
Credit Market Imperfections and the
Heterogeneous Response of Firms to
Monetary Shocks
Jonas D.M. Fisher

Working Papers Series
Research Department
(WP-96-23)

Federal Reserve Bank of Chicago

W
orking Paper Series



Fuhglw pdunhw lpshuihfwlrqv dqg wkh khwhurjhqhrxv
uhvsrqvh ri �upv wr prqhwdu| vkrfnv

Mrqdv G1P1 Ilvkhu�

Hfrqrplf Uhvhdufk Ghsduwphqw

Ihghudo Uhvhuyh Edqn ri Fklfdjr

563 Vrxwk OdVdooh Vwuhhw

Fklfdjr/ LO 9393704746

Fxuuhqw gudiw= Mxqh 7/ 4<<;

�L wkdqn Mh� Fdpsehoo/ Y1Y1 Fkdul/ Odzuhqfh Fkulvwldqr/ Pduwlq Hlfkhqedxp/ Dqguhdv Kruqvwhlq/
Plfkdho Kruydwk/ vhyhudo dqrq|prxv uhihuhhv dqg Shwhu Krzlww iru wkhlu khos1 Frpphqwv e| ydulrxv vhp0
lqdu sduwlflsdqwv duh dovr dssuhfldwhg1 Wkh �qdqfldo dvvlvwdqfh ri VVKUF dqg wkh Vordq Irxqgdwlrq lv
judwhixoo| dfnqrzohgjhg1 Wklv sdshu lv d vxevwdqwldoo| uhylvhg yhuvlrq ri d sdshu suhylrxvo| flufxodwhg zlwk
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Devwudfw

Wklv sdshu dvvhvvhv wkh edqn0ohqglqj fkdqqho lqwhusuhwdwlrq ri hylghqfh rq wkh khwhurjhqhrxv

uhvsrqvh ri �upv wr prqhwdu| vkrfnv1 Wr gr vr L ghyhors d txdqwlwdwlyh jhqhudo htxloleulxp

prgho ri wkh edqn0ohqglqj fkdqqho zlwk lpshuihfw fuhglw pdunhwv1 Wkh fdoleudwhg prgho*v

vwhdg| vwdwh vxssruwv d frpprq lghqwl�fdwlrq vwudwhj| dgrswhg lq wkh olwhudwxuh= vpdoo

�upv duh fuhglw frqvwudlqhg dqg odujh �upv duh qrw1 Iru vrph sdudphwhu ydoxhv wkh prgho

uhsurgxfhv wkh f|folfdo revhuydwlrqv ylhzhg dv vxssruwlqj wkh ohqglqj ylhz ri wkh prqhwdu|

wudqvplvvlrq phfkdqlvp dqg iru rwkhuv lw grhv qrw1 Wkh sdudphwhu ydoxhv frqvlvwhqw zlwk

wkh ohqglqj ylhz dsshdu wr eh lpsodxvleoh1

MHO fodvvl�fdwlrq= H65/ H77/ H84

Nh|zrugv= edqn0ohqglqj fkdqqho/ frvwo| vwdwh yhul�fdwlrq/ prqhwdu| wudqvplvvlrq phfkdqlvp

Mrqdv G1P1 Ilvkhu

Vhqlru Hfrqrplvw

Hfrqrplf Uhvhdufk Ghsduwphqw

Ihghudo Uhvhuyh Edqn ri Fklfdjr
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41 Lqwurgxfwlrq

Eruurzlqj dqg vdohv e| vpdoo �upv idoov vljql�fdqwo| uhodwlyh wr odujh �upv iroorzlqj d prq0

hwdu| frqwudfwlrq1 Pruhryhu/ wkh vsuhdg ehwzhhq wkh lqwhuhvw udwh rq ordqv sdlg e| �edqn0

ghshqghqw� �upv frpsduhg wr �upv wkdw xvh sxeolf ghew pdunhwv iru h{whuqdo �qdqfh ulvhv

gxulqj d prqhwdu| frqwudfwlrq1� Wklv hylghqfh kdv ehhq lqwhusuhwhg dv dq lpsolfdwlrq ri

txdqwlwdwlyho| lpsruwdqw iulfwlrqv lq fuhglw pdunhwv1 Jhqhudoo|/ wkhuh duh wzr ylhzv derxw

krz lpshuihfw fuhglw pdunhwv lq xhqfh wkh wudqvplvvlrq ri prqhwdu| vkrfnv1 Rqh hpskdvl}hv

wkh uroh ri qhw0zruwk lq wkh ghwhuplqdwlrq ri wkh suhplxp sdlg e| eruurzhuv iru h{whuqdo

�qdqfh1 Wkh rwkhu irfxvhv rq wkh delolw| ri prqhwdu| srolf| wr lq xhqfh wkh vxsso| ri ordq0

deoh ixqgv dw edqnv12 Wklv odwwhu ylhz lv riwhq uhihuuhg wr dv wkh edqn0ohqglqj fkdqqho ri wkh

prqhwdu| wudqvplvvlrq phfkdqlvp ru/ vlpso|/ wkh ohqglqj ylhz1 Wkh remhfwlyh ri wklv sdshu

lv wr dvvhvv wkh lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh wkdw vd|v lw uh hfwv wkh ohqglqj ylhz1

Wkh irxqgdwlrq ri wkh dqdo|vlv lv d jhqhudo htxloleulxp prgho zklfk hperglhv wkh iulfwlrq

frqyhqwlrqdoo| hpsor|hg wr fkdudfwhul}h wkh pdfurhfrqrplf lpsolfdwlrqv ri lpshuihfw fuhglw

pdunhwv1 Wkh prgho lv ghvljqhg wr fdswxuh lpsruwdqw ihdwxuhv ri wkh prqhwdu| wudqvplvvlrq

phfkdqlvp wkdw kdyh ehhq dwwulexwhg wr wkh ohqglqj ylhz dqg lw kdv suhglfwlrqv iru wkh

uhvsrqvhv ri vpdoo dqg odujh �upv dqg wkh vsuhdg ehwzhhq lqwhuhvw udwhv idfhg e| edqn0

ghshqghqw yhuvxv qrq0edqn0ghshqghqw �upv wr prqh| vxsso| glvwxuedqfhv1 L xvh wklv prgho

wr hydoxdwh wkh ohqglqj ylhz lq wzr zd|v1 Wkh �uvw uholhv rq wkh hqwluh vwuxfwxuh ri wkh

prgho1 L fdoleudwh sdudphwhuv xvlqj orqj uxq ihdwxuhv ri wkh gdwd dqg h{dplqh zkhwkhu wkh

prgho edvhg rq wkhvh sdudphwhuv fdq uhsolfdwh wkh nh| revhuydwlrqv1 L �qg wkdw wkh prgho

idlov dorqj wklv glphqvlrq � rqo| zlwk vhhplqjo| lpsodxvleoh sdudphwhuv grhv lw uhsolfdwh wkh

revhuydwlrqv ri lqwhuhvw1 Wklv lv ghvslwh wkh idfw wkdw wkh vwhdg| vwdwh ri wkh fdoleudwhg prgho

grhv d jrrg mre dw dffrxqwlqj iru orqj uxq ihdwxuhv ri wkh gdwd dvvrfldwhg zlwk wkh ohqglqj

ylhz1

Wkhvh uhvxowv frxog eh vhqvlwlyh wr wkh ghwdlov ri wkh jhqhudo htxloleulxp vshfl�fdwlrq dqg

lq sduwlfxodu wkh dvvxpswlrqv xqghuo|lqj wkh prqhwdu| wudqvplvvlrq phfkdqlvp1 Wkh vhfrqg
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zd| L dvvhvv wkh ohqglqj ylhz lv dq dwwhpsw wr dgguhvv wklv frqfhuq1 Wkh vwudwhj| khuh lv

wr dvvxph sduwlfxodu yduldeohv lq wkh jhqhudo htxloleulxp prgho duh h{rjhqrxv dqg vwxg|

wkh uhvxowlqj sduwldo htxloleulxp prgho ri wkh fuhglw pdunhw1 Sdudphwhu ydoxhv duh wdnhq

iurp wkrvh lpsolhg e| wkh jhqhudo htxloleulxp fdoleudwlrq surfhgxuh1 Krzhyhu/ lqvwhdg ri

xvlqj wkh jhqhudo htxloleulxp prgho*v lpsolfdwlrqv iru krz wkh h{rjhqrxv yduldeohv uhvsrqg

wr prqhwdu| vkrfnv/ L hvwlpdwh wkhlu uhvsrqvhv gluhfwo| iurp XV gdwd1 Wkhvh hvwlpdwhv duh

wkhq wdnhq dv jlyhq lq wkh sduwldo htxloleulxp prgho dqg wkh uhpdlqlqj sdudphwhu ydoxhv

duh fkrvhq wr uhsolfdwh wkh hpslulfdo revhuydwlrqv1 L �qg djdlq wkdw rqo| iru vhhplqjo|

lpsodxvleoh sdudphwhuv fdq wkh nh| revhuydwlrqv eh uhsolfdwhg1 Wkxv wkh �qglqj uhdfkhg rq

wkh edvlv ri wkh jhqhudo htxloleulxp prgho grhv qrw ghshqg rq wkh dvvxpswlrqv xqghuo|lqj

lwv wuhdwphqw ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1

Wkh h{whqw wr zklfk wkhvh uhvxowv fdvw grxew rq wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh

hpslulfdo hylghqfh ghshqgv rq wkh prgho*v vxffhvv dw fdswxulqj wkh pdlq whqhwv ri wklv ylhz1

Dv lw lv xvxdoo| ghvfulehg/ wkh ohqglqj ylhz fdq eh ghfrpsrvhg lqwr wzr glvwlqfw hohphqwv1�

Iluvw/ wkh prqhwdu| dxwkrulw| pxvw eh deoh wr lq xhqfh wkh uhdo vxsso| ri ordqdeoh ixqgv1

Wklv lghd lv fdswxuhg lq wkh prgho xvlqj wkh olplwhg sduwlflsdwlrq dvvxpswlrq dvvrfldwhg

zlwk Oxfdv +4<<3, dqg Ixhuvw +4<<5,1e Vhfrqg/ iulfwlrqv pxvw h{lvw wkdw irufh vrph �upv wr

ghshqg rq edqnv/ udwkhu wkdq sxeolf ghew pdunhwv/ iru h{whuqdo �qdqfh1 Dv lv frqyhqwlrqdo/

L prgho wklv xvlqj wkh frvwo| vwdwh yhul�fdwlrq iudphzrun lqwurgxfhg e| Wrzqvhqg +4<:<,

dqg Jdoh dqg Khoozlj +4<;8,1D Zkloh wkh prgho fdswxuhv wkhvh wzr hohphqwv ri wkh ohqglqj

ylhz/ wkhuh duh vhyhudo gl�huhqfhv ehwzhhq lw dqg wkh irupxodwlrqv lpsolflw lq pxfk ri wkh

ohqglqj ylhz olwhudwxuh1 Wkhvh gl�huhqfhv dqg wkhlu lpsolfdwlrqv iru lqihuhqfh gudzq iurp wkh

�qglqjv suhvhqwhg khuh duh glvfxvvhg ehorz1 Dovr/ lw lv lpsruwdqw wr uhfrjql}h wkdw/ lq rughu

wr irfxv rq wkh ohqglqj ylhz/ qhw0zruwk lv h{rjhqrxv lq wkh prgho1 Wkhuhiruh wkh �qglqjv

gr qrw kdyh dq| lpsolfdwlrqv iru lqwhusuhwdwlrqv ri wkh hpslulfdo hylghqfh zklfk uhvw rq dq

lpsruwdqw uroh iru qhw0zruwk1

Lq wkh qh{w vhfwlrq L ghyhors wkh jhqhudo htxloleulxp prgho1 Lq vhfwlrq wkuhh L ghvfuleh

7



wkh fdoleudwlrq surfhgxuh dqg uhsruw ihdwxuhv ri wkh vwhdg| vwdwh1 Lq vhfwlrq irxu L ghvfuleh

wkh �qglqjv edvhg rq wkh ixoo vwuxfwxuh ri wkh prgho dqg lq vhfwlrq �yh L uhsruw wkh �qglqjv

edvhg rq wkh sduwldo htxloleulxp phwkrgrorj|1 Wkh vl{wk dqg odvw vhfwlrq lv ghyrwhg wr

glvfxvvlqj wkh h{whqw wr zklfk wkh �qglqjv vkrxog eh lqwhusuhwhg dv hylghqfh djdlqvw wkh

ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh1

51 D Jhqhudo Htxloleulxp Prgho ri wkh Edqn0Ohqglqj Fkdqqho

Wkh prgho frqvlvwv ri krxvhkrogv/ jrrgv surgxfhuv dqg �qdqfldo lqwhuphgldulhv +edqnv,1

Krxvhkrogv frqvxph d exqgoh ri gl�huhqwldwhg jrrgv surgxfhg e| Gl{lw dqg Vwljolw} +4<::,

prqrsrolvwlf frpshwlwlyh �upv1 Wkhvh �upv kluh idfwruv ri surgxfwlrq iurp krxvhkrogv zlwk

suhghwhuplqhg lqwhuqdo ixqgv dqg ixqgv eruurzhg lq wkh ordq pdunhw iurp edqnv1 Vrph

iudfwlrq ri jrrgv surgxfhuv kdyh sulydwh lqirupdwlrq rq wkhlu uhyhqxhv zklfk rqo| edqnv

fdq yhuli| dw d frvw1 Ordq frqwudfwv duh ghwhuplqhg dffruglqjo| rq d shulrg0e|0shulrg edvlv1

Wkh vrxufh ri ixqgv iru edqnv lv krxvhkrog ghsrvlwv dqg vwrfkdvwlf prqhwdu| lqmhfwlrqv zklfk

uhsuhvhqw wkh prgho*v rqo| vrxufh ri djjuhjdwh xqfhuwdlqw|1

Lq prgholqj wkh ordq pdunhw L iroorz Ixhuvw +4<<7, e| hpehgglqj lq jhqhudo htxloleulxp

d vwdwlf prgho ri frvwo| vwdwh yhul�fdwlrq gxh wr Wrzqvhqg +4<:;, dqg Jdoh dqg Khoozlj

+4<;8,1 L xvh wklv iudphzrun iru vhyhudo uhdvrqv1 Iluvw/ lw kdv uhfhlyhg frqvlghudeoh dwwhqwlrq

lq wkh olwhudwxuh rq wkh pdfurhfrqrplf lpsolfdwlrqv ri fuhglw pdunhw lpshuihfwlrqv1 Dv

vxfk lw uhsuhvhqwv d surplqhqw ehqfkpdun1 Vhfrqg/ lw kdv wkh ghvludeoh surshuw| wkdw lw

gholyhuv d vwdqgdug ghew frqwudfw dv dq htxloleulxp skhqrphqrq1 Wklug/ iurp d txdqwlwdwlyh

shuvshfwlyh/ wkh vwdwlf ordq hqylurqphqw lv d qdwxudo sodfh wr vwduw vlqfh lw fdq eh ylhzhg

dv pd{lpl}lqj wkh glvwruwlrq gxh wr dv|pphwulf lqirupdwlrq1S Ilqdoo|/ lw lv d sduvlprqlrxv

prgholqj hqylurqphqw1

Lq wkh uhpdlqghu ri wklv vhfwlrq L rxwolqh wkh ghflvlrq sureohpv ri wkh djhqwv lq wkh

prgho/ ghvfuleh wkh sureohp zklfk ghwhuplqhv wkh rswlpdo ordq frqwudfw ehwzhhq sulydwh

lqirupdwlrq �upv dqg edqnv/ dqg wkhq L ghvfuleh d uhfxuvlyh htxloleulxp1
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5141 Krxvhkrogv

Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri krxvhkrogv zlwk xqlw phdvxuh1 Wkhvh krxvh0

krogv ydoxh dowhuqdwlyh vwuhdpv ri d frqvxpswlrq jrrg lqgh{ dqg zrun h�ruw dffruglqj wr

.%|

"[
�'|

q�3| d*? S� n D *?E�� ���o c f 	 q 	 �c D : f�

Khuh .%| lv wkh frqglwlrqdo h{shfwdwlrq rshudwru zlwk uhvshfw wr lqirupdwlrq %|/ S| lv wkh

dprxqw ri wkh frqvxpswlrq jrrg lqgh{ dqg �| lv zrun h�ruw/ erwk lq shulrg |1 Gursslqj

wlph vxevfulswv/ wkh frqvxpswlrq jrrg lqgh{ iru krxvhkrog � 5 dfc �o lq dq duelwudu| shulrg

lv jlyhq e|

S� '
�] �

f
���S

�*�
�� _�

��
� +4,

Khuh wkh ���*v duh suhihuhqfh vkrfnv zklfk duh lglrv|qfudwlf dfurvv krxvhkrogv dqg iru hdfk

krxvhkrog lglrv|qfudwlf dfurvv lqglylgxdo jrrgv � 5 dfc �o1 Dovr S�� ghqrwhv wkh frqvxpswlrq

ri jrrg � e| wkh �*wk krxvhkrog1 Wkh suhihuhqfh vkrfnv duh uhdol}hg dw wkh ehjlqqlqj ri

hyhu| shulrg dqg iru krxvhkrog � duh glvwulexwhg dffruglqj wr x�/ dq hohphqw ri wkh idplo|

ri glvwulexwlrq ixqfwlrqv I 1 L uhvwulfw I vr wkdw lq htxloleulxp krxvhkrogv duh lghqwlfdo lq

whupv ri wkh frqvxpswlrq jrrg lqgh{ hyhq wkrxjk wkh| gl�hu lq wkh doorfdwlrq ri frqvxpswlrq

dfurvv jrrgv1 Wkh rqo| rwkhu vrxufh ri xqfhuwdlqw| iru krxvhkrogv lv wkh jurzwk udwh ri wkh

djjuhjdwh vwrfn ri prqh|/ %�1

Wkh uhsuhvhqwdwlyh krxvhkrog glylghv ehjlqqlqj0ri0shulrg prqh| kroglqjv 6 ehwzhhq

d frqvwdqw wudqvihu e wr jrrgv surgxfhuv/ ghsrvlwv ? zlwk lqwhuphgldulhv dqg dq dprxqw wr

vdwlvi| d fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq jrrgv1. Wkh wudqvihu wr jrrgv surgxfhuv

hqwlwohv wkh krxvhkrog wr d vkduh ri wkhlu sur�wv1 Ghsrvlwv zlwk lqwhuphgldulhv pxvw eh pdgh

ehiruh revhuylqj %� dqg frqvhtxhqwo| wkh jurvv lqwhuhvw udwh rq ghsrvlwv/ -1 Doo rwkhu fkrlfhv

duh pdgh diwhu revhuylqj prqhwdu| jurzwk1

Lqfrph iru wkh krxvhkrog lv ghulyhg iurp irxu vrxufhv1 Iluvw/ wkhuh lv zdjh lqfrph/ ��/

zkhuh � ghqrwhv wkh qrplqdo zdjh1 Rqo| zdjh lqfrph lv dydlodeoh wr sd| iru frqvxpswlrq
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jrrgv lq wkh shulrg lw lv hduqhg1 Doo rwkhu lqfrph lv uhfhlyhg dw wkh hqg ri wkh shulrg1 Vhfrqg/

wkh krxvhkrog uhfhlyhv lqfrph o& iurp uhqwlqj lwv frqvwdqw hqgrzphqw ri fdslwdo &/ zkhuh o

lv wkh uhqwdo udwh rq fdslwdo1H Wklug/ wkh krxvhkrog lv sdlg lqwhuhvw rq lwv ghsrvlwv E-� ��?1

Ilqdoo|/ e| yluwxh ri lwv rzqhuvkls ri jrrgv surgxfhuv dqg lqwhuphgldulhv/ wkh krxvhkrog

uhfhlyhv qrplqdo glylghqgv zklfk wrwdo Z1 Wkh krxvhkrog grhv qrw idfh dq| lglrv|qfudwlf

glylghqg ulvn1 Wklv dprxqwv wr dvvxplqj shuihfw lqvxudqfh lq wkh htxlw| pdunhw1

Wkh ghflvlrq sureohp ri wkh krxvhkrog fdq eh vxppdul}hg e| wkh iroorzlqj g|qdplf

surjudp

T E6( %� ' 4@ ? .
q
4@ S�c� i*?ES�� n D *?E�� �� n qT E6�( %��j m %

r
v1w1

U �
f R�S��_� � 6� ?� e n ��c

E� n %��6� ' 6� ?� en �� n o& n-?n Z � U �
f R�S��_�c

dqg +4,1

Khuh T lv wkh krxvhkrog*v ydoxh ixqfwlrq dqg c�* ghqrwhv qh{w shulrg*v ydoxh ri d yduldeoh1

Qrwlfh wkdw L kdyh uhwdlqhg wkh � vxevfulsw wr hpskdvl}h wkh lglrv|qfudwlf qdwxuh ri wkh

frqvxpswlrq doorfdwlrq1 Ilqdoo|/ R� ghqrwhv wkh qrplqdo sulfh ri jrrg �1 Wkh glvwulexwlrq ri

uhodwlyh sulfhv ghshqgv rq fxuuhqw prqhwdu| jurzwk/ wkh xqghuo|lqj vwuxfwxuh ri suhihuhqfh

vkrfnv/ dqg lglrv|qfudwlf surgxfwlylw| vkrfnv wr eh lqwurgxfhg ehorz1 Lq vroylqj lwv g|qdplf

surjudp wkh krxvhkrog xqghuvwdqgv wkh odz ri prwlrq iru jurzwk lq wkh djjuhjdwh vwrfn ri

prqh| dqg wdnhv sulfhv dqg glylghqgv dv jlyhq ixqfwlrqv ri wkh vwdwh1

Wklv sureohp lqfrusrudwhv wkh olplwhg sduwlflsdwlrq dvvxpswlrq1 Olplwhg sduwlflsdwlrq lv

phdqw wr fdswxuh wkh lghd wkdw krxvhkrogv duh lq h{leoh lq wkhlu �qdqfldo sodqqlqj uhodwlyh wr

�upv dqg lqwhuphgldulhv1 Lq wkh fxuuhqw frqwh{w wklv dprxqwv wr dvvxplqj wkdw ? lv fkrvhq

ehiruh revhuylqj wkh prqhwdu| lqmhfwlrq dqg wkdw e lv d frqvwdqw1 Ilupv dqg lqwhuphgldulhv

duh pruh  h{leoh vlqfh doo wkhlu ghflvlrqv duh pdgh diwhu wkh fxuuhqw uhdol}dwlrq ri wkh prqh0

wdu| lqmhfwlrq1 P| dvvxpswlrq wkdw e lv d frqvwdqw lv pdgh iru vlpsolflw|/ exw lw qhyhuwkhohvv

fdswxuhv d uhdolvwlf dvshfw ri wkh ghwhuplqdwlrq ri lqwhuqdo ixqgv iru �upv1 Qdpho|/ wkdw gh0
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flvlrqv d�hfwlqj wkh ohyho ri lqwhuqdo ixqgv/ vxfk dv fkrlfhv uhjduglqj glylghqgv/ duh lq h{leoh

uhodwlyh wr rqjrlqj lqwhudfwlrq zlwk lqwhuphgldulhv1

5151 Jrrgv Surgxfhuv

Wkh frqwlqxxp ri glvwlqfw qrqvwrudeoh jrrgv � 5 dfc �o duh surgxfhg e| prqrsrolvwlf frp0

shwlwruv1 Jrrgv lqgh{hg e| � 5 � � dfc bo duh surgxfhg e| w|sh @ �upv dqg jrrgv lqgh{hg

e| � 5 � � Ebc �o duh surgxfhg e| w|sh K �upv1 Surgxfhuv duh ex�hwhg e| lglrv|qfudwlf sur0

gxfwlylw| dqg ghpdqg glvwxuedqfhv1 Rqo| rqh ihdwxuh ri wkh hqylurqphqw glvwlqjxlvkhv wkh

wzr w|shv ri �up= w|sh K �upv kdyh sulydwh lqirupdwlrq rq wkhlu ghpdqg dqg surgxfwlylw|

vkrfnv zkloh w|sh @ �upv gr qrw1

Hdfk shulrg iru d surgxfhu lqyroyhv irxu vwdjhv1 Iluvw/ diwhu wkh prqhwdu| lqmhfwlrq/

ordq frqwudfwv zlwk edqnv duh ghwhuplqhg dqg idfwruv ri surgxfwlrq duh kluhg1 Diwhu wklv/

surgxfwlrq wdnhv sodfh zlwk wkh uhdol}dwlrq ri wkh surgxfwlylw| glvwxuedqfh ghwhuplqlqj �qdo

surgxfw1 Wklug/ wkh ghpdqg vkrfn lv uhdol}hg/ sulfhv duh vhw dqg vdohv duh pdgh1 Lq wkh odvw

vwdjh/ dffrxqwv duh vhwwohg zlwk wkh edqnv dqg dq| vxusoxv iurp rshudwlrqv duh uhwxuqhg wr

krxvhkrogv1 L qrz ghvfuleh wkh vshfl�fv ri wkh hqylurqphqw1

Surgxfwlrq lv ghwhuplqhg dffruglqj wr

/� d8 E&�c ���� 1�o c +5,

zkhuh 8 E&c �� � &k��3k/ f 	 k 	 �/ 1� ' 1@ iru � 5 � dqg 1� ' 1K iru � 5 �/ dqg /� lv wkh

lglrv|qfudwlf surgxfwlylw| vkrfn1 Dovr/ &� dqg �� duh fdslwdo dqg oderu lqsxwv/ uhvshfwlyho|1

Jlyhq lqwhuqdo ixqgv e� dqg h{whuqdo ixqgv ,�/ frvw plqlpl}dwlrq iru jrrg surgxfhu � lpsolhv

&� '
k

o
E,� n �e�� dqg �� '

�� k

�
E,� n �e��� +6,

Khuh e� ' e@ iru � 5 � dqg e� ' eK iru � 5 �/ zkhuh e@ dqg eK duh frqvwdqwv vdwlvi|lqj

be@ n E�� b�eK ' e1 Wkh sdudphwhu � lv wkh iudfwlrq ri lqwhuqdo ixqgv wkdw duh dydlodeoh iru

;



�qdqflqj fxuuhqw surgxfwlrq1

Ghpdqg iru hdfk jrrg ghshqgv rq wkh fkrlfhv ri krxvhkrogv dqg wkh uhvrxufh frvwv ri vwdwh

yhul�fdwlrq e| edqnv1 Krxvhkrog ghpdqg iru hdfk jrrg lv ghulyhg iurp wkh uhsuhvhqwdwlyh

krxvhkrog*v sureohp1 Jlyhq wkdw wkh ghpdqg ri dq| rqh krxvhkrog lv vpdoo uhodwlyh wr wkh

wrwdo ghpdqg iru d jrrg zh kdyh wkdw ��� B R� iru doo jrrgv � dqg doo krxvhkrogv �1 Lq

dgglwlrq/ wkurxjkrxw L xvh wkh qrupdol}dwlrq wkdw .��
�*E�3��
�� ' � iru hdfk uhohydqw djhqw

�1 Wkhq/ ghpdqg iru jrrg � e| krxvhkrog � lv jlyhq e| S�� ' S�E���R*R��
�*E�3��/ zkhuh

R '
kU �
f R

�*E�3��
� _�

l�3�
lv wkh djjuhjdwh sulfh lqgh{1 L dvvxph wkh uhvrxufh frvwv ri vwdwh

yhul�fdwlrq duh dffrpprgdwhg e| wkh vdph lqgh{ ri jrrgv wkdw dssolhv wr krxvhkrogv1 Wkh

yhul�fdwlrq frvwv duh dvvxphg wr eh sursruwlrqdo wr wkh uhdo vl}h ri wkh ordq rxwvwdqglqj1

Wkxv/ iru �up � zlwk rxwvwdqglqj ordq ,� wkh uhdo uhvrxufh frvw lv >,�*R '
kU �
f ���>

�*�
�� _�

l�
/

> : f1 Khuh iru hdfk �up � wkh ���*v duh glvwulexwhg dffruglqj wr x� 5 I 1 Frvw plqlpl}dwlrq
lpsolhv >�� ' E>,�*R�E���R*R��

�*E�3��1

Wrwdo ghpdqg iru jrrg �/ +�/ lv wkh vxp ri wrwdo krxvhkrog ghpdqg dqg wrwdo ghpdqg gxh

wr yhul�fdwlrq frvwv1 Dv zloo eh h{sodlqhg ehorz/ rqo| d iudfwlrq/ CE��/ ri w|sh K �upv zloo

dfwxdoo| eh prqlwruhg lq dq| jlyhq shulrg1 Wkxv wrwdo ghpdqg lv

+� '
] �

f
S��_� n

] bnCE��E�3b�

b
>��_� ' ��t

W

#
R

R�

$�*E�3��

� +7,

Khuh t W ghqrwhv djjuhjdwh ghpdqg iru jrrgv/ zklfk lv wkh vxp ri djjuhjdwh frqvxpswlrq

ghpdqg dqg djjuhjdwh yhul�fdwlrq frvwv1 Dovr/ �� � .��
�*E�3��
�� / zkhuh wkh h{shfwdwlrq lv

zlwk uhvshfw wr erwk krxvhkrogv dqg prqlwruhg �upv1 Qrwlfh wkdw L kdyh lqgh{hg w|sh K

�upv vr wkdw wkh prqlwruhg �upv duh dvvljqhg wkh orzhvw lqglfhv1

Frpelqlqj +5,/ +6, dqg +7,/ wrwdo uhyhqxhv iru jrrg surgxfhu � duh jlyhq e|

R�+� ' ^w� d5E,� n �e��� 1�o
�*� c

zkhuh 5 � Ek*o�kEE� � k�*���3k/ w� � �
�3�*�
� /

�*�
� dqg ^ � Rt WE�3��*�1 L dvvxph wkdw w� lv

<



glvwulexwhg xqlirupo| dffruglqj wr CE�� zlwk vxssruw dXcXo/ d phdq ri xqlw| dqg vwdqgdug

ghyldwlrq jw1

L qrz ghvfuleh wkh ghwhuplqdwlrq ri ordq vl}h1 Frqvlghu w|sh @ �upv �uvw1 Vlqfh doo wkhlu

rshudwlrqv duh frpprq nqrzohgjh/ frqwudfwv fdq eh zulwwhq rq d vwdwh frqwlqjhqw edvlv1

Wkxv/ ordq vl}h lv ghwhuplqhg e| wkh srlqw dw zklfk wkh h{shfwhg pdujlqdo uhyhqxh iurp d

ordq htxdov lwv pdujlqdo frvw1 Dvvxplqj v|pphwulf ehkdylru ri wkhvh �upv/ zh kdyh

�

�
5^

k
5,@ � 	1

@l�*�3�
' -c +8,

zkhuh ,@ lv wkh vl}h ri wkh ordq judqwhg dqg 	1
@ � 1@�5�e@ duh qhw �{hg frvwv iru w|sh @ �upv1

Qrz frqvlghu w|sh K �upv1 Hdfk edqn lv dvvxphg wr krog d vx!flhqwo| odujh dqg glyhu0

vl�hg sruwirolr ri ordqv wr dfklhyh shuihfw ulvn srrolqj ri ordqv wr w|sh K surgxfhuv1 Wkhlu

rssruwxqlw| frvw ri ixqgv lv wkh jurvv lqwhuhvw udwh lq wkh ghsrvlw pdunhw/ -1 Uhfdoo wkdw ordqv

duh �{hg ehiruh w� lv revhuyhg dqg edqnv fdq yhuli| w� e| sd|lqj wkh yhul�fdwlrq frvw1 Ilqdoo|/

qrwh wkdw/ dv jrrg surgxfhuv/ w|sh K �upv kdyh d rqh0shulrg sodqqlqj krul}rq1b Qrz/ li zh

dvvxph wkdw edqnv fdq frpplw wr d prqlwrulqj vwudwhj| dqg wkdw vwrfkdvwlf prqlwrulqj lv

qrw ihdvleoh wkhq wkh rswlpdo ordq frqwudfw lv d vwdqgdug ghew frqwudfw1 Iluvw/ wkh �up sd|v

-K, li lw lv vroyhqw/ dqg ghidxowv rwkhuzlvh/ zkhuh -K lv wkh jurvv lqwhuhvw udwh rq wkh ordq1

Vhfrqg/ wkh edqn prqlwruv rqo| lq wkh hyhqw ri ghidxow1 Ilqdoo|/ zkhq ghidxow rffxuv wkh

edqn dssursuldwhv doo wkh uhyhqxhv iurp wkh �up1 Vlqfh yhul�fdwlrq rqo| rffxuv lq wkh hyhqw

ri edqnuxswf|/ L zloo iroorz frqyhqwlrq dqg uhihu wr wkh uhvrxufhv xvhg xs lq yhul�fdwlrq dv

edqnuxswf| frvwv1

Wkh rswlpdo frqwudfw pd{lpl}hv wkh h{shfwhg sur�wv ri d w|sh K �up vxemhfw wr wkh

frqvwudlqw wkdw wkh uhsuhvhqwdwlyh edqn hduqv dw ohdvw lwv rssruwxqlw| frvw ri ixqgv1 Dvvxph

v|pphwulf ehkdylru iru w|sh K �upv vr wkdw wkh| doo uhfhlyh d ordq ri vl}h ,K� Wkhq/ dv
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ghvfulehg lq dsshqgl{ D/ wkh rswlpdo frqwudfw vroyhv

4@ 
t,KD	1

K
*5cX$�$X�

^
�
5,K � 	1

K
��*�

d�� KE��o +9,

vxemhfw wr

^
�
5,K � 	1

K
��*�

,K
KE�� n E�� ��

eK

,K
� >CE�� � -�

Khuh � ghqrwhv wkh uhdol}dwlrq ri w� ehorzzklfk ghidxow rffxuv/ KE�� � U �
X w_CEw�n�d��CE��o

dqg 	1
K � 1K � 5�eK lv wkh qhw �{hg frvwv ri d w|sh K �up1 Qrwh wkdw -K ' E�^

�
5,K � 	1

K
��*�

n

E�� ��e�*,K1 Lpsolflw lq wkh vwdwhphqw ri wklv sureohp lv wkdw d iudfwlrq E�� �� ri lqwhuqdo

ixqgv lv dydlodeoh iru xvh dv froodwhudo1�f Jlyhq d vroxwlrq E,Kc �� wr wkh frqwudfw sureohp/

djjuhjdwh edqnuxswf| frvwv duh >CE��E�� b�,K*R1

Zkhq �upv pdnh wkhlu surgxfwlrq sodqv wkh| h{shfw wr fkdujh wkh vdph sulfh1 Krzhyhu/

ehfdxvh ri wkh lglrv|qfudwlf qdwxuh ri surgxfwlylw| dqg ghpdqg/ dfwxdo sulfhv gl�hu lq htxl0

oleulxp1 Sulfhv duh vhw e| �upv wr hqvxuh wkdw qr rxwsxw jrhv xqvrog1 Wkhvh sulfhv duh jlyhq

e|��

R� ' ^

3
C ��*/�k

5,� � 	1�
l
4
D�3�*�

�

Wklv h{suhvvlrq looxvwudwhv wkh lpsruwdqfh ri lqfrusrudwlqj wzr vrxufhv ri lglrv|qfudwlf xq0

fhuwdlqw| lq wkh jrrgv surgxfhuv* hqylurqphqw1 Wr vhh wklv/ qrwh wkdw zkhq dvvhvvlqj wkh

uhyhqxhv ri d w|sh K �up/ d edqn nqrzv wkh sulfh ri lwv jrrg/ ,K/ 5/ ^ dqg 	1
K
1 Wkxv/ li

dq| rqh ri wkh lglrv|qfudwlf glvwxuedqfhv zhuh devhqw ru zhuh frpprq nqrzohgjh/ wkhq wkh

edqn frxog xvh sulfhv wr xqfryhu wkh hqwluh vwuxfwxuh ri ghpdqg dqg vxsso| dprqj jrrgv

surgxfhuv lw kdg �qdqfhg1 Lw frxog wkhq xvh wklv lqirupdwlrq wr lqihu wkh uhyhqxhv ri doo

wkhvh �upv � wkhuh zrxog qrw eh dq| sulydwh lqirupdwlrq lq wklv hfrqrp|1
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5161 Lqwhuphgldulhv

Lqwhuphgldulhv dffhsw ghsrvlwv iurp krxvhkrogv dqg duh wkh frqgxlw iru fdvk lqmhfwlrqv1 Wkh

ordqv wkh| pdnh duh frqvwudlqhg e| wkh vxp ri ghsrvlwv dqg wkh fdvk lqmhfwlrq1 Lq wkh

djjuhjdwh/ wkhq/

b,@ n E�� b�,K � ?n %�� +:,

Wkh �uvw whup rq wkh ohiw kdqg vlgh ri +:, lv wkh wrwdo ri ordqv judqwhg wr w|sh @ �upv dqg wkh

vhfrqg whup lv wkh wrwdo ri ordqv judqwhg wr w|sh K �upv1 Diwhu sd|lqj lqwhuhvw wr ghsrvlwruv

wkh glylghqgv sdlg e| lqwhuphgldulhv htxdo E-� ��%�1 Wkh odz ri prwlrq iru wkh jurzwk udwh

ri wkh djjuhjdwh vwrfn ri prqh| lv

%� ' E�� 4�7%n 4%n "c " � �Efc j2"�� +;,

Khuh/ 7% lv wkh xqfrqglwlrqdo phdq ri prqhwdu| jurzwk/ % htxdov odvw shulrg*v jurzwk udwh

dqg 4 5 E��c ��1

5171 Pdunhw Fohdulqj dqg Htxloleulxp

Lq htxloleulxp doo pdunhwv fohdu1 Wkh pdunhw fohdulqj frqglwlrqv duh=

b&@ n E�� b�&K ' gc +<,

b�@ n E�� b��K ' Mc +43,

og n �M ' ? n %� n �ec +44,

t W '
k
bE8 E&@c �@�� 1@��*� n E�� b�E8 E&Kc �K�� 1K��*�

l�
c +45,

6 ' 6� ' �c +46,
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dqg +:, kroglqj zlwk htxdolw|1 Frqglwlrqv +<, dqg +43, vd| wkdw wkh wrwdo ghpdqg iru fdslwdo

dqg oderu iru wkh wzr w|shv ri �up htxdo wkh djjuhjdwh vwrfn ri fdslwdo g dqg djjuhjdwh

vxsso| ri oderu M/ uhvshfwlyho|1 Lpsolflw lq wkhvh frqglwlrqv lv wkdw �upv ri d jlyhq w|sh

kdyh lghqwlfdo idfwru ghpdqgv1 Frqglwlrq +:, kroglqj zlwk htxdolw| dqg +44, vxppdul}h ordq

pdunhw fohdulqj1 Jrrgv pdunhw fohdulqj lv jlyhq e| +45,/ zklfk vd|v wkh djjuhjdwh ghpdqg

iru jrrgv htxdov lwv djjuhjdwh vxsso|1�2 Qrwh wkdw phdvxuhg djjuhjdwh rxwsxw/ t / lv mxvw

htxdo wr djjuhjdwh frqvxpswlrq1 Ilqdoo|/ +46, lv wkh prqh| pdunhw fohdulqj frqglwlrq1

D uhfxuvlyh htxloleulxp fdq eh gh�qhg lq wkh xvxdo zd|1 Lw frqvlvwv ri wlph lqyduldqw

djjuhjdwh doorfdwlrq dqg sulfh ixqfwlrqv ri wkh uhohydqw vwdwh vxfk wkdw jlyhq wkhvh uxohv

djhqwv* rswlpl}dwlrq vdwlv�hv pdunhw fohdulqj1 Zlwk wkh h{fhswlrq ri ghsrvlwv ?/ zklfk

ghshqgv rq odvw shulrg*v prqhwdu| jurzwk % rqo|/ doo sulfh dqg doorfdwlrq uxohv duh ixqfwlrqv

ri erwk % dqg %�1 Lq Ilvkhu +4<<9, L ghvfuleh krz wkh htxloleulxp fdq eh fkdudfwhul}hg lq

whupv ri wkh vroxwlrq wr d v|vwhp ri wzr ixqfwlrqdo htxdwlrqv lq wkh doorfdwlrq uxohv iru ? dqg

,@1 Wklv v|vwhp lv vroyhg qxphulfdoo| xvlqj phwkrgv ghvfulehg lq Mxgg +4<<5,1 Dq dgydqwdjh

ri wkhvh phwkrgv lv wkdw wkh vroxwlrqv duh yluwxdoo| h{dfw vr dssur{lpdwlrq huuru lv qrw d

frqfhuq1

61 Sdudphwhu Ydoxhv dqg wkh Vwhdg| Vwdwh

L fkrrvh sdudphwhu ydoxhv vr wkdw wkh vwhdg| vwdwh ri wkh prgho lv frqvlvwhqw zlwk gluhfw dqg

lqgluhfw hylghqfh rq ydulrxv orqj0uxq dyhudjh dqg furvv0vhfwlrqdo ihdwxuhv ri wkh XV gdwd1

Wkh surfhgxuh lv xvhg wr fdoleudwh d edvholqh vhw ri sdudphwhu ydoxhv dqg lw dovr sod|v d

uroh zkhq L h{soruh wkh sdudphwhu vsdfh pruh jhqhudoo|1 Lq wkh uhpdlqghu ri wklv vhfwlrq L

ghvfuleh krz wkh edvholqh sdudphwhu vhw lv frqvwuxfwhg dqg wkh vwudwhj| L xvh wr h{soruh wkh

sdudphwhu vsdfh pruh jhqhudoo|1 Wkh vhfwlrq frqfoxghv zlwk d eulhi ghvfulswlrq ri wkh vwhdg|

vwdwh1
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6141 Sdudphwhu Ydoxhv

L qhhg wr lghqwli| wkh iroorzlqj sdudphwhuv=��

Suhihuhqfhv= qc Dc �(

Surgxfwlrq= kc 1@c 1Kc b(

Ilqdqfh= �c e@c eKc >c jw(

Prqhwdu| Srolf|= 7%c 4c j"�

Wkh hqgrzphqw ri fdslwdo lv qrupdol}hg wr �f wkurxjkrxw1

Zlwk wkh h{fhswlrq ri b/ L iroorz frqyhqwlrq wr lghqwli| doo wkh suhihuhqfh dqg surgxfwlrq

sdudphwhuv1 L dvvxph d shulrg lq wkh prgho fruuhvsrqgv wr d txduwhu ri d |hdu dqg vhohfw

wkh glvfrxqw udwh vr wkdw wkh phdq ri wkh uhdo lqwhuhvw udwh lv 6( dw dq dqqxdo udwh1 L vhohfw

D vr wkdw zrun h�ruw dffrxqwv iru 63( ri wkh wlph hqgrzphqw lq vwhdg| vwdwh/ dqg k lv

fkrvhq wr htxdwh dq hvwlpdwh ri wkh dyhudjh vkduh ri fdslwdo lq lqfrph zlwk lwv vwhdg| vwdwh

ydoxh lq wkh prgho1 Wkh pdun0xs � lv vhw wr d ydoxh vxjjhvwhg e| uhfhqw hpslulfdo zrun1

Kdoo +4<<8,/ lq uhvsrqvh wr uhvxowv uhsruwhg lq Exuqvlgh/ Hlfkhqedxp dqg Uhehor +4<<8,

dqg lq uhihuhqfhv wkh| flwh/ dujxhv wkdw pdun0xsv duh suredeo| txlwh prghvw dqg L fkrrvh �

dffruglqjo|1 Ilqdoo|/ L fkrrvh 1@ dqg 1K vr wkdw lq vwhdg| vwdwh hfrqrplf sur�wv duh }hur iru

jrrgv surgxfhuv/ dv lq Urwhpehuj dqg Zrrgirug +4<<5,1 Khuh wklv dprxqwv wr htxdwlqj wkh

udwh ri uhwxuq rq htxlw| lq wkh wzr w|shv ri �up/ e@ dqg eK/ zlwk wkh udwh ri uhwxuq rq wkhlu

forvhvw vxevwlwxwh/ ghsrvlwv1

Wkh sursruwlrq ri w|sh @ �upv lq wkh djjuhjdwh lqgh{ iru jrrgv/ b/ grhv qrw dsshdu

lq frqyhqwlrqdo txdqwlwdwlyh jhqhudo htxloleulxp vwxglhv1 L iroorz wkh ohdg ri Jhuwohu dqg

Jlofkulvw +4<<7, wr lghqwli| wklv sdudphwhu1 Lq wkhlu dqdo|vlv ri pdqxidfwxulqj �upv wkh|

lghqwli| d fodvv ri cfuhglw frqvwudlqhg* �upv e| vdohv1 Wkh vpdoohvw �upv lq wkhlu vdpsoh zlwk

63( ri wrwdo vdohv duh fodvvl�hg dv fuhglw frqvwudlqhg/ zkloh doo rwkhu �upv duh fodvvl�hg dv

qrq fuhglw frqvwudlqhg1 Wkxv/ L fkrrvh b vr wkdw wkh fuhglw frqvwudlqhg �upv lq wkh prgho/

wkdw lv w|sh K �upv/ dffrxqw iru 63( ri djjuhjdwh vdohv lq vwhdg| vwdwh1
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Qrz frqvlghu wkh sdudphwhuv jryhuqlqj wkh �qdqfldo vwuxfwxuh ri wkh prgho1 L xvh hp0

slulfdo hylghqfh rq wkh dyhudjh ohyhudjh udwlr/ _/ wr lghqwli| e@ dqg eK��e Reylrxvo| ohyhudjh

udwlrv ydu| frqvlghudeo| dfurvv �upv1 Krzhyhu/ vlqfh wkh prgho kdv qr suhglfwlrqv dorqj

wklv glphqvlrq/ L dvvxph wkh ohyhudjh udwlr iru hdfk w|sh ri �up htxdov wkh hfrqrp|0zlgh

dyhudjh1 Wklv ydoxh lv suredeo| forvh wr f�e iru wkh XV hfrqrp|1�D Vlqfh wkh uhvxowv duh pruh

idyrudeoh wr wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh li wklv udwlr lv kljkhu/

L xvh f�D dv wkh edvholqh ydoxh ri wklv sdudphwhu1

L lghqwli| > xvlqj hpslulfdo hylghqfh rq wkh udwlr ri edqnuxswf| frvwv wr dvvhwv iru edqn0

uxsw �upv1�S Vhyhudo vwxglhv h{dplqh wkh vl}h ri edqnuxswf| frvwv zlwk hvwlpdwhv udqjlqj

iurp 4( wr 58( ri dvvhwv1�. Wkh pdlq �qglqjv uhsruwhg khuh duh lqvhqvlwlyh wr wkh sduwlfxodu

ydoxh xvhg iru >1 Qhyhuwkhohvv/ L xvh wkh uhodwlyho| odujh frvw vkduh ri 53( wr vhohfw p|

edvholqh >1 Dv d edvlv iru frpsdulvrq L dovr frqvlghu yhuvlrqv ri wkh prgho zlwkrxw dq|

prqlwrulqj frvwv/ l1h1 > ' f1

Wkh sdudphwhu jw frqwurov wkh vwhdg| vwdwh vsuhdg ehwzhhq wkh lqwhuhvw udwhv sdlg e| wkh

wzr w|shv ri �up1 Dffruglqjo|/ L xvh hylghqfh rq wklv vsuhdg wr lghqwli| jw1 Ehujhu dqg Xghoo

+4<<5, uhsruw wkdw wkh dyhudjh suhplxp sdlg rq edqn ordqv uhodwlyh wr XV Wuhdvxu| eloov ryhu

wkh shulrg 4<::04<;; lv derxw 7 shufhqwdjh srlqwv1 Vlqfh wkhlu vdpsoh lqyroyhv klvwrulfdoo|

kljk lqwhuhvw udwh vsuhdgv dqg vlqfh lw lv yhu| uduh iru dq| �up wr eruurz dw Wuhdvxu| eloo

udwhv/ L zrun zlwk wkh edvholqh ydoxh ri 6 shufhqwdjh srlqwv wr lghqwli| jw1 Qrwh wkdw wkh

pdlq �qglqjv duh lqvhqvlwlyh wr dowhuqdwlyh dvvxpswlrqv iru wkh vsuhdg1

Wkh uhpdlqlqj �qdqfldo sdudphwhu/ �/ ghwhuplqhv wkh cuhodwlyh yhorflw| ri htxlw|1* L dp

qrw dzduh ri dq| lqghshqghqw hylghqfh rq wklv sdudphwhu1 L xvh f�D dv p| edvholqh iru �1

Wklv ydoxh ri � dorqj zlwk wkh edvholqh ohyhudjh udwlr lpso| wkdw lqwhuqdo ixqgv dffrxqw iru d

uhodwlyho| vpdoo iudfwlrq ri wrwdo �qdqfh frpsduhg wr hylghqfh uhsruwhg lq Id}}dul/ Kxeedug

dqg Shwhuvrq +4<;;,1 Lqfuhdvlqj � dqg uhgxflqj _ wr lqfuhdvh wklv iudfwlrq zrxog rqo| kdup

wkh prgho*v lpsolfdwlrqv lq whupv ri wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh1

Wklv lv glvfxvvhg ixuwkhu ehorz1
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Wkh prqhwdu| srolf| sdudphwhuv jryhuq wkh phdq/ dxwrfruuhodwlrq dqg vwdqgdug ghyld0

wlrq ri jurzwk lq wkh prqh| vwrfn1 L dgrsw wkh ydoxhv xvhg e| Fkulvwldqr dqg Hlfkhqedxp

+4<<5, iru wkhvh sdudphwhuv1 Lq sduwlfxodu L xvh 7% ' f�f�2/ 4 ' f��f dqg j" ' f�f�e wkurxjk0

rxw wkh dqdo|vlv1 Wkhvh ydoxhv duh edvhg rq surshuwlhv ri wkh XV prqhwdu| edvh1

Wkh edvholqh sdudphwhuv dvvrfldwhg zlwk yhuvlrqv ri wkh prgho zlwk dqg zlwkrxw prql0

wrulqj frvwv duh vxppdul}hg lq wdeoh 4 xqghu wkh khdglqj cEdvholqh1* Lq wklv wdeoh dqg ehorz

cDL* uhihuv wr dv|pphwulf lqirupdwlrq +> : f, dqg cSL* uhihuv wr shuihfw lqirupdwlrq +> ' f,1

Ehorz L glvfxvv uhvxowv iurp h{sorulqj wkh sdudphwhu vsdfh pruh jhqhudoo|1 Wkhvh uhvxowv

duh edvhg rq dowhuqdwlyh dvvxpswlrqv iru vhohfwlqj �/ _/ dqg �1 Zkhq L frqvlghu dowhuqdwlyh

ydoxhv iru wkhvh sdudphwhuv L fkrrvh wkh uhpdlqlqj sdudphwhuv dffruglqj wr wkh fulwhuld vhw

rxw deryh1 Wkh rwkhu froxpqv lq wdeoh 4 uhihu wr wkhvh dowhuqdwlyh sdudphwhu vhwv1

6151 Wkh Vwhdg| Vwdwh

Lq wkh froxpqv xqghu wkh khdghu cEdvholqh* lq wdeoh 5 L uhsruw ydoxhv ri vhohfwhg yduldeohv

lq vwhdg| vwdwh iru wkh edvholqh sdudphwhu vhwv dvvrfldwhg zlwk wkh DL dqg SL yhuvlrqv ri

wkh prgho1 Zh fdq xvh wkh vwhdg| vwdwh suhglfwlrqv ri wkh prgho wr jdxjh wkh hpslulfdo

sodxvlelolw| ri wkh edvholqh sdudphwhuv1 Wr wklv hqg/ frqvlghu wkh vwhdg| vwdwh suhglfwlrqv ri

wkh edvholqh DL yhuvlrq ri wkh prgho iru wkh edqnuxswf| udwh/ edqnuxswf| frvwv/ oldelolwlhv ri

idlohg �upv dqg �up vl}h1 +Wkh rwkhu hqwulhv lq wklv wdeoh duh glvfxvvhg ehorz,1

Lq vwhdg| vwdwh wkh edqnuxswf| udwh lv derxw 5(1 Wkh pdsslqj ehwzhhq wkh prgho

dqg wkh gdwd dorqj wklv glphqvlrq lv qrw reylrxv vlqfh �upv pd| eh vxemhfw wr vxevwdqwldo

uhrujdql}dwlrq gxh wr �qdqfldo glvwuhvv dqg qrw dfwxdoo| ghfoduh edqnuxswf|1 Lq dgglwlrq

�upv pd| ghfoduh edqnuxswf| dv d ohjdo pdqrhxyhu dqg frqwlqxh rshudwlqj1 Qhlwkhu ri wkhvh

idfwv duh prghoohg khuh1 Wkh Gxq dqg Eudgvwuhhw Frusrudwlrq dwwhpswv wr wdnh wkhvh dqg

rwkhu vlplodu frqvlghudwlrqv lqwr dffrxqw zkhq frpslolqj wkhlu phdvxuh ri exvlqhvv idloxuhv1

Xvlqj wkhlu phdvxuh zh �qg wkh idloxuh udwh iru XV exvlqhvvhv ryhu wkh shulrg 4<;704<<7

zdv urxjko| 4(1 Wkxv wkh prgho grhv qrw dsshdu wr eh wrr idu iurp wkh gdwd dorqj wklv

49



glphqvlrq1

Wkh udwlr ri edqnuxswf| frvwv wr rxwsxw lq vwhdg| vwdwh lv 314(1 Zkloh L dp qrw dzduh

ri dq| hvwlpdwh ri wklv pdjqlwxgh/ lw grhv qrw vhhp xquhdvrqdeoh1 Wkh udwlr ri oldelolwlhv ri

idlohg �upv wr djjuhjdwh rxwsxw lq vwhdg| vwdwh lv urxjko| 31;(1 Wr dvvhvv wkh sodxvlelolw| ri

wklv pdjqlwxgh zh fdq frpsduh lw wr wkh phdq ri wkh fruuhvsrqglqj udwlr frpsxwhg xvlqj wkh

Gxq dqg Eudgvwuhhw phdvxuh ri idloxuh oldelolwlhv dqg XV JGS1 Ryhu wkh shulrg 4<;704<<7

wklv lv urxjko| 314(1 Jlyhq wkdw wkh Gxq dqg Eudgvwuhhw phdvxuh pd| eh eldvhg grzqzdugv

ehfdxvh wkhlu vdpsoh frqwdlqv d uhodwlyho| vpdoo qxpehu ri xqlqfrusrudwhg vpdoo �upv/ wkh

prgho*v vwhdg| vwdwh lpsolfdwlrqv dorqj wklv glphqvlrq dovr vhhp uhdvrqdeoh1

Ilqdoo|/ qrwlfh wkdw lq vwhdg| vwdwh w|sh K �upv/ zkr idfh wkh fuhglw frqvwudlqw/ duh rqo|

426 wkh vl}h ri w|sh @ �upv zkr gr qrw idfh wkh frqvwudlqw1 Lq dgglwlrq/ zh vhh iurp wdeoh 4

wkdw w|sh K �upv dffrxqw iru doprvw 83( ri wkh wrwdo qxpehu ri �upv lq wkh hfrqrp|1 Wkhvh

idfwv duh frqvlvwhqw zlwk wkh lghqwl�fdwlrq ri vpdoo �upv dv fuhglw frqvwudlqhg e| Jhuwohu

dqg Jlofkulvw +4<<7, dqg wkh ylhz wkdw d vxevwdqwldo iudfwlrq ri �upv lq wkh XV hfrqrp| duh

fuhglw frqvwudlqhg1

Lq vxppdu|/ zkhq frqvlghuhg lq frqmxqfwlrq zlwk wkh fulwhuld xvhg wr lghqwli| wkh edvholqh

sdudphwhu vhw/ wkh vwhdg| vwdwh lpsolfdwlrqv ri wkh prgho vhhp wr fdswxuh nh| orqj0uxq

ihdwxuhv ri wkh gdwd dvvrfldwhg zlwk wkh ohqglqj ylhz1 Wkh dvvxphg prqlwrulqj frvwv duh

qrq0wulyldo dqg lpso| dssduhqwo| uhdvrqdeoh ydoxhv iru wkh idloxuh udwh/ edqnuxswf| frvwv

dqg oldelolwlhv ri idlohg �upv1 Lq dgglwlrq/ d odujh iudfwlrq ri �upv lq wkh hfrqrp| duh

fuhglw frqvwudlqhg dqg wkhvh �upv duh frqvlghudeo| vpdoohu wkdq wkhlu qrq0fuhglw frqvwudlqhg

frxqwhusduwv1 Wkh txhvwlrq ri zkhwkhu wkh f|folfdo suhglfwlrqv ri wkh prgho dovr frqirup wr

wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh uhpdlqv1 Wklv lv wkh irfxv ri wkh

qh{w wzr vhfwlrqv1
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71 Jhqhudo Htxloleulxp Uhvxowv

Lq wklv vhfwlrq L dqdo|}h wkh f|folfdo surshuwlhv ri wkh prgho1 Wkh remhfwlyh lv wr surylgh d

txdqwlwdwlyh hydoxdwlrq ri wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh ghvfulehg

lq wkh lqwurgxfwlrq1 Wkh pdlq �qglqj uhsruwhg lq wklv vhfwlrq lv wkdw lpshuihfwlrqv lq fuhglw

pdunhwv dv wkh| duh prghoohg khuh fdq rqo| dffrxqw iru wkh hpslulfdo hylghqfh li zh dvvxph

lpsodxvleoh pdun0xsv dqg ohyhudjh udwlrv1

Wkh hpslulfdo hylghqfh frqfhuqv wkh uhvsrqvhv ri yduldeohv wr phdvxuhv ri prqhwdu|

glvwxuedqfhv1 Zh fdq dqdo|}h wkh suhglfwlrqv ri wkh prgho lq wklv uhjdug e| vwxg|lqj krz

yduldeohv uhvsrqg wr lqqrydwlrqv lq prqh| jurzwk1 L irfxv rq wkh lpsdfw h�hfwv ri wkhvh

lqqrydwlrqv/ udwkhu wkdq hqwluh g|qdplf uhvsrqvhv1 Wklv lv ehfdxvh wkh prgho odfnv dq

lqwhuqdo sursdjdwlrq phfkdqlvp dqg vr wkh h�hfwv ri wkh prgho*v iulfwlrqv hvvhqwldoo| odvw

rqh shulrg rqo|1�H Wkh glvfxvvlrq wkdw iroorzv ehjlqv zlwk wkh prgho*v suhglfwlrqv edvhg

rq wkh edvholqh sdudphwhuv1 L wkhq rxwolqh wkh lpsolfdwlrqv ri shuwxuelqj wkh ydoxhv ri nh|

sdudphwhuv1

7141 Edvholqh Uhvsrqvhv ri wkh Pdlq Djjuhjdwhv

Lq wdeoh 6 L uhsruw lpsdfw uhvsrqvhv iroorzlqj dq xqdqwlflsdwhg � shufhqwdjh srlqw uhgxfwlrq

lq prqh| jurzwk ri yduldeohv ri lqwhuhvw iru wkh DL dqg SL yhuvlrqv ri wkh prgho1 Wkh hqwulhv

fruuhvsrqglqj wr wkh edvholqh sdudphwhu vhw duh vkrzq xqghu wkh cEdvholqh* khdghu1 Frqvlghu

�uvw wkh ehkdylru ri wkh djjuhjdwh yduldeohv t / M dqg - vkrzq lq wkh �uvw wkuhh urzv1 Zh

vhh wkdw rxwsxw dqg krxuv idoo dqg wkh ghsrvlw lqwhuhvw udwh ulvhv lq erwk wkh DL dqg SL

yhuvlrqv ri wkh prgho1 Wkxv wkh prgho lv frqvlvwhqw zlwk frqyhqwlrqdo ylhzv rq wkh ehkdylru

ri wkh hfrqrp| lq d prqhwdu| frqwudfwlrq1

Wkhvh uhvxowv fdq eh h{sodlqhg dv iroorzv1 Zlwk krxvhkrogv* qrplqdo vdylqjv �{hg ehiruh

wkh prqhwdu| glvwxuedqfh/ �upv dqg lqwhuphgldulhv pxvw devrue wkh hqwluh dprxqw ri wkh

prqhwdu| frqwudfwlrq1 Ixqgv duh dw d suhplxp ehfdxvh ohvv fdvk lv lq wkh prqh| pdunhw wkdq

dqwlflsdwhg1 Vlqfh �upv uhtxluh ixqgv wr �qdqfh wkhlu rqjrlqj rshudwlrqv/ wkh| duh zloolqj
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wr sd| wkh suhplxp1 Wkh suhplxp wkh| duh zloolqj wr sd| lv odujh hqrxjk wkdw lw grplqdwhv

wkh Ilvkhu dqwlflsdwhg lq dwlrq h�hfw dqg lqwhuhvw udwhv ulvh iroorzlqj wkh frqwudfwlrq1 Zlwk

kljkhu rshudwlqj frvwv/ �upv fxw edfn rq surgxfwlrq dqg krxuv zrunhg idoov1�b Qrwlfh wkdw

wkh uhvsrqvhv ri wkhvh yduldeohv duh yluwxdoo| lghqwlfdo lq wkh wzr yhuvlrqv ri wkh prgho vr wkdw

prqlwrulqj frvwv gr qrw dpsoli| wkh qrq0qhxwudolw| lqwurgxfhg e| olplwhg sduwlflsdwlrq12f

7151 Edvholqh Uhvsrqvhv ri wkh Ohqglqj Ylhz Yduldeohv

Wkh lpsdfw ri dq xqdqwlflsdwhg prqhwdu| frqwudfwlrq rq wkh dfwlylwlhv ri w|sh K �upv uhodwlyh

wr w|sh @ �upv lv lqglfdwhg lq wkh odvw �yh urzv ri wdeoh 61 Lq wkh edvholqh SL fdvh w|sh K

�upv duh lghqwlfdo lq doo uhvshfwv wr w|sh @ �upv vr wkhuh lv qr gl�huhqfh lq krz wkhlu

dfwlylwlhv uhvsrqg wr dq xqdqwlflsdwhg prqhwdu| frqwudfwlrq1 Lq wkh edvholqh DL fdvh wkh

uhodwlyh dprxqw ri ghew  rzlqj wr w|sh K �upv ulvhv e| pruh wkdq ��HI1 Lq dgglwlrq vdohv

e| w|sh K �upv dfwxdoo| ulvh lq d frqwudfwlrq zkloh wkh| idoo iru w|sh @ �upv dqg wkh lqwhuhvw

udwh vsuhdg gursv1 Wkhvh uhvxowv fohduo| frqwudglfw wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh

hpslulfdo hylghqfh1 Qrwlfh dv zhoo wkdw lq wkh DL fdvh wkh edqnuxswf| udwh idoov e| ryhu SI

zklfk vhhpv lqfrqvlvwhqw zlwk wkh ohqglqj ylhz dv zhoo1

Wr xqghuvwdqg wkhvh �qglqjv lw lv khosixo wr frqvlghu wkh frqwudfw sureohp/ +9,/ lq lvrodwlrq

iurp wkh uhvw ri wkh jhqhudo htxloleulxp prgho1 Wkdw lv/ dvvxplqj wkh djjuhjdwh yduldeohv ^/

5/ dqg - duh h{rjhqrxv1 Zh zloo dqdo|}h wkh uhvsrqvlyhqhvv ri ordqv wr fkdqjhv lq - lpsolhg

e| wkh frqwudfw sureohp frpsduhg wr wkh SL fdvh e| vwxg|lqj wkh lqwhuhvw udwh hodvwlflwlhv ri

ordq vl}h/ #K- dqg #@-/ uhvshfwlyho|1 Lq frpsdulqj wkh wzr hodvwlflwlhv/ L ghfrpsrvh wkh h�hfw

ri d fkdqjh lq - rq ,K lqwr wzr sduwv= wkh gluhfw h�hfw rq ,K kroglqj wkh edqnuxswf| fxw0r�/

�/ frqvwdqw dqg wkh lqgluhfw h�hfw yld fkdqjhv lq � lqgxfhg e| wkh fkdqjh lq -1

Frqvlghu wkh gluhfw h�hfw �uvw1 Zh fdq ghulyh wkh gluhfw hodvwlflw|/ 	#K-/ xvlqj wkh edqn*v

udwh ri uhwxuq frqvwudlqw lq +9,/ zklfk lv elqglqj lq htxloleulxp1 Xvlqj +8, wr frpsxwh #@-

zh �qg

	#K- '
{-

�� �
�3�

CK n {
�3�

� E�3��eK
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4<



zkhuh { � �* d-n >CE��o dqg CK � 	1
K
*E5,K� lv wkh h�hfwlyh ryhukhdg udwlr iru w|sh K �upv1

Khuh L kdyh dvvxphg wkdw DL dqg SL �upv duh lghqwlfdo lq doo uhvshfwv h{fhsw iru wkh fuhglw

pdunhw lpshuihfwlrq1

Wkh lqgluhfw h�hfw lv xvxdoo| vpdoo uhodwlyh wr wkh gluhfw h�hfw vr zh fdq xvh +47, wr

h{dplqh zkhwkhu ordq vl}h lv pruh vhqvlwlyh wr lqwhuhvw fkdqjhv xqghu DL frpsduhg wr wkh SL

fdvh1 Iru h{dpsoh/ li �{hg frvwv duh }hur dqg wkhuh lv qr htxlw| sduwlflsdwlrq +e@ ' eK ' f,/

wkhq 	#K- 	 #@-1 Wkdw lv/ ordqv duh pruh vhqvlwlyh wr lqwhuhvw udwh fkdqjhv iru SL �upv uhodwlyh

wr DL �upv1 Dv +47, vxjjhvwv/ wklv uhvxow zloo qrw krog lq jhqhudo vr lw lv fhuwdlqo| srvvleoh

wkdw wkh frqwudfw sureohp lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw DL �upv h{klelw h{fhvv

lqwhuhvw udwh vhqvlwlylw| ri ordq vl}h uhodwlyh wr SL �upv1

Lw wxuqv rxw wkdw wkh pdjqlwxghv ri wkh h�hfwlyh ryhukhdg udwlrv lq wkh wzr fdvhv/ C@

dqg CK/ duh fuxfldo idfwruv ghwhuplqlqj zkhwkhu DL �upv duh pruh vhqvlwlyh wr h{rjhqrxv

glvwxuedqfhv wkdq SL �upv1 Wkh odujhu duh wkhvh ryhukhdg udwlrv wkh pruh olnho| lw lv wkdw

DL �upv zloo h{klelw h{fhvv vhqvlwlylw|12� Wklv lv gxh wr wkh lpsdfw ryhukhdg udwlrv kdyh rq

wkh uhodwlyh ordq vl}h hodvwlflwlhv ri dyhudjh dqg pdujlqdo uhyhqxhv1 Rwkhu wklqjv htxdo/ wkh

odujhu duh wkhvh ryhukhdg udwlrv wkh pruh hodvwlf duh pdujlqdo uhyhqxhv dqg wkh ohvv hodvwlf

duh dyhudjh uhyhqxhv1 Ohvv hodvwlf dyhudjh uhyhqxhv iru DL �upv lpso| ,K pxvw fkdqjh e|

pruh wr nhhs wkh edqn*v udwh ri uhwxuq frqvwudlqw elqglqj/ zklfk whqgv wr lqfuhdvh wkh gluhfw

h�hfw ri fkdqjhv lq - rq ,K1 Vlploduo|/ wkh pruh hodvwlf duh pdujlqdo uhyhqxhv iru SL �upv

wkhq wkh ohvv ,@ pxvw uhvsrqg wr pdlqwdlq htxdolw| lq +8,1

Wkh uhodwlyh ghew  rz uhvxow fdq qrz eh h{sodlqhg1 Jlyhq wkh edvholqh sdudphwhu ydoxhv/

wkh sduwldo htxloleulxp lqwhuhvw udwh hodvwlflw| ri ordq vl}h lv vpdoohu iru w|sh K �upv wkdq

iru w|sh @ �upv1 Dovr/ olplwhg sduwlflsdwlrq lq jhqhudo htxloleulxp ohdgv wr d uhgxfwlrq lq

wkh uhdo vxsso| ri ordqdeoh ixqgv1 Lqwxlwlrq iurp vwdwlf ghpdqg dqdo|vlv vxjjhvwv/ wkhq/ wkdw

�upv zlwk wkh pruh hodvwlf ordq vfkhgxohv zloo uhvsrqg juhdwhvw lq shu fhqw whupv wr wkh

uhgxfwlrq lq wkh vxsso| ri ordqdeoh ixqgv1
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7161 Hydoxdwlqj Urexvwqhvv wr Sdudphwhu Vhohfwlrq

Wkh txhvwlrq qdwxudoo| dulvhv zkhwkhu wklv �qglqj lv vhqvlwlyh wr wkh fkrlfhv pdgh zkhq

frqvwuxfwlqj wkh edvholqh sdudphwhu vhw1 Wr dgguhvv wklv txhvwlrq uhfdoo wkdw wkh uhodwlyh  rz

ri ghew wr w|sh K �upv lv pruh olnho| wr idoo diwhu d prqhwdu| frqwudfwlrq wkh juhdwhu duh wkh

h�hfwlyh ryhukhdg udwlrv iru wkh wzr w|shv ri �up/ C@ dqg CK1 Iru wkh edvholqh sdudphwhu

vhw wkhvh ryhukhdg udwlrv duh dfwxdoo| qhjdwlyh +vhh wdeoh 5, dqg vr vhuyh wr lqfuhdvh wkh

vhqvlwlylw| wr prqhwdu| vkrfnv ri w|sh @ �upv uhodwlyh wr w|sh K �upv1

Wkh uhdvrqv iru wklv duh wkuhhirog1 Iluvw/ ryhukhdg frvwv/ 1@ dqg 1K/ duh vpdoo +vhh wdeohv 5

dqg 6,1 Jlyhq wkdw wkh edvholqh pdun0xs lv txlwh prghvw +8(,/ rqo| vpdoo ryhukhdg frvwv duh

qhhghg wr pdnh sur�wv }hur lq vwhdg| vwdwh1 Vhfrqg/ wkh edvholqh vhwwlqj iru wkh ohyhudjh udwlr

lpsolhv d frqvlghudeoh dprxqw ri lqwhuqdo ixqgv duh dydlodeoh wr �qdqfh rqjrlqj rshudwlrqv

dqg wklv whqgv wr uhgxfh h�hfwlyh ryhukhdg udwlrv1 Wklug/ wkh srvlwlyh yhorflw| ri htxlw| dovr

whqgv wr uhgxfh h�hfwlyh ryhukhdg udwlrv1

Wkh iruhjrlqj vxjjhvwv wkdw wr hydoxdwh wkh urexvwqhvv ri wkh �qglqjv edvhg rq wkh

edvholqh sdudphwhuv zh vkrxog irfxv rq _/ � dqg �1 Frqvlghu wkh uhodwlyh ghew  rz uhvxow1 Lw

wxuqv rxw wkh yhorflw| ri htxlw| kdv rqo| d vpdoo lpsdfw rq uhodwlyh ghew  rzv vr lw lv vx!flhqw

wr frqvlghu shuwxuedwlrqv lq wkh pdun0xs dqg wkh ohyhudjh udwlr rqo|1 Wkh lpsolfdwlrqv ri

ydu|lqj wkh pdun0xs dqg wkh dvvxphg ohyhudjh udwlr duh looxvwudwhg lq wkh wzr judskv ri

�jxuh 41 Iljxuh 4D vkrzv wkdw lqfuhdvlqj wkh pdun0xs lqghhg lpsuryhv wkh suhglfwlrqv ri

wkh prgho1 Krzhyhu/ hyhq zlwk � ' 2 wkh �qglqj ri d uhodwlyh lqfuhdvh lq ixqgv  rzlqj wr

w|sh K �upv iroorzlqj d prqhwdu| frqwudfwlrq krogv1

Lq �jxuh 4E wkh lpsdfw ri lqfuhdvlqj wkh ohyhudjh udwlr jlyhq � ' ��D +vrolg olqh, dqg

� ' 2 +gdvkhg olqh, lv vkrzq1 Qrwh wkdw wkhvh uhvxowv duh edvhg rq � ' � vlqfh iru orzhu

ydoxhv ri wklv sdudphwhu lqwhulru vroxwlrqv wr wkh frqwudfw sureohp gr qrw h{lvw122 Zh vhh

iurp �jxuh 4E wkdw rqo| zlwk forvh wr <3( ri wrwdo �qdqfh frplqj iurp ghew dqg � ' 2 lv

hyhq wkh txdolwdwlyh qdwxuh ri wkh hpslulfdo �qglqjv uhsolfdwhg1 Lw lv lpsruwdqw wr hpskdvl}h

wkdw h{wuhph ydoxhv iru wkh pdun0xs dqg ohyhudjh udwlr duh qhhghg wr uhsolfdwh wkh hpslulfdo
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uhvxowv hyhq li zh doorz iru frxqwhuidfwxdoo| odujh ydoxhv iru vwhdg| vwdwh prqlwrulqj frvwv

dqg wkh lqwhuhvw udwh vsuhdg/ ru li zh lqwurgxfh lqfuhdvlqj uhwxuqv wr vfdoh lq wkh prqlwrulqj

whfkqrorj|1

Dq h{dpsoh ri wkh suhglfwlrqv ri wkh prgho zkhq wkh pdun0xs dqg ohyhudjh udwlr duh

dw h{wuhph ydoxhv lv vkrzq lq wdeoh 6 xqghu wkh khdglqj cH{fhvv vhqvlwlylw| L* +vhh wdeoh 4

iru wkh fruuhvsrqglqj ydoxhv iru wkh uhpdlqlqj sdudphwhuv dqg wdeoh 5 iru wkh fruuhvsrqglqj

vwhdg| vwdwh,1 Qrwlfh wkdw qrw rqo| lv wkh uhodwlyh ghew  rz hpslulfdo �qglqj uhsolfdwhg/ exw

vr duh wkh vdohv dqg lqwhuhvw udwh vsuhdg �qglqjv1 Hyhq wkh edqnuxswf| udwh ulvhv vkduso| lq

wklv fdvh1

Wr vxppdul}h/ olplwhg sduwlflsdwlrq dqg prqlwrulqj frvwv gholyhu �qglqjv frqvlvwhqw zlwk

hpslulfdo zrun rq krz eurdg djjuhjdwhv uhvsrqg wr d prqhwdu| frqwudfwlrq/ dqg uhvxowv frq0

vlvwhqw zlwk hpslulfdo zrun wkdw ghvfulehv wkh khwhurjhqhrxv uhvsrqvh ri �upv wr prqhwdu|

frqwudfwlrqv1 Jlyhq wkdw wkh �upv lq wkh prgho wkdw idfh wkh fuhglw frqvwudlqw duh vpdoohu

wkdq wkh �upv wkdw gr qrw/ wkh uhvxowv duh eurdgo| frqvlvwhqw zlwk wkh Jhuwohu dqg Jlofkulvw

+4<<7, �qglqjv rq wkh ehkdylru ri vdohv dqg rxwvwdqglqj ghew iru vpdoo yhuvxv odujh �upv1

Wkh �qglqjv duh dovr frqvlvwhqw zlwk wkh hpslulfdo hylghqfh rq krz lqwhuhvw udwh vsuhdgv

ehkdyh lq prqhwdu| frqwudfwlrqv1 Krzhyhu/ wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkhvh �qglqjv

lv lq txhvwlrq qrz/ jlyhq wkdw wkhvh uhvxowv rqo| hphujh zkhq zh dvvxph lpsodxvleoh ydoxhv

iru wkh pdun0xs dqg ohyhudjh udwlr1

81 Sduwldo Htxloleulxp Uhvxowv

Li zh dvvxph ^/ 5/ dqg - duh h{rjhqrxv wkhq wkh frqwudfw sureohp +9, fdq eh vroyhg lq0

ghshqghqwo| ri wkh jhqhudo htxloleulxp +JH, prgho1 D gl!fxow| zlwk wkh JH prgho lq

whupv ri dvvhvvlqj wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh lv wkdw lw wdnhv d

vwurqj vwdqg rq wkh h{dfw qdwxuh ri krz wkhvh yduldeohv uhvsrqg wr d prqhwdu| glvwxuedqfh1

Wklv pd| eh sureohpdwlf ehfdxvh wkh prgho*v lpsolfdwlrqv iru wkh sdwwhuq ri uhvsrqvhv iru

wkhvh yduldeohv pd| eh frxqwhuidfwxdo dqg glvwruw wkh suhglfwlrqv ri wkh fuhglw pdunhw prgho
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hpehgghg zlwklq lw1

Wr xqghuvwdqg zk| wklv lv vr lw lv khosixo wr ehjlq e| frqvlghulqj frpsdudwlyh vwdwlfv

iru wkh frqwudfw sureohp +9,1 Wkhvh duh vxppdul}hg lq wdeoh 71 Lq wklv wdeoh vlqjoh hqwulhv

iru dq hqgrjhqrxv yduldeoh lqglfdwh wkdw wkh frpsdudwlyh vwdwlf uhvxow lv lqghshqghqw ri wkh

pdun0xs/ �1 Iru fdvhv zlwk pxowlsoh hqwulhv/ wkh �uvw lv iru orz pdun0xsv +� � ���, dqg wkh

vhfrqg lv iru kljk pdun0xsv +� � ��D,1 Qrwlfh wkdw wkh frpsdudwlyh vwdwlfv ri wkh lqwhuhvw

udwh vsuhdg dqg wkh olnholkrrg ri edqnuxswf| ghshqg rq wkh pdun0xs �/ zkloh ordq vl}h dqg

vdohv gr qrw1

Qrz/ frqvlghu wkh uhvsrqvh ri wkh djjuhjdwh ghpdqg lqgh{/ ^/ dqg wkh pdujlqdo surgxfw

ri d ordq/ 5/ lq wkh edvholqh sdudphwhul}dwlrq ri wkh DL yhuvlrq ri wkh jhqhudo htxloleulxp

prgho lqglfdwhg lq wdeoh 61 Qrwlfh wkdw ^ gursv +gxh wr wkh idoo lq rxwsxw dqg d idoo lq wkh

djjuhjdwh sulfh lqgh{, dqg 5 lqfuhdvhv +gxh wr zdjh dqg uhqwdo udwh ghfolqhv,1 Dffruglqj wr

wkh frpsdudwlyh vwdwlfv wkhvh uhvsrqvhv kdyh lpsolfdwlrqv iru krz ,K uhvsrqgv wr d prqhwdu|

vkrfn1 Wkh idoo lq ^ whqgv wr uhgxfh ,K dqg wkh ulvh lq 5 whqgv wr lqfuhdvh ,K1 Wkxv wkh uhvsrqvh

ri ,K xqghu wkh edvholqh sdudphwhul}dwlrq pd| eh h{fhvvlyho| vpdoo li wkhvh uhvsrqvhv duh ri

frxqwhuidfwxdo pdjqlwxghv1 Vlplodu frqvlghudwlrqv dsso| wr wkh rwkhu yduldeohv ri lqwhuhvw1

Wklv frxog phdq wkdw wkh uhmhfwlrq ri wkh ohqglqj ylhz lqwhusuhwdwlrq ri wkh hpslulfdo hylghqfh

rq wkh edvlv ri wkh JH prgho lv plvohdglqj1

Wr h{soruh wklv srvvlelolw| L dgrsw wkh iroorzlqj vwudwhj|1 L hvwlpdwh iurp XV gdwd wkh

uhvsrqvhv wr prqhwdu| srolf| glvwxuedqfhv ri wkh djjuhjdwh yduldeohv wkdw duh qrz wdnhq

dv h{rjhqrxv/ qdpho| ^/ 5/ dqg -1 L xvh d frqyhqwlrqdo YDU phwkrgrorj| iru wklv/ wkh

ghwdlov ri zklfk duh rxwolqhg lq dsshqgl{ E1 Xvlqj wkhvh hvwlpdwhv dqg sdudphwhu ydoxhv

fdoleudwhg dv rxwolqhg lq vhfwlrq 6/ L h{dplqh wkh suhglfwlrqv ri wkh frqwudfw sureohp/ +9,/

dqg wkh frqglwlrq iru ghwhuplqlqj w|sh @ ordqv/ +8,/ iru wkh yduldeohv ri lqwhuhvw1 Qrwh wkdw

wkh vwhdg| vwdwh ri wkh JH prgho lv frqvlvwhqw zlwk d odujh fodvv ri prghov wkdw srwhqwldoo|

lqyroyh yhu| gl�huhqw dvvxpswlrqv derxw wkh h{dfw qdwxuh ri wkh prqhwdu| wudqvplvvlrq

phfkdqlvp1 Wkxv wklv hydoxdwlrq ri wkh ohqglqj ylhz lqyroyhv pxfk zhdnhu dvvxpswlrqv
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wkdq ehiruh1

Wzr h{dpsohv ri dsso|lqj wklv surfhgxuh duh looxvwudwhg lq �jxuh 51 Lq �jxuhv 5D05F

wkh hvwlpdwhg uhvsrqvhv ri -/ 5 dqg ^/ uhvshfwlyho|/ duh glvsod|hg1 Qrwh wkdw wkh phdvxuh

ri ^ ghshqgv rq dvvxpswlrqv uhjduglqj wkh pdun0xs1 Wkxv lq �jxuh 5F wzr uhvsrqvhv duh

glvsod|hg= rqh iru � ' ��2 +vrolg olqh, dqg rqh iru � ' ��D +gdvkhg olqh,1 Wkh uhvsrqvhv ri

,K*,@ lpsolhg e| ihhglqj wkh djjuhjdwh yduldeohv wkurxjk wkh frqwudfw sureohp duh uhsruwhg

lq �jxuh 5G/ zkhuh iru wkhvh h{dpsohv L dvvxph � ' f�D dqg _ ' f�H1 Khuh zh vhh wkdw

iru � ' ��2 wkh uhvsrqvh ri ,K*,@ lv lq wkh zurqj gluhfwlrq +xvlqj wkh edvholqh sdudphwhu vhw

wkh uhvsrqvh lv hyhq ixuwkhu lq wkh zurqj gluhfwlrq,1 Rqo| zkhq wkh pdun0xs lv lqfuhdvhg

wr � ' ��D gr zh revhuyh wkh uhvsrqvh vxjjhvwhg e| wkh ohqglqj ylhz1 Zkloh qrw vkrzq

khuh/ wkh uhvsrqvhv ri vdohv/ wkh lqwhuhvw udwh vsuhdg dqg wkh edqnuxswf| udwh dovr frqirup

wr wkh ohqglqj ylhz lq wklv odwwhu fdvh1 Wkh frpsohwh olvw ri sdudphwhu ydoxhv iru wkh � ' ��D

fdvh duh lqglfdwhg lq wkh froxpqv xqghu wkh cH{fhvv vhqvlwlylw| LL* khdghu lq wdeoh 41 Dovr/

wkh suhglfwlrqv ri wkh JH prgho iru wkh xvxdo olvw ri yduldeohv duh vkrzq lq wdeoh 6 xqghu

wkh vdph khdghu1 Qrwlfh wkdw iru wkh sdudphwhul}dwlrq wkdw lpsolhv d ohqglqj0ylhz0idyrudeoh

uhvsrqvh ri ,K*,@ xvlqj wkh sduwldo htxloleulxp dssurdfk lpsolhv frxqwhuidfwxdo uhvsrqvhv lq

wkh JH prgho1

Lq vxppdu|/ xvlqj wkh sduwldo htxloleulxp dssurdfk zh vwloo uhtxluh frxqwhuidfwxdoo|

odujh pdun0xsv dqg ohyhudjh udwlrv wr uhsolfdwh hyhq wkh txdolwdwlyh uhvsrqvh ri uhodwlyh ghew

 rzv1 +Wklv idfw krogv xs zkhq dowhuqdwlyh YDU hvwlpdwhv duh frqvlghuhg � vhh dsshqgl{

E,1 Wklv �qglqj vxjjhvwv wkdw wkh pdlq frqfoxvlrq uhjduglqj wkh suhglfwlrqv ri wkh fuhglw

pdunhw prgho krog xs zkhq zh doorz wkh gdwd wr vshdn derxw wkh prqhwdu| wudqvplvvlrq

phfkdqlvp udwkhu wkdq wdnlqj wkh vwurqj vwdqg lpsolhg e| zrunlqj zlwk wkh JH prgho lq

lvrodwlrq1
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91 Frqfoxglqj Uhpdunv

Wkh irupdol}dwlrq ri wkh ohqglqj ylhz ghvfulehg khuh uhsurgxfhv wkh hpslulfdo hylghqfh hp0

skdvl}hg lq wkh lqwurgxfwlrq rqo| iru vhhplqjo| lpsodxvleoh sdudphwhuv1 Rqh frqfoxvlrq wkdw

frxog eh gudzq iurp wklv �qglqj lv wkdw lqwhusuhwlqj wkh vpdoo0odujh �up hpslulfdo hylghqfh

dv dq lqglfdwlrq ri dq dfwlyh edqn0ohqglqj fkdqqho lv sureohpdwlf1 Wkh h{whqw wr zklfk wklv

frqfoxvlrq lv zduudqwhg ghshqgv rq wkh prgho*v vxffhvv dw fdswxulqj wkh pdlq whqhwv ri wkh

ohqglqj ylhz1 Dv prghoohg khuh wkh nh| ihdwxuh ri wkh ohqglqj fkdqqho lv wkh suhvhqfh ri d

fuhglw pdunhw lpshuihfwlrq zklfk lq xhqfhv wkh htxloleulxp ghwhuplqdwlrq ri ghew iru �upv

zklfk idfh wkh lpshuihfwlrq uhodwlyh wr �upv zklfk gr qrw1 Zkloh wklv lv d frpprqo| hp0

skdvl}hg ihdwxuh ri wkh ohqglqj ylhz/ wkhuh duh vhyhudo gl�huhqfhv ehwzhhq wkh prgho ri wklv

sdshu dqg wkh irupxodwlrqv lpsolflw lq pxfk ri wkh ohqglqj ylhz olwhudwxuh1 Lq wklv frqfoxglqj

vhfwlrq L rxwolqh wkhvh gl�huhqfhv dqg glvfxvv wkhlu lpsolfdwlrqv iru lqwhusuhwlqj wkh uhvxowv1

Rqh gl�huhqfh zlwk ghvfulswlrqv ri wkh ohqglqj ylhz lq wkh olwhudwxuh uhjdugv wkh vshfl�0

fdwlrq ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1 Iru h{dpsoh/ Ehuqdqnh dqg Eolqghu +4<;;,

dqg Ndvk|ds dqg Vwhlq +4<<7, hpskdvl}h d wudglwlrqdo vwlfn|0sulfh wudqvplvvlrq phfkdqlvp

lq wkhlu ghvfulswlrqv ri wkh edqn0ohqglqj fkdqqho1 Wkh jhqhudo htxloleulxp prgho ghvfulehg

lq vhfwlrq 5 fohduo| grhv qrw kdyh wklv ihdwxuh1 Iru h{dpsoh/ sulfhv duh shuihfwo|  h{leoh dqg

wudglwlrqdo djjuhjdwh ghpdqg h�hfwv wkdw rshudwh wkurxjk lqyhvwphqw duh qrw suhvhqw1 Krz0

hyhu/ wkh sduwldo htxloleulxp dqdo|vlv lq vhfwlrq 8 vxjjhvwv wkdw wkh ghwdlov ri wkh prqhwdu|

wudqvplvvlrq phfkdqlvp duh qrw fuxfldo iru wkh pdlq �qglqjv1 Wklv frqfoxvlrq iroorzv dv

orqj dv sursrvhg dowhuqdwlyh vshfl�fdwlrqv duh frqvlvwhqw zlwk wkh vwhdg|0vwdwh fdoleudwlrq

dqg uhsurgxfh wkh hvwlpdwhg uhvsrqvhv ri djjuhjdwh yduldeohv wr d prqhwdu| glvwxuedqfh1

Dqrwkhu gl�huhqfh frqfhuqv wkh vshfl�fdwlrq ri idfwru ghpdqg lq wkh prgho1 Ilupv duh

uhodwlyho|  h{leoh lq dgmxvwlqj idfwru lqsxwv khuh1 D uhodwhg frqfhuq lv wkh devhqfh ri d uroh

iru lqyhqwrulhv/ vshfl�fdoo| wkh qhhg iru �upv wr �qdqfh lqyhqwrulhv1 Wkhvh idfwv lpso| wkh

ghpdqg iru ordqdeoh ixqgv lv txlwh uhvsrqvlyh wr fkdqjlqj djjuhjdwh frqglwlrqv1 Dv ghvfulehg

lq wkh olwhudwxuh/ wkh ohqglqj ylhz riwhq lqyroyhv �upv idflqj frpplwphqwv wr sd| idfwruv
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zklfk pdnh lw gl!fxow iru wkhp wr dgmxvw wkhlu eruurzlqj uhtxluhphqwv lq wkh vkruw0uxq1 Wkh

frqqhfwlrq ehwzhhq wkhvh frpplwphqwv dqg revhuyhg eruurzlqj e| vpdoo dqg odujh �upv lv

qrw gluhfw1 Krzhyhu/ wr wkh h{whqw wkdw prgho ihdwxuhv zklfk pdnh dgmxvwlqj sd|phqwv wr

idfwruv gl!fxow duh plvvlqj iurp wkh prgho/ lw lv srvvleoh wkdw lpsruwdqw frpsrqhqwv ri wkh

ohqglqj ylhz kdyh ehhq ljqruhg1 Lqfrusrudwlqj wkhvh ihdwxuhv pd| ohdg wr �qglqjv pruh

vxssruwlyh ri wkh ohqglqj ylhz1

Ndvk|ds dqg Vwhlq +4<<8, hpskdvl}h d uroh lq wkh ohqglqj ylhz iru fuhglw pdunhw lpshu0

ihfwlrqv idfhg e| edqnv1 Nh| wr wkhlu dqdo|vlv lv wkh lpshuihfw vxevwlwxwdelolw| ri vhfxulwlhv

dqg ordqv lq edqnv* sruwirolrv/ zklfk pdnhv lw srvvleoh iru wkh fhqwudo edqn wr lq xhqfh

wkh vxsso| ri ordqdeoh ixqgv1 Wkh phfkdqlvp iru lq xhqflqj wkh vxsso| ri ordqdeoh ixqgv

lv gl�huhqw lq wkh jhqhudo htxloleulxp prgho ri wklv sdshu/ zkhuh edqnv duh qrw vxemhfw wr

vxfk lpshuihfwlrqv1 Lqfrusrudwlqj wklv plvvlqj ihdwxuh frxog hqkdqfh wkh h�hfwv ri prqhwdu|

frqwudfwlrqv rq wkh vxsso| ri ordqdeoh ixqgv lq wkh prgho1 Lw lv ohvv fohdu zkhwkhu grlqj wklv

zrxog khos h{sodlq wkh revhuyhg eruurzlqj ri vpdoo yhuvxv odujh �upv1 Iru wklv wr eh wkh

fdvh/ wkh vxevhw ri edqnv zklfk pd| eh vxemhfw wr wkh fuhglw pdunhw lpshuihfwlrqv ghvfulehg

e| Ndvk|ds dqg Vwhlq pxvw eh wkh sulqflsoh vrxufh ri ixqgv iru vpdoo �upv1

Ilqdoo|/ wkh zd| wkh fuhglw pdunhw lpshuihfwlrq zdv prghoohg khuh pd| eldv wkh uhvxowv

djdlqvw wkh ohqglqj ylhz1 Wkh dssurdfk wdnhq zdv wr dvvxph d vhtxhqfh ri rqh0shulrg

frqwudfwv/ wkhuhe| holplqdwlqj dq| g|qdplf uroh iru qhw0zruwk lq wkh dqdo|vlv1 Lq wkh vhqvh

ri Wrzqvhqg +4<;5, wklv dvvxpswlrq pd{lpl}hv wkh glvwruwlrq gxh wr dv|pphwulf lqirupdwlrq1

Dqrwkhu dgydqwdjh ri wklv dssurdfk lv wkdw lw shuplwv d fohdu glvwlqfwlrq ehwzhhq wkh ohqglqj

ylhz dqg wkhrulhv zklfk hpskdvl}h d nh| uroh iru qhw0zruwk1 Krzhyhu/ wklv glvwlqfwlrq/

zkloh frqvlvwhqw zlwk wkh olwhudwxuh/ pd| eh ryhuo| uhvwulfwlyh1 Lq idfw lw pd| eh wkh fdvh

wkdw wkh ohqglqj ylhz dqg qhw0zruwk wkhrulhv ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp duh

wlhg wrjhwkhu lq lpsruwdqw zd|v1 Wr jhw d vhqvh ri wkh srwhqwldo iru qhw0zruwk g|qdplfv

wr ryhuwxuq wkh uhvxowv suhvhqwhg khuh/ frqvlghu shuwxuelqj lqwhuqdo ixqgv lq wkh frqwudfw

sureohp1 Fohduo|/ wkh ohyho ri lqwhuqdo ixqgv lq xhqfhv wkh vl}h ri wkh ordq judqwhg1 Li lqwhuqdo
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ixqgv duh doorzhg wr ydu| v|vwhpdwlfdoo| wkhq suhvxpdeo| ordq vl}h iru fuhglw frqvwudlqhg

�upv frxog ehfrph pruh vhqvlwlyh wr glvwxuedqfhv lq wkh fuhglw pdunhw12�
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Dsshqgl{ D= Ghulydwlrq ri wkh Frqwudfw Sureohp

Lq wklv dsshqgl{ L ghulyh +9,/ wkh sureohp fkdudfwhul}lqj wkh rswlpdo frqwudfw iru ordqv

wr w|sh K�upv ghvfulehg lq vhfwlrq 51 Uhfdoo/ wkh rswlpdo frqwudfw pd{lpl}hv wkh h{shfwhg

sur�wv ri d w|sh K �up vxemhfw wr wkh frqvwudlqw wkdw wkh uhsuhvhqwdwlyh edqn hduqv dw ohdvw

lwv rssruwxqlw| frvw ri ixqgv1

Wr holplqdwh -K iurp wkh remhfwlyh dqg wkh frqvwudlqw ri wkh frqwudfw sureohp/ qrwlfh

wkdw/ iru wkh pdujlqdo vroyhqw �up/ wkh sulqflsdo soxv lqwhuhvw iru wkh ordq h{dfwo| htxdov wkh

uhyhqxhv soxv wkh froodwhudo sxw xs iru wkh ordq=

-K,K ' �^
�
5,K � 	1

K
��*�

n E�� ��eK�

Nhhslqj lq plqg wkh idfw wkdw w|sh K �upv orvh hyhu|wklqj/ lqfoxglqj wkhlu froodwhudo/ li

wkh| fdqqrw uhsd| wkhlu ordq/ h{shfwhg sur�wv duh ghulyhg dv iroorzv=

^
�
5,K � 	1

K
��*� ] X

�
w_CEw� n d��CE��o E�� ��eK � d��CE��o-K,K

' ^
�
5,K � 	1

K
��*� ] X

�
w_CEw� n d��CE��o E�� ��eK � d��CE��o E�� ��eK

� d��CE��o �^
�
5,K � 	1

K
��*�

' ^
�
5,K � 	1

K
��*� k

7w � KE��
l
�

Wkh qr duelwudjh frqglwlrq iru lqwhuphgldulhv vd|v wkdw sd|phqwv ri vroyhqw �upv/ soxv

froodwhudo dqg dffrxqwv uhfhlydeohv ri lqvroyhqw �upv/ plqxv wkh prqlwrulqj frvwv iru wkh

lqvroyhqw �upv/ duh juhdwhu wkdq ru htxdo wr wkh rssruwxqlw| frvw ri wkh ixqgv ordqhg1 Wkdw

lv

d��CE��o-K,K n ^
�
5,K � 	1

K
��*� ] �

X
w_CEw� nCE��E�� ��eK � >CE��,K � -,K�

Vlpsoli|lqj dqg uhduudqjlqj wklv h{suhvvlrq gholyhuv wkh frqvwudlqw iru wkh frqwudfw sureohp1
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Dsshqgl{ E= Lpsxovh Uhvsrqvh Ixqfwlrq Hvwlpdwlrq

Lq wklv dsshqgl{ L ghvfuleh wkh surfhgxuh xvhg wr hvwlpdwh wkh lpsxovh uhvsrqvh ixqfwlrqv

ghslfwhg lq �jxuh 51 Lw lv edvhg rq d frqyhqwlrqdo YDUphwkrgrorj|1 L hvwlpdwh d vl{ yduldeoh

yhfwru dxwr0uhjuhvvlrq/ ru YDU/ lq wkh rughu t / ^/ ���� / -/ ��-f dqg 51 Zlwk wkh

h{fhswlrq ri SFRP/ wkh gdwd lv wdnhq gluhfwo| iurp ru lv ghulyhg iurp yduldeohv lq Flwledvh1

H{fhsw iru ���� doo yduldeohv duh lq orjv1 Wkh vdpsoh lv 4<97=404<<5=7 dqg irxu odjv zhuh

xvhg1

Wkh yduldeohv zhuh phdvxuhg dv iroorzv= t lv uhdo JGS +Flwledvh JGST,/ ^ lv gh�qhg

dv lq wkh pdlq wh{w zlwk wkh JGS gh dwru +JGSG, dv wkh djjuhjdwh sulfh lqgh{ dqg t

sur{|lqj iru t W/ ���� lv wkh lqgh{ ri frpprglw| sulfhv xvhg e| Fkulvwldqr/ Hlfkhqedxp

dqg Hydqv +4<<9,/ - lv wkh Ihghudo ixqgv udwh +I\II,/ ��-f lv wkh udwlr ri qrq0eruurzhg

uhvhuyhv +IPUQEF, wr wrwdo uhvhuyhv +IPUUD, dqg 5 lv phdvxuhg dv lq wkh pdlq wh{w1 Wr

frpsxwh 5 zh qhhg phdvxuhv ri wkh qrplqdo zdjh dqg uhqwdo udwhv1 L xvh Flwledvh yduldeoh

OHK wr phdvxuh wkh qrplqdo zdjh +dyhudjh krxuo| hduqlqjv ri surgxfwlrq ru qrqvxshuylvru|

zrunhuv rq sulydwh qrqdjulfxowxudo sd|uroov,1 L lpsxwh d phdvxuh ri wkh uhqwdo udwh dv iroorzv1

Ghqrwh wkh phdvxuh ri fdslwdo*v lqfrph vkduh ghvfulehg lq wkh qrwhv wr wdeoh 5 dv k|/ wkhq wkh

uhqwdo udwh lv frpsxwhg dv o| ' k|C(�*g|1 Khuh JGS lv qrplqdo JGS iurp Flwledvh dqg

g| ghqrwhv dq lpsxwhg fdslwdo vwrfn edvhg rq dvvxplqj d 43( dqqxdo udwh ri ghsuhfldwlrq

rq uhdo jurvv �{hg sulydwh lqyhvwphqw +JLIT,1

Prqhwdu| srolf| glvwxuedqfhv duh phdvxuhg dv ruwkrjrqdol}hg lqqrydwlrqv wr -1 Wkxv

�jxuhv 5D05F frqwdlq lpsxovh uhvsrqvh ixqfwlrqv wr d rqh0vwdqgdug ghyldwlrq lqqrydwlrq lq

wkh Ihghudo ixqgv udwh1 Vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9, iru d glvfxvvlrq ri

wklv dssurdfk wr phdvxulqj prqhwdu| srolf| glvwxuedqfhv1

L kdyh qrw vkrzq vwdqgdug huuruv lq �jxuhv 5D05F wr suhyhqw foxwwhulqj wkh �jxuhv1 Wkh

uhvsrqvh ri - lv vljql�fdqw wr derxw 9 txduwhuv diwhu dq lqqrydwlrq dqg wkh uhvsrqvhv ri

wkh sulfh lqglfhv duh vljql�fdqw rqo| diwhu derxw d |hdu1 Qrwh wkdw wkh uhvxowv duh urexvw wr

dowhuqdwlyh rughulqjv dv orqj dv wkh idfwru sulfh lqgh{ 5 lv sodfhg diwhu wkh prqhwdu| yduldeohv

5<



lq wkh rughulqj1 Li lw lv sodfhg ehiruh wkh prqhwdu| yduldeohv +-/ ��-f, wkhq wkh uhvsrqvhv

ri t / ^ dqg ���� duh doo xqfrqyhqwlrqdo1 Wkh �qglqjv duh urexvw wr xvlqj dqrwkhu phdvxuh

iru zdjhv +OHKP, dv zhoo1 Ilqdoo|/ edvhg rq wkh hvwlpdwlrq xqghuo|lqj �jxuh 5/ wkh lpsxwhg

uhvsrqvh ri uhdo idfwru frvwv +wkh uhvsrqvh ri �*5 glylghg e| wkh uhvsrqvh ri wkh JGS gh dwru,

lv qhjdwlyh1 Wkdw lv uhdo idfwru frvwv ghfolqh diwhu d qhjdwlyh lqqrydwlrq lq wkh Ihghudo ixqgv

udwh1 Wklv uhvxow lv frqvlvwhqw zlwk uhvxowv uhsruwhg lq Fkulvwldqr dqg Hlfkhqedxp +4<<8,

iru wkh uhdo zdjh1

Hvwlpdwhg uhvsrqvhv ri ^/ - dqg 5 duh lqwhusuhwhg dv shu fhqw ghyldwlrqv iurp dq xqglv0

wxuehg sdwk1 Iru jlyhq shu fhqw ghyldwlrq %| L frpsxwh wkh uhohydqw ohyho uhvsrqvh wkdw fdq

eh ihg lqwr wkh sduwldo htxloleulxp prgho dv f| ' E� n %|� � 7f/ zkhuh 7f lv wkh vwhdg| vwdwh

ydoxh ri d jlyhq yduldeoh dqg f| lv wkh ohyho uhvsrqvh ri wkh yduldeoh1
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Qrwhv

�Jhuwohu dqg Jlofkulvw +4<<7, uhsruw wkh �uvw wzr �qglqjv xvlqj gdwd iru pdqxidfwxulqj

�upv1 Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9, uhsruw vlplodu uhvxowv lq whupv ri uhodwlyh

ghew  rzv iru qrq0frusrudwh yhuvxv frusrudwh �upv1 Ehujhu dqg Xghoo +4<<5, �qg wkh vsuhdg

ehwzhhq frpphufldo edqn ordq udwhv dqg Wuhdvxu| eloo udwhv lqfuhdvhv lq d cfuhglw fuxqfk*1

Ndvk|ds/ Zlofr{ dqg Vwhlq +4<<5, uhsruw d vlplodu �qglqj iru wkh vsuhdg ehwzhhq wkh sulph

edqn ohqglqj udwh dqg d frpphufldo sdshu udwh1

2Vhh Ehuqdqnh dqg Jhuwohu +4<<8, iru d uhfhqw glvfxvvlrq ri wkhvh ylhzv dqg wkh uhodwhg

hpslulfdo hylghqfh1

�Vhh iru h{dpsoh Ehuqdqnh +4<<6,/ Ehuqdqnh dqg Eolqghu +4<<5,/ Ehuqdqnh dqg Jhuwohu

+4<<8, dqg Ndvk|ds dqg Vwhlq +4<<7/ 4<<8,1

eFkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9, uhsruw hylghqfh iurp wkh Iorz ri Ixqgv df0

frxqwv wkdw jhqhudoo| vxssruwv wklv dvvxpswlrq1

DWkh frvwo| vwdwh yhul�fdwlrq iudphzrun kdv ehhq wkh suhgrplqdqw phwkrg ri duwlfxodwlqj

dvshfwv ri erwk wkh cqhw0zruwk fkdqqho* dv zhoo dv wkh edqn0ohqglqj fkdqqho1 H{dpsohv

lqfoxgh Ehuqdqnh dqg Jhuwohu +4<;<,/ Fduovwurp dqg Ixhuvw +4<<8,/ Ixhuvw +4<<6,/ Jhuwohu

dqg Jlofkulvw +4<<4,/ dqg Zlooldpvrq +4<;9/ 4<;:,1

SWklv ylhz iroorzv iurp wkh zhoo nqrzq idfw wkdw g|qdplf lqwhudfwlrq ehwzhhq eruurz0

huv dqg ohqghuv pd| plwljdwh djhqf| frvwv dvvrfldwhg zlwk dv|pphwulf lqirupdwlrq +vhh

Wrzqvhqg/ +4<;5,,1

.Qrwh wkdw wr zulwh wkh krxvhkrog*v sureohp lq uhfxuvlyh irup doo qrplqdo yduldeohv duh

qrupdol}hg e| wkh shu krxvhkrog vwrfn ri prqh|1

HLqfrusrudwlqj fdslwdo dffxpxodwlrq grhv qrw fkdqjh dq| ri wkh pdlq uhvxowv dv orqj dv

zh dgrsw Fkulvwldqr +4<<4,*v cvoxjjlvk fdslwdo* dvvxpswlrq1 Wkh dvvxpswlrq wkdw krxvhkrogv
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rzq wkh fdslwdo vwrfn lv pdgh iru vlpsolflw|1

bDv orqj dv zh dvvxph vx!flhqw dqrq|plw| lq wudqvdfwlrqv wklv dvvxpswlrq lv frqvlvwhqw

zlwk �upv vxuylylqj iru pxowlsoh shulrgv1 Dowhuqdwlyho| zh fdq ylhz �upv dv vxuylylqj iru

rqh shulrg rqo|1

�fL rqo| frqvlghu lqwhulru vroxwlrqv wr wkh frqwudfw sureohp1 Ixhuvw +4<<7, dqdo|vhv d

uhodwhg sureohp1 Klv prgho grhv qrw kdyh �{hg frvwv/ lqwhuqdo ixqgv ru froodwhudo/ exw lw grhv

doorz iru lqfuhdvlqj uhwxuqv lq wkh prqlwrulqj whfkqrorj|1 Kh irfxvhv rq fruqhu vroxwlrqv wr

wkh frqwudfw sureohp lq zklfk h{whqvlyh pdujlq udwlrqlqj rffxuv +lqwhulru vroxwlrqv wr wkh

fxuuhqw sureohp lqyroyh lqwhqvlyh pdujlq udwlrqlqj lq wkh vhqvh wkdw dw wkh jlyhq -K �upv

ghvluh odujhu ordqv wkdq vshfl�hg e| wkh frqwudfw1, Dv wkh dqdo|vlv lq vhfwlrq 8 lqglfdwhv/

fruqhu vroxwlrqv rqo| rffxu lq wkh fxuuhqw prgho iru h{wuhph ydoxhv ri wkh sdudphwhuv1 Dovr/

doorzlqj iru lqfuhdvlqj uhwxuqv wr prqlwrulqj grhv qrw dowhu wkh pdlq frqfoxvlrqv ri wklv

sdshu1

��Wr xqghuvwdqg wklv h{suhvvlrq frqvlghu wkh fdvh ri d �up zlwk dq dyhudjh surgxfwlylw|

glvwxuedqfh/ exw dq deryh dyhudjh ghpdqg glvwxuedqfh1 Lq wklv fdvh wkh sulfh lv kljkhu wkdq

wkh dyhudjh/ dv |rx zrxog h{shfw1 Qrwlfh wkdw wkh rqo| uroh sod|hg e| I lv wr ghwhuplqh wkh

glvwulexwlrq ri uhodwlyh sulfhv1 Wkxv dv orqj dv wkh glvwulexwlrq ri frqvxpswlrq dfurvv jrrgv

lv qrw d pdlq frqfhuq zh gr qrw qhhg wr h{dfwo| vshfli| I 1

�2Dv ghvfulehg lq Ilvkhu +4<<9,/ iru wklv frqglwlrq wr eh vdwlvl�hg zh pxvw dvvxph.�
�3�*�
� '

.�
3�*�
� 1

��Wklv olvw grhv qrw lqfoxgh I 1 Dv orqj dv wkh hohphqwv ri I duh frqvlvwhqw zlwk wkh

qrupdol}dwlrqv dqg dvvxpswlrqv sxw rq wkhp lq wkh suhylrxv vhfwlrq/ zh qhhg qrw vshfli| lw

wr lqihu wkh suhglfwlrqv ri wkh prgho iru wkh yduldeohv ri lqwhuhvw1

�eWkh ohyhudjh udwlr lv gh�qhg dv wkh udwlr ri ghew wr wkh vxp ri ghew dqg htxlw|1
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�DVhh Ehqqlqjd dqg Surwrsdsdgdnlv +4<<3, dqg wkh uhihuhqfhv wkh| flwh1

�SLq wkh prgho/ wkh dvvhwv ri d edqnuxsw �up lqfoxgh lwv froodwhudo dqg dffrxqwv uhfhlydeohv1

�.Vhh iru h{dpsoh Dowpdq +4<;7,/ Jx�h| dqg Prruh +4<<4,/ dqg Zduqhu +4<::,1

�HWkh gl�huhqfhv ehwzhhq prghov zlwk olplwhg sduwlflsdwlrq dqg zlwkrxw duh doprvw hq0

wluho| frq�qhg wr wkh shulrg ri wkh prqhwdu| vkrfn1 Wklv lv glvfxvvhg lq Fkulvwldqr +4<<4,1

�bLi wkh olplwhg sduwlflsdwlrq dvvxpswlrq lv gursshg +vr wkdw qrplqdo vdylqjv duh fkrvhq

diwhu wkh uhdol}dwlrq ri wkh prqhwdu| glvwxuedqfh,/ wkhq rxwsxw dqg krxuv ulvh dqg lqwhuhvw

udwhv idoo iroorzlqj wkh qhjdwlyh lqqrydwlrq1 Wkhvh duh vwdqgdug uhvxowv iru fdvk0lq0dgydqfh

hfrqrplhv zklfk dulvh ehfdxvh ri wkh grplqdwlqj lq xhqfh ri dqwlflsdwhg lq dwlrq h�hfwv1

Vhh Fkulvwldqr +4<<4, iru pruh ghwdlov rq wklv1

2fWklv olplwdwlrq ri wkh prgho frxog eh ryhufrph li wkh olplwhg sduwlflsdwlrq dvvxps0

wlrq zhuh h{whqghg wr fryhu pxowlsoh shulrgv dorqj wkh olqhv dqdo|}hg e| Fkulvwldqr dqg

Hlfkhqedxp +4<<5,1

2�Wklv lv prvw hdvlo| vhhq e| frpsdulqj #@- dqg 	#K- iru wkh fdvh ri qr htxlw| sduwlflsdwlrq1

22Lq wkhvh fdvhv h{whqvlyh pdujlq udwlrqlqj lq zklfk vrph w|sh K �upv gr qrw uhfhlyh dq|

h{whuqdo �qdqfh dulvhv1 Dv lqglfdwhg e| wkhvh h{dpsohv/ h{whqvlyh pdujlq udwlrqlqj rqo|

rffxuv lq wklv prgho iru h{wuhph sdudphwhu ydoxhv1

2�Wklv srwhqwldo lv h{soruhg lq wkh uhfhqw sdshu e| Frroh| dqg Txdgulql +4<<:,1
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Uhihuhqfhv

Dowpdq/ Hgzdug M1 �D Ixuwkhu Lqyhvwljdwlrq ri wkh Edqnuxswf| Frvw Txhvwlrq1� Mrxuqdo

ri Ilqdqfh 6< +Vhswhpehu 4<;7,/ 439:043;<1

Ehqqlqjd/ Vlprq/ dqg Dulv Surwrsdsdgdnlv1 �Ohyhudjh/ Wlph Suhihuhqfh dqg wkh Htxlw|

Suhplxp Sx}}oh1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 58 +Mdqxdu| 4<<3,/ 7<08;1

Ehujhu/ Doohq Q1/ dqg Juhjru| I1 Xghoo1 �Vrph Hylghqfh rq wkh Hpslulfdo Vljql�fdqfh ri

Fuhglw Udwlrqlqj1� Mrxuqdo ri Srolwlfdo Hfrqrp| 433 +Rfwrehu 4<<5,/ 437:043::1

Ehuqdqnh/ Ehq V1 �Krz Lpsruwdqw lv wkh Fuhglw Fkdqqho lq wkh Wudqvplvvlrq ri Prqhwdu|

Srolf|B D Frpphqw1� Fduqhjlh0Urfkhvwhu Vhulhv rq Sxeolf Srolf| 6< +Ghfhpehu

4<<6,/ 7:0851

Ehuqdqnh/ Ehq V1/ dqg Dodq V1 Eolqghu1 �Wkh Ihghudo Ixqgv Udwh dqg wkh Fkdqqhov ri

Prqhwdu| Wudqvplvvlrq1� Dphulfdq Hfrqrplf Uhylhz ;5 +Vhswhpehu 4<<5,/ <340<541

���1 �Fuhglw/ Prqh| dqg Djjuhjdwh Ghpdqg1� Dphulfdq Hfrqrplf Uhylhz/ Sdshuv

dqg Surfhhglqjv :; +Pd| 4<;;,/ 768076<1

Ehuqdqnh/ Ehq V1/ dqgPdun Jhuwohu1 �Djhqf| Frvwv/ Qhw Zruwk dqg Exvlqhvv Ioxfwxdwlrqv1

Dphulfdq Hfrqrplf Uhylhz :< +Pdufk 4<;<,/ 470641

���1 �Lqvlgh wkh Eodfn Er{= Wkh Fuhglw Fkdqqho ri Prqhwdu| Srolf| Wudqvplvvlrq1�

Mrxuqdo ri Hfrqrplf Shuvshfwlyhv < +Idoo 4<<8,/ 5:07;1

Exuqvlgh/ Fudlj/ Pduwlq V1 Hlfkhqedxp/ dqg Vhujlr Uhehor1 �Fdslwdo Xwlol}dwlrq dqg Uh0

wxuqv wr Vfdoh1� Lq QEHU Pdfurhfrqrplfv Dqqxdo hglwhg e| Ehq V1 Ehuqdqnh dqg

Mxolr M1 Urwhpehuj/ ss1 9:04431 Fdpeulgjh/ PD= PLW Suhvv/ 4<<81

Fduovwurp/ Fkduohv W1/ dqg Wlprwk| V1 Ixhuvw1 �Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv

Ioxfwxdwlrqv= D Frpsxwdeoh Jhqhudo Htxloleulxp Dqdo|vlv1� Dphulfdq Hfrqrplf

Uhylhz ;: +Ghfhpehu 4<<:,/ ;<60<431

67



Fkulvwldqr/ Odzuhqfh M1 �Prgholqj wkh Oltxlglw| H�hfw ri d Prqh| Vkrfn1� Ihghudo Uhvhuyh

Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 48 +Zlqwhu 4<<4,/ 40581

Fkulvwldqr/ Odzuhqfh M1/ dqg Pduwlq V1 Hlfkhqedxp1 �Oltxlglw| H�hfwv/ Prqhwdu| Srolf|/

dqg wkh Exvlqhvv F|foh1� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5: +Qryhpehu 4<<8,/

4446044691

Fkulvwldqr/ Odzuhqfh M1/ Pduwlq V1 Hlfkhqedxp dqg Fkduohv O1 Hydqv1 �Wkh H�hfwv ri

Prqhwdu| Srolf| Vkrfnv= Hylghqfh iurp wkh Iorz ri Ixqgv1� Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv :; +Iheuxdu| 4<<9,/ 490671

Frroh|/ Wkrpdv I1/ dqg Hgzdug F1 Suhvfrww1 �Hfrqrplf Jurzwk dqg Exvlqhvv F|fohv1� Lq

Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk hglwhg e| Wkrpdv I1 Frroh|/ ss140691 Sulqfhwrq/

QM= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<81

Frroh|/ Wkrpdv I1/ dqg Ylqfhq}r Txdgulql1 �Prqhwdu| Srolf| dqg Wkh Ilqdqfldo Ghflvlrqv

ri Ilupv1� Xqlyhuvlw| ri Urfkhvwhu zrunlqj sdshu +Ghfhpehu 4<<:,1

Gl{lw/ Dylqdvk/ dqg Mrvhsk H1 Vwljolw}1 �Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp Surgxfw

Glyhuvlw|1� Dphulfdq Hfrqrplf Uhylhz 9: +Mxqh 4<::,/ 5<:063;1

Id}}dul/ Vwhyhq P1/ Johqq U1 Kxeedug/ dqg Euxfh F1 Shwhuvrq1 �Ilqdqflqj Frqvwudlqwv

dqg Frusrudwh Lqyhvwphqw1� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4/ 47405391

Ilvkhu/ Mrqdv G1P1 �Fuhglw pdunhw lpshuihfwlrqv dqg wkh khwhurjhqhrxv uhvsrqvh ri �upv

wr prqhwdu| vkrfnv1� Ihghudo Uhvhuyh Edqn ri Fklfdjr Zrunlqj Sdshu <9056/ 4<<91

Ixhuvw/ Wlprwk| V1 �Oltxlglw|/ Ordqdeoh Ixqgv dqg Uhdo Dfwlylw|1� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 5< +Iheuxdu| 4<<5,/ 60571

���1 �Wkh Dydlodelolw| Grfwulqh1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 67 +Ghfhpehu 4<<7,/

75<0761
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Jdoh/ Grxjodv/ dqg Pduwlq Khoozlj1 �Lqfhqwlyh0Frpsdwleoh Ghew Frqwudfwv= Wkh Rqh0

Shulrg Sureohp1� Uhylhz ri Hfrqrplf Vwxglhv/ 85 +Rfwrehu 4<;8,/ 97:09961

Jhuwohu/ Pdun1 �Ilqdqfldo Fdsdflw| dqg Rxwsxw Ioxfwxdwlrqv lq dq Hfrqrp| zlwk Pxowl0

Shulrg Ilqdqfldo Uhodwlrqvklsv1� Uhylhz ri Hfrqrplf Vwxglhv 8< +Mxo| 4<<5,/ 78807:51

Jhuwohu/ Pdun/ dqg Vlprq Jlofkulvw1 �Prqhwdu| Srolf|/ Exvlqhvv F|fohv dqg wkh Ehkdylru

ri Vpdoo Pdqxidfwxulqj Ilupv1� QEHU zrunlqj sdshu Qr1 6;<5/ 4<<41

���1 �Prqhwdu| Srolf|/ Exvlqhvv F|fohv dqg wkh Ehkdylru ri Vpdoo Pdqxidfwxulqj

Ilupv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 8< +Pd| 4<<7,/ 63<06731

Jx�h|/ Gdu|o P1/ dqg Zlooldp W1 Prruh1 �Gluhfw Edqnuxswf| Frvwv= Hylghqfh iurp wkh

Wuxfnlqj Lqgxvwu|1� Wkh Ilqdqfldo Uhylhz/ 59 +Pd| 4<<4,/ 55605681

Kdoo/ Urehuw H1 �Fdslwdo Xwlol}dwlrq dqg Uhwxuqv wr Vfdoh= Frpphqw1� Lq QEHU Pdfur0

hfrqrplfv Dqqxdo hglwhg e| Ehq V1 Ehuqdqnh dqg Mxolr M1 Urwhpehuj/ ss1 44;0561

Fdpeulgjh/ PD= PLW Suhvv/ 4<<81

Mxgg/ Nhqqhwk O1 �Surmhfwlrq Phwkrgv iru Vroylqj Djjuhjdwh Jurzwk Prghov1� Mrxuqdo ri

Hfrqrplf Wkhru| 8; +Ghfhpehu 4<<5,/ 7430851

Ndvk|ds/ Dqlo N1/ dqg Mhuhp| F1 Vwhlq1 �Prqhwdu| Srolf| dqg Edqn Ohqglqj1� LqPrqhwdu|

srolf|1 Vwxglhv lq Exvlqhvv F|fohv/ yro1 5</ hglwhg e| Juhjru| Q1 Pdqnlz/ ss1 5540891

Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<<71

���1 �Wkh Lpsdfw ri Prqhwdu| Srolf| rq Edqn Edodqfh Vkhhwv1� Fduqhjlh Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeolf Srolf| 75 +Mxqh 4<<8,/ 4840<81

���/ dqg Gdylg Z1 Zlofr{1 �Prqhwdu| Srolf| dqg Fuhglw Frqglwlrqv= Hylghqfh iurp

wkh Frpsrvlwlrq ri H{whuqdo Ilqdqfh1� Dphulfdq Hfrqrplf Uhylhz ;6 +Pdufk 4<<6,/

:;0<;1
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Oxfdv/ Urehuw H1/ Mu1 �Oltxlglw| dqg Lqwhuhvw Udwhv1� Mrxuqdo ri Hfrqrplf Wkhru| 83

+Dsulo 4<<3,/ 56:05971

Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug1 �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri Dj0

juhjdwh Ghpdqg rq Hfrqrplf Dfwlylw|1� Mrxuqdo ri Srolwlfdo Hfrqrp| 433 +Ghfhpehu

4<<5,/ 44860453:1

Wrzqvhqg/ Urehuw1 �Rswlpdo Frqwudfwv dqg Frpshwlwlyh Pdunhwv zlwk Frvwo| Vwdwh Yhul0

�fdwlrq1� Mrxuqdo ri Hfrqrplf Wkhru| 54 +Rfwrehu 4<:<,/ 59805<61

���1 �Rswlpdo Pxowlshulrg Frqwudfwv dqg wkh Jdlq iurp Hqgxulqj Uhodwlrqvklsv Xqghu

Sulydwh Lqirupdwlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp| <3 +Ghfhpehu 4<;5,/ 4499044;91

Zduqhu/ Mhurog E1 �Edqnuxswf| Frvwv= Vrph Hylghqfh1� Mrxuqdo ri Ilqdqfh 65 +Pd| 4<::,/

66:067;1

Zlooldpvrq/ Vwhskhq G1 �Frvwo| Prqlwrulqj/ Ilqdqfldo Lqwhuphgldwlrq/ dqg Htxloleulxp

Fuhglw Udwlrqlqj1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 4; +Vhswhpehu 4<;9,/ 48<04:<1

���1 �Frvwo| Prqlwrulqj/ Rswlpdo Frqwudfwv/ dqg Htxloleulxp Fuhglw Udwlrqlqj1�

Txduwhuo| Mrxuqdo ri Hfrqrplfv 435 +Iheuxdu| 4<;:,/ 46804781
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Wdeoh 4
Sdudphwhu ydoxhv dqg frqglwlrqv iru wkhlu lghqwl�fdwlrq

H{fhvv H{fhvv
Edvholqh Vhqvlwlylw| L Vhqvlwlylw| LL

Sdudphwhu Lghqwl�fdwlrq frqglwlrq SL DL SL DL SL DL
� �{hg d sulrul 318 318 4 4 318 318
_ dyhudjh ohyhudjh udwlr 318 318 31< 31< 31; 31;
� dyhudjh pdun0xs 4138 4138 5 5 418 418
> dyhudjh edqnuxswf| frvwv=dvvhwv udwlr 3 3146 3 3153 3 3153
jw dyhudjh lqwhuhvw udwh vsuhdg 3 3174 3 3139 3 3147
b w|sh @ �upv* vkduh ri wrwdo vdohv 31:3 317; 31:3 319; 31:3 3199
1@ }hur sur�wv iru w|sh @ �upv 3136 3138 3175 3177 315< 3163
1K }hur sur�wv iru w|sh K �upv 3136 3137 3175 3176 315< 315<
e@ ohyhudjh udwlr iru w|sh @ �upv 3174 318< 313; 313; 3149 314:
eK ohyhudjh udwlr iru w|sh K �upv 3174 3157 313; 313: 3149 3147
k fdslwdo*v vkduh ri wrwdo lqfrph 315< 315< 315< 315< 315< 315<
# dyhudjh zrun krxuv=wrwdo krxuv udwlr 4194 4194 4194 4194 4194 4194

Qrwhv wr wdeoh 41 Vhh vhfwlrqv 5 dqg 6 iru sdudphwhu gh�qlwlrqv1 L xvh wkh phwkrgrorj|
rxwolqhg lq Frroh| dqg Suhvfrww +4<<8, wr phdvxuh fdslwdo*v vkduh ri wrwdo lqfrph1 Xqolnh
wkhp L gr qrw lqfoxgh jryhuqphqw dqg wkh vhuylfhv iurp gxudeoh frqvxpswlrq jrrgv lq p|
phdvxuh ri wrwdo lqfrph vlqfh wkh fuhglw pdunhw lpshuihfwlrqv prghoohg khuh gr qrw vhhp wr
dsso| lq wkhvh fdvhv1 L hvwlpdwh wkh phdq ri fdslwdo*v lqfrph vkduh wr eh 31641 Wklv grhv qrw
pdwfk wkh ydoxh iru k gxh wr wkh idfw wkdw L lghqwli| glylghqg lqfrph iurp lqwhuphgldulhv dv
fdslwdo lqfrph1 Vhh vhfwlrq 6 iru d ghvfulswlrq ri wkh froxpq odehov1

Wdeoh 5
Ihdwxuhv ri wkh vwhdg| vwdwh lq wkh Dv|pphwulf Lqirupdwlrq dqg Shuihfw Lqirupdwlrq prghov

H{fhvv H{fhvv
Edvholqh Vhqvlwlylw| L Vhqvlwlylw| LL

Yduldeoh Ghvfulswlrq SL DL SL DL SL DL
E�� b�CE�� edqnuxswf| udwh 3 3135 3 3134 3 3134
>E�3b�CE��,K

Rt
edqnuxswf| frvwv=rxwsxw udwlr 3 31334 3 31335 3 31335

E�3b�CE��,K

Rt
idlohg �up oldelolwlhv=rxwsxw udwlr 3 3133; 3 3133< 3 3133<

5 E,@ n e@� w|sh @ �up vl}h 31;6 4153 31;7 31;: 31;7 31;<
5
�
,K n eK

�
w|sh K �up vl}h 31;6 317; 31;7 31:< 31;7 31:7

1@*E5,@� w|sh @ ryhukhdg udwlr 3136 3137 3183 3183 3163 3166
1K*E5,K� w|sh K ryhukhdg udwlr 3136 313; 3183 3187 3163 316<
C@ w|sh @ h�hfwlyh ryhukhdg udwlr 031<7 03177 3177 3177 3145 3158
CK w|sh K h�hfwlyh ryhukhdg udwlr 031<7 0316; 3177 317< 3145 3164

Qrwhv wr wdeoh 51 Doo wdeoh hqwulhv duh lq ohyhov1 Vhh wdeoh 4 iru wkh sdudphwhu ydoxhv
xqghuo|lqj wkh gl�huhqw fdvhv1 Wkh yduldeohv duh gh�qhg lq vhfwlrqv 5 dqg 71

6;



Wdeoh 6
Lpsdfw uhvsrqvhv iroorzlqj dq xqdqwlflsdwhg 4 shu fhqw uhgxfwlrq lq prqh| jurzwk lq wkh

Dv|pphwulf Lqirupdwlrq dqg Shuihfw Lqirupdwlrq prghov

H{fhvv H{fhvv
Edvholqh Vhqvlwlylw| L Vhqvlwlylw| LL

Yduldeoh Ghvfulswlrq SL DL SL DL SL DL
t djjuhjdwh rxwsxw 03159 03158 03173 03183 03165 03164
M djjuhjdwh krxuv 03168 03168 0315; 0315; 03164 03164
- lqwhuphgldu| frvw ri ixqgv 558 559 595 5<6 56: 575
^ qrplqdo djjuhjdwh ghpdqg 031;; 031;< 031:3 03194 031:9 031:;
5 pdujlqdo surgxfw ri d ordq 416; 416; 4143 4143 4153 414<

,K*,@ uhodwlyh yroxph ri w|sh K ordqv 3 41;5 3 0313; 3 3155
E�*R�

U b
f R�+�_� vdohv ri w|sh @ �upv 03159 03195 03173 0316; 03165 0316;

E�*R�
U �
b R�+�_� vdohv ri w|sh K �upv 03159 3193 03173 0317; 03165 03153

-K �- lqwhuhvw udwh vsuhdg 3 053 3 487 3 064
E�� b�CE�� edqnuxswf| udwh 3 0918< 3 7919 3 04418

Qrwhv wr wdeoh 6= Doo hqwulhv duh lq shu fhqw h{fhsw hqwulhv lqyroylqj lqwhuhvw udwhv1 Wkhvh duh
phdvxuhg lq edvlv srlqwv dw dq dqqxdo udwh1 Vhh wdeoh 4 iru wkh sdudphwhu ydoxhv xqghuo|lqj
wkh gl�huhqw fdvhv1 Wkh yduldeohv duh gh�qhg lq vhfwlrqv 5 dqg 71

Wdeoh 7
Frpsdudwlyh Vwdwlfv lq wkh Frqwudfw Sureohp

H{rjhqrxv Hqgrjhqrxv Yduldeoh
Yduldeoh ,K -K �- � vdohv

^ n n*� n*� n
5 n n*� n*� n
- � �*n n �

Qrwhv wr wdeoh 7= Vhh vhfwlrq 5 iru yduldeoh gh�qlwlrqv1 Hqwulhv lq wkh wdeoh duh wkh orfdo
ghshqghqfh ri wkh lqglfdwhg hqgrjhqrxv yduldeoh wr shuwxuedwlrqv lq wkh lqglfdwhg h{rjhqrxv
yduldeoh1 Zkhq rqh vljq lv vkrzq iru dq hqgrjhqrxv yduldeoh wklv lqglfdwhv wkh ghshqghqfh
grhv qrw ghshqg rq wkh pdun0xs1 Zkhq wzr vljqv duh vkrzq iru d jlyhq hqgrjhqrxv yduldeoh
wkh �uvw lv iru orz pdunxsv +� � ���, dqg wkh vhfrqg lv iru kljk pdunxsv +� � ��D,1 Doo
hqwulhv duh iru lqwhulru vroxwlrqv wr wkh frqwudfw sureohp1
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Iljxuh 41 Jhqhudo Htxloleulxp Suhglfwlrqv iru ,K*,@�

Qrwhv wr �jxuh 41 Wkh sorwv ghslfw wkh lpsdfw uhvsrqvh ri uhodwlyh ghew  rzv wr dq xqdq0
wlflsdwhg rqh shufhqwdjh srlqw uhgxfwlrq lq prqhwdu| jurzwk iru wkh lqglfdwhg sdudphwhu
ydoxhv1 Dv wkh lqglfdwhg sdudphwhuv ydu|/ wkh rwkhu sdudphwhuv duh uh0fdoleudwhg dffruglqj
wr wkh fulwhuld ghvfulehg lq vhfwlrq 71 � ghqrwhv wkh pdun0xs dqg _ lv wkh ohyhudjh udwlr1
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Iljxuh 51 Sduwldo Htxloleulxp Suhglfwlrqv iru ,K*,@�

Qrwhv wr �jxuh 51 Iljxuhv 5D05F duh hvwlpdwhg uhvsrqvhv ri wkh lqglfdwhg yduldeohv wr d
rqh vwdqgdug ghyldwlrq lqqrydwlrq wr wkh lqwhuhvw udwh1 Vhh Dsshqgl{ E iru ghwdlov rq wkh
hvwlpdwlrq1 Iljxuh 5G ghslfwv wkh uhvsrqvhv iru wkh lqglfdwhg yduldeoh dv suhglfwhg e| wkh
sduwldo htxloleulxp prgho/ frqglwlrqdo rq wkh hvwlpdwhg uhvsrqvhv vkrzq lq �jxuhv 5D05F1
Ilqdoo|/ � ghqrwhv wkh pdun0xs1
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