
Institutional Members: CEPR, NBER and Università Bocconi

WORKING PAPER SERIES

Macroeconomic stability and the preferences
of the Fed. A formal analysis, 1961-98

Carlo A. Favero, Riccardo Rovelli

Working Paper n. 200

September 2001

IGIER – Università Bocconi, Via Salasco 5, 20136 Milano –Italy
http://www.igier.uni-bocconi.it

The opinion expressed in the working papers are those the authors alone, and not those of the Institute
which takes non institutional policy position, nor of CEPR, NBER or Università Bocconi.

http://www.igier.uni-bocconi.it/


Pdfurhfrqrplf vwdelolw| dqg wkh suhihuhqfhv ri
wkh Ihg1 D irupdo dqdo|vlv/ 4<940<;�

Fduor D1 Idyhur dqg Ulffdugr Uryhool
LJLHU0Xqlyhuvlwã Erffrql dqg FHSU> Xqlyhuvlwã gl Erorjqd

Mxo| 5334

Devwudfw

Wkh udwh ri lq dwlrq lq wkh XV kdv ghfolqhg iurp dq dyhudjh ri 718( lq
wkh shulrg 4<930:< wr dq dyhudjh ri 619( lq 4<;30<;1 Ehwzhhq wkrvh wzr
shulrgv/ wkh vwdqgdug ghyldwlrqv ri lq dwlrq dqg wkh rxwsxw jds kdyh dovr
ghfolqhg1 Wkhvh idfwv fdq eh dwwulexwhg wr wkh lqwhudfwlrq ri wkuhh srvvleoh
idfwruv= d vkliw lq fhqwudo edqn suhihuhqfhv/ d uhgxfwlrq lq wkh yduldelolw| ri
djjuhjdwh vxsso| vkrfnv dqg d pruh h!flhqw frqgxfw ri prqhwdu| srolf|1 Lq
wklv sdshu zh lghqwli| wkh uhodwlyh urohv ri wkhvh idfwruv1 Rxu iudphzrun lv
edvhg rq wkh hvwlpdwlrq ri d vpdoo vwuxfwxudo pdfur prgho iru wkh XV hfrq0
rp| mrlqwo| zlwk wkh �uvw rughu frqglwlrqv/ zklfk vroyh wkh lqwhuwhpsrudo
rswlpl}dwlrq sureohp idfhg e| wkh Ihg1 Ryhudoo/ rxu uhvxowv lqglfdwh wkdw
wkh srolf| suhihuhqfhv ri wkh Ihg/ dqg lq sduwlfxodu wkh +lpsolflw, lq dwlrq
wdujhw/ kdyh fkdqjhg gudvwlfdoo| zlwk wkh dgyhqw ri wkh Yrofnhu0Juhhvsdq
hud1 Lq dgglwlrq/ zh �qg wkdw wkh yduldqfh ri vxsso| vkrfnv kdv ehhq orzhu
dqg dovr prqhwdu| srolf| kdv ehhq frqgxfwhg pruh h!flhqwo| gxulqj wklv
shulrg1

MHO fodvvl�fdwlrq= F85/ H85

Nh|zrugv= Lqwhuhvw udwh uxohv/ fhqwudo edqn suhihuhqfhv/ XV prqhwdu| srolf|/
JPP hvwlpdwlrq ri Hxohu htxdwlrqv1

�Fduor D1 Idyhur lv Surihvvru ri Hfrqrplfv/ Xqlyhuvlwã Erffrql/ Plodqr/ Lwdo|
+fduor1idyhurCxql0erffrql1lw,1 Ulffdugr Uryhool lv Surihvvru ri Hfrqrplfv/ Glsduwlphqwr
gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã gl Erorjqd/ Lwdo| +uryhoolCvser1xqler1lw,1



Pdfurhfrqrplf vwdelolw| dqg wkh suhihuhqfhv ri wkh Ihg1
D irupdo dqdo|vlv/ 4<940<;1

Fduor D1 Idyhur dqg Ulffdugr Uryhool 4

41 Lqwurgxfwlrq

�Wkh wudgh0r� khuh/ wr d odujh h{whqw/ lv wkh lpsuryhphqw lpsolhg lq
uhdo surgxfwlylw| dqg vwdqgdugv ri olylqj iurp orzhu lq dwlrq djdlqvw

lqfuhdvhg prqhwdu| srolf|  h{lelolw|� +Dodq Juhhqvsdq/ lq= Ihghudo
Uhvhuyh Edqn ri Ndqvdv/ 4<<9/ s17:,

Wkh udwh ri lq dwlrq lq wkh XV kdv ghfolqhg iurp dq dyhudjh ri 718( lq wkh

shulrg 4<930:< wr dq dyhudjh ri 619( lq 4<;30<;1 Ehwzhhq wkrvh wzr shulrgv/

wkh vwdqgdug ghyldwlrqv ri lq dwlrq dqg wkh rxwsxw jds kdyh dovr ghfolqhg/ iurp

jZ ' 5189( dqg j+ '518:( lq wkh �uvw shulrg wr jZ '5157( dqg j+ '5145( lq

wkh vhfrqg15 Dqdo|vhv ri XV prqhwdu| srolf| jhqhudoo| dfnqrzohgjh wkdw d vkliw

lq srolf| hpskdvlv rffxuuhg ehwzhhq 4<:< dqg 4<;31 Iru lqvwdqfh/ dffruglqj wr

Jrrgiulhqg +4<<8/ s145<, �wkh dqqrxqfhphqw ^e| Ihg Fkdlupdq Sdxo Yrofnhu` rq 9

Rfwrehu 4<:< ri wkh vzlwfk wr qrq0eruurzhg uhvhuyh wdujhwlqj r!fldoo| rshqhg wkh

shulrg ri glvlq dwlrq srolf|�61 Wklv gdwh lv jhqhudoo| dvvxphg wr eh wkh ehjlqqlqj

4Zh wkdqn Jxlgr Wdehoolql/ Oduv Vyhqvvrq/ Sdxo Uhglqj/ wzr uhihuhhv dqg wkh hglwru/ Vwhskhq
Fhffkhwwl/ iru ydoxdeoh glvfxvvlrqv dqg vxjjhvwlrqv1 Wkh sdshu kdv dovr ehqh�whg iurp frpphqwv
gxulqj vhplqduv dw wkh ELV/ dw Xqlyhuvlwdw Srpshx Ideud/ dqg dw wkh 4<<< Dqqxdo phhwlqj ri wkh
Prqh|/ Pdfur dqg Ilqdqfh Jurxs +XN,1 Jlrujlr Sulplfhul surylghg yhu| frpshwhqw uhvhdufk
dvvlvwdqfh1 Doo huuruv duh rxu rzq1
Fduor D1 Idyhur lv Surihvvru ri Hfrqrplfv/ Xqlyhuvlwã Erffrql/ Plodqr/ Lwdo|

+fduor1idyhurCxql0erffrql1lw,1 Ulffdugr Uryhool lv Surihvvru ri Hfrqrplfv/ Glsduwlphqwr
gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã gl Erorjqd/ Lwdo| +uryhoolCvser1xqler1lw,1

5Wkhvh �jxuhv duh frpsxwhg iurp wkh gdwd vhw xvhg iru wkh hfrqrphwulf dqdo|vlv lq Vhfwlrq
61 Lq dwlrq lv wkh dqqxdo fkdqjh lq wkh JGS fkdlq0zhljkwhg sulfh lqgh{ dqg wkh rxwsxw jds lv
wkh gl�huhqfh ehwzhhq uhdo JGS dqg srwhqwldo JGS dv frpsxwhg e| wkh Exuhdx ri Hfrqrplf
Dqdo|vlv ri wkh XV Ghsduwphqw ri Frpphufh1

6Krzhyhu wkdw �uvw dwwhpsw dw jdlqlqj frqwuro ryhu lq dwlrq zdv vrrq deruwhg dqg/ iroorzlqj
wkh lq dwlrq vfduh dw wkh ehjlqqlqj ri 4<;3/ dq djjuhvvlyh glvlq dwlrq srolf| zdv wr eh uh0
lqdxjxudwhg rqo| lq Dxjxvw 4<;3 +Jrrgiulhqg/ 4<<8/ ss1 45<0466,1
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ri wkh qhz srolf| uhjlph/ zklfk odwhu frqwlqxhg xqghu wkh Fkdlupdqvkls ri Dodq

Juhhqvsdq1

Hpslulfdo dqdo|vhv ri wkh Ihg*v uhdfwlrq ixqfwlrq frq�up wklv glvfrqwlqxlw|1

Lq d uhfhqw sdshu/ Fodulgd/ Jdol dqg Jhuwohu +5333, suhvhqw gl�huhqw hvwlpdwhv ri

iruzdug0orrnlqj Wd|oru0w|sh prqhwdu| srolf| uxohv7 dfurvv ydulrxv vxe0vdpsohv1

Wkhlu dvvhvvphqw ri wkh hylghqfh lv wkdw �wkh vwulnlqj gl�huhqfh lq wkh uhdfwlrq

ixqfwlrq dfurvv wlph lv wkh ulvh lq wkh vorsh frh!flhqw rq lq dwlrq iurp voljkwo|

ohvv wkdq xqlw| suh0Yrofnhu wr durxqg wzr lq wkh Yrofnhu0Juhhqvsdq hud� +s1497,1

Wkh| frqfoxgh wkdw �lq wkh suh0Yrofnhu |hduv wkh Ihg w|slfdoo| udlvhg qrplqdo

udwhv e| ohvv wkdq dq| lqfuhdvh lq h{shfwhg lq dwlrq/ wkxv ohwwlqj uhdo vkruw0whup

udwhv ghfolqh dv dqwlflsdwhg lq dwlrq urvh1 Rq wkh rwkhu kdqg/ gxulqj wkh Yrofnhu0

Juhhqvsdq hud wkh Ihg udlvhg uhdo dv zhoo dv qrplqdo vkruw0whup lqwhuhvw udwhv lq

uhvsrqvh wr kljkhu h{shfwhg lq dwlrq1 Wkxv/ rxu uhvxowv ohqg txdqwlwdwlyh vxssruw

wr wkh ylhz wkdw wkh dqwl0lq dwlrqdu| vwdqfh ri wkh Ihg kdv ehhq vwurqjhu lq wkh

sdvw wzr ghfdghv�+s14::,81 Zkloh Wd|oru uxohv duh dq h{wuhpho| xvhixo wrro iru

srolf| dqdo|vlv/ zh dovr nqrz wkdw/ dv lw kdv ehhq vkrzq lq sduwlfxodu e| Vyhqvvrq

+4<<9,/ d Wd|oru0w|sh lqwhuhvw udwh uxoh +LUU, pd| eh irupdoo| ghulyhg e| vroy0

lqj wkh lqwhuwhpsrudo rswlpl}dwlrq sureohp ri d fhqwudo edqn/ iru d vxlwdeoh orvv

ixqfwlrq1 Lq wklv iudphzrun wkh frh!flhqwv ri dq LUU duh +srvvleo| frpsolfdwhg,

frqyroxwlrqv ri wkh sdudphwhuv ghvfulelqj fhqwudo edqn suhihuhqfhv dqg ri wkrvh

ghwhuplqlqj wkh vwuxfwxuh ri wkh hfrqrp|1 Khqfh d sureohp ri lghqwl�fdwlrq dulvhv

lq doo hvwlpdwhg LUU/ dqg xqwlo zh vroyh wklv sureohp zh fdqqrw xqhtxlyrfdoo|

7Vhh Wd|oru +4<<6,1
8Wklv lv qrw/ ri frxuvh/ wkh rqo| h{sodqdwlrq iru wkh kljk lq dwlrq ri wkh suh0Yrofnhu shulrg1

Iru lqvwdqfh/ dffruglqj wr Ruskdqlghv +5333,/ wkh srolf| plvwdnh ri nhhslqj XV lqwhuhvw udwhv
wrr orz lq wkh idfh ri prxqwlqj lq dwlrqdu| h{shfwdwlrqv zdv gxh wr d shuvlvwhqw ryhuhvwlpdwlrq

ri srwhqwldo rxwsxw1 Rq wkh frqwudu|/ dffruglqj wr Luhodqg +4<<<, lw pd| zhoo kdyh ehhq wkdw
lq dwlrq zdv gxh wr wkh gholehudwh ghflvlrq wr frqgxfw wlph0lqfrqvlvwhqw srolflhv1 Ilqdoo|/ Fodu0
lgd/ Jdol dqg Jhuwohu +5333, glvfxvv dw ohqjwk +exw �qdoo| uhmhfw, wkh vxjjhvwlrq wkdw lq dwlrq
lq wkh suh0Yrofnhu hud pljkw kdyh ehhq fdxvdoo| olqnhg wr wkh rlo vkrfnv lq wkh 4<:3v1
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lqwhusuhw d fkdqjh lq rqh ri wkh hvwlpdwhg sdudphwhuv dv d prgl�fdwlrq ri wkh

suhihuhqfhv ri wkh fhqwudo edqn/ udwkhu wkdq d prgl�fdwlrq lq wkh vwuxfwxuh ri wkh

hfrqrp|1 Dowkrxjk wklv srlqw lv fohdu lq wkhru|/ rqo| ihz dxwkruv +Olssl/ 4<<;/

fk1;> Fhffkhwwl/ PfFrqqhoo dqg Shuh}0Txlurv/ 4<<<> Ghqqlv/ 5334, kdyh dwwhpswhg

wr hvwlpdwh wkh ghhs suhihuhqfh sdudphwhuv1

Wkh lghqwl�fdwlrq sureohp lv olnho| wr eh txlwh uhohydqw lq sudfwlfh1 Lq idfw/

hyhq li zh dvvxph wkdw wkh vwuxfwxudo vshfl�fdwlrq ri wkh djjuhjdwh ghpdqg dqg

vxsso| htxdwlrqv kdv ehhq vwdeoh dfurvv wlph/ wkh hpslulfdo revhuydwlrq ri lq0

fuhdvhg pdfurhfrqrplf vwdelolw| dqg orzhu lq dwlrq fdq eh dwwulexwhg wr irxu

srvvleoh idfwruv= d vkliw lq fhqwudo edqn wdujhwv dqg lq wkhlu uhodwlyh zhljkwv/ d uh0

gxfwlrq lq wkh yduldelolw| ri djjuhjdwh vxsso| vkrfnv dqg d pruh h!flhqw frqgxfw

ri prqhwdu| srolf|91

Lq wklv sdshu zh sursrvh d iudphzrun wr lghqwli| fhqwudo edqn suhihuhqfhv/

dqg zh dsso| lw wr d irupdo dqdo|vlv ri wkh fkdqjh lq wkh suhihuhqfh ixqfwlrq ri

wkh Ihg iurp 4<940:< wr 4<;30<;1 Wkh prgho hpsor|v d vlpsoh fkdudfwhul}dwlrq ri

wkh XV djjuhjdwh ghpdqg dqg vxsso| +Uxghexvfk dqg Vyhqvvrq/ 4<<<,1 Zh hvwl0

pdwh wkhvh wzr htxdwlrqv mrlqwo| zlwk wkh �uvw rughu frqglwlrqv/ zklfk vroyh wkh

lqwhuwhpsrudo rswlpl}dwlrq sureohp idfhg e| wkh Ihg1 Wkh hvwlpdwlrq ri wkh prg0

hov doorzv xv wr lghqwli| wkh uhodwlyh urohv ri fkdqjhv lq fhqwudo edqn suhihuhqfhv/

lq wkh h!flhqf| ri prqhwdu| srolf| dqg lq wkh vwuxfwxuh ri wkh hfrqrp| dv srvvl0

eoh h{sodqdwru| idfwruv ri wkh lpsuryhg lq dwlrq shuirupdqfh dqg pdfurhfrqrplf

vwdelolw| ri wkh XV hfrqrp|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh looxvwudwh wkh sureohp ri

lghqwli|lqj fhqwudo edqn suhihuhqfhv lq d vlpsol�hg iudphzrun1 Lq Vhfwlrq 6 zh

9Fhffkhwwl/ Ioruhv0Odjxqhv dqg Nudxvh +5334, dovr irfxv rq wkh odvw wzr idfwruv/ dgrswlqj
d vlplodu glvwlqfwlrq= wkh| lghqwli| wkh lqfuhdvhg h!flhqf| lq prqhwdu| srolf| dv d pryhphqw
wrzdug wkh rxwsxw0lq dwlrq yduldelolw| h!flhqf| iurqwlhu/ zkloh wkh uhgxfwlrq lq wkh yduldelolw|
ri djjuhjdwh vxsso| vkrfnv lv lqwhusuhwhg dv d pryhphqw ri wkh h!flhqf| iurqwlhu1
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glvfxvv wkh vshfl�fdwlrq dqg hvwlpdwlrq ri rxu wkuhh0htxdwlrq prgho/ dqg h{dplqh

wkh uhvxowv dfurvv wzr vxe0vdpsohv1 Vhfwlrq 7 frqfoxghv1

51 Wkh lghqwl�fdwlrq ri fhqwudo edqn suhihuhqfhv

Zh dvvxph wkdw fhqwudo edqn suhihuhqfhv pd| eh ghvfulehg e| wkh iroorzlqj lq0

whuwhpsrudo orvv ixqfwlrq=

.|

"[
�'f

B�u|n� +514,

dqg=

u '
�

2

k
EZ| � ZW�2 n b%2

|
n > E�| � �|3��

2
l

+515,

zkhuh= %| lv wkh rxwsxw jds/ Z| wkh lq dwlrq udwh/ �| wkh srolf| lqvwuxphqw +d

vkruw0whup lqwhuhvw udwh,/ .| gh�qhv h{shfwdwlrqv wdnhq zlwk uhvshfw wr lqirupd0

wlrq dydlodeoh dw wlph w/ b lv wkh zhljkw dwwdfkhg wr rxwsxw vwdelol}dwlrq dqg > wr

lqwhuhvw udwh vprrwklqj/ ZW lv wkh wdujhw ohyho ri lq dwlrq dqg B wkh lqwhuwhpsrudo

glvfrxqw idfwru1 Htxdwlrq E2�2� lv d jhqhudo fkdudfwhul}dwlrq ri srolf| remhfwlyhv

dqg suhihuhqfhv/ frqvlvwhqw zlwk wkh jrdov ri prqhwdu| srolf| dv wkh| duh odlg

rxw lq wkh Ihghudo Uhvhuyh Dfw= �^wkh Ihghudo Uhvhuyh V|vwhp dqg wkh Ihghudo

Rshq Pdunhw Frpplwwhh vkrxog vhhn` wr surprwh h�hfwlyho| wkh jrdov ri pd{l0

pxp hpsor|phqw/ vwdeoh sulfhv dqg prghudwh orqj0whup lqwhuhvw udwhv111�:1 Wkh

whup lq wkh yrodwlolw| ri vkruw0whup udwhv fdq eh udwlrqdol}hg e| uhfdoolqj wkh olqn

ehwzhhq xqfhuwdlqw| lq wkh srolf| udwhv dqg d kljkhu whup suhplxp lq orqj udwhv

:Wkh qrwlrq ri vwdeoh sulfhv lv lqghhg d ydjxh rqh/ dowkrxjk wkh Ihg lv rq uhfrug iru kdylqj
vxssruwhg wkh Qhdo Uhvroxwlrq/ zklfk zrxog kdyh uhtxluhg lw wr uhgxfh lq dwlrq wr wkh srlqw
zkhuh �wkh h{shfwhg udwh ri fkdqjh ri wkh jhqhudo ohyho ri sulfhv fhdvhv wr eh d idfwru lq lqglylgxdo

dqg exvlqhvv ghflvlrqpdnlqj�1 Vhh Jrrgiulhqg +4<<8/ s1 455,1 Wkdw Uhvroxwlrq/ krzhyhu/ zdv
qrw sdvvhg e| Frqjuhvv1
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+Vhh Idyhur dqg Prvfd/ 5334,;1 Ilqdoo|/ qrwh wkdw wkh dvvxphg vshfl�fdwlrq dovr

dffrpprgdwhv dv vshfldo fdvhv wkdw ri vwulfw + b ' > ' f� dqg  h{leoh lq dwlrq

wdujhwlqj + > ' f� +Vyhqvvrq/ 4<<:,1

Lq jhqhudo/ d fhqwudo edqn zrxog vroyh wkh deryh lqwhuwhpsrudo rswlpl}dwlrq

sureohp vxemhfw wr wkh vshfl�fdwlrq ri djjuhjdwh ghpdqg dqg vxsso|1 Wr h{dplqh

wkh lghqwl�fdwlrq sureohp glvfxvvhg lq wkh Lqwurgxfwlrq/ krzhyhu/ lw lv vx!flhqw

wr dqdo|}h wkh fdvh ri  h{leoh lq dwlrq wdujhwlqj/ dqg wr frqvlghu d vw|ol}hg gh0

vfulswlrq ri djjuhjdwh ghpdqg dqg vxsso|=

%|n� ' S�%| � S2 E�| � Z|� n �_

|n� +516,

Z|n� ' Z| n S�%| n �r

|n� +517,

zkhuh zh dvvxph wkdw uhdo dfwlylw| uhvsrqgv wr pryhphqwv lq wkh prqhwdu|

srolf| lqvwuxphqw dqg wkdw lq dwlrq uhvsrqgv wr wkh rxwsxw jds<1 �_ dqg �r

duh l1l1g1 ghpdqg dqg vxsso| vkrfnv dqg doo wkh sdudphwhuv U ' ES�c S2c S�� duh

srvlwlyh1

Wkh lqwhuwhpsrudo rswlpl}dwlrq sureohp lv wkhq wr plqlpl}h 5140515 vxemhfw wr

wkh frqvwudlqwv E2��� dqg E2�e� dqg wr wkh uhvwulfwlrq > ' f1 Dv vkrzq e| Vyhqvvrq

;Jrrgiulhqg +4<;:,/ Vyhqvvrq +4<<;, dqg Zdovk +4<<;/ fk143, dovr glvfxvv zk| wkh fhqwudo
edqn pljkw dwwdfk d srvlwlyh ydoxh wr lqwhuhvw udwh vprrwklqj1 Hpslulfdoo|/ wklv fkrlfh lv prwl0
ydwhg e| wkh ghvluh wr dffrxqw iru wkh revhuyhg shuvlvwhqfh ru judgxdolw| lq wkh vhwwlqj ri wkh
Ihghudo Ixqgv udwh1

<Wklv vlpsoh vwuxfwxuh hperglhv wkh pdlq ihdwxuhv ri zhoo0nqrzq vlpsoh hpslulfdo prghov ri
wkh XV hfrqrp|/ dv lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;, dqg Uxghexvfk dqg Vyhqvvrq
+4<<<,1 Dsduw iurp dgglqj d pruh uhdolvwlf odj vwuxfwxuh/ vhyhudo prgl�fdwlrqv ri wkh vwuxfwxuh
suhvhqwhg lq wkh wh{w frxog eh sursrvhg1 Iru lqvwdqfh/ wkh vxsso| htxdwlrq frxog lqfoxgh d
iruzdug orrnlqj whup lq lq dwlrq h{shfwdwlrqv1 Dovr/ lq dq rshq hfrqrp| erwk ghpdqg dqg
vxsso| htxdwlrqv zrxog lqfoxgh whupv lq wkh uhdo h{fkdqjh udwh dqg iruhljq sulfhv1 Wkhvh
dgglwlrqv zrxog lpso| qhz fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq/ zklfk zrxog frpsolfdwh
wkh prgho zlwkrxw dowhulqj lwv ixqgdphqwdo vwuxfwxuh1
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+4<<:/ s14466,/ wkh Hxohu htxdwlrq zklfk vroyhv wklv sureohp fdq eh zulwwhq lq

whupv ri d frqyhqwlrqdo Wd|oru uxoh=

�| ' Z| n� EZ| � ZW� n �%| +518,

zkhuh= � ' �3K

S2S�
> � ' �3KnS�

S2
> f � K ' b

bnB&ES��
2 	 � dqg & ' &Ebc Bc S�� � �1

Lw lv fohdu wkdw/ hyhq lq wklv vlpsoh fdvh/ d vlqjoh0htxdwlrq dssurdfk wr wkh hvwl0

pdwlrq ri wkh lqwhuhvw udwh uxoh zrxog qrw doorz wr lghqwli| wkh srolf| suhihuhqfhv

sdudphwhuv= ZWc Bc b 1 Pruh frpsolfdwhg prghov ri wkh hfrqrp| ru pruh jhqhudo

vshfl�fdwlrqv ri wkh orvv ixqfwlrq +doorzlqj iru > � f, zrxog lpso| wkdw pruh

whupv zrxog eh dgghg wr wkh rswlpdo LUU dqg wkh hvwlpdwhg frh!flhqwv zrxog

ehfrph hyhq pruh frqyroxwhg1 Pruhryhu/ qrwh wkdw hyhq li zh dvvxph b ' f/ l1h1

qr suhihuhqfh iru rxwsxw vwdelol}dwlrq/ wkh whup lq wkh rxwsxw jds zrxog vwloo eh

lqfoxghg lq wkh rswlpdo LUU1

Wkh h{dpsoh mxvw suhvhqwhg lv vx!flhqw wr looxvwudwh wkh vkruwfrplqjv ri d

vlqjoh0htxdwlrq dssurdfk wr wkh hvwlpdwlrq ri Wd|oru uxohv1 Rq wkh rwkhu kdqg/ lw

pd| dovr vxjjhvw wkdw wkh vshfl�fdwlrq dqg hvwlpdwlrq ri dq rswlpdo Wd|oru uxoh/

ghulyhg xqghu wkh frqglwlrqv ri htxdwlrqvE2�2� +l1h1 doorzlqj iru d suhihuhqfh iru

erwk rxwsxw dqg lqwhuhvw0udwh vwdelol}dwlrq, dqg vxemhfw wr d ulfkhu vshfl�fdwlrq

ri wkh djjuhjdwh ghpdqg dqg vxsso| htxdwlrqv/ pd| ehfrph wrr frpsolfdwhg wr

eh ihdvleoh ru lghqwl�deoh1 Lq wkh Dsshqgl{ zh vkrz krz/ xqghu vxlwdeoh dqg

sodxvleoh dvvxpswlrqv/ dq hvwlpdeoh dqg lghqwl�deoh LUU frqvlvwhqw zlwk rswlpdo

prqhwdu| srolf| fkrlfhv fdq eh ghulyhg1

61 Wkh srolf| suhihuhqfhv ri wkh Ihg

Lq wklv Vhfwlrq zh dsso| wkh iudphzrun sursrvhg deryh wr lghqwli| wkh suhihuhqfh

sdudphwhuv ri wkh Ihg1 Lq sduwlfxodu/ zh zdqw wr xqghuvwdqg zkhwkhu wkh ghfolqh

:



lq wkh ohyho dqg yduldelolw| ri lq dwlrq lq wkh Yrofnhu0Juhhqvsdq shulrg pd| eh

dwwulexwhg wr d fkdqjh lq wkh lpsolflw lq dwlrq wdujhw dvvxphg e| wkh Ihg/ ru

dovr/ dqg wr zkdw h{whqw/ wr d fkdqjh lq wkh uhodwlyh zhljkwv ri lq dwlrq/ rxwsxw/

dqg lqwhuhvw udwh vwdelol}dwlrq lq wkh orvv ixqfwlrqE2�2�/ wr dq lqfuhdvhg h!flhqf|

lq wkh frqgxfw ri prqhwdu| srolf|/ ru wr d fkdqjh lq wkh vl}h dqg shuvlvwhqfh ri

pdfurhfrqrplf vkrfnv/ ru lq vrph rwkhu fkdudfwhulvwlf ri wkh pdfur0wudqvplvvlrq

phfkdqlvp1

Zh hvwlpdwh d wkuhh0htxdwlrq prgho/ rewdlqhg e| plqlpl}lqj wkh orvv0ixqfwlrq

E2�2� xqghu wkh dvvxpswlrq ri d �qlwh0wlph krul}rq/ dqg vxemhfw wr d jhqhudo/

glvwulexwhg odj vshfl�fdwlrq ri wkh djjuhjdwh ghpdqg dqg vxsso|/ ghulyhg iurp

wkh vw|ol}hg vshfl�fdwlrq sursrvhg lq htxdwlrqv E2���0E2�e�1 Wkh ixoo ghulydwlrq ri

wkh prgho lv glvfxvvhg lq wkh Dsshqgl{1 E| lpsrvlqj dssursuldwh uhvwulfwlrqv rq

wkh vwuxfwxuh ri ohdgv dqg odjv/ zh rewdlq wkh iroorzlqj hpslulfdo vshfl�fdwlrq=

%| ' S� n S2%|3� n S�%|32 n Se E�|32�
b
Z|32� n +614,

nSD E�|3��
b
Z|3�� n �_

|

Z| ' SSZ|3� n S.Z|32 n SH%|3� n +615,

nSb{e,RS6|3� n �r
|

f ' > E�| � �|3��� >B.|3� E�|n� � �|� +616,

nB�.|3� dSHSe EZ|n� � ZW� n B ESSSHSe n SH ESD n S2Se�� EZ|ne � ZW�o

nbB2.|3�

k
Se%|n2 n B ESD n S2Se� %|n� n B2 ES2 ESD n S2Se� n S�Se� %|ne

l

n�6
|

zkhuh= %| lv wkh uhodwlyh jds ehwzhhq dfwxdo dqg srwhqwldo JGS lq shufhqwdjh

srlqwv / Z| lv dqqxdo lq dwlrq E�ff � E*? R| � *? R|3e�� lq wkh JGS fkdlq0zhljkwhg

sulfh lqgh{43/ wkh uhdo udwh ri lqwhuhvw/ �|�
b
Z / lv gh�qhg e| vxewudfwlqj wr wkh

43Vrxufh= X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv1 Dydlodeoh iurp

;



qrplqdo udwh44 wkh dyhudjh dqqxdol}hg txduwhuo| lq dwlrq ryhu wkh suhylrxv irxu

txduwhuv451 {e,SR6| lv wkh LPI frpprglw| sulfh lqgh{ +dqqxdo jurzwk udwh/

shufhqwdjh srlqwv,1

Dv d qdwxudo zd| wr hvwlpdwh wkh prgho/ zh lpsohphqw JPP rq wkh �uvw rughu

frqglwlrqv E���� c fkrrvlqj dv lqvwuxphqwv iru h{shfwhg lq dwlrq wkrvh yduldeohv

zklfk duh frqvlvwhqw zlwk wkh g|qdplf vshfl�fdwlrq ri htxdwlrqv E����0E��2�1 Zh

whvwhg wkh vwurqj h{rjhqhlw| ri wkh frpprglw| sulfh lqgh{ iru wkh hvwlpdwlrq ri

wkh sdudphwhuv ri lqwhuhvw dqg frxog qrw uhmhfw lw1 Wkh prgho kdv ehhq hvwlpdwhg

iru wkh wzr vxe0vdpsohv 4<94=404<:<=6 dqg 4<;3=604<<;=61 Zh uhsruw hvwlpdwhv ri

wkh uhohydqw sdudphwhuv lq Wdeoh 41

Wkh vljq dqg vl}h ri wkh sdudphwhuv lq wkh edfnzdug0orrnlqj ghpdqg dqg vxs0

so| eorfn duh frqvlvwhqw zlwk wkh uhvxowv uhsruwhg e| Uxghexvfk dqg Vyhqvvrq

+4<<<,1 Zh revhuyh wkdw wkh lqfoxvlrq ri wkh frpprglw| sulfh lqgh{ dv d ohdg0

lqj lqglfdwru iru lq dwlrq/ dv vxjjhvwhg e| wkh YDU olwhudwxuh rq wkh prqhwdu|

wudqvplvvlrq phfkdqlvp +vhh/ iru h{dpsoh/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/

4<<;,/ lqgxfhv rqo| vpdoo prgl�fdwlrqv lq wkh hvwlpdwhg sdudphwhuv ri wkh vxsso|

htxdwlrq1 Lw lv dssduhqw iurp wkh uhsruwhg hvwlpdwhv wkdw fkdqjhv lq wkh vwuxfwxuh

ri wkh hfrqrp| zhuh qrw yhu| surqrxqfhg ehwzhhq wkh wzr vxe0vdpsohv/ dv wkh

hvwlpdwhg sdudphwhuv lq wkh ghpdqg dqg vxsso| eorfn duh yhu| vlplodu lq vl}h dqg

vljql�fdqfh1 Krzhyhu/ zh dovr qrwh wkdw pdfurhfrqrplf frqglwlrqv kdyh ehhq

pruh idyrudeoh lq wkh vhfrqg vxe0shulrg/ dv wkh vwdqgdug ghyldwlrq ri wkh vxsso|

vkrfnv lv dssur{lpdwho| :6( ri wkdw lq wkh �uvw shulrg1

Wxuqlqj rxu dwwhqwlrq wr wkh suhihuhqfh sdudphwhuv/ zh kdyh uhvwulfwhg wkh

glvfrxqw idfwru wr B ' f�b.D/ dv wkh xquhvwulfwhg hvwlpdwh lv yhu| lpsuhflvh1 Wklv

IUHG +kwws=22zzz1vwov1iue1ruj2iuhg2gdwd2jgs1kwpo,1
44

lw lv wkh dyhudjh ydoxh ri wkh Ihghudo Ixqgv udwh lq wkh odvw prqwk ri hdfk txduwhu +Vrxufh=
Gdwdvwuhdp,1

45Wklv vshfl�fdwlrq ri wkh uhdo udwh iroorzv wkdw lq Uxghexvfk dqg Vyhqvvrq +4<<<,1
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vhhpv d sodxvleoh dvvxpswlrq/ dqg dovr doorzv d phdqlqjixo lqwhusuhwdwlrq ri wkh

uhpdlqlqj suhihuhqfh sdudphwhuv/ zlwkrxw d�hfwlqj wkh ryhudoo �w ri wkh prgho1

Wkh zhljkwv rq lqwhuhvw udwh vprrwklqj dqg rq rxwsxw vwdelol}dwlrq +kdylqj qru0

pdol}hg dw xqlw| wkh zhljkw rq lq dwlrq, duh vpdoo exw fohduo| vljql�fdqw lq erwk

vxe0shulrgv1 Wkh sdudphwhu rq lqwhuhvw udwh vprrwklqj/ >/ lqfuhdvhv iurp 313384

wr 3133;8> zkloh b ghfuhdvhv iurp 3133486 wr 3133458 1 Wkh prvw uhohydqw fkdqjh

lq suhihuhqfhv rffxuv lq ZW/ wkh lpsolflw lq dwlrq wdujhw/ zklfk idoov iurp 81;(

wr 519(1 Wklv lv pluuruhg lq dq hvwlpdwh ri wkh lpsolflw htxloleulxp uhdo lqwhuhvw

udwh/ zklfk lqfuhdvhv iurp 41<( wr 61:(1

Zkloh wkh hvwlpdwhg ydoxhv ri b dqg > duh yhu| vpdoo/ lw zrxog qrw eh fruuhfw

wr dvvxph wkdw wkh| duh luuhohydqw1 Lq sduwlfxodu/ li > ' f/ wkh Ihg zrxog kdyh

xvhg lqwhuhvw udwhv pxfk pruh dfwlyho|/ lq rughu wr uhdfk lwv jrdov1 Wklv lv fohduo|

looxvwudwhg lq Iljxuh 4/ zkhuh zh frpsduh wkh revhuyhg srolf| udwhv gxulqj 4<;50<;

zlwk wkh rswlpdo srolf| udwhv jhqhudwhg zlwklq rxu prgho/ dqg zlwk wkh rswlpdo

srolf| udwhv frqglwlrqdo rq vhwwlqj hlwkhu b ru > wr }hur1 Wkh uhvxowv fohduo| vkrz

wkdw dq lpsodxvleo| odujh yrodwlolw| ri lqwhuhvw udwhv zrxog kdyh hphujhg lq wkh

fdvh ri > ' f/ zkhuhdv wkh lpsolfdwlrqv ri vhwwlqj b ' f gr qrw dsshdu htxdoo|

gudpdwlf1

Ilqdoo|/ zh hydoxdwh wkh lpsuryhphqwv lq wkh h!flhqf| ri prqhwdu| srolf| e|

frpsdulqj ryhu wlph wkh yrodwlolw| ri dfwxdo lqwhuhvw udwhv durxqg wkhlu hvwlpdwhg

rswlpdo sdwk1 Yrodwlolw| lv phdvxuhg e| wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwhg

uhvlgxdov ri wkh Hxohu htxdwlrq +l1h1/ wkh lqwhuhvw udwh0vhwwlqj uhjuhvvlrq,1 Wklv

kdv ghfuhdvhg e| 53(/ iurp 313443 wr 3133;;/ ehwzhhq wkh wzr vdpsohv461 Zh

wkxv frqfoxgh wkdw dovr wkh frqgxfw ri prqhwdu| srolf| kdv lqghhg ehfrph pruh

h!flhqw lq wkh Yrofnhu0Juhhqvsdq shulrg1

46Vhh wkh odvw urz ri Wdeoh 41
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71 Frqfoxvlrqv

Lq wklv sdshu zh ghyhorshg dq dssurdfk wr wkh lghqwl�fdwlrq ri fhqwudo edqn

suhihuhqfhv/ zklfk gl�huv iurp wkh vwdqgdug sudfwlfh ri hvwlpdwlqj xquhvwulfwhg

+iruzdug0orrnlqj, lqwhuhvw udwh uxohv1 Vlqfh hvwlpdwhg sdudphwhuv lq d prqhwdu|

srolf| uxoh duh frqyroxwlrqv ri wkh �ghhs� suhihuhqfh sdudphwhuv zlwk wkrvh gh0

vfulelqj wkh vwuxfwxuh ri wkh hfrqrp|/ lw lv qrw srvvleoh wr lghqwli| wkh iruphu

iurp wkh gluhfw hvwlpdwlrq ri prqhwdu| srolf| uxohv1 Krzhyhu/ suhihuhqfhv fdq

eh qdwxudoo| lghqwl�hg iurp wkh �uvw rughu frqglwlrqv ri wkh lqwhuwhpsrudo rs0

wlpl}dwlrq sureohp idfhg e| fhqwudo edqnv/ iru d jlyhq vwuxfwxuh ri wkh hfrq0

rp|1 Zh lpsohphqw wklv dssurdfk e| vlpxowdqhrxv JPP hvwlpdwlrq ri d wkuhh0

htxdwlrq prgho lqfoxglqj djjuhjdwh ghpdqg dqg vxsso| htxdwlrqv wrjhwkhu zlwk

wkh iruzdug0orrnlqj/ �uvw rughu frqglwlrqv iru wkh vroxwlrq ri wkh rswlpl}dwlrq

sureohp1 Wkh �ghhs� suhihuhqfh sdudphwhuv duh lghqwl�hg dqg hvwlpdwhg diwhu

lpsrvlqj wkh furvv0htxdwlrq uhvwulfwlrqv lpsolhg e| rswlpl}dwlrq1

Zh xvhg rxu dssurdfk wr hydoxdwh wr zkdw h{whqw wkh lpsuryhg shuirupdqfh ri

wkh XV hfrqrp| lq whupv ri lq dwlrq/ lwv yrodwlolw| dqg wkh yrodwlolw| ri wkh rxwsxw

jds frxog eh dwwulexwhg wr d vkliw lq fhqwudo edqn suhihuhqfhv/ wr dq lqfuhdvh lq

wkh h!flhqf| ri prqhwdu| srolf| ru wr d pruh idyrudeoh hfrqrplf hqylurqphqw1

Rxu uhvxowv lqglfdwh wkdw wkh srolf| suhihuhqfhv ri wkh Ihg/ dqg lq sduwlfxodu wkh

lpsolflw lq dwlrq wdujhw/ kdyh fkdqjhg gudvwlfdoo| zlwk wkh dgyhqw ri wkh Yrofnhu0

Juhhqvsdq hud1 Wr d odujh h{whqw/ wklv zdv wr eh h{shfwhg/ dqg frq�upv wkh

hduolhu uhvxowv ri Fodulgd/ Jdol dqg Jhuwohu +FJJ/ 5333,/ zkr kdg irxqg wkdw

�wkh Ihghudo Uhvhuyh ^kdg ehhq` kljko| *dffrpprgdwlyh* lq wkh suh0Yrofnhu |hduv�

+lg1/ s147;,1 Krzhyhu/ FJJ dwwulexwh wkh lpsuryhg lq dwlrq shuirupdqfh hvvhq0

wldoo| wr wkh pruh �surdfwlyh vwdqfh� djdlqvw lq dwlrq/ zklfk kdg ehhq dgrswhg e|

Yrofnhu dqg Juhhqvsdq1 Lq wkhlu ylhz/ wkh prvw uhohydqw fkdqjh kdv ehhq wkh dwwl0
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wxgh wrzdugv lq dwlrq/ udwkhu wkdq wkh lq dwlrq wdujhw lwvhoi1 Wkhlu srlqw hvwlpdwh

ri wkh wdujhw ghfolqhv rqo| iurp 618;( +lq wkh shulrg 93=40:<=5, wr 6149( +;5=70

<9=747,/ d fkdqjh zklfk wkh| frqvlghu hfrqrplfdoo| qrw vljql�fdqw1 Rq wkh rwkhu

kdqg/ rxu hvwlpdwhv srlqw wr d pruh gudpdwlf fkdqjh lq wkh lq dwlrq wdujhw/ iurp

81:<( +94=40:<=5, wr 5196( +;3=60<;=6,/ zkhuhdv wkh fkdqjh lq wkh uhodwlyh suhi0

huhqfh iru rxwsxw vwdelol}dwlrq ghfolqhv rqo| pdujlqdoo|/ iurp 3133486 wr 3133458/

l1h1 e| 4;(481

Krzhyhu zh pd| lqwhsuhw wkhp/ fkdqjhv lq srolf| suhihuhqfhv duh qrw vx!flhqw

wr whoo wkh zkroh vwru|/ dffruglqj wr rxu uhvxowv1 Wzr dgglwlrqdo idfwruv frqwulexwh

wr h{sodlq wkh lpsuryhg pdfurhfrqrplf shuirupdqfh ri wkh vhfrqg shulrg/ uhod0

wlyho| wr wkh �uvw rqh= wkh vwdqgdug ghyldwlrq ri vxsso| vkrfnv kdv ehhq uhgxfhg

diwhu 4<;3 wr dssur{lpdwho| :6( ri wkdw lq wkh �uvw shulrg/ dqg dovr wkh h!flhqf|

ri prqhwdu| srolf| 0 wkdw lv/ wkh h{whqw wr zklfk revhuyhg srolf| udwhv kdyh ehhq

forvh wr wkh hvwlpdwhg rswlpdo sdwk 0 kdv lqfuhdvhg e| 53(149

47Wr uhgxfh wkh gl�huhqfhv gxh wr wkh gl�huhqw vdpsoh vl}h dqg prgho vshfl�fdwlrq/ zh txrwh
wkh hvwlpdwhv rewdlqhg e| FJJ iru wkh shulrgv zklfk wkh| lqglfdwh uhvshfwlyho| dv Suh0Yrofnhu
dqg Srvw04<;51 Dovr/ zh uhihu wr wkhlu hvwlpdwhv frpsxwhg zlwk dq lq dwlrq iruhfdvwlqj krul}rq
ri 7 txduwhuv dkhdg +vhh wkhlu Wdeohv LY dqg Y uhvshfwlyho|,/ zklfk lv forvh wr wkh krul}rq
vxjjhvwhg e| rxu vwuxfwxudo hvwlpdwhv1

48D ghfuhdvh lq wkh suhihuhqfh iru rxwsxw vwdelol}dwlrq/ �/ lqfuhdvhv wkh ghjuhh ri �surdfwlyh0
qhvv� ri wkh Ihg +�/ lq wkh whuplqrorj| ri FJJ/ zklfk lv dqdorjrxv wr wkh frh!flhqw E lq
htxdwlrq +518, lq rxu sdshu,1 Dowkrxjk wkh wzr vhwv ri hvwlpdwhv duh vwulfwo| qrw frpsdudeoh/
wr pluuru wkh 618 wlphv lqfuhdvh lq � frpsxwhg e| FJJ +iurp 31;9 wr 6146,/ rxu hvwlpdwh ri �
zrxog kdyh wr ghfuhdvh e| pruh wkdq 83(1

49Vhh irrwqrwh 461 Lq d vlplodu yhlq/ Fhffkhwwl/ Ioruhv0Odjxqhv dqg Nudxvh +5334, revhuyh/
doehlw lq wkh frqwh{w ri d vrphzkdw gl�huhqw lghqwli|lqj iudphzrun/ wkdw dovr lq wkh frxuvh ri
wkh Yrofnhu0Juhhqvsdq shulrg +l1h1/ frpsdulqj ;50;< wr <30<:, wkh pdfurhfrqrplf shuirupdqfh
ri wkh XV hfrqrp| kdv frqwlqxhg wr lpsuryh1 Wkh| dwwulexwh wklv lpsuryhphqw lq doprvw htxdo
sduwv wr wkh uhgxfhg yduldqfh ri vxsso| vkrfnv dqg wr wkh lqfuhdvhg srolf| h!flhqf| +vhh Wdeoh
5 lq wkhlu sdshu,1
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81 Dsshqgl{= Iurp wkhru| wr wkh hpslulfdo prgho

Zh ghulyhg rxu hpslulfdo prgho vwduwlqj iurp wkh dvvxpswlrq wkdw fhqwudo edqn

suhihuhqfhv duh ghvfulehg e| wkh iroorzlqj lqwhuwhpsrudo orvv ixqfwlrq=

.|

�[
�'f

B�u|n� +814,

zkhuh wkh orvv ixqfwlrq O lv vshfl�hg dv lq Htxdwlrq E2�2�1 Wkh dvvxpswlrq

ri d �qlwh krul}rq lq wkh rswlpdo sureohp/ zkloh duelwudu|/ lv suhihudeoh wr wkh

pdlqwdlqhg dvvxpswlrq ri dq lq�qlwh krul}rq1 Lq idfw/ zkloh dssduhqwo| pruh

hohjdqw/ wkh lq�qlwh krul}rq prgho lq idfw uhvruwv wr d edfnzdug0orrnlqj hpslulfdo

vshfl�fdwlrq/ dv lpsohphqwhg uhfhqwo| e| Ghqqlv +5334,1 Wkxv wkh iruzdug0orrnlqj

fkdudfwhulvwlf ri prqhwdu| srolf| zrxog eh orvw1 Pruhryhu/ dv zh vkrz ehorz/ wkh

zhljkw ri wkh yduldeohv lq wkh iruzdug0orrnlqj htxdwlrq +lq wkh fdvh ri d �qlwh

krul}rq, qdwxudoo| ghfolqhv dv wkh wlph0ohdg lqfuhdvhv +wklv lv wuxh hyhq li wkh

glvfrxqw idfwru lv xqlw|,/ lpso|lqj wkdw pruh glvwdqw h{shfwhg yduldeohv fduu| ohvv

lqirupdwlrq iru fxuuhqw srolf| ghflvlrqv1 Khqfh d qdwxudo fxwwlqj srlqw iru wkh

ixwxuh krul}rq zrxog hphujh lq dq| fdvh1 Zh wkxv dvvxphg wkdw wkh prqhwdu|

srolf| pdnhu plqlpl}hv ED��� dqg E2�2� c vxemhfw wr wkh frqvwudlqwv jlyhq e| wkh

uhohydqw djjuhjdwh ghpdqg dqg vxsso| htxdwlrqv1 Doorzlqj iru d pruh jhqhudo odj

vwuxfwxuh wkdq wkh rqh hperglhg lq htxdwlrqv E2��� dqg E2�e�/ dqg dovr dgrswlqj

wkh edfnzdug0orrnlqj vshfl�fdwlrq iru wkh LV fxuyh hpsor|hg e| Uxghexvfk dqg

Vyhqvvrq +4<<<,/ zh pd| zulwh wkh frpsohwh prgho dv=

%|n� ' �� Eu�%|n�3� � �2 Eu�
�
�|n�3� � Z|n�3��

b
o
�
+815,

n�_|n�

Z|n� ' �� Eu�Z|n�3� n �e Eu�%|n�3� n �D Eu��|n� +816,
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n�r|n�

.|s E�|n�n�c Z|n�n�c %|n�n�� ' f +817,

s E�|n�n�c Z|n�n�c %|n�n�� '
�[

�'f

B�.| EZ|n�n� � ZW�
YZ|n�n�

Y�|n�

n

n
�[

�'f

B�b.|%|n�n�

Y%|n�n�

Y�|n�

n

n> E�|n� � �|n�3��� >B.| E�|n�n� � �|n�� n �6|n�

Qrwh wkdw wkh lqwhudfwlrq ehwzhhq wkh vwuxfwxuh ri wkh hfrqrp| dqg wkh srolf|

uhdfwlrq ixqfwlrq zrxog jhqhudwh dq lghqwl�fdwlrq sureohp/ zklfk zh vroyhg e|

dvvxplqj wkh devhqfh ri d frqwhpsrudqhrxv ihhgedfn ehwzhhq wkh pdfurhfrqrplf

yduldeohv dqg prqhwdu| srolf|/ l1h1 e| uxolqj rxw wkh h�hfw ri frqwhpsrudqhrxv

prqhwdu| srolf| lq wkh djjuhjdwh ghpdqg htxdwlrq1 Wklv uhvwulfwlrq lv hpslulfdoo|

sodxvleoh dqg lv qrz riwhq dgrswhg lq YDU prghov ri wkh prqhwdu| wudqvplvvlrq

phfkdqlvp4:1

Dv ED�e� duh wkh �uvw rughu frqglwlrqv iru wkh vroxwlrq ri wkh lqwhuwhpsrudo rs0

wlpl}dwlrq sureohp/ wkh| lpso| vrph whvwdeoh furvv0htxdwlrq uhvwulfwlrqv ehwzhhq

wkh sdudphwhuv ri wkh edfnzdug dqg iruzdug0orrnlqj eorfnv1

Hpslulfdo hvwlpdwlrq ri wkh prgho uhtxluhv wuxqfdwlrq ri wkh uhohydqw odj dqg

ohdgv1 Rq wkh edvlv ri rswlpdo odj vhohfwlrq fulwhuld zh fkrvh irxu odjv iru wkh edfn0

zdug orrnlqj eorfn1 Zh wkhq vhohfwhg irxu ohdgv iru wkh iruzdug orrnlqj eorfn1 Zh

fkhfnhg wkh urexvwqhvv ri wklv fkrlfh e| h{whqglqj wkh krul}rq e| rqh shulrg/ dqg

whvwlqj li wkh dgglwlrqdo yduldeohv lqyroyhg lq wkh Hxohu htxdwlrq dwwudfw vljql�fdqw

frh!flhqwv1 Zh glg vr e| vhwwlqj � ' D dqg irxqg vxssruw iru wkh fkrlfh � ' e�

Qrwlfh wkdw wkh fkrlfh ri d �qlwh krul}rq lv dovr frqvlvwhqw zlwk wkh ghvfulswlrq ri

wkh srolf| surfhvv suhvhqwhg lq wkh �Juhhqerrn�/ zklfk sxeolvkhv +zlwk d �yh0|hdu

ghod|, uhdo0wlph Ihg iruhfdvwv iru lq dwlrq dqg xqhpsor|phqw xs wr irxu txduwhuv

4:Vhh/ iru h{dpsoh/ Ehuqdqnh dqg Plkry +4<<;,1
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dkhdg1 Dovr qrwh wkdw wkh vwdwlrqdulw| ri wkh v|vwhp lpsolhv wkdw wkh zhljkw ri

ixwxuh yduldeohv ghfolqhv zlwk wkh krul}rq/ hyhq lq wkh fdvh B ' �� Wklv uhvxow lv

uhlqirufhg li B 	 �1

Zh wkhq vhohfwhg wkh ehvw �wwlqj hpslulfdo prgho e| rplwwlqj qrq0vljql�fdqw

odjv dqg ohdgv iurp wkh jhqhudo prgho1 Wkh uhvxowlqj prgho/ zulwwhq iru m@4/ kdv

wkh iroorzlqj vshfl�fdwlrq=

%|n� ' S� n S2%| n S�%|3� n Se E�|3��
b
Z|3�� n +818,

nSD E�|32�
b
Z|32� n �_|n�

Z|n� ' SSZ| n S.Z|3� n SH%| n +819,

nSb{e,RS6| n �r|n�

.|s E�|n�n�c Z|n�n�c %|n�n�� ' f +81:,

s E�|n�n�c Z|n�n�c %|n�n�� ' �| � S�f � S���|n� � S�2�|n2�
e[

�'�

S�2n�Z|n�

�

e[
�'�

S�Sn�%|n� n �6|n�

Jlyhq wkh vshfl�fdwlrq ri wkh xquhvwulfwhg prgho zh surfhhghg wr lghqwli| wkh

vwuxfwxudo sdudphwhuv ri lqwhuhvw e| lpsrvlqj wkh furvv0htxdwlrq uhvwulfwlrqv rq

wkh Hxohu htxdwlrq=

bB2.|%|n�
Y%|n�

Y�|n�
n B�b.|%|ne

#
Y%|ne

Y�|n�

$
n Beb.|%|nD

#
Y%|nD

Y�|n�

$
+81;,

nB�.| EZ|ne � ZW�

#
YZ|ne

Y�|n�

$
n Be.| EZ|nD � ZW�

#
YZ|nD

Y�|n�

$

n>.| E�|n� � �|�� >B.| E�|n2 � �|n��

' f
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Zh uhduudqjhg ED�H� dqg vxevwlwxwhg ghulydwlyhv zlwk frh!flhqwv iurp ED�D�

dqg ED�S� wr rewdlq=

f ' >.| E�|n� � �|�� >B.| E�|n2 � �|n�� +81<,

nB�.| dSHSe EZ|ne � ZW� n B ESSSHSe n SH ESD n S2Se�� EZ|nD � ZW�o

nbB2.|

k
Se%|n� n B ESD n S2Se� %|ne n B2 ES2 ESD n S2Se� n S�Se�%|nD

l

Mrlqw hvwlpdwlrq ri htxdwlrqv ED�D� dqg ED�S� wrjhwkhu zlwk ED�b� doorzv wkh

lghqwl�fdwlrq ri wkh sdudphwhuv Bc bc > dqg ZW/ zklfk ixoo| ghvfuleh wkh suhihuhqfhv

ri wkh fhqwudo edqn1 Wkh v|vwhp kdv ehhq hvwlpdwhg e| JPP/ zlwk d irxu odj

Qhzh|0Zhvw hvwlpdwh ri wkh fryduldqfh pdwul{1 Lqvwuxphqwv xvhg lqfoxgh irxu

odjv ri lq dwlrq/ rxwsxw jds/ frpprglw| sulfh lq dwlrq dqg wkh qrplqdo lqwhuhvw

udwh1 Uhvxowv ri wkh hvwlpdwlrq duh suhvhqwhg lq Vhfwlrq 6 dqg Wdeoh 41
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Uhihuhqfhv

Ehuqdqnh Ehq V1 dqg Loldq Plkry +4<<;, �Phdvxulqj prqhwdu| srolf|�/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ 446/ 6/ ;9<0<351

Fhffkhwwl Vwhskhq1J1/ D1 Ioruhv0Odjxqhv dqg V1 Nudxvh+5334, cKdv Prqhwdu|

Srolf| EhfrphPruh H!flhqwB DFurvv0Frxqwu| Dqdo|vlv*/ Pd|1 +kwws=22zzz1hfrq1rklr0

vwdwh1hgx2fhffkhwwl2sgi2fi0on853341sgi,1

Fhffkhwwl Vwhskhq J1/ Pdujduhwk P1 PfFrqqhoo dqg Jdeulho Shuh}0Txlurv

+4<<<, �Srolf|pdnhuv uhyhdohg suhihuhqfhv dqg wkh rxwsxw0lq dwlrq yduldelolw|

wudgh0r��/ xqsxeolvkhg/ Ihghudo Uhvhuyh Edqn ri Qhz \run

Fkulvwldqr Oduu| M1/ Pduwlq Hlfkhqedxp dqg F1O1 Hydqv +4<<;, �Prqhwdu|

srolf| vkrfnv= Zkdw kdyh zh ohduqhg dqg wr zkdw hqgB�/ QEHU Z1S1qr1 97331

Fodulgd Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu +5333, �Prqhwdu| srolf| uxohv

dqg pdfurhfrqrplf vwdelolw|= Hylghqfh dqg vrph wkhru|�/ Wkh Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 448/ 4/ 47:04;31

Ghqqlv U1+5334, �Wkh Srolf| Suhihuhqfhv ri wkh XV Ihghudo Uhvhuyh�/ Ihghudo

Uhvhuyh Edqn ri Vdq Iudqflvfr/ plphr1

Idyhur Fduor D1 dqg I1 Prvfd +5334, �Xqfhuwdlqw| rq prqhwdu| srolf| dqg wkh

h{shfwdwlrqv prgho ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv�/ Hfrqrplfv Ohwwhuv/

:4/ 69<06:81

Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| +4<<9,Dfklhylqj sulfh vwdelolw|1 +kwws=22zzz1nf1iue1ruj2,

Jrrgiulhqg Pduylq +4<;:, �Lqwhuhvw udwh vprrwklqj dqg sulfh ohyho wuhqg0

vwdwlrqdulw|�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4</ 668067;1

Jrrgiulhqg Pduylq +4<<8, �Dftxlulqj dqg pdlqwdlqlqj fuhglelolw| iru orz lq d0

wlrq= Wkh XV h{shulhqfh�1 Lq= O1 Ohlghupdq dqg O1H1R1 Vyhqvvrq +hgv1, Lq dwlrq

Wdujhwv/ FHSU1

Luhodqg Shwhu Q1 +4<<<, �Grhv wkh wlph0frqvlvwhqf| sureohp h{sodlq wkh eh0

kdylru ri lq dwlrq lq wkh Xqlwhg VwdwhvB�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 77/

4:



5:<05<41

Olssl Iudqfhvfr +4<<;, Fhqwudo edqn lqghshqghqfh dqg fuhglelolw|/ Hgzdug Ho0

jdu

Ruskdqlghv Dwkdqdvlrv +5333, �Wkh txhvw iru survshulw| zlwkrxw lq dwlrq�/

Hxurshdq Fhqwudo Edqn Z1S1qr1 48/ Pdufk1

Uxghexvfk Johqq G1 dqg Oduv H1R1 Vyhqvvrq +4<<<, �Srolf| uxohv iru lq dwlrq

wdujhwlqj�1 Lq Mrkq E1 Wd|oru +hg1,/ Prqhwdu| Srolf| Uxohv/ Xqlyhuvlw| ri Fklfdjr

Suhvv1

Vyhqvvrq Oduv H1R1 +4<<9, �Frpphqwdu|�1 Lq= Ihghudo Uhvhuyh Edqn ri

Ndqvdv Flw| +4<<9,1

Vyhqvvrq Oduv H1R1 +4<<:, �Lq dwlrq iruhfdvw wdujhwlqj= Lpsohphqwlqj dqg

prqlwrulqj lq dwlrq wdujhwv�/ Hxurshdq Hfrqrplf Uhylhz/ 74/ 4444044791

Vyhqvvrq Oduv H1R1 +4<<;, �Grhv wkh SW prgho surylgh dq| udwlrqdoh iru prq0

hwdu| wdujhwlqjB�1 +kwws=22zzz1llhv1vx1vh2ohrvyhq2,

Wd|oru Mrkq E1 +4<<6, �Glvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh�/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 6</ 4<805471

Zdovk Fduo H1 +4<<;, Prqhwdu| Wkhru| dqg Srolf|/ Wkh PLW Suhvv/ Fdp0

eulgjh/ PD1

4;



Wdeoh 4= Vwuxfwxudo dqg suhihuhqfh sdudphwhuv +Htv1 6141 615/ 616,

%| ' S� n S2%|3� n S�%|32 n Se E�|32�
b

Z|32� n SD E�|3��
b

Z|3�� n �_
|

Z| ' SSZ|3� n E�� SS�Z|32 n SH%|3� n Sb{e,RS6|3� n �r
|

f ' > E�| � �|3��� >B.|3� E�| � �|n��n
nB�.|3� dSHSe EZ|n� � ZW� n B ESSSHSe n SH ESD n S2Se�� EZ|ne � ZW�o

nbB2.|3�

k
Se%|n2 n B ESD n S2Se�%|n� n B2 ES2 ESD n S2Se� n S�Se�%|ne

l

n�6
|

4<94=404<:<=5 4<;3=604<<;=6

Frh� V1 H1 w0udwlr Frh� V1 H1 w0udwlr

S� 315:< 3136 <167 315;5 3137 :137
S2 41446 3137 631<8 41686 3135 98196
S� 03148; 3136 071:3 031744 3135 0491:3
Se 03143; 3134 0;173 0314;: 3138 06<166
SD 03136; 3135 041;; 31444 3134 45148
SS 416:4 3136 741;; 4166 3134 <615;
SH 31366 31337 ;14< 31373 31334 591<5
Sb 31344 31334 45153 3133< 31334 4514<
B 31<:8 0 0 31<:8 0 0
ZW 81:<8 313: ;9177 5195; 3139 791:<
b 3133486 313336 71<5 3133458 313335 91;5
> 313384 313339 :1<8 3133;8 313339 47175
E��

b

Z� ' 3S�

SenSD
' ��b2 E��

b

Z� ' 3S�

SenSD
' ��.�

j
�
�_

�
' f�b�� j

�
�_

�
' f�DH.

j E�r� ' f��Sf j E�r� ' f�2S�

j E�6� ' f�f�� j E�6� ' f�ffHH
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Iljxuh 4= Wkh h�hfwv ri dowhuqdwlyh srolf| suhihuhqfhv rq wkh sdwk ri

lqwhuhvw udwhv/ 4<;50<;
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FFR

IIU= 6 prqwkv Ihghudo Ixqgv Udwh +vhh irrwqrwh 44,1 VU4= Vlpxodwhg lqwhuhvw udwhv

iurp wkh hvwlpdwhg prgho +Wdeoh 4,1 VU5= Vlpxodwhg udwhv doorzlqj rqo| iru rxwsxw

vprrwklqj Eb ' f�ff�2D(> ' f�f�1 VU6= Vlpxodwhg udwhv doorzlqj rqo| iru lqwhuhvw

udwh vprrwklqj Eb ' f�f(> ' f�ffHD�1
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