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4 Lqwurgxfwlrq

Wkh uhfhqw hslvrghv ri hphujlqj pdunhw fulvhv kdyh lqfuhdvhg dzduhqhvv/ erwk lq wkh dfd0

ghplf dqg srolf| flufohv/ wkdw �qdqfldo idfwruv sod| d fhqwudo uroh lq pdfurhfrqrplf shu0

irupdqfh1 Lq pdq| dffrxqwv/ wkh vxgghq vwrs dqg wkhq zlwkgudzdo ri lqwhuqdwlrqdo fdslwdo

 rzv zdv wkh vsdun wkdw vhw r� wkhvh fulvhv1 Wkh LPI dvvhuwv wkdw wkh hqvxlqj ghfolqhv lq

dvvhw sulfhv dqg h{fkdqjh udwhv zhuh �zhoo eh|rqg zkdw zdv mxvwl�hg e| dq| uhdvrqdeoh uh0

dvvhvvphqw ri hfrqrplf ixqgdphqwdov/ hyhq lq wkh oljkw ri wkh fulvlv1� +LPIZruog Hfrqrplf

Rxworrn/ Pd| 4<<;/ s171, Idoolqj dvvhw sulfhv frpsurplvhg zhdn grphvwlf edqnlqj v|vwhpv/

zkloh zlghvsuhdg edqnuxswflhv dprqj ryhu0ohyhudjhg �upv doo frqwulexwhg wr vljql�fdqwo|

djjudydwlqj wkh grzqwxuq1

Zkloh riwhq eoxuuhg/ wkhuh duh hvvhqwldoo| wzr glvwlqfw w|shv ri �qdqfldo frqvwudlqwv

prghov lq wkh pdfurhfrqrplfv olwhudwxuh1 Lq wkh �uvw jurxs/ ehvw uhsuhvhqwhg lq wkh �gh0

yhorshg hfrqrplhv� olwhudwxuh +h1j1 Ehuqdqnh dqg Jhuwohu 4<;</ Nl|rwdnl dqg Prruh 4<<:/

Kropvwurp dqg Wluroh 4<<:,/ zlghvsuhdg plfurhfrqrplf �qdqfldo frqvwudlqwv hlwkhu dprqj

�upv ru edqnv olplw d frxqwu|*v delolw| wr uhdoorfdwh uhvrxufhv/ h{dfhuedwlqj wkh dpsolwxgh

dqg frvwv ri uhfhvvlrqv1 Lq wkh vhfrqg jurxs/ dv hpskdvl}hg lq wkh �hphujlqj hfrqrplhv�

olwhudwxuh/ d frqvwudlqw rq wkh djjuhjdwh eruurzlqj ri d frxqwu| elqgv dqg ohdgv wr uhdo

glvorfdwlrqv1 H{dpsohv lqfoxgh Exorz dqg Urjr� +4<;:, dqg Dwnhvrq dqg Ulrv0Uxoo +4<<9,

iru h{solflw prghov ri wklv lqwhuqdwlrqdo froodwhudo frqvwudlqw/ ru Fdoyr +4<<;,/ iru dq lpsolflw

prgho ri lw1

Wkh sxusrvh ri wklv sdshu lv wr frqvwuxfw d vlpsoh htxloleulxp prgho wr dffrxqw iru

vrph ri wkh vw|ol}hg idfwv vxuurxqglqj hphujlqj pdunhwv* fulvhv/ dqg wkhuhe| vkhg oljkw

rq wkh uhvshfwlyh urohv ri wkhvh wzr w|shv ri �qdqfldo frqvwudlqwv1 Wkh dqdo|vlv doorzv xv

wr gholqhdwh wkh glvwlqfw urohv ri wkhvh �qdqfldo frqvwudlqwv/ dv zhoo dv xqfryhu lpsruwdqw

lqwhudfwlrq h�hfwv1 Ilupv lq rxu prgho kdyh olplwhg lqwhuqdwlrqdo froodwhudo wkdw ghwhuplqhv

wkh dprxqw ri �qdqflqj wkdw iruhljq lqyhvwruv h{whqg wr wkhvh �upv1 Frqfuhwho|/ zh lpdjlqh

wkdw lqwhuqdwlrqdo froodwhudo frqvlvwv ri h{sruw vhfwru uhyhqxhv wkdw lqwhuqdwlrqdo lqyhvwruv

fdq vhl}h lq wkh hyhqw ri ordq ghidxow1 Zh dovr dvvxph wkdw �upv zlwklq dq hfrqrp| kdyh

grphvwlf froodwhudo wkdw ghwhuplqhv krz pxfk �qdqflqj wkh| fdq rewdlq iurp hdfk rwkhu1

Zh wklqn ri uhdo hvwdwh dv d sulph h{dpsoh ri grphvwlf froodwhudo1

D wljkwhqlqj ri wkh lqwhuqdwlrqdo frqvwudlqw dw wkh frxqwu| ohyho fdq jhqhudwh d odujh ulvh

lq grphvwlf lqwhuhvw udwhv dqg d �uh vdoh ri grphvwlf dvvhwv/ dqg d fruuhvsrqglqj frqwudfwlrq

lq uhdo dfwlylw|1 Wkh elqglqj djjuhjdwh frqvwudlqw phdqv wkh hfrqrp| uxqv rxw ri uhvrxufhv

wr �qdqfh doo lqyhvwphqw qhhgv1 Wkh ulvh lq lqwhuhvw udwhv uh hfwv wkh kljk vkdgrz ydoxh ri

wkhvh uhvrxufhv1 Dq dowhuqdwlyh fkdqqho ehklqg d uhdo frqwudfwlrq lv d vkruwdjh ri grphvwlf

froodwhudo1 Hyhq zkhq wkh hfrqrp| kdv vx!flhqw uhvrxufhv lq wkh djjuhjdwh/ li �upv lq
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qhhg ri ixqgv kdyh lqvx!flhqw grphvwlf froodwhudo wkh| zloo qrw eh deoh wr dffhvv wkhvh

uhvrxufhv1 Wkhvh wzr froodwhudo frqvwudlqwv fdq lqwhudfw yld d fuhglw fuxqfk1 Li wkh edqnlqj

vhfwru lv uhvsrqvleoh iru uhdoorfdwlqj uhvrxufhv dfurvv wkh hfrqrp|/ dqg wklv fdsdflw| lv

frpsurplvhg e| d idoo lq dvvhw sulfhv/ wkh wljkwhqlqj lqwhuqdwlrqdo �qdqfldo frqvwudlqw ohdgv

wr d frqwudfwlrq lq h�hfwlyh grphvwlf froodwhudo1

Wkh lqwhudfwlrq fdq dovr rffxu lq wkh uhyhuvh gluhfwlrq1 D sx}}olqj dvshfw ri uhfhqw

fulvhv duh dfwlrqv wdnhq e| wkh sulydwh vhfwru wkdw ohdyh wkh hfrqrp| pruh yxoqhudeoh wr

dgyhuvh vkrfnv1 D w|slfdo h{dpsoh lv wkh odujh dprxqw ri iruhljq oldelolwlhv wkdw �upv lq

Dvld frqwudfwhg gxulqj wkh |hduv suhfhglqj wkh fulvhv1 Zh vkrz wkdw wkh lqwhudfwlrq ehwzhhq

olplwhg grphvwlf froodwhudo dqg wkh lqwhuqdwlrqdo froodwhudo frqvwudlqw/ lq d g|qdplf vhwwlqj/

fdxvhv �upv wr xqghuydoxh lqwhuqdwlrqdo froodwhudo1 Wkdw lv/ �upv v|vwhpdwlfdoo| wdnh dfwlrqv

wkdw ohdyh wkhp zlwk wrr olwwoh lqwhuqdwlrqdo froodwhudo gxulqj fulvhv/ h{dfhuedwlqj wkh h�hfwv

ri dgyhuvh vkrfnv1

Wkh hfrqrplfv ehklqg wklv xqghu0lqvxudqfh uhvxow dulvhv iurp wkh revhuydwlrq wkdw olp0

lwhg grphvwlf froodwhudo fuhdwhv d zhgjh ehwzhhq wkh lqwhuqdo uhwxuq rq lqyhvwphqw iru d

grphvwlf �up dqg wkh h{whuqdo uhwxuq wkdw lv surplvhg wr dq rxwvlgh lqyhvwru +l1h1 dqrwkhu

grphvwlf,1 Lq d fulvlv wkh hfrqrp| lv vkruw ri lqwhuqdwlrqdo froodwhudo1 Dedwlqj wkh fulvlv

uhtxluhv dq h{0dqwh ghflvlrq wr uhwdlq vrph lqwhuqdwlrqdo froodwhudo � iru h{dpsoh e| frq0

wudfwlqj ohvv iruhljq ghew h{0dqwh1 Krzhyhu li wkhuh lv d zhgjh ehwzhhq lqwhuqdo dqg h{whuqdo

uhwxuqv rq lqyhvwphqw/ wkh sulydwh ydoxdwlrq ri wklv lqwhuqdwlrqdo froodwhudo zloo eh ohvv wkdq

lwv vrfldo ydoxh1

Wkh xvhixoqhvv ri rxu dqdo|vlv lv wzr0irog1 Iluvw/ zkloh zh duh qrw xqltxh lq qrwlqj vrph

ri wkh �qdqfldo idfwruv looxvwudwhg e| wkh prgho/ zh gr surylgh d idluo| vlpsoh dqg xql�hg

iudphzrun lq zklfk wr foduli| wkhvh phfkdqlvpv1 Vhfrqg/ wkh prgho xqfryhuv wkh g|qdplf

xqghuydoxdwlrq uhvxow/ zklfk vkrxog eh khosixo lq wkh dqdo|vlv ri h{0dqwh suhfdxwlrqdu|

txhvwlrqv � erwk dprqj wkh sulydwh vhfwru/ dqg wr jxlgh srolf| dfwlrqv1

Uhodwlrq wr wkh olwhudwxuh1 Dv zh phqwlrqhg deryh/ plfurhfrqrplf eruurzlqj frqvwudlqwv

dulvh lq pdq| sduwv ri wkh olwhudwxuh rq �qdqfldo frqvwudlqwv lq pdfurhfrqrplfv/ dqg djjuh0

jdwh froodwhudo frqvwudlqwv dulvh prvw h{solfwo| lq wkh vryhuhljq ghew olwhudwxuh1 Vlqfh lq wkh

odwwhu olwhudwxuh ghidxow dqg lwv frvwv duh prvwo| prghohg dv d frxqwu|0zlgh skhqrphqrq/

wkh txhvwlrq lpphgldwho| dulvhv rq zkhwkhu wkh grphvwlf sulydwh vhfwru lqwhuqdol}hv wkh hi0

ihfw ri wkhlu dfwlrqv rq wkh olnholkrrg ri wkhvh hyhqwv1 Edugkdq +4<9:,/ Kduehujhu +4<;8,

dqg Dl}hqpdq +4<;<, dgyrfdwhg wd{lqj fdslwdo  rzv rq wkh jurxqgv wkdw lqglylgxdo djhqwv

gr qrw sd| iru wkh lqfuhdvh lq d frxqwu|*v dyhudjh frvw ri fdslwdo eurxjkw derxw e| wkhlu lq0

whuqdwlrqdo lqghewhgqhvv1 Zkloh rxu uhvxow rq froodwhudo xqghuydoxdwlrq lv uhodwhg wr wkhluv/

rxu h{whuqdolw| vwhpv iurp lpshuihfwlrqv lq wkh grphvwlf �qdqfldo v|vwhp udwkhu wkdq iurp

wkh frxqwu|*v prqrsvrq| srzhu lq lqwhuqdwlrqdo �qdqfldo pdunhwv1

Wkh prgholqj dssurdfk zh iroorz rzhv wr Gldprqg dqg G|eylj*v +4<;6, fdqrqlfdo prgho
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ri oltxlglw| dqg sduwlfxoduo| wr Kropvwurp dqg Wluroh +4<<;,*v ghsduwxuh iurp wklv prgho

lq wkh frqwh{w ri �upv1 Dv lq wkdw sdshu/ �upv lq rxu hfrqrp| uhfhlyh d surgxfwlrq

vkrfn wkdw wkh| pxvw frsh zlwk e| pruwjdjlqj froodwhudo lq rughu wr eruurz dgglwlrqdo

ixqgv1 Wkh odwwhu fdq eh rewdlqhg iurp rwkhu grphvwlf �upv ru gluhfwo| iurp lqwhuqdwlrqdo

lqyhvwruv1 Dqdorjrxvo|/ �upv lq wkh prgho ri Kropvwurp0Wluroh fdq eruurz ixqgv hlwkhu

iurp rwkhu �upv lq wkh frusrudwh vhfwru ru gluhfwo| iurp vdyhuv1 Lqwhuphgldwlrq uhqghuv

wkh �uvw wudqvdfwlrq iulfwlrqohvv lq Kropvwurp0Wluroh dqg wkhlu pdfurhfrqrplf dqdo|vlv

irfxvhv rq wkh lpsohphqwdwlrq dqg h!flhqf| ri wkh vhfrqg wudqvdfwlrq1 Lq frqwudvw/ erwk

wudqvdfwlrqv hqfrxqwhu iulfwlrqv lq rxu prgho1

Rxu xqghusurylvlrq ri froodwhudo uhvxowv duh dqdorjrxv wr wkh iuhh ulghu sureohpv dqg

xqghusurylvlrq ri oltxlglw| vwxglhg lq wkh edqnlqj olwhudwxuh +vhh Mdfnolq 4<;:/ Ekdwwdfkdu|d

dqg Jdoh 4<;:/ Doohq dqg Jdoh 4<<:,1 Krzhyhu/ wkh vrxufh ri wkh h{whuqdolw| ehklqg wklv

lqh!flhqf| lq rxu prgho lv wkh hqgrjhqrxv uhvxow ri eruurzlqj frqvwudlqwv/ zkloh wkhluv lv

wkh h{rjhqrxv glyhujhqw h{0srvw ydoxdwlrq ri oltxlglw| e| frqvxphuv1 Wkh olwhudwxuh rq fulvhv

kdv irfxvhg rq prghov ri edqn uxqv dqg wkhlu nh| vhtxhqwldo vhuylfh frqvwudlqw +Gldprqg

dqg G|eylj 4<;6/ Jrogidmq dqg Ydoghv 4<<;/ dqg Fkdqj dqg Yhodvfr 4<<;,1 Zkloh zh gr

eholhyh wkdw edqn idloxuhv dqg uxqv fdq djjudydwh fulvhv/ dv zh glvfxvv lq vhfwlrq 8/ rxu

prgho srlqwv rxw wkdw wkh edvlf ihdwxuhv ri fulvhv dqg wkhlu suhoxgh dulvh hyhq zkhq qr

djhqw ru lqvwlwxwlrq lv frpplwwhg wr vxsso| oltxlglw|1 Pruhryhu/ wkh �uh vdoh phfkdqlvp

zh hpskdvl}h errvwv dqg ihhgv iurp wkh olnholkrrg ri edqnlqj fulvhv wkhpvhoyhv1 Ilqdoo|

rxu dvvhw sulflqj lpsolfdwlrqv dulvh iurp pdunhw vhjphqwdwlrq1 Doohq dqg Jdoh +4<<7, dqg

Phuwrq +4<;:, kdyh qrwhg wkh lpsdfw ri vhjphqwdwlrq rq dvvhw sulfhv1

Rxwolqh1 Vhfwlrq 5 iroorzv zlwk d ghvfulswlrq ri wkh prgho dqg wkh gl�huhqw uhjlrqv

wkdw dulvh iurp wkh h{lvwhqfh ri wzr w|shv ri �qdqfldo frqvwudlqwv1 Vhfwlrq 6 irfxvhv rq wkh

�zdvwhg froodwhudo� uhjlrq/ zkhuh wkh grphvwlf0plfurhfrqrplf frqvwudlqwv duh elqglqj exw

qrw wkh lqwhuqdwlrqdo0djjuhjdwh frqvwudlqw1 Vhfwlrq 7 lv wkh fruh ri wkh sdshu/ dv lw dggv

wkh lqwhuqdwlrqdo �qdqfldo frqvwudlqw dqg vkrzv wkh g|qdplf ihhgedfn iurp wkh grphvwlf

wr wkh lqwhuqdwlrqdo frqvwudlqw1 Vhfwlrq 8 lqwurgxfhv edqnv dqg suhvhqwv dq h{dpsoh ri

wkh uhyhuvh ihhgedfn/ wkdw lv iurp wkh lqwhuqdwlrqdo �qdqfldo frqvwudlqw wr wkh grphvwlf

frqvwudlqw1 Vhfwlrq 9 frqfoxghv/ dqg lv iroorzhg e| dq dsshqgl{1

5 D Wlph0wr0exlog prgho zlwk olplwhg lqwhuqdwlrqdo dqg gr0

phvwlf froodwhudo

514 Suhihuhqfhv/ Whfkqrorj| dqg Ilqdqfldo Frqvwudlqwv

Wlph1 Wkh zruog odvwv wkuhh shulrgv/ w @ 3> 4> 51 Lq gdwh 3/ djhqwv pdnh uhdo lqyhvwphqw

dqg eruurzlqj ghflvlrqv1 Dgyhuvh vkrfnv pd| d�hfw surgxfwlrq dw gdwh 41 Djhqwv pxvw
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djdlq pdnlqj eruurzlqj fkrlfhv wr frsh zlwk wkhvh vkrfnv1 Dw gdwh 5/ doo uhwxuqv duh

uhdol}hg/ ghewv duh uhsdlg/ dqg frqvxpswlrq wdnhv sodfh1

Production:  Time-to-build

                        k                                                            
(INTACT) 

                            R  k

                                                                 Prob = 1/2

   
(DISTRESSED)

  Need additional investment of       r  k   +  ∆  θ   k

 θ   k  import goods     =  R (θ ) k

Date 0 Date 1  Date 2

Borrowing Shocks                              Repayment
Investment   Consumption

Date 0 Budget Constraint:            d0,f  ≤  λl
f w

Figure 1: Time Line

           Investment Constraint:    c(k) =  d0,f

Djhqwv dqg khwhurjhqhlw|1 Wkh hfrqrp| kdv d vlqjoh frqvxpswlrq jrrg1 Wkhuh duh

wzr w|shv ri djhqwv= +l, d frqwlqxxp ri xqlw phdvxuh ri grphvwlf hqwuhsuhqhxuv0frqvxphuv

+khqfhiruwk/ grphvwlfv, zlwk olqhdu suhihuhqfhv ryhu gdwh 5 frqvxpswlrq ri d vlqjoh +wudgh0

deoh, jrrg/ dqg +ll, iruhljq �qdqflhuv +khqfhiruwk/ iruhljqhuv, zlwk odujh hqgrzphqwv zkr

dovr ydoxh frqvxpswlrq ri wkh vlqjoh jrrg dw wkh �qdo gdwh rqo|1 Djhqwv kdyh iulfwlrqohvv

vwrudjh whfkqrorjlhv vr wkh lqwhuqdwlrqdo jurvv lqwhuhvw udwh lv rqh1

Surgxfwlrq1 Grphvwlfv kdyh qr jrrgv dw gdwh 3 dqg gdwh 41 Dv zh vkdoo ghvfuleh vkruwo|/

doo ri wkhlu hqgrzphqw lv lq wkh irup ri �lqwhuqdwlrqdo froodwhudo% jrrgv dw gdwh 51 Lq rughu

wr surgxfh/ grphvwlfv pxvw eruurz dqg lpsruw jrrgv iurp iruhljqhuv1 Surgxfwlrq kdv d

wlph0wr0exlog dvshfw1 Lqyhvwphqwv duh pdgh dw gdwhv 3 dqg 4/ dqg rxwsxw lv uhdol}hg dw gdwh

51 Fuhdwlqj n xqlwv ri fdslwdo uhtxluhv d gdwh 3 lqyhvwphqw ri f+n, xqlwv ri lpsruwhg jrrgv1

Wkh ixqfwlrq f+n, lv dvvxphg wr eh vwulfwo| lqfuhdvlqj/ frqyh{ dqg srvlwlyh/ wr jxdudqwhh dq

lqwhulru vroxwlrq1

Zh fdswxuh wkh qrupdo fkxuq ri wkh hfrqrp|/ zlwk lwv lpsolhg grphvwlf khwhurjhqhlw|/

zlwk d vlpsoh Ehuqrxool surfhvv1 Dw gdwh 4/ kdoi ri wkh �upv +udqgrpo| vhohfwhg, duh vsduhg

ri ixuwkhu lqyhvwphqw dqg jr rq wr surgxfh Un xqlwv ri jrrgv dw gdwh 5 +�lqwdfw �upv%,1
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Wkh uhvw +�glvwuhvvhg �upv%, h{shulhqfh d surgxfwlylw| idoo wr u ? U1 Wklv fdq eh r�vhw e|

uhlqyhvwlqj d iudfwlrq � � 4 ri n/ lq xqlwv ri wkh lpsruwhg jrrg/ lq rughu wr uhdol}h rxwsxw

dw gdwh 5 ri=

+u . ��,n � Un>

zkhuh/

� � U� u=

Ilqdqflqj dqg Froodwhudo1 Lq rughu wr h{soruh wkh �qdqfldo sureohpv wkdw frqfhuq xv zh

lqwurgxfh eruurzlqj frqvwudlqwv rq grphvwlf �upv1 Ehiruh grlqj vr/ krzhyhu/ zh pxvw ghdo

zlwk d vxewoh lvvxh1 Ghvslwh wkh olqhdulw| ri suhihuhqfhv/ lqvxudqfh0ghpdqg dulvhv dv vrrq dv

gdwh 4 �qdqfldo frqvwudlqwv duh lqwurgxfhg1 Wkhuh duh hvvhqwldoo| wzr fodvvhv ri lqvxudqfh

frqwudfwv wr frqvlghu1 Wkh �uvw rqh lv zlwk uhvshfw wr lglrv|qfudwlf vkrfnv1 Ilupv frxog lq

sulqflsoh vljq frqwudfwv dw gdwh 3/ frqwlqjhqw rq wkh uhdol}dwlrq ri w|shv/ zkhuhe| uhvrxufhv

zhuh dozd|v wudqvihuuhg iurp lqwdfw wr glvwuhvvhg �upv1 Lq uhdolw| wkhvh frqwudfwv duh vhogrp

shuihfw gxh wr dv|pphwulf lqirupdwlrq/ dqg lq rxu prgho zh fdswxuh wklv lpshuihfwlrq lq

lwv h{wuhph irup=

Dvvxpswlrq 4 +Qrq0revhuydelolw| ri Surgxfwlrq Vkrfn, Wkh surgxfwlrq vkrfn dw

gdwh 4 lv lglrv|qfudwlf1 Wkh lghqwlw| ri �upv uhfhlylqj wkh vkrfn lv sulydwh lqirupdwlrq1

Exw sulydwh lqirupdwlrq grhv qrw uxoh rxw vljqlqj lqvxudqfh frqwudfwv zlwk uhvshfw wr

djjuhjdwh vkrfnv1 Krzhyhu/ lqwurgxflqj wkhvh frqwudfwv zrxog gdpshq wkh h�hfwv ri djjuh0

jdwh vkrfnv/ exw zrxog qrw xqgr dq| ri rxu pdlq txdolwdwlyh uhvxowv14 Wkxv/ iru vlpsolflw|/

zh rqo| dqdo|}h xqfrqwlqjhqw ghew frqwudfwv1

Zh dvvxph wkdw hdfk grphvwlf djhqw lv hqgrzhg dw gdwh 3 zlwk vrph gdwh 5 jrrgv

wkdw duh lqwhuqdwlrqdo froodwhudo � h1j1/ wkh suhvhqw ydoxh ri h{sruw vhfwru uhfhlydeohv1 Wklv

hqgrzphqw lv doo wkdw fdq eh sohgjhg wr iruhljqhuv wr vhfxuh ghew uhsd|phqwv1 Wkxv zh pdnh

wkh h{wuhph dvvxpswlrq wkdw qrqh ri wkh rxwsxw iurp grphvwlf surgxfwlrq lv dffhswdeoh

froodwhudo wr iruhljqhuv1

Ghqrwh wkh dprxqw ri lqwhuqdwlrqdo froodwhudo iru d grphvwlf dv �/sz1 Wkhuh duh wzr

vwdwhv ri wkh zruog dw gdwh 4/ $ 5 io> kj1 Vwdwh o rffxuv zlwk suredelolw| �,/ zkloh vwdwh k

rffxuv zlwk suredelolw| �� @ 4 � �1 Dfurvv doo grphvwlf djhqwv/ wkhuh lv ohvv froodwhudo lq

wkh o vwdwh wkdq wkh k vwdwh/

3 ? �,sz ? ��sz=

4Vhh Fdedoohur dqg Nulvkqdpxuwk| +4<<</ 5333e, iru dq dqdo|vlv ri frqwlqjhqf|1 Dovr/ vhh wkh iruphu iru

wkh voljkwo| pruh jhqhudo fdvh +exw lghqwlfdo lq htxloleulxp, zkhuh iruhljqhuv krog grphvwlf froodwhudo iurp

gdwh 3 wr 41
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Vlqfh rqo| �/sz lv lqwhuqdwlrqdo froodwhudo/ iruhljqhuv zloo rqo| h{whqg �qdqflqj xs wr wklv

dprxqw1 Wkh h�hfw ri wkh djjuhjdwh vkrfn lv wr wljkwhq wkh lqwhuqdwlrqdo eruurzlqj frq0

vwudlqw lq wkh o0vwdwh dqg wkhuhiruh fxuwdlo surgxfwlrq dqg uh�qdqflqj rswlrqv dw gdwh 415

Dvvxpswlrq 5 +Iruhljq ghew dqg lqwhuqdwlrqdo froodwhudo,
Iruhljq ohqghuv uhtxluh lqwhuqdwlrqdo froodwhudo wr edfn doo surplvhg uhsd|phqwv1 Wkhvh

uhsd|phqwv duh dvvxphg wr eh xqfrqwlqjhqw rq wkh djjuhjdwh vkrfn dw gdwh 41 Ohw gfcs dqg

g/�cs ghqrwh iruhljq ghew frqwudfwhg dw gdwhv 3 dqg 4 +lq vwdwh $,/ uhvshfwlyho|1 Wkhq/

gfcs � �,sz @ plq
/

i�/szj>

g/�cs � �/sz � gfcs =

Zkloh wkh lqwhuqdwlrqdo lqwhuhvw udwh lv slqqhg grzq dw rqh e| iruhljqhuv/ dv zh zloo vhh

odwhu wkh grphvwlf lqwhuhvw udwh +wkh rqo| htxloleulxp sulfh lq rxu prgho, pd| ulvh deryh

wklv ydoxh1 Wklv lqwhuhvw udwh dssolhv wr dvvhwv zklfk duh ydoxhg e| grphvwlfv exw qrw e|

iruhljqhuv1 Wklv dv|pphwulf ydoxdwlrq lv gxh wr rxu dvvxpswlrq wkdw iruhljqhuv fdqqrw vhl}h

dq| ri wkh jrrgv iurp grphvwlf surgxfwlrq/ zkloh grphvwlfv fdq1 Wkh sdudphwhu �_ frqwurov

krz pxfk ri wklv surgxfwlrq lv grphvwlf froodwhudo dqg uhsuhvhqwv wkh ghjuhh ri ghyhorsphqw

ri grphvwlf �qdqfldo pdunhwv1

Dvvxpswlrq 6 +Grphvwlf ghew dqg froodwhudo,
D grphvwlf ohqghu fdq rqo| eh vxuh wkdw d �up zloo surgxfh �_un xqlwv ri jrrgv dw gdwh 51

Dq| h{fhvv surgxfwlrq edvhg rq uhlqyhvwphqw dw gdwh 4 lv qhlwkhu revhuydeoh qru yhul�deoh1

Ohw O/ � 4 ghqrwh wkh grphvwlf +jurvv, lqwhuhvw udwh lq vwdwh $/ wkhq grphvwlf ohqglqj dw

gdwh 4 pxvw vdwlvi|/

g/�c_ � �_
un

O/
. +�/sz � gfcs � g/�cs ,> 3 � �_ � 4=

Vlqfh doo grphvwlf �upv duh lghqwlfdo dw gdwh 3/ wkh grphvwlf ghew pdunhw lv qrw dffhvvhg

dw gdwh 31 Rxu dvvxpswlrq sod|v d uroh rqo| dw gdwh 4/ zkhq lqwdfw �upv ehfrph grphvwlf

ohqghuv wr wkh glvwuhvvhg �upv1

Ilqdoo| zh qhhg wr pdnh d whfkqlfdo dvvxpswlrq rq uhwxuqv wr gdwh 4 uhlqyhvwphqw yhuvxv

gdwh 3 uhlqyhvwphqw/ lq rughu wr hqvxuh wkdw �upv gr qrw vdwxudwh wkhlu exgjhw frqvwudlqw

dw gdwh 3/

� A
U. u

5f�+�,sz,
A 4=

5Rxu dvvxpswlrq rq wkh wljkwhqlqj ri wkh lqwhuqdwlrqdo froodwhudo frqvwudlqw lq wkh ,0vwdwh fdq eh lqwhu0

suhwhg lq d qxpehu ri zd|v1 Wklv lv d whupv ri wudgh vkrfn/ d ulvh lq wkh lqwhuqdwlrqdo lqwhuhvw udwh/ ru d

ulvh lq wkh suhplxp wkdw iruhljq lqyhvwruv uhtxluh iru ohqglqj wr hphujlqj pdunhwv1 Zh duh djqrvwlf rq wkh

vrxufh ri wkh vkrfn1
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515 Rswlpl}dwlrq dqg Htxloleulxp

Wkh sureohp fdq eh vroyhg e| edfnzdug lqgxfwlrq1

Gdwh 4 sureohp1 Gdwh 3 ghflvlrqv uhvxow lq �upv duulylqj dw gdwh 4 zlwk lqvwdoohg fdslwdo

ri n dqg iruhljq ghew ri gfcs 1 Dw gdwh 4/ d �up wkdw uhfhlyhv d vkrfn lv glvwuhvvhg +V,/ zkloh

d �up wkdw hvfdshv wkh vkrfn lv lqwdfw +L,1 Wkh edodqfh vkhhw ri d grphvwlf �up kdv dvvhwv

ri un xqlwv ri grphvwlf froodwhudo dqg z xqlwv ri lqwhuqdwlrqdo froodwhudo/ dqg iruhljq ghew

ri gfcs 1

Vxssrvh wkdw gdwh 3 fkrlfhv ri +n> gfcs , kdyh ehhq pdgh1 Frqvlghu wkh sureohp ri d

glvwuhvvhg �up lq udlvlqj ixqgv dw gdwh 4 wr doohyldwh lwv surgxfwlrq vkrfn1 Vdylqj surgxfwlrq

xqlwv lv dq lqyhvwphqw wkdw uhtxluhv rqh xqlw ri lpsruwhg jrrgv/ dqg uhwxuqv � xqlwv ri jrrgv

dw gdwh 51 Vlqfh wkh uhwxuq rq wklv lqyhvwphqw ri � dozd|v h{fhhgv wkh lqwhuqdwlrqdo lqwhuhvw

udwh ri rqh/ wkh �up zloo wxuq wr wkh lqwhuqdwlrqdo ghew pdunhw iru �qdqflqj1 Lw fdq udlvh dw

pd{lpxp/ �/sz� gfcs / iurp wklv pdunhw1 Li/ n A �/sz� gfcs wkhq wkh �up zloo kdyh wr wxuq

wr rwkhu vrxufhv iru �qdqfh1 Vlqfh lqwdfw �upv vwloo kdyh h{fhvv lqwhuqdwlrqdo froodwhudo/ d

glvwuhvvhg �up fdq eruurz iurp wkh lqwdfw �up djdlqvw lwv grphvwlf froodwhudo dqg lpsruw

dgglwlrqdo jrrgv1 Wkurxjk wklv �fuhglw fkdlq/� wkh glvwuhvvhg �up lv deoh wr djjuhjdwh wkh

lqwhuqdwlrqdo froodwhudo ri wkh hfrqrp| dqg sohgjh wklv wr iruhljqhuv wr udlvh uhvrxufhv iru

gdwh 4 uhlqyhvwphqw1 Dv orqj dv � A O/ wkh �up zloo eruurz dv pxfk dv lw fdq +ru qhhgv,

lq wkh grphvwlf ghew pdunhw1 Wkh pd{lpxp dprxqw ri ixqgv +lq xqlwv ri lpsruw jrrgv,

wkdw fdq eh udlvhg/ diwhu h{kdxvwlqj iruhljq uhvrxufhv/ lv

g/�c_ �
�_un

O/
= +4,

Zh vkdoo uhihu wr wklv lqhtxdolw| dv wkh grphvwlf froodwhudo frqvwudlqw1

Zh fdq wkhq zulwh wkh sureohp ri d glvwuhvvhg �up dv/

+S4, Y /
r � pd{w/? c_/�cs c_

/
�c_

�/sz . +u .��,n � gfcs � g/�cs � O/g/�c_

v=w= +l, g/�cs . gfcs . g/�c_ � �/sz . b_o&
u/

+ll, g/�cs . gfcs � �/sz

+lll, �/n @ g/�cs .
_/
�c_

u/

+ly, �/ � 4=

Frqvwudlqwv +l, dqg +ll, duh edodqfh vkhhw frqvwudlqwv +qhw pdunhwdeoh dvvhwv juhdwhu

wkdq oldelolwlhv, dv shufhlyhg e| grphvwlf dqg iruhljq ohqghuv/ uhvshfwlyho|1 Frqvwudlqw +lll,

uh hfwv wkdw qhz lqyhvwphqw pxvw eh ixoo| sdlg zlwk wkh uhvrxufhv uhfhlyhg e| wkh �up dw

gdwh 4 lq wdnlqj rq ghewv ri g/�cs dqg g/�c_1 Frqvwudlqw +ly, lv sxuho| whfkqrorjlfdo1

Dq lqwdfw �up dw gdwh 4 kdv rqo| rqh ghflvlrq= krz pxfk �qdqfh zloo lw h{whqg wr

wkh glvwuhvvhg �up1 Vxssrvh wkdw wkh �up eruurzv lpsruw jrrgv djdlqvw lwv lqwhuqdwlrqdo

:



froodwhudo dqg ohqgv {�c_ ri wkhvh jrrgv lq wkh grphvwlf pdunhw dw wkh lqwhuhvw udwh ri O/1

Wkhq/
+S5, Y /

� �pd{%/
�c_

�/| n| .Un . O/{/�c_ � {/�c_

v=w= gfcs .
%/
�c_

u/
� �/sz

Gdwh 3 sureohp1 Dw gdwh 3/ d �up orrnlqj iruzdug wr gdwh 4 fdq h{shfw wr �qg lwvhoi dv

hlwkhu glvwuhvvhg ru lqwdfw/ dqg lq hlwkhu wkh k ru wkh o djjuhjdwh vwdwh ri wkh zruog1 Wkxv

wkh ghflvlrq dw gdwh 3 lv/

+S6, pd{&c_fcs
S

/Mt�c,� �
/ �
2+Y

/
r . Y /

� ,

v=w= gfcs � �,sz

f+n, @ gfcs =

zkhuh �/ uhsuhvhqwv wkh suredelolw| wkdw vwdwh $ rffxuv1

Htxloleulxp1 Pdunhw fohdulqj lq wkh grphvwlf ghew pdunhw dw gdwh 4 +fdslwdo ohwwhuv

ghqrwh djjuhjdwh txdqwlwlhv, uhtxluhv wkdw wkh djjuhjdwh dprxqw ri grphvwlf ghew wdnhq rq

e| glvwuhvvhg �upv lv ixoo| ixqghg e| lqwdfw �upv=

G/
�c_ @

4

5
g/�c_

[/
�c_ @

4

5
{/�c_=

Wkhuhiruh/ pdunhw fohdulqj/

G/
�c_ @ [/

�c_> +5,

ghwhuplqhv wkh jurvv lqwhuhvw udwh O/1

Dq htxloleulxp ri wklv hfrqrp| frqvlvwv ri gdwh 3 dqg gdwh 4 ghflvlrqv/ +n> gfcs , dqg

+�/> g/�cs > g
/
�c_> {

/
�c_,

/Mt,c��/ uhvshfwlyho|/ dqg sulfhv +O/,/Mt,c��1 Ghflvlrqv duh vroxwlrqv wr

wkh �upv* sureohpv +S4,/ +S5,/ dqg +S6, jlyhq sulfhv1 Dw wkhvh sulfhv/ wkh pdunhw fohdulqj

frqglwlrq +5, krogv1

516 Uhjlrqv

Zlwk wkh edvlf vhwxs ehklqg xv/ zh wxuq wr fkdudfwhul}lqj htxloleulxp dw gdwh 41 Ehfdxvh

ri wkh olqhdulw| lq suhihuhqfhv dqg uhwxuqv wr uhlqyhvwphqw/ wkh ghflvlrq sureohpv hqg xs

|lhoglqj fruqhu vroxwlrqv/ dqg htxloleulxp idoov lqwr rqh ri irxu uhjlrqv1

Ohw xv ehjlq zlwk wkh fdvh wkdw � A O/ A 41 Frqvlghu wkh sureohp ri d glvwuhvvhg �up

dw gdwh 4/ dv vwdwhg lq +S4,1 Vlqfh � h{fhhgv erwk wkh lqwhuqdwlrqdo dqg grphvwlf lqwhuhvw

udwhv/ wkh �up zloo eruurz dv pxfk dv lw fdq +ru qhhgv, iurp wkh grphvwlf dqg lqwhuqdwlrqdo

lqyhvwruv1 Wkh pd{lpxp dprxqw ri ixqgv wkdw wkh �up fdq udlvh lv/

�/sz � gfcs .
�_un

O/
=

;



Vlqfh O/ A 4/ lqwdfw �upv zloo lpsruw jrrgv ri �/s �z iurp iruhljq lqyhvwruv dqg ohqg wkhvh

wr wkh glvwuhvvhg �upv1 Wkhq htxloleulxp uhtxluhv wkdw/

4

5

�_un

O/
@ G/

�c_ @ [/
�c_ @

4

5
+�/sz � gfcs ,=

Vroylqj/ |lhogv

O/ @
�_un

�/sz� gfcs
= +6,

Wklv lv wkh �uvw fdvh1 Lq wklv vfhqdulr/ lw lv hdv| wr vhh wkdw vlqfh doo ri wkh lqwdfw �upv

h{fhvv froodwhudo lv wudqvihuuhg wr wkh glvwuhvvhg �upv/ wkhuh lv ixoo froodwhudo djjuhjdwlrq1

Wkxv wrwdo uhlqyhvwphqw lv/

�/n @ 5+�/sz � gfcs ,

Wkh vhfrqg fdvh iroorz forvho| iurp wkh deryh h{suhvvlrqv1 Qrwh wkdw lw lv dojheudlfdoo|

srvvleoh wkdw wklv htxdwlrq uhtxluhv wkdw �/ � 41 Hfrqrplfdoo| wklv phdqv wkdw wkhuh lv

vx!flhqw froodwhudo iru doo glvwuhvvhg surgxfwlrq xqlwv wr eh uhvwuxfwxuhg/ dqg wkhuhiruh

�upv zloo fkrrvh �/ @ 41 Vlqfh wkhuh lv h{fhvv vxsso| lq wkh grphvwlf ghew pdunhw/ O/ @ 4

+htxdo wr wkh lqwhuqdwlrqdo lqwhuhvw udwh,1

Wkh gl�huhqfh ehwzhhq wkhvh odvw wzr fdvhv lv wkdw lq wkh vhfrqg/ wkh hfrqrp| uhlqyhvwv

ohvv wkdq lwv lqwhuqdwlrqdo froodwhudo1 Zh fdq gh�qh wkh lqwhuqdwlrqdo froodwhudo frqvwudlqw

dv/

�/n � 5+�/sz � gfcs ,= +7,

Li wkh frqvwudlqw elqgv wkh hfrqrp| pxvw eh djjuhjdwlqj doo ri lwv lqwhuqdwlrqdo froodwhudo/

dqg wkhuhiruh O/ A 41 Zkhq wkh frqvwudlqw grhv qrw elqg/ lw pxvw eh wkdw O/ @ 41

Wkh �qdo fdvh lv zkhq O/ lv htxdo wr rqh/ ehfdxvh �_ lv orz dqg dfwxdoo| +4, elqgv1 Wkdw

lv/ vxssrvh wkdw �/ ? 4/ exw

�_un ? �/sz � gfcs =

Lq wklv fdvh grphvwlf glvwuhvvhg �upv odfn vx!flhqw froodwhudo wr frpshqvdwh lqwdfw �upv

iru wkhlu lqwhuqdwlrqdo froodwhudo dqg wkh grphvwlf lqwhuhvw udwh idoov wr rqh1 Froodwhudo

frqvwudlqhg ghpdqg ghsuhvvhv wkh htxloleulxp lqwhuhvw udwh1

Iljxuh 5 looxvwudwhv hdfk ri wkhvh vfhqdulrv1 Ehiruh ghvfulelqj wkh �jxuh/ ohw xv gh�qh

wkh lqwhuqdwlrqdo vsuhdg/ v/s / dv

v/s � O/ � 4=

Olnhzlvh/ ohw xv gh�qh wkh grphvwlf vsuhdg/ v/_ dv/

v/_ � �� O/=

Wklv lv wkh gl�huhqfh ehwzhhq wkh pdujlqdo surgxfw ri lqyhvwphqw iru d glvwuhvvhg �up dqg

wkh lqwhuhvw udwh wkdw lw sd|v wr lwv ohqghuv1 Lw lv wkh zhgjh ehwzhhq lqwhuqdo dqg h{whuqdo

uhwxuqv wkdw w|slfdoo| dulvhv lq prghov zlwk fuhglw frqvwudlqwv1

<



Figure 2

L =  1

L = ∆

θn = 1

Panel (a) : Regions I and II Panel (b) : Regions III and IV

L =  1

L = ∆

θn = 1

Wkh vxsso| fxuyh lq erwk sdqhov lv wkh vxsso| ri lqwhuqdwlrqdo froodwhudo lq wkh hfrqrp|1

Lw lv krul}rqwdo dw wkh lqwhuqdwlrqdo lqwhuhvw ri O @ 4 xswr wkh srlqw wkdw wkh lqwhuqdwlrqdo

froodwhudo frqvwudlqw elqgv/ dqg wkhq lw wxuqv yhuwlfdo1 Wkh sdqho rq wkh ohiw uhsuhvhqwv �,s /

zkloh wkdw rq wkh uljkw lv ��s 1 Wkh ghpdqg fxuyh iru ixqgv fdq eh lq rqh ri wzr vlwxdwlrqv1

Iluvw/ wkh krul}rqwdo sduw ri wkh fxuyh wudfhv rxw wkh pdujlqdo surgxfw ri uhlqyhvwphqw iru

d glvwuhvvhg �up1 Ghpdqg iru ixqgv idoov ehorz wklv fxuyh zkhq wkh grphvwlf froodwhudo

frqvwudlqw ehjlqv wr elqg1 Wkh dprxqw ri grphvwlf froodwhudo iru d glvwuhvvhg �up lv/

�_un

O/
=

Wkxv dv O/ vwduwv wr idoo wkh froodwhudo lv zruwk pruh dqg wkh froodwhudo frqvwudlqw judgxdoo|

orrvhqv1 Wklv wudfhv wkh gldjrqdo grzqzdugv1

Wkh ghpdqg fxuyh lq erwk sdqhov looxvwudwhv d fdvh ri kljkhu dqg orzhu �_1 Wkh orzhu dqg

pruh frqvwudlqhg ghpdqg fxuyh lv d orzhu �_/ uhsuhvhqwlqj ohvv grphvwlf �qdqfldo pdunhw

ghyhorsphqw1

Sursrvlwlrq 4 vxppdul}hv wkh pdlq uhvxowv xs wr wklv srlqw=

Sursrvlwlrq 4 +Uhjlrqv,1 Wkh hfrqrp| fdq eh lq rqh ri irxu uhjlrqv dw gdwh 4/ gh0

shqglqj rq zklfk ri wkh wzr froodwhudo frqvwudlqwv/ +4, dqg +7,/ elqg1
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� Uhjlrq L rffxuv zkhq erwk wkh lqwhuqdwlrqdo froodwhudo frqvwudlqw +7, dqg wkh grphvwlf

froodwhudo frqvwudlqw +4, duh vodfn1 Lq wklv fdvh/ erwk lqwhuqdwlrqdo dqg grphvwlf vsuhdgv

duh }hur dqg wkhuh lv ixoo surmhfw frpsohwlrq1 v/_ @ v/s @ 3> �/ @ 41

� Uhjlrq LL rffxuv zkhq wkh lqwhuqdwlrqdo frqvwudlqw lv vodfn exw wkh grphvwlf frqvwudlqw

lv elqglqj1 Lqwhuqdwlrqdo vsuhdgv uhpdlq }hur/ krzhyhu grphvwlf vsuhdgv duh srvlwlyh

dv wkh hfrqrp| idlov wr djjuhjdwh doo ri lwv froodwhudo uhvxowlqj lq vrph surmhfwv ehlqj

grzqvl}hg1 v/_ A 3> v/s @ 3> �/ ? 41

� Uhjlrq LLL rffxuv zkhq wkh lqwhuqdwlrqdo frqvwudlqw lv elqglqj exw wkh grphvwlf frq0

vwudlqw lv vodfn1 Lqwhuqdwlrqdo vsuhdgv mxps wr �� 4/ zkloh grphvwlf vsuhdgv uhpdlq

dw }hur1 Wkh hfrqrp| djjuhjdwhv doo ri lwv froodwhudo/ krzhyhu wkhuh lv lqvx!flhqw

djjuhjdwh uhvrxufhv dqg vrph surmhfwv duh grzqvl}hg1 v/_ @ 3> v/s A 3> �/ ? 41

� Uhjlrq LY rffxuv zkhq erwk wkh lqwhuqdwlrqdo frqvwudlqw dqg wkh grphvwlf frqvwudlqw

duh elqglqj1 Erwk/ lqwhuqdwlrqdo vsuhdgv dqg grphvwlf vsuhdgv duh srvlwlyh dqg vrph

surmhfwv duh grzqvl}hg1 v/_ A 3> v/s A 3> �/ ? 41

517 Glvfxvvlrq ri pdlq dvvxpswlrqv

Zh kdyh dvvxphg d iulfwlrq wkdw suhyhqwv d grphvwlf hqwuhsuhqhxu iurp eruurzlqj ixoo| xs

wr klv rxwsxw iurp dqrwkhu grphvwlf1 Lqyhvwphqw dw gdwh 3 surgxfhv un jrrgv dw gdwh 5/

dqg ghshqglqj rq wkh uhdol}dwlrq ri vkrfnv dqg uhlqyhvwphqw/ dq dgglwlrqdo �n ri rxwsxw1

Lq d zhoo ixqfwlrqlqj grphvwlf �qdqfldo pdunhw � l1h1 li wkhuh zhuh qr iulfwlrqv lq eruurzlqj

iurp dqrwkhu grphvwlf � erwk wkh un dqg wkh �n ri rxwsxw frxog eh vrog wr rewdlq ixqgv

iru lqyhvwphqw1 Lq dvvxplqj wkdw rqo| �_un lv revhuydeoh dqg yhul�deoh/ zh kdyh uhvwulfwhg

fodlpv vrog wr dqrwkhu grphvwlf wr wklv dprxqw16 Wkh prgholqj ri wklv eruurzlqj frqvwudlqw

lv qrw xqxvxdo1 Lw lv prvw vlplodu wr wkh olplwhg froodwhudo frqvwudlqw ri Nl|rwdnl dqg Prruh

+4<<:,/ ru wkh olplwhg hqirufhphqw frqvwudlqw ri Nhkrh dqg Ohylqh +4<<6,1 Nl|rwdnl dqg

Prruh +4<<:, dvvxph wkdw rxwsxw lv qrw yhul�deoh/ exw wkdw sk|vlfdo froodwhudo +odqg, lv1

Rxu �_un lv dnlq wr wkhlu froodwhudo1 Kropvwurp dqg Wluroh +4<<;, ghyhors d prgho zlwk dq

h{0dqwh xqrevhuyhg h�ruw fkrlfh zkhuh d iudfwlrq ri rxwsxw kdv wr eh sdlg dv d uhqw wr wkh

hqwuhsuhqhxu vr wkdw kh h{huwv h�ruw1 Zkloh rxu prgho grhv qrw kdyh h{0dqwh prudo kd}dug/

lw vkduhv wkh ihdwxuh wkdw d iudfwlrq ri rxwsxw +l1h1 �n, fdq qhyhu eh surplvhg wr d ohqghu1

Lqghhg/ dq| prgho zlwk eruurzlqj frqvwudlqwv zloo vkduh wkh ihdwxuh wkdw vrph iudfwlrq ri

ixwxuh rxwsxw lv xqsohgjhdeoh1

6Sxuho| iurp d prgholqj vwdqgsrlqw/ lw lv zruwk srlqwlqj rxw wkdw b_ ' � grhv qrw fruuhvsrqg wr ixoo|

ghyhorshg grphvwlf pdunhwv1 Lq d shuihfw fdslwdo pdunhw/ rqh zrxog h{shfw wkdw doo ri -& zrxog frxqw dv

froodwhudo1 Lq Fdedoohur dqg Nulvkqdpxuwk| +4<<<, zh prgho grphvwlf froodwhudo dv b_Eo n w{�&1 Lq wklv

fdvh b_ ' � zloo fruuhvsrqg wr wkh shuihfw fdslwdo pdunhw fdvh1
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Zkloh wkh prgholqj ri wkh grphvwlf eruurzlqj frqvwudlqw lv idluo| vwdqgdug lq wkh olwhu0

dwxuh rq fuhglw frqvwudlqwv/ wkh dv|pphwu| lq wkh eruurzlqj frqvwudlqw ehwzhhq grphvwlfv

dqg iruhljqhuv lv xqxvxdo1 un fdqqrw eh eruurzhg djdlqvw iurp iruhljqhuv/ zkloh lw fdq iurp

grphvwlfv1 Iluvw ri doo/ wkhuh lv hpslulfdo vxssruw iru wklv dvvxpswlrq1 Iru h{dpsoh/ Ph{lfr/

gxulqj wkh <70<8 fulvlv/ xvhg lwv rlo uhyhqxhv dv froodwhudo wr edfn wkh oltxlglw| sdfndjh wkdw lw

uhfhlyhg1 Lq pdq| lqvwdqfhv wkh eldv lv gluhfwo| mxvwl�hg e| pdqgdwhv rq iruhljq lqvwlwxwlrqdo

lqyhvwruv +h1j1 olplwv rq uhdo hvwdwh lqyhvwphqwv/ vhh Eorpphvwhlq/ 4<<:,17c8 Wkhruhwlfdoo|/

wkh dvvxpswlrq lv prvw vlplodu wr wkdw ri wkh vryhuhljq ghew olwhudwxuh1 Iru h{dpsoh Hdwrq

dqg Jhuvrylw} +4<;4,/ Exorz dqg Urjr� +4<;<, exlog prghov ri vryhuhljq ghew uhqhjrwldwlrq

durxqg wkh txhvwlrq ri zkdw lqwhuqdwlrqdo ohqghuv fdq wkuhdwhq vryhuhljq frxqwulhv zlwk lq

wkh hyhqw ri d ghidxow1 Lq wklv olwhudwxuh/ ghew lv olplwhg e| lqwhuqdwlrqdo froodwhudo/ zklfk

lv w|slfdoo| wdnhq wr eh vrph iudfwlrq ri h{sruwv1 Lq Dwnhvrq dqg Ulrv0Uxoo +4<<:, d fulvlv

rffxuv zkhq wklv lqwhuqdwlrqdo froodwhudo frqvwudlqw ehfrphv wljkwhu iru d frxqwu|1 Rq wkh

rwkhu kdqg/ wkh vryhuhljq ghew olwhudwxuh w|slfdoo| mxvw lpsrvhv lqwhuqdwlrqdo froodwhudo dv dq

djjuhjdwh frqvwudlqw1 Zh wdnh d plfurhfrqrplf shuvshfwlyh e| dvvxplqj wkdw z lv khog e|

lqglylgxdo djhqwv lq wkh hfrqrp| zkr fdq wudgh lw dprqj wkhpvhoyhv dqg zlwk iruhljqhuv1

6 Zdvwhg lqwhuqdwlrqdo froodwhudo

Wkh rqo| rqh ri wkh uhjlrqv lq wkh suhylrxv vhfwlrq zkhuh qr fuhglw frqvwudlqwv zhuh elqglqj

lv uhjlrq L1 Zh vkdoo khqfhiruwk dvvxph wkdw lq wkh k vwdwh/ wkh hfrqrp| �qgv lwvhoi lq uhjlrq

L1 Frqvwudlqwv duh dvvxphg wr dulvh lq wkh o vwdwh1 Wkhuh duh +dv zh vkdoo pdnh fohdu, wzr

uhjlrqv ri prvw lqwhuhvw1 Lq wklv vhfwlrq zh vkdoo dvvxph wkdw wkh o vwdwh sxwv wkh hfrqrp|

lq uhjlrq LL/ zkloh lq wkh qh{w vhfwlrq/ zh vkdoo glvfxvv uhjlrq LY1

7Ri frxuvh wkhuh duh lpsruwdqw h{fhswlrqv +h1j1 �wrr elj wr idlo� xwlolwlhv,/ exw vhh/ h1j1/ Ndqj dqg Vwxo}

+4<<:, iru v|vwhpdwlf Mdsdqhvh hylghqfh vkrzlqj wkdw/ iru vpdoo �upv/ wkrvh wkdw duh h{sruw rulhqwhg duh

idyruhg e| iruhljq lqyhvwruv1 Vhh/ h1j1 Eorpphvwhlq +4<<:,/ iru d glvfxvvlrq ri krz uhdo hvwdwh dqg rwkhu

dvvhwv frqvlghuhg kljko| looltxlg ru h{srvhg wr h{fkdqjh ulvn duh jhqhudoo| dyrlghg +vrphwlphv e| pdqgdwh,

e| iruhljq lqvwlwxwlrqdo lqyhvwruv1 Lqwhuhvwlqjo|/ wkh yhu| ihz h{fhswlrqv wr wkh vryhuhljqw| sulqflsoh/ e|

zklfk wkh udwlqj rq ghew lvvxhg e| d frxqwu|*v frusrudwh vhfwru lv erxqghg iurp deryh e| wkdw frxqwu|*v

jryhuqphqw ghew udwlqj/ duh iru frpsdqlhv zklfk ehorqj wr wkh h{sruw vhfwru1
8Wkh Vhswhpehu 4<<; uhsruw rq wkh Dvldq fulvlv e| wkh Zruog Edqn/ ghvfulehv �upv wkdw eruurz lq

iruhljq fxuuhqf| dv �suhgrplqdqwo| odujh h{sruwlqj �upv zlwk wlhv wr iruhljq frpsdqlhv/ dqg wkh| kdyh

ehwwhu dgmxvwhg wr wkh fulvlv111� +er{ 716/ sdjh 95,1 Wkh 4<<: Lqgxvwuldo Vxuyh| lq Wkdlodqg uh hfwhg wkdw

ri wkrvh �upv wkdw eruurz lq iruhljq fxuuhqf|/ ;; shufhqw h{sruw/ kdyh dq dyhudjh ri ;4; hpsor|hhv/ d ghew0

htxlw| udwlr ri 6145/ d uhodwlyho| kljk fdsdflw| xwlol}dwlrq dqg rswlplvp gxulqj wkh fulvlv/ :3 dqg 6: shufhqw

uhvshfwlyho|1 Wkh vdph vwdwlvwlfv iru �upv wkdw gr qrw eruurz lq iruhljq fxuuhqf| +:8 shufhqw ri �upv, duh=

79 shufhqw/ 46< hpsor|hhv/ 5169/ 94 shufhqw dqg 4< shufhqw1 Vhh Groodu dqg Kdoozdug0Guhlphlhu +4<<;,1
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614 Plfur0hfrqrplf fuhglw frqvwudlqwv

Lq uhjlrq LL wkh hfrqrp| idlov wr djjuhjdwh lwv lqwhuqdwlrqdo froodwhudo1 Wkh eruurzlqj

frqvwudlqw rq d grphvwlf �up lv/

g/�cs . g/�c_ � �_un . �/sz � gfcs = +8,

Lqwhuhvwlqjo|/ wkhuh lv hvvhqwldoo| qr gl�huhqfh ehwzhhq grphvwlf dqg lqwhuqdwlrqdo froodw0

hudo1 Dgglqj rqh xqlw ri grphvwlf froodwhudo wr d glvwuhvvhg �up*v edodqfh vkhhw zrxog eh

htxlydohqw wr dgglqj rqh xqlw ri groodu froodwhudo1 Dowhuqdwlyho|/ hyhq li iruhljqhuv dffhswhg

wkh �_un dv froodwhudo iru lqwhuqdwlrqdo ordqv/ wkh rxwfrph zrxog eh wkh vdph1 Wkxv/ wkh

djjuhjdwh froodwhudo frqvwudlqw grhv qrw sod| dq| uroh lq wklv hfrqrp|1

Wr xv wklv fdvh uhsuhvhqwv wkh vlwxdwlrq ri fuhglw frqvwudlqwv wkdw lv prvw frpprq lq

ghyhorshg hfrqrplhv1 Dw wkh plfur0hfrqrplf ohyho/ �upv wkdw kdyh srru froodwhudo duh xqdeoh

wr eruurz wr phhw wkhlu lqyhvwphqw qhhgv1 Wkhuh lv d zhgjh +v_ A 3, ehwzhhq lqwhuqdo dqg

h{whuqdo uhwxuqv1 Ehuqdqnh dqg Jhuwohu +4<;<, dqg Nl|rwdnl dqg Prruh +4<<:, duh prghov

ri wklv hqylurqphqw1

Rqh frxog dovr lqwhusuhw wkh zdvwhg froodwhudo uhjlrq dv d �fuhglw fuxqfk1% Iru h{dpsoh

li d edqnlqj vhfwru zdv uhvsrqvleoh iru hydoxdwlqj wkh froodwhudo ri glvwuhvvhg �upv lq rughu

wr pdnh ordqv wr wkhvh �upv/ dqg wklv edqnlqj vhfwru zdv frpsurplvhg vr wkdw ordqv zhuh

fxw edfn/ djdlq wkh hfrqrp| zrxog idlo wr djjuhjdwh doo ri lwv froodwhudo dqg zh zrxog hqg

xs zlwk v_ A 31 Kropvwurp dqg Wluroh +4<<:, glvfxvv wklv fdvh1 Zh vkdoo uhwxuq wr d yduldqw

ri wkhlu fuhglw fuxqfk prgho lq vhfwlrq 81

Wkhuh duh wzr gl�huhqw zd|v wr wklqn derxw lqwhuhvw udwhv dqg vsuhdgv1 Lq rxu vhwwlqj doo

ordqv duh ixoo| froodwhudol}hg/ wkxv wkh| duh ghidxow iuhh1 Ulvnohvv lqwhuhvw udwhv � wkdw lv wkh

udwh ri uhwxuq rq ixoo| froodwhudol}hg ohqglqj � lv O/ zklfk lv rqh1 Li zh zhuh wr doorz ulvn|

ordqv zlwk ghidxow/ dv grphvwlf froodwhudo zruvhqv +l1h1 �_ idoov,/ wkh lqwhuhvw udwh rq wkhvh

ordqv zrxog ulvh wr uh hfw wkh jurzlqj fkdqfh ri ghidxow1 Wklv frxog dovr eh lqwhusuhwhg

dv ulvlqj vsuhdgv1 Zh kdyh douhdg| qrwhg wkh zhgjh lq ohqglqj ri v_ @ � � O1 Zh frxog

dovr gh�qh d fuhglw vsuhdg dv wkh ghidxow suhplxp rq ohqglqj wr glvwuhvvhg �upv zlwk srru

froodwhudo1 Li wkh idfh ydoxh rq d ghidxowdeoh ordq lv vhw dw �n/ exw wkh ordq lv froodwhudol}hg

rqo| e| �_un/ wkhq wkh fuhglw vsuhdg lv {
b_o

� 41 Wklv whup dovr lqfuhdvhv dv �_ idoov1 E|

irfxvlqj rq ixoo| froodwhudol}hg ordqv zh lvrodwh wkh h�hfw wkdw ohqglqj wr �upv zlwk srru

froodwhudo lv edg +ru qrw dv jrrg, exvlqhvv/ zkloh ljqrulqj wkh uhdolvwlf �exw ohvv fhqwudo iru

rxu sxusrvh� h�hfw wkdw srru froodwhudo lqgxfhv ghidxow suhpld1

Frpsdulqj dfurvv wkh k dqg o vwdwhv/ rqh fdq vhh wkdw ulvnohvv lqwhuhvw udwhv duh wkh

vdph/ ehfdxvh lq wkh o vwdwh/ ghvslwh wkh pdujlqdo surgxfw ri lqyhvwphqw ehlqj kljk/ wkh

odfn ri froodwhudo ri wkh lqyhvwlqj �upv phdqv wkdw h�hfwlyh lqyhvwphqw ghpdqg lv orz1 Orz
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lqyhvwphqw ghpdqg/ orz lqwhuhvw udwhv/ dqg kljk lqwhuhvw udwh vsuhdgv duh frpprq v|pswrpv

ri d ghyhorshg hfrqrp| uhfhvvlrq +h1j1 Mdsdq,1

615 Gdwh 3 sureohp dqg H!flhqf|

Ohw xv qrz eulh | fkdudfwhul}h wkh h!flhqf| dvshfwv ri wkh ghfhqwudol}hg htxloleulxp1

Dprqj rwkhu wklqjv/ wklv zloo khos xv xqghuvwdqglqj pruh ixoo| wkh suhflvh qdwxuh ri wkh

shfxqldu| h{whuqdolw| ghvfulehg lq vhfwlrq 71

Lq erwk/ k dqg o vwdwhv/ dq lqwdfw �up*v gdwh 5 sur�wv duh/

Y /
� @ Un . �/sz � gfcs =

Lq wkh k vwdwh/ wkh glvwuhvvhg �up dfklhyhv ixoo surmhfw frpsohwlrq vr wkdw gdwh 5 sur�wv duh/

Y �
r @ Un � n . ��sz � gfcs =

Rq wkh rwkhu kdqg/ lq wkh o vwdwh/ vlqfh wkh froodwhudo frqvwudlqwv elqg/

�,n @ �_un . �,sz � gfcs =

Wklv jlyhv xv wkdw sur�wv duh/

Y ,
r un . +�� 4,�,n . �,sz � gfcs @ un . �_un+�� 4, .�+�,sz � gfcs ,=

Wkhvh odvw irxu h{suhvvlrqv fdq eh frpelqhg lq wkh gdwh 3 sureohp iru d �up=

+S7, pd{&c_fcs
S

/Mt,c�� �
/Y /

v=w= Y � @ �,sz� gfcs .Un � n@5

Y , @ {n�
2 +�,sz � gfcs , .

-no
2 n . �_un

{3�
2

f+n, @ gfcs

gfcs � �,sz

Vlqfh f+n, lv vwulfwo| frqyh{ dqg wkh remhfwlyh lv olqhdu/ +S7, gh�qhv d xqltxh rswlpxp1

Sursrvlwlrq 5 +Ilqdqfldo pdunhw ghyhorsphqw dqg �Xqghulqyhvwphqw%,
D ghfuhdvh lq �_ kdv wkh iroorzlqj h�hfwv rq htxloleulxp= +l, Il{lqj gdwh 3 ghflvlrqv/ lq0

yhvwphqw dw gdwh 4 idoov +� idoov,/ +ll, Ilupv dw gdwh 3 uhgxfh lqyhvwphqw lq n1

Surri= +l, Uhwxuq wr wkh ohiw sdqho ri �jxuh 5/ dqg uxq wkh h{shulphqw ri vkliwlqj wkh

ghpdqg fxuyh iurp wkh kljk wr wkh orz �_1 Dowhuqdwlyho|/ vhh wkh ghew frqvwudlqw ri +8,1 +ll,

Vhh wkh dsshqgl{ iru wkh dojheud1 Wkh lghd lv wkdw vlqfh �_ hqwhuv rqo| Y ,/ pxowlsolfdwlyho|

zlwk n/ �upv uhfrjql}h wkdw grphvwlf lqyhvwphqw lv ohvv froodwhudol}deoh lq wkh o0vwdwh dqg

wkhuhiruh uhgxfh gdwh 3 lqyhvwphqw1
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Wkh xqghulqyhvwphqw uhvxow lv wkh vdph dv wkdw lq Ehuqdqnh dqg Jhuwohu +4<;<, ru

Nl|rwdnl dqg Prruh +4<<:,1 Lw lv xqghulqyhvwphqw uhodwlyh wr d �uvw ehvw lq zklfk qr

froodwhudo frqvwudlqwv duh lpsrvhg1 Wkh lqh!flhqf| lv wkdw glvwuhvvhg �upv zkr kdyh d

kljk pdujlqdo surgxfw lqyhvwphqw +�, gr qrw kdyh wkh uhvrxufhv wr wdnh dgydqwdjh ri wklv

lqyhvwphqw1 Lwv dovr hdv| wr vhh wkdw zhoiduh pxvw eh lqfuhdvlqj lq �_1

Wkh uhdvrq zh xvhg txrwdwlrqv lq wkh sursrvlwlrq lv wkdw zkloh fkrlfhv duh lqh!flhqw

uhodwlyh wr wkh �uvw ehvw/ wkh| duh vwloo frqvwudlqhg h!flhqw1 D fhqwudo sodqqhu/ vxemhfw wr

wkhvh vdph froodwhudo frqvwudlqwv/ dovr kdv qr phfkdqlvp wr shuvxdgh iruhljqhuv dqg lqwdfw

�upv eh|rqg wkh glvwuhvvhg �upv* froodwhudo1

Zh frqvlghu d fhqwudo sodqqhu zkr pdnhv fkrlfhv wr pd{lpl}h wkh htxdoo| zhljkwhg vxp

ri xwlolwlhv ri wkh grphvwlf djhqwv/ vxemhfw wr wkh frqvwudlqwv lpsrvhg e| dvvxpswlrqv 4�61

Vlqfh grphvwlfv duh h{0dqwh lghqwlfdo/ wklv remhfwlyh dprxqwv wr pd{lpl}lqj wkh xwlolw| ri

dq| grphvwlf �up dw gdwh 31 Wkh rqo| frpsolfdwlrq lv lpsrvlqj wkh froodwhudo frqvwudlqwv

rq wkh fhqwudo sodqqhu1

Gh�qlwlrq 4 +Frqvwudlqhg Rswlpdolw|,
Ohw wkh vroxwlrqv ri +S7, eh +an> agfcs ,/ dqg ohw wkh zhoiduh fruuhvsrqglqj wr wkhvh fkrlfhv eh ax1

Wkh frpshwlwlyh htxloleulxp lv frqvwudlqhg Sduhwr rswlpdo li d sodqqhu zkr gluhfwo| pdnhv

gdwh 3 fkrlfhv ri +n> gfcs ,/ vxemhfw wr wkh lqwhuqdwlrqdo froodwhudo frqvwudlqw ri gfcs � �,sz/

exw ohwv ghew pdunhwv fohdu frpshwlwlyho| dw gdwh 4/ fdqqrw udlvh zhoiduh deryh ax1

E| doorzlqj pdunhwv wr fohdu frpshwlwlyho| dw gdwh 4/ zh lpsrvh wkh grphvwlf dqg

lqwhuqdwlrqdo froodwhudo frqvwudlqwv dw gdwh 41 Wkxv wkh fhqwudo sodqqhu*v surjudp lv rqo| wr

fkrrvh +n> gfcs , vxemhfw wr wkh gdwh 3 lqwhuqdwlrqdo froodwhudo frqvwudlqw1

Sursrvlwlrq 6 +Frqvwudlqhg Rswlpdolw|,
Wkh frpshwlwlyh htxloleulxp vroxwlrqv/ +an> agfcs ,/ duh frqvwudlqhg Sduhwr rswlpdo1

Surri= E| lqvshfwlrq1 Qrwh �uvw wkdw sulfhv +O/, gr qrw dsshdu dq|zkhuh lq +S7,1 Wkhq

qrwh wkdw wkh fhqwudo sodqqhu*v surjudp pxvw eh lghqwlfdo wr +S7,1

7 Djjuhjdwh Froodwhudo Frqvwudlqw dqg Xqghusurylvlrq

Lq wkh zdvwhg froodwhudo uhjlrq/ wkh idfw wkdw wkh hfrqrp| kdv olplwhg djjuhjdwh lqwhuqdwlrqdo

froodwhudo kdv qr frqvhtxhqfh vlqfh wkh frqvwudlqwv rq grphvwlf dqg iruhljq eruurzlqj duh

vxevwlwxwdeoh zlwk qr h�hfw rq rxwfrphv1 Wkh rqo| frvw ri kdylqj dq xqghyhorshg grphvwlf

�qdqfldo pdunhw lv wkdw froodwhudo lv qrw djjuhjdwhg surshuo|/ uhvxowlqj lq orzhu lqyhvwphqw

dqg rxwsxw1 Krzhyhu/ olplwhg lqwhuqdwlrqdo froodwhudo vhhpv wr eh dq lpsruwdqw frqvwudlqw

lq hphujlqj hfrqrplhv1 Lqghhg fulvhv lq wkhvh hfrqrplhv duh wlphv zkhq lqwhuhvw udwhv ulvh
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udwkhu wkdq idoo � d v|pswrp wkdw rxu prgho dvvrfldwhv zlwk d elqglqj djjuhjdwh froodwhudo

frqvwudlqw +vhh sursrvlwlrq 4,1

Lq wklv vhfwlrq zh vkrz wkdw wkh grphvwlf fuhglw frqvwudlqw lv hyhq pruh frvwo| li wkh

djjuhjdwh lqwhuqdwlrqdo froodwhudo frqvwudlqw dovr elqgv1 Lq sduwlfxodu/ zh vkrz wkdw wkhuh

lv d g|qdplf h�hfw zkhuhe| djhqwv xqghuydoxh lqwhuqdwlrqdo froodwhudo/ ryhueruurz dw gdwh

3/ vr wkdw dw gdwh 4 wkh| kdyh ohvv lqwhuqdwlrqdo froodwhudo +uhodwlyh wr d frqvwudlqhg h!flhqw

rxwfrph,1 H�hfwlyho|/ d orz �_ lqwhudfwv dqg wljkwhqv wkh djjuhjdwh froodwhudo frqvwudlqw vr

wkdw wkh qhjdwlyh vkrfn fdxvhv lqyhvwphqw dqg rxwsxw wr idoo wrr pxfk dw gdwh 41

714 Lqwhuqdwlrqdo froodwhudo xqghuydoxdwlrq

Zh dvvxph wkdw wkh k vwdwh ohdyhv wkh hfrqrp| lq uhjlrq L zkhuh qhlwkhu ri wkh froodwhudo

frqvwudlqwv elqg/ zkloh wkh o vwdwh ohdyhv wkh hfrqrp| lq uhjlrq LY zkhuh erwk froodwhudo

frqvwudlqwv elqg1 Lq wkh k vwdwh/ wkh sur�wv iru lqwdfw dqg glvwuhvvhg �upv duh dv lq wkh

suhylrxv vhfwlrq1 Wkdw lv wkh lqwdfw �up sur�wv/

Y �
� @ Un . ��sz� gfcs =

zkloh wkh glvwuhvvhg �up kdv gdwh 5 sur�wv ri/

Y �
r @ Un � n . ��sz � gfcs =

Lq wkh o vwdwh/ wkh grphvwlf lqwhuhvw udwh ri O, ulvhv deryh rqh1 Wkxv lqwdfw �upv hduq d

suhplxp rq wkhlu ohqglqj wr glvwuhvvhg �upv dv O, A 41 Sur�wv duh/

Y ,
� @ Un . O,+�,sz � gfcs ,=

Iru wkh glvwuhvvhg �up/ wkh frvw ri wkh kljkhu lqwhuhvw udwhv lv wkdw wkhlu grphvwlf froodwhudo

lv zruwk ohvv/ orzhulqj uhlqyhvwphqw1 Wkh sur�wv duh/

Y ,
r @ un . +�� 4,�,n . +�,sz � gfcs ,=

zkhuh/

�,n @
�_un

O,
. �,sz � gfcs = +9,

Vlqfh d �up fdq eh glvwuhvvhg ru lqwdfw zlwk htxdo suredelolw|/ zh fdq zulwh wkh h{shfwhg

sur�wv lq wkh o vwdwh dv/

Y , @
U. u

5
n . �,sz � gfcs +:,

.
4

5
+�� 4,�,n .

4

5
+O, � 4,+�,sz � gfcs ,

Wkh �uvw olqh ri wkh UKV lq +:, uh hfwv wkh h{shfwhg sur�wv/ lq wkh o vwdwh/ jhqhudwhg

e| gdwh 3 lqyhvwphqw qhw ri iruhljq ghew frqwudfwhg dw gdwh 31 Lq sduwlfxodu/ wklv olqh
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fruuhvsrqgv wr wkh h{shfwhg zhdowk dvvxplqj wkdw doo glvwuhvvhg surgxfwlrq xqlwv duh doorzhg

wr idlo1 Wkh ydoxh ri vdylqj wkhvh surgxfwlrq xqlwv lv fdswxuhg lq wkh qh{w olqh1 Zlwk

suredelolw| ri rqh0kdoi/ wkh �up lv glvwuhvvhg dqg lw eruurzv wr vdyh lwv rzq surgxfwlrq

xqlwv/ gluhfwo| hduqlqj wkh lqwhuqdo uhwxuq ri � djdlqvw lwv froodwhudo1 Zlwk suredelolw| rqh0

kdoi wkh �up lv lqwdfw lq zklfk fdvh lw eruurzv djdlqvw lwv lqwhuqdwlrqdo froodwhudo dqg ohqgv

wr wkh glvwuhvvhg �up/ wkhuhe| hduqlqj wkh grphvwlf lqwhuhvw udwh ri O,1

Wkh gl�huhqfh ehwzhhq wkh lqwhuqdo uhwxuq ri � iru wkh glvwuhvvhg �up/ dqg wkh h{whuqdo

uhwxuq ri O, iru wkh lqwdfw �up lv wkh vrxufh ri lqwhuqdwlrqdo froodwhudo xqghuydoxdwlrq1 Wr

vhh wklv/ ohw xv frqvwuxfw wzr gl�huhqw yhuvlrqv ri Y ,> rqh iru lqglylgxdo �upv dqg wkh rwkhu

iru d fhqwudo sodqqhu1 Wr frqvwuxfw wkh iruphu/ zh vlpso| vxevwlwxwh lqwr +:, wkh h{suhvvlrq

iru uhlqyhvwphqw lpsolhg e| wkh plfurhfrqrplf grphvwlf froodwhudo frqvwudlqw/ +9,1 Wklv

|lhogv/

Y , @
U. u

5
n .

4

5
+�.O,,+�,sz � gfcs , .

�_un

5O,
+�� O,,

Wr frqvwuxfw wkh fhqwudo sodqqhu*v yhuvlrq/ zklfk zh ghqrwh e| Y ,W/ zh vxevwlwxwh lqvwhdg wkh

htxloleulxp froodwhudo frqvwudlqw rq uhlqyhvwphqw1 Zh nqrz wkdw lq djjuhjdwh/ uhlqyhvwphqw

pxvw eh htxdo wr wkh wrwdo lqwhuqdwlrqdo froodwhudo ri wkh hfrqrp|1 Wkxv/

�,n @ 5+�,sz � gfcs ,=

Vxevwlwxwlqj wklv h{suhvvlrq lqwr +:, zh �qg/

Y ,W @
U. u

5
n .�+�,sz � gfcs ,

Wkh gl�huhqfh ehwzhhq wkhvh h{suhvvlrqv kljkoljkwv wkh xqghuydoxdwlrq h�hfw=

Y , � Y ,W @ v,_

#
�_un

5O,
� �,sz � gfcs

5

$
+;,

Dw d jlyhq htxloleulxp/ Y , dqg Y ,W pxvw eh htxdo1 Exw lw lv dssduhqw wkdw lqglylgxdov dqg

wkh fhqwudo sodqqhu ydoxh d pdujlqdo xqlw ri lqwhuqdwlrqdo froodwhudo dqg grphvwlf froodwhudo

txlwh gl�huhqwo|1 Lq sduwlfxodu=

� Lqglylgxdo �upv ydoxh grphvwlf froodwhudo pruh wkdq wkh fhqwudo sodqqhu1

� Lqglylgxdo �upv ydoxh lqwhuqdwlrqdo froodwhudo ohvv wkdq wkh fhqwudo sodqqhu1

� Wkh glyhujhqfh lq wkhvh ydoxdwlrqv duh sursruwlrqdo wr wkh grphvwlf vsuhdg/ v,_/ zklfk

ulvhv zlwk ghfolqhv lq �_19

9 Lw lv hdv| wr vkrz wkdw wkh whup lq sduhqwkhvhv lq +;, grhv qrw +ixoo|, r�vhw wkh fkdqjh lq wkh vsuhdg dv

b_ idoov1 Vwduwlqj zlwk d orfdo dujxphqw/ wdnh _fcs +dqg khqfh &, dv jlyhq dqg uhgxfh b_> wkhq u pxvw idoo

sursruwlrqdoo| zlwk b_ +vhh +6,, vr wkhlu udwlr uhpdlqv frqvwdqw dqg vr grhv wkh h{suhvvlrq lq sduhqwkhvhv1

Qrz/ lq htxloleulxp _fcs ulvhv vr wkh h{suhvvlrq lq sduhqwkhvhv ghfolqhv zlwk d idoo lq b_1 Exw vlqfh _fcs zloo

ulvh rqo| li wkh glvwruwlrq lqfuhdvhv/ wkh ulvh lq wkh vsuhdg pxvw eh odujhu wkdq wkh ghfolqh lq wkh whup lq

sduhqwkhvhv1
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Dw wkh djjuhjdwh ohyho/ wkh fhqwudo sodqqhu rqo| ydoxhv lqwhuqdwlrqdo froodwhudo1 Wklv

lv ehfdxvh lqwhuqdwlrqdo froodwhudo lv doo wkdw fdq eh xvhg wr dwwudfw iruhljq lqyhvwphqw/

dqg dw gdwh 4 wkh elqglqj frqvwudlqw lv wkh lq rz ri iruhljq lqyhvwphqw1 Krzhyhu dw wkh

plfurhfrqrplf ohyho/ erwk grphvwlf froodwhudo dqg lqwhuqdwlrqdo froodwhudo fdq eh xvhg wr

vhfxuh �qdqflqj1 Wklv lv wkh edvlf whqvlrq ehwzhhq wkh lqglylgxdo dqg wkh fhqwudo sodqqhu*v

sureohp1

D srvlwlyh grphvwlf vsuhdg khljkwhqv wklv whqvlrq e| sodflqj d zhgjh ehwzhhq wkh vrfldo

dqg sulydwh ydoxdwlrq ri froodwhudo1 D xqlw ri lqwhuqdwlrqdo froodwhudo jhqhudwhv d vrfldo

uhwxuq ri � dw gdwh 4/ zkloh d xqlw ri grphvwlf froodwhudo jhqhudwhv d vrfldo uhwxuq ri rqh

dw gdwh 41 Dw wkh lqglylgxdo ohyho/ iru dq lqwdfw �up/ d xqlw ri grphvwlf froodwhudo jhqhudwhv

d uhwxuq ri rqh1 Rq wkh rwkhu kdqg/ d xqlw ri lqwhuqdwlrqdo froodwhudo rqo| jhqhudwhv d

uhwxuq ri O,1 Wkh gl�huhqfh ehwzhhq vrfldo dqg sulydwh ydoxdwlrq ri v,_ @ �� O, uhvxowv lq

xqghuydoxdwlrq ri lqwhuqdwlrqdo froodwhudo1 Grphvwlf xqghughyhorsphqw suhyhqwv froodwhudo

ghpdqghuv +glvwuhvvhg �upv, iurp wudqvihuulqj wkh ixoo pdujlqdo ydoxh ri froodwhudo wr wkh

froodwhudo surylghuv +lqwdfw �upv,/ vlqfh wkh ghpdqghuv vlpso| kdyh lqvx!flhqw froodwhudo1:

Dv d uhvxow/ dw gdwh 3/ �upv zloo xqghuydoxh lqwhuqdwlrqdo froodwhudo vlqfh li wkh| duh wkh

ohqghuv dw gdwh 4/ wkh| zloo qrw vkduh lq wkh ixoo vxusoxv ri uhlqyhvwphqw1

Xqghughyhorshg �qdqfldo pdunhwv +orz ydoxhv ri �_, uhvxow lq kljk grphvwlf vsuhdgv

dqg wkh v|vwhpdwlf plv0ydoxdwlrq ri froodwhudo1 Wkh h{whuqdolw| zh kdyh ghvfulehg lv qrw

ri wkh wudglwlrqdo Edugkdq0Kduehujhu w|sh/ zkhuh lqglylgxdo eruurzhuv gr qrw lqwhuqdol}h

wkh idfw wkdw wkh frxqwu| idfhv dq xszdug vorslqj vxsso| ri iruhljq ordq1 Lqghhg/ lq rxu

vhwxs wkh hfrqrp| grhv idfh d yhu| vwhhs lqwhuqdwlrqdo ixqgv vxsso|/ iru wkh frxqwu| lv

udwlrqhg diwhu vrph srlqw/ exw wkh h{whuqdolw| dulvhv rqo| zkhq grphvwlf �qdqfldo pdunhwv

duh xqghughyhorshg dv zhoo1

715 Gdwh 3 Sureohp

Ohw xv qrz vwdwh wklv uhvxow rq wkh xqghuydoxdwlrq ri lqwhuqdwlrqdo froodwhudo dqg lwv gh0

shqghqfh rq wkh xqghughyhorsphqw ri grphvwlf �qdqfldo pdunhwv pruh irupdoo|1 Zh vkdoo

�uvw zulwh grzq wkh sureohp iru wkh ghfhqwudol}hg htxloleulxp/ dqg wkhq zulwh grzq wkh

fhqwudo sodqqhu*v surjudp � lq wkh vdph zd| dv lq wkh odvw vhfwlrq/ l1h1 d fhqwudo sodqqhu

zkr fkrrvhv +n> gfcs , dqg ohwv pdunhwv fohdu frpshwlwlyho| dw gdwh 41

Wkh surjudp iru d �up dw gdwh 3 iroorzv forvho| iurp wkh suhylrxv ghulydwlrqv1 Wkh

:Ryhuydoxdwlrq ri grphvwlf froodwhudo lv wkh qhfhvvdu| frxqwhusduw ri xqghuydoxdwlrq ri lqwhuqdwlrqdo

froodwhudo1 Dw wkh lqglylgxdo �up ohyho/ iru d glvwuhvvhg �up/ d xqlw ri lqwhuqdwlrqdo froodwhudo vwloo jhqhudwhv

d uhwxuq ri {1 Rq wkh rwkhu kdqg/ d xqlw ri grphvwlf froodwhudo lv glvfrxqwhg dw wkh lqwhuhvw udwh ri u, dqg

jhqhudwhv rxwsxw ri {/ surylglqj d uhwxuq ri r,_ : f1 Dw wkh vrfldo ohyho/ grphvwlf froodwhudo jhqhudwhv dq

h{fhvv uhwxuq ri }hur1 Dw wkh lqglylgxdo �up ohyho/ wklv plv0sulflqj fdxvhv �upv wr ryhuydoxh wkh b_o& ri

grphvwlf froodwhudo/ uhvxowlqj lq wrr pxfk grphvwlf froodwhudo uhodwlyh wr lqwhuqdwlrqdo froodwhudo1
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h{shfwhg ydoxh wr ehlqj lq wkh kljk vwdwh lv/

Y � @ �,sz � gfcs .Un � n@5

Wkhq xvlqj wkh Y , wkdw zh mxvw ghulyhg/ |lhogv wkh �up*v surjudp=

+S8, pd{&c_fcs
S

/Mt,c�� �
/Y /

v=w= Y � @ �,sz � gfcs .Un � n@5

Y , @ -no
2 n . �

2+�. O,,+�,sz � gfcs , .
b_o&

2u,
+�� O,,

f+n, @ gfcs

gfcs � �,sz

Wr duulyh dw wkh fhqwudo sodqqhu*v surjudp zh xvh Y ,W lqvwhdg/ dqg qrwh dovr wkdw Y �W @ Y �=

+S9, pd{&c_fcs
S

/Mt,c�� �
/Y /

v=w= Y �W @ �,sz � gfcs .Un � n@5

Y ,W @ -no
2 n .�+�,sz � gfcs ,

f+n, @ gfcs

gfcs � �,sz

Sursrvlwlrq 7 +Frqvwudlqhg Rswlpdolw|, Ohw +nW> gWfcs , eh vroxwlrqv wr +S9,1 +d,

Wkhvh vroxwlrqv duh wkh frqvwudlqhg Sduhwr rswlpdo gdwh 3 fkrlfhv ri wkh hfrqrp|1 +e,

+nW> gWfcs , duh lqghshqghqw ri wkh vwuhqjwk ri grphvwlf �qdqfldo olqnv/ �_1

Surri= Sduw +d,/ dv ehiruh1 Sduw +e, lv dssduhqw iurp lqvshfwlrq ri surjudp +S9,1 Vlqfh

qrqh ri wkh frqvwudlqwv ghshqg rq wkh ydoxh ri �_/ wkh vroxwlrq wr wkh surjudp zloo qrw

hlwkhu1

Wkh vhfrqg sduw ri wklv sursrvlwlrq lv sduwlfxoduo| lqwhuhvwlqj ehfdxvh lw vd|v wkh fhqwudo

sodqqhu*v fkrlfhv duh lqyduldqw wr �_1 Krzhyhu vlqfh wkh grphvwlf vsuhdg lv d ghfuhdvlqj

ixqfwlrq ri �_ zh nqrz wkdw wkh ghfhqwudol}hg htxloleulxp zloo eh d ixqfwlrq ri �_ dqg

pruhryhu wkh glvwruwlrq zloo eh ghfuhdvlqj lq �_1

Sursrvlwlrq 8 +Xqghuydoxdwlrq ri Lqwhuqdwlrqdo Froodwhudo, Ohw +an> agfcs , eh vrox0

wlrqv wr wkh surjudp +S8, lq wkh fdvh zkhq O� @ 4> O, A 4 dqg v,_ A 31 Wkhq wkh ghflvlrqv/

+an> agfcs ,/ duh frqvwudlqhg Sduhwr lqh!flhqw1 D fhqwudo sodqqhu fdq h�hfw d Sduhwr lpsuryh0

phqw e| shuwxuelqj wkhvh ghflvlrqv wr +n�> g�fcs ,/ zkhuh g�fcs ? agfcs +khqfh n� ? an,1

Surri= vhh dsshqgl{

Wkh surri iroorzv forvho| iurp wkh orjlf odlg rxw lq wkh suhylrxv vhfwlrq1 Qrwh wkdw

wkh rqo| gl�huhqfh ehwzhhq +S8, dqg +S9, lv lq wkh h{suhvvlrqv iru Y , dqg Y ,W1 Zkhq wkh

grphvwlf vsuhdg/ v�_ / htxdov }hur/ wkhuh lv qr gl�huhqfh ehwzhhq wkh fhqwudo sodqqhu*v dqg wkh

ghfhqwudol}hg vroxwlrq1 Lq wklv fdvh/ wkh pdunhw htxloleulxp lv frqvwudlqhg Sduhwr h!flhqw1
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Krzhyhu/ dv �_ idoov/ dw vrph srlqw lw pxvw eh wkdw v�_ A 3 dqg wkhuh lv d glyhujhqfh lq

wkh vrfldo dqg sulydwh ydoxh ri froodwhudo/ uhvxowlqj lq wkh lqh!flhqf|1 Wkh qh{w sursrvlwlrq

irupdoo| vwdwhv wkh ghshqghqfh ri zhoiduh rq �_1

Sursrvlwlrq 9 +Ilqdqfldo pdunhw ghyhorsphqw dqg Zhoiduh, Lq wkh ghfhqwudol}hg

htxloleulxp/ zhoiduh lv lqfuhdvlqj lq �_1 Lq wkh fhqwudo sodqqlqj vroxwlrq/ zhoiduh lv lqyduldqw

wr �_1

Surri= vhh dsshqgl{

716 Glvfxvvlrq

Xqolnh uhjlrq LL/ lq uhjlrq LY/ grphvwlf lqwhuhvw udwhv ulvh lq wkh o0vwdwh dw gdwh 41 Wkh

lqwhuhvw sdulw| frqglwlrq euhdnv grzq +O,� 4 A 3, ehfdxvh iruhljqhuv uhdfk wkhlu pd{lpxp

ohqglqj fdsdflw| ri �,sz wr grphvwlf �upv/ dqg duh wkhuhiruh xqdeoh wr duelwudjh wklv lqwhuhvw

udwh gl�huhqwldo1 Zlwk d olwwoh pruh qrwdwlrq/ wkh ulvh lq lqwhuhvw udwhv frxog dovr eh pdsshg

lqwr d idoo lq dvvhw sulfhv ru d ghsuhfldwlrq ri wkh h{fkdqjh udwh1; Doo ri wkhvh duh dvshfwv ri

fulvhv lq hphujlqj pdunhwv1

Wkh shfxqldu| h{whuqdolw| dulvhv rqo| zkhq v,_ A 3 dqg wkh lqwhuqdwlrqdo froodwhudo

frqvwudlqw elqgv1 Wkxv lq uhjlrq LL/ zkloh v,_ A 3/ wkh lqwhuqdwlrqdo frqvwudlqw lv vodfn/

dqg lq uhjlrq LLL zkloh wkh lqwhuqdwlrqdo frqvwudlqw lv elqglqj/ v,_ @ 31 Lqghhg/ wkrxjk zh

kdyh qrw irfxvhg rq uhjlrq LLL/ wklv uhjlrq fruuhvsrqgv wr wkh fdvh zkhuh grphvwlf �qdqfldo

pdunhwv duh shuihfw zkloh wkh lqwhuqdwlrqdo frqvwudlqw lv elqglqj1 Wklv lv wkh fdvh frqvlghuhg

lq/ h1j1 Dwnhvrq0Ulrv Uxoo +4<<9, dqg rwkhu uhsuhvhqwdwlyh0djhqw 2 vryhuhljq0frqvwudlqw

prghov/ zkhuh wkhuh lv qr h{whuqdolw|1

Lw pd| vhhp frxqwhulqwxlwlyh wkdw wkh shfxqldu| h{whuqdolw| dulvhv ehfdxvh O, grhv qrw

ulvh hqrxjk lq wkh fulvlv � l1h1 v,_ A 3/ dqg wkh grphvwlf lqwhuhvw udwh grhv qrw uh hfw wkh

pdujlqdo surgxfw ri lqyhvwphqw1 Exw ohqglqj vsuhdgv duh w|slfdoo| kljkhu lq fulvhv wkdq lq

qrupdo wlphv � vr wkdw wkh v,_ lpsolfdwlrq vhhpv eruqh rxw1 Sduw ri wkh uhdvrq wkh uhvxow lv

frxqwhulqwxlwlyh lv wkdw lq rxu prgho doo vxusoxv wudqvihu ehwzhhq glvwuhvvhg dqg lqwdfw �upv

rffxuv wkurxjk wkh sulfh phfkdqlvp1 Wkh glvwruwlrq lq wklv wudqvihu gxh wr wkh grphvwlf

froodwhudo frqvwudlqw lv phdvxuhg e| wkh grphvwlf vsuhdg1 Lq uhdolw|/ vrph ri wklv olplwhg

wudqvihu rffxuv yld qrq0sulfh phfkdqlvpv dv zhoo � txdqwlw| udwlrqlqj/ ghidxow/ h{wruwlrq/ hwf1

;Wkh htxlw| ydoxh ri grphvwlf �upv dw gdwh 4 lv dvvhwv plqxv oldelolwlhv/ zklfk lv bgo&

u$
n b/s�3 _fcs 1 Wkh

ulvh lq u/ fdxvhv wklv wr idoo1 Rxu prgho grhv qrw gh�qh dq h{fkdqjh udwh/ exw wkhlu duh wzr zd|v wkdw

rqh pd| surfhhg wr gr vr1 Zh frxog lqwurgxfh d qrplqdo dvvhw dw gdwh 4 dqg sulfh wklv dvvhw1 Wkhq dv

orqj dv wkh dvvhw lv dovr grphvwlf froodwhudo � zklfk vhhpv uhdvrqdeoh vlqfh zh qrupdoo| wklqn wkdw prqh|

ghpdqg lv ghwhuplqhg e| grphvwlfv � wkh ulvh lq u/ zrxog dovr fdxvh d idoo lq wkh qrplqdo h{fkdqjh udwh1

Dowhuqdwlyho|/ rqh frxog lqwurgxfh qrq0wudghdeoh dqg wudghdeoh jrrgv dw erwk gdwhv 4 dqg 5/ dqg dv orqj dv

iruhljqhuv glg qrw dffhsw qrq0wudghdeoh jrrgv dv froodwhudo/ zh zrxog duulyh dw d vlplodu uhvxow rq wkh uhdo

h{fkdqjh ghsuhfldwlrq1
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O, lv d fdwfkdoo iru erwk sulfh dqg qrq0sulfh wudqvihuv1 Dv d uhvxow/ li qrq0sulfh phfkdqlvpv

dovr h{lvw/ wkhq O, zloo xqghuvwdwh wkh sulfh uhvsrqvh/ dqg zloo qrw fruuhvsrqg shuihfwo| wr

wkh lqwhuhvw udwh1

Lq wkh zdvwhg froodwhudo uhjlrq wkh rqo| h�hfw ri orz �_ lv srru froodwhudo djjuhjdwlrq/

zkloh lq uhjlrq LY/ wkh rqo| h�hfw ri orz �_ lv wkdw �upv duulyh dw gdwh 4 zlwk ohvv lqwhuqd0

wlrqdo froodwhudo wkdq zrxog eh h!flhqw1 Erwk h�hfwv ohdg wr orzhu gdwh 5 rxwsxw1 Krzhyhu/

wkh vkdus vhsdudwlrq ehwzhhq wkhvh wzr h�hfwv lv ehfdxvh ri d prgholqj devwudfwlrq1 Zh

kdyh wdnhq wkh vxsso| fxuyh ri iruhljq ixqgv wr eh shuihfwo| hodvwlf xs wr �sz dqg frpsohwho|

lqhodvwlf eh|rqg wkdw srlqw1 Lw lv srvvleoh wr prgho d vprrwkhu vxsso| fxuyh/ lq zklfk fdvh

uhjlrq LL dqg uhjlrq LY zrxog eh eohqghg1 Dw doo srlqwv/ erwk wkh froodwhudo djjuhjdwlrq

dqg wkh xqghuydoxdwlrq uhvxow zrxog eh suhvhqw1

Wkh h{lvwhqfh ri wkh h{whuqdolw| ehjv wzr txhvwlrqv1 Fdq wkh sulydwh vhfwru frqwudfw

dprqj wkhpvhoyhv wr holplqdwh wkh lqh!flhqf|B Li qrw/ zkdw lv rswlpdo jryhuqphqw srolf|B

Zh ghdo zlwk wkh vhfrqg txhvwlrq lq Fdedoohur dqg Nulvkqdpxuwk| +5333d,/ dqg vkdoo uhwxuq

eulh | wr srolf| lvvxhv lq wkh frqfoxvlrq1

Dv idu dv wkh �uvw txhvwlrq/ wkhuh frxog eh phfkdqlvpv durxqg wkh lqh!flhqf|1 Dv lq wkh

suhylrxv vhfwlrq/ lqvxudqfh frqwudfwv vljqhg dw gdwh 3 wr wudqvihu doo oltxlglw| wr glvwuhvvhg

�upv zrxog zrun1 Exw zh uxoh wkhvh rxw rq jurxqgv wkdw wkh w|sh ri �up dw gdwh 4 lv

xqrevhuydeoh1

Dqrwkhu zd| wr wu| dqg vroyh wkh sureohp lv wr ��{% wkh sulfh dw gdwh 41 Lpdjlqh wkdw

doo �upv jrw wrjhwkhu dqg djuhhg wkdw wkh lqwhuhvw udwh rq dq| ordq frqwudfw dw gdwh 4 lq

wkh o vwdwh zrxog eh vhw dw O @ �1 Wkhq gdwh 3 lqfhqwlyhv zrxog eh doljqhg zlwk h!flhqf|1

Krzhyhu wklv duudqjhphqw zrxog eh exgjhw lqihdvleoh dw gdwh 4 vlqfh ohqghuv pxvw lq wrwdo

uhfhlyh �+�,sz�gfcs , rq wkhlu ordqv/ zkloh eruurzhuv rqo| kdyh �_un ri grphvwlf froodwhudo/

dqg lq uhjlrq LY/ lw pxvw eh wkdw �_un ? �+�,sz�gfcs ,1 Wkh rqo| zd| durxqg wklv sureohp

lv wr djuhh h{0dqwh wr wudqvihu vrph ri wkh grphvwlf froodwhudo iurp lqwdfw wr glvwuhvvhg �upv

� exw wklv lv olnh wkh lqvxudqfh wkdw zh kdyh uxohg ehfdxvh ri xqrevhuydelolw| ri w|shv1

D odvw phfkdqlvp zruwk glvfxvvlqj lv d fuhglw olqh duudqjhphqw dnlq wr Gldprqg dqg

G|eylj +4<;6,*v ghsrvlw frqwudfwv1 Ohw xv ghqrwh wkh sulydwho| rswlpdo dprxqw ri lqwhuqd0

wlrqdo froodwhudo wr eh khog lq wkh o vwdwh dv F @ �,sz�gfcs / dqg wkh vrfldoo| h!flhqw dprxqw

wr eh FW/ zkhuh zh nqrz wkdw FW A F1 Qrz vxssrvh wkdw doo �upv jdyh �_un ri grphvwlf

froodwhudo dqg F ri lqwhuqdwlrqdo froodwhudo wr wkh edqn/ zlwk wkh duudqjhphqw wkdw dq| �up

wkdw guhz lwv fuhglw olqh dw gdwh 4 zrxog uhfhlyh FW dqg dq| �up wkdw guhz lwv olqh dw gdwh

5 zrxog uhfhlyh �_un1 Wkhq/ li �_un A FW lw lv rswlpdo iru lqwdfw �upv wr zdlw wloo gdwh 5/

zkloh li �FW A �_un glvwuhvvhg �upv zrxog gudz grzq FW dw gdwh 41 Vlqfh lq uhjlrq LY/

� A
�_un

F
A 4>

fkrrvlqj FW A F pdnhv wkh duudqjhphqw lv exgjhw ihdvleoh/ dqg fdq lpsuryh h!flhqf|1
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Wkh sureohp zlwk wkh duudqjhphqw lv wkdw lw lv lqirupdwlrqdoo| lqwhqvlyh dw gdwh 4 dqg yhu|

iudjloh � iru wkh vdph uhdvrq wkdw Gldprqg0G|eylj lv iudjloh +vhh Mdfnolq +4<;:,,1 Iluvw

qrwh wkdw wkh h�hfwlyh lqwhuhvw udwh r�huhg e| wkh edqn wkdw xvhv FW lv OW zklfk lv ohvv

wkdq O1 Wkxv li wkh sulydwh vhfwru zdv fkrrvlqj F/ wkhlu lqfhqwlyhv zrxog eh hyhq pruh

glvwruwhg1 Vhfrqg/ kroglqj �{hg hyhu| rwkhu �up mrlqlqj wkh edqnlqj duudqjhphqw/ d �up

kdv wkh lqfhqwlyh wr rsw rxw ri edqnlqj dqg lqyhvw rq wkhlu rzq1 Lq wklv fdvh/ li wkh| duh

glvwuhvvhg wkh| r�hu d uhwxuq ri O A OW wr dq|rqh gholyhulqj lqwhuqdwlrqdo froodwhudo1 Dv d

uhvxow �upv lq wkh edqnlqj duudqjhphqw gudz grzq wkhlu fuhglw olqh dqg ohqg wr wkh urjxh

�up1 Dowhuqdwlyho|/ li wkh �up lv lqwdfw/ lw vlpso| r�huv wr ohqg dw wkh edqn udwh ri OW wr

glvwuhvvhg �upv/ zklfk wkh| duh kdss| wr dffhsw1 Wkh rqo| zd| wr uxoh rxw wklv ghyldwlrq

lv wr hqirufh wkdw �upv fdq frqwudfw rqo| zlwk rwkhu �upv lq wkh edqnlqj duudqjhphqw � d

srvvlelolw| wkdw vhhpv xqolnho|1

Hdfk ri wkh deryh vroxwlrqv uho| rq vrph irup ri lqvxudqfh dfurvv �upv1 Zkloh lq wkh

deryh sdudjudskv zh kdyh dsshdohg wr wkhruhwlfdo dujxphqwv wr uxoh rxw vxfk lqvxudqfh/

wkh vkruw dqvzhu wr wkh txhvwlrq ri grhv wkh sulydwh vhfwru frqwudfw dzd| wkh h{whuqdolw| lv

wkdw hpslulfdoo| wkhuh lv srvvleo| sduwldo lqvxudqfh/ exw rxu prgho lqyhvwljdwhv wkh fdvh lq

zklfk wkhuh lv qrqh1

8 Glvlqwhuphgldwlrq

Wkh uhvxowv ri wkh odvw wzr vhfwlrqv fdq eh vxppdul}hg ^orrvho|` dv/ lq wkh zdvwhg froodwhudo

uhjlrq rxwfrphv ghshqg vhsdudwho| rq grphvwlf dqg lqwhuqdwlrqdo froodwhudo> zkhq wkh dj0

juhjdwh froodwhudo frqvwudlqw elqgv dv zhoo/ erwk irupv ri froodwhudo lqwhudfw/ vr wkdw rxwfrphv

ghshqg rq lqwhuqdwlrqdo froodwhudo/ zklfk lv h�hfwlyho| d ixqfwlrq ri grphvwlf froodwhudo1 Lq

wklv vhfwlrq zh glvfxvv wkh frqyhuvh fdvh lq zklfk wkh vkrfn wr �s ihhgv lqwr wkh dydlodeoh

grphvwlf froodwhudo � l1h1 wkh odwwhu lv h�hfwlyho| d ixqfwlrq ri lqwhuqdwlrqdo froodwhudo1

814 Froodwhudo Djjuhjdwlrq

Glvwuhvvhg �upv dffhvv wkh lqwhuqdwlrqdo froodwhudo ri lqwdfw �upv e| eruurzlqj iurp wkhvh

�upv djdlqvw wkhlu grphvwlf froodwhudo1 Wkh lpsolflw dvvxpswlrq lq wkh suhfhglqj dqdo|vlv

lv wkdw wklv froodwhudo djjuhjdwlrq lv grqh lq d shuihfwo| ixqfwlrqlqj sxeolf ghew pdunhw1

Glvwuhvvhg �upv lvvxh ghew fodlpv lq wkh grphvwlf pdunhw vhfxuhg e| grphvwlf froodwhudo1

Lqwdfw �upv lvvxh ghew fodlpv wr iruhljq lqyhvwruv vhfxuhg e| lqwhuqdwlrqdo froodwhudo1 Wkh|

wkhq xvh wkh surfhhgv iurp wklv lvvxh wr sxufkdvh wkh ghew fodlpv ri wkh glvwuhvvhg �upv1

Lq hphujlqj pdunhwv/ oltxlg grphvwlf ghew pdunhwv duh wkh h{fhswlrq udwkhu wkdq wkh

uxoh1 Lqyduldeo|/ wkh �qdqfldo v|vwhp lv edqn edvhg � iru jrrg uhdvrqv= odfn ri lqyhvwru

surwhfwlrq dqg wkh qhfhvvlw| ri prqlwrulqj wr doohyldwh dv|pphwulf lqirupdwlrq sodfhv edqnv

dw wkh fhqwhu ri wkh �qdqfldo v|vwhp1 Edqnv lvvxh fodlpv wr iruhljq lqyhvwruv djdlqvw edodqfh
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vkhhwv wkdw duh sduwldoo| edfnhg e| lqwhuqdwlrqdo froodwhudo � erwk ri wkh glvwuhvvhg dqg wkh

lqwdfw �upv1 Wkhvh ixqgv duh wkhq fkdqqhohg wr wkh glvwuhvvhg �upv1 Lpsolflwo|/ wkh lqwdfw

�up h{whqgv fuhglw wr wkh glvwuhvvhg �upv djdlqvw wkhlu grphvwlf froodwhudo1

Exw xqolnh wkh lppxwdeoh ghew pdunhwv ri wkh suhylrxv vhfwlrqv/ zkhq dvvhw sulfhv

h{shulhqfh vkdus idoov/ edqnv wkhpvhoyhv uxq lqwr wurxeoh1 Dv edqnv hqwhu glvwuhvv/ wkh

hfrqrp|*v delolw| wr djjuhjdwh froodwhudo lv zhdnhqhg/ wuljjhulqj ixuwkhu ghfolqhv lq dvvhw

sulfhv dqg uhdo dfwlylw|1 Wklv hqgrjhqrxv glvlqwhuphgldwlrq surfhvv dqg lwv ihhgedfn lqwr

uhdo dfwlylw| dqg dvvhw sulfhv �wv frqyhqwlrqdo zlvgrp zhoo1 Dujxdeo|/ vrph irup ri lw sod|v

d uroh lq yluwxdoo| hyhu| hphujlqj pdunhw*v h{whuqdo fulvlv1 Dqg dw lwv zruvw lw lv uhplqlvfhqw

ri Lqgrqhvld lq wkh uhfhqw Dvldq fulvlv/ Ph{lfr gxulqj wkh whtxlod fulvlv/ dqg Fkloh gxulqj

wkh ghew fulvlv ri wkh hduo| ;3v1<

815 Wkh Edqnlqj V|vwhp= Dpsol�fdwlrq dqg Ilqdqfldo Erwwohqhfnv

Lq wklv vhfwlrq zh vnhwfk d prgho zkhuhe| doo djjuhjdwlrq dw gdwh 4 lv grqh yld wkh edqnlqj

v|vwhp1 Wkhuh lv qr grphvwlf ghew pdunhw1 Glvwuhvvhg �upv lq qhhg ri ixqgv wdnh ordqv

iurp edqnv1 Wr dwwudfw wkhvh ixqgv/ edqnv r�hu ghsrvlwv dw d pdunhw ghwhuplqhg lqwhuhvw

udwh1 Lqwdfw �upv ehfrph wkh ghsrvlwruv1 Wkh| pruwjdjh wkhlu lqwhuqdwlrqdo froodwhudo wr

iruhljq lqyhvwruv dqg wkhq ghsrvlw wkhvh ixqgv lq wkh edqnlqj v|vwhp1 E| lqwhuphgldwlqj

wkhvh wudqvdfwlrqv/ wkh edqnlqj v|vwhp vhuyhv wr djjuhjdwh froodwhudo1 Wklv lv wkh rqo| uroh

ri edqnv lq rxu prgho � zh gr qrw surylgh dq h{solflw plfurirxqgdwlrq iru wkh h{lvwhqfh ri

lqwhuphgldwlrq1

Edodqfh Vkhhwv1 Frqvlghu d uhsuhvhqwdwlyh edqn lq d frpshwlwlyh edqnlqj vhfwru +ri xqlw

phdvxuh,1 Zh vkdoo dvvxph wkdw hqwhulqj gdwh 4/ wkh edqn kdv dvvhwv frqvlvwlqj ri ordqv

wr �upv edfnhg e| grphvwlf froodwhudo/ dqg qr oldelolwlhv +iru vlpsolflw|,143 Wkhq jlyhq wkh

pdunhw lqwhuhvw udwh rq ordqv ri O// wkh ydoxh ri fdslwdo +hqwhulqj gdwh 4/ lq xqlwv ri grooduv,

lq wkh edqn lv/

t/K @
D

O/
= +<,

Wkh qhw zruwk +dvvhwv plqxv oldelolwlhv, ri glvwuhvvhg dqg lqwdfw �upv qhhg wr eh prgl�hg

wr uh hfw wkh dgglwlrqdo edqn ordq oldelolw|=

�/sz.
un �D

O/
� gfcs

<Vhh Jhorv dqg Zhuqhu +4<<<, iru d vwxg| ri ohqglqj sudfwlfhv e| Ph{lfdq edqnv gxulqj wkh srvw0

olehudol}dwlrq shulrg1 Dprqj rwkhu wklqjv/ wkh| grfxphqw wkh vljql�fdqw uroh sod|hg e| edqnv lq ohqglqj wr

pdqxidfwxulqj �upv zlwkrxw dffhvv wr iruhljq ixqgv/ dqg wkhlu uholdqfh rq grphvwlf froodwhudo1 Wkh| dujxh

wkdw wklv pl{ frqwulexwhg vljql�fdqwo| wr wkh froodsvh ri wkh edqnlqj v|vwhp gxulqj wkh <70<8 fulvlv1
43Wkh sxusrvh ri wklv vhfwlrq lv wr kljkoljkw wkh srwhqwldo gdwh 4 erwwohqhfn eurxjkw derxw e| wkh gh0

whulrudwlrq lq edqnv* edodqfh vkhhwv1 Wkhuh duh vhyhudo lqwhuhvwlqj gdwh 3 lvvxhv zklfk phulw dq h{whqvlyh

glvfxvvlrq exw zklfk zrxog ohqjwkhq wklv vhfwlrq vxevwdqwldoo|1 Iru h{dpsoh/ rqh pd| dvn zk| edqnv gr qrw

vljq frqwlqjhqw frqwudfwv zlwk eruurzhuv dqg ghsrvlwruv1
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Fdslwdo Frqvwudlqwv1 Zlwkrxw ixuwkhu dvvxpswlrqv/ wkh suhfhglqj fdvh ri edqnv lv lghqwlfdo

wr wkdw ri sxeolf ghew pdunhwv zlwk �_ htxdo wr rqh � l1h1 wkh edqnlqj v|vwhp lv d yhlo1 Zh

qrz lqwurgxfh fdslwdo frqvwudlqwv wkdw olplw wkh fdsdflw| ri wkh edqnlqj v|vwhp wr djjuhjdwh

froodwhudo1

Dw gdwh 4/ d edqn wdnhv rq ghew iurp lqwdfw �upv ri gK�c_ dqg pdnhv ordqv ri {K�c_ wr wkh

glvwuhvvhg �upv � doo lq xqlwv ri idfh ydoxh ri gdwh 5 jrrgv1 Ohw O/ uhsuhvhqw wkh lqwhuhvw udwh

rq ordqv/ dqg O( uhsuhvhqw wkh ghsrvlwv* lqwhuhvw udwhv1 Li qr rwkhu frqvwudlqw lv suhvhqw/

erwk ri wkhvh duh pdgh dw wkh vlqjoh pdunhw lqwhuhvw udwh ri O// dqg wkh h{shfwhg gdwh

5 uhsd|phqw wr wkh edqn iurp wklv rshudwlrq lv +{K�c_ � gK�c_,O
/ +lq xqlwv ri idfh ydoxh ri

jrrgv dw gdwh 5,1 Zh dvvxph wkdw fdslwdo frqvwudlqwv uhvwulfw wkh vl}h ri wklv rshudwlrq1 Lq

sduwlfxodu/

t/K � �+D. {K�c_+$,,> +43,

zkhuh 3 ? � ? 4 lv wkh fdslwdo wkdw edqnv pxvw krog djdlqvw pdnlqj ordqv zlwk gdwh 5 idfh

ydoxh ri {K�c_+$,1
44 Li wklv frqvwudlqw elqgv/ Of lv vwloo htxdo wr O exw O( idoov wr rqh vlqfh

wkhuh lv dq h{fhvv vxsso| ri ghsrvlwv exw d vfduflw| ri ordqdeoh ixqgv1

Wdnlqj dv jlyhq wkh pdunhw lqwhuhvw udwh +rq ordqv, ri O// wkh sureohp ri d edqn dw gdwh

4 lv/

+S:, pd{%K
�c_

E/�c_K
�c_

E/� D� gKfcs . +O/ � 4,{K�c_+$,� +O/
( � 4,gK�c_+$,

v=w= +l, t/K � �+D. {K�c_+$,,

+ll,
%K
�c_

E/�

u/
� _K

�c_
E/�

u/
(

� 3

Wkh remhfwlyh ri wkh edqn uh hfwv sur�wv iurp pdnlqj ordqv ri {K�c_+$, dw wkh lqwhuhvw udwh

ri O/ dqg wdnlqj ghsrvlwv ri gK�c_+$, dw wkh lqwhuhvw udwh ri O
/
(1 Frqvwudlqw +l, lv vlpso| wkh

fdslwdo frqvwudlqw rq edqnv1 Frqvwudlqw +ll, uh hfwv wkh gdwh 4 uhvrxufh frqvwudlqw= ixqgv

pxvw eh udlvhg wr pdnh doo ordqv1

Vlqfh wkh irupdo dqdo|vlv ri htxloleulxp lv yhu| vlplodu wr wkdw ri wkh suhylrxv vhfwlrqv/

zh uhohjdwh lw wr wkh dsshqgl{1 Edqnv zloo ohqg dv pxfk dv wkh| fdq zkhqhyhu O/ A 4/

zkloh lq htxloleulxp O/ @ 4 zkhq ghpdqg iru ixqgv lv ohvv wkdq ordqdeoh ixqgv1 Ilupv

zloo ehkdyh h{dfwo| dv lq wkh suhylrxv vhfwlrqv1 Lq idfw/ dv orqj dv frqvwudlqw +l, lv qrw

elqglqj/ wkh sureohp lv hqwluho| dqdorjrxv wr wkdw ri wkh suhylrxv vhfwlrq zlwk �_ @ 41 Wr

nhhs pdwwhuv vlpsoh/ zh vkdoo surfhhg xqghu wkh dvvxpswlrq wkdw wkh grphvwlf froodwhudo

frqvwudlqw grhv qrw elqg � wklv lv wkh fdvh wkdw lv ghulyhg lq wkh dsshqgl{/ dqg lv wkh fdvh
44 Lq sudfwlfh/ fdslwdo dghtxdf| uhtxluhphqwv duh edvhg rq erwk dvvhwv dv zhoo dv oldelolwlhv1 Iru h{dpsoh/

ELV vwdqgdugv dvvljq fdslwdo uhtxluhphqwv wr gl�huhqw dvvhwv khog e| edqnv1 Wkh oldelolwlhv ri wkh edqn duh

vruwhg +l1h1 frpprq vwrfn/ suhihuuhg vwrfn, dqg zhljkwhg wr ghwhuplqh wkh dprxqw ri fdslwdo khog e| wkh

edqn dqg khqfh hqvxuh wkdw wkh fdslwdo uhtxluhphqw lv phw1 Fdslwdo uhtxluhphqwv fdq eh mxvwl�hg iurp �uvw

sulqflsohv rq wkh edvlv ri prudo kd}dug zlwklq wkh edqnlqj vhfwru1 Vhh Kropvwurp dqg Wluroh +4<<:,/ iru

h{dpsoh1
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wkdw lv uh hfwhg lq wkh �jxuh1 Sdqho +d, lq �jxuh 6 ghslfwv wklv vfhqdulr1 Wkhuh duh wzr

uhjlrqv/ +l, dqg +ll,/ zklfk duh glvwlqjxlvkhg e| zkhwkhu ru qrw wkh lqwhuqdwlrqdo froodwhudo

frqvwudlqw elqgv1

Figure 3: Equilibrium with Banks

L =  1

L = ∆

θn = 1

Panel (a) : Regions (i) and (ii)

L =  1

L = ∆

θn = 1

Panel (b) : Regions (iii) and (iv)

Wkh lqwhuhvwlqj qhz fdvhv dulvh zkhq wkh fdslwdo uhtxluhphqw +l, grhv elqg1 Lq wklv fdvh

wkh hfrqrp| fdq idoo lqwr uhjlrqv +lll, ru +ly, ghshqglqj rq krz wljkwo| lw elqgv uhodwlyh wr

ghpdqg iurp glvwuhvvhg �upv1 Wkh gdvkhg olqh lq �jxuh 9 +e, fruuhvsrqgv wr d vxsso| ri

ordqv zklfk |lhogv d uhjlrq +lll, htxloleulxp= ordq ghpdqg lv ixoo| vdwlv�hg/ lqwhuhvw udwhv duh

orz dqg rxwsxw lv kljk1 Frqyhuvho|/ li ordq vxsso| lv frqvwudlqhg e| fdslwdo uhtxluhphqwv/

wkhq lqwhuhvw udwhv ulvh wr udwlrq wkh vfdufh vxsso| +grwwhg olqh/ uhjlrq +ly,,1 Wkh nh|

lqjuhglhqw wr kljkoljkw lv wkdw qrz wkh vxsso| fxuyh iru ordqv ehqgv edfnzdugv dw wkh srlqw

zkhuh wkh fdslwdo uhtxluhphqw elqgv1 Wklv rffxuv ehfdxvh wkh ydoxh ri edqnv* fdslwdo idoov

zkhq lqwhuhvw udwhv ulvh +vhh htxdwlrq +<,,1

Wkh edfnzdug ehqglqj qdwxuh ri vxsso| sod|v d vljql�fdqw uroh lq uhjlrq +ly,/ dqg

gl�huhqwldwhv lw iurp uhjlrq LY lq vhfwlrq 51 Zkloh lq erwk fdvhv dq djjuhjdwh froodwhudo

frqvwudlqw dqg d plfurhfrqrplf fdslwdo uhtxluhphqw elqg/ lq wkh edqnlqj0lqwhuphgldwhg fdvh

wkhuh lv zdvwhg froodwhudo> lq wkh vhqvh wkdw qrw doo h{fhvv grphvwlf uhvrxufhv duh fkdqqhohg

wr wkh glvwuhvvhg �upv1 Htxloleulxp lv dw srlqw D udwkhu wkdq E/ zkhuh wkh odwwhu uh hfwv

ixoo djjuhjdwlrq1 Frqvwudlqhg edqnv ehfrph d �qdqfldo erwwohqhfn/ zklfk eulqj derxw
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vlpxowdqhrxvo| wkh zruvw ri hdfk vfhqdulr ghvfulehg lq wkh suhylrxv vhfwlrqv= vkdus ghfolqhv

lq dvvhw sulfhv frxsohg zlwk froodwhudo zdvwh1

816 Pxowlsoh Htxloleuld

Wkh ulvh lq grphvwlf lqwhuhvw udwhv lq uhjlrq +ly, lv qrw rqo| d v|pswrp ri wkh fulvlv/ lw lv

dovr d fdxvh ri wkh fulvlv1

Figure 4: Multiple Equilibria with Banks

L =  1

L = ∆

θn = 1

A

B

C

Zh looxvwudwh wklv lq �jxuh 71 Dv zh ghvfulehg deryh/ wkh frqwudfwlrq lq ordq vxsso|

fdxvhv wkh ulvh lq lqwhuhvw udwhv1 Wkh idoo lq grphvwlf dvvhw sulfhv dpsol�hv wkh lpsdfw ri

wkh fulvlv e| ghhshqlqj wkh fuhglw fuxqfk fdxvhg e| edqnv* glvwuhvvhg edodqfh vkhhwv145 Exw

lw lv hdv| wr vhh wkdw wkh ihhgedfn ehwzhhq dvvhw sulfhv dqg ihdvleoh lqwhuphgldwlrq eulqjv

derxw wkh srvvlelolw| ri pxowlsoh htxloleuld1

45Wklv dpsol�fdwlrq phfkdqlvp lv vlplodu lq vslulw wr Nl|rwdnl dqg Prruh +4<<:, lq wkdw d idoo lq dvvhw

sulfhv lv uhlqirufhg e| d wljkwhqlqj �qdqfldo frqvwudlqw1 Krzhyhu/ dq lpsruw gl�huhqfh ehwzhhq rxu dssurdfk

dqg wkhluv olhv lq wkh lghqwlw| ri wkh djhqw zlwk wkh fuxfldo �qdqfldo frqvwudlqw1 Lq Nl|rwdnl dqg Prruh wkh

�qdqfldo frqvwudlqw lv rq wkh ghpdqg vlgh � frqvwudlqhg ghpdqg uhgxfhv wkh surgxfwlylw| ri dvvhwv/ fdxvlqj

wkh idoo lq dvvhw sulfhv/ dqg ixuwkhu frqvwudlqlqj ghpdqg1 Krzhyhu/ lq rxu prgho wkh nh| �qdqfldo frqvwudlqw lv

rq wkh vxsso| vlgh � frqvwudlqhg vxsso| fdxvhv lqwhuhvw udwhv wr ulvh/ fdxvlqj edqn fdslwdo wr eh frpsurplvhg/

dqg ixuwkhu frqvwudlqlqj vxsso|1 Lq wklv vhqvh/ rxu prgho lv forvhu wr wkh dpsol�fdwlrq phfkdqlvp vwxglhg

lq Nulvkqdpxuwk| +4<<<,1
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Srlqwv +D, dqg +E, lq wkh �jxuh uhsuhvhqw wzr htxloleuld zklfk duh glvwlqjxlvkhg e| orz

lqwhuhvw udwhv/ qrq0elqglqj fdslwdo uhtxluhphqwv +D, dqg kljk lqwhuhvw udwhv/ fuhglw fuxqfk

+F,1 Srlqw +E, lv dovr d srvvlelolw| lq zklfk lqwhuhvw udwhv ulvh wr frqvwudlq ordq vxsso| wr

h{dfwo| phhw ghpdqg1 Zkloh lq erwk +D, dqg +E, doo surgxfwlrq xqlwv duh vdyhg/ wklv lv qrw

vr lq +F,1 Wkh htxloleulxp lq +F, lv Sduhwr lqihulru wr wkdw ri +D, dqg +E,1 Pruh jhqhudoo|/

zlwk �_ ? 4 ru d frqfdyh exw qrw uhfwdqjxodu ghpdqg ixqfwlrq/ htxloleuld fdq eh vwulfwo|

Sduhwr udqnhg1 Orz lqwhuhvw udwh htxloleuld duh pruh h!flhqw wkdq kljk udwh rqhv1

9 Ilqdo Uhpdunv

Wklv sdshu kdv suhvhqwhg d prgho wkdw kljkoljkwv �qdqfldo idfwruv ehklqg fulvhv lq hphujlqj

pdunhwv1 Zkloh zh duh qrw wkh �uvw wr srlqw rxw vrph ri wkhvh idfwruv �lq sduwlfxodu wkdw

�qdqfldo xqghughyhorsphqw fdq ohdg wr zdvwhg froodwhudo/ dv zhoo dv wr wkh srvvlelolw| wkdw

idoolqj dvvhw sulfhv fdq ohdg wr glvlqwhuphgldwlrq� rxu dssurdfk lv qryho rq wzr frxqwv1

Iluvw/ zh duh deoh wr vwxg| wkh h�hfwv ri grphvwlf dqg lqwhuqdwlrqdo �qdqfldo frqvwudlqwv lq

d vlpsoh xql�hg iudphzrun1 Lqghshqghqwo|/ erwk vhwv ri frqvwudlqwv vhhp phdqlqjixo lq wkh

frqwh{w ri hphujlqj pdunhwv/ dqg dsshdu lq gl�huhqw irupv lq wkh olwhudwxuh1 Zh kdyh irxqg

wkdw glvwlqjxlvklqj ehwzhhq grphvwlf dqg lqwhuqdwlrqdo froodwhudo/ dqg xqghuvwdqglqj krz

dqg zkhq wkh| lqwhudfw/ lv xvhixo lq wklqnlqj wkurxjk fulvhv1 Vhfrqg/ zh vkrz wkdw grphvwlf

�qdqfldo pdunhw xqghughyhorsphqw/ lq d g|qdplf frqwh{w/ zloo ohdg wr wkh xqghuydoxdwlrq

ri lqwhuqdwlrqdo froodwhudo1

Zh wklqn wkdw wkh froodwhudo xqghuydoxdwlrq uhvxow lv sduwlfxoduo| khosixo lq wklqnlqj

wkurxjk suhfdxwlrqlqj +l1h1 gdwh 3, txhvwlrqv lq hphujlqj pdunhwv1 Revhuyhuv kdyh srlqwhg

wr d qxpehu ri yxoqhudelolw| idfwruv � edodqfh vkhhw pdwxulw| plvpdwfkhv fdxvhg e| h{0

fhvvlyh vkruw whup ghew/ fxuuhqf| plvpdwfkhv fdxvhg e| frqwudfwlqj iruhljq fxuuhqf| ghew/

vkruwdjhv ri sxeolf dqg sulydwh uhvhuyhv/ wr qdph d ihz1 \hw wkhuh kdv ehhq olwwoh vdlg

derxw zk| �upv pdnh fkrlfhv wkdw ohdg wr vxfk yxoqhudelolwlhv1 Lq Fdedoohur dqg Nulvk0

qdpxuwk| +5333e,/ zh dvn wkh txhvwlrq ri zk| �upv/ nqrzlqj wkh srvvlelolw| ri edodqfh

vkhhw plvpdwfkhv/ fkrrvh wr frqwudfw iruhljq fxuuhqf| ghew1 Zh vkrz wkdw frqwudfwlqj iru0

hljq fxuuhqf| ghew lv dnlq wr frqwudfwlqj dzd| lqwhuqdwlrqdo froodwhudo1 Wkxv rxu uhvxow lv

wkdw li grphvwlf �qdqfldo pdunhwv duh xqghughyhorshg/ �upv zloo xqghuydoxh lqwhuqdwlrqdo

froodwhudo dqg fkrrvh h{fhvvlyh groodu oldelolwlhv146 Lqghhg zh wklqn wkdw d qxpehu ri wkhvh

yxoqhudelolw| idfwruv fdq eh uhvwdwhg dv rqhv wkdw uhgxfh lqwhuqdwlrqdo froodwhudo/ dqg wkxv

rxu uhvxowv srlqwv rxw wkdw yxoqhudelolw| lv vwuxfwxudo wr hphujlqj pdunhwv1

Wkh uhvxowv duh dovr khosixo lq surylglqj srolf| jxlgdqfh1 Iluvw ri doo wkh prgho lghqwl0

�hv wkh sulplwlyh ehklqg wkh lqflghqfh ri fulvhv dv wkh vkruwdjh ri lqwhuqdwlrqdo froodwhudo1

46Zh dovr frqqhfw grphvwlf �qdqfldo pdunhw xqghughyhorsphqw wr wkh uhoxfwdqfh ri iruhljq lqyhvwruv wr

hqwhu wkh grphvwlf ohqglqj exvlqhvv1
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Sxuho| iurp dq dffrxqwlqj vwdqgsrlqw/ e| vruwlqj rq wkhlu h�hfwv rq lqwhuqdwlrqdo froodwhudo/

wkh prgho khosv xv wr fodvvli| dqg rughu wkh gl�huhqw yxoqhudelolw| idfwruv wkdw rwkhuv kdyh

srlqwhg rxw1 Pruh lqwhuhvwlqjo|/ vlqfh wkh froodwhudo xqghuydoxdwlrq uhvxow vwhpv iurp dq

h{whuqdolw|/ d qdwxudo olqh ri lqtxlu| lv lq wkh ghvljq ri srolflhv wr doohyldwh wkh h{whuqdolw|1

Wkh srolflhv wkdw hphujh duh doo h{0dqwh rqhv � l1h1 suhfdxwlrqv dw gdwh 3/ udwkhu wkdq

suhvfulswlrqv ri prqhwdu| srolf| gxulqj wkh gdwh 4 fulvlv1 Lq Fdedoohur dqg Nulvkqdpxuwk|

+5333d,/ zh vwxg| wkh h�hfwlyhqhvv ri vwhulol}dwlrq dv d srolf| uhvsrqvh wr gdwh 3 fdslwdo

lq rzv1 Vlqfh wkh prgho prwlydwhv erwk wkh qhhg iru srolf| dv zhoo dv prghov lwv lpsohphq0

wdwlrq/ zh duh deoh wr fkdudfwhul}h zkhq srolf| ohdgv wr Sduhwr jdlqv/ dqg zkhq lw ohdgv wr

Sduhwr orvvhv147

Wkhuh duh d qxpehu ri uhodwhg suhfdxwlrqlqj srolf| txhvwlrqv wkdw wkh iudphzrun zloo

surylgh jxlgdqfh rq1 Iru h{dpsoh/ wkh txhvwlrq ri zklfk ri wkh sulydwh ru sxeolf djhqwv

vkrxog krog lqwhuqdwlrqdo uhvhuyhv/ ru wkh gl�huhqwldo h�hfwv ri grphvwlf uhvhuyh uhtxluhphqwv

dqg iruhljq oltxlglw| uhtxluhphqwv1 Dqg/ rqfh h{whqghg wr lqfrusrudwh qrplqdo dvvhwv/ wkh

iudphzrun zloo vkhg oljkw rq wkh uroh sod|hg e| �qdqfldo xqghughyhorsphqw lq wkh ghvljq ri

rswlpdo h{fkdqjh udwh duudqjhphqwv1 Zh duh fxuuhqwo| zrunlqj rq wkhvh h{whqvlrqv1

47Rxu dqdo|vlv lv jxlghg e| wkh h�hfw ri srolf| rq lqwhuqdwlrqdo froodwhudo � grhv wkh sulydwh vhfwru*v

uhdfwlrq wr d srolf| ohdg wr d jdlq ru orvv lq lqwhuqdwlrqdo froodwhudo1 D uhvxow zklfk zh �qg vwulnlqj lv wkdw

zkhq wkh jryhuqphqw erqg pdunhw lv looltxlg/ vwhulol}dwlrq srolf| +vzdsslqj uhvhuyhv iru jryhuqphqw erqgv,

pd| ohdg wr d idoo lq wkh vsuhdg ehwzhhq frusrudwh ohqglqj udwhv dqg jryhuqphqw erqg udwhv1 Wklv fdxvhv

wkh sulydwh vhfwru wr ryhueruurz iurp iruhljq ohqghuv dw gdwh 3 � wkh rssrvlwh ri zkdw rswlpdo srolf| zrxog

glfwdwh1
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: Dsshqgl{

:14 Lqfhqwlyh Frqvwudlqwv

Rqh srvvleoh irupxodwlrq wr mxvwli| djhqwv* eruurzlqj frqvwudlqwv lv dv iroorzv1 Frqvlghu d

frqwudfw ehwzhhq d �up dqg d ohqghu dw gdwh 31 Vxssrvh wkdw d �up lqyhvwlqj rqh xqlw dw

gdwh 3 |lhogv gdwh 5  rzv ri �U| zkhuh H^ �U|` @ U|/ dqg wkh vxssruw ri �U| lv ^3>4,1 Qrz

dvvxph wkdw wkh uhdol}dwlrq ri �U| lv sulydwh lqirupdwlrq ri wkh �up1 D ohqghu fdq revhuyh

wklv sd|phqw rqo| e| sd|lqj d frvw ri f1 Wkhq/ lw lv idluo| vwdqgdug wr vkrz wkdw dq rswlpdo

frqwudfw zloo eh d ghew frqwudfw +vhh Jdoh dqg Khoozlj +4<;8,,1 Wkh frqwudfw zloo vshfli|

d idfh ri i > li �U| A i wkh �up pdnhv wkh uhsd|phqw ri i > rwkhuzlvh/ wkh �up ghidxowv dqg

ohqghuv sd| wkh dxglw frvw dqg uhfhlyh �U| � f1

Dvvxph wkdw hdfk �up kdv d frqwlqxxp ri vxfk surmhfwv hdfk zlwk l1l1g1 uhwxuq ri �U|1

Hdfk surmhfw lv lqglylgxdoo| �qdqfhg yld d ghew frqwudfw1 Wkhq gh�qh/

�| @
H^ �U| � i m �U| A i `Sure^ �U| A i `

U|

? 4

Wklv lv wkh vkduh ri hdfk �up wkdw wkh hqwuhsuhqhxu qhfhvvdulo| krogv1 Ohqghuv uhfhlyh

h{shfwhg  rzv ri/

H^ �U| � fm �U| ? i `Sure^ �U| ? i ` . iSure^ �U| A i `

vfdohg e| U| wklv lv/

H^ �U| � i m �U| ? i `Sure^ �U| ? i `

U|

�f
Sure^ �U| ? i `

U|

.iSure^ �U| A i ` @ 4��|�f
Sure^ �U| ? i `

U|

Wklv lv wkh frpsrqhqw ri �upv wkdw fdq eh khog e| rxwvlghuv1 Lq rxu irupxodwlrq zh kdyh

vxssuhvvhg wkh frvw f/ vr wkdw wklv frpsrqhqw lv vlpso| wkh frpsohphqw ri zkdw wkh �up

krogv lwvhoi1

:15 Surri ri Sursrvlwlrq 5

Iluvw ri doo qrwh wkdw wkh frqvwudlqw gfcs � �,sz zloo qhyhu elqg1 Wkh uhdvrq lv wkdw li lw glg/

wkhq O @ � dw gdwh 4/ dqg vlqfh zh kdyh dvvxphg wkdw gdwh 4 uhlqyhvwphqw lv vx!flhqwo|

sur�wdeoh uhodwlyh wr gdwh 3 lqyhvwphqw/ �upv zrxog qrw vdwxudwh wkhlu exgjhw frqvwudlqw dw

gdwh 31 Jlyhq wklv/ ohw xv vxevwlwxwh gfcs @ f+n, lq wkh remhfwlyhv1

Wkh pd{ sureohp iru wkh �up dw gdwh 3 lv/

pd{
&

��+��sz � f+n, .Un � n@5, . �,+
U. u

5
n .

�_un

5
+�� 4, .

4

5
+�. 4,+�,sz � f+n,,=

Wkh IRF iru wklv sureohp lv/

��+�f�+an, .U� 4@5, . �,+
U. u

5
.

�_u

5
+�� 4,� 4

5
+�. 4,f�+an,, @ 3=

Ohw an+�_, eh wkh vroxwlrq wr wklv htxdwlrq1 Vlqfh/ f+n, lv vwulfwo| frqyh{/ an+�_, lv lqfuhdvlqj

lq �_1
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:16 Surri ri Sursrvlwlrq 8

Iru wkh ghfhqwudol}hg htxloleulxp/

pd{
&

��+��sz � f+n, .Un � n@5, . �,+
U. u

5
n .

�_un

5O,
+�� O,, .

4

5
+�. O,,+�,sz� f+n,,=

Dqg iru wkh fhqwudo sodqqlqj sureohp/

pd{
&

��+��sz � f+n, .Un � n@5, . �,+
U. u

5
n .�+�,sz � f+n,,=

Vlqfh f+n, lv vwulfwo| frqyh{/ dqg wkh remhfwlyh lv olqhdu/ wkh IRF lv qhfhvvdu| dqg

vx!flhqw iru dq rswlpxp1 Wr frpsduh wkh ghfhqwudol}hg dqg fhqwudo sodqqhu*v vroxwlrqv/ zh

fdq vlpso| frpsduh wkh IRF*v1 Wkh ghfhqwudol}hg htxloleulxp IRF lv/

��+�f�+an, .U� 4@5, . �,+
U. u

5
.

�_u

5O,
+�� O,,� 4

5
+�. O,,f�+an,, @ 3=

Zkloh wkh fhqwudo sodqqhu*v IRF lv/

��+�f�+nW, .U� 4@5, . �,+
U. u

5
��f�+nW,, @ 3=

Lw lv fohdu wkdw dv orqj dv �� O, A 3/ nW ? an1

:17 Surri ri Sursrvlwlrq 9

Iluvw qrwh wkdw wkh fhqwudo sodqqhu*v vroxwlrq lv lqghshqghqw ri �_/ dqg wkdw an A nW1 Wkhq

doo zh qhhg wr vkrz lv wkdw an+�_, lv ghfuhdvlqj1

Wkh IRF iru wkh ghfhqwudol}hg sureohp lv/

I +an> �_, � ��+�f�+an, .U� 4@5, . �,+
U. u

5
.

�_u

5O,
+�� O,,� 4

5
+�. O,,f�+an,, @ 3=

zkhuh/

O, @
�_un

�,|z � gfcs
=

Wkhq/ zh zlvk wr vkrz wkdw/

gan

g�_
@ �

Y8
Yb_
Y8

Y	&

? 3=

Diwhu vrph dojheud zh fdq vkrz/

CI

Can
@ �f��+an,+�� . �,

�.O,

5
,� CO,

Can

4

5
+�_u

�

O2
. f�+an,, ? 3=

Dovr/
CI

C�_
@ ��,

4

5
+u . f�+n,

O,

�_
, ? 3=

Frpelqlqj wkh deryh uhvxowv/ zh fdq frqfoxgh wkdw an+�_, lv ghfuhdvlqj lq �_1
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:18 Vxssruwlqj Irupxodh iru Edqnlqj Vhfwlrq

Wkh vroxwlrq wr surjudp +S:, lv ghwhuplqhg e| wkh elqglqj frqvwudlqwv1 Frqvwudlqw +l,

uhtxluhv wkdw ordqv vdwlvi|/

D. {K�c_+$, �
t/K
�
=

Qrz jlyhq ordqv dqg ghsrvlwv/

t/K @
D. {K�c_+$,

O/
� gK�c_+$,

O/
_

@
D

O/

zkhuh wkh odvw vwhs iroorzv vlqfh wkh dprxqw ri ixqgv udlvhg iurp ghsrvlwruv +
_K
�c_

E/�

u/
_

, pxvw

htxdo wkh dprxqw ri ixqgv ohqw wr �upv +
%K
�c_

E/�

u/
,1 Wkxv/ li wkh fdslwdo frqvwudlqw elqgv/

{K�c_+$, @ D

�
4

�O/
� 4

�

zklfk lv ghfuhdvlqj lq O/1

Wxuqlqj qh{w wr wkh ghflvlrqv ri �upv/ ghpdqg iru ordqv e| glvwuhvvhg �upv dqg ghsrvlwv

iurp lqwdfw �upv iroorz iurp wkh vdph orjlf dv ehiruh +vhh S4 dqg S5,1 Lqwdfw �upv h{whqg

ghsrvlwv wr edqnv ri {�c_+$, +idfh ydoxh ri gdwh 5 jrrgv,/

O/
( A 4 , {�c_+$,

O/
(

@ �/sz � gfcs

O/
( @ 4 , {�c_+$, � �/sz � gfcs =

Zh zulwh wkh sureohp iru glvwuhvvhg �upv dvvxplqj wkdw wkh grphvwlf froodwhudo frq0

vwudlqw qhyhu elqgv1 Glvwuhvvhg �upv wdnh rxw edqn ordqv ri g�c_+$, wr vdyh surgxfwlrq

xqlwv/

� A O/ , g�c_+$,

O/
@ pd{^n � g/�cs > 3`>

� @ O/ , g�c_+$,

O/
� pd{^n? � g/�cs > 3`=

Ylv0d0ylv wkh suhylrxv dqdo|vlv/ pdunhw fohdulqj frqglwlrqv qhhg wr eh prgl�hg voljkwo|

wr wdnh lqwr dffrxqw edqnv1 Wkh djjuhjdwh dprxqw ri ghsrvlwv lq edqnv pxvw htxdo wkh

djjuhjdwh ghsrvlwv ri wkh lqwdfw �upv/

gK�c_+$, � GK
�c_+$, @ [�c_+$, � 4

5
{�c_+$,

Olnhzlvh/ wkh wrwdo ordq vxsso| iurp edqnv pxvw htxdo wkh qhz grphvwlf ghew lvvxhg e|

glvwuhvvhg �upv/

{K�c_+$, � [K
�c_+$, @ G�c_+$, � 4

5
g/�c_
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Wdnhq wrjhwkhu dqg frpelqhg zlwk wkh fdslwdo frqvwudlqw rq edqnv wklv lpsolhv wkdw/

�/| z � gfcs � t/K
O/�

� D

O/
, g�c_+$, @ {�c_+$,

�/| z � gfcs A
t/K
O/�

� D

O/
, g�c_+$, @ {�c_+$, @ 5+

t/K
�

�D,

Frqvlghu wkh �uvw lqhtxdolw|1 Zkhq wkh fdslwdo uhtxluhphqw rq edqnv grhv qrw elqg/ edqnv

djjuhjdwh grphvwlf froodwhudo shuihfwo| � wkh| fkdqqho doo ri wkh h{fhvv ghew fdsdflw| ri

wkh lqwdfw �upv wr wkh glvwuhvvhg �upv1 Wkh hfrqrp| ehkdyhv h{dfwo| dv li �? @ 4 lq d

sxeolf ghew pdunhw +vhfwlrq 517,1 Dvvhw sulfhv dqg lqyhvwphqw ghshqg rq wkh lqwhuqdwlrqdo

froodwhudo frqvwudlqw/

n ? 5+�/| z � gfcs , , O/ @ O/
( @ 4 �/ @ 4

n � 5+�/| z � gfcs , , O/ @ O/
( @ � �/ ? 4=

Zkhq wkh fdslwdo uhtxluhphqw +l, elqgv/ wkh hfrqrp| fdq idoo lqwr uhjlrqv +lll, ru +ly,

ghshqglqj rq krz wljkwo| lw elqgv uhodwlyh wr ghpdqg iurp glvwuhvvhg �upv1 Lq wklv fdvh/

O/
( @ 4 dqg=

4

5
+n � +�/| z � gfcs ,, ?

t/K
�

�D , O/ @ 4 �/ @ 4

4

5
+n � +�/| z � gfcs ,, � t/K

�
�D , O/ @ � �/ @ 4
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Uhihuhqfhv

^4` Dl}hqpdq/ Mrvkxd/ �Frxqwu| Ulvn/ Lqfrpsohwh Lqirupdwlrq dqg Wd{hv rq Lqwhuqdwlrqdo

Eruurzlqj/� Hfrqrplf Mrxuqdo <</ Pdufk 4<;</ ss1 47:04941

^5` Doohq/ Iudqnolq dqg Grxjodv Jdoh/ �Olplwhg Pdunhw Sduwlflsdwlrq dqg Yrodwlolw| ri

Dvvhw Sulfhv/% Dphulfdq Hfrqrplf Uhylhz ;7+7,/ Vhswhpehu 4<<7/ sdjhv <660881

^6` Doohq/ Iudqnolq dqg Grxjodv Jdoh/ �Ilqdqfldo Pdunhwv/ Lqwhuphgldulhv/ dqg Lqwhuwhp0

srudo Vprrwklqj/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438+6,/ Mxqh 4<<:/ sdjhv 8560791

^7` Edugkdq/ Sudqde N1/ �Rswlpxp Iruhljq Eruurzlqj/� lq Nduo Vkhoo/ hg1/ Hvvd|v rq wkh

Wkhru| ri Rswlpdo Hfrqrplf Jurzwk= PLW Suhvv/ 4<9:/ ss1 44:045;1

^8` Ehuqdqnh/ Ehq dqg Pdun Jhuwohu/ �Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv Ioxfwxd0

wlrqv/� Dphulfdq Hfrqrplf Uhylhz :<04/ Pdufk 4<;</ ss1 470641

^9` Ekdwwdfkdu|d/ Vxglswr/ dqg Jdoh/ Grxjodv P1/ �Suhihuhqfh Vkrfnv/ Oltxlglw|/ dqg

Fhqwudo Edqn Srolf|�/ Eduqhww/ Zlooldp D1/ hg1> Vlqjohwrq/ Nhqqhwk M1/ hg11 Qhz ds0

surdfkhv wr prqhwdu| hfrqrplfv1 Lqwhuqdwlrqdo V|psrvld lq Hfrqrplf Wkhru| dqg

Hfrqrphwulfv vhulhv= Fdpeulgjh Xqlyhuvlw| Suhvv 4<;:/ ss1 9<0 ;;1

^:` Eorpphvwhlq/ Kdqv M1/ �Lqvwlwxwlrqdo Lqyhvwruv/ Shqvlrq Uhirupv dqg Hphujlqj Vhfx0

ulwlhv Pdunhwv/% LDGE ZS & 68</ Qryhpehu 4<<:1

^;` Exorz/ Mhuhp| dqg Urjr�/ Nhqqhwk/ �D Frqvwdqw Uhfrqwudfwlqj Prgho ri Vryhuhljq

Ghew�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:04/ Iheuxdu| 4<;</ ss1 4880:;1

^<` Fdedoohur/ Ulfdugr M1 dqg Nulvkqdpxuwk|/ Duylqg/ �Hphujlqj Pdunhwv Fulvhv= Dq

Dvvhwv Pdunhw Shuvshfwlyh/� LPI ZS/ 4<<<1

^43` Fdedoohur/ Ulfdugr M1 dqg Nulvkqdpxuwk|/ Duylqg/ �Lqwhuqdwlrqdo Oltxlglw| Pdqdjh0

phqw= Vwhulol}dwlrq Srolf| lq Looltxlg Ilqdqfldo Pdunhwv/� plphr PLW/ Mdqxdu| 5333d1

^44` Fdedoohur/ Ulfdugr M1 dqg Nulvkqdpxuwk|/ Duylqg/ �Groodul}dwlrq ri Oldelolwlhv= Xq0

ghulqvxudqfh dqg Grphvwlf Ilqdqfldo Xqghughyhorsphqw/� plphr PLW/ Mxo| 5333e1

^45` Fdoyr/ Jxloohupr D1/ �Edodqfh ri Sd|phqw Fulvhv lq Hphujlqj Pdunhwv/� plphr/ Pdu|0

odqg/ Mdqxdu| 4<<;1

^46` Fkdqj/ Urehuwr dqg Dqguhv Yhodvfr/ �Ilqdqfldo Fulvlv lq Hphujlqj Pdunhwv= D Fdqrq0

lfdo Prgho/� plphr Dwodqwd Ihg/ Mxo| 4<<;1

^47` Gldprqg/ Grxjodv Z1 dqg G|eylj/ Sklols K1/ �Edqn Uxqv/ Ghsrvlw Lqvxudqfh/ dqg

Oltxlglw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| <406/ Mxqh 4<;6/ ss1 73404<1
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^48` Groodu/ Gdylg/ dqg Pdu| Kdoozdug0Gulhphlhu/ �Fulvlv Dgmxvwphqw/ dqg Uhirup= Uh0

vxowv iurp wkh Wkdlodqg Lqgxvwuldo Vxuyh|/% plphr Pd| 4<<;1

^49` Jdoh/ Grxjodv dqg Pduwlq Khoozlj/ �Lqfhqwlyh Frpsdwleoh Ghew Frqwudfwv= Wkh Rqh0

Shulrg Sureohp� Uhylhz ri Hfrqrplf Vwxglhv 85+7,/ Rfwrehu 4<;8/ ss1 97:0961

^4:` Jhorv/ U1 Jdvwrq dqg Dohmdqgur P1 Zhuqhu/ �Ilqdqfldo Olehudol}dwlrq/ Fuhglw Frq0

vwudlqwv/ dqg Froodwhudo= Lqyhvwphqw lq wkh Ph{lfdq Pdqxidfwxlqj Vhfwru/� LPI

ZS2<<258/ Pdufk 4<<<1

^4;` Jrogidmq/ Lodq dqg Urguljr R1 Ydoghv/ �Wkh Wzlq Fulvhv dqg wkh Uroh ri Ilqdqfldo

Lqwhuphgldwlrq/� LPI plphr/ Dxjxvw 4<<;1

^4<` Kduehujhu/ Duqrog/ �Ohvvrqv iru Ghewru0Frxqwu| Pdqdjhuv dqg Srolf|pdnhuv/� lq

M1Fxgglqjwrq dqg J1Vplwk +hgv1,/ Lqwhuqdwlrqdo Ghew dqg wkh Ghyhorslqj Frxqwulhv1

Zdvklqjwrq= Zruog Edqn/ 4<;81

^53` Kropvwurp/ Ehqjw dqg Wluroh/ Mhdq/ �Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh Ixqgv/ dqg

wkh Uhdo Vhfwru/% Txduwhuo| Mrxuqdo ri Hfrqrplfv 44506/ Dxjxvw 4<<:/ ss 9960<41

^54` Kropvwurp/ Ehqjw dqg Wluroh/ Mhdq/ �Sulydwh dqg Sxeolf Vxsso| ri Oltxlglw|/� Mrxuqdo

ri Srolwlfdo Hfrqrp| 43904/ Iheuxdu| 4<<;/ ss1 40731

^55` Mdfnolq/ Fkduohv M1/ �Ghpdqg Ghsrvlwv/ Wudglqj Uhvwulfwlrqv/ dqg Ulvn Vkdulqj/�

Suhvfrww/ Hgzdug F1/ hg1> Zdoodfh/ Qhlo/ hg11 Frqwudfwxdo duudqjhphqwv iru lqwhuwhpsr0

udo wudgh1 Plqqhvrwd Vwxglhv lq Pdfurhfrqrplfv vhulhv/ yro1 4 Plqqhdsrolv= Xqlyhuvlw|

ri Plqqhvrwd Suhvv 4<;:/ ss1 5907:1

^56` Ndqj/ Mxq0Nrr dqg Uhqh P1 Vwxo}/ �Zk| Lv Wkhuh Krph EldvB Dq Dqo|vlv ri Iruhljq

Sruwirolr Htxlw| Rzqhuvkls lq Mdsdq/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv 7904/ Rfwrehu

4<<:/ ss1 605;1

^57` Nhkrh/ Wlprwk|/ dqg Gdylg Ohylqh/ �Ghew0frqvwudlqhg Dvvhw Pdunhwv/% Uhylhz ri Hfr0

qrplf Vwxglhv 9307/ Rfwrehu 4<<6/ ss1 ;980;;;1

^58` Nl|rwdnl/ Qrexklur dqg Prruh/ Mrkq/ �Fuhglw F|fohv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/

43805/ Dsulo 4<<:/ ss1 54407;1

^59` Phuwrq/ Urehuw/ �D Vlpsoh Prgho ri Fdslwdo Pdunhw Htxloleulxp zlwk Lqfrpsohwh

Lqirupdwlrq/% Mrxuqdo ri Ilqdqfh/ 7506/ Mxo| 4<;:/ ss 7;608431

^5:` Zruog Hfrqrplf Rxworrn/ LPI/ Pd| 4<<;1

^5;` Wkh Zruog Edqn/ Hdvw Dvld= Wkh Urdg wr Uhfryhu|/ Vhswhpehu 4<<;1
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