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4 Lqwurgxfwlrq

Gdwd rq wkh �qdqfldo sruwirolrv ri XV krxvhkrogv uhyhdo irxu idfwv1 Iluvw/ d odujh iudfwlrq ri

krxvhkrogv gr qrw sduwlflsdwh lq wkh vwrfn pdunhw dw dq| jlyhq srlqw lq wlph1 Vhfrqg/ wkhuh lv

vxevwdqwldo wxuqryhu lq wkh vhw ri vwrfn pdunhw sduwlflsdqwv1 Wklug/ zlwklq wkh vhw ri sduwlflsdqwv

wkhuh lv vxevwdqwldo khwhurjhqhlw| lq wkh vkduh ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 Irxuwk/ iru

pdq| vwrfn pdunhw sduwlflsdqwv wkhuh duh odujh fkdqjhv lq wkh sruwirolr vkduhv iru htxlw| ryhu

wlph1 Wkh �uvw dqg wklug idfwv duh zhoo nqrzq1 L grfxphqw idfw wzr dqg irxu ehorz1

Wkhvh idfwv suhvhqw d fkdoohqjh wr h{lvwlqj sruwirolr wkhru|1 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| pd{lpl}h h{shfwhg olihwlph xwlolw| e| fkrrvlqj

frqvxpswlrq dqg d sruwirolr frpsrvhg ri d frqglwlrqdoo| ulvnohvv dvvhw dqg Q ulvn| dvvhwv/ idflqj

qr wudqvdfwlrqv frvwv1 Wklv prgho suhglfwv wkdw djhqwv vkrxog wdnh srvlwlrqv lq doo h{lvwlqj dvvhwv

frxqwhu wr wkh iuhtxhqwo| revhuyhg }hur kroglqjv1 Wkxv zh vkrxog qrw revhuyh qrqsduwlflsdwlrq

lq wkh vwrfn pdunhw ru hqwu| ru h{lw ryhu wlph +idfwv rqh dqg wzr,1 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 lqyhvwphqw krul}rq dqg zhdowk dfurvv djhqwv

vkrxog qrw ohdg wr gl�huhqfhv lq sruwirolr fkrlfh1 Dv vkrzq e| Vdpxhovrq +4<9<, 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 Zkloh uhwxuq suhglfwdelolw|/ ghyldwlrqv iurp

FUUD xwlolw|/ dqg khwhurjhqhlw| lq ulvn dyhuvlrq frxog h{sodlq vrph ri wkh khwhurjhqhlw| lq

wkh vkduh ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv dfurvv krxvhkrogv +idfw wkuhh, dqg wlph +idfw

irxu,/ lw lv xqolnho| wkdw wkhvh ihdwxuhv fdq h{sodlq doo vxfk gl�huhqfhv1 Iru h{dpsoh/ zkloh

uhwxuq suhglfwdelolw| fdq jhqhudwh odujh fkdqjhv lq wkh rswlpdo vkduh ri �qdqfldo zhdowk lqyhvwhg

lq htxlw| ryhu wlph/ vxfk fkdqjhv zrxog d�hfw doo krxvhkrogv/ frxqwhu wr wkh ydvw dprxqw ri

lglrv|qfudwlf +krxvhkrog vshfl�f, pryhphqwv lq htxlw| sruwirolr vkduhv1

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

qrq�qdqfldo lqfrph sdwwhuqv dfurvv krxvhkrogv dqg iru vwrfn pdunhw sduwlflsdwlrqv dqg wudqvdf0

wlrqv frvwv khosv h{sodlq wkh uhpdlqlqj khwhurjhqhlw| lq revhuyhg sruwirolr fkrlfhv1 L frqfhqwudwh

rq wkh ghflvlrq wr krog vwrfnv dqg wkh sursruwlrq ri �qdqfldo zhdowk khog lq vwrfnv1

L frqvlghu wkuhh w|shv ri frvwv/ d shu shulrg vwrfn pdunhw sduwlflsdwlrq frvw I� / d �{hg

frvw ri wudglqj vwrfn IA8 / dqg d yduldeoh frvw ri wudglqj vwrfn IAT 1 D shu shulrg vwrfn

pdunhw sduwlflsdwlrq frvw dqg d �{hg wudqvdfwlrqv frvw erwk kdyh wkh srwhqwldo iru h{sodlqlqj
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qrqsduwlflsdwlrq lq wkh vwrfn pdunhw iru krxvhkrogv zlwk orz �qdqfldo zhdowk1 Frpelqhg zlwk

 xfwxdwlrqv lq �qdqfldo zhdowk dqg2ru rswlpdo sruwirolr vkduhv iru vwrfnv/ wkhvh frvwv ixuwkhupruh

lpso| hqwu| dqg +lq wkh fdvh ri wkh shu shulrg frvw, h{lw1 Il{hg ru yduldeoh wudqvdfwlrqv frvwv

kdyh wkh srwhqwldo wr khos h{sodlq furvv vhfwlrqdo gl�huhqfh lq sruwirolr vkduhv iru sduwlflsdqwv

dqg fkdqjhv lq wkhvh sruwirolr vkduhv ryhu wlph1 Li krxvhkrogv gr qrw wudgh vwrfnv/ wkh sruwirolr

vkduh iru vwrfnv zloo  xfwxdwh ryhu wlph gxh wr vwrfn sulfh fkdqjhv dv zhoo dv gxh wr fkdqjhv lq

wkh dprxqw ri qrq0vwrfn zhdowk1

Wr ghwhuplqh li dq| ri wkhvh frvwv duh lpsruwdqw iru sruwirolr fkrlfh/ L surylgh vhyhudo whvwv1

Wkh �uvw vhw duh whvwv ri vwuxfwxudo vwdwh ghshqghqfh lq wkh vwrfn pdunhw sduwlflsdwlrq ghflvlrq

dqg duh edvhg rq sdqho gdwd rq sruwirolr fkrlfh iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv

+SVLG,1� Li d �{hg wudqvdfwlrqv frvw lv suhvhqw/ odjjhg vwrfn pdunhw sduwlflsdwlrq vwdwxv vkrxog eh

dq lpsruwdqw suhglfwru ri fxuuhqw sduwlflsdwlrq vwdwxv1 Wkh gdwd vwurqjo| vxssruw wklv suhglfwlrq1

Krxvhkrogv zkr sduwlflsdwhg lq wkh vwrfn pdunhw lq 4<;7 duh 641; shufhqwdjh srlqwv pruh olnho|

wr sduwlflsdwh lq 4<;</ frqwuroolqj iru djh/ hgxfdwlrq/ udfh dqg lqfrph/ dqg dffrxqwlqj iru

xqrevhuyhg lqglylgxdo khwhurjhqhlw| lq wkh surshqvlw| wr ehfrph d vwrfnkroghu1 Li ixuwkhupruh

d yduldeoh wudqvdfwlrqv frvw lv suhvhqw/ krxvhkrogv zlwk odujh dprxqwv lqyhvwhg lq vwrfnv lq wkh

suhylrxv shulrg vkrxog eh ohvv olnho| wr h{lw wkh vwrfn pdunhw wkdq vwrfn pdunhw sduwlflsdqwv zlwk

vpdoohu lqyhvwphqwv1 Wklv lv qrw vxssruwhg lq wkh gdwd/ vxjjhvwlqj wkdw yduldeoh wudqvdfwlrqv

frvwv duh qrw vx!flhqwo| odujh wr d�hfw wkh ghflvlrq wr h{lw wkh vwrfn pdunhw1 L wkhq wxuq wr

dgglwlrqdo whvwv iru wkh suhvhqfh ri d �{hg wudqvdfwlrqv frvw xvlqj wudqvdfwlrqv gdwd iurp wkh

Frqvxphu H{shqglwxuh Vxuyh| +FH[,1 L wkh suhvhqfh ri d �{hg wudqvdfwlrqv frvw/ krxvhkrogv

zlwk kljkhu �qdqfldo zhdowk vkrxog eh pruh olnho| wr wudgh wkdq rwkhuv dqg vkrxog nhhs wkh

vkduh ri vwrfnv lq wkhlu sruwirolr lq d qduurzhu udqjh1 Wkhvh suhglfwlrqv duh dovr vxssruwhg

lq wkh gdwd1 L wkhq wxuq wr wkh shu shulrg sduwlflsdwlrq frvw1 L hvwlpdwh krz odujh d frvw lv

qhfhvvdu| wr h{sodlq wkh fkrlfhv ri wkh pdmrulw| ri vwrfn pdunhw qrqsduwlflsdqwv1 Wkxv/ zkloh

wklv lv qrw d irupdo whvw iru wkh suhvhqfh ri vxfk frvwv lw surylghv dq hfrqrplf hvwlpdwh ri zkhwkhu

sduwlflsdwlrq frvwv duh d olnho| h{sodqdwlrq ri qrqsduwlflsdwlrq e| pdq| krxvhkrogv1 Xvlqj gdwd

iurp wkh 4<;< dqg 4<<7 SVLG L hvwlpdwh wkdw d shu shulrg frvw ri durxqg 83 grooduv lq |hdu

5333 sulfhv/ lv hqrxjk wr h{sodlq wkh qrqsduwlflsdwlrq ri kdoi wkh qrqsduwlflsdqwv1 Wklv uh hfwv

wkh idfw wkdw wkhvh krxvhkrogv kdg olwwoh ru qr �qdqfldo zhdowk wr lqyhvw1 Lqwhusuhwlqj wkh shu

shulrg sduwlflsdwlrq frvw lq whupv ri krxuv vshqw pdqdjlqj lqyhvwphqwv/ d frvw ri 83 grooduv

wudqvodwhv lqwr rqo| 8 krxuv dw dq krxuo| zdjh ri 43 grooduv shu krxu1 Iru erwk 4<;< dqg 4<<7

d frvw ri derxw 593 grooduv lv hqrxjk wr h{sodlq wkh fkrlfhv ri :8 shufhqw ri qrqsduwlflsdqwv1
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Wkxv zkloh lw lv qrw uhdvrqdeoh wr fodlp wkdw sduwlflsdwlrq frvwv fdq uhfrqfloh wkh fkrlfhv ri doo

qrqsduwlflsdqwv/ prghvw frvwv duh vx!flhqw wr xqghuvwdqg wkh fkrlfhv ri d odujh sduw ri wkhvh

krxvhkrogv1

Wxuqlqj wr wkh uroh iru qrq�qdqfldo lqfrph/ wklv kdv wkh srwhqwldo wr khos h{sodlq wkh furvv

vhfwlrqdo gl�huhqfhv lq htxlw| vkduhv iru sduwlflsdqwv dqg wkh fkdqjhv lq wkhvh ryhu wlph1 Lq wkh

suhvhqfh ri sduwlflsdwlrq frvwv2�{hg wudqvdfwlrqv frvwv/ khwhurjhqhlw| lq rswlpdo sruwirolr vkduhv

frqglwlrqdo rq hqwu| fdq dovr frqwulexwh wr h{sodlqlqj zklfk krxvhkrogv ehfrph vwrfn pdunhw

sduwlflsdqwv1 Wkh wkhruhwlfdo olwhudwxuh rq qrq�qdqfldo lqfrph dqg edfnjurxqg ulvn suhglfwv

wkuhh h�hfwv1 Li qrq�qdqfldo lqfrph lv ulvnohvv wkhq wkh pruh qrq�qdqfldo lqfrph d krxvhkrog

kdv uhodwlyh wr lwv �qdqfldo zhdowk/ wkh odujhu d iudfwlrq ri �qdqfldo zhdowk vkrxog eh lqyhvwhg lq

vwrfnv1 Wkh lqwxlwlrq lv wkdw d ulvnohvv qrq�qdqfldo lqfrph vwuhdp lv vlplodu wr wkh sd|r� iurp

d ulvnohvv dvvhw1 Wr rewdlq d ghvludeoh ryhudoo sruwirolr pl{/ d krxvhkrog vkrxog wkhuhiruh dgmxvw

lwv doorfdwlrq ri �qdqfldo dvvhwv wrzdugv vwrfnv1 Exw qrq�qdqfldo lqfrph lv w|slfdoo| qrw ulvnohvv1

Li wklv *edfnjurxqg ulvn* lv xqfruuhodwhg zlwk vwrfnv/ wkhq lw zloo +xqghu uhdvrqdeoh frqglwlrqv rq

suhihuhqfhv, ohdg krxvhkrogv wr ehkdyh lq d pruh ulvn dyhuvh zd| wkxv lpso|lqj d orzhu iudfwlrq

ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 Ilqdoo|/ li qrq�qdqfldo lqfrph lv fruuhodwhg zlwk wkh vwrfn

uhwxuq wklv lpsolhv d khgjlqj frpsrqhqw lq wkh sursruwlrq lqyhvwhg lq vwrfnv ri wkh rssrvlwh

vljq ri wkh fruuhodwlrq1

Wr whvw wkhvh suhglfwlrqv L xvh lqfrph gdwd iurp wkh SVLG/ 4<;604<<5/ dqg wkuhh revhuydwlrqv

ri sruwirolr fkrlfh iurp wkh 4<;7/ 4<;</ dqg 4<<7 zhdowk vxssohphqwv wr wkh SVLG1 D wzr vwhs

surfhgxuh lv xvhg/ vlplodu wr wkh rqh iroorzhg lq suhylrxv sdshuv/ lq zklfk wkh �uvw vwhs frqvlvw

ri hvwlpdwlqj uhohydqw prphqwv ri wkh lqfrph surfhvvhv zklfk duh wkhq xvhg dv uhjuhvvruv lq

wkh vhfrqg vwhs irfxvlqj rq sruwirolr fkrlfh1 P| uhvxowv duh edvhg rq vdpsoh vhohfwlrq prghov

dqg grfxphqw hfrqrplfdoo| lpsruwdqw dqg vwdwlvwlfdoo| vljql�fdqw phdq dqg yduldqfh h�hfwv ri

qrq�qdqfldo lqfrph rq sruwirolr fkrlfh/ erwk lq wkh htxdwlrq iru vwrfn pdunhw sduwlflsdwlrq dqg

lq wkh htxdwlrq iru wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv frqglwlrqdo rq sduwlflsd0

wlrq1 Iru h{dpsoh/ dq lqfuhdvh lq frqglwlrqdo phdq qrq�qdqfldo lqfrph iurp wkh 53wk shufhqwloh

wr wkh ;3wk shufhqwloh lqfuhdvhv wkh suredelolw| ri ehlqj d vwrfnkroghu e| 4519 shufhqwdjh srlqwv/

zkhq kroglqj wkh rwkhu yduldeohv lq wkh uhjuhvvlrq frqvwdqw dw wkhlu phdqv1 Dq lqfuhdvh lq wkh

frqglwlrqdo vwdqgdug ghyldwlrq phdq qrq�qdqfldo lqfrph iurp wkh 53wk shufhqwloh wr wkh ;3wk

shufhqwloh ghfuhdvhv wkh suredelolw| ri ehlqj d vwrfnkroghu e| 61; shufhqwdjh srlqwv1 L �qg qr

hylghqfh iru d fruuhodwlrq h�hfw1

Dvlgh iurp lwv lpsruwdqfh iru xqghuvwdqglqj sruwirolr fkrlfh dqg wkxv wkh ghwhuplqdwlrq
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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 krxvh0

krog lqyhvwphqwv iru uhwluhphqw1 Li wkh revhuyhg khwhurjhqhlw| lq sruwirolr fkrlfh uhsuhvhqwv

d udwlrqdo uhvsrqvh wr gl�huhqw hfrqrplf frqglwlrqv/ wklv zrxog ohdg rqh wr eh pruh srvlwlyh

wrzdugv sulydwh uhwluhphqw dffrxqwv zlwk lqglylgxdo lqyhvwphqw fkrlfhv1 Dqrwkhu srolf| lpsol0

fdwlrq 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| Hophqgrui dqg Nlpedoo +5333,1 Wkh uhvxowv grfxphqwlqj vwurqj

phdq dqg ulvn h�hfwv ri qrq�qdqfldo lqfrph rq sruwirolr fkrlfh/ hpskdvl}h wkh lpsruwdqfh ri

wklv lvvxh1

Lq whupv ri uhodwhg zrun/ wkh prvw forvho| uhodwhg sdshu rq frvwv ri vwrfn pdunhw sduwlflsdwlrq

lv Pxooljdq dqg Vdod0l0Pduwlq +5333,1 Wkh| irfxv rq doo lqwhuhvw ehdulqj dvvhwv dqg wkh shu shulrg

frvw ri lqyhvwlqj lq vxfk dvvhwv1 Dw dq lqwhuhvw udwh ri 8 shufhqw/ wkh| hvwlpdwh wkh phgldq

frvw ri kroglqj lqwhuhvw ehdulqj dvvhwv wr eh 444 grooduv shu |hdu1 L irfxv rq vwrfnkroglqjv

rqo| dqg ixuwkhupruh suhvhqw d wkhruhwlfdo dujxphqw wr foduli| wkh dvvxpswlrqv qhhghg iru wkh

dqdo|vlv ri shu shulrg sduwlflsdwlrq frvwv1 P| whvwv iru vwuxfwxudo vwdwh ghshqghqfh lq wkh

vwrfn pdunhw sduwlflsdwlrq ghflvlrq/ doorzlqj iru wkh srvvlelolw| ri xqrevhuyhg khwhurjhqhlw|/

duh wr p| nqrzohgjh qhz dv lv wkh whvw ri zkhwkhu zhdowklhu vwrfn pdunhw sduwlflsdqwv whqg wr

wudgh pruh iuhtxhqwo| dqg kdyh vpdoohu fkdqjhv lq wkhlu htxlw| vkduhv1 Rwkhu uhodwhg sdshuv

rq dgmxvwphqw frvwv dqg dvvhw sulflqj duh Oxwwphu +4<<<,/ Pduvkdoo dqg Sduhnk +4<<<,/ dqg

Sdlhood +4<<<,/ zkr doo irfxv rq frvwv ri dgmxvwlqj frqvxpswlrq1 Iru wkhruhwlfdo vlpxodwlrqv rq

krz odujh hqwu| dqg2ru shu shulrg sduwlflsdwlrq frvw zrxog pdnh krxvhkrogv vwd| rxw ri wkh

vwrfn pdunhw/ vhh Kdoldvvrv dqg Ehuwdxw +4<<:,/ Ehuwdxw +4<<;,/ dqg Sronryqlfkhqnr +5334,1

Uhjduglqj qrq�qdqfldo lqfrph/ Phuwrq +4<:4, vkrzhg wkdw wkh h{lvwhqfh ri ulvnohvv qrq�qdqfldo

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

lq ulvn| dvvhwv +wkh phdq0h�hfw phqwlrqhg deryh,1 Dv iru wkh yduldqfh0h�hfw Jroolhu dqg Sudww

+4<<9, frqvlghu wkh h�hfw ri xqidlu edfnjurxqg ulvnv/ l1h1 ulvnv zlwk qrqsrvlwlyh h{shfwhg ydoxhv1

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 +5334, h{whqgv wklv uhvxow wr d pxowl0shulrg prgho lq zklfk zhdowk dffxpxodwlrq

lv hqgrjhqrxv1 Ylfhlud 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
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vwrfn uhwxuq dqg lqqrydwlrqv wr shupdqhqw ru wudqvlwru| lqfrph jhqhudwhv d qhjdwlyh khgjlqj

frpsrqhqw ri dvvhw ghpdqg dqg ylfh yhuvd1 Wkh wkhru| ri qrq�qdqfldo lqfrph fdq eh dssolhg

wr xqlqvxudeoh oderu lqfrph dv zhoo dv wr lqfrph iurp sulydwho| khog exvlqhvvhv/ vrfldo vhfxulw|

dqg rwkhu vrxufhv1 Xvlqj qxphulfdo phwkrgv Frffr/ Jrphv/ dqg Pdhqkrxw +5334, vkrz wkdw

qrq�qdqfldo lqfrph kdv odujh h�hfwv rq wkh rswlpdo htxlw| sruwirolr vkduh1 Lq wkhlu fdoleudwlrq

wkh rswlpdo htxlw| vkduh lv 4915 shufhqw lq wkh devhqfh ri qrq�qdqfldo lqfrph1 Zlwk qrq�qdqfldo

lqfrph fdoleudwhg wr pdwfk wkdw ri d w|slfdo kljk vfkrro judgxdwh lq wkh SVLG gdwd/ wkh rswlpdo

htxlw| vkduh lv forvh wr rqh hduo| lq olih/ ghfolqlqj wr durxqg 83 shufhqw dw uhwluhphqw djh1 Wkh

rswlpdo htxlw| vkduh iru wkrvh lq wkh ulvnlhvw rffxsdwlrqv frqvlghuhg +djulfxowxuh, lv vxevwdqwldoo|

orzhu wkdq iru wkrvh lq ohvv ulvn| rffxsdwlrqv +sxeolf dgplqlvwudwlrq,/ dowkrxjk wkh qhw h�hfw ri

qrq�qdqfldo lqfrph lv wr lqfuhdvh wkh htxlw| vkduh iru doo jurxsv vkrzq1

Hpslulfdo zrun whvwlqj wkhvh suhglfwlrqv lv pl{hg dqg ixuwkhu hylghqfh wkxv srwhqwldoo| ydox0

deoh1 Jxlvr/ Mdsshool dqg Whuol}}hvh +4<<9, �qg vxssruw iru wkh phdq dqg yduldqfh h�hfwv lq

Lwdoldq gdwd1 Jdnlglv +4<<;, xvhv : |hduv ri lqfrph gdwd iurp wkh SVLG dqg wkh 4<;7 zhdowk

vxssohphqw1 Kh hvwlpdwhv oderu lqfrph surfhvvhv e| hgxfdwlrq0rffxsdwlrq0djh jurxsv dqg �qgv

vxssruw iru d srvlwlyh phdq h�hfw ri oderu lqfrph dqg d vljql�fdqwo| qhjdwlyh h�hfw ri wkh

suredelolw| ri }hur oderu lqfrph hyhqwv rq wkh suredelolw| ri ehlqj d vwrfnkroghu dqg rq wkh

sursruwlrq khog lq vwrfnv frqglwlrqdo rq ehlqj d vwrfnkroghu1 Khdwrq dqg Oxfdv +5333, xvh wkh

4<:<04<<3 Sdqho ri Lqglylgxdo Wd{ Uhwxuq Gdwd dqg h{sorlw wkh sdqho glphqvlrq wr fdofxodwh/

e| krxvhkrog/ wkh vwdqgdug ghyldwlrqv 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 uhjuhv0

vruv lq d uhjuhvvlrq zlwk wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv dv wkh ghshqghqw

yduldeoh1 Vrph hylghqfh lv irxqg iru d yduldqfh0h�hfw dqg d fryduldqfh0h�hfw/ exw wkh uhvxowv

duh lqfrqfoxvlyh prvw olnho| gxh wr wkh srru txdolw| ri dvvhw gdwd lq wklv gdwd vhw +dvvhw kroglqjv

pxvw eh hvwlpdwhg edvhg rq lqirupdwlrq rq glylghqgv/ lqwhuhvw lqfrph dqg fdslwdo jdlqv,1 Vrxoh0

ohv +5334, xvh gdwd iurp wkh Frqvxphu H{shqglwxuh Vxuyh| wr fdofxodwh wkh vwdqgdug ghyldwlrq

ri krxvhkrog frqvxpswlrq jurzwk dqg wkh fruuhodwlrq ri frqvxpswlrq jurzwk zlwk pdunhw uh0

wxuqv1 Kh �qgv wkdw krxvhkrogv zlwk pruh yrodwloh frqvxpswlrq/ ru d odujhu frqvxpswlrq0uhwxuq

fruuhodwlrq/ krog dqg ex| vljql�fdqwo| ihzhu vwrfnv dqg rwkhu ulvn| vhfxulwlhv12

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh pdlq gdwd vhw xvhg/ wkh

SVLG1 Vhfwlrq 6 ghvfulehv lq pruh ghwdlo wkh irxu sruwirolr fkrlfh idfwv prwlydwlqj wkh sdshu1

Vhfwlrq 7 wxuqv wr wkh h�hfwv ri qrq�qdqfldo lqfrph rq sruwirolr fkrlfh1 Vhfwlrq 8 frqfhuqv wkh

sduwlflsdwlrq2wudqvdfwlrqv frvwv dqg vhfwlrq 9 frqfoxghv1
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5 Gdwd

Wkh qhhg iru d sdqho ri lqfrph dqg sruwirolr gdwd prwlydwhv wkh xvh ri wkh Sdqho Vwxg| ri Lqfrph

G|qdplfv iru p| dqdo|vlv1 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 wudfnv 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 Wr nhhs

wkh vdpsoh uhsuhvhqwdwlyh/ L h{foxghg wkh sryhuw| vdpsoh dqg wkh Odwlqr vdpsoh1

Wkh odvw |hdu iru zklfk �qdo uhohdvh gdwd duh dydlodeoh lv 4<<61 Lqfrph gdwd froohfwhg lq d

jlyhq |hdu uhihu wr wkh suhylrxv fdohqgdu |hdu vr wkh odvw dydlodeoh lqfrph gdwd uhihu wr 4<<51 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 959; vxfk krxvhkrogv +diwhu

h{foxglqj wkh sryhuw| dqg Odwlqr vdpsohv, ri zklfk durxqg 6833 duh lq wkh vdpsoh lq d jlyhq

|hdu1 Iru vsolw0r�v/ lqirupdwlrq iru |hduv sulru wr wkh vsolw0r� lv frghg dv plvvlqj1

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

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

Wuhdvxu| eloov/ lqfoxglqj vxfk dvvhwv khog lq LUDv,/ erqgv +erqg ixqgv/ fdvk ydoxh lq olih lqvxudqfh

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

khog frusrudwlrqv/ pxwxdo ixqgv/ ru lqyhvwphqw wuxvwv/ lqfoxglqj vwrfnv lq LUDv,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 krxvhkrogv lq uhdolw| fdq kdyh 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

vwrfnkroglqjv 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 LUDvB� 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|

vkruw vdohv iurp wkhvh txhvwlrqv1

L gh�qh qrq�qdqfldo lqfrph dv doo wd{deoh lqfrph soxv wudqvihu lqfrph ri khdg dqg vsrxvh/

plqxv lqfrph iurp glylghqgv/ lqwhuhvw/ wuxvw ixqgv/ dqg ur|dowlhv1 Lqfrph dqg zhdowk yduldeohv
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duh gh dwhg e| wkh frqvxphu sulfh lqgh{ iru doo xuedq frqvxphuv/ zlwk 4<;50;7 dv edvlv |hdu +L

zloo uhihu wr wklv dv �4<;6 sulfhv� ehorz,1 Zkhq hvwlpdwlqj frqglwlrqdo prphqwv ri qrq�qdqfldo

lqfrph/ L xvh rqo| krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk lq 4<;7 dqg 4<;< iru zklfk gdwd

zhuh dydlodeoh iru doo vxuyh| |hduv lq wkh shulrg 4<;704<<6 dqg zkr kdg qr fkdqjh lq khdg ru

vsrxvh gxulqj wklv shulrg1 Iru wkh vxppdu| vwdwlvwlfv jlyhq lq Wdeoh 4 dqg 5/ dv zhoo dv lq Iljxuh

9 dqg : frqfhuqlqj wkh frvwv ri vwrfn pdunhw sduwlflsdwlrq/ doo krxvhkrogv +ru doo krxvhkrogv zlwk

srvlwlyh �qdqfldo zhdowk zkhq uhohydqw, duh xvhg1 H{dfw vdpsoh vl}hv duh jlyhq xqghu hdfk wdeoh

dqg �jxuh1

Wkh vwrfn uhwxuq xvhg ehorz iru fdofxodwlqj wkh fryduldqfh ri vwrfnv dqg qrq�qdqfldo lqfrph

lv wkh uhdo ydoxh zhljkwhg Q\VH lqgh{1 Wr fkhfn wkh urexvwqhvv ri vrph ri p| uhvxowv dqg wr

whvw suhglfwlrqv qrw whvwdeoh zlwk wkh SVLG gdwd L zloo ixuwkhupruh xvh gdwd iurp wkh Vxuyh| ri

Frqvxphu Ilqdqfhv dv zhoo dv wkh Frqvxphu H{shqglwxuh Vxuyh|1 Wkhvh gdwd vhwv duh ghvfulehg

eulh | lq wkh uhohydqw vhfwlrqv1

6 Edvlf idfwv derxw khwhurjhqhlw| lq sruwirolr fkrlfh

Wkh irxu sruwirolr fkrlfh idfwv prwlydwlqj wkh sdshu duh dv iroorzv1 Iluvw/ d odujh iudfwlrq ri XV

krxvhkrogv gr qrw sduwlflsdwh lq wkh vwrfn pdunhw dw d jlyhq srlqw lq wlph1 Wdeoh 4 frq�upv

wklv idfw lq wkh SVLG gdwd1 Lq dq| jlyhq |hdu rqo| d iudfwlrq ri krxvhkrogv sduwlflsdwhv lq wkh

vwrfn pdunhw1 Dq xszdug wuhqg lq vwrfn pdunhw sduwlflsdwlrq lv fohdu lq wkh SVLG gdwd1 Ri

krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk 7714 shufhqw sduwlflsdwhg lq wkh vwrfn pdunhw lq 4<<7/

xs iurp 6713 shufhqw lq 4<;< dqg 5;17 shufhqw lq 4<;7 +wklv lqfoxghv vwrfnkroglqjv lq pxwxdo

ixqgv dqg shqvlrq sodqv,1 Wkh shufhqw ri krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk lv ;617 lq

4<;7/ ;818 lq 4<;</ dqg ;516 lq 4<<71

D �{hg wudqvdfwlrqv frvw dqg d vwrfn pdunhw shu shulrg sduwlflsdwlrq frvw erwk kdyh wkh

srwhqwldo iru h{sodlqlqj qrqsduwlflsdwlrq lq wkh vwrfn pdunhw1 Wklv h{sodqdwlrq lv frqvlvwhqw

zlwk wkh idfw wkdw wkh sduwlflsdwlrq udwh lv vwurqjo| lqfuhdvlqj lq �qdqfldo zhdowk +wklv zloo eh

grfxphqwhg lq ghwdlo ehorz,1 Ixuwkhupruh/ li qrq�qdqfldo lqfrph ohdgv wr khwhurjhqhlw| lq wkh

rswlpdo sruwirolr vkduh dfurvv krxvhkrogv/ wklv frxog khos h{sodlq gl�huhqw sduwlflsdwlrq fkrlfhv

e| krxvhkrogv zlwk vlplodu zhdowk1

Vhfrqg/ wkhuh lv vxevwdqwldo wxuqryhu lq wkh vhw ri vwrfn pdunhw sduwlflsdqwv +hqwu| dqg h{lw,1

Zlwk wkuhh revhuydwlrqv ri sruwirolr fkrlfh shu krxvhkrog lq wkh SVLG/ lw lv srvvleoh wr dq0

do|}h sdwwhuqv ri sduwlflsdwlrq dqg sruwirolr vkduhv ryhu wlph1 Pdq| sdshuv kdyh hpskdvl}hg
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zlghvsuhdg qrq0sduwlflsdwlrq lq wkh vwrfn dqg2ru erqg pdunhw edvhg rq d furvv0vhfwlrq ri krxvh0

krogv1 E| iroorzlqj krxvhkrogv ryhu wlph lw lv srvvleoh wr ghwhuplqh zkhwkhu krxvhkrogv hlwkhu

whqg wr vwd| lq2vwd| rxw ri d jlyhq pdunhw ru zkhwkhu wkhuh lv zlghvsuhdg pryhphqwv lq dqg rxw

ri pdunhwv1 Wkh uhvxowv duh vkrzq lq Iljxuhv 4 wr 6 dqg Wdeoh 5/ doo edvhg rq SVLG krxvhkrogv

zlwk srvlwlyh �qdqfldo zhdowk1 Iljxuh 4d irfxvhv rq wkh vhw ri krxvhkrogv iru zklfk sruwirolr lq0

irupdwlrq 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 Vrphzkdw vxusulvlqjo|/ 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 5:19 shufhqw ri krxvhkrogv duh rq wklv *dqjoh*/ qrw lqfoxglqj wkh ruljlq1

Srlqwv rq wkh krul}rqwdo d{lv fruuhvsrqg wr h{lwv/ zkhuhdv srlqwv rq wkh yhuwlfdo olqh fruuhvsrqg

wr hqwu|1 Dq dgglwlrqdo 7614 shufhqw duh dw wkh ruljlq1 Iljxuh 4e 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 Wkhvh sdwwhuqv uhpdlq li krxvhkrogv zlwk orz

�qdqfldo zhdowk duh gursshg1 Iljxuh 4f irfxvhv rq krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk iru

zklfk wkuhh revhuydwlrqv 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 odvw

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<<71 Lw lv whpswlqj wr lqwhusuhw wklv dv krxvhkrogv zkr hqwhuhg exw zhuh vfduhg e|

wkh pdunhw fudvk lq Rfwrehu 4<;:1 Krzhyhu/ Iljxuh 5f vkrzv d vlplodu sdwwhuq iru erqg krog0

lqjv1 D pruh sodxvleoh h{sodqdwlrq iru wklv sdwwhuq lv odujh fkdqjhv lq �qdqfldo zhdowk dqg2ru

rswlpdo sruwirolr vkduhv frpelqhg zlwk d �{hg shu shulrg frvw ri sduwlflsdwlqj lq wkh pdunhw

+vrph dprxqw ri phdvxuhphqw huuru lv dovr olnho|,1 Wkh judskv iru wkh uhpdlqlqj frpsrqhqw

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

Iljxuhv 4 dqg 5 dv zrxog eh h{shfwhg1 Vhh dovr Kxuvw/ Oxrk dqg Vwd�rug +4<<;, iru d glvfxvvlrq

ri wkh hqwu| dqg h{lw suredelolwlhv iru vwrfnrzqhuvkls lq wkh SVLG1

D shu shulrg sduwlflsdwlrq frvw fdq h{sodlq zk| krxvhkrogv gr qrw sduwlflsdwh zkhq wkh|

;



kdyh orz �qdqfldo zhdowk1 Wklv zloo lpso| hqwu| dqg h{lw li zhdowk  xfwxdwhv ryhu wlph1 Wklv lv

frqvlvwhqw zlwk wkh idfw wkdw zhdowk fkdqjh lv d yhu| vwurqj suhglfwru ri vwrfn pdunhw hqwu| dqg

h{lw1 Iru h{dpsoh/ ri wkrvh zkr hqwhuhg wkh vwrfn pdunhw ehwzhhq 4<;< dqg 4<<7/ ;; shufhqw

kdg dq lqfuhdvh lq �qdqfldo zhdowk ryhu wkh shulrg/ frpsduhg wr 73 shufhqw iru wkrvh zkr vwd|hg

rxw ri wkh vwrfn pdunhw1 Ri wkrvh zkr h{lwhg wkh vwrfn pdunhw ehwzhhq 4<;< dqg 4<<7/ rqo| 5:

shufhqw kdg dq lqfuhdvh lq �qdqfldo zhdowk ryhu wkh shulrg/ frpsduhg wr :; shufhqw iru wkrvh

zkr vwd|hg lq wkh vwrfn pdunhw1 Wkxv zkloh �qdqfldo zhdowk fkdqjhv dorqh gr qrw h{sodlq doo

hqwu|2h{lw ghflvlrqv lw lv olnho| wr eh dq lpsruwdqw idfwru1

Wkh wklug sruwirolr idfw lw lv wkdw zlwklq wkh vhw ri sduwlflsdqwv wkhuh lv vxevwdqwldo khwhur0

jhqhlw| lq wkh vkduh ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1 Wklv lv fohdu iurp wkh glvshuvlrq ri

sruwirolr vkduhv iru vwrfnv lq Iljxuh 41 Wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv iru

vwrfn pdunhw sduwlflsdqwv kdv d furvv0vhfwlrqdo vwdqgdug ghyldwlrq durxqg 63 shufhqwdjh srlqwv

lq hdfk ri wkh |hduv 4<;7/ 4<;</ dqg 4<<71

Ilqdoo|/ wkh irxuwk idfw lv wkdw hyhq iru frqwlqxlqj vwrfn pdunhw sduwlflsdqwv wkhuh duh odujh

fkdqjhv lq wkh sruwirolr vkduhv iru htxlw| ryhu wlph1 Wklv lv djdlq fohdu iurp Iljxuh 41 Iru

frqwlqxlqj vwrfn pdunhw sduwlflsdqwv/ wkh fkdqjh lq wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg

lq vwrfnv kdv d furvv0vhfwlrqdo vwdqgdug ghyldwlrq ri 6716 iru wkh 4<;704<;< sdqho dqg 6:13 iru

wkh 4<;<0<7 sdqho1

Il{hg ru yduldeoh wudqvdfwlrqv frvwv kdyh wkh srwhqwldo wr khos h{sodlqlqj idfw wkuhh dqg irxu1

Li krxvhkrogv gr qrw wudgh vwrfnv/ wkh sruwirolr vkduh iru vwrfnv zloo  xfwxdwh ryhu wlph gxh

wr vwrfn sulfh fkdqjhv dv zhoo dv gxh wr fkdqjhv lq wkh dprxqw ri qrq0vwrfn zhdowk1 Wkh prvw

frpsuhkhqvlyh gdwd rq htxlw| wudglqj e| krxvhkrogv lv wkh vwxg| �Htxlw| Rzqhuvkls lq Dphulfd�

e| wkh Lqyhvwphqw Frpsdq| Lqvwlwxwh +4<<<,1 Wkh vwxg| grfxphqwv wkdw pdq| krxvhkrogv

wudgh rqo| yhu| lqiuhtxhqwo|1 Wkh vwxg| zdv shuiruphg lq hduo| 4<<< dqg lv uhsuhvhqwdwlyh

ri XV krxvhkrogv1 Ri wkh 7;75 uhvsrqghqwv 7;15 shufhqw khog htxlwlhv1 Ri vwrfnkroghuv/ 6;

shufhqw khog erwk lqglylgxdo vwrfnv dqg vwrfn pxwxdo ixqgv/ 48 shufhqw khog rqo| lqglylgxdo

vwrfnv/ zkloh 7: shufhqw rqo| khog vwrfn pxwxdo ixqgv1 Frqvlvwhqw zlwk wkh suhvhqfh ri +�{hg ru

yduldeoh, wudqvdfwlrqv frvwv 88 shufhqw ri vwrfnkroghuv glg qrw frqgxfw dq| htxlw| wudqvdfwlrqv

lq 4<<;1 Wkh 78 shufhqw ri vwrfnkroghuv zkr glg frqgxfw rqh ru pruh htxlw| wudqvdfwlrqv lq 4<<;

zhuh frpsrvhg ri 48 shufhqwdjh srlqw zkr frqgxfwhg rqh ru wzr wudqvdfwlrqv/ 4< shufhqwdjh

srlqwv zkr frqgxfwhg ehwzhhq 6 dqg 45 wudqvdfwlrqv/ dqg 44 shufhqwdjh srlqwv zkr frqgxfwhg

pruh wkdq 45 wudqvdfwlrqv1 Frqvlvwhqw zlwk wkh �qglqjv ri Dphulnv dqg ]hoghv +5333, iru

WLDD0FUHI sduwlflsdqwv/ wudglqj dfwlylw| zdv hvshfldoo| uduh iru vwrfnv khog lqvlgh hpsor|hu

<



vsrqvruhg uhwluhphqw sodqv1 Ri htxlw| rzqhuv zlwk htxlwlhv khog wkurxjk d vxfk sodq rqo| 55

shufhqw fkdqjhg wkh doorfdwlrq ri wkhlu sodq kroglqjv/ dqg rqo| 57 shufhqw pdgh d fkdqjh lq krz

wkhlu frqwulexwlrqv zhuh wr eh lqyhvwhg1 Wkhuhiruh/ ghvslwh wkh lpsuhvvlrq rqh pd| jhw iurp wkh

lqfuhdvh lq rqolqh wudglqj gxulqj wkh 4<<3v/ wudglqj lv vwloo lqiuhtxhqw iru prvw krxvhkrogv zlwk

pruh wkdq kdoi ri vwrfnkroghuv frqgxfwlqj qr vwrfn wudqvdfwlrqv lq 4<<;1

7 H�hfwv ri qrq�qdqfldo lqfrph rq sruwirolr fkrlfh

714 Iudphzrun iru hvwlpdwlqj wkh frqglwlrqdo prphqwv ri qrq�qdqfldo lq0

frph

Ohw ��| @ H +\�|m\�c|3�>[�c|3�, dqg ��| @
s
Y +\�c|m\�c|3�>[�c|3�, zkhuh \�| lv wkh qrq�qdqfldo

lqfrph ri krxvhkrog l lq shulrg w dqg [�c|3� lv d yhfwru ri yduldeohv xvhixo iru suhglfwlqj qh{w

shulrg lqfrph iru krxvhkrog l1 Ixuwkhupruh/ ghqrwh e| ��| wkh frqglwlrqdo fruuhodwlrq ehwzhhq

vkrfnv wr orj qrq�qdqfldo lqfrph dqg wkh orj vwrfn uhwxuq/ dqg ohw Z�| eh wkh �qdqfldo zhdowk

ri krxvhkrog l dw gdwh w=

Iru wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv/ wkhru| suhglfwv wkdw wkh uhohydqw

prphqwv wr lqfoxgh dv uhjuhvvruv duh vfdohg e| �qdqfldo zhdowk Z�|=
>�|

`�c|
> j�|

`�|
> dqg >�|

`�|
��|1 L

lqwhudfw wkh fruuhodwlrq phdvxuh ��| zlwk
>�|

`�|
vlqfh wkh fruuhodwlrq lv pruh uhohydqw wkh pruh

qrq�qdqfldo lqfrph d krxvhkrog kdv rq dyhudjh1 Zlwk �{hg wudqvdfwlrqv dqg2ru sduwlflsdwlrq

frvwv/ wkh ghflvlrq ri zkhwkhu wr krog vwrfnv ru qrw ghshqgv rq wkh rswlpdo groodu dprxqw wr

eh lqyhvwhg frqglwlrqdo rq hqwu|1 Wkxv wkh uhohydqw prphqwv duh wkh deryh/ zlwkrxw vfdolqj e|

�qdqfldo zhdowk= ��|> ��| dqg ��|��|1

L iroorz d iudphzrun iru hvwlpdwlqj wkh frqglwlrqdo prphqwv ri qrq�qdqfldo lqfrph vlplodu

wr wkdw ri Fduuroo dqg Vdpzlfn +4<<:,1 Orj qrq�qdqfldo lqfrph ri krxvhkrog l dw gdwh w> oq\�|/

lv dvvxphg wr frqvlvw ri wzr frpsrqhqwv/ s�| dqg %�|1 Wkh �uvw frpsrqhqw/ ghqrwhg *shupdqhqw

lqfrph*/ lv d udqgrp zdon zlwk d guliw whup j�|1 Wkh guliw whup lv shuihfwo| suhglfwdeoh edvhg rq

wkh krxvhkrog*v lqirupdwlrq dw w � 4/ L�c|3� @ +\�c|3�>[�c|3�, = Wkh vhfrqg frpsrqhqw/ ghqrwhg

*wudqvlwru| lqfrph* lv dq l1l1g1 vkrfn1 L dvvxph wkdw doo vkrfnv duh qrupdoo| glvwulexwhg dqg
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xqfruuhodwhg1 Wkxv wkh lqfrph surfhvv lv dv iroorzv=

oq\�| @ s�| . %�|> s�| @ j�| . s�c|3� . ��| +4,

%�| � Q
�
3> �20�

�
> ��| � Q

�
3> �2#�

�
>

fry +%�|> %�r, @ 3/ ;w 9@ v> fry +��|> ��r, @ 3/ ;w 9@ v> fry +%�|> ��r, @ 3/ ;w> v
j�| nqrzq edvhg rq L�c|3�

.

oq\�| � oq\�|3� @ s�| � s�c|3� . %�| � %�c|3� @ j�| . ��| . %�| � %�c|3� +, +5,

oq\�| @ oq\�c|3� . j�| . ��| . %�| � %�c|3�=

Wklv lpsolhv wkdw

H +oq\�|m oq\�c|3�>[�c|3�, @ oq\�c|3� . j�| +6,

Y +oq\�|m oq\�c|3�>[�c|3�, @ �2#� . 5�20� +7,

��| @ H +\�|m\�c|3�>[�c|3�, @ hE*?t�c|3�n}�|�n
�

2
+j2#�n2j20�,

@ \�c|3�J�|h
�

2
+j2#�n2j20�, +8,

�2�| @ Y +\�|m\�c|3�>[�c|3�,

@ h2E*?t�c|3�n}�|�n+j2#�n2j20�,
�
h+j

2

#�n2j
2

0�, � 4
�

@ +\�c|3�J�|,
2 h+j

2

#�n2j
2

0�,
�
h+j

2

#�n2j
2

0�, � 4
�

+9,

zkhuh [�c|3� duh wkh yduldeohv lq L�c|3� uhohydqw iru suhglfwlqj j�| dqg J�| @ h}�| =

Wkh lvvxh dulvhv zklfk gdwd vkrxog eh xvhg iru hvwlpdwlqj �2#� . 5�20� lq rughu wr frqvwuxfw

hvwlpdwhv ri ��| dqg ��| iru hdfk krxvhkrog dw hdfk gdwh w dw zklfk sruwirolr gdwd duh dydlodeoh1

Lw lv xqolnho| wkdw �2#� .5�20� lv frqvwdqw ryhu wlph/ vlqfh h1j1 d fkdqjh iurp hpsor|hg wr uhwluhg

zrxog lpso| d vzlwfk wr d qrq�qdqfldo lqfrph surfhvv zlwk gl�huhqw sdudphwhuv1 Wkhuhiruh/

lw zrxog qrw eh dssursuldwh wr xvh doo dydlodeoh lqfrph gdwd iru hdfk krxvhkrog wr hvwlpdwh

�2#� . 5�20�1 Lqvwhdg/ L xvh lqfrph gdwd dqg gdwd iru [ iru d zlqgrz ri |hduv diwhu d jlyhq

sruwirolr revhuydwlrq wr rewdlq +iru hdfk krxvhkrog, dq hvwlpdwh �2#� . 5�20� ydolg iru wkdw |hdu1

Lq wkh SVLG/ sruwirolr gdwd duh dydlodeoh iru 4<;7/ 4<;</ dqg 4<<7/ zkhuhdv lqfrph gdwd duh

dydlodeoh dqqxdoo|1 Vlqfh lqfrph gdwd duh dydlodeoh xs wr 4<<5 rqo|/ wkh 4<<7 sruwirolr gdwd

fdqqrw eh xvhg iru wkh dqdo|vlv ri wkh h�hfw ri qrq�qdqfldo lqfrph/ vlqfh lqfrph prphqwv

fdqqrw eh frqvwuxfwhg1 Wkh uhohydqw sruwirolr revhuydwlrqv iru wklv sduw duh wkxv iurp 4<;7 dqg
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4<;<1 Iru 4<;7 L xvh wkh frqvxpswlrq jurzwk revhuydwlrqv iru wkh |hduv 4<;704<;; +l1h1 �yh

frqvxpswlrq jurzwk revhuydwlrqv edvhg rq gdwd iru 4<;60;;, iru hvwlpdwlqj �2#.5�20= Iru 4<;< L

xvh wkh |hduv 4<;<04<<5 +l1h1 irxu frqvxpswlrq jurzwk revhuydwlrqv edvhg rq gdwd iru 4<;;0<5,1

Iru hdfk ri wkh wzr zlqgrzv ri |hduv/ oq\�| � oq\�c|3� lv uhjuhvvhg rq wkh yhfwru ri yduldeohv

[�c|3�= Wkh suhglfwhg ydoxhv duh xvhg dv dq hvwlpdwh ri j�| dqg wkh uhvlgxdov dv dq hvwlpdwh ri

��|.%�|�%�c|3�= Wklv lv grqh vhsdudwho| iru wkh zlqgrz diwhu 4<;7 dqg iru wkh zlqgrz diwhu 4<;<1

Iru [�c|3� L xvh djh ri krxvhkrog khdg/ djh ri krxvhkrog khdg vtxduhg/ rqh gljlw rffxsdwlrq

dqg lqgxvwu| gxpplhv/ qxpehu ri fkloguhq xqghu 4;/ d gxpp| iru ehlqj pduulhg/ d gxpp| iru

ehlqj zklwh/ dqg wkuhh hgxfdwlrq gxpplhv +49. |hduv/ 46048 |hduv dqg <045 |hduv ri hgxfdwlrq/

uhvshfwlyho|,1� Wkh U2�v iurp wkhvh wzr uhjuhvvlrqv duh wlq| +durxqg 3134, dowkrxjk pdq| ri wkh

uhjuhvvruv duh vljql�fdqw1 Uhvxowv duh vlplodu li j�| lv vlpso| dvvxphg frqvwdqw lpso|lqj wkdw

lqfrph jurzwk lv xqsuhglfwdeoh1 Wkh vdpsoh yduldqfh ri wkh uhvlgxdov iru hdfk krxvhkrog duh

wkhq xvhg wr hvwlpdwh �2#�.5�20�= Vlqfh wklv lqyroyhv hvwlpdwlqj �
2
#�.5�20� zlwk rqo| 8 revhuydwlrqv

+7 revhuydwlrqv iru wkh zlqgrz diwhu 4<;<,/ L gr qrw dwwhpsw wr hvwlpdwh �2#� dqg �20� vhsdudwho|1

Jlyhq hvwlpdwhv ri �2#�.5�20� iru hdfk krxvhkrog/ wkh prphqwv ��| dqg ��| fdq wkhq eh fdofxodwhg

dw wkh krxvhkrog ohyho1 Gxh wr wkh hvwlpdwlrq huuru lq �2#�.5�20� dqg srwhqwldo phdvxuhphqw huuru

lq \�c|3�/ wkh hvwlpdwhv ri ��| dqg ��| duh olnho| wr eh qrlv| hvwlpdwhv ri krxvhkrogv* h{shfwdwlrqv

derxw wkhvh yduldeohv1 L wkhuhiruh hvwlpdwh wkh sruwirolr prgho �uvw xvlqj wkh hvwlpdwhv ri ��|

dqg ��| dqg wkhq +iru frpsdulvrq, xvlqj lqvwuxphqwdo yduldeohv whfkqltxhv1

Hvwlpdwlqj wkh frqglwlrqdo fruuhodwlrq ��| ehwzhhq ��| . %�| � %�|3� dqg wkh orj jurvv vwrfn

uhwxuq oq +4 . urc|, zlwk rqo| 8 revhuydwlrqv lv olnho| wr jlyh yhu| lpsuhflvh hvwlpdwhv +hvwlpdwhv

iru wkh wzr zlqgrzv vkrzhg yhu| olwwoh fruuhodwlrq zklfk prvw olnho| uh hfwv odujh hvwlpdwlrq

huuruv,1 L wkhuhiruh xvh wkh frpelqhg zlqgrz iurp 4<;604<<51

715 Ilqglqjv

L hvwlpdwh d vdpsoh vhohfwlrq prgho/ vlqfh L dp lqwhuhvwhg lq erwk wkh glvfuhwh ghflvlrq wr

sduwlflsdwh lq wkh vwrfn pdunhw dv zhoo dv wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv

frqglwlrqdo rq sduwlflsdwlrq1 Ohw V�| eh dq lqglfdwru iru zkhwkhu krxvhkrog l sduwlflsdwhv lq wkh

vwrfn pdunhw dw gdwh w/ dqg ghqrwh e| ��| wkh iudfwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv1

Dovr/ ohw G�| @ ��|Z�| ghqrwh wkh groodu dprxqw lqyhvwhg lq vwrfnv1 Wkh vdpsoh vhohfwlrq prgho
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lv wkhq

Sduwlflsdwlrq htxdwlrq = VW

�| @ {��|� . ��V�c|3� . �2G�c|3� . ��G
2
�c|3� . ��|> V�| @

;?
= 4 li VW

�| � 3

3 rwkhuzlvh
+:,

Htxlw| vkduh htxdwlrq = ��| @ z�

�|� . x�|> revhuyhg li V�| @ 4= +;,

Wkh prgho lv hvwlpdwhg xvlqj pd{lpxp0olnholkrrg hvwlpdwlrq1 Wkh uhjuhvvruv {�| dqg z�| lqfoxgh

wkh prphqwv ri qrq�qdqfldo lqfrph dv zhoo dv frqwurov glvfxvvhg ehorz1 Wkh sduwlflsdwlrq

htxdwlrq ixuwkhupruh lqfoxghv odjv ri wkh sduwlflsdwlrq lqglfdwru/ wkh odjjhg groodu dprxqw

lqyhvwhg lq vwrfnv/ dqg wkh odjjhg groodu dprxqw vtxduhg1 Wkh lqfoxvlrq ri wkhvh odjv duh

prwlydwhg e| wkh wudqvdfwlrqv frvwv IA8 dqg IAT dqg lv glvfxvvhg lq ghwdlo lq wkh vhfwlrq rq

vwuxfwxudo vwdwh ghshqghqfh ehorz1

Hvwlpdwlqj d vhsdudwh surelw prgho iru wkh sduwlflsdwlrq ghflvlrq zrxog surylgh frqvlvwhqw

hvwlpdwhv ri wkh sdudphwhuv lq wkh sduwlflsdwlrq htxdwlrq1 Krzhyhu/ d olqhdu uhjuhvvlrq iru wkh

sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv frqglwlrqdo rq sduwlflsdwlrq zlwk qr fruuhfwlrq

iru vhohfwlrq ri krxvhkrogv lqwr wkh jurxs ri vwrfn pdunhw sduwlflsdqwv zrxog qrw surylgh frqvlv0

whqw hvwlpdwhv ri wkh h�hfwv ri wkh frqglwlrqdo prphqwv ri qrq�qdqfldo lqfrph ru rwkhu uhjuhvvruv

li ��| dqg x�| duh fruuhodwhg1 Wklv lv wkh fdvh vlqfh H +x�|mz�|> V�| @ 4, 9@ 3 zkhq fry+%�|> ��|, 9@ 3

hyhq li H +x�|mz�|, @ 3= E| dffrxqwlqj iru wkh fruuhodwlrq ri wkh huuru whupv wkh mrlqw hvwlpdwlrq

ri wkh wzr ghflvlrqv ohdgv wr frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv lq erwk htxdwlrqv1

Lq dgglwlrq wr wkh frqglwlrqdo prphqwv ri qrq�qdqfldo lqfrph/ L lqfoxgh wkh iroorzlqj frq0

wurov lq erwk wkh sduwlflsdwlrq dqg wkh htxlw| vkduh htxdwlrqv1

Z�|> Z 2
�| = Ilqdqfldo zhdowk ri krxvhkrog l dw wkh ehjlqqlqj ri shulrg w/ dqg wkh vtxduh

ri wklv yduldeoh1 Lq wkh sduwlflsdwlrq htxdwlrq/ �qdqfldo zhdowk zloo kdyh d srvlwlyh h�hfw rq

wkh suredelolw| ri ehlqj d vwrfn pdunhw sduwlflsdqw li dq| ri wkh �{hg frvwv/ IA8 dqg I� / duh

lpsruwdqw dqg wkh rswlpdo groodu dprxqw lqyhvwhg lv lqfuhdvlqj lq zhdowk +dv zrxog eh wkh fdvh

iru xwlolw| ixqfwlrqv ri wkh GDUD w|sh,1 Li ulvn dyhuvlrq ghfolqhv idvwhu2vorzhu lq �qdqfldo zhdowk

wkdq lw grhv lq wkh FUUD xwlolw| fdvh/ �qdqfldo zhdowk zloo dovr kdyh dq h�hfw lq wkh htxlw|

vkduh htxdwlrq1

Djh�|> Djh2�| +ri wkh khdg ri krxvhkrog,= Djh dqg djh vtxduhg ri wkh khdg ri krxvhkrog +wkh

pdoh lq frxsohv,1 Zlwk �qlwh olihwlphv wkh lqyhvwphqw krul}rq ghshqgv rq djh1 Li lqyhvwphqw

rssruwxqlwlhv duh wlph ydu|lqj/ rswlpdo sruwirolr fkrlfh ghshqgv rq wkh lqyhvwphqw krul}rq dqg

wkxv rq djh1 Djh frxog dovr pdwwhu iru rwkhu uhdvrqv/ iru h{dpsoh ehfdxvh ri djh ghshqghqw

khdowk ulvnv1
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Hgxfdwlrq�|> Udfh�| +ri wkh khdg ri krxvhkrog,= Hgxfdwlrq dqg2ru udfh frxog eh vljql�fdqw

lq wkh sduwlflsdwlrq htxdwlrq li dq| ri wkh �{hg frvwv gl�hu dfurvv hgxfdwlrq ru udfldo jurxsv1

Ixuwkhupruh/ hgxfdwlrq ru udfh frxog eh vljql�fdqw lq erwk wkh sduwlflsdwlrq dqg wkh htxlw|

vkduh htxdwlrq li ulvn dyhuvlrq gl�hu dfurvv hgxfdwlrq ru udfldo jurxsv1

Wdeoh 6 vkrzv wkh uhvxowv iru wkh vdpsoh vhohfwlrq prgho hvwlpdwhg rq wkh edvholqh vdpsoh

ri 43;4 krxvhkrogv xvlqj sruwirolr gdwd iurp 4<;< dv zhoo dv 4<;7 iru wkh odjv1 Wkh vdpsoh lv

vpdoohu wkdq lq Wdeohv 4 dqg 5 vlqfh L qrz irfxv rq krxvhkrogv zlwk srvlwlyh �qdqfldo zhdowk

lq 4<;7 dqg 4<;< iru zklfk gdwd zhuh dydlodeoh iru doo vxuyh| |hduv lq wkh shulrg 4<;704<<6 dqg

zkr kdg qr fkdqjh lq khdg ru vsrxvh gxulqj wklv shulrg1 Ixuwkhupruh/ L gurs krxvhkrogv iru

zklfk dq| ri wkh yduldeohv ��|> ��|>
>�|

`�|
/ j�|

`�|
/ ru wkh odjv ri wkhvh xvhg dv lqvwuxphqwv ehorz/ duh

lq wkh wrs ru erwwrp rqh shufhqw ri revhuydwlrqv iru wkdw yduldeoh1 Wklv lv grqh wr glplqlvk wkh

h�hfw ri rxwolhuv1

Wkhuh lv fohdu hylghqfh ri d srvlwlyh phdq0h�hfw dqg d qhjdwlyh ulvn0h�hfw ri qrq�qdqfldo

lqfrph lq erwk htxdwlrqv1 Wkh h�hfwv duh hfrqrplfdoo| lpsruwdqw dv zhoo dv vwdwlvwlfdoo| vljqli0

lfdqw1 Dq lqfuhdvh lq frqglwlrqdo phdq qrq�qdqfldo lqfrph iurp wkh 53wk shufhqwloh +'4;/:75

lq 4<;6 sulfhv, wr wkh ;3wk shufhqwloh +'89/75;, lqfuhdvhv wkh suredelolw| ri ehlqj d vwrfnkroghu

e| 4519 shufhqwdjh srlqwv/ zkhq kroglqj wkh rwkhu yduldeohv lq wkh uhjuhvvlrq frqvwdqw dw wkhlu

phdqv1 Dq lqfuhdvh lq wkh +dqqxdo, frqglwlrqdo vwdqgdug ghyldwlrq phdq qrq�qdqfldo lqfrph

iurp wkh 53wk shufhqwloh +'589<, wr wkh ;3wk shufhqwloh +'463:8, ghfuhdvhv wkh suredelolw| ri

ehlqj d vwrfnkroghu e| 61; shufhqwdjh srlqwv/ djdlq kroglqj wkh rwkhu yduldeohv lq wkh uhjuhvvlrq

frqvwdqw dw wkhlu phdqv1 Lq wkh edvholqh uhjuhvvlrq/ wkh h�hfwv lq wkh htxlw| vkduh htxdwlrq duh

idluo| vpdoo1 Krzhyhu/ wkh| zloo eh pxfk eljjhu zkhq lqvwuxphqwlqj ehorz1 Iru wkh vdpsoh

ri vwrfnkroghuv wkh 53wk dqg ;3wk shufhqwlohv ri >�|

`�|
duh 3178 dqg 7188/ uhvshfwlyho|1 D vxfk

pryh lqfuhdvhv wkh sursruwlrq lqyhvwhg lq vwrfnv e| 614 shufhqwdjh srlqwv1 Wkh 53wk dqg ;3wk

shufhqwlohv ri j�|

`�|
iru vwrfnkroghuv duh 313; dqg 31<5/ zlwk dq lpsolhg h�hfw rq wkh sursruwlrq

lqyhvwhg lq vwrfnv ri 041< shufhqwdjh srlqwv1

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 odujhu sursruwlrq ri wkhlu zhdowk lq vwrfnv1 Rqo| wkh h�hfw ri hgxfdwlrq lq wkh sduwlflsdwlrq

htxdwlrq lv vwdwlvwlfdoo| vljql�fdqw1 L zloo uhwxuq wr wkh lqwhusuhwdwlrq ri wklv ehorz lq wkh frqwh{w

ri wkh odjv lqfoxghg lq wkdw htxdwlrq1 Ri wkh rwkhu frqwurov/ �qdqfldo zhdowk lv irxqg wr eh d

yhu| vwurqj ghwhuplqdqw ri wkh ghflvlrq wr sduwlflsdwh lq wkh vwrfn pdunhw/ frqvlvwhqw zlwk d

�{hg frvw ri sduwlflsdwlrq ru d �{hg wudqvdfwlrqv frvw1 L zloo hoderudwh rq wklv lq wkh vhfwlrq rq
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frvwv ri vwrfn pdunhw sduwlflsdwlrq ehorz1

Wkh uhvxowv ri hvwlpdwlqj wkh prgho xvlqj lqvwuxphqwdo yduldeohv duh vkrzq lq Wdeoh 71

Hvwlpdwlrq huuru lq �2#� .5�20� dqg srwhqwldo phdvxuhphqw huuru lq \�c|3�/ fdxvh wkh hvwlpdwhv ri

��| dqg ��| wr eh qrlv| hvwlpdwhv ri krxvhkrogv* h{shfwdwlrqv derxw wkhvh yduldeohv1 Wklv zloo ohdg

wr lqfrqvlvwhqw hvwlpdwhv xqohvv lqvwuxphqwdo yduldeohv hvwlpdwlrq lv xvhg1 Wkh 4<;7 hvwlpdwhv

ri ��|> ��| iru wkh sduwlflsdwlrq htxdwlrq dqg ri >�|

`�|
/ j�|

`�|
iru wkh htxlw| vkduh htxdwlrq duh xvhg

dv lqvwuxphqwv iru wkh 4<;< ydoxhv1 Uhjuhvvlrqv ri hdfk ri ��|> ��|>
>�|

`�|
/ dqg j�|

`�|
rq wkh odjv

xvhg dv lqvwuxphqwv surgxfh U2 ydoxhv ri 3184/ 3139/ 313</ dqg 313:1 Wkh lqvwuxphqwv duh lq doo

fdvhv vljql�fdqw dw wkh 4 shufhqw ohyho1 Wklv vxjjhvwv wkdw wkh lqvwuxphqwv duh uhdvrqdeo| vwurqj

suhglfwruv ri wkh yduldeohv wkh| duh lqvwuxphqwlqj iru1e Wkh LY hvwlpdwlrq lv grqh vhsdudwho|

iru wkh sduwlflsdwlrq htxdwlrq dqg wkh htxlw| vkduh htxdwlrq1 Iru wkh sduwlflsdwlrq htxdwlrq/ L

xvh wkh LY hvwlpdwru iru surelw prghov ghvfulehg lq Dphpl|d +4<:;, +dq| ri wkh LY hvwlpdwruv

ghvfulehg e| Dphpl|d duh htxlydohqw khuh/ vlqfh wkh suhvhqw prgho lv mxvw lghqwl�hg,1 Iru wkh

htxlw| vkduh htxdwlrq L xvh wkh LY hvwlpdwru iurp Ohh +4<;4, zklfk dffrxqwv iru vhohfwlrq1

Lq wkh sduwlflsdwlrq htxdwlrq/ wkh h�hfwv ri wkh frqglwlrqdo prphqwv duh vlplodu wr wkh

edvholqh fdvh zlwkrxw lqvwuxphqwlqj/ dowkrxjk ��| lv qr orqjhu vljql�fdqw1 Lq wkh htxlw| vkduh

htxdwlrq/ wkh h�hfwv ri wkh frqglwlrqdo prphqwv duh gudpdwlfdoo| odujhu zkhq lqvwuxphqwlqj1

Prylqj d krxvhkrog iurp wkh 53wk wr wkh ;3wk shufhqwloh ri >�|

`�c|
qrz ohdgv wr dq lqfuhdvh lq

� e| dv pxfk dv 5313 shufhqwdjh srlqwv1 D vlplodu pryh lq j�|

`�|
qrz lpsolhv d ghfuhdvh lq �

ri ;15 shufhqwdjh srlqwv1 Ryhudoo/ wkh LY uhvxowv vkrz wkh lpsruwdqfh ri lqvwuxphqwlqj iru wkh

frqglwlrqdo prphqwv jlyhq wkh olnho| hvwlpdwlrq huuru lq wkhvh1

Wxuqlqj wr wkh fruuhodwlrq h�hfw/ Wdeoh 8 uhshdwv wkh hvwlpdwlrq iurp Wdeoh 6 exw lqfoxglqj

wkh fruuhodwlrq yduldeohv1 Wkhuh lv qr hylghqfh ri d fruuhodwlrq h�hfw lq hlwkhu htxdwlrq1 Wklv

pd| eh gxh wr wkh gl!fxow| ri hvwlpdwlqj wkh fruuhodwlrqv zlwk d uhodwlyho| vkruw wlph vhulhv

glphqvlrq1

Lq vxp/ wkh uhvxowv 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 yrodwlolw| ri qrq�qdqfldo lqfrph1 L �qg qr hylghqfh ri d

fruuhodwlrq h�hfw1

Ixuwkhu hylghqfh ri wkh phdq dqg ulvn h�hfwv ri qrq�qdqfldo lqfrph fdq eh rewdlqhg iurp wkh

Vxuyh| ri Frqvxphu Ilqdqfhv +VFI, zklfk iru 4<<8 dqg 4<<; frqwdlqv vhoi0uhsruwhg phdvxuhv ri

h{shfwhg lqfrph dqg lqfrph ulvn1 Wkh VFI frqvlvw ri uhshdwhg furvv vhfwlrqv ri derxw 7333 XV

krxvhkrogv dqg lv wkxv qrw d sdqho olnh wkh SVLG1 Wdeoh 9 vkrzv wkh uhvxowv ri surelw prghov ri
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vwrfn pdunhw sduwlflsdwlrq edvhg rq wkh VFI gdwd1 L irfxv rq surelw prghov ri wkh sduwlflsdwlrq

ghflvlrq rqo| vlqfh wkh VFI rqo| kdv fdwhjruldo lqirupdwlrq derxw wkh sursruwlrqv doorfdwhg

wr htxlw| iru lqgluhfw vwrfnkroglqjv +shqvlrq sodqv/ pxwxdo ixqgv/ wuxvwv hwf1,1 Wkh uhjuhvvru

odehoohg *qrupdo lqfrph* lv wkh uhvsrqvh wr wkh txhvwlrq �Derxw zkdw zrxog |rxu lqfrph kdyh

ehhq li lw kdg ehhq d qrupdo |hduB�1 Wkh gxpp| iru qh{w |hdu*v lqfrph ehlqj xqfhuwdlq lv

edvhg rq wkh txhvwlrq �Dw wklv wlph/ gr |rx kdyh d jrrg lghd ri zkdw |rxu lqfrph iru qh{w |hdu

zloo ehB�1 Iru frpsdulvrq zlwk wkh SVLG/ krxvhkrogv lqfoxghg lq wkh wzr vdpsohv duh wkrvh

zkr kdg srvlwlyh �qdqfldo zhdowk dqg zkr glg qrw kdyh qrupdo lqfrph lq wkh kljkhvw ru orzhvw

shufhqwloh1 Wkh hvwlpdwlrqv duh grqh xvlqj doo VFI lpsxwdwlrqv iru plvvlqj ydoxhv +w0vwdwlvwlfv

duh fruuhvsrqglqjo| glylghg e|
s
8,1 Iru frpsdulvrq zlwk wkh SVLG/ wkh hvwlpdwlrqv xvh VFI

zhljkwv dqg L h{foxgh wkh krxvhkrogv zlwk qrupdo lqfrph lq wkh erwwrp rqh shufhqw ru wrs rqh

shufhqw +dffrxqwlqj iru wkh krxvhkrogv zhljkwv,1 Wkh qxpehu ri revhuydwlrqv xvhg lv 66:< iru

wkh 4<<8 VFI dqg 6777 iru wkh 4<<; VFI1 Wkh h�hfw ri qrupdo lqfrph rq wkh suredelolw| ri ehlqj

d vwrfn pdunhw sduwlflsdqw lv djdlq vwdwlvwlfdoo| vljql�fdqw dqg ri d vlplodu rughu ri pdjqlwxgh

dv wkh h�hfw irxqg lq wkh SVLG1 Prylqj d krxvhkrog iurp wkh 53wk wr wkh ;3wk shufhqwloh ri

qrupdo lqfrph/ kroglqj wkh rwkhu uhjuhvvruv �{hg dw wkhlu phdqv/ lqfuhdvhv wkh suredelolw| ri

ehlqj d vwrfnkroghu e| 4417 shufhqwdjh srlqwv lq wkh 4<<8 gdwd dqg 4619 shufhqwdjh srlqwv lq

wkh 4<<; gdwd1 Dv iru wkh ulvn phdvxuh/ krxvhkrogv zkr gr qrw kdyh d jrrg lghd ri qh{w |hdu*v

lqfrph duh 817 shufhqwdjh srlqwv ohvv olnho| wr eh vwrfnkroghuv lq 4<<8 dqg <1; shufhqwdjh srlqwv

ohvv olnho| lq 4<<;1

Li qrq�qdqfldo lqfrph ulvn pdwwhuv ehfdxvh krxvhkrogv fdqqrw lqvxuh djdlqvw lw +dv lv wkh

pdlqwdlqhg k|srwkhvlv lq wkh olwhudwxuh,/ wkhq zh vkrxog vhh wkdw krxvhkrogv zkr uhsruw ehlqj

eruurzlqj frqvwudlqhg duh ohvv olnho| wr krog vwrfnv1 Wkh qh{w wzr uhjuhvvruv lq Wdeoh 9 duh

lqglfdwru yduldeohv ri ehlqj eruurzlqj frqvwudlqhg1 Wkh vwurqjhvw phdvxuh ri ehlqj eruurz0

lqj frqvwdlqhg/ G+ghwhuuhg iurp dsso|lqj iru fuhglw,/ lv rqh li gxulqj wkh sdvw �yh |hdu*v wkh

krxvhkrog wkrxjkw ri dsso|lqj iru fuhglw exw fkdqjhg lwv plqg wklqnlqj lw pd| eh wxuqhg grzq1

Krxvhkrogv zkr zhuh ghwhuuhg iurp dsso|lqj iru fuhglw zhuh derxw 431; shufhqwdjh srlqwv ohvv

olnho| wr krog vwrfnv lq wkh 4<<8 gdwd dqg derxw 819 shufhqwdjh srlqwv ohvv olnho| lq wkh 4<<;

gdwd1 D vhfrqg phdvxuh ri eruurzlqj frqvwdlqwv lv wkh gxpp| yduldeoh G+wxuqhg grzq iru

fuhglw, zklfk lv rqh li wkh krxvhkrog kdv ehhq wxuqhg grzq iru fuhglw gxulqj wkh odvw �yh |hduv

+dqg ehhq xqdeoh wr eruurz wkh uhtxhvwhg dprxqw iurp dqrwkhu ohqghu,1 Kdylqj ehhq wxuqhg

grzq iru fuhglw kdv d qhjdwlyh h�hfw rq wkh suredelolw| ri ehlqj d vwrfnkroghu rqo| lq wkh 4<<8

gdwd1
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Ryhudoo wkh VFI gdwd vxssruw wkh �qglqjv edvhg rq wkh SVLG ri d srvlwlyh phdq h�hfw dqg

d qhjdwlyh ulvn h�hfw rq wkh suredelolw| ri vwrfn pdunhw sduwlflsdwlrq dqg surylgh vxjjhvwlyh

hylghqfh wkdw wkh h�hfw ri qrq�qdqfldo lqfrph ulvn pd| eh gxh wr eruurzlqj frqvwudlqwv dv

vxjjhvwhg e| wkhru|1

Dq lvvxh zklfk L kdyh qrw dgguhvvhg vr idu lv wkh srvvleoh h�hfw ri suhihuhqfh khwhurjhqhlw|

dfurvv krxvhkrogv1 Vxssrvh wkdw krxvhkrogv duh khwhurjhqhrxv lq whupv ri wkhlu frh!flhqw ri

uhodwlyh ulvn dyhuvlrq exw wkdw zh gr qrw lqfoxgh krxvhkrog ohyho ulvn dyhuvlrq phdvxuhv1 Ohvv

ulvn dyhuvh krxvhkrogv duh pruh olnho| wr eh vwrfnkroghuv dqg krog pruh vwrfnv frqglwlrqdo

rq sduwlflsdwlrq1 Krzhyhu/ wkh| duh dovr pruh olnho| wr vhoi0vhohfw lqwr ulvnlhu mrev dqg zloo

wkhuhiruh whqg wr kdyh kljkhu vwdqgdug ghyldwlrq ri oderu2exvlqhvv lqfrph/ dqg dovr kljkhu

phdq oderu2exvlqhvv lqfrph wr wkh h{whqw wkh ulvn lv frpshqvdwhg e| d kljkhu phdq1 Wkxv wkh

uhjuhvvruv zloo eh fruuhodwhg zlwk wkh huuru whup1 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 fryduldqfh h�hfw dv iru wkh ulvn h�hfw,1 Wkh

VFI frqwdlqv d vhoi0uhsruwhg phdvxuh ri ulvn dyhuvlrq zklfk vhyhudo sdshuv kdyh irxqg vljql�fdqw

lq uhjuhvvlrqv lqyroylqj vwrfnkroglqjv/ vhh h1j1 Kdoldvvrv dqg Ehuwdxw +4<<8,= Wklv lv dovr wkh

fdvh lq p| uhvxowv lq Wdeoh 9 zkhuh wklv phdvxuh lv lqfoxghg1 Wkh h�hfwv ri *qrupdo lqfrph* dqg

ri wkh xqfhuwdlqw| gxpp| duh d elw odujhu lq devroxwh ydoxh zkhq ohdylqj rxw wkh ulvn dyhuvlrq

phdvxuh +qrw vkrzq,1 Dv iru wkh SVLG/ wkh 4<<9 txhvwlrqqdluh iru wkh �uvw wlph 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 Eduvn| hw do1 +4<<:,1 Wkh SVLG ulvn dyhuvlrq txhvwlrqv duh rqo| dvnhg ri 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 Wkh ulvn wrohudqfh hvwlpdwh

fdq wkhq eh lqfoxghg lq dq hvwlpdwlrq iru wkh 4<;< furvv0vhfwlrq1 L uhhvwlpdwhg wkh prgho iurp

Wdeoh 6 rq wkh vxevdpsoh iru zklfk wkh ulvn dyhuvlrq phdvxuh lv dydlodeoh1 Uhvxowv zhuh vlplodu

wr wkrvh lq Wdeoh 6/ dqg zhuh vlplodu zkhwkhu lqfoxglqj wkh ulvn dyhuvlrq phdvxuh ru qrw1 Zkloh

wkhvh ulvn dyhuvlrq phdvxuhv duh qrw ixoo| vdwlvidfwru| dv frqwurov iru lqglylgxdo vshfl�f h�hfwv/

ulvn dyhuvlrqv khwhurjhqhlw| lv olnho| wr rqh ri wkh pdlq frpsrqhqwv ri vxfk h�hfwv1
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8 Frvwv ri vwrfn pdunhw sduwlflsdwlrq

Frqvlghu wkh rswlpl}dwlrq sureohp ri d krxvhkrog wkdw 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 erqgv/ W0eloov/ edqn

dffrxqwv hwf1 L dvvxph lw lv frvwohvv wr lqyhvw lq wkh ulvnohvv dvvhw zkhuhdv lqyhvwlqj lq vwrfnv

pd| lqyroyh wkh iroorzlqj wkuhh w|shv ri frvwv1

IA8 = Il{hg frvw ri wudglqj vwrfn1 Iru �uvw wlph ex|huv/ wklv frvw uhsuhvhqwv wkh wlph2prqh|

vshqw xqghuvwdqglqj edvlf lqyhvwphqw sulqflsohv dv zhoo dv dftxlulqj hqrxjk lqirupdwlrq derxw

ulvnv dqg uhwxuqv wr ghwhuplqh wkh krxvhkrog*v rswlpdo pl{ ehwzhhq vwrfnv dqg W0eloov1 Dgg wr

wkdw wkh frvw ri wlph vshqw vhwwlqj xs dffrxqwv1 Iru �uvw wlph ex|huv dv zhoo dv rwkhuv/ I A8

ixuwkhupruh lqfoxghv wkh �{hg sduw ri eurnhudjh frpplvvlrqv/ dv zhoo dv wkh ydoxh ri wlph vshqg

lpsohphqwlqj wkh wudgh1D

IAT = Yduldeoh +sursruwlrqdo, frvw ri wudglqj vwrfn1 Iru gluhfwo| khog vwrfnv/ wklv frvw

uhsuhvhqwv wkh elg0dvn vsuhdg dqg wkh yduldeoh sduw ri eurnhudjh frpplvvlrqv1 Mrqhv +5334,

grfxphqw d txlwh vwurqj ghfolqh lq Q\VH dyhudjh rqh0zd| wudqvdfwlrqv frvwv +frpplvvlrqv soxv

kdoi ri wkh elg0dvn vsuhdg, vlqfh wkh plg 4<:3v/ iurp durxqg 4143 shufhqwdjh srlqw lq 4<:3

wr durxqg 3153 shufhqwdjh lq wkh odwh 4<<3v1 Frqvlvwhqw zlwk wkh lpsruwdqfh ri wudglqj frvwv

wxuqryhu kdv lqfuhdvhg gudpdwlfdoo| ryhu wkh vdph shulrg +ri frxuvh/ uhyhuvh fdxvdolw| fdqqrw

eh uxohg rxw edvhg rq wkhvh djjuhjdwh gdwd,1 Lqgluhfw kroglqj ri vwrfnv dovr lqyroyh wudqvdfwlrqv

frvwv1 Iru ordg pxwxdo ixqgv wkh iurqw ordg sdlg xsrq hqwu| lqwr wkh ixqg zrxog dovr hqwhu IAT =

Uhd dqg Uhlg +4<<;, hvwlpdwh wkh dyhudjh iurqw0hqg vdohv ordg iru d vdpsoh ri ordg ixqgv/ zlwk

pd{lpxp doorzhg iurqw0hqg vdohv ordgv +dffruglqj wr wkhlu survshfwxvhv, ri dw ohdvw 6 shufhqw/ wr

eh 516 shufhqw lq 4<<: grzq iurp 71< shufhqw lq 4<;51 Lq dgglwlrq wr wklv/ ru dv dq dowhuqdwlyh/

vrph ixqgv kdyh frqwlqjhqw ghihuuhg vdohv ordgv uhtxlulqj lqyhvwruv wr sd| d fhuwdlq shufhqwdjh

ri wkhlu lqlwldo lqyhvwphqw li wkh| vhoo wkhlu pxwxdo ixqg vkduhv ehiruh d jlyhq qxpehu ri |hduv1

Wkhvh djdlq zrun dv d yduldeoh wudqvdfwlrqv frvw1 Iru wkh pdmrulw| ri lqglylgxdo krxvhkrogv/ wkh

sulfh lpsdfw ri wudghv duh xqolnho| wr eh vxevwdqwldo dqg wkxv xqolnho| wr eh d pdlq frpsrqhqw

ri IAT =

I� = Shu shulrg vwrfn pdunhw sduwlflsdwlrq frvw1 Wklv frvw uhsuhvhqwv wlph vshqw wkurxjkrxw

wkh |hdu ghwhuplqlqj li wudglqj lv rswlpdo1 Zlwk wlph ydu|lqj frqglwlrqdo dvvhw uhwxuq glvwulex0

wlrqv/ wkh wkhru| ri g|qdplf khgjlqj vxjjhvwv wkdw krxvhkrogv vkrxog dfwlyho| iroorz wkh vwrfn

pdunhw lq rughu wr irup pruh suhflvh h{shfwdwlrqv ri ixwxuh uhwxuqv dqg fkdqjh wkhlu sruwirolrv
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dffruglqjo|1 Ixuwkhupruh/ iru krxvhkrogv zkr dwwhpsw wr jdwkhu lqirupdwlrq wr ehqh�w iurp

ex|lqj lqglylgxdo vwrfnv ru vxefrpsrqhqwv ri wkh vwrfn pdunhw lqgh{/ wkh frvw ri wklv zrxog eh

lqfoxghg lq I� 1 Dv dq h{dpsoh/ 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 pdunhw +dowkrxjk sduw ri wklv pd| eh frqvlghuhg

hqwhuwdlqphqw dqg wkxv qrw eh frvwo|,1 D pruh vxewoh sduw ri I� lv wkdw lw frpsolfdwhv wd{

uhwxuqv1 Dffruglqj wr LUV qxpehuv iru 4<<</ krxvhkrogv zkr kdyh wr �oo rxw vfkhgxoh G dqg G4

+wkh vfkhgxohv iru fdslwdo jdlqv dqg orvvhv, rq dyhudjh vshqg 9 krxuv dqg 76 plqxwhv rq wklv1

Wkh deryh hpskdvl}hv frvwv ri dftxlulqj lqirupdwlrq dv dq lpsruwdqw hohphqw ri IA8 dqg

I� = Vhyhudo uhfhqw sdshuv �qg hylghqfh wkdw krxvhkrogv zkr uhsruw wr eh ehwwhu lqiruphg derxw

�qdqfldo lvvxhv pdnh sruwirolr ghflvlrqv pruh lq olqh zlwk wkhruhwlfdo suhglfwlrqv e| kdylqj d

kljkhu suredelolw| ri rzqlqj ulvn| �qdqfldo dvvhwv dqg kroglqj d odujhu qxpehu ri �qdqfldo dvvhw

fodvvhv1 Vhh Jxlvr dqg Mdsshool +5335, iru hylghqfh edvhg rq Lwdoldq gdwd/ Dohvvlh/ Krfkjxhuwho

dqg ydq Vrhvw +5335, iru uhvxowv edvhg rq Gxwfk gdwd/ dqg Eruvfk0Vxsdq dqg H|pdqq +5335,

iru �qglqjv iurp Jhupdq gdwd1 Zkloh wkhvh uhodwlrqv pd| qrw eh fdxvdo/ rwkhu sdshuv vxjjhvw d

fdxvdo h�hfw ri lqirupdwlrq rq vdylqjv dqg sruwirolr fkrlfh1 Fklwhml dqg Vwd�rug +5333, �qg wkdw

sduhqwdo vwrfnkroglqj kdv d vwurqj h�hfw rq wkh suredelolw| wkdw fkloguhq ehfrph vwrfnkroghuv/

frqwuroolqj iru hfrqrplf dqg ghprjudsklf fkdudfwhulvwlf ri wkh fkloguhq dv zhoo dv iru ehtxhvwv1

Wklv vxjjhvw wkh lpsruwdqfh ri hgxfdwlrq derxw �qdqfldo pdwwhuv iru vwrfn pdunhw sduwlflsdwlrq1

Gx r dqg Vdh} +5333, vwxg| uhwluhphqw sodq fkrlfhv dprqj wkh hpsor|hhv lq ydulrxv ghsduwphqwv

ri d sduwlfxodu xqlyhuvlw|1 Wkh| �qg wkdw wkh ghflvlrq wr hquroo lq d wd{ ghihuuhg dffrxqw +dqg

wkh fkrlfh ri pxwxdo ixqg yhqgru iru shrsoh zkr hquroo, duh d�hfwhg e| wkh ghflvlrqv ri rwkhu

hpsor|hhv lq wkh vdph ghsduwphqw1 Lqirupdwlrq  rz iurp froohjxhv lv d sodxvleoh h{sodqdwlrq iru

vxfk h�hfwv1 Krqj/ Nxeln/ dqg Vwhlq +5334, surylgh uhodwhg hylghqfh ri shhu h�hfwv1 Ehuqkhlp/

Jduuhww dqg Pdnl +5334, �qg wkdw wkh vdylqjv udwh ri krxvhkrogv lq wkh uhohydqw djh jurxsv zkr

juhz xs lq d vwdwh zlwk d kljk vfkrro �qdqfldo fxuulfxoxp pdqgdwh zdv derxw 418 sfw srlqwv

kljkhu wkdq iru rwkhuv lq wkh vdph djh jurxs1 Ehuqkhlp dqg Jduuhww+5334, �qg vlplodu h�hfwv

ri hpsor|hu0edvhg uhwluhphqw hgxfdwlrq sodqv1

814 Wudqvdfwlrqv frvwv

81414 Vwuxfwxudo vwdwh ghshqghqfh lq vwrfn pdunhw sduwlflsdwlrq

Whvwdeoh lpsolfdwlrqv Vroylqj d krxvhkrog*v rswlpl}dwlrq sureohp lq wkh suhvhqfh ri vhyhudo

w|shv ri vwrfn pdunhw sduwlflsdwlrq frvwv dv zhoo dv vwrfkdvwlf qrq�qdqfldo lqfrph lv yhu| gl!fxow
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dqg wr p| nqrzohgjh kdv qrw ehhq grqh1S Udwkhu wkdq surylglqj vlpxodwlrq hylghqfh/ L ghulyh

edvlf whvwdeoh lpsolfdwlrqv ri IA8 dqg IAT frqfhuqlqj vwuxfwxudo vwdwh ghshqghqfh lq wkh

sruwirolr ghflvlrq edvhg rq frpsdulvrq ri exgjhw vhwv1 Wkhvh suhglfwlrqv duh ydolg zkhwkhu I�

lv }hur ru qrw1 L uhwxuq wr I� lq wkh iroorzlqj vhfwlrqv1

Frqvlghu d krxvhkrog wkdw olyhv iru vhyhudo shulrgv1 Lq hdfk shulrg lw ghflghv krz pxfk wr

frqvxph dqg krz pxfk wr lqyhvw lq vwrfnv dqg lq wkh ulvnohvv dvvhw1 L xvh wkh iroorzlqj qrwdwlrq1

Krxvhkrogv l*v frqvxpswlrq lq shulrg w lv ghqrwhg e| F�|= Lwv �qdqfldo zhdowk dw gdwh w lv ghqrwhg

e|Z�| dqg lwv qrq�qdqfldo lqfrph lq shulrg w e| \�|/ dv deryh1 Lq whupv ri dvvhw kroglqjv/ ohw Q�|

ghqrwh wkh qxpehu ri vwrfnv wkh krxvhkrog rzqv dw gdwh w diwhu srwhqwldo wudghv/ dqg ohw ��| uhihu

wr wkh sursruwlrq ri �qdqfldo zhdowk zklfk wkh krxvhkrog krogv lq vwrfnv/ djdlq diwhu srwhqwldo

wudghv1 L +=, lv dq lqglfdwru ixqfwlrq htxdo wr rqh li wkh dujxphqw lv wuxh dqg }hur rwkhuzlvh1

V�| lv wkh lqglfdwru yduldeoh iru ehlqj d vwrfnkroghu dw gdwh w1 Dv iru wkh dvvhw uhwxuqv/ ohw usc|n�

ghqrwh wkh qhw uhwxuq rq W0eloov khog iurp gdwh w wr w . 4 +shulrg w,/ dqg urc|n� wkh qhw uhwxuq

rq vwrfnv ehiruh sd|lqj wudqvdfwlrqv dqg2ru sduwlflsdwlrq frvwv1

Dw gdwh w wkh krxvhkrog ghflghv rq frqvxpswlrq F�| dv zhoo dv rq lwv vwrfn kroglqjv Q�| +dqg

lpsolhg erqg kroglqjv,1 Li wkh krxvhkrog ghflghv wr qrw sduwlflsdwh lq wkh vwrfn pdunhw lq shulrg

w> wkxv fkrrvlqj Q�| @ 3/ lwv fxuuhqw shulrg exgjhw frqvwudlqw lv

Z�c|n� @
�
ZSrvw

�| �F�|

�
+4 . usc|n�, . \�| +<,

zlwk

ZSrvw

�| @ Z�| � L +V�c|3� @ 4,
�
IA8 . IAT S r

| Q�c|3�

�
= +43,

ZSrvw

�| ghqrwhv wkh dprxqw ri �qdqfldo zhdowk dydlodeoh iru lqyhvwphqw ru frqvxpswlrq diwhu

sd|phqw ri wkh ydulrxv frvwv1 Wkh whup L +V�c|3� @ 4,
�
IA8 . IAT S r

| Q�c|3�

�
lv wkh frvw ri h{lwlqj

wkh vwrfn pdunhw li wkh krxvhkrog sduwlflsdwhg lq wkh suhylrxv shulrg1

Li wkh krxvhkrog ghflghv wr sduwlflsdwh lq wkh vwrfn pdunhw lwv exgjhw frqvwudlqw lv

Z�c|n� @ +ZSrvw

�| �F�|, +4 . usc|n� . ��| +urc|n� � usc|n�,, . \�| +44,

zlwk

ZSrvw

�| @ Z�| � L +V�c|3� @ 3,
�
IA8 . IAT S r

| Q�|

�
+45,

�L +Q�| 9@ Q�c|3�> V�c|3� @ 4,
�
I A8 . IAT S r

| mQ�| �Q�c|3�m
�� I� = +46,

Wkh whup L +V�c|3� @ 3,
�
IA8 . IAT S r

| Q�|

�
lv wkh frvw ri hqwhulqj wkh vwrfn pdunhw li wkh krxvh0

krog glg qrw sduwlflsdwh lq wkh suhylrxv shulrg1 Wkh whup
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L +Q�| 9@ Q�c|3�> V�c|3� @ 4,
�
IA8 . IAT S r

| mQ�| �Q�c|3�m
�
lv wkh frvw ri wudglqj iru krxvhkrogv

zkr douhdg| sduwlflsdwhg lq wkh suhylrxv shulrg1 Wkh shu shulrg sduwlflsdwlrq frvw I� vlploduo|

uhsuhvhqwv d uhgxfwlrq lq zhdowk1

Wkh exgjhw vhwv lqglfdwh wkdw wkh srolf| ixqfwlrq iru wkh sduwlflsdwlrq ghflvlrq/ V�|> zloo

ghshqg rq=

V�c|3� +zlwk d srvlwlyh vljq, li IA8 A 31 D srvlwlyh �{hg wudqvdfwlrqv frvw zrunv dv dq hqwu|

frvw iru fxuuhqw qrqsduwlflsdqwv dqg dv dq h{lw frvw iru fxuuhqw sduwlflsdqwv1 Erwk pdnhv lw pruh

olnho| wkdw krxvhkrogv zloo qrw fkdqjh wkhlu sduwlflsdwlrq vwdwxv ehwzhhq shulrg w�4 dqg shulrg

w1

S r
| Q�c|3� +zlwk d srvlwlyh vljq, li IAT A 31 Wkh pruh vwrfnv khog dw w � 4> wkh pruh

wudqvdfwlrqv frvwv IAT S r
| Q�c|3� pxvw eh sdlg wr h{lw wkh vwrfn pdunhw1 Lq wkh gdwd L rqo|

revhuyh hdfk shulrg*v groodu vwrfnkroglqjv vr L xvh G�c|3� @ S r
|3�Q�c|3� wr sur{| iru S r

| Q�c|3�=

Vlqfh wkh sruwirolr revhuydwlrqv lq wkh SVLG duh 8 |hduv dsduw dqg vlqfh krxvhkrogv frxog kdyh

wudghg dw dq| srlqw lq ehwzhhq/ xvlqj S r
|3� pd| eh dv jrrg dq dssur{lpdwlrq wr wkh *w|slfdo*

sulfh idfhg gxulqj wkh shulrg dv S r
| = Wr doorz iru d pruh  h{leoh ixqfwlrqdo irup/ L dovr lqfoxgh

wkh vtxduh ri shulrg w� 4 groodu vwrfnkroglqjv1

L gr qrw sxuvxh lpsolfdwlrqv derxw vwuxfwxudo vwdwh ghshqghqfh lq wkh sruwirolr vkduh iru

vwrfnv frqglwlrqdo rq hqwu|1 Wklv lv sduwo| ehfdxvh vxfk lpsolfdwlrqv duh kdughu wr ghulyh wkhr0

uhwlfdoo| lq wkh suhvhqfh ri doo wkuhh frvwv frqvlghuhg khuh/ dqg sduwo| ehfdxvh wkh hfrqrphwulf

iudphzrun iru frqwuroolqj iru xqrevhuyhg lqglylgxdo khwhurjhqhlw| lq wkh sruwirolr vkduh wr p|

nqrzohgjh lv qrw ghyhorshg1

Lq vxp/ e| hvwlpdwlqj d uhgxfhg irup prgho ri wkh sduwlflsdwlrq ghflvlrq V�| dqg ghwhu0

plqlqj li wkh odjjhg srolf| yduldeohv duh vljql�fdqw dqg kdyh wkh h{shfwhg vljqv/ lw lv srvvleoh

wr ghwhuplqh li wkh frvwv IA8 dqg IAT duh odujh hqrxjk wr vljql�fdqwo| d�hfw vwrfn pdunhw

sduwlflsdwlrq1 Wkh wdeoh ehorz vxppdul}hv wkh suhglfwlrqv ri vwuxfwxudo vwdwh ghshqghqfh lq wkh

srolf| ixqfwlrq iru wkh sduwlflsdwlrq ghflvlrq1

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

V�| V�c|3� IA8 A 3 .

V�| G�c|3� IAT A 3 .

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

lq wkh sduwlflsdwlrq htxdwlrq lq erwk Wdeoh 6 dqg 7 lpso|lqj wkdw IA8 A 3= Dowkrxjk L dp qrw
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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 641; shufhqwdjh srlqwv edvhg rq wkh uhvxowv iurp Wdeoh 61

Li lqwhudfwlrq whupv ri wkh hgxfdwlrq gxpplhv dqg wkh odjjhg sduwlflsdwlrq ghflvlrq duh

lqfoxghg +qrw vkrzq,/ wkh| duh jhqhudoo| lqvljql�fdqw1 Wklv lqglfdwhv wkdw wkh vljql�fdqfh ri

hgxfdwlrq lv pruh olnho| wr uh hfw d fruuhodwlrq ehwzhhq hgxfdwlrq dqg suhihuhqfhv wkdq ehwzhhq

hgxfdwlrq dqg IA8 1

Wkh frh!flhqw rq 4<;7 groodu vwrfnkroglqjvG�c|3� lv dovr srvlwlyh dqg vljql�fdqw lq wkh surelw

prgho/ zkhuhdv wkh frh!flhqw rq wkh vtxduhg 4<;7 groodu vwrfnkroglqjv lv qhjdwlyh dqg vljql�0

fdqw1 Edvhg rq wkh edvholqh uhvxowv lq Wdeoh 6/ kljkhu G�c|3� lqfuhdvhv wkh suredelolw| ri ehlqj d

vwrfnkroghu h{fhsw lq d udqjh deryh wkh <;wk shufhqwloh ri G�c|3� +zlwk wkh shufhqwloh fdofxodwhg

zlwk lq wkh vhw ri 4<;7 vwrfnkroghuv rqo|,1 D vlplodu frqfoxvlrq lv uhdfkhg li kljkhu rughu whupv

ri G�c|3� duh lqfoxghg1 Iru 4<;7 vwrfnkroghuv/ dq lqfuhdvh lq 4<;7 grooduv vwrfnkroglqjv iurp wkh

53wk shufhqwloh +456< grooduv lq 4<;6 sulfhv, wr wkh ;3wk shufhqwloh +5787; grooduv, lqfuhdvhv wkh

suredelolw| ri ehlqj d vwrfnkroghu lq 4<;< e| 441< shufhqwdjh srlqwv hydoxdwhg dw wkh phdq ri wkh

rwkhu uhjuhvvruv/ fdofxodwhg iru 4<;7 vwrfnkroghuv rqo|1 Wklv vxjjhvwv d hfrqrplfdoo| lpsruwdqw

h�hfw ri IAT / exw wklv h�hfw lv rqo| derxw d txduwhu dv odujh dqg qrw vwdwlvwlfdoo| vljql�fdqw

zkhq dffrxqwlqj iru xqrevhuyhg lqglylgxdo h�hfwv dv grqh lq wkh iroorzlqj vxevhfwlrq1

Dffrxqwlqj iru lqglylgxdo h�hfwv Lq g|qdplf sdqho gdwd prghov dv wkh rqh frqvlghuhg

khuh/ xqrevhuyhg lqglylgxdo h�hfwv fdq lpso| wkdw odjjhg ghshqghqw yduldeohv vsxulrxvo| orrn

vljql�fdqw1 Li dq xqrevhuyhg lqglylgxdo h�hfw wkdw d�hfwv erwk V�c|3� +ru G�c|3�, dqg V�| hqwhuv

wkh huuru whup/ wkhq V�c|3� +ru G�c|3�, zloo vsxulrxvo| orrn vljql�fdqw1 Iru h{dpsoh/ vxssrvh

wkdw d yduldeoh zklfk lv d vwurqj ghwhuplqdqw ri sduwlflsdwlrq lv qrw lqfoxghg lq wkh prgho/ dqg

wkdw wklv yduldeoh lv fruuhodwhg ryhu wlph +ulvn dyhuvlrq zrxog eh dq h{dpsoh li lw gl�huv dfurvv

krxvhkrogv,1 Wkhq lw d�hfwv erwk V�| dqg V�c|3� zklfk/ li qrw dffrxqwhg iru/ vsxulrxvo| frxog

pdnh V�c|3� eh vljql�fdqw1 Wkxv zh zloo zurqjo| frqfoxgh wkdw wkhuh lv hylghqfh ri vwuxfwxudo

vwdwh ghshqghqfh1 Wklv lv vlplodu wr zk| ruglqdu| ohdvw vtxduhv lv lqfrqvlvwhqw lq d olqhdu prgho

zlwk d odjjhg ghshqghqw yduldeoh dqg dxwrfruuhodwhg huuru whupv1

Dv d urexvwqhvv fkhfn rq wkh deryh uhvxowv rq vwuxfwxudo vwdwh ghshqghqfh L xvh wkh udqgrp

h�hfwv hvwlpdwru ri Khfnpdq +4<;4, wr dffrxqw iru xqrevhuyhg lqglylgxdo h�hfwv1 Wkh lghd

ehklqg wkh hvwlpdwru lv lqwxlwlyh1 E| dffrxqwlqj iru wkh dxwrfruuhodwlrq lq wkh huuru whupv fdxvhg

e| wkh lqglylgxdo h�hfwv/ wkh lqfrqvlvwhqf| fdq eh glplqlvkhg1 Wkh hvwlpdwru ri Khfnpdq +4<;4,
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lv iru g|qdplf surelw prghov dqg pxvw eh dphqghg wr dffrxqw iru wkh odj ri groodu vwrfnkroglqjv

dovr lqfoxghg lq wkh surelw prgho1 Wkh ghwdlov ri wkh uhvxowlqj hvwlpdwru duh lq wkh dsshqgl{1

Wdeoh : vkrzv wkh uhvxowv ri hvwlpdwlqj wkh surelw prgho xvlqj wkh jhqhudol}hg yhuvlrq ri

Khfnpdqv hvwlpdwru1 Wkh frh!flhqw rq V�c|3� lv d elw odujhu wkdq hduolhu dqg vwloo vljql�fdqw/

frq�uplqj wkdw wkh wkh vljql�fdqfh ri V�c|3� lq wkh hduolhu uhjuhvvlrqv lv qrw gxh wr xqrevhuyhg

lqglylgxdo h�hfwv1 Wkxv wkhuh lv vwloo vxssruw iru wkh w|sh ri vwuxfwxudo vwdwh ghshqghqfh lq wkh

sduwlflsdwlrq htxdwlrq prwlydwhg e| IA8 1 Dv iru wkh frh!flhqwv rq G�c|3� dqg G2
�c|3�/ wkh|

duh qrz pxfk vpdoohu wkdq ehiruh dffrxqwlqj iru xqrevhuyhg lqglylgxdo h�hfwv/ dqg qr orqjhu

vljql�fdqw1 Wkxv IAT grhv qrw vhhp odujh hqrxjk wr d�hfw wkh sduwlflsdwlrq ghflvlrq xvlqj wklv

pruh fruuhfw hvwlpdwru1

81415 Wudglqj suredelolwlhv dqg htxlw| vkduh udqjh

Lq wklv vhfwlrq L surylgh vlpsoh hylghqfh rq wudglqj iuhtxhqflhv dqg wkh fkdqjhv lq htxlw| vkduhv

ryhu wlph dv d vxssohphqwdu| dssurdfk wr ghwhuplqh zkhwkhu d �{hg wudqvdfwlrq frvw lv suhvhqw1

Frqvlghu d vhwwlqj zlwk rqo| �{hg wudqvdfwlrqv frvwv1 Wklv zloo ohdg wr dq lqdfwlrq uhjlrq

fkdudfwhul}hg e| wzr wuljjhu srlqwv � dqg � dqg wzr uhwxuq srlqwv �W dqg �W> zlwk � ? �W

dqg �W ? �1 Lqvlgh wkh uhjlrq ehwzhhq � dqg � wkh krxvhkrog grhv qrw wudgh/ zkloh iru � A �

wkh krxvhkrog vhoov vwrfn wr ghfuhdvh � wr �W dqg iru � ?� lw ex|v vwrfn wr lqfuhdvh � wr

�W1 Wkh zlgwk ri wkh lqdfwlrq uhjlrq zloo ghshqg rq wkh vl}h ri IA8 dv zhoo dv wkh krxvhkrog*v

�qdqfldo zhdowk/ wkh vwrfn sulfh surfhvv dqg wkh krxvhkrog*v suhihuhqfhv1.cH Wkh suhglfwlrq whvwhg

ehorz lv wkdw krxvhkrogv zlwk odujhu lqlwdo �qdqfldo zhdowk +doo hovh htxdo, zloo kdyh d qduurzhu

lqdfwlrq uhjlrq dqg zloo wudgh pruh iuhtxhqwo| wkdq rwkhuv lq rughu wr nhhs � lqvlgh wklv uhjlrq1

Lqwxlwlyho|/ d jlyhq fkdqjh lq � fruuhvsrqgv wr d odujhu groodu dprxqw wudghg wkh odujhu wkh

krxvhkrog*v �qdqfldo zhdowk lv1 Vlqfh wkh �{hg wudqvdfwlrqv frvw e| gh�qlwlrq lv xqd�hfwhg e|

wkh dprxqw wudghg/ zkloh wkh +groodu htxlydohqw, ehqh�w ri uhedodqflqj ghshqgv rq wkh dprxqw

wudghg/ krxvhkrogv zlwk pruh �qdqfldo zhdowk zloo �qg lw rswlpdo wr lqfxu wkh �{hg wudqvdfwlrqv

frvw pruh riwhq dqg nhhs � lq d qduurzhu udqjh1 Wkhvh suhglfwlrqv fdq eh whvwhg rq wkh vhw ri

frqwlqxlqj vwrfnkroghuv l1h1 wkrvh zkr zhuh lq wkh vwrfn pdunhw erwk lq |hdu w dqg lq wkh qh{w

|hdu iru zklfk sruwirolr gdwd lv dydlodeoh1

Wkh SVLG zhdowk vxssohphqwv iru 4<;< dqg 4<<7 frqwdlq txhvwlrqv derxw zkhwkhu wkh krxvh0

krog erxjkw dqg2ru vrog vwrfnv gxulqj wkh sdvw �yh |hduv dqg groodu dprxqwv iru vxfk sxufkdvhv

dqg vdohv1 Krzhyhu/ wkh gdwd duh vxvshfwhg wr eh khdylo| lq xhqfhg e| uhfdoo eldv lq wkh irup

ri *irujrwwhq wudghv*1b L wkhuhiruh xvh gdwd rq wudghv iurp wkh Frqvxphu H{shqglwxuh Vxuyh|
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+FH[,1 Krxvhkrogv lq wklv gdwd vhw duh rqo| dvnhg iru d rqh |hdu uhfdoo ri �qdqfldo lqirupdwlrq

pdnlqj wklv gdwd vhw ohvv vxemhfw wr uhfdoo eldv1

Wkh FH[ lv d XV krxvhkrog vxuyh| ghvljqhg pdlqo| wr jdwkhu ghwdlohg lqirupdwlrq rq krxvh0

krog frqvxpswlrq exw zklfk dovr frqwdlqv lqirupdwlrq derxw lqfrph dqg dvvhw kroglqjv1 L xvh

FH[ gdwd fryhulqj wkh shulrg 4<;5/ �uvw txduwhu wr 4<<9/ �uvw txduwhu +L h{foxgh wkh gdwd iurp

4<;30;4 vlqfh wkhvh duh eholhyhg wr eh ri orzhu txdolw|,1 Lq hdfk txduwhu dssur{lpdwho| 7833

krxvhkrogv duh lqwhuylhzhg1 Hdfk krxvhkrog lv lqwhuylhzhg �yh wlphv1 Ilqdqfldo lqirupdwlrq lv

jdwkhuhg lq wkh �iwk txduwhu rqo|1 Krxvhkrogv duh dvnhg derxw fxuuhqw dvvhwv dv zhoo dv derxw

fkdqjhv lq wkhlu kroglqjv dqg surfhhgv iurp sxufkdvhv dqg vdohv gxulqj wkh sdvw |hdu1 Wkh

FH[ frqwdlqv lqirupdwlrq derxw irxu fdwhjrulhv ri �qdqfldo dvvhwv1 Krxvhkrogv duh dvnhg iru

wkhlu kroglqjv ri �vwrfn/ erqgv/ pxwxdo ixqgv dqg rwkhu vxfk vhfxulwlhv�/ �X1V1 vdylqjv erqgv�/

�vdylqjv dffrxqwv�/ dqg �fkhfnlqj dffrxqwv/ eurnhudjh dffrxqwv dqg rwkhu vlplodu dffrxqwv�1

Dv lv fohdu iurp wkhvh fdwhjrulhv d shuihfw vhsdudwlrq ri dvvhwv lqwr vwrfnv dqg ohvv ulvn| dvvhwv lv

qrw srvvleoh1 L zloo uhihu wr wkh fdwhjru| �vwrfn/ erqgv/ pxwxdo ixqgv dqg rwkhu vxfk vhfxulwlhv�

dv ulvn| dvvhwv1 Wkh lghd ehlqj whvwhg lv wkhq wkdw wudqvdfwlrqv lq dq| ri wkhvh dvvhwv lqyroyh dq

lpsruwdqw �{hg wudqvdfwlrqv frvw1

Wr irfxv wkh dqdo|vlv rq krxvhkrogv zkr khog ulvn| dvvhwv erwk dw wkh wlph ri wkh �iwk

lqwhuylhz dqg d |hdu hduolhu/ lw pxvw eh ghwhuplqhg zkr khog ulvn| dvvhwv d |hdu sulru wr wkh

vxuyh|1 Ixuwkhupruh/ �qdqfldo zhdowk pxvw eh fdofxodwhg dw wklv gdwh1 Wzr dgglwlrqdo w|shv ri

FH[ yduldeohv duh xvhg iru wkhvh sxusrvhv1 Wkh �uvw uhsruwv zkhwkhu wkh krxvhkrog krogv wkh

vdph dprxqw/ pruh/ ru ohvv ri wkh dvvhw fdwhjru| frpsduhg wr d |hdu djr1 Wkh vhfrqg uhsruwv wkh

groodu gl�huhqfh lq wkh hvwlpdwhg pdunhw ydoxh ri wkh dvvhw fdwhjru| khog e| wkh krxvhkrog odvw

prqwk frpsduhg zlwk wkh ydoxh ri wkh dvvhw fdwhjru| khog d |hdu djr +dv ri odvw prqwk,1 L gh�qh

d krxvhkrog dv kroglqj ulvn| dvvhwv d |hdu djr li lw 4, uhsruwv kroglqj wkh vdph dprxqw ri wkh

dvvhw dv d |hdu djr dqg krogv d srvlwlyh dprxqw dw wkh wlph ri wkh txhvwlrq +wkh �iwk lqwhuylhz,

ru 5, uhsruwv kdylqj orzhu kroglqjv ri wkh dvvhw wkdq d |hdu djr/ ru 6, uhsruwv kdylqj kdg dq

lqfuhdvh lwv kroglqjv ri wkh dvvhw exw e| d groodu dprxqw ohvv wkdq wkh uhsruwhg kroglqjv dw wkh

wlph ri wkh txhvwlrq1�f Wr gh�qh �qdqfldo dvvhwv dv ri d |hdu sulru wr wkh vxuyh|/ L vxewudfw wkh

rqh |hdu fkdqjh lq kroglqjv iurp wkh fxuuhqw kroglqjv ri hdfk �qdqfldo dvvhw fdwhjru|1 Jlyhq wkh

lqlwldo dqg fxuuhqw kroglqjv iru hdfk fdwhjru|/ wkh fkdqjh lq wkh vkduh ri wkh sruwirolr lqyhvwhg lq

vwrfnv fdq dovr eh fdofxodwhg1 L uhvwulfw wkh vdpsoh wr krxvhkrogv zlwk ydolg uhvsrqvhv iru hdfk

ri wkh yduldeohv xvhg lq wkhvh gh�qlwlrqv +l1h1 fxuuhqw kroglqjv/ wkh fkdqjh lq kroglqjv ryhu wkh

|hdu/ dqg wkh lqglfdwru yduldeoh iru lqfuhdvhg2frqvwdqw2ghfuhdvhg rzqhuvkls, dqg iru wkh ulvn|
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dvvhw fdwhjru| wkh yduldeohv frqfhuqlqj sxufkdvhv dqg vdohv zklfk zloo eh xvhg ehorz1

P| �qdo vdpsoh frqvlvwv ri 9::3 krxvhkrogv zkr khog ulvn| dvvhwv erwk dw wkh wlph ri wkh

vxuyh| dqg d |hdu sulru wr wkdw1 L gh�qh d krxvhkrog dv kdylqj erxjkw ulvn| dvvhwv li lw kdv d

srvlwlyh uhvsrqvh wr wkh txhvwlrq �Sxufkdvh sulfh ri vwrfnv/ erqgv ru pxwxdo ixqgv lqfoxglqj

eurnhu ihhv erxjkw e| FX lq sdvw 45 prqwkv�1 Vlploduo| L gh�qh d krxvhkrogv dv kdylqj vrog

vwrfnv li lw uhsruwv srvlwlyh surfhhgv iurp vdohv ri wkh vdph dvvhwv1

Iljxuh 7 vkrzv wkh uhvxowv rq wudglqj suredelolwlhv edvhg rq wkh FH[1 Wkh �jxuh sorwv iru

hdfk ghfloh ri uhdo lqlwldo �qdqfldo zhdowk +lq 4<;6 grooduv, wkh shufhqwdjh ri krxvhkrogv zkr

erxjkw ru vrog ulvn| dvvhwv1 Wkh suredelolw| ri wudglqj +ex|lqj dqg2ru vhoolqj, lv lqfuhdvlqj lq

lqlwldo �qdqfldo zhdowk/ iurp 315< iru wkh orzhvw �qdqfldo zhdowk ghfloh wr 3186 iru wkh kljkhvw

ghfloh1 Wklv frq�upv wkh suhvhqfh ri �{hg wudglqj frvwv1 Wkh h�hfwv duh vwdwlvwlfdoo| vljql�fdqw

dqg urexvw wr frqwuroolqj iru djh/ hgxfdwlrq/ udfh dqg lqfrph1 Lq wkuhh surelw prghov ri wkh

suredelolw| ri +d, ex|lqj/ +e, vhoolqj/ ru +f, ex|lqj dqg2ru vhoolqj +lqfoxglqj djh/ djh vtxduhg/

wkuhh hgxfdwlrq gxpplhv/ dqg d gxpp| iru wkh khdg ri krxvhkrog ehlqj zklwh/ krxvhkrog

lqfrph dqg lqfrph vtxduhg dv frqwurov, �qdqfldo zhdowk lv vljql�fdqw zlwk d srvlwlyh frh!flhqw

dqg d w0vwdwlvwlf ehwzhhq 917 dqg ;1:1 Ilqdqfldo zhdowk vtxduhg lv vljql�fdqw zlwk d qhjdwlyh

frh!flhqw lq doo wkuhh surelw prghov1 Hdfk ri wkh wkuhh wudglqj suredelolwlhv duh lqfuhdvlqj lq

�qdqfldo zhdowk h{fhsw lq d udqjh deryh wkh <;wk shufhqwloh ri �qdqfldo zhdowk revhuydwlrqv1

Vsolwwlqj wkh FH[ vdpsoh lq vxeshulrgv dffruglqj wr lqwhuylhz gdwhv dqg frqvwuxfwlqj vhsdudwh

judskv iru hdfk vxeshulrgv glg qrw vxjjhvw d whqghqf| iru wkh wudglqj suredelolw| olqhv wr pryh

xszdug ru ehfrph vwhhshu ryhu wlph1 Wkxv wkhuh lv qr hylghqfh wkdw wkh �{hg wudqvdfwlrqv frvw

kdv ghfolqhg ryhu wlph1 Wklv lv frqvlvwhqw zlwk dq lqwhusuhwdwlrq ri wkh �{hg wudqvdfwlrqv frvw

suhgrplqdqwo| fdswxulqj wlph vshqw rq wkh ghflvlrq pdnlqj dqg wudqvdfwlrq/ dv rssrvhg wr wkh

vpdoo shu wudgh frvw fkdujhg lq eurnhudjh wudqvdfwlrqv1

Frqvlvwhqw zlwk wkh �qglqj wkdw krxvhkrogv zlwk kljkhu �qdqfldo zhdowk duh pruh olnho| wr

wudgh wkdq rwkhuv/ wkhvh krxvhkrogv whqg wr nhhs wkh ulvn| dvvhw vkduh lq wkhlu sruwirolrv lq d

qduurzhu udqjh1 Iljxuh 8 vkrzv iru hdfk ghfloh ri uhdo lqlwldo �qdqfldo zhdowk wkh phdq devroxwh

ydoxh ri wkh fkdqjh lq wkh ulvn| dvvhw vkduh +l1h1 wkh phdq ri m��c| � ��c|3�m,1 Ryhu d rqh |hdu

shulrg wkh sruwirolr vkduh iru wkrvh lq wkh orzhvw �qdqfldo zhdowk ghfloh fkdqjhg e| derxw 3147

+47 shufhqwdjh srlqwv,/ frpsduhg wr rqo| derxw 3138 iru wkh kljkhvw �qdqfldo zhdowk ghfloh1

Lq vxp/ wkh FH[ gdwd vxjjhvw wkdw �{hg wudqvdfwlrqv frvwv duh lpsruwdqw1 Krxvhkrogv zlwk

kljkhu �qdqfldo zhdowk duh pruh olnho| wr wudgh wkdq rwkhuv dqg nhhs wkh vkduh ri ulvn| dvvhwv lq

wkhlu sruwirolr lq d qduurzhu udqjh wkdq rwkhuv1
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815 Shu shulrg sduwlflsdwlrq frvwv

Xqolnh wkh �{hg dqg yduldeoh wudqvdfwlrqv frvwv/ wkh shu shulrg sduwlflsdwlrq frvw I� grhv

qrw ohdg wr vwuxfwxudo vwdwh ghshqghqfh lq d krxvhkrog*v sruwirolr fkrlfh1 Wr ghwhuplqh wkh

lpsruwdqfh ri I� wklv vhfwlrq wdnhv wkh iroorzlqj dssurdfk1 L �uvw hvwlpdwh krz odujh d ydoxh

ri I� lv qhhghg iru sduwlflsdwlrq frvwv wr h{sodlq wkh pdmrulw| ri qrqsduwlflsdqwv* fkrlfhv qrw

wr sduwlflsdwh lq wkh vwrfn pdunhw1 Wklv dvvxphv wkdw doo qrqsduwlflsdwlqj krxvhkrogv idfh

wkh vdph ydoxh ri I� = L wkhq doorz I� wr gl�hu dfurvv krxvhkrogv dqg hvwlpdwh lwv furvv0

vhfwlrqdo glvwulexwlrq1 Wkh dgydqwdjh ri doorzlqj khwhurjhqhlw| lq I� lv wkdw lw hqdeohv wkh

iudphzrun wr h{sodlq gl�huhqw sduwlflsdwlrq fkrlfhv ri krxvhkrogv zlwk vlplodu zhdowk dqg rwkhu

revhuydeoh fkdudfwhulvwlfv1 Erwk hvwlpdwlrqv duh edvhg rq hvwlpdwlqj wkh ehqh�wv ri vwrfn pdunhw

sduwlflsdwlrq iru hdfk krxvhkrog1 Wkh xqghuo|lqj ghulydwlrqv dvvxph wkdw wudqvdfwlrqv frvwv

+IAT dqg I A8 , duh devhqw1 L wkhq uhwxuq wr wkh d�hfw wudqvdfwlrqv frvwv pd| kdyh rq wkh

frqfoxvlrqv uhdfkhg1

81514 Wkhruhwlfdo iudphzrun

P| dssurdfk wr hvwlpdwlqj wkh ehqh�wv ri vwrfn pdunhw sduwlflsdwlrq uholhv rq wkh gh�qlwlrq

ri wkh fhuwdlqw| htxlydohqw uhwxuq wr d sruwirolr1 Vwduw e| frqvlghulqj d rqh shulrg vhwwlqj

zlwk xwlolw| gh�qhg ryhu hqg ri shulrg zhdowk dqg zlwk qr qrq�qdqfldo lqfrph1 Frqvlghu d

sruwirolr zlwk vwrfkdvwlf qhw uhwxuq u1 Li krxvhkrog l lqyhvwv dq dprxqw Z� lq wkh sruwirolr dw

wkh ehjlqqlqj ri wkh shulrg/ hqg ri shulrg zhdowk lv Z� +4 . u, = Wkh fhuwdlqw| htxlydohqw hqg ri

shulrg zhdowk Z Se
� lv jlyhq e|��

HX +Z� +4 . u,, @ X +Z Se
� , = +47,

Fruuhvsrqglqjo|/ wkh fhuwdlqw| htxlydohqw uhwxuq wr wkh sruwirolr fdq eh gh�qhg dv

HX +Z� +4 . u,, @ X +Z� +4 . uSe� ,, +48,

zlwk wkh lqwhusuhwdwlrq wkdw wkh lqyhvwru lv lqgl�huhqw ehwzhhq lqyhvwlqj Z� lq wkh ulvn| sruwirolr

zlwk vwrfkdvwlf uhwxuq u dqg lqyhvwlqj lw lq d ulvnohvv sruwirolr zlwk uhwxuq uSe� = Lq d vhwwlqj zlwk

sduwlflsdwlrq frvwv ri lqyhvwlqj lq wkh ulvn| sruwirolr/ lqlwldo zhdowk lv uhsodfhg e| ZSrvw

� @

Z� � I� = Wklv zhdowk ohyho wkhq hqwhuv rq wkh uljkw kdqg vlgh ri wkh htxdwlrq dv zhoo=

HX
�
ZSrvw

� +4 . u,
�
@ X

�
ZSrvw

� +4 . uSe� ,
�

+49,
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Li wkh ulvn| sruwirolr frqvlvwv ri vwrfnv dqg ulvnohvv dvvhwv lq wkh iudfwlrqv �� dqg 4� ��/ wkh

deryh htxdwlrq vd|v wkdw

HX
�
ZSrvw

� +4 . us . �� +ur � us ,,
�
@ X

�
ZSrvw

� +4 . uSe� ,
�

+4:,

zkhuh ur lv wkh vwrfn uhwxuq dqg us wkh ulvnohvv udwh1 Vlqfh wkh rqo| ulvn lq wkh sruwirolr ri vwrfnv

dqg ulvnohvv dvvhwv vwhpv iurp vwrfnv/ wkh fhuwdlqw| htxlydohqw uhwxuq wr vwrfnv fdq eh gh�qhg

e| wkh htxdwlrq

HX
�
ZSrvw

� +4 . us . �� +ur � us ,,
�
@ X

�
ZSrvw

�

�
4 . us . ��

�
uSerc� � us

���
= +4;,

Wklv vwdwhv wkdw wkh lqyhvwru lv lqgl�huhqw ehwzhhq lqyhvwlqj iudfwlrqv �� dqg 4 � �� lq d sruw0

irolr ri vwrfnv dqg ulvnohvv erqgv dqg lqyhvwlqj doo ri ZSrvw

� lq d ulvnohvv dvvhw zlwk uhwxuq

us . ��
�
uSerc� � us

�
= Wkxv uSerc� ghshqgv rq ��= Iru wkrvh krxvhkrogv zkr sduwlflsdwh lq wkh vwrfn

pdunhw/ wkhlu fkrlfh ri �� zloo surylgh lqirupdwlrq derxw uSerc�1 Lq sduwlfxodu/ li wkh krxvhkrog

lv ulvn dyhuvh wkhq uSe� lv d qxpehu vpdoohu wkdq wkh h{shfwhg qhw uhwxuq rq wkh ulvn| sruwir0

olr H +us . �� +ur � us ,, = Wkhuhiruh/ li �� � 4> uSerc� ? H +ur,1�2 D krxvhkrog fkrrvlqj �� A 3

ixuwkhupruh uhyhdov wkdw uSerc� A us =

Frqvlghu qrz wkh pruh uhdolvwlf fdvh zkhuh krxvhkrogv olyh iru pxowlsoh shulrgv dqg kdyh

qrq�qdqfldo lqfrph1 Lq wkdw fdvh/ zh fdq gh�qh wkh fhuwdlqw| htxlydohqw vwrfn uhwxuq uSerc�c|n� e|

wkh htxdwlrq

pd{
��|

�
X +F�|, . �HY|

��
ZSrvw

�| �F�|

�
+4 . usc|n� . ��| +urc|n� � usc|n�,, . \�|

��
@ pd{

��|

�
X +F�|, . �HY|

��
ZSrvw

�| �F�|

� �
4 . usc|n� . ��|

�
uSerc�c|n� � usc|n�

��
. \�|

��
= +4<,

zkhuh Y| +Z�c|n�, ghqrwhv wkh ydoxh ixqfwlrq gh�qhg ryhu gdwh w.4 zhdowk dqg � lv wkh glvfrxqw

idfwru1 Rq wkh ohiw vlgh ri wklv htxdwlrq/ wkh h{shfwdwlrq lv wdnhq ryhu urc|n� dqg \�|1 Rq wkh

uljkw vlgh lw lv wdnhq ryhu \�| rqo| vlqfh uSerc�c|n� lv qrqvwrfkdvwlf1 Djdlq/ 3 ? ��| � 4 uhyhdov

wkdw usc|n� ? uSerc�c|n� ? H +urc|n�,1 Lq wkh deryh gh�qlwlrq/ frqvxpswlrq lq shulrg w lv doorzhg wr

gl�hu ghshqglqj rq zkhwkhu wkh ulvn| sruwirolr ru wkh ulvnohvv sruwirolr lv khog1 Krzhyhu/ ehorz

L zloo qhhg wr dvvxph wkdw wkh fkrvhq frqvxpswlrq iru shulrg w +exw qrw iru ixwxuh shulrgv, lv

dssur{lpdwho| xqd�hfwhg e| wkh sruwirolr fkrlfh1

Wkh fhuwdlqw| htxlydohqw vwrfn uhwxuq fdq qrz eh xvhg wr ghwhuplqh wkh ydoxh ri sduwlflsdwlqj

lq wkh vwrfn pdunhw1 Jlyhq wkh gh�qlwlrq ri uSerc�c|n�> wkh krxvhkrog zloo fkrrvh wr sduwlflsdwh lq

wkh vwrfn pdunhw lq wkh fxuuhqw shulrg l�

pd{
��|

�
X +F�|, . �HY|

��
ZSrvw

�| �F�|

� �
4 . usc|n� . ��|

�
uSerc�c|n� � usc|n�

��
. \�|

��
+53,

A pd{
��|

iX +F�|, . �HY| ++Z�| �F�|, +4 . usc|n�, . \�|,j = +54,
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zkhuh dv hduolhu ZSrvw

�| @ Z�| � I� =

Ehorz L frqvlghu wzr hvwlpdwlrqv1 Wkh �uvw/ hvwlpdwlrq D/ hvwlpdwhv wkh shu shulrg frvw

vx!flhqw wr h{sodlq wkh fkrlfhv ri d jlyhq shufhqwdjh ri qrqsduwlflsdqwv1 Wkh vhfrqg pruh

dpelwlrxv sduw/ hvwlpdwlrq E/ hvwlpdwhv wkh glvwulexwlrq ri sduwlflsdwlrq frvwv lq wkh srsxodwlrq1

Hvwlpdwlrq D= Krprjhqhrxv I�

Frqvlghu d qrqvwrfnkroglqj krxvhkrog iru zklfk V�c|3� @ 3= Iurp +53, deryh lw iroorzv wkdw

wkh shulrg w +jurvv, ehqh�w ri vwrfn pdunhw sduwlflsdwlrq lv

Ehqh�w�| @
�
ZSrvw

�| �F�|

�
��|

�
uSerc�c|n� � usc|n�

�
+55,

xqghu wkh vlpsoli|lqj dvvxpswlrq wkdw shulrg w frqvxpswlrq +exw qrw ixwxuh frqvxpswlrq, lv

xqd�hfwhg e| zkhwkhu wkh krxvhkrog ghflghv wr hqwhu wkh vwrfn pdunhw ru qrw1

Rq wkh frvw vlgh/ wkh shu shulrg frvw ri vwrfn pdunhw sduwlflsdwlrq wkdw frxog eh dyrlghg lq

shulrg w e| qrw hqwhulqj/ ru hqwhulqj lq d vxevhtxhqw shulrg/ lv

Dyrlgdeoh frvw�| @ I� 1 +56,

D ydoxh ri I� juhdwhu ru htxdo wr Ehqh�w�| lv vx!flhqw wr ghwhu wkh krxvhkrog iurp sduwlflsdwlqj

lq wklv shulrg1 D orzhu ydoxh zloo dovr eh vx!flhqw li wkhuh duh wudqvdfwlrqv frvwv +IAT A 3 ru

IA8 A 3,1 Wklv lv wkh fdvh vlqfh wkh krxvhkrog zrxog qhhg wr eh deoh wr uhfryhu wkhvh dgglwlrqdo

frvwv hlwkhu lq wklv shulrg ru lq ixwxuh shulrgv ri vwrfn pdunhw sduwlflsdwlrq1 Lq rwkhu zrugv/ li

{ shufhqw ri qrqsduwlflsdqwv kdyh ehqh�wv ohvv wkdq | grooduv lq shulrg w/ wkhq lw lv frqvhuydwlyh

wr vd| wkdw d shu shulrg frvw ri I� @ | lv vx!flhqw wr h{sodlq wkh qrqsduwlflsdwlrq ri { shufhqw

ri qrqsduwlflsdqwv1

Xqghu dq dgglwlrqdo dvvxpswlrq rqh fdq eh pruh suhflvh1

Dvvxpswlrq D= Wkh shu shulrg ehqh�wv ri vwrfn pdunhw sduwlflsdwlrq iru revhuyhg qrqsduwlfl0

sdqwv duh dssur{lpdwho| wkh vdph dfurvv wlph shulrgv iru d jlyhq krxvhkrog l1

Prvw lpsruwdqwo|/ wklv dvvxphv dssur{lpdwho| frqvwdqw kroglqjv ri �qdqfldo zhdowk dfurvv sh0

ulrgv iru wklv jurxs1�� Wkhq wkh hqwu| frqglwlrq vwdwhv wkdw wkh krxvhkrog vkrxog sduwlflsdwh

l�

Ehqh�w�| A I�

.Dqqxlw| ydoxh ri doo vwrfn pdunhw wudqvdfwlrqv frvwv iru krxvhkrog l= +57,

L zloo uhihu wr wkh uljkw kdqg vlgh dv wkh *wrwdo sduwlflsdwlrq frvw*/ IAJ|@,
� 1�e Wkh wudqvdfwlrqv frvwv

lqyroyhg frqvlvw ri IA8 sdlg dw ohdvw wzlfh/ dqg IAT shufhqw ri wudghg ydoxhv sdlg wzlfh1 Wkh
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dqqxlw| ydoxh lv fdofxodwhg ryhu |hduv ri vwrfn pdunhw sduwlflsdwlrq1 Xqghu Dvvxpswlrq D wkdw

shu shulrg ehqh�wv ri vwrfn pdunhw sduwlflsdwlrq iru revhuyhg qrqsduwlflsdqwv lv dssur{lpdwho|

wkh vdph lq hdfk shulrg w/ wkh lqwhusuhwdwlrq lv wkhq dv iroorzv= Dq dqqxdol}hg ydoxh ri doo vwrfn

pdunhw sduwlflsdwlrq frvwv ri | grooduv lv vx!flhqw wr h{sodlq wkh qrqsduwlflsdwlrq ri { shufhqw

ri qrqsduwlflsdqwv1

Hvwlpdwlrq E= Khwhurjhqhrxv I�

Vxssrvh qrz wkdw I� lv doorzhg wr gl�hu dfurvv krxvhkrogv dqg wlph1 Wklv lpsuryhv wkh

prghov* delolw| wr h{sodlq gl�huhqw fkrlfhv e| krxvhkrogv zlwk vlplodu revhuydeoh fkdudfwhulvwlfv1

Iru qrz/ dvvxph djdlq wkdw IAT @ IA8 @ 3= L uhwxuq wr wkh h�hfwv ri wudqvdfwlrqv frvwv rq wklv

hvwlpdwlrq ehorz1

Jlyhq wkh gh�qlwlrq ri wkh ehqh�w ri vwrfn pdunhw sduwlflsdwlrq lq +55, deryh/ d vlpsoh

dssurdfk wr hvwlpdwlqj wkh furvv0vhfwlrqdo glvwulexwlrq ri I� dw gdwh w lv dv iroorzv1 Vxssrvh

wkdw ��| @ �| iru doo l> wkdw uSerc�c|n� � usc|n� @ 3=37 ;l/ dqg wkdw I�
�| lv xqfruuhodwhg zlwk

�qdqfldo zhdowk lq wkh furvv0vhfwlrq ri krxvhkrogv1 Jlyhq wkhvh dvvxpswlrqv/ wkh vwrfn pdunhw

sduwlflsdwlrq frqglwlrq vwdwhv wkdw krxvhkrog l vkrxog sduwlflsdwh lq shulrg w l�

�
ZSrvw

�| �F�|

�
�|3=37 A I�

�| 1

Wklv frqglwlrq lv vlplodu wr wkh frqglwlrq xvhg e| Pxooljdq dqg Vdod0l0Pduwlq +5333, lq wkh

frqwh{w ri wkh ghpdqg iru lqwhuhvw ehdulqj dvvhwv pruh jhqhudoo|1

Vlqfh wkh lqfhqwlyh wr sduwlflsdwh lv olqhdu lq �qdqfldo zhdowk/ rqh fdq hvwlpdwh wkh furvv

vhfwlrqdo glvwulexwlrq ri I�
�| gluhfwo| iurp wkh zhdowk glvwulexwlrq dw gdwh w1 D vlpsoh qrq0

sdudphwulf dssurdfk frqvlvwv ri fdofxodwlqj wkh shufhqwdjh ri krxvhkrogv ri gl�huhqw zhdowk zkr

sduwlflsdwh lq wkh vwrfn pdunhw1 Iru h{dpsoh/ li 5: shufhqw ri krxvhkrogv zlwk d �qdqfldo zhdowk

ri '43333 sduwlflsdwhv/ wkhq 5: shufhqw ri wkhvh krxvhkrogv pxvw kdyh kdg sduwlflsdwlrq frvw

ehorz 43333�3=37 @ '7331 Jlyhq dvvxpswlrq wkdw I�
�| lv furvv0vhfwlrqdoo| xqfruuhodwhg zlwkZ�|/

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�
�| =

Krz zloo wkh suhvhqfh ri wudqvdfwlrqv frvwv d�hfw wklv hvwlpdwlrqB Wudqvdfwlrqv frvwv lp0

so| wkdw vwrfn pdunhw sduwlflsdwlrq vwdwxv ehfrphv d vwdwh yduldeoh lq wkh krxvhkrog*v ydoxh

ixqfwlrq1 Wklv lv wkh fdvh vlqfh sduwlflsdwlqj wrgd| d�hfwv wkh fkrlfhv dydlodeoh wrpruurz jlyhq

wkh wudqvdfwlrqv frvwv1 Lq wkh h{dpsoh deryh zkhuh 5: shufhqw ri wkrvh zlwk dssur{lpdwho|
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'43/333 lq �qdqfldo zhdowk zhuh vwrfn pdunhw sduwlflsdqwv/ rqh fdq qr orqjhu eh vxuh wkdw wklv

lpsolhv wkdw 5: shufhqw ri wkh gudzv ri I�
�| duh ehorz '7331 Dw gdwh w krxvhkrogv fdq eh vsolw

lqwr irxu jurxsv dffruglqj wr wkhlu sduwlflsdwlrq fkrlfhv dw w � 4 dqg w = +V�c|3� @ 3> V�| @ 3,/

+V�c|3� @ 3> V�| @ 4,/ +V�c|3� @ 4> V�| @ 3,/ +V�c|3� @ 4> V�| @ 4,1 Zh zrxog olnh wr ghwhuplqh

krz pdq| shufhqw ri wkh gudzv ri I�
�| duh ohvv wkdq '7331 Wkh jurxs +V�c|3� @ 3> V�| @ 4,

srvhv qr gl!fxowlhv1 Zh fdq eh vxuh wkdw wkhlu I�
�| gudz lv ohvv wkdq '733 +vlqfh wkhlu fkrlfh

uhyhdov wkdw wkh shulrg w ehqh�w h{fhhgv I� soxv dq| wudqvdfwlrqv frvwv wkdw pxvw eh fryhuhg e|

wkh shulrg w ehqh�wv iru hqwu| wr kdyh ehhq zruwkzkloh,1 Vlploduo| zlwk wkh jurxs +V�c|3� @ 4>

V�| @ 3,1 Zh fdq eh vxuh wkdw wkhlu I�
�| gudz lv deryh '733 vlqfh wkh| kdyh uhyhdohg wkdw I�

�|

h{fhhgv wkhlu fxuuhqw shulrg ehqh�w ri '733 soxv dq| ixwxuh wudqvdfwlrqv frvw wkh| pd| vdyh e|

vwd|lqj lq wkh pdunhw gxulqj wklv shulrg1�D Wkh srvvleloh plvfodvvl�fdwlrqv dulvh iru wkh jurxsv

fkrrvlqj +V�c|3� @ 3> V�| @ 3, ru +V�c|3� @ 4> V�| @ 4,1 Wkrvh fkrrvlqj +V�c|3� @ 3> V�| @ 3,

rqo| uhyhdo wkdw '733 lv qrw vx!flhqw wr fryhu I�
�| soxv dq| sduw ri wkh wudqvdfwlrqv frvwv wkdw

pxvw eh fryhuhg e| d shulrg w jdlq lq rughu iru hqwu| wr kdyh ehhq rswlpdo1 Wkxv wkh| uhyhdo

I�
�| � '733� }ff�| iru vrph srvlwlyh ydoxh }ff�| = Xvlqj wkh dssurdfk rxwolqhg deryh dqg fodvvli|lqj

wkhp doo dv kdylqj I�
�| � '733 ohdgv rqh wr ryhuhvwlpdwh wkh ghflohv ri wkh frvw glvwulexwlrq1

Krzhyhu/ wkrvh fkrrvlqj +V�c|3� @ 4> V�| @ 4, ohdg wr d frxqwhuedodqflqj eldv= Wkh| rqo| uhyhdo

wkdw '733 soxv dq| ixwxuh wudqvdfwlrqv frvw wkh| vdyh e| vwd|lqj lq wkh pdunhw gxulqj wklv shulrg

h{fhhgv I�
�| / l1h1 wkdw I�

�| � '733 . }���| iru vrph srvlwlyh ydoxh }���| = Wkxv fodvvli|lqj wkhp doo

dv kdylqj I�
�| � '733 ohdgv rqh wr xqghuhvwlpdwh wkh ghflohv ri wkh frvw glvwulexwlrq1 Ryhudoo/ li

htxdoo| pdq| ri wkh +V�c|3� @ 3> V�| @ 3, krxvhkrogv dqg wkh +V�c|3� @ 4> V�| @ 4, krxvhkrogv duh

plvfodvvl�hg/ wkhq wkh dssurdfk rxwolqhg dvvxplqj wkh devhqfh ri wudqvdfwlrqv frvwv zloo ohdg wr

dq xqeldvhg hvwlpdwh ri wkh furvv0vhfwlrqdo glvwulexwlrq ri I�
�| 1 Zkloh erwk w|shv ri plvfodvvl�0

fdwlrq duh lqfuhdvlqj lq wkh vl}h ri wkh wudqvdfwlrqv frvwv lw lv gl!fxow wr hydoxdwh zkhwkhu wkh|

duh olnho| wr fdqfho rxw1 Wklv vkrxog eh nhsw lq plqg zkhq lqwhusuhwlqj wkh frvw glvwulexwlrq

hvwlpdwhv ehorz1

Lq erwk hvwlpdwlrq D dqg E rqh fdq doorz iru khwhurjhqhlw| lq ��| dfurvv krxvhkrogv +dqg

wlph,1 Qrqsduwlflsdqwv pd| kdyh fkrvhq wr vwd| rxw ri wkh pdunhw gxh wr d orz rswlpdo vwrfn

vkduh frqglwlrqdo rq sduwlflsdwlrq1 Krzhyhu/ dffrxqwlqj iru khwhurjhqhlw| edvhg rq d vdpsoh

vhohfwlrq prgho kdv rqo| vpdoo h�hfwv rq wkh uhvxowv dqg iru vlpsolflw| lv wkhuhiruh rplwwhg lq

wkh uhvxowv vkrzq ehorz1 Hvvhqwldoo|/ wkh pdlq *vxffhvv* lq whupv ri �w lq wkh vdpsoh vhohfwlrq

prghov deryh lv lq wkh sduwlflsdwlrq htxdwlrq +zlwk d svhxgr U2 ri 3159 lq Wdeoh 6,1 Wkh �w lq wkh

htxdwlrq iru wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv lv frpsdudwlyho| srru +zlwk wkh
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oderu lqfrph yduldeohv wkh rqo| rqhv wkdw frqvlvwhqwo| frph lq vljql�fdqw,1 Zlwk wudqvdfwlrqv

frvwv wkh srruhu �w lq wkh htxdwlrq iru wkh sursruwlrq lqyhvwhg lq vwrfnv lv xqghuvwdqgdeoh vlqfh

pdq| krxvhkrogv pd| kdyh d sruwirolr vkduh iru vwrfnv wkdw gl�hu iurp wkhlu +qr wudqvdfwlrqv

frvw, rswlpxp1

81515 Ilqglqjv

Hvwlpdwlrq D=

Wr lpsohphqw wkh deryh dssurdfk L pdnh wzr dgglwlrqdo dvvxpswlrqv1 Iluvw/ L fdofxodwh wkh

ehqh�w ri vwrfn pdunhw sduwlflsdwlrq dv Z�|�|
�
uSerc�c|n� � usc|n�

�
udwkhu wkdq�

ZSrvw

�| �F�|

�
�|

�
uSerc�c|n� � usc|n�

�
=Wklv ryhuvwdwhv wkh ehqh�wv erwk e| dvvxplqj wkdw qr zhdowk

pxvw eh vhw dvlgh iru fxuuhqw shulrg frqvxpswlrq dqg e| uhsodflqjZSrvw

�| +zhdowk diwhu hqwu| dqg

sduwlflsdwlrq frvwv, e| revhuyhg �qdqfldo zhdowk1 Vhfrqg/ L dvvxph d ydoxh ri uSerc�c|n� � usc|n� ri

31371 Zlwk dq htxlw| suhplxp durxqg : shufhqw dqg d wd{ udwh ri h1j1 53 shufhqwdjh srlqwv/ wkh

diwhu wd{ htxlw| uhwxuq zloo eh 819 shufhqw1�S Vlqfh wkh fhuwdlqw| htxlydohqw h{fhvv uhwxuq rq vwrfnv

lv ulvn dgmxvwhg/ 7 shufhqw vhhpv/ li dq|wklqj/ wr eh d kljk ydoxh1 Wkxv erwk wkhvh dvvxpswlrqv

duh frqvhuydwlyh lq wkdw wkh| prvw olnho| ryhuvwdwh wkh ehqh�wv ri vwrfn pdunhw sduwlflsdwlrq dqg

wkxv wkh frvwv qhhghg wr h{sodlq qrqsduwlflsdwlrq1 Dv iru wkh ydoxhv ri ��| L dvvxph wkdw hdfk

qrqsduwlflsdqw zrxog kdyh kdg d ydoxh ri ��| htxdo wr wkh iudfwlrq ri vwrfn pdunhw zhdowk lq wrwdo

�qdqfldo zhdowk ri wkh vdpsoh iru |hdu w> vkrxog wkh| kdyh ghflghg wr hqwhu1 Wkh iudfwlrq ri vwrfn

pdunhw zhdowk lq wrwdo �qdqfldo zhdowk lq wkh ixoo SVLG vdpsoh +dv ghvfulehg lq Wdeoh 4, lv 5714

shufhqw lq 4<;7/ 681< shufhqw lq 4<;< dqg 8919 shufhqw lq 4<<71 Kdylqj fdofxodwhg wkh shulrg

w ehqh�w ri vwrfn pdunhw sduwlflsdwlrq iru hdfk ri wkh qrqsduwlflsdqwv dv �|Z�|3=37/ L fdofxodwh

wkh shufhqwlohv ri wkh furvv0vhfwlrqdo glvwulexwlrq ri wklv ehqh�w lq wkh vhw ri qrqsduwlflsdqwv1

Iljxuh 9 looxvwudwhv wkhvh shufhqwlohv dqg wkxv jlyhv wkh plqlpxp groodu dprxqw qhfhvvdu| wr

h{sodlq wkh fkrlfhv ri ydulrxv shufhqwdjhv ri qrqsduwlflsdqwv1

Wkh fxuyh odehoohg *4<;<* vkrzv wkh shufhqwlohv ri wkh ehqh�w glvwulexwlrq iru wkrvh zkr

zhuh qrqvwrfnkroghuv lq 4<;< +dqg lq 4<;7 wr eh uhdvrqdeo| frq�ghqw wkdw wkh krxvhkrog glg

qrw sduwlflsdwh lq hduolhu shulrgv,1 Wkh ehqh�wv duh fdofxodwhg edvhg rq wkh krxvhkrogv* 4<;<

�qdqfldo zhdowk1 Vlploduo| wkh fxuyh odehoohg *4<<7* lv edvhg rq wkrvh zkr zhuh qrqsduwlflsdqwv

lq 4<<7 dqg 4<;<1 Iru uhdgdelolw| wkh �jxuh ohdyhv rxw shufhqwlohv deryh wkh <8wk shufhqwloh1

Lq erwk 4<;< dqg 4<<7 kdoi ri qrqsduwlflsdqwv kdg hvwlpdwhg uhdo dqqxdo vwrfn pdunhw sdu0

wlflsdwlrq ehqh�wv ri ohvv wkdq 63 grooduv1 Wkh sulfh lqgh{ xvhg wr fdofxodwh wkh uhdo ydoxhv +wkh

FSL iru doo xuedq frqvxphuv/ doo lwhpv, kdv edvlv ydoxh rqh rq dyhudjh ryhu wkh |hduv 4<;50;71
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Pxowlso| groodu ydoxhv lq wkh �jxuh e| 41:55 wr jhw wkhp lq |hdu 5333 grooduv1 Wkxv d shu shulrg

vwrfn pdunhw sduwlflsdwlrq frvw +ru d wrwdo sduwlflsdwlrq frvw xqghu dvvxpswlrq D, ri durxqg

83 grooduv lq |hdu 5333 sulfhv/ lv hqrxjk wr h{sodlq wkh qrqsduwlflsdwlrq ri kdoi wkh qrqsduwlf0

lsdqwv1 Wklv uh hfwv wkh idfw wkdw wkhvh krxvhkrogv kdg olwwoh ru qr �qdqfldo zhdowk wr lqyhvw1

Ri wkh qrqsduwlflsdqwv lq 4<;< +dqg 4<;7, durxqg 54 shufhqw kdg qr �qdqfldo zhdowk1 Ri wkh

qrqsduwlflsdqwv lq 4<<7 +dqg 4<;<, derxw 5< shufhqw kdg qr �qdqfldo zhdowk1 Lqwhusuhwlqj wkh

shu shulrg sduwlflsdwlrq frvw dv wkh frvw ri dgglwlrqdo wlph vshqw iroorzlqj wkh pdunhw dqg grlqj

pruh frpsolfdwhg wd{hv/ d frvw ri 83 grooduv wudqvodwhv lqwr rqo| 8 krxuv dw dq krxuo| zdjh ri

43 grooduv shu krxu1 Iru erwk 4<;< dqg 4<<7 d frvw ri 483 grooduv shu |hdu +derxw 593 grooduv lq

5333 sulfhv, lv hqrxjk wr h{sodlq wkh fkrlfhv ri :8 shufhqw ri qrqsduwlflsdqwv1 Wkxv zkloh lw lv

qrw uhdvrqdeoh wr fodlp wkdw sduwlflsdwlrq frvwv fdq uhfrqfloh wkh fkrlfhv ri doo qrqsduwlflsdqwv/

prghvw frvwv duh vx!flhqw wr xqghuvwdqg wkh fkrlfhv ri d odujh sduw ri wkhvh krxvhkrogv1

Hvwlpdwlrq E=

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

zhdowk dqg djdlq dvvxplqj wkdw ��| iru hdfk krxvhkrog htxdov wkh iudfwlrq ri vwrfn pdunhw

zhdowk lq wrwdo �qdqfldo zhdowk ri wkh vdpsoh iru |hdu w= Krxvhkrogv zlwk qr �qdqfldo zhdowk

surylgh qr lqirupdwlrq derxw wkh sduwlflsdwlrq frvw lq wklv dssurdfk vlqfh wkh ehqh�w ri vwrfn

pdunhw hqwu| lv }hur dvvxplqj wkh| fdqqrw eruurz wr lqyhvw lq wkh vwrfn pdunhw1 Wkh phgldq

shu shulrg sduwlflsdwlrq frvw lv durxqg '683 +uhdo 4<;50;7 grooduv, iru hdfk |hdu1 Wkh lqfuhdvh

lq sduwlflsdwlrq iru kljkhu zhdowk ghflohv lqglfdwh vrph whqghqf| iru wkh wrs sduw ri wkh frvw

glvwulexwlrq wr ghfolqh ryhu wlph1 Li rqh dowhuqdwlyho| dvvxphv d frqvwdqw ydoxh ri ��| iru hdfk

|hdu/ wkh phgldq frvw hvwlpdwh dovr ghfolqhv ryhu wlph ixuwkhu vxjjhvwlqj ghfuhdvhg sduwlflsdwlrq

frvw1

Vlqfh hyhq dprqj yhu| ulfk krxvhkrogv qrw doo krog vwrfnv/ wkh hvwlpdwhg FGI grhv qrw uhdfk

rqh dw dq| zhdowk ohyho +wkh srlqw fruuhvsrqglqj wr wkh odvw zhdowk ghfloh lv qrw lqfoxghg lq wkh

judsk exw lv dovr idu ehorz rqh,1 Wklv hpskdvl}hv wkh dgydqwdjh ri xvlqj d qrqsdudphwulf ds0

surdfk/ vlqfh d sdudphwulf dssurdfk zrxog lpsrvh wkh uhtxluhphqw wkdw wkh FGI lqghhg uhdfkhv

rqh1 Wkh hfrqrplf lpsolfdwlrq lv wkdw sduwlflsdwlrq frvwv duh xqolnho| wr eh wkh h{sodqdwlrq iru

qrqsduwlflsdwlrq dprqj kljk zhdowk krxvhkrogv1 Pruh jhqhudoo|/ li dw hdfk zhdowk ohyho vrph ri

wkh qrqsduwlflsdqw kdyh fkrvhq qrw wr krog vwrfnv iru uhdvrqv rwkhu wkdq sduwlflsdwlrq frvwv/ p|

hvwlpdwhg FGI ri wkh frvw glvwulexwlrq zloo eh vkliwhg grzq2uljkw frpsduhg wr wkh wuxh FGI1
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9 Frqfoxvlrq

Wklv sdshu kdv irfxvhg rq irxu idfwv fkdudfwhul}lqj XV krxvhkrogv* sruwirolr fkrlfh= qrqsdu0

wlflsdwlrq lq wkh vwrfn pdunhw e| pdq| krxvhkrogv/ odujh dprxqwv ri hqwu| dqg h{lw ryhu wlph/

vxevwdqwldo furvv0vhfwlrqdo khwhurjhqhlw| lq wkh sruwirolr vkduh iru vwrfnv frqglwlrqdo rq sduwlfl0

sdwlrq/ dqg odujh fkdqjhv lq wkhvh sruwirolr vkduhv ryhu wlph iru pdq| frqwlqxlqj sduwlflsdqwv1

L kdyh irfxvhg rq wkh uroh iru ydulrxv vwrfn pdunhw sduwlflsdwlrq frvwv dv zhoo dv qrq�qdqfldo

lqfrph wr khos h{sodlq wkhvh idfwv1 L �qg vwurqj vxssruw iru wkh suhvhqfh ri d �{hg wudqvdfwlrqv

frvw ri vwrfn pdunhw wudglqj xvlqj vhyhudo whvwv/ exw qr vxssruw iru wkh lpsruwdqfh ri yduldeoh

wudqvdfwlrqv frvwv1 D idluo| vpdoo shu shulrg frvwv ri mxvw 83 grooduv lq |hdu 5333 sulfhv/ lv irxqg

wr eh hqrxjk wr h{sodlq wkh qrqsduwlflsdwlrq ri kdoi wkh qrqsduwlflsdqwv/ vxjjhvwlqj shu shulrg

frvwv dv d vlpsoh h{sodqdwlrq iru pdq| krxvhkrogv fkrlfh wr vwd| rxw ri wkh vwrfn pdunhw1

Dv iru qrq�qdqfldo lqfrph/ L �qg fohdu hylghqfh ri d srvlwlyh phdq h�hfw dqg d qhjdwlyh ulvn

h�hfw ri qrq�qdqfldo lqfrph rq wkh suredelolw| ri ehlqj d vwrfnkroghu dqg rq wkh sursruwlrq

ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv frqglwlrqdo rq sduwlflsdwlrq1 Lw kdv ehhq dujxhg wkdw wkh

qrqsduwlflsdwlrq skhqrphqrq vkrxog eh frqvlghuhg sduw ri wkh vroxwlrq wr wkh htxlw| suhplxp

sx}}oh ehfdxvh wkh frqvxpswlrq jurzwk ri qrqvwrfnkroghuv frydulhv vxevwdqwldoo| ohvv zlwk wkh

vwrfn uhwxuq wkdq wkh frqvxpswlrq jurzwk ri vwrfnkroghuv +vhh Pdqnlz dqg ]hoghv +4<<4,/

Ylvvlqj0Mrujhqvhq +5335,/ Dwwdqdvlr/ Edqnv dqg Wdqqhu +5335,,1 Wklv lqglfdwhv wkdw wkh sulpdu|

uhdvrq iru qrqsduwlflsdwlrq lv qrw wkdw qrqvwrfnkroghuv duh idfhg zlwk qrq�qdqfldo lqfrph zklfk

lv kljko| fruuhodwhg zlwk vwrfn pdunhw uhwxuqv1 Frqvlvwhqw zlwk wklv L �qg qr h�hfw ri wkh

fruuhodwlrq ri qrq�qdqfldo lqfrph zlwk wkh vwrfn pdunhw lqgh{ rq vwrfn pdunhw sduwlflsdwlrq ru

wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq vwrfnv frqglwlrqdo rq sduwlflsdwlrq1

Ryhudoo/ wkh uhvxowv vxjjhvw wkdw sduwlflsdwlrq frvwv2wudqvdfwlrqv frvwv dqg qrq�qdqfldo lq0

frph frqwulexwh vxevwdqwldoo| wr xqghuvwdqg revhuyhg khwhurjhqhlw| lq sruwirolr fkrlfhv dfurvv

krxvhkrogv dqg ryhu wlph1 Wkh dqdo|vlv ri wkh suhvhqw sdshu ri wkh qdwxuh dqg vl}h ri frvwv ri

vwrfn pdunhw sduwlflsdwlrq kdv sdudoohov wr wkh olwhudwxuh rq lqyhvwphqw xqghu dgmxvwphqw frvwv1

Fdedoohur/ Hqjho 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 djjuh0

jdwh lqyhvwphqw wr djjuhjdwh vkrfnv1 Lq d vlplodu zd|/ wkh vhqvlwlylw| ri wkh vwrfn sulfh wr h1j1 d

vkrfn wr qrq�qdqfldo lqfrph lq d vlwxdwlrq zlwk frvwv ri vwrfn pdunhw sduwlflsdwlrq/ lv olnho| wr

gl�hu ghshqglqj ri wkh furvv0vhfwlrqdo glvwulexwlrq ri krxvhkrogv dorqj wkh vwdwh yduldeohv1 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| krxvhkrogv duh forvh
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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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: Dsshqgl{ D1 Olnholkrrg ixqfwlrq iru g|qdplf surelw prgho

zlwk fruuhfwlrq iru xqrevhuyhg lqglylgxdo h�hfwv

Wklv dsshqgl{ rxwolqhv krz wr hvwlpdwh d g|qdplf surelw prgho iru vwrfn pdunhw sduwlflsdwlrq

xvlqj wzr sruwirolr fkrlfh revhuydwlrqv shu krxvhkrog dqg dffrxqwlqj iru xqrevhuyhg lqglylgxdo

h�hfwv1 Wkh dssurdfk jhqhudol}hv wkh udqgrp h�hfwv g|qdplf surelw hvwlpdwru ri Khfnpdq

+4<;4, wr doorz iru d odjjhg groodu vwrfnkroglqjv dv uhjuhvvruv1

Lq jhqhudo/ li wkh lqlwldo frqglwlrqv ri wkh glvfuhwh fkrlfh surfhvv frxog eh dvvxphg wuxo|

h{rjhqrxv/ ru wkh surfhvv frxog eh dvvxphg wr eh lq htxloleulxp/ frqvlvwhqw hvwlpdwhv ri wkh

sdudphwhuv frxog eh rewdlqhg xvlqj pd{lpxp olnholkrrg hvwlpdwlrq1 Lq prvw fdvhv/ qhlwkhu

ri wkhvh dvvxpswlrqv duh sodxvleoh1 Li vr/ rqh frxog frqvlghu d �{hg h�hfwv dssurdfk1 Wklv

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 dvvxphv 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

:14 Prgho

Ghqrwh wkh wzr gdwhv iru zklfk sruwirolr revhuydwlrqv duh dydlodeoh e| gdwh 3 dqg gdwh 41 Wkh

surelw htxdwlrq iru vwrfn pdunhw sduwlflsdwlrq dw gdwh 4 lv dv iroorzv

VW

�� @ {����� . ��V�f . �2G�f . ��G
2
�f . ��� +58,

V�� @

;?
= 4 li VW

�� � 3

3 rwkhuzlvh
> V�f @

;?
= 4 li VW

�f � 3

3 rwkhuzlvh
= +59,

zkhuh VW

�� lv wkh krxvhkrog*v odwhqw ghvluh wr sduwlflsdwh lq wkh vwrfn pdunhw lq shulrg 4/ V��

+V�f, lv d gxpp| yduldeoh htxdo wr rqh li wkh krxvhkrog sduwlflsdwhv lq shulrg 4 +shulrg 3,/ dqg

G�f lv wkh groodu dprxqw lqyhvwhg lq vwrfnv lq shulrg }hur li dq|1

Wkh iroorzlqj dvvxpswlrqv duh pdgh derxw VW

�f dqg G�f =

VW

�f @ {��f�f . ��f +5:,

G�f @ z�

�f�f . x�f> revhuyhg li V�f @ 4= +5;,
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Wkh htxdwlrq iru VW

�f lv dq dssur{lpdwlrq vlqfh wkh wuxh prgho ri wkh sduwlflsdwlrq ghflvlrq

frqwdlqv wkh odjjhg ydoxh ri V dqg G dv h{sodqdwru| yduldeohv1 Krzhyhu/ wkh dgydqwdjh ri wklv

dssur{lpdwlrq lv wkdw rqh fdq dffrxqw iru wkh lqglylgxdo h�hfw vlpso| e| doorzlqj iru fruuhodwlrq

ehwzhhq wkh huuru whupv iru d jlyhq lqglylgxdo ryhu wlph1 Lq p| fdvh shulrg 3 lv 4<;7 dqg shulrg

4 lv 4<;<1 L lqfoxgh wkh vdph yduldeohv lq { dqg z dv lq wkh suhylrxv Wdeoh 6 zlwk rqh h{fhswlrq1

Zlwk qr odjv lq wkh surelw prgho dw gdwh 3/ wkh gdwh 3 v|vwhp iru VW

�f dqg G�f lq +5:,/ +5;, zloo

eh lghqwl�hg edvhg rq ixqfwlrqdo irup rqo| li qr yduldeohv duh h{foxghg1 Vlqfh wkh hgxfdwlrq

gxpplhv zhuh qrw vljql�fdqw lq htxlw| vkduh htxdwlrq lq wkh hduolhu hvwlpdwlrqv iru 4<;</ L

wkhuhiruh h{foxgh wkhp iurp zf=

Wkh huuru whupv ��f> ���> dqg x�f lqfoxgh wkh xqrevhuyhg lqglylgxdo h�hfwv dqg duh wkhuhiruh/

lq jhqhudo/ fruuhodwhg1 �2Df dqg �2D� duh qrw lghqwl�hg dqg wkhuhiruh hdfk qrupdol}hg wr rqh1

Ilqdoo|/ L dvvxph wkdw wkh wkuhh huuru whupv ��f> ���> dqg x�f duh mrlqw qrupdo frqglwlrqdo rq {�f/
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:15 Orj0olnholkrrg ixqfwlrq

Wkh orj0olnholkrrg ixqfwlrq lv jlyhq e|

orjO @ 	�
�'� oqS +V�f> V��m{�f> {��> z�f, = +63,

Wkh dvvxpswlrq pdgh deryh lpsolhv wkdw5
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zkhuh �DfcD� @ 	@
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Uhihuhqfhv

^4` Dohvvlh/ U1/ V1 Krfkjxhuwho/ dqg D1 ydq Vrhvw/ 4<<</ Krxvhkrog Sruwirolrv lq wkh Qhwkhuodqgv/

errn fkdswhu lq Krxvhkrog Sruwirolrv/ O1 Jxlvr dqg W1 Mdsshool hgv1/ Fdpeulgjh/ PD/ PLW

Suhvv1

^5` Dphpl|d/ W1/ 4<:;/ Wkh Hvwlpdwlrq ri d Vlpxowdqhrxv Htxdwlrq Jhqhudol}hg Surelw Prgho/

Hfrqrphwulfd/ 79/ 8/ 44<6045381

^6` Dwwdqdvlr/ R1/ M1 Edqnv/ dqg V1 Wdqqhu/ 5335/ Dvvhw Kroglqj dqg Frqvxpswlrq Yrodwlolw|/

iruwkfrplqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|1

^7` 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

^8` Ehuqkhlp/ E1 G1 dqg G1 P1 Jduuhww/ 5334/ Wkh H�hfwv ri Ilqdqfldo Hgxfdwlrq lq wkh Zrun0

sodfh= Hylghqfh iurp d Vxuyh| ri Krxvhkrogv/ iruwkfrplqj Mrxuqdo ri Sxeolf Hfrqrplfv1

^9` Ehuqkhlp/ E1 G1/ G1 P1 Jduuhww/ dqg G1 P1 Pdnl/ 5334/ Hgxfdwlrq dqg Vdylqj= Wkh Orqj0

Whup H�hfwv ri Kljk Vfkrro Ilqdqfldo Fxuulfxoxp Pdqgdwhv/ Mrxuqdo ri Sxeolf Hfrqrplfv/

;3/ 6/ 76807981

^:` Ehuwdxw/ F1/ 4<<;/ Vwrfnkroglqj Ehkdylru ri X1 V1 Krxvhkrogv= Hylghqfh iurp wkh 4<;604<;<

Vxuyh| ri Frqvxphu Ilqdqfhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;3/ 5/ 59605:81

^;` Eruvfk0Vxsdq/ D1 dqg D1 H|pdqq/ 4<<</ Krxvhkrog Sruwirolrv lq Jhupdq|/ errn fkdswhu

lq Krxvhkrog Sruwirolrv/ O1 Jxlvr dqg W1 Mdsshool hgv1/ Fdpeulgjh/ PD/ PLW Suhvv1

^<` 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

^43` Fdpsehoo/ M1 \1 dqg O1 P1 Ylfhlud/ 4<<9/ Frqvxpswlrq dqg Sruwirolr Ghflvlrqv Zkhq

H{shfwhg Uhwxuqv duh Wlph Ydu|lqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 5/ 76607<81

^44` Fduuroo/ F1 G1 dqg D1 D1 Vdpzlfn/ 4<<:/ Wkh qdwxuh ri suhfdxwlrqdu| zhdowk/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 73/ 740:41

^45` Fklwhml/ Q1 V1 dqg I1 S1 Vwd�rug +5333,/ Dvvhw Rzqhuvkls Dfurvv Jhqhudwlrqv/ Uhvhdufk Uh0

sruw Qr1 330787/ Srsxodwlrq Vwxglhv Fhqwhu dw wkh Lqvwlwxwh iru Vrfldo Uhvhdufk/ Xqlyhuvlw|

ri Plfkljdq1
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^46` Frffr/ M1/ I1 Jrphv/ dqg S1 Pdhqkrxw/ 5334/ �Frqvxpswlrq dqg Sruwirolr Fkrlfh Ryhu wkh

Olih0F|foh�/ zrunlqj sdshu/ LQVHDG dqg Orqgrq Exvlqhvv Vfkrro1

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

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 54<05731

^48` Gx r/ H1 dqg H1 Vdh}/ 5333/ Sduwlflsdwlrq dqg Lqyhvwphqw Ghflvlrqv lq d Uhwluhphqw Sodq=

Wkh Lq xhqfh ri Froohdjxhv* Fkrlfhv/ iruwkfrplqj Mrxuqdo ri Sxeolf Hfrqrplfv1

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

Ulvn| Dvvhwv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 74/ 6/ ;340;651

^4:` Jdnlglv/ K1 H1/ 4<<;/ Vwrfnv iru wkh RogB Hduqlqjv Xqfhuwdlqw| dqg Olih0F|foh Sruwirolr

Fkrlfh/ Sk1 G1 Wkhvlv/ PLW1

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

ulvn/ Hfrqrphwulfd/ 97/ 8/ 443<044561

^4<` Jxlvr/ O1/ dqg W1 Mdsshool/ 5335/ Krxvhkrogv* Sruwirolrv lq Lwdo|/ errn fkdswhu lq Krxvhkrog

Sruwirolrv/ O1 Jxlvr dqg W1 Mdsshool hgv1/ Fdpeulgjh/ PD/ PLW Suhvv1

^53` 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

^54` Kdoldvvrv/ P1 dqg F1 Ehuwdxw/ 4<<8/ Zk| Gr Vr Ihz Krog HwrfnvB/ Hfrqrplf Mrxuqdo/ 438/

44430445<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/ 5333/ Sruwirolr Fkrlfh dqg Dvvhw Sulfhv= Wkh Lpsruwdqfh ri

Hqwuhsuhqhxuldo Ulvn/ Mrxuqdo ri Ilqdqfh/ OY/ 6/ 4496044<;1

^57` Khfnpdq/ M1 M1/ 4<;4/ Wkh Lqflghqwdo Sdudphwhuv Sureohp dqg wkh Sureohp ri Lqlwldo Frqgl0

wlrq lq Hvwlpdwlqj d Glvfuhwh Wlph0Glvfuhwh Gdwd Vwrfkdvwlf Surfhvv/ lq F1 I1 Pdqvnl dqg

G1 PfIdgghq/ hg1= Vwuxfwxudo Dqdo|vlv ri Glvfuhwh Gdwd zlwk Hfrqrphwulf Dssolfdwlrqv

+PLW Suhvv/ Fdpeulgjh,1

^58` Krqj/ K1/ M1 G1 Nxeln/ dqg M1 F1 Vwhlq/ 5334/ Vrfldo Lqwhudfwlrq dqg Vwrfn0Pdunhw Sduwlfl0

sdwlrq/ zrunlqj sdshu/ Vwdqirug Xqlyhuvlw|1
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^59` Kxuvw/ H1/ P1 F1 Oxrk/ dqg I1 S1 Vwd�rug/ Wkh Zhdowk G|qdplfv ri Dphulfdq Idplolhv/

4<;704<<7/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4=4<<;/ 59:066:1

^5:` Lqyhvwphqw Frpsdq| Lqvwlwxwh/ 4<<</ Htxlw| Rzqhuvkls lq Dphulfd1

^5;` Mrqhv/ F1 P1/ 5334/ D Fhqwxu| ri Vwrfn Pdunhw Oltxlglw| dqg Wudglqj Frvwv/ zrunlqj sdshu/

Froxpeld Xqlyhuvlw|1

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

ghqw Yduldeohv/ lq F1 I1 Pdqvnl dqg G1 PfIdgghq/ hg1= Vwuxfwxudo Dqdo|vlv ri Glvfuhwh

Gdwd zlwk Hfrqrphwulf Dssolfdwlrqv +PLW Suhvv/ Fdpeulgjh,1

^63` Oxwwphu/ H1 J1 M1/ 4<<</ Zkdw ohyho ri Il{hg Frvwv Fdq Uhfrqfloh Dvvhw Uhwxuqv dqg

Frqvxpswlrq Fkrlfhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43:/ 8/ <9<0<:

^64` Pdqnlz/ Q1 J1/ 4<;9/ Wkh Htxlw| Suhplxp Sx}}oh dqg wkh Frqfhqwudwlrq ri Djjuhjdwh

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

^65` Pdqnlz/ Q1J1 dqg V1 ]hoghv/ 4<<4/ Wkh frqvxpswlrq ri Vwrfnkroghuv dqg Qrq0

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

^66` Pduvkdoo/ G1 D1 dqg Q1 J1 Sduhnk/ 4<<</ Fdq Frvwv ri Frqvxpswlrq Dgmxvwphqw H{sodlq

Dvvhw Sulflqj Sx}}ohv/ Mrxuqdo ri Ilqdqfh/ 87/ 5/ 9560871

^67` Phuwrq/ U1 F1/ 4<9</ Olihwlph Sruwirolr Vhohfwlrq Xqghu Xqfhuwdlqw|= Wkh Frqwlqxrxv0Wlph

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

^68` Phuwrq/ U1 F1/ 4<:4/ Rswlpxp Frqvxpswlrq dqg Sruwirolr Uxohv lq d Frqwlqxrxv0Wlph

Prgho/ Mrxuqdo ri Hfrqrplf Wkhru|/ 6/ 6:607461

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

^6:` Pxooljdq/ F1 dqg [1 Vdod0L0Pduwlq/ 5333/ H{whqvlyh Pdujlqv dqg wkh Ghpdqg iru Prqh| dw

Orz Lqwhuhvw Udwhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43;/ 8/ <940<41

^6;` Sdlhood/ P1/ 4<<</ Wudqvdfwlrq Frvwv dqg Olplwhg Vwrfn Pdunhw Sduwlflsdwlrq wr Uhfrqfloh

Dvvhw Sulfhv dqg Frqvxpswlrq Fkrlfhv/ zrunlqj sdshu/ Xqlyhuvlw| Froohjh Orqgrq1

^6<` Sronryqlfkhqnr/ Y1/ 5334/ Olplwhg Vwrfn Pdunhw Sduwlflsdwlrq dqg wkh Htxlw| Suhplxp/

zrunlqj sdshu/ Xqlyhuvlw| ri Plqqhvrwd1
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^73` Sudww/ M1 Z1/ 4<97/ Ulvn dyhuvlrq lq wkh Vpdoo dqg wkh Odujh / Hfrqrphwulfd/ 65/ 45504691

^74` Uhd/ M1 G1 dqg E1 N1 Uhlg/ 4<<;/ Wuhqgv lq wkh Rzqhuvkls Frvw ri Htxlw| Pxwxdo Ixqgv/

Lqyhvwphqw Frpsdq| Lqvwlwxwh Shuvshfwlyh/ 7/ 6/ Qryhpehu1

^75` Vdpxhovrq/ S1 D1/ 4<9</ Olihwlph Sruwirolr Vhohfwlrq e| G|qdplf Vwrfkdvwlf Surjudpplqj/

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 6/ 56<05791

^76` Vwruhvohwwhq/ N1/ F1 Whophu/ dqg D1 \durq/ 4<<;/ Shuvlvwhqw Lglrv|qfudwlf Vkrfnv dqg Lq0

frpsohwh Pdunhwv/ zrunlqj sdshu/ Vwrfnkrop Xqlyhuvlw|1

^77` Ylfhlud/ O1 P1/ 5334/ Rswlpdo Sruwirolr Fkrlfh iru Orqj0Krul}rq Lqyhvwruv zlwk Qrqwudgdeoh

Oderu Lqfrph/ Mrxuqdo ri Ilqdqfh/ 89/ 5/ 76607:31

^78` Zlooldpv/ Q1/ 5333/ Rswlpdo Sruwirolrv Xqghu Wudqvdfwlrqv dqg Lqirupdwlrq Frvwv/ zrunlqj

sdshu/ Xqlyhuvlw| ri Fklfdjr1

^79` Ylvvlqj0Mrujhqvhq/ D1/ 5335/ Olplwhg Dvvhw Pdunhw Sduwlflsdwlrq dqg wkh Hodvwlflw| ri Lq0

whuwhpsrudo Vxevwlwxwlrq/ iruwkfrplqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|1
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Irrwqrwhv

41 *Vwuxfwxudo vwdwh ghshqghqfh* uhihuv wr d vlwxdwlrq zkhuh lqglylgxdov zkr kdyh h{shulhqfhg

dq hyhqw lq wkh sdvw duh pruh olnho| wr h{shulhqfh wkdw hyhqw lq wkh ixwxuh/ dv d frqvhtxhqfh

ri wkh hyhqw d�hfwlqj ixwxuh suhihuhqfhv/ sulfhv/ ru frqvwudlqwv1 Lq wkh suhvhqw vhwwlqj zlwk

sduwlflsdwlrq2wudqvdfwlrqv frvwv wkh h�hfwv zrun wkurxjk wkh exgjhw frqvwudlqwv1

51 Vhyhudo 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,/ dqg Vwruhvohwwhq hw do1 +4<<;,1

61 L gh�qh rqh0gljlw lqgxvwu| dqg rffxsdwlrq frghv edvhg rq wkh wkuhh gljlw SVLG frghv dv

iroorzv1 Wkh SVLG frghv duh lq sduhqwkhvlv diwhu wkh frgh L dvvljqhg1

Rffxsdwlrq= 3 +qr rffxsdwlrq/ ru frgh <<<,/ 4 +404<8,/ 5 +5340578/ ;340;35,/ 6 +59305;8,/ 7

+63406<8,/ 8 +7340933,/ 9 +93409<8,/ : +:340:48,/ ; +:730:;8/ ;540;57,/ < +<340<98/ <;30<;7,1

Lqgxvwu|= 3 +qr lqgxvwu|/ ru frgh <<<,/ 4 +4:05;,/ 5 +7:08:/ 9:0::,/ 6 +43:06<;,/ 7 +73:07:<,/

8 +83:09<;,/ 9 +:3:0:4;,/ : +:5:0:8<,/ ; +:9<0:<;,/ < +;3:0;3</ ;5;0;<:,/ 43 +<3:0<6:,1

71 Lqgxvwu| dqg rffxsdwlrq gxpplhv zhuh dovr frqvlghuhg dv lqvwuxphqwv exw vshfl�fdwlrq

whvwv uhmhfw wkhp dv ydolg lqvwuxphqwv1 D olnho| uhdvrq lv wkdw hpsor|hhv lq fhuwdlq lqgxvwulhv dqg

rffxsdwlrqv duh pruh olnho| wr jhw frpsdq| vwrfn dv sduw ri wkhlu vdodu|1 Wklv zdv frq�uphg

edvhg rq gdwd iurp wkh Vxuyh| ri Frqvxphu Ilqdqfhv lq zklfk vhsdudwh lqirupdwlrq derxw

frpsdq| vwrfn lv dydlodeoh1

81 Jlyhq wkh lqirupdwlrq dydlodeoh/ lw lv qrw srvvleoh wr whvw li wkh �{hg frvw ri wudglqj lv

odujhu iru �uvw wlph ex|huv wkdq rwkhuv1

91 Hyhq lq wkh devhqfh ri frvwv ri vwrfn pdunhw sduwlflsdwlrq/ wkh wkhru| rq sruwirolr fkrlfh

lq wkh suhvhqfh ri qrq�qdqfldo lqfrph grhv qrw doorz d forvhg irup vroxwlrq wr eh ghulyhg

zkhq qrq�qdqfldo lqfrph lv ulvn| +dqg ohvv wkdq shuihfwo| fruuhodwhg zlwk d frpelqdwlrq ri

dvvhw uhwxuqv, dqg2ru lqyhvwphqw rssruwxqlwlhv ydu| ryhu wlph1 Surjuhvv kdv ehhq pdgh e|

Ylfhlud +5334, dqg Fdpsehoo dqg Ylfhlud +4<<<, xvlqj orj0olqhdul}dwlrq/ exw wkh orj0olqhdul}dwlrq

frqvwdqwv uhpdlq frpsolfdwhg ixqfwlrqv ri wkh xqghuo|lqj sdudphwhuv1

:1 Lw lv dovr olnho| wr ghshqg lq wkh krxvhkrog*v qrq�qdqfldo lqfrph surfhvv/ dowkrxjk L gr

qrw nqrz ri dq| zrun frqvlghulqj vxfk h�hfwv1

;1 Wkh qdwxuh ri wkh rswlpdo wudglqj srolf| iru sduwlflsdqwv lv vwloo fkdudfwhul}hg e| wzr

wuljjhu srlqwv dqg wzr uhwxuq srlqwv hyhq li yduldeoh wudqvdfwlrqv frvwv duh suhvhqw lq dgglwlrq

wr wkh �{hg wudqvdfwlrqv frvw/ vhh Zlooldpv +5333,1

<1 Zkhq xvlqj wkh txhvwlrqv derxw fxuuhqw vwrfn kroglqjv lq wkh 4<;7/ 4<;</ dqg 4<<7 gdwd
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rqh rewdlqv pruh vwrfn pdunhw hqwu|v dqg h{lwv wkdq lv frqvlvwhqw zlwk wkh gdwd rq sxufkdvhv

dqg vdohv1 Iru h{dpsoh/ pdq| ri wkrvh zkr khog vwrfnv lq 4<;< exw qrw lq 4<;7 glg qrw uhsruw

kdylqj sxufkdvhg vwrfn/ dqg prvw ri wkrvh zkr kdg vwrfn lq 4<;7 exw qrw lq 4<;< glg qrw uhsruw

kdylqj vrog vwrfn1 Wklv lv wuxh hyhq zkhq frqvlghulqj krxvhkrogv zlwk qr fkdqjh lq krxvhkrog

frpsrvlwlrq dqg lv qrw gxh wr qrquhvsrqvh ru gdwd lpsxwdwlrq1 Jliwv dqg lqkhulwdqfhv vhhp

xqolnho| wr dffrxqw iru wkh pdmrulw| ri wkh lqfrqvlvwhqflhv1 Lq uhvsrqvh wr wkhvh olnho| uhfdoo eldv

sureohpv wkh SVLG zloo eh �hoglqj wkh zhdowk vxssohphqwv hyhu| wzr |hduv iurp 4<<< rqzdugv

dqg ixuwkhupruh kdv lqwurgxfhg hyhqw klvwru| fdohqgduv wr khos holplqdwh uhfdoo lqfrqvlvwhqflhv1

431 D vpdoo qxpehu ri krxvhkrogv uhsruw dq lqfuhdvh lq wkhlu kroglqjv ri vwrfnv/ erqgv ru

pxwxdo ixqgv odujhu wkdq wkh ydoxh ri wkh uhsruwhg hqg ri shulrg kroglqjv1 L vhw wkhlu lqlwldo

vwrfnkroglqjv wr }hur1 Iru lqwhuylhzv frqgxfwhg iurp 4<<4 rqzdugv/ derxw 8 shufhqw ri krxvh0

krogv uhsruw vwrfnkroglqjv ri '41 Wkhvh duh olnho| wr eh frglqj huuruv +iru h{dpsoh/ pdq| ri

wkhvh uhsruw kdylqj erxjkw ru vrog vxevwdqwldo groodu dprxqwv ri vwrfnv gxulqj wkh sdvw |hdu,1

Vlqfh lw lv qrw srvvleoh wr fruuhfwo| fdofxodwh lqlwldo �qdqfldo zhdowk iru wkhvh krxvhkrogv wkh|

duh gursshg1

441 Lq wkh whuplqrorj| ri Sudww +4<97, dqg wkh vxevhtxhqw olwhudwxuh/ Z Se
� lv jlyhq e|

H +Z� +4 . u,, � ��> zkhuh �� lv wkh ulvn suhplxp wkdw pdnhv wkh lqyhvwru lqgl�huhqw ehwzhhq

uhfhlylqj wkh vwrfkdvwlf dprxqw Z� +4 . u, dqg wkh fhuwdlq dprxqw H +Z� +4 . u,,� ��=

451 Li krxvhkrogv fdq eruurz dw d udwh orzhu wkdq H +ur,/ lw lv lv srvvleoh iru uSer wr h{fhhg

H +ur,1 Mxgjlqj iurp gdwd rq pdujlq lqyhvwlqj wklv lv xqolnho| wr vxevwdqwldoo| d�hfw p| uhvxowv1

Ohvv wkdq 4 shufhqw ri krxvhkrogv kdg pdujlq ordqv dw d eurnhudjh krxvh lq wkh 4<<; Vxuyh| ri

Frqvxphu Ilqdqfhv/ dqg wkh ordqv wrwdoohg ohvv wkdq 4 shufhqw ri wkh ydoxh ri wkh vwrfn pdunhw1

Wkh pdjqlwxgh ri eruurzlqj iru lqyhvwphqw wkurxjk rwkhu fkdqqhov +h1j1 e| wdnlqj rxw d vhfrqg

krph pruwjdjh, lv kdug wr hvwlpdwh1

461 Wklv dvvxpswlrq fohduo| zrxog pdnh ohvv vhqvh iru sduwlflsdqwv vlqfh wkhlu ehqh�wv ri

sduwlflsdwlrq duh olnho| wr fkdqjh ryhu wlph wkxv h{sodlqlqj wkhlu hqwu| dqg ixwxuh h{lw1

471 Qrwh wkdw xqolnh I� > I AT dqg IA8 zklfk duh h{rjhqrxv sdudphwhuv lq wkh krxvhkrog*v

sureohp/ wkh wrwdo sduwlflsdwlrq frvw kdv dq hqgrjhqrxv hohphqw vlqfh wkh qxpehu ri shulrgv ri

vwrfn pdunhw sduwlflsdwlrq lv fkrvhq e| wkh krxvhkrog1

481 Iru h{dpsoh/ d krxvhkrog zlwk d whpsrudu| lqfuhdvh lq frqvxpswlrq qhhgv pd| ghflgh

wr uxq grzq rqo| qrq0vwrfn zhdowk lq wklv shulrg lq rughu vdyh wkh wudqvdfwlrqv frvwv lqyroyhg

lq wudglqj vwrfnv1

491 Wkh h{dfw wd{ udwh lv gl!fxow wr fdofxodwh vlqfh vrph vwrfnkroglqjv duh lq shqvlrqv sodqv
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lq zklfk uhwxuqv dffxpxodwh wd{0iuhh dqg duh rqo| wd{hg xsrq zlwkgudzdo1
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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
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Iljxuh 4= Wkh judskv looxvwudwh wkh g|qdplfv ri wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq

vwrfnv iru d sdqho ri krxvhkrogv1 Wkh gdwd duh iurp wkh 4<;7/ 4<;</ dqg 4<<7Zhdowk Vxssohphqwv

wr wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG,1 *Vwrfnv* uhihu wr vkduhv ri vwrfn lq sxeolfo| khog

frusrudwlrqv/ pxwxdo ixqgv/ dqg lqyhvwphqw wuxvwv/ lqfoxglqj vwrfnv lq LUDv1 Krxvhkrogv zlwk

}hur �qdqfldo zhdowk duh h{foxghg1 Wkh whuplqrorj| *dqjoh* uhihuv wr wkh O0vkdshg irupdwlrq

ri srlqw lq Iljxuhv 4d/e1 Wkh srlqwv rq wkh krul}rqwdo d{lv lq wkhvh wzr �jxuhv fruuhvsrqg

wr krxvhkrogv zkr ohiw wkh vwrfn pdunhw ehwzhhq wkh �uvw dqg wkh vhfrqg |hdu iru zklfk gdwd

duh sorwwhg1 Wkh srlqwv rq wkh yhuwlfdo d{lv fruuhvsrqg wr krxvhkrogv zkr hqwhuhg wkh vwrfn

pdunhw ehwzhhq wkh �uvw dqg wkh vhfrqg |hdu iru zklfk gdwd duh sorwwhg1 *Wulsohw* uhihuv wr wkh

wkuhh *olqhv* iruphg e| srlqwv lq Iljxuh 4f1 Wkh grzqzdug vorslqj olqh ri srlqwv lq wklv �jxuh

fruuhvsrqg wr krxvhkrogv zkr hqwhuhg wkh vwrfn pdunhw ehwzhhq 4<;7 dqg 4<;</ exw ohiw wkh

pdunhw ehwzhhq 4<;< dqg 4<<71
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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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Iljxuh 5= Wkh judskv looxvwudwh wkh g|qdplfv ri wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq

erqgv iru d sdqho ri krxvhkrogv1 Wkh gdwd duh iurp wkh 4<;7/ 4<;</ dqg 4<<7Zhdowk Vxssohphqwv

wr wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG,1 *Erqgv* uhihu wr erqg ixqgv/ fdvk ydoxh lq olih

lqvxudqfh srolflhv/ ydoxdeoh froohfwlrqv iru lqyhvwphqw sxusrvhv/ dqg uljkwv lq wuxvwv dqg hvwdwhv1

Krxvhkrogv zlwk }hur �qdqfldo zhdowk duh h{foxghg1 Wkh whuplqrorj| *dqjoh* uhihuv wr wkh O0

vkdshg irupdwlrq ri srlqw lq Iljxuhv 5d/e1 Wkh srlqwv rq wkh krul}rqwdo d{lv lq wkhvh wzr �jxuhv

fruuhvsrqg wr krxvhkrogv zkr ohiw wkh erqg pdunhw ehwzhhq wkh �uvw dqg wkh vhfrqg |hdu iru

zklfk gdwd duh sorwwhg1 Wkh srlqwv rq wkh yhuwlfdo d{lv fruuhvsrqg wr krxvhkrogv zkr hqwhuhg

wkh erqg pdunhw ehwzhhq wkh �uvw dqg wkh vhfrqg |hdu iru zklfk gdwd duh sorwwhg1 *Wulsohw*

uhihuv wr wkh wkuhh *olqhv* iruphg e| srlqwv lq Iljxuh 5f1 Wkh grzqzdug vorslqj olqh ri srlqwv lq

wklv �jxuh fruuhvsrqg wr krxvhkrogv zkr hqwhuhg wkh erqg pdunhw ehwzhhq 4<;7 dqg 4<;</ exw

ohiw wkh pdunhw ehwzhhq 4<;< dqg 4<<71
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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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Iljxuh 6= Wkh judskv looxvwudwh wkh g|qdplfv ri wkh sursruwlrq ri �qdqfldo zhdowk lqyhvwhg lq

fdvk dqg rwkhu yhu| oltxlg dvvhwv iru d sdqho ri krxvhkrogv1 Wkh gdwd duh iurp wkh 4<;7/ 4<;</

dqg 4<<7 Zhdowk Vxssohphqwv wr wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG,1 *Fdvk* uhihuv

wr kroglqjv lq fkhfnlqj ru vdylqjv dffrxqwv/ prqh| pdunhw erqgv/ ru Wuhdvxu| eloov/ lqfoxglqj

LUD*v1 Krxvhkrogv zlwk }hur �qdqfldo zhdowk duh h{foxghg1 Wkh whuplqrorj| *dqjoh* uhihuv wr

wkh +lqyhuwhg, O0vkdshg irupdwlrq ri srlqw lq Iljxuhv 6d/e1 Wkh srlqwv rq wkh krul}rqwdo d{lv

lq wkhvh wzr �jxuhv fruuhvsrqg wr krxvhkrogv zkr kdg doo wkhlu �qdqfldo zhdowk lq fdvk lq wkh

vhfrqg exw qrw wkh �uvw |hdu sorwwhg1 Wkh srlqwv rq wkh yhuwlfdo d{lv fruuhvsrqg wr krxvhkrogv

zkr kdg doo wkhlu �qdqfldo zhdowk lq fdvk lq wkh �uvw exw qrw wkh vhfrqg |hdu sorwwhg1 *Wulsohw*

uhihuv wr wkh wkuhh *olqhv* iruphg e| srlqwv lq Iljxuh 6f1
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Iljxuh 7= Wudglqj iuhtxhqflhv1 Wkh judsk grfxphqwv kljkhu wudglqj iuhtxhqflhv iru krxvhkrogv

zlwk pruh �qdqfldo zhdowk1 Lw lv edvhg rq gdwd iru 9::3 krxvhkrogv iurp wkh Frqvxphu H{shqgl0

wxuh Vxuyh|/ 4<;50<91 Wkhvh krxvhkrogv khog ulvn| dvvhwv +gh�qhg dv vwrfn/ erqgv/ pxwxdo ixqgv

dqg rwkhu vxfk vhfxulwlhv, dw wkh wlph wkh| zhuh lqwhuylhzhg dv zhoo dv d |hdu hduolhu1 Krxvhkrogv

duh vruwhg edvhg rq wkhlu �qdqfldo zhdowk d |hdu sulru wr wkh lqwhuylhz/ dqg wkh wkuhh olqhv lq

wkh judsk vkrz wkh sursruwlrq ri krxvhkrogv lq hdfk �qdqfldo zhdowk ghfloh zkr erxjkw/ vrog ru

erwk erxjkw ru vrog ulvn| dvvhw gxulqj wkh rqh |hdu shulrg ohdglqj xs wr wkh vxuyh|1
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Iljxuh 8= Wudglqj udqjh iru wkh vkduh ri �qdqfldo zhdowk lqyhvwhg lq ulvn| dvvhwv iru kroghuv ri

vxfk dvvhwv1 Wkh judsk grfxphqwv d qduurzhu udqjh iru wkh ulvn| dvvhw sruwirolr vkduh iru krxvh0

krogv zlwk pruh �qdqfldo zhdowk1 Lw lv edvhg rq gdwd iru 9::3 krxvhkrogv iurp wkh Frqvxphu

H{shqglwxuh Vxuyh|/ 4<;50<91 Wkhvh krxvhkrogv khog ulvn| dvvhwv +gh�qhg dv vwrfn/ erqgv/ px0

wxdo ixqgv dqg rwkhu vxfk vhfxulwlhv, dw wkh wlph wkh| zhuh lqwhuylhzhg dv zhoo dv d |hdu hduolhu1

Krxvhkrogv duh vruwhg edvhg rq wkhlu �qdqfldo zhdowk d |hdu sulru wr wkh lqwhuylhz1 Wkh olqh lq

wkh judsk vkrzv iru krxvhkrogv lq hdfk �qdqfldo zhdowk ghfloh wkh furvv vhfwlrqdo phdq ri wkh

devroxwh ydoxh ri wkh rqh |hdu fkdqjh lq wkh ulvn| dvvhw sruwirolr vkduh1
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Iljxuh 9= Vwrfn pdunhw sduwlflsdwlrq ehqh�wv iru qrqsduwlflsdqwv1 Edvhg rq gdwd iurp wkh 4<;<

dqg 4<<; Sdqho Vwxg| ri Lqfrph G|qdplfv/ wkh �jxuh vkrzv hvwlpdwhv ri wkh shufhqwlohv ri

wkh dqqxdo vwrfn pdunhw sduwlflsdwlrq ehqh�w iru krxvhkrogv zkr fkrvh qrw wr sduwlflsdwh lq

wkh vwrfn pdunhw1 Wkh ehqh�w lv hvlpdwhg dv Z�|�|
�
uSerc�c|n� � usc|n�

�
> zkhuh Z�| lv krxvhkrog

l*v �qdqfldo zhdowk dw gdwh w/ �| lv dq dvvxphg ydoxh iru wkh sursruwlrq ri �qdqfldo zhdowk

wkh krxvhkrog zrxog kdyh lqyhvwhg lq vwrfnv frqglwlrqdo rq hqwu|/ dqg uSerc�c|n� � usc|n� lv wkh

fhuwdlqw| htxlydohqw h{fhvv uhwxuq ri vwrfnv ryhu erqgv dvvxphg htxdo wr 7 shufhqw shu |hdu1 L

vhw �| htxdo wr wkh htxdo wr wkh iudfwlrq ri vwrfn pdunhw zhdowk lq wrwdo �qdqfldo zhdowk ri wkh

SVLG vdpsoh iru |hdu w> l1h1 681< shufhqw lq 4<;< dqg 8919 shufhqw lq 4<<71 Wkh lqwhusuhwdwlrq ri

wkh olqhv vkrzq lv wkdw li { shufhqw kdyh ehqh�wv ohvv wkdq | grooduv/ wkhq dq dqqxdo vwrfn pdunhw

sduwlflsdwlrq frvw ri | grooduv lv vx!flhqw wr h{sodlq wkh fkrlfhv ri { shufhqw ri qrqsduwlflsdqwv1
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Iljxuh := Hvwlpdwhg FGI ri shu shulrg vwrfn pdunhw sduwlflsdwlrq frvw1 Wkh �jxuh vkrzv wkh

hvwlpdwhg fxpxodwlyh glvwulexwlrq ixqfwlrq iru wkh shu shulrg vwrfn pdunhw sduwlflsdwlrq frvw iru

hdfk ri wkh |hduv 4<;7/ 4<;</ dqg 4<<7 edvhg rq gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv1

Wkh hvwlpdwlrq lv edvhg rq wkh dvvxpswlrq wkdw krxvhkrogv fkrrvh d sruwirolr vkduh iru vwrfnv

htxdo wr wkh udwlr ri wrwdo vwrfn pdunhw zhdowk wr wrwdo �qdqfldo zhdowk lq wkh SVLG lq wkh |hdu lq

txhvwlrq/ li wkh| hqwhu wkh vwrfn pdunhw1 Lw lv ixuwkhupruh dvvxphg wkdw wkh fhuwdlqw| htxlydohqw

h{fhvv uhwxuq ri vwrfnv ryhu ohvv ulvn| �qdqfldo dvvhwv lv 7 shufhqw shu |hdu1 Krxvhkrogv zlwk
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Year Asset Pct holding Median Conditional Median (mean) Conditional Number of obs. Total
asset (mean) median (mean) pct of �n. median (mean) with positive number

holdings holdings, wealth, pct of �n. �n. wealth of obs
dollars dollars wealth

1984 Stocks 28.4 0(7640) 6000(26902) 0(12.3) 37.5(43.4)
Bonds 25.0 0(10516) 3000(42209) 0(9.9) 31.6(39.8)
Cash 97.9 3000(13527) 3000(13822) 100.0(77.8) 100.0(79.5)

Total �n. 5000(31683) 2581 3093
wealth

1989 Stocks 34.0 0(14914) 10000(43819) 0(14.9) 38.5(43.6)
Bonds 29.3 0(6748) 5000(23384) 0(12.3) 35.5(42.4)
Cash 98.0 4050(19824) 4500(20222) 100.0(72.9) 100.0(74.4)

Total �n. 8650(41487) 2800 3273
wealth

1994 Stocks 44.1 0(42255) 21000(95881) 0(24.4) 54.6(55.2)
Bonds 28.5 0(9228) 8000(32957) 0(11.7) 33.33(41.8)
Cash 96.4 5000(23327) 6000(24254) 80.0(63.9) 83.9(66.5)

Total �n. 15000(74810) 2825 3434
wealth

The table gives summary statistics for the decision to hold stocks, bonds and cash, as well as the amounts
invested. All data are based on the 1984, 1989, and 1994 Wealth Supplements to the Panel Study of Income
Dynamics. 'Stocks' refer to shares of stock in publicly held corporations, mutual funds, and investment trusts,
including stocks in IRAs. 'Bonds' refer to bond funds, cash value in life insurance policies, valuable collections for
investment purposes, and rights in trusts and estates. 'Cash' refers to holdings in checking and savings accounts,
money market bonds, or Treasury bills, including IRA's. Financial wealth is the sum of stocks, bonds, and cash.
All numbers except the last column refer to households with positive �nancial wealth. 'Conditional median'
refers to the median asset holding conditional on positive holdings of the asset in question.

Table 1: Summary statistics for households with positive �nancial wealth, PSID, 1984,
1989 and 1994



Years Asset No.(pct) of households No.(pct) of households No.(pct) of households No.(pct) of Total
with all �nancial with no �nancial on angle, except for households number
wealth in asset wealth in asset corner o� angle of
both years either year house-

(corner of angle) (corner of angle) holds
1984-89 Stocks 1006 469 417 1892
panel (53.2) (24.8) (22.0) (100.0)

Bonds 1039 599 254 1892
(54.9) (31.7) (13.4) (100.0)

Cash 628 617 647 1892
(33.2) (32.6) (34.2) (100.0)

1989-94 Stocks 888 568 603 2059
panel (43.1) (27.6) (29.3) (100.0)

Bonds 1080 687 292 2059
(52.5) (33.4) (14.2) (100.0)

Cash 542 656 861 2059
(26.3) (31.9) (41.8) (100.0)

No.(pct) of households No.(pct) of households No.(pct) of households No.(pct) of Total
with all �nancial with no �nancial on triplet, except for households
wealth in asset wealth in asset center o� triplet
all three years any of the years

(center of triplet) (center of triplet)
1984 Stocks 516 341 588 1445
-89-94 (35.7) (23.6) (40.7) (100.0)
panel Bonds 604 462 379 1445

(41.8) (32.0) (26.2) (100.0)
Cash 268 356 821 1445

(18.6) (24.6) (56.8) (100.0)

The table contains summary statistics characterizing the amount of nonparticipation, entry, and exit in the
markets for stocks, bonds, and cash, based on data from the Panel Study of Income Dynamics. The data are
further described by Figure 1, 2, and 3. Only households with positive �nancial wealth are included. The
terminology 'angle' refers to the L-shaped formation of point in Figures 1a,b, 2a,b, and 3a,b. 'Triplet' refers to
the three 'lines' of points in Figures 1c, 2c, and 3c. The top part of the table focuses on the two 2-year panels
1984-1989, and 1989-1994. The bottom part focuses on the 3-year panel 1984-1989-1994.

Table 2: Summary statistics documenting nonparticipation, entry and exit in the PSID



Participation Equity Share

CoeÆcient t CoeÆcient t

Cond. mean of non�n. inc. 0.0087 3.25 Cond. mean of non�n. inc./ 0.0075 2.56
Financial wealth

Cond. std. of non�n. inc. -0.0093 -3.01 Cond. std. of non�n. inc./ -0.0223 -2.78
Financial wealth

Lagged part. decision 0.8233 7.18
Lagged $ stockholdings 0.0193 3.00
Lagged $ stockholdings2 -0.0001 -2.75

Age of head 0.0156 0.67 Age of head 0.0070 0.86
Age of head2 -0.0002 -0.95 Age of head2 -2.91e-4 -0.38

D(education=16+ years) 0.6032 2.39 D(education=16+ years) 0.1413 1.29
D(education=13-15 years) 0.3963 1.59 D(education=13-15 years) 0.1507 1.39
D(education=9-12 years) 0.1957 0.79 D(education=9-12 years) 0.0942 0.88

D(race=white) 0.5028 2.14 D(race=white) 0.1074 1.16
Real �nancial wealth 0.0090 5.07 Real �nancial wealth -0.0007 -1.57
Real �nancial wealth2 -1.13e-5 -3.59 Real �nancial wealth2 1.86e-6 2.34

Constant -2.1484 -3.28 Constant 0.0273 0.10
Lambda -0.0988 -2.25

The table shows the baseline estimation of a sample selection model of stock market investment. The equation
for participating in the stock market is: S�

it = x0it� + Æ1Si;t�1 + Æ2Di;t�1 + Æ3D
2

i;t�1
+ �it; Sit = 1 if S�

it � 0; 0
otherwise. Sit is the indicator variable for whether household i participates in the stock market at date t, Di;t�1 is
the dollar amount invested last period if any, and xit are regressors. The equation for the equity share (the share
�it of �nancial wealth invested in stocks conditional on participation) is: �it = w0

it
 + uit; observed if Sit = 1;
where wit are regressors. The �rst three columns of the table refer to the decision to participate in the stock
market or not. The last three columns refer to the equity share. The data used is a sample of 1081 households
from the Panel Study of Income Dynamics. Households included in the sample are those who had positive
�nancial wealth in 1984 and 1989, for which data on income and demographic variables were available for all
years in the period 1982-1992 and who had no change in head or spouse during this period. Observations
with moments of non�nancial income in the top or bottom one percent are dropped. The portfolio data used
to calculate the dependent variables are from 1989, with 1984 values used as lags. The conditional mean and
standard deviations of non�nancial income are calculated based on data for the four income growth observations
1988-89, 1989-90, 1990-91, 1991-92. Dollar amounts are in thousands. In the bottom line 'lambda' is the product
of the correlation of the error terms in the two equations and the variance of the error term in the equity share
equation. This product would be zero if stockholding households were a random subgroup of the population.
The two equations are estimated jointly using maximum likelihood estimation.

Table 3: Sample selection model for the decision to hold stocks, and the proportion of
�nancial wealth invested in stocks



Participation Equity Share

CoeÆcient t CoeÆcient t

Cond. mean of non�n. inc. 0.0105 2.52 Cond. mean of non�n. inc./ 0.0488 2.43
Financial wealth

Cond. std. of non�n. inc. -0.0110 -0.78 Cond. std. of non�n. inc./ -0.0973 -1.76
Financial wealth

Lagged part. decision 0.8635 10.41
Lagged $ stockholdings 0.0143 2.52
Lagged $ stockholdings2 -0.0001 -2.62

Age of head 0.0123 0.64 Age of head 0.0059 0.77
Age of head2 -0.0002 -0.91 Age of head2 6.94e-6 0.09

D(education=16+ years) 0.5946 2.74 D(education=16+ years) 0.0849 0.80
D(education=13-15 years) 0.3907 1.83 D(education=13-15 years) 0.1080 1.04
D(education=9-12 years) 0.2037 0.97 D(education=9-12 years) 0.0029 0.03

D(race=white) 0.5105 2.69 D(race=white) 0.0756 0.78
Real �nancial wealth 0.0093 6.12 Real �nancial wealth 6.13e-5 0.12
Real �nancial wealth2 -1.16e-5 -5.03 Real �nancial wealth2 7.21e-7 0.83

Constant -2.1482 -4.02 Constant 0.0058 0.02
Lambda -0.1774 -3.07

The table shows the results of estimating the sample selection model of stock market investment using instru-
mental variables estimation. The equation for participating in the stock market is: S�

it = x0it� + Æ1Si;t�1 +
Æ2Di;t�1 + Æ3D

2

i;t�1
+ �it; Sit = 1 if S�

it � 0; 0 otherwise. Sit is the indicator variable for whether household i

participates in the stock market at date t, Di;t�1 is the dollar amount invested last period if any, and xit are
regressors. The equation for the equity share (the share �it of �nancial wealth invested in stocks conditional on
participation) is: �it = w0

it
 + uit; observed if Sit = 1; where wit are regressors. The �rst three columns of the
table refer to the decision to participate in the stock market or not. The last three columns refer to the equity
share. The data used is a sample of 1081 households from the Panel Study of Income Dynamics. Households
included in the sample are those who had positive �nancial wealth in 1984 and 1989, for which data on income
and demographic variables were available for all years in the period 1982-1992 and who had no change in head or
spouse during this period. Observations with moments of non�nancial income in the top or bottom one percent
are dropped. The portfolio data used to calculate the dependent variables are from 1989, with 1984 values used
as lags. The conditional mean and standard deviations of non�nancial income are calculated based on data
for the four income growth observations 1988-89, 1989-90, 1990-91, 1991-92. Dollar amounts are in thousands.
In the bottom line 'lambda' is the product of the correlation of the error terms in the two equations and the
variance of the error term in the equity share equation. This product would be zero if stockholding households
were a random subgroup of the population. The two equations are estimated separately with the participation
equation estimated using the estimator of Amemiya (1978) and the equity share equation estimated using the
estimator of Lee (1981) which account for potential selection e�ects. In each equation the instruments used are
the lagged moments of non�nancial income based on the �ve income growth observations 1983-84,...,1987-88.
The use of instrumentation is motivated by measurement and estimation error in the estimated conditional
moments of non�nancial income included as regressors.

Table 4: Sample selection model for the decision to hold stocks, and the proportion of
�nancial wealth invested in stocks, instrumental variables estimations



Participation Equity Share

CoeÆcient t CoeÆcient t

Cond. mean of non�n. inc. 0.0086 3.21 Cond. mean of non�n. inc./ 0.0085 2.41
Financial wealth

Cond. std. of non�n. inc. -0.0091 -2.96 Cond. std. of non�n. inc./ -0.0245 -2.67
Financial wealth

(Cond. mean of non�n. inc.) 0.0016 0.56 (Cond. mean of non�n. inc. 0.0021 0.47
*Correlation /Financial wealth)*Correlation

Lagged part. decision 0.8272 7.21
Lagged $ stockholdings 0.0194 3.02
Lagged $ stockholdings2 -0.0001 -2.77

Age of head 0.0161 0.69 Age of head 0.0069 0.86
Age of head2 -0.0002 -0.96 Age of head2 -2.83e-5 -0.37

D(education=16+ years) 0.6002 2.38 D(education=16+ years) 0.1402 1.28
D(education=13-15 years) 0.3945 1.58 D(education=13-15 years) 0.1512 1.39
D(education=9-12 years) 0.1943 0.79 D(education=9-12 years) 0.0937 0.87

D(race=white) 0.5024 2.14 D(race=white) 0.1037 1.11
Real �nancial wealth 0.0090 5.04 Real �nancial wealth -0.0007 -1.53
Real �nancial wealth2 -1.13e-5 -3.59 Real �nancial wealth2 1.84e-6 2.30

Constant -2.1573 -3.30 Constant 0.0302 0.12
Lambda -0.0996 0.04

The table shows the results of adding variables measuring the covariance of non�nancial income with the real
value weighted NYSE stock return to the sample selection model of stock market investment. The equation for
participating in the stock market is: S�

it = x0it�+Æ1Si;t�1+Æ2Di;t�1+Æ3D
2

i;t�1
+�it; Sit = 1 if S�

it � 0; 0 otherwise.
Sit is the indicator variable for whether household i participates in the stock market at date t, Di;t�1 is the dollar
amount invested last period if any, and xit are regressors. The equation for the equity share (the share �it of
�nancial wealth invested in stocks conditional on participation) is: �it = w0

it
 + uit; observed if Sit = 1; where
wit are regressors. The �rst three columns of the table refer to the decision to participate in the stock market
or not. The last three columns refer to the equity share. The data used is a sample of 1081 households from
the Panel Study of Income Dynamics. Households included in the sample are those who had positive �nancial
wealth in 1984 and 1989, for which data on income and demographic variables were available for all years in
the period 1982-1992 and who had no change in head or spouse during this period. Observations with moments
of non�nancial income in the top or bottom one percent are dropped. The portfolio data used to calculate
the dependent variables are from 1989, with 1984 values used as lags. The conditional mean and standard
deviations of non�nancial income are calculated based on data for the four income growth observations 1988-89,
1989-90, 1990-91, 1991-92. Dollar amounts are in thousands. In the bottom line 'lambda' is the product of
the correlation of the error terms in the two equations and the variance of the error term in the equity share
equation. This product would be zero if stockholding households were a random subgroup of the population.
The two equations are estimated jointly using maximum likelihood estimation.

Table 5: Sample selection model for the decision to hold stocks, and the proportion of
�nancial wealth invested in stocks, estimation including covariance variables



Participation, 1995 data Participation, 1998 data

CoeÆcient t CoeÆcient t

Normal income 0.0068 7.40 0.0066 6.91
D(next year's income uncertain) -0.1412 -2.66 -0.2475 -4.45

D(deterred from applying for credit) -0.2909 -3.95 -0.1405 -1.91
D(turned down for credit) -0.1107 -1.33 0.1355 1.71

Age of head 0.0129 1.42 0.0417 4.74
Age of head2 -0.0001 -1.56 -0.0004 -5.02

D(education=16+ years) 0.4212 3.54 0.5081 3.88
D(education=13-15 years) 0.5800 4.70 0.6745 4.98
D(education=9-12 years) 0.8108 6.53 0.6734 4.90

D(race=white) 0.2541 3.94 0.2533 3.98
Financial wealth 0.0019 10.08 0.0034 12.46
Financial wealth2 -1.09e-7 -9.48 -1.86e-8 -10.68

D(highest risk aversion category) 0.0586 0.41 0.1873 1.47
D(second highest risk aversion category) -0.0762 -0.57 -0.3533 -2.98
D(second lowest risk aversion category) -0.6047 -4.48 -0.8110 -6.68

Constant -1.3101 -4.71 -1.7705 -6.42

The table shows the results of estimating a probit model of stock market participation using two cross
sections of data from the 1995 and 1998 Survey of Consumer Finances. The �rst regressor 'normal
income' is the response to the question \About what would your income have been if it had been a
normal year?". The dummy for next year's income being uncertain is based on the question \At this
time, do you have a good idea of what your income for next year will be?". The next two regressors are
measures of being borrowing constrained. D(deterred from applying for credit) is one if during the past
�ve year's the household thought of applying for credit but changed its mind thinking it may be turned
down. D(turned down for credit) is one if the household has been turned down for credit during the last
�ve years (and been unable to borrow the requested amount from another lender). Households included
in the two samples are those who had positive �nancial wealth and who did not have normal income in
the highest or lowest percentile. The estimations are done using all SCF imputations for missing values
and t-statistics are correspondingly divided by the square root of 5. For comparison with the PSID, the
estimations use SCF weights. The number of observations used is 3379 for the 1995 SCF and 3444 for
the 1998 SCF. Dollar amounts are in thousands.

Table 6: Probit model for the decision to hold stocks, alternative data set (Survey of
Consumer Finances 1995, 1998)



Participation

CoeÆcient t

Cond. mean of non�n. inc. 0.0093 3.678

Cond. std. of non�n. inc. -0.0101 -3.398

Lagged part. decision 1.0995 3.514
Lagged $ stockholdings 0.0031 0.44
Lagged $ stockholdings2 2.26e-5 -0.972

Age of head 0.0119 1.973
Age of head2 -0.0002 -2.586

D(education=16+ years) 0.5615 2.248
D(education=13-15 years) 0.3601 1.522
D(education=9-12 years) 0.1720 0.733

D(race=white) 0.5140 2.425
Real �nancial wealth 0.0103 5.817
Real �nancial wealth2 -1.26e-5 -3.903

Constant -2.1291 -6.009
Covariance of the error terms for S1989 and S1984 -0.0849 -0.58
Covariance of the error terms for S1984 and D1984 -0.0630 -0.87
Covariance of the error terms for S1989 and D1984 0.169 3.28

In order to determine if the signi�cance of the lagged stock market participation and
dollar stockholdings for the current stock market participation is due to unobserved
individual e�ects rather than �xed and variable transactions costs, the probit model of
stock market participation is reestimated using a generalized version the dynamic probit
estimator of Heckman (1981). The estimation involves specifying an equation for the
previous period's participation decision, for the previous period's amount invested in
stocks, and for the current period's participation decision. Allowing for correlation
between the error terms caused by potential unobserved individual e�ects prevents the
lags from being spuriously signi�cant. The lagged amount invested in stocks now has
a negative e�ect on the current participation decision. This indicates that the positive
e�ect found earlier was spurious and due to unobserved individual e�ects. Data from
the Panel Study of Income Dynamics. N=1081.

Table 7: Probit model for the decision to hold stocks, accounting for unobserved individual
e�ects.


