
Survshfwlyh Gh�flwv dqg wkh Dvldq Fxuuhqf| Fulvlv�
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Vhswhpehu 5;/ 5333

Devwudfw

Wklv sdshu dujxhv wkdw d sulqflsdo fdxvh ri wkh 4<<: Dvldq fxuuhqf| fulvlv zdv
odujh survshfwlyh gh�flwv dvvrfldwhg zlwk lpsolflw edlorxw jxdudqwhhv wr idlolqj edqnlqj
v|vwhpv1 Wkh h{shfwdwlrq wkdw wkhvh ixwxuh gh�flwv zrxog eh dw ohdvw sduwo| �qdqfhg e|
vhljqlrudjh uhyhqxhv ru dq lq dwlrq wd{ rq rxwvwdqglqj qrplqdo ghew ohg wr d froodsvh
ri wkh �{hg h{fkdqjh udwh uhjlphv lq Dvld1 Zh duwlfxodwh wklv ylhz xvlqj d vlpsoh
g|qdplf jhqhudo htxloleulxp prgho zkrvh nh| ihdwxuh lv wkdw d vshfxodwlyh dwwdfn
lv lqhylwdeoh rqfh wkh suhvhqw ydoxh ri ixwxuh jryhuqphqw gh�flwv ulvhv1 Zkloh wkh
jryhuqphqw fdqqrw suhyhqw d vshfxodwlyh dwwdfn/ lw fdq d�hfw lwv wlplqj1 Wkh orqjhu
wkh ghod|/ wkh kljkhu lq dwlrq zloo eh xqghu wkh vxevhtxhqw  h{leoh h{fkdqjh udwh
uhjlph1 Zh suhvhqw hpslulfdo hylghqfh lq vxssruw ri wkh irxu nh| dvvxpswlrqv lq rxu
lqwhusuhwdwlrq ri wkh fulvlv= +l, wkh fxuuhqf| fulvhv frxog qrw kdyh ehhq suhglfwhg rq wkh
edvlv ri vwdqgdug pdfurhfrqrplf lqglfdwruv> +ll, wkh h{fkdqjh udwh fulvhv zhuh suhfhghg
e| sxeolfo| dydlodeoh vljqv ri lpplqhqw edqnlqj fulvhv> +lll, idlolqj �qdqfldo vhfwruv zhuh
dvvrfldwhg zlwk odujh survshfwlyh jryhuqphqw gh�flwv> dqg +ly, jryhuqphqwv zhuh hlwkhu
xqzloolqj ru xqdeoh wr udlvh wkh uhvrxufhv uhtxluhg wr sd| iru edqn edlorxwv yld �vfdo
uhirupv1

M1H1O1 Fodvvl�fdwlrq= I64
Nh|zrugv= Fxuuhqf| fulvlv/ edqnlqj fulvlv/ vshfxodwlyh dwwdfnv/ Dvld1

�Zh wkdqn wkh Zruog Edqn Uhvhdufk Frpplwwhh iru �qdqfldo dvvlvwdqfh +USR 9;505:,1 Exuqvlgh wkdqnv
wkh Krryhu Lqvwlwxwlrq iru d Qdwlrqdo Ihoorzvkls1 Wkh rslqlrqv lq wklv sdshu duh rxu rzq dqg qrw qhfhvvdulo|
wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Fklfdjr ru wkh Zruog Edqn1

|Wkh Zruog Edqn
}Qruwkzhvwhuq Xqlyhuvlw|/ QEHU dqg Ihghudo Uhvhuyh ri Fklfdjr1
{Qruwkzhvwhuq Xqlyhuvlw| dqg QEHU1



41 Lqwurgxfwlrq

Uhfhqw hyhqwv lq Dvld kdyh uhqhzhg lqwhuhvw lq wkh fdxvhv dqg frqvhtxhqfhv ri vshfxodwlyh

dwwdfnv rq �{hg h{fkdqjh udwh uhjlphv1 Wkh h{sodqdwlrq suhihuuhg e| srolf| pdnhuv lq Dvld

lv wkdw wkh fxuuhqf| fulvlv zdv d vhoi0ixo�oolqj surskhf|= lw kdsshqhg ehfdxvh vshfxodwruv

wkrxjkw lw zdv jrlqj wr kdsshq14 Qrw vxusulvlqjo|/ sursrqhqwv ri wklv ylhz dujxh wkdw wkh

Lqwhuqdwlrqdo Prqhwdu| Ixqg +LPI, vkrxog surylgh uhvrxufhv wr ihqg r� vxfk suhgdwru|

dwwdfnv dqg khos frxqwulhv uhfryhu iurp wkhp1 Pxowlsoh htxloleulxp prghov ri fxuuhqf|

fulvhv fdq eh xvhg wr udwlrqdol}h wklv lqwhusuhwdwlrq ri uhfhqw hyhqwv lq Dvld15

Wkh prvw qdwxudo dowhuqdwlyh h{sodqdwlrq ri wkh Dvldq fxuuhqf| fulvlv lv wkdw lw uh hfwhg

sur ljdwh �vfdo srolf|= rqjrlqj �vfdo gh�flwv ohg wr vxvwdlqhg uhvhuyh orvvhv dqg wr wkh

hyhqwxdo dedqgrqphqw ri �{hg h{fkdqjh udwhv1 Wklv lv wkh vwdqgdug ylhz ri vshfxodwlyh

dwwdfnv lq c�uvw jhqhudwlrq* prghov ri fxuuhqf| fulvhv1 Lq wkh wkhvh prghov wkh froodsvh ri d

�{hg h{fkdqjh udwh lv suhfhghg e| rqjrlqj gh�flwv dqg ulvlqj ghew ohyhov16

Wkh vwdqgdug h{sodqdwlrq iru vshfxodwlyh dwwdfnv kdv dq reylrxv vkruwfrplqj zkhq ds0

solhg wr Dvld= jryhuqphqwv ri wkh fulvlv frxqwulhv +Lqgrqhvld/ Nruhd/ Pdod|vld/ wkh Sklols0

slqhv/ dqg Wkdlodqg, zhuh uxqqlqj hlwkhu vxusoxvhv ru vpdoo gh�flwv1 Wklv hylghqfh qrwzlwk0

vwdqglqj/ zh dujxh wkdw wkh Dvldq fxuuhqf| fulvlv zdv fdxvhg e| ixqgdphqwdov= odujh survshf0

wlyh gh�flwv dvvrfldwhg zlwk lpsolflw edlorxw jxdudqwhhv wr idlolqj edqnv1 Wkh h{shfwdwlrq

wkdw wkhvh ixwxuh gh�flwv zrxog +dw ohdvw lq sduw, eh �qdqfhg e| vhljqlrudjh uhyhqxhv ru

dq lq dwlrq wd{ rq rxwvwdqglqj qrplqdo ghew ohg wr wkh froodsvh ri wkh �{hg h{fkdqjh udwh

uhjlphv lq Dvld17 Ri frxuvh pdunhw sduwlflsdqwv frxog kdyh eholhyhg wkdw jryhuqphqwv zrxog

ixqg wkhlu reoljdwlrqv e| udlvlqj wd{hv ru orzhulqj h{shqglwxuhv1 Exw zrxog vxfk eholhiv eh

uhdvrqdeohB Lq rxu ylhz wkh| zrxog qrw1 Wkh vwdwh ri wkh zruog lq zklfk �qdqfldo lqwhu0

phgldulhv zrxog vx�hu julhyrxv orvvhv lv h{dfwo| wkh vwdwh ri wkh zruog lq zklfk fxuuhqw dqg

survshfwlyh uhdo rxwsxw dqg wd{ uhyhqxhv zrxog idoo1 Zkloh qrw prghohg lq wklv sdshu/ udlv0

4Udghohw dqg Vdfkv +4<<;, dovr wdnh wklv shuvshfwlyh lq dgglwlrq wr dujxlqj wkdw wkh dfwlrqv ri wkh LPI
h{dfhuedwhg wkh fulvlv1

5Vhh iru h{dpsoh Revwihog +4<;9d/ 4<<9,/ Vdfkv/ Wruqhoo dqg Yhodvfr +4<<9,/ dqg Fkdqj dqg Yhodvfr
+4<<:,1

6Vhh iru h{dpsoh Nuxjpdq +4<:<,/ Iorrg dqg Jduehu +4<;7,/ Revwihog +4<;9e,/ Fdoyr +4<;:,/ Zlmqehujhq
+4<<4,/ dqg Fdoyr dqg Yìjk +4<<;,1

7Fruvhwwl/ Shvhqwl dqg Urxelql +4<<<d, dovr glvfxvv wkh srvvleoh uroh sod|hg e| h{shfwdwlrqv ri ixwxuh
vhljqrudjh uhyhqxhv lq wkh Dvldq fxuuhqf| fulvhv1 Wkh| gr vr xqghu wkh dvvxpswlrq wkdw wkh d�hfwhg frxqwulhv
idfhg d olplw rq wkh udwlr ri wrwdo sulydwh iruhljq ghew wr jryhuqphqw uhvhuyhv1 Grroh| +5333, frqvlghuv wkh
uroh wkdw edqn edlorxwv sod| lq hphujlqj pdunhw fxuuhqf| fulvhv1
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lqj glvwruwlrqdu| wd{hv ru orzhulqj jryhuqphqw sxufkdvhv xqghu wkrvh flufxpvwdqfhv frxog

zhoo eh srolwlfdoo| xqdffhswdeoh ru vrfldoo| xqghvludeoh uhodwlyh wr wkh dowhuqdwlyhv= froohfwlqj

vhljqlrudjh ru lpsrvlqj dq lq dwlrq wd{ rq rxwvwdqglqj qrplqdo jryhuqphqw ghew1 Exw wkhvh

dowhuqdwlyhv duh lqfrpsdwleoh zlwk pdlqwdlqlqj �{hg h{fkdqjh udwhv1

Vhfwlrq 5 surylghv hpslulfdo hylghqfh lq idyru ri wkh irxu nh| dvvxpswlrqv xqghuo|lqj

rxu lqwhusuhwdwlrq ri wkh fulvlv1 Iluvw/ wkh fxuuhqf| fulvhv frxog qrw kdyh ehhq suhglfwhg rq

wkh edvlv ri vwdqgdug pdfurhfrqrplf lqglfdwruv1 Vlqfh wklv idfw kdv douhdg| ehhq h{whqvlyho|

grfxphqwhg/ zh olplw rxuvhoyhv wr d glvfxvvlrq ri jryhuqphqwv* �vfdo gh�flwv1 Vhfrqg/ wkh

h{fkdqjh udwh fulvhv zhuh suhfhghg e| sxeolfo| dydlodeoh vljqv ri lpplqhqw edqnlqj fulvhv1

Khuh zh dqdo|}h vwrfn pdunhw edvhg phdvxuhv ri wkh ydoxh ri wkh edqnlqj dqg qrq�qdqfldo

vhfwruv lq wkh fulvlv frxqwulhv1 Zh �qg vwurqj hylghqfh wkdw lq Nruhd/ Wkdlodqg/ dqg wr

d ohvvhu h{whqw Pdod|vld dqg wkh Sklolsslqhv/ wkh ydoxhv ri wkh edqnlqj vhfwruv kdg ehhq

ghfolqlqj/ lq erwk devroxwh dqg uhodwlyh whupv/ zhoo ehiruh wkhlu fxuuhqf| fulvhv1 Wklug/

idlolqj �qdqfldo vhfwruv zhuh dvvrfldwhg zlwk odujh survshfwlyh jryhuqphqw gh�flwv1 Khuh

zh xvh lqirupdwlrq rq suh dqg srvw0fxuuhqf| fulvlv ordq ghidxow udwhv wr jhqhudwh urxjk

hvwlpdwhv ri jryhuqphqwv* lpsolflw oldelolwlhv wr wkh �qdqfldo vhfwru1 Irxuwk/ jryhuqphqwv

zhuh hlwkhu xqzloolqj ru xqdeoh wr udlvh wkh uhvrxufhv uhtxluhg wr sd| iru edqn edlorxwv yld

�vfdo uhirupv1 Khuh zh h{dplqh wkh h{0srvw exgjhw gh�flwv ri wkh fulvlv jryhuqphqwv dv zhoo

dv wkh lqwhuqdwlrqdo dlg sdfndjhv wkh| uhfhlyhg1

Vhfwlrqv 6 dqg 7 suhvhqw d prgho wkdw duwlfxodwhv rxu lqwhusuhwdwlrq ri wkh Dvldq fxuuhqf|

fulvlv1 Vshfl�fdoo|/ zh vwxg| wkh g|qdplfv ri d vshfxodwlyh dwwdfn lq d yduldqw ri wkh shuihfw

iruhvljkw vpdoo rshq hfrqrp| prghov frqvlghuhg e| Fdoyr +4<;:, dqg Gud}hq dqg Khospdq

+4<;:,1 Wkh nh| gl�huhqfh ehwzhhq rxu dqdo|vlv dqg wkhluv lv wkh qdwxuh ri wkh prqhwdu|

h{shulphqw wkdw zh dqdo|}h1 Wr fdswxuh wkh h�hfw ri d survshfwlyh gh�flw rq d �{hg h{fkdqjh

udwh uhjlph zh dvvxph wkdw dw wlph }hur djhqwv uhfhlyh lqirupdwlrq wkdw ixwxuh gh�flwv zloo

eh odujhu wkdq wkh| ruljlqdoo| eholhyhg1 Iru uhdvrqv wkdw pljkw eh dqwlflsdwhg iurp Vdujhqw

dqg Zdoodfh*v +4<;4, fodvvlf dqdo|vlv ri prqhwdu| srolf| lq d forvhg hfrqrp| frqwh{w/ wkh

jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw lpsolhv wkdw d vshfxodwlyh dwwdfn lv lqhylwdeoh1

Zh dqdo|}h wkh gdwh ri d vshfxodwlyh dwwdfn/ l1h1 wkh gdwh dw zklfk wkh hfrqrp| vzlwfkhv

iurp d �{hg wr d  rdwlqj h{fkdqjh udwh uhjlph/ xqghu wzr dvvxpswlrqv1 Iluvw/ zh dvvxph

wkdw wkh jryhuqphqw iroorzv d wkuhvkrog uxoh dffruglqj wr zklfk wkh �{hg h{fkdqjh udwh

uhjlph lv dedqgrqhg lq wkh �uvw shulrg lq zklfk qhw jryhuqphqw ghew uhdfkhv vrph h{rjh0
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qrxv xsshu erxqg1 Vhfrqg/ zh frqvlghu wkh fdvh lq zklfk wkh rqo| frqvwudlqw idfhg e| wkh

jryhuqphqw lv lwv lqwhuwhpsrudo exgjhw frqvwudlqw1 Lq erwk fdvhv zh ghsduw iurp wkh vshfx0

odwlyh dwwdfn olwhudwxuh e| glvwlqjxlvklqj ehwzhhq wkh wlph ri wkh vshfxodwlyh dwwdfn dqg wkh

wlph dw zklfk wkh jryhuqphqw lpsohphqwv wkh qhz prqhwdu| srolf| uhtxluhg wr edodqfh lwv

lqwhuwhpsrudo exgjhw frqvwudlqw1 Glvhqwdqjolqj wkhvh wzr hyhqwv frqvlghudeo| hqulfkhv wkh

g|qdplf lpsolfdwlrqv ri wkh prgho1

Vhfwlrq 8 dqdo|}hv d yhuvlrq ri rxu prgho fdoleudwhg wr Wkdl gdwd1 Wkh nh| surshuwlhv ri

wkh prgho duh= +l, wkh vshfxodwlyh dwwdfn rffxuv diwhu qhz lqirupdwlrq derxw kljkhu ixwxuh

jryhuqphqw gh�flwv duulyhv exw ehiruh wkh jryhuqphqw ehjlqv wr prqhwl}h d sruwlrq ri wkh

gh�flw> dqg +ll, wkh froodsvh ri wkh �{hg h{fkdqjh udwh uhjlph lv iroorzhg e| d exuvw ri

lq dwlrq exw rqo| e| d vpdoo lqfuhdvh lq wkh vwhdg| vwdwh udwh ri lq dwlrq1

Surshuw| +l, lpsolhv wkdw dq hfrqrphwulfldq orrnlqj dw gdwd iurp rxu prgho hfrqrp|

zrxog vhh dq h{fkdqjh udwh fulvlv�exw kh zrxog qrw vhh odujh gh�flwv/ kljk jurzwk udwhv

ri prqh| ru kljk udwhv ri lq dwlrq sulru wr wkh vshfxodwlyh dwwdfn1 Wkh hfrqrphwulfldq

frxog zhoo frqfoxgh wkdw wkh dwwdfn zdv d pxowlsoh htxloleulxp skhqrphqrq1 Lq idfw wkh

dwwdfn zrxog uh hfw ixqgdphqwdov= kljk survshfwlyh gh�flwv1 Surshuw| +ll, lpsolhv wkdw dq

hfrqrphwulfldq pljkw frqfoxgh wkdw vhljqrudjh zdv qrw d sduwlfxoduo| lpsruwdqw vrxufh ri

uhyhqxh lq wkhvh hfrqrplhv1 Wklv zrxog ljqruh d nh| idfw1 Wkh suhvhqw ydoxh ri wkh uhvrxufhv

udlvhg e| uhgxflqj wkh uhdo ydoxh ri rxwvwdqglqj ghew dqg hqjlqhhulqj d vpdoo exw kljko|

shuvlvwhqw lqfuhdvh lq lq dwlrq fdq eh vxevwdqwldo1

Zkloh wkh jryhuqphqw fdqqrw suhyhqw d vshfxodwlyh dwwdfn lq rxu prgho/ lw fdq d�hfw

lwv wlplqj e| eruurzlqj1 Wkh frvw ri ghod|lqj lv kljkhu lq dwlrq diwhu wkh vshfxodwlyh dw0

wdfn1 Wklv udlvhv wkh lvvxh ri zkdw prqhwdu| srolf| wkh jryhuqphqw vkrxog sxuvxh1 Zh

frqfoxgh vhfwlrq 8 e| vkrzlqj wkdw lq rxu vlpsoh prgho/ wkh rswlpdo srolf| lv wr dedqgrq

�{hg h{fkdqjh udwhv dv vrrq dv lqirupdwlrq derxw kljkhu survshfwlyh gh�flwv duulyhv1 Vlqfh

wklv uhvxow uh hfwv/ lq sduw/ wkh devhqfh ri qrplqdo uljlglwlhv lq rxu prgho/ lw vhuyhv sulpdu0

lo| wr kljkoljkw wkh frvwv ri ghod|lqj d vshfxodwlyh dwwdfn1 Lq uhdolw|/ wkhvh frvwv pxvw eh

frxqwhuedodqfhg djdlqvw wkh ehqh�wv +li dq|, ri ghod|lqj1

Vhfwlrq 9 glvfxvvhv wkh hyroxwlrq ri prqh| jurzwk/ lq dwlrq dqg lqwhuhvw udwhv lq Dvld zlwk

dq h|h wrzdugv dvvhvvlqj wkh hpslulfdo sodxvlelolw| ri surshuwlhv +l, dqg +ll, deryh1 Ilqdoo|/

Vhfwlrq : suhvhqwv frqfoxglqj uhpdunv dqg glvfxvvhv vrph vkruwfrplqjv ri rxu dqdo|vlv1
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51 Hpslulfdo Prwlydwlrq= Edfnjurxqg wr wkh Fulvhv

Iljxuh 4 sorwv h{fkdqjh udwhv ri ydulrxv Dvldq frxqwulhv iurp Mdqxdu| 4<<: wkurxjk Ghfhpehu

4<<<1 Lw lv hylghqw wkdw Lqgrqhvld/ Pdod|vld/ Wkdlodqg/ Nruhd dqg wkh Sklolsslqhv h{shulhqfhg

vhyhuh fxuuhqf| fulvhv lq wkh odwwhu sduw ri 4<<:1 E| vhyhuh/ zh phdq wkdw wkh fxuuhqflhv ri

wkhvh frxqwulhv xqghuzhqw odujh ghsuhfldwlrqv lq d vkruw shulrg ri wlph1 Lq rxu ylhz wkhvh

fxuuhqf| fulvhv zhuh sulqflsdoo| fdxvhg e| odujh dqwlflsdwhg gh�flwv dvvrfldwhg zlwk lpsolflw

edlorxw jxdudqwhhv wr idlolqj edqnlqj v|vwhpv1 Wkh prgho wkdw zh xvh wr irupdol}h rxu

dujxphqw uhvwv xsrq irxu nh| dvvxpswlrqv=

+4, Wkh fxuuhqf| fulvhv frxog qrw kdyh ehhq suhglfwhg rq wkh edvlv ri vwdqgdug pdfurhfr0

qrplf lqglfdwruv vxfk dv kljk rqjrlqj jryhuqphqw gh�flwv ru udwhv ri lq dwlrq1

+5, Wkh h{fkdqjh udwh fulvhv zhuh suhfhghg e| sxeolfo| dydlodeoh vljqv ri edqnlqj fulvhv1

+6, Idlolqj �qdqfldo vhfwruv zhuh dvvrfldwhg zlwk odujh survshfwlyh jryhuqphqw gh�flwv1

+7, Jryhuqphqwv zhuh hlwkhu xqzloolqj ru xqdeoh wr udlvh wkh uhvrxufhv uhtxluhg wr sd| iru

edqn edlorxwv e| fxwv lq jryhuqphqw h{shqglwxuhv ru lqfuhdvhv lq wd{hv1

Lq wklv vhfwlrq zh r�hu hylghqfh wr vxevwdqwldwh wkh hpslulfdo sodxvlelolw| ri wkhvh dvvxps0

wlrqv1

Jryhuqphqw Gh�flwv

Wdeoh 4 suhvhqwv gdwd rq wkh �vfdo vxusoxvhv iru ydulrxv Dvldq frxqwulhv dqg wkh X1V1 ryhu

wkh shulrg 4<<8�<<1 Frqvlvwhqw zlwk Dvvxpswlrq 4/ wkhuh duh qr gudpdwlf gl�huhqfhv ehwzhhq

wkh fulvlv dqg qrqfulvlv frxqwulhv +Krqj Nrqj/ Vlqjdsruh/ Wdlzdq,1 Qrwlfh wkdw wkh fulvlv

frxqwulhv zhuh uxqqlqj hlwkhu vxusoxvhv ru yhu| prghvw gh�flwv1 Wkh fulvhv fhuwdlqo| frxog

qrw kdyh ehhq suhglfwhg rq wkh edvlv ri odujh dqg2ru jurzlqj suh0fulvlv �vfdo gh�flwv1 Iru

qrz zh qrwh wkdw wkh fulvhv zhuh dovr xqsuhglfwdeoh rq wkh edvlv ri rwkhu vwdqgdug lqglfdwruv

olnh prqh| jurzwk/ lq dwlrq ru uhdo JGS jurzwk +vhh Fruvhwwl/ Shvhqwl dqg Urxelql +4<<<e,

dqg Sdun dqg Ukhh +5333,,1 Lq vhfwlrq 9 zh glvfxvv wkh suh dqg srvw0fulvlv ehkdylru ri prqh|

jurzwk dqg lq dwlrq lq oljkw ri wkh suhglfwlrqv ri rxu wkhruhwlfdo prgho1
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Wkh Edqnlqj Fulvhv

Frqvlvwhqw zlwk Dvvxpswlrq 5/ Nruhd/ Wkdlodqg/ dqg wr d ohvvhu h{whqw Lqgrqhvld/ Pdod|vld

dqg wkh Sklolsslqhv h{shulhqfhg vhyhuh edqnlqj2�qdqfldo vhfwru fulvhv wkdw ehjdq ehiruh wkhlu

fxuuhqf| fulvhv1 Fruvhwwl/ Shvhqwl dqg Urxelql +4<<<e, dqg Shuhjulqh +4<<:, surylgh hvwl0

pdwhv ri ordq ghidxow udwhv lq Dvld dv ri wkh hqg ri 4<<9 dqg 4<<:/ uhvshfwlyho|1 Wkhvh duh

vxppdul}hg lq Wdeoh 51 Qrwh wkdw dffruglqj wr erwk vhwv ri hvwlpdwhv/ qrqshuiruplqj ordq

udwhv zhuh vxevwdqwldoo| kljkhu lq wkh fulvlv frxqwulhv1

Zhuh wkh Edqnlqj Fulvhv Sxeolf LqirupdwlrqB

Zh qrz frqvlghu zkhwkhu sulydwh djhqwv xqghuvwrrg wkh suhfdulrxv vwdwh ri wkh fulvhv

frxqwulhv* edqnlqj v|vwhpv sulru wr wkh vshfxodwlyh dwwdfnv1 Fruvhwwl/ Shvhqwl dqg Urxelql

+4<<<e,/ LPI +4<<;,/ Odqh hw do +4<<<,/ dqg Sdun dqg Ukhh +5333, surylgh vhyhudo h{dpsohv

ri edqn idloxuhv dqg uhrujdql}dwlrqv wkdw rffxuuhg ehiruh wkh fulvhv1 Suhvxpdeo| wkhvh zhuh

sxeolf lqirupdwlrq1 Wkhvh sdshuv ohdyh rshq wkh txhvwlrq ri krz pdunhwv djjuhjdwhg wkh

lqirupdwlrq frqwdlqhg lq wkhvh hslvrghv1 Wr lqyhvwljdwh wklv lvvxh zh rewdlqhg gdwd rq vwrfn

pdunhw lqglfhv ri wkh ydoxh ri wkh edqnlqj dqg qrq�qdqfldo vhfwruv lq wkh fulvlv frxqwulhv1

Wkhvh duh suhvhqwhg lq Iljxuh 5 dqg vxppdul}hg lq Wdeoh 61 D qxpehu ri ihdwxuhv ri wklv

wdeoh duh zruwk qrwlqj1

Iluvw/ lq Nruhd dqg Wkdlodqg dqg wr d ohvvhu h{whqw wkh Sklolsslqhv dqg Pdod|vld/ wkh

ydoxh ri wkh edqnlqj vhfwruv kdg ehhq ghfolqlqj zhoo ehiruh wkh fxuuhqf| fulvhv1 Iru h{dpsoh/

e| Mxo| 4 4<<: dqg Ghfhpehu 64 4<<: wkh vwrfn pdunhw ydoxh ri wkh Nruhdq edqnlqj vhfwru

kdg ghfolqhg e| urxjko| 85 shufhqw dqg :3 shufhqw/ uhvshfwlyho|/ uhodwlyh wr lwv suhylrxv

shdn ydoxh +vhh Wdeoh 6,1 Vhfrqg/ zlwk wkh h{fhswlrq ri Lqgrqhvld dqg srvvleo| Pdod|vld

+ghshqglqj rq zklfk ri wkh hqg gdwhv zh xvhg, wkh ydoxh ri wkh edqnlqj vhfwruv lq wkh fulvhv

frxqwulhv ghfolqhg vxevwdqwldoo| uhodwlyh wr wkh ydoxh ri wkh qrq�qdqfldo vhfwruv1 Hylghqwo|

pdunhwv vhhphg sduwlfxoduo| frqfhuqhg derxw edqnlqj vhfwruv lq wkh fulvlv frxqwulhv1

Zh frqfoxgh wkdw/ frqvlvwhqw zlwk Dvvxpswlrq 5/ sulydwh djhqwv lq Nruhd/ Wkdlodqg/ wkh

Sklolsslqhv dqg Pdod|vld/ dqg wr d ohvvhu h{whqw Lqgrqhvld/ xqghuvwrrg wkh iudjloh qdwxuh ri

wkhlu edqnlqj v|vwhpv1 Frqvlvwhqw zlwk Dvvxpswlrq 6/ wkh vkdus ghfolqh lq wkh vwrfn pdunhw

ydoxh ri wkh edqnv vxjjhvwv wkdw pdunhwv dqwlflsdwhg wkdw wkh jryhuqphqw zrxog edlo rxw

rqo| ghsrvlwruv dqg fuhglwruv ri wkh edqnv1 Kdg wkh| dqwlflsdwhg wkdw wkh edqnv zrxog eh

ixoo| lqvxuhg e| wkh jryhuqphqw/ wkh htxlw| ydoxh ri edqnv zrxog qrw kdyh fkdqjhg/ rwkhu

wklqjv ehlqj htxdo1

8



Wkh Vl}h ri wkh Survshfwlyh Gh�flwv

Xvlqj wkh dyhudjh ri qrqshuiruplqj ordq udwhv hvwlpdwhg e| Fruvhwwl/ Shvhqwl dqg Urxelql

+4<<<e, dqg Shuhjulqh +4<<:, +vhh Wdeoh 5, dqg gdwd rq wrwdo fuhglw wr grphvwlf hqwhusulvhv

dqg �qdqfldo lqvwlwxwlrqv/ zh fdq jhqhudwh d urxjk hvwlpdwh ri wkh jryhuqphqw*v wrwdo lpsolflw

oldelolwlhv vwhpplqj iurp jxdudqwhhv wr wkh �qdqfldo vhfwru1 Froxpqv 8 dqg 9 ri Wdeoh 7

uhsruw wrwdo qrqshuiruplqj ordqv dv d shufhqwdjh ri uhdo rxwsxw dqg fhqwudo jryhuqphqw

uhyhqxh/ uhvshfwlyho|1 Qrwh wkdw Nruhd/ Pdod|vld dqg Wkdlodqg h{klelw kljk ohyhov ri wrwdo

lpsolflw oldelolwlhv1 Iru h{dpsoh/ lq Nruhd/ wkh udwlr ri wrwdo qrqshuiruplqj ordqv wr uhdo

JGS lv urxjko| 2S shufhqw1

Wkh suhylrxv wdeoh shuwdlqv wr wrwdo lpsolflw oldelolwlhv sulru wr wkh rqvhw ri wkh fulvhv1

M1S1Prujdq +4<<;, kdv hvwlpdwhg qrqshuiruplqj ordqv dv d shufhqwdjh ri wrwdo ordqv dqg

JGS lq Lqgrqhvld/ Nruhd/ Pdod|vld dqg Wkdlodqg/ dv ri Mxqh 4<<;18 Suhvxpdeo| wkhvh

hvwlpdwhv/ vxppdul}hg lq Wdeoh 8/ lqfrusrudwh wkh lpsdfw ri wkh fxuuhqf| fulvhv rq hfrqrplf

dfwlylw|1 Lq dgglwlrq wkh| surylgh hvwlpdwhv ri wkh dprxqw ri fdslwdo/ dv d shufhqw ri JGS/

qhhghg wr uhvwruh edqn fdslwdo wr wkh H shufhqw Edqn ri Lqwhuqdwlrqdo Vhwwohphqw*v Fdslwdo

Dghtxdf| Uhtxluhphqw ohyho19 Pruh uhfhqwo| Vwdqgdug dqg Srru*v kdv hvwlpdwhg wkh frvw

ri uhvwuxfwxulqj wkh �qdqfldo vhfwruv lq wkh fulvlv frxqwulhv dv ri wkh hqg ri 4<<<1 Wkhvh duh

uhsruwhg lq Wdeoh 91

Zlwk wkh h{fhswlrq ri Lqgrqhvld/ wkh hvwlpdwhv lq Wdeohv 8 dqg 9 duh urxjko| frqvlvwhqw1

Wkh odujh lqfuhdvh lq wkh Lqgrqhvld fdvh pd| uh hfw rqjrlqj srolwlfdo wxuprlo lq wkdw frxqwu|

dvvrfldwhg zlwk wkh froodsvh ri wkh Vxkduwr uhjlph1 Wdnhq dv d zkroh/ wkh hvwlpdwhv vxp0

pdul}hg lq Wdeohv 8 dqg 9 duh frqvlvwhqw zlwk Dvvxpswlrq 7/ qdpho| wkdw wkh edqnlqj fulvhv

zhuh dvvrfldwhg zlwk odujh survshfwlyh jryhuqphqw gh�flwv1

Lw lv zruwk qrwlqj wkdw zkloh odujh/ wkh pdjqlwxghv ri wkh Dvldq edqnlqj fulvhv zhuh

qrw xqsuhfhghqwhg uhodwlyh wr rwkhu wzlq fulvlv hslvrghv1 Iru h{dpsoh/ Fdsulr dqg Nolqjhelho

+4<<9, hvwlpdwh wkdw wkh edqnlqj fulvhv lq Dujhqwlqd +4<;3,/ Fkloh +4<;4,/ Xuxjxd| +4<;4,

dqg Lvudho +4<::, frvw DD/ e�/ �� dqg �f shufhqw ri JGS uhvshfwlyho|1: Lq frqwudvw/ wkh �vfdo

frvwv ri edqnlqj fulvhv lq wkh X1V1 zhuh pxfk vpdoohu1 Dffruglqj wr Fdsulr dqg Nolqjhelho

+4<<9,/ wkh �vfdo frvw ri wkh 4<;3*v X1V1 vdylqjv dqg ordqv fulvlv zdv urxjko| � shufhqw ri JGS1

8Vhh Jrogvwhlq +4<<;, iru rwkhu hvwlpdwhv ri qrq0shuiruplqj ordqv lq vhohfwhg frxqwulhv dv ri wkh hqg ri
4<<;1 Wkhvh duh vlplodu lq pdjqlwxgh wr wkh M1S1 Prujdq hvwlpdwhv1

9Wkhvh hvwlpdwhv dvvxph 93 shufhqw uhfryhu| udwhv rq qrq0shuiruplqj ordqv dqg qr orvvhv wr ghsrvlwruv1
:Vhh Iu|go +4<<<, iru d uhylhz ri wkh olwhudwxuh rq wkh �vfdo frvwv ri edqnlqj fulvhv1
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Fdorplulv +4<<;, hvwlpdwhv wkdw orvvhv iurp edqn idloxuhv gxulqj wkh Juhdw Ghsuhvvlrq |hduv

ri 4<63�66 htxdohg urxjko| e shufhqw ri X1V1 JGS1 Lw lv qrw vxusulvlqj wkdw wkhvh uhodwlyho|

vpdoo edqnlqj fulvhv frxog kdyh ehhq �qdqfhg zlwkrxw vljql�fdqw fkdqjhv lq prqhwdu| srolf|1

Ilvfdo Uhirup dqg wkh Edqnlqj Fulvhv

Ydulrxv vwxglhv kdyh frqfoxghg wkdw wkh fulvlv jryhuqphqwv zloo ehdu wkh exughq ri wkh

uhfdslwdol}dwlrq1 Iru h{dpsoh M1S1 Prujdq +4<<;/ sdjh 45, zklfk dujxhv wkdw �111 wkh exughq

ri devruelqj edqnv* edg ordqv zloo lqfuhdvlqjo| idoo rq jryhuqphqwv1 Wr vrph h{whqw/ wklv kdv

douhdg| kdsshqhg lq frxqwulhv zkhuh wkh fhqwudo edqn*v ohqghu ri odvw uhvruw dfwlylwlhv kdyh

h�hfwlyho| sxw wkh jryhuqphqw lq frqwuro ri d odujh qxpehu ri edqnv�qrwdeo| lq Lqgrqhvld/

Nruhd dqg Wkdlodqg1�

Exuqvlgh/ Hlfkhqedxp dqg Uhehor +4<<;, vxppdul}h wkh sodqv ri wkh gl�huhqw frxqwulhv

dv ri wkh odvw txduwhu ri 4<<; wr �qdqfh wkh frvwv dvvrfldwhg zlwk wkhlu idlolqj edqn v|vwhpv1

Frqvlvwhqw zlwk M1S1 Prujdq +4<<;/ sdjh 45, wkh| frqfoxgh wkdw wkh fulvlv jryhuqphqwv kdg

olwwoh urrp ohiw wr fxw vshqglqj ru udlvh wd{hv/ dw ohdvw lq wkh qhdu whup1

Frqvlvwhqw zlwk Dvvxpswlrq 7/ Wdeoh 4 lqglfdwhv wkdw diwhu wkh fulvhv/ wkh �vfdo vlwxdwlrqv

ri wkh d�hfwhg jryhuqphqwv ghwhulrudwhg1 Qr grxew wklv uh hfwhg vkdus ghfolqhv lq uhyhqxh

dvvrfldwhg zlwk srvw0fulvhv uhfhvvlrqv1 Iru h{dpsoh/ Nruhd zhqw iurp d edodqfhg exgjhw dw

wkh hqg ri 4<<9 wr d �vfdo gh�flw ri e�S shufhqw ri JGS e| wkh hqg ri 4<<<1 Vr wkhuh lv olwwoh

hylghqfh wkdw wkh fulvlv jryhuqphqwv pryhg wr udlvh wkh uhvrxufhv wr ixqg edqn edlorxwv yld

�vfdo uhirupv1

Ilqdoo|/ zkdw derxw iruhljq dlg sdfndjhvB Wdeoh : vxppdul}hv wkh dvvlvwdqfh jlyhq wr

wkh fulvlv frxqwulhv e| wkh lqwhuqdwlrqdo frppxqlw|1 Dv fdq eh vhhq/ wkh frxqwulhv zkhuh

wkh fulvhv zhuh prvw vhyhuh/ Lqgrqhvld/ Nruhd dqg Wkdlodqg/ uhfhlyhg odujh dlg sdfndjhv1

Krzhyhu/ lw lv lpsruwdqw wr xqghuvwdqg wkdw wklv dlg wrrn wkh irup ri ordqv/ qrw wudqvihuv1

Judqwhg/ wkhvh ordqv zhuh lvvxhg dw ehorz pdunhw lqwhuhvw udwhv�exw dffruglqj wr Mhdqqh dqg

]hwwohph|hu +5333, wkh ydoxhv ri wkh dvvrfldwhg vxevlglhv zhuh yhu| vpdoo1

61 Wkh Prgho

Lq rughu wr duwlfxodwh rxu h{sodqdwlrq ri wkh Dvldq fxuuhqf| fulvlv/ zh ghvfuleh d frqwlqxrxv

wlph/ shuihfw iruhvljkw hqgrzphqw hfrqrp| srsxodwhg e| dq lq�qlwho| olyhg uhsuhvhqwdwlyh

djhqw dqg d jryhuqphqw1 Doo djhqwv/ lqfoxglqj wkh jryhuqphqw/ fdq eruurz dqg ohqg lq

lqwhuqdwlrqdo fdslwdo pdunhwv dw d frqvwdqw uhdo lqwhuhvw udwh o1

:



Wkhuh lv d vlqjoh frqvxpswlrq jrrg lq wkh hfrqrp| dqg qr eduulhuv wr wudgh/ vr wkdw

sxufkdvlqj srzhu sdulw| krogv=

�| ' 7|�
W

| � +614,

Khuh �| dqg � W

| ghqrwh/ uhvshfwlyho|/ wkh grphvwlf dqg iruhljq sulfh ohyhov/ zkloh 7| ghqrwhv

wkh h{fkdqjh udwh +gh�qhg dv xqlwv ri grphvwlf fxuuhqf| shu xqlw ri iruhljq fxuuhqf|,1 Iru

frqyhqlhqfh zh dvvxph wkdw � W

| ' �1

Frqvlghu dq hfrqrp| zklfk lv rshudwlqj xqghu d �{hg h{fkdqjh udwh vr wkdw 7| ' 71 Dw

wlph }hur qhzv duulyhv wkdw wkh jryhuqphqw*v ixwxuh oldelolwlhv zloo eh kljkhu wkdq suhylrxvo|

dqwlflsdwhg1 Zh lqwhusuhw wkh ulvh lq oldelolwlhv dv uh hfwlqj wudqvihu sd|phqwv dvvrfldwhg

zlwk edqn edlorxwv1 Wkhuh duh wkuhh zd|v lq zklfk wkh jryhuqphqw fdq vdwlvi| lwv uhylvhg

lqwhuwhpsrudo exgjhw frqvwudlqw= +l, lpsohphqw d �vfdo uhirup e| udlvlqj wd{hv ru uhgxflqj

vshqglqj> +ll, sulqw prqh| lq rughu wr jhqhudwh vhljqlrudjh uhyhqxhv> ru +lll, gh dwh wkh uhdo

ydoxh ri qrqlqgh{hg qrplqdo ghew lvvxhg sulru wr wlph }hur1;

Wkh rqo| zd| wr pdlqwdlq wkh �{hg h{fkdqjh udwh uhjlph lv wr uho| h{foxvlyho| rq wkh

�uvw vwudwhj|/ l1h1 wkh jryhuqphqw pxvw lpsohphqw d �vfdo uhirup zklfk frpsohwho| fryhuv

wkh frvw ri wkh qhz ixwxuh oldelolwlhv1 Wkh dowhuqdwlyhv�jhqhudwlqj vhljqlrudjh uhyhqxhv ru

gh dwlqj wkh ydoxh ri suh0h{lvwlqj qrplqdo ghew�uhtxluh lq dwlrq1 Exw/ dv zh zloo vkrz/

wkhvh dowhuqdwlyhv duh lqfrqvlvwhqw zlwk pdlqwdlqlqj d �{hg h{fkdqjh udwh1 Zlwk wklv lq

plqg/ zh qrz ghvfuleh wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw1

6141 Wkh Jryhuqphqw*v Exgjhw Frqvwudlqw dqg wkh Lqhylwdelolw| ri d Fxuuhqf|
Fulvhv

Lq hdfk shulrg wkh jryhuqphqw sxufkdvhv } xqlwv ri rxwsxw/ ohylhv uhdo oxps vxp wd{hv/ � /

dqg wudqvihuv �| xqlwv ri rxwsxw wr wkh uhsuhvhqwdwlyh djhqw1 Lq dgglwlrq wkh jryhuqphqw fdq

sulqw prqh|1

Ehiruh wlph }hur/ djhqwv dvvxphg wkdw �| zdv frqvwdqw +�| ' �,1 Dw wlph }hur/ wkh| ohduq

wkdw wkhvh wudqvihuv zloo lqfuhdvh shupdqhqwo| diwhu gdwh A �=�
�| ' �
�| � �

iru f � | 	 A �c
iru | � A ��

zkhuh A � lv d srvlwlyh vfdodu1 Zh xvh � wr ghqrwh wkh suhvhqw ydoxh ri wkh lqfuhdvh lq wudqvihuv=

� '

]
"

A �

e3o|E�| � ��_|�

;D ghydoxdwlrq pd| dovr uhgxfh rwkhu jryhuqphqw oldelolwlhv vxfk dv rxwod|v wkdw duh �{hg/ dw ohdvw
whpsrudulo|/ lq qrplqdo whupv +h1j1 flylo vhuydqw zdjhv ru surjudpv olnh vrfldo vhfxulw|,1

;



Ehiruh djhqwv uhfhlyhg lqirupdwlrq derxw wkh ulvh lq wudqvihuv +| ' f,/ wkh jryhuqphqw

lvvxhg qrqlqgh{hg jryhuqphqw frqvrov zlwk d idfh ydoxh ri � xqlwv ri orfdo fxuuhqf| dqg

frxsrq udwh o1 Vlqfh wkhuh zdv }hur h{shfwhg lq dwlrq ehiruh | ' f/ wkh qrplqdo ydoxh ri

wkhvh frqvrov zdv �1 Wr vlpsoli|/ zh dvvxph wkdw qr qhz frqvrov duh lvvxhg diwhu wlph }hur1

Wkh jryhuqphqw dovr lvvxhg groodu ghqrplqdwhg erqgv zkrvh uhdo ydoxh dw wlph }hur lv Kf1

Zh ghqrwh e| K| wkh vwrfn ri groodu ghqrplqdwhg ghew dw wlph |1

Wkh jryhuqphqw*v  rz exgjhw frqvwudlqw lv=

{s| �{K| ' {6|

�s| � �K| ' oEs| � K|� n � � } � �| � o�*7| n �6| n Z|6|

li | 5 U
li | *5 U�

+615,

Wkurxjkrxw wkh sdshu �%| ghqrwhv _%*_|1 Khuh s| ghqrwhv wkh uhdo ydoxh ri jryhuqphqw*v qhw

iruhljq dvvhwv dqg Z| lv wkh lq dwlrq udwh/ ��|*�|1 Wkh yduldeoh 6| uhsuhvhqwv uhdo prqh|

edodqfhv/ gh�qhg dv 6| ' �|*�|/ zkhuh �| ghqrwhv qrplqdo prqh| kroglqjv1 Qrwh wkdw

�6| n Z|6| lv htxdo wr wkh vhljqrudjh  rz/ ��|*�|1 Dv lq Gud}hq dqg Khospdq +4<;:,/

htxdwlrq +615, wdnhv lqwr dffrxqw wkh srvvlelolw| ri glvfuhwh fkdqjhv lq 6|/ K|/ dqg s| dw d

�qlwh vhw ri srlqwv lq wlph/ U1 Ehorz zh glvfxvv wkh srlqwv lq wlph lq zklfk wkhvh glvfuhwh

fkdqjhv rffxu1

Wkh  rz exgjhw frqvwudlqw/ wrjhwkhu zlwk wkh frqglwlrqv *�4|<" e3o|K| ' *�4|<" e3o|s| '

f/ lpsolhv wkh iroorzlqj lqwhuwhpsrudo exgjhw frqvwudlqw=

Kf � sf '

]
"

f

E� � } � �|�e
3o|_|n

]
"

f

E �6| n Z|6|�e
3o|_| n

[
�MU

e3o�{6�

�
]

"

f

o�

7|
e3o|_|� +616,

Zh dvvxph wkdw ehiruh wlph }hur wkh �{hg h{fkdqjh udwh uhjlph zdv vxvwdlqdeoh1 Lq vxfk

d uhjlph/ wkh h{fkdqjh udwh lv frqvwdqw dqg vhljqrudjh uhyhqxhv duh htxdo wr }hur1< Wkxv/

wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw uhgxfhv wr=

Kf n
�

7
� sf '

� � } � �

o
� +617,

Htxdwlrq +617, uhtxluhv wkdw wkh suhvhqw ydoxh ri fxuuhqw dqg ixwxuh uhdo vxusoxvhv htxdov wkh

lqlwldo uhdo qhw oldelolwlhv ri wkh jryhuqphqw1

<Li wkhuh zhuh jurzwk lq S� ru lq frqvxpswlrq/ wkh jryhuqphqw zrxog froohfw vrph vhljqrudjh uhyhqxh
xqghu �{hg h{fkdqjh udwhv1

<



Wr vhh wkh lpsdfw ri wkh qhz lqirupdwlrq derxw survshfwlyh gh�flwv rq wkh jryhuqphqw*v

exgjhw frqvwudlqw zh xvh +617, wr uhzulwh +616, dv=

� '

]
"

f

E �6| n Z|6|�e
3o|_|n

[
�MU

e3o�{6�

n

�
�

7
�
]
"

f

o�

7|
e3o|_|

�
+618,

Dffruglqj wr +618,/ wkh suhvhqw ydoxh ri wkh survshfwlyh gh�flwv/ �/ pxvw eh �qdqfhg e|

vhljqrudjh uhyhqxhv +
U
"

f
E �6| n Z|6|�e

3o|_| n
S

�MU e
3o�{6�, ru e| d uhgxfwlrq lq wkh uhdo

ydoxh ri wkh qrqlqgh{hg ghew +�*7 � U
"

f
Eo�*7|�e

3o|_|,1

Rxu lqwhusuhwdwlrq ri wkh Dvldq fxuuhqf| fulvhv iroorzv gluhfwo| iurp +618,1 Wkh fulvlv

jryhuqphqwv glg qrw kdyh d fuhgleoh frpplwphqw wr �qdqfh wkh edqn edlorxwv zlwk d �vfdo

uhirup1 Wkh uhpdlqlqj srvvlelolwlhv iru edodqflqj wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw

frqvwudlqw�udlvlqj vhljqrudjh ru gh dwlqj wkh ydoxh ri rxwvwdqglqj qrplqdo ghew�uhtxluh

dedqgrqlqj wkh �{hg h{fkdqjh udwh uhjlph1 Lq wklv vhqvh wkh fxuuhqf| fulvhv zhuh lqhylwdeoh1

Wkh sduwlfxodu fkdudfwhulvwlfv ri wkh fulvhv ghshqg rq wkh qdwxuh ri jryhuqphqw srolf|

dqg rq wkh pdjqlwxgh ri qrqlqgh{hg jryhuqphqw oldelolwlhv1 Iru h{dpsoh/ wkh jryhuqphqw

frxog sd| iru wkh exon ri wkh edqn edlorxw e| uhgxflqj wkh uhdo ydoxh ri rxwvwdqglqj qrplqdo

ghew zlwk d ghydoxdwlrq dw wlph }hur1 Xqghu wkhvh flufxpvwdqfhv/ wkh fxuuhqf| fulvhv zrxog

eh dvvrfldwhg zlwk olwwoh ixwxuh prqh| jurzwk ru rqjrlqj lq dwlrq1 Wklv vfhqdulr lv forvho|

uhodwhg wr wkh zrun ri Frfkudqh +5333,/ Vlpv +4<<7, dqgZrrgirug +4<<8, rq wkh �vfdo wkhru|

ri wkh sulfh ohyho143 Lq frqwudvw li wkh jryhuqphqw grhv qrw kdyh dq| qrqlqgh{hg oldelolwlhv/

wkhq wkh edqn edlorxw zrxog kdyh wr �qdqfhg hqwluho| yld vhljqrudjh uhyhqxhv1 Wklv zrxog

kdyh srwhqwldoo| yhu| gl�huhqw lpsolfdwlrqv iru prqh| jurzwk/ lq dwlrq dqg h{fkdqjh udwh

ghsuhfldwlrq1

Lw iroorzv wkdw wr ixoo| fkdudfwhul}h wkh uhvsrqvh ri rxu prgho hfrqrp| wr qhz lqirupdwlrq

derxw survshfwlyh gh�flwv/ zh pxvw pdnh dgglwlrqdo dvvxpswlrqv derxw jryhuqphqw srolf|

dqg wkh ehkdylru ri sulydwh djhqwv1 Lq wkh iroorzlqj vxevhfwlrqv zh gr vr1

43Vhh Gxsru +5333, dqg Fruvhwwl dqg Pdfnrzldn +5333, iru dssolfdwlrqv ri wkh �vfdo wkhru| wr rshq
hfrqrplhv1
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6151 Wkh Uhsuhvhqwdwlyh Djhqw

Wkh uhsuhvhqwdwlyh djhqw pd{lpl}hv olihwlph xwlolw|/ gh�qhg dv=

L '

]
"

f

S�3j| � �

�� j
e34|_|1 +619,

Khuh S| ghqrwhv frqvxpswlrq/ 4 : f lv wkh glvfrxqw idfwru/ dqg j : f lv wkh lqyhuvh ri wkh

hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Wkh uhsuhvhqwdwlyh djhqw fdq eruurz dqg ohqg lq

lqwhuqdwlrqdo fdslwdo pdunhwv dw d frqvwdqw uhdo lqwhuhvw udwh o1 Wr holplqdwh wuhqgv lq wkh

fxuuhqw dffrxqw zh dvvxph wkdw o ' 41 Wkh uhsuhvhqwdwlyh djhqw*v  rz exgjhw frqvwudlqw

iru | � f lv jlyhq e|=

{K| n{_| ' �{6|

�K| n �_| ' + n oEK| n _|� n o�*7| n �| � S| � � � Z|6| � �6|

li | 5 Uc
li | *5 U�

+61:,

Khuh _| ghqrwhv wkh qhw iruhljq dvvhwv khog e| wkh uhsuhvhqwdwlyh djhqw/ dqg + ghqrwhv wkh

frqvwdqw hqgrzphqw ri rxwsxw1 Dv zlwk wkh jryhuqphqw/ wkh krxvhkrog*v exgjhw frqvwudlqw

+61:, wdnhv lqwr dffrxqw wkh srvvlelolw| ri glvfuhwh fkdqjhv lq 6|/ _|/ dqg K| dw d �qlwh vhw ri

srlqwv lq wlph/ U1 Wkh  rz exgjhw frqvwudlqw/ wrjhwkhu zlwk wkh frqglwlrqv *�4|<" e3o|K| '

*�4|<" e3o|_| ' f/ lpsolhv wkh iroorzlqj lqwhuwhpsrudo exgjhw frqvwudlqw iru wkh krxvhkrog=

Kf n _f n

]
"

f

e3o|d+ n �| n o�*7|o_| '

]
"

f

e3o|dS| n � n Z|6| n �6|o_|n
[
�MU

e3o�{6��

+61;,

Dffruglqj wr +61;,/ wkh suhvhqw ydoxh ri wkh uhsuhvhqwdwlyh djhqw*v hqgrzphqw soxv dvvhw

lqfrph pxvw htxdo wkh suhvhqw ydoxh ri uhdo h{shqglwxuhv lqfoxvlyh ri wd{hv dqg prqh|

sxufkdvhv1

Ilqdoo|/ wkh uhsuhvhqwdwlyh djhqw idfhv wkh iroorzlqj frqwlqxrxv wlph dqdorjxh wr d fdvk0

lq0dgydqfh frqvwudlqw rq frqvxpswlrq sxufkdvhv=

S| � 6|� +61<,

Vlqfh wkh qrplqdo lqwhuhvw udwh lv srvlwlyh lq doo wkh vfhqdulrv wkdw zh frqvlghu/ +61<, krogv

zlwk vwulfw htxdolw|144

44Wklv frqwlqxrxv wlph fdvk0lq0dgydqfh prgho lv wkh olplw/ dv wkh ohqjwk ri wkh shulrg/ q/ jrhv wr }hur ri
d glvfuhwh wlph hfrqrp| lq zklfk suhihuhqfhv duh jlyhq e| X @

S4

w@3+4 . q�,�w@qq+f4��w � 4,@+4� �,/ wkh
uhvrxufh frqvwudlqw lv ew� ew�q @ q|.quew�q�qfw.Pw�q@Sw�Pw@Sw dqg wkh fdvk0lq0dgydqfh frqvwudlqw
lv Pw@Sw � fw1 Qrwh wkdw li wkh fdvk0lq0dgydqfh frqvwudlqw zdv ri wkh irup Pw@Sw � qfw wkhq prqh| zrxog
eh qhxwudo dv q $ 3 vlqfh/ lq wkh olplw/ wudqvdfwlrqv frxog eh fduulhg rxw zlwkrxw xvlqj prqh|1 Vhh Ihhqvwud
+4<;8, iru d glvfxvvlrq ri fdvk0lq0dgydqfh frqvwudlqwv lq frqwlqxrxv wlph prghov1
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Wkh sureohp ri wkh uhsuhvhqwdwlyh krxvhkrog lv wr pd{lpl}h +619, vxemhfw wr +61:, dqg

+61<, e| fkrlfh ri wlph sdwkv iru S|/ 6|/ K| dqg _|/ vxemhfw wr d nqrzq wlph sdwk iru �|1 Lq

wkh Dsshqgl{/ zh vkrz wkdw wkh �uvw rughu frqglwlrqv iru wklv sureohp lpso|=

S3j| ' bE� n o n Z|�c +6143,

zkhuh b lv wkh fxuuhqw0ydoxhg Odjudqjh pxowlsolhu dvvrfldwhg zlwk +61:,1 Htxdwlrq +6143, zloo

sod| d fhqwudo uroh lq rxu vxevhtxhqw ghulydwlrqv1

6161 D Frpshwlwlyh Htxloleulxp

D frpshwlwlyh shuihfw iruhvljkw htxloleulxp iru wklv hfrqrp| lv d vhw ri doorfdwlrqv S|/ 6|/

dqg K| n _|/ d vhw ri sulfhv �| dqg 7|/ dqg d vhw ri sdwkv iru wkh �vfdo yduldeohv/ � |/ }| dqg �|/

vxfk wkdw wkh iroorzlqj frqglwlrqv krog= +l, S|/ 6|/ dqg K|n _| vroyh wkh krxvhkrog*v sureohp

jlyhq wkh sdwkv iru �|/ 7|/ � | dqg �| +ll, wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw

+618, krogv> dqg +lll, 7| ' �| iru doo |1 Qrwh wkdw wklv gh�qlwlrq dssolhv wr erwk �{hg dqg

 h{leoh h{fkdqjh udwh htxloleuld1

6171 Wkh Suh0Fulvlv Hfrqrp|

Sulru wr wlph }hur/ djhqwv dqwlflsdwh }hur lq dwlrq dqg +6143, uhgxfhv wr=

S3j ' bE� n o�c +6144,

lpso|lqj wkdw frqvxpswlrq lv frqvwdqw ryhu wlph1 Wkh exgjhw frqvwudlqw +61;, lpsolhv wkdw=

S ' oEKf n _f n�*7� n + n � � � � +6145,

Wkh hfrqrp| lv lq d �{hg h{fkdqjh udwh uhjlph vr wkh prqh| vxsso| lv hqgrjhqrxv1

Sxufkdvlqj srzhu sdulw| +614,/ dqg wkh fdvk0lq0dgydqfh frqvwudlqw +61<, lpso| wkdw wkh htxl0

oleulxp ohyho ri wkh prqh| vxsso| lv=

� ' 7S� +6146,

Lq vxp/ sulru wr wlph }hur wkh prqh| vxsso| lv frqvwdqw/ vhljqrudjh uhyhqxhv duh }hur/ dqg

wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw lv jlyhq e| +617,145

45Wr vhh wkdw wkh jryhuqphqw fdqqrw froohfw vhljqrudjh uhyhqxhv xqghu d �{hg h{fkdqjh udwh uhjlph qrwh
wkdw h{shfwhg lq dwlrq lv }hur dqg wkh ghpdqg iru uhdo edodqfhv lv frqvwdqw ryhu wlph1 Zkdw kdsshqv li
wkh jryhuqphqw sulqwv prqh|B Vlqfh wkhuh lv qr ghpdqg iru wklv prqh|/ djhqwv zloo vlpso| wudgh lw iru d
gl�huhqw dvvhw1 Uhjdugohvv ri zkhwkhu wklv dvvhw lv grphvwlf erqgv/ iruhljq erqgv ru iruhljq uhvhuyhv/ wkh
qrplqdo prqh| vxsso| zloo uhyhuw wr lwv lqlwldo ydoxh1 Wklv phdqv wkdw qr vhljqrudjh uhyhqxh kdv ehhq udlvhg
e| wkh jryhuqphqw1
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71 Wkh H{fkdqjh Udwh Fulvlv

Lq wklv vhfwlrq zh fkdudfwhul}h wkh wlph dw zklfk wkh �{hg h{fkdqjh udwh uhjlph froodsvhv/

dqg wkh srvw0fulvlv ehkdylru ri wkh hfrqrp|1 Zh gr vr xqghu sduwlfxodu dvvxpswlrqv derxw

jryhuqphqw srolf|/ zklfk kdv wzr frpsrqhqwv= +l, wkh uxoh iru dedqgrqlqj wkh �{hg h{fkdqjh

udwh dqg +ll, wkh srvw0fulvlv prqhwdu| srolf|1

Dedqgrqlqj Il{hg H{fkdqjh Udwhv

Lq rxu ehqfkpdun dqdo|vlv zh dvvxph wkdw wkh jryhuqphqw dgrswv wkh iroorzlqj wkuhvkrog

uxoh= lw dedqgrqv wkh �{hg h{fkdqjh udwh uhjlph lq wkh �uvw shulrg |W zkhq qhw uhdo jryhuq0

phqw ghew/ K|n�*7�s|/ uhdfkhv [1 Qrwh wkdw wkh wkuhvkrog uxoh uhihuv wr wkh uhdo idfh ydoxh

ri qrplqdo ghew/ �*7146 D vshfldo fdvh ri wklv uxoh hphujhv xqghu wkh dgglwlrqdo dvvxpswlrq

+zklfk zh gr qrw pdnh, wkdw wkh rqo| frpsrqhqw ri wkh jryhuqphqw*v sruwirolr wkdw fkdqjhv

ryhu wlph lv wkh fhqwudo edqn*v iruhljq uhvhuyhv1 Jlyhq wklv dvvxpswlrq/ d wkuhvkrog uxoh rq

qhw jryhuqphqw ghew lv wudqviruphg lqwr wkh wkuhvkrog uxoh iru uhvhuyhv wkdw lv riwhq xvhg lq

wkh vshfxodwlyh dwwdfn olwhudwxuh147

Lq vhfwlrq 8 zh frqvlghu dq dowhuqdwlyh uxoh iru dedqgrqlqj wkh �{hg h{fkdqjh udwh uhjlph1

Lq sduwlfxodu/ wdnlqj dv jlyhq wkh sdudphwhuv ri srvw0fulvlv prqhwdu| srolf|/ wkh jryhuqphqw

ghod|v dedqgrqlqj �{hg h{fkdqjh udwhv iru dv orqj dv srvvleoh vxemhfw wr wkh frqvwudlqw wkdw

lwv lqwhuwhpsrudo exgjhw frqvwudlqw krogv1 Zh vkrz wkdw wkh nh| surshuwlhv ri rxu ehqfkpdun

dqdo|vlv frqwlqxh wr krog xqghu wklv dowhuqdwlyh vshfl�fdwlrq ri jryhuqphqw srolf|1

Srvw0Fulvlv Prqhwdu| Srolf|

Iru vlpsolflw|/ zh dvvxph wkdw wkh jryhuqphqw zloo udlvh vhljqrudjh uhyhqxhv e| d frp0

elqdwlrq ri d rqh wlph lqfuhdvh lq wkh vwrfn ri prqh| dw wlph A wr �A dqg jurzwk lq wkh

prqh| vxsso| dw udwh > iurp shulrg A rq=

�| ' �A e
>E|3A �/ iru | � A 1 +714,

Jlyhq A / wkh sdlu +�A c >, pxvw eh vxfk wkdw wkh jryhuqphqw*v exgjhw frqvwudlqw +616, lv

vdwlv�hg1
46Dq dowhuqdwlyh zrxog eh wr pdnh wkh uxoh d ixqfwlrq ri wkh uhdo pdunhw ydoxh ri wkh qrplqdo ghew1 Zh

fkrvh wkh iruphu ehfdxvh zh rqo| kdyh gdwd rq wkh idfh ydoxh ri wkh ghew1
47Vhh iru h{dpsoh Nuxjpdq +4<:;, dqg Revwihog dqg Urjr� +4<<9,1 H{fhswlrqv wr wklv dvvxpswlrq lqfoxgh

Gud}hq dqg Khospdq +4<;:/ 4<;;, dqg Zlmqehujhq +4<<6, zkr xvh wkh suhvhqw ydoxh uxoh zklfk zh glvfxvv
ehorz1
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7141 Wlplqj

Wr dqdo|}h krz wkh hfrqrp| uhdfwv wr wkh lqirupdwlrq derxw kljkhu survshfwlyh gh�flwv lw

lv xvhixo wr glvwlqjxlvk ehwzhhq irxu lqwhuydov ri wlph1

Wlph Lqwhuydo 4= f 	 | 	 |W1 Wklv lv wkh wlph lqwhuydo diwhu lqirupdwlrq derxw wkh kljkhu

ixwxuh gh�flwv kdv duulyhg exw ehiruh wkh froodsvh ri wkh �{hg h{fkdqjh udwh uhjlph1

Zh ghqrwh wkh ydoxhv ri frqvxpswlrq/ uhdo edodqfhv dqg qrplqdo prqh| vxsso| lq wklv

lqwhuydo ri wlph e| 7S/ 76/ dqg 7� / uhvshfwlyho|1

Wlph Lqwhuydo 5= |W � | 	 A 1 Wklv lv wkh wlph lqwhuydo ehwzhhq wkh froodsvh ri wkh �{hg

h{fkdqjh udwh uhjlph dqg wkh qhz vwhdg| vwdwh  h{leoh h{fkdqjh udwh htxloleulxp1 Zh

ghqrwh doo yduldeohv wkdw duh wlph ydu|lqj gxulqj wklv uhjlph zlwk d vxevfulsw | +h1j1

S| lv frqvxpswlrq,1 Yduldeohv zklfk duh frqvwdqw gxulqj wklv wlph lqwhuydo duh ghqrwhg

zlwk d vxshuvfulsw dvwhulvn +�,1

Wlph Lqwhuydo 6= A � | 	 A �1 Wklv lv wkh lqwhuydo ri wlph diwhu wkh qhz prqhwdu| srolf| kdv

ehhq lpsohphqwhg exw ehiruh wkh qhz ohyho ri wudqvihuv kdv ehhq dgrswhg1 Zh ghqrwh

doo yduldeohv wkdw duh frqvwdqw gxulqj wklv wlph lqwhuydo zlwk d orzhu edu/ h1j1 S1

Wlph Lqwhuydo 7= | � A �1 Wklv lv wkh wlph lqwhuydo diwhu zklfk wkh qhz wudqvihu srolf|

lv lpsohphqwhg1 Dv zlwk wlph lqwhuydo 6/ zh uhsuhvhqw doo yduldeohv wkdw duh frqvwdqw

gxulqj wklv lqwhuydo zlwk d orzhu edu1 Qrwh/ frqvlvwhqw zlwk rxu qrwdwlrq wkh suhflvh

ydoxh ri A � lv luuhohydqw dv orqj dv A � : A 1

7151 Frpsxwlqj wkh Wlph ri wkh Vshfxodwlyh Dwwdfn

Lq rughu wr vroyh iru wkh wlph ri wkh vshfxodwlyh dwwdfn/ zh pxvw frpsxwh wkh g|qdplf/ shuihfw

iruhvljkw htxloleulxp1 Rxu surfhgxuh lv dv iroorzv1 Iluvw/ zh �{ wkh sdudphwhuv ri prqhwdu|

srolf| +�A dqg >,1 Vhfrqg/ zh ghulyh wkh htxloleulxp sdwkv ri frqvxpswlrq/ lq dwlrq/

dqg h{fkdqjh udwhv dv d ixqfwlrq ri �A dqg >1 Wklug/ zh fkhfn zkhwkhu wkh jryhuqphqw*v

lqwhuwhpsrudo exgjhw frqvwudlqw lv vdwlv�hg1 Li qrw/ zh dgmxvw E�A c >� dqg uhfrpsxwh wkh

htxloleulxp1 Zh uhshdw wklv surfhgxuh xqwlo zh kdyh frqyhujhg xsrq d vroxwlrq1

Vroylqj iru Frqvxpswlrq Jlyhq Lq dwlrq dqg |W

Dw wlph }hur/ zkhq lqirupdwlrq derxw wkh qhz �vfdo gh�flw duulyhv/ wkh uhsuhvhqwdwlyh

djhqw uhrswlpl}hv klv frqvxpswlrq sodq1 Wkh ydoxh ri wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk
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klv lqwhuwhpsrudo exgjhw frqvwudlqw fkdqjhv iurp b wr �b1 Wkh rswlpdo sodq iru frqvxpswlrq

gxulqj wlph lqwhuydo 4 vdwlv�hv/

E7S�3j ' �bE� n o�/ iru f 	 | 	 |W� +715,

Khuh zh kdyh xvhg wkh idfw wkdw lq dwlrq lv }hur lq wkh �{hg h{fkdqjh udwh uhjlph1

Wkh jryhuqphqw udlvhv uhyhqxhv e| sulqwlqj prqh| dqg e| gh dwlqj wkh ydoxh ri rxw0

vwdqglqj qrplqdo ghew1 Vlqfh wkhvh uhyhqxhv duh uhedwhg lq wkh irup ri oxps vxp wudqvihuv/

wkh suhvhqw ydoxh ri wkh uhvrxufhv dydlodeoh wr wkh frqvxphu grhv qrw fkdqjh zlwk wkh duulydo

ri qhz lqirupdwlrq dw wlph }hur1 Krzhyhu/ vlqfh lq dwlrq lv qrw frqvwdqw/ frqvxpswlrq dw

wlph }hur zloo/ lq jhqhudo/ eh gl�huhqw iurp S1 Wkh fdvk0lq0dgydqfh frqvwudlqw lv elqglqj/ vr

wkh wlph }hur ydoxh ri uhdo edodqfhv pxvw dovr mxps iurp 6 ' S wr 76 ' 7S1 Vlqfh �| ' 7

ehiruh |W wkh fkdqjh lq uhdo edodqfhv lv dffrpsolvkhg e| d fkdqjh lq wkh qrplqdo prqh|

vxsso| iurp � wr 7� / zkhuh 7� lv jlyhq e|=

7� ' 77S1 +716,

Wkh fkdqjh lq wkh prqh| vxsso| rffxuv dv sulydwh djhqwv dgmxvw wkh dprxqw ri grphvwlf

prqh|/ jryhuqphqw ghew dqg iruhljq uhvhuyhv wkdw wkh| krog1 Iru h{dpsoh li 7� : � / djhqwv

lqfuhdvh uhdo edodqfhv e| vhoolqj jryhuqphqw erqgv/ K|/ ru iruhljq dvvhwv/ _| iru grphvwlf

prqh|1

Wkh rswlpdo sodq iru frqvxpswlrq gxulqj wlph lqwhuydo 5 vdwlv�hv=

S3j| ' �bE� n o n
��|

�|
�/ iru |W � | 	 A 1 +717,

Vlqfh lq dwlrq fkdqjhv glvfuhwho| dw |W/ vr grhv frqvxpswlrq1 Wkh sdwk iru 7| pxvw eh

frqwlqxrxv/ vr wkdw �|W ' 71 Rwkhuzlvh/ jlyhq rxu dvvxpswlrq ri shuihfw iruhvljkw/ wkhuh

zrxog eh duelwudjh rssruwxqlwlhv dvvrfldwhg zlwk wudglqj wkh fxuuhqf| mxvw ehiruh dqg diwhu

|W1 Dw |W wkh ghpdqg iru prqh| lv jlyhq e|=

�W ' 7S|W� +718,

vr djhqwv dgmxvw wkhlu prqh| edodqfhv iurp 7� wr �W1 Iru wkh uhpdlqghu ri wlph lqwhuydo 5

wkh prqh| vxsso| lv htxdo wr �W dqg wkh h{fkdqjh udwh lv ghwhuplqhg e|=

7| ' �W*S|� +719,
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Wkh ohyho ri frqvxpswlrq S lq wkh wklug dqg irxuwk wlph lqwhuydov/ lv ghwhuplqhg e| wkh

frqvxpswlrq Hxohu htxdwlrq=

S3j ' �bE� n o n >�/ iru | � A� +71:,

Khuh zh kdyh xvhg wkh idfw wkdw wkh udwh ri lq dwlrq lv > iru | � A 1 Wkh fdvk0lq0dgydqfh iru

wklv wlph shulrg lv=

�| ' 7|S�

Qrwh wkdw wkh sdwk iru �| lv h{rjhqrxv lq wklv wlph shulrg dqg jlyhq e| +714,1

Jlyhq d sdwk iru lq dwlrq dqg d ydoxh iru |W/ zh fdq vroyh iru wkh frqvxpswlrq sdwk

dv iroorzv1 Vxevwlwxwh htxdwlrqv +715,/ +717,/ dqg +71:, lqwr wkh krxvhkrog*v lqwhuwhpsrudo

exgjhw frqvwudlqw/ +61;,1 Wklv |lhogv rqh htxdwlrq lq rqh xqnqrzq/ 7S1

Vroylqj iru Lq dwlrq Jlyhq |W

Htxdwlrqv +715, dqg +717, wrjhwkhu zlwk wkh fdvk0lq0dgydqfh frqvwudlqw +718, lpso|=
�
�W

�|

�
3j

'
7S3j

� n o
E� n o n

_�|

_|

�

�|
�� +71;,

Wklv gl�huhqwldo htxdwlrq lq �| fdq eh zulwwhq dv=

_�|

_|
' @� �nj

| � K�|c +71<,

@ ' E�W�3jE� n o�7Sjc

K ' E� n o��

Wkh vroxwlrq wr +71<, lv=

�| '

�
K

@� eE|3��jK

��*j
� +7143,

Khuh � lv d frqvwdqw ri lqwhjudwlrq ghwhuplqhg e| wkh frqglwlrq wkdw �| pxvw eh frqwlqxrxv

dw |W1 Wklv uhtxluhv wkdw �|W ' 7 vr +7143, fdq eh xvhg wr h{suhvv � dv d ixqfwlrq ri |W=

� ' |W � �

jK
*?E@� K73j�� +7144,

Htxdwlrq +7143,/ wkh fdvk0lq0dgydqfh frqvwudlqw dw wlph A / dqg wkh frqwlqxlw| ri wkh sulfh

ohyho dw A +uhtxluhg wr suhyhqw duelwudjh rssruwxqlwlhv, lpso| wkdw=

�A ' �A*S '

�
K

@� eEA3��jK

��*j
� +7145,
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Vroylqj iru |W

E| gh�qlwlrq/ |W lv wkh srlqw lq wlph dw zklfk qhw jryhuqphqw ghew ulvhv wr [1 Wkhuhiruh/

[ ' K|W n�*7 � s|W�

Xvlqj wkh jryhuqphqw  rz exgjhw frqvwudlqw/ +615,/ zh kdyh wkdw

[ ' EKf n�*7 � sf� e
o|W n

] |W

f

E} n � � ��eo|_| n

E 7� ��W�

7
n

� � 7�

7
eo|

W

� +7146,

Uhodwlrq +7146, ghfrpsrvhv jryhuqphqw ghew dw |W lqwr irxu whupv1 Wkh �uvw lv wkh ydoxh

dw |W ri wkh jryhuqphqw*v lqlwldo ghew1 Wkh vhfrqg lv wkh ydoxh ri qhz ghew lvvxhg ehwzhhq

wlph }hur dqg |W wr �qdqfh wkh jryhuqphqw*v sulpdu| gh�flw1 Wkh wklug whup E� � 7��*7

uhsuhvhqwv wkh mxps lq wkh ydoxh ri wkh ghew wkdw wdnhv sodfh dw wlph }hur1 Wkh irxuwk whup

E 7� ��W�*7 uhsuhvhqwv wkh glvfuhwh/ srvlwlyh lqfuhdvh lq jryhuqphqw ghew wkdw wdnhv sodfh

dw |W1 Wklv lqfuhdvh uh hfwv wkh idfw wkdw djhqwv wudgh grphvwlf prqh|/ dw wkh h{fkdqjh udwh

7/ iru hlwkhu jryhuqphqw erqgv ru iruhljq dvvhwv1

Vroylqj iru wkh Sdudphwhuv ri Prqhwdu| Srolf|

Wkh �qdo vwhs lq frpsxwlqj wkh frpshwlwlyh htxloleulxp lv wr hqvxuh wkdw wkh jryhuqphqw*v

exgjhw frqvwudlqw krogv1 Lw lv hylghqw iurp +616, wkdw wkhuh lv d frqwlqxxp ri E�A c >�

frpelqdwlrqv wkdw gr vr1 Li zh �{ �A / wkhq zh fdq wkhq vroyh iru wkh ydoxh ri > wkdw vroyhv

+616,1 Dowhuqdwlyho|/ zh fdq �{ > dqg vroyh iru �A 1

7161 Wkh Ghwhuplqdqwv ri |W

Wkh nh| ghwhuplqdqwv ri |W duh= +l, wkh pdjqlwxgh ri wkh gh�flw ehlqj �qdqfhg +�,> +ll, wkh

prqhwdu| srolf| xvhg wr �qdqfh lw> +lll, wkh jryhuqphqw*v wkuhvkrog uxoh +[,> dqg +ly, wkh

ghpdqg iru grphvwlf prqh| zklfk lv wlhg wr djhqwv* rswlpdo frqvxpswlrq sdwk1

Wr rewdlq lqwxlwlrq derxw wkh wlplqj ri wkh vshfxodwlyh dwwdfn lw lv xvhixo wr frpelqh

htxdwlrqv +7144, dqg +7145, wr h{suhvv |W dv d ixqfwlrq ri �A =48

|W ' A � �

jK
*?

@� K�3j
A

@� K73j
� +7147,

48Htxdwlrq +7147, lv rqo| ydolg zkhq 3 ? w� ? W 1
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Vlqfh wkh jryhuqphqw lqfuhdvhv wkh prqh| vxsso| dw wlph A / �A zloo/ lq jhqhudo/ eh juhdwhu

wkdq 71 Vr htxdwlrq +7147, vxjjhvwv wkdw wkh dwwdfn zloo wdnh sodfh ehiruh wkh qhz prqhwdu|

srolf| lv lpsohphqwhg +|W 	 A ,1 Lq idfw wklv lv zkdw kdsshqv lq wkh fdoleudwhg yhuvlrqv ri

rxu prgho hfrqrp|1

Zk| grhvq*w wkh dwwdfn kdsshq dw wlph }hurB Wklv zrxog eh wkh fdvh li wkh ghpdqg iru

uhdo edodqfhv dw wlph }hur ihoo e| hqrxjk wr gulyh jryhuqphqw ghew wr d ydoxh juhdwhu wkdq

ru htxdo wr [1 Vxfk d vlwxdwlrq pljkw rffxu li �A zdv vr odujh wkdw wkh udwh ri lq dwlrq dw

wlph }hur zdv kljkhu wkdq >1 Wkh uhodwlyho| kljk udwh ri lq dwlrq dw wlph }hur zrxog lqgxfh

djhqwv wr orzhu wkhlu frqvxpswlrq/ fuhdwlqj d idoo lq prqh| ghpdqg dqg d ulvh lq jryhuqphqw

ghew1 Li wkh ulvh lq ghew zhuh odujh hqrxjk wr wuljjhu wkh wkuhvkrog uxoh wkhq d vshfxodwlyh

dwwdfn zrxog rffxu dw wlph }hur dqg wkhuh zrxog eh dq lqvwdqwdqhrxv ghsuhfldwlrq149

81 Surshuwlhv ri wkh Prgho

Lq wklv vhfwlrq ri wkh sdshu zh dffrpsolvk wzr wdvnv1 Iluvw/ zh vwxg| wkh ghwhuplqdqwv ri

vshfxodwlyh dwwdfnv lq d yhuvlrq ri wkh prgho fdoleudwhg wr wkh Wkdl hfrqrp|1 Vhfrqg/ zh

dqdo|}h wkh qdwxuh ri rswlpdo prqhwdu| srolf| lq rxu prgho1

8141 Prgho Fdoleudwlrq

Wdeoh ; vxppdul}hv wkh sdudphwhu ydoxhv ri rxu ehqfkpdun prgho1 Wkurxjkrxw zh qrupdol}h

erwk rxwsxw dqg wkh wlph }hur h{fkdqjh udwh/ 7/ wr eh rqh1

Lw lv xvhixo wr dvvrfldwh | ' f/ wkh wlph dw zklfk djhqwv ohduq wkdw wkh jryhuqphqw lqwhqgv

wr edlorxw wkh idlolqj edqnlqj v|vwhp/ zlwk d fdohqgdu gdwh1 Wklv lv gl!fxow wr gr ehfdxvh

wkh uhohydqw lqirupdwlrq zdv doprvw vxuho| uhyhdohg ryhu wlph1 Vwloo/ gdwd rq r�vkruh iruzdug

suhpld iru wkh Wkdl edkw frqwdlq xvhixo lqirupdwlrq iru fdoleudwlqj | ' f1 Iljxuh 6 glvsod|v

gdwd rq wkhvh suhpld iru edkw0groodu iruzdug frqwudfwv ri gl�huhqw pdwxulwlhv1 Qrwh wkdw

wkhvh suhpld ehjdq wr ulvh vljql�fdqwo| durxqg plg0Pd| 4<<:1 Vr zh whqwdwlyho| lghqwli|

| ' f zlwk plg0Pd| 4<<: dqg dvvhvv wkh vhqvlwlylw| ri rxu pdlq uhvxowv wr wklv fkrlfh1

Qh{w zh wxuq wr wkh sdudphwhuv fkdudfwhul}lqj prqhwdu| srolf|= A dqg �A*� 1 Iljxuh

49Qrwh wkdw iru odujh ydoxhv ri � lw lv srvvleoh wkdw w� A W 1 Lq wklv vfhqdulr/ wkh h{kdqjh udwh lv �{hg dw
wlph W dqg wkh wlph W prqh| vxsso| lv qrw xqghu wkh h�hfwlyh frqwuro ri wkh jryhuqphqw 0 lw pxvw htxdo
�P 1 Zkhq wkh jryhuqphqw sulqwv prqh| dqg ex|v edfn jryhuqphqw erqgv dw wlph W / sulydwh djhqwv vlpso|
uhyhuvh wkh h�hfwv ri wkh rshq pdunhw rshudwlrq e| wudglqj prqh| iru erqgv1 Wkh prqh| vxsso| rqo| fkdqjhv
dw w�/ zkhq lw gursv wr P� @ fV= Wkhuhdiwhu wkh prqh| jurzv dw wkh udwh �= Wkh wlph ri wkh vshfxodwlyh
dwwdfn lv ghwhuplqhg e| wkh uhtxluhphqw wkdw wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw +616, krogv1
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7/ zklfk glvsod|v gdwd rq wkh prqhwdu| edvh lq Wkdlodqg/ lqglfdwhv wkdw d vljql�fdqw uh0

prqhwl}dwlrq ri wkh Wkdl hfrqrp| wrrn sodfh lq wkh odwwhu kdoi ri 4<<<1 Khqfh zh fkrrvh A

' 2 zkhuh zh phdvxuh wlph lq |hduv1 Ehfdxvh wkhuh duh vljql�fdqw pryhphqwv lq wkh Wkdl

prqhwdu| edvh iurp rqh prqwk wr wkh qh{w +vhh Iljxuh 7, zh fdoleudwh �A*� wr wkh udwlr

ri wkh dyhudjh prqhwdu| edvh lq wkh vhfrqg kdoi ri 4<<< wr wkh dyhudjh prqhwdu| edvh lq wkh

shulrg Mdqxdu|�Pd| 4<<:1 Wklv |lhogv d ydoxh iru �A*� htxdo wr ��2f.1

Wkh qh{w vwhs lq rxu fdoleudwlrq lv wr ghwhuplqh wkh lqlwldo ydoxhv ri sxeolf vhfwru grphvwlf

ghew/ Kfn�*7/ sxeolf vhfwru qhw iruhljq dvvhwv sf/ dqg sulydwh qhw iruhljq ghew _f1 Vlqfh zh

lghqwli| | ' f zlwk plg0Pd| 4<<:/ zh xvh Edqn ri Wkdlodqg +ERW, gdwd rq ydulrxv dvvhw

srvlwlrqv dv ri wkh hqg ri Pd| 4<<: wr ghwhuplqh wkhvh sdudphwhuv1 Zh dvvxph wkdw doo

grphvwlf ghew zdv ghqrplqdwhg lq orfdo fxuuhqf| dqg zdv lvvxhg sulru wr | ' f1 Wklv |lhogv

wkh iroorzlqj ydoxhv= Kf ' f/ �*7 ' f�fD2/ sf ' f�fb� dqg _f ' �f�eeb14:

Qh{w zh wxuq wr [ zklfk jryhuqv wkh wkuhvkrog uxoh1 Wklv sdudphwhu zdv fkrvhq wr pdwfk

wkh ghfolqh lq frqvrolgdwhg jryhuqphqw dvvhwv wkdw rffxuuhg lq wkh shulrg ohdglqj xs wr wkh

hqg ri Mxqh 4<<:1 Xvlqj Edqn ri Wkdlodqg gdwd/ zh hvwlpdwh wkdw/ dv ri wklv gdwh/ qhw dvvhwv

ri wkh frqvrolgdwhg sxeolf vhfwru ihoo wr ��e shufhqw ri JGS1 Vr lq rxu ehqfkpdun fdoleudwlrq

zh vhw [ ' �f�f�e1 Odwhu zh zloo dvvhvv wkh vhqvlwlylw| ri rxu uhvxowv wr wkh fkrlfh ri [1

Lq Vhfwlrq 5 zh dujxhg wkdw wkh �vfdo frvw ri wkh edqnlqj edlorxw zdv urxjko| �f shufhqw ri

JGS/ vr zh vhw � ' f��f1

Wkh dyhudjh prqh| pdunhw lqwhuhvw udwh lq Wkdlodqg lq wkh shulrg Mdqxdu| 4<<6�Dsulo

4<<: zdv ;199 shufhqw1 Wkh dyhudjh |hdu0rq0|hdu FSL lq dwlrq udwh ryhu wkh vdph shulrg

zdv 71<9 shufhqw14; Khqfh/ zh vhw wkh uhdo lqwhuhvw udwh/ o/ wr f�f�.1

Rxu prgho lpsolhv wkdw lq wkh lqlwldo vwhdg| vwdwh/ wkh ohyho ri sulydwh frqvxpswlrq lv

4:Zh xvh hqg0ri0Pd| �jxuhv vlqfh gdwd rq h{whuqdo dqg sxeolf vhfwru ghew srvlwlrqv duh uhsruwhg rq dq
hqg0ri0prqwk edvlv1 Wr phdvxuh wkh udwlr ri ghew wr JGS rq d prqwko| iuhtxhqf| zh xvhg gdwd iurp wkh
ERW zhevlwh/ +zzz1erw1ru1wk,1 Wkh �Gdwdedqn� vhfwlrq/ Wdeoh 4149/ ri wkdw zhevlwh surylghv txduwhuo| gdwd
rq qrplqdo JGS dw txduwhuo| udwhv1 Zh frqyhuwhg wkhvh gdwd wr dqqxdo udwhv/ dqg vhw wkh Iheuxdu|/ Pd|/
Dxjxvw dqg Qryhpehu prqwko| ydoxhv htxdo wr wkh 4vw/ 5qg/ 6ug dqg 7wk txduwhu ydoxhv/ uhvshfwlyho|1 Iru wkh
rwkhu prqwkv zh xvhg olqhdu lqwhusrodwlrq1 Wr phdvxuh sulydwh dqg sxeolf vhfwru h{whuqdo ghew zh uhihuuhg
wr wkh �Hfrqrplf Gdwd/ H{whuqdo Ghew Gdwd� vhfwlrq ri wkh ERW zhevlwh1 Wkh ERW �jxuhv duh surylghg
lq XV grooduv1 Zh frqyhuwhg wkhvh wr edkw xvlqj wkh hqg0ri0shulrg groodu0edkw h{fkdqjh udwh iurp wkh LPI
Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +LIV, +11DH1]I,1 Wr phdvxuh sxeolf vhfwru grphvwlf ghew zh uhihuuhg wr
Wdeohv :17 dqg :18 lq wkh �Gdwdedqn� vhfwlrq ri wkh ERW zhevlwh1 Zh wrrn wkh jurvv phdvxuh ri sxeolf
vhfwru ghew wr eh htxdo wr wkh vxp ri doo jryhuqphqw dqg vwdwh hqwhusulvh grphvwlf ghew1 Wr rewdlq qhw
grphvwlf ghew ri wkh sxeolf vhfwru zh vxewudfwhg/ iurp rxu phdvxuh ri jurvv ghew/ dq| ri wklv ghew khog e|
wkh ERW/ wkh Jryhuqphqw Vdylqjv Edqn/ ru wkh H{fkdqjh Htxdol}dwlrq Ixqg1

4;Zh rewdlqhg prqwko| gdwd iurp wkh LIV gdwdedvh rq prqh| pdunhw lqwhuhvw udwhv +93E11]I, dqg wkh
FSL +97111]I,1
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jlyhq e| S ' oEKfn_fn�*7�n+� E� ���1 Jlyhq rxu dvvxpswlrqv derxw Kf/ �*7/ sf/ o dqg

+ zh fkrrvh � � � ' f�e�H vr wkdw wkh udwlr ri frqvxpswlrq wr rxwsxw lq wkh vwhdg| vwdwh

htxdov wkh vdpsoh dyhudjh iru Wkdlodqg lq wkh shulrg 4<<6T4�4<<:T5/ l1h1 S ' f�De.14<

8151 Uhvxowv

Iljxuh 8 ghslfwv wkh g|qdplf htxloleulxp sdwkv ri S| +zklfk frlqflghv zlwk 6|,/ Z|/ �|/

K| n �*7| � s| dqg 7| +zklfk frlqflghv zlwk �|,1 Wzr nh| ihdwxuhv ri Iljxuh 8 duh zruwk

qrwlqj1 Iluvw/ wkh vshfxodwlyh dwwdfn rffxuv dw |W ' f��2 ru urxjko| 417 prqwkv diwhu djhqwv

uhfhlyh lqirupdwlrq derxw wkh kljkhu survshfwlyh gh�flwv1 Vhfrqg/ lq dwlrq ehjlqv wr lqfuhdvh

dw |W/ zhoo ehiruh wkh fkdqjh lq prqhwdu| srolf|1 Wklv lv uhplqlvfhqw ri Vdujhqw dqg Zdoodfh*v

+4<;4, fodvvlf uhvxowv dffruglqj wr zklfk ixwxuh prqhwdu| srolf| d�hfwv fxuuhqw lq dwlrq1

Zh qrz wxuq wr wkh ehkdylru ri frqvxpswlrq1 Lq wkh ehqfkpdun prgho frqvxpswlrq

lqfuhdvhv glvfuhwho| dw wlph }hur wr d ohyho wkdw lv kljkhu wkdq erwk wkh rog vwhdg| vwdwh

+7S : S, dqg wkh qhz vwhdg| vwdwh uhdfkhg diwhu A +7S : S,1 Wkh idfw wkdw 7S : S uhvxowv

iurp wzr ihdwxuhv ri wkh htxloleulxp1 Iluvw/ vlqfh vhljqrudjh uhyhqxhv duh uhedwhg wr wkh

krxvhkrog/ wkh suhvhqw ydoxh ri uhvrxufhv dydlodeoh wr sulydwh djhqwv lv wkh vdph ehiruh dqg

diwhu wkh lqfuhdvh lq wkh jryhuqphqw gh�flw1 Vhfrqg/ vlqfh lq dwlrq lv dw lwv orzhvw ydoxh

ehiruh |W/ wkh h�hfwlyh sulfh ri frqvxplqj gxulqj wlph lqwhuydo 4 lv orzhu wkdq lq doo rwkhu

shulrgv1 Iljxuh 8 lqglfdwhv wkdw gxulqj wlph lqwhuydo 5 frqvxpswlrq ghfolqhv1 Wklv uh hfwv

wkh ulvh lq lq dwlrq uhodwlyh wr wlph lqwhuydo 41 Gxulqj wlph lqwhuydov 6 dqg 7 frqvxpswlrq

lv frqvwdqw ehfdxvh lq dwlrq lv frqvwdqw1 Qrwlfh wkdw 7S : S ehfdxvh lq dwlrq lv }hur gxulqj

wlph lqwhuydo 4 exw srvlwlyh gxulqj wlph lqwhuydov 6 dqg 71

Frqvlghu qh{w wkh ehkdylru ri wkh prqh| vxsso| dqg jryhuqphqw ghew1 Lq wkh lqlwldo

vwhdg| vwdwh/ wkh ohyho ri wkh prqh| vxsso| lv ghwhuplqhg e| wkh fdvk0lq0dgydqfh frqvwudlqw

S ' �*71 Dw wlph }hur/ frqvxpswlrq mxpsv iurp S wr 7S/ zkloh wkh h{fkdqjh udwh uhpdlqv

frqvwdqw1 Lw iroorzv wkdw wkh prqh| vxsso| pxvw mxps iurp � wr 7� ' 77S1 Djhqwv rewdlq

wkh dgglwlrqdo prqh| qhhghg iru frqvxpswlrq wudqvdfwlrqv e| wudglqj lq iruhljq uhvhuyhv ru

jryhuqphqw erqgv1 Frqvhtxhqwo|/ jryhuqphqw ghew gursv glvfrqwlqxrxvo| dw wlph }hur1 Iru

wkh uhpdlqghu ri wlph lqwhuydo � doo prgho yduldeohv uhpdlq frqvwdqw h{fhsw iru jryhuqphqw

ghew1

Dw wlph |W wkhuh lv d glvfrqwlqxrxv ghfuhdvh lq frqvxpswlrq zklfk uh hfwv wkh mxps lq

4<Zh rewdlqhg txduwhuo| gdwd rq sulydwh frqvxpswlrq dqg JGS iurp wkh ERW zhevlwh/ zzz1erw1ru1wk/
�Gdwdedqn� vhfwlrq/ Wdeoh 414:1
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lq dwlrq wkdw rffxuv dw wkh rqvhw ri wkh  rdwlqj h{fkdqjh udwh uhjlph1 Vlqfh wkh h{fkdqjh

udwh lv vwloo �{hg dw |W wkh fdvk0lq0dgydqfh frqvwudlqw lpsolhv wkdw wkh prqh| vxsso| idoov

glvfrqwlqxrxvo| dw wkh wlph ri wkh dwwdfn1 Djhqwv h{fkdqjh grphvwlf prqh| iru iruhljq

uhvhuyhv ru jryhuqphqw ghew/ udlvlqj wrwdo jryhuqphqw oldelolwlhv wr [1 Lw lv wklv ghfolqh lq

grphvwlf prqh| kroglqjv wkdw lv riwhq ghvfulehg dv d vshfxodwlyh dwwdfn1

Dw wlph A / wkh qhz prqhwdu| srolf| lv lpsohphqwhg vr wkdw wkhuh lv d srolf| lqgxfhg

mxps lq �A diwhu zklfk wkh prqh| vxsso| jurzv dw udwh >1 Wkh jryhuqphqw hqjlqhhuv wkh

lqfuhdvh lq �A e| uhwlulqj jryhuqphqw ghew1 Ehiruh wkh qhz wudqvihu srolf| lv lpsohphqwhg

dw A � wkh jryhuqphqw lv uxqqlqj d vxusoxv/ vr wkdw jryhuqphqw ghew lv ghfolqlqj1

8161 Vhqvlwlylw| Dqdo|vlv

Wdeoh < ghvfulehv wkh h�hfw ri shuwxuedwlrqv wr wkh ehqfkpdun sdudphwhu ydoxhv rq wkh

wlplqj ri d vshfxodwlyh dwwdfn dqg wkh suhvhqw ydoxh ri wkh uhvrxufhv udlvhg yld prqhwdu|

srolf|1 Wkh odwwhu lqfoxgh vhljqrudjh uhyhqxhv soxv wkh uhgxfwlrq lq wkh uhdo ydoxh ri lqlwldo

qrplqdo ghew1 Ilyh nh| uhvxowv hphujh khuh1 Iluvw/ li wkh lqfuhdvh lq wkh gh�flw uh hfwv d

ulvh lq jryhuqphqw sxufkdvhv udwkhu wkdq dq lqfuhdvh lq wudqvihuv/ wkhq |W idoov1 Wkh uhdvrq

iru wklv lv dv iroorzv1 Lq wkh ehqfkpdun prgho/ wlph }hur frqvxpswlrq ulvhv e| 2 shufhqw

uhodwlyh wr lwv lqlwldo vwhdg| vwdwh ohyho1 Fruuhvsrqglqjo|/ wkhuh lv dq lqfuhdvh lq wkh ghpdqg

iru prqh| dqg d uhgxfwlrq lq wkh jryhuqphqw*v ghew1 Rwkhu wklqjv htxdo/ wkh uhgxfwlrq lq

Kf � sf ghod|v wkh wlph dw zklfk K| n �*7 � s| uhdfkhv lwv wkuhvkrog ohyho/ [1 Qrz vxssrvh

wkh �fI ri wkh ulvh lq wkh survshfwlyh gh�flw uh hfwv dq lqfuhdvh lq jryhuqphqw h{shqglwxuhv1

Wkhq/ wkh ulvh lq wkh gh�flw lv dvvrfldwhg zlwk d idoo lq wkh krxvhkrog*v zhdowk1 Frqvhtxhqwo|

wlph }hur frqvxpswlrq grhv qrw ulvh e| dv pxfk dv lq wkh ehqfkpdun prgho dqg K|n�*7�s|

uhdfkhv [ pruh txlfno|1 Qrwh wkdw wkh dprxqw ri uhvrxufhv udlvhg e| prqhwdu| srolf| dovr

idoov uhodwlyh wr wkh ehqfkpdun fdvh1 Wklv rffxuv sulpdulo| ehfdxvh wkh idoo lq wkh krxvhkrog*v

zhdowk ohdgv wr d ghfolqh lq S zklfk uhgxfhv wkh  rz ri vhljqrudjh uhyhqxhv +>S, diwhu A 1

Vhfrqg/ d ghfuhdvh lq wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq wr 425 +j ' 2, lqfuhdvhv

|W1 Wklv uh hfwv d juhdwhu ghvluh rq wkh sduw ri wkh krxvhkrog wr kdyh d vprrwk frqvxpswlrq

sdwk1 Wkhuh lv dovr d vpdoo ghfolqh lq wkh dprxqw ri uhvrxufhv udlvhg e| prqhwdu| srolf|1

Wklv uhvxowv iurp d orzhu ohyho ri S zklfk ohdgv wr d ghfolqh lq vhljqrudjh uhyhqxhv1 Wklug/

d ulvh lq A lqfuhdvhv |W dqg uhgxfhv wkh uhvrxufhv udlvhg e| prqhwdu| srolf|1 Wkh odwwhu

kdsshqv ehfdxvh srvlwlyh vhljqrudjh uhyhqxhv duh jhqhudwhg rqo| zkhq wkh qhz prqhwdu|

srolf| lv lpsohphqwhg1 Irxuwk/ dq lqfuhdvh lq [ lqfuhdvhv |W dqg uhgxfhv wkh suhvhqw ydoxh ri
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uhvrxufhv udlvhg e| prqhwdu| srolf|1 Wkh edvlf uhdvrq iru wkh ulvh lq |W lv wkdw lw wdnhv orqjhu

iru jryhuqphqw ghew wr klw wkh wkuhvkrog ohyho dvvrfldwhg zlwk dedqgrqlqj �{hg h{fkdqjh

udwhv1 Wkh lpsdfw rq vhljqrudjh uhyhqxhv lv pruh vxewoh1 Uhfdoo wkdw qr vhljqrudjh uhyhqxhv

duh froohfwhg ehwzhhq |W dqg A / vr wkdw wkh lqfuhdvh lq |W kdv qr gluhfw lpsdfw rq wkh

suhvhqw ydoxh ri vhljqrudjh uhyhqxhv1 Wkh ghfolqh lq vhljqrudjh lv fdxvhg e| wkh idoo lq

prqh| ghpdqg/ 7� � �W/ wkdw rffxuv zkhq wkh jryhuqphqw ghew mxpsv wr lwv wkuhvkrog

ohyho [ dw |W1 Wkh kljkhu lv [/ wkh odujhu lv wkh ghfolqh lq prqh| ghpdqg dqg wkh juhdwhu

lv wkh orvv lq vhljqrudjh uhyhqxh dw |W153 Ilqdoo|/ qrwh wkdw dvvxplqj doo jryhuqphqw ghew lv

groodu ghqrplqdwhg +� ' f dqg Kf ' f�fD2,/ udlvhv |W dqg orzhuv wkh dprxqw ri uhvrxufhv

udlvhg e| prqhwdu| srolf|1 Wr xqghuvwdqg wklv qrwh wkdw rxu h{shulphqw grhv qrw krog

krxvhkrog zhdowk frqvwdqw1 Lq wkh ehqfkpdun fdvh/ krxvhkrogv uhfhlyh wudqvihuv ri � iurp

wkh jryhuqphqw/ zklfk mxvw r�vhwv wkh uhvrxufhv udlvhg e| prqhwdu| srolf|1 Lq frqwudvw/

zkhq � ' f dqg Kf ' f�fD2/ wkh uhvrxufhv udlvhg e| prqhwdu| srolf| lv htxdo wr f�2H1 Vr

wkhuh lv dq lqfuhdvh lq krxvhkrog zhdowk uhodwlyh wr wkh ehqfkpdun fdvh1 Wklv ohdgv wr kljkhu

wlph }hur frqvxpswlrq dqg orzhu lqlwldo jryhuqphqw ghew/ wkxv udlvlqj |W1

Wkh h{shulphqwv uhsruwhg lq Wdeoh < gr qrw krog vhljqrudjh uhyhqxhv frqvwdqw1 Zh qrz

frqvlghu wkh uhvxowv ri h{shulphqwv lq zklfk prqhwdu| srolf| lv dgmxvwhg wr hqvxuh wkdw wkh

jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw lv vdwlv�hg1 Wdeoh 43 uhsruwv uhvxowv zkhq

prqhwdu| srolf| lv dgmxvwhg yld fkdqjhv lq �A ru lq >1 Wzr uhvxowv duh zruwk qrwlqj1

Iluvw/ dgmxvwlqj > wr edodqfh wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw kdv yluwxdoo|

qr h�hfw rq |W1 Wklv lv ehfdxvh rqo| vpdoo dgmxvwphqwv lq > duh uhtxluhg wr edodqfh wkh

exgjhw1 Vhfrqg/ zkhq wkh dgmxvwphqw rffxuv yld fkdqjhv lq �A / |W fkdqjhv qrwlfhdeo|1 Wr

xqghuvwdqg wkh h�hfw rq |W/ qrwh wkdw/ lq doo ri wkh h{shulphqwv/ �A pxvw ulvh wr edodqfh wkh

jryhuqphqw*v exgjhw1 Rwkhu wklqjv htxdo/ wklv ohdgv wr d kljkhu ydoxh ri �A dqg iurp +7147,

d ghfolqh lq |W1

Zh qrz vwxg| wkh vhqvlwlylw| ri rxu uhvxowv wr wkh wkuhvkrog sdudphwhu [1 Uhjdugohvv

ri wkh sduwlfxodu wkuhvkrog uxoh wkdw wkh jryhuqphqw dgrswv/ lwv lqwhuwhpsrudo exgjhw frq0

vwudlqw pxvw krog1 Dv glvfxvvhg deryh/ dq lqfuhdvh lq [ uhgxfhv vhljqrudjh uhyhqxhv1 Wkh

jryhuqphqw pxvw frpshqvdwh iru wkh orvv ri wkhvh uhyhqxhv e| hlwkhu udlvlqj�A ru >1 Iljxuh

53Wkhuh duh wzr r�vhwwlqj h�hfwv dvvrfldwhg zlwk kljkhu ydoxhv ri �= +l, w� lv lqfuhdvlqj lq � vr wkdw wkh
orvv ri vhljqrudjh uhyhqxh dw w� lv glvfrxqwhg pruh khdylo|/ dqg +ll, d kljkhu ydoxh ri � lv dvvrfldwhg zlwk d
odujhu mxps lq prqh| ghpdqg dw W= Lq dgglwlrq fkdqjhv lq w� d�hfw wkh suhvhqw ydoxh ri wkh uhvrxufhv udlvhg
e| gh dwlqj rxwvwdqglqj qrplqdo ghew1 Lq rxu ehqfkpdun prgho/ wkhvh h�hfwv duh vpdoo uhodwlyh wr wkh h�hfw
glvfxvvhg lq wkh wh{w1
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9 ghslfwv wkh wlph ri wkh dwwdfn dqg wkh dgmxvwphqw lq prqhwdu| srolf| dv [ ydulhv iurp

�f�f�e wr f�f1 Sdqho D shuwdlqv wr wkh fdvh zkhuh �A lv �{hg dqg wkh dgmxvwphqw rffxuv

yld >1 Sdqho E uhihuv wr wkh fdvh zkhuh > lv khog �{hg dqg wkh dgmxvwphqw rffxuv yld �A 1

Wkh nh| srlqwv wr qrwh duh dv iroorzv1 Iluvw/ uhjdugohvv ri krz prqhwdu| srolf| lv dgmxvwhg/

|W lv dq lqfuhdvlqj ixqfwlrq ri [1 Edvlfdoo|/ wklv uh hfwv wkh idfw wkdw wkh jryhuqphqw fdq

ghod| wkh gdwh ri wkh vshfxodwlyh dwwdfn e| eruurzlqj pruh uhvrxufhv1 Vhfrqg/ erwk �A dqg

> duh lqfuhdvlqj ixqfwlrqv ri [1 Dv �A lqfuhdvhv/ wkh shdn udwh ri lq dwlrq lq wlph lqwhuydo

5 dovr lqfuhdvhv1 Lq wklv fdvh/ wkh frvw ri ghod|lqj wkh dwwdfn lv kljkhu lq dwlrq gxulqj wkh

wudqvlwlrq wr wkh qhz vwhdg| vwdwh ri wkh hfrqrp|1 Dv > lqfuhdvhv/ wkh vwhdg| vwdwh udwh

ri lq dwlrq ulvhv1 Zh frqfoxgh wkdw wkh sulfh iru ghod|lqj d vshfxodwlyh dwwdfn lv d kljkhu

udwh ri lq dwlrq lq wkh ixwxuh1 Wklv vxjjhvwv wkdw wkh nh| lvvxh lv qrw zkhwkhu jryhuqphqwv

fdq eruurz wr ghod| vshfxodwlyh dwwdfnv/ exw zkhwkhu wkh| vkrxog1 Wr h{dplqh wklv lvvxh zh

surfhhg lq wzr vwhsv1 Iluvw/ zh eulh | frqvlghu wkh htxloleulxp ri rxu prgho zkhq wkh rqo|

frqvwudlqw idfhg e| wkh jryhuqphqw lv +616,/ lwv lqwhuwhpsrudo exgjhw frqvwudlqw1 Zh wkhq

glvfxvv wkh rswlpdo jryhuqphqw srolf|1

8171 Wkh Suhvhqw Ydoxh Uxoh

Zh qrz frqvlghu wkh htxloleulxp ri wkh prgho zkhq wkh jryhuqphqw rshudwhv xqghu d suhvhqw

ydoxh uxoh/ l1h1 +616, lv wkh rqo| frqvwudlqw wkdw wkh jryhuqphqw idfhv1 Zh surfhhg e| dvnlqj

wkh txhvwlrq= zkdw lv wkh pd{lpdo ydoxh ri [ frqvlvwhqw zlwk +616,B Lq rqh vhqvh zh kdyh

douhdg| dqvzhuhg wklv txhvwlrq1 Jlyhq wkh sdudphwhuv ri prqhwdu| srolf| +�A dqg >,/ wkhuh

lv d xqltxh [ vxfk wkdw +616, krogv/ vr wkdw wkh suhvhqw ydoxh uxoh fdq dozd|v eh ghvfulehg

h{ srvw dv d wkuhvkrog uxoh rq jryhuqphqw ghew1

Vxssrvh wkdw zh �{ rqh ri wkh prqhwdu| srolf| sdudphwhuv/ vd| >1 Iru hyhu| ydoxh ri

�A wkhuh h{lvwv d ydoxh ri [ vxfk wkdw +616, krogv1 Zkdw lv wkh ydoxh ri �A wkdw pd{lpl}hv

[B Iru rxu ehqfkpdun fdvh lw lv urxjko| �A ' �ff� 154 Wkh dvvrfldwhg ydoxhv ri [ dqg

|W duh f�ef dqg ��Hb/ uhvshfwlyho|1 Dowhuqdwlyho|/ zh fdq �{ �A dqg �qg wkh ydoxh ri > wkdw

pd{lpl}hv [1 Zh glg qrw sxuvxh wklv h{shulphqw ehfdxvh lw |lhogv h{wuhph uhvxowv lq rxu

prgho= dw wkh frvw ri k|shulq dwlrq wkh jryhuqphqw frxog ghod| wkh dwwdfn iru d yhu| orqj

+exw �qlwh, shulrg ri wlph1 Wklv lv ehfdxvh wkh jryhuqphqw fdq vhl}h doo sulydwh zhdowk e|

jhqhudwlqj vx!flhqwo| kljk lq dwlrq1 Lwv delolw| wr gr vr lv dq duwlidfw ri wzr dvvxpswlrqv

54Wklv lv wkh ydoxh ri � wkdw vdwlv�hv +616, zkhq PW @ 433P= Ixuwkhu lqfuhdvhv lq PW ohdg wr yhu| vpdoo
fkdqjhv lq �1
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zklfk zh pdnh lq rxu prgho= wkh fdvk0lq0dgydqfh frqvwudlqw dssolhv rqo| wr frqvxpswlrq/

dqg rxwsxw lv h{rjhqrxv1

Iljxuh 9 dqg wkh uhvxowv ri wklv vhfwlrq frqyh| d frpprq phvvdjh= fkdqjhv lq wkh wkuhvk0

rog uxoh/ [/ gr qrw d�hfw wkh lqhylwdelolw| ri wkh vshfxodwlyh dwwdfn/ rqo| lwv wlplqj dqg krz

pxfk prqhwdu| srolf| pxvw eh dgmxvwhg wr edodqfh wkh jryhuqphqw*v exgjhw1 D jryhuqphqw

fdq vxevwdqwldoo| ghod| wkh froodsvh ri d �{hg h{fkdqjh udwh uhjlph e| eruurzlqj exw rqo|

dw wkh frvw ri kljkhu ixwxuh lq dwlrq1

8181 Rswlpdo Prqhwdu| Srolf|

Zh kdyh vhhq wkdw d jryhuqphqw fdq vxevwdqwldoo| ghod| wkh froodsvh ri d �{hg h{fkdqjh udwh

uhjlph e| eruurzlqj exw rqo| dw wkh frvw ri kljkhu ixwxuh lq dwlrq1 Ehfdxvh ri wklv/ lw lv qrw

reylrxv wkdw d jryhuqphqw vkrxog eruurz wr ghod| dq dwwdfn/ hyhq li lw fdq1 Lq wklv vhfwlrq

zh ghprqvwudwh wkdw wkh rswlpdo prqhwdu| srolf| lq rxu prgho hfrqrp| lv wr dedqgrq wkh

�{hg h{fkdqjh udwh uhjlph dv vrrq dv qhz lqirupdwlrq derxw wkh gh�flw duulyhv1 Wkh uhtxluhg

vhljqrudjh uhyhqxhv vkrxog eh udlvhg e| dq lqfuhdvh lq �f dqg2ru vhwwlqj wkh jurzwk udwh

ri prqh| wr d frqvwdqw/ >1 Wklv prqhwdu| srolf| vxffhhgv lq edodqflqj wkh jryhuqphqw*v

lqwhuwhpsrudo exgjhw frqvwudlqw zlwkrxw lqwurgxflqj glvwruwlrqv lqwr wkh hfrqrp|155 Wklv

uhvxow iroorzv iurp wkuhh ihdwxuhv ri rxu prgho= rxwsxw lv h{rjhqrxv/ wkh fdvk0lq0dgydqfh

frqvwudlqw dssolhv rqo| wr frqvxpswlrq/ dqg vhljqrudjh lv uhedwhg wr wkh krxvhkrogv1

Wr ghprqvwudwh wkh rswlpdolw| ri wkh sursrvhg srolf|/ vxssrvh wkdw wkh jryhuqphqw frxog

�qdqfh wkh lqfuhdvh lq wkh suhvhqw ydoxh ri wkh gh�flw xvlqj oxps vxp wd{hv1 Wkh htxloleulxp

xqghu wklv �qdqflqj vwudwhj| fdqqrw eh lpsuryhg xsrq= wkh �{hg h{fkdqjh udwh frxog eh

pdlqwdlqhg dqg lq dwlrq zrxog frqwlqxh wr eh }hur1 Qrwh wkdw vlqfh wd{ uhyhqxhv duh uhedwhg

oxps vxp wr krxvhkrogv/ frqvxpswlrq zloo uhpdlq dw lwv lqlwldo vwhdg| vwdwh ohyho/ S1

Zh qrz suryh wkh rswlpdolw| ri rxu fdqglgdwh prqhwdu| srolf| e| vkrzlqj wkdw lw vxs0

sruwv wkh vdph doorfdwlrq dv wkdw zklfk rewdlqv zkhq wkh jryhuqphqw udlvhv oxps vxp wd{hv1

Uhfdoo wkdw wkh rswlpdo ehkdylru ri frqvxpswlrq lv glfwdwhg e| htxdwlrq +6143,1 Lw iroorzv

wkdw li Z| lv frqvwdqw/ frqvxpswlrq zloo dovr eh frqvwdqw1 Vlqfh vhljqrudjh uhyhqxhv duh uh0

edwhg wr wkh krxvhkrog/ wkh lqwhuwhpsrudo exgjhw frqvwudlqw lv xqd�hfwhg dqg frqvxpswlrq

zloo vwloo htxdo S1 Wr �qdqfh wkh lqfuhdvh lq wkh suhvhqw ydoxh ri wkh gh�flw/ lw pxvw eh wkh

55Nrhqlj +4<;:, dqg Uhehor dqg [lh +4<<<, suryh dqdorjrxv uhvxowv iru d forvhg hfrqrp| prgho1
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Wkh �uvw whup uhsuhvhqwv vhljqrudjh froohfwhg iurp lqfuhdvlqj wkh prqh| vxsso| wr �f dw

wlph }hur1 Wkh lqwhjudo whup uh hfwv vhljqrudjh rewdlqhg iurp wkh ixwxuh jurzwk udwh ri

prqh|1 Wkh wklug whup lv wkh uhyhqxh dvvrfldwhg zlwk gh dwlqj wkh ydoxh ri h{lvwlqj qrplqdo

ghew1 Uhodwlrq +814, lpsolhv wkdw �f dqg > pxvw vdwlvi|=
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Vlqfh lw lv ihdvleoh wr fkrrvh E�fc >� wr vdwlvi| +814,/ wkh sursrvhg srolf| vxssruwv wkh rswlpdo

htxloleulxp doorfdwlrq1

Dq lpsruwdqw fdyhdw wr wkh suhfhglqj glvfxvvlrq lv wkdw lw devwudfwv iurp qrplqdo uljlgl0

wlhv lq sulfhv dqg zdjhv dv zhoo dv xqkhgjhg ordqv ghqrplqdwhg lq iruhljq fxuuhqf|1 Wkhvh

dvshfwv fdq fohduo| d�hfw rswlpdo prqhwdu| srolf| dqg wkh rswlpdo wlph wr dedqgrq �{hg

h{fkdqjh udwhv1 Wkh nh| srlqw ri rxu glvfxvvlrq lv wr hpskdvl}h wkdw wkhuh duh fohdu frvwv

wr ghod|lqj wkh dgmxvwphqw ri prqhwdu| srolf|1 Lq rxu prgho/ wkh frvw lv wkh glvwruwlrq ri

frqvxpswlrq ghflvlrqv lqgxfhg e| wkh idfw wkdw orzhu lq dwlrq qrz lv sxufkdvhg dw wkh sulfh

ri kljkhu lq dwlrq lq wkh ixwxuh1 Wkh pruh d jryhuqphqw eruurzv wr ghod| d vshfxodwlyh

dwwdfn/ l1h1 wkh kljkhu lv [/ wkh kljkhu lv wklv frvw1 Lq wklv vhqvh/ wkh delolw| wr eruurz iurp

deurdg wr ghod| d vshfxodwlyh dwwdfn dfwxdoo| uhgxfhv zhoiduh1

91 Dvvhvvlqj Vrph Suhglfwlrqv ri wkh Prgho

Lq wkh suhylrxv vhfwlrq zh xvhg d vlpsoh shuihfw iruhvljkw prgho wr vkrz krz survshfwlyh

gh�flwv frxog ohdg wr wkh froodsvh ri d �{hg h{fkdqjh udwh uhjlph1 Wkh nh| surshuwlhv

ri wkh prgho fdq eh vxppdul}hg dv iroorzv1 Iluvw/ wkh vshfxodwlyh dwwdfn rffxuv diwhu qhz

lqirupdwlrq derxw kljkhu ixwxuh jryhuqphqw gh�flwv duulyhv exw ehiruh wkh jryhuqphqw ehjlqv

wr prqhwl}h d sruwlrq ri wkh gh�flw1 Vhfrqg/ wkh froodsvh ri wkh �{hg h{fkdqjh udwh uhjlph

lv iroorzhg e| d exuvw ri lq dwlrq exw rqo| d yhu| vpdoo lqfuhdvh lq wkh vwhdg| vwdwh udwh ri

lq dwlrq1 Lq wklv vhfwlrq zh glvfxvv wkh hyroxwlrq ri prqh| jurzwk/ lq dwlrq dqg lqwhuhvw

udwhv lq Dvld zlwk dq h|h wrzdugv dvvhvvlqj wkh hpslulfdo sodxvlelolw| ri wkhvh surshuwlhv1

Iljxuh 7 suhvhqwv gdwd rq wkh hyroxwlrq ri wkh edvh/ P4 dqg P5 lq wkh fulvlv frxqwulhv156

Hdfk djjuhjdwh lv uhsruwhg uhodwlyh wr d ehqfkpdun ydoxh ri 433 lq Mxqh 4<<:1 Wdeoh 44
56Zh zhuh xqdeoh wr rewdlq frqvlvwhqw gdwd rq wkh edvh iru Krqj Nrqj dqg Wdlzdq1
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uhsruwv wkh udwlr ri wkh dyhudjh ydoxh ri wkh edvh/ P4 dqg P5 lq wkh vhfrqg kdoi ri 4<<<

wr wkh dyhudjh ydoxh ri wkh fruuhvsrqglqj prqhwdu| djjuhjdwh lq wkh shulrg Mdqxdu|�Pd|

4<<:1

Wzr ihdwxuhv ri Iljxuh 7 dqg Wdeoh 44 duh zruwk qrwlqj1 Iluvw/ wkhuh lv vxevwdqwldo

glyhuvlw| lq wkh ehkdylru ri wkh prqhwdu| djjuhjdwhv dfurvv wkh fulvlv frxqwulhv1 Wkdlodqg

frphv forvhvw wr wkh vw|ol}hg sdwwhuq ri prqhwdu| srolf| hperglhg lq rxu prgho= wkh edvh

dqg P4 uhpdlqhg yluwxdoo| xqfkdqjhg iru urxjko| wzr |hduv diwhu wkh fulvlv/ exw wkhq ehjdq

wr jurz udslgo|1 Vhfrqg/ lq doo fulvlv frxqwulhv/ edvh prqh| juhz uhodwlyh wr lwv suh0fulvlv

ydoxh/ zlwk wkh kljkhvw jurzwk udwhv rffxuulqj lq Lqgrqhvld dqg Wkdlodqg1 Ylhzhg dv d

zkroh/ wkh hylghqfh rq prqhwdu| jurzwk lv frqvlvwhqw zlwk d edvlf suhglfwlrq ri rxu prgho=

sduwldo prqhwl}dwlrq ri wkh ghew rffxuuhg zlwk d odj diwhu wkh fxuuhqf| fulvhv1

Iljxuh : suhvhqwv gdwd rq wkh hyroxwlrq ri gl�huhqw sulfh lqglfhv lq wkh fulvlv frxqwulhv1

Iru Lqgrqhvld/ Nruhd dqg Wkdlodqg/ zh glvsod| gdwd rq wkh FSL/ wkh zkrohvdoh sulfh lqgh{/

dqg h{sruw dqg lpsruw xqlw sulfhv1 Iru wkh Sklolsslqhv dqg Pdod|vld rqo| wkh �uvw wzr

sulfh phdvxuhv duh dydlodeoh1 Qrwh wkdw sulfh lqglfhv zlwklq hdfk frxqwu| uhvsrqghg yhu|

gl�huhqwo| wr wkh fxuuhqf| fulvhv1 Zkloh wkhuh duh uhodwlyho| prghvw pryhphqwv lq wkh FSL

dqg zkrohvdoh sulfh lqglfhv/ wkhuh duh odujh lqfuhdvhv lq h{sruw dqg lpsruw sulfhv1 Rxu

wkhruhwlfdo prgho/ zklfk dvvxphv rqo| rqh jrrg dqg sxufkdvlqj srzhu sdulw|/ fohduo| fdqqrw

dffrxqw iru wkhvh sdwwhuqv157 Exw lw grhv dffrxqw iru= +l, wkh udslg ulvh lq wudgdeoh jrrgv

sulfhv ehiruh prqhwl}dwlrq ehjlqv E| ' A �> dqg +ll, wkh orz udwhv ri lq dwlrq urxjko| wzr

|hduv diwhu wkh fulvhv1

Zh frqfoxgh e| wxuqlqj wr wkh lvvxh ri zkhwkhu djhqwv dqwlflsdwhg wkh dwwdfn1 Lq sulqflsoh/

qrplqdo lqwhuhvw udwh pryhphqwv sulru wr d fulvlv duh xvhixo iru dvvhvvlqj sulydwh djhqwv*

h{shfwdwlrqv derxw wkh wlplqj ri wkh vshfxodwlyh dwwdfn1 Rxu prgho suhglfwv wkdw qrplqdo

|lhogv rq erqgv ri pdwxulw| juhdwhu wkdq |W rxjkw wr ulvh rqfh djhqwv uhfhlyh lqirupdwlrq

derxw wkh lqfuhdvh lq survshfwlyh gh�flwv158 Lq sxuvxlqj wklv lpsolfdwlrq ri wkh prgho/ zh

idfh wzr vhulrxv sureohpv= +l, dv idu dv zh fdq whoo/ lqwhuhvw udwh gdwd rq ghew ghqrplqdwhg

57Exuvwhlq/ Qhyhv dqg Uhehor +5333, vkrz wkdw d prgho zklfk lqfrusrudwhv qrqwudghg jrrgv dqg glvwul0
exwlrq frvwv iru wudghg jrrgv fdq dffrxqw iru gl�huhqw uhvsrqvhv ri zkrohvdoh/ uhwdlo/ dqg FSL lq dwlrq wr
h{fkdqjh udwh  xfwxdwlrqv1

58Folqh dqg Eduqhv +4<<:, dqdo|}h wuhqgv lq vsuhdgv rq X1V1 groodu ghqrplqdwhg Hxurerqgv1 Wkh| frqfoxgh
wkdw wkhvh vsuhdgv ihoo lq hphujlqj pdunhwv/ lqfoxglqj Vrxwkhdvw Dvld/ ehwzhhq plg04<<8 dqg plg04<<:1 Zkloh
xvhixo wklv lqirupdwlrq grhv qrw ehdu gluhfwo| rq wkh lvvxhv udlvhg lq wklv sdshu1 Vlqfh wkh erqgv lq txhvwlrq
duh groodu ghqrplqdwhg/ wkh vsuhdgv uh hfw ghidxow ulvn udwkhu wkdq h{shfwhg ghsuhfldwlrq1 Vlplodu frpphqwv
dsso| wr Sdun dqg Ukhh*v +4<<;, dqdo|vlv ri wkh |lhog vsuhdg rq Nruhdq Ghyhorsphqw Edqn joredo erqgv1
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lq xqlwv ri grphvwlf fxuuhqf| shuwdlq sulpdulo| wr vkruw whup ordqv> dqg +ll, wkhuh zdv dfwlyh

jryhuqphqw lqwhuyhqwlrq lq wkh fulvlv frxqwulhv/ lqfoxglqj fdslwdo frqwurov/ dlphg dw d�hfwlqj

vkruw whup lqwhuhvw udwhv159 Zlwk wklv fdyhdw/ Iljxuh ; suhvhqwv gl�huhqw phdvxuhv ri wkuhh

prqwk lqwhuhvw udwhv lq wkh fulvlv frxqwulhv1 Wkh edvlf suhglfwlrq ri rxu prgho lv wkdw wkhvh

lqwhuhvw udwhv vkrxog kdyh jrqh xs zlwklq wkuhh prqwkv ri wkh fulvhv1 Iljxuh ; lqglfdwhv wkdw

wkh hylghqfh rq wklv suhglfwlrq lv pl{hg1 Rq wkh srvlwlyh vlgh/ lqwhuhvw udwhv lq Wkdlodqg dqg

Nruhd glg ulvh sulru wr wkh pdmru pryhphqwv lq wkh edkw dqg wkh zrq1 Exw wkh hylghqfh

iru wkh rwkhu fulvlv frxqwulhv lv pxfk zhdnhu/ zlwk phdvxuhg lqwhuhvw udwhv ehjlqqlqj wr ulvh

durxqg wkh wlph ri wkh fulvhv1 Dq rshq txhvwlrq lv zkhwkhu wkhvh lqwhuhvw udwhv uh hfwhg

pdunhw sduwlflsdqwv h{shfwdwlrqv ru jryhuqphqw frqwurov1

:1 Frqfoxvlrqv

Lq wklv sdshu/ zh irfxvhg rq wkh uroh sod|hg e| odujh survshfwlyh gh�flwv lq wkh Dvldq fxuuhqf|

fulvlv1 Rxu edvlf dujxphqw zdv vlpsoh= devhqw wkh srolwlfdo zloo wr udlvh wd{hv ru fxw vshqglqj/

jryhuqphqwv kdyh wr udlvh vhljqrudjh uhyhqxhv ru gh dwh wkh ydoxh ri rxwvwdqglqj qrplqdo

ghew wr sd| iru wkh edlorxw ri wkh edqnlqj v|vwhp1 Lq d zruog ri iruzdug orrnlqj djhqwv wklv

pdnhv d fxuuhqf| fulvlv lqhylwdeoh1 Lq d yhuvlrq ri rxu prgho fdoleudwhg wr wkh Wkdl hfrqrp|/

wkh froodsvh ri wkh �{hg h{fkdqjh udwh kdsshqv diwhu djhqwv ohduq wkdw ixwxuh gh�flwv zloo

ulvh exw ehiruh wkh jryhuqphqw lpsohphqwv lwv qhz prqhwdu| srolf|1 Xqghu wklv vfhqdulr

vwdqgdug pdfurhfrqrplf djjuhjdwhv vxfk dv sdvw lq dwlrq dqg �vfdo gh�flwv duh qrw xvhixo

lq suhglfwlqj fxuuhqf| fulvhv1 Lq wklv olplwhg vhqvh rxu prgho udwlrqdol}hv fodlpv wkdw wkh

Dvldq fulvhv zhuh kdug wr suhglfw1

Rxu prgho vxjjhvwv wkdw zh irfxv rxu hpslulfdo dqdo|vlv rq lqirupdwlrq xvhixo iru iruh0

fdvwlqj survshfwlyh gh�flwv15: Wklv lv zk| zh vwxglhg wkh vwdwh ri wkh Dvldq edqnlqj v|vwhp

sulru wr wkh fulvlv1 Zh irxqg hylghqfh frqvlvwhqw zlwk wkh ylhz wkdw djhqwv nqhz wkdw edqnv

zhuh lq wurxeoh ehiruh wkh fulvlv dqg wkdw wkh vl}h ri wkh �qdqfldo vhfwru edlorxw zrxog eh odujh1

Wklv hylghqfh grhv qrw uxoh rxw wkh srvvlelolw| wkdw wkh Dvldq fxuuhqf| fulvhv zhuh pxowlsoh

htxloleulxp skhqrphqd1 Exw lw grhv vxjjhvw d vlpsoh h{sodqdwlrq edvhg rq ixqgdphqwdov1

Zh frqfoxgh e| kljkoljkwlqj vrph lpsruwdqw vkruwfrplqjv ri rxu dqdo|vlv1 Iluvw/ lq

rxu prgho wkh vwdwh ri wkh edqnlqj v|vwhp lv frvwohvvo| uhyhdohg wr djhqwv dw d sduwlfxodu

59Iru h{dpsoh vhh Sdun dqg Ukhh*v +5333, glvfxvvlrq ri wkh Nruhdq fdvh1
5:Vwdqgdug dqg Srru*v ehjdq/ dw wkh hqg ri 4<<:/ wr uhsruw hvwlpdwhv ri frqwlqjhqw jryhuqphqw oldelolwlhv

vwhpplqj iurp lpsolflw jxdudqwhhv wr �qdqfldo vhfwruv1
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srlqw lq wlph1 Lq uhdolw|/ rewdlqlqj wklv lqirupdwlrq wrrn wlph dqg uhvrxufhv1 Pruhryhu/

lqirupdwlrq derxw edqnlqj sureohpv lq rqh frxqwu| pd| kdyh frqyh|hg lqirupdwlrq derxw

edqnlqj v|vwhpv lq rwkhu frxqwulhv1 Zh vxvshfw wkdw xqghuvwdqglqj wkh suhflvh wlplqj dqg

vhtxhqflqj ri vshfxodwlyh dwwdfnv zloo uhtxluh dq dqdo|vlv ri wkhvh lqirupdwlrq g|qdplfv1

Vhfrqg/ zh xvhg d shuihfw iruhvljkw prgho1 Wklv lpsolhv/ dprqj rwkhu wklqjv/ wkdw +l, wkh

wlplqj ri wkh vshfxodwlyh dwwdfn lv shuihfwo| iruhfdvwdeoh> dqg +ll, wkh htxloleulxp sdwk iru

wkh h{fkdqjh udwh lv frqwlqxrxv1 Erwk ri wkhvh lpsolfdwlrqv duh frxqwhuidfwxdo1 Diwhu doo

wkh suhflvh wlplqj ri d fxuuhqf| fulvlv lv gl!fxow wr suhglfw/ dqg glvfuhwh ghydoxdwlrqv gr

rffxu1 Lw lv zhoo nqrzq wkdw erwk ri wkhvh sureohpv fdq eh vroyhg e| lqfrusrudwlqj vwrfkdvwlf

hohphqwv lqwr wkh prgho +vhh iru h{dpsoh Iorrg dqg Jduehu +4<;7, dqg Gud}hq dqg Khospdq

+4<;;,,1 Doorzlqj iru xqfhuwdlqw| zrxog frqvlghudeo| frpsolfdwh rxu prgho1 Exw lw zrxog qrw

d�hfw rxu pdlq phvvdjh= wkh Dvldq fxuuhqf| fulvhv zhuh sulpdulo| fdxvhg e| jryhuqphqwv*

survshfwlyh gh�flwv1

Wklug/ zh prghohg wkh ghflvlrq ri zkhq wr dedqgrq �{hg h{fkdqjh udwhv zlwk d vlpsoh

wkuhvkrog uxoh rq jryhuqphqw ghew1 Lq uhdolw| wklv ghflvlrq lv vkdshg e| srolwlfdo frqvlghu0

dwlrqv1 Prgholqj wkhvh srolwlfdo dvshfwv lv olnho| wr ohdg wr lqvljkwv uhjduglqj wkh wlplqj ri

vshfxodwlyh dwwdfnv1 Irxuwk/ wr lvrodwh wkh uroh ri survshfwlyh gh�flwv zh devwudfwhg iurp

qrplqdo uljlglwlhv1 Wkhvh uljlglwlhv zloo doprvw vxuho| kdyh dq lpsdfw rq wkh qdwxuh ri rswl0

pdo prqhwdu| srolf|1 Ilqdoo|/ zh glg qrw dgguhvv wkh lvvxh ri krz wkh froodsvh ri �qdqfldo

lqwhuphgldulhv d�hfwv ixwxuh rxwsxw dqg wd{ uhyhqxhv1 Zh wrrn dv jlyhq wkdw lq wkh vwdwh ri

wkh zruog zkhuh edqnv froodsvhg/ jryhuqphqwv zrxog �qg lw gl!fxow wr udlvh wd{ uhyhqxhv1 Lq

ixwxuh zrun zh lqwhqg wr vwxg| lq ghwdlo wkh uroh sod|hg e| wkh �qdqfldo vhfwru lq jhqhudwlqj

wkh shuvlvwhqw uhfhvvlrqv wkdw duh riwhq dvvrfldwhg zlwk fxuuhqf| froodsvhv1
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Dsshqgl{ D

Wkh sureohp ri wkh uhsuhvhqwdwlyh krxvhkrog lv wr pd{lpl}h +619, vxemhfw wr E61:,�+61<, e|

fkrlfh ri wlph sdwkv iru S|/ 6|/ K| dqg _|/ jlyhq d nqrzq wlph sdwk iru Z|1 Wkh fxuuhqw0ydoxhg

Kdplowrqldq dvvrfldwhg zlwk wklv sureohp lv=

K '
S�3j| � �

�� j
n b|d+ n oEK| n _| n�*7|� n � � S| � � � Z|6| � 5|o n

w|5| n /|E6| � S|�

zkhuh 5| ' �6|1

Wkh �uvw rughu frqglwlrqv wr wkh sureohp duh jlyhq e|=

S3j| ' b| n /|c

b| ' w|c

�b| ' E4� o�b| ' fc

�w| ' w|4n b|Z| � /|�

Wkhvh htxdwlrqv lpso| +6143, lq wkh pdlq wh{w1
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Dsshqgl{ E

Ghwdlohg Gdwd Vrxufhv

Wdeoh 41 Wkh gdwd duh wdnhq iurp wkh LPI Zruog Hfrqrplf Rxworrn gdwdedvh1 Wkh �vfdo

vxusoxv lq orfdo fxuuhqf| xqlwv lv wkh Jhqhudo Jryhuqphqw Edodqfh +HGVV,= pqhprqlf JJE1

JGS lv Jurvv Grphvwlf Surgxfw +fxuuhqw sulfhv,= pqhprqlf Q{{{JGS/ zkhuh {{{ lv wkh

frxqwu| frgh1

Wdeoh 61 Doo vhulhv duh iurp Gdwdvwuhdp1 Edqnv= EDQNV{{/ Qrq�qdqfldo= WRWOL{{/ zkhuh

{{ lv LG +Lqgrqhvld,/ NR +Nruhd,/ P\ +Pdod|vld,/ SK +Sklolsslqhv,/ WK +Wkdlodqg,1

Wdeoh 71 Zh frqvwuxfw grphvwlf ohqglqj wr wkh sulydwh vhfwru iurp wkh LIV1 Rxu phdvxuh

fdswxuhv/ wr wkh h{whqw srvvleoh/ doo ohqglqj e| edqnv dqg rwkhu �qdqfldo lqwhuphgldulhv wr

doo grphvwlf vhfwruv rwkhu wkdq wkh jryhuqphqw1 Lw ydulhv e| frxqwu| ghshqglqj rq wkh

dydlodelolw| ri gdwd1 Zh qhw rxw/ zkhuh srvvleoh/ dq| ohqglqj dprqj �qdqfldo lqwhuphgl0

dulhv1 Zkhq wkh gdwd olplw xv wr wkh ohqglqj dfwlylwlhv ri ghsrvlw prqh| edqnv/ zh lqfoxgh

ordqv wr rwkhu �qdqfldo lqwhuphgldulhv lq rxu phdvxuh1 Pqhprqlfv= �Ghsrvlw Prqh| Edqn

+GPE, Fodlpv rq Qrq�qdqfldo Sxeolf Hqwhusulvhv +QSHv,� +55F11]I,/ �GPE Fodlpv rq wkh

Sulydwh Vhfwru +SV,� +55G11]I,/ �Rwkhu Edqnlqj Lqvwlwxwlrq +REL, Fodlpv rq wkh Sulydwh

Vhfwru� +75G11]I,/ �Qrqedqn Ilqdqfldo Lqvwlwxwlrq Fodlpv rq wkh SV� +75G1V]I,1 Lqgrqh0

vld= +55F11]I, soxv +55G11]I, soxv �GPE Fodlpv rq RELv� +55I11]I, soxv �GPE Fodlpv rq

Qrqedqn Ilqdqfldo Lqvwlwxwlrqv� +55J11]I,1 Nruhd= +55G11]I, soxv +75G11]I, soxv �Wuxvw

Dffrxqw Fodlpv rq wkh SV� +75G1J]I, soxv +75G1V]I, plqxv �REL Fuhglw iurp GPE0
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soxv +75G11]I,1 Wkdlodqg= +55F11]I, soxv +55G11]I, soxv �Ilqdqfh dqg Vhfxulw| Frpsdq|
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Figure 1

Nominal Exchange Rate Versus the U.S. Dollar
(US$ per Local Currency Unit, 7/1/97=100)

Source: See Appendix B.  Notes:  Daily observations.
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Figure 2

Stock Market Indexes
(Index numbers, 7/1/97=100)

Source:  See Appendix B.  Notes: Heavy lines–banking index.  Thin lines–nonfinancial index.  Original
data are in local currency units.
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Figure 3

Implied Forward Premia in the Thai Baht Offshore Market, 1997

Sources: See Appendix B.  Notes: This figure plots (F-S)/S, measured in percent, for different forward
horizons.  The forward rate is implicit and is calculated from the covered interest parity condition using
baht interest rates and U.S. dollar Fed Funds interest rates.
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Figure 4

Money Stocks
(Index numbers, 7/1/97=100)

Sources: See Appendix B.  Notes: MB: monetary base.  Data are end-of-month values with the last date
being the most recent available up to May 2000.
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Figure 5

Response to News about an Increase in Prospective Deficits
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Figure 6

Effects of Varying the Threshold Rule Parameter, Ψ, on the Time of the Attack

a) µ Adjusted to Satisfy the Government’s Present Value Budget Constraint

b) MT/M Adjusted to Satisfy the Government’s Present Value Budget Constraint
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Figure 7

Prices
(Index numbers, 7/1/97=100)

Sources: See Appendix B.  Notes: EPI: export price index, EWPI: export wholesale price index, EUV:
export unit value, IPI: import price index, IWPI: import wholesale price index, IUV: import unit value, PPI:
producer or wholesale price index, CPI: consumer price index.  Data are monthly with the last date being
the most recent available up to December 1999.
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Figure 8

3-Month Interest Rates in 1997

Sources: See Appendix B.
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