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4 Wkh dxwkruv wkdqn Euldq PfFdoo iru surylglqj xv wkh Iruwudq frgh xvhg lq klv 4<<9 Hfrqrphwulfd sdshu1
Wkh sdshu ehqh?wwhg iurp wkh frpphqwv ri Mxvkdq Edl/ Gdylg Fdug/ Johqq Vxh|rvkl/ dqg wzr dqrq|prxv
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srvlwlrqv ri Iuhgglh Pdf1 Txljoh|*v uhvhdufk lv vxssruwhg e| wkh Ilvkhu Fhqwhu iru Uhdo Hvwdwh dqg Xuedq
Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|1 Ghqj*v lqlwldo uhvhdufk zdv frpsohwhg dw wkh Xqlyhuvlw| ri
Fdoliruqld/ Ehunhoh| vxssruwhg e| wkh Ilvkhu Fhqwhu iru Uhdo Hvwdwh dqg Xuedq Hfrqrplfv1 Fruuhvsrqglqj
dxwkru= Mrkq P1 Txljoh| +txljoh|Chfrq1ehunhoh|1hgx,1



Devwudfw

Dv dssolhg wr wkh ehkdylru ri krphrzqhuv zlwk pruwjdjhv/ rswlrq wkhru| suhglfwv wkdw pruwjdjh

suhsd|phqw ru ghidxow zloo eh h{huflvhg li wkh fdoo ru sxw rswlrq lv 3lq wkh prqh|4 e| vrph vshfl?f

dprxqw1 Rxu dqdo|vlv= whvwv wkh h{whqw wr zklfk wkh rswlrq dssurdfk fdq h{sodlq ghidxow dqg

suhsd|phqw ehkdylru> hydoxdwhv wkh sudfwlfdo lpsruwdqfh ri prgholqj erwk rswlrqv vlpxowdqhrxvo|>

dqg prghov wkh xqrevhuyhg khwhurjhqhlw| ri eruurzhuv lq wkh krph pruwjdjh pdunhw1 Wkh sdshu

suhvhqwv d xql?hg prgho ri wkh frpshwlqj ulvnv ri pruwjdjh whuplqdwlrq e| suhsd|phqw dqg gh0

idxow/ frqvlghulqj wkh wzr kd}dugv dv ghshqghqw frpshwlqj ulvnv zklfk duh hvwlpdwhg mrlqwo|1 Lw dovr

dffrxqwv iru wkh xqrevhuyhg khwhurjhqhlw| dprqj eruurzhuv/ dqg hvwlpdwhv wkh xqrevhuyhg khwhur0

jhqhlw| vlpxowdqhrxvo| zlwk wkh sdudphwhuv dqg edvholqh kd}dugv dvvrfldwhg zlwk suhsd|phqw dqg

ghidxow ixqfwlrqv1

Rxu uhvxowv vkrz wkdw wkh rswlrq prgho/ lq lwv prvw vwudljkwiruzdug yhuvlrq/ grhv d jrrg mre

ri h{sodlqlqj ghidxow dqg suhsd|phqw> exw lw lv qrw hqrxjk e| lwvhoi1 Wkh vlpxowdqhlw| ri wkh

rswlrqv lv yhu| lpsruwdqw hpslulfdoo| lq h{sodlqlqj ehkdylru1 Wkh uhvxowv dovr vkrz wkdw wkhuh

h{lvwv vljql?fdqw khwhurjhqhlw| dprqj pruwjdjh eruurzhuv1 Ljqrulqj wklv khwhurjhqhlw| uhvxowv lq

vhulrxv huuruv lq hvwlpdwlqj wkh suhsd|phqw ehkdylru ri krphrzqhuv1

Nh|zrugv= Pruwjdjh ghidxow/ suhsd|phqw/ ghshqghqw frpshwlqj ulvnv/ pruwjdjh sulflqj1



Pruwjdjh Whuplqdwlrqv/ Khwhurjhqhlw| dqg wkh H{huflvh ri

Pruwjdjh Rswlrqv

4 Lqwurgxfwlrq

Wkh pruwjdjh pdunhw lv txlwh odujh dqg lv lqfuhdvlqj lq lpsruwdqfh1 Wkh rxwvwdqglqj

yroxph ri uhvlghqwldo pruwjdjhv lv fxuuhqwo| ryhu ' 6 wuloolrq/ dqg yroxph kdv grxeohg lq wkh sdvw

ghfdgh1 Lq frpsdulvrq/ wkh vwrfn ri rxwvwdqglqj X1V1 jryhuqphqw ghew lv fxuuhqwo| derxw ' 8 wuloolrq1

Doprvw kdoi ri wkh vwrfn ri pruwjdjhv lv khog lq 3pruwjdjh0edfnhg vhfxulwlhv/4 dqg derxw kdoi ri

doo qhz pruwjdjhv duh 3vhfxulwl}hg14 Wkh ulvh ri vhfxulwl}dwlrq/ wkh wudglqj ri wkhvh vhfxulwlhv/ dqg

wkh jurzlqj xvh ri pruwjdjh0edfnhg vhfxulwlhv dv froodwhudo iru 3ghulydwlyhv4 +h1j1/ froodwhudol}hg

pruwjdjh reoljdwlrqv, kdv jhqhudwhg d juhdw ghdo ri lqwhuhvw lq wkh hfrqrplfv ri pruwjdjh dqg

pruwjdjh0edfnhg vhfxulwlhv1

Sulflqj pruwjdjh frqwudfwv lv frpsolfdwhg/ sulpdulo| e| wkh rswlrqv dydlodeoh wr wkh eruurzhu wr

ghidxow ru wr suhsd|1 Wkhvh rswlrqv duh glvwlqfw/ exw qrw lqghshqghqw1 Wkxv/ rqh fdqqrw fdofxodwh

dffxudwho| wkh hfrqrplf ydoxh ri wkh ghidxow rswlrq zlwkrxw frqvlghulqj vlpxowdqhrxvo| wkh ?qdqfldo

lqfhqwlyh iru suhsd|phqw1 Ixuwkhupruh/ ulvn suhihuhqfhv dqg rwkhu lglrv|qfudwlf gl>huhqfhv dfurvv

eruurzhuv pd| ydu| zlgho|1 W|slfdoo|/ lw lv yhu| gl!fxow wr phdvxuh wklv khwhurjhqhlw| h{solflwo|1

Dssursuldwho| prgholqj wkhvh suhsd|phqw dqg ghidxow ulvnv lv fuxfldo wr wkh sulflqj ri pruwjdjhv

dqg wr xqghuvwdqglqj wkh hfrqrplf ehkdylru ri krphrzqhuv1

Wkh frqwlqjhqw fodlpv prghov/ ghyhorshg e| Eodfn dqg Vfkrohv +4<:6,/ Phuwrq +4<:6,/ Fr{/

Lqjhuvroo/ dqg Urvv +4<;8,/ dqg rwkhuv/ surylgh d frkhuhqw prwlydwlrq iru eruurzhu ehkdylru/ dqg

d qxpehu ri vwxglhv kdyh dssolhg wklv prgho wr wkh pruwjdjh pdunhw1 Khqghuvkrww dqg Ydq Rughu

+4<;:, dqg Ndx dqg Nhhqdq +4<<8, kdyh vxuyh|hg pxfk ri wkh olwhudwxuh uhodwhg wr pruwjdjh

sulflqj1
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Yluwxdoo| doo suhylrxv vwxglhv xvlqj rswlrq prghov/ krzhyhu/ irfxv rq dsso|lqj wkhp wr h{sodlq

hlwkhu suhsd|phqw ru ghidxow ehkdylru/ exw qrw erwk1 Iru lqvwdqfh/ lq wkh ?uvw dssolfdwlrq ri rswlrq

prghov wr pruwjdjhv/ Ilqgoh| dqg Fdsr}}d +4<::, dqdo|}hg wkh suhsd|phqw rswlrqv ri kroghuv ri

dgmxvwdeoh0udwh dqg ?{hg0udwh pruwjdjhv1 Gxqq dqg PfFrqqhoo +4<;4,/ Exvhu dqg Khqghuvkrww

+4<;7,/ dqg Euhqqdq dqg Vfkzduw} +4<;8, xvhg rswlrq wkhru| wr sulfh fdoodeoh pruwjdjhv/ uho|lqj

rq vlpxodwlrq phwkrgv1 Juhhq dqg Vkryhq +4<;9,/ Vfkzduw} dqg Wrurxv +4<;<, dqg Txljoh| dqg

Ydq Rughu +4<<3, surylghg hpslulfdo hvwlpdwhv ri rswlrq0edvhg suhsd|phqw prghov1

Fxqqlqjkdp dqg Khqghuvkrww +4<;7, dqg Hsshuvrq/ Ndx/ Nhhqdq/ dqgPxoohu LLL +4<;8, dssolhg

rswlrq prghov wr sulfh ghidxow ulvn/ prgholqj ghidxow dv d sxw rswlrq/ dqg Irvwhu dqg Ydq Rughu

+4<;7, dqg Txljoh| dqg Ydq Rughu +4<<8, hvwlpdwhg ghidxow prghov hpslulfdoo| lq dq rswlrq0edvhg

iudphzrun1 Txhufld dqg Vwhjpdq +4<<5, dqg Ydqghoo +4<<6, uhylhzhg pdq| ri wkhvh ghidxow prghov1

D vhulhv ri sdshuv e| Ndx/ Nhhqdq/ Pxoohu/ dqg Hsshuvrq +4<<5/ 4<<8,/ Ndx dqg Nhhqdq +4<<9,

dqg Wlwpdq dqg Wrurxv +4<;<, surylghg wkhruhwlfdo prghov zklfk hpskdvl}hg wkh lpsruwdqfh ri

wkh mrlqwqhvv ri suhsd|phqw dqg ghidxow rswlrqv1 D krphrzqhu zkr h{huflvhv wkh ghidxow rswlrq

wrgd| jlyhv xs wkh rswlrq wr ghidxow lq wkh ixwxuh/ exw vkh dovr jlyhv xs wkh rswlrq wr suhsd| wkh

pruwjdjh1 Irvwhu dqg Ydq Rughu +4<;8, hvwlpdwhg vlpxowdqhrxv prghov ri ghidxow dqg suhsd|phqw

xvlqj gdwd rq odujh srrov ri IKD ordqv/ dqg Vfkzduw} dqg Wrurxv +4<<6, hvwlpdwhg wkh mrlqw kd}dug

xvlqj d Srlvvrq uhjuhvvlrq dssurdfk dqg djjuhjdwh gdwd1 Ghqj/ Txljoh|/ dqg Ydq Rughu +4<<9, dqg

Ghqj +4<<:, zhuh wkh ?uvw wr dqdo|}h uhvlghqwldo pruwjdjh suhsd|phqw dqg ghidxow ehkdylru xvlqj

plfur gdwd rq wkh mrlqw fkrlfhv ri lqglylgxdov1 Krzhyhu/ wkh frpshwlqj ulvnv kd}dug prgho frpprq

wr doo wkhvh vwxglhv ljqruhv wkh khwhurjhqhlw| dprqj eruurzhuv1 Suhvxpdeo| d vxevwdqwldo qxpehu

ri krphrzqhuv duh ohvv olnho| wr h{huflvh sxw dqg fdoo rswlrqv rq pruwjdjhv lq wkh ixoo| udwlrqdo zd|

suhglfwhg e| ?qdqfh wkhru|1 Dffrxqwlqj iru wklv jurxs lv srwhqwldoo| lpsruwdqw lq xqghuvwdqglqj

pdunhw ehkdylru dqg lq sulflqj vhdvrqhg pruwjdjhv1
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Lq wklv sdshu/ zh suhvhqw d xql?hg hfrqrplf prgho ri wkh frpshwlqj ulvnv ri pruwjdjh whupl0

qdwlrq e| suhsd|phqw dqg ghidxow1 Zh dgrsw d sursruwlrqdo kd}dug iudphzrun wr dqdo|}h wkhvh

frpshwlqj ulvnv hpslulfdoo|/ xvlqj d odujh vdpsoh ri lqglylgxdo ordqv/ dqg zh h{whqg wkh prgho wr

dqdo|}h xqrevhuyhg khwhurjhqhlw|1 Zh whvw wkuhh dvshfwv ri krphrzqhu ehkdylru lq wkh pruwjdjh

pdunhw=

41 Wkh h{whqw wr zklfk wkh rswlrq dssurdfk fdq h{sodlq wkh ghidxow dqg suhsd|phqw ehkdylru

ri eruurzhuv zlwk vlqjoh0idplo| pruwjdjhv>

51 Wkh lpsruwdqfh ri prgholqj erwk rswlrqv vlpxowdqhrxvo|> dqg

61 Wkh lpsruwdqfh ri khwhurjhqhlw| ri eruurzhuv lq h{sodlqlqj ehkdylru lq wkh pdunhw1

Zh ?qg wkdw=

41 Wkh rswlrq prgho/ lq lwv prvw vwudljkwiruzdug yhuvlrq/ grhv d jrrg mre ri h{sodlqlqj ghidxow

dqg suhsd|phqw> exw lw lv qrw hqrxjk e| lwvhoi1 Hlwkhu wudqvdfwlrqv frvwv ydu| d juhdw ghdo

dfurvv eruurzhuv/ ru hovh vrph shrsoh duh vlpso| pxfk zruvh dw h{huflvlqj rswlrqv>

51 Wkh vlpxowdqhlw| ri wkh rswlrqv lv yhu| lpsruwdqw hpslulfdoo| lq h{sodlqlqj ehkdylru1 Lq

sduwlfxodu/ idfwruv wkdw wuljjhu rqh rswlrq duh dovr lpsruwdqw lq wuljjhulqj ru iruhjrlqj h{huflvh

ri wkh rwkhu> dqg

61 Xqrevhuyhg eruurzhu khwhurjhqhlw| lv txlwh lpsruwdqw lq dffrxqwlqj iru eruurzhu ehkdylru1

Zh doorz iru khwhurjhqhlw| e| lqfrusrudwlqj lqwr wkh hvwlpdwlrq wkh srvvlelolw| wkdw wkhuh duh

gl>huhqw vruwv ri eruurzhuv/ vrph yhu| dvwxwh/ vrph txlwh sdvvlyh/ dqg rwkhuv vrphzkhuh lq

ehwzhhq15 Zh ?qg wkdw khwhurjhqhlw| lv vljql?fdqw1 Lw kdv lpsruwdqw h>hfwv rq nh| hodvwlflwlhv

h{sodlqlqj ehkdylru/ sduwlfxoduo| zlwk uhvshfw wr suhsd|phqw1

5Wkh xqrevhuyhg khwhurjhqhlw| pd| eh dwwulexwhg wr xqphdvxuhg krxvh0vshfl?f idfwruv +vxfk dv xqh{shfwhg gh0
suhfldwlrq ru dssuhfldwlrq ri surshuw| ydoxhv, dv zhoo dv wr eruurzhu wdvwhv ru delolwlhv1
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Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 uhylhzv wkh dssolfdwlrq ri rswlrq prghov wr pruwjdjh

whuplqdwlrqv1 Vhfwlrq 6 glvfxvvhv wkh sursruwlrqdo kd}dug prgho/ vshfl?hg zlwk frpshwlqj ulvnv/

wlph0ydu|lqj fryduldwhv dqg xqrevhuyhg khwhurjhqhlw|1 Vhfwlrq 7 suhvhqwv dq h{whqvlyh hpslulfdo

dqdo|vlv1 Vhfwlrq 8 lv d eulhi frqfoxvlrq1

5 Pruwjdjh Whuplqdwlrqv dqg Rswlrq Sulflqj

Zhoo0lqiruphg eruurzhuv lq d shuihfwo| frpshwlwlyh pdunhw zloo h{huflvh ?qdqfldo rswlrqv zkhq wkh|

fdq wkhuhe| lqfuhdvh wkhlu zhdowk1 Lq wkh devhqfh ri hlwkhu wudqvdfwlrqv frvwv ru uhsxwdwlrq frvwv

zklfk uhgxfh fuhglw udwlqjv/ dqg zlwk dvvxpdeoh pruwjdjhv +ru qr h{rjhqrxv uhdvrqv iru uhvlghqwldo

prelolw|,/ ghidxow dqg suhsd|phqw duh hvvhqwldoo| ?qdqfldo ghflvlrqv zklfk fdq eh vhsdudwhg iurp

uhdo +krxvlqj, ghflvlrqv/ dqg wkh vlpsohvw yhuvlrq ri wkh Ploohu dqg Prgljoldql wkhru| ri wkh luuho0

hydqfh ri ?qdqfldo vwuxfwxuh krogv16 Xqghu wkhvh frqglwlrqv/ lqglylgxdov fdq lqfuhdvh wkhlu zhdowk

e| ghidxowlqj rq d pruwjdjh zkhq wkh pdunhw ydoxh ri wkh pruwjdjh htxdov ru h{fhhgv wkh ydoxh

ri wkh krxvh1 Vlploduo|/ e| suhsd|lqj wkh pruwjdjh zkhq pdunhw ydoxh htxdov ru h{fhhgv sdu/ wkh|

fdq lqfuhdvh zhdowk e| uh?qdqflqj1 D qhfhvvdu| frqglwlrq iru h{huflvlqj dq rswlrq lv wkdw lw eh 3lq

wkh prqh|/4 exw wkdw lv qrw vx!flhqw1 H{huflvlqj hlwkhu rswlrq qrz phdqv jlylqj xs wkh rswlrq wr

h{huflvh erwk rswlrqv odwhu1 Iru lqvwdqfh/ d eruurzhu zkrvh krxvh sulfh ghfolqhv ehorz wkh pruwjdjh

edodqfh pd| qrw ghidxow lpphgldwho|/ lq sduw ehfdxvh diwhu wkh sulfh ghfolqh wkh pruwjdjh kdv d

ehorz0pdunhw udwh/7 exw dovr ehfdxvh e| ghidxowlqj/ wkh eruurzhu zrxog dovr orvh wkh rswlrq wr

uh?qdqfh odwhu rq1

Zkloh yluwxdoo| doo wkh uhfhqw uhvhdufk rq suhsd|phqw dqg ghidxow/ vxppdul}hg deryh/ kdv xvhg

rswlrq0edvhg prghov/ wkh xqghuo|lqj wkhrulhv ehklqg wkh prghov gl>hu lpsruwdqwo| lq wkh wuhdwphqw

6Vhh Ndx/ Nhhqdq/ Pxoohu/ dqg Hsshuvrq +4<<8, iru d uhfhqw glvfxvvlrq1
7Wklv lv ehfdxvh pruwjdjh lv qrz ulvnlhu/ ghidxowlqj dqg ex|lqj edfn wkh vdph krxvh zrxog uhtxluh sd|lqj d kljkhu

lqwhuhvw udwh ru pdnlqj d odujhu grzqsd|phqw1
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ri wudqvdfwlrqv frvwv18 Iru vlpsolflw|/ zh glylgh wkhvh dssurdfkhv lqwr srodu fdvhv1 Wkh ?uvw fdvh/

Prgho L/ dvvxphv qr wudqvdfwlrqv frvwv +vhh Wlwpdq dqg Wrurxv 4<;</ Ndx/ Nhhqdq/ Pxoohu/ dqg

Hsshuvrq 4<<5,/ dqg 3uxwkohvv4 h{huflvh ri erwk rswlrqv1 Wkh vhfrqg fdvh/ Prgho LL/ hpskdvl}hv

wudqvdfwlrqv frvwv/ sduwlfxoduo| lq h{huflvh ri wkh ghidxow rswlrq1 Lw lv dvvxphg wkdw wudqvdfwlrqv

frvwv duh vx!flhqwo| kljk wkdw ghidxow uhtxluhv/ qrw rqo| qhjdwlyh htxlw|/ exw dovr d 3wuljjhu hyhqw4

zklfk irufhv wkh eruurzhu wr ohdyh wkh krxvh1 Prgho LL dovr hqwhuwdlqv wkh srvvlelolw| wkdw wkhuh duh

vljql?fdqw wudqvdfwlrqv frvwv lqyroyhg lq suhsd|lqj/ ru hovh wkdw vrph eruurzhuv duh pruh dvwxwh

wkdq rwkhuv dw h{huflvlqj rswlrqv +vhh Dufkhu/ Olqj/ dqg PfJloo 4<<9,1 Ilqdoo|/ Prgho LL dovr doorzv

wkh srvvlelolw| ri vljql?fdqw xqrevhuyhg khwhurjhqhlw|1 Wkxv wkh vhsdudwlrq ehwzhhq krxvlqj dqg

?qdqfh ghflvlrqv lv lqfrpsohwh1

Dffruglqj wr Prgho L/ xqghuvwdqglqj zkhq wr h{huflvh hlwkhu rswlrq uhtxluhv vshfli|lqj wkh

xqghuo|lqj vwdwh yduldeohv dqg wkh sdudphwhuv wkdw ghwhuplqh wkh ydoxh ri wkh frqwudfw dqg wkhq

ghgxflqj wkh uxoh iru h{huflvh wkdw pd{lpl}hv eruurzhu zhdowk1 Iru uhvlghqwldo pruwjdjhv/ wkh nh|

vwdwh yduldeohv duh lqwhuhvw udwhv dqg krxvh ydoxhv1 Wkh ydoxh ri d pruwjdjhP +f> u>K>E> n, ghshqgv

xsrq wkh frxsrq udwh/ f/ d yhfwru ri uhohydqw lqwhuhvw udwhv/ u/ surshuw| ydoxh/ K/ wkh rxwvwdqglqj

edodqfh/ E/ wkh djh ri wkh ordq/ n/ dqg vrph rwkhu sdudphwhuv1 Zlwk frqwlqxrxv wlph/ d vwdqgdug

duelwudjh dujxphqw lv vx!flhqw wr ghulyh dq htxloleulxp frqglwlrq iru P +d vhfrqg rughu sduwldo

gl>huhqwldo htxdwlrq, vxfk wkdw wkh ydoxh ri wkh pruwjdjh htxdov wkh ulvn0dgmxvwhg h{shfwhg suhvhqw

ydoxh ri lwv qhw fdvk  rzv1

Dvvxph wkdw krxvh sulfh fkdqjhv duh frqwlqxrxv zlwk dq lqvwdqwdqhrxv phdq ç dqg d vwdqgdug

ghyldwlrq âû1 Ohw g eh wkh lpsxwhg uhqw sd|rxw +3glylghqg4, udwh1 Iru vlpsolflw|/ dvvxph wkhuh lv

rqo| rqh lqwhuhvw udwh/ wkh lqvwdqwdqhrxv vkruw udwh u/ zklfk ghwhuplqhv wkh |lhog fxuyh1 Ohw ë eh

wkh phdq ydoxh ri wkh vkruw udwh/ ð eh wkh udwh ri frqyhujhqfh iru wkh vkruw udwh/ âo eh wkh yrodwlolw|

8Vhh Ndx/ Nhhqdq/ dqg Nlp +4<<6, iru dq h{solflw glvfxvvlrq ri wudqvdfwlrq frvwv1
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ri wkh vkruw udwh/ dqg ã eh wkh fruuhodwlrq ehwzhhq lqwhuhvw udwh fkdqjhv dqg krxvh sulfh fkdqjhv1

Wkhq lw kdv ehhq vkrzq +Ndx/ Nhhqdq/ Pxoohu/ dqg Hsshuvrq 4<<8, wkdw wkh ydoxh ri wkh pruwjdjh

P vdwlv?hv
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Wkh ydoxh riP +ü, dqg wkh rswlpdo ghidxow dqg suhsd|phqw vwudwhj| duh ghwhuplqhg vlpxowdqhrxvo|1

Htxdwlrq +4, lv frqvlvwhqw zlwk dq lq?qlwh qxpehu ri ixqfwlrqv P +ü,1 Wkh dssursuldwh ixqfwlrq

lv ghwhuplqhg e| fkrrvlqj wkh rswlpdo ohyho ri u/ uW/ dqg wkh rswlpdo ohyho ri K/ KW/ dw zklfk

wr whuplqdwh wkh pruwjdjh wkurxjk ghidxow ru suhsd|phqw1 Wkhvh duh wkh ohyhov ri u dqg K wkdw

plqlpl}h P jlyhq htxdwlrq +4, +Vhh Ndx/ Nhhqdq/ Pxoohu/ dqg Hsshuvrq 4<<8,> wkhvh ohyhov duh

ixqfwlrqv ri f> g>E> n dqg wkh sdudphwhuv jryhuqlqj wkh vwrfkdvwlf surfhvvhv iru u dqg K1 Gxh wr

wkh mrlqwqhvv ri wkh rswlrqv/ wkhuh duh wzr sdluv ri u dqg K wkdw wuljjhu whuplqdwlrq1 Wkhuh duh

ohyhov ri u wkdw wuljjhu ghidxow dv zhoo dv suhsd|phqw/ dqg ohyhov ri K wkdw wuljjhu suhsd|phqw dv

zhoo dv ghidxow1 Iru lqvwdqfh/ d eruurzhu pd| ghidxow dw d orz hqrxjk ohyho ri u dv d phdqv ri

suhsd|phqw/ dqg d eruurzhu pljkw uh?qdqfh zkhq htxlw| ydoxh kdv ulvhq ehfdxvh wkh ordq lv qrz

vdihu dqg zrxog fduu| d orzhu lqwhuhvw udwh1 Wkh hvwlpdwhg suredelolw| ri ghidxow ru suhsd|phqw lv

wkh suredelolw| ri wkhvh ohyhov ri u dqg K rffxuulqj/ frqglwlrqdo rq wkh lqirupdwlrq vhw ri dfwruv lq

wkh pdunhw dqg wkh uhvhdufkhuv revhuylqj wkhp1

Qrwh wkdw wkh eruurzhu grhv qrw kdyh wr vroyh +4, dqg wkh erxqgdu| frqglwlrqv lq rughu wr nqrz

zkhq wr h{huflvh hlwkhu rswlrq1 Doo wkdw lv qhfhvvdu| lv nqrzohgjh ri pdunhw sulfhv1 Iru lqvwdqfh/

iru d ?{hg0udwh pruwjdjh/ wkh suhsd|phqw rswlrq vkrxog eh h{huflvhg zkhqhyhu wkh eruurzhu fdq

uh?qdqfh wkh ordq iru wkh vdph uhpdlqlqj whup dw sdu dw d pruwjdjh udwh ohvv wkdq wkh frxsrq

rq wkh fxuuhqw ordq ru/ dowhuqdwlyho| zkhq wkh pdunhw ydoxh ri wkh pruwjdjh htxdov +ru h{fhhgv,

9



wkh pruwjdjh edodqfh1 Ghidxow vkrxog eh h{huflvhg zkhq wkh eruurzhu*v sd|phqwv zrxog eh orzhu

rq d qhz }hur0grzqsd|phqw ordq iru wkh vdph uhpdlqlqj whup/ xvhg wr sxufkdvh wkh vdph krxvh1

Ri frxuvh/ zh rq wkh rxwvlgh gr qrw revhuyh wkhvh pdunhw dowhuqdwlyhv +dqg pdunhwv duh qrw wkdw

frpsohwh dq|zd|,> wklv juhdwo| frpsolfdwhv whvwlqj wkh prgho1

Gxh wr 3gdwd olplwdwlrqv/4 wkh dqdo|vw grhv qrw revhuyh wkh fulwlfdo ohyhov ri krxvh sulfh dqg

wkh pruwjdjh udwh wkdw wuljjhu h{huflvh iurp wkh ghwdlov ri wkh pruwjdjh frqwudfw1 Doo wkdw zh

fdq krsh wr revhuyh lv wkh h{whqw wr zklfk hlwkhu rswlrq lv 3lq wkh prqh|14 Exw zh fdqqrw hyhq

phdvxuh gluhfwo| wkh h{whqw wr zklfk wkh ghidxow rswlrq lv lq wkh prqh| zlwkrxw gdwd rq wkh frxuvh

ri lqglylgxdo krxvh sulfhv1 Zh fdq krzhyhu hvwlpdwh wkh suredelolw| wkdw wkh rswlrq lv lq wkh prqh|/

jlyhq wkh lqlwldo ordq0wr0ydoxh udwlr dqg wkh vwrfkdvwlf surfhvv iru krxvh sulfhv1 Wkh dqdo|vw fdq

frqwuro iru wkh uhpdlqlqj whup ri wkh ordq/ exw qrw iru fkdqjhv lq wkh sdudphwhuv ri wkh krxvh

sulfh ru lqwhuhvw udwh surfhvv1 Wklv uhdolw| vxjjhvwv wkdw lw lv pruh surgxfwlyh wr frqvlghu rswlpdo

h{huflvh lq suredelolvwlf whupv dqg wkhq wr whvw vrph ri wkh pdmru suhglfwlrqv ri Prgho L= Iluvw/

wkh suredelolw| ri h{huflvh vkrxog lqfuhdvh dv wkh rswlrq pryhv ixuwkhu lqwr wkh prqh|1 Vhfrqg/

wkh suredelolw| ri h{huflvh vkrxog dffhohudwh dv wkh rswlrq pryhv ixuwkhu lqwr wkh prqh|1 Wklug/

ehfdxvh h{huflvlqj rqh rswlrq phdqv jlylqj xs wkh rwkhu rswlrq/ wkh h{whqw wr zklfk rqh rswlrq

lv 3lq wkh prqh|4 vkrxog d>hfw wkh h{huflvh ri wkh rwkhu1 Wkxv/ iru h{dpsoh/ wkh suredelolw| ri

suhsd|phqw lv d ixqfwlrq ri wkh h{whqw wr zklfk wkh ghidxow rswlrq lv lq wkh prqh|1

Prgho L fdq eh h{whqghg wr dgguhvv dv|pphwulf lqirupdwlrq1 Iru lqvwdqfh/ zh fdqqrw revhuyh

gluhfwo| wkh sdudphwhuv jryhuqlqj krxvh sulfh yrodwlolwlhv1 Wklv fdq eh d sureohp li wkh yrodwlolwlhv

ydu| lq d v|vwhpdwlf zd|/ iru lqvwdqfh li eruurzhuv nqrz pruh derxw wkhlu rzq krxvh sulfh yrodwlolw|

wkdq ohqghuv gr1 Wkhq ulvn| krxvhv pljkw eh ?qdqfhg zlwk kljk ordq0wr0ydoxh +OWY, ordqv/ dv

eruurzhuv h{sorlw xqghusulfhg rswlrqv19 Rqh pd| frqwuro iru wklv e| xvlqj lqlwldo OWY dv dq

9Vhh \h}hu/ Skloolsv/ dqg Wurvw +4<<7, iru d glvfxvvlrq1
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h{sodqdwru| yduldeoh lq suhglfwlqj ghidxowv1 Vlploduo|/ eruurzhuv zkr h{shfw wr pryh vrrqhu wkdq

dyhudjh zloo fkrrvh wr sd| ihzhu 3srlqwv4 xs0iurqw> dv d uhvxow wkh| zloo kdyh d kljkhu wkdq dyhudjh

frxsrqv1 Dovr ohqghuv pd| fkdujh kljkhu udwhv wr eruurzhuv zlwk ulvnlhu krxvhv/ vr wkdw kljk udwhv

zloo eh dvvrfldwhg zlwk kljkhu ghidxowv1

Prgho L kdv wkh juhdw dgydqwdjh ri vlpsolflw|1

Prgho LL lqfrusrudwhv wudqvdfwlrqv frvwv lq d eurdg vhqvh1 Lw lv qrw vlpsoh ehfdxvh wudqvdfwlrq

frvwv duh frpsolfdwhg dqg duh jhqhudoo| qrw revhuydeoh1 Iru lqvwdqfh/ gl>huhqw wudqvdfwlrq frvwv

dfurvv eruurzhuv kdyh ehhq xvhg wr h{sodlq wkh revhuydwlrq wkdw wkh suhsd|phqwv lq pruwjdjh

srrov whqg wr eh vorzhu wkdq h{shfwhg dqg gudzq rxw ryhu wlph +h1j1/ vhh Dufkhu dqg Olqj 4<<6/

Vwdqwrq 4<<8/ Kduglqj 4<<:,1 Wklv udlvhv wkh jhqhudo txhvwlrq ri xqrevhuyhg gl>huhqfhv dprqj

pruwjdjh eruurzhuv1 Zkhwkhu wklv hpslulfdo ?qglqj dulvhv iurp yduldwlrqv lq wudqvdfwlrq frvwv ru

gl>huhqfhv lq wkh dvwxwhqhvv ri krphrzqhuv h{huflvlqj rswlrqv/ xqrevhuyhg khwhurjhqhlw| phdqv

wkdw vxuylylqj eruurzhuv duh v|vwhpdwlfdoo| gl>huhqw ryhu wlph1 Iru lqvwdqfh/ vxuylylqj eruurzhuv

pd| eh lqfuhdvlqjo| ohvv lqwhuhvw0udwh vhqvlwlyh ryhu wlph li pruh dvwxwh eruurzhuv uh?qdqfh ?uvw/

vrphwklqj ri reylrxv lpsruwdqfh lq sulflqj vhdvrqhg pruwjdjhv1

Wudqvdfwlrqv frvwv duh pruh frpsolfdwhg rq wkh ghidxow vlgh/ sduwlfxoduo| li wkh pruwjdjh lv

qrw dvvxpdeoh1 D eruurzhu irufhg wr pryh +h1j1/ gxh wr glyrufh ru mre orvv, zkr fdqqrw kdyh wkh

pruwjdjh dvvxphg kdv d yhu| vkruw uhpdlqlqj whup dqg pd| wkxv ghidxow zlwk olwwoh qhjdwlyh htxlw|1

Rq wkh rwkhu kdqg/ li wkhuh duh frvwv wr ghidxowlqj/ KW pd| eh orzhu wkdq Prgho L lpsolhv1 Iru wkhvh

uhdvrqv/ pdq| uhvhdufkhuv +vhh Txljoh| dqg Ydq Rughu 4<<8/ iru d glvfxvvlrq, hvwlpdwh prgl?hg

rswlrq prghov/ zklfk suhglfw wkdw h{huflvh lv d ixqfwlrq ri erwk 3wuljjhu hyhqwv4 olnh ghidxow ru

glyrufh dqg dovr wkh h{whqw wr zklfk wkh rswlrq lv lq wkh prqh|1

Zh iroorz Ndx dqg Nhhqdq +4<<9, zkr lqwurgxfh udqgrp whuplqdwlrqv lqwr wkh prgho1 Wkhvh

;



whuplqdwlrqv irufh hlwkhu d suhsd|phqw ru d ghidxow1 Li pruwjdjhv duh qrw dvvxpdeoh: dqg wkhuh

duh qr +h1j1/ uhsxwdwlrq, frvwv wr ghidxow/ d udqgrp whuplqdwlrq zloo ohdg wr ghidxow li wkh krxvh lv

zruwk ohvv wkdq wkh pruwjdjh edodqfh/ dqg suhsd|phqw rwkhuzlvh1 Qrwh wkdw lq Prgho LL/ lw lv wkh

sdu ydoxh ri wkh pruwjdjh wkdw lv uhohydqw iru ghidxow1 Lq frqwudvw/ lq Prgho L d eruurzhu lv ohvv

olnho| wr ghidxow zkhq lqwhuhvw udwhv lqfuhdvh gxh wr wkh ydoxh ri wkh orz0udwh pruwjdjh1 Dffruglqj

wr Prgho LL/ d eruurzhu zkr lv irufhg wr ohdyh wkh krxvh grhv qrw kdyh wkh rswlrq wr nhhs wkh

pruwjdjh dolyh1 Dv lv wkh fdvh zlwk suhsd|phqwv/ wudqvdfwlrqv frvwv pdwwhu/ hvshfldoo| li wkh| ydu|

dfurvv eruurzhuv ru li wkhuh duh xqrevhuydeoh gl>huhqfhv lq dvwxwhqhvv dprqj eruurzhuv1

Hvwlpdwhv ri ghidxow dqg suhsd|phqw duh uhsruwhg ehorz lq wkuhh vwdjhv1 Iluvw/ zh hvwlpdwh

sursruwlrqdo kd}dug prghov zklfk xvh dv h{sodqdwru| yduldeohv rqo| wkh h{whqw wr zklfk wkh rswlrqv

duh 3lq wkh prqh|/4 lq rughu wr whvw wkh suhglfwlrqv ri Prgho L1 Vhfrqg/ zh dgg yduldeohv wkdw duh

sur{lhv iru lqirupdwlrq dv|pphwu| +h1j1/ wkh ruljlqdo ordq0wr0ydoxh udwlr, dqg wuljjhu hyhqwv +h1j1/

xqhpsor|phqw dqg glyrufh,1 Ilqdoo|/ zh doorz iru xqrevhuyhg khwhurjhqhlw| dqg hvwlpdwh wkh

qrqsdudphwulf glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| vlpxowdqhrxvo| zlwk wkh frpshwlqj

ulvnv ri suhsd|phqw dqg ghidxow ixqfwlrqv1

6 D Frpshwlqj Ulvnv Prgho ri Pruwjdjh Whuplqdwlrq zlwk Xq0

revhuyhg Khwhurjhqhlw|

Wkh sursruwlrqdo kd}dug prgho lqwurgxfhg e| Fr{ +Fr{ dqg Rdnhv 4<;7,/ surylghv d frqyhqlhqw

iudphzrun iru frqvlghulqj wkh h{huflvh ri rswlrqv hpslulfdoo| dqg wkh lpsruwdqfh ri rwkhu wuljjhu

hyhqwv lq pruwjdjh whuplqdwlrqv1

:Wkh hpslulfdo dqdo|vlv ehorz lv edvhg rq pruwjdjhv zklfk zhuh qrplqdoo| qrw dvvxpdeoh/ exw vrph vwdwhv iruedgh
h{huflvh ri gxh0rq0vdoh fodxvhv gxulqj wkh revhuydwlrq shulrg/ dqg lq dq| hyhqw gxh rq vdohv fodxvhv zhuh w|slfdoo| qrw
hqirufhg1

<



Kdq dqg Kdxvpdq +4<<3,/ Vxh|rvkl +4<<5, dqg PfFdoo +4<<9, +KKVP/ iru vkruw, vxjjhvwhg d

pd{lpxp olnholkrrg hvwlpdwlrq dssurdfk iru wkh sursruwlrqdo kd}dug prgho zlwk jurxshg gxudwlrq

gdwd1 Wkh KKVP dssurdfk hvwlpdwhv wkh frpshwlqj ulvnv vlpxowdqhrxvo|/ dffrxqwv iru wkh idfw wkdw

ulvnv pd| eh fruuhodwhg/ dqg dovr wkdw fryduldwhv pd| eh wlph0ydu|lqj1 Wkhuh lv qr uhvwulfwlrq rq

wkh ixqfwlrqdo irup ri wkh edvholqh kd}dug +ghvfulehg ehorz,1 Iroorzlqj KKVP/ wkh frpshwlqj

ulvnv prgho iru pruwjdjh suhsd|phqw dqg ghidxow fdq eh ghulyhg=

Ohw WR dqg W_ eh wkh glvfuhwh udqgrp yduldeohv uhsuhvhqwlqj wkh gxudwlrq ri d pruwjdjh xqwlo lw

lv whuplqdwhg e| wkh pruwjdjh kroghu lq wkh irup ri suhsd|phqw ru ghidxow/ uhvshfwlyho|1 Wkh mrlqw

vxuylyru ixqfwlrq frqglwlrqdo rq ìR/ ì_/ u/ K/ \ dqg [ fdq eh h{suhvvhg lq wkh iroorzlqj irup=

V
ý
wR> w_ m u>K> \>[> ìR> ì_

ü
@ h{s
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h{s
ý
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R[
ü
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ýì_
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h{s
ý
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â
_[
ü$
>

zkhuh jæ& +u>K> \ , duh wlph0ydu|lqj ixqfwlrqv ri rswlrqv0uhodwhg yduldeohv>; u dqgK duh wkh uhohydqw

lqwhuhvw udwhv dqg surshuw| ydoxhv/ uhvshfwlyho|/ dv glvfxvvhg lq wkh suhylrxv vhfwlrq> \ lv d yhfwru

ri rwkhu yduldeohv zklfk zloo eh xvhg/ wrjhwkhu zlwk u dqg K/ wr hvwlpdwh wkh pdunhw ydoxhv ri

wkh rswlrqv hpslulfdoo|> [ lv d yhfwru ri rwkhu qrq0rswlrq0uhodwhg yduldeohv/ zklfk pd| lqfoxgh

lqglfdwruv uh hfwlqj d eruurzhu*v fuhglw ulvn ru ?qdqfldo vwuhqjwk/ dv zhoo dv rwkhu wuljjhu hyhqwv/ vxfk

dv xqhpsor|phqw dqg glyrufh1 Wr vlpsoli| wkh qrwdwlrq/ zh vxssuhvv wkh wlph0ydu|lqj vxevfulswv

iru u/ K/ \ dqg [1 ðæ& duh sdudphwhuv ri wkh edvholqh ixqfwlrq zklfk pd| eh hvwlpdwhg qrq0

;Wkh ghwdlov ri wkh ixqfwlrq }æ& EocMc t ä duh vshfl?hg lq wkh iroorzlqj vhfwlrq dqg wkh dsshqgl{1
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sdudphwulfdoo|/ iroorzlqj Kdq dqg Kdxvpdq +4<<3,

ðæ& @ orj

57 &]
&3�

kfæ +w,gw

68 > m @ s> g=+6,

ìR dqg ì_ duh xqrevhuyhg khwhurjhqhlwlhv dvvrfldwhg zlwk wkh kd}dug ixqfwlrqv iru suhsd|phqw dqg

ghidxow uhvshfwlyho|1

Zh doorz iru wkh srvvlelolw| wkdw wkh srsxodwlrq ri pruwjdjh eruurzhuv frqvlvwv ri P glvwlqfw

jurxsv1 Wkh mrlqw glvwulexwlrq ri wkh xqrevhuydeohv
ý
ìR> ì_

ü
lv prghohg e| dvvxplqj wkdw wkhvh

glvwlqfw/ exw xqrevhuyhg w|shv ri lqglylgxdov/ p @ 4> 5> ===>P / +dq lqglylgxdo lq jurxs p lv fkdu0

dfwhul}hg e| wkh grxeohw ri orfdwlrq sdudphwhuv
ý
ìR6> ì_6

ü
,/ rffxu lq wkh srsxodwlrq zlwk uhodwlyh

iuhtxhqf| s6/ p @ 4> 5> ===>P=

Gxh wr wkh qdwxuh ri wkh frpshwlqj ulvnv ehwzhhq suhsd|phqw dqg ghidxow/ rqo| wkh gxud0

wlrq dvvrfldwhg zlwk wkh w|sh zklfk whuplqdwhv ?uvw lv revhuyhg/ l1h1 w @ plq +wR> w_,1 Gh?qh

IR
ý
n m ìR> ì_

ü
dv wkh suredelolw| ri pruwjdjh whuplqdwlrq e| suhsd|phqw lq shulrg n/ I_ +n m ì_> ì_,

dv wkh suredelolw| ri pruwjdjh whuplqdwlrq e| ghidxow lq shulrg n/ Iü
ý
n m ìR> ì_

ü
dv wkh suredelolw|

ri pruwjdjh whuplqdwlrq lq shulrg n exw lqirupdwlrq rq wkh fdxvh ri wkh whuplqdwlrq lv plvvlqj/

dqg IS
ý
n m ìR> ì_

ü
dv wkh suredelolw| wkdw pruwjdjh gxudwlrq gdwd duh fhqvruhg lq shulrg n gxh wr

wkh hqglqj ri wkh gdwd froohfwlqj shulrg1

Iroorzlqj PfFdoo +4<<9,/ wkhvh suredelolwlhv fdq eh h{suhvvhg dv=

IR
ý
n m ìR> ì_

ü
@ V

ý
n> n m ìR> ì_

üý V ýn . 4> n m ìR> ì_üý 45V ýn> n m ìR> ì_ü+7,
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ý
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@ V
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n> n m ìR> ì_

üý V ýn . 4> n . 4 m ìR> ì_ü >+9,

dqg
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ý
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ü
@ V
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ü
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zkhuh wkh ghshqghqfh ri wkhvh ixqfwlrqv rq u/ K/ \ dqg [ kdv ehhq rplwwhg iru qrwdwlrqdo

vlpsolflw|1

Wkh xqfrqglwlrqdo suredelolw| lv jlyhq e|

Iæ +n, @
�[
6'�

s6Iæ
ý
n m ìR6> ì_6

ü
> m @ s> g> x> f=+;,

Wkh orj olnholkrrg ixqfwlrq ri wkh frpshwlqj ulvnv prgho lv jlyhq e|

orjO @
ù[
ð'�

ïRð orj +IR +Nð,, . ï_ð orj +I_ +Nð,, . ïüð orj +Iü +Nð,, . ïSð orj +IS +Nð,, >+<,

zkhuh ïæð/ m @ s> g> x> f duh lqglfdwru yduldeohv zklfk wdnh ydoxh rqh li wkh lwk ordq lv whuplqdwhg e|

suhsd|phqw/ ghidxow/ xqnqrzq w|sh/ ru fhqvrulqj/ uhvshfwlyho|/ dqg wdnh d ydoxh ri }hur rwkhuzlvh1
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7 Wkh Hpslulfdo Dqdo|vlv

Wkh hpslulfdo dqdo|vlv lv edvhg xsrq lqglylgxdo pruwjdjh klvwru| gdwd pdlqwdlqhg e| wkh Ihghudo

Krph Ordq Pruwjdjh Frusrudwlrq +Iuhgglh Pdf,1 Wkh gdwd edvh frqwdlqv 4/7;</6:5 revhuydwlrqv

rq vlqjoh idplo| pruwjdjh ordqv lvvxhg ehwzhhq 4<:9 wr 4<;6 dqg sxufkdvhg e| Iuhgglh Pdf1 Doo

duh ?{hg0udwh/ ohyho0sd|phqw/ ixoo|0dpruwl}hg ordqv/ prvw ri wkhp zlwk wkluw|0|hdu whupv1 Wkh

pruwjdjh klvwru| shulrg hqgv lq wkh ?uvw txduwhu ri 4<<51 Iru hdfk pruwjdjh ordq/ wkh dydlodeoh

lqirupdwlrq lqfoxghv wkh |hdu dqg prqwk ri ruljlqdwlrq dqg whuplqdwlrq +li lw kdv ehhq forvhg,/

lqglfdwruv ri suhsd|phqw ru ghidxow/ wkh sxufkdvh sulfh ri wkh surshuw|/ wkh ruljlqdo ordq dprxqw/

wkh lqlwldo ordq0wr0ydoxh udwlr/ wkh pruwjdjh frqwudfw lqwhuhvw udwh/ wkh prqwko| sulqflsdo dqg lqwhuhvw

sd|phqw/ wkh vwdwh/ wkh uhjlrq dqg wkh pdmru phwursrolwdq duhd lq zklfk wkh surshuw| lv orfdwhg1

Iru wkh pruwjdjh ghidxow dqg suhsd|phqw prgho/ fhqvruhg revhuydwlrqv lqfoxgh doo pdwxuhg ordqv

dv zhoo dv wkh ordqv dfwlyh dw wkh hqg ri wkh shulrg1

Wkh dqdo|vlv lv frq?qhg wr pruwjdjh ordqv lvvxhg iru rzqhu rffxsdqf|/ dqg lqfoxghv rqo| wkrvh

ordqv zklfk zhuh hlwkhu forvhg ru vwloo dfwlyh dw wkh ?uvw txduwhu ri 4<<51 Wkh dqdo|vlv lv frq?qhg

wr ordqv lvvxhg lq 63 pdmru phwursrolwdq duhdv +PVDv, 9 d wrwdo ri 77:/375 revhuydwlrqv1 Ordqv

duh revhuyhg lq hdfk txduwhu iurp wkh txduwhu ri ruljlqdwlrq wkurxjk wkh txduwhu ri whuplqdwlrq/

pdwxudwlrq/ ru wkurxjk 4<<5=L iru dfwlyh ordqv1

Wkh nh| yduldeohv duh wkrvh phdvxulqj wkh h{whqw wr zklfk wkh sxw dqg fdoo rswlrqv duh lq wkh

prqh|1 Wr ydoxh wkh fdoo rswlrq/ wkh fxuuhqw pruwjdjh lqwhuhvw udwh dqg wkh lqlwldo frqwudfw whupv

duh vx!flhqw1 Zh frpsxwh d yduldeoh _FdoobRswlrq% phdvxulqj wkh udwlr ri wkh suhvhqw glvfrxqwhg

ydoxh ri wkh xqsdlg pruwjdjh edodqfh dw wkh fxuuhqw txduwhuo| pruwjdjh lqwhuhvw udwh< uhodwlyh wr

wkh ydoxh glvfrxqwhg dw wkh frqwudfw lqwhuhvw udwh143

<Wkh udwh xvhg lv wkh dyhudjh lqwhuhvw udwh fkdujhg e| ohqghuv rq qhz ?uvw pruwjdjhv uhsruwhg e| Iuhgglh Pdf*v
pdunhw vxuyh|1 Wklv pruwjdjh lqwhuhvw udwh ydulhv e| txduwhu dfurvv ?yh pdmru XV uhjlrqv1

43Vhh Dsshqgl{ D iru wkh vshfl?fdwlrq ri wkh 3FdoobRswlrq4 yduldeoh1
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Wr ydoxh wkh sxw rswlrq dqdorjrxvo|/ zh zrxog phdvxuh wkh pdunhw ydoxh ri hdfk krxvh txduwhuo|

dqg frpsxwh krphrzqhu htxlw| txduwhuo|1 Reylrxvo|/ zh gr qrw revhuyh wkh frxuvh ri sulfh yduldwlrq

iru lqglylgxdo krxvhv lq wkh vdpsoh1 Zh gr/ krzhyhu/ kdyh dffhvv wr d odujh vdpsoh ri uhshdw +ru

sdluhg, vdohv ri vlqjoh idplo| krxvhv lq wkhvh 63 phwursrolwdq duhdv +PVDv,1 Wklv lqirupdwlrq lv

vx!flhqw wr hvwlpdwh d zhljkwhg uhshdw vdohv krxvh sulfh lqgh{ +ZUV, vhsdudwho| iru hdfk ri wkh 63

PVDv1 Wkh ZUV lqgh{ surylghv hvwlpdwhv ri wkh frxuvh ri krxvh sulfhv lq hdfk phwursrolwdq duhd1

Lw dovr surylghv dq hvwlpdwh ri wkh yduldqfh lq sulfh iru hdfk krxvh lq wkh vdpsoh/ e| phwursrolwdq

duhd dqg hodsvhg wlph vlqfh sxufkdvh144

Hvwlpdwhv ri wkh phdq dqg yduldqfh ri lqglylgxdo krxvh sulfhv/ wrjhwkhu zlwk wkh xqsdlg pruw0

jdjh edodqfh +frpsxwhg iurp wkh frqwudfw whupv,/ shuplw xv wr hvwlpdwh wkh glvwulexwlrq ri krph0

rzqhu htxlw| txduwhuo| iru hdfk revhuydwlrq1 Lq sduwlfxodu/ wkh yduldeoh _SxwbRswlrq% phdvxuhv

wkh suredelolw| wkdw krphrzqhu htxlw| lv qhjdwlyh/ l1h1/ wkh suredelolw| wkdw wkh sxw rswlrq lv lq

wkh prqh|145

Dv sur{lhv iru rwkhu 3wuljjhu hyhqwv/4 zh lqfoxgh phdvxuhv ri wkh txduwhuo| xqhpsor|phqw udwh

dqg wkh dqqxdo glyrufh udwh e| vwdwh146

Iljxuh 4 vxppdul}hv wkh udz gdwd xvhg lq wkh hpslulfdo dqdo|vlv ghvfulehg ehorz1 Sdqho D

glvsod|v wkh dyhudjh +Ndsodq0Phlhu, frqglwlrqdo suhsd|phqw udwhv/ vhsdudwho| e| wkh ordq0wr0ydoxh

udwlr dw ruljlqdwlrq +OWY,/ dv d ixqfwlrq ri gxudwlrq1 Frqglwlrqdo suhsd|phqw udwhv duh voljkwo|

kljkhu iru kljkhu OWY ordqv1 Udwhv lqfuhdvh vxevwdqwldoo| diwhu wkh ?uvw ?iwhhq txduwhuv1 Sdqho

F ri Iljxuh 4 glvsod|v dyhudjh +Ndsodq0Phlhu, frqglwlrqdo ghidxow udwhv e| OWY1 Qrwh djdlq wkdw

ghidxow udwhv lqfuhdvh vxevwdqwldoo| diwhu derxw ?iwhhq txduwhuv1 Qrwh dovr wkdw wkh ghidxow udwhv

44Vhh Dsshqgl{ E iru wkh vshfl?fdwlrq ri wkh krxvh sulfh lqglfhv dqg wkhlu yrodwlolwlhv1
45Vhh Dsshqgl{ D iru wkh vshfl?fdwlrq ri wkh 3SxwbRswlrq4 yduldeoh1
46Vwdwh xqhpsor|phqw gdwd duh uhsruwhg lq ydulrxv lvvxhv ri= XV Ghsduwphqw ri Oderu/ 3Hpsor|phqw dqg Xqhp0

sor|phqw lq Vwdwhv dqg Orfdo Duhdv +Prqwko|,4 dqg lq wkh 3Prqwko| Oderu Uhylhz41 Vwdwh glyrufh gdwd duh uhsruwhg
lq ydulrxv lvvxhv ri X1V1 Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv/ 3Ylwdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/ Yroxph LLL/
Pduuldjh dqg Glyrufh4/ dqg lq 3Vwdwlvwlfdo Devwudfw ri wkh X1V141
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ydu| vxevwdqwldoo| e| lqlwldo OWY1 Ghidxow udwhv iru <3 shufhqw OWY ordqv duh irxu ru ?yh wlphv

kljkhu wkdq ghidxow udwhv iru ;3 wr <3 shufhqw OWY ordqv1 Wkh ghidxow udwhv iru wkhvh odwwhu ordqv

duh/ lq wxuq/ derxw wzlfh dv kljk dv iru wkrvh zlwk OWY ehorz ;3 shufhqw1

^Iljxuh 4 derxw khuh1`

Ilqdoo|/ qrwh wkdw frqglwlrqdo ghidxow udwhv duh txlwh orz1 Hyhq iru wkh ulvnlhvw fodvv ri ordqv/

frqglwlrqdo ghidxow udwhv duh qr kljkhu wkdq wzr lq d wkrxvdqg lq dq| txduwhu1 Uhvlghqwldo pruwjdjhv

duh uhodwlyho| vdih lqyhvwphqwv/ dqg wkh shulrg dv d zkroh zdv rqh ri jhqhudoo| ulvlqj krxvh sulfhv

+nhhslqj wkh sxw rswlrq rxw ri wkh prqh|,1

Wdeoh L suhvhqwv wkh phdqv dqg vwdqgdug ghyldwlrqv ri wkh h{sodqdwru| yduldeohv phdvxuhg dw

ruljlqdwlrq dqg whuplqdwlrq ri wkh pruwjdjh ordqv1 Wkh phdq ydoxh ri wkh suhsd|phqw rswlrq/

_FdoobRswlrq> % lv 3rxw ri wkh prqh|4 zkhq pruwjdjhv zhuh ruljlqdwhg/ exw lv pxfk ohvv vr zkhq

wkh pruwjdjhv zhuh whuplqdwhg +suhvxpdeo| uh hfwlqj wkh idfw wkdw prvw suhsd|phqwv dulvh ehfdxvh

krphrzqhuv pryh iru rwkhu uhdvrqv1 Vhh Txljoh| 4<;:,1 Wkh phdq ydoxh ri wkh suredelolw| ri

qhjdwlyh htxlw|/ _SxwbRswlrq> % lv txlwh orz lq jhqhudo zkhq pruwjdjhv zhuh ruljlqdwhg1 Wkh lqlwldo

suredelolw| lv derxw 3133: iru wkrvh pruwjdjhv wkdw zhuh xowlpdwho| whuplqdwhg e| suhsd|phqw/

exw wkh lqlwldo suredelolw| ri qhjdwlyh htxlw| lv pxfk odujhu iru wkrvh ordqv wkdw zhuh xowlpdwho|

whuplqdwhg e| ghidxow1 Lq sduw/ wklv gl>huhqfh uh hfwv wkh pxfk kljkhu lqlwldo ordq0wr0ydoxh udwlrv ri

wkrvh pruwjdjhv xowlpdwho| whuplqdwhg e| ghidxow1 Ilqdoo|/ dw whuplqdwlrq wkh ghidxowhg pruwjdjhv

duh dvvrfldwhg zlwk vxevwdqwldoo| kljkhu dyhudjh xqhpsor|phqw udwhv dqg glyrufh udwhv wkdq wkrvh

pruwjdjhv whuplqdwhg e| suhsd|phqw1

^Wdeoh L derxw khuh1`

Wdeoh LL suhvhqwv wkh phdqv dqg vwdqgdug ghyldwlrqv ri wkh h{sodqdwru| yduldeohv phdvxuhg

dw whuplqdwlrq ri wkh pruwjdjh ordqv/ vhsdudwho| e| lqlwldo OWY fdwhjrulhv1 Wkh gl>huhqfhv lq

wkh ydoxhv ri wkh fdoo rswlrq dfurvv OWY jurxsv duh lqvljql?fdqw1 Krzhyhu/ wkh sxw rswlrq ydoxhv
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duh vljql?fdqwo| gl>huhqw dprqj gl>huhqw OWY jurxsv/ l1h1/ kljkhu OWY udwlrv dw ruljlqdwlrq duh

dvvrfldwhg zlwk kljkhu suredelolwlhv ri qhjdwlyh htxlw| dw wkh whuplqdwlrq ri wkh pruwjdjh ordqv1

^Wdeoh LL derxw khuh1`

Wdeoh LL dovr suhvhqwv fxpxodwlyh suhsd|phqw dqg ghidxow udwhv dw gl>huhqw djhv ri pruwjdjh

olih e| lqlwldo OWY fdwhjrulhv1 Wkh gl>huhqfhv lq fxpxodwlyh suhsd|phqw udwhv dprqj gl>huhqw

OWY fdwhjrulhv duh uhodwlyho| vpdoo/ exw d kljkhu lqlwldo OWY lv vwurqjo| dvvrfldwhg zlwk d kljkhu

fxpxodwlyh ghidxow udwh1 Wklv vwurqj dvvrfldwlrq shuvlvwv gxulqj gl>huhqw vwdjhv ri wkh pruwjdjh

olih1

714 Vshfl?fdwlrqv dqg Uhvxowv

Wdeoh LLL suhvhqwv pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv ri prghov ri frpshwlqj ulvnv

ri pruwjdjh suhsd|phqw dqg ghidxow1 Hvwlpdwhv lq wklv wdeoh dvvxph suhsd|phqw dqg ghidxow ulvnv

duh lqwhughshqghqw1 Krzhyhu/ wkh prghov gr qrw dgguhvv xqrevhuyhg khwhurjhqhlw|1

^Wdeoh LLL derxw khuh1`

Prgho 4 lq Wdeoh LL whvwv wkh 3uxwkohvv4 prgho/ l1h1/ Prgho L/ dv ghvfulehg lq Vhfwlrq 51 Wkh

prgho lqfoxghv rqo| phdvxuhv ri wkh ?qdqfldo ydoxh ri wkh suhsd|phqw dqg ghidxow rswlrqv1 Wkh

uhvxowv surylgh vxssruw iru wkh rswlrq wkhru| lq wkdw wkh suhsd|phqw kd}dug lqfuhdvhv zkhq wkh fdoo

rswlrq lv lq wkh prqh|/ dqg d kljkhu suredelolw| ri qhjdwlyh htxlw| lqfuhdvhv wkh ghidxow kd}dug dqg

uhgxfhv wkh suhsd|phqw kd}dug1 Wkh uhvxowv dovr lqglfdwh wkdw wkh hvwlpdwhg vhfrqg rughu h>hfw

ri wkh suhsd|phqw rswlrq lv vljql?fdqw dqg srvlwlyh/ vxjjhvwlqj wkdw diwhu wkh lqwhuhvw udwh gursv

ehorz wkh fulwlfdo srlqw uW dv glvfxvvhg lq Vhfwlrq 5/ wkh suhsd|phqw vshhg lqfuhdvhv vxevwdqwldoo|147

Prgho 5 lq Wdeoh LLL h{whqgv wkh 3uxwkohvv4 prgho e| dgglqj dv|pphwulf lqirupdwlrq dqg wkh

47Krzhyhu/ wkdw lv qrw wkh fdvh lq wkh ghidxow ixqfwlrq iru zklfk wkh vhfrqg whup lv hvvhqwldoo| }hur1 Lw lv dovr wkh
fdvh wkdw orz lqwhuhvw udwhv +d kljk ydoxh ri ä@,,bïR|ðJ?, ohdg wr qhjdwlyh htxlw|1 Zh kdyh hvwlpdwhg doo wkh prghov
zlwk åü|bïR|ðJ? frpsxwhg iurp erwk pdunhw dqg sdu ydoxh ri wkh pruwjdjhv dqg irxqg qr vljql?fdqw fkdqjhv lq
dq| sdudphwhu hvwlpdwhv1 Vhh Dsshqgl{ D1
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wuljjhu hyhqw yduldeohv/ vxfk dv ruljlqdo OWY fdwhjru|/ xqhpsor|phqw dqg glyrufh1 Wkh uhvxowv

vkrz wkdw ?qdqfldo prwlydwlrq lv vwloo ri sdudprxqw lpsruwdqfh jryhuqlqj wkh suhsd|phqw dqg

ghidxow ehkdylru1 Lq dgglwlrq/ wkh uhvxowv vxjjhvw wkdw eruurzhuv* zloolqjqhvv wr h{huflvh ?qdqfldo

rswlrqv pd| eh wuljjhuhg ru klqghuhg e| rwkhu hyhqwv1 Iru h{dpsoh/ lw vxjjhvwv wkdw kljkhu ghidxow

ulvnv duh dvvrfldwhg zlwk kljkhu ruljlqdo OWY*v1 Wklv lv frqvlvwhqw zlwk wkh dujxphqw lq Vhfwlrq 5

+vhh \h}hu/ Skloolsv/ dqg Wurvw 4<<7, wkdw lqirupdwlrq lv dv|pphwulf/ dqg ulvnlhu eruurzhuv fkrrvh

kljk OWY ordqv1 Wkh suhsd|phqw ulvn lqfuhdvhv voljkwo| dv ruljlqdo OWY lqfuhdvhv/ h{fhsw iru wkh

kljkhvw OWY fdwhjru|1 Iru ordqv zlwk ruljlqdo OWY ryhu <3 shufhqw/ wkh suhsd|phqw ulvn lv uhgxfhg1

Wkh hvwlpdwhv dovr vkrz wkdw xqhpsor|phqw dqg glyrufh duh srvlwlyh dqg kljko| vljql?fdqw lq wkh

ghidxow ixqfwlrq/ uh hfwlqj oltxlglw| frqvwudlqwv dqg wkh h>hfw ri wuljjhu hyhqwv xsrq wkh h{huflvh

ri sxw rswlrqv148

Wdeoh LY uhsruwv wkh pd{lpxp olnholkrrg hvwlpdwhv ri wkh lqwhughshqghqw frpshwlqj ulvnv ri

pruwjdjh suhsd|phqw dqg ghidxow zlwk xqrevhuyhg khwhurjhqhlw| dv vshfl?hg lq Vhfwlrq 61 Lq

Prghov 6 dqg 7/ zh dvvxph wkdw wkhuh duh wzr srsxodwlrqv dprqj eruurzhuv1 Wkh gl>huhqfh lq

ulvnlqhvv ehwzhhq wkhvh wzr jurxsv pd| eh dwwulexwhg wr xqphdvxuhg krxvh0vshfl?f idfwruv +vxfk dv

xqh{shfwhg ghsuhfldwlrq ru dssuhfldwlrq ri surshuw| ydoxhv, dv zhoo dv wr eruurzhu wdvwhv ru delolwlhv1

Hdfk eruurzhu pd| hlwkhu ehorqj wr wkh kljk ulvn jurxs ru wkh orz ulvn jurxs1 Zh gr qrw revhuyh

gluhfwo| wkh jurxs wr zklfk dq lqglylgxdo eruurzhu ehorqjv1 Vlqfh xqrevhuyhg khwhurjhqhlw| pd|

eh fruuhodwhg zlwk wkh huuruv lq wkh frpshwlqj ulvnv ri suhsd|phqw dqg ghidxow kd}dug ixqfwlrqv/

zh hvwlpdwh wkh glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| mrlqwo| zlwk wkh frpshwlqj ulvnv ri

suhsd|phqw dqg ghidxow kd}dug ixqfwlrqv1

^Wdeoh LY derxw khuh1`

48Zh dovr dgghg wkh gl>huhqfh ehwzhhq wkh frxsrq rq wkh pruwjdjh dqg wkh dyhudjh frxsrq udwh gxulqj wkh txduwhu
lq zklfk wkh ordq zdv ruljlqdwhg wr whvw +iroorzlqj wkh dujxphqw lq vhfwlrq 5, zkhwkhu kljk frxsrq ordqv suhsd|
idvwhu dqg2ru ghidxow pruh1 Zh irxqg erwk vljqv wr eh srvlwlyh/ exw qrw vwdwlvwlfdoo| vljql?fdqw> dv d uhvxow zh gr qrw
lqfoxgh uhodwlyh frxsrq udwh lq dq| ri wkh uhvxowv suhvhqwhg lq wkh wdeohv1
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Prgho 6 uhhvwlpdwhv wkh 3uxwkohvv4 prgho uhsruwhg lq Wdeoh LLL1 Wkh hvwlpdwhv vwloo surylgh

vxssruw iru wkh suhglfwlrqv ri rswlrq wkhru|= wkh suhsd|phqw kd}dug lqfuhdvhv zkhq wkh fdoo rswlrq

lv lq wkh prqh|> vlploduo| d kljkhu suredelolw| ri qhjdwlyh htxlw| lqfuhdvhv wkh ghidxow kd}dug

dqg uhgxfhv wkh suhsd|phqw kd}dug1 Krzhyhu/ wkh pdujlqdo h>hfw ri wkh suhsd|phqw rswlrq/

_FdoobRswlrq> % uhsruwhg lq Wdeoh LY lqfuhdvhv vxevwdqwldoo| 9 e| derxw 53 shufhqw frpsduhg wr

wkdw uhsruwhg lq Wdeoh LLL1 Wklv vxjjhvwv wkdw hvwlpdwlqj wkh suhsd|phqw ulvn zlwkrxw dffrxqwlqj

iru khwhurjhqhlw| ohdgv wr d vxevwdqwldo xqghuhvwlpdwh ri rswlrq0gulyhq suhsd|phqw ehkdylru1 Wkh

hvwlpdwhv dovr vkrz wkdw wkhuh lv d vxevwdqwldo dqg vwdwlvwlfdoo| vljql?fdqw gl>huhqfh ehwzhhq wkh wzr

jurxsv lq h{huflvlqj wkh suhsd|phqw rswlrq1 Wkh eruurzhuv lq wkh kljk ulvn jurxs duh derxw 71:6

wlphv ulvnlhu wkdq wkh eruurzhuv lq wkh orz ulvn jurxs lq whupv ri suhsd|phqw ulvnv +41<:523174:,1

Krzhyhu/ wkhuh lv doprvw qr gl>huhqfh ehwzhhq wkh wzr jurxsv lq whupv ri ghidxow ulvnv +518::251736,1

Prgho 7 uhhvwlpdwhv Prgho 5 uhsruwhg lq Wdeoh LLL1 Lq jhqhudo/ wkh lpsruwdqfh ri wkh rswlrq

ydoxhv uhsruwhg lq Prgho 6 lv frq?uphg1 Lq dgglwlrq/ wkh xqhpsor|phqw yduldeoh lv qhjdwlyh dqg

kljko| vljql?fdqw lq wkh suhsd|phqw ixqfwlrq 9 lqglfdwlqj wkdw oltxlglw| frqvwudlqwv +zklfk pdnh

uh?qdqflqj pruh gl!fxow iru xqhpsor|hg dqg glyrufhg krxvhkrogv, nhhs wkhp iurp h{huflvlqj lq0

wkh0prqh| fdoo rswlrqv1 Lw vhhpv fohdu wkdw wkh ruljlqdo OWY/ xqhpsor|phqw dqg glyrufh pd|

wuljjhu ru klqghu wkh eruurzhu*v zloolqjqhvv wr h{huflvh wkh rswlrqv1 Wkhvh ?qglqjv duh dqdorjrxv wr

wkrvh qrwhg lq Prgho 5 lq Wdeoh LLL1 Qrwh wkdw/ lq Prgho 7/ diwhu lqfoxglqj wuljjhu hyhqw yduldeohv

h{solflwo| lq wkh suhsd|phqw dqg ghidxow kd}dug ixqfwlrq/ wkh hvwlpdwhg khwhurjhqhlw| ehfrphv

ohvv vljql?fdqw uhodwlyh wr lwv lpsruwdqfh lq Prgho 61 Qrqhwkhohvv/ zh vwloo ?qg wkdw xqrevhuyhg

khwhurjhqhlw| lv vwdwlvwlfdoo| vljql?fdqw lq h{huflvlqj wkh suhsd|phqw rswlrq/ dqg wkh eruurzhuv lq

wkh kljk ulvn jurxs duh derxw 718; wlphv ulvnlhu wkdq wkh eruurzhuv lq wkh orz ulvn jurxs lq whupv

ri suhsd|phqw ulvnv1 Wkh uhvxowv dovr vkrz wkdw e| dgglqj wuljjhu hyhqw yduldeohv/ Prgho 7 kdv d

pxfk ehwwhu ?w wkdq Prgho 6/ wkh 3uxwkohvv4 prgho1
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Wdeoh LY dovr uhsruwv hvwlpdwhv ri wzr prghov zklfk h{whqg wkh Prghov 6 dqg 7 e| doorzlqj wkuhh

pdvv srlqwv lq wkh glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlwlhv1 Wkhuh duh qr vljql?fdqw h>hfwv

rq wkh hvwlpdwlrq ri wkh h{solflwo|0vshfl?hg h{sodqdwru| yduldeohv1 Krzhyhu/ wkh wkuhh hvwlpdwhg

orfdwlrq yduldeohv duh vljql?fdqwo| gl>huhqw iurp hdfk rwkhu/ dqg doo wkh hvwlpdwhg pdvv srlqwv duh

vljql?fdqw lq wkh suhsd|phqw ixqfwlrq1 Wkh orj olnholkrrg ydoxhv dovr vxjjhvw wkdw Prgho 8 dqg

Prgho 9 surylgh ehwwhu ?w wr wkh gdwd wkdq Prghov 6 dqg 7/ uhvshfwlyho|1

Wkh hvwlpdwhv iurp erwk Prghov 8 dqg 9 vxjjhvw wkdw ryhu iruw| shufhqw ri wkh eruurzhuv duh

lq wkh jurxs prvw olnho| wr h{huflvh wkh pruwjdjh suhsd|phqw rswlrq +h1j1/ 4@ ^4 . 4=585 . 3=44<`,1

Derxw 8 shufhqw ri wkh eruurzhuv duh pxfk vorzhu lq h{huflvlqj wkh pruwjdjh suhsd|phqw rswlrq

+h1j1/ 3=44<@ ^4 . 4=585 . 3=44<`,1 Wkh ehkdylru ri wkh uhpdlqlqj kdoi ri wkh eruurzhuv lv vrphzkhuh

lq ehwzhhq wkhvh wzr h{wuhph jurxsv1 Wkh hvwlpdwhv dovr vxjjhvw wkdw jlyhq wkh vdph pdunhw

dqg hfrqrplf hqylurqphqw +l1h1/ jlyhq wkh pdunhw lqwhuhvw udwh/ sdwwhuq ri krxvh sulfh dssuhfld0

wlrq2ghsuhfldwlrq udwh/ xqhpsor|phqw dqg glyrufh udwhv/ hwf1,/ wkh kljk ulvn jurxs lv derxw wkuhh

wlphv ulvnlhu wkdq wkh lqwhuphgldwh jurxs/ dqg derxw wzhqw| wlphv ulvnlhu wkdq wkh orz ulvn jurxs

lq whupv ri suhsd|phqw1 Krzhyhu/ wkh uhvxowv dovr vkrz wkdw khwhurjhqhlw| lv ohvv lpsruwdqw dprqj

eruurzhuv lq whupv ri h{huflvlqj wkh ghidxow rswlrq149

Iljxuh 5 judskv wkh dyhudjh frqglwlrqdo suhsd|phqw dqg ghidxow udwhv e| pruwjdjh djh hvwlpdwhg

e| Prgho 9 iru wkh wkuhh jurxsv1 Sdqho D lqglfdwhv wkdw frqglwlrqdo suhsd|phqw udwhv lqfuhdvh iurp

derxw 5 shufhqw/ rq dyhudjh/ diwhu 8 |hduv/ wr derxw 9 shufhqw diwhu ; |hduv1 Krzhyhu/ wkh dyhudjh

pdvnv txlwh gl>huhqw ehkdylru dprqj wkh wkuhh jurxsv1 Iru wkh plggoh jurxs/ wkh hvwlpdwhg

suhsd|phqw udwh lqfuhdvhv iurp derxw 418 shufhqw wr 7 shufhqw/ zkloh iru wkh wklug +orz ulvn, jurxs

49Zh kdyh vrxjkw wr h{whqg wkh prghov uhsruwhg lq Wdeoh LY wr hvwlpdwh dgglwlrqdo pdvv srlqwv lq wkh glvwulexwlrq ri
xqrevhuyhg khwhurjhqhlw|1 Zkhq irxu pdvv srlqwv duh hvwlpdwhg/ wkh ydoxh ri wkh orj olnholkrrg ixqfwlrq lv xqfkdqjhg
+wr ?yh vljql?fdqw gljlwv,/ dqg vhyhudo ri wkh hvwlpdwhg orfdwlrq dqg pdvv srlqwv duh lqvljql?fdqw1 Wkh iudfwlrq ri
eruurzhuv fodvvl?hg lqwr wkh kljk ulvn h{wuhph +74 shufhqw, lv derxw wkh vdph> wkh iudfwlrq fodvvl?hg lqwr wkh orz
ulvn h{wuhph lv derxw }hur +exw wkh frh!flhqw rq wkh pdvv srlqw lv lqvljql?fdqw,1 Zkhq ?yh ru vl{ pdvv srlqwv duh
hvwlpdwhg/ wkh frh!flhqwv duh lqvljql?fdqw1 Lq doo wkhvh hvwlpdwlrqv/ krzhyhu/ wkh frh!flhqwv ri wkh rswlrq yduldeohv
dqg wkh rwkhu sdudphwhuv duh yluwxdoo| xqfkdqjhg1
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wkh frqglwlrqdo suhsd|phqw udwh fkdqjhv rqo| d olwwoh1 Dprqj wkh ?uvw +wkh kljk ulvn, jurxs/

krzhyhu/ frqglwlrqdo suhsd|phqw udwhv lqfuhdvh iurp derxw 6 shufhqw diwhu 8 |hduv wr derxw 44

shufhqw diwhu ; |hduv1

^Iljxuh 5 derxw khuh1`

Sdqho E uhsruwv wkh dyhudjh frqglwlrqdo ghidxow udwhv hvwlpdwhg iru wkh wkuhh jurxsv1 Wkh sdqho

frq?upv wkdw lqyhuwhg X vkdshg ixqfwlrq lpsolhg e| wkhru| +h1j1/ Txljoh| dqg Ydq Rughu 4<<8,/

exw djdlq wkhuh duh odujh ehkdylrudo gl>huhqfhv dprqj jurxsv1 Dw wkh shdn/ diwhu derxw 9 |hduv/

frqglwlrqdo ghidxow udwhv duh ohvv wkdq 3135 shufhqw iru wkrvh lq jurxs 4 dqg derxw 8 wlphv dv odujh

iru wkrvh lq jurxsv 61 Xqrevhuyhg khwhurjhqhlw| pdwwhuv d orw lq wkh ehkdylru ri pruwjdjh kroghuv1

Wdeoh Y uhsruwv wkh uhvxowv ri hvwlpdwlqj wkh pruwjdjh suhsd|phqw ulvn dqg ghidxow ulvn ixqf0

wlrqv lqghshqghqwo| xvlqj wkuhh dqg wzr pdvv srlqwv uhvshfwlyho| +wkh ehvw ?wwlqj prghov,1 Wkh

txdolwdwlyh sdwwhuq ri wkh hvwlpdwhg frh!flhqwv lv vlplodu1 Krzhyhu/ lw lv txlwh fohdu wkdw/ iru

wklv vdpsoh dw ohdvw/ ljqrulqj wkh lqwhughshqghqfh ehwzhhq suhsd|phqw ulvn dqg ghidxow ulvn kdv d

vxevwdqwldo h>hfw xsrq wkh dffxudf| ri wkh hvwlpdwlrq/ hvshfldoo| iru wkh ghidxow ixqfwlrq14:

^Wdeoh Y derxw khuh1`

Iljxuh 6 vxppdul}hv wkh suhglfwlrqv ri wkh ydulrxv vshfl?fdwlrqv ri wkh frpshwlqj ulvnv prghov/

lqglfdwlqj wkh frqglwlrqdo suhsd|phqw dqg ghidxow udwhv suhglfwhg e| Prgho 5 +lqwhughshqghqw

ulvnv/ qr khwhurjhqhlw|,/ Prgho 8 +iulfwlrqohvv prgho/ lqwhughshqghqw ulvnv/ khwhurjhqhlw|,/ Prgho

9 +lqwhughshqghqw ulvnv/ khwhurjhqhlw|,/ dqg Prgho ; +lqghshqghqw ulvnv/ khwhurjhqhlw|,1 Djdlq

wkh phdq ydoxh ri wkh vlpxodwhg frqglwlrqdo suhsd|phqw dqg ghidxow udwhv duh suhvhqwhg khuh1

Wkh suhglfwlrqv ri wkh prghov duh vlplodu/ exw wkh| duh fhuwdlqo| qrw lghqwlfdo1 Wkh vshfl?fdwlrq

4:Prgho : dqg Prgho ; duh hvwlpdwhg edvhg rq wkh vdph vdpsoh ri +55/5<7, ordqv wkdw duh xvhg iru hvwlpdwlqj Prgho
8 dqg Prgho 91 Wdeoh Y uhsruwv wkdw iru Prgho ;/ wkh orj olnholkrrg ydoxhv duh 0;3/<68 dqg 074:/977 iru suhsd|phqw
dqg ghidxow ixqfwlrqv/ uhvshfwlyho| +frpsduhg wr 0:7/863 lq Prgho 9,1 Wkh odujh qhjdwlyh ydoxh ri wkh orj olnholkrrg
ixqfwlrq lq wkh hvwlpdwlrq ri wkh lqghshqghqw ghidxow kd}dug prgho dulvhv pdlqo| ehfdxvh rq 419( ri wkh vdpsoh duh
ghidxowhg ordqv1
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suhihuuhg rq vwdwlvwlfdo jurxqgv/ Prgho 9/ grhv |lhog vxevwdqwldoo| gl>huhqw suhglfwlrqv1

^Iljxuh 6 derxw khuh1`

Iljxuh 7 uhsruwv wkh fxpxodwlyh suhsd|phqw dqg ghidxow udwhv hvwlpdwhg e| Prgho 9 iru wkuhh

ruljlqdwlrq |hdu frkruwv= 4<:;=LY/ 4<;3=LY/ dqg 4<;5=LY1 Wkh ?jxuh dovr uhsruwv wkh udz xqdgmxvwhg

Ndsodq0Phlhu fxpxodwlyh udwhv1 Wkh hfrqrplf prgho wudfnv wkh udz gdwd zhoo/ rq dyhudjh/ exw wkhuh

lv pruh yrodwlolw| lq wkh xqdgmxvwhg gdwd wkdq lq wkh suhglfwlrqv ri wkh prgho1 Lq sduwlfxodu/ wkh

fryduldwhv gr qrw fdswxuh wkh udslg lqfuhdvh lq whuplqdwlrq e| suhsd|phqw gxulqj 4<;804<;91

^Iljxuh 7 derxw khuh1`

715 Uhjlrqdo Yduldwlrq

Lq wklv vhfwlrq zh suhvhqw dgglwlrqdo hvwlpdwhv ri wkh lqwhughshqghqw0frpshwlqj0ulvnv0prgho0zlwk0

khwhurjhqhlw| iru wzr uhjlrqv/ Fdoliruqld dqg Wh{dv1 Wkh Fdoliruqld hfrqrp| zdv vwurqj dqg jurzlqj

wkurxjkrxw prvw ri wkh vdpsoh shulrg/ zkloh wkh Wh{dv hfrqrp| zdv d ylfwlp ri wkh rlo fulvlv dqg

d surorqjhg ghsuhvvlrq1 Iru Fdoliruqld/ zh gudz d vlpsoh udqgrp vdpsoh ri whq shufhqw +55/6:7

ordqv, rxw ri wkh srsxodwlrq ri +555/989, ordqv1 Iru Wh{dv/ zh dqdo|}h wkh ixoo vdpsoh ri +5</643,

ordqv1

Wdeoh YL uhsruwv wkh phdqv dqg vwdqgdug ghyldwlrqv ri wkh h{sodqdwru| yduldeohv lq wkhvh wzr

vwdwhv dw pruwjdjh ruljlqdwlrq dqg dw whuplqdwlrq1 Zkhq doo ordqv duh frpsduhg dw ruljlqdwlrq

zlwk wkh qdwlrqdo vdpsoh +Wdeoh L,/ wkh dyhudjh ydoxh ri wkh fdoo rswlrq lv yhu| vlplodu/ dqg wkh

lqlwldo OWY*v duh qrw yhu| gl>huhqw1 Krzhyhu/ dw ruljlqdwlrq wkh suredelolw| ri qhjdwlyh htxlw| lv

rqo| d wklug dv odujh iru Fdoliruqld ordqv dv iru wkh XV dv d zkroh/ zkloh iru Wh{dv wkh suredelolw|

ri qhjdwlyh htxlw| lv pruh wkdq wzlfh dv odujh dv hovhzkhuh1 Wkh txdolwdwlyh sdwwhuq ri wkh dyhudjhv

iru Fdoliruqld dqg Wh{dv/ krzhyhu/ duh vlplodu wr wkrvh uhsruwhg lq Wdeoh L iru wkh XV dv d zkroh1

^Wdeoh YL derxw khuh1`
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Ghvslwh wkhvh sdwwhuqv/ wkhuh duh vxevwdqwldo txdqwlwdwlyh gl>huhqfhv ehwzhhq wkh wzr vwdwhv1

Wkh dyhudjh ydoxh ri wkh fdoo rswlrq lv odujhu +l1h1/ ohvv qhjdwlyh, lq Fdoliruqld dw ruljlqdwlrq dqg

dw whuplqdwlrq iru pruwjdjh ri doo w|shv1 Frqyhuvho|/ wkh dyhudjh suredelolw| ri qhjdwlyh htxlw| lv

odujhu lq Wh{dv dw ruljlqdwlrq iru pruwjdjhv ri doo w|shv1 Lq sduw/ wklv uh hfwv wkh kljkhu dyhudjh

OWY lq Wh{dv1

Lq erwk vwdwhv/ wkh dyhudjh xqhpsor|phqw udwh dw whuplqdwlrq e| ghidxow lv kljkhu wkdq dw

whuplqdwlrq e| suhsd|phqw/ exw lq Wh{dv wkh dyhudjh xqhpsor|phqw udwh dw whuplqdwlrq lv doprvw

iruw| shufhqw kljkhu wkdq dw ruljlqdwlrq1 Gl>huhqfhv ehwzhhq wkh wzr vwdwhv lq wkh dyhudjhv ri

wkh yduldeoh phdvxulqj wkh ydoxh ri wkh sxw rswlrq duh sduwlfxoduo| vwulnlqj1 Lq Fdoliruqld/ iru

wkrvh pruwjdjhv whuplqdwlqj e| ghidxow/ wkh suredelolw| ri qhjdwlyh htxlw| dw ruljlqdwlrq lv derxw 5

shufhqw> wkh suredelolw| ri qhjdwlyh htxlw| dw whuplqdwlrq lv derxw 518 shufhqw1 Lq Wh{dv/ krzhyhu/

iru ghidxowhg pruwjdjhv/ wkh suredelolw| ri qhjdwlyh htxlw| lv pruh wkdq 8 shufhqw dw ruljlqdwlrq

+udlvlqj uhdo txhvwlrqv derxw wkh ryhuvljkw surylghg e| ohqglqj rujdql}dwlrqv/ prvwo| vdylqjv dqg

ordq lqvwlwxwlrqv/ gxulqj wkh shulrg,1 Dw whuplqdwlrq/ wkh suredelolw| ri qhjdwlyh htxlw| lv doprvw

5: shufhqw1

Wdeoh YLL uhsruwv wkh frh!flhqw hvwlpdwhv ri wkh ehkdylrudo prgho iru Fdoliruqld dqg Wh{dv1 Wkh

prgho lv hvwlpdwhg wr lqfoxgh d elyduldwh glvwulexwlrq ri xqrevhuyhg khwhurjhqhrxv huuru whupv14;

Iru frqyhqlhqfh wkh uhohydqw prgho iurp Wdeoh LY iru wkh XV dv d zkroh lv uhsurgxfhg1

^Wdeoh YLL derxw khuh1`

Zlwk rqo| wkuhh h{fhswlrqv lqyroylqj lqvljql?fdqw frh!flhqwv/ wkh sdwwhuq ri wkh hvwlpdwhg

frh!flhqwv lv wkh vdph iru wkh wzr vwdwhv/ exw wkh pdjqlwxghv ri wkh hvwlpdwhv ydu|1 Hdfk ri wkh

nh| ?qdqfldo yduldeohv h{huwv d vxevwdqwldo gluhfw h>hfw xsrq wkh h{huflvh ri erwk rswlrqv1 Iru

4;Djdlq/ dwwhpswv wr hvwlpdwh wkuhh ru pruh pdvv srlqwv idlohg1 Iru Fdoliruqld/ wkh pd{lpxp olnholkrrg hvwlpdwlrq
zlwk wkuhh pdvv srlqwv |lhogv lpsuhflvh hvwlpdwhv/ dqg wkh orj olnholkrrg udwlr uhpdlqv wkh vdph dv lq Wdeoh YLL1 Iru
Wh{dv/ wkh hvwlpdwlrq zlwk 6 pdvv srlqwv grhv qrw frqyhujh dw doo1
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Wh{dv ordqv/ lq frqwudvw wr Fdoliruqld ordqv ru XV ordqv lq jhqhudo/ wkhuh dsshduv wr eh vxevwdqwldo

khwhurjhqhlw| lq ghidxow ehkdylru + Krzhyhu/ wkh w vwdwlvwlfv dvvrfldwhg zlwk ORF4 dqg ORF5 duh

eduho| vljql?fdqw,1 Lqglylgxdov lq wkh ?uvw jurxs duh doprvw 53 wlphv dv olnho| wr ghidxow/ fhwhulv

sdulexv wkdq wkrvh fodvvl?hg lq wkh vhfrqg jurxs1 Wklv gl>huhqfh lv qrw suhflvho| hvwlpdwhg/ exw lw

vxjjhvwv vxevwdqwldoo| gl>huhqw ehkdylru dprqj Wh{dv eruurzhuv1

Iljxuh 8 suhvhqwv wkh suhsd|phqw dqg ghidxow udwhv iru Fdoliruqld dqg Wh{dv hvwlpdwhg xvlqj

wkh vhsdudwh prghov uhsruwhg lq Wdeoh YLL1 Sdqho D uhsruwv wkh suhsd|phqw udwhv/ looxvwudwlqj wkh

kljkhu frqglwlrqdo udwhv lq Fdoliruqld diwhu derxw vl{ |hduv/ zkloh Sdqho E looxvwudwhv wkh pxfk

kljkhu frqglwlrqdo ghidxow udwhv suhglfwhg lq Wh{dv diwhu derxw vl{ |hduv1 Sdqhov F dqg G uhsruw

wkh vlpxodwhg dyhudjh suhsd|phqw dqg ghidxow udwhv xvlqj wkh frh!flhqwv iurp wkh qdwlrqdo prgho

+froxpqv 4 dqg 5 ri Wdeoh YLL, dqg wkh uhdol}dwlrqv lq wkh gdwd iru Fdoliruqld dqg Wh{dv1 Wkh

surmhfwhg gl>huhqfhv iru wkh wzr vwdwhv duh txdolwdwlyho| vlplodu/ exw wkh qdwlrqdo prgho xqghuvwdwhv

wkh glyhujhqfh lq wkh ehkdylru ri pruwjdjh kroghuv lq wkh wzr vwdwhv1 Uhjlrqdo gl>huhqfhv pdwwhu

d orw/ hyhq eh|rqg wkh gl>huhqfhv lq wkh frxuvh ri krxvlqj dqg oderu pdunhwv1

^Iljxuh 8 derxw khuh1`

8 Frqfoxvlrq

Wklv sdshu kdv suhvhqwhg d xql?hg prgho ri wkh frpshwlqj ulvnv ri pruwjdjh whuplqdwlrq e| suh0

sd|phqw dqg ghidxow1 Wkh prgho frqvlghuv wkhvh wzr kd}dugv dv ghshqghqw frpshwlqj ulvnv dqg

hvwlpdwhv wkhp mrlqwo|1 Wkh prgho dovr dffrxqwv iru wkh xqrevhuyhg khwhurjhqhlw| dprqj eruurz0

huv/ dqg hvwlpdwhv wkh xqrevhuyhg khwhurjhqhlw| vlpxowdqhrxvo| zlwk wkh sdudphwhuv dqg edvholqh

kd}dugv dvvrfldwhg zlwk suhsd|phqw dqg ghidxow ixqfwlrqv1

Wkh vxevwdqwlyh uhvxowv ri wkh dqdo|vlv surylgh vxssruw iru wkh frqwlqjhqw fodlpv prgho zklfk

suhglfwv wkh h{huflvh ri ?qdqfldo rswlrqv1 Wkh ?qdqfldo ydoxh ri wkh fdoo rswlrq lv vwurqjo| dvvrfldwhg
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zlwk h{huflvh ri wkh suhsd|phqw rswlrq/ dqg wkh suredelolw| wkdw wkh sxw rswlrq lv lq wkh prqh| lv

vwurqjo| dvvrfldwhg zlwk h{huflvh ri wkh ghidxow rswlrq1 Wkh uhvxowv dovr surylgh vwurqj vxssruw iru

wkh lqwhughshqghqfh ri wkh ghflvlrqv wr suhsd| dqg wr ghidxow rq pruwjdjh reoljdwlrqv1

Wkh uhvxowv dovr vkrz wkdw wkhuh h{lvwv vljql?fdqw khwhurjhqhlw| dprqj pruwjdjh eruurzhuv/

sduwlfxoduo| uhjduglqj suhsd|phqw1 Wkh uhvxowv lqglfdwh wkdw ljqrulqj khwhurjhqhlw| dprqj pruw0

jdjh eruurzhuv ohdgv wr vhulrxv huuruv lq hvwlpdwlqj wkh suhsd|phqw ulvn1 Pruhryhu/ iruhfdvwv zklfk

ljqruh wkh lqwhughshqghqfh ehwzhhq ghidxow dqg suhsd|phqw ulvnv dqg zklfk hvwlpdwh wkhvh wzr

ulvnv vhsdudwho| ohdg wr vhulrxv huuruv lq hvwlpdwlqj wkh ghidxow ulvn1

Wkh uhvxowv dovr srlqw wr gl>huhqfhv lq suhsd|phqw dqg ghidxow ehkdylru dfurvv uhjlrqv/ dulvlqj

iurp yduldwlrqv lq lqvwlwxwlrqv ru ehkdylrudo uhvsrqvhv dv zhoo dv yduldwlrqv lq pdunhw frqglwlrqv1

Ixuwkhu/ wkh uhvxowv vxjjhvw wkdw/ kroglqj rwkhu wklqjv frqvwdqw/ wkrvh zkr kdyh fkrvhq kljk

lqlwldo OWY ordqv duh pruh olnho| wr h{huflvh rswlrqv lq wkh pruwjdjh pdunhw9 suhsd|phqw dv zhoo

dv ghidxow1 Lw dsshduv wkdw wkh lqlwldo OWY udwlr/ nqrzq dw wkh wlph pruwjdjhv duh lvvxhg/ pd|

zhoo uh hfw lqyhvwru suhihuhqfhv iru ulvn lq wkh pdunhw iru pruwjdjhv rq rzqhu0rffxslhg krxvlqj1

Ilqdoo|/ xqhpsor|phqw dqg glyrufh udwhv kdyh vljql?fdqw h>hfwv rq ghidxow1 Wdnhq wrjhwkhu/ doo

wkhvh uhvxowv vxjjhvw wkdw wkh vlpsoh rswlrq prgho lv qrw hqrxjk1

Wkh Zkduwrq Vfkrro/ Xqlyhuvlw| ri Shqqv|oydqld/ Sklodghoskld/ SD 4<43709663/ X1V1D1>

|ghqjCzkduwrq1xshqq1hgx1

Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ FD <7:5306;;3/ X1V1D1> txljoh|Chfrq1ehunhoh|1hgx1

Iuhgglh Pdf/ ;533 Mrqhv Eudqfk Gulyh/ PfOhdq/ YD 55435/ X1V1D1>

UrehuwbydqbrughuCIuhgglhPdf1frp1
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Dsshqgl{

D Vshfl?fdwlrqv ri 3FdoobRswlrq4 dqg 3SxwbRswlrq4 Yduldeohv

Wkh yduldeohv phdvxulqj wkh ydoxh ri wkh sxw dqg fdoo rswlrqv duh gh?qhg e| wkh lqlwldo whupv ri wkh

pruwjdjh dqg fxuuhqw pdunhw frqglwlrqv1 Iru ?{hg0udwh ohyho0sd|phqw pruwjdjh l zlwk dq ruljlqdo

ordq dprxqw ri Rð/ d pruwjdjh qrwh udwh ri uð/ dqg d prqwko| sd|phqw ri Sð/ lq sulqflsdo dqg

lqwhuhvw/ wkh pruwjdjh whup lq txduwhuv/ WPð/ lv=

WPð @

orj

ë
Sð ýRð û +uð@4533,

Sð

ê
orj

ë
4

4 . uð@4533

ê
û 6

>+43,

Dw hdfk txduwhu n diwhu ruljlqdwlrq dw wlph á ð/ wkh orfdo pdunhw lqwhuhvw udwh lv pæcô ðn&/ zkhuh

m lqgh{hv wkh orfdo uhjlrq1 Wkh _FdoobRswlrq% yduldeoh lv gh?qhg dv wkh gl>huhqfh lq wkh suhvhqw

ydoxhv ri wkh sd|phqw vwuhdp dw wkh pruwjdjh qrwh udwh dqg wkh fxuuhqw lqwhuhvw udwh=

FdoobRswlrqðc&ð @

A�ð3&ð[
|'�

Sð û 6
+4 .pæcô ðn&ð@733,

| ý
A�ð3&ð[
|'�

Sð û 6
+4 . uð@733,

|

A�ð3&ð[
|'�

Sð û 6
+4 .pæcô ðn&ð@733,

|

@
Yðc6æcôðn&ð

ý Y Wðcoð
Yðc6æcôðn&ð

=

+44,

Dv vkrzq lq Dsshqgl{ E/ wkh lqlwldo pdunhw ydoxh Pð ri surshuw| l/ sxufkdvhg dw d frvw ri Fð

dw wlph á ð dqg hydoxdwhg nð txduwhuv wkhuhdiwhu lv=
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Pðc&ð @ Fð

ë
Læcô ðn&ð
Læcô ð

ê
+45,

zkhuh wkh whup lq sduhqwkhvhv iroorzv d orj qrupdo glvwulexwlrq1

Wkh udwlr ri htxlw| wr pdunhw ydoxh/ Hð/ ri wkh surshuw| l lv=

Hðc&ð @
Pðc&ð ý Yðc6æcôðn&ð

Pðc&ð

=+46,

Wkh _SxwbRswlrq% yduldeoh lv gh?qhg dv wkh suredelolw| wkdw htxlw| lv qhjdwlyh1

SxwbRswlrqðc&ð @ sure +Hðc&ð ? 3,

@ õ

ë
orjYðc6æcôðn&ð

ý orjPðc&ðs
$2

ê
>

+47,

zkhuh õ+ü, lv fxpxodwlyh vwdqgdug qrupdo glvwulexwlrq ixqfwlrq/ dqg $2 lv dq hvwlpdwhg yduldqfh

gh?qhg lq Dsshqgl{ E1

Dv lqglfdwhg lq irrwqrwh 47 lq wkh wh{w/ zh dovr hvwlpdwhg wkh prgho zlwk _SxwbRswlrq% xvlqj

wkh sdu ydoxh ri hdfk pruwjdjhv/ Y Wðcoð dv gh?qhg lq +44,1 Zkhq wkh sxw rswlrq lv ydoxhg lq wklv zd|/

SxwbRswlrqWðc&ð @ õ

ë
orjY Wðcoð ý orjPðc&ðs

$2

ê
>+48,

wkh uhvxowv uhsruwhg lq wkh wh{w duh xqfkdqjhg1
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E Wkh Zhljkwhg Uhshdwhg Vdohv +ZUV, Krxvh Sulfh Lqgh{

Krxvlqj sulfh lqglfhv dqg wkhlu yrodwlolwlhv duh hvwlpdwhg dffruglqj wr wkh wkuhh vwdjh surfhgxuh

vxjjhvwhg e| Fdvh dqg Vkloohu +4<;:,dqg prgl?hg e| Txljoh| dqg Ydq Rughu +4<<8,1 Wkh prgho

dvvxphv wkdw orj sulfh iru lwk krxvh dw wlph w lv jlyhq e|

Sð| @ L| .Kð| .Qð|+49,

zkhuh L| lv wkh orjdulwkp ri wkh uhjlrqdo krxvlqj sulfh ohyho/ Kð| lv d Jdxvvldq udqgrp zdon/ vxfk

wkdw/

H ^Kðc|n& ýKð|` @ 3>

H ^Kðc|n& ýKð|`2 @ nâ2#� . n
2â2#2 >

dqg Qð| lv zklwh qrlvh/ vxfk wkdw/

H ^Qð|` @ 3>

H ^Qð|`
2 @ �

2â
2
D =

Wkh prgho lv hvwlpdwhg rq sdluhg vdohv ri rzqhu rffxslhg krxvlqj1 Lq wkh ?uvw vwdjh/ wkh orj

sulfh ri wkh vhfrqg vdoh plqxv wkh orj sulfh ri wkh ?uvw vdoh lv uhjuhvvhg rq d vhw ri gxpp| yduldeohv/

rqh iru hdfk wlph shulrg lq wkh vdpsoh h{fhsw wkh ?uvw shulrg1 Wkh gxpp| yduldeohv kdyh ydoxhv

ri .4 iru wkh txduwhu ri wkh vhfrqg vdoh/ ý4 iru wkh txduwhu ri wkh ?uvw vdoh/ dqg }hurv rwkhuzlvh1

+Wklv iroorzv Edloh|/ Pxwk/ dqg Qrxuvh +4<96,h{dfwo|1,

Lq wkh vhfrqg vwdjh/ wkh vtxduhg uhvlgxdov
ý
$2
ü
iurp hdfk revhuydwlrq lq wkh ?uvw vwdjh duh
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uhjuhvvhg xsrq n dqg n2

$2 @ D.En .Fn2>+4:,

zkhuh n lv wkh lqwhuydo ehwzhhq wkh ?uvw dqg vhfrqg vdoh1 Wkh frh!flhqwv D/ E/ dqg F duh hvwlpdwhv

ri â2D / â
2
#�
/ dqg â2#2 uhvshfwlyho|1

Lq wkh wklug vwdjh/ wkh vwdjh rqh uhjuhvvlrq lv uhhvwlpdwhg e| JOV zlwk zhljkwv
ý
D.En .Fn2

ü�*21
Wkh hvwlpdwhg orj sulfh ohyho gl>huhqfh

íeL|n& ý eL|ì lv qrupdoo| glvwulexwhg zlwk phdq +L|n& ý L|,/

dqg yduldqfh
í
nâ2#� . n

2â2#2 . â
2
D

ì
1 Ghqrwh pvdô @ h{s

íeLôì dv wkh hvwlpdwhg uhjlrqdo krxvlqj

sulfh lqgh{> wkhq/ lq wkh nwk txduwhu vxevhtxhqw wr sxufkdvh/ orj
ë
pvdôn&
pvdô

ê
lv qrupdoo| glvwulexwhg

zlwk phdq +Lôn& ý Lô , dqg yduldqfh
í
nâ2#� . n

2â2#2 . â
2
D

ì
1

Phdqv dqg yduldqfhv duh hvwlpdwhg iru hdfk ri 63 pdmru PVD uhjlrqv xvlqj vdpsohv ri sdluhg

vdohv1 Wkhuh duh derxw irxu ploolrq sdluhg vdohv lq wkh Iuhgglh Pdf gdwd edvh1
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Uhihuhqfhv

Dufkhu/ Z1 U1/ dqg G1 F1 Olqj +4<<6,= 3Sulflqj Pruwjdjh0edfnhg Vhfxulwlhv= Lqwhjudwlqj

Rswlpdo Fdoo dqg Hpslulfdo Prghov ri Suhsd|phqw/4 Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg

Xuedq Hfrqrplfv Dvvrfldwlrq/ 54+7,/ 6:687371

Dufkhu/ Z1 U1/ G1 F1 Olqj/ dqg J1 D1 PfJloo +4<<9,= 3Wkh H>hfw ri Lqfrph dqg Froodwhudo

Frqvwudlqwv rq Uhvlghqwldo Pruwjdjh Whuplqdwlrqv/4 Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv/

59+607,/ 56885941

Edloh|/ P1 M1/ U1 I1 Pxwk/ dqg K1 R1 Qrxuvh +4<96,= 3D Uhjuhvvlrq Phwkrg iru Uhdo Hvwdwh

Sulfh Lqgh{ Frqvwuxfwlrq/4 Mrxuqdo ri Wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 8;/ <668<751

Eodfn/ I1/ dqg P1 V1 Vfkrohv +4<:6,= 3Wkh Sulflqj ri Rswlrqv dqg Frusrudwh Oldelolwlhv/4

Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4/ 96:89871

Euhqqdq/ P1 M1/ dqg H1 V1 Vfkzduw} +4<;8,= 3Ghwhuplqdqwv ri JQPD Pruwjdjh Sulfhv/4

Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/ 46/ 53<855;1

Exvhu/ V1 D1/ dqg S1 K1 Khqghuvkrww +4<;7,= 3Sulflqj Ghidxow Iuhh Pruwjdjhv/4 Krxvlqj

Ilqdqfh Uhylhz/ 6/ 738875<1

Fdvh/ N1 H1/ dqg U1 M1 Vkloohu +4<;:,= 3Sulfhv ri Vlqjoh0Idplo| Krphv Vlqfh 4<:3= Qhz Lqgh{hv

iru Irxu Flwlhv/4 Qhz Hqjodqg Hfrqrplf Uhylhz/ ss1 788891

Fr{/ G1 U1/ dqg G1 Rdnhv +4<;7,= Dqdo|vlv ri Vxuylydo Gdwd/ Prqrjudskv rq Vwdwlvwlfv dqg

Dssolhg Suredelolw|1 Fkdspdq dqg Kdoo/ Orqgrq1

Fr{/ M1 F1/ M1 H1 Lqjhuvroo/ dqg V1 D1 Urvv +4<;8,= 3D Wkhru| ri wkh Whup Vwuxfwxuh ri

Lqwhuhvw Udwhv/4 Hfrqrphwulfd/ 86/ 6;8879:1
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Fxqqlqjkdp/ G1 I1/ dqg S1 K1 Khqghuvkrww +4<;7,= 3Sulflqj IKD Pruwjdjh Ghidxow Lqvxu0

dqfh/4 Krxvlqj Ilqdqfh Uhylhz/ 46/ 6:686<51

Ghqj/ \1 +4<<:,= 3Pruwjdjh Whuplqdwlrq= Dq Hpslulfdo Kd}dug Prgho zlwk Vwrfkdvwlf Whup

Vwuxfwxuh/4 Wkh Mrxuqdo ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ 47+6,/ 63<86641

Ghqj/ \1/ M1 P1 Txljoh|/ dqg U1 Ydq Rughu +4<<9,= 3Pruwjdjh Ghidxow dqg Orz Grzq0

sd|phqw Ordqv= Wkh Frvw ri Sxeolf Vxevlw|/4 Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv/ 59+607,/

59685;81

Gxqq/ N1 E1/ dqg M1 M1 PfFrqqhoo +4<;4,= 3Ydoxdwlrq ri Pruwjdjh0Edfnhg Vhfxulwlhv/4 Wkh

Mrxuqdo ri Ilqdqfh/ 69/ 8<<894:1

Hsshuvrq/ M1 I1/ M1 E1 Ndx/ G1 F1 Nhhqdq/ dqg Z1 M1 Pxoohu LLL +4<;8,= 3Sulflqj Ghidxow

Ulvn lq Pruwjdjhv/4 Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/

46/ 59485:51

Ilqgoh|/ P1 F1/ dqg G1 U1 Fdsr}}d +4<::,= 3Wkh Yduldeoh Udwh Pruwjdjh= Dq Rswlrq Wkhru|

Shuvshfwlyh/4 Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ <+5,/ 68986971

Irvwhu/ F1/ dqg U1 Ydq Rughu +4<;7,= 3Dq Rswlrq0Edvhg Prgho ri Pruwjdjh Ghidxow/4 Krxvlqj

Ilqdqfh Uhylhz/ 6+7,/ 68486:51

+4<;8,= 3IKD Whuplqdwlrqv= D Suhoxgh wr Udwlrqdo Pruwjdjh Sulflqj/4 Mrxuqdo ri Wkh

Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/ 46+6,/ 5:685<41

Juhhq/ M1/ dqg M1 E1 Vkryhq +4<;9,= 3Wkh H>hfw ri Lqwhuhvw Udwhv rq Pruwjdjh Suhsd|phqwv/4

Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 4;/ 748831

Kdq/ D1/ dqg M1 D1 Kdxvpdq +4<<3,= 3Ioh{leoh Sdudphwulf Hvwlpdwlrq ri Gxudwlrq dqg Frpshw0

lqj Ulvn Prghov/4 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 8/ 485;1
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Kduglqj/ M1 S1 +4<<:,= 3Hvwlpdwlqj Eruurzhu Prelolw| iurp Revhuyhg Suhsd|phqwv/4 Uhdo Hvwdwh

Hfrqrplfv/ 58+6,/ 67:86:41

Khqghuvkrww/ S1 K1/ dqg U1 Ydq Rughu +4<;:,= 3Sulflqj Pruwjdjhv= Dq Lqwhusuhwdwlrq ri wkh

Prghov dqg Uhvxowv/4 Mrxuqdo ri Ilqdqfldo Vhuylfhv Uhvhdufk/ 4/ ::84441

Ndx/ M1 E1/ dqg G1 F1 Nhhqdq +4<<8,= 3Dq Ryhuylhz ri wkh Rswlrq0Wkhruhwlf Sulflqj ri Pruw0

jdjhv/4 Mrxuqdo ri Krxvlqj Uhvhdufk/ 9+5,/ 54:85771

+4<<9,= 3Sdwwhuqv ri Udwlrqdo Ghidxow/4Zrunlqj Sdshu/ Wkh Xqlyhuvlw| ri Jhrujld/ Dwkhqv/

JD1

Ndx/ M1 E1/ G1 F1 Nhhqdq/ dqg W1 Nlp +4<<6,= 3Wudqvdfwlrq Frvwv/ Vxerswlpdo Whuplqdwlrq dqg

Ghidxow Suredelolwlhv/4 Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/

54+6,/ 57:85961

Ndx/ M1 E1/ G1 F1 Nhhqdq/ Z1 M1 Pxoohu/ dqg M1 I1 Hsshuvrq +4<<5,= 3D Jhqhudol}hg

Ydoxdwlrq Prgho iru Il{hg0Udwh Uhvlghqwldo Pruwjdjhv/4 Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/

57+6,/ 5:<85<<1

+4<<8,= 3Wkh Ydoxdwlrq dw Ruljlqdwlrq ri Il{hg Udwh Pruwjdjhv zlwk Ghidxow dqg Suh0

sd|phqw/4 Wkh Mrxuqdo ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ 44+4,/ 88691

PfFdoo/ E1 S1 +4<<9,= 3Xqhpsor|phqw Lqvxudqfh Uxohv/ Mreohvvqhvv/ dqg Sduw0Wlph Zrun/4

Hfrqrphwulfd/ 97+6,/ 97:89;51

Phuwrq/ U1 F1 +4<:6,= 3Wkhru| ri Udwlrqdo Rswlrq Sulflqj/4 Ehoo Mrxuqdo ri Hfrqrplfv dqg

Pdqdjhphqw Vflhqfh/ 7/ 47484;61

Txhufld/ U1 J1/ dqg P1 D1 Vwhjpdq +4<<5,= 3Uhvlghqwldo Pruwjdjh Ghidxow= D Uhylhz ri wkh

Olwhudwxuh/4 Mrxuqdo ri Krxvlqj Uhvhdufk/ 6/ 67486:<1
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Txljoh|/ M1 P1 +4<;:,= 3Lqwhuhvw Udwh Yduldwlrqv/ Pruwjdjh Suhsd|phqwv dqg Krxvhkrog Prelo0

lw|/4 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 9<+7,/ 96989761

Txljoh|/ M1 P1/ dqg U1 Ydq Rughu +4<<3,= 3H!flhqf| lq wkh Pruwjdjh Pdunhw= Wkh Eruurzhu*v

Shuvshfwlyh/4 Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/ 4;+6,/

56:85851

+4<<8,= 3H{solflw Whvwv ri Frqwlqjhqw Fodlpv Prghov ri Pruwjdjh Ghidxow/4 Wkh Mrxuqdo

ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ 44+5,/ <<844:1

Vfkzduw}/ H1 V1/ dqg Z1 Q1 Wrurxv +4<;<,= 3Suhsd|phqw dqg wkh Ydoxdwlrq ri Pruwjdjh0

Edfnhg Vhfxulwlhv/4 Wkh Mrxuqdo ri Ilqdqfh/ 77+5,/ 6:886<51

+4<<6,= 3Pruwjdjh Suhsd|phqw dqg Ghidxow Ghflvlrqv= d Srlvvrq Uhjuhvvlrq Dssurdfk/4

Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/ 54+7,/ 764877<1

Vwdqwrq/ U1 +4<<8,= 3Udwlrqdo Suhsd|phqw dqg wkh Ydoxdwlrq ri Pruwjdjh0Edfnhg Vhfxulwlhv/4

Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ ;+6,/ 9::8:3;1

Vxh|rvkl/ J1 +4<<5,= 3Vhplsdudphwulf Sursruwlrqdo Kd}dugv Hvwlpdwlrq ri Frpshwlqj Ulvnv

Prghov zlwk Wlph0ydu|lqj Fryduldwhv/4 Mrxuqdo ri Hfrqrphwulfv/ 84+405,/ 5888;1

Wlwpdq/ V1/ dqg Z1 Q1 Wrurxv +4<;<,= 3Ydoxlqj Frpphufldo Pruwjdjhv= Dq Hpslulfdo Lqyhv0

wljdwlrq ri wkh Frqwlqjhqw Fodlpv Dssurdfk wr Sulflqj Ulvn| Ghw/4 Wkh Mrxuqdo ri Ilqdqfh/ 77/

67886:61

Ydqghoo/ N1 G1 +4<<6,= 3Kdqglqj Ryhu wkh Nh|v= D Shuvshfwlyh rq Pruwjdjh Ghidxow Uhvhdufk/4

Mrxuqdo ri Wkh Dphulfdq Uhdo Hvwdwh dqg Xuedq Hfrqrplfv Dvvrfldwlrq/ 54+6,/ 54485791
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\h}hu/ D1 P1/ U1 I1 Skloolsv/ dqg U1 S1 Wurvw +4<<7,= 3Eldv lq Hvwlpdwhv ri Glvfulplqdwlrq

dqg Ghidxow lq Pruwjdjh Ohqglqj= Wkh H>hfwv ri Vlpxowdqhlw| dqg Vhoi0Vhohfwlrq/4 Wkh Mrxuqdo

ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ <+6,/ 4:<85481
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TABLE I.

DESCRIPTIVE STATISTICS ON MORTGAGE LOANS MEAN VALUES AT ORIGINATION AND TERMINATION

Variable At Origination At Termination
All Loans Prepaid Defaulted Other* Prepaid Defaulted

Call Option (fraction of -0.0529 -0.0559 -0.0746 -0.0427 -0.0265 0.0321
contract value) (0.0067) (0.0073) (0.0102) (0.0045) (0.0329) (0.0273)

Put Option (probability 0.0072 0.0069 0.0371 0.0062 0.0067 0.0918
of negative equity) (0.0005) (0.0005) (0.0030) (0.0004) (0.0013) (0.0283)

Squared Term of Call 0.0095 0.0104 0.0157 0.0063 0.0336 0.0283
Option (0.0005) (0.0006) (0.0009) (0.0004) (0.0035) (0.0021)

Squared Term of Put 0.0006 0.0005 0.0044 0.0004 0.0014 0.0367
Option (0.0000) (0.0000) (0.0002) (0.0000) (0.0005) (0.0162)

State Divorce Rate 5.4486 5.4448 5.8430 5.4349 4.8635 5.2587
(percent) (0.8015) (0.7659) (0.5083) (0.9105) (0.5585) (0.3650)

State Unemployment 6.8605 6.9609 6.88165 6.5648 6.6796 7.6085
Rate (percent) (2.4960) (2.5356) (3.6764) (2.1951) (2.8578) (3.5006)

Initial Loan-To-Value 0.7657 0.7649 0.8900 0.7597 - -
Ratio (LTV) (0.0240) (0.0240) (0.0060) (0.0239)

No. of Observations 22,294 16,402 363 5,529 16,402 363

Note: Standard deviations are in parentheses.

* Other includes matured mortgages as well as those outstanding at the end of the observation period.



TABLE II.

DESCRIPTIVE STATISTICS ON MORTGAGE LOANS

MEAN VALUES AT TERMINATION* AND CUMULATIVE RATES BY INITIAL LTV CATEGORY

Variable All Loans LTV≤75 75<LTV≤80 80<LTV≤90 LTV≥90

A. Mean Value

Call Option (fraction of -0.0057 0.0000 -0.0161 -0.0030 0.0040
contract value) (0.0270) (0.0267) (0.0259) (0.0273) (0.0296)

Put Option (probability 0.0067 0.0006 0.0019 0.0105 0.0334
of negative equity) (0.0016) (0.0002) (0.0001) (0.0016) (0.0100)

Squared Term of Call 0.0270 0.0267 0.0262 0.0273 0.0297
Option (0.0028) (0.0028) (0.0028) (0.0028) (0.0030)

Squared Term of Put 0.0016 0.0002 0.0001 0.0017 0.0111
Option (0.0007) (0.0000) (0.0000) (0.0005) (0.0051)

State Unemployment 7.1593 7.2773 7.2123 7.1006 6.7308
Rate (percent) (3.2006) (3.3740) (3.1218) (3.1085) (2.9797)

State Divorce Rate 4.8068 4.7378 4.8044 4.8498 4.9498
(percent) (0.6165) (0.6066) (0.5152) (0.5878) (0.8902)

B. Cumulative Rates

Cumulative Prepayment 18.8 19.8 17.0 18.6 21.7
in 5 years (percent)

Cumulative Prepayment 57.0 55.6 56.7 60.2 55.8
in 10 years (percent)

Cumulative Prepayment 73.2 72.6 74.4 75.0 67.7
in 15 years (percent)

Cumulative Default 0.7 0.1 0.4 1.4 1.8
in 5 years (percent)

Cumulative Default 1.4 0.2 0.8 2.6 5.1
in 10 years (percent)

Cumulative Default 1.6 0.2 0.8 2.8 6.1
in 15 years (percent)

No. of Observations 22,294 7,420 7,542 4,988 2,344

Note: Standard deviations are in parentheses.

* Mean value of variables at termination or at the end of the observation period.



TABLE III.

MAXIMUM LIKELIHOOD ESTIMATES FOR COMPETING RISKS

OF MORTGAGE PREPAYMENT AND DEFAULT WITHOUT HETEROGENEITY

Model 1 Model 2
Prepayment Default Prepayment Default

Call Option (fraction of 4.795 6.283 4.837 6.768
contract value) (124.84) (20.10) (118.61) (19.78)

Put Option (probability -3.607 15.286 -3.495 8.662
of negative equity) (8.76) (19.79) (7.79) (9.19)

Squared Term of Call 2.663 -0.359 2.695 0.236
Option (20.76) (0.32) (20.49) (0.20)

Squared Term of Put 3.476 -16.343 3.373 -9.199
Option (5.45) (14.76) (5.00) (7.42)

0.6<LTV≤0.75 0.035 1.384
(1.39) (2.16)

0.75<LTV≤0.8 0.060 2.231
(2.69) (3.75)

0.8<LTV≤0.9 0.077 3.146
(3.19) (5.36)

LTV>0.9 -0.056 3.518
(1.89) (5.98)

State Unemployment -0.007 0.097
Rate (percent) (1.37) (3.00)

State Divorce Rate 0.032 0.415
(percent) (3.10) (4.59)

LOC 1.330 2.517 0.803 0.059
(111.42) (13.28) (18.45) (1.25)

Log Likelihood -74,981 -74,813

Note: T-ratios are in parentheses. All models are estimated by ML approach with flexible baseline hazard

function. Prepayment and default functions are considered as correlated competing risks and they are

estimated jointly. Restrictions of homogeneous error terms were imposed during the maximum

likelihood estimation. LOC is the location parameter of the error term.



TABLE IV.

MAXIMUM LIKELIHOOD ESTIMATES FOR COMPETING RISKS

OF MORTGAGE PREPAYMENT AND DEFAULT WITH UNOBSERVED HETEROGENEITY

Model 3 Model 4 Model 5 Model 6
Prepay Default Prepay Default Prepay Default Prepay Default

Call Option (fraction of 5.810 6.324 5.779 6.749 5.921 6.550 5.891 6.877
contract value) (89.90) (16.40) (88.51) (17.06) (83.60) (17.90) (81.73) (18.02)

Put Option (probability -4.700 15.275 -4.312 8.670 -5.110 16.891 -4.501 9.415
of negative equity) (10.06) (19.82) (8.53) (9.24) (10.61) (19.05) (8.60) (9.30)

Squared Term of Call 4.076 -0.269 4.133 0.194 4.135 1.057 4.242 1.032
Option (23.96) (0.23) (23.96) (0.16) (23.98) (0.88) (23.98) (0.81)

Squared Term of Put 4.656 -16.333 4.268 -9.207 5.146 -17.760 4.539 -9.882
Option (6.83) (14.70) (5.94) (7.44) (7.40) (14.66) (6.17) (7.65)

0.6<LTV≤0.75 0.019 1.385 0.018 1.351
(0.60) (2.15) (0.51) (2.10)

0.75<LTV≤0.8 0.060 2.230 0.053 2.194
(2.06) (3.73) (1.74) (3.67)

0.8<LTV≤0.9 0.078 3.146 0.068 3.103
(2.46) (5.33) (2.05) (5.25)

LTV>0.9 -0.011 3.516 -0.026 3.471
(0.29) (5.94) (0.65) (5.85)

State Unemployment -0.029 0.097 -0.036 0.103
Rate (percent) (5.49) (2.89) (6.36) (3.03)

State Divorce Rate -0.005 0.416 -0.016 0.424
(percent) (0.43) (4.55) (1.20) (4.57)

LOC1 1.972 2.577 1.696 0.058 2.803 0.036 2.619 0.015
(37.60) (7.43) (12.95) (1.15) (11.46) (0.09) (7.82) (0.58)

LOC2 0.417 2.402 0.370 0.060 0.972 3.805 0.859 0.080
(15.23) (4.21) (11.23) (1.25) (10.42) (9.23) (7.72) (1.24)

LOC3 0.135 0.221 0.116 0.009
(3.70) (1.03) (3.19) (0.73)

MASS2 0.335 0.379 1.304 1.252
(10.28) (10.26) (3.69) (3.84)

MASS3 0.132 0.119
(2.85) (2.55)

Log Likelihood -74,708 -74,560 -74,673 -74,530

Note: T-ratios are in parentheses. All models are estimated by ML approach with flexible baseline hazard function. Prepayment and default

functions are considered as correlated competing risks and they are estimated jointly. A bivariate distribution of unobserved heterogeneous error

terms is also estimated simultaneously with the competing risks hazard functions. LOC1, LOC2 and LOC3 are the location parameters of the

error distribution. MASS1, MASS2 and MASS3 are the mass points associated with LOC1, LOC2 and LOC3, respectively. MASS1 is

normalized to 1.0 during the estimation.



TABLE V.

MAXIMUM LIKELIHOOD ESTIMATES FOR INDEPENDENT RISKS OF

MORTGAGE PREPAYMENT AND DEFAULT WITH UNOBSERVED HETEROGENEITY

Model 7 Model 8
Prepayment Default Prepayment Default

Call Option (fraction of 6.002 8.348 5.976 8.520
contract value) (83.51) (21.07) (82.24) (21.34)

Put Option (probability -3.989 15.743 -3.622 8.189
of negative equity) (8.37) (17.96) (7.03) (7.83)

Squared Term of Call 4.287 4.242 4.383 3.374
Option (24.53) (3.20) (24.62) (2.57)

Squared Term of Put 4.260 -16.803 3.911 -9.042
Option (6.12) (12.78) (5.33) (6.23)

0.6<LTV≤0.75 0.020 1.327
(0.60) (2.07)

0.75<LTV≤0.8 0.059 2.372
(1.95) (3.98)

0.8<LTV≤0.9 0.083 3.370
(2.52) (5.74)

LTV>0.9 0.009 3.333
(0.22) (5.66)

State Unemployment -0.033 0.166
Rate (percent) (5.96) (5.04)

State Divorce Rate -0.006 0.390
(percent) (0.46) (4.24)

LOC1 2.630 10.857 2.308 0.144
(11.92) (7.05) (8.16) (1.23)

LOC2 0.901 0.506 0.759 0.011
(8.28) (1.97) (7.13) (0.99)

LOC3 0.109 0.095
(2.78) (2.73)

MASS2 1.017 0.628 1.033 0.344
(3.52) (3.42) (3.87) (2.31)

MASS3 0.100 0.099
(2.37) (2.39)

Log Likelihood -80,968 -417,754 -80,935 -417,644

Note: T-ratios are in parentheses. All models are estimated by ML approach with flexible baseline hazard function.

Prepayment and default functions are estimated separately. A univariate distribution of unobserved heterogeneous error

terms is also estimated simultaneously with the prepayment or default hazard functions. LOC1, LOC2 and LOC3 are the

location parameters of the error distribution. MASS1, MASS2 and MASS3 are the mass points associated with LOC1,

LOC2 and LOC3, respectively. MASS1 is normalized to 1.0 during the estimation.



TABLE VI.

DESCRIPTIVE STATISTICS ON CALIFORNIA AND TEXAS MORTGAGE LOANS

MEAN VALUES AT ORIGINATION AND TERMINATION

Variable At Origination At Termination
All Loans Prepaid Defaulted Other* Prepaid Defaulted

A. California

Call Option (fraction of -0.0505 -0.0526 -0.0628 -0.0414 -0.0078 0.1000
contract value) (0.0055) (0.0060) (0.0095) (0.0033) (0.0293) (0.0214)

Put Option (probability 0.0027 0.0027 0.0194 0.0013 0.0026 0.0246
of negative equity) (0.0002) (0.0002) (0.0013) (0.0001) (0.0001) (0.0012)

State Unemployment 7.3038 7.3018 7.4231 7.3015 6.6792 7.0468
Rate (percent) (1.4484) (1.5275) (1.6332) (1.1215) (1.7284) (1.3618)

State Divorce Rate 5.7825 5.7652 5.5526 5.8712 5.0259 5.1504
(percent) (0.0534) (0.0552) (0.0310) (0.0222) (0.2258) (0.0785)

Initial Loan-To-Value 0.7581 0.7575 0.8655 0.7514 - -
Ratio (LTV) (0.0213) (0.0217) (0.0056) (0.0203)

No. of Observations 22,374 17,598 359 4,417 17,598 359

B. Texas

Call Option (fraction of -0.0616 -0.0631 -0.0889 -0.0552 -0.0680 0.0364
contract value) (0.0095) (0.0098) (0.0185) (0.0074) (0.0403) (0.0178)

Put Option (probability 0.0159 0.0119 0.0531 0.0151 0.0507 0.2690
of negative equity) (0.0010) (0.0008) (0.0028) (0.0009) (0.0212) (0.0879)

State Unemployment 5.1320 5.2463 5.2709 4.9635 7.2736 7.3154
Rate (percent) (0.7868) (0.9558) (1.4325) (0.4193) (1.6342) (1.0645)

State Divorce Rate 6.4923 6.5083 6.5674 6.4556 5.9555 5.7162
(percent) (0.0384) (0.0584) (0.0543) (0.0519) (0.0923) (0.0583)

Initial Loan-To-Value 0.8007 0.7828 0.9086 0.8063 - -
Ratio (LTV) (0.0267) (0.0274) (0.0084) (0.0265)

No. of Observations 29,310 15,364 1,919 12,027 15,364 1,919

Note: Standard deviations are in parentheses.

* “Other” includes matured mortgages as well as those outstanding at the end of the observation period.



TABLE VII.

COMPARISON OF PREPAYMENT AND DEFAULT RATES

AMONG US, CALIFORNIA AND TEXAS LOANS*

US California Texas
Prepayment Default Prepayment Default Prepayment Default

Call Option (fraction of 5.779 6.750 5.769 9.081 5.269 7.503
contract value) (88.51) (17.06) (97.84) (21.39) (68.22) (27.92)

Put Option (probability -4.312 8.669 -11.837 20.872 -1.917 4.892
of negative equity) (8.53) (9.24) (8.58) (4.73) (10.80) (15.24)

Squared Term of Call 4.133 0.193 3.568 1.869 3.421 1.430
Option (23.96) (0.15) (19.11) (1.34) (20.61) (1.57)

Squared Term of Put 4.268 -9.206 45.372 -92.270 1.791 -2.676
Option (5.94) (7.44) (4.74) (3.33) (7.68) (6.78)

0.6<LTV≤0.75 0.019 1.385 0.057 2.802 0.046 1.136
(0.60) (2.15) (2.01) (3.84) (1.39) (5.45)

0.75<LTV≤0.8 0.060 2.230 -0.006 2.955 -0.005 1.493
(2.06) (3.73) (0.24) (4.12) (0.17) (8.26)

0.8<LTV≤0.9 0.078 3.146 0.074 3.747 -0.043 2.045
(2.46) (5.33) (2.65) (5.23) (1.37) (11.91)

LTV>0.9 -0.011 3.517 0.023 4.193 -0.322 2.759
(0.29) (5.94) (0.45) (5.77) (10.43) (16.59)

State Unemployment -0.029 0.097 -0.017 -0.151 0.011 -0.115
Rate (percent) (5.49) (2.89) (2.73) (2.47) (1.48) (4.47)

State Divorce Rate -0.005 0.416 0.527 0.467 0.368 0.265
(percent) (0.43) (4.55) (23.34) (1.89) (11.05) (2.52)

LOC1 1.696 0.058 0.106 0.035 0.104 0.717
(12.95) (1.15) (8.00) (0.70) (4.38) (1.56)

LOC2 0.370 0.060 0.020 0.001 0.021 0.036
(11.23) (1.25) (3.54) (0.30) (4.04) (1.46)

MASS2 0.379 0.061 0.353
(10.26) (3.44) (7.90)

Log Likelihood -74,560 -77,290 -87,028

Note: T-ratios are in parentheses. All models are estimated by ML approach with flexible baseline hazard function. Prepayment and

default functions are considered as correlated competing risks and they are estimated jointly. A bivariate distribution of unobserved

heterogeneous error terms is also estimated simultaneously with the competing risks hazard functions. LOC1 and LOC2 are the location

parameters of the error distribution. MASS1 and MASS2 are the mass points associated with LOC1 and LOC2, respectively. MASS1 is

normalized to 1.0 during the estimation.

* The US sample is based on a five percent random sample of 22,294 loans. The California sample is based on a ten percent random

sample of 22,374 loans. The Texas sample is based on a hundred percent sample of 29,310 loans.



Figure 1

A. Conditional Prepayment Rates
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B. Cumulative Prepayment Rates
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C. Conditional Default Rates
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D. Cumulative Default Rates
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Figure 2

A. Estimated Conditional Prepayment Rates 
For Three Risk Groups (Model 6)
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B. Estimated Conditional Default Rates
For Three Risk Groups (Model 6)
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Figure 3

A. Simulated Conditional Prepayment Rates
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B. Simulated Conditional Default Rates
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Figure 4

A. Estimated Cumulative Prepayment Rates
 by Origination Year Cohort (Model 6)
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B. Estimated Cumulative Default Rates
by Origination Year Cohort (Model 6)
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C. Kaplan-Meier Cumulative Prepayment Rates 
by Origination Year Cohort
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D. Kaplan-Meier Cumulative Default Rates
by Origination Year Cohort
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Figure 5

A. Estimated Conditional Prepayment Rates
in California and Texas
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B. Estimated Conditional Default Rates
in California and Texas
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C. Simulated Conditional Prepayment Rates
in California and Texas using Model 4 for US
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D. Simulated Conditional Default Rates
in California and Texas using Model 4 for US
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