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Txdvl Rswlrq Ydoxh dqg Luuhyhuvleoh Fkrlfhv
Y1 Ervhwwl dqg H1 Phvvlqd

Xqlyhuvlwã ghjol Vwxgl gl Plodqr Elfrffd/ Glsduwlphqwr Lqirupdwlfd/

Vlvwhplvwlfd h Frpxqlfd}lrqh1

Devwudfw1 Lq wklv sdshu zh duh frqfhuqhg zlwk rswlpdo lqyhvw0
phqw ghflvlrqv zkhq ghdolqj zlwk odqg doorfdwlrq sureohpv1 Zh
dlp wr hpskdvl}h wkh lpsruwdqfh ri  h{leoh prghoolqj lq rughu wr
fdswxuh luuhyhuvlelolw|1 Lq sduwlfxodu/ zh vwuhwfk d glvfuhwh prgho/
�uvwo| ghyhorshg lq Frjjlqv dqg Udph}dql ^6`/ lq rughu wr fryhu d
pruh uhdolvwlf dqg frpsoh{ vfhqdulr1 Erwk hqylurqphqwdo dqg hfr0
qrplf xqfhuwdlqw| duh lqfoxghg lq wkh prgho dqg wuhdwhg xvlqj dq
lqwhjudwhg dssurdfk/ lq zklfk ghflvlrq dqdo|vlv whfkqltxhv dqg rs0
wlrq sulflqj wkhru| duh mrlqwo| dssolhg wr hydoxdwh ghyhorsphqw yhu0
vxv frqvhuydwlrq rssruwxqlwlhv1 Pruhryhu/ zh wdnh h{solflw dffrxqw
ri krz xqfhuwdlqw| lqwhudfwv zlwk wzr w|shv ri luuhyhuvlelolw|= vxqn
frvwv dvvrfldwhg zlwk lqyhvwphqw lq ghyhorslqj ghflvlrqv/ lqfoxglqj
hqylurqphqwdo dqg vrfldo frvwv gxh wr hqylurqphqwdo ghjudgdwlrq/ dv
zhoo dv vxqn frvwv dvvrfldwhg wr hqylurqphqwdo uhjxodwlrq dqg frq0
vhuydwlrq1 Ilqdoo|/ zh xvh wkh Txdvl Rswlrq Ydoxh/ TRY/ wr ghulyh
ghflvlrq uxohv wkdw dffrxqw iru gl�huhqw ohyhov ri  h{lelolw| ri odqg
doorfdwlrq srvvlelolwlhv1

MHO fodvvl�fdwlrq= T63> T53> G;4
Nh|zrugv = Xqfhuwdlqw|> Luuhyhuvlelolw|> Hqylurqphqw> Odqg Do0

orfdwlrq

4 Lqwurgxfwlrq

Lq wkh suhvhqfh ri xqfhuwdlq ixwxuh hyhqwv/ wkh srvvlelolw| wr srvwsrqh ghyhors0
phqw lqyhvwphqw ghflvlrqv fdq ohdg wr vwudwhjlhv glyhuwlqj iurp wkrvh ghulyhg
xvlqj wudglwlrqdo glvfrxqwhg fdvk  rzv dssurdfkhv1 Lqghhg/ wkh dulvlqj ri qhz
lqirupdwlrq pd| sduwldoo| uhvroyh xqfhuwdlqwlhv ryhu wlph/ wkxv pdnlqj lw suri0
lwdeoh wr zdlw dqg dfw lq wkh oljkw ri lw1 Wklv  h{lelolw| ehfrphv hyhq pruh
ydoxdeoh zkhq zh duh lq suhvhqfh ri luuhyhuvleoh fkrlfhv1
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Lq rughu wr wdnh lqwr dffrxqw wkh ohyho ri luuhyhuvlelolw| zh lqwurgxfh wkh
Txdvl Rswlrq Ydoxh +TRY ,/ wkdw lv wkh h{wud ydoxh wkdw fdq eh fdswxuhg e|
shuiruplqj d ixoo| g|qdplf dqdo|vlv ri wkh ghflvlrq sureohp1

Wkh lvvxh ri luuhyhuvlelolw|/ xqfhuwdlqw| dqg hqylurqphqwdo srolf| kdv ehhq
odujho| glvfxvvhg lq wkh odvw wkuhh ghfdghv1 Iurp wkh �uvw gh�qlwlrq ri wkh TRY
jlyhq e| Duurz dqg Ilvkhu ^5`/ wkh nh| frqfhsw kdv ehhq ghyhorshg lq vhyhudo
duwlfohv/ dprqj rwkhuv/ e| Frqudg ^7`/ ^8`/ Kdqhpdqq ^44`/ Nuxwlood dqg Ilvkhu
^45`1

Wkh dlp ri wkh suhvhqw sdshu lv wzrirog1 Iluvw/ zh vwuhwfk wkh glvfuhwh prgho
ghyhorshg lq Frjjlqv dqg Udph}dql ^6` wr irfxv rq d vhw ri ghflvlrq sureohpv
wkdw duh sduwlfxoduo| uhohydqw lq wkh Hxurshdq frqwh{w/ zkhuh ghflvlrq pdnhuv
duh pruh frqfhuqhg zlwk odqg uhfryhu| h{shqglwxuhv dqg frqvhuydwlrq h!flhqf|
udwkhu wkdq zlwk zloghuqhvv duhd suhvhuydwlrq1 Frqvhuydwlrq surmhfwv lpso| lu0
uhyhuvleoh lqyhvwphqwv dqg rshudwlyh frvwv1 Khqfh/ zh doorz iru wzr gl�huhqw
vrxufhv ri luuhyhuvlelolw|= vxqn frvwv dvvrfldwhg zlwk lqyhvwphqw lq ghyhors0
lqj ghflvlrqv/ lqfoxglqj hqylurqphqwdo dqg vrfldo frvwv gxh wr wkh shupdqhqw
frpplwphqw ri uhvrxufhv/ dv zhoo dv vxqn frvwv dvvrfldwhg wr hqylurqphqwdo
uhjxodwlrq dqg frqvhuydwlrq lqyhvwphqw sodqv1 Lqghhg/ lqirupdwlrq derxw hfr0
orjlfdo h�hfwv dqg wkhlu hfrqrplf frqvhtxhqfhv pd| uhyhdo odqg uhfryhu| dqg
frqvhuydwlrq h{shqglwxuhv dv lqh!flhqw ru uhgxqgdqw1 Iru wklv uhdvrq/ lq rxu
rswlpdo odqg doorfdwlrq prgho/ zh frpsduh wzr lqyhvwphqw rssruwxqlwlhv/ lq
dowhuqdwlyh wr wkh vwdwxv txr srvvlelolw|= ghyhorsphqw/ rq rqh vlgh/ dqg odqg
uhfryhu|2frqvhuydwlrq +Qdwxudo Sdun,/ rq wkh rwkhu vlgh/ erwk hqwdlolqj lqlwldo
vxqn frvwv1

Vhfrqgo|/ zh ghdo zlwk wkh lvvxh ri gl�huhqw w|shv ri xqfhuwdlqw|/ wkurxjk dq
lqwhjudwhg phwkrgrorj| zklfk frpelqhv wkh ghflvlrq dqdo|vlv whfkqltxhv wr wkh
rswlrq sulflqj wkhru| dqg wkdw zdv �uvwo| ghyhorshg lq vhyhudo sdshuv e| Vplwk
dqg rwkhuv ^4;`/ ^4:` dqg ^4<`1 Wkh luuhyhuvleoh fkrlfh kdv wr eh pdgh lq suhv0
hqfh ri wzr uhohydqw w|shv ri xqfhuwdlqw|= hfrqrplf dqg hqylurqphqwdo1 Lqghhg/
xqfhuwdlqw| fdq hlwkhu eh uhodwhg wr ixwxuh vrfldo dqg �qdqfldo frvwv2ehqh�wv
ru wr wkh hyroxwlrq ri wkh hqylurqphqwdo vfhqdulr1 Wkxv/ lw lv xvhixo wr lqwur0
gxfh erwk wkhvh wzr vrxufhv ri udqgrpqhvv lq wkh prgho1 Lq wkh fdvh ri wkh
frqvhuydwlrq lqyhvwphqw dowhuqdwlyh/ lq dgglwlrq wr ehlqj xqfhuwdlq derxw wkh
ghpdqg iru zloghuqhvv +uhfuhdwlrq/ hfrorjlfdo vhuylfhv/ hwf1,/ pdunhw xqfhuwdlqw|/
wkh ghflvlrq pdnhu lv xqfhuwdlq derxw wkh h!flhqf| ri wkh Qdwxudo Sdun fkrlfh/
hqylurqphqwdo xqfhuwdlqw|/ ghshqglqj rq d yhfwru ri hqylurqphqwdo sdudphwhuv
wkdw duh qrw nqrzq xqwlo diwhu wkh lqyhvwphqw lv xqghuwdnhq1 Lq idfw/ xqwlo
lqyhvwphqw lq rq vlwh uhvhdufk dqg lq odqg uhfryhu| lv qrw xqghuwdnhq/ wkrvh
sdudphwhuv frpsrvlqj wkh hfrorjlfdo ydoxh lqgh{ duh sduwldoo| ru frpsohwho| xq0
nqrzq dqg rqh fdq xqltxho| ghdo zlwk vxemhfwlyh suredelolwlhv/ fdofxodwhg e|
h{shuwv/ uhjduglqj srvvleoh rxwfrphv ri wkh Qdwxudo Sdun ydoxh lqgh{1

Pdunhw xqfhuwdlqwlhv duh ghdow xvlqj wkh rswlrq sulflqj dssurdfk ^:`/ ^53`
dqg^9`/ wkdw ydoxh uhdo lqyhvwphqw surmhfwv wu|lqj wr uhsolfdwh wkhlu uhwxuq dqg
ulvn fkdudfwhulvwlfv wkurxjk d sruwirolr ri h{lvwlqj dvvhwv1 Li zh lpso| qr duel0
wudjh rssruwxqlwlhv/ wkh ghulylqj suredelolwlhv/ ulvn qhxwudo suredelolwlhv/ fdq eh
dssolhg wr fdofxodwh wkh h{shfwhg suhvhqw ydoxh ri wkh lqyhvwphqw1
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Hqylurqphqwdo xqfhuwdlqwlhv/ wkdw duh surmhfw vshfl�f dqg wkhuhiruh fdqqrw
eh hqwluho| glyhuvl�hg/ duh ghdow frpsxwlqj fhuwdlqw| htxlydohqwv xvlqj vxemhfwlyh
suredelolwlhv dqg xwlolwlhv/ dv vxjjhvwhg lq ^4<`/ ^4:`/ ^4;`1

Zh uhsuhvhqw wkh sureohp dv d wzr shulrgv rswlpdo vwrsslqj sureohp ^:`/
zkhuh vwrsslqj fruuhvsrqgv wr lqyhvw/ zkloh frqwlqxdwlrq fruuhvsrqgv wr zdlw
iru lqirupdwlrq wr uhvroyh sduw ri wkh xqfhuwdlqw|1

Lq vhfwlrq 5 zh lqwurgxfh wkh dqdo|wlfdo iudphzrun dqg zh vwduw ghdolqj
mxvw zlwk pdunhw xqfhuwdlqw|1 Lq vhfwlrq 6 zh ghyhors wkh prgho wr lqfoxgh
dovr hqylurqphqwdo xqfhuwdlqw|1 Vhfwlrq 7 lv ghyrwhg wr d vhqvlwlylw| dqdo|vlv ri
fulwlfdo lqlwldo ydoxhv dqg wr d qxphulfdo dqdo|vlv dqg lq vhfwlrq 8 zh jlyh vrph
frqfoxvlrqv1

5 Dqdo|wlfdo Iudphzrun

Lq wklv sdshu zh duh frqfhuqhg zlwk wkh rswlpdo lqyhvwphqw ghflvlrq frqfhuqlqj
d odqg duhd wkdw fdq eh ghyrwhg wr wkuhh dowhuqdwlyh xvhv= ohdyh wkh odqg dv lw lv/
Vwdwxv Txr +VT,> ghyhors wkh duhd lqyhvwlqj lq d sur�wdeoh surmhfw/ Ghyhorsphqw
+GY ,> suhvhuyh wkh odqg frqyhuwlqj lw lqwr d Qdwxudo Sdun +QS,1 Wkh wklug
rswlrq lv sduwlfxoduo| uhohydqw zkhq wkh ghflvlrq pdnhu lv qrw ghdolqj zlwk d
wudfw ri zloghuqhvv odqg exw/ dv lw lv riwhq wkh fdvh lq Hxurshdq frxqwulhv/ zlwk
d sduwldoo| ghjudghg duhd zkhuh wkhuh lv d qhhg wr lqyhvw lq rughu wr uh0frqyhuw
wkh odqg wr d �qdwxudo� vwdwh1

Fkrrvlqj wkh Vwdwxv Txr rswlrq/ wkh rqo| vrxufh ri sur�w lv d frqvwdqw
dphqlw| ydoxh dffuxlqj hyhu| |hdu iurp uhfuhdwlrqdo xvh1 Lq dgglwlrq/ wklv rswlrq
lv fkdudfwhul}hg e| frpsohwh  h{lelolw|/ wkxv pdnlqj lw srvvleoh wr uhfrqyhuw wkh
duhd wr erwk rwkhu wzr dowhuqdwlyhv lq d vhfrqg shulrg1 Pruhryhu/ lw grhv qrw
lpso| dq| frpplwphqw wr vxqn frvwv +h1j1/ uhvhdufk/ uh0frqyhuvlrq ri kdelwdw
ghjudgdwlrq/ dfwlyh surwhfwlrq,1 Rq wkh frqwudu|/ wkh rwkhu wzr xvhv lqyroyh dq
lqlwldo lqyhvwphqw dqg dqqxdo pdlqwdlqlqj frvwv1

Wkh Ghyhorsphqw dowhuqdwlyh zrxog uhvxow lq d vwuhdp ri udqgrp uhyhqxhv
wkurxjkrxw wkh rshudwlqj olih ri wkh surmhfw 0 zh uxoh rxw wkh whpsrudu| vkxw
grzq srvvlelolw|1 Krzhyhu/ wklv fkrlfh lpsolhv wkh luuhyhuvleoh vdful�fh ri dq|
dphqlw| ydoxh dv zhoo dv ri dq| rwkhu srwhqwldo ydoxh vrxufh uhodwhg wr wkh
frqvhuyhg vlwh/ wkxv wkh hqylurqphqwdo rswlrq lv nloohg1

Suhvhuyh wkh odqg wkurxjk d Qdwxudo Sdun zrxog hqwdlo d vwuhdp ri udqgrp
uhyhqxhv dffuxlqj iurp wkh dphqlw| ydoxh ri wkh vlwh dv zhoo dv iurp xqfhuwdlq
uhyhqxhv gxh wr h{whuqdo h�hfwv dqg hfrorjlfdo vhuylfhv ghulylqj iurp d frp0
sohwho| suhvhuyhg odqg1 Lq wklv vwdwh/ wkh ghyhorslqj rswlrq lv qrw nloohg dqg
vzlwfklqj lq d vhfrqg shulrg lv frqfhlydeoh/ dowkrxjk/ wkh lqlwldo lqyhvwphqw
rxw rz pd| eh gl�huhqw qrz1 Lqghhg/ lq vrph fdvhv/ lw zloo eh vhqvleoh wr vxs0
srvh wkdw wkh qhz lqyhvwphqw dprxqw zloo eh frqvlghudeo| dxjphqwhg gxh wr
frpshqvdwlrq iru orvw vrfldo ehqh�wv/ wr lqfuhdvhg frqvwuxfwlrq uhtxluhg wlph/
hwf1 Rq wkh frqwudu|/ zkhqhyhu wkh QS lqyhvwphqw kdv ehqh�fldo h�hfwv rq wkh
ghyhorsphqw surmhfw wklv zloo hqwdlo d ghfuhdvhg lqlwldo rxw rz1
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Ohw u ghqrwh wkh frqvwdqw ulvn0iuhh lqwhuhvw udwh dqg U eh wkh frpsrxqglqj
idfwru/ U @ +4 . u,1

Lq wkh VT vwdwh/ wkh suhvhqw ydoxh ri wkh odqg ryhu q |hduv lv=

D @
q[
l@3

D

+4 . u,l
@

q[
l@3

D

Ul
+4,

Zkhuh D lv d frqvwdqw dphqlw| ydoxh dffuxlqj iurp wkh VT vwdwh dw hdfk
|hdu w1 Zkhq frpsxwlqj wkh suhvhqw ydoxh iru dq lqgh�qlwh wlph krul}rq/ l1h1
w 5 ^3>4,> +4, ehfrphv=

D @
4[
l@3

D

Ul
@ D

U

+U� 4,
+5,

Lq wkh Ghyhorsphqw vwdwh wkh lqlwldo lqyhvwphqw iru lqvwdqwdqhrxv frqvwuxf0
wlrq ri wkh surmhfw lv Lg A 31 Wkh suhvhqw ydoxh ri wkh vwuhdp ri dqqxdo frqvwdqw
shu xqlw rshudwlqj frvw/ f/ lv jlyhq e|

F @
q�4[
l@3

f

+4 . u,l
@ f

Uq�4

Uq�4+U� 4,
+6,

zkhuh q frlqflghv zlwk wkh rshudwlqj olih ri wkh surmhfw1
Li zh dvvxph wkdw wkh surmhfw zloo |lhog rqh xqlw ri jrrg shu |hdu/ wkhq

wkh |hduo| uhyhqxh zloo eh jlyhq e| wkh rxwsxw sulfh ri wkh surgxfhg jrrg wkdw
lv dvvxphg wr iroorz d vwdwlrqdu| pxowlsolfdwlyh udqgrp zdon1 Ghqrwlqj wkh
rxwsxw sulfh Sw/ dw wlph w . 4 lw zloo hlwkhu ulvh wr S.

w.4 @ xSw +zkhuh x A 4,
ru ghfuhdvh wr S�w.4 @ gSw/ +zkhuh 3 ? g ? 4,/ zlwk suredelolw| t dqg +4 � t,/
uhvshfwlyho|/ zlwk t 5 +3> 4,1

Wkhuhiruh/ wkh sulfh iroorzv d surfhvv wkdw fdq eh ghvfulehg e| d elqrpldo
wuhh zlwk sdudphwhuv +S3> x> g> t,/ vhh Iljxuh 41

t=0 t=1 t=2

P0

P1
+ =uP0

P1
- =dP0

P2
-- =ddP0

P2
-+ =duP0

P2
++=uuP0

Iljxuh 4= Elqrpldo Wuhh
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Wkxv/ jlyhq S3/ wkh h{shfwhg ydoxh ri Sw dw wlph w @ 3/ zloo eh jlyhq e|=

H ^Sw` @ +tx. +4� t,g,wS3 +7,

zkhuh lv H lv wkh h{shfwdwlrq rshudwru1
Zh ghqrwh wkh suhvhqw ydoxh ri wkh h{shfwhg vwuhdp ri uhyhqxhv dffuxlqj

iurp wkh q rshudwlyh |hduv ri wkh GY surmhfw/ fdofxodwhg lq w @ 3/ dv SY G
3 / dqg

lw lv jlyhq e|=

SY G
3 @

q�4[
l@3

H ^Sl`

Ul
+8,

Ghqrwlqj
� @ +tx. +4� t,g, +9,

dqg dvvxplqj wkdw � ? U/ zh rewdlq=

SY G
3 +S3> t, @ S3

�
Uq � �q

Uq�4+U� �,

�
+:,

Wkh wklug dowhuqdwlyh/ wkh Qdwxudo Sdun/ lv fkdudfwhul}hg e| dq lqlwldo lqyhvw0
phqw/ Ls/ zkhuh 3 ? Ls ? Lg/ dqg d vwuhdp ri dqqxdo frqvwdqw shu xqlw rshudwlqj
frvw/ j1 Wkh suhvhqw ydoxh/ frpsxwhg iru dq lqgh�qlwh wlph krul}rq lv jlyhq e|=

J @
4[
l@3

j

+4 . u,l
@ j

U

+U� 4,
+;,

Wkh uhyhqxh dffuxlqj iurp wkh Qdwxudo Sdun lqyhvwphqw/ �Dw/ zlwk lqlwldo
ydoxh �D3 A D/ lv dvvxphg wr iroorz d vwdwlrqdu| pxowlsolfdwlyh udqgrp zdon/
lq rughu wr lqfoxgh pdunhw xqfhuwdlqw|4 ^7`1 Wkhq/ dw wlph w . 4> wkh ydoxh
ri frqvhuydwlrq dvvrfldwhg wr wkh Qdwxudo Sdun zloo hlwkhu ulvh wr �D.

w.4 @ v �Dw

+zkhuh v A 4, ru ghfuhdvh wr �D�w.4 @ e �Dw +zkhuh 3 ? e ? 4,/ zlwk suredelolw| s
dqg +4� s,/ uhvshfwlyho|/ zlwk s 5 +3> 4,1

Vlploduo| wr suhylrxv glvfxvvlrq/ wkh ydoxh �Dw iroorzv d surfhvv wkdw fdq eh
ghvfulehg dv d elqrpldo wuhh zlwk sdudphwhuv + �D3> v> e> s,1

Djdlq/ zh frqvlghu wkh h{shfwhg ydoxh ri wkh vwuhdp ri uhyhqxhv dffuxlqj
iurp wkh frqvhuydwlrq surmhfw/ fdofxodwhg lq w @ 3/ SY Q

3 / jlyhq e|=

SY Q
3 @

4[
l@3

H
k
�Dl

l
Ul

+<,

zkhuh/ dv lq +7,=

H
k
�Dw

l
@ +sv. +4� s,e,w �D3 +43,

4Zh zloo wuhdw hqylurqphqwdo xqfhuwdlqw| lq qh{w vhfwlrq1
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zkhuh H lv wkh h{shfwdwlrq rshudwru1
Ghqrwlqj

� @ +sv. +4� s,e, +44,

dqg dvvxplqj wkdw � ? U/ zh gh�qh wkh suhvhqw ydoxh ri wkh h{shfwhg vwuhdp ri
uhyhqxhv dffuxlqj gxulqj wkh olih ri wkh Qdwxudo Sdun/ fdofxodwhg lq |hdu 3 dv=

SY Q
3 + �D3> s, @ �D3

U

+U� y,
+45,

Ohw xv �uvwo| dqdo|}h wkh sureohp dsso|lqj wkh wudglwlrqdo glvfrxqwhg fdvk
 rz uxoh/ zlwkrxw frqvlghulqj gl�huhqw ohyhov ri  h{lelolw| wkdw hdfk rswlrq fdq
r�hu1 Lq idfw li zh frqvlghu hdfk ghflvlrq dv luuhyrfdeoh zh frxog uhsuhvhqw wkh
sureohp dv lq wkh ghflvlrq wuhh ri Iljxuh 51

DV
PV0

D-(Id +C)

PV0
N -(Ip +G)

SQ

NP

A

Iljxuh 5= Lq h{leoh Prghoolqj Ghflvlrq Wuhh

Dffruglqj wr wkh wudglwlrqdo H{shfwhg Qhw Suhvhqw Ydoxh +HQSY , ghflvlrq
uxoh/ wkh ydoxh ri wkh odqg duhd lv jlyhq e| wkh iroorzlqj vwdwhphqw=

ZHQSY @pd{
k
D>SY G

3 +S3> t,� +Lg .F,> SY Q
3 + �D3> s,� +Ls .J,

l
+46,

Qrz/ ohw xv fdswxuh srwhqwldo  h{lelolw| vrxufhv1 Zh lqfoxgh lq wkh prgho wkh
srvvlelolw| wr srvwsrqh vrph ri wkh ghflvlrqv wr wkh vhfrqg shulrg1 Wkh ghflvlrq
uxoh vkrxog qrz wdnh lqwr dffrxqw srvvleoh ixwxuh lqirupdwlrq dqg hperg| lw
lq wkh fdofxodwlrqv1 Rqfh ghyhorshg/ wkh odqg zloo eh luuhyrfdeo| frpsurplvhg/
zkhuhdv wkh rwkhu wzr dowhuqdwlyhv lqyroyh wkh srvvlelolw| wr vzlwfk wr vxevwlwxwh
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SQ

DV

NP

A+
1

A-
1

~

P1
+

P1
-

SQ

NP

~

DV

A0 -(Ip+g)

A

PV0D-(Id+C)

SQ

NP

DV

P1
+

P1
-

SQ

NP

DV

SQ

NP

DV

A1+

A1-
~

P1
+

P1
-

NP

~

DV

NP

DV

P1
+

P1
-

NP

DV

NP

DV

~

Iljxuh 6= Ioh{leoh Prghoolqj Ghflvlrq Wuhh

:



dqg pruh sur�wdeoh xvhv5 1 Wkh  h{leoh dssurdfk lv ghslfwhg xvlqj wkh ghflvlrq
wuhh lq Iljxuh +6,1

Wkh VT dowhuqdwlyh lv d frpsohwho|  h{leoh fkrlfh/ l1h1/ wkh ghflvlrq pdnhu
lv iuhh wr srvwsrqh wkh srvvlelolw| ri erwk lqyhvwphqwv/ wr wkh vhfrqg shulrg1
Khqfh/ gxulqj wkh �uvw shulrg wkh rqo| uhyhqxh zloo eh wkh VT dphqlw| ydoxh/
D1 Lq wkh vhfrqg shulrg/ wkh dydlodelolw| ri qhz lqirupdwlrq frqfhuqlqj wkh
sulfh S4 dqg wkh ydoxh ri wkh Qdwxudo Sdun/ �D4/ zloo ohdyh wkh ghflvlrq pdnhu
wkh srvvlelolw| wr fkrrvh khu vwudwhj| dffruglqj wr wkh pd{lpl}dwlrq fulwhulrq/
zklfkhyhu vwdwh ri qdwxuh kdv rffxuuhg1 Li erwk lqyhvwphqw ghflvlrqv duh ghod|hg/
wkhq wkh ydoxh ri odqg lv jlyhq e|=

ZV
3 @ D.

stZ
..

4
.s+4�t,Z� .

4
.+4�s,tZ. �

4
.+4�s,+4�t,Z� �

4

4.u +47,

Zkhuh wkh vhfrqg whup ri wkh uljkw kdqg vlgh ri htxdwlrq +47, lv wkh h{shf0
wdwlrq ydoxh/ zlwk uhvshfw wr wkh suredelolwlhv s dqg t ri wkh txdqwlwlhv gh�qhg
ehorz/ +wkh vwdwh ri qdwxuh ri S4 dqg hD4 duh dvvxphg wr eh lqghshqghqw, =

Z..
4 @ pd{

k
D> SY G

4 +S
.
4 > t,� +Lg.F,> SY Q

4 + hD.
4 > s,� +Ls.J,

l
+48,

Z� .
4 @ pd{

k
D> SY G

4 +S
�

4 > t,� +Lg.F,> SY Q
4 + hD.

4 > s,� +Ls.J,
l

Z. �

4 @ pd{
k
D> SY G

4 +S
.

4 > t,� +Lg.F,> SY Q
4 + hD�4 > s,� +Ls.J,

l
Z� �

4 @ pd{
k
D> SY G

4 +S
�

4 > t,� +Lg.F,> SY Q
4 + hD�4 > s,� +Ls.J,

l
Wkh QS rswlrq ohdyhv wkh ghflvlrq pdnhu wkh rssruwxqlw| wr vzlwfk gxulqj

wkh vhfrqg shulrg wr wkh GY dowhuqdwlyh/ dv orqj dv wklv lv pruh sur�wdeoh1
Lw fdq hlwkhu eh wkdw wkh lqyhvwphqw uhtxluhg lv qrz lqfuhdvhg/ L.g / ru wkdw
wkh ghyhorsphqw surmhfw fdq ehqh�w iurp wkh Qdwxudo Sdun lqyhvwphqw/ wkxv
lpso|lqj d orzhu lqlwldo lqyhvwphqw/ L�

g
+iru h{dpsoh/ wklv pljkw eh wkh fdvh

zkhq wkh ghyhorslqj surmhfwv lv uhodwhg wr wkh wrxulvp lqgxvwu|,1
Wkh ydoxh ri odqg/ zkhq wkh �uvw shulrg fkrlfh lv QS/ lv jlyhq e|=

ZQ
3 @ + hD3�Ls�j,.

stY
..

4
.s+4�t,Y� .

4
.+4�s,tY . �

4
.+4�s,+4�t,Y� �

4

4.u +49,

zkhuh=

Y ..
4 @ pd{

k
SY G

4 +S
.

4 > t,� +Lg.F,> SY Q
4 + hD.

4 > s,�J
l

+4:,

Y � .
4 @ pd{

k
SY G

4 +S
�

4 > t,� +Lg.F,> SY Q
4 + hD.

4 > s,�J
l

Y . �

4 @ pd{
k
SY G

4 +S
.

4 > t,� +Lg.F,> SY Q
4 + hD�4 > s,�J

l
Y � �

4 @ pd{
k
SY G

4 +S
�

4 > t,� +Lg.F,> SY Q
4 + hD�4 > s,�J

l
5Ioh{leoh srolflhv duh nqrzq dv forvhg orrs srolflhv1

;



Frqvhtxhqwo|/ wkh ghflvlrq zkhwkhu ghyhors lq wkh �uvw shulrg/ ghod| dq| lqyhvw0
phqw ru frpplw wr wkh vhpl0 h{leoh rswlrq lv edvhg rq wkh iroorzlqj frpsdulvrq=

Z �
3 @ pd{

k
ZHQSY > ZQ

3 > Z
V

3

l
+4;,

Zkhq ZHQSY +t> s, lv juhdwhu wkdq wkh rwkhu wzr txdqwlwlhv/ ghyhorsphqw
vkrxog wdnh sodfh lpphgldwho|1 Zkhq Z �

3 @ ZV
3 / erwk ghflvlrq vkrxog eh

ghod|hg wr wkh vhfrqg shulrg dqg qr vxqn frvwv vkrxog eh xqghuwdnhq1 Ilqdoo|/
zkhqZ �

3 @ ZQ
3 / wkh vxjjhvwhg srolf| lv wr frpplw wr hqylurqphqwdo vxqn frvwv

+QS,/ zklovw ohwwlqj wkh rssruwxqlw| ri ixwxuh dgmxvwphqwv ri wkh ghflvlrq1
Zh fdq frqvlghu wkh sureohp dv d wzr shulrgv rswlpdo vwrsslqj sureohp

^:` dqg^48`/ zkhuh vwrsslqj fruuhvsrqgv wr lqyhvw hlwkhu lq wkh luuhyhuvleoh ru lq
wkh QS surmhfw/ zkloh frqwlqxdwlrq fruuhvsrqgv wr gr qrw frpplw wr dq| vxqn
frvw1 Wkh +4;, lv wkh Ehoopdq htxdwlrq6 iru wklv sureohp/ zkhuh wkh whuplqdwlrq
sd|r� lv hlwkhu jlyhq e| ZHQSY ru e| ZQ

3 1
Iru vrph lqlwldo fulwlfdo ydoxh ri S3 lw zloo eh rswlpdo wr vwrs dqg nloo wkh

rswlrq/ l1h1 iru S3 � S �3 lw zloo dozd|v eh rswlpdo wr lqyhvw lpphgldwho|/ zkloh
iru S3 ? S �3 frqwlqxdwlrq zloo eh rswlpdo1 Wkhuh h{lvwv d vlplodu fulwlfdo ydoxh
�D�3 iru �D31 Wkhvh wzr fxw0r� ydoxhv glylgh wkh rswlpdo vwudwhj| vsdfh1 Wkh VT
fkrlfh lv rswlpdo surylghg wkdw qhlwkhu S3 ru �D3 uhdfk wkh eduulhuv S �3 dqg �D�3/
uhvshfwlyho|1

Wkh TRY/ fruuhvsrqgv/ lq wkh suhvhqw zrun/ wr wkh gl�huhqfh/ zkhq srvlwlyh/
dprqj wkh wudglwlrqdoo| phdvxuhg ydoxh ri wkh odqg dqg wkh ydoxh fdofxodwhg
xvlqj wkh g|qdplf prgho=

TRY @ pd{^3> Z �

3�ZHQSY ` +4<,

Wkh TRY fdq fdswxuh wkh ydoxh ri wkh uljkw wr ghod| dq| ghflvlrq/ dv zhoo dv
wr ghod| mxvw wkh wrwdoo| luuhyhuvleoh fkrlfh/ zklovw frpplwwlqj wr hqylurqphqwdo
uhjxodwlrq vxqn frvw rqo|1

6 Ydoxdwlrq Phwkrgrorj|

Lq wkh suhfhglqj vhfwlrq zh kdyh qrw pdgh dq| vshfl�f dvvxpswlrq hlwkhu rq wkh
suredelolw| glvwulexwlrqv ru rq wkh glvfrxqw udwh wr eh xvhg lq wkh ydoxdwlrq1 Lw
lv qrw vhqvleoh/ wkrxjk/ wr glvfrxqw ulvn| fdvk  rzv xvlqj wkh ulvn0ohvv glvfrxqw
udwh/ u/ zlwkrxw pdnlqj dq| vshfl�fdwlrq1

Zklovw/ lq wkh GY fdvh zh fdq dvvxph wkdw wkhuh h{lvwv d frpsohwh pdunhw
iru wkh rxwsxw jrrg dqg/ wkhuhiruh/ wkh dvvrfldwhg ulvn fdq eh shuihfwo| khgjhg
e| wuhdglqj vhfxulwlhv/ wklv dvvxpswlrq fdqqrw eh pdgh lq wkh QS fdvh/ zkhuh zh
idfh erwk pdunhw xqfhuwdlqw| +l1h1/ wkh frqvxphuv* ghpdqg iru uhfuhdwlrq dqg
hfrorjlfdo vhuylfhv, dqg hqylurqphqwdo xqfhuwdlqw|/ frqfhuqlqj wkh hfrorjlfdo
ydoxdwlrq lqgh{ ri wkh QS1 Lqghhg/ wkh odwwhu duh surmhfw vshfl�f dqg fdqqrw

6 vhh/ iru h{dpsoh/ D1N1 Gl{lw dqg U1V1 Slqg|fn/ �Lqyhvwphqw Xqghu Xqfhuwdlqw|� Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Q\/ +4<<7,

<



eh khgjhg e| wudglqj vhfxulwlhv1 Wkh QS lqyhvwphqw hqwdlov phdvxuhphqwv ri
d vhulhv ri dwwulexwhv ri wkh vlwh/ dv elrglyhuvlw|/ uduhqhvv/ vl}h/ qdwxudoqhvv/
uhsuhvhqwdwlrq/ wkdw zloo kdyh wr eh frpelqhg lqwr dq ryhudoo hydoxdwlrq lqgh{
ri wkh vlwh1 Iroorzlqj wkh fulwhuld0edvhg hydoxdwlrq phwkrg ^43`/ wkh prgho zloo
doorz iru wkuhh srvvleoh vwdwh ri qdwxuh7 =

4, li hlwkhu wkh vl}h lv lqvx!flhqw ru wkh xqqdwxudoqhvv ri wkh vlwh lv fodvvl�hg
dv shupdqhqw/ gxh wr suhylrxv gdpdjh/ wkh QS lv qrw lqvwlwxwhg dqg wkh rqo|
ydoxh dffuxlqj wkhuhrq lv frplqj iurp wkh VT uhfuhdwlrqdo ydoxh>

5, li wkh vlwh dwwulexwhv duh frpelqhg wr jlyh d plggoh0orz fodvv ydoxh/ wkh
lqyhvwphqw lv lqh!flhqw dqg wklv qhjdwlyho| d�hfwv wkh QS ydoxh/ �Dw @ e �Dw>

6, li wkh vlwh dwwulexwhv duh frpelqhg wr jlyh dq kljk fodvv ydoxh/ wkh lqyhvw0
phqw lv h!flhqw dqg wklv srvlwlyho| d�hfwv wkh QS ydoxh/ �Dw @ v �Dw1

Lq Iljxuh 7/ zh pdnh h{solflw wkh glvwlqfwlrq dprqj pdunhw xqfhuwdlqwlhv
+uhsuhvhqwhg e| zklwh qrghv, dqg hqylurqphqwdo xqfhuwdlqwlhv +uhsuhvhqwhg e|
eodfn qrghv,1 Dv lw lv vkrzq lq wkh slfwxuh/ li wkh QS fkrlfh lv qrw xqghuwdnhq
dw wlph w @ 3/ wkh rqo| xqfhuwdlqw| wr eh frqvlghuhg/ ehiruh wkh lqyhvwphqw
lv xqghuwdnhq dw wlph w @ 4> lv wkh rqh uhodwhg wr wkh pdunhw ghpdqg1 Dw
wklv srlqw/ li wkh QS ghflvlrq lv wdnhq/ zh idfh wkuhh srvvleoh vwdwhv ri qdwxuh
uhodwhg wr wkh vlwh fkdudfwhulvwlfv dqg wr uhvhdufk uhvxowv1 Khuhdiwhu/ li wkh QS
lv h�hfwlyho| lqvwlwxwhg/ wkh |hduo| uhyhqxh ydulhv xqltxho| dffruglqj wr pdunhw
xqfhuwdlqw|1

Dv zh kdyh douhdg| vhhq lq wkh suhylrxv vhfwlrq/ lqyhvwphqw fdq wdnh sodfh
dw w @ 3> 4/ zkloh xqfhuwdlqwlhv duh uhvroyhg dw wlphv w @ 3> 4> ==> q> ==>41 Zh
duh dvvxplqj wkdw lqyhvwphqw rswlrqv duh dydlodeoh mxvw lq wkh �uvw wzr shulrgv/
krzhyhu wkh prgho frxog eh hdvlo| prgl�hg wr lqwurgxfh juhdwhu  h{lelolw|1 Wkh
ghflvlrq pdnhu*v vwdwh ri lqirupdwlrq dw hdfk wlph w lv ghqrwhg e| @w/ irupdoo|
prghohg dv hohphqwv ri d �owudwlrq rq d vxlwdeo| gh�qhg suredelolw| vsdfh1 Pruh0
ryhu/ pdunhw dvvxpswlrqv fdq eh irupdol}hg dv d pdunhw �owudwlrq/ @pw / +@pw �
@w, wkdw uhsuhvhqwv wkh pdunhw ulvnv uhvroyhg e| wlph w1

Dv prvw ri wkh uhdo rswlrqv olwhudwxuh dvvxphv/ wkh ghflvlrq pdnhu fdq hlwkhu
ghflgh wr lqyhvw lq wkh surmhfw +doo0ru0qrwklqj ghflvlrq, ru wr lqyhvw lq vkduhv
ri vhfxulwlhv dw pdunhw sulfhv/ dv zhoo dv ohqglqj dqg eruurzlqj prqh| dw wkh
ulvn0iuhh lqwhuhvw udwh u1

Irxu dvvxpswlrqv rq wkh vhfxulwlhv pdunhw duh fulwlfdo1 Iluvwo|/ wkhuh duh
qrw duelwudjh rssruwxqlwlhv1 Vhfrqgo|/ pdunhw lv sduwldoo| frpsohwh/ l1h1/ pdunhw
xqfhuwdlqwlhv fdq eh khgjhg e| wudglqj vhfxulwlhv1 Wklugo|/ pdunhw lv h!flhqw
dqg grhv qrw ghshqg rq sulydwh lqirupdwlrq dqg �qdoo| wkhuh duh qrw wudqvdfwlrq
frvwv1

Xqghu wkhvh dvvxpswlrqv/ zh fdq dozd|v frqvwuxfw d sruwirolr zkrvh sd|r�v
h{dfwo| uhsolfdwh wkh sd|r�v ri wkh surmhfw ^<`1 Wkxv/ zh fdq ghwhuplqh wkh
xqltxh �ulvn0qhxwudo� glvwulexwlrq vxfk wkdw wkh fxuuhqw pdunhw sulfh ri d yhfwru
ri vhfxulwlhv/ v+3,> wkdw jhqhudwhv d udqgrp glylghqg vwuhdp/ f+w,> lv jlyhq e|=

7Wklv lv fohduo| dq ryhuvlpsol�fdwlrq ri wkh frpsoh{lw| ri srvvleoh vfhqdulrv dffuxlqj iurp
wkh frpelqdwlrq ri wkh flwdwhg dwwulexwhv/ dqg zh frqvlghu wklv dv dq lpsruwdqw h{sdqvlrq wr
eh pdgh lq ixwxuh ghyhorsphqw ri wkh prgho1
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v+3, @
W[
w@3

H� ^f+w,`

+4 . u,w
+53,

zkhuh H� lv wkh h{shfwdwlrq zlwk uhvshfw wr wkh �ulvn qhxwudo� suredelolw|/
�/ +zlwk � 5 +3> 4,,/ dqg f+w, htxdov wkh udqgrp vwuhdp ri uhyhqxhv dffuxlqj
iurp wkh surmhfw1 Wkhuhiruh/ zkhqhyhu wkh ulvnlqhvv ri d surmhfw lv glyhuvl�deoh/
lw lv srvvleoh wr fdofxodwh wkh ydoxh ri wkh surmhfw dsso|lqj wkh �ulvn0qhxwudo�
suredelolw| glvwulexwlrq dqg xvlqj wkh ulvn0iuhh lqwhuhvw udwh1

Li zh dsso| wkh +53, wr fdofxodwh �ulvn qhxwudo� suredelolw| glvwulexwlrq iru
wkh GY dqg wkh QS dowhuqdwlyhv/ zh rewdlq=

et @ +4� g,

+x� g,

dqg

es @
+4� e,

+v� e,

Iru d ghwdlohg ghprqvwudwlrq zh uhihu wkh uhdghu wr Frjjlqv dqg Udph}dql
^6`1

Lw lv hdv| wr fkhfn wkdw/ iru vxfk ydoxhv ri wkh suredelolwlhv t dqg s/ wkh ydoxh
ri +9, dqg ri +44, lv htxdo wr rqh1

Wkhuhiruh/ wkh h{shfwhg ydoxh ri wkh GY dowhuqdwlyh/ jlyhq lq +:,/ lv qrz=

SY G
3 +S3> et, @ S3

�
Uq � 4

Uq�4+U� 4,

�

Wklv uhvxow hqwdlov wkdw/ rqfh lqyhvwhg lq wkh surmhfw/ wkh ghflvlrq pdnhu kdv
wkh rssruwxqlw| wr frqwudfw zlwk d ex|hu wkh vhoolqj sulfh ri wkh hqwluh vwuhdp
ri surgxfwlrq/ �{lqj lw dw wkh lqyhvwphqw0wlph sulfh1

Krzhyhu/ dv zh suhylrxvo| qrwlfhg/ hqylurqphqwdo xqfhuwdlqwlhv fdqqrw eh
khgjhg e| wudghdeoh vhfxulwlhv1 Lq rughu wr lqfoxgh lq wkh prgho wklv vrxufh
ri ulvn/ d wudglwlrqdo dssurdfk lv wkh fdslwdo0dvvhw0sulflqj prgho wkdw surgxfhv
d ulvn0dgmxvwhg glvfrxqw idfwru/ dffruglqj wr wkh ulvn fdwhjru| ri wkh surmhfw1
Krzhyhu/ wklv lv qrw wkh �uvw ehvw surfhgxuh zkhq wkh ulvnlqhvv ri d surmhfw lv
qrw frpsdudeoh zlwk rwkhu*v/ nqrzq/ surmhfwv dqg zkhq ghdolqj zlwk orqj wlph
krul}rq surmhfwv1

Dq dowhuqdwlyh dssurdfk kdv ehhq ghyhorshg lq olwhudwxuh �uvwo| e| Vplwk
dqg rwkhuv ^4;`/ ^4:` dqg ^4<`/ wr ghdo zlwk surmhfw vshfl�f xqfhuwdlqwlhv dqg lw
fdq eh dssolhg wr ghdo zlwk hqylurqphqwdo xqfhuwdlqwlhv1 Zh vd| pdunhw lv sdu0
wldoo| frpsohwh li vhfxulw| sulfhv ghshqg rqo| rq pdunhw vwdwhv/ li wkh pdunhw lv
frpsohwh zlwk uhvshfw wr pdunhw xqfhuwdlqw| dqg li sulydwh hyhqwv gr qrw lq x0
hqfh pdunhw hyhqwv1 Wkh surfhgxuh lqyroyhv wkh xvh ri vxemhfwlyh suredelolwlhv/
vxjjhvwhg e| h{shuwv/ uhjduglqj wkh srvvleoh ixwxuh vwdwhv frpelqhg zlwk wkh
ghflvlrq pdnhu*v suhihuhqfhv iru frqvxpswlrq lq gl�huhqw shulrgv rssruwxqho|
gh�qhg1 Wklv doorzv xv wr frpsxwh wkh ydoxh ri d surmhfw dv wkh ghflvlrq pdnhu*v
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euhdnhyhq ex|lqj sulfh1 Lqghhg/ wkh ydoxh lv fdofxodwhg dv wkh oxps0vxp wkdw
pdnhv wkh pd{lpxp h{shfwhg xwlolw| dffuxlqj iurp wkh ghflvlrq ri xqghuwdn0
lqj wkh surmhfw dqg fkrrvh d wudglqj vwudwhj| htxdo wr wkh pd{lpxp h{shfwhg
xwlolw| dffuxlqj iurp mxvw lqyhvwlqj lq d wudglqj vwudwhj|1

Lq wklv sduwlfxodu fdvh zh dvvxph pdunhw lv qrw frpsohwh zlwk uhvshfw wr
hqylurqphqwdo xqfhuwdlqw| wkdw lv uhsuhvhqwhg e| wkh wkuhh srvvleoh vfhqdulr
iroorzlqj wkh QS lqyhvwphqw1

Wkh xwlolw| ixqfwlrq ghvfulelqj wkh ghflvlrq pdnhu lqwhuwhpsrudo suhihuhqfhv
vkrxog eh frqwlqxrxv/ vwulfwo| lqfuhdvlqj dqg vwulfwo| frqfdyh1 Pruhryhu/ iru
frqvwlvwhqf| dqg vhsdudwlrq wkhruhpv wr krog/ wkh xwlolw| ixqfwlrq vkrxog vdwlvi|
wkh surshuw| ri dgglwlylw| lqghshqghqfh8 dqg wkh �0surshuw|9 1 Zlwkrxw orvv ri
jhqhudolw| zh fdq dvvxph/ iru wkh vdnh ri frqfuhwhqhvv/ wkdw wkh xwlolw| ixqfwlrq
wdnhv wkh irup=

X+{w, @ �h{s+�{w@Nw, +54,

zkhuh Nw lv wkh ghflvlrq pdnhu*v h�hfwlyh ulvn wrohudqfh gh�qhg dv=

Nw @
4[
l@w

�l
+4 . u,l�w

+55,

Khqfh/ Nw lv wkh vxp ri wkh glvfrxqwhg ixwxuh ghflvlrq pdnhu*v shulrg�l3v
ulvn wrohudqfh/ �l1 Dvvxplqj wkdw �l jurzv zlwk d udwh u� +u� 9@ u,/ zh rewdlq/
iru shulrg w @ 3> 4/ wkh +55, ehfrphv=

N3 @
4[
l@3

�3
+4 . u�,l

+4 . u,l
@ �3

+4 . u�,

+u � u�,
+56,

N4 @ �4
+4 . u�,

+u � u�,
+57,

Rqfh wkh wuhh ri sulfhv kdv ehhq jhqhudwhg/ surmhfwv duh hydoxdwhg e| vwduwlqj
dw wkh hqg ri wkh wuhh/ dsso|lqj d vwdqgdug g|qdplf surjudpplqj �urooedfn�
surfhgxuh wkdw fdq eh v|qwkhvl}hg lq wkh iroorzlqj vwhsv +vhh Iljxuh 8 iru dq
h{dpsoh,=

� iru hdfk qrgh uhsuhvhqwlqj pdunhw xqfhuwdlqw|/ fdofxodwh wkh suhvhqw ydoxh
xvlqj ulvn0qhxwudo suredelolwlhv +Hes>et, dqg wkh ulvn0iuhh lqwhuhvw udwh>

8Wkh ghflvlrq pdnhu*v suhihuhqfhv iru ulvn| fdvk  rzv ghshqg rqo| rq wkh pdujlqdo glvwul0
exwlrq iru hdfk shulrg/ qrw rq wkh mrlqw glvwulexwlrq1

9 Li wkh ghflvlrq pdnhu lv lqgl�huhqw ehwzhhq d jdpeoh dqg lwv fhuwdlqw| htxlydohqw/ wkhq vkh
zloo eh lqgl�huhqw ehwzhhq wkh vdph jdpeoh soxv d txdqwlw| { dqg wkh fhuwdlqw| htxlydohqw ri
wkh jdpeoh soxv wkh vdph txdqwlw| {�
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NP

DV

-(Ip+G)

PV1
D(P+1)-(Id+C)

NP

DV

-(Ip+G)

PV1
D(P-1)-(Id+C)

A1+
~

1-ϕ-κ

P1+

Market Uncertainty
Risk Neutral Probability ( p, q)

Environmental Uncertainty
Subjective Probability (j, y, 1- ϕ - κ)

ECE1

ECE1

P1-

^  ^

A

ϕ
κ

1- ϕ - κ A

ϕ
κ

PV1
N(A1

++)
~

PV1
N(A1

+-)
~

PV1
N(A1

++)
~

PV1
N(A1

+-)
~

Iljxuh 8= Iudjphqw ri wkh Ghflvlrq Wuhh

� iru hdfk qrgh uhsuhvhqwlqj hqylurqphqwdo xqfhuwdlqw|/ fdofxodwh wkh h�hf0
wlyh fhuwdlqw| htxlydohqw dw wlph w/ HFHw/ xvlqj wkh vxemhfwlyh suredelol0
wlhv +!> �> 4� !� � v1w1 !. � � 4,,/ wkhq vxewudfw wkh rxw rzv>

� dw hdfk ri wkh ghflvlrq qrghv/ fkrrvh wkh ehvw vwudwhj| dffruglqj wr wkh
pd{lpl}dwlrq fulwhulxp1

Li dvvxpswlrqv rq pdunhw sduwldo frpsohwhqhvv dqg rq suhihuhqfhv krog/ wkh
lqwhjudwhg surfhgxuh jlyhv wkh euhdnhyhq ex|lqj sulfh ri wkh surmhfw xvlqj wkh
fhuwdlqw| htxlydohqw uhsolfdwlqj sruwirolr1

Lq sduwlfxodu/ wr fdofxodwh wkh HFHw/ zh wdnh h{shfwdwlrqv ryhu shulrg0w3v
hqylurqphqwdo xqfhuwdlqwlhv/ zlwk uhvshfw wr wkh �vxemhfwlyh suredelolw|�/ !> �
dqg +4�!��,/ dqg zh dsso| wkh h{srqhqwldo xwlolw| ixqfwlrq ghvfulehg lq +54,1

HFHw.4

kgSY
Q

w.4+ hD	w.4>es,> D m @w
l
@ �Nw.4 oq +H!>�

5
7h{s

3
C�

gSY
Q

w.4+ hD	w.4>es,> D
Nw.4

4
D m @w

6
8

+58,

ZkhuhNw lv wkh ghflvlrq pdnhu*v h�hfwlyh ulvn wrohudqfh/ dqg gSY
Q

w.4+ hD.
w.4> es,/gSY

Q

w.4+ hD�w.4> es,/ D duh wkh wlph w. 4 srvvleoh ydoxh ri wkh QS surmhfw1
Qrz/ dffruglqj wr wkh lqwhjudwhg dssurdfk/ zh fdq fdofxodwh wkh ydoxh ri

gl�huhqw odqg xvhv1 Iluvwo|/ ohw xv frqvlghu wkh ydoxh ri wkh odqg dffruglqj wr
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wkh wudglwlrqdo HQSY uxoh/ fZHQSY =

fZHQSY@pd{
k
D>gSY

G

3 +S 3>et,� +Lg.F,> HFH3

kgSY
Q

3 + hD	3 >es,> D m @3

l
�+Ls.J,

l
+59,

Zkhuh SY G
3 +S3> et, lv fdofxodwhg xvlqj �ulvn0qhxwudo� suredelolwlhv/ zkloh/ wkh

h�hfwlyh fhuwdlqw| htxlydohqw/ HFH3/ lv fdofxodwhg xvlqj vxemhfwlyh suredelolwlhv
dqg wkh ghflvlrq pdnhu*v xwlolw| ixqfwlrq/ vhh Iljxuh 91

SQ

DV

NP

PV0
D(P0, q)- (Id+C) 

PV0
N(A+

0 , p)- (G)~

 A

-(Ip+g)

 A

^

PV0
N(A-

0 , p)- (G)

^

^~

Iljxuh 9= Wkh Xq h{leoh Wuhh/ zlwk Xqfhuwdlqw| Vshfl�fdwlrq

Vhfrqgo|/ zh frqvlghu wkh srvvlelolw| wr zdlw dqg srvwsrqh erwk wkh lqyhvw0
phqw rswlrqv1 Wkxv/ wkh ydoxh ri odqg lq wkh VT vwdwh/ fZV

3 / ehfrphv=

fZV
3 @ D.

eseteZ..

4
.es+4�et,eZ� .

4
.+4�es,eteZ. �

4
.+4�es,+4�et,eZ� �

4

4.u +5:,

Zkhuh=

fZ..
4 @ pd{

�
D>gSY

G

4 +S
.

4 >et,� +L	g .F,> HFH4

kgSY
Q

4 + hD.	
4 >es,>Dm @3

l
�+Ls.J,

�

fZ� .
4 @ pd{

�
D>gSY

G

4 +S
�

4 >et,� +L	g .F,> HFH4

kgSY
Q

4 + hD.	
4 >es,>Dm @3

l
�+Ls.J,

�
fZ. �

4 @ pd{

�
D>gSY

G

4 +S
.

4 >et,� +L	g .F,> HFH4

kgSY
Q

4 + hD�	4 >es,>Dm @3

l
�+Ls.J,

�

fZ� �

4 @ pd{

�
D>gSY

G

4 +S
�

4 >et,� +L	g .F,> HFH4

kgSY
Q

4 + hD�	4 >es,>Dm @3

l
�+Ls.J,

�
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Zkhuh zh ghqrwh hD.	
4 wkh vhfrqg shulrg dphqlw| ydoxh zkhq wkh pdunhw

vwdwh lv kljk/ hD.
4 / dqg wkh lqyhvwphqw pd| uhyhdo erwk h!flhqw/ hD..

4 @ v hD.
4 @

vv hD3/ ru lqh!flhqw/ hD.�
4 @ e hD.

4 @ ev hD31 Dqdorjrxvo| zh fdq gh�qh hD�	4 1 Wkh
VT  h{leoh prgho lv ghslfwhg lq wkh ghflvlrq wuhh ri Iljxuh :1

A1
+

A1
-

~

P1
+

P1
-

P1
+

P1
-

SQ

NP

~
DV

-(Ip+G)

SQ

NP

DV

-(Ip+G)

SQ

NP

DV

-(Ip+G)

SQ

NP

DV

-(Ip+G)

A

A

A

A

SQ

A

~A

PV1
D(P1

-)-(Id+C)

PV1
D(P1

-)-(Id+C)

PV1
D(P1

+)-(Id+C)

PV1
D(P1

+)-(Id+C)

PV1
N(A1

++)~
PV1

N(A1
+ -)

~A
PV1

N(A1
++)~

PV1
N(A1

+ -)

~A
PV1

N(A1
-+)~

PV1
N(A1

- -)

~A
PV1

N(A1
- +)~

PV1
N(A1

- -)

Iljxuh := Wkh Iluvw Shulrg VT0Rswlrq Ydoxh ri Odqg

Ilqdoo|/ zh fdq fdofxodwh wkh ydoxh ri frpplwwlqj wr hqylurqphqwdo vxqn
frvwv rqo|/ fZQ

3 / wkxv lqyhvwlqj Ls dqg �uvw shulrg rshudwlqj frvwv/ j/ dv=

fZQ
3 @ �+Ls.j, .HFH3

k
D> hD	3 .Het>espd{

kgSY
G

4 +S 4>et,� +Lg.F,>gSY
Q

4 + hD4>es,�J
l
m @3

l
@ �+Ls.j, .HFH3

�
D> hD	3 .esetY ..

4
.es+4�et,Y � .

4
.+4�es,etY . �

4
.+4�es,+4�et,Y� �

4

4.u m @3

�
+5;,

Zkhuh zh gh�qh=

eY ..
4 @ pd{

kgSY
G

4 +S
.
4 >et,� +L	g .F,>gSY

Q

4 + hD	.4 >es,�J
l
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eY � .
4 @ pd{

kgSY
G

4 +S
�

4 >et,� +L	g .F,>gSY
Q

4 + hD	.4 >es,�J
l

eY . �

4 @ pd{
kgSY

G

4 +S
.
4 >et,� +L	g .F,>gSY

Q

4 + hD	�4 >es,�J
l

eY � �

4 @ pd{
kgSY

G

4 +S
�

4 >et,� +L	g .F,>gSY
Q

4 + hD	�4 >es,�J
l

Zlwk hD	.4 ghqrwlqj d kljk vwdwh ri wkh pdunhw frqglwlrqhg rq hlwkhu d kljk
ydoxh ri wkh QS h!flhqf| lqgh{/ hD.

3 > ru d orz ydoxh/ hD�3 / zkloh D lv wkh VT
sd|r� dffuxlqj li wkh QS lv qrw lqvwlwxwhg1

Wkh ghflvlrq wuhh uhsuhvhqwdwlrq lv vkrzq lq Iljxuh ;1

A+
1

~

A-
1

~

A1
++

A1
+-~

P1
+

P1
-

NP

~
DV

NP

DV

PV1
N(A1

++)-(G)
~

~

A1
-+

A1
--

~

P1
+

P1
-

P1
+

P1
-

NP

~
DV

NP

DV

NP

DV

NP

DV

PV1
D(P1

-)-(Id+C)

PV1
D(P1

+)-(Id+C)

PV1
D(P1

+)-(Id+C)

A

DV

A1= 0
~

PV1
D(P1

-)-(Id+C)

PV1
D(P1

+)-(Id+C)

PV1
D(P1

-)-(Id+C)

P1
+

P1
-

A

DV
SQ

PV1
D(P1

+)-(Id+C)

SQ

PV1
N(A1

++)-(G)

PV1
N(A1

+-)-(G)
~

PV1
N(A1

-+)-(G)~

PV1
N(A1

--)-(G)
~

PV1
N(A1

--)-(G)~

NP -(Ip+g)

PV1
D(P1

-)-(Id+C)

Iljxuh ;= Wkh Iluvw Shulrg QS0Rswlrq Ydoxh ri Odqg

Vlploduo| wr wkh suhylrxv vhfwlrq/ zh fdq fdofxodwh wkh ydoxh ri wkh odqg/ dw
w @ 3> dv=

fZ �

3@pd{
kfZHQSY > fZV

3 >
fZQ

3

l
+5<,

Wkh ghflvlrq uxoh lv dv wkh rqh ghvfulehg lq suhylrxv vhfwlrq/ dqg/ vlploduo|/
wkh TRY/ zkhq srvlwlyh/ fruuhvsrqgv wr wkh plvwdnh rqh zrxog pdnh iroorzlqj
wkh wudglwlrqdo HQSY dssurdfk lqvwhdg ri wkh  h{leoh rqh1 Wkh TRY fdq
fdswxuh wkh rssruwxqlw| ri dyrlglqj hlwkhu wkh luuhyhuvleoh ghyhorsphqw fkrlfh
ru wkh  h{leoh frpplwphqw wr wkh QS vxqn frvwv1 Lwv ydoxh lv jlyh e|=

TRY @ pd{^3> fZ �

3 �fZHQSY ` +63,

4:



7 Qxphulf H{dpsoh dqg Vhqvlwlylw| Dqdo|vlv

Zh shuirup d qxphulfdo dqdo|vlv lq rughu wr pdnh fohduhu zkdw kdv ehhq glv0
fxvvhg lq vhfwlrqv 5 dqg 61 Ohw xv vxssrvh wkdw wkh sdudphwhuv lq wkh prgho duh
gh�qhg dv lq wkh wdeoh ri �jxuh <1

Parameter R n u d q^ c Id s b p^ g Ip A j i
Value 1,10 10 1,3 0,8 0,4 50 1000 1,3 0,8 0,4 35 800 75 0,4 0,5

Iljxuh <= Wdeoh ri Sdudphwhuv Ydoxhv

Lq h{dpsoh 4 zh frqvlghu krz vwudwhjlhv fkdqjh/ ydu|lqj wkh lqlwldo ydoxh ri
wkh GY lqyhvwphqw/ S3/ zkloh nhhslqj wkh ydoxh ri wkh QS fkrlfh/ hD3/ frqvwdqw/
�uvwo| iru d orz ydoxh ri hD3/ wkhq iru d kljkhu ydoxh1 Vlploduo|/ lq h{dpsoh 5/
zh ohw hD3 fkdqjh zkloh zh nhhs S3 frqvwdqw djdlq �uvw iru d orz/ wkhq iru dq
kljkhu ydoxh1

H{dpsoh 4 Ohwwlqj wkh rwkhu sdudphwhuv �{hg/ zh frqvlghu wkh wuhqg ri fZHQSY /fZV
3 / fZQ

3 / wkhlu pd{lpxp fZ �
3 / dqg wkhTRY / dv d ixqfwlrq ri S31 Lq �jxuh 43/

zh �uvwo| shuirup wkh dqdo|vlv vhwwlqj hD3 @ 4331 Dv zh zrxog h{shfw/ wklv vhwwlqj
surgxfh uhvxowv wkdw duh yhu| vlplodu wr wkh rqhv lq Frjjlqv dqg Udph}dql ^6`/
wkh h�hfw ri wkh QS dowhuqdwlyh ehlqj doprvw luuhohydqw1 Xqwlo wkh lqlwldo GY
sulfh uhdfkhv wkh ydoxh S

3

3/ wkh wudglwlrqdo uxoh dqg wkh  h{leoh dssurdfk uxoh
frlqflgh/ dqg wkh vxjjhvwhg vwudwhj| lv gr qrw frpplw wr dq| ri wkh wzr lqyhvw0
phqwv1 Wkh �uvw nlqn lq wkh fZV

3 fxuyh/ lq S
3

3/ lqglfdwhv wkdw zh duh fdswxulqj
wkh vhfrqg shulrg ghyhorsphqw rssruwxqlw| iru kljk pdunhw vwdwh/ S.

4 1 Lq S
33

3 wkhfZHQSY fxuyh vwduwv wr lqfuhdvh/ lqglfdwlqj wkdw d ghflvlrq pdnhu zkr iroorzv
wkh wudglwlrqdo uxoh zrxog qrz ghflgh wr ghyhors lpphgldwho|/ zkloh/ dffruglqj
wr wkh  h{leoh dssurdfk/ zdlwlqj dqg srvwsrqh dq| ghflvlrq lv vwloo wkh rswlpdo
vwudwhj|1 Deryh S

333

3 / wkdw lqglfdwhv wkh vhfrqg nlqn lq wkh fZV
3 fxuyh/ wkh gh0

flvlrq wr ghyhors lq wkh vhfrqg shulrg pd| qrz eh rswlpdo hyhq iru d orz vwdwh
ri wkh pdunhw/ frqglwlrqhg rq wkh pdunhw vwdwh iru wkh QS ydoxh1 Wkh fxw0r�
srlqw/ S �3 / iru hD3 @ 433/ uhsuhvhqwv wkh wkuhvkrog ydoxh glylglqj wkh frqwlqxd0
wlrq uhjlrq iurp wkh vwrsslqj uhjlrq/ wkdw lv lpphgldwh ghyhorsphqw1 Wkh TRY
uhsuhvhqwv wkh pd{lpxp dprxqw d udwlrqdoh ghflvlrq pdnhu zrxog dffhsw wr sd|
iru wkh uljkw wr ghod| dq| ghflvlrq dqg lw ehfrphv }hur deryh wkh fxw0r� ydoxh1

Vhfrqgo|/ zh vhw hD3 @ 533/ uhvxowv duh vkrzq lq Iljxuh 441 Dv d frqvhtxhqfh
ri wkh kljkhu hD3 ydoxh/ wkh QS rssruwxqlw| h{huwv/ qrz/ d ghwhuplqdqw h�hfw
rq wkh wkuhvkrog ohyho vhsdudwlqj ghflvlrq uhjlrqv1 S

3

3/ S
33

3 / S
333

3 duh gh�qhg dv
lq wkh suhylrxv fdvh1 Xs wr wkh fxw0r� srlqw S �3 / wkh fZV

3 fxuyh olhv deryh wkhfZHQSY dqg fZQ
3 fxuyhv1 Krzhyhu/ wkh h�hfw ri wkh QS lqyhvwphqw/ zkhq d

idyrudeoh vwdwh ri qdwxuh rffxuv/ srvlwlyho| d�hfwv wkh VT fkrlfh/ wkxv vkliwlqj S �3
wr kljkhu ydoxhv1 Wkhuhiruh/ wkh vwrsslqj ghflvlrq/ wkdw fruuhvsrqgv wr lpphgldwh
lqyhvwphqw/ lv qrz rswlpdo iru kljkhu GY lqlwldo ydoxhv frpsduhg wr wkh suhylrxv

4;
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Iljxuh 43= Ydu|lqj S3 iru hD3 @ 4331 Zkhuh wkh gdvkhg olqh uhsuhvhqwv wkh
TRY / wkh oljkwhu olqh lv fZQ

3 / wkh wklfnhu olqh lv fZHQSY / wkh olqh zlwk wuldqjohv
uhsuhvhqwv fZV

3 dqg wkh olqh zlwk vtxduhv lv wkhlu pd{lpxp/ fZ �
3 1

vfhqdulr1 Iurp S
33

3 wr S �3 wkh TRY fdswxuhv wkh ydoxh ri wkh uljkw wr srvwsrqh

GY ghflvlrq vxqn frvwv/ dv lq wkh suhylrxv fdvh1 Zkloh/ xs wr srlqw S
33

3 wkh TRY
fdswxuhv wkh  h{lelolw| ydoxh ri wkh VT fkrlfh1

H{dpsoh 5 Vlploduo|/ ohwwlqj doo wkh sdudphwhuv �{hg/ zh fdq uhsuhvhqw wkh
wuhqg ri fZHQSY > fZV

3 > fZQ
3 / wkhlu pd{lpxp/ fZ �

3 / dqg wkh TRY / dv d ixqf0
wlrq ri hD3= Zh �uvwo| dvvxph S3 @ 7831 Dv lw lv ghslfwhg lq Iljxuh 45/ iru yhu|
orz ydoxhv ri hD3 wkh ehvw vwudwhj| lv wr ghyhors lpphgldwho|/ khqfh/ wkh wudglwlrqdo
uxoh lv qrw plvohdglqj1 Lq hD3

3/ wkh fZV
3 fxuyh vwduwv wr olh deryh wkh fZHQSY rqh/

wkxv/ jhqhudwlqj d srvlwlyh TRY / wkdw uhsuhvhqwv wkh plvwdnh rqh zrxog lqfxu
lqwr li kh ghyhorshg lq wkh �uvw shulrg1 Wkh glyhujhqfh lv gxh wr wkh vhfrqg
shulrg QS lqyhvwphqw srvvlelolw|/ wkdw lv rswlpdo iru idyrudeoh pdunhw vwdwhv ri
qdwxuh1 Iurp wkh ydoxh hD33

3 rq/ wkh HQSY uxoh zrxog vxjjhvw wr frpplw wr wkh
QS h{shqglwxuh/ zkloh lw lv mxvw iru hD�3/ wkdw wkh QS lqyhvwphqw ehfrphv wkh
rswlpdo vwudwhj|/ dffruglqj wr rxu dssurdfk1 Wkhuhiruh/ xs wr wkh fxw0r� srlqw/hD�3/ wkh TRY fdswxuhv wkh ydoxh ri qrw frpplwwlqj wr hqylurqphqwdo vxqn frvwv
dqg mxvw zdlw wr wkh vhfrqg shulrg wr wdnh dq| ghflvlrq1

Ilqdoo|/ zh lqyhvwljdwh wkh fdvh zkhuh S3 @ 933> vhh �jxuh 461 Wkh lqfuhdvhg
GY sulfh vwurqjo| d�hfwv wkh rswlpdo vwudwhj| uhjlrqv1 Erwk hD3

3/ hD33

3 dqg wkh fxw0
r� ydoxh hD�3 duh qrz vkliwhg wr wkh uljkw1 Deryh hD�3> xs wr hD333

3 / wkh TRY lv
vwloo srvlwlyh1 Wkh uhdvrq iru wklv lv wkdw wkh  h{leoh dssurdfk fdswxuhv wkh h{wud
ydoxh ri wkh QS fkrlfh/ gxh wr wkh rswlrq wr lqyhvw lq wkh GY dowhuqdwlyh/ lq wkh
vhfrqg shulrg1

4<



0

500

1000

1500

2000

2500

70 110 150 190 230 270 310 350 390 430 470 510 550

P0

$

P0’ P0’’ P0’’’ P0*

Iljxuh 44= Ydu|lqj S3/ zlwk hD3 @ 533= Zkhuh wkh gdvkhg olqh uhsuhvhqwv wkh
TRY / wkh oljkwhu olqh lv fZQ

3 / wkh wklfnhu olqh lv fZHQSY / wkh olqh zlwk wuldqjohv
uhsuhvhqwv fZV

3 dqg wkh olqh zlwk vtxduhv lv wkhlu pd{lpxp/ fZ �
3 1
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Iljxuh 45= Ydu|lqj hD3/ zlwk S3 @ 783= Zkhuh wkh gdvkhg olqh uhsuhvhqwv wkh
TRY / wkh oljkwhu olqh lv fZQ

3 / wkh wklfnhu olqh lv fZHQSY / wkh olqh zlwk wuldqjohv
uhsuhvhqwv fZV

3 dqg wkh olqh zlwk vtxduhv lv wkhlu pd{lpxp/ fZ �
3 1
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Iljxuh 46= Ydu|lqj hD3/ zlwk S3 @ 933= Zkhuh wkh gdvkhg olqh uhsuhvhqwv wkh
TRY / wkh oljkwhu olqh lv fZQ

3 / wkh wklfnhu olqh lv fZHQSY / wkh olqh zlwk wuldqjohv
uhsuhvhqwv fZV

3 dqg wkh olqh zlwk vtxduhv lv wkhlu pd{lpxp/ fZ �
3 1

Qrz/ zh dqdo|vh krz wkh wkuhvkrog lqlwldo ydoxhv S �3 dqg hD�3> vhsdudwlqj wkh
frqwlqxdwlrq iurp wkh vwrsslqj uhjlrq/ pd| ydu| zlwk wkh prgho uhohydqw sdudp0
hwhuv vxssrvlqj doo uhpdlqlqj sdudphwhuv fdq eh frqvlghuhg �{hg1 Lq sduwlfxodu/
zh frqvlghu krz wkhvh wuljjhu ydoxhv fkdqjh lq uhvshfw wr wkh iroorzlqj sdudp0
hwhuv= D/ wkh �uvw |hdu ydoxh ri wkh VT dowhuqdwlyh/ Lg/ wkh GY lqyhvwphqw/ Ls/
wkh QS lqyhvwphqw/ q/ wkh rshudwlyh |hduv ri wkh surmhfw dqg U> wkh glvfrxqw
idfwru/ U @ 4 . u/ zkhuh u lv wkh ulvn iuhh glvfrxqw udwh1

Sursrvlwlrq 6 S �3 lqfuhdvhv zlwk D dqg lw lqfuhdvhv zlwk Lg/ zkloh lw ghfuhdvhv
zlwk q/ dqg U/ wkh glvfrxqw idfwru +vhh Iljxuh 47,1 Wkh odwwhu uhodwlrq lv wuxh
iru U 5 +4=34> 4=53,/ iru kljkhu ydoxhv ri U/ ri vfdufh hfrqrplf uhohydqfh/ S �3
voljkwo| vwduwv wr lqfuhdvh1

Sursrvlwlrq 7 hD�3 lqfuhdvhv zlwk D/ wkh �uvw |hdu ydoxh ri wkh VT dowhuqdwlyh/
dqg Ls/ wkh QS lqyhvwphqw/ dqg lw dovr lqfuhdvhv zlwk U/ wkh glvfrxqw idfwru +vhh
Iljxuh 48,1 Wkh odwwhu uhodwlrq kdv hfrqrplf irxqgdwlrq lq wkh lghd wkdw yhu|
orqj whup surmhfwv duh xvxdoo| pruh vhqvleoh wr dq lqfuhdvhg glvfrxqw idfwru1

8 Frqfoxvlrqv

Lq wklv sdshu zh kdyh wulhg wr wdnh lqwr dffrxqw wkh hfrqrplf dv zhoo dv wkh hq0
ylurqphqwdo dvshfw ri luuhyhuvlelolw|1 Zkloh wkh �uvw ihdwxuh kdv ehhq odujho| lq0
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Sensitivity Analysis 3
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Iljxuh 47= Vhqvlwlylw| Dqdo|vlv shuiruphg iru S�3

yhvwljdwhg lq wkh txdvl rswlrq ydoxh olwhudwxuh wkh vhfrqg kdv ehhq riwhq ljqruhg1
Krzhyhu/ sduwlfxoduo| lq Hxurshdq dssolfdwlrqv ri odqg doorfdwlrq sureohpv/ wkh
lpsruwdqfh ri lqlwldo hqylurqphqwdo h{shqglwxuhv vkrxog eh frqvlghuhg/ frpelq0
lqj lw zlwk wkh  h{lelolw| srwhqwldo ri wklv rswlrq1 Pruhryhu/ wkh xqfhuwdlqw|
uhodwhg wr wkh hqylurqphqwdo uhvsrqvh wr uhfryhu| dqg frqvhuydwlrq lqwhuyhq0
wlrqv/ vkrxog eh wdnhq lqwr dffrxqw lq dgglwlrq wr xqfhuwdlqw| uhodwhg wr pdunhw
sulfhv1 Wkhuhiruh/ wkh ydoxdwlrq surfhgxuh kdv ehhq ghyhorshg wr lqfoxgh hqyl0
urqphqwdo lq xhqfh rq frqvhuydwlrq surmhfwv1 Zkdw zh �qg lv wkdw lw lv srvvleoh
wr fdofxodwh/ lq d vlplodu iudphzrun wr wkh Duurz0Ilvkhu Rswlrq Ydoxh +TRY, ri
suhvhuydwlrq/ dq rswlrq ydoxh wkdw pd| eh uhihuuhg hlwkhu wr wkh VT ru wr wkh hq0
ylurqphqwdo lqyhvwphqw surmhfw1 Wkhuhiruh/ wkh  h{leoh prghoolqj/ hqdeolqj xv
wr wdnh lqwr dffrxqw gl�huhqw vrxufhv ru luuhyhuvlelolw| dqg xqfhuwdlqw|/ suryh wr
eh d xvhixo wrro lq odqg doorfdwlrq dqg hqylurqphqwdo h{shqglwxuh pdqdjhphqw1

Lq dgglwlrq/ wkh rxwsxw ri wkh prgho fdq eh hdvlo| xqghuvwrrg e| qrq whfk0
qlfdo xvhuv dqg lw fdq eh khosixo lq surprwlqj hqylurqphqwdo dqg hfrqrplfdo
udwlrqdoh fkrlfhv1
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Sensitivity Analysis 5 
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Iljxuh 48= Vhqvlwlylw| Dqdo|vlv= �D�3 ydu|lqj zlwk U

Uhihuhqfhv

^4` K1M1 Doehuv/ Prgholqj Hfrorjlfdo Frqvwudlqwv rq wurslfdo Iruhvw Pdqdjh0
phqw= Vsdwldo Lqwhughshqghqfh/ Luuhyhuvlelolw| dqg Xqfhuwdlqw|/ M1 Hqy1
Hfr1 631 :60<7/ +4<<9,

^5` N1M1 Duurz dqg D1F1 Ilvkhu/ Hqylurqphqwdo suhvhuydwlrq/ xqfhuwdlqw|/ dqg
luuhyhuvlelolw|/ Txduw1 M1 Hfrqrp1 ;;/ 645064< +4<:7,

^6` M1 V1 Frjjlqv dqg F1D1 Udph}dql/ Dq Duelwudjh0Iuhh Dssurdfk wr Txdvl0
Rswlrq Ydoxh/ M1 Hqy1 Hfr1 681 4360458/ +4<<;,

^7` M1P1Frqudg/ Zloghuqhvv= rswlrqv wr suhvhuyh/ h{wudfw/ ru ghyhors/ Uhv dqg
Hqhuj| Hfr1 551 538054</ +5333,

^8` M1P1 Frqudg/ Txdvl0rswlrq ydoxh dqg wkh h{shfwhg ydoxh ri lqirupdwlrq/
Txduw1 M1 Hfrqrp1 <7/ ;460;53 +4<;3,

^9` J1 Fruwd}du/ H1V Vfkzduw}/ P1 Vdolqdv/ Hydoxdwlqj Hqylurqphqwdo Lqyhvw0
phqwv= D Uhdo Rswlrqv Dssurdfk/ Pdqdjhphqw Vflhqfh/ Dxjxvw +4<<;,
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^:` D1N1 Gl{lw dqg U1V1 Slqg|fn/ �Lqyhvwphqw Xqghu Xqfhuwdlqw|� Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Q\/ +4<<7,

^;` D1N1 Gl{lw dqg U1V1 Slqg|fn/ wkh Rswlrqv Dssurdfk wr Fdslwdo Lqyhvwphqw/
Kduydug Exvlqhvv Uhylhz/ Pd|0Mxqh/ +4<<8,

^<` M1 Hlfkehujhu/ L1U1 Kdushu �Ilqdqfldo Hfrqrplfv�/ Fk1607/ R{irug Xqlyhu0
vlw| Suhvv/ +4<<:,

^43` N1M1 Jdvwrq/ hw do1/ �Frqvhuydwlrq Vflhqfh dqg Dfwlrq� Zlooldp M1 Vxwkhu0
odqg Hglwru/ F1M1 Elee|/ Vhohfwlqj duhd iru frqvhuydwlrq/ fk1</+4<<;,

^44` Z1P1 Kdqhpdqq/ Lqirupdwlrq dqg wkh frqfhsw ri rswlrq ydoxh/ M1 Hqy1
Hfr1 491 5606:/ +4<;<,

^45` M1Y1 Nuxwlood dqg D1F1 Ilvkhu �Wkh Hfrqrplfv ri Qdwxudo Hqylurqphqwv=
Vwxglhv lq wkh Ydoxdwlrq ri Frpprglw| dqg Dphqlw| Uhvrxufhv�/ Edowl0
pruh/ Pg/ Wkh Mkrqv Krsnlqv Xqlyhuvlw| Suhvv/ +4<:8,

^46` F1G1 Nrovwdg/ Ohduqlqj/ Luuhyhuvlelolwlhv dqg Folpdwh/ Sdshu iru wkh :wkh
HDHUH Frqihuhqfh/Olverq/ Sruwxjdo/ +4<<9,

^47` Phuwrq �Frqwlqxrxv0Wlph Ilqdqfh�/ Eodfnzhoo/ Fdpeulgjh ) R{irug/
+4<<7,

^48` E1 Rnvhqgdo/ K1 \dr}krqj/ Rswlpdo wlph wr lqyhvw zkhq wkh sulfh sur0
fhvvhv duh jhrphwulf Eurzqldq prwlrqv/ Ilqdqfh dqg Vwrfkdvwlfv/ 51 5<80
643/ +4<<;,

^49` U1V1 Slqg|fn/ Luuhyhuvlelolw| dqg wkh wlplqj ri hqylurqphqwdo Srolf|/ Zrun0
lqj Sdshu 8/ IHHP/ +5333,

^4:` M1H1 Vplwk dqg U1I1 Qdx/ Ydoxlqj Ulvn| surmhfwv= Rswlrq Sulflqj Wkhru|
dqg Ghflvlrq Dqdo|vlv/ Pdqdjhphqw Vflhqfh 74/ :<80;49/ +4<<8,

^4;` M1H1 Vplwk dqg N1I1 PfFdugoh/ Ydoxlqj Rlo Surshuwlhv= Lqwhjudwlqj Rswlrq
Sulflqj dqg Ghflvlrq Dqdo|vlv Dssurdfkhv/ Rshudwlrqdo Uhvhdufk/ 79/ 4<;0
54:/ +4<<;,

^4<` M1H1 Vplwk dqg N1I1 PfFdugoh/ Rswlrqv lq uhdo Zruog= Ohvvrqv Ohduqhg lq
Hydoxdwlqj Rlo dqg Jdv Lqyhvwphqw/ Zrunlqj Sdshu/ +4<<;,

^53` O1 Wuljhrujlv/ �Uhdo Rswlrqv=Pdqdjhuldo Ioh{lelolw| dqg Vwudwhj| lq Uh0
vrxufhv Doorfdwlrq�/ PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ +4<<9,
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