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Devwudfw

Rswlpdo prqhwdu| srolf| pd{lpl}hv zhoiduh/ jlyhq iulfwlrqv lq wkh
hfrqrplf hqylurqphqw1 Frqvwuxfwlqj d prgho zlwk wzr vhwv ri iulfwlrqv
� wkh Nh|qhvldq iulfwlrq ri frvwo| sulfh dgmxvwphqw e| lpshuihfwo|
frpshwlwlyh �upv dqg wkh Prqhwdulvw iulfwlrq ri frvwo| h{fkdqjh ri
zhdowk iru jrrgv � zh �qg rswlpdo prqhwdu| srolf| lv jryhuqhg e|
wzr idplodu sulqflsohv1

Iluvw/ wkh dyhudjh ohyho ri wkh qrplqdo lqwhuhvw udwh vkrxog eh vxi0
�flhqwo| orz/ dv vxjjhvwhg e| Plowrq Iulhgpdq/ wkdw wkhuh vkrxog eh
gh dwlrq rq dyhudjh1 \hw/ wkh Nh|qhvldq iulfwlrqv lpso| wkdw wkh rs0
wlpdo qrplqdo lqwhuhvw udwh lv srvlwlyh1

Vhfrqg/ dv ydulrxv vkrfnv rffxu wr wkh uhdo dqg prqhwdu| vhfwruv/
wkh sulfh ohyho vkrxog eh odujho| vwdelol}hg/ dv vxjjhvwhg e| Luylqj
Ilvkhu/ doehlw durxqg d gh dwlrqdu| wuhqg sdwk1 +Lq prghuq odq0
jxdjh/ wkhuh lv rqo| vpdoo �edvh guliw� iru wkh sulfh ohyho sdwk,1 Vlqfh
h{shfwhg lq dwlrq lv urxjko| frqvwdqw wkurxjk wlph/ wkh qrplqdo lq0
whuhvw udwh pxvw wkhuhiruh ydu| zlwk wkh Ilvkhuldq ghwhuplqdqwv ri wkh
uhdo lqwhuhvw udwh/ l1h1/ dv wkhuh lv h{shfwhg jurzwk ru frqwudfwlrq ri
uhdo hfrqrplf dfwlylw|1

�Wkh ylhzv h{suhvvhg khuh duh wkh dxwkruv* dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo
Uhvhuyh Edqnv ri Sklodghoskld ru Ulfkprqg ru wkh Ihghudo Uhvhuyh V|vwhp1 Wkh dxwkruv
wkdqn Ehuqduglqr Dgdr/ Lvdeho Fruuhld/ dqg Shgur Whohv iru khosixo frqyhuvdwlrq/ dqg
Sklols Mh�huvrq iru surylglqj klv gdwd rq fxuuhqf| kroglqjv1 Huuruv duh rxu rzq1
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4 Lqwurgxfwlrq
Wkuhh glvwlqfw lqwhoohfwxdo wudglwlrqv duh uhohydqw wr wkh dqdo|vlv ri krz rs0
wlpdo prqhwdu| srolf| vkrxog uhjxodwh wkh ehkdylru ri wkh qrplqdo lqwhuhvw
udwh/ rxwsxw dqg wkh sulfh ohyho1

Wkh Ilvkhuldq ylhz= Hduo| lq wklv fhqwxu|/ Luylqj Ilvkhu ^4<{{/ 4<{{`
dujxhg wkdw wkh exvlqhvv f|foh zdv �odujho| d gdqfh ri wkh groodu� dqg fdoohg
iru vwdelol}dwlrq ri wkh sulfh ohyho/ zklfk kh uhjdughg dv wkh fhqwudo wdvn ri wkh
prqhwdu| dxwkrulw|1 Frxsohg zlwk klv dqdo|vlv ri wkh ghwhuplqdwlrq ri wkh
uhdo lqwhuhvw udwh ^4<<{` dqg wkh qrplqdo lqwhuhvw udwh ^4<<{`/ wkh Ilvkhuldq
suhvfulswlrq lpsolhg wkdw wkh qrplqdo lqwhuhvw udwh zrxog  xfwxdwh zlwk wkrvh
yduldwlrqv lq uhdo dfwlylw| zklfk rffxu zkhq wkh sulfh ohyho lv vwdelol}hg1

Wkh Nh|qhvldq ylhz= Vwuhvvlqj wkdw wkh pdunhw0jhqhudwhg ohyho ri rxwsxw
frxog eh lqh!flhqw/ Nh|qhv ^4<97 +4<69,` fdoohg iru vwdelol}dwlrq ri uhdo hfr0
qrplf dfwlylw| e| �vfdo dqg prqhwdu| dxwkrulwlhv1 Zlwklq wkhruhwlfdo dqg
txdqwlwdwlyh prghov ri pdfurhfrqrplf dfwlylw| frqvwuxfwhg e| klv iroorzhuv/
vwdelol}dwlrq srolf| w|slfdoo| pdqgdwhg vxevwdqwldo yduldwlrq lq wkh qrplqdo
lqwhuhvw udwh zkhq vkrfnv ex�hwhg wkh hfrqrplf v|vwhp/ sduwlfxoduo| zkhq
wkhuh zhuh vkrfnv wr djjuhjdwh ghpdqg1 Zkloh prvw Nh|qhvldqv ylhzhg wkh
sulfh ohyho dv uhvsrqglqj rqo| judgxdoo| wr wkhvh vkrfnv/ lw w|slfdoo| fkdqjhg
ryhu wlph dv srolf| lqwhuyhqwlrqv irfxvhg rq d uhdo rxwsxw wdujhw/ zlwk olwwoh
lpsruwdqfh dwwdfkhg wr wkh sdwk ri wkh sulfh ohyho1

Wkh Prqhwdulvw ylhz= Hydoxdwlqj prqhwdu| srolf| lq d orqj0uxq frqwh{w
zlwk ixoo|  h{leoh sulfhv/ Iulhgpdq ^4<9<` irxqg wkdw dq dssolfdwlrq ri d vwdq0
gdug plfurhfrqrplf sulqflsoh ri srolf| dqdo|vlv orqj xvhg lq sxeolf �qdqfh�
wkdw vrfldo dqg sulydwh frvw vkrxog eh htxdwhg � lqglfdwhg wkdw wkh qrpl0
qdo lqwhuhvw udwh vkrxog eh dssur{lpdwho| }hur1 Xvlqj  h{leoh sulfh prghov
ri exvlqhvv  xfwxdwlrqv/ odwhu dxwkruv srlqwhg rxw wkdw wkh vdph uhdvrqlqj
dovr glfwdwhg wkdw wkh qrplqdo lqwhuhvw udwh vkrxog qrw ydu| wkurxjk wlph lq
uhvsrqvh wr uhdo dqg qrplqdo glvwxuedqfhv1

Wkhuh duh fohdu whqvlrqv ehwzhhq wkhvh wkuhh wudglwlrqv li uhdo irufhv sur0
gxfh h{shfwhg fkdqjhv lq rxwsxw jurzwk wkdw d�hfw wkh uhdo lqwhuhvw udwh1 Li
wkh sulfh ohyho lv frqvwdqw/ wkhq wkh qrplqdo lqwhuhvw udwh pxvw pluuru wkh
uhdo lqwhuhvw udwh vr wkdw Iulhgpdq*v uxoh pxvw eh ylrodwhg1 Li wkh qrplqdo
lqwhuhvw udwh lv frqvwdqw/ dv Iulhgpdq*v uxoh vxjjhvwv/ wkhq wkhuh pxvw eh h{0
shfwhg lq dwlrq ru gh dwlrq wr dffrpprgdwh wkh pryhphqw lq wkh uhdo udwh
vr wkdw Ilvkhu*v suhvfulswlrq fdqqrw eh pdlqwdlqhg1

Zh frqvwuxfw d prgho hfrqrp| wkdw krqruv hdfk ri wkhvh lqwhoohfwxdo wud0

5



glwlrqv dqg vwxg| wkh qdwxuh ri rswlpdo prqhwdu| srolf| zlwklq wklv iudph0
zrun1 Wkhuh duh Nh|qhvldq ihdwxuhv wr wkh hfrqrp|= �upv kdyh pdunhw
srzhu/ zklfk phdqv wkdw rxwsxw pd| eh lqh!flhqwo| orz/ dqg doo sulfhv fdq0
qrw eh iulfwlrqohvvo| dgmxvwhg1 Krzhyhu/ dv lq wkh Qhz Nh|qhvldq uhvhdufk rq
sulfh vwlfnlqhvv wkdw ehjlqv zlwk Wd|oru ^4<;3`/ �upv duh iruzdug0orrnlqj lq
wkhlu sulfh vhwwlqj/ zklfk kdv gudpdwlf lpsolfdwlrqv iru wkh ghvljq ri rswlpdo
prqhwdu| srolf|1 Lq rxu hfrqrp|/ wkhuh duh dovr frvwv ri frqyhuwlqj zhdowk
lqwr frqvxpswlrq1 Wkhvh frvwv fdq eh plwljdwhg e| wkh xvh ri prqh|/ vr
wkdw wkhuh duh vrfldo ehqh�wv wr orz qrplqdo lqwhuhvw udwhv dv lq Iulhgpdq*v
dqdo|vlv1 Wkh ehkdylru ri uhdo dqg qrplqdo lqwhuhvw udwhv lq rxu hfrqrp| lv
jryhuqhg e| Ilvkhuldq sulqflsohv1

Iroorzlqj Udpvh| ^4<5:`/ Oxfdv dqg Vwrnh| ^4<;6` dqg Luhodqg ^4<<9`/
zh ghwhuplqh wkh doorfdwlrq ri uhvrxufhv zklfk pd{lpl}hv zhoiduh +whfkql0
fdoo|/ lw pd{lpl}hv wkh h{shfwhg/ suhvhqw glvfrxqwhg ydoxh ri wkh xwlolw| ri d
uhsuhvhqwdwlyh djhqw, jlyhq wkh uhvrxufh frqvwudlqwv ri wkh hfrqrp| dqg dg0
glwlrqdo frqvwudlqwv wkdw fdswxuh wkh idfw wkdw wkh uhvrxufh doorfdwlrq pxvw
eh lpsohphqwhg lq d ghfhqwudol}hg sulydwh hfrqrp|1 Zh dvvxph wkdw wkhuh lv
ixoo frpplwphqw rq wkh sduw ri d vrfldo sodqqhu iru wkh sxusrvh ri ghwhuplq0
lqj wkhvh doorfdwlrqv1 Zh �qg wkdw wzr idploldu sulqflsohv jryhuq prqhwdu|
srolf| lq rxu hfrqrp|=

Wkh Iulhgpdq suhvfulswlrq iru gh dwlrq= Wkh dyhudjh ohyho ri wkh qrplqdo
lqwhuhvw udwh vkrxog eh vx!flhqwo| orz/ dv vxjjhvwhg e| Plowrq Iulhgpdq/ wkdw
wkhuh vkrxog eh gh dwlrq rq dyhudjh1 \hw/ wkh Nh|qhvldq iulfwlrqv jhqhudoo|
lpso| wkdw wkhuh vkrxog eh d srvlwlyh qrplqdo lqwhuhvw udwh1

Wkh Ilvkhuldq suhvfulswlrq iru holplqdwlqj sulfh0ohyho vxusulvhv= Dv vkrfnv
rffxu wr wkh uhdo dqg prqhwdu| vhfwruv/ wkh sulfh ohyho vkrxog eh odujho| vwd0
elol}hg/ dv vxjjhvwhg e| Luylqj Ilvkhu/ doehlw durxqg d gh dwlrqdu| wuhqg
sdwk1 +Lq prghuq odqjxdjh/ wkhuh lv rqo| d vpdoo �edvh guliw� iru wkh sulfh
ohyho sdwk,1 Vlqfh h{shfwhg lq dwlrq lv urxjko| frqvwdqw wkurxjk wlph/ wkh
qrplqdo lqwhuhvw udwh pxvw wkhuhiruh ydu| zlwk wkh Ilvkhuldq ghwhuplqdqwv ri
wkh uhdo lqwhuhvw udwh/ l1h1/ dv wkhuh lv h{shfwhg jurzwk ru frqwudfwlrq ri uhdo
hfrqrplf dfwlylw|1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq 5 zh rxwolqh wkh
pdlq ihdwxuhv ri rxu hfrqrplf prgho1 Lq vhfwlrq 6/ zh lghqwli| irxu glvwru0
wlrqv suhvhqw lq rxu hfrqrplf prgho/ zklfk duh vxppdu| vwdwlvwlfv iru krz
lwv ehkdylru fdq gl�hu iurp d ixoo| frpshwlwlyh/ qrqprqhwdu| exvlqhvv f|foh
prgho1 Lq vhfwlrq 7/ zh ghvfuleh wkh qdwxuh ri wkh jhqhudo rswlpdo srolf|
sureohp wkdw zh vroyh1 Lq vhfwlrq 8/ zh glvfxvv rswlpdo prqhwdu| srolf| lq
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wzr vshfldo fdvhv/ iru zklfk dqdo|wlfdo uhvxowv fdq eh ghulyhg1 Iluvw/ vxs0
suhvvlqj sulfh vwlfnlqhvv/ zh glvfxvv krz Iulhgpdq*v dqdo|vlv fduulhv ryhu wr
dq hfrqrp| zlwk lpshuihfw frpshwlwlrq1 Vhfrqg/ zh glvfxvv krz rswlpdo
srolf| zrunv lq dq hfrqrp| zkhuh wkh glvwruwlrqv dvvrfldwhg zlwk prqh|
ghpdqg duh duelwudulo| vpdoo1 Dq h{dfw fdvh iru sulfh vwdelol}dwlrq dorqj
Ilvkhuldq olqhv hphujhg lq d suhylrxv dssolfdwlrq ri wklv nlqg ri vhwxs e|
Nlqj dqg Zropdq ^4<<<`/ zkr vwxglhg dq hqylurqphqw zlwk prqrsrolvwlfdoo|
frpshwlwlyh �upv dqg vwlfn| sulfhv/ exw zlwkrxw wkh �prqhwdu| glvwruwlrqv�
hpskdvl}hg e| Iulhgpdq1 Rxu dqdo|vlv uhylhzv wklv uhihuhqfh vwlfn| sulfh
fdvh dqg lqwhusuhwv wkh sulru uhvxowv dorqj wkh olqhv ri Dgdr/ Fruuhld dqg
Whohv ^5333`1 Lq vhfwlrq 9/ zh glvfxvv krz zh fkrrvh wkh sdudphwhuv ri rxu
prgho hfrqrp|1

Lq vhfwlrq :/ zh glvfxvv wkh uhvxowv zklfk ohdg wr wkh �uvw sulqflsoh iru
prqhwdu| srolf|1 Wkh qrplqdo lqwhuhvw udwh vkrxog eh vhw dw dq dyhudjh
ohyho wkdw lpsolhv gh dwlrq/ exw lw vkrxog eh srvlwlyh1 Zh vkrz krz wklv
vwhdg|0vwdwh udwh ri gh dwlrq ghshqgv rq ydulrxv vwuxfwxudo ihdwxuhv ri wkh
hfrqrp|/ lqfoxglqj wkh qdwxuh ri wkh wudqvdfwlrqv frvw ixqfwlrq zklfk jlyhv
ulvh wr prqh| ghpdqg dqg wkh ghjuhh ri sulfh0vwlfnlqhvv1 Dw suhvhqw/ zh
kdyh ohduqhg wkdw d uhodwlyho| vpdoo h{whqw ri wudqvdfwlrqv frvwv fdq jhqhudwh
d gh dwlrq ri 158( shu |hdu zlwk d vxevwdqwldo dprxqw ri prqrsro| srzhu
dqg sulfh vwlfnlqhvv1 Khqfh/ wkh fdvh iru dq dyhudjh lq dwlrq udwh ri }hur
ghyhorshg lq Nlqj dqg Zropdq ^4<<<` lv txlwh iudjloh1 D vpdoohu ghjuhh
ri pdunhw srzhu/ d vpdoohu h{whqw ri sulfh vwlfnlqhvv/ d juhdwhu lqwhqvlw| ri
prqh| +orzhu yhorflw|, ru d odujhu vhqvlwlylw| ri prqh| ghpdqg wr wkh lqwhuhvw
udwh doo pdnh iru d odujhu h{whqw ri gh dwlrq1 Zh ghihu d frqfoxvlrq derxw wkh
rswlpdo udwh ri gh dwlrq xqwlo zh kdyh d prgho vshfl�fdwlrq zklfk lv pruh
fduhixoo| jurxqghg lq hpslulfdo zrun1

Lq vhfwlrq ;/ zh ghvfuleh wkh qhdu0vwhdg| vwdwh g|qdplfv ri wkh prgho
xqghu rswlpdo srolf|1 Orrnlqj dfurvv d edwwhu| ri vshfl�fdwlrqv/ zh �qg
wkdw wkhvh g|qdplfv glvsod| rqo| voljkw yduldwlrq lq wkh sulfh ohyho1 Wkxv/
zh grfxphqw wkdw wkhuh lv d urexvwqhvv wr Ilvkhuldq frqfoxvlrq lq Nlqj dqg
Zropdq ^4<<<`/ zklfk lv wkdw wkh sulfh ohyho vkrxog qrw ydu| lq uhvsrqvh
wr d udqjh ri vkrfnv xqghu rswlpdo srolf|1 Lq idfw/ wkh juhdwhvw sulfh ohyho
yduldwlrq wkdw zh �qg lqyroyhv d 13:( orqj0uxq fkdqjh lq wkh sulfh ohyho lq
uhvsrqvh wr d surgxfwlylw| vkrfn zklfk eulqjv derxw d whpsrudu| ghyldwlrq
ri rxwsxw iurp wuhqg/ exw zklfk lv odujh lq wkh vhqvh wkdw wkh fxpxodwlyh
rxwsxw ghyldwlrq lv 53(1 Dfurvv wkh udqjh ri h{shulphqwv/ rxwsxw xqghu
rswlpdo srolf| forvho| uhvhpeohv rxwsxw zklfk zrxog rffxu li doo sulfhv zhuh
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 h{leoh dqg prqhwdu| glvwruwlrqv zhuh devhqw= uhdo dfwlylw| uhvhpeohv wkdw
lq d fruh �uhdo exvlqhvv f|foh� prgho zklfk xqghuolhv rxu iudphzrun1 Dw wkh
vdph wlph/ zh �qg wkdw wkh uhdo lqwhuhvw udwh xqghu wkh rswlpdo srolf| grhv
qrw dozd|v forvho| plplf wkdw lq wkh xqghuo|lqj UEF iudphzrun1 Wr khos
lqwhusuhw wkhvh uhvxowv/ zh frqwudvw vrph ri wkhp wr ehqfkpdunv/ lqfoxglqj
d uhdo exvlqhvv f|foh prgho/ rxu prgho zlwk vlpsoh prqh| jurzwk ru lqwhuhvw
udwh uxohv/ dqg d yhuvlrq ri rxu prgho zlwk wkh prqh| ghpdqg glvwruwlrqv
holplqdwhg1 Vhfwlrq < zloo frqfoxgh1

5 Wkh prgho
Wkh pdfurhfrqrplf prgho zh vwxg| lv ghvljqhg wr eh uhsuhvhqwdwlyh ri wzr
uhfhqw vwudqgv ri pdfurhfrqrplf uhvhdufk1 Iluvw/ zh ylhz prqh| dv d phdqv
ri hfrqrpl}lqj rq wkh xvh ri frvwo| fuhglw14 Vhfrqg/ zh xvh d qhz Nh|qh0
vldq dssurdfk wr sulfh g|qdplfv/ zklfk ylhzv �upv dv lpshuihfw frpshwlwruv
idflqj lqiuhtxhqw rssruwxqlwlhv iru sulfh dgmxvwphqw15 Wr idflolwdwh wkh suh0
vhqwdwlrq ri wkhvh phfkdqlvpv/ zh ylhz wkh sulydwh vhfwru dv glylghg lqwr
wkuhh jurxsv ri djhqwv1 Iluvw/ wkhuh duh krxvhkrogv zklfk ex| �qdo frqvxps0
wlrq jrrgv dqg vxsso| idfwruv ri surgxfwlrq1 Wkhvh krxvhkrogv dovr wudgh lq
�qdqfldo pdunhwv iru dvvhwv/ lqfoxglqj d fuhglw pdunhw/ dqg dftxluh fdvk edo0
dqfhv zklfk fdq eh h{fkdqjhg iru jrrgv1 Vhfrqg/ wkhuh duh uhwdlohuv/ zklfk
vhoo �qdo frqvxpswlrq jrrgv wr krxvhkrogv dqg ex| lqwhuphgldwh surgxfwv
iurp �upv1 Uhwdlohuv fdq frvwohvvo| dgmxvw sulfhv16 Wklug/ wkhuh duh surgxf0
huv/ zkr fuhdwh wkh lqwhuphgldwh surgxfwv wkdw uhwdlohuv xvh wr surgxfh �qdo
frqvxpswlrq jrrgv1 Wkhvh �upv kdyh pdunhw srzhu dqg idfh rqo| lqiuhtxhqw
rssruwxqlwlhv wr dgmxvw sulfhv1

4Dv lq Suhvfrww ^4<;9`/ Grwvh| dqg Luhodqg ^4<<9` dqg Odfnhu dqg Vfkuhiw ^4<<9`1
5Wd|oru ^4<;3`/ Fdoyr ^4<;6`
6Lw lv srvvleoh wr holplqdwh wkh uhwdlo vhfwru/ exw  hvklqj lw rxw pdnhv wkh suhvhqwdwlrq

ri wkh prgho hdvlhu1
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514 Krxvhkrogv

Krxvhkrogv kdyh suhihuhqfhv iru frqvxpswlrq dqg ohlvxuh/ zklfk duh uhsuh0
vhqwhg e| wkh wlph0vhsdudeoh h{shfwhg xwlolw| ixqfwlrq/

L| ' .|i
"[
�'f

q��ES|n�c ,|n��j +4,

Wkh prphqwdu| xwlolw| ixqfwlrq �ESc ,� lv dvvxphg wr eh lqfuhdvlqj lq frq0
vxpswlrq dqg ohlvxuh/ vwulfwo| frqfdyh dqg gl�huhqwldeoh dv qhhghg1 Krxvh0
krogv glylgh wkhlu wlph doorfdwlrq � lqwr ohlvxuh/ pdunhw zrun ?/ dqg wudqv0
dfwlrqv wlph �| vxemhfw wr

?| n ,| n �| ' � +5,

Dffxpxodwlrq ri zhdowk= Krxvhkrogv ehjlq hdfk shulrg zlwk d sruwirolr
ri fodlpv rq wkh lqwhuphgldwh surgxfw �upv/ kroglqj d suhylrxvo| ghwhuplqhg
vkduh �|3� ri wkh shu fdslwd ydoxh ri wkhvh �upv1 Wklv sruwirolr jhqhudwhv fxu0
uhqw qrplqdo glylghqgv ri �|3�~| dqg kdv qrplqdo pdunhw ydoxh �|3�T|1 Wkh|
dovr ehjlq hdfk shulrg zlwk d vwrfn ri qrplqdo erqgv +�|3�, ohiw ryhu iurp
odvw shulrg zklfk kdyh pdwxuhg dqg kdyh pdunhw ydoxh E� n -|3���|3�1 Il0
qdoo|/ wkh| ehjlq hdfk shulrg zlwk d qrplqdo fuhglw fdug edodqfh dulvlqj iurp
frqvxpswlrq sxufkdvhv odvw shulrg/ lq wkh dprxqw 8|3�1 Vr/ wkhlu qrplqdo
zhdowk lv=

�|3�T| n �|3�~| n E� n-|3���|3� � 8|3� � A|

zkhuh A| lv wkh dprxqw ri d oxps vxp wudqvihu wr ru iurp wkh jryhuqphqw1
Zlwk wklv qrplqdo zhdowk dqg fxuuhqw qrplqdo zdjh lqfrph `|?|/ wkh|

pd| sxufkdvh prqh| �|/ ex| fxuuhqw shulrg erqgv lq dprxqw �|/ ru ex|
pruh fodlpv rq wkh lqwhuphgldwh surgxfw �upv1 Wkxv/ wkh| idfh wkh frqvwudlqw

�| n�| n �|T| �
�
�|3�T| n �|3�~| n E� n-|3���|3� � 8|3� � A|

�
n`|?|

Zh frqyhuw wklv qrplqdo exgjhw frqvwudlqw lqwr d uhdo rqh/ xvlqj d qxphudluh
�|1 Dw suhvhqw wklv lv vlpso| dq devwudfw phdvxuh ri qrplqdo sxufkdvlqj
srzhu exw zh duh pruh vshfl�f odwhu derxw lwv hfrqrplf lqwhusuhwdwlrq1 Wkh
uhdo  rz exgjhw frqvwudlqw lv

6| n K| n �|�| � �|3��| n �|3�5| n E� n-|3��
�|3�

�|
K|3�

�8|3�

�|
� A|
�|

n �|?|
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zlwk orzhu fdvh ohwwhuv uhsuhvhqwlqj uhdo txdqwlwlhv zkhq wklv grhv qrw surgxfh
qrwdwlrqdo frqixvlrq1

Prqh| dqg wudqvdfwlrqv= Dowkrxjk krxvhkrogv kdyh ehhq ghvfulehg dv
sxufkdvlqj d vlqjoh djjuhjdwh frqvxpswlrq jrrg/ zh qrz uhlqwhusuhw wklv
lqyroylqj pdq| lqglylgxdo surgxfwv � whfkqlfdoo|/ d frqwlqxxp ri surgxfwv
rq wkh xqlw lqwhuydo � dv lq pdq| vwxglhv iroorzlqj Oxfdv ^4<{{`1 Hdfk ri
wkhvh surgxfwv lv sxufkdvhg iurp d vhsdudwh uhwdlo rxwohw dw d sulfh � |1 Hdfk
fxvwrphu ex|v lq�qlwhvlpdoo| vpdoo dprxqwv ri hdfk surgxfw/ d iudfwlrq 1|
zlwk fuhglw dqg wkh uhpdlqghu zlwk fdvk1 Khqfh/ wkh krxvhkrogv ghpdqg iru
qrplqdo prqh| vdwlv�hv

�| ' E�� 1|�� |S| +6,

zkhuh � | lv wkh sulfh zklfk pxvw eh sdlg wr d uhwdlohu iru d xqlw ri frqvxps0
wlrq1 Wkh fxvwrphu*v qrplqdo fuhglw fdug edodqfh lv

8| ' 1|� |S|1

zklfk pxvw eh sdlg qh{w shulrg1 Li fuhglw lv xvhg/ wkhq wkhuh duh wlph frvwv/
zklfk wdnh wkh irup
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zkhuh 5| lv d vkrfn wr wkh glvwulexwlrq17 Dv lq Suhvfrww ^4<;:`/ Grwvh| dqg
Luhodqg ^4<<9` dqg Odfnhu dqg Vfkuhiw ^4<<9`/ zh wklqn ri hdfk �qdo frqvxps0
wlrq jrrgv sxufkdvh dv kdylqj d udqgrp �{hg frvw � shukdsv/ wkh h{whqw wr

7Zkhqhyhu { A
k
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�3 h{s+}w,

l�4
/ wklv ixqfwlrq jhqhudwhv wkh iroorzlqj wrwdo wlph frvw ri

fuhglw1
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zklfk vpdoo fkloguhq duh fodprulqj iru fdqg| lq wkh fkhfnrxw txhxh � wkdw
lv nqrzq diwhu wkh fxvwrphu ghflghv wr sxufkdvh wkh surgxfw/ exw ehiruh wkh
fxvwrphu kdv ghflghg rq zkhwkhu wr xvh prqh| ru fuhglw wr �qdqfh wkh sxu0
fkdvh1 Wkh krxvhkrog xvhv fuhglw zkhq wkh frvw lv ehorz wkh fulwlfdo ohyho
jlyhq e| _�E1� dqg xvhv prqh| zkhq wkh frvw lv kljkhu1

Frqvxpswlrq ghpdqg dqg oderu vxsso|= Frpelqlqj exgjhw frqvwudlqwv/
zh fdq jhw d uhdo  rz exgjhw frqvwudlqw iru wkh krxvhkrog/
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Wr fkdudfwhul}h wkh vroxwlrq wr wkh krxvhkrog*v sureohp/ zh frqvrolgdwh
wkh wkuhh frqvwudlqwv/ +5,/ +7, dqg +8, lqwr rqh=
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Ohw b|/ zklfk kdv wkh hfrqrplf lqwhusuhwdwlrq dv wkh vkdgrz ydoxh ri zhdowk/
uhsuhvhqw wkh pxowlsolhu iru wklv frqvwudlqw dw wlph |1 Wkh �uvw0rughu frqgl0
wlrqv duh jlyhq ehorz1
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�| G �|b| ' q.| db|n� E�|n� n 5|n��o +43,

Wkh �uvw h!flhqf| frqglwlrq vwdwhv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq
pxvw eh htxdwhg wr wkh ixoo frvw ri frqvxplqj1 Wkh ixoo frvw ri frqvxplqj
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lqyroyhv d zhljkwhg dyhudjh ri wkh frvwv ri sxufkdvlqj jrrgv zlwk fxuuhqf|
dqg fuhglw1 Wkh vhfrqg h!flhqf| frqglwlrq htxdwhv wkh pdujlqdo ehqh�w ri
udlvlqj 1 � ghfuhdvlqj fxuuhqw h{shqglwxuh rq frqvxpswlrq � wr lwv pdujlqdo
frvw � wkh vxp ri fxuuhqw wlph frvw dqg ixwxuh uhsd|phqw1

515 Uhwdlohuv

Zh dvvxph wkdw uhwdlohuv fuhdwh xqlwv ri wkh �qdo jrrg dffruglqj wr d frqvwdqw
hodvwlflw| ri vxevwlwxwlrq djjuhjdwru ri d frqwlqxxp ri lqwhuphgldwh surgxfwv
rq wkh xqlw lqwhuydo1 Lq jhqhudo/ wklv zloo lpso| wkdw S xqlwv ri �qdo frqvxps0
wlrq duh jhqhudwhg dffruglqj wr S| ' d

U
S|E%�

03�
0 _%o

0
03� / zkhuh 0 lv d sdudphwhu

zklfk frqwurov wkh ghjuhh ri vxevwlwxwdelolw|1 Lq rxu vhwxs/ krzhyhu/ wkhuh
zloo eh jurxsv ri �upv zklfk zloo doo fkdujh wkh vdph sulfh iru wkhlu jrrg
zlwklq d shulrg/ vr wkdw wkh| fdq eh djjuhjdwhg hdvlo|1 Ohw wkh �wk jurxs
kdyh iudfwlrq /� dqg fkdujh sulfh ��|1 Wkhq wkh uhwdlohu doorfdwhv lwv ghpdqgv
iru lqwhuphgldwhv dfurvv wkh a fdwhjrulhv/ plqlpl}lqj d

Sa3�
�'f /���|S�|o vxemhfw

S| ' d
Sa3�

�'f /�S�|
03�

0 o
0

03� 1 Dv lv zhoo nqrzq/ wklv frvw plqlpl}dwlrq sureohp
ohdgv wr lqwhuphgldwh lqsxw ghpdqgv ri wkh irup
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zkhuh wkh xqlw frvw ri surgxfwlrq � dq lqwhuphgldwh jrrgv sulfh ohyho ri vruwv
� lv jlyhq e|
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�30 � +45,

Wklv lv wkh sulfh lqgh{ zklfk zh xvh dv qxphudluh lq wkh dqdo|vlv deryh1
Vlqfh wkh uhwdlo vhfwru lv frpshwlwlyh dqg doo jrrgv duh surgxfhg dffruglqj

wr wkh vdph whfkqrorj|/ lw iroorzv wkdw wkh �qdo jrrgv sulfh pxvw vdwlvi|=

� | ' E� n-|��| +46,

Iru hdfk xqlw ri vdohv/ wkh uhwdlo �up uhfhlyhv uhyhqxhv lq prqh| ru fuhglw1
Hdfk ri wkhvh duh fdvk  rzv zklfk duh h�hfwlyho| lq gdwh w.4 grooduv1 Li wkh
�up uhfhlyhv prqh|/ wkhq lw pxvw krog lw �ryhu qljkw1� Li wkh �up wdnhv d
fuhglw fdug/ wkhq lw lv sdlg rqo| dw gdwh w.4 zlwk qr lqwhuhvw fkdujhv1
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516 Surgxfhuv

Wkh surgxfhuv ri lqwhuphgldwh surgxfwv duh dvvxphg wr eh prqrsrolvwlf frp0
shwlwruv dqg idfh luuhjxoduo| wlphg rssruwxqlwlhv iru sulfh dgmxvwphqw1 Iru
wklv sxusrvh/ zh xvh d jhqhudol}hg vwrfkdvwlf sulfh dgmxvwphqw prgho gxh
wr Ohylq ^4<<4`/ dv uhfhqwo| h{srvlwhg lq Grwvh|/ Nlqj dqg Zropdq*v ^4<<<`
dqdo|vlv ri vwdwh ghshqghqw sulflqj1 Lq wklv vhwxs/ d �up zklfk kdv khog
lwv sulfh �{hg iru � shulrgv zloo eh shuplwwhg wr dgmxvw zlwk suredelolw|
k�1 Wkh prgho lv  h{leoh lq wkdw lw frqwdlqv wkh Wd|oru ^4<;3` vwdjjhuhg
sulfh dgmxvwphqw prgho dv rqh vshfldo fdvh +d irxu txduwhu prgho zrxog vhw
k� ' k2 ' k� ' f dqg ke ' �,/ wkh Fdoyr ^4<;6` vwrfkdvwlf dgmxvwphqw prgho
dv dqrwkhu +wklv vhwxs pdnhv k� ' k iru doo �,/ dqg fdq eh xvhg wr pdwfk
plfurhfrqrplf gdwd rq sulfh dgmxvwphqw1 Lq d vwhdg| vwdwh vlwxdwlrq/ dq
hfrqrp| zlwk d frqwlqxxp ri �upv zloo kdyh d glvwulexwlrq zlwk iudfwlrqv /�

zklfk duh ghwhuplqhg e| wkh uhfxuvlrqv /� ' E��k��/�3� iru � ' �c 2c ���a��

dqg /f ' ��Sa3�
�'� /�1

Hdfk lqwhuphgldwh surgxfw % rq wkh xqlw lqwhuydo lv surgxfhg dffruglqj
wr wkh surgxfwlrq ixqfwlrq

+|E%� ' @|?|E%�

zlwk oderu ehlqj sdlg d qrplqdo zdjh udwh ri`| dqg ehlqj  h{leo| uhdoorfdwhg
dfurvv vhfwruv1 Qrplqdo pdujlqdo frvw iru doo �upv lv dffruglqjo| `|*@|1

Ilupv duh dvvxphg wr pd{lpl}h wkh suhvhqw glvfrxqwhg ydoxh ri wkhlu uhdo
sur�wv +fxuuhqw sur�wv duh ~|E%�
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+|E%��`|

�|
?|E%�, jlyhq wkh lqwhuphgldwh

surgxfw ghpdqg ghvfulehg e| +44, deryh dqg wkh vwrfkdvwlf vwuxfwxuh ri
qrplqdo sulfh dgmxvwphqw1

Wkh prgho hfrqrp| lv rqh lq zklfk doo �upv wkdw duh dgmxvwlqj dw gdwh
| zloo fkrrvh wkh vdph sulfh/ zklfk zh fdoo � W

| 1 Wklv sulfh lv ghwhuplqhg dv
sduw ri wkh vroxwlrq wr wkh �up*v g|qdplf surjudpplqj sureohp
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zkhuh wkh pd{lpl}dwlrq wdnhv sodfh vxemhfw wr wkh ghpdqg fxuyh dqg wkh
surgxfwlrq ixqfwlrq
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zkhuh _| lv djjuhjdwh ghpdqg lq shulrg |� Djjuhjdwh ghpdqg zloo eh pdgh
xs ri frqvxpswlrq +S|, dqg h{rjhqrxv/ xqsurgxfwlyh jryhuqphqw vshqglqj
+}|,=

_| ' S| n }|�

D ihz frpphqwv derxw wkh irup ri wkh g|qdplf surjudp duh lq rughu1
Iluvw/ frqvlvwhqw zlwk wkh glvfxvvlrq ri wkh krxvhkrog/ wkh g|qdplf surjudp
gh dwhv wkh �up*v qrplqdo sur�wv e| �| dqg hvwdeolvkhv dvvhw ydoxhv xvlqj
wkh pxowlsolhu b|/ zklfk lv wkh krxvhkrog*v vkdgrz ydoxh ri zhdowk1 Vhfrqg/
wkh �up lv frqvwudlqhg e| lwv surgxfwlrq ixqfwlrq dqg e| lwv ghpdqg fxuyh/
zklfk ghshqgv rq djjuhjdwh frqvxpswlrq dqg jryhuqphqw ghpdqg1 Wklug/
wkh �up nqrzv wkdw wkhuh duh wzr srvvleoh vlwxdwlrqv dw gdwh w.41 Zlwk
suredelolw| k� lw zloo dgmxvw lwv sulfh dqg wkh fxuuhqw sulflqj ghflvlrq zloo eh
luuhohydqw wr lwv pdunhw ydoxh +�f|n�,1 Zlwk suredelolw| ��k� lw zloo qrw dgmxvw
lwv sulfh dqg wkh fxuuhqw sulfh zloo eh pdlqwdlqhg/ uhvxowlqj lq d pdunhw ydoxh
+��|n�,/ zlwk wkh vxshuvfulsw � lq ��| lqglfdwlqj wkh ydoxh ri d �up zklfk lv
pdlqwdlqlqj lwv sulfh �{hg dw wkh ohyho vhw dw gdwh |� �/ l1h1/ � W
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Dq rswlpdo sulflqj ghflvlrq wkhuhiruh uhtxluhv wkdw
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zklfk lv wkh uhtxluhphqw wkdw/ dw wkh rswlpxp/ d vpdoo fkdqjh lq sulfh kdyh
d }hur h�hfw rq wkh suhvhqw glvfrxqwhg ydoxh1 Lw lv vwudljkwiruzdug wr vkrz
wkdw
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lv wkh uhdo zdjh dw wlph |n �/ � ' fc � � � c a � �1 Uhshdwhg

vxevwlwxwlrq ri wkhvh uhvxowv lqwr wkh rswlpdo sulflqj ghflvlrq lpsolhv wkdw
sulfh vhwwlqj uhtxluhv
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l1h1/ wkdw wkhuh lv }hur h{shfwhg/ glvfrxqwhg uhzdug iurp d voljkwo| kljkhu
ru orzhu sulfh1 Lq wklv h{suhvvlrq/ wkh zhljkwv /� vhuyh dv lqglfdwruv ri
wkh suredelolw| ri wkh sulfh ehlqj khog �{hg iru dw ohdvw � shulrgv/ zklfk
lv /�*/f ' E�� k��E�� k2����E�� k��1

517 Wkh jryhuqphqw

Wkh jryhuqphqw hqwhuv rxu hfrqrp| lq wzr yhu| gl�huhqw pdqqhuv dv zh
surfhhg wkurxjk wkh dqdo|vlv1 Iluvw/ wkh jryhuqphqw hqwhuv dv dq dfwru lq
ydulrxv pdunhwv ri wkh hfrqrp|1 Vhfrqg/ wkh jryhuqphqw hqwhuv dv d vrfldo
sodqqhu1 Zh glvfxvv hdfk ri wkhvh urohv lq wxuq1
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51714 Wkh jryhuqphqw dv dq dfwru lq jrrgv dqg rwkhu pdunhwv1

Wkh jryhuqphqw lq rxu prgho hfrqrp| wdnhv �vfdo dfwlrqv zklfk duh yhu| duh
olplwhg lq vfrsh dqg prqhwdu| srolf| dfwlrqv zklfk pd| eh ulfkhu lq wkhlu
qdwxuh1

Ilvfdo dfwlrqv= Wkh jryhuqphqw ghpdqgv �qdo jrrgv }| lq d vwrfkdvwlfdoo|0
ydu|lqj pdqqhu wkdw lv h{rjhqrxv wr wkh hfrqrp|1 Lw ohylhv oxps vxp wd{hv
wr sd| iru wkhvh jrrgv +wkh oxps vxp wd{hv duh d ghwhuplqdqw ri wkh whup
A| lq wkh krxvhkrog*v exgjhw frqvwudlqw deryh,18 Dv lq pdq| pdfurhfrqrplf
dqdo|vhv�lqfoxglqj wkh rswlpdo �vfdo dqg prqhwdu| srolf| zrun ri Oxfdv
dqg Vwrnh| ^4<;6`�zh dvvxph wkdw jryhuqphqw sxufkdvhv kdyh qr h�hfw rq
hlwkhu wkh xwlolw| ri krxvhkrogv ru wkh surgxfwlylw| ri �upv/ exw vlpso| lq0
yroyh d xvh ri uhvrxufhv1

Prqhwdu| srolf| dfwlrqv= Zh dvvxph wkdw wkh jryhuqphqw fdq ydu| wkh
prqh| vxsso|�| lq uhvsrqvh wr wkh xqghuo|lqj glvwxuedqfhv lq wkh hfrqrp|1
Wkh fkdqjhv lq �| frxog eh pdgh wkurxjk gluhfw wudqvihuv wr krxvhkrogv vr
wkdw A| ' �|}| � E�| ��|3��1 Jlyhq wkh wlplqj vwuxfwxuh ri rxu hfrqrp|/
lq zklfk dvvhw pdunhwv duh rshq sulru wr jrrgv pdunhwv/ d irup ri Ulfdugldq
htxlydohqfh vkrxog krog/ vr wkdw vxfk gluhfw wudqvihuv vkrxog eh htxlydohqw wr
rshq pdunhw rshudwlrqv1

Qrwlfh wkdw zh gr qrw shuplw rxu jryhuqphqw wr h{solflwo| ohy| wd{hv rq
ru pdnh vxevlglhv wr wkh krxvhkrogv ru �upv lq rxu hfrqrp|/ ghvslwh wkh
idfw wkdw wkhuh duh jrrg uhdvrqv wkdw d jryhuqphqw pljkw zlvk wr lq rxu
hfrqrp|1 Iru h{dpsoh/ jlyhq wkh prqrsro| glvwruwlrq lq rxu hfrqrp|/ rqh
xvh ri �vfdo srolf| pljkw eh wr vxevlgl}h lqwhuphgldwh jrrgv surgxfhuv dqg
ohy| oxps0vxp wd{hv rq krxvhkrogv wr sd| iru wkhvh vxevlglhv1 D vxevlg|
zrxog eh ylhzhg dv ghvludeoh e| wkh uhvlghqwv ri wkh hfrqrp| ehfdxvh lw
frxog vwlpxodwh lqwhuphgldwh jrrgv surgxfwlrq/ frxqwhudfwlqj wkh h�hfwv ri
wkh prqrsro| srzhu zklfk lqwhuphgldwh jrrgv �upv kdyh1

Qrwlfh dovr wkdw zh gr qrw shuplw rxu jryhuqphqw wr sd| lqwhuhvw rq lwv
prqh|1 Vxfk d srolf| zrxog w|slfdoo| eh ghvludeoh dv zhoo1

8E| uhtxlulqj wkh jryhuqphqw wr ex| �qdo/ udwkhu wkdq lqwhuphgldwh jrrgv/ zh duh
dvvxplqj wkdw wkhuh lv d frpprq ghpdqg hodvwlflw| iru sulydwh dqg sxeolf frqvxpswlrq ri
wkh vwlfn| sulfh jrrgv/ li zh gursshg wkh lqwhuphgldwh jrrg lqwhusuhwdwlrq1
Zh duh dovr dvvxplqj wkdw wkh jryhuqphqw ex|v iurp uhwdlohuv zlwkrxw xvlqj prqh|1
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51715 Wkh jryhuqphqw dv sodqqhu

Wkh pdmru irfxv ri wkh sdshu lv rq wkh jryhuqphqw dv d sodqqhu/ lq sduwlfxodu
rq +l, krz lw zrxog fdofxodwh wkh frqvwudlqhg rswlpdo srolf| lq rxu hfrqrp|>
dqg +ll, rq wkh fkdudfwhulvwlfv ri htxloleuld xqghu wkh rswlpdo srolf|1 Zkhq zh
wdnh wklv shuvshfwlyh/ zh dvvxph wkdw wkh jryhuqphqw*v remhfwlyh lv wr pd{l0
pl}h wkh h{shfwhg xwlolw| ri krxvhkrogv/ vxemhfw wr wkh jhqhudo htxloleulxp ri
wkh prgho1 Exw zh fduu| dorqj wkh dvvxpswlrqv wkdw wkh jryhuqphqw kdv d
olplwhg vhw ri lqvwuxphqwv/ uxolqj rxw wkh xvh ri qrq0oxps vxp wd{hv ru vxe0
vlglhv dqg wkh sd|phqw ri lqwhuhvw rq prqh|1 Lq wklv vhqvh/ rxu jryhuqphqw
lv dfwlyh dv d wudglwlrqdo prqhwdu| srolf| ghflvlrq0pdnhu/ ydu|lqj wkh txdq0
wlw| ri prqh| wr dffrpsolvk pdfurhfrqrplf remhfwlyhv1 Dw wkh vdph wlph/ lw
lv sdvvlyh dv d �vfdo ghflvlrq0pdnhu1 Zh dgrsw wklv vwudwhj| ehfdxvh zh duh
lqwhuhvwhg lq wkh ghvljq ri prqhwdu| srolflhv zklfk fdq eh lpsohphqwhg zlwk0
rxw uhtxlulqj vlpxowdqhrxv �vfdo dfwlrqv ru fkdqjhv lq wkh qdwxuh ri fxuuhqw
prqhwdu| lqvwuxphqwv1

6 Irxu glvwruwlrqv
Rxu pdfurhfrqrplf prgho kdv wkh surshuw| wkdw wkhuh duh irxu/ uhdglo| lghq0
wl�deoh urxwhv e| zklfk qrplqdo idfwruv fdq d�hfw uhdo hfrqrplf dfwlylw|1 Zh
glvfxvv wkhvh irxu glvwruwlrqv lq wxuq/ xvlqj jhqhudo lghdv wkdw fduu| ryhu wr
d zlghu fodvv ri pdfurhfrqrplf prghov1

Uhodwlyh sulfh glvwruwlrqv= Lq dq| prgho zlwk dv|qfkurql}hg dgmxvwphqw
ri qrplqdo sulfhv/ wkhuh duh glvwruwlrqv wkdw dulvh zkhq wkh sulfh ohyho lv qrw
frqvwdqw1 Iluvw/ qrwh wkdw wkh gh�qlwlrq ri wkh shuihfw sulfh lqgh{ �zklfk
dssolhv wr erwk frqvxpswlrq dqg jryhuqphqw vshqglqj�phdqv wkdw zh fdq
zulwh qrplqdo h{shqglwxuh dv

a[
�'f

/���|dS�| n }�|o ' �|dS| n }o�

Vhfrqg/ qrwh wkdw d vlpsoh vxp djjuhjdwh rxwsxw phdvxuh lv jlyhq e|

+| '

] �

f

+|E%�_% '
a[

�'f

/�+�|
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dqg wkdw wklv lpsolflwo| gh�qhv dq lpsolflw gh dwru S| dv

S|+| '
a[

�'f

/���|+�|

Wklug/ vlqfh wkh fxuuhqw prgho pdnhv rxwsxw olqhdu lq oderu lqsxw/ wkhq zh
nqrz wkdw djjuhjdwh rxwsxw +| lv vlpso| uhodwhg wr djjuhjdwh oderu lqsxw
?| '

Sa
�'f /�?�| vr wkdw wkh deryh pd| eh frpelqhg wr |lhog

S| n }| ' B|@|?|

Wkh idfwru B| � S|*�| zrunv olnh d surgxfwlylw| vkrfn lq dq djjuhjdwh sur0
gxfwlrq ixqfwlrq iru rxu edvlf hfrqrp|1 Lq idfw/ wklv uhvxow fduulhv ryhu wr wkh
hqwluh fodvv ri vhwxsv vxjjhvwhg e| \xq ^4<<9`/ lq zklfk �upv kdyh whfkqror0
jlhv wkdw lpso| frqvwdqw pdujlqdo frvw dqg idfwruv fdq eh  h{leo| uhdoorfdwhg
dfurvv vhfwruv19 Yduldwlrqv lq B fdq eh ghvfulehg lq dqrwkhu frpsohphqwdu|
zd|1 Xvlqj +�| ' E��|*�|�

30ES| n }|�/ zh �qg wkdw B| lv uhodwhg wr uhodwlyh
sulfhv=

B| ' d
a[

�'f

/�E��|*�|�
30o�

Li doo uhodwlyh sulfhv duh xqlw|/ wkhq B wdnhv rq d ydoxh ri rqh1 Li uhodwlyh
sulfhv ghyldwh iurp xqlw|/ zklfk lv wkh xqfrqvwudlqhg h!flhqw ohyho jlyhq wkh
whfkqrorj|/ wkhq B| phdvxuhv wkh h{whqw ri orvw djjuhjdwh rxwsxw zklfk dulvhv
iru wklv uhdvrq1

Wkh pdunxs glvwruwlrq= Li doo �upv kdyh wkh vdph pdujlqdo frvw ixqfwlrqv/
wkhq zh fdq zulwh

`| ' [|@|s
� E?|�

zkhuh` lv wkh qrplqdo zdjh/ [| lv qrplqdo pdujlqdo frvw dqg @|s � E?|� lv wkh
frpprq pdujlqdo surgxfw ri oderu1 Li zh glylgh e| wkh shuihfw +lqwhuphgldwh
jrrg, sulfh lqgh{/ wkhq wklv h{suhvvlrq fdq eh vwdwhg lq uhdo whupv dv

�| ' �|@|s
� E?|� '

�

>|
@|s

� E?|�

9Iru h{dpsoh/ li wkh surgxfwlrq ixqfwlrq kdg frqvwdqw uhwxuqv wr vfdoh oderu dqg fdslwdo/
wkhq dq dqdo|vlv dorqj wkh olqhv ri \xq ^4<<9` lqglfdwhv wkdw wkh wh{w htxdwlrq zrxog eh
prgl�hg wr fw . jw @ �wdwi+nw> qw,1
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vr wkdw uhdo pdujlqdo frvw �| dfwv olnh d vdohv wd{ vkliwhu lq dq| vxfk vhwxs1
Lq rxu prgho/ wkh pdujlqdo surgxfw ri oderu lv frqvwdqw1

Vrph dxwkruv vxfk dv Zrrgirug ^4<<8`/ Nlqj dqg Zropdq ^4<<9` dqg
Jrrgiulhqg dqg Nlqj ^4<<:`/ kdyh ghvfulehg wklv vhfrqg vrxufh ri glvwruwlrqv
dv lq wkh vhfrqg htxdolw| lq whupv ri wkh dyhudjh pdunxs >| � �|*[|/ zklfk
lv wkh uhflsurfdo ri uhdo pdujlqdo frvw �|1 Wkhvh dxwkruv kdyh vwuhvvhg wkdw
wkh prqhwdu| dxwkrulw| kdv whpsrudu| frqwuro ryhu wklv pdunxs wd{ ehfdxvh
sulfhv duh vwlfn|/ hqdeolqj lw wr hurgh +ru hqkdqfh, wkh pdunhw srzhu ri �upv
lq uhvsrqvh wr ydulrxv glvwxuedqfhv1 Dffruglqj wr wklv frqyhqwlrq/ zklfk zh
iroorz khuh/ d kljkhu ydoxh ri wkh pdunxs orzhuv uhdo pdujlqdo frvw dqg zrunv
olnh d wd{ rq surgxfwlyh dfwlylw|1

Qrwh wkdw B| dqg >| +ru �|, duh qrw qhfhvvdulo| uhodwhg forvho| wrjhwkhu/
vr wklqnlqj derxw wkhvh iurp wkh vwdqgsrlqw ri �vfdo dqdo|vlv � lq zklfk
wkhuh fdq eh vhsdudwh vkrfnv wr wkh ohyho ri wkh surgxfwlrq ixqfwlrq dqg lwv
pdujlqdo surgxfwv � lv wkh uhohydqw edfnjurxqg wr wklv dqdo|vlv/ udwkhu wkdq
uhdvrqlqj iurp wkh h�hfwv ri surgxfwlylw| vkrfnv zklfk wudglwlrqdoo| vkliw
erwk lq UEF dqdo|vlv1

Lqh!flhqw vkrsslqj wlph= Wkh qh{w glvwruwlrq lv vrphwlphv uhihuuhg wr
dv �vkrh ohdwkhu frvwv1� Exw lq rxu prgho/ lw lv uhdoo| �vkrsslqj wlph frvwv/�
dv lq PfFdooxp dqg Jrrgiulhqg ^4<{{`/ vlqfh lw lv lq wlph udwkhu wkdq jrrgv
xqlwv1 Xvlqj wkh qrwdwlrq deryh/ lw lv

�| '

] 1|

f

_� E%|c r|� +4:,

Iurp wkh vwdqgsrlqw ri rxu hfrqrp|/ yduldwlrqv lq �| zrun olnh d vkrfn wr
wkh hfrqrp|*v wlph hqgrzphqw1 Sxuvxlqj wkh �vfdo dqdorj| glvfxvvhg deryh/
wklv lv vlplodu wr d frqvfulswlrq +oxps vxp oderu wd{,1

Wkh zhgjh ri prqhwdu| lqh!flhqf|= Lq wudqvdfwlrqv0edvhg prqhwdu| prg0
hov/ wkhuh lv dovr dq h�hfw ri prqhwdu| srolf| rq wkh ixoo frvw ri frqvxpswlrq1
Ehjlqqlqj zlwk wkh h!flhqf| frqglwlrq +9,/ xvlqj wkh erqg h!flhqf| frqgl0
wlrq +<, wr holplqdwh wkh h{shfwdwlrqv whup dqg vxevwlwxwlqj rxw wkh sulflqj
ri wkh �qdo surgxfw xvlqj +46,/ zh duulyh dw d vlpsoh yhuvlrq ri wkh h!flhqf|
frqglwlrq iru frqvxpswlrq=

(�� ES|c ,|� ' b| d� n-| E�� 1|�o � +4;,

Wklv htxdwlrq h{suhvvhv wkh zhgjh ri prqhwdu| lqh!flhqf| dv wkh surgxfw ri
wkh qrplqdo lqwhuhvw udwh dqg wkh h{whqw ri prqhwl}dwlrq ri h{fkdqjh +��1|,1
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Sxuvxlqj wkh �vfdo srolf| dqdorj| glvfxvvhg deryh/ lw lv olnh d frqvxpswlrq
wd{ uhodwlyh wr wkh qrq0prqhwdu| prgho1

7 Rswlpdo srolf|
Rxu dqdo|vlv ri rswlpdo srolf| lv lq wkh wudglwlrq ri Udpvh| ^4<5;` dqg gudzv
khdylo| rq wkh prghuq olwhudwxuh rq rswlpdo srolf| lq g|qdplf hfrqrplhv
zklfk iroorzv iurp Oxfdv dqg Vwrnh| ^4<<6`1 Lq jhqhudo/ wkh lghd ri rswl0
pdo srolf| ghvljq lv iru wkh jryhuqphqw wr pd{lpl}h h{shfwhg xwlolw| vxemhfw
wr wkh frqglwlrqv ri g|qdplf htxloleulxp dqg wkh frqvwudlqwv rq lwv lqvwux0
phqwv1 Zrunlqj lq d g|qdplf frpshwlwlyh htxloleulxp vhwwlqj/ Oxfdv dqg
Vwrnh| vkrzhg wkh srzhu ri d pxowl0vwdjh dssurdfk1 Iluvw/ rqh ghwhuplqhv
wkh frqglwlrqv wkdw flufxpvfuleh frpshwlwlyh htxloleulxp iru duelwudu| srol0
flhv= lq wkhlu lqlwldo dqdo|vlv ri d uhdo hfrqrp| vxemhfw wr �vfdo vkrfnv/ wkh
uhohydqw frqglwlrqv zklfk lpsolflwo| ghwhuplqhg txdqwlwlhv dqg uhodwlyh sulfhv
lqfoxghg wkh h!flhqf| frqglwlrqv ri �upv dqg krxvhkrogv dv zhoo dv wkh uh0
vrxufh frqvwudlqwv ri wkh hfrqrp| soxv sulydwh dqg sxeolf exgjhw frqvwudlqwv1
Vhfrqg/ wkhvh frqglwlrqv zhuh pdqlsxodwhg wr holplqdwh doo wd{ udwhv dqg uho0
dwlyh sulfhv/ ohdylqj rqo| d jurxs ri frqvwudlqwv rq uhdo txdqwlwlhv1 Wklug/
wkh jryhuqphqw pd{lpl}hg h{shfwhg xwlolw| vxemhfw wr wkh frqvwudlqwv rq uhdo
txdqwlwlhv= wklv ghwhuplqhg d xqltxh sdwk iru uhdo txdqwlwlhv1 Irxuwk/ uhod0
wlyh sulfhv dqg wd{ udwhv zhuh ghwhuplqhg zklfk ohg wkhvh rxwfrphv wr eh wkh
uhvxow ri d g|qdplf frpshwlwlyh htxloleulxp1

Lq wklv sdshu/ dv lq Nlqj dqg Zropdq ^4<<<`/ zh dgrsw d vlplodu dssurdfk
wr dq hfrqrp| zklfk kdv uhdo dqg qrplqdo iulfwlrqv= prqrsrolvwlf frpsh0
wlwlrq/ sulfh vwlfnlqhvv dqg wkh frvwo| frqyhuvlrq ri zhdowk lqwr jrrgv wkdw
fdq eh dowhuhg e| prqh| kroglqj1 Wkh rxwolqh ri rxu pxowl0vwdjh dssurdfk
lv dv iroorzv1 Iluvw/ zh kdyh suhylrxvo| ghwhuplqhg wkh h!flhqf| frqglwlrqv
ri krxvhkrogv dqg �upv wkdw uhvwulfw g|qdplf htxloleuld lq rxu hfrqrp|/ dv
zhoo dv wkh ydulrxv exgjhw dqg uhvrxufh frqvwudlqwv1 Vhfrqg/ zh pdqlsxodwh
wkhvh htxdwlrqv wr ghwhuplqh d vpdoohu vxevhw ri uhvwulfwlrqv wkdw jryhuqv
uhdo txdqwlwlhv1 Krzhyhu/ iru ydulrxv uhdvrqv/ zh �qg lw frqyhqlhqw wr ohdyh
lq rqh uhodwlyh sulfh � wkh pxowlsolhu rq wkh krxvhkrogv exgjhw frqvwudlqw�
dqg wzr qrplqdo yduldeohv�wkh lq dwlrq udwh dqg wkh qrplqdo lqwhuhvw udwh�
lq wkh vxevhw ri htxdwlrqv1 Wklug/ zh pd{lpl}h h{shfwhg xwlolw| vxemhfw wr
wkhvh frqvwudlqwv1 Irxuwk/ zh �qg wkh uhpdlqlqj devroxwh sulfhv dqg prq0
hwdu| srolf| dfwlrqv zklfk ohdg wkhvh rxwfrphv wr eh wkh uhvxow ri g|qdplf
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htxloleulxp1:

714 Rujdql}lqj wkh uhvwulfwlrqv rq g|qdplf htxloleulxp

Zh ehjlq e| frpelqlqj wkh krxvhkrog*v �uvw0rughu frqglwlrqv zlwk uhwdlohuv*
}hur sur�w frqglwlrqv1 Xvlqj +<,/ +;, dqg +46, zh holplqdwh h{shfwdwlrqv iurp
+9, dqg +:,1

Y�ES|c ,|�

YS|
' b| E� n-| E�� 1|�� +4<,

b|-|S| '
Y�ES|c ,|�

Y,|
(� E1|� 1 +53,

Zh uhzulwh wkh Hxohu htxdwlrq +<, dv

b| ' q.|

�
b|n�

� n-|

�|n�

�
c +54,

zkhuh �| lv wkh jurvv lq dwlrq udwh=

�| ' �|*�|3��

Qh{w/ frpelqlqj htxdwlrqv +5, dqg +7, zh kdyh d frqvrolgdwhg wlph frqvwudlqw
iru wkh krxvhkrog lq +55,1

?| n ,| n

] 1|

f

_�| ' �1 +55,

Wkh frqvwudlqwv xsrq wkh srolf|pdnhu wkdw dulvh gluhfwo| iurp wkh krxvh0
krog ru uhwdlohuv duh +4<, 0 +55,1 Htxdwlrq +43, lv dq dvvhw0sulflqj htxdwlrq
wkdw ghwhuplqhv wkh uhdo vkduh sulfh/ �|/ wr hqvxuh wkdw wkh krxvhkrog krogv
wkh pdunhw sruwirolr wkhuhe| hqvxulqj wkdw lw uhfhlyhv doo sur�wv1 Dv vxfk/ zh
pd| ljqruh lw lq wkh dqdo|vlv ri rswlpdo srolf|1 Htxdwlrq +;, zloo eh xvhg wr
holplqdwh wkh uhdo zdjh lq wkh �up*v dvvhw0sulflqj htxdwlrq wr zklfk zh wxuq
qh{w1

:Zh gr qrw frqvlghu wkh srvvlelolw| wkdw rswlpdo srolf| pljkw lqyroyh udqgrpl}dwlrq/
dv vxjjhvwhg e| Gxsru ^4<<<`1
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Zh holplqdwh qrplqdo dqg zdjh whupv iurp wkh rswlpdo �up sulfh0vhwwlqj
htxdwlrq1 Pxowlso|lqj +49, e| � W

| dqg pdqlsxodwlqj wkh uhvxow xvlqj +;,/ +48,
dqg +47, zh kdyh +56,1

f ' .|

a3�[
�'f

q�/�f Eb|n�c +�c|n�c S|n�c ,|n�c }|n�c @|n�� +56,

zkhuh

f Ebc +�c Sc ,c }c @� '

%
E�� 0�

�
+�

Sn }

� 03�
0

bn 0
Y� ESc ,�

Y,

�

@

�
+�

Sn }

�&
ESn }� 1

Dv glvfxvvhg deryh/ lq dq| shulrg |/ E�� k�� iudfwlrq ri �upv wkdw vhw wkhlu
sulfhv � shulrgv djr/ � ' �c � � � c a � 2/ zloo eh xqdeoh wr uhvhw wkhlu sulfhv1
Dv d uhvxow/ wkhlu sulfh lq shulrg |/ � W

|3�/ lv xqfkdqjhg iurp wkhlu sulfh lq wkh
suhylrxv shulrg/ � W

|3E�3��1 Htxdwlrq +47, wkhq lpsolhv wkdw wkh ghpdqg iru
wkh rxwsxw ri vxfk �upv zloo hyroyh ryhu wlph dffruglqj wr

+�c|�
0
| ' +�3�c|3�

ES| n }|�

S|3� n }|3�
1 +57,

Wkdw lv= wkh sdvw ehkdylru ri ydulrxv uhdo txdqwlwlhv lv rqh zd| ri vxppdul}lqj
wkh sdvw qrplqdo sulfhv zklfk duh wkh qdwxudo vwdwh yduldeohv ri vwlfn| sulfh
prghov1

Qh{w/ qrwlqj ?| '
Sa3�

�'f /�?�| dqg xvlqj +48,/ zh �qg wkdw

@|?| '
a3�[
�'f

+�|1 +58,

Ilqdoo|/ wkh �qdo jrrgv surgxfwlrq ixqfwlrq lv rxu odvw frqvwudlqw1

ES| n }|� ' d
a3�[
�'f

/�+�|
03�
0 o

0
03� +59,
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715 Srvlqj wkh rswlpdo srolf| sureohp

Wzr ri wkh lpsohphqwdwlrq frqglwlrqv/ wkh krxvhkrog*v Hxohu htxdwlrq +54,
dqg wkh �up*v sulfh0vhwwlqj frqglwlrq +56, lqwurgxfh h{shfwdwlrqv ri ixwxuh
yduldeohv lqwr wkh wlph | frqvwudlqw vhw1 Wkxv wkh vhw ri ihdvleoh srolflhv iru
wkh prqhwdu| dxwkrulw| duh frqvwudlqhg e| wkh h{shfwdwlrqv ri wkh sulydwh
vhfwru1 Wkh xqxvxdo qdwxuh ri wkhvh frqvwudlqwv uhtxluhv xv wr uhirupxodwh
wkhp sulru wr vroylqj wkh rswlpdo prqhwdu| srolf| sureohp1 Zh ehjlq e|
lqwurgxflqj l| dqg x| dv wkh pxowlsolhuv iru +54, dqg +56,/ uhvshfwlyho|1 Wkh
rswlpdo srolf| sureohp wkhq vroyhv

4�?
tx&cl&�

"

&'f

4@ 
tc&�

"

&'f

.|

� "[
&'f

q&
�
� ES|n&c ,|n&� +5:,

nx&,|n&

%
a3�[
�'f

q�/�j Eb|n&n�c +�c|n&n�c S|n&n�c ,|n&n�c }|n&n�c @|n&n��

&

nl&,|n&

�
b|n& � E� n-|n&� q

b|n&n�
�|n&n�

���

zkhuh �& '
q
S|n&c 1|n&c ,|n&c ?|n&c b|n&c�|n&c -|n&c E+�c|n&�

a3�
�'f c

r
dqg wkh vr0

oxwlrq lv vxemhfw wr wkh frqvwudlqwv +4<, 0 +53,/ +55,/ +57, 0 +59, zlwk
E+fc|3�c � � � c +a32c|3�c S|3�c }|3�c -|3�c @|c }|c 5|� jlyhq lq hdfk shulrg & ' fc �c � � � 1

Wklv sureohp lv lqkhuhqwo| qrqvwdwlrqdu|1 N|godqg dqg Suhvfrww ^4<;3`
ehjdq wkh dqdo|vlv ri krz wr ghvfuleh vxfk sureohpv xvlqj uhfxuvlyh phwkrgv1
Lpsruwdqw uhfhqw zrun e| Pdufhw dqg Pdulprq ^4<<<` irupdoo| ghyhorsv d
uhfxuvlyh dssurdfk wr vxfk sureohpv1 Iroorzlqj wkhlu phwkrg/ zh frqyhuw
rxu g|qdplf rswlpl}dwlrq sureohp lqwr d uhfxuvlyh vdggohsrlqw sureohp1 Zh
uh0rujdqlvh wkh whupv lq +5:, lqyroylqj h{shfwdwlrqv ri ixwxuh yduldeohv dw
wlph |1 Jurxslqj h{shfwdwlrqv ri yduldeohv vkdulqj wkh vdph gdwh/ zh ds0
so| wkh odz ri lwhudwhg frqglwlrqdo h{shfwdwlrq1 Pruhryhu/ lq uh0rujdql}lqj
wkh frqvwudlqwv/ zh dgg whupv lqyroylqj yduldeohv gdwhg ehiruh shulrg | wr
hqvxuh wkdw wkh frqvwudlqwv lq wkh �uvw a � � shulrgv duh lghqwlfdo wr wkrvh
dsshdulqj lq vxevhtxhqw shulrgv1 Wklv uhtxluhv wkh lqwurgxfwlrq ri odjjhg
pxowlsolhuv lqwr wkh sureohp1 Dv lv zhoo nqrzq/ wkhvh odjjhg pxowlsolhuv hi0
ihfwlyho| frqyhuw d qrqvwdwlrqdu| sureohp lqwr d vwdwlrqdu| ru uhfxuvlyh rqh1
Wkh qrqvwdwlrqdulw| wkdw zrxog rwkhuzlvh dulvh ruljlqdwhv wkurxjk lqlwldo frq0
glwlrqv � khuh suhghwhuplqhg qrplqdo sulfhv � wkdw wkh prqhwdu| dxwkrulw|
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pd| h{sorlw1 Dxjphqwlqj wkh rswlpdo srolf| sureohp zlwk odjjhg pxowlsolhuv
grhv qrw qhfhvvdulo| holplqdwh wklv lqlwldo shulrg lvvxh/ wklv ghshqgv rq wkhlu
vwduwlqj ydoxhv1 Krzhyhu/ wkh lqwurgxfwlrq ri odjjhg pxowlsolhuv dv vwdwh ydul0
deohv grhv doorz xv wr dqdo|vh d uhfxuvlyh sureohp1 Zh irupxodwh wkh rswlpdo
prqhwdu| srolf| sureohp/ xqghu frpplwphqw/ dv vroylqj

4�?
tx&cl&�

"

&'f
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n
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q�x&3�/�j Eb|n&c +�c|n&c S|n&c ,|n&c }|n&c @|n&�

n

�
l& � l&3�

� n-|n&3�

�|n&

�
b|n&

�r

zkhuh �& lv xqfkdqjhg iurp +5:,/ wkh frqvwudlqwv duh +4<, 0 +53,/ +55,/ +57,
0 +59, dv ehiruh1 Krzhyhu/ lw lv qrz wkh fdvh wkdw�
+fc|3�c � � � c +a32c|3�c S|3�c }|3�c -|3�c @|c }|c 5|cx|3�c � � � cx|3Ea3��/ x|3�

�
lv jlyhq1

Qrwh wkdw +5;, grhv qrw frqwdlq frqvwudlqwv rq wkh fkrlfh ri fxuuhqw yduldeohv
wkdw lqyroyh wkh h{shfwdwlrqv ri ixwxuh txdqwlwlhv ru sulfhv1

716 Frpsxwdwlrq

Zh ghwhuplqh wkh h!flhqf| frqglwlrqv iru wkh srolf| pdnhu/ jlyhq wkh sure0
ohp srvhg lq wkh suhylrxv vxevhfwlrq1 Zh xvh wkhvh frqglwlrqv lq wzr zd|v1
Iluvw/ dvvxplqj fhuwdlqw|/ zh vroyh iru d vwhdg| vwdwh1 Vhfrqg/ zh olqhdul}h
durxqg wkh vwhdg| vwdwh lq rughu wr ghwhuplqh wkh qdwxuh ri uhvsrqvh wr ydu0
lrxv glvwxuedqfhv1

Diwhu zh fdofxodwh wkh vroxwlrq wr wkh rswlpdo srolf| sureohp/ lw lv dovr
gluhfw wr fdofxodwh wkh ydoxhv ri ydulrxv qrplqdo yduldeohv wkdw duh uhohydqw wr
prqhwdu| srolf|1 Iru h{dpsoh/ zh fdq vwxg| wkh ehkdylru ri wkh sulfh ohyho e|
h{sorlwlqj wzr dvshfwv ri wkh hfrqrp|1 Iluvw/ jlyhq wkdw wkh rswlpdo srolf|
sureohp ghwhuplqhv txdqwlwlhv/ zh fdq ghwhuplqh wkh uhodwlyh sulfh ri dq dg0
mxvwlqj �up/ Rf|/ xvlqj wkh ghpdqg ehkdylru ri uhwdlohuv +Rf| ' E+f|*+|�

3�*0,1
Vhfrqg/ zh fdq ghwhuplqh wkh ehkdylru ri wkh sulfh ohyho xvlqj wkh suhgh0
whuplqhg qrplqdo sulfhv/ wkh fxuuhqw uhodwlyh sulfh Rf|/ dqg wkh sulfh ohyho
+45, ghwhuplqhg lq rxu dqdo|vlv ri wkh uhwdlohu*v sureohp1 Jlyhq wkdw +5;,
ghwhuplqhv 1| dqg -|/ zh fdq dovr fdofxodwh wkh uhwdlo sulfh ohyho/ wkh uhdo
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txdqwlw| ri prqh|/ dqg wkh qrplqdo txdqwlw| ri prqh| wkdw duh dvvrfldwhg
zlwk wkh frqvwudlqhg rswlpdo srolf|1

8 Rswlpdo srolf| lq wzr vshfldo fdvhv
Lq wzr vshfldo fdvhv ri wkh prgho/ rqh fdq fkdudfwhul}h rswlpdo srolf| dqdo|w0
lfdoo|1 Rqh ri wkrvh fdvhv lv zhoo nqrzq= li sulfhv duh  h{leoh lw lv rswlpdo wr
htxdwh wkh sulydwh dqg vrfldo frvwv ri prqh| kroglqj/ zklfk phdqv nhhslqj
wkh qhw qrplqdo lqwhuhvw udwh htxdo wr }hur � wkh Iulhgpdq uxoh1 Lq wkh vhf0
rqg vshfldo fdvh/ wkh glvwruwlrqv dvvrfldwhg zlwk prqh| ghpdqg duh dvvxphg
wr eh duelwudulo| vpdoo1 Wkhuh zh fdq vkrz wkdw xqghu d idploldu hodvwlflw|
frqglwlrq rq suhihuhqfhv lw lv rswlpdo iru wkh sulfh ohyho wr eh frqvwdqw lq
uhvsrqvh wr surgxfwlylw| vkrfnv1

814 Ioh{leoh Sulfhv

Wr pdnh sulfhv  h{leoh/ vhw /f ' �� Wklv lpphgldwho| holplqdwhv wkh uhodwlyh
sulfh glvwruwlrqv/ vlqfh hyhu| �up fkdujhv wkh vdph sulfh1 Wkh pdunxs glv0
wruwlrq lv vwloo suhvhqw/ exw lw fdqqrw eh d�hfwhg e| wkh prqhwdu| dxwkrulw|=
wkh pdunxs lv frqvwdqw dfurvv wlph dqg dfurvv vwdwhv dw 0* E0� �� � Wkh rqo|
glvwruwlrqv wkdw wkh prqhwdu| dxwkrulw| fdq d�hfw duh vkrsslqj wlph dqg wkh
zhgjh ri prqhwdu| lqh!flhqf|1 ]hur qrplqdo lqwhuhvw udwhv holplqdwh erwk ri
wkhvh glvwruwlrqv/ khqfh }hur qrplqdo lqwhuhvw udwhv uhsuhvhqw rswlpdo srolf|1;

Wkh rqo| qryho ihdwxuh khuh lv wkdw wkh suhvhqfh ri prqrsrolvwlf frpshwlwlrq
pdnhv wkh Iulhgpdq uxoh rxwfrph vhfrqg0ehvw1 Lq d vhqvh/ wkh prqhwdu|
dxwkrulw| zrxog olnh wr pdnh wkh qrplqdo lqwhuhvw udwh qhjdwlyh/ wr r�vhw wkh
prqrsro| lqh!flhqf|1 Ri frxuvh wkh qrplqdo lqwhuhvw udwh fdqqrw eh qhjd0
wlyh1 Krzhyhu/ wklv lqfhqwlyh lpsolhv wkdw lq wkh ixoo prgho zlwk vwlfn| sulfhv/
lw pd| vwloo eh rswlpdo wr sxuvxh wkh Iulhgpdq uxoh1

815 Devhqfh ri Prqhwdu| Glvwruwlrqv

Li wkh wlph frvwv ri fuhglw duh vxfk wkdw wkh vkrsslqj wlph dqg prqhwdu|
zhgjh glvwruwlrqv ydqlvk uhjdugohvv ri wkh ohyho ri lqwhuhvw udwhv/ wkh frq0
glwlrqv ghvfulelqj rswlpdo srolf| vlpsoli| gudpdwlfdoo|1 Nlqj dqg Zropdq

;Froh dqg Nrfkhuodnrwd ^4<<;` glvfxvv srolflhv wkdw dfwxdoo| lpsohphqw wkh Iulhgpdq
uxoh1
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^4<<<` vkrzhg wkdw sulfh vwdelolw| lv rswlpdo lq wkh orqj uxq iru d sduwlfxodu
vshfl�fdwlrq ri suhihuhqfhv1 Lq idfw rqh fdq ghulyh d vkdushu uhvxow/ iru wkh
fdvh zkhuh jryhuqphqw vshqglqj lv devhqw1

Wr ghulyh wkh uhvxow/ zh surfhhg dv lq Dgdr/ Fruuhld dqg Whohv ^5333`1
Wkdw lv/ zh lpsrvh d frqvwdqw sulfh ohyho rq wkh htxdwlrqv ghvfulelqj rs0
wlpdo srolf|/ dqg h{dplqh wkh frqglwlrqv xqghu zklfk wkhvh htxdwlrqv duh
vdwlv�hg1 Wkh nh| lpsolfdwlrq ri d frqvwdqw sulfh ohyho dfurvv vwdwhv lv wkdw
wkh txdqwlwlhv surgxfhg e| �upv wkdw vhw wkhlu sulfhv dw gl�huhqw wlphv duh
lghqwlfdo1 Wkdw lv/ S�c| ' S| dqg ?�c| ' ?|1 Wklv lpsolfdwlrq doorzv xv wr ghulyh
wkh iroorzlqj frqglwlrq/ xqghu zklfk d frqvwdqw sulfh ohyho lv rswlpdo=

(| lv frqvwdqw dfurvv wlph dqg vwdwhv/

zkhuh

(| �
�
S � �SS
�S

� S � �S,
�,

�
� ?

,

�
, � �S,
�S

� , � �,,
�,

�
�

Wklv frqglwlrq lv fohduo| vdwlv�hg li suhihuhqfhv duh frqvwdqw hodvwlflw| dqg
vhsdudeoh ehwzhhq frqvxpswlrq dqg ohlvxuh1

9 Fkrlfh ri sdudphwhuv
Jlyhq wkh olplwhg dprxqw ri h{lvwlqj uhvhdufk rq rswlpdo prqhwdu| srolf|
xvlqj wkh dssurdfk ri wklv sdshu dqg wkh vwdunqhvv ri rxu prgho hfrqrp|/ zh
kdyh fkrvhq wkh sdudphwhuv zlwk wzr remhfwlyhv lq plqg1 Iluvw/ zh zdqw rxu
hfrqrp| wr eh dv uhdolvwlf dv srvvleoh vr wkdw zh fdoleudwh fhuwdlq sdudphwhuv
wr pdwfk fhuwdlq ihdwxuhv ri wkh X1V1 hfrqrp| dv glvfxvvhg ehorz1 Vhfrqg/
zh zdqw rxu hfrqrp| wr eh idploldu wr hfrqrplvwv zkr kdyh zrunhg zlwk
uhodwhg prghov ri exvlqhvv f|fohv/ �vfdo srolf|/ prqh| ghpdqg/ dqg vwlfn|
sulfhv1 Rxu ehqfkpdun sdudphwulf prgho lv dv iroorzv/ zlwk wkh wlph xqlw
wdnhq wr eh rqh txduwhu ri d |hdu=

914 Suhihuhqfhv

Zh dvvxph wkh xwlolw| ixqfwlrq lv orjdulwkplf/ zlwk d vkduh sdudphwhu fkrvhq
vr wkdw d uhdo hfrqrp| zrxog kdyh lqglylgxdov zrunlqj rqh0�iwk ri wkh wlph1
Zh dvvxph dovr wkdw wkh glvfrxqw idfwru lv vxfk wkdw wkhuh zrxog eh d rqh
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shufhqw uhdo lqwhuhvw udwh shu txduwhu +irxu shufhqw dqqxdo uhdo lqwhuhvw udwh,1

� ESc ,� ' *? Sn ��� *? E,�

q ' f�bb

Zh odwhu h{soruh vrph lpsolfdwlrqv ri d kljkhu oderu vxsso| hodvwlflw|/ dvvxp0
lqj wkdw � ESc ,� ' *? S n ���, zklfk pd| eh udwlrqdol}hg e| lqglylvleoh oderu
dv lq Urjhuvrq ^4<;;` dqg Kdqvhq ^4<;8`1

915 Prqrsro| srzhu

Wkhuh lv d vxevwdqwldo dprxqw ri glvsxwh derxw wkh h{whqw wr zklfk �upv
kdyh pdunhw srzhu1 Lq wklv dqdo|vlv/ zh dvvxph wkdw wkh pdunxs zrxog eh
43( ryhu pdujlqdo frvw lq d uhdo hfrqrp|/ dv vxjjhvwhg e| ydulrxv uhfhqw
vwxglhv1 Vlqfh wkh jurvv pdunxs lv > ' 0

03�
/ wklv lpsolhv wkdw

0 ' �f

Zh odwhu h{soruh vrph lpsolfdwlrqv ri d orzhu hodvwlflw| ri ghpdqg1

916 Glvwulexwlrq ri sulfh0vhwwhuv

D nh| dvshfw ri rxu hfrqrp| lv wkh h{whqw ri h{rjhqrxvo| lpsrvhg sulfh
vwlfnlqhvv1 Zh xvh d glvwulexwlrq vxjjhvwhg e| Zropdq ^5333`/ zklfk kdv
wkh iroorzlqj ihdwxuhv1 Iluvw/ lw lpsolhv wkdw �upv h{shfwhg d qhzo| vhw sulfh
wr uhpdlq lq h�hfw iru �yh txduwhuv1 Wkdw lv= wkh h{shfwhg gxudwlrq ri d
sulfh fkrvhq dw |/ zklfk lv k�� n E� � k��k22 n E� � k��E� � k2�k�� n ���
lv htxdo wr 81 Vhfrqg/ wklv hvwlpdwh lv frqvlvwhqw zlwk wkh uhfhqw hpslulfdo
zrun rq djjuhjdwh sulfh dgmxvwphqw g|qdplfv e| Jdol dqg Jhuwohu ^4<<<`
dqg Verugrqh ^4<<;`1 Wklug/ udwkhu wkdq dvvxplqj d frqvwdqw kd}dug k� ' k
dv lq wkh Fdoyr prgho/ rxu zhljkwv lqyroyh dq lqfuhdvlqj kd}dug/ zklfk lv
frqvlvwhqw zlwk dydlodeoh hpslulfdo hylghqfh dqg uhfhqw zrun rq fdoleudwhg
prghov ri vwdwh ghshqghqw sulflqj1 Wkh sduwlfxodu dgmxvwphqw suredelolwlhv
k� dqg wkh dvvrfldwhg glvwulexwlrq duh=

Wdeoh 4=
Sulfh dgmxvwphqw suredelolwlhv

dqg wkh dvvrfldwhg glvwulexwlrq zhljkwv
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f��bH f��bD f��He f��S� f��2D f�fH� f�fef f�f�2 f�ff�

Iru d glvwulexwlrq ri sulfh dgmxvwphqw/ zh fdq dovr fdofxodwh wkh dyhu0
djh djh ri d sulfh zklfk lv lq sodfh/

Sb
�'f �/�1 Wklv dyhudjh lv 516 iru wkh

ehqfkpdun sdudphwhul}dwlrq1
Zh h{soruh vrph lpsolfdwlrqv ri dvvxplqj pxfk juhdwhu sulfh  h{lelolw|

ehorz1

917 Fuhglw frvwv dqg wkh ghpdqg iru prqh|=

Lq rxu hfrqrp|/ wkh glvwulexwlrq ri fuhglw frvwv lpsolhv wkh irup ri wkh gh0
pdqg iru prqh|1 Vlqfh wkhuh kdv ehhq pxfk zrun rq wkh ghpdqg iru prqh|/
zh xvh wklv dvshfw ri wkh X1V1 gdwd wr uhvwulfw wkh sdudphwhuv ri wkh fuhglw
frvw ixqfwlrq1 Wkdw ixqfwlrq kdg wkh irup Df%

�*D� � D2czkhq wkh vkrfn whup

lv vhw wr }hur1 Rswlpdo fuhglw xvh lpsolhv wkdw 1 ' d
-S
�
nD2
Df

oD�/ zlwk wkh ghpdqg
iru prqh| wdnlqj wkh irup 6 ' SE�� 1�1 Rxu ehqfkpdun sdudphwhul}dwlrq
lv wkdw

Df ' f����c D� ' �*bc D2 ' f�f2eb�

Wkhvh sdudphwhuv zhuh vhohfwhg wr pdwfk wkuhh idfwv1
Iluvw/ dw fxuuhqw lqwhuhvw udwh ohyhov/ zh zdqwhg wr pdwfk fxuuhqf| krog0

lqjv e| X1V1 flwl}hqv +dv hvwlpdwhg e| Sruwhu dqg Mxgvrq ^4<<9` dqg vwxglhg
e| Mh�huvrq ^5333`, uhodwlyh wr djjuhjdwh frqvxpswlrq h{shqglwxuh rq qrq0
gxudeohv dqg vhuylfhv1 Rxu fdofxodwlrqv lqglfdwhg wkdw grphvwlfdoo|0khog fxu0
uhqf| zdv derxw rqh0vl{wk ri txduwhuo| h{shqglwxuh ryhu wkh sdvw whq |hduv
ru vr1 Htxlydohqwo|/ zh zdqwhg rxu prgho wr kdyh d frqvxpswlrq yhorflw|
ri d qduurz prqhwdu| djjuhjdwh ri S��2/ zklfk lv uhsuhvhqwdwlyh ri uhfhqw ri
uhfhqw X1V1 klvwru|1 E| xvlqj d qduurz prqhwdu| djjuhjdwh +dqg rqo| wkh
grphvwlfdoo| khog sruwlrq ri lw,/ zh kdyh d yhorflw| qxpehu zklfk lv pxfk
vpdoohu wkdq rwkhuv zklfk duh vrphwlphv hpsor|hg1 Iru h{dpsoh/ vlqfh rqo|
derxw rqh0kdoi ri fxuuhqf| lv khog grphvwlfdoo|/ rxu wdujhw iru 6*S zrxog
kdyh ehhq wzlfh dv kljk li zh kdg xvhg wrwdo fxuuhqf|1 Ixuwkhu/ li zh kdg
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xvhg d eurdghu prqhwdu| djjuhjdwh/ lw lv hdv| wr pdnh6*S h{fhhg rqh1 Wkxv/
rqh uhdfwlrq wr rxu sdudphwhuv lv wkdw wkh �prqh| lqwhqvlw|� ri rxu prgho
hfrqrp| lv wrr orz1 Krzhyhu/ qrwh wkdw rxu hfrqrp| zloo kdyh d w|slfdo lq0
glylgxdo kroglqj fxuuhqf| zlwk ydoxh ri pruh wkdq wzr zhhnv ri h{shqglwxuh
dw fxuuhqw lqwhuhvw udwh ohyhov1

Vhfrqg/ pdq| vwxglhv vxjjhvw wkdw wkh ghpdqg iru fxuuhqf| lv qrw wrr
vhqvlwlyh wr wkh qrplqdo lqwhuhvw udwh1 Zh fkrvh wkh sdudphwhuv deryh wr
pdnh wkh lqwhuhvw vhplhodvwlflw| ri prqh| ghpdqg urxjko| htxdo wr ���f1

Wklug/ zh zdqwhg wkh prqh| ghpdqg vwuxfwxuh qrw wr surgxfh ghprqh0
wl}dwlrq dw udwhv ri lq dwlrq ehorz 43 shufhqw shu txduwhu1 Rqh fdq fdofxodwh
wkdw wkhuh lv frpsohwh xvh ri fuhglw li -S

�
nD2 ' Df/ vr vhwwlqj d vshfl�f ohyho ri

wkh ghprqhwl}dwlrq lqwhuhvw udwh surylghv rqh uhvwulfwlrq rq wkh sdudphwhuv1
Wdnlqj doo ri wkhvh frqvlghudwlrqv lqwr dffrxqw/ rxu sdudphwhu fkrlfhv

lpso| wkdw wkh iudfwlrq ri jrrgv sxufkdvhg zlwk fuhglw lv f�He dw d vl{ shufhqw
dqqxdo lq dwlrq udwh1 Lw dovr lpsolhv wkdw wkh dprxqw ri wudqvdfwlrqv wlph
xvhg lv d yhu| vpdoo qxpehu +dssur{lpdwho| rqh kxqguhgwk ri d shufhqw
ri zrun wlph,1 Lq vrph ri wkh dqdo|vlv ehorz/ zh h{soruh wkh lpsolfdwlrqv
ri pdnlqj +d, wkh prqh| lqwhqvlw| kljkhu +6*S kljkhu, zkloh pdlqwdlqlqj
wkh vhpl0hodvwlflw|> +e, lqfuhdvlqj wkh vhpl0hodvwlflw| zkloh pdnh wkh prqh|
lqwhqvlw| kljkhu> dqg +f, udlvlqj erwk vlpxowdqhrxvo|1 Doo ri rxu h{shulphqwv/
krzhyhu/ lpso| wkdw wkhuh lv d uhodwlyho| vpdoo dprxqw ri wudqvdfwlrqv wlph1<

: Rswlpdo srolf| lq wkh orqj uxq
Wkh suhfhglqj glvfxvvlrq hvwdeolvkhg wzr uhihuhqfh srlqwv iru wklqnlqj derxw
rswlpdo srolf| lq wkh orqj uxq1 Wkh �uvw uhihuhqfh srlqw lv Iulhgpdq*v ^4<9<`
fhoheudwhg frqfoxvlrq wkdw wkh qrplqdo lqwhuhvw udwh vkrxog eh vx!flhqwo|
forvh wr }hur vr wkdw wkh sulydwh dqg vrfldo frvwv ri prqh|0kroglqj frlqflgh1
Dw wklv srlqw/ wkh hfrqrp| plqlpl}hv wkh frvwv ri ghfhqwudol}hg h{fkdqjh1

<Lq h{shulphqwv frqgxfwhg diwhu wklv frqihuhqfh gudiw zdv odujho| frpsohwh/ zh kdyh
frqfoxghg wkdw wklv dvshfw ri rxu prgho lv d uhvxow ri wkuhh edvlf idfwruv= rxu uhtxluhphqw
wkdw zh pdwfk f@p � 9=65 dw d vl{ shufhqw qrplqdo lqwhuhvw udwh> rxu uhtxluhphqw wkdw
wkhuh eh dq hodvwlflw| ri derxw 04 dw wkdw srlqw> dqg wkh ixqfwlrqdo irup wkdw zh kdyh
hpsor|hg1 Lq ixwxuh uhvhdufk/ zh sodq wr dowhu wkh ixqfwlrqdo irup vr wkdw zh fdq pdlqwdlq
wkh �uvw wzr idfwruv/ zlwkrxw uhtxlulqj wkdw wudqvdfwlrqv wlph eh vpdoo1 Zh dovr sodq wr
hvwlpdwh wkh sdudphwhuv ri wklv jhqhudol}hg ixqfwlrqdo irup xvlqj X1V1 wlph vhulhv gdwd/
exloglqj rq wkh hduolhu dqdo|vlv ri Oxfdv ^5333` dqg Zropdq ^4<<:` ri eurdghu prqhwdu|
djjuhjdwhv1
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Wkh vhfrqg uhihuhqfh srlqw lv dq dyhudjh udwh ri lq dwlrq ri }hur/ zklfk plq0
lpl}hv uhodwlyh sulfh glvwruwlrqv lq vwhdg| vwdwh= wklv lv wkhuhiruh wkh rswlpdo
orqj0uxq udwh lq wkh devhqfh ri wkh glvwruwlrqv zklfk Iulhgpdq kljkoljkwhg1
Lq wklv vhfwlrq/ zh grfxphqw wkh lqwxlwlyh frqfoxvlrq wkdw wkh orqj0uxq lq d0
wlrq udwh vkrxog eh qhjdwlyh � exw qrw dv qhjdwlyh dv vxjjhvwhg e| Iulhgpdq*v
dqdo|vlv � zkhq erwk vwlfn| sulfh dqg h{fkdqjh iulfwlrqv duh suhvhqw1

Lq sduwlfxodu/ zkhq zh vroyh wkh rswlpdo srolf| sureohp iru wkh ehqfk0
pdun prgho/ zh ghwhuplqh wkdw wkh dv|pswrwlf udwh ri lq dwlrq � wkh vwhdg|
vwdwh xqghu wkh rswlpdo srolf| � lv qhjdwlyh wzhqw|0�yh edvlv srlqwv +��2DI
dw dq dqqxdo udwh,1 Jlyhq wkdw zh dvvxph d vwhdg| vwdwh uhdo lqwhuhvw udwh ri
7 shufhqw +dv ghwhuplqhg e| wlph suhihuhqfh,/ wkh orqj0uxq udwh ri qrplqdo
lqwhuhvw lv ��.DI1 Khqfh/ wkh orqj uxq pruh forvho| uhvhpeohv wkh }hur lq0
 dwlrq fdvh wkdq lw grhv wkh Iulhgpdq uxoh xqghu wkh ehqfkpdun sdudphwhu
ydoxhv1

Wklv uhvxow udlvhv wzr vhwv ri txhvwlrqv1 Iluvw/ krz gr wkh irxu glvwruwlrqv
lvrodwhg hduolhu lq wkh sdshu frqwulexwh wr wklv �qglqjB Vhfrqg/ krz gr
yduldwlrqv dzd| iurp wkh ehqfkpdun sdudphwhu ydoxhv d�hfw wkh rswlpdo
orqj0uxq lq dwlrq udwhB Hdfk ri wkhvh txhvwlrqv lv dgguhvvhg lq d vxevhfwlrq
ehorz1

:14 Ehklqg wkh ehqfkpdun orqj0uxq lq dwlrq udwh

Lq rughu wr orrn ehklqg wkh ehqfkpdun }hur lq dwlrq vwhdg|0vwdwh/ zh wklqn
lw lv xvhixo wr wdnh wkuhh vwhsv1 Iluvw/ zh frqvlghu krz wkh hfrqrp| zrxog
zrun lq wkh }hur0lq dwlrq vwhdg| vwdwh/ hyhq li wklv lv qrw rswlpdo1 Vhfrqg/
zh frqvlghu uhhydoxdwlqj wkh rswlpdo srolf| sureohp li rqh ru pruh ri rxu
irxu glvwruwlrqv lv holplqdwhg dv d frqvlghudwlrq iru wkh prqhwdu| dxwkrulw|1
Wklug/ kdylqj lvrodwhg uhodwlyh sulfh glvwruwlrqv dv d nh| ihdwxuh xqghu wklv
ehqfkpdun vhw ri sdudphwhu ydoxhv/ zh orrn ixuwkhu lqwr krz wkhvh glvwruwlrqv
ghshqg rq wkh vwhdg| vwdwh udwh ri lq dwlrq1

:1414 Wkh +vxerswlpdo, }hur lq dwlrq vwhdg| vwdwh

Li wkhuh lv }hur lq dwlrq lq wkh ehqfkpdun hfrqrp|/ wkhq lw lv uhodwlyho| hdv|
wr ghwhuplqh wkh ohyhov ri wkh irxu glvwruwlrqv1

Ohw xv vwduw e| frqvlghulqj wkh h�hfwv ri ri vwlfn| sulfhv dqg lpshu0
ihfw frpshwlwlrq= Wkh pdunxs lv htxdo wr wkdw zklfk suhydlov lq wkh vwdwlf
prqrsro| sureohp/ > ' 0

03�
' ���f vr wkdw sulfh lv whq shufhqw kljkhu wkdq
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uhdo pdujlqdo frvw lq wkh vwhdg|0vwdwh1 Wkhuh duh qr uhodwlyh sulfh glvwruwlrqv
� doo �upv duh fkdujlqj wkh vdph/ xqfkdqjlqj sulfh � W� vr wkdw B ' �1 Lq
wklv vlwxdwlrq/ wkh qrplqdo dqg uhdo lqwhuhvw udwhv duh hdfk htxdo wr 7( shu
dqqxp1 Wkh sdudphwhuv ri wkh fuhglw frvw whfkqrorj| lpso| wkdw ;7 shufhqw
ri wudqvdfwlrqv duh �qdqfhg zlwk fuhglw +1 ' �He, dqg wkdw wkh udwlr ri uhdo
prqh| wr frqvxpswlrq lv derxw 4915 shufhqw1

Ohw xv qh{w frqvlghu wkh h�hfwv ri frvwo| h{fkdqjh ri zhdowk iru jrrgv=
Wkh zhgjh ri prqhwdu| lqh!flhqf| lv srvlwlyh/ exw uhodwlyho| vpdoo lq wklv
vwhdg| vwdwh1 Lw lv fdofxodwhg iurp wkh deryh glvfxvvlrq dv

E� n E�� 1� �-� ' E� n E�� �He� � �f�� ' ��ff�S

zkhuh wkh fdofxodwlrq ri wkh zhgjh xvhv wkh txduwhuo| qrplqdo lqwhuhvw udwh
1341 Iurp wkh glvfxvvlrq deryh/ zh nqrz wkdw wkh wlph frvw � lv dq h{wuhpho|
vpdoo qxpehu1 Dw }hur lq dwlrq/ wlph frvwv dvvrfldwhg zlwk xvh ri fuhglw duh
ohvv wkdq rqh kxqguhgwk ri d shufhqw ri oderu wlph1

Hyhq wkrxjk wkh glvwruwlrqv dvvrfldwhg zlwk prqh| ghpdqg duh vpdoo dw
}hur lq dwlrq/ d prqhwdu| dxwkrulw| pd{lpl}lqj vwhdg|0vwdwh zhoiduh zrxog
qrqhwkhohvv fkrrvh d orzhu wkh udwh ri lq dwlrq/ iru wkh uhdvrqv vwuhvvhg e|
Iulhgpdq ^4<9<`1

:1415 Rswlpdo lq dwlrq zlwk ihzhu glvwruwlrqv

Zh qrz lpdjlqh dowhulqj wkh prqhwdu| dxwkrulw|*v sureohp � uhodwlyh wr wkh
ehqfkpdun fdvh � e| vhohfwlyho| holplqdwlqj rqh ru pruh glvwruwlrqv1 Iru
vrph ri wkhvh prgl�fdwlrqv/ wkhuh lv dq hdv| hfrqrplf lqwhusuhwdwlrq ri rxu
prgl�hg sureohp1 Iru h{dpsoh/ li zh dvvxph � dv lq Nlqj dqg Zropdq
^4<<<` � wkdw wkhuh lv lqwhuhvw rq prqh| dw mxvw ehorz wkh pdunhw udwh wkhq
wkhuh duh qr prqh| ghpdqg glvwruwlrqv +qr zhgjh dqg qr uhvrxufh frvwv,1
Exw wr wudfn grzq wkh ruljlqv ri wkh ehqfkpdun lq dwlrq udwh/ lw lv vrphwlphv
qhfhvvdu| wr frqvlghu rwkhu pruh devwudfw/ prgl�fdwlrqv1 Wdeoh 5 vkrzv wkh
h�hfw ri ydulrxv prgl�fdwlrqv ri wkh pl{ ri glvwruwlrqv1

Zk| lv glvlq dwlrq ghvludeohB Vwduwlqj zlwk wkh }hur lq dwlrq vwhdg|
vwdwh udwh ri lq dwlrq/ wkh Wdeoh vkrzv wkdw erwk wkh zhgjh ri prqhwdu|
lqh!flhqf| dqg wlph frvwv sod| d uroh lq uhgxflqj wkh lq dwlrq udwh iurp }hur
wr wkh ehqfkpdun ohyho ri 0158(1

Qr yduldwlrq lq wkh zhgjh ri prqhwdu| lqh!flhqf|= Rxu glvfxvvlrq ri
wkh zhgjh ri prqhwdu| lqh!flhqf| vwuhvvhg wkdw lw fdswxuhg wkh ixoo sulfh ri
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frqyhuwlqj zhdowk lqwr �qdo jrrgv frqvxpswlrq/ vr wkdw lw zdv wkh surgxfw
ri wkh lqwhqvlw| ri prqhwdu| h{fkdqjh E� � 1� dqg wkh rssruwxqlw| frvw ri
kroglqj prqh| -1 Zh qrz h{soruh wkh lpsolfdwlrqv ri holplqdwlqj wklv zhgjh
iru wkh rswlpdo udwh ri lq dwlrq1 Phfkdqlfdoo|/ zh �{ wkh zhgjh dw }hur dqg
uhvroyh wkh prqhwdu| dxwkrulw|*v rswlpdo srolf| sureohp1 Rqh udwlrqdol}dwlrq
ri wklv surfhgxuh lv wkdw wkhuh lv d frqvxpswlrq vxevlg|/ lqwurgxfhg lqwr wkh
krxvhkrog*v sureohp dqg wkhq ydulhg lq d pdqqhu wkdw zrxog qhxwudol}h wkh
zhgjh ri prqhwdu| lqh!flhqf|/ l1h1/

E� n E�� 1|� �-|�E� n � S|� ' �

Wdeoh 5 vkrzv wkdw wkhuh lv d vljql�fdqw lq xhqfh ri wklv glvwruwlrq rq wkh
rswlpdo orqj0uxq udwh ri lq dwlrq1 Li lw lv holplqdwhg e| lwvhoi/ wkhq wkh
lq dwlrq udwh ulvhv iurp 0158( wr 0143(/ vr wkdw wkh zhgjh dffrxqwv iru ryhu
rqh0kdoi ri wkh ghyldwlrq iurp }hur lq dwlrq1

Uhvrxufh frvwv ri fuhglw= Zh fdq vlploduo| holplqdwh wkh uhvrxufh frvwv ri
fuhglw xvdjh iurp wkh rswlpdo srolf| sureohp1 Deryh/ zh xvhg wkh lghd wkdw
wkh zhgjh ri prqhwdu| lqh!flhqf| lv olnh d wd{/ vr wkdw lw frxog eh qhxwudol}hg
e| d frxqwhuydlolqj wd{1 Lq wklv fdvh/ zh pxvw hqylvlrq d shuwxuedwlrq ri wkh
hfrqrp|*v uhvrxufh frqvwudlqw vr wkdw dv wkh lq dwlrq udwh lv ydulhg wkhuh duh
qr h�hfwv rq wkh hfrqrp|*v rssruwxqlwlhv iru zrun dqg ohlvxuh1 Wkdw lv= zh
pxvw ylhz wkh uljkw0kdqg vlgh ri

,| n ?| ' �� �|

dv lqyduldqw wkh srolf|pdnhu*v fkrlfhv1 Rqh srvvleoh lqwhusuhwdwlrq lv wkdw d
�vfdo dxwkrulw| lv dgmxvwlqj wkh h{whqw ri d oxps0vxp frq�vfdwlrq ri wlph wr
dffrpsolvk wklv holplqdwlrq ri uhvrxufh frvwv ri fuhglw xvdjh1

Li zh holplqdwh wkh uhvrxufh frvwv e| wkhpvhoyhv/ wkhq wkh lq dwlrq udwh
ulvhv iurp 0158( wr 0148(/ vr wkdw wlph frvwv dffrxqw iru vrphzkdw ohvv wkdq
rqh0kdoi ri wkh ghyldwlrq iurp wkh }hur lq dwlrq srvlwlrq1

Zk| lv wkhuh ohvv gh dwlrq wkdq dw wkh Iulhgpdq UxohB Li sulfhv
duh  h{leoh/ wkhq wkh Iulhgpdq uxoh lv rswlpdo hyhq wkrxjk wkhuh lv lpshuihfw
frpshwlwlrq1 Lq idfw/ Jrrgiulhqg ^4<<:` qrwhv wkdw d srvlwlyh pdunxs pdnhv
wkh fdvh vwurqjhu lq d vhqvh ehfdxvh wkh dgglwlrqdo oderu vxsso| lqgxfhg e|
ghfolqhv lq wkh zhgjh dqg wlph frvwv |lhog d vrfldo pdujlqdo surgxfw ri oderu
zklfk h{fhhgv wkh uhdo zdjh1
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Wr hydoxdwh zk| wkhuh lv d ehqfkpdun udwh ri lq dwlrq ri 0158( shu dqqxp
� dv rssrvhg wr d Iulhgpdq uxoh ohyho ri 07( shu dqqxp � lw lv qhfhvvdu| wr
holplqdwh hlwkhu wkh uhodwlyh sulfh glvwruwlrq ru wkh pdunxs glvwruwlrq1 Zh
vxssrvh wkdw wkh srolf| pdnhu fdqqrw dowhu wkh dyhudjh pdunxs ri �upv/ exw
fdq lq xhqfh doo ri wkh rwkhu glvwruwlrqv1 Zk| pljkw wklv eh wkh fdvhB Zh
kdyh vwuhvvhg wkdw wkh pdunxs dfwv olnh d vdohv wd{/ vr rqh srvvlelolw| lv wkdw
dq h{solflw vdohv wd{ lv ohylhg rq lqwhuphgldwh jrrgv surgxfhuv dqg wkdw lw lv
ydulhg vr wkdw

E� n � �|�
�

>|
'

0

0� �

l1h1/ vr wkdw wkh pdunxs dozd|v vwd|v dw lwv }hur lq dwlrq ohyho +wkh ohyho dovr
frqvlvwhqw zlwk lpshuihfw frpshwlwlrq exw qr sulfh vwlfnlqhvv,1

Zlwk wkh pdunxs glvwruwlrq �{hg/ Wdeoh 5 vkrzv wkdw wkhuh lv d voljkwo|
pruh qhjdwlyh udwh ri lq dwlrq1 Wklv �qglqj lv frqvlvwhqw zlwk uhvxowv ri
suhylrxv vwxglhv zklfk grfxphqwhg wkdw wkh dyhudjh pdunxs +l, lv ghfuhdvlqj
lq wkh lq dwlrq udwh qhdu }hur lq dwlrq> dqg +ll, grhv qrw uhvsrqg lpsruwdqwo|
wr yduldwlrqv lq wkh lq dwlrq udwh qhdu }hur lq dwlrq1 Wkh �uvw �qglqj ri wkh
suhylrxv vwxglhv h{sodlqv zk| holplqdwlqj wkh glvwruwlrq pdnhv wkh rswlpdo
lq dwlrq udwh pruh qhjdwlyh/ vlqfh wkh prqhwdu| dxwkrulw| grhv qrw hqfrxqwhu
dq lqfuhdvlqj pdunxs lq wkh prgl�hg sureohp dv lw orzhuv wkh lq dwlrq udwh
iurp d vwduwlqj srlqw ri }hur1 Wkh vhfrqg �qglqj h{sodlqv zk| wkh h�hfw lv
d vpdoo rqh txdqwlwdwlyho|= vlqfh wkh sulfh dgmxvwphqw ghflvlrqv ri �upv duh
iruzdug0orrnlqj/ wkh pdunxs lv qrw wrr d�hfwhg e| wkh wuhqg udwh ri lq dwlrq1

:1416 Dvvhvvlqj Uhodwlyh Sulfh Glvwruwlrqv

Jlyhq wkdw uhodwlyh sulfh glvwruwlrqv sod| d pdmru uroh lq wkh ghwhuplqdwlrq ri
wkh vwhdg|0vwdwh lq dwlrq udwh/ lw lv ghvludeoh wr lqyhvwljdwh pruh forvho| krz
wkhvh ghshqg rq wkh h{whqw ri sulfh vwlfnlqhvv dqg rwkhu idfwruv1 Wkhuh duh
wkuhh lqjuhglhqwv ri wkh uhodwlrqvkls ehwzhhq B dqg wkh lq dwlrq udwh1 Iluvw/
lq dq lq dwlrqdu| vwhdg|0vwdwh/ uhodwlyh sulfhv duh olqnhg wrjhwkhu e|
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zkhuh � lv wkh jurvv lq dwlrq udwh1 Vhfrqg/ wkh gh�qlwlrq ri wkh sulfh ohyho
lpsolhv wkdw

� ' d
a[

�'f

/�E��|*�|�
�30 ' R�30f d

a[
�'f

/��
�E03��o

zkhuh wkh vhfrqg olqh lqyroyhv wkh xvh ri wkh vwhdg|0vwdwh ehkdylru ri uhodwlyh
sulfhv1 Wklv htxdwlrq lpsolflwo| ghwhuplqhv Rf dv d ixqfwlrq ri �1 Wklug/ wkh
B phdvxuh pd| eh zulwwhq dv

B| ' d
a[

�'f

/�E��|*�|�
30o ' R30f d

a[
�'f

/��
�0o

zkhuh wkh vhfrqg htxdolw| djdlq iroorzv iurp xvlqj wkh vwhdg|0vwdwh uhodwlyh
sulfhv1

Wkhvh h{suhvvlrqv fdq eh xvhg wr dssur{lpdwh wkh vwhdg|0vwdwh phdvxuh
ri uhodwlyh sulfh glvwruwlrqv dv

*L}EB� � �0�

2
E�� ��2c

zkhuh � '
Sa

�'f �
2/�� d

Sa
�'f �/�o

2 lv d phdvxuh ri wkh yduldqfh ri wkh �djh�
ri sulfhv1 Wkh txdolw| ri wklv dssur{lpdwlrq fdq eh hydoxdwhg vlqfh lw lv
srvvleoh wr fdofxodwh B h{dfwo| dqg zh kdyh irxqg wkdw lw lv txlwh dffxudwh
iru lq dwlrq udwhv ehwzhhq 04( dqg 43(/ zklfk zrxog fruuhvsrqg wr dqqxdo
lq dwlrq udwhv ri 07( wr 73(1

Wklv vlpsoh h{suhvvlrq kdv d qxpehu ri lqwxlwlyh ihdwxuhv1 Iluvw/ iru vpdoo
fkdqjhv lq wkh lq dwlrq udwh qhdu }hur/ wkhuh lv qr h�hfw rq wkh phdvxuh
ri uhodwlyh sulfh glvwruwlrqv143 Iru wklv uhdvrq/ lw lv qdwxudo wr frqmhfwxuh
wkdw wkhuh zloo dozd|v eh gh dwlrq lq d vhwwlqj zklfk frpelqhv vwlfn| sulfhv
dqg prqrsrolvwlf frpshwlwlrq zlwk wkh frvwo| frqyhuvlrq ri zhdowk lqwr frq0
vxpswlrq/ dowkrxjk d pdunxs zklfk ghfuhdvhv zlwk lq dwlrq fdq surylgh d
glvlqfhqwlyh iru gh dwlrq1 Vhfrqg/ glvwruwlrqv duh odujhu li wkhuh lv juhdwhu
glvsdulw| ehwzhhq �upv1 Wklug/ glvwruwlrqv duh odujhu li wkhuh lv d odujhu gh0
pdqg hodvwlflw|/ zklfk phdqv wkdw wkh lq dwlrq0lqgxfhg fkdqjhv lq uhodwlyh
sulfhv kdyh d odujhu h�hfw rq wkh glvwulexwlrq ri rxwsxw dfurvv �upv1

Wkh uhodwlyh sulfh glvwruwlrq lpsolfdwlrqv ri vrph frpprqo| hpsor|hg
prghov ri sulfh dgmxvwphqw gxh wr Wd|oru ^4<;3` dqg Fdoyr ^4<;6` duh hdvlo|

43 C orj+�w,
C� � �%y+�� 4, / zklfk lv }hur dw �@4
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hydoxdwhg xvlqj wklv irupxod1 Hdfk ri wkhvh prghov kdv d vlqjoh sdudphwhu
zklfk ghwhuplqhv wkh glvwulexwlrq ri sulfhv e| djh1 Iru wkh Wd|oru prgho/
lw lv wkh ohqjwk wkdw hyhu| �up*v sulfh lv khog �{hg/ a / dqg wkh phdq lv
d
Sa

�'f �/�o '
�
a
d
Sa

�'f �o '
a3�
2
1 Iru wkh Fdoyr prgho/ lw lv wkh suredelolw| ri

sulfh dgmxvwphqw/ k/ dqg wkh phdq lv d
Sa

�'f �/�o ' kd
Sa

�'f �E��k��o ' �3k
k
1

Ixuwkhu/ ohwwlqj wkh phdq eh � lw fdq eh vkrzq wkdw wkh yduldqfh phdvxuhv
wdnh rq wkh ydoxhv � ' �

�
E�n��� iru wkh Wd|oru prgho dqg � ' E�n��� iru wkh

Fdoyr prgho1 Dffruglqjo|/ li wkh dyhudjh djh ri sulfhv lv derxw 7 txduwhuv/ dv
vxjjhvwhg e| wkh hvwlpdwhv ri Jdol dqg Jhuwohu ^4<<<` xvlqj wkh Fdoyr prgho/
wkhq � ' 2f1 E| frqwudvw/ d �yh txduwhu Wd|oru prgho � zklfk lpsolhv wkdw
d
Sa

�'f �/�o ' 2 � zrxog kdyh � ' 21 Wkhvh wzr frpprq prghov vxjjhvw txlwh
gl�huhqw frvwv ri glvlq dwlrq dw wkh Iulhgpdq uxoh udwh/ li wklv lv dvvxphg/
dv lq wkh edodqfh ri rxu dqdo|vlv/ wr eh 07( shu dqqxp +04( shu txduwhu,
vr wkdw � � � ' �f�1 Zlwk d ghpdqg hodvwlflw| ri 0 ' �f wkhq wkh irupxod
lpsolhv wkdw

*L}EB� � �0�

2
E�� ��2 � ��f � 2f

2
E�f��2 ' �f�

ru 4( ri vwhdg|0vwdwh frqvxpswlrq iru wkh Fdoyr vshfl�fdwlrq1 E| frqwudvw/
zlwk wkh �yh txduwhu Wd|oru vwuxfwxuh/ wkh zhoiduh frvw lv rqo| 14(1

Rxu ehqfkpdun sdudphwhul}dwlrq lpsolhv wkdw
Sa

�'f �/� ' 2�� dqg � 'Sa
�'f �

2/�� d
Sa

�'f �/�o
2 ' ���/ vr wkdw wkh B olhv ehwzhhq wkh h{dpsoh ydoxhv

jlyhq deryh= lw lv ��SDI1 Wkh uhodwlyh sulfh glvwruwlrq dw wkh Iulhgpdq uxoh
lv wkxv odujh +phdvxuhg lq whupv ri rxwsxw, frpsduhg wr wkh prqh| ghpdqg
glvwruwlrqv dw }hur lq dwlrq +glvfxvvhg deryh,1 Lw lv qrw vxusulvlqj wkhq wkdw
wkh vroxwlrq wr wkh rswlpdo srolf| sureohp sxwv lq dwlrq pxfk forvhu wr
}hur wkdq wr wkh Iulhgpdq uxoh +wklv uhdvrqlqj lv lqirupdo/ dv wkh prqhwdu|
dxwkrulw| edodqfhv pdujlqdo glvwruwlrqv,1

:15 Vhqvlwlylw| Dqdo|vlv

Zh qrz h{soruh wkh vhqvlwlylw| ri wkh vwhdg|0vwdwh udwh ri lq dwlrq wr ydulrxv
vwuxfwxudo ihdwxuhv ri wkh prgho1

� Prqrsro| srzhu= ghfuhdvlqj wkh ghpdqg hodvwlflw| +0, wr 7 ohdgv wr
d odujhu gh dwlrq/ ��2I shu |hdu1 Wklv lv wr eh h{shfwhg/ jlyhq wkh
h{suhvvlrq ghulyhg deryh iru wkh uhodwlyh sulfh glvwruwlrq= ghfuhdvlqj
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0 e| d idfwru ri 317 jhqhudwhv d fruuhvsrqglqj ghfuhdvh lq wkh uhodwlyh
sulfh glvwruwlrq dw dq| lq dwlrq udwh1 Wkh prqh| ghpdqg glvwruwlrqv
ehfrph uhodwlyho| pruh lpsruwdqw/ sxvklqj wkh rswlpxp forvhu wr wkh
Iulhgpdq uxoh1

� Oderu vxsso| hodvwlflw|= zlwk lq�qlwh oderu vxsso| hodvwlflw|/ srolf|
pryhv mxvw d elw forvhu wr wkh Iulhgpdq uxoh> vwhdg| vwdwh kdv �2 edvlv
srlqwv ri gh dwlrq shu |hdu1

� Vkduh ri jryhuqphqw vshqglqj= lq rxu ehqfkpdun fdoleudwlrq/ wkhuh lv
qr jryhuqphqw vshqglqj lq wkh vwhdg| vwdwh1 Li wkh vkduh ri jryhuq0
phqw vshqglqj ulvhv wr wkluw| shufhqw/ wkh vwhdg| vwdwh pryhv wrzdug
}hur lq dwlrq � lw lqyroyhv gh dwlrq ri �H edvlv srlqwv shu |hdu1 Zh
frqmhfwxuh wkdw wklv rffxuv ehfdxvh dq lqfuhdvh lq jryhuqphqw vshqg0
lqj uhgxfhv wkh oderu vxsso| hodvwlflw| lq uhvsrqvh wr d fkdqjh lq wkh
uhdo zdjh +rxu vshfl�fdwlrq lpsolhv wkdw wkh ohlvxuh ghpdqg hodvwlflw|
lv htxdo wr qhjdwlyh rqh dqg wkh oderu vxsso| hodvwlflw| lv �,*? wlphv
wklv ydoxh> dq lqfuhdvh lq } udlvhv wkh ohyho ri ? dqg orzhuv wkh ohyho ri
,/ wkxv orzhulqj wklv hodvwlflw| rq erwk frxqwv,1

� Lqwhuhvw hodvwlflw| ri prqh| ghpdqg +orrvho|,= zh fkdqjh wkh sdudph0
whuv ri wkh ixqfwlrq _� E%� vr wkdw lq d vwhdg| vwdwh zlwk d vl{ shufhqw
qrplqdo lqwhuhvw udwh wkh lqwhuhvw vhpl0hodvwlflw| ri prqh| ghpdqg lv
�ec zlwk yhorflw| uhpdlqlqj uhodwlyho| kljk/ dw D�S� Wklv uhvxowv lq dq
rswlpdo vwhdg| vwdwh zlwk gh dwlrq ri .f edvlv srlqwv shu |hdu1

� Yhorflw| ri prqh| +orrvho|,= zh fkdqjh wkh sdudphwhuv ri wkh ixqfwlrq
_� E%� vr wkdw lq d vwhdg| vwdwh zlwk d vl{ shufhqw qrplqdo lqwhuhvw
udwh yhorflw| lv 4148/ zlwk wkh lqwhuhvw vhpl0hodvwlflw| ri prqh| ghpdqg
uhpdlqlqj orz/ dw ����� Wklv uhvxowv lq dq rswlpdo vwhdg| vwdwh zlwk
gh dwlrq ri ��DI shu |hdu1

� Lqwhuhvw hodvwlflw| dqg yhorflw|= zh fkdqjh wkh sdudphwhuv ri wkh ixqf0
wlrq _� E%� vr wkdw lq d vwhdg| vwdwh zlwk d vl{ shufhqw qrplqdo lqwhuhvw
udwh yhorflw| lv 4185 dqg wkh lqwhuhvw vhpl0hodvwlflw| ri prqh| ghpdqg lv
�2�D� Wklv uhvxowv lq dq rswlpdo vwhdg| vwdwh zlwk gh dwlrq ri ��.2I shu
|hdu1

� Sulfh vwlfnlqhvv= zh fkdqjh wkh glvwulexwlrq ri sulfhv E/� wr ^f�ec f��Dc f�2D`1
Zlwk wklv glvwulexwlrq/ wkh h{shfwhg gxudwlrq ri d qhzo| dgmxvwhg sulfh
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lv 2�D txduwhuv1 Wkh rswlpdo gh dwlrq udwh lv ��2I1

; G|qdplfv xqghu rswlpdo srolf|
Zh qrz glvfxvv wkh g|qdplfv ri wkh prgho xqghu rswlpdo srolf|/ orfdo wr wkh
ehqfkpdun vwhdg| vwdwh ghvfulehg deryh1 Lpsxovh uhvsrqvh ixqfwlrqv duh suh0
vhqwhg iru wkuhh vkrfnv= wr wkh ohyho ri surgxfwlylw|/ wr jryhuqphqw vshqglqj
+djjuhjdwh ghpdqg,/ dqg wr wkh glvwulexwlrq ri fuhglw frvwv +prqh| ghpdqg,1
Zh dovr frpsduh wkh g|qdplfv xqghu rswlpdo srolf| wr zkdw rffxuv xqghu
wzr vlpsoh srolf| uxohv/ dqg lqyhvwljdwh wkh urexvwqhvv ri wkh ehqfkpdun
g|qdplfv wr d fkdqjh lq wkh sdudphwhuv jryhuqlqj prqh| ghpdqg1

;14 Uhvsrqvhv wr wkuhh vkrfnv

Iljxuhv 4/ 5 dqg 6 looxvwudwh krz wkh hfrqrp| ehkdyhv xqghu rswlpdo srolf| lq
uhvsrqvh wr shuvlvwhqw vkrfnv wr surgxfwlylw|/ djjuhjdwh ghpdqg/ dqg prqh|
ghpdqg1 Dv d uhihuhqfh srlqw lq wkhvh �jxuhv/ zh sorw wkh ehkdylru ri uhdo
yduldeohv wkdw zrxog rffxu lq d uhdo yhuvlrq ri wkh prgho � zlwk  h{leoh sulfhv
dqg qr prqh| ghpdqg glvwruwlrqv1 Iru hdfk ri wkhvh vkrfnv/ wkhuh lv vrph
pryhphqw lq wkh sulfh ohyho/ exw lw lv qhjoljleoh1 Zlwk sulfhv uhodwlyho| vwdeoh/
lw iroorzv wkdw wkh uhdo dqg qrplqdo lqwhuhvw udwhv hvvhqwldoo| pryh wrjhwkhu1

Zlwk uhvshfw wr wkh prqh| ghpdqg vkrfn/ lw pd| vhhp vxusulvlqj wkdw
uhdo yduldeohv pryh dw doo1 Frqyhqwlrqdo zlvgrp +h1j1/ Srroh ^4<:3`, krogv
wkdw prqhwdu| srolf| vkrxog vprrwk wkh qrplqdo lqwhuhvw udwh lq uhvsrqvh wr
prqh| ghpdqg vkrfnv dqg doorz wkh txdqwlw| ri prqh| wr dgmxvw wr wkh qhz
ghpdqg1 Krzhyhu/ wkdw frqyhqwlrqdo zlvgrp lv dvvrfldwhg zlwk uhgxfhg irup
prqh| ghpdqg vkrfnv1 Khuh/ wkh vkrfn lpslqjhv rq wkh wudqvdfwlrqv frvw/
dqg wkxv xqghu rswlpdo srolf| lw d�hfwv uhdo txdqwlwlhv1 Djhqwv frqvxph
voljkwo| ohvv lq uhvsrqvh wr wkh kljkhu frvw ri wudqvdfwlqj zlwk fuhglw1 Li
sulfhv zhuh  h{leoh/ wkh wudqvdfwlrqv frvw zrxog dozd|v eh luuhohydqw ehfdxvh
qrplqdo lqwhuhvw udwhv zrxog eh }hur xqghu rswlpdo srolf|1 Xqghu  h{leoh
sulfhv wkhq/ wklv w|sh ri vkrfn zrxog qrw d�hfw uhdo txdqwlwlhv1 Zkhq sulfhv
duh vwlfn| krzhyhu/ wkh idfw wkdw rswlpdo srolf| lqyroyhv srvlwlyh qrplqdo
lqwhuhvw udwhv phdqv wkdw vkrfnv d�hfwlqj wkh frvw ri fuhglw gr d�hfw uhdo
txdqwlwlhv1

Wkhuh lv dq lqwhuhvwlqj txdolwdwlyh gl�huhqfh ehwzhhq rswlpdo srolf| lq
uhvsrqvh wr surgxfwlylw| vkrfnv dqg wkdw lq uhvsrqvh wr djjuhjdwh ghpdqg
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vkrfnv1 Zkloh wkhuh lv olwwoh sulfh ohyho yduldwlrq lq hlwkhu fdvh/ surgxfwlylw|
vkrfnv pdnh wkh uhdo lqwhuhvw udwh ehkdyh dssur{lpdwho| dv lq d uhdo exvlqhvv
f|foh prgho/ zkhuhdv djjuhjdwh ghpdqg vkrfnv pdnh wkh uhdo lqwhuhvw udwh
ydu| vljql�fdqwo| pruh lq wkh lqlwldo shulrgv wkdq lw zrxog lq d uhdo exvlqhvv
f|foh prgho1 Wr khos h{sodlq wklv uhvxow/ �jxuh 7 sorwv wkh uhdo lqwhuhvw udwh
iru wkhvh wzr vkrfnv/ wrjhwkhu zlwk lwv ehkdylru lq wkh UEF prgho dqg lq d
yhuvlrq ri rxu prgho zkhuh wkh prqh| ghpdqg glvwruwlrqv kdyh ehhq holpl0
qdwhg1 Iljxuh 7 uhyhdov wkdw lq uhvsrqvh wr d surgxfwlylw| vkrfn/ zkhq prqh|
ghpdqg glvwruwlrqv duh devhqw wkh uhdo lqwhuhvw udwh ehkdyhv dv lw zrxog lq
dq UEF prgho1 Wklv lv frqvlvwhqw zlwk Nlqj dqg Zropdq*v �qglqjv= zkhq
vwlfn| sulfh 2 prqrsrolvwlf frpshwlwlrq glvwruwlrqv duh wkh rqo| rqhv suhvhqw/
lw lv rswlpdo wr vwdelol}h wkh sulfh ohyho lq uhvsrqvh wr surgxfwlylw| vkrfnv
iru fhuwdlq irupv ri suhihuhqfhv � lqfoxglqj wkh orj0orj suhihuhqfhv xvhg khuh1
Krzhyhu/ lq uhvsrqvh wr dq djjuhjdwh ghpdqg vkrfn/ Iljxuh 71E vkrzv wkdw
holplqdwlqj wkh prqh| ghpdqg glvwruwlrqv grhv qrw uhvwruh UEF ehkdylru
ri wkh uhdo udwh1 Wklv uhyhdov d olplwdwlrq ri Nlqj dqg Zropdq*v sulfh ohyho
vwdelol}dwlrq uhvxow= zkhq vwlfn| sulfh 2 prqrsrolvwlf frpshwlwlrq glvwruwlrqv
duh wkh rqo| rqhv suhvhqw/ lw lv jhqhudoo| qrw rswlpdo wr h{dfwo| vwdelol}h wkh
sulfh ohyho +dqg uhvwruh wkh uhdo exvlqhvv f|foh, zkhq wkhuh duh djjuhjdwh gh0
pdqg vkrfnv +wkh frqglwlrq lq +815, grhv qrw lqfrusrudwh djjuhjdwh ghpdqg
vkrfnv,1

;15 Rswlpdo srolf| yhuvxv vlpsoh dowhuqdwlyhv

Iljxuhv 8 dqg 9 looxvwudwh krz wkh prgho*v g|qdplfv xqghu rswlpdo srolf| gh0
yldwh iurp zkdw wkh| zrxog eh xqghu wzr vlpsoh prqhwdu| srolf| uxohv/ d frq0
vwdqw prqh| jurzwk uxoh dqg lqwhuhvw udwh uxoh zklfk uhvsrqgv wr ghyldwlrqv ri
lq dwlrq iurp wdujhw1 Wkh vlpsoh lqwhuhvw udwh uxoh +-| ' -Wn��D EZ| � ZW�,
frphv pxfk forvhu wr uhsolfdwlqj rswlpdo srolf| wkdq grhv frqvwdqw prqh|
jurzwk1 Krzhyhu/ hyhq wkh lqwhuhvw udwh uxoh jhqhudwhv vxevwdqwldo ghyldwlrqv
ri uhdo yduldeohv iurp wkhlu rswlpdo ehkdylru1 Lq sduwlfxodu/ wkh lqwhuhvw udwh
uxoh vwdelol}hv frqvxpswlrq ehkdylru wrr pxfk uhodwlyh wr wkh rswlpxp1

;16 Vhqvlwlylw| wr sdudphwhuv jryhuqlqj prqh| ghpdqg

Ilqdoo|/ �jxuh : looxvwudwhv krz wkh g|qdplfv xqghu rswlpdo srolf| ydu| zkhq
zh prgli| wkh glvwulexwlrq ri fuhglw frvwv +_� E�, dv lq wkh frpelqhg kljkhu
lqwhuhvw hodvwlflw| dqg orzhu yhorflw| fdvh iru zklfk zh suhvhqwhg vwhdg| vwdwh
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uhvxowv lq vhfwlrq :151 Wkh ehkdylru ri uhdo txdqwlwlhv grhv qrw ydu| vljql�0
fdqwo| iurp wkh ehqfkpdun fdvh1 Zkloh wkh sulfh ohyho lv pxfk pruh yduldeoh
wkdq lq wkh ehqfkpdun fdvh/ lw vwloo pryhv e| ohvv wkdq rqh whqwk ri d shu0
fhqw lq wkh orqj uxq/ lq uhvsrqvh wr d vkrfn wkdw kdv d fxpxodwlyh lpsdfw rq
rxwsxw ri urxjko| wzhqw| shufhqw1 Uhfdoo iurp vhfwlrq :15 wkdw wklv fdvh lv
rqh lq zklfk wkh vwhdg| vwdwh lqyroyhv gh dwlrq ri ��.2I1

< Frqfoxvlrqv
+wr eh zulwwhq,
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Table X:

Effect of Eliminating Various Distortions
on Optimal Long-Run Inflation Rate

(distortion eliminated is marked with x)

Benchmark1

Lower
Demand
Elasticity2

(ε=4)

Greater
Money
Intensity3

Greater
Money
Semi-
Elasticity4

Greater
Intensity
and Semi-
Elasticity5

Case Markup Time
Cost

Wedge

1 -0.25 -1.20 -1.52 -0.70 -1.72
2 x -0.10 -.26 -0.73 -0.54 -1.12
3 x -0.15 -.98 -0.89 -0.15 -0.63
4 x x 0.00 0.00 0.00 0.00 0.00
5 x 0.27 -1.47 -1.64 -0.76 -1.86

                                                          
1  The benchmark parameter values are described in the text.

2  The benchmark demand elasticity (ε=10) is replaced with a lower elasticity (ε=4).

3  The parameters of the cost function are modified, as described in the text, so as to produce a model with a
higher ratio of real money to consumption (lower velocity) while retaining a similar semi-elasticity.

4  The parameters cost function are modified, as described in the text, so as to produce a model with a
higher semi-elasticity while maintaining a similar ratio of real money to consumption (similar velocity).

5 The parameters of the cost function are modified, as described in the text, to increase both the ratio of real
money to consumption and the semi-elasticity.
















