
Phdvxulqj Prqhwdu| Srolf| zlwk YDU Prghov=
dq Hydoxdwlrq1�

Idelr F1 Edjoldqr| dqg Fduor D1 Idyhur}

Ghfhpehu 4<<:

Devwudfw

Wklv sdshu hydoxdwhv YDU prghov ghvljqhg wr dqdo|}h wkh prqhwdu|

srolf| wudqvplvvlrq phfkdqlvp lq wkh Xqlwhg Vwdwhv e| frqvlghulqj wkuhh

lvvxhv= vshfl�fdwlrq/ lghqwl�fdwlrq/ dqg wkh h�hfw ri wkh rplvvlrq ri wkh

orqj0whup lqwhuhvw udwh1 Vshfl�fdwlrq dqdo|vlv vxjjhvwv wkdw rqo| YDU prg0

hov hvwlpdwhg rq d vlqjoh prqhwdu| uhjlph ihdwxuh sdudphwhuv vwdelolw| dqg

gr qrw vkrz vljqv ri plv0vsh�fdwlrq1 Wkh lghqwl�fdwlrq dqdo|vlv vkrzv wkdw

YDU0edvhg prqhwdu| srolf| vkrfnv dqg srolf| glvwxuedqfhv lghqwl�hg iurp

dowhuqdwlyh vrxufhv duh qrw kljko| fruuhodwhg exw |lhog vlplodu ghvfulswlrqv

ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1 Odvwo|/ wkh lqfoxvlrq ri wkh orqj0

whup lqwhuhvw udwh lq d ehqfkpdun YDU gholyhuv d pruh suhflvh hvwlpdwlrq

ri wkh vwuxfwxudo sdudphwhuv fdswxulqj ehkdylrxu lq wkh pdunhw iru uhvhuyhv

dqg vkrzv wkdw frqwhpsrudqhrxv  xfwxdwlrqv lq orqj0whup lqwhuhvw udwhv duh

dq lpsruwdqw ghwhuplqdqw ri wkh prqhwdu| dxwkrulw|*v uhdfwlrq ixqfwlrq1

MHO Fodvvl�fdwlrq= H77/ H85

Nh|zrugv= prqhwdu| wudqvplvvlrq/ YDU prghov

� Sdshu suhsduhg iru wkh 53wk dqqxdo Lqwhuqdwlrqdo Vhplqdu rq Pdfurhfrqrplfv/ Jhu}hqvhh
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LVRP sduwlflsdqwv dqg wzr uhihuhhv iru pdq| ydoxdeoh vxjjhvwlrqv1 Judkdp Hoolrww/ Iuhghulfn
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Orqgrq Exvlqhvv Vfkrro/ Txhhq Pdu| dqg Zhvw�hog Froohjh/ wkh Xqlyhuvlw| ri Urph �Wru

Yhujdwd� dqg wkh Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr surylghg khosixo frpphqwv rq hduolhu

gudiwv ri wkh sdshu1 Zh dovr wkdqn Hulf Ohhshu iru nlqgo| surylglqj wkh gdwd xvhg lq Ohhshu/

Vlpv dqg ]kd +4<<9,1 Ilqdqfldo vxssruw iurp Frqvljolr Qd}lrqdoh ghooh Ulfhufkh lv judwhixoo|
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ri Hfrqrplfv ri wkh Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr1
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41 Lqwurgxfwlrq

Yhfwru Dxwruhjuhvvlyh +YDU, prghov duh zlgho| xvhg lq wkh hpslulfdo dqdo|vlv ri
prqhwdu| srolf| lvvxhv1 Wklv phwkrgrorj| kdv xqgrxewhgo| wkh phulw ri dyrlg0
lqj wkh qhhg iru d frpsohwh vshfl�fdwlrq ri d vwuxfwxudo prgho ri wkh hfrqrp|>
krzhyhu/ zkhq wkh h�hfwv ri prqhwdu| srolf| dfwlrqv duh wr eh hydoxdwhg/ d ixq0
gdphqwdo lghqwl�fdwlrq sureohp pxvw eh vroyhg1 Srolf| dfwlrqv zklfk duh dq
hqgrjhqrxv uhvsrqvh wr fxuuhqw ghyhorsphqwv lq wkh hfrqrp| pxvw eh vhsdudwhg
iurp h{rjhqrxv srolf| dfwlrqv1 Rqo| zkhq wkh odwwhu duh lghqwl�hg wkh g|qdplf
dqdo|vlv ri wkh YDU v|vwhp pd| |lhog uholdeoh lqirupdwlrq rq wkh prqhwdu| wudqv0
plvvlrq phfkdqlvp1

Lqfuhdvlqj dwwhqwlrq wr prqhwdu| vkrfnv lghqwl�fdwlrq lvvxhv kdv ehhq ghyrwhg
lq wkh uhfhqw YDU olwhudwxuh/ zlwk d vshfldo irfxv rq wkh ixqfwlrqlqj ri wkh edqn
uhvhuyhv pdunhw/ zklfk lv gluhfwo| d�hfwhg e| prqhwdu| srolf| dfwlrqv +Jrugrq dqg
Ohhshu ^47`/ Vwurqjlq ^65`/ Ehuqdqnh dqg Plkry ^6`/ Fkulvwldqr/ Hlfkhqedxp dqg
Hydqv ^;`/ Ohhshu/ Vlpv dqg ]kd ^4:`,1 Iroorzlqj d gl�huhqw/ wkrxjk uhodwhg/ olqh ri
uhvhdufk/ rwkhu dxwkruv kdyh frqvwuxfwhg phdvxuhv ri prqhwdu| srolf| vkrfnv xvlqj
gluhfw �qdqfldo pdunhw lqirupdwlrq/ qrw ghulyhg iurp d YDU v|vwhp +Uxghexvfk
^56`/ Vnlqqhu dqg ]hwwhoph|hu ^5<`/ Idyhur/ Sl�hul dqg Ldfrqh ^45`,1

Wkh pdlq sxusrvh ri wklv sdshu lv wr dvvhvv wkh surshuwlhv ri wkhvh gl�huhqw
phdvxuhv iru wkh Xqlwhg Vwdwhv/ hydoxdwlqj wkh lpsolhg g|qdplf uhvsrqvhv ri wkh
hfrqrp| wr prqhwdu| srolf| vkrfnv xvlqj d frpprq ehqfkpdun YDU prgho1

Vhfwlrq 5 lqwurgxfhv wkh YDU0edvhg dqdo|vlv ri wkh prqhwdu| wudqvplvvlrq
phfkdqlvp dqg ghvfulehv d vl{0yduldeoh YDU +edvhg rq wkh zrun e| Vwurqjlq ^65`
dqg Ehuqdqnh dqg Plkry ^6`, zklfk zloo eh xvhg dv d ehqfkpdun lq wkh iroorz0
lqj glvfxvvlrq1 Wkh fkrvhq jhqhudo irupxodwlrq qhvwv dowhuqdwlyh dvvxpswlrqv rq
wkh vshfl�f wdujhwv dqg rshudwlqj surfhgxuhv dgrswhg e| wkh Ihghudo Uhvhuyh lq
frqgxfwlqj prqhwdu| srolf|1

Vhfwlrq 6 dqdo|}hv wkh lvvxh ri wkh hfrqrphwulf vshfl�fdwlrq ri wkh ehqfkpdun
YDU/ irfxvlqj rq sdudphwhu vwdelolw| dqg rq uhvlgxdo surshuwlhv ryhu ydulrxv
vdpsoh shulrgv1 Rq wkh edvlv ri wkh vshfl�fdwlrq uhvxowv/ Vhfwlrq 7 irfxvhv rq
wkh prvw uhfhqw sduw ri wkh vdpsoh/ vwduwlqj lq 4<;;/ dqg frpsduhv wkh phdvxuh
ri prqhwdu| srolf| vkrfnv ghulyhg iurp wkh ehqfkpdun YDU zlwk dowhuqdwlyh
phdvxuhv frqvwuxfwhg xvlqj �qdqfldo pdunhw lqirupdwlrq1 Vxfk phdvxuhv duh wkhq
lqfoxghg lq wkh YDU dv dgglwlrqdo h{rjhqrxv yduldeohv dqg wkh uhvsrqvhv ri wkh
hfrqrp| wr wkhvh vkrfnv duh frqwudvwhg zlwk wkrvh rewdlqhg iurp wkh ehqfkpdun
YDU1

Ilqdoo|/ Vhfwlrq 8 ixuwkhu h{whqgv wkh hvwlpdwhg v|vwhp e| lqfoxglqj d orqj0
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whup lqwhuhvw udwh dv dq dgglwlrqdo hqgrjhqrxv yduldeoh/ vr wkdw wkh uhvsrqvh ri wkh
lqwhuhvw udwh whup vwuxfwxuh wr prqhwdu| srolf| vkrfnv fdq eh hydoxdwhg1 Vhfwlrq
9 hqgv wkh sdshu zlwk d vxppdu| ri wkh pdlq frqfoxvlrqv1

51 YDU prghov dqg wkh dqdo|vlv ri wkh prqhwdu| wudqvplv0

vlrq phfkdqlvp

5141 Rq wkh lqwhusuhwdwlrq ri YDU dqdo|vlv

YDU dqdo|vhv ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp vwduwhg ghyhorslqj zkhq
wkh idloxuh ri wudglwlrqdo Frzohv Frpplvvlrq prghov zdv udwlrqdol}hg e| wzr gh0
prolvklqj wkhruhwlfdo fulwltxhv gxh wr Oxfdv ^4<` dqg Vlpv +^57`,1 Wkh Oxfdv
fulwltxh dssolhv wr vwuxfwxudo prghov zkhq wkh frh!fhqw ghvfulelqj wkh lpsdfw ri
prqhwdu| srolf| rq wkh pdfurhfrqrplf yduldeohv ri lqwhuhvw ghshqg rq wkh prq0
hwdu| srolf| uhjlphv> lq wklv fdvh qr prgho hvwlpdwhg xqghu d vshfl�f uhjlph fdq
eh xvhg wr vlpxodwh wkh h�hfwv ri d gl�huhqw prqhwdu| srolf| uhjlph1 Wkh Vlpv
fulwltxh dwwdfnv lghqwl�fdwlrq iurp d gl�huhqw shuvshfwlyh/ srlqwlqj rxw wkdw wkh
uhvwulfwlrqv qhhghg wr vxssruw h{rjhqhlw| lq vwuxfwxudo Frzohv Frpplvlrq0w|sh
prghov duh �lqfuhgleoh� lq dq hqylurqphqw zkhuh djhqwv rswlplvh lqwhuwhpsrudoo|1
YDU prghov dqg vwuxfwxudo Frzohv Frpplvvlrq prghov ri wkh prqhwdu| wudqv0
plvvlrq phfkdqlvp vshfli| wkh vdph vwdwlwlvwlfdo prgho +l1h1 uhgxfhg irup, ri
wkh Gdwd Jhqhudwlqj Surfhvv/ dqg wkhuhiruh/ lq jhqhudo/ dovr wkh YDU dssurdfk
lv vxemhfw wr wkh Oxfdv dqg Vlpv fulwltxh1 Lq idfw wkh fulwlflvp wkdw vwuxfwxudo
htxdwlrq uhvwulfwlrqv duh lqfuhgleoh frxog mxvw eh uhihuhhg wr wkh frqwhpsrudqhrxv
fruuhodwlrq pdwul{ uhvwulfwlrqv jhqhudoo| xvhg lq wkh YDU olwhudwxuh> vlploduo| wkh
Oxfdv fulwltxh dovr dssolhv wr wklv w|sh ri prghov/ jlyhq wkhlu edfnzdug0orrnlqj
dxwruhjuhvvlyh vwuxfwxuh1

Krzhyhu/ YDU prghov gl�hu iurp vwuxfwxudo Frzohv Frpplvvlrq prghov dv wr
wkh sxusrvh ri wkhlu vshfl�fdwlrq dqg hvwlpdwlrq1 Wklv gl�huhqfh doorzv wr lpsoh0
phqw YDU dqdo|vlv e| lghqwli|lqj prghov lpsrvlqj pruh �fuhgleoh� uhvwulfwlrqv
dqg e| xvlqj wkhp lq vrph vshfl�f frqwh{wv zkhuh wkh Oxfdv fulwltxh vkrxog qrw
dsso|1

Wkh frpprq vwuxfwxuh vkduhg e| Frzohv Frpplvvlrq dqg YDU prghov vshf0
l�hg wr dqdo|vh wkh lpsdfw ri prqhwdu| srolf| fdq eh uhsuhvhqwhg dv iroorzv=
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zkhuh v dqg� duh yhfwruv ri pdfurhfrqrplf +qrq0srolf|, yduldeohv +h1j1 rxwsxw
dqg sulfhv, dqg yduldeohv frqwuroohg e| wkh prqhwdu| srolf|pdnhu +h1j1 lqwhu0
hvw udwhv dqg prqhwdu| djjuhjdwhv frqwdlqlqj lqirupdwlrq rq prqhwdu| srolf|
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dfwlrqv, uhvshfwlyho|1 Pdwul{ � ghvfulehv wkh frqwhpsrudqhrxv uhodwlrqv dprqj

wkh yduldeohv dqg �Eu� lv d pdwul{ �qlwh0rughu odj srolqrpldo1 D �

#
D
t

D
�

$
lv d

yhfwru ri vwuxfwxudo glvwxuedqfhv wr wkh qrq0srolf| dqg srolf| yduldeohv> qrq0}hur
r�0gldjrqdo hohphqwv ri � doorz vrph vkrfnv wr d�hfw gluhfwo| pruh wkdq rqh hq0
grjhqrxv yduldeoh lq wkh v|vwhp1 Wkh pdlq gl�huhqfh ehwzhhq wkh wzr dssurdfkhv
olhv lq wkh dlp iru zklfk prghov duh hvwlpdwhg1

Rq wkh rqh kdqg/ wudglwlrqdo vwuxfwxudo prghov duh ghvljqhg wr lghqwli| wkh
lpsdfw ri srolf| yduldeohv rq pdfurhfrqrplf txdqwlwlhv lq rughu wr ghwhuplqh wkh
ydoxh wr eh dvvljqhg wr wkh prqhwdu| lqvwuxphqwv +�, wr dfklhyh d jlyhq wdujhw
iru wkh pdfurhfrqrplf yduldeohv +v,/ dvvxplqj h{rjhqhlw| ri wkh srolf| yduldeohv
lq � rq wkh jurxqg wkdw wkhvh duh wkh lqvwuxphqwv frqwuroohg e| wkh srolf|pdnhu1
Lghqwl�fdwlrq lq wudglwlrqdo vwuxfwxudo prghov lv rewdlqhg zlwkrxw dvvxplqj wkh
ruwkrjrqdolw| ri vwuxfwxudo glvwxuedqfhv1 Dv d frqvhtxhqfh/ lpsxovh uhvsrqvh
dqdo|vlv fdqqrw eh lpsohphqwhg zlwklq wklv iudphzrun/ g|qdplf pxowlsolhuv eh0
lqj frpsxwhg lqvwhdg1 G|qdplf pxowlsolhuv ghvfuleh wkh lpsdfw ri prqhwdu|
srolf| yduldeohv rq pdfurhfrqrplf txdqwlwlhv zlwkrxw vhsdudwlqj fkdqjhv lq wkh
prqhwdu| yduldeoh lqwr wkh h{shfwhg dqg xqh{shfwhg frpsrqhqwv1

Wkh dvvxphg h{rjhqhlw| ri wkh prqhwdu| yduldeohv pdnhv wkh prgho lqydolg
iru srolf| dqdo|vlv li prqhwdu| srolf| uhdfwv hqgrjhqrxvo| wr wkh pdfurhfrqrplf
yduldeohv1 Wr rxu uhdglqj/ wklv lv wkh nlqg ri uhvwulfwlrq odehoohg dv �lqfuhgleoh�
e| Vlpv1 Rxwvlgh wkh wudglwlrq ri vwuxfwxudo prghoolqj/ d vlplodu iudphzrun kdv
ehhq xvhg wr dvvhvv wkh lpsdfw rq pdfurhfrqrplf yduldeohv ri txdolwdwlyh lqgl0
fdwruv ri prqhwdu| srolf| ghulyhg dgrswlqj wkh �qduudwlyh dssurdfk� ri Urphu
dqg Urphu +^54` dqg ^55`,1 Lq d uhfhqw sdshu/ Ohhshu ^49` vkrzv wkdw hyhq wkh
gxpp| yduldeoh jhqhudwhg e| wkh �qduudwlyh dssurdfk� +lghqwli|lqj hslvrghv ri
gholehudwh prqhwdu| frqwudfwlrqv, lv suhglfwdeoh iurp sdvw pdfurhfrqrplf ydul0
deohv/ wkxv uh hfwlqj wkh hqgrjhqrxv uhvsrqvh ri srolf| wr wkh hfrqrp|/ dqg wkh
hvwlpdwhg frh!flhqwv fdqqrw surylgh dq xqeldvhg hvwlpdwh ri wkh uhvsrqvh ri wkh
pdfurhfrqrplf yduldeohv wr d prqhwdu| lpsxovh1 Ixuwkhupruh/ wkh odfn ri vx0
shuh{rjhqhlw| ri wkh prqhwdu| yduldeoh zrxog pdnh wkh lqihuhqfh lqydolg li wkh
frh!flhqwv lq +514, duh ixqfwlrqv ri wkh glvwulexwlrq ri wkh prqhwdu| yduldeoh +wkh
Oxfdv fulwltxh,1

Rq wkh rwkhu kdqg/ YDU prghov ri wkh wudqvplvvlrq phfkdqlvp duh qrw hvwl0
pdwhg wr |lhog dgylfh rq wkh ehvw prqhwdu| srolf|> wkh| duh udwkhu hvwlpdwhg wr
surylgh hpslulfdo hylghqfh rq wkh uhvsrqvh ri pdfurhfrqrplf yduldeohv wr prqh0
wdu| srolf| lpsxovhv lq rughu wr glvfulplqdwh ehwzhhq dowhuqdwlyh wkhruhwlfdo prg0
hov ri wkh hfrqrp|1 Prqhwdu| srolf| dfwlrqv vkrxog eh lghqwl�hg xvlqj wkhru|0iuhh
uhvwulfwlrqv/ wdnlqj lqwr dffrxqw wkh srwhqwldo hqgrjhqhlw| ri srolf| lqvwuxphqwv1
Ylhzhg lq wklv shuvshfwlyh/ YDU prghov fdq eh lghqwl�hg dqg xvhg lq ixoo dzduh0
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qhvv ri wkh wzr fulwltxhv phqwlrqhg deryh1 Dv dq h{dpsoh/ lq d vhulhv ri uhfhqw
sdshuv/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +^;`/ ^<`, dsso| wkh YDU dssurdfk wr
ghulyh �vw|ol}hg idfwv� rq wkh h�hfw ri d frqwudfwlrqdu| srolf| vkrfn/ dqg frqfoxgh
wkdw sodxvleoh prghov ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp vkrxog eh frqvlv0
whqw dw ohdvw zlwk wkh iroorzlqj hylghqfh rq sulfh/ rxwsxw dqg lqwhuhvw udwhv= +l,
wkh djjuhjdwh sulfh ohyho lqlwldoo| uhvsrqgv yhu| olwwoh> +ll, lqwhuhvw udwhv lqlwldoo|
ulvh/ dqg +lll, djjuhjdwh rxwsxw lqlwldoo| idoov/ zlwk d m 0vkdshg uhvsrqvh/ zlwk d
}hur orqj0uxq h�hfw ri wkh prqhwdu| lpsxovh1 Vxfk hylghqfh ohdgv wr wkh glvplvvdo
ri wudglwlrqdo uhdo exvlqhvv f|foh prgho/ zklfk duh qrw frpsdwleoh zlwk wkh olt0
xlglw| h�hfw ri prqhwdu| srolf| rq lqwhuhvw udwhv/ dqg ri wkh Oxfdv ^4;` prgho ri
prqh|/ lq zklfk wkh h�hfw ri prqhwdu| srolf| rq rxwsxw ghshqgv rq sulfh plvshu0
fhswlrqv1 Wkh hylghqfh vhhpv wr eh pruh lq olqh zlwk dowhuqdwlyh lqwhsuhwdwlrqv ri
wkh prqhwdu| wudqvplvvlrq phfkdqlvp edvhg rq vwlfn| sulfhv prghov +Jrrgiulhqg
dqg Nlqj ^46`,/ olplwhg sduwlflsdwlrq prghov +Fkulvwldqr dqg Hlfkhqedxp ^:`, ru
prghov zlwk lqghwhuplqdf|0vxqvsrw htxloleuld +Iduphu ^44`,1

Dw wkh hpslulfdo ohyho/ wkh vwduwlqj srlqw ri YDU dqdo|vlv lv wkh hvwlpdwlrq ri
wkh uhgxfhg irup ri wkh xqghuo|lqj vwuxfwxudo prgho +514,=
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zkhuh � ghqrwhv wkh YDU uhvlgxdo yhfwru1 Wkh uhodwlrq ehwzhhq wkh YDU uhvlgxdov
lq � dqg wkh vwuxfwxudo glvwxuedqfhv lq D lv wkhuhiruh=
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Wkh lghqwl�fdwlrq ri wkh uhohydqw vwuxfwxudo sdudphwhuv/ jlyhq wkh hvwlpdwlrq ri
wkh uhgxfhg irup/ lv wkh prvw wudglwlrqdo sureohp lq hfrqrphwulfv dqg uhtxluhv wkh
lpsrvlwlrq ri vrph uhvwulfwlrqv rq wkh hohphqwv ri � dqg �1 D vwuxfwxudo prgho
lv wkhq lghqwl�hg e|= +l, dvvxplqj ruwkrjrqdolw| ri wkh vwuxfwxudo glvwxuedqfhv>
+ll, lpsrvlqj wkdw pdfurhfrqrplf yduldeohv gr qrw vlpxowdqhrxvo| uhdfw wr prq0
hwdu| yduldeohv/ zkloh wkh vlpxowdqhrxv ihhgedfn lq wkh rwkhu gluhfwlrq lv doorzhg/
dqg +lll, lpsrvlqj uhvwulfwlrqv rq wkh prqhwdu| eorfn ri wkh prgho uh hfwlqj wkh
rshudwlrqdo surfhgxuhv lpsohphqwhg e| wkh prqhwdu| srolf| pdnhu1 Lq prghov
hvwlpdwhg rq prqwko| gdwd/ uhvwulfwlrqv +ll, duh frqvlvwhqw zlwk d zlgh vshfwuxp
ri dowhuqdwlyh wkhruhwlfdo vwuxfwxuhv dqg lpso| d plqlpdo dvvxpswlrq rq wkh odj ri
wkh lpsdfw ri prqhwdu| srolf| rq pdfurhfrqrplf yduldeohv/ zkhuhdv uhvwulfwlrqv
+lll, duh edvhg rq lqvwlwxwlrqdo dqdo|vlv1

Kdylqj lghqwl�hg wkh �prqhwdu| uxoh� e| sursrvlqj dq h{solflw vroxwlrq wr wkh
sureohp ri wkh hqgrjhqhlw| ri prqh|/ wkh YDU dssurdfk frqfhqwudwhv rq ghyl0
dwlrqv iurp wkh uxoh1 Lq idfw/ vxfk ghyldwlrqv surylgh uhvhdufkhuv zlwk wkh ehvw
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rssruwxqlw| wr ghwhfw wkh uhvsrqvh ri pdfurhfrqrplf yduldeohv wr prqhwdu| lp0
sxovhv wkdw duh qrw h{shfwhg e| wkh pdunhw1 Wkh �uvw fkdlq ri prvw prghov ri
wkh prqhwdu| wudqvplvvlrq phfkdqlvp olqnv wkh srolf| udwhv wr wkh whup vwuxf0
wxuh ri wkh lqwhuhvw udwhv dqg wkh prvw srsxodu prgho ri wkh whup vwuxfwxuh/ wkh
h{shfwdwlrqdo prgho/ suhglfwv wkdw wkh whup vwuxfwxuh grhv qrw jhqhudoo| uhdfw wr
h{shfwhg prqhwdu| lpsxovhv1 Wkh prqhwdu| lpsxovhv uhohydqw wr wkh wudqvplv0
vlrq dqdo|vlv duh wkhuhiruh vwuxfwxudo vkrfnv lq +514,1 Wkh YDU dssurdfk wr wkh
prqhwdu| wudqvplvvlrq phfkdqlvp kdv ehhq fulwlflvhg rq wkh edvlv wkdw lw ylhzv
Fhqwudo Edqnv dv �udqgrp qxpehu jhqhudwruv�1 Wklv grhv qrw vhhp wr eh fru0
uhfw= lq idfw/ prqhwdu| srolf| uxohv duh h{solflwo| hvwlpdwhg lq vwuxfwxudo YDU
prghov1 Krzhyhu/ wkh irfxv lv qrw rq uxohv exw rq ghyldwlrqv iurp uxohv/ vlqfh
rqo| zkhq fhqwudo edqnv ghyldwh iurp wkhlu uxohv lw ehfrphv srvvleoh wr froohfw
lqwhuhvwlqj lqirupdwlrq rq wkh uhvsrqvh ri pdfurhfrqrplf yduldeohv wr prqhwdu|
srolf| lpsxovhv/ wr eh frpsduhg zlwk wkh suhglfwlrqv ri wkh dowhuqdwlyh wkhruhwlfdo
prghov1

D �qdo zrug rq wkh Oxfdv fulwltxh1 Lq rughu wr olplw wkh sudfwlfdo lpsruwdqfh ri
wkh fulwltxh/ prghov vkrxog eh hvwlpdwhg rq d vlqjoh prqhwdu| uhjlph/ vlqfh uhjlph
vkliwv uhtxluh gl�huhqw sdudphwhul}dwlrqv1 Wkh remhfwlyh ri wkh vshfl�fdwlrq ri
YDU prghov iru wkh dqdo|vlv ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp lv shuihfwo|
dfklhyhg e| hvwlpdwlqj prghov rq d vlqjoh srolf| uhjlph1 Lq idfw/ wkh zlwklq0
vdpsoh hvwlpdwlrq uhvxowv duh qrw wr eh xvhg iru dq| rxw0ri0vdpsoh vlpxodwlrq1

Wr vxppdul}h/ li YDU prghov duh hvwlpdwhg wr surylgh vw|lol}hg idfw rq wkh
uhvsrqvhv ri pdfurhfrqrplf yduldeohv wr prqhwdu| lpsxovhv +wr eh frpsduhg zlwk
wkh suhglfwlrqv ri dowhuqdwlyh wkhruhwlfdo prghov,/ wkhq wkh| fdq eh vshfl�hg dqg
xvhg wdnlqj ixoo dffrxqw ri erwk wkh Oxfdv dqg wkh Vlpv fulwltxhv1 Wkh odwwhu
lv dffrxqwhg iru e| lghqwli|lqj vkrfnv xvlqj uhvwulfwlrqv uhodwhg wr wkh lqvwlwx0
wlrqdo frqwh{w dqg dvvxpswlrqv rq wkh odj ri wkh uhvsrqvhv ri pdfur yduldeohv wr
prqhwdu| lpsxovhv zklfk duh frpsdwleoh zlwk d zlgh vshfwuxp ri dowhuqdwlyh wkh0
ruhwlfdo prgho1 Wkh Oxfdv fulwltxh frxog eh pdgh luuhohydqw e| hvwlpdwlqj vxfk
prghov rq d vlqjoh srolf| uhjlph1 Dgplwwhgo| wklv ylhz uhvwulfwv wkh vshfwuxp ri
vwuxfwxudo dssolfdwlrqv ri YDU prghov dqg lpsolflwo| fulwlfl}hv d jrrg qxpehu ri
YDU0edvhg dssolfdwlrqv dydlodeoh lq wkh olwhudwxuh/ exw lw fodul�hv wkh iudphzrun
lq zklfk zh zrxog olnh wr sxw rxu frqwulexwlrq1

5151 Wkh ehqfkpdun YDU prgho

Wkh edvholqh vshfl�fdwlrq ri rxu hpslulfdo zrun lv d YDU v|vwhpzklfk kdv e| qrz
ehfrph wkh vwdqgdug uhihuhqfh prgho lq wkh dqdo|vlv ri wkh prqhwdu| wudqvplv0
vlrq phfkdqlvp lq wkh X1V1 +Vwurqjlq ^65`/ Ehuqdqnh dqg Plkry ^6`/ Fkulvwldqr/
Hlfkhqedxp dqg Hydqv ^;`/ Ohhshu/ Vlpv dqg ]kd ^4:`/ Ehuqdqnh dqg Plkry ^6`,1
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Rxu �ehqfkpdun� vshfl�fdwlrq ri wkh jhqhudo vwuxfwxudo prgho lq +514,/ zlwk wkh
dvvrfldwhg uhgxfhg0irup YDU lq +515,/ frqwdlqv vl{ yduldeohv/ zlwk wkh yhfwru ri
pdfurhfrqrplf qrq0srolf| yduldeohv lqfoxglqj jurvv grphvwlf surgxfw +C(� ,/ wkh
frqvxphu sulfh lqgh{ +� , dqg wkh frpprglw| sulfh ohyho +�S6,1 D �uvw vhw ri
lghqwli|lqj dvvxpswlrqv lpsrvhg wkurxjkrxw rxu hpslulfdo dqdo|vlv +xvlqj gdwd dw
d prqwko| iuhtxhqf|, lv wkdw wkh srolf| yduldeohv kdyh qr frqwhpsrudqhrxv h�hfw
rq pdfurhfrqrplf txdqwlwlhv= wkh fruuhvsrqglqj hohphqwv ri pdwul{� lq +514,duh
vhw wr }hur dffruglqjo|1 Wkh yhfwru ri srolf| yduldeohv lqfoxghv wkh ihghudo ixqgv
udwh +88 ,/ wkh txdqwlw| ri wrwdo edqn uhvhuyhv +A-, dqg wkh dprxqw ri qrqeru0
urzhg uhvhuyhv +��-,1 Doo srolf| yduldeohv duh doorzhg wr eh d�hfwhg e| fxuuhqw
ghyhorsphqwv lq wkh pdfurhfrqrp|/ vr wkdw wkh frh!flhqwv rq wkh v hohphqwv lq
wkh htxdwlrqv iru 88 / A- dqg ��- duh ohiw frpsohwho| xquhvwulfwhg1

Wkh frqwhpsrudqhrxv uhodwlrqv dprqj wkh Ihg ixqgv udwh dqg wkh uhvhuyh
djjuhjdwhv duh ghulyhg/ dv lq Ehuqdqnh dqg Plkry ^6`/ iurp d vshfl�f prgho ri
wkh uhvhuyh pdunhw1

�A- ' �k�88 n D( +517,

��- ' q �88 n D� +518,

���- ' �(D( n ��D� n D7 +519,

Htxdwlrq +517, dqg +518, ghvfuleh edqnv* ghpdqg htxdwlrqv +h{suhvvhg lq lqqryd0
wlrq 0l1h1 YDU uhvlgxdo0 irup, iru wrwdo dqg eruurzhg uhvhuyhv �- +wlph vxevfulswv
duh rplwwhg,= wkh ihghudo ixqgv udwh d�hfwv qhjdwlyho| wkh ghpdqg iru wrwdo uh0
vhuyhv +517, dqg srvlwlyho| wkh ghpdqg iru eruurzhg uhvhuyhv41 D( dqg D� duh
glvwxuedqfhv wr wrwdo dqg eruurzhg uhvhuyhv uhvshfwlyho|1 Wkh vxsso| ri qrqeru0
urzhg uhvhuyhv lq +519, uh hfwv wkh ehkdylrxu ri wkh Ihghudo Uhvhuyh1 Lq sduwlfxodu/
e| phdqv ri rshq0pdunhw rshudwlrqv/ wkh Ihg fdq fkdqjh wkh dprxqw ri��- vxs0
solhg wr wkh edqnlqj v|vwhp lq uhvsrqvh wr +uhdglo| revhuyhg, glvwxuedqfhv wr wrwdo
dqg eruurzhg uhvhuyh ghpdqg1 Pruhryhu/ yduldwlrqv lq qrqeruurzhg uhvhuyhv pd|
eh gxh wr prqhwdu| srolf| vkrfnv xquhodwhg wr uhvhuyh ghpdqg ehkdylrxu1 Lq +519,
wkh frh!flhqwv �( dqg �� phdvxuh wkh uhdfwlrq ri wkh Ihg wr wrwdo dqg eruurzhg
uhvhuyh ghpdqg pryhphqwv uhvshfwlyho|/ dqg D7 uhsuhvhqwv wkh prqhwdu| srolf|
vkrfn wr eh hpslulfdoo| lghqwl�hg1

Frpelqlqj wkh pdunhw iru uhvhuyhv zlwk wkh pdfurhfrqrplf yduldeohv/ zh fdq

4Zh dvvxph iurp wkh vwduw wkdw pryhphqwv lq wkh glvfrxqw udwh/ zklfk zrxog hqwhu +518, zlwk

d qhjdwlyh vljq/ duh frpsohwho| dqwlflsdwhg/ vr wkdw wkh lqqrydwlrq lq wkh Ihg ixqgv0glvfrxqw

udwh gl�huhqwldo lv hqwluho| dwwulexwdeoh wr wkh iruphu udwh1
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+51:,
Vhyhudo ihdwxuhv ri +51:, pxvw eh qrwhg1 Iluvw/ YDU uhvlgxdov iurp wkh �uvw wkuhh
htxdwlrqv/ ghvfulelqj wkh qrq0srolf| sduw ri wkh v|vwhp/ duh ruwkrjrqdol}hg vlpso|
e| dvvxplqj d uhfxuvlyh +Fkrohvnl, vwuxfwxuh iru wkh fruuhvsrqglqj eorfn ri wkh �
pdwul{1 Wklv surfhgxuh |lhogv ruwkrjrqdo glvwxuedqfhv wr zklfk zh gr qrw dwwdfk
d vshfl�f �vwuxfwxudo� lqwhusuhwdwlrq/ odehoolqj wkhp vlpso| dv D��� +� ' �c 2c �,/
zkhuh �� ghqrwhv d qrq0srolf| vkrfn1

Vhfrqg/ dv vkrzq e| Ehuqdqnh dqg Plkry ^6`/ wkh jhqhudo irupxodwlrq lq +51:,
qhvwv ydulrxv dvvxpswlrqv rq wkh prqhwdu| srolf| rshudwlqj surfhgxuhv wkdw kdyh
ehhq xvhg lq wkh olwhudwxuh wr lghqwli| srolf| vkrfnv1 Lq sduwlfxodu/ xqghu d ihghudo
ixqgv udwh wdujhwlqj srolf|/ qrqeruurzhg uhvhuyhv duh dgmxvwhg wr r�vhw vkrfnv
wr wrwdo dqg eruurzhg uhvhuyhv ghpdqg1 Ixoo dgmxvwphqw lpsolhv �( ' � dqg
�� ' �� lq +519, dqg +51:,1 Iurp wkh dffrxqw ri wkh Ihg rshudwlqj surfhgxuhv lq
Vwurqjlq ^65` dqg wkh hpslulfdo uhvxowv surylghg e| Ehuqdqnh dqg Plkry ^6` wkhvh
dvvxpswlrqv vhhp wr zhoo fkdudfwhul}h Ihg*v ehkdylrxu iurp wkh plg0*93v wr 4<:<
dqg djdlq iurp 4<;; rqzdugv1 Dowhuqdwlyho|/ xqghu d qrqeruurzhg uhvhuyh wdu0
jhw dv lq wkh 4<:<04<;5 shulrg/ ��- gr qrw uhvsrqg wr uhvhuyh ghpdqg vkrfnv/
lpso|lqj �( ' �� ' f1 Ilqdoo|/ d eruurzhg uhvhuyh wdujhw/ wkdw Vwurqjlq ^65`
dwwulexwhv wr wkh Ihghudo Uhvhuyh diwhu 4<;5/ lpsolhv wkdw qrqeruurzhg uhvhuyhv
ixoo| dffrprgdwh wrwdo uhvhuyh ghpdqg vkrfnv +�( ' �, dqg sduwldoo| uhdfw wr
glvwxuedqfhv lq wkh eruurzlqj ixqfwlrq +�� ' k

q
, vr dv wr pdlqwdlq wkh fkrvhq

wdujhw1 Jlyhq hdfk ri wkh deryh dvvxpswlrqv rq wkh suhydlolqj prqhwdu| srolf|
uhjlph/ wkh vwuxfwxudo lqqrydwlrq fdswxulqj srolf| vkrfnv D7 pd| eh lghqwl�hg dv
wkh ruwkrjrqdol}hg uhvlgxdo ri wkh 88 htxdwlrq +xqghu ihghudo ixqgv udwh wdujhw0
lqj, ru ri wkh ��- htxdwlrq +xqghu d qrqeruurzhg uhvhuyh wdujhwlqj, ru/ xqghu
d eruurzhg uhvhuyh wdujhwlqj/ dv d olqhdu frpelqdwlrq ri wkh YDU uhvlgxdov iurp
wkh A- dqg QEU htxdwlrqv +�A- � ���-,1

Dv srlqwhg rxw e| Uxghexvfk ^56`/ wkh ydolglw| ri wkh YDU dqdo|vlv ri wkh prq0
hwdu| wudqvplvvlrq phfkdqlvp ghshqgv rq wzr +forvho| uhodwhg, fuxfldo txhvwlrqv=
+l, �Grhv d YDU ixqgv udwh htxdwlrq fruuhfwo| prgho uhdfwlyh Ihg srolf|B�/ dqg
+ll, �Gr lwv uhvlgxdov sodxvleo| uhsuhvhqw prqhwdu| srolf| vkrfnvB�1 Uxghexvfk*v
dqvzhu wr erwk txhvwlrqv lv vlpso| qr1 Lq wkh iroorzlqj vhfwlrqv zh zloo xvh wkh
jhqhudo YDU +515, dqg +51:, dv d ehqfkpdun lq rughu wr surylgh dqvzhuv wr wkh
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deryh wzr txhvwlrqv1 Zh wu| wr gr vr e| dgguhvvlqj wkh iroorzlqj lvvxhv=

� vshfl�fdwlrq/ zlwk sduwlfxodu dwwhqwlrq wr sdudphwhu vwdelolw| dqg uhvlgxdo
surshuwlhv>

� lghqwl�fdwlrq/ dxjphqwlqj wkh YDU deryh zlwk h{rjhqrxv yduldeohv frq0
vwuxfwhg dv dowhuqdwlyh phdvxuhv ri prqhwdu| srolf| xvlqj qrq0YDU lqiru0
pdwlrq +Uxghexvfk ^56`/ Vnlqqhu dqg ]hwwhoph|hu ^5<`/ Idyhur/ Sl�hul dqg
Ldfrqh ^45`, wr frpsduh wkh g|qdplf uhvsrqvh ri wkh v|vwhp zlwk wkdw gh0
ulyhg e| dssursuldwh vwuxfwxudol}dwlrq ri YDU uhvlgxdov>

� lqfoxvlrq ri wkh orqj0whup lqwhuhvw udwh/ h{whqglqj wkh YDU deryh wr hydoxdwh
wkh uhvsrqvh ri wkh whup vwuxfwxuh wr prqhwdu| srolf| vkrfnv1

61 Vshfl�fdwlrq

Zh hpsor| prqwko| X1V1 gdwd iurp 4<99+4, wr 4<<9+6,1 Rqo| iurp wkh plg0*93v
wkh ihghudo ixqgv udwh ehjlqv wr eh d vljql�fdqw wrro iru prqhwdu| srolf| +wkh ohyho
ri wkh ihghudo ixqgv udwh vwduwv wr eh frqvwdqwo| deryh wkh glvfrxqw udwh, dqg wklv
mxvwl�hv wkh fkrlfh ri wkh vwduwlqj gdwh ri wkh vdpsoh1 Wkh yduldeohv xvhg lq wkh
ehqfkpdun YDU duh gh�qhg dv iroorzv=

C(� = uhdo jurvv grphvwlf surgxfw/ prqwko| vhdvrqdoo| dgmxvwhg vhulhv lq0
whusrodwhg iurp qdwlrqdo lqfrph dqg surgxfw dffrxqwv txduwhuo| vhulhv xvlqj
wkh Fkrz0Olq surfhgxuh dv ghvfulehg lq Ohhshu/ Vlpv dqg ]kd ^4:`>

� = frqvxphu sulfh lqgh{ iru xuedq frqvxphuv/ wrwdo/ vhdvrqdoo| dgmxvwhg>

�S6= LPI lqgh{ ri zruog frpprglw| sulfh>

88 = ihghudo ixqgv udwh/ h�hfwlyh udwh/ shu fhqw shu dqqxp>

A-= wrwdo edqn uhvhuyhv/ dgmxvwhg iru uhvhuyh uhtxluhphqwv fkdqjhv/ vhdvrq0
doo| dgmxvwhg>

��-= qrqeruurzhg edqn uhvhuyhv/ dgmxvwhg iru uhvhuyh uhtxluhphqwv fkdqjhv/
vhdvrqdoo| dgmxvwhg1

Jlyhq wkh olqhdu lghqwl�fdwlrq vwuxfwxuh dgrswhg iru wkh uhvhuyh dqg ihghudo
ixqgv udwh vkrfnv/ A- dqg��- fdqqrw eh wudqviruphg lq orjdulwkpv1 Wr vprrwk
wkh vhulhv/ wkh ohyhov ri wrwdo dqg qrqeruurzhg uhvhuyhv duh qrupdol}hg e| d 690
prqwk prylqj dyhudjh ri A-/ dv lq Ehuqdqnh dqg Plkry ^6` +vhh dovr Vwurqjlq
^65` iru d vlplodu surfhgxuh,1 C(�c� dqg �S6 duh lq orjdulwkpv1 Wkh vhulhv
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duh sorwwhg lq Iljxuh 41 Vrph ri wkh yduldeohv glvsod| d srvvleo| qrqvwdwlrqdu|
ehkdylrxu1 Qhyhuwkhohvv/ zh hvwlpdwh wkh v|vwhp zlwk vl{ odjv dqg doo yduldeohv
lq ohyhov/ zlwk qr lpsrvlwlrq ri frlqwhjudwlqj uhodwlrqv1 Lq vr grlqj zh dyrlg d
orqj0uxq lghqwl�fdwlrq sureohp/ zklfk pd| eh lq sulqflsoh gl!fxow wr vroyh/ zlwk
qr orvv ri lqirupdwlrq rq wkh orqj0uxq surshuwlhv ri wkh v|vwhp +iru d glvfxvvlrq ri
wklv lvvxh vhh Vlpv/ Vwrfn dqg Zdwvrq ^5:` dqg Khqgu| ^48`, lqfxuulqj vrph orvv
gxh wr wkh uhgxfhg h!flhqf| ri hvwlpdwlrq exw dw qr frvw lq whupv ri frqvlvwhqf|
ri hvwlpdwruv1

Sulru wr dqdo|}lqj prqhwdu| srolf| lghqwl�fdwlrq lvvxhv/ zh shuirup vhyhudo
vshfl�fdwlrq whvwv rq wkh ehqfkpdun YDU51 Wklv lv d suholplqdu| exw lpsruwdqw
vwhs lq wkh hpslulfdo dqdo|vlv/ vlqfh wkh uhgxfhg irup ri wkh v|vwhp pxvw eh zhoo
vshfl�hg +l1h1 lwv uhvlgxdov pxvw eh krprvfhgdvwlf lqqrydwlrqv dqg lw pxvw kdyh
frqvwdqw sdudphwhuv, wr eh ydolgo| xvhg dv d vwdwlvwlfdo iudphzrun iru wkh irupx0
odwlrq dqg whvwlqj ri dowhuqdwlyh vwuxfwxudo k|srwkhvhv +Vsdqrv ^63` dqg Khqgu|
^48` hpskdvl}h wklv srlqw,1

Zh �uvw orrn dw wkh uhvlgxdov iurp hvwlpdwlrq ri wkh vl{0yduldeoh v|vwhp ryhu
wkh zkroh vdpsoh +4<9904<<9,/ sorwwhg lq Iljxuh 5 lq vwdqgdugl}hg irup1 Uhvlg0
xdov iurp doo htxdwlrqv uhshdwhgo| h{fhhg wkh 	2 vwdqgdug huuru edqgv/ vkrzlqj
vhulrxv ghsduwxuhv iurp qrupdolw| dqg krprvfhgdvwlflw|1 Wkh ylvxdo lpsuhvvlrq
ri plv0vshfl�fdwlrq lv frq�uphg e| wkh gldjqrvwlf whvwv uhsruwhg lq Wdeoh 41 Dv
idu dv wkh htxdwlrqv iru wkh srolf| yduldeohv duh frqfhuqhg/ +vrph ri, wkh zhoo
grfxphqwhg fkdqjhv lq prqhwdu| srolf| rshudwlqj surfhgxuhv phqwlrqhg lq wkh
suhfhglqj vhfwlrq duh d srwhqwldo h{sodqdwlrq1 Iru h{dpsoh/ wkh ihghudo ixqgv udwh
uhvlgxdov glvsod| d kxjh lqfuhdvh lq yduldelolw| ryhu wkh 4<:<04<;5 shulrg/ zkhq d
qrqeruurzhg uhvhuyh wdujhw zdv lq rshudwlrq1 Rwkhu odujh uhvlgxdov pd| eh gxh wr
h{fhswlrqdo hyhqwv/ dv wkh vxgghq lqfuhdvh lq eruurzlqjv e| Frqwlqhqwdo Loolqrlv lq
4<;7/ ghwhuplqlqj d odujh +exw uhdglo| uhyhuvhg, gurs lq wkh udwlr ri qrqeruurzhg
wr wrwdo uhvhuyhv1 Ryhudoo/ wkh gldjqrvwlf whvwv |lhog ryhuzkhoplqj hylghqfh ri
plv0vshfl�fdwlrq/ olnho| dwwulexwdeoh wr sdudphwhu lqvwdelolw|1

Vlqfh lw kdv riwhq ehhq qrwlfhg wkdw YDU v|vwhpv hvwlpdwhg ryhu d uhodwlyho|
orqj vdpsoh glvsod| sdudphwhu lqvwdelolw| lq dw ohdvw vrph htxdwlrqv +vhh Uxgh0
exvfk ^56` dqg Ehuqdqnh dqg Plkry ^6`,/ zh irupdoo| dqdo|}h wkh vwdelolw| lvvxh/
vwduwlqj iurp wkh uhvxowv ri uhfxuvlyh rqh0vwhs Fkrz vwdelolw| whvwv rq hdfk YDU
htxdwlrq1 Odujh vwuxfwxudo euhdnv duh ghwhfwhg iru doo yduldeohv dw vhyhudo gdwhv
lq wkh vdpsoh1 Pruhryhu/ uhfxuvlyh Q 0vwhs v|vwhp Fkrz whvwv uhmhfw vwdelolw| iru
prvw ri wkh srvvleoh vdpsoh vsolwv gdwh iurp wkh ehjlqqlqj ri wkh vdpsoh/ diwhu
lqlwldol}dwlrq1

5Wkh hfrqrphwulf dqdo|vlv lv shuiruphg xvlqj SfILPO e| Grruqln dqg Khqgu| ^43` dqg wkh

UDWV surfhgxuh PDOFROP zulwwhq e| U1 Prvfrql1
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Krzhyhu/ lw lv zlgho| uhfrjql}hg wkdw wkh lqirupdwlrq surylghg e| Fkrz whvwv
frxog eh plvohdglqj zkhq wkh euhdnv duh qrw rqh0r� dqg zkhq wkh| rffxu dw xq0
nqrzq gdwhv +Dqguhzv ^4`/ Vwrfn ^64`,1 Lq uhfhqw zrun Vlpv +^59`/ ^5;`, kdv dovr
uhpdunhg wkdw ghflglqj zkhwkhu wkhuh lv wlph yduldwlrq lq sdudphwhuv e| frq0
gxfwlqj Fkrz whvwv zlwk d vwdqgdug vljql�fdqfh ohyho lv dq lqfrqvlvwhqw ghflvlrq
surfhgxuh/ vlqfh zkhq wkhuh lv lq idfw qr wlph yduldwlrq/ wkh surfhgxuh grhv qrw
ohdg wr wkh fruuhfw ghflvlrq zlwk duelwudulo| kljk suredelolw| lq odujh vdpsohv1
Wkhuhiruh/ kh dgyrfdwhg wkh xvh ri lqirupdwlrq fulwhuld/ vxfk dv wkh Vfkzdu} ful0
whulrq/ wr hydoxdwh wkh gl�huhqfh ehwzhhq d prgho �w wr wkh ixoo vdpsoh dqg d
prgho doorzlqj sdudphwhu fkdqjh ryhu d fkrvhq vxevdpsoh1 Wr wdnh dffrxqw ri
wkhvh fulwlflvpv wr wkh uhfxuvlyh0Fkrz whvw surfhgxuh/ zh wrrn d olvw ri olnho| euhdn
srlqwv uhodwhg wr fkdqjhv lq prqhwdu| srolf| rshudwlrqdo surfhgxuhv dqg hydox0
dwhg vwdelolw| e| hvwlpdwlqj wkh prgho rq d vdpsoh frqwdlqlqj d vlqjoh nqrzq
euhdn srlqw1 Edvhg rq wkh dffrxqw ri wkh suhydlolqj rshudwlqj surfhgxuhg r�huhg
e| Ehuqdqnh dqg Plkry ^6` dqg Vwurqjlq ^65`/ wkh iroorzlqj srvvleoh vxevdpsohv
duh frqvlghuhg=

0 4<99=404<:5=45 +Iuhh uhvhuyhv wdujhwlqj,>

0 4<:6=404<:<=43 +Ihghudo ixqgv udwh wdujhwlqj,>

0 4<:<=4404<;5=43 +Qrqeruurzhg uhvhuyhv wdujhwlqj,>

0 4<;5=4404<;;=43 +Ihghudo ixqgv udwh0eruurzhg uhvhuyhv wdujhwlqj/ suh0Juhhqvsdq
shulrg,>

0 4<;;=4404<<9=6 +Ihghudo ixqgv udwh�eruurzhg uhvhuyhv wdujhwlqj/ Juhhqvsdq
shulrg,1

Wdeoh 5 glvsod|v wkh hvwlpdwhg YDU uhvlgxdov fruuhodwlrq pdwul{ ryhu wkh wkuhh
vdpsoh shulrgv fkdudfwhul}hg e| d vlqjoh rshudwlqj surfhgxuh dqg vsdqqlqj pruh
wkdq vl{ |hduv +4<9904<:5/ 4<:604<:< dqg 4<;;04<<9,1 Uhpdundeoh fkdqjhv lq wkh
sdwwhuq ri fruuhodwlrqv fdq eh qrwlfhg/ erwk zlwklq wkh eorfn ri prqhwdu| yduldeohv
dqg ehwzhhq wkh prqhwdu| dqg wkh qrq0srolf| yduldeohv1

Jlyhq wkh deryh olvw ri fkdqjhv lq rshudwlqj surfhgxuhv dqg wkh qhhg ri kdy0
lqj d vx!flhqw qxpehu ri revhuydwlrqv rq hlwkhu vlgh ri wkh srwhqwldo euhdn/ zh
frqfhqwudwh rq wkuhh srvvleoh euhdn gdwhv= 4<:6=4/ 4<:<=44 dqg 4<;;=441 Zh lq0
yhvwljdwh wkh uroh ri wkhvh srwhqwldo euhdnv e| hvwlpdwlqj wkh YDU rq wkh vdpsohv
4<99=404<:<=43/ 4<:6=404<;5=43/ dqg 4<;5=4404<<9=6 uhvshfwlyho|/ vr wkdw iru hdfk
hvwlpdwhv wkhuh lv rqo| rqh srwhqwldo +nqrzq, euhdn gdwh1

Wr whvw iru vwdelolw| zh hpsor|hg erwk wkh sdudphwhu frqvwdqf| iruhfdvw whvwv
edvhg rq wkh ixoo yduldqfh pdwul{ ri doo iruhfdvw huuruv dydlodeoh lq SF0ILPO ^43`/
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dqg lqirupdwlrq fulwhuld +Vfkzdu} dqg Kdqqdq0Txlqq,1 Uhvxowv duh uhsruwhg lq
Wdeoh 6/ sdqho D1 Wkh sdudphwhu frqvwdqf| whvw frq�upv wkh hylghqfh ri lqvwdelolw|
iru wkh �uvw wzr euhdn srlqwv +4<:6 dqg 4<:<, exw qrw iru wkh wklug +4<;;,/ zkhuhdv
wkh lqirupdwlrq fulwhuld zhdnhq wkh hylghqfh iru wkh �uvw dqg wklug euhdnv exw qrw
iru wkh vhfrqg1

Krzhyhu/ wklv hylghqfh frxog vwloo eh frqvlghuhg dv qrw frqfoxvlyh1 Lq sduwlfx0
odu/ lw frxog eh dujxhg wkdw wkh euhdn gdwhv kdyh ehhq fkrvhq diwhu wkh gdwd kdyh
ehhq lqirupdoo| h{dplqhg dqg wkhlu vwdwxv ri �nqrzq� lv txhvwlrqdeoh1 Wr doorz
iru wklv srvvlelolw| zh lqwurgxfhg dq xqfhuwdlqw| ri rqh |hdu durxqg wkh srlqw
hvwlpdwh ri wkh euhdn gdwhv/ dqg frpsxwhg wkh Fkrz whvw +lq �2 irup, iru vwuxf0
wxudo vwdelolw| iru hyhu| euhdnsrlqw1 Wkh odujhvw vwdwlvwlf vr rewdlqhg surylghv
d vwdelolw| whvw +�pd{lpxp Fkrz� whvw, iru dq xqnqrzq euhdn srlqw +Dqguhzv
^4` surylghv wkh xqghuo|lqj glvwulexwlrqdo wkhru| dqg fulwlfdo ydoxhv,1 Zh dsso|
wkh pd{lpxp Fkrz whvw rqo| wr wkh wkuhh htxdwlrqv ghvfulelqj wkh pdunhw iru
uhvhuyhv/ zklfk/ jlyhq rxu vwuxfwxudo lghqwl�fdwlrq dvvxpswlrqv +devhqfh ri frq0
whpsrudqhrxv h�hfw ri wkh prqhwdu| rq wkh qrq0srolf| yduldeohv,/ vkrxog eh wkh
rqo| htxdwlrqv d�hfwhg e| fkdqjhv lq wkh prqhwdu| srolf| uhjlph1 Zlwk 6: uh0
juhvvruv lq hdfk htxdwlrq/ li wkh fkdqjh srlqw lv nqrzq wkh Fkrz vwdwlvwlf kdv
fulwlfdo ydoxhv ri durxqg 85 dqg 8< dw wkh �yh dqg rqh shu fhqw vljql�fdqfh ohyho
uhvshfwlyho|1 Lq wkh fdvh ri xqnqrzq euhdn srlqwv/ wkh pd{lpxp Fkrz vwdwlvwlf
kdv qrq vwdqgdug glvwulexwlrq zlwk kljkhu fulwlfdo ydoxhv/ wdexodwhg e| Dqguhzv
^4` iru hvwlpdwhg htxdwlrqv zlwk xs wr wzhqw| uhjuhvvruv1 Lq wkh fdvh ri rxu wulp0
plqj srlqwv +gh�qlqj wkh sruwlrq ri wkh vdpsoh lq zklfk wkh euhdn lv frqwdlqhg,/
zkhq xqfhuwdlqw| lv doorzhg iru/ wkh fruuhfw fulwlfdo ydoxhv duh derxw 4145 wlphv
wkh vwdqgdug fulwlfdo ydoxh ri wkh �2 glvwulexwlrq +751<: djdlqvw 6:18: iru wzhqw|
uhjuhvvruv dqg wulpplqj srlqwv 317803188,1 Dsso|lqj wkhvh fulwhuld +Wdeoh 6/ sdqho
E, zh �qg vwurqj hylghqfh ri lqvwdelolw| lq 4<:</ zkhuh wkh revhuyhg vwdwlvwlfv
udqjh iurp d plqlpxp ri <6 iru wkh wrwdo uhvhuyhv htxdwlrq/ wr d pd{lpxp ri
5<9 iru wkh ihg ixqgv udwh htxdwlrq/ dqg vrph hylghqfh ri lqvwdelolw| lq 4<;;04<;</
zkhuh wkh vwdwlvwlfv udqjh iurp d plqlpxp ri :; +ihg ixqgv udwh htxdwlrq, wr d
pd{lpxp ri <7 +qrq eruurzhg uhvhuyhv htxdwlrq,1

Ryhudoo/ wkh uhvxowv iurp wkh deryh vwdelolw| dqdo|vlv ryhu wkh zkroh vdpsoh
fdvw vhulrxv grxewv rq wkh dghtxdf| ri rxu ehqfkpdun YDU dv d vwdwlvwlfdo prgho
iurp zklfk uholdeoh phdvxuhv ri prqhwdu| srolf| lqqrydwlrqv frxog eh ghulyhg1

Zkhq hvwlpdwlrq lv shuiruphg ryhu wkh prvw uhfhqw shulrg/ vwduwlqj lq Qryhp0
ehu 4<;;/ qr vljqv ri plv0vshfl�fdwlrq duh ghwhfwhg e| wkh gldjqrvwlf whvwv uhsruwhg
lq Wdeoh 41 Doo vwdqgdugl}hg uhvlgxdov glvsod|hg lq Iljxuh 6 duh zlwklq wkh 	2j
edqgv +zlwk wkh rqo| h{fhswlrq ri rqh revhuydwlrq iru wkh wrwdo uhvhuyhv htxd0
wlrq,1 Dowkrxjk uhfxuvlyh vwdelolw| whvwv rq hdfk htxdwlrq vkrz vrph uhodwlyho|
plqru hslvrghv ri lqvwdelolw| +Iljxuh 7,/ dw wkh zkroh v|vwhp ohyho wkh k|srwkhvlv
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ri vwuxfwxudo vwdelolw| fdqqrw eh uhmhfwhg +Iljxuh 8,1 Wkhuhiruh/ zh ihho mxvwl�hg
lq frqfhqwudwlqj rq wklv vkruwhu vdpsoh shulrg wr hydoxdwh gl�huhqw phwkrgv iru
lghqwli|lqj prqhwdu| srolf| vkrfnv1

71 Lghqwli|lqj vkrfnv= dq hydoxdwlrq ri dowhuqdwlyh vwudwhjlhv

Lq wklv vhfwlrq zh frqfhqwudwh rq wkh vdpsoh 4<;;+44,04<<9+6, wr frpsduh gl�huhqw
surfhgxuhv wr lghqwli| prqhwdu| srolf| vkrfnv1 Dv vkrzq lq wkh suhylrxv vhfwlrq/
wkh ehqfkpdun YDU prgho grhv qrw glvsod| dq| sdudphwhu lqvwdelolw| ryhu wklv
vdpsoh shulrg/ dqg wkh dqdo|vlv ri wkh Ihg*v rshudwlqj surfhgxuhv vxjjhvwv d vlqjoh
srolf| uhjlph/ wr eh dvvrfldwhg zlwk d suhflvh lghqwli|lqj vfkhph1 Zh frqvlghu
wkuhh dowhuqdwlyh vshfl�fdwlrqv iru prqhwdu| srolf| vkrfnv/ zklfk duh qrw ghulyhg
e| dsso|lqj gl�huhqw vwuxfwxudol}dwlrq wr wkh vdph uhgxfhg irup YDU/ exw lqvwhdg
duh rewdlqhg lqghshqghqwo| iurp wkh hvwlpdwlrq ri wkh YDU prgho1

7141 Lghqwl�fdwlrq

Wkh ehqfkpdun vkrfnv duh ghulyhg e| dsso|lqj d vwdqgdug lghqwl�fdwlrq vfkhph rq
wkh YDU prgho1 Prqhwdu| srolf| vkrfnv duh lghqwl�hg iurp wkh YDU e| dvvxplqj
wkdw srolf| yduldeohv uhdfw frqwhpsrudqhrxvo| wr wkh qrq0srolf| yduldeohv/ zkloh
wkh frqyhuvh grhv qrw krog/ dqg e| frqvlghulqj dq rshudwlqj surfhgxuh lq zklfk wkh
Ihg ixoo| r�vhwv vkrfnv wr wrwdo dqg eruurzhg uhvhuyhv ghpdqg/ zklfk fruuhvsrqgv
wr wkh sdudphwulf dvvxpswlrq �( ' �/ �� ' ��1 Wklv vfkhph lpsrvhv rqh ryhu0
lghqwli|lqj uhvwulfwlrq rq wkh v|vwhp/ zklfk kdv qrz wkh iroorzlqj vwuxfwxudo irup=
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+714,
Hvwlpdwlrq ri +714, lv lpsohphqwhg/ lqvwhdg ri lpsrvlqj wkh uhvwulfwlrq _SD ' ��/
e| phdqv ri d Fkrohvnl idfwrul}dwlrq ri wkh YDU uhvlgxdov zlwk wkh rughulqj vkrzq
deryh1 Wkh ydolglw| ri wkh ryhu0lghqwli|lqj uhvwulfwlrq lv wkhq fkhfnhg e| orrnlqj
dw wkh hvwlpdwhg _SD frh!flhqw dqg lwv vwdqgdug huuru1

Wkh uhvxowv duh uhsruwhg lq Wdeoh 71 Zh qrwh wkdw wkh vlpxowdqhrxv uhdfwlrq
ri wkh ihghudo ixqgv udwh wr wkh pdfurhfrqrplf srolf| yduldeohv +fdswxuhg e| _e�/
_e2 dqg _e�, lv qrw vwurqjo| vljql�fdqw1 Vxfk hylghqfh lv frq�uphg e| Iljxuh 9/
vkrzlqj d qhjoljleoh gl�huhqfh ehwzhhq YDU lqqrydwlrqv lq wkh ihghudo ixqgv udwh
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dqg wkh vwuxfwxudo prqhwdu| srolf| vkrfnv D7/ wkdw zh odeho �.��M 61 Wkh
vwuxfwxudo sdudphwhuv ghvfulelqj wkh pdunhw iru uhvhuyhv duh eurdgo| lq olqh zlwk
wkh suhglfwlrqv ri wkh prgho= k dqg q duh qrw vljql�fdqw/ wkrxjk fruuhfwo| vljqhg1
Ilqdoo|/ wkh ryhulghqwli|lqj uhvwulfwlrq _SD ' �� fdqqrw eh uhmhfwhg/ vxssruwlqj
wkh ydolglw| ri wkh lghqwl�fdwlrq vfkhph xvhg1

Zh qrz frqvlghu vhyhudo dowhuqdwlyh phdvxuhv ri prqhwdu| srolf| vkrfnv gh0
ulyhg lqghshqghqwo| iurp wkh hvwlpdwlrq ri wkh YDU prgho1

Wkh �uvw wr eh frqvlghuhg lv wkh rqh ruljlqdoo| sursrvhg e| Uxghexvfk ^56`
dqg ixuwkhu dqdo|}hg e| Euxqqhu ^8`1 Prqhwdu| srolf| vkrfnv duh ghulyhg iurp wkh
630Gd| Ihg ixqgv ixwxuh frqwudfwv/ zklfk kdyh ehhq txrwhg rq wkh Fklfdjr Erdug
ri Wudgh vlqfh Rfwrehu 4<;;/ dqg duh ehwv rq wkh dyhudjh ryhuqljkw ihg ixqgv udwh
iru wkh gholyhu| prqwk/ fruuhvsrqglqj wr wkh yduldeoh lqfoxghg lq wkh ehqfkpdun
YDU1 Iljxuh : uhsruwv wkh ihghudo ixqgv udwh lpsolflw lq wkh ixwxuh frqwudfw dorqj
zlwk wkh Ihg*v ihghudo ixqg udwh wdujhw1 Vkrfnv duh frqvwuxfwhg dv wkh gl�huhqfh
ehwzhhq wkh ihghudo ixqgv udwh dw prqwk | dqg wkh 630gd| ihghudo ixqgv ixwxuh
dw prqwk | � �1 Vxfk fkrlfh lv edvhg rq wkh hylghqfh/ wkdw wkh uhjuhvvlrq ri wkh
ihghudo ixqgv udwh dw | rq wkh 630gd| ihghudo ixqgv ixwxuh dw | � � surgxfhv dq
lqwhufhsw qrw vljql�fdqwo| gl�huhqw iurp }hur/ d vorsh frh!flhqw qrw vljql�fdqwo|
gl�huhqw iurp rqh/ dqg vhuldoo| xqfruuhodwhg uhvlgxdov=

88| ' � f�f�.
Ef�fe�S�

n f�bbb
Ef�ff.�

888|3� n e�|

-2 ' f�bb j ' f��eD (` ' ��HS

Wklv surfhgxuh surgxfhv vkrfnv/ odehoohg 888 / zklfk duh frpsdudeoh wr wkh
uhgxfhg irup lqqrydwlrqv iurp wkh YDU dqg qrw wr wkh vwuxfwxudo prqhwdu| srolf|
vkrfnv/ ehfdxvh vxusulvhv uhodwlyh wr wkh lqirupdwlrq dydlodeoh dw wkh hqg ri prqwk
| � � pd| uh hfw hqgrjhqrxv srolf| uhvsrqvhv wr qhzv derxw wkh hfrqrp| wkdw
ehfrph dydlodeoh lq wkh frxuvh ri prqwk |1 Iru wklv uhdvrq zh pds wkh 888

lqqrydwlrqv lqwr dq htxlydohqw ri vwuxfwxudo prqhwdu| srolf| vkrfnv e| uhjuhvvlqj
wkhp rq wkh YDU lqqrydwlrqv ri wkh qrq0srolf| yduldeohv=
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Dv lq wkh fdvh iru wkh ehqfkpdun YDU prgho/ wkh deryh uhjuhvvlrq grhv qrw
vkrz dq| vwurqj h�hfw ri fxuuhqw pdfurhfrqrplf yduldeohv rq wkh ihghudo ixqgv
udwh1 Wklv nlqg ri hylghqfh lv lq olqh zlwk wkh uhvxowv lq Uxghexvfk ^56` dqg

6Vlplodu uhvxowv duh uhsruwhg e| Uxghexvfk ^56`/ zkr hvwlpdwhv d voljko| gl�huhqw vshfl�fdwlrq

rq wkh vdph vdpsoh dqg frqwudvwv wkh uhvxowv zlwk wkrvh ghulyhg e| Ohhshu/ Vlpv/ ]kd ^4:` iurp

d vlplodu YDU exw ryhu d pxfk orqjhu vdpsoh shulrg1
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frxog mxvwli| wkh lghqwl�fdwlrq vfkhph dgrswhg e| vrph dxwkruv +h1j1 Jrugrq
dqg Ohhshu ^47`,/ zkr dvvxph wkdw zlwklq wkh prqwk wkh Ihg uhdfwv wr fxuuhqw
prqh| dqg �qdqfldo pdunhw yduldeohv/ exw qrw wr fxuuhqw lqqrydwlrqv lq wkh jrrgv
pdunhw yduldeohv/ zklfk duh revhuyhg zlwk d rqh0prqwk odj1 Rq wkh rwkhu kdqg/
wklv hpslulfdo hylghqfh grhv qrw vxssruw wkh ylhz ri hqgrjhqhlw| ri prqh| rq wkh
vdpsoh frqvlghuhg1 Zh odeho wklv phdvxuh ri prqhwdu| srolf| vkrfnv dv 88871

D vhfrqg qrq0YDU phdvxuh ri srolf| vkrfnv lv edvhg rq wkh zrun ri Vnlqqhu
dqg ]hwwhoph|hu ^5<`1 Wkh| ghulyh d phdvxuh ri xqdqwlflsdwhg prqhwdu| srolf|
vkrfnv e| iroorzlqj d wzr0vwhs phwkrgrorj|= �uvw/ xvlqj lqirupdwlrq iurp fhqwudo
edqn uhsruwv dqg qhzvsdshuv d olvw ri gd|v rq zklfk prqhwdu| srolf| dqqrxqfh0
phqwv rffxuuhg lv frqvwuxfwhg> vhfrqg/ prqhwdu| srolf| vkrfnv duh lghqwl�hg zlwk
wkh fkdqjhv lq wkh wkuhh0prqwk lqwhuhvw udwh rq wkh gd|v ri srolf| dqqrxqfhphqwv1
Wkh ydolglw| ri vxfk surfhgxuh uhtxluh wkdw +�, vkruw udwhv +h1j wkh ryhuqljkw udwh,
duh d�hfwhg e| srolf|> +��, duelwudjh lv h�hfwlyh ehwzhhq wkh ryhuqljkw dqg wkh
wkuhh0prqwk lqwhuhvw udwh> +���, wkh lpsdfw ri rwkhu qhzv d�hfwlqj wkh wkuhh0prqwk
udwh rq wkh gd| ri wkh srolf| ghflvlrq lv qhjoljleoh> +��, srolf| dfwlrqv duh qrw hq0
grjhqrxv uhvsrqvhv wr lqirupdwlrq wkdw ehfrphv dydlodeoh rq wkh gd| zkhq wkh
ghflvlrq lv wdnhq1 Wr hqvxuh wkdw frqglwlrqv +���, dqg +��, duh dssolfdeoh/ Vnlq0
qhu dqg ]hwwhoph|hu jr wkurxjk uhsruwv ri wkh srolf| dfwlrqv dqg h{foxgh iurp
wkhlu vdpsoh wkrvh zklfk gr qr frqirup wr uhtxluhphqw +���, dqg +��,1 Wkh pdlq
sureohp zlwk wkh lqgh{ vr rewdlqhg lv wkdw lw fdq rqo| slq grzq vkrfnv dvvrfl0
dwhg wr prqhwdu| srolf| ghflvlrqv uh hfwhg lq vrph dfwlrq rq frqwuroohg yduldeohv/
zkhuhdv vkrfnv dvvrfldwhg zlwk qr dfwlrq +zkloh vrph dfwlrq zdv h{shfwhg e| wkh
pdunhwv, duh qhjohfwhg1 Lq wkh odwhvw sduw ri rxu vdpsoh/ zkhq prqhwdu| srolf|
ghflvlrqv duh wdnhq rq wkh rffdvlrq ri wkh IRPF phhwlqjv/ zh fdq ryhufrph wklv
sureohp e| h{whqglqj wkh lqgh{ wr frqvlghu dv vkrfnv wkh fkdqjh ri wkh wkuhh
prqwk0udwh rq rffdvlrq ri wkh IRPF phhwlqjv1 E| vr grlqj zh ghulyh vkrfnv
wkdw zh odeho .7~1 Iru uhihuhqfh/ zh qrwh wkdw wkh vkrfnv dvvrfldwhg wr qr dfwlrq
duh qhyhu odujhu wkdq 8 edvlv srlqw lq devroxwh ydoxh lq rxu vdpsoh1 Wkhuhiruh/
prvw ri wkh yrodwlolw| ri wklv vhulhv lv jhqhudwhg dw wkh gdwhv zkhuh vrph dfwlrq zdv
wdnhq dqg wkh vdpsoh vhohfwlrq sureohp lqwurgxfhg e| wkh ruljlqdo phwkrgrorj|
ri Vnlqqhu dqg ]hwwhoph|hu grhv qrw vhhp wr eh vhyhuh1 .7~ duh e| wkhlu qdwxuh
vwuxfwxudo vkrfnv/ gluhfwo| frpsdudeoh zlwk wkh lghqwl�hg prqhwdu| srolf| vkrfnv
ri wkh ehqfkpdun YDU prgho1

Wkh wklug dowhuqdwlyh phdvxuh ri vkrfnv lv edvhg rq wkh hvwlpdwlrq ri wkh whup
vwuxfwxuh ri vsrw udwhv dqg ri lqvwdqwdqhrxv iruzdug udwhv dv sursrvhg e| Vyhqvvrq
^66` dqg dssolhg lq Idyhur/ Sl�hul dqg Ldfrqh ^45`1 Wkh phwkrgrorj| lv edvhg rq
wkh xvh ri lqvwdqwdqhrxv iruzdug udwhv dv prqhwdu| srolf| lqglfdwruv1 Iruzdug
udwhv duh lqwhuhvw udwhv rq lqyhvwphqwv pdgh dw d ixwxuh gdwh/ wkh vhwwohphqw gdwh/
dqg h{slulqj dw d gdwh ixuwkhu lqwr wkh ixwxuh/ wkh pdwxulw| gdwh1 Lqvwdqwdqhrxv
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iruzdug lqwhuhvw udwhv duh wkh olplw dv wkh pdwxulw| gdwh dqg wkh vhwwohphqw gdwh
dssurdfk rqh dqrwkhu1

Wr looxvwudwh rxu ghulydwlrq ri vsrw udwh ohw xv vwduw e| wkh frqvlghudwlrq ri d
}hur0frxsrq erqg lvvxhg dw wlph | zlwk d idfh ydoxh ri 4/ pdwxulw| ri 6 |hduv dqg
sulfh �~�

6|
1 Wkh vlpsoh |lhog t6| lv uhodwhg wr wkh sulfh dv iroorzv=
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�

E� n t6|�
6 +715,

Gh�qlqj wkh vsrw udwh o6| dv *L}E�nt6|�/ zklfk lv wkh frqwlqxrxvo| frpsrxqghg
|lhog/ dqg wkh glvfrxqw ixqfwlrq (6| dv wkh sulfh dw wlph | ri d }hur frxsrq wkdw
sd|v rqh xqlw dw wlph |n6/ zh wkhq kdyh =

�~�

6| ' i T E�6o6|� ' (6| +716,

Frqvlghu qrz d frxsrq erqg wkdw sd|v d frxsrq udwh ri S shu fhqw dqqxdoo| dqg
sd|v d idfh ydoxh ri 4 dw pdwxulw|1 Wkh sulfh ri wkh erqg dw wudgh gdwh lv jlyhq
e| wkh iroorzlqj irupxod=

�6| '
6[
&'�

S(&| n(6| +717,

Jlyhq wkh revhuydwlrq ri sulfhv ri frxsrq erqgv/ vsrw udwhv rq }hur frxsrq htxly0
dohqw fdq eh ghulyhg e| �wwlqj d glvfrxqw ixqfwlrq edvhg rq wkh iroorzlqj vshfl�0
fdwlrq iru wkh vsrw udwhv=
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D +718,

Vxfk vshfl�fdwlrq kdv ehhq ruljlqdoo| lqwurgxfhg e| Vyhqvvrq ^66` dqg lw lv dq
h{whqvlrq ri wkh sdudphwul}dwlrq sursrvhg e| Qhovrq dqg Vlhjho ^53`1 Lpsolhg
iruzdug udwhv fdq eh fdofxodwhg iurp vsrw udwhv1 D iruzdug udwh dw wlph | zlwk
wudgh gdwh | n |� dqg vhwwohphqw gdwh | n A fdq eh fdofxodwhg dv wkh uhwxuq rq
dq lqyhvwphqw vwudwhj| edvhg rq ex|lqj }hur0frxsrq erqgv dw wlph | pdwxulqj dw
wlph |n A dqg vhoolqj dw wlph | }hur0frxsrq erqgv pdwxulqj dw wlph |n |�1 Wkh
iruzdug udwh lv uhodwhg wr wkh vsrw udwh e| wkh iroorzlqj irupxod=

s|nAc|n|�c| '
AoAc| � |�o|�c|

A � |�
+719,

vr wkh iruzdug udwh iru d 40|hdu lqyhvwphqw zlwk vhwwohphqw lq 5 |hduv dqg pdwxulw|
lq 6 |hduv lv htxdo wr wkuhh wlphv wkh 6 |hdu vsrw udwh plqxv wzlfh wkh wzr |hdu
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vsrw udwh1 Wkh lqvwdqwdqhrxv iruzdug udwh lv wkh udwh rq d iruzdug frqwudfw zlwk
dq lq�qlwhvlpdo lqyhvwphqw diwhu wkh vhwwohphqw gdwh=

s6| ' *�4
A<6

s|nAc|n6c| +71:,

Lq sudfwlfh zh lghqwli| wkh lqvwdqwdqhrxv iruzdug udwh zlwk dq ryhuqljkw iruzdug
udwh/ d iruzdug udwh zlwk pdwxulw| rqh gd| diwhu wkh vhwwohphqw1 Wkh uhodwlrq
ehwzhhq lqvwdqwdqhrxv iruzdug udwh dqg vsrw udwh lv wkhq=

o6| '

U
|n6

�'| s�|_�

6

ru/ htxlydohqwo|

s6| ' o6| n6
Yo6c|

Y6
+71;,

Jlyhq vshfl�fdwlrq +718, iru wkh vsrw udwh/ wkh uhvxowlqj iruzdug ixqfwlrq lv dv
iroorzv=
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Wkhuhiruh dv & jrhv wr }hur wkh vsrw dqg wkh iruzdug udwh frlqflgh dw qfn q� dqg
dv & jrhv wr lq�qlw| wkh vsrw dqg wkh iruzdug udwh frlqflgh dw qf1 Wkh iruzdug
udwh ixqfwlrq ihdwxuhv d frqvwdqw/ dq h{srqhqwldo whup ghfuhdvlqj zkhq q� lv srv0
lwlyh/ dqg wzr �kxps vkdsh� whupv1 Wkh uhodwlrq ehwzhhq wkh vsrw udwh dqg wkh
lqvwdqwdqhrxv iruzdug udwh dw wkh vdph pdwxulw| lv dqdorjrxv wr wkh uhodwlrq eh0
wzhhq d pdujlqdo dqg dq dyhudjh txdqwlw|1 Vr wkh fxuyh ri lqvwdqwdqhrxv iruzdug
udwh olhv deryh wkh fxuyh ri vsrw udwhv/ zkhq wklv lv srvlwlyho| vorshg/ dqg ehorz
wkh fxuyh ri vsrw udwhv/ zkhq wklv lv qhjdwlyho| vorshg1 Li wkh sxuh h{shfwdwlrqdo
prgho lv ydolg dqg wkhuh lv qr whup suhplxp/ wkhq lqvwdqwdqhrxv iruzdug udwhv
dw ixwxuh gdwhv fdq eh lqwhusuhwhg dv wkh h{shfwhg vsrw lqwhuhvw udwhv iru wkrvh
ixwxuh udwhv1 Wkh revhuydeoh htxlydohqw ri wkh lqvwdqwdqhrxv iruzdug udwh lv wkh
ryhuqljkw udwh1 Vr wkh fxuyh ri lqvwdqwdqhrxv iruzdug udwhv dw ixwxuh gdwhv fdq
eh lqwhusuhwhg dv lqglfdwlqj wkh h{shfwhg ryhuqljkw udwhv iru wkrvh ixwxuh gdwhv1
Li wkh ryhuqljkw udwh lv wkrxjkw ri dv d udwh frqwuroohg e| prqhwdu| dxwkrulwlhv/
wkhq wkh fxuyh ri lqvwdqwdqhrxv iruzdug udwhv fdq eh wkrxjkw ri dv dq lqglfdwru
ri h{shfwhg prqhwdu| srolf|/ edvhg rq wkh sxuh h{shfwdwlrqdo prgho1 Prqhwdu|
srolf| �vxusulvhv� fdq eh jhqhudwhg �h{0srvw� e| frpsxwlqj wkh glvwdqfh ehwzhhq
revhuyhg ryhuqljkw udwhv dqg h{shfwhg ryhuqljkw udwhv1

H{sorlwlqj wkh idfw wkdw lqwhuyhqwlrq rq srolf| udwhv wdnhv sodfh rq rffdvlrq ri
uhjxodu phhwlqjv ri wkh Ihghudo Rshq Pdunhw Frpplwwhh/ zh hvwlpdwh wkh whup
vwuxfwxuh ri vsrw udwhv dqg ri lqvwdqwdqhrxv iruzdug udwhv wkh gd| ehiruh uhjxodu
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phhwlqjv/ rewdlqlqj d phdvxuh ri h{shfwdwlrqv iru Ihghudo Uhvhuyh lqwhuyhqwlrqv
dqg dq dvvrfldwhg phdvxuh ri prqhwdu| srolf| vkrfnv1 Rxu hvwlpdwhg fxuyhv duh
�wwhg wr wkh iroorzlqj udwhv= wkh ihghudo ixqg wdujhw/ 4p hxur/ 6p hxur/ 9p hxur/
45p hxur/ 6/ 8/ :/ dqg 430|hdu �{hg lqwhuhvw udwh vzds71 Wkh phdvxuh ri wkh
h{shfwhg ryhuqljkw udwh iru wkh gd| diwhu wkh phhwlqjv lv wkhq vxewudfwhg wr wkh
revhuyhg wdujhw udwh rq wkdw gd| wr rewdlq d qhdvxuh ri wkh xqh{shfwhg sduw ri
Ihg lqwhuyhqwlrqv1 Wkh IRPF phhwv hljkw wlph d |hdu/ wkhuhiruh zh frqvwuxfw d
prqwko| phdvxuh ri vkrfnv zklfk ihdwxuhv irxu }hurv hdfk |hdu1 Vlqfh wkh sudfwlfh
ri ghflglqj rq lqwhuyhqwlrqv dw jlyhq dqg nqrzq gdwhv lv rqo| uhfhqw +iurp 4<<7
rqzdugv,/ lq rughu wr frqgxfw rxu h{huflvh rq d phdqlqjixo vdpsoh zh vxssohphqw
wkh uhvxow rq wkh IRPF phhwlqjv iurp 4<<7 rqzdugv zlwk wkh uhvxowv ri wkh
dssolfdwlrq ri wkh sursrvhg surfhgxuh wr wkh gdwhv lqglfdwhg e| wkh dqdo|vlv ri
Vnlqqhu dqg ]hwwhoph|hu iru wkh shulrg 4<;;=4404<<6=451 Zh odeho wklv phdvxuh
ri prqhwdu| srolf| vkrfn dv U87 +lqvwdqwdqhrxv iruzdug vkrfnv,1

Wdeoh 8 dqg Iljxuh ; surylgh d �uvw dvvhvvphqw ri wkh dowhuqdwlyh phdvxuhv ri
prqhwdu| srolf| vkrfnv ghvfulehg deryh1 Zh qrwh wkdw wkh fruuhodwlrqv ehwzhhq
vkrfnv udqjh iurp 316 wr 3191 Uhjuhvvlrq dqdo|vlv vkrzv d pd{lpxp -2 ri 315 iru
wkh uhjuhvvlrq ri �.��M rq 8887/ zkloh wkh -2 ri wkh uhjuhvvlrq ri �.��M

rq .7~ lv 3141 Wkh orzhvw -2 ri 313< lv rewdlqhg iurp wkh uhjuhvvlrq ri �.��M

rq U871 Wkh frh!flhqwv ri doo uhjuhvvlrqv duh fohduo|/ exw qrw vshfwdfxoduo|/
vljql�fdqw1

Rq wkh edvlv ri vlplodu hylghqfh Uxghexvfk ^56` frqfoxghg wkdw vkrfnv ghulyhg
iurp YDU gr qrw pdnh vhqvh dv phdvxuhv ri prqhwdu| srolf| vkrfnv1 Zh frq0
foxgh wkdw wkh| duh qrw vwurqjo| fruuhodwhg zlwk dowhuqdwlyh phdvxuhphqwv ri wkh
vdph txdqwlw| dqg lqyhvwljdwh ixuwkhu wkh lvvxh e| dqdo|}lqj krz vhqvlwlyh wkh
ghvfulswlrq ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp lv wr dowhuqdwlyh vshfl�fd0
wlrqv ri srolf| vkrfnv1 Zh gr vr e| lqfoxglqj wkh deryh phdvxuhv ri prqhwdu|
srolf| vkrfnv lq wkh ehqfkpdun YDU dv h{rjhqrxv yduldeohv dqg e| ghulylqj wkh
dvvrfldwhg lpsxovh uhvsrqvh ixqfwlrqv1

7151 Hvwlpdwlrq dqg lpsxovh uhvsrqvh ixqfwlrqv

Zh hvwlpdwh irxu vwuxfwxudo prghov/ dxjphqwlqj wkh ehqfkpdun vshfl�fdwlrq lq
+714, zlwk wkh lqfoxvlrq ri hdfk ri wkh dowhuqdwlyh phdvxuhv ri srolf| vkrfnv glv0

7 Lq d suhylrxv yhuvlrq ri wklv sdshu zh xvhg wkh ryhuqljkw ihghudo ixqgv udwh lqvwhdg ri wkh

ihghudo ixqg wdujhw1 Wkh ruljlqdo hvwlpdwlrq surgxfhg gl�huhqw/ dqg ohvv lqwhuhvwlqj/ uhvxowv1

Iuhghulfn Plvknlq srlqwhg rxw wkdw wkh ryhuqljkw ihghudo ixqg udwh pljkw glvsod| qrlv| ehkdy0

lrxu lq uhvsrqvh wr oltxlglw| vkrfnv wrwdoo| xquhodwhg wr prqhwdu| srolf| dqg vxjjhvwhg xv wr

vxevwlwxwh lw zlwk wkh ihghudo ixqgv wdujhw1
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fxvvhg deryh dv frqwhpsrudqhrxv h{rjhqrxv yduldeohv lq wkh YDU=
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+7143,
zkhuh %| lv vhw lq wxuq htxdo wr 8887|/ .7~| dqg U87|1 Qr odjv ri %| duh
lqwurgxfhg ehfdxvh wklv yduldeoh lv phdqw wr eh d gluhfw phdvxuh ri prqhwdu|
srolf| vkrfnv1 Doo prghov prghov duh hvwlpdwhg ryhu wkh vdpsoh 4<;;+44,04<<9+6,1

Uhvxowv duh uhsruwhg lq Wdeoh 91 Lw fdq eh lpphgldwho| qrwhg wkdw doo dowhuqd0
wlyh hvwlpdwhv ri wkh }C(� / }� /dqg }�S6 sdudphwhuv vkrz wkdw wkh frqwhpsrudqh0
rxv h�hfw ri wkh prqhwdu| srolf| vkrfnv rq wkh pdfurhfrqrplf yduldeohv lv qhyhu
vljql�fdqw1 Wkhuhiruh rqh ri wkh fuxfldo lghqwli|lqj dvvxpswlrqv lq wkh ehqfk0
pdun YDU prgho lv ydolgdwhg e| wkh hvwlpdwlrq edvhg rq dowhuqdwlyh phdvxuhv ri
srolf| vkrfnv1 Wkh hvwlpdwhv ri }88 vkrz d txdqwlwdwlyho| dqg vwdwlvwlfdoo| vlj0
ql�fdqw srvlwlyh lpsdfw iru 8887 / .7~/ dqg U87 rq wkh ihghudo ixqgv udwh1
Wklv hylghqfh zhdnhqv wkh frqfoxvlrq e| Uxghexvfk ^56` wkdw YDU0edvhg prq0
hwdu| srolf| vkrfnv gr qrw pdnh vhqvh1 Wkh hvwlpdwhv ri }A- dqg }��- duh qrw
vljql�fdqw zkhq 8887 dqg .7~ duh xvhg exw ehfrph vljql�fdqw/ dqg fruuhfwo|
vljqhg/ lq wkh prgho zlwk wkh U87 vkrfn1 Zh qrwh wkdw wkh sdudphwhuv k dqg q

duh qrw vljql�fdqw dovr lq wkh ehqfkpdun prgho/ zkhuh wkh| frqvwlwxwh wkh rqo|
fkdqqho wkurxjk zklfk prqhwdu| srolf| d�hfwv frqwhpsrudqhrxvo| wkh pdunhw iru
uhvhuyhv1 Lw vhhpv wkdw wkh lqfoxvlrq ri wkh U87 vkrfnv lq wkh YDU doorzv d ehw0
whu ghwhuplqdwlrq ri wkh sdudphwhuv ghwhuplqlqj ghpdqg dqg vxsso| ehkdylrxu
lq wk pdunhw iru uhvhuyhv1 Doo rwkhu hvwlpdwhg vwuxfwxudo sdudphwhuv gr qrw vkrz
d vljql�fdqw gl�huhqfh ehwzhhq wkh ehqfkpdun prgho dqg wkh prgho edvhg rq
8887/ .7~/ dqg U87 vkrfnv1

Rq wkh edvlv ri wklv hylghqfh/ zh surfhhg ixuwkhu e| frpsdulqj wkh lpsxovh
uhvsrqvhv ri wkh ehqfkpdun YDU prgho zlwk wkrvh ghulyhg e| frqvlghulqj 8887/
.7~ dqg U87 dv prqhwdu| srolf| vkrfnv1 Wkh lpsxovh uhvsrqvh ixqfwlrqv iru
wkh irxu prghov dorqj zlwk <8 shu fhqw frq�ghqfh lqwhuydov frpsxwhg iru wkh
ehqfkpdun YDU duh uhsruwhg lq Iljxuh <1 Wkh sorwv fohduo| vkrz wkdw wkh dowhu0
qdwlyh phdvxuhv ri srolf| vkrfnv |lhog ghvfulswlrqv ri wkh prqhwdu| wudqvplvvlrq
phfkdqlvp zklfk duh qrw vljql�fdqwo| gl�huhqw +lq d vwdwlvwlfdo vhqvh, iurp hdfk
rwkhu1
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7161 Glvfxvvlrq

Rxu uhvxowv ghvhuyh glvfxvvlrq rq/ dw ohdvw/ wkuhh lvvxhv= lqwhusuhwdwlrq ri wkh
lpsxovh uhvsrqvhv/ phdvxuhphqw ri wkh srolf| vkrfnv/ urexvwqhvv1 Qh{w/ zh zloo
uhfrqvlghu wkh uhohydqfh ri Uxghexvfk*v fulwltxh lq wkh oljkw ri rxu uhvxowv1

Rq wkh lqwhusuhwdwlrq ri wkh lpsxovh uhvsrqvhv/ lw frxog eh dujxhg wkdw wkh orz
fruuhodwlrq ehwzhhq rxu dowhuqdwlyh phdvxuhv ri srolf| vkrfnv lpsolhv wkdw dw ohdvw
vrph ri wkhp pxvw frqwdlq d vxevwdqwldo dprxqw ri yduldelolw| wkdw lw lv qrw gxh
wr xqh{shfwhg prqhwdu| dfwlrqv1 Dv d frqvhtxhqfh/ lpsxovh uhvsrqvh hvwlpdwhv
frxog eh d�hfwhg e| huuruv0lq0yduldeohv eldv ru/ lq wkh zruvw fdvh/ wkh dgglwlrqdo
yduldelolw| pljkw uh hfw hqgrjhqrxv idfwruv1 Zkloh wkh huuruv0lq0yduldeohv eldv lv
qrw hdvlo| glvplvvhg/ vrph dujxphqwv fdq eh pdgh wr uxoh rxw wkh zruvw0fdvh vfh0
qdulr1 Wkh lpsxovh uhvsrqvhv iurp wkh ehqfkpdun YDU prgho duh e| qrz udwkhu
zlgho| dffhswhg dv d ghvfulswlrq ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp rq wkh
jurxqg wkdw lw lv yhu| kdug wr wklqn ri dq| rwkhu vkrfn rwkhu wkdq prqhwdu| fd0
sdeoh ri jhqhudwlqj wkh revhuyhg uhvsrqvhv erwk lq wkh yduldeohv ghvfulelqj wkh
pdunhw iru uhvhuyhv dqg lq wkh pdfurhfrqrplf yduldeohv1 Wr vxssruw wkh hqgr0
jhqhlw| dujxphqw rqh vkrxog wkhq eh deoh wr lghqwli| wkh hqgrjhqrxv idfwruv wkdw
doorz wr hvwlpdwh uhvsrqvhv ri wkh vl{ yduldeohv dqdo|}hg wkdw duh revhuydwlrqdoo|
htxlydohqw wr wkh uhvsrqvh zh kdyh revhuyhg wr rxu gl�huhqw phdvxuhv ri prqhwdu|
srolf| vkrfnv1 Wkh idfw wkdw zh fdqqrw �qg dq| fdqqrw eh frqfoxvlyh exw lw lv
frqvlvwhqw zlwk rxu frpphqwv rq wkh hpslulfdo uhvxowv1

Rq wkh phdvxuhphqw ri prqhwdu| srolf| vkrfnv/ lw frxog eh dujxhg wkdw wkh
vlplodu sdwwhuq ri wkh lpsxovh uhvsrqvhv lv kdug wr uhfrqfloh zlwk wkh orz fruuh0
odwlrq ehwzhhq wkh lghqwl�hg vkrfnv1 Lq rwkhu zrugv/ vrph mxvwl�fdwlrq rq krz
prghov fdq glvdjuhh rq srolf| vkrfnv dqg djuhh rq wkhlu h�hfw lv fdoohg iru1 Vlpv
^59` kdv douhdg| surylghg vrph dqvzhuv wr wklv txhvwlrq1 Klv dujxphqw lv edvhg rq
wkh revhuydwlrq/ ixoo| frqvlvwhqw zlwk rxu ylhzv lq vhfwlrq 514/ wkdw YDU prghov
duh ehvw xqghuvwrrg lq d vlpxowdqhrxv htxdwlrq iudphzrun1 Frqvlghu d vlpsoh
vxsso| dqg ghpdqg vlpxowdqhrxv htxdwlrq prgho= lghqwl�fdwlrq ri wkh vwuxfwxudo
sdudphwhuv lq wkh ghpdqg htxdwlrq uhtxluhv vrph yduldeohv zklfk vkliw wkh vxs0
so| fxuyh zkloh qrw d�hfwlqj ghpdqg1 Wkhuh pljkw zhoo h{lvw pruh wkdq rqh
vxfk �vxsso| vkliwhu�/ dqg/ ghvslwh wkhlu ehlqj doo ydolg lqvwuxphqwv wr lghqwli|
ghpdqg/ wkh| pljkw eh yhu| olwwoh fruuhodwhg1 Lq wkh h{wuhph fdvh ri ruwkrjrqdo
lqvwuxphqwv/ wkh dowhuqdwlyh xvh ri rqh ri wkh lqvwuxphqwv zloo ohdg wr wkh vdph
hvwlpdwhv ri wkh ghpdqg sdudphwhuv lqghshqghqwo| iurp wkh rplvvlrq ri wkh rwkhu
lqvwuxphqw dqg iurp wkh odfn ri fruuhodwlrq ehwzhhq wkhp1 Zh fdqqrw dujxh wkdw
wklv lv zkdw lv kdsshqlqj lq rxu prgho> krzhyhu/ qrwh wkdw wkh hvwlpdwh ri wkh
lpsxovh uhvsrqvh ixqfwlrqv ghshqg xqltxho| rq wkh hvwlpdwhv ri wkh �/ � dqg �

pdwulfhv lq +514,/ dqg wkh| duh qrw vljql�fdqwo| gl�huhqw iurp hdfk rwkhu zkhq
dowhuqdwlyh phdvxuhphqw ri wkh prqhwdu| lpsxovhv duh xvhg1 Qrwh dovr wkdw erwk
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wkh pdjqlwxgh dqg wkh vljql�fdqfh ri wkh hvwlpdwhv ri wkh frqwhpsrudqhrxv uhod0
wlrq ehwzhhq wkh YDU ihghudo ixqgv lqqrydwlrq dqg wkh dowhuqdwlyh phdvxuhphqwv
ri prqhwdu| srolf| lpsuryhv zkhq wkh hvwlpdwlrq lv frqgxfwhg lq d pxowlyduldwh
iudphzrun udwkhu wkdq xvlqj d vwdwlf uhjuhvvlrq dqdo|vlv1 Wklv lv hdvlo| fkhfnhg e|
frpsdulqj wkh vwdwlf uhjuhvvlrq frh!flhqwv dqg |0udwlrv uhsruwhg lq Wdeoh 8/ zlwk
wkh YDU0edvhg hvwlpdwhv ri frh!flhqwv }88 dqg wkh dvvrfldwhg |0ydoxhv uhsruwhg
lq Wdeoh 91

Li wkh h{rjhqrxv yduldeohv lqfoxghg lq wkh hvwlpdwhg v|vwhp +8887/ .7~ dqg
U87, duh jrrg phdvxuhv ri prqhwdu| srolf| vkrfnv/ wkh| fdswxuh wkh yduldelolw| ri
wkh Ihg ixqgv udwh lqqrydwlrqv gxh wr xqh{shfwhg srolf| dfwlrqv1 Wkh uhpdlqlqj
yduldelolw| lv ohiw lq wkh uhvlgxdo ri wkh 88 htxdwlrq +D7,1 Wkh hvwlpdwhg vwdqgdug
ghyldwlrq ri D7 +uhsruwhg lq wkh odvw sdqho ri Wdeoh 9, ghfuhdvhv iurp 3143 lq
wkh ehqfkpdun prgho +zlwk qr h{rjhqrxv phdvxuh ri srolf|, wr/ irh h{dpsoh/
313: dqg 313< zkhq 8887 dqg U87 duh dgghg/ lpso|lqj wkdw wkh exon ri wkh 88

lqqrydwlrq yduldelolw| lv qrw uhodwhg wr prqhwdu| srolf| vkrfnv1 Zkdw glvwlqjxlvkhv
wkh prqhwdu| srolf| vkrfn iurp wkh uhpdqlqj 88 vkrfn +D7, lv wkh lpsdfw h�hfw
rq wkh uhvhuyhv pdunhw1 Zkhq srolf| vkrfnv duh phdvxuhg e| 8887 dqg U87

wkhuh lv d uhodwlyho| vwurqj �oltxlglw| h�hfw� rq wkh uhvhuyhv pdunhw/ phdvxuhg e|
wkh hvwlpdwhg frh!flhqwv }A- dqg }��- +031347 dqg 031344 uhvshfwlyho| lq wkh U87

fdvh, uhsruwhg lq Wdeoh 9/ dqg wkh D7 glvwxuedqfhv kdyh zhdnhu lpsdfwv rq A-

dqg ��-1 Wkhvh h�hfwv duh phdvxuhg e| �_De dqg _De_Se � _SD +fruuhvsrqglqj
wr k n q, iru wrwdo dqg qrq0eruurzhg uhvhuyhv uhvshfwlyho|= h1j1 lq wkh U87 fdvh
wkh| duh 031336 dqg 03133;1 Wkrxjk wkh uhodwlyho| kljk vwdqgdug huuruv gr qrw
doorz wkhvh gl�huhqfhv lq wkh hvwlpdwhg frh!flhqwv wr eh vwdwlvwlfdoo| vljql�fdqw/
wkh srlqw hvwlpdwhv pd| vxssruw wkh ylhz wkdw wkh h{rjhqrxv yduldeohv dghtxdwho|
fdswxuh prqhwdu| srolf| vkrfnv1

Odvwo|/ zh eulh | dgguhvv wkh urexvwqhvv lvvxh1 Dowkrxjk zh kdyh grfxphqwhg
rxu fkrlfh ri wkh vdpsoh vl}h e| wkh qhhg ri kdylqj d vwdwlvwlfdo prgho zlwk vwdeoh
sdudphwhuv/ lw frxog eh revhuyhg wkdw vhyhq dqg d kdoi |hdu ri prqwko| gdwd frxog
qrw eh d vdpsoh orqj hqrxjk wr dqdo|}h wkh prqhwdu| wudqvplvvlrq phfkdqlvp dqg
wkdw wkh hylghqfh ri lqvwdelolw| lq 4<;; surylghg lq vhfwlrq 6 lv qrw ryhuzkhoplqj1
Wkh dqdo|vlv frxog wkhq eh h{whqghg wr d vdpsoh ehjlqqlqj lq 4<;6/ wr fkhfn iru
urexvwqhvv1 Xqiruwxqdwho|/ lw lv gl!fxow wr h{whqg rxu frpsdulvrq ri dowhuqdwlyh
phdvxuhv sulru wr 4<;;/ vlqfh wkh ihghudo ixqgv ixwxuh lv dydlodeoh rqo| iurp wkh
hqg ri 4<;; rqzdugv dqg rxu phwkrgrorj| ri ghulylqj hvwlpdwhv ri vkrfnv iurp
vkliwv lq lqvwdqwdqhrxv iruzdug udwhv lv qrw dssolfdeoh zkhq wkh gdwhv ri prqhwdu|
srolf| dfwlrq duh qrw wdnhq dw jlyhq dqg nqrzq gdwhv1 Krzhyhu/ iurp wkh rqh0 dqg
wzr0prqwk udwh rq Hxur0groodu ghsrvlwv/ dydlodeoh vlqfh 4<;6/ d rqh0prqwk iruzdug
udwh fdq eh ghulyhg dqg wkhq vxewudfwhg iurp wkh revhuyhg rqh0prqwk udwh/ wr
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|lhog d qrq0YDU0edvhg phdvxuh ri prqhwdu| srolf| vkrfnv/ odehoohg .L-m 81
Zh kdyh lpsohphqwhg rxu fkhfn iru urexvwqhvv e| frpsdulqj .L-m zlwk

ihghudo ixqgv ixwxuh0edvhg vkrfnv/ dqg wkhq e| xvlqj .L-m dv dv dowhuqdwlyh
phdvxuh ri srolf| vkrfnv ryhu wkh vdpsoh 4<;604<<91 D uhjuhvvlrq ri wkh 40prqwk
hxurgroodu vkrfnv rq wkh ihghudo ixqgv ixwxuh vkrfn ryhu wkh shulrg 4<;;04<<:
gholyhuv d srlqw hvwlpdwh ri 31;9 zlwk d |0udwlr ri derxw 43/ wkh fruuhodwlrq ehwzhhq
wkh wzr vkrfnv ehlqj 31871 Zkhq rxu YDU dqdo|vlv lv h{whqghg wr wkh vdpsoh
4<;604<<9 zh �qg hylghqfh lq idyrxu ri urexvwqhvv ri doo rxu suhylrxv uhvxowv1
Wkh vwdwlf uhjuhvvlrq ri wkh YDU0edvhg +�.��M, vkrfnv rqwr .L-m gholyhuv
d frh!flhqw ri 3157 zlwk d |0udwlr ri derxw �yh dqg wklv frh!flhqw udlvhv wr 3183
zlwk d |0udwlr ri derxw vhyhq zkhq hvwlpdwhg zlwklq d pxowlyduldwh iudphzrun1
Wkh lpsxovh uhvsrqvhv jhqhudwhg e| wkh srolf| vkrfn lghqwl�hg lq wkh ehqfkpdun
YDU dqg e| .L-m +zkhq lqfoxghg lq wkh YDU dv d frqwhpsrudqhrxv h{rjhqrxv
yduldeoh, duh qrw gl�huhqw iurp hdfk rwkhu lq d vwdwlwlvwlfdo vhqvh/ zlwk d sdwwhuq ri
srlqw hvwlpdwhv yhu| vlplodu wr wkh rqh suhylrxvo| irxqg ryhu wkh vkruwhu vdpsoh1
Lqwhuhvwlqjo|/ zh qrz �qg wkdw lqqrydwlrqv lq wkh pdfurhfrqrplf yduldeohv duh
vwdwlvwlfdoo| vljql�fdqw lq h{sodlqlqj lqqrydwlrqv lq wkh ihghudo ixqgv udwh erwk lq
wkh ehqfkpdun YDU dqg zkhq wkh .L-m lv lqfoxghg lq hvwlpdwlrq1 Lq sduwlfxodu/
lqqrydwlrqv lq rxwswxw dqg sulfhv duh vljql�fdqw zlwk srlqw hvwlpdwhv vxjjhvwlqj
d kljkhu zhljkw rq lq dwlrq lq wkh prqhwdu| dxwkrulwlhv* uhdfwlrq ixqfwlrq1

Zh duh qrz lq wkh srvlwlrq wr dvvhvv rxu uhvxowv lq wkh oljkw ri wkh fulwlflvp wr
prqhwdu| YDU e| Uxghexvfk ^56`/ zkr fulwlfl}hg vwdqgdug prqhwdu| YDUprghov
xqghu irxu uhvshfwv= +l, wkh dvvxpswlrq ri d wlph0lqyduldqw/ olqhdu vwuxfwxuh/ +ll,
wkh xvh ri d olplwhg lqirupdwlrq vhw lq wkh srolf| uhdfwlrq ixqfwlrq/ +lll, wkh xvh
ri �qdo uhylvhg gdwd/ dqg +ly, wkh suhvhqfh ri orqj glvwulexwhg odjv lq wkh srolf|
uhdfwlrq ixqfwlrq1 Wkh dowhuqdwlyh phdvxuhv ri prqhwdu| srolf| vkrfnv xvhg lq
wkh deryh dqdo|vlv duh qrw d�hfwhg e| dq| ri Uxghexvfk*v fulwlflvpv= qr0wlph
lqyduldqw/ olqhdu vwuxfwxuh lv uhtxluhg e| dq| ri rxu phwkrg ri ghulylqj prqhwdu|
srolf| vkrfnv iurp �qdqfldo pdunhwv/ wkh lqirupdwlrq vhw dydlodeoh frlqflghv zlwk
wkh rqh xvhg e| �qdqfldo pdunhwv/ wkhuh lv qr sureohp ri gdwd uhylvlrqv lq �qdqfldo
gdwd/ dqg qr vshfl�fdwlrq ri d odj0vwuxfwxuh lv dvvxphg lq wkhlu ghulydwlrq1

Krzhyhu/ zkhq zh dqdo|}h wkh lpsxovh uhvsrqvh ixqfwlrqv zh xvh rxu phdvxuhv
ri prqhwdu| srolf| lq d YDU dqg dw ohdvw vrph ri wkh ruljlqdo fulwlflvp frxog vwloo
eh ydolg1 Zh eholhyh wkdw wkh glvfxvvlrq ri vwdelolw| lq vhfwlrq 6 kdv ghdow zlwk wkh
wlph0lqyduldqfh lvvxh1 D olqhdu vwuxfwxuh lv lpsrvhg rq wkh v|vwhp/ dqg wkhuhiruh
zh fdqqrw doorz iru dv|pphwulf h�hfwv ri uhvwulfwlyh dqg h{sdqvlrqdu| prqhwdu|
srolf|1 Wklv lv eh|rqg wkh vfrsh ri wklv sdshu/ exw lw lv dq lqwhuhvwlqj duhd rq
rxu djhqgd iru ixwxuh uhvhdufk1 Uhylvhg gdwd duh xvhg/ dqg wkh h�hfw ri uhylvlrqv

8 Erwk wklv lghd dqg wkh gdwd wr lpsohphqw lw kdyh ehhq pdgh dydlodeoh wr xv e| Vwhidq

Jhuodfk1
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frxog eh lpsruwdqw1 Krzhyhu/ Ehuqdqnh dqg Plkry ^7` dqg Vlpv ^59` srlqwhg rxw
wkdw li srolf| dxwkrulwlhv pdnh h!flhqw xvhg ri  dzhg exw lpphgldwho| revhuydeoh
phdvxuhv ri �qdo gdwd/ dqg li wkh uhvxowdqw phdvxuhphqw huuruv gr qrw d�hfw wkh
ehkdylrxu ri rwkhu yduldeohv lq wkh hfrqrp|/ wkhq qr eldv lv lqwurgxfhg e| dv0
vxplqj wkdw prqhwdu| dxwkrulwlhv uhdfw wr �qdo uhylvhg gdwd1 Phdvxuhphqw huuruv
vlpso| khos wkh lghqwl�fdwlrq ri prqhwdu| srolf| e| dgglqj d vrxufh ri h{rjhqrxv
yduldwlrq19 Odvwo|/ frqfhuqlqj wkh srlqw wkdw orqj odjv lq wkh YDU vshfl�fdwlrq ri
wkh srolf| uhdfwlrq ixqfwlrq lpso| wkdw wkh Ihg uhdfwv v|vwhpdwlfdoo| wr rog lqiru0
pdwlrq/ Vlpv ^59` djdlq kdv irufhixoo| dujxhg wkdw hyhq yduldeohv wkdw glvsod| qr
lqhuwld +dqg wklv lv qrw hyhq qhfhvvdu| lq wkh fdvh ri lqwhuhvw udwhv xvhg dv srolf|
lqvwuxphqwv, gr qrw qhfhvvdulo| vkrz devhqfh ri orqj odjv lq uhjuhvvlrqv rq rwkhu
yduldeohv :1

Rq wkh edvlv ri wkh suhylrxv glvfxvvlrq zh eholhyh wkdw wkh hylghqfh vxssruwv
wkh uhvxowv uhsruwhg lq Euxqqhu ^8` dqg fdvwv vhulrxv grxewv rq wkh vwdwhphqw wkdw
YDU0edvhg prqhwdu| srolf| vkrfnv gr qrw pdnh vhqvh1

81 Wkh uroh ri orqj0whup lqwhuhvw udwhv

Wkhuh lv d zhoo0hvwdeolvkhg sudfwlfh ri h{foxglqj d orqj0whup lqwhuhvw udwh iurp
YDU v|vwhpv hvwlpdwhg wr lqyhvwljdwh wkh prqhwdu| wudqvplvvlrq phfkdqlvp1
Vxfk fkrlfh lv frpprq wr prghov xvlqj dowhuqdwlyh hpslulfdo frxqwhusduwv iru prq0
hwdu| srolf| vkrfnv> lq idfw/ orqj0whup lqwhuhvw udwhv duh qrw lqfoxghg lq v|vwhpv
vshfl�hg wr fdswxuh ihghudo ixqgv wdujhwlqj +Ehuqdqnh dqg Eolqghu ^5`/ Ehuqdqnh
dqg Plkry ^6`,/ dv zhoo dv lq prghov ihdwxulqj qrqeruurzhg uhvhuyhv wdujhwlqj
+Fkulvwldqr/ Hlfkhqedxp dqg Hydqv ^;` dqg^<`,/ dqg eruurzhg uhvhuyhv wdujhwlqj
+Vwurqjlq ^65`,1 Lw lv dovr frpprq wr vwxglhv dssolhg wr gl�huhqw frxqwulhv dqg
xvlqj gl�huhqw vdpsoh vl}hv +Vlpv ^58`/ Ohhshu/ Vlpv dqg ]kd ^4:`,1

Wkhuh lv rqh reylrxv uhdvrq iru h{foxglqj orqj0whup lqwhuhvw udwhv iurp YDU
prghov ghvljqhg wr lqyhvwljdwh wkh prqhwdu| wudqvplvvlrq phfkdqlvp= lghqwl�0
fdwlrq1 Lq idfw/ lw lv yhu| gl!fxow wr uxoh rxw vlpxowdqhrxv ihhgedfnv ehwzhhq

9D uhihuhh qrwhg wkdw wklv srlqw lv ydolg rqo| zkhq wkh phdvxuhphqw huuru lv fruuhodwhg zlwk

suholplqdu|/ exw qrw zlwk �qdo/ gdwd1 Zkhq wkh frqyhuvh lv wuxh/ wkh YDU sdudphwhuv duh vwloo

lqfrqvlvwhqwo| hvwlpdwhg1
: Dq h{dpsoh lv surylghg e| frqvxpswlrq xqghu wkh wkhru| ri sxuh olih f|foh0udwlrqdo h{0

shfwdwlrqv1 Lw ehkdyhv dv d udqgrp zdon= rqo| lqqrydwlrqv lq dq| rwkhu pdfur0yduldeohv vkrxog

d�hfw frqvxpswlrq lq d uhjuhvvlrq lqfoxglqj odjjhg frqvxpswlrq1 Krzhyhu/ li rwkhu pdfur ydul0

deohv vkrz lqhuwld/ d uhjuhvvlrq ri frqvxpswlrq rq odjjhg frqvxpswlrq dqg fxuuhqw dqg odjjhg

ydoxhv ri rwkhu pdfurhfrqrplf yduldeohv pljkw vkrz vljql�fdqw frh!flhqwv rq odjv ri wkh rwkhu

pdfur yduldeohv1 Wkh idfw wkdw frqvxpswlrq iroorzv d udqgrp zdon lv qrw lqfrpsdwleoh zlwk

wkh vljql�fdqfh ri/ iru lqvwdqfh/ fxuuhqw dqg odjjhg lqfrph lq d uhjuhvvlrq ri frqvxpswlrq rq

odjjhg frqvxpswlrq dqg wkrvh wzr lqfrph yduldeohv1
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orqj0whup dqg vkruw0whup lqwhuhvw udwhv> khqfh lw lv kdug wr �qg d vxlwdeoh vhw
ri uhvwulfwlrqv wr glvwlqjxlvk vwuxfwxudo vkrfnv wr orqj0whup udwhv iurp vwuxfwxudo
vkrfnv wr vkruw0whup udwhv/ ghwhuplqhg rq wkh uhvhuyhv pdunhw1 Wklv lghqwl�fdwlrq
sureohp ehfrphv hylghqw lq rqh ri wkh yhu| ihz vwxglhv lq zklfk orqj0whup dqg
vkruw0whup lqwhuhvw udwhv duh erwk lqfoxghg lq wkh hvwlpdwhg YDU/ Jrugrq dqg
Ohhshu ^47`1 Lq wkdw sdshu vxsso| dqg ghpdqg vkrfnv lq wkh pdunhw iru uhvhuyhv
duh lghqwl�hg iurp d YDU lqfoxglqj wrwdo uhvhuyhv/ wkh ihghudo ixqgv udwh/ wkh
sulfh ohyho/ rxwsxw/ xqhpsor|phqw/ frpprglw| sulfhv dqg wkh 430|hdu erqg |lhog1
Lghqwl�fdwlrq lv dfklhyhg e| vxssohphqwlqj wkh xvxdo dvvxpswlrq wkdw jrrgv pdu0
nhw gr qrw uhvsrqg wr fxuuhqw prqh| pdunhw glvwxuedqfhv zlwk wkh dvvxpswlrq
wkdw �qdqfldo pdunhw dv zhoo gr qrw uhvsrqg wr vxfk glvwxuedqfhv1 Uxolqj rxw
wkh vlpxowdqhrxv uhdfwlrq ri wkh orqj0whup udwh wr fxuuhqw prqhwdu| srolf| vkrfnv
vhhpv d txhvwlrqdeoh lghqwli|lqj uhvwulfwlrq/ hvshfldoo| li wkh gdwd duh revhuyhg dw
d prqwko| iuhtxhqf|1

Lq wkh suhylrxv vhfwlrq zh kdyh lqwurgxfhg dqg glvfxvvhg phdvxuhv ri prqhwdu|
srolf| vkrfnv zklfk duh ghulyhg lqghshqghqwo| iurp wkh vshfl�fdwlrq ri wkh YDU/
dqg h{sorlwhg wklv ihdwxuh wr dvvhvv wkh urexvwqhvv ri wkh hvwlpdwhg prqhwdu|
wudqvplvvlrq phfkdqlvp wr dowhuqdwlyh vshfl�fdwlrqv ri prqhwdu| srolf| vkrfnv1
Lw vhhpv qdwxudo wr h{whqg rxu iudphzrun wr wkh lqfoxvlrq ri orqj0whup lqwhuhvw
udwhv lq wkh YDU1

Zh frqvlghu wkh U87 phdvxuh ri srolf| vkrfnv dqg hvwlpdwh wkh iroorzlqj
vwuxfwxudo prgho=
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zkhuh# lv qrz d vhyhq0glphqvlrqdo orzhu0wuldqjxodu pdwul{ dqg doo yduldeohv kdyh
douhdg| ehhq gh�qhg zlwk wkh h{fhswlrq ri A�f 0wkh |lhog rq 430|hdu Wuhdvxu|
erqgv0/ dqg DA�f 0wkh dvvrfldwhg vwuxfwxudo glvwxuedqfh1 Rughulqj A�f diwhu wkh
eorfn ri qrq0srolf| yduldeohv doorzv d frqwhpsrudqhrxv uhdfwlrq ri wkh orqj udwh
wr wkh pdfurhfrqrp|1 Pruhryhu/ wkh lqfoxvlrq ri wkh h{rjhqrxv vkrfnv doorzv wr
lghqwli| d vlpxowdqhrxv ihhgedfn ehwzhhq wkh ihghudo ixqgv udwh dqg wkh orqj0whup
lqwhuhvw udwh1 Wkh hvwlpdwhg hohphqwv ri pdwul{ # dqg ri yhfwru } duh uhsruwhg
lq Wdeoh :1

Wkh hvwlpdwhg vwuxfwxudo sdudphwhuv vxssruw wkh vljql�fdqfh ri wkh srolf|
vkrfnv lq wkh htxdwlrq iru wkh ihghudo ixqgv udwh +}88 ' f�2S,/ zkhuhdv wkh orqj
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udwh grhv qrw uhdfw frqwhpsrudqhrxvo| wr srolf| vkrfnv +}A�f ' f�ffD,1 Wkh suhyl0
rxv hylghqfh ri d qrq0vljql�fdqw frqwhpsrudqhrxv uhdfwlrq ri wkh jrrgv pdunhw wr
prqhwdu| srolf| vkrfnv lv dovr frq�uphg1 Wkh lqfoxvlrq ri wkh orqj0whup lqwhuhvw
udwh lq wkh YDU kdv d uhpdundeoh lpsdfw rq wkh suhflvlrq ri wkh hvwlpdwhv ri wkh
vlpxowdqhrxv uhvsrqvh ri wrwdo dqg qrq0eruurzhg uhvhuyhv wr wkh prqhwdu| srolf|
vkrfn/ fdswxuhg e| }A- dqg }��- uhvshfwlyho|1 Pruhryhu/ wkhuh lv d fohduo| vljqli0
lfdqw frqwhpsrudqhrxv uhdfwlrq ri wkh ihghudo ixqg udwh wr wkh orqj0whup lqwhuhvw
udwh +phdvxuhg e| m _De m' f�2H, / zlwqhvvlqj wkh uhohydqfh ri frqwhpsrudqhrxv
orqj0whup lqwhuhvw udwhv lq wkh srolf| pdnhu*v uhdfwlrq ixqfwlrq1

Kdylqj lghqwl�hg wkh vwuxfwxudo prgho/ zh qrz wxuq wr wkh dqdo|vlv ri wkh
prqhwdu| wudqvplvvlrq phfkdqlvp/ ghvfulehg e| wkh lpsxovh uhvsrqvh ixqfwlrqv
iroorzlqj d +rqh0vwdqgdug0ghyldwlrq, vkrfn wr rxu prqhwdu| srolf| yduldeoh1 Lq
Iljxuh 43 wkh uhvsrqvhv rewdlqhg lq wkh YDU prghov vshfl�hg zlwk dqg zlwkrxw
wkh orqj0whup lqwhuhvw udwhv duh sorwwhg +wkh <8( frq�ghqfh lqwhuydov duh uhihuuhg
wr wkh odwwhu vshfl�fdwlrq ri wkh YDU,1 Zkhq wkh orqj0whup udwh lv lqfoxghg/ wkh
uhgxfwlrq lq rxwsxw iroorzlqj d prqhwdu| uhvwulfwlrq lv vpdoohu lq pdjqlwxgh dqg
glhv rxw pruh txlfno| wkdq lq wkh suhylrxv hvwlpdwhv/ dqg dovr frqvxphu sulfhv
uhvsrqg ohvv wr prqhwdu| srolf| vkrfnv1 Wkh uhvsrqvh ri wrwdo dqg qrqeruurzhg
uhvhuyhv duh shuihfwo| lq olqh zlwk wkh suhylrxv uhvxowv1

Odvwo|/ lq Iljxuh 44/ zh frpsduh wkh g|qdplf uhvsrqvh ri doo yduldeohv lq wkh
h{whqghg YDU wr d +uhvwulfwlyh, prqhwdu| srolf| glvwxuedqfh +lq wkh ohiw0kdqg
froxpq, dqg wr d vkrfn wr wkh orqj0whup lqwhuhvw udwh +lq wkh uljkw0kdqg froxpq,1
Jlyhq wkh dvvxphg lghqwli|lqj k|srwkhvlv/ wkh odwwhu glvwxuedqfh lv qrw uhodwhg
wr prqhwdu| srolf|/ dqg pd| uh hfw xqh{shfwhg lqfuhdvhv lq ghidxow ulvn d�hfwlqj
orqj udwhv1 Orrnlqj dw wkh h�hfw ri d prqhwdu| frqwudfwlrq/ zh qrwh wkdw wkh
orqj0whup lqwhuhvw udwh grhv qrw lqfuhdvh> lq idfw/ A�f vkrzv d ghfuhdvh ryhu wkh
�uvw vl{ prqwkv diwhu wkh srolf| vkrfn/ ehiruh vwduwlqj wr ulvh edfn wrzdugv lwv
lqlwldo ohyho1 Wkhuhiruh/ wkh frqwudfwlrqdu| prqhwdu| lpsxovh grhv qrw vhhp wr
eh wudqvplwwhg wr wkh uhdo hfrqrp| wkurxjk lqfuhdvhv lq orqj0whup lqwhuhvw udwhv
+Fdpsehoo ^9` surylghv dq dffrxqw ri wkh orqj udwh pryhphqwv iroorzlqj wkh 4<<7
prqhwdu| srolf| uhvwulfwlrq wkdw lv eurdgo| frqvlvwhqw zlwk wkh deryh hylghqfh,1
Rxwsxw ghfolqhv dovr iroorzlqj d +vwuxfwxudo, vkrfn wr wkh orqj0udwh lwvhoi +shukdsv
gxh wr fkdqjhg ghidxow0ulvn shufhswlrqv,/ ghwhuplqlqj d uhvsrqvh lq wkh vdph
gluhfwlrq ri wkh ihghudo ixqgv udwh1 Lq uhdfwlrq wr erwk nlqgv ri glvwxuedqfhv wkh
sulfh ohyho grhv qrw dsshdu wr ghfolqh vljql�fdqwo| dqg wkh g|qdplf ehkdylrxu ri
wkh uhvhuyh djjuhjdwhv lv frqvlvwhqw zlwk wkh pryhphqw lq wkh ihghudo ixqgv udwh1
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91 Frqfoxvlrqv

Wklv sdshu vwxglhv d ehqfkpdun vl{0yduldeoh YDU prgho iru wkh XV/ lqfoxglqj wkh
jurvv grphvwlf surgxfw/ d frqvxphu sulfh lqgh{/ d frpprglw| sulfh lqgh{/ wkh
ihghudo ixqgv udwh/ wrwdo uhvhuyhv dqg qrqeruurzhg uhvhuyhv/ frpprqo| hvwlpdwhg
wr ghulyh d phdvxuh ri prqhwdu| srolf| vkrfnv1 Rxu hydoxdwlrq lv frqgxfwhg e|
dgguhvvlqj wkuhh lvvxhv= vshfl�fdwlrq/ lghqwl�fdwlrq/ dqg wkh h�hfw ri wkh rplvvlrq
ri orqj0whup lqwhuhvw udwhv1

Wkh lvvxh ri wkh hfrqrphwulf vshfl�fdwlrq ri wkh YDU lv dgguhvvhg e| uxq0
qlqj d edwwhu| ri gldjqrvwlf whvwv rq wkh uhgxfhg irup uhvlgxdov dqg e| whvwlqj
iru sdudphwhu vwdelolw|1 Rq wkh zkroh vdpsoh shulrg +4<9804<<9, zh �qg vwurqj
hylghqfh ri plv0vshfl�fdwlrq dqg sdudphwhuv* lqvwdelolw| iru doo hvwlpdwhg htxd0
wlrqv1 Lq sulqflsoh/ wkhvh �qglqjv fdq eh h{sodlqhg iru wkh htxdwlrqv iru srolf|
yduldeohv +wkh ihghudo ixqgv udwh/ wrwdo dqg qrqeruurzhg uhvhuyhv, zlwk fkdqjhv
lq wkh Ihghudo Uhvhuyh rshudwlqj surfhgxuhv +Ehuqdqnh dqg Plkry ^6`, exw/ jlyhq
wkh frpprq surfhgxuh iroorzhg wr lghqwli| prqhwdu| srolf| vkrfnv/ wklv fkdqjhv
lq srolf| uhjlph fdqqrw h{sodlq wkh lqvwdelolw| lq wkh htxdwlrq iru wkh qrq0srolf|
yduldeohv1 Krzhyhu/ zkhq zh frqfhqwudwh rq wkh prvw uhfhqw shulrg +4<;;04<<9,/
frlqflglqj zlwk d vlqjoh prqhwdu| srolf| uhjlph/ zh gr qrw �qg hylghqfh hlwkhu ri
sdudphwhuv* lqvwdelolw| ru plv0vshfl�fdwlrq1 Zh wkhq irfxv rq wklv vdpsoh shulrg
iru ixuwkhu hydoxdwlrq ri wkh dssurdfk1

Ryhu wkh vkruwhu vdpsoh zh dgguhvv wkh lvvxh ri lghqwl�fdwlrq e| frpsdulqj
wkh prqhwdu| srolf| vkrfnv ghulyhg iurp wkh YDU zlwk wkuhh dowhuqdwlyh phdvxuhv
rewdlqhg iurp gluhfw revhuydwlrq ri �qdqfldo pdunhw ehkdylrxu1 Wkhvh phdvxuhv
kdyh ehhq sursrvhg e| Uxghexvfk ^56`/ Vnlqqhu dqg ]hwwhoph|hu ^5<` dqg Idyhur/
Sl�hul dqg Ldfrqh ^45`1 Rxu hpslulfdo dqdo|vlv vkrzv wkdw/ ghvslwh ri wkh qrw yhu|
kljk fruuhodwlrq ehwzhhq wkh ehqfkpdun YDU dqg wkh dowhuqdwlyh phdvxuhv ri
prqhwdu| srolf| vkrfnv/ wkh ghvfulswlrqv ri wkh prqhwdu| wudvplvvlrq phfkdqlvp
rewdlqhg e| lpsxovh uhvsrqvh ixqfwlrqv hvwlpdwhg duh qrw vxevwdqwldoo| gl�huhqw
iurp hdfk rwkhu1

Ilqdoo| zh xvh rxu gluhfw phdvxuhphqw ri wkh prqhwdu| srolf| vkrfn dv dq
rssruwxqlw| wr lqfoxgh d orqj0whup udwh lq rxu ehqfkpdun YDU/ glvwlqjxlvklqj
prqhwdu| srolf| vkrfnv iurp lqghshqghqw glvwxuedqfhv wr orqj0whup udwhv +dq
lghqwl�fdwlrq sureohp wkdw kdv riwhq ghwhuplqhg wkh h{foxvlrq ri orqj0whup udwhv
iurp hvwlpdwhg YDU prghov,1 Wkh lqfoxvlrq ri wkh 430|hdu erqg |lhog doorzv xv wr
vkrz wkdw wkhuh lv d vljql�fdqw uhdfwlrq ri srolf| udwhv wr frqwhpsrudqhrxv  xf0
wxdwlrqv ri orqj0whup udwhv dqg wkdw wkh h�hfw rq rxwsxw ri d uhvwulfwlyh prqhwdu|
srolf| vhhpv qrw wr eh gxh wr dq lqfuhdvh lq orqj0whup lqwhuhvw udwhv1
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Uhihuhqfhv

^4` Dqguhzv G1Z1+4<<6, �Whvwv iru sdudphwhu lqvwdelolw| dqg vwuxfwxudo fkdqjh
zlwk xqnqrzq fkdqjh srlqw�/ Hfrqrphwulfd/ 94/ ;540;86

^5` Ehuqdqnh E1V1 dqg D1 Eolqghu +4<<5, �Wkh Ihghudo Ixqgv Udwh dqg wkh fkdq0
qhov ri prqhwdu| wudqvplvvlrq�/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ <340<54

^6` Ehuqdqnh E1V1 dqg L1 Plkry +4<<8, �Phdvxulqj prqhwdu| srolf|�/ QEHU
zrunlqj sdshu q18478

^7` Ehuqdqnh E1V1 dqg L1 Plkry +4<<9, �Zkdw Grhv wkh Exqghvedqn WdujhwB�/
/ QEHU zrunlqj sdshu q18:97

^8` Euxqqhu D1 +4<<9, �Xvlqj phdvxuhv ri h{shfwdwlrqv wr lghqwli| wkh h�hfwv ri d
prqhwdu| srolf| vkrfn�/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/
Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu q186:

^9` Fdpsehoo M1 +4<<8, �Vrph Ohvvrqv iurp wkh \lhog Fxuyh�/ Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ </ 6/ 45<0485

^:` Fkulvwldqr O1M1 dqg P1 Hlfkhqedxp +4<<5, �Oltxlglw| H�hfwv dqg wkh Prq0
hwdu| Wudqvplvvlrq Phfkdqlvp�/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ 5/ 6790686

^;` Fkulvwldqr O1M1/ P1 Hlfkhqedxp dqg F1O1 Hydqv +4<<9d, �Wkh H�hfwv ri
Prqhwdu| Srolf| Vkrfnv= Hylghqfh iurp wkh Iorz ri Ixqgv�/ Uhylhz ri Hfr0
qrplfv dqg Vwdwlvwlfv/ :;/ 49067

^<` Fkulvwldqr O1M1/ P1 Hlfkhqedxp dqg F1O1 Hydqv +4<<9e, �Prqhwdu| Srolf|
Vkrfnv dqg wkhlu Frqvhtxhqfhv= Wkhru| dqg Hylghqfh�/ sdshu suhvhqwhg dw
LVRP 4<<9

^43` Grruqln M1 dqg G1I1 Khqgu| +4<<9, SfILPO= Lqwhudfwlyh hfrqrphwulf prg0
hoolqj ri g|qdplf v|vwhp/ Lqwhuqdwlrqdo Wkrpsvrq Sxeolvklqj/ Orqgrq

^44` Iduphu U1H1D1 +4<<:, �Prqh| lq d Uhdo Exvlqhvv F|foh Prgho�/ plphr/
Ghsw1 ri Hfrqrplfv/ XFOD

^45` Idyhur F1D1/ P1 Sl�hul dqg I1 Ldfrqh +4<<9, �Prqhwdu| Srolf|/ Iruzdug
Udwhv dqg Orqj Udwhv= Grhv Jhupdq| Gl�hu iurp wkh Xqlwhg VwdwhvB�/
FHSU Glvfxvvlrq Sdshu q14789

^46` Jrrgiulhqg P1 dqg U1Nlqj +4<<:, �Wkh Qhzfodvlfdo V|qwkhvlv dqg wkh Uroh
ri Prqhwdu| Srolf|�/ sdshu suhvhqwhg dw wkh 45wk QEHU Dqqxdo Pdfurhfr0
qrplf Frqihuhqfh

5:



^47` Jrugrq G1 dqg Ohhshu H1P1 +4<<7, �Wkh G|qdplf Lpsdfwv ri Prqhwdu| Sro0
lf|= dq H{huflvh lq Whqwdwlyh Lghqwl�fdwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
435/ 455;0457:

^48` Khqgu| G1I1 +4<<9, G|qdplf Hfrqrphwulfv/ R{irug Xqlyhuvlw| Suhvv/ R{irug

^49` Ohhshu H1P1+4<<:, �Qduudwlyh dqg YDU dssurdfkhv wr prqhwdu| srolf|= frp0
prq lghqwl�fdwlrq sureohpv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwkfrplqj

^4:` Ohhshu H1P1/ F1D1 Vlpv dqg W1 ]kd +4<<9, �Zkdw grhv prqhwdu| srolf|
grB�/ dydlodeoh dw iws=22iws1hfrq1|doh1hgx2sxe2vlpv2psrolf|

^4;` Oxfdv U1H1 Mu1 +4<:5, �H{shfwdwlrqv dqg wkh Qhxwudolw| ri Prqh|�/ Mrxuqdo
ri Hfrqrplf Wkhru|/ 7/ Dsulo/ 4360457

^4<` Oxfdv U1H1 Mu1 +4<:9, �Hfrqrphwulf Srolf| Hydoxdwlrq= D Fulwltxh�/ lq N1
Euxqqhu dqg D1 Phow}hu +hgv1, Wkh Skloolsv fxuyh dqg oderu pdunhwv/ Dpv0
whugdp/ Qruwk0Kroodqg

^53` Qhovrq F1U1 dqg D1I1 Vlhjho +4<;:, �Sduvlprqlrxv prghoolqj ri |lhog fxuyhv�/
Mrxuqdo ri Exvlqhvv/ 93/ 7:607;<

^54` Urphu F G1 dqg G1K1 Urphu +4<;<, �Grhv Prqhwdu| Srolf| PdwwhuB D
Qhz Whvw lq wkh Vslulw ri Iulhgpdq dqg Vfkzduw}�/ lq R1M1 Eodqfkdug dqg V1
Ilvfkhu +hgv1,/ QEHU Pdfurhfrqrplfv Dqqxdo 4<;</ Plw Suhvv/ 45404:3

^55` Urphu F1 G1 dqg G1K1 Urphu +4<<7, �Prqhwdu| Srolf| Pdwwhuv�/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 67/ :80;;

^56` Uxghexvfk J1G1 +4<<9, �Gr Phdvxuhv ri Prqhwdu| Srolf| lq d YDU Pdnh
VhqvhB�/ Whpl gl Glvfxvvlrqh q159</ Edqn ri Lwdo|

^57` Vlpv F1D1 +4<;3, �Pdfurhfrqrplfv dqg Uhdolw|�/ Hfrqrphwulfd/ 7;/ 407;

^58` Vlpv F1D1 +4<<5, �Lqwhusuhwlqj wkh Pdfurhfrqrplf Wlph0Vhulhv Idfwv= wkh
H�hfwv ri Prqhwdu| Srolf|�/ Hxurshdq Hfrqrplf Uhylhz/ 69/ <:804344

^59` Vlpv F1D1+4<<9, �Frpphqw rq Johqq Uxghexvfk*v �Gr phdvxuhv ri
prqhwdu| srolf| lq d YDU pdnh vhqvhB� plphr/ dydlodeoh dw
iws=22iws1hfrq1|doh1hgx2sxe2vlpv2psrolf|

^5:` Vlpv F1D1/ M1 K1 Vwrfn dqg P1Zdwvrq +4<<3, �Lqihuhqfh lq olqhdu wlph0vhulhv
prghov zlwk vrph xqlw urrwv�/ Hfrqrphwulfd/ 8;/ 4460477
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^5;` Vlpv F1D1 dqg Wdr ]kd +4<<9, �Grhv Prqhwdu| Srolf| Jhqhudwh Uhfhvvlrqv
B�/ plphr/ dydlodeoh dw iws=22iws1hfrq1|doh1hgx2sxe2vlpv2psrolf|

^5<` Vnlqqhu W1 dqg M1 ]hwwhoph|hu +4<<9, �Lghqwl�fdwlrq dqg h�hfwv ri prqhwdu|
srolf| vkrfnv= dq dowhuqdwlyh dssurdfk�/ plphr/ PLW/ vhswhpehu

^63` Vsdqrv D1 +4<<3, �Wkh vlpxowdqhrxv0htxdwlrqv prgho uhylvlwhg1 Vwdwlvwlfdo
dghtxdf| dqg lghqwl�fdwlrq�/ Mrxuqdo ri Hfrqrphwulfv/ 77/ ;:0438

^64` Vwrfn M1 +4<<7, �Xqlw urrwv/ vwuxfwxudo euhdnv dqg wuhqgv�/ fk179 lq Hqjoh
U1I1 dqg G1O1 Pf Idgghq +hgv1, Kdqgerrn ri Dssolhg Hfrqrphwulfv/ yroxph
LY/ Qruwk0Kroodqg/ 5:7305;74

^65` Vwurqjlq V1 +4<<8, �Wkh lghqwl�fdwlrq ri prqhwdu| srolf| glvwxuedqfhv1 H{0
sodlqlqj wkh oltxlglw| sx}}oh�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 68/ 79607<:

^66` Vyhqvvrq O1H1 +4<<7, �Hvwlpdwlqj dqg lqwhusuhwlqj iruzdug lqwhuhvw udwhv=
Vzhghq 4<<504<<7�/ FHSU Glvfxvvlrq Sdshu q14384
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Wdeoh 4

Wkh vshfl�fdwlrq ri wkh ehqfkpdun YDU prgho

D1 Fruuhodwlrqv ri YDU uhvlgxdov

C(� � �S6 88 A- ��-

C(� 4 3137 3159 0314; 03135 03137
� 0313< 4 03139 3146 3146 3147

�S6 3139 3143 4 3138 0314; 03145
88 3143 3137 0313; 4 03155 03153
A- 3135 3135 03134 3149 4 31;8
��- 3134 0313: 313: 0315; 317: 4

Fruuhodwlrqv iru wkh zkroh vdpsoh +4<9904<<9, ehorz wkh gldjrqdo>
fruuhodwlrqv iru wkh 4<;;04<<9 vdpsoh deryh wkh gldjrqdo1

E1 Gldjqrvwlf whvwv
+W dqg WW lqglfdwh vwdwlvwlfdo vljql�fdqfh dw wkh 8 dqg 4( ohyho uhvshfwlyho|,

Uhvlgxdo vwdqgdug ghyldwlrq
Vdpsoh= C(� � �S6 88 A- ��-

4<9904<<9 313379 313353 31353; 3189< 3133<: 3134:4
4<;;04<<9 31335< 313346 313454 3146< 3133:4 3133<3

Qrupdolw| whvw �2E2�
Vdpsoh= C(� � �S6 88 A- ��-

4<9904<<9 ;1:6 W :4175 WW 8;1;: WW ;79197 WW 66163 WW 4851<: WW

4<;;04<<9 316: 41:: 4139 5188 617< 3189

Uhvlgxdo dxwrfruuhodwlrq whvw 8 E.c �DS�
Vdpsoh= C(� � �S6 88 A- ��-

4<9904<<9 3163 5187 W 319; 61<3 WW 51;5 WW 318;
4<;;04<<9 3199 31;: 4179 31;< 415< 4147

DUFK whvw 8 E.c �eb�
Vdpsoh= C(� � �S6 88 A- ��-

4<9904<<9 61:5 WW 48143WW 6194 WW 45136 WW 41:4 :163 WW

4<;;04<<9 3175 3155 3167 31:; 31:: 4153
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Wdeoh 5

Fruuhodwlrqv ri ehqfkpdun YDU uhvlgxdov ryhu gl�huhqw vxe0vdpsohv

D1 Vdpsoh= 4<99=404<:5=45

C(� � �S6 88 A- ��-

C(� 4
� 0314< 4

�S6 314; 0315; 4
88 03144 313: 03138 4
A- 313; 03148 3148 03136 4
��- 313; 03139 3134 03168 3198 4

E1 Vdpsoh= 4<:6=404<:<=43

C(� � �S6 88 A- ��-

C(� 4
� 03157 4

�S6 03135 3147 4
88 03139 03159 03145 4
A- 03136 03138 0313; 3169 4
��- 03147 03165 3139 03138 317; 4

F1 Vdpsoh= 4<;;=4404<<9=6

C(� � �S6 88 A- ��-

C(� 4
� 3137 4

�S6 3159 03139 4
88 0314; 3146 3138 4
A- 03135 3146 0314; 03155 4
��- 03137 3147 03145 03153 31;8 4
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Wdeoh 6

Whvwlqj vwdelolw| ri wkh ehqfkpdun YDU prgho

D1 Whvwlqj vwdelolw| dw nqrzq euhdn gdwhv

Ixoo vdpsoh Vfkzdu} fulwhulrq 8 0whvw iru frqvwdqw1 Sdudphwhu frqvwdqf|
+euhdn gdwh, Kdqqdq0Txlqq fulw1 sdudphwhuv uhvwu1 iruhfdvw whvw

+xqu12uhvwu1 prgho, +R0ydoxh, +R0ydoxh,

4<99=404<:<=43 074194 2 07915: 8 E2�Sc D�f� ' f�bH 8 Eeb2c e.� ' 2�f�
+4<:6=4, 07917< 207;1:8 +3189, +31335,

4<:6=404<;5=43 06<1<9 2 075138 8 E2�Sc ��S� ' 2�D. 8 E2�fc DH� ' ��bS
+4<:<=44, 07819<2 0771<8 +3133, +3133,

4<;5=4404<<9=6 07616; 2 07:19; 8 E2�Sc Dff� ' ��2� 8 ED2Hc �e� ' f�.b
+4<;;=44, 07;169 2 083153 +31368, +31;8,

E1 Whvwlqj vwdelolw| zlwk xqnqrzq euhdn gdwhv

Ixoo vdpsoh Lqwhuydo iru wkh euhdn Pd{lpxp Fkrz whvw +�2 irup,
+vdpsoh wuxqfdwlrq iru htxdwlrq iru=

iudfwlrqv, 88 A- ��-

4<99=404<:<=43 4<:5=:04<:6=: :<18 841; :516
+317;03188,

4<:6=404<;5=43 4<:<=404<:<=45 5<916 <616 4791:
+31:;031;7,

4<;5=4404<<9=6 4<;;=804<;<=8 :;1; <51: <61<
+31750317;,
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Wdeoh 7

Wkh ehqfkpdun vwuxfwxudo YDU prgho

Wkh uhodwlrq ehwzhhq uhgxfhg0irup dqg vwuxfwxudo glvwxuedqfhv lv +vhh +51:, lq
wkh wh{w,=

3
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� f f f f f
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4
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4
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3
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D��
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4
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Hvwlpdwlrq lv shuiruphg +zlwk �( ' � dqg �� ' �� lpsrvhg, diwhu uhzulwlqj wkh
deryh h{suhvvlrq dv #�| ' �| =

3
EEEEEEEEC

� f f f f f
_2� � f f f f
_�� _�2 � f f f
_e� _e2 _e� � f f
_D� _D2 _D� _De � f
_S� _S2 _S� _Se _SD �

4
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3
EEEEEEEEC

�C(�|

��|
��S6|

�88|
�A-|
���-|

4
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'

3
EEEEEEEEC

D��
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D��
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D��
�|

D7|
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D�|

4
FFFFFFFFD

zlwk _De ' k / _Se ' q dqg _SD ' �� +wklv uhvwulfwlrq lv qrw lpsrvhg lq hvwlpdwlrq,1
Wkh vdpsoh shulrg lv= 4<;;+44,04<<9+6,1

Hvwlpdwhg frh!flhqwv ri pdwul{ # =
_2� _�� _�2 _e� _e2 _e� _D� _D2

frh�1 031335 04143; 031566 44187 0481;: 031873 31389 0318<9
+v1h1, +31383, +317:6, +41377, +81895, +441;<, +41583, +31633, +31964,

_D� _DeEk� _S� _S2 _S� _SeEq� _SD
frh�1 3139; 31343 31375 031797 031366 31336 04135;
+v1h1, +31399, +31339, +31473, +315<9, +31364, +31336, +31384,

Hvwlpdwhg vwdqgdug ghyldwlrqv ri vwuxfwxudo glvwxuedqfhv=
D��
�

D��
2

D��
�

D7 D( D�

hvwlpdwh 31335 31334 3133< 31433 31338 31335
+v1h1, +313335, +313334, +31333:, +3133;, +313337, +313335,
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Wdeoh 8

Frpsdulqj dowhuqdwlyh phdvxuhv ri prqhwdu| srolf| vkrfnv

Vdpsoh shulrg= 4<;;=4404<<9=61

�.��M 8887 .7g~ U87

Phdq 3 3 031338 03133<
Vwdqgdug ghyldwlrq 31437 31474 31389 314:9

�.��M 4
Fruuhodwlrq 8887 317:8 4
pdwul{ .7g7 3165: 31696 4

U87 315<7 31697 318;4 4

Uhjuhvvlrq ri �.��M rqwr=
8887 .7g~ U87

Frh!flhqw 31659 31935 314:7
Vw1 huuru 3139; 314;9 3139

-2 3154 3144 313<
j 313<6 313<< 31433

(` 41;8 5133 5137
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Wdeoh 9

Wkh YDU zlwk h{rjhqrxv phdvxuhv ri prqhwdu| srolf| vkrfnv

Wkh hvwlpdwhg YDU prghov duh ri wkh iroorzlqj irup=

#
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zkhuh # lv d orzhu0wuldqjxodu pdwul{ ri frh!flhqwv/ % lv lq wxuq htxdo wr 8887c

.7~ dqg U87 +wkh h{rjhqrxv phdvxuhv ri prqhwdu| srolf| vkrfnv glvfxvvhg lq
wkh wh{w, dqg wkh }�*v ghqrwh wkh frh!flhqwv rq wkh srolf| vkrfnv lqfoxghg lq wkh
YDU dv frqwhpsrudqhrxv h{rjhqrxv yduldeohv1 Iru frpsohwhqhvv/ dovr wkh uhvxowv
iurp hvwlpdwlrq ri wkh ehqfkpdun +�.��M, vshfl�fdwlrq duh uhsruwhg lq wkh
�uvw olqh ri wkh wdeoh +lq wklv fdvh % � f,1 Wkh vdpsoh shulrg lv 4<;;+44,04<<9+6,1

Hvwlpdwhg frh!flhqwv ri pdwul{ # =
_2� _�� _�2 _e� _e2 _e� _D�

�.��M frh�1 031335 04143; 031566 44187 0481;: 031873 31389
v1h1 31383 317:6 41377 81895 441;< 41583 31633

8887 frh�1 31337 041467 031566 48145 0717:6 041458 031349
v1h1 3137< 317:6 41377 61<68 ;1795 31;;5 3164;

.7~ frh�1 31346 0414<4 0316<; 49134 0:1<;3 041359 313;:
v1h1 31383 317:< 41386 81499 431<: 41475 31648

U87 frh�1 031335 04143; 031689 45146 0431;8 0413:6 03139;
v1h1 31383 317:6 41376 813<: 431<9 41486 315;9

_D2 _D� _De _S� _S2 _S� _Se _SD
�.��M frh�1 0318<9 3139; 31343 31375 031797 031366 31336 04135;

v1h1 31964 31399 31339 31473 315<9 31364 31336 31384
8887 frh�1 031955 313:7 31339 31366 03179: 031365 31335 04135:

v1h1 31964 31399 3133; 3147< 315<: 31364 31337 31384
.7~ frh�1 0318:5 31398 31344 31486 0316:< 031375 31339 041357

v1h1 31969 31399 31339 31475 315;; 31363 31336 3137<
U87 frh�1 031:44 313<: 31336 313;3 031733 031378 31338 041398

v1h1 318<; 31396 31339 3146: 315;< 31364 31336 31386
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Hvwlpdwhg frh!flhqwv rq wkh h{rjhqrxv srolf| vkrfnv=
}C(� }� }�S6 }88 }A- }��-

�.��M frh�1 0 0 0 0 0 0
v1h1

8887 frh�1 313335 313345 031336; 31987 031333; 031343
v1h1 313335 31333< 3133<8 313:< 313339 31339

.7~ frh�1 31333; 313366 03133;< 31;5< 0313336 031333;
v1h1 313338 313355 31354: 31563 313346 313347

U87 frh�1 3133334 31333: 03133:7 31638 031346: 0313443
v1h1 31335 31333: 3133:8 313:; 313375 31337;

Hvwlpdwhg vwdqgdug ghyldwlrqv ri vwuxfwxudo glvwxuedqfhv=
D��
�

D��
2

D��
�

D7 D( D�

�.��M frh�1 31335 31334 3133< 31433 31338 31335
v1h1 313335 313334 31333: 3133; 313337 313335

8887 frh�1 31335 31334 3133< 313:3 31338 31335
v1h1 313335 313334 31333: 31339 313337 313335

.7~ frh�1 31335 31334 3133< 313<4 31338 31335
v1h1 313335 313334 31333: 3133: 313337 313335

U87 frh�1 31335 31334 3133< 313<5 31338 31335
v1h1 313335 313334 31333: 3133: 313337 313335
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Wdeoh :

Wkh YDU zlwk d orqj0whup lqwhuhvw udwh

Wkh hvwlpdwhg YDU prgho lv=

#

3
EEEEEEEEEEEC

C(�|
�|

�S6|

A�f|
88|
A-|

��-|

4
FFFFFFFFFFFD

' �WEu�

3
EEEEEEEEEEEC

C(�|3�
�|3�

�S6|3�

A�f|3�
88|3�
A-|3�

��-|3�

4
FFFFFFFFFFFD

n

3
EEEEEEEEEEEC

}C(�
}�
}�S6
}A�f
}88
}A-
}��-

4
FFFFFFFFFFFD

U87| n

3
EEEEEEEEEEEC

D��
�|

D��
2|

D��
�|

DA�f|

D7|
D(|
D�|

4
FFFFFFFFFFFD

zkhuh # lv d +vhyhq0glphqvlrqdo, orzhu0wuldqjxodu pdwul{ ri frh!flhqwv1 Wkh
vdpsoh shulrg lv 4<;;+44,04<<9+6,1

Hvwlpdwhg hohphqwv ri pdwul{ # =
_2� _�� _�2 _e� _e2 _e� _D�

frh�1 031375 041;98 31968 056167 0561<9 081<:5 441:7
+v1h1, +31385, +31787, +31<75, +916<, +45145, +41735, +81:8,

_D2 _D� _De _S� _S2 _S� _Se
frh�1 051465 417<3 0315;4 0313:9 0317:< 31388 31335
+v1h1, +43169, +415<, +313<3, +315<4, +31853, +31399, +31339,

_SD _.� _.2 _.� _.e _.D _.S
frh�1 31335 3139< 03137< 03133: 3133< 031336 041398
+v1h1, +31338, +31478,, +31593, +31366, +31336, +313357, +31388,

Hvwlpdwhg hohphqwv ri yhfwru } =
}C(� }� }�S6 }A�f }88 }A- }��-

frh�1 313335 313339 031473 31338 31593 031346 031345
+v1h1, +31335, +31334, +31493, +31453, +313;3, +31336, +31338,

Hvwlpdwhg vwdqgdug ghyldwlrqv ri vwuxfwxudo glvwxuedqfhv=
D��
�

D��
2

D��
�

DA�f D7 D( D�

frh�1 31335 31334 3133; 313;9 313<5 31337 31335
+v1h1, +313334, +313334, +31334, +31343, +31343, +31334, +313335,
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Iljxuh 4= Yduldeohv xvhg lq wkh ehqfkpdun YDU prgho

6;



Iljxuh 5= Uhvlgxdov iurp wkh ehqfkpdun YDU prgho +4<99=404<<9=6,

Iljxuh 6= Uhvlgxdov iurp wkh ehqfkpdun YDU prgho +4<;;=4404<<9=6,

6<



Iljxuh 7= Uhfxuvlyh vwdelolw| whvwv rq wkh ehqfkpdun YDU +4<;;=4404<<9=6>
lqlwldol}dwlrq= 93 revhuydwlrqv,

Iljxuh 8= Uhfxuvlyh vwdelolw| whvwv rq wkh ehqfkpdun YDU prgho dv d v|vwhp
+4<;;=4404<<9=6> lqlwldol}dwlrq= 93 revhuydwlrqv,
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Iljxuh 9= Ehqfkpdun YDU lqqrydwlrqv +II, dqg vwuxfwxudo uhvlgxdov +EHQFK,
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Iljxuh := Wkh Ihg ixqgv wdujhw +WDUJHW, dqg wkh 630gd| ihg ixqgv ixwxuh
+III63G,
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 8.1 Shocks from benchmark VAR (BENCH ) and change in the 3-month 
rates on the dates of policy actions (ESZ )
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8.3 Shocks form the benchmark VAR (BENCH ) and shocks derived 
from the estimation of the instantaneous forward rates curve ( IFS )
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8.2 Shocks from the benchmark VAR (BENCH ) and 
from Fed funds futures (FFFS )
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Iljxuh ;= Dowhuqdwlyh phdvxuhv ri prqhwdu| srolf| vkrfnv
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Response of GDP
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Iljxuh <= Lpsxovh uhvsrqvhv wr dowhuqdwlyh prqhwdu| srolf| vkrfnv +gdvkhg olqhv=
<8 shu fhqw frq�ghqfh lqwhuydo edqgv iru wkh ehqfkpdun YDU,
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Response of GDP to Monetary Policy  
Shocks
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Iljxuh 43= Lpsxovh uhvsrqvhv wr wkh prqhwdu| srolf| vkrfn lq wkh ehqfkpdun
YDU dqg wr wkh LIV vkrfn lq wkh YDU zlwk orqj0whup lqwhuhvw udwh +gdvkhg

olqhv= <8 shu fhqw frq�ghqfh lqwhuydo edqgv iru wkh ehqfkpdun YDU,
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Iljxuh 44= Lpsxovh uhvsrqvhv wr prqhwdu| srolf| vkrfnv +LIV, dqg wr vkrfnv wr
wkh orqj0whup lqwhuhvw udwh +gdvkhg olqhv= <8 shu fhqw frq�ghqfh lqwhuydo edqgv,
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