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Devwudfw1 Lv wkhuh xqghulqyhvwphqw lq hgxfdwlrqB Rqh zd| wr dqvzhu

wklv txhvwlrq lv wr frpsduh wkh h{shfwhg uhwxuqv wr hgxfdwlrq wr wkh uhwxuqv ri

dvvhwv ri frpsdudeoh ulvn1 Wklv sdshu h{dplqhv wzr kxpdq fdslwdo dvvhw sulflqj

prghov zklfk lqwhjudwh wkh lghdv ri wkh FDSP zlwk xqltxh ihdwxuhv ri kxpdq

fdslwdo lqyhvwphqwv dqg oderu pdunhwv1 Erwk prghov dujxh wkdw wkh kxpdq

fdslwdo uhwxuq suhplxp vkrxog eh odujho| ghwhuplqhg e| lwv v|vwhpdwlf ulvn1

Frpelqlqj rxu wkhruhwlfdo uhvxowv zlwk h{lvwlqj hpslulfdo uhvxowv lqglfdwhv wkdw

wkh uhwxuq wr hgxfdwlrq lv juhdwhu wkdq wkdw ri dvvhwv ri olnh ulvnlqhvv/ lpso|lqj

xqghulqyhvwphqw1

41 Lqwurgxfwlrq

Hgxfdwlrq lv dq lqyhvwphqw zlwk d kljk uhwxuq1 Lq idfw/ wkh phdq uhwxuq rq hgxfdwlrq
lv vlplodu wr wkdw ri htxlw|/ dqg idu juhdwhu wkdq wkh uhwxuq wr erqgv ru jrog1 Wkh kljk
uhwxuqv wr dvvhwv vxfk dv htxlw| duh mxvwl�hg e| wkhlu kljk ulvn1 Lq wkh ulvn glphqvlrq/
htxlw| lv d srru dvvhw/ exw erqgv duh vdih/ dqg dvvhwv olnh lqvxudqfh frqwudfwv dqg jrog
duh jrrg vlqfh wkhlu uhwxuq lv kljk zkhq wkh pdujlqdo ydoxh ri zhdowk lv kljk1 Fdq ulvn
h{sodlq wkh kljk uhwxuq wr kxpdq fdslwdo lqyhvwphqwvB Xqiruwxqdwho|/ wkhuh kdv ehhq
olwwoh dqdo|vlv/ wkhruhwlfdo ru hpslulfdo/ irfxvvlqj rq wkh ulvn surshuwlhv ri hgxfdwlrqdo
lqyhvwphqwv1 Zh zdqw wr dvn zkhuh hgxfdwlrq �wv lq wklv vshfwuxp= vkrxog lwv uhwxuqv
eh khdylo| glvfrxqwhg olnh htxlw|/ ru duh lwv ulvn surshuwlhv pruh olnh erqgv/ lqvxudqfh/
ru jrogB

Zh xvh wzr vlpsoh prghov ri ulvn| kxpdq fdslwdo lqyhvwphqw wr dgguhvv wkhvh
txhvwlrqv1 Zh kljkoljkw wkh xqltxh ihdwxuhv ri hgxfdwlrqdo lqyhvwphqw dqg oderu

�WKLV LV SUHOLPLQDU\ ZRUN1 Frpphqwv duh zhofrphg1 Wkh dxwkru wkdqnv Jdu| Ehfnhu/

Mdphv Khfnpdq/ Hgglh Od}hdu/ Fdvh| Pxooljdq/ dqg sduwlflsdqwv ri wkh Dsulo/ 5333/ QEHU Sxeolf

Hfrqrplfv phhwlqj iru wkhlu frpphqwv1
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pdunhwv1 Lw kdv ehhq orqj uhfrjql}hg wkdw d sruwirolr dssurdfk wr hgxfdwlrq lv lpsru0
wdqw1 Hduo| glvfxvvlrqv ri hgxfdwlrqdo lqyhvwphqwv frpsduhg wkh uhwxuq wr hgxfdwlrq
wr vdih dvvhwv dqg dujxhg wkdw wkhuh zdv xqghulqyhvwphqw lq hgxfdwlrq ehfdxvh hgxfd0
wlrq kdg d pxfk kljkhu uhwxuq wkdq erqgv> vhh Jolfn dqg Ploohu +4<89,/ dqg Prujdq
dqg Gdylg +4<96,1 Wklv dssurdfk zdv fulwlfl}hg lq Ehfnhu+4<:9,/ zkr dvvhuwhg wkdw

�dq lqyhvwphqw lq froohjh hgxfdwlrq lv vxemhfw wr frqvlghudeoh ulvn/ dqg
lv reylrxvo| h{wuhpho| looltxlg1 Frqvhtxhqwo|/ wkh jdlq iurp hgxfdwlrq
vkrxog eh frpsduhg zlwk wkdw rq lqyhvwphqwv zlwk htxdoo| odujh ulvn dqg
looltxlglw|1�

Ehfnhu wkhq h{dplqhv wkh vrfldo uhwxuq wr froohjh hgxfdwlrq/ dujxhv wkdw lw udqjhv4

ehwzhhq �; dqg 44 shu fhqw/� qrwhv wkdw exvlqhvv lqyhvwphqw kdv d uhwxuq ri �ehwzhhq
; dqg 45 shufhqw�/ dqg frqfoxghv wkdw wkh �udwhv ri uhwxuq rq exvlqhvv fdslwdo dqg
froohjh hgxfdwlrq vhhp/ wkhuhiruh/ wr idoo zlwklq wkh vdph udqjh1� Ghvslwh wkh odujh
erg| ri zrun grqh vlqfh/ Ehfnhu*v dvvhuwlrqv duh vwloo jrrg urxjk hvwlpdwhv ri wkh
udwhv ri uhwxuq rq sk|vlfdo dqg kxpdq fdslwdo5> vhh Svdfkdudsrxorv +4<<7, iru dq
lqwhuqdwlrqdo uhylhz ri wkh hylghqfh1 Zh pdnh qr frqwulexwlrq wr wkhvh hpslulfdo
lvvxhv1 Lqvwhdg zh ghyhors wkhruhwlfdo prghov zklfk whoo xv krz wr frpsduh kxpdq
fdslwdo zlwk rwkhu lqyhvwphqwv1

Ehfnhu*v txhvwlrq lv dq lpsruwdqw rqh wr zklfk zh dsso| prghuq sruwirolr lghdv1
Wkhuh duh dfwxdoo| wzr xqghulqyhvwphqw txhvwlrqv1 Wkh �uvw lvvxh lv zkhwkhu lqgl0
ylgxdov duh pdnlqj h!flhqw ghflvlrqv jlyhq wkh ulvnv dqg uhwxuqv wkh| idfh> fdoo wklv
wkh sulydwh xqghulqyhvwphqw txhvwlrq1 Wkh vhfrqg lvvxh lv zkhwkhu wkhuh duh vrph
vrfldo srolflhv wkdw fdq lpsuryh rq wkh frpshwlwlyh htxloleulxp> fdoo wklv wkh vrfldo

xqghulqyhvwphqw txhvwlrq1 Wkh wzr lvvxhv duh glvwlqfw1 Lw pd| eh wkdw lqglylgxdov
duh udwlrqdo lq olplwlqj wkhlu hgxfdwlrqdo lqyhvwphqwv ehfdxvh ri shuvrqdo ulvnv/ exw
wkdw wkhuh duh vrfldo srolflhv wkdw frxog dpholrudwh wkhvh ulvnv dqg surgxfh d vxshulru
doorfdwlrq1 Zh vkdoo h{dplqh erwk xqghulqyhvwphqw lvvxhv dv zh suhvhqw wzr prghov
ri ulvn| kxpdq fdslwdo lqyhvwphqw1

4Rxu frqfhsw ri vrfldo uhwxuq lv wkh ehiruh0wd{ uhwxuq rq doo lqsxwv wr lqyhvwphqw1 Lq wkh fdvh ri

hgxfdwlrq/ lw lqfoxghv doo h{shqglwxuhv rq hgxfdwlrq1
5Wkhuh duh uhdvrqv wr eholhyh wkdw wklv lv d orz udqjh ri hvwlpdwhv iru wkh uhwxuq wr hgxfdwlrq1 Iru

h{dpsoh/ wkhvh hvwlpdwhv w|slfdoo| ljqruh lq0nlqg frpshqvdwlrq vxfk dv khdowk dqg ghqwdo lqvxudqfh/

iuhh sdunlqj/ dqg rwkhu hpsor|hh ehqh�wv1 D uhdvrqdeoh frqmhfwxuh lv wkdw hgxfdwlrq lqfuhdvhv

wkh fkdqfhv ri zrunlqj iru d �up r�hulqj jrrg ehqh�wv1 Rwkhu vrxufhv ri eldv duh qrqshfxqldu|

dvshfwv ri d mre1 Iru h{dpsoh/ hgxfdwlrq lqfuhdvhv wkh fkdqfh wkdw rqh vshqgv vxpphu zrungd|v

lq dq dlu0frqglwlrqhg hqylurqphqw dqg zlqwhu zrungd|v lq d khdwhg hqylurqphqw1 Froohjh0hgxfdwhg

zrunhuv jhqhudoo| kdyh pruh  h{lelolw| lq krz wkh| shuirup wkhlu zrun1 Dq| vhulrxv glvfxvvlrq

ri wkh xqghulqyhvwphqw lvvxh vkrxog lqfoxgh wkhvh ehqh�wv1 Vlqfh rxu dqdo|vlv dsshduv wr �qg

xqghulqyhvwphqw/ lqfoxglqj wkhvh hohphqwv zrxog rqo| vwuhqjwkhq rxu frqfoxvlrqv1
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FDSP dqdo|vlv whdfkhv xv wkdw dq dvvhw*v ydoxh ghshqgv rq lwv h{shfwhg uhwxuq
dqg wkh fryduldqfh ri lwv uhwxuq zlwk vrph djjuhjdwh froohfwlrq ri doo dvvhwv1 Wkh
txhvwlrq zh dvn lq wklv sdshu lv zkhuh grhv kxpdq fdslwdo �w lq wkh xqlyhuvh ri
dvvhwv1 Zh fdqqrw dsso| wkh vlpsohvw dujxphqwv iurp �qdqfh vlqfh kxpdq fdslwdo
lqyhvwphqw lv qrw olnh sruwirolr lqyhvwphqw1 Wkh ulvnv duh riwhq lqglylgxdolvwlf dqg
kxpdq fdslwdo lv dq looltxlg dvvhw1 Zh ghyhors d kxpdq fdslwdo dvvhw sulflqj prgho
+KFDSP, wkdw lqfrusrudwhv wzr fulwlfdo idfwruv1 Iluvw/ wkh wrwdo ulvnlqhvv ri kxpdq
fdslwdo lqyhvwphqw lv qrw sursruwlrqdo wr wkh vl}h ri wkh lqyhvwphqw/ dqg dq lqglylgxdo
fdqqrw glyhuvli| klv kxpdq fdslwdo lqyhvwphqwv1 Iru h{dpsoh/ rqh fdqqrw sduwo| lqyhvw
lq d kljk vfkrro hgxfdwlrq dqg sduwo| lq d froohjh hgxfdwlrq1 Zh jhqhudol}h wkh edvlf
sruwirolr lqyhvwphqw prgho dqg vkrz wkdw wkh fruuhfw sulflqj ri ulvn iru kxpdq fdslwdo
lqyhvwphqw lq wkh KFDSP dxjphqwv wkh idploldu FDSP dqdo|vlv zlwk dq h{wud whup
uhsuhvhqwlqj wkh pdujlqdo lpsdfw ri hgxfdwlrq rq wkh fryduldqfh ri uhwxuqv zlwk wkh
pdunhw1 Wkhvh dvshfwv ri kxpdq fdslwdo uhwxuqv fdqqrw h{sodlq pxfk ri wkh uhwxuq
wr hgxfdwlrqdo lqyhvwphqwv vlqfh oderu lqfrph lv qrw vwurqjo| wlhg wr dvvhw pdunhw
uhwxuqv/ dqg hgxfdwlrq whqgv wr uhgxfh dq lqglylgxdo*v h{srvxuh wr djjuhjdwh ulvn1
Iru h{dpsoh/ wkh dqdo|vlv lq Gdylv dqg Zloohq +4<<<, lqglfdwhv wkdw wkhuh lv olwwoh
v|vwhpdwlf ulvn lq oderu lqfrph iru doo ohyhov ri hgxfdwlrqdo lqyhvwphqw1 Uxelqvwhlq
dqg Wvlggrq +5333, vkrz wkdw vrph froohjh judgxdwhv dfwxdoo| h{shulhqfh devroxwh
zdjh jdlqv gxulqj uhfhvvlrqv1 Wkh kljk uhwxuq wr kxpdq fdslwdo fdqqrw eh h{sodlqhg
lq whupv ri fryduldqfh/ ru pdujlqdo fryduldqfh/ zlwk djjuhjdwh hfrqrplf shuirupdqfh1

Wkh vhfrqg idfw lqfrusrudwhg lq rxu dqdo|vlv lv wkdw kxpdq fdslwdo lqyhvwphqwv
riwhq eulqj lglrv|qfudwlf/ xqglyhuvl�deoh ulvn1 Ehiruh zh fdq ydoxh wkh ulvnlqhvv ri
hgxfdwlrq/ zh qhhg wr xqghuvwdqg zk| vrph oderu lqfrph ulvn lv qrw glyhuvl�deoh1
Zh h{dplqh wzr dssurdfkhv1 Zh �uvw wdnh wkh frqyhqwlrqdo/ exw dg krf/ dssurdfk
ri dvvxplqj wkh suhvhqfh ri lglrv|qfudwlf/ xqglyhuvl�deoh ulvn lq oderu lqfrph1 Wklv
dssurdfk wr oderu lqfrph ulvn zdv wdnhq lq Hdwrq dqg Urvhq +4<;3, dqg Kdplowrq
+4<;:,1 Wkh| vkrzhg wkdw dq rswlpdo srolf| xvhv wd{hv dqg oxps0vxp wudqvihuv wr
fuhdwh lqvxudqfh1 Wkh lpsolfdwlrqv duh fohdu= dq lqglylgxdo zrxog wuhdw kxpdq fdslwdo
ulvn dv frvwo|/ exw wkh vrfldo sulfh lv }hur dqg vrfldo srolflhv vxfk dv lqfrph wd{dwlrq
fdq eh xvhg wr surgxfh Sduhwr lpsuryhphqwv1 Wklv prgho fdq eh xvhg wr h{sodlq
zk| lqglylgxdov gr qrw lqyhvw pruh lq kxpdq fdslwdo/ lqglfdwlqj wkdw wkhuh lv qr
sulydwh xqghulqyhvwphqw1 Krzhyhu/ lw lpsolhv wkdw wkhuh lv vrfldo xqghulqyhvwphqw
vlqfh wkhuh duh vlpsoh Sduhwr0lpsurylqj srolflhv wkdw zloo eulqj wkh phdq uhwxuq rq
kxpdq fdslwdo forvhu wr wkh phdq uhwxuq rq vdih dvvhwv1 Lq wklv sdshu/ zh uhh{dplqh
wkhvh lvvxhv lq d prgho zkhuh wkhuh duh ulvn| �qdqfldo dvvhwv dv zhoo dv ulvn| kxpdq
fdslwdo1 Zh suhvhqw qxphulfdo h{dpsohv wr vkrz wkdw wkh lpsolfdwlrqv iru wd{ srolf|
duh txdqwlwdwlyho| vljql�fdqw1

Vrph ri wkhvh lghdv kdyh ehhq h{dplqhg lq hduolhu vwxglhv/ exw qrqh frpelqh
doo wkh hvvhqwldo ihdwxuhv1 Ohykdul dqg Zhlvv +4<:7, vwxg| d prgho zlwk ulvn| dqg
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looltxlg kxpdq fdslwdo exw zlwk rqo| d vdih �qdqfldo dvvhw1 Wkh| vkrz wkdw looltxlglw|
lpsolhv wkh fulwlfdo glvwlqfwlrq ehwzhhq pdujlqdo dqg dyhudjh ulvnlqhvv1 Zlooldpv
+4<:;, h{dplqhv d phdq0yduldqfh prgho zlwk lqyhvwphqw lq kxpdq fdslwdo dqg ulvn|
�qdqfldo dvvhwv1 Iru uhdvrqv ri wudfwdelolw|/ Zlooldpv pdgh olqhdulw| dvvxpswlrqv
wkdw pdnh kxpdq fdslwdo orrn mxvw olnh �qdqfldo dvvhwv1 Erwk Ohykdul dqg Zhlvv/
dqg Zlooldpv lqfoxgh xqglyhuvl�deoh ulvn lq kxpdq fdslwdo lqyhvwphqwv/ exw qhlwkhu
prghov wkh uhdvrq iru xqglyhuvl�deoh ulvn qru lqwhudfwlrqv zlwk oderu vxsso|1 Erglh
hw do1 +4<<5, h{dplqhv krz hodvwlf oderu vxsso| d�hfwv ghpdqg iru �qdqfldo dvvhwv/
exw ljqruhv kxpdq fdslwdo lqyhvwphqw1 Rxu prgho lqfrusrudwhv wkh qrqolqhdulwlhv
dqg looltxlglw| ri Ohykdul dqg Zhlvv/ wkh ulvn| �qdqfldo dvvhwv ri Zlooldpv/ dqg wkh
hqgrjhqrxv oderu vxsso| ri Erglh hw do1

Vrph zloo dujxh wkdw wkh zhoiduh hfrqrplfv ri wkh dg krf prgho duh uljjhg/ dqg
wkdw zh vkrxog h{solflwo| prgho zk| wkh lqglylgxdo ulvn lv xqglyhuvl�deoh1 Wklv sdshu
h{dplqhv d vhfrqg prgho zkhuh prudo kd}dug hqgrjhqrxvo| jhqhudwhv lglrv|qfudwlf
ulvn lq oderu lqfrph dv dq rxwfrph ri dq rswlpdo frqwudfw1 Vlqfh wkh lglrv|qfudwlf
ulvn dulvhv iru lqfhqwlyh frpsdwlelolw| uhdvrqv/ wkh doorfdwlrq fdqqrw eh lpsuryhg e|
vlpsoh wd{ dqg vxevlg| srolflhv zklfk idfh wkh vdph lqfhqwlyh frqvwudlqwv1 Wkh uhvxow
lv wkdw frpshwlwlyh htxloleulxp lv h!flhqw1 Krzhyhu/ wkh Ehfnhuldq ylhz ri qr xq0
ghulqyhvwphqw fdqqrw wdnh frpiruw lq wkh prudo kd}dug prgho1 Wklv prgho lpsolhv
wkdw lqglylgxdov zloo lqyhvw lq kxpdq fdslwdo xs wr wkh srlqw zkhuh lwv h{shfwhg uhwxuq
htxdov wkh h{shfwhg uhwxuq ri dvvhwv zlwk vlplodu v|vwhpdwlf ulvn dorqh1 Wkhuhiruh/ wkh
suhvhqfh ri xqglyhuvl�deoh ulvn dggv qrwklqj wr wkh htxloleulxp ulvn suhplxp1 Wkh
uhvxow dulvhv iru d vlpsoh uhdvrq= wkh ulvn qhfhvvdu| wr lpsrvh lqfhqwlyh frpsdwlelolw|
lv h�hfwlyho| d �{hg frvw dqg vr kdv qr h�hfw rq wkh pdujlqdo ulvn ri kxpdq fdslwdo
lqyhvwphqw1 Wkhuhiruh/ vlqfh wkhuh lv olwwoh v|vwhpdwlf ulvn lq kxpdq fdslwdo lqyhvw0
phqwv/ wkh phdq uhwxuq rq kxpdq fdslwdo lqyhvwphqwv vkrxog eh forvhu wr wkh vdih
udwh ri uhwxuq wkdq wr wkh phdq uhwxuq rq htxlw|/ d suhglfwlrq zklfk lv frqwudglfwhg
e| wkh gdwd1

Rxu wzr prghov ri lglrv|qfudwlf/ xqglyhuvl�deoh ulvn lqglfdwh wkdw wkh h!flhqw
lqyhvwphqw ylhz lv gl!fxow wr vxssruw1 Rqh fdq hlwkhu fkrrvh d prgho wkdw fdq udwlr0
qdol}h wkh kljk revhuyhg uhwxuqv wr hgxfdwlrqdo lqyhvwphqw exw lpsolhv wkh ghvludelolw|
ri vljql�fdqw wd{ srolf| lqwhuyhqwlrq/ ru d prgho lq zklfk hgxfdwlrqdo lqyhvwphqw lv
h!flhqw lq htxloleulxp exw fdqqrw h{sodlq wkh vljql�fdqw suhplxp lq wkh uhwxuq ri
kxpdq fdslwdo ryhu dvvhwv ri vlplodu v|vwhpdwlf ulvn1

Wkhvh revhuydwlrqv lqglfdwh wkdw wkh ulvnlqhvv ri kxpdq fdslwdo grhv qrw mxvwli|
lwv odujh h{shfwhg uhwxuq1 Wklv lpsolhv wkdw wkhuh lv d �kxpdq fdslwdo ulvn suhplxp
sx}}oh1� Wklv lv d sx}}oh eh|rqg wkh qrupdo htxlw| suhplxp sx}}oh1 Wkh htxlw| suh0
plxp sx}}oh vd|v wkdw lw lv kdug wr h{sodlq wkh devroxwh ohyho ri wkh htxlw| suhplxp1
Wkh sx}}oh khuh lv wkdw wkh suhplxp rq kxpdq fdslwdo uhwxuqv vhhpv qrw rqo| odujh
lq devroxwh whupv exw dovr odujh uhodwlyh wr wkh htxlw| suhplxp1
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Vhfwlrq 5 od|v rxw d edvlf prgho ri kxpdq fdslwdo lqyhvwphqw dqg xvhv lw wr vroyh
d vlpsoh rswlpdo wd{ sureohp1 Zh h{whqg suhylrxv prghov e| dgglqj rwkhu ulvn|
dvvhwv/ dqg xvh vrph qxphulfdo h{dpsohv wr h{dplqh wkh txdqwlwdwlyh lpsruwdqfh
ri wkh rswlpdo Sduhwr0lpsurylqj wd{dwlrq1 Vhfwlrq 6 ghyhorsv d prgho zkhuh prudo
kd}dug lq dq rswlpdo oderu frqwudfw surgxfhv vrph lglrv|qfudwlf ulvn/ vkrzlqj wkdw
wkhuh lv qr uhdvrq iru vxevlgl}lqj hgxfdwlrq lq wkdw prgho exw wkdw wkh htxloleulxp
ulvn suhplxp iru lglrv|qfudwlf ulvn lv vpdoo/ srvvleo| qhjdwlyh1 Vhfwlrq 7 glvfxvvhv
dowhuqdwlyh lqwhusuhwdwlrqv ri wkh uhvxowv/ dujxlqj wkdw wkhuh duh qr hdv| dqvzhuv1
Vhfwlrq 8 frqfoxghv1

51 Kxpdq Fdslwdo Lqyhvwphqw dqg H{rjhqrxv Ulvnlqhvv

Zh �uvw frqvlghu d vlpsoh jhqhudol}dwlrq ri wkh FDSP prgho wkdw lqfrusrudwhv ihd0
wxuhv ri lglrv|qfudwlf ulvn dqg looltxlglw| xqltxh wr kxpdq fdslwdo lqyhvwphqwv1 Wklv
vhfwlrq frqvlghuv wkh fdvh zkhuh wkh kxpdq fdslwdo ulvnv duh �{hg h{rjhqrxvo|1

5141 Sxuho| Lglrv|qfudwlf Ulvn1 Zh �uvw suhvhqw wkh Ohykdul0Zhlvv prgho/
zkhuh wkh rqo| �qdqfldo dvvhw lv d vdih erqg exw kxpdq fdslwdo lqyhvwphqw lv looltxlg
dqg kdv qrqolqhdu uhwxuqv1 Lq sduwlfxodu/ zh gr qrw doorz dq lqglylgxdo wr wudgh dzd|
klv kxpdq fdslwdo ulvn ru wr lqyhvw lq rwkhu lqglylgxdov* kxpdq fdslwdo1

Zh h{dplqh d wzr0shulrg prgho1 Lqyhvwphqw ghflvlrqv duh pdgh lq wkh �uvw shulrg
dqg doo frqvxpswlrq rffxuv lq wkh vhfrqg shulrg1 Zh dvvxph wkdw kxpdq fdslwdo lq0
yhvwphqw/ �/ surgxfhv dq lqfrph ri sE��nPE��t / zkhuh . it j ' f1 Wklv h{suhvvlrq
hvvhqwldoo| vhsdudwhv wkh uhwxuq lqwr wkh phdq frpsrqhqw/ sE��/ dqg lwv ulvn| frpsr0
qhqw/ PE��t 1 Zh zloo dvvxph wkdw wrwdo xwlolw| htxdov �ES�nT E�� zkhuh �ES� lv xwlolw|
ryhu frqvxpswlrq dqg T E�� lv wkh xwlolw| iurp �1 Zh dvvxph wkdw �ES� lv lqfuhdvlqj
dqg frqfdyh/ exw zh dvvxph wkdw T lv hlwkhu lqfuhdvlqj ru ghfuhdvlqj lq �> wklv doorzv
T wr uhsuhvhqw erwk qrqshfxqldu| frvwv ri hgxfdwlrq dv zhoo dv qrqshfxqldu| ehqh�wv1

Wkh lqglylgxdo*v sureohp ehfrphv

4@ . i� EsE�� n PE��t n r-�jn T E��
rc �

t�|� rn � ' `
+4,

zkhuh ` lv wkh lqlwldo hqgrzphqw ri zhdowk dqg r lv vdylqjv lq �qdqfldo dvvhwv wkdw
kdyh d vdih uhwxuq -1 Wkh uhvxow lv d sxuh sruwirolr sureohp vlqfh doo lqfrph lv
frqvxphg lq wkh vhfrqg shulrg1 Wkh �uvw0rughu frqglwlrq fdq eh zulwwhq dv

s �E���-n
T �E��

. i�� ES�j
' P�E��

��J�E�� ES� c t �

. i�� ES�j
� P�E��q +5,

zkhuh q lv wkh �sulfh ri ulvn� dqg P�E�� lv wkh pdujlqdo ulvn ri lqyhvwphqw lq �1 Wkh
sulfh ri ulvn q frqwdlqv wkh fulwlfdo fryduldqfh ri uhwxuqv zlwk wkh pdujlqdo xwlolw| ri
frqvxpswlrq1 Lqyhvwphqw lq � zloo frqwlqxh xqwlo +5, krogv1
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Wr xqghuvwdqg +5,/ zh frqvlghu vrph vlpsoh h{dpsohv1 Li sE�� ' >�/ dqg T E�� '
f/ dqg PE�� ' j� wkhq

>�- ' jq +6,

zklfk lv wkh frqyhqwlrqdo frqvxpswlrq ehwd uhodwlrq iurp �qdqfh h{suhvvlqj wkh h{0
fhvv uhwxuq/ >�-/ lq whupv ri wkh sulfh ri ulvn1 Wklv fdvh zkhuh erwk wkh phdq uhwxuq
dqg wkh ulvn lv sursruwlrqdo wr wkh lqyhvwphqw h{shqglwxuh � lv wkh fdvh ri qrupdo
sruwirolr lqyhvwphqw1 Krzhyhu/ vxfk sursruwlrqdolw| lv qrw h{shfwhg ri kxpdq fdslwdo
lqyhvwphqw1 Iluvw ri doo/ wkhuh lv qr uhdvrq wr vxvshfw d olqhdu uhodwlrq ehwzhhq sE��
dqg � lq wkh fdvh ri hgxfdwlrq1 Wklv ohdgv wr rqo| plqru dgmxvwphqwv lq rxu dqdo|vlv/
uhsodflqj > zlwk s �E��1

Vhfrqg/ dqg pruh lpsruwdqw iru rxu sxusrvhv/ wkhuh lv qr uhdvrq wr vxvshfw wkdw
PE�� lv sursruwlrqdo wr �1 Vxssrvh PE�� ' �jE��/ zkhuh jE�� lv wkh dyhudjh yduldqfh
shu xqlw ri kxpdq fdslwdo lqyhvwphqw1 Lq wkh �qdqfldo dvvhw fdvh/ jE�� lv frqvwdqw dqg
+6, krogv1 Wkh dyhudjh yduldqfh jE�� zloo suredeo| qrw eh frqvwdqw vlqfh hdfk ohyho ri
� fruuhvsrqgv wr d gl�huhqw dvvhw/ qrw mxvw pruh ri d �{hg dvvhw1 Iru h{dpsoh/ d froohjh
hgxfdwlrq ri 49 |hduv lv qrw wkh vdph dv wzr judgh vfkrro hgxfdwlrqv1 Gl�huhqw ohyhov
ri hgxfdwlrq duh olnho| wr eh ixqgdphqwdoo| gl�huhqw lq whupv ri wkh uhwxuq vwuxfwxuh
vlqfh wkh| duh uhodwhg wr gl�huhqw vnloov dqg gl�huhqw surgxfw pdunhwv1 Krzhyhu/
dq lqglylgxdo fdqqrw glyhuvli| dfurvv gl�huhqw ohyhov ri �1 Wklv surgxfhv d nlqg ri
looltxlglw| dqg odfn ri glyhuvl�fdwlrq1

Wkhuhiruh/ zh pxvw frqvlghu d pruh jhqhudo irupv iruPE��1 Vxssrvh PE�� ' �jE��
dqg T E�� ' f> wkhq htxdwlrq +5, uhgxfhv wr

s �E���- ' jE��q n �j�E��q +7,

Wklv h{suhvvlrq vkrzv wkdw qrqglyhuvl�delolw| ri kxpdq fdslwdo dggv d qhz whup/
�j�E��1 Wkh ulvn suhplxp whup lq wkh KFDSP h{suhvvlrq/ htxdwlrq +7,/ kdv wzr
slhfhv= wkh jE�� whup wkdw lv wkh frqyhqwlrqdo FDSP whup/ soxv wkh qhz whup �j�E��
zklfk uh hfwv wkh pdujlqdo fkdqjh lq shu xqlw yduldqfh1 Qrw rqo| lv kxpdq fdslwdo
ulvn| rq dyhudjh/ jE��/ exw wkhuh lv pdujlqdo dyhudjh ulvnlqhvv zklfk dulvhv khuh exw
lv devhqw lq +6,1 Wkh lqwxlwlrq lv wkdw dq dgglwlrqdo groodu lqyhvwhg lq kxpdq fdslwdo
surgxfhv vrph qhz ulvnv/ exw lw pd| uhgxfh wkh ulvnlqhvv ri wkh vxqn lqyhvwphqw1

Dqrwkhu lqvwuxfwlyh h{dpsoh lv PE�� ' sE��jE�� dqg T E�� ' f1 Lq wklv fdvh/
htxdwlrq +5, uhgxfhv wr

s �E��� - ' jE��s �E��q n sE��j�E��q

Lq wklv fdvh jE�� lv wkh udwlr ri yduldqfh wr phdq lqfrph1 Li j� lv qhjdwlyh/ wkh h{wud
pdujlqdo ulvn whup uhgxfhv wkh frvw ri ulvn1

Rxu kxpdq fdslwdo lqyhvwphqw uhwxuq ixqfwlrq sE�� n PE��t lv qrw jhqhudo1 Lw
dvvxphv wkdw t grhv qrw ghshqg rq �/ dqg wkdw kxpdq fdslwdo lqyhvwphqw d�hfwv
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rqo| wkh phdq dqg yduldqfh ri wkh uhwxuqv1 Lw pd| eh wkdw kxpdq fdslwdo lqyhvwphqw
dovr d�hfwv rwkhu prphqwv ri wkh uhwxuq/ vxfk dv vnhzqhvv ru nxuwrvlv1 Vxssrvh/ iru
h{dpsoh/ wkdw hgxfdwlrq glg qrw d�hfw phdq ru yduldqfh exw vkliwhg wkh uhwxuqv vr
wkdw �grzqvlgh� ulvn zdv uhgxfhg exw wkdw wkh xsshu wdlo ehfrph orqjhu1 Xqghu vrph
xwlolw| ixqfwlrqv/ wklv zrxog eh ghvludeoh hyhq wkrxjk lw glg qrw d�hfw frqyhqwlrqdo
qrwlrqv ri ulvnlqhvv1 Wr prgho wklv/ dvvxph wkdw wkh uhwxuq wr hgxfdwlrq htxdov
sE��nsE�� zkhuh sE�� lv d idplo| ri }hur phdq udqgrp yduldeohv1 Wkhq +5, ehfrphv

s �E��� -n
T �E��

. i�� ES�j
'

�. i�� ES� s�E��j

. i�� ES�j

zkhuh wkh ulvn suhplxp qrz ehfrphv wkh fryduldqfh ehwzhhq wkh pdujlqdo xwlolw| ri
lqfrph dqg wkh pdujlqdo udqgrp yduldeoh s�E���1 Zh zloo qrw ghyhors wklv jhqhudol}d0
wlrq dq| ixuwkhu vlqfh wkh vlpsohu irupxodwlrq lv d ehwwhu yhklfoh iru h{srvlwlqj wkh
edvlf srlqwv1 Krzhyhu/ dq| txdqwlwdwlyho| vhulrxv dqdo|vlv ri wkhvh lvvxhv zloo qhhg wr
frqvlghu prphqwv rwkhu wkdq phdq dqg yduldqfh1

Zh zloo ljqruh wkh qrqshfxqldu| uhwxuqv whup T E�� diwhu wklv srlqw1 Zh kdyh qr
gluhfw phdvxuh ri qrqshfxqldu| ehqh�wv dqg frvwv dqg wkh h{whqvlrqv wr qrq}hur T E��
ixqfwlrqv duh reylrxv1 Zh zloo iroorz wkh xvxdo sudfwlfh dqg irfxv rq wkh shfxqldu|
dvshfwv ri hgxfdwlrqdo lqyhvwphqwv1

5151 V|vwhpdwlf dqg Lglrv|qfudwlf Ulvn1 Zh qrz h{whqg wklv wr wkh fdvh
zkhuh dq lqglylgxdo fdq lqyhvw lq vwrfnv/ dqg kxpdq fdslwdo frqwdlqv erwk lglrv|q0
fudwlf dqg v|vwhpdwlf ulvn1 Zh dvvxph wkdw zdjh lqfrph lv sE��nPE��t n[E��E~�>�
zkhuh ~ lv wkh uhwxuq rq ulvn| �qdqfldo lqyhvwphqwv dqg > ' . i~j1 ~ lv wkh v|v0
whpdwlf vrxufh ri ulvn dqg t lv lglrv|qfudwlf1 Wkh sruwirolr sureohp lv

4@ . i� EsE�� n PE��t n[E��E~ � >� n r-n e~�j
rc �c e

t�|� rn �n e ' `
+8,

zkhuh r lv erqg sxufkdvhv/ � lv kxpdq fdslwdo lqyhvwphqw/ dqg e lv lqyhvwphqw lq
ulvn| htxlw|1 Li zh �{ r ' ` � e� �/ wkh �uvw0rughu frqglwlrq iru � lv

f ' . i�� ES� Es �E��� -nP�E��t n[�E��E~ � >��j +9,

dqg wkh �uvw0rughu frqglwlrq iru e lv

f ' . i�� ES� E~ �-�j +:,

Wkh �uvw0rughu frqglwlrqv wrjhwkhu lpso|

s �E��� - ' [�E��
��J� E�� ES� c ~�

. i�� ES�j
nP�E��

��J� E�� ES� c t �

. i�� ES�j

>� - ' �
�J� E�� ES� c ~�

. i�� ES�j
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Wr jhw d fohduhu slfwxuh/ frqvlghu wkh vshfldo fdvh PE�� ' �jt E�� dqg [E�� '
�j~E��1 Wkhq wkh �uvw0rughu frqglwlrqv lpso| wkdw wkh ulvn suhplxp iru kxpdq
fdslwdo htxdov

s �E��� - ' Ej~E�� n �j�

~
E��� E>�-� +;,

nEjt E�� n �j�

t
E���

��J� E�� ES� c t �

. i�� ES�j

Htxdwlrq +;, ghfrpsrvhv wkh uhtxluhg uhwxuq lqwr wzr edvlf ulvn idfwruv/ rqh iru hdfk
vrxufh ri ulvn1 Wkh �uvw whup lv wkh frqyhqwlrqdo whup dvvrfldwhg zlwk wkh v|vwhpdwlf
ulvn frpsrqhqw dqg wkh vhfrqg frpsrqhqw uhsuhvhqwv wkh frvw ri wkh lglrv|qfudwlf
ulvn1 Hdfk ri wkhvh whupv duh ixuwkhu glylghg lqwr dq dyhudjh j frpsrqhqw dqg d
pdujlqdo j whup1

5161 H{ Srvw Hodvwlf Oderu Vxsso|1 Zh qh{w doorz dq h{ srvw hodvwlf oderu
vxsso|1 Zh zdqw rxu vlpsoh prgho wr dssur{lpdwh g|qdplf prghov ri oderu vxsso|
dqg lqyhvwphqw fkrlfh1 Wkhuhiruh/ zh dvvxph wkdw lqglylgxdov nqrz wkhlu zdjhv dqg
dvvhw uhwxuqv ehiruh wkh| pdnh wkhlu oderu vxsso| ghflvlrqv1 Wklv pd| qrw eh wuxh
zlwklq d vkruw shulrg ri wlph/ exw ryhu wlph oderu vxsso| fhuwdlqo| fdq uhvsrqg wr
fkdqjhv lq zdjhv dqg wr wkh shuirupdqfh ri wkh zrunhu*v lqyhvwphqwv1 Zh dovr zdqw
wkh oderu vxsso| wr dssur{lpdwh uhwluhphqw ghflvlrqv1 Hyhq wkrxjk krxuv pd| qrw
ydu| pxfk iru d shuvrq zkloh kh zrunv/ uhwluhphqw ghflvlrqv pd| eh d�hfwhg e| zdjh
hduqlqjv dqg sruwirolr shuirupdqfh1 Wkhuhiruh/ zh dvvxph oderu vxsso| ghflvlrqv
duh pdgh diwhu zdjhv dqg sruwirolr xqfhuwdlqw| lv uhvroyhg dqg wkh hodvwlflw| ri oderu
vxsso| lqfoxghv erwk fkdqjhv lq krxuv dqg qxpehu ri zrunlqj |hduv1

Zh looxvwudwh wkh �uvw0rughu frqglwlrqv iru wkh fdvh zlwk qr v|vwhpdwlf ulvn/ exw
wkh jhqhudol}dwlrq lv vwudljkwiruzdug +doehlw phvv|, zkhq wkhuh lv v|vwhpdwlf ulvn1
Wkh djhqw*v sureohp ehfrphv

4@ . i� EEsE�� n PE��t �ut n r-cut �j
rc �c ut

t�|� rn � ' `

zkhuh r lv vdylqjv/ � lv kxpdq fdslwdo lqyhvwphqw/ dqg ut lv wkh h{ srvw oderu vxsso|
lq vwdwh t / fkrvhq diwhu zdjhv/ sE�� n PE��t / duh nqrzq1 Wkh �uvw0rughu frqglwlrq
iru � +zlwk r ' ` � �� lv

f ' . i�S ESc ut � EEs
�E�� n P�E��t �ut �-�j

zklfk lpsolhv wkh ulvn suhplxp h{suhvvlrq

. iEs �E�� n P�E��t �ut j � - ' �P�E��
�J� E�Sc Es

�E�� n P�E��t �ut �

. i�S ESc ut �j
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Wklv suhplxp h{suhvvlrq uhodwhv wkh h{fhvv ri pdujlqdo hduqlqjv ryhu wkh vdih uhwxuq/
. iEs �E�� n P�E��t �uj�- / wr wkh pdujlqdo ulvn/ P�E��/ dqg wkh fryduldqfh ehwzhhq
pdujlqdo xwlolw| dqg pdujlqdo hduqlqjv1

5171 Rswlpdo Wd{ Srolf| H{dpsohv1 Zh qh{w lqyhvwljdwh rswlpdo wd{ srolf|
lq wklv prgho1 Zh zloo doorz wkuhh wd{ lqvwuxphqwv= d wd{ rq oderu lqfrph/ � +zlwk
ixoo h{shqvlqj ri kxpdq fdslwdo lqyhvwphqwv,/ d oxps0vxp wudqvihu +ru wd{,/ A / dqg d
vxevlg|/ �/ rq kxpdq fdslwdo lqyhvwphqw1 Rxu remhfwlyh lv wr h{dplqh wkh h!flhqf|
ri htxloleulxp doorfdwlrqv dqg wkh pdjqlwxgh ri dq| h!flhqf|0hqkdqflqj wd{ lqwhu0
yhqwlrq1 Li ghflvlrqv duh h!flhqw/ wkhq qr vxevlg| lv ghvluhg/ dqg dq| uhyhqxh qhhghg
iru jryhuqphqw h{shqglwxuhv duh udlvhg zlwk d oxps0vxp wd{1

Zh dvvxph hdfk djhqw kdv d xwlolw| ixqfwlrq

�ESc �� '
S�3�

�� �
� �

��n�*#

� n �*#

zkhuh � lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq dqg # lv wkh hodvwlflw| ri oderu
vxsso|1 Wklv lv d vlpsoh wzr0shulrg prgho/ exw zh zdqw wr xvh lw wr dssur{lpdwh
ulfkhu g|qdplf olih0f|foh sureohpv1 Wkhuhiruh/ # uhsuhvhqwv erwk wkh vhqvlwlylw| ri
oderu vxsso| gxulqj zrunlqj |hduv dv zhoo dv wkh vhqvlwlylw| ri uhwluhphqw wr zdjhv
dqg zhdowk1 Wkhuhiruh/ zh zloo h{dplqh qrqwulyldo ydoxhv iru #1 Zh dvvxph

sE�� '
�k

k
E� n t �

Zh fkrrvh � vr wkdw � ' � ' � li wkhuh zhuh qr zdjh xqfhuwdlqw|/ l1h1/ t ' f1 Zh
dvvxph wkdw t wdnhv rq wzr ydoxhv= jt dqg �jt 1 Zh dovr dvvxph wkdw wkhuh lv
qr lqlwldo zhdowk vlqfh wkdw zrxog mxvw lqwurgxfh lqfrph h�hfwv dqg qrw d�hfw wkh
fulwlfdo pdujlqdo frqglwlrqv1 Hdfk lqglylgxdo fdq kdyh srvlwlyh frqvxpswlrq ehfdxvh
s �Ef� ' 41

Frpsxwlqj wkh rswlpdo wd{ srolf| lv d gl!fxow sureohp/ dv lv dq| lqfhqwlyh sure0
ohp1 Zh surfhhg lq d frqvhuydwlyh idvklrq1 Zh doorz wkh wd{ udwhv wr eh vrph pxowlsoh
ri 135 xs wr 1<9/ dqg doorz wkh kxpdq fdslwdo lqyhvwphqw vxevlg| wr eh d pxowlsoh ri
13351 Iru dq| fkrlfh ri E�c �� zh frpsxwh wkh oxps0vxp wudqvihu A zklfk surgxfhv
uhyhqxh zlwk pdunhw ydoxh }hur1 Vlqfh wkhuh duh ulvn| dvvhwv/ zh frpsxwh wkh pdunhw
ydoxh ri uhyhqxhv/ qrw wkh h{shfwhg ydoxh ri uhyhqxh1 Wkh shuvshfwlyh lv wkdw ri d
vpdoo/ rshq hfrqrp| zkhuh idfwru sulfhv duh �{hg1 Iru wkh vdnh ri vlpsolflw|/ zh
dvvxph d vdih dvvhw zlwk uhwxuq ri 3> wkdw lv/ d rqh groodu lqyhvwphqw |lhogv rqh groodu
iru vxuh1

Rxu �uvw wdeoh h{dplqhv wkh fdvh zlwk qr htxlw| lqyhvwphqw1 Wdeoh 4 glvsod|v
� W dqg �W/ wkh rswlpdo fkrlfhv ri � dqg �c iru ydulrxv ydoxhv ri �/ #/ dqg jt 1 Lw
dovr glvsod|v wkh h{shfwhg uhwxuq wr kxpdq fdslwdo lqyhvwphqw zlwk qr wd{hv/ of/ dqg
xqghu wkh rswlpdo srolf|/ oW1
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Wdeoh 4= Rswlpdo Wd{ Srolf|= Rqo| lglrv|qfudwlf zdjh ulvn
jt ' �� jt ' �2

� #
414 4133
414 3173
414 3143
414 3137
414 3133
4313 4133
4313 3173
4313 3143
4313 3137
4313 3133

�W �W � n oW � n of
31353 3133; 41337 41345
31373 31343 41336 41346
31473 31345 41333 41348
31573 3133< 41334 41349
31<93 31333 31<<< 41349
31373 31337 4133< 41345
31433 31339 41338 41344
31753 31356 31<<5 41365
31953 31348 41333 41388
31<93 31334 31<<< 413<:

�W �W � n oW � n of
31433 3136; 41337 4137<
31493 3136< 41335 41388
31673 3135< 31<<< 41395
317;3 3134; 31<<< 41398
31<93 31333 41336 4139:
31473 3133; 4136< 41383
31673 31353 4134; 4137:
31:33 31364 31<<: 41444
31;33 3134; 4133: 41496
31<93 31333 31<<< 41579

Wdeoh 4 frqwdlqv qxphurxv h{dpsohv ri rxu prgho1 Wkh uhvxowv duh vlplodu wr
wkrvh lq Hdwrq dqg Urvhq +4<;3,/ dqg Kdplowrq +4<;:,1 Wkrvh vwxglhv vkrzhg wkdw
wd{ srolf| pd| eh deoh wr lpsuryh rq wkh htxloleulxp doorfdwlrq/ exw glg qrw lqglfdwh
wkh txdqwlwdwlyh vljql�fdqfh ri wkrvh lqwhuyhqwlrqv1 Wkh| dovr qhjohfwhg lqwhudfwlrqv
zlwk djjuhjdwh ulvn1 Wdeoh 4 vkrzv wkdw yhu| vljql�fdqw wd{ srolf| lqwhuyhqwlrqv
duh mxvwl�hg e| wkh suhvhqfh ri lglrv|qfudwlf ulvn1 Zkhq oderu vxsso| lv hodvwlf/ wkh
rswlpdo wd{ srolf| lpsrvhv d vpdoo wd{ udwh ehfdxvh oderu wd{dwlrq uhgxfhv oderu
vxsso|1 Dv wkh oderu vxsso| hodvwlflw| idoov/ wkh rswlpdo wd{ udwh ulvhv xqwlo lw lv
hvvhqwldoo| 433( iru wkh fdvh ri }hur oderu vxsso| hodvwlflw|1

Wkh vxevlglhv uhsruwhg lq Wdeoh 4 pd| dsshdu vpdoo/ exw uhfdoo wkdw d vxevlg| ri
134 lpsolhv wkdw hyhu| groodu ri kxpdq fdslwdo lqyhvwphqw surgxfhv d rqh fhqw vxevlg|
lq hdfk iroorzlqj shulrg ri wlph1 Li wkh uhwxuq wr kxpdq fdslwdo lv 7(/ wkhq d 134
vxevlg| htxdov d irxuwk ri wkh pdujlqdo pdunhw uhwxuq wr kxpdq fdslwdo1

Wkh rswlpdo kxpdq fdslwdo lqyhvwphqw vxevlg| lv vxevwdqwldo lq doprvw doo fdvhv/
exw qrw prqrwrqlfdoo| uhodwhg wr oderu vxsso| hodvwlflw|1 Zkhq oderu vxsso| lv hodvwlf/
qr lqwhuyhqwlrq lv ghvluhg/ exw qrqh lv qhhghg ehfdxvh ri wkh lqvxudqfh dvshfw ri dq
hodvwlf oderu vxsso|1 Wklv lqvxudqfh h�hfw lqgxfhv lqglylgxdov wr lqyhvw lq � xqwlo wkh
h{shfwhg uhwxuq idoov wr d orz ohyho/ vr wkhuh lv olwwoh qhhg wr ixuwkhu lqfuhdvh �1 Dv
hodvwlflw| ghfuhdvhv/ wkhuh lv pruh frqvxpswlrq ulvn/ dqg d kljkhu wd{ rq oderu lqfrph1
Dv oderu lqfrph wd{ lqfuhdvhv/ lw uhgxfhv oderu vxsso| dqg kxpdq fdslwdo lqyhvwphqw1
Wkh rswlpdo vxevlg| lqfuhdvhv lq rughu wr r�vhw wkhvh h�hfwv1 Wkh rswlpdo vxevlg|
idoov edfn wr }hur zkhq oderu vxsso| lv lqhodvwlf vlqfh wkh kljk oderu lqfrph wd{ kdv
olwwoh lpsdfw rq oderu vxsso|

Kxpdq fdslwdo uhwxuqv lq Wdeoh 4 ulvh dv wkh lglrv|qfudwlf ulvn/ jt / lqfuhdvhv1
Vlqfh wklv ulvn kdv qr vrfldo frvw/ wkh rswlpdo wd{ srolf| r�vhwv wklv e| dq lqfuhdvh lq
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oderu wd{dwlrq/ oxps vxp uhedwhv/ dqg wkh vxevlg| wr kxpdq fdslwdo irupdwlrq1
Wdeohv 5 dqg 6 h{dplqh fdvhv zkhuh wkhuh lv d ulvn| dvvhw vlplodu wr htxlw|1 Erwk

wdeohv dvvxph wkdw wkh ulvn| dvvhw kdv d phdq uhwxuq ri 9( dqg vwdqgdug ghyldwlrq
ri 53(/ fruuhvsrqglqj urxjko| wr dqqxdo uhwxuqv iru X1 V1 htxlwlhv1 Zh doorz wkh
srvvlelolw| wkdw kxpdq fdslwdo lv fruuhodwhg zlwk htxlwlhv1 Pruh suhflvho|/ zh dvvxph

sE�� '
�k

k
E� n t n 4~�

zkhuh ~/ wkh v|vwhpdwlf vkrfn/ wdnhv rq wzr ydoxhv= 153 dqg 01531 Wkh sdudphwhu 4
prghov wkh fruuhodwlrq ehwzhhq kxpdq fdslwdo ulvn dqg wkh ulvn ri �qdqfldo lqyhvw0
phqwv1

Wdeoh 5 h{dplqhv fdvhv zkhuh kxpdq fdslwdo ulvn lv sxuho| lglrv|qfudwlf dqg wkhuh
lv d ulvn| �qdqfldo dvvhw1 Wkh uhvxowv lq Wdeoh 5 duh ohvv vxssruwlyh ri wd{ lqwhuyhqwlrqv1
Wkh srolf| ri qr glvwruwlrqdu| wd{hv lv rswlpdo zkhq oderu vxsso| lv uhodwlyho| hodvwlf1
Vljql�fdqw wd{ srolf| lqwhuyhqwlrqv duh ghvludeoh rqo| iru orz ydoxhv ri oderu vxsso|
hodvwlflw| dqg kljk ydoxhv ri ulvn dyhuvlrq1

Wdeoh 5= Rswlpdo Wd{ Srolf|= Z ' f�fS/ j~ ' �2/ 4 ' f�f
jt ' �� jt ' �2

� #
414 4133
414 3173
414 3143
414 3137
414 3133
4313 4133
4313 3173
4313 3143
4313 3137
4313 3133

� W �W � n oW � n of
31333 31333 31<5< 31<5<
31333 31333 31<:; 31<:;
31333 31333 4133: 4133:
31493 31339 41337 41346
31<93 31333 41333 4134:
31333 31334 31<5: 31<5<
31333 31333 31<:; 31<:;
31553 3133: 41348 41356
318;3 31347 41338 41384
31<93 31333 41339 413<:

� W �W � n oW � n of
31333 31333 31<97 31<97
31333 31333 41353 41353
31593 31356 41343 41389
31793 3134: 41336 41398
31<93 31333 41335 413:3
31333 31333 31<93 31<93
31333 31333 41353 41353
319;3 31353 41368 41434
31:;3 31356 31<<8 4148<
31<93 31334 31<<< 41579

Pdq| ri wkh uhvxowv iru of dqg oW fruuhvsrqg wr vwdqgdug lqwxlwlrqv1 H{shfwhg
kxpdq fdslwdo uhwxuq zlwkrxw wd{ lqwhuyhqwlrq/ ofc lv kljk zkhq wkhuh lv vxevwdqwldo
lglrv|qfudwlf ulvn ri kxpdq fdslwdo uhwxuqv1 Lq vrph fdvhv/ wkh h{shfwhg uhwxuq wr
kxpdq fdslwdo h{fhhgv wkh uhwxuq wr �qdqfldo dvvhwv/ exw lq wkrvh fdvhv wkh rswlpdo
wd{ srolf| vxevwdqwldoo| uhgxfhv wkh h{shfwhg uhwxuq forvh wr wkh vrfldo frvw1

Wkh uhvxowv iru of dqg oW duh lqwhuhvwlqj zkhq oderu vxsso| lv hodvwlf/ dv zkhq
# ' �1 Lq idfw/ wkh h{shfwhg uhwxuq rq kxpdq fdslwdo lv ohvv wkdq wkh vdih uhwxuq lq
erwk wkh }hur wd{ dqg rswlpdo wd{ fdvhv1 Wklv lv vrphzkdw vxusulvlqj vlqfh kxpdq
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fdslwdo kdv }hur v|vwhpdwlf ulvn1 Wkh uhdvrq lv wkdw zkhq htxlw| uhwxuqv duh orz/ oderu
vxsso| lqfuhdvhv1 Oderu vxsso| uhvsrqvhv surylgh d nlqg ri lqvxudqfh djdlqvw edg
uhwxuqv iru �qdqfldo dvvhwv1 Erglh dqg Vdpxhovrq +4<<5, h{dplqhg wklv skhqrphqrq
lq wkh frqwh{w ri sruwirolr fkrlfh lq wkh suhvhqfh ri ulvn| oderu lqfrph/ dujxlqj wkdw
dq hodvwlf oderu vxsso| pdnhv rqh pruh zloolqj wr lqyhvw lq ulvn| �qdqfldo dvvhwv1
Khuh/ wkh suhvhqfh ri hodvwlf oderu vxsso| pdnhv lqyhvwphqw lq kxpdq fdslwdo pruh
dwwudfwlyh vlqfh wkh h{wud kxpdq fdslwdo hqkdqfhv wkh lqvxudqfh dvshfw ri  h{leoh
oderu vxsso|1 Zkhq oderu vxsso| lv ohvv hodvwlf/ wkh }hur0wd{ fkrlfh iru kxpdq fdslwdo
lpsolhv d kljk h{shfwhg uhwxuq/ exw wkh rswlpdo wd{ srolf| riwhq sxvkhv wkh h{shfwhg
uhwxuq ehorz wkh vdih uhwxuq wkurxjk d uhgxfwlrq lq wkh yduldqfh lq uhwxuqv dqg
+vrphwlphv, wkurxjk d vxevlg|1

Wdeoh 6 uhshdwv Wdeoh 5 h{fhsw wkdw kxpdq fdslwdo kdv vrph v|vwhpdwlf ulvn1
Vshfl�fdoo|/ zh vhw 4 ' �D1 Wkh fdvhv lq Wdeoh 6 lqglfdwh d vwurqj fdvh iru vxevwdqwldo
wd{ lqwhuyhqwlrq wkdw eulqjv wkh phdq uhwxuq rq kxpdq fdslwdo grzq wr dqg riwhq
ehorz wkh suhplxp mxvwl�hg e| lwv v|vwhpdwlf frpsrqhqw1

Wdeoh 6= Rswlpdo Wd{ Srolf|= Z ' f�fS/ j~ ' �2/ 4 ' f�D
jt ' �� jt ' �2

� #
414 4133
414 3173
414 3143
414 3137
414 3133
4313 4133
4313 3173
4313 3143
4313 3137
4313 3133

� W �W � n oW � n of
31333 31333 41336 41336
313;3 31353 41339 4135<
316;3 31368 31<;3 41377
31933 31357 31<:8 4137;
31<93 31335 31<;3 41383
31333 31333 41358 41358
31593 3133: 41354 41356
31933 3135< 31<;7 41395
31:73 31356 31<:3 413<3
31<93 31335 31<;8 41468

� W �W � n oW � n of
31333 31333 4137: 4137:
31533 31373 4134; 413::
317;3 31373 31<;9 413<<
31993 31359 31<:8 41437
31<93 31335 31<;5 4143;
31333 31333 41376 41376
31773 31363 41348 413:;
31:73 3136: 31<;3 4147<
31;73 31354 31<:; 41539
31<93 31336 31<:; 415<8

Wdeohv 4/ 5/ dqg 6 dvvxph wkdw wkhuh lv qr uhyhqxh qhhghg wr �qdqfh jryhuqphqw
h{shqglwxuhv1 Wkh uhvxowv lq Wdeohv 4/ 5/ dqg 6 riwhq lpsolhv vxevwdqwldo oxps0vxp
wudqvihuv1 Rwkhu frpsxwdwlrqv vkrzhg wkdw li uhyhqxhv zhuh qhhghg wr �qdqfh jryhuq0
phqw h{shqglwxuhv/ wkh| zrxog eh �qdqfhg e| d uhgxfwlrq lq wkh oxps0vxp wudqvihuv/
zlwk olwwoh fkdqjh lq wkh rswlpdo ydoxhv ri � dqg ��

Wkh uhvxowv lq Wdeohv 4/ 5/ dqg 6 h{dplqh d zlgh udqjh ri sdudphwhu ydoxhv dqg
dsshduv wr jlyh olwwoh jhqhudo jxlgdqfh1 Krzhyhu/ wkh fdvhv zlwk vxevwdqwldo wd{hv
dqg vxevlglhv duh pruh vxssruwhg e| hpslulfdo hylghqfh1 Wkh fdvhv zkhuh qr wd{
lqwhuyhqwlrq lv mxvwl�hg duh dovr wkh fdvhv zkhuh wkh oderu vxsso| hodvwlflw| lv kljk
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dqg zkhuh wkh }hur wd{ phdq uhwxuq wr kxpdq fdslwdo lqyhvwphqw lv orz1 Vlqfh zh
revhuyh kljk phdq uhwxuqv wr kxpdq fdslwdo/ wkh prvw uhohydqw urzv duh wkrvh zlwk
d kljk ydoxh iru � n of/ dqg wkrvh duh wkh urzv zlwk kljk kxpdq fdslwdo vxevlglhv1

Frqfoxvlrq 41 Lq wkh prgho ri h{rjhqrxv lglrv|qfudwlf kxpdq fdslwdo ulvn/ li wkh

revhuyhg suhplxp rq kxpdq fdslwdo vxevwdqwldoo| h{fhhgv wkh sulfh ri lwv v|vwhpdwlf

frpsrqhqw/ wkhq wkh rswlpdo wd{ srolf| uhgxfhv wkh kxpdq fdslwdo suhplxp wr qhduo|

lwv v|vwhpdwlf frpsrqhqw1

Wkh uhvxowv lq Wdeohv 4/ 5/ dqg 6 lqglfdwh wkdw vrfldo xqghulqyhvwphqw lq hgxfdwlrq
lv d frpprq rxwfrph ri frpshwlwlyh htxloleulxp/ dqg wkdw wkh rswlpdo wd{ srolf| lv
riwhq d vxevwdqwldo ghyldwlrq iurp sxuh oxps vxp wd{dwlrq1 Wkh fulwlfdo ihdwxuh lv wkdw
wkhuh duh qr dvvhwv wkh lqglylgxdo fdq xvh wr khgjh klv oderu lqfrph ulvn/ hyhq wkrxjk
klv oderu lqfrph ulvn lv qrw fruuhodwhg zlwk djjuhjdwh lqfrph1 Li lqglylgxdo lqfrph
dqg kxpdq fdslwdo lqyhvwphqw lv phdvxuhg e| wkh wd{ dxwkrulw|/ wkhq d vxevlg| wr
kxpdq fdslwdo lqyhvwphqw lv riwhq dssursuldwh1 Wklv lqglfdwhv wkdw wkh ghvludelolw| ri
d vxevlg| iru � dulvhv iru h!flhqf| uhdvrqv/ qrw ehfdxvh ri uhglvwulexwlyh remhfwlyhv
qru wr lqwhuqdol}h h{whuqdolwlhv1

61 Kxpdq Fdslwdo Lqyhvwphqw dqg Prudo Kd}dug

Wkh h{rjhqrxv lglrv|qfudwlf ulvn prgho shuplwwhg kxpdq fdslwdo lqyhvwphqw wr gh0
shqg rq erwk v|vwhpdwlf ulvnc ~/ dqg lglrv|qfudwlf ulvn/ t 1 Wklv lv xqvdwlvidfwru| vlqfh
zh glg qrw prgho wkh qdwxuh ri wkh lglrv|qfudwlf ulvn/ dqg wkh h{rjhqrxv dssurdfk
udlvhv dq lpsruwdqw txhvwlrq1 Li lqfrph kdv dq h{rjhqrxv lglrv|qfudwlf frpsrqhqw/
wkhq zk| grhvq*w d sulydwh frqwudfw dulvh wkdw holplqdwhv wklv ulvnB Wkh rswlpdo wd{
h{huflvh dvvxphv wkdw lqfrph lv revhuydeoh/ d uhdvrqdeoh dvvxpswlrq vlqfh wkhuh duh
pdq| dfwruv/ lqfoxglqj hpsor|huv dqg wkh LUV/ zkr kdyh d vwurqj lqwhuhvw lq wkh
fruuhfw uhsruwlqj ri dq zrunhu*v zdjh lqfrph1 Wkh rswlpdo wd{ h{huflvh vkrzv wkdw d
vwurqjo| surjuhvvlyh wd{ srolf| lv riwhq rswlpdo/ exw grhv qrw h{sodlq zk| d sulydwh
dfwru frxog qrw dovr surylgh wkh vdph lqvxudqfh xvlqj wkh dydlodeoh lqglylgxdo0vshfl�f
zdjh gdwd1 Ixuwkhupruh/ dqdo|vhv wkdw surfhhg lq wkh dg krf idvklrq lq wkh h{rjh0
qrxv lglrv|qfudwlf ulvn prgho suhvxph wkdw wkh qdwxuh ri wkh lglrv|qfudwlf ulvn lv qrw
lqghshqghqw ri wkh zrunhu*v dfwlrqv dqg wkdw wklv pd| d�hfw wkh uhvxowv1 Zh vkdoo vhh
wkdw wklv lv d gdqjhurxv suhvxpswlrq1

Wr dqvzhu wkhvh txhvwlrqv/ wklv vhfwlrq ghyhorsv d prgho wkdw ixoo| prghov wkh
qdwxuh ri wkh lglrv|qfudwlf ulvn1 Pruh vshfl�fdoo|/ zh h{dplqh d prgho zkhuh lglrv|q0
fudwlf ulvn dulvhv iurp prudo kd}dug frqvlghudwlrqv/ dqg zkhuh dq rswlpdo frqwudfw
lv zulwwhq ehwzhhq wkh zrunhu dqg wkh �up1 Wklv pd| qrw eh wkh prvw uhdvrqdeoh
h{sodqdwlrq ri lglrv|qfudwlf ulvn/ exw lw lv wkh rqh wkdw zh h{soruh khuh wr ghprqvwudwh
wkh lpsruwdqfh ri hqgrjhql}lqj wkh lglrv|qfudwlf frpsrqhqw ri ulvn1
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Zh dovr h{dplqh d prgho zlwk prudo kd}dug ehfdxvh lw lv vrphwlphv vdlg wkdw
prudo kd}dug lv d prwlydwlrq iru wkh lglrv|qfudwlf ulvn lq wkh h{rjhqrxv lglrv|qfudwlf
ulvn prgho1 Iru h{dpsoh/ lq glvfxvvlqj wkhlu prgho zlwk h{rjhqrxv lglrv|qfudwlf ulvn/
Hdwrq dqg Urvhq +4<;3, vd| wkdw �11 wkh ulvn dvvrfldwhg zlwk lqyhvwphqw lq kxpdq
fdslwdo lv w|slfdoo| qhlwkhu lqvxudeoh qru glyhuvl�deoh1 Lq pdq| fdvhv wkh pdunhw
grhv qrw surylgh lqvxudqfh djdlqvw wkh ydjdulhv ri zdjh udwhv1 Sureohpv ri prudo
kd}dug dvvrfldwhg zlwk lqvxudqfh lq jhqhudo duh hvshfldoo| shuydvlyh lq wkh lqvxudqfh
ri kxpdq fdslwdo1� Zh djuhh wkdw prudo kd}dug lv dq lpsruwdqw sureohp/ exw wkh
dqdo|vlv ehorz vkrzv wkdw d prgho zlwk prudo kd}dug pd| qrw eh zhoo dssur{lpdwhg
e| wkh edvlf h{rjhqrxv lglrv|qfudwlf ulvn prgho1

6141 Prudo Kd}dug dqg d Vdih Dvvhw1 Zh �uvw frqvlghu wkh fdvh zkhuh wkh rqo|
dowhuqdwlyh lqyhvwphqw lv d vdih dvvhw zlwk uhwxuq-1 Zh wdnh d vlpsoh rswlpdo frqwudfw
srlqw ri ylhz zkhuh wkh rqo| ixqfwlrq ri wkh hpsor|hu lv wr devrue lglrv|qfudwlf ulvn1
Zh dovr dvvxph wkdw kxpdq fdslwdo lqyhvwphqw � lv revhuydeoh wr wkh hpsor|hu dv
zhoo dv vdylqjv r61 Ohw R eh wkh suredelolw| wkdw d zrunhu*v rxwsxw zloo eh sE��>
rxwsxw zloo eh }hur rwkhuzlvh1 Zh dvvxph wkdw wkh zrunhu fkrrvhv R dqg h{shulhqfhv
glvxwlolw| �ER�1 Zh dovr dvvxph wkdw wkhuh lv iuhh hqwu| ri �upv wkdw gulyhv h{shfwhg
sur�wv wr }hur71

Wkh hpsor|hu sd|v zdjhv zklfk ghshqg rq wkh revhuyhg rxwsxw1 Ohw wkh zdjh eh
�� zkhq rxwsxw lv kljk dqg �2 rwkhuzlvh1 D zrunhu zkr kdv dffxpxodwhg kxpdq
fdslwdo � dqg kdv vdylqjv r dqg idfhv wkh zdjh srolf| E��c �2� zloo vroyh wkh sureohp

4@ 
R

. i�E� n r-�j � �ER�

zklfk lpsolhv wkh �uvw0rughu frqglwlrq iru R

�ES��� �ES2�� ��ER� ' f +<,

Htxdwlrq +<, uhsuhvhqwv wkh lqfhqwlyhv iru h�ruw surgxfhg e| wkh zdjh srolf| E��c �2�1
Wkh frpshwlwlyh htxloleulxp oderu frqwudfw frqwlqjhqw rq � dqg r zloo fkrrvh R/

dqg vwdwh0frqwlqjhqw zdjhv vr dv wr pd{lpl}h wkh zrunhu*v h{shfwhg xwlolw| vxemhfw
wr wkh frqvwudlqw wkdw klv h{shfwhg zdjh htxdov klv h{shfwhg rxwsxw/ dqg wkdw wkh

6Wklv odvw revhuydelolw| dvvxpswlrq lv d vwurqj dqg vrphzkdw xquhdvrqdeoh rqh/ exw vwdqgdug
lq wkh frqwudfwlqj olwhudwxuh1 Li lqglylgxdo vdylqjv duh qrw revhuydeoh +ru frqwudfwleoh, exw vrfldo
vdylqjv duh revhuydeoh wr wkh jryhuqphqw wkhq wd{ srolf| fdq eh xvhg wr lpsuryh rq wkh frpshwlwlyh
doorfdwlrq1 Vhh Duqrww dqg Vwljolw} +4<<3, iru d wuhdwphqw ri wkhvh lvvxhv1 Zh dvvxph revhuydelolw|
khuh vlqfh grlqj rwkhuzlvh zrxog wdnh rxu irfxv dzd| iurp kxpdq fdslwdo irupdwlrq lvvxhv/ dqg
zrxog suredeo| qrw d�hfw wkh uhvxowv frqfhuqlqj wkhvh lvvxhv1

7Wkh prgho lv d jhqhudo htxloleulxp prgho vlqfh wkh �upv kdyh qr frvwv dqg gr qrwklqj rwkhu
wkdq srro lglrv|qfudwlf ulvnv/ dqg vlqfh wkhuh duh qr rwkhu djhqwv rwkhu wkdq wkh zrunhuv prghoohg
khuh1
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fkrlfhv ri R dqg wkh vwdwh0frqwlqjhqw zdjhv duh lqfhqwlyh frpsdwleoh1 Wkh lqglylgxdo
zlwk lqlwldo zhdowk ` zloo fkrrvh � dqg r wr pd{lpl}h klv h{shfwhg xwlolw| vxemhfw wr
wkh E�c r�0frqwlqjhqw oderu frqwudfw1 Wkh �qdo doorfdwlrq frpelqlqj wkhvh wzr vwhsv
vroyhv wkh frpelqhg sureohp

4@ . i�E� n r-�j � �ER�
��c �2c rc �c R

t�|� RsE��� . i�j ' f
�ES��� �ES2�� ��ER� ' f
` � r� � ' f

+43,

Wkh Odjudqjldq lv

O ' . i�E� n r-�j � �ER� n b ERsE���. i�j�

nw E�ES��� �ES2�� ��ER�� n � E` � r� ��

dqg wkh �uvw0rughu frqglwlrqv duh

O��
' f ' R��ES��� bRn w��ES��

O�2
' f ' E�� R���ES2�� bE�� R�� w��ES2�

Or ' f ' . i��ES�-jn wE��ES��� ��ES2��-� �
O� ' f ' bRs �E��� �

+44,

Hydoxdwlqj O��
n O�2

' f lpsolhv

b ' . i��ES�jn w E��ES��� ��ES2��

Or ' f lpsolhv wkdw � ' b-1 Zkhq frpelqhg zlwk wkh O� ' f frqglwlrq/ zh kdyh

Rs �E�� ' -

Wkh �qdo htxdwlrq vd|v wkdw � lv fkrvhq vr dv wr htxdwh wkh vdih udwh zlwk wkh h{0
shfwhg pdujlqdo surgxfw/ zlwk qr doorzdqfh iru dq| ulvn suhplxp dvvrfldwhg zlwk wkh
lglrv|qfudwlf ulvn1

Wklv uhvxow pd| vhhp rgg exw wkhuh lv d vlpsoh Hqyhorsh Wkhruhp lqwxlwlrq1 Wkh
prudo kd}dug sureohp lpsolhv wkdw wkhuh qhhgv wr eh d jds ehwzhhq xwlolw| lq wkh
kljk rxwsxw vwdwh dqg xwlolw| lq wkh orz rxwsxw vwdwh1 Wkdw jds lv olnh d �{hg frvw
qhfhvvdu| wr surylgh surshu lqfhqwlyhv1 Li R grhv qrw fkdqjh dv � lqfuhdvhv/ lw lv d
�{hg frvw dqg pdujlqdo fkdqjhv lq � zloo qrw d�hfw wklv �{hg ulvn lq xwlolw|1 Wkhuhiruh/
wkhuh lv qr pdujlqdo lpsdfw rq ulvnlqhvv dqg qr pdujlqdo ulvn suhplxp1 Wkh dqdo|vlv
vkrzv wkdw wklv frqwlqxhv wr krog hyhq zkhq R lv doorzhg wr ydu| dv � lqfuhdvhv1
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6151 Vdih dqg Ulvn| Dvvhwv zlwk H{ Srvw H�ruw Fkrlfh1 Zh qh{w jhqhu0
dol}h rxu prudo kd}dug prgho wr wkh fdvh zkhuh wkhuh duh wzr dowhuqdwlyh �qdqfldo
lqyhvwphqw= wkh vdih dvvhw zlwk uhwxuq -/ dqg d ulvn| dvvhw zlwk uhwxuq ~ dqg phdq
uhwxuq >1 ~ qrz lv dovr wkh vrxufh ri djjuhjdwh ulvn1 Wkh wlplqj lv dv iroorzv= �uvw/
wkh zrunhu pdnhv hgxfdwlrq/ vdylqjv/ dqg htxlw| lqyhvwphqw fkrlfhv> wkhq ~ lv uhdo0
l}hg> wkhq oderu frqwudfwv duh zulwwhq frqwlqjhqw rq sulydwh fkrlfhv dqg ~> wkhq R lv
fkrvhq> dqg/ �qdoo|/ wkh rxwsxw lv uhdol}hg dqg zdjhv sdlg1 Vlqfh wkhuh duh qr djhqwv
lq wkh hfrqrp| rwkhu wkdq wkh zrunhuv/ iuhh hqwu| e| �upv lpsolhv wkdw sur�wv zloo
eh }hur lq hdfk ~ vwdwh1 Wkh �qdo htxloleulxp doorfdwlrq zloo vroyh wkh sureohp

4@ . i�E�~ n r-n e~�j �.i�ER~�j
�~c�c �~c2c rc �c ec R~

t�|� R~sE�c~�� . i�~ m~j ' fc ;~
�ES~c��� �ES~c2�� ��ER~� ' fc ;~
` � �� r� e ' f

+45,

zkhuh �~c�c �~c2c R~ duh wkh ~0frqwlqjhqw zdjh vwuxfwxuh dqg h�ruw vxsso|/ dqg S~c� lv
frqvxpswlrq lq djjuhjdwh vwdwh ~ dqg lqglylgxdo vwdwh �1 Vlqfh h�ruw lv fkrvhq diwhu
~ lv uhdol}hg/ wkhuh lv d vhsdudwh lqfhqwlyh frpsdwlelolw| frqglwlrq iru hdfk zrunhu lq
hdfk ~ vwdwh1

Wkh Odjudqjldq iru +45, lv

O ' . i�E�~ n r-n e~�j � .i�ER~�jn
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~

b~ ER~sE�c ~��. i�~ m~j�

n
[

~

w~ E�ES~c��� �ES~c2�� ��ER~�� n � E` � r� ��

dqg wkh �uvw0rughu frqglwlrqv duh

O�~c�
' f ' R~�

�ES~c��� b~R~ n w~�
�ES~c��c ;~

O�~c2
' f ' E�� R~��

�ES~c2�� b~E�� R~�� w~�
�ES~c2�c ;~

Or ' f ' . i��ES~�-n w~E�
�ES~c��� ��ES~c2��-j � �

O� ' f ' . ib~R~s
�E�c ~�j � �

Oe ' f ' . i��ES~�~ n w~E�
�ES~c��� ��ES~c2��~j � �

Hydoxdwlqj O�~c�
n O�~c2

' f iru hdfk ~ lpsolhv wkdw wkh vkdgrz sulfh ri zhdowk
vdwlv�hv

b~ ' . i��ES�m~jn w~ E��ES~c��� ��ES~c2�� +46,

Wkh vkdgrz sulfh ri zhdowk lq htxdwlrq +46, lqfoxghv d whup/ w~ E�
�ES~c��� ��ES~c2��/

h{suhvvlqj wkh lqwhudfwlrq ehwzhhq zhdowk dqg lqfhqwlyhv1
Wkh �uvw0rughu frqglwlrqv Or ' Oe 'f lpso| wkdw wkh h{fhvv uhwxuq iru htxlw|

vdwlv�hv

>� - ' �
�J� Eb~ c ~�

. ib~j
� +47,
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Qrwh wkdw +47, orrnv olnh wkh fodvvlf frqvxpswlrq FDSP htxdwlrq h{fhsw wkdw wkh
pdujlqdo xwlolw| ri frqvxpswlrq kdv ehhq uhsodfhg e| wkh vkdgrz sulfh ri zhdowk/ b~1
Zh vhh wkdw wkh lglrv|qfudwlf ulvn dulvlqj iurp prudo kd}dug grhv kdyh dq lpsdfw rq
wkh sureohp/ exw lw hqwhuv doo lqyhvwphqw ghflvlrqv/ qrw mxvw kxpdq fdslwdo lqyhvwphqw1

Zkhq zh frpelqh wkh O� ' f dqg Or ' f frqglwlrqv/ zh �qg

f ' . ib~ ER~s
�E�c~�� -�j

Vxssrvh wkdw zh fdq ghfrpsrvh s lqwr lwv ghwhuplqlvwlf dqg v|vwhpdwlf frpsrqhqwv

sE�c~� ' s6E�� n s~E�� E~ � >� +48,

Wkh whup s~E�� lv wkh fryduldqfh ri wkh rxwsxw surfhvv +frqglwlrqdo rq h�ruw, zlwk
wkh djjuhjdwh ulvn/ ~1 Lqglylgxdov vwloo h{shulhqfh lglrv|qfudwlf ulvn lq frqvxpswlrq
ehfdxvh wkhlu zdjhv duh wlhg wr lqglylgxdo rxwsxw1 Wkh ghfrpsrvlwlrq lq +48, lpsolhv
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Wkhruhp 5 ghfrpsrvhv wkh kxpdq fdslwdo suhplxp lqwr wkuhh whupv1 Wkh �uvw
whup/ . iR~j s

�

~E�� E>� -�/ lv wkh frqyhqwlrqdo ulvn suhplxp vlqfh > � - lv wkh
sulfh ri ulvn dqg . iR~j s

�

~E�� lv wkh lqfuhdvh lq ulvn zkhq � lv lqfuhdvhg exw R~ lv
xqfkdqjhg1

Wkh vhfrqg whup lq wkh ulvn suhplxp h{suhvvlrq kdv dq lqvxudqfh fkdudfwhu1
�J�Eb~ c R~�* E. iR~j. ib~j� lv wkh fruuhodwlrq ri wkh pdujlqdo ydoxh ri zhdowk zlwk
wkh ohyho ri h�ruw1 Rqh h{shfwv wklv zloo eh srvlwlyh vlqfh wkhq wkh zrunhu zrunv
kdughu zkhq wkh pdujlqdo ydoxh ri zhdowk lv kljkhu1 Wklv uh hfwv wkh  h{lelolw| ri
oderu vxsso| dqg wkh whqghqf| wr lqfuhdvh h�ruw zkhq lqfrph lv pruh ydoxdeoh1 Wkh
h{shfwhg pdujlqdo ydoxh ri kxpdq fdslwdo lv . iR~j s

�

6E��1 Wkh surgxfw ri wkhvh
wzr whupv uhsuhvhqwv wkh lqvxudqfh ydoxh ri h{wud kxpdq fdslwdo lqyhvwphqw zkhq
fkdqjhv lq � gr qrw d�hfw wkh v|vwhpdwlf ulvnlqhvv ri oderu lqfrph1 Li b~ dqg R~ duh
srvlwlyho| fruuhodwhg/ wkh lqvxudqfh frpsrqhqw ri kxpdq fdslwdo lqyhvwphqw uhgxfhv
wkh ulvn suhplxp iru kxpdq fdslwdo lqyhvwphqw1

Wkh wklug whup uhsuhvhqwv wkh uhvlgxdo zkhuh h�ruw fkdqjhv lq uhvsrqvh wr djjuh0
jdwh lqfrph ulvn dqg fkdqjhv lq � dovr d�hfw wkh v|vwhpdwlf ulvn ri kxpdq fdslwdo
lqyhvwphqw1 Wkhuh lv qr lpphgldwho| reylrxv lqwxlwlrq dv wr lwv vljq/ exw rqh vxvshfwv
wkdw lwv pdjqlwxgh lv qrw odujh vlqfh lw lv wkh surgxfw ri  xfwxdwlrqv lq h�ruw dqg wkh
pdujlqdo ulvnlqhvv ri kxpdq fdslwdo lqyhvwphqw/ erwk ri zklfk duh olnho| wr eh vpdoo1

Wkhruhp 5 vkrzv wkdw wkh hvvhqfh ri Wkhruhp 4 krogv zkhq zh lqwurgxfh v|vwhp0
dwlf ulvn ri d idluo| jhqhudo qdwxuh1 Wkh ulvn suhplxp iru kxpdq fdslwdo ghshqgv rq
v|vwhpdwlf frpsrqhqwv ri ulvn/ qrw rq lglrv|qfudwlf ulvn1 Lq idfw/ wkh prudo kd}dug
irupxodwlrq eulqjv lq idfwruv/ vxfk dv h�ruw uhvsrqvlyhqhvv wr djjuhjdwh vkrfnv/ zklfk
uhgxfh wkh ulvn suhplxp1 Wklv frqwudvwv zlwk wkh whqghqf| ri lglrv|qfudwlf ulvn wr
lqfuhdvh wkh ulvn suhplxp lq wkh dg krf h{rjhqrxv lglrv|qfudwlf ulvn prgho1

Wkhruhp 5 pdnhv d ydulhw| ri vhsdudelolw| dvvxpswlrqv exw wkh prgho lv d qdwxudo
ehqfkpdun1 Dw wkh ohdvw/ lw vkrzv wkdw dq| ulvn suhplxp dulvlqj iurp lglrv|qfudwlf
ulvn pxvw uho| rq qrqvhsdudeoh ihdwxuhv ri wdvwhv dqg whfkqrorj| zklfk zrxog eh
gl!fxow wr hvwlpdwh1

6161 Wd{ Srolf| dqg wkh Prudo Kd}dug Prgho1 Wkhruhpv 4 dqg 5 vkrz wkdw
lglrv|qfudwlf ulvn fdqqrw h{sodlq wkh kljk revhuyhg suhplxp rq kxpdq fdslwdo ulvn
li oderu pdunhwv ghdo h!flhqwo| zlwk prudo kd}dug1 Wkh wd{ srolf| lpsolfdwlrqv duh
lpphgldwh1 Vlqfh wkh oderu frqwudfw lv rswlpdo lq wkh prudo kd}dug prgho/ wkhuh lv
qr jdlq iurp dq| srrolqj eh|rqg wkdw lpsolflw lq wkh rswlpdo frqwudfw1 Wd{ srolf|
fdqqrw lpsuryh rq wkh frpshwlwlyh htxloleulxp/ vlqfh wkh rswlpdo wd{ sureohp +zlwk
}hur uhyhqxh qhhgv, lv lghqwlfdo wr wkh sureohp vroyhg e| wkh frpshwlwlyh htxloleulxp1

Wklv dovr vkrzv wkdw prudo kd}dug fdqqrw eh xvhg wr mxvwli| wkh lglrv|qfudwlf ulvn
prgho deryh1 Wklv zrxog eh sduwlfxoduo| plvohdglqj zkhq zh h{dplqh wd{ srolf|1 Lq d
zruog zlwk rswlpdo frqwudfwv/ wkhuh zloo eh lglrv|qfudwlf ulvn dqg lw zrxog eh whpswlqj
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wr dqdo|}h lw xvlqj wkh vwrfkdvwlf vwuxfwxuh lq +8,1 Wkdw dssurdfk lpsolflwo| dvvxphv
wkdw wkh lglrv|qfudwlf ulvn/ PE��tc lv lqyduldqw wr jryhuqphqw srolf|1 Krzhyhu/ wkh
lglrv|qfudwlf ulvn lq ehiruh0wd{ zdjhv zrxog qrw eh lqyduldqw wr srolf| lq d zruog zlwk
rswlpdo frqwudfwlqj1 Li rqh zhuh wr dsso| wkh wd{ srolflhv uhfrpphqghg lq Wdeohv 4/
5/ dqg 6/ wkh oderu vxsso| zrxog eh vxevwdqwldoo| d�hfwhg dqg2ru sulydwh frqwudfwv
zrxog eh dgmxvwhg wr qhxwudol}h wkh wd{ srolf|1

71 Wkh Kxpdq Fdslwdo Suhplxp Sx}}oh

Zh kdyh lqyhvwljdwhg wzr prghov ri kxpdq fdslwdo dffxpxodwlrq zlwk erwk lglrv|q0
fudwlf dqg djjuhjdwh ulvn1 Erwk lqglfdwh wkdw hpslulfdoo| sodxvleoh vshfl�fdwlrqv
ri ulvn fdqqrw mxvwli| d odujh h{shfwhg h{fhvv uhwxuq ri kxpdq fdslwdo lqyhvwphqw/
s �E�� � -1 Wkh h{rjhqrxv lglrv|qfudwlf ulvn prgho vxjjhvwv wkdw lw pd| eh odujh lq
d frpshwlwlyh htxloleulxp ehfdxvh wkh lglrv|qfudwlf ulvn fdxvhv lqglylgxdov wr uhgxfh
wkhlu kxpdq fdslwdo lqyhvwphqwv1 Krzhyhu/ wkh kxpdq fdslwdo ulvn suhplxp zrxog
qrw uhpdlq odujh li dssursuldwh wd{0vxevlg| srolflhv zhuh sxw lq sodfh1 Wkh prudo
kd}dug prgho zlwk hqgrjhqrxv lglrv|qfudwlf zdjh ulvn vxjjhvwv wkdw wkh kxpdq fds0
lwdo ulvn suhplxp vkrxog qrw eh odujh hyhq zlwkrxw srolf| lqwhuyhqwlrqv vlqfh rswlpdo
frqwudfwlqj lq wkh oderu pdunhw zloo uhgxfh lglrv|qfudwlf wr wkh plqlpxp qhfhvvdu| wr
surylgh wkh surshu lqfhqwlyhv iru h�ruw1 Wkh wzr prghov kdyh vrph frpprq ihdwxuhv1
Iru h{dpsoh/ erwk lpso| wkdw kxpdq fdslwdo lqyhvwphqwv zloo kdyh dq lqvxudqfh ihd0
wxuh li oderu +ru h�ruw, vxsso| lv hodvwlf1 Wklv lqvxudqfh ihdwxuh lqfuhdvhv ghpdqg
iru kxpdq fdslwdo dqg uhgxfhv wkh �qdo suhplxp1 Wkh suhvhqfh ri djjuhjdwh ulvn
pd| hyhq uhgxfh wkh kxpdq fdslwdo ulvn suhplxp uhodwlyh wr wkh ghwhuplqlvwlf fdvh1
Erwk prghov ohdg xv wr dvn zkdw frxog mxvwli| wkh odujh revhuyhg h{fhvv uhwxuq iru
hgxfdwlrq1

Wkhuh duh pdq| srvvleoh h{sodqdwlrqv/ exw qrqh kdyh vwurqj hpslulfdo vxssruw1
Vljql�fdqw fdslwdo pdunhw idloxuhv pd| suhyhqw lqglylgxdov iurp �qdqflqj hgxfdwlrqdo
lqyhvwphqw dqg uhgxfh hgxfdwlrqdo dwwdlqphqw ehorz lwv h!flhqw ohyho1 Krzhyhu/
Fdphurq dqg Khfnpdq +4<<<, dujxh djdlqvw wkdw srvvlelolw| vlqfh vkruw0whup fuhglw
frqvwudlqwv rq vwxghqwv gr qrw h{sodlq hgxfdwlrqdo dwwdlqphqw rqfh idplo| idfwruv duh
frqvlghuhg1

Dq dowhuqdwlyh h{sodqdwlrq zrxog dsshdo wr xqrevhuydeoh frvwv1 Rxu lqlwldo dqdo0
|vlv doorzhg xwlolw| wr ghshqg gluhfwo| rq hgxfdwlrqdo dwwdlqphqw1 Li wkh xwlolw| frvwv
ri hgxfdwlrqdo dwwdlqphqw zhuh odujh/ wkhq htxdwlrq +5, lpsolhv wkdw s �E���- zrxog
htxdo wkh �qdqfldo whupv soxv E�T �E���*. i�� ES�j/ wkh prqhwdu| ydoxh ri wkh pdujlqdo
glvxwlolw| ri hgxfdwlrq1 Wkh kxpdq fdslwdo lqyhvwphqw ghpdqg htxdwlrqv lq wkh prudo
kd}dug prgho zrxog eh prgl�hg lq wkh vdph zd| e| xqrevhuydeoh xwlolw| frvwv1 Zh
odujho| ljqruhg vxfk frvwv/ dv glg Ehfnhu zkhq kh srvhg wkh xqghulqyhvwphqw txhvwlrq1
Wkh remhfwlyh khuh lv wr dvn wkh txhvwlrq �Lv wkhuh xqghulqyhvwphqwB�/ qrw wr dvvxph
wkdw hgxfdwlrqdo lqyhvwphqw lv h!flhqw dqg xvh wkdw wr lghqwli| qrqshfxqldu| frvwv ri
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hgxfdwlrqdo lqyhvwphqw1 Vlqfh wkhuh lv qr zd| wr gluhfwo| phdvxuh xqrevhuydeohv/ lw lv
gl!fxow wr uxoh rxw wklv �ljqrudqfh0lv0eolvv� h{sodqdwlrq1 Krzhyhu/ pdq| zrxog �qg
lw lpsodxvleoh iru wkh pdujlqdo glvxwlolw| wr eh odujh hqrxjk wr h{sodlq wkh suhplxp181

Wkhuh kdv ehhq vrph h�ruw wr lghqwli| wkh pdujlqdo xwlolw| frvwv +ru ehqh�wv, ri
hgxfdwlrq/ exw wkh uhvxowv gr qrw khos h{sodlq wkh kxpdq fdslwdo suhplxp1 Khfnpdq
hw do1 +4<<<, �qg d pl{hg vhw ri uhvxowv1 Wkh| glylgh shrsoh lqwr irxu delolw| txduwlohv
dqg �qg wkdw T �E�� lv vljql�fdqwo| qhjdwlyh iru wkh orzhvw txduwloh lqglylgxdov/ derxw
}hur iru wkh vhfrqg txduwloh dqg vljql�fdqwo| srvlwlyh iru wkh wklug txduwloh1 Wklv
fdqqrw h{sodlq wkh sx}}oh> lq idfw lw ghhshqv lw1 Vlqfh T �E�� lv srvlwlyh iru lqglylgxdov
lq wkh wklug txduwloh/ s �E�� vkrxog eh vljql�fdqwo| ohvv wkdq - iru wkhp/ qrw juhdwhu1
Wklv lv sduwlfxoduo| uhohydqw vlqfh wkh wklug txduwloh frqwdlqv pdq| pdujlqdo froohjh
vwxghqwv/ wkh jurxs zklfk vkrxog eh prvw lq xhqwldo lq ghwhuplqlqj wkh htxloleulxp
uhwxuq wr hgxfdwlrq91

Wkh lvvxh ri xqghulqyhvwphqw ehduv rq pdq| lpsruwdqw srolf| dqg hpslulfdo lv0
vxhv1 Pdq| pdfurhfrqrplvwv dvvxph wkdw wkhuh lv xqghulqyhvwphqw lq hgxfdwlrq1 Iru
h{dpsoh/ Urphu +4<<3,/ Oxfdv +4<;;,/ dqg Pdqnlz +4<<:, dujxh wkdw h{whuqdolwlhv
lq kxpdq fdslwdo dffxpxodwlrq duh lpsruwdqw lq h{sodlqlqj hfrqrplf jurzwk1 Krz0
hyhu/ Khfnpdq dqg Nohqrz +4<<:, dujxh wkdw wkhuh lv olwwoh hpslulfdo vxssruw iru
wklv dvvxpswlrq1 Wkh Khfnpdq dqg Nohqrz dqdo|vlv uhyroyhv durxqg phdq uhwxuqv
wr kxpdq fdslwdo lqyhvwphqwv/ dqg phdvxuhv gl�huhqfhv ehwzhhq vrfldo dqg sulydwh
uhwxuqv wr hgxfdwlrq1 Wkh| dujxh wkdw fxuuhqw vxevlglhv wr hgxfdwlrq duh mxvwl�hg
rqo| li wkh vrfldo uhwxuq h{fhhgv sulydwh uhwxuqv e| 63(/ dqg wkdw wkhuh lv qr uhdvrq
wr lqfuhdvh wkhp1

Frpsdulqj rxu dqdo|vlv zlwk wkdw lq Khfnpdq dqg Nohqrz dqg vlplodu zrun vkrzv
krz lpsruwdqw lw lv wr lqfoxgh ulvn lq wkh dqdo|vlv1 Lw lv qdwxudo wr orrn iru h{whuqdolwlhv
wr mxvwli| hgxfdwlrqdo vxevlglhv li rqh ljqruhv ulvn idfwruv1 Vlqfh jhqhudo kxpdq fdslwdo
h{whuqdolwlhv duh qrw olnho| wr eh odujh:/ lw lv qrw vxusulvlqj wkdw wkh| fdqqrw mxvwli|

8Lqwurvshfwlrq lqglfdwhv wkdw wklv dujxphqw jhwv wkh vljq zurqj1 Frqvlghu/ iru h{dpsoh/ fdofxoxv
frxuvhv1 Wkh ehqh�wv ri jrlqj wr fdofxoxv fodvv lqfoxgh qrw rqo| ixwxuh kljkhu zdjhv exw dovr wkh
dhvwkhwlf h{shulhqfh ri zdwfklqj ehdxwlixo pdwkhpdwlfdo lghdv xqirog lq wkh ohfwxuh dqg wkh sohdvxuh
ri xvlqj wkhvh lghdv wr vroyh krphzrun sureohpv1 Wkhuhiruh/ wkh phdvxuhg shfxqldu| uhwxuqv vkrxog
eh ohvv wkdq wkh uhwxuqv wr frpsdudeoh �qdqfldo dvvhwv1

9Khfnpdq hw do1 +4<<<, �qg wkdw Y 3+k, zdv vljql�fdqwo| qhjdwlyh iru wkh kljkhvw delolw| txduwloh1
Wklv lv sx}}olqj vlqfh rqh zrxog wklqn wkdw wkhvh lqglylgxdov zrxog kdyh wkh orzhvw xwlolw| frvwv ri
jrlqj wr froohjh1 Krzhyhu/ wklv hpslulfdo uhvxow zrxog dulvh li h{shfwdwlrqdo huuruv zhuh fruuhodwhg
zlwk delolw|1 Vxssrvh kljk delolw| lqglylgxdov wkrxjkw wkdw wkh �qdqfldo uhwxuqv wr froohjh iru wkhp
zdv htxdo wr wkh �qdqfldo uhwxuqv iru wkh dyhudjh froohjh vwxghqw1 Wkhq/ wkh| zrxog eh xqghuhvwl0
pdwlqj wkhlu wuxh �qdqfldo uhwxuq dqg vrph pd| fkrrvh qrw wr jr wr froohjh1 Wkh Khfnpdq hw do1
dqdo|vlv dvvxphg shuihfw iruhvljkw dqg vr zrxog dwwulexwh wklv ghflvlrq wr d odujh qhjdwlyh xwlolw|
vkrfn1

:Wkhuh duh wzr nlqgv ri h{whuqdolwlhv zklfk duh fohduo| suhvhqw exw wkh| gr qrw mxvwli| jhqhudo
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hgxfdwlrqdo vxevlglhv1 Zh vhh wkdw wkh slfwxuh lv idu ohvv fohdu zkhq zh frqvlghu wkh
ulvn fodvvl�fdwlrq ri kxpdq fdslwdo dv zhoo dv lwv phdq uhwxuq1

Wd{ uhirup glvfxvvlrqv dovr qhhg wr nqrz li wkhuh lv xqghulqyhvwphqw lq hgxfdwlrq1
Iru h{dpsoh/ vr0fdoohg �frqvxpswlrq� wd{ dgyrfdwhv sursrvh wd{ uhirupv wkdw wuhdw
hgxfdwlrqdo lqyhvwphqw dv frqvxpswlrq1 Wklv zrxog eldv lqyhvwphqw djdlqvw kxpdq
fdslwdo lq idyru ri sk|vlfdo fdslwdo lqyhvwphqwv1 Li wkhuh lv urxjk h!flhqf| lq wkh
doorfdwlrq ehwzhhq kxpdq dqg sk|vlfdo fdslwdo lqyhvwphqwv/ wkhq wklv uhglvwulexwlrq
ri lqfrph zrxog kdyh olwwoh h!flhqf| frvw1 Krzhyhu/ li wkhuh lv xqghulqyhvwphqw lq
hgxfdwlrq ghvslwh wkh ghgxfwlelolw| ri vwdwh dqg orfdo wd{hv wkdw �qdqfh hgxfdwlrq/
wkhq wklv uhglvwulexwlyh ihdwxuh ri frqvxpswlrq wd{ uhirupv zrxog djjudydwh xqghu0
lqyhvwphqw dqg olnho| kdyh vxevwdqwldo h!flhqf| frvwv1

81 Frqfoxvlrq

Wklv sdshu irupxodwhv wzr prghov ri ulvn| kxpdq fdslwdo lqyhvwphqw/ dqg �qgv wkdw
wkh frqyhqwlrqdo dssurdfkhv wr sruwirolr dqdo|vlv qhhg wr eh prgl�hg lq rughu wr lq0
whjudwh kxpdq dqg sk|vlfdo fdslwdo lqyhvwphqwv1 Iluvw/ wkh frqyhqwlrqdo fryduldqfh
irupxodwlrq ri wkh sulfh ri ulvn qhhgv wr eh dxjphqwhg e| d pdujlqdo fryduldqfh whup
ehfdxvh ri wkh qrqglyhuvl�delolw| ri kxpdq fdslwdo1 Vhfrqg/ zh dovr vkrz wkdw lg0
lrv|qfudwlf ulvn vkrxog eh ljqruhg lq htxloleulxp sulflqj wr wkh h{whqw wkdw lw dulvhv
iurp prudo kd}dug frqvlghudwlrqv lq dq rswlpdo lqfhqwlyh frqwudfw1 Wkh uhvxowv lq0
glfdwh wkdw d udwlrqdo lqglylgxdo hpsor|hg xqghu shuihfw frqwudfwlqj frqglwlrqv dqg
srvvhvvlqj shuihfw dffhvv wr fdslwdo pdunhwv zrxog lqyhvw lq kxpdq fdslwdo wr wkh
srlqw zkhuh lwv phdq uhwxuq htxdov wkh phdq uhwxuq wr sruwirolr dvvhwv zlwk wkh vdph
pdunhw fryduldqfh soxv wkh pdujlqdo fryduldqfh/ dqg zrxog ljqruh lglrv|qfudwlf ulvn1
Zh kdyh dujxhg wkdw lw lv gl!fxow wr h{sodlq wkh h{fhvv uhwxuq ri kxpdq fdslwdo
lqyhvwphqw1

Rxu wzr prghov lqglfdwh wkdw lw lv gl!fxow wr h{sodlq revhuyhg uhwxuqv wr hgxfdwlrq
zlwkrxw dovr frqfoxglqj wkdw htxloleulxp lv lqh!flhqw dqg wkdw vxevwdqwldo wd{ srolf|
lqwhuyhqwlrqv duh qhfhvvdu|1 Li rqh wdnhv wkh lglrv|qfudwlf ylhz ri kxpdq fdslwdo
ulvn/ wkhq kljko| surjuhvvlyh wd{ srolflhv duh riwhq dssursuldwh1 Li rqh eholhyhv wkdw
lglrv|qfudwlf ulvn dulvhv iurp dv|pphwulf lqirupdwlrq zklfk lv h!flhqwo| kdqgohg lq
sulydwh qhjrwldwlrqv/ wkhq wkhuh lv qr uroh iru wd{ srolflhv/ exw wklv prgho lpsolhv wkdw
rqo| v|vwhpdwlf ulvn fdq frqwulexwh wr wkh htxloleulxp suhplxp iru kxpdq fdslwdo
uhwxuqv1

Wkh wzr prghov zh h{dplqhg deryh zhuh txlwh vlpsoh1 Iluvw/ wkh g|qdplfv zhuh

vxevlglhv1 Iluvw/ hgxfdwlrq pd| uhgxfh fulplqdo dfwlylw| e| vrph orz delolw| lqglylgxdov1 Vhfrqg/

hgxfdwlrq zloo surgxfh wkh vflhqwlvwv zkr zloo lqyhqw qhz jrrgv dqg whfkqrorj|/ dqg fxuh glvhdvhv1

Krzhyhu/ erwk dujxphqwv fryhu rqo| lqglylgxdov dw wkh wzr wdlov ri wkh delolw| glvwulexwlrq/ d vpdoo

iudfwlrq ri wkh srsxodwlrq1 Vpdoohu/ pruh wdujhwhg surjudpv zrxog eh pruh h!flhqw uhvsrqvhv wr

wkhvh h{whuqdolwlhv1
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wulyldo1 Rqh lpsruwdqw gl�huhqfh ehwzhhq �qdqfldo dqg kxpdq fdslwdo lqyhvwphqwv lv
wkdw rqh fdq dowhu �qdqfldo lqyhvwphqwv lq uhvsrqvh wr qhz lqirupdwlrq dqg hyroylqj
olih0f|foh remhfwlyhv/ zkhuhdv hgxfdwlrq dqg wudlqlqj duh gl!fxow wr dgmxvw1 Vhfrqg/
zh kdyh ljqruhg wkh uroh ri jryhuqphqwv lq surylglqj kxpdq fdslwdo lqyhvwphqwv1
Zh kdyh wdflwo| dvvxphg d Wlherxw dssurdfk wr hgxfdwlrq surylvlrq zkhuhe| wkh
surylvlrq ri orfdo sxeolfo| surylghg jrrgv lv htxlydohqw wr sulydwh surylvlrq1 Zkloh
wklv lv d uhdvrqdeoh ehqfkpdun/ lw lv suredeo| qrw dq dffxudwh prgho ri hgxfdwlrq
srolf|1 Dq| rswlpdo Ihghudo wd{ srolf| dqdo|vlv vkrxog lqfoxgh d ulfkhu prgho ri orfdo
dqg vwdwh hgxfdwlrq srolflhv1

Wkh prghov zh h{dplqhg khuh zhuh vlpsoh dqg jhqhudol}dwlrqv duh ghvludeoh1 Krz0
hyhu/ wkh| fohduo| ghprqvwudwh wkdw dqdo|vhv ri kxpdq fdslwdo lqyhvwphqwv dqg uhodwhg
wd{ srolf| lvvxhv qhhg wr frqvlghu wkh lqglylgxdo dqg vrfldo ulvnv1
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