 6M�7� ��  �� 1RWH WKDW 6M � /

�
VR WKDW VHFXULW\

SULFHV FDQ DOVR EH YLHZHG DV QRQQHJDWLYH VWRFKDVWLF SURFHVVHV DGDSWHG WR WKH
DFFLGHQW nOWUDWLRQ� $V ZLWK SD\RXWV� WKH VHFXULW\ SULFH 6M�W� DW� LV PHDVXUHG
LQ XQLWV RI WKH �W� DW��FRQVXPSWLRQ JRRG�
$V D VLPSOH FRQVHTXHQFH RI WKH WUHH VWUXFWXUH RI WKH nOWUDWLRQ�

{�W� DW�6M�W� DW�  
;

D
W��|DW

{�W� �� DW��� >6M�W� �� DW��� � GM�W� �� DW���@ �

���
ZKHUH WKH VXP LV RYHU HYHQWV DW�� EHORQJLQJ WR WKH SDUWLWLRQ IW�� DQG FRQ�
WDLQHG LQ DW� ,Q WKH VSHFLDO FDVH RI WKH ULVNIUHH DVVHW� ZKLFK FRVWV RQH XQLW RI
WKH FRQVXPSWLRQ JRRG DW �W� DW� DQG SD\V ��U�W� DW� DW HDFK RI WKH LPPHGLDWH
VXFFHVVRU QRGHV� WKH DERYH FRQGLWLRQ VSHFLDOL]HV WR

{�W� DW�  
;

D
W��|DW

{�W� �� DW����� � U�W� DW��

RU� HTXLYDOHQWO\�

� � U�W� DW�  
{�W� DW�3

D
W��|DW

{�W� �� DW���
���

IRU DOO W � 7 � 8VLQJ WKH GHnQLWLRQV RI WKH PDUWLQJDOH FRQGLWLRQDO SUREDELOLW\
DQG WKH ULVNIUHH UDWH� HTXDWLRQ ��� FDQ QRZ EH ZULWWHQ

6M�W� DW�  

3
D
W��|DW

>6M�W� �� DW��� � GM�W� �� DW���@4�DW�� M DW�
� � U�W� DW�

�

/HWWLQJ
U�W� � 

;
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W
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W

U�W� DW���W� DW�

GHQRWH WKH LQWHUHVW UDWH DW GDWH W DQG

6M�W� � 
;
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W

�I
W

6M�W� DW���W� DW��
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WKH SULFH RI WKH MWK DVVHW DW GDWH W� ZH KDYH

6M�W�  
(4>6M�W� �� � GM�W� �� M )W@

� � U�W�
���

ZKHUH (4> c M )W@ GHQRWHV FRQGLWLRQDO H[SHFWDWLRQ UHODWLYH WR WKH VLJPD�
DOJHEUD )W XQGHU WKH PDUWLQJDOH PHDVXUH 4�
8VLQJ WKH ULVNIUHH UDWH WR GLVFRXQW LQVXUDQFH DVVHW SULFHV DQG WKHLU SD\�
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2XU nUVW UHVXOW DVVHUWV WKDW LQVXUDQFH FRQWUDFWV DUH DFWXDULDOO\ IDLU SUR�
YLGHG WKDW H[SHFWDWLRQV DUH FRPSXWHG DFFRUGLQJ WR WKH +DUULVRQ�.UHSV ULVN
QHXWUDO �PDUWLQJDOH� PHDVXUH 4�
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2XU VHFRQG UHVXOW DVVHUWV WKDW UHWXUQV RQ LQVXUDQFH FRQWUDFWV VDWLVI\ D
YHUVLRQ RI &$30� )LUVW� ZH GHFRPSRVH WKH UDWH RI UHWXUQ RI WKH MWK LQVXUDQFH
FRQWUDFW DW GDWH W� � LQWR D SUHGLFWDEOH DQG DQ LQQRYDWLRQ FRPSRQHQW�
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LV WKH LQQRYDWLRQ FRPSRQHQW DQG yM��� LV DQ DUELWUDU\ FRQVWDQW� 'HnQH WKH
OLNHOLKRRG UDWLR SURFHVV ] E\
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IRU DOO W w �� 7KH IROORZLQJ WKHRUHP HVWDEOLVKHV ] DV DQ DJJUHJDWH ULVN IDFWRU
IRU WKH HFRQRP\� H[SUHVVLQJ WKH H[FHVV UHWXUQ RI WKH MWK LQVXUDQFH FRQWUDFW
LQ WHUPV RI WKH FRQGLWLRQDO FRYDULDQFH EHWZHHQ WKH LQQRYDWLRQ FRPSRQHQW RI
WKH UHWXUQ DQG WKH DJJUHJDWH ULVN IDFWRU��

7+(25(0 �� )RU HDFK LQVXUDQFH FRQWUDFW M � - DQG HDFK W w ��

xM�W� ��b U�W�  b �

]�W�
FRYDU

3
>yM�W� ��� ]�W� ��@ ���

3522)� )URP HTXDWLRQ ����

6M�W�  (4

�
6M�W� �� � GM�W� ��

� � U�W�
M )W

w

 
�

]�W�
(3

�t
6M�W� �� � GM�W� ��

� � U�W�

u
]�W� �� M )W

w

 
6M�W�

]�W��� � U�W��
(3

��
6M�W� �� � GM�W� ��

6M�W�

�
]�W� �� M )W

�

7KHUHIRUH�

� � U�W�  
�

]�W�
(3

��
6M�W� �� � GM�W� ��

6M�W�

�
]�W� �� M )W

�

 
�

]�W�
(3 >�� � xM�W� �� � yM�W� ��b yM�W��]�W� �� M )W@

 � �
�

]�W�
(3 >�xM�W� �� � yM�W� ��b yM�W��]�W� �� M )W@

�:H IROORZ FORVHO\ WKH GLVFXVVLRQ OHDGLQJ XS WR 7KHRUHP ��� RI 'RWKDQ >����@�

�



ZKHUH LQ WKH ODVW VWHS ZH XVH WKH IDFW WKDW ] LV D 3 �PDUWLQJDOH� 5HDUUDQJLQJ
DQG XVLQJ WKH IDFW WKDW ERWK ] DQG yM DUH 3 �PDUWLQJDOHV�
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:KDW ZH KDYH VKRZQ LV WKDW� SURYLGHG WKHUH LV D FRPSOHWH VHW RI $'5
FRQWLQJHQW FRQWUDFWV� VWDQGDUG LQVXUDQFH FRQWUDFWV FDQ EH SULFHG� $VVXPLQJ
D FRPSOHWH VHW RI $'5 FRQWLQJHQW FRQWUDFWV LV FOHDUO\ QRW YHU\ UHDOLVWLF� )RU�
WXQDWHO\� RQFH LQVXUDQFH FRQWUDFWV KDYH EHHQ LQWURGXFHG� WKH $'5 FRQWUDFWV
EHFRPH UHGXQGDQW DQG WKHUHIRUH XQQHFHVVDU\� 0RUH SUHFLVHO\� RXU FODLP LV
WKDW LQVXUDQFH FRQWUDFWV DUH FDSDEOH RI FRPSOHWLQJ WKH PDUNHW G\QDPLFDOO\
LQ WKH VHQVH RI .UHSV >����@� 7KH NH\ WR G\QDPLF VSDQQLQJ LV WKH LQGH[ RI
WKH nOWUDWLRQ ZKLFK LQ DQ HYHQW WUHH FRQWH[W FRUUHVSRQGV WR WKH PD[LPXP
QXPEHU RI EUDQFKHV OHDYLQJ DQ\ QRGH RI WKH HYHQW WUHH� WKH QXPEHU RI DFFL�
GHQW W\SHV SOXV RQH LQ RXU PRGHO� $V VKRZQ E\ .UHSV >����@� WKH QXPEHU RI
VHFXULWLHV UHTXLUHG IRU G\QDPLF VSDQQLQJ LV QR JUHDWHU WKDQ WKH LQGH[ RI WKH
nOWUDWLRQ� :KDW WKLV PHDQV IRU XV LV WKDW� LQ DGGLWLRQ WR WKH ULVNIUHH DVVHW�
DOO WKDW LV UHTXLUHG IRU G\QDPLF VSDQQLQJ LV RQH LQVXUDQFH FRQWUDFW FRYHULQJ
HDFK W\SH RI DFFLGHQW�
7R LOOXVWUDWH� DVVXPH WKDW -  . ZKHUH VHFXULW\ M  N w � SD\V RQH

XQLW RI WKH FRQVXPSWLRQ JRRG DW GDWH W LI DQG RQO\ LI DQ DFFLGHQW RI W\SH N
RFFXUV DW WKDW GDWH�� /HW m UHSUHVHQW DQ DUELWUDU\ HYHQW DWb� � IWb� DQG
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WKH FROOHFWLRQ RI LWV LPPHGLDWH VXFFHVVRUV� /HW
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WKH SRUWIROLR DFTXLUHG DW GDWH�HYHQW �W� n�� n � %W�m� ZKHUH 7 GHQRWHV WUDQV�
SRVH� 1RWH WKDW� E\ GHnQLWLRQ� WKH WUDGLQJ SURFHVV tL LV QRW RQO\ DGDSWHG WR

�,Q WKH WHUPLQRORJ\ RI .UHSV >����@� WKHVH LQVXUDQFH FRQWUDFWV DUH ORQJ�OLYHG VHFXULWLHV�
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WKH nOWUDWLRQ� EXW DOVR SUHGLFWDEOH� L�H�� IRU HDFK W� tL�W� LV PHDVXUDEOH ZLWK
UHVSHFW WR )Wb�� 5HTXLULQJ SUHGLFWDELOLW\ FDSWXUHV WKH HFRQRPLFDOO\ QDWXUDO
UHVWULFWLRQ WKDW D FRQVXPHU PXVW EX\ LQVXUDQFH SULRU WR DFTXLULQJ NQRZOHGJH
ZKHWKHU WKH LQVXUHG HYHQW ZLOO RFFXU� )LQDOO\� OHW
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UHSUHVHQW WKH QHW WUDGH RI FRQVXPHU L DW GDWH�HYHQW �W� n�� )RU HDFK n �
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7KH V\VWHP RI HTXDWLRQV RI W\SH ��� DW GDWH�HYHQW �W� m� WKHQ WDNHV WKH IRUP
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$Q $'5 HTXLOLEULXP DOORFDWLRQ LV VDLG WR EH G\QDPLFDOO\ VSDQQHG E\ WKH
VHW RI VHFXULWLHV - SURYLGHG WKHUH LV D SRUWIROLR tL�W� m� ZKLFK VROYHV HTXDWLRQ
��� IRU HYHU\ GDWH�HYHQW �W� m� DQG HYHU\ FRQVXPHU L � ,� ,I 7 LV nQLWH DQG WKH
PDWUL[ 6�W� m� �'�W� m� LV LQYHUWLEOH IRU HYHU\ GDWH�HYHQW �W� m�� WKHQ D VHW
RI G\QDPLFDOO\ VSDQQLQJ SRUWIROLR WUDGHV FDQ EH IRXQG E\ ZRUNLQJ EDFNZDUG
IURP WKH WHUPLQDO GDWH 7 � ,Q WKH IROORZLQJ VHFWLRQ� ZH LOOXVWUDWH D PHWKRG RI
VROXWLRQ IRU DQ LQnQLWH KRUL]RQ ZKLFK H[SORLWV VWDWLRQDULW\� ,Q HLWKHU FDVH� WKH
PDWUL[ 6�W� m� �'�W� m� PXVW EH LQYHUWLEOH DW HDFK VWHS� D FRQGLWLRQ ZKLFK�
DV ZH VKDOO VHH� KROGV TXLWH QDWXUDOO\ ZKHQ WKHUH LV D VHSDUDWH LQVXUDQFH
FRQWUDFW IRU HDFK W\SH RI DFFLGHQW�

� ,OOXVWUDWLQJ WKH WKHRU\

7KLV VHFWLRQ LOOXVWUDWHV RXU DEVWUDFW WKHRU\ RI LQVXUDQFH SULFLQJ ZLWK DQ DS�
SOLFDWLRQ WR WKH W\SH RI ULVN VLWXDWLRQ ZKLFK LV WKH IRFXV RI WKH WUDGLWLRQDO
LQVXUDQFH OLWHUDWXUH� ,Q RXU PRGHO DQ DFFLGHQW FDQ EH DQ\ HYHQW _ D oRRG�
D FDU ZUHFN� RU DQ HDUWKTXDNH IRU H[DPSOH _ ZKLFK DmHFWV WKH HQGRZPHQW
RU WKH SUHIHUHQFHV RI RQH RU PRUH FRQVXPHUV� +RZHYHU� WR IDFLOLWDWH FRPSDU�
LVRQ ZLWK WKH WUDGLWLRQDO LQVXUDQFH OLWHUDWXUH� KHUH ZH FRQVLGHU D VLWXDWLRQ
LQ ZKLFK HDFK DFFLGHQW DmHFWV RQO\ RQH LQGLYLGXDO DQG HYHU\ FRQVXPHU LV DI�
IHFWHG E\ DQ DFFLGHQW LQ H[DFWO\ WKH VDPH ZD\� IRU VLPSOLFLW\� ZH DVVXPH WKH
FRQVXPHU ORVHV KLV HQWLUH HQGRZPHQW� )RUPDOO\� OHW .  ,>I�J ZKHUH N w �
UHSUHVHQWV DQ DFFLGHQW KDSSHQLQJ WR LQGLYLGXDO N  L � , DQG N  � DQ DFFL�
GHQW KDSSHQLQJ WR QR RQH� $VVXPH WKDW FRQVXPHU L � , KDV YRQ�1HXPDQQ
0RUJHQVWHUQ XWLOLW\

XL�[L�  OQ[L��� �
7;
W �

pW
;
D
W

�I
W

3 �DW� OQ[L�W� DW� ���
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WKH DJJUHJDWH HQGRZPHQW DW GDWH �� 8VLQJ WKH QRUPDOL]DWLRQ {���  �� WKH
PDUNHW�FOHDULQJ SULFH IRU WKH �W� DW��FRQWLQJHQW FRPPRGLW\ LV JLYHQ E\

{�W� DW�  
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)RU DQ\ DW � IW DQG DW�� � IW�� ZKHUH DW�� | DW� DVVXPH WKDW WKH
FRQGLWLRQDO SUREDELOLW\
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wL LI DQ DFFLGHQW KDSSHQV WR L � , DW GDWH W� �� DQG
w
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LI QR DFFLGHQW KDSSHQV DW GDWH W� ��

$VVXPH DOVR WKDW WKH HQGRZPHQW RI FRQVXPHU L DW GDWH W ZLOO EH

ZL�W� DW�  

|
� LI DQ DFFLGHQW KDSSHQV WR FRQVXPHU L DW GDWH W� DQG
< RWKHUZLVH

ZKHUH < ! � LV WKH VDPH IRU DOO FRQVXPHUV� 7KXV� WKH KD]DUG UDWH IRU DQ
DFFLGHQW KDSSHQLQJ WR FRQVXPHU L UHPDLQV FRQVWDQW RYHU WLPH DQG� ZKHQ
DQ DFFLGHQW KDSSHQV WR L� LW GHVWUR\V KHU HQWLUH HQGRZPHQW DW WKH GDWH RQ
ZKLFK WKH DFFLGHQW RFFXUV�
8QGHU WKHVH DVVXPSWLRQV� HTXDWLRQ ��� \LHOGV WKH IROORZLQJ H[SUHVVLRQV

IRU WKH PDUWLQJDOH FRQGLWLRQDO SUREDELOLWLHV�

�L� �1R DFFLGHQW�� ,I DW�� LV WKH HYHQW ?QR DFFLGHQW KDSSHQV WR DQ\ FRQ�
VXPHU DW GDWH W� ��� WKHQ
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�LL� �$FFLGHQW WR FRQVXPHU L�� ,I DW�� LV WKH HYHQW ?DQ DFFLGHQW KDSSHQV
WR FRQVXPHU L DW GDWH W� ��� WKHQ
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7KXV� WKH LQVXUDQFH FRQWH[W SURYLGHV D QDWXUDO LQWHUSUHWDWLRQ RI WKH +DUULVRQ�
.UHSV ?ULVN QHXWUDO� SUREDELOLW\ PHDVXUH 4� SURYLGHG WKHUH LV PRUH WKDQ
RQH FRQVXPHU� 4 LQFUHDVHV WKH SUREDELOLW\ RI DQ DFFLGHQW WR HDFK FRQVXPHU
DQG� FRQVHTXHQWO\� ORZHUV WKH SUREDELOLW\ RI QR DFFLGHQW� %\ LQoDWLQJ WKH
ULVN LQYROYHG� 4 EXLOGV D ?ORDG� LQWR HDFK LQVXUDQFH FRQWUDFW FRPSHQVDWLQJ
LQVXUHUV IRU WKH ULVN WKH\ EHDU�
6SHFLDOL]LQJ VRPH PRUH� VXSSRVH WKH KD]DUG UDWH RI QR DFFLGHQW LV w
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� �� WKH QXPEHU RI FRQVXPHUV LV HYHQ� DQG WKH SRSXODWLRQ LV VSOLW LQWR WZR
HTXDO VL]H JURXSV� ,  ,
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q wL  � Q IRU WKH KLJK ULVN FRQVXPHUV L � ,�� DQG

q wL  � �Q IRU WKH ORZ ULVN FRQVXPHUV L � ,
�
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)RU DW�� WKH HYHQW ?QR DFFLGHQW DW GDWH W� ��

4�DW�� M DW�  Qb �
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)RU DW�� DQ HYHQW FRUUHVSRQGLQJ WR DQ DFFLGHQW WR VRPH KLJK ULVN FRQVXPHU�

4�DW�� M DW�  �

�Qb � �

$QG� nQDOO\� IRU DW�� DQ HYHQW FRUUHVSRQGLQJ WR DQ DFFLGHQW WR VRPH ORZ ULVN
FRQVXPHU�

4�DW�� M DW�  �

�Qb � �
$V Q� WKH QXPEHU RI FRQVXPHUV� DSSURDFKHV LQnQLW\� WKH PDUWLQJDOH SURED�
ELOLW\ RI QR DFFLGHQW DSSURDFKHV RQH�IRXUWK DQG WKH PDUWLQJDOH SUREDELOLWLHV
RI DQ DFFLGHQW WR HLWKHU D KLJK RU D ORZ ULVN FRQVXPHU DSSURDFK ]HUR� ,Q
HDFK RI WKHVH FDVHV�

OLP
Q��

4�DW�� M DW�
3 �DW�� M DW�  �

VR WKDW� FRQVLVWHQW ZLWK WKH WUHDWPHQW LQ 0DOLQYDXG >����� ����@� ZLWK D
ODUJH QXPEHU RI FRQVXPHUV WKHUH LV OLWWOH GLmHUHQFH EHWZHHQ DFWXDULDO DQG
PDUWLQJDOH LQVXUDQFH SULFLQJ LQ WKLV VHWWLQJ�
6SHFLDOL]LQJ HYHQ PRUH� DVVXPH WKDW Q  ��� p  �� ��� <  ���� DQG

7  �� 7DEOH � VKRZV WKH HTXLOLEULXP WUDGHV DQG QHW WUDGHV RI WKH �W� DW��
FRQWLQJHQW FRPPRGLW\ IRU D KLJK�ULVN FRQVXPHU �FRQVXPHU �� DQG D ORZ�ULVN
FRQVXPHU �FRQVXPHU �� XQGHU WKUHH FRQGLWLRQV� �D� WKHUH LV QR DFFLGHQW DW
GDWH W �WKH DFFLGHQW W\SH RU ?PDUN� N�W�  ��� �E� WKHUH LV DQ DFFLGHQW WR
FRQVXPHU L �N�W�  L�� DQG �F� WKHUH LV DQ DFFLGHQW WR VRPH FRQVXPHU L� � �
�N�W�  L��� 1RWH WKDW JURVV WUDGHV GHSHQG RQO\ RQ WKH ?PDFUR ULVN� LQ WKH
HFRQRP\� L�H�� ZKHWKHU DQ DFFLGHQW KDSSHQV WR VRPH FRQVXPHU RU WKHUH LV QR
DFFLGHQW� ZKLOH QHW WUDGHV DOVR GHSHQG RQ ZKR KDV WKH DFFLGHQW�

(YHQ WKRXJK ZH DOORZ DW PRVW RQH DFFLGHQW SHU ?QDQRVHFRQG�� ZH IDFH
DQ H[SORVLRQ RI FRQWLQJHQW FRPPRGLWLHV� HDFK QRGH RI WKH HYHQW WUHH LV IRO�
ORZHG E\ �� EUDQFKHV VR WKDW WKHUH DUH �� FRQWLQJHQW FRPPRGLWLHV DW GDWH
�� ��� DW GDWH �� ��� DW GDWH � DQG VR IRUWK� +RZHYHU� LQ RXU FRQWH[W XQOLNH
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7DEOH �� (TXLOLEULXP WUDGHV DQG QHW WUDGHV
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L ��� ��� ��� ���

L� ��� ��� ��� ���

WKDW RI 0DOLQYDXG� HYHQWV XQIROG JUDGXDOO\ RYHU WLPH DQG� EHFDXVH WLPH DO�
ORZV IRU G\QDPLF VSDQQLQJ� WKH H[SRQHQWLDO H[SORVLRQ RI VWDWHV GRHV QRW OHDG
WR DQ H[SORVLRQ RI UHTXLUHG LQVXUDQFH FRQWUDFWV� 7R LOOXVWUDWH� ZH FRQVLGHU
KRZ WKHVH $UURZ�'HEUHX HTXLOLEULD FDQ EH LPSOHPHQWHG XQGHU WZR LQVXU�
DQFH UHJLPHV� RQH RmHULQJ VKRUW�WHUP LQVXUDQFH WR FRQVXPHUV DQG WKH RWKHU
RmHULQJ ORQJ�WHUP FRQWUDFWV� (LWKHU UHJLPH FXWV WKH QXPEHU RI VHFXULWLHV
QHHGHG IRU VSDQQLQJ GUDPDWLFDOO\� ��7 VKRUW�WHUP LQVXUDQFH FRQWUDFWV ZLWK
WKH nUVW UHJLPH RU �� LQVXUDQFH FRQWUDFWV RI LQnQLWH GXUDWLRQ SOXV D ULVN�
IUHH DVVHW XQGHU WKH VHFRQG UHJLPH GRLQJ WKH ZRUN RI ��7 $'5 FRQWLQJHQW
FRQWUDFWV�

��� 6KRUW�WHUP LQVXUDQFH

:H NQRZ WKDW WR DFKLHYH G\QDPLF VSDQQLQJ� LW LV QHFHVVDU\ WR RmHU D VHSDUDWH
LQVXUDQFH FRQWUDFW IRU HDFK W\SH RI DFFLGHQW� ,Q WKH nUVW UHJLPH ZH FRQVLGHU�
LQVXUDQFH FRQWUDFWV DUH VKRUW�WHUP� RQH XQLW RI LQVXUDQFH LVVXHG DW GDWH W
RQ DFFLGHQWV RI W\SH N DW GDWH W� � UHWXUQV D SD\RXW DW W� � RI

GN�W� �� DW���  

|
� LI DQ DFFLGHQW RI W\SH N RFFXUV DW GDWH W� ��
� RWKHUZLVH�

%HFDXVH VHFXULW\ SULFHV DUH H[ GLYLGHQG DQG WKLV FRQWUDFW LV VKRUW�WHUP� LW LV
ZRUWKOHVV DW GDWH W� �� 6N�W� ��  �� $SSO\LQJ HTXDWLRQ ���� ZH FRQFOXGH
WKDW IRU D KLJK�ULVN FRQVXPHU

6L�W� DW�  

|
� �� LI WKHUH ZHUH QR DFFLGHQWV DW GDWH W�
� �� RWKHUZLVH

ZKLOH IRU D ORZ�ULVN FRQVXPHU

6L�W� DW�  

|
� �� LI WKHUH ZHUH QR DFFLGHQWV DW GDWH W�
� �� RWKHUZLVH�

��



7R YHULI\ WKDW ZH KDYH G\QDPLF VSDQQLQJ� HTXDWLRQ ��� PXVW EH PRG�
LnHG VOLJKWO\ WR DFFRXQW IRU WKH IDFW WKDW WKH LQVXUDQFH VHFXULWLHV ZH DUH
FRQVLGHULQJ DUH VKRUW�WHUP� $W GDWH W WKHUH DUH WZR VHFXULWLHV RI W\SH N  L
LQ H[LVWHQFH� WKH ?ROG� FRQWUDFWV LVVXHG DW W b � DQG SD\LQJ Rm DW W DQG
WKH ?QHZ� FRQWUDFWV LVVXHG DW W DQG SD\LQJ Rm DW W � �� 6LQFH FRQWUDFWV
LVVXHG \HVWHUGD\ DUH ZRUWKOHVV WRGD\ �L�H�� WKHLU H[ GLYLGHQG SULFH LV ]HUR��
ZH UHVHUYH 6N�W� m� WR UHSUHVHQW WKH SULFH RI FRQWUDFWV LVVXHG DW GDWH W DQG
KLVWRU\ m � IW RQ DQ DFFLGHQW RI W\SH N� :LWK WKLV PRGLnFDWLRQ� HTXDWLRQ
��� EHFRPHV

��;
M �

tM
L
�W� m�GM�W� nN�  cZ[L�W� nN� �

��;
M �

tM
L
�W� �� nN�6M�W� nN� ����

IRU HDFK VXFFHVVRU HYHQW nN � %W�m��
%HFDXVH ZH KDYH DVVXPHG DQ LQnQLWH KRUL]RQ LQ WKLV H[DPSOH� ZH FDQQRW

VROYH IRU WKH WUDGLQJ SRUWIROLRV E\ EDFNZDUG UHFXUVLRQ� +RZHYHU� ZH PLJKW
VXVSHFW WKDW WKH SRUWIROLRV DUH VWDWLRQDU\� DQG WKDW WXUQV RXW WR EH WKH FDVH�
,Q HTXLOLEULXP� QHLWKHU WKH KLJK�ULVN QRU WKH ORZ�ULVN FRQVXPHU KROGV DQ\
RI WKH ULVNIUHH DVVHW� (DFK FRQVXPHU EX\V tL

L
�W� DW�  ��� XQLWV RI LQVXUDQFH

RQ DFFLGHQWV WR KHUVHOI DQG VHOOV tN
L
�W� DW�  b�� XQLWV RI LQVXUDQFH WR HDFK

FRQVXPHU N � L� ,W LV WHGLRXV EXW VWUDLJKWIRUZDUG WR YHULI\ WKDW HTXDWLRQ
���� LV VDWLVnHG ZLWK WKLV SRUWIROLR IRU HDFK m � IW DQG nN � %�m� IRU DOO
W w ��

��� /RQJ�WHUP LQVXUDQFH

7KH VKRUW�WHUP LQVXUDQFH FRQWUDFWV RI WKH SUHFHGLQJ VHFWLRQ DUH� RI FRXUVH�
VLPSO\ 5DGQHU
V YDULDWLRQ RQ $UURZ�'HEUHX FRQWLQJHQW FRPPRGLWLHV� L�H��
FRQWLQJHQW FRPPRGLWLHV WUDGHG DW GDWHV W ! � UDWKHU WKDQ DW WKH EHJLQQLQJ
RI WLPH� $OWKRXJK WKH\ GR UHGXFH WKH QXPEHU RI FRQWLQJHQW FRQWUDFWV RU
VHFXULWLHV UHTXLUHG IRU VSDQQLQJ IURP ��7 WR ��7 SOXV D ULVNIUHH DVVHW� VXFK
FRQWUDFWV VHHP RQO\ VOLJKWO\ PRUH UHDOLVWLF WKDQ WKHLU $'5 FRXQWHUSDUWV�
LVVXLQJ D QHZ LQVXUDQFH FRQWUDFW HYHU\ QDQRVHFRQG SXWV D KHDY\ EXUGHQ RQ
RXU WDFLW DVVXPSWLRQ RI QR WUDQVDFWLRQV FRVWV� 7DNLQJ D VWHS FORVHU WR UHDOLW\�
ZH QRZ FRQVLGHU ORQJ�WHUP LQVXUDQFH FRQWUDFWV� ,Q WKH UHDO ZRUOG� LQVXUDQFH
FRQWUDFWV FRYHU DOO RFFXUUHQFHV RI VRPH HYHQW RYHU DQ H[WHQGHG SHULRG RI
WLPH� VD\ D \HDU� +HUH ZH ZLOO DVVXPH IRU VLPSOLFLW\ WKDW WKH FRQWUDFWV ODVW
IRUHYHU� VSHFLnFDOO\� DQ LQVXUDQFH SROLF\ RQ DQ DFFLGHQW RI W\SH N LV D ORQJ�
WHUP REOLJDWLRQ ZKLFK� DW D SULFH 6N�W� DW� DW GDWH�HYHQW �W� DW�� UHWXUQV RQH

��



XQLW RI WKH FRQVXPSWLRQ JRRG DW HDFK VXEVHTXHQW GDWH�HYHQW DW ZKLFK DQ
DFFLGHQW RI W\SH N RFFXUV�
)RU WKH VDNH RI V\PPHWU\� ZH DOVR UHSODFH WKH ULVNIUHH DVVHW ZLWK D ERQG

ZKLFK SD\V RQH XQLW RI WKH FRQVXPSWLRQ JRRG DW HYHU\ GDWH�HYHQW �W� DW� IURP
WLPH RQH IRUZDUG� )RU DW � IW OHW nN � IW�� EH WKH LPPHGLDWH VXFFHVVRU HYHQW
LQ ZKLFK DQ DFFLGHQW RI W\SH N RFFXUV� )URP HTXDWLRQ ���� WKH SULFH RI WKH
ERQG DW �W� DW� LV
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�W� DW�  

� �
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N �
4�nN M DW�6��W� �� nN�
� � U�W� DW�

�

2I WKH HOHYHQ VXFFHVVRU HYHQWV ZKLFK FRXOG RFFXU DW W � �� RQO\ WZR DUH
GLVWLQFW PDFUR VWDWHV LQ WKLV VLPSOH HFRQRP\� HLWKHU DQ DFFLGHQW RFFXUV RU
LV GRHV QRW� /HW me� m� GHQRWH HYHQWV LQ IW LQ ZKLFK DQ DFFLGHQW GRHV RU
GRHV QRW RFFXU UHVSHFWLYHO\� DQG OHW ne� n� � IW GHQRWH WKH FRUUHVSRQGLQJ
HYHQWV LQ IW��� $SSOLHG WR DOO DW � IW� HTXDWLRQ ��� UHGXFHV WR WZR GLVWLQFW
HTXDWLRQV�

6
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�W� m��  
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�
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�
�W� �� ne�

� � U�W� m��

DQG

6
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�W� me�  

� � �� ���6��W� �� n
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� � U�W� me�
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$VVXPLQJ ERQG SULFHV DUH VWDWLRQDU\� VR WKDW
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�
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�
�W� n�� DQG 6

�
�W� me�  6

�
�W� ne��

ZH FRQFOXGH WKDW

6��W� DW�  

|
�� LI WKHUH LV QR DFFLGHQW DW GDWH W�
��� �� LI WKHUH LV DQ DFFLGHQW DW GDWH W�

7KH SULFHV RI WKH LQVXUDQFH FRQWUDFWV DUH IRXQG LQ HVVHQWLDOO\ WKH VDPH
ZD\� ([SORLWLQJ WKH IDFW WKHUH DUH RQO\ WZR GLVWLQFW PDFUR VWDWHV DW DQ\ GDWH
DQG WKH K\SRWKHVLV WKDW WKH LQVXUDQFH FRQWUDFW SULFH VKRXOG EH VWDWLRQDU\�
HTXDWLRQ ��� LPSOLHV WKDW IRU LQVXUDQFH RQ D KLJK�ULVN FRQVXPHU

6L�W� DW�  

|
� � LI WKHUH LV QR DFFLGHQW DW GDWH W�
� � LI WKHUH LV DQ DFFLGHQW DW GDWH W

ZKLOH IRU D ORZ�ULVN FRQVXPHU

6L�W� DW�  

|
� � LI WKHUH LV QR DFFLGHQW DW GDWH W�
� � LI WKHUH LV DQ DFFLGHQW DW GDWH W�
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7XUQLQJ WR WKH LVVXH RI G\QDPLF VSDQQLQJ� HTXDWLRQ ��� EHFRPHV
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L
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L
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IRU HDFK VXFFHVVRU HYHQW nN � %W�m�� 2QFH DJDLQ WKH K\SRWKHVLV WKDW VWD�
WLRQDU\ SRUWIROLRV FDQ DFKLHYH G\QDPLF VSDQQLQJ WXUQV RXW WR EH FRUUHFW� EXW
QRZ� LQ FRQWUDVW WR WKH VKRUW�WHUP LQVXUDQFH UHJLPH� ORZ� DQG KLJK�ULVN FRQ�
VXPHUV KROG VRPHZKDW GLmHUHQW SRUWIROLRV� (DFK KLJK�ULVN FRQVXPHU L � ,�
VHOOV t�

L
�W� mW�  b�� XQLWV RI WKH ULVNIUHH DVVHW� EX\V tL

L
�W� DW�  ��� XQLWV RI

LQVXUDQFH RQ DFFLGHQWV WR KHUVHOI DQG VHOOV tM
L
�W� DW�  b�� XQLWV RI LQVXUDQFH

WR HDFK FRQVXPHU M � L� (DFK ORZ�ULVN FRQVXPHU L � ,
�
EX\V t�

L
�W� mW�  ��

XQLWV RI WKH ULVNIUHH DVVHW� EX\V tL
L
�W� DW�  ��� XQLWV RI LQVXUDQFH RQ DFFL�

GHQWV WR KHUVHOI DQG VHOOV tM
L
�W� DW�  b�� XQLWV RI LQVXUDQFH WR HDFK FRQVXPHU

M � L� ,W LV HDV\ WR YHULI\ WKDW WKHVH SRUWIROLRV VDWLVI\ HTXDWLRQ ���� IRU HDFK
m � IW DQG nN � %�m� IRU DOO W w � DQG WKDW WKH VHFXULW\ PDUNHWV FOHDU�

� &RQFOXVLRQ

7KH H[DPSOH RI 6HFWLRQ � IROORZV 0DOLQYDXG LQ DVVXPLQJ WKDW DQ DFFLGHQW
QHYHU DmHFWV PRUH WKDQ RQH LQGLYLGXDO� :KDW KDSSHQV LI� DV LQ WKH FDVH RI
DQ HDUWKTXDNH RU D oRRG� PDQ\ FRQVXPHUV DUH DmHFWHG VLPXOWDQHRXVO\" 0D�
OLQYDXG
V IUDPHZRUN OHDYHV QR VFRSH IRU VXFK D SRVVLELOLW\� ZKLOH WKH nQDQFH�
EDVHG DSSURDFK WR LQVXUDQFH RmHUHG KHUH FRYHUV VXFK FDVHV ZLWK QR FKDQJH
LQ WKH WKHRU\� 6XSSRVH WKHUH DUH Q FRQVXPHUV EXW RQO\ WZR W\SHV RI DFFLGHQW
VR WKDW .  I �� �� � J� )RU WKH VDNH RI LQWHUSUHWDWLRQ� LPDJLQH D ZRUOG FRQ�
VLVWLQJ RI WZR UHJLRQV� HLWKHU RI ZKLFK FDQ H[SHULHQFH DQ HDUWKTXDNH DW GDWH
W� 7R DSSO\ WKH WKHRU\ GHYHORSHG LQ WKLV SDSHU� ZH PXVW DVVXPH WKHUH LV
QHYHU PRUH WKDQ RQH HDUWKTXDNH DW D JLYHQ GDWH� 6XSSRVH �Q FRQVXPHUV DUH
GLYLGHG LQWR VXEVHWV RI HTXDO VL]H� ,

�
ZKR UHVLGH LQ UHJLRQ � DQG ,

�
ZKR UHVLGH

LQ UHJLRQ �� )RU HDFK L � , � ,
�
> ,

�
� DVVXPH SUHIHUHQFHV DUH RQFH DJDLQ

UHSUHVHQWHG E\ WKH XWLOLW\ IXQFWLRQ ��� EXW WKH HQGRZPHQW RI FRQVXPHU L � ,
LV QRZ JLYHQ E\ ZL�W� DW�  � LI DQ HDUWKTXDWH RFFXUV LQ WKH UHJLRQ ZKHUH
VKH UHVLGHV DW GDWH W DQG � RWKHUZLVH� ,W LV HDV\ WR VHH WKDW WKH UHVXOWV ZH
REWDLQ DUH HVVHQWLDOO\ WKRVH RI 6HFWLRQ � LQ WKH VSHFLDO FDVH RI WZR FRQVXPHUV�
,Q SDUWLFXODU� WKH $'5 SULFHV� HTXLOLEULXP QHW WUDGHV� DQG VHFXULW\ SULFHV
DUH WKH VDPH� DQG WKH\ GR QRW FKDQJH DV Q LQFUHDVHV� LQVXUDQFH LV SULFHG
FRPSHWLWLYHO\� EXW WKH ODZ RI ODUJH QXPEHUV LV LUUHOHYDQW�

��



$V ZLOO EH DSSDUHQW WR WKRVH IDPLOLDU ZLWK WKH nQDQFH OLWHUDWXUH� WKH UH�
VHDUFK UHSRUWHG KHUH RQO\ EHJLQV WR WDS WKH SRWHQWLDO IRU DSSO\LQJ WKH WRROV RI
LQWHUWHPSRUDO nQDQFH WR LQVXUDQFH PDUNHWV� ,QVXUDQFH FRQWUDFWV DUH FOHDUO\
PRUH FRPSOH[ WKDQ WKH VLPSOH LQVWUXPHQWV GHVFULEHG LQ WKLV SDSHU� W\SLFDOO\
LQVXULQJ D YDULHW\ RI W\SHV RI DFFLGHQW RYHU YDU\LQJ SHULRGV RI WLPH ZLWK RS�
WLRQV WR UHQHZ DQG WKH OLNH� $OO VXFK FRQWUDFWV DUH ?UHGXQGDQW DVVHWV� LQ
WKLV VHWWLQJ DQG� DV VXFK� FDQ EH SULFHG� ,QVXUDQFH FRQWUDFWV DOVR W\SLFDOO\
SD\ RXW LQ UHDO UDWKHU WKDQ QRPLQDO WHUPV� D GLVWLQFWLRQ ZH KDYH QRW DG�
GUHVVHG LQ RXU VLQJOH�FRPPRGLW\ YHUVLRQ RI WKH PRGHO EXW ZKLFK FOHDUO\ FDQ
EH DGGUHVVHG LQ DQ H[WHQVLRQ RI WKH PRGHO� 'HYHORSPHQW RI VRPH YHUVLRQ RI
D PXWXDO IXQG WKHRUHP� LQ ZKLFK FRQVXPHUV EX\ LQVXUDQFH RQ WKHPVHOYHV
DQG LQYHVW LQ D PDUNHW SRUWIROLR RI LQVXUDQFH FRQWUDFWV RQ RWKHUV� LV DQRWKHU
REYLRXV SRVVLELOLW\�
$V WKH WKHRUHWLFDO GLVFXVVLRQ FOHDUO\ VKRZV� WKHUH LV QR UHDVRQ WR DVVXPH

KD]DUG UDWHV DUH LQGHSHQGHQW RI WKH SDVW KLVWRU\ RI WKH SURFHVV DQG FRQVWDQW
RU WKDW WKH HmHFW RI DQ DFFLGHQW LV FRQnQHG WR WKH GDWH DW ZKLFK LW RFFXUV�
:KHQ RQH PHGLFDO SUREOHP VWULNHV� LW PD\ DQQRXQFH WKH LQFUHDVHG FKDQFH
RI RWKHU SUREOHPV DULVLQJ� $QG DQ DFFLGHQW WRGD\ PD\ SXW D ZRUNHU RXW RI
FRPPLVVLRQ IRU PRQWKV RU \HDUV WR FRPH�
)LQDOO\� D PDMRU LWHP RQ WKH DJHQGD LV WR H[WHQG WKLV PRGHO WR FRQWLQXRXV

WLPH� 0XFK RI WKH IRUPDOLVP RI WKLV SDSHU LV DLPHG DW PDNLQJ WKH WUDQVLWLRQ
IURP GLVFUHWH WR FRQWLQXRXV WLPH DV HmRUWOHVV DV SRVVLEOH�
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