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ABSTRACT

This paper evaluates a class of endogenous job destruction models based on how well they

explain the observed experiences of displaced workers. We show that pure reallocation models in

which relationship-specific productivity drifts downward over time are difficult to reconcile with the

evidence on postdisplacement wages and displacement rates. Pure reallocation models with upward

drift can explain the evidence, but implausibly large and persistent negative productivity shocks are

required to generate displacements. Combining upward drift with outside benefits or moral hazard

as additional motives for displacement makes it possible to explain the evidence with much smaller

shocks. Propagation of aggregate shocks, welfare implications of displacement, upgrade of

relationships in lieu of displacement, and learning effects are also discussed.
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MRE GHVWUXFWLRQ DQG WKH H[SHULHQFHV RI GLVSODFHG

ZRUNHUV

Zrxwhu M1 ghq Kddq/ Jduh| Udph| dqg Mrho ZdwvrqW

41 Lqwurgxfwlrq

Prghov ri hqgrjhqrxv mre ghvwuxfwlrq kdyh jhqhudwhg pxfk uhfhqw lqwhuhvw dprqj pdfur0

hfrqrplvwv14 Dorqj zlwk wkh eurdg fodvv ri txhvwlrqv wkdw kdyh ehhq dgguhvvhg xvlqj wkhvh

prghov/ d zlgh ydulhw| ri plfurhfrqrplf phfkdqlvpv iru jhqhudwlqj hqgrjhqrxv mre ghvwuxf0

wlrq kdyh ehhq hpsor|hg1 Lq ylhz ri wkh idfw wkdw gl�huhqw phfkdqlvpv fdq jhqhudwh ydvwo|

gl�huhqw pdfurhfrqrplf lpsolfdwlrqv/ lw lv lpsruwdqw wr dvfhuwdlq zklfk phfkdqlvpv duh

prvw vwurqjo| vxssruwhg e| wkh dydlodeoh gdwd1

Lq wklv sdshu zh dsshdo wr wkh odujh erg| ri hylghqfh dffxpxodwhg e| oderu hfrqrplvwv

rq wkh h{shulhqfhv ri glvsodfhg zrunhuv wr dvvhvv wkh plfurhfrqrplf irxqgdwlrqv ri hqgrjh0

qrxv mre ghvwuxfwlrq1 Zh frqvlghu d fodvv ri mre ghvwuxfwlrq prghov exlow rq wkh g|qdplf

pdwfklqj dqg frqwudfwlqj dssurdfkhv ri Pruwhqvhq dqg Slvvdulghv +4<<7, dqg Udph| dqg

Zdwvrq +4<<:d,1 Rxu ehqfkpdun vshfl�fdwlrq lv wkh sxuh uhdoorfdwlrq prgho/ lq zklfk mre

�Suhsduhg iru wkh Fduqhjlh0Urfkhvwhu Frqihuhqfh rq Sxeolf Srolf|/ Dsulo 4<<<1 Zh wkdqn Jdgl Eduohy|/

Vwhyh Gdylv/ Mrkq Nhqqdq dqg Ydohulh Udph| iru khosixo frqyhuvdwlrqv1 Udph| dqg Zdwvrq wkdqn wkh QVI

iru �qdqfldo vxssruw xqghu judqw VEU0<98;9;1

4Froh dqg Urjhuvrq +4<<9,/ Ghq Kddq/ Udph| dqgZdwvrq +4<<:,/ Jrphv/ Juhhqzrrg dqg Uhehor +4<<:,/

Pruwhqvhq dqg Slvvdulghv +4<<7,/ Sulhv +4<<;, dqg Udph| dqg Zdwvrq +4<<:d,/ iru h{dpsoh/ kdyh lqyrnhg

hqgrjhqrxv mre ghvwuxfwlrq wr h{sodlq lpsruwdqw ihdwxuhv ri djjuhjdwh gdwd rq mre fuhdwlrq dqg ghvwuxfwlrq/

dv zhoo dv xqhpsor|phqw1 Ghq Kddq/ Udph| dqg Zdwvrq +4<<:,/ Pruwhqvhq dqg Slvvdulghv +4<<7, dqg

Udph| dqg Zdwvrq +4<<:d, kdyh dsshdohg wr hqgrjhqhrxv mre ghvwuxfwlrq dv d nh| fkdqqho ri exvlqhvv

f|foh sursdjdwlrq/ zkloh Eduohy| +4<<:/4<<;,/ Fdedoohur dqg Kdpprxu +4<<7/4<<9,/ Gdylv/ Kdowlzdqjhu dqg

Vfkxk +4<<9,/ Kdoo +4<<<, dqg Pruwhqvhq dqg Slvvdulghv +4<<;, frqvlghu wkh uroh sod|hg e| mre ghvwuxfwlrq

lq uhdoorfdwlqj oderu uhvrxufhv wrzdug pruh surgxfwlyh xvhv1

4
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ghvwuxfwlrq lv prwlydwhg vroho| e| wkh ghvluh wr euhdn xs shuvlvwhqwo| xqsurgxfwlyh hpsor|0

phqw uhodwlrqvklsv/ wkhuhe| doorzlqj wkh �up dqg zrunhu wr vhhn rxw pruh surgxfwlyh qhz

uhodwlrqvklsv rq wkh pdwfklqj pdunhw1 D nh| dvshfw ri wkh sxuh uhdoorfdwlrq prgho lv wkh

g|qdplf ehkdylru ri uhodwlrqvkls0vshfl�f surgxfwlylw|1 Lq wkh grzqzdug guliw fdvh/ wkh sur0

gxfwlylw| ri sduwlfxodu uhodwlrqvklsv whqgv wr ghfolqh ryhu wlph/ zkloh lq wkh xszdug guliw fdvh

surgxfwlylw| whqgv wr ulvh1 Zh dovr frqvlghu dq rxwvlgh ehqh�wv prgho/ lq zklfk uhodwlrqvklsv

euhdn xs gxh wr wkh dydlodelolw| ri fxuuhqw0shulrg ehqh�wv rxwvlgh ri wkh uhodwlrqvkls/ dqg

d prudo kd}dug prgho/ zkhuh euhdnxsv duh fdxvhg e| wkh lqdelolw| wr vxvwdlq lqfhqwlyhv iru

kljk h�ruw1

Rxu dqdo|vlv fhqwhuv rq wzr vw|ol}hg idfwv derxw wkh h{shulhqfhv ri glvsodfhg zrunhuv1

Iluvw/ dprqj glvsodfhg zrunhuv/ glvsodfhphqw udwhv dw wkhlu vxevhtxhqw mrev whqg wr eh

kljkhu wkdq glvsodfhphqw udwhv iru wkh jhqhudo srsxodwlrq> zh uhihu wr wklv dv wkh vxevhtxhqw

glvsodfhphqw h�hfw1 Vhfrqg/ krxuo| zdjhv ri glvsodfhg zrunhuv dw wkhlu vxevhtxhqw mrev whqg

wr eh orzhu wkdq wkh zdjhv ri zrunhuv zkr kdg qrw h{shulhqfhg glvsodfhphqw> wklv lv wkh

srvwglvsodfhphqw zdjh h�hfw1 Ixuwkhu/ glvsodfhg zrunhuv kdylqj kljkhu suhglvsodfhphqw

whqxuh h{shulhqfh d odujhu gurs lq wkhlu rzq zdjhv iroorzlqj glvsodfhphqw1

Zh �uvw frqvlghu wkh sxuh uhdoorfdwlrq prgho1 Zh vkrz wkdw iru vwhdg|0vwdwh htxloleuld ri

wkh grzqzdug guliw fdvh/ glvsodfhphqw udwhv duh orzhu lq jhqhudo iru zrunhuv zkr kdyh ehhq

uhfhqwo| glvsodfhg iurp rwkhu mrev/ dv grzqzdug guliw phdqv wkdw surgxfwlylw| survshfwv

duh prvw idyrudeoh iru uhfhqwo|0iruphg uhodwlrqvklsv1 Wkxv/ grzqzdug guliw lv lqfrqvlvwhqw

zlwk wkh vxevhtxhqw glvsodfhphqw h�hfw1 Zh vkrz e| h{dpsoh wkdw grzqzdug guliw fdq

frqirup wr wkh srvwglvsodfhphqw zdjh h�hfw/ exw wklv rffxuv rqo| iru d yhu| qduurz udqjh

ri sdudphwhuv1 Wkh xszdug guliw fdvh/ lq frqwudvw/ zloo jhqhudoo| vdwlvi| wkh vxevhtxhqw

glvsodfhphqw h�hfw/ dqg lw lv vwudljkwiruzdug wr jhqhudwh dq xszdug guliw h{dpsoh jlylqj d

urxjk txdqwlwdwlyh pdwfk wr dydlodeoh hylghqfh rq wkh wzr h�hfwv/ lqfoxglqj wkh uhodwlrqvkls

ehwzhhq suhglvsodfhphqw whqxuh dqg srvwglvsodfhphqw zdjh gurs1 Wkxv/ zlwklq wkh fodvv ri

sxuh uhdoorfdwlrq prghov/ wkh hylghqfh dsshduv wr eh vwurqjo| vxssruwlyh ri xszdug guliw15

5Vhh Fdeudohv dqg Krshqkd|q +4<<;, iru d uhodwhg dqdo|vlv ri mre ghvwuxfwlrq lq wkh suhvhqfh ri sur0
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Dq lpsruwdqw lvvxh lq wkh xszdug guliw fdvh/ krzhyhu/ lv wkdw �upv dqg zrunhuv zloo

w|slfdoo| kdyh zhdn lqfhqwlyhv wr euhdn xs wkhlu uhodwlrqvklsv= d qhjdwlyh surgxfwlylw| vkrfn

lq wkh fxuuhqw shulrg pd| eh uhdglo| rxwzhljkhg e| survshfwv iru lpsuryhg surgxfwlylw| lq

ixwxuh shulrgv1 Lq rxu xszdug guliw h{dpsoh/ srvlwlyh glvsodfhphqwv duh lqgxfhg lq htxl0

oleulxp rqo| zkhq h{wuhpho| edg dqg kljko| shuvlvwhqw surgxfwlylw| vkrfnv duh vshfl�hg1

Zh vkrz/ krzhyhu/ wkdw zkhq rxwvlgh ehqh�wv ru prudo kd}dug duh frpelqhg zlwk xszdug

guliw/ lw lv srvvleoh wr pdwfk wkh hpslulfdo hylghqfh zlwk vshfl�fdwlrqv wkdw srvlw pxfk pruh

uhdvrqdeoh ydoxhv ri wkh edg surgxfwlylw| vkrfn1 Zh frqfoxgh wkdw wkh suhvhqfh ri xszdug

guliw lq uhodwlrqvkls0vshfl�f surgxfwlylw|/ wrjhwkhu zlwk vrph frpelqdwlrq ri fxuuhqw0shulrg

rxwvlgh ehqh�wv dqg prudo kd}dug/ lv prvw vwurqjo| vxssruwhg e| wkh dydlodeoh hylghqfh rq

h{shulhqfhv ri glvsodfhg zrunhuv1

Wkh suhvhqfh ri rxwvlgh ehqh�wv ru prudo kd}dug lv dovr lpsruwdqw iru wkh sursdjdwlrq ri

djjuhjdwh vkrfnv wkurxjk yduldwlrqv lq wkh mre glvsodfhphqw udwh16 Lq wkh sxuh uhdoorfdwlrq

fdvh/ glvsodfhphqwv rffxu dprqj yhu| orz0surgxfwlylw| pdwfkhv/ zkloh kljk0surgxfwlylw|

pdwfkhv pd| eh eurnhq xs lq wkh suhvhqfh ri rxwvlgh ehqh�wv ru prudo kd}dug1 Ixuwkhu/ wr

hqvxuh wkdw wkh vwhdg|0vwdwh glvsodfhphqw udwh lv pdlqwdlqhg/ d vpdoohu furvv0vhfwlrqdo ydul0

dqfh ri uhodwlrqvkls0vshfl�f surgxfwlylw| lv uhtxluhg zkhq prudo kd}dug ru rxwvlgh ehqh�wv

duh lqwurgxfhg1 Wklv lpsolhv wkdw d vkliw lq wkh euhdnxs pdujlq zloo d�hfw d odujhu qxpehu ri

zrunhuv1 Dv d frqvhtxhqfh ri wkhvh idfwruv/ wkh rxwsxw h�hfw ri dq djjuhjdwh vkrfn pd| eh

juhdwo| lqfuhdvhg zkhq glvsodfhphqwv duh gulyhq e| rxwvlgh ehqh�wv ru prudo kd}dug1 Txdq0

wlwdwlyho| vljql�fdqw sursdjdwlrq h�hfwv fdq eh suhvhqw hyhq zkhq lglrv|qfudwlf surgxfwlylw|

vkrfnv duh kljko| shuvlvwhqw1

Wkh zhoiduh frqvhtxhqfhv ri glvsodfhphqw duh dovr vhqvlwlyh wr wkh phfkdqlvp wkdw jhqhu0

dwhv glvsodfhphqw1 Wr looxvwudwh wklv srlqw/ zh frqvlghu d srolf| h{shulphqw lq zklfk/ vwduwlqj

gxfwlylw| surfhvvhv zlwk xszdug guliw1 Wkh| hvwdeolvk wkdw glvsodfhphqw udwhv ghfuhdvh dqg dyhudjh zdjhv

lqfuhdvh zlwk mre whqxuh1

6Ghq Kddq/ Udph| dqg Zdwvrq +4<<:, dgguhvv wklv lvvxh lq wkh frqwh{w ri dq rxwvlgh ehqh�wv prgho1

Wkdw sdshu irfxvvhv rq frqqhfwlrqv ehwzhhq fdslwdo dqg oderu dgmxvwphqw wkdw duh qrw frqvlghuhg khuh1
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lq vwhdg|0vwdwh htxloleulxp/ wkh srolf| dxwkrulw| edqv doo hpsor|phqw vhsdudwlrqv1 Zlwklq d

fodvv ri h{dpsohv kdylqj lghqwlfdo lqlwldo vwhdg| vwdwhv/ wkh pd{lpxp zhoiduh orvv iurp wkh

srolf| lq wkh sxuh uhdoorfdwlrq prgho lv ohvv wkdq kdoi ri wkh pd{lpxp zhoiduh jdlq lq wkh

prudo kd}dug prgho1 Wkh nh| lghd lv wkdw lq wkh sxuh uhdoorfdwlrq prgho/ wkh qhhg iru yhu|

edg surgxfwlylw| vkrfnv wr lqgxfh glvsodfhphqwv gluhfwo| uh hfwv wkh orz vrfldo ehqh�wv ri

uhdoorfdwlrq1 Lq frqwudvw/ wkh idfw wkdw kljk0surgxfwlylw| uhodwlrqvklsv pd| euhdn xs xqghu

prudo kd}dug lqglfdwhv kljk vrfldo frvwv1 Wkh h{dpsoh vxjjhvwv wkdw lpshuihfwlrqv lq oderu

frqwudfwlqj pd| whqg wr kdyh juhdwhu txdqwlwdwlyh lpsruwdqfh lq zhoiduh fdofxodwlrqv wkdq

gr lpshglphqwv wr uhdoorfdwlrq1

Rxu uhvxowv udlvh qhz txhvwlrqv frqfhuqlqj wkh lghd wkdw hqgrjhqrxv mre ghvwuxfwlrq sod|v

d uroh lq idflolwdwlqj wkh uhdoorfdwlrq ri surgxfwlyh uhvrxufhv wrzdug pruh h!flhqw xvhv1 Prg0

hov ri vxfk uhdoorfdwlrq surfhvvhv/ lqfoxglqj Fdedoohur dqg Kdpprxu +4<<7/4<<9, dqg Kdoo

+4<<<,/ uho| rq grzqzdug guliw vshfl�fdwlrqv/ zkhuhlq uhodwlrqvklsv ehfrph judgxdoo| ohvv

surgxfwlyh dqg pxvw hyhqwxdoo| eh vxssodqwhg e| qhz uhodwlrqvklsv1 Dv zh kdyh hpskdvl}hg/

krzhyhu/ wkh grzqzdug guliw vshfl�fdwlrq lv qrw vxssruwhg e| wkh plfurhfrqrplf hylghqfh rq

h{shulhqfhv ri glvsodfhg zrunhuv/ zklfk idyruv vshfl�fdwlrqv fkdudfwhul}hg e| xszdug guliw1

Lq d zruog ri xszdug guliw/ lw lv kljko| txhvwlrqdeoh zkhwkhu glvsodfhphqwv fdq eh ylhzhg dv

sod|lqj d xvhixo uhdoorfdwlyh uroh1 Pruhryhu/ rxu zhoiduh dqdo|vlv lqglfdwhv wkdw wkh ehqh�wv

ri glvsodfhphqw0lqgxfhg uhdoorfdwlrq pd| eh vpdoo zkhq frqwudvwhg zlwk srwhqwldo frvwv1

Vhfwlrq 5 od|v rxw wkh sxuh uhdoorfdwlrq prgho/ dqg Vhfwlrq 6 frqvlghuv wkh h{shulhqfhv

ri glvsodfhg zrunhuv lq wkh frqwh{w ri wklv prgho1 Wkh rxwvlgh ehqh�w dqg prudo kd}dug

prghov duh lqwurgxfhg Vhfwlrq 7/ sursdjdwlrq ri djjuhjdwh vkrfnv lv frqvlghuhg lq Vhfwlrq 8/

dqg zhoiduh lpsolfdwlrqv duh glvfxvvhg lq Vhfwlrq 91 Lq Vhfwlrq : zh frqvlghu wzr h{whqvlrqv1

Iluvw/ zh doorz uhodwlrqvklsv wr xsjudgh wkhlu uhodwlrqvkls iroorzlqj d qhjdwlyh vkrfn/ jlylqj

wkhp dq dowhuqdwlyh wr glvsodfhphqw1 Lq wkh sxuh uhdoorfdwlrq prgho/ qr glvsodfhphqwv rffxu

lq vwhdg|0vwdwh htxloleulxp li xsjudgh frvwv duh ohvv wkdq ru htxdo wr lqlwldo vhwxs frvwv/ dv

vhhpv sodxvleoh1 Wklv �qglqj vhuyhv wr ixuwkhu kljkoljkw wkh lpsruwdqfh ri rxwvlgh ehqh�wv

dqg prudo kd}dug dv h{sodqdwru| idfwruv iru hqgrjhqrxv mre ghvwuxfwlrq1 Wkh srvvlelolw|
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ri xsjudgh dovr plwljdwhv ixuwkhu djdlqvw wkh uhdoorfdwlyh uroh ri glvsodfhphqwv1 Vhfrqg/ zh

frqvlghu wkh srvvlelolw| wkdw �upv dqg zrunhuv gr qrw gluhfwo| revhuyh wkhlu uhodwlrqvkls0

vshfl�f surgxfwlylw| glvwulexwlrqv/ exw lqvwhdg ohduq wkhp ryhu wlph1 Zh vkrz e| h{dpsoh

wkdw wklv nlqg ri ohduqlqj fdq ohdg wr rxwfrphv wkdw duh lqfrqvlvwhqw zlwk wkh vxevhtxhqw

glvsodfhphqw h�hfw/ frqwudu| wr wkh frqfoxvlrq uhdfkhg e| Sulhv +4<<;,1 Vhfwlrq ; frqfoxghv1

51 Sxuh Uhdoorfdwlrq Prgho

5141 Edvlf Vwuxfwxuh1 Zh ehjlq e| frqvlghulqj d prgho ri hpsor|phqw uhodwlrqvklsv lq

zklfk uhodwlrqvklsv pd| idoo lqwr shuvlvwhqw orz0surgxfwlylw| hslvrghv/ uhodwlyh wr surgxfwly0

lw| ohyhov rewdlqdeoh lq qhzo|0iruphg uhodwlrqvklsv1 Ehfdxvh ri wklv/ �upv dqg zrunhuv pd|

kdyh dq lqfhqwlyh wr euhdn xs wkhlu uhodwlrqvklsv/ lq rughu wr uhdoorfdwh wkhpvhoyhv wr pruh

surgxfwlyh uhodwlrqvklsv zlwk qhz sduwqhuv17

Wkh oderu pdunhw lv dvvxphg wr frqvlvw ri d xqlw pdvv ri dwrplvwlf �upv/ dorqj zlwk

d xqlw pdvv ri dwrplvwlf zrunhuv1 Hpsor|phqw uhodwlrqvklsv frpsulvh rqh �up dqg rqh

zrunhu/ zkr hqjdjh lq surgxfwlrq wkurxjk glvfuhwh wlph xqwlo wkhlu uhodwlrqvkls lv vhyhuhg1

Wkh rxwsxw wkdw fdq eh surgxfhg e| uhodwlrqvkls � lq shulrg | lv zulwwhq 5�|1 Dw wkh vwduw

ri hdfk shulrg/ wkh �up dqg zrunhu lq dq dfwlyh uhodwlrqvkls revhuyh 5�|/ dqg wkhq ghflgh

zkhwkhu wr frqwlqxh wkh uhodwlrqvkls ru hovh euhdn lw xs lq shulrg |1 Li wkh| hohfw wr frqwlqxh/

wkhq wkh| rewdlq d mrlqw ydoxh ri 5�| n }�|/ zkhuh }�| jlyhv wkh h{shfwhg fxuuhqw ydoxh ri

ixwxuh mrlqw sd|r�v rewdlqhg iurp frqwlqxlqj wkh uhodwlrqvkls lqwr wkh iroorzlqj shulrg1 Li

wkh �up dqg zrunhu hohfw wr euhdn xs/ wkhq wkh| rewdlq wkh h{shfwhg fxuuhqw ydoxh ri ixwxuh

rssruwxqlwlhv dydlodeoh rxwvlgh ri wkhlu uhodwlrqvkls/ zulwwhq ��|1

Li frqwlqxh lv fkrvhq/ wkhq wkh �up dqg zrunhu qhjrwldwh d frqwudfw wkdw glylghv wkhlu

mrlqw vxusoxv1 Wkh �up lv dvvxphg wr gluhfwo| dssursuldwh 5�|/ dqg wkh frqwudfw hqwdlov d

sd|phqw ri R�| wr wkh zrunhu1 Wkh Qdvk edujdlqlqj vroxwlrq ghwhuplqhg R�|/ zkhuh wkh

edujdlqlqj zhljkw ri wkh zrunhu lv Z�/ dqg wkh rxwvlgh rswlrq lv ghwhuplqhg e| euhdnxs ri

wkh uhodwlrqvkls1 Li euhdnxs lv fkrvhq/ wkhq qr sd|phqwv duh pdgh dqg wkh djhqwv vlpso|

7Lq Vhfwlrq :14 zh lqwurgxfh wkh srvvlelolw| wkdw �upv dqg zrunhuv fdq lqyhvw lq xsjudglqj wkhlu uhodwlrq0

vklsv/ dv dq dowhuqdwlyh wr glvsodfhphqw1
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uhfhlyh wkhlu rxwvlgh rswlrq ydoxhv1

Uhodwlrqvklsv duh iruphg rq d pdwfklqj pdunhw1 Iru vlpsolflw| zh dvvxph wkdw dq xq0

pdwfkhg �up ru zrunhu orfdwhv dq xqpdwfkhg frxqwhusduw lq d jlyhq shulrg zlwk frqvwdqw

suredelolw| b1 Pdwfklqj wdnhv sodfh dw wkh vdph wlph dv surgxfwlrq lq dfwlyh uhodwlrqvklsv1

Djhqwv wkdw duh pdwfkhg lq d jlyhq shulrg ehjlq d qhz hpsor|phqw uhodwlrqvkls lq wkh iro0

orzlqj shulrg1 D �up dqg zrunhu lq d uhodwlrqvkls wkdw euhdnv xs dw wkh vwduw ri d shulrg

fdq vhhn wr eh uhpdwfkhg lq wkh fxuuhqw shulrg1

5151 Surgxfwlylw| Surfhvv1 Zlwklq d jlyhq frqwlqxlqj hpsor|phqw uhodwlrqvkls/ 5�|

iroorzv d vzlwfklqj surfhvv1 Zlwk suredelolw| �/ 5�| lv gudzq dffruglqj wr wkh suredelolw|

glvwulexwlrq ixqfwlrq D&E5�|�/ zkhuh & jlyhv wkh qxpehu ri vzlwfkhv wkdw kdyh rffxuuhg vlqfh

wkh uhodwlrqvkls zdv �uvw iruphg1 Zlwk suredelolw| � � �/ wkhuh lv qr vzlwfk/ dqg 5�| '

5�c|3�1 Qhzo|0iruphg uhodwlrqvklsv gudz 5�| iurp wkh glvwulexwlrq DfE5�|�1 Iru hdfk ri wkh

glvwulexwlrqv D&/ & � f/ zh dvvxph wkdw 5�| � f zlwk suredelolw| rqh/ l1h1 glvsodfhphqwv duh

qrw gulyhq e| qhjdwlyh uhwxuqv +zh doorz iru srvlwlyh fxuuhqw0shulrg rxwvlgh ehqh�wv/ zklfk

duh htxlydohqw wr qhjdwlyh uhwxuqv/ lq d odwhu vhfwlrq,1

Dvvxph wkdw wkhuh lv dq lqwhjhu g : f vxfk wkdw D&n� ' D& iru doo & � g1 Wkxv/ diwhu

g vzlwfkhv/ wkh glvwulexwlrq qr orqjhu fkdqjhv rq vxevhtxhqw vzlwfkhv1 Iru & 	 g zh irfxv

rq wzr ehqfkpdun fdvhv1

41 Grzqzdug Guliw1 D&n�E5�|� : D&E5�|� iru doo 5�| � f1

51 Xszdug Guliw1 D&n�E5�|� 	 D&E5�|� iru doo 5�| � f1

Lq wkh grzqzdug guliw fdvh/ hdfk vzlwfk sulru wr wkh gwk rqh ohdgv surgxfwlylw| wr eh

gudzq iurp d ohvv idyrudeoh glvwulexwlrq/ dffruglqj wr �uvw0rughu vwrfkdvwlf grplqdqfh/ vr

wkdw surgxfwlylw| whqgv wr guliw grzqzdug ryhu wlph1 Vwdqgdug h{dpsohv ri grzqzdug guliw

prghov lqfoxgh wkh iroorzlqj1

41 Pruwhqvhq dqg Slvvdulghv +4<<7,1 Khuh g ' �/ wkh vxssruw ri D� lv d5,c 5�o zlwk

5, 	 5�/ dqg Df lv ghjhqhudwh dw 5�1 Doo qhzo|0iruphg glvwulexwlrqv ehjlq dw wkh kljkhvw

surgxfwlylw| ohyho/ dqg vxevhtxhqw vzlwfkhv duh gudzq iurp wkh frpprq glvwulexwlrq D�1

51 Kdoo*v Hvfdodwru +4<<<,1 Hdfk D& lv ghjhqhudwh dw 5&/ zlwk 5&n� 	 5& iru & 	 g1 Lq
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wklv fdvh/ hdfk vzlwfk ohdgv surgxfwlylw| wr vkliw grzqzdug1

Lq wkh xszdug guliw fdvh/ lq frqwudvw/ vzlwfkhv sulru wr wkh gwk rqh duh gudzq iurp

vxffhvvlyho| pruh idyrudeoh glvwulexwlrqv/ vr wkdw surgxfwlylw| whqgv wr ulvh ryhu wlph1 Dq

h{dpsoh ri xszdug guliw lv jlyhq e| rq0wkh0mre ohduqlqj= D& lv ghjhqhudwh dw 5&/ zlwk 5&n� : 5&

iru & 	 g/ dqg wkh zrunhu ohduqv hdfk vwhs zlwk suredelolw| �1 Wkh ehqh�wv ri wudlqlqj duh

mre0vshfl�f/ lq wkdw qhz pdwfkhv dozd|v vwduw dw wkh surgxfwlylw| ohyho 5f1 Fdeudohv dqg

Krshqkd|q +4<<;, lqfrusrudwh d voljkwo| gl�huhqw xszdug0guliw vshfl�fdwlrq lqwr d yhuvlrq

ri wkh Pruwhqvhq0Slvvdulghv pdwfklqj vhwxs18

5161 Htxloleulxp1 Zh qrz gh�qh vwhdg|0vwdwh htxloleuld ri wkh sxuh uhdoorfdwlrq prgho1

Vlqfh doo hpsor|phqw uhodwlrqvklsv idfh frpprq edujdlqlqj zhljkwv/ pdwfklqj suredelolwlhv

dqg surgxfwlylw| surfhvvhv/ zh pd| gurs wkh � vxevfulswv iurp wkh yduldeohv1 Ixuwkhu/ wkh

h{shfwhg frqwlqxdwlrq ydoxhv ghshqg rqo| rq wkh suhfhglqj0shulrg surgxfwlylw| ohyho dqg

wkh qxpehu ri vzlwfkhv wkdw kdyh rffxuuhg vlqfh wkh uhodwlrqvkls zdv �uvw iruphg1 Wkxv/

wkh frqwlqxdwlrq ydoxh pd| eh zulwwhq }&E5�/ zkhuh & � f lv wkh qxpehu ri vzlwfkhv dqg 5

lqglfdwhv wkh suhfhglqj0shulrg surgxfwlylw| ohyho1 Lq wkh vwhdg|0vwdwh/ wkh ydoxh ri rxwvlgh

rssruwxqlwlhv lv lqghshqghqw ri |/ dqg lw pd| eh zulwwhq �1

Lq hdfk shulrg/ dv orqj dv 5 n }&E5� � �/ dq hpsor|phqw uhodwlrqvkls kdylqj fxuuhqw

surgxfwlylw| 5 dqg kdylqj h{shulhqfhg & vzlwfkhv zloo rsw wr frqwlqxh wkhlu uhodwlrqvkls/

zkloh 5 n }&E5� 	 � lpsolhv wkdw wkh| suhihu wr euhdn xs1 Vlqfh wkh ydoxh ri d qhz gudz lv

lqghshqghqw ri wkh fxuuhqw 5/ lw lv reylrxv wkdw }&E5� lv dq lqfuhdvlqj ixqfwlrq ri 51 Wkxv/

wkhuh lv d euhdnxs pdujlq 5& vxfk wkdw wkh uhodwlrqvkls frqwlqxhv li dqg rqo| li 5 � 5&1 Wkh

euhdnxs pdujlq lv ghwhuplqhg e|

5& n }&E5&� ' �c +4,

ru hovh/ li }&Ef� : �/ zh kdyh 5& ' f1 Frqwlqxdwlrq ydoxhv vdwlvi|

8Lq Fdeudohv dqg Krshqkd|q/ uhodwlrqvkls0vshfl�f surgxfwlylw| lq shulrg w lv gudzq iurp I +}lw m }l>w�4,/
zklfk lv vwulfwo| ghfuhdvlqj lq }l>w�41 Omxqjtylvw dqg Vdujhqw +4<<;, kdyh xwlol}hg dq xszdug0guliw vshfl�fd0

wlrq lq d oderu pdunhw prgho zlwk h{rjhqrxv glvsodfhphqwv1
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}&E5� ' qiE�� ��d5 n }&E5�o

n�d
"U

5
&n�

E+ n }&n�E+��_D&n�E+� n
5
&n�U

f
�_D&n�E+�oj� +5,

Wr gh�qh htxloleulxp zdjh sd|phqwv/ lw lv frqyhqlhqw wr ghqrwh mrlqw vxusoxv iru d pdwfk

zlwk fxuuhqw0shulrg surgxfwlylw| 5/ dqg kdylqj xqghujrqh & vzlwfkhv/ e|

r&E5� ' 5 n }&E5�� �� +6,

Ohw �� lqglfdwh wkh ydoxh ri rxwvlgh rssruwxqlwlhv dydlodeoh wr wkh zrunhu1 Xqghu wkh Qdvk

edujdlqlqj vroxwlrq/ wkh zrunhu rewdlqv klv vkduh ri wkh vxusoxv soxv klv rxwvlgh rswlrq ydoxh/

jlyhq e| Z�r&E5�n��/ lq wkh irup ri d fxuuhqw0shulrg zdjh sd|phqw soxv wkh suhvhqw ydoxh

ri klv vkduh ri wkh ixwxuh vxusoxv1 Ohw wkh h{shfwhg fxuuhqw ydoxh ri ixwxuh sd|r�v wr wkh

zrunhu iurp frqwlqxlqj wkh uhodwlrqvkls eh jlyhq e|

}�& E5� ' qiE�� ��dZ�r&E5� n ��o

n�d
"U

5
&n�

Z�r&n�E+�_D&n�E+� n ��oj� +7,

Wkhq wkh zdjh sd|phqw/ zulwwhq R&E5�/ pxvw vdwlvi|

R&E5� ' Z�r&E5� n �� � }�& E5� +8,

Ilqdoo|/ rxwvlgh rswlrq ydoxhv iru wkh zrunhu dqg �up/ uhvshfwlyho|/ duh ghwhuplqhg e|

�� ' bq
"U

5
f

Z�rfE+�_DfE+� n q��c +9,

�s ' bq
"U

5f

E�� Z��rfE+�_DfE+� n q�s � +:,
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61 Hiihfwv ri Glvsodfhphqw

6141 Hylghqfh1 D odujh erg| ri hylghqfh grfxphqwv wkh h{shulhqfhv ri glvsodfhg zrun0

huv1 Glvsodfhphqw kdv w|slfdoo| ehhq gh�qhg lq whupv ri lqyroxqwdu| mre vhsdudwlrq/ lqfoxglqj

vhsdudwlrqv gxh wr sodqw ru exvlqhvv forvlqj/ od|r�/ ru �ulqj/ exw qrw vhsdudwlrqv dvvrfldwhg

zlwk hqglqj ri whpsrudu| mrev1 Glvsodfhphqwv kdyh dovr ehhq glvwlqjxlvkhg iurp vhsdud0

wlrqv uhvxowlqj iurp zrunhu txlwv1 Zlwk uhvshfw wr wkh glvsodfhphqw2txlw glvwlqfwlrq/ rxu

prgho pd| eh lqwhusuhwhg dv fdswxulqj glvsodfhphqwv wr wkh h{whqw wkdw glvsodfhphqwv duh

wlhg wr fkdqjhv lq surgxfwlylw| rq wkh mre1 Wkh prgho frxog eh h{whqghg wr lqfrusrudwh

txlwv e| doorzlqj iru  xfwxdwlrqv lq zrunhuv* rxwvlgh ehqh�wv/ uhsuhvhqwlqj fkdqjhv lq shu0

vrqdo flufxpvwdqfhv wkdw ohdg wr txlwv1 Dowhuqdwlyho|/ ohduqlqj e| zrunhuv derxw shuvlvwhqw

zrunhu0vshfl�f fkdudfwhulvwlfv frxog lqgxfh txlwv wlhg wr mre vkrsslqj +Wrsho dqg Zdug/

4<<5,19

Lq rxu ylhz/ txlwv duh qrw ri fhqwudo lpsruwdqfh iru wkh f|folfdo ehkdylru ri hpsor|phqw1

Txlwv pdnh xs rqo| derxw d txduwhu ri X1V1 qrqhqwudqw hpsor|phqw lq rzv/ dqg duh plogo|

surf|folfdo/ zkloh shupdqhqw dqg whpsrudu| od|r�v duh vwurqjo| frxqwhuf|folfdo1: Ixuwkhu/

Wrsho +4<<3, vkrzv wkdw glvsodfhphqwv lq wkh SVLG gdwd vwurqjo| wudfn xqhpsor|phqw/

dv phdvxuhg erwk lq wkh SVLG gdwd dqg lq wkh djjuhjdwh1 Wkxv/ lq vwxg|lqj djjuhjdwh

 xfwxdwlrqv/ lw vhhpv ehvw wr irfxv rq zrunhu glvsodfhphqw1

Zh irfxv rq wzr nh| idfwv derxw zrunhuv* srvwglvsodfhphqw h{shulhqfhv1

41 Vxevhtxhqw Glvsodfhphqw H�hfw1 Glvsodfhg zrunhuv h{shulhqfh kljkhu glvsodfhphqw

udwhv lq vxevhtxhqw mrev iru |hduv iroorzlqj glvsodfhphqw/ uhodwlyh wr wkh jhqhudo srsxodwlrq1

51 Srvwglvsodfhphqw Zdjh H�hfw1 Glvsodfhg zrunhuv rq dyhudjh rewdlq orzhu krxuo|

9Wkhvh lqwhusuhwdwlrqv ri glvsodfhphqwv dqg txlwv fdq eh prwlydwhg e| wkh lghd wkdw d glvsodfhphqw

rffxuv zkhq wkh zrunhu zrxog kdyh zlvkhg wr frqwlqxh wkh hpsor|phqw uhodwlrqvkls dw wkh suhylrxv0shulrg

zdjh ohyho/ zkloh d txlw rffxuv zkhq wkh zrunhu zrxog qrw kdyh zlvkhg wr frqwlqxh dw wkh suhylrxv zdjh

ohyho1 Pruh eurdgo|/ lw vkrxog eh uhfrjql}hg wkdw wkh sudfwlfdo glvwlqfwlrq ehwzhhq glvsodfhphqwv dqg txlwv

ehfrphv eoxuuhg zkhq/ dv lq rxu prgho/ wkh zrunhu dqg �up qhjrwldwh wr dyrlg ru lqgxfh vhyhudqfh1

:Vhh/ iru h{dpsoh/ Gdylv/ Kdowlzdqjhu dqg Vfkxk +4<<9/ fk1 9,1 Wkhvh dxwkruv frqfoxgh +s1 474,/ �111txlwv

sod| olwwoh uroh lq wkh vkduso| kljkhu mre ghvwuxfwlrq gxulqj f|folfdo grzqwxuqv1�
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zdjhv lq vxevhtxhqw mrev iru |hduv iroorzlqj glvsodfhphqw/ uhodwlyh erwk wr qrqglvsodfhg

zrunhuv dqg wr wkhlu suhglvsodfhphqw zdjh ohyhov1

Zkloh wkhvh �qglqjv kdyh ehhq vhsdudwho| fruurerudwhg e| qxphurxv vwxglhv/ zh irfxv

khuh rq hylghqfh gudzq iurp wkh SVLG/ vlqfh wkhvh gdwd doorz wkh h{shulhqfhv ri lqglylgxdo

zrunhuv wr eh wudfnhg iru pdq| |hduv iroorzlqj glvsodfhphqw1 Vwhyhqv +4<<:, fdofxodwhv

wkh suredelolwlhv wkdw d zrunhu h{shulhqfhv vxevhtxhqw glvsodfhphqw lq |hduv iroorzlqj wkh

�uvw glvsodfhphqw> vhh Wdeoh 41 Iru frpsdulvrq/ wkh dyhudjh glvsodfhphqw suredelolw| iru

wkh hqwluh vdpsoh lv 31365 shu |hdu1; Wkxv/ wkh suredelolw| ri vxevhtxhqw glvsodfhphqw

lv juhdwo| lqfuhdvhg iroorzlqj wkh lqlwldo glvsodfhphqw1 Revhuyh ixuwkhu wkdw vxevhtxhqw

glvsodfhphqw suredelolwlhv whqg wr ghfolqh dv wkh |hduv vlqfh wkh �uvw glvsodfhphqw lqfuhdvh1

Wkhvh revhuydwlrqv uhjduglqj glvsodfhg zrunhuv duh hqwluho| lq olqh zlwk wkh odujh erg|

ri hylghqfh vkrzlqj wkdw glvsodfhphqw suredelolwlhv ghfolqh zlwk whqxuh> vhh/ iru h{dpsoh/

Iduehu +4<<6,1

Vwhyhqv dovr hvwlpdwhv wkh h�hfw ri glvsodfhphqw rq zdjhv/ uhodwlyh wr zdjhv ri zrunhuv

zkr gr qrw h{shulhqfh glvsodfhphqw1 Froxpq rqh ri Wdeoh 5 suhvhqwv dyhudjh shufhqw gli0

ihuhqfhv lq krxuo| zdjhv iroorzlqj d zrunhu*v �uvw glvsodfhphqw/ doorzlqj iru zrunhu0 dqg

wlph0vshfl�f �{hg h�hfwv1 Revhuyh wkdw glvsodfhphqw ohdgv wr vljql�fdqwo| orzhu zdjhv iru

pdq| |hduv/ hyhq diwhu frqwuroolqj iru zrunhu fkdudfwhulvwlfv dqg dq| h�hfwv dvvrfldwhg zlwk

wkh |hdu ri glvsodfhphqw1 Froxpq wzr uhsruwv wkh hvwlpdwhg shufhqw zdjh uhgxfwlrqv iru

|hduv vlqfh wkh prvw uhfhqw glvsodfhphqw1 Zdjh uhgxfwlrqv lq wkh hduo| |hduv iroorzlqj wkh

prvw uhfhqw glvsodfhphqw duh urxjko| htxdo wr wkrvh iroorzlqj wkh �uvw glvsodfhphqw1 Diwhu

derxw vhyhq |hduv/ krzhyhu/ uhgxfwlrqv iroorzlqj wkh prvw uhfhqw glvsodfhphqw duh vxevwdq0

wldoo| ohvv/ lqglfdwlqj wkdw zdjh uhfryhu| ehfrphv vwurqjhu iru zrunhuv zkr fdq �qg dqg

nhhs d qhz mre1 Dv vwuhvvhg e| Vwhyhqv/ odujh orqjhu0whup zdjh uhgxfwlrqv iroorzlqj wkh �uvw

;Vwhyhqv* vdpsoh frqvlvwv ri khdgv ri krxvhkrogv zkr kdyh uhsruwhg qr glvsodfhphqwv lq wkh whq |hduv

sulru wr 4<9</ dqg zkr uhsruw srvlwlyh hduqlqjv lq hdfk |hdu ri wkh vdpsoh1 Wkh vdpsoh fryhuv wkh |hduv

4<9<04<;9/ dqg frqwdlqv 4/939 zrunhuv/ 774 h{shulhqflqj dw ohdvw rqh glvsodfhphqw ryhu wkh vdpsoh shulrg1
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glvsodfhphqw duh wlhg wr vxevhtxhqw glvsodfhphqwv1<

Xvlqj SVLG gdwd/ Wrsho +4<<3, frqvlghuv wkh shufhqw fkdqjh lq srvwglvsodfhphqw zdjhv/

uhodwlyh wr wkh zrunhu*v suhglvsodfhphqw zdjh ohyho> wklv vhuyhv wr frqwuro iru zrunhu fkdudf0

whulvwlfv1 Wrsho dovr glylghv wkh vdpsoh edvhg rq suhglvsodfhphqw whqxuh143 Dv uhsruwhg lq

Wdeoh 6/ uhgxfwlrqv lq rzq zdjhv duh vpdoo dqg vkruw0olyhg iru orz0whqxuh glvsodfhg zrunhuv/

zkloh zdjh gursv duh pxfk vkdushu dqg pruh orqj0odvwlqj iru kljk0whqxuh zrunhuv144

6151 Grzqzdug Guliw Fdvh1 Zh qrz frqvlghu wkh h{whqw wr zklfk wkh sxuh uhdoorfdwlrq

prgho zlwk grzqzdug guliw fdq dffrxqw iru wkh glvsodfhphqw h�hfwv glvfxvvhg deryh1 Iluvw

frqvlghu wkh vxevhtxhqw glvsodfhphqw h�hfw1 Zh ehjlq zlwk wkh iroorzlqj ohppd1

Ohppd 41 Lq wkh grzqzdug guliw fdvh/ }&n�E5� 	 }&E5� iru doo 5 � f dqg iru doo & 	 g � �1

Wkh ohppd hvwdeolvkhv wkdw frqwlqxdwlrq ydoxhv pxvw idoo zlwk hdfk vzlwfk/ dv d frqvh0

txhqfh ri grzqzdug guliw1 Wkh surri ri wkh ohppd h{sorlwv edfnzdug lqgxfwlrq wrjhwkhu

zlwk wkh idfw wkdw hdfk vzlwfk lv dvvrfldwhg zlwk d ohvv idyrudeoh glvwulexwlrq ri surgxfwlylw|1

Frpelqlqj Ohppd 4 zlwk htxdwlrq +4,/ zh frqfoxgh wkdw wkh euhdnxs pdujlq pxvw ulvh zlwk

wkh qxpehu ri vzlwfkhv1

Sursrvlwlrq 41 Lq wkh grzqzdug guliw fdvh/ 5&n� � 5& iru doo & 	 g � �/ zlwk vwulfw

lqhtxdolw| zkhq 5&n� : f1

Lpsolfdwlrqv ri Sursrvlwlrq 4 iru glvsodfhphqw udwhv duh hdv| wr ghulyh1 Wkh suredelolw|

ri glvsodfhphqw dw d jlyhq hpsor|phqw uhodwlrqvkls/ diwhu lw kdv h{shulhqfhg & vzlwfkhv/ lv

�D&n�E5&n���=45 glvsodfhphqw fdq rffxu rqo| iroorzlqj d vzlwfk/ zklfk rffxuv zlwk sure0

<D ydulhw| ri vwxglhv kdyh grfxphqwhg d srvlwlyh uhodwlrqvkls ehwzhhq zdjhv dqg whqxuh> vhh Nohw}hu

+4<;<, dqg Wrsho +4<<4,1 Wklv h�hfw lv frqvlvwhqw zlwk Vwhyhqv* �qglqj wkdw zdjh ghfolqhv iroorzlqj wkh

prvw uhfhqw glvsodfhphqw ehfrph vpdoohu dv wlph sdvvhv1

43Wkh vdpsoh fryhuv doo glvsodfhphqwv uhsruwhg lq wkh |hduv 4<9;04<;8/ lqfoxglqj 4/733 glvsodfhphqw hyhqwv1

44Rwkhu vwxglhv �qglqj srvwglvsodfhphqw ghfolqhv lq zdjhv dqg hduqlqjv lqfoxgh Fduulqjwrq +4<<6,/ Iduehu

+4<<6/4<<:,/ Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6d/e,/ Qhdo +4<<8,/ Uxkp +4<<4d/e, dqg Wrsho +4<<6,1 Vhh

dovr Kdoo +4<<8,1

45�n.4+}n.4�, ghqrwhv olp}%}
n.4

�n.4+},/ l1h1 wkh olplw dv } dssurdfkhv }n.4 iurp ehorz1
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delolw| �> dqg wkh qhz surgxfwlylw| ohyho pxvw olh vwulfwo| ehorz 5&n�/ zklfk rffxuv zlwk

suredelolw| D&n�E5&n���1 Vlqfh erwk 5&n� � 5& dqg D&n�E5� : D&E5�/ wkh glvsodfhphqw udwh

pxvw ulvh zlwk &/ dv orqj dv & 	 g � �1 Wr vxppdul}h=

Fruroodu| 41 Lq wkh grzqzdug guliw fdvh/ wkh suredelolw| ri glvsodfhphqw iru d jlyhq hp0

sor|phqw uhodwlrqvkls ulvhv zlwk &c iru & 	 g � ��

Zh frqfoxgh wkdw wkh grzqzdug guliw fdvh lv lqfrqvlvwhqw zlwk wkh vxevhtxhqw glvsodfh0

phqw h�hfw/ vlqfh wkh srsxodwlrq ri uhfhqwo| glvsodfhg pdwfkhg zrunhuv zloo kdyh orzhu &/

rq dyhudjh/ wkdq wkh jhqhudo srsxodwlrq1 Wkxv/ wkh prgho suhglfwv wkdw uhfhqwo| glvsodfhg

zrunhuv zrxog whqg wr kdyh orzhu glvsodfhphqw suredelolwlhv1 Lq fdvhv zlwk g ' �/ vxfk dv

wkh Pruwhqvhq dqg Slvvdulghv h{dpsoh/ glvsodfhphqw suredelolwlhv gr qrw ghshqg rq &/ vr

wkdw vxevhtxhqw glvsodfhphqw udwhv ri uhfhqwo| glvsodfhg zrunhuv gr qrw gl�hu rq dyhudjh

iurp wkrvh ri wkh jhqhudo srsxodwlrq1 Wklv ihdwxuh uhpdlqv dw rggv zlwk wkh revhuydwlrq ri

kljkhu vxevhtxhqw glvsodfhphqw udwhv1 Pruh eurdgo|/ wkh grzqzdug guliw prgho lpsolhv d

frxqwhuidfwxdo srvlwlyh uhodwlrqvkls ehwzhhq glvsodfhphqw suredelolwlhv dqg whqxuh1

Zh wxuq qh{w wr wkh srvwglvsodfhphqw zdjh h�hfw1 Dqdo|vlv ri htxloleulxp zdjhv lv

idflolwdwhg e| wkh iroorzlqj ohppd1

Ohppd 51 Wkh vwhdg|0vwdwh htxloleulxp ydoxh ri R&E5� pd| eh zulwwhq

R&E5� ' Z�5� +;,

Xvlqj Ohppd 5/ zh pd| h{suhvv wkh dyhudjh zdjh ri zrunhuv lq hpsor|phqw uhodwlrqvklsv

wkdw kdyh xqghujrqh & vzlwfkhv dv

R& ' Z�
"U

5
&

+
_D&E+�

�� D&E5&�
� +<,

AIurp +<, lw pd| eh revhuyhg wkdw d ulvh lq & grhv qrw kdyh fohdu lpsolfdwlrqv iru dyhudjh

zdjhv= wkh lqfuhdvh lq 5&/ lpsolhg e| Sursrvlwlrq 4/ zloo whqg wr udlvh R&> dqg kljkhu &

kdv dq xqfohdu h�hfw rq wkh glvwulexwlrq ri R&E5� frqglwlrqdo rq qrw euhdnlqj xs1 Uhvxowv

duh rewdlqdeoh iru wkh vwdqgdug h{dpsohv jlyhq deryh/ krzhyhu1 Iru wkh Pruwhqvhq dqg

Slvvdulghv h{dpsoh/ zh kdyh=
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Rf ' Z�5� : Z�
5�U

5
�

+
_D�E+�

�� D�E5��
' R�1

Dv iru Kdoo*v hvfdodwru/ wkh glvsodfhphqw suredelolw| lv }hur dv orqj dv 5& � 5&/ wkhq mxpsv

wr xqlw| rqfh 5& 	 5&> wkh odwwhu rffxuv dw vrph xqltxh &�/ vlqfh 5& idoov dqg 5& ulvhv zlwk

&1 Wkxv/ xvlqj +<, zh kdyh wkdw R& ' Z�5&/ zklfk vwulfwo| ghfuhdvhv lq & dv orqj dv & 	 g1

Wkxv/ iru hlwkhu ri wkh vwdqgdug h{dpsohv/ uhfhqwo|0glvsodfhg zrunhuv zloo whqg wr kdyh kljkhu

zdjhv wkdq qrqglvsodfhg zrunhuv/ e| yluwxh ri wkhlu orzhu dyhudjh ydoxhv ri &1

Iru rwkhu sdudphwhul}dwlrqv ri wkh grzqzdug guliw prgho wkdw zh kdyh vwxglhg/ lw lv dovr

w|slfdoo| wkh fdvh wkdw uhfhqwo|0glvsodfhg zrunhuv hduq kljkhu dyhudjh zdjhv1 Lw lv srvvleoh

wr frqvwuxfw h{dpsohv zlwk grzqzdug guliw/ krzhyhu/ lq zklfk wkh h�hfw ri kljkhu 5& dv &

ulvhv grplqdwhv vkliwv lq wkh glvwulexwlrq ri 5/ ohdglqj wr orzhu dyhudjh zdjhv iru glvsodfhg

zrunhuv1 Lq sduwlfxodu/ vxssrvh g ' 2/ dqg ohw wkh glvwulexwlrqv Df/ D� dqg D2 kdyh wzr0

srlqw vxssruwv/ dv lqglfdwhg lq Wdeoh 7> dovr � ' f��/ Z� ' f�D/ b ' f�H dqg q ' f�bS1 Lq

wkh vwhdg|0vwdwh htxloleulxp ri wklv h{dpsoh/ zh kdyh 5f 	 ��S. 	 5�> wkxv/ wkh srsxodwlrq

ri hpsor|hg zrunhuv zkr kdyh kdg qr vzlwfkhv pxvw qhfhvvdulo| hduq orzhu dyhudjh zdjhv

frpsduhg wr wkh srsxodwlrq zkr kdyh kdg rqh ru pruh vzlwfkhv/ vlqfh doo hpsor|phqw

uhodwlrqvklsv lq wkh odwwhu jurxs rshudwh rqo| dw wkh kljk surgxfwlylw| ohyho1 Dyhudjh zdjhv

iru zrunhuv h{shulhqflqj d glvsodfhphqw dw wlph }hur/ dorqj zlwk dyhudjh zdjhv iru wkh

uhpdlqlqj qrqglvsodfhg zrunhuv/ duh glvsod|hg lq Iljxuh 4/ zkhuh wkh srvwglvsodfhphqw zdjh

h�hfw pd| eh revhuyhg146 Qrwh krzhyhu wkdw suhglvsodfhphqw zdjhv ri glvsodfhg zrunhuv olh

deryh wkrvh ri wkh qrqglvsodfhphqw zrunhuv/ frqwudu| wr wkh hylghqfh uhsruwhg lq Wdeoh 5147

46Lw vkrxog eh hpskdvl}hg wkdw wkh h{dpsoh surgxfhv wkh srvwglvsodfhphqw zdjh h�hfw iru d yhu| volp

udqjh ri sdudphwhuv= prylqj wkh orzhu hohphqw ri wkh vxssruw ri } rqo| voljkwo| dzd| iurp 4=9: lq hlwkhu

gluhfwlrq surgxfhv vwhdg|0vwdwh htxloleuld lq zklfk hlwkhu }3 h{fhhgv wkh orzhu hohphqw/ ru }4 olhv ehorz lw1 D

pruh urexvw zd| wr jhqhudwh wkh srvwglvsodfhphqw zdjh h�hfw lq d prgho zlwk grzqzdug guliw lv wr dvvxph

wkdw wkh zrunhu*v edujdlqlqj zhljkw lqfuhdvhv zlwk whqxuh1

47Dv d jhqhudo pdwwhu/ lq dq| grzqzdug guliw h{dpsoh zlwk N @ 5 wkdw h{klelwv wkh srvwglvsodfhphqw

zdjh h�hfw/ glvsodfhg zrunhuv pxvw hduq kljkhu suhglvsodfphqw zdjhv wkdq qrqglvsodfhg zrunhuv1 Zkhq
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6161 Xszdug Guliw Fdvh1 Zh wxuq qrz wr wkh xszdug guliw fdvh1 Ohppd 4 lv hdvlo|

h{whqghg wr fryhu wklv fdvh/ zkhuh }&n�E5� : }&E5� iru & 	 g � � lv lpsolhg1 Wkh iroorzlqj

sursrvlwlrq/ vkrzlqj wkdw wkh euhdnxs pdujlq ghfolqhv zlwk &/ pd| wkhq eh rewdlqhg xvlqj

+4,

Sursrvlwlrq 51 Lq wkh xszdug guliw fdvh/ 5&n� � 5& iru doo & 	 g� �/ zlwk vwulfw lqhtxdolw|

zkhq 5& : f1

Ehiruh frqvlghulqj wkh vxevhtxhqw glvsodfhphqw dqg zdjh h�hfwv/ zh �uvw dvn zkhwkhu

dq| glvsodfhphqwv rffxu dw doo lq vwhdg|0vwdwh htxloleuld ri wkh xszdug guliw fdvh1 Wklv lvvxh

dulvhv ylylgo| lq wkh rq0wkh0mre ohduqlqj h{dpsoh1 Dv orqj dv dq| pdwfkhv irup/ 5f � 5f

pxvw krog> wkhq ehfdxvh 5&n� : 5& dqg 5&n� � 5&/ glvsodfhphqwv rffxu zlwk suredelolw| }hur

iru doo &1 Khuh wkh h{shfwdwlrq ri ixwxuh surgxfwlylw| lpsuryhphqwv xqghufxwv wkh prwlyh

wr uhdoorfdwh/ dqg glvsodfhphqwv idlo wr rffxu lq htxloleulxp1

Wkh rq0wkh0mre ohduqlqj h{dpsoh lv vshfldo lq wkdw surgxfwlylw| lpsuryhphqwv duh jxdu0

dqwhhg iroorzlqj hdfk vzlwfk1 Krzhyhu/ wkh prvw vdolhqw ihdwxuh ri wkh h{dpsoh lv wkh dqwlf0

lsdwlrq ri yhu| kljk surgxfwlylw| dw wkh odvw vwdjh/ iroorzlqj g vzlwfkhv1 Wklv srlqw lv pdgh

fohdu lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 61 Lq wkh xszdug guliw fdvh/ li wkh suredelolw| ri glvsodfhphqw lv }hur diwhu g

vzlwfkhv/ wkhq qr glvsodfhphqwv rffxu lq vwhdg|0vwdwh htxloleulxp1

Lqwxlwlyho|/ li surgxfwlylw| xqghu wkh prvw idyrudeoh glvwulexwlrq lv kljk hqrxjk wr glv0

vxdgh glvsodfhphqw/ wkhq wkhuh zloo eh qr  rz ri �upv dqg zrunhuv rxw ri wkh srro ri

uhodwlrqvklsv wkdw kdyh kdg g ru pruh vzlwfkhv1 Wkh vwhdg|0vwdwh k|srwkhvlv wkhq lpsolhv

wkhuh fdq eh qr  rz ri uhodwlrqvklsv lqwr wklv srro/ zklfk zrxog kdyh wr frph iurp wkh

srro wkdw kdg xqghujrqh g � � vzlwfkhv> iurp wklv lw fdq eh ghgxfhg wkdw wkh odwwhu srro

lv hpsw|1 E| lqgxfwlrq lw wkhq iroorzv wkdw lq wkh vwhdg|0vwdwh htxloleulxp/ wkhuh duh qr

wkh srvwglvsodfhphqw zdjh h�hfw krogv/ zrunhuv zkr kdyh kdg rqh ru pruh vzlwfkhv kdyh uhodwlyho| kljkhu

dyhudjh zdjhv> vlqfh wkhvh zrunhuv dovr kdyh kljkhu glvsodfhphqw suredelolwlhv/ wkh| zloo suhgrplqdwh lq wkh

suhglvsodfhphqw srsxodwlrq/ ohdglqj wr kljkhu suhglvsodfhphqw zdjhv1 Wklv lv frqwudu| wr Vwhyhqv* �qglqjv/

lq zklfk suhglvsodfhphqw zdjhv ri glvsodfhg zrunhuv duh orzhu +vhh Wdeoh 5,1
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dfwlyh uhodwlrqvklsv wkdw kdyh xqghujrqh ihzhu wkdq g vzlwfkhv/ vr wkhuh fdq eh qr glvsodfh0

phqwv1 Wkh rffxuuhqfh ri glvsodfhphqwv lq htxloleulxp wkxv uholhv rq wkh suhvhqfh ri vrph

phfkdqlvp wkdw fdq lqgxfh euhdnxsv ri wkh prvw surgxfwlyh uhodwlrqvklsv1

Lqiuhtxhqf| ri vzlwfkhv lv dovr dq hvvhqwldo suhuhtxlvlwh wr wkh rffxuuhqfh ri glvsodfhphqwv

lq wkh xszdug guliw fdvh/ dv wkh iroorzlqj sursrvlwlrq ghprqvwudwhv1

Sursrvlwlrq 71 Lq wkh xszdug guliw fdvh/ li � ' �/ wkhq qr glvsodfhphqwv rffxu lq vwhdg|0

vwdwh htxloleulxp1

Li vzlwfkhv duh jxdudqwhhg wr rffxu hdfk shulrg/ wkhq gudzlqj d orz ydoxh ri 5 lv qhyhu

vx!flhqw lqgxfhphqw wr euhdn xs lq d jlyhq shulrg/ dv wkh �up dqg zrunhu dqwlflsdwh d

iuhvk surgxfwlylw| gudz/ iurp dq lpsuryhg glvwulexwlrq/ lq wkh iroorzlqj shulrg1 Frpelqlqj

Sursrvlwlrqv 6 dqg 7/ zh frqfoxgh wkdw iru glvsodfhphqwv wr rffxu lq wkh xszdug guliw prgho/

lw lv qhfhvvdu| wkdw orz surgxfwlylw| ohyhov eh srvvleoh xqghu wkh prvw idyrudeoh surgxfwlylw|

glvwulexwlrq/ dqg iru vxfk ohyhov wr shuvlvw iru vx!flhqwo| orqj hslvrghv zkhq wkh| duh gudzq1

Frqvlghu qrz wkh vxevhtxhqw glvsodfhphqw h�hfw1 Lqyrnlqj Sursrvlwlrqv 5 dqg wkh xs0

zdug guliw surshuw|/ wkh iroorzlqj fruroodu| lv hdvlo| ghulyhg1

Fruroodu| 51 Lq wkh xszdug guliw fdvh/ wkh suredelolw| ri glvsodfhphqw iru d jlyhq hpsor|0

phqw uhodwlrqvkls idoov zlwk &/ dqg vwulfwo| vr li wkh glvsodfhphqw suredelolw| lv srvlwlyh dw

& � �1

AIurp Fruroodu| 5 zh pd| frqfoxgh wkdw uhdoorfdwlrq prghov h{klelwlqj xszdug guliw zloo

surgxfh wkh vxevhtxhqw glvsodfhphqw h�hfw/ vr orqj dv g : � dqg wkh kljkhvw0surgxfwlylw|

uhodwlrqvklsv duh vxemhfw wr surgxfwlylw| vkrfnv wkdw duh vx!flhqwo| ghhs dqg shuvlvwhqw wr

lqgxfh glvsodfhphqw1

Dv idu dv wkh srvwglvsodfhphqw zdjh h�hfw/ wkh xszdug guliw fdvh lv vxemhfw wr wkh vdph

h{fhswlrq dv revhuyhg lq wkh grzqzdug guliw fdvh/ zkhuhlq wkh uhgxfwlrq lq 5& dv & ulvhv zloo

whqg wr uhgxfh dyhudjh zdjhv/ zkloh vkliwv lq wkh surgxfwlylw| glvwulexwlrq fdq ohdg wr kljkhu

dyhudjh zdjhv1 Lw lv qrw gl!fxow/ krzhyhu/ wr rewdlq dq h{dpsoh vdwlvi|lqj xszdug guliw wkdw

jlyhv d urxjk txdqwlwdwlyh pdwfk wr wkh SVLG hylghqfh rq wkh srvwglvsodfhphqw zdjh h�hfw1

Lq rughu wr frqvhuyh rq sdudphwhuv/ zh prgli| wkh vzlwfklqj surfhvv dv iroorzv1 Frqvlghu dq



MRE GHVWUXFWLRQ DQG WKH H[SHULHQFHV RI GLVSODFHG ZRUNHUV 49

hpsor|phqw uhodwlrqvkls wkdw kdv gudzq lwv fxuuhqw 5 ydoxh iurp wkh glvwulexwlrq D&1 Zlwk

suredelolw| �/ wkh uhodwlrqvkls h{shulhqfhv d vzlwfk lq zklfk lw gudzv d qhz 5 ydoxh iurp

D&n�/ dv xvxdo1 Krzhyhu/ zlwk suredelolw| ��/ wkhuh lv d vzlwfk lq zklfk wkh uhodwlrqvkls

gudzv d qhz ydoxh ri 5 iurp D&1 Qr vzlwfk rffxuv zlwk suredelolw| � � � � ��1 Zlwk wklv

dowhuqdwlyh vshfl�fdwlrq/ zh fdq pdlqwdlq wkh wudfwdeoh g ' 2 fdvh/ dqg vwloo doorz iru wkh

srvvlelolw| ri d odujh qxpehu ri vzlwfkhv ehiruh d uhodwlrqvkls uhdfkhv wkh prvw idyrudeoh

glvwulexwlrq1

Iru wklv h{dpsoh/ wkh surgxfwlylw| glvwulexwlrqv kdyh wkuhh0srlqw vxssruwv/ dv vkrzq lq

Wdeoh 8/ dqg wkh sdudphwhuv Z� dqg q duh vshfl�hg dv ehiruh1 Zh dovr vhw b ' f�S/ � ' f�fD

dqg �� ' f�f.1 Lq htxloleulxp/ wkh euhdnxs pdujlqv duh vxfk wkdw iru hyhu| &/ uhodwlrqvklsv

euhdn xs li dqg rqo| li wkh orzhvw surgxfwlylw| ohyho lv gudzq +phdqlqj wkdw f�� 	 5& � 2�f

iru hdfk &,1 Vxevhtxhqw glvsodfhphqw suredelolwlhv lq vwhdg|0vwdwh htxloleulxp duh glvsod|hg

lq Iljxuh 5/ zkhuh uhvxowv duh urxjko| lq olqh zlwk wkh hylghqfh suhvhqwhg hduolhu1 Dyhudjh

zdjhv iru glvsodfhg dqg qrqglvsodfhg zrunhuv duh uhsruwhg lq Iljxuh 6148 Revhuyh wkdw

dyhudjh srvwglvsodfhphqw zdjhv ri glvsodfhg zrunhuv olh ehorz wkrvh ri qrqglvsodfhg zrunhuv/

dqg ixuwkhu/ glvsodfhg zrunhuv h{shulhqfh d vkdus gurs lq zdjhv xsrq glvsodfhphqw1 Wkh

nh| lghd lv wkdw zkhq glvsodfhg zrunhuv duh uhpdwfkhg/ wkhlu surgxfwlylw| lv ghwhuplqhg e|

wkh xqidyrudeoh glvwulexwlrq Df iru d qxpehu ri shulrgv/ ghsuhvvlqj wkhlu zdjhv1 Iljxuh 6

dovr lqglfdwhv wkdw dyhudjh zdjhv iroorzlqj glvsodfhphqw uhfryhu pruh txlfno| li vxevhtxhqw

glvsodfhphqwv duh dyrlghg/ lq olqh zlwk wkh hylghqfh149

48Khuh zh phdvxuh dyhudjh zdjhv iroorzlqj dq| jlyhq glvsodfhphqw/ lq frqwudvw wr Vwhyhqv zkr frqvlghuv

wkh �uvw glvsodfhphqw rffxuulqj diwhu d orqj qr0glvsodfhphqw lqwhuydo1 Dyhudjh zdjhv lq shulrg �w duh

phdvxuhg iru wkh vxesrsxodwlrq ri zrunhuv zkr kdyh qr glvsodfhphqwv ehwzhhq shulrgv �w dqg �4/ dqg wkhq

duh glvsodfhg lq shulrg 31

49Lqwhuhvwlqjo|/ wkh h{dpsoh dovr glvsod|v wkh suhglvsodfhphqw zdjh uhgxfwlrq vhhq lq Wdeoh 51 Wklv lv

h{sodlqhg dv iroorzv1 Glvsodfhphqw suredelolwlhv duh kljkhu dprqj zrunhuv zkr kdyh kdg odvw gudzq iurp �3

ru �4/ uhodwlyh wr zrunhuv zkr kdyh odvw gudzq iurp �51 Wkh iruphu jurxs dovr kdv uhodwlyho| orzhu dyhudjh

zdjhv1 Vlqfh wkh srsxodwlrq ri zrunhuv glvsodfhg dw wlph }hur frqwdlqv d glvsursruwlrqdwh qxpehu ri zrunhuv

zkr kdyh kljkhu0wkdq0dyhudjh glvsodfhphqw suredelolwlhv/ wklv srsxodwlrq pxvw dovr kdyh orzhu0wkdq0dyhudjh
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Wkh olqn ehwzhhq srvwglvsodfhphqw zdjh gurs dqg suhglvsodfhphqw whqxuh lv glvsod|hg

lq Iljxuh 7/ zkhuh lw pd| eh vhhq wkdw wkh prgho jlyhv dq h{fhoohqw txdolwdwlyh pdwfk zlwk

wkh hylghqfh uhsruwhg lq Wdeoh 61 Glvsodfhg zrunhuv zlwk kljk whqxuh duh pruh olnho| wr

kdyh suhglvsodfhphqw surgxfwlylwlhv gudzq iurp wkh pruh idyrudeoh glvwulexwlrqv/ uhodwlyh wr

zrunhuv zlwk orz suhglvsodfhphqw whqxuh1 Wkxv/ wkh kljk0whqxuh zrunhuv vx�hu d odujhu zdjh

gurs/ jlyhq wkdw qhz hpsor|phqw uhodwlrqvklsv vwduw dw wkh ohdvw idyrudeoh glvwulexwlrq1

Ryhudoo/ wkh xszdug guliw h{dpsoh jlyhv d yhu| jrrg dffrxqwlqj ri wkh hylghqfh rq glv0

sodfhphqw h�hfwv1 Dq lpsruwdqw fdyhdw wr wkhvh uhvxowv/ krzhyhu/ lv wkdw wkh h{dpsoh uholhv

rq dq h{wuhpho| odujh qhjdwlyh surgxfwlylw| vkrfn wr lqgxfh glvsodfhphqwv dprqj zrun0

huv zkr kdyh odvw gudzq iurp D2= qrwh iurp Wdeoh 8 wkdw wkh orzhvw surgxfwlylw| ohyho lv

rqo| rqh0kdoi ri rqh shufhqw ri wkh qh{w kljkhvw surgxfwlylw| ohyho1 Pruhryhu/ wkh orz sur0

gxfwlylw| ohyho fdqqrw eh udlvhg wr pruh wkdq ���DI ri wkh qh{w kljkhvw surgxfwlylw| ohyho

zlwkrxw lqgxflqj wkh }hur glvsodfhphqw suredelolwlhv dprqj uhodwlrqvklsv kdylqj wkh kljkhvw

surgxfwlylw| glvwulexwlrq1 Wklv srlqwv wr wkh gl!fxow| ri uhfrqflolqj xszdug guliw zlwk wkh

rffxuuhqfh ri glvsodfhphqwv1

6171 ]hur Guliw Fdvh1 Zh eulh | frqvlghu wkh fdvh ri g ' f/ lq zklfk lqlwldo surgxf0

wlylw| ohyhov/ dv zhoo dv wkh surgxfwlylw| ohyhov iroorzlqj dq| vzlwfk/ duh gudzq iurp wkh vdph

glvwulexwlrq DfE5�1 Lq wklv }hur guliw fdvh/ surgxfwlylw| grhv qrw whqg wr h{klelw dq| guliw

ryhu wlph/ dqg wkh shuvlvwhqfh ri surgxfwlylw| dgmxvwphqwv lv wlhg vroho| wr wkh iuhtxhqf| ri

vzlwfkhv1 Edvhg rq wkh suhfhglqj dqdo|vlv/ wkh iroorzlqj sursrvlwlrq lv lpphgldwh1

Sursrvlwlrq 81 Lq wkh }hur guliw fdvh/ glvsodfhphqw suredelolwlhv dqg dyhudjh zdjhv duh

lqghshqghqw ri &1

Zh frqfoxgh wkdw zlwklq wklv fodvv ri prghov/ vrph vruw ri guliw lv qhhghg lq rughu wr

dffrxqw iru wkh zdjh dqg vxevhtxhqw glvsodfhphqw h�hfwv1

zdjhv1 Wklv h�hfw ehfrphv yhu| voljkw lq rxu h{dpsoh/ krzhyhu/ li zh uhvwulfw dwwhqwlrq wr zrunhuv zkr kdyh

h{shulhqfhg qr glvsodfhphqwv iru d orqj lqwhuydo sulru wr wlph }hur1
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71 Rxwvlgh Ehqhilw dqg Prudo Kd}dug Prghov

Wkxv idu zh kdyh frqvlghuhg wkh srvvlelolw| wkdw hpsor|phqw uhodwlrqvklsv euhdn xs dv d

frqvhtxhqfh ri lqfhqwlyhv wr uhdoorfdwh �upv dqg zrunhuv dzd| iurp fxuuhqw uhodwlrqvklsv

kdylqj shuvlvwhqwo| orz surgxfwlylw|/ wrzdug ixwxuh uhodwlrqvklsv kdylqj kljkhu surgxfwlylw|1

Zh qrz dxjphqw wkh uhdoorfdwlrq prgho wr frqvlghu wzr rwkhu uhdvrqv zk| glvsodfhphqwv

pd| rffxu1 Iluvw/ �upv dqg zrunhuv pd| rewdlq srvlwlyh fxuuhqw0shulrg rxwvlgh ehqh�wv zkhq

wkhlu uhodwlrqvkls lv eurnhq xs1 Iru h{dpsoh/ d �up pd| rzq fdslwdo wkdw lw fdq uhqw rxw

li lw fhdvhv surgxfwlrq/ ru d zrunhu pd| rewdlq xqhpsor|phqw ehqh�wv1 Vhfrqg/ surgxfwlrq

pd| eh vxemhfw wr prudo kd}dug rq wkh sduw ri erwk wkh �up dqg zrunhu/ zklfk pd| ohdg wkh

uhodwlrqvkls wr euhdn xs li wkh djhqwv kdyh lqvx!flhqw lqfhqwlyhv wr ehkdyh frrshudwlyho|1

Hlwkhu ri wkhvh idfwruv pd| fdxvh glvsodfhphqw suredelolwlhv wr eh srvlwlyh lq fdvhv zkhuh

qr glvsodfhphqwv zrxog rffxu lq wkh sxuh uhdoorfdwlrq prgho1 Lq wklv vhfwlrq zh frqvlghu dq

h{whqvlrq ri wkh sxuh uhdoorfdwlrq prgho wkdw qhvwv erwk rxwvlgh ehqh�wv dqg prudo kd}dug1

Dvvxph wkdw wkh �up dqg zrunhu rewdlq fxuuhqw0shulrg rxwvlgh ehqh�wv ri Ks dqg K�/

uhvshfwlyho|/ li wkh| fkrrvh wr euhdn xs wkhlu uhodwlrqvkls dw wkh vwduw ri d shulrg1 Lq dgglwlrq

wr rewdlqlqj wkhvh rxwvlgh ehqh�wv/ wkh �up dqg zrunhu hqwhu wkh pdwfklqj srro dv xvxdo1

Wkh rxwvlgh ehqh�wv frqwlqxh wr eh rewdlqhg dv orqj dv wkh �up dqg zrunhu duh xqpdwfkhg1

Lq dgglwlrq/ dv sduw ri wkh surfhvv ri surgxfwlrq/ wkh �up dqg zrunhu pdnh vlpxowdqhrxv

h�ruw fkrlfhv1 H�ruw ohyhov fdq eh kljk ru orz1 Li erwk djhqwv fkrrvh kljk h�ruw/ wkhq rxwsxw

lv jlyhq e| 5 dv xvxdo/ dqg wkh uhodwlrqvkls frqwlqxhv lqwr wkh qh{w shulrg1 Li wkh �up fkrrvhv

kljk h�ruw/ exw wkh zrunhu vhohfwv orz h�ruw/ wkhq rxwsxw lv }hur/ dqg lqvwhdg wkh �up dqg

zrunhu rewdlq fxuuhqw0shulrg sulydwh ehqh�wv ri }hur dqg %�/ uhvshfwlyho|1 Orz h�ruw e| wkh

�up dqg kljk h�ruw e| wkh zrunhu ohdg wr }hur rxwsxw dqg sulydwh ehqh�wv ri %s dqg }hur

iru wkh �up dqg zrunhu1 Ilqdoo|/ orz h�ruw e| erwk djhqwv ohdgv wr }hur rxwsxw dqg }hur

sulydwh ehqh�wv1 Dvvxph wkdw wkh djhqwv gr qrw rewdlq wkh rxwvlgh ehqh�wv ri Ks dqg K�

li wkh| dwwhpsw surgxfwlrq lq d shulrg1 Pruhryhu/ li hlwkhu djhqw vhohfwv orz h�ruw/ wkhq

wkh uhodwlrqvkls euhdnv xs1 Iru vlpsolflw|/ dvvxph wkdw wkh �up dqg zrunhu fdq hqwhu wkh

fxuuhqw0shulrg pdwfklqj srro iroorzlqj d euhdnxs fdxvhg e| orz h�ruw1
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Gh�qh K ' Ks n K� dqg % ' %s n %�/ dqg dvvxph %s c %� 	 K +wklv dvvxuhv wkdw wkh djhqwv

zloo qhyhu djuhh wr fkrrvh orz h�ruw dv sduw ri wkhlu frqwudfw,1 Htxloleulxp frqglwlrqv +4,0+:,

duh dowhuhg dv iroorzv1 Wkh mrlqw frqwlqxdwlrq ydoxh/ mrlqw vxusoxv/ dqg rxwvlgh rswlrq ydoxhv

ehfrph

}&E5� ' qiE�� ��d5 n }&E5�o

n�d
"U

5
&n�

E+ n }&n�E+��_D&n�E+� n
5
&n�U

f
EKn ��_D&n�E+�ojc +43,

r&E5� ' 5 n }&E5�� K� �c +44,

�� ' bq
"U

5f

Z�rfE+�_DfE+� n qEK� n ���c +45,

�s ' bq
"U

5
f

E�� Z��rfE+�_DfE+� n qEKs n �s�� +46,

Edujdlqlqj ghwhuplqhv wkh iroorzlqj zdjh sd|phqw iru wkh zrunhu=

R&E5� ' Z�r&E5� n K� n �� � }�& E5�c +47,

zkhuh

}�& E5� ' qiE�� ��dZ�r&E5� n K� n ��o

n�d
"U

5
&n�

Z�r&n�E+�_D&n�E+� n K� n ��oj� +48,

Wkh �up dqg zrunhu zloo djuhh wr frqwlqxh wkhlu uhodwlrqvkls rqo| li lwv mrlqw ydoxh h{fhhgv

wkh ydoxhv rewdlqdeoh rxwvlgh ri wkh uhodwlrqvkls/ phdqlqj 5 n }&E5� � K n �1 Ixuwkhu/ wkh

djhqwv kdyh lqfhqwlyhv wr fkrrvh kljk h�ruw li dqg rqo| li=

R&E5� n }�& E5� � %� n ��c +49,
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5 � R&E5� n }s& E5� � %s n �s c +4:,

zkhuh }�& E5� lv jlyhq lq htxdwlrq +7,/ zkloh }
s
& E5� lqglfdwhv wkh fruuhvsrqglqj h{shfwhg fxuuhqw

ydoxh ri ixwxuh sd|r�v wr wkh �up iurp frqwlqxlqj wkh uhodwlrqvkls14: Frpelqlqj htxdwlrqv

+49, dqg +4:,/ lw iroorzv wkdw kljk h�ruw e| erwk djhqwv lv ihdvleoh li dqg rqo| li 5 n }&E5� �
% n �1 Wkh rxwvlgh ehqh�w dqg prudo kd}dug frqvwudlqwv wrjhwkhu lpso| wkdw wkh euhdnxs

pdujlq pxvw vdwlvi|

5& n }&E5&� ' 4@ iKc %jn � +4;,

Lq vxppdu|/ rxwvlgh ehqh�wv dqg prudo kd}dug fkdqjh wkh sxuh uhdoorfdwlrq prgho lq

wzr zd|v= +l, rxwvlgh rswlrq ydoxhv duh lqfuhdvhg e| wkh ydoxh ri fxuuhqw0shulrg rxwvlgh

ehqh�wv> dqg +ll, lqfhqwlyhv wr fkrrvh orz h�ruw pd| sodfh dgglwlrqdo uhvwulfwlrqv rq wkh

euhdnxs pdujlq1 Lq sduwlfxodu/ mrlqw vxusoxv zloo eh vwulfwo| srvlwlyh dw wkh euhdnxs pdujlq

zkhq % : K> lq wklv fdvh/ wkhuh lv d udqjh ri 5 ydoxhv vxfk wkdw glvsodfhphqw lv lqgxfhg

dv d frqvhtxhqfh ri prudo kd}dug/ hyhq wkrxjk wkh �up dqg zrunhu zrxog suhihu wkdw wkh

uhodwlrqvkls frqwlqxh14;

Zh qrz frqvlghu wkh lqwhudfwlrq ehwzhhq rxwvlgh ehqh�wv/ prudo kd}dug dqg glvsodfh0

phqw1 Dv vkrzq deryh/ wkhuh lv qr dvvxudqfh wkdw glvsodfhphqwv rffxu lq vwhdg| vwdwh

htxloleuld ri wkh sxuh uhdoorfdwlrq prgho zlwk xszdug guliw1 Lq vxfk flufxpvwdqfhv/ krzhyhu/

rxwvlgh ehqh�wv ru prudo kd}dug fdq dvvxuh srvlwlyh glvsodfhphqw suredelolwlhv1 Wr plql0

pl}h frpsolfdwlrqv/ zh frqvlghu wklv lvvxh dqdo|wlfdoo| lq wkh frqwh{w ri wkh }hur guliw fdvh/

lq zklfk lw lv vlploduo| srvvleoh wkdw glvsodfhphqw suredelolwlhv pd| eh }hur +h1j1/ iru � ' ��1

4:sn+}, uhsuhvhqwv wrwdo frpshqvdwlrq/ zklfk pd| frqvlvw ri xsiurqw sd|phqwv dqg sd|phqwv frqglwlrqdo

rq kljk h�ruw1 Hpsor|phqw frqwudfwv pd| dovr vshfli| wudqvihuv frqglwlrqdo rq vhyhudqfh1 Vhh Ghq Kddq/

Udph| dqg Zdwvrq +4<<<d, iru ixuwkhu ghwdlov rq wkh qdwxuh ri frqwudfwlqj lq wkh suhvhqfh ri prudo kd}dug1

4;Udph| dqg Zdwvrq +4<<:d/e, kdyh suhylrxvo| frqvlghuhg prudo kd}dug dv d vrxufh ri mrlqw0vxusoxv0

uhgxflqj euhdnxsv> vhh dovr Ghq Kddq/ Udph| dqg Zdwvrq +4<<<d/e,1 Wkh suhvhqw sdshu hpehgv wkh

Udph|0Zdwvrq prudo kd}dug iudphzrun lqwr d prgho zlwk d pruh jhqhudo fodvv ri surgxfwlylw| surfhvvhv/

rxwvlgh ehqh�wv dqg dq rswlrq wr xsjudgh1
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Sursrvlwlrq 91 Lq wkh }hur guliw fdvh ri wkh sxuh uhdoorfdwlrq prgho/ vxssrvh DfE5� lv d qrq0

ghjhqhudwh glvwulexwlrq/ dqg vxssrvh wkdw qr glvsodfhphqwv rffxu lq vwhdg|0vwdwh htxloleulxp1

d1 Kroglqj wkh rwkhu sdudphwhuv �{hg/ wkhuh h{lvwv K : f vxfk wkdw lq wkh rxwvlgh ehqh�wv

prgho/ wkh suredelolw| ri glvsodfhphqw pxvw olh ehwzhhq }hur dqg rqh1

e1 Vxssrvh lq dgglwlrq wkdw DfE5� kdv �qlwh vxssruw1 Kroglqj wkh rwkhu sdudphwhuv �{hg/

wkhuh h{lvwv % : f vxfk wkdw lq wkh prudo kd}dug prgho/ wkh suredelolw| ri glvsodfhphqw pxvw

olh ehwzhhq }hur dqg rqh1

Wkxv/ hlwkhu rxwvlgh ehqh�wv ru prudo kd}dug duh vx!flhqw wr h{sodlq euhdnxsv iru fdvhv

zkhuh surgxfwlylw| vkrfnv duh wrr vpdoo ru wrr wudqvlhqw wr dffrxqw iru glvsodfhphqwv xqghu

wkh sxuh uhdoorfdwlrq prgho14< Wklv frqfoxvlrq h{whqgv wr wkh xszdug guliw fdvh/ dv orqj dv

DfE5� dqg DgE5� duh vx!flhqwo| forvh wrjhwkhu wr hqvxuh wkdw qhzo|0iruphg uhodwlrqvklsv fdq

vdwlvi| 5 � 5f dw ydoxhv ri K dqg % odujh hqrxjk wr lqgxfh srvlwlyh glvsodfhphqw suredelolwlhv

diwhu g vzlwfkhv1

Zlwk rxwvlgh ehqh�wv ru prudo kd}dug/ lw lv srvvleoh wr dffrxqw iru revhuyhg vxevhtxhqw

glvsodfhphqw dqg zdjh h�hfwv xvlqj surgxfwlylw| glvwulexwlrqv wkdw hqwdlo pxfk vpdoohu

surgxfwlylw| vkrfnv1 Wklv pd| eh vhhq lq wkh iroorzlqj xszdug guliw h{dpsoh/ zklfk lv wkh

vdph dv wkh h{dpsoh frqvlghuhg lq Vhfwlrq 616/ h{fhsw wkdw srvlwlyh rxwvlgh ehqh�wv duh

lqwurgxfhg1 Lq sduwlfxodu/ zh vhw K� ' 2 dqg Ks ' f/ l1h1 rqo| wkh zrunhu rewdlqv rxwvlgh

ehqh�wv1 Wkh surgxfwlylw| glvwulexwlrqv duh jlyhq lq Wdeoh 9> wkhvh duh lghqwlfdo wr wkrvh

lq Wdeoh 8/ h{fhsw wkdw wkh orzhvw surgxfwlylw| ohyho lv qrz pxfk kljkhu1 Wkh uhpdlqlqj

sdudphwhuv duh vshfl�hg dv ehiruh/ dqg vwhdg|0vwdwh htxloleuld lqyroyh vhyhudqfh li dqg rqo|

li surgxfwlylw| lv gudzq dw wkh orzhvw ohyho1

E| frqvwuxfwlrq/ vxevhtxhqw glvsodfhphqw suredelolwlhv/ jlyhq lq Iljxuh 5/ duh lghqwlfdo

ehwzhhq wkh wzr h{dpsohv1 Dyhudjh zdjhv iroorzlqj glvsodfhphqw iru wklv h{dpsoh duh

vkrzq lq Iljxuh 81 Qrwh wkh forvh vlplodulw| wr Iljxuh 6> zdjh ohyhov iru glvsodfhg zrunhuv

4<Lq wkh prudo kd}dug prgho/ ihhgedfnv ehwzhhq wkh euhdnxs pdujlq dqg wkh frqwlqxdwlrq ydoxh ohdgv wr d

srvvleo| qrqprqrwrqlf uhodwlrqvkls ehwzhhq { dqg }n zkhq wkh vxssruw li �n lv frqqhfwhg/ zklfk xqghufxwv

wkh dujxphqw ri wkh surri1 Wkhvh ihhgedfnv duh dyrlghg xqghu wkh �qlwh vxssruw frqglwlrq1
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duh vrphzkdw kljkhu lq wkh fxuuhqw h{dpsoh/ uh hfwlqj zrunhuv* juhdwhu edujdlqlqj ohyhudjh/

exw wkh srvwglvsodfhphqw zdjh h�hfw lv vwloo lq hylghqfh1 Qrwh krzhyhu wkdw lq wkh suhvhqw

fdvh/ wkh qhjdwlyh surgxfwlylw| vkrfn wkdw lqgxfhv glvsodfhphqw lv pxfk vpdoohu= khuh wkh

orz surgxfwlylw| ohyho dprxqwv wr ;3 shufhqw ri wkh qh{w kljkhvw ohyho/ dqg fdq eh dv kljk dv

<618(1 D vlplodu h{dpsoh fdq eh frqvwuxfwhg iru wkh prudo kd}dug prgho1 Wkh eurdg ohvvrq

lv wkdw d uhdvrqdeoh dffrxqwlqj ri wkh h{shulhqfhv ri glvsodfhg zrunhuv uhtxluhv wkdw wkh sxuh

uhdoorfdwlrq prgho eh dxjphqwhg zlwk rwkhu idfwruv wkdw fdq khos h{sodlq glvsodfhphqwv1

81 Sursdjdwlrq ri Djjuhjdwh Vkrfnv

Zkhq mre ghvwuxfwlrq lv hqgrjhqrxv/ djjuhjdwh vkrfnv zloo ohdg wr yduldwlrqv lq wkh mre

ghvwuxfwlrq udwh wkdw fdq eulqj derxw odujhu dqg pruh shuvlvwhqw rxwsxw uhvsrqvhv1 Wkh

lpsruwdqfh ri wklv sursdjdwlrq fkdqqho/ krzhyhu/ ghshqgv rq wkh sduwlfxodu phfkdqlvpv wkdw

jhqhudwh mre ghvwuxfwlrq1 Sursdjdwlrq h�hfwv zloo whqg wr eh vpdoo lq wkh sxuh uhdoorfdwlrq

prgho/ vlqfh vhsdudwlrqv rffxu rqo| iru wkh uhodwlrqvklsv kdylqj yhu| orz surgxfwlylw|/ dqg

wkhuh duh uhodwlyho| ihz ri wkhvh xqghu qdwxudo vshfl�fdwlrqv ri wkh surgxfwlylw| glvwulexwlrq1

Iru wkh rxwvlgh ehqh�w dqg prudo kd}dug prghov/ lq frqwudvw/ vhsdudwlrqv fdq rffxu dprqj

uhodwlrqvklsv kdylqj surgxfwlylw| forvh wr wkh srsxodwlrq phdq1 Xqghu qdwxudo surgxfwlylw|

vshfl�fdwlrqv/  xfwxdwlrqv lq wkh ghvwuxfwlrq udwh fdq fruuhvsrqglqjo| ohdg wr odujh fkdqjhv

lq rxwsxw153

Wr pdnh wklv srlqw wudqvsduhqw/ zh frqvlghu dq h{dpsoh zlwk }hur guliw/ zkhuh surgxf0

wlylw| ohyhov duh gudzq iurp d frpprq xqlirup glvwulexwlrq1 Zh prgho dq djjuhjdwh surgxf0

wlylw| vkrfn dv iroorzv1 Vwduwlqj lq vwhdg|0vwdwh htxloleulxp/ wkh surgxfwlylw| glvwulexwlrq

iru hdfk uhodwlrqvkls lv vkliwhg grzq e| rqh shufhqw lq shulrg }hur1 Wkhvh orzhu surgxfwlylw|

ohyhov duh pdlqwdlqhg zlwklq lqglylgxdo uhodwlrqvklsv xqwlo wkh qh{w vzlwfkhv rffxu/ dw zklfk

53Lq wklv vhfwlrq zh h{whqg wkh �qglqjv ri Ghq Kddq/ Udph| dqgZdwvrq +4<<:, e| vkrzlqj wkdw wkh rxwsxw

h�hfwv jhqhudwhg e| vkliwv lq wkh glvsodfhphqw udwh fdq eh odujh dqg shuvlvwhqw hyhq zkhq uhodwlrqvkls0vshfl�f

surgxfwlylw| vkrfnv duh qrw l1l1g11 Wkdw sdshu dovr vkrzv wkdw dgglwlrqdo lqwhudfwlrqv ehwzhhq wkh oderu dqg

fdslwdo pdunhwv fdq ohdg wr shuvlvwhqw lqfuhdvhv lq glvsodfhphqw udwhv iroorzlqj d frqwudfwlrqdu| vkrfn1 Wklv

h�hfw juhdwo| lqfuhdvhv wkh shuvlvwhqfh ri rxwsxw uhvsrqvhv1
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srlqw surgxfwlylwlhv duh gudzq iurp wkh ruljlqdo glvwulexwlrq1 Wkxv/ wkh djjuhjdwh vkrfn

ohdgv wr d rqh0wlph lqfuhdvh lq wkh glvsodfhphqw udwh154 Iru wkh sxuh uhdoorfdwlrq fdvh/ zh

vshfli| d surgxfwlylw| glvwulexwlrq kdylqj vxssruw d��fSDc 2�b�Do/ lpso|lqj d glvsodfhphqw

udwh ri whq shufhqw shu shulrg1 Wklv lv frqwudvwhg zlwk d prudo kd}dug vshfl�fdwlrq/ lq

zklfk %� ' %s ' ��SD1 Lpsruwdqwo|/ lq rughu wr pdlqwdlq wkh whq shufhqw glvsodfhphqw

udwh/ wkh vxssruw ri wkh surgxfwlylw| glvwulexwlrq pxvw eh uhgxfhg wr d��bDc 2�fDo1 Wkh rwkhu

sdudphwhuv duh Z� ' f�D/ b ' f�S/ q ' f�bS/ � ' f�21

Wkh h�hfwv ri wkh djjuhjdwh vkrfn rq qrupdol}hg rxwsxw ohyhov duh vkrzq lq Iljxuh 91 Lq

wkh sxuh uhdoorfdwlrq fdvh/ rxwsxw h�hfwv duh qhduo| lghqwlfdo wr gluhfw surgxfwlylw| h�hfwv=

dgglwlrqdo glvsodfhphqwv rffxu rqo| dprqj orz0surgxfwlylw| uhodwlrqvklsv/ dqg wkhuh duh

uhodwlyho| ihz ri wkhvh xqghu wkh dvvxphg surgxfwlylw| glvwulexwlrq1 Lq wkh prudo kd}dug

fdvh/ lq frqwudvw/ wkh djjuhjdwh vkrfn ohdgv wr d pxfk odujhu qxpehu ri glvsodfhphqwv/ dqg

wkhvh uhodwlrqvklsv kdyh vljql�fdqwo| kljkhu surgxfwlylw|1 Wklv fdxvhv wkh surgxfwlylw| vkrfn

wr eh pdjql�hg e| ryhu 43 wlphv1 Iljxuh : vkrzv wkdw wkh djjuhjdwh vkrfn dovr kdv d pxfk

juhdwhu h�hfw rq wkh xqhpsor|phqw udwh lq wkh prudo kd}dug fdvh/ uh hfwlqj wkh juhdwhu

qxpehu ri uhodwlrqvklsv wkdw duh lpsdfwhg e| wkh djjuhjdwh vkrfn1 Lw vkrxog eh qrwhg wkdw

wkh h{dpsoh rewdlqv odujh dqg shuvlvwhqw rxwsxw h�hfwv iru d fdvh lq zklfk lglrv|qfudwlf

surgxfwlylw| vkrfnv duh kljko| shuvlvwhqw1

Vlplodu uhvxowv duh rewdlqdeoh xvlqj rxwvlgh ehqh�wv lq sodfh ri prudo kd}dug/ dowkrxjk

rxwsxw pdjql�fdwlrq lv uhgxfhg wr wkh h{whqw wkdw rxwvlgh ehqh�wv hqwdlo surgxfwlrq dfwlyl0

wlhv1 Ryhudoo/ wkhvh uhvxowv uh hfw wkh edvlf srlqw wkdw wkh sxuh uhdoorfdwlrq prgho jhqhudwhv

glvsodfhphqwv rqo| zkhq surgxfwlylw| ohyhov duh yhu| idu ehorz wkh phdq/ zkloh wkh rxwvlgh

ehqh�w dqg prudo kd}dug prghov duh frqvlvwhqw zlwk glvsodfhphqwv rffxuulqj iru surgxfwlylw|

ohyhov forvh wr wkh phdq1

Zkhq xszdug guliw lv dgghg wr wkh prgho/ wkhuh dulvhv d vhfrqg fkdqqho ri sursdjdwlrq/

54Zh xvh d xqlirup glvwulexwlrq lq wklv h{dpsoh/ udwkhu wkdq glvwulexwlrqv zlwk �qlwh vxssruw dv lq suhylrxv

h{dpsohv/ lq rughu wr dyrlg oxps| fkdqjhv lq glvsodfhphqw udwhv wkdw zrxog rffxu lq wkh �qlwh0vxssruw fdvh

xqghu wkh djjuhjdwh surgxfwlylw| vkrfnv zh frqvlghu1
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zkhuhe| uhodwlrqvklsv iruphg lq wkh zdnh ri d qhjdwlyh djjuhjdwh vkrfn kdyh orzhu surgxf0

wlylw| dqg kljkhu vxevhtxhqw glvsodfhphqw udwhv1 Wr looxvwudwh wklv srlqw/ zh uhwxuq wr wkh

xszdug guliw h{dpsoh ri Vhfwlrq 6161 Iru vlpsolflw|/ zh prgho wkh djjuhjdwh vkrfn dv dq

h{rjhqrxv euhdnxs ri 58 shufhqw ri wkh hpsor|phqw uhodwlrqvklsv rffxuulqj dw wlph }hur1

Uhvxowv duh vkrzq lq Iljxuh ;/ zkhuh lw pd| eh vhhq wkdw wkh srsxodwlrq dyhudjh glvsodfh0

phqw suredelolw| ulvhv iroorzlqj wkh djjuhjdwh vkrfn/ uh hfwlqj wkh ohvv idyrudeoh surgxfwlylw|

glvwulexwlrqv ri qhzo|0iruphg uhodwlrqvklsv1 Wklv dffrugv zlwk hpslulfdo hylghqfh/ flwhg e|

Eduohy| +4<<;,/ wkdw mrev fuhdwhg gxulqj uhfhvvlrqv duh pruh olnho| wr euhdn xs wkdq mrev

fuhdwhg gxulqj errpv1 Ixuwkhu/ wkh kljkhu glvsodfhphqw udwhv vhuyh wr dgg wr wkh shuvlvwhqfh

ri rxwsxw h�hfwv iroorzlqj wkh vkrfn1

91 Zhoiduh Lpsolfdwlrqv ri Glvsodfhphqw

Wkh zhoiduh frqvhtxhqfhv ri glvsodfhphqw dovr ghshqg rq wkh sduwlfxodu phfkdqlvpv wkdw

jhqhudwh glvsodfhphqw1 Glvsodfhphqwv whqg wr kdyh idyrudeoh zhoiduh h�hfwv lq wkh sxuh

uhdoorfdwlrq prgho/ lq wkdw zrunhuv dqg �upv djuhh wr vhyhu wkhlu uhodwlrqvklsv lq rughu wr

irup pruh surgxfwlyh qhz uhodwlrqvklsv1 Lq wkh prudo kd}dug prgho/ krzhyhu/ glvsodfhphqwv

fdq lqyroyh d orvv ri mrlqw vxusoxv dqg d ghfolqh lq zhoiduh1 Ixuwkhu/ euhdnxsv pd| rffxu

dprqj kljk0ydoxhg uhodwlrqvklsv lq wkh prudo kd}dug prgho/ vxjjhvwlqj wkdw wkh zhoiduh

orvvhv iurp glvsodfhphqwv pd| h{fhhg srwhqwldo ehqh�wv iurp uhdoorfdwlrq1

Wr dvvhvv wkh wudgh0r�v lqyroyhg/ zh xvh wkh xszdug guliw h{dpsoh ri Vhfwlrq 616 wr

frqvlghu wkh iroorzlqj vlpsoh srolf| h{shulphqw1 Ehjlqqlqj lq d vwhdg|0vwdwh htxloleulxp/

wkh srolf| dxwkrulw| lpsohphqwv d edq rq euhdnxsv ri hpsor|phqw uhodwlrqvklsv +lqfoxglqj

qhzo|0iruphg uhodwlrqvklsv,1 Wklv srolf| hqwdlov srwhqwldo vkruw0uxq frvwv/ wr wkh h{whqw

wkdw shuvlvwhqwo| orz0surgxfwlylw| uhodwlrqvklsv duh qrw doorzhg wr euhdn xs1 Hyhqwxdoo|

doo uhodwlrqvklsv uhdfk wkh kljkhvw surgxfwlylw| glvwulexwlrq/ krzhyhu/ ohdglqj wr orqj uxq

ehqh�wv1 Zh frqvlghu d fodvv ri surgxfwlylw| glvwulexwlrqv lq zklfk surgxfwlylw| ohyhov dqg

suredelolwlhv duh wkh vdph dv lq Wdeohv 8 dqg 9/ h{fhsw wkdw wkh orzhvw surgxfwlylw| ohyho/

ghqrwhg e| 5,J�/ lv ydulhg sdudphwulfdoo|1 Dwwhqwlrq lv uhvwulfwhg wr fdvhv lq zklfk wkh lqlwldo

vwhdg| vwdwh kdv 5,J� 	 5& � 2 iru hdfk &/ l1h1 surgxfwlylw| lv ehorz wkh euhdnxs pdujlq li
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dqg rqo| li wkh orzhvw surgxfwlylw| ohyho lv gudzq1 Wklv dvvxuhv wkdw wkh vlwxdwlrq sulru wr

wkh srolf| fkdqjh lv lghqwlfdo dfurvv wkh gl�huhqw fdvhv1

Iluvw frqvlghu wkh sxuh uhdoorfdwlrq prgho1 Vlqfh pdwfklqj suredelolwlhv dqg edujdlqlqj

zhljkwv duh frqvwdqw/ �upv dqg zrunhuv pdnh vrfldoo| rswlpdo vhsdudwlrq ghflvlrqv/ dqg wkh

srolf| zloo qhfhvvdulo| ohdg wr d zhoiduh orvv1 Wklv orvv lv juhdwhvw dw 5,J� ' f/ zkhuh wkh

glvfrxqwhg ydoxh ri orvw rxwsxw dprxqwv wr 416 shufhqw ri vwhdg|0vwdwh zhoiduh1 Kljkhu ydoxhv

ri 5,J� duh dvvrfldwhg zlwk vpdoohu zhoiduh ghfolqhv> dw wkh kljkhvw doorzdeoh ohyho 5,J� ' f�2�/

wkh srolf| uhgxfhv zhoiduh e| rqo| 318 shufhqw155 Khuh wkh orz ohyho ri wkh euhdnxs pdujlq

gluhfwo| uh hfwv wkh orz vrfldo jdlqv iurp uhdoorfdwlrq1

Lq wkh prudo kd}dug prgho/ krzhyhu/ wkh srolf| fdq ohdg wr vxevwdqwldo zhoiduh jdlqv/

wr wkh h{whqw wkdw prudo kd}dug irufhv wkh vhyhudqfh ri kljk0surgxfwlylw| uhodwlrqvklsv1

Ixuwkhu/ wkh zhoiduh jdlq lqfuhdvhv dv 5,J� ulvhv1 Dw wkh kljkhvw doorzdeoh ydoxh ri 5,J�/ zklfk

lv 5,J� ' ��2/ wkh srolf| fkdqjh lpsolhv d zhoiduh lqfuhdvh ri 51<7 shufhqw/ zklfk lv ryhu

wzlfh wkh kljkhvw zhoiduh orvv dvvrfldwhg zlwk wkh sxuh uhdoorfdwlrq prgho156 Wkhvh �qglqjv

vxjjhvw wkdw lpshuihfwlrqv lq oderu frqwudfwlqj pd| kdyh vxevwdqwldoo| juhdwhu vljql�fdqfh

iru zhoiduh wkdq lpshglphqwv wr uhdoorfdwlrq1

:1 H{whqvlrqv

:141 Xsjudghv1 Lq wkh prghov frqvlghuhg deryh/ lw kdv ehhq dvvxphg wkdw dq hpsor|0

phqw uhodwlrqvkls rewdlqlqj dq dgyhuvh dqg shuvlvwhqw surgxfwlylw| vkrfn kdv qr uhfrxuvh vdyh

iru euhdnlqj xs wkh uhodwlrqvkls1 Zh qrz lqyhvwljdwh wkh srvvlelolw| wkdw vxfk d uhodwlrqvkls

fdq lqyhvw lq dq xsjudgh wkdw vhuyhv wr uh0lqlwldol}h wkh surgxfwlylw| surfhvv1 Doorzlqj iru

xsjudghv sodfhv ixuwkhu frqvwudlqwv rq wkh delolw| ri wkh sxuh uhdoorfdwlrq prgho wr dffrxqw

55Qrwh wkdw }orz fdqqrw eh udlvhg ixuwkhu zlwkrxw fdxvlqj }5 � }orz lq wkh lqlwldo vwhdg| vwdwh/ lq zklfk

fdvh qr glvsodfhphqwv rffxu zkhq surgxfwlylw| lv gudzq iurp wkh prvw idyrudeoh glvwulexwlrq1 Lq ylhz ri

Sursrvlwlrq 6/ wklv zrxog vhuyh wr holplqdwh doo glvsodfhphqwv hyhq zlwkrxw wkh srolf|1

56Iru }orz @ 4=5/ wkh lqlwldo vwhdg| vwdwh lv vxssruwhg e| wkh ydoxh { @ 9=;1 Kljkhu ydoxhv ri }orz lpso|

wkdw 5 ? }3 iru dq| { wkdw lqgxfhv }orz ? }5 � 5/ phdqlqj wkdw wkh lqlwldo vwhdg| vwdwh fdqqrw kdyh wkh

uhtxluhg irup1



MRE GHVWUXFWLRQ DQG WKH H[SHULHQFHV RI GLVSODFHG ZRUNHUV 59

iru glvsodfhphqwv157

Ohw xv uhwxuq wr wkh sxuh uhdoorfdwlrq prgho/ dqg h{whqg lw qrz e| dvvxplqj wkdw wkh �up

dqg zrunhu fdq hohfw wr xsjudgh wkhlu uhodwlrqvkls diwhu revhuylqj 5 lq dq| shulrg1 Fkrrvlqj

xsjudgh phdqv wkdw wkh �up dqg zrunhu vxvshqg surgxfwlrq lq wkh fxuuhqw shulrg1 Lq wkh

iroorzlqj shulrg/ wkh| sd| dq xsjudgh frvw ri &L / dqg ehjlq wkhlu surgxfwlylw| surfhvv dv

li wkh pdwfk zhuh qhzo| iruphg +l1h1/ lq wkh iroorzlqj shulrg/ 5 lv gudzq iurp DfE5�> diwhu

& vzlwfkhv/ li wkhuh kdyh ehhq qr ixuwkhu xsjudghv/ 5 lv gudzq iurp D&n�E5� rq wkh & n �vw

vzlwfk> hwf1,1 Lq dgglwlrq/ qhzo|0iruphg uhodwlrqvklsv duh dvvxphg wr sd| d vhwxs frvw ri

&7 dw wkh vwduw ri wkhlu �uvw shulrg ri rshudwlrq1 Iroorzlqj d ghflvlrq wr xsjudgh/ ru lq

wkh shulrg iroorzlqj wkhlu lqlwldo pdwfklqj/ wkh �up dqg zrunhu qhjrwldwh d glylvlrq ri wkh

mrlqw vxusoxv/ qhw ri xsjudgh ru vhwxs frvwv/ lq wkh xvxdo pdqqhu/ zlwk wkh rxwvlgh rswlrq

ghwhuplqhg e| euhdnxs ri wkh uhodwlrqvkls1

Ohw � ghqrwh wkh h{shfwhg fxuuhqw ydoxh ri ixwxuh mrlqw sd|r�v zkhq wkh xsjudgh rswlrq

lv fkrvhq lq d shulrg1 Zlwk wkh dgglwlrq ri wkh xsjudgh rswlrq/ htxdwlrqv +4, dqg +5, duh

prgl�hg wr

5& n }&E5&� ' 4@ i�c�jc +4<,

}&E5� ' qiE�� ��d5 n }&E5�o

n�d
"U

5
&n�

E+ n }&n�E+��_D&n�E+� n
5
&n�U

f
4@ i�c �j_D&n�E+�oj� +53,

Mrlqw vxusoxv dw wkh srlqw ri xsjudgh ru vhwxs lqyhvwphqw lv jlyhq e|

r� '
"U

5f

E+ n }fE+��_DfE+� n
5
fU

f
4@ i�c�j_DfE+�� &� � �c � ' Lc 7c +54,

57Pruwhqvhq dqg Slvvdulghv +4<<;, kdyh vwxglhg xsjudghv yhuvxv euhdnxsv ri hpsor|phqw uhodwlrqvklsv

lq wkh frqwh{w ri grzqzdug guliw lqgxfhg e| whfkqrorjlfdo surjuhvv1 D nh| ihdwxuh ri wkhlu prgho lv wkdw

uhodwlrqvklsv kdyh shupdqhqw uhodwlrqvkls0vshfl�f surgxfwlylw| idfwruv wkdw fdqqrw eh xsjudghg1
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zkhuh rL dqg r7 ghqrwh mrlqw vxusoxv dw wkh srlqw ri xsjudgh dqg vhwxs lqyhvwphqw/ uhvshf0

wlyho|1 Wkh mrlqw ydoxh ri wkh xsjudgh rswlrq dqg wkh ydoxhv ri wkh djhqwv* rxwvlgh rswlrqv

pd| eh zulwwhq

� ' qErL n ��c +55,

�� ' bqZ�4@ ir7c fjn q��c +56,

�s ' bqE�� Z��4@ ir7c fjn q�s � +57,

Revhuyh wkdw htxdwlrqv +56, dqg +57, doorz iru wkh srvvlelolw| wkdw wkh vhwxs frvw lv vr kljk

wkdw r7 	 f > lq wklv fdvh/ qr hpsor|phqw uhodwlrqvklsv duh iruphg lq htxloleulxp1

Jlyhq sodxvleoh uhvwulfwlrqv rq wkh xsjudgh dqg vhwxs frvwv/ wkh srvvlelolw| ri xsjudgh

sodfhv vwulqjhqw uhvwulfwlrqv rq wkh srvvleoh htxloleuld/ dv vkrzq lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq :1 Lq wkh xsjudgh prgho/ li &L � &7/ wkhq qr glvsodfhphqwv rffxu lq vwhdg|0

vwdwh htxloleulxp1

Wkh nh| lghd lv wkdw dq rqjrlqj uhodwlrqvkls fdq plplf dq| surgxfwlyh srvvlelolwlhv

wkdw duh dydlodeoh wr d qhzo|0iruphg uhodwlrqvkls e| pdnlqj d vxlwdeoh xsjudgh lqyhvwphqw1

Pruhryhu/ rqjrlqj uhodwlrqvklsv zloo jhqhudoo| kdyh dgydqwdjhv ryhu qhz uhodwlrqvklsv> lq

sduwlfxodu/ pdq| dvshfwv ri uhodwlrqvkls fdslwdo/ vxfk dv vshfl�f wudlqlqj dqg idploldulw|/ qhhg

qrw eh uhdftxluhg1 Wkxv/ lw lv uhdvrqdeoh wr dvvxph wkdw xsjudgh frvwv duh qr juhdwhu wkdq

vhwxs frvwv1 Pruhryhu/ e| xsjudglqj/ rqjrlqj uhodwlrqvklsv fdq dyrlg jrlqj wkurxjk d wlph0

frqvxplqj pdwfklqj surfhvv1 Dv d frqvhtxhqfh ri wkhvh idfwruv/ uhodwlrqvklsv zloo dozd|v

�qg xsjudgh suhihudeoh wr euhdnxs lq wkh xsjudgh prgho/ dqg vr wkhuh duh qr glvsodfhphqwv1

Dv kdsshqv iru wkh sxuh uhdoorfdwlrq prgho/ rxwvlgh ehqh�wv ru prudo kd}dug pd| eh

dgghg wr wkh xsjudgh prgho wr lqwurgxfh glvsodfhphqwv1 Wr vhh wklv/ zh frpelqh wkh xsjudgh

dqg prudo kd}dug prghov dv iroorzv +uhvxowv duh vlplodu xvlqj wkh rxwvlgh ehqh�wv prgho,1 Li

wkh �up dqg zrunhu lq dq dfwlyh uhodwlrqvkls fkrrvh wr surgxfh lq d shulrg/ wkhq wkh| pdnh
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h�ruw fkrlfhv mxvw dv ghvfulehg lq wkh hduolhu vhfwlrq1 Li xsjudgh lv fkrvhq/ wkhq wkh| pxvw dovr

pdnh h�ruw fkrlfhv lq wkh fxuuhqw shulrg/ sulru wr wkh shulrg lq zklfk wkh qhz surgxfwlylw|

ohyho lv gudzq1 Li erwk djhqwv fkrrvh kljk h�ruw/ wkhq xsjudgh surfhhgv qrupdoo|/ zkloh

li rqh ru erwk vhohfw orz h�ruw/ wkhq sd|r�v duh wkh vdph dv lq wkh hduolhu fdvh/ dqg wkh

uhodwlrqvkls lv vhyhuhg1

AIurp wklv lw iroorzv wkdw/ li wkh djhqwv rsw wr xsjudgh/ wkhq wkh| zloo kdyh lqfhqwlyhv

wr fkrrvh kljk h�ruw li dqg rqo| li

qEZ�rL n ��� � %� n ��c +58,

qdE�� Z��rL n �s o � %s n �s � +59,

Frpelqlqj lqhtxdolwlhv +58, dqg +59, jlyhv � � %n�1 Wkxv/ dv orqj dv % : ���/ xsjudgh

lv lqfhqwlyh lqihdvleoh/ dqg euhdnxs djdlq ehfrphv wkh rqo| uhfrxuvh zkhq surgxfwlylw| lv

orz1 Khuh wkh nh| dgydqwdjh ri qhzo|0iruphg uhodwlrqvklsv lv wkdw wkh| fdq dyrlg frqwudfwlqj

sureohpv lq wkh shulrg ohdglqj xs wr irupdwlrq ri wkh uhodwlrqvkls1

:151 Ohduqlqj1 Sulhv +4<<;, kdv uhfhqwo| dujxhg wkdw uhdoorfdwlrq prghov zlwk ohduqlqj

fdq dffrxqw iru wkh vxevhtxhqw glvsodfhphqw h�hfw1 Zlwk ohduqlqj/ hpsor|phqw uhodwlrqvklsv

jdlq lqirupdwlrq wkurxjk wlph derxw wkhlu surgxfwlylw| glvwulexwlrq1 Wkxv/ hyhq wkrxjk

wkh xqfrqglwlrqdo glvwulexwlrq ri surgxfwlylw| grhv qrw fkdqjh/ sduwlfxodu hpsor|phqw uh0

odwlrqvklsv pd| h{shulhqfh d irup ri xszdug guliw dv wkh| dftxluh idyrudeoh lqirupdwlrq1

Glvsodfhphqw suredelolwlhv idoo ryhu wlph iru wkhvh uhodwlrqvklsv1

Lw lv lpsruwdqw wr uhfrjql}h/ krzhyhu/ wkdw ohduqlqj lwvhoi grhv qrw lpso| dq| sduwlfxodu

eldv wrzdug dq xszdug guliw h�hfw1 Wr vhh wklv/ frqvlghu wkh iroorzlqj h{dpsoh/ lq zklfk

jlyhq hpsor|phqw uhodwlrqvklsv gudz wkhlu surgxfwlylw| ohyhov iurp dq xqfkdqjlqj xqghu0

o|lqj glvwulexwlrq/ exw wkhuh lv xqfhuwdlqw| derxw wkh glvwulexwlrq1 Wkhuh duh wzr srvvleoh

glvwulexwlrqv1 Wkh �ruglqdu|� glvwulexwlrq lv jlyhq e| DfE5�/ mxvw dv lq wkh }hur guliw fdvh

frqvlghuhg deryh/ zlwk wkh dgghg frqglwlrq wkdw lwv vxssruw lv erxqghg1 Wkh �juhdw� glv0
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wulexwlrq/ lq frqwudvw/ |lhogv wkh yhu| kljk ydoxh 5W zlwk suredelolw| / lq hdfk shulrg/ zkloh

zlwk suredelolw| ��/ wkh uhdol}dwlrq ri 5 lv gudzq iurp DfE5�1 Wr nhhs wkh h{dpsoh vlpsoh/

zh iroorz Sulhv dqg dvvxph wkdw h{rjhqrxv vhsdudwlrq lv srvvleoh> vxfk vhsdudwlrqv rffxu

zlwk suredelolw| j lq hdfk shulrg1 Wkh h{ dqwh suredelolw| wkdw d �up dqg zrunhu kdyh wkh

juhdw glvwulexwlrq lv jlyhq e| 11

Li d �up dqg zrunhu gudz 5W diwhu d vzlwfk/ wkhq lw lv uhyhdohg wkdw wkh| kdyh wkh juhdw

glvwulexwlrq1 Dvvxplqj wkdw / lv forvh wr xqlw|/ j lv forvh wr }hur dqg 5W lv odujh hqrxjk wr

glvvxdgh yroxqwdu| euhdnxsv/ wkh mrlqw ydoxh ri vxfk uhodwlrqvklsv lv dssur{lpdwho| htxdo wr

5W*E�� q�1 Qrz frqvlghu uhodwlrqvklsv wkdw kdyh gudzq 5 lq wkh vxssruw ri Df lqlwldoo| dqg

rq wkhlu �uvw vzlwfk1 Iru wkhvh uhodwlrqvklsv/ wkh frqwlqxdwlrq ydoxh vdwlv�hv

}�E5� �' qid�� �E�� j�� jod5 n }�E5�o n �E�� j�d
1E�� /�2

1E�� /�2 n �� 1
� 5W

�� q

n
�� 1

1E�� /�2 n �� 1
E
"U

5
2

E+ n }2E+��_DfE+� n
5
2U

f
�_DfE+��o n j�j� +5:,

AIurp +5:, lw iroorzv wkdw }�E5� pd| eh pdgh dv odujh dv ghvluhg e| vshfli|lqj vx!flhqwo|

odujh 5W/ zkloh orz ydoxhv ri � fdq eh pdlqwdlqhg e| orzhulqj b dffruglqjo|1 Lq sduwlfxodu/ zh

fdq lqgxfh d ydoxh ri 5� wkdw lv orz hqrxjk wr |lhog d glvsodfhphqw suredelolw| ri j iru wkhvh

uhodwlrqvklsv1 Dv & lqfuhdvhv/ krzhyhu/ wkh srvwhulru suredelolw| ri wkh juhdw glvwulexwlrq

idoov wr }hur iru uhodwlrqvklsv kdylqj wkh ruglqdu| glvwulexwlrq1 Wklv lv wdqwdprxqw wr wdnlqj

1 $ f lq +5:,/ dqg wkh glvsodfhphqw suredelolw| frqyhujhv wr wkh ohyho dvvrfldwhg zlwk wkh

}hur guliw fdvh +dxjphqwhg e| h{rjhqrxv vhsdudwlrq,1 Vlqfh wkh odwwhu suredelolw| pd| olh

deryh j/ lw iroorzv wkdw glvsodfhphqw suredelolwlhv iru qhzo|0glvsodfhg zrunhuv pd| olh ehorz

wkrvh ri wkh jhqhudo srsxodwlrq1 Wkxv/ wkh vxevhtxhqw glvsodfhphqw h�hfw qhhg qrw krog lq

d prgho zlwk ohduqlqj h�hfwv exw }hur guliw ri wkh xqfrqglwlrqdo surgxfwlylw| glvwulexwlrq1

Wkh nh| ihdwxuh ri wklv h{dpsoh lv wkdw qhzo|0iruphg uhodwlrqvklsv duh zloolqj wr krog rxw

iru wkh survshfw wkdw wkhlu orqj0whup surgxfwlylw| zloo eh juhdw1 Vrph ri wkhvh uhodwlrqvklsv

rewdlq glvdssrlqwlqj uhvxowv/ dqg wkhlu glvsodfhphqw suredelolwlhv ulvh wr wkh xvxdo }hur0guliw

ohyho1 Wkh h{dpsoh ghprqvwudwhv wkdw wkh odwwhu nlqg ri uhodwlrqvklsv fdq jlyh ulvh wr d
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vlwxdwlrq zkhuh wkh vxevhtxhqw glvsodfhphqw h�hfw grhv qrw krog1

;1 Frqfoxvlrq

Zh kdyh hydoxdwhg d fodvv ri prghov ri hqgrjhqrxv mre ghvwuxfwlrq iurp wkh shuvshfwlyh ri

wkhlu delolw| wr dffrxqw iru wkh revhuyhg h{shulhqfhv ri glvsodfhg zrunhuv1 Sxuh uhdoorfdwlrq

prghov lq zklfk uhodwlrqvkls0vshfl�f surgxfwlylw| lv vxemhfw wr grzqzdug guliw iduh srruo|

zkhq frqiurqwhg zlwk wkh hylghqfh1 Prghov zlwk xszdug guliw duh pxfk forvhu lq olqh zlwk wkh

hylghqfh/ exw lq wkh frqwh{w ri sxuh uhdoorfdwlrq/ xquhdvrqdeo| odujh qhjdwlyh surgxfwlylw|

vkrfnv duh qhhghg lq rughu wr lqgxfh glvsodfhphqwv lq htxloleulxp1 Frpelqlqj fxuuhqw0

shulrg rxwvlgh ehqh�wv ru prudo kd}dug zlwk wkh xszdug guliw vshfl�fdwlrq pdnhv lw srvvleoh

wr h{sodlq wkh gdwd xvlqj uhdvrqdeoh ydoxhv ri qhjdwlyh surgxfwlylw| vkrfnv1 Wklv frqfoxvlrq

lv uhlqirufhg zkhq wkh srvvlelolw| ri xsjudghv lv dgghg wr wkh prgho= rxwvlgh ehqh�wv ru prudo

kd}dug wkhq ehfrph hvvhqwldo lqjuhglhqwv wr dq| h{sodqdwlrq ri hqgrjhqrxv mre ghvwuxfwlrq1

Lq wkh sxuh uhdoorfdwlrq prgho zlwk xszdug guliw/ fkdqjhv lq wkh glvsodfhphqw udwh gr

qrw frqwulexwh pxfk wr wkh sursdjdwlrq ri djjuhjdwh vkrfnv/ dqg wkh zhoiduh ehqh�wv ri

glvsodfhphqw0lqgxfhg uhdoorfdwlrq duh vpdoo1 Erwk ri wkhvh uhvxowv vwhp iurp wkh idfw wkdw

qhjdwlyh surgxfwlylw| vkrfnv pxvw eh yhu| odujh wr jhqhudwh glvsodfhphqwv1 Zlwk rxwvlgh

ehqh�wv ru prudo kd}dug/ lq frqwudvw/ kljk0surgxfwlylw| uhodwlrqvklsv fdq eh eurnhq xs/

ohdglqj wr lpsruwdqw sursdjdwlrq h�hfwv dqg srwhqwldoo| kljk zhoiduh frvwv ri glvsodfhphqw1

Ryhudoo/ rxu uhvxowv vkrz wkdw wkh hpslulfdo sodxvlelolw| ri mre ghvwuxfwlrq prghov/ dv

zhoo dv wkh pdfurhfrqrplf lpsolfdwlrqv ri hqgrjhqrxv mre ghvwuxfwlrq/ ghshqg vhqvlwlyho|

rq wkh qdwxuh ri wkh phfkdqlvpv wkdw jhqhudwh ghvwuxfwlrq1 Ixwxuh uhvhdufk vkrxog lqtxluh

pruh fduhixoo| lqwr wkh vrxufhv ri xszdug guliw +�up yv1 lqgxvwu|0vshfl�f kxpdq fdslwdo/

dgmxvwphqw frvwv wr lqyhvwphqw,/ rxwvlgh ehqh�wv +krph surgxfwlrq/ surgxfwlrq lq rxwvlgh

pdunhwv, dqg frqwudfwlqj lpshuihfwlrqv +qrqyhul�delolw|/ looltxlglw|, wkdw xqghuolh wkh prghov

frqvlghuhg khuh1

DSSHQGL[
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Surri ri Ohppd 41 Fohduo|/ }g3�E5� ' }gE5�/ vlqfh lq hlwkhu fdvh wkh qh{w vzlwfk lv

gudzq iurp DgE5�1 Qrwh=

"U

5
g3�

E+ n }g3�E+��_Dg3�E+� n
5
g3�U

f
�_Dg3�E+�

:
"U

5
g3�

E+ n }g3�E+��_DgE+� n
5
g3�U

f
�_DgE+�

'
"U

5
g

E+ n }gE+��_DgE+� n
5
gU

f
�_DgE+�c +5;,

zkhuh wkh lqhtxdolw| iroorzv iurp DgE5� : Dg3�E5� dqg wkh idfw wkdw wkh lqwhjudqg lv dq

lqfuhdvlqj ixqfwlrq ri 5 +iurp +4, dqg +5,,1 Frpelqlqj +5, dqg +5;,/ zh kdyh }g32E5� :

}g3�E5� iru doo 5 � f1 Dvvxplqj }&E5� : }&n�E5� iru doo 5 � f/ iru doo & ' &�c ���c g � �/ +5;,

lv hdvlo| prgl�hg wr h{whqg wkh uhvxow wr &� � �1 T1H1G1

Surri ri Ohppd 51 Vxevwlwxwlqj +6, lqwr +8,/ dgglqj dqg vxewudfwlqj wkh iroorzlqj=

qZ��
5
&n�U

f
�_D&n�E+�c

dqg wkhq vlpsoli|lqj |lhogv

R&E5� ' Z�E5 � �� n �� n qZ�� � q��� +5<,

Xvlqj +9,/ +:, dqg � ' �� n �s / zh kdyh �� ' Z��/ zkhqfh +5<, lpsolhv +;,1 T1H1G1

Surri ri Sursrvlwlrq 61 Ohw �& ghqrwh wkh pdvv ri pdwfkhv wkdw kdyh xqghujrqh &

vzlwfkhv/ & ' fc �c ���c g � �/ dqg ohw �g ghqrwh wkh pdvv ri pdwfkhv wkdw kdyh kdg g ru

pruh vzlwfkhv1 Lq vwhdg|0vwdwh htxloleulxp/ zh kdyh

�g ' E�� �DgE5g����g n �E�� DgE5g����g3�c +63,

�& ' E�� ���& n �E�� D&E5&����&3�/ & ' �c ���c g � �c +64,
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�f ' E�� ���f n bLE�� DfE5f���c +65,

zkhuh L jlyhv wkh pdvv ri xqpdwfkhg zrunhuv1 Qrz/ li DgE5g�� ' f/ +63, lpsolhv �g3� ' f/

zkhqfh +64, lpsolhv �&3� ' f dv orqj dv D&E5&�� 	 �1 Qrwh wkdw DfE5f�� 	 � lpsolhv

D&E5&�� 	 � iru doo & 	 g/ dv d frqvhtxhqfh ri Sursrvlwlrq 5 dqg D&n�E5� 	 D&E5�/ zkhqfh

�& ' f iru doo &> ixuwkhu/ +65, lpsolhv L ' f/ vr zh frqfoxgh �g ' �1 Wkxv/ lq vwhdg|0vwdwh

htxloleulxp doo zrunhuv duh lq pdwfkhv wkdw kdyh kdg g ru pruh vzlwfkhv/ iru zklfk wkh

glvsodfhphqw suredelolw| lv }hur1

Wkh uhpdlqlqj srvvlelolw| lv DfE5f�� ' �1 Lq wklv fdvh/ +65, jlyhv �f ' f/ dqg +64,

lpsolhv �& ' f iru & ' �c ���cg � �1 Khuh zrunhuv duh glylghg ehwzhhq wkh xqpdwfkhg srro

dqg pdwfkhv wkdw kdyh kdg g ru pruh vzlwfkhv/ dqg djdlq qr glvsodfhphqwv rffxu1 T1H1G1

Surri ri Sursrvlwlrq 71 Frpelqh +6,/ +9, dqg +:, wr rewdlq

� ' bq
"U

5
f

E+ n }fE+�� ��_}fE+� n q�� +66,

AIurp +5,/ xvlqj � ' �=

}&E5� ' q
"U

5
&n�

E+ n }&n�E+�� ��_D&n�E+� n q�� +67,

Xvlqj +66, dqg +67,=

}&E5�� � � qd
"U

5
&n�

E+ n }&n�E+�� ��_D&n�E+�

�
"U

5f

E+ n }fE+�� ��_}fE+�o : fc

xvlqj b � �/ }&n�E5� : }fE5� dqg wkh idfw wkdw wkh lqwhjudqgv duh lqfuhdvlqj ixqfwlrqv ri 51

Htxdwlrq +4, dqg 5 � f wkhq lpso| 5& ' f1 T1H1G1

Surri ri Sursrvlwlrq 91 +44,/ +45, dqg +46, pd| eh frpelqhg wr rewdlq

� ' bq
"U

5
g

E+ n }fE+�� K� ��_DfE+� n qEKn ��� +68,
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Ixuwkhu/ xvlqj +43, iru & ' f=

}fE5� ' qdE�� ��E5 n }fE5��

n�
"U

5
f

E+ n }fE+�� K� ��_DfE+�o n q�EKn ��� +69,

+68, dqg +69, pd| eh frpelqhg wr irup dq h{suhvvlrq lq whupv ri }fE5�� � ' �E5�=

�E5� ' qE�� ��E5 n �E5�� K�

nqE� � b�
"U

5
f

E+ n �E+�� K�_DfE+�� +6:,

Qrwh iurp +6:, wkdw �E5� lv d olqhdu ixqfwlrq ri 5/ kdylqj vorsh qE� � ��*E� � qE� � ���1

Ixuwkhu/ xvlqj +4;, zh kdyh=

�E5f� ' 4@ iKc %j � 5f� +6;,

Xvlqj +6:, dqg +6;,/ zh pd| vroyh iru �E5�=

�E5� ' 4@ iKc %j � 5f n
qE�� ��

�� qE�� ��
E5 � 5f�� +6<,

Ilqdoo|/ frpelqlqj +6:, dqg +6<, dw 5 ' 5f/ dqg xvlqj +6;,=

4@ iKc %j � 5f ' qE�� ��E4@ iKc %j � K�

nqE� � b�
"U

5
f

E
+ � 5f

�� qE�� ��
n 4@ iKc %j � K�_DfE+�� +73,

Iru % ' f/ +73, ehfrphv

K ' 5f n
qE� � b�

�� qE�� ��

"U

5f

E+ � 5f�_DfE+�� +74,

AIurp +74, lw iroorzv wkdw wkh htxloleulxp ydoxh ri 5f lv dq lqfuhdvlqj ixqfwlrq ri K/ dqg wkh

ghulydwlyh ri 5f zlwk uhvshfw wr K lv erxqghg ehorz e| xqlw|1 Li wkh glvsodfhphqw suredelolw|
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lv }hur iru K ' f/ wkhq zh kdyh DfE5f�� ' f> e| udlvlqj K/ 5f fdq eh gulyhq xszdug lqwr wkh

lqwhulru ri wkh vxssruw ri DfE5�/ zkhuh wkh glvsodfhphqw suredelolw| olhv ehwzhhq }hur dqg

rqh1

Iru K ' f/ +73, ehfrphv

% '

5f n
qE�3b�

�3qE�3��

"U

5
f

E+ � 5f�_DfE+�

�� qE�� ��� qE� � b�E�� DfE5f���
+75,

Ohw 5, ghqrwh wkh plqlpxp ri wkh vxssruw ri DfE5�1 Xvlqj +75,/ lw fdq eh vkrzq wkdw iru

5f 	 5,/ wkh ghulydwlyh ri 5f zlwk uhvshfw wr % lv srvlwlyh dqg erxqghg dzd| iurp }hur/ dqg

vlploduo| iru wkh ohiw0 dqg uljkw0kdqg ghulydwlyhv dw 5f ' 5,1 Wkxv/ li 5f � 5, iru % ' f/ wkhq

e| udlvlqj %/ 5f fdq eh gulyhq wr d srlqw mxvw deryh 5,1 T1H1G1

Surri ri Sursrvlwlrq :1 Iurp +54, lw lv fohdu wkdw &L � &7 lpsolhv rL � r71 Frpelqlqj

+56, dqg +57,/ xvlqj � ' �� n �s / jlyhv

� ' bq4@ ir7c fjn q�� +76,

Li r7 : f/ wkhq � : � iroorzv lpphgldwho| iurp +55, dqg +76,/ vlqfh b 	 �1 Rwkhuzlvh/

r7 � f/ dqg zh kdyh hlwkhu � : � ru 5& ' f iru doo &1 Wkxv/ hlwkhu xsjudghv duh dozd|v

vhohfwhg lq olhx ri euhdnxsv/ ru hovh qhlwkhu xsjudghv qru euhdnxsv duh fkrvhq1 T1H1G1
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UHIHUHQFHV

Eduohy|/ J1 +4<<:,/ �Whpsrudu| dqg Shupdqhqw Uhdoorfdwlrq= Ixuwkhu Hylghqfh iurp

wkh SVLG/� gudiw/ Qruwkzhvwhuq Xqlyhuvlw|/ Vhswhpehu1

Eduohy|/ J1 +4<<;,/ �Wkh Vxoo|lqj H�hfw ri Uhfhvvlrqv/� gudiw/ Qruwkzhvwhuq Xqlyhuvlw|/

Pdufk1

Fdedoohur/ U1M1/ dqg P1O1 Kdpprxu +4<<7,/ �Wkh Fohdqvlqj H�hfw ri Uhfhvvlrqv/�

Dphulfdq Hfrqrplf Uhylhz ;7/ 46830469;1

Fdedoohur/ U1M1/ dqg P1O1 Kdpprxu +4<<9,/ �Rq wkh Wlplqj dqg H!flhqf| ri Fuhdwlyh

Ghvwuxfwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv 444/ ;380;851

Fdeudohv/ D1/ dqg K1D1 Krshqkd|q +4<<;,/ �Mre G|qdplfv/ Fruuhodwhg Vkrfnv dqg

Zdjh Sur�ohv/� gudiw/ Xqlyhuvlwdw Srsrhx dqg Xqlyhuvlw| ri Urfkhvwhu/ Ihe1

Fduulqjwrq/ Z1M1 +4<<6,/ �Zdjh Orvvhv iru Glvsodfhg Zrunhuv= Lv Lw Uhdoo| wkh Ilup

wkdw PdwwhuvB� Mrxuqdo ri Kxpdq Uhvrxufhv 5;/ 76807951

Froh/ K1O1/ dqg U1 Urjhuvrq +4<<9,/ �Fdq wkh Pruwhqvhq0Slvvdulghv Pdwfklqj Prgho

Pdwfk wkh Exvlqhvv F|foh IdfwvB� Vwd� Uhsruw 557/ Uhvhdufk Ghsduwphqw/ Ihghudo

Uhvhuyh Edqn ri Plqqhdsrolv/ Ghfhpehu1

Gdylv/ V1M1/ M1F1 Kdowlzdqjhu dqg V1 Vfkxk +4<<9,/ Mre Fuhdwlrq dqg Ghvwuxfwlrq/

Fdpeulgjh/ PD= PLW Suhvv1

Ghq Kddq/ Z1M1/ J1 Udph| dqg M1 Zdwvrq +4<<:,/ �Mre Ghvwuxfwlrq dqg Sursdjdwlrq

ri Vkrfnv/� Glvfxvvlrq Sdshu <:056/ XFVG/ Rfwrehu1

Ghq Kddq/ Z1M1/ J1 Udph| dqg M1 Zdwvrq +4<<<d,/ �Frqwudfw0Wkhruhwlf Dssurdfkhv

wr Zdjhv dqg Glvsodfhphqw/� Glvfxvvlrq Sdshu Qr1 <<035/ XFVG/ Mdqxdu|1

Ghq Kddq/ Z1M1/ J1 Udph| dqg M1 Zdwvrq +4<<<e,/ �Oltxlglw| Iorzv dqg Iudjlolw| ri

Exvlqhvv Hqwhusulvhv/� Glvfxvvlrq Sdshu Qr1 Qr1 <<03:/ XFVG/ Pdufk1

Iduehu/ K1V1 +4<<6,/ �Wkh Lqflghqfh dqg Frvwv ri Mre Orvv= 4<;50<4/� Eurrnlqjv

Sdshuv= Plfurhfrqrplfv/ :604651

Iduehu/ K1V1 +4<<:,/ �Wkh Fkdqjlqj Idfh ri Mre Orvv lq wkh Xqlwhg Vwdwhv/ 4<;40<8/�

Eurrnlqjv Sdshuv= Plfurhfrqrplfv/ 8804751
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Jrphv/ M1/ M1 Juhhqzrrg dqg V1 Uhehor +4<<:,/ �Htxloleulxp Xqhpsor|phqw/�

Zrunlqj Sdshu 8<55/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Iheuxdu|1

Kdoo/ U1H1 +4<<8,/ �Orvw Mrev/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<8+4,/

5540:61

Kdoo/ U1H1+4<<<, �Djjuhjdwh Mre Ghvwuxfwlrq dqg Lqyhqwru| Oltxlgdwlrq/� Zrunlqj

Sdshu 9<45/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Mdqxdu|1

Mdfrevrq/ O1V1/ U1O1 OdOrqgh dqg G1J1 Vxoolydq +4<<6d,/ �Hduqlqjv Orvvhv ri

Glvsodfhg Zrunhuv/� Dphulfdq Hfrqrplf Uhylhz ;6/ 9;80:3<1

Mdfrevrq/ O1V1/ U1O1 OdOrqgh dqg G1J1 Vxoolydq +4<<6e,/ Wkh Frvwv ri Zrunhu

Glvorfdwlrq/ Ndodpd}rr/ PL= Z1H1 Xsmrkq Lqvwlwxwh1

Nohw}hu/ O1J1 +4<;<,/ �Uhwxuqv wr Vhqlrulw| Diwhu Shupdqhqw Mre Orvv/� Dphulfdq

Hfrqrplf Uhylhz :</ 86908761

Omxqjtylvw/ O1/ dqg W1M1 Vdujhqw +4<<;,/ �Wkh Hxurshdq Xqhpsor|phqw Glohppd/�

Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ 84708831

Pruwhqvhq/ G1W1/ dqg F1D1 Slvvdulghv +4<<7,/ �Mre Fuhdwlrq dqg Mre Ghvwuxfwlrq lq wkh

Wkhru| ri Xqhpsor|phqw/� Uhylhz ri Hfrqrplf Vwxglhv 94/ 6<:07481

Pruwhqvhq/ G1W1/ dqg F1D1 Slvvdulghv +4<<;,/ �Whfkqrorjlfdo Surjuhvv/ Mre Fuhdwlrq/

dqg Mre Ghvwuxfwlrq/� Uhylhz ri Hfrqrplf G|qdplfv 4/ :660:861

Qhdo/ G1 +4<<8,/ �Lqgxvwu|0Vshfl�f Kxpdq Fdslwdo= Hylghqfh iurp Glvsodfhg

Zrunhuv/� Mrxuqdo ri Oderu Hfrqrplfv 46/ 98709::1

Sulhv/ P1 +4<<;,/ �Shuvlvwhqfh ri Hpsor|phqw Ioxfwxdwlrqv= D Prgho ri Uhfxuulqj Mre

Orvv/� gudiw/ Vwdqirug Xqlyhuvlw|/ Qryhpehu1

Udph|/ J1/ dqg M1 Zdwvrq +4<<:d,/ �Frqwudfwxdo Iudjlolw|/ Mre Ghvwuxfwlrq/ dqg

Exvlqhvv F|fohv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv 445/ ;:60<441

Udph|/ J1/ dqg M1 Zdwvrq +4<<:e,/ �Frqwudfwxdo Lqwhuphgldulhv/� Glvfxvvlrq Sdshu

<:059/ XFVG/ Rfwrehu1

Uxkp/ F1M1 +4<<4d,/ �Duh Zrunhuv Shupdqhqwo| Vfduuhg e| Mre GlvsodfhphqwvB�

Dphulfdq Hfrqrplf Uhylhz ;4/ 64<06571
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Uxkp/ F1M1 +4<<4e,/ �Wkh Wlph Sur�oh ri Glvsodfhphqw0Lqgxfhg Fkdqjhv lq

Xqhpsor|phqw dqg Hduqlqjv/� lq M1W1 Dgglvrq/ hg1/ Mre Glvsodfhphqw=

Frqvhtxhqfhv dqg Lpsolfdwlrqv iru Sxeolf Srolf|/ Ghwurlw= Zd|qh Vwdwh

Xqlyhuvlw| Suhvv1

Vwhyhqv/ D1K1 +4<<:,/ �Shuvlvwhqw H�hfwv ri Mre Glvsodfhphqw= Wkh Lpsruwdqfh ri

Pxowlsoh Mre Orvvhv/� Mrxuqdo ri Oderu Hfrqrplfv 48/ 49804;;1

Wrsho/ U1K1 +4<<3,/ �Vshfl�f Fdslwdo dqg Xqhpsor|phqw= Phdvxulqj wkh Frvwv dqg

Frqvhtxhqfhv ri Zrunhu Glvsodfhphqw/� Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv

rq Sxeolf Srolf| 66/ 4;405471

Wrsho/ U1K1 +4<<4,/ �Vshfl�f Fdslwdo/ Prelolw| dqg Zdjhv= Zdjhv Ulvh zlwk Mre

Vhqlrulw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 47804:91

Wrsho/ U1K1 +4<<6,/ �Zkdw Kdyh Zh Ohduqhg iurp Hpslulfdo Vwxglhv ri

Xqhpsor|phqw dqg WxuqryhuB� Dphulfdq Hfrqrplf Uhylhz ;6/ 44304481

Wrsho/ U1K1/ dqg P1S1 Zdug +4<<5,/ �Mre Prelolw| dqg wkh Fduhhuv ri \rxqj Phq/�

Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ 76<07:<1



</ref_section>



Table 1
Subsequent Displacement Effect

Years after displacement Probability of Subsequent Displacement
1 0.099
2 0.117
3 0.077
4 0.064
5 0.086
6+ 0.044
Source: Stevens (1997)



Table 2

Pre- and Postdisplacement Wage Effect

Since First
Displacement

Since Most
Displacement

Years before/after
displacement
2 before -0.012 -0.06
1 before -0.081 -0.074
year of
displacement

-0.131 -0.139

1 after -0.116 -0.109
2 after -0.074 -0.071
3 after -0.092 -0.096
4 after -0.106 -0.101
5 after -0.065 -0.061
6 after -0.060 -0.069
7 after -0.084 -0.069
8 after -0.113 -0.080
9 after -0.213 -0.123
10 or more after -0.070 -0.007
Source: Stevens (1997)



Table 3
Percent Difference Between Post- and Predisplacement Wages

Years of Predisplacement Tenure
Years after
displacement

0-1 1-3 3-6 6-10 10+

1 after -0.12 -0.031 -0.145 -0.101 -0.198
2 after -0.20 0.091 -0.114 -0.192 -0.229
3 after 0.138 0.15 -0.022 -0.131 -0.106
4 after 0.153 0.101 -0.022 -0.013 -0.031
5 after 0.174 0.222 0.048 -0.012 -0.43
6 or more
after

0.327 0.215 0.072 0.059 -0.027

Source: Topel (1990)



Table 4
Downward Drift Example

             Value of z
           1.67      2.10
ν0 0.5 0.5
ν1 0.6 0.4
ν2 0.7 0.3

Table 5
Upward Drift Example

                      Value of z
           0.1          2.00          2.40
ν0 0.65 0.35 0.0
ν1 0.10 0.40 0.50
ν2 0.05 0.45 0.50

Table 6
Outside Benefit Example

                      Value of z
          1.60         2.00          2.40
ν0 0.65 0.35 0.0
ν1 0.10 0.40 0.50
ν2 0.05 0.45 0.50
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Figure 1

A Downward Drift Example with Postdisplacement Wage Effect
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Figure 2

Subsequent Displacement Probability with Upward Drift

0

0.01

0.02

0.03

0.04

0.05

0.06

-10 -5 0 5 10 15 20

Displaced Worker

Population Average

years since displacement



3

Figure 3

Average Wages in Upward Drift Model
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Figure 4

Change in Wages of Displaced Worker

-0.07

-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0 1 2 3 4 5 6 7 8 9 10

10+ years
4 & 5 years

1 & 2 years

                           years since displacement



5

Figure 5

Average Wages in Outside Benefit Model
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Figure 6
Magnification & Persistence

A: Unemployment Rate
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B: Per Capita Output
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Figure 7

Displacement Probability in Response to Aggregate Shock
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