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Devwudfw

Wkh sdshu xvhv plfur gdwd rq lqfrph dqg dvvhw kroglqjv iurp wkh Sdqho Vwxg| ri Lqfrph

G|qdplfv wr dqdo|}h uhdvrqv iru qrqsduwlflsdwlrq dqg iru khwhurjhqhlw| lq sruwirolr fkrlfh zlwklq

wkh vhw ri vwrfn pdunhw sduwlflsdqwv1 Wkh irfxv ri wkh sdshu lv rq qrq0�qdqfldo lqfrph dqg frvw

ri sduwlflsdwlqj lq wkh vwrfn pdunhw1

L �qg hylghqfh ri d vwurqj srvlwlyh h�hfw ri phdq qrq0�qdqfldo lqfrph rq wkh suredelolw|

ri vwrfn pdunhw sduwlflsdwlrq dqg rq wkh sursruwlrq ri zhdowk lqyhvwhg lq vwrfnv frqglwlrqdo rq

ehlqj d sduwlflsdqw1 Wkh yrodwlolw| ri qrq0�qdqfldo lqfrph lv irxqg wr kdyh d vwurqj qhjdwlyh

lpsdfw rq wkhvh wzr txdqwlwlhv1 Erwk wkhvh uhvxowv duh frqvlvwhqw zlwk wkh wkhruhwlfdo olwhudwxuh

rq sruwirolr fkrlfh lq wkh suhvhqfh ri qrq0�qdqfldo lqfrph1 Krzhyhu/ rqo| d vpdoo ru lqvljql�fdqw

h�hfw ri wkh fryduldqfh ri qrq0�qdqfldo lqfrph zlwk wkh vwrfn pdunhw uhwxuq rq sruwirolr fkrlfh

lv suhvhqw1

Irxu gl�huhqw frvwv ri vwrfn pdunhw sduwlflsdwlrq duh frqvlghuhg/ dq hqwu| frvw/ d �{hg wudqv0

dfwlrqv frvw/ d sursruwlrqdo wudqvdfwlrqv frvw/ dqg d shu shulrg sduwlflsdwlrq frvw1 Wkh �uvw wkuhh

ri wkhvh frvwv ohdg wr vwuxfwxudo vwdwh ghshqghqfh lq wkh vwrfn pdunhw sduwlflsdwlrq ghflvlrq dqg

lq wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 D g|qdplf vdpsoh vhohfwlrq prgho vkrzv

hylghqfh ri vwurqj vwdwh ghshqghqfh dqg wkxv hfrqrplfdoo| lpsruwdqw hqwu| dqg wudqvdfwlrqv

frvwv1 Wkh shu shulrg sduwlflsdwlrq frvw grhv qrw ohdg wr vwuxfwxudo vwdwh ghshqghqfh/ exw d

fhqvruhg uhjuhvvlrq prgho zlwk xqrevhuydeoh vwrfkdvwlf wkuhvkrog lv hvwlpdwhg zklfk doorzv iru

khwhurjhqhlw| lq wkh shu shulrg sduwlsdwlrq frvw dqg surylghv hvwlpdwhv ri lwv glvwulexwlrq lq wkh

furvv0vhfwlrq1 L hvwlpdwh wkh phgldq shu shulrg sduwlflsdwlrq frvw wr eh durxqg '4330'5331



4 Lqwurgxfwlrq

Krxvhkrogv gl�hu gudpdwlfdoo| lq wkhlu sruwirolr fkrlfhv1 Dprqj krxvhkrogv vxuyh|hg lq wkh

zhdowk vxssohphqwv wr wkh Sdqho Vwxg| ri Lqfrph G|qdplfv/ 7<199 shufhqw ri wkrvh zlwk srvlwlyh

�qdqfldo zhdowk gr qrw krog srvlwlrqv lq hlwkhu vwrfnv qru erqgv41 Dq dgglwlrqdo 56137 shufhqw

krog vwrfnv exw qr erqgv/ zkhuhdv 471:< shufhqw krog erqgv exw qr vwrfnv1 Rqo| 45183 shufhqw

krog erwk vwrfnv dqg erqgv1 Ixuwkhupruh/ hyhq zlwklq wkh vhw ri krxvhkrogv zkr krog erwk vwrfnv

dqg erqgv/ revhuyhg sruwirolr frpsrvlwlrqv gl�hu vxevwdqwldoo|1 Wkhvh idfwv duh qrw frqvlvwhqw

zlwk suhglfwlrqv iurp vwdqgdug prghov ri djhqwv pd{lpl}lqj h{shfwhg olihwlph xwlolw| vxemhfw wr

lqlwldo zhdowk dqg wkh srvvlelolw| ri lqyhvwlqj lq doo h{lvwlqj dvvhwv dw }hur wudqvdfwlrq frvwv1

Lq wkh vwdqgdug prgho ri olihwlph frqvxpswlrq dqg sruwirolr fkrlfh ri Vdpxhovrq +4<9<, dqg

Phuwrq +4<9<,/ +4<:4,/ djhqwv olyh r� lqfrph jhqhudwhg e| wkhlu lqyhvwhg zhdowk1 Wkh vhw ri

dydlodeoh dvvhwv lqfoxghv d frqglwlrqdoo| ulvnohvv dvvhw dqg Q ulvn| dvvhwv1 Zlwkrxw wudqvdfwlrq

frvwv wklv prgho suhglfwv wkdw djhqwv vkrxog wdnh srvlwlrqv lq doo h{lvwlqj dvvhwv frxqwhu wr wkh

iuhtxhqwo| revhuyhg }hur kroglqjv1 Wkh rswlpdo sruwirolr ri ulvn| dvvhwv dqg wkh vsolw ehwzhhq

ulvn| dqg ulvnohvv dvvhwv zloo ydu| dfurvv djhqwv zlwk gl�huhqw suhihuhqfhv/ zhdowk dqg lqyhvwphqw

krul}rq1 Frqglwlrqv rq uhwxuq glvwulexwlrqv2xwlolw| ixqfwlrqv kdyh ehhq ghulyhg/ xqghu zklfk

gl�huhqfhv lq zhdowk dqg lqyhvwphqw krul}rq dfurvv djhqwv vkrxog qrw ohdg wr gl�huhqfhv lq sruw0

irolr fkrlfh1 Lqyhvwphqw krul}rqv duh luuhohydqw li djhqwv idfh d frqvwdqw lqyhvwphqw rssruwxqlw|

vhw +l1l1g uhwxuqv,1 FUUD suhihuhqfhv duh vx!flhqw iru zhdowk qrw wr pdwwhu1 Khwhurjhqhlw| lq

ulvn dyhuvlrq dozd|v lpsolhv gl�huhqfhv lq sruwirolr fkrlfh1

Lw lv zhoo nqrzq wkdw dfwxdo uhwxuqv duh qrw l1l1g lpso|lqj srwhqwldo khwhurjhqhlw| lq sruwirolr

fkrlfhv dfurvv djh jurxsv1 Wkhuh lv ohvv djuhhphqw dv wr zkhwkhu FUUD xwlolw| lv d uhdvrqdeoh

dssur{lpdwlrq1 Frqglwlrqdo rq wklv dvvxpswlrq/ hylghqfh lv vwduwlqj wr dffxpxodwh grfxphqwlqj

khwhurjhqhlw| lq wkh +frqvwdqw, frh!flhqw ri uhodwlyh ulvn dyhuvlrq1 Lq d yhu| lqwhuhvwlqj sdshu/

Eduvn| hw do +4<<:, grfxphqw khwhurjhqhlw| lq ulvn dyhuvlrq edvhg rq plfur gdwd iurp wkh Khdowk

dqg Uhwluhphqw Vwxg|1 Derxw 45333 uhvsrqghqwv dqvzhuhg txhvwlrqv frqfhuqlqj jdpeohv ryhu

olihwlph lqfrph1 Wkh dqvzhuv uhyhdo frqvlghudeoh khwhurjhqhlw| lq ulvn wrohudqfh dqg wkh vxuyh|

phdvxuh ri ulvn wrohudqfh vljql�fdqwo| suhglfwv sruwirolr vkduhv lq vwrfnv/ erqgv/ wuhdvxu| eloov

4Dyhudjhv ri qxpehuv iurp 4<;7/ 4<;< dqg 4<<71 Vwrfnkroglqjv lqfoxgh vwrfnv khog wkurxjk pxwxdo ixqgv dqg

lq LUDv1 Wkh erqg phdvxuh grhv qrw lqfoxgh prqh| pdunhw erqgv/ ru Wuhdvxu| eloov1 Vrph qrq0erqg fdwhjrulhv

ri zhdowk duh lqfoxghg lq wkh erqgv phdvxuh +olih lqvxudqfh srolflhv/ froohfwlrqv/ dqg uljkwv lq wuxvwv ru hvwdwhv,1
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dqg fkhfnlqj dqg vdylqjv dffrxqwv zlwk wkh h{shfwhg vljqv1 Krzhyhu/ wkh lqfuhphqwdo suhglfwlyh

srzhu ri ulvn wrohudqfh lv orz dqg wkh uhpdlqlqj xqh{sodlqhg yduldwlrq lq sruwirolr fkrlfh odujh/

hyhq diwhu lqfoxglqj zhdowk/ lqfrph dqg ghprjudsklf frqwurov +lqfoxglqj djh,1

Wkh sxusrvh ri wklv sdshu lv wr ghwhuplqh hpslulfdoo| zkhwkhu dffrxqwlqj iru gl�huhqfhv lq

qrq�qdqfldo lqfrph sdwwhuqv dfurvv krxvhkrogv dqg iru frvwv ri sduwlflsdwlqj lq wkh vwrfn pdunhw

khosv h{sodlq wkh uhpdlqlqj khwhurjhqhlw| lq revhuyhg sruwirolr fkrlfhv1

Wkh wkhruhwlfdo olwhudwxuh rq qrq0�qdqfldo lqfrph dqg edfnjurxqg ulvn suhglfwv wkuhh h�hfwv1

D odujhu phdq ri qrq0�qdqfldo lqfrph vkrxog ohdg djhqwv wr lqyhvw d odujhu iudfwlrq ri �qdqfldo

zhdowk lq vwrfnv/ vlqfh djhqwv zlwk dowhuqdwlyh vrxufhv ri lqfrph fdq uho| rq wklv iru frqvxpswlrq

sxusrvhv vkrxog wkhlu �qdqfldo lqyhvwphqwv idlo1 Wkh yduldqfh ri qrq0�qdqfldo lqfrph vkrxog

kdyh d qhjdwlyh h�hfw rq wkh sursruwlrq lqyhvwhg lq vwrfnv gxh wr edfnjurxqg ulvn lqgxflqj pruh

ulvn dyhuvh ehkdylru1 D qrq0}hur fryduldqfh ri qrq0�qdqfldo lqfrph zlwk vwrfn uhwxuqv vkrxog

fdxvh d khgjlqj frpsrqhqw ri dvvhw ghpdqg ri wkh rssrvlwh vljq ri wkh fryduldqfh1

L irfxv rq wkh wzr odujhvw vrxufhv rq qrq�qdqfldo lqfrph/ qdpho| oderu lqfrph dqg lqfrph

iurp sulydwho| khog exvlqhvvhv1 L frqfhqwudwh pdlqo| rq wkh ghflvlrq wr krog vwrfnv dqg wkh

sursruwlrq ri �qdqfldo zhdowk khog lq vwrfnv1 Ixwxuh zrun zloo dovr frqvlghu erqgv1 L xvh

lqfrph gdwd iurp wkh SVLG/ 4<:<04<<6/ dqg wkuhh revhuydwlrqv ri sruwirolr fkrlfh iurp wkh

4<;7/ 4<;< dqg 4<<7 zhdowk vxssohphqwv1 D wzr vwhs surfhgxuh lv xvhg/ vlplodu wr wkh rqh

iroorzhg lq suhylrxv sdshuv/ lq zklfk wkh �uvw vwhs frqvlvw ri hvwlpdwlqj wkh uhohydqw prphqwv

ri lqfrph surfhvvhv zklfk duh wkhq xvhg dv uhjuhvvruv lq wkh vhfrqg vwhs irfxvlqj rq sruwirolr

fkrlfh1 P| uhvxowv edvhg rq surelw dqg wrelw uhjuhvvlrqv grfxphqw hfrqrplfdoo| lpsruwdqw dqg

vwdwlvwlfdoo| vljql�fdqw phdq dqg yduldqfh h�hfwv ri qrq0�qdqfldo lqfrph rq sruwirolr fkrlfh1

Zhdnhu hylghqfh lv irxqg iru d fryduldqfh h�hfw1 Wkh uhvxowv frqfhuqlqj wkh phdq dqg yduldqfh

h�hfw frq�upv wkh �qglqjv ri Jxlvr hw do1 +4<<9, xvlqj d vrphzkdw gl�huhqw phwkrgrorj| dqg

d gl�huhqw gdwd vhw1

Irxu gl�huhqw frvwv ri vwrfn pdunhw sduwlflsdwlrq duh frqvlghuhg/ dq hqwu| frvw/ d �{hg wudqv0

dfwlrqv frvw/ d sursruwlrqdo wudqvdfwlrqv frvw/ dqg d shu shulrg sduwlflsdwlrq frvw1 Wkh �uvw wkuhh

ri wkhvh frvwv ohdg wr vwuxfwxudo vwdwh ghshqghqfh lq wkh vwrfn pdunhw sduwlflsdwlrq ghflvlrq dqg

lq wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 D g|qdplf vdpsoh vhohfwlrq prgho vkrzv

hylghqfh ri vwurqj vwdwh ghshqghqfh dqg wkxv hfrqrplfdoo| lpsruwdqw hqwu| dqg wudqvdfwlrqv

frvwv1 Wkh shu shulrg sduwlflsdwlrq frvw grhv qrw ohdg wr vwuxfwxudo vwdwh ghshqghqfh/ exw d
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fhqvruhg uhjuhvvlrq prgho zlwk xqrevhuydeoh vwrfkdvwlf wkuhvkrog lv hvwlpdwhg zklfk doorzv iru

khwhurjhqhlw| lq wkh shu shulrg sduwlflsdwlrq frvw dqg surylghv hvwlpdwhv ri lwv glvwulexwlrq lq

wkh furvv0vhfwlrq1 L hvwlpdwh wkh phgldq shu shulrg sduwlflsdwlrq frvw wr eh durxqg '4330'5331

Dvlgh iurp lwv lpsruwdqfh iru xqghuvwdqglqj sruwirolr fkrlfh dqg wkxv wkh ghwhuplqdwlrq

ri sulfhv ri �qdqfldo dvvhwv/ wkh txhvwlrq ri zkhwkhu revhuyhg khwhurjhqhlw| lv frqvlvwhqw zlwk

rswlpl}lqj ehkdylru kdv lpsruwdqw srolf| lpsolfdwlrqv1 Rqh vhw ri lpsolfdwlrqv frqfhuqv wkh

rswlpdo sruwirolr frpsrvlwlrq ri d vrfldo vhfxulw| wuxvw ixqg1 Li wkh revhuyhg khwhurjhqhlw| lq

sruwirolr fkrlfh uhsuhvhqwv d udwlrqdo uhvsrqvh wr gl�huhqw hfrqrplf frqglwlrqv/ wkhq lpsrvlqj

wkh vdph sruwirolr frpsrvlwlrq rq doo krxvhkrogv frxog lpso| odujh zhoiduh orvvhv1 Dqrwkhu srolf|

lpsolfdwlrq frqfhuqv wkh h�hfw ri wd{dwlrq ri oderu2exvlqhvv lqfrph rq djhqwv* olihwlph xwlolw|1 D

sursruwlrqdo wd{ zloo kdyh wkh h�hfw ri ghfuhdvlqj wkh phdq dqg vwdqgdug ghyldwlrq ri diwhu0wd{

oderu2exvlqhvv lqfrph zklfk zloo d�hfw djhqwv* frqvxpswlrq dqg sruwirolr fkrlfh1 Wklv h�hfw

ri wd{dwlrq kdv ehhq dqdo|}hg e| Hophqgrusk dqg Nlpedoo +4<<4,1 Wkh uhvxowv grfxphqwlqj

vwurqj phdq0 dqg yduldqfh0h�hfwv ri qrq0�qdqfldo lqfrph rq sruwirolr fkrlfh/ hpskdvl}h wkh

lpsruwdqfh ri wklv lvvxh1

5 Uhodwhg olwhudwxuh

Wkh uhfhqw dvvhw sulflqj olwhudwxuh kdv sdlg pxfk dwwhqwlrq wr wkh h�hfwv ri oderu lqfrph rq

sruwirolr fkrlfh dqg jhqhudo htxloleulxp dvvhw sulflqj/ hvshfldoo| irfxvlqj rq wkh h�hfwv ri xqlq0

vxudeoh lglrv|qfudwlf vkrfnv1 Lw kdv ehhq nqrzq vlqfh Phuwrq+4<:4, wkdw wkh h{lvwhqfh ri fhuwdlq

qrq0�qdqfldo lqfrph vkrxog fdxvh djhqwv zlwk KDUD xwlolw| wr lqyhvw d odujhu iudfwlrq ri wkhlu

�qdqfldo zhdowk lq ulvn| dvvhwv1 Wklv lv wkh *phdq0h�hfw* phqwlrqhg deryh1 Krzhyhu/ oderu lq0

frph lv jhqhudoo| ulvn|1 Zlwk dq lqfrpsohwh vhw ri �qdqfldo pdunhwv djhqwv fdqqrw uho| vroho| rq

�qdqfldo pdunhwv wr lqvxuh wkhpvhoyhv1 Ixuwkhupruh/ prudo kd}dug sureohpv suhyhqw lqvxudqfh

frqwudfwv ehwzhhq oderu lqfrph hduqhuv dqg srwhqwldo lqvxuhuv1 Wkh xqlqvxudeoh sduw ri qrq�0

qdqfldo lqfrph lpsolhv d *yduldqfh0h�hfw* rq sruwirolr fkrlfh1 Jroolhu dqg Sudww +4<<9, frqvlghu

wkh h�hfw ri xqidlu edfnjurxqg ulvnv/ l1h1 ulvnv zlwk qrqsrvlwlyh h{shfwdwlrqv1 Lq d rqh shulrg

prgho wkh| vkrz wkdw doo idploldu GDUD xwlolw| ixqfwlrqv duh ulvn yxoqhudeoh/ phdqlqj wkdw dq|

xqidlu edfnjurxqg ulvn pdnhv ulvn0dyhuvh djhqwv ehkdyh lq d pruh ulvn dyhuvh zd|1 Ylfhlud +4<<:,

h{whqgv wklv uhvxow wr d pxowl0shulrg prgho lq zklfk zhdowk dffxpxodwlrq lv hqgrjhqrxv1 Ylfhlud
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+4<<:, ixuwkhupruh fohduo| vkrzv wkh h�hfw rq sruwirolr fkrlfh ri wkh vljq ri wkh fryduldqfh ri

oderu lqfrph lqqrydwlrqv zlwk wkh vwrfn uhwxuq1 Srvlwlyh fryduldqfh ri wkh vwrfn uhwxuq dqg

lqqrydwlrqv wr shupdqhqw ru wudqvlwru| lqfrph jhqhudwhv d qhjdwlyh khgjlqj frpsrqhqw ri dvvhw

ghpdqgv dqg ylfh yhuvd iru qhjdwlyh fryduldqfh51 Wkh wkhru| ri edfnjurxqg ulvn fdq eh dssolhg

wr xqlqvxudeoh lqfrph iurp sulydwho| khog exvlqhvvhv dv zhoo dv wr oderu lqfrph1

Hpslulfdo zrun whvwlqj wkhvh suhglfwlrqv duh vwloo dw d txlwh hduo| vwdjh1 Ohw ph eulh |

phqwlrq wkuhh sdshuv/ wzr zklfk irfxvhv rq oderu lqfrph ulvn dqg rqh zklfk dovr frqvlghuv

exvlqhvv ulvn1 Wr hvwlpdwh krxvhkrog ohyho lqfrph surfhvvhv d +orqj, sdqho gdwd vhw ri lqfrph

revhuydwlrqv dqg dw ohdvw rqh revhuydwlrq ri sruwirolr fkrlfh lv qhhghg1 Jxlvr/ Mdshool hw do1

flufxpyhqw wkh qhhg iru d sdqho gdwd vhw e| xvlqj wkh 4<;< Edqn ri Lwdo| Vxuyh| ri Krxvhkrog

Lqfrph dqg Zhdowk1 Lq wklv vxuyh| uhvsrqghqwv duh dvnhg wr glvwulexwh suredelolw| zhljkwv wr

jlyhq lqwhuydov ri lq dwlrqv dqg qrplqdo oderu dqg shqvlrq lqfrph fkdqjhv rqh |hdu dkhdg1

Edvhg rq wkh dqvzhuv dq hvwlpdwh ri h{shfwhg lqfrph yduldqfh fdq eh frqvwuxfwhg +exw wkh

fryduldqfh0h�hfw fdqqrw eh whvwhg,1 Wklv yduldeoh lv dq hfrqrplfdoo| dqg vwdwlvwlfdoo| vljql�fdqw

suhglfwru ri wkh sursruwlrq ri zhdowk lq ulvn| dvvhwv1 Wkh ohyho ri lqfrph hqwhuv srvlwlyho|/ zklfk

frxog eh lqwhusuhwhg dv vxssruw iru wkh phdq0h�hfw suhglfwhg e| wkhru|1 Jdnlglv +4<<:, xvhv :

|hduv ri lqfrph gdwd iurp wkh SVLG dqg wkh 4<;7 zhdowk vxssohphqw1 Kh hvwlpdwhv oderu lqfrph

surfhvvhv e| ghprjudsklf jurxsv gh�qhg e| rffxsdwlrq/ djh/ dqg hgxfdwlrq dv dq dowhuqdwlyh

wr hvwlpdwlqj lqfrph surfhvvhv e| krxvhkrog1 Wkh prvw lpsruwdqw �qglqj lv d vljql�fdqwo|

qhjdwlyh h�hfw ri wkh suredelolw| ri }hur lqfrph hyhqwv rq wkh suredelolw| ri ehlqj d vwrfnkroghu

dqg rq wkh sursruwlrq khog lq vwrfnv frqglwlrqdo rq ehlqj d vwrfnkroghu1 Kh �qgv qr hylghqfh

ri d yduldqfh0h�hfw dvlgh iurp wkh }hur0lqfrph suredelolwlhv/ exw vrph hylghqfh ri d phdq h�hfw1

Wkh fryduldqfh h�hfw lv qrw frqvlghuhg/ suredeo| gxh wr wkh vkruw vdpsoh1 Khdwrq dqg Oxfdv

+4<<:, xvh wkh 4<:<04<<3 Sdqho ri Lqglylgxdo Wd{ Uhwxuq Gdwd dqg h{sorlwv wkh sdqho glphqvlrq

wr fdofxodwh/ e| krxvhkrog/ wkh vwdqgdug ghyldwlrq ri oderu lqfrph dqg exvlqhvv lqfrph dqg

wkh fryduldqfh ri wkhvh wzr lqfrph frpsrqhqwv zlwk wkh V)S833 vwrfn uhwxuq1 Wkhvh duh wkhq

xvhg dv uhjuhvvruv lq d udqgrp h�hfwv uhjuhvvlrq zlwk wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg

lq vwrfnv dv wkh ghshqghqw yduldeoh1 Wkh uhvxowv duh lqfrqfoxvlyh prvw olnho| gxh wr wkh srru

5Vhyhudo sdshuv dqdo|}h wkh jhqhudo htxloleulxp h�hfwv ri xqlqvxudeoh lqfrph ulvn rq dvvhw sulfhv1 Vhh/ iru

h{dpsoh/ Pdqnlz +4<;9,/ Khdwrq dqg Oxfdv +4<<9,/ Frqvwdqwlqlghv dqg Gx!h +4<<9,/ Nuxvhoo dqg Vplwk +4<<:,/

dqg Whophu hw do1 +4<<;,1
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txdolw| ri dvvhw gdwd lq wklv gdwd vhw61 Zkhq wkh vxp ri oderu dqg exvlqhvv lqfrph lv xvhg wkh|

�qg hylghqfh ri d srvlwlyh yduldqfh0h�hfw +frxqwhu wr wkh suhglfwlrq iurp wkhru|,1 Krzhyhu/

zkhq oderu dqg exvlqhvv lqfrph duh lqfoxghg vhsdudwho|/ dqg wkh vdpsoh uhvwulfwhg wr wkrvh zlwk

dyhudjh exvlqhvv lqfrph deryh '833 wkh vwdqgdug ghyldwlrq ri exvlqhvv lqfrph kdv wkh h{shfwhg

qhjdwlyh vljq dqg lv vljql�fdqw1 Qrqh ri wkh fryduldqfh yduldeohv duh vljql�fdqw1

Frqfhuqlqj wkh sduw ri wkh sdshu zklfk dwwhpswv wr lghqwli| vwrfn pdunhw sduwlflsdwlrq frvw

vwuxfwxuhv iurp d sdqho ri sruwirolr fkrlfh gdwd/ wkh prvw uhodwhg sdshu lv Pxooljdq dqg Vdod0l0

Pduwlq +4<<9,1 Wkh| frqvlghu wkh ghpdqg iru prqh| yhuvxv lqwhuhvw ehdulqj dvvhwv dqg xvh wkh

4<;60;< sdqho iurp wkh Vxuyh| ri Frqvxphu Ilqdqfhv1 Wkh 4<;6 ydoxh ri �qdqfldo dvvhw hqwhuv

vljql�fdqwo| zlwk d srvlwlyh vljq lq d surelw prgho iru kroglqj lqwhuhvw ehdulqj dvvhwv lq 4<;<1

Wkh dxwkruv lqwhusuhw wklv dv hylghqfh ri d srvlwlyh vwduw0xs frvw ri lqyhvwlqj lq lqwhuhvw ehdulqj

dvvhwv1 Pxooljdq dqg Vdod0l0Pduwlq ixuwkhupruh hvwlpdwh wkh frvw ri sduwlflsdwlqj lq wkh pdunhw

iru lqwhuhvw ehdulqj dvvhwv wr eh ehwzhhq '83 dqg '5331

Rwkhu uhodwhg sdshuv rq dgmxvwphqw frvwv dqg dvvhw sulflqj duh Oxwwphu +4<<:, dqg Pduvkdoo

dqg Sduhnk +4<<;,/ erwk irfxvlqj rq frvwv ri dgmxvwlqj frqvxpswlrq1

6 Iudphzrun

614 Frvwv ri vwrfn pdunhw sduwlflsdwlrq

Frqvlghu wkh rswlpl}dwlrq sureohp ri d krxvhkrog zklfk pd{lpl}hv h{shfwhg olihwlph xwlolw|

jlyhq dq h{rjhqrxv vwuhdp ri qrq�qdqfldo lqfrph dqg idfhg zlwk wkh rssruwxqlw| wr lqyhvw

lq wzr dvvhwv/ d ulvn| dvvhw dqg d frqglwlrqdoo| ulvnohvv dvvhw1 Wkh ulvn| dvvhw uhsuhvhqwv wkh

vwrfn pdunhw1 Wkh ulvnohvv dvvhw lv d fdwfkdoo iru ohvv ulvn| �qdqfldo dvvhwv vxfk dv W0eloov/ edqn

dffrxqwv hwf1 Ehorz L zloo uhihu wr lw dv W0eloov1

Wklv rswlpl}dwlrq sureohp lv vwdqgdug/ h{fhsw wkdw L frqvlghu wkh iroorzlqj wkuhh frvwv ri

lqyhvwlqj lq wkh vwrfn pdunhw1

I. = Vwrfn pdunhw hqwu| frvw1 Wklv uhsuhvhqwv wkh wlph2prqh| vshqw xqghuvwdqglqj zkdw wkh

vwrfn pdunhw lv dqg ghwhuplqlqj wkh krxvhkrog*v rswlpdo pl{ ehwzhhq vwrfnv dqg W0eloov1

Ehiruh wkh lqyhqwlrq ri orz frvw pxwxdo �qgv/ I. zrxog lqfoxgh wkh frvw ri ohduqlqj krz

wr ex| d zhoo glyhuvl�hg sruwirolr +wkh dfwxdo wudglqj frvwv zloo eh lqfoxghg lq wkh frvw IA

6Dvvhw kroglqjv pxvw eh hvwlpdwhg edvhg rq lqirupdwlrq rq glylghqgv/ lqwhuhvw lqfrph dqg fdslwdo jdlqv1

8



glvfxvvhg ehorz,1 Fxuuhqwo|/ vlqfh rqh fdq ex| wkh vwrfn pdunhw lqgh{ wkurxjk d pxwxdo

ixqg/ wkh pdlq sduw ri I. lv olnho| wr eh wkh frvw ri wlph vshqw ghwhuplqlqj wkh krxvhkrog*v

rswlpdo sruwirolr vkduhv iru vwrfnv yhuvxv erqgv1 Dgg wr wkdw wkh frvw ri wlph vshqw vhwwlqj

xs dffrxqwv1

I� = Shu shulrg vwrfn pdunhw sduwlflsdwlrq frvw1 I� uhsuhvhqwv wlph vshqw ghdolqj zlwk vwrfn

pdunhw lqyhvwphqwv1 Lq wkhlu vwxg| ri wkh ghpdqg iru prqh|/ Pxooljdq dqg Vdod0l0Pduwlq

+4<<9, phqwlrq dv d frvw ri kroglqj lqwhuhvw ehdulqj dvvhwv wkh h{wud wlph vshqw grlqj wd{hv

+vfkhgxoh G,1 Wr wkh h{whqw wkdw krxvhkrogv ihho lw qhfhvvdu| wr iroorz wkh vwrfn pdunhw

li wkh| lqyhvw lq lw/ wkh wlph vshqw grlqj wklv zrxog dovr eh lqfoxghg lq I� = Zlwk wlph

ydu|lqj frqglwlrqdo dvvhw uhwxuq glvwulexwlrqv/ wkh wkhru| ri g|qdplf khgjlqj vxjjhvwv wkdw

krxvhkrogv vkrxog eh iroorzlqj wkh vwrfn pdunhw lq rughu wr irup pruh suhflvh h{shfwd0

wlrqv ri ixwxuh uhwxuqv dqg fkdqjh wkhlu sruwirolrv dffruglqjo|1 Iurp d ohvv wkhruhwlfdo

shuvshfwlyh/ wkh lqfuhdvhg qxpehu ri WY surjudpv derxw wkh vwrfn pdunhw gxulqj uhfhqw

|hduv 0 d wlph zlwk odujh lqfuhdvhv lq vwrfn pdunhw sduwlflsdwlrq 0 vxjjhvwv wkdw krxvhkrogv

gr lqghhg vshqg wlph iroorzlqj wkh pdunhw1

IA = Wudglqj frvw1 Wklv frvw lv olnho| wr kdyh wzr frpsrqhqwv1 Iluvwo|/ d �{hg sduw IA
f > uhsuh0

vhqwlqj �{hg frpplvvlrqv dqg wkh ydoxh ri wlph vshqw wudglqj1 Vhfrqgo|/ d yduldeoh sduw

IA
� mQ�| �Q�c|3�m > uhsuhvhqwlqj sursruwlrqdo wudqvdfwlrqv frvwv/ h1j1 wkh elg0dvn vsuhdg

dqg wkh yduldeoh sduw ri frpplvvlrqv1 Q�| ghqrwhv wkh qxpehu ri vwrfnv khog e| krxvhkrog

l ehwzhhq gdwh w dqg gdwh w. 41

615 Ydoxh ixqfwlrq dqg lpsolhg vwuxfwxuh ri srolf| ixqfwlrqv

Wkh ydoxh ixqfwlrq iru wkh rswlpl}dwlrq sureohp ri d krxvhkrog wkdw idfhv wkh lqyhvwphqw rs0

sruwxqlwlhv rxwolqhg deryh lv dv iroorzv1

Y�| +Q�c|3�> \�c|3�>Z�|> V�|, @ pd{
tfc��

iYf +Q�c|3�> \�c|3�>Z�|> V�|, > Y� +Q�c|3�> \�c|3�>Z�|> V�|,j

zkhuh

Yf +Q�c|3�> \�c|3�>Z�|> V�|, @ pd{
��|

iX +F�|, . �HY�c|n� +3> 3>Z�|n�> V�|n�,j

v=w= Z�c|n� @ +4 . usc|,
�
Z�| � L +\�c|3� @ 4,

�
IA
f . IA

� Q�c|3�

��
. $�| �F�|
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Y� +Q�c|3�> \�c|3�>Z�|> V�|, @ pd{
��|c��|

iX +F�|, . �HY�c|n� +Q�|> 4>Z�|n�> V�|n�,j

v=w= Z�c|n� @ +4 . usc| . ��| +urc| � usc|,, +Z�| � L +\�c|3� @ 3,I.

�L +Q�c|3� 9@ Q�|> \�c|3� @ 4,
�
IA
f . IA

� mQ�| �Q�c|3�m
�� I� , . $�| �F�|

��| @
Sr|Q�|

Z�| � L +\�c|3� @ 3,I. � L +Q�c|3� 9@ Q�|> \�c|3� @ 4,
�
IA
f . IA

� mQ�| �Q�c|3�m
�� I�

Y � +=, lv wkh h{shfwhg olihwlph xwlolw| li wkh krxvhkrog fkrrvhv wr sduwlflsdwh lq wkh vwrfn pdunhw

lq wkh fxuuhqw shulrg1 Y f +=, lv wkh fruuhvsrqglqj txdqwlw| li wkh krxvhkrog fkrrvhv qrw wr

sduwlflsdwh lq wkh fxuuhqw shulrg1 X +=, lv wkh shu shulrg xwlolw| ixqfwlrq dqg � ? 4 wkh wlph

glvfrxqw idfwru1 Wkh vwdwh yduldeohv dw gdwh w duh=

Q�c|3� = Wkh qxpehu ri vwrfnv rzqhg lq wkh suhylrxv shulrg/ li dq|

\�c|3� = Wkh odjjhg sduwlflsdwlrq ghflvlrq1 \�c|3� htxdov 4 li wkh krxvhkrog sduwlflsdwhg lq wkh vwrfn

pdunhw lq wkh suhylrxv shulrg dqg 3 rwkhuzlvh

Z�| = Ilqdqfldo zhdowk ri krxvhkrog l dw w

V�| = Vwdwh yduldeohv fkdudfwhul}lqj wkh surfhvv iru qrq�qdqfldo lqfrph iru krxvhkrog l dw w

Dv iru wkh dvvhw uhwxuqv/ usc|n� ghqrwhv wkh qhw uhwxuq rq W0eloov/ dqg urc|n� wkh qhw uhwxuq rq

vwrfnv ehiruh sd|lqj hqwu|2sduwlflsdwlrq2wudqvdfwlrqv frvwv1 ��| uhihuv wr wkh sursruwlrq ri Z�|/

qhw ri frvwv/ zklfk wkh krxvhkrog lqyhvwv lq vwrfnv1

Yf +=, lv vwdqgdug dvlgh iurp wkh whup L +\�c|3� @ 4,
�
IA
f . IA

� Q�c|3�

�
zklfk lv wkh frvw ri

h{lwlqj wkh vwrfn pdunhw1 Wkh lqglfdwru ixqfwlrq L +=, htxdov 4 li wkh dujxphqw lv wuxh dqg 3

rwkhuzlvh1 Lq wkh h{suhvvlrq iru Y� +=, > wkh hqwu| frvw I. pxvw eh sdlg li wkh krxvhkrog zdv qrw

lq wkh pdunhw lq wkh suhylrxv shulrg1 Wkh wudglqj frvw IA
f .IA

� mQ�| �Q�c|3�mpxvw eh sdlg li wkh
krxvhkrog sduwlflsdwhg lq wkh suhylrxv shulrg exw fkrrvhv wr fkdqjh lwv vwrfnkroglqjv1 Wkh shu

shulrg sduwlflsdwlrq frvw I� vlploduo| uhsuhvhqwv d uhgxfwlrq lq zhdowk dydlodeoh iru lqyhvwphqw1

Zkhwkhu wkh krxvhkrog lv dvvxphg wr eh �qlwho| ru lq�qlwho| olyhg/ d forvhg irup vroxwlrq wr

wkh deryh sureohp lv lq jhqhudo qrw rewdlqdeoh1 Hyhq lq wkh devhqfh ri frvwv ri vwrfn pdunhw sdu0

wlflsdwlrq/ wkh wkhru| rq sruwirolr fkrlfh lq wkh suhvhqfh ri qrq0�qdqfldo lqfrph grhv qrw doorz

d forvhg irup vroxwlrq wr eh ghulyhg zkhq qrq0�qdqfldo lqfrph lv ulvn| +dqg ohvv wkdq shuihfwo|

:



fruuhodwhg zlwk wkh vwrfn uhwxuq, dqg2ru lqyhvwphqw rssruwxqlwlhv ydu| ryhu wlph1 Surjuhvv kdv

ehhq pdgh e| Fdpsehoo dqg Ylfhlud +4<<9, iru wkh fdvh ri wlph ydu|lqj lqyhvwphqw rssruwx0

qlwlhv dqg wkh suhylrxvo| phqwlrqhg sdshu e| Ylfhlud +4<<:, iru wkh prgho zlwk xqlqvxudeoh

oderu lqfrph1 E| orj0olqhdul}lqj wkh Hxohu0htxdwlrqv dqg wkh exgjhw frqvwudlqwv wkh| rewdlq

dqdo|wlfdo vroxwlrqv wr dssur{lpdwh sureohpv1 Xqiruwxqdwho|/ wkh orj0olqhdul}dwlrq frqvwdqwv duh

frpsolfdwhg ixqfwlrqv ri wkh xqghuo|lqj sdudphwhuv dqg qxphulfdo vroxwlrqv pxvw vwloo eh xvhg wr

ghwhuplqh/ iru h{dpsoh/ wkh h�hfw ri dq lqfuhdvh lq wkh vwdqgdug ghyldwlrq ri shupdqhqw lqfrph

jurzwk rq wkh rswlpdo sruwirolr vkduh ri wkh ulvn| dvvhw1

Krzhyhu/ dowkrxjk d forvhg irup vroxwlrq lv qrw lq jhqhudo dydlodeoh/ wkh vwuxfwxuh ri wkh

srolf| ixqfwlrqv lv fohdu iurp vhwxs1 Wkh srolf| ixqfwlrq iru wkh sduwlflsdwlrq ghflvlrq/ \�|> zloo

ghshqg rq=

Q�c|3� +zlwk d srvlwlyh vljq, li IA
� A 31 Wkh gdwd vhw L xvh ehorz grhv qrw frqwdlq lqirupd0

wlrq derxw wkh qxpehu ri vwrfnv khog/ Q�| rqo| derxw wkh groodu ydoxh ri vwrfn khog/

S r
| Q�| @ ��|Z

_�rR
�| dqg wkxv wkh iudfwlrq ri zhdowk lqyhvwhg lq vwrfnv/ ��| @ Q�|

�r|
` _�rR

�|

zkhuh

Z _�rR
�| � Z�| � L +\�c|3� @ 3,I. � L +Q�c|3� 9@ Q�|> \�c|3� @ 4,

�
IA
f . IA

� mQ�| �Q�c|3�m
� �

I� = L wkhuhiruh lqfoxgh ��c|3� udwkhu wkdw Q�c|3�=

\�c|3� +zlwk d srvlwlyh vljq, li I. A 3> ru IA
f A 31 I. A 3 pdnhv lw pruh olnho| wkdw d krxvhkrog

zloo sduwlflsdwh lq wkh fxuuhqw shulrg li lw sduwlflsdwhg lq wkh suhylrxv shulrg vlqfh wkh hqwu|

frvw lv douhdg| sdlg1 Lq wkh deryh L kdyh dvvxphg wkdw wkh hqwu| frvw ghsuhfldwhv ixoo| xsrq

h{lw1 Li/ dowhuqdwlyho|/ I. glg qrw kdyh wr eh uhsdlg xsrq uhhqwu|/ wkh whup L +\�c|3� @ 3,I.

lq wkh h{suhvvlrq iru Y� +=, zrxog eh uhsodfhg e| L +pd{ i\�c|3�> \�c|32> ====j @ 3,I. = Wkh

yduldeoh pd{ i\�c|3�> \�c|32> ====j zrxog wkhq eh wkh uhohydqw h{sodqdwru| yduldeoh lq wkh el0

qdu| fkrlfh prgho udwkhu wkdq \�c|3�= Lqwhuphgldwh fdvhv zlwk sduwldo ghsuhfldwlrq zloo ohdg

wr srvlwlyh exw judgxdoo| vpdoohu frh!flhqwv rq vwloo kljkhu odjv ri wkh sduwlflsdwlrq ghfl0

vlrq1 E| dfwlqj dv dq h{lw frvw/ d srvlwlyh ydoxh iru IA
f vlploduo| lpsolhv wkdw sduwlflsdwlrq

dw w� 4 pdnhv sduwlflsdwlrq dw w pruh olnho|1

Z�| +zlwk d srvlwlyh vljq, li I. A 3 ru I� A 3 ru IA
f A 3> dqg lq dgglwlrq wkh rswlpdo groodu

dprxqw lqyhvwhg lv lqfuhdvlqj lq zhdowk1 Wklv zrxog eh wkh fdvh iru xwlolw| ixqfwlrqv ri wkh

GDUD w|sh1

V�|

;



Djh�| ri khdg ri krxvhkrog= Zlwk �qlwh olihwlphv wkh lqyhvwphqw krul}rq ghshqgv rq djh1 Li

lqyhvwphqw rssruwxqlwlhv duh wlph ydu|lqj/ rswlpdo sruwirolr fkrlfh ghshqgv rq wkh lqyhvw0

phqw krul}rq dqg wkxv rq djh1 Wkh vkdsh ri wkh djh0ghshqghqfh zloo ghshqg rq wkh vshfl�f

surfhvvhv iru qrq0�qdqfldo lqfrph dqg dvvhw uhwxuqv/ vr djh vtxduhg lv dovr lqfoxghg lq wkh

uhodwlrq wr doorz d pruh  h{leoh ixqfwlrqdo irup1 Djh frxog dovr pdwwhu iru rwkhu uhdvrqv/

iru h{dpsoh ehfdxvh ri khdowk ulvnv ehlqj djh ghshqghqw1

Hgxfdwlrq�| ri khdg ri krxvhkrog= Hgxfdwlrq frxog eh vljql�fdqw ryhu dqg deryh ghwhuplqlqj oderu

lqfrph li I.> I� ru IA +ru uhwxuqv rewdlqhg, ghshqgv rq hgxfdwlrq ru li suhihuhqfhv gl�hu

dfurvv hgxfdwlrq jurxsv

Wkh srolf| ixqfwlrq iru wkh qxpehu ri vwrfnv khog/ Q�|> frqglwlrqdo rq sduwlflsdwlrq lpsolhv d

srolf| ixqfwlrq iru ��|> wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 Wklv srolf| ixqfwlrq

zloo kdyh wkh iroorzlqj dujxphqwv=

Q�c|3� +zlwk d srvlwlyh vljq, li IA
f A 3 ru IA

� A 3/ vlqfh Q�| @ Q�|3� iru krxvhkrogv zkr

sduwlflsdwhg erwk odvw shulrg dqg wkh fxuuhqw shulrg exw gr qrw �qg lw rswlpdo wr wudgh1

Djdlq/ vlqfh L gr qrw revhuyh Q�c|3� L lqvwhdg lqfoxgh ��c|3� lq wkh prgho iru ��|=

\�c|3� li I. A 3 ru IA A 3 dqg zhdowk lv d vljql�fdqw ghwhuplqdqw ri �= Krzhyhu/ vlqfh I.

dqg IA duh olnho| wr eh vpdoo iudfwlrqv ri zhdowk iru prvw ri wkh krxvhkrogv zkr fkrvh

wr sduwlflsdwh/ wkh h�hfw ri \�c|3� rq ��| +frqglwlrqdo rq ��| ehlqj srvlwlyh, lv olnho| wr eh

qhjoljleoh1 Wkh hpslulfdo uhvxowv frq�upv wklv/ dqg L wkhuhiruh irfxv rq hvwlpdwlrqv zklfk

h{foxgh \�c|3� lq wkh htxdwlrq iru ��|=

Z�|> V�|> Djh�|/ Hgxfdwlrq�|

Wkxv/ e| hvwlpdwlqj d uhgxfhg irup prgho ri \�| dqg ��| dqg ghwhuplqlqj li wkh odjjhg

srolf| yduldeohv duh vljql�fdqw zlwk h�hfwv ri wkh h{shfwhg vljqv/ lw lv srvvleoh wr ghwhuplqh li

wkh frvwv I.> IA
f > dqg IA

� duh odujh hqrxjk wr vljql�fdqwo| d�hfw sruwirolr fkrlfh1 Lq whupv ri

glvwlqjxlvklqj ehwzhhq wkhvh wkuhh w|shv ri frvwv/ lw lv srvvleoh wr gudz frqfoxvlrqv derxw IA
�

iurp wkh h�hfw ri ��c|3� rq S +\�| @ 4, = D vljql�fdqw h�hfw ri ��c|3� rq ��| lv gxh wr wudglqj

frvwv/ exw zklfk w|sh +�{hg ru sursruwlrqdo, fdqqrw eh vhsdudwho| lghqwl�hg1 D vljql�fdqw h�hfw

ri \�c|3� rq S +\�| @ 4, lv gxh wr hlwkhu hqwu| frvwv ru �{hg wudglqj frvwv +I. A 3 ru IA
f A 3,=

<



Wkh wdeoh ehorz vxppdul}hv wkh lpsolfdwlrqv ri I. > IA
f > IA

� iru wkh odjjhg srolf| yduldeohv lq

wkh srolf| ixqfwlrqv1

Srolf| ixqfwlrq Vwdwh yduldeoh Vljql�fdqw li H{shfwhg vljq

\�| \�c|3� I. A 3 ru IA
f A 3 .

\�| Q�c|3� +ru ��c|3�, IA
� A 3 .

��| Q�c|3� +ru ��c|3�, IA
f A 3 ru IA

� A 3 .

Dv iru wkh shu shulrg sduwlflsdwlrq frvw I� lw grhv qrw ohdg wr vwuxfwxudo vwdwh ghshqghqfh17 Wkh

odvw vhfwlrq ri wkh sdshu frqvlghuv lq pruh ghwdlo zkdw fdq eh ohduqhg derxw I� iurp uhgxfhg

irup prghoolqj1

7 Gdwd

Iru wkh sxusrvh ri hvwlpdwlqj krxvhkrog ohyho lqfrph surfhvvhv d idluo| orqj sdqho ri lqfrph

lqirupdwlrq lv qhhg1 Wklv prwlydwhv wkh xvh ri wkh Sdqho Vwxg| ri Lqfrph G|qdplfv iru p|

dqdo|vlv/ dorqj zlwk wkh dydlodelolw| ri vhyhudo |hduv ri zhdowk dqg sruwirolr lqirupdwlrq lq wklv

gdwd vhw1 L xvh wkh Vxuyh| Uhvhdufk Fhqwhu vdpsoh ri wkh SVLG zklfk zdv uhsuhvhqwdwlyh ri wkh

flyloldq qrqlqvwlwxwlrqdo srsxodwlrq ri wkh XV zkhq wkh vwxg| zdv vwduwhg lq 4<9;1 Wkh SVLG

kdv wudfnhg doo ruljlqdo idplo| xqlwv dqg wkhlu dgxow r�vsulqj ryhu wlph/ vr zlwk orz dwwulwlrq

udwhv wkh vdpsoh uhpdlqv uhsuhvhqwdwlyh dv orqj dv r�vsulqjv duh lqfoxghg1 L h{foxghg wkh sryhuw|

vdpsoh dqg wkh Odwlqr vdpsoh1

Wkh odvw |hdu iru zklfk �qdo uhohdvh gdwd duh dydlodeoh lv 4<<61 Iurp wkh 4<9;0<6 idplo|

�ohv L frqvwuxfw d gdwd vhw frqwdlqlqj lqirupdwlrq iru hdfk ri wkh krxvhkrogv hyhu lq wkh vdpsoh

gxulqj wklv shulrg1 L xvh wkh idplo| �ohv udwkhu wkdq wkh lqglylgxdo �ohv vlqfh zhdowk lqirupdwlrq

lv dydlodeoh dw wkh krxvhkrog ohyho1 Wkhuh duh 9655 vxfk krxvhkrogv +diwhu h{foxglqj wkh sryhuw|

dqg odwlqr vdpsohv,1 Iru vsolw0r�v/ lqirupdwlrq iru |hduv sulru wr wkh vsolw0r� zdv frghg dv

plvvlqj1

Zhdowk lqirupdwlrq iurp wkh 4<;7/ 4<;< dqg 4<<7 vxssohphqwv lv xvhg wr fdofxodwh qhw

�qdqfldo zhdowk/ gh�qhg dv wkh vxp ri fdvk +fkhfnlqj dqg vdylqjv dffrxqwv/ prqh| pdunhw

7 *Vwuxfwxudo vwdwh ghshqghqfh* uhihuv wr d vlwxdwlrq lq zklfk sdvw ghflvlrqv d�hfw fxuuhqw ghflvlrqv e| fkdqjlqj

wkh qdwxuh ri wkh fxuuhqw rswlpl}dwlrq sureohp1 Pruh rq wklv odwhu1
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erqgv/ Wuhdvxu| eloov/ lqfoxglqj vxfk dvvhwv khog lq LUD*v,/ erqgv +erqg ixqgv/ fdvk ydoxh lq olih

lqvxudqfh srolflhv/ froohfwlrqv/ uljkwv lq wuxvwv ru hvwdwhv,/ dqg vwrfnv +vkduhv ri vwrfn lq sxeolfo|

khog frusrudwlrqv/ pxwxdo ixqgv/ ru lqyhvwphqw wuxvwv/ lqfoxglqj vwrfnv lq LUD*v,1 Wr lghqwli|

hqwulhv iru zklfk lpsxwdwlrqv zhuh xvhg/ L xvh wkh zhdowk lqirupdwlrq dv jlyhq lq wkh idplo|

�ohv lqvwhdg ri wkh zhdowk vxssohphqw �ohv1 Lpsxwhg ydoxhv iru fdvk/ erqgv ru vwrfnv fdq wkhq

eh frghg dv plvvlqj1 Wrsfrglqj ri zhdowk ru lqfrph yduldeohv lv yhu| uduh lq wkh SVLG dqg

wrsfrghg yduldeohv zhuh ohiw dw wkhlu wrsfrghv1

Dowkrxjk qrwklqj suhyhqwv krxvhkrogv kdylqj d sruwirolr vkduh iru d jlyhq dvvhw deryh rqh/

wkh SVLG zhdowk gdwd grhv qrw doorz rqh wr revhuyh wklv gxh wr wkh zd| wkh zhdowk txhvwlrqv

duh irupxodwhg1 Iru h{dpsoh/ wkh txhvwlrqv dvnhg frqfhuqlqj vwrfn kroglqjv duh �Gr |rx +ru

dq|rqh lq |rxu idplo| olylqj wkhuh, kdyh dq| vkduhv ri vwrfn lq sxeolfo| khog frusrudwlrqv/ pxwxdo

ixqgv/ ru lqyhvwphqw wuxvwv/ lqfoxglqj vwrfnv lq LUD*vB� dqg �Li |rx vrog doo wkdw dqg sdlg r�

dq|wklqj |rx rzhg rq lw/ krz pxfk zrxog |rx kdyhB�1 Wkxv/ d krxvhkrog zkr kdg eruurzhg

wr lqyhvw pruh wkdq lwv wrwdo �qdqfldo zhdowk lq vwrfnv zrxog eh uhfrughg dv kdylqj d sruwirolr

vkduh iru vwrfnv ri rqh1 Vlploduo|/ lw lv qrw srvvleoh wr lghqwli| qhjdwlyh sruwirolr vkduhv +vkruw

vdohv, ehfdxvh qhjdwlyh ydoxhv ri vwrfnv/ erqgv dqg fdvk duh frghg dv }hurv lq wkh SVLG1

L gh�qh qrq�qdqfldo lqfrph dv oderu lqfrph soxv exvlqhvv lqfrph ri erwk khdg dqg vsrxvh1

Lqfrph dqg zhdowk yduldeohv duh gh dwhg e| wkh frqvxphu sulfh lqgh{/ zlwk 4<;50;7 dv edvlv

|hdu1 Krxvhkrog |hduv lq zklfk wkh khdg lv d vwxghqw ru lq zklfk wkh khdg lv roghu wkdq ;3

|hduv duh gursshg1 Lw zdv dovr qhfhvvdu| wr gurs wkh krxvhkrogv zlwk wkh wkuhh odujhvw ydoxhv ri

zhdowk lq rughu wr eh deoh wr fdofxodwh vrph ri wkh hvwlpdwruv wr iroorz1

Hvwlpdwhv ri hdfk ri wkh wkuhh lqfrph prphqwv ��| � H| +\�c|n�, > �
2
�| � +Y|+\�c|n�,,

�*2/ dqg

fry�| � fry|+\�|n�cUr
|n�, duh wkhq frqvwuxfwhg dw wkh krxvhkrog ohyho1 Rqh edvhg rq wkh 80|hdu

zlqgrz durxqg 4<;78/ rqh edvhg rq wkh 80|hdu zlqgrz durxqg 4<;</ dqg rqh edvhg rq wkh

480|hdu shulrg 4<:;04<<51 Iru wkh 80|hdu zlqgrzv rqo| krxvhkrogv zlwk qr fkdqjhv lq khdg ru

vsrxvh gxulqj dq| ri wkh wzr zlqgrzv duh lqfoxghg1 Iru wkh 480|hdu zlqgrz rqo| krxvhkrogv zlwk

qr fkdqjhv lq khdg ru vsrxvh gxulqj wklv shulrg duh xvhg1 Iru wkh 80|hdu zlqgrzv/ krxvhkrogv

zlwk 6 ru pruh qrq0}hur revhuydwlrqv ru pruh ri oderu soxv exvlqhvv2idup lqfrph duh xvhg1 Iru

wkh 480|hdu zlqgrz krxvhkrogv zlwk 43 ru pruh revhuydwlrqv duh xvhg1 Li qrq�qdqfldo lqfrph

8Wklv fruuhvsrqg wr lqwhuylhz |hduv 4<;60;:/ vlqfh lqfrph iru wkh suhylrxv |hdu lv uhsruwhg zkhq d krxvhkrog

lv lqwhuylhzhg1
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}hur lq d sduwlfxodu |hdu/ wkdw ydoxh lv qrw xvhg wr fdofxodwh wkh prphqwv1 Li qrq�qdqfldo lqfrph

lv }hur lq 4<;7 ru 4<;</ wkh wkuhh prphqwv duh vhw wr }hur iru wkdw krxvhkrog lq wkdw |hdu1 Wkh

vwrfn uhwxuq xvhg iru fdofxodwlqj wkh fryduldqfh ri vwrfnv dqg qrq�qdqfldo lqfrph lv wkh uhdo

ydoxh zhljkwhg Q\VH lqgh{1

Wkh xvh ri zlqgrzv lv prwlydwhg e| srwhqwldo wlph0yduldwlrq lq qrq�qdqfldo lqfrph1 Wklv

wlph0yduldwlrq fdq/ li suhvhqw/ eh xvhg wr frqvwuxfw LY hvwlpdwruv zklfk wdnhv phdvxuhphqw

huuru lq wkh lqfrph prphqw hvwlpdwhv lqwr dffrxqw1 Wkh wlph0yduldwlrq dovr doorzv �{hg0h�hfw

hvwlpdwruv wr eh xvhg dowkrxjk wkh vpdoo qxpehu ri sruwirolr revhuydwlrqv fdxvhv vrph sureohp

lq wklv uhjdug1 L zloo uhwxuq wr wklv lvvxh odwhu1

Vlqfh wkh odwhvw dydlodeoh lqfrph lqirupdwlrq uhihuv wr 4<<5/ lw lv qrw srvvleoh wr frqvwuxfw

d zlqgrz durxqg 4<<71 Wkh 4<<7 sruwirolr lqirupdwlrq lv wkhuhiruh rqo| xvhg iru ghvfulswlyh

vwdwlvwlfv dqg iru wkh uhjuhvvlrqv zlwk wkh 48 |hdu zlqgrz1 L gr qrw fdofxodwh wkh fryduldqfh ri

lqfrph frpsrqhqwv zlwk wkh uhdo vwrfn pdunhw uhwxuq iru wkh 80|hdu zlqgrzv1 Lw lv xqolnho| wkdw

wkh fryduldqfh ri dq lqfrph frpsrqhqw dqg wkh vwrfn pdunhw uhwxuq fdq eh hvwlpdwhg wr dq|

ohyho ri suhflvlrq zlwk 8 |hduv ri gdwd/ dqg dvlgh iurp wkdw/ lw lv qrw fohdu wkdw wklv fryduldqfh

zrxog fkdqjh pxfk ryhu wlph vkrxog zh eh deoh wr hvwlpdwh lw suhflvho|1 Wkh uhdvrq iru xvlqj d

48 |hdu shulrg lq vwhdg ri wkh hqwluh vdpsoh iru hdfk krxvhkrog iru wkh fryduldqfh hvwlpdwlrq lv

wkdw pdq| krxvhkrogv fkdqjh frpsrvlwlrq ryhu wlph/ hyhq li rqo| fkdqjhv lq khdgv dqg vsrxvhv

duh frqvlghuhg1 Wkhuhiruh/ uhvwulfwlqj wkh vdpsoh wr krxvhkrogv zlwk wkh vdph khdg dqg vsrxvh

iru doo |hduv zrxog lpso| d yhu| vpdoo +dqg idu iurp uhsuhvhqwdwlyh, vdpsoh1

Wkh edvh olqh vdpsoh zlwk gdwd edvhg rq wkh 80|hdu zlqgrzv durxqg 4<;7 dqg 4<;< frqwdlqv

43<5 krxvhkrogv1

8 Uhvxowv

814 Edvlf idfwv derxw khwhurjhqhlw| lq sruwirolr fkrlfh

Iru frpsdulvrq zlwk suhylrxv vwxglhv/ Wdeoh 4 frq�upv iru wkh suhvhqw gdwd vhw/ wkh zhoo nqrzq

idfw wkdw lq dq| jlyhq |hdu rqo| d iudfwlrq ri krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk sduwlflsdwhv

lq wkh vwrfn pdunhw ru lq wkh erqg pdunhw1 Dq xszdug wuhqg lq vwrfn pdunhw sduwlflsdwlrq lv fohdu

iurp wkh SVLG gdwd1 Ri krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk 77139 shufhqw sduwlflsdwhg

lq wkh vwrfn pdunhw lq 4<<7/ xs iurp 67145 shufhqw lq 4<;< dqg 5;17: shufhqw lq 4<;71 Zlwklq
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wkh vhw ri vwrfnkroghuv/ erwk wkh phgldq dqg phdq ri vwrfnkroglqjv lq grooduv dqg wkhq phdq

shufhqwdjh ri �qdqfldo zhdowk khog lq vwrfnv lqfuhdvhv vwurqjo| ehwzhhq 4<;< dqg 4<<791 Wr jlyh

d uhsuhvhqwdwlyh slfwxuh zklfk fdq surylgh lqirupdwlrq derxw wkh XV srsxodwlrq dv d zkroh/

wkhvh qxpehuv duh edvhg rq doo krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk lq wkh SVLG:1

Zlwk wkuhh revhuydwlrqv ri sruwirolr fkrlfh iru d jurxs ri krxvhkrogv/ lw lv srvvleoh wr dqdo|}h

sdwwhuqv ri sduwlflsdwlrq dqg wudglqj ryhu wlph1 Pdq| sdshuv kdyh hpskdvl}hg zlghvsuhdg qrq0

sduwlflsdwlrq lq rqh ru erwk ri wkhvh pdunhwv edvhg rq d furvv0vhfwlrq ri krxvhkrogv1 E| iroorzlqj

krxvhkrogv ryhu wlph lw lv srvvleoh wr ghwhuplqh zkhwkhu krxvhkrogv hlwkhu vwd| lq2rxw ri d jlyhq

pdunhw ru zkhwkhu wkhuh lv zlghvsuhdg pryhphqwv lq dqg rxw ri pdunhwv1

Wkh uhvxowv duh vkrzq lq Ilj1 406 dqg Wdeoh 5/ doo edvhg rq krxvhkrogv zlwk srvlwlyh �qdqfldo

zhdowk;1 Ilj1 4d1 irfxvhv rq wkh vhw ri krxvhkrogv iru zklfk sruwirolr lqirupdwlrq lv dydlodeoh iru

erwk 4<;< dqg 4<<71 Wkh �jxuh sorwv wkh 4<<7 vkduh ri �qdqfldo zhdowk khog lq vwrfnv djdlqvw wkh

4<;< vkduh1 Lq wkh devhqfh ri frvwv ri sduwlflsdwlqj lq wkh vwrfn pdunhw/ dqg zlwk qr qrq�qdqfldo

lqfrph dqg l1l1g dvvhw uhwxuqv/ vwdqgdug �qdqfh wkhru| suhglfwv wkdw doo krxvhkrogv vkrxog eh

dw d srlqw dorqj wkh 78 ghjuhh olqh lq wklv �jxuh +wkh ruljlq qrw lqfoxghg,1 Zlwk qrq�qdqfldo

lqfrph dqg2ru uhwxuqv zklfk duh qrw l1l1g srlqwv r� wkh 78 ghjuhh olqh exw lq wkh lqwhulru ri wkh

�uvw txdgudqw duh srwhqwldoo| frqvlvwhqw zlwk wkhru|1 Rqo| li wkhuh duh frvwv ri sduwlflsdwlqj

lq wkh vwrfn pdunhw fdq wkh odujh qxpehu ri krxvhkrogv dw wkh ruljlq ru dorqj rqh ri wkh d{hv

+:41:5 shufhqw, eh h{sodlqhg1 Suhylrxv hylghqfh edvhg rq furvv vhfwlrqv ri krxvhkrogv zrxog

ohdg xv wr h{shfw pdq| revhuydwlrqv ri }hur vwrfnkroglqjv lq hdfk |hdu1 Vrphzkdw vxusulvlqjo|/

wkh �jxuh vkrzv wkdw pdq| krxvhkrogv sduwlflsdwh lq wkh vwrfn pdunhw lq rqh |hdu exw qrw wkh

rwkhu1 Wkhvh duh wkh srlqwv dorqj wkh d{hv iruplqj dq dqjoh lq wkh judsk1 5;143 shufhqw ri

krxvhkrogv duh rq wklv dqjoh/ qrw lqfoxglqj wkh ruljlq1 Ilj1 4e1 vkrzv vlplodu uhvxowv edvhg rq

wkh 4<;70;< sdqho1 Qrwlfh wkdw pdq| ri wkh srlqwv rq wkh dqjohv duh idu iurp }hur1 Wklv uh hfwv

krxvhkrogv zkr pryh iurp d }hur wr d vxevwdqwldoo| srvlwlyh iudfwlrq ri zhdowk lq vwrfnv ru wkh

rwkhu zd| durxqg dqg iru zklfk wkh hqwu|2h{lw wkxv grhv qrw fruuhvsrqg wr *pdujlqdo* fkdqjhv

lq vwrfnkroglqjv dv d shufhqwdjh ri �qdqfldo zhdowk1

Ilj1 4f1 irfxvhv rq krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk iru zklfk wkuhh revhuydwlrqv

9Wklv lv qrw d qhfhvvdu| frqvhtxhqfh ri wkh vwrfn pdunhw errp/ vlqfh zlwk pruh sduwlflsdqwv hdfk sduwlflsdqw

frxog lq wkhru| krog wkh vdph dprxqw ru wkh vdph shufhqw ri �qdqfldo zhdowk lq vwrfnv lq 4<<7 dv lq 4<;<1
:Wkxv qrw doo ri wkh krxvhkrogv xvhg iru wkh wdexodwlrqv duh wkh vdph iru doo wkuhh |hduv gxh wr vsolw0r�v hwf1
;Dv iru Wdeoh 4 L gr qrw gurs krxvhkrogv zlwk fkdqjhv lq krxvhkrog frpsrvlwlrq1
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ri sruwirolr fkrlfh duh dydlodeoh1 Wkh fkdqjh lq wkh vkduh ri �qdqfldo zhdowk khog lq vwrfnv

ehwzhhq 4<;< dqg 4<<7 lv sorwwhg djdlqvw wkh 4<;70;< fkdqjh1 D *wulsohw* ri olqhv lv dssduhqw1

Wkh yhuwlfdo olqh fruuhvsrqgv wr krxvhkrogv zkr glg qrw sduwlflsdwh lq wkh vwrfn pdunhw lq 4<;7

ru 4<;< exw glg sduwlflsdwh lq 4<<7 +srlqwv vkrzlqj }hur fkdqjh ehwzhhq 4<;7 dqg 4<;< duh

doo iru qrq0sduwlflsdqw zkr kdg d }hur vkduh lq erwk |hduv,1 Wkh krul}rqwdo olqh fruuhvsrqgv

wr krxvhkrogv zkr sduwlflsdwhg lq 4<;7 exw qrw lq 4<;< ru 4<<71 Wkh prvw lqwhuhvwlqj olqh lv

wkh grzqzdug vorslqj rqh/ zklfk vkrzv wkdw pdq| krxvhkrogv hqwhuhg wkh vwrfn pdunhw vrph

wlph ehwzhhq 4<;7 dqg 4<;</ exw ohiw wkh pdunhw djdlq vrph wlph ehwzhhq 4<;< dqg 4<<7<1 Lw

lv whpswlqj wr lqwhusuhw wklv dv krxvhkrogv zkr hqwhuhg exw jrw vfduhg e| wkh pdunhw fudvk lq

Rfwrehu 4<;:1 Krzhyhu/ Ilj1 5f1 vkrzv d vlplodu sdwwhuq iru erqg kroglqjv1 D pruh sodxvleoh

h{sodqdwlrq iru wklv sdwwhuq lv odujh fkdqjhv lq rswlpdo sruwirolr vkduhv frpelqhg zlwk d �{hg

shu shulrg frvw ri sduwlflsdwlqj lq wkh pdunhw1 Wkh judskv iru wkh uhpdlqlqj frpsrqhqw ri

�qdqfldo zhdowk/ fdvk/ duh vkrzq lq Ilj1 61 Wkh olqhv duh wkh *uhyhuvh* ri wkrvh vkrzq lq Ilj14

dqg 5/ zklfk lv lqwxlwlyh1

815 Hylghqfh rq wkh lpsruwdqfh ri qrq�qdqfldo lqfrph iru sruwirolr fkrlfh

81514 Pdlq uhvxowv

Wkh uhvxowv iurp hvwlpdwlqj d vdpsoh vhohfwlrq prgho ri wkh vwrfn pdunhw sduwlflsdwlrq ghflvlrq

dqg ri wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv/ duh ryhudoo yhu| hqfrxudjlqj lq whupv

ri grfxphqwlqj d phdq0h�hfw dqg d yduldqfh0h�hfw ri qrq�qdqfldo lqfrph1 Vrph/ exw zhdnhu/

hylghqfh lv irxqg ri d fryduldqfh0h�hfw1

Wdeoh 6 vkrzv wkh uhvxowv iru wkh vdpsoh vhohfwlrq prgho/ hvwlpdwhg rq wkh edvh olqh vdpsoh ri

43<5 krxvhkrogv xvlqj sruwirolr gdwd iurp 4<;7 dqg 4<;<1 Wkhuh lv fohdu hylghqfh ri d srvlwlyh

phdq0h�hfw dqg d qhjdwlyh yduldqfh0h�hfw ri qrq�qdqfldo lqfrph rq wkh suredelolw| ri vwrfn

pdunhw sduwlflsdwlrq1 Wkh h�hfwv duh hfrqrplfdoo| lpsruwdqw dv zhoo dv vwdwlvwlfdoo| vljql�fdqw1

Wkh pdujlqdo h�hfwv +hydoxdwhg dw wkh phdqv ri wkh uljkw kdqg vlgh yduldeohv, vkrz wkdw dq

lqfuhdvh lq phdq uhdo qrq�qdqfldo lqfrph ri 43333 grooduv +lq 4<;50;7 sulfhv, lqfuhdvhv wkh

suredelolw| ri sduwlflsdwlrq e| derxw 7 shufhqwdjh srlqwv1 Wkh h�hfw ri d fkdqjh lq wkh vwdqgdug

ghyldwlrq ri uhdo qrq�qdqfldo lqfrph lv ri d vlplodu pdjqlwxgh exw qhjdwlyh1 Lq wkh htxdwlrq

<Iurp wkh dydlodeoh lqirupdwlrq lw lv qrw srvvleoh wr ghwhuplqh li krxvhkrogv hqwhuhg dqg wkhq ohiw wkh pdunhw

djdlq/ ru ohiw dqg wkhq uhhqwhuhg/ lq |hduv lq ehwzhhq 4<;7 dqg 4<;< ru lq ehwzhhq 4<;< dqg 4<<71
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iru wkh rswlpdo sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv/ wkh h�hfw ri d kljkhu vwdqgdug

ghyldwlrq ri qrq�qdqfldo lqfrph lv qhjdwlyh dqg vljql�fdqw1 Dq lqfuhdvh e| '43333 uhgxfhv

wkh rswlpdo vkduh ri zhdowk lqyhvwhg lq vwrfnv e| derxw 7 shufhqwdjh srlqwv1 Wkh phdq ri

qrq�qdqfldo lqfrph dovr hqwhuv zlwk wkh h{shfwhg vljq/ exw lv qrw vljql�fdqw1

Hgxfdwlrq hqwhuv wkh uhjuhvvlrqv zlwk wkh vdph vljqv dv kdv ehhq irxqg lq rwkhu vwxglhv1

Krxvhkrogv wkh khdg ri zklfk lv pruh hgxfdwhg duh pruh olnho| wr krog vwrfnv dqg wr krog d odujh

sursruwlrq ri wkhlu zhdowk lq vwrfnv/ li dq|1 Li lqwhudfwlrq whupv ri wkh hgxfdwlrq gxpplhv dqg wkh

odjjhg sduwlflsdwlrq ghflvlrq2odjjhg � duh lqfoxghg +qrw vkrzq,/ wkh| duh jhqhudoo| lqvljql�fdqw1

Wklv lqglfdwhg wkdw wkh vljql�fdqfh ri hgxfdwlrq lv pruh olnho| wr uh hfw d fruuhodwlrq ehwzhhq

hgxfdwlrq dqg suhihuhqfhv wkdq ehwzhhq hgxfdwlrq dqg wkh frvwv ri vwrfn pdunhw sduwlflsdwlrq1

Wkh qhw h�hfw ri dq lqfuhdvh lq uhdo �qdqfldo zhdowk rq wkh suredelolw| ri vwrfn pdunhw

sduwlflsdwlrq dqg rq wkh sursruwlrq lqyhvwhg lq vwrfnv lv srvlwlyh dw doo zhdowk ohyhov revhuyhg

lq wkh vdpsoh1 Wklv frxog eh hqwluho| gxh wr wkh suhvhqfh ri frvwv ri lqyhvwlqj lq wkh vwrfn

pdunhw/ dqg grhv qrw qhfhvvdulo| phdq wkdw wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq lv ghfuhdvlqj

lq zhdowk1

Vlqfh e��| dqg e�2�| duh olnho| wr eh qrlv| hvwlpdwhv ri wkh wuxh sdudphwhuv ��| dqg �2�|> d

phdvxuhphqw huuru sureohp pd| eh suhvhqw lq wkh uhvxowv vkrzq lq Wdeoh 61 Wr ghwhuplqh li wklv

lv wkh fdvh/ L uhhvwlpdwh wkh prgho xvlqj lqvwuxphqwdo yduldeohv whfkqltxhv1 L lqvwuxphqw iru e��|
dqg e�2�| xvlqj dv lqvwuxphqwv wkh odjjhg ydoxhv e��|3� dqg e�2�|3�= Wkh LY hvwlpdwru iru wkh surelw

prgho lv wkh rqh ghvfulehg lq Dphpl|d +4<:;,1 Iru wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg

lq vwrfnv L xvh wkh hvwlpdwru iurp Ohh +4<;4,1 Wkh uhvxowv duh vkrzq lq Wdeoh 71 Lq wkh surelw/

wkh h�hfw ri phdq qrq�qdqfldo lqfrph lv derxw wzlfh dv odujh dv lq Wdeoh 6 zkloh wkh h�hfw ri

wkh vwdqgdug ghyldwlrq ri qrq�qdqfldo lqfrph lv derxw vl{ wlphv odujhu1 Wklv fohduo| vkrzv wkh

lpsruwdqfh ri lqvwuxphqwlqj wr dyrlg grzqzdug eldv lq wkh hvwlpdwhv gxh wr phdvxuhphqw huuru1

Iru wkh sursruwlrq ri zhdowk lqyhvwhg lq vwrfnv/ wkh h�hfwv ri qrq�qdqfldo lqfrph lv djdlq pxfk

odujhu lq wkh LY hvwlpdwlrqv dqg phdq qrq�qdqfldo lqfrph lv qrz vljql�fdqw1

Wxuqlqj wr wkh fryduldqfh h�hfw/ Wdeoh 8 vkrzv wkh uhvxowv edvhg rq gh�qlqj wkh lqfrph

yduldeohv rq wkh 480|hdu zlqgrz 4<:<04<<6 dqg xvlqj sruwirolr gdwd iru 4<;7/ 4<;</ dqg 4<<71

Wkh fryduldqfh ri qrq�qdqfldo lqfrph zlwk wkh vwrfn uhwxuq hqwhuv erwk wkh surelw dqg wkh

htxdwlrq iru wkh sursruwlrq lq vwrfn zlwk wkh h{shfwhg vljq/ exw lv qrw vljql�fdqw1 Li wkh

fruuhodwlrq lv xvhg lq vwhdg ri wkh fryduldqfh +qrw vkrzq,/ lw hqwhuv vljql�fdqwo| lq wkh htxdwlrq
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iru wkh sursruwlrq lq vwrfnv zlwk d frh!flhqw ri 0314:1 Wkh 43wk shufhqwloh iru wkh fruuhodwlrq

+lq wkh furvv vhfwlrq ri krxvhkrogv, lv 031531 Wkh <3wk shufhqwloh htxdov 31561 Wkxv hyhq d pryh

iurp wkh 43wk wr wkh <3wk shufhqwloh lq whupv ri fruuhodwlrq ri qrq�qdqfldo lqfrph zlwk wkh

vwrfn uhwxuq zrxog rqo| fkdqjh wkh sursruwlrq lqyhvwhg lq vwrfnv e| : shufhqwdjh srlqwv1 Edvhg

rq wklv lw lv qrw vxusulvlqj wkdw wkh fryduldqfh +dqg wkh fruuhodwlrq li wkdw lv xvhg lqvwhdg, lv

lqvljql�fdqw lq wkh surelw prgho1

Lq vxp/ wkh uhvxowv vwurqjo| vxssruw wkh wkhruhwlfdo suhglfwlrq ri d srvlwlyh h�hfw ri phdq

qrq�qdqfldo lqfrph rq wkh suredelolw| ri vwrfnkroglqj dqg wkh rswlpdo vkduh ri �qdqfldo zhdowk

lqyhvwhg lq vwrfnv/ dqg ri d qhjdwlyh h�hfw ri wkh yduldqfh ri qrq�qdqfldo lqfrph1 Vrph hylghqfh

lv irxqg ri d qhjdwlyh fryduldqfh h�hfw exw wklv h�hfw lv erwk hfrqrplfdoo| dqg vwdwlvwlfdoo|

zhdnhu1

81515 Dffrxqwlqj iru lqglylgxdo h�hfwv

Lq g|qdplf sdqho gdwd prghov/ hyhq lqglylgxdo h�hfwv zklfk duh qrw fruuhodwhg zlwk uhjuhvvruv

rwkhu wkdq wkh odjv fdq ohdg wr lqfrqvlvwhqw hvwlpdwhv ri doo sdudphwhuv1 Frqvlghu/ iru h{dpsoh/

d g|qdplf surelw prgho dv wkh rqh frqvlghuhg suhvhqwo|1 Li wkh lqlwldo frqglwlrqv ri wkh surfhvv

frxog eh dvvxphg wuxo| h{rjhqrxv/ ru wkh surfhvv frxog eh dvvxphg wr eh lq htxloleulxp/ frq0

vlvwhqw hvwlpdwhv ri wkh sdudphwhuv frxog eh rewdlqhg xvlqj pd{lpxp olnholkrrg hvwlpdwlrq1 Lq

prvw fdvhv/ qhlwkhu ri wkhvh dvvxpswlrqv duh sodxvleoh1 Lq wkdw fdvh rqh frxog frqvlghu d �{hg

h�hfwv dssurdfk1 Wklv grhv/ krzhyhu/ rqo| ohdgv wr frqvlvwhqw hvwlpdwhv dv W $ 4= Lq vkruw

vdpsohv wkh eldv ri wkh �{hg h�hfwv hvwlpdwru fdq eh yhu| odujh dv vkrzq lq Khfnpdq +4<;4,1

Khfnpdq lqvwhdg sursrvhv dq dssur{lpdwh udqgrp h�hfwv hvwlpdwru zklfk lv vwloo eldvhg exw

pxfk ohvv vr wkdq wkh �{hg h�hfwv hvwlpdwru1 Wklv dssur{lpdwh udqgrp h�hfwv hvwlpdwru dv0

vxphv wkdw wkh lqglylgxdo h�hfwv duh xqfruuhodwhg zlwk wkh uhjuhvvruv rwkhu wkdq wkh odjv1 Iru

wkh sdqho gdwd surelw prgho zlwk rqh odj/ Khfnpdq*v hvwlpdwru fdq eh xvhg iru W @ 5 ru odujhu1

Uhfhqwo|/ Krqruh dqg N|uld}lgrx +4<<;, kdyh vkrzq wkdw surylghg wkdw 7 ru pruh revhuydwlrqv

shu lqglylgxdo duh dydlodeoh/ rqh fdq frqvlvwhqwo| hvwlpdwh wkh sdudphwhuv ri sdqho gdwd orjlw

prghov zlwk lqglylgxdo h�hfwv zklfk duh doorzhg wr eh fruuhodwhg zlwk wkh h{sodqdwru| yduldeohv1

Vlqfh L rqo| kdyh W @ 5 +ru W @ 6 li rqo| rqh 48 |hdu zlqgrz lv xvhg wr fdofxodwh wkh lqfrph

yduldeohv,/ L fdqqrw xvh wklv hvwlpdwru1 L zloo uhwxuq wr Khfnpdq*v hvwlpdwru lq wkh qh{w vhfwlrq1

Li wkh prgho glg qrw lqfoxgh odjv rqh frxog dffrxqw iru lqglylgxdo h�hfwv zklfk duh fruuhodwhg
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zlwk wkh uhjuhvvruv lq wkh elqdu| fkrlfh prgho ri vwrfn pdunhw sduwlflsdwlrq e| hvwlpdwlqj d

frqglwlrqdo orjlw prgho udwkhu wkdq d surelw1 Lqglylgxdo +krxvhkrog, h�hfwv duh olnho| wr eh

fruuhodwhg zlwk wkh lqfrph uhjuhvvruv li wkh �{hg h�hfw uhsuhvhqwv khwhurjhqhlw| lq suhihuhqfh

sdudphwhuv1 Frqvlghu d fdvh lq zklfk zh duh wu|lqj wr ghwhuplqh wkh h�hfw ri wkh phdq dqg

vwdqgdug ghyldwlrq ri oderu dqg exvlqhvv lqfrph rq wkh suredelolw| ri ehlqj d vwrfnkroghu1

Vxssrvh wkdw krxvhkrogv duh khwhurjhqhrxv lq whupv ri wkhlu frh!flhqw ri uhodwlyh ulvn dyhuvlrq

exw wkdw zh gr qrw kdyh krxvhkrog ohyho ulvn dyhuvlrq phdvxuhv1 Ohvv ulvn dyhuvh krxvhkrogv

duh pruh olnho| wr eh vwrfnkroghuv1 Krzhyhu/ wkh| duh dovr pruh olnho| wr vhoi0vhohfw lqwr ulvnlhu

mrev ru wr ehfrph exvlqhvv rzqhuv dqg zloo wkhuhiruh whqg wr kdyh kljkhu vwdqgdug ghyldwlrq ri

oderu +exvlqhvv, lqfrph/ dqg dovr kljkhu phdq oderu +exvlqhvv, lqfrph wr wkh h{whqw wkh ulvn

lv frpshqvdwhg e| d kljkhu phdq1 Wkxv wkh uhjuhvvruv zloo eh hqgrjhqrxv dqg wkh frh!flhqw

hvwlpdwhv rq erwk wkh phdq dqg wkh vwdqgdug ghyldwlrq zloo eh xszdug eldvhg1 Wkh h�hfw ri phdq

lqfrph zloo eh h{djjhudwhg dqg zh pd| jhw dq xqh{shfwhg srvlwlyh ru lqvljql�fdqw frh!flhqw

iru oderu +exvlqhvv, lqfrph ulvn rq vwrfnkroglqjv +vlplodu sureohpv dulvh iru wkh fryduldqfh0

h�hfw dv iru wkh yduldqfh0h�hfw,1 Wkh Vxuyh| ri Frqvxphu Ilqdqfhv frqwdlqv d vhoi0uhsruwhg

phdvxuh ri ulvn dyhuvlrq zklfk vhyhudo sdshuv kdyh irxqg vljql�fdqw lq uhjuhvvlrqv lqyroylqj

vwrfnkroglqjv43/ frq�uplqj wkh �qglqjv ri Eduvn| hw do1 +4<<:,1 Wkh odwwhu dovr grfxphqwhg dq

hfrqrplfdoo| odujh dowkrxjk qrw vwdwlvwlfdoo| vljql�fdqw ri ulvn wrohudqfh rq wkh suredelolw| ri

ehlqj vhoi0hpsor|hg1

Wr sduwldoo| dgguhvv wklv lvvxh L fkrvh wr hvwlpdwh d frqglwlrqdo orjlw prgho hyhq wkrxjk

odjv fdqqrw eh lqfoxghg zkhq W ? 7> dqg wkh uhvxowv wkhuhiruh vkrxog eh lqwhusuhwhg zlwk vrph

fdxwlrq1 Wkh lghd ri wklv �{hg0h�hfwv prgho lv wr frqglwlrq rq wkh vxp ri wkh glvfuhwh ghshqghqw

yduldeoh ryhu wkh vdpsoh +dw wkh krxvhkrog ohyho,1 Lq wkh uhvxowlqj frqglwlrqdo olnholkrrg wkh

lqglylgxdo h�hfwv fdqfho/ vhh Fkdpehuodlq +4<;3,1

Wkh hvwlpdwlrq uhvxowv duh vkrzq lq Wdeoh :1 Krxvhkrogv zkr gr qrw hqwhu ru h{lw wkh vwrfn

pdunhw lq rqh ri wkh wzr |hduv frqwulexwh }hurv wr wkh frqglwlrqdo olnholkrrg dqg duh gursshg1

43Vhh Eoxph dqg ]hoghv +4<<7, dqg Ehuwdxw dqg Kdoldvvrv +4<<8,1 Gxh wr wkh odfn ri wlph glphqvlrq wkh VFI

e| lwvhoi fdqqrw eh xvhg wr whvw iru wkh wkuhh h�hfwv ri qrq0�qdqfldo lqfrph rq sruwirolr fkrlfh1 Rqh frxog frqvlghu

hvwlpdwlqj wkh prphqwv ri lqfrph e| ghprjudsklf jurxsv xvlqj wkh SVLG dqg wkhq xvh wkhvh dv uhjuhvvruv lq dq

dqdo|vlv edvhg rq VFI dvvhw gdwd dqg wkh VFI ulvn dyhuvlrq phdvxuh1

Wkh 4<<9 SVLG iru wkh �uvw wlph lqfoxghv d phdvxuh ri ulvn dyhuvlrq vlplodu wr wkh rqh iurp wkh Khdowk dqg

Uhwluhphqw Vwxg| xvhg e| Eduvn| hw do1 L zloo uhwxuq wr wkh srwhqwldo xvh ri wklv phdvxuh1
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Wklv ohdyhv 859 krxvhkrogv1 Dv dq dowhuqdwlyh vdpsoh L wkhuhiruh gurs wkh uhvwulfwlrq rq qr

krxvhkrog frpsrvlwlrq fkdqjhv1 Wklv uhvxowv lq d odujhu vdpsoh ri ;99 krxvhkrogv/ exw zlwk

orzhu txdolw| ri wkh lqfrph gdwd lq wkh vhqvh wkdw d wlph vhulhv ri lqfrph revhuydwlrq iru d jlyhq

krxvhkrog pd| qrw uhihu wr wkh vdph khdg dqg vsrxvh iru doo |hduv1 L ixuwkhupruh frqvlghu d fxwr�

ri 8 shufhqw ri �qdqfldo zhdowk lq vwrfnv iru ehlqj frqvlghuhg d vwrfnkroghu1 Iru wkuhh ri wkh irxu

uhvxowlqj fdvhv wkh phdq0h�hfw ri qrq�qdqfldo zhdowk lv vljql�fdqw/ qrz iru wkh suredelolw| ri

hqwhulqj ru h{lwlqj wkh vwrfn pdunhw1 Wkhuh lv qr hylghqfh ri d yduldqfh h�hfw1 Ilqdqfldo zhdowk

lv vljql�fdqw zkhq wkh odujhu vdpsoh lv xvhg1 Jlyhq wkh dvvxphg odfn ri wlph0yduldwlrq lq wkh

fryduldqfh ri qrq�qdqfldo zhdowk zlwk wkh vwrfn uhwxuq/ lw lv qrw srvvleoh wr whvw zkhwkhu wkh

+zhdn, hylghqfh ri d fryduldqfh h�hfw lv urexvw wr frqwuroolqj iru lqglylgxdo h�hfwv1 Ryhudoo wkh

frqglwlrqdo orjlw uhvxowv vkrz wkdw wkh phdq0h�hfw lv urexvw wr frqwuroolqj iru lqglylgxdo h�hfwv e|

lghqwli|lqj wkh h�hfw r� wlph yduldwlrq lq vwrfn pdunhw sduwlflsdwlrq iru hdfk krxvhkrog/ udwkhu

wkdq iurp furvv0vhfwlrqdo gl�huhqfhv dv grqh lq wkh hvwlpdwlrqv deryh1 Wkh odfn ri hylghqfh ri d

yduldqfh h�hfw edvhg rq wkh suhvhqw hvwlpdwhv grhv qrw qhfhvvdulo| phdq wkdw rqh lv qrw suhvhqw

rqfh frqwuroolqj iru lqglylgxdo h�hfwv1 Lw lv srvvleoh wkdw wkhuh lv lqvx!flhqw wlph0yduldwlrq lq

wkh vwdqgdug ghyldwlrq ri qrq�qdqfldo lqfrph ru wkdw wkh wlph0yduldwlrqv duh wrr vpdoo wr eh

suhflvho| hvwlpdwhg1

Dq dowhuqdwlyh dssurdfk wr frqwuroolqj iru lqglylgxdo h�hfwv lv srvvleoh li rqh lv zloolqj wr pdnh

wkh dvvxpswlrq wkdw ulvn dyhuvlrq +dqg qr rwkhu suhihuhqfh sdudphwhuv, lv wkh pdlq frpsrqhqw

ri wkh lqglylgxdo h�hfw1 Iru wkh �uvw wlph/ wkh 4<<9 txhvwlrqqdluh ri wkh SVLG lqfoxghv d vhulhv

ri txhvwlrqv ghvljqhg wr surylgh dq hvwlpdwh ri uhodwlyh ulvn dyhuvlrq +ru htxlydohqwo| wkh lqyhuvh

ri uhodwlyh ulvn dyhuvlrq fdoohg ulvn wrohudqfh,1 Wkh phwkrgrorj| xvhg lv wkh vdph dv wkh rqh

ghvfulehg lq wkh sdshu e| Eduvn| hw do1 +4<<:,1 Wkh ulvn dyhuvlrq txhvwlrqv duh rqo| dvnhg

wr hpsor|hg uhvsrqghqwv1 E| xvlqj wkh krxvhkrog lghqwl�fdwlrq qxpehuv lq wkh 4<<70<9 hduo|

uhohdvh �ohv wkh hvwlpdwhv ri ulvn wrohudqfh fdq eh phujhg edfn lqwr wkh vdpsoh1 L rqo| phujh

edfnzdugv wr 4<;< wr dyrlg vhulrxv vhohfwlrq sureohpv gxh wr idfw wkdw d krxvhkrog kdv wr

uhpdlq lq wkh vdpsoh xqwlo 4<<9 dqg wkh khdg kdv wr eh hpsor|hg iru ulvn wrohudqfh hvwlpdwhv

wr eh dydlodeoh1 Wkh ulvn wrohudqfh hvwlpdwh fdq wkhq eh lqfoxghg lq dq hvwlpdwlrq iru wkh

4<;< furvv0vhfwlrq dv dq hvwlpdwh ri wkh sduw ri wkh lqglylgxdo h�hfw zklfk lv fruuhodwhg zlwk

wkh uhjuhvvruv1 Dv wkh frqglwlrqdo orjlw prgho/ wklv dssurdfk grhv qrw doorz iru odjv ri wkh

sduwlflsdwlrq ghflvlrq1
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Wkh uhvxowv jlyhq lq Wdeoh 9 vkrz wkdw wkh ulvn wrohudqfh phdvxuh lv vljql�fdqw lq wkh surelw

iru vwrfn pdunhw sduwlflsdwlrq dw wkh 43 shufhqw ohyho dqg kdv wkh h{shfwhg srvlwlyh vljq1 Krz0

hyhu/ wkh fohdu hylghqfh ri d phdq dqg yduldqfh h�hfw ri qrq�qdqfldo lqfrph uhpdlqv1 Wklv lv

frpiruwlqj jlyhq wkh pl{hg uhvxowv ri frqglwlrqdo orjlw hvwlpdwlrqv1

816 Hylghqfh rq wkh vwuxfwxuh ri vwrfn pdunhw sduwlflsdwlrq frvwv

81614 Pdlq uhvxowv

Wkh frh!flhqw rq wkh odjjhg sduwlflsdwlrq ghflvlrq lv srvlwlyh dqg kljko| vljql�fdqw lq wkh surelw

lq erwk Wdeoh 6 dqg 71 Dv rxwolqhg lq wkh wkhruhwlfdo vhfwlrq wklv ohdgv wr wkh frqfoxvlrq wkdw

I. A 3 ru IA
f A 3= Dowkrxjk L dp qrw deoh wr txdqwli| wkh groodu dprxqwv ri wkhvh frvwv/

wkhlu hfrqrplf lpsruwdqfh fdq eh frqvlghuhg1 Wkh glvfuhwh fkdqjh lq wkh suredelolw| ri ehlqj

d vwrfnkroghu lq shulrg w fdxvhg e| ehlqj d vwrfnkroghu lq shulrg w� 4 lv 63 shufhqwdjh srlqwv

edvhg rq wkh uhvxowv iurp wkh LY hvwlpdwlrqv lq Wdeoh 71

Wkh frh!flhqw rq ��c|3� lv dovr srvlwlyh dqg vljql�fdqw lq wkh surelw prgho1 D 43 shufhqwdjh

srlqw lqfuhdvh lq ��c|3� lqfuhdvhv wkh suredelolw| ri ehlqj d vwrfnkroghu lq shulrg w e| derxw

5 shufhqwdjh srlqwv/ djdlq edvhg rq wkh uhvxowv iurp Wdeoh 71 Wkxv IA
� A 3 dqg IA

� lv odujh

hqrxjk wr eh hfrqrplfdoo| lpsruwdqw1

Wxuqlqj wr wkh sursruwlrq lqyhvwhg lq vwrfnv/ ��|/ wkh srvlwlyh frh!flhqw rq ��c|3� vljql�hv

wkdw IA
f A 3 ru IA

� A 3= Dv iru wkh vl}h ri wkh h�hfw/ Wdeoh 7 vkrzv wkdw d 43 shufhqwdjh srlqw

lqfuhdvh lq ��c|3� lqfuhdvhv ��c| e| derxw 8 shufhqwdjh srlqwv/ frqglwlrqdo rq sduwlflsdwlrq1

81615 Dffrxqwlqj iru lqglylgxdo h�hfwv

Dv glvfxvvhg deryh/ wkh vljql�fdqfh ri odjv frxog eh gxh wr xqdffrxqwhg iru vhuldoo| fruuhodwhg

lqglylgxdo h�hfwv udwkhu wkdq vwuxfwxudo vwdwh ghshqghqfh1 Wr ghwhuplqh li wklv lv wkh fdvh

L hvwlpdwhg wkh g|qdplf surelw prgho xvlqj wkh hvwlpdwru ri Khfnpdq +4<;4,1 Wkh prgho

hvwlpdwhg dqg wkh vdpsoh xvhg lv wkh vdph dv lq Wdeoh 6/ dvlgh iurp ��|3� qrw ehlqj lqfoxghg1

Wkh qh{w yhuvlrq ri wkh sdshu zlwk lqfoxgh ��|3� dv zhoo dv \�|3�= Wkh frh!flhqw rq \�|3�

uhpdlqv hvvhqwldoo| xqfkdqjhg +dqg wkh phdq dqg vwdqgdug ghyldwlrq ri qrq�qdqfldo lqfrph

uhpdlqv vljql�fdqw,1 Wklv lqglfdwhv wkdw wkh vljql�fdqfh ri \�|3� lq wkh surelw lv lqghhg hylghqfh

wkdw I. A 3 ru IA
f A 3> dqg qrw gxh wr xqrevhuyhg khwhurjhqhlw|1 Khfnpdq*v hvwlpdwru iru wkh
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surelw prgho fdq eh jhqhudol}hg wr wkh vdpsoh vhohfwlrq prgho1 Ghulydwlrqv dqg uhvxowv iru wklv

zloo dovr eh lqfoxghg lq wkh qh{w yhuvlrq ri wkh sdshu1

9 Lqihuhqfh derxw wkh vl}h ri IS

Ohw F�| +Q�c|3�> \�c|3�>Z�|> V�|, dqg ��| +Q�c|3�> \�c|3�>Z�|> V�|, @ Q�| +Q�c|3�> \�c|3�>Z�|> V�|,
�r|

` _�rR
�|

eh wkh vroxwlrqv wr wkh rswlpl}dwlrq sureohp iru d vwrfnkroghu +wkh vdph sureohp frqvlghuhg

hduolhu,

Y� +Q�c|3�> \�c|3�>Z�|> V�|, @ pd{
��|c��|

iX +F�|, . �HY�c|n� +Q�|> 4>Z�|n�> V�|n�,j

v=w= Z�c|n� @ +4 . usc| . ��| +urc| � usc|,,Z
_�rR
�| . $�| �F�|

zlwk Z _�rR
�| gh�qhg dv ehiruh1 Gh�qh wkh fhuwdlqw| htxlydohqw h{fhvv uhwxuq rq vwrfnv ryhu

W0eloov dv wkh qrqvwrfkdvwlf h{fhvv uhwxuq zklfk zrxog pdnh wkh krxvhkrog lqgl�huhqw eh0

wzhhq wkh vwrfkdvwlf sruwirolr uhwxuq 4 . usc| . ��| +Q�c|3�> \�c|3�>Z�|> V�|, +urc| � usc|, dqg wkh

fhuwdlq sruwirolr uhwxuq 4 . usc| . ��| +Q�c|3�> \�c|3�>Z�|> V�|, u
Se
�| > kroglqj wkh srolf| ixqfwlrqv

F�| +Q�c|3�> \�c|3�>Z�|> V�|, dqg ��| +Q�c|3�> \�c|3�>Z�|> V�|, �{hg1 Wkh fhuwdlqw| htxlydohqw h{fhvv

uhwxuq iru krxvhkrog l/ shulrg w>zloo lq jhqhudo ghshqg rq wkh vwdwh yduldeohvQ�c|3�> \�c|3�>Z�|> V�|

vlqfh krxvhkrogv zlwk d kljk ydoxh ri ��| +Q�c|3�> \�c|3�>Z�|> V�|, duh olnho| wr kdyh d kljk fhuwdlqw|

htxlydohqw uhwxuq1 Wklv lpsolhv d srvlwlyh fruuhodwlrq ehwzhhq ��| dqg uSe�| lq wkh furvv0vhfwlrq1

Xvlqj wkh deryh gh�qlwlrq ri uSe�| > wkh rswlpdolw| frqglwlrq iru vwrfn pdunhw sduwlflsdwlrq iru

krxvhkrog l lq shulrg w fdq eh uhzulwwhq iurp

Sduwlflsdwh li Y� +Q�c|3�> \�c|3�>Z�|> V�|, � Yf +Q�c|3�> \�c|3�>Z�|> V�|,

wr

Sduwlflsdwh li ��| +Q�c|3�> \�c|3�>Z�|> V�|,Z
_�rR
�| uSe�| +Q�c|3�> \�c|3�>Z�|> V�|, � I�

�| =

Wkh deryh sduwlflsdwlrq frqglwlrq lv vlplodu wr wkh frqglwlrq jlyhq e| Pxooljdq dqg Vdod0l0

Pduwlq +4<<9,/ h{fhsw wkdw L gr qrw dvvxph wkh fhuwdlqw| htxlydohqw uhwxuq wr eh frqvwdqw dfurvv

krxvhkrogv1 Qrwlfh wkdw I�
�| lv doorzhg wr gl�hu dfurvv krxvhkrogv1 Wkh remhfwlyh ri wkh dqdo|vlv

wr iroorz lv wr hvwlpdwh wkh furvv vhfwlrqdo glvwulexwlrq ri I� lq wkh srsxodwlrq1 Wr eh deoh wr

gr wklv rqh qhhgv dgglwlrqdo dvvxpswlrqv derxw

53



d, Wkh ydoxh ri ��| ;l> ru d prgho ri lw/ ��| +Q�c|3�> \�c|3�>Z�|> V�|, =

e, Wkh ydoxh ri uSe�| ;l> ru d prgho ri lw/ uSe�| +Q�c|3�> \�c|3�>Z�|> V�|, =

f, Wkh fruuhodwlrq ri I�
�| zlwk wkh rwkhu yduldeohv lq wkh prgho

L �uvw frqvlghu wkh vlpsoh ehqfkpdun fdvh ri krprjhqhrxv ��| dqg uSe�| dqg wkhq pryh wr wkh

pruh uhdolvwlf fdvh ri khwhurjhqhlw|1

914 Fdvh 4= Krprjhqhrxv k�| dqg oSe�|

Dvvxph wkdw

d, ��| @ 4 ;l
e, uSe�| @ 3=37 ;l
f, Zhdowk dqg sduwlflsdwlrq frvwv duh xqfruuhodwhg lq wkh furvv vhfwlrq1

Jlyhq dvvxpswlrqv d, dqg e, wkh vwrfn pdunhw sduwlflsdwlrq frqglwlrq uhgxfhv wr=

Sduwlflsdwh li Z_�rR
�| 3=37 � I�

�| =

Vlqfh wkh lqfhqwlyh wr sduwlflsdwh lv olqhdu lq zhdowk rqh fdq hvwlpdwh wkh furvv vhfwlrqdo glvwul0

exwlrq ri I�
�| gluhfwo| iurp wkh zhdowk glvwulexwlrq1 Iru h{dpsoh/ li 5: shufhqw ri krxvhkrogv

zlwk zhdowk ri '43333 sduwlflsdwhv/ wkhq 5: shufhqw ri wkhvh krxvhkrogv pxvw kdyh kdg sduwlf0

lsdwlrq frvw ehorz 3=37 � 43333 @ '7331 Jlyhq dvvxpswlrq f, wklv lpsolhv wkdw 5: shufhqw ri

doo krxvhkrogv pxvw kdyh kdg sduwlflsdwlrq frvwv ehorz '7331 E| vsolwwlqj wkh vdpsoh lqwr 43

zhdowk ghflohv dqg xvlqj wklv dssurdfk iru hdfk ghfloh/ rqh rewdlqv 43 hvwlpdwhv ri srlqwv rq wkh

fxpxodwlyh glvwulexwlrq ixqfwlrq iru wkh furvv vhfwlrqdo glvwulexwlrq ri I�
�| =

Uhvxowv=

Wkh uhvxow lv vkrzq lq Iljxuh 7 iru wkh vdpsoh ri doo krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk

dqg dvvxplqj � @ 41 Wkh phgldq shu shulrg sduwlflsdwlrq frvw lv durxqg '933 +uhdo 4<;50;7

grooduv, iru 4<<7/ kljkhu iru 4<;7 dqg 4<;<1 Vlqfh hyhq dprqj yhu| ulfk krxvhkrogv qrw doo krog

vwrfn/ wkh hvwlpdwhg FGI grhv qrw uhdfk 4 dw dq| zhdowk ohyho441 Iljxuh 8 vkrzv wkh vdph

fdofxodwlrq xqghu wkh dvvxpswlrq wkdw ��| iru hdfk krxvhkrog htxdov wkh iudfwlrq ri vwrfn pdunhw

zhdowk lq wrwdo �qdqfldo zhdowk ri wkh vdpsoh iru |hdu w= Wklv ohdgv wr hvwlpdwhv ri wkh phgldq shu

shulrg sduwlflsdwlrq frvw ri derxw '683 iru hdfk |hdu1 Lqwhusuhwlqj wkh shu shulrg sduwlflsdwlrq

frvw dv wkh frvw ri dgglwlrqdo wlph vshqw grlqj wd{hv dqg vshqw iroorzlqj wkh pdunhw/ wklv vhhpv

44Wkh srlqw fruuhvsrqglqj wr wkh odvw zhdowk ghfloh lv qrw lqfoxghg lq wkh judsk1

54



vrphzkdw kljk1 Krzhyhu/ dv vkrzq lq wkh qh{w vhfwlrq pruh fduhixo prghoolqj eulqjv grzq wkh

hvwlpdwh ri wkh phgldq wr derxw '4330'5331

915 Fdvh 5= Khwhurjhqhrxv k�| dqg oSe�| � D fhqvruhg uhjuhvvlrq prgho zlwk

xqrevhuydeoh vwrfkdvwlf wkuhvkrog

Dvvxph wkdw ��| lv ghwhuplqhg e| wkh prgho

��| @

;?= �W�| @ h{s +{��|� . x�|, li �W�|Z
_�rR
�| uSe�| � I�

�|

3

oqI�
�| @ �*?8� . ��|

oq uSe�| @ {��|*. y�|

, oqI�
�| � oq uSe�| @

�
�*?8� � {��|*

�

%�

�|)

. +��| � y�|,

0�|

@ {��|*. %�| +4,57 x�|

%�|

68 m{�|>Z _�rR
�| � Q2

3C57 3

3

68 >

57 �2� ��0

��0 �20

684D
zkhuh {�| lv d yhfwru frqwdlqlqj wkh dujxphqwv ri wkh srolf| ixqfwlrq1

D ihz frpphqwv duh lq rughu1 Iluvwo|/ wklv prgho zloo ohdg wr d frqvhuydwlyh +odujh, hvwlpdwh

ri wkh glvwulexwlrq ri wkh shu shulrg sduwlflsdwlrq frvw/ vlqfh wkh rswlpdo sursruwlrq lqyhvwhg lq

vwrfnv +frqglwlrqdo rq sduwlflsdwlrq, lv dvvxphg srvlwlyh iru doo krxvhkrogv1 Kdg L +dv hduolhu,

xvhg d vlpsoh olqhdu ixqfwlrqdo irup/ �W�| @ {��|�.x�|> wkh uhvxowlqj sduwlflsdwlrq frvw glvwulexwlrq

zrxog kdyh ehhq fhqwhuhg dw pxfk orzhu ydoxhv ri frvwv1 Li d krxvhkrog zlwk odujh zhdowk grhv

qrw sduwlflsdwh lq wkh vwrfn pdunhw/ wkh olqhdu vshfl�fdwlrq frxog dwwulexwh wklv wr d qhjdwlyh

ydoxh ri �W�| dqg d vkruw vdohv frqvwudlqw/ udwkhu wkdq d odujh ydoxh ri I�
�| = Vhfrqgo|/ wkh prgho

doorzv iru I. / IA
f dqg IA

� +dv zhoo dv I�
�| , vlqfh wkhvh duh vxewudfwhg lq Z_�rR

�| 145 Wklugo|/ I�
�| lv

dvvxphg wr qrw ghshqg rq {�|= Wklv lv fohduo| dq dssur{lpdwlrq/ vlqfh L vxjjhvwhg wkdw d odujh

sduw ri I�
�| lv olnho| wr eh d frvw ri wlph/ dqg vlqfh {�| frqwdlqv yduldeohv zklfk ghvfulehv oderu

lqfrph1
45Dvvxplqj wkdw wkh revhuyhg sruwirolr dw | lv srvw0wudgh/ wkh zhdowk gdwd duh iru ` _�rR

�| / qrw iru `�|�

55
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zkhuh x�| @ oq +�W�|,� {��|� lv revhuyhg vlqfh �W�| lv1

Xvlqj wkhvh irupxodv/ wkh sdudphwhuv �> *> �2�> �20/ ��0 fdq eh hvwlpdwhg e| pd{lpxp

olnholkrrg hvwlpdwlrq xvlqj wkh gdwd iru doo krxvhkrogv l lq d jlyhq shulrg w= Zkdw fdq zh lqihu

derxw wkh glvwulexwlrq ri I� edvhg rq wklvB Ehorz L rxwolqh zd|v ri hvwlpdwlqj �*?8� dqg

�2
*?8� = E| v|pphwu| ri wkh qrupdo glvwulexwlrq/ wkh hvwlpdwh ri �*?8� lv dovr dq hvwlpdwh ri wkh

phgldq ri oqI� = Dq hvwlpdwh ri wkh phgldq ri I� lv wkhq jlyhq e|

gPhgldq +I� , @ h{s + g�*?8� , =

Ixuwkhupruh/ li oqI�
�| @ �*?8� . ��| lv qrupdoo| glvwulexwhg/ I�

�| zloo eh orjqrupdo zlwk
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Lqihuhqfh derxw �*?8� =

Li wkh �uvw hohphqw lq {�| lv d frqvwdqw whup/ wkhq

{��|* @ �*?8� � {��|*

l1h1 *� @ �*?8� � *� / �*?8� @ *� .*�

*3� @ �*3�=

Vxevfulsw 4 uhihuv wr hohphqw 4 ri wkh yhfwru lq txhvwlrq/ dqg vxevfulsw 04 wr wkh uhpdlqlqj

hohphqwv1 Wr hvwlpdwh �*?8� @ *� . *� zh qhhg qrw rqo| wkh POH hvwlpdwh ri *� exw dovr dq

hvwlpdwh ri *�1

Lw zdv dvvxphg deryh wkdw oq uSe�| @ {��|*. y�|= Xqghu wkh dgglwlrqdo dvvxpswlrq

H
�
y�|m{�|>Z _�rR

�|

�
@ 3

zh kdyh

H
�
oq uSe�| m{�|>Z _�rR

�|

�
@ {��|* @ *� . +{�|,

�
3� *3�

dqg wkxv

H +oq uSe�| , @ H +{�|,
� * @ *� .

�
H +{�|,3�

��
*3� @ *� .

�
H +{�|,3�

��
*3�

/ *� @ H +oq uSe�| ,�
�
H +{�|,3�

��
*3�

, �*?8� @ *� . *� @ *� .H +oq uSe�| ,�
�
H +{�|,3�

��
*3�

Xvlqj wkh POH hvwlpdwh ri *3� dqg wkh furvv0vhfwlrqdo phdqv ri hdfk yduldeoh lq +{�|,3� wklv

htxdwlrq fdq eh xvhg wr hvwlpdwh *�> surylghg zh duh zloolqj wr pdnh dq dvvxpswlrq derxw wkh

xqfrqglwlrqdo furvv vhfwlrqdo phdq H +oq uSe�| , = L dvvxph wkdw

uSe � orjqrupdo
�
�oSe > �

2
oSe

�
zklfk lpsolhv

oq uSe � Q

�
oq
�
�2oSe

�� 4

5
oq
�
�2oSe . �2oSe

�
> oq

�
4 .

�2oSe

�2oSe

��
=

L xvh �oSe @ 3=36> �2oSe @ 3=342 dv ehqfkpdun ydoxhv/ dqg wkhq frqvlghu d frxsoh ri dowhuqdwlyh

sdudphwhu fkrlfhv wr ghwhuplqh krz vhqvlwlyh wkh uhvxowlqj hvwlpdwh ri �*?8� lv wr wkh fkrlfh1
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Lqihuhqfh derxw �2
*?8� =

Wkh pd{lpxp olnholkrrg hvwlpdwlrq surylghv dq hvwlpdwh ri

Y
�
%�|m{�|>Z_�rR

�|

�
@ �20 @ �2# . �2� � 5�#�=

Lw vhhpv sodxvleoh wr dvvxph d }hur fryduldqfh ehwzhhq wkh huuru whup iru wkh sduwlflsdwlrq frvw

dqg wkh huuru whup iru wkh fhuwdlqw| htxlydohqw h{fhvv uhwxuq rq vwrfnv/ �#� @ 3= Wkhq

�2
*?8� @ �2# @ �20 � �2�=

Wkh pd{lpxp olnholkrrg hvwlpdwh ri �20 lv wkhuhiruh dq hvwlpdwh ri wkh odujhvw srvvleoh ydoxh ri

�2
*?8� +fruuhvsrqglqj wr �2� @ 3,1 Dv d vlpsoh dowhuqdwlyh/ L dovr fdofxodwh wkh uhvxowv xqghu wkh

dvvxpswlrq wkdw �2� @
�

2
�20=

Uhvxowv=

Wdeoh ; vkrzv wkh phgldq/ phdq dqg vwdqgdug ghyldwlrq ri wkh furvv0vhfwlrqdo glvwulexwlrq

ri wkh shu shulrg sduwlflsdwlrq frvw1 Wkh uhvxowv duh edvhg rq pd{lpxp olnholkrrg hvwlpdwlrq

ri wkh fhqvruhg uhjuhvvlrq prgho zlwk xqrevhuydeoh vwrfkdvwlf wkuhvkrog dv rxwolqh deryh1 Wkh

prgho lv hvwlpdwhg xvlqj wkh 4<;7 dqg 4<;< gdwd iru wkh edvh olqh vdpsoh ri 43<5 krxvhkrogv1

Wkh yduldeohv lqfoxghg lq {�| duh wkh vdph dv wkrvh lq Wdeoh 61 Wkh phgldq ri I�
�| lv '436 +uhdo

4<;50;7 grooduv, zkhq lw lv dvvxphg wkdw �oSe @ 3=36> �2oSe @ 3=342> �2� @ 3= Wklv qxpehu lv

qrw d�hfwhg e| wkh fkrvhq ydoxh ri �2� @ 3= D phgldq shu shulrg sduwlflsdwlrq frvw ri '436

grooduv vhhpv sodxvleoh/ dv lw fruuhvsrqgv wr derxw 43 krxuv ri wlph zkhq wlph lv ydoxhg dw

'431 Lqfuhdvlqj �oSe wr 3138/ lqfuhdvhv wkh hvwlpdwh ri wkh phgldq ri I�
�| wr '4:;1 Orzhulqj

�2oSe @ 3=342 rqo| d�hfwv wkh hvwlpdwhg ri wkh phghdq shu shulrg sduwlflsdwlrq frvw voljkwo|1

Krzhyhu/ dvvxplqj wkdw doo ri wkh frqglwlrqdo yduldqfh ri %�| @ ��|�y�| lv gxh wr ��| +wkh huuru

whup iru wkh orj0sduwlflsdwlrq frvw, ohdgv wr lpsodxvleo| odujh ydoxhv iru wkh phdq dqg vwdqgdug

ghyldwlrq ri I�
�| = Xqghu wkh dowhuqdwlyh dvvxpswlrq wkdw kdoi ri wkh frqglwlrqdo yduldqfh ri %�|

lv gxh wr y�|> wkh hvwlpdwhv ri wkh phdq dqg vwdqgdug ghyldwlrq ri I�
�| duh pxfk orzhu/ exw vwloo

vhhp lpsodxvleoh1 Dv glvfxvvhg lq wkh frqwh{w ri wkh fdvh 4 hvwlpdwh ri wkh FGI/ wklv lv gxh wr

wkh idfw wkdw hyhq dprqj yhu| ulfk krxvhkrogv qrw hyhu|rqh krogv vwrfnv1

Lq vxp/ wkh uhvxowv frqfhuqlqj wkh shu shulrg sduwlflsdwlrq frvw vxjjhvwv wkdw wkh SVLG

sruwirolr fkrlfh gdwd duh frqvlvwhqw zlwk d phgldq shu shulrg sduwlflsdwlrq frvw ri derxw '4330

'5331 Gxh wr wkh idfw wkdw vrph yhu| ulfk krxvhkrogv gr qrw krog vwrfnv/ wkh yduldqfh ri wkh
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furvv0vhfwlrqdo glvwulexwlrq lv lpsodxvleo| odujh1 Dgglqj frvwv ri vwrfn pdunhw sduwlflsdwlrq wr

wkh vwdqgdug sruwirolr fkrlfh prgho fdqqrw wkh ehkdylru ri wkhvh ulfk krxvhkrogv lq wkh vhqvh

wkdw wkh uhtxluhg frvwv zrxog kdyh wr eh lpsodxvleo| odujh1

: Frqfoxvlrq

Revhuyhg sruwirolr fkrlfhv duh qrw frqvlvwhqw zlwk vwdqgdug �qdqfh wkhru| lq wkh devhqfh ri

d �{hg frvw ri hqwhulqj ru vwd|lqj lq wkh vwrfn pdunhw1 Pdq| krxvhkrogv gr qrw sduwlflsdwh

lq wkh vwrfn pdunhw dw dq| srlqw lq wlph hyhq zkhq dwwhqwlrq lv olplwhg wr krxvhkrogv zlwk

srvlwlyh �qdqfldo zhdowk1 Ixuwkhupruh/ d vxevwdqwldo qxpehu ri krxvhkrogv pryh lq ru rxw

ri wkh vwrfn pdunhw +dqg2ru wkh erqg pdunhw, ryhu wlph1 Wkh suhvhqw sdshu kdv hpskdvl}hg

qrq�qdqfldo lqfrph dqg frvwv ri vwrfn pdunhw sduwlflsdwlrq dv sduw ri wkh h{sodqdwlrq ri wkh

revhuyhg khwhurjhqhlw| lq sruwirolr fkrlfhv1

L kdyh dujxhg hovhzkhuh +Ylvvlqj0Mrujhqvhq +4<<;,, wkdw wkh qrqsduwlflsdwlrq skhqrphqrq

vkrxog eh frqvlghuhg dq lpsruwdqw sduw ri wkh vroxwlrq wr wkh htxlw| suhplxp sx}}oh1 Wklv lv

wkh fdvh li wkh frqvxpswlrq jurzwk ri qrqvwrfnkroghuv frydulhv vxevwdqwldoo| ohvv zlwk wkh vwrfn

uhwxuq wkdq wkh frqvxpswlrq jurzwk ri vwrfnkroghuv1 Hpslulfdo hylghqfh edvhg frqvxpswlrq

gdwd iurp wkh Frqvxphu H{shqglwxuh Vxuyh| frq�uphg wkdw wklv zdv wkh lqghhg wkh fdvh1 Wklv

lqglfdwhv wkdw wkh sulpdu| uhdvrq iru qrqsduwlflsdwlrq lv qrw wkdw qrqvwrfnkroghuv duh idfhg zlwk

qrq�qdqfldo lqfrph zklfk lv kljko| fruuhodwhg zlwk wkh vwrfn pdunhw uhwxuq1 Wkh �qglqjv ri wkh

suhvhqw sdshu frq�up wklv1 Rqo| d vpdoo ru lqvljql�fdqw h�hfw ri wkh fryduldqfh ri qrq�qdqfldo

lqfrph zlwk vwrfn uhwxuqv rq sduwlflsdwlrq dqg sruwirolr fkrlfh lv irxqg1 Udwkhu wkhuh lv vwurqj

hylghqfh ri d phdq0h�hfw dqg d yduldqfh0h�hfw1

Ghwhuplqlqj wkh uhdvrqv iru khwhurjhqhrxv sruwirolr fkrlfh dqg vwrfn pdunhw qrqsduwlflsd0

wlrq lv fuxfldo/ qrw rqo| iru kdylqj frq�ghqfh lq wkrvh uhvxowv frqfhuqlqj wkh htxlw| suhplxp

sx}}oh1 Vwrfn pdunhw sduwlflsdwlrq kdv lqfuhdvhg gudpdwlfdoo| gxulqj wkh srvwzdu shulrg1 Wkh

srvlwlyh uhvxowv frqfhuqlqj wkh frqwulexwlrq ri olplwhg vwrfn pdunhw sduwlflsdwlrq wr wkh vroxwlrq

ri wkh htxlw| suhplxp sx}}oh vxjjhvwv wkdw wklv pd| kdyh kdg vxevwdqwldo h�hfwv rq dvvhw sulfhv1

Wr dqdo|}h wklv lvvxh lw lv hvvhqwldo wr xqghuvwdqg wkh pdlq uhdvrqv iru qrqsduwlflsdwlrq1

Wkh dqdo|vlv ri wkh suhvhqw sdshu ri wkh qdwxuh dqg vl}h ri frvwv ri vwrfn pdunhw sduwlfl0

sdwlrq kdv sdudoohov wr wkh olwhudwxuh rq lqyhvwphqw xqghu dgmxvwphqw frvwv1 Fdedoohur/ Hqjho
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dqg Kdowlzdqjhu +4<<8, hpskdvl}h krz dq dyhudjh dgmxvwphqw udwh ixqfwlrq zklfk lv lqfuhdvlqj

lq pdqgdwhg lqyhvwphqwv fdq jlyh ulvh wr wlph0ydu|lqj vhqvlwlylw| ri djjuhjdwh lqyhvwphqw wr

djjuhjdwh vkrfnv1 Lq d vlplodu zd|/ wkh vhqvlwlylw| ri wkh vwrfn sulfh wr h1j1 d vkrfn wr qrq�qdq0

fldo lqfrph lq d jhqhudo htxloleulxp prgho zlwk frvwv ri vwrfn pdunhw sduwlflsdwlrq/ lv olnho| wr

gl�hu ghshqglqj ri wkh furvv0vhfwlrqdo glvwulexwlrq ri krxvhkrogv dorqj wkh vwdwh yduldeohv1 Iru

h{dpsoh/ wkh qxpehu ri krxvhkrog zkr fkrvh wr hqwhu wkh vwrfn pdunhw ru wr fkdqjh wkh qxpehu

ri vwrfnv khog lq uhvsrqvh wr d vkrfn wr qrq�qdqfldo lqfrph/ zloo ghshqg rq krz pdq| krxvh0

krogv duh forvh wr wkh srlqw zkhuh lw ehfrphv zruwkzkloh wr dgmxvw1 Ghyhorslqj wkhvh sdudoohov

pd| frqwulexwh wrzdugv xqghuvwdqglqj lvvxhv uhjduglqj wlph ydu|lqj vwrfn pdunhw oltxlglw| dqg

wudglqj yroxph1
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Uhihuhqfhv

^4` Dphpl|d/ W1/ 4<:;/ �Wkh Hvwlpdwlrq ri d Vlpxowdqhrxv Htxdwlrq Jhqhudol}hg Surelw

Prgho�/ Hfrqrphwulfd/ 79/ 8/ 44<6045381

^5` Doohq/ I1 dqg G1 Jdoh/ 4<<7/ �Olplwhg Pdunhw Sduwlflsdwlrq dqg Yrodwlolw| ri Dvvhw Sulfhv�/

Dphulfdq Hfrqrplf Uhylhz/ ;7/ 7/ <660<881

^6` Duurqgho/ O1 dqg D1 Pdvvrq/ 4<<3/ �K|srwkhvh gx f|foh gh ylh/ glyhuvl�fdwlrq hw frpsrvlwlrq

gx sdwulprlqh= Iudqfh 4<;9�/ Dqqdohv G*Hfrqrplh hw gh Vwdwlvwltxh/ 4:/ 40781

^7` Dyhu|/ U1E1 dqg J1H1 Hoolhkdxvhq/ �Ilqdqfldo Fkdudfwhulvwlfv ri Kljk0Lqfrph Idplolhv�/

Ihghudo Uhvhuyh Exoohwlq/ Pdufk 4<<91

^8` Eduvn|/ U1 E1/ I1 Wkrpdv Mxvwhu/ P1 V1 Nlpedoo/ dqg P1 G1 Vkdslur/ 4<<:/ �Suhihuhqfh

Sdudphwhuv dqg Ehkdylrudo Khwhurjhqhlw|= Dq H{shulphqwdo Dssurdfk lq wkh Khdowk dqg

Uhwluhphqw Vwxg|�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 5/ 86:08:<1

^9` Edvdn/ V1 dqg G1 Fxrfr/ 4<<:/ �Dq Htxloleulxp Prgho zlwk Uhvwulfwhg Vwrfn Pdunhw

Sduwlflsdwlrq�/ Urgqh| O1 Zklwh Fhqwhu iru Ilqdqfldo Uhvhdufk/ Zrunlqj Sdshu 3340<:1

^:` Eoxph/ P1 H1 dqg V1 S1 ]hoghv/ 4<<7/ �Krxvhkrog Vwrfnrzqhuvkls Sdwwhuqv dqg Djjuhjdwh

Dvvhw Sulflqj Wkhrulhv�/ zrunlqj sdshu/ Zkduwrq1

^;` Fdedoohur/ U1 M1/ H1 P1 U1 D1 Hqjho/ dqg M1 F1 Kdowlzdqjhu/ 4<<8/ �Sodqw0Ohyho Dgmxvwphqw

dqg Djjuhjdwh Lqyhvwphqw G|qdplfv�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5/ 40871

^<` Fdpsehoo/ M1\1/ 4<<:/ �Dvvhw Sulfhv/ Frqvxpswlrq dqg wkh Exvlqhvv F|foh�/ sdshu suhsduhg

iurp wkh Kdqgerrn rq Pdfurhfrqrplfv/ hglwhg e| M1E1 Wd|oru dqg P1 Zrrgirug1

^43` Fdpsehoo/ M1\1 dqg M1K1 Frfkudqh/ 4<<8/ �E| Irufh ri Kdelw= D Frqvxpswlrq0Edvhg H{0

sodqdwlrq ri Djjuhjdwh Vwrfn Pdunhw Ehkdylru�/ QEHU Zrunlqj Sdshu Qr1 7<<81

^44` Fdpsehoo/ M1 \1 dqg O1 P1 Ylfhlud/ 4<<9/ �Frqvxpswlrq dqg Sruwirolr Ghflvlrqv Zkhq

H{shfwhg Uhwxuqv duh Wlph Ydu|lqj�/ zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Kduydug

Xqlyhuvlw|1
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^45` Fkdpehuodlq/ J1/ 4<;3/ �Dqdo|vlv ri Fryduldqfh zlwk Txdolwdwlyh Gdwd�/ Uhylhz ri Hfr0

qrplf Vwxglhv/ 7:/ 558056;1

^46` Fkdpehuodlq/ J1/ 4<;7/ �Sdqho Gdwd�/ Kdqgerrn ri Hfrqrphwulfv/ Yro1 LL/ Fkdswhu 55/

Hovhylhu Vflhqfh Sxeolvkhuv EY1

^47` Frqvwdqwlqlghv J1P1 dqg G1 Gx!h/ 4<<9/ �Dvvhw sulflqj zlwk Khwhurjhqhrxv Frqvxphuv/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 54<05731

^48` Gxpdv/ E1/ 4<;</ �Wzr0Shuvrq G|qdplf Htxloleulxp lq wkh Fdslwdo Pdunhw�/ Wkh Uhylhz

ri Ilqdqfldo Vwxglhv/ 5/ 5/ 48:04;;1

^49` Hophqgrusk/ G1 Z1 dqg P1 V1 Nlpedoo/ 4<<4/ �Wd{dwlrq ri Oderu Lqfrph dqg wkh Ghpdqg

iru Ulvn| Dvvhwv�/ QEHU Zrunlqj Sdshu Qr1 6<371

^4:` Jroolhu/ F1 dqg M1 Z1 Sudww/ 4<<9/ �Ulvn yxoqhudelolw| dqg wkh whpshulqj h�hfw ri edfn0

jurxqg ulvn�/ Hfrqrphwulfd/ 97/ 8/ 443<044561

^4;` Jurvvpdq/ V1M1/ dqg J1 Odurtxh/ 4<<3/ �Dvvhw Sulflqj dqg Rswlpdo Sruwirolr Fkrlfh lq wkh

Suhvhqfh ri Looltxlg Gxudeoh Frqvxpswlrq Jrrgv�/ Hfrqrphwulfd/ Yro1 8;/ Qr141

^4<` Jxlvr/ O1/ W1 Mdsshool/ dqg G1 Whuol}}hvh/ 4<<9/ �Lqfrph Ulvn/ Eruurzlqj Frqvwudlqwv/ dqg

Sruwirolr Fkrlfh�/ Dphulfdq Hfrqrplf Uhylhz/ ;9/ 4/ 48;04:51

^53` Kdoldvvrv/ P1 dqg F1F1 Ehuwdxw/ 4<<8/ �Zk| gr vr ihz krog vwrfnvB�/ Hfrqrplf Mrxuqdo/

44430445<1

^54` Khdwrq/ M1 dqg G1 Oxfdv/ 4<<8/ �Wkh lpsruwdqfh ri lqyhvwru khwhurjhqhlw| dqg �qdqfldo

pdunhw lpshuihfwlrqv iru wkh ehkdylru ri dvvhw sulfhv�/ Fduqhjlh0Urfkhvwhu Vhu1 Sxeolf Sro1/

406;1

^55` Khdwrq/ M1 dqg G1 Oxfdv/ 4<<9/ �Hydoxdwlqj wkh H�hfwv ri Lqfrpsohwh Pdunhwv rq Ulvn

Vkdulqj dqg Dvvhw Sulflqj�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 61

^56` Khdwrq/ M1 dqg G1 Oxfdv/ 4<<:/ �Sruwirolr Fkrlfh dqg Dvvhw Sulfhv= Wkh Lpsruwdqfh ri

Hqwuhsuhqhxuldo Ulvn�/ Zrunlqj Sdshu Qr1 567/ Nhoorjj Judgxdwh Vfkrro ri Pdqdjhphqw/

Qruwkzhvwhuq Xqlyhuvlw|1
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^57` Khfnpdq/ M1 M1/ 4<;4/ �Wkh Lqflghqwdo Sdudphwhuv Sureohp dqg wkh Sureohp ri Lqlwldo

Frqglwlrqv lq Hvwlpdwlqj d Glvfuhwh Wlph0Glvfuhwh Gdwd Vwrfkdvwlf Surfhvv� lq �Vwuxfwxudo

Dqdo|vlv ri Glvfuhwh Gdwd zlwk Hfrqrphwulf Dssolfdwlrqv�/ hglwhg e| F1 I1 Pdqvnl dqg G1

PfIdgghq/ Fdpeulgjh/ PLW Suhvv1

^58` Krqruh/ E1 H1 dqg H1 N|uld}lgrx/ 4<<;/ �Sdqho Gdwd Glvfuhwh Fkrlfh Prghov Zlwk Odjjhg

Ghshqghqw Yduldeohv�/ zrunlqj sdshu1

^59` Mdnxevrq/ J1/ 4<;;/ �Wkh Vhqvlwlylw| ri Oderu0Vxsso| Sdudphwhu Hvwlpdwhv wr Xqrevhuyhg

Lqglylgxdo H�hfwv= Il{hg0 dqg Udqgrp0H�hfwv Hvwlpdwhv lq d Qrqolqhdu Prgho Xvlqj Sdqho

Gdwd�/ 9/ 6/ 635065<1

^5:` Nuxvhoo/ S/ dqg D1 D1 Vplwk/ 4<<:/ �Lqfrph dqg Zhdowk Khwhurjhqhlw|/ Sruwirolr Fkrlfh/

dqg Htxloleulxp Dvvhw Uhwxuqv�/ Pdfurhfrqrplfv G|qdplfv/ 4/ 6;:07551

^5;` Ohh/ Oxqj0Ihl/ 4<;4/ �Vlpxowdqhrxv Htxdwlrqv Prghov zlwk Glvfuhwh dqg Fhqvruhg Ghshq0

ghqw Yduldeohv�/ lq �Vwuxfwxudo Dqdo|vlv ri Glvfuhwh Gdwd zlwk Hfrqrphwulf Dssolfdwlrqv�/

hglwhg e| F1 I1 Pdqvnl dqg G1 PfIdgghq/ Fdpeulgjh/ PLW Suhvv1

^5<` Oxwwphu/ H1 J1 M1/ 4<<:/ �Zkdw ohyho ri Il{hg Frvwv Fdq Uhfrqfloh Dvvhw Uhwxuqv dqg

Frqvxpswlrq Fkrlfhv�/ zrunlqj sdshu/ Qruwkzhvwhuq Xqlyhuvlw|

^63` Pdqnlz/ Q1 J1/ 4<;9/ �Wkh Htxlw| Suhplxp Sx}}oh dqg wkh Frqfhqwudwlrq ri Djjuhjdwh

Vkrfnv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 544054<1

^64` Pdqnlz/ Q1J1 dqg V1 ]hoghv/ 4<<4/ �Wkh frqvxpswlrq ri Vwrfnkroghuv dqg Qrq0

Vwrfnkroghuv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 544054<1

^65` Pduvkdoo/ G1 D1 dqg Q1 J1 Sduhnk/ 4<<;/ �Fdq Frvwv ri Frqvxpswlrq Dgmxvwphqw H{sodlq

Dvvhw Sulflqj Sx}}ohv�/ iruwkfrplqj/ Mrxuqdo ri Ilqdqfh1

^66` Phuwrq/ U1 F1/ 4<9</ �Olihwlph Sruwirolr Vhohfwlrq Xqghu Xqfhuwdlqw|= Wkh Frqwlqxrxv0

Wlph Fdvh�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 57:058:1

^67` Phuwrq/ U1 F1/ 4<:4/ �Rswlpxp Frqvxpswlrq dqg Sruwirolr Uxohv lq d Frqwlqxrxv0Wlph

Prgho�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 6/ 6:607461
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^68` Phuwrq/ U1F1/ 4<;:/ �D Vlpsoh Prgho ri Fdslwdo Pdunhw Htxloleulxp zlwk Lqfrpsohwh

Lqirupdwlrq�/ Mrxuqdo ri Ilqdqfh/ 75/ 6/ 7;608431

^69` Phuwrq/ U1 F1/ 4<<5/ �Frqwlqxrxv0Wlph Ilqdqfh�/ Eodfnzhoo Sxeolvkhuv/ Fdpeulgjh/ PD1

^6:` Pxooljdq/ F1 E1/ dqg [1 [1 Vdod0l0Pduwlq/ 4<<9/ �Dgrswlrq ri Ilqdqfldo Whfkqrorjlhv= Lp0

solfdwlrqv iru prqh| ghpdqg dqg prqhwdu| srolf|�/ QEHU Zrunlqj Sdshu Qr1 88371

^6;` Srwhued/ M1 P dqg D1 D1 Vdpzlfn/ 4<<8/ �Vwrfn Rzqhuvkls Sdwwhuqv/ Vwrfn Pdunhw Ioxf0

wxdwlrqv/ dqg Frqvxpswlrq�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<8=5/ 5<806:51

^6<` Vdpxhovrq/ S1 D1/ 4<9</ �Olihwlph Sruwirolr Vhohfwlrq e| G|qdplf Vwrfkdvwlf Surjudp0

plqj�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 6<0791

^73` Vdqgpr/ D1/ 4<9</ �Fdslwdo Ulvn/ Frqvxpswlrq/ dqg Sruwirolr Fkrlfh�/ Hfrqrphwulfd/ 6:/

7/ 8;908<<1

^74` Vdqgpr/ D1/ 4<:3/ �Wkh H�hfw ri Xqfhuwdlqw| rq Vdylqj Ghflvlrqv�/ Uhylhz ri Hfrqrplf

Vwxglhv/ 6:/ 68606931

^75` Vwruhvohwwhq/ N1/ F1 Whophu/ dqg D1 \durq/ 4<<;/ �Shuvlvwhqw Lglrv|qfudwlf Vkrfnv dqg

Lqfrpsohwh Pdunhwv�/ zrunlqj sdshu/ Vwrfnkrop Xqlyhuvlw|1

^76` Ylfhlud/ O1 P1/ 4<<:/ �Rswlpdo Sruwirolr Fkrlfh iru Orqj0Krul}rq Lqyhvwruv zlwk Qrqwudg0

deoh Oderu Lqfrph�/ zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Kduydug Xqlyhuvlw|1

^77` Ylvvlqj0Mrujhqvhq/ D1/ 4<<;/ �Olplwhg Vwrfn Pdunhw Sduwlflsdwlrq�/ Sk1G wkhvlv/ Ghsduw0

phqw ri Hfrqrplfv/ PLW1
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Portion of financial wealth in stocks
1994 level against 1989 level
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Fig.1a The fixed cost ’stock angle’, 1989 and 1994 levels
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Fig.1c The fixed cost ’stock triplet’
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Fig.1b The fixed cost ’stock angle’, 1984 and 1989 levels
1984 level

0 .5 1

0

.5

1

Iljxuh 4=

65



Portion of financial wealth in bonds
1994 level against 1989 level
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Fig.2a The fixed cost ’bond angle’, 1989 and 1994 levels
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Fig.2c The fixed cost ’bond triplet’
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Fig.2b The fixed cost ’bond angle’, 1984 and 1989 levels
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Portion of financial wealth in cash
1994 level against 1989 level
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Fig.3a The fixed cost ’cash angle’, 1989 and 1994 levels
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Fig.3c The fixed cost ’cash triplet’
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Fig.3b The fixed cost ’cash angle’, 1984 and 1989 levels
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