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Wklv sdshu h{dplqhv d sx}}olqj hpslulfdo uhjxodulw|= Lq srvwzdu X1V1 gdwd/ uhvlghqwldo
lqyhvwphqw h{klelwv d vwurqj dqg udslg uhvsrqvh wr d prqhwdu| srolf| vkrfn/ zkloh vwuxf0
wxuhv lqyhvwphqw pdqlihvwv d vxevwdqwldoo| zhdnhu dqg vorzhu uhvsrqvh1 Wklv vw|ol}hg idfw
lv sx}}olqj lqdvpxfk dv uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw erwk lqyroyh orqj0olyhg dv0
vhwv zlwk yhu| vlplodu fkdudfwhulvwlfv/ vr wkdw rqh pljkw h{shfw wkhp wr pdqlihvw vlplodu
uhvsrqvhv wr prqhwdu| srolf| vkrfnv1

Ehuqdqnh dqg Jhuwohu +4<<8, kdyh srlqwhg rxw wkdw wkh gl�huhqwldo uhvsrqvhv ri uhvlghq0
wldo dqg vwuxfwxuhv lqyhvwphqw wr fkdqjhv lq prqhwdu| srolf| fdq eh h{sodlqhg e| dsshdolqj
wr wkh vr0fdoohg �edqn0ohqglqj fkdqqho� ri prqhwdu| srolf| wudqvplvvlrq14 Zkloh wklv h{sod0
qdwlrq kdv vrph dsshdo/ wklv sdshu dujxhv wkdw lw lv qrw wkh rqo| srvvleoh h{sodqdwlrq1 Dv dq
dowhuqdwlyh wr wkh edqn0ohqglqj fkdqqho/ wklv sdshu dffrxqwv iru wkh frqwudvwlqj uhvsrqvhv
ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw e| irfxvlqj rq/ �uvw/ wkh gl�huhqwldo sodqqlqj dqg
frpsohwlrq wlphv ri wkh exloglqj surmhfwv lq wkhvh wzr fdwhjrulhv ri lqyhvwphqw/ dqg vhfrqg/
wkh lq h{lelolwlhv wkdw dulvh li �upv dwwhpsw wr fkdqjh wkh sodqqhg sdwwhuq ri lqyhvwphqw
vshqglqj rqfh d surmhfw kdv ehjxq1 Wkh iruphu surshuw| ri uhvlghqwldo dqg vwuxfwxuhv lq0
yhvwphqw lv dq lpsruwdqw ihdwxuh ri uhdo0zruog surmhfwv= Wkh X1V1 Exuhdx ri wkh Fhqvxv
+4<<5/ 4<<<e, hvwlpdwhv wkdw qrquhvlghqwldo exloglqj surmhfwv wdnh dq dyhudjh ri irxuwhhq
prqwkv wr frpsohwh +vhh wdeoh 4,/ zkloh uhvlghqwldo exloglqj surmhfwv/ zklfk duh sulqflsdoo|
vlqjoh0idplo| krxvhv/ wdnh dq dyhudjh ri vl{ dqg0d0kdoi prqwkv wr frpsohwh +vhh wdeoh 5,1

Wr xqghuvwdqg krz orqj frpsohwlrq wlphv fdq uhgxfh wkh lpsdfw ri d prqhwdu| vkrfn
rq lqyhvwphqw/ frqvlghu wkh h�hfwv ri d frqwudfwlrqdu| prqhwdu| vkrfn1 Orqj frpsohwlrq
wlphv frxsohg zlwk lq h{lelolwlhv lq fkdqjlqj d sodqqhg sdwwhuq ri lqyhvwphqw pd| uhvxow
lq wkh frqwlqxdwlrq ri surmhfwv douhdg| xqghu frqvwuxfwlrq hyhq zkhq d vxusulvh prqhwdu|
wljkwhqlqj kdv ohiw wkhp xqsur�wdeoh lq wkh vhqvh wkdw wkh frvw ri fdslwdo h{fhhgv fxuuhqw
uhqwdo udwhv1 Wkh rswlrq ri grlqj }hur ryhudoo lqyhvwphqw dqg uhfhlylqj d }hur uhwxuq zlwk
}hur frvw pd| qrw eh dydlodeoh iru d pxowlvwdjh surmhfw wkdw lv douhdg| xqghuzd|> khqfh/ hyhq
li dq lqfuhdvh lq lqwhuhvw udwhv ohdyhv wkh surmhfw xqsur�wdeoh/ wkh rwkhu rswlrq�dedqgrq wkh
surmhfw dqg devrue wkh dffxpxodwhg �qdqflqj frvw wr gdwh�pljkw eh hyhq ohvv dwwudfwlyh1
Wkh frqwlqxdwlrq ri pxowlvwdjh exloglqj surmhfwv frxog wkhuhiruh vhuyh wr surs xs lqyhvwphqw
diwhu d wljkwhqlqj lq prqhwdu| srolf|/ wkxv vorzlqj dqg zhdnhqlqj lqyhvwphqw*v uhvsrqvh wr
d prqhwdu| vkrfn1

4Ehuqdqnh dqg Eolqghu*v +4<;;, prgho ri wkh edqn0ohqglqj fkdqqho vxjjhvwv wkdw wkh rshq0pdunhw vdohv
dvvrfldwhg zlwk d prqhwdu| wljkwhqlqj gudz uhvhuyhv dqg ghsrvlwv dzd| iurp wkh edqnlqj v|vwhp/ uhgxflqj
wkh ixqgv dydlodeoh wr edqnv dqg wkxv fxuwdlolqj wkh vxsso| ri edqn ordqv1 Wklv fdq h{sodlq wkh uhvsrqvhv
ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr d prqhwdu| srolf| vkrfn1 Vshfl�fdoo|/ vlqfh krxvhkrogv duh
w|slfdoo| edqn ghshqghqw/ d uhgxfwlrq lq wkh yroxph ri edqn fuhglw dydlodeoh wr wkhp zloo irufh wkhp wr
fxuwdlo wkhlu vshqglqj1 Dv krxvhkrogv surylgh wkh �qdo ghpdqg iru uhvlghqwldo lqyhvwphqw/ wklv zloo frqwudfw
dv prqhwdu| srolf| lv wljkwhqhg1 Ilupv/ rq wkh rwkhu kdqg/ duh pruh fdsdeoh ri udlvlqj fuhglw hovhzkhuh>
khqfh/ vwuxfwxuhv lqyhvwphqw�zklfk lv sulpdulo| xqghuwdnhq e| exvlqhvvhv�qhhg qrw frqwudfw e| dv pxfk
iroorzlqj d prqhwdu| srolf| wljkwhqlqj1
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Orqj surmhfw0frpsohwlrq wlphv dovr uhgxfh wkh lpsdfw wkdw whpsrudu| pryhphqwv lq
uhdo lqwhuhvw udwhv kdyh rq lqyhvwphqw1 Wkh frvw ri fdslwdo iru w|shv ri surmhfwv wkdw uhtxluh
wkdw lqyhvwphqw vshqglqj eh vsuhdg ryhu pxowlsoh shulrgv ghshqgv rq wkh uhdo lqwhuhvw udwh
ryhu doo wkh shulrgv gxulqj zklfk wkh vshqglqj wdnhv sodfh1 D prqhwdu| wljkwhqlqj wkdw
udlvhv uhdo lqwhuhvw udwhv iru rqo| d ihz shulrgv zloo/ wkhuhiruh/ kdyh d vpdoohu h�hfw rq wkh
ryhudoo frvw ri fdslwdo dqg khqfh rq wkh uhvxowlqj uhvsrqvh ri lqyhvwphqw1 Wklv lv wkh fdvh
erwk iru surmhfwv xqghu frqvwuxfwlrq dw wkh wlph ri wkh vkrfn dv zhoo dv iru surmhfwv qrw |hw
ehlqj exlow1

Wkh uhodwlyho| orqj frpsohwlrq wlphv wkdw fkdudfwhul}h vwuxfwxuhv exloglqj surmhfwv wkxv
lpso| d vorzhu dqg zhdnhu uhvsrqvh wr d prqhwdu| srolf| vkrfn iru vwuxfwxuhv lqyhvwphqw
wkdq iru uhvlghqwldo lqyhvwphqw1

Wklv sdshu hvwdeolvkhv vxssruw iru wkh k|srwkhvlv wkdw gl�huhqwldo surmhfw sodqqlqj dqg
frpsohwlrq wlphv dffrxqw iru wkh frqwudvwlqj uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvw0
phqw wr prqhwdu| vkrfnv1 Wkh �uvw sduw ri wklv sdshu vhhnv hpslulfdo vxssruw iru wklv
h{sodqdwlrq/ zkloh wkh vhfrqg sduw ri wkh sdshu ghyhorsv d wkhruhwlfdo prgho wkdw lv fdsdeoh
ri jhqhudwlqj wkh w|shv ri uhvsrqvhv wkdw duh dfwxdoo| revhuyhg lq wkh gdwd1

Wkh sdshu*v hpslulfdo dqdo|vlv lqyroyhv h{dplqlqj wkh uhvsrqvh ri uhvlghqwldo dqg vwuxf0
wxuhv vwduwv dqg lqyhvwphqw wr d prqhwdu| srolf| vkrfn15 Vwuxfwxuhv dqg uhvlghqwldo vwduwv
duh lqfoxghg lq wkh dqdo|vlv iru wkh uhdvrq wkdw wkh h{lvwhqfh ri gl�huhqwldo surmhfw sodqqlqj
dqg frpsohwlrq wlphv dovr fduulhv vwurqj lpsolfdwlrqv iru wkh uhvsrqvh ri uhvlghqwldo dqg
vwuxfwxuhv vwduwv1 Li wkh frqwlqxdwlrq ri h{lvwlqj surmhfwv gdpshqv wkh uhvsrqvh ri lqyhvw0
phqw/ vwuxfwxuhv dqg uhvlghqwldo vwduwv vkrxog erwk h{klelw idvwhu dqg vwurqjhu uhvsrqvhv
wr prqhwdu| vkrfnv wkdq vwuxfwxuhv dqg uhvlghqwldo lqyhvwphqw1 Ixuwkhupruh/ vlqfh orqj
surmhfw0frpsohwlrq wlphv duh pruh d ihdwxuh ri vwuxfwxuhv exloglqj surmhfwv/ wkh gl�huhqfh
ehwzhhq wkh uhvsrqvhv ri vwuxfwxuhv vwduwv dqg lqyhvwphqw vkrxog eh pruh surqrxqfhg wkdq
wkh gl�huhqfh ehwzhhq wkh uhvsrqvhv ri uhvlghqwldo vwduwv dqg lqyhvwphqw1 Ilqdoo|/ vlqfh orqj
surmhfw0frpsohwlrq wlphv vxssuhvv wkh h�hfw ri whpsrudu| pryhphqwv lq wkh uhdo lqwhuhvw
udwh/ wkh uhvsrqvh ri vwuxfwxuhv vwduwv vkrxog eh vorzhu dqg zhdnhu wkdq uhvlghqwldo vwduwv1
Wkh lqfoxvlrq ri vwuxfwxuhv dqg uhvlghqwldo vwduwv wkxv surylghv dq dgglwlrqdo glphqvlrq
dorqj zklfk wr h{dplqh zkhwkhu wkh dydlodeoh hpslulfdo hylghqfh lv frqvlvwhqw zlwk wkh
sdshu*v k|srwkhvlv1

Wkh hpslulfdo dqdo|vlv/ zklfk lv frqgxfwhg e| �wwlqj yhfwru dxwruhjuhvvlrqv +YDUv, wr
dssur{lpdwho| wzr ghfdghv ri prqwko| X1V1 gdwd/ lv rujdql}hg dv iroorzv1 Vhfwlrqv rqh dqg
wzr ghvfuleh wkh gdwd dqg edvholqh yhfwru dxwruhjuhvvlrq prghov wkdw zloo eh xvhg lq wkh
dqdo|vlv1 Lq vhfwlrq wkuhh/ L lqfoxgh uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw lq wkh YDUprghov
ri vhfwlrq wzr dqg hvwdeolvk wkdw wkh edvlf �qglqj�wkdw uhvlghqwldo lqyhvwphqw h{klelwv d

5Vwduwv duh phdvxuhg dv wkh ydoxh ri exloglqj surmhfwv frpphqfhg lq d jlyhq shulrg/ zkloh lqyhvwphqw lv
wkh ydoxh ri wkdw sruwlrq ri wkh surmhfw dfwxdoo| exlow gxulqj wkh shulrg1
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vwurqj dqg udslg uhvsrqvh wr prqhwdu| srolf| zkloh vwuxfwxuhv lqyhvwphqw glvsod|v olwwoh
uhvsrqvh dw doo�lv urexvw dfurvv d qxpehu ri vshfl�fdwlrqv1 Vhfwlrq irxu suhvhqwv wkh sdshu*v
sulqflsdo hpslulfdo �qglqjv1 L �qg wkdw vwuxfwxuhv dqg uhvlghqwldo vwduwv gr lqghhg uhvsrqg
wr fkdqjhv lq prqhwdu| srolf| pruh vwurqjo| dqg pruh udslgo| wkdq wkh fruuhvsrqglqj
frpsrqhqwv ri lqyhvwphqw/ dqg dovr wkdw wkh uhvsrqvh ri vwuxfwxuhv vwduwv lv vorzhu dqg
zhdnhu wkdq wkh uhvsrqvh ri uhvlghqwldo vwduwv1 L gr qrw �qg wkh gl�huhqfh ehwzhhq vwuxfwxuhv
vwduwv dqg lqyhvwphqw wr eh dq| pruh surqrxqfhg wkdq wkh gl�huhqfh ehwzhhq uhvlghqwldo
vwduwv dqg lqyhvwphqw1 Krzhyhu/ d uh�qhphqw ri wkh dqdo|vlv iru uhvlghqwldo lqyhvwphqw wr
frqvlghu rqo| wkh uhvsrqvhv ri vwduwv dqg lqyhvwphqw lq vlqjoh0idplo| krphv grhv |lhog uhvxowv
wkdw frqirup pruh forvho| wr wkrvh lpsolhg e| wkh sdshu*v k|srwkhvlv1 L frqfoxgh wkdw wkh
uhvxowv ri wkh YDU dqdo|vlv duh odujho| frqvlvwhqw zlwk wkh sdshu*v k|srwkhvlv1 Ixuwkhupruh/
vlqfh wkh edqn0ohqglqj fkdqqho h{sodqdwlrq zrxog +lq wkh devhqfh ri gl�huhqwldo surmhfw
sodqqlqj dqg frpsohwlrq wlphv, suhglfw wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv
wr eh qr gl�huhqw wkdq wkh uhvsrqvhv ri wkhlu fruuhvsrqglqj lqyhvwphqw  rzv/ wkh YDU
dqdo|vlv vxjjhvwv wkdw wkh edqn0ohqglqj fkdqqho fdqqrw/ e| lwvhoi/ ixoo| h{sodlq wkh ehkdylru
ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw iroorzlqj d prqhwdu| vkrfn1

Wkh wkhruhwlfdo sruwlrq ri wkh sdshu ghprqvwudwhv wkdw wkh hpslulfdo uhvxowv fdq eh uhsol0
fdwhg lq wkh frqwh{w ri d fdoleudwhg prgho wkdw lqfrusrudwhv wzr w|shv ri fdslwdo zlwk gli0
ihuhqwldo sodqqlqj dqg frpsohwlrq wlphv lq lqyhvwphqw1 Vhfwlrq �yh ghvfulehv dqg glvfxvvhv
wkh edvlf yduldqw ri wkh vwlfn|0sulfh prqhwdu| exvlqhvv f|foh prgho wkdw L xvh1 Vhfwlrq vl{
ghvfulehv krz wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv duh dgghg
wr wkh prgho1 Vhfwlrq vhyhq rxwolqhv wkh yduldqw ri wkh prgho wkdw lv hpsor|hg wr jhqhudwh
wkh sdshu*v wkhruhwlfdo uhvxowv/ zkloh vhfwlrq hljkw frpsduhv wkh uhvsrqvhv jhqhudwhg iurp
wkh wkhruhwlfdo prgho wr wkrvh iurp wkh YDU v|vwhpv1 Vhfwlrq qlqh frqfoxghv e| qrwlqj wkh
sdshu*v pdlq uhvxowv dqg glvfxvvlqj uhohydqw srolf| lpsolfdwlrqv1

4 Gdwd

Wklv vhfwlrq surylghv d eulhi ryhuylhz ri wkh gdwd xvhg lq wkh yhfwru dxwruhjuhvvlrqv ri
vhfwlrqv wzr wkurxjk �yh1 +Wkh gdwd dsshqgl{ frqwdlqv d pruh ghwdlohg glvfxvvlrq1,

Lq rughu wr dvvhvv ehwwhu wkh wlplqj ri wkh ydulrxv yduldeohv* uhvsrqvhv wr fkdqjhv lq
prqhwdu| srolf|/ L xvh prqwko| gdwd lq wkh YDU v|vwhpv1 Iru wkh edvlf YDUv suhvhqwhg lq
vhfwlrq wzr/ L uhtxluh prqwko| hvwlpdwhv ri rxwsxw/ sulfhv/ dqg frpprglw| sulfhv/ wrjhwkhu
zlwk d udqjh ri prqhwdu| srolf| yduldeohv wkdw lqfoxghv wkh Ihghudo ixqgv udwh dqg qrq0
eruurzhg dqg wrwdo uhvhuyhv1 Rqo| wkh prqhwdu| srolf| yduldeohv dqg wkh frpprglw| sulfh
vhulhv +wkh Grz0Mrqhv lqgh{ ri vsrw frpprglw| sulfhv, duh dydlodeoh dw prqwko| iuhtxhqflhv>
L wkhuhiruh xvh Ehuqdqnh dqg Plkry*v +4<<;, lqwhusrodwhg prqwko| hvwlpdwhv ri uhdo JGS
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dqg wkh JGS gh dwru lq wkh YDUv16 Lq vhfwlrq wkuhh/ L dovr xvh Ehuqdqnh dqg Plkry*v
lqwhusrodwhg prqwko| hvwlpdwhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw1

Lq vhfwlrq irxu L uhtxluh prqwko| phdvxuhv ri vwduwv dqg ydoxh sxw lq sodfh iru uhvlghqwldo
dqg vwuxfwxuhv frqvwuxfwlrq1 Ydoxh sxw lq sodfh gdwd frph iurp d vxuyh| wkdw lv frqgxfwhg
prqwko| e| wkh X1V1 Exuhdx ri wkh Fhqvxv/ zkloh vwduwv gdwd duh wdnhq iurp xqsxeolvkhg
prqwko| gdwd frpslohg e| wkh I1Z1 Grgjh Jurxs/ d sulydwh frqvxowlqj �up17 Wkh Fhqvxv
gdwd duh vhdvrqdoo| dgmxvwhg/ exw L pxvw vhdvrqdoo| dgmxvw wkh I1Z1 Grgjh gdwd p|vhoi18

Rqfh djdlq/ doo vhulhv duh phdvxuhg lq frqvwdqw 4<<5 grooduv1
Wkh vdpsoh shulrg xvhg lq wklv vwxg| lv iurp Mxo| 4<:9 wr Ghfhpehu 4<<91 Zkloh d

orqjhu klvwru| lv dydlodeoh/ wkh vkruwhqhg vdpsoh shulrg lv suhihudeoh ehfdxvh ri fkdqjhv lq
gdwd frqvwuxfwlrq phwkrgv1 Wklv lvvxh lv glvfxvvhg lq juhdwhu ghwdlo lq wkh gdwd dsshqgl{1

5 Ryhuylhz ri wkh YDU V|vwhpv

Wklv vhfwlrq eulh | frqvlghuv �yh fruh YDU v|vwhpv wkdw zloo eh xvhg wr dqdo|}h wkh h�hfw
ri prqhwdu| srolf| rq uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw1 Frqvlghulqj d udqjh ri YDUv
lv qhfhvvdu| jlyhq wkh odfn ri frqvhqvxv dprqj uhvhdufkhuv dv wr wkh yduldeoh +ru yduldeohv,
wkh Ihg frqwurov lq vhwwlqj prqhwdu| srolf|> vlplodu glvdjuhhphqw dovr h{lvwv uhjduglqj wkh
frpsrvlwlrq ri wkh Ihg*v lqirupdwlrq vhw dw wkh wlph prqhwdu| srolf| ghflvlrqv duh pdgh1
Lw lv wkhuhiruh lpsruwdqw wr dvvhvv krz urexvw wkh uhvxowv ri wklv sdshu duh wr gl�huhqw
prqhwdu| srolf| lghqwl�fdwlrq phwkrgv1

L frqvlghu wkuhh w|shv ri prghov1 Wkh �uvw dvvxphv wkdw wkh Ihg*v prqhwdu| srolf|
lqvwuxphqw lv wkh Ihghudo ixqgv udwh> wkh vhfrqg dvvxphv wkdw wkh srolf| lqvwuxphqw lv wkh
ohyho ri qrqeruurzhg uhvhuyhv> dqg wkh wklug xvhv wkh Ehuqdqnh0Plkry +4<<;, phwkrg ri
lghqwl�fdwlrq +zklfk/ iru wkh mxvw0lghqwl�hg fdvh/ uhtxluhv qr dvvxpswlrqv dv wr wkh Ihg*v
srolf| lqvwuxphqw,1 Wkh YDUv dovr lqfoxgh yduldeohv wkdw duh frqwdlqhg lq wkh Ihg*v lqiru0
pdwlrq vhw +exw qrw rwkhuzlvh lqfrusrudwhg lq wkh YDU, lq rughu wr shuplw wkh lghqwl�fdwlrq
ri �wuxh� prqhwdu| srolf| vkrfnv1 Hdfk YDU frqwdlqv phdvxuhv ri rxwsxw dqg sulfhv +uhdo

6Ehuqdqnh dqg Plkry +4<<;, frqvwuxfw prqwko| hvwlpdwhv ri uhdo JGS/ lwv pdmru h{shqglwxuh frpsrqhqwv/
dqg wkh JGS gh dwru xvlqj d Ndopdq �owhu dqg d qxpehu ri prqwko| sduwldo lqglfdwruv1 Ghwdlov ri wkh
lqwhusrodwlrq phwkrg dv zhoo dv wkh prqwko| vhulhv hpsor|hg lq wkh hvwlpdwlrq surfhgxuh fdq eh irxqg lq
wkh dsshqglfhv wr Ehuqdqnh dqg Plkry +4<<;, dqg Ehuqdqnh/ Jhuwohu/ dqg Zdwvrq +4<<:,1 Wkh uhdo vhulhv
xvhg lq p| YDUv duh doo vhdvrqdoo| dgmxvwhg dqg phdvxuhg lq frqvwdqw 4<<5 sulfhv1

7Dowkrxjk wkh vwduwv dqg ydoxh sxw lq sodfh gdwd frph iurp gl�huhqw vrxufhv/ wkh| duh dfwxdoo| forvho|
uhodwhg ryhu wkh vdpsoh shulrg xvhg lq wklv vwxg|1 +Vhh wkh gdwd dsshqgl{ iru ghwdlov1,

8 L xvh wkh UDWV hfrqrphwulf sdfndjh*v h{srqhqwldo vprrwklqj dojrulwkp wr vhdvrqdoo| dgmxvw wkh I1Z1
Grgjh vwduwv gdwd1 Wklv surfhvv ehjlqv e| hvwlpdwlqj d vhw ri vhdvrqdo idfwruv +xvlqj gxpp| yduldeohv, zklfk
duh wkhq lwhudwhg xsrq vr dv wr duulyh dw d �qdo vhw ri idfwruv1 Wklv �qdo vhw ri vhdvrqdo idfwruv pd{lpl}hv
wkh vprrwkqhvv ri wkh vhdvrqdoo| dgmxvwhg vhulhv zkloh dovr plqlpl}lqj wkh |hdu wr |hdu yduldelolw| ri wkh
vhdvrqdo idfwruv1
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JGS dqg wkh JGS gh dwru,> iroorzlqj Vlpv +4<<5,/ wkh YDUv dovr lqfoxgh d phdvxuh ri
frpprglw| sulfhv19

Xvlqj wkh Ihghudo ixqgv udwh wr phdvxuh wkh Ihg*v srolf| vwdqfh lv lqiruphg e| wkh zrun
ri Ehuqdqnh dqg Eolqghu +4<<5,/ zkr �qg wkdw wkh Ihghudo ixqgv udwh rxwshuirupv vhyhudo
fdqglgdwh lqglfdwruv ri prqhwdu| srolf|1 Wkh �uvw YDU v|vwhp wkdw L hvwlpdwh +uhihuuhg
wr dv Ihghudo ixqgv udwh v|vwhp L, lqfoxghv irxu yduldeohv= uhdo JGS/ wkh JGS gh dwru/
frpprglw| sulfhv/ dqg wkh Ihghudo ixqgv udwh1: L rughu wkh Ihghudo ixqgv udwh odvw/ wkh
lpsolfdwlrq ehlqj wkdw fxuuhqw ohyhov ri rxwsxw/ wkh sulfh ohyho/ dqg frpprglw| sulfhv duh
nqrzq e| wkh Ihg zkhq lw vhwv prqhwdu| srolf| +d uhodwhg lpsolfdwlrq lv wkdw rxwsxw dqg
sulfhv gr qrw uhvsrqg lpphgldwho| wr d prqhwdu| srolf| vkrfn,1

L dovr frqvlghu d yduldqw ri wkh Ihghudo ixqgv udwh0edvhg YDU wkdw doorzv vhyhudo rwkhu
yduldeohv +vshfl�fdoo|/ odjjhg ydoxhv ri wrwdo uhvhuyhv/ qrqeruurzhg uhvhuyhv/ dqg wkh prqh|
vxsso|, wr hqwhu wkh Ihg*v lqirupdwlrq vhw1 L wkhuhiruh hvwlpdwh d vhyhq0yduldeoh YDU
+uhihuuhg wr dv Ihghudo ixqgv udwh v|vwhp LL, wkdw lqfoxghv wkh vdph yduldeohv dv wkh irxu0
yduldeoh vshfl�fdwlrq/ dorqj zlwk wkh wkuhh dgglwlrqdo yduldeohv wkdw duh sodfhg diwhu wkh
Ihghudo ixqgv udwh lq wkh YDU rughulqj1;

Xvlqj qrqeruurzhg uhvhuyhv wr phdvxuh wkh Ihg*v srolf| vwdqfh lv lqiruphg e| wkh zrun ri
Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ zkr dujxh wkdw qrqeruurzhg uhvhuyhv duh prvw gluhfwo|
frqwuroohg e| wkh Ihg lq frqgxfwlqj prqhwdu| srolf|1 Wkh �uvw yduldqw ri wkh qrqeruurzhg
uhvhuyhv0edvhg YDU v|vwhpv +uhihuuhg wr dv qrqeruurzhg uhvhuyhv v|vwhp L, wkdw L frqvlghu
dvvxphv wkdw wkh Ihg*v lqirupdwlrq vhw lv lghqwlfdo wr wkdw xvhg lq wkh vhfrqg Ihghudo ixqgv0
edvhg YDU1 Wkh rqo| gl�huhqfh lq wklv vshfl�fdwlrq lv wkdw wkh qrqeruurzhg uhvhuyhv whup
lv sodfhg ehiruh wkh Ihghudo ixqgv udwh lq wkh YDU rughulqj1

Vwurqjlq +4<<8, kdv dujxhg wkdw/ vlqfh wkh ghpdqg iru wrwdo uhvhuyhv lv frpsohwho|
lqwhuhvw0lqhodvwlf lq wkh vkruw uxq/ d vkrfn wr qrqeruurzhg uhvhuyhv vkrxog ohdyh wrwdo uh0
vhuyhv xqfkdqjhg lq wkh lqlwldo shulrg/ dqg rqo| d�hfw lwv glylvlrq ehwzhhq eruurzhg dqg
qrqeruurzhg uhvhuyhv1 Wkh vhfrqg yduldqw ri wkh qrqeruurzhg uhvhuyhv0edvhg YDU v|vwhpv
+uhihuuhg wr dv qrqeruurzhg uhvhuyhv v|vwhp LL, wkhuhiruh sodfhv wrwdo uhvhuyhv dkhdg ri
qrqeruurzhg uhvhuyhv lq wkh YDU rughulqj1

Ehuqdqnh dqg Plkry +4<<;, hpehg wkh vwuxfwxuh ri wkh Ihghudo ixqgv pdunhw lq wkhlu
YDU dqg xvh lw wr lghqwli| prqhwdu| srolf| vkrfnv1 Wkh YDU xvhg iru wklv phwkrg ri

9Vlpv +4<<5, dujxhv wkdw wkh fhqwudo edqn*v lqirupdwlrq vhw pd| frqwdlq lqirupdwlrq derxw ixwxuh lq0
 dwlrq/ vxfk dv zkhwkhu dq rlo sulfh vkrfn kdv rffxuuhg1 Ljqrulqj wklv fdq jlyh ulvh wr wkh vr0fdoohg �sulfh
sx}}oh/� lq zklfk sulfhv lqfuhdvh iroorzlqj d prqhwdu| wljkwhqlqj1 Lqwxlwlyho|/ wkh sulfh sx}}oh rffxuv ehfdxvh
zh kdyh frqirxqghg dq hqgrjhqrxv fkdqjh lq wkh prqhwdu| srolf| lqvwuxphqw zlwk dq h{rjhqrxv fkdqjh lq
srolf|1

:Uhdo JGS/ wkh JGS gh dwru/ dqg wkh phdvxuh ri frpprglw| sulfhv hqwhu wkh YDUv lq orj0ohyhov zkloh
wkh Ihghudo ixqgv udwh hqwhuv lq ohyhov1

;Wrwdo dqg qrqeruurzhg uhvhuyhv duh qrupdol}hg e| d 690prqwk prylqj dyhudjh ri wrwdo uhvhuyhv zkloh
P5 lv h{suhvvhg lq uhdo whupv dqg hqwhuv lq orj0ohyhov1
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lghqwl�fdwlrq +uhihuuhg wr dv wkh Ihghudo ixqgv pdunhw v|vwhp, grhv qrw lqfoxgh wkh uhdo
prqh| vxsso| exw rwkhuzlvh frqwdlqv wkh vdph yduldeohv dv wkh YDUv xqghu wkh wkuhh
suhylrxv lghqwl�fdwlrq phwkrgv1 Wkh wkuhh srolf| yduldeohv duh rughuhg odvw lq wkh YDU1

Doo �yh YDU v|vwhpv h{dplqhg lq wklv vhfwlrq |lhog sodxvleoh txdolwdwlyh uhvsrqvhv iru
rxwsxw dqg sulfhv +qrw vkrzq, iroorzlqj d prqhwdu| srolf| vkrfn> ixuwkhupruh/ wkh uhvsrqvh
ri sulfhv grhv qrw vhhp wr vx�hu wrr juhdwo| iurp wkh �sulfh sx}}oh1�< Wkh uhvsrqvhv
ri rxwsxw dqg sulfhv lq wkh wzr Ihghudo ixqgv udwh0edvhg YDUv duh qrwlfhdeo| vpdoohu
dqg vorzhu wkdq wkh uhvsrqvhv rewdlqhg iurp wkh rwkhu wkuhh YDUv1 Hvwlpdwhv ri wkh
vwdqgdug huuru edqgv lq wkh Ihghudo ixqgv pdunhw v|vwhp +qrw vkrzq, duh h{wuhpho| odujh/
ohdylqj wkh uhvsrqvhv ri doo yduldeohv lqvljql�fdqw iru doo shulrgv iroorzlqj wkh vkrfn143 Wkh
lqvljql�fdqfh ri wkh lpsxovh uhvsrqvh ixqfwlrqv iroorzlqj d prqhwdu| srolf| vkrfn zkhq wklv
phwkrg ri lghqwl�fdwlrq lv xvhg dulvhv uhshdwhgo| lq vxevhtxhqw vhfwlrqv144 Qhyhuwkhohvv/ lq
zkdw iroorzv L hpsor| doo �yh vshfl�fdwlrqv lq rughu wr dvvhvv wkh urexvwqhvv ri p| hpslulfdo
uhvxowv wr p| fkrlfh ri prqhwdu| srolf| lqvwuxphqw1

6 Wkh Uhvsrqvh ri Uhvlghqwldo dqg Vwuxfwxuhv Lqyhvwphqw wr
d Prqhwdu| Srolf| Vkrfn

Wklv vhfwlrq hvwdeolvkhv wkh edvlf vw|ol}hg idfw wkdw wklv sdshu vhhnv wr h{sodlq= Iroorzlqj d
prqhwdu| wljkwhqlqj/ uhvlghqwldo lqyhvwphqw dfwlylw| pdqlihvwv d vkdus dqg qhduo| lpphgldwh
ghfolqh/ zkloh vwuxfwxuhv lqyhvwphqw h{klelwv d vxevwdqwldoo| vorzhu dqg zhdnhu uhvsrqvh1

L hvwdeolvk wklv uhvxow e| dgglqj uhdo uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr wkh YDU
v|vwhpv ri vhfwlrq wzr145 Sdqhov +d, dqg +e, ri �jxuh 4 sorw wkh uhohydqw lpsxovh uhvsrqvh
ixqfwlrqv146

Lq vxevhtxhqw vhfwlrqv L �qg lw suhihudeoh wr xvh wkh Fhqvxv Exuhdx*v ydoxh sxw lq sodfh

< Lq rughu wr frqvhuyh ghjuhhv ri iuhhgrp jlyhq d vdpsoh ri d olwwoh ryhu 53 |hduv/ L hvwlpdwh wkh YDUv
lq wklv sdshu dvvxplqj 9 odjv ri hdfk yduldeoh1 Wkh lpsxovh uhvsrqvh ixqfwlrqv uhvxowlqj iurp YDUv zlwk
orqjhu ru vkruwhu odj vwuxfwxuhv uhpdlq txdolwdwlyho| xqfkdqjhg1

43Doo vwdqgdug huuru edqgv uhsruwhg lq wklv sdshu kdyh ehhq frpsxwhg xvlqj wkh Ed|hvldq Prqwh Fduor
phwkrg wkdw lv surylghg zlwk wkh UDWV hfrqrphwulf sdfndjh1

44Zdjjrqhu dqg ]kd +4<<:, kdyh srlqwhg rxw wkdw wkh srvwhulru glvwulexwlrqv ri lpsxovh uhvsrqvh ixqfwlrqv
fdq eh vhqvlwlyh wr gl�huhqw qrupdol}dwlrq uxohv> frqvhtxhqwo|/ lqdssursuldwh qrupdol}dwlrq uxohv fdq jhqhudwh
lpsxovh uhvsrqvhv wkdw dsshdu wr eh vwdwlvwlfdoo| lqvljql�fdqw1 Lq sduwlfxodu/ Zdjjrqhu dqg ]kd ghprqvwudwh
wkh dssolfdelolw| ri wklv uhvxow wr wkh lghqwl�fdwlrq ri prqhwdu| srolf| vkrfnv1 Khqfh/ d srvvleoh h{sodqdwlrq
iru wkh lqvljql�fdqfh ri wkh lpsxovh uhvsrqvh ixqfwlrqv uhsruwhg khuh lv wkdw wkh vwdqgdug huuru edqgv duh
d�hfwhg e| wkh xvh ri dq lqdssursuldwh qrupdol}dwlrq uxoh1

45Erwk lqyhvwphqw phdvxuhv duh h{suhvvhg lq orjdulwkpv dqg duh sodfhg lpphgldwho| diwhu uhdo JGS lq
wkh YDU rughulqj1

46Doo lpsxovh uhvsrqvh ixqfwlrqv suhvhqwhg lq wklv sdshu +iurp erwk wkh hpslulfdo dqg wkh wkhruhwlfdo
prghov, duh qrupdol}hg vr dv wr |lhog dq lpphgldwh 83 edvlv srlqw lqfuhdvh lq wkh dqqxdol}hg Ihghudo ixqgv
udwh1
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hvwlpdwhv dv wkh phdvxuh ri lqyhvwphqw udwkhu wkdq wkh jurvv �{hg lqyhvwphqw hvwlpdwhv
iurp wkh qdwlrqdo dffrxqwv147 L wkhuhiruh dovr vkrz/ lq sdqhov +f, dqg +g, ri �jxuh 4/ wkh
uhohydqw uhvsrqvhv zkhq ydoxh sxw lq sodfh lv wkh phdvxuh ri lqyhvwphqw lq wkh YDUv1

Wkh ohiw0kdqg sdqhov ri �jxuh 4 lqglfdwh wkdw uhvlghqwldo lqyhvwphqw +dqg ydoxh sxw lq
sodfh, idoov vkduso| iroorzlqj d prqhwdu| wljkwhqlqj1 Wkh pdjqlwxgh ri wkh lqlwldo ghfolqh dv
zhoo dv wkh wlplqj dqg shuvlvwhqfh ri wkh ghfolqh gl�huv dfurvv vshfl�fdwlrqv1 Wkh uhvsrqvhv
ri uhvlghqwldo lqyhvwphqw dqg ydoxh sxw lq sodfh duh irxqg wr eh vwdwlvwlfdoo| vljql�fdqw xqghu
doo lghqwl�fdwlrq vfkhphv h{fhsw wkh Ihghudo ixqgv pdunhw0edvhg phwkrg1

Wkh uhvsrqvhv ri vwuxfwxuhv lqyhvwphqw dqg ydoxh sxw lq sodfh duh sorwwhg lq wkh uljkw0
kdqg sdqhov ri �jxuh 41 Iru hdfk phwkrg ri lghqwl�fdwlrq wkh uhvsrqvh ri vwuxfwxuhv lqyhvw0
phqw ru ydoxh sxw lq sodfh wr d prqhwdu| srolf| vkrfn lv qrwlfhdeo| vpdoohu dqg vorzhu wkdq
wkh fruuhvsrqglqj uhvsrqvh ri uhvlghqwldo lqyhvwphqw ru ydoxh sxw lq sodfh1 Iru wkh Ihghudo
ixqgv udwh lghqwl�fdwlrq vfkhphv wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw ru
ydoxh sxw lq sodfh duh vljql�fdqwo| gl�huhqw wr hdfk rwkhu iru wkh �uvw hljkwhhq prqwkv
iroorzlqj wkh vkrfn1 Iru wkh qrqeruurzhg uhvhuyhv lghqwl�fdwlrq vfkhphv wkh uhvsrqvhv duh
vljql�fdqwo| gl�huhqw wr hdfk rwkhu iru wkh �uvw vl{ prqwkv1 Wkh uhvsrqvhv ri vwuxfwxuhv
lqyhvwphqw dqg ydoxh sxw lq sodfh/ lq doo fdvhv/ duh irxqg wr eh vwdwlvwlfdoo| lqvljql�fdqw148

7 Frpsdulqj wkh Uhvsrqvhv ri Ydoxh Sxw lq Sodfh dqg Vwduwv
wr Prqhwdu| Srolf| Vkrfnv

Wkh suhfhglqj vhfwlrq uhsolfdwhg wkh suhylrxv �qglqj ri vhyhudo dxwkruv wkdw uhvlghqwldo
lqyhvwphqw frqwudfwv vkduso| iroorzlqj d prqhwdu| wljkwhqlqj zkloh vwuxfwxuhv lqyhvwphqw
glvsod|v d vorzhu dqg pruh vxegxhg uhvsrqvh1 L qrz h{dplqh wkh ehkdylru ri uhvlghqwldo
dqg vwuxfwxuhv vwduwv dqg ydoxh sxw lq sodfh iroorzlqj d prqhwdu| srolf| vkrfn1

Wkh ohiw0kdqg sdqhov ri �jxuh 5 glvsod| wkh hvwlpdwhg uhvsrqvhv ri vwuxfwxuhv ydoxh sxw
lq sodfh dqg vwduwv iroorzlqj d prqhwdu| wljkwhqlqj149 Wkh lpsxovh uhvsrqvh ixqfwlrqv doo

47Wkh Fhqvxv Exuhdx*v ydoxh sxw lq sodfh vhulhv lv suhihuuhg dv wkh phdvxuh ri lqyhvwphqw +dv rssrvhg wr
wkh qdwlrqdo dffrxqwv phdvxuhv, vlqfh lwv fryhudjh lv h{dfwo| wkh vdph dv wkdw ri wkh I1Z1 Grgjh vwduwv vhulhv
wkdw lv xvhg lq wkh iroorzlqj vhfwlrq1 Ydoxh sxw lq sodfh dqg lqyhvwphqw duh lghqwlfdo frqfhswv lq sulqflsoh/
exw lq sudfwlfh�l1h1/ dv phdvxuhg lq wkh qdwlrqdo dffrxqwv�wkh| gl�hu1 Jlyhq wkdw L zlvk wr frpsduh wkh
uhvsrqvhv ri vwduwv dqg lqyhvwphqw dqg wr dwwulexwh wkhlu gl�huhqfhv wr wkh frqwlqxdwlrq ri h{lvwlqj surmhfwv/
lw lv suhihudeoh wkdw L kdyh phdvxuhv ri vwduwv dqg lqyhvwphqw wkdw duh frqfhswxdoo| dv vlplodu dv srvvleoh1

48Wkh uhvxowv lq �jxuh 4 uhpdlq odujho| xqfkdqjhg zkhq uhvlghqwldo lqyhvwphqw dqg vwuxfwxuhv lqyhvwphqw
duh dgghg wrjhwkhu wr hdfk YDU v|vwhp ru zkhq orqjhu ru vkruwhu odj vwuxfwxuhv duh dvvxphg lq wkh YDUv1

49Wkhvh yduldeohv duh hqwhuhg wrjhwkhu dv orjv dqg sodfhg lpphgldwho| diwhu uhdo JGS lq wkh YDU rughulqj1
Wkh lpsxovh uhvsrqvh ixqfwlrqv suhvhqwhg lq �jxuh 5 duh jhqhudwhg e| YDU v|vwhpv wkdw lqfoxgh erwk
vwuxfwxuhv ydoxh sxw lq sodfh dqg vwuxfwxuhv vwduwv1 Wkh uhvsrqvh ri vwuxfwxuhv ydoxh sxw lq sodfh lv qrw
lqyduldqw wr zkhwkhu lw lv dgghg lqglylgxdoo| +�jxuh 4, ru wrjhwkhu zlwk vwuxfwxuhv vwduwv +�jxuh 5, wr wkh
YDU> wkh uhvsrqvh ri vwuxfwxuhv vwduwv lv odujho| lqyduldqw wr zkhwkhu lw lv dgghg lqglylgxdoo| +qrw vkrzq,
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lqglfdwh wkdw vwuxfwxuhv vwduwv frqwudfw iroorzlqj d prqhwdu| wljkwhqlqj> pruhryhu/ vwuxf0
wxuhv ydoxh sxw lq sodfh pdqlihvwv d vpdoohu dqg vorzhu uhvsrqvh lq doo fdvhv vdyh wkh rqh
wkdw hpsor|v wkh Ihghudo ixqgv pdunhw phwkrg ri lghqwl�fdwlrq1 Wkhvh uhvsrqvhv duh vwd0
wlvwlfdoo| vljql�fdqw iurp }hur iru doo ri wkh v|vwhpv h{fhsw wkh rqh wkdw xvhv wkh Ihghudo
ixqgv pdunhw phwkrg ri lghqwl�fdwlrq dqg duh vljql�fdqwo| gl�huhqw wr hdfk rwkhu dw wkh 43
shufhqw vljql�fdqfh ohyho iru wkh �uvw vl{ prqwkv iroorzlqj wkh vkrfn lq wkh Ihghudo ixqgv
udwh lghqwl�fdwlrq vfkhphv1 Wkh uhvxowv frqirup zlwk wkh suhglfwlrq wkdw wkh frqwlqxdwlrq
ri odujh pxowlvwdjh surmhfwv vhuyhv wr surs xs vwuxfwxuhv lqyhvwphqw iroorzlqj d prqhwdu|
wljkwhqlqj14:

Wkh plggoh sdqhov ri �jxuh 5 sorw wkh fruuhvsrqglqj uhvxowv iru uhvlghqwldo ydoxh sxw lq
sodfh dqg vwduwv1 Lq doo vshfl�fdwlrqv wkh uhvsrqvh ri uhvlghqwldo vwduwv lv odujhu dqg pruh
udslg wkdq wkh uhvsrqvh ri uhvlghqwldo ydoxh sxw lq sodfh1 Lq doo fdvhv/ h{fhsw iru wkh Ihghudo
ixqgv pdunhw phwkrg ri lghqwl�fdwlrq/ wkh qhjdwlyh uhvsrqvhv ri uhvlghqwldo vwduwv dqg ydoxh
sxw lq sodfh duh vljql�fdqwo| gl�huhqw iurp }hur dqg duh vljql�fdqwo| gl�huhqw wr hdfk rwkhu
dw wkh 8 shufhqw vljql�fdqw ohyho iru wkh �uvw vl{ prqwkv iroorzlqj wkh vkrfn1 Wkhvh uhvxowv
dovr lqglfdwh wkdw wkh uhvsrqvh ri uhvlghqwldo lqyhvwphqw iroorzlqj d prqhwdu| wljkwhqlqj lv
gdpshqhg e| wkh frqwlqxdwlrq ri h{lvwlqj uhvlghqwldo exloglqj surmhfwv1

Vlqfh orqj surmhfw0frpsohwlrq wlphv duh pruh d ihdwxuh ri vwuxfwxuhv exloglqj surmhfwv/
wkh sdshu*v k|srwkhvlv zrxog suhglfw wkdw wkh gl�huhqfh ehwzhhq wkh uhvsrqvhv ri vwuxfwxuhv
vwduwv dqg ydoxh sxw lq sodfh vkrxog eh pruh surqrxqfhg wkdq wkh gl�huhqfh ehwzhhq wkh
uhvsrqvhv ri uhvlghqwldo vwduwv dqg lqyhvwphqw1 Wklv suhglfwlrq lv qrw vxssruwhg e| wkh
uhvsrqvhv suhvhqwhg lq wkh �uvw wzr froxpqv ri �jxuh 51 Krzhyhu/ zkhq wkh pxowlidplo|
krphv duh uhpryhg iurp djjuhjdwh uhvlghqwldo exloglqjv/ vr ohdylqj rqo| vlqjoh0idplo| krphv/
wkh gl�huhqfh ehwzhhq wkh uhvsrqvhv ri vwduwv dqg ydoxh sxw lq sodfh +jlyhq lq wkh uljkw0kdqg
sdqhov ri �jxuh 5, ehfrph vpdoohu1 Wklv vxjjhvwv wkdw pxfk ri wkh gl�huhqfh ehwzhhq wkh
uhvsrqvhv ri uhvlghqwldo vwduwv dqg ydoxh sxw lq sodfh lv dffrxqwhg iru e| wkh frqwlqxdwlrq
ri orqjhu0gxudwlrq exloglqj surmhfwv lq pxowlidplo| krphv1

Wkh hpslulfdo �qglqjv suhvhqwhg lq �jxuh 5 r�hu jhqhudo vxssruw iru wkh qrwlrq wkdw
wkh frqwlqxdwlrq ri odujh pxowlvwdjh lqyhvwphqw surmhfwv fdq dffrxqw iru wkh gl�huhqwldo
uhvsrqvh ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr fkdqjhv lq prqhwdu| srolf|14; Wkh
yhu| vlplodu uhvsrqvhv ri vwuxfwxuhv vwduwv dqg ydoxh sxw lq sodfh wkdw uhvxow zkhq wkh
Ihghudo ixqgv pdunhw phwkrg ri lghqwl�fdwlrq lv xvhg grhv frqwudglfw wkh sdshu*v k|srwkhvlv>
krzhyhu/ jlyhq/ krzhyhu/ wkdw wklv phwkrg ri lghqwl�fdwlrq dsshduv wr hqfrxqwhu vxevwdqwldo
gl!fxowlhv lq surgxflqj vljql�fdqw uhvsrqvhv ryhu wkh 4<:9 wr 4<<9 vdpsoh shulrg/ p|
lqfolqdwlrq lv wr irfxv rq wkh lpsxovh uhvsrqvh ixqfwlrqv wkdw rewdlq iurp wkh rwkhu irxu

ru wrjhwkhu zlwk vwuxfwxuhv ydoxh sxw lq sodfh +�jxuh 5,1
4:Wkh hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv duh urexvw wr wkh uhprydo ri wkh qrw0iru0sur�w frpsrqhqwv ri

vwuxfwxuhv lqyhvwphqw +vxfk dv uholjlrxv dqg hgxfdwlrqdo exloglqjv dqg krvslwdov,1
4;Djdlq/ wkh uhvxowv lq wklv vhfwlrq duh txdolwdwlyho| urexvw wr fkdqjhv lq wkh dvvxphg odj ohqjwk1

;



phwkrgv ri lghqwl�fdwlrq14<

Wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv iroorzlqj d prqhwdu| srolf| vkrfn
fdq dovr eh frpsduhg lq �jxuh 51 Wkh �jxuh vkrzv wkdw wkh uhvsrqvh ri vwuxfwxuhv vwduwv
iroorzlqj d prqhwdu| srolf| wljkwhqlqj lv vpdoohu dqg vorzhu wkdq wkh fruuhvsrqglqj uhvsrqvh
iru uhvlghqwldo vwduwv1 Wklv uhvxow fdq eh h{sodlqhg e| wkh idfw wkdw wkh frvw ri fdslwdo iru
surmhfwv zlwk orqj frpsohwlrq wlphv lv ohvv d�hfwhg e| whpsrudu| pryhphqwv lq uhdo lqwhuhvw
udwhv wkdq wkdw iru surmhfwv zlwk vkruwhu frpsohwlrq wlphv1 Wklv uhvxowv lq d pruh vxegxhg
uhvsrqvh wr prqhwdu| srolf| iru surmhfwv zlwk orqjhu frpsohwlrq wlphv dqg vr zrxog h{sodlq
zk| wkh uhvsrqvh ri vwuxfwxuhv vwduwv lv vorzhu dqg zhdnhu wkdq wkdw ri uhvlghqwldo vwduwv1 D
ixuwkhu lqwhusuhwdwlrq lv wkdw lw uh hfwv gl�huhqw surmhfw sodqqlqj wlphv ehwzhhq uhvlghqwldo
dqg vwuxfwxuhv lqyhvwphqw1

Zkloh wkh hpslulfdo uhvxowv frqirup zlwk wkh suhglfwlrqv ri wkh sdshu*v k|srwkhvlv/ lw
lv qrw fohdu iurp orrnlqj rqo| txdolwdwlyho| dw wkh hpslulfdo uhvxowv zkhwkhu wkh sdshu*v
sursrvhg h{sodqdwlrq edvhg rq gl�huhqwldo surmhfw sodqqlqj dqg frpsohwlrq wlphv fdq ixoo|
dffrxqw iru wkh revhuyhg uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr fkdqjhv lq
prqhwdu| srolf|1 Iru h{dpsoh/ zkloh wkh YDU dqdo|vlv �qgv wkdw wkh edqn0ohqglqj fkdqqho
fdqqrw/ e| lwvhoi/ ixoo| h{sodlq wkh ehkdylru ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw/53 wkh
idfw wkdw uhvlghqwldo vwduwv uhvsrqg pruh vwurqjo| wkdq vwuxfwxuhv vwduwv pljkw vwloo lpso|
dq h{sodqdwru| uroh iru wkh edqn0ohqglqj fkdqqho/ hyhq li lw lv lq frqmxqfwlrq zlwk dq h{0
sodqdwlrq edvhg rq gl�huhqwldo surmhfw sodqqlqj dqg frpsohwlrq wlphv1 Wklv lvvxh fdq ehvw
eh dgguhvvhg lq wkh frqwh{w ri d wkhruhwlfdo prgho zlwk vhsdudwh fdslwdo vwrfnv lqyroylqj
gl�huhqw surmhfw sodqqlqj dqg frpsohwlrq wlphv1

8 Wkh Ehqfkpdun Vwlfn|0SulfhPrqhwdu| Exvlqhvv F|fohPrgho

Kdylqj hvwdeolvkhg d ghjuhh ri hpslulfdo vxssruw iru wkh sdshu*v k|srwkhvlv wkdw gl�huhq0
wldo surmhfw sodqqlqj dqg frpsohwlrq wlphv ehwzhhq uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw
surmhfwv fdq dffrxqw iru wkhlu frqwudvwlqj uhvsrqvhv wr prqhwdu| srolf| vkrfnv/ L qh{w frq0
vlghu zkhwkhu lw lv srvvleoh wr h{sodlq wkh hpslulfdo uhvxowv lq wkh frqwh{w ri d fdoleudwhg
wkhruhwlfdo prgho1 Wklv vhfwlrq rxwolqhv wkh ehqfkpdun prgho durxqg zklfk wklv dqdo|vlv
lv exlow1

4<Ehuqdqnh dqg Plkry +4<<;, qrwh wkdw wkhuh lv frqvlghudeoh lqvwdelolw| lq wkh vwuxfwxudo sdudphwhu hv0
wlpdwhv xqghu wkh mxvw0lghqwl�hg phwkrg ri lghqwl�fdwlrq/ zklfk wkh| dwwulexwh wr prqhwdu| srolf| uhjlph
fkdqjhv1 Jlyhq wkdw wkh 4<:9 wr 4<<9 vdpsoh xvhg lq wklv sdshu frqwdlqv wzr gudpdwlf uhjlph fkdqjhv/ rqh
pljkw h{shfw vl}hdeoh vwdqgdug huuruv rq sdudphwhu hvwlpdwhv/ zklfk zrxog lq wxuq uhvxow lq odujh vwdqgdug
huuruv rq wkh lpsxovh uhvsrqvh ixqfwlrqv1 Wr whvw wklv frqmhfwxuh L uhhvwlpdwhg wkh YDU ryhu wkh vdpsoh
Iheuxdu| 4<;7 wr Ghfhpehu 4<<9/ zklfk grhv qrw lqyroyh dq| reylrxv uhjlph vkliwv1 Wkh odujh vwdqgdug
huuruv durxqg wkh lpsxovh uhvsrqvh ixqfwlrqv shuvlvw/ krzhyhu1

53Wkh edqn0ohqglqj fkdqqho zrxog suhglfw wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv wr eh qr
gl�huhqw wr wkh uhvsrqvhv ri wkhlu lqyhvwphqw frxqwhusduwv1

<



D prgho xvhg wr uhsolfdwh wkh sdshu*v hpslulfdo uhvxowv uhtxluhv wzr w|shv ri fdslwdo1 Lq
rughu wr lqfrusrudwh wzr w|shv ri fdslwdo/ L iroorz wkh krxvhkrog surgxfwlrq eudqfk ri wkh
uhdo exvlqhvv f|foh olwhudwxuh dqg dvvxph wzr w|shv ri frqvxpswlrq jrrgv= krxvhkrog jrrgv
+zklfk duh surgxfhg dqg frqvxphg e| wkh uhsuhvhqwdwlyh krxvhkrog zlwkrxw jrlqj wkurxjk
wkh pdunhw, dqg pdunhw jrrgv +zklfk duh surgxfhg e| �upv/ frqvxphg e| wkh krxvhkrog/
dqg wkxv wudghg wkurxjk d pdunhw,1 Wzr w|shv ri fdslwdo wkhq hqwhu wkh prgho iurp wkh
dvvxpswlrq wkdw wkh fdslwdo xvhg lq wkh surgxfwlrq surfhvv lv vhfwru vshfl�f1 Wkh fdslwdo
xvhg iru pdunhw surgxfwlrq lv lqwhusuhwhg dv vwuxfwxuhv fdslwdo zkloh wkh fdslwdo xvhg iru
krxvhkrog surgxfwlrq lv lqwhusuhwhg dv uhvlghqwldo fdslwdo1 Iru wkh wlph ehlqj/ L dvvxph wkdw
wkh fdslwdo xvhg lq erwk surgxfwlrq surfhvvhv wdnhv rqo| rqh shulrg wr exlog dqg lqyroyhv
qr sodqqlqj wlph1 Wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv duh
dgghg lq vhfwlrq vl{154

Wkh hfrqrp| lv fkdudfwhul}hg e| wkh iroorzlqj vhw ri djhqwv= d frqwlqxxp ri prqrsrolv0
wlfdoo| frpshwlwlyh lqwhuphgldwh0jrrg surgxflqj �upv/ hdfk ri zklfk kluhv oderu dqg fdslwdo
wr surgxfh d gl�huhqwldwhg surgxfw iru zklfk wkh| vhw wkh sulfh +vr phhwlqj ghpdqg dw wkh
srvwhg sulfh,>55 d frpshwlwlyh uhsuhvhqwdwlyh �qdo0jrrg surgxflqj �up zklfk xvhv doo ri wkh
gl�huhqwldwhg lqwhuphgldwh jrrgv wr surgxfh d �qdo frpsrvlwh pdunhw jrrg wkdw lv xvhg iru
frqvxpswlrq dqg lqyhvwphqw lq wkh hfrqrp|> d uhsuhvhqwdwlyh krxvhkrog/ zkr frqvxphv
vrph ri wkh �qdo pdunhw jrrg/ frqvxphv dqg surgxfhv wkh krxvhkrog jrrg/ krogv prqh|
edodqfhv wr �qdqfh wudqvdfwlrqv/ vxssolhv oderu dqg uhqwv fdslwdo wr �upv/ dqg xqghuwdnhv
lqyhvwphqw lq erwk w|shv ri wkh hfrqrp|*v fdslwdo vwrfn> dqg d prqhwdu| dxwkrulw| zkr vhwv
dq lqwhuhvw udwh dffruglqj wr d jhqhudol}hg ihhgedfn uxoh1

814 Vhwxs ri wkh Prgho

81414 Frqvxphuv

Wkh krxvhkrog vhfwru ri wkh hfrqrp| lv fkdudfwhul}hg e| dq lq�qlwho| olyhg uhsuhvhqwdwlyh
krxvhkrog zlwk suhihuhqfhv gh�qhg ryhu erwk w|shv ri frqvxpswlrq/ kroglqjv ri uhdo prqh|
edodqfhv/ dqg wrwdo krxuv zrunhg=
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54Jrpph/ N|godqg/ dqg Uxshuw +5333, kdyh dovr hpehgghg wlph0wr0exlog lq d krxvhkrog surgxfwlrq
prgho wr vwxg| pryhphqwv lq krxvhkrog dqg exvlqhvv lqyhvwphqw ryhu wkh exvlqhvv f|foh1

55Gl�huhqwldwhg surgxfwv duh qhfhvvdu| lq wklv frqwh{w vlqfh wkh| surylgh �upv zlwk vrph ghjuhh ri pdunhw
srzhu/ lq wxuq doorzlqj wkhp wr vhw sulfhv wkdw gl�hu iurp wkh frpshwlwlyh pdunhw0fohdulqj ohyho1
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dqg �4 ? h � 41 Ft
| lv wkh krxvhkrog*v frqvxpswlrq ri wkh pdunhw jrrg/ F(

| lv wkh
frqvxpswlrq ri wkh krxvhkrog0surgxfhg jrrg/ dqg �|

�|
lv wkh krxvhkrog*v kroglqj ri uhdo

prqh| edodqfhv1 Wkh xwlolw| ixqfwlrq lpsolhv wkdw vxsso|lqj oderu dv dq lqsxw lqwr pdunhw0
surgxfhg jrrgv +Kt

| , dqg vxsso|lqj oderu dv dq lqsxw lqwr wkh krxvhkrog0surgxfhg jrrg
+K(

| , |lhog wkh vdph glvxwlolw|1 Wkh sdudphwhuv � dqg v ghqrwh wkh frqvxphu*v glvfrxqw
idfwru dqg wkh lqyhuvh ri lwv hodvwlflw| ri lqwhuwhpsrudo oderu vxevwlwxwlrq/ zkloh �/ d/ dqg h

uhsuhvhqw rwkhu suhihuhqfh sdudphwhuv156

Wklv prgho lv w|slfdo ri wkh krxvhkrog surgxfwlrq olwhudwxuh lq wkdw lw dvvxphv wkdw
rqo| wkh pdunhw jrrg lv xvhg iru lqyhvwphqw1 Wkdw lv/ rxwsxw ri wkh pdunhw jrrg +\|, fdq
eh frqvxphg +Ft

| ,/ xvhg wr exlog qhz fdslwdo iru wkh surgxfwlrq ri pdunhw jrrgv +Lt| ,/
ru xvhg wr exlog qhz fdslwdo iru wkh surgxfwlrq ri krxvhkrog jrrgv +L(| ,1 Wkh krxvhkrog
jrrg/ krzhyhu/ fdq rqo| eh frqvxphg +F(

| ,1 Jlyhq wkh frqvwdqw0uhwxuqv0wr0vfdoh surgxfwlrq
ixqfwlrq iru wkh krxvhkrog jrrg/ wklv lpsolhv wkdw=
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zkhuhN(
| lv wkh fdslwdo vwrfn xvhg iru krxvhkrog surgxfwlrq dqg � lv wkh +frqvwdqw, hodvwlflw|

ri rxwsxw zlwk uhvshfw wr fdslwdo157

Vlqfh erwk lqyhvwphqw jrrgv duh erxjkw wkurxjk wkh pdunhw wkh krxvhkrog*v  rz exgjhw
frqvwudlqw lv=
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Khuh E| dqg P| ghqrwh wkh krxvhkrog*v hqg0ri0shulrg w kroglqjv ri qrplqdo erqgv dqg
prqh|/ zkloh Nt

| ghqrwhv wkh krxvhkrog*v kroglqjv ri uhdo pdunhw fdslwdo dw wkh vwduw ri
shulrg w> U| lv wkh jurvv txduwhuo| qrplqdo lqwhuhvw udwh> $| dqg �| ghqrwh wkh qrplqdo zdjh
dqg uhqwdo udwh/ uhvshfwlyho|> W| lv qrplqdo qhw jryhuqphqw wudqvihuv wr wkh krxvhkrog> dqg
S| lv wkh sulfh ri wkh �qdo jrrg1

Wkh krxvhkrog rzqv erwk w|shv ri fdslwdo vwrfn lq wkh hfrqrp|> wkhvh hyroyh dffruglqj
wr=
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56 Lq vhwwlqj xs wkh vwlfn|0sulfh prqhwdu| exvlqhvv f|foh prgho L orrvho| iroorz wkh dssurdfk ri \xq +4<<9,1
Lq vhwwlqj xs wkh krxvhkrog surgxfwlrq sduw ri wkh prgho L orrvho| iroorz Juhhqzrrg/ Urjhuvrq/ dqg Zuljkw
+4<<7,1

57 Lq doo/ wkhuh zloo eh wzr vrxufhv ri dv|pphwu| ehwzhhq wkh prgho*v wuhdwphqw ri pdunhw dqg krxvhkrog
jrrgv1 Wkh �uvw dulvhv iurp wkh idfw wkdw rqo| wkh pdunhw jrrg lv xvhg iru lqyhvwphqw +vhh Juhhqzrrg
dqg Khufrzlw} +4<<4, iru d glvfxvvlrq ri wklv srlqw,1 D vhfrqg dv|pphwu|/ zklfk zloo eh vhhq zkhq wkh
surgxfwlrq vlgh ri wkh hfrqrp| lv suhvhqwhg/ dulvhv iurp wkh dvvxpswlrq wkdw wkh sulfh ri wkh pdunhw jrrg
lv vwlfn| zkloh wkh vkdgrz sulfh ri wkh krxvhkrog jrrg lv shuihfwo|  h{leoh1
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zkhuh �t dqg �( duh wkh udwhv ri ghsuhfldwlrq ri wkh pdunhw dqg krxvhkrog fdslwdo vwrfnv/

dqg N�
| M�

�
U
�
|

g
�
|

�
ghvfulehv wkh dgmxvwphqw frvwv iru fkdqjlqj hdfk fdslwdo vwrfn1 Iroorzlqj

Kd|dvkl +4<;5,/ wkh ixqfwlrq M� +=, lv dvvxphg wr kdyh wkh surshuwlhv M� +��, @ �� / M �� +��, @ 4/
dqg M ��� +��, � 31 Qrwh wkdw wkh hyroxwlrq htxdwlrqv lpso| wkdw wkh fdslwdo vwrfn lq dq| shulrg
lv nqrzq dv ri wkh suhfhglqj shulrg1

Wkh krxvhkrog fkrrvhv
q
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wr pd{lpl}h lwv xwlolw|

+htxdwlrq +4,, vxemhfw wr lwv exgjhw frqvwudlqw +htxdwlrq +6,, dqg wkh fdslwdo hyroxwlrq
htxdwlrqv ++7, dqg +8,,1 Wkh xwlolw|0pd{lpl}dwlrq sureohp |lhogv wkh iroorzlqj �uvw0rughu
frqglwlrqv iru wkh krxvhkrog=58#
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zkhuh wkh +jurvv, txduwhuo| lq dwlrq udwh lv=

58 Lq zkdw iroorzv/ d wlogh ryhu d yduldeoh glvwlqjxlvkhv wkh yduldeoh*v uhdo ydoxh iurp lwv qrplqdo frxqwhusduw1
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Wkh �uvw0rughu frqglwlrqv kdyh wkh vwdqgdug lqwhusuhwdwlrqv159

81415 Ilqdo0Jrrg Surgxfhuv

Wkh uhsuhvhqwdwlyh �qdo0jrrg surgxflqj �up xvhv doo ri wkh gl�huhqwldwhg lqwhuphgldwh jrrgv
wr surgxfh d frpsrvlwh �qdo jrrg zklfk lv xvhg iru frqvxpswlrq dqg lqyhvwphqw1 Wkh
surgxfwlrq ixqfwlrq iru \| wdnhv wkh vwdqgdug Gl{lw0Vwljolw} +4<::, irup=
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zkhuh \|+}, lv wkh txdqwlw| ri wkh gl�huhqwldwhg jrrg } wkdw wkh �qdo0jrrg surgxfhu ghpdqgv
dqg � lv wkh hodvwlflw| ri vxevwlwxwlrq lq surgxfwlrq1

Wkh �qdo0jrrg surgxflqj �up fkrrvhv i\ +},| ; } 5 ^3> 4`j"|'f vr dv wr plqlpl}h frvwv
jlyhq wkh vhw ri sulfhv iS +},| ; } 5 ^3> 4`j"|'f srvwhg e| wkh lqwhuphgldwh0jrrg surgxfhuv1
Wklv |lhogv d ghpdqg ixqfwlrq iru hdfk ri wkh lqwhuphgldwh jrrgv/ jlyhq e|=
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Wkh ghpdqg ixqfwlrqv iru wkh lqwhuphgldwh jrrgv lpso| wkdw wkh frpshwlwlyh sulfh S| iru
wkh �qdo jrrg lv jlyhq dv=
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81416 Lqwhuphgldwh0Jrrgv Surgxfhuv

Wkh lqwhuphgldwh0jrrgv vhfwru lv frpsrvhg ri d frqwlqxxp ri prqrsrolvwlfdoo| frpshwlwlyh
�upv zkr hdfk kluh oderu dqg uhqw fdslwdo frpshwlwlyho| iurp wkh krxvhkrog exw vhw wkh sulfh
ri wkhlu gl�huhqwldwhg jrrg vxemhfw wr wkh ghpdqg fxuyh wkdw wkh| idfh iru wkhlu surgxfw1

Wkh lqwhuphgldwh0jrrgv surgxflqj �upv hdfk fkrrvh
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|'f
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wkhlu surgxfwlrq frvwv jlyhq wkh iroorzlqj Free0Grxjodv surgxfwlrq ixqfwlrq=
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59Htxdwlrq +9, lv wkh lqwhuwhpsrudo LV htxdwlrq/ htxdwlrq +:, lv wkh OP htxdwlrq/ htxdwlrq +;, lv wkh
krxvhkrog*v oderu vxsso| wr wkh pdunhw/ htxdwlrq +<, lv wkh oderu vxsso| wr grphvwlf surgxfwlrq/ htxdwlrq
+43, gh�qhv wkh krxvhkrog*v vxsso| ri fdslwdo wr wkh pdunhw lq wkh iroorzlqj shulrg/ dqg htxdwlrq +44, gh�qhv
wkh vxsso| ri fdslwdo wr grphvwlf surgxfwlrq lq wkh iroorzlqj shulrg1
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zkhuh � lv wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr fdslwdo dqg IF uhsuhvhqwv d �{hg frvw
idfhg e| wkh �up1

Wkh �upv* frvw0plqlpl}dwlrq sureohp |lhogv wkh iroorzlqj vhw ri idfwru ghpdqgv=
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dqg wrwdo dqg pdujlqdo frvw ixqfwlrqv=

jWF+},| @ +\ +},| . IF,

� h$|
4� �

��3k �h�|
�

�k

jPF+},| @

� h$|
4� �

��3k�h�|
�

�k

= +48,

Ilupv fkrrvh wkh sulfh ri wkhlu gl�huhqwldwhg jrrg/ S +},|/ wr pd{lpl}h sur�wv jlyhq wkhlu
frvw ixqfwlrq dqg ghpdqg fxuyh1

Wkh prgho ghyhorshg lq wklv sdshu xvhv d vshfl�fdwlrq ri sulfh vwlfnlqhvv gxh wr Fdoyr
+4<;6, lq rughu wr jhqhudwh uhdo dqg shuvlvwhqw h�hfwv ri prqhwdu| srolf| rq uhdo rxwsxw1
Fdoyr sulflqj dvvxphv wkdw lq hdfk shulrg d sursruwlrq +4��, ri �upv zloo eh deoh wr fkdqjh
wkhlu sulfhv zkloh wkh uhpdlqlqj � zloo eh frqvwudlqhg wr fkdujh wkh suhylrxv shulrg*v sulfh
uhjdugohvv ri wkh wlph hodsvhg vlqfh wkh odvw wlph wkh| fkdqjhg wkhlu sulfh1 L ixuwkhu dvvxph
wkdw zkhq sulfhv duh uhvhw wkh| duh grqh vr rqh shulrg lq dgydqfh/ zklfk lpsolhv wkdw wkh
hfrqrp|0zlgh sulfh ohyho +dqg khqfh wkh lq dwlrq udwh, lv nqrzq rqh shulrg lq dgydqfh1 Wkh
�upv* sur�w0pd{lpl}dwlrq sureohp wkhuhiruh lqyroyhv fkrrvlqj iS +},|j"|'� wr pd{lpl}h wkh
suhvhqw glvfrxqwhg ydoxh ri sur�wv/ gh�qhg dv=

"[
&'f

�&�&n�H|

�
�|n&n�
�|

��
S +},|n�
S|n&n�

� PF+},|n&n�
S|n&n�

�
\ +},|n&n� � IF

��

vxemhfw wr htxdwlrq +46,/ zkhuh �| ghqrwhv wkh pdujlqdo xwlolw| ri frqvxpswlrq lq shulrg w1
Iru �upv zkr gr fkdqjh wkhlu sulfhv lq shulrg w/ wkh sur�w0pd{lpl}dwlrq sureohp lpsolhv
d sulfh ri=

H| ^S +},|n�` @

S
"

&'f �
&�&n�H|

k
�|n&n�

��|n&n�
�|n&n�

�\ +},|n&n�
l

S
"

&'f �
&�&n�H|

k
�|n&n�

�
�|n&n�

+� � 4,\ +},|n&n�
l = +49,

Hfrqrp|0zlgh idfwru ghpdqg vfkhgxohv duh ghulyhg e| lqwhjudwlqj wkh lqglylgxdo �upv*
idfwru ghpdqgv ryhu wkh xqlw lqwhuydo=
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�

�k
3C\|
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S|

�3w
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4D�h�|h$|
�k
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��3k
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S|+},

S|

�3w
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$
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�

w
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4D�h$|h�|
��3k

= +4;,

Zlwk doo �upv idflqj wkh vdph zdjh dqg uhqwdo udwhv/ hfrqrp|0zlgh pdujlqdo frvw lv htxdo wr
wkh pdujlqdo frvw ri dq lqglylgxdo �up/ zklfk lv jlyhq e| htxdwlrq +48,1 Wkh hfrqrp|0zlgh
sulfh ohyho lv ghwhuplqhg lq wkh �qdo0jrrgv pdunhw e| htxdwlrq +47,1

81417 Prqhwdu| Dxwkrulw|

Wkh prqhwdu| dxwkrulw| rshudwhv dffruglqj wr d prqhwdu| ihhgedfn uxoh wkdw lv lq wkh
vslulw ri d �Wd|oru uxoh1� Vshfl�fdoo|/ wkh prqhwdu| dxwkrulw| vhwv qrplqdo lqwhuhvw udwhv lq
uhvsrqvh wr yduldwlrqv ri rxwsxw dqg lq dwlrq dzd| iurp wkhlu vwhdg|0vwdwh ohyhov/ exw dw
wkh vdph wlph dlpv wr vprrwk pryhphqwv lq wkh lqwhuhvw udwh1 L xvh d prqhwdu| srolf| uxoh
vlplodu wr wkh rqh hpsor|hg e| Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw +4<<<,1 Wklv uxoh lv gh�qhg
dv=

U| @ +U|3�,
4-

�
\
�t
| �

��
|

��34-
h0| > +4<,

zkhuh %| uhsuhvhqwv wkh vwrfkdvwlf frpsrqhqw ri wkh uxoh1

81418 Pdunhw Fohdulqj

D �qdo frqglwlrq iru wkh prgho lv pdunhw fohdulqj/ wkdw lv/ wkh yroxph ri frqvxpswlrq dqg
lqyhvwphqw xqghuwdnhq lq dq| shulrg pxvw eh htxdo wr wkh yroxph ri rxwsxw surgxfhg/ ru

Ft
| . Lt| . L(| @ \|= +53,

815 Htxloleulxp

Htxloleulxp lv dq doorfdwlrq iFt
| /

�|

�|
/Kt

| /K
(
| /N

t
|n�/N

(
|n�/\|j"|'f dqg d vhtxhqfh ri ydoxhvq

�|n�/h$|/h�|/U|/ jPF|

r
"

|'f
wkdw vdwlvi| htxdwlrqv +9, wr +44, dqg htxdwlrqv +47, wr +53,/ jlyhq

Nt
f / N

(
f / �f/ dqg U3� dqg wkh vhtxhqfh ri prqhwdu| vkrfnv i%|j"|'f1 Wkh yduldeohv wkdw

frqvwlwxwh wkh htxloleulxp duh gh�qhg vr dv wr hqvxuh wkdw wkhlu vwhdg|0vwdwh ydoxhv uhpdlq
frqvwdqw ryhu wlph1
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816 Orj0Olqhdul}lqj wkh Prgho

Lq rughu wr h{dplqh krz wkh hfrqrp| uhvsrqgv wr prqhwdu| srolf| vkrfnv/ L iroorz wkh
phwkrg ri Nlqj/ Sorvvhu/ dqg Uhehor +4<;;,/ zklfk lqyroyhv xvlqj orj0olqhdu dssur{lpdwlrqv
wr fkdudfwhul}h  xfwxdwlrqv derxw d vwdwlrqdu| vwhdg|0vwdwh htxloleulxp1 Wkh orj0olqhdul}hg
�uvw0rughu frqglwlrqv duh jlyhq lq Dsshqgl{ E141

Wkh vhw ri orj0olqhdul}hg htxdwlrqv fdq eh uhgxfhg wr d v|vwhp ri olqhdu gl�huhqfh htxd0
wlrqv ri wkh irup=

DH|||n� @ E|| .F{|> +54,

zkhuh || lv d froxpq yhfwru frqwdlqlqj wkh hljkw hqgrjhqrxv yduldeohv fNt
|n�/ fN(

|n�/ e�|n�/e\|/ fNt
| / fN(

| /e�| dqg eU|3�/ {| lv d vfdodu frqwdlqlqj wkh prqhwdu| srolf| vkrfn %|/ D dqg
E duh ; { ; pdwulfhv frqwdlqlqj wkh frh!flhqwv rq wkh hqgrjhqrxv yduldeohv lq wkh prgho/
dqg F lv dq ; { 4 pdwul{ frqwdlqlqj wkh uhgxfhg0irup frh!flhqwv rq wkh prqhwdu| srolf|
vkrfn1 Dv vkrzq e| Eodqfkdug dqg Ndkq +4<;3,/ d xqltxh vwdwlrqdu| htxloleulxp h{lvwv
zkhq wkh qxpehu ri vwdeoh hljhqydoxhv srvvhvvhg e| wkh pdwul{ D3�E lv htxdo wr wkh qxpehu
ri suhghwhuplqhg yduldeohv/ zklfk lq wklv fdvh lv irxu1

817 Fdoleudwlqj wkh Prgho

Lq fdoleudwlqj wkh prgho L uho| rq wkuhh htxloleulxp uhodwlrqvklsv= Wkh �uvw0rughu frqglwlrqv
jlyhq e| htxdwlrqv +9, dqg +43, lpso| wkdw � @ �W

-W dqg h�W @ �
q
� +4� �,/ zkloh }hur sur�wv

lq wkh orqj uxq lpsolhv wkdw +W

+Wn8� @ w3�
w
1 L fdoleudwh wkh wkhruhwlfdo prgho dvvxplqj d

shulrg wr eh rqh txduwhu1
Iroorzlqj Nlqj/ Sorvvhu/ dqg Uhehor +4<;;,/ L dvvxph d vwhdg|0vwdwh uhdo udwh ri uhwxuq

rq fdslwdo ri 419 shufhqw shu txduwhu +zklfk iru d }hur vwhdg|0vwdwh lq dwlrq udwh +�W,
lpsolhv d jurvv txduwhuo| qrplqdo +UW, dqg uhdo lqwhuhvw udwh ri 41349 shu txduwhu,1 Iru wkh
ghsuhfldwlrq udwhv ri erwk pdunhw dqg krxvhkrog fdslwdo +� @ �t @ �(, L xvh Juhhqzrrg/
Khufrzlw}/ dqg Nuxvvhoo*v +4<<:, vwuxfwxuhv ghsuhfldwlrq udwh hvwlpdwh ri 31346: shu txduwhu1
L iroorz Juhhqzrrg/ Urjhuvrq/ dqg Zuljkw +4<<7, lq dvvxplqj wkdw Mt W

Mt WnM(W
@ �

. dqg
M(W

Mt WnM(W
@ e

. 1
5: L dvvxph wkdw wkh fdslwdo hodvwlflw| ri rxwsxw iru erwk wkh krxvhkrog0

surgxfhg jrrg +�, dqg wkh pdunhw jrrg +�, lv 31615; L iroorz \xq +4<<9, dqg fkrrvh
d vwhdg|0vwdwh hodvwlflw| ri ghpdqg +�, ri 9 dqg iroorz Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw
+4<<<, lq dvvxplqj wkdw lq dq| shulrg rqo| rqh0txduwhu ri �upv fdq uhvhw wkhlu sulfh +wkdw

5:Wkhvh sdudphwhuv duh edvhg rq wlph0xvh vxuyh| gdwd ryhu wkh shulrg 4<:4 wr 4<;41
5;Wklv gl�huv voljkwo| iurp wkh surgxfwlrq ixqfwlrq sdudphwhuv dvvxphg e| Juhhqzrrg/ Urjhuvrq/ dqg

Zuljkw +4<<7, zkr dvvxph # ' f��2 dqg k ' f�2b1 L fkrrvh wr nhhs # dqg k htxdo wr hdfk rwkhu lq rughu
wr plqlpl}h dv|pphwulhv ehwzhhq wkh prgho*v wuhdwphqw ri wkh wzr w|shv ri fdslwdo1 Fkdqjlqj wkh dvvxphg
sdudphwhu ydoxhv wr wkrvh ri Juhhqzrrg/ hw do1 pdnhv hvvhqwldoo| qr gl�huhqfh wr wkh prgho*v uhvxowv1
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lv/ � @ 3=:8, dqg wkdw wkh lqwhuwhpsrudo hodvwlflw| ri oderu vxsso| +v3�, htxdov 61 Wr
rewdlq wkh ydoxh iru erwk M3�

��

t +�t , dqg M3�
��

( +�(,/ L iroorz Nlpedoo +4<<8, lq dvvxplqj

wkdw
3B�a

��

�
EB��

a �
�
EB��

@ 3=5 dqg wkhuhiruh wkdw M ��� +��, @ 3f�2
f�f��. 1 Vlqfh e| wkh lqyhuvh ixqfwlrq

wkhruhp M3�
�

� +��, @
�

a
�

�
EB��

@ 4/ M3�
��

� +��, @ �M
��

� +��, @ 47=8;61

Wkh irup ri wkh xwlolw| ixqfwlrq dqg wkh krxvhkrog jrrg surgxfwlrq ixqfwlrq lpsolhv
wkdw wkh xwlolw| hodvwlflw| sdudphwhuv lq wkh krxvhkrog*v �uvw0rughu frqglwlrqv +�%c+ iru

{> | @ Ft >K(>N(> dqg �
�
, duh vlpsoh ixqfwlrqv ri �/ h/ d/ dqg �t W

�(W
1 Ihz hfrqrphw0

ulf hvwlpdwhv h{lvw dv wr wkh ghjuhh ri vxevwlwxwlrq ehwzhhq krxvhkrog dqg pdunhw jrrgv/
vr lw zdv qhfhvvdu| wr h{shulphqw zlwk d udqjh ri ydoxhv ri wkh sdudphwhu h= L irxqg olwwoh
fkdqjh lq wkh lpsxovh uhvsrqvh ixqfwlrqv lpsolhg e| wkh prgho zkhq h zdv doorzhg wr udqjh
iurp �2

� wr 2
� 1 Lq wkh hqg L fkrvh wr dvvxph xqlw hodvwlflw| ri vxevwlwxwlrq +h @ 3,/ vlqfh

wklv vlpsol�hg wkh ydoxhv ri d qxpehu ri sdudphwhuv lq wkh prgho1
Wkh sdudphwhuv d dqg �t W

�(W
duh ixqfwlrqv ri rwkhu sdudphwhuv lq wkh prgho/ dqg duh

ghulyhg dv iroorzv1 Htxdwlrq +48, dqg wkh htxloleulxp ydoxh ri h�W lpso| dq htxloleulxp

zdjh udwh ri h$W @ +4� �,
�
kh4W� k

�3k
�
w3�
w

� �

�3k > htxdwlrqv +;, wr +44, lpso| wkdw g(W

M(W
@

#
�3#

h/Wh4W > dqg +4:, dqg +4;, lpso| wkdw gt W

Mt W @ k
�3k

h/Wh4W 1 Wrjhwkhu/ wkhvh htxloleulxp frqglwlrqv

lpso| wkdw gt W

g(W
@ �3#

#
k

�3k
Mt W

M(W
> zklfk lq wxuq doorzv ph wr fdofxodwh wkh sdudphwhuv f @

4� Bkh4W �
4 . #

�3#
�3k
k

M(W

Mt W

�
dqg lt @ Bkh4W lq wkh orj0olqhdul}hg pdunhw0fohdulqj frqglwlrq1 Wkh

suhfhglqj htxloleulxp frqglwlrqv duh wkhq xvhg wr fdofxodwh

Ft W

F(W
@ f

#
Nt W

Kt W

$k#
N(W

K(W

$
3#

Kt W

K(W

� � 4

�
=

Htxdwlrqv +;, wr +44, duh dovr xvhg wr ghwhuplqh wkh sdudphwhu d/ vlqfh wkhvh htxdwlrqv
lpso| wkdw=

d @

3Ch�W
�

#
N(W

K(W

$�3k#
Ft W

F(W

$e3�

. 4

4D3�
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3C h$W
4� �
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K(W

N(W

$k#
Ft W
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$e3�

. 4

4D3�

=

Lq sdudphwhul}lqj wkh prqhwdu| srolf| ihhgedfn uxoh/ L iroorz erwk Nloh| +4<<:, dqg
Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw +4<<<, lq vhohfwlqj ydoxhv ri !t @ 3=458/ !� @ 4=8/ dqg
�- @ 3=<1

818 Uhvsrqvh wr d Prqhwdu| Vkrfn

Wkh uhvsrqvhv ri wkh prgho*v nh| yduldeohv wr d 83 edvlv srlqw lqfuhdvh lq wkh dqqxdol}hg
qrplqdo lqwhuhvw udwh duh suhvhqwhg lq �jxuh 61 Wkh �jxuh vkrzv wkdw rxwsxw/ frqvxpswlrq/
+dqqxdol}hg, lq dwlrq/ dqg erwk w|shv ri lqyhvwphqw ghfolqh lq uhvsrqvh wr wkh prqhwdu|
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vkrfn1 Wkhvh uhvsrqvhv frqirup wr frqyhqwlrqdo zlvgrp dv zhoo dv wr wkh uhvxowv ri rwkhu
fdoleudwhg wkhruhwlfdo prghov1 Wkh uhvsrqvhv duh/ krzhyhu/ vxevwdqwldoo| vwurqjhu dqg pruh
udslg wkdq wkh uhvsrqvhv revhuyhg hpslulfdoo|1

Lw fdq eh vhhq iurp sdqhov +k, dqg +l, ri �jxuh 6 wkdw wkh uhvsrqvhv ri erwk w|shv ri
lqyhvwphqw wr d prqhwdu| vkrfn duh txlwh vlplodu lq vslwh ri wkh prgho*v dv|pphwulf wuhdw0
phqw ri pdunhw dqg krxvhkrog jrrgv15< Lq vhfwlrqv vl{ dqg vhyhq L dvvxph wkdw lqyhvwphqw
lq wkh fdslwdo vwrfnv xvhg iru pdunhw dqg krxvhkrog surgxfwlrq lqyroyh gl�huhqw sodqqlqj
dqg frpsohwlrq wlphv dqg frqvlghu krz wkhvh uljlglwlhv fdq uhvxow lq frqwudvwlqj uhvsrqvhv
iru wkh wzr fdwhjrulhv ri lqyhvwphqw iroorzlqj d prqhwdu| srolf| vkrfn1 Wkh idfw wkdw wkh
ehqfkpdun prgho |lhogv lqyhvwphqw uhvsrqvhv wkdw duh vlplodu lv wkhuhiruh iruwxqdwh/ vlqfh
wklv doorzv ph wr lqwhusuhw dq| gl�huhqfhv lq wkh dxjphqwhg prgho*v uhvsrqvhv dv ehlqj wkh
uhvxow ri gl�hulqj surmhfw sodqqlqj dqg frpsohwlrq wlphv1

9 Lqwurgxfwlrq ri Wlph0wr0Exlog/ Wlph0wr0Sodq dqg H{0srvw
Lqyhvwphqw Lq h{lelolwlhv

Wklv vhfwlrq h{dplqhv krz wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv
fdq eh dgghg wr wkh ehqfkpdun prgho1 Wlph0wr0exlog dqg wlph0wr0sodq ehfrph uhohydqw
zkhq wkh lqyhvwphqw uhtxluhg wr eulqj derxw fkdqjhv wr wkh fdslwdo vwrfn pxvw wdnh sodfh
ryhu pxowlsoh shulrgv1 Lw wkhuhiruh ehfrphv qhfhvvdu| iru wkh uhsuhvhqwdwlyh krxvhkrog wr
pdnh lwv ghflvlrq dv wr wkh rswlpdo fdslwdo vwrfn lq dgydqfh1 H{0srvw lqyhvwphqw lq h{0
lelolwlhv duh fdswxuhg e| uhtxlulqj wkh krxvhkrog wr frpplw wr wkh dprxqw ri lqyhvwphqw
vshqglqj wkdw lw zloo xqghuwdnh lq hdfk shulrg ri wkh pxowlvwdjh lqyhvwphqw surmhfw1 Wklv
lqyhvwphqw sodq/ dqg wkhuhiruh wkh uhdol}hg fdslwdo vwrfn/ fdq eh dowhuhg> krzhyhu/ dq|
glyhujhqfh iurp wkh lqlwldo sodq hqwdlov vrph frvw1

Lq wklv vhfwlrq L suhvhqw d prgho zklfk dvvxphv wkdw lqyhvwphqw lq wkh pdunhw fdslwdo
vwrfn wdnhv sodfh ryhu wzr shulrgv zkloh lqyhvwphqw lq wkh krxvhkrog fdslwdo vwrfn wdnhv
sodfh ryhu d vlqjoh shulrg1 Wklv lv wkh vlpsohvw srvvleoh yhuvlrq ri wkh prgho zlwk wlph0
wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv> L suhvhqw lw lq ghwdlo lq rughu
wr jlyh dq lghd ri wkh prghoolqj vwudwhj| lqyroyhg dqg wkh edvlf qdwxuh ri wkh sureohp1 Lq
vhfwlrq vhyhq d pruh frpsolfdwhg dqg uhdolvwlf yhuvlrq ri wklv prgho zloo eh rxwolqhg1

5<Dvvxplqj wkdw rqo| wkh pdunhw jrrg fdq eh xvhg iru lqyhvwphqw grhv qrw ohdg wr dq| gl�huhqfh lq wkh
uhvsrqvh ri pdunhw dqg krxvhkrog lqyhvwphqw1 Vwlfnlqhvv lq wkh sulfh ri wkh pdunhw jrrg dqg ixoo  h{lelolw| lq
wkh vkdgrz sulfh ri wkh krxvhkrog jrrg uhvxowv lq rqo| d voljkwo| odujhu uhvsrqvh ri pdunhw fdslwdo lqyhvwphqw
uhodwlyh wr krxvhkrog fdslwdo lqyhvwphqw1
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914 Vhwxs ri wkh Prgho

L dgdsw Fkulvwldqr dqg Hlfkhqedxp*v +4<<8, dssurdfk wr prgholqj h{0srvw rxwsxw lq h{l0
elolwlhv lq rughu wr fdswxuh wkh lq h{lelolwlhv wkdw pdnh lw gl!fxow wr fkdqjh dq lqyhvwphqw
sodq rqfh lw lv xqghuzd|1 L dvvxph wkdw wkhuh lv d qrq0olqhdu ixqfwlrq +vshfl�fdoo|/ d FHV
djjuhjdwru ixqfwlrq, wkdw uhodwhv wkh pdunhw lqyhvwphqw vshqglqj wkdw wdnhv sodfh ryhu wkh
wzr shulrgv dqg wkh dprxqw ri pdunhw fdslwdo wkdw rewdlqv> wklv lq wxuq lv hpehgghg lq
d vwdqgdug frvw0ri0dgmxvwphqw iudphzrun1 Wkh uhdol}hg pdunhw fdslwdo vwrfn lv wkhuhiruh
jlyhq e|=
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Lt W�
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Lt W�

dqg zkhuh �4 ? � � 4 dqg Lt W� dqg Lt W2 duh wkh vwhdg|0vwdwh ohyhov ri �uvw0 dqg vhfrqg0
shulrg pdunhw lqyhvwphqw vshqglqj1 Wkh vxshuvfulsw w rq wkh lqyhvwphqw vshqglqj whupv
ghqrwhv wkh shulrg lq zklfk wkh lqyhvwphqw vshqglqj lv sodqqhg1 Dv lq vhfwlrq �yh/ htxdwlrq
+55, lpsolhv wkdw wkh pdunhw fdslwdo vwrfn lq dq| shulrg lv nqrzq dv ri wkh suhfhglqj shulrg1

Vlqfh pdunhw lqyhvwphqw wdnhv wzr shulrgv wr frpsohwh/ wkh krxvhkrog qhfhvvdulo| ehjlqv
wr pdnh lwv ghflvlrqv derxw ixwxuh pdunhw fdslwdo dqg wkh pdunhw lqyhvwphqw sodq wzr
shulrgv lq dgydqfh1 Lq ghflglqj rq krz wr vsuhdg lwv lqyhvwphqw sur�oh ryhu wkh wzr shulrgv/
wkh krxvhkrog plqlpl}hv wkh h{shfwhg glvfrxqwhg frvw ri pdunhw lqyhvwphqw jlyhq d ghvluhg
ydoxh iru wkh w. 5 fdslwdo vwrfn1 Wkh krxvhkrog*v sureohp lq shulrg w lv wkxv=

plq
iU|�c|cU|2c|n�j

S|L
t
�c|.U3�| S|n�L

t
2c|n��U3�| H|

k
U3�|n�S|n2

l
Nt
|n�M

3EC !t

Nt
|n�

#
2[

�'�

�t
�

�
Ltc|�c|n�3�

�j$ �

j

4FD
vxemhfw wr=

M

3EC !t

Nt
|n�

#
2[
�'�

�t
�

�
Ltc|n�3��c|n�3�

�j$ �

j

4FD � H|Nt
|n2

Nt
|n�

� +4� �t , +56,

zkhuh H|N|n2 lv |hw wr eh ghwhuplqhg1 Wkh pdunhw lqyhvwphqw frvw0plqlpl}dwlrq sureohp
|lhogv wkh iroorzlqj rswlpdo lqyhvwphqw sodq=
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Jlyhq wkh glvwulexwlrq ri pdunhw lqyhvwphqw ryhu wkh wzr shulrgv/ wkh krxvhkrog wkhq
fkrrvhv lwv ghvluhg shulrg w . 5 fdslwdo vwrfn1 Wkh prgho lv vroyhg lq wkh vdph zd| dv lq
wkh ehqfkpdun fdvh/ zlwk krxvhkrog xwlolw| +htxdwlrq +4,, pd{lpl}hg xqghu wkh krxvhkrog*v
exgjhw frqvwudlqw/ qrz gh�qhg dv=
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dqg wkh hyroxwlrq ri wkh wzr w|shv ri fdslwdo/ gh�qhg lq htxdwlrqv +56, dqg +8,1
Wkh krxvhkrog*v �uvw0rughu frqglwlrqv zlwk uhvshfw wr lwv fkrlfh ri Ft
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Lq shulrg w wkh krxvhkrog dovr kdv wkh rssruwxqlw| wr uhylvh lwv shulrg w � 4 pdunhw

lqyhvwphqw sodq iru pdunhw fdslwdo wkdw lv vhw wr frph rq0olqh lq shulrg w . 41 Zkloh d
uhylvhg sodq pd| |lhog d suhihuuhg ohyho iru wkh �qdo pdunhw fdslwdo vwrfn/ wkh uhylvlrq
uhtxluhv wkh krxvhkrog wr lqfxu d frvw1 +Wklv frvw lv fdswxuhg e| wkh dvvxphg irup ri wkh
djjuhjdwru ixqfwlrq1, Vhfrqg0vwdjh pdunhw lqyhvwphqw sodqqhg dqg xqghuwdnhq lq shulrg w
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Wkh krxvhkrog*v �uvw0rughu frqglwlrqv duh jlyhq e| htxdwlrqv +9, wr +<,/ +44,/ +59,/ dqg
+5;,1 Doo rwkhu �uvw0rughu frqglwlrqv/ dv zhoo dv wkh prqhwdu| srolf| uxoh/ uhpdlq xqfkdqjhg
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zlwk wkh lqwurgxfwlrq ri wlph0wr0exlog dqg h{0srvw lqyhvwphqw lq h{lelolwlhv1 Wkh hfrqrp|*v
pdunhw0fohdulqj frqglwlrq fkdqjhv voljkwo|/ wr=
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916 Orj0olqhdul}lqj wkh Prgho

Dv zlwk wkh ehqfkpdun prgho/ wkh prgho*v �uvw0rughu frqglwlrqv fdq eh orj0olqhdul}hg dqg
vroyhg dv d v|vwhp ri olqhdu gl�huhqfh htxdwlrqv1 +Wkh qhz orj0olqhdul}hg �uvw0rughu frq0
glwlrqv duh jlyhq lq Dsshqgl{ E151, Wkh vhw ri orj0olqhdul}hg htxdwlrqv fdq eh uhgxfhg wr
d v|vwhp ri whq olqhdu gl�huhqfh htxdwlrqv dqg zulwwhq lq d irup vlplodu wr htxdwlrq +54,1
Lq wklv fdvh/ || lv d froxpq yhfwru frqwdlqlqj H|
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vwdeoh hljhqydoxhv1

917 Fdoleudwlqj wkh Prgho

Wkh prgho zlwk wlph0wr0exlog dqg h{0srvw lqyhvwphqw lq h{lelolwlhv frqwdlqv wzr dgglwlrqdo
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shulrg pdunhw lqyhvwphqw vshqglqj lq wkh vwhdg|0vwdwh htxloleulxp1 Wkh sdudphwhu � fdq
wdnh rq ydoxhv udqjlqj iurp �4 wr 4 ghshqglqj rq wkh ghjuhh ri vxevwlwxwlrq ehwzhhq
Lt�c| dqg Lt2c|n�1 L wkhuhiruh frqvlghuhg d qxpehu ri gl�huhqw ydoxhv ri �> wkh fruuhvsrqglqj

uhvsrqvhv duh suhvhqwhg dqg glvfxvvhg lq wkh iroorzlqj vhfwlrq1 Wkh udwlr
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ydoxhv udqjlqj iurp 3 wr 4 ghshqglqj rq zkdw rqh zlvkhv wr dvvxph derxw wkh htxloleulxp
glylvlrq ri pdunhw lqyhvwphqw vshqglqj ryhu wkh wzr shulrgv1 Lq wkh iroorzlqj vlpxodwlrqv
L dvvxph wkdw lqyhvwphqw vshqglqj lq wkh vwhdg| vwdwh lv hyhqo| vsolw ryhu wkh wzr shulrgv/
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wkh wzr0shulrg fdvh dqg frxog kdyh ehhq dvvxphg dw wkh ehjlqqlqj ri wkh vhfwlrq wr doorz
d pxfk vlpsohu h{srvlwlrq ri wkh prgho1 Wkh dgydqwdjh/ krzhyhu/ ri ghulylqj wkh prgho
zlwk Lt W� 9@ Lt W2 lv wkdw lw surylghv d frqyhqlhqw zd| wr ghvfuleh wlph0wr0sodq1 Vshfl�fdoo|/
wkh wzr0shulrg wlph0wr0exlog prgho ghulyhg lq wklv vhfwlrq fdq eh hdvlo| frqyhuwhg lqwr d
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prgho lqyroylqj rqh0shulrg wlph0wr0sodq dqg rqh shulrg wlph0wr0exlog e| vlpso| ohwwlqj
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918 Uhvsrqvh wr d Prqhwdu| Vkrfn

Wkh lqwurgxfwlrq ri wlph0wr0exlog dqg h{0srvw lqyhvwphqw lq h{lelolwlhv ohdyhv wkh uhvsrqvhv
ri prvw ri wkh nh| yduldeohv odujho| xqfkdqjhg1 Wkh rqo| qrwlfhdeoh gl�huhqfh lqyroyhv wkh
uhvsrqvhv ri wkh pdunhw jrrg*v fdslwdo vwrfn dqg lqyhvwphqw1 Iljxuh 7 uhsruwv wkh uhvsrqvh
ri pdunhw lqyhvwphqw wr d prqhwdu| vkrfn lq wkh dxjphqwhg prgho iru d udqjh ri ydoxhv ri
�1 Wr doorz hdv| frpsdulvrq/ wkh uhvsrqvh ri pdunhw lqyhvwphqw lq wkh ehqfkpdun fdvh kdv
dovr ehhq sorwwhg1

Iru ydoxhv ri � wkdw lpso| olwwoh vxevwlwxwdelolw| ehwzhhq lqyhvwphqw vshqglqj lq wkh
wzr shulrgv +� pruh qhjdwlyh,/ wkhuh lv d ghod| lq wkh uhvsrqvh ri lqyhvwphqw wr fkdqjhv lq
prqhwdu| srolf|1 Iru wkhvh lpsxovh uhvsrqvh ixqfwlrqv wkh prqhwdu| vkrfn kdv lwv pd{lpxp
h�hfw rq lqyhvwphqw lq wkh shulrg lpphgldwho| iroorzlqj wkh vkrfn/ lq frqwudvw wr wkh
ehqfkpdun prgho lq zklfk lqyhvwphqw*v pd{lpxp uhvsrqvh rffxuv lq wkh shulrg ri wkh
vkrfn1

Wkh uhvxowv duh txlwh lqwxlwlyh1 Wkh wljkwhqlqj ri prqhwdu| srolf| d�hfwv pdunhw lqyhvw0
phqw surmhfwv gl�huhqwo| ghshqglqj rq zkhwkhu d surmhfw lv xqghuzd| ru |hw wr ehjlq1 Wkh
uhvsrqvh ri pdunhw lqyhvwphqw surmhfwv wkdw rqh douhdg| xqghuzd| lv pxwhg ehfdxvh dq|
fkdqjh lq lqyhvwphqw sodqv lqyroyhv d vxevwdqwldo frvw1 Krzhyhu/ wkh uhvsrqvh ri pdunhw
lqyhvwphqw surmhfwv wkdw duh |hw wr ehjlq lv xqklqghuhg e| suhylrxv sodqv1 Lq wkh shulrg ri
wkh vkrfn/ dssur{lpdwho| kdoi ri wkh surmhfwv lq pdunhw lqyhvwphqw duh douhdg| xqghuzd|/
exw lq wkh vxevhtxhqw shulrg doo ri wkh surmhfwv ehlqj xqghuwdnhq zhuh ehjxq diwhu wkh
vkrfn1 Dv d uhvxow/ wkh uhvsrqvh ri pdunhw lqyhvwphqw lv vwurqjhu lq wkh shulrg iroorzlqj
wkh vkrfn1 Pdunhw lqyhvwphqw lq doo vxevhtxhqw shulrgv lv dovr xqklqghuhg e| suhylrxv lq0
yhvwphqw sodqv/ dqg uhwxuqv vorzo| wr lwv vwhdg|0vwdwh ohyho diwhu kdylqj shdnhg lq wkh �uvw
shulrg diwhu wkh vkrfn1

Iljxuh 7 dovr ghprqvwudwhv krz wkh pdjqlwxgh ri wkh lqlwldo uhvsrqvh ri pdunhw lqyhvw0
phqw ydulhv zlwk wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq lqyhvwphqw vshqglqj ryhu wkh wzr
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shulrgv1 D orzhu ghjuhh ri vxevwlwxwlrq +d pruh qhjdwlyh ydoxh ri �, lpsolhv juhdwhu h{0srvw
lqyhvwphqw lq h{lelolwlhv/ d juhdwhu frvw ri fkdqjlqj dq lqyhvwphqw sodq/ dqg d pruh wlplg
lqlwldo uhvsrqvh wr d fkdqjh lq prqhwdu| srolf|1

Iljxuh 8 frpsduhv krz lqyhvwphqw lq wkh wzr w|shv ri fdslwdo uhvsrqgv wr d prqhwdu|
srolf| vkrfn iru ydulrxv ydoxhv ri �1 Wkh uhvxowv vkrz wkdw/ zkhq lqyhvwphqw lq wkh pdunhw
jrrg*v fdslwdo vwrfn lqyroyhv wlph0wr0exlog dqg h{0srvw lqyhvwphqw lq h{lelolwlhv/ lwv uhvsrqvh
wr d prqhwdu| srolf| vkrfn lv vpdoohu dqg vorzhu wkdq wkh uhvsrqvh ri krxvhkrog lqyhvwphqw
+zklfk uhpdlqv lqyduldqw wr wkh gl�huhqw ydoxhv ri �,1 Wklv uhvxow eulqjv wkh wkhruhwlfdo
prgho forvhu wr wkh hpslulfdo uhvxowv glvfxvvhg lq vhfwlrq wkuhh1 Iljxuh 9 frpsduhv wkh
uhvsrqvh ri pdunhw fdslwdo lqyhvwphqw dqg vwduwv wr d prqhwdu| vkrfn iru ydulrxv ydoxhv ri �1
Wkh �jxuh vkrzv wkdw lq wkh prgho zlwk wlph0wr0exlog dqg h{0srvw lqyhvwphqw lq h{lelolwlhv
exloglqj vwduwv iru pdunhw fdslwdo +dovr lqyduldqw wr gl�huhqw ydoxhv ri �, uhvsrqg pruh
udslgo| wkdq lqyhvwphqw wr fkdqjhv lq prqhwdu| srolf|1 Iljxuh : sorwv pdunhw fdslwdo vwduwv
wrjhwkhu zlwk vwduwv iru krxvhkrog fdslwdo1 +Wkh uhvsrqvh ri vwduwv lv djdlq lqyduldqw wr
wkh gl�huhqw ydoxhv ri �,1 Vwduwv iru pdunhw fdslwdo uhvsrqg ohvv vwurqjo| wkdq vwduwv iru
krxvhkrog fdslwdo/ djdlq prylqj wkh prgho*v suhglfwlrqv forvhu wr zkdw lv dfwxdoo| revhuyhg
lq wkh gdwd1 Wdnhq wrjhwkhu/ wkhvh uhvxowv vxjjhvw wkdw d vwlfn|0sulfh prqhwdu|0exvlqhvv0
f|foh prgho zlwk wlph0wr0exlog/ h{0srvw lqyhvwphqw lq h{lelolwlhv/ dqg dgmxvwphqw frvwv lv
fdsdeoh ri surgxflqj uhvsrqvhv ri lqyhvwphqw dqg vwduwv wr prqhwdu| srolf| vkrfnv wkdw duh
forvhu wr wkrvh irxqg hpslulfdoo|1

: Wkh Ixoo|0Vshfl�hg Prgho zlwk Wlph0wr0Exlog/ Wlph0wr0
Sodq/ dqg H{0srvw Lqyhvwphqw Lq h{lelolwlhv

Wkh vlpsoh prgho ri wkh suhylrxv vhfwlrq zdv suhvhqwhg lq rughu wr h{sodlq wkh phwkrg e|
zklfk wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv fdq eh lqwurgxfhg
lqwr wkh prgho1 Lq wklv vhfwlrq L suhvhqw uhvxowv iurp d prgho lq zklfk wkh dvvxphg surmhfw
sodqqlqj dqg frpsohwlrq wlphv duh pdwfkhg zlwk revhuyhg hvwlpdwhv1

Edvhg rq d vwxg| ri surmhfw frpsohwlrq sdwwhuqv lq 4<<4/ wkh X1V1 Exuhdx ri wkh Fhqvxv
+4<<5, hvwlpdwhg wkdw wkh dyhudjh surmhfw frpsohwlrq wlph iru sulydwh vwuxfwxuhv exloglqj
surmhfwv lv 47 prqwkv1 Pd�huwrqh*v +4<<;, glvfxvvlrq ri wkh vwdjhv wkurxjk zklfk d exloglqj
surmhfw surjuhvvhv iurp lwv lqlwldo frqfhswlrq wr wkh frpphqfhphqw ri frqvwuxfwlrq vxjjhvwv
sodqqlqj wlphv ri dw ohdvw vl{ prqwkv/ li qrw pruh163 L wkhuhiruh dvvxph irxu0shulrg wlph0

63Dffruglqj wr Pd�huwrqh +4<<;/ s16;,/ d surmhfw sdvvhv wkurxjk d qxpehu ri sodqqlqj vwdjhv ehiruh
dq| frqvwuxfwlrq ehjlqv1 Lq wkh suh0sodqqlqj vwdjh wkh surmhfw lv sursrvhg1 Rqfh dffhswhg wkh surmhfw
jrhv wkurxjk wkh sodqqlqj vwdjh/ gxulqj zklfk wlph dq dufklwhfw lv vhohfwhg dqg ghvljqv duh ghyhorshg1 Wkh
surmhfw wkhq hqwhuv d frqwudfw0elgglqj vwdjh iroorzhg e| d shulrg ri qhjrwldwlrqv zklfk hqgv lq wkh frqwudfw*v
ehlqj dzdughg wr wkh vxffhvvixo sduw|1 Lw lv rqo| diwhu wklv wkdw frqvwuxfwlrq ri wkh surmhfw ehjlqv1
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wr0exlog dqg wzr0shulrg wlph0wr0sodq iru pdunhw lqyhvwphqw1
Wkh Pdufk uhohdvh ri wkh Exuhdx ri wkh Fhqvxv* Vxuyh| ri Krxvlqj Vwduwv frqwdlqv d

vxssohphqw lq zklfk surmhfw frpsohwlrq wlphv iru sulydwh uhvlghqwldo exloglqjv duh uhsruwhg1
Ryhu wkh odvw 43 |hduv wkh wlph lqyroyhg lq exloglqj wkh dyhudjh uhvlghqwldo exloglqj kdv
ehhq d olwwoh ryhu vl{ dqg0d0kdoi prqwkv> L wkhuhiruh fdoleudwh wzr0shulrg wlph0wr0exlog iru
krxvhkrog lqyhvwphqw1 Lq d ixuwkhu vxssohphqw wr wkh Pdufk uhohdvh ri wkh Vxuyh| ri Krxvlqj
Vwduwv wkh ohqjwk ri wlph ehwzhhq zkhq d exloglqj shuplw lvvxhg lv dqg zkhq frqvwuxfwlrq
ehjlqv lv uhsruwhg wr dyhudjh derxw rqh prqwk1 Krzhyhu/ vlqfh wlph0wr0sodq lqyroyhv pruh
wkdq mxvw wkh wlph ehwzhhq wkh shuplw*v lvvxh dqg wkh exloglqj*v vwduw/ L dvvxph rqh0shulrg
wlph0wr0sodq iru krxvhkrog lqyhvwphqw1

Wkh prgho lv h{dfwo| wkh vdph dv lq wkh suhfhglqj vhfwlrq h{fhsw iru prgl�fdwlrqv wr
wkh fdslwdo hyroxwlrq htxdwlrqv +suhylrxvo| +55, dqg +8,,/ zklfk qrz uh hfw wkh vl{ shulrgv
lqyroyhg lq pdunhw fdslwdo lqyhvwphqw +wzr iru sodqqlqj dqg irxu iru exloglqj,=
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64Wkh dvvxpswlrq wkdw surmhfw sodqqlqj dqg frpsohwlrq wlphv uhpdlq frqvwdqw ryhu wkh exvlqhvv f|foh lv
mxvwl�hg rq vhyhudo jurxqgv1 N|godqg dqg Suhvfrww +4<;5/ s1467<, dujxh wkdw wkh| �qg �111qr hylghqfh wkdw
fdslwdo jrrgv duh exlow vljql�fdqwo| pruh udslgo| zkhq wrwdo lqyhvwphqw dfwlylw| lv kljkhu ru orzhu1� L dovr
�qg hylghqfh lqglfdwlqj olwwoh yduldqfh lq uhvlghqwldo dqg vwuxfwxuhv exloglqj surmhfw frpsohwlrq wlphv1 Wkh
wlph vhulhv ri krxvlqj surmhfw frpsohwlrq wlphv frqwdlqhg lq wkh Pdufk uhohdvh ri wkh Vxuyh| ri Krxvlqj
Vwduwv ydulhv rqo| voljkwo| ryhu wkh odvw exvlqhvv f|foh1 Vlploduo|/ Prqwjrphu| +4<<8/ 4<<9, uhsruwv olwwoh
yduldelolw| lq vwuxfwxuhv exloglqj surmhfw frpsohwlrq wlphv ryhu wkh shulrg 4<9404<<41
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L dvvxph wkdw lq wkh vwhdg|0vwdwh htxloleulxp wkh h{shqglwxuh lqyroyhg lq sodqqlqj d
pdunhw fdslwdo lqyhvwphqw surmhfw lv hyhqo| vsolw ryhu wkh wzr sodqqlqj shulrgv/ zkloh wkh
h{shqglwxuh lqyroyhg lq frqvwuxfwlrq lv hyhqo| vsolw ryhu wkh irxu exloglqj shulrgv1 Lq whupv
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Wkh lpsxovh uhvsrqvh ixqfwlrqv iru pdunhw +vwuxfwxuhv, dqg krxvhkrog +uhvlghqwldo, lq0
yhvwphqw dqg vwduwv duh suhvhqwhg lq �jxuhv ; wr 441 Lw lv hylghqw wkdw wklv yhuvlrq ri wkh
prgho jhqhudwhv uhvsrqvhv ri vwduwv dqg lqyhvwphqw wkdw duh txdolwdwlyho| vlplodu wr wkhlu
hpslulfdo frxqwhusduwv1 Gluhfw frpsdulvrqv ri wkh suhglfwhg uhvsrqvhv iurp wkh prgho dqg
wkh hpslulfdo uhvsrqvhv iurp wkh YDUv ri vhfwlrq irxu +�jxuhv 45 wr 48, lqglfdwh wkdw lq
prvw fdvhv wkh fdoleudwhg prgho dsshduv wr gr zhoo lq uhsolfdwlqj wkh hpslulfdoo| revhuyhg
uhvsrqvhv1

; Frpsdulvrq ri wkh Wkhruhwlfdo dqg Hpslulfdo Uhvxowv

L qrz frpsduh wkh dxjphqwhg prgho*v suhglfwhg uhvsrqvhv iru uhvlghqwldo dqg vwuxfwxuhv
lqyhvwphqw wr wkh revhuyhg uhvsrqvhv iurp wkh YDUv165 Wklv frpsdulvrq ljqruhv wkh prgho*v
suhglfwlrqv iru vxfk nh| yduldeohv dv ryhudoo rxwsxw dqg wkh sulfh ohyho> zkloh wklv irfxv
lv uhdvrqdeoh jlyhq wkdw p| sulqflsdo lqwhuhvw lv lq fdswxulqj lqyhvwphqw ehkdylru/ lw lv
dovr qhfhvvdu| lqdvpxfk dv wkh prgho kdv ohvv vxffhvv lq h{sodlqlqj wkhvh rwkhu yduldeohv166

Jlyhq wkdw wkh wkhruhwlfdo prgho lv prvw olnho| �zurqj� lq wkhvh lpsruwdqw uhvshfwv/ lw vhhpv
srlqwohvv wr wu| wr hydoxdwh krz zhoo wkh hqwluh prgho shuirupv1 Lqvwhdg/ d pruh iuxlwixo
h{huflvh lqyroyhv frqvlghulqj wr zkdw ghjuhh lqwurgxflqj wlph0wr0exlog/ wlph0wr0sodq/ dqg
h{0srvw lqyhvwphqw lq h{lelolwlhv fdq |lhog uhvsrqvhv ri ydoxh sxw lq sodfh dqg vwduwv wkdw
pruh forvho| pdwfk wkh gdwd167

Ri frxuvh/ wkh uhvsrqvhv ri ydoxh sxw lq sodfh dqg vwduwv iurp wkh dxjphqwhg prgho
duh qrw lqyduldqw wr wkh prgho*v rwkhu dvvxpswlrqv/ ri zklfk dw ohdvw vrph duh vxvshfwhg wr
eh �zurqj1� Wkhuhiruh/ vrph fdxwlrq lv zduudqwhg zkhq frpsdulqj wkh lpsxovh uhvsrqvh
ixqfwlrqv iurp wkh wkhruhwlfdo prgho zlwk wkrvh revhuyhg lq wkh gdwd vlqfh lw lv qrw lpphgl0
dwho| reylrxv zkhwkhu wkhvh lqfruuhfw dvvxpswlrqv duh sduwo| gulylqj p| uhvxowv1 Krzhyhu/
vlqfh wkh uhvsrqvhv iurp wkh ehqfkpdun prgho duh dovr frqwdplqdwhg e| wkhvh lqfruuhfw
dvvxpswlrqv/ lw lv suredeo| ohjlwlpdwh wr dvfuleh wkh lpsuryhphqw lq �w ehwzhhq wkh ehqfk0

65Pdunhw dqg krxvhkrog fdslwdo lq wkh wkhruhwlfdo prgho fruuhvsrqg wr vwuxfwxuhv dqg uhvlghqwldo fdslwdo/
uhvshfwlyho|1 Khqfhiruwk/ pdunhw fdslwdo zloo eh uhihuuhg wr dv vwuxfwxuhv fdslwdo zkloh krxvhkrog fdslwdo zloo
eh uhihuuhg wr dv uhvlghqwldo fdslwdo1 L dovr xvh wkh whup �ydoxh sxw lq sodfh� zkhq uhihuulqj wr lqyhvwphqw
lq wkh wkhruhwlfdo prgho/ zklfk fruuhvsrqgv wr wkh whuplqrorj| xvhg iru wkh YDU v|vwhpv1

66Wkh wkhruhwlfdo prgho jhqhudwhv d uhvsrqvh iru lq dwlrq wkdw lv odujhvw ryhu wkh txduwhuv lpphgldwho|
iroorzlqj wkh vkrfn/ d uhvxow wkdw frq lfwv gudpdwlfdoo| zlwk wkh YDUv/ zklfk |lhog d yhu| vorz uhvsrqvh
ri sulfhv dqg lq dwlrq1 Wkh wkhruhwlfdo prgho |lhogv d pd{lpxp uhvsrqvh ri rxwsxw wkdw lv derxw wzlfh
dv odujh dv wkh YDU uhvsrqvhv dqg wkdw rffxuv vxevwdqwldoo| vrrqhu1 Ghvslwh wklv/ krzhyhu/ wkh lqfoxvlrq
ri wlph0wr0exlog2sodq lq lqyhvwphqw lq wkh prgho qrwlfhdeo| lpsuryhv wkh hpslulfdo �w ri rxwsxw*v uhvsrqvh
uhodwlyh wr wkh ehqfkpdun prgho1

67Jlyhq wkdw L zlvk wr dyrlg hydoxdwlqj wkh hqwluh wkhruhwlfdo prgho/ L dovr fkrrvh qrw wr xvh rwkhu phwkrgv
iru prgho dvvhvvphqw +vxfk dv prphqw dqg vshfwud pdwfklqj, wkdw duh riwhq hpsor|hg lq wkh fdoleudwhg
exvlqhvv f|foh olwhudwxuh1
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pdun dqg dxjphqwhg prghov wr p| lqfrusrudwlqj wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw
lqyhvwphqw lq h{lelolwlhv lqwr wkh prgho1

;14 Txdolwdwlyh Frpsdulvrqv ri wkh Wkhruhwlfdo dqg Hpslulfdo Uhvxowv

D frpsdulvrq ri wkh wkhruhwlfdo dqg YDU uhvsrqvhv fdq eh pdgh ylvxdoo| vlpso| e| frp0
elqlqj �jxuhv ; wr 44 +zklfk jlyh wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv dqg ydoxh
sxw lq sodfh iurp wkh dxjphqwhg prgho, zlwk �jxuh 5 +zklfk suhvhqwv wkh fruuhvsrqglqj
uhvxowv iurp wkh YDU v|vwhpv,1 Lw lv fohdu iurp hyhq d fdvxdo lqvshfwlrq wkdw wkh dxjphqwhg
prgho lv ehwwhu deoh wr uhsolfdwh wkh gl�huhqwldo wlplqjv dqg pdjqlwxghv ri wkh revhuyhg
uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv dqg ydoxh sxw lq sodfh wr d prqhwdu| srolf|
vkrfn1

Iljxuhv 45 wr 48 sorw wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv dqg ydoxh sxw
lq sodfh wkdw rewdlq iurp wkh ehqfkpdun prgho/ dxjphqwhg prgho/ dqg wkh YDU prghov>
dovr vkrzq duh wkh vwdqgdug huuru edqgv dvvrfldwhg zlwk wkh YDU uhvsrqvhv1 Lw lv hylghqw
iurp wkhvh �jxuhv wkdw wkh dxjphqwhg prgho dovr kdv juhdwhu vxffhvv lq uhsolfdwlqj wkh
dfwxdo wlplqjv dqg pdjqlwxghv ri wkh uhvsrqvhv wkdq wkh ehqfkpdun prgho1 Wkh ghjuhh wr
zklfk wkh dxjphqwhg prgho ehwwhu pdwfkhv wkh gdwd lv/ krzhyhu/ vrphzkdw vhqvlwlyh wr wkh
phwkrg ri prqhwdu| srolf| lghqwl�fdwlrq dvvxphg> iru wkh Ihghudo ixqgv udwh phwkrgv ri
lghqwl�fdwlrq wkh dxjphqwhg prgho glvsod|v d yhu| fohdu dqg qrwlfhdeoh lpsuryhphqw/ exw
wkh lpsuryhphqw lv ohvv gudpdwlf iru wkh qrqeruurzhg uhvhuyhv v|vwhpv1 L dovr qrwh wkdw lq
prvw fdvhv wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv vwduwv dqg ydoxh sxw lq sodfh jhqhudwhg
e| wkh dxjphqwhg prgho duh voljkwo| vpdoohu wkdq wkhlu hpslulfdo frxqwhusduwv�dowkrxjk
wklv �qglqj fdq eh hdvlo| uhfwl�hg e| dvvxplqj d vpdoohu fdoleudwhg ydoxh iru wkh frvw0ri0
dgmxvwphqw sdudphwhu1 Rqh uhdvrqdeoh lqwhusuhwdwlrq ri wklv uhvxow lv wkdw wkh fdoleudwhg
ydoxh ri wkh dgmxvwphqw frvw sdudphwhu�zklfk lv edvhg rq uhgxfhg0irup prgho hvwlpdwhv�
grhv qrw glvhqwdqjoh wkh vhsdudwh h�hfwv ri wlph0wr0exlog2wlph0wr0sodq dqg dgmxvwphqw frvwv/
dqg lv wkhuhiruh wrr kljk168

;15 Irupdo Frpsdulvrqv ri wkh Wkhruhwlfdo dqg Hpslulfdo Uhvxowv

Frjoh| dqg Qdvrq +4<<7, kdyh vxjjhvwhg d irupdo phwkrgrorj| iru fdofxodwlqj wkh glvwdqfh
ehwzhhq wkh hpslulfdo dqg wkhruhwlfdo lpsxovh uhvsrqvh ixqfwlrqv ri d jlyhq yduldeoh1 Wkhlu
surfhgxuh lqyroyhv frqvwuxfwlqj d vwdwlvwlf wkdw uhvhpeohv d txdvl0OP whvw vwdwlvwlf/ qdpho|=
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68Nlpedoo +4<<8, wdnhv klv fdoleudwhg ydoxh ri wkh frvw0ri0dgmxvwphqw sdudphwhu iurp hvwlpdwhv e| Fxp0
plqv/ Kdvvhw dqg Kxeedug +4<<7, dqg Vkdslur +4<;9,1
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s @ wkh qxpehu ri shulrgv ryhu zklfk wkh lpsxovh uhvsrqvh ixqfwlrqv duh frpsxwhg +lq
wklv fdvh/ <,169

Wklv vwdwlvwlf zdv fdofxodwhg iru wkh uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv ydoxh sxw
lq sodfh dqg vwduwv iurp wkh ehqfkpdun/ dxjphqwhg/ dqg YDU prghov> wkh uhvxowv duh
suhvhqwhg lq wdeoh 61 Wkh uhvsrqvhv iurp wkh dxjphqwhg prgho duh forvhu lq glvwdqfh wr
wkrvh revhuyhg hpslulfdoo| lq doo exw rqh fdvh16:

< Frqfoxvlrq

Wkh hpslulfdo dqg wkhruhwlfdo uhvxowv ri wklv sdshu surylgh vxssruw iru wkh k|srwkhvlv wkdw
gl�huhqwldo surmhfw sodqqlqj dqg frpsohwlrq wlphv fdq h{sodlq wkh frqwudvwlqj uhvsrqvhv ri
uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr fkdqjhv lq prqhwdu| srolf|1 Lq olqh zlwk wkh suh0
glfwlrqv ri wkh k|srwkhvlv/ wkh hpslulfdo uhvxowv �qg wkdw vwuxfwxuhv dqg uhvlghqwldo vwduwv
uhvsrqg wr fkdqjhv lq prqhwdu| srolf| pruh vwurqjo| dqg pruh udslgo| wkdq wkh fruuhvsrqg0
lqj frpsrqhqwv ri lqyhvwphqw/ dqg dovr wkdw wkh uhvsrqvh ri vwuxfwxuhv vwduwv lv vorzhu dqg
zhdnhu wkdq wkh uhvsrqvh ri uhvlghqwldo vwduwv1 Wkh odfn ri dq| qrwlfhdeoh frqwudvw ehwzhhq
wkh gl�huhqfh lq vwuxfwxuhv vwduwv dqg lqyhvwphqw dqg wkh gl�huhqfh lq uhvlghqwldo vwduwv dqg
lqyhvwphqw/ zklfk uxqv frxqwhu wr wkh suhglfwlrqv ri wkh sdshu*v k|srwkhvlv/ lv dffrxqwhg
iru e| wkh frqwlqxdwlrq ri odujh exloglqj surmhfwv lq wkh irup ri pxowlidplo| krphv1

Wkh wkhruhwlfdo sruwlrq ri wkh sdshu �qgv wkdw d vwlfn|0sulfh prqhwdu| exvlqhvv f|foh
prgho lqyroylqj wzr w|shv ri fdslwdo zlwk gl�huhqw surmhfw sodqqlqj dqg frpsohwlrq wlphv
lv deoh wr surgxfh uhvsrqvhv wr prqhwdu| srolf| lqqrydwlrqv wkdw duh yhu| vlplodu wr wkrvh
revhuyhg hpslulfdoo|1

69Olnh wkh vwdqgdug huuru edqgv iru wkh lpsxovh uhvsrqvh ixqfwlrqv/ wkh yduldqfh0fryduldqfh pdwul{ ri e-
lv dovr fdofxodwhg xvlqj d Ed|hvldq Prqwh Fduor phwkrg1

6:Wkh txdgudwlf glvwdqfh phdvxuhv iurp wdeoh 6 fdq dovr eh lqwhusuhwhg dv lqglfdwlqj zkhwkhu wkh prgho*v
uhvsrqvhv olh lq d uhjlrq ri kljk suredelolw| jlyhq wkh uhvxowv ri wkh YDU prgho1
D uhodwhg h{huflvh lqyroyhv vxemhfwlqj wkh ehqfkpdun dqg dxjphqwhg wkhruhwlfdo prghov wr d vhtxhqfh

ri prqhwdu| vkrfnv wkdw jhqhudwh uhvsrqvhv ri qrplqdo lqwhuhvw udwhv iurp wkh wkhruhwlfdo prghov wkdw duh
h{dfwo| htxdo wr wkrvh hphujlqj iurp wkh YDU v|vwhp1 Wkh uhvsrqvhv ri vwuxfwxuhv dqg uhvlghqwldo vwduwv
dqg ydoxh sxw lq sodfh lpsolhg e| wkhvh vkrfnv duh wkhq xvhg dv wkh yhfwru ri uhvsrqvhv iurp wkh wkhruhwlfdo
prgho zkhq frqvwuxfwlqj wkh Frjoh| dqg Qdvrq glvwdqfh phdvxuh1 Wkh uhvxowlqj phdvxuhphqwv +qrw vkrzq,
dovr �qg wkh uhvsrqvhv iurp wkh dxjphqwhg prgho wr eh forvhu wr wkrvh revhuyhg hpslulfdoo|1
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D frpsdulvrq ri wkh sdshu*v hpslulfdo dqg wkhruhwlfdo uhvxowv vhhpv wr lpso| wkdw lq d
prqhwdu| exvlqhvv f|foh prgho dxjphqwhg zlwk uhdolvwlf surmhfw sodqqlqj dqg frpsohwlrq
wlphv wkh revhuyhg uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw wr prqhwdu| vkrfnv
duh frqvlvwhqw zlwk prqhwdu| srolf|*v zrunlqj hqwluho| wkurxjk wkh LV2OP fkdqqho1 Wklv
dsshduv wr vxjjhvw olwwoh qhhg wr dsshdo wr wkh �edqn0ohqglqj fkdqqho� wr h{sodlq wkh frq0
wudvwlqj uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw1 L dp fdxwlrxv/ krzhyhu/ lq
pdnlqj vxfk d frqfoxvlrq= Wkh wkhruhwlfdo prgho ghyhorshg lq wklv sdshu frqfhqwudwhv rq
rqo| rqh dvshfw ri wkh wudqvplvvlrq ri prqhwdu| srolf|/ dqg dv d uhvxow grhv qrw shuirup
dv zhoo lq uhsolfdwlqj wkh revhuyhg uhvsrqvhv ri rwkhu nh| yduldeohv lq wkh prgho/ hyhq zkhq
lw grhv zhoo lq uhsurgxflqj wkh revhuyhg uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw
dqg vwduwv16; Wkh prgho/ wkhuhiruh/ fdqqrw eh uhjdughg dv surylglqj d frpsohwh h{sodqd0
wlrq ri wkh wudqvplvvlrq ri prqhwdu| srolf| dqg vkrxog qrw eh xvhg wr hydoxdwh wkh uhodwlyh
lpsruwdqfh ri wkh ydulrxv fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq1

Wkh sdshu*v hpslulfdo dqg wkhruhwlfdo uhvxowv fdq/ qrqhwkhohvv/ eh uhjdughg dv surylg0
lqj hylghqfh lq vxssruw ri wkh k|srwkhvlv wkdw orqj surmhfw sodqqlqj dqg frpsohwlrq wlphv
dffrxqw iru wkh vorz uhvsrqvh ri vwuxfwxuhv lqyhvwphqw iroorzlqj d prqhwdu| wljkwhqlqj1
Wkh �qglqj kdv fohdu srolf| lpsolfdwlrqv iru fhqwudo edqnhuv1 Li fhqwudo edqnhuv duh wu|0
lqj wr uhgxfh ghpdqg e| wljkwhqlqj prqhwdu| srolf|/ |hw �qg wkdw vwuxfwxuhv lqyhvwphqw
idlov wr uhvsrqg/ wkh| vkrxog uhdol}h wkdw wklv lv lq sduw gxh wr wkh frqwlqxdwlrq ri odujh
pxowlshulrg exloglqj surmhfwv1 Fhqwudo edqnhuv vkrxog shukdsv dovr xvh vwuxfwxuhv exloglqj
vwduwv/ udwkhu wkdq lqyhvwphqw/ lq jdxjlqj zkhwkhu prqhwdu| srolf| lv lqghhg vorzlqj uhdo
dfwlylw| +zkloh nhhslqj lq plqg wkdw orqj sodqqlqj dqg frpsohwlrq wlphv dovr uhgxfh wkh
uhvsrqvh ri vwuxfwxuhv vwduwv wr fkdqjhv lq prqhwdu| srolf|,1

Uhihuhqfhv

^4` Dvdqxpd/ Pdvdwr/ dqg Dp| P1 Qhzpdq0Vplwk/ �Vhwwlqj Xs d Exlow0lq Hydoxdwlrq
V|vwhp Zkhq Vdpsoh Ghvljq Xvhv dq Lpshuihfw Iudph/� X1V1 Ghsduwphqw ri Frp0
phufh/ Exuhdx ri wkh Fhqvxv/ Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq Surfhhglqj ri wkh Lq0
whuqdwlrqdo Frqihuhqfh rq Hvwdeolvkphqw Vxuyh|v/ 4<<61

^5` Ehuqdqnh/ Ehq V1/ dqg Dodq Eolqghu/ �Fuhglw/ Prqh|/ dqg Djjuhjdwh Ghpdqg/� Dphu0
lfdq Hfrqrplf Uhylhz/ 4<;;/ :;/ 76806<1

6; L qrwh/ krzhyhu/ wkdw wkh lqwurgxfwlrq ri wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelo0
lwlhv ohdgv wr ihz fkdqjhv lq wkh uhvxowlqj uhvsrqvhv ri rwkhu yduldeohv lq wkh prgho/ wkh h{fhswlrq ehlqj
rxwsxw1 Edvhg rq wklv revhuydwlrq/ L zrxog frqmhfwxuh wkdw/ li L zhuh wr vshfli| d pruh dffxudwh ehqfk0
pdun prgho dqg lqfrusrudwh wlph0wr0exlog/ wlph0wr0sodq/ dqg h{0srvw lqyhvwphqw lq h{lelolwlhv lq lqyhvwphqw
vshqglqj/ wkh frqwudvwlqj uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw zrxog vwloo rewdlq/ dorqj zlwk
pruh dffxudwh uhvsrqvhv ri wkh rwkhu nh| yduldeohv lq wkh prgho1 Dgguhvvlqj wklv frqmhfwxuh lv dq dyhqxh iru
ixwxuh uhvhdufk1
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^6` Ehuqdqnh/ Ehq V1/ dqg Dodq Eolqghu/ �Wkh Ihghudo Ixqgv Udwh dqg wkh Fkdqqhov ri
Prqhwdu| Wudqvplvvlrq/� Dphulfdq Hfrqrplf Uhylhz/ 4<<5/ ;5/ <340541

^7` Ehuqdqnh/ Ehq V1/ dqg Pdun Jhuwohu/ �Lqvlgh wkh Eodfn Er{= Wkh Fuhglw Fkdqqho ri
Prqhwdu| Wudqvplvvlrq/� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 4<<8/ </ 5:07;1

^8` Ehuqdqnh/ Ehq V1/ Pdun Jhuwohu/ dqg Vlprq Jlofkulvw/ �Wkh Ilqdqfldo Dffhohudwru
lq d Txdqwlwdwlyh Exvlqhvv F|foh Iudphzrun/� lq Wkh Kdqgerrn ri Pdfurhfrqrplfv/
Yroxph 4F/ hglwhg e| Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug/ Qruwk Kroodqg/ 4<<<1

^9` Ehuqdqnh/ Ehq V1/ Pdun Jhuwohu/ dqg Pdun Zdwvrq/ �V|vwhpdwlf Prqhwdu| Srolf| dqg
wkh H�hfwv ri Rlo Sulfh Vkrfnv/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<:/ <404751

^:` Ehuqdqnh/ Ehq V1/ dqg Looldq Plkry/ �Phdvxulqj Prqhwdu| Srolf| Vkrfnv/� Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 4<<;/ ;9<0<351

^;` Eodqfkdug/ Rolylhu M1/ dqg F1 P1 Ndkq/ �Wkh Vroxwlrq ri Olqhdu Gl�huhqfh Prghov
xqghu Udwlrqdo H{shfwdwlrqv/� Hfrqrphwulfd/ 7;/ 463804644/ 4<;31

^<` Fdoyr/ Jxloohupr D1/ �Vwdjjhuhg Sulfhv lq d Xwlolw|0Pd{lpl}lqj Iudphzrun/� Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 4<;6/ 45/ 6;606<;1

^43` Fkulvwldqr/ Odxuhqfh M1/ dqg Pduwlq Hlfkhqedxp/ �Vrph Hpslulfdo Hylghqfh rq wkh
Oltxlglw| H�hfw/� lq Srolwlfdo Hfrqrp|/ Jurzwk/ dqg Exvlqhvv F|fohv/ hglwhg e| Doh{
Fxnlhupdq/ ]yl Khufrzlw}/ dqg Ohrqdugr Ohlghupdq/ PLW Suhvv/ 4<<51

^44` Fkulvwldqr/ Odzuhqfh M1/ dqg Pduwlq Hlfkhqedxp/ �Oltxlglw| H�hfwv/ Prqhwdu| Srolf|/
dqg wkh Exvlqhvv F|foh/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 4<<8/ 5:/ 44460691

^45` Fkulvwldqr/ Odxuhqfh M1/ Pduwlq Hlfkhqedxp/ dqg Fkduohv Hydqv/ �Prqhwdu| Vkrfnv=
Zkdw Kdyh Zh Ohduqhg dqg wr Zkdw HqgB/� lq Wkh Kdqgerrn ri Pdfurhfrqrplfv
Yroxph 4D/ hglwhg e| Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug/ Qruwk Kroodqg/ 4<<<1

^46` Fkulvwldqr/ Odxuhqfh M1/ Pduwlq Hlfkhqedxp/ dqg Fkduohv Hydqv/ �Vwlfn| Sulfh dqg
Olplwhg Sduwlflsdwlrq Prghov= D Frpsdulvrq/� Hxurshdq Hfrqrplf Uhylhz/ 4<<:/ 74/
44:6045331

^47` Fkulvwldqr/ Odxuhqfh M1/ dqg Ulfkdug P1 Wrgg/ �Wlph0wr0Sodq dqg Djjuhjdwh Ioxfwx0
dwlrqv/� Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ 4<<9/ Zlqwhu/ 4705:1

^48` Frjoh|/ Wlprwk|/ dqg Mdphv P1 Qdvrq/ �Whvwlqj wkh Lpsolfdwlrqv ri Orqj0Uxq Qhx0
wudolw| iru Prqhwdu| Exvlqhvv F|foh Prghov/� Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 4<<7/
</ V6:0V:31
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^49` Fxpplqv/ Mdvrq J1/ Nhylq D1 Kdvvhww/ dqg U1 Johqq Kxeedug/ �D Uhfrqvlghudwlrq ri
Lqyhvwphqw Ehkdylru Xvlqj Wd{ Uhirupv dv Qdwxudo H{shulphqwv/� Eurrnlqjv Sdshuv
rq Hfrqrplf Dfwlylw|/ 4<<7/ Qr1 5/ 40:61

^4:` Gl{lw/ Dylqdvk N1/ dqg Mrvhsk H1 Vwljolw}/ �Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp
Surgxfw Glyhuvlw|/� Dphulfdq Hfrqrplf Uhylhz/ 4<::/ 9:/ 5<:063;1

^4;` Jrpph/ Sdxo D1/ Ilqq H1 N|godqg/ dqg Shwhu F1 Uxshuw/ �Krph Surgxfwlrq Phhwv
Wlph0wr0Exlog/� Ihghudo Uhvhuyh Edqn ri Fohyhodqg Zrunlqj Sdshu :/ 53331

^4<` Juhhqzrrg/ Mhuhp|/ dqg ]yl Khufrzlw}/ �Wkh Doorfdwlrq ri Fdslwdo dqg Wlph Ryhu
wkh Exvlqhvv F|foh/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 4<<4/ <</ 44;;045471

^53` Juhhqzrrg/ Mhuhp|/ ]yl Khufrzlw}/ dqg Shu Nuxvvhoo/ �Orqj0Uxq Lpsolfdwlrqv ri
Lqyhvwphqw0Vshfl�f Whfkqrorjlfdo Fkdqjh/� Dphulfdq Hfrqrplf Uhylhz/ 4<<:/ ;:/ 6750
951

^54` Juhhqzrrg/ Mhuhp|/ Ulfkdug Urjhuvrq/ dqg Udqgdoo Zuljkw/ �Krxvhkrog Surgxfwlrq
lq Uhdo Exvlqhvv F|foh Wkhru|/� lq Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ hglwhg e|
Wkrpdv I1 Frroh|/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<71

^55` Kd|dvkl/ Ixplr/ �Wrelq*v Pdujlqdo t dqg Dyhudjh t= D Qhrfodvvlfdo Lqwhusuhwdwlrq/�
Hfrqrphwulfd/ 4<;5/ 83/ 5460571

^56` Nloh|/ Plfkdho W1/ �Vwdjjhuhg Sulfh Vhwwlqj dqg Uhdo Uljlglwlhv/� Ihghudo Uhvhuyh Erdug
Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Vhulhv/ Zrunlqj Sdshu Qr1 <:079/ 4<<:1

^57` Nlpedoo/ Plohv V1/ �Wkh Txdqwlwdwlyh Dqdo|wlfv ri wkh Edvlf Qhrprqhwdulvw Prgho/�
Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 4<<8/ 5:/ 4574045::1

^58` Nlqj/ Urehuw J1/ Fkduohv L1 Sorvvhu/ dqg Vhujlr W1 Uhehor/ �Surgxfwlrq/ Jurzwk/ dqg
Exvlqhvv F|fohv= L1 Wkh Edvlf Qhrfodvvlfdo Prgho/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/
4<;;/ 54/ 4<805651

^59` N|godqg/ Ilqq H1/ dqg Hgzdug F1 Suhvfrww/ �Wlph0wr0Exlog dqg Djjuhjdwh Ioxfwxd0
wlrqv/� Hfrqrphwulfd/ 4<;5/ 83/ 4678046:31

^5:` Pd�huwrqh/ Fduro/ �Zkhuh Grgjh Frqvwuxfwlrq Pdunhw Dqdo|vlv Jhwv Lwv Vwduw/� Wkh
Grgjh Uhsruwhu/ 4<<;/ 40:1

^5;` Prqwjrphu|/ Plfkdho U1/ �Wlph0wr0Exlog Frpsohwlrq Sdwwhuqv iru Qrq0uhvlghqwldo
Vwuxfwxuhv/ 4<9404<<4/� Hfrqrplf Ohwwhuv/ 4<<8/ 7;/ 4880961
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^5<` Prqwjrphu|/ Plfkdho U1/ �Wlph0wr0Exlog Surjuhvv Sdwwhuq iru X1V1 Sulydwh Qrq0
uhvlghqwldo Vwuxfwxuhv/ 4<9404<<4/� Ulylvwd Lqwhuqd}lrqdoh gl Vflhq}h Hfrqrplfkh h
Frpphufldol/ 4<<9/ 76/ 740951

^63` Vkdslur/ Pdwwkhz G1/ �Wkh G|qdplf Ghpdqg iru Fdslwdo dqg Oderu/� Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ 4<;9/ 434/ 8460751

^64` Vlpv/ Fkulvwrskhu D1/ �Lqwhusuhwlqj wkh Pdfurhfrqrplf Wlph Vhulhv Idfwv= Wkh H�hfw
ri Prqhwdu| Srolf|/� Hxurshdq Hfrqrplf Uhylhz/ 4<<5/ 69/ <:8043441

^65` Vwurqjlq/ Vwhyhq/ �Wkh Lghqwl�fdwlrq ri Prqhwdu| Srolf| Glvwxuedqfhv= H{sodlqlqj wkh
Oltxlglw| Sx}}oh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<8/ 67/ 7960<:1

^66` X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri wkh Fhqvxv/ �Vxssohphqw= Wrwdo Wlph dqg
Prqwko| Surjuhvv iurp Vwduw ri Frqvwuxfwlrq wr Frpsohwlrq iru Sulydwh Qrq0uhvlghqwldo
Exloglqj dqg Vwdwh dqg Orfdo Frqvwuxfwlrq/� Fxuuhqw Frqvwuxfwlrq Uhsruwv= Ydoxh ri
Qhz Frqvwuxfwlrq Sxw lq Sodfh/ F632<5043/ Rfwrehu 4<<51

^67` X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri wkh Fhqvxv/ �Vxssohphqw 4= Wrwdo Wlph
iurp Dxwkrul}dwlrq ri Frqvwuxfwlrq wr Vwduw ri Sulydwh Uhvlghqwldo Exloglqjv/� Fxuuhqw
Frqvwuxfwlrq Uhsruwv= Krxvlqj Vwduwv/ F532<<06/ Pdufk 4<<<d1

^68` X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri wkh Fhqvxv/ �Vxssohphqw 5= Wrwdo Wlph
dqg Prqwko| Surjuhvv iurp Vwduw ri Frqvwuxfwlrq wr Frpsohwlrq ri Sulydwh Uhvlghqwldo
Exloglqjv/� Fxuuhqw Frqvwuxfwlrq Uhsruwv= Krxvlqj Vwduwv/ F532<<06/ Pdufk 4<<<e1

^69` Zdjjrqhu/ Gdqlho D1/ dqg Wdr ]kd/ �Qrupdol}dwlrq/ Suredelolw| Glvwulexwlrq/ dqg
Lpsxovh Uhvsrqvhv/� Ihghudo Uhvhuyh Edqn ri Dwodqwd Zrunlqj Sdshu Qr1 <:044/ 4<<:1

^6:` \xq/ Wdfn/ �Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv F|fohv/�
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<9/ 6:/ 6780:31

D Gdwd Dsshqgl{

Dowkrxjk wkh lqyhvwphqw/ ydoxh sxw lq sodfh/ dqg vwduwv gdwd xvhg lq wklv vwxg| frph iurp
gl�huhqw vrxufhv/ wkh wkuhh vhulhv duh uhodwhg ryhu wkh vdpsoh shulrg xvhg lq wkh vwxg| dv d
uhvxow ri krz wkh| duh frqvwuxfwhg1

Iru prvw ri lwv klvwru| wkh qdwlrqdo dffrxqwv hvwlpdwhv ri uhvlghqwldo lqyhvwphqw kdyh
ehhq odujho| edvhg rq hvwlpdwhv ri uhvlghqwldo ydoxh sxw lq sodfh/ vxssohphqwhg zlwk gdwd rq
vshqglqj rq preloh krphv dqg dowhudwlrqv dqg dgglwlrqv wr h{lvwlqj uhvlghqwldo exloglqjv1
Vlploduo|/ wkh qdwlrqdo dffrxqwv phdvxuh ri vwuxfwxuhv lqyhvwphqw kdv ehhq odujho| edvhg
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rq hvwlpdwhv ri vwuxfwxuhv ydoxh sxw lq sodfh/ zlwk hvwlpdwhv ri vshqglqj rq qrquhvlghqwldo
idup exloglqjv/ xwlolw| exloglqjv/ dqg frqvwuxfwlrq lq wkh plqlqj lqgxvwu| dovr lqfoxghg1

Vlqfh 4<:9/ phdvxuhv ri uhvlghqwldo dqg vwuxfwxuhv ydoxh sxw lq sodfh kdyh ehhq forvho|
uhodwhg wr wkh I1Z1 Grgjh vhulhv rq uhvlghqwldo dqg vwuxfwxuhv vwduwv1 I1Z1 Grgjh frq0
vwuxfwv wkhvh hvwlpdwhv e| forvho| prqlwrulqj wkh frqvwuxfwlrq lqgxvwu| dqg uhfruglqj wkh
frpphqfhphqw ri dq| qhz exloglqj surmhfw1 Lq frqvwuxfwlqj wkh uhvlghqwldo dqg vwuxfwxuhv
ydoxh sxw lq sodfh vhulhv/ wkh Exuhdx ri wkh Fhqvxv wdnhv d vdpsoh ri exloglqj surmhfwv iurp
wkh I1Z1 Grgjh gdwdedvh dqg prqlwruv wkh ydoxh ri zrun grqh rq wkhvh surmhfwv iurp vwduw
wr �qlvk1 Wklv vdpsoh lv frqwlqxrxvo| xsgdwhg zlwk qhzo| frpphqfhg exloglqj surmhfwv dv
wkh| dsshdu lq wkh I1Z1 Grgjh exloglqj vwduwv gdwdedvh1

Ehiruh 4<:9/ krzhyhu/ wkh vhulhv duh ohvv forvho| uhodwhg1 Zkloh wkh Exuhdx ri wkh Fhqvxv
kdv dozd|v xvhg wkh I1Z1 Grgjh gdwdvhw wr frqvwuxfw lwv vdpsoh iru Zdvklqjwrq G1F1 dqg
wkh 6: prvw hdvwhuq vwdwhv ri wkh X1V1/ wkh vdpsoh iru wkh 46 prvw zhvwhuq vwdwhv zdv/ sulru wr
4<:9/ edvhg rq exloglqj shuplw gdwd1 Wkh pruh glvwdqw uhodwlrqvkls ehwzhhq wkh vhulhv ryhu
wklv shulrg lv dssduhqw iurp sorwv ri wkh gdwd1 Vlqfh 4<:9/ vwuxfwxuhv dqg uhvlghqwldo vwduwv
kdyh pryhg yhu| forvho| zlwk wkhlu fruuhvsrqglqj ydoxh sxw lq sodfh dqg lqyhvwphqw vhulhv1
Ehiruh 4<:9/ krzhyhu/ wkh pryhphqwv ehwzhhq wkh uhohydqw vhulhv kdyh ehhq ohvv vlplodu/
sduwlfxoduo| iru wkh vwuxfwxuhv vhulhv/ zklfk kdyh dw wlphv glvsod|hg vrph yhu| qrwlfhdeoh
glyhujhqfhv +vhh �jxuh D4,1 Krzhyhu/ hyhq diwhu dffrxqwlqj iru wkhlu ohvv0uhodwhg phwkrgv
ri frqvwuxfwlrq/ wkh glyhujhqfhv ehwzhhq wkhvh vhulhv duh vxusulvlqj dqg ri vrph frqfhuq1
Dwwhpswv wr lqyhvwljdwh ixuwkhu zk| wkh vhulhv pryh vr gl�huhqwo| sulru wr 4<:9 duh kdpshuhg
e| wkh idfw wkdw vwduwv dqg ydoxh sxw lq sodfh duh frqvwuxfwhg e| gl�huhqw lqvwlwxwlrqv1
Jlyhq p| frqfhuqv/ L fkrrvh wr zrun rqo| zlwk wkh srvw04<:9 vdpsoh16< L qrwh/ krzhyhu/
wkdw wkh hpslulfdo uhvxowv wkdw rewdlq zkhq wkh vdpsoh shulrg lv h{whqghg edfn wr 4<9: duh
vwloo frqvlvwhqw zlwk wkh k|srwkhvlv wkdw gl�huhqwldo surmhfw sodqqlqj dqg frpsohwlrq wlphv
dffrxqw iru wkh frqwudvwlqj uhvsrqvhv ri uhvlghqwldo dqg vwuxfwxuhv lqyhvwphqw1

Khqfh/ ghvslwh wkh idfw wkdw wkh ydoxh sxw lq sodfh dqg vwduwv gdwd doo frph iurp gl�huhqw
vrxufhv/ wkhlu frqfhswxdo vlplodulwlhv ryhu wkh sdshu*v 4<:9 wr 4<<9 vdpsoh shulrg vxjjhvw
wkdw zh vkrxog eh deoh wr frpsduh wkh gl�huhqw uhvsrqvhv ri vwduwv dqg ydoxh sxw lq sodfh
wr fkdqjhv lq prqhwdu| srolf| dqg dwwulexwh wkh gl�huhqfhv ehwzhhq wkh uhvsrqvhv dv ehlqj
wkh uhvxow ri frqwlqxlqj zrun rq rqjrlqj surmhfwv1

6<D wkrurxjk glvfxvvlrq dv wr wkh frqvwuxfwlrq ri wkh ydoxh sxw lq sodfh vhulhv fdq eh irxqg lq Dvdqxpd
dqg Qhzpdq0Vplwk +4<<6, dqg Prqwjrphu| +4<<9,1
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Table 1.1 - Average Project Completion Times for Nonresidential Buildings

Value of Project (thousands) Average Number of Months from Start to Completion Standard Error

$10,000 or more 24.7 -
$5,000 to $9,999 17.4 0.2
$3,000 to $4,999 14.4 0.2
$1,000 to $2,999 11.4 0.2

$250 to $999 7.2 0.1
Less than $250 4.1 0.1

ALL VALUES 14.0 0.1

Table 1.2 - Average Project Completion Times for Residential Buildings

Type of Project Share of Total
Residential Investment*

Average No. of Months:
Permit Issue to Start

Average No. of Months:
Start to Completion

Multifamily homes
with 5 units or more

19.5 to 21 percent 1.8 9.2

Multifamily homes
with 2 to 4 units

2 to 3.5 percent 1.2 7.5

Single-family homes 77 percent 0.7 6

TOTAL - 0.93 to 0.94 6.67 to 6.70

Figure 1.1 - Impulse Responses to a Monetary Policy Shock in the Different VAR Systems
Panel (a) - Residential Investment (6 Lags)
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Panel (b) - Structures Investment (6 Lags)
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Panel (c) - Residential Value Put in Place (6 Lags)
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Panel (d) - Structures Value Put in Place (6 Lags)

- 3
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- 1

0

1

0 1 2 2 4 3 6 4 8 6 0

F e d e r a l  F u n d s  R a te  S y s te m  I
F e d e r a l  F u n d s  R a te  S y s te m  I I
N o n b o r r o w e d  R e s e r v e s  S y s te m  I
N o n b o r r o w e d  R e s e r v e s  S y s te m  I I
F e d e r a l  F u n d s  M a r k e t  S y s te m

________________________________________________________________________

* The range of shares for multifamily homes with 5 or more units and multifamily homes with 2 to 4 units
are based on the shares reported in the Housing Starts release (shares of total building projects started) as
well the from the shares reported in the F. W. Dodge starts series (shares of total value of building starts).
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Figure 1.2 - Responses to a Monetary Policy Shock in the VAR Models
Structures Residential Single-Family Units
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Figure 1.3 - Responses to a Monetary Policy Shock in the Benchmark Model
Panel (a) - Nom. Interest Rates
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Figure 1.4 - Effect of a Monetary Shock on Market Investment for Various Values of σ
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Figure 1.5 - Responses of Market and Household Investment for Various Values of σ
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Figure 1.6 - Responses of Market Investment and Starts for Various Values of σ
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Figure 1.7 - Responses of Starts of Market and Household Capital for Various Values of σ
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Figure 1.8 - Responses of Starts and Investment in Market Capital
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Figure 1.9 - Responses of Starts and Investment in Household Capital
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Figure 1.10 - Responses of Starts in Market and Household Capital
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Figure 1.11 - Responses of Investment in Market and Household Capital

- 2

- 1 . 5

- 1

- 0 . 5

0

0 1 2 3 4 5 6 7 8

H o u s e h o l d
( R e s i d e n t i a l )

M a r k e t
( S t r u c t u r e s )



43

Figure 1.12 - Impulse Responses - Theoretical Model and Federal Funds System I
Panel (a) - Residential Value Put in Place
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Figure 1.13 - Impulse Responses - Theoretical Model and Federal Funds System II
Panel (a) - Residential Value Put in Place
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Figure 1.14 - Impulse Responses - Theoretical Model and Nonborrowed Reserves System I
Panel (a) - Residential Value Put in Place
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Figure 1.15 - Impulse Responses - Theoretical Model and Nonborrowed Reserves System II
Panel (a) - Residential Value Put in Place
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Table 1.3 - Quasi-LM Statistics

FFRI FFRII NBRI NBRII FFM*

Residential Value Put in Place

Benchmark Model 4675.89 4073.66 527.49 1152.51 638.72

Augmented Model 18.45 10.67 19.05 19.98 1.67

Residential Starts

Benchmark Model 322.11 281.08 25.06 57.20 26.58

Augmented Model 32.75 31.32 26.99 29.62 2.72

Structures Value Put in Place

Benchmark Model 2482.55 2162.61 291.60 634.79 130.39

Augmented Model 26.08 8.26 7.33 9.55 0.77

Structures Starts

Benchmark Model 925.44 838.04 122.65 245.27 34.62

Augmented Model 13.04 11.37 8.27 8.30 0.81

Figure 1.16 - Structures Starts and Value Put in Place
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* The Quasi-LM statistics associated with the Federal funds market system of monetary policy identification
are small due to the enormous standard error bands associated with the impulse response functions implied
by this method of identification.


