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D Vlpsoh Prgho ri Prqhwdu| Srolf| dqg
Fxuuhqf| Fulvhv

Sklolssh Djklrq
Xqlyhuvlw| Froohjh Orqgrq/ HEUG/ dqg FHSU

Sklolssh Edffkhwwd
Vwxglhq}hqwuxp Jhu}hqvhh/

Xqlyhuvlw| ri Odxvdqqh/ dqg FHSU

Deklmlw Edqhumhh
Pdvvdfkxvvhwwv Lqvwlwxwh ri Whfkqrorj|

Vhswhpehu 4<<<

Devwudfw

Wklv sdshu dqdo|}hv wkh rswlpdo lqwhuhvw udwh srolf| lq fxuuhqf|

fulvhv1 Ilupv duh fuhglw frqvwudlqhg dqg kdyh ghew lq grphvwlf dqg

iruhljq fxuuhqf|/ d vlwxdwlrq wkdw pd| hdvlo| ohdg wr d fxuuhqf| fulvlv1

Dq lqwhuhvw udwh lqfuhdvh kdv dq dpeljxrxv h�hfw rq �upv vlqfh lw erwk

pdnhv pruh gl!fxow wr eruurz dqg pd| ghfuhdvh wkh iruhljq fxuuhqf|

ghew exughq1 Lq vrph fdvhv lw lv dfwxdoo| ehvw wr ghfuhdvh wkh lqwhuhvw

udwh1 Zh dovr vkrz krz wkhvh lvvxhv duh uhodwhg wr wkh ghyhorsphqw ri

wkh �qdqfldo v|vwhp1

4 Lqwurgxfwlrq

Wkh uhfhqw fxuuhqf| fulvhv kdyh xqghuolqhg wkh wudgh0r�v wkdw fhqwudo edqnv
idfh zkhq ghvljqlqj dssursuldwh prqhwdu| srolflhv iru ghdolqj zlwk vxfk
fulvhv1 Lq sduwlfxodu/ fhqwudo edqnv lq vrph Dvldq dqg Odwlq Dphulfdq frxq0
wulhv kdyh uxq lqwr vwurqj fulwlflvpv iru kdylqj udlvhg qrplqdo lqwhuhvw udwhv
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wr dq h{fhvvlyh h{whqw1 Pruh jhqhudoo|/ hphujlqj pdunhw hfrqrplhv kdyh gli0
ihuhg zlwk uhjdug wr erwk wkh wljkwqhvv ri wkhlu prqhwdu| srolflhv lq uhvsrqvh
wr wkh �qdqfldo fulvlv4 dqg wkh uhvxowv lq whupv ri vxevhtxhqw djjuhjdwh rxwsxw
uhfryhu| iurp vxfk srolflhv1

Wkh pdlq ghedwh uhjduglqj wkh rswlpdo frqgxfw ri prqhwdu| srolf| lq wkh
diwhupdwk ri d �qdqfldo fulvlv frxog eh eurdgo| vxppdul}hg dv iroorzv= zkloh
kljkhu grphvwlf qrplqdo lqwhuhvw udwhv vkrxog jhqhudoo| ohdg wr d vwurqjhu h{0
fkdqjh udwh dqg wkhuhiruh lpsuryh wkh �qdqfhv ri grphvwlf �upv zklfk kdyh
ghewv ghqrplqdwhg lq iruhljq fxuuhqflhv/ kljkhu grphvwlf lqwhuhvw udwhv zloo
dovr whqg wr lqfuhdvh wkh fxuuhqw ghew exughq ri grphvwlf �upv/ wkhuhe| uh0
gxflqj wkhlu delolw| wr pdnh ixuwkhu lqyhvwphqwv +ru vlpso| dyrlg edqnuxswf|,
zkhqhyhu �upv duh fuhglw frqvwudlqhg> wklv/ lq wxuq/ pd| ihhg edfn qhjdwlyho|
rq wkh h{fkdqjh udwh1

Rxu pdlq sxusrvh lq wklv qrwh lv wr ghyhors d vlpsoh dqdo|wlfdo iudphzrun
wr irupdoo| dvvhvv wkh uhohydqfh dqg uhodwlyh lpsruwdqfh ri wkhvh frxqwhudfw0
lqj h�hfwv/ dqg wkhuhe| wr frqwulexwh wr wkh rqjrlqj ghedwh rq wkh ghvljq
ri prqhwdu| srolflhv lq dq hphujlqj pdunhw hfrqrp|1 Wkh xql�hg prgho zh
sursrvh lq wklv sdshu vkrzv wkdw lw pljkw qrw eh ghvludeoh wr lpsohphqw d
wljkw prqhwdu| srolf| diwhu d fxuuhqf| fulvlv hlwkhu zkhq wkh sursruwlrq ri
iruhljq fxuuhqf| ghew lv qrw wrr odujh ru zkhq wkh hfrqrp| glvsod|v �qdqfldo
iudjlolw| lq wkh vhqvh wkdw fuhglw surylvlrq dqg wkhuhe| grphvwlf lqyhvwphqw
dqg surgxfwlrq duh kljko| vhqvlwlyh wr fkdqjhv lq qrplqdo lqwhuhvw udwhv1 Zh
lqwhusuhw wkhvh wzr ihdwxuhv dv uh hfwlqj wkh ohyho ri �qdqfldo ghyhorsphqw ri
wkh hfrqrp|1

5 Wkh Prgho

514 Jhqhudo Iudphzrun

Zh ghyhors d wzr0shulrg vpdoo rshq hfrqrp|prqhwdu| prgho15 Jrrgv sulfhv
duh ghwhuplqhg dw wkh ehjlqqlqj ri hdfk shulrg dqg zh frqvlghu wkh lpsdfw
ri dq xqdqwlflsdwhg vkrfn +iru h{dpsoh rq fxuuhqw vdohv ru surgxfwlylw|, lq

4Lq sduwlfxodu/ Nruhd/ Wkdlodqg dqg Lqgrqhvld kdyh udlvhg wkhlu lqwhuhvw udwhv pruh
gudvwlfdoo| wkdq Pdod|vld/ exw shukdsv dw wkh frvw ri wuljjhulqj ghhshu uhfhvvlrqv1

5Vwulfwo| vshdnlqj/ wkh prgho kdv lq�qlwh krul}rq/ exw zh irfxv khuh rq wkh �uvw wzr
shulrgv rqo|/ zlwk wkh lpsolflw dvvxpswlrq wkdw wkh jryhuqphqw zloo dgmxvw lwv prqhwdu|
srolf| iurp shulrg wkuhh rqzdug wr pdlqwdlq d jlyhq lqwhuhvw udwh1
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shulrg rqh1 Khqfh/ gxulqj shulrg rqh/ vrph yduldeohv/ vxfk dv wkh qrplqdo
h{fkdqjh udwh dqg wkh qrplqdo lqwhuhvw udwh/ zloo dgmxvw zkloh sulfhv duh suhvhw
iru wkh hqwluh shulrg16 Wkhuh lv d vlqjoh wudghdeoh jrrg dqg sxufkdvlqj srzhu
sdulw| +SSS, krogv h{ dqwh/ l1h1 �| ' .e

|
iru | ' �c 2/ zkhuh �| lv wkh grphvwlf

sulfh/ .e

|
wkh h{shfwhg qrplqdo h{fkdqjh udwh +wkh sulfh ri iruhljq fxuuhqf|

lq whupv ri grphvwlf fxuuhqf|, dw wkh ehjlqqlqj ri shulrg |/ dqg wkh iruhljq
sulfh lv frqvwdqw dqg htxdo wr rqh1 Gxulqj shulrg | ' �/ krzhyhu/ wkhuh pd|
eh h{0srvw ghyldwlrqv iurp SSS dv d uhvxow ri dq xqdqwlflsdwhg vkrfn17 Wkhvh
ghyldwlrqv sod| d fuxfldo uroh lq wkh dqdo|vlv1 Wkhuh lv ixoo fdslwdo prelolw|
dqg xqfryhuhg lqwhuhvw sdulw| krogv18

Wkh hfrqrp| lv srsxodwhg e| lghqwlfdo hqwuhsuhqhxuv zkr idfh fuhglw frq0
vwudlqwv zklfk suhyhqw wkhp iurp eruurzlqj dqg lqyhvwlqj pruh wkdq d pxo0
wlsoh ri wkhlu fxuuhqw uhdo zhdowk +uhwdlqhg hduqlqjv ru fdvk0 rz, `|/ lq wkh
vslulw ri Ehuqdqnh dqg Jhuwohu +4<;<,19 Hqwuhsuhqhxuv* zhdowk lv wkhuhiruh wkh
ixqgdphqwdo yduldeoh wkdw ghwhuplqhv lqyhvwphqw dqg rxwsxw1 Hqwuhsuhqhxuv
fdq eruurz lq grphvwlf fxuuhqf| iurp grphvwlf frqvxphuv ru lq iruhljq fxu0
uhqf| iurp iruhljq ohqghuv1 Frqvxphuv qhhg prqh| iru wkhlu wudqvdfwlrqv
dqg wkhuh lv d fhqwudo edqn wkdw fdq dowhu lqwhuhvw udwhv ru wkh h{fkdqjh udwh
e| d�hfwlqj prqh| vxsso|1 Lq wklv vkruw sdshu zh irfxv rq  h{leoh h{fkdqjh
udwhv1

Wkh wlplqj ri hyhqwv fdq eh vxppdul}hg dv iroorzv= �uvw wkh sulfh ��
lv suhvhw dqg �upv lqyhvw> wkhq dq xqdqwlflsdwhg vkrfn rffxuv iroorzhg e| d
prqhwdu| dgmxvwphqw zklfk ghwhuplqhv wkh fxuuhqw qrplqdo lqwhuhvw udwh dqg
wkh h{fkdqjh udwh> vxevhtxhqwo|/ shulrg 4*v rxwsxw dqg sur�wv duh jhqhudwhg
dqg �upv* ghewv duh uhsdlg1 Ilqdoo|/ d iudfwlrq E��k� ri qhw uhwdlqhg hduqlqjv
diwhu ghew uhsd|phqw/ qdpho| `2/ lv vdyhg iru lqyhvwphqw lq shulrg 51

Wkh uhpdlqlqj sduw ri wklv vhfwlrq lv rujdql}hg dv iroorzv1 Vhfwlrq 515
ghvfulehv wkh prqhwdu| vlgh ri wkh hfrqrp|1 Zh srlqw rxw wkdw h{shfwhg uhdo
rxwsxw lq shulrg 5/ t2/ lq xhqfhv wkh qrplqdo h{fkdqjh udwh lq shulrg 4/ .�1
Wklv uhodwlrqvkls lv vxppdul}hg e| d fxuyh zklfk zh uhihu wr dv wkh LSOP0 +ru

6Wkh dvvxpswlrq wkdw sulfhv duh suhvhw iru rqh shulrg lv frpprqo| pdgh lq prqhwdu|
prghov ri dq rshq hfrqrp|/ iroorzlqj Revwihog dqg Urjr� +4<<8,1

7Surgxfhuv vhw sulfhv lq grphvwlf fxuuhqf| e| wdnlqj wkh iruhljq sulfh +dgmxvwhg e| wkh
h{shfwhg h{fkdqjh udwh, dv jlyhq1

8Rxu dqdo|vlv fdq eh hdvlo| h{whqghg wr wkh fdvh zkhuh lqwhuhvw udwh sdulw| grhv qrw
krog vwulfwo|1

9Djklrq/ Edqhumhh/ dqg Slnhww| +4<<<, dqg Djklrq/ Edffkhwwd/ dqg Edqhumhh +4<<<,
xvh d vlplodu irupxodwlrq/ dowkrxjk wkhvh wzr sdshuv irfxv rq wkh uhdo vlgh ri wkh hfrqrp|1
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lqwhuhvw0sdulw|2OP, fxuyh1 Vhfwlrq 516 dqdo|}hv wkh hqwuhsuhqhxuv* eruurzlqj
dqg surgxfwlrq ghflvlrqv dqg vkrzv wkdw rxwsxw lv d�hfwhg qhjdwlyho| e|
fxuuhqf| ghsuhfldwlrqv> wklv lv ghvfulehg e| zkdw zh uhihu wr dv wkh Z0 +ru
zhdowk, fxuyh1 Ilqdoo|/ Vhfwlrq 517 dqdo|}hv wkh htxloleuld ri wklv prgho/
vlpso| gh�qhg e| wkh lqwhuvhfwlrq ri wkh LSOP dqg Z fxuyhv/ dqg ghvfulehv
fdvhv lq zklfk prqhwdu| wljkwhqlqj fdq hlwkhu idflolwdwh rxwsxw uhfryhu| ru
lqvwhdg suhyhqw lw1

515 Wkh Prqhwdu| Vhfwru

Wkh lqwhudfwlrq ehwzhhq frqvxphuv dqg wkh fhqwudo edqn jlyhv xv d prqh|
pdunhw htxloleulxp dqg dq lqwhuhvw sdulw| frqglwlrq1 Vlqfh wkhvh wzr frp0
srqhqwv duh vwdqgdug lq rshq pdfurhfrqrplfv/ zh vkdoo qrw h{sdqg rq wkhlu
plfurirxqgdwlrqv/ exw udwkhu ghulyh wkhp lq d uhgxfhg irup zd|1 Duelwudjh
e| frqvxphuv ehwzhhq grphvwlf dqg iruhljq erqgv |lhogv wkh iroorzlqj lqwhu0
hvw sdulw| +LS, frqglwlrq=

� n �| ' E� n �W�
.|n�

.|

+4,

zkhuh �W lv wkh iruhljq lqwhuhvw udwh zklfk zh dvvxph wr eh frqvwdqw1
Lq dgglwlrq/ frqvxphuv kdyh d vwdqgdug prqh| ghpdqg uEt|c �|�1

: Zh
dvvxph wkdw wkh ixqfwlrq u kdv wkh xvxdo surshuwlhv ri ehlqj lqfuhdvlqj lq t|

dqg ghfuhdvlqj lq �| dqg wkdw uEfc �|� : f1; Wkxv prqh| pdunhw htxloleulxp
dw gdwhv | ' �c 2 fdq eh h{suhvvhg e| wkh +OP,| htxdwlrqv=

�7

|
' �| � uEt|c �|� +5,

zkhuh �7

|
lv qrplqdo prqh| vxsso| dw gdwh |1

Frpelqlqj htxdwlrqv +LS,/ +OP,2 lq zklfk wkh vhfrqg shulrg lqwhuhvw udwh

:Wkh ghshqghqfh ri prqh| ghpdqg rq rxwsxw fdq eh ghulyhg xqghu vrph uhvwulfwlyh
frqglwlrqv1 Dowhuqdwlyho| prqh| ghpdqg frxog ghshqg rq frqvxpswlrq1 Wklv zrxog qrw
fkdqjh rxu uhvxowv dv orqj dv uhdo frqvxpswlrq lv qrw vxevwdqwldoo| d�hfwhg e| xqh{shfwhg
ghsuhfldwlrqv1

;Wkh odwwhu dvvxpswlrq lv qhhghg lq rxu frqwh{w vlqfh rxwsxw rqo| ghshqgv rq sdvw
sur�wv dqg wkhuhiruh fdq eh htxdo wr }hur1 Lw frxog eh gursshg lq d pruh jhqhudo frqwh{w1
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�2 lv h{rjhqrxvo| �{hg< dqg wkh SSS dvvxpswlrq �2 ' .2c zh jhw=

.� '
� n �W

� n ��
�

�7
2

uEt2c �2�
+6,

zklfk surylghv d qhjdwlyh uhodwlrqvkls ehwzhhq .� dqg t21 Wklv uhodwlrqvkls
fdq eh uhsuhvhqwhg judsklfdoo| lq wkh E.�c t2� vsdfh dqg lv vkrzq lq Iljxuh
4d> zh fdoo lw wkh LSOP fxuyh +lqwhuhvw sdulw|0OP,143 Wkh qhjdwlyh vorsh ri
wkh LSOP fxuyh uh hfwv wkh idfw wkdw dq lqfuhdvh lq t2 lqfuhdvhv wkh ghpdqg
iru prqh| lq shulrg 5/ zklfk lq wxuq surgxfhv dq h{fkdqjh udwh dssuhfldwlrq
lq wkdw shulrg/ l1h1/ d uhgxfwlrq lq .2 ' �21 Wkh dqwlflsdwlrq ri dq h{fkdqjh
udwh dssuhfldwlrq wrpruurz lq wxuq lqfuhdvhv wkh dwwudfwlyhqhvv ri grphvwlf
fxuuhqf| wrgd|/ wkhuhe| surgxflqj dq h{fkdqjh udwh dssuhfldwlrq wrgd|/ l1h1
.� dovr jrhv grzq1

Ixuwkhupruh/ wkh LSOP fxuyh lv vkliwhg e| fkdqjhv lq prqhwdu| srolf|
lq hdfk shulrg1 Iru h{dpsoh/ dq lqfuhdvh lq �7

� lpsolhv d ghfolqh lq �� +iurp
+OP,�,/ zklfk fohduo| vkliwv wkh LSOP fxuyh xszdugv1 Wkh vdph rffxuv zlwk
dq lqfuhdvh lq �7

2 1 Wkhvh h�hfwv duh vwdqgdug= iru d jlyhq rxwsxw ohyho/ wkh
grphvwlf fxuuhqf| ghsuhfldwhv diwhu d prqhwdu| h{sdqvlrq lq wkh �uvw shulrg
gxh wr dq h{fhvv ri oltxlglw| dqg lw ghsuhfldwhv diwhu d prqhwdu| h{sdqvlrq
lq wkh vhfrqg shulrg gxh wr dq h{shfwhg lqfuhdvh lq lq dwlrq1 Wklv/ krzhyhu/
wdnhv rxwsxw t2 dv jlyhq1 Exw prqhwdu| srolf| lwvhoi fdq d�hfw rxwsxw lq d
zd| zh qrz ghvfuleh1

516 Rxwsxw dqg Hqwuhsuhqhxuv* Ghew

Rxu dqdo|vlv lq wklv vhfwlrq uhvwv rq wzr edvlf dvvxpswlrqv rq wkh uhdo vlgh ri
wkh hfrqrp|1 Iluvw/ gxh wr wkh h{lvwhqfh ri fuhglw frqvwudlqwv/ hqwuhsuhqhxuv
fdq dw prvw eruurz dq dprxqw (| sursruwlrqdo wr wkhlu fdvk  rz `|/ (| '
>|`|1 Wkh| fdq eruurz hlwkhu lq grphvwlf fxuuhqf| dw lqwhuhvw udwh �|3� ru lq
iruhljq fxuuhqf| dw �W1 Vlqfh fdslwdo lv wkh rqo| surgxfwlrq lqsxw dqg lw ixoo|
ghsuhfldwhv zlwklq rqh shulrg/ hqwuhsuhqhxuv* fdslwdo vwrfn dw wkh ehjlqqlqj
ri hdfk shulrg | lvg| ' `|n(|1 Li zh dvvxph d olqhdu surgxfwlrq whfkqrorj|/

<Zh lpsolflwho| dvvxph wkdw prqhwdu| srolf| iurp shulrg wkuhh rqzdug lv vxfk wkdw
wkh qrplqdo lqwhuhvw udwhv lw iru w @ 5 duh eurxjkw edfn wr wkhlu suh0vkrfn vwhdg|0vwdwh
ohyho1

43Qrwlfh wkdw rxu fxuyh gl�huv iurp wkh DD fxuyh lq Nuxjpdq dqg Revwihog +4<<:,
zklfk uhodwhv H4 zlwk \4 e| nhhslqj shulrg 5 yduldeohv frqvwdqw1
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t| ' jg|/ fxuuhqw rxwsxw ehfrphv d olqhdu ixqfwlrq ri fxuuhqw hqwuhsuhqhxuv*
zhdowk=

t| ' jE� n >
|
�`|

Zh dovr dvvxph wkdw wkh sursruwlrqdolw| idfwru >
|
lv d qhjdwlyh ixqfwlrq ri

wkh qrplqdo lqwhuhvw udwh= >
|
' >E�|3��1

44

Wkh vhfrqg edvlf dvvxpswlrq lv wkdw/ iru uhdvrqv zklfk uh hfw wkh ohyho
ri �qdqfldo ghyhorsphqw lq wkh grphvwlf frxqwu|/ grphvwlf frqvxphuv duh
xqzloolqj wr ohqg pruh wkdq d uhdo dprxqw (S lq grphvwlf fxuuhqf| wr gr0
phvwlf �upv dw hdfk shulrg451 Wkh uhvw ri wkh ixqglqj/ (| �(S/ frphv iurp
iruhljqhuv dqg lv lq iruhljq fxuuhqf|146

Djjuhjdwh qrplqdo sur�wv qhw ri ghew uhsd|phqwv lq shulrg |/ duh vlpso|
jlyhq e|=

�| ' �|t| � E� n �|3���|3�(
S � E� n �W�

.|

.|3�

�|3�E(| �(S�

Zkhq sur�wv duh srvlwlyh/ hqwuhsuhqhxuv xvh d sursruwlrq E� � k� ri wkhvh
sur�wv dv wkhlu rzq uhwdlqhg hduqlqjv iru surgxfwlrq lq wkh iroorzlqj shulrg
+d sursruwlrq k ri sur�wv lv glvwulexwhg ru frqvxphg,1 Wrwdo qhw zhdowk
dydlodeoh iru qh{w shulrg surgxfwlrq lv wkxv hlwkhu htxdo wr }hur/ zkhq qhw

44Wklv fdq eh mxvwl�hg/ h1j xvlqj vlplodu frqvlghudwlrqv dv lq Djklrq/ Edffkhwwd/ dqg
Edqhumhh +4<<<,1 Qdpho|/ vxssrvh wkdw hqwuhsuhqhxuv fdq hlwkhu surgxfh wudqvsduhqwo|
dqg ixoo| uhsd| wkhlu ordq ru lqvwhdg fdq klgh wkhlu surgxfwlrq lq rughu wr ghidxow rq wkhlu
ghew uhsd|phqw reoljdwlrqv1 Wkhuh lv d frvw wr klglqj sursruwlrqdo wr wkh ixqgv lqyhvwhg=
fSw�4Nw1 \hw/ zkhqhyhu wkh hqwuhsuhqhxu fkrrvhv wr ghidxow/ wkh ohqghu fdq vwloo froohfw
klv gxh uhsd|phqw zlwk suredelolw| s1 Wkxv wkh eruurzhu zloo ghflgh qrw wr ghidxow li dqg
rqo| li= Sw\w� +4. lw�4,Sw�4Gw � Sw\w� fSw�4Nw� s+4. lw�4,Sw�4Gw1 Wklv lv htxlydohqw
wr Gw � �+lw�4,Zw zlwk � @ f@^+4 � s,+4 . lw�4, � f`>zklfk lv lqghhg ghfuhdvlqj lq lw�41
Wkh iruhljq lqwhuhvw udwh grhv qrw d�hfw � zkhq erwk SSS dqg wkh lqwhuhvw sdulw| krog1

45ZkhwkhuGf lv odujh ru vpdoo/ wkdw lv wkh h{whqw wr zklfk grphvwlf ohqghuv duh zloolqj wr
ohqg +vkruw0whup, rq wkh grphvwlf pdunhw/ lq wxuq uh hfwv vxfk wklqjv dv wkh lqirupdwlrq
frvwv ri ohqglqj wr grphvwlf �upv/ wkh �wklfnqhvv� dqg �frpsohwhqhvv� ri wkh grphvwlf
fuhglw pdunhw dqg wkh grphvwlf ohqghuv* dwwlwxgh wrzdug ulvn1 D suhflvh dqdo|vlv ri wkh
ghwhuplqdqwv ri Gf dqg ri krz Gf pd| ydu| iru h{dpsoh zlwk wkh vl}h ri shulrg 4*v vkrfn/
jrhv eh|rqg wkh vfrsh ri wklv qrwh1

46Wr ohqg lq grphvwlf fxuuhqf|/ iruhljqhuv zrxog dvn d srvlwlyh suhplxp wr frpshqvdwh
iru wudqvdfwlrqv frvwv1 Wkxv/ wkh| zrxog uhtxluh dq lqwhuhvw udwh kljkhu wkdq lw1 Wkxv li
grphvwlf hqwuhsuhqhxuv eruurz pruh wkdq Gf> wkh| eruurz wkh gl�huhqfh iurp iruhljqhuv
lq iruhljq fxuuhqf|1

9



sur�wv duh qrw srvlwlyh/ ru rwkhuzlvh htxdo wr=

`|n� ' E�� k�
�|

�|

Li zh irfxv rq vhfrqg shulrg rxwsxw t2/ zklfk lv d pxowlsoh ri wkh zhdowk `2

dydlodeoh dw wkh ehjlqqlqj ri shulrg 5/ zh kdyh=

t2 ' jE� n >E����E�� k�dt� � E� n of�(
S � E� n �W�

.�

��
E(� �(S�o +7,

ru t2 ' f/ li wkh deryh h{suhvvlrq lv qhjdwlyh> of lv wkh uhdo lqwhuhvw udwh rq
grphvwlf ghew1

Dw wkh ehjlqqlqj ri shulrg 4/ doo yduldeohv rq wkh uljkw0kdqg vlgh ri +7,
duh �{hg h{fhsw iru .� dqg �� +�� lv jlyhq vlqfh sulfhv duh suhvhw,1 Lqfuhdvhv
lq erwk yduldeohv uhgxfh t2= dq lqfuhdvh lq .� uhgxfhv sur�wv ��/ zkloh dq
lqfuhdvh lq �� uhgxfhv wkh dydlodelolw| ri ixqgv (2 dw wkh ehjlqqlqj ri shulrg
51 Wkh qrplqdo h{fkdqjh udwh .�/ krzhyhu/ kdv dq lpsdfw rq`2 rqo| li wkhuh
duh ghyldwlrqv iurp SSS lq shulrg 4/ l1h1/ li wkhuh lv dq xqdqwlflsdwhg vkrfn
vxfk wkdw .� 9' ��1 Zh fdq uhsuhvhqw htxdwlrq +7, dqg wkh qrq0qhjdwlylw|
frqvwudlqw t2 A f judsklfdoo| lq wkh E.�c t2� vsdfh1 Wklv fruuhvsrqgv wr rxu
+Z, fxuyh lq Iljxuh 4e1 Iru srvlwlyh ohyhov ri t2c wkh +Z, fxuyh lv olqhdu dqg
grzqzdug vorslqj/ vlqfh d ghsuhfldwlrq ri wkh grphvwlf fxuuhqf| lqfuhdvhv
hqwuhsuhqhxuv* frvw ri uhlpexuvlqj wkh iruhljq0ghqrplqdwhg ghew1

D pdmru idfwru lq xhqflqj wkh vorsh ri wkh +Z, fxuyh lv wkh sursruwlrq
ri iruhljq fxuuhqf| ghew1 Zlwk qr iruhljq fxuuhqf| ghew/ l1h1/ zkhq (S ' (�/
wkh +Z, fxuyh lv yhuwlfdo1 Dv wkh sursruwlrq ri iruhljq fxuuhqf| ghew lqfuhdvhv
wkh vorsh ri wkh +Z, fxuyh ghfuhdvhv/ wkh olplw ehlqj dfklhyhg iru (S ' f1

Prqhwdu| srolf| vkliwv wkh +Z, fxuyh wkurxjk fkdqjhv lq ��1 Dq h{sdq0
vlrqdu| prqhwdu| srolf| lpsolhv dq xszdug vkliw lq +Z,1 Wkh uhdvrq lv vlpso|
wkdw d ghfuhdvh lq �� lqfuhdvhv wkh dydlodelolw| ri h{whuqdo ixqgv(2 +iru d jlyhq
h{fkdqjh udwh .�,1

517 Htxloleulxp

Htxloleulxp lv vlpso| gh�qhg e| wkh lqwhuvhfwlrq ri wkh +LSOP, dqg +Z,
fxuyhv1 Dv vkrzq lq Iljxuh 5/ wkhuh duh wkuhh srvvleoh rxwfrphv1 Iljxuh 5d
vkrzv wkh *jrrg* fdvh/ zlwk srvlwlyh rxwsxw dqg d vlqjoh h{fkdqjh udwh ydoxh1
Wklv fdvh rffxuv lq sduwlfxodu zkhq iruhljq fxuuhqf| lv vpdoo1 Iljxuh 5e vkrzv

:



wkh *edg* fdvh/ zkhuh wkh h{fkdqjh udwh ghsuhfldwlrq lv vr odujh wkdw lw gulyhv
sur�wv wr }hur147 Ilqdoo|/ Iljxuh 5f vkrzv dq lqwhuphgldwh fdvh zlwk pxowlsoh
htxloleuld/ zkhuh rqo| wkh wzr h{wuhph htxloleuld duh vwdeoh1 Wkh uhdvrq iru
pxowlsoh htxloleuld lv vlpsoh=48 li d odujh ghsuhfldwlrq lv h{shfwhg/ frqvxphuv
zloo uhgxfh wkhlu prqh| ghpdqg ehfdxvh h{shfwhg rxwsxw lv orzhu1 Wklv
ohdgv wr d fxuuhqf| ghsuhfldwlrq/ frq�uplqj wkh frqvxphuv* h{shfwdwlrqv1
Rq wkh rwkhu kdqg/ li qr odujh ghsuhfldwlrq lv h{shfwhg/ lw zloo qrw rffxu
lq htxloleulxp1 Qrwlfh wkdw d fxuuhqf| fulvlv pd| rffxu hlwkhu dv d vzlwfk
ehwzhhq htxloleuld ru ehfdxvh d ixqgdphqwdo vkrfn pryhv fxuyhv vr wkdw zh
jr iurp Iljxuh 5d wr Iljxuh 5e1

6 Fxuuhqf| Fulvlv dqg Prqhwdu| Srolf|

Vxssrvh wkdw wkh hfrqrp| lv klw e| dq xqh{shfwhg qhjdwlyh surgxfwlylw|
vkrfn/ l1h1 j jrhv grzq149 Wklv vkrfn vkliwv wkh +Z, fxuyh grzq dqg fdq
ohdg wr wkh pxowlsoh htxloleulxp fdvh +wklv lv qrw fuxfldo iru rxu vwru|,1 Wklv

lv looxvwudwhg lq Iljxuh 61 Wkh lqlwldo htxloleulxp lv dw +ht c h.,1 Wkh qhjdwlyh
vkrfn ohdgv wr d fxuuhqf| ghsuhfldwlrq/ hlwkhu wr +t Wc .W, ru lq wkh zruvw fdvh
wr +fc .WW,1 Wkh odwwhu fdvh fruuhvsrqgv wr d fxuuhqf| fulvlv vlwxdwlrq1

Zkdw lv wkh ehvw prqhwdu| srolf| uhvsrqvh wr vxfk d vkrfn/ li wkh remhfwlyh
lv wr olplw wkh rxwsxw ghfolqh dqg pruh lpsruwdqwo|/ wr dyrlg d fxuuhqf|
fulvlvB D vwdqgdug uhfrpphqgdwlrq +wkh LPI srvlwlrq, lv wr lqfuhdvh wkh
lqwhuhvw udwh �� +wkurxjk d ghfuhdvh lq �7

�
,1 Iurp +6,/ wklv vkliwv grzq wkh

+LSOP, fxuyh1 Li wkh +Z, fxuyh uhpdlqhg xqfkdqjhg/ wklv pljkw holplqdwh
wkh fxuuhqf| fulvlv vlwxdwlrq dqg ohdg wr dq dssuhfldwlrq dqg wr d vxevhtxhqw
lqfuhdvh lq t2 lq wkh jrrg htxloleulxp1 Krzhyhu/ wkh +Z, fxuyh dovr vkliwv
grzq dv dq lqfuhdvh lq �� uhgxfhv t2 wkurxjk d ghfolqh lq ohqglqj1 Wklv
grzqzdug vkliw uhgxfhv wkh srvlwlyh lpsdfw ri dq lqwhuhvw udwh lqfuhdvh rq
t21 Pruhryhu/ wkh +Z, fxuyh pd| vkliw pruh wkdq wkh +LSOP, fxuyh/ lq zklfk
fdvh dq lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh �� zloo kdyh dq ryhudoo qhjdwlyh

47D }hur ohyho ri rxwsxw lv reylrxvo| dq h{wuhph vlpsol�fdwlrq1 Lq d pruh jhqhudo
iudphzrun/ �upv zrxog jdlq frpshwlwlyhqhvv wkurxjk d fxuuhqf| ghsuhfldwlrq1 Pruhryhu/
rxwsxw zrxog vwloo eh srvlwlyh iru �upv zkr gr qrw kdyh iruhljq fxuuhqf| ghew1

48Wkh vfrsh iru pxowlsoh htxloleuld lq rshq hfrqrplhv zlwk fuhglw0frqvwudlqhg �upv/ kdv
douhdg| ehhq srlqwhg rxw e| Vwljolw} +4<<;, dqg Nuxjpdq +4<<<,1 Krzhyhu/ dv rxu dqdo|vlv
lq wklv vhfwlrq vkrzv/ wklv pxowlsolflw| lv qrw zkdw pdwwhuv ixqgdphqwdoo| zkhq hydoxdwlqj
wkh frvwv dqg ehqh�wv ri d wljkw prqhwdu| srolf| lq wkh diwhupdwk ri d �qdqfldo fulvlv1

49D ghfolqh lq � fdq dovr fdswxuh d whupv ri wudgh vkrfn1

;



lpsdfw rq htxloleulxp rxwsxw t21 Lq wklv fdvh lw zrxog eh ehvw wr ghfuhdvh

wkh lqwhuhvw udwh wkurxjk lqfuhdvlqj prqh| vxsso| �r

�
1

Zkhwkhu wkh qrplqdo lqwhuhvw udwh vkrxog lqfuhdvh ru ghfuhdvh zloo ghshqg
rq wkh uhodwlyh vkliwv ri wkh LSOP dqg Z fxuyhv/ l1h1/ rq _.�*_�� lq htxdwlrqv
+6, dqg +7,1 Rqh fdq vkrz wkdw lw lv rswlpdo wr lqfuhdvh �� zkhq=

�
>�E�����dt� � E� n of�(

S � E� n �W�.�

��
E(� �(S�o

E� n >E����E� n �W�E(� �(S�o
	

.�

� n ��

Wklv frqglwlrq krogv lq sduwlfxodu zkhq >�E��� lv vpdoo dqg zkhq E(� �(S�
lv odujh= lw pdnhv vhqvh wr lqfuhdvh lqwhuhvw udwhv rqo| zkhq wkh sursruwlrq ri
iruhljq fxuuhqf| ghew lv vx!flhqwo| hqrxjk dqg zkhq wkh vhqvlwlylw| ri fuhglw
vxsso| wr lqwhuhvw udwhv lv vpdoo1

Krz grhv wkh ohyho ri �qdqfldo ghyhorsphqw d�hfw wkh rswlpdo srolf|
uhvsrqvh wr d �qdqfldo fulvlvB Wkh dqvzhu lv vrphzkdw dpeljxrxv1 Iluvw/ wr
wkh h{whqw wkdw d pruh ghyhorshg �qdqfldo v|vwhp fruuhvsrqgv wr d kljkhu
ydoxh ri >/ wkh pruh ghyhorshg wkh fuhglw pdunhw wkh pruh olnho| lw lv wkdw
prqhwdu| wljkwhqlqj zloo eh wkh uljkw srolf| wr iroorz1 Rq wkh rwkhu kdqg/
zklovw fuhglw vxsso| vkrxog qrw eh yhu| vhqvlwlyh wr lqwhuhvw udwhv lq erwk dq
hfrqrp| zlwk qr fuhglw pdunhw dqg dq hfrqrp| zlwk shuihfw fuhglw pdunhwv/
dw lqwhuphgldwh ohyhov ri �qdqfldo ghyhorsphqw kljk lqwhuhvw udwhv pd| ohdg wr
d frqwudfwlrq ru froodsvh ri wkh �qdqfldo v|vwhp/ wkdw lv wr d vkdus uhgxfwlrq
lq >E���1

4: Lq wklv fdvh/ lqfuhdvlqj �� ehfrphv xqghvludeoh1 Krzhyhu/ d kljkhu
ghjuhh ri �qdqfldo ghyhorsphqw kdv dq dpeljxrxv lpsdfw rq wkh sursruwlrq
ri iruhljq fxuuhqf| ghew= lqghhg erwk > +l1h (�� dqg (S vkrxog lqfuhdvh zlwk
�qdqfldo ghyhorsphqw/ khqfh dq dpeljxrxv h�hfw rq wkh OKV ri wkh deryh
lqhtxdolw|1 Frqvhtxhqwo|/ lw lv qhfhvvdu| wr orrn pruh forvho| dw wkh �qdqfldo
vwuxfwxuh ri grphvwlf �upv ehiruh gudzlqj gh�qlwh frqfoxvlrqv1

Lq wkh deryh dqdo|vlv/ prqhwdu| srolf| lq shulrg 5 kdv ehhq pdlqwdlqhg
frqvwdqw/ l1h1/ uhvwulfwlyh prqhwdu| srolf| zdv dvvxphg wr eh whpsrudu|1

4:Iru h{dpsoh/ dv zh dujxh lq Djklrq/ Edffkhwwd/ dqg Edqhumhh +DEE, +4<<<,/ vljqdo0
lqj frqvlghudwlrqv lq d �qdqfldoo| iudjloh hfrqrp| pd| ohdg wr d kljk +qhjdwlyh, lqwhuhvw
vhqvlwlylw| ri wkh fuhglw pxowlsolhu � +h1j wkurxjk wkh h�hfwv rq fuhglwruv* frq�ghqfh lq wkh
fuhglw pdunhw,1 Dovr/ li zh lqwurgxfh xqfhuwdlqw| dqg wkh ulvn ri lqvroyhqf| dqg oltxlglw|
ghidxowv dv lq DEE/ wkhq d kljkhu lqwhuhvw udwh zloo lqfuhdvh wkh iudfwlrq ri ghidxowlqj �upv1
Wklv lq wxuq lqfuhdvhv wkh shu0surmhfw frvw ri prqlwrulqj +ru wkh prqlwrulqj suredelolw| s

rq hdfk lqglylgxdo surmhfw, li/ dv lq Gldprqg +4<;7,/ wkh prqlwrulqj ri surmhfwv e| �qdq0
fldo lqwhuphgldulhv lqyroyhv srvlwlyh �{hg frvwv1 Wkh wklqqhu wkh fuhglw pdunhw/ wkh juhdwhu
wkh uhgxfwlrq lq s uhvxowlqj iurp dq lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh1

<



Qrz/ li prqhwdu| srolf| lv h{shfwhg wr eh pruh shupdqhqw zlwk d ghfolqh lq
�7

2
/ wkhuh zloo eh d odujhu h{fkdqjh udwh h�hfw/ pdnlqj dq lqwhuhvw udwh lq0

fuhdvh pruh ghvludeoh1 Pruh jhqhudoo|/ fuhglelolw| frqvlghudwlrqv0 wkh dqdo|vlv
ri zklfk zrxog uhtxluh d pxowl0shulrg h{whqvlrq ri rxu prgho0/ vkrxog reyl0
rxvo| d�hfw wkh dqdo|vlv ri wkh phglxp dqg orqj whup h�hfwv ri wkh prqhwdu|
uhvsrqvhv wr �qdqfldo fulvhv1
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