
Uhdo Lpsolfdwlrqv ri wkh ]hur Erxqg rq
Qrplqdo Lqwhuhvw Udwhv

Doh{dqghu O1 Zropdq �

Qryhpehu 9/ 4<<;

Devwudfw

Zkhq sulfh0vhwwlqj lv vwdjjhuhg dqg �upv fkrrvh wkhlu sulfhv rswl0
pdoo|/ orz lq dwlrq uhjlphv +zkhuh wkh qrplqdo lqwhuhvw udwh lv rffd0
vlrqdoo| }hur, gr qrw hqwdlo vljql�fdqw glvwruwlrqv wr wkh uhdo hfrqrp|1
E| wdujhwlqj wkh sulfh ohyho/ wkh prqhwdu| dxwkrulw| fdq jhqhudwh whp0
srudu| h{shfwhg lq dwlrq zkhq qrplqdo udwhv duh }hur/ sxvklqj uhdo
udwhv grzq1 Lq frqwudvw/ zkhq �upv fkrrvh wkhlu sulfhv dffruglqj wr
wkh Ixkuhu0Prruh ^4<<8` uxoh/ wkh }hur erxqg fdxvhv uhdo glvwruwlrqv1
E| wdujhwlqj wkh sulfh ohyho lqvwhdg ri lq dwlrq/ krzhyhu/ wkh prqhwdu|
dxwkrulw| fdq ohvvhq wkrvh glvwruwlrqv1

�Ihghudo Uhvhuyh Edqn ri Ulfkprqg> Doh{dqghu1ZropdqCulfk1iue1ruj1 Wklv sdshu lv
d uhylvlrq dqg h{whqvlrq +lq surjuhvv, ri �Vwdjjhuhg Sulfh0Vhwwlqj dqg wkh ]hur Erxqg
rq Qrplqdo Lqwhuhvw Udwhv/� iruwkfrplqj lq wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg*v
Hfrqrplf Txduwhuo|1 L wkdqn pdq| shrsoh iru khosixo glvfxvvlrqv dqg frpphqwv uhodwhg
wr wkdw duwlfoh/ Plnh Grwvh| dqg Slhuuh Vduwh iru glvfxvvlrqv wkdw zhuh lqvwuxphqwdo lq
jhwwlqj ph vwduwhg rq wklv h{whqvlrq/ dqg Euldq Vfkroo iru vxshue uhvhdufk dvvlvwdqfh1 Wkh
ylhzv h{suhvvhg khuhlq gr qrw uhsuhvhqw wkh ylhzv ri wkh diruhphqwlrqhg lqglylgxdov/ wkh
Ihghudo Uhvhuyh Edqn ri Ulfkprqg ru wkh Ihghudo Uhvhuyh V|vwhp1
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4 Lqwurgxfwlrq
Wkh qrplqdo lqwhuhvw udwh fdqqrw eh ohvv wkdq }hur= qr rqh zrxog fkrrvh
wr krog dvvhwv ehdulqj d fhuwdlq qhjdwlyh qrplqdo uhwxuq zkhq wkh| frxog
lqvwhdg krog prqh|/ zklfk ehduv d fhuwdlq }hur qrplqdo uhwxuq1 Wklv idfw
kdv lpsolfdwlrqv iru wkh ehkdylru ri qrplqdo lqwhuhvw udwhv zkhq dyhudjh
lq dwlrq lv yhu| orz/ ru qhjdwlyh1 Iru h{dpsoh/ frqvlghu d zruog ri prghudwh
dyhudjh lq dwlrq zkhuh wkh qrplqdo lqwhuhvw ydulhv vwrfkdvwlfdoo|/ dozd|v zhoo
deryh }hur1 Ehorz vrph ohyho ri dyhudjh lq dwlrq/ wkh }hur erxqg pdnhv lw
lpsrvvleoh iru wkh gh0phdqhg ehkdylru ri wkh qrplqdo udwh wr eh wkh vdph dv
dw wkh prghudwh lq dwlrq udwh1 Wklv sdshu dgguhvvhv wkh txhvwlrq ri zkhwkhu
wkh }hur erxqg dovr kdv lpsolfdwlrqv iru uhdo yduldeohv/ lq sduwlfxodu wkh uhdo
lqwhuhvw udwh1 Li wkh }hur erxqg zhuh wr pdnh uhdo lqwhuhvw udwhv ehkdyh
gl�huhqwo| dw yhu| orz dyhudjh lq dwlrq udwhv/ wkhq wkh }hur erxqg zrxog
eh d uhdo glvwruwlrq/ h�hfwlyho| frqvwlwxwlqj dq dujxphqw djdlqvw yhu| orz
lq dwlrq1

Suhylrxv zrun kdv dujxhg wkdw wkh }hur erxqg lv d uhdo glvwruwlrq zkhq
sulfh0vhwwlqj lv vwdjjhuhg dqg sulfhv duh vhw lq wkh pdqqhu ri Ixkuhu dqg
Prruh ^4<<8`14 Wkhuh duh wzr uhdvrqv wr sxuvxh wkh lvvxh ixuwkhu1 Iluvw/ wkh
sulflqj srolf| dvvxphg lq wkdw zrun lv vxerswlpdo/ dqg vhfrqg/ wkh prghov
gr qrw frqwdlq prqh|1 Wkh sulflqj srolf| lv lpsruwdqw ehfdxvh lw d�hfwv
wkh h{whqw wr zklfk wkhuh fdq eh whpsrudu|/ vkdus pryhphqwv lq h{shfwhg
lq dwlrq> wkh ehkdylru ri h{shfwhg lq dwlrq lq wxuq ghwhuplqhv zkhwkhu wkh
uhdo lqwhuhvw udwh lv d�hfwhg e| wkh }hur erxqg rq qrplqdo udwhv1 Prqh|
lv lpsruwdqw � lq sulqflsoh � ehfdxvh lwv h{lvwhqfh lv wkh vrxufh ri wkh }hur
erxqg1 Wkh vwdjjhuhg sulfh0vhwwlqj prgho lq wklv sdshu lqfoxghv prqh|/ dqg
lv dqdo|}hg zlwk erwk rswlpdo dqg Ixkuhu0Prruh sulflqj srolflhv1 Lq dgglwlrq/
wklv sdshu ghsduwv iurp h{lvwlqj zrun e| vroylqj wkh hqwluh prgho qrqolqhduo|/
lqfoxglqj lpsrvlqj wkh }hur erxqg rq qrplqdo lqwhuhvw udwhv1 Suhylrxv zrun
kdv hlwkhu zrunhg zlwk prghov wkdw duh prvwo| olqhdu/ ru olqhdul}hg wkh prghov
dqg dqdo|}hg wkh }hur erxqg lqgluhfwo|1

Rxu sulqflsdo �qglqj lv wkdw zlwk sulfhv fkrvhq rswlpdoo|/ wkh }hur erxqg
grhv qrw kdyh wr uhsuhvhqw d uhdo glvwruwlrq1 D srolf| uxoh wkdw wdujhwv wkh
sulfh ohyho jhqhudwhv whpsrudulo| kljk h{shfwhg lq dwlrq lq vwdwhv zkhuh wkh

4Wkh duwlfohv e| Ixkuhu dqg Pdgljdq ^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;` zloo
eh glvfxvvhg ehorz1 Hduolhu dujxphqwv qrw edvhg rqh h{solflw prghov duh gxh wr Ylfnuh|
^4<87`/ Rnxq ^4<;4` dqg Vxpphuv ^4<<4`1
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qrplqdo udwh lv }hur dqg wkh uhdo udwh qhhgv wr idoo15 Li wkh srolf| uxoh lqvwhdg
wdujhwv lq dwlrq/ lw grhv qrw jhqhudwh hqrxjk whpsrudu| h{shfwhg lq dwlrq
lq wkhvh vwdwhv wr suhyhqw wkh uhdo udwh iurp ehlqj frqvwudlqhg1 Ixkuhu0
Prruh sulflqj lqwurgxfhv shuvlvwhqfh lq wkh lq dwlrq udwh wkdw lv devhqw zkhq
sulfhv duh vhw rswlpdoo|1 Wklv shuvlvwhqfh sod|v d uroh vlplodu wr lq dwlrq
wdujhwlqj> zh frq�up wkdw zlwklq d fodvv ri vlpsoh srolf| uxohv/ wkh uhdo udwh
lv glvwruwhg xqghu Ixkuhu0Prruh sulflqj1 Krzhyhu/ wkh vwdqgdug lq dwlrq
wdujhwlqj uxohv h{dfhuedwh wkh uhdo udwh glvwruwlrq lq frpsdulvrq wr d sulfh0
ohyho wdujhwlqj uxoh1 Dv iru prqh|/ lw lv wkh pdlq idfwru ehklqg rxu uhvxowv
rq zhoiduh1 Krzhyhu/ wkh uhvxow wkdw wkh }hur erxqg grhv qrw kdyh wr hqwdlo
d uhdo glvwruwlrq zlwk rswlpdo sulflqj krogv zlwk ru zlwkrxw prqh| lq wkh
prgho1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 sxwv wkh dqdo|vlv lq frqwh{w
e| glvfxvvlqj rwkhu uhfhqw zrun rq wkh wrslf1 Vhfwlrq 6 ghvfulehv wkh edvlf
prghoolqj iudphzrun1 Vhfwlrq 7 frqwdlqv wkh sulqflsdo uhvxowv/ zklfk duh iru
wkh fdvh zkhuh sulfhv duh vhw rswlpdoo| dqg wkh prqhwdu| dxwkrulw| wdujhwv
wkh sulfh ohyho1 Iru wkdw fdvh zh surylgh d ghwdlohg frpsdulvrq ri orz dqg
kljk lq dwlrq uhjlphv zkhuh wkh }hur erxqg lv/ dqg lv qrw �dfwlyh1� Vhfwlrq
8 eulh | ghvfulehv h{whqvlrqv lqyroylqj Ixkuhu0Prruh sulflqj dqg lq dwlrq
wdujhwlqj +wklv vhfwlrq lv zrun lq surjuhvv,1 Vhfwlrq 9 frqfoxghv1

5 Uhodwhg Olwhudwxuh
Ghfolqlqj lq dwlrq lq pdq| lqgxvwuldol}hg frxqwulhv dqg qhdu0}hur qrplqdo
lqwhuhvw udwhv lq Mdsdq/ kdyh jlyhq ulvh wr d odujh dprxqw ri uhfhqw uhvhdufk
rq wkh }hur erxqg1 Wklv sdshu lv prvw forvho| uhodwhg wr zrun e| Ixkuhu
dqg Pdgljdq ^4<<:`/ Urwhpehuj dqg Zrrgirug ^4<<:`/ dqg Ruskdqlghv dqg
Zlhodqg ^4<<;`1

Ehfdxvh Ixkuhu dqg Pdgljdq ^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;`
xvh vlplodu prghov/ zh zloo frqvlghu wkhp wrjhwkhu1 Lq dgglwlrq � dqg olnh
wkh dqdo|vlv ehorz � wkh| dvvhvv wkh }hur erxqg*v lpsruwdqfh e| frpsdulqj
wkhlu prghov* ehkdylru dw d prghudwh lq dwlrq wdujhw dqg dw dq lq dwlrq wdu0
jhw orz hqrxjk wr pdnh wkh qrplqdo lqwhuhvw udwh rffdvlrqdoo| }hur1 Ixkuhu
dqg Pdgljdq xvh d vpdoo prgho wkdw frqwdlqv= +l, d edfnzdug orrnlqj LV
fxuyh/ +ll, d Ixkuhu0Prruh sulflqj vshfl�fdwlrq/ dqg +lll, d prqhwdu| srolf|
uhdfwlrq ixqfwlrq1 Ruskdqlghv dqg Zlhodqg*v prgho vkduhv wkh vdph sulflqj

5Plvknlq ^4<<9` vwuhvvhv wklv srvvlelolw|1

6



vshfl�fdwlrq/ exw glvdjjuhjdwhv wkh LV fxuyh lqwr vhsdudwh vshqglqj htxd0
wlrqv iru frqvxpswlrq/ �{hg lqyhvwphqw/ lqyhqwru| lqyhvwphqw/ qhw h{sruwv
dqg jryhuqphqw vshqglqj1 Qhlwkhu prgho lqfoxghv prqh|1 Prqhwdu| srolf|
rshudwhv e| fkdqjlqj wkh vkruw0whup qrplqdo lqwhuhvw udwh1 Orqj0whup uhdo
lqwhuhvw udwhv hqwhu wkh vshqglqj htxdwlrqv/ exw ehfdxvh wkh sulflqj vshfl�0
fdwlrq pdnhv lq dwlrq vwlfn|/ shuvlvwhqw fkdqjhv lq wkh vkruw0whup qrplqdo
udwh jhqhudwh fkdqjhv lq wkh orqj0whup uhdo udwh1 Wkxv/ prqhwdu| srolf| fdq
d�hfw uhdo vshqglqj/ dqg khqfh rxwsxw1

Ixkuhu dqg Pdgljdq hydoxdwh wkh }hur erxqg*v lpsruwdqfh e| frpsdu0
lqj wkhlu prgho*v uhvsrqvhv wr LV fxuyh vkrfnv dw lq dwlrq wdujhwv ri }hur
dqg 7(1 Lq frqwudvw/ Ruskdqlghv dqg Zlhodqg vlpxodwh wkhlu prgho xvlqj
hvwlpdwhg vkrfn surfhvvhv/ dqg frpsduh wkh yduldqfh ri rxwsxw dw gl�huhqw
lq dwlrq wdujhwv1 Wkhvh sdshuv frqfoxgh wkdw dw d }hur lq dwlrq wdujhw/ prq0
hwdu| srolf| lv vljql�fdqwo| frqvwudlqhg e| wkh }hur erxqg= wkh }hur erxqg lv
hqfrxqwhuhg uhjxoduo|/ dqg ehfdxvh ri wkh }hur erxqg rxwsxw lv pruh yduldeoh
wkdq dw d prghudwh lq dwlrq wdujhw1 Wkh hdvlhvw h{sodqdwlrq iru wklv uhvxow
frphv iurp Ixkuhu dqg Pdgljdq*v �uvw h{dpsoh/ zklfk lqyroyhv d shupdqhqw
vkrfn wr wkh LV fxuyh1 Wkh prqhwdu| dxwkrulw| uhvsrqgv wr wklv vkrfn e|
orzhulqj vkruw0whup qrplqdo lqwhuhvw udwhv1 Zkhq wkh lq dwlrq wdujhw lv }hur/
wkh prqhwdu| dxwkrulw| fdqqrw orzhu wkh qrplqdo udwh e| dv pxfk dv lw zrxog
fkrrvh li wkh lq dwlrq wdujhw zhuh 7(1 Zlwk vwlfn| lq dwlrq/ wklv wudqvodwhv
lqwr d vpdoohu ghfolqh lq wkh uhdo lqwhuhvw udwh/ dqg khqfh � yld wkh lqwhuhvw
udwh h�hfw rq vshqglqj � d odujhu idoo lq rxwsxw dw wkh }hur lq dwlrq wdujhw1

Wkh sulqflsdo yluwxh ri wkh dqdo|vlv shuiruphg e| Ixkuhu dqg Pdgljdq
^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;` lv wkdw lw lv shuiruphg xvlqj prg0
hov zklfk �w d sduwlfxodu vdpsoh ri gdwd txlwh zhoo1 Krzhyhu/ ehfdxvh wkh orz
lq dwlrq h{shulphqwv wkh| shuirup lqyroyh dq hfrqrplf hqylurqphqw txlwh
gl�huhqw iurp wkh gdwd vdpsoh/ wkh idfw wkdw wkh prghov* htxdwlrqv duh qrw
ghulyhg iurp h{solflw remhfwlyh ixqfwlrqv pdnhv lw grxewixo wkdw wkrvh htxd0
wlrqv zrxog eh vwdeoh lq wkh idfh ri wkh frqwhpsodwhg srolf| h{shulphqwv1
Dowkrxjk wkh prgho zh zloo xvh lq vhfwlrq 7 kdv qrw ehhq vkrzq wr �w uhfhqw
gdwd zhoo/ lw kdv wkh yluwxh ri ehlqj vhw xs lq whupv ri h{solflw remhfwlyh ixqf0
wlrqv iru lqglylgxdov dqg �upv1 Wklv phdqv wkdw wkh prgho fdq ohjlwlpdwho|
eh xvhg iru srolf| dqg zhoiduh dqdo|vlv1

Urwhpehuj dqg Zrrgirug ^4<<:` uhdfk d pruh txdol�hg frqfoxvlrq derxw
wkh lpsruwdqfh ri wkh }hur erxqg dv d frqvwudlqw rq prqhwdu| srolf|/ xv0
lqj d gl�huhqw prgho dqg dssurdfk iurp wkrvh ri Ixkuhu dqg Pdgljdq dqg
Ruskdqlghv dqg Zlhodqg1 Dv zh gr/ Urwhpehuj dqg Zrrgirug xvh d vwlfn|0
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sulfh prgho zkrvh htxdwlrqv duh ghulyhg iurp h{solflw rswlpl}dwlrq sureohpv/
dqg wkh| xvh wkh xwlolw| ixqfwlrq ri djhqwv wr phdvxuh wkh zhoiduh dvvrfldwhg
zlwk gl�huhqw prqhwdu| srolf| uxohv1 Krzhyhu/ Urwhpehuj dqg Zrrgirug
olqhdul}h wkhlu prgho wr vlpsoli| wkh dqdo|vlv/ dqg wklv suhfoxghv wkhp iurp
gluhfwo| lpsrvlqj wkh }hur erxqg1 Wkh| dffrxqw iru wkh }hur erxqg lqgl0
uhfwo|/ e| dvvxplqj wkdw wkh yduldelolw| ri wkh prqhwdu| dxwkrulw|*v lqwhuhvw
udwh lqvwuxphqw lv frqvwudlqhg e| wkh dyhudjh ohyho ri lqwhuhvw udwhv/ wkdw lv e|
wkh lq dwlrq wdujhw1 Vshfl�fdoo|/ wkh| dvvxph wkdw wkh udwlr ri wkh vwdqgdug
ghyldwlrq ri wkh qrplqdo lqwhuhvw udwh wr lwv dyhudjh ohyho fdq eh qr juhdwhu
wkdq wkh udwlr wkdw ghvfulehv wkhlu 4<;304<<8 X1V1 vdpsoh1 Wkxv/ srolf| uxohv
wkdw jhqhudwh kljk yduldelolw| ri qrplqdo udwhv duh lqfrpsdwleoh zlwk orz lq0
 dwlrq wdujhwv1 Vlqfh d jhqhulf lpsolfdwlrq ri prghov vxfk dv wkhluv lv wkdw
vwdeoh lq dwlrq uhtxluhv yrodwloh qrplqdo lqwhuhvw udwhv/ wkhlu dvvxpswlrq lp0
solhv d vkdus wudgh0r� ehwzhhq wkh ohyho ri lq dwlrq dqg lwv yduldelolw|1 Zkloh
wklv dvvxpswlrq kdv wkh h�hfw ri lqfuhdvlqj wkh rswlpdo lq dwlrq wdujhw iurp
}hur/ wkh| �qg wkdw wkh rswlpxp grhv qrw pryh idu iurp }hur1

Prqh| lv devhqw iurp doo wkh prghov glvfxvvhg deryh1 Urwhpehuj dqg
Zrrgirug fruuhfwo| vwdwh wkdw wkh ehkdylru ri wkhlu prgho zrxog eh xq0
fkdqjhg li wkh| xvhg dprqh|0lq0wkh0xwlolw| ixqfwlrq vshfl�fdwlrq zkhuh prqh|
zdv dgglwlyho| vhsdudeoh lq wkh shulrg xwlolw| ixqfwlrq1 Krzhyhu/ ljqrulqj
prqh| ghpdqg dovr phdqv ljqrulqj wkh zhoiduh frvwv ri srvlwlyh qrplqdo lq0
whuhvw udwhv1 Wkdw lv/ zkloh wkh ehkdylru ri uhdo dqg qrplqdo yduldeohv pd| eh
lqyduldqw wr dgglqj prqh| lq d vhsdudeoh zd|/ wkh zhoiduh lpsolfdwlrqv ri gli0
ihuhqw prqhwdu| srolflhv duh qrw lqyduldqw wr wklv prgl�fdwlrq1 Vlqfh frqfhuq
derxw wkh }hur erxqg rq qrplqdo lqwhuhvw udwhv erlov grzq wr frqfhuq derxw
wkh zhoiduh ohyho dvvrfldwhg zlwk yhu| orz lq dwlrq wdujhwv/ ohdylqj prqh|
rxw ri wkh prgho pd| eh dq lpsruwdqw rplvvlrq1

Lq dqrwkhu uhfhqw sdshu uhodwhg wr wkh }hur erxqg/ Nuxjpdq ^4<<;` dqd0
o|}hv wkh }hur erxqg*v uroh lq Mdsdq*v fxuuhqw hfrqrplf vlwxdwlrq1 Nuxjpdq
dujxhv wkdw lq Mdsdq/ wkh }hur erxqg lv d uhdo glvwruwlrq> sulydwh djhqwv gr
qrw eholhyh wkdw wkh prqhwdu| dxwkrulw| zloo jhqhudwh lq dwlrq/ vr h{shfwhg
lq dwlrq grhv qrw ulvh/ dqg wkh uhdo lqwhuhvw udwh fdqqrw idoo1 Wklv vfhqdulr
lqyroyhv d fuhglelolw| sureohp wkdw lv devhqw iurp wklv sdshu dqg wkh wkuhh
glvfxvvhg deryh1 Dv zh vhh ehorz/ krzhyhu/ mxvw dv wkh fuhglelolw| sureohp
suhyhqwv h{shfwhg lq dwlrq iurp prylqj dv qhhghg/ vr fdq d srruo| fkrvhq
srolf| uxoh/ ru d sduwlfxodu sulflqj hqylurqphqw1
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6 Wkh Jhqhudo Prgho
Rxu dqdo|vlv ri wkh }hur erxqg*v lpsruwdqfh iru prqhwdu| srolf| lv edvhg rq
dq h{solflw rswlpl}lqj vwlfn| sulfh prgho/ vlplodu wr/ exw vlpsohu wkdq wkdw
lq Urwhpehuj dqg Zrrgirug ^4<<:`1 Dv lq Ixkuhu dqg Pdgljdq ^4<<:` dqg
Ruskdqlghv dqg Zlhodqg ^4<<;`/ zh lpsrvh wkh }hur erxqg gluhfwo|/ udwkhu
wkdq phdvxulqj lwv lpsruwdqfh lqgluhfwo|16 Wzr ihdwxuhv ri wkh dqdo|vlv duh
qryho lq frpsdulvrq wr hdfk ri wkh sdshuv glvfxvvhg deryh1 Iluvw/ zh h{solf0
lwo| prgho prqh| ghpdqg +xvlqj d vkrsslqj wlph whfkqrorj|,/ vr wkhuh lv
d irufh zrunlqj lq idyru ri }hur qrplqdo lqwhuhvw udwhv1 Vhfrqg/ qr olqhdu
dssur{lpdwlrqv duh hpsor|hg lq vroylqj wkh prgho/ zklfk lv ixqgdphqwdoo|
qrqolqhdu1

Wkh prgho lv lq wkh wudglwlrq ri Wd|oru ^4<;3`/ lq wkdw sulfh0vhwwlqj lv
vwdjjhuhg= hdfk �up vhwv lwv sulfh iru 5 shulrgv/ zlwk 425 ri wkh �upv dg0
mxvwlqj hdfk shulrg17 Wkhuh duh d frqwlqxxp ri �upv/ dqg wkh| surgxfh
gl�huhqwldwhg frqvxpswlrq jrrgv xvlqj/ dv wkh vroh lqsxw/ oderu surylghg e|
frqvxphuv dw d frpshwlwlyh zdjh1 Frqvxphuv duh lq�qlwho| olyhg/ dqg sxu0
fkdvh frqvxpswlrq jrrgv xvlqj lqfrph iurp wkhlu oderu/ zklfk lv vxssolhg
hodvwlfdoo|1 Frqvxphuv krog prqh| lq rughu wr hfrqrpl}h rq wudqvdfwlrqv
wlph/ dv lq PfFdooxp dqg Jrrgiulhqg ^4<;:`1

614 Frqvxphuv

Frqvxphuv kdyh suhihuhqfhv ryhu d frqvxpswlrq djjuhjdwh +S|, dqg ohlvxuh
+,|, jlyhq e|

.|

"[
|'f

q| � E*? ES|� n �| � ,|� � +4,

6Ixkuhu dqg Pdgljdq xvh wkuhh gl�huhqw dssurdfkhv/ rqh ri zklfk lqyroyhv gluhfwo|
lpsrvlqj wkh }hur erxqg1

7Wkh uhpdlqghu ri wklv vhfwlrq lv orrvho| edvhg rq vhfwlrq 5 lq Nlqj dqg Zropdq
^4<<;`1 Wkh prgho dqdo|}hg khuh gl�huv lq wkdw lw h{solflwo| prwlydwhv prqh| ghpdqg
zlwk d vkrsslqj0wlph whfkqrorj|1
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Wkh glvfrxqw idfwru q lv vhw wr f�bHD/ dqg wkh yduldeoh �| lv d udqgrp suhihu0
hqfh vkrfn18 Wkh frqvxphu*v exgjhw frqvwudlqw lv
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'
�|3�
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�|

n �|?| n _| n
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�|

c

dqg wkh wlph frqvwudlqw lv

?| n ,| n �E�|*E�|S|�� ' .c +5,

zkhuh �| lv wkh sulfh ohyho/ �| lv qrplqdo prqh| edodqfhv fkrvhq lq shulrg |/
wr fduu| ryhu wr |n�/ �| lv kroglqjv ri rqh0shulrg qrplqdo }hur0frxsrq erqgv
pdwxulqj dw | n �/ -| lv wkh lqwhuhvw udwh rq qrplqdo erqgv/ �| lv wkh uhdo
zdjh/ ?| lv wlph vshqw zrunlqj/ _| lv uhdo glylghqg sd|phqwv iurp �upv/ 7| lv
d oxps vxp wudqvihu ri prqh| iurp wkh prqhwdu| dxwkrulw|/ �E�|*E�|S|�� lv
wlph vshqw wudqvdfwlqj/ dqg . lv wkh wlph hqgrzphqw1 Gh�qlqj uhdo edodqfhv
wr eh 6| ��|*�|c wkh ixqfwlrq �E�� lv sdudphwhul}hg dv lq Zropdq ^4<<:`=

�E6|*S|� ' � � E6|*S|�� D
�nD

�3�*DE6|*S|�
�nD

D nlc iru 6|*S| 	 � � �Dc

�E6|*S|� ' lc iru 6|*S| � � � �Dc

+6,

zlwk � ' ��e � �f3�/ � ' ��. � �f32/ dqg D ' �f�.SbD1 Wudqvdfwlrqv wlph
lv wkxv ghfuhdvlqj lq uhdo edodqfhv dqg lqfuhdvlqj lq frqvxpswlrq/ xs wr d
vdwldwlrq ohyho ri wkh udwlr ri uhdo edodqfhv wr frqvxpswlrq19

Jrrgv pdunhw vwuxfwxuh1 Dv lq Eodqfkdug dqg Nl|rwdnl ^4<;:`/ zh dvvxph
wkdw hyhu| surgxfhu idfhv d grzqzdug vorslqj ghpdqg fxuyh/ zlwk frqvwdqw
hodvwlflw| 01: Zlwk d frqwlqxxp ri �upv/ wkh frqvxpswlrq djjuhjdwh lv dq
lqwhjudo ri gl�huhqwldwhg surgxfwv S| ' d

U
SE/�

03�

0 _/o
0

03� / dv lq Gl{lw dqg
Vwljolw} ^4<::`1

Vlqfh doo surgxfhuv wkdw dgmxvw wkhlu sulfhv lq d jlyhq shulrg fkrrvh wkh
vdph sulfh/ lw lv hdvlhu wr zulwh wkh frqvxpswlrq djjuhjdwh dv

S| ' SESfc|c S�|� ' E
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� S

03�
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03�

0

�c| �
0

03� c +7,

8Wklv ydoxh ri � lpsolhv d vwhdg| vwdwh uhdo lqwhuhvw udwh ri 918( shu dqqxp/ dqg khqfh
d vwhdg| vwdwh qrplqdo lqwhuhvw udwh ri derxw 4418( zkhq wkhuh lv 8( dqqxdo lq dwlrq1
Zkloh wkh qxpehu dvvljqhg wr � kdv txdqwlwdwlyh lpsolfdwlrqv iru wkh uhvxowv uhsruwhg
ehorz/ lw grhv qrw kdyh txdolwdwlyh lpsolfdwlrqv1

9Ehfdxvh wkh sdudphwhuv ri wkh wudqvdfwlrqv wlph whfkqrorj| zhuh hvwlpdwhg zlwk dq0
qxdo gdwd/ wkh| pd| lpso| wrr kljk dq lqwhuhvw hodvwlflw| ri prqh| ghpdqg1

:Zh dvvxph % @ 431
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zkhuh S�c| lv wkh txdqwlw| frqvxphg lq shulrg | ri d jrrg zkrvh sulfh zdv vhw
lq shulrg | � �1 Wkh frqvwdqw hodvwlflw| ghpdqgv iru hdfk ri wkh jrrgv wdnh
wkh irup=

S�c| '

�
� W

|3�

�|

�
30

� S|c +8,

zkhuh � W

|3� lv wkh qrplqdo sulfh dw wlph | ri dq| jrrg zkrvh sulfh zdv vhw �
shulrgv djr/ dqg �| lv wkh sulfh lqgh{ dw wlph |/ jlyhq e|
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�30

� +9,

Rswlpl}dwlrq1 Li zh dwwdfk Odjudqjh pxowlsolhuv b| dqg >| wr wkh exgjhw
dqg wlph frqvwudlqwv/ uhvshfwlyho|/ vr wkdw b| lv wkh pdujlqdo ydoxh ri uhdo
zhdowk dqg >| lv wkh pdujlqdo ydoxh ri wlph/ wkh �uvw rughu frqglwlrqv iru wkh
lqglylgxdo*v pd{lpl}dwlrq sureohp/ zlwk uhvshfw wr S|/ ,|/ ?|/ �| dqg �|/ duh
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S|
' b| � >| � ��E��E
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b|n�

�|n�
� +44,

Lq fkrrvlqj frqvxpswlrq rswlpdoo| +:,/ wkh lqglylgxdo zhljkv wkh ehqh�w ri
frqvxplqj d pdujlqdo xqlw/ zklfk lv wkh ohiw kdqg vlgh ri +:,/ djdlqvw wkh frvw/
zklfk frqvlvwv ri erwk iruihlwhg uhdo zhdowk +wkh �uvw whup rq wkh uljkw kdqg
vlgh, dqg wlph vshqw wudqvdfwlqj +wkh vhfrqg whup rq wkh uljkw kdqg vlgh,1 Lq
fkrrvlqj ohlvxuh dqg oderu vxsso| rswlpdoo| +; dqg <,/ wkh lqglylgxdo edodqfhv
wkh pdujlqdo ydoxh ri wlph djdlqvw erwk wkh pdujlqdo xwlolw| ri ohlvxuh dqg wkh

;



zdjh hduqlqjv wkdw wkh wlph zrxog |lhog1 Wkh fkrlfh ri erqg kroglqjv +43,
edodqfhv wkh pdujlqdo ydoxh ri qrplqdo zhdowk wrgd| djdlqvw E� n-|� wlphv
wkh pdujlqdo ydoxh ri qrplqdo zhdowk wrpruurz1 Dqg �qdoo|/ rswlpdo prqh|
kroglqjv +44, lpso| wkdw wkh lqglylgxdo edodqfhv wkh wudqvdfwlrqv0idflolwdwlqj
ehqh�w djdlqvw wkh iruhjrqh lqwhuhvw frvw ri kroglqj prqh|1;

615 Ilupv

Hdfk �up surgxfhv zlwk dq lghqwlfdo whfkqrorj|=

S�c| ' ?�c|c � ' fc �c +45,

zkhuh ?�c| lv wkh oderu lqsxw hpsor|hg lq shulrg | e| d �up zkrvh sulfh zdv
vhw lq shulrg | � �1 Jlyhq wkh sulfh wkdw d �up lv fkdujlqj/ lw kluhv hqrxjk
oderu wr phhw wkh ghpdqg iru lwv surgxfw dw wkdw sulfh1 Ilupv wkdw gr qrw
dgmxvw wkhlu sulfh lq d jlyhq shulrg fdq wkxv eh wkrxjkw ri dv sdvvlyh1 Jlyhq
wkdw lw kdv vhw d uhodwlyh sulfh

� W
|3�

�|
/ uhdo sur�wv iru d �up ri w|sh � duh

� W

|3�

�|
� S�| � �| � ?�|c +46,

wkdw lv/ uhyhqxh plqxv frvw1
Sulfh vhwwlqj= Zh zloo dqdo|}h wzr vshfl�fdwlrqv iru wkh ghwhuplqdwlrq

ri � W

| 1 Lq wkh �uvw/ �upv fkrrvh � W

| rswlpdoo|/ wr pd{lpl}h wkh suhvhqw
glvfrxqwhg ydoxh ri sur�wv ryhu wkh wzr shulrgv wkdw wkh sulfh zloo eh fkdujhg1
Lq wkh vhfrqg/ � W

| lv ghwhuplqhg e| wkh �vwlfn| lq dwlrq� vshfl�fdwlrq ri
Ixkuhu dqg Prruh1

� Rswlpdo= Pd{lpl}dwlrq ri suhvhqw ydoxh lpsolhv wkdw d �up fkrrvhv lwv
fxuuhqw uhodwlyh sulfh wdnlqj lqwr dffrxqw wkh h�hfw rq fxuuhqw dqg h{0
shfwhg ixwxuh sur�wv1 Vxevwlwxwlqj lqwr +46, wkh ghpdqg fxuyh +8, dqg
wkh whfkqrorj| +45,/ wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg sur�wv lv

;Wkh wudqvdfwlrqv idflolwdwlqj ehqh�w lv jlyhq e| �
w

Sw

�k3+�,+ 4

fw
,/ dqg wkh iruhjrqh lqwhuhvw

frvw lv �w

Sw

� �Hw
�w.4

Sw.4
+vhh +43,,1 D frqyhqwlrqdo prqh| ghpdqg htxdwlrq fdq eh ghulyhg

e| frpelqlqj +<,0+44,= pw@fw @ D � ++Uw@ +4 .Uw,, � +fw@zw, . !,� =
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+47,

iru wkh wzr shulrgv ryhu zklfk d sulfh zloo eh lq h�hfw1 Gl�huhqwldwlqj
+47, zlwk uhvshfw wr � W

| dqg vhwwlqj wkh uhvxowlqj h{suhvvlrq htxdo wr
}hur/ rqh vhhv wkdw wkh rswlpdo uhodwlyh sulfh vdwlv�hv
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� +48,

Hvvhqwldoo|/ wkh rswlpdo uhodwlyh sulfh htxdwhv glvfrxqwhg pdujlqdo uhy0
hqxh zlwk glvfrxqwhg pdujlqdo frvw> wkh qxphudwru ri +48, uhsuhvhqwv
pdujlqdo uhyhqxh dqg wkh ghqrplqdwru pdujlqdo frvw1< Lq d qrq0lq dwlrqdu|
vwhdg| vwdwh/ wkh �up zrxog fkrrvh d pdunxs ryhu pdujlqdo frvw ri 0

03�
�

Lq dq lq dwlrqdu| ru gh dwlrqdu| vwhdg| vwdwh/ wkh pdunxs zrxog gl�hu
iurp 0

03�
c dv dgmxvwlqj �upv zrxog wdnh lqwr dffrxqw wkh ixwxuh hurvlrq

+ru lq dwlrq, ri wkhlu uhodwlyh sulfh +vhh Nlqj dqg Zropdq ^4<<;` iru
ghwdlov,1 Zlwk xqfhuwdlqw|/ wkh pdunxs ehfrphv wlph ydu|lqj= lw gh0
shqgv rq wkh fxuuhqw dqg h{shfwhg ixwxuh pdujlqdo xwlolw| ri zhdowk/
sulfh ohyho/ djjuhjdwh ghpdqg dqg uhdo zdjh1

� Ixkuhu0Prruh= Wkh vhfrqg vshfl�fdwlrq zh zloo frqvlghu kdv �upv
fkrrvlqj wkhlu uhodwlyh sulfh dv d ixqfwlrq ri wkh uhodwlyh sulfh fkr0
vhq e| �upv lq wkh suhylrxv shulrg/ dqg wkdw h{shfwhg wr eh fkrvhq lq
wkh qh{w shulrg/ dv zhoo dv �rxwsxw jdsv� lq wkh fxuuhqw dqg lpphgldwh
ixwxuh shulrgv=
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+49,

<Qrwh wkdw lq wklv vhqwhqfh/ pdujlqdo uhyhqxh dqg frvw duh zlwk uhvshfw wr sulfh/ qrw
txdqwlw|1
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Lq +49,/ wkh whup 5| lv dq lqfuhdvlqj ixqfwlrq ri wkh uhdo zdjh/ dqg lv
devhqw iurp rwkhu sdshuv xvlqj wklv jhqhudo vshfl�fdwlrq1 Wklv whup lv
qhfhvvdu| lq wkh frqwh{w ri wkh rswlpl}lqj prgho xvhg khuh/ dv zlwkrxw
lw wkh prgho zrxog qrw eh frpsohwho| vshfl�hg143

616 Prqhwdu| Srolf|

Zh dvvxph wkdw srolf| lv jlyhq e| d ihhgedfn uxoh iru wkh qrplqdo lqwhuhvw
udwh1 Rqh frpsrqhqw ri wkh ihhgedfn uxoh lv d �wdujhw� lq dwlrq udwh/ wkdw
lv dq lq dwlrq udwh wkdw wkh uxoh zrxog gholyhu lq wkh devhqfh ri vkrfnv1 Lq
jhqhudo/ wkh ihhgedfn uxoh pdnhv wkh qrplqdo udwh d gl�huhqwldeoh ixqfwlrq ri
revhuydeoh yduldeohv1 Lq fhuwdlq vwdwhv ri wkh zruog/ krzhyhu/ wkdw gl�huhq0
wldeoh ixqfwlrq zrxog pdnh wkh qrplqdo udwh qhjdwlyh1 Lq wkrvh vwdwhv ri wkh
zruog zh dvvxph wkdw wkh srolf| uxoh vhwv -| ' f� Jlyhq wkh qrplqdo lqwhuhvw
udwh lpsolhg e| wkh srolf| uxoh/ wkh prqhwdu| wudqvihu +7|, lv ghwhuplqhg e|
prqh| ghpdqg1 Qrwh wkdw prqh| ghpdqg lv dq lqwhjudo sduw ri wkh prgho1 Lw
lv vrphwlphv dvvhuwhg wkdw zkhq wkh prqhwdu| dxwkrulw| iroorzv dq lqwhuhvw
udwh uxoh/ prqh| ghpdqg fdq eh ohiw rxw ri wkh prgho/ dv lw rqo| vhuyhv wr
ghwhuplqh wkh ydoxh ri wkh prqh| vxsso|1 Khuh wkdw lv qrw wkh fdvh/ ehfdxvh
wkh txdqwlw| ri prqh| hqwhuv rwkhu htxdwlrqv ri wkh prgho lq dgglwlrq wr wkh
prqh| ghpdqg htxdwlrq +vshfl�fdoo|/ +:, dqg +5,,1

Wkh qrplqdo lqwhuhvw udwh lv wkh udwh rq rqh0shulrg erqgv/ zklfk duh
dvvxphg wr eh lq }hur qhw vxsso|1 Wklv lv vrphzkdw sureohpdwlf iurp wkh
vwdqgsrlqw ri mxvwli|lqj wkh }hur erxqg1 Wkdw lv/ wkh }hur erxqg lv d qhfhvvdu|
fkdudfwhulvwlf ri qrplqdo erqgv zklfk duh zloolqjo| khog/ exw qrplqdo erqgv
duh qrw dfwxdoo| khog lq wkh prgho +wkh| duh sulfhg,1 Wklv lqfrqvlvwhqf| fdq
eh uhfwl�hg e| dvvxplqj wkdw wkhuh lv d �{hg uhdo txdqwlw| ri rxwvwdqglqj
jryhuqphqw erqgv/ dqg wkh jryhuqphqw sd|v wkh lqwhuhvw rq wkrvh erqgv e|
ohy|lqj oxps vxp wd{hv dv qhfhvvdu|1

43Wr vhh wklv/ qrwh wkdw lq vwhdg| vwdwh/ +49, froodsvhv wr 3 @ 3 zlwkrxw }w1 Zh vshfli|
}w vr wkdw lq vwhdg| vwdwh +49, lv htxlydohqw wr +48,1
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617 Gulylqj Surfhvv

Wkh rqo| h{rjhqrxv yduldeoh lq wkh prgho lv wkh suhihuhqfh vkrfn �|c dqg lw
lv dvvxphg wr iroorz d wzr0vwdwh Pdunry surfhvv=
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Wkxv/ �| ydulhv ehwzhhq kljk dqg orz ydoxhv/ dqg rq dyhudjh hdfk ydoxh shu0
vlvwv iru 8 shulrgv ehiruh vzlwfklqj144 Wklv surfhvv lv qrw phdqw wr uhsolfdwh
dfwxdo ihdwxuhv ri wkh X1V1 hfrqrp|1 Udwkhu/ lw lv fkrvhq wr pdnh wkh hfrq0
rp| dowhuqdwh ehwzhhq shulrgv ri kljk dqg orz rxwsxw lq d zd| wkdw pdnhv
wkh uhdo lqwhuhvw udwh ydu| ryhu wlph1 Lw lv e| qr phdqv wkh rqo| surfhvv wkdw
zrxog |lhog vxfk ehkdylru/ dqg wkh htxloleulxp ehkdylru ri wkh uhdo lqwhuhvw
udwh zloo dovr eh d�hfwhg e| prqhwdu| srolf|1

7 Wkh ]hur Erxqg zlwk Rswlpdo Vwdjjhuhg
Sulfh0Vhwwlqj dqg d Sulfh Ohyho Wdujhw

Xvlqj wkh prgho ghvfulehg deryh/ rqh fdq ghwhuplqh zkhwkhu wkh }hur erxqg
phdqv wkdw d yhu| orz lq dwlrq wdujhw vljql�fdqwo| prgl�hv hfrqrplf shuiru0
pdqfh uhodwlyh wr d prghudwh lq dwlrq wdujhw1 Iru d srolf| uxoh wkdw lqyroyhv
wdujhwlqj wkh sulfh ohyho/ zh zloo vlpxodwh wkh prgho zlwk rswlpdo sulfh0vhwwlqj
dw prghudwh lq dwlrq dqg wkhq dw prghudwh gh dwlrq/ dqg frpsduh wkh uh0
vxowv dorqj wkuhh glphqvlrqv1 Wkh �uvw lqyroyhv vlpxodwlqj wkh prgho iru 63
shulrgv zlwk wkh vdph vkrfnv dw kljk dqg orz lq dwlrq/ dqg lqirupdoo| frp0
sdulqj wkh uhvxowv1 Wkh vhfrqg lqyroyhv wkh yduldqfhv ri lq dwlrq dqg rxwsxw/
zklfk kdv ehhq wkh frqyhqwlrqdo phwulf lq wkh olwhudwxuh rq prqhwdu| srolf|
uxohv +vhh wkh sdshuv lq Wd|oru ^iruwkfrplqj`,1 Jlyhq wkdw wkh prgho |lhogv
dq reylrxv fkrlfh iru d zhoiduh ixqfwlrq +wkh uhsuhvhqwdwlyh djhqw*v h{shfwhg
xwlolw|,/ zh dovr frpsduh wkh wzr uhjlphv lq whupv ri zhoiduh1

44Wkh lqhtxdolw| lq +4;, lv zhdn ehfdxvh lq vhfwlrq 8 zh irfxv rq dq hqylurqphqw zkhuh
"w lv frqvwdqw1

45



714 Srolf| Uxoh

Uhfhqw uhvhdufk rq prqhwdu| srolf| kdv hpskdvl}hg �Wd|oru uxohv/� wkdw
lv vshfl�fdwlrqv ri srolf| zkhuh wkh prqhwdu| dxwkrulw| vhwv d vkruw whup
lqwhuhvw udwh dv d olqhdu frpelqdwlrq ri ghyldwlrqv ri lq dwlrq iurp d wdujhw
dqg ghyldwlrqv ri rxwsxw iurp vrph wuhqg ru srwhqwldo ohyho1 Wkhvh uxohv/
srsxodul}hg e| Mrkq Wd|oru ^4<<6`/ kdyh ehhq vkrzq wr eh sduvlprqlrxv
dssur{lpdwlrqv wr wkh ehkdylru ri vrph fhqwudo edqnv1 Wkh uxoh frqvlghuhg
khuh lv vlplodu wr d Wd|oru uxoh/ h{fhsw wkdw lqvwhdg ri lq dwlrq rq wkh uljkw
kdqg vlgh lw xvhv wkh sulfh ohyho1 Frqfuhwho|/45
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zkhuh -W lv wkh vwhdg| vwdwh qrplqdo lqwhuhvw udwh frqvlvwhqw zlwk wkh fkrvhq
lq dwlrq wdujhw/ 7�| lv d wdujhw sulfh ohyho sdwk wkdw jurzv dw wkh wdujhwhg lq0
 dwlrq udwhc dqg 7S lv wkh vwhdg| vwdwh ohyho ri frqvxpswlrq dvvrfldwhg zlwk wkh
lq dwlrq wdujhw146 Wklv uxoh kdv wkh lpsolfdwlrq wkdw wkh sulfh ohyho zloo do0
zd|v eh h{shfwhg wr uhwxuq wr wkh vdph wuhqg sdwk1 Lq frqwudvw/ wkh vwdqgdug
Wd|oru uxohv lpso| wkdw lq dwlrq zloo dozd|v eh h{shfwhg wr hyhqwxdoo| uhwxuq
wr wdujhw/ exw wkh sulfh ohyho zloo eh h{shfwhg wr guliw dzd| iurp dq| suhylrxv
wuhqg sdwk1 Wklv glvwlqfwlrq wxuqv rxw wr kdyh lpsruwdqw lpsolfdwlrqv1

715 Ixqfwlrqv Ghvfulelqj Jhqhudo Htxloleulxp1

Dv edfnjurxqg wr dqdo|}lqj vlpxodwlrq uhvxowv/ Iljxuh 4 glvsod|v wkh uhod0
wlrqvklsv ehwzhhq nh| hqgrjhqrxv yduldeohv dqg wkh vwdwh yduldeoh/ zklfk lv
wkh sulfh vhw odvw shulrg e| dgmxvwlqj �upv147 Iljxuh 4 lv jhqhudwhg zlwk dq
lq dwlrq wdujhw ri 8(148 Wkh vrolg olqhv vkrz wkh uhodwlrqvkls ehwzhhq � W

|3�

+ghwuhqghg e| wkh wdujhwhg lq dwlrq udwh, dqg hdfk hqgrjhqrxv yduldeoh zkhq
wkh suhihuhqfh vkrfn wdnhv rq d kljk ydoxh/ dqg wkh gdvkhg olqhv vkrzv wkh

45Wkh lqwhuhvw udwh lq +4<, lv d txduwhuo| lqwhuhvw udwh/ zkhuhdv wkh udwhv sorwwhg lq �jxuhv
407 duh dqqxdo udwhv1

46Wkh lq dwlrq wdujhw d�hfwv vwhdg| vwdwh frqvxpswlrq iru wzr uhdvrqv1 Iluvw/ wkh
pdunxs fkrvhq e| dgmxvwlqj �upv ydulhv zlwk wkh lq dwlrq wdujhw lq d zd| wkdw grhv qrw
h{dfwo| r�vhw wkh lq dwlrq hurvlrq ri qrq0dgmxvwlqj �upv* pdunxsv1 Vhfrqg/ e| orzhulqj
uhdo edodqfhv/ kljkhu lq dwlrq h�hfwlyho| pdnhv frqvxpswlrq pruh h{shqvlyh1

47Dq dsshqgl{ ghvfulehv wkh prgho vroxwlrq surfhgxuh1
48Hyhq wkrxjk wkh srolf| uxoh wdujhwv wkh sulfh ohyho/ wkhuh lv vwloo dq lq dwlrq wdujhw/

gh�qhg dv wkh jurzwk udwh ri wkh sulfh ohyho wdujhw1
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uhodwlrqvklsv zkhq wkh suhihuhqfh vkrfn wdnhv rq d orz ydoxh1 Xvlqj sdqho
E/ dqg zlwk nqrzohgjh ri � W

f c rqh fdq wudfh rxw d sdwk iru � W

| e| gudzlqj
ydoxhv ri �| iurp wkh vwrfkdvwlf surfhvv jryhuqlqj lw1 Wkhq/ zlwk wkh sdwk iru
� W

| lq kdqg/ wkh uhodwlrqvklsv lq sdqhov D/ F dqg G fdq eh xvhg wr jhqhudwh
sdwkv iru wkh rwkhu yduldeohv iru wkh jlyhq vhtxhqfh ri �|� Zkdw iroorzv lv d
glvfxvvlrq ri wkh prgho*v sulqflsdo phfkdqlvpv lq oljkw ri wkh uhodwlrqvklsv
vkrzq lq Iljxuh 41

Wkhuh duh hvvhqwldoo| wzr ghwhuplqdqwv ri fxuuhqw shulrg yduldeohv lq wkh
prgho1 Rqh lv wkh ydoxh ri wkh vwrfkdvwlf suhihuhqfh sdudphwhu +�|,/ dqg wkh
rwkhu lv wkh ydoxh ri wkh sulfh wkdw dgmxvwlqj �upv vhw odvw shulrg1 Zkhq
�| wdnhv rq d kljk ydoxh/ wkh pdujlqdo xwlolw| ri ohlvxuh lv kljk1 Djhqwv
uhdfw e| vxsso|lqj ohvv oderu wr wkh pdunhw/ dqg wklv qhfhvvdulo| ghfuhdvhv
frqvxpswlrq1 Wkxv/ lq sdqho D/ wkh ohyho ri frqvxpswlrq lv orz zkhq �| ' 7�1
Iru orz ydoxhv ri � W

|3�/ wkh orzhu ohyho ri frqvxpswlrq fdxvhv wkh prqhwdu|
dxwkrulw| wr vhw d orzhu ydoxh iru wkh qrplqdo lqwhuhvw udwh/ dv lq wkh ohiw0kdqg
sduw ri sdqho F/ dqg wkh orzhu qrplqdo lqwhuhvw udwh lq wxuq gulyhv xs prqh|
ghpdqg +sdqho G,1 Krzhyhu/ zkhq � W

|3� lv hvshfldoo| kljk/ wkh qrplqdo udwh
lv orzhu lq wkh � +kljk frqvxpswlrq, vwdwh1 Zk| lv wklvB Wkh ihhgedfn uxoh
iru prqhwdu| srolf| vhwv wkh qrplqdo udwh dv dq lqfuhdvlqj ixqfwlrq ri erwk
frqvxpswlrq dqg wkh sulfh ohyho/ vr lw pxvw eh wkdw lq wkh kljk0� W

|3� uhjlrq
wkh sulfh ohyho h�hfw grplqdwhv lq wkh ihhgedfn uxoh1 Wkh srolf| ixqfwlrqv iru
wkh sulfh ohyho +qrw vkrzq, lqghhg uh hfw wklv idfw1 Wkh sulfh ohyho lv kljkhu
lq wkh 7� vwdwh wkdq lq wkh � vwdwh/ dqg wkh jds ehwzhhq wkh sulfh ohyhov lq
wkh wzr vwdwhv lv lqfuhdvlqj lq � W

|3��
Dqrwkhu shuvshfwlyh rq wkh qrplqdo lqwhuhvw udwh ixqfwlrqv lq sdqho F

frphv iurp wklqnlqj derxw wzr uhodwlrqvklsv hpskdvl}hg e| Luylqj Ilvkhu1
�Ilvkhu Htxdwlrq= L� vwdwhv wkdw wkh qrplqdo lqwhuhvw udwh lv dssur{lpdwho|
htxdo wr wkh vxp ri wkh uhdo lqwhuhvw udwh dqg h{shfwhg lq dwlrq1 Zkhq xwlolw|
lv orjdulwkplf lq frqvxpswlrq/ dv lw lv khuh/ �Ilvkhu Htxdwlrq= LL� lpsolhv
wkdw wkh uhdo lqwhuhvw udwh lv dssur{lpdwho| htxdo wr h{shfwhg frqvxpswlrq
jurzwk149 Iurp sdqho D/ zh nqrz wkdw frqvxpswlrq dqg wkh suhihuhqfh
sdudphwhu pryh lq rssrvlwh gluhfwlrqv1 Ixuwkhu/ wkh vwrfkdvwlf surfhvv iru wkh
suhihuhqfh sdudphwhu lv phdq uhyhuwlqj/ vr wkdw zkhq lw lv orz lw lv h{shfwhg wr
lqfuhdvh/ dqg wkhuhiruh frqvxpswlrq lv h{shfwhg wr idoo1 Iurp Ilvkhu*v vhfrqg

49Wkh uhodwlrqvkls lv rqo| dssur{lpdwh khuh ehfdxvh wkh vkrsslqj wlph uhtxluhphqw
phdqv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq lv juhdwhu wkdq wkh pdujlqdo ydoxh ri d
xqlw ri uhdo zhdowk1 Wr ghulyh wklv dssur{lpdwh uhodwlrqvkls/ frpelqh +:, dqg +43, deryh1
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htxdwlrq/ wklv phdqv d orz uhdo lqwhuhvw udwhv zkhq wkh suhihuhqfh sdudphwhu
lv orz1 Qrwh/ krzhyhu/ wkdw wkh srolf| uxoh w|slfdoo| pdnhv qrplqdo udwhv kljk
lq wkrvh fdvhv zkhq zh kdyh mxvw dujxhg wkdw uhdo udwhv duh orz1 Uhihuulqj wr
Ilvkhu*v �uvw htxdwlrq/ lw pxvw wkhq eh wkdw kljk qrplqdo udwhv fruuhvsrqg wr
kljk hqrxjk h{shfwhg lq dwlrq wr frxqwhudfw wkh orz uhdo udwhv1 Iurp sdqho
G zh fdq vhh wkdw prqhwdu| srolf| grhv lq idfw gholyhu kljk h{shfwhg lq dwlrq
zkhq wkh suhihuhqfh sdudphwhu lv orz1 Wkh prqh| vxsso| lv orz zkhq wkh
suhihuhqfh sdudphwhu lv orz/ dqg phdq uhyhuvlrq lpsolhv wkdw wkh prqh|
vxsso| lv h{shfwhg wr lqfuhdvh lq wkrvh shulrgv/ jhqhudwlqj kljk h{shfwhg
lq dwlrq1

Qrwh wkdw wkh ehkdylru ri uhdo lqwhuhvw udwhv frq lfwv zlwk wkh ehkdylru
glvsod|hg lq wkh rwkhu duwlfohv glvfxvvhg deryh1 Wkhuh wkh prqhwdu| dxwkru0
lw| orzhuv qrplqdo lqwhuhvw udwhv zkhq rxwsxw lv orz/ dqg uhdo udwhv idoo dv
zhoo1 Khuh/ uhdo lqwhuhvw udwhv duh wr d juhdw h{whqw ghwhuplqhg e| wkh vkrfn
surfhvv lq frqmxqfwlrq zlwk Ilvkhu*v vhfrqg htxdwlrq1 Iru d odujh fodvv ri
vxfk surfhvvhv/ lqfoxglqj wkh rqh xvhg khuh/ uhdo lqwhuhvw udwhv duh orz zkhq
rxwsxw lv kljk1 Pruh jhqhudoo|/ zlwkrxw uhvruwlqj wr uhgxfhg irupv/ lw kdv
suryhq gl!fxow wr surgxfh prghov zkhuh wkh f|folfdo ehkdylru ri uhdo udwhv
pdwfkhv wkh gdwd1

716 Vlpxodwhg Wlph Sdwkv

Iljxuh 5 glvsod|v wkh wlph sdwkv ri wkh yduldeohv iurp Iljxuh 4 rwkhu wkdq
� W

| c dv zhoo dv wkh sulfh ohyho/ wkh uhdo lqwhuhvw udwh/ dqg h{shfwhg lq dwlrq/ iru
d vhtxhqfh ri 63 �| gudzq iurp wkh vwrfkdvwlf surfhvv ghvfulehg deryh1 Wklv
vhtxhqfh zloo eh d ehqfkpdun iru frpsdulvrq zlwk wkh orz lq dwlrq wdujhw
fdvh ehorz1 Irfxvlqj �uvw rq frqvxpswlrq +sdqho D,/ qrwh wkdw wkhuh duh
hvvhqwldoo| wkuhh uhjlrqv= orz/ kljk dqg lqwhuphgldwh1 Wkh kljk frqvxpswlrq
uhjlrq lv dwwdlqhg zlwk dq| vhtxhqfh ri dw ohdvw wzr frqvhfxwlyh orz ydoxhv
iru �| +wkh uhdol}dwlrqv ri �| duh sorwwhg lq sdqho E,1 Olnhzlvh/ wkh orz frq0
vxpswlrq uhjlrq lv dwwdlqhg zlwk dq| vhtxhqfh ri dw ohdvw wzr frqvhfxwlyh
kljk ydoxhv iru �|1 Wkhvh uhjlrqv fruuhvsrqg wr wkh srlqwv pdunhg zlwk {*v
lq �jxuhv 41D dqg E1 Wkh lqwhuphgldwh frqvxpswlrq uhjlrq fruuhvsrqgv wr
wkh wudqvlwlrq iurp rqh ydoxh ri wkh suhihuhqfh vkrfn wr wkh rwkhu> wkhvh duh
wkh srlqwv pdunhg | lq �jxuh 41D dqg E1 Wkh idfw wkdw lw wdnhv wzr shulrgv
wr wudqvlw ehwzhhq wkh kljk dqg orz frqvxpswlrq uhjlrqv lv dq lpsolfdwlrq
ri wzr0shulrg sulfh vwlfnlqhvv1 Wr vhh wklv/ vxssrvh wkh hfrqrp| kdg ehhq lq
wkh orz suhihuhqfh sdudphwhu2kljk frqvxpswlrq vwdwh iru vhyhudo shulrgv1 Li
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�| wkhq wrrn rq d kljk ydoxh/ lq wkh lqlwldo shulrg wkh vwdwh yduldeoh +� W

|3�,
zrxog eh dw wkh ohyho dvvrfldwhg zlwk �/ vr wkdw wkh hfrqrp| frxog qrw
lpphgldwho| wudqvlw wr orz frqvxpswlrq1 Li �| uhpdlqhg kljk lq wkh qh{w
shulrg/ frqvxpswlrq zrxog vhwwoh dw d orzhu ohyho/ ehfdxvh wkh vwdwh yduldeoh
kdg fkdqjhg> e| wkh shulrg diwhu wkh vkliw lq �|c doo �upv zrxog kdyh kdg d
fkdqfh wr dgmxvw wkhlu sulfh1 Li sulfhv zhuh  h{leoh/ wkh wudqvlwlrq zrxog eh
lpphgldwh/ zkhuhdv zlwk sulfhv vhw iru pruh wkdq wzr shulrgv wkh wudqvlwlrq
zrxog eh fruuhvsrqglqjo| orqjhu1

Qrwh wkdw lq vrph ri wkh shulrgv zkhq frqvxpswlrq wdnhv rq dq lqwhu0
phgldwh ydoxh/ wkh uhdo udwh lv qhjdwlyh +Iljxuh 51I,1 Vshfl�fdoo|/ wklv rffxuv
lq shulrgv zkhq �| ' 7� dqg �|3� ' � +shulrgv 45/4:/53,1 Uhihuulqj edfn
wr Iljxuh 4/ rqh fdq vhh wkdw lq wklv vlwxdwlrq frqvxpswlrq lv h{shfwhg wr
idoo wrzdugv wkh orz ohyho dvvrfldwhg zlwk 7�� Zlwk frqvxpswlrq h{shfwhg wr
idoo vljql�fdqwo|/ wkh uhdo udwh pxvw eh qhjdwlyh1 Ehfdxvh wkh lq dwlrq wdujhw
lv 8(/ wkh }hur erxqg grhv qrw lqklelw wkh uhdo udwh iurp jrlqj qhjdwlyh1
Krzhyhu/ rqh pljkw h{shfw wkdw zlwk d yhu| orz lq dwlrq wdujhw/ wkh uhdo
udwh zrxog eh lqklelwhg iurp jrlqj qhjdwlyh/ dqg wkxv wkh }hur erxqg zrxog
lqwhuihuh zlwk wkh hfrqrp|*v �qdwxudo� ehkdylru1

Iljxuhv 6 dqg 7 fruuhvsrqg wr Iljxuhv 4 dqg 5/ zlwk dq lq dwlrq wdujhw ri
plqxv �yh shufhqw1 Iurp Iljxuh 61D0F/ zh vhh wkdw iru d zlgh udqjh ri ydoxhv
ri wkh vwdwh yduldeoh/ lqfoxglqj wkh uhjlrq fruuhvsrqglqj wr kljk frqvxps0
wlrq/ wkh qrplqdo udwh lv }hur1 Krzhyhu/ wklv gudvwlfdoo| gl�huhqw ehkdylru
ri wkh qrplqdo udwh grhv qrw fruuhvsrqg wr vljql�fdqwo| gl�huhqw ixqfwlrqv
iru frqvxpswlrq +Iljxuh 61D,1 Wkh vlpxodwlrq lq Iljxuh 7 frq�upv wkhvh uh0
vxowv1 Zkhuhdv zh vxuplvhg wkdw wkh qrplqdo udwh pljkw klw wkh }hur erxqg
zkhq �| ' 7�c �|3� '�/ lq idfw lw klwv wkh erxqg zkhqhyhu �| ' 7�� Krzhyhu/
wkh ehkdylru ri frqvxpswlrq lv doprvw lqglvwlqjxlvkdeoh iurp Iljxuh 5/ wkh
8( lq dwlrq wdujhw1 Iurp Ilvkhu*v vhfrqg htxdwlrq/ zh nqrz wkdw vlplodu
frqvxpswlrq ehkdylru pxvw fruuhvsrqg wr vlplodu uhdo udwh ehkdylru/ dqg
wklv lv frq�uphg lq Iljxuh 71I1 Krz lv d }hur qrplqdo udwh frqvlvwhqw zlwk
d qhjdwlyh uhdo udwh lq shulrgv 45/ 4: dqg 53B Iurp Ilvkhu*v �uvw htxdwlrq/
wkh uhdo udwh lv wkh gl�huhqfh ehwzhhq wkh qrplqdo udwh dqg h{shfwhg lq d0
wlrq/ vr lq wkrvh shulrgv wkh prqhwdu| dxwkrulw| lv pdnlqj h{shfwhg lq dwlrq
srvlwlyh +Sdqho F,1 Wkh wdujhwhg udwh ri gh dwlrq lv frqvlvwhqw zlwk shulrgv
ri kljk h{shfwhg lq dwlrq/ ehfdxvh wkh srolf| uxoh xqdpeljxrxvo| pdnhv wkh
h{shfwhg lq dwlrq whpsrudu|/ dqg wkhuh lv qr xqfhuwdlqw| derxw zkhwkhu wkh
prqhwdu| dxwkrulw| zloo dgkhuh wr wkh srolf| uxoh1

Vlpxodwlrqv vxfk dv wkrvh lq Iljxuhv 5 dqg 7 duh dq lqirupdo edvlv iru
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hydoxdwlqj zkhwkhu wkh }hur erxqg lv lpsruwdqw1 Krzhyhu/ wkrvh vlpxodwlrqv
surylgh fohdu hylghqfh � lq wkh prgho xvhg khuh � wkdw prqhwdu| srolf| fdq
r�vhw wkh }hur erxqg e| jhqhudwlqj whpsrudu| h{shfwhg lq dwlrq1 Zlwk uhdo
udwhv wkxv xqfrqvwudlqhg/ wkh h{lvwhqfh ri wkh }hur erxqg grhv qrw dsshdu
wr frqvwlwxwh dq dujxphqw djdlqvw d orz lq dwlrq wdujhw1 Iljxuh 7 looxvwudwhv
dq dgglwlrqdo ihdwxuh ri wkh prgho wkdw idyruv d yhu| orz lq dwlrq wdujhw1
Lq Sdqhov D dqg F/ wkh vhulhv iru frqvxpswlrq dqg uhdo udwhv iurp Iljxuh 5/
fruuhvsrqglqj wr d 8( lq dwlrq wdujhw/ duh uhsurgxfhg dorqj zlwk wkh qhz
vhulhv fruuhvsrqglqj wr 8( gh dwlrq1 Lq sdqho D/ zh vhh wkdw frqvxpswlrq
lv dfwxdoo| kljkhu lq hyhu| shulrg zlwk wkh 8( gh dwlrq wdujhw wkdq lw lv
zlwk wkh 8( lq dwlrq wdujhw1 Wkh orzhu lq dwlrq wdujhw fruuhvsrqgv wr orzhu
qrplqdo lqwhuhvw udwhv rq dyhudjh/ dv lv fohdu iurp Sdqho G ri �jxuhv 5 dqg
71 Orzhu qrplqdo lqwhuhvw udwhv lq wxuq fruuhvsrqg wr d vpdoohu prqh| gh0
pdqg glvwruwlrq/ dv lq Edloh| ^4<89` dqg Iulhgpdq ^4<9<`1 Lqglylgxdov krog
kljkhu uhdo edodqfhv ehfdxvh wkh rssruwxqlw| frvw ri uhdo edodqfhv kdv idoohq/
dqg kljkhu uhdo edodqfhv h�hfwlyho| pdnh frqvxpswlrq fkhdshu/ ehfdxvh wkh|
ghfuhdvh wkh wlph wkdw dq lqglylgxdo pxvw vshqg wudqvdfwlqj1

717 Yduldqfhv

Wkh vlpxodwlrqv lq Iljxuhv 5 dqg 7 surylgh vwurqj hylghqfh rq wkh lpsru0
wdqfh ri wkh }hur erxqg/ dqg wkh zhoiduh uhvxowv ehorz jlyh wkh erwwrp olqh1
Wr hqkdqfh frpsdudelolw| zlwk wkh duwlfohv e| Urwhpehuj dqg Zrrgirug
^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;`/ zh dovr surylgh lqirupdwlrq rq
yduldelolw| dw kljk dqg orz lq dwlrq wdujhwv1 Wdeoh 4 vkrzv wkh vwdqgdug gh0
yldwlrqv ri vrph ri wkh pdlq yduldeohv lq wkh prgho iru erwk uhjlphv/ edvhg
rq vlpxodwlrqv ri 8333 shulrgv1 Dv vxjjhvwhg e| Iljxuhv 407/ wkh yduldelo0
lw| ri frqvxpswlrq lv eduho| d�hfwhg e| wkh lq dwlrq wdujhw1 Rq wkh rwkhu
kdqg/ wkh qrplqdo lqwhuhvw udwh lv pxfk ohvv yduldeoh zkhq wkh lq dwlrq wdujhw
pdnhv }hur rffdvlrqdoo| elqglqj1 Wkhuh lv d wudgh0r� lq wkh prgho ehwzhhq
wkh dyhudjh ohyho ri lq dwlrq dqg wkh plqlpxp ihdvleoh yduldelolw| ri lq dwlrq/
mxvw dv ghvfulehg lq Urwhpehuj dqg Zrrgirug ^4<<;`1 Dovr dv lq wkdw sdshu/
wkh odujh gl�huhqfh lq qrplqdo lqwhuhvw udwh yduldelolw| lq wkh wzr uhjlphv
wudqvodwhv lqwr rqo| d vpdoo gl�huhqfh lq lq dwlrq yduldelolw|1 D vwulnlqj ihd0
wxuh ri Wdeoh 4 lv wkh wuhphqgrxv lqfuhdvh lq prqh| vxsso| yduldelolw| lq wkh
gh dwlrq uhjlph1 Wklv fdq eh wudfhg wr wkh idfw wkdw wkh prqh| ghpdqg ixqf0
wlrq h{klelwv lqfuhdvlqj vhqvlwlylw| wr qrplqdo lqwhuhvw udwhv dv wkh qrplqdo
lqwhuhvw udwh idoov1
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Wdeoh 4= vwdqgdug ghyldwlrqv lq wkh wzr srolf| uhjlphv
frqvxpswlrq lq dwlrq qrplqdo udwhv prqh|

8( lq dwlrq �fe2. �f.fS �f�eD �fb�f
8( gh dwlrq �fe�D �f.HS �ffb� �.DS2

718 Zhoiduh

Lw lv fohdu iurp wkh vlpxodwlrqv zh kdyh douhdg| orrnhg dw wkdw wkh uhdo +dv rs0
srvhg wr qrplqdo, glvwruwlrqv dvvrfldwhg zlwk wkh }hur erxqg duh vpdoo1 Qhy0
huwkhohvv/ lw lv lqwhuhvwlqj wr nqrz zkhwkhu wkh lq dwlrq ru gh dwlrq uhjlph
lv suhihuuhg rq zhoiduh jurxqgv1 Zlwk wkh }hur erxqg qrw d idfwru/ d zhoiduh
frpsdulvrq zloo klqjh rq wkh rwkhu glvwruwlrqv suhvhqw lq wkh prgho1 Wkrvh
rwkhu glvwruwlrqv lqyroyh wkh lq dwlrq wd{ dqg wkh lqwhudfwlrq ehwzhhq vwlfn|
sulfhv dqg prqrsrolvwlf frpshwlwlrq1 Wkh lq dwlrq wd{ glvwruwlrq pdnhv gh0
 dwlrq suhihudeoh wr lq dwlrq1 Vwlfn| sulfhv dqg prqrsrolvwlf frpshwlwlrq
pdnh wkh rswlpdo lq dwlrq wdujhw qhdu }hur/ vr qhlwkhu 8( lq dwlrq qru gh0
 dwlrq wdujhwv zrxog reylrxvo| eh suhihuuhg wr wkh rwkhu rq wkdw edvlv1 Lw
wkxv vhhpv olnho| wkdw wkh xqdpeljxrxv h�hfw ri wkh lq dwlrq wd{ zloo glfwdwh
wkdw wkh orzhu lq dwlrq uhjlph lv suhihuuhg1 Krzhyhu/ wr gh�qlwlyho| uhvroyh
wkh lvvxh zh pxvw frpsduh wkh uhsuhvhqwdwlyh lqglylgxdo*v h{shfwhg xwlolw| lq
wkh lq dwlrq dqg gh dwlrq uhjlphv1

Zh fdofxodwh h{shfwhg xwlolw| e| shuiruplqj 4333 vlpxodwlrqv ri 4333 sh0
ulrgv hdfk/ zlwk hdfk vlpxodwlrq ehjlqqlqj iurp d udqgrp ydoxh iru wkh vwdwh
yduldeoh1 Wkh lqlwldo frqglwlrq lv fkrvhq e| vlpxodwlqj wkh prgho iru 83 sh0
ulrgv/ vwduwlqj iurp wkh vwhdg| vwdwh/ dqg wkhq vhwwlqj �f ' �Df� Hdfk vlpxod0
wlrq +& ' � wr �fff, |lhogv d ydoxh iru
L& � S

�fff

|'f q| � E*? ES|� n �| � ,|� c dqg wkhq h{shfwhg xwlolw| lv jlyhq e|
. EL� ' �fff3� �S�fff

&'� L&� Zlwk ydoxhv iru h{shfwhg xwlolw| lq erwk uhjlphv/
zh frpsduh wkhp e| suhwhqglqj wkdw wkh| zhuh jhqhudwhg lq d vwhdg| vwdwh1
Wklv lqyroyhv fdofxodwlqj �uvw wkh dyhudjh shu shulrg xwlolw| lq wkh wzr uhjlphv/
dqg wkhq wkh shufhqwdjh lqfuhdvh lq frqvxpswlrq wkdw zrxog pdnh dq djhqw
olylqj lq wkh orzhu xwlolw| uhjlph mxvw dv zhoo0r� dv dq djhqw lq wkh kljkhu
xwlolw| uhjlph1 Wkh uhvxowv ri wklv h{huflvh duh wkdw dq djhqw olylqj lq wkh
lq dwlrqdu| uhjlph zrxog eh lqgl�huhqw ehwzhhq uhfhlylqj d 519( lqfuhdvh lq
shu shulrg frqvxpswlrq dqg vzlwfklqj wr wkh gh dwlrqdu| uhjlph1

Wr looxvwudwh krz lpsruwdqw wkh lq dwlrq wd{ lv lq wkhvh uhvxowv/ zh fdq

4;



uhshdw wkh frpsdulvrq ri wkh wzr lq dwlrq uhjlphv zlwk d voljkw prgl�fdwlrq1
Wkdw prgl�fdwlrq lv wr holplqdwh wkh prqh| ghpdqg glvwruwlrq> zh prgli|
+:, wr b| ' �*S|c dqg uhsodfh +44, zlwk �| ' �| � S|� Zlwk wkh lq dwlrq
wd{ holplqdwhg/ wkh 8( lq dwlrq wdujhw uhjlph lv pdujlqdoo| suhihuuhg wr wkh
8( gh dwlrq wdujhw uhjlph/ dowkrxjk wkh gl�huhqfh lq zhoiduh lv plqxvfxoh
frpsduhg wr wkh gl�huhqfh irxqg +zlwk rssrvlwh vljq, zkhq wkh lq dwlrq
wd{ sod|hg d uroh1 Wkh uhvxowv iurp holplqdwlqj wkh prqh| ghpdqg glvwru0
wlrq phdq wkdw prqh| ghpdqg lv fuxfldo lq pdnlqj wkh gh dwlrqdu| uhjlph
zhoiduh0vxshulru wr wkh lq dwlrqdu| uhjlph1 Krzhyhu/ hyhq zlwkrxw wkh prqh|
ghpdqg glvwruwlrq/ wkh idfw wkdw wkh qrplqdo lqwhuhvw udwh lv rffdvlrqdoo| }hur
lq wkh gh dwlrqdu| uhjlph grhv qrw vljql�fdqwo| d�hfw wkh ehkdylru ri uhdo
yduldeohv1 Lq sduwlfxodu/ wkh srolf| uxoh lv vwloo deoh wr jhqhudwh whpsrudulo|
kljk h{shfwhg lq dwlrq zkhq uhdo udwhv qhhg wr eh qhjdwlyh1

8 Lq dwlrq Wdujhwlqj dqg Lq dwlrq Shuvlvwhqfh
Wkh suhfhglqj vhfwlrq vkrzv wkdw li sulfhv duh vwdjjhuhg/ exw fkrvhq rswl0
pdoo|/ d srolf| uxoh wkdw wdujhwv wkh sulfh ohyho suhyhqwv wkh }hur erxqg iurp
�frqwdplqdwlqj� wkh uhdo hfrqrp|1 Lw pd| eh/ krzhyhu/ wkdw wklv uhvxow lv
qrw urexvw wr srolflhv wkdw wdujhw lq dwlrq1 Wklv vhfwlrq wkxv frqvlghuv lq0
 dwlrq wdujhwlqj1 Zh dovr orrn dw wkh Ixkuhu0Prruh sulflqj vshfl�fdwlrq/ wr
ghwhuplqh zkhwkhu lqfoxglqj prqh| lq wkh prgho d�hfwv wkh uhvxowv ri Ixkuhu
dqg Pdgljdq ^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;`/ dqg djdlq wr ohduq
derxw wkh uroh ri wkh srolf| uxoh1 Iru hdfk ri wkhvh prgl�fdwlrqv/ zh zloo
vlpsoli| wkh iudphzrun e| orrnlqj dw wkh prghov* sxuh wudqvlwlrqdo g|qdp0
lfv1 Wkdw lv/ zh holplqdwh yduldwlrq lq wkh suhihuhqfh sdudphwhu/ dqg irfxv
rq wkh uhvxowlqj htxloleulxp ixqfwlrqv +khuhdiwhu wr eh uhihuuhg wr dv srolf|
ixqfwlrqv, fruuhvsrqglqj wr Iljxuhv 4 dqg 61 Wkh uhdvrq iru grlqj wklv lv
wkdw d vlpsoh frpsdulvrq ri wkh uhdo udwh srolf| ixqfwlrqv lq kljk lq dwlrq
dqg orz lq dwlrq uhjlphv uhyhdov zkhwkhu wkh }hur erxqg lv lqwurgxflqj d
uhdo glvwruwlrq1 Dv d suhoxgh/ �jxuh 8 sorwv wkh srolf| ixqfwlrqv iru qrplqdo
udwhv/ uhdo udwhv/ dqg h{shfwhg lq dwlrq wkdw fruuhvsrqg wr wkh vshfl�fdwlrq
lq �jxuhv 407/ h{fhsw wkdw wkhuh lv qr yduldwlrq lq wkh suhihuhqfh sdudphwhu1
Qrwh wkdw zkloh wkh qrplqdo udwh srolf| ixqfwlrq kdv d nlqn dqg d krul}rqwdo
sruwlrq uh hfwlqj wkh }hur erxqg/ wkh uhdo udwh dsshduv wr eh vprrwk1 Wkh
vwhhs ixqfwlrq iru h{shfwhg lq dwlrq uhfrqflohv wkhvh idfwv1
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|lhogv d uxoh wkdw wdujhwv lq dwlrq lqvwhdg ri wkh sulfh ohyho/ zkhuh Z lv wkh
wdujhw udwh ri lq dwlrq1 Iljxuh 9 lv wkh dqdorjxh ri �jxuh 8/ zlwk srolf| jlyhq
e| +53,14: Lq vwdun frqwudvw wr sulfh0ohyho wdujhwlqj/ zlwk lq dwlrq wdujhwlqj
wkh krul}rqwdo sruwlrq ri wkh qrplqdo udwh ixqfwlrq jhqhudwhv d krul}rqwdo
sruwlrq ri wkh uhdo udwh ixqfwlrq1 Qhfhvvdulo|/ wkhuh lv d fruuhvsrqglqj kru0
l}rqwdo sruwlrq ri wkh h{shfwhg lq dwlrq ixqfwlrq1 Iljxuhv 8 dqg 9 uhyhdo
wkdw zkhwkhu wkh }hur erxqg lv d uhdo glvwruwlrq klqjhv lq odujh sduw rq zkdw
srolf| uxoh wkh prqhwdu| dxwkrulw| iroorzv zkhq udwhv duh qrw dw wkh erxqg1
Zlwk d sulfh ohyho wdujhw/ orz ydoxhv ri wkh sulfh ohyho jhqhudwh h{shfwdwlrqv
ri d kljkhu sulfh ohyho lq wkh ixwxuh/ l1h1 h{shfwhg lq dwlrq1 Ehfdxvh vwdwhv
lq zklfk wkh qrplqdo udwh lv }hur duh vwdwhv lq zklfk wkh sulfh ohyho lv orz/
wkh uxoh*v lpsolfdwlrqv iru ixwxuh sulfh pryhphqwv doorz ghfuhdvhv lq wkh uhdo
udwh zkhq wkh qrplqdo udwh lv }hur1 Lq frqwudvw/ zlwk dq lq dwlrq wdujhw/ orz
ydoxhv ri lq dwlrq fduu| zlwk wkhp rqo| dq h{shfwhg lqfuhdvh lq lq dwlrq/
dv rssrvhg wr d kljk ohyho ri ixwxuh lq dwlrq1 Wklv lqgxfhg shuvlvwhqfh lq
lq dwlrq pdnhv wkh uhdo udwh grzqzdugo| uljlg zkhq wkh qrplqdo udwh lv dw
}hur1

815 Sulfh0Ohyho Wdujhwlqj zlwk Ixkuhu0Prruh Sulflqj

Qh{w/ zh prgli| wkh sulflqj vshfl�fdwlrq wr Ixkuhu0Prruh/ dqg uhwxuq wr d
srolf| uxoh ri sulfh0ohyho wdujhwlqj1 Sulfh ohyho wdujhwlqj pdgh wkh }hur erxqg
lqqrfxrxv zlwk rswlpdo sulfh0vhwwlqj/ exw �jxuh : vkrzv wkdw wklv grhv qrw
fduu| ryhu wr Ixkuhu0Prruh14; Dv lv zhoo nqrzq/ wklv sulflqj vshfl�fdwlrq

4:Lq wkh fdvh ri lq dwlrq wdujhwlqj/ wkh sulfh ohyho lv qrqvwdwlrqdu|1 Wklv phdqv wkdw
wr vroyh wkh prgho zh ghwuhqg e| glylglqj qrplqdo yduldeohv e| Sw�4> zkhuhdv zlwk wkh
sulfh ohyho wdujhw zh glylghg e| +4 . �,w= Wkh vwdwh yduldeoh lv wkxv S �

w�4
@Sw�4 lqvwhdg ri

S �

w�4
@+4 . �,w=

4;Zkhq wkh srolf| uxoh wdujhwv lq dwlrq dqg sulfh0vhwwlqj lv Ixkuhu0Prruh/ wkhuh duh wzr
vwdwh yduldeohv lq wkh prgho +Sw�4 dqg S �

w�4
,1 Iljxuh : lv gudzq iru rqh ydoxh ri Sw�4= Wkh

frpsohwh srolf| ixqfwlrq lv wkuhh0glphqvlrqdo1
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lqgxfhv shuvlvwhqfh lq wkh lq dwlrq udwh1 Wkh vlpsoh sulfh0ohyho wdujhwlqj uxoh
lv xqdeoh wr ryhufrph wklv sulflqj ehkdylru/ dqg wkh uhdo udwh lv frqvwudlqhg
zkhq wkh qrplqdo udwh lv }hur1

816 Lq dwlrq Wdujhwlqj zlwk Ixkuhu0Prruh Sulflqj

Iru frpsohwhqhvv/ Iljxuh ; glvsod|v wkh frpelqdwlrq ri dq lq dwlrq wdujhwlqj
uxoh zlwk Ixkuhu0Prruh sulflqj1 Wkh Iljxuh frq�upv wkh zrun ri Ixkuhu dqg
Pdgljdq ^4<<:` dqg Ruskdqlghv dqg Zlhodqg ^4<<;` lq vkrzlqj d vljql�fdqw
uhdo glvwruwlrq dvvrfldwhg zlwk wkh }hur erxqg1 Wkh uhdo udwh srolf| ixqf0
wlrq dfwxdoo| jhwv �ehqw� lq wkh uhjlrq zkhuh wkh qrplqdo udwh lv }hur1 Lq
wklv fdvh/ wkh lq dwlrq shuvlvwhqfh lqwurgxfhg e| wkh srolf| uxoh frpsrxqgv
wkdw douhdg| suhvhqw ehfdxvh ri wkh sulflqj vshfl�fdwlrq/ dqg olwwoh h{shfwhg
lq dwlrq lv iruwkfrplqj lq wkrvh vwdwhv zkhuh wkh qrplqdo udwh lv }hur dqg
wkh uhdo udwh qhhgv wr eh orz1 Wkh idfw wkdw rxu prgho frqwdlqv prqh| dqg
jhqhudwhv vlplodu uhvxowv wr IP dqg RZ frq�upv wkh �qglqj ri vhfwlrq 6=
lqfoxglqj prqh| lq wkh prgho/ zkloh lpsruwdqw iru zhoiduh fdofxodwlrqv/ grhv
qrw vhhp wr dowhu frqfoxvlrqv uhjduglqj wkh h�hfw ri wkh }hur erxqg rq uhdo
yduldeohv1

9 Frqfoxvlrqv
Vwdjjhuhg sulfh0vhwwlqj lv fxuuhqwo| rqh ri wkh prvw srsxodu iudphzrunv iru
vwxg|lqj prqhwdu| srolf|1 \hw/ wkhuh lv qr frqvhqvxv derxw wkh }hur erxqg*v
lpsolfdwlrqv hyhq zlwklq wkh vwdjjhuhg sulfh0vhwwlqj iudphzrun1 Wklv sd0
shu/ dorqj zlwk wkrvh uhshdwhgo| uhihuhqfhg deryh/ zloo krshixoo| eulqj xv
forvhu wr vxfk d frqvhqvxv1 Wrzdug wkdw frqvhqvxv/ zh pdnh wkh iroorzlqj
frqwulexwlrqv=

� Zkhq sulfhv duh vhw rswlpdoo|/ wkh vlpsoh srolf| uxoh ri wdujhwlqj wkh
sulfh ohyho zlwk dq lqwhuhvw udwh lqvwuxphqw vxffhhgv lq nhhslqj wkh }hur
erxqg d qrplqdo skhqrphqrq1

� Zkhq sulfhv duh vhw dv lq Ixkuhu dqg Prruh/ wkh vdph vlpsoh uxoh
idlov dw nhhslqj wkh }hur erxqg d qrplqdo skhqrphqrq1 Krzhyhu/ wkdw
uxoh lv pruh vxffhvvixo wkdq lwv frpprqo| dqdo|}hg lq dwlrq wdujhwlqj
frxvlq1 Ixuwkhupruh/ wkhuh pd| eh vrph uxoh wkdw grhv �qrplqdol}h�
wkh }hur erxqg zlwk Ixkuhu0Prruh sulflqj1
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� Vlqfh wkh xowlpdwh sxusrvh ri vwxg|lqj wkh }hur erxqg lv wr ehwwhu xq0
ghuvwdqg wkh zhoiduh frqvhtxhqfhv ri gl�huhqw srolflhv/ prqh| ghpdqg
lv dq lpsruwdqw hohphqw lq wkh dqdo|vlv1 Krzhyhu/ li rqh lv qrw lqwhu0
hvwhg lq zhoiduh dqdo|vlv ru lq wkh ehkdylru ri prqh| shu vh/ wkhq lw lv
uhdvrqdeoh wr rplw prqh| iurp wkh prgho1 Dv d fdyhdw/ lw zrxog eh
xvhixo wr h{soruh zkhwkhu gl�huhqw zd|v ri lqfrusrudwlqj prqh| kdyh
pruh ri dq lpsdfw wkdq zkdw lv grqh khuh1

Zh frqfoxgh zlwk vrph vxjjhvwlrqv iru ixwxuh uhvhdufk1 Iru wkh �uvw srlqw
deryh/ wkh dvvxpswlrq wkdw djhqwv kdyh shuihfw lqirupdwlrq derxw wkh srolf|
uxoh lv fuxfldo1 ]hur qrplqdo lqwhuhvw udwhv qhhg qrw suhyhqw wkh uhdo udwh
iurp idoolqj/ ehfdxvh wkh prqhwdu| dxwkrulw| fdq jhqhudwh h{shfwhg lq dwlrq1
Wkhvh rffdvlrqdo shulrgv ri kljk h{shfwhg lq dwlrq gr qrw wuljjhu lq dwlrq
vfduhv/ ehfdxvh djhqwv nqrz wkdw dq| lq dwlrq wkdw hqvxhv zloo eh whpsrudu|/
dqg wkdw wkh prqhwdu| dxwkrulw| uhpdlqv frpplwwhg wr lwv vwdwhg lq dwlrq
wdujhw1 Lq sudfwlfh/ lw pd| eh gl!fxow iru fhqwudo edqnv wr jhqhudwh rffdvlrqdo
hslvrghv ri kljk h{shfwhg lq dwlrq zlwkrxw hqgdqjhulqj wkh fuhglelolw| ri
wkhlu orz lq dwlrq wdujhw1 Lq sulqflsoh/ lw zrxog eh srvvleoh wr dqdo|}h wklv
lvvxh lq dq h{whqvlrq ri wkh fxuuhqw iudphzrun1

Uhjduglqj wkh vhfrqg srlqw/ iru erwk sulflqj vshfl�fdwlrqv lw zrxog eh
xvhixo wr nqrz zkdw wkh rswlpdo srolf| uxoh lv1 Zkloh Nlqj dqg Zropdq
^4<<;` dqg Urwhpehuj dqg Zrrgirug ^4<<;` kdyh vwxglhg rswlpdo srolf| lq
vlplodu prghov/ qhlwkhu kdyh gluhfwo| lpsrvhg wkh }hur erxqg ru frqvlghuhg
prqh| ghpdqg glvwruwlrqv1 Uhodwhg wr rswlpdo srolf| lv wkh txhvwlrq ri
zkhwkhu wkhuh lv dq| uroh iru irfxvlqj rq glvwruwlrqv dvvrfldwhg zlwk wkh }hur
erxqg/ dv rssrvhg wr vlpso| orrnlqj dw wkh ryhudoo zhoiduh lpsolfdwlrqv ri
gl�huhqw srolf| uxohv1 Dw wklv srlqw/ zlwk pxfk frqixvlrq derxw wkh �sxuh�
lpsolfdwlrqv ri wkh }hur erxqg/ vrph irfxv rq wkh }hur erxqg vhhpv zdu0
udqwhg1 Xowlpdwho|/ krzhyhu/ wkh }hur erxqg lv mxvw rqh ihdwxuh ri dq hfr0
qrplf hqylurqphqw1 Vwdwhphqwv derxw zkdw lv jrrg srolf| pxvw wdnh lqwr
dffrxqw pdq| ihdwxuhv/ dprqj wkhp wkh lq dwlrq wd{1
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Uhihuhqfhv
^4` Edloh|/ Pduwlq M1 �Wkh Zhoiduh Frvw ri Lq dwlrqdu| Ilqdqfh/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ yro1 97 +Dsulo 4<89,/ ss1 <604431

^5` Eodqfkdug/ R1M1 dqg Q1 Nl|rwdnl1 �Prqrsrolvwlf Frpshwlwlrq dqg
wkh H�hfwv ri Djjuhjdwh Ghpdqg/� Dphulfdq Hfrqrplf Uhylhz/ ::
+Vhswhpehu 4<;:,/ 97:09991

^6` Gl{lw/ Dylqdvk/ dqg Mrvhsk Vwljolw} +4<::,/ �Prqrsrolvwlf Frpshwlwlrq
dqg Rswlpxp Surgxfw Glyhuvlw|/� Dphulfdq Hfrqrplf Uhylhz 9:=5<:0
63;1

^7` Iulhgpdq/ Plowrq1 �Wkh Rswlpxp Txdqwlw| ri Prqh|/� lq Wkh Rswl0
pxp Txdqwlw| ri Prqh|/ dqg Rwkhu Hvvd|v1 Fklfdjr= Doglqh Sxeolvklqj
Frpsdq|/ 4<9</ 40831

^8` Ixkuhu/ Mh�uh| F1/ dqg Euldq I1 Pdgljdq1 �Prqhwdu| Srolf| Zkhq Lq0
whuhvw Udwhv Duh Erxqghg dw ]hur/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
8:608;8/ 4<<:1

^9` Ixkuhu/ Mh�/ dqg Jhrujh Prruh/ �Lq dwlrq Shuvlvwhqfh/� Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ Iheuxdu| 4<<8/ 45:048<1

^:` Nlqj/ Urehuw J1 dqg Doh{dqghu O1 Zropdq/ �Zkdw Vkrxog wkh Prq0
hwdu| Dxwkrulw| gr Zkhq Sulfhv duh Vwlfn|B/� lq Mrkq E1 Wd|oru hg1/
Prqhwdu| Srolf| Uxohv/ Xqlyhuvlw| ri Fklfdjr Suhvv iru QEHU/ iruwk0
frplqj1

^;` Nuxjpdq/ Sdxo/ �Lw*v Edddfn$ Mdsdq*v Voxps dqg wkh Uhwxuq ri wkh
Oltxlglw| Wuds/� Zruog Zlgh Zhe= kwws=22zhe1plw1hgx2nuxjpdq2/ Rf0
wrehu 4<<;/ lq suhsdudwlrq iru Eurrnlqjv Sdshuv1

^<` PfFdooxp/ Ehqqhww W1 dqg Pduylq V1 Jrrgiulhqg1 �Ghpdqg iru Prqh|=
Wkhruhwlfdo Vwxglhv/� lq Wkh Qhz Sdojudyh= D Glfwlrqdu| ri Hfrqrplfv1
Orqgrq= Pdfploodq Suhvv/ 4<;:/ uhsulqwhg lq Ihghudo Uhvhuyh Edqn ri
Ulfkprqg Hfrqrplf Uhylhz/ yro1 :7 +Mdqxdu|2Iheuxdu| 4<;;,/ ss 490
571

^43` PfJudwwdq/ Hoohq U1 �Vroylqj wkh Vwrfkdvwlf Jurzwk Prgho zlwk d Il0
qlwh Hohphqw Phwkrg/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro
53 +Mdqxdu|0Pdufk 4<<9,/ 4<0751
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^44` Plvknlq/ Iuhghulf V1 �Wkh Fkdqqhov ri Prqhwdu| Wudqvplvvlrq= Ohvvrqv
iru Prqhwdu| Srolf|/� QEHU Zrunlqj Sdshu 8797/ Iheuxdu| 4<<91

^45` Rnxq/ Duwkxu P1/ Sulfhv dqg Txdqwlwlhv= D Pdfurhfrqrplf Dqdo|vlv/
Zdvklqjwrq/ GF= Wkh Eurrnlqjv Lqvwlwxwlrq/ 4<;41

^46` Ruskdqlghv/ Dwkdqdvlrv/ dqg Yronhu Zlhodqg1 �Prqhwdu| Srolf| Hi0
ihfwlyhqhvv zkhq Qrplqdo Lqwhuhvw Udwhv duh Erxqghg dw ]hur1�
Pdqxvfulsw1 Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ Mxqh
4<<;1

^47` Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug1 �Dq Rswlpl}dwlrq0Edvhg
Hfrqrphwulf Iudphzrun iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/� Qd0
wlrqdo Exuhdx ri Hfrqrplf UhvhdufkPdfurhfrqrplfv Dqqxdo/ 4<<:/ 5<:0
6781

^48` Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug/ �Lqwhuhvw Udwh Uxohv lq dq
Hvwlpdwhg Vwlfn| Sulfh Prgho/� lq Mrkq E1 Wd|oru hg1/ Prqhwdu| Srolf|
Uxohv/ Xqlyhuvlw| ri Fklfdjr Suhvv iru QEHU/ iruwkfrplqj1

^49` Vxpphuv/ Odzuhqfh/ �Krz Vkrxog Orqj0Whup Prqhwdu| Srolf| eh Gh0
whuplqhgB� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 56 +Dxjxvw 4<<4
sduw 5,/ 95809641

^4:` Wd|oru/ Mrkq E1 +4<;3,/ �Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frq0
wudfwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;= 40571

^4;` Wd|oru/ Mrkq E1 +4<<6,/ �Glvfuhwlrq Yhuvxv Srolf| Uxohv lq Sudfwlfh/�
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6<= 4<805471

^4<` Ylfnuh|/ Zlooldp V1 �Vwdelolw| Wkurxjk Lq dwlrq/� lq Nhqqhwk W1 Nxul0
kdud hg1/ Srvw Nh|qhvldq Hfrqrplfv/ Qhz Euxqvzlfn/ QM= Uxwjhuv Xql0
yhuvlw| Suhvv/ 4<87/ ;<04551

^53` Zropdq/ Doh{dqghu O1 �]hur Lq dwlrq dqg wkh Iulhgpdq Uxoh= D Zho0
iduh Frpsdulvrq/� Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txdu0
whuo|/ yroxph ;6 +Idoo 4<<:,/ 40551
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Vroylqj wkh Prgho
Zh vroyh wkh prgho xvlqj wkh �qlwh hohphqw phwkrg +vhh PfJudwwdq

^4<<9`,1 Wklv lqyroyhv slfnlqj d julg ri srlqwv iru wkh prgho*v vwdwh ydul0
deohv/ dqg wkhq �qglqj ydoxhv ri wkh �frqwuro� yduldeohv qxphulfdoo| iru hdfk
julg srlqw dqg hdfk ydoxh ri wkh suhihuhqfh vkrfn vxfk wkdw wkh prgho*v htxd0
wlrqv duh vdwlv�hg1 Wkh vroxwlrq frqvlvwv ri pdsslqjv iurp wkh vwdwh yduldeoh
wr hdfk ri wkh rwkhu yduldeohv1 Wkrvh pdsslqjv fdq eh xvhg lq frqmxqfwlrq
zlwk wkh vwrfkdvwlf surfhvv iru wkh suhihuhqfh vkrfn wr vlpxodwh wkh prgho1
Ehfdxvh wklv vroxwlrq phwkrg lqyroyhv d �qlwh qxpehu ri julg srlqwv/ lw qhf0
hvvdulo| |lhogv rqo| dq dssur{lpdwh vroxwlrq1 Krzhyhu/ wr wkh h{whqw wkdw
wkh wuxh pdsslqjv iurp wkh vwdwh yduldeohv wr wkh rwkhu yduldeohv duh vprrwk
ixqfwlrqv/ wkh julg phwkrg fdq |lhog dq h{wuhpho| dffxudwh vroxwlrq1 Ixu0
wkhupruh/ wr wkh h{whqw wkdw wkh pdsslqjv dsshdu qrqolqhdu/ zh kdyh dq
lqglfdwlrq ri wkh huuru wkdw zrxog eh dvvrfldwhg zlwk olqhdul}dwlrq phwkrgv1
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Figure 1.

Functions Mapping State Variable (P*
t-1) to Other Variables at 5% Inflation Target
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Figure 2.
Time Paths From 30 Period Simulation (5% Inflation Target)
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Figure 3.
Functions Mapping State Variable (P*

t-1) to Other Variables at 5% Deflation Target
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Figure 4.
Time Paths From 30 Period Simulation (5% Deflation Target)
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Figure 5.
Optimal Pricing; Price- Level Target
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Figure 6.
Optimal Pricing; Inflation Target
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Figure 7.
Fuhrer-Moore Pricing; Price-Level Targeting
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Figure 8.
Fuhrer-Moore Pricing; Inflation Target
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