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Devwudfw

Wklv sdshu suhvhqwv d xql�hg prgho wkdw lqwhjudwhv wkh wkhruhwlfdo olwhudwxuh rq Vfkxpshwhuldq

hqgrjhqrxv jurzwk/ wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxfwlylw|/ dqg wkh hpslulfdo

olwhudwxuh rq surgxfwlylw| frqyhujhqfh1 Vwduwlqj iurp d vwuxfwxudo prgho ri hqgrjhqrxv jurzwk

iroorzlqj Djklrq dqg Krzlww +4<<5/ 4<<;,/ zh surylgh plfurhfrqrplf irxqgdwlrqv iru d uhgxfhg0

irup htxdwlrq iru Wrwdo Idfwru Surgxfwlylw| +WIS, jurzwk wkdw lv frpprqo| xvhg lq wkh hpslulfdo

olwhudwxuh1 Zh doorz d uroh iru U)G lq lqqrydwlrq dqg whfkqrorj| wudqvihu +devruswlyh fdsdflw|,1

Wkh dqdo|vlv vxjjhvwv wkdw pdq| h{lvwlqj vwxglhv xqghuhvwlpdwh U)G*v vrfldo udwh ri uhwxuq dqg

surylghv dq h{sodqdwlrq iru orqj0uxq surgxfwlylw| ohyhov dw wkh lqgxvwu|0ohyho1

MHO FODVVLILFDWLRQ= R43/ R63/ R7:

NH\ZRUGV= Devruswlyh Fdsdflw|/ Hqgrjhqrxv Jurzwk/ U)G/ Wrwdo Idfwru Surgxfwlylw| +WIS,
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Wklv sdshu suhvhqwv d vlqjoh xql�hg prgho wkdw lqwhjudwhv wkh wkhruhwlfdo olwhudwxuh rq Vfkxpshwhuldq

hqgrjhqrxv jurzwk/ wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxfwlylw|/ dqg wkh hpslulfdo

olwhudwxuh rq surgxfwlylw| frqyhujhqfh1 Vwduwlqj iurp d vwuxfwxudo prgho ri hqgrjhqrxv lqqrydwlrq

dqg jurzwk iroorzlqj Djklrq dqg Krzlww +4<<5/ 4<<;,/ zh ghulyh d uhgxfhg0irup hfrqrphwulf htxd0

wlrq iru udwhv ri Wrwdo Idfwru Surgxfwlylw| +WIS, jurzwk wkdw lv vlplodu lq irup wr prghov wkdw kdyh

ehhq hvwlpdwhg hpslulfdoo| dw wkh lqgxvwu|0ohyho1� Wkh htxdwlrq lqfoxghv whupv lq wkh ohyho ri U)G/

dq hfrqrp|*v glvwdqfh iurp wkh whfkqrorjlfdo iurqwlhu/ dqg dq lqwhudfwlrq whup ehwzhhq U)G dqg

glvwdqfh iurp wkh whfkqrorjlfdo iurqwlhu1 Zkloh wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxf0

wlylw| irfxvhv rq wkh �uvw whup +wkh U)G ohyho,/ wkh surgxfwlylw| frqyhujhqfh olwhudwxuh hpskdvl}hv

wkh vhfrqg +glvwdqfh iurp wkh iurqwlhu,1 Wkh vwuxfwxudo prgho lpsolhv wkdw erwk vhwv ri frqvlghudwlrqv

duh lpsruwdqw dqg wkdw wkhuh h{lvwv d wklug rplwwhg yduldeoh 0 wkh lqwhudfwlrq whup1 Wklv uh�hfwv

U)G*v uroh lq wkh devruswlrq ru lplwdwlrq ri rwkhuv* glvfryhulhv/ d uroh zklfk kdv ehhq whuphg wkh

cvhfrqg idfh ri U)G1* Wkh prgho kdv fohdu wkhruhwlfdo suhglfwlrqv zklfk duh hpslulfdoo| idovl�deoh1

D uroh iru U)G lq surprwlqj devruswlyh fdsdflw| lpsolhv d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw frhi0

�flhqw rq wkh lqwhudfwlrq whup1 Wkh ydoxhv ri wkh hvwlpdwhg frh�flhqwv lq wkh uhgxfhg0irup htxdwlrq

iru WIS jurzwk fdq eh gluhfwo| uhodwhg wr vwuxfwxudo sdudphwhuv ri wkh prgho1 Rxu dqdo|vlv vxjjhvwv

wkdw Vfkxpshwhuldq prghov ri hqgrjhqrxv jurzwk duh qrw rqo| frqvlvwhqw zlwk furvv0frxqwu| hyl0

ghqfh rq lqfrph frqyhujhqfh +dv dujxhg e| Djklrq dqg Krzlww +4<<;, dqg Krzlww +5333,,/ exw fdq

dovr h{sodlq lqgxvwu|0ohyho uhvxowv lq wkh hpslulfdo olwhudwxuhv rq U)G dqg surgxfwlylw| frqyhujhqfh1

Pdq| h{lvwlqj hpslulfdo vwxglhv xqghuhvwlpdwh wkh vrfldo udwh ri uhwxuq wr U)G/ lq vr idu dv wkh|

qhjohfw wkh vhfrqg idfh ri U)G1 Wkh prgho pd| eh xvhg wr dqdo|}h erwk wkh ghwhuplqdqwv ri orqj0uxq

surgxfwlylw| jurzwk dqg vwhdg|0vwdwh htxloleulxp ohyhov ri uhodwlyh WIS dw wkh lqgxvwu|0ohyho1

Wkh wkhruhwlfdo olwhudwxuh rq Vfkxpshwhuldq prghov ri hqgrjhqrxv jurzwk hpskdvl}hv wkh qrq0

ulydourxv dqg sduwldoo| h{foxgdeoh qdwxuh ri nqrzohgjh12 Qhz lghdv fdq eh xvhg dw }hur pdujlqdo frvw
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lq wkh uhvhdufk vhfwru/ zkloh hdfk lqqrydwru fdq dssursuldwh wkh uhwxuqv iurp khu glvfryhu| wkurxjk

sdwhqw surwhfwlrq1 Dw �uvw/ vxfk prghov zhuh eholhyhg wr eh lqfrqvlvwhqw zlwk hpslulfdo �qglqjv

ri lqfrph frqyhujhqfh1 Krzhyhu/ uhfhqw wkhruhwlfdo dgydqfhv kdyh vkrzq wkdw wkh Vfkxpshwhuldq

iudphzrun fdq h{sodlq lqfrph frqyhujhqfh/ zkloh dovr dffrxqwlqj iru rwkhu vw|ol}hg idfwv vxfk dv

furvv0frxqwu| gl�huhqfhv lq djjuhjdwh surgxfwlylw|1 Lq Djklrq dqg Krzlww +4<<;, dqg Krzlww +5333,/

frqyhujhqfh lv lqwurgxfhg e| doorzlqj wkh vl}h ri d txdolw|0dxjphqwlqj lqqrydwlrq wr ghshqg rq

d �up*v glvwdqfh ehklqg wkh whfkqrorjlfdo iurqwlhu1 Lq wklv sdshu/ zh vkrz krz wklv lghd pd| eh

ghyhorshg wr fdswxuh d uroh iru U)G lq surprwlqj devruswlyh fdsdflw| dqg wr hqdeoh d vwuxfwxudo

prgho ri hqgrjhqrxv lqqrydwlrq dqg jurzwk wr eh gluhfwo| uhodwhg wr wkh hpslulfdo olwhudwxuhv rq

U)G dqg surgxfwlylw| frqyhujhqfh1

Wkh ghshqghqfh ri wkh vl}h ri txdolw|0dxjphqwlqj lqqrydwlrqv rq glvwdqfh ehklqg wkh whfkqrorjlfdo

iurqwlhu uhodwhv wr wkh plfurhfrqrplf olwhudwxuh rq wkh uroh ri U)G lq idflolwdwlqj wkh devruswlrq

ru lplwdwlrq ri rwkhuv* glvfryhulhv1� Vrph nqrzohgjh lv cwdflw*/ gl�fxow wr frgli| lq pdqxdov dqg

wh{werrnv/ dqg kdug wr dftxluh zlwkrxw gluhfw lqyhvwljdwlrq1 E| dfwlyho| hqjdjlqj lq U)G lq d

sduwlfxodu lqwhoohfwxdo ru whfkqrorjlfdo �hog/ rqh dftxluhv vxfk wdflw nqrzohgjh +cdevruswlyh fdsdflw|*,

dqg fdq pruh hdvlo| xqghuvwdqg dqg dvvlplodwh wkh glvfryhulhv ri rwkhuv1 Hyhq wkhq/ wkh wudqvihu ri

whfkqrorj| pd| eh idu iurp dxwrpdwlf1 Duurz +4<9<, flwhv wkh h{dpsoh ri wkh mhw hqjlqh= zkhq sodqv

zhuh vxssolhg e| wkh Eulwlvk wr wkh Dphulfdqv gxulqj wkh Vhfrqg Zruog Zdu/ lw wrrn whq prqwkv

iru wkhp wr eh uhgudzq wr frqirup wr Dphulfdq xvdjh1e Wklv kdv ohg dxwkruv vxfk dv Frkhq dqg

Ohylqwkdo +4<;<, wr vshdn ri wkh wzr idfhv ri U)G= lqqrydwlrq dqg ohduqlqj1

Ghvslwh vxevwdqwldo lqirupdo dqg klvwrulfdo hylghqfh ri wkh lpsruwdqfh ri U)G0edvhg devruswlyh

fdsdflw|/ wkh lghd kdv uhfhlyhg olwwoh dwwhqwlrq lq wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg sur0

gxfwlylw| dw wkh �up dqg lqgxvwu|0ohyho1 Wkh frqyhqwlrqdo dssurdfk lq wklv olwhudwxuh uhjuhvvhv WIS

jurzwk rq d phdvxuh ri U)G dfwlylw|/ zkhuh d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw frh�flhqw lv frq0

vlvwhqw zlwk U)G0edvhg lqqrydwlrq jhqhudwlqj WIS jurzwk1D Wkhuh lv d vxevwdqwldo erg| ri hpslulfdo
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zrun wkdw kdv vrxjkw wr hvwlpdwh wkh vl}h ri lqwhu0lqgxvwu| U)G nqrzohgjh vslooryhuv/S lqwhuqdwlrqdo

ru lqwhu0uhjlrqdo U)G nqrzohgjh vslooryhuv/. dqg lqwhuwhpsrudo U)G nqrzohgjh vslooryhuv1H Krz0

hyhu/ lq hdfk fdvh/ wkh dqdo|vlv lv frqfhuqhg zlwk wkh h�hfw ri rwkhu djhqwv* U)G rq rzq surgxfwlylw|/

dqg wkhuh kdv ehhq yhu| olwwoh lqyhvwljdwlrq ri krz rzq U)G d�hfwv wkh devruswlrq ri rwkhuv* glv0

fryhulhv1 H{fhswlrqv duh Fdphurq +4<<9,/ Fdphurq/ Surxgpdq/ dqg Uhgglqj +4<<;,/ dqg Jul�wk/

Uhgglqj/ dqg Ydq Uhhqhq +5333,/ hdfk ri zklfk hvwlpdwhv d uhgxfhg0irup uhjuhvvlrq htxdwlrq iru

WIS jurzwk lqfoxglqj erwk dq U)G ohyho whup +dv lq wkh frqyhqwlrqdo dssurdfk, dqg dq lqwhudf0

wlrq whup ehwzhhq U)G dqg glvwdqfh iurp wkh whfkqrorjlfdo iurqwlhu1b Jul�wk/ Uhgglqj/ dqg Ydq

Uhhqhq +5333,/ iru h{dpsoh/ �qg d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw hvwlpdwhg frh�flhqw rq wkh

U)G lqwhudfwlrq whup1 Wklv �qglqj surylghv hylghqfh ri U)G0edvhg devruswlyh fdsdflw|/ dqg lv

urexvw dfurvv d zlgh udqjh ri gl�huhqw hfrqrphwulf vshfl�fdwlrqv/ iru d qxpehu ri gl�huhqw phdvxuhv

ri WIS/ dqg diwhu lqfoxglqj d vhulhv ri dowhuqdwlyh frqwuro yduldeohv1

Lqghshqghqw vxssruw iru wkhvh uhvxowv lv surylghg lq �up0ohyho zrun e| Md�h +4<;9,1 Lq erwk

htxdwlrqv iru sdwhqwv dqg iru �up sur�wv/ Md�h �qgv d srvlwlyh hvwlpdwhg frh�flhqw rq dq lqwhudfwlrq

whup ehwzhhq rzq U)G dqg d phdvxuh ri wkh srwhqwldo whfkqrorj| vslooryhu srro +gh�qhg dv wkh

zhljkwhg vxp ri rwkhu �upv* U)G/ zkhuh wkh zhljkwv h{sorlw sdwhqw lqirupdwlrq rq wkh glvwdqfh ri

�upv lq whfkqrorj| vsdfh,1 Rqh lpsolfdwlrq ri wkh uhgxfhg0irup uhjuhvvlrqv iru WIS jurzwk lv wkdw

wkh vrfldo udwh ri uhwxuq wr U)G zloo/ fhwhulv sdulexv/ whqg wr eh kljkhu lq qrq0iurqwlhu frxqwulhv/

zkhuh wkhuh lv wkh srwhqwldo iru U)G wr vwlpxodwh WIS jurzwk wkurxjk whfkqrorj| wudqvihu1�f Wklv

frqfoxvlrq dovr uhfhlyhv lqghshqghqw vxssruw iurp Hdwrq hw do1 +4<<;,/ zkr fdoleudwh d frpsxwdeoh

jhqhudo htxloleulxp prgho ri hqgrjhqrxv lqqrydwlrq dqg jurzwk wr hfrqrp|0zlgh gdwd iurp 54

RHFG frxqwulhv1 Zlwk wkh h{fhswlrq ri Sruwxjdo/ vrfldo udwhv ri uhwxuq wr U)G duh kljkhu lq wkh

qrq0iurqwlhu frxqwulhv1�� Wklv sdshu surylghv plfurhfrqrplf irxqgdwlrqv iru wkh uhgxfhg0irup WIS

S5iic uLh i @4T*ic Bh�*�U�it @?_ w�U�|i?Mih} E�bHeM� @?_ |�i t�h�i) �? Bh�*�U�it E�bb2��
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jurzwk uhjuhvvlrq glvfxvvhg deryh> zh vkrz krz wklv htxdwlrq pd| eh ghulyhg iurp d vwuxfwxudo

prgho ri hqgrjhqrxv lqqrydwlrq dqg jurzwk1

Lq uhfhqw |hduv/ wkh hpslulfdo jurzwk olwhudwxuh kdv vhhq uhqhzhg lqwhuhvw lq wkh h{lvwhqfh ri furvv0

frxqwu| gl�huhqfhv lq djjuhjdwh surgxfwlylw|1�2 Surgxfwlylw| gl�huhqfhv duh w|slfdoo| irxqg wr eh

odujh lq pdjqlwxgh dqg shuvlvwhqw ryhu wlph1 Krzhyhu/ frqwuroolqj iru wkh ghwhuplqdqwv ri vwhdg|0vwdwh

surgxfwlylw| ohyhov/ wkhuh lv vxevwdqwldo hylghqfh ri djjuhjdwh surgxfwlylw| frqyhujhqfh1�� D qxpehu

ri frxqwu|0ohyho vwxglhv dovr hpskdvl}h wkh uroh ri hfrqrplf yduldeohv lq surprwlqj devruswlyh fdsdflw|

dqg idflolwdwlqj surgxfwlylw| frqyhujhqfh1 Iru h{dpsoh/ Ehqkdele dqg Vslhjho +4<<7, dqdo|}h kxpdq

fdslwdo/ zkloh Deudprylw} +4<;9, dqg Whpsoh dqg Mrkqvrq +4<<;, vwuhvv wkh uroh ri cvrfldo fdsdelolw|*1

Lq dgglwlrq wr wkh furvv0frxqwu| olwhudwxuh/ wkhuh lv d vxevwdqwldo erg| ri hpslulfdo zrun rq wkh

phdvxuhphqw dqg frqyhujhqfh ri surgxfwlylw| dw wkh lqgxvwu|0ohyho1�e Hylghqfh lv djdlq irxqg ri

vxevwdqwldo gl�huhqfhv lq ohyhov ri surgxfwlylw|/ dqg wkh pdjqlwxgh ri wkhvh gl�huhqfhv w|slfdoo| ydulhv

dfurvv lqgxvwulhv iru dq| lqglylgxdo frxqwu|1 Ehuqdug dqg Mrqhv +4<<9d/ e, dujxh wkdw d vxevwdqwldo

sursruwlrq ri wkh frqyhujhqfh lq djjuhjdwh WIS lv gulyhq e| frqyhujhqfh lq wkh vhuylfhv vhfwru1 Krz0

hyhu/ Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq +5333, �qg wkdw wkh odfn ri frqyhujhqfh lq pdqxidfwxulqj lv

vhqvlwlyh wr wkh dvvxpswlrq ri d Free0Grxjodv surgxfwlrq whfkqrorj|1 Xvlqj vxshuodwlyh lqgh{ qxp0

ehu phdvxuhv ri WIS/ wkh| �qg hylghqfh ri frqyhujhqfh lq vhyhq rxw ri whq pdqxidfwxulqj lqgxvwulhv

dfurvv 45 RHFG frxqwulhv gxulqj 4<:30<71 Rwkhu hpslulfdo vwxglhv wkdw kdyh irxqg frqyhujhqfh

dw wkh lqgxvwu|0ohyho lqfoxgh Groodu dqg Zro� +4<<7,/ Grzulfn +4<;<,/ dqg Mrujhqvrq dqg Nxurgd

+4<<3,1 Wkh wkhruhwlfdo dqg hpslulfdo iudphzrun ri wklv sdshu uhfrqflohv surgxfwlylw| frqyhujhqfh dw

wkh lqgxvwu|0ohyho zlwk hqgrjhqrxv lqyhvwphqwv lq U)G/ dqg vkrzv krz d uhgxfhg0irup frqyhujhqfh

uhjuhvvlrq +dxjphqwhg zlwk whupv lq U)G, fdq eh ghulyhg iurp d jhqhudo htxloleulxp vwuxfwxudo

prgho ri hqgrjhqrxv jurzwk1 Wkh dqdo|vlv h{sodlqv wkh h{lvwhqfh ri vwhdg|0vwdwh gl�huhqfhv lq uhod0

wlyh WIS dfurvv frxqwulhv lq lqglylgxdo lqgxvwulhv dqg frqyhujhqfh lq WIS ohyhov frqglwlrqdo rq wkh
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ghwhuplqdqwv ri vwhdg|0vwdwh1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 suhvhqwv d vlpsol�hg ryhuodsslqj jhqhudwlrqv yhuvlrq

ri Djklrq dqg Krzlww +4<<5, zlwk d vlqjoh lqwhuphgldwh jrrgv vhfwru1 Vhfwlrq 6 h{whqgv wkh dqdo|vlv

wr lqfrusrudwh whfkqrorj| wudqvihu iurp iurqwlhu wr qrq0iurqwlhu frxqwulhv dqg d uroh iru U)G lq

surprwlqj devruswlyh fdsdflw|1 Wkh wudfwdelolw| ri wkh prgho hqdeohv d uhgxfhg0irup htxdwlrq iru

WIS jurzwk ri h{dfwo| wkh vdph irup hvwlpdwhg lq wkh hpslulfdo olwhudwxuh wr eh ghulyhg1 Vhfwlrq 7

h{whqgv wkh dqdo|vlv wr doorz pxowlsoh �qdo jrrgv vhfwruv1 Vhfwlrq 8 glvfxvvhv wkh hpslulfdo uhvxowv

ri d qxpehu ri vwxglhv zklfk kdyh hvwlpdwhg wkh uhgxfhg irup uhjuhvvlrq/ dqg �qgv wkdw wkhvh duh

frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh wkhru|1 Vhfwlrq 9 frqfoxghv1

�� ��� ��� ���
��
�
�

5141 Lqwurgxfwlrq

Wklv vhfwlrq suhvhqwv d vlpsoh ryhuodsslqj jhqhudwlrqv yhuvlrq ri Djklrq dqg Krzlww*v +4<<5, prgho ri

hqgrjhqrxv jurzwk wkurxjk ulvlqj surgxfwlylw| ru surgxfw txdolw|1 Wkh zruog frqvlvwv ri d qxpehu

ri frxqwulhv/ lqgh{hg e| l 5 i4> ===> Qj1 Hdfk frxqwu| lv srsxodwhg e| d vhtxhqfh ri ryhuodsslqj

jhqhudwlrqv/ lqgh{hg e| w 5 ^4>4`1 D jhqhudwlrq frqvlvwv ri d odujh qxpehu ri frqvxphu0zrunhuv

+K�, zkr olyh iru wzr shulrgv1 Lqglylgxdo zrunhuv duh hqgrzhg zlwk rqh xqlw ri oderxu shu shulrg

dqg dq h{rjhqrxv txdqwlw| ri d vhfwru0vshfl�f idfwru ri surgxfwlrq zklfk zh lqwhusuhw dv fdslwdo

ru odqg +N�@K�,1 Wlph lv lqgh{hg e| � / dqg zh fkrrvh xqlwv iru wlph vxfk wkdw hdfk shulrg ri d

jhqhudwlrq*v olih odvwv iru rqh xqlw ri wlph1�D

Wkh hfrqrp| frqvlvwv ri wkuhh vhfwruv= uhvhdufk/ lqwhuphgldwh lqsxw surgxfwlrq/ dqg �qdo jrrgv

surgxfwlrq1 Oderxu lv hpsor|hg lq uhvhdufk dqg lqwhuphgldwh lqsxw surgxfwlrq/ zkloh �qdo jrrgv

rxwsxw lv surgxfhg zlwk fdslwdo dqg lqwhuphgldwh lqsxwv1�S Zh ehjlq e| frqvlghulqj wkh fdvh ri

rqh �qdo jrrg/ pdqxidfwxuhg iurp wkh rxwsxw ri d vlqjoh lqwhuphgldwh jrrgv vhfwru1 D odwhu vhfwlrq

h{whqgv wkh dqdo|vlv wr doorz pdq| �qdo jrrgv/ hdfk ri zklfk lv surgxfhg iurp wkh rxwsxw ri lwv rzq

lqwhuphgldwh vhfwru1 Whfkqrorjlfdo fkdqjh lv prghoohg dv d vhtxhqfh ri hqgrjhqrxv lpsuryhphqwv lq

�DBi?ih@|�L? | �t MLh? @| tL4i |�4i � @?_ _�it @| |�4i � n2� W? Lh_ih |L t�4T*�u) ?L|@|�L?c �i t�TThitt |�i �4T*�U�|
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wkh txdolw| ru surgxfwlylw| ri lqwhuphgldwh lqsxwv1

Wkh wlplqj ri djhqwv* ghflvlrqv lv vxppdul}hg lq Iljxuh 4 dqg lv dv iroorzv1 Dw wkh ehjlqqlqj

ri shulrg 4/ zrunhuv lqkhulw d vwrfn ri nqrzohgjh iurp wkh suhylrxv jhqhudwlrq/ dqg ghflgh zkhwkhu

wr hqwhu uhvhdufk ru lqwhuphgldwh lqsxw surgxfwlrq1 Uhvhdufk dqg lqwhuphgldwh lqsxw surgxfwlrq

duh prghoohg dv vshfldol}hg dfwlylwlhv/ dqg wklv ghflvlrq lv dvvxphg wr eh luuhyhuvleoh1 Wkrvh zkr

hqwhu wkh lqwhuphgldwh vhfwru/ vshqg shulrg 4 dftxlulqj wkh jhqhudo kxpdq fdslwdo qhhghg wr surgxfh

lqwhuphgldwh lqsxwv1�. Wkrvh zkr hqwhu uhvhdufk vshqg shulrg 4 hqjdjhg lq xqfhuwdlq U)G/ dqg doo

uhvhdufk xqfhuwdlqw| lv uhvroyhg dw wkh hqg ri shulrg 41 Surgxfwlrq dqg frqvxpswlrq wdnh sodfh lq

shulrg 5 ri zrunhuv* olyhv1 Li uhvhdufk lv vxffhvvixo dw wkh hqg ri shulrg 4/ wkh lqqrydwru uhfhlyhv d

rqh0shulrg sdwhqw iru wkh qhz whfkqrorj|1 Edujdlqlqj wdnhv sodfh zlwk lqwhuphgldwh lqsxw surgxfhuv

dw wkh ehjlqqlqj ri shulrg 5 derxw krz wr glylgh wkh vxusoxv iurp lqwhuphgldwh lqsxw surgxfwlrq1

Li uhvhdufk lv xqvxffhvvixo dw wkh hqg ri shulrg 4/ lqwhuphgldwh lqsxwv duh surgxfhg zlwk dq h{lvwlqj

whfkqrorj| lq shulrg 51 Vlqfh nqrzohgjh vsloov ryhu dfurvv jhqhudwlrqv/ doo lqglylgxdov lq jhqhudwlrq w

kdyh dffhvv wr h{lvwlqj whfkqrorjlhv1 Lq wkh fdvh ri xqvxffhvvixo uhvhdufk/ surgxfwlrq ri lqwhuphgldwh

lqsxwv wkxv rffxuv xqghu frqglwlrqv ri shuihfw frpshwlwlrq1�H

?Iljxuh 4 derxw khuhA

5151 Frqvxphu Ehkdylrxu

Zrunhuv duh hqgrzhg zlwk rqh xqlw ri oderxu shu shulrg1 Wkh ghflvlrq zkhwkhu wr hqwhu uhvhdufk ru

lqwhuphgldwh lqsxw surgxfwlrq fruuhvsrqgv wr d ghflvlrq derxw olihwlph oderxu vxsso|1 Zh ghqrwh

wkh qxpehu ri zrunhuv hqwhulqj uhvhdufk e| K-
�| dqg wkh fruuhvsrqglqj qxpehu hqwhulqj lqwhuphgldwh

lqsxw surgxfwlrq e| K�
�| @ K�K-

�| 1 Wkhuh lv qr glvxwlolw| iurp vxsso|lqj oderxu/ dqg suhihuhqfhv duh

gh�qhg ryhu frqvxpswlrq ri wkh �qdo jrrg1 Zrunhuv duh dvvxphg wr eh ulvn qhxwudo/ dqg wkh olihwlph

xwlolw| ri d uhsuhvhqwdwlyh frqvxphu0zrunhu lq jhqhudwlrq w lv wkxv d olqhdu ixqfwlrq ri vhfrqg0shulrg

frqvxpswlrq ri wkh �qdo jrrg/
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X�| @ f�2| +514,

5161 Surgxfwlrq

Iroorzlqj Djklrq dqg Krzlww +4<<5/ 4<<;,/ �qdo jrrgv rxwsxw +|, lv surgxfhg iurp lqwhuphgldwh

lqsxwv +{, dqg vhfwru0vshfl�f fdslwdo +n,1 Surgxfwlrq rffxuv xqghu frqglwlrqv ri shuihfw frpshwlwlrq

dqg zlwk d Free0Grxjodv whfkqrorj|/

|�2| @ D�2|={
k
�2|n

�3k
�2| > 3 ? � ? 4 +515,

zkhuh D�2| ghqrwhv wkh shulrg 5 surgxfwlylw| ru txdolw| ri lqwhuphgldwh lqsxwv1 Ilqdo jrrgv rxwsxw

lv dvvxphg wr eh wudgdeoh dw }hur wudqvsruw frvw/ zkloh lqwhuphgldwh lqsxwv dqg sulpdu| idfwruv ri

surgxfwlrq duh qrq0wudghdeoh1 Zh fkrrvh wkh �qdo jrrg iru qxphudluh vr wkdw s�2| @ 4 iru doo w dqg

iru doo frxqwulhv l1

Lqwhuphgldwh jrrgv whfkqrorjlhv pd| ydu| dfurvv frxqwulhv/ dowkrxjk zh doorz iru wkh srvvlelolw|

ri whfkqrorj| wudqvihu ehorz1 Whfkqrorjlhv lq frxqwu| l duh lqgh{hg e| p+l, @ 3> 4> ===/ zklfk ghqrwhv

wkh lqwhuydo vwduwlqj zlwk wkh p+l,|� lqqrydwlrq dqg hqglqj zlwk wkh p+l, . 4t|1 Hdfk lqqrydwlrq

lv dvvxphg wr udlvh wkh txdolw| ru surgxfwlylw| ri wkh h{lvwlqj whfkqrorj| e| d frqvwdqw sursruwlrq

� A 41 Wkh vwdwh ri whfkqrorj| lq frxqwu| l lq jhqhudwlrq w pd| eh lqgh{hg e| p+l, dorqh dqg lv

vlpso| D�2| @ D26E�� @ �6E��=D�+3,/ zkhuh zh qrupdol}h D�+3, wr 41
�b Lqwhuphgldwh lqsxwv wkhpvhoyhv

duh surgxfhg zlwk oderxu dffruglqj wr d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|/

{�2| @ k�2|> +516,

zkhuh k�2| ghqrwhv wkh qxpehu ri lqglylgxdov hpsor|hg lq lqwhuphgldwh surgxfwlrq lq shulrg 51

5171 Uhvhdufk

Wkh vshfl�fdwlrq ri wkh uhvhdufk vhfwru lv d glvfuhwh wlph dqdorjxh ri Djklrq dqg Krzlww +4<<5,1

Li K-
�| lqglylgxdov iurp jhqhudwlrq w lq frxqwu| l hqwhu uhvhdufk/ zh dvvxph wkdw rqh lqglylgxdo

lqqrydwhv zlwk suredelolw| ��K
-
�| dqg uhfhlyhv wkh sdwhqw wr wkh qhz whfkqrorj|1 Frqglwlrqdo rq

�bAL t�4T*�u) ?L|@|�L?c �i ��** t�TThitt |�i �4T*�U�| _iTi?_i?Ui Lu 6 L? �c i UiT| ��ihi �4TLh|@?|�
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hqwhulqj wkh uhvhdufk vhfwru/ wkh suredelolw| wkdw dq| rqh lqglylgxdo rewdlqv wkh sdwhqw lv wkxv ��

+zkhuh 3 ? �� ? 4 iru doo l,12f Uhvhdufk lv dq lqkhuhqwo| xqfhuwdlq surfhvv/ dqg wkh sdudphwhu ��

fdswxuhv wkh surgxfwlylw| ri uhvhdufk/ zklfk pd| ydu| dfurvv frxqwulhv dv d uhvxow/ iru h{dpsoh/ ri

gl�huhqfhv lq lqvwlwxwlrqv dqg jryhuqphqw srolf|1

5181 Jhqhudo Htxloleulxp

518141 Gh�qlwlrq ri Htxloleulxp

Jhqhudo htxloleulxp lv d vhw ri sulfhv iru �qdo jrrgv rxwsxw/ lqwhuphgldwh lqsxwv ri txdolw| n � p/

zrunhuv surgxflqj lqwhuphgldwh lqsxwv ri txdolw| n � p/ dqg fdslwdo ias�2|> at�2|&> az�2|&> au�2|j zkhuh

t�2|� lv wkh sulfh ri lqwhuphgldwh lqsxwv/ u�2| wkh uhqwdo udwh iru odqg > d vhw ri h{shfwhg olihwlph

uhwxuqv wr uhvhdufk dqg lqwhuphgldwh lqsxw surgxfwlrq iaY -
�| >

aY �
�| j> wrjhwkhu zlwk dq doorfdwlrq ri

frqvxpswlrq/ �qdo jrrgv surgxfwlrq/ lqwhuphgldwh surgxfwlrq/ hpsor|phqw lq uhvhdufk/ hpsor|phqw

lq wkh lqwhuphgldwh vhfwru/ dqg xvdjh ri fdslwdo iaf�2|> a|�2|> a{�2|&> aK
-
�| >

aK�
�| >

an�2|j1

Jlyhq wkh vwuxfwxuh ri ghflvlrq0pdnlqj/ jhqhudo htxloleulxp fdq eh vroyhg iru lq wzr vwdjhv1 Iluvw/

zh vroyh iru htxloleulxp lq wkh �qdo jrrgv/ lqwhuphgldwh lqsxwv/ dqg odqg pdunhwv lq shulrg 5/ iru

d jlyhq qxpehu ri lqglylgxdov hqwhulqj uhvhdufk dqg lqwhuphgldwh lqsxw surgxfwlrq lq shulrg 4 +K-
�|

dqg K�
�| uhvshfwlyho|, dqg iru hdfk ri wkh wzr srvvleoh vwdwhv ri wkh zruog +vxffhvvixo dqg xqvxffhvvixo

uhvhdufk,1 Vhfrqg/ kdylqj ghwhuplqhg htxloleulxp shulrg 5 sd|r�v lq hdfk vwdwh ri wkh zruog dv d

ixqfwlrq ri K-
�| dqg K�

�| / zh vroyh iru wkh htxloleulxp qxpehu ri lqglylgxdov hqwhulqj uhvhdufk dqg

lqwhuphgldwh lqsxw surgxfwlrq lq shulrg 41

518151 Shulrg 5 Htxloleulxp= Xqvxffhvvixo Uhvhdufk

Li uhvhdufk lv xqvxffhvvixo/ lqwhuphgldwh lqsxwv duh surgxfhg zlwk wkh prvw surgxfwlyh h{lvwlqj whfk0

qrorj|p xqghu frqglwlrqv ri shuihfw frpshwlwlrq1 Lqwhuphgldwh lqsxw surgxfhuv uhfhlyh d zdjh htxdo

wr wkhlu ydoxh ri pdujlqdo surgxfw +YPS, zlwk wklv whfkqrorj|/
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�k3� +517,

zkhuh d edu xqghuqhdwk d yduldeoh lqglfdwhv wkh vwdwh ri wkh zruog zkhuh uhvhdufk lv xqvxffhvvixo1

Wkhuh duh }hur htxloleulxp sur�wv lq lqwhuphgldwh lqsxw surgxfwlrq1 Shulrg 5 ghpdqg iru oderxu lq

wkh lqwhuphgldwh vhfwru pxvw/ lq htxloleulxp/ htxdo vxsso|/ dv hqgrjhqrxvo| ghwhuplqhg e| shulrg 4

fkrlfhv/

ak�2| @ K�
�| +518,

Htxdwlrq +518, dqg wkh uhtxluhphqw wkdw wkh fdslwdo pdunhw fohduv +an�2| @ N�, lpso| wkdw shulrg 5

�qdo jrrgv rxwsxw lv/2�

a|�2| @ D26E��

�
K�
�|

�k
N�3k
� +519,

518161 Shulrg 5 Htxloleulxp= Vxffhvvixo Uhvhdufk

D vxffhvvixo uhvhdufkhu uhfhlyhv d sdwhqw iru wkh qhz whfkqrorj| p.4/ dqg lv wkh prqrsro| vxssolhu

ri lqwhuphgldwh lqsxwv surgxfhg xvlqj wkdw whfkqrorj|1 Doo edujdlqlqj srzhu lv dvvxphg wr uhvlgh

zlwk wkh uhvhdufkhu1 Vkh wkhuhiruh fkrrvhv rxwsxw dqg zdjhv wr pd{lpl}h sur�wv/ vxemhfw wr wkh

ghulyhg ghpdqg fxuyh iru lqwhuphgldwh lqsxwv/ wkh surgxfwlrq whfkqrorj|/ wkh frqvwudlqw wkdw wkh

zdjh r�huhg wr lqwhuphgldwh lqsxw surgxfhuv lv juhdwhu wkdq ru htxdo wr wkh zdjh uhfhlyhg zlwk

wkh suhylrxvo| prvw surgxfwlyh whfkqrorj| p/ dqg wkh frqvwudlqw wkdw �qdo jrrgv surgxfwlrq xvlqj

lqwhuphgldwh lqsxwv surgxfhg zlwk whfkqrorj| p.4 lv qr pruh h{shqvlyh wkdq xvlqj wkrvh surgxfhg

zlwk whfkqrorj| p/

pd{
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q
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vxemhfw wr=

{�2|E6n�� � 3

{�2|E6n�� @ k�2|
z�2|E6n�� � z�2|6

e�2|E6n��

k
t�2|E6n��> u�2|

l
� e�2|6 ^t�2|6> u�2|`

t�2|E6n�� @ �D2E6E��n��={
k3�
�2|E6n��

n�3k�2|

zkhuh e�2|�+�, lv wkh xqlw frvw ri surgxflqj �qdo jrrgv rxwsxw xvlqj lqwhuphgldwh lqsxwv ri whfkqrorj|

m/ dv d ixqfwlrq ri wkh sulfh ri lqwhuphgldwh lqsxwv +t�2|�, dqg wkh uhqwdo udwh iru odqg +u�2|,1 Wklv

frqvwudlqhg rswlpl}dwlrq sureohp pd| eh zulwwhq dv/

pd{��2|c��2|E6n��
O @ �D2E6E��n��n
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+51;,

Wkh �uvw0rughu frqglwlrqv duh/
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�k�2| . �� @ 3 +5143,
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l
@ 3 +5145,

��^3� k�2|` @ 3 +5146,

Wkh rxwvlgh rswlrq ri lqwhuphgldwh lqsxw surgxfhuv lq edujdlqlqj zlwk wkh vxffhvvixo uhvhdufkhu

lv wkhlu ydoxh ri pdujlqdo surgxfw +YPS, zlwk wkh prvw surgxfwlyh h{lvwlqj whfkqrorj| p +z�2|6 @

t�2|6,1 Iurp htxdwlrq +51:,/ sur�wv iurp lqwhuphgldwh lqsxw surgxfwlrq duh prqrwrqlfdoo| ghfuhdvlqj

lq wkh zdjh +z�2|E6n��,1 Khqfh/ lq htxloleulxp/ wkh kroghu ri wkh sdwhqw wr whfkqrorj| p . 4 zloo

sd| lqwhuphgldwh lqsxw surgxfhuv d zdjh qr kljkhu wkdq wkhlu rxwvlgh rswlrq +z�2|E6n�� @ z�2|6 dqg

�� A 3 lq htxdwlrqv +5143, dqg +5144,,/
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az�2|E6n�� @ az�2|6 @ at�2|6 @ �D26E��

�
ak�2|

�k3� �
an�2|

��3k
+5147,

zkhuh d edu deryh d yduldeoh lqglfdwhv wkh vwdwh ri wkh zruog zkhuh uhvhdufk lv vxffhvvixo1

Li htxloleulxp rxwsxw ri lqwhuphgldwh lqsxwv lv srvlwlyh +�� @ 3 lq htxdwlrq +51<,,/ wkhuh duh wzr

srvvleoh htxloleulxp ydoxhv iru wkh sulfh ri lqwhuphgldwh lqsxwv surgxfhg zlwk whfkqrorj| p . 4

ghshqglqj xsrq zkhwkhu wklv whfkqrorj| frqvwlwxwhv d cgudvwlf* ru cqrq0gudvwlf* lqqrydwlrq1 Iru

vlpsolflw|/ zh frqvlghu wkh fdvh ri cgudvwlf* lqqrydwlrq/ zkhuh lw lv fkhdshu iru �qdo jrrgv surgxfhuv

wr hpsor| whfkqrorj| p . 4 udwkhu wkdq p dw wkh sur�w0pd{lpl}lqj prqrsro| sulfh +�2 @ 3 lq

htxdwlrq +51<,,122 Htxloleulxp rxwsxw ri lqwhuphgldwh lqsxwv surgxfhg zlwk whfkqrorj| p. 4 dqg

htxloleulxp hpsor|phqw lq wkh lqwhuphgldwh vhfwru duh/
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�2D2E6E��n��
an
�3k

�2|

4
FD

�*Ek3��

+5148,

Xvlqj htxdwlrq +5148, lq wkh ghulyhg ghpdqg fxuyh iru lqwhuphgldwh lqsxwv/ wkh sur�w0pd{lpl}lqj

prqrsro| sulfh lv vlpso|/

at�2|E6n�� @
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�
= az�2|E6n�� @

4

�
= az�2|6 +5149,

dqg htxloleulxp sur�wv iurp lqwhuphgldwh lqsxw surgxfwlrq duh/

a��2|E6n�� @

�
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�
= az�2|6=

ak�2| +514:,

Vlqfh 3 ? � ? 4/ htxloleulxp sur�wv iurp lqwhuphgldwh lqsxw surgxfwlrq zlwk whfkqrorj| p. 4

duh qhfhvvdulo| srvlwlyh/ dqg htxloleulxp rxwsxw ri lqwhuphgldwh lqsxwv surgxfhg zlwk d gudvwlf

lqqrydwlrq zloo lqghhg eh vwulfwo| srvlwlyh +�� @ 3 lq htxdwlrq +51<,,1 Htxloleulxp shulrg 5 ghpdqg

iru oderxu lq wkh lqwhuphgldwh vhfwru pxvw djdlq htxdo vxsso| dv hqgrjhqrxvo| ghwhuplqhg e| shulrg

4 fkrlfhv/

ak�2| @ K
�
| +514;,
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Htxdwlrq +514;, dqg wkh uhtxluhphqw wkdw wkh odqg pdunhw fohdu +an�2| @ N�, lpso| wkdw shulrg 5 �qdo

jrrgv rxwsxw lv/

a|�2| @ D2E6E��n��=
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�3k
� +514<,

518171 Shulrg 4 Htxloleulxp Fkrlfh Ehwzhhq Uhvhdufk dqg Lqwhuphgldwh Surgxfwlrq

Lq dq htxloleulxp zlwk srvlwlyh ohyhov ri uhvhdufk/ zh uhtxluh wkh h{shfwhg olihwlph uhwxuq iurp uhvhdufk

+ aY -
�| , wr htxdo wkh fruuhvsrqglqj h{shfwhg olihwlph uhwxuq iurp lqwhuphgldwh surgxfwlrq + aY �

�| ,/

aY -
�| @ aY �

�| +5153,

Zlwk suredelolw| �� dq lqglylgxdo uhvhdufkhu rewdlqv wkh sdwhqw wr wkh qh{w whfkqrorj| p.4 dqg

hqmr|v dq htxloleulxp �rz ri sur�wv htxdo wr +514:,1 Zlwk suredelolw| +4 � ��,/ vkh idlov wr rewdlq

wkh sdwhqw dqg uhfhlyhv }hur shulrg 5 uhwxuqv iurp uhvhdufk12� Wkh h{shfwhg olihwlph uhwxuq iurp

uhvhdufk lv wkxv/
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�| +5154,

AIurp wkh dqdo|vlv ri wkh suhylrxv vxevhfwlrqv/ wkh htxloleulxp shulrg 5 zdjh ri lqwhuphgldwh lqsxw

surgxfhuv lv lqghshqghqw ri zkhwkhu uhvhdufk lv vxffhvvixo lq shulrg 4 dqg htxdov wkhlu ydoxh ri

pdujlqdo surgxfw +YPS, zlwk whfkqrorj| p1 Wkh h{shfwhg olihwlph uhwxuq iurp lqwhuphgldwh lqsxw

surgxfwlrq lv wkxv/

aY �
�|6 @ az�2|6 +5155,

Lq htxloleulxp/ wkh qxpehu ri lqwhuphgldwh lqsxw surgxfhuv htxdov wkh vxsso| ri zrunhuv plqxv wkrvh

zkr fkrrvh wr hqwhu wkh uhvhdufk vhfwru/

aK�
�| @ K� �

aK-
�| +5156,
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Xvlqj htxdwlrqv +5153,/ +5154,/ +5155,/ dqg +5156,/ wkh uhtxluhphqw wkdw wkh h{shfwhg olihwlph uhwxuq

iurp uhvhdufk htxdov wkh h{shfwhg olihwlph uhwxuq iurp lqwhuphgldwh surgxfwlrq ehfrphv/
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� , +5157,

Iru sdudphwhu ydoxhv vxfk wkdw ��
�
�3k
k

�
K� A 4/ htxdwlrq +5157, gh�qhv d xqltxh htxloleulxp ohyho

ri uhvhdufk hpsor|phqw +3 ? aK-
� ? K�,/ zklfk lv vkrzq gldjudppdwlfdoo| lq Iljxuh 51 Wkh ohiw dqg

uljkw0kdqg vlghv ri htxdwlrq +5157, pd| eh lqwhusuhwhg dv wkh sulydwh pdujlqdo frvw dqg pdujlqdo

ehqh�w ri uhvhdufk uhvshfwlyho|1 Wkh uhodwlrqvkls ehwzhhq wkh sdudphwhuv ri wkh prgho dqg htxl0

oleulxp uhvhdufk hpsor|phqw lv gluhfwo| dqdorjrxv wr Djklrq dqg Krzlww +4<<5,12e Iurp wkh �qdo

jrrgv surgxfwlrq whfkqrorj| +515,/ wkh h{shfwhg udwh ri WIS jurzwk ehwzhhq jhqhudwlrqv lv vlpso|/
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zklfk lv lqfuhdvlqj lq wkh vl}h ri lqqrydwlrqv +�,/ wkh suredelolw| ri uhvhdufk vxffhvv +�,/ dqg htxl0

oleulxp uhvhdufk hpsor|phqw + aK-
� ,1

?Iljxuh 5 derxw khuhA
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6141 Lqwurgxfwlrq

Wkh ryhuodsslqj jhqhudwlrqv yhuvlrq ri Djklrq dqg Krzlww +4<<5, zloo irup sduw ri d vlqjoh xql�hg

iudphzrun wkdw lqwhjudwhv Vfkxpshwhuldq prghov ri hqgrjhqrxv jurzwk/ wkh plfurhfrqrphwulf olw0

hudwxuh rq U)G dqg surgxfwlylw|/ dqg hpslulfdo dqdo|vhv ri surgxfwlylw| frqyhujhqfh1 Zkloh wkh

suhylrxv vhfwlrq doorzv iru furvv0frxqwu| gl�huhqfhv lq ohyhov ri WIS +D26E��,/ lw grhv qrw frqvlghu

wkh srvvlelolw| ri whfkqrorj| vslooryhuv1 Lw lv sodxvleoh wkdw vrph whfkqrorj| wudqvihu pd| rffxu lq0

ghshqghqwo| ri lqyhvwphqwv lq irupdo U)G1 Dw wkh vdph wlph/ wkh olwhudwxuh rq devruswlyh fdsdflw|
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vxjjhvwv wkdw U)G sod|v dq lpsruwdqw uroh lq wkh dftxlvlwlrq ri wdflw nqrzohgjh dqg wkh lplwdwlrq

ri rwkhuv* glvfryhulhv1 Wkh prgho suhvhqwhg ehorz fdswxuhv erwk ihdwxuhv1

6151 Whfkqrorjlfdo Frqyhujhqfh

Wkh pdlq vwuxfwxuh ri wkh prgho uhpdlqv h{dfwo| dv ehiruh1 Dw wkh ehjlqqlqj ri shulrg rqh/ djhqwv

fkrrvh zkhwkhu wr hqjdjh lq uhvhdufk ru lqwhuphgldwh surgxfwlrq1 Uhvhdufk wdnhv rqh shulrg dqg

doo uhvhdufk xqfhuwdlqw| lv uhvroyhg dw wkh hqg ri shulrg 41 Li dq hfrqrp| olhv ehklqg wkh whfkqr0

orjlfdo iurqwlhu/ whfkqrorj| wudqvihu dovr rffxuv gxulqj shulrg 41 Lqghshqghqw ri zkhwkhu uhvhdufk lv

vxffhvvixo ru xqvxffhvvixo lq shulrg 4/ wkh txdolw| ru surgxfwlylw| ri lqwhuphgldwh lqsxwv ulvhv e| d

sursruwlrq T�+D26E8 �@D26E��,1 Wkxv/ li uhvhdufk lv xqvxffhvvixo/
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zkhuh I lqglfdwhv wkh hfrqrp| zlwk wkh kljkhvw ohyho ri WIS +wkh whfkqrorjlfdo iurqwlhu,1 T�+�,

vdwlv�hv wkh iroorzlqj frqglwlrqv/
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�
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dqg/ iru vlpsolflw|/ zh frqvlghu wkh frqvwdqw hodvwlflw| ixqfwlrqdo irup/
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D26E��
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> 3 ? �� ? 4> ; l

zkhuh �� fruuhvsrqgv wr wkh vshhg ri dxwrqrprxv whfkqrorj| wudqvihu +lqghshqghqw ri U)G,1 Zh

doorz wklv sdudphwhu wr srwhqwldoo| ydu| dfurvv frxqwulhv djdlq dv d ixqfwlrq/ iru h{dpsoh/ ri jryhuq0

phqw srolf| dqg lqvwlwxwlrqv1

6161 U)G dqg Devruswlyh Fdsdflw|

Li uhvhdufk lv vxffhvvixo/ wkh txdolw| ru surgxfwlylw| ri lqwhuphgldwh lqsxwv lv udlvhg e| d sursruwlrq

� A 4 ryhu wkh ohyho wkdw zrxog rwkhuzlvh eh dfklhyhg wkurxjk whfkqrorj| wudqvihu dorqh1 Wr fdswxuh

U)G*v uroh lq surprwlqj cdevruswlyh fdsdflw|* dqg idflolwdwlqj wkh wudqvihu ri whfkqrorj|/ zh iroorz

Djklrq dqg Krzlww +4<<;, dqg Krzlww +5333, lq doorzlqj wkh vl}h ri lqqrydwlrqv � wr eh d ixqfwlrq

ri d frxqwu|*v glvwdqfh ehklqg wkh whfkqrorjlfdo iurqwlhu/
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zkhuh zh djdlq frqvlghu wkh frqvwdqw hodvwlflw| ixqfwlrqdo irup/
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Lq wkh iurqwlhu frxqwu| zlwk wkh kljkhvw WIS ohyho +D26E�� @ D26E8 �,/ wkh vl}h ri lqqrydwlrqv lv

� A 4/ h{dfwo| dv lq wkh suhylrxv Vhfwlrq1 Lq qrq0iurqwlhu frxqwulhv +D26E�� ? D26E8 �,/ U)G dfwlylw|

dovr idflolwdwhv wkh dvvlplodwlrq ri lghdv iurp wkh whfkqrorjlfdo iurqwlhu/ dqg wkh vl}h ri lqqrydwlrqv

lv/ dv d uhvxow/ lqfuhdvhg1 Wkh ixuwkhu d frxqwu| olhv ehklqg wkh whfkqrorjlfdo iurqwlhu/ wkh juhdwhu

wkh srwhqwldo iru U)G0edvhg whfkqrorj| wudqvihu/ dqg wkh juhdwhu wkh vl}h ri lqqrydwlrqv zkhq wkh|

rffxu12D Wkh sdudphwhu !� ghwhuplqhv wkh vshhg zlwk zklfk wkh vl}h ri lqqrydwlrqv ydulhv zlwk wkh

whfkqrorjlfdo jds/ dqg lv djdlq doorzhg wr ydu| dfurvv frxqwulhv dv d ixqfwlrq ri jryhuqphqw srolf|

dqg lqvwlwxwlrqv1 Wkxv/ li uhvhdufk lv vxffhvvixo lq shulrg 4/ wkh txdolw| ru surgxfwlylw| ri lqwhuphgldwh

lqsxwv lv jlyhq e|/
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6171 Jhqhudo Htxloleulxp

Wkh ghwhuplqdwlrq ri jhqhudo htxloleulxp uhpdlqv h{dfwo| dv lq wkh suhylrxv Vhfwlrq1 Lq dq htxlole0

ulxp zlwk srvlwlyh uhvhdufk/ zh uhtxluh wkh h{shfwhg olihwlph uhwxuq iurp uhvhdufk + aY -

�|
, wr htxdo wkh

fruuhvsrqglqj h{shfwhg olihwlph uhwxuq iurp lqwhuphgldwh surgxfwlrq + aY �
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Wkh htxloleulxp ydoxh ri uhvhdufk hpsor|phqw lv h{dfwo| dv ehiruh1 Wkh htxloleulxp shulrg 5 zdjh

sdlg wr lqwhuphgldwh lqsxw surgxfhuv lv djdlq lqghshqghqw ri zkhwkhu uhvhdufk lv vxffhvvixo dqg

htxdov/
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AIurp wkh �qdo jrrgv surgxfwlrq whfkqrorj| +515,/ wkh h{shfwhg udwh ri WIS jurzwk ehwzhhq jhq0

hudwlrqv lv qrz/
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Wkh htxdwlrq iru WIS jurzwk lqfoxghv d whup lq wkh ohyho ri U)G dfwlylw| +Whup 4/ wkh gluhfw U)G

h�hfw,/ d whup lq glvwdqfh iurp wkh iurqwlhu fdswxulqj whfkqrorj| wudqvihu wkdw rffxuv lqghshqghqwo|

ri U)G dfwlylw| +Whup 5/ dxwrqrprxv whfkqrorjlfdo fdwfkxs,/ dqg dq lqwhudfwlrq whup ehwzhhq U)G

dqg glvwdqfh iurp wkh iurqwlhu wkdw fdswxuhv U)G*v uroh lq surprwlqj devruswlyh fdsdflw| +Whup 6/

devruswlyh fdsdflw|,1 Wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxfwlylw| irfxvhv rq wkh �uvw

ri wkhvh wkuhh whupv/ h{foxglqj whfkqrorj| wudqvihu dqg devruswlyh fdsdflw| dv srwhqwldo vrxufhv ri

surgxfwlylw| jurzwk12S Lq frqwudvw/ wkh hpslulfdo olwhudwxuh rq lqgxvwu|0ohyho surgxfwlylw| frqyhu0

jhqfh irfxvhv rq wkh vhfrqg whup/ dqg ghyrwhv olwwoh dwwhqwlrq wr U)G dv d vrxufh ri surgxfwlylw|

jurzwk12. Wkh vwuxfwxudo prgho suhvhqwhg deryh vxjjhvwv d uroh iru erwk vhwv ri frqvlghudwlrqv/ soxv

dq lqwhudfwlrq whup ehwzhhq U)G dqg glvwdqfh iurp wkh whfkqrorjlfdo iurqwlhu/ fdswxulqj U)G0edvhg

devruswlyh fdsdflw|1

6181 Vrfldo Udwh ri Uhwxuq wr U)G dqg Vwhdg|0vwdwh Ohyhov ri Uhodwlyh WIS

Htxdwlrq +619, fkdudfwhul}hv WIS jurzwk lq doo frxqwulhv l 5 i4> ===>Qj1 Lq wkh iurqwlhu frxqwu| zlwk

wkh kljkhvw ohyho ri WIS +l @ I ,/ wklv htxdwlrq vlpsol�hv wr/
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Lq wkh hpslulfdo surgxfwlylw| olwhudwxuh/ uhjuhvvlrqv ri WIS jurzwk rq phdvxuhv ri U)G dfwlylw|

duh zlgho| xvhg wr hvwlpdwh wkh vrfldo udwh ri uhwxuq wr U)G1 Wkh frh�flhqwv rq U)G lq htxdwlrqv

+619, dqg +61:, duh �� � ��

k
oq� . !� oq+D26E8 �E|3��@D26E��E|3��,

l
dqg �8 � �8 oq �1 Frqwuroolqj iru

wkh ydoxhv ri �� dqg !�/ wkh prgho vxjjhvwv wkdw wkh vrfldo udwh ri uhwxuq wr U)G lv kljkhu lq qrq0

iurqwlhu frxqwulhv/ zkhuh U)Gpd| udlvh udwhv ri WIS jurzwk wkurxjk lwv uroh lq surprwlqj devruswlyh

fdsdflw|1 Wklv lghd uhfhlyhv hpslulfdo vxssruw lq wkh uhvxowv suhvhqwhg ehorz dqg lq lqghshqghqw

uhvhdufk xvlqj d frpsxwdeoh jhqhudo htxloleulxp prgho e| Hdwrq hw do1 +4<<;,1 Dw �uvw vljkw/ wklv

vxjjhvwv wkdw wkh lqfhqwlyh wr lqyhvw lq U)G vkrxog eh juhdwhu lq qrq0iurqwlhu frxqwulhv1 Krzhyhu/

wkh vrfldo udwh ri uhwxuq wr U)G rewdlqhg iurp d WIS jurzwk uhjuhvvlrq lv qrw d phdvxuh ri sulydwh

lqfhqwlyhv wr hqjdjh lq U)G +zklfk duh ghwhuplqhg dffruglqj wr htxdwlrq +617,,1 Ixuwkhupruh/ wkh

deryh frqfoxvlrq frqfhuqlqj vrfldo udwhv ri uhwxuq rqo| krogv iru wkh vdph ydoxhv ri �� dqg !�= lq

htxloleulxp/ qrq0iurqwlhu frxqwulhv pd| olh ehklqg wkh whfkqrorjlfdo iurqwlhu suhflvho| ehfdxvh wkh|

kdyh orz ydoxhv ri �� dqg !�1

Lq vwhdg|0vwdwh htxloleulxp/ zklfkhyhu frxqwu| kdv wkh kljkhu ydoxh ri �� aK
-
� zloo ehfrph wkh whfk0

qrorjlfdo iurqwlhu1 Frpelqlqj htxdwlrqv +619, dqg +61:,/ wkh hyroxwlrq ri WIS lq doo rwkhu frxqwulhv

l uhodwlyh wr wkh iurqwlhu lv jryhuqhg e| wkh gl�huhqfh htxdwlrq/
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zkhuh �D2| @ D26E8 �|@D26E��|/ wkh gl�huhqfh rshudwru 7 ghqrwhv wkh fkdqjh ehwzhhq jhqhudwlrqv

w�4 dqg w/ dqg zkhuh/ wr vlpsoli| qrwdwlrq/ zh vxssuhvv wkh lpsolflw ghshqghqfh rq p+l,1 Zh gh�qh

vwhdg|0vwdwh uhodwlyh WIS lq frxqwu| l dv wkh ydoxh iru uhodwlyh WIS vxfk wkdw h{shfwhg WIS jurzwk

lq frxqwu| l htxdov wkdw lq wkh iurqwlhu1 Dw wklv ydoxh iru uhodwlyh WIS/ wkh frxqwu| lv dq htxloleulxp

glvwdqfh ehklqg wkh iurqwlhu vxfk wkdw h{shfwhg WIS jurzwk iurp lqqrydwlrq dqg whfkqrorj| wudqvihu

h{dfwo| htxdov h{shfwhg WIS jurzwk lq wkh iurqwlhu iurp lqqrydwlrq dorqh1 Iurp htxdwlrq +61;,/ wkh

vwhdg|0vwdwh ohyho ri uhodwlyh WIS lq d qrq0iurqwlhu frxqwu| l lv jlyhq e|/
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Vwhdg|0vwdwh uhodwlyh WIS ghshqgv rq lqvwlwxwlrqv dqg jryhuqphqw srolf| zklfk d�hfw wkh surgxf0

wlylw| ri uhvhdufk +��/ �8 ,/ wkh ghwhuplqdqwv ri htxloleulxp uhvhdufk hpsor|phqw + aK-
� /

aK-
8 ,/ wkh vl}h

ri lqqrydwlrqv lq wkh iurqwlhu +�,/ dqg wkh vshhg ri dxwrqrprxv dqg devruswlyh fdsdflw|0lqgxfhg

whfkqrorj| wudqvihu +�� dqg !�,1

#� $��� "���� %

�	 &��

�	

Wklv vhfwlrq h{whqgv wkh dqdo|vlv wr lqfrusrudwh pxowlsoh �qdo jrrgv vhfwruv lqgh{hg e| m 5 i4> ===> Mj1

Wkh olihwlph xwlolw| ri d uhsuhvhqwdwlyh frqvxphu0zrunhu lq jhqhudwlrq w ri frxqwu| l lv dvvxphg wr

ghshqg rq d vhfrqg0shulrg frqvxpswlrq lqgh{ +F�2|, gh�qhg ryhu frqvxpswlrq ri wkh M �qdo jrrgv1

Iru vlpsolflw|/ zh frqvlghu wkh fdvh zkhuh wkh rxwsxwv ri hdfk vhfwru duh shuihfw vxevwlwxwhv/ dqg

olihwlph xwlolw| wdnhv wkh irup/2H

X�| @ F�2| @
a[
�'�

f�2�| +714,

Xqlwv ri hdfk �qdo jrrg duh krprjhqhrxv/ dqg zh dvvxph wkdw doo �qdo jrrgv duh wudghdeoh dfurvv

frxqwulhv dw }hur wudqvsruw frvw1 Iurp wkh uhsuhvhqwdwlyh frqvxphu*v frqvwudlqhg pd{lpl}dwlrq

sureohp/

s�2�| @
4

��
> ; l> m +715,

zkhuh �� lv wkh pdujlqdo xwlolw| ri lqfrph1 Suhihuhqfhv duh lghqwlfdo lq doo frxqwulhv dqg xwlolw| lv

olqhdu lq wkh frqvxpswlrq ri hdfk jrrg1 Wkh pdujlqdo xwlolw| ri lqfrph lv wkxv wkh vdph lq doo

frxqwulhv/ dqg zh fkrrvh wklv iru wkh qxphudluh/ vr wkdw s�2�| @ 4 iru doo l dqg m1 Wkh surgxfwlrq

whfkqrorj| lv gluhfwo| dqdorjrxv wr htxdwlrq +515,1 Hdfk �qdo jrrgv vhfwru m kdv lwv rzq lqwhuphgldwh

vhfwru1 Ilqdo jrrgv rxwsxw lv surgxfhg xvlqj lqwhuphgldwh lqsxwv dqg fdslwdo/

|�2�| @ D�2�|={
k
�2�|n

�3k
�2�| > 3 ? � ? 4 +716,

Fdslwdo lv xvhg vroho| lq wkh surgxfwlrq ri �qdo jrrgv/ exw lv shuihfwo| preloh dfurvv doo vhfwruv m1
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Dw wkh ehjlqqlqj ri shulrg 4/ zrunhuv lqkhulw vwrfnv ri nqrzohgjh lq hdfk vhfwru iurp wkh suhylrxv

jhqhudwlrq/ dqg ghflgh zkhwkhu wr hqjdjh lq uhvhdufk ru lqwhuphgldwh lqsxw surgxfwlrq lq d vhfwru m1

Zh ghqrwh wkh qxpehu ri lqglylgxdov hqwhulqj hlwkhu uhvhdufk ru lqwhuphgldwh surgxfwlrq lq vhfwru m

e| K��| @ K-
��|.K�

��|1 Jhqhudo htxloleulxp uhtxluhv wkdw wkh iroorzlqj frqglwlrqv duh vdwlv�hg1 Iluvw/

lq dq htxloleulxp zlwk srvlwlyh uhvhdufk/ zh uhtxluh wkdw wkh K��| djhqwv lq vhfwru m duh lqgl�huhqw

ehwzhhq uhvhdufk dqg lqwhuphgldwh surgxfwlrq1 Wklv qr0duelwudjh frqglwlrq wdnhv h{dfwo| wkh vdph

irup dv ehiruh/
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��|, +717,

zkhuh wkh surgxfwlylw| ri uhvhdufk +�, lv doorzhg wr ydu| erwk dfurvv vhfwruv zlwklq d frxqwu| dqg

dfurvv frxqwulhv1 Iru dq| jlyhq wrwdo doorfdwlrq ri oderxu wr vhfwru m +K��|,/ wklv htxdwlrq ghwhuplqhv

htxloleulxp uhvhdufk hpsor|phqw +dqg khqfh htxloleulxp hpsor|phqw lq lqwhuphgldwh surgxfwlrq,1

Vhfrqg/ zrunhuv pxvw eh lqgl�huhqw ehwzhhq surgxflqj lqwhuphgldwh lqsxwv lq vhfwru m dqg doo rwkhu

vhfwruv o 9@ m/

z�2�| @ z�2,|> ;m> o +718,

zkhuh wkh shulrg 5 zdjh lv ghwhuplqhg h{dfwo| dv ehiruh/
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+719,

dqg zh qrz doorz wkh vshhg ri dxwrqrprxv whfkqrorj| wudqvihu +�, wr ydu| dfurvv erwk frxqwulhv

dqg lqgxvwulhv1 Wklug/ zh uhtxluh wkdw wkh uhqwdo udwh iru fdslwdo lv wkh vdph lq vhfwru m dqg doo rwkhu

vhfwruv o 9@ m/

au�2�| @ au�2,| ;m> o +71:,

zkhuh/ zlwk d shuihfwo| frpshwlwlyh �qdo jrrgv vhfwru/ wkh htxloleulxp uhqwdo udwh iru fdslwdo htxdov

lwv +frpprq, ydoxh pdujlqdo surgxfw +YPS, lq hdfk vhfwru m1 Irxuwk/ wkh pdunhwv iru oderxu dqg

fdslwdo pxvw fohdu/
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aK��| @ K� +71;,

a[
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an�2�| @ N� +71<,

Wdnlqj htxdwlrqv +717,/ +718,/ dqg +71:, iru hdfk vhfwru m/ dqg frpelqlqj wkhp zlwk wkh pdu0

nhw fohdulqj frqglwlrqv +71;, dqg +71<,/ zh rewdlq d v|vwhp ri 6M . 5 htxdwlrqv lq 6M xqnqrzqv

i aK��|> aK
-
��|>

an�2�|j1 Jlyhq wkh lqkhulwhg vwrfnv ri nqrzohgjh dfurvv vhfwruv lq hdfk frxqwu| l/ zh pd|

vroyh iru htxloleulxp uhvhdufk hpsor|phqw lq vhfwru m/ wkh wrwdo qxpehu ri zrunhuv hqjdjhg lq hlwkhu

uhvhdufk ru lqwhuphgldwh surgxfwlrq lq vhfwru m/ dqg wkh htxloleulxp hpsor|phqw ri fdslwdo lq vhfwru

m1 Lw zrxog eh vwudljkwiruzdug wr vlpxodwh wkh prgho iru vshfl�f sdudphwhu ydoxhv1 Wkh htxdwlrq iru

WIS jurzwk lq vhfwru m ri frxqwu| l lv gluhfwo| dqdorjrxv wr wkdw deryh/
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+7143,

Djdlq khuh zh kdyh dq htxdwlrq iru WIS jurzwk wkdw lqfoxghv d whup lq wkh ohyho ri U)G dfwlylw|

+Whup 4/ wkh gluhfw U)G h�hfw,/ d whup lq glvwdqfh iurp wkh iurqwlhu fdswxulqj whfkqrorj| wudqvihu

wkdw rffxuv lqghshqghqwo| ri U)G dfwlylw| +Whup 5/ dxwrqrprxv whfkqrorjlfdo fdwfkxs,/ dqg dq

lqwhudfwlrq whup ehwzhhq U)G dqg glvwdqfh iurp wkh iurqwlhu wkdw fdswxuhv U)G*v uroh lq surprwlqj

devruswlyh fdsdflw| +Whup 6/ devruswlyh fdsdflw|,1

'� (�������� (�������

Wkh h{suhvvlrq iru lqgxvwu|0ohyho WIS jurzwk lq htxdwlrq +7143, wdnhv wkh vdph irup dv wkh uhgxfhg0

irup hfrqrphwulf htxdwlrqv hvwlpdwhg lq Fdphurq +4<<9,/ Fdphurq/ Surxgpdq/ dqg Uhgglqj +4<<;,/

dqg Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq +5333,1 Wkh jhqhudo htxloleulxp prgho ri hqgrjhqrxv lq0

qrydwlrq dqg jurzwk ri suhylrxv vhfwlrqv surylghv plfurhfrqrplf irxqgdwlrqv iru wklv uhgxfhg0irup

htxdwlrq1 Wkh hvwlpdwhg frh�flhqwv fdq eh gluhfwo| uhodwhg wr wkh vwuxfwxudo sdudphwhuv ri wkh
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prgho1 Wkh wkhru| kdv fohdu suhglfwlrqv wkdw duh hpslulfdoo| idovl�deoh1 Lq sduwlfxodu/ d uroh iru

U)G lq surprwlqj devruswlyh fdsdflw| lpsolhv d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw frh�flhqw rq

wkh U)G lqwhudfwlrq whup +!����� A 3,1

Wdeoh 4 vxppdul}hv wkh hpslulfdo uhvxowv lq Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq +5333, iurp

hvwlpdwlqj wkh uhodwlrqvkls lq htxdwlrq +7143, xvlqj lqgxvwu|0ohyho gdwd iurp 45 RHFG frxqwulhv

vlqfh 4<:71 Wkh h{dfw htxdwlrq hvwlpdwhg lv/
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+814,

Dv lv frqyhqwlrqdo lq wkh plfurhfrqrphwulf olwhudwxuh/ U)G dfwlylw| lv phdvxuhg e| wkh udwlr ri U)G

h{shqglwxuh wr ydoxh0dgghg +U@\ ,1 WIS jurzwk dqg WIS uhodwlyh wr wkh iurqwlhu duh phdvxuhg zlwk

vxshuodwlyh lqgh{ qxpehuv12b Wkh WIS phdvxuhv xvhg frqwuro iru furvv0frxqwu| gl�huhqfhv lq krxuv

zrunhg dqg iru frxqwu|0lqgxvwu| yduldwlrq lq oderxu txdolw| xvlqj gdwd rq hpsor|phqw dqg zdjh eloo

vkduhv ri qrq0surgxfwlrq zrunhuv1�f Wkh vshfl�fdwlrq lq htxdwlrq +814, lqfoxghv d ixoo vhw ri |hdu

gxpplhv +W|, wr frqwuro iru frpprq pdfurhfrqrplf vkrfnv1 Hvwlpdwlrq lv e| zlwklq jurxsv/ dqg

wkh sdudphwhuv ri lqwhuhvw duh wkhuhiruh lghqwl�hg xvlqj ghyldwlrqv iurp frxqwu|0lqgxvwu| phdqv1

Wkh suhvhqfh ri wkh frxqwu|0lqgxvwu| �{hg h�hfw +���, frqwurov iru xqrevhuyhg khwhurjhqhlw| lq

wkh ghwhuplqdqwv ri WIS jurzwk/ zklfk lv doorzhg wr eh fruuhodwhg zlwk wkh h{sodqdwru| yduldeohv1

Wkh frxqwu|0lqgxvwu| �{hg h�hfw dqg frpprq vorsh frh�flhqwv lq +814, dovr sodfh pruh vwuxfwxuh rq

wkh zd| lq zklfk wkh sdudphwhuv ���/ ��� / dqg !����� ydu| dfurvv frxqwulhv dqg lqgxvwulhv uhodwlyh wr

htxdwlrq +7143,1 Lq wkh glvfxvvlrq ri wkh wkhruhwlfdo prgho/ yduldwlrq lq wkhvh sdudphwhuv zdv olqnhg

wr furvv0frxqwu| gl�huhqfhv lq jryhuqphqw srolf| dqg lqvwlwxwlrqv1 Wkhvh duh vorz wr fkdqjh ryhu wlph

dqg/ xqghu dq dssursuldwh sdudphwhu qrupdol}dwlrq/ fdq eh fdswxuhg lq wkh �{hg h�hfw1�� Wkh frhi0

�flhqw rq U)G ydulhv dfurvv frxqwu|0lqgxvwulhv lq +814,/ exw lq d v|vwhpdwlf zd| uhodwhg wr glvwdqfh
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iurp wkh whfkqrorjlfdo iurqwlhu +���|3� � � . �2 oq+D8@D�,�|3�,1 Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq

+5333, dovr h{shulphqw zlwk doorzlqj pruh jhqhudo irupv ri sdudphwhu khwhurjhqhlw|/ dqg frpsduh

wkh uhvxowv zlwk wkrvh iurp hvwlpdwlqj +814,1 [ ghqrwhv d yhfwru ri srwhqwldo frqwuro yduldeohv/

wkrxjkw wr eh lpsruwdqw ghwhuplqdqwv ri WIS jurzwk lq dgglwlrq wr U)G1 Wkh pdlq frqwuro ydul0

deohv frqvlghuhg duh kxpdq fdslwdo +iroorzlqj wkh frxqwu|0ohyho zrun ri Ehqkdele dqg Vslhjho +4<<7,,

dqg +lq vrph vshfl�fdwlrqv, lqwhuqdwlrqdo wudgh +iroorzlqj wkh frxqwu|0ohyho olwhudwxuh rq wudgh dqg

jurzwk,1 Ilqdoo|/ wkh whup lq frqwhpsrudqhrxv WIS jurzwk lq wkh iurqwlhu +7 oqD8 , doorzv iru d

pruh jhqhudo hfrqrphwulf uhodwlrqvkls ehwzhhq WIS lq qrq0iurqwlhu dqg iurqwlhu frxqwulhv1�2

Froxpq +4, vxppdul}hv wkh uhvxowv ri hvwlpdwlqj wkh edvlf U)G vshfl�fdwlrq xvlqj zlwklq jurxsv

+vhh Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq +5333, iru ixuwkhu ghwdlov,1 Wkh hvwlpdwhg ydoxhv ri doo

frh�flhqwv wdnh wkh vdph vljq dv h{shfwhg iurp wkh wkhru| dqg doo duh vwdwlvwlfdoo| vljql�fdqw dw wkh

8( ohyho1 Wkh hvwlpdwhg frh�flhqw rq wkh U)G ohyho whup fdq eh lqwhusuhwhg dv wkh vrfldo udwh ri

uhwxuq wr U)G lq wkh iurqwlhu +D� @ D8 ,/ dqg lv eurdgo| frqvlvwhqw zlwk h{lvwlqj hpslulfdo hvwlpdwhv

+vhh/ iru h{dpsoh/ Mrqhv dqg Zlooldpv +4<<;,,1 Wkh srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw frh�flhqw rq

wkh U)G lqwhudfwlrq vxjjhvwv dq lpsruwdqw uroh iru U)G lq surprwlqj devruswlyh fdsdflw|1 Lq vr idu

dv pdq| h{lvwlqj hpslulfdo vwxglhv ri U)G dqg surgxfwlylw| irfxv rq wkh XV +w|slfdoo| wkh iurqwlhu lq

rxu gdwd,/ wkh| zloo xqghuhvwlpdwh wkh vrfldo udwh ri uhwxuq wr U)G lq qrq0iurqwlhu frxqwulhv/ zkhuh

U)G dovr surprwhv surgxfwlylw| jurzwk wkurxjk wkh dvvlplodwlrq ri whfkqrorjlhv iurp pruh dgydqfhg

frxqwulhv1 Wkh srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw frh�flhqw rq wkh uhodwlyh WIS whup vxjjhvwv d

uroh iru dxwrqrprxv whfkqrorj| wudqvihu lqghshqghqw ri U)G dfwlylw|1 Froxpq +5, hvwdeolvkhv wkh

urexvwqhvv ri wkhvh uhvxowv wr wuhdwlqj uhodwlyh WIS dw w � 4 dv hqgrjhqrxv dqg lqvwuxphqwlqj zlwk

odjjhg ydoxhv ri wkh h{sodqdwru| yduldeohv1 Wkh Vdujdq whvw vwdwlvwlf lpsolhv wkdw zh duh xqdeoh wr

uhmhfw wkh qxoo k|srwkhvlv ri wkh ruwkrjrqdolw| ri wkh uhvlgxdov dqg wkh h{foxghg h{rjhqrxv yduldeohv

dw wkh 8( ohyho1 Wkh lqvwuxphqwv duh kljko| vwdwlvwlfdoo| vljql�fdqw lq wkh �uvw0vwdjh uhjuhvvlrq1

Frqglwlrqdo rq wkh fryduldwhv/ zh �qg qr hylghqfh ri vhuldo fruuhodwlrq lq wkh uhvlgxdov/ dv lv uhtxluhg

iru odjjhg ydoxhv ri wkh h{sodqdwru| yduldeohv wr eh ydolg lqvwuxphqwv1

�2
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Wdeoh 4= WIS jurzwk/ U)G/ dqg Devruswlyh Fdsdflw|

�WIS��| +4, +5, +6, +7,

Hvwlpdwlrq Zlwklq LY Zlwklq LY

Jurxsv Jurxsv

U@\��|3� � 31766 316;5 3175: 316;6

314:< 314;< 314;; 314;6

�WIS8�| � 31457 31463 31454 3145;

31363 31364 31363 31364

UWIS��|3� �� 3139; 313:5 31357 31367

31349 31353 31354 31358

+UWIS �U@\ ,��|3� �2 4133 41678 31;48 4147

31677 316<; 3167; 31737

K�|3� �� 0 31558 3156:

31457 31457

+UWIS �K,��|3� �2 0 3178< 031765

31469 314:9

\hdu gxpplhv |hv |hv |hv |hv

Frxqwu|0lqgxvwu| |hv |hv |hv |hv

�{hg h�hfw

Vhuldo Fruuhodwlrq 314;8 31<9< 3164; 41393

Vdujdq +s0ydoxh, 0 313:5 0 313;9

Qrwhv= wklv wdeoh vxppdul}hv hpslulfdo uhvxowv iurp Jul�wk/ Uhgglqj/ dqg Ydq Uhhqhq +5333,> vdp0

soh frqwdlqv 4;34 revhuydwlrqv iurp 4<:704<<3> qxpehuv lq lwdolfv frh�flhqwv duh urexvw vwdqgdug huuruv>

doo uhjuhvvlrqv lqfoxgh ixoo vhw ri wlph gxpplhv dqg ixoo vhw ri frxqwu|0lqgxvwu| lqwhudfwlrqv +l1h1 zlwklq

jurxsv hvwlpdwru,> revhuydwlrqv duh zhljkwhg xvlqj lqgxvwu| vkduhv ri wrwdo pdqxidfwxulqj hpsor|phqw lq

4<:3> �WIS lv orjdulwkplf jurzwk lq WIS lq frxqwu| l> UWIS lv uhodwlyh ohyho ri WIS gh�qhg dv oq+WIS

lq iurqwlhu, plqxv oq+WIS lq frxqwu| l,> U2\ lv U)G lqwhqvlw|> K lv kxpdq fdslwdo> vhuldo fruuhodwlrq lv OP

whvw iru �uvw rughu vhuldo fruuhodwlrq/ glvwulexwhg Q+3/4, xqghu qxoo> Vdujdq lv whvw iru ydolglw| ri ryhulghqwl0

i|lqj uhvwulfwlrqv> WIS phdvxuh lv dgmxvwhg iru frxqwu|0lqgxvwu| gl�huhqfhv lq wkh vnloo frpsrvlwlrq ri wkh

zrunirufh dqg iru furvv0frxqwu| gl�huhqfhv lq krxuv zrunhg> h{rjhqrxv yduldeohv lqfoxghg lq froxpq +5, duh

�WIS8�|> UWIS��|32>UWIS��|3�> U@\��|3�> +UWIS��|32�U@\��|3�,> +UWIS��|3��U@\��|3�,> soxv lq

froxpq +7, K��|3�> +UWIS��|32 �K��|3�,> +UWIS��|3� �K��|3�,1

Froxpqv +6, dqg +7, vxppdul}h wkh uhvxowv ri d urexvwqhvv whvw/ lqfoxglqj lqirupdwlrq rq hgx0

fdwlrqdo dwwdlqphqw iurp Eduur dqg Ohh +4<<7, dv d frqwuro yduldeoh1 Wkh kxpdq fdslwdo phdvxuh lv

gh�qhg dv wkh shufhqwdjh ri wkh srsxodwlrq zkr kdyh dwwdlqhg kljkhu hgxfdwlrq +vhh Jul�wk/ Uhg0

glqj/ dqg Ydq Uhhqhq +5333, iru ixuwkhu ghwdlov,1 Erwk wkh U)G dqg wkh kxpdq fdslwdo ohyho whupv
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duh srvlwlyho| vljqhg dqg vwdwlvwlfdoo| vljql�fdqw dw wkh 8( ohyho/ dv duh wkh U)G dqg kxpdq fdslwdo

lqwhudfwlrq whupv1 Wklv vxjjhvwv dq lpsruwdqw uroh iru erwk U)G dqg kxpdq fdslwdo lq surprwlqj

devruswlyh fdsdflw|1 Wkh hvwlpdwhg frh�flhqw rq wkh uhodwlyh WIS whup lv qr orqjhu vwdwlvwlfdoo|

vljql�fdqw dw wkh 8( ohyho/ vxjjhvwlqj wkdw kxpdq fdslwdo/ U)G/ dqg shupdqhqw idfwruv fdswxuhg lq

wkh frxqwu|0lqgxvwu| �{hg h�hfw ixoo| ghwhuplqh d frxqwu|*v delolw| wr dvvlplodwh whfkqrorjlhv iurp

pruh dgydqfhg frxqwulhv1 Wkhvh uhvxowv duh frq�uphg lq Froxpq +7,/ zkhuh zh wuhdw uhodwlyh WIS

dw w� 4 dv hqgrjhqrxv dqg lqvwuxphqw zlwk odjjhg ydoxhv ri wkh h{sodqdwru| yduldeohv1 Wkh Vdujdq

whvw vwdwlvwlf djdlq lpsolhv wkdw zh duh xqdeoh wr uhmhfw wkh qxoo k|srwkhvlv ri wkh ruwkrjrqdolw| ri

wkh uhvlgxdov dqg wkh h{foxghg h{rjhqrxv yduldeohv dw wkh 8( ohyho1 Wkh lqvwuxphqwv duh kljko|

vwdwlvwlfdoo| vljql�fdqw lq wkh �uvw0vwdjh uhjuhvvlrq1 Frqglwlrqdo rq wkh fryduldwhv/ zh djdlq �qg qr

hylghqfh ri vhuldo fruuhodwlrq lq wkh uhvlgxdov1

Wkh hpslulfdo uhvxowv iurp hvwlpdwlqj wkh uhgxfhg0irup htxdwlrq +814, surylgh gluhfw vxssruw

iru wkh suhglfwlrqv ri wkh wkhruhwlfdo prgho1 Wklv uhgxfhg0irup htxdwlrq kdv d fohdu plfurhfrqrplf

irxqgdwlrq lq d vwuxfwxudo Vfkxpshwhuldq prgho ri hqgrjhqrxv lqqrydwlrq dqg jurzwk1 Wkh hpslulfdo

�qglqj wkdw U)G surprwhv devruswlyh fdsdflw| �qgv lqghshqghqw vxssruw lq wkh �up0ohyho uhvxowv

xvlqj sdwhqwv dqg sur�wdelolw| lq Md�h +4<;9, dqg lq wkh frxqwu|0ohyho uhvxowv xvlqj d frpsxwdeoh

jhqhudo htxloleulxp prgho lq Hdwrq hw do1 +4<<;,1

)� �
����	�
�	

Wkh sdshu kdv suhvhqwhg d vlqjoh xql�hg prgho wkdw lqwhjudwhv wkh wkhruhwlfdo olwhudwxuh rq Vfkxp0

shwhuldq hqgrjhqrxv jurzwk/ wkh plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxfwlylw|/ dqg wkh

hpslulfdo olwhudwxuh rq surgxfwlylw| frqyhujhqfh1 Vwduwlqj iurp d vwuxfwxudo prgho ri hqgrjhqrxv

lqqrydwlrq dqg jurzwk iroorzlqj Djklrq dqg Krzlww +4<<5/ 4<<;,/ zh surylgh plfurhfrqrplf irxq0

gdwlrqv iru d uhgxfhg0irup htxdwlrq iru udwhv ri Wrwdo Idfwru Surgxfwlylw| +WIS, jurzwk zklfk kdv

ehhq hvwlpdwhg hpslulfdoo| dw wkh lqgxvwu|0ohyho1 Wkh prgho kdv fohdu wkhruhwlfdo suhglfwlrqv zklfk

duh hpslulfdoo| idovl�deoh/ dqg wkh ydoxhv ri wkh hvwlpdwhg frh�flhqwv lq wkh uhgxfhg0irup htxdwlrq

fdq eh gluhfwo| uhodwhg wr wkh vwuxfwxudo sdudphwhuv ri wkh prgho1

Hpslulfdo uhvxowv zhuh suhvhqwhg lq vxssruw ri wklv hfrqrphwulf vshfl�fdwlrq1 U)G zdv irxqg
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wr sod| dq lpsruwdqw uroh lq surprwlqj wkh devruswlrq ru lplwdwlrq ri glvfryhulhv iurp pruh whfkqr0

orjlfdo dgydqfhg frxqwulhv/ d uroh zklfk kdv ehhq whuphg wkh cvhfrqg idfh ri U)G*1 Wkhvh hpslulfdo

uhvxowv duh urexvw dfurvv d zlgh udqjh ri gl�huhqw hfrqrphwulf vshfl�fdwlrqv/ iru d qxpehu ri gli0

ihuhqw phdvxuhv ri WIS/ dqg diwhu lqfoxglqj d qxpehu ri gl�huhqw frqwuro yduldeohv1 Wkh h{lvwlqj

plfurhfrqrphwulf olwhudwxuh rq U)G dqg surgxfwlylw| xqghuhvwlpdwhv wkh vrfldo udwh ri uhwxuq wr

U)G lq qrq0iurqwlhu frxqwulhv/ lq vr idu dv h{foxghv wkh vhfrqg idfh ri U)G1 Wkh prgho vkhgv oljkw

rq wkh ghwhuplqdqwv ri orqj0uxq surgxfwlylw| jurzwk dqg orqj0uxq ohyhov ri uhodwlyh surgxfwlylw| dw

wkh lqgxvwu|0ohyho1 Wkh dqdo|vlv wkxv frqwulexwhv wr wkh rqjrlqj srolf| ghedwh frqfhuqlqj wkh vrfldo

uhwxuq wr U)G dqg h{sodqdwlrqv iru furvv0frxqwu| gl�huhqfhv lq surgxfwlylw| ohyhov1

���������	

Deudprylw}/ P +4<;9, cFdwfklqj Xs/ Irujlqj Dkhdg/ dqg Idoolqj Ehklqg*/ Mrxuqdo ri Hfrqrplf

Klvwru|/ 6;807391

Dfhprjox/ G dqg ]loolerwwl/ I +5333, cSurgxfwlylw| Gl�huhqfhv*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/

iruwkfrplqj1

Djklrq/ S dqg Krzlww/ S +4<<5, cD Prgho ri Jurzwk Wkurxjk Fuhdwlyh Ghvwuxfwlrq*/ Hfrqrphwulfd/

Pdufk/ 6560841

Djklrq/ S dqg Krzlww/ S +4<<9, cUhvhdufk dqg Ghyhorsphqw lq wkh Jurzwk Surfhvv*/ Mrxuqdo ri

Hfrqrplf Jurzwk/ 4/ 7<0:61

Djklrq/ S dqg Krzlww/ S +4<<;, Hqgrjhqrxv Jurzwk Wkhru|/ PLW Suhvv1

Dun/ E Ydq dqg Slodw/ G +4<<6, cSurgxfwlylw| Ohyhov lq Jhupdq|/ Mdsdq/ dqg wkh Xqlwhg Vwdwhv=

Gl�huhqfhv dqg Fdxvhv*/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfrqrplfv/ 5/ 407;1

Duurz/ N +4<9<, cFodvvl�fdwru| Qrwhv rq wkh Surgxfwlrq dqg Wudqvplvvlrq ri Whfkqrorjlfdo Nqrzo0

hgjh*/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ 8<+5,/ 5<0681

Eduur/ U dqg Ohh/ M +4<<7, cVrxufhv ri Hfrqrplf Jurzwk/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq

Sxeolf Srolf|/ 73/ 40791

Eduur/ U dqg Vdod0l0Pduwlq/ [ +4<<8, Hfrqrplf Jurzwk/ PfJudz0Kloo1

Eduur/ U dqg Vdod0l0Pduwlq/ [ +4<<:, cWhfkqrorjlfdo Gl�xvlrq/ Frqyhujhqfh/ dqg Jurzwk*/ Mrxuqdo

ri Hfrqrplf Jurzwk/ 5+4,/ 4091

Ehqkdele/ M dqg Vslhjho/ P +4<<7, cWkh uroh ri kxpdq fdslwdo lq hfrqrplf ghyhorsphqw= hylghqfh

iurp djjuhjdwh furvv0frxqwu| gdwd*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro 67/ sdjhv 4760:61

Ehuqdug/ D dqg Mrqhv/ F +4<<9d, cSurgxfwlylw| dfurvv lqgxvwulhv dqg frxqwulhv= wlph vhulhv wkhru|

dqg hylghqfh*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro :;/ qr 4/ sdjhv 4680791

Ehuqdug/ D dqg Mrqhv/ F +4<<9e, cFrpsdulqj dssohv wr rudqjhv= surgxfwlylw| frqyhujhqfh dqg
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phdvxuhphqw dfurvv lqgxvwulhv dqg frxqwulhv*/ Dphulfdq Hfrqrplf Uhylhz/ Ghfhpehu/ sdjhv 4/5490

6;1

Fdehoohur/ U dqg Md�h/ D +4<<6, cKrz Kljk duh wkh Jldqw*v Vkrxoghuv= Dq Hpslulfdo Dvvhvvphqw ri

Nqrzohgjh Vslooryhuv dqg Fuhdwlyh Ghvwuxfwlrq lq d Prgho ri Hfrqrplf Jurzwk*/ QEHU Pdfurhfr0

qrplfv Dqqxdo/ 480:71

Fdphurq/ J +4<<9, cFdwfkxs dqg Ohdsiurj ehwzhhq wkh XVD dqg Mdsdq*/ Fkdswhu 8 ri G1 Sklo1

Wkhvlv/ Qx�hog Froohjh/ Xqlyhuvlw| ri R{irug1

Fdphurq/ J/ Surxgpdq/ M dqg Uhgglqj/ V +4<<;, cSurgxfwlylw| Frqyhujhqfh dqg Lqwhuqdwlrqdo

Rshqqhvv*/ Fkdswhu 9 lq +hgv, Surxgpdq/ M dqg Uhgglqj/ V/ Rshqqhvv dqg Jurzwk/ Edqn ri Hqjodqg=

Orqgrq1

Fdyhv/ G/ Fkulvwhqvhq/ O/ dqg Glhzhuw/ H +4<;5d, cWkh hfrqrplf wkhru| ri lqgh{ qxpehuv dqg wkh

phdvxuhphqw ri lqsxw/ rxwsxw dqg surgxfwlylw|*/ Hfrqrphwulfd/ 83/ 9/ 46<6047471

Fdyhv/ G/ Fkulvwhqvhq/ O/ dqg Glhzhuw/ H +4<;5e, cPxowlodwhudo Frpsdulvrqv ri Rxwsxw/ Lqsxw/ dqg

Surgxfwlylw| Xvlqj Vxshuodwlyh Lqgh{ Qxpehuv*/ Hfrqrplf Mrxuqdo/ <5/ :60;91

Frh/ G dqg Khospdq/ H +4<<8, cLqwhuqdwlrqdo U)G Vslooryhuv*/ Hxurshdq Hfrqrplf Uhylhz/ 6<+8,/

;8<0;:1

Frkhq/ Z dqg Ohylqwkdo/ G +4<;<, cLqqrydwlrq dqg Ohduqlqj= Wzr Idfhv ri U)G*/ Hfrqrplf Mrxuqdo/

yro <</ sdjhv 89<0<91

Gdylg/ S +4<<5, cNqrzohgjh/ Surshuw|/ dqg wkh V|vwhp G|qdplfv ri Whfkqrorjlfdo Fkdqjh*/ Sur0

fhhglqjv ri wkh Zruog Edqn Dqqxdo Frqihuhqfh rq Ghyhorsphqw Hfrqrplfv/ 54807;1

Glqrsrxorv/ H dqg Wkrpsvrq/ S +4<<<, cVfkxpshwhuldq Jurzwk Zlwkrxw Vfdoh H�hfwv*/ Mrxuqdo ri

Hfrqrplf Jurzwk/ 6/ 6460681

Groodu/ G dqgZro�/ H +4<<7, cFdslwdo Lqwhqvlw| dqg WIS Frqyhujhqfh e| Lqgxvwu| lq Pdqxidfwxulqj/

4<960;8*/ lq +hgv, Edxpro/ Z/ Qhovrq/ U/ dqg Zro�/ H/ Frqyhujhqfh ri Surgxfwlylw|= Furvv0Qdwlrqdo

Vwxglhv dqg Klvwrulfdo Hylghqfh/ R{irug Xqlyhuvlw| Suhvv/ sdjhv 4<:05571

Grzulfn/ V +4<;<, cVhfwrudo Fkdqjh/ Fdwfklqj Xs dqg Vorzlqj Grzq= RHFG Srvw0Zdu Hfrqrplf

Jurzwk Uhylvlwhg*/ Hfrqrplfv Ohwwhuv/ 64/ 664081

Grzulfn/ V dqg Qjx|hq/ G +4<;<, cRHFG Frpsdudwlyh Hfrqrplf Jurzwk 4<830;8= Fdwfkxs dqg

Frqyhujhqfh*/ Dphulfdq Hfrqrplf Uhylhz/ :<+8,/ 43430631

Hdwrq/ M/ Jxwlhuuh}/ H/ dqg Nruwxp/ V +4<<;, cHxurshdq Whfkqrorj| Srolf|*/ Hfrqrplf Srolf|/ 5:/

73606;1

Hdwrq/ M dqg Nruwxp/ V +4<<<, cLqwhuqdwlrqdo Sdwhqwlqj dqg Whfkqrorj| Gl�xvlrq= Wkhru| dqg

Hylghqfh*/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 73+6,

Jul�wk/ U/ Uhgglqj/ V/ dqg Ydq Uhhqhq +5333, cPdsslqj wkh Wzr Idfhv ri U)G= Surgxfwlylw|

Jurzwk lq d Sdqho ri RHFG Lqgxvwulhv*/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk Glvfxvvlrq Sdshu/

578:1

Julolfkhv/ ] +4<;3, cUhwxuqv wr U)G h{shqglwxuhv lq wkh sulydwh vhfwru*/ lq +hgv, Nhqgulfn/ N dqg

Ydffdud/ E/ Qhz Ghyhorsphqwv lq Surgxfwlylw| Phdvxuhphqw/ Fklfdjr Xqlyhuvlw| Suhvv1
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Julolfkhv/ ] dqg Olfkwhqehuj/ I +4<;7d, cU)G dqg Surgxfwlylw| Jurzwk dw wkh Lqgxvwu| Ohyho= Lv

Wkhuh Vwloo d Uhodwlrqvkls*/ lq +hg, Julolfkhv/ ]/ U)G/ Sdwhqwv/ dqg Surgxfwlylw|/ QEHU dqg Fklfdjr

Xqlyhuvlw| Suhvv1

Julolfkhv dqg Olfkwhqehuj +4<;7e, cLqwhulqgxvwu| Whfkqrorj| Iorzv dqg Surgxfwlylw| Jurzwk= d

Uhh{dplqdwlrq*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 99+5,/ 6570<1

Julolfkhv/ ] +4<<5, cWkh Vhdufk iru U)G Vslooryhuv*/ Vfdqgdqdyldq Mrxuqdo ri Hfrqrplfv/ Vxssoh0

phqw/ V5<0V7:1

Jurvvpdq/ J dqg Khospdq/ H +4<<4d, cTxdolw| Odgghuv lq wkh Wkhru| ri Jurzwk*/ Uhylhz ri Hfr0

qrplf Vwxglhv/ 760941

Jurvvpdq/ J dqg Khospdq/ H +4<<4e, Lqqrydwlrq dqg Jurzwk lq wkh Joredo Hfrqrp|/ PLW Suhvv1

Kdoo/ U dqg Mrqhv/ F +4<<<, cIxqgdphqwdo Ghwhuplqdqwv ri Rxwsxw shu Zrunhu dfurvv Frxqwulhv*/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu|/ ;604491

Kdqvvrq dqg Khquhnvrq +4<<7, cFdwfklqj xs lq Lqgxvwuldol}hg Frxqwulhv= d Glvdjjuhjdwhg Vwxg|*/

Wkh Mrxuqdo ri Lqwhuqdwlrqdo Wudgh dqg Hfrqrplf Ghyhorsphqw/ 6+5,/ 45<0781

Kduuljdq/ M +4<<:, cWhfkqrorj|/ Idfwru Vxssolhv/ dqg Lqwhuqdwlrqdo Vshfldolvdwlrq*/ Dphulfdq Hfr0

qrplf Uhylhz/ yro ;:/ sdjhv 7:80<71

Kduuljdq/ M +4<<<, cHvwlpdwlrq ri Furvv0Frxqwu| Gl�huhqfhv lq Lqgxvwu| Surgxfwlrq Ixqfwlrqv*/

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 7:/ 59:0<61

Krzlww/ S +4<<<, cVwhdg| Hqgrjhqrxv Jurzwk zlwk Srsxodwlrq dqg U)G Lqsxwv Jurzlqj*/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ 43:+8,/ :480631

Krzlww/ S +5333, cHqgrjhqrxv Jurzwk dqg Furvv0frxqwu| Lqfrph Gl�huhqfhv*/ Dphulfdq Hfrqrplf

Uhylhz/ <3+7,/ ;5<0791

Krzlww/ S dqg Djklrq/ S +4<<;, cFdslwdo Dffxpxodwlrq dqg Lqqrydwlrq dv Frpsohphqwdu| Idfwruv

lq Orqj0uxq Jurzwk*/ Mrxuqdo ri Hfrqrplf Jurzwk/ 6+5,/ 4440631

Md�h/ D +4<;9, cWhfkqrorjlfdo Rssruwxqlw| dqg Vslooryhuv ri U)G= Hylghqfh iurp Ilupv* Sdwhqwv/

Sur�wv/ dqg Pdunhw Ydoxh*/ Dphulfdq Hfrqrplf Uhylhz/ <;7043341

Md�h/ D/ Wudmwhqehuj/ P/ dqg Khqghuvrq/ U +4<<6, cJhrjudsklf Orfdolvdwlrq ri Nqrzohgjh Vslooryhuv

dv Hylghqfhg e| Sdwhqw Flwdwlrqv*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw/ 8::0<;1

Mrqhv/ F +4<<8, cU)G0Edvhg Prghov ri Hfrqrplf Jurzwk*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436+7,/

:8<0;71

Mrqhv/ F dqg Zlooldpv/ M +4<<;, cPhdvxulqj wkh Vrfldo Uhwxuq wr U)G*/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ Qryhpehu/ 444<0681

Mrujhqvrq/ G dqg Nxurgd/ P +4<<3, cSurgxfwlylw| dqg lqwhuqdwlrqdo frpshwlwlyhqhvv lq Mdsdq dqg

wkh Xqlwhg Vwdwhv*/ lq +hg, Kxowhq/ F/ Surgxfwlylw| jurzwk lq Mdsdq dqg wkh Xqlwhg Vwdwhv/ Qdwlrqdo

Exuhdx ri Hfrqrplf Uhvhdufk/ Fdpeulgjh1

Nhoohu/ Z +4<<:, cDuh Lqwhuqdwlrqdo U)G Vslooryhuv Wudgh0uhodwhgB Dqdo|}lqj Vslooryhuv dprqj

Udqgrpo|0Pdwfkhg Wudgh Sduwqhuv*/ Hxurshdq Hfrqrplf Uhylhz/ 75+;,/ 479<0;41

Olfkwhqehuj/ I +4<<6, cU)G/ Lqyhvwphqw/ dqg Lqwhuqdwlrqdo Surgxfwlylw| Gl�huhqfhv*/ lq +hg, Jlhuvfk/

5;



K/ Hfrqrplf Jurzwk lq wkh Zruog Hfrqrp|/ M1 F1 E1 Prku/ Wxhelqjhq/ Jhupdq|/ ;<04431

Qhdu|/ S dqg Ohdk|/ G +4<<<, cDevruswlyh Fdsdflw|/ U)G Vslooryhuv dqg Sxeolf Srolf|*/ Xqlyhuvlw|

Froohjh Gxeolq/ plphr1

Prkqhq/ S +4<<9, cU)G H{whuqdwlowlhv dqg Surgxfwlylw| Jurzwk*/ Vflhqfh/ Whfkqrorj| dqg Lqqryd0

wlrq/ Qr14;/ 6<0991

Sduhqwh/ V dqg Suhvfrww/ H +4<<7, cEduulhuv wr Whfkqrorj| Dgrswlrq dqg Ghyhorsphqw*/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ 435+5,/ 5<;06541

Suhvfrww/ H +4<<;, cQhhghg= D Wkhru| ri Wrwdo Idfwru Surgxfwlylw|*/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/

6<+6,/ 8581

Txdk/ G +5333, cFurvv0Frxqwu| Jurzwk Frpsdulvrq= Wkhru| wr Hpslulfv*/ Fkdswhu 49/ +hg, Guh}h/ M/

Dgydqfhv lq Pdfurhfrqrplf Wkhru|= Surfhhglqjv ri wkh Wzhoiwk Zruog Frqjuhvv ri wkh Lqwhuqdwlrqdo

Hfrqrplf Dvvrfldwlrq/ Exhqrv Dluhv/ Yro1 4/ Pdfploodq1

Uhgglqj/ V +4<<<, cHqgrjhqrxv Lqqrydwlrq/ Sdwk Ghshqghqfh/ dqg Jurzwk*/ FHS Glvfxvvlrq Sdshu/

qr 7571

Urphu/ S +4<<3, cHqgrjhqrxv Whfkqrorjlfdo Fkdqjh*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;+8,/ V:404351

Urvhqehuj/ Q +4<;5, Lqvlgh wkh Eodfn Er{= Whfkqrorj| dqg Hfrqrplfv/ Fdpeulgjh Xqlyhuvlw| Suhvv=

Fdpeulgjh1

Vhjhuvwurp/ S +4<<4, cLqqrydwlrq/ Lplwdwlrq/ dqg Hfrqrplf Jurzwk*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/

<<+7,/ ;3:05:1

Vhjhuvwurp/ S +4<<;, cHqgrjhqrxv Jurzwk Zlwkrxw Vfdoh H�hfwv*/ Dphulfdq Hfrqrplf Uhylhz/

;;+8,/ 45<3046431

Whpsoh/ M dqg Mrkqvrq/ S +4<<;, cVrfldo Fdsdelolw| dqg Hfrqrplf Jurzwk*/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ Dxjxvw/ <980<31

\rxqj/ D +4<<6, cLqyhqwlrq dqg Erxqghg Ohduqlqj e| Grlqj*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 6/

7760:51

\rxqj/ D +4<<;, cJurzwk Zlwkrxw Vfdoh H�hfwv*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 740961

5<
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Figure 1: The Timing of Decisions 
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Figure 2: equilibrium research employment 
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