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Zh ghyhors d vlpsoh prgho iru vwxg|lqj wkh lpsdfw ri prqhwdu| dqg �vfdo srolflhv

rq djjuhjdwh ghpdqg/ dw wkh exvlqhvv f|foh iuhtxhqflhv1 Zh irfxv rq wzr txhvwlrqv

sulqflsdoo|1 Iluvw/ zkdw duh wkh nh| surshuwlhv ri wkh mrlqw rswlpdo vlpsoh uxohv jryhuqlqj

wkh frqgxfw ri wkh v|vwhpdwlf frpsrqhqwv ri prqhwdu| dqg �vfdo srolf|B Vhfrqg/ iroorzlqj

Eodqfkdug +4<;8, zh frqvwuxfw dq lqgh{ ri �vfdo vwdqfh wr glvhqwdqjoh wkh ch{shqglwxuh*

dqg zhdowk h�hfwv ri �vfdo srolf|1 Zh �qg wkdw xqghuslqqlqj wkh vr0fdoohg cWd|oru

sulqflsoh* lv d �vfdo srolf| pdnhu jlylqj ixoo irufh wr dxwrpdwlf vwdelol}huv1 Zh dovr �qg

wkdw wkh Pxqghooldq dvvljqphqw ri srolf| lqvwuxphqwv pd| kdyh dwwudfwlyh surshuwlhv1

MHO Fodvvl�fdwlrq= H54> H65> H85> H961

Nh|zrugv= Rswlpdo Vlpsoh Uxohv/ Prqhwdu| dqg Ilvfdo Srolf|/ Ilqlwh Olyhv



Rswlpdo Vlpsoh Uxohv iru wkh Frqgxfw ri Prqhwdu|

dqg Ilvfdo Srolf|

Mdjmlw V1 Fkdgkd4

Xqlyhuvlw| ri Fdpeulgjh

dqg

Fkduohv Qrodq5 6

Xqlyhuvlw| ri Gxukdp

41 Lqwurgxfwlrq

Prqhwdu| hfrqrplfv kdv uhfhqwo| uhylyhg lwv lqwhuhvw lq wkh dqdo|vlv ri lqwhuhvw udwh

uxohv iru wkh frqgxfw ri prqhwdu| srolf| +Fodulgd/ Jdol dqg Jhuwohu 4<<<,1 Dw dq

hpslulfdo ohyho/ lqwhuhvw udwh uxohv kdyh ehhq vkrzq wr surylgh sodxvleoh fkdudfwhul}dwlrqv

ri dfwxdo prqhwdu| srolf| dfurvv d qxpehu ri frxqwulhv +Wd|oru 4<<<,1 Dovr/ lq wkhruhwlfdo

prghov zlwk qrplqdo uljlglwlhv dqg lpshuihfw frpshwlwlrq vxfk uxohv fdq frqwulexwh

lq lpsruwdqw zd|v wr hqvxulqj pdfurhfrqrplf vwdelolw| +Zrrgirug 5333,1 Exw pxfk

lq xhqwldo dqdo|vlv ri rswlpdo prqhwdu| srolf| kdv surfhhghg zlwkrxw frqvlghulqj wkh

�vfdo dup ri pdfurhfrqrplf srolf|17 Lq wklv sdshu/ zh wkhuhiruh h{soruh pdfurhfrqrplf

srolf| zlwklq wkh frqwh{w ri mrlqw sodqv iru prqhwdu| dqg �vfdo srolf|1 Vshfl�fdoo|/ zh

h{dplqh wkh fkdudfwhulvwlfv ri wkh rswlpdo vlpsoh uxohv iru wkh lqwhuhvw udwh dqg wkh �vfdo

vxusoxv dv wkh| zrxog eh vhw e| rqh uhsuhvhqwdwlyh srolf|pdnhu18

Lw lv fohdu wkdw prqhwdu| srolf| kdv ehhq hpskdvl}hg dv wkh vhqlru sduwqhu lq wkh vhdufk

iru rswlpdo vwdelol}dwlrq uxohv1 Lq sduwlfxodu/ wkhuh lv qrz d ydvw olwhudwxuh rq ghvludeoh

4Foduh Froohjh/ Fdpeulgjh1 Dgguhvv= Ghsduwphqw ri Dssolhg Hfrqrplfv/ Dxvwlq Urelqvrq Exloglqj/
Vlgjzlfn Dyhqxh/ Xqlyhuvlw| ri Fdpeulgjh/ Fdpeulgjh FE6 <GH/ XN1 Who= .77 4556 6685751 H0pdlo=
mdjmlw1fkdgkdChfrq1fdp1df1xn1 kwws=22zzz1hfrq1fdp1df1xn2gdh2shrsoh2fkdgkd2

5Ghsduwphqw ri Hfrqrplfv dqg Ilqdqfh/ 56259 Rog Hoyhw/ Gxukdp GK4 6K\1 Who .77 4<4 6:7 :5:61
H0pdlo= Fkduohv1QrodqCgxukdp1df1xn1 kwws=22zzz1gxu1df1xn2fkduohv1qrodq2lqgh{1kwpo1

6Fruuhvsrqglqj dxwkru1 Zh vkrxog olnh wr wkdqn iru xvhixo frpphqwv rq wklv uhvhdufk/ Pdwwkhz
Fdq}rqhul/ Vxjdwd Jrvk/ Gdoh Khqghuvrq/ Dqguhz Kxjkhv Kdoohww/ Fdpsehoo Ohlwk/ Ehqqhww PfFdooxp/
Sdwulfn Plqirug/ Jdeulho Wdopdlq/ Plnh Zlfnhqv/ Vlprq Zuhq0Ohzlv dqg frqihuhqfh sduwlflsdqwv dw
Fdugl� Xqlyhuvlw| dqg \run Xqlyhuvlw|1 Doo uhpdlqlqj huuruv duh gxh wr wkh dxwkruv1

7D jrrg srlqw ri ghsduwxuh lv wkh Prqhwdu| Srolf| Uxoh Krphsdjh vhw xs e| Mrkq Wd|oru/
kwws=22zzz1vwdqirug1hgx2�mrkqwd|o2SroUxoOlqn1kwp/ zklfk olvwv d odujh qxpehu ri sdshuv iru zklfk
wkh h�hfwv ri �vfdo srolf| duh lpsolflw ru ljqruhg1 Wd|oru +4<<:/4<<<e, klpvhoi surylghv dq h{fhswlrq wr
wklv whqghqf| wr ljqruh �vfdo srolf|1 Krzhyhu/ kh grhv qrw frqvlghu wkh mrlqw ghwhuplqdwlrq ri prqhwdu|
dqg �vfdo srolf|1

8Wklv shuvshfwlyh lv reylrxvo| vlpsol�hg/ exw pd| qrw eh zlogo| dw rggv zlwk uhdolw|1 Lq wkh XN/ iru
h{dpsoh/ d vhqlru Ilqdqfh plqlvwu| r!fldo revhuyhv wkh gholehudwlrqv ri wkh Edqn ri Hqjodqg*v Prqhwdu|
Srolf| Frpplwwhh1 Wkh Frpplwwhh lv lwvhoi nhsw forvho| lqiruphg rq �vfdo sodqv1 Lqghhg erwk �vfdo dqg
prqhwdu| srolf| duh vhw dffruglqj wr sodqv wr zklfk srolf|pdnhuv kdyh rshqo| frpplwwhg wkhpvhoyhv> d
Jroghq Uxoh iru �vfdo h{shqglwxuh dqg dq Lq dwlrq Wdujhw iru prqhwdu| srolf|�zkhuh erwk uxohv zhuh
ghylvhg e| wkh fxuuhqw Fkdqfhooru ri wkh H{fkhtxhu +Ilqdqfh Plqlvwhu,1
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vlpsoh uxohv iru wkh frqgxfw ri prqhwdu| srolf|19 Wkh cWd|oru Uxoh* lv dq lpsruwdqw

h{dpsoh ri vxfk dq rswlpdo vlpsoh uxoh=

-| ' -W

| n kEZ| � ZW� n qE+| � +W| �� +414,

-| ghqrwhv wkh shulrg qrplqdo lqwhuhvw udwh/ zklfk lv wkh lqvwuxphqw ri prqhwdu| srolf|/

-W

| lv d phdvxuh ri wkh htxloleulxp qrplqdo lqwhuhvw udwh dqg frpsulvhv wkh qdwxudo uhdo

udwh dqg wkh lq dwlrq wdujhw/ EZ| � ZW� phdvxuhv wkh ghyldwlrq ri fxuuhqw lq dwlrq/ Z|/

iurp wdujhw/ ZW/ dqg E+| � +W| � lv wkh ghyldwlrq ri rxwsxw/ +|/ iurp wdujhw/ +W| 1 Lq dgglwlrq/

lw zloo jhqhudoo| eh wkh fdvh wkdw k � �/ dqg f � q 	 �� Wkh �uvw sdudphwulf uhvwulfwlrq

lv nqrzq dv wkh Wd|oru sulqflsoh +Zrrgirug/ 4<<<,/ dqg wkh vhfrqg zrxog w|slfdoo| vhh q

vrphzkdw forvhu wr }hur wkdq xqlw|1 Lqghhg vrph hfrqrplvwv kdyh dujxhg wkdw q vkrxog

eh lghqwlfdoo| }hur dw doo gdwhv dqg lq doo vwdwhv +h1j1/ Fkulvwldqr dqg Jxvw/ 4<<<,1

Lw lv ri frxuvh kljko| grxewixo wkdw wkh Wd|oru uxoh olwhudoo| ghvfulehv zkdw prqhwdu|

srolf|0pdnhuv dfwxdoo| gr1 Fhqwudo edqnhuv froohfw dqg prgho kxjh dprxqwv ri gdwd dkhdg

ri lqwhuhvw udwh ghflvlrqv1 Lqghhg/ lw lv dujxdeo| wkh fdvh wkdw wkh ihhgedfn yduldeohv

lq +414, duh qrw dffxudwho| revhuyhg frqwhpsrudqhrxvo| zlwk wkh lqwhuhvw udwh ghflvlrq1

Qhyhuwkhohvv/ ryhu wkh uhfhqw sdvw/ dqg dfurvv d qxpehu ri frxqwulhv/ wkh Wd|oru uxoh grhv

vhhp wr fdswxuh pxfk ri wkh yduldwlrq lq wkh dfwxdo lqwhuhvw udwh1 Wkh lpsolfdwlrq vhhpv

wr eh wkdw zkdw wkh Wd|oru uxoh fdswxuhv lv cjrrg* prqhwdu| srolf|1: Dqg lw lv wklv delolw|

wr vxppdul}h jrrg prqhwdu| srolf| wkdw kdv ohg wr pdq| uhvhdufkhuv lqfrusrudwlqj vxfk

uxohv lq txdqwlwdwlyh jhqhudo htxloleulxp exvlqhvv f|foh prghov1

Krzhyhu/ wkhuh kdyh ehhq ihz dwwhpswv wr dqdo|}h dqdorjrxv uxohv mrlqwo| iru erwk

prqhwdu| dqg �vfdo srolf|1 Ri frxuvh/ lw zrxog kdugo| eh dffxudwh wr vxjjhvw wkdw wkh

lqwhudfwlrq ri prqhwdu| dqg �vfdo srolf| kdv qrw uhfhlyhg pxfk dwwhqwlrq1 Rq wkh rqh

kdqg/ wkhuh lv d odujh olwhudwxuh iroorzlqj wkh frqfhuqv udlvhg lq Vdujhqw dqg Zdoodfh

+4<;4,1 Wkdw olwhudwxuh irfxvhv rq wkh uhvxowv ri jdph wkhruhwlf lqwhudfwlrqv wkdw pd| dulvh

li prqhwdu| dqg �vfdo dxwkrulwlhv sod| d cjdph ri fklfnhq* zlwk wkh sxeolf �qdqfhv1 Pruh

uhfhqwo|/ wkhuh kdv ehhq wkh ghedwh vxuurxqglqj �vfdo wkhrulhv ri wkh sulfh0ohyho1; Ilqdoo|/

wkhuh lv dovr d jurzlqj olwhudwxuh sxuvxlqj wkh Udpvh|0lqvsluhg dssurdfk wr prqhwdu| dqg

�vfdo srolf| +vhh/ iru h{dpsoh/ Oxfdv dqg Vwrnh|/ 4<;6/ dqg pruh uhfhqwo| Nkdq/ Nlqj

dqg Zropdq/ 5333,1

Rq wkh rwkhu kdqg/ krzhyhu/ wkh uroh wkdw wkh dxwrpdwlf �vfdo vwdelol}huv � wkh

v|vwhpdwlf frpsrqhqw ri �vfdo srolf| � pljkw sod| lq vprrwklqj wkh exvlqhvv f|foh kdv

uhfhlyhg vljql�fdqwo| ohvv dwwhqwlrq iurp txdqwlwdwlyh wkhrulvwv1 Wkh odfn ri dwwhqwlrq

lv vxusulvlqj sduwo| ehfdxvh wkhuh zrxog vhhp wr eh zlghvsuhdg djuhhphqw wkdw wkh

dxwrpdwlf vwdelol}huv surylgh d xvhixo uroh lq vprrwklqj wkh h�hfwv ri wkh exvlqhvv f|foh/

h1j1/ Hlfkhqedxp +4<<:, dqg Eodqfkdug +5333, dqg dovr ehfdxvh ri rq0jrlqj ghedwh rq

9Vhh/ iru h{dpsoh/ Wd|oru +4<<<,1
:Vhh/ iru h{dpsoh/ wkh frpphqwv dqg glvfxvvlrq lq Nlqj +4<<<,1
;Vhh iru h{dpsoh Zrrgirug +5333, dqg PfFdooxp +5334, iru rssrvlqj ylhzv rq wkh uhvxowlqj

lpsolfdwlrqv iru qrplqdo ghwhuplqdf|1
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srolf| lqlwldwlyhv wkdw zrxog vhhn wr olplw  xfwxdwlrqv lq wkh shu shulrg �vfdo gh�flw1 Iru

h{dpsoh/ lq wkh XVD wkhuh lv frqwlqxlqj glvfxvvlrq derxw d Edodqfhg Exgjhw Dphqgphqw

dqg lq Hxursh wkh Sdfw iru Vwdelolw| dqg Jurzwk lv d fohdu dwwhpsw wr lpsrvh vrph irup

ri xsshu erxqg rq �vfdo gh�flwv<1 Vr/ li wkh dxwrpdwlf vwdelol}huv surylgh d txdqwlwdwlyho|

vljql�fdqw fkdqqho iru vwdelol}lqj djjuhjdwh ghpdqg/43 wkh nh| txhvwlrq lv= cKrz pxfk

yduldwlrq lq wkh gh�flw lv ghvludeohB*1

Wd|oru +4<<<e, kdv uhfhqwo| vxjjhvwhg wkdw lq wkh XV wkh f|folfdo frpsrqhqw ri �vfdo

srolf| fdq eh zhoo fdswxuhg e| d vlpsoh uxoh dqdorjrxv wr klv uxoh iru prqhwdu| srolf|=

r| ' rW n �E+| � +W| �� +415,

Khuh r| ghqrwhv wkh vxusoxv0JGS udwlr/ rW lv d phdvxuh ri wkh wuhqg ohyho ri wkdw pdjqlwxgh/

dqg � ' f�D� Wd|oru +rs1 flw1, dujxhv wkdw shuplwwlqj wklv v|vwhpdwlf frpsrqhqw ri �vfdo

srolf| wr rshudwh vwdelol}hv wkh hfrqrplf f|foh/ dqg wkdw glvfuhwlrqdu| fkdqjhv lq �vfdo

srolf| ryhu dqg deryh wkhvh dxwrpdwlf uhvsrqvhv duh/ lq jhqhudo/ xqghvludeoh1

Lq wklv sdshu zh dqdo|}h uxohv ri wkh irup ri +414, dqg +415, mrlqwo|1 Wr gr vr/

zh vkdoo frqvwuxfw d prgho lq zklfk erwk prqhwdu| dqg �vfdo srolf| kdyh ohyhudjh

ryhu djjuhjdwh ghpdqg dqg dvn zkdw duh wkh mrlqw rswlpdo uxohv iru vwdelol}lqj wkh

hfrqrp|1 Lq sduwlfxodu/ zh vkdoo dgrsw d fulwhulrq ixqfwlrq iru wkh srolf|pdnhu ri wkh

irup/ u ' udEZ|�ZW�c E+|�+W| �c ���o/ dqg lqyhvwljdwh wkh frqvwhoodwlrq ri sdudphwhuv lq uxohv

dqdorjrxv wr +414, dqg +415, vxfk wkdw Ekc qc �� ' @h}4�?u ' udEZ|�ZW�c E+|�+W| �c ���o� Lq

rxu prgho prqhwdu| srolf| rshudwhv sulqflsdoo| yld wkh vwdqgdug fkdqqho ri vhwwlqj vkruw0

whup uhdo lqwhuhvw udwhv dqg wkhuhe| wlowlqj wkh sodqqhg sdwk ri djhqwv* frqvxpswlrq1

Ilvfdo srolf| rshudwhv yld wzr fkdqqhov= +l, zhdowk h�hfwv iurp rxwvwdqglqj jryhuqphqw

ghew/ dqg +ll, wkh djjuhjdwh h�hfw ri jryhuqphqw h{shqglwxuh1 Zh vkdoo dvvxph wkdw

doo jryhuqphqw h{shqglwxuh lv �qdqfhg rxw ri oxps0vxp wd{dwlrq1 Wklv lv sduwo| iru

vlpsol�fdwlrq/ exw dovr ehfdxvh wkh vwdelol}huv wkhpvhoyhv duh riwhq oxps vxp lq qdwxuh1

Lq dgglwlrq/ lw phdqv wkdw wkh rqo| uhdvrq Ulfdugldq Htxlydohqfh idlov lq rxu prgho lv

ehfdxvh ri wkh suredelolw| ri ghdwk dvvxpswlrq/ dqg khqfh zh fdq dvvhvv wkh lpsdfw ri

wkh zhdowk h�hfw ri rxwvwdqglqj erqgv1

Wkh sdshu lv odlg rxw dv iroorzv1 Lq wkh qh{w vhfwlrq zh vhw rxw wkh prgho dqg

glvfxvv wkh frqvwuxfwlrq ri rxu djjuhjdwh htxdwlrqv1 Lq vhfwlrq 6 zh hvwdeolvk rxu vlpsoh

uxohv iru wkh frqgxfw ri prqhwdu| dqg �vfdo srolf|1 Wkh uxoh iru �vfdo srolf| hqdeohv wkh

jryhuqphqw wr lvvxh ghew/ udlvlqj vrph prghoolqj lvvxhv shuwdlqlqj wr wkh fodvv ri �vfdo

uhjlph xqghu lqyhvwljdwlrq/ dqg khqfh htxloleulxp vhohfwlrq1 Lq vhfwlrq 7 zh glvfxvv wkhvh

lvvxhv dqg vkrz krz zh olplw rxuvhoyhv wr d fodvv ri Ulfdugldq �vfdo srolflhv +lq wkh vhqvh

ri Zrrgirug/ 5333,1 Lq vhfwlrq 8 zh glvfxvv wkh dojrulwkp iru vroylqj wkh prgho iru wkh

rswlpl}hg frh!flhqwv rq rxu prqhwdu|0�vfdo uxohv1 Vhfwlrq 9 surylghv wkh uhvxowv ri rxu

vlpxodwlrqv iru dowhuqdwlyh yhuvlrqv ri rxu vlpsoh uxohv/ dqg zkdw kdsshqv li rqh dup ri

<Hlfkhqjuhhq dqg Z|sorv} +4<<;, lv dq lqwhuhvwlqj glvfxvvlrq ri wkhvh lvvxhv1
43Dqg wkhuh lv hylghqfh wkdw wklv lv lqghhg wkh fdvh/ vhh Dxhuedfk dqg Ihhqehuj +5333, Wd|oru +4<<<e,/

Frkhq dqg Iroohwwh +5333, dqg Eodqfkdug +5333,1
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srolf| ehkdyhv lq d qrq0rswlpdo pdqqhu1 Lq vhfwlrq : zh frqvwuxfw dq lqgh{ ri �vfdo

vwdqfh +lq wkh pdqqhu ri Eodqfkdug/ 4<;8, dqg lqyhvwljdwh wkh txdqwlwdwlyh vljql�fdqfh

ri wkh zhdowk h�hfw dvvrfldwhg zlwk rxwvwdqglqj jryhuqphqw ghew1 Vhfwlrq ; r�huv vrph

frqfoxvlrqv dqg vxjjhvwv vrph gluhfwlrqv iru ixwxuh uhvhdufk1

51 Wkh Prgho

5141 Wkh Uhsuhvhqwdwlyh Djhqw

Wkh prgho lv frqvwuxfwhg durxqg wkh shushwxdo |rxwk vhw xs ri \ddul +4<98, dqg Eodqfkdug

+4<;8,1 Iroorzlqj Fdugld +4<<4, dqg Fkdgkd dqg Qrodq +5334/ 5335e, zh frqyhuw wkh

prgho lqwr d glvfuhwh0wlph iudphzrun441 Zh dvvxph wkdw wkhuh duh d odujh qxpehu ri

lghqwlfdo djhqwv lq hdfk frkruw/ dqg zh dvvxph wkdw wkh vl}h ri hdfk frkruw glhv dzd|

wkurxjk wlph1 Wkh xwlolw| ixqfwlrq iru d uhsuhvhqwdwlyh djhqw/ �/ lv jlyhq e|/

Tf '
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|'f
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� n B

�|�
�

� n b

�|

.fL

#
��
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� �

|

�|
c u�

|

$,
� +514,

Khuh B lv wkh vxemhfwlyh glvfrxqw udwh dqg b wkh wlph0lqyduldqw suredelolw| ri ghdwk1

Wklv phdqv wkdw wkh h{shfwhg uhpdlqlqj olihwlph ri dq| djhqw lv htxdo wr b3�/ khqfh

wkh uhdvrq zk| wkh prgho lv gxeehg wkh cshushwxdo |rxwk* prgho1 Wkh xwlolw| ixqfwlrq

lv dvvxphg wr eh frqfdyh dqg vhsdudeoh lq lwv dujxphqwv/ �/ frqvxpswlrq/ �*� / uhdo

prqh| edodqfhv/ zkhuh � lv qrplqdo prqh| edodqfhv dqg � lv wkh hfrqrp|0zlgh sulfh0

ohyho dqg u lv ohlvxuh/ zklfk lv htxdo wr ��� 1 Zh qrupdol}h dydlodeoh wlph wr xqlw| dqg

vr � lv lqwhusuhwdeoh dv oderu h�ruw1 Lq sudfwlfh zh vkdoo dvvxph orj0vhsdudelolw|/ wkdw

lv/ LE�� �
k
*L}��

| n *L}
�

��
|

�|

�
n *L}E��� �

| �
l
dv wklv idflolwdwhv wkh frqvwuxfwlrq ri rxu

djjuhjdwh htxdwlrqv1 Wkh uhsuhvhqwdwlyh djhqw pd{lpl}hv h{shfwhg xwlolw| vxemhfw wr d

vhtxhqfh ri shu shulrg  rz frqvwudlqwv=

E� n b�� �
|3� n E� n b���

|3� n`|�|
� n�| � A| � �|�

�
| n� �

| n
��

|

� n �|
c +515,

zkhuh/ �|�
�
| '

�U
f

R|E5�S
�
|E5�_5/ dqg zkhuh +515, krogv iru doo | � f/ dqg lq hdfk vwdwh ri

qdwxuh/ � �
3� dqg ��

3� jlyhq1 Ohw 5 lqgh{ jrrgv lq wkh hfrqrp|1 Wkhq/ zh kdyh wkdw S�|E5�

ghqrwhv wkh uhsuhvhqwdwlyh djhqw*v frqvxpswlrq ri jrrg E5�1 Lq dgglwlrq/ `| ghqrwhv wkh

qrplqdo zdjh/ �| ghqrwhv sur�wv uhplwwhg iurp �upv zkhuh hdfk djhqw uhfhlyhv d srrohg

glylghqg/ A| ghqrwhv oxps vxp wd{hv/ zklfk duh frqvwdqw dfurvv frkruwv/ dqg �| lv wkh

hfrqrp|0zlgh rqh0shulrg qrplqdo lqwhuhvw udwh1 Wkh hyroxwlrq ri �qdqfldo zhdowk/ 8 / lv

jlyhq e|

44Ohlwk dqg Zuhq0Ohzlv +5333, ghyhors d frqwlqxrxv wlph yhuvlrq ri d forvho| uhodwhg prgho1
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8 �
| ' E� n b�� �

|3� n E� n b���
|3�c +516,

zkhuh �| ghqrwhv wkh qrplqdo vwrfn ri erqgv khog ryhu dw wkh hqg ri shulrg

| � �1 Wkh vhtxhqfh ri htxdwlrqv +515, wrjhwkhu zlwk wkh wudqvyhuvdolw| frqglwlrq/

*�4A<"

�
�

�nb

�A
.f

A3�T
�'f

E� n �|n��
3�` �

|nA $ f khos hqvxuh wkdw wkh djhqw*v rswlpl}dwlrq

sureohp lv zhoo ehkdyhg1 Zh qrwh wkdw wklv odwwhu frqglwlrq lv zhljkwhg e| wkh suredelolw|

ri ghdwk1 Frqvxpswlrq lv gh�qhg ryhu wkh Gl{lw0Vwljolw} djjuhjdwru ixqfwlrq/

��
| �

5
7 �]

f

S�|E5�
w3�

w _5

6
8

w
w3�

c +517,

zlwk wkh djjuhjdwh sulfh0ohyho ghulyhg dffruglqjo| dv=

�| �

5
7 �]

f

R|E5�
�3w_5

6
8

�

�3w

� +518,

5151 Rswlpdolw| frqglwlrqv

Ohw i>|j
"

|'f eh d +vwdwh0ghshqghqw, whpsrudo vhtxhqfh ri Odjudqjh pxowlsolhuv1 Dw hdfk

gdwh dqg lq hdfk vwdwh wkh iroorzlqj htxdwlrqv/ +519,�+51<,/ duh dprqjvw uhtxluhphqwv iru

dq lqwhulru rswlpxp= �
�

� n b

�|
�

�|�|
' >|( +519,

�
�

� n b

�|
�

�|
n

�
�

� n B

�
E� n b�.|>|n� '

�
�

� n b

�|

>|( +51:,

�
�

� n b

�|
�

���|
' >|`|( +51;,

>| ' E� n �|�E� n b�

�
�

� n B

�
.|>|n�� +51<,

Xvlqj htxdwlrqv +519, dqg +51<, lq +51:, xqfryhuv wkh prqh| ghpdqg uhodwlrq=

�|

�|
' �|

�
� n �|
�|

�
� +5143,

8



+519, dqg +51<, lpso| wkh frqvxpswlrq Hxohu htxdwlrq=

.|�|n��|n� '
� n �|
� n B

�|�|� +5144,

Wkh oderu vxsso| ixqfwlrq uhvxowv iurp +519, dqg +51;,=

�| ' �� �|

�
`|

�|

�
3�

� +5145,

Wkh suredelolw| ri ghdwk grhv qrw dsshdu wr cglvwruw* wkh rswlpdolw| frqglwlrqv +rwkhu wkdq

wkh wudqvyhuvdolw| frqglwlrq,1 Wkh uhdvrq iru wklv lv vwudljkwiruzdug1 Zh duh khuh iroorzlqj

wkh dvvxpswlrqv pdgh e| Eodqfkdug +4<;8, wr wkh h�hfw wkdw lqvxudqfh frpsdqlhv sd|

suhplxpv wr vdyhuv lq uhwxuq iru wkhlu zhdowk lq wkh hyhqw ri ghdwk1 Wklv zhdowk lv

wkhq uhwxuqhg oxps0vxp wr wkh fxuuhqwo| dolyh1 Frqvhtxhqwo|/ wkh pdunhw lqwhuhvw udwh

lqfrusrudwhv wklv csuhplxp*/ zklfk mxvw r�vhwv wkh suredelolw| ri ghdwk xsoliw lq wkh djhqw*v

glvfrxqwlqj ri ixwxuh xwlolw|1

5161 Wkh Uhsuhvhqwdwlyh Ilup

Zh dvvxph wkdw wkhuh duh d odujh qxpehu ri lq�qlwho|0olyhg prqrsrolvwlfdoo| frpshwlwlyh

�upv/ zkr xvh rqo| oderu lq wkh surgxfwlrq ri wkhlu gl�huhqwldwhg jrrg145 Hdfk shulrg

wkhvh �upv uhfhlyh d v|pphwulf surgxfwlylw| vkrfn1 Vr iru �up � wkh surgxfwlrq ixqfwlrq

lv jlyhq e|

t�c| ' �|�
k
�c|c +5146,

zkhuh f 	 k 	 �/ dqg �| lv wkh surgxfwlylw| lqqrydwlrq1 Wkh �up kluhv oderu lq

frpshwlwlyh pdunhwv dqg iroorzlqj Eodqfkdug +4<;8, zh dvvxph wkdw doo djhqwv duh htxdoo|

surgxfwlyh1 Frqvhtxhqwo|/ wkh uhdo zdjh/ `|*�|/ lv wkh vdph dfurvv doo frkruwv/ dqg lv

jlyhq e|/

`|

�|
� �| ' k�|�

k3�
�c| � +5147,

Zh ixuwkhu dvvxph wkdw �upv idfh Fdoyr0w|sh uhvwulfwlrqv lq vhwwlqj sulfhv exw wkdw �upv

phhw ghpdqg zkhwkhu ru qrw wkh| kdyh ehhq deoh wr fkdqjh sulfhv wkdw shulrg1 Wkh

ghpdqg iru wkh �|� surgxfw lv jlyhq e|

S|E�� '

�
R|E��

�|

�
t _
| c +5148,

zkhuh t _
| ghqrwhv djjuhjdwh ghpdqg/ wkh vxp ri sulydwh h{shqglwxuh dqg jryhuqphqw

h{shqglwxuh1 Lq wkh prgho zh ghyhors wkhuh zloo eh dq h�hfw gluhfwo| iurp jryhuqphqw

45Lqfrusrudwlqj fdslwdo lqwr wkh fxuuhqw vhw0xs srvhv ihz sureohpv1 Krzhyhu/ zh duh sduwo| frqfhuqhg
wr xqfryhu wkh txdqwlwdwlyh vljql�fdqfh ri rxwvwdqglqj erqgv rq sulydwh frqvxpswlrq dqg lqfoxglqj d
sulydwh ru sxeolf fdslwdo vwrfn zrxog pdnh wkdw wdvn vrphzkdw pruh gl!fxow1

9



h{shqglwxuh dqg lqgluhfwo| yld wkh vwrfn ri rxwvwdqglqj qhw erqgv1 Wkh odwwhu h�hfw dv

zh ghprqvwudwh ehorz lv fdswxuhg lq wkh phdvxuh ri sulydwh frqvxpswlrq ghpdqg1 D

frvw0plqlpl}lqj �up uhtxluhg wr phhw fxuuhqw ghpdqg zloo kluh oderu dffruglqj wr wkh

iroorzlqj rswlpdolw| frqglwlrq/

�| ' \|EYt�c|*Y��c|�c +5149,

zkhuh \| phdvxuhv uhdo pdujlqdo frvw1 Wrwdo shu0shulrg sur�wv wkhq duh jlyhq e|

�|E�� ' R|E��

�
R|E��

�|

�
3w

t _
| � \|

�
R|E��

�|

�
3w

t _
| � +514:,

Dv uhjdugv sulfh vhwwlqj ehkdylru zh iroorz Fdoyr +4<;6, dqg pdq| vxevhtxhqw dqdo|vwv

+h1j1/ \xq 4<<9/ Zrrgirug 4<<:/ Nlqj dqg Zropdq 4<<9, dqg dvvxph wkdw �upv zklfk vhw

sulfhv lq shulrg | idfh d suredelolw|/ k Ef � k 	 �� ri kdylqj wr olyh zlwk wkh vdph ghflvlrq

qh{w shulrg1 Pruh jhqhudoo|/ zh dvvxph wkdw d �up zklfk vhwv lwv sulfh wklv shulrg idfhv

wkh suredelolw| k& ri kdylqj wr fkdujh wkh vdph sulfh lq &�shulrgv wlph1 Wkh rswlpdo

sulfh/
q

R|/ lv jlyhq e|=46

q

R| '
w
S

"

&'fEkq
��&.|E>

@
|n&�

w
|n&t

_
|n&\|n&�

Ew � ��
S

"

&'fEkq
��&.|E>@

|n&�
w3�
|n& t

_
|n&�

� +514;,

Khuh >@
|n& lv d phdvxuh ri djjuhjdwh pdujlqdo xwlolw|/ dqg q ' q

�

E� n b�3�� Wkh rswlpdo

sulfh lv ghwhuplqhg e| d frqvwdqw pdun xs/ dqg wkh glvfrxqwhg vwuhdp ri fxuuhqw dqg

h{shfwhg uhdo pdujlqdo frvw dqg ghpdqg frqglwlrqv lq zklfk wkdw sulfh pd| rewdlq1

5171 Djjuhjdwlrq

Zh wxuq �uvw wr wkh djjuhjdwh dqdorjv wr htxdwlrqv +5143,�+5145,1 Zh qrwh wkdw wkh vl}h

ri wkh frkruw eruq hdfk shulrg lv jlyhq e|�
b

� n b

��
�

� n b

�|

�

Dv d uhvxow ri wklv/ wkh vl}h ri wkh frkruw ghfuhdvhv prqrwrqlfdoo| zlwk wlph/ dqg wkh vxp

ri doo fxuuhqwo| dolyh frkruwv lv htxdo wr xqlw|1 Wkdw lv/

b

� n b

|[
�'3"

�
�

� n b

�E|3��

' �� +514<,

Wklv pdnhv djjuhjdwlqj wkh prgho/ iru wkh prvw sduw/ vwudljkwiruzdug1 Lq sduwlfxodu/ iru

dq| yduldeoh %@
| +zklfk ghqrwhv djjuhjdwh %, lw iroorzv wkdw/

%@
| '

b

� n b

|[
r'3"

�
�

� n b

�|3r

%|�

46Wkh ghwdlov ri wklv sureohp duh zhoo xqghuvwrrg/ dqg zh ohdyh wkhp wr dq dsshqgl{/ dydlodeoh xsrq
uhtxhvw1

:



Iru dq| yduldeoh %| wkh uhdghu vkrxog qrwh wkdw zh dfwxdoo| phdq %rc| l1h1/ wkh yduldeoh

% shuwdlqlqj wr frkruw r dw wlph |� +r wkhuhiruh ghqrwhv wkh wlph shulrg lq zklfk wkh frkruw

fdph lqwr h{lvwhqfh1, Ohw xv sdvv wklv djjuhjdwru wkurxjk wkh prqh| ghpdqg htxdwlrq=

b

� n b

|[
r'3"

�
�

� n b

�|3r�
�|

�|

�
'

�
� n �|
�|

�
b

� n b

|[
r'3"

�
�

� n b

�|3r

�|�

Krzhyhu/ jlyhq rxu gh�qlwlrq ri dq djjuhjdwh yduldeoh/ wklv phdqv vlpso| wkdw�
�|

�|

�@

' �@
|

�
� n �|
�|

�
� +5153,

Djdlq/ frqvlghu wkh oderu vxsso| ixqfwlrq1 Vlqfh wkh uhdo zdjh lv frqvwdqw dfurvv

frkruwv zh kdyh wkdw=

b

� n b

|[
r'3"

�
�

� n b

�|3r

�| ' ��

�
`|

�|

�
3�

b

� n b

|[
r'3"

�
�

� n b

�|3r

�|�

Ru pruh vlpso|/

�@
| ' �� �@

|

�
`|

�|

�
3�

� +5154,

Djjuhjdwh frqvxpswlrq lv jlyhq e|

.|�|n��|n� ' E� n �|�q�|�| � b�.|8|n�� +5155,

Wklv odvw h{suhvvlrq lv/ ri frxuvh/ lghqwlfdo wr +5144, lq wkh hyhqw wkdw b ' f dw hdfk gdwh

dqg lq hdfk vwdwh ri qdwxuh1 Wkh ghulydwlrq ri +5155, lv vwudljkwiruzdug/ exw vrphzkdw

oderulrxv vr zh kdyh uhohjdwhg lw wr wkh Dsshqgl{1

Jlyhq rxu dvvxpswlrq ri lq�qlwho| olyhg �upv/ djjuhjdwlrq khuh lv pruh

vwudljkwiruzdug1 Gursslqj wkh � lqgh{/ htxdwlrq +5146, ghvfulehv djjuhjdwh rxwsxw/ +5147,

ghvfulehv wkh pdujlqdo surgxfw ri oderu/ zklovw wkh hyroxwlrq ri wkh djjuhjdwh sulfh0ohyho

lv jlyhq e| d zhljkwhg dyhudjh ri wklv shulrg*v rswlpdo sulfh +frpprq wr doo �upv, dqg

odvw shulrg*v djjuhjdwh sulfh ohyho=

�| ' dE�� k�
q

R
�3w

| n k� �3w
|3� o

�*E�3w�� +5156,

61 Prqhwdu| dqg Ilvfdo Srolf|

Zh wxuq qrz wr frqvlghu wkh djjuhjdwh srolf| uxohv lq sodfh1 Zh vkdoo frqvlghu

wkh srolf|pdnhu dv vhwwlqj wkh shu shulrg lqwhuhvw udwh dqg qhw wd{hv�wkh v|vwhpdwlf

frpsrqhqwv ri srolf|� lq rughu wr vwdelol}h erwk rxwsxw dqg lq dwlrq1 Wkdw lv/ zh duh

hqylvdjlqj srolf| uxohv ri wkh iroorzlqj vruw=

�| ' �Et|c Z|c �|3��c +614,

;



dqg

A| ' �EC|c A|3�c ��|3��c +615,

zkhuh �| lv wkh qrplqdo lqwhuhvw udwh vhw lq shulrg |/ t| lv uhdo djjuhjdwh rxwsxw/ Z| lv wkh

lq dwlrq udwh lq shulrg |/ dqg A| duh wkh shulrg oxps vxp wd{hv1 Iroorzlqj pxfk ri wkh

uhfhqw olwhudwxuh/ zh prgho prqhwdu| srolf| dv frqwuro ryhu wkh vkruw0whup +rqh0shulrg,

qrplqdo lqwhuhvw udwh1 Lq wkh suhvhqfh ri +vrph, vwlfn| sulfhv wkdw lpsolhv vrph ohyhudjh

ryhu lqwhuhvw vhqvlwlyh hqgrjhqrxv yduldeohv1 Lq rxu prgho wkdw phdqv hvvhqwldoo| sulydwh

frqvxpswlrq/ dowkrxjk wkhuh duh rwkhu h�hfwv wrr147 Zkloh wkh prqhwdu| uxoh lv idluo|

vwdqgdug wkh uxoh iru wd{ qhhgv vrph h{sodqdwlrq1 Zh wdnh wkh surfhvv iru jryhuqphqw

h{shqglwxuh dv h{rjhqrxv1 Zh vkdoo dvvxph wkdw wkh �vfdo dxwkrulw| vhwv wd{hv lq uhvsrqvh

wr wkh ohyho ri frqwhpsrudqhrxv jryhuqphqw h{shqglwxuh/ wkdw vhljqlrudjh lv uhwxuqhg

oxps0vxp wr wkh sulydwh vhfwru/ dqg fuxfldoo| wkdw wd{hv uhvsrqg wr wkh ohyho ri ghew

rxwvwdqglqj dw wkh vwduw ri wkh shulrg1 Wkh sdudphwhu � lqglfdwhv wkh sursruwlrq ri ghew

wkdw lv uhwluhg hdfk shulrg1 Wklv delolw| ri wkh jryhuqphqw wr lvvxh ghew udlvhv vrph

prghoolqj lvvxhv/ dv wkh uhfhqw ghedwh frqfhuqlqj wkh �vfdo wkhru| ri wkh sulfh0ohyho kdv

hpskdvl}hg/ dqg zh vkdoo eulh | glvfxvv wkhvh lq wkh qh{w vhfwlrq1

71 Wkh Jryhuqphqw Exgjhw

Zh vkdoo dvvxph wkdw wkh jryhuqphqw iroorzv d Ulfdugldq �vfdo srolf|1 Wkdw lv/ uhjdugohvv

ri wkh vhtxhqfhv ri wkh prgho*v rwkhu hqgrjhqrxv yduldeohv/ wkh jryhuqphqw lqwhqgv wr

hqvxuh wkdw lwv suhvhqw ydoxh exgjhw frqvwudlqw lv phw lghqwlfdoo| dw hdfk gdwh dqg lq

hdfk vwdwh ri qdwxuh1 Lq rxu vhw xs wkh jryhuqphqw qhhg qrw uxq d edodqfhg exgjhw hdfk

shulrg/ dqg khqfh pd| eh lvvxlqj ru uhwlulqj ghew1 Zh frqvwudlq �vfdo srolf| krzhyhu wr

eh zrunlqj v|vwhpdwlfdoo| wr uhwluh rxwvwdqglqj ghew1 Wklv udlvhv wkh lvvxh/ wkhuhiruh/ dv

wr zkhwkhu rxu ghew uhwluhphqw surjudp lv vx!flhqwo| urexvw1 Lq sduwlfxodu/ frqvlghu wkh

sxeolf vhfwru exgjhw frqvwudlqw dw wlph |/

�|

E� n �|�
' �|3� n �|EC| � A|�� E�| ��|3��� +714,

Ixuwkhu/ frqvlghu wkh iroorzlqj sdudphwhul}dwlrq ri wkh surfhvv jryhuqlqj wd{hv/

A| ' �|C| �
E�| ��|3��

�|
n �

�|3�

�|
� +715,

Wrjhwkhu wkhvh wzr htxdwlrqv lpso| wkdw uhdo ghew/ K|/ zloo hyroyh lq wkh iroorzlqj pdqqhu/

K|
� n o|

' E�� ��K|3� n E�� �|�Cc +716,

47Iru h{dpsoh/ wkh uhdo lqwhuhvw udwh lq xhqfhv wkh qhw zhdowk ri rxwvwdqglqj erqgv1 Wklv fkdqqho
dsshduv wr eh ri vhfrqg rughu lpsruwdqfh1

<



zkhuh o| lv wkh uhdo lqwhuhvw udwh1 Khqfh li zh gh�qh E�� �|�C| dv wkh shu shulrg gh�flw/

(|/ wkhq dw vrph srlqw/ | ' Ac lq wkh ixwxuh wklv lpsolhv wkdw

.|
K|nATA

�'fE� n o|n��
' E�� ��An�K|3� n.|

A[
r'f

r3�\
�'f

�
�

� n o|n�

�
E�� ��A3r(|nr� +717,

Iru srolf| wr eh Ulfdugldq zh uhtxluh wkdw .|
K|nATA

�'f
E�no|n��

/ whqgv wr }hur dv d uhvxow ri �vfdo

dfwlrqv dqg uhjdugohvv ri wkh vhtxhqfh ri sulfhv dqg lqwhuhvw udwhv wkdw zh vhh1 Dv A $ 4/

wkh �uvw whup rq wkh uljkw kdqg vlgh grhv lqghhg whqg wr }hur1 Wkh vhfrqg pdjqlwxgh

phdvxuhv wkh suhvhqw glvfrxqwhg vhtxhqfh ri qhw ghew lvvxh orrnlqj iruzdug iurp wlph

|1 Hyhq lq rxu vlpsoh vhw0xs lw lv idluo| gl!fxow wr vd| dq|wklqj wrr suhflvh derxw wkh

uhtxluhg vl}h ri wklv sdudphwhu481 Yhu| orrvho| vshdnlqj/ iru srolf| wr eh Ulfdugldq zh

uhtxluh wkdw � hyhqwxdoo| ehfrphv dqg uhpdlqv vx!flhqwo| odujh dfurvv vwdwhv ri qdwxuh1

Zh lqyhvwljdwhg wklv lvvxh qxphulfdoo| dqg irxqg wkdw � ' f�fS lv d orzhu erxqg rq wklv

ydoxh1 Iru ydoxhv ohvv wkdq wklv/ wkh prgho jhqhudwhg pxowlsoh vroxwlrq sdwkv/ vrph ri

zklfk zhuh frqvlvwhqw zlwk �vfdoo| ghwhuplqhg sulfh0ohyhov2lq dwlrq udwhv +dv lqZrrgirug/

4<<9,1

81 Sdudphwhul}dwlrq ri Prgho

Zh eulh | rxwolqh wkh nh| edvholqh sdudphwhu ydoxhv wkdw zh dgrsw iru wkh fdoleudwlrq ri

wkh prgho ghyhorshg lq vhfwlrq 5 dqg 61

Wdeoh 4= Fdoleudwlrq sdudphwhuv iru txduwhuo| prgho

V|pero Ydoxh Ghvfulswlrq
b 313368: H{shfwhg olih uhpdlqlqj= :3 |hduv
o 313458 Uhdo lqwhuhvw udwh
q 31<8 Vxemhfwlyh glvfrxqw idfwru
B 31386 Vxemhfwlyh glvfrxqw udwh
� 3139 Udwh ri ghew uhwluhphqw
S
+

319 Vwhdg|0vwdwh frqvxpswlrq0rxwsxw udwlr
6
�

314 Vwhdg|0vwdwh prqh|0zhdowk udwlr
V 318 Skloolsv fxuyh vorsh
�
S

31: Vwhdg|0vwdwh zhdowk0frqvxpswlrq udwlr

Wkh prgho lv fdoleudwhg dw d txduwhuo| iuhtxhqf| xvlqj pruh ru ohvv vwdqgdug sdudphwhu

ydoxhv1 Zh dvvxph wkdw b lv ghwhuplqhg dv d uhvxow ri wkh uhsuhvhqwdwlyh djhqw h{shfwlqj wr

olyh wr :31 Wkh glvfrxqw idfwru/ q/ lv vhw dw f�bD� Dv qrwhg deryh/ qxphulfdo lqyhvwljdwlrqv

ohg xv wr vhw wkh ghew uhwluhphqw udwh/ �/ wr f�fS1 Zh ixuwkhu dvvxph wkdw wkh vwhdg| vwdwh

48Lq d ghwhuplqlvwlf hqylurqphqw/ rqh fdq pdnh pruh dqdo|wlfdo khdgzd|1 Vhh Fkdgkd dqg Qrodq
+5335h,1

43



frqvxpswlrq=lqfrph udwlr/ S*+/ lv htxdo wr f�S/ zkloh wkh vwhdg| vwdwh prqh|=zhdowk udwlr/

6*�/ zdv fkrvhq wr eh f��1 Urxjko| vshdnlqj wkh dyhudjh vl}h ri wkh XN ghew0wr0JGS

udwlr ryhu wkh srvw0zdu shulrg kdv ehhq vrph 73(/ dowkrxjk lw kdv ehhq idoolqj iru pxfk ri

wkdw shulrg/ rqh ru wzr hslvrghv ri qrwdeoh lqfuhdvhv dsduw1 Wrjhwkhu zlwk rxu dvvxpswlrq

iru S*+c lpsolhv wkdw wkh vwhdg|0vwdwh zhdowk=lqfrph udwlr iru wklv vlpsoh prgho hfrqrp| lv

f�.1 Qdwxudoo|/ wkdw qxpehu lv uhtxluhg wr sdudphwhul}h rxu frqvxpswlrq Hxohu htxdwlrq1

Vshfli|lqj wkh qdwxuh ri wkh vwrfkdvwlf irufhv gulylqj wkh hfrqrp| kdv ohvv suhfhghqw

lq wkh hpslulfdo olwhudwxuh/ dowkrxjk lpsruwdqw uhvxowv duh hphujlqj +vhh/ iru h{dpsoh/

Eodqfkdug dqg Shurwwl/ 4<<</ Exuqvlgh/ Hlfkhqedxp dqg Ilvkhu/ 533/ Hghoehuj/

Hlfkhqedxp dqg Ilvkhu/ 4<<; dqg Ilqq/ 4<<;,1 Ohw @|c s|/ dqg �| ghqrwh wkh orj ghwuhqghg

surfhvvhv iru surgxfwlylw|/ �vfdo dqg prqhwdu| lqqrydwlrqv/ uhvshfwlyho|1 Zh wkhq dvvxph

wkh| fdq eh ghvfulehg dghtxdwho| iru rxu sxusrvhv dv iroorzv/5
7 @|

s|
�|

6
8 '

5
7 4@ f f

f 4s f
f f 4^

6
8
5
7 @|3�

s|3�

�|3�

6
8n

5
7 %|

}|
^|

6
8 c

zkhuh %|c }|c dqg ^| duh wkh vkrfnv uhvshfwlyho| wr surgxfwlylw|/ �vfdo dqg prqhwdu|

lqqrydwlrqv1 Zh dgrswhg dq djqrvwlf vwudwhj| iru vhwwlqj wkh fryduldwlrq vwuxfwxuh ri

wkh iruflqj yduldeohv1 Iluvw zh hvwlpdwhg Vrorz uhvlgxdov/ Wd|oru Uxohv dqg Ilvfdo uxoh

htxdwlrqv rq XV dqg XN gdwd dqg irxqg olwwoh gl�huhqfh lq wkh vwdqgdug huuruv ri wkh

uhvshfwlyh htxdwlrqv149 Vlploduo| Fdugld +4<<4, irxqg wkdw wkh vwdqgdug ghyldwlrq ri

vkrfnv wr wkh prqhwdu| dqg �vfdo surfhvvhv zhuh ri vlplodu pdjqlwxgh lq wkh XV gdwd/

zklovw lq wkh Jhupdq gdwd wkh vwdqgdug ghyldwlrqv ri �vfdo dqg surgxfwlylw| vkrfnv zhuh

ri d vlplodu vl}h1 Lq sudfwlfh/ wkhq/ zh ghflghg vlpso| wr vhw j@ ' js ' j^ ' f�f�1 Dv d

srlqw ri uhihuhqfh/ d vwdqgdug uhvxow lq wkh rqh0vhfwru UEF olwhudwxuh lv wkdw wkh vwdqgdug

ghyldwlrq ri d txduwhuo| surgxfwlylw| lqqrydwlrq lv derxw 3133:�3133;1 Zh h{shulphqwhg

e| uh0rughulqj wkh vkrfnv/ pdnlqj lq wxuq prqhwdu| dqg wkhq �vfdo vkrfnv pruh yrodwloh1

Wklv kdg yhu| olwwoh h�hfw rq rxu uhvxowv1

Lq whupv ri wkh shuvlvwhqfh sdudphwhuv zh fkrvh wkh iroorzlqj= 4@ ' f�b/ 4s ' f�b/

dqg 4^ ' f1 Djdlq/ wkh olwhudwxuh rq UEF prghov ohdgv xv wr h{shfw shuvlvwhqfh lq

surgxfwlylw| lqqrydwlrqv1 Vlploduo|/ wkh olwhudwxuh rq �vfdo vkrfnv dovr vhhpv wr lqglfdwh

wkdw wkhvh duh shuvlvwhqw1 Djdlq/ zh h{shulphqwhg zlwk gl�hulqj ghjuhhv ri shuvlvwhqfh

dqg rxu �qglqjv vhhp odujho| urexvw wr txlwh odujh yduldwlrqv lq wkhvh sdudphwhuv1 Rxu

dvvxpswlrq wkdw prqhwdu| vkrfnv duh qrw shuvlvwhqw uh hfwv d frpprq prghoolqj fkrlfh

wkdw prqhwdu| vkrfnv shuvlvw odujho| gxh wr lqwhuhvw udwh vprrwklqj/ wkh revhuyhg whqghqf|

49Wkh XV gdwdvhw uxqv iurp 4<88=4 wr 5333=7= zh xvh wkh Ihghudo Ixqgv udwh dv wkh srolf| lqvwuxphqw lq
wkh Wd|oru Uxoh> dqqxdo lq dwlrq lv phdvxuhg dv wkh irxu txduwhu shufhqwdjh fkdqjh lq wkh Doo0Lwhpv FSL>
JGS lq 4<<8 frqvwdqw sulfhv lv ghwuhqghg e| d txdgudwlf wlph wuhqg dqg wkh Ihghudo Jryhuqphqw vxusoxv
ru gh�flw lv jlyhq dv d sursruwlrq ri JGS1 Iru wkh XN= zh xvh wkh edvh udwh dv wkh srolf| lqvwuxphqw>
dqqxdo lq dwlrq lv phdvxuhg dv wkh irxu txduwhu shufhqwdjh fkdqjh lq wkh USL> JGS lq 4<<8 frqvwdqw
sulfhv lv ghwuhqghg e| d txdgudwlf wlph wuhqg dqg wkh Sxeolf Vhfwru Fdvk Uhtxluhphqw lv jlyhq dv d
sursruwlrq ri JGS/ diwhu ehlqj vhdvrqdoo| dgmxvwhg e| [451
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iru odjjhg lqwhuhvw udwhv wr suhglfw fxuuhqw lqwhuhvw udwhv1 Wkh sdudphwhu frqvwhoodwlrq

dqg fryduldwlrq vwuxfwxuh ri wkh iruflqj surfhvv duh xvhg lq frqmxqfwlrq zlwk wkh prgho

ghyhorshg wr= +l, dvvhvv wkh uhvsrqvhv ri wkh djjuhjdwh hfrqrp| wr vkrfnv lq wkh iruflqj

yduldeohv/ dqg +ll, hvwdeolvk wkh rswlpdo ydoxhv ri wkh fkrlfh yduldeohv lq wkh vwdelol}dwlrq

srolf| uxohv14:

91 Vlpsoh Uxohv iru Ilvfdo dqg Prqhwdu| Srolf|

Wkh prgho ghyhorshg lq wkh suhylrxv vhfwlrqv fdq eh vroyhg iru wkh htxloleulxp hyroxwlrq

ri djjuhjdwh zhdowk/ frqvxpswlrq/ prqh| kroglqjv/ oderu vxsso|/ lq dwlrq/ wkh vkruw

whup qrplqdo lqwhuhvw udwh/ wkh ohyho ri wd{dwlrq/ jryhuqphqw lqwhuhvw0ehdulqj ghew dqg

djjuhjdwh rxwsxw1 Zh rxwolqh wkh vroxwlrq surfhgxuh e| �uvw qrwlqj wkdw wkh prgho

uhtxluhv wkh iroorzlqj htxdwlrqv/ frqyhuwhg lqwr djjuhjdwh irup dv uhtxluhg= +516,/ +514;,/

+5153,/ +5154,/ +5155,/ +614, dqg +615,/ +714,/ wrjhwkhu zlwk dq htxdwlrq ghvfulelqj wkh

djjuhjdwh hfrqrp|0zlgh uhvrxufh frqvwudlqw1 Wkh ihhgedfn frh!flhqwv lq wkh srolf|

uxohv/ htxdwlrqv +614, dqg +615,/ duh ohiw xqvshfl�hg dqg zh vroyh iru wkhvh dgrswlqj d

txdgudwlf fulwhulrq iru wkh srolf|pdnhu/ iroorzlqj Zlooldpv +4<<<, dqg Ghqqlv +5334,4;1

Lq sudfwlfh wkdw phdqv zh qhhg wr fdofxodwh/ iru d jlyhq vwrfkdvwlf vwuxfwxuh iru wkh

hfrqrp|*v gulylqj surfhvvhv/ wkh dv|pswrwlf yduldqfh0fryduldqfh pdwul{ iru wkh hfrqrp|*v

hqgrjhqrxv yduldeohv1 Zh �uvw olqhdul}h wkh prgho durxqg lwv qrq0vwrfkdvwlf vwhdg|

vwdwh1 Wkhq zh pdnh dq lqlwldo jxhvv derxw wkh rswlpdo srolf| sdudphwhuv/ jlyhq wkh

rwkhu sdudphwulf dvvxpswlrqv zh kdyh pdgh/ dqg yhuli| wkdw wkh prgho dgplwv d xqltxh

vwdeoh udwlrqdo h{shfwdwlrqv htxloleulxp xqghu wklv sdudphwhu frqvwhoodwlrq1 Rqfh zh kdyh

hvwdeolvkhg wkh h{lvwhqfh ri vxfk dq htxloleulxp/ zh duh deoh wr fdofxodwh wkh orvv ixqfwlrq

ri wkh srolf|pdnhu1 Zh wkhq lwhudwh rq wklv fdofxodwlrq iru dowhuqdwh vhohfwlrqv ri srolf|

uxoh sdudphwhu ydoxhv/ dqg frpsduh orvvhv/ dqg frqwlqxh lq wklv zd| xqwlo d plqlpxp iru

wkh orvv ixqfwlrq lv orfdwhg1

Pruh vshfl�fdoo|/ wkh olqhdul}hg prgho ghyhorshg lq vhfwlrqv 5 dqg 6 fdq eh uhsuhvhqwhg

lq frpsdfw irup zlwk doo yduldeohv lq shufhqwdjh ghyldwlrq iurp wkh vwhdg| vwdwh dv

�.|+|n� ' �+| n �%| ;| � f� +914,

+| lv d yhfwru ri hqgrjhqrxv yduldeohv frpsulvlqj erwk suhghwhuplqhg dqg qrq0

suhghwhuplqhg yduldeohv lqfoxglqj srolf| uxohv iru wkh qrplqdo lqwhuhvw udwh dqg wd{hv1

4:Vhh Fkdgkd dqg Qrodq +5335h, iru dq dqdo|vlv ri wkh vwdelolw| frqglwlrqv iru wklv prgho1
4;Zh dxjphqw wkh Nlqj dqg Zdwvrq +4<<:, frgh wr shuirup zkdw lv/ lq h�hfw/ d julg vhdufk ryhu

wkh srolf| sdudphwhuv vxfk wkdw wkh srolf|pdnhuv orvv ixqfwlrq lv plqlplvhg1 Dowhuqdwlyh frgh kdv ehhq
zulwwhq e| Ulfkdug Ghqqlv +5334, wr vroyh iru rswlpdo vlpsoh uxohv xqghu udwlrqdo h{shfwdwlrqv Wklv odwwhu
dojrulwkp/ krzhyhu/ uhtxluhv vrphwklqj forvh wr zkdw zh fdoo wkh E pdwul{ lq +914, wr eh qrq0vlqjxodu1
Iru odujhu prghov wkdw lv riwhq lqfrqyhqlhqw vlqfh vrph pdqxdo v|vwhp uhgxfwlrq lv wkhq uhtxluhg1 Rxu
frgh uhtxluhv qhlwkhu D qru E wr eh vlqjxodu1 Wkh Nlqj dqg Zdwvrq +4<<:, uhgxfwlrq dojrulwkp fdq ghdo
zlwk vlqjxodu D pdwulfhv zklovw rxu phwkrg ri fdofxodwlqj wkh prgho*v dv|pswrwlf yduldqfh0frylduldqfh
pdwul{ grhv qrw uhtxluh wkh lqyhuvlrq ri E dw dq| vwhs dorqj wkh zd|1 Ghqqlv* +5334, frgh krzhyhu fdq
dovr eh xvhg wr vroyh iru wkh fdvh zkhq suhfrpplwphqw lv qrw ihdvleoh1
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%| lv d yhfwru ri h{rjhqrxv yduldeohv dqg �c� dqg � duh pdwulfhv ri �{hg/ wlph0lqyduldqw

frh!flhqwv1 .| lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo rq lqirupdwlrq dydlodeoh dw wlph

|1 Nlqj dqg Zdwvrq +4<<;, ghprqvwudwh wkdw li d vroxwlrq wr +914, h{lvwv dqg lv xqltxh

wkhq zh pd| zulwh vxfk d vroxwlrq lq vwdwh0vsdfh irup dv iroorzv=

+| ' �r|c

r| ' �r|3� nCe|c +915,

zkhuh wkh r| pdwul{ lqfoxghv wkh vwdwh yduldeohv ri wkh prgho +suhghwhuplqhg yduldeohv

dorqj zlwk h{rjhqrxv vwdwh yduldeohv,/ e| lv d yhfwru ri vkrfnv wr wkh vwdwh yduldeohv dqg

�c� dqg C duh frh!flhqw pdwulfhv1 Wkh +| pdwul{ kdv dovr ehhq dxjphqwhg wr lqfoxgh

wkh prgho*v h{rjhqrxv vwdwh yduldeohv1 Ohw ?R_ ghqrwh wkh qxpehu ri suhghwhuplqhg

yduldeohv/ ?% wkh qxpehu ri h{rjhqrxv vwdwh yduldeohv dqg ohw ??R_ ghqrwh wkh qxpehu

ri qrq0suhghwhuplqhg yduldeohv1 Wkh glphqvlrqv ri rxu v|vwhp duh dv iroorzv= +| lv

^E??R_n?R_n ?%�� �oc r| lv dE?R_n ?%�� �o/ � lv dE??R_n ?R_n?%�� E?R_n?%�o/ �

lv dE?R_n ?%�� E?R_n ?%�oc dqg C lv dE?R_n ?%�� E?R_n ?%�o1 Zh fdq xvh htxdwlrqv

+915, wr fdofxodwh wkh dv|pswrwlf yduldqfh0fryduldqfh pdwul{ iru wkh prgho*v hqgrjhqrxv

yduldeohv14< Wr surfhhg/ lwhudwh rq wkh vhfrqg vhw ri htxdwlrqv1 Vlqfh wkhuh duh d vx!flhqw

qxpehu ri vwdeoh urrwv/ zh kdyh

r| ' C
"[
�'f

� �e|3�� +916,

Xvlqj wklv uhvxow lq wkh �uvw vhw ri htxdwlrqv lq +915, zh �qg wkdw

+| '
"[
�'f

x� �e|3�c +917,

zkhuh x � �C lv dE??R_ n ?R_ n ?%� � E?R_ n ?%�o� Dv wkh vwrfkdvwlf vkrfnv wr wkh

hfrqrp| duh dvvxphg wr eh fryduldqfh vwdwlrqdu|/ lw wkhq iroorzv wkdw zh pd| zulwh/

+|+
�

| � P '
"[
�'f

x� �l� ��x�c +918,

zkhuh d sulph ghqrwhv d wudqvsrvh dqg l � e|e
�

|1
53 Xvlqj wkh uhohydqw hqwulhv iurp wkh P

pdwul{ �qdoo| doorzv xv wr hydoxdwh wkh srolf|pdnhu*v orvv ixqfwlrq1

Rxu sureohp/ wkhq/ lv wr �qg wkh vhw ri sdudphwhu ydoxhv K '
�
�6
Z c �

6
+ c �

s
Zc �

s
+ c 4

6c 4s
�
/

zkhuh wkh vxshuvfulsw 6 uhihuv wr wkh olqhdul}hg lqwhuhvw udwh uxoh/ +614,/ wkh vxshuvfulsw s

uhihuv wr wkh olqhdul}hg �vfdo uxoh/ +615,/ dqg zkhuh 4 uhihuv wr wkh ghjuhh ri dxwrfruuhodwlrq

lq wkh wzr uxohv/ vxfk wkdw wkh iroorzlqj zhoiduh orvv ixqfwlrq lv plqlpl}hg=

4<Wkh lqwhuhvwhg uhdghu vkrxog frqvxow Kdqvhq dqg Vdujhqw +4<<;, iru ixuwkhu ghwdlov1
53Wr ghulyh +918, zh kdyh xvhg wkh uhvxow wkdw iru dq| wzr frqirupdeoh pdwulfhv D dqg E> +DE,3 @ E3D31

Qrwh dovr wkdw vlqfh rxu vkrfnv duh vhuldoo| xqfruuhodwhg/ zh kdyh wkdw hwh
3

w�m @ 3 ;m A 3=
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� +919,

Wkh srolf|pdnhu*v shulrg orvv ixqfwlrq/ u/ lv jlyhq e|

u ' k�PZ n k2P+ n k�P�c +91:,

zkhuh P% ghqrwhv wkh dv|pswrwlf yduldqfh ri wkh dqqxdol}hg ydoxh ri %c jlyhq K154

:1 Uhvxowv

Zh nqrz iurp d ydvw dprxqw ri zrun wkdw kdv wdnhq sodfh lq uhfhqw |hduv wkdw d Wd|oru

uxoh grhv zhoo lq wkh w|sh ri prgho zh kdyh ghyhorshg deryh1 Dowkrxjk zh duh qrw dzduh

ri dq hvwlpdwhg Eodqfkdug0\ddul prgho iru zklfk wkh shuirupdqfh ri d Wd|oru uxoh kdv

ehhq hydoxdwhg/ rxu djjuhjdwh htxdwlrqv duh iru wkh prvw sduw vlplodu wr wkh vwdqgdug

uhsuhvhqwdwlyh djhqw vhw0xs/ dqg vr zh suhvxph wkdw vrphwklqj olnh d Wd|oru uxoh uhpdlqv

d ghvludeoh uxoh iru prqhwdu| srolf|1 Dv lpsruwdqw/ zh dovr nqrz wkdw vrphwklqj olnh d

Wd|oru uxoh wudfnv uhdo0zruog srolf| udwhv idluo| forvho|/ vr wkdw li rxu prgho lv wr wudfn

gdwd rq prqhwdu| srolf| fkrlfhv lw qhhgv wr jhqhudwh d Wd|oru0olnh uxoh1 Zkdw zh dovr dvn

ri rxu prgho/ lq whupv ri htxdwlrq 615/ lv zkdw duh wkh rswlpdo zhljkwv lq wkh �vfdo uxohB

Uhfdoo iurp wkh olwhudwxuh rq Wd|oru uxohv +vhh/ iru h{dpsoh/ Zrrgirug/ 4<<<, wkdw

d zhljkw ri juhdwhu wkdq xqlw| rq frqwhpsrudqhrxv lq dwlrq dqg d zhljkw forvh wr }hur

rq frqwhpsrudqhrxv rxwsxw kdv ghvludeoh vwdelol}lqj surshuwlhv +vhh dovr Fkulvwldqr dqg

Jxvw/ 4<<<,1 Rxu uhvxowv iru rswlpdolw| ri wklv vlpsoh Wd|oru uxoh duh jlyhq lq Wdeoh 51

Wdeoh 5= Wkh Vlpsoh Wd|oru Uxoh

Lqwhuhvw udwh uxoh Ilvfdo uxoh
Z| � ZW 4148 Z| � ZW 3
+| � +W| 3139 +| � +W| 41:8
-|3� 3158 (|3� 318:

Wkh qxpehuv uhsruwhg lq wklv wdeoh fruuhvsrqg wr wkh rswlpl}hg frh!flhqwv dvvrfldwhg

zlwk wkh dujxphqwv +lqglfdwhg wr wkh ohiw, lq wkh uhdfwlrq ixqfwlrqv1 Lq doo ri wkh vlpxodwlrq

uhvxowv uhsruwhg zh kdyh frqvwudlqhg �vfdo srolf| qrw wr uhdfw wr wkh lq dwlrq ghyldwlrq

iurp wdujhw1 Zh vhh/ wkhq/ wkdw wkh Wd|oru sulqflsoh lv uhvshfwhg lq rxu rswlpl}hg uxoh/

|lhoglqj dq lpsdfw frh!flhqw rq lq dwlrq ghyldwlrqv ri 4148/ dqg dq hyhqwxdo +orqj0uxq,

ihhgedfn rq lq dwlrq ri mxvw ryhu 418= lq idfw/ Wd|oru +4<<6, klpvhoi vxjjhvwhg d ydoxh ri 4181

Qrwh dovr wkdw/ dw wkh rswlpxp/ wkhuh lv d zhdn frqwhpsrudqhrxv ihhgedfn iurp rxwsxw

54Iroorzlqj Edwwlql hw do1 +5334, zh dvvxph wkdw �4 @ �5 @ 4/ dqg �6 @ 3=58=
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+3139,1 Lqwhuhvw udwhv duh dxwrfruuhodwhg/ dowkrxjk wr d ghjuhh wkdw dsshduv vrphzkdw ohvv

wkdq rqh pljkw h{shfw1 Wxuqlqj wr wkh gh�flw uxoh/ zh vhh wkdw wkh gh�flw uhdfwv urexvwo|

wr wkh rxwsxw jds1 Wkh vxusoxv=JGS udwlr uhvsrqgv frqwhpsrudqhrxvo| wr wkh rxwsxw

jds zlwk d frh!flhqw ri 31:8 +vrphzkdw kljkhu wkdq Wd|oru*v uhfrpphqgdwlrq,/ dqg lv

pruh kljko| dxwrfruuhodwhg wkdq wkh qrplqdo lqwhuhvw udwh1

Iljxuhv <140<17 looxvwudwh wkh �w ri wkh rswlpl}hg uxohv zlwk gdwd iurp wkh XV dqg wkh

XN1 Wkh idploldu fkduwv ri wkh Wd|oru Uxoh wudfnlqj dfwxdo srolf| udwhv lq <14 dqg <16 duh

qrz dxjphqwhg e| �vfdo uxohv1 Wkh vlpxodwhg rswlpdo vlpsoh uxohv surylgh d uhdvrqdeoh

ylvxdo �w wr wkh gdwd +zklfk duh ghvfulehg lq irrwqrwh 43 deryh,1 Zh duh uhoxfwdqw wr

fodlp wrr pxfk iru wkhvh vlpxodwhg uxohv/ dv rxu prgho lv fohduo| yhu| sduvlprqlrxv1

Iru h{dpsoh/ wkh vlpsoh uxohv uhvxow lq idluo| urexvw �vfdo uhvsrqvhv zklfk duh dssduhqw

wrzdugv wkh vwduw ri wkh vdpsoh shulrg1 Lq d vhqvh/ krzhyhu/ wkhvh wzr vhwv ri fkduwv pdnh

fohdu zkdw zh wklqn lv d nh| phvvdjh ri wklv sdshu= jrrg prqhwdu| srolf| lv suhglfdwhg rq

jrrg �vfdo srolf| +dqg ylfh yhuvd,1 Rxu vhw xs doorzv xv wr eh fohdu/ zlwklq wkh frq�qhv

ri rxu prgho/ zkdw �jrrg� �vfdo srolf| orrnv olnh1

:141 Lpsxovh Uhvsrqvhv

Ehiruh dvvhvvlqj d qxpehu ri gl�huhqw srolf| vfhqdulrv/ zh glvfxvv wkh lpsxovh uhvsrqvhv ri

rxwsxw/ lqwhuhvw udwhv/ wkh �vfdo edodqfh dqg lq dwlrq wr 4( vkrfnv lq hdfk ri wkh iruflqj

yduldeohv jlyhq wkh rswlpl}hg frh!flhqwv uhsruwhg lq Wdeoh 51 Iurp wkh sorwv ri wkhvh

uhvsrqvhv/ d slfwxuh hphujhv ri prqhwdu| dqg �vfdo srolf| zrunlqj dv d frpsohphqwdu|

vhtxhqfh ri fkrlfhv1

:14141 Surgxfwlylw| vkrfn

Iljxuhv <180<1; rxwolqh wkh uhvsrqvh ri wklv hfrqrp| wr d v|pphwulf shuvlvwhqw vkrfn wr

surgxfwlyh fdsdflw|1 Qdwxudoo|/ rxwsxw uhvsrqgv srvlwlyho| dqg zlwk d kljk ghjuhh ri

shuvlvwhqfh wr d surgxfwlylw| vkrfn1 Lq dwlrq pluuruv wkh uhvsrqvh/ dv idoolqj pdujlqdo

frvwv sxw grzqzdug suhvvxuh rq �upv* sulfhv/ e| idoolqj ehorz edvholqh iru : txduwhuv1

Wkh rswlpdo srolf| uhvsrqvh lqyroyhv wkh qrplqdo lqwhuhvw udwh idoolqj ehorz edvh/ zkloh

wkh �vfdo vxusoxv ulvhv1 Qrplqdo lqwhuhvw udwhv duh fxw lq rughu wr vwdelol}h idoolqj lq dwlrq

dqg oxps0vxp wd{dwlrq whpshuv djjuhjdwh ghpdqg1

:14151 Prqhwdu| vkrfn

Iljxuhv <1<0<144 rxwolqh wkh uhvsrqvh ri wkh hfrqrp| wr lqqrydwlrqv lq wkh hfrqrp|*v

lqwhuhvw udwh uxoh1 Rxwsxw uhpdlqv ehorz lwv vwhdg|0vwdwh ohyho iru vrph 43 txduwhuv/

dowkrxjk lw lv zlwklq 314( ri edvh diwhu rqo| 6 txduwhuv1 Rxwsxw idoov ehfdxvh d prqhwdu|

srolf| vkrfn lqfuhdvhv uhdo udwhv1 Ilvfdo srolf| uhvsrqgv wr wklv prqhwdu| wljkwhqlqj e|

uxqqlqj d +shuvlvwhqw, gh�flw1 Wkh pd{lpdo uhvsrqvh lv lq wkh �uvw shulrg zkhuh wkh gh�flw

lqfuhdvhv e| 31;(/ zklfk lv vrph 315( juhdwhu wkdq wkh idoo lq rxwsxw1 Lq dwlrq uhvsrqgv
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txlfno| wr wkh prqhwdu| vkrfn/ idoolqj e| mxvw xqghu 318( lq wkh �uvw shulrg dqg uhwxuqv

pruh wkdq kdoi zd| wr edvh e| shulrg 51

:14161 Ilvfdo vkrfn

Iljxuhv <1450<147 ghslfw wkh uhvsrqvh ri rxwsxw/ qrplqdo lqwhuhvw udwhv dqg lq dwlrq wr

�vfdo srolf| vkrfnv1 Wkh �vfdo lpsdfw rq rxwsxw rshudwhv yld jryhuqphqw h{shqglwxuh

dqg erqgv dqg lv h{soruhg h{solflwo| lq vhfwlrq ; zkhuh zh frqvwuxfw d phdvxuh ri wkh

�vfdo vwdqfh1 Wkh lqfuhdvh lq rxwsxw dqg lq dwlrq fdxvhg e| wkh lpsdfw rq djjuhjdwh

ghpdqg ohdgv wr d shuvlvwhqw exw vpdoo ulvh lq qrplqdo lqwhuhvw udwhv1 Wkh h�hfwv ri

jryhuqphqw h{shqglwxuh duh dqdo|}hg lq Ed{whu dqg Nlqj +4<<6,1 Eulh |/ d ulvh lq

jryhuqphqw h{shqglwxuh rq �qdo jrrgv uhvxowv lq d ulvh lq oderu vxsso| zklfk errvwv

djjuhjdwh rxwsxw +ghvslwh sxvklqj grzq rq djjuhjdwh frqvxpswlrq,1

:151 Srolf| Vlpxodwlrqv

Lq wklv vxevhfwlrq zh glvfxvv �yh srolf| h{shulphqwv wkdw  rz qdwxudoo| iurp wkh rswlpdo

vlpsoh uxohv zh kdyh douhdg| fkdudfwhul}hg1 Zh vroyh iru wkhvh uxohv xvlqj wkh phwkrg

rxwolqhg lq vhfwlrq 91 Krzhyhu/ khuh zh h{rjhqrxvo| uhvwulfw wkh sdudphwhu vsdfh/ K/

doorzlqj xv wr h{soruh ixuwkhu wkh lqwhudfwlrqv ehwzhhq mrlqw +frqvwudlqhg, rswlpdo sodqv

iru prqhwdu| dqg �vfdo srolf|1

:15141 Pxqghooldq Dvvljqphqw

Iluvw/ zh frpsduh wkh rswlpl}hg uxoh suhvhqwhg lq Wdeoh 5 wr wkdw zklfk zrxog eh lpsolhg

e| wkh lpsohphqwdwlrq ri Pxqghoo*v +4<:4, vxjjhvwlrq wr dvvljq srolf| wrrov zkhuh kh

fodlphg wkh| kdg wkh juhdwhvw h!fdf| l1h1/ prqhwdu| srolf| wr lq dwlrq dqg �vfdo srolf|

wr rxwsxw1 Wdeoh 6 vkrzv wkh rswlpdo zhljkwv iru vxfk d uxoh duh yhu| forvh wr wkh uxoh

rswlpl}hg lq Wdeoh 51 Zh �qg wkdw wkh orqj uxq frh!flhqwv duh �6
Z ' ��� dqg �s

+ ' ���1

Lq rxu vhw xs/ wkh Pxqghooldq dvvljqphqw uhvxowv lq v|vwhpdwlf srolf| yhu| forvh wr wkdw

ghvfulehg lq Wdeoh 51

Wdeoh 6= Pxqghoo Dvvljqphqw Uxoh

Lqwhuhvw udwh uxoh +LUU, Ilvfdo uxoh +IU,
Z| � ZW 413: Z| � ZW 0
+| � +W| 0 +| � +W| 4147
-|3� 314< (|3� 3198

Vr wkh lqwhuhvwlqj vxssohphqwdu| txhvwlrq lv zkdw kdsshqv li rqh dup ri srolf|

cplvehkdyhv* ru lv frqvwudlqhg/ shukdsv e| srolwlfdo irufhv/ wr ehkdyh lq d vxe0rswlpdo

zd| 0 dw ohdvw dv gh�qhg e| rxu fulwhulrq1
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:15151 �s
+ ' f

Ohw xv vxssrvh wkdw �vfdo srolf|/ lq wkh �uvw lqvwdqfh/ lv frqvwudlqhg qrw wr uhvsrqg wr

rxwsxw dw doo1 Wdeoh 7 vkrzv wkh uhvxowlqj lpsolfdwlrqv iru wkh prqhwdu| uxoh1

Wdeoh 7= Wd|oru Uxoh Lpsolfdwlrqv ri Ilvfdo Gh�flw Vprrwklqj

Lqwhuhvw udwh uxoh Ilvfdo uxoh
Z| � ZW 71;6 6188 4187 4134 Z| � ZW 0
+| � +W| 31;3 3188 314< 314< +| � +W| 0

-|3�

3

f�2D
3

f��
3

f�D
3

f�H (|3�

3

f�b

Khuh zh kdyh frqvwudlqhg �vfdo srolf| phuho| wr iroorz dq dxwrfruuhodwhg surfhvv1

Zkhq �vfdo srolf| grhv qrw uhdfw wr rxwsxw/ �s
+ ' f/ zh �qg wkdw wkh orqj uxq frh!flhqw

rq lq dwlrq lq wkh lqwhuhvw udwh uxoh pryhv vkduso| xs dw wkh rswlpxp1 Wkh orqj0uxq

frh!flhqw rq lq dwlrq/ �6
Z lv irxqg wr eh ryhu 8/ uhjdugohvv ri wkh h{whqw ri lqwhuhvw udwh

vprrwklqj +zklfk zh kdyh frqvwudlqhg wr wdnh wkh ydoxhv lq Wdeoh 7,1 Zh qrwh wkdw vkrxog

wkh srolf| pdnhu zlvk wr olplw khu g|qdplf uhvsrqvh wr lq dwlrq lq wkh uhjlrq ri �� ��D/

wkhq lq wkh suhvhqfh ri d sdvvlyh �vfdo vwdqfh/ vljql�fdqw lqwhuhvw udwh vprrwklqj vkrxog

eh hpsor|hg l1h1 wkh odjjhg frh!flhqw rq lqwhuhvw udwhv vkrxog eh deryh 3181 Lq vkruw/

d sdvvlyh �vfdo srolf| vkliwv wkh exughq ri vwdelol}dwlrq hqwluho| rqwr prqhwdu| srolf|/

fdxvlqj wkdw dup ri srolf| wr eh vrphzkdw pruh dfwlyh wkdq wkh Wd|oru sulqflsoh pljkw

vxjjhvw1

:15161 �s
+ � f

Wdeoh 8= Wd|oru Uxoh Lpsolfdwlrqv ri Surf|folfdo Gh�flw Vprrwklqj

Lqwhuhvw udwh uxoh Ilvfdo uxoh
Z| � ZW 914: 43179 4<168 7<169 Z| � ZW 0
+| � +W| 4146 513; 713: 431:: +| � +W| �s

+

-|3�

3

f�2D
3

f�2D
3

f�2D
3

f�2D (|3�

3

f�H

Ilvfdo Uxoh �s
+ 03138 03143 03148 03153

Wdeoh 8 frqvlghuv ixuwkhu lpsolfdwlrqv iru wkh prqhwdu| srolf| uxoh zkhq �vfdo srolf|

lv vhw surf|folfdoo| udwkhu wkdq frxqwhu0f|folfdoo|1 Wkh �uvw srlqw wr qrwh lv wkdw iru kljk

orqj uxq qhjdwlyh ihhgedfn iurp wkh rxwsxw jds/ l1h1/ �s
+ : f�H/ wkh v|vwhp txlfno| ehfrphv

xqvwdeoh1 Exw li zh doorz iru vpdoo qhjdwlyh ihhgedfn zh �qg wkdw wkh zhljkwv rq erwk

rxwsxw dqg/ lq sduwlfxodu/ lq dwlrq ulvh frqvlghudeo| lq rughu wr dwwdlq dq rswlpxp1 Wklv

uhvxow lpsolhv wkdw/ wr vrph olplwhg h{whqw/ prqhwdu| srolf| fdq vxevwlwxwh iru srruo|

ghvljqhg �vfdo srolf| e| ehfrplqj vljql�fdqwo| pruh djjuhvvlyh1
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:15171 �6
Z $ �

Wdeoh 9= Ilvfdo Srolf| Lpsolfdwlrqv ri Wkuhvkrog Wd|oru Revhuydqfh

LUU IU LUU IU LUU IU LUU IU LUU IU
Z| � ZW 318 0 318 0 31< 0 31< 0 31; 0
+| � +W| 318 419< 314 41:5 314 419; 314 514< 314 515:

4 318 319; 318 3198 318 3194 315 3177 315 317:

Wdeoh 9 frqvlghuv wkh lpsolfdwlrqv iru �vfdo srolf| dv wkh orqj uxq frh!flhqw rq lq dwlrq

lq wkh lqwhuhvw udwh uxoh whqgv wr rqh155 Wkh �uvw wzr vhwv ri uhvxowv +froxpqv 508, vkrz

wkdw li wkh LUU pdlqwdlqv d orqj uxq frh!flhqw rq lq dwlrq ri dw ohdvw rqh/ �6
Z � �/

rswlpdo �vfdo srolf| zloo dowhu olwwoh1 Wkh qh{w wkuhh vhwv ri uhvxowv ydu| wkh orqj uxq

uhvsrqvh ri wkh LUU wr lq dwlrq/ iurp �6
Z ' ��Hc ��� dqg ��f1 Zh vhh wkdw dv wkh LUU

uhvsrqvh wr lq dwlrq whqgv wrzdugv rqh/ dqg jlyhq wkdw wkh rxwsxw uhvsrqvh lv vpdoo/ wkh

rswlpdo IU uhvsrqgv wr rxwsxw pruh srzhuixoo|1 Wklv phdqv wkdw �vfdo srolf| fdq/ wr

vrph h{whqw/ dfw dv d vxevwlwxwh iru zhdn LUU uhvsrqvhv wr lq dwlrq exw wkh srolf| orvvhv

dw hdfk ri wkhvh rswlpd vxjjhvw wkdw wklv vwudwhj| lv vrphzkdw xqdwwudfwlyh1

:15181 Lq dwlrq Qxwwhu

Wdeoh := Ilvfdo Srolf| Lpsolfdwlrqv ri wkh cLq dwlrq Qxwwhu*

LUU IU LUU IU LUU IU
Z| � ZW 718 0 618 0 513 0
+| � +W| 314 6139 314 6136 314 518:

4 315 3177 315 317: 315 3185

Rxu �qdo looxvwudwlrq lq Wdeoh : vkrzv wkh lpsolfdwlrqv iru �vfdo srolf| iurp d prqhwdu|

srolf|0pdnhu zkr sodfhv d kljk zhljkw rq lq dwlrq vwdelol}dwlrq1 Wkh Wdeoh vkrzv wkdw

dfwlyh prqhwdu| srolf| lq wklv fdvh hqjhqghuv vlploduo| dfwlyh �vfdo srolf| lq rughu wr

uhdfk wkh rswlpxp1 Wklv phdqv wkdw djjuhvvlyh prqhwdu| srolf| zloo eh frpsohphqwhg

e| d vlplodu �vfdo srolf| lq rughu wr vwdelol}h wkh hfrqrp| rswlpdoo|= djjuhvvlrq euhhgv

djjuhvvlrq1 Wkh kljk zhljkw rq lq dwlrq lq wkh prqhwdu| uxoh uhvxowv lq d yrodwloh uhdo

lqwhuhvw udwh/ lq wxuq jhqhudwlqj d yrodwloh sdwk iru frqvxpswlrq dqg khqfh rxwsxw1

Frqvhtxhqwo| wklv holflwv d urexvw uhvsrqvh iurp �vfdo srolf|1

Wkh vlpxodwlrqv lq wklv vhfwlrq kdyh vkrzq wkdw +l, wkh Pxqghooldq dvvljqphqw vwudwhj|

pd| kdyh d qxpehu ri dwwudfwlyh surshuwlhv> +ll, sdvvlyh �vfdo srolf|/ dw wkh rswlpxp/ pd|

surylgh d ixuwkhu udwlrqdoh iru djjuhvvlyh prqhwdu| srolf| zklfk lwvhoi pd| eh hqjhqghuhg

55Wkh froxpqv khdghg LUU uhihu wr Lqwhuhvw Udwh Uxoh dqg wkrvh khdghg IGU uhihu wr wkh Ilvfdo Gh�flw

Uxoh1 Iru LUU jr wr wkh o1k1v1 froxpq iru d nh| dqg iru IGU jr wr wkh u1k1v1 iru d nh|1
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e| lqwhuhvw udwh vprrwklqj> +lll, qhdu euhdfklqj ri wkh Wd|oru sulqflsoh/ lq whupv ri wkh xqlw

uhvsrqvh ri lqwhuhvw udwhv wr lq dwlrq/ zloo vwlpxodwh dfwlyh �vfdo srolf| dw dq rswlpxp> dqg

+ly, wkdw djjuhvvlyh prqhwdu| srolf| zloo djdlq hqjhqghu dfwlyh �vfdo srolf|1 Lq hdfk fdvh

xqghuvwdqglqj rswlpdo prqhwdu| srolf| uhtxluhv d fkdudfwhul}dwlrq ri wkh frqfrplwdqw

�vfdo srolf| fkrlfhv/ zkhuh rxwsxw vwdelol}dwlrq vhhpv wr olh yhu| pxfk zlwklq wkh fruuhfw

vfrsh ri �vfdo udwkhu wkdq prqhwdu| srolf|1

Lq wkh qh{w vhfwlrq/ zh lqyhvwljdwh lq pruh ghwdlo wkh urxwhv e| zklfk �vfdo srolf|

vwdelol}hv rxwsxw lq rxu hfrqrp|1 Lq sduwlfxodu/ zh wxuq wr wkh txdqwlwdwlyh lpsruwdqfh

ri wkh zhdowk h�hfw dvvrfldwhg zlwk erqgv rxwvwdqglqj wr lqtxluh zkhwkhu wklv pdnhv d

vljql�fdqw gl�huhqfh wr wkh rswlpdo vlpsoh uxohv1

;1 Wkh Lpsdfw ri Ilvfdo Srolf|

;141 Wkh lqgh{ ri �vfdo vwdqfh

Dv wkh zrun ri Ed{whu dqg Nlqj +4<<6, dqg Dl|djdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<6,

pdnhv fohdu/ jryhuqphqw h{shqglwxuh fdq lq xhqfh wkh ohyho ri djjuhjdwh ghpdqg lq

d  h{leoh sulfh frpshwlwlyh pdfurhfrqrplf hqylurqphqw/ hyhq zkhq erqgv duh qrw qhw

zhdowk1 Lqghhg/ wkh ehkdylru ri wkh prgho hfrqrplhv dqdo|}hg lq wkrvh sdshuv lqglfdwhv

wkdw �vfdo srolf| kdv pxowlsolhu h�hfwv rq rxwsxw zklfk ulvh lq wkh shuvlvwhqfh ri wkh

vkrfn wr h{shqglwxuh1 Lq rxu vwlfn|0sulfh hqylurqphqw/ �vfdo yduldeohv lq xhqfh wkh ohyho

ri djjuhjdwh ghpdqg/ t _
| ' �| nC|/ dw wlph | yld d qxpehu ri fkdqqhov1 Khuh zh iroorz

Eodqfkdug +4<;8, dqg frqvwuxfw dq lqgh{ ri �vfdo vwdqfh1 Ohw U87 ghqrwh wkh clqgh{

ri �vfdo vwdqfh*= wkdw lv/ wkrvh frpsrqhqwv ri djjuhjdwh ghpdqg +erwk lqmhfwlrqv dqg

zlwkgudzdov, gxh wr �vfdo srolf| wkdw frqwulexwh wr ghpdqg wklv shulrg1 Vr xvlqj rxu

h{suhvvlrq iru wkh djjuhjdwh frqvxpswlrq ixqfwlrq +vhh wkh dsshqgl{,/ zh �qg wkdw wkh

lqgh{ pd| eh zulwwhq dv/
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zklfk lv htxlydohqw wr htxdwlrq +5;, lq Eodqfkdug +4<;8,1 Wkh �uvw olqh lv wkh h�hfw ri

jryhuqphqw h{shqglwxuh rq djjuhjdwh ghpdqg zkhq lw lv �qdqfhg rxw ri frqwhpsrudqhrxv

wd{dwlrq1 Wkh vhfrqg olqh lv wkh h�hfw ri �qdqflqj yld ghew lvvxh dqg uhsuhvhqwv wkh zhdowk

h�hfw ri erqgv1 Wr vhh wklv glvwlqfwlrq pruh fohduo|/ uhfdoo wkdw wkh jryhuqphqw*v suhvhqw0

ydoxh exgjhw lv
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zkhuh zh kdyh sduwldoohg rxw wkh vhljqlrudjh whup1 Khqfh wkh lqgh{ pd| qrz eh zulwwhq

dv/
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;151 Zhdowk H�hfw ri Erqgv

Wkh zhdowk h�hfw lpsdfwlqj rq djjuhjdwh frqvxpswlrq g|qdplfv lq htxdwlrq +5155, lv

�owhuhg e| d sdudphwhu wkdw uhsuhvhqwv wkh vwhdg|0vwdwh udwlr ri zhdowk wr frqvxpswlrq/
�
S
/ pxowlsolhg e| wkh suredelolw| ri ghdwk/ b1 Iurp rxu glvfxvvlrq ri wkh U87/ lq wkh

suhylrxv vxe0vhfwlrq/ zh qrwh wkdw li b ' f wkhq wkh vhfrqg olqh lq +;16, lv lghqwlfdoo|

}hur dfurvv doo gdwhv dqg vwdwhv dqg erqgv duh qrw qhw zhdowk1 Iru b 9' fc dqg K|3� : f/

rxwvwdqglqj erqgv zloo whqg wr errvw djjuhjdwh ghpdqg1 Lq wklv vhfwlrq zh wkhuhiruh

h{dplqh wkh lpsdfw rq wkh rswlpdo uxoh ri doorzlqj wkh suredelolw| ri ghdwk wr lqfuhdvh1

Lq wkh iroorzlqj wdeohv b ' f�ff� lpsolhv h{shfwhg uhpdlqlqj olih lv :3 |hduv/ b ' f�ffD

lpsolhv d krul}rq ri 83 |hduv dqg b ' f�ff. lpsolhv d 68 |hdu krul}rq1

Wdeoh ;= Wkh Vlpsoh Wd|oru Uxoh iru dowhuqdwlyh �

Lqwhuhvw udwh uxoh Ilvfdo uxoh

b f�ff� f�ffD f�ff. f�ff� f�ffD f�ff.
Z| � ZW 414835 4147<9 4147;: Z| � ZW 3 3 3

+| � +W| 313937 3138<5 3138:7 +| � +W| 41:857 41:857 41:857

-|3� 3157<8 3157;< 3157;4 (|3� 318:59 318:63 318:67

Wdeoh <= Pxqghoo Dvvljqphqw Uxoh iru dowhuqdwlyh b

Lqwhuhvw udwh uxoh Ilvfdo uxoh

b ' f�ff� f�ffD f�ff. f�ff� f�ffD f�ff.
Z| � ZW 413:3; 413:54 413:6< Z| � ZW 3 3 3

+| � +W| 3 3 3 +| � +W| 414696 4147:4 414967

-|3� 314;<6 314<4< 314<36 (|3� 3197<5 3197;6 3197:4

Wdeohv ; dqg < vkrz wkdw kdoylqj olih h{shfwdqf| pdnhv yhu| olwwoh gl�huhqfh wr wkh

rswlpdo zhljkwv1 Wklv lv vr erwk iru wkh uxoh xvhg lq Wdeoh 5 +zklfk fruuhvsrqgv wr Wdeoh

;,/ ru iru wkh Pxqghooldq dvvljqphqw lq Wdeoh 6 +fruuhvsrqglqj wr Wdeoh <,1 Uhfdoo wkdw

Ulfdugldq Htxlydohqfh idlov lq wklv vhw0xs vroho| ehfdxvh ri wkh ryhuodsslqj jhqhudwlrqv
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vwuxfwxuh ri wkh prgho/ vlqfh qrw doo ri wkh fxuuhqwo| dolyh fdq h{shfw wr olyh vx!flhqwo|

orqj wr idfh wkh reoljdwlrqv ri fxuuhqw ghew fuhdwlrq1 Wkhvh uhvxowv wkhuhiruh whoo xv wkdw

wkh pdjqlwxgh ri wkh zhdowk h�hfw grhv qrw sod| d fuxfldo uroh lq h{sodlqlqj wkh rswlpdo

ghjuhh ri �vfdo vwdelol}dwlrq= wkh rswlpdo zhljkwv lq wkh �vfdo uxoh uh hfw sulpdulo| wkh

h�hfw ri jryhuqphqw h{shqglwxuh �qdqfhg rxw ri frqwhpsrudqhrxv h{shqglwxuh1

<1 Frqfoxvlrqv

Zh ghyhors/ fdoleudwh dqg vlpxodwh d plfur0irxqghg prgho lq zklfk sulfhv duh uljlg dqg

�upv surgxfh gl�huhqwldwhg jrrgv1 Ilvfdo srolf| dfwv wr lq xhqfh djjuhjdwh ghpdqg e|

lq xhqflqj fxuuhqw h{shqglwxuh1 Prqhwdu| srolf| uhjxodwhv lq dwlrq e| vhwwlqj wkh sulfh

ri lqwhuwhpsrudo wudgh1 Dw wkh srolf| rswlpxp/ zh �qg d urexvw fdvh iru wkh srolf|pdnhu

revhuylqj wkh Wd|oru sulqflsoh lq frqmxqfwlrq zlwk ohwwlqj dxwrpdwlf vwdelol}huv lqgxfh d

qrq0}hur �vfdo edodqfh wkurxjk wkh hfrqrplf f|foh1

Zh vkrz wkdw qhjohfw ri wkh uroh ri dxwrpdwlf vwdelol}huv lq ghvljqlqj rswlpdo srolf|

zloo kdyh vljql�fdqw lpsolfdwlrqv iru rswlpdo prqhwdu| srolf|1 Iru h{dpsoh/ zh vkrz wkdw

csdvvlyh* �vfdo srolf| qhfhvvlwdwhv odujh +l1h1 �6
Z : D, orqj uxq uhvsrqvhv wr lq dwlrq lq

wkh lqwhuhvw udwh uxoh1 Dovr zh lqglfdwh krz djjuhvvlyh prqhwdu| srolf| pd| uhvxow lq dq

djjuhvvlyh vhw ri �vfdo sodqv1 Wkh uhfhqw olwhudwxuh rq prqhwdu| srolf| uxohv +h1j1/ Fodulgd/

Jdol dqg Jhuwohu/ 4<<<, kdv lpsolflwo| dvvxphg wkh cfruuhfw* �vfdo srolf| zloo eh iroorzhg1

Lq wklv sdshu zh kdyh ghyhorshg d prgho wkdw doorzv lv wr vd| zkdw irup wkdw �vfdo srolf|

wdnhv1 Rxu eulhi frpsdulvrq ri dfwxdo dqg crswlpdo* srolf| vxjjhvwv vrph lqvljkw kdv ehhq

jdlqhg/ ghvslwh wkh vlpsolflw| ri rxu prgho1

Lq ixwxuh zrun/ zh zloo vhhn wr h{whqg wkh �vfdo hqylurqphqw lq wzr gluhfwlrqv1 Iluvw/

zh vkdoo lqfrusrudwh glvwruwlrqdu| wd{dwlrq1 Uhfhqw zrun e| Dxhuedfk dqg Ihhqehuj

+5333, vxjjhvwv wkdw wklv zloo eh dq lpsruwdqw fkdqqho wkurxjk zklfk wkh v|vwhpdwlf

h�hfwv ri �vfdo srolf| rshudwh1 Wkdw zloo dovr frqvwlwxwh dq dgglwlrqdo dqg olnho| pruh

lpsruwdqw fkdqqho wkurxjk zklfk Ulfdugldq Htxlydohqfh zloo idlo1 Vhfrqg/ zh dlp wr

lqfrusrudwh cxvhixo* jryhuqphqw h{shqglwxuh/ shukdsv yld lq xhqflqj wkh pdujlqdo uhwxuq

wr sulydwh lqyhvwphqw/ dqg d glvwlqfwlrq ehwzhhq jryhuqphqw hpsor|phqw dqg jryhuqphqw

sxufkdvhv1 Dv Ilqq +4<<;, ghprqvwudwhv/ wklv odwwhu glvwlqfwlrq lv ri fuxfldo lpsruwdqfh/

dv wkh| kdyh r�vhwwlqj lpsdfwv rq rxsxw1 Ixwxuh zrun pljkw dovr frqvlghu pruh uljrurxvo|

wkh lpsolfdwlrqv ri qrq0frooxvlyh ehkdylru ehwzhhq wkh prqhwdu| dqg �vfdo srolf| pdnhuv1

Lq wklv uhjdug/ dq lqwhuhvwlqj dssolfdwlrq pljkw eh wkh lpsolfdwlrqv ri vxfk ehkdylrxu wr

uhjlrqv zlwklq d prqhwdu| xqlrq1

Ilqdoo|/ zh qrwhg dw wkh vwduw ri wklv sdshu wkdw Wd|oru Uxohv iru prqhwdu| srolf|

zhuh xqolnho| wr ghvfuleh olwhudoo| zkdw prqhwdu| srolf|pdnhuv dfwxdoo| gr1 Vlploduo|/

wkh vlpsoh �vfdo uxohv wkdw zh kdyh frqvwuxfwhg/ dowkrxjk surylglqj dq lqwhuhvwlqj cedfn0

ri0wkh hqyhorsh* fdofxodwlrq ri wkh pdjqlwxgh ri gh�flwv dqg vxusoxvhv wkdw rqh pljkw

zdqw wr rffxu lq dfwxdo hfrqrplhv/ whoo xv olwwoh derxw wkh plfur0vwuxfwxuh ri wkh wd{ dqg
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ehqh�wv v|vwhp1 Iru h{dpsoh/ gl�huhqw �vfdo plfur0vwuxfwxuhv duh olnho| wr eh frqvlvwhqw

zlwk d jlyhq ghjuhh ri yduldwlrq lq wkh djjuhjdwh vxusoxv=JGS udwlr dw wkh exvlqhvv f|foh

iuhtxhqflhv1 Lqyhvwljdwlqj wkhvh lvvxhv lv dovr olnho| wr eh dq lqwhuhvwlqj dyhqxh iru ixwxuh

uhvhdufk1

Uhihuhqfhv

^4` Dxhuedfk/ D1 M1 dqg G1 Ihhqehuj +5333,/ �Wkh Vljql�fdqfh ri Ihghudo Wd{hv dv

Dxwrpdwlf Vwdelol}huv/� plphr1

^5` Edwlql/ Q1/ U1 Kduulvrq dqg V1 Ploodug +5334,/ �Prqhwdu| Srolf| Uxohv iru dq Rshq

Hfrqrp|�/ Zrunlqj Sdshu Edqn ri Hqjodqg/ Qr1 47</ Ghfhpehu1

^6` Eduur/ U1 M1 +4<:7,/ �Duh Jryhuqphqw Erqgv Qhw ZhdowkB�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ yro ;5/ qr 9/ ss 43<80444:1

^7` bbbbbbbbbb/ 1 +4<:<,/ �Rq wkh Ghwhuplqdwlrq ri wkh Sxeolf Ghew�/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ yro ;:/ qr 8/ sduw 4/ ss <730:41

^8` Ed{whu/ P1 dqg U1J1 Nlqj +4<<6,1 �Ilvfdo Srolf| lq Jhqhudo Htxloleulxp�/ Dphulfdq

Hfrqrplf Uhylhz/ ;6+6,/ Mxqh 4<<6/ ss1 648067

^9` Eodqfkdug R M +4<;8, �Ghewv/ Gh�flwv dqg Ilqlwh Krul}rqv� Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <6/ ss1556057:1

^:` bbbbbbbbbb/ +5333,/ �Frpphqwv rq Frkhq dqg Iroohwwh�/ IUEQ\ Hfrqrplf

Srolf| Uhylhz/ Dsulo 5333/ ss9<0:71

^;` bbbbbbbbbb dqg U1 Shurwwl/ +4<<<,/ �Dq Hpslulfdo Fkdudfwhul}dwlrq ri wkh

G|qdplf H�hfwv ri Fkdqjhv lq Jryhuqphqw Vshqglqj dqg Wd{hv rq Rxwsxw�/ QEHU

Zrunlqj Sdshu Qr1 :59</ Mxo|1

^<` Exuqvlgh/ F1/ P1 Hlfkhqedxp dqg M1 G1 P1 Ilvkhu +5334,/ �Dvvhvvlqj wkh H�hfwv ri

Ilvfdo Vkrfnv�/ Plphr1

^43` Fdoyr/ J1 D1 +4<;6, �Vwdjjhuhg Sulfhv lq d Xwlolw| Pd{lplvlqj Iudphzrun�/ Mrxuqdo

ri Prqhwdu| Hfrqrplfv/ 45/ qr16 +Vhswhpehu,/ ss<;60<;1

^44` Fdq}rqhul/ P1 E1/ F1 Qrodq dqg D1 \dwhv/ +4<<:,/ �Phfkdqlvpv iru Dfklhylqj

Prqhwdu| Vwdelolw|= Lq dwlrq Wdujhwlqj yhuvxv wkh HUP�/ Mrxuqdo ri Prqh| Fuhglw

dqg Edqnlqj/ 5<+4,/ ss1 790931

^45` Fdugld/ H1 +4<<4,/ �Wkh G|qdplfv ri d Vpdoo Rshq Hfrqrp| lq uhvsrqvh wrPrqhwdu|/

Ilvfdo dqg Surgxfwlylw| Vkrfnv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5;+6,/ ss174407671

55



^46` Fkdgkd/ M1 V1/ Q1 Mdqvvhq dqg F1 Qrodq/ +5334,/ �Surgxfwlylw| dqg Suhihuhqfhv lq d

Vpdoo Rshq Hfrqrp|�/ Wkh Pdqfkhvwhu Vfkrro/ yroxph 9< v4/ +Vhswhpehu,/ ss8:0;31

^47` Fkdgkd/ M1 V1/dqg F1 Qrodq/ +5335d,/ �Lq dwlrq yhuvxv Sulfh0Ohyho wdujhwlqj lq d Qhz

Nh|qhvldq Pdfur0prgho�/ Wkh Pdqfkhvwhu Vfkrro1

^48` bbbbbbbbbb/ +5335e,/ �Vxsso| Vkrfnv dqg wkh Qdwxudo Udwh ri Lqwhuhvw= Dq

H{sorudwlrq lq �Wkh Wkhru| dqg Sudfwlfh ri Prqhwdu| Wudqvplvvlrq lq Glyhuvh

Hfrqrplhv� hglwhg e| S1 M1 Vlqfodlu hw do1/ Fdpeulgjh Xqlyhuvlw| Suhvv1/

^49` bbbbbbbbbb/ +5335f,/ �Rxwsxw/ Lq dwlrq dqg wkh QhzNh|qhvldq Skloolsv Fxuyh

+5335,/ plphr1

^4:` bbbbbbbbbb/ +5335g,/ �Rq wkh Lqwhudfwlrq ri Prqhwdu| dqg Ilvfdo Srolf|�

Iruwkfrplqj lq G|qdplf Pdfurhfrqrplfv= Wkhru| dqg Srolf| lq Jhqhudo

Htxloleulxp/ hglwhg e| Vxpux Dowxj/ Mdjmlw Fkdgkd dqg Fkduohv Qrodq/ Iruwkfrplqj

lq 5336/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^4;` bbbbbbbbbb/ +5335h,/ �Wkh Lqwhudfwlrq ri Prqhwdu| dqg Ilvfdo Srolf|= Zkhq

Grhv Djjuhjdwlyh Ilvfdo Srolf| PdwwhuB� Lq suhsdudwlrq1

^4<` Fkulvwldqr/ O1M1 dqg Jxvw/ F1M1 +4<<<, �Wd|oru Uxohv lq d Olplwhg Sduwlflsdwlrq

Prgho� Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu/ :34:/ Pdufk 4<<</

s1 4:1

^53` Fodulgd/ U1/ M1 Jdol/ dqg P1 Jhuwohu/ +4<<<, �Wkh Vflhqfh ri Prqhwdu| Srolf|= D Qhz

Nh|qhvldq Shuvshfwlyh�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh 6:+7,/ Ghfhpehu 4<<</ss1

499404:3:1

^54` Fkulvwldqr/ O1M1 dqg Jxvw/ F1 +4<<<,/ �Wd|oru Uxohv lq d Olplwhg Sduwlflsdwlrq

Prgho�/ QEHU Zrunlqj Sdshuv/ :34:/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Lqf1

^55` Frkhq/ G1/ dqg J1 Iroohwwh +5333,/ �Wkh Dxwrpdwlf Ilvfdo Vwdelol}huv= Txlhwo| Grlqj

Wkhlu Wklqj�/ IUEQ\ Hfrqrplf Srolf| Uhylhz/ Dsulo 5333/ ss6809;1

^56` Ghqqlv/ U1 +5334,/ �Vroylqj iru Vlpsoh Uxohv lq Udwlrqdo H{shfwdwlrqv Prghov�/

Zrunlqj Sdshu/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr Qxpehu 330471

^57` Hghoehuj/ Z1/ P1 Hlfkhqedxp dqg M1 G1 P1 Ilvkhu +4<<;,/ �Xqghuvwdqglqj wkh H�hfwv

ri d Vkrfn wr Jryhuqphqw Sxufkdvhv� Xqlyhuvlw| ri Fklfdjr/ Plphr1

^58` Hlfkhqedxp/ P1 +4<<:,/ �Vrph Wkrxjkwv rq Sudfwlfdo Vwdelol}dwlrq Srolf| +lq Lv

Wkhuh d Fruh ri Sudfwlfdo Pdfurhfrqrplfv Wkdw Zh Vkrxog Doo EholhyhB,/ Wkh

Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;:/ Qr1 5/ Sdshuv dqg Surfhhglqjv ri wkh Kxqguhg

dqg Irxuwk Dqqxdo Phhwlqj ri wkh Dphulfdq Hfrqrplf Dvvrfldwlrq1 +Pd|/ 4<<:,/ ss1

569056<1
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^59` Hlfkhqjuhhq/ E1 dqg F1 Z|sorv} +4<<;,/ �Vwdelolw| Sdfw= Pruh wkdq d Plqru

QxlvdqfhB�/ Hfrqrplf Srolf|/ Dsulo 9:04461

^5:` Hufhj/ F1/ G1 Khqghuvrq dqg D1 Ohylq/ +5333,/ �Rswlpdo prqhwdu| srolf| zlwk

vwdjjhuhg zdjh dqg sulfh frqwudfwv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 79/ ss

5;406461

^5;` Ilqq/ P1 J1 +4<<;,/ �F|olfdo H�hfwv ri Jryhuqphqw*v Hpsor|phqw dqg Jrrgv

Sxufkdvhv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ Yro1 6</ Qr1 6/ ss968098:1

^5<` Kdqvhq/ O1 S1 dqg Vdujhqw/ W1 M1 +4<<;,/ Uhfxuvlyh Olqhdu Prghov ri G|qdplf

Hfrqrplhv/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

^63` Nkdq/ D1/ U1 J1 Nlqj dqg D1 O1 Zropdq +5333,/ �Rswlpdo Prqhwdu| Srolf|�/ Ihghudo

Uhvhuyh Edqn ri Ulfkprqg Zrunlqj Sdshu Qr1 33043/ Rfwrehu1

^64` Nlqj/ P1 +4<<<,/ �Fkdoohqjhv iru Prqhwdu| Srolf|= Qhz dqg Rog�/ lq Qhz Fkdoohqjhv

iru Prqhwdu| Srolf|/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| V|psrvlxp/ ss14408:1

^65` Nlqj/ U1J1 dqg Zdwvrq/ P1Z1 +4<<;,1 �Wkh Vroxwlrq ri Vlqjxodu Olqhdu Gl�huhqfh

V|vwhpv xqghu Udwlrqdo H{shfwdwlrqv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6<+7, ss1

4348059

^66` Nlqj/ U1 J1 dqg D1 Zroopdq +4<<9,/ �Lq dwlrq Wdujhwlqj lq d Vw1 Orxlv Prgho ri wkh

54vw Fhqwxu|�/ Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv Uhylhz/ Pd|2Mxqh/ 4<<91

^67` Ohlwk/ F1 dqg V1 Zuhq0Ohzlv +5333,/ �Lqwhudfwlrqv Ehwzhhq Prqhwdu| dqg Ilvfdo

Srolf| Uxohv/ Hfrqrplf Mrxuqdo/ yro 443/ Qr1 795/ Pdufk/ F<60F43;1

^68` Oxfdv/ U1H1 Mu dqg Q1 O1 Vwrnh| +4<;6, �Rswlpdo Ilvfdo dqg Prqhwdu| Srolf| lq dq

Hfrqrp| zlwkrxw Fdslwdo�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro 45/ ss880<61

^69` PfFdooxp/ E1 W +5334,/ �Lqghwhuplqdf|/ Exeeohv dqg wkh Ilvfdo Wkhru| ri Sulfh

Ohyho Ghwhuplqdwlrq�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 7:/ qr 4/ Iheuxdu|/ ss

4<0631

^6:` Pxqghoo/ U1D1 +4<:4,1 �Wkh Groodu dqg wkh Srolf| Pl{�/ Hvvd|v lq Lqwhuqdwlrqdo

Ilqdqfh Qr1 ;81

^6;` Vdujhqw/ W1M1 dqg Q1 Zdoodfh +4<;4,/ �Vrph Xqsohdvdqw Prqhwdulvw Dulwkphwlf�/

IUE/ Plqqhdsrolv1

^6<` Wd|oru/ M1 E1/+4<<6,/ �Glvfuhwlrq yhuvxv Uxohv lq Sudfwlfh�/ Fduqhjlh0Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ yro1 6</ ss4<805471

^73` bbbbbbbbbb/ +4<<:,/ �Wkh Srolf| Uxoh Pl{= D Pdfurhfrqrplf Srolf|

Hydoxdwlrq�/ Zrunlqj Sdshu Vwdqirug Xqlyhuvlw|1
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^74` bbbbbbbbbb/ +4<<<d,/ Prqhwdu| Srolf| Uxohv/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr

Suhvv/ QEHU1

^75` bbbbbbbbbb/ +4<<<e,/ �Uhdvvhvvlqj Glvfuhwlrqdu| Ilvfdo Srolf|�/ Zrunlqj

Sdshu Vwdqirug Xqlyhuvlw|1

^76` Zlooldpv/ M1 F1 +4<<<, �Vlpsoh Uxohv iru Prqhwdu| Srolf|�/ Erdug ri Jryhuqruv ri

wkh Ihghudo Uhvhuyh V|vwhp/ Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Sdshu/ Qr1 4<<<045/

Iheuxdu|/ Zdvklqjwrq1

^77` Zrrgirug/ P1 +4<<8,/ �Sulfh Ohyho Ghwhuplqdf| zlwkrxw Frqwuro ri d Prqhwdu|

Djjuhjdwh�/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ yro 76/ ss 40791

^78` bbbbbbbbbb/ +4<<:,/ �Frqwuro ri wkh Sxeolf Ghew= D uhtxluhphqw iru Sulfh

Vwdelolw|B�/ lq Wkh Ghew Exughq dqg Prqhwdu| Srolf|/ hgv= J1 D1 Fdoyr/ dqg P1 D1

Nlqj/ 1/ Orqgrq= PdfPloodq1

^79` bbbbbbbbbb/ +4<<;d,/ Sxeolf Ghew dqg wkh Sulfh Ohyho/ Sulqfhwrq Xqlyhuvlw|/

plphr1

^7:` bbbbbbbbbb/ +4<<;e,/ �Frpphqw rq Mrkq Frfkudqh/ cD iulfwlrqohvv ylhz ri XV

lq dwlrq�*/ lq QEHU Pdfurhfrqrplfv Dqqxdo/ hglwhg e| Ehq V1 Ehuqdqnh dqg Mxolr

M1 Urwhpehuj/ PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ ss 73305;1

^7;` bbbbbbbbbb/ +5333,/ D Qhr0Zlfnvhooldq Iudphzrun iru wkh Dqdo|vlv ri

Prqhwdu| Srolf|/ Sulqfhwrq Xqlyhuvlw|/ plphr1

^7<` \ddul/ P1 H1 +4<98,/ �Xqfhuwdlq Olihwlph/ Olih Lqvxudqfh/ dqg wkh Wkhru| ri wkh

Frqvxphu�/ Uhylhz ri Hfrqrplf Vwxglhv/ 65 +Dsulo,/ ss146:0831

^83` \xq/ W1 +4<<9,/ cQrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw| dqg Exvlqhvv

F|fohv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6:/ ss167806:31
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<141 Dsshqgl{= Djjuhjdwh frqvxpswlrq g|qdplfv

Lq wklv dsshqgl{ zh ghulyh htxdwlrq +5155, lq wkh pdlq wh{w1 Zh fdqqrw vlpso| sdvv

wkh djjuhjdwru ixqfwlrq wkurxjk htxdwlrq +5144,1 Lq wkh vwdqgdug uhsuhvhqwdwlyh djhqw

iudphzrun wkh Hxohu htxdwlrq fdswxuhv djjuhjdwh frqvxpswlrq g|qdplfv e| frqvwuxfwlrq1

Lq rwkhu zrugv/ li zh xvh wkh vwdqgdug Hxohu htxdwlrq dqg wkh suhvhqw ydoxh exgjhw

frqvwudlqw/ lq wkh lq�qlwh0olyhg uhsuhvhqwdwlyh djhqw vhw xs/ zh �qg wkdw djjuhjdwlqj dfurvv

doo frqvxphuv rqh hqgv xs edfn dw wkh vlpsoh Hxohu htxdwlrq dv dq htxdwlrq wkdw dovr

uhsuhvhqwv djjuhjdwh frqvxpswlrq0vdylqjv ehkdylru1 Wkdw htxlydohqfh ehwzhhq lqglylgxdo

dqg djjuhjdwh ehkdylru ylv d ylv frqvxpswlrq grhv qrw rewdlq lq rxu vhw xs1 Wr vhh wklv/

lwhudwh rq wkh frqvxpswlrq Hxohu htxdwlrq dqg xvh wkh suhvhqw ydoxh exgjhw frqvwudlqw

wr �qg wkdw/
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zkhuh 8| ' E�nb��|3�nE�nb��|3�1 Wkdw lv/ zh dvvxph wkdw rq ghdwk �qdqfldo zhdowk

lv wudqvihuuhg yld �lqvxudqfh frpsdqlhv� dv zlqgidoo glylghqgv wr fxuuhqwo| dolyh djhqwv1

Rxu dvvxpswlrq ri orj vhsdudelolw| phdqv wkdw wkh ohiw kdqg0vlgh ri wkh deryh h{suhvvlrq

dq eh zulwwhq dv �nb
�nb3q

�|�|/ vr wkdw zh kdyh
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zklfk lv wkh vroyhg rxw frqvxpswlrq ixqfwlrq iru d jlyhq djhqw ri d fxuuhqwo| dolyh frkruw1

Zh qrz zdqw wr fdofxodwh djjuhjdwh �|n��|n� � �|�|1 Iluvw zh hfrqrpl}h rq vrph

qrwdwlrq/ uhzulwlqj +<14, dv
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zkhuh [ � �nb3q
�nb

/ dqg Xr � `r�r n�r � Ar �
�r

�n�r
�r1 Zh vkdoo dovr dyrlg fduu|lqj

durxqg h{shfwdwlrqv rshudwruv1 Zh frqvwuxfw �|n��|n���|�| lq wzr vwhsv1 Iluvw zh ghulyh

dq h{suhvvlrq iru wkh hyroxwlrq ri djjuhjdwh ckxpdq* zhdowk/ Xrc dqg wkhq zh fdofxodwh

dq dqdorjrxv h{suhvvlrq iru djjuhjdwh �qdqfldo zhdowk1 Wkh vxp ri wkhvh wzr h{suhvvlrqv

gholyhuv djjuhjdwh frqvxpswlrq g|qdplfv1 Iluvw/ wkhq/ zh orrn wr wkh fkdqjh lq djjuhjdwh

ckxpdq* zhdowk/ zklfk zloo kdyh wkh vdph irup/ jlyhq rxu dvvxpswlrqv/ dv lqglylgxdo
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kxpdq zhdowk1 Khqfh/ zh kdyh wkdw/
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Froohfwlqj whupv zh vhh wkdw

[

5
7 �X| n

�
��

�
�

�n�|

� �
�

�nb

��
X|n�n�

��
�

�
�n�|

� �
�

�nb

���
�

�n�|n�

� �
�

�nb

�
X|n2

6
8n

�
��

�
�

� n �|

��
�

� n b

���
�

� n �|n�

��
�

� n �|n2

��
�

� n b

�2

X|n� n ���

Wklv h{suhvvlrq fdq/ zlwk d olwwoh uhduudqjhphqw/ eh uhzulwwhq dv
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Zh qrz fdofxodwh dq h{suhvvlrq iru [d8|n� � 8|o � Iluvw zh uhfdoo wkdw zh qrz qhhg

wr zrun zlwk djjuhjdwh �qdqfldo zhdowk1 Vlqfh lq wkh djjuhjdwh wkhuh fdq eh qr zlqgidoo

jdlqv/ zh qrz gh�qh 8 dv iroorzv
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Optimal Taylor Rule and Federal Funds Rate: US 1990-2000
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Optimal Fiscal Rule and Fiscal Surplus: US 1990-2000
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Optimal Taylor Rule and Base Rate: UK 1990-2000
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Optimal Fiscal Rule and Budget Surplus: UK 1990-2000
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output in response to productivity shock
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nominal interest in response to productivity shock
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Surplus in response to productivity shock
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Inflation in response to productivity shock
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output in response to monetary shock
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Inflation in response to monetary shock
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output in response to fiscal shock
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nominal interest in response to fiscal shock
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Inflation in response to fiscal shock
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