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According to most academics and policymakers, transparency in monetary policymaking is

desirable. I examine this proposition in a small theoretical model emphasizing forward-

looking private sector behavior. Transparency makes it easier for price setters to infer the

central bank’s future policy intentions, thereby making current inflation more responsive to

policy actions. This induces the central bank to pay more attention to inflation rather than

output gap stabilization. Then, transparency may be disadvantageous. It may actually be a

policy-distorting straitjacket if the central bank enjoys low-inflation credibility, and there is

need for active monetary stabilization policy.
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Den meisten Akademikern und politischen Entscheidungsträgern zufolge ist Transparenz

in der Geldpolitik wünschenswert. Ich untersuche diese Behauptung anhand eines kleinen

theoretischen Models, das das vorausschauende Verhalten des privaten Sektors hervorhebt.

Transparenz erleichtert es denjenigen, die Preise festsetzen, auf die künftigen

geldpolitischen Absichten der Zentralbank zu schließen, wodurch die laufende Inflation

stärker auf stabilitätspolitische Maßnahmen reagiert. Dies führt dazu, dass die Zentralbank

sich eher auf die Inflation als auf die Stabilisierung der Produktionslücke konzentriert. In

diesem Fall kann Transparenz negative Folgen haben. Sie kann sich sogar als eine die

Geldpolitik verzerrende Zwangsjacke herausstellen, wenn die Zentralbank sich

stabilitätspolitischer Glaubwürdigkeit erfreut und eine aktive monetäre

Stabilisierungspolitik benötigt wird.

Schlüsselwörter: Transparenz; Geldpolitik; Zentralbankinstitutionen.

JEL-Ordnungszahlen: ��������������
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Rswlpdo Ghjuhhv ri Wudqvsduhqf|

lq Prqhwdu| Srolf|pdnlqj3

41 Lqwurgxfwlrq

Li wkh gh�qlwlrq frqwdlqhg lq d vwdqgdug glfwlrqdu| lv uhsuhvhqwdwlyh iru wkh frpprq shu0

fhswlrq derxw d vxemhfw/ wkhuh lv qr grxew wkdw ehlqj wudqvsduhqw lv vrphwklqj frqvlghuhg

ghvludeoh1 Iru h{dpsoh/ Zhevwhu*v Hqf|forshglf Xqdeulgjhg Glfwlrqdu| ri wkh Hqjolvk

Odqjxdjh +4<;<, vwdwhv=

wudqvsduhqw/ dgm1 41 kdylqj wkh surshuw| ri wudqvplwwlqj ud|v ri oljkw wkurxjk lwv vxevwdqfh vr

wkdw erglhv vlwxdwhg eh|rqg ru ehklqg fdq eh glvwlqfwo| vhhq +111, 71 rshq> iudqn> fdqglg= wkh pdq*v

wudqvsduhqw hduqhvwqhvv1 +111, �Dqw1 41 rsdtxh1 71 vhfuhwlyh1

Lq whupv ri prqhwdu| srolf|pdnlqj/ wudqvsduhqf| pxvw wkhuhiruh eh vrphwklqj wr vwulyh

iru1 H1j1/ lv �rsdtxh� dqg �vhfuhwlyh� srolf|pdnlqj xqghu dq| flufxpvwdqfhv ghvludeohB

Ru srolf| frqgxfwhg zlwk odfn ri �hduqhvwqhvvB� Wkh dqvzhuv wr vxfk ukhwrulfdo txhvwlrqv

lq srolf| ghedwhv duh/ reylrxvo|/ doprvw xqlyhuvdoo| �qr1� Wklv kdv uhfhqwo| ehhq hylghqw lq

glvfxvvlrqv rq wkh wudqvsduhqf| ri wkh qhzo| hvwdeolvkhg Hxurshdq Fhqwudo Edqn +HFE,/

prvw fohduo| h{hpsol�hg e| wkh iroorzlqj txrwhv=

3L wkdqn Wkrpdv Dovohy Fkulvwhqvhq/ Doh{ Fxnlhupdq/ Mrkq Gul!oo/ Shwud Jhuddwv/ Dqguhz Kxjkhv

Kdoohww/ Fkulvwldq Vfkxow}/ Oduv H1 R1 Vyhqvvrq/ Ehuqkdug Zlqnohu/ dqg vhplqdu sduwlflsdqwv dw Who Dyly
Xqlyhuvlw|/ wkh Edqn ri Ilqodqg2FHSU Zrunvkrs rq �Wkh Wudqvsduhqf| ri Prqhwdu| Srolf|= Wkhru| dqg

Hpslulfdo Hylghqfh/� wkh Hxurshdq Hfrqrplf Dvvrfldwlrq phhwlqjv lq Ero}dqr0Phudqr0Ero}dqr/ wkh Exq0

ghvedqn2FiV frqihuhqfh rq �Wudqvsduhqf| lq Prqhwdu| Srolf| +Wkhru| dqg Hpslulfdo H{shulhqfh,/� dqg
wkh HSUX frqihuhqfh rq �Shuvshfwlyhv rq Gdqlvk dqg Hxurshdq Hfrqrplf Srolf|� iru khosixo frpphqwv

dqg glvfxvvlrqv1 Dq| huuruv dqg qrq0wudqvsduhqflhv duh reylrxvo| p| rzq uhvsrqvlelolw|1 Sduwv ri wklv

sdshu zhuh zulwwhq zkloh ylvlwlqj Wkh Hlwdq Ehujodv Vfkrro ri Hfrqrplfv/ Who Dyly Xqlyhuvlw|1 Lwv zdup
krvslwdolw| lv judwhixoo| dfnqrzohgjhg1 L wkdqn HSUX iru �qdqfldo vxssruw +wkh dfwlylwlhv ri HSUX duh

�qdqfhg e| d judqw iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq,1 Fruuhvsrqghqfh wr= Khquln Mhqvhq/
Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN04788 Frshqkdjhq N/ Ghqpdun1

H0pdlo= Khquln1MhqvhqChfrq1nx1gn1 Zhe= kwws=22zzz1hfrq1nx1gn2shuvrqdo2khqulnm21
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�wkh hqirufhu iru wkh HFE Rsdtxhqhvv Vtxdg�

Zloohp K1 Exlwhu rq Rwpdu Lvvlqj lq �Dolfh lq Hxurodqg/� Exlwhu +4<<</ s1 4<6,1

�wudqvsduhqf| � dssursuldwho| gh�qhg � fdq eh uhjdughg dv devroxwho| fuxfldo iru

wkh h�hfwlyhqhvv ri prqhwdu| srolf| dqg wkh fuhglelolw| ri d |rxqj lqvwlwxwlrq olnh wkh

HFE�

Rwpdu Lvvlqj lq �Wkh Hxurv|vwhp= Wudqvsduhqw dqg Dffrxqwdeoh ru cZloohp lq

Hxurodqg*/� Lvvlqj +4<<</ s1 84:,1

Wkh idfw wkdw d fulwlf ri wkh HFE*v wudqvsduhqf| uhfrpphqgv pruh wudqvsduhqf| lv kdugo|

vxusulvlqj/ dqg jlyhq wkdw qrq0wudqvsduhqf| lv xvxdoo| frqvlghuhg v|qrq|prxv zlwk rsdtxh0

qhvv/ vhfuhf| dqg pd|eh hyhq glvkrqhvw|/ fi1 deryh/ wkh vwdwhphqw ri Lvvlqj lv qrw vxusulvlqj

hlwkhu1 Prvw ghedwhv rq wudqvsduhqf| ri prqhwdu| srolf| wkhuhiruh riwhq uhgxfh wr rqhv

zkhuh sursrqhqwv ri pruh wudqvsduhqf| duh phw e| fodlpv wkdw wkh fhqwudo edqn lv lqghhg

dlplqj dw h{fhswlrqdoo| kljk ghjuhhv ri wudqvsduhqf|1 Luuhvshfwlyh ri zkr lv uljkw ru zurqj/

d �up frqvhqvxv derxw wkh yluwxhv ri wudqvsduhqf| uhpdlqv= wudqvsduhqf| lv d vhoi0hylghqw

qhfhvvlw| lq rughu wr rewdlq vrxqg prqhwdu| srolf|1 Lq dgglwlrq/ lw khosv kroglqj lqghshq0

ghqw fhqwudo edqnv dffrxqwdeoh iru wkhlu dfwlrqv/ dqg iru srolwlfdo uhdvrqv wudqvsduhqf| pd|

frpshqvdwh iru wkh �ghprfudwlf orvv� vrflhw| lqfxuv e| fhqwudo edqn lqghshqghqfh1 Rq

wklv odwwhu srlqw/ vhh/ h1j1/ Vwljolw} +4<<;, zkr lqghhg vwdwhv wkdw �wudqvsduhqf| � rshqqhvv

� lv qrz uhfrjql}hg dv d fhqwudo dvshfw ri ghprfudwlf surfhvvhv� +s1 549,1 Olnhzlvh/ lq

dq hduolhu vwxg| ri wkh surv dqg frqv ri vhfuhf| derxw srolf| ghflvlrqv shu vh/ Jrrgiulhqg

+4<;9, dgyrfdwhv djdlqvw vhfuhf| rq wkh jurxqgv wkdw lw lv �lqfrqvlvwhqw zlwk wkh khdowk|

ixqfwlrqlqj ri d ghprfudf|� +s1 <3,1

Ylhzhg lq wkh deryh/ gholehudwho| qdòyh/ vhpdqwlf vhwwlqj/ lw lv shukdsv qrw vxusulvlqj

wkdw uhodwlyho| olplwhg irupdo uhvhdufk rq wkh hfrqrplf frqvhtxhqfhv ri wudqvsduhqf| h{0

lvwv14 Wuljjhuhg pdlqo| e| wkh irupdwlrq ri wkh HFE/ krzhyhu/ dqdo|vhv prylqj eh|rqg

vlpsoh ukhwrulf ri wkh wrslf duh hphujlqj +vhh ehorz,1 Wkh sxusrvh ri wklv sdshu lv wr

frqwulexwh wr wklv olqh ri uhvhdufk e| h{dplqlqj wkh rswlpdo ghjuhhv ri wudqvsduhqf| lq d

vlpsoh prgho ri prqhwdu| srolf|pdnlqj1 Lq uhdo0olih srolf|pdnlqj/ wudqvsduhqf| lv reyl0

rxvo| d pxowl0idfhwwhg frqfhsw/ zklfk fdq looxvwudwh rshqqhvv dqg lqirupdwlrq glvforvxuh

lq vhyhudo glphqvlrqv1 Iru h{dpsoh zlwk uhjdugv wr wkh ghflvlrqpdnlqj erg|*v rshudwlrqdo

surfhgxuhv/ jrdov ri srolf|/ hfrqrplf iruhfdvwv xsrq zklfk srolf| ghflvlrqv duh edvhg/ plq0

xwhv iurp erdug phhwlqjv/ srolf| ghflvlrq dv vxfk/ dqg vr iruwk1 Lq wklv sdshu/ L wdnh d

4Hduo| olwhudwxuh rq fhqwudo edqn suhihuhqfh xqfhuwdlqw| � d ihdwxuh uhodwhg wr wudqvsduhqf| � glg/
krzhyhu/ wrxfk wkh wudqvsduhqf| lvvxh> fi1 Edfnxv dqg Gul!oo +4<;8,/ Fxnlhupdq dqg Phow}hu +4<;9, dqg

Ohzlv +4<<4, +vhh dovr wkh uhihuhqfhv lq Jrrgiulhqg/ 4<;9,1
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udwkhu sudjpdwlf vwdqg1 Wudqvsduhqf| lv phdqw dv d phwdskru iru dq| lqvwlwxwlrqdo ihdwxuh

idflolwdwlqj wkh sulydwh vhfwru*v h{shfwdwlrq irupdwlrq derxw ixwxuh prqhwdu| srolf|/ dqg

wkxv ixwxuh hfrqrplf ghyhorsphqwv15

Wkh pdlq uhvxow ri wkh sdshu lv lq frqwudvw zlwk wkh srsxodu shufhswlrqv dooxghg wr

deryh/ dqg dovr prvw uhfhqw olwhudwxuh/ dv L �qg wkdw wudqvsduhqf| qhhg qrw eh dgydqwd0

jhrxv1 Ixuwkhupruh/ wudqvsduhqf| lv uduho| dq �hlwkhu ru� lvvxh1 Dv lv wkh fdvh lq yluwxdoo|

doo duhdv ri lqvwlwxwlrqdo ghvljq/ wudgh0r�v duh lqyroyhg/ lpso|lqj khuh wkdw wkh rswlpdo

ghjuhh ri wudqvsduhqf| pd| lqyroyh lqwhuphgldwh lqirupdwlrq glvforvxuh1

Wkh jhqhudo lqwxlwlrq iru wklv uhvxow lv dv iroorzv1 Dv phqwlrqhg deryh/ wudqvsduhqf|

idflolwdwhv sulydwh vhfwru h{shfwdwlrqv irupdwlrq dqg wkxv lqihuhqfh derxw ixwxuh hfrqrplf

ghyhorsphqwv1 Prqhwdu| srolf| dfwlrqv wkxv ehfrph pruh lqirupdwlyh1 Lq frqvhtxhqfh/

h{shfwdwlrqv uhdfw pxfk vwurqjhu wr srolf| fkdqjhv frpsduhg wr d fdvh zlwk olwwoh wudqv0

sduhqf|1 Lq wkh odwwhu vlwxdwlrq/ srolf| dfwlrqv surylgh olwwoh lqirupdwlrq wr pdunhw sduwlf0

lsdqwv zkr wkhuhiruh udwlrqdoo| wdnh rqo| vpdoo qrwlfh ri wkhvh1

Zkhq dvvhvvlqj krz rswlpdo prqhwdu| srolf| lv d�hfwhg e| wudqvsduhqf|/ krz dqg

zkhq h{shfwdwlrq irupdwlrq d�hfwv uhohydqw hfrqrplf yduldeohv duh ri juhdw lpsruwdqfh1 Li

uhohydqw yduldeohv duh iruzdug0orrnlqj/ wkhlu fxuuhqw uhdol}dwlrq ghshqgv rq wkhlu h{shfwhg

ixwxuh ydoxhv1 Dv d uhvxow/ pruh wudqvsduhqf| fdxvhv fxuuhqw prqhwdu| srolf| dfwlrqv wr

d�hfw fxuuhqw iruzdug0orrnlqj djjuhjdwhv pxfk vwurqjhu gxh wr wkh vwurqjhu uhdfwlrqv e|

h{shfwdwlrqv16 Wkh lpsolfdwlrq fdq wkhuhiruh eh wkdw wkh srolf|pdnhu lv lqgxfhg wr dfw h{0

fhvvlyho| fdxwlrxv/ ehfdxvh lw wr d juhdwhu h{whqw ehfrphv d �krvwdjh ri pdunhw vhqwlphqwv�

+Uhpvshujhu dqg Zrupv/ 4<<<,1 Wklv pd| eh dgydqwdjhrxv/ krzhyhu/ li wkh srolf|pdnhu

odfnv fuhglelolw| dqg qhhgv wkh �glvflsolqh ri wkh pdunhw� lq rughu qrw wr sxuvxh xqgxo|

h{sdqvlyh srolflhv1 Rq wkh rwkhu kdqg/ lw lv xqghvludeoh li wkh srolf|pdnhu dfwxdoo| kdv

fuhglelolw|/ dqg wkhuhiruh grhv qrw qhhg wr eh �glvflsolqhg/� exw lqvwhdg qhhgv wr shuirup

pdfurhfrqrplf vwdelol}dwlrq zlwkrxw wkh uhvwudlqwv lpsrvhg e| wudqvsduhqf|1 Vlqfh vhyhudo

djjuhjdwhv ri uhohydqfh iru prqhwdu| srolf| duh iruzdug0orrnlqj +h1j1/ h{fkdqjh udwhv/ dvvhw

sulfhv/ gxudeoh jrrg sulfhv/ lq dwlrq udwhv/ erqg udwhv/ wr qdph d ihz,/ wklv lqvljkw pd|

kdyh jhqhudo lpsruwdqfh1 Lq wklv sdshu lw lv irupdol}hg lq d vpdoo prgho h{klelwlqj wkh

5Vhh/ h1j1/ Jhuddwv +5333, ru Zlqnohu +5333,/ iru h{dpsohv ri frqfhswxdo iudphzrunv irupdoo| glvwlq0
jxlvklqj ydulrxv irupv ri wudqvsduhqf|1

6Wklv lv vrphzkdw htxlydohqw ri wkh ehkdylru ri yduldeohv ghwhuplqhg lq frqyhqwlrqdo suhvhqw0ydoxh
prghov/ h1j1/ wkrvh ri dvvhw sulfh ghwhuplqdwlrq1 Lq vxfk prghov/ ohvv qrlvh lq wkh surfhvv ri ixqgdphqwdov

fdxvhv h{shfwdwlrqv wr uhvsrqg vwurqjhu wr qhz lqirupdwlrq/ wkhuhe| lpso|lqj pruh yduldelolw| lq wkh

yduldeoh lwvhoi> vhh/ h1j1/ Vfkloohu +4<:<, dqg OhUr| dqg Sruwhu +4<;4,1 Li ohvv qrlvh lq ixqgdphqwdov
uhsuhvhqwv pruh wudqvsduhqf|/ dqg qhz lqirupdwlrq uhsuhvhqwv prqhwdu| srolf| dfwlrqv/ wkh dqdorj| lv

txlwh forvh1
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wudgh0r� ehwzhhq lq dwlrq dqg rxwsxw jds yrodwlolw| ihdwxuhg lq prvw dqdo|vhv ri prqhwdu|

srolf|1

Pruh vshfl�fdoo|/ wkh prgho frpsdfwo| ghvfuleh dq hfrqrp| e| d Qhz0Nh|qhvldq

�Skloolsv fxuyh/� zkhuh lq dwlrq ghshqgv srvlwlyho| rq h{shfwhg ixwxuh lq dwlrq dqg wkh

fxuuhqw rxwsxw jds +fi1 Urehuwv/ 4<<8,1 Khqfh/ lq dwlrq lv iruzdug0orrnlqj1 Wklv lv d

yduldqw ri vxsso|0vlgh prghov/ zklfk kdyh ehfrph vwdqgdug lq uhfhqw prqhwdu| srolf|

dqdo|vhv +vhh/ h1j1/ wkh frqwulexwlrqv lq Wd|oru/ 4<<</ dqg wkh uhihuhqfhv lq wkhvh,1 Dovr/ lw

lv d vshfl�fdwlrq ri lq dwlrq g|qdplfv uhfhlylqj lqfuhdvlqjo| hpslulfdo vxssruw/ vhh/ h1j1/

Jdoð dqg Jhuwohu +4<<<, ru Uxghexvfk +5333, iru uhfhqw XV hylghqfh rq iruzdug0orrnlqj

sulfh vhwwlqj/ dqg Jdoð hw do1 +5333, dqg Vphwv +5333, iru vlplodu hylghqfh iru Hxurodqg1

D irupdo prgholqj ri wudqvsduhqf| reylrxvo| uhtxluhv dv|pphwulf lqirupdwlrq ehwzhhq

wkh fhqwudo edqn dqg wkh sxeolf1 Lq wklv prgho/ wkh dv|pphwu| hphujhv wkurxjk d vkrfn

wr wkh fhqwudo edqn*v suhihuuhg ydoxh ri wkh rxwsxw jds/ zklfk wkh sulydwh vhfwru fdqqrw

revhuyh +fi1 Idxvw dqg Vyhqvvrq/ 5333,1 Qru fdq wkh sulydwh vhfwru revhuyh d �frqwuro

huuru� lq srolf|pdnlqj1 Khqfh/ zkhq iruplqj h{shfwdwlrqv derxw ixwxuh lq dwlrq/ dqg

wkxv ghwhuplqlqj fxuuhqw lq dwlrq/ wkh sulydwh vhfwru fdq rqo| lpshuihfwo| lqihu wkh fhqwudo

edqn*v wuxh srolf| lqwhqwlrqv1 Iru h{dpsoh/ d errplqj hfrqrp| frxog hlwkhu eh d uhvxow ri

dq h{sdqvlyh frqwuro huuru ru d kljk suhihuuhg rxwsxw ydoxh1 Fohduo|/ h{shfwdwlrqv derxw

ixwxuh lq dwlrq lqfuhdvh e| pruh/ wkh pruh wkh odwwhu lv eholhyhg wr eh wkh fdvh/ vlqfh wklv

lpsolhv wkdw wkh fhqwudo edqn zloo dovr dfw uhodwlyho| h{sdqvlrqdu| lq wkh ixwxuh1

Iroorzlqj Idxvw dqg Vyhqvvrq +5333,/ L wkhq prgho wudqvsduhqf| dv wkh fhqwudo edqn*v

uhohdvh ri lqirupdwlrq derxw wkh frqwuro huuru1 Wklv vhuyhv dv d sur{| iru uhyhodwlrq ri

ydulrxv lqirupdwlrqv derxw hfrqrplf frqglwlrqv sulru wr h{shfwdwlrqv irupdwlrq1 Wkh

pruh lqirupdwlrq lv uhyhdohg/ wkh hdvlhu lw lv iru wkh sulydwh vhfwru wr lqihu wkh wuxh srolf|

lqwhqwlrqv ri wkh fhqwudo edqn/ dqg wkxv wr irup pruh suhflvh h{shfwdwlrqv derxw ixwxuh

lq dwlrq1 L1h1/ srolf| lqwhqwlrqv dqg frqgxfw ehfrph pruh wudqvsduhqw � wkh| fdq wr d

odujhu h{whqw eh glvwlqfwo| vhhq1

Dv h{sodlqhg deryh/ pruh wudqvsduhqf| lpsolhv wkdw h{shfwdwlrqv ehfrph pruh vhqvl0

wlyh wr wkh fhqwudo edqn*v dfwlrqv +dv lv dovr wkh fdvh lq Idxvw dqg Vyhqvvrq/ 5333,1 Wklv

lv ehfdxvh wkh sulydwh vhfwru lv wkhq ehwwhu fdsdeoh ri glvwlqjxlvklqj ehwzhhq/ vd|/ dq

�dfflghqwdo� errp dqg d gholehudwh rqh1 Dv wkh sulydwh vhfwru*v frqfhuq lv wr iruhfdvw

wkh gholehudwh sduw/ pruh nqrzohgjh derxw zkdw lv dfflghqwdo/ lpsolhv wkdw d gholehudwh

lqfuhdvh lq ghpdqg lv pruh olnho| wr eh dwwulexwhg wr d kljkhu rxwsxw wdujhw ri wkh fhqwudo

edqn1 Lq dwlrq h{shfwdwlrqv/ dqg wkxv lq dwlrq/ wkhuhiruh lqfuhdvh e| pruh1 Iru wkh fhq0

wudo edqn/ wklv phdqv wkdw wkh pdujlqdo frvw ri ghpdqg dw wkh sodqqlqj vwdjh +lq whupv ri

7



lq dwlrq, lqfuhdvhv1 Lq frqvhtxhqfh/ pruh wudqvsduhqf| lqgxfhv wkh fhqwudo edqn wr sd|

pruh dwwhqwlrq wr lwv lq dwlrq wdujhw uhodwlyh wr lwv rxwsxw jds wdujhw1 Wklv lv ehqh�fldo

li wkh edqn kdv srru lq dwlrq fuhglelolw|/ dqg wkxv qhhgv wkh �glvflsolqdu| irufh� ri wudqv0

sduhqf|1 Li/ rq wkh rwkhu kdqg/ wkh fhqwudo edqn hqmr|v orz0lq dwlrq fuhglelolw|/ wkhuh lv qr

vxfk qhhg1 Lq frqwudvw/ wudqvsduhqf| zloo eh d srolf| glvwruwlqj vwudlwmdfnhw/ ehfdxvh zkhq

dwwhpswlqj wr vwulnh dq rswlpdo edodqfh ehwzhhq rxwsxw jds dqg lq dwlrq yduldelolw| lq

wkh idfh ri pdfurhfrqrplf vkrfnv/ wkh fhqwudo edqn lv lqgxfhg wr eh h{fhvvlyho| lq dwlrq

dyhuvh +l1h1/ �frqvhuydwlyh� lq wkh vhqvh ri Urjr�/ 4<;8,1 Wkhuhiruh/ wkh rswlpdo ghjuhh ri

wudqvsduhqf| jhqhudoo| lqyroyhv wudglqj r� fuhglelolw| jdlqv djdlqvw  h{lelolw| orvvhv1

Dv hylghqw/ p| dqdo|vlv gudzv rq d qxpehu ri dvshfwv ri Idxvw dqg Vyhqvvrq +5333,17

Wkh uhvxowv gl�hu vxevwdqwldoo|/ krzhyhu1 Wkhlu pdlq phvvdjh lv wkdw d kljk ghjuhh ri wudqv0

sduhqf| lv dozd|v ehqh�fldo iru vrflhw|1 Wkh gl�huhqfh dulvhv iurp gl�huhqw vshfl�fdwlrqv

ri wkh hfrqrplhv1 Wkh| dgrsw d Oxfdv0vw|oh vxsso| ixqfwlrq/ zkhuh lq dwlrq h{shfwdwlrqv

duh iruphg dw wkh ehjlqqlqj ri dq| shulrg1 Khqfh/ dv pruh wudqvsduhqf| pdnhv lq dwlrq

h{shfwdwlrqv pruh vhqvlwlyh wr srolf| dfwlrqv/ fxuuhqw srolf| ghflvlrqv d�hfw lq dwlrq h{0

shfwdwlrqv lq wkh ixwxuh1 Wklv/ krzhyhu/ kdv qr lpsolfdwlrqv rq fxuuhqw djjuhjdwhv dv qrqh

duh iruzdug0orrnlqj1 Wudqvsduhqf| wkxv lqwurgxfhv d frqvwdqw pdujlqdo frvw ri orrvh prq0

hwdu| srolf|/ exw ohdyhv xqfkdqjhg wkh pdujlqdo frvw ri fxuuhqw lq dwlrq1 Wklv lv ehqh�fldo

jlyhq wkdw wkh fhqwudo edqn lv dlplqj dw dq rxwsxw ohyho deryh wkh qdwxudo/ uhvxowlqj lq d

Eduur dqg Jrugrq +4<;6, lq dwlrq eldv1 Pruhryhu/ lw lpsolhv wkdw qr frvwv duh lqfxuuhg lq

whupv ri vwdelol}dwlrq srolf|18 E| frqwudvw/ lq p| prgho zkhuh wkh hfrqrp| kdv iruzdug0

orrnlqj surshuwlhv/ fkdqjhv lq lq dwlrq h{shfwdwlrqv d�hfw wkh pdujlqdo frvw ri lq dwlrq

zlwklq wkh sodqqlqj shulrg1 Wudqvsduhqf| wkhq glvwruwv wkh lqwud0whpsrudo rxwsxw dqg

lq dwlrq yduldelolw| wudgh0r�1

D irupdo prgholqj ri wkh hfrqrplf ehqh�wv ri wudqvsduhqf| lv dovr wkh dlp ri Jhuddwv

+5333, zkr �qgv wkdw wudqvsduhqf| sxwv grzqzdug suhvvxuh rq lq dwlrq h{shfwdwlrqv/ dqg

wkxv plwljdwhv h{fhvvlyh htxloleulxp lq dwlrq1 Wkh pdlq lqwxlwlrq iru wklv uhvxow lv uhodwhg

wr wkdw ri Idxvw dqg Vyhqvvrq +5333,1 Khu uhvxowv/ krzhyhu/ duh fdvw lq d gl�huhqw prgho

dqg lq frqwudvw zlwk Idxvw dqg Vyhqvvrq +5333, +dqg p| prgho,/ wudqvsduhqf| lv frqfhuqhg

zlwk uhohdvh ri lqirupdwlrq derxw vkrfnv klwwlqj wkh hfrqrp| ehiruh srolf| lpsohphqwd0

7Wkhlu sdshu h{whqgv Fxnlhupdq dqg Phow}hu +4<;9, pdlqo| e| srvlwlqj d fohdu glvwlqfwlrq ehwzhhq

wudqvsduhqf| dqg frqwuro huuruv1 Lq Fxnlhupdq dqg Phow}hu +4<;9,/ wkhvh frqfhswv zhuh hvvhqwldoo|
lqwhufkdqjhdeoh1

8Wudqvsduhqf| lq wkhlu prgho wkhuhiruh zrunv dqdorjrxv wr d olqhdu lq dwlrq frqwudfw/ fi1 Zdovk +4<<8,1

Dv lv zhoo nqrzq/ wklv sduwlfxodu lqfhqwlyh phfkdqlvp lqghhg holplqdwhv dyhudjh fuhglelolw| sureohpv
zlwkrxw glvwruwlqj vkrfn vwdelol}dwlrq1

8



wlrq19 Ixuwkhupruh/ vkh vkrzv krz wkh lpsohphqwdwlrq ri ixoo wudqvsduhqf| fruuhvsrqgv wr

wkh sxeolfdwlrq ri frqglwlrqdo iruhfdvwv ri lq dwlrq +dqg rxwsxw,1 Lq frqwudvw zlwk Idxvw

dqg Vyhqvvrq +5333,/ vkh �qgv wkdw vwdelol}dwlrq srolf| lv d�hfwhg e| wudqvsduhqf|/ dqg

lq dq xqdpeljxrxvo| ehqh�fldo pdqqhu1 Dv khu prgho grhv qrw ihdwxuh iruzdug0orrnlqj

yduldeohv/ wklv looxvwudwhv rqfh pruh wkdw frqfoxvlrqv derxw wkh ghvludelolw| ri wudqvsduhqf|

ghshqgv fulwlfdoo| rq wkh prgho vshfl�fdwlrq ri wkh hfrqrp|1

Dqrwkhu uhfhqw sdshu ri uhohydqfh lv Fxnlhupdq +5333,/ zkr/ olnh ph/ srlqwv wr srwhqwldo

vrfldo lqh!flhqflhv ri wudqvsduhqf|1 Kh suhvhqwv wzr gl�huhqw prghov wr vxssruw wklv ylhz1

Rqh lv d vlpsoh vwrfkdvwlf Oxfdv0vxsso| ixqfwlrq prgho/ zkhuh wudqvsduhqf| lv v|qrq|prxv

zlwk ixoo uhyhodwlrq ri lqirupdwlrq derxw vxsso| vkrfnv wr wkh sulydwh vhfwru ehiruh lq dwlrq

h{shfwdwlrqv duh iruphg1 Lq frqvhtxhqfh/ prqhwdu| srolf| orvhv wkh delolw| wr vwdelol}h

wkhvh glvwxuedqfhv> edvlfdoo|/ wkh fhqwudo edqn qhhgv dq lqirupdwlrqdo dgydqwdjh lq rughu

wr shuirup h!flhqw vwdelol}dwlrq srolf|1 D yhu| uhodwhg uhvxow lv irxqg e| Jhuvedfk +4<<;,1

Wkh vhfrqg prgho lv rqh zkhuh wkh fhqwudo edqn d�hfwv ghpdqg wkurxjk qrplqdo lqwhuhvw

udwhv1 Djdlq/ wudqvsduhqf| lv v|qrq|prxv zlwk ixoo uhyhodwlrq ri lqirupdwlrq derxw vkrfnv1

Prqhwdu| srolf| grhv qrw ehfrph lpsrwhqw iru wklv uhdvrq wkrxjk1 Lq dwlrq h{shfwdwlrqv/

krzhyhu/ ehfrph pruh vhqvlwlyh srolf| dfwlrqv1 Khqfh/ wr dwwdlq d ghvluhg fkdqjh lq

ghpdqg/ odujhu fkdqjhv lq wkh qrplqdo lqwhuhvw udwh duh qhhghg1 Li vrflhw| glvolnhv fkdqjhv

lq wkh qrplqdo lqwhuhvw udwh shu vh/ wudqvsduhqf| lv wkhuhiruh glvdgydqwdjhrxv1

Lw vkrxog eh vwuhvvhg wkdw d pdlqwdlqhg dvvxpswlrq wkurxjkrxw wklv sdshu lv wkdw wkh

fhqwudo edqn rshudwhv idlwkixoo| dffruglqj wr wkh lqvwlwxwlrqdo hqylurqphqw lw idfhv +ri

zklfk wkh pdlq fkdudfwhulvwlf ri lqwhuhvw khuh lv wkh ghjuhh ri wudqvsduhqf|,1 Khqfh/ L

ljqruh wkh lvvxh ri dffrxqwdelolw|/ l1h1/ wkh ghvljq ri phfkdqlvpv hqiruflqj vxfk idlwkixo

ehkdylru1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh vlpsoh prgho ri prqhwdu|

srolf| frqgxfw lv suhvhqwhg lq Vhfwlrq 5/ dqg wkh vroxwlrq lq wkh fdvh ri qr lqirupdwlrqdo

dv|pphwulhv lv surylghg lq Vhfwlrq 5141 Vxevhtxhqwo|/ Vhfwlrq 515 ghulyhv wkh htxloleulxp lq

wkh fdvh ri dv|pphwulf lqirupdwlrq dqg ghvfulehv wkh hvvhqwldo lpsolfdwlrqv ri wudqvsduhqf|1

Vhfwlrq 6 wkhq suhvhqwv d qxpehu ri qxphulfdo dqdo|vhv looxvwudwlqj krz wkh vwuxfwxudo

ihdwxuhv ri wkh prgho hfrqrp| d�hfw wkh rswlpdo ghjuhhv ri wudqvsduhqf|1 Wkurxjk wkhvh

h{huflvhv/ rqh lv fdsdeoh ri lghqwli|lqj wkh wudgh0r�v lqyroyhg lq wkh ghwhuplqdwlrq ri

wkh dssursuldwh ghjuhh ri fhqwudo edqn rshqqhvv1 Vhfwlrq 7 frqfoxghv1 Vrph surriv dqg

ghulydwlrqv duh irxqg lq wkh Dsshqgl{1

9Lq d qrwh/ Mhqvhq +5333,/ L dovr frqvlghu d fdvh zkhuh wudqvsduhqf| frqfhuqv vkrfnv klwwlqj wkh hfrqrp|
ehiruh srolf| lpsohphqwdwlrq1 L �qg zlwklq p| prgho wkdw wudqvsduhqf| glvwruwv vwdelol}dwlrq srolf| lq

wklv fdvh dv zhoo1

9



51 D vlpsoh prgho ri prqhwdu| srolf|

Wkh prgho ghvfulehv d forvhg hfrqrp| lq wzr shulrgv/ � dqg 21 Orrvho|/ rqh pd| wklqn

ri shulrg � dv wkh suhvhqw/ dqg shulrg 2 dv wkh ixwxuh1 Lq dffrugdqfh zlwk wklv ylhz/ lw lv

ghflvlrqv wdnhq lq shulrg � wkdw zloo eh ri pdlq lqwhuhvw iru wkh vxemhfw dw kdqg/ zkhuhdv

shulrg 2 phuho| vhuyhv wr uhsuhvhqw wkh �orqj uxq1� Prqhwdu| srolf|pdnlqj lv d pdwwhu ri

lq dwlrq dqg rxwsxw jds vwdelol}dwlrq/ dqg prqhwdu| srolf| kdv uhdo h�hfwv gxh wr sulfh

vwlfnlqhvv1 Lq frqwudvw zlwk h{lvwlqj olwhudwxuh rq wudqvsduhqf| lq prqhwdu| srolf|pdnlqj/

wkh vxsso| vlgh ri wkh hfrqrp| lv prghoohg e| d vlpsoh yduldqw ri wkh vr0fdoohg Qhz0

Nh|qhvldq Skloolsv fxuyh hpskdvl}lqj iruzdug0orrnlqj ehkdylru lq sulfh vhwwlqj +Urehuwv/

4<<8,1 Sulfhv duh vhw e| prqrsrolvwlfdoo| frpshwlwlyh �upv/ dqg dvvxplqj vwdjjhuhg sulfh0

vhwwlqj dorqj wkh olqhv ri Fdoyr +4<;6,/ ru txdgudwlf sulfh dgmxvwphqw frvwv dv lq Urwhpehuj

+4<;5,/ rqh fdq vkrz wkdw rswlpdo sulfh vhwwlqj dssur{lpdwho| uhvxowv lq wkh iroorzlqj

lq dwlrq g|qdplfv +vhh/ h1j1/ Urwhpehuj dqg Zrrgirug/ 4<<;,=

Z� ' H
�
Z2mU

�
�

�
n V%� n 0c V : fc +4,

Z2 ' H
�
Z�mU

�
2

�
n V%2c +5,

zkhuh Z� lv wkh lq dwlrq udwh lq shulrg � dqg %� lv wkh rxwsxw jds/ l1h1/ rxwsxw ghyldwlrqv

iurp wkh qdwxudo udwh ri rxwsxw1 Erwk yduldeohv duh phdvxuhg dv shufhqwdjh ghyldwlrqv

iurp vrph vwhdg| vwdwh1 Lq dwlrq lq shulrg � lv vxemhfw wr d glvwxuedqfh 0 dvvxphg wr kdyh

}hur phdq dqg yduldqfh j20 +d �frvw0sxvk� vkrfn> fi1 Fodulgd hw do1/ 4<<<,1: H
�
�mU��

�
lv wkh

h{shfwdwlrqv rshudwru dqg U�� lv wkh lqirupdwlrq vhw ri wkh sulfh vhwwhuv1 Iruzdug0orrnlqj

ehkdylru lq +4,0+5, dulvhv ehfdxvh �upv wkdw duh �doorzhg� wr fkdqjh sulfhv wrgd|/ nqrz

wkdw lw pd| qrw jhw d fkdqfh wr fkdqjh sulfhv lq wkh qh{w shulrg1 Wr pd{lpl}h fxuuhqw

dqg ixwxuh h{shfwhg uhdo sur�wv/ h{shfwdwlrqv derxw ixwxuh djjuhjdwh sulfhv wkxv ehfrph

lpsruwdqw1;

Wkh ghpdqg vlgh frxog eh prghoohg e| lqwurgxflqj dq LV fxuyh1 Iru vlpsolflw| wkrxjk/

L dvvxph wkdw ghpdqg/ dqg vlqfh whfkqrorj| vkrfnv duh ljqruhg/ wkh rxwsxw jds/ lv vlpso|

jlyhq e|

%� ' %U
�
n #c +6,

:Ohwwlqj rqo| shulrg 4 lq dwlrq eh vxemhfw wr d vkrfn lv dvvxphg iru frqyhqlhqfh1 Dv zloo eh fohdu

ehorz/ lw kdv qr txdolwdwlyh lpsolfdwlrqv iru wkh uhvxowv1
;Lq prvw hpslulfdo dqdo|vhv/ lqfoxglqj wkrvh uhihuuhg wr lq wkh Lqwurgxfwlrq/ lq dwlrq w|slfdoo| h{klelwv

shuvlvwhqfh> l1h1/ odjjhg lq dwlrq lv d vljql�fdqw ghwhuplqdqw ri fxuuhqw lq dwlrq1 L/ krzhyhu/ dgrsw d

vlpsoh/ sxuho| iruzdug0orrnlqj vshfl�fdwlrq khuh iru dqdo|wlfdo wudfwdelolw|1 Dv orqj dv h{shfwhg ixwxuh
lq dwlrq kdv lpsruwdqfh/ wkh txdolwdwlyh vwdwhphqwv uhodwlqj wr wudqvsduhqf| uhpdlq ydolg lq wkh suhvhqfh

ri lq dwlrq shuvlvwhqfh dovr1

:



zkhuh/ dorqj wkh olqhv ri Idxvw dqg Vyhqvvrq +5333,/ %U
�
lv wkh fhqwudo edqn*v lqwhqwlrq iru

wkh rxwsxw jds lq shulrg �/ dqg zkhuh # � Q
�
fc j2#

�
1 Dowkrxjk %U

�
ehorz lv wuhdwhg dv wkh

fhqwudo edqn*v fkrlfh yduldeoh/ lw lv qrw wkh srolf| lqvwuxphqw1 Wkh srolf| lqvwuxphqw +iru

h{dpsoh wkh vkruw lqwhuhvw udwh, lv vxevxphg lq wklv prgho/ gxh wr wkh odfn ri prghoolqj ri

wkh ghpdqg vlgh1< Wkh vkrfn # frxog uhsuhvhqw d frqwuro huuru/ ru glvwxuedqfhv wr ghpdqg

dqg whfkqrorj| zklfk wkh fhqwudo edqn iru ydulrxv uhdvrqv lv xqdeoh wr frxqwhudfw +vd|/

gxh wr lqirupdwlrqdo sureohpv,1 Iru frqyhqlhqfh/ krzhyhu/ L uhihu wr # dv d frqwuro huuru1

Dv irfxv lv rq shulrg �/ fi1 deryh/ L dvvxph wkdw wkh fhqwudo edqn frqwurov %2 shuihfwo|1

Lq rughu wr hydoxdwh wkh ghvludelolw| ri ydulrxv irupv ri prqhwdu| srolf|pdnlqj/ lw lv

dvvxphg wkdw vrflhw| kdv wkh iroorzlqj frqyhqwlrqdo txdgudwlf orvv ixqfwlrq=

u7 ' H

%
2[

�'�

�
b E%� � %W�2 n Z2�

�&
c b : fc %W : f� +7,

Wklv lv phuho| wkh xqfrqglwlrqdo h{shfwdwlrq ri wkh vxp ri wkh wzr shulrgv* ghyldwlrqv

lq wkh rxwsxw jds dqg lq dwlrq iurp %W dqg }hur/ uhvshfwlyho|1 +Iru vlpsolflw|/ L ljqruh

glvfrxqwlqj1, Lq dffrugdqfh zlwk wkh xqghuo|lqj dvvxpswlrq ri lpshuihfw frpshwlwlrq lq

surgxfw pdunhwv/ wkh qdwxudo udwh ri rxwsxw lv lqh!flhqw/ wkxv h{sodlqlqj d srvlwlyh wdujhw

ydoxh iru wkh rxwsxw jds1 Wkh fkrlfh ri }hur dv wkh suhihuuhg udwh ri lq dwlrq lv mxvw d

frqyhqlhqw qrupdol}dwlrq1

Wkh frqgxfw ri prqhwdu| srolf| lv/ ehiruh shulrg � ehjlqv/ ghohjdwhg wr dq lqghshqghqw

fhqwudo edqn zklfk vkduhv wkh pdlq dvshfwv ri vrflhw|*v suhihuhqfhv/ h{fhsw iru wkh idfw

wkdw lwv wdujhw ydoxh iru wkh rxwsxw jds lv vwrfkdvwlf1 Wklv iroorzv Idxvw dqg Vyhqvvrq

+5333,/ dqg fdq eh lqwhusuhwhg dv uh hfwlqj d fkdqjh lq wkh frpsrvlwlrq ri wkh edqn*v

erdug phpehuv +zlwk khwhurjhqhrxv suhihuhqfhv, vxfk wkdw wkh rxwfrph ri/ vd|/ d yrwh

rq srolf| h�hfwlyho| fkdqjhv wkh fhqwudo edqn*v suhihuuhg rxwsxw jds1 Dowhuqdwlyho|/ lw

fdq eh lqwhusuhwhg dv fdswxulqj srolwlfdo suhvvxuhv djdlqvw wkh fhqwudo edqn/ hlwkhu e| wkh

jryhuqphqw ru vwurqj oree| jurxsv/ iruflqj lw wr wdujhw wkh rxwsxw jds dw vrph ydoxh +h1j1/

d kljkhu ydoxh li/ vd|/ wkh fhqwudo edqn lv xqghu suhvvxuh iurp d �ohiw0zlqj� jryhuqphqw,1

Lq wkh uhpdlqghu L zloo pdlqo| dgrsw wklv lqwhusuhwdwlrq1 Wkh orvv ixqfwlrq ri wkh fhqwudo

edqn lv wkhuhiruh jlyhq dv

u�� ' H

%
2[

�'�

�
b E%� � %W� �

2 n Z2�
�&

c +8,

<Li wkh srolf| lqvwuxphqw zdv h{solflwo| lqfoxghg lq wkh prgho/ lw frxog eh shuihfwo| revhuydeoh e| wkh
sulydwh vhfwru/ l1h1/ wkhuh zrxog eh ixoo wudqvsduhqf| derxw srolf| ghflvlrqv1 Htxdwlrq +6, wkxv phuho|

h{suhvvhv � uhdolvwlfdoo| � wkdw lqwhqghg rxwfrphv duh rqo| lpsuhflvho| olqnhg wr dfwxdo rxwfrphv1

;



zkhuh

%W
�
' %W

f
n wc %W

2
' %W

�
c %W

f
jlyhq/ +9,

lv wkh fhqwudo edqn*v rxwsxw wdujhwv/ dqg zkhuh w � QEfc j2w� lv wkh vkrfn wr wkh wdujhw lq

shulrg �1 Djdlq/ dv wkh irfxv lv rq wkh ghflvlrqv xqghu xqfhuwdlqw| lq shulrg �/ L dvvxph

dzd| dq| vkrfnv wr wkh rxwsxw wdujhw lq shulrg 21

Wr prgho wudqvsduhqf| irupdoo|/ L iroorz Idxvw dqg Vyhqvvrq +5333, dqg dvvxph wkdw

diwhu prqhwdu| srolf| kdv ehhq frqgxfwhg lq shulrg �/ wkh sulfh vhwwhuv zloo jhw vrph

lqirupdwlrq derxw wkh vkrfn/ #1 Pruh vshfl�fdoo|/ wkh vkrfn lv vsolw lqwr wzr sduwv=

# ' 1 n v/ +:,

zkhuh 1 � Q
�
fc j21

�
ehfrphv nqrzq wr wkh sulfh vhwwhuv/ zkhuhdv v � QEfc j2v� grhv qrw1

Rqh pd| lqwhusuhw wklv lqirupdwlrq dv vwhpplqj iurp sxeolf vwdwhphqwv ru uhsruwv e|

wkh fhqwudo edqn e| zklfk lw hoderudwhv rq wkh hfrqrplf vlwxdwlrq/ wkh vkrfnv wkdw duh

klwwlqj wkh hfrqrp|/ wkh xqfhuwdlqwlhv lqyroyhg/ dqg vr iruwk1 Lw lv lpdjlqhg wkdw wkh

pruh ghwdlohg duh vxfk vwdwhphqwv wkh pruh ehfrphv nqrzq derxw #1 E| dvvxpswlrq/

wkh uhyhodwlrq ri 1 lv wuxwkixo> l1h1/ wkh dqdo|vlv grhv qrw frqvlghu lpsolfdwlrqv ri srvvleo|

vwudwhjlf plvuhsuhvhqwdwlrq ri lqirupdwlrq1

Fohduo|/ wkh pruh ri wkh frqwuro huuru wkdw lv nqrzq wr sulfh vhwwhuv/ wkh pruh suhflvh

lv lqihuhqfh derxw wkh fhqwudo edqn*v srolf| lqwhqwlrqv iurp revhuylqj dfwxdo ghpdqg dqg/

wkxv/ rxwsxw jds1 Srolf|pdnlqj ri wkh fhqwudo edqn ehfrphv pruh wudqvsduhqw dv lwv

lqwhqwlrqv wr d odujhu h{whqw fdq eh glvwlqfwo| vhhq1 Irupdoo|/ wklv lv prghoohg dv

j21 ' �j2#c j2v ' E�� �� j2#c +;,

zkhuh f � � 	 � lv dq lqgh{ ri wudqvsduhqf|1 H1j1/ dv � $ � doo yduldelolw| ri wkh

frqwuro huuru ehfrphv sxeolfo| nqrzq/ dqg khqfh wkh fhqwudo edqn*v srolf| lqwhqwlrqv fdq

eh shuihfwo| lqihuuhg1 Rq wkh rwkhu kdqg/ lq wkh fdvh ri � ' f/ qrwklqj lv uhyhdohg derxw

wkh frqwuro huuru/ dqg/ dv zloo eh fohdu ehorz/ wkh sulfh vhwwhuv fdq rqo| uhodwlyho| qrlv|

lqihu wkh fhqwudo edqn*v lqwhqwlrqv/ dqg wkxv/ suhihuhqfhv dqg ixwxuh srolf|1

Kdylqj suhvhqwhg wkh ydulrxv exloglqj eorfv ri wkh prgho/ wkh wlplqj ri hyhqwv lv qrz

ghvfulehg lq pruh ghwdlo � Wdeoh 4 surylghv d judsklfdo suhvhqwdwlrq1 Ehiruh dq| ghflvlrqv

duh pdgh/ %W
f
lv gudzq e| qdwxuh1 Wkhq shulrg � ehjlqv1 Iluvw/ wkh frvw0sxvk vkrfn dqg wkh

vkrfn wr wkh fhqwudo edqn*v rxwsxw jds wdujhw duh uhdol}hg1 Wkhq wkh fhqwudo edqn fkrrvhv

lwv lqwhqwlrqv iru shulrg � ghpdqg1 Wkh frqwuro huuru lv uhdol}hg/ dqg dfwxdo ghpdqg

<



���������������������������������������
Wdeoh 4= Wlpholqh ri hyhqwv dqg dfwlrqv

%W
f
lv

Shulrg f G gudzq

0c w duh %U
�
lv # lv %� pdwh0 1 lv H

�
Z2mU

�
�

�
lv Z� pdwh0

Shulrg � G uhdol}hg fkrvhq uhdol}hg uldol}hv uhyhdohg iruphg uldol}hv

%2 lv Z2 pdwh0
Shulrg 2 G fkrvhq uldol}hv

���������������������������������������

lv uhdol}hg1 Diwhu wklv/ vrph sduw ri wkh frqwuro huuru lv uhyhdohg wr wkh sulfh vhwwhuv

+wr d ghjuhh ghwhuplqhg e| wudqvsduhqf|/ l1h1/ �,/ zkr wkhuhdiwhu irup wkhlu h{shfwdwlrqv

derxw qh{w shulrg*v lq dwlrq udwh1 Diwhu wklv/ sulfhv duh vhw/ wkhuhe| ghwhuplqlqj shulrg

� lq dwlrq1 Hqwhu Shulrg 2/ zkhuh wkh fhqwudo edqn fkrrvhv ghpdqg/ dqg sulfh vhwwhuv vhw

sulfhv/ wkhuhe| ghwhuplqlqj shulrg 2 lq dwlrq1

Wkh lqirupdwlrqdo dv|pphwulhv lq shulrg � duh fuxfldo1 Erwk wkh fhqwudo edqn dqg

sulfh vhwwhuv nqrz wkh vwuxfwxudo sdudphwhuv ri wkh prgho dqg wkh vwdwlvwlfdo surshuwlhv

ri vkrfnv1 Dw wkh wlph wkh fhqwudo edqn fkrrvhv lwv lqwhqwlrqv/ lw kdv wkh lqirupdwlrq vhw

U��
�

' i%W
f
c 0c wj1 Wkh sulfh vhwwhuv* lqirupdwlrq vhw lv U�

�
' i%W

f
c 0c %�c 1j1 L1h1/ wkh| gr

qrw nqrz wkh ydoxh ri wkh suhihuhqfh vkrfn/ wkh lqwhqghg srolf|/ dqg qrw doo ri wkh frqwuro

huuru +h{fhsw lq wkh olplw ri � $ �,1 Iurp revhuydeohv/ wkh| hvwlpdwh %W
�
/ dqg wkxv %W

2
/ dv

wklv odwwhu ydoxh lv d ghwhuplqdqw ri shulrg 2 lq dwlrq> wkh yduldeoh sulfh vhwwhuv qhhg wr

iruhfdvw lq shulrg �1

Ehiruh surfhhglqj zlwk wkh ghulydwlrq ri wkh htxloleulxp rqh odvw dvvxpswlrq lv qhhghg1

Gxh wr wkh iruzdug0orrnlqj qdwxuh ri sulfh ghwhuplqdwlrq/ rqh qhhgv/ lq wklv �qlwh krul}rq

prgho/ d whuplqdo frqglwlrq rq H
�
Z�mU

�
2

�
1 L zloo vlpso| dvvxph wkdw

H
�
Z�mU

�
2

�
' Eb*V�%W

2
� +<,

Wkh h{dfw ydoxh ri wklv h{shfwdwlrq lv qrw fuxfldo/ exw dv dujxhg ehorz/ lw lv iru ydulrxv

uhdvrqv d qdwxudo fkrlfh lq wkh prgho1 Lq dgglwlrq/ lw vlpsol�hv wkh dojheud ri wkh vroxwlrqv1

5141 Htxloleulxp xqghu ixoo lqirupdwlrq derxw wkh fhqwudo edqn*v suhihuhqfhv

Wr jhw d ihho iru wkh surshuwlhv ri wkh prgho/ wklv vhfwlrq ghulyhv wkh htxloleulxp zkhq

wkhuh lv ixoo lqirupdwlrq derxw wkh fhqwudo edqn*v suhihuhqfhv/ l1h1/ w 5 U�
�
1 Wkh htxloleulxp

lv ghulyhg xqghu wkh dvvxpswlrq wkdw wkh fhqwudo edqn dfwv lq d glvfuhwlrqdu| idvklrq/
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l1h1/ wkdw lw lv xqdeoh wr suhfrpplw wr dq| sduwlfxodu srolf| sodq ehiruh wkh jdph vwduwv1

Wkh prgho lv wkhq vroyhg e| edfnzdugv lqgxfwlrq1 Lq shulrg 2 wkh fhqwudo edqn vroyhv

4�?%2
�
b E%2 � %W

�
�2 n Z2

2

�
vxemhfw wr +5, dqg +<,1 ^Uhphpehu wkdw %W

2
' %W

�
> fi1 +9,1` Iurp

wkh uhohydqw �uvw0rughu frqglwlrq/ b E%2 � %W
�
� n V dEb*V� %W

�
n V%2o ' f/ htxloleulxp rxwsxw

jds dqg lq dwlrq lq shulrg 2 iroorz dv

%2 ' fc Z2 ' Eb*V� %W
�
� +43,

Rxwsxw zloo eh dw lwv qdwxudo udwh zkloh lq dwlrq zloo eh deryh wkh vrfldoo| rswlpdo ydoxh

zkhq %W
�
: f1 Wklv iroorzv ehfdxvh lq dwlrq h{shfwdwlrqv ^h{rjhqrxvo| jlyhq e| wkh whu0

plqdo frqglwlrq +<,` sxw xszdugv suhvvxuh rq dfwxdo lq dwlrq wr dq h{whqw wkdw pdnhv dq|

lqfuhdvh lq wkh rxwsxw jds deryh wkh qdwxudo udwh wrr h{shqvlyh lq whupv ri dgglwlrqdo

lq dwlrq1 Wkh fhqwudo edqn wkhuhiruh uhiudlqv iurp h{sdqglqj rxwsxw/ dqg kdyh qr fkrlfh

exw dffhswlqj d wrr kljk lq dwlrq udwh +wu|lqj wr uhgxfh lq dwlrq lv wrr frvwo| lq whupv ri

wkh rxwsxw jds ghfuhdvh,1 Wkh uhdvrq iru wkh lqh!flhqwo| kljk lq dwlrq udwh lv wkh fhqwudo

edqn*v wdujhw iru rxwsxw zklfk lv deryh wkh qdwxudo udwh1 Wkhuhiruh/ wkh htxloleulxp lv

vlplodu wr wkdw ri wkh zhoo0nqrzq Eduur dqg Jrugrq +4<;6, lq dwlrq eldv prgho1

Rxwsxw lq shulrg 2 ehlqj dw wkh qdwxudo udwh/ dqg lq dwlrq ehlqj htxdo wr wkh h{shfwhg

ixwxuh lq dwlrq/ duh gxh wr wkh sduwlfxodu fkrlfh ri whuplqdo frqglwlrq iru wkh prgho1 Kdg

H
�
Z�mU

�
2

�
ehhq dvvxphg kljkhu +orzhu,/ wkh fkrvhq rxwsxw jds zrxog kdyh ehhq orzhu

+kljkhu,1 Krzhyhu/ dv shulrg 2 lv lqwhusuhwhg dv wkh �orqj uxq/� L �qg lw qdwxudo wr dvvxph

d ydoxh ri H
�
Z�mU

�
2

�
wkdw lpsolhv Z2 ' Z� dqg qr ghyldwlrqv lq wkh rxwsxw jds iurp lwv

vwhdg| vwdwh1 Pruhryhu/ +43, lv dovr wkh wlph0frqvlvwhqw/ shuihfw0iruhvljkw vroxwlrq wr dq

lq�qlwh krul}rq yhuvlrq ri wkh prgho +vhh Iorgìq/ 4<<9,1

Lq shulrg � wkh fhqwudo edqn vroyhv 4�?%U
�

H
�
b E%� � %W

�
�2 n Z2

�
mU��
�

�
vxemhfw wr +4, dqg

+6,/ dqg vxemhfw wr wkh idfw wkdw e| +43,/ H
�
Z2mU

�
�

�
' Eb*V� %W

�
vlqfh w 5 U�

�
1 Iurp wkh

uhohydqw �uvw0rughu frqglwlrq/ H
�
b
�
%U
�
n # � %W

�

�
n V

�
Eb*V� %W

�
n V

�
%U
�
n #

�
n 0

�
mU��
�

�
' f/

wkh htxloleulxp rxwsxw jds dqg lq dwlrq lq shulrg � iroorz dv

%� ' �
V

bn V2
0n #c Z� ' Eb*V� E%W

f
n w� n V# n

b

bn V2
0� +44,

Lq devhqfh ri vkrfnv/ wkh vroxwlrq uhvhpeohv wkdw ri shulrg 2 zlwk rxwsxw ehlqj dw wkh

qdwxudo udwh dqg lq dwlrq ehlqj lqh!flhqwo| kljk1 Wkh vkrfnv/ krzhyhu/ eulqjv wkh hfrqrp|

r� wkh �vwhdg| vwdwh1� Wkh vkrfn wr wkh rxwsxw wdujhw lv h{foxvlyho| ihg lqwr lq dwlrq/ dv

lq dwlrq h{shfwdwlrqv fkdqjh lq d zd| ghwhuulqj wkh fhqwudo edqn iurp dwwhpswlqj wr

uhdol}h dq| lglrv|qfudwlf rxwsxw jrdo1 H1j1/ li w : f/ lq dwlrqv h{shfwdwlrqv udlvh/ wkhuhe|
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qhxwudol}lqj wkh lqfhqwlyh wr udlvh wkh rxwsxw jds dv wkh frvw ri lq dwlrq ehfrphv wrr

kljk1 Wkh frqwuro huuru d�hfwv dfwxdo rxwsxw jds e| gh�qlwlrq/ dqg wkhuhe| dovr lq dwlrq1

Ilqdoo|/ wkh lq dwlrq vkrfn/ gxh wr wkh fhqwudo edqn*v glvolnh ri lq dwlrq yduldelolw|/ lv

rswlpdoo| �vsuhdg rxw� rqwr wkh rxwsxw jds dqg lq dwlrq1 L1h1/ wkh fhqwudo edqn frqwudfwv

rxwsxw vrphzkdw lq uhvsrqvh wr d srvlwlyh uhdol}dwlrq ri 01

Xsrq lqvshfwlrq ri +43, dqg +44,/ lw lv fohdu wkdw iru vrflhw|/ wkh ehvw glvfuhwlrqdu|

htxloleulxp zrxog eh rqh zkhuh wkh fhqwudo edqn lv fkdudfwhul}hg e| %W
f
' f 	 %W/ dv wklv

zrxog holplqdwh dq| v|vwhpdwlf ghyldwlrq iurp wkh lq dwlrq wdujhw143 L1h1/ kdylqj d fhqwudo

edqn wkdw wdujhwv wkh rxwsxw jds dw wkh qdwxudo udwh lv vrfldoo| ehqh�fldo144

5151 Htxloleulxp xqghu dv|pphwulf lqirupdwlrq= wkh uroh ri wudqvsduhqf|

Qrz wkh prgho lv vroyhg iru wkh fdvh ri dv|pphwulf lqirupdwlrq/ zkhuh wudqvsduhqf| zloo eh

d fuxfldo ghwhuplqdqw iru h{shfwdwlrqv irupdwlrq dqg wkh fhqwudo edqn*v ghflvlrqv1 Djdlq/

wkh prgho lv vroyhg e| edfnzdugv lqgxfwlrq1 Lw lv vwudljkwiruzdug wkdw lq shulrg 2/ wkh

ghflvlrq e| wkh fhqwudo edqn lv wkh vdph dv lq wkh fdvh ri ixoo lqirupdwlrq1 Khqfh/ +43,

dssolhv1 Wkh fuxfldo pdwwhu lq ghwhuplqlqj wkh vroxwlrq lv wkh lghqwl�fdwlrq ri H
�
Z2mU

�
�

�
/

dv wklv lv d ghwhuplqdqw ri shulrg � lq dwlrq/ dqg/ khqfh/ lpsruwdqw iru wkh fhqwudo edqn*v

ghflvlrq lq shulrg �1 Vlqfh Z2 ' Eb*V� %W
�
' Eb*V� E%W

f
n w� wklv erlov grzq wr �qglqj

H
�
wmU�

�

�
1

Iru wklv sxusrvh/ frqmhfwxuh wkdw wkh fhqwudo edqn*v shulrg � srolf| lqwhqwlrqv fdq eh

h{suhvvhg dv

%U
�
' & � &00n &wwc +45,

zkhuh &/ &0 : f dqg &w : f duh frh!flhqwv wr eh ghwhuplqhg1 Lw zloo vxevhtxhqwo| eh

vkrzq wkdw li sulfh vhwwhuv eholhyh wkdw +45, dssolhv/ wkhq wkh fhqwudo edqn*v rswlpdo srolf|

zloo lqghhg eh ri wklv irup1 Uhfdoolqj wkh frqwhqwv ri wkh sulfh vhwwhuv* lqirupdwlrq vhw/

qrwh wkdw wkh| fdq frqvwuxfw d �vljqdo� yduldeoh/ r�/ dw wkh h{shfwdwlrqv irupdwlrq vwdjh=

r� ' %� � 1 � & n &00� +46,

43Lw lv lqwhuhvwlqj wr qrwh wkdw {�3 @ 3 grhv qrw uhvxow lq wkh xqfrqvwudlqhg rswlpxp1 Lq d suhfrpplwphqw
vroxwlrq/ wkh lq dwlrq wdujhw lv lq devhqfh ri %0vkrfnv phw lq erwk shulrgv1 Krzhyhu/ dq lq dwlrq vkrfn/

lv doorzhg wr d�hfw wkh rxwsxw jds dqg lq dwlrq lq erwk shulrgv1 Wklv lv d frqvhtxhqfh ri wkh iruzdug0
orrnlqj qdwxuh ri lq dwlrq ghwhuplqdwlrq= li d frqwudfwlyh srolf| lv h{shfwhg wr shuvlvw/ orzhu h{shfwdwlrqv

derxw ixwxuh lq dwlrq gdpshq fxuuhqw lq dwlrq> vhh/ h1j1/ Zrrgirug +4<<<,1 L/ krzhyhu/ uhiudlq iurp dq

h{dplqdwlrq ri suhfrpplwphqw khuh1
44Lq Dsshqgl{ D lw lv vkrzq wkdw iru dq| whuplqdo frqglwlrq H

�
�6mL

S
5

�
A 3/ kdylqj {�

3
? {� lv ehqh�fldo

iru vrflhw|1

45



Vlqfh +6, dqg +45, lpso| %� ' &� &00n &wwn #/ lw iroorzv e| +:, wkdw r� fdq eh frqghqvhg

dv

r� ' &ww n v� +47,

Lq ghwhuplqlqj H
�
wmU�

�

�
/ sulfh vhwwhuv wkhq vroyh d vwdqgdug vljqdo0h{wudfwlrq sureohp1

Ehfdxvh w dqg v duh lqghshqghqwo| qrupdoo| glvwulexwhg/ wkh frqglwlrqdo h{shfwdwlrq ri w

ehfrphv

H
�
wmU�

�

�
' H dwmr�o ' 7 E&w� r�c 7 E&w� �

&wj
2

w

&2wj
2

w n j2v
: fc +48,

zkhuh 7 E&w� fdq eh lqwhusuhwhg dv wkh ghjuhh ri lqirupdwlyhqhvv ri r� lq whupv ri suhglfwlqj

w1 Fohduo|/ iru d uhodwlyho| kljk ydoxh ri j2v/ r� surylghv rqo| udwkhu qrlv| lqirupdwlrq derxw

w/ zkhuhdv lq wkh olplw ri j2v $ f/ wkh vljqdo uhyhdov wkh ydoxh ri w suhflvho|1 Wkh sulfh

vhwwhuv* lq dwlrq h{shfwdwlrqv wkxv iroorz dv

H
�
Z2mU

�
�

�
' Eb*V� d%W

f
n 7 E&w� r�o � +49,

Wkh fhqwudo edqn*v rswlpdo ehkdylru lq shulrg � lv fkdudfwhul}hg e| wkh vroxwlrq wr

4�?
%U
�

H
�
b E%� � %W

f
� w�2 n Z2

�
mU��
�

�
c

vxemhfw wr +4,/ +6, dqg +49, ^qrwh wkdw shulrg 2 rxwfrphv duh qrw lqfoxghg lq wkh plqlpdqg/

dv wkh| duh lqghshqghqw ri shulrg � srolf|/ fi1 +43,`1 Wkh �uvw0rughu frqglwlrq lv

H
�
b
�
%U
�
n # � %W

f
� w

�
mU��
�

�
nH

��
Eb*V� d%W

f
n 7 E&w� r�o n V

�
%U
�
n #

�
n 0

��
Vn Eb*V�7 E&w�

Yr�
Y%U

�

����� U��
�

�
' f� +4:,

Iurp +6, dqg +46,/ lw iroorzv wkdw Yr�*Y%
U
�
' �1 Dovr/ qrwh e| +47, wkdw H

�
r�mU

��
�

�
' &ww1

Xvlqj wkhvh lqvljkwv/ dqg wdnlqj wkh uhohydqw frqglwlrqdo h{shfwdwlrq/ +4:, uhgxfhv wr

b
�
%U
�
� %W

f
� w

�
n
�
Eb*V� d%W

f
n 7 E&w� &wwo n V%U

�
n 0

�
EVn Eb*V�7 E&w�� ' f� +4;,

Iurp wklv/ wkh rswlpdo shulrg � srolf| lqwhqwlrqv hphujh dv

%U
�
' �

Eb*V�2 %W
f
7 E&w�

bn V2 n b7 E&w�
�

Vn Eb*V�7 E&w�

bn V2 n b7 E&w�
0n

b d�� 7 E&w� &w E� n Eb*V2�7 E&w��o

bn V2 n b7 E&w�
wc +4<,
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zklfk yhul�hv wkh irup ri wkh frqmhfwxuh +45,1 Lw lv wkhq vwudljkwiruzdug wr hvwdeolvk e|

+45, dqg +4<, wkdw wkh xqnqrzq frh!flhqwv vdwlvi|

&w '
b

bn EVn Eb*V�7 E&w��
2
� 8 E&w� : fc +53,

&0 '
Vn Eb*V�7 E&w�

bn V2 n b7 E&w�
: fc +54,

& ' �
Eb*V�2 %W

f
7 E&w�

bn V2 n b7 E&w�
: f� +55,

Uhpdun wkh uhfxuvlyh vwuxfwxuh ri wkh v|vwhp +53,0+55,= &w lv ghwhuplqhg e| +53,/ dqg lq

Dsshqgl{ E lw lv suryhq wkdw d xqltxh vroxwlrq wr &w h{lvwv1 Jlyhq wklv vroxwlrq/ &0 dqg

& duh xqltxho| ghwhuplqhg e| +54, dqg +55,/ uhvshfwlyho|1 Khqfh/ iru dq| uhdol}dwlrq ri 0

dqg w/ htxloleulxp srolf| ri wkh olqhdu irup +45, lv xqltxh1

Ehiruh surfhhglqj zlwk wkh qxphulfdo dqdo|vlv/ d fdvh r�hulqj d forvhg0irup vroxwlrq

lv zruwk| ri lqyhvwljdwlrq lq rughu wr rewdlq vrph lqwxlwlrq ri wkh fkdudfwhulvwlfv ri wkh

htxloleulxp1 Lq wkh olplwlqj fdvh ri ixoo wudqvsduhqf|/ � $ �/ hyhu|wklqj derxw wkh frqwuro

huuru lv uhyhdohg/ dqg wkhuhiruh/ e| +;,/ j2� ' E�� ��j2# $ f1 Lq frqvhtxhqfh/ 7 E&w� $

�*&w/ fi1 +48,1 Lw wkhq iroorzv iurp +53, wkdw &w $ f/ dqg/ wkxv/ 7 E&w� $ 41 H{dplqlqj

+54, dqg +55, wkhq uhyhdov wkdw &0 $ �*V dqg & $ � Eb*V2� %W
f
1 Froohfwlqj wklv lqirupdwlrq/

surylghv wkh htxloleulxp vroxwlrq iru wkh rxwsxw jds dqg lq dwlrq lq shulrg � dv

%�m�<�
' # �

�
b*V2

�
%W
f
� E�*V� 0c Z�m�<�

' Eb*V� w n V#� +56,

Dssurdfklqj ixoo wudqvsduhqf|/ lq dwlrq h{shfwdwlrqv duh h{wuhpho| vhqvlwlyh wr wkh dfwlrqv

ri wkh fhqwudo edqn/ zkr wkhuhiruh lv lqgxfhg wr jlyh lq dwlrq vwdelol}dwlrq kljkhvw sulrulw|

lq srolf|pdnlqj dqg wkxv dfw lq lvrodwlrq ri srolwlfdo suhvvxuhv iru d sduwlfxodu rxwsxw

wdujhw1

Lq h�hfw/ rqo| frqwuro huuruv dqg uhdol}hg srolwlfdo suhvvxuh vkrfnv fdxvh ghyldwlrqv ri

lq dwlrq iurp wdujhw1 Wr phhw wklv hqg/ krzhyhu/ wkh fhqwudo edqn pxvw +lq fdvh ri %W
f
: f,

shuirup d frqwudfwlyh srolf| vr dv wr vtxhh}h rxw lq dwlrq ri wkh hfrqrp| � h{fhsw iru

wkh sduw dffuxlqj iurp wkh sulfh vhwwhuv* shuihfw iruhfdvw ri wkh suhihuhqfh vkrfn*v lq xhqfh

rq shulrg 2 srolf| dqg lq dwlrq1 Vxfk d frqwudfwlyh srolf| pd| eh xqdffhswdeoh wr d

vrflhw| sxwwlqj d qrq0qhjoljleoh zhljkw rq wkh rxwsxw jds/ dqg lv rqh grzqvlgh ri d kljk

ghjuhh ri wudqvsduhqf| wr eh frqvlghuhg1 Ixuwkhupruh/ gxh wr wkh sulrulw| jlyhq wr lq dwlrq

vwdelol}dwlrq/ dq| lq dwlrqdu| vkrfn zloo h{foxvlyho| eh wudqvplwwhg rqwr wkh rxwsxw jds1

Lq h�hfw/ wkh edodqfh ehwzhhq rxwsxw jds dqg lq dwlrq yduldelolw| ehfrphv xqdffhswdeoh
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iurp d vrfldo srlqw ri ylhz1 ^Fi1 wkh rswlpdo edodqfh dv vkrzq e| +44,1`

Wklv h{dpsoh vkrzv vrph ri wkh wudgh0r�v lqyroyhg lq wkh ghwhuplqdwlrq ri wkh rswlpdo

ghjuhh ri wudqvsduhqf|1 E| pdnlqj h{shfwdwlrqv pruh vhqvlwlyh wr srolf| dfwlrqv/ wkh

fhqwudo edqn lv lqgxfhg wr sd| pruh dwwhqwlrq wr lq dwlrq vwdelol}dwlrq1 Khqfh/ wkh pruh

wudqvsduhqf| lq srolf|pdnlqj/ wkh forvhu zloo lq dwlrq eh wr lwv suhihuuhg ydoxh rq dyhudjh1

Wudqvsduhqf| lv wkxv jrrg li fuhglelolw| ri wkh lq dwlrq wdujhw lv odfnlqj1 Wkh  ls0vlgh ri

wkh frlq wr wklv/ krzhyhu/ lv wkdw wkh shulrg � rxwsxw jds pd| uhdfk dq xqdffhswdeoh orz

dyhudjh ydoxh/ dqg h{klelw wrr kljk lq dwlrq0vkrfn gulyhq yduldelolw|1 Wkhvh wudgh0r�v dqg

wkhlu lq xhqfh rq wkh rswlpdo ydoxh ri � iurp wkh srlqw ri ylhz ri vrflhw| duh h{dplqhg

pruh wkrurxjko| lq wkh qh{w vhfwlrq1

61 Wkh rswlpdo ghjuhhv ri wudqvsduhqf|

Wkh fulwhulrq iru hydoxdwlqj wkh rswlpdo ghjuhhv ri wudqvsduhqf| zloo eh wkh ydoxh ri vrfl0

hw|*v orvv lq wkh htxloleulxp ghvfulehg deryh1 Lqvhuwlqj +43, dqg +45, lqwr +7, ^dqg uhfdoolqj

+4,/ +6, dqg 49`/ vrflhw|*v htxloleulxp orvv fdq eh zulwwhq dv

u7 ' 2b%W2 n 2 Eb*V�2 %W2
f
n
�
bn V2

�
j2# n Eb*V�2 j2w +57,

n
�
bn V2

�
&2 n 2b& E%W

f
� %W� n

�
b&20 n E�� V&0�

2
�
j20

nEb*V�2 7 E&w�
2 E�� ��j2# n

�
bn EVn Eb*V�7 E&w��

2
�
&2wj

2

wc

zkhuh L kdyh xvhg wkdw j2v ' E�� ��j2#/ zklfk pxvw dovr eh uhphpehuhg lq wkh gh�qlwlrq

ri 7 E&w�1

Wkh remhfwlyh ri wkh uhpdlqghu ri wklv vhfwlrq lv wr lghqwli| wkh ydoxh ri � / zklfk plql0

pl}hv +57, iru ydulrxv sdudphwhu frqvwhoodwlrqv1 L zloo pdlqo| irfxv rq wkh rswlpdo ghjuhhv

ri wudqvsduhqf| zkhq wkuhh nh| frqfhswv ydu| lq lpsruwdqfh1 Iluvw/ lqlwldo fuhglelolw| dv

txdqwl�hg e| %W
f
1 H1j1/ d ydoxh ri %W

f
htxdo wr wkh qdwxudo udwh +}hur, zloo/ dv vkrzq deryh/

ohdg wr wkh prvw idyrudeoh rxwfrph/ dv lq dwlrqdu| h{shfwdwlrqv zloo pdwfk wkh lq dwlrq

wdujhw1 Wklv fdvh zloo wkhuhiruh eh frqvlghuhg v|qrq|prxv zlwk d fhqwudo edqn zlwk jrrg

fuhglelolw|/ zkhuhdv fdvhv ri %W
f
: f zloo eh fdvhv ri d edqn zlwk lqlwldo fuhglelolw| sureohpv1

Vhfrqg/ lqghshqghqfh dv txdqwl�hg wkurxjk j2w1 Wkh lghd ehlqj wkdw kljk ydoxhv ri j2w

ghvfuleh d edqn vxemhfw wr pxfk suhvvxuh lq whupv ri vkliwlqj lwv rxwsxw remhfwlyh1 Lq

frqwudvw/ orz ydoxhv ri j2w uhsuhvhqwv d edqn zkr lv prvw olnho| wr vwlfn wr lwv lqlwldo jrdo iru

rxwsxw1 Wklugo|/ wkh vwdelol}dwlrq qhhg dv txdqwl�hg e| j20> zlwklq wkh prgho iudphzrun

wklv uhsuhvhqwv d uhodwlyho| vwurqj qhhg iru dfwlyh prqhwdu| vwdelol}dwlrq srolf|1

Wkh qxphulfdo h{huflvhv zloo wkxv fryhu fkdqjhv lq %W
f
/ j2w dqg j201 Wkh uhpdlqlqj
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���������������������������������������
Wdeoh 5= Rswlpdo ghjuhhv ri wudqvsduhqf|

j2w ' f�fD %W
f
' f�ff %W

f
' ��ff %W

f
' 2�ff %W

f
' ��ff %W

f
' e�ff

j20 ' f�ff f�bbb f�fff f�fff f�bSe f�bHe
j20 ' f�Df f�f�S f�fff f�fff f�bS� f�bH�
j20 ' ��ff f�ffe f�fff f�fff f�bS2 f�bH�
j20 ' 2�ff f�fff f�fff f�fff f�bSf f�bH�

j2w ' f�Df %W
f
' f�ff %W

f
' ��ff %W

f
' 2�ff %W

f
' ��ff %W

f
' e�ff

j20 ' f�ff f�bbb f�fff f�fff f�SS� f�He�
j20 ' f�Df f�bHH f�fff f�fff f�SDS f�He�
j20 ' ��ff f�HbS f�fff f�fff f�SeD f�H�.
j20 ' 2�ff f�ff� f�fff f�fff f�S2D f�H��

j2w ' ��ff %W
f
' f�ff %W

f
' ��ff %W

f
' 2�ff %W

f
' ��ff %W

f
' e�ff

j20 ' f�ff f�bbb f�fff f�fff f��S. f�Sbb
j20 ' f�Df f�bbb f�fff f�fff f��De f�Sb2
j20 ' ��ff f�b.D f�fff f�fff f���. f�SH�
j20 ' 2�ff f�.b2 f�fff f�fff f�2bf f�S.e

j2w ' 2�ff %W
f
' f�ff %W

f
' ��ff %W

f
' 2�ff %W

f
' ��ff %W

f
' e�ff

j20 ' f�ff f�bbb f�fff f�fff f�ffe f�eef
j20 ' f�Df f�bbb f�fff f�fff f�ffe f�e��
j20 ' ��ff f�bbb f�fff f�fff f�ffe f�e2D
j20 ' 2�ff f�bDf f�fff f�fff f�fff f�ef.

Wkh rswlpdo ydoxhv ri � iru wkh fdvh ri b ' ��ff/ %W ' 2�ff/ V ' ��f dqg j2# ' ��ff1
���������������������������������������

sdudphwhuv duh nhsw �{hg dw wkh iroorzlqj ydoxhv= %W ' 2�f/ b ' ��f/ V ' ��f dqg j2# '

��f1 Iru hdfk h{huflvh/ � lv ydulhg iurp f wr f�bbb zlwk d julg ri f�ff�1 Wkh ydoxh ri �

|lhoglqj wkh orzhvw ydoxh ri u7 ^dv jlyhq e| +57,` lv wkhq wdnhq dv wkh rswlpdo ghjuhh ri

wudqvsduhqf|1 Wdeoh 5 uhsruwv wkh rswlpdo ghjuhhv ri wudqvsduhqf| iru doo frpelqdwlrqv ri

%W
f
5 df�ffc ��ffc 2�ffc ��ffc e�ffo/ j20 5 df�ffc f�Dfc ��ffc 2�ffo dqg j2w 5 df�fDc f�Dfc ��ffc 2�ffo1

Dv phqwlrqhg/ d fhqwudo edqn lv dvvxphg wr hqmr| lqlwldo fuhglelolw|/ wkh pruh frp0

sdwleoh duh lwv rxwsxw dqg lq dwlrq wdujhwv1 Lq vxfk d fdvh/ wudqvsduhqf| pdlqo| vhuyhv

wr lqvxodwh srolf| iurp pdfurhfrqrplf yduldelolw| lqgxfhg e| srolwlfdo suhvvxuh/ l1h1/ iurp

yduldelolw| lq w> dyhudjh lq dwlrq lv qrw jrlqj wr eh dq lvvxh lq lqvwlwxwlrqdo ghvljq1 Qrw

vxusulvlqjo|/ wkhuhiruh/ wkh rswlpdo ghjuhh ri wudqvsduhqf| lv kljkhu wkh kljkhu lv j2w1 Qrwh/

krzhyhu/ wkdw lq frqiruplw| zlwk wkh glvfxvvlrq lq Vhfwlrq 515/ iru d jlyhq j2w/ wklv ghjuhh lv

ghfuhdvlqj lq wkh qhhg iru vwdelol}dwlrq qhhg1 Wklv lv prvw hylghqw lq wkh fdvh ri yhu| vpdoo

fkdqfhv ri d �glyhujhqw� rxwsxw jrdo/ l1h1/ zkhq j2w ' f�fD1 Wkhuh/ lq wkh devhqfh ri dq| lq0
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 dwlrq vkrfnv/ wudqvsduhqf| vkrxog eh dw wkh pd{lpxp1 Lq suhvhqfh ri lq dwlrq vkrfnv ri

lqfuhdvlqj yduldqfh/ krzhyhu/ wkh rswlpdo ghjuhh ri wudqvsduhqf| idoov gudpdwlfdoo|1 Wkh

rswlpdo uhgxfwlrq lq wudqvsduhqf| lqgxfhg e| vwdelol}dwlrq qhhgv/ ehfrphv vpdoohu wkh

kljkhu lv j2w1 Wklv iroorzv ehfdxvh iru kljk ydoxhv ri j
2

w/ wkh pdlq vrxufh ri pdfurhfrqrplf

yduldelolw| lv wkdw dulvlqj iurp srolwlfdo suhvvxuhv1 Lq dwlrq vkrfnv � ri zkdwhyhu yduldqfh

� frqwulexwh rqo| olwwoh wr wkh ryhudoo vrfldo orvv1 Lq frqfoxvlrq/ d fhqwudo edqn zlwk jrrg

lqlwldo fuhglelolw|/ d kljk ghjuhh ri gh idfwr lqghshqghqfh/ dqg zlwk d qhhg iru shuiruplqj

dfwlyh vwdelol}dwlrq srolf| grhv qrw kdyh wr eh wudqvsduhqw/ dv wudqvsduhqf| zloo phuho|

glvwruw pdfurhfrqrplf vwdelol}dwlrq1

D fhqwudo edqn zlwk ohvv shuihfw lqlwldo fuhglelolw|/ %W
f
: f/ zloo/ dv glvfxvvhg deryh/

fhwhulv sdulexv frqgxfw d prqhwdu| srolf| ohdglqj wr lq dwlrq deryh wdujhw1 Lpphgldwho|/

rqh zrxog frqmhfwxuh wkdw wklv zrxog qhfhvvlwdwh wudqvsduhqf|/ vr dv wr lqgxfh wkh fhqwudo

edqn wr sd| pruh dwwhqwlrq wr lwv lq dwlrq wdujhw1 Wkh uhvxowv ri Wdeoh 5/ krzhyhu/ grhv

qrw xqdpeljxrxvo| frq�up wklv dvvhuwlrq1 Iru fhqwudo edqnv zlwk �prghudwh� fuhglelolw|

sureohpv/ %W
f
' ��ff dqg %W

f
' 2�ff/ wkh rswlpdo ghjuhhv ri wudqvsduhqf| duh lq idfw }hur qr

pdwwhu wkh ghjuhh ri lqghshqghqfh dqg vwdelol}dwlrq qhhg1 Wkh h{sodqdwlrq iru wklv uhvxow

lv wkdw wkh srvlwlyh dyhudjh lq dwlrq udwh uhvxowlqj iurp wkh fuhglelolw| sureohp lv qrw ri

ryhuzkhoplqj pdjqlwxgh1 Khqfh/ e| lqwurgxflqj wudqvsduhqf|/ wkh fhqwudo edqn zloo eh

lqgxfhg wr frqgxfw d frqwudfwlyh srolf| vhqglqj wkh hfrqrp| lqwr d uhfhvvlrq1 Wklv orvv

ri rxwsxw fdqqrw rxwzhljk wkh jdlq iurp uhgxfhg lq dwlrq/ zkhq fuhglelolw| sureohpv duh

uhodwlyho| prghudwh1

Zkhq fuhglelolw| sureohpv duh zruvh/ wkh lqwxlwlrq derxw d qhhg iru wudqvsduhqf| eh0

frphv ydolg1 Dv hylghqw/ zkhq %W
f
' ��ff dqg %W

f
' e�ff/ htxloleulxp lq dwlrq zloo eh

h{fhvvlyh wr d ghjuhh wkdw wkh orvv lq rxwsxw lqgxfhg e| wudqvsduhqf| lv rxwzhljkhg e| wkh

jdlq lq whupv ri orzhu lq dwlrq1 Lq wkhvh fdvhv/ h{fhvvlyh lq dwlrq lv wkxv wkh sulph frqfhuq

lq lqvwlwxwlrqdo ghvljq/ dqg wudqvsduhqf| vkrxog eh vxevwdqwlyh1 Srolwlfdo suhvvxuhv gr qrw

sod| d grplqdqw uroh shu vh1 Wkh| pdlqo| vhuyh wkh uroh ri hqdeolqj fkdqjhv lq wudqv0

sduhqf| wr kdyh pdfurhfrqrplf h�hfwv wkurxjk lq dwlrq h{shfwdwlrqv irupdwlrq1 H1j1/ li

j2w lv orz/ lw uhtxluhv d uhodwlyho| kljk ghjuhh ri wudqvsduhqf| wr dwwdlq d jlyhq pdujlqdo

h�hfw ri srolf| rq lq dwlrq h{shfwdwlrqv1 Wkh uhdvrq ehlqj wkdw lq vxfk d fdvh wkhuh lv

uhodwlyho| pxfk qrlvh lq wkh vljqdo0h{wudfwlrq sureohp/ dqg wkh sulydwh vhfwru uhdfwv � iru

jlyhq wudqvsduhqf| � olwwoh wr fkdqjhv lq srolf| dfwlrqv +wkhvh fkdqjhv duh prvw olnho| wr

kdyh dulvhq iurp d frqwuro huuru udwkhu wkdq iurp d fkdqjh lq wkh rxwsxw jrdo,1 Rq wkh

rwkhu kdqg/ li j2w lv kljk/ wudqvsduhqf| qhhg qrw eh vr kljk/ dv wkh qrlvh lv uhodwlyho| orz/

dqg wkh sulydwh vhfwru zloo wkhuhiruh uhdfw pruh vwurqjo| wr srolf| fkdqjhv1 Wklv h{sodlqv
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zk| lq wkh fdvhv ri %W
f
' ��ff dqg %W

f
' e�ff wkh rswlpdo ghjuhh ri wudqvsduhqf|/ doo wklqjv

htxdo/ ghfuhdvhv zlwk j2w> lq frqwudvw lq wkh vlwxdwlrq zkhuh lw zdv srolwlfdo suhvvxuhv shu

vh/ zklfk zhuh wkh pdlq sureohp +dv lq wkh fdvh ri %W
f
' f,1

Qrwh dovr wkdw lqfuhdvhg vwdelol}dwlrq qhhgv zloo lq doo fdvhv uhgxfh wkh rswlpdo ghjuhh

ri wudqvsduhqf| dv wkh glvwruwlrq fuhdwhg e| wudqvsduhqf| ehfrphv pruh frvwo|145 Iurp

wkh Wdeoh/ krzhyhu/ lw lv hylghqw wkdw wkh vhqvlwlylw| ri wkh rswlpdo ghjuhh ri wudqvsduhqf|

zlwk uhvshfw wr j20 lv udwkhu vpdoo1 Wklv lv ehfdxvh zkhq fuhglelolw| sureohpv duh vhyhuh/

wkh +rswlpdo, uhfhvvlrq lqgxfhg e| wudqvsduhqf| lv vhyhuh/ pdnlqj wkh pdlq vrfldo frvw wkh

orvv ri rxwsxw1 Yduldelolw| lqgxfhg e| lq dwlrq vkrfnv sod| d uhodwlyho| plqru uroh/ dqg wkh

ghvljq ri wudqvsduhqf| lv wkhuhiruh ohvv vhqvlwlyh wr fkdqjhv lq j201

Wklv odvw dvshfw srlqwv wr dq lpsruwdqw txdqwlwdwlyh txdol�hu frqfhuqlqj wkh uhvxowv

suhvhqwhg lq wklv sdshu1 Qrwh wkdw wkh prgho lv lqwhusuhwhg dv shulrg � ehlqj wkh vkruw

uxq/ dqg shulrg 2 dv wkh orqj uxq1 Exw lq wkh hydoxdwlrq ri wkh vrfldo orvv/ wkh| duh

jlyhq wkh vdph zhljkw1 Fohduo| wkhq/ li wkh prgho lv h{whqghg +vd|/ wr dq lq�qlwh krul}rq

prgho,/ wkh vkruw uxq orvvhv ri rxwsxw frqwudfwlrqv zloo eh jlyhq uhodwlyho| vpdoo zhljkw

zkhq hydoxdwlqj wkh vrfldo orvv ri ydulrxv ghjuhh ri wudqvsduhqf|1 Wklv zloo prvw olnho|

fkdqjh wkh uhvxowv ri wkh wdeoh lq wzr glphqvlrqv1 Iluvw/ hyhq iru prghudwh fuhglelolw|

sureohpv +%W
f
' ��ff dqg %W

f
' 2�ff, vrph wudqvsduhqf| zloo eh rswlpdo/ dv wkh rxwsxw

frqwudfwlrq fdxvlqj wkh rswlpdolw| ri }hur wudqvsduhqf| lq Wdeoh 5 zloo frqwulexwh udwkhu

olwwoh wr wkh ryhudoo vrfldo orvv1 Vhfrqgo|/ dqg pruh lpsruwdqwo|/ wkh vhqvlwlylw| ri wkh

rswlpdo ghjuhh ri wudqvsduhqf| zlwk uhvshfw wr j20 zloo suredeo| ehfrph pxfk kljkhu lq

wkh fdvhv ri %W
f
' ��ff dqg %W

f
' e�ff1 Wkh uhdvrq ehlqj wkdw wkh lqlwldo rxwsxw frqwudfwlrqv/

dv phqwlrqhg/ zloo frqwulexwh ohvv wr wkh vrfldo orvv/ zkhuhdv wkh glvwruwlrq lq vwdelol}dwlrq

srolf| lv suhvhqw lq hyhu| shulrg1 Vr/ li j20 lqfuhdvhv/ lw zrxog eh rswlpdo wr uhgxfh �

e| pruh wkdw zkdw lv uh hfwhg e| Wdeoh 5 zkhuh/ dv phqwlrqhg/ wkh pdlq ghwhuplqdqw

ri wkh rswlpdo � lv wkh jdlq ri uhgxfhg lq dwlrq yhuvxv wkh orvv ri rxwsxw1 Lq dq lq�qlwh

krul}rq yhuvlrq ri prgho/ wkh wudgh0r� ehwzhhq jdlq ri fuhglelolw| dqg orvv ri  h{lelolw| lq

wkh ghwhuplqdwlrq ri wudqvsduhqf| zrxog wkhuhiruh suredeo| ihdwxuh pxfk vwurqjhu +wklv

frqmhfwxuh lv wkh vxemhfw ri fxuuhqw uhvhdufk,1 Lq dq| fdvh/ wkh uhvxowv rewdlqhg lq wklv

vlpsoh prgho looxvwudwhv wklv dqg rwkhu lpsruwdqw wudgh0r�v lq wkh ghwhuplqdwlrq ri wkh

rswlpdo ghjuhh ri wudqvsduhqf|1

45Wkh uhvxow fdq hdvlo| eh vkrzq dqdo|wlfdoo|1 Iurp +57,/ lw iroorzv wkdw wkh h�hfw ri �5% rq wkh vrfldo orvv
lv plqlpl}hg iru n% @ �@

�
�. �5

�
> wkh uhvsrqvh wr lq dwlrq vkrfnv xqghu ixoo lqirupdwlrq1 Lq htxloleulxp/

krzhyhu/ lw iroorzv e| +54, wkdw n% A �@
�
�. �5

�
vlqfh V +n�, A 31 Ixuwkhupruh/ lq Dsshqgl{ F lw lv

vkrzq wkdw CV +n�, @C� A 3/ zklfk lpsolhv wkdw n% lqfuhdvhv zlwk � ehfdxvh Cn%@CV +n�, A 31 Lq rwkhu
zrugv/ pruh wudqvsduhqf| xqdpeljxrxvo| lqfuhdvhv wkh vrfldo orvv iurp �5

%
/ vr dq lqfuhdvh lq �5

%
lpsolhv d

orzhu rswlpdo ghjuhh ri wudqvsduhqf|1
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71 Frqfoxglqj uhpdunv

Iurp d vhpdqwlf dqg ghprfudwlf srlqw ri ylhz/ ixoo wudqvsduhqf| lq wkh srolf| frqgxfw

ri d srolwlfdoo| lqghshqghqw fhqwudo edqn lv reylrxvo| d pxvw1 Wkh uhvxowv ri wklv sdshu

ghprqvwudwh lq d vlpsoh prgho hpskdvl}lqj iruzdug0orrnlqj ehkdylru wkdw wklv frqfoxvlrq

lv ghedwdeoh iurp dq hfrqrplf srlqw ri ylhz1 Prvw lpsruwdqwo|/ wkh uhvxowv srlqw wr

wudgh0r�v lq wkh rswlpdo ghjuhh ri wudqvsduhqf|/ ri zklfk wkh pdlq rqh lv zhoo nqrzq lq

wkh olwhudwxuh rq prqhwdu| srolf|pdnlqj1 Qdpho| wkdw ehwzhhq fuhglelolw| dqg  h{lelolw|1

Pruh wudqvsduhqf| ohdgv wr d pruh �glvflsolqhg� srolf| ri wkh edqn/ zklfk lv jrrg li lw odfnv

fuhglelolw|/ exw zklfk lv edg li vwdelol}lqj wkh hfrqrp| djdlqvw vkrfnv lv ri lpsruwdqfh1 Wklv

wudgh0r� lv devhqw lq rwkhu irupdo dqdo|vhv ri wudqvsduhqf|/ dv wkhvh ljqruh wkh lpsruwdqfh

ri iruzdug0orrnlqj hfrqrplf yduldeohv1 Wkh| pd| wkhq xqghuhvwlpdwh wkdw wkh uhvsrqvh ri

pdunhw h{shfwdwlrqv wr prqhwdu| srolf| dfwlrqv frphv txlfno| dqg zlwk lpphgldwh lpsdfw

rq fxuuhqw djjuhjdwhv/ wkhuhe| kdpshulqj vwdelol}dwlrq h�ruwv1

Wkh uhvxowv duh/ ri frxuvh/ qrw frqfoxvlyh iru krz fhqwudo edqn uhjxodwlrqv vkrxog eh

ghvljqhg zlwk uhvshfw wr d frpsoh{ frqfhsw olnh wudqvsduhqf|/ zklfk kdv ehhq prghoohg

khuh lq mxvw rqh ri srvvleoh pdq| zd|v1 Wkh lghqwl�fdwlrq ri ydulrxv wudgh0r�v/ krzhyhu/

hpskdvl}hv vwurqjo| wkdw lw lv jhqhudoo| lqdssursuldwh wr frqvlghu wudqvsduhqf| dv d �iuhh

oxqfk1� Ru dv wkh rssrvlwh iru wkdw pdwwhu146

Lw lv ri lqwhuhvw wr frqwhpsodwh zkdw rwkhu irupv ri lqirupdwlrq glvforvxuh duh srvvleoh

zlwklq wklv prgho iudphzrun1 Wudqvsduhqf|/ lq wklv sdshu/ pdnhv lw hdvlhu iru wkh sulfh

vhwwhuv wr lqihu wkh wuxh lqwhqwlrqv ri wkh fhqwudo edqn1 Qrz/ dq reylrxv dowhuqdwlyh wr

wklv irup ri wudqvsduhqf| lv d fdvh zkhuh sulfh vhwwhuv duh gluhfwo| lqiruphg derxw wkh

suhihuhqfhv ri wkh fhqwudo edqnhu1 Lq wklv fdvh ri ixoo lqirupdwlrq/ krzhyhu/ wkh lqfhqwlyh

fruuhfwlqj phfkdqlvp ri wudqvsduhqf| ydqlvkhv= zkhq iruplqj lq dwlrq h{shfwdwlrqv/ wkh

sulydwh vhfwru nqrzv zlwk shuihfwlrq srolf| lq shulrg 21 Khqfh/ lq dwlrq h{shfwdwlrqv zloo

eh lqvhqvlwlyh wr wkh fhqwudo edqn*v dfwlrqv1

Lq wkh prgho ri Idxvw dqg Vyhqvvrq +5333,/ vxfk ixoo lqirupdwlrq derxw wkh jrdov ri

wkh fhqwudo edqn ohdgv wr wkh zruvw ri doo rxwfrphv +hvvhqwldoo|/ wkh prgho wkhq ihdwxuhv

dq lq dwlrq eldv olnh lq Eduur dqg Jrugrq/ 4<;6,1 Lq p| prgho/ krzhyhu/ wkh lqfhqwlyh

fruuhfwlqj phfkdqlvp ri wudqvsduhqf| glvwruwv vkrfn vwdelol}dwlrq dv hpskdvl}hg deryh1 Lq

frqwudvw/ xqghu ixoo lqirupdwlrq/ lq dwlrq vkrfnv duh vwdelol}hg rswlpdoo| +zkhq wkh fhqwudo

edqn rshudwhv xqghu glvfuhwlrq> frqirup Irrwqrwh 43,1 Khqfh/ lw pd| eh wkh fdvh wkdw zkhq

46Lw lv zruwkzkloh vwuhvvlqj wkdw wkh dqdo|vlv srlqwv wr glvdgydqwdjhv ri wudqvsduhqf| lq dq �lghdo�

hqylurqphqw zkhuh wkhuh duh qr sureohpv lq whupv ri vhqglqj dqg uhfhlylqj lqirupdwlrq � sureohpv wkdw

rwkhuzlvh pd| frpsolfdwh wkh lpsohphqwdwlrq ri wudqvsduhqf| lq sudfwlfh dv dujxhg e| Zlqnohu +5333,1

4<



wkh fhqwudo edqn hqmr|v jrrg fuhglelolw|/ dqg wkh qhhg iru vwdelol}dwlrq lv uhodwlyho| odujh/ d

uhjlph ri ixoo lqirupdwlrq lv suhihudeoh wr d uhjlph ri ixoo wudqvsduhqf|1 Wklv frqmhfwxuh lv

lqghhg yhul�hg lq Dsshqgl{ G +iurp zkhuh lw dovr iroorzv wkdw li fuhglelolw| lv vx!flhqwo|

srru/ ixoo lqirupdwlrq lv lqihulru iru edvlfdoo| wkh vdph uhdvrq dv lq Idxvw dqg Vyhqvvrq/

5333,1 Wklv lpsolhv wkdw lq dq hfrqrp| zlwk d qhhg iru pdfurhfrqrplf vwdelol}dwlrq/

wudqvsduhqf| lq wkh vhqvh ri idflolwdwlqj lqihuhqfh derxw wkh fkdudfwhulvwlfv ri wkh fhqwudo

edqn lv d vwudlwmdfnhw/ zklfk fdq eh orrvhqhg li/ lqvwhdg/ suhihuhqfhv duh uhyhdohg gluhfwo|1

Iurp dq lpsohphqwdwlrq srlqw ri ylhz/ wudqvsduhqf| dv prghoohg lq wklv sdshu frxog/

dv phqwlrqhg/ eh dfklhyhg wkurxjk wkh uhohdvh ri ydulrxv iruhfdvwv dqg uhsruwv pdnlqj lw

hdvlhu iru wkh sxeolf wr hvwlpdwh ixwxuh srolf|1 Wkh ihdvlelolw| ri wkh ixoo lqirupdwlrq fdvh lv/

krzhyhu/ udwkhu txhvwlrqdeoh1 Lw lv xqfohdu zklfk phfkdqlvpv frxog frpsohwho| holplqdwh

suhihuhqfh xqfhuwdlqw|1 Qrwh dovr wkdw hyhq zkhq suhihuhqfh xqfhuwdlqw| lv yhu| olplwhg

+l1h1/ j2w lv vpdoo,/ wkh lghqwl�hg wudgh0r�v lq wkh rswlpdo ghvljq ri wudqvsduhqf| duh vwloo

lpsruwdqw dv hylghqw iurp Wdeoh 5 iru wkh fdvh ri j2w ' f�fD1 Lw wkxv dsshduv wkdw d surshu

prghoolqj ri rshqqhvv lv rqh wkdw dfnqrzohgjhv vrph xqfhuwdlqw| derxw suhihuhqfhv/ dqg

ylhz wudqvsduhqf| dv d phdqv wr idflolwdwlqj h{shfwdwlrqv irupdwlrq1

Dsshqgl{

D1 Vroxwlrq iru dq duelwudu| whuplqdo frqglwlrq lq fdvh ri ixoo lqirupdwlrq

Lqvwhdg ri dvvxplqj +<,/ dvvxph wkdw H
�
Z�mU

�
2

�
' A 1 Lq shulrg 2 wkh fhqwudo edqn wkhq

vroyhv 4�?%2
�
b E%2 � %W

�
�2 n Z2

2

�
vxemhfw wr +5, dqg H

�
Z�mU

�
2

�
' A 1 Wkh uhohydqw �uvw0rughu

frqglwlrq lv b E%2 � %W
�
� n V EA n V%2� ' f iurp zklfk wkh shulrg 2 vroxwlrq hphujhv dv

%2 '
b%W

�
� VA

bn V2
c Z2 '

b EV%W
�
n A �

bn V2
� +D14,

Lq �qglqj wkh vroxwlrq iru shulrg �/ dvvxph wkdw w ' # ' f/ dqg wkxv %W
�
' %W

f
1 Wklv

lv lqfrqvhtxhqwldo/ dv wkh pdlq lvvxh lv wr ghprqvwudwh zkhq d ydoxh ri %W
f
orzhu wkdq

%W lv ehqh�fldo1 Doorzlqj iru d w0vkrfn rqo| dggv dq lqghshqghqw vrxufh ri  xfwxdwlrqv1

Olnhzlvh/ wkh zd| wkh frqwuro huuru d�hfwv wkh rxwfrphv lv ruwkrjrqdo wr wkh lvvxh dw

kdqg1 Khqfh/ shulrg � htxloleulxp lv irxqg e| vroylqj 4�?%�
�
b E%� � %W

f
�2 n Z2

�

�
vxemhfw

wr +4, dqg H
�
Z2mU

�
�

�
' b EV%W

f
n A � * Ebn V2�1 Wkh �uvw0rughu frqglwlrq lv b E%� � %W

f
� n

Vdb EV%W
f
n A � * Ebn V2� n V%� n 0o ' f lpso|lqj

%� '
b Eb%W

f
� VA �

Ebn V2�2
�

V

bn V2
0c Z� '

b dV d2bn V2o%W
f
n bA o

Ebn V2�2
n

b

bn V2
0� +D15,
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Dv wkh uhvsrqvh wr wkh lq dwlrq vkrfn lv lqyduldqw wr %W
f
/ zh fdq ljqruh lw zkhq dvvhvvlqj

wkh vhw ri ghvludeoh ydoxhv ri %W
f
1 Vrflhw|*v orvv iurp d srolf| ohdglqj wr +D14,0+D15, lv wkhq

vlpso| jlyhq e|

u7 ' b

�
b Eb%W

f
� VA �

Ebn V2�2
� %W

�2

n

�
b dV d2bn V2o%W

f
n bA o

Ebn V2�2

�2

nb

�
b%W

f
� VA

bn V2
� %W

�2

n

�
b EV%W

f
n A �

bn V2

�2

�

Rqh wkhq �qgv wkdw

Yu7

Y%W
f

' 2b

�
b Eb%W

f
� VA �

Ebn V2�2
� %W

�
b2

Ebn V2�2
n 2

�
b dV d2bn V2o%W

f
n bA o

Ebn V2�2

�
bV d2bn V2o

Ebn V2�2

n2b

�
b%W

f
� VA

bn V2
� %W

�
b

bn V2
n 2

�
b EV%W

f
n A �

bn V2

�
bV

bn V2
c +D16,

dqg dv Y2u7*Y%W2
f

: f lw iroorzv wkdw Yu7*Y%W
f
' f fkdudfwhul}hv wkh ydoxh ri %W

f
vhfxulqj

wkh orzhvw vrfldo orvv1 Zh �qg wkdw wklv pxvw vdwlvi|

b

�
b Eb%W

f
� VA �

Ebn V2�2
� %W

�
b

bn V2
n

�
b dV d2bn V2o%W

f
n bA o

Ebn V2�2

�
V d2bn V2o

bn V2

nb

�
b%W

f
� VA

bn V2
� %W

�
n

bV EV%W
f
n A �

bn V2

' f�

Li wkh ohiw kdqg vlgh hydoxdwhg dw %W
f
' %W lv srvlwlyh/ wkhq lw iroorzv wkdw d ydoxh %W

f
	 %W

lv suhihudeoh wr vrflhw|1 Wklv lv wkh fdvh li

b

�
b Eb%W � VA �

Ebn V2�2
� %W

�
b

bn V2
n

�
b dV d2bn V2o%W n bA o

Ebn V2�2

�
V d2bn V2o

bn V2

nb

�
b%W � VA

bn V2
� %W

�
n

bV EV%W n A �

bn V2

: fc

zklfk diwhu whglrxv pdqlsxodwlrq uhgxfhv wr

%WV
�
2bn V2

�
n Ab : f�

Wklv dozd|v krogv iru A : f1
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E1 Surri ri h{lvwhqfh dqg xqltxhqhvv ri &w

H{lvwhqfh1 Vlqfh 7 Ef� ' 7 E4� ' f/ fi1 +48,/ lw iroorzv iurp +53, wkdw 8 Ef� ' 8 E4� '

b* Ebn V2�1 Iru f 	 &w 	 4/ 7 E&w� : f/ dqg lw wkhq iroorzv iurp +53, wkdw 8 E&w� 	

b* Ebn V2�1 D vroxwlrq iru &w wkhuhiruh ehorqjv wr dfc b* Ebn V2�o/ dqg dw ohdvw rqh vroxwlrq

reylrxvo| h{lvwv vlqfh 8 lv frqwlqxrxv1

Xqltxhqhvv1 Vlqfh wkh vorsh ri wkh ohiw kdqg vlgh ri +53, lv �/ lw iroorzv wkdw li wkh vorsh ri

8 lq d vroxwlrq lv vpdoohu wkdq �/ wkh vroxwlrq lv xqltxh1 Wklv lv wkh fdvh li

8 � E&w� ' �
2b2 d� n Eb*V2�7 E&w�o�
bn EVn Eb*V�7 E&w��

2
�27� E&w� 	 � +E14,

krogv lq d vroxwlrq1 Xvlqj wkh h{suhvvlrq iru 7� E&w� wklv lv uhzulwwhq dv

�
2b2 d� n Eb*V2�7 E&w�o�
bn EVn Eb*V�7 E&w��

2
�2 j2w Ej2v � &2wj

2

w�

E&2wj
2

w n j2v�
2

	 �

Xvlqj wkh fkdudfwhul}dwlrq ri d vroxwlrq/ +53,/ dqg wkh gh�qlwlrq ri 7/ +48,/ wklv fdq

diwhu vrph pdqlsxodwlrq eh ixuwkhu uhzulwwhq dv

�
2b d� n Eb*V2�7 E&w�o7 E&w�

bn EVn Eb*V�7 E&w��
2

�
�� 2

&2wj
2

w

&2wj
2

w n j2v

�
	 �

dqg wkxv

�
2b d� n Eb*V2�7 E&w�o7 E&w�

bn EVn Eb*V�7 E&w��
2

�
�� 2

b7 E&w�

bn EVn Eb*V�7 E&w��
2

�
	 �

e| xvh ri +53, dqg +48,1 Wklv lv htxlydohqw ri

eb2
�
� n

�
b*V2

�
7 E&w�

�
7 E&w�

2

	
�
bn EVn Eb*V�7 E&w��

2
�2

n 2b
�
� n

�
b*V2

�
7 E&w�

�
7 E&w�

�
bn EVn Eb*V�7 E&w��

2
�
c

dqg wkxv

�2b
�
� n

�
b*V2

�
7 E&w�

�
7 E&w�

�
bn V2 n Eb*V�2 7 E&w�

2
�
	

�
bn EVn Eb*V�7 E&w��

2
�2
c

zklfk dozd|v krogv1
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F1 Surri wkdw Y7 E&w� *Y� : f

Vlqfh j2� ' E�� �� j2#/ surylqj wkdw Y7 E&w� *Yj
2

� 	 f lv htxlydohqw1 L gr wklv e| xvh ri wkh

Lpsolflw Ixqfwlrq Wkhruhp1 Wrwdoo| gl�huhqwldwlqj wkh h{suhvvlrq iru 7 E&w�/ +48,/ |lhogv

g7 E&w� '
j2w Ej

2

v � &2wj
2

w�

E&2wj
2

w n j2v�
2
g&w �

&wj
2

w

E&2wj
2

w n j2v�
2
gj2v� +F14,

Wrwdoo| gl�huhqwldwlqj +53, |lhogv

g&w ' �
2b2 E� n Eb*V2�7 E&w���
bn EVn Eb*V�7 E&w��

2
�2g7 E&w� c +F15,

zklfk lqvhuwhg edfn lqwr +F14, |lhogv

%�
&2wj

2

w n j2v
�2

n
2b2 E� n Eb*V2�7 E&w�� j

2

w Ej
2

v � &2wj
2

w��
bn EVn Eb*V�7 E&w��

2
�2

&
g7 E&w� ' �&wj

2

wgj
2

v�

D vx!flhqw frqglwlrq vhfxulqj Y7 E&w� *Yj
2

� 	 f lv wkhuhiruh

�
bn EVn Eb*V�7 E&w��

2
�2 �

&2wj
2

w n j2v
�2

n 2b2
�
� n

�
b*V2

�
7 E&w�

�
j2w

�
j2v � &2wj

2

w

�
: fc

ru/

�
2b2 E� n Eb*V2�7 E&w��j

2

w Ej
2

v � &2wj
2

w��
bn EVn Eb*V�7 E&w��

2
�2
E&2wj

2

w n j2v�
2
	 ��

E| qdwxuh ri 7/ lw iroorzv wkdw wklv fruuhvsrqgv wr

�
2b2 E� n Eb*V2�7 E&w���
bn EVn Eb*V�7 E&w��

2
�27� E&w� 	 ��

Wklv lv h{dfwo| frqglwlrq +E14,/ zklfk zdv suryhq wr krog lq Dsshqgl{ E1

G1 Ixoo lqirupdwlrq ru ixoo wudqvsduhqf|B

Wkh vrfldo orvv xqghu ixoo lqirupdwlrq/ lv uhdglo| irxqg e| xvh ri +44, dqg +7, dv

u7
��
s�,, �?sJ

' 2b%W2 n 2 Eb*V�2 %W2
f
n 2 Eb*V�2 j2w n

�
bn V2

�
j2# n

b

bn V2
j20� +G14,

Wkh orvv xqghu ixoo wudqvsduhqf| lv wkhq irxqg xvlqj +56, dqg +7, dv

u7
��
s�,, |o@?r

' 2b%W2 n
��
�*V2

�
n b

�
Eb*V�2 %W2

f
n 2 Eb*V�2 %W

f
%W
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n2 Eb*V�2 j2w n
�
bn V2

�
j2# n b E�*V�2 j20� +G15,

E| vlpsoh frpsdulvrq/ lw wkhuhiruh iroorzv e| xvh ri +G14, dqg +G15, wkdw d uhjlph ri ixoo

lqirupdwlrq lv suhihudeoh wr d uhjlph ri ixoo wudqvsduhqf| li

�

bn V2
j20 : 2 E%W

f
� %W� %W

f
�
�
�*V2 n b

�
%W2
f
� +G16,

Wklv frqglwlrq lv dozd|v ixo�oohg li %W
f
' f/ wkxv frq�uplqj wkh dvvhuwlrq pdgh lq wkh pdlq

wh{w1 Li %W
f
: f/ wkh frqglwlrq pd| qrw krog/ exw doo wklqjv htxdo lw iroorzv wkdw wkh odujhu

lv wkh vwdelol}dwlrq qhhg/ l1h1/ j20/ wkh pruh olnho| lv +G16, vdwlv�hg1
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iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|= H{sdqghg Yhuvlrq/ QEHU Whfkqlfdo Zrunlqj
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