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ABSTRACT

Costly Information Acquisition and Delegation to a �Liberal� Central Banker

by Johan Lagerlöf*

This paper studies an extension of Rogoff (1985) where the central banker can choose
how much effort to exert and thereby learn about a supply shock. With this assumption,
it is not necessarily optimal for society to delegate to a �conservative� banker. This may
explain why such delegation often is a politically controversial issue.

ZUSAMMENFASSUNG

Kostenverursachende Informationsbeschaffung und Delegation an einen
�liberalen� Zentralbankier

Der Aufsatz befaßt sich mit einer Erweiterung der Arbeit von Rogoff (1985), in welcher
ein Zentralbankier darüber entscheidet, wieviel Anstrengung er unternehmen möchte,
um Informationen über einen Angebotsschock zu erhalten. Ausgehend von dieser
Annahme ist es nicht notwendigerweise optimal für die Gesellschaft an einen
�konservativen� Zentralbankier zu delegieren. Dies erklärt unter Umständen, warum
Delegation oft ein politisch kontroverses Thema ist.

                                                
* I have benefited from helpful discussions with and comments from Jonas Björnerstedt, Yeongjae

Kang, Nippe Lagerlöf, Susanne Lohmann, César Martinelli, Björn Persson, David Sundén, Karl
Wärneryd, and Jörgen Weibull. Financial support from Jan Wallander and Tom Hedelius�
Foundation is gratefully acknowledged. A major revision of this paper was carried out as part of a
CEPR research network on The Evolution of Market Structure in Network Industries, funded by
the European Commission under the Training and Mobility of Researchers Programme (contract
No. ERBFMRXCT980203).



41 Lqwurgxfwlrq

Vlqfh wkh zrun ri N|godqg dqg Suhvfrww +4<::, dqg Eduur dqg Jrugrq +4<;6,/ lw
lv zhoo nqrzq wkdw prqhwdu| srolf| pd| vx�hu iurp d fuhglelolw| sureohp1 Urjr�
+4<;8, vxjjhvwv wkdw wklv sureohp dqg wkh lq dwlrq eldv wkdw lw jlyhv ulvh wr fdq eh
uhgxfhg li vrflhw| ghohjdwhv wkh wdvn ri frqgxfwlqj prqhwdu| srolf| wr dq lqghshq0
ghqw dqg �zhljkw frqvhuydwlyh� fhqwudo edqnhu1 Dowkrxjk Urjr�*v vroxwlrq wr wkh
fuhglelolw| sureohp lv rqo| vhfrqg ehvw/ lw grhv jlyh d ehwwhu rxwfrph wkdq kdylqj
d fhqwudo edqnhu zlwk wkh vdph suhihuhqfhv dv wkh uhvw ri vrflhw|1 Wkxv/ li wkh
wkhru| lv uljkw/ rqh vkrxog h{shfw frxqwulhv wkdw gr qrw douhdg| kdyh dq lqghshq0
ghqw fhqwudo edqn wr wdnh wkh rssruwxqlw| wr uhirup wkhlu prqhwdu| lqvwlwxwlrqv1
Lqghhg/ lq pdq| RHFG frxqwulhv rqh kdv wkh odvw ihz |hduv ehhq deoh wr revhuyh
d pryh wrzdugv d juhdwhu fhqwudo edqn lqghshqghqfh1 Krzhyhu/ dv Pxvfdwhool
+4<<</ s1 574, qrwhv/ �^l`q frxqwulhv zkhuh wkhuh kdv ehhq olwwoh ru qr wudglwlrq
ri ^fhqwudo edqn` lqghshqghqfh +h1j1 wkh Xqlwhg Nlqjgrp/ Iudqfh, wklv lvvxh kdv
ehhq krwo| ghedwhg�1 Dssduhqwo|/ ghohjdwlrq wr dq lqghshqghqw dqg frqvhuydwlyh
fhqwudo edqnhu lv qrw shufhlyhg e| hyhu|erg| dv vrphwklqj xqdpeljxrxvo| jrrg1

Dq dowhuqdwlyh vroxwlrq wr wkh fuhglelolw| sureohp lv vxjjhvwhg e|Zdovk +4<<8,14

Kh srlqwv rxw wkdw wkh lq dwlrq eldv fdq eh frpsohwho| holplqdwhg e| ghvljqlqj d
vlpsoh shuirupdqfh frqwudfw iru wkh fhqwudo edqnhu1 Wklv jlyhv dq rxwfrph wkdw
lv �uvw ehvw1 Pruhryhu/ qrz wkhuh lv qr uroh iru d fhqwudo edqnhu zlwk vrph sdu0
wlfxodu sulydwh suhihuhqfhv1 Krzhyhu/ Khuuhqgrui dqg Orfnzrrg +4<<:, frqvlghu
d vhwwlqj zkhuh zdjh vhwwhuv kdyh vrph sulydwh lqirupdwlrq/ iru lqvwdqfh derxw d
vxsso| vkrfn/ sulru wr vhwwlqj wkh qrplqdo zdjh1 Wkh| vkrz wkdw li wkh fhqwudo
edqnhu*v frqwudfw fdqqrw eh pdgh frqglwlrqdo rq wklv lqirupdwlrq/ wkhq wkh rs0
wlpdo fkrlfh ri remhfwlyhv iru dq lqghshqghqw fhqwudo edqnhu zloo lqfoxgh zhljkw
frqvhuydwlvp15 Wklv uhvxow lqglfdwhv wkdw wkh sulydwh suhihuhqfhv ri wkh edqnhu gr
pdnh d gl�huhqfh/ dqg wkdw Urjr�*v ghohjdwlrq vwru| pd| lqghhg eh xvhixo zkhq
wklqnlqj derxw wkh rswlpdo fkrlfh ri fhqwudo edqn remhfwlyhv1

Zlwklq klv iudphzrun ri dq rswlpdo dqg frpsohwh frqwudfw/6 Zdovk +4<<8,
dovr frqvlghuv wkh lqwhuhvwlqj dqg uhdolvwlf srvvlelolw| wkdw wkh dssrlqwhg fhqwudo
edqnhu/ rqfh lq r!fh/ jhwv wr vhh d qrlv| vljqdo derxw d vxsso| vkrfn/ dqg e|
h{huwlqj h�ruw vkh fdq lpsuryh xsrq wkh txdolw| ri wklv vljqdo1 Dv Zdovk vxjjhvwv
+s1 494,/ d vljqdo zlwk kljkhu txdolw| pd| iru lqvwdqfh eh gxh wr d ehwwhu iruhfdvw/
dqg d ehwwhu iruhfdvw pd| eh pruh frvwo| wr surgxfh ehfdxvh lw uhtxluhv pruh
gdwd0froohfwlrq/ pruh lqwhqvlyh prqlwrulqj ri �qdqfldo0pdunhw ghyhorsphqwv/ ru

4Vhh dovr Shuvvrq dqg Wdehoolql +4<<6,1
5Pxvfdwhool +4<<<, dqdo|}hv d prgho zlwk xqfhuwdlqw| derxw wkh fhqwudo edqnhu*v suhihuhqfhv

dqg vkrzv wkdw wklv pd| dovr pdnh zhljkw0frqvhuydwlvp suhihudeoh1
6Vwulfwo| vshdnlqj/ wkh rswlpdo frqwudfw wkdw Zdovk vwxglhv lv qrw frpsohwh1 Wkh lpsruwdqw

srlqw/ krzhyhu/ lv wkdw wkh Zdovk frqwudfw lv vx!flhqwo| frpsohwh wr dfklhyh �uvw ehvw zkhuhdv
wkh Khuuhqgrui dqg Orfnzrrg frqwudfw lv qrw1



juhdwhu vwd� uhvrxufhv ghyrwhg wr iruhfdvwlqj1 Zdovk vkrzv wkdw/ dovr zlwk wklv
h{whqvlrq/ wkh �uvw0ehvw rxwfrph fdq eh vxvwdlqhg xvlqj d vlpsoh shuirupdqfh
frqwudfw1 Pruhryhu/ wkhuh lv vwloo qr uroh iru d fhqwudo edqnhu zlwk rwkhu suhihuhqfhv
wkdq wkh uhvw ri vrflhw|1

Lq wklv sdshu L iroorz wkh h{dpsoh ri Zdovk +4<<8, dqg vwxg| wkh lqfhqwlyhv iru
d fhqwudo edqnhu wr pdnh dq h�ruw +lq sduwlfxodu/ wr dftxluh frvwo| lqirupdwlrq,/
dowkrxjk lq d vhwwlqj zkhuh vrflhw| fdqqrw zulwh d frpsohwh frqwudfw1 Iru vlpsolf0
lw| L wdnh wkh dssurdfk ri Urjr� dqg dvvxph wkdw vrflhw|*v rqo| lqvwuxphqw lv wr
fkrrvh wr zkrp lw zdqwv wr ghohjdwh1 L wkxv frqvlghu d vwdqgdug yhuvlrq ri Urjr�
+4<;8,/ h{whqghg lq d vwudljkwiruzdug zd| wr doorz iru hqgrjhqrxv lqirupdwlrq
dftxlvlwlrq rq wkh sduw ri wkh fhqwudo edqnhu1 E| xvlqj wklv prgholqj dssurdfk L
fdq lq d vlpsoh zd| pdnh wkh iroorzlqj vlpsoh srlqw= Surylghg wkh edqnhu fkrrvhv
krz pxfk h�ruw wr h{huw rqfh vkh lv lq r!fh/ wklv zloo dowhu vrflhw|*v lqfhqwlyhv
zkhq ghflglqj wr zkrp lw vkrxog ghohjdwh1 Lq sduwlfxodu/ wkh edqnhu*v rssruwx0
qlw| wr pdnh dq h�ruw dggv dq lqfhqwlyh iru vrflhw| wr ghohjdwh wr vrphrqh zkr
fduhv pruh derxw hpsor|phqw dqg ohvv derxw lq dwlrq/ uhodwlyh wr zkdw zrxog
eh wkh fdvh lq Urjr�*v prgho1 Wkh uhdvrq iru wklv lv wkdw d edqnhu zkr fduhv
pruh derxw hpsor|phqw zloo pdnh d juhdwhu h�ruw �qglqj lqirupdwlrq derxw wkh
vxsso| vkrfn1 Li wkh fuhglelolw| sureohp lq Urjr�*v prgho lv qrw wrr vhyhuh/ wklv
�lqirupdwlrq dftxlvlwlrq h�hfw� zloo r�vhw wkh lqfhqwlyhv wr ghohjdwh wr vrphrqh
pruh frqvhuydwlyh ru hyhq pdnh lw rswlpdo wr ghohjdwh wr d edqnhu zkr lv pruh
�olehudo1� Wklv uhvxow pd| vhuyh dv rqh srvvleoh h{sodqdwlrq zk| pdq| shrsoh gr
qrw zdqw wkh frqgxfw ri prqhwdu| srolf| wr eh ghohjdwhg wr vrphrqh fdulqj ohvv
derxw hpsor|phqw17

51 Prgho

Wkh iroorzlqj vlpsoh yhuvlrq ri Urjr�*v +4<;8, prgho forvho| iroorzv wkh vhwwlqj
lq Shuvvrq dqg Wdehoolql +4<<3/ 4<<:,/ dowkrxjk L dgg dq rssruwxqlw| iru wkh
dssrlqwhg fhqwudo edqnhu wr pdnh dq h�ruw dqg wkhuhe| lpsuryh xsrq wkh txdolw|
ri d vljqdo wkdw vkh jhwv wr vhh1

Vrflhw|*v suhihuhqfhv duh ghvfulehg e| wkh iroorzlqj txdgudwlf orvv ixqfwlrq=

eu EZc %� ' Z2 n b E%� %�2 c +514,

zkhuh Z lv wkh udwh ri lq dwlrq/ % lv wkh ohyho ri hpsor|phqw/ % � f lv wkh prvw
suhihuuhg hpsor|phqw ohyho/ dqg b : f lv d zhljkw1 Wkh uhodwlrqvkls ehwzhhq hp0
sor|phqw dqg lq dwlrq lv jlyhq e| wkh iroorzlqj h{shfwdwlrqv0dxjphqwhg Skloolsv

7Pxvfdwhool +4<<<, dovr r�huv dq h{sodqdwlrq ri wklv skhqrphqrq1 Klv vxjjhvwhg h{sodqdwlrq
uholhv rq wkh dvvxpswlrq wkdw wkh suhihuhqfhv ri wkh survshfwlyh fhqwudo edqnhuv duh qrw shuihfwo|
nqrzq/ zklfk pdnhv ghohjdwlrq pruh frvwo|1
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fxuyh=
% ' q EZ � Ze�� 0c +515,

zkhuh q : f lv d �{hg sdudphwhu/ Ze lv wkh h{shfwhg lq dwlrq udwh/ dqg 0 lv d vxsso|
vkrfn1 Lqlwldoo| wkh pdjqlwxgh ri wkh vxsso| vkrfn 0 lv xqnqrzq wr hyhu|erg|>
wkh glvwulexwlrq ri 0 lv nqrzq wkrxjk dqg lq sduwlfxodu wkdw . E0� ' f1 Lw zloo
eh frqyhqlhqw wr ohw u EZ� ghqrwh vrflhw|*v orvv ixqfwlrq zkhq wkh h{shfwdwlrqv0

dxjphqwhg Skloolsv fxuyh kdv ehhq vxevwlwxwhg iru % lq eu EZc %�=

u EZ� ' Z2 n b dq EZ � Ze�� 0� %o2 � +516,

Wkh wlplqj ri hyhqwv lv dv iroorzv1 +l, Vrflhw| ghohjdwhv wkh wdvn ri frqgxfwlqj
prqhwdu| srolf| wr dq lqghshqghqw fhqwudo edqnhu1 Survshfwlyh fhqwudo edqnhuv
kdyh orvv ixqfwlrqv wkdw wdnh wkh irup ri +516, exw gl�hu lq wkhlu shuvrqdo ydoxhv
ri b1 +ll, Wkh sulydwh pdunhw revhuyhv wkh suhihuhqfhv ri wkh dssrlqwhg edqnhu
dqg wkhq irupv lwv h{shfwdwlrqv derxw wkh lq dwlrq udwh/ Ze1 +lll, Wkh edqnhu
wdnhv r!fh1 Rqfh lq r!fh/ vkh �uvw ghflghv rq dq h�ruw ohyho e> wkhq vkh revhuyhv
d vljqdo/ r/ wkdw lv fruuhodwhg zlwk wkh vxsso| vkrfn 01 +ly, Wkh fhqwudo edqnhu
ghflghv rq wkh lq dwlrq udwh Z1 +y, Wkh vxsso| vkrfn lv uhdol}hg1

Lw lv dvvxphg wkdw e � 42/ zkhuh 4 lv wkh fruuhodwlrq frh!flhqw ehwzhhq r
dqg 0> khqfh e 5 dfc �o1 Wkxv/ e| pdnlqj d juhdwhu h�ruw/ wkh fhqwudo edqnhu fdq
lpsuryh xsrq wkh txdolw| ri wkh vljqdo1 Krzhyhu/ pdnlqj dq h�ruw lv frvwo| iru
wkh fhqwudo edqnhu> wkh glvxwlolw| wkdw vkh lqfxuv iurp h{huwlqj h�ruw ohyho e htxdov

� Ee�/ zkhuh �
�

: f dqg �
��

: f zlwk �
�

Ef� ' f1 Wkurxjkrxw wkh sdshu �
wkh rqo| h{fhswlrq ehlqj H{dpsoh 4 � lw lv dovr dvvxphg wkdw wkh frvw ixqfwlrq
vdwlv�hv wkh Lqdgd frqglwlrq *�4e<� �

�

Ee� ' 41
Ohw 8 eh wkh mrlqw fxpxodwlyh glvwulexwlrq ixqfwlrq ri 0 dqg r/ zlwk ghqvlw| s 1

Wkh iroorzlqj qrwdwlrq zloo eh xvhg= >r ' . Er�/ j2

r ' T @o Er�/ j2 ' T @o E0�/ dqg
4 ' �J� E0c r� * Ejjr�1 +Uhfdoo wkdw wkh h{shfwhg ydoxh ri 0 htxdov }hur/ . E0� ' f1,
Wkxv/ dv douhdg| phqwlrqhg/ 4 lv wkh fruuhodwlrq frh!flhqw ehwzhhq r dqg 01

Lw lv dvvxphg wkdw/ diwhu kdylqj revhuyhg wkh vljqdo r/ wkh fhqwudo edqnhu
xsgdwhv khu eholhiv derxw wkh vkrfn 0 xvlqj Ed|hv* uxoh1 Wkxv/ khu eholhiv duh gh0
vfulehg e| wkh frqglwlrqdo ghqvlw| ixqfwlrq s E0 m r� gh�qhg e| s E0 m r� ' s E0c r� *s Er�/
zkhuh s Er� '

U
s E0c r� _0 lv wkh pdujlqdo ghqvlw| ri r1 Wkh frqglwlrqdo h{shfwd0

wlrq ixqfwlrq lv gh�qhg e| . E0 m r� ' U
0s E0 m r� _01 Lw lv dvvxphg wkdw 8 lv vxfk

wkdw 0 kdv olqhdu uhjuhvvlrq zlwk uhjdug wr r/ l1h1/ wkdw . E0 m r� lv d olqhdu +d!qh,
ixqfwlrq ri r1 Lw lv zhoo nqrzq wkdw li 0 kdv olqhdu uhjuhvvlrq zlwk uhjdug wr r +dqg
li . E0� ' f,/ wkhq

. E0 m r� ' 4
j

jr

Er� >r� � +517,

Wklv uhodwlrqvkls zloo eh xvhg odwhu rq lq wkh dqdo|vlv1
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Lw lv dovr dvvxphg wkdw wkh sulydwh pdunhw irupv lwv h{shfwdwlrqv derxw wkh
lq dwlrq ohyho udwlrqdoo|1 Wkdw lv/ wkh h{shfwhg udwh ri lq dwlrq/ Ze/ lv jlyhq e|

Ze ' .0cr EZ� � +518,

Khqfh/ Ze htxdov wkh h{shfwhg ydoxh ri wkh dfwxdo udwh ri lq dwlrq dw wkh vwdjh
zkhuh rqo| wkh sulru glvwulexwlrq ri 0 dqg r lv nqrzq1

61 Dqdo|vlv

Ohw xv ghqrwh wkh fhqwudo edqnhu*v b0sdudphwhu e| b� dqg khu +uhgxfhg irup, orvv
ixqfwlrq e| u� 1 Wkdw lv/ u� lv jlyhq e| +516, exw zlwk b� 5 dfc4� vxevwlwxwhg
iru b1 Dw wkh odvw vwdjh/ wkh fhqwudo edqnhu zloo lpsohphqw wkh lq dwlrq udwh Z
wkdw plqlpl}hv khu h{shfwhg orvv frqglwlrqdo rq khu kdylqj revhuyhg wkh vljqdo r/
wdnlqj lqwr dffrxqw wkdw d fkdqjh lq Z d�hfwv wkh hpsor|phqw ohyho % dffruglqj
wr wkh h{shfwdwlrq dxjphqwhg Skloolsv fxuyh1 Wkdw lv/ wkh fhqwudo edqnhu vroyhv
wkh iroorzlqj sureohp=

4�?
Z

]
u� EZ� s E0 m r� _0� +614,

Wdnlqj wkh �uvw0rughu frqglwlrq ri wklv sureohp dqg wkhq vroylqj iru Z |lhog

ZW

� '
b�q dqZe n . E0 m r� n %o

� n b�q
2

� +615,

Wkh h{shfwhg udwh ri lq dwlrq lv rewdlqhg e| wdnlqj h{shfwdwlrqv zlwk uhvshfw wr r
ri erwk vlghv ri htxdwlrq +615,/ xvlqj wkh idfw wkdw .r E. E0 m r�� ' . E0� ' f/ dqg
wkhq vroylqj iru Ze1 Grlqj wklv |lhogv Ze ' b�q%1 Vxevwlwxwlqj wklv h{suhvvlrq iru
Ze lqwr htxdwlrq +615, lq wxuq |lhogv

ZW

� ' b�q% n
b�q. E0 m r�
� n b�q

2
� +616,

Wkdw lv/ rq dyhudjh/ wkh htxloleulxp udwh ri lq dwlrq htxdov b�q%/ zklfk w|s0
lfdoo| lv juhdwhu wkdq }hur � wkh lghdo ohyho dffruglqj wr htxdwlrq +514,1 Wklv
�lq dwlrq eldv� dulvhv ehfdxvh dq dyhudjh lq dwlrq udwh ri }hur lv qrw fuhgleoh +ru
wlph frqvlvwhqw,1 Wkh uhdvrq iru wklv lv wkdw dw Z ' f/ wkh pdujlqdo ehqh�w ri
vxusulvh lq dwlrq h{fhhgv wkh pdujlqdo frvw ri lq dwlrq1 Iru wkh pdujlqdo frvw
ri lq dwlrq mxvw wr edodqfh wkh pdujlqdo jdlq iurp dq lqfuhdvh lq hpsor|phqw/ lw
pxvw eh wkdw wkh dyhudjh lq dwlrq htxdov b�q%1 Wkxv/ wkh }hur udwh ri lq dwlrq
zrxog lqghhg eh wlph frqvlvwhqw li wkh hpsor|phqw jrdo/ %/ zhuh htxdo wr wkh
�qdwxudo� udwh ri hpsor|phqw/ qrupdol}hg wr }hur lq htxdwlrq +515,1

Ohw .u� ghqrwh wkh fhqwudo edqnhu*v h{shfwhg orvv dw wkh vwdjh zkhuh vkh
lv wr fkrrvh wkh h�ruw ohyho e1 Dw wklv srlqw lq wlph/ vkh rqo| nqrzv wkh sulru

7



glvwulexwlrq ri r dqg 01 Ri frxuvh/ krzhyhu/ vkh dqwlflsdwhv wkdw odwhu/ zkhq
nqrzlqj r/ vkh zloo fkrrvh wkh ohyho ri lq dwlrq dffruglqj wr +616,1 Khqfh/ zh jhw

.u� '

] ]
u� EZW

�� s E0c r� _0_rn � Ee�

' Eb�q%�
2 � b2

�q
2j2e

� n b�q
2
n b�

�
%2 n j2

�
n � Ee� c +617,

zkhuh wkh odvw whup lv wkh srvwxodwhg frvw ri h{huwlqj h�ruw1 Wkh h{suhvvlrq diwhu
wkh vhfrqg htxdolw| vljq lq +617, zdv rewdlqhg e| xvlqj htxdwlrqv +516,/ +517,/
+616,/ wkh lghqwlw| e ' 42/ dqg fduu|lqj rxw vrph dojheud1

Wkh sureohp ri plqlpl}lqj .u� zlwk uhvshfw wr e vxemhfw wr wkh frqvwudlqw
e 5 dfc �o kdv wkh vroxwlrq eW gh�qhg e|=

b2

�q
2j2

� n b�q
2
' �

�

EeW� � +618,

Qrwh iru ixwxuh xvh wkdw

YeW

Yb�

'
q2j2b�

�
2 n b�q

2
�

� �� EeW�
�
� n b�q

2
�2 : f� +619,

Wkdw lv/ dv h{shfwhg/ d fhqwudo edqnhu zkr fduhv pruh derxw hpsor|phqw +kdv d
odujhu b�, pdnhv d juhdwhu h�ruw wr ohduq derxw wkh vxsso| vkrfn 01

Qrz frqvlghu vrflhw|*v sureohp1 Ohw .u ghqrwh wkh jryhuqphqw*v h{shfwhg
orvv jlyhq wkdw wkh fhqwudo edqnhu kdv sdudphwhu b� dqg dffruglqjo| h{huwv h�ruw
eW Eb��1 Zh jhw

.u '

] ]
u EZW

�� s E0c r� _0_r

' Eb�q%�
2 � b�q

2eWj2�
� n b�q

2
�2 �b �2 n b�q

2
�� b�

�
n b

�
j2 n %2

�
c +61:,

zkhuh wkh h{suhvvlrq diwhu wkh vhfrqg htxdolw| vljq djdlq zdv rewdlqhg e| xvlqj
htxdwlrqv +516,/ +517,/ +616,/ dqg wkh lghqwlw| e ' 421

Gl�huhqwldwlqj .u zlwk uhvshfw wr b� |lhogv

Y.u

Yb�

' 2q2%2b� � 2qeWj2 Eb � b���
� n b�q

2
�� � b�q

2j2�
� n b�q

2
�2 �b �2 n b�q

2
�� b�

� YeW

Yb�

�

+61;,
E| lqvshfwlqj htxdwlrq +61;,/ zh fdq lghqwli| wkuhh gl�huhqw h�hfwv uhjduglqj
vrflhw|*v lqfhqwlyhv wr dssrlqw d fhqwudo edqnhu zlwk fhuwdlq suhihuhqfhv/ hdfk h�hfw
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fruuhvsrqglqj wr rqh ri wkh wkuhh whupv ri wkh uljkw0kdqg vlgh ri wkh htxdwlrq1
Wkh �uvw whup lv wkh rqo| rqh frqwdlqlqj %/ dqg lw ydqlvkhv li % ' f1 Wklv
whup fdswxuhv wkh idploldu �Urjr� h�hfw/� l1h1/ vrflhw|*v lqfhqwlyhv wr dssrlqw d
fhqwudo edqnhu zkr fduhv ohvv derxw hpsor|phqw wkdq lwvhoi lq rughu wr plwljdwh wkh
lq dwlrq eldv1 Wkh wklug whup fdswxuhv wkh �lqirupdwlrq dftxlvlwlrq h�hfw1� Li wkh
frqglwlrq b

�
2 n b�q

2
�
: b� lv phw/ wkhq wklv h�hfw frxqwhudfwv wkh Urjr� h�hfw>

wklv frqglwlrq jxdudqwhhv wkdw lw lv lq vrflhw|*v lqwhuhvw wkdw wkh fhqwudo edqnhu
dftxluhv pruh lqirupdwlrq18 Li vrflhw| dssrlqwv d fhqwudo edqnhu zkr fduhv pruh
derxw hpsor|phqw wkdq lwvhoi/ wklv fhqwudo edqnhu zloo h{huw pruh h�ruw orrnlqj
iru lqirupdwlrq dqg/ khqfh/ vkh zloo eh pruh deoh wr vwdelol}h hpsor|phqw1 Wklv
h�hfw zrxog ydqlvk li wkh txdolw| ri wkh vljqdo zhuh h{rjhqrxv1 Wkh vhfrqg whup
lq +61;, uhsuhvhqwv wkh lqfhqwlyhv ri vrflhw| wr ghohjdwh wkh wdvn ri ghflglqj rq
prqhwdu| srolf| wr d fhqwudo edqnhu zkr zloo vwdelol}h hpsor|phqw qhlwkhu wrr
olwwoh qru wrr pxfk1 Lqghhg/ li zh kdg % � YeW*Yb� � f/ wkhq erwk wkh �uvw dqg
wkh wklug whup zrxog ydqlvk/ dqg zh zrxog jhw wkh uhvxow b� ' b> wkdw lv/ vrflhw|
zrxog wkhq dssrlqw d fhqwudo edqnhu zlwk wkh vdph suhihuhqfhv dv vrflhw| lwvhoi1

Wkxv/ zh fdq hdvlo| jhw edfn Urjr�*v +4<;8, uhvxow e| vhwwlqj YeW*Yb� ' f
dqg eW ' 42 lq +61;,1 Grlqj wklv dqg vhwwlqj wkh uhvxowlqj h{suhvvlrq htxdo wr }hur
|lhog=

q%2b� � 42j2 Eb � b���
� n b�q

2
�� ' f� +61<,

Dv Urjr� vkrzhg/ lq wklv fdvh wkh rswlpdo b� zloo eh vwulfwo| vpdoohu wkdq vrflhw|*v
rzq b sdudphwhu exw vwulfwo| juhdwhu wkdq }hur1

Wr vhh lq d vwdun zd| krz wkh lqirupdwlrq dftxlvlwlrq h�hfw zrunv/ ohw xv
whpsrudulo| holplqdwh wkh Urjr� h�hfw e| vhwwlqj % ' f lq +61;,1 Ohw bf

� ghqrwh
d vroxwlrq wr wkh sureohp ri plqlpl}lqj .u zlwk uhvshfw wr b� / jlyhq % ' f dqg

vxemhfw wr wkh frqvwudlqw b� 5 dfc4�1 Pruhryhu/ iru bq2 	 �/ ohw eb eh gh�qhg e|eb ' 2b*
�
�� bq2

�
1

Sursrvlwlrq 41 Vxssrvh wkdw % ' f dqg bq2 	 �1 Wkhq bf

� 5
�
bc eb� dqg bf

�

vdwlv�hv

2
�
b� bf

�

�
n
�
� n bf

�q
2
� �

b
�
2 n bf

�q
2
�� bf

�

�
#
�
bf

�

�
' fc +6143,

zkhuh # Eb�� '
YeW

Yb�

b�

eW
1

Surri= Qrwh wkdw wkh �uvw whup lq +61;, lv }hur zkhq % ' f> wkh vhfrqg whup lq

+61;, kdv wkh vdph vljq dv Eb� � b�> wkh wklug whup kdv wkh vdph vljq dv
�
b� � eb�1

8Khqfh/ li wkh frqglwlrq lv qrw phw/ dq lqglylgxdo zlwk wdvwh sdudphwhu � lv zruvh r� zkhq d
ghflvlrq pdnhu zlwk wdvwh sdudphwhu �E lv ehwwhu lqiruphg1 Iru d glvfxvvlrq ri wklv skhqrphqrq/
vhh Odjhuoùi +4<<<,1
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Khqfh/ wkh ixqfwlrq .u lv vwulfwo| ghfuhdvlqj lq b� iru doo b� 5 dfc bo/ dqg lw lv

vwulfwo| lqfuhdvlqj lq b� iru doo b� 5
kebc4�

1 Wklv/ lq wxuq/ phdqv wkdw .u pxvw

kdyh dw ohdvw rqh plqlpxp zlwk uhvshfw wr b� vrphzkhuh rq wkh rshq lqwhuydo�
bc eb�1 Pruhryhu/ dw d srlqw zkhuh .u lv plqlpl}hg/ zh pxvw kdyh

Y.u

Yb�

m%'fc b�'bf

�

' f� +6144,

Uhzulwlqj wklv htxdolw| |lhogv +6143,1 �
Wkdw lv/ zkhq wkh Urjr� h�hfw lv holplqdwhg +l1h1/ zkhq % ' f,/ vrflhw| gho0

hjdwhv wr d fhqwudo edqnhu zkr fduhv pruh derxw hpsor|phqw wkdq lwvhoi1 Iurp
Sursrvlwlrq 4 dqg iurp d frqwlqxlw| dujxphqw lw iroorzv wkdw wkhuh dovr pxvw eh
vrph % : f vxfk wkdw wkh rswlpdo b� vwloo lv juhdwhu wkdq b> wkdw lv/ vrflhw| zloo
ghohjdwh wr d edqnhu zkr fduhv pruh derxw hpsor|phqw wkdq lwvhoi dovr lq wkh
fdvh zkhuh wkhuh lqghhg lv d Urjr� h�hfw suhvhqw/ surylghg wklv h�hfw +l1h1/ %, lv
vx!flhqwo| vpdoo1 Dqrwkhu wklqj rqh vkrxog qrwlfh derxw wkh sursrvlwlrq lv wkdw
lw dvvxphv wkdw b dqg2ru q duh vx!flhqwo| vpdoo1 Li wklv frqglwlrq +bq2 	 �, lv
qrw phw/ vrflhw|*v rswlpl}dwlrq sureohp pljkw qrw kdyh d vroxwlrq> wklv lv ehfdxvh
wkhq vrflhw| pljkw zdqw wr pdnh b� duelwudulo| odujh1

Wkh iroorzlqj h{dpsoh looxvwudwhv wkh uhvxow vwdwhg lq Sursrvlwlrq 4 dqg vkrzv
wkdw zlwk d txdgudwlf frvw ixqfwlrq zh fdq jhw d forvhg irup vroxwlrq iru bf

� 1

H{dpsoh 4= Vxssrvh wkdw % ' f/ bq2 	 �/ dqg wkdw � Ee� ' �

2
e21 Xvlqj

+618,/ zh wkhq jhw

eW ' 4�?

+
q2j2

�
bf

�

�2
� n q2bf

�

c �

,
� +6145,

Dvvxplqj wkdw wkh ohvv0wkdq0xqlw| frqvwudlqw grhv qrw elqg/9 zh dovr jhw

#
�
bf

�

�
'

2 n q2bf

�

� n q2bf

�

� +6146,

Xvlqj +6146, lq +6143, dqg wkhq vlpsoli|lqj dqg vroylqj iru bf

� lq wxuq |lhog

bf

� '
�

q2

57v2
�
2 n bq2

�
�� bq2

� 2

68 � +6147,

9Vlqfh lw wxuqv rxw wkdw �3

E
lv qrw d ixqfwlrq ri �5/ lw lv hdv| wr vhh wkdw wklv frqvwudlqw

grhv qrw elqg li �5 lv vx!flhqwo| vpdoo1 Lq sduwlfxodu/ vlqfh zh nqrz wkdw �3

E
? e�/ d vx!flhqw

frqglwlrq iru wklv lv wkdw �5 �
�
4 . �5e�� @�5e�5

@

k
4� �

��5
�5l

@7�5�51

:



Wklv h{suhvvlrq iru bf

� lv +vwulfwo|, lqfuhdvlqj lq erwk b dqg q/: zklfk lv lq olqh
zlwk rxu lqwxlwlrq1 Rqh fdq dovr vkrz wkdw *�4q<f b

f

� ' �b*21 Khqfh/ lq wklv

h{dpsoh zh kdyh bf

� 5
�
�b*2c eb�> wkdw lv/ khuh lw lv rswlpdo wr ghohjdwh wr d

edqnhu zlwk d b0sdudphwhu wkdw lv dw ohdvw 418 wlphv vrflhw|*v rzq1
Ohw xv qrz djdlq doorz iru wkh srvvlelolw| wkdw % : f1 Ohw bW

� ghqrwh d
vroxwlrq wr wkh sureohp ri plqlpl}lqj .u zlwk uhvshfw wr b� / djdlq vxemhfw wr
wkh frqvwudlqw b� 5 dfc4� exw qrz qrw qhfhvvdulo| zlwk % ' f1; Wr vhh zkhq wkh
lqirupdwlrq dftxlvlwlrq h�hfw lv vwurqjhu wkdq wkh Urjr� h�hfw/ vr wkdw bW

� : b/
ohw xv hydoxdwh htxdwlrq +61;, dw b� ' bW

� ' b1 Grlqj wklv |lhogv

Y.u

Yb�

mb�'bW

�
'b' �2bq2%2 n

q2b2j2

� n bq2

YeW

Yb�

mb�'bW

�
'b � +6148,

Li zh dvvxph wkdw vrflhw|*v h{shfwhg orvv/ .u/ lv txdvl0frqyh{ lq b� +l1h1/ wkdw
wkh vhfrqg0rughu frqglwlrq lv phw,/ wkhq zh zloo kdyh bW

� : b li +dqg rqo| li, wkh
uljkw0kdqg vlgh ri htxdwlrq +6148, lv juhdwhu wkdq }hur/ ru htxlydohqwo|

YeW

Yb�

mb�'bW

�
'b:

2%2
�
� n bq2

�
bj2

� +6149,

E| uhzulwlqj wklv lqhtxdolw|/ xvlqj wkh h{suhvvlrq iru YeW*Yb� lq +619,/ zh jhw wkh
iroorzlqj sursrvlwlrq1

Sursrvlwlrq 51 Vxssrvh wkdw .u lv txdvl0frqyh{ lq b� 1 Wkhq bW

� : b li dqg

rqo| li

%2 	
q2 Ej2�

2
b2

�
2 n bq2

�
2� �� EeW�

�
� n bq2

�� � )
�
q2c j2c b

�
c +614:,

zkhuh eW lv hydoxdwhg dw b� ' bW

� ' b1

Khqfh/ li wkh hpsor|phqw jrdo/ %/ lv vpdoo uhodwlyh wr wkh uljkw0kdqg vlgh
ri +614:,/ )/ dqg li wkh vhfrqg0rughu frqglwlrq lv phw/ vrflhw| zloo ghohjdwh wkh
wdvn ri frqgxfwlqj prqhwdu| srolf| wr vrphrqh pruh �olehudo� wkdq lwvhoi1 Lw
lv vwudljkwiruzdug wr vhh wkdw wkh ixqfwlrq ) lv srvlwlyh li doo lwv dujxphqwv duh
srvlwlyh1 Krzhyhu/ dv wkh iroorzlqj h{dpsoh vkrzv/ wklv ixqfwlrq lv qrw qhfhvvdulo|
prqrwrqh lq dq|rqh ri lwv dujxphqwv1

: Lq rughu wr fkhfn wkdw C�3

E@C� A 3/ lw lv khosixo wr �uvw vhw �5
@ � lq +6147,1 Wkhq lw lv

idluo| vwudljkwiruzdug wr yhuli| wkdw C5�3

E
@C�C� A 3 dqg wkdw olp�$3 C�

3

E
@C� @ 3> wkhvh wzr

wklqjv wrjhwkhu lpso| wkh fodlp1
; Lq wkh iroorzlqj lw lv lpsolflwo| dvvxphg wkdw ��

E lqghhg h{lvwv1 Li ��

E glg qrw h{lvw/ wklv
zrxog eh ehfdxvh vrflhw| kdv wkh lqfhqwlyh wr pdnh �E duelwudulo| odujh1

;



H{dpsoh 5= Vxssrvh wkdw � Ee� '
�
��

s
�� e

�2
1 Xvlqj +618,/ zh jhw

�
��

EeW� '
�

2

�
� n q2b� E� n j2b��

� n q2b�

��

� +614;,

Khqfh/

)
�
q2c j2c b

�
'

q2 Ej2�
2
b2

�
2 n bq2

�
�
� n q2b E� n j2b�

�� � +614<,

Lw lv hdv| wr yhuli| wkdw wklv h{suhvvlrq iru ) htxdov }hur li dq|rqh ri lwv dujxphqwv
htxdov }hur/ dqg lw jrhv wr }hur dv hlwkhu rqh ri lwv dujxphqwv jrhv wr lq�qlw|1 Wkxv/
lq wklv h{dpsoh/ ) zloo rewdlq lwv kljkhvw ydoxh � dqg wkhuhe| pdnh lw pruh olnho|
wkdw lqhtxdolw| +614:, krogv � iru vrph lqwhuphgldwh ydoxh ri q/ j2/ uhvshfwlyho|
b1

71 Frqfoxvlrq

Wklv sdshu kdv vwxglhg dq h{whqvlrq ri Urjr� +4<;8, zkhuh wkh fhqwudo edqnhu
fdq fkrrvh krz pxfk h�ruw wr h{huw dqg/ wkhuhe|/ krz pxfk wr ohduq derxw d
vxsso| vkrfn1 Lw zdv vkrzq wkdw/ zlwk wklv dvvxpswlrq/ vrflhw|*v lqfhqwlyh wr
ghohjdwh wr d edqnhu zkr lv pruh frqvhuydwlyh wkdq lwvhoi lv plwljdwhg1 Lqghhg/
li wkh fuhglelolw| sureohp lq Urjr�*v ruljlqdo prgho +dv phdvxuhg e| wkh vl}h ri
wkh gl�huhqfh ehwzhhq wkh hpsor|phqw jrdo dqg wkh �qdwxudo� hpsor|phqw ohyho,
lv qrw wrr vhyhuh/ lw lv rswlpdo iru vrflhw| wr ghohjdwh wr d pruh �olehudo� edqnhu1
Wzr wklqjv gulyh wklv uhvxow1 Iluvw/ dw ohdvw vrph ri wkh frvw ri h{huwlqj h�ruw +ru
dftxlulqj lqirupdwlrq, lv lqfxuuhg e| wkh edqnhu shuvrqdoo|1 Vhfrqg/ wkh frqwudfw
wkdw vrflhw| fdq zulwh lv vx!flhqwo| lqfrpsohwh1 Dv qrwhg lq wkh lqwurgxfwlrq/
erwk wkhvh dvvxpswlrqv kdyh ehhq pdgh hduolhu lq wkh olwhudwxuh +e| Zdovk +4<<8,
uhvshfwlyho| Khuuhqgrui dqg Orfnzrrg +4<<:,,/ dowkrxjk qrw dw wkh vdph wlph>
dqg qrqh ri wkh dvvxpswlrqv vhhpv wr eh xquhdvrqdeoh1 Wkh frqwulexwlrq ri wkh
suhvhqw sdshu kdv ehhq wr vkrz zkdw wkh wzr dvvxpswlrqv lq frqmxqfwlrq lpso|
iru wkh rswlpdo fkrlfh ri fhqwudo edqn remhfwlyhv1 Lw kdv dovr ehhq vxjjhvwhg wkdw
wkh uhvxowv ri wkh sdshu pd| h{sodlq zk| pdq| lqglylgxdov lq pdq| frxqwulhv
remhfw wr wkh lghd ri ghohjdwlqj wkh frqgxfw ri prqhwdu| srolf| wr dq lqghshqghqw
dqg frqvhuydwlyh fhqwudo edqnhu1

<



Uhihuhqfhv

Eduur/ U1M1/ dqg G1E1 Jrugrq/ 4<;6/ D srvlwlyh wkhru| ri prqhwdu| srolf| lq d
qdwxudo udwh prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4= 8;<09431

Khuuhqgrui/ E1/ dqg E1 Orfnzrrg/ 4<<:/ Urjr�*v �frqvhuydwlyh� fhqwudo edqnhu
uhvwruhg/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5<= 7:907<81

N|godqg/ I1H1/ dqg H1F1 Suhvfrww/ 4<::/ Uxohv udwkhu wkdq glvfuhwlrq= Wkh lqfrq0
vlvwhqf| ri rswlpdo sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8= 7:607<41

Odjhuoùi/ M1/ 4<<</ Duh zh ehwwhu r� li rxu srolwlfldqv nqrz krz wkh hfrqrp|
zrunvB/ Z]E Glvfxvvlrq Sdshu Qr1 IV LY <;0:/ uhylvhg yhuvlrq Pd| 4<<<1

Pxvfdwhool/ Y1 D1/ 4<<</ Lq dwlrq frqwudfwv dqg lq dwlrq wdujhwv xqghu xqfhuwdlqw|=
Zk| zh pljkw qhhg frqvhuydwlyh fhqwudo edqnhuv/ Hfrqrplfd 99= 57405871

Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<:/ Srolwlfdo hfrqrplfv dqg pdfurhfrqrplf sro0
lf|/ FHSU Glvfxvvlrq Sdshu Qr1 4:8</ iruwkfrplqj lq Kdqgerrn ri Pdfurhfr0
qrplfv/ hgv1 Mrkq Wd|oru dqg Plfkdho Zrrgirug1

Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<6/ Ghvljqlqj lqvwlwxwlrqv iru prqhwdu| vwdelolw|/
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6<= 860;71

Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<:/ Srolwlfdo hfrqrplfv dqg pdfurhfrqrplf sro0
lf|/ FHSU Glvfxvvlrq Sdshu Qr1 4:8</ iruwkfrplqj lq Kdqgerrn ri Pdfurhfr0
qrplfv/ hgv1 Mrkq Wd|oru dqg Plfkdho Zrrgirug1

Urjr�/ N1/ 4<;8/ Wkh rswlpdo ghjuhh ri frpplwphqw wr dq lqwhuphgldwh prqhwdu|
wdujhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433= 449<044<31

Zdovk/ F1H1/ 4<<8/ Rswlpdo frqwudfwv iru fhqwudo edqnhuv/ Dphulfdq Hfrqrplf
Uhylhz ;8= 483049:1
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