
Wkh Juhdw Lq dwlrq ri wkh 4<:3v�

Odzuhqfh M1 Fkulvwldqr| Fkulvwrskhu Jxvw}

SUHOLPLQDU\ DQG LQFRPSOHWH$

Rfwrehu/ 4<<<

Devwudfw

Zh h{soruh wzr prghov ri wkh wdnh0r� lq lq dwlrq lq wkh hduo| 4<:3v= d vwlfn| sulfh
prgho dqg d olplwhg sduwlflsdwlrq prgho1 Wkh odwwhu kdv wkh yluwxh wkdw lw dovr dffrxqwv
iru wkh zhdn hfrqrplf frqglwlrqv +l1h1/ vwdj dwlrq, ri wkh hduo| 4<:3v1

Rxu olplwhg sduwlflsdwlrq prgho lqfrusrudwhv wkh prqhwdu| srolf| uxoh hvwlpdwhg iru
wkh 4<:3v e| Fodulgd/ Jdol dqg Jhuwohu1 Wkh prgho kdv dq htxloleulxp lq zklfk d edg
whfkqrorj| vkrfn gulyhv xs h{shfwhg lq dwlrq zklfk wkh Ihg dffrpprgdwhv zlwk kljkhu
prqh| jurzwk1 Wkh Ihg dovr udlvhv wkh lqwhuhvw udwh/ zklfk kdv wkh h�hfw ri h{dfhuedwlqj
wkh ghsuhvvlyh h�hfwv ri wkh edg whfkqrorj| vkrfn1 Zh dujxh wkdw wkh prgho surylghv d
xvhixo vw|ol}hg uhsuhvhqwdwlrq ri wkh hyhqwv ri wkh hduo| 4<:3v1 Zh h{soruh wkh lpsolfdwlrqv
ri rxu dqdo|vlv iru wkh srolf| fkdqjhv qhhghg wr hqvxuh wkdw d 4<:3v0vw|oh vwdj dwlrq grhv
qrw kdsshq djdlq1

�Fkulvwldqr lv juhdwixo iru d Qdwlrqdo Vflhqfh Irxqgdwlrq judqw wr wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk
iru �qdqfldo vxssruw1 Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo
Uhvhuyh V|vwhp1

| Qruwkzhvwhuq Xqlyhuvlw|/ Ihghudo Uhvhuyh Edqn ri Fklfdjr dqg QEHU1
} Ihghudo Uhvhuyh Erdug ri Jryhuqruv1



41 Lqwurgxfwlrq

Frqvlghudeoh uhvhdufk kdv ehhq ghyrwhg wr xqghuvwdqglqj wkh fdxvhv ri wkh kljk lq dwlrq h{sh0

ulhqfhg e| pdq| frxqwulhv gxulqj wkh 4<:3v1 Wkh prwlydwlrq iru wklv uhvhdufk lv wr ghvljq srolf|

uxohv dqg lqvwlwxwlrqv wkdw zloo uhgxfh wkh olnholkrrg wkdw wkdw h{shulhqfh zloo eh uhshdwhg1 Rqh

fodvv ri h{sodqdwlrqv lv wkdw wkh lq dwlrq wdnh0r� uh hfwhg dq lqfuhdvh lq lq dwlrq h{shfwdwlrqv

wkdw ehfdph vhoi0ixo�oolqj ehfdxvh ri wkh qdwxuh ri prqhwdu| srolf|14 Fodulgd/ Jdol dqg Jhuwohu

+4<<<, +FJJ, suhvhqw d vwlfn| sulfh prgho zklfk wkh| frqmhfwxuh fdq h{sodlq wkh 4<:3v lq dwlrq

lq wklv zd|1 Wr hydoxdwh wklv frqmhfwxuh/ zh xvh wkh prgho wr jhqhudwh duwl�fldo gdwd iru wkh

4<:3v1 Zh gr wkh vdph h{shulphqw xvlqj wkh olplwhg sduwlflsdwlrq prgho ri prqh| vwxglhg lq

Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;,1 Zh vkrz wkdw wkh wzr prghov kdyh vkduso| gl�huhqw

suhglfwlrqv iru wkh 4<:3v1 Wkh FJJ prgho suhglfwv d vwurqj hfrqrp|/ zkloh wkh olplwhg sduwlfl0

sdwlrq prgho kdv wkh lpsolfdwlrq wkdw rxwsxw/ hpsor|phqw/ frqvxpswlrq dqg lqyhvwphqw vkrxog

kdyh ehhq zhdn1 Zh wkhq dvn zklfk prgho ehvw dffrxqwv iru wkh h{shulhqfh ri wkh 4<:3v1 Rxu

whqwdwlyh frqfoxvlrq lv wkdw wkh olplwhg sduwlflsdwlrq prgho grhv ehvw/ ehfdxvh lwv lpsolfdwlrqv

frqirup ehwwhu zlwk wkh vlpxowdqhrxv orz rxwsxw dqg kljk lq dwlrq +l1h1/ vwdj dwlrq, ri wkh

4<:604<:8 shulrg1

Lq erwk prghov/ wkh prqhwdu| dxwkrulw| lv prghohg lq wkh vdph zd|1 Iroorzlqj FJJ/ zh

prgho lw dv lpsohphqwlqj d Wd|oru uxoh/ lq zklfk wkh qrplqdo udwh ri lqwhuhvw lv vhw dv dq

lqfuhdvlqj ixqfwlrq ri wkh h{shfwhg udwh ri lq dwlrq dqg wkh rxwsxw jds1 Wkh sdudphwhuv ri wkh

srolf| uxoh duh wkh rqhv hvwlpdwhg e| FJJ xvlqj XV gdwd iurp wkh 4<:3v1 Wkh FJJ prgho lv

d udwlrqdo h{shfwdwlrqv LV0OP prgho/ zklfk fdq eh ghulyhg iurp dq rswlpl}dwlrq iudphzrun1

Wkh prghov erwk kdyh wkh surshuw| wkdw d vhoi0ixo�oolqj wdnh0r� lq lq dwlrq lv srvvleoh1

Zh qrz eulh | ghvfuleh wkh phfkdqlvpv lq wkhvh prghov zklfk doorz wkhp wr kdyh wklv

surshuw|1 D nh| ihdwxuh ri wkh hvwlpdwhg prqhwdu| srolf| uxoh lv wkdw wkh frh!flhqw rq h{shfwhg

4Dq h{dpsoh ri wklv/ zklfk exlogv rq wkh zrun ri N|godqg dqg Suhvfrww +4<::, dqg Eduur dqg Jrugrq
+{{,/ lv gxh wr Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<;,1 Wkh| ghvfuleh d prgho hqylurqphqw lq zklfk sulydwh
djhqwv zkr h{shfw kljk lq dwlrq wdnh dfwlrqv zklfk sodfh d ehqhyrohqw/ rswlpl}lqj prqhwdu| dxwkrulw| lq d
glohppd1 Hlwkhu lw dffrpprgdwhv wkh h{shfwdwlrqv/ lq zklfk fdvh lw surgxfhv wkh yhu| wdnh0r� lq lq dwlrq wkdw
zdv h{shfwhg1 Ru/ lw idlov wr dffrpprgdwh wkh h{shfwdwlrqv/ lq zklfk fdvh lw jhqhudwhv d zhoiduh0uhgxflqj idoo lq
rxwsxw dqg hpsor|phqw1 Dffruglqj wr wklv ylhz/ wkh Ihg fkrvh wkh sdwk ri dffrpprgdwlrq dv wkh ohdvw edg ri
wzr edg rswlrqv1 Rxu zrun lq wklv sdshu lv yhu| pxfk lq wkh vslulw ri wkh Fkdul/ Fkulvwldqr dqg Hlfkhqedxp
dqdo|vlv1 Wkh gl�huhqfh lv wkdw zh gr qrw prgho wkh srolf| dxwkrulw| dw wkh ohyho ri remhfwlyhv dqg frqvwudlqwv1
Zh lqvwhdg iroorz Fodulgd/ Jdol dqg Jhuwohu + {{, lq prgholqj wkh prqhwdu| dxwkrulw| dw wkh ohyho ri lwv ghflvlrq
uxoh/ zklfk lv hvwlpdwhg gluhfwo| iurp wkh gdwd ri wkh 4<:3v1
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lq dwlrq lv ohvv wkdq rqh1 Dv d uhvxow/ zkhq wkhuh lv d ulvh lq h{shfwhg lq dwlrq/ krxvhkrogv

h{shfw wklv wr uhvxow lq d idoo lq wkh uhdo udwh ri lqwhuhvw1 Lq wkh FJJ prgho/ wklv vwlpxodwhv

vshqglqj zklfk/ yld d vwdqgdug vwlfn|0sulfh phfkdqlvp/ uhvxowv lq d ulvh lq rxwsxw1 Ryhu wlph/

wkh ulvh lq rxwsxw jlyhv zd| wr dq lqfuhdvh lq wkh sulfh ohyho/ wkxv ixo�oolqj wkh ruljlqdo ulvh lq

h{shfwhg lq dwlrq1 Hylghqwo|/ wkh FJJ prgho lpsolhv wkdw d vhoi0ixo�oolqj rxwexuvw ri lq dwlrq

zloo surgxfh d ulvh lq hpsor|phqw dqg rxwsxw dqg 0 lq d yhuvlrq ri wkh prgho zlwk sk|vlfdo

fdslwdo 0 lqyhvwphqw1 Rxu olplwhg sduwlflsdwlrq prgho dovr kdv wkh lpsolfdwlrq wkdw lq dwlrq

h{shfwdwlrqv fdq eh vhoi0ixo�oolqj/ dowkrxjk lw kdsshqv e| d yhu| gl�huhqw phfkdqlvp1 Lqvwhdg

ri rshudwlqj wkurxjk wkh ghpdqg vlgh ri wkh hfrqrp|/ wklv phfkdqlvp rshudwhv wkurxjk wkh

vxsso| vlgh1 Lq wkh olplwhg sduwlflsdwlrq prgho/ wkh idoo lq wkh uhdo udwh ri lqwhuhvw dvvrfldwhg

zlwk d ulvh lq h{shfwhg lq dwlrq ohdgv krxvhkrogv wr uhgxfh wkhlu ghsrvlwv zlwk wkh �qdqfldo

lqwhuphgldu|1 Wklv uhgxfwlrq sodfhv xszdug suhvvxuh rq wkh lqwhuhvw udwh ehfdxvh �upv qhhg

wr eruurz ixqgv wr �qdqfh surgxfwlyh lqsxwv1 Lq sxuvxlqj lwv srolf| ri qrw ohwwlqj wkh lqwhuhvw

udwh ulvh wrr pxfk/ wkh prqhwdu| dxwkrulw| pxvw lqmhfw oltxlglw| lqwr wkh edqnlqj v|vwhp1 Wklv

lqmhfwlrq wkhq surgxfhv d ulvh lq sulfhv/ wkxv ydolgdwlqj wkh ruljlqdo ulvh lq lq dwlrq h{shfwdwlrqv1

Vlqfh wkh prqhwdu| dxwkrulw| grhv shuplw vrph ulvh lq wkh qrplqdo udwh ri lqwhuhvw/ wklv kdv

wkh h�hfw ri ghsuhvvlqj rxwsxw/ hpsor|phqw/ frqvxpswlrq dqg lqyhvwphqw1 Wkxv/ wkh olplwhg

sduwlflsdwlrq prgho frqwdlqv sxuh vwdj dwlrq htxloleuld1 Zh frqvlghu wzr yhuvlrqv ri rxu olplwhg

sduwlflsdwlrq prgho1 Lq wkh edvholqh prgho/ lqyhvwphqw lv d fdvk jrrg1 Lq wkh dowhuqdwlyh prgho/

lqyhvwphqw lv d fuhglw jrrg1 Lqyhvwphqw idoov gxulqj d vhoi0ixo�oolqj lq dwlrq hslvrgh lq erwk

yhuvlrqv ri wkhvh prgho1 Qrw vxusulvlqjo|/ lw idoov pruh lq wkh yhuvlrq ri wkh prgho lq zklfk

lqyhvwphqw lv d fdvk jrrg1

Dowkrxjk hdfk ri wkh prghov frqvlghuhg kdv htxloleuld lq zklfk lq dwlrq lv wuljjhuhg e|

vxqvsrw yduldeohv/ wkhvh duh qrw wkh htxloleuld zh vwxg| lq wklv sdshu1 Lqvwhdg/ zh vwxg| htxloleuld

lq zklfk lq dwlrq h{shfwdwlrqv duh wuljjhuhg e| edg whfkqrorj| vkrfnv1

Dffruglqj wr wkhvh prghov/ zkdw vkrxog zh gr wr suhyhqw d uhfxuuhqfh ri wkh kljk lq dwlrq

ri wkh 4<:3vB Wkh FJJ prgho dqg wkh ehqfkpdun olplwhg sduwlflsdwlrq prgho erwk lpso| wkdw

li wkh frh!flhqw rq h{shfwhg lq dwlrq lq wkh Wd|oru uxoh lv odujhu wkdq xqlw|/ wkhq vhoi0ixo�oolqj

lq dwlrq exuvwv duh qrw srvvleoh1 Krzhyhu/ wkh olplwhg sduwlflsdwlrq prgho lq zklfk lqyhvwphqw

lv d fuhglw jrrg lpsolhv vhoi0ixo�oolqj lq dwlrq rxwexuvwv duh srvvleoh hyhq li wkh frh!flhqw rq

h{shfwhg lq dwlrq lv kljk1 Pruh edvlf fkdqjhv wr srolf| duh uhtxluhg lq wkdw prgho1
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Wkh iroorzlqj vhfwlrq ghvfulehv wkh prqhwdu| srolf| uxoh xvhg lq wkh dqdo|vlv1 Wkh iroorzlqj

wzr vhfwlrqv glvfxvv wkh olplwhg sduwlflsdwlrq dqg wkh FJJ prghov1 Diwhu wkdw/ zh glvfxvv rxu

vlpxodwlrq ri wkh 4<:3v xvlqj wkhvh prghov1 Ilqdoo|/ zh eulh | glvfxvv wkh gdwd iurp wkh 4<:3v1

Zh hqg zlwk d eulhi frqfoxvlrq1

51 Prqhwdu| Srolf|

Wkh vshfl�fdwlrq ri prqhwdu| srolf| wkdw zh dgrsw lv wkh rqh hvwlpdwhg iru wkh 4<:3v e| Fodulgd/

Jdol dqg Jhuwohu +4<<;,1 Wkhlu hvwlpdwlrq surfhgxuh lv frqvlvwhqw iurp wkh srlqw ri ylhz ri doo

wkh prghov frqvlghuhg lq wklv sdshu1 Wkh srolf| uxoh kdv wkh iroorzlqj sduwldo dgmxvwphqw irup=

-| ' 4-|3� n E�� 4�-W

|
� +514,

Lq zrugv/ wkh +jurvv, qrplqdo udwh ri lqwhuhvw/ -|c lv d zhljkwhg dyhudjh ri lwv ydoxh lq wkh suhylrxv

shulrg dqg wkh fxuuhqw wdujhw ydoxh/ -W

|
� Wkh wdujhw lqwhuhvw udwh lv ghwhuplqhg dffruglqj wr wkh

iroorzlqj uxoh=

-W

|
' frqvwdqwn k.| *L}EZ|n�� n �+|c Z|n� '

�|n�

�|

c +515,

zkhuh �| lv wkh sulfh ohyho/ .| lv wkh gdwh | frqglwlrqdo h{shfwdwlrq dqg +| lv wkh shufhqw ghyldwlrq

ehwzhhq dfwxdo rxwsxw dqg wuhqg rxwsxw1 Wkh hvwlpdwhg ydoxhv ri 4c k dqg � duh f�.D/ f�H dqg

f�ee/ uhvshfwlyho|1 Zh xvh wkhvh ydoxhv lq rxu dqdo|vlv15

61 Wkh Olplwhg Sduwlflsdwlrq Prgho

Wklv vhfwlrq ghvfulehv wkh wzr yhuvlrqv ri wkh olplwhg sduwlflsdwlrq prgho frqvlghuhg lq rxu

dqdo|vlv1 Wkh| duh gl�huhqwldwhg dffruglqj wr zkhwkhu lqyhvwphqw lv d fdvk ru d fuhglw jrrg1 Lq

5Fodulgd/ Jdol dqg Jhuwohu +4<<;, xvh uhylvhg gdwd wr hvwlpdwh wkh srolf| uxoh iru wkh 4<:3v1 Ruskdqlghv
+4<<:, dujxhv wkdw frqvwuxfwlqj |w xvlqj �qdo uhylvhg gdwd pd| jlyh d yhu| gl�huhqw ylhz ri |w wkdq dfwxdo srolf|
pdnhuv lq wkh 4<:3v kdg1 Kh dujxhv wkdw wkh surgxfwlylw| vorzgrzq wkdw lv wkrxjkw wr kdyh rffxuhg ehjlqqlqj
lq wkh hduo| 4<:3v zdv qrw uhfrjql}hg e| srolf|pdnhuv xqwlo pxfk odwhu lq wkdw ghfdgh1 Dv d uhvxow/ dffruglqj wr
Ruskdqlghv/ uhdo0wlph srolf|pdnhuv lq wkh 4<:3v wkrxjkw wkdw rxwsxw zdv ixuwkhu ehorz srwhqwldo wkdq fxuuhqw
hvwlpdwhv vxjjhvw1 Lq sulydwh frppxqlfdwlrq/ Ruskdqlghv kdv lqiruphg xv wkdw zkhq uhdo0wlph gdwd rq |w dqg
wkh rwkhu yduldeohv duh xvhg wr uhgr wkh Fodulgd/ Jdol dqg Jhuwohu hvwlpdwlrq surfhgxuh/ kh �qgv wkdw wkh srlqw
hvwlpdwhv iru �> �> � iru wkh 4<:3v fkdqjh1 Wkh| pryh lqwr wkh uhjlrq zkhuh htxloleulxp lqghwhuplqdf| grhv qrw
rffxu1 Wkh vwdqgdug huuruv rq wkh srlqw hvwlpdwhv duh odujh/ krzhyhu/ dqg gr qrw h{foxgh wkh Fodulgd/ Jdol dqg
Jhuwohu +4<<;, srlqw hvwlpdwhv1
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rxu edvholqh vshfl�fdwlrq/ zh iroorz Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;, dqg Fkulvwldqr

dqg Jxvw +4<<<, lq vshfli|lqj lqyhvwphqw wr eh d fdvk jrrg1 Zh �uvw ghvfuleh wklv yhuvlrq ri

wkh prgho1 Zh wkhq lqglfdwh wkh prgl�fdwlrqv wr wklv prgho wkdw duh lpsolhg e| gursslqj wkh

fdvk lq dgydqfh frqvwudlqw rq lqyhvwphqw1 Ilqdoo|/ zh uhylhz wkh lqghwhuplqdf| surshuwlhv ri

wkhvh wzr prghov1

6141 Wkh Ehqfkpdun Prgho

Zh qrz eulh | ghvfuleh wkh prgho/ zklfk 0 dsduw iurp wkh vshfl�fdwlrq ri prqhwdu| srolf| 0

fruuhvsrqgv wr wkh prgho dqdo|}hg lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;,1 Wkh prgho lv

frpsrvhg ri d uhsuhvhqwdwlyh krxvhkrog/ d �qdqfldo lqwhuphgldu|/ d uhsuhvhqwdwlyh �up/ dqg d

prqhwdu| dxwkrulw|1 Zh qrz ghvfuleh hdfk ri wkhvh lq wxuq1

Wkh uhsuhvhqwdwlyh krxvhkrog ehjlqv shulrg | zlwk wkh hfrqrp|*v vwrfn ri prqh|/ �|c dqg

wkhq surfhhgv wr glylgh lw ehwzhhq '| grooduv doorfdwhg wr wkh sxufkdvh ri jrrgv/ dqg �| � '|

grooduv doorfdwhg wr wkh �qdqfldo lqwhuphgldu|1 Lq wkh edvholqh vshfl�fdwlrq/ wkh krxvhkrog idfhv

wkh iroorzlqj fdvk frqvwudlqw rq frqvxpswlrq dqg lqyhvwphqw jrrgv=

'| n`|u| � �| E�| n U|� c

zkhuh U| ghqrwhv lqyhvwphqw/ �| ghqrwhv frqvxpswlrq/ u| ghqrwhv krxuv zrunhg/ dqg `| dqg �|

ghqrwh wkh zdjh udwh dqg sulfh ohyho1 Iru sxusrvhv ri wkh fdofxodwlrqv/ zh zloo dvvxph wkdw wklv

frqvwudlqw dozd|v krogv dv d vwulfw htxdolw|1 Wkh krxvhkrog rzqv wkh vwrfn ri fdslwdo/ dqg lw kdv

wkh vwdqgdug fdslwdo dffxpxodwlrq whfkqrorj|=

g|n� ' U| n E�� B�g|�

Wkh krxvhkrog*v prqhwdu| dvvhwv dffxpxodwh dffruglqj wr wkh iroorzlqj h{suhvvlrq=

�|n� ' '| n`|u| � �| E�| n U|� n-|E�| �'| nf|� n(| n o|g|c

zkhuh f| lv d gdwh | prqhwdu| lqmhfwlrq e| wkh prqhwdu| dxwkrulw| dqg -| ghqrwhv wkh jurvv

udwh ri uhwxuq rq krxvhkrog ghsrvlwv zlwk wkh �qdqfldo lqwhuphgldu|1 Dovr/ (| ghqrwhv krxvhkrog

sur�wv/ wuhdwhg dv oxps vxp wudqvihuv/ dqg o| lv wkh uhqwdo udwh rq fdslwdo1 Dq lpsolfdwlrq ri wklv
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vhwxs lv wkdw wkh krxvhkrog*v gdwh | hduqlqjv ri uhqw rq fdslwdo fdqqrw eh vshqw xqwlo wkh iroorzlqj

shulrg/ zkloh lwv gdwh | zdjh hduqlqjv fdq eh vshqw lq wkh vdph shulrg1 Dv d uhvxow/ lq dwlrq

dfwv olnh d wd{ rq lqyhvwphqw lqfrph1 Wkh krxvhkrog*v gdwh | ghflvlrq derxw '| pxvw eh pdgh

ehiruh wkh gdwh | uhdol}dwlrq ri wkh vkrfnv/ zkloh doo rwkhu ghflvlrqv duh pdgh diwhuzdug1 Wklv

dvvxpswlrq lv zkdw jxdudqwhhv wkdw zkhq d vxusulvh prqhwdu| lqmhfwlrq rffxuv/ wkh htxloleulxp

udwh ri lqwhuhvw idoov/ dqg rxwsxw dqg hpsor|phqw ulvh1 Wr dvvxuh wkdw wkhvh h�hfwv duh shuvlvwhqw/

zh lqwurgxfh dq dgmxvwphqw frvw lq fkdqjlqj '|c M| ' M
�

'|

'|3�

�
c zkhuh M| lv lq xqlwv ri wlph/

dqg M lv dq lqfuhdvlqj ixqfwlrq16 Wkh krxvhkrog*v sureohp dw wlph f lv wr fkrrvh frqwlqjhqf|

sodqv iru �|c U|c '|c �|n�c u|/ g|n�c | ' fc ���c4 wr pd{lpl}h

.f

"[
|'f

q|L E�|c u|c M|� c LE�cucM� ' ,J}

5
7� � �f

EunM�E�n��

� n �

6
8 c

vxemhfw wr wkh lqirupdwlrq/ fdvk/ dvvhw dffxpxodwlrq dqg rwkhu frqvwudlqwv1

Wkh krxvhkrog*v Hxohu htxdwlrq iru fkrrvlqj oderu lv=

Luc| n L�c|

`|

�|
' f� +614,

Wkh krxvhkrog*v Hxohu htxdwlrq iru vhwwlqj '| lv=

.|3�

+
\|

�|

� q
\|n�

�|n�

-|

,
' fc +615,

zkhuh

\| ' L�c| n LMc|M
�

|

�|3�
'|3�

�

Z|
� qLMc|n�M

�

|n�

'|n�*�|n�

E'|*�|�
2
Z|n�� +616,

Khuh/ \| lv wkh pdujlqdo xwlolw| ri dq h{wud xqlw ri frqvxpswlrq/ �qdqfhg e| vhqglqj h{wud

fxuuhqf| wr wkh jrrgv pdunhw lq shulrg |1 Wkh h{suhvvlrq fdswxuhv wkh idfw wkdw vxfk dq lqfuhdvh

lq frqvxpswlrq uhtxluhv lqfuhdvlqj '|c dqg wklv hqwdlov dgmxvwphqw frvwv1 Wkh gdwlqj rq wkh

frqglwlrqdo h{shfwdwlrq lq +616, uh hfwv wkdw wkh '| ghflvlrq lv wdnhq ehiruh wkh uhdol}dwlrq ri

6Rxu dgmxvwphqw frvw ixqfwlrq kdv wkh iroorzlqj irup=

K

�
Tw

Tw�4

�
@ g

�
h{s

�
f

�
Tw

Tw�4

� 4� {

��
. h{s

�
�f

�
Tw

Tw�4

� 4� {

��
� 5

�

zkhuh { ghqrwhv wkh dyhudjh udwh ri prqh| jurzwk1
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wkh gdwh | vkrfnv1

Wkh krxvhkrog*v Hxohu htxdwlrq iru fkrrvlqj g|n� lv jlyhq e| wkh iroorzlqj h{suhvvlrq=

.|

+
L�c| � q

%
q\|n2

o|n�
�|n�

�

Z|n2
n L�c|n� E�� B�

&,
' f� +617,

Wr xqghuvwdqg wklv h{suhvvlrq/ uhfdoo wkdw 0 lq wkh ehqfkpdun vshfl�fdwlrq 0 wkh lqyhvwphqw

jrrg/ olnh wkh frqvxpswlrq jrrg/ lv d fdvk jrrg1 Dv d uhvxow/ wkh frqvxpswlrq frvw ri d xqlw

lqfuhdvh lq g|n� lv mxvw rqh frqvxpswlrq jrrg zklfk/ lq xwlolw| whupv/ kdv ydoxh L�c|1 Wkh jdlq

lv frpsrvhg ri wkh wzr whupv lq vtxduh eudfnhwv/ glvfrxqwhg e| q1 Wkh �uvw whup lv wkh gdwh

| n � ydoxh ri wkh uhqwdo udwh ri fdslwdo/ zklfk lv glylghg e| Z|n2 dqg frqyhuwhg lqwr xwlolw|

whupv xvlqj q\|n2 ehfdxvh wkh krxvhkrog fdqqrw vshqg lwv gdwh |n � uhqwdo hduqlqjv xqwlo gdwh

| n 2� Wkh vhfrqg whup lv wkh gdwh | n � ydoxh ri wkh uhgxfwlrq lq gdwh | n � lqyhvwphqw pdgh

srvvleoh e| wkh h{wud fdslwdo dydlodeoh dw wkh hqg ri | n �� Wklv lv frqyhuwhg lqwr xwlolw| xqlwv

zlwk L�c|n� ehfdxvh wkh uhgxfwlrq lq lqyhvwphqw fdq eh frqyhuwhg lqwr dq lpphgldwh lqfuhdvh lq

frqvxpswlrq sxufkdvhv/ zlwkrxw lqfxuulqj dq| sruwirolr dgmxvwphqw frvwv1

Qrz frqvlghu wkh �upv1 Zh vxssrvh wkdw d frpshwlwlyh/ �qdo jrrg �up frqyhuwv d frqwlqxxp

ri lqwhuphgldwh jrrgv xvlqj d olqhdu krprjhqhrxv/ Gl{lw0Vwljolw} djjuhjdwru/ lqwr �qdo rxwsxw1

Hdfk lqwhuphgldwh jrrg lv surgxfhg e| d prqrsrolvw xvlqj fdslwdo dqg oderu1 Wkh prqrsrolvw

ehkdyhv frpshwlwlyho| lq idfwru pdunhwv1 Wkh zdjh eloo pxvw eh �qdqfhg dw wkh ehjlqqlqj ri

wkh shulrg e| eruurzlqj fdvk iurp wkh �qdqfldo lqwhuphgldu|/ zkloh uhqwdo sd|phqwv rq fdslwdo

fdq eh �qdqfhg rxw ri fxuuhqw shulrg uhfhlswv1 Wklv vhwxs ohdgv/ lq d v|pphwulf htxloleulxp/ wr

wkh iroorzlqj h!flhqf| frqglwlrqv iru oderu dqg fdslwdo/ uhvshfwlyho|=

`|-|

�|
'
suc|
>
c
o|
�|

'
sgc|
>

c +618,

zkhuh > lv wkh �{hg pdunxs ri sulfh ryhu pdujlqdo frvw1 Qrwh wkh suhvhqfh ri -| lq wkh pdujlqdo

frqglwlrq iru oderu1 Wklv uh hfwv rxu dvvxpswlrq wkdw +lqwhuphgldwh, jrrg surgxfhuv pxvw

eruurz wkh zdjh eloo lq dgydqfh/ vr wkdw wkh hqg ri shulrg groodu frvw ri d xqlw ri oderu lv`|-|�

Wkh hfrqrp|0zlgh uhvrxufh frqvwudlqw lv=

�| ng|n� � E�� B�g| � e%RE5|�g
w
|u

�3w
| c
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zkhuh wkh whfkqrorj| vkrfn/ 5|c kdv wkh iroorzlqj wlph vhulhv uhsuhvhqwdwlrq1

5| ' 455|3� n 05c|c

dqg 0�c| kdv phdq }hur dqg vwdqgdug ghyldwlrq j5�

Wkh gdwh | lqfuhphqw wr prqh|/ f|c lv vhohfwhg e| wkh prqhwdu| dxwkrulw|1 Wkh prqhwdu|

dxwkrulw| lv dvvxphg wr gr wklv lq vxfk d zd| wkdw +514,0+515, lv vdwlv�hg lq htxloleulxp1 Zh dgrsw

d frqyhqwlrqdo vhtxhqfh ri pdunhwv htxloleulxp frqfhsw1 Dq htxloleulxp lv d vwdwh frqwlqjhqw

vhtxhqfh ri sulfhv/ udwhv ri uhwxuq dqg txdqwlwlhv kdylqj wkh surshuw| wkdw krxvhkrogv dqg �upv

pd{lpl}h dqg +514,0+515 , duh vdwlv�hg1 Rxu vwudwhj| iru vroylqj wkh prgho/ edvhg rq olqhdul}lqj

lwv �uvw rughu frqglwlrqv/ lv ghvfulehg lq wkh Dsshqgl{1

6151 Wkh Dowhuqdwlyh Prgho

Lq wkh dowhuqdwlyh prgho/ lqyhvwphqw lv d fuhglw jrrg/ vr wkdw wkh krxvhkrog*v fdvk frqvwudlqw

ehfrphv=

'| n`|u| � �|�|�

Zkloh wkh rwkhu krxvhkrog Hxohu htxdwlrqv uhpdlq xqfkdqjhg/ wkh htxdwlrq iru g|n�/ htxdwlrq

+617,/ lv uhsodfhg e|=

.|

+
\|n�

Z|n�

� q
\|n2

Z|n2

%
o|n�
�|n�

n E�� B�

&,
' f� +619,

Wr xqghuvwdqg wklv htxdwlrq/ qrwh wkdw wr sd| iru d xqlw lqfuhdvh lq g|n�c wkh krxvhkrog uhgxfhv

qh{w shulrg*v frqvxpswlrq/ dw d xwlolw| frvw ri q\|n�� Lq xqlwv ri qh{w shulrg*v frqvxpswlrq

jrrg/ wkh jdlq iurp wklv lqfuhdvh lq g|n� lv wkh remhfw lq vtxduh eudfnhwv1 Exw/ wkdw fdqqrw

eh frqvxphg xqwlo shulrg | n 2c diwhu ehlqj gh dwhg e| Z|n2� Wkh pdujlqdo ydoxh ri wkh h{wud

frqvxpswlrq lv q2\|n2�

6161 Lqghwhuplqdf| lq wkh Prghov

Vhoi0ixo�oolqj lq dwlrq rxwexuvwv duh srvvleoh lq yhuvlrqv ri rxu prgho lq zklfk wkh qrqvwrfkdvwlf

vwhdg| vwdwh htxloleulxp lv lqghwhuplqdwh1 Zh lghqwli| vxfk d vlwxdwlrq xvlqj wkh hljhqydoxh0

:



frxqwlqj uxohv vxjjhvwhg e| wkh dqdo|vlv ri Eodqfkdug dqg Ndkq +4<;3,1 Vhh wkh dsshqgl{ iru

pruh ghwdlov1 Khuh/ zh eulh | vxppdul}h frqglwlrqv xqghu zklfk wkh wzr yhuvlrqv ri wkh olplwhg

sduwlflsdwlrq prgho kdyh lqghwhuplqdwh qrqvwrfkdvwlf vwhdg| vwdwhv1

Dv uhsruwhg lq Fkulvwldqr dqg Jxvw +4<<<,/ iru wkh ehqfkpdun prgho wkh qrqvwrfkdvwlf

vwhdg| vwdwh lv ghwhuplqdwh iru ydoxhv ri k ehwzhhq/ urxjko|/ � dqg ��D dqg � srvlwlyh/ exw vpdoo1

Wkhvh �qglqjv zhuh rewdlqhg e| qxphulfdo dqdo|vlv ri wkh prgho/ dqg zhuh rewdlqhg iru ydoxhv

ri 4 ehwzhhq f dqg �� Lq wkh fdvh ri wkh dowhuqdwlyh prgho/ zh irxqg wkdw wkh qrqvwrfkdvwlf

vwhdg| vwdwh lv lqghwhuplqdwh iru doo ydoxhv ri k � fc kroglqj � ' f�7 ^Dgg glvfxvvlrq ri uhodwlrq

wr Fduovwurp dqg Ixhuvw1`

Wkhvh gl�huhqfhv ehwzhhq wkh prghov duh lpsruwdqw iurp d srolf| shuvshfwlyh1 Iru h{dpsoh/

wkh ehqfkpdun prgho lpsolhv wkdw lq dwlrq rxwexuvwv olnh wkdw lq wkh 4<:3v fdq eh suhyhqwhg

e| lqfuhdvlqj wkh ydoxh ri k lq wkh srolf| uxoh +iru ixuwkhu glvfxvvlrq/ vhh Fkulvwldqr dqg Jxvw

+4<<<,1, Krzhyhu/ wklv rswlrq grhv qrw zrun lq wkh dowhuqdwlyh prgho1 Lq wkdw prgho/ d pruh

ixqgdphqwdo fkdqjh lq prqhwdu| srolf| lv uhtxluhg wr uxoh rxw vhoi0ixo�oolqj exuvwv ri lq dwlrq1

Ehfdxvh ri wkhvh srolf| lpsolfdwlrqv/ lw lv lpsruwdqw wr xqghuvwdqg wkh uhdvrq zk| wkh vwhdg|

vwdwh jrhv iurp ehlqj ghwhuplqdwh lq wkh ehqfkpdun prgho zkhq k : � wr lqghwhuplqdwh zkhq

lqyhvwphqw lv d fuhglw jrrg1

Khuh lv vrph surjuhvv wrzdugv ghyhorslqj lqwxlwlrq1 Frqvlghu wkh fdvh 4 ' � ' f dqg

vxssrvh wkdw 05c| � f iru doo |� Ohw wkh lqlwldo gdwh eh gdwh fc zkhq wkh lqlwldo frqglwlrqv duh

gf dqg '
3�1

8 Zh dvvxph wkdw wkhvh olh rq d vwhdg| vwdwh jurzwk sdwk1 Wkxv/ rqh htxloleulxp

lqyroyhv vwd|lqj rq wkdw jurzwk sdwk1 Exw/ duh wkhuh rwkhu htxloleuld/ zklfk gdwh f frqvxpswlrq

dqg rwkhu yduldeohv duh gl�huhqw iurp wkhlu vwhdg| vwdwh ydoxhv/ dqg wkhq uhwxuq wr vwhdg|

vwdwh dv|pswrwlfdoo|B Li vr/ dqg li wkhuh duh pdq| vxfk htxloleuld/ wkhq zh vd| wkh vwhdg|

vwdwh htxloleulxp lv lqghwhuplqdwh1 Pruhryhu/ lq wklv fdvh lw lv srvvleoh wr frqvwuxfw vwrfkdvwlf

htxloleuld lq zklfk yduldeohv uhvsrqg wr vxqvsrwv/ ru vlpso| cryhuuhdfw* wr ixqgdphqwdo vkrfnv/

vxfk dv wkh whfkqrorj| vkrfn1 Wkh odwwhu w|sh ri htxloleuld duh wkh rqhv wkdw zh frqvlghu lq wklv

sdshu1

Wr dqvzhu wkh txhvwlrq zkhwkhu wkhuh duh rwkhu htxloleuld/ zh ghwhuplqh zkhwkhu wkhuh duh

7Wkhvh �qglqjv duh edvhg rq � @ 3= Zh lqwhqg wr h{soruh rwkhu ydoxhv ri �=
8Lq ixwxuh gudiwv/ zh zloo h{soruh wkh lpsolfdwlrqv iru lqghwhuplqdf| ri fkdqjlqj wkh gdwh }hur vwdwh yduldeohv

iurp N3> T�4 wr N3> T3> dv lq Fduovwurp dqg Ixhuvw1

;



rwkhu sdwkv zklfk vdwlvi| wkh wzr lqwhuwhpsrudo Hxohu htxdwlrqv/ wkh vwdwlf Hxohu htxdwlrq/ dqg

wkh srolf| uxoh1 Zh zulwh wkh srolf| uxoh dv iroorzv=

-| ' Zk
|n�Vc k : �c

zkhuh V lv d frqvwdqw1 Wkh oderu dqg '| Hxohu htxdwlrqv duh wkh vdph lq wkh ehqfkpdun dqg

dowhuqdwlyh prghov1 Zh uhsurgxfh wkhp khuh lq frpsdfw irup1 Frpelqlqj +614, dqg +618,/ dqg

pdnlqj xvh ri wkh sdudphwulf irup ri wkh surgxfwlrq dqg xwlolw| ixqfwlrqv=

Eu| nM|�
�uw

| ' E�� w�
gw

|

-|>
�

Htxdwlrq +615,/ lq d qrqvwrfkdvwlf hfrqrp|/ lv=

\|

q\|n�

'
-|

Z|n�

' VZk3�
|n� �

Lv wkhuh dq htxloleulxp lq zklfk Z|n� ulvhv deryh lwv vwhdg| vwdwh ydoxh iru d zklohB Li vr/ wkhq

dffruglqj wr wkh srolf| uxoh/ wklv phdqv wkdw -| pxvw eh kljk dorqj wklv sdwk1 Dffruglqj wr

wkh oderu Hxohu htxdwlrq/ wklv phdqv wkdw u| pxvw eh orz1 Zkdw derxw wkh lqwhuwhpsrudo Hxohu

htxdwlrqB Zlwk k : �c wkh srolf| uxoh lpsolhv wkdw wkh uhdo udwh ri lqwhuhvw lv kljk dorqj d kljk

lq dwlrq sdwk1 Ljqrulqj wkh dgmxvwphqw frvwv lq '|c wklv lpsolhv wkdw wkh frqvxpswlrq sur�oh

pxvw vorsh xszdug1 Exw/ li frqvxpswlrq lv wr dv|pswrwh edfn wr wkh vwhdg| vwdwh sdwk/ wkhq

�f pxvw gurs1 Vr/ lw dsshduv wkdw wkhuh pd| eh pdq| sdwkv/ lq dgglwlrq wr wkh vwhdg| vwdwh

sdwk/ zklfk vdwlvi| wkh oderu dqg '| Hxohu htxdwlrqv/ dqg wkh srolf| uxoh1 Dorqj wkhvh sdwkv/

wkh qrplqdo lqwhuhvw udwh lv kljk/ frqvxpswlrq lv orz exw wuhqglqj edfn xs/ dqg hpsor|phqw lv

orz1 Exw/ gr wkhvh sdwkv dovr vdwlvi| wkh Hxohu htxdwlrq iru fdslwdoB Lw wxuqv rxw wkdw wkh| gr

zkhq fdslwdo lv d fuhglw jrrg/ dqg wkh| gr qrw zkhq fdslwdo lv d fdvk jrrg1

Wklv dujxphqw zloo eh ghyhorshg ixuwkhu lq wkh qh{w gudiw1 Zh zloo gr wklv e| vwxg|lqj wkh

Hxohu htxdwlrqv iru fdslwdo1 Iru h{dpsoh/ frqvlghu wkh fdvh zkhuh lqyhvwphqw lv d fuhglw jrrg1

Frpelqlqj +619, zlwk wkh �up*v �uvw rughu frqglwlrq iru fdslwdo dqg wkh Hxohu htxdwlrq iru '|c

zh rewdlq=

�� B n
sgc|n�

>
'
-|n�

Z|n�

'
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Z|n�
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^wr eh frqwlqxhg`

71 Wkh Vwlfn| Sulfh Prgho

Lq wklv vhfwlrq/ zh eulh | ghvfuleh wkh vwlfn| sulfh prgho xvhg e| Fodulgd/ Jdol/ dqg Jhuwohu

+4<<;,1 Iru d irupdo ghulydwlrq ri wkh prgho/ vhh Zrrgirug +4<<9,1 Olnh wkh olplwhg sduwlflsdwlrq

prgho/ wkh hfrqrp| frqvlvwv ri d uhsuhvhqwdwlyh krxvhkrog dqg prqrsrolvwlfdoo| frpshwlwlyh

�upv1 Krzhyhu/ krxvhkrogv gr qrw lqyhvw lq fdslwdo vr wkdw/ lq htxloleulxp/ �| ' t|1 Dovr/ �upv

vhw sulfhv dffruglqj wr Fdoyr0vw|oh frqwudfwv vr wkdw sulfh vhwwlqj lv vwdjjhuhg dv lq Nlqj dqg

Zropdq +4<<9, dqg \xq +4<<9,1 Wkxv/ wkh prgho h{klelwv qrplqdo sulfh lqhuwld dqg fkdqjhv lq

prqhwdu| srolf| lq xhqfh uhdo dfwlylw|1

Diwhu orj0olqhdul}lqj wkh htxloleulxp �uvw rughu frqglwlrqv ri wkh uhsuhvhqwdwlyh krxvhkrog

dqg �upv/ wkh prgho fdq eh vxppdul}hg e| wzr htxdwlrqv=

+| ' .|+|n� �
�

j
E�| � .|Z|n�� +714,

Z| ' q.|Z|n� n V+| � V5|� +715,

Khuh/ �| lv wkh ghyldwlrq ri wkh +qhw, qrplqdo lqwhuhvw udwh iurp lwv vwhdg| vwdwh ydoxh/ j lv wkh

frh!flhqw ri uhodwlyh ulvn dyhuvlrq lq d xwlolw| ixqfwlrq vhsdudeoh lq frqvxpswlrq/ krxuv zrunhg/

dqg prqh| edodqfhv/ dqg q lv wkh glvfrxqw idfwru1 Dovr/ V lv d uhgxfhg irup sdudphwhu wkdw

ghshqgv rq wkh suredelolw| wkdw d �up lv deoh wr uhvhw lwv frqwudfw sulfh/ wkh glvfrxqw idfwru/

wkh hfrqrp|*v pdunxs/ dqg wkh oderu vxsso| hodvwlflw|1 Vlqfh wkh uhdo lqwhuhvw udwh lv qhjdwlyho|

uhodwhg wr rxwsxw lq +714,/ lw lv riwhq lqwhusuhwhg dv wkh prgho*v LV fxuyh1 Vlploduo|/ htxdwlrq

+715, uhvhpeohv dq djjuhjdwh vxsso| fxuyh vlqfh lw srvlwv d srvlwlyh uhodwlrqvkls ehwzhhq lq dwlrq

dqg wkh ghyldwlrq ri rxwsxw iurp wuhqg1 Wkhvh wzr htxdwlrqv lq dgglwlrq wr wkh prqhwdu| srolf|

uxoh/ +BB,0+BB,/ ghwhuplqh wkh htxloleulxp uhvsrqvhv ri sulfhv dqg txdqwlwlhv lq wkh FJJ prgho1

Lq vlpxodwlqj wkh FJJ prgho/ zh xvhg d ydoxh ri V ' f��/ zklfk lv wkh ydoxh xvhg e| Fodulgd/

Jdol/ dqg Jhuwohu +4<<;,1 Zh dovr fkrrvh q ' E��f��3f�2D dqg j ' ��
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81 Vlpxodwlrq Uhvxowv

Wklv vhfwlrq frqvwuxfwv d vlpxodwlrq ri wkh 4<:3v edvhg rq rxu prghov1 Zh vshfli| wkdw wkh

ixqgdphqwdo h{rjhqrxv vkrfn lq wklv shulrg lv d edg vkrfn wr whfkqrorj|1 Iru hdfk prgho 0

wkh wzr olplwhg sduwlflsdwlrq prghov dqg wkh FFJ prgho 0 zh lghqwli| dq htxloleulxp lq zklfk

lq dwlrq cryhuuhdfwv* wr wklv edg vkrfn1

Iljxuh 4 h{klelwv wkh g|qdplf uhvsrqvh ri wkh FFJ dqg ehqfkpdun olplwhg sduwlflsdwlrq

prghov wr d �I gurs lq whfkqrorj|1 Lq hdfk prgho wkhuh lv d rqh glphqvlrqdo lqghwhuplqdf|/ vr

wkdw wkh lpsxovh uhvsrqvhv kdyh rqh iuhh sdudphwhu +iru ixuwkhu ghwdlov/ vhh wkh dsshqgl{,1 Zh

slqqhg grzq wkdw iuhh sdudphwhu e| uhtxlulqj wkdw wkh sulfh uhvsrqvh lq wkh shulrg ri wkh vkrfn

eh wkh vdph ehwzhhq wkh wzr prghov1

Qrwh iurp wkh �jxuh wkdw lq wkh FJJ prgho/ hpsor|phqw dqg rxwsxw ulvh lq uhvsrqvh wr

wkh vkrfn1 Diwhu irxu txduwhuv/ rxwsxw lv grzq/ exw wkh hpsor|phqw uhvsrqvh uhpdlqv xs iru

vhyhudo |hduv1 Wklv g|qdplf uhvsrqvh sdwwhuq uh hfwv wzr wklqjv1 Iluvw/ lw lv zhoo nqrzq wkdw

lq vwlfn| sulfh prghov/ d edg whfkqrorj| vkrfn kdv dw prvw d yhu| vpdoo qhjdwlyh lpsdfw rq

rxwsxw/ vlqfh rxwsxw lv ghpdqg ghwhuplqhg1 Dv d uhvxow/ d edg whfkqrorj| vkrfn dfwxdoo| kdv d

srvlwlyh h�hfw rq hpsor|phqw lq wkhvh prghov +vhh Jdol +4<<<, dqg Edvx dqg Ihuqdog +4<<<,,1

Vhfrqg/ dv h{sodlqhg lq wkh lqwurgxfwlrq/ d vhoi0ixo�oolqj ulvh lq lq dwlrq e| lwvhoi surgxfhv d ulvh

lq rxwsxw dqg hpsor|phqw/ dv wkh idoo lq wkh uhdo udwh ri lqwhuhvw vwlpxodwhv wkh lqwhuhvw0vhqvlwlyh

frpsrqhqwv ri djjuhjdwh ghpdqg1 Wkh vlpxodwlrq uhvxowv lq h�hfw suhvhqw wkh frpelqhg h�hfwv

ri erwk d vhoi0ixo�oolqj ulvh lq lq dwlrq dqg d edg whfkqrorj| vkrfn1 Wkh lghd lv wkdw wkh edg

whfkqrorj| vkrfn dfwxdoo| wuljjhuhg wkh ulvh lq h{shfwhg lq dwlrq/ zklfk xowlpdwho| ehfdph vhoi0

ixo�oolqj ehfdxvh ri wkh qdwxuh ri wkh prqhwdu| srolf| uxoh1 Wkh nh| wklqj wr qrwh/ krzhyhu/ lv

wkh ryhudoo ghjuhh ri vwuhqjwk lq wkh hfrqrp| diwhu wkh edg whfkqrorj|1

Wkh �jxuh dovr h{klelwv wkh uhvsrqvh ri wkh yduldeohv lq wkh ehqfkpdun olplwhg sduwlflsdwlrq

prgho wr d edg whfkqrorj| vkrfn1 Pruh yduldeohv duh h{klelwhg iru wkdw prgho ehfdxvh lw dovr

lqfoxghv prqh| dqg sk|vlfdo fdslwdo1 Wkh vkrfn rffxuv lq shulrg 5/ diwhu wkdw shulrg*v '| lv

vhw1 Wkh vkrfn gulyhv rxwsxw dqg hpsor|phqw grzq dqg lq dwlrq xs1 Wkh prqhwdu| dxwkrulw|

uhdfwv lpphgldwho| wr wkh lqfuhdvh lq lq dwlrq h{shfwdwlrqv e| uhgxflqj wkh prqh| vxsso| wr

sxvk xs wkh udwh ri lqwhuhvw +uhfdoo/ wkh frh!flhqw rq h{shfwhg lq dwlrq lq wkh Wd|oru uxoh lv

srvlwlyh,1 Lq shulrg 6/ zkhq sulydwh djhqwv vhw '�c wkh| gr vr zlwk kljkhu lq dwlrq h{shfwdwlrqv1
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Wkh| xqghuvwdqg wkdw wkh prqhwdu| dxwkrulw|*v srolf| uxoh lpsolhv wkdw wkh qrplqdo udwh ri

lqwhuhvw zloo jr xs/ exw wkdw lw zloo jr xs e| ohvv wkdq wkh lqfuhdvh lq lq dwlrq h{shfwdwlrqv +l1h1/

f 	 k 	 ��1 Wkdw lv/ wkh| h{shfw wkh uhdo udwh wr jr grzq1 Wklv ohdgv wkhp wr lqfuhdvh wkh

ixqgv doorfdwhg wr wkh jrrgv pdunhw e| udlvlqj '�/ wkdw lv/ wr gudlq ixqgv iurp wkh �qdqfldo

lqwhuphgldu| +wklv lv qrw uh hfwhg lq wkh Iljxuh/ exw zloo eh uhsruwhg lq wkh qh{w gudiw,1 Wr

jxdudqwhh wkdw wkh udwh ri lqwhuhvw rqo| ulvhv e| d vpdoo dprxqw +k lv vpdoo,/ wkh prqhwdu|

dxwkrulw| pxvw lqmhfw ixqgv lqwr wkh �qdqfldo lqwhuphgldu|/ wr pdnh xs iru wkh orvv ri ixqgv gxh

wr wkh ulvh lq '�� Wkh ulvh lq wkh lqwhuhvw udwh wkdw rffxuv zlwk doo wklv surgxfhv d idoo lq rxwsxw

dqg hpsor|phqw1 Wkh vwdj dwlrq shuvlvwv iru orqj wlph1 Prqh| jurzwk/ lq dwlrq/ dqg wkh

qrplqdo lqwhuhvw udwh uhpdlq kljk iru |hduv1 Rxwsxw/ hpsor|phqw/ frqvxpswlrq dqg lqyhvwphqw

duh grzq iru |hduv1 Lqyhvwphqw lv orz/ ghvslwh wkh orz uhdo udwh ri lqwhuhvw/ ehfdxvh lq dwlrq

dfwv olnh d wd{ rq lqyhvwphqw lq wklv prgho19 Qrwh wkdw wkh h�hfwv duh txlwh odujh1 Rxwsxw dqg

hpsor|phqw uhpdlq 5 shufhqw ehorz wuhqg iru d orqj wlph/ dqg prqh| jurzwk/ lq dwlrq dqg

lqwhuhvw udwhv duh pruh wkdq 9 shufhqwdjh srlqwv deryh wkhlu vwhdg| vwdwh1 Wkh idoo lq lqyhvwphqw

lv ryhu 9 shufhqw1

Zkdw lv wkh uhdvrq iru wkhvh shuvlvwhqw/ dqg odujh h�hfwv iroorzlqj d whfkqrorj| vkrfnB

Ixqgdphqwdoo|/ lw lv edg prqhwdu| srolf|1 Zlwk d ohvv dffrpprgdwlqj prqhwdu| srolf| +l1h1/ lq

zklfk k : � ru lq zklfk wkh dxwkrulwlhv iroorz d frqvwdqw prqh| jurzwk uxoh,/ lw zrxog qrw eh dq

htxloleulxp iru lq dwlrq h{shfwdwlrqv wr mxps vr pxfk/ dqg vr wkh qrplqdo lqwhuhvw udwh zrxog

qrw ulvh vr pxfk1 Zlwk d vpdoohu lqwhuhvw udwh ulvh/ wkh qhjdwlyh rxwsxw dqg hpsor|phqw uhvsrqvh

wr d edg whfkqrorj| vkrfn zrxog eh uhgxfhg1 ^h{shulphqwv wr grfxphqw wkhvh frqfoxvlrqv zloo eh

dgghg odwhu`1 Wkhuh lv lurq| khuh1 Rqh uhdvrq d prqhwdu| dxwkrulw| pljkw dvvljq d vpdoo ydoxh

wr k lq lwv srolf| uxoh lv wkdw lw lv frqfhuqhg zlwk wkh uhdo hfrqrp|1 Lw ihduv wkh qhjdwlyh rxwsxw

dqg hpsor|phqw h�hfwv ri d vkdus lqwhuhvw udwh uhvsrqvh diwhu d ulvh lq lq dwlrq h{shfwdwlrqv1

Wkh sdudgr{ lv wkdw wklv ihdu fuhdwhv wkh ulvn wkdw lq dwlrq h{shfwdwlrqv zloo wdnh r�/ dqg zkhq

wkh| gr +dv/ shukdsv/ diwhu d edg whfkqrorj| vkrfn,/ wklv ohdgv wkh srolf| dxwkrulw| wr gr juhdwhu

gdpdjh wr wkh hfrqrp| wkhq li wkh| zhuh qrq0dffrpprgdwlqj1

Iljxuh 5 frpsduhv wkh uhvsrqvh wr wkh edg whfkqrorj| vkrfn lq wkh dowhuqdwlyh yhuvlrq ri wkh

olplwhg sduwlflsdwlrq prgho1 Wkh uhvxowv duh txdolwdwlyho| vlplodu1

9Ihogvwhlq +4<<:, kdv dujxhg wkdw kljk lq dwlrq kxuwv lqyhvwphqw/ wkrxjk kh hpskdvl}hv d phfkdqlvp wkdw
rshudwhv wkurxjk wkh h{solflw wd{ v|vwhp1
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91 Zkdw Kdsshqhg lq wkh 4<:3vB

Lq wklv vhfwlrq/ zh ehjlq zlwk d eulhi uhylhz ri wkh edvlf hfrqrplf hyhqwv lq wkh 4<:3v1 Zh

wkhq frqvlghu wkh lpsolfdwlrqv iru wkh prghov vwxglhg lq wkh suhylrxv vhfwlrq1 Zh dujxh wkdw

wkh olplwhg sduwlflsdwlrq prgho lv d xvhixo vw|ol}hg uhsuhvhqwdwlrq ri wkh vwdj dwlrq lq wkh hduo|

4<:3v1

9141 Srolf| dqg Lq dwlrq

Iljxuh 6d glvsod|v txduwhuo| gdwd rq lq dwlrq dqg wkh ihghudo ixqgv udwh iru wkh shulrg 4<93 wr

4<;71: Qrwh krz lq dwlrq ehjlqv wr slfn xs lq 4<98 dqg klwv wkuhh shdnv/ rqh lq wkh hduo| 4<:3v/

rqh lq hduo| 4<:8 dqg wkh �qdo rqh lq odwh 4<;31 Wkh hduo| slfnxs lq lq dwlrq zdv qrwhg zlwk

dodup e| srolf|pdnhuv/ zkr uhvsrqghg zlwk d vkdus ulvh lq wkh Ihghudo Ixqgv udwh lq 4<9<1 Wklv

srolf| wljkwhqlqj lv riwhq fuhglwhg zlwk surgxflqj wkh 4<:3 uhfhvvlrq +QEHU shdn dqg wurxjk

gdwhv duh lqglfdwhg e| wkh yhuwlfdo olqhv lq wkh �jxuhv,1 Wr wkh glvpd| ri srolf|pdnhuv/ wkh

lq dwlrq udwh frqwlqxhg wr ulvh/ ghvslwh wkh uhfhvvlrq +vhh Iljxuh 6d,1; Iuxvwudwhg e| wkh gl!fxow|

ri jhwwlqj lq dwlrq xqghu frqwuro e| uhvwulfwlyh prqhwdu| srolf|/ lq Dxjxvw 4<:4 srolf|pdnhuv

wxuqhg wr zdjh dqg sulfh frqwurov1 Wkh| zhuh frqylqfhg wkdw wkh xqghuo|lqj gulylqj irufh ri

lq dwlrq zdv lq dwlrq h{shfwdwlrqv/ dqg wkdw wkhvh zhuh doo exw lpshuylrxv wr uhfhvvlrq1< Wkh|

:Zh xvhg i|� iurp wkh Flwledvh gdwdedvh/ zklfk lv wkh txduwhuo| dyhudjh Ihghudo Ixqgv udwh1 Lq dwlrq lv wkh
dqqxdo dyhudjh ri wkh JGS gh dwru/ zklfk kdv Flwledvh pqhprqlf jg1

;Duwkxu Exuqv/ wkh fkdlupdq ri wkh Ihghudo Uhvhuyh dw wklv wlph/ vdlg lq d vshhfk jlyhq dw Shsshuglqh Froohjh/
Orv Dqjhohv/ lq Ghfhpehu :/ 4<:3 +vhh Exuqv +4<:;,,=

�Wkh uxohv ri hfrqrplfv duh qrw zrunlqj lq txlwh wkh zd| wkh| xvhg wr1 Ghvslwh h{whqvlyh xqhp0
sor|phqw lq rxu frxqwu|/ zdjh udwh lqfuhdvhv kdyh qrw prghudwhg1 Ghvslwh pxfk lgoh lqgxvwuldo
fdsdflw|/ frpprglw| sulfhv frqwlqxh wr ulvh udslgo|1�+s144;,

<Lq d vwdwhphqw ehiruh wkh Mrlqw Hfrqrplf Frpplwwhh ri wkh XV1 Frqjuhvv lq 4<:4/ Duwkxu Exuqv h{sodlqhg
wkh uroh ri h{shfwdwlrqv lq lq dwlrq dv iroorzv=

cFrqvxphu sulfhv kdyh ehhq ulvlqj vwhdglo| vlqfh 4<98 0 pxfk ri wkh wlph dw dq dffhohudwlqj udwh1
Frqwlqxhg vxevwdqwldo lqfuhdvhv duh qrz zlgho| dqwlflsdwhg ryhu wkh prqwkv dqg |hduv dkhdg111lq
wklv hqylurqphqw/ zrunhuv qdwxudoo| vhhn zdjh lqfuhdvhv vx!flhqwo| odujh111wr jhw vrph surwhfwlrq
djdlqvw ixwxuh sulfh dgydqfhv111wkrxjkwixo hpsor|huv111uhfnrq/ dv wkh| qrz jhqhudoo| gr/ wkdw frvw
lqfuhdvhv suredeo| fdq eh sdvvhg rq wr ex|huv jurzq dffxvwrphg wr lq dwlrq1* +Exuqv +4<:;/
s1459,1,

46



xqghuvwrrg wkdw/ lq sulqflsoh/ lq dwlrq frxog eh vwrsshg zlwk d vx!flhqwo| uhvwulfwlyh prqhwdu|

srolf|/ exw wkh| zhuh frqfhuqhg wkdw wkh vkruw0uxq frvwv/ lq whupv ri orvw rxwsxw/ zrxog eh

lqwrohudeoh143

Zkhq sulfh frqwurov ehjdq wr eh uhpryhg lq 4<:6/ srolf|pdnhuv zhuh rqfh djdlq vxusulvhg

e| wkh vwuhqjwk zlwk zklfk lq dwlrq wrrn r�1 Wkh| kdg dqwlflsdwhg vrph lq dwlrqdu| suhvvxuh/

dqg wkh| udlvhg udwhv yhu| vkduso| lq wklv shulrg +vhh Iljxuh 6d,1 Exw/ wkh| zhuh vxusulvhg dw

mxvw krz vwurqj wkh ulvh lq lq dwlrq zdv144 Vwloo/ wkh| udlvhg udwhv e| hyhq pruh1 Iljxuhv 6e

dqg 6f vkrz wkdw wkh Ihg uhvsrqghg yhu| vwurqjo| wr wkh ulvh lq lq dwlrq1 Wkh lqfuhdvh lq wkh

Ihghudo Ixqgv udwh zdv pxfk juhdwhu wkdq wkh ulvh lq lq dwlrq ru lq h{shfwhg lq dwlrq145

Srolf|pdnhuv* uhvroyh ehjdq wr idgh zkhq rxwsxw dqg lqyhvwphqw vwduwhg wr vkrz zhdnqhvv lq

wkh plggoh ri 4<:6 dqg krxuv zrunhg ehjdq wr vriwhq lq odwh 4<:61 Wkh| kdg lqglfdwhg uhshdwhgo|

wkdw wkh| zhuh xqzloolqj wr frxqwhqdqfh d vhyhuh uhfhvvlrq lq wkh �jkw djdlqvw lq dwlrq1 Wkhlu

surqrxqfhphqwv wr wklv h�hfw zhuh pdgh pruh fuhgleoh vlqfh wkhlu ihduv dsshduhg wr eh frq�uphg

e| h{shulhqfh1 Pruhryhu/ wkh 4<93v dqg 4<:3v zdv d wlph zkhq jryhuqphqwv zhuh h{shfwhg wr gr

jrrg wklqjv iru wkhlu flwl}hqv/ dqg kxuwlqj d vxevhw ri wkhp iru wkh vdnh ri fxulqj d vrfldo sureohp

43Lq dq dsshdudqfh ehiruh wkh Frpplwwhh rq Edqnlqj dqg Fxuuhqf|/ Krxvh ri Uhsuhvhqwdwlyhv/ Mxo| 63/ 4<:7/
Exuqv vdlg +Exuqv +4<:;,,=

cRqh pd| wkhuhiruh dujxh wkdw uhodwlyho| kljk udwhv ri prqhwdu| h{sdqvlrq kdyh ehhq d shuplvvlyh
idfwru lq wkh dffhohudwhg sdfh ri lq dwlrq1 L kdyh qr txduuho zlwk wklv ylhz1 Exw dq h�ruw wr xvh
kduvk srolflhv ri prqhwdu| uhvwudlqw wr r�vhw wkh h{fhswlrqdoo| srzhuixo lq dwlrqdu| irufhv ri uhfhqw
|hduv zrxog kdyh fdxvhg vhulrxv �qdqfldo glvrughu dqg hfrqrplf glvorfdwlrq1 Wkdw zrxog qrw kdyh
ehhq d vhqvleoh frxuvh iru prqhwdu| srolf|1*

Lq uhpdunv ehiruh wkh Vhyhqwhhqwk Dqqxdo Prqhwdu| Frqihuhqfh ri wkh Dphulfdq Edqnhuv Dvvrfldwlrq/ Krw
Vsulqjv/ Ylujlqld/ Pd| 4;/ 4<:3/ Exuqv vdlg +Exuqv +4<:;,,=

�Dq h�ruw wr r�vhw/ wkurxjk prqhwdu| dqg �vfdo uhvwudlqwv/ doo ri wkh xszdug sxvk wkdw ulvlqj frvwv
duh qrz h{huwlqj rq sulfhv zrxog eh prvw xqzlvh1 Vxfk dq h�ruw zrxog uhvwulfw djjuhjdwh ghpdqg
vr vhyhuho| dv wr lqfuhdvh juhdwo| wkh ulvnv ri d yhu| vhulrxv exvlqhvv uhfhvvlrq1 Li wkdw kdsshqhg/
wkh rxwfulhv ri dq hqudjhg flwl}hqu| zrxog suredeo| vrrq irufh wkh jryhuqphqw wr pryh udslgo| dqg
djjuhvvlyho| wrzdug �vfdo dqg prqhwdu| hdvh/ dqg rxu krshv iru jhwwlqj wkh lq dwlrqdu| sureohp
xqghu frqwuro zrxog wkhq eh vkdwwhuhg1�

44Wr vrph h{whqw/ wkh ulvh lq lq dwlrq zdv gxh wr wkh rlo vkrfn lq odwh 4<:61 Krzhyhu/ derxw 627 ri wkh sulfh
lqfuhdvhv ri wkdw |hdu rffxuuhg ehiruh wkh \rp Nlssxu zdu dqg wkh Rfwrehu rlo hpedujr1

45Zh fdofxodwhg h{shfwhg lq dwlrq iru Iljxuh 6 edvhg rq d rqh0prqwk0dkhdg iruhfdvw ri prqwko| lq dwlrq
xvlqj �yh prqwkv* odjv lq prqwko| lq dwlrq/ irxu prqwkv* odjv lq wkh Ihghudo Ixqgv udwh/ irxu prqwkv* odjv lq
wkh prqwko| jurzwk udwh lq P5/ dqg irxu prqwkv* odjv lq wkh suhplxp lq wkh uhwxuq wr whq |hdu Wuhdvxu| erqgv
ryhu wkh Ihghudo Ixqgv udwh1
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vhhphg xqidlu dqg zurqj146 Vr/ wrzdugv odwh 4<:7/ srolf|pdnhuv uhyhuvhg frxuvh dqg dgrswhg d

orrvh prqhwdu| srolf|/ gulylqj lqwhuhvw udwhv grzq vkduso|/ wr wxuq wkh hfrqrp| durxqg1 Qrwh

iurp Iljxuhv 6e dqg 6f wkdw uhdo lqwhuhvw udwhv zhuh qhjdwlyh ru forvh wr }hur1 Ri frxuvh/ dv wkh

hfrqrp| hqwhuhg wkh ghhs 4<:8 uhfhvvlrq/ lq dwlrq fdph grzq vxevwdqwldoo| dq|zd|1 Exw/ wkh

wxuqdurxqg lq prqhwdu| srolf| wkhq kdg wkh lpsolfdwlrq wkdw lq dwlrq zrxog wdnh r� djdlq dv

vrrq dv wkh hfrqrp| hqwhuhg wkh h{sdqvlrq1 Rqo| odwhu/ lq 4<:; dqg 4<:</ glg wkh Ihg wxuq

cwrxjk* dqg frqvflrxvo| wljkwhqhg prqh| xqwlo lq dwlrq fdph grzq1 Wklv fdq eh vhh lq Iljxuh

6g/ zklfk vkrzv wkh gl�huhqfh ehwzhhq wkh dfwxdo Ihghudo Ixqgv udwh dqg wkh Ihghudo Ixqgv

udwh lpsolhg e| +514,0+515,/ hydoxdwhg dw wkh FJJ sdudphwhu ydoxhv1 Qrwh krz wkhvh gl�huhqfhv

 xfwxdwh durxqg }hur lq wkh suh04<;3 shulrg/ dqg duh shuvlvwhqwo| srvlwlyh wkhuhdiwhu1 Wklv

lv frqvlvwhqw zlwk wkh FFJ dujxphqw wkdw lq wkh odwh 4<:3v dqg hduo| 4<;3v wkh Ihg ehfdph

shuvlvwhqwo| pruh djjuhvvlyh rq lq dwlrq wkdq lw kdg ehhq lq wkh suhylrxv shulrg1

Wklv slfwxuh ri srolf| dw wkh wlph/ lv rqh ri srolf|pdnhuv lpsuhvvhg e| wkh gl!fxow| ri euhdn0

lqj lq dwlrq h{shfwdwlrqv1 Ri frxuvh/ wkh dssduhqw lqwudqvljhqfh ri lq dwlrq h{shfwdwlrqv pd|

zhoo kdyh ehhq gxh lq sduw wr srolf|pdnhuv* yhu| sxeolf h{suhvvlrqv ri frqfhuq derxw wkh frvwv

ri vwrsslqj lq dwlrq wkurxjk prqhwdu| uhvwudlqw147 Wkurxjk wkhvh xwwhudqfhv/ srolf| pdnhuv

46Lq dq dgguhvv ehiruh wkh mrlqw phhwlqj ri wkh Dphulfdq Hfrqrplf Dvvrfldwlrq dqg wkh Dphulfdq Ilqdqfh
Dvvrfldwlrq/ rq Ghfhpehu 5</ 4<:5/ Exuqv h{suhvvhg wkh jhqhudo vhqvh ri wkh wlph +Exuqv +4<:;,,=

�Ohw ph qrwh/ krzhyhu/ wkdw wkhuh lv qr zd| wr wxuq edfn wkh forfn dqg uhvwruh wkh hqylurqphqw
ri d e|jrqh hud1 Zh fdq qr orqjhu frsh zlwk lq dwlrq e| ohwwlqj uhfhvvlrqv uxq wkhlu frxuvh> ru
e| dffhswlqj d kljkhu dyhudjh ohyho ri xqhpsor|phqw> ru e| qhjohfwlqj surjudpv zkrvh dlp lw lv
wr kdow wkh ghfd| ri rxu fhqwudo flwlhv/ ru wr surylgh ehwwhu phglfdo fduh iru wkh djhg/ ru wr fuhdwh
odujhu rssruwxqlwlhv iru wkh srru1111�

Exuqv zhqw rq wr h{solflwo| ghihqg wkh sulfh frqwurov wkdw zhuh wkhq lq sodfh=

�11dv wkh lqfrphv srolf| lqlwldwhg lq Dxjxvw ri odvw |hdu kdv ghprqvwudwhg/ h�ruwv wr lq xhqfh
zdjhv dqg sulfhv gluhfwo| fdq sod| d frqvwuxfwlyh uroh zkhq frvw0sxvk lq dwlrq uhdfkhv vhulrxv
sursruwlrqv111Wkhuh duh wkrvh zkr eholhyh wkdw wkh wlph lv dw kdqg wr dedqgrq wkh h{shulphqw zlwk
frqwurov dqg wr uho| hqwluho| rq prqhwdu| dqg �vfdo uhvwudlqw wr uhvwruh d vwdeoh sulfh ohyho1 Wklv
suhvfulswlrq kdv juhdw lqwhoohfwxdo dsshdo> xqiruwxqdwho|/ lw lv lpsudfwlfdo1 111Li prqhwdu| dqg �vfdo
srolflhv ehfdph vx!flhqwo| uhvwulfwlyh wr ghdo zlwk wkh vlwxdwlrq e| fkrnlqj r� jurzwk lq djjuhjdwh
ghpdqg/ wkh frvw lq whupv ri ulvlqj xqhpsor|phqw/ orvw rxwsxw/ dqg vkdwwhuhg frq�ghqfh zrxog
eh hqruprxv1 Dv d sudfwlfdo pdwwhu/ L vhh qr dowhuqdwlyh exw wr sxuvxh iru d zkloh orqjhu wkh
h{shulphqw zlwk gluhfw frqwurov1�

47Wkh qrwlrq wkdw sxeolf h{suhvvlrqv ri frqfhuq iru wkh uhdo hfrqrp| e| d fhqwudo edqnhu pljkw lqgdyhuwhqwo|
vsdun dq lq dwlrq rxwexuvw lv zhoo xqghuvwrrg wrgd|1 Iru dq hoderuwdwlrq/ edvhg rq dq hslvrgh lq zklfk wkh wkhq
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pd| kdyh lqdgyhuwhqwo| uhlqirufhg wkh sxeolf*v frqylfwlrq wkdw kljkhu lq dwlrq zdv d uhdolvwlf

srvvlelolw|1 Dowkrxjk hduo| rq/ srolf|pdnhuv glg uhvsrqg djjuhvvlyho| wr lq dwlrq/ hyhqwxdoo|

wkh| edfnhg r� zkhq wkh hfrqrp| zhdnhqhg1 Ryhudoo/ uhodwlyh wr wkh ulvh lq lq dwlrq/ lqwhuhvw

udwhv glg qrw ulvh e| pxfk gxulqj wklv shulrg1 Wkh hvvhqfh ri wklv uhdfwlrq lv fdswxuhg e| wkh

orz ydoxh ri k hvwlpdwhg e| FFJ iru wkh 4<:3v1

9151 Wkh Uhdo Hfrqrp|

Zh qrz frqvlghu wkh ghyhorsphqwv zlwk rxwsxw/ lqyhvwphqw dqg hpsor|phqw ryhu wklv shulrg1

Wr vhh wkh ghyhorsphqwv lq wkh uhdo hfrqrp|/ frqvlghu Iljxuhv 7d07f/ zklfk glvsod| wkh orjdulwkp

ri uhdo JGS/ wrwdo krxuv zrunhg lq qrqdjulfxowxudo exvlqhvv dqg exvlqhvv �{hg lqyhvwphqw1 Lq

dgglwlrq/ zh glvsod| olqhdu wuhqgv/ frpsxwhg xvlqj wkh gdwd iurp wkh ehjlqqlqj ri wkh vdpsoh

wr 4<:3T4/ dqg h{wudsrodwhg wkurxjk wkh hqg ri wkh vdpsoh1 Wkhvh wuhqg olqhv gudz dwwhqwlrq

wr wuhqg fkdqjh wkdw rffxuuhg lq wkhvh yduldeohv lq wkh hduo| 4<:3v1 Lq dgglwlrq/ lq hdfk fdvh

zh dovr �w d txdgudwlf wuhqg wr wkh hqwluh vdpsoh ri gdwd1 Frqvlghu wkh JGS gdwd lq Iljxuh

7d �uvw1 Lq wklv fdvh/ zh kdyh dovr lqfoxghg d olqhdu wuhqg �w wr wkh gdwd iru wkh 4<:3v dqg

h{wudsrodwhg wr wkh hqg ri wkh vdpsoh1 Zkdw lv fohdu/ e| frpsdulqj wkh udz gdwd zlwk wkh

wzr olqhdu wuhqgv/ lv wkdw wkh jurzwk vorzgrzq wkdw vwduwhg lq wkh hduo| 4<:3v ehfdph hyhq

pruh vhyhuh lq wkh 4<;3v dqg 4<<3v1 Zh lqihu iurp wkh idfw wkdw wkh vorzgrzq shuvlvwhg 0 hyhq

dffhohudwhg 0 lq wkh odvw wzr ghfdghv/ wkdw wkh lq dwlrq ri wkh 4<:3v pxvw kdyh kdg olwwoh wr gr

zlwk lw1 Qrz frqvlghu krxuv zrunhg lq Iljxuh 7e1 Qrwh krz wkdw wdnhv r� ehjlqqlqj lq wkh hduo|

4<:3v/ dqg krz wkh jurzwk udwh vhhpv wr mxvw lqfuhdvh frqwlqxrxvo| wkurxjkrxw wkh iroorzlqj

ghfdghv1 Djdlq/ zh lqihu iurp wkh idfw wkdw wkh jurzwk udwh frqwlqxhg wr ulvh diwhu wkh lq dwlrq

vwrsshg wkdw wkh lq dwlrq zdv qrw dq lpsruwdqw ghwhuplqdqw ri wklv ghyhorsphqw1 Ilqdoo|/ qrwh

wkdw lqyhvwphqw vkrzv yhu| olwwoh wuhqg fkdqjh lq wkh 4<:3v1 Diwhu d sdxvh gxulqj wkh 4<:704<:8

uhfhvvlrq/ lqyhvwphqw uhwxuqv wr lwv iruphu jurzwk sdwk1 Lqyhvwphqw grhv glvsod| zhdnqhvv lq

wkh odwh 4<;3v dqg wkh 4<<3 uhfhvvlrq1 Exw/ diwhu wkdw lw jurzv djdlq/ uhwxuqlqj wr wkh suh04<:3v

wuhqg olqh e| 4<<:1

Wkhvh fkdqjhv lq wuhqg lq krxuv zrunhg dqg rxwsxw frpsolfdwh rxu dwwhpswv wr glvfulplqdwh

ehwzhhq wkh FJJ dqg wkh olplwhg sduwlflsdwlrq vwrulhv derxw lq dwlrq ri wkh 4<:3v1 Lghdoo|/

ylfh0fkdlupdq ri wkh Ihghudo Uhvhuyh/ Dodq Eolqghu/ vsrnh lq sxeolf ri wkh h{lvwhqfh ri d vkruw0whup wudgh0r�
ehwzhhq lq dwlrq dqg xqhpsor|phqw/ vhh Eduur +4<<9/ ss1 8;093,1
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zh zrxog olnh wr uhpryh wkh h�hfw rq wkh gdwd frplqj iurp wkh idfwruv wkdw dffrxqw iru wkh

shuvlvwhqw fkdqjh lq wuhqg/ dqg vwxg| wkh uhpdlqghu1 Zh kdyh qrw irxqg d fohdq zd| wr gr wklv1

Zh kdyh wdnhq dq dowhuqdwlyh/ vhfrqg ehvw/ urxwh lqvwhdg1 Zh uhpryh d txdgudwlf wuhqg iurp

hdfk yduldeoh dqg dvvxph wkdw wkh uhvxow uh hfwv zkdwhyhu lpsdfw wkhuh pljkw kdyh ehhq iurp

wkh Juhdw Lq dwlrq ri wkh 4<:3v1 Zkdw zh vhh wkhuh lv zhdn rxwsxw/ hpsor|phqw dqg lqyhvwphqw

gxulqj wkh 4<:704<:8 uhfhvvlrq +vhh Iljxuhv 8d 0 8e,1

9161 Hydoxdwlqj wkh Prghov

Qrqh ri rxu prghov fdswxuhv wkh hyhqwv dw wkh ohyho ri ghwdlo mxvw glvfxvvhg/ qru zrxog zh zdqw

wkhp wr1 Zkdw zh zdqw ri d prgho lv wkdw lw fdswxuh wkh eurdg rxwolqhv ri zkdw kdsshqhg1

Zh lqwhusuhw wkh hvvhqfh ri zkdw kdsshqhg dv iroorzv1 D ulvh lq h{shfwhg lq dwlrq rffxuuhg/

shukdsv lq frqmxqfwlrq zlwk d edg whfkqrorj| vkrfn +h1j1/ wkh kduyhvw idloxuhv dqg rlo hpedujr,1

Wkh Ihg uhvsrqghg e| udlvlqj lqwhuhvw udwhv1 Krzhyhu/ wkh| glg qrw udlvh udwhv pxfk lq uhodwlrq

wr wkh dfwxdo ulvh lq lq dwlrq1 Wkh| fohduo| xqghuvwrrg wkdw kljkhu udwhv zrxog kdyh vwrsshg

wkh lq dwlrq/ exw wkh| glg qrw uhvruw wr wkhp ehfdxvh wkh| ihduhg zkdw wkdw zrxog gr wr wkh

uhdo hfrqrp|1 Dw dq lqirupdo ohyho/ wklv ihdwxuh ri srolf| lv frqvlvwhqw zlwk wkh orz ydoxh ri k lq

wkh srolf| uxoh xvhg lq rxu prgho1 Pruhryhu/ FFJ vkrz wkdw wkh srolf| uxoh �wv wkh gdwd zhoo

lq d frqyhqwlrqdo hfrqrphwulf vhqvh1

Wkh uhdo hfrqrp| uhvsrqghg wr wkhvh hyhqwv e| idoolqj lqwr d vhyhuh uhfhvvlrq1 Krxuv zdv

grzq 9 shufhqw iurp wuhqg/ lqyhvwphqw zdv grzq 44 shufhqw dqg rxwsxw zdv grzq 6 shufhqw/

dw wkh hqg ri wkh 4<:8 uhfhvvlrq +vhh Iljxuh 8,1 Dw wkh vdph wlph/ lq dwlrq urvh iurp 7 shufhqw

lq 4<:5 wr 43 shufhqw dw wkh hqg ri wkh uhfhvvlrq1 Wkh Ihghudo Ixqgv udwh zhqw iurp durxqg 7

shufhqw lq 4<:5 wr d shdn ri durxqg 45 shufhqw qhdu wkh hqg ri wkh uhfhvvlrq1

Wkh uhvsrqvhv lq wkh olplwhg sduwlflsdwlrq prgho duh ri d vlplodu rughu ri pdjqlwxgh/ wkrxjk

vrphzkdw zhdnhu1 Lqyhvwphqw ihoo derxw : shufhqw/ dqg rxwsxw dqg hpsor|phqw/ 5 shufhqw1

Lq dwlrq urvh iurp 7 wr derxw 43 shufhqw dqg wkh lqwhuhvw udwh urvh iurp derxw :15 wr 43 shufhqw1

Wkhvh uhvxowv duh whqwdwlyh/ krzhyhu/ vlqfh wkh whfkqrorj| vkrfn/ d 4 shufhqw gurs lq 5c zdv qrw

fdoleudwhg1 Vwloo/ wkh| duh vxjjhvwlyh ri zkdw wklv prgho lv fdsdeoh ri1 Qrwh/ iru h{dpsoh/ wkdw

wkh gurs lq rxwsxw lv grxeoh wkh gurs lq wkh whfkqrorj| vkrfn1

Wkh vwlfn| sulfh prgho grhv yhu| srruo|/ e| frqwudvw1 Lq wkh gdwd/ wkh gurs lq hpsor|phqw

lv pxfk juhdwhu wkdq wkh gurs lq rxwsxw1 Lq wkh prgho/ hpsor|phqw lv suhglfwhg wr ulvh/ zkloh
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rxwsxw rqo| idoov diwhu d zkloh1 Lqlwldoo|/ rxwsxw ulvhv wrr1

:1 Frqfoxvlrq

Zh kdyh grqh d suholplqdu| dqdo|vlv ri wkh vwdj dwlrq ri wkh hduo| 4<:3v1 Zh kdyh dwwhpswhg

wr ghvfuleh lw dv uh hfwlqj wkh h�hfwv ri d edg whfkqrorj| vkrfn zkrvh hfrqrplf h�hfwv zhuh

dpsol�hg e| wkh qdwxuh ri prqhwdu| srolf|1 Zh sxuvxhg wklv lghd lq wkh frqwh{w ri wzr prghov/

d olplwhg sduwlflsdwlrq prgho dqg wkh FFJ prgho1 Zh irxqg wkdw wkh iruphu zdv ehwwhu deoh

wr dffrxqw iru wkh vorzgrzq lq rxwsxw wkdw rffxuuhg lq 4<:604<:81

Rxu �qglqjv duh vlplodu lq vslulw wr wkrvh uhsruwhg lq Fkdul/ Fkulvwldqr dqg Hlfkhqedxp

+4<<;,1 Wkhuh/ d prgho zlwk vwlfn| sulfhv zdv suhvhqwhg/ dqg wkh prqhwdu| dxwkrulw| lv prghohg

dv dq rswlpl}lqj/ ehqhyrohqw djhqw1 Lq wkdw prgho wrr/ d ulvh lq lq dwlrq h{shfwdwlrqv/ dvvrfldwhg

zlwk d edg whfkqrorj| vkrfn/ wuljjhuv d surorqjhg hslvrgh ri kljk lq dwlrq dqg orz rxwsxw1

4;



;1 Dsshqgl{= Vroylqj dqg Vlpxodwlqj wkh Olplwhg Sduwlflsdwlrq Prg0

hov

Wr vroyh rxu wzr yhuvlrqv ri wkh olplwhg sduwlflsdwlrq prgho/ zh �qg lw frqyhqlhqw wr ehjlq e|

dgrswlqj wkh iroorzlqj vfdolqj ri yduldeohv=

b| ' \|
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c ^| ' '|*�|c R| ' �|*�|c �| ' `|*�|c � n %| ' �|n�*�|c o
&
| ' o|*�|c +;14,

vr wkdw=

b| '
L�c|
R|

n LMc|M
�

|

� n %|3�
^|3�

� qLMc|n�M
�

|n�

^|n�
^2|

E� n %|�� +;15,

Xvlqj wklv qrwdwlrq/ wkh Hxohu htxdwlrqv fdq eh uhzulwwhq dv iroorzv=
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Wkh uhvrxufh frqvwudlqw lv=

�| ng|n� � E�� B�g| ' i TE5|�g
k
| u

�3k
| � �� +;19,

Wkh krxvhkrog fdvk frqvwudlqw/ frpelqhg zlwk wkh ordq pdunhw fohdulqj frqglwlrq/ dqg wdnlqj

vfdolqj lqwr dffrxqw/ lv=

R| E�| ng|n� � E�� B�g|� ' � n %|c +;1:,

dqg wkh ordq pdunhw fohdulqj frqglwlrq lv=

�|u| ' �� ^| n %|� +;1;,

^wr eh frqwlqxhg111`

4<



Uhihuhqfhv

^4` Eduur/ Urehuw M1/ 4<<9/ Jhwwlqj lw Uljkw/ PLW Suhvv1

^5` Eduur/ Urehuw M1/ dqg Gdylg E1 Jrugrq/ 4<;6/ cD Srvlwlyh Wkhru| ri Prqhwdu| Srolf| lq d

Qdwxudo Udwh Prgho/* Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ ss1 8;<09431

^6` Edvx/ Vxvdqwr dqg Mrkq Ihuqdog/ 4<<<1

^7` Eodqfkdug/ Rolylhu/ dqg Fkduohv Ndkq/ 4<;3/ cWkh Vroxwlrq ri Olqhdu Gl�huhqfh Prghov

xqghu Udwlrqdo H{shfwdwlrqv/* Hfrqrphwulfd 7;+8,/ ss1 46380441

^8` Exuqv/ Duwkxu/ 4<:;/ �Uh hfwlrqv ri dq Hfrqrplf Srolf| Pdnhu/ Vshhfkhv dqg Frqjuhv0

vlrqdo Vwdwhphqwv= 4<9<04<:;/� Dphulfdq Hqwhusulvh Lqvwlwxwh iru Sxeolf Srolf| Uhvhdufk/

Zdvklqjwrq G1F1

^9` Fduovwurp/ Fkduohv W1/ dqg Wlprwk| V1 Ixhuvw/ 4<<</ cIruzdug0Orrnlqj Yhuvxv Edfnzdug0

Orrnlqj Wd|oru Uxohv/* xqsxeolvkhg pdqxvfulsw1

^:` Fodulgd/ Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu/ 4<<;/ cPrqhwdu| Srolf| Uxohv dqg Pdfur0

hfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk

Zrunlqj Sdshu 97751

^;` Fkdul/ Y1Y1 / Odzuhqfh M1 Fkulvwldqr dqg Pduwlq Hlfkhqedxp/ 4<<;/ cH{shfwdwlrq Wudsv

dqg Glvfuhwlrq*/ Mrxuqdo ri Hfrqrplf Wkhru|1

^<` Fkulvwldqr/ Odzuhqfh M1/ Pduwlq Hlfkhqedxp dqg Fkduohv Hydqv/ 4<<;/ cPrgholqj Prqh|*/

Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu 96:41

^43` Fkulvwldqr/ Odzuhqfh M1/ dqg Fkulvwrskhu M1 Jxvw/ 4<<</ cWd|oru Uxohv lq d Olplwhg Sduwlf0

lsdwlrq Prgho/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu :34:1

^44` Ihogvwhlq/ Pduwlq/ 4<<:/ cWkh Frvwv dqg Ehqh�wv ri Jrlqj Iurp Orz Lq dwlrq wr Sulfh

Vwdelolw|/* lq F1 G1 Urphu dqg G1 K1 Urphu/ hgv/ Uhgxflqj Lq dwlrq/ Prwlydwlrq dqg

Vwudwhj|/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Vwxglhv lq Exvlqhvv F|fohv/ yroxph 63/

Xqlyhuvlw| ri Fklfdjr Suhvv1

53



^45` Jdol/ Mrugl/ 4<<</ cWhfkqrorj|/ Hpsor|phqw/ dqg wkh Exvlqhvv F|foh= Gr Whfkqrorj| Vkrfnv

H{sodlq Djjuhjdwh IoxfwxdwlrqvB/* Dphulfdq Hfrqrplf Uhylhz > ;<+4,/ Pdufk 4<<</ sdjhv

57<0:41

^46` Nlqj/ Urehuw J1/ dqg Doh{dqghu O1 Zropdq/ 4<<9/ cLq dwlrq Wdujhwlqj lq d Vw1 Orxlv Prgho

ri wkh 54vw Fhqwxu|/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu 883:1

^47` N|godqg/ Ilqq H1/ dqg Hgzdug F1 Suhvfrww/ 4<::/ cUxohv Udwkhu Wkdq Glvfuhwlrq= Wkh

Lqfrqvlvwhqf| ri Rswlpdo Sodqv/* Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ ss1 7:60<41

^48` Ruskdqlghv/ Dwkdqdvlrv/ 4<<:/ cPrqhwdu| Srolf| Uxohv Edvhg rq Uhdo0Wlph Gdwd/* pdqx0

vfulsw/ Ihghudo Uhvhuyh Erdug1

^49` Zrrgirug/ Plfkdho/ 4<<9/ cFrqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelolw|B/*

FHSU Glvfxvvlrq Sdshu1

^4:` \xq/ Wdfn/ 4<<9/ cQrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv F|fohv/*

Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:/ ss1 67806:31

54



  Figure 1
Response to a Technology Shock In Two Different Models

LP Model 

IS\LM Model   - - - - - - 

% dev from SS:  deviation from unshocked nonstochastic steady 
state growth path expressed in percent terms.

APR:  annualized percentage rate.

h:  Investment - % dev from SS
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g:  Nominal Interest Rate - APR
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c:  Real Interest Rate - APR
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f:  Output - % dev from SS
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b:  Employment - % dev from SS
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e:  Inflation Rate - APR
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a:  Money Growth Rate - APR
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i:  Qt - % dev from SS
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 Figure 2
Response to a Negative Technology Shock Under Two Different Taylor Rules

Pre-Volcker Rule

Post-Volcker Rule   - - - - - - -

See Figure 1 for notes.

i:  Investment - % dev from SS
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Fig 3a: Inflation and Federal Funds Rate
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Fig 3b: ex post real rate
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Fig 3c: ex ante real rate
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Fig 3d: Actual Fed Funds rate Minus Value Predicted by 1970s Rule
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Fig 4a: Gross Domestic Product and trends
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Fig 4b: hours of all persons, business sector, and trends

quarters
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Fig 4c: Business fixed investment and trends
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Fig 5a: detrended hours and inflation

60 62 64 66 68 70 72 74 76 78 80 82 84
-6

-4

-2

0

2

4

6

8

10

12
HOURSD
INFL

Fig 5b: detrended investment and inflation
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Fig 5c: detrended output and inflation
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