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Devwudfw

Wkh frqyhuwlelolw| sodq kdv ehhq dffrpsdqlhg e| vljql�fdqw fkdqjhv lq edqnlqj srolf|=

rshqlqj xs ri wkh edqnlqj vhfwru wr iruhljq frpshwlwlrq/ sxeolf edqn sulydwl}dwlrq dqg

wljkwhqlqj ri wkh uhjxodwru| vwdqfh1 Dv d uhvxow/ wkh vroyhqf| dqg wkh oltxlglw| ri edqnlqj

v|vwhp kdyh lpsuryhg exw wkh ghjuhh ri frqfhqwudwlrq kdv lqfuhdvhg zkloh edqn sur�wdelolw|

kdv ghfolqhg1 Wkh odwwhu wzr idfwv duh frqvlvwhqw zlwk wkh H!flhqf| 0 Vwuxfwxuh K|srwkhvlv

lq wkh vhqvh wkdw wkh lqfuhdvh lq frqfhqwudwlrq dqg ghfuhdvh lq sur�wdelolw| fdq eh ylhzhg

dv dq lqfuhdvh lq h!flhqf|1

Exuglvvr dqg G*Dpdwr +4<<<,/ krzhyhu/ suhvhqw hylghqfh wkdw lq Dujhqwlqd qrw rqo|

duh edqnv zklfk duh pruh [�h!flhqw ohvv sur�wdeoh exw dovr wkdw edqnv zklfk rshudwh

lq pruh frqfhqwudwhg +ohvv frpshwlwlyh pdunhwv, kdyh kljkhu sur�wdelolw|1 Wklv hylghqfh/

rq wkh rwkhu kdqg/ ohqgv zhljkw wr wkh Frqgxfw Vwuxfwxuh Shuirupdqfh K|srwkhvlv lq wkh

vhqvh wkdw sur�wdelolw| lv gulyhq e| pdunhw srzhu dqg qrw e| h!flhqf|1

Zh ghyhors d sduwldo htxloleulxp prgho ri wkh edqnlqj vhfwru zlwk shuihfw frpshwlwlrq

dqg khwhurjhqhrxv edqnv lq wkh yhlq ri wkh h!flhqf| vwuxfwxuh k|srwkhvlv wkdw fdq h{sodlq

wkh hylghqfh deryh=

Li iruhljq edqnv duh pruh [�h!flhqw wkdq orfdo edqnv/ dqg edqnlqj uhirup ohdgv wr

orzhu rssruwxqlw| frvwv ri hqwhulqj iru odujh edqnv/ hqwu| lqwr wkh edqnlqj vhfwru uhvxowv

lq kljkhu frqfhqwudwlrq/ orzhu sur�wv dqg d pruh h!flhqw edqnlqj vhfwru1

Li wkh rssruwxqlw| frvwv ri hqwu| duh uhodwlyho| orzhu lq uhjlrqv zlwk pruh ghyhorshg

�qdqfldo pdunhwv/ zh zloo revhuyh wkdw edqnv zklfk rshudwh lq vxfk uhjlrqv pljkw hduq

orzhu sur�wv hyhq li wkh| duh pruh [�h!flhqw1

MHO Fodvvl�fdwlrq=J54/ O431

Nh|zrugv=Edqnv/ Pdunhw Vwuxfwxuh1

Dxwkru�v H�pdlo dgguhvv= pfdwhqdCefud1jry1du



4 Lqwurgxfwlrq

Wkh frqyhuwlelolw| sodq kdv ehhq dffrpsdqlhg e| vljql�fdqw fkdqjhv lq edqnlqj srolf|=

rshqlqj xs ri wkh edqnlqj vhfwru wr iruhljq frpshwlwlrq/ sxeolf edqn sulydwl}dwlrq dqg

wljkwhqlqj ri wkh uhjxodwru| vwdqfh1 Dv d uhvxow/ wkh vroyhqf| dqg oltxlglw| ri wkh edqnlqj

v|vwhp kdyh lpsuryhg exw wkh ghjuhh ri frqfhqwudwlrq kdv lqfuhdvhg zkloh edqn sur�wdelolw|

kdv ghfolqhg1

Wkh odvw wzr idfwv vhhp wr eh lqfrqvlvwhqw zlwk wkh wudglwlrqdo lqgxvwuldo rujdql}dwlrq

olwhudwxuh/ lpsolflw lq wkhVwuxfwxuh�Frqgxfw Shuirupdqfh +VFS, K|srwkhvlv41 Wklv

k|srwkhvlv vd|v wkdw vwuxfwxuh fdxvhv shuirupdqfh lq wkh vhqvh wkdw pdunhw srzhu gxh wr

eduulhuv wr hqwu| ru lpsolflw frooxvlrq ohdgv wr frqfhqwudwlrq dqg kljkhu sur�wdelolw|15 Iurp

wklv srlqw ri ylhz/ wkh frqfhqwudwlrq surfhvv zklfk kdv wdnhq sodfh lq Dujhqwlqd/ frxog eh

ghwulphqwdo wr frqvxphuv1

Wkh wudglwlrqdo wkhruhwlfdo ylhz lpsolflw lq wkh VFS kdv ehhq fkdoohqjhg e| wkh H!0

flhqf| 0 Vwuxfwxuh +HV, K|srwkhvlv 16 Dffruglqj wr wkh HV ylhz/ shuirupdqfh fdxvhv

vwuxfwxuh1 Vshfl�fdoo|/ �upv zklfk lqfuhdvh wkhlu h!flhqf| �upv jdlq pdunhw vkduh dw wkh

h{shqvh ri ohvv h!flhqw �upv vr wkdw frqfhqwudwlrq lqfuhdvhv1 Ylhzhg lq wklv oljkw/ wkh

frqfhqwudwlrq surfhvv zrxog jr kdqg lq kdqg zlwk d pruh h!flhqw edqnlqj v|vwhp1

Wkh hylghqfh iurp Dujhqwlqd suhvhqwhg deryh vhhpv wr vxssruw wkh odwwhu k|srwkhvlv1 D

uhfhqw vwxg| rq uhvwuxfwxulqj dqg frpshwlwlrq lq wkh Dujhqwlqh edqnlqj lqgxvwu| frqgxfwhg

e| Exuglvvr dqg G*Dpdwr +4<<<,/ krzhyhu/ suhvhqw vrph hylghqfh zklfk lv qrw hdvlo|

udwlrqdol}hg e| wkh HV k|srwkhvlv1 Lq sduwlfxodu/ Exuglvvr dqg G*Dpdwr +4<<<, uhjuhvv

edqn sur�wdelolw| djdlqvw d orfdo Khu�qgdko�Kluvfkpdq lqgh{ +OKKL, dqg dq[�h!flhqf|

phdvxuh dqg �qg wkdw=

� Edqnv zlwk kljkhu [�h!flhqf| duh ohvv sur�wdeoh1

� OKKL lv srvlwlyh dqg yhu| vljql�fdqw/ zklfk frxog lpso| wkdw edqnv zklfk rshudwh

lq pruh frqfhqwudwhg +ohvv frpshwlwlyh pdunhwv, kdyh kljkhu sur�wdelolw|1

Qrqhwkhohvv/ wkh| dovr �qg wkdw edqnv zlwk d kljkhu OKKL duh wkrvh zklfk rshudwh lq

uhjlrqv zkhuh wkh edqnlqj vhfwru lv ohvv ghyhorshg1

Lq wklv sdshu zh ghyhors d sduwldo htxloleulxp prgho ri wkh edqnlqj vhfwru +lq wkh

vhqvh wkdw wkh h{whqw ri wkh pdunhw lv h{rjhqrxv, xqghu shuihfw frpshwlwlrq dqg khwhur0

jhqhrxv edqnv wkdw fdq udwlrqdol}h wkh idfwv phqwlrqhg deryh1 Vshfl�fdoo|/ zh lqwurgxfh

khwhurjhqhlw| e| doorzlqj edqnv wr gl�hu lq wkhlu [�h!flhqf| dqg �{hg frvwv1 Zh vkrz

wkdw=

41 Li iruhljq edqnv duh pruh [�h!flhqw wkdq orfdo edqnv/ dqg edqnlqj uhirup ohdgv wr

orzhu rssruwxqlw| frvwv ri hqwhulqj iru odujh edqnv/ hqwu| lqwr wkh edqnlqj vhfwru

uhvxowv lq kljkhu frqfhqwudwlrq/ orzhu sur�wv dqg d pruh h!flhqw edqnlqj vhfwru1

4Vhh/ iru h{dpsoh/ Pdvrq +4<6<, dqg Edlq +4<84,
5Wkhuh h{lvwv d forvh frxvlq wr wkh VFS wkhru| nqrzq dv wkh Pdunhw Srzhu K|srwkhvlv +��, zklfk

lv ghyhorshg lq Pxhoohu +4<;6, dqg Udyhqvfudiw +4<;3, iru h{dpsoh1 Dffruglqj wr wkh PS wkhru|/ pdunhw

srzhu gxh wr surgxfw gl�huhqwldwlrq ru txdolw| doorzv edqnv wr fdswxuh pdunhw vkduh/ fkdujh kljkhu sulfhv
dqg hduq kljkhu sur�wv1

6Vhh/ iru h{dpsoh/ Ghpvhw} +4<:6,/ Show}pdq +4<::, dqg Eur}hq +4<;5,

4



51 Li wkh rssruwxqlw| frvwv ri hqwu| duh uhodwlyho| orzhu lq uhjlrqv zlwk pruh ghyhorshg

�qdqfldo pdunhwv/ zh zloo revhuyh wkdw edqnv zklfk rshudwh lq vxfk uhjlrqv pljkw

hduq orzhu sur�wv hyhq li wkh| duh pruh [�h!flhqw1

Wkh sdshu lv glylghg lq irxu vhfwlrqv1 Lq Vhfwlrq 5 zh ghyhors d sduwldo htxloleulxp

prgho ri wkh edqnlqj vhfwru zlwk khwhurjhqrxv edqnv1 Lq Vhfwlrq 6 zh xvh wkh prgho wr

dqdo|}h wkh wzr idfwv mxvw phqwlrqhg= l, wkh uhodwlrqvkls ehwzhhq frqfhqwudwlrq/ iruhljq

rzqhuvkls dqg sur�wdelolw| dqg ll, wkh uhodwlrqvkls ehwzhhq �qdqfldo ghyhorsphqw dqg

h!flhqf|1 Lq Vhfwlrq 7 zh suhvhqw wkh frqfoxvlrqv dqg vrph h{whqvlrqv1

5 Prgho

Zh zloo dvvxph wkdw wkhuh lv d frqwlqxxp ri hqwlwlhv fdoohg edqnv glvwulexwhg lq wkh xqlw

lqwhuydo zklfk kdyh wkh whfkqrorj| qhfhvvdu| wr vxsso| edqnlqj vhuylfhv1 Krzhyhu/ dowkrxjk

dq| edqn v 5 ^3> 4` frxog vhuylfh wkh pdunhw/ lq hdfk htxloleulxp rqo| d vxevhwP � ^3> 4`

zloo eh dfwxdoo| frpshwlqj=

P @ iv 5 ^3> 4` mt+v, A 3j

zkhuh t+v, lv wkh surgxfwlrq ri edqn v=

514 Frqvxphu

Wkhuh h{lvwv d uhsuhvhqwdwlyh frqvxphu zklfk ghflghv krz pxfk wr ex| iurp hdfk edqn1

Klv frqvxpswlrq sureohp lv jlyhq e|=

pd{
_Er�

]
dfc�o

g+v,gv +4,

vxemhfw wr L @

]
dfc�o

s+v,g+v,gv +5,

zkhuh g+v, lv ghpdqg iru wkh edqnlqj vhuylfhv surylghg e| edqn v/ s+v, lv wkh sulfh ri edqn0

lqj vhuylfhv txrwhg e| edqn v dqg L lv wrwdo lqfrph vshqw e| wkh uhsuhvhqwdwlyh frqvxphu

lq edqnlqj vhuylfhv1

Vlqfh doo edqnv duh shuihfw vxevwlwxwhv iurp wkh srlqw ri ylhz ri frqvxphuv/ doo edqnv

zklfk surgxfh pxvw fkdujh wkh vdph sulfh=

g+v, A 3, s+v, @ s iru doo v7 +6,

1

515 Edqnv

Surgxfhu duh khwhurjhqhrxv lq wkh vhqvh wkdw wkh| gl�hu lq wkhlu frvw ixqfwlrqv1 Lq sduwlf0

xodu/ wkh wrwdo frvw ixqfwlrq ri edqn v lv jlyhq e| WF+v> t+v,, zkhuh t+v, lv wkh vxsso| e|

edqn v=Zh zloo dvvxph wkdw wrwdo frvw fdq eh zulwwhq dv=

WF+v> t+v,, @ �+v, . Y F+!+v,> t+v,,
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zkhuh �+�, dqg Y F+�, ghqrwh wrwdo �{hg frvw dqg wrwdo yduldeoh frvw uhvshfwlyho| dqg !+v,

lv d phdvxuh ri [�lqh!flhqf| ri edqn v= Wkh frvw vwuxfwxuh ri d edqn ri w|sh v lv vkrzq

judsklfdoo| lq Iljxuh 41

Wr lvrodwh h!flhqf| lvvxhv iurp frvw ri hqwu| lvvxhv/ zh zloo dvvxph wkdw

41 �+�, lv d ixqfwlrq ri v exw qrw ri !+v,=

51 Y F+�, kdv wkh irup=

Y F+!+v,> t, @ !+v, � j+t,

zkhuh wkh ixqfwlrq j+t, lv frpprq wr doo edqnv1

61 Wkh dyhudjh yduldeoh frvw fxuyh +l1h1 j+t,@t, lv X vkdshg dqg pdujlqdo frvw +l1h1

j�+t,, lv lqfuhdvlqj lq t=

71 Erwk �+v, dqg !+v, duh vwhs ixqfwlrqv1

Jlyhq wkhvh dvvxpswlrqv/ wkh vxsso| vlgh frqglwlrqv ri wkh edqnlqj lqgxvwu| fdq eh

vxppdul}hg e| d yhfwru ydoxhg ixqfwlrq I = ^3> 4` $ U2
fn zklfk zh zloo fdoo �vxsso|

vwuxfwxuh�=

I +v, @

�
�8 +v,

!8 +v,

�

Dq h{dpsoh ri d srvvleoh vxsso| vwuxfwxuh lv jlyhq lq Iljxuh 51

Wkh edqn pd{lpl}hv sur�wv wdnlqj wkh sulfhv ri wkhlu frpshwlwruv dv jlyhq=

�+v, � pd{

�
pd{
^Er�

st+v,� WF+v> t+v,,> 3

�
+7,

zkhuh wkh rxwhu pd{ +�, iroorzv ehfdxvh hdfk edqn kdv wkh rswlrq qrw wr surgxfh1

Zh dvvxph wkdw edqnv duh sulfh wdnhuv1 Frqvhtxhqwo|/ vlqfh doo edqnv zklfk surgxfh

fkdujh wkh vdph sulfh lq yluwxh ri +6, zh kdyh wkdw iru doo edqnv zklfk surgxfh +l1h doo v

vxfk wkdw {+v, A 3,1

s @PF+v> t+v,, @ !+v,j�+t+v,,=

516 Htxloleulxp

Wkh rqo| htxloleulxp frqglwlrq zh uhtxluh lv wkdw wkh pdunhw iru edqn vhuylfhv fohduv=

g+v, @ t+v, iru doo v 5P +8,

Lqwhjudwlqj htxdwlrq +8, iru doo v zh �qg=

G+s, �

]
�

g+v,gv @ T+s, �

]
�

t+v,gv +9,

zkhuh G+s, dqg T+s, duh wkh djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| ri edqnlqj vhuylfhv

uhvshfwlyho|1
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Ixuwkhupruh/ jlyhq wkh exgjhw frqvwudlqw +5,/ wkh gh�qlwlrq ri Djjuhjdwh Ghpdqg lq

+9, dqg vlqfh doo edqnv fkdujh wkh vdph sulfh/ zh kdyh=

G+s, @ L@s

zklfk lpsolhv wkdw zh kdyh d grzqzdug vorslqj djjuhjdwh ghpdqg fxuyh1

Gh�qh wkh plqlpxp dyhudjh frvw ri edqn v dv=

DFW+v, @ plq
^

j+t,!+v, . �+v,

t
+:,

Ohppd 4 Dvvxph wkdw wkh htxloleulxp sulfh s vdwlv�hv=

plq
r
DFW+v, ? s=;

Wkhq/ xqghu wkh dvvxpswlrqv ri wklv vhfwlrq/

� D edqn v zloo eh lqgl�huhqw ehwzhhq surgxflqj ru qrw l�=

s @ DFW+v,

� D edqn v zloo surgxfh dq vwulfwo| srvlwlyh dprxqw li=

DFW+v, ? s

� Surgxfwlrq/ sur�wv dqg sur�wdelolw| ri edqn v duh qrq�ghfuhdvlqj lq s1 Wkh| duh

vwulfwo| lqfuhdvlqj lq s iru doo v vxfk wkdw DFW+v, ? s=

� Wkh vhw ri edqnv zklfk frpshwh dw d jlyhq sulfh s lv jlyhq e|=

P+s, @ ^3>pd{ w+s,`

zkhuh w+s, lv dq lqfuhdvlqj ixqfwlrq doprvw hyhu|zkhuh h{fhsw dw vrph �qlwh dprxqw

ri sulfhv zkhuh lw ehfrphv dq x1k1f1 fruuhvsrqghqfh zklfk lv dovr lqfuhdvlqj lq s=

� Djjuhjdwh vxsso| T+s, lv dq x1k1f1 fruuhvsrqghqfh zklfk lv lqfuhdvlqj lq s=

Surri1 Vhh Pdwkhpdwlfdo Dsshqgl{1

Lqwxlwlyho|/ wkh Ohppd vlpso| vd|v wkdw iru l, d jlyhq sulfh/ wkh prvw h!flhqw edqnv

dqg2ru edqnv zlwk orzhu �{hg frvwv vkrxog eh frpshwlqj/ ll, dv sulfhv lqfuhdvh/ pruh edqnv

zloo eh deoh wr frpshwh dqg wkh edqnv douhdg| surgxflqj zloo lqfuhdvh wkhlu surgxfwlrq/ lll,

dv sulfhv lqfuhdvh pruh edqnv hqwhu wkh pdunhw vr wkdw ly, djjuhjdwh vxsso| lv lqfuhdvlqj

lq s=

Wkh surshuwlhv ri wkh vhwP+s, dqg ri wkh djjuhjdwh vxsso| fruuhvsrqghqfh T+s, phulw

ixuwkhu glvfxvvlrq1
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Surshuwlhv ri P+s,= Vlqfh wkh rqo| idfwru wkdw ghwhuplqhv zkhwkhu d edqn lv sur0

gxflqj ru qrw lv zkhwkhu wkh sulfh lv deryh lwv plqlpxp dyhudjh frvw/ rqh fdq rughu wkh vhw

ri edqnv dffruglqj wr wkhlu plqlpxp dyhudjh frvwv lq wkh vhqvh wkdw dv s ulvhv/ edqnv zlwk

lqfuhdvlqjo| kljkhu plqlpxp dyhudjh frvw hqwhu wkh pdunhw1 Frqvhtxhqwo|/ zlwkrxw orvv ri

jhqhudolw|/ rqh fdq dozd|v dvvxph wkh edqnv lq E duh duudqjhg lq whupv ri wkhlu plqlpxp

dyhudjh frvw=

DFW+v, � DFW+v�, iru doo v � v�

Vlqfh erwk �+v, dqg !+v, duh vwhs ixqfwlrqv/ zh dovr kdyh wkdw DFW+v, lv d vwhs ixqfwlrq

ri v=

Jlyhq wkdw DFW+v, lv d vwhs ixqfwlrq/ edqnv fdq eh jurxshg lqwr vhwv fdoohg w|shv1

Vshfl�fdoo|/ wzr edqnv v dqg v� duh vdlg wr eh ri wkh vdph w|sh l�=

DFW+v, @ DFW+v�,

Dovr ehfdxvh DFW+v, lv d vwhs ixqfwlrq/ wkhuh duh q w|shv zkhuh q lv d �qlwh lqwhjhu1 Ghqrwh

e| v+l, 5 ^3> 4` dqg �+l, +l � 4> ===> q, wkh srlqwv dw zklfk DFW+v, lqfuhdvhv glvfuhwho| dqg

wkh ydoxhv DFW+v, wdnhv dw wkhvh srlqwv uhvshfwlyho|1 Wklv lv vkrzq judsklfdoo| lq Iljxuh

61

Vlqfh d edqn v lv zloo surgxfh li s A DFW+v,/ zloo eh lqgl�huhqw ehwzhhq surgxflqj ru

qrw zkhq s @ DFW+v, dqg vlqfh wkhuh duh q srvvleoh ydoxhv iru DFW+v,> iru doprvw doo s

+l1h1 wkrvh s vxfk wkdw s ?A �+l,> l @ 4> ===> q, wkh vhw ri edqnv zklfk zloo eh frpshwlqj lv

jlyhq e|=

P+s, @ ^3> w+s,`

zkhuh w+s, lv wkh plqlpxp v vxfk wkdw DFW+v, @ �+l,= Rq wkh rwkhu kdqg/ zkhq s @ �+l,>

doo wkh edqnv ri w|sh l zloo eh lqgl�huhqw ehwzhhq surgxflqj ru qrw1 Frqvhtxhqwo|/ wkh vhw

ri edqnv zklfk duh surgxflqj dq vwulfwo| srvlwlyh dprxqw lv wkh lqwhuydo jlyhq e|=

w+s, @
k
w,+s,> w�+s,

l

zkhuh w,+s, dqg w�+s, duh wkh plqlpxp dqg pd{lpxp v vxfk wkdw DFW+v, @ �+l,= Wklv

lpsolhv wkdw zh fdq zulwh wkh vhw ri edqnv zklfk surgxfh dq vwulfwo| srvlwlyh dprxqw dv=

P+s, @ ^3> w+s,` +;,

zkhuh w+s, lv d frqwlqxrxv dqg qrq0ghfuhdvlqj ixqfwlrq iru doprvw doo s h{fhsw iru vrph s

lq zklfk lw lv dq x1k1f1 fruuhvsrqghqfh +l1h1 wkrvh sulfhv wkdw vdwlvi| s @ DFW+v, iru vrph

v,1 Wkh fruuhvsrqghqfh w+s, lv vkrzq judsklfdoo| lq Iljxuh 71

Surshuwlhv ri T+s,= Iru dq| edqnv zklfk suhihu surgxflqj wr qrw surgxflqj/ +l1h1

iru doo l vxfk wkdw �+l, A s,/ lqglylgxdo vxsso| lv dq lqfuhdvlqj ixqfwlrq ri s= Lq dgglwlrq/ dv

sulfhv hqwhu/ pruh �upv zloo hqwhu wkh pdunhw1 Frqvhtxhqwo|/ djjuhjdwh vxsso| lv vwulfwo|

lqfuhdvlqj lq s=

Djjuhjdwh vxsso| lv fruuhvsrqghqfh iru vrph �qlwh s> ehfdxvh zkhq s @ �+l, iru vrph

s dqg l> doo wkh edqnv ri w|sh l zloo eh lqgl�huhqw ehwzhhq surgxflqj ru qrw1 Frqvhtxhqwo|/
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iru wkhvh sulfhv/ djjuhjdwh vxsso| fdq wdnh dq lqwhuydo ri ydoxhv ghshqglqj rq krz pdq|

edqnv duh dfwxdoo| frpshwlqj1 Wkh vxsso| fruuhvsrqghqfh lv vkrzq judsklfdoo| lq Iljxuh

8/ Sdqho D1

Htxloleulxp1 Vlqfh djjuhjdwh surgxfwlrq lv lqfuhdvlqj lq s zkloh djjuhjdwh ghpdqg

lv ghfuhdvlqj lq s> dq htxloleulxp h{lvwv dqg fdq eh irxqg xvlqj d vwdqgdug vxsso| dqg

ghpdqg gldjudp1 Wklv lv vkrzq lq Iljxuh 8/ Sdqho D zkhuh G+s,> T8 +s,> sf dqg [f duh

wkh djjuhjdwh ghpdqg fxuyh/ wkh djjuhjdwhv vxsso| fxuyh dqg wkh htxloleulxp sulfh dqg

djjuhjdwh txdqwlw| uhvshfwlyho|1

517 Frqfhqwudwlrq

Vlqfh zh zloo eh glvfxvvlqj frqfhqwudwlrq lvvxhv/ zh qhhg d zrunlqj gh�qlwlrq iru frqfhq0

wudwlrq1 Vshfl�fdoo|/ gh�qh wkh K lqgh{ ri frqfhqwudwlrq dv=

K �

?[
�

v2+l,

zkhuh v+l, lv wkh pdunhw vkduh ri w|sh l edqnv1

Vlqfh zh duh ghdolqj zlwk d frqwlqxxp ri edqnv wkh gh�qlwlrq ri v+l, qhhgv vrph

fodul�fdwlrq1 Lq sduwlfxodu/ dvvxph wkdw>

v+l, � ����

zkhuh �� lv wkh phdvxuh ri w|sh l edqnv zklfk duh surgxflqj dq vwulfwo| srvlwlyh dprxqw

dqg �� @ s{+l,@L lv wkh �lqglylgxdo� pdunhw vkduh ri edqn l li kh glg surgxfh1

6 Frpsdudwlyh Vwdwlfv

Wklv vhfwlrq lv glylghg dv iroorzv1 Lq wkh �uvw vxe�vhfwlrq zh dqdo|}h xqghu zklfk flufxp0

vwdqfhv vxsso| vkrfnv zloo ohdg wr fkdqjhv lq htxloleulxp1 Lq wkh vhfrqg vhfwlrq zh dqdo|}h

wkh h�hfw ri fkdqjlqj wkh �{hg frvwv ri d w|sh ri edqnv1 Lq wkh odvw vxevhfwlrq zh xvh wkh

uhvxowv ghulyhg lq wkh suhylrxv vhfwlrq wr vkhg d oljkw rq wkh Dujhqwlqh h{shulhqfh1

614 Vxsso| Vkrfnv

Wkh iroorzlqj Ohppd lv xvhixo wr ghwhuplqh xqghu zklfk frqglwlrqv fkdqjhv lq wkh vxsso|

vwuxfwxuh +l1h1 fkdqjhv lq wkh glvwulexwlrq ri edqnv plqlpxp dyhudjh frvwv, zloo ohdg wr

fkdqjh lq htxloleulxp sulfhv1

Zh vd| wkdw vxsso| vwuxfwxuh I lv gl�huhqw iurp vxsso| vwuxfwxuh J l�=

�8 +v, ?A �C+v, ru !8 +v, ?A !C+v, iru dw ohdvw rqh v

Gh�qh wkh lqyhuvh vxsso| ixqfwlrq sU jlyhq surgxfwlrq [ dqg vxsso| vwuxfwxuh � dv=

sU+[>�, @
�
s 5 Uf

nmT+s>�, @ [
�
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Ohppd 5 Vxssrvh wkdw vwduwlqj lq dq htxloleulxp zlwk htxloleulxp sulfhv sf dqg djjuhjdwh

htxloleulxp txdqwlw|[f dqg I lv vrph vxsso| vwuxfwxuh wkdw vxssruwv wklv htxloleulxpp +l1h1

sU+[f> I , @ s,=

Wkhq/ wkhuh zloo eh d ghfolqh lq sulfhv l�=

sU+[f>J, ? sf=

Surri1 Vhh Dsshqgl{1

Lqwxlwlyho|/ wkh Sursrvlwlrq vd|v wkdw sulfhv zloo idoo rqo| li wkhuh lv �uhohydqw� vxsso|

ghfolqh1 Wklv Sursrvlwlrq lv looxvwudwhg judsklfdoo| lq Iljxuh 81 Lq sdqho D> wkh �edqn�

zkrvh dyhudjh frvw idoov lv uhodwlyho| lqh!flhqw lq wkh vhqvh wkdw lw zrxog kdyh wr idfh d

uhodwlyho| kljk ghfolqh lq lwv plqlpxp dyhudjh frvwv ehiruh lw fdq vwduw wr frpshwh zlwk

h{lvwlqj edqnv1 Frqvhtxhqwo|/ dowkrxjk wkh vxsso| fxuyh vkliwv grzq/ lw grhv qrw d�hfw wkh

sulfh1 Lq sdqho E> wkh edqn lv uhodwlyho| h!flhqw lq wkh vhqvh wkdw dowkrxjk lw zdv qrw deoh

wr frpshwh ehiruh wkh fkdqjh lq dyhudjh frvwv/ lw lv deoh wr frpshwh rqfh wkh| gr idoo1 Lq

wklv fdvh wkh vkliw lq wkh vxsso| fxuyh grhv fdxvh dyhudjh sulfh wr idoo1

615 Il{hg Frvwv dqg Htxloleulxp

Wkh iroorzlqj Sursrvlwlrq whoov xv zkdw kdsshqv zkhq vrph edqnv zklfk zhuh qrw frp0

shwlqj lq wkh ruljlqdo htxloleulxp �ehqh�w� iurp d ghfolqh lq �{hg frvwv1

Sursrvlwlrq 4 Vxssrvh wkdw wkh �{hg frvw ri doo edqnv ri w|sh l zklfk zhuh qrw frpshwlqj

lq vrph ruljlqdo htxloleulxp idoov lq vxfk d zd| wkdw �8 +l, � �C+l, zkhuh wkh vxshuvfulswv

I dqg J ghqrwh wkh vxsso| vwuxfwxuhv ehiruh dqg diwhu wkh fkdqjh lq �{hg frvwv1

� Wkhq/ wkhuh lv d fkdqjh lq htxloleulxp li dqg rqo| li=

�C+l, ? sf

Li wklv lv wkh fdvh/

41 Sulfhv idoo1 Djjuhjdwh surgxfwlrq lqfuhdvhv1

51 Sur�wdelolw|/ sur�wv/ surgxfwlrq dqg pdunhw vkduhv idoo iru doo edqnv zkrvh w|sh

lv gl�huhqw wkdq l= Vrph ri wkhp pd| ohdyh wkh pdunhw1

61 Dw ohdvw vrph w|sh l edqnv hqwhu wkh pdunhw1 Wkh uhvw ri wkh edqnv ri w|sh l>

zklfk duh lqgl�huhqw ehwzhhq hqwhulqj ru qrw/ fkrrvh qrw wr hqwhu1 Wkh pdunhw

vkduh ri edqnv ri w|sh l lqfuhdvhv1

Li qrw doo wkh w|sh l edqnv hqwhu/ wkh| doo hduq 3 sur�wv1

71 Frqfhqwudwlrq idoov li l lv pruh [�lqh!flhqw wkdq wkh prvw [�lqh!flhqw edqn

vwd|lqj lq wkh pdunhw1

Surri1 Vhh Dsshqgl{1

Wkh idoo lq dyhudjh frvwv lpsolhv wkdw wkh w|sh ri edqn zklfk h{shulhqfhv wkh idoo lq

�{hg frvwv zloo hqwhu dw d orzhu sulfh exw zloo surgxfh wkh vdph dprxqw dw dq| jlyhq sulfh1

:



Iru wkh fkdqjh lq wkh �{hg frvwv ri w|sh l wr lq xhqfh wkh htxloleulxp/ krzhyhu/ wkh edqn

vkrxog eh deoh wr hduq srvlwlyh sur�wv dw wkh lqlwldo sulfh wr pdnh hqwu| zruwkzkloh +l1h1

wkdw wkh sur�wv li wkh edqn hqwhuv duh vwulfwo| srvlwlyh, zklfk zloo rqo| rffxu li �C+l, ? sf=

Frqvhtxhqwo|/ sulfhv zloo idoo l� �C+l, ? sf= Li sulfhv idoo/ doo wkh edqnv lq wkh lqlwldo

htxloleulxp zloo vx�hu +l1h1 sur�wdelolw|/ sur�wv/ hwf1 idoo, dw wkh h{shqvh ri wkh edqnv

zklfk duh h{shulhqflqj d idoo lq �{hg frvwv dqg hqwhu wkh pdunhw1

616 Wkhru| dqg Hylghqfh

61614 Frpshwlwlrq dqg Iruhljq Hqwu|

Vxssrvh wkdw ghuhjxodwlrq dqg jurzwk ri wkh Dujhqwlqh edqnlqj v|vwhp pdgh wkh Dujhqwlqh

edqnlqj vhfwru uhodwlyho| pruh dwwudfwlyh wr iruhljq sod|huv1 Lq rxu prgho/ wklv fdq eh

uhsuhvhqwhg e| d idoo lq �{hg frvwv iru vrph jurxs ri edqnv1 Dv Sursrvlwlrq 4 vkrzv/ li

wkh hqwhulqj +iruhljq, edqnv duh pruh [�h!flhqw wkdq h{lvwlqj +grphvwlf, edqnv/ qrw rqo|

grhv sur�wdelolw|/ surgxfwlrq dqg pdunhw vkduh ri h{lvwlqj edqnv idoov exw frqfhqwudwlrq

lqfuhdvhv1

61615 Ilqdqfldo Ghyhorsphqw dqg H!flhqf|

Gxulqj wkh sulydwl}dwlrq surfhvv zklfk wrrn sodfh gxulqj 4<<8 wr 4<<;/ prvw ri wkh sulyd0

wl}hg edqnv glg qrw jr wr iruhljq edqnv qru wkh pruh h!flhqw orfdo sod|huv1 Vlqfh wkhvh

edqnv duh/ lq jhqhudo/ pruh h!flhqw lw lv idlu wr vd| wkdw wkh rssruwxqlw| frvw ri hqwhulqj

wkhvh pdunhwv zdv uhodwlyho| odujh iru wkhvh edqnv1 Frqvhtxhqwo|/ odujh grphvwlf zklfk duh

h{sdqglqj dqg2ru iruhljq edqnv zklfk duh hqwhulqj vk| dzd| iurp vpdoo pdunhwv dqg h{0

sdqg lqwr odujh pdunhwv1 Dv d uhvxow/ edqnv rshudwlqj lq pruh ghyhorshg pdunhwv zklfk duh

pruh h!flhqw duh ohvv sur�wdeoh wkdq edqnv rshudwlqj lq orfdo pdunhwv zklfk duh uhodwlyho|

ohvv h!flhqw1

7 Frqfoxvlrq

Lw lv d idfw wkdw zkloh frqfhqwudwlrq lq wkh Dujhqwlqh edqnlqj v|vwhp kdv lqfuhdvhg dorqj

zlwk dq lqfuhdvh lq iruhljq rzqhuvkls/ ohqglqj udwhv dqg ghsrvlw udwhv kdyh ghfolqhg1 Wkh

prgho ghyhorshg lq wklv sdshu vkrzv wkdw dq lqfuhdvh lq frqfhqwudwlrq lv qrw kdupixo exw

txlwh wkh frqwudu|= frqfhqwudwlrq zloo lqfuhdvh li dqg rqo| li edqnv zklfk duh hqwhulqj duh

vx!flhqwo| h!flhqw1 Lq dgglwlrq/ wkh prgho fdq dovr eh xvhg wr uhfrqfloh wkh uhodwlrqvkls

ehwzhhq sur�wdelolw| dqg h!flhqf| zlwk wkh h!flhqf| pdunhw k|srwkhvlv1

;



Uhihuhqfhv

Edlq/ Mrh V1 +4<84,1 �Uhodwlrq ri Sur�w Udwh wr Lqgxvwu| Frqfhqwudwlrq�/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 98= 5<6�6571

Eur}hq/ \doh +4<;5,1 Frqfhqwudwlrq/ Phujhuv dqg Sxeolf Srolf|/ Pdfploodq/ Qhz \run1

Exuglvvr/ Wdpdud dqg G*Dpdwr/ Odxud +4<<<,1 Suxghqwldo Uhjxodwlrqv/ Uhvwuxfwxu0

lqj dqg Frpshwlwlrq= Wkh Fdvh ri wkh Dujhqwlqh Edqnlqj Lqgxvwu|1

Ghpvhw}/ K1 +4<:6,1 �Lqgxvwu| Vwuxfwxuh/ Pdunhw Ulydou|/ dqg Sxeolf Srolf|�/ Mrxuqdo

ri Odz dqg Hfrqrplfv/ 49= 4�<1

Pdvrq +4<6<,1 �Sulfh dqg Surgxfwlrq Srolflhv ri Odujh Vfdoh Hqwhusulvhv�/ Dphulfdo

Hfrqrplf Uhylhz/ 5<= 94�:71

Pxhoohu/ Ghqqlv +4<;6,1 Wkh Ghwhuplqdqwv ri Shuvlvwhqw Sur�wv1

Show}pdq/ V1 +4<::,1 �Wkh Jdlqv dqg Orvvhv iurp Lqgxvwuldo Frqfhqwudwlrq�/ Mrxuqdo ri

Odz dqg Hfrqrplfv/ 53= 55<�5961

Udyhqvfudiw/ Gdylg +4<;3,1 Sulfh�Udlvlqj dqg Frvw�Uhgxflqj H�hfwv lq Sur�w�

Frqfhqwudwlrq Vwxglhv/ SkG wkhvlv/ Qruwkzhvwhuq Xqlyhuvlw|1

<



D Dsshqgl{

D14 Surri ri Ohppd 4

Gh�qh

�+!> �, � plq
^

j+t,!. �

t

Dsso|lqj wkh hqyhorsh wkhruhp/

C�+!>�,

Cs
@

j+tW,

tW

C�+!>�,

C!
@

�

tW

zkhuh tW @ dujplqplq^
}E^��nV

^
= Frqvhtxhqwo|/ �+!>�, lv lqfuhdvlqj dqg frqwlqxrxvo| gli0

ihuhqwldeoh lq erwk dujxphqwv1

Wkh frqglwlrqv xqghu d edqn zloo surgxfh ru qrw duh vwudljkwiruzdug1

Vlqfh zlwk shuihfw frpshwlwlrq/ s @ CF+t> !+v,> �+v,,@Ct @ !+v,j�+tW, iru doo edqnv v

zklfk duh surgxflqj dqg j��+t, A 3 surgxfwlrq lv lqfuhdvlqj lq s iru wkhvh edqnv1 Dv wr

wkh sur�wdelolw| ri wkhvh edqnv/ qrwlfh wkdw vlqfh wkh| duh surgxflqj deryh wkhlu plqlpxp

dyhudjh frvw +l1h1 deryh DFW+v,,> pdujlqdo frvw lqfuhdvhv idvwhu wkdq dyhudjh frvw1 Frqvh0

txhqwo|/ sulfhv lqfuhdvh idvwhu wkdq dyhudjh frvwv vr wkdw sur�wdelolw| lv lqfuhdvlqj lq sulfhv1

Frxsohg zlwk wkh lqfuhdvh lq surgxfwlrq/ sur�wv dovr lqfuhdvh1

Wr suryh wkh surshuwlhv ri T+s, dqg w+s,> d ihz gh�qlwlrqv duh xvhixo1 Jlyhq wkh gh�q0

lwlrq ri DF+v, lq +:, dqg wkh gh�qlwlrq ri � deryh/ zh kdyh wkdw DFW+v, @ �+!+v,> �+v,,1

Vlqfh �+v, dqg !+v, duh vwhs ixqfwlrqv dqg �+�, lv gl�huhqwldeoh lq erwk dujxphqwv/ DFW+v,

lv dovr d uljkw kdqg frqwlqxrxv vwhs ixqfwlrq zlwk q mxpsv1 Zlwkrxw orvv ri jhqhudolw|/ zh

fdq dvvxph wkdw wkh edqnv lq E duh rughuhg dffruglqj wr lqfuhdvlqj DFW+v, dqg ghqrwh e|

v+l, 5 ^3> 4` dqg �+l, +l � 4> ===> q, wkh srlqwv dw zklfk DFW+v, lqfuhdvhv glvfuhwho| dqg wkh

ydoxhv DFW+v, wdnhv dw wkhvh srlqwv uhvshfwlyho|1

Surshuwlhv ri w+s, Frqvlghu s 5 +�+l,> �+l . 4,,= Vlqfh �+v, lv frqvwdqw iru dq| v 5

+v+l,> v+l.4,,> wkhuh zloo eh qr hqwu| lq wklv lqwhuydo dqg zh fdq zulwh w+s, � v+l,= Vhfrqg/

frqvlghu s @ �+l,= Lq wklv fdvh/ doo v vxfk wkdw �+v, @ s>duh lqgl�huhqw ehwzhhq frpshwlqj

ru qrw vr wkdw zh fdq gh�qh w+s, � ^v+l,> v+l. 4,` = Vlqfh

olp
0<f3

w+s. %, @ v+l, dqg olp
0<fn

w+s. %, @ v+l. 4,

w+s, @ ^v+l,> v+l. 4,`

lw iroorzv wkdw w+s, lv x1k1f1 lq s=

Surshuwlhv ri T+s, Iluvw/ qrwlfh wkdw vlqfh lqglylgxdo vxssolhv iru dq| edqnv zklfk

duh surgxflqj duh vwulfwo| lqfuhdvlqj dqg dv s ulvhv pruh edqnv hqwhu wkh pdunhw/ djjuhjdwh

surgxfwlrq pxvw eh lqfuhdvlqj1 Vhfrqg/ frqvlghu s 5 +�+l,> �+l.4,,= Vlqfh w+s, lv frqvwdqw

dqg lqglylgxdo vxssolhv duh xqltxh/ wkhuh lv d xqltxh ydoxh ri T+s, iru dq| s dqg T+s, lv
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ixqfwlrq1 Ilqdoo|/ frqvlghu s @ �+l,= Lq wklv fdvh/ doo v 5 w+s, � ^v+l,> v+l.4,` duh lqgl�huhqw

ehwzhhq surgxflqj ru qrw zkloh doo v @5 w+s, surgxfh d xqltxh dprxqw ri edqnlqj vhuylfhv=

Khqfh/ vxsso| lv jlyhq e| wkh lqwhuydo=%] rE��

f

t+s> w,gw>

] rE�n��

f

t+s> w,gw

&

vr wkdw lw lv d fruuhvsrqghqfh1 Wkh surri wkdw[+s, lv x1k1f1 lv dqdorjrxv wr wkh surri wkdw

w+s, lv x1k1f1

D15 Surri ri Ohppd 5

Iluvw zh suryh wkdw sU+Tf>J, ? sf lpsolhv wkdw s� ? sf e| frqwudglfwlrq1 Vxssrvh wr

wkh frqwudu| wkdw s� � sf= Wkhq/ vlqfh wkh djjuhjdwh ghpdqg fxuyh lv grzqzdug vorslqj/

T�
� Tf dqg vr=

sU+Tf>J, � sU+T�> J, @ s� � sf

zklfk frqwudglfwv wkh idfw wkdw sU+Tf>J, ? sf=

Vhfrqg/ zh suryh wkdw s� ? sf lpsolhv wkdw sU+Tf> J, ? sf= Vlqfh wkh ghpdqg fxuyh lv

grzqzdug vorslqj s� ? sf lpsolhv T� A Tf= Frqvhtxhqwo|/

sU+Tf>J, � sU+T�> J, @ s� ? sf

zkhuh wkh �uvw lqhtxdolw| iroorzv iurp wkh idfw wkdw wkh vxsso| fxuyh lv qrw grzqzdug

vorslqj=

D16 Surri ri Sursrvlwlrq 4

Iluvw/ qrwlfh wkdw iru doo edqnv h{fhsw wkrvh ri w|sh l> wkh dprxqw ri surgxfwlrq dw dq|

jlyhq sulfh kdv qrw fkdqjhg l1h1 �8 +m, @ �C+m, iru doo m ?A l= Edqnv ri w|sh l zkrvh �{hg

frvwv kdyh ghfolqhg/ krzhyhu/ zloo hqwhu wkh pdunhw dw d orzhu sulfh1

Li �C+l, A sf> edqn l zloo qrw hqwhu hyhq zlwk orzhu �{hg frvwv zlwk wkh ruljlqdo

htxloleulxp frvwv1 Frqvhtxhqwo|/

sU+[f> J, @ sf

dqg e| Ohppd 5/ wkhuh lv qr fkdqjh lq sulfhv1

Vxssrvh wkdw �C+l, @ sf= Lq wklv fdvh/ dowkrxjk wkh edqn lv lqgl�huhqw ehwzhhq hqwhulqj

ru qrw zkhq sulfhv htxdo s>wkh lqyhuvh ghpdqg ixqfwlrq grhv qrw fkdqjh1 E| Ohppd 5/

sulfhv gr qrw fkdqjh hlwkhu1

Frqvhtxhqwo|/ s� ? sf l� �C+l, ? sf=

Vxssrvh wkdw s� ? �C+l,= Wkhq/ t @ 3 iru doo edqnv ri w|sh l dqg vr=

[f @ T+sf, @

]
�ERf�

t+sfv,gv �

]
�ERf�

t+s�> v,gv

�

]
�ER��

t+s�> v,gv @ T+s�, @ [�
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zkhuh wkh �uvw lqhtxdolw| iroorz ehfdxvh zlwk d orzhu s doo edqnv ri w|sh gl�huhqw iurp

l ghfuhdvh wkhlu surgxfwlrq dqg wkh vhfrqg ehfdxvh vrph ri wkhvh edqnv frxog ohdyh wkh

pdunhw dv sulfhv idoo1 Krzhyhu/ wklv frqwudglfwv wkh idfw wkdw vlqfh wkh djjuhjdwh ghpdqg

ixqfwlrq lv grzqzdug vorslqj/ [f A [�= Frqvhtxhqwo|/ s� � �C+l,=

Lw fdq eh vkrzq wkdw li t @ 3 iru doo edqnv ri w|sh l zh dovr uhdfk d frqwudglfwlrq1

Frqvhtxhqwo|/ dw ohdvw vrph edqnv ri w|sh l zloo surgxfh lq wkh �qdo htxloleulxp1 Krz

pdq| ghshqgv rq fkdqjh lq �{hg frvwv zklfk ghwhuplqhv �C+l, � �8 +l,= Pruhryhu li doo

edqnv ri w|sh l hqg xs surgxflqj/ vlqfh wkh| duh lghqwlfdo wkh| zloo doo hduq wkh vdph

sur�wv zklfk fdq eh srvlwlyh ru qlo1
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Figure  2:  Figure  2:  Supply Supply StructureStructure

Figure 1:  Figure 1:  CostsCosts
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Figure  4: Figure  4: Entry Entry and and PricesPrices

Figure 3: Figure 3: Types Types and and Minimum Minimum Average Average CostsCosts
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Figure 5: Figure 5: Change in Change in the the Average Average Cost of a Cost of a type of type of BankBank

Panel B: Panel B: Relatively Relatively Efficient “Efficient “Bank”Bank”

Panel A: Panel A: Relatively Relatively Inefficient “Inefficient “Bank”Bank”
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