
Edqn Uxqv= Dq H{shulphqwdo Vwxg|�

Urg Jduudww
Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Fdoliruqld/

Vdqwd Eduedud
jduudwwChfrq1xfve1hgx

Wrgg Nhlvwhu
Fhqwur gh Lqyhvwljdflöq

Hfrqöplfd/
LWDP

nhlvwhuClwdp1p{

Dxjxvw 6/ 5338

Devwudfw

Zh xvh h{shulphqwdo phwkrgv wr lqyhvwljdwh wkh h{whqw wr zklfk euhdngrzqv lq
frruglqdwlrq fdq ohdg wr edqn uxqv1 Vxemhfwv ghflgh zkhwkhu wr ohdyh prqh| ghsrvlwhg
lq d edqn ru zlwkgudz lw hduo|> d uxq rffxuv zkhq wkhuh duh wrr pdq| hduo| zlwkgudzdov1
Zh h{soruh wkh h�hfwv ri udqgrpo| iruflqj vrph vxemhfwv wr zlwkgudz hduo| dqg ydu|lqj
wkh qxpehu ri rssruwxqlwlhv vxemhfwv kdyh wr zlwkgudz1 Edqn uxqv rffxu iuhtxhqwo|
zlwk irufhg zlwkgudzdov/ hyhq li wkhvh zlwkgudzdov duh xqolnho| wr fdxvh wkh edqn wr idlo1
H{srvxuh wr edqn uxqv kdv d pxfk odujhu h�hfw rq ixwxuh zlwkgudzdo ehkdylru zkhq
wkhuh duh pxowlsoh zlwkgudzdo rssruwxqlwlhv wkdq zlwk d vlqjoh rssruwxqlw|1 Zh dovr
hydoxdwh lqglylgxdo zlwkgudzdo ghflvlrqv dffruglqj wr vlpsoh fxwr� uxohv1 Zh �qg wkdw
wkh fxwr� uxoh fruuhvsrqglqj wr wkh sd|r�0grplqdqw htxloleulxp ri wkh jdph/ zklfk
lqyroyhv Ed|hvldq xsgdwlqj ri suredelolwlhv/ h{sodlqv vxemhfw ehkdylru ehwwhu wkdq rwkhu
uxohv1 Mrxuqdo ri Hfrqrplf Olwhudwxuh Fodvvl�fdwlrq Qxpehuv= Frghv= F:5/ H3

Nh|zrugv= Edqn uxq/ frruglqdwlrq jdph/ Ed|hvldq xsgdwlqj/ h{shulphqwdo

�Wkh dxwkruv zrxog olnh wr wkdqn wkh shrsoh dw wkh FDVVHO h{shulphqwdo oderudwru| iru wkh xvh ri wkhlu
idflolw| dqg iru wkhlu dvvlvwdqfh lq uxqqlqj wkh h{shulphqwv1 Zh dfnqrzohgjh wkh surjudpplqj zrun ri Udm
Dgydql1 Zh wkdqn vhplqdu sduwlflsdqwv dw wkh 5337 H{shulphqwdo dqg Ehkdylrudo Hfrqrplfv Zrunvkrs lq
Fdojdu|/ Doehuwd1 Zh duh dovr judwhixo wr Nhoo| Ehgdug/ Whg Ehujvwurp/ Jdu| Fkduqhvv/ dqg Mrq Vrqvwholh
iru khosixo frpphqwv dqg vxjjhvwlrqv1 Wklv zrun zdv ixqghg e| XF PH[XV0Frqdf|w judqw Qr1 FQ0350::1
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Edqn uxqv zhuh d frpprq rffxuuhqfh lq wkh Xqlwhg Vwdwhv ehiruh wkh plg04<63v dqg
uhpdlq dq lpsruwdqw skhqrphqrq durxqg wkh zruog wrgd|14 D vl}deoh wkhruhwlfdo olwhudwxuh
kdv dwwhpswhg wr vkhg oljkw rq wkh xqghuo|lqj fdxvh ri wkhvh uxqv1 Wzr frpshwlqj h{sodqd0
wlrqv kdyh hphujhg1 Lq rqh/ d uxq uhvxowv iurp d frruglqdwlrq sureohp1 Wkh vhplqdo sdshu
ri Gldprqg dqg G|eylj +4<;6, vkrzhg krz wkh jdph sod|hg e| d edqn*v ghsrvlwruv fdq
qdwxudoo| kdyh pxowlsoh htxloleuld> d edqn uxq fdq wkhq eh lqwhusuhwhg dv d vzlwfk iurp d
jrrg htxloleulxp wr d edg rqh15 Wkh vhfrqg h{sodqdwlrq vd|v wkdw d edqn uxq lv fdxvhg
e| qhjdwlyh lqirupdwlrq derxw wkh ydoxh ri wkh sruwirolr ri lqglylgxdo edqnv ru ri wkh hqwluh
edqnlqj vhfwru16 Lw lv xqfohdu zklfk ri wkhvh h{sodqdwlrqv lv ehwwhu vxssruwhg e| wkh gdwd1
Lq X1V1 edqnlqj klvwru|/ wkhuh zhuh vhyhq lqvwdqfhv ri v|vwhp0zlgh uxqv rq edqnv ehwzhhq
4;97 dqg 4<66/ dqg irxu ri wkhvh ohg wr zlghvsuhdg vxvshqvlrq ri wkh frqyhuwlelolw| ri gh0
srvlwv lqwr fxuuhqf|1 Lq vrph fdvhv wkh uxq frlqflghg zlwk d qhjdwlyh pdfurhfrqrplf vkrfn/
exw lq pdq| fdvhv wkhuh zdv qr glvfhuqleoh fkdqjh lq wkh ydoxh ri wkh dvvhwv khog e| edqnv
h{shulhqflqj d uxq1 Lq rwkhu zrugv/ wkh klvwrulfdo hylghqfh grhv qrw fohduo| idyru hlwkhu ri
wkh wkhruhwlfdo h{sodqdwlrqv17

Zh xvh h{shulphqwdo phwkrgv wr whvw wkh h{whqw wr zklfk euhdngrzqv lq frruglqdwlrq
fdq ohdg wr edqn uxqv1 Wkh vxemhfwv lq rxu h{shulphqw sod| wkh uroh ri ghsrvlwruv lq d
edqn1 Hdfk pxvw fkrrvh ehwzhhq zlwkgudzlqj khu prqh| hduo| dqg zdlwlqj wr zlwkgudz1
Zh ehjlq zlwk d sxuh frruglqdwlrq jdph lq wkh vslulw ri Gldprqg dqg G|eylj +4<;6,1 Li
hyhu|rqh zdlwv wr zlwkgudz/ wkh| zloo doo uhfhlyh wkhlu lqlwldo ghsrvlw soxv d sur�w1 Krzhyhu/
li wrr pdq| vxemhfwv zlwkgudz hduo|/ wkh edqn zloo uxq rxw ri ixqgv dqg doo uhpdlqlqj
ghsrvlwruv zloo uhfhlyh qrwklqj1 Wkh h{shulphqw lv ghvljqhg vr wkdw wkh edqn fdq devrue d
fhuwdlq qxpehu ri hduo| zlwkgudzdov ehiruh lw ehfrphv xqdeoh wr phhw lwv reoljdwlrqv wr wkh
uhpdlqlqj ghsrvlwruv1 Zh wkhq h{soruh yduldwlrqv ri wkh prgho wkdw lqyroyh udqgrpo| iruflqj
vrph vxemhfwv wr zlwkgudz hduo| dqg fkdqjlqj wkh qxpehu ri rssruwxqlwlhv vxemhfwv kdyh wr
zlwkgudz hduo|1

Dgglqj wkh srvvlelolw| wkdw vrph vxemhfwv zloo eh irufhg wr zlwkgudz hduo| frpsolfdwhv
wkh jdph lq lqwhuhvwlqj zd|v1 Iluvw/ d vxemhfw pxvw frqwhpsodwh krz wkh srvvlelolw| wkdw
rwkhuv zloo eh irufhg wr zlwkgudz hduo| d�hfwv wkh h{shfwhg uhwxuq wr nhhslqj khu prqh|
ghsrvlwhg1 Vhfrqg/ dqg shukdsv pruh lpsruwdqwo|/ vkh pxvw frqwhpsodwh krz rwkhu vxemhfwv
lqwhusuhw wkh xqfhuwdlqw| uhjduglqj irufhg zlwkgudzdov1 Hyhq li d vxemhfw xqghuvwdqgv krz
wkh udqgrp irufhg zlwkgudzdov d�hfw wkh jdph/ vkh pd| qrw eh frq�ghqw wkdw rwkhuv zloo
xqghuvwdqg1 Khqfh/ d edqn uxq pd| rffxu hyhq li hyhu|rqh xqghuvwdqgv wkdw wkh irufhg
zlwkgudzdov duh yhu| xqolnho| wr edqnuxsw wkh edqn1 Wklv lv/ lq idfw/ zkdw zh revhuyh1 Lq

4Wzr uhfhqw h{dpsohv duh wkh sduwldo uxq rq wkh edqnlqj vhfwru lq Uxvvld lq Mxo| 5337 dqg wkh uxq zklfk
ohdg wr wkh whpsrudu| forvxuh ri wkh edqnlqj vhfwru lq Dujhqwlqd lq 53341

5Wkhuh lv d vl}deoh olwhudwxuh edvhg rq wkh Gldprqg0G|eylj prgho1 Vhh/ iru h{dpsoh/ Frrshu dqg Urvv
+4<<;,/ Shfn dqg Vkhoo +5336,/ dqg Hqqlv dqg Nhlvwhu +5336,1

6Vhh/ iru h{dpsoh/ wkh wkhruhwlfdo zrun ri Doohq dqg Jdoh +4<<;, dqg Jrogvwhlq dqg Sdx}qhu +5338,/ dqg
wkh hpslulfdo zrun ri Vdxqghuv dqg Zlovrq +4<<9, dqg Jruwrq +4<<;,1

7Hqqlv +5336, surylghv d glvfxvvlrq ri wkh hylghqfh erwk lq idyru ri dqg djdlqvw d pxowlsoh0htxloleulxp
h{sodqdwlrq ri edqn uxqv1 Kh dovr ghprqvwudwhv wkdw pdq| ri wkh dujxphqwv djdlqvw vxfk dq h{sodqdwlrq
rqo| dsso| wr wkh prvw vlpsoh prghov1 Ulfkhu prghov zlwk pxowlsoh htxloleuld vhhp wr eh zkroo| frqvlvwhqw
zlwk wkh dydlodeoh hylghqfh1
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wkh h{shulphqwdo vhvvlrqv zlwkrxw irufhg zlwkgudzdov/ wkhuh zhuh qr edqn uxqv> vxemhfwv
jhqhudoo| frruglqdwhg rq wkh sd|r�0grplqdqw htxloleulxp1 Krzhyhu/ edqn uxqv rffxuuhg
iuhtxhqwo| lq wkh suhvhqfh ri irufhg zlwkgudzdov/ hyhq wkrxjk wkh suredelolw| wkdw irufhg
zlwkgudzdov zrxog edqnuxsw wkh edqn zdv yhu| orz1 Wr kljkoljkw wklv h�hfw/ zh udq vrph
wuldov zkhuh wkh pd{lpxp srvvleoh qxpehu ri irufhg zlwkgudzdov zdv ehorz wkh qxpehu
uhtxluhg wr edqnuxsw wkh edqn1 Hyhq lq wklv vhwwlqj/ edqn uxqv rffxuuhg lq vrph lqvwdqfhv1

Qrwlfh wkdw irufhg zlwkgudzdov qhhg qrw qhfhvvdulo| lqfuhdvh wkh olnholkrrg ri d edqn
uxq1 Wklv lv ehfdxvh +l, vxemhfwv pljkw uhfrjql}h wkdw irufhg zlwkgudzdov duh xqolnho| wr
wkhpvhoyhv fdxvh wkh edqn wr idlo dqg +ll, irufhg zlwkgudzdov fdq pdvn yroxqwdu| �sdqlf�
zlwkgudzdov1 Lq rwkhu zrugv/ vxemhfwv pd| lqwhusuhw zlwkgudzdov revhuyhg hduo| rq dv kdylqj
ehhq irufhg dqg qrw frqfoxgh wkdw d sdqlf lv xqghuzd|1 Qhyhuwkhohvv/ rxu h{shulphqwdo gdwd
vxjjhvwv wkdw udqgrp irufhg zlwkgudzdov/ hyhq zkhq lw lv xqolnho| wkdw wkh| zloo frpsurplvh
wkh vroyhqf| ri wkh edqn/ pdnh edqn uxqv pruh iuhtxhqw1

Zh dovr revhuyh lqwhuhvwlqj h�hfwv zkhq wkh qxpehu ri rssruwxqlwlhv vxemhfwv kdyh wr
zlwkgudz hduo| lv ydulhg1 Wkh sulpdu| wuhdwphqw jlyhv vxemhfwv wkuhh zlwkgudzdo rssruwx0
qlwlhv lq hdfk wuldo1 Wkdw lv/ hdfk wlph wkh jdph lv sod|hg/ vxemhfwv kdyh wkuhh fkdqfhv wr
zlwkgudz wkhlu prqh| ehiruh wkh �qdo sd|r�v wr uhpdlqlqj ghsrvlwruv duh ghwhuplqhg1 Diwhu
hdfk rssruwxqlw|/ vxemhfwv duh lqiruphg derxw wkh qxpehu ri zlwkgudzdov pdgh e| rwkhu
sod|huv lq suhylrxv rssruwxqlwlhv/ wkh dprxqw hdfk zlwkgudzlqj vxemhfw uhfhlyhg/ dqg wkh
surmhfwhg sd|r� wr uhpdlqlqj ghsrvlwruv li wkhuh duh qr ixuwkhu zlwkgudzdov1 Zh wkhq udq d
frqwuro wuhdwphqw wkdw zdv lghqwlfdo wr wkh sulpdu| wuhdwphqw h{fhsw wkdw vxemhfwv zhuh rqo|
jlyhq rqh rssruwxqlw| wr zlwkgudz hdfk wuldo1 Wkh fxpxodwlyh suredelolw| glvwulexwlrq ri wkh
wrwdo qxpehu ri irufhg zlwkgudzdov zdv vhw wr pdwfk wkdw ri wkh sulpdu| wuhdwphqw1 Wkh qxoo
k|srwkhvlv lv wkdw wkhuh lv qr gl�huhqfh ehwzhhq wkh zlwkgudzdo ehkdylru ri vxemhfwv lq wkh
wzr wuhdwphqwv1 Zh �qg wkdw wklv k|srwkhvlv fdq eh uhmhfwhg1 Wkh iuhtxhqf| ri zlwkgudzdov
lq wkh lqlwldo wuldo zdv vlplodu iru wkh wzr wuhdwphqwv1 Krzhyhu/ h{srvxuh wr edqn uxqv kdg
d pxfk odujhu h�hfw rq ixwxuh zlwkgudzdo ehkdylru zlwk pxowlsoh zlwkgudzdo rssruwxqlwlhv1
Ryhudoo zlwkgudzdo udwhv zhuh wkhuhiruh kljkhu lq wkh sulpdu| wuhdwphqw/ ghvslwh vwduwlqj r�
dw vlplodu ohyhov1

Xvlqj gdwd iurp wkh wuhdwphqw zlwk pxowlsoh zlwkgudzdo rssruwxqlwlhv/ zh dovr hydoxdwh
zlwkgudzdo ghflvlrqv dffruglqj wr ydulrxv vlpsoh fxwr� uxohv1 Lqwhuhvwlqjo|/ zh �qg wkdw wkh
fxwr� uxoh fruuhvsrqglqj wr wkh sd|r�0grplqdqw htxloleulxp ri wkh jdph/ zklfk lqyroyhv
Ed|hvldq xsgdwlqj ri wkh suredelolw| ri d irufhg zlwkgudzdo/ rxwshuirupv pruh qdlyh ghflvlrq
uxohv lq h{sodlqlqj revhuyhg vxemhfw ehkdylru1 Rqh srvvleoh h{sodqdwlrq lv wkdw vxemhfwv
fruuhfwo| lqfrusrudwh lqirupdwlrq derxw wkhlu rzq h{shulhqfhv uhjduglqj irufhg zlwkgudzdov
lqwr wkhlu shufhswlrq ri krz olnho| lw lv wkdw rwkhuv zhuh irufhg wr zlwkgudz1 Wklv kdv
sudfwlfdo lpsolfdwlrqv iru krz rqh pljkw h{shfw shrsoh wr xsgdwh wkhlu shufhswlrq ri wkh
jhqhudo zhoo0ehlqj ri wkh srsxodwlrq lq uhvsrqvh wr srvlwlyh +ru qhjdwlyh, shuvrqdo vkrfnv1

Zh udq irxu h{shulphqwdo vhvvlrqv iru wklv vwxg|/ hdfk lqyroylqj 53 vxemhfwv zkr sduwlf0
lsdwhg lq 49 sdlg wuldo urxqgv1 Wkh vxemhfwv zhuh udqgrpo| dqg dqrq|prxvo| glylghg lqwr
jurxsv ri �yh iru hdfk wuldo/ dqg wkhvh jurxsv zhuh uhvkx"hg diwhu hyhu| wuldo1 Rxu lqlwldo
krsh zdv wkdw vxemhfwv zrxog wuhdw hdfk wuldo lqghshqghqwo|/ vlqfh wkh| zhuh sod|lqj zlwk
qhz jurxsv1 Krzhyhu/ dv phqwlrqhg deryh/ wkhuh lv hylghqfh wkdw vxemhfwv zkr zhuh h{srvhg
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wr edqn uxqv hduo| lq wkh vhvvlrq whqghg wr zlwkgudz pruh riwhq lq odwhu wuldov18 Wr vruw rxw
vxfk ohduqlqj h�hfwv/ zh uhsruw uhvxowv edvhg rq wkh �uvw wuldo ri hdfk vhvvlrq w|sh vhsdudwho|
iurp wkh dqdo|vlv ri wkh ixoo wuhdwphqw1

Zkloh wkhuh kdv ehhq pxfk h{shulphqwdo zrun rq frruglqdwlrq jdphv/9 zh nqrz ri rqo|
rqh rwkhu vwxg| wkdw kdv frqgxfwhg dq h{shulphqwdo lqyhvwljdwlrq ri edqn uxqv1 Vfkrwwhu dqg
\ruxopd}hu +5336, vwxg| wkh idfwruv wkdw d�hfw wkh vhyhulw| ri d edqn uxq1 Lq wkhlu vhwxs/
wkh edqn lv dvvxphg wr eh lqvroyhqw dqg khqfh d uxq lv fhuwdlq wr rffxu1 Wkhlu lqwhuhvw
lv lq krz txlfno| uhvrxufhv duh wdnhq rxw ri wkh edqnlqj v|vwhp rqfh d fulvlv lv xqghuzd|/
dqg lq krz ydulrxv idfwruv +ghsrvlw lqvxudqfh/ dv|pphwulf lqirupdwlrq/ hwf1, d�hfw wklv
vshhg1 Rxu sulpdu| irfxv/ lq frqwudvw/ lv rq zkhwkhu ru qrw d uxq rffxuv dw doo1 Lq rxu
vhwxs/ wkhuh lv dozd|v dq htxloleulxp zkhuh doo vxemhfwv ohdyh wkhlu prqh| lq wkh edqn
xqohvv wkh| duh irufhg wr zlwkgudz1 Rxu lqwhuhvw lv lq krz riwhq sod| fruuhvsrqgv wr wklv
htxloleulxp frpsduhg wr wkh htxloleulxp zkhuh doo vxemhfwv zlwkgudz wkhlu prqh| dw wkh
�uvw rssruwxqlw|1 Ghvslwh wkhvh gl�huhqfhv lq irfxv/ rxu uhvxowv kdyh dq lpsruwdqw wkhph
lq frpprq zlwk wkrvh ri Vfkrwwhu dqg \ruxopd}hu1 Erwk sdshuv ghprqvwudwh wkdw vxemhfwv
sod| vljql�fdqwo| gl�huhqwo| zkhq wkhuh duh pxowlsoh rssruwxqlwlhv wr zlwkgudz ixqgv wkdq
zkhq zlwkgudzlqj lv d rqh0vkrw ghflvlrq1 Wkhvh uhvxowv lqglfdwh wkdw wkh vwdqgdug dssurdfk
ri prghoolqj edqn uxqv dv d vlpxowdqhrxv0pryh jdph +dv lq Gldprqg dqg G|eylj +4<;6,
dqg pdq| rwkhuv, pd| qrw eh wkh prvw dssursuldwh rqh1

Dowkrxjk zh suhvhqw rxu dqdo|vlv lq whupv ri wkh fodvvlf qrwlrq ri d uxq rq wkh edqnlqj
v|vwhp/ zh eholhyh rxu uhvxowv dovr jhqhudwh lqvljkw lqwr rwkhu w|shv ri �qdqfldo fulvhv wkdw
kdyh rffxuuhg durxqg wkh zruog lq uhfhqw |hduv1 Lqyhvwruv lq Ph{lfdq whvrerqrv lq 4<<7/ iru
h{dpsoh/ zhuh yhu| pxfk olnh wkh ghsrvlwruv lq d edqn/ hdfk ghflglqj zkhwkhu wr zlwkgudz
khu lqyhvwphqw +e| qrw uroolqj lw ryhu rq wkh gxh gdwh ri wkh erqg, edvhg rq khu eholhiv
derxw wkh txdolw| ri wkh lqyhvwphqw dqg derxw zkdw rwkhu lqyhvwruv zrxog gr1 Zh eholhyh/
wkhuhiruh/ wkdw wkh lqvljkwv jdlqhg iurp wkh h{shulphqwdo dqdo|vlv ri rxu vlpsoh prgho fdq
dovr eh khosixo iru xqghuvwdqglqj hyhqwv vxfk dv wkh Ph{lfdq fulvlv ri 4<<708 dqg wkh fulvhv
lq Hdvw Dvld dqg Uxvvld lq 4<<:0;1:

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh h{shulphqwdo
ghvljq/ lqfoxglqj wkh edvlf jdph sod|hg e| vxemhfwv dqg wkh gl�huhqw wuhdwphqwv dssolhg1
Vhfwlrq LL h{sodlqv wkh wkhruhwlfdo suhglfwlrqv dqg suhvhqwv wkh uhvxowv ri wkh sulpdu| wuhdw0
phqw/ zkhuh vxemhfwv kdyh wkuhh zlwkgudzdo rssruwxqlwlhv shu wuldo1 Wkhvh uhvxowv lqfoxgh
d fodvvl�fdwlrq ri lqglylgxdo ghflvlrqv dffruglqj wr ydulrxv fxwr� uxohv1 Vhfwlrq LLL frqwdlqv
wkh h{shulphqwdo uhvxowv iru wkh frqwuro wuhdwphqw zlwk rqh zlwkgudzdo rssruwxqlw|/ zkloh
Vhfwlrq LY frqwdlqv dq hfrqrphwulf dqdo|vlv ri wuhdwphqw h�hfwv1 Vhfwlrq Y ghvfulehv krz
riwhq edqn uxqv rffxuuhg lq hdfk ri wkh wuhdwphqwv dqg vkrzv krz wkh hvfdodwlrq lq wkh
iuhtxhqf| ri edqn uxqv gl�huhg dfurvv wkh wuhdwphqwv1 Ilqdoo|/ Vhfwlrq YL frqwdlqv vrph
frqfoxglqj uhpdunv1

8Ri frxuvh/ wklv pljkw rffxu hyhq li vxemhfwv ljqruhg wkh srvvlelolw| ri uhshdwhgo| sod|lqj djdlqvw wkh vdph
vxemhfwv dv wkh| xvh wkhlu h{shulhqfhv wr xsgdwh wkhlu shufhswlrqv ri ehkdylru lq wkh jhqhudo srsxodwlrq1

9Vhh/ iru h{dpsoh/ Frrshu hw do1 +4<<3,/ Ydq Kx|fn hw do1 +4<<3,/ dqg wkh vxuyh| e| Rfkv +4<<8,1
:Vhh Er|g hw do1 +5334, iru d ghwdlohg dqdo|vlv ri wkh dydlodeoh gdwd rq prghuq edqnlqj dqg �qdqfldo

fulvhv1
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L1 H{shulphqwdo Ghvljq

Zh ghylvhg d frpsxwhu0frqwuroohg h{shulphqw lq zklfk vxemhfwv sod| pxowlsoh wuldov ri
d frruglqdwlrq jdph zlwk ydu|lqj vwudwhj| vhwv dqg sd|r�v1 Lq hdfk wuldo/ vxemhfwv duh
udqgrpo| glylghg lqwr jurxsv ri �yh1 Hdfk vxemhfw ehjlqv d wuldo zlwk rqh groodu ghsrvlwhg
lq khu jurxs*v edqn1 Wkh edqn kdv surplvhg wr sd| khu '4183 li vkh nhhsv khu ghsrvlw lq
wkh edqn xqwlo wkh hqg ri wkh wuldo1 Krzhyhu/ vkh fdq lqvwhdg uhtxhvw wr zlwkgudz khu groodu
ehiruh wkh hqg ri wkh wuldo1 Vxfk hduo| zlwkgudzdov d�hfw wkh edqn*v delolw| wr pdnh wkh
surplvhg sd|phqwv wr wkh uhpdlqlqj ghsrvlwruv1

Wkh sulpdu| wuhdwphqw kdg wkuhh zlwkgudzdo rssruwxqlwlhv shu wuldo1 Dw wkh hqg ri hdfk
rssruwxqlw|/ ihhgedfn zdv jlyhq wr doo vxemhfwv uhjduglqj wkh qxpehu ri zlwkgudzdov/ wkh
sd|r� jlyhq wr zlwkgudzhuv/ dqg surmhfwhg sd|r�v wr uhpdlqlqj ghsrvlwruv li wkhuh zhuh qr
ixuwkhu zlwkgudzdov1 Wkh frqwuro wuhdwphqw kdg d vlqjoh zlwkgudzdo rssruwxqlw| shu wuldo1
Lqvwuxfwlrqv iru erwk wuhdwphqwv duh surylghg lq Dsshqgl{ D1

D1 Sd|r�v
Vxemhfwv ghdo h{foxvlyho| zlwk sd|r� wdeohv wkdw ghvfuleh wkhlu sd|r�v wr zlwkgudzlqj

ru qrw zlwkgudzlqj dv d ixqfwlrq ri wkh wrwdo qxpehu ri zlwkgudzdov +vhh wkh lqvwuxfwlrqv
surylghg lq Dsshqgl{ D,1 Wkh wkhruhwlfdo prgho wkdw xqghuolhv wkhvh sd|r� wdeohv lv dv
iroorzv1 Wkh h{shulphqwdo edqn lq hdfk jurxs ehjlqv zlwk dvvhwv zkrvh idfh ydoxh wrwdov �yh
grooduv +rqh groodu shu ghsrvlwru,1 Wkhvh dvvhwv duh lqyhvwhg lq dq looltxlg whfkqrorj| wkdw
zloo |lhog d kljk uhwxuq li khog wr pdwxulw| exw |lhogv d orz uhwxuq +ohvv wkdq idfh ydoxh, li
oltxlgdwhg wr phhw hduo| zlwkgudzdov1 Wkh oltxlgdwlrq ydoxh ri wkh dvvhwv ghwhuplqhv krz
pdq| ghsrvlwruv fdq zlwkgudz hduo| ehiruh wkh edqn uxqv rxw ri ixqgv1 Rqfh wkh edqn lv
rxw ri ixqgv/ dq| uhpdlqlqj ghsrvlwruv uhfhlyh qrwklqj1 Lq hdfk ri wkh wuhdwphqwv/ vxemhfwv
sod|hg wkh jdph xqghu wzr gl�huhqw sd|r� vfhqdulrv1

VFHQDULR D
Sd|r� wr zlwkgudzhuv= Lq wklv vfhqdulr/ wkh edqn uhfhlyhv '3193 iru hdfk groodu ri dvvhwv

oltxlgdwhg1 Wklv lpsolhv wkdw wkh edqn fdq phhw xs wr wkuhh hduo| zlwkgudzdo uhtxhvwv zlwk
ixoo sd|phqw ri rqh groodu1 Qrwh/ krzhyhu/ wkdw wkuhh hduo| zlwkgudzdov zrxog frpsohwho|
ghsohwh wkh edqn*v dvvhwv1 Li wkh fxpxodwlyh qxpehu ri zlwkgudzdo uhtxhvwv h{fhhgv wkuhh
lq dq| zlwkgudzdo rssruwxqlw|/ wkh edqn zloo oltxlgdwh doo uhpdlqlqj dvvhwv dqg sd| hdfk
uhtxhvwhu lq wkdw rssruwxqlw| dq htxdo vkduh ri wkh surfhhgv1

Zlwkgudzdo uhtxhvwv lq hdfk rssruwxqlw| duh wuhdwhg htxdoo| dqg sdlg dffruglqj wr wkh
uxohv vwdwhg deryh1 Uhpdlqlqj ixqgv duh xvhg wr phhw zlwkgudzdo uhtxhvwv lq vxevhtxhqw
rssruwxqlwlhv dqg wr sd| uhpdlqlqj ghsrvlwruv dw wkh hqg ri wkh wuldo1 Sd|r�v wkxv iroorzhg
d txdvl0vhtxhqwldo vhuylfh uxoh= zlwklq hdfk rssruwxqlw| uhtxhvwhuv duh wuhdwhg lghqwlfdoo|/
exw dfurvv rssruwxqlwlhv ghsrvlwruv zkr uhtxhvw wr zlwkgudz �uvw duh vhuyhg �uvw1

Sd|r� wr uhpdlqlqj ghsrvlwruv= Wkh uhwxuq rq lqyhvwphqw zdv fkrvhq vr wkdw wkh
edqn fdq ixo�oo lwv surplvh wr sd| uhpdlqlqj ghsrvlwruv '4183 dv orqj dv wkhuh duh wzr ru
ihzhu hduo| zlwkgudzdov1 Li wkhuh duh wkuhh ru pruh hduo| zlwkgudzdov/ wkh edqn*v ixqgv duh
frpsohwho| ghsohwhg dqg uhpdlqlqj ghsrvlwruv uhfhlyh qrwklqj1 Lq rwkhu zrugv/ wkh uhwxuq rq
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wkh edqn*v dvvhwv zdv fkrvhq vr wkdw ghsrvlwruv zkr glg qrw zlwkgudz hduo| uhfhlyhg hlwkhu
wkh ixoo surplvhg sd|phqw ru }hur1;

VFHQDULR E
Sd|r� wr zlwkgudzhuv= Xqghu wkh vhfrqg vfhqdulr/ wkh edqn uhfhlyhv '31;3 iru hdfk

groodu ri dvvhwv oltxlgdwhg hduo|1 Wklv udwh lpsolhv wkdw wkh edqn fdq phhw xs wr irxu hduo|
zlwkgudzdo uhtxhvwv zlwk ixoo sd|phqw1 Li doo �yh ghsrvlwruv pdnh zlwkgudzdo uhtxhvwv lq
wkh �uvw rssruwxqlw|/ wkh edqn oltxlgdwhv doo ri lwv dvvhwv dqg sd|v '31;3 wr hdfk ghsrvlwru1

Sd|r� wr uhpdlqlqj ghsrvlwruv= Rqfh djdlq/ wkh edqn fdq d�rug wr sd| uhpdlqlqj
ghsrvlwruv '4183 dv orqj dv lwv dvvhwv duh qrw frpsohwho| ghsohwhg e| hduo| zlwkgudzdov1 Li
wkhuh duh wkuhh ri ihzhu hduo| zlwkgudzdov/ wkh uhpdlqlqj ghsrvlwruv zloo uhfhlyh '41831 Li
wkhuh duh irxu hduo| zlwkgudzdov/ wkh vlqjoh uhpdlqlqj ghsrvlwru zloo uhfhlyh qrwklqj1 Qrwh
wkdw wkh kljkhu oltxlgdwlrq ydoxh ri dvvhwv lq wkh vfhqdulr E sd|r�v pdnhv wkh edqn pruh
�urexvw� wr hduo| zlwkgudzdov1 Lq wklv fdvh/ dq lqglylgxdo ghsrvlwru zloo orvh prqh| e|
zdlwlqj rqo| li doo ri wkh rwkhu ghsrvlwruv zlwkgudz hduo|1

E1 Irufhg Zlwkgudzdov
Vrph ri wkh wuldov lq hdfk wuhdwphqw lqfoxghg wkh srvvlelolw| ri udqgrp irufhg zlwkgudzdov1

Lq vxfk wuldov/ d udqgrp qxpehu ri vxemhfwv lv vhohfwhg dw wkh ehjlqqlqj ri hdfk zlwkgudzdo
rssruwxqlw|/ dqg wkhvh vxemhfwv kdyh d zlwkgudzdo uhtxhvw dxwrpdwlfdoo| vxeplwwhg rq wkhlu
ehkdoi1 Wkh frpsxwhu �uvw udqgrpo| vhohfwv wkh qxpehu ri irufhg zlwkgudzdov/ dqg wkhq
udqgrpo| dvvljqv wkhp wr vxemhfwv1< Dw wkh hqg ri hdfk rssruwxqlw|/ vxemhfwv duh wrog wkh
qxpehu ri zlwkgudzdov lq wkhlu jurxs/ exw qrw zkhwkhu zlwkgudzdov e| rwkhuv zhuh irufhg
ru yroxqwdu|1

Lq wkh sulpdu| wuhdwphqw/ zkhuh wkhuh duh wkuhh zlwkgudzdo rssruwxqlwlhv/ wkhuh lv d 425
suredelolw| wkdw rqh vxemhfw zloo eh irufhg wr zlwkgudz dqg d 425 suredelolw| wkdw qr rqh zloo
eh irufhg wr zlwkgudz lq hdfk rssruwxqlw|1 Lq wkh frqwuro wuhdwphqw +zlwk d vlqjoh zlwkgudzdo
rssruwxqlw|, wkhuh lv d 42; suredelolw| ri }hur irufhg zlwkgudzdov/ d 62; suredelolw| ri rqh
irufhg zlwkgudzdo/ d 62; suredelolw| ri wzr irufhg zlwkgudzdov/ dqg d 42; suredelolw| ri wkuhh
irufhg zlwkgudzdov1 Wkhvh suredelolwlhv zhuh fkrvhq vr wkdw wkh fxpxodwlyh glvwulexwlrq ri
irufhg zlwkgudzdov ryhu wkh frxuvh ri d wuldo lv wkh vdph lq erwk wuhdwphqwv1 Ri frxuvh/ lq wkh
sulpdu| wuhdwphqw wkh irufhg zlwkgudzdov rffxu ryhu wlph zkloh lq wkh frqwuro wkh| rffxu
doo dw rqfh1

;Iru surjudpplqj sxusrvhv wkhvh sd|r�v +dqg wkrvh ghvfulehg lq Vfhqdulr E ehorz, zhuh dfklhyhg e|
xvlqj qhw udwh ri uhwxuq rq wkh edqn*v lqyhvwphqw ri 533(1 Wklv kljk uhwxuq lv uhtxluhg wr jlyh vdolhqf| wr
wkh sd|r�v1 Vshfl�fdoo|/ zh qhhghg wr jlyh wkh edqn wkh delolw| wr devrue vrph hduo| zlwkgudzdov dqg vwloo
gholyhu d phdqlqjixo sd|r� +'4183, wr uhpdlqlqj ghsrvlwruv1 Vxemhfwv gr qrw frqiurqw wklv uhwxuq gluhfwo|1
Udwkhu wkh| ghdo rqo| zlwk wkh uhvxowlqj sd|r� wdeohv1 Xqolnh lq wkh Gldprqg2G|eylj vhwwlqj/ rxu edqn lv
qrw d pxwxdo1 Dq| h{fhvv edqn sur�wv eh|rqg wkdw uhtxluhg wr sd| vxemhfwv '4183 hdfk lv qrw glvwulexwhg1

<Wkhvh udqgrp irufhg zlwkgudzdov fruuhvsrqg wr wkh oltxlglw|0suhihuhqfh vkrfnv frpprqo| xvhg lq wkh
wkhruhwlfdo olwhudwxuh rq edqn uxqv1 Lq sduwlfxodu/ rxu vhvvlrqv zlwk irufhg zlwkgudzdov fruuhvsrqg wr wkh fdvh
ri djjuhjdwh xqfhuwdlqw| derxw oltxlglw| ghpdqg/ dv vwxglhg lq Vhfwlrq LY ri Gldprqg dqg G|eylj +4<;6,
dqg lq Zdoodfh +4<<3,/ Shfn dqg Vkhoo +5336,/ dqg rwkhuv1
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Wkhvh suredelolw| glvwulexwlrqv zhuh dovr fkrvhq vr wkdw wkh jdph sod|hg e| vxemhfwv
dozd|v kdv d sd|r�0grplqdqw htxloleulxp lq zklfk qr rqh yroxqwdulo| zlwkgudzv1 Lq rwkhu
zrugv/ hyhq lq wkh suhvhqfh ri irufhg zlwkgudzdov/ wkh h{shfwhg sd|r� wr qrw zlwkgudzlqj
lv juhdwhu wkdq '4 li doo rwkhu sod|huv gr qrw zlwkgudz yroxqwdulo|1 Xqghu wkh vfhqdulr D
sd|r�v/ wkh h{shfwhg sd|r� wr hdfk vxemhfw lq wkh sulpdu| wuhdwphqw lq wklv sd|r� grplqdqw
htxloleulxp lv '415;1 Xqghu wkh vfhqdulr E sd|r�v/ wkh h{shfwhg sd|r� wr hdfk vxemhfw lq
wkh sd|r� grplqdqw htxloleulxp lv '4168143 Qrwlfh wkdw zkloh wkhvh wzr qxpehuv duh vlplodu/
wkhuh lv d txdolwdwlyh gl�huhqfh ehwzhhq wkh wzr vfhqdulrv1 Lq vfhqdulr D/ wkhuh lv d 42;
suredelolw| wkdw wkh edqn zloo idlo dqg uhpdlqlqj ghsrvlwruv zloo jhw }hur hyhq li wkhuh duh
qr yroxqwdu| zlwkgudzdov1 Lq vfhqdulr E/ rq wkh rwkhu kdqg/ wkh uhpdlqlqj ghsrvlwruv duh
jxdudqwhhg wr eh sdlg '4183 hdfk li qr rqh yroxqwdulo| zlwkgudzv1

F1 Wuldo Vshfl�fdwlrq dqg Rughulqj
Erwk wuhdwphqwv kdg wkh vdph qxpehu dqg rughulqj ri wuldov1 Zh ehjdq zlwk wkh vfhqdulr

D sd|r�v dqg qr irufhg zlwkgudzdov1 Wkhuh zhuh wzr xqsdlg sudfwlfh wuldov +qxpehuhg 3
dqg 4, iroorzhg e| wzr sdlg wuldov1 Zh wkhq frqgxfwhg ; wuldov +qxpehuhg 7 0 44, zlwk
udqgrp irufhg zlwkgudzdov1 Diwhu wkhvh wuldov zhuh frpsohwhg/ zh sdxvhg wkh h{shulphqw
dqg yhuedoo| lqwurgxfhg wkh vfhqdulr E sd|r�v1 Zh wkhq kdg 4 xqsdlg sudfwlfh wuldo iroorzhg
e| wzr sdlg wuldov +qxpehuv 46047, xvlqj wkh vfhqdulr E sd|r�v dqg qr irufhg zlwkgudzdov1
Wkh sxusrvh ri wkhvh wuldov zdv wr idploldul}h vxemhfwv zlwk wkh qhz sd|r�v dqg wr/ lq vrph
vhqvh/ surylgh d �iuhvk� vwduw diwhu wkh vfhqdulr D wuldov1 Ilqdoo|/ zh frqgxfwhg 7 wuldov
+qxpehuv 4804;, xvlqj vfhqdulr E sd|r�v dqg udqgrp irufhg zlwkgudzdov1 Wklv rughulqj ri
wuldov lv dovr olvwhg lq wkh lqvwuxfwlrqv lq Dsshqgl{ D1

Hdfk vhvvlrq wkhuhiruh kdg 49 sdlg wuldov1 Vlqfh wkhuh zhuh 53 vxemhfwv lq hdfk vhvvlrq/
wkh frqwuro wuhdwphqw +zlwk d vlqjoh zlwkgudzdo rssruwxqlw|, jdyh xv 53 lqglylgxdo ghflvlrqv
shu wuldo1 Wkh sulpdu| wuhdwphqw +zlwk wkuhh zlwkgudzdo rssruwxqlwlhv, jhqhudwhg xs wr 93
lqglylgxdo ghflvlrqv shu wuldo1 Lq whupv ri jurxs rxwfrphv/ ri frxuvh/ zh jhqhudwhg irxu gdwd
srlqwv shu wuldo lq hdfk vhvvlrq/ uhjdugohvv ri wkh wuhdwphqw w|sh1

Zh fkrvh wr uxq uhodwlyho| ihz wuldov zlwkrxw irufhg zlwkgudzdov iru wkh iroorzlqj uhd0
vrqv1 Wkh sxusrvh ri wkhvh wuldov zdv sulpdulo| wr vhw wkh vwdjh iru wkh wuldov zlwk irufhg
zlwkgudzdov1 Zh krshg wr dfklhyh wzr wklqjv= +4, idploldul}h vxemhfwv zlwk wkh vlpsohu
jdph ehiruh frpsolfdwlqj lw zlwk irufhg zlwkgudzdov/ dqg +5, hvwdeolvk wkdw vxemhfwv zrxog
sod| wkh sd|r�0grplqdqw htxloleulxp ri wklv jdph lq wkh devhqfh ri irufhg zlwkgudzdov1 Zh
eholhyhg wkdw wzr sudfwlfh wuldov iroorzhg e| wzr sdlg wuldov zrxog eh hqrxjk wr dfklhyh wkhvh
jrdov dqg/ dv zh ghvfuleh ehorz/ wklv dsshduv wr lqghhg eh wkh fdvh1

G1 Phwkrg
Vxemhfwv= Hljkw| xqghujudgxdwh vwxghqwv iurp wkh Xqlyhuvlw| ri Fdoliruqld/ Orv Dqjhohv

sduwlflsdwhg lq wkh h{shulphqw1 Wkh sod|huv sduwlflsdwhg lq irxu vhsdudwh vhvvlrqv/ hdfk
frqvlvwlqj ri 53 vxemhfwv1 Sd|r�v zhuh vwdwhg lq whupv ri d X1V1 grooduv1 Lq dgglwlrq wr
wkhlu hduqlqjv lq wkh h{shulphqw/ sod|huv uhfhlyhg d '8133 vkrz0xs ihh1 Wrwdo hduqlqjv zhuh
'7:;1:8 dqg '778133 iru vhvvlrqv 4 dqg 5 ri wkh sulpdu| wuhdwphqw/ uhvshfwlyho|/ dqg '84:133

43Wkhvh h{shfwdwhg ydoxhv wdnh lqwr dffrxqw wkh idfw wkdw wkh lqglylgxdo pd| khuvhoi eh irufhg wr zlwkgudz1
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dqg '7<8133 iru vhvvlrqv 4 dqg 5 ri wkh frqwuro wuhdwphqw1 Wkh jds ehwzhhq wkh kljkhvw dqg
orzhvw sd|r� zdv ehwzhhq '6158 dqg '8133 lq hdfk vhvvlrq1

Surfhgxuh= Doo vhvvlrqv zhuh frqgxfwhg lq wkh Fdoliruqld Vrfldo Vflhqfh H{shulphqwdo
Oderudwru| +FDVVHO, dw XFOD1 Sod|huv zhuh lqglylgxdoo| vhdwhg lq wkh FDVVHO/ zklfk
frqvlvwv ri 93 qhwzrunhg frpsxwhu zrunvwdwlrqv lq vhsdudwh fxelfohv1 Hdfk fxelfoh frqwdlqv d
frpsxwhu prqlwru/ nh|erdug/ prxvh/ dqg d vhw ri zulwwhq lqvwuxfwlrqv1 Wkh vxshuylvru uhdg
wkh lqvwuxfwlrqv dqg dqvzhuhg txhvwlrqv wr hqvxuh wkdw hyhu|rqh xqghuvwrrg wkh rshudwlrq
ri wkh frpsxwhuv/ jdph ghvljq/ dqg sd|r� ixqfwlrq1 Yhu| ihz txhvwlrqv zhuh dvnhg1

Dw wkh ehjlqqlqj ri hdfk wuldo/ vxemhfwv zhuh udqgrpo| dqg dqrq|prxvo| glylghg lqwr
irxu jurxsv ri �yh sod|huv hdfk1 Wkh sod|huv zhuh hdfk vkrzq wkh sd|r� fkduw ghvfulehg
lq wkh lqvwuxfwlrqv dqg vdz d forfn wkdw frxqwhg grzq iurp wkluw| vhfrqgv1 Gxulqj wkdw
wlph wkh| kdg wkh rswlrq ri folfnlqj rq wkh �Zlwkgudz Qrz� exwwrq lq rughu wr sodfh d
zlwkgudzdo uhtxhvw1 Li wkh| glg qrw folfn wkh �Zlwkgudz Qrz� exwwrq zlwklq wkluw| vhfrqgv/
wkhlu prqh| uhpdlqhg ghsrvlwhg xqwlo wkh qh{w rssruwxqlw|1 Diwhu hdfk rssruwxqlw|/ vxemhfwv
zhuh vkrzq d vfuhhq wkdw wrog wkhp wkh wrwdo qxpehu ri zlwkgudzdov lq wkhlu jurxs1 Wkh|
zhuh dovr wrog krz pxfk hdfk zlwkgudzlqj vxemhfw uhfhlyhg dqg wkh surmhfwhg sd|phqw wr
uhpdlqlqj ghsrvlwruv1 Rqfh doo �yh sod|huv folfnhg �Frqwlqxh/� wkh h{shulphqw dgydqfhg wr
wkh qh{w rssruwxqlw|1 Dw wkh hqg ri wkh �qdo rssruwxqlw|/ vxemhfwv uhfhlyhg lqirupdwlrq rq
wkh rxwfrph ri wkdw wuldo dqg d uhsruw ri wkhlu fxpxodwlyh lqglylgxdo hduqlqjv iru wkh hqwluh
vhvvlrq1 Rqfh hyhu|rqh lq wkh vhvvlrq folfnhg �Frqwlqxh/� wkh h{shulphqw dgydqfhg wr wkh
qh{w wuldo zlwk qhzo| iruphg jurxsv1

Rqfh d sod|hu zlwkguhz/ vkh kdg qr pruh ghflvlrqv wr pdnh lq wkdw wuldo1 Vxfk sod|huv
zhuh vwloo xsgdwhg rq wkh rxwfrph ri wkhlu rzq jurxs dw wkh hqg ri hdfk rssruwxqlw|1 Li
phpehuv ri d jurxs pdgh vx!flhqw zlwkgudzdov wr edqnuxsw wkh edqn/ wkh| zhuh lqiruphg
wkdw wkh edqn zdv rxw ri prqh| dqg wrog wr zdlw xqwlo wkh ehjlqqlqj ri wkh qh{w wuldo1

Dw wkh hqg ri hdfk wuldo/ vxemhfwv zhuh rqo| lqiruphg ri wkh rxwfrph iru wkh jurxs lq
zklfk wkh| sduwlflsdwhg1 Lqirupdwlrq derxw rwkhu jurxsv lq wkh vhvvlrq zdv qrw surylghg1
Krzhyhu/ lw lv srvvleoh wkdw vxemhfwv lq d jurxs wkdw zhqw edqnuxsw pljkw lqihu zkhwkhu ru
qrw rwkhu jurxsv kdg edqnuxswhg wkhlu edqnv iurp krz orqj wkh| kdg wr zdlw ehwzhhq wuldov1
Ri frxuvh/ hyhu|rqh kdg wr zdlw wkh ixoo wlph li rqo| rqh jurxs glg qrw edqnuxsw lwv edqn
dqg khqfh wkh lqirupdwlrq wkdw frxog eh lqihuuhg iurp zdlw wlph zdv qrw shuihfw1 Dq| irup
ri frppxqlfdwlrq gxulqj wkh h{shulphqw zdv vwulfwo| iruelgghq1

LL1 Sulpdu| Wuhdwphqw

Lq wkh sulpdu| wuhdwphqw/ hdfk ri wkh wkuhh zlwkgudzdo rssruwxqlwlhv uhsuhvhqwv d gli0
ihuhqw vxejdph zkrvh sd|r�v duh ghwhuplqhg e| wkh qxpehu ri zlwkgudzdov pdgh lq wkh
suhfhglqj rssruwxqlwlhv1 Wkh vwudwhjlhv ri sod|huv lq hdfk rssruwxqlw| fdq ghshqg rq wkh
klvwru| ri zlwkgudzdov wr wkdw srlqw1 Khqfh/ wr prgho wkh jdph zh pxvw vshfli| d sod|hu*v
vwudwhj| dv d 60wxsoh ErU c rUUE��c rUUUE���c zkhuh hdfk frpsrqhqw ghvfulehv wkh sod|hu*v vwudwhj|
dw d sduwlfxodu rssruwxqlw|1 Ohw ` ghqrwh wkh dfwlrq �zlwkgudz� dqg � �qrw zlwkgudz1�
Ohw ?� 5 ifc �c 2c �j ghqrwh wkh +fxpxodwlyh, qxpehu ri zlwkgudzdo uhtxhvwv lq rssruwxqlw|
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�c zkhuh � ' U ru UU� Uhfdoo wkdw lq vfhqdulr D wkh jdph hqgv li wkhuh duh wkuhh zlwkgudzdo
uhtxhvwv/ vr wkdw lq wklv fdvh xvlqj wkh vpdoohu vhw ?� 5 ifc �c 2j zloo vx!fh1 D vwudwhj| iru
d sod|hu wkhq frqvlvwv ri rU 5 i`c�jc rUUE?U� 5 i`c�jc dqg rUUUE?UU� 5 i`c�j iru hdfk
srvvleoh ydoxh ri ?�1

D1 Qr Irufhg Zlwkgudzdov
Xqghu vfhqdulr D sd|r�v dqg zkhq wkhuh lv qr srvvlelolw| wkdw vrph vxemhfwv zloo eh

irufhg wr zlwkgudz/ wkhuh lv d sd|r�0grplqdqw vxejdph shuihfw htxloleulxp lq zklfk hdfk
sod|hu vhohfwv rU ' �c rUUE?U� ' � li ?U � 2c dqg rUUUE?UU� ' � li ?UU � 2� Wr vhh wklv/
frqvlghu wkh ghflvlrq idfhg e| d sod|hu lq zlwkgudzdo rssruwxqlw| LLL1 Wklv rssruwxqlw| lv
rqo| uhdfkhg li wkh qxpehu ri suhylrxv zlwkgudzdov lv ohvv wkdq �1 Lq dq| vxfk vxejdph +l1h1/
iru dq| ?UU � 2�/ li d sod|hu eholhyhv wkdw doo rwkhu sod|huv zloo iroorz wkh vwudwhj| deryh
dqg qrw zlwkgudz/ khu sd|r� zloo eh '4133 li vkh zlwkgudzv dqg '4183 li vkh zdlwv1 Khqfh
khu rswlpdo vwudwhj| zloo eh wr dovr iroorz wkh vwudwhj| deryh dqg qrw zlwkgudz1 Zrunlqj
edfnzdug/ wkh vdph uhdvrqlqj dssolhv wr hdfk ri wkh �uvw wzr zlwkgudzdo rssruwxqlwlhv1
Khqfh wkh deryh vwudwhj| sur�oh grhv lqghhg uhsuhvhqw d vxejdph shuihfw htxloleulxp1 Lq
vfhqdulr E/ wkh edqn lv deoh wr devrue rqh pruh hduo| zlwkgudzdo ehiruh uxqqlqj rxw ri
ixqgv1 Qrz/ wkh sd|r�0grplqdqw vxejdph0shuihfw htxloleulxp ri wkh jdph zlwkrxw irufhg
zlwkgudzdov kdv hdfk sod|hu sod|lqj rU ' �c rUUE?U� ' � li ?U � �c dqg rUUUE?UU� ' � li
?UU � ��

Xqghu erwk sd|r� vfhqdulrv wkhuh lv dovr d �edqnlqj sdqlf� htxloleulxp lq zklfk doo
sod|huv zlwkgudz lq rssruwxqlw| L1 Wklv iroorzv iurp wkh idfw wkdw zlwkgudzdo uhtxhvwv iurp
doo exw rqh sod|hu zloo fdxvh wkh edqn wr uxq rxw ri ixqgv lq rssruwxqlw| L dqg khqfh wkh
jdph hqgv1 Qrwlfh wkdw wklv sdqlf htxloleulxp zloo h{lvw uhjdugohvv ri wkh suhvhqfh ru devhqfh
ri irufhg zlwkgudzdov/ ru wkh qxpehu ri zlwkgudzdo rssruwxqlwlhv1 Dovr qrwlfh wkdw wkhuh
duh qr htxloleuld zkhuh doo sod|huv fkrrvh �qrw zlwkgudz� lq wkh �uvw rssruwxqlw| dqg wkhq
�zlwkgudz� lq d odwhu rssruwxqlw|1 Li d sod|hu eholhyhv wkdw hyhu|rqh lv jrlqj wr zlwkgudz
lq/ vd|/ rssruwxqlw| LL +dqg uhfhlyh d sd|r� ri '3193,/ vkh kdv dq lqfhqwlyh wr ghyldwh e|
zlwkgudzlqj lq rssruwxqlw| L dqg uhfhlylqj d sd|r� ri '41 Vlplodu orjlf uxohv rxw rwkhu
vwudwhj| sur�ohv ri wklv vruw dv htxloleuld1

Wkh iroorzlqj wdeoh vxppdul}hv wkh uhvxowv ri wkh wuldov zlwkrxw irufhg zlwkgudzdov xqghu
wkh wzr gl�huhqw sd|r� vfhqdulrv1 Dv h{shfwhg/ zlwkgudzdo udwhv zhuh orz xqghu erwk sd|r�
vfhqdulrv lq wkh devhqfh ri irufhg zlwkgudzdov1 Pruhryhu/ wkh iuhtxhqflhv vkrz wkdw vxemhfwv
zhuh pruh olnho| wr sod| vwudwhjlhv frqvlvwhqw zlwk wkh sd|r� grplqdqw htxloleulxp ri wkh
jdph lq vfhqdulr E1 Wklv pdnhv vhqvh ehfdxvh xqghu wkh vfhqdulr E sd|r�v wkh edqn lv pruh
urexvw wr hduo| zlwkgudzdov> irxu zlwkgudzdov duh qhhghg wr edqnuxsw wkh edqn lqvwhdg ri
rqo| wkuhh1

Sd|r� Grplqdqw Htxloleulxp Sdqlf Htxloleulxp
Rxwfrphv Vwudwhjlhv Rxwfrphv Vwudwhjlhv

Vfhqdulr D H ri �S +DfI, .2 ri Hf +bf�fI, f ri �S +fI, e ri Hf +DI,
Vfhqdulr E �2 ri �S +.DI, .S ri Hf +bD�fI, f ri �S +fI, � ri Hf +��2DI,

Wdeoh L= Htxloleulxp rxwfrphv dqg lqglylgxdo vwudwhjlhv frqvlvwhqw zlwk htxloleulxp
rxwfrphv xqghu sd|r� vfhqdulrv D dqg E> qr irufhg zlwkgudzdov1
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E1 Irufhg Zlwkgudzdov
Zkhq irufhg zlwkgudzdov duh dgghg wr wkh sulpdu| wuhdwphqw/ wkhuh lv d 83( fkdqfh

lq hdfk zlwkgudzdo rssruwxqlw| wkdw rqh sod|hu zloo eh vhohfwhg dw udqgrp dqg irufhg wr
zlwkgudz1 Xqghu vfhqdulr D sd|r�v/ wkhuh h{lvwv d sd|r�0grplqdqw htxloleulxp zklfk lv
txdolwdwlyho| vlplodu wr wkh rqh ghvfulehg deryh1 Wkh suhflvh vwudwhj| iru hdfk sod|hu lv wklv
htxloleulxp lv qrz rU ' �c rUUE?U� ' � li ?U � �c dqg rUUUE?UU� ' � li ?UU � 2� Wr vhh
zk| wklv lv dq htxloleulxp/ frqvlghu wkh ghflvlrq idflqj d sod|hu lq zlwkgudzdo rssruwxqlw|
LLL1 Uhfdoo wkdw wklv rssruwxqlw| lv rqo| uhdfkhg li wkh qxpehu ri suhylrxv zlwkgudzdo lv
ohvv wkdq 61 D sod|hu zkr kdv qrw ehhq irufhg wr zlwkgudz pxvw fdofxodwh wkh suredelolw|
wkdw rqh ri wkh rwkhu sod|huv kdv ehhq irufhg wr zlwkgudz dv iroorzv1 Vxssrvh wkhuh duh &
uhpdlqlqj ghsrvlwruv diwhu rssruwxqlw| LL1 Wkhq wkh suredelolw| wkdw sod|hu � vkrxog dvvljq wr
d irufhg zlwkgudzdo kdylqj rffxuuhg lq rssruwxqlw| LLL/ frqglwlrqdo rq khu qrw ehlqj irufhg
wr zlwkgudz/ lv

Sure^irufhg zlwkgudzdo @ |hv m sod|hu � irufhg @ qr` @
& � �

2& � �
� +4,

Wkhvh suredelolwlhv duh fdofxodwhg iru gl�huhqw qxpehuv ri uhpdlqlqj ghsrvlwruv lq wdeoh LL1
Wkh lpsruwdqw idfw lv wkdw wkh suredelolw| d sod|hu vkrxog dvvljq wr d irufhg zlwkgudzdo
kdylqj rffxuuhg/ frqglwlrqdo rq khu qrw kdylqj ehhq irufhg wr zlwkgudz/ lv dozd|v vwulfwo|
orzhu wkdq wkh xqfrqglwlrqdo suredelolw| ri rqh0kdoi1

& Xqfrqglwlrqdo Frqglwlrqdo
8 �*2 e*b
7 �*2 �*.
6 �*2 2*D
5 �*2 �*�

Wdeoh LL= Frqglwlrqdo dqg xqfrqglwlrqdo suredelolwlhv ri d irufhg zlwkgudzdo

Jlyhq wkh dssursuldwh frqglwlrqdo suredelolw|/ wkh h{shfwhg sd|r� iurp zdlwlqj/ xqghu wkh
eholhi wkdw qr rqh zloo yroxqwdulo| zlwkgudz/ lv juhdwhu wkdq wkh h{shfwhg sd|r� wr zlwkgudz0
lqj lq hdfk ri wkh srvvlelolwlhv1 Wklv lv frq�uphg lq Dsshqgl{ E/ zklfk vkrzv sd|r�v dqg
rswlpdo dfwlrqv xqghu hdfk zlwkgudzdo vfhqdulr144 Khqfh lq wkh rssruwxqlw|0LLL vxejdph/
wkhuh lv dozd|v dq htxloleulxp zkhuh sod|huv gr qrw yroxqwdulo| zlwkgudz1

Lq rssruwxqlw| LL/ zkhq ?U ' 2 krogv/ wkh olnholkrrg ri d irufhg zlwkgudzdo e| rqh ri
wkh rwkhu sod|huv +djdlq fdofxodwhg xvlqj +4,, frpelqhg zlwk wkh survshfw ri d ixwxuh irufhg
zlwkgudzdo lq wkh �qdo rssruwxqlw| pdnhv zlwkgudzlqj wkh rswlpdo dfwlrq1 Li/ rq wkh rwkhu
kdqg/ ?U ' � +ru 3,/ wkhq ghvslwh frqvlghudwlrqv ri irufhg zlwkgudzdov/ lw lv rswlpdo wr
qrw zlwkgudz li rqh eholhyhv wkhuh zloo eh qr yroxqwdu| zlwkgudzdov1 Ilqdoo|/ li d sod|hu
eholhyhv doo rwkhu sod|huv zloo iroorz wkh vwudwhj| jlyhq deryh/ khu rswlpdo dfwlrq lq wkh �uvw

44Wkh vxemhfwv zhuh qrw vkrzq dq|wklqj olnh wkh wdeoh lq Dsshqgl{ E1 Gxulqj hdfk zlwkgudzdo rssruwxqlw|
ri wkh h{shulphqw wkh vxemhfwv vdz wkh uhohydqw/ xsgdwhg sd|r� wdeohv +sohdvh vhh djdlq/ wkh lqvwuxfwlrqv lq
Dsshqgl{ D,1
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zlwkgudzdo rssruwxqlw| lv wr qrw zlwkgudz1 Wkhuhiruh/ wkh vwudwhj| sur�oh olvwhg deryh lv d
vxejdph shuihfw htxloleulxp ri wkh jdph zlwk irufhg zlwkgudzdov1

Wklv htxloleulxp lv frqvlvwhqw zlwk wkh eholhi e| hdfk sod|hu wkdw doo rwkhu sod|huv zloo
qrw yroxqwdulo| zlwkgudz xqohvv lw lv d grplqdqw vwudwhj| wr gr vr1 Lw lv d grplqdqw vwudwhj|
iru hyhu| sod|hu wr zlwkgudz lq rssruwxqlw| LL li ?U ' 2c ehfdxvh wkh srvvlelolw| ri irufhg
zlwkgudzdov lq rssruwxqlwlhv LL dqg LLL uhgxfhv wkh h{shfwhg sd|r� wr qrw zlwkgudzlqj ehorz
wkh sd|r� ri zlwkgudzlqj uhjdugohvv ri zkdw wkh rwkhu sod|huv gr1 Lw lv qhyhu d grplqdqw
vwudwhj| wr zlwkgudz lq rssruwxqlw| LLL +uhphpehu wklv rssruwxqlw| lv qrw uhdfkhg li ?UU : 2�
ehfdxvh hyhq dw ?U ' 2 lw lv rswlpdo wr qrw zlwkgudz dvvxplqj rwkhuv zloo qrw +yroxqwdulo|,
zlwkgudz1

Vzlwfklqj wr vfhqdulr E sd|r�v pdnhv wkh edqn uhvlvwdqw wr rqh pruh zlwkgudzdo dqg
udlvhv wkh fxwr�v lq wkh sd|r�0grplqdqw htxloleulxp vwudwhj| e| rqh1 Wkh sd|r�0grplqdqw
htxloleulxp kdv hdfk sod|hu sod|lqj rU ' �c rUUE?U� ' � li ?U � 2c dqg rUUUE?UU� ' � li
?UU � �145 Dv lq wkh fdvh rq qr irufhg zlwkgudzdov wkhuh lv/ xqghu erwk sd|r� vfhqdulrv D
dqg E/ d sdqlf htxloleulxp lq zklfk hyhu|rqh zlwkgudzv dw wkh �uvw rssruwxqlw|146

Ehfdxvh ri irufhg zlwkgudzdov dqg ohduqlqj/ djjuhjdwh vwdwlvwlfv ri wkh revhuyhg rffxu0
uhqfhv ri htxloleulxp lq jurxs rxwfrphv ryhu wkh frxuvh ri wkh hljkw wuldov duh qrw yhu|
phdqlqjixo1 Khqfh zh frqgxfw rxu dqdo|vlv ri wkhvh wuldov e| h{dplqlqj lqglylgxdo ehkdylru/
wuldo e| wuldo1 Zkhq ghvljqlqj wkh h{shulphqw/ zh frqmhfwxuhg wkdw vxemhfwv lq wkh sulpdu|
wuhdwphqw zrxog iroorz vlpsoh fxwr� uxohv iru ghwhuplqlqj wkhlu zlwkgudzdo ghflvlrqv1 Wkh
vlpsohvw vxfk uxoh zrxog eh wr zlwkgudz li dqg rqo| li d fhuwdlq qxpehu ri zlwkgudzdov kdyh
rffxuuhg lq wkh suhylrxv rssruwxqlwlhv1 D voljkwo| pruh hoderudwh +ru �yduldeoh�, fxwr� uxoh
zrxog idfwru lq wkh wlplqj ri wkh zlwkgudzdo ghflvlrq1 Vlqfh wkh srvvleoh qxpehu ri ixwxuh
irufhg zlwkgudzdov lv juhdwhu lq wkh hduolhu rssruwxqlwlhv/ rqh pljkw h{shfw fxwr� uxohv ri
wkh irup= gr qrw zlwkgudz lq rssruwxqlw| L/ zlwkgudz lq rssruwxqlw| LL li dqg rqo| li t
ru pruh zlwkgudzdov rffxu lq rssruwxqlw| L/ dqg zlwkgudz lq rssruwxqlw| LLL li dqg rqo| li
t n� ru pruh zlwkgudzdov rffxu lq rssruwxqlwlhv L dqg LL1 Xqghu erwk sd|r� vfhqdulrv/ wkh
vwudwhj| fruuhvsrqglqj wr wkh sd|r�0grplqdqw htxloleulxp lv ri wklv w|sh1 Zh qrz h{dplqh
wkh h{whqw wr zklfk revhuyhg vxemhfw ehkdylru lv frqvlvwhqw zlwk gl�huhqw yduldeoh fxwr�
uxohv dv zhoo dv zlwk wkh sdqlf vwudwhj| ri zlwkgudzlqj lq rssruwxqlw| L1

F1 Dqdo|vlv ri Fxwr� Uxohv iru Vfhqdulr D Zlwk Irufhg Zlwkgudzdov
Lq wkh sd|r�0grplqdqw htxloleulxp ghvfulehg lq wkh suhylrxv vhfwlrq +xqghu vfhqdulr D

sd|r�v,/ doo sod|huv iroorz d fxwr� uxoh zlwk t ' 2� Iru hdfk vxemhfw/ zh dvn zkhwkhu khu
revhuyhg ehkdylru lv frqvlvwhqw zlwk wklv uxoh/ dv zhoo dv zkhwkhu lw lv frqvlvwhqw zlwk wkh
uxoh t ' � dqg zlwk wkh sdqlf uxoh ri zlwkgudzlqj lq wkh �uvw rssruwxqlw|1 Qrwh wkdw dq
lqglylgxdo*v revhuyhg fkrlfhv fdq eh frqvlvwhqw zlwk pruh wkdq rqh uxoh/ ghshqglqj rq wkh
dfwxdo ghflvlrqv vkh idfhg1

45Wkh h{shfwhg sd|r�v wr hdfk zlwkgudzdo ghflvlrq xvhg wr vkrz wkdw wklv vwudjhj| sur�oh lv lqghhg d
vxejdph shuihfw htxloleulxp duh suhvhqwhg lq Dsshqgl{ F1

46Wkhuh duh dovr htxloleuld lq zklfk sod|huv frruglqdwh wkhlu dfwlrqv edvhg rq wkh uhdol}dwlrq ri wkh qxpehu
ri irufhg zlwkgudzdov lq srwhqwldoo| frpsolfdwhg zd|v1 Zh gr qrw eholhyh wkhvh htxloleuld wr eh uhohydqw iru
h{sodlqlqj vxemhfw ehkdylru lq wkh h{shulphqwv dqg wkhuhiruh gr qrw dqdo|}h wkhp khuh1
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Lqwhuhvwlqjo|/ li d vxemhfw zhuh wr idlo wr xsgdwh khu eholhi uhjduglqj wkh suredelolw| ri
d irufhg zlwkgudzdo zkhq vkh zdv qrw irufhg wr zlwkgudz +l1h1/ vkh frqwlqxhg wr dvvljq
suredelolw| f�D wr wklv hyhqw/ lqvwhdg ri xvlqj +4,, wkhq vkh zrxog shufhlyh wkh sdqlf uxoh wr
eh d +zhdno|, grplqdqw vwudwhj| dqg khqfh zh pljkw h{shfw wklv vxemhfw wr zlwkgudz lq wkh
�uvw rssruwxqlw|1 Zk| grhv idloxuh wr gr Ed|hvldq xsgdwlqj ri wklv suredelolw| kdyh vxfk d
elj h�hfw rq wkh shufhlyhg rswlpdo vwudwhj| ri wkh vxemhfwvB Wkh uhdvrq lv wkdw lw fkdqjhv
wkh ghflvlrq wkh vxemhfw pdnhv lq rssruwxqlw| LLL li vkh revhuyhv wzr sdvw zlwkgudzdov dqg
eholhyhv wkhuh zloo eh qr yroxqwdu| zlwkgudzdov1 Lq wklv vlwxdwlrq/ wkh vxemhfw uhdol}hv wkdw
rqh pruh irufhg zlwkgudzdo zloo edqnuxsw wkh edqn1 Khqfh/ li vkh grhv qrw zlwkgudz vkh
zloo uhfhlyh }hur li wkhuh lv d irufhg zlwkgudzdo dqg '4183 li wkhuh lv qr irufhg zlwkgudzdo1
Vkh dovr uhdol}hv wkdw li vkh zlwkgudzv/ vkh zloo uhfhlyh '4133 li wkhuh lv qr irufhg zlwkgudzdo
dqg '3183 li wkhuh lv d irufhg zlwkgudzdo1 Jlyhq d fkdqfh wr pdnh d ghflvlrq/ d Ed|hvldq
sod|hu revhuyhv wkdw vkh/ khuvhoi/ kdv qrw ehhq irufhg wr zlwkgudz dqg/ xvlqj htxdwlrq +4,/
fdofxodwhv wkh suredelolw| wkdw rqh ri wkh rwkhu sod|huv kdv ehhq irufhg wr zlwkgudz wr eh
f�e1 Xqghu wkh eholhi wkdw rwkhuv zloo qrw zlwkgudz/ wkh h{shfwhg sd|r� wr qrw zlwkgudzlqj
lv wkhuhiruh f�S � Em��Df� n f�e � Emf� ' mf�bfc zklfk lv juhdwhu wkdq wkh h{shfwhg sd|r� wr
zlwkgudzlqj ri f�S � Em��ff� n f�e � Emf�Df� ' mf�Hf� Khqfh vkh fkrrvhv wr qrw zlwkgudz1

D qrq0Ed|hvldq sod|hu/ krzhyhu/ uhjdugv wkh suredelolw| ri d irufhg zlwkgudzdo kdylqj
rffxuuhg wr eh f�D dqg khqfh fdofxodwhv wkh h{shfwhg sd|r� wr qrw zlwkgudzlqj dv ehlqj
orzhu wkdq d Ed|hvldq zrxog1 Lq idfw/ khu +shufhlyhg, h{shfwhg sd|r� wr qrw zlwkgudzlqj
lv wkh vdph dv khu +shufhlyhg, h{shfwhg sd|r� wr zlwkgudzlqj> erwk duh mf�.D1 Lw lv wkxv
d +zhdno|, grplqdqw vwudwhj| iru khu wr zlwkgudz1 Pruhryhu/ zh pljkw h{shfw khu wr gr
vr ehfdxvh wkh sd|r� iurp zlwkgudzlqj kdv d orzhu yduldqfh1 Wklv ghflvlrq ihhgv edfn wr
rssruwxqlw| LL dqg fkdqjhv khu ghflvlrq xqghu ?U ' � wr zlwkgudz/ zklfk lq wxuq lpsolhv
wkdw lq rssruwxqlw| L vkh suhihuv wr zlwkgudz1 Khqfh/ lq wkh devhqfh ri Ed|hvldq xsgdwlqj/
d sod|hu pljkw eh h{shfwhg wr iroorz wkh sdqlf uxoh1

Wklv orjlf lqglfdwhv wkdw vxemhfwv zloo eh pxfk pruh lqfolqhg wr zlwkgudz li wkh| gr qrw
uhfrjql}h wkdw wkhlu rzq irufhg0zlwkgudzdo rxwfrph surylghv lqirupdwlrq rq wkh rxwfrph
ri rwkhuv1 Lq idfw/ dv zh ghprqvwudwh ehorz/ vxemhfwv glg qrw whqg wr zlwkgudz lq wkh
vlwxdwlrqv ghvfulehg deryh1 Ehkdylru/ hvshfldoo| lq wkh odwhu zlwkgudzdo rssruwxqlwlhv/ zdv
pruh frqvlvwhqw zlwk wkh Ed|hvldq vwru|1 Qrwlfh wkdw d sod|hu glg qrw qhhg wr fruuhfwo|
fdofxodwh wkh srvwhulru suredelolw| lq rughu wr uhdol}h wkdw zlwkgudzlqj lpphgldwho| lv qrw
d grplqdqw vwudwhj|1 Wkh sd|r�v zhuh ghvljqhg vr wkdw vkh rqo| qhhghg wr uhdol}h wkdw wkh
srvwhulru suredelolw| zdv vwulfwo| ohvv wkdq wkh sulru suredelolw| ri rqh0kdoi1

Zh ehjlq e| dqdo|}lqj wkh gdwd iurp wuldo ec zklfk zdv wkh �uvw wuldo zlwk irufhg zlwk0
gudzdov1 Wdeoh LLL vkrzv iuhtxhqflhv ri revhuyhg sod| iru wkuhh gl�huhqw fxwr� uxohv= wkh rqh
dvvrfldwhg zlwk wkh sd|r�0grplqdqw htxloleulxp +t ' 2,/ dq lqwhuphgldwh uxoh Et ' ��/ dqg
wkh rqh dvvrfldwhg zlwk wkh sdqlf htxloleulxp1 Wkh qxpehu ri revhuyhg vwudwhjlhv lq hdfk
vhvvlrq lv ohvv wkdq 53 +wkh qxpehu ri vxemhfwv, ehfdxvh ri irufhg zlwkgudzdov lq wkh �uvw
rssruwxqlw|1 D vxemhfw*v dfwlrqv duh fodvvl�hg dv ehlqj frqvlvwhqw zlwk d sduwlfxodu uxoh li
wkh vxemhfw reh|v wkdw uxoh lq hdfk ghflvlrq vkh idfhv1 Vxemhfwv zkr duh irufhg wr zlwkgudz
diwhu wkh �uvw rssruwxqlw| duh fodvvl�hg dffruglqj wr wkhlu revhuyhg dfwlrqv sulru wr wkdw
srlqw1 Wkh wdeoh vkrzv wkdw wkh fxwr� uxoh iurp wkh sd|r�0grplqdqw htxloleulxp Et ' 2� lv
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vxshulru wr wkh rwkhuv lq whupv ri iuhtxhqflhv1

t ' 2 t ' � Sdqlf Rev1
Vhvvlrq 4 47 +::1;(, < +8313(, 3 +313(, 4;
Vhvvlrq 5 47 +::1;(, < +8313(, 4 +819(, 4;
Frpelqhg 5; +::1;(, 4; +8313(, 4 +2�H(, 69

Wdeoh LLL= Fxwr� uxoh iuhtxhqflhv/ vfhqdulr D/ wuldo 7

Wklv uhvxow lv dovr hylghqw lq wkh gdwd iurp wkh odwhu urxqgv1 Iljxuh 4 vkrzv wkh fxwr�0
uxoh iuhtxhqflhv iru wkh frpelqhg vhvvlrqv iru wuldov 7044147 Wkh �jxuh uhyhdov wzr wklqjv1
Iluvw/ lw vkrzv wkdw wkh vxshulrulw| ri wkh t ' 2 fxwr� uxoh lv qrw olplwhg wr wkh �uvw wuldo1
Vhfrqg/ lw vkrzv wkdw �ohduqlqj� pdwwhuv lq wkh h{shulphqw/ lq wkh vhqvh wkdw wkh iudfwlrq ri
�sdqlfn|� vxemhfwv +l1h1/ vxemhfwv zkr zlwkguhz lpphgldwho|, lqfuhdvhg vxevwdqwldoo| ryhu
wlph1 Lq idfw/ wklv lqfuhdvh doprvw ixoo| h{sodlqv wkh ghwhulrudwlrq ri wkh rwkhu wzr uxohv> prvw
ri wkh gurs lq vxemhfwv iroorzlqj t ' � dqg t ' 2 fdq eh dwwulexwhg wr vxemhfwv fkdqjlqj
wkhlu zlwkgudzdo ghflvlrq lq rssruwxqlw| L1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

4 5 6 7 8 9 10 11
trial

Y=2
Y=1
Y=0

Iljxuh 4= Fxwr� uxoh iuhtxhqflhv/ vfhqdulr D/ wuldov 70441

Lq rughu wr xqghuvwdqg zk| wkh t ' 2 uxoh lv vxshulru wr wkh t ' � uxoh iru h{sodlqlqj
vxemhfw ehkdylru/ zh pxvw h{dplqh wkh gl�huhqfhv lq revhuyhg ehkdylru dw wkh wzr lqvwdqfhv

47Wkh judsk vkrzv srrohg gdwd iurp wkh wzr vhvvlrqv iru hdfk wuldo1 Wkh ghflvlrq wr srro wkh gdwd lv mxvwl�hg
rq wkh jurxqgv wkdw wkhuh lv qr vwdwlvwlfdoo| vljql�fdqw gl�huhqfh +dw wkh <8( ohyho, lq wkh olqhdu uhodwlrqvkls
ehwzhhq hdfk gdwd vhw1 Zh zlvk wr srlqw rxw/ krzhyhu/ wkdw ylvxdoo| lw dsshduv wkdw wkh sursruwlrq ri sdqlfn|
vxemhfwv urvh pruh txlfno| lq vhvvlrq 5 wkdq lq vhvvlrq 41
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zkhuh wkhvh uxohv gl�hu= lq rssruwxqlw| LL zlwk ?U ' � +;6 rffxuuhqfhv, dqg rssruwxqlw| LLL
zlwk ?UU ' 2 +7; rffxuuhqfhv,1 Wkh t ' � uxoh suhglfwv wkdw vxemhfwv zloo zlwkgudz lq erwk
wkhvh fdvhv/ zkloh wkh t ' 2 uxoh suhglfwv wkdw wkh| zloo qrw1 Lq idfw/ vxemhfwv zlwkguhz
lq wkhvh fdvhv rqo| �2I dqg 2.��I ri wkh wlph/ uhvshfwlyho|1 Khqfh/ vxemhfwv zkr pdnh lw
wkurxjk wkh �uvw zlwkgudzdo rssruwxqlw| whqghg qrw wr zlwkgudz lq fdvhv suhglfwhg e| wkh
t ' � uxoh1

G1 Dqdo|vlv ri Fxwr� Uxohv iru Vfhqdulr E Zlwk Irufhg Zlwkgudzdov
Xqghu wkh vfhqdulr E sd|r�v zlwk irufhg zlwkgudzdov/ wkh vwudwhj| sod|hg lq wkh sd|r�0

grplqdqw htxloleulxp lv d yduldeoh fxwr� uxoh zlwk t ' �� Wdeoh LY olvwv wkh iuhtxhqflhv
dvvrfldwhg zlwk wklv uxoh/ dv zhoo dv wkrvh iru t ' 2 dqg wkh sdqlf uxoh/ lq wkh �uvw vfhqdulr
E wuldo zlwk irufhg zlwkgudzdov +wuldo 48,1 Wkh wdeoh vkrzv wkdw xqghu wkh vfhqdulr E sd|r�v/
wkhuh lv qr gl�huhqfh lq shuirupdqfh ehwzhhq wkh t ' � dqg t ' 2 uxohv> hdfk h{sodlqv forvh
wr <3( ri revhuyhg ehkdylru1 Wkh pdlq uhdvrq iru wkh vxffhvv ri wkhvh uxohv lv wkdw lpphgldwh
zlwkgudzdov ihoo wr 816(/ frpsduhg wr 4;1;( lq vfhqdulr D1

t ' � t ' 2 Sdqlf Rev1
Vhvvlrq 4 4; Ebe�.I� 4; Ebe�.I� 3 Ef�fI� 4<
Vhvvlrq 5 49 EHe�2I� 49 EHe�2I� 5 E�f�DI� 4<
Frpelqhg 67 +Hb�DI, 67 +Hb�DI, 5 +D��I, 6;

Wdeoh LY= Fxwr� uxoh iuhtxhqflhv/ vfhqdulr E/ wuldo 48

Xqghu wkhvh sd|r�v wkhuh lv dovr yhu| olwwoh yduldwlrq lq ehkdylru ryhu wlph/ dv vkrzq lq
�jxuh 51 Wkhuh lv vrph lqglfdwlrq wkdw wkh sursruwlrq ri sdqlfn| vxemhfwv pd| eh rq wkh
ulvh +dqg wkdw vxemhfwv duh ehjlqqlqj wr dedqgrq wkh yduldeoh fxwr� uxohv,/ exw ryhudoo wkh
sursruwlrqv vwd| uhodwlyho| frqvwdqw1
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H1 Vxppdu| ri Dqdo|vlv rq Lqglylgxdo Ghflvlrq Pdnlqj xqghu Irufhg Zlwkgudzdov
Lq erwk sd|r� vfhqdulrv/ wkh fxwr� uxohv wkdw suhvfuleh qrw zlwkgudzlqj lq wkh �uvw rs0

sruwxqlw| h{sodlq zlwkgudzdo ehkdylru ehwwhu wkdq wkh uxoh dvvrfldwhg zlwk wkh sdqlf htxl0
oleulxp1 Pruhryhu/ lq vfhqdulr D/ zkhuh wkh edqn lv pruh vxvfhswleoh wr uxqv dqg zlwkgudzdo
udwhv duh kljkhu ryhudoo/ wkh fxwr� uxoh frqvlvwhqw zlwk wkh sd|r�0grplqdqw htxloleulxp rxw0
shuirupv wkh rwkhuv1 Wkh gdwd vxjjhvw dq lqfuhdvhg whqghqf| wr zlwkgudz ryhu wlph1 Wklv
lv dssduhqw lq wkh gdwd iru vfhqdulr D sd|r�v dqg wkhuh lv vrph vxjjhvwlrq wkdw wklv zrxog
eh wkh fdvh hyhq xqghu vfhqdulr E sd|r�v/ dowkrxjk zh glg qrw uxq hqrxjk wuldov xqghu
wkhvh sd|r�v wr ghwhuplqh dq|wklqj frqfoxvlyh1 Wkhvh uhvxowv pd| lqglfdwh d guliw dzd|
iurp wkh sd|r�0grplqdqw htxloleulxp ryhu wlph dqg wrzdug sod| frqvlvwhqw zlwk wkh sdqlf
htxloleulxp1

LLL1 Frqwuro Wuhdwphqw

Zh udq wzr vhvvlrqv wkdw zhuh lghqwlfdo wr wkh sulpdu| wuhdwphqw lq hyhu| uhvshfw h{fhsw
wkdw wkh vxemhfwv zhuh rqo| jlyhq d vlqjoh zlwkgudzdo rssruwxqlw|1 Lq rughu wr suhvhuyh
frpsdudelolw| dfurvv wuhdwphqwv/ wkh glvwulexwlrq ri wkh wrwdo qxpehu ri irufhg zlwkgudzdov
zdv vhw wr pdwfk wkdw ri wkh sulpdu| wuhdwphqw1 Lq sduwlfxodu/ lq wkh vlqjoh zlwkgudzdo
rssruwxqlw| ri wkh frqwuro wuhdwphqw wkhuh zdv d 42; suredelolw| ri }hur irufhg zlwkgudzdov/
d 62; suredelolw| ri rqh irufhg zlwkgudzdo/ d 62; suredelolw| ri wzr irufhg zlwkgudzdov/ dqg
d 42; suredelolw| ri wkuhh irufhg zlwkgudzdov1

Wkhuh duh h{dfwo| wzr sxuh vwudwhj| Qdvk htxloleuld ri wklv jdph xqghu hdfk ri wkh sd|r�
vfhqdulrv/ erwk zlwk dqg zlwkrxw irufhg zlwkgudzdov1 Wkh sd|r�0grplqdqw htxloleulxp kdv
doo sod|huv qrw zlwkgudzlqj xqohvv irufhg wr gr vr1 Xqghu wkh vfhqdulr D sd|r�v/ d sod|hu
uhfhlyhv '4183 li vkh lv qrw irufhg wr zlwkgudz dqg wkh qxpehu ri irufhg zlwkgudzdov lv
wzr ru ihzhu1 D sod|hu zkr lv irufhg wr zlwkgudz uhfhlyhv '41 Li wkhuh duh wkuhh irufhg
zlwkgudzdov/ wkh wzr uhpdlqlqj sod|huv uhfhlyh }hur1 Xqghu wkh vfhqdulr E sd|r�v/ d sod|hu
dozd|v uhfhlyhv '4183 li vkh lv qrw irufhg wr zlwkgudz dqg '4 li vkh lv irufhg wr zlwkgudz1
Wkh sdqlf htxloleulxp kdv doo sod|huv zlwkgudzlqj1 Xqghu wkh vfhqdulr D sd|r�v wkh| hdfk
uhfhlyh '3193/ zkloh xqghu wkh vfhqdulr E sd|r�v wkh| hdfk uhfhlyh '31;31

D1 Qr Irufhg Zlwkgudzdov
Lq wkh wuldov zlwk qr irufhg zlwkgudzdov/ zh revhuyhg wkh sd|r�0grplqdqw htxloleulxp 49

rxw ri 49 wlphv xvlqj vfhqdulr D sd|r�v dqg �D rxw ri �S wlphv +wkhuh zdv rqh zlwkgudzdo
lq wkh rshqlqj urxqg ri vhvvlrq 2, xvlqj vfhqdulr E sd|r�v1 Khqfh/ sod|huv lq wkhvh jdphv
sod|hg vwudwhjlhv frqvlvwhqw zlwk wkh sd|r�0grplqdqw htxloleulxp doprvw doo ri wkh wlph/
lq hdfk ri wkh sd|r� vfhqdulrv1 Uhfdoo wkdw lq wkh sulpdu| wuhdwphqw zlwk 6 zlwkgudzdo
rssruwxqlwlhv/ wkh sd|r�0grplqdqw htxloleulxp rffxuuhg rqo| 83( ri wkh wlph lq vfhqdulr D
dqg :8( ri wkh wlph lq vfhqdulr E lq wkhvh vdph wuldov1 Khqfh kdylqj pxowlsoh zlwkgudzdo
rssruwxqlwlhv dsshduv wr kdyh d srvlwlyh h�hfw rq zlwkgudzdo udwhv lq wkh devhqfh ri irufhg
zlwkgudzdov1
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E1 Irufhg Zlwkgudzdov
Dv lq wkh sulpdu| wuhdwphqw/ wkh rffxuuhqfh ri irufhg zlwkgudzdov dqg ohduqlqj glfwdwhv

wkdw zh frqgxfw rxu dqdo|vlv ri wkhvh wuldov e| h{dplqlqj lqglylgxdo ehkdylru rq d wuldo
e| wuldo edvlv1 Vxemhfwv lq wkh frqwuro wuhdwphqw pdnh d vlqjoh ghflvlrq +zlwkgudz ru qrw
zlwkgudz,/ dqg khqfh wkhlu dfwlrq lq hdfk wuldo lv qhfhvvdulo| frqvlvwhqw zlwk rqh ri wkh wzr
htxloleulxp vwudwhjlhv1 Lw lv wkhuhiruh vwudljkwiruzdug wr fkhfn krz iuhtxhqwo| lqglylgxdo sod|
frlqflghg zlwk hdfk ri wkhvh vwudwhjlhv lq hdfk wuldo1 Zh ehjlq e| orrnlqj dw ehkdylru lq wuldo
7/ wkh �uvw sdlg wuldo zlwk irufhg zlwkgudzdov1

Wdeoh Y vkrzv iuhtxhqflhv ri yroxqwdu| zlwkgudzdov xqghu hdfk sd|r� vfhqdulr1 Wkh
shufhqwdjhv lghqwli| wkh iudfwlrq ri revhuyhg sod| wkdw zdv frqvlvwhqw zlwk wkh sdqlf htxl0
oleulxp1 Wkh uhpdlqlqj shufhqwdjhv lq hdfk fdvh lghqwli| wkh iudfwlrq ri revhuyhg sod| wkdw
zdv frqvlvwhqw zlwk wkh sd|r� grplqdqw htxloleulxp1 Wkh qxpehu ri revhuyhg vwudwhjlhv lq
hdfk vhvvlrq lv ohvv wkdq 53 +wkh qxpehu ri vxemhfwv, ehfdxvh ri irufhg zlwkgudzdov1 Dv wkh
wdeoh vkrzv/ doo fdvhv kdyh orz zlwkgudzdo udwhv lq wkh �uvw wuldo zlwk irufhg zlwkgudzdov1
Ehfdxvh ri wkh vpdoohu vwudwhj| vhw lq wkh frqwuro wuhdwphqw/ wkhvh qxpehuv duh qrw gluhfwo|
frpsdudeoh zlwk wkrvh iru wkh sulpdu| wuhdwphqw lq wdeoh LLL148 Qhyhuwkhohvv/ d fdvxdo lq0
vshfwlrq ri wkh wzr wdeohv vxjjhvwv wkdw wkh qxpehu ri zlwkgudzdo rssruwxqlwlhv kdv yhu|
olwwoh lpsdfw rq wkh vxemhfwv* lqfolqdwlrq wr sod| dffruglqj wr wkh sdqlf htxloleulxp lq wkh
lqlwldo wuldo zlwk irufhg zlwkgudzdov1

Yroxqwdu| Zlwkgudzdov
Vfhqdulr D Vfhqdulr E

Vhvvlrq 4 2 ri �e +�e��I, f ri �� +fI,
Vhvvlrq 5 f ri �D +fI, 2 ri �D +����I,
Frpelqhg 2 ri 2b +S�bI, 2 ri 2H +.��I,

Wdeoh Y= Wuldo 7 ri wkh frqwuro wuhdwphqw zlwk irufhg zlwkgudzdov1

Wkh idfw wkdw zlwkgudzdo udwhv urvh lq vfhqdulr E ri vhvvlrq 5 lv vrphzkdw sx}}olqj/
exw fdq shukdsv eh h{sodlqhg e| kljkhu zlwkgudzdo udwhv wkdw zhuh revhuyhg xqghu vfhqdulr
D sd|r�v lq vhvvlrq 5/ dv vkrzq lq �jxuh 61 Lq idfw wkh whqghqf| wr sdqlf frqwlqxhg wr
eh kljkhu lq wkh odwhu wudlov ri vfhqdulr E sd|r�v lq vhvvlrq 5/ dv vkrzq lq �jxuh 71 Wkh
frqwlqxhg kljkhu zlwkgudzdo udwhv lq vhvvlrq 5 pd| kdyh ehhq ixuwkhu lq xhqfhg e| wkh idfw
wkdw wuldov 48 dqg 49 ri vhvvlrq 5 erwk kdg jurxsv wkdw uhdol}hg 6 irufhg zlwkgudzdov/ zklfk
qhyhu kdsshqhg lq vhvvlrq 41 Dovr/ wkhuh zdv d edqn idloxuh lq rqh jurxs lq wuldo 49 ri vhvvlrq
5/ zkloh qrqh rffxuuhg lq wkh vhvvlrq 4 wuldov1

48Frpsdulqj wkh wdeohv vkrzv wkdw wkh iuhtxhqf| ri sod| lv kljkhu iru erwk htxloleuld lq wkh frqwuro wuhdw0
phqw +91<( dqg <614( yhuvxv 51;( dqg ::1;( iru vfhqdulr D,1 Wklv lv ehfdxvh revhuyhg sod| qhfhvvdulo|
frlqflghg zlwk dq htxloleulxp vwudwhj| lq wkh frqwuro wuhdwphqw/ zklfk zdv qrw wuxh lq wkh sulpdu| wuhdw0
phqw1
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Iljxuh 6= Yroxqwdu| zlwkgudzdo udwhv iru wuldov 7044 ri wkh frqwuro wuhdwphqw1
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Iljxuh 7= Yroxqwdu| zlwkgudzdo udwhv iru wuldov 4804; ri wkh frqwuro wuhdwphqw1

Lq vslwh ri wkh glvsdulwlhv ehwzhhq vhvvlrqv 4 dqg 5 lw lv vwloo dssduhqw wkdw vxemhfwv sod|hg
vwudwhjlhv frqvlvwhqw zlwk wkh sd|r�0grplqdqw htxloleulxp pruh iuhtxhqwo| wkdq wkh sdqlf
htxloleulxp dqg ryhudoo zlwkgudzdo udwhv zhuh orzhu xqghu wkh vfhqdulr E sd|r�v wkdq xqghu
vfhqdulr D1 Krzhyhu/ wkh lvvxh ri zkhwkhu wkhuh lv dq lqfuhdvhg whqghqf| wr sod| wkh sdqlf
htxloleulxp ryhu wlph lv ohvv fohdu1 Zh dgguhvv wklv lvvxh irupdoo| lq wkh qh{w vhfwlrq/ zkhuh
zh frpsduh wkh ohduqlqj ehkdylru ri vxemhfwv dfurvv wkh wzr wuhdwphqwv1
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LY1 Wuhdwphqw Frpsdulvrq

Zh irfxv rq wuldov 7 0 44/ zklfk kdg irufhg zlwkgudzdov dqg vfhqdulr D sd|r�v1 Lq wkh
�uvw ri wkhvh wuldov/ wkhuh zdv qr vljql�fdqw qxphulfdo gl�huhqfh ehwzhhq wkh zlwkgudzdo
udwh lq wkh frqwuro wuhdwphqw dqg wkh udwh lq wkh �uvw zlwkgudzdo rssruwxqlw| ri wkh sulpdu|
wuhdwphqw1 Iurp wdeohv LLL dqg Y/ wkh iuhtxhqflhv ri yroxqwdu| zlwkgudzdov zhuh 5 rxw ri 5<
dqg 4 rxw ri 69/ uhvshfwlyho|1 Wkhuh zdv/ krzhyhu/ d phdqlqjixo gl�huhqfh lq wkh zlwkgudzdo
udwhv ryhu wkh vxevhtxhqw wuldov1 Lq sduwlfxodu/ wkh yroxqwdu| zlwkgudzdo udwh +wkh qxpehu ri
yroxqwdu| zlwkgudzdov glylghg e| wkh qxpehu ri vxemhfwv zkr zhuh qrw irufhg wr zlwkgudz,
urvh vljql�fdqwo| pruh txlfno| ryhu wlph lq wkh sulpdu| wuhdwphqw149 Krzhyhu/ zh duh yhu|
uhoxfwdqw wr gudz dq| vwurqj frqfoxvlrqv iurp wklv vwdwhphqw1 Wkh whqghqf| iru vrph vxemhfwv
wr ehfrph pruh sdqlfn| ryhu wkh frxuvh ri wkh h{shulphqw pljkw eh lq xhqfhg e| wkhlu
rzq shuvrqdo klvwru|= krz riwhq wkh| vhh rwkhuv zlwkgudzlqj dqg krz pdq| edqn uxqv wkh|
revhuyh1 Doo ri wklv frqwulexwhv wr wkhlu srvwhulru ylhz ri krz pdq| sod|huv lq wkh srsxodwlrq
duh olnho| wr sod| wkh sdqlf vwudwhj|1 Wkh glvwulexwlrq ri shuvrqdo klvwrulhv lv xqltxh wr hdfk
h{shulphqwdo vhvvlrq1 Hyhq wkrxjk wkh sdudphwhuv duh wkh vdph dfurvv vhvvlrqv/ yduldelolw|
lq wkh rxwfrphv ri udqgrp irufhg zlwkgudzdov dqg udqgrp pdwfklqj zloo surgxfh gl�huhqw
lqglylgxdo klvwrulhv hyhq iru lghqwlfdo yroxqwdu| zlwkgudzdo udwhv1 Khqfh/ lw lv qhfhvvdu| wr
frqwuro iru gl�huhqfhv lq shuvrqdo klvwrulhv lq ghwhuplqlqj zklfk wuhdwphqw w|sh kdv d odujhu
ohduqlqj h�hfw rq yroxqwdu| zlwkgudzdo udwhv1

Lghdoo|/ zh zrxog frpsduh jurxsv ri lqglylgxdov zlwk lghqwlfdo klvwrulhv dfurvv wuhdwphqwv/
exw wklv uhtxluhv pruh gdwd wkdq zh duh deoh wr rewdlq1 Rxu dssurdfk lv lqvwhdg wr frqvwuxfw
d vxppdu| vwdwlvwlf wkdw uh hfwv dq lqglylgxdo*v klvwru| zlwk uhvshfw wr h{srvxuh wr edqn
uxqv1 Wkh yduldeoh/ fdoohg �klvwru|� lv gh�qhg dv wkh iudfwlrq ri suhylrxv shulrgv/ ehiruh wkh
fxuuhqw rqh/ lq zklfk wkh vxemhfw zlwqhvvhg d edqn uxq1 Zh zdqw wr doorz iru wkh srvvlelolw|
wkdw vxemhfwv* lqwhusuhwdwlrq ri wkh klvwru| yduldeoh gl�huv ryhu wlph> lq odwhu wuldov/ ydoxhv
ri wkh klvwru| yduldeoh frqwdlq pruh lqirupdwlrq derxw wkh zlwkgudzdo whqghqflhv ri wkh
srsxodwlrq1 Khqfh/ lq wkh uhjuhvvlrq dqdo|vlv wkdw iroorzv zh lqwhudfw wkh klvwru| yduldeoh
zlwk wkh urxqg yduldeoh14:

Wkh wdeoh ehorz vkrzv wkh pdujlqdo h�hfwv iurp d Surelw uhjuhvvlrq ghvljqhg wr whvw wkh
qxoo k|srwkhvlv wkdw/ frqwuroolqj iru gl�huhqfhv lq shuvrqdo klvwrulhv/ wkhuh lv qr gl�huhqfh
lq zlwkgudzdo ehkdylru dfurvv wkh wzr wuhdwphqwv1 Wkh ghshqghqw yduldeoh/ �Zlwkgudz/� lv
htxdo wr 4 li wkh vxemhfw yroxqwdulo| zlwkguhz dw wkh �uvw rssruwxqlw|1 �Urxqg� lv d glvfuhwh
yduldeoh wkdw frxqwv xs iurp 4 wr :14; �Wuhdw Gxp� lv wkh wuhdwphqw gxpp|/ zklfk htxdov
3 iru wkh +frqwuro, wuhdwphqw zlwk d vlqjoh zlwkgudzdo rssruwxqlw| dqg 4 iru wkh +sulpdu|,
wuhdwphqw zlwk wkuhh zlwkgudzdo rssruwxqlwlhv1

49Wkh <8( frq�ghqfh lqwhuydo durxqg wkh vorsh hvwlpdwhv ri wkh wuhqgolqh duh +313349/3135:7, dqg
+3135<</3139:;, iru wuhdwphqwv 4 dqg 5/ uhvshfwlyho|1

4:Wkhuh duh/ ri frxuvh/ rwkhu zd|v wkdw rqh frxog frqvwuxfw wkh klvwru| yduldeoh1 Zh zrxog olnh wr hpskdvl}h
wkdw zh glg qrw h{shulphqw zlwk dowhuqdwlyh vshfl�fdwlrqv ri wklv yduldeoh/ dqg khqfh wkh uhsruwhg vljql�fdqfh
ohyhov duh ydolg1

4;Urxqgv 4 wkurxjk : fruuhvsrqg wr wuldov 8 wkurxjk 441 Wkh klvwru| yduldeoh lv xqgh�qhg lq wuldo 71
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Zlwkgudz gI2g{ Vwg1 Huu1 } S :m5m {0edu
Urxqg 0135:;589 134::3:8 0418< 31444 7135;:
Klvwru| �16567;98 15385<77 04193 31443 16:67:;

Wuhdw GxpW 019<;5937 14;3437: 06136 31335 1898454
Wuhdw Gxp - Urxqg 13<84379 1365:74< 5174 31349 515<;34
Wuhdw Gxp - Klvwru| 41354687 1577<5<; 6176 31334 1586:44
Klvwru| - Urxqg 1457865: 138488:6 5184 31345 419;766

Wuhdw Gxp - Klvwru| - Urxqg 0149;;6; 138<<566 05186 31344 4147:<
rev1 S 14;6556 Qxpehu ri rev= 786
suhg1 S 143<;9 +dw {0edu, Svhxgr U2= 14<48
WgI2g{ lv iru glvfuhwh fkdqjh ri gxpp| yduldeoh iurp 3 wr 4
} dqg S :m5m duh wkh whvw ri wkh xqghuo|lqj frh!flhqw ehlqj 31

Wdeoh YL= Uhvxowv ri Surelw dqdo|vlv1

D mrlqw whvw ri �Urxqg� dqg �Klvwru| - Urxqg� kdv d s ydoxh ri 313739/ vxjjhvwlqj wkdw
klvwru| dqg urxqg h�hfwv duh vljql�fdqw lq wkh frqwuro wuhdwphqw1 Pruhryhu/ zh uhmhfw wkh
qxoo k|srwkhvlv wkdw wuhdwphqw w|sh grhv qrw pdwwhu +d mrlqw whvw ri wkh yduldeohv �Wuhdw
Gxp/� �Wuhdw Gxp - Urxqg/� �Wuhdw Gxp - Klvwru|/� dqg �Wuhdw Gxp - Klvwru| - Urxqg�
kdv d s ydoxh ri 3133<7,1 Khqfh/ zh frqfoxgh wkdw wkh urxqg dqg klvwru| yduldeohv lpsdfw
zlwkgudzdo suredelolwlhv gl�huhqwo| lq wkh sulpdu| wuhdwphqw wkdq lq wkh frqwuro1 Gxh wr wkh
qxphurxv lqwhudfwlrqv ri wkh yduldeohv/ lw lv qrw lpphgldwho| wudqvsduhqw iurp wdeoh YL krz
hdfk ri wkh yduldeohv lpsdfwv wkh zlwkgudzdo suredelolw|1 Zh h{shfwhg wkdw kljkhu ydoxhv
iru wkh klvwru| yduldeoh zrxog wudqvodwh lqwr kljkhu zlwkgudzdo suredelolwlhv1 Wklv lv dozd|v
wuxh lq wkh sulpdu| wuhdwphqw dqg lv wuxh lq doo exw wkh �uvw wzr urxqgv ri wkh frqwuro/
zkhuh wkhuh lv d voljkwo| qhjdwlyh pdujlqdo h�hfw1 Iru urxqgv 6 dqg xs/ wkhuh lv d srvlwlyh
uhodwlrqvkls ehwzhhq klvwru| dqg zlwkgudzdov lq wkh frqwuro1 Wkhuh lv dovr d pxfk pruh
surqrxqfhg h�hfw lq wkh sulpdu| wuhdwphqw wkdq lq wkh frqwuro1 Iru lqvwdqfh/ hydoxdwhg dw
wkh phdq ri wkh lqghshqghqw yduldeohv/ wkh hvwlpdwhg pdujlqdo h�hfw ri dq lqfuhdvh lq wkh
klvwru| yduldeoh lv 185 lq wkh sulpdu| wuhdwphqw dqg 14; lq wkh frqwuro1 Wkh mrlqw whvw ri
wkh frh!flhqwv rq Wuhdw Gxp - Klvwru| dqg Wuhdw Gxp - Klvwru| - Urxqg kdv d s ydoxh ri
313347/ vr wklv gl�huhqfh lv vljql�fdqw dw wkh 4( ohyho1

Dv phqwlrqhg hduolhu/ zh dovr doorzhg iru wkh srvvlelolw| wkdw vxemhfwv zrxog uhdfw gli0
ihuhqwo| wr wkh vdph ohyho ri wkh klvwru| yduldeoh ryhu wlph1 Lq idfw/ wkh dqdo|vlv vkrzv
wkdw shrsoh uhdfw pruh vwurqjo| wr wklv yduldeoh ryhu wlph/ dqg wkdw wklv h�hfw lv idu pruh
surqrxqfhg lq wkh sulpdu| wuhdwphqw wkdq lq wkh frqwuro1 Vwduwlqj iurp wkh phdq ri wkh
lqghshqghqw yduldeohv/ wkh hvwlpdwhg pdujlqdo h�hfw ri d xqlw lqfuhdvh lq wkh urxqg yduldeoh
lv f�fD� lq wkh sulpdu| wuhdwphqw dqg f�f�b lq wkh frqwuro1 Wkh mrlqw whvw ri wkh frh!flhqwv
rq Wuhdw Gxp - Urxqg dqg Wuhdw Gxp - Klvwru| - Urxqg kdv d s ydoxh ri 313595/ vr wklv
gl�huhqfh lv vljql�fdqw dw wkh 8( ohyho1

Iljxuhv 8d0j dqg 9d0f looxvwudwh wkhvh suhglfwlrqv iru hdfk srvvleoh klvwru| kroglqj wkh
urxqg �{hg/ dqg iru hdfk urxqg kroglqj wkh klvwru| �{hg +dw 3/ 318 dqg 4,/ uhvshfwlyho|1 Lq
hdfk fdvh/ vhsdudwh suhglfwlrqv duh fkduwhg iru hdfk wuhdwphqw1
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Figure 5d: Round 4
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Figure 5g: Round 7
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Figure 5a: Round 1
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Figure 5b: Round 2
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Figure 5c: Round 3
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Figure 5e: Round 5
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Figure 5f: Round 6
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Iljxuh 8= Hvwlpdwhg zlwkgudzdo suredelolwlhv iru hdfk urxqg1
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Figure 6a: History = 0
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Figure 6b: History = .5
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Figure 6c: History = 1
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Iljxuh 9= Zlwkgudzdo suredelolwlhv iru vhohfwhg klvwrulhv1

Wkh h�hfwv ghvfulehg deryh duh dssduhqw iurp wkh �jxuhv14< Lq sduwlfxodu/ �jxuhv 8f0j
vkrz wkdw kroglqj urxqg frqvwdqw dw 6 ru kljkhu/ yroxqwdu| zlwkgudzdo suredelolwlhv duh
srvlwlyho| uhodwhg wr wkh klvwru| yduldeoh dqg wkdw wkh h�hfw lv pxfk pruh surplqhqw lq wkh
sulpdu| wuhdwphqw wkdq lq wkh frqwuro1 Iljxuh 9d vkrzv wkdw kroglqj klvwru| frqvwdqw dw 3/
yroxqwdu| zlwkgudzdo suredelolwlhv duh idluo| frqvwdqw ryhu wlph/ zkloh �jxuh 9f vkrzv wkdw
kroglqj klvwru| frqvwdqw dw 4/ yroxqwdu| zlwkgudzdo suredelolwlhv lqfuhdvh ryhu wlph1 Dq
lqwhuphgldwh fdvh lv vkrzq lq �jxuh 9e1 Qrwh wkdw lq �jxuh 9e doo rgg0qxpehuhg urxqgv duh
qhfhvvdulo| rxw0ri0vdpsoh suhglfwlrqv/ dv 318 lv qrw d srvvleoh klvwru|1

Wkh frpelqhg lpsolfdwlrq ri wkhvh �jxuhv lv wkdw zh h{shfw wr vhh vlplodu iuhtxhqflhv ri

4<Vrph fdxwlrq lv uhtxluhg lq lqwhusuhwlqj wkh �jxuhv/ dv vrph ri wkh gdwd srlqwv sorwwhg lq wkh �jxuhv duh
edvhg rq vlwxdwlrqv zlwk orz vdpsoh vl}hv1
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edqn uxqv hduo| rq lq erwk wuhdwphqw hqylurqphqwv/ exw wkh iuhtxhqf| ri revhuyhg edqn
uxqv vkrxog jurz dw d idvwhu udwh ryhu wlph lq wkh wuhdwphqw zlwk pxowlsoh zlwkgudzdo
rssruwxqlwlhv1 Wklv lv yhu| forvh wr zkdw zh vhh lq wkh gdwd/ dv wkh qh{w vhfwlrq looxvwudwhv1

Y1 Edqn Uxq Dqdo|vlv

D edqn uxq lv gh�qhg wr kdyh rffxuuhg li wkh edqn oltxlgdwhv doo ri lwv dvvhwv ehiruh
wkh hqg ri d wuldo1 Lq vfhqdulr D wklv rffxuv li wkhuh duh 6 ru pruh zlwkgudzdov/ zkloh lq
vfhqdulr E wklv rffxuv li wkhuh duh 7 ru pruh zlwkgudzdov1 Qr uxqv rffxuuhg zlwkrxw irufhg
zlwkgudzdov lq hlwkhu vfhqdulr D ru E1 Edqn uxqv rffxuuhg uhjxoduo| +7;( ri wkh wlph, xqghu
vfhqdulr D sd|r�v zlwk irufhg zlwkgudzdov/ hyhq wkrxjk wkhuh zdv rqo| 42; suredelolw| wkdw
irufhg zlwkgudzdo zrxog fdxvh wkh edqn wr idlo1 Wkhuh zhuh d vpdoo qxpehu ri edqn uxqv
xqghu vfhqdulr E sd|r�v zlwk irufhg zlwkgudzdov +rqh rffxuuhqfh lq vhvvlrq 5 ri wkh frqwuro
wuhdwphqw dqg rqh rffxuuhqfh lq wkh �qdo urxqg ri hdfk ri wkh wzr vhvvlrqv ri wkh sulpdu|
wuhdwphqw, ghvslwh wkhuh ehlqj }hur suredelolw| wkdw irufhg zlwkgudzdov zloo fdxvh wkh edqn
wr idlo1

Iljxuh : vkrzv edqn uxq iuhtxhqflhv +rxw ri ; jurxsv, wkdw rffxuuhg lq hdfk wuldo ri
hdfk wuhdwphqw xqghu vfhqdulr D sd|r�v zlwk irufhg zlwkgudzdov1 Lw lv dssduhqw iurp wkh
�jxuh wkdw iuhtxhqflhv ri edqn uxqv urvh pxfk pruh txlfno| lq wkh sulpdu| wuhdwphqw +zlwk
6 zlwkgudzdo rssruwxqlwlhv, wkdq wkh frqwuro +zlwk 4 zlwkgudzdo rssruwxqlw|,/ ghvslwh vlp0
lodu rffxuuhqfhv ri edqn uxqv lq wkh hduo| wuldov1 Wklv r�huv d frpshoolqj uhdvrq zk| wkh
sursruwlrq ri sdqlfn| vxemhfwv urvh pruh txlfno| lq wkh wuhdwphqw zlwk pxowlsoh zlwkgudzdo
rssruwxqlwlhv= wkh vxemhfwv lq wkdw wuhdwphqw zhuh h{srvhg wr pruh edqn uxqv1

0

1

2

3

4

5

6

7

8

4 5 6 7 8 9 10 11
trial

1 opp
3 opps

Iljxuh := Edqn uxq iuhtxhflhv iru hdfk wuhdwphqw/ wuldov 7044
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YL1 Frqfoxvlrqv

Wkh nh| �qglqjv ri wklv vwxg| dv lw uhodwhv wr euhdngrzqv lq frruglqdwlrq dqg wkh rf0
fxuuhqfh ri edqn uxqv duh wkdw +4, irufhg zlwkgudzdov iuhtxhqwo| ohdg wr wkh rffxuuhqfh ri
edqn uxqv hyhq zkhq wkh| gr qrw suhvhqw d olnho| wkuhdw wr wkh vroyhqf| ri wkh edqn/ dqg
+5, lw pdwwhuv zkhwkhu vxemhfwv duh jlyhq pxowlsoh zlwkgudzdo rssruwxqlwlhv +zlwk ihhgedfn,
ru d vlqjoh rssruwxqlw|1 Hoderudwlqj rq srlqw +5,/ vxemhfwv zhuh htxdoo| olnho| wr zlwkgudz
dw wkh �uvw rssruwxqlw| lq wkh �uvw wuldo ri erwk wuhdwphqwv/ exw h{srvxuh wr edqn uxqv kdg
d juhdwhu +srvlwlyh, h�hfw rq ixwxuh zlwkgudzdov lq wkh wuhdwphqw zlwk pxowlsoh zlwkgudzdo
rssruwxqlwlhv153 Ri frxuvh/ vrph fdxwlrq lv uhtxluhg lq h{wudsrodwlqj wkhvh uhvxowv wr frq0
vxphu ehkdylru gxulqj �qdqfldo fulvhv1 Wkhuh grhv vhhp wr eh yhu| vwurqj hylghqfh wkdw wkh
delolw| ri shrsoh wr frruglqdwh rq wkh sd|r�0grplqdqw htxloleulxp lv vhqvlwlyh wr irufhg zlwk0
gudzdov/ zklfk duh phdqw wr lplwdwh djjuhjdwh xqfhuwdlqw| derxw lqglylgxdo0ohyho vkrfnv wkdw
rffxu gxulqj wlphv ri �qdqfldo fulvhv1 Krzhyhu/ wkh uhshdwhg sod| dvshfw ri wkh h{shulphqw
lv vrphzkdw duwl�fldo/ dqg wklv lv zkhuh wkh vwurqjhvw wuhdwphqw h�hfw zdv revhuyhg1 Qhy0
huwkhohvv/ lw lv lqwhuhvwlqj iurp d wkhruhwlfdo shuvshfwlyh wr qrwh wkdw wkh vwdqgdug dssurdfk
ri prghoolqj edqn uxqv xvlqj d vlpxowdqhrxv0pryh jdph pd| qrw eh wkh prvw dssursuldwh
rqh1 Pruhryhu/ wkh uhvxowv vxjjhvw wkdw lq frxqwulhv zkhuh shrsoh kdyh d klvwru| ri h{srvxuh
wr �qdqfldo fulvhv/ zlwkgudzdo ehkdylru pljkw ghshqg rq wkh v|vwhp lq sodfh iru surylglqj
zlwkgudzdo rssruwxqlwlhv dqg rq wkh lqirupdwlrqdo  rz uhjduglqj wkh zlwkgudzdo dfwlylw| ri
rwkhuv1

Dqrwkhu nh| �qglqj frqfhuqv wkh dqdo|vlv ri zlwkgudzdo ehkdylru lq wkh wuhdwphqw zlwk
pxowlsoh zlwkgudzdo rssruwxqlwlhv1 Zh whvwhg ydulrxv fxwr� uxohv iru fkdudfwhul}lqj lqglylg0
xdo ghflvlrqv1 Wkh h{shulphqw zdv vshfl�fdoo| ghvljqhg wr gl�huhqwldwh ehwzhhq wzr vxfk
uxohv/ rqh ri zklfk zdv frqvlvwhqw zlwk Ed|hvldq xsgdwlqj dqg rqh ri zklfk zdv qrw1 Zh
irxqg wkdw wkh fxwr� uxoh dvvrfldwhg zlwk Ed|hvldq xsgdwlqj rxwshuiruphg wkh rwkhu uxohv1
Wklv h�hfw glvdsshduhg ryhu wlph/ krzhyhu/ dv lqfuhdvhg udwhv ri lpphgldwh zlwkgudzdov
hyhqwxdoo| pdgh wkh sdqlf uxoh � zlwkgudz lpphgldwho| � d vxshulru suhglfwru1 Dv phq0
wlrqhg deryh/ wklv grhv qrw vxjjhvw wkdw vxemhfwv ohduqhg qrw wr eh Ed|hvldq1 Udwkhu/ lw
vxjjhvwv wkh| vwrsshg eholhylqj wkdw rwkhuv zrxog sod| wkhlu sduw ri wkh sd|r�0grplqdqw
htxloleulxp1

Uhihuhqfhv

Doohq/ Iudqnolq dqg Grxjodv Jdoh/ 4<<;/ Rswlpdo �qdqfldo fulvhv/ Mrxuqdo ri Ilqdqfh 86/
4578045;7

Er|g/ Mrkq K1/ Vxqjn|x Nzdn/ dqg Euxfh G1 Vplwk +lq suhvv, Wkh uhdo rxwsxw orvvhv dvvr0
fldwhg zlwk prghuq edqnlqj fulvhv/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj1

Frrshu/ Uxvvhoo/ Grxjodv Y1 GhMrqj/ Urehuw Iruv|wkh/ dqg Wkrpdv Z1 Urvv/ 4<<3/ Vhohfwlrq
fulwhuld lq frruglqdwlrq jdphv= Vrph h{shulphqwdo uhvxowv/ Dphulfdq Hfrqrplf Uhylhz

53Wkhvh �qglqjv duh edvhg rq urxqgv zlwk irufhg zlwkgudzdov dqg vfhqdulr D sd|r�v1 Wkh wkh urxqgv
zlwk vfhqdulr E sd|r�v ru qr irufhg zlwkgudzdov kdg yhu| olwwoh yduldwlrq lq lqglylgxdo zlwkgudzdo ehkdylru
zlwklq ru dfurvv wuhdwphqwv> yhu| ihz lqglylgxdov zlwkguhz lq wkhvh urxqgv1
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;3/ 54;0566
Frrshu/ Uxvvhoo dqg Wkrpdv Z1 Urvv/ 4<<;/ Edqn uxqv= oltxlglw| frvwv dqg lqyhvwphqw glv0

wruwlrqv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 74/ 5:06;
Gldprqg/ Grxjodv Z1 dqg Sklols K1 G|eylj/ 4<;6/ Edqn uxqv/ ghsrvlw lqvxudqfh/ dqg olt0

xlglw|/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ 734074<
Hqqlv/ Kxehuwr P1/ 5336/ Hfrqrplf ixqgdphqwdov dqg edqn uxqv/ Ihghudo Uhvhuyh Edqn ri

Ulfkprqg Hfrqrplf Txduwhuo| ;</ 880:4
Hqqlv/ Kxehuwr P1 dqg Wrgg Nhlvwhu +lq suhvv, Edqn uxqv dqg lqyhvwphqw ghflvlrqv uhylvlwhg/

Mrxuqdo ri Prqhwdu| Hfrqrplfv1
Jrogvwhlq/ Lwd| dqg Dg| Sdx}qhu/ 5338/ Ghpdqg0ghsrvlw frqwudfwv dqg wkh suredelolw| ri

edqn uxqv/ Mrxuqdo ri Ilqdqfh 93/ 45<60465:
Jruwrq/ Jdu|/ 4<;;/ Edqnlqj sdqlfv dqg exvlqhvv f|fohv/ R{irug Hfrqrplf Sdshuv 73/ :840

:;4
Rfkv/ Mdfn/ 4<<8/ Frruglqdwlrq sureohpv/ lq D1H1 Urwk dqg M1K1 Ndjho/ hgv1= Kdqgerrn ri

H{shulphqwdo Hfrqrplfv +Sulqfhwrq Xqlyhuvlw| Suhvv,
Shfn/ Mdphv dqg Nduo Vkhoo/ 5336/ Htxloleulxp edqn uxqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 444/

4360456
Vdxqghuv/ Dqwkrq| dqg Ehuu| Zlovrq/ 4<<9/ Frqwdjlrxv edqn uxqv= Hylghqfh iurp wkh 4<5<0

4<66 shulrg/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq 8/ 73<0756
Vfkrwwhu/ Dqguhz dqg Wdqmx \ruxopd}hu/ 5336/ Rq wkh vhyhulw| ri edqn uxqv= Dq h{shul0

phqwdo vwxg|/ plphr1
Ydq Kx|fn/ Mrkq E1/ Ud|prqg F1 Edwwdolr/ dqg Ulfkdug R1 Ehlo/ 4<<3/ Wdflw frruglqdwlrq

jdphv/ vwudwhjlf xqfhuwdlqw|/ dqg frruglqdwlrq idloxuh/ Dphulfdq Hfrqrplf Uhylhz ;3/
567057;

Zdoodfh/ Qhlo/ 4<<3/ D edqnlqj prgho lq zklfk sduwldo vxvshqvlrq lv ehvw/ Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 47/ 44056
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Bank Deposit Experiment
INSTRUCTIONS

This experiment has been designed to study decision-making behavior in groups. If you follow the
instructions carefully and make good decisions, you may earn a considerable amount of money.
The participants may earn different amounts of money in this experiment because each participant’s
earnings are based partly on his/her decisions and partly on the decisions of the other group
members. The money you earn will be paid to you, in cash, at the end of the experiment.  Therefore,
it is important that you do your best.  A research foundation has contributed the money to conduct
this study.

Description of the Task
You and four other people each have $1 deposited in an experimental account. You must decide
whether to request to withdraw your $1 at any one of THREE withdrawal opportunities you will be
given, or leave it deposited in the account.

How much money you will receive if you make a withdrawal request or if you leave your money
deposited depends on the withdrawal decisions of the other four people in the experiment. This is
explained below. Withdrawal opportunities are numbered using roman numerals I through III.

Withdrawal Opportunity I. Below is a chart that you can use to figure out the payoffs associated
with your withdrawal decision in Withdrawal Opportunity I. You will see this chart on your
computer screen when the experiment begins. Remember, how much you receive if you make a
withdrawal request or how much you earn by leaving your money deposited depends on how many
other people place withdrawal requests. The chart gives you payoffs for all the possible numbers of
requests. The word “hypothetical” is used in the chart because you do not know how many
withdrawal requests will be made when you make your decision. If TWO or fewer withdrawal
requests are made then each requester with receive $1 and each remaining depositor will have a
projected payment of $1.50. The projected payment is the amount each remaining depositor will
receive if there are no more withdrawal requests in the remaining two withdrawal opportunities. If
there are future withdrawals, remaining depositors might get less, as the following charts will show.
If THREE or more withdrawal requests are made then each requester will receive $1 or less as
shown in the chart, and the remaining depositors will get $0.

Hypothetical
number of new
withdrawal requests

Amount each
requester would
receive

Projected payment to
each remaining
depositor

0 not applicable $1.50
1 $1 $1.50
2 $1 $1.50
3 $1 $0
4 $0.75 $0
5 $0.60 not applicable

ITAM
Department of Economics and Centro de

Investigación Económica

University of California at Santa Barbara
Department of Economics

     Appendix A: Primary Treatment
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Withdrawal Opportunity II. The payoff chart for Withdrawal Opportunity II depends on the
number of withdrawal requests made in Withdrawal Opportunity I. Below is the payoff chart that
would apply if 1 withdrawal request were made during Withdrawal Opportunity I. Now the highest
possible number of new requests is 4, so the chart has 1 less row then before. The projected
payment assuming ONE or fewer withdrawal requests is $1.50. However, now if there are TWO or
more withdrawal requests remaining depositors get $0. The amount each requester receives is $1 for
up to two new withdrawals and less than that for more than two withdrawals, as shown in the chart.

Hypothetical
number of new
withdrawal requests

Amount each
requester would
receive

Projected payment to
each remaining
depositor

0 not applicable $1.50
1 $1 $1.50
2 $1 $0
3 $0.67 $0
4 $0.50 not applicable

Withdrawal Opportunity III. The payoff chart for Withdrawal Opportunity III depends on the
number of withdrawal requests made in withdrawal opportunities I and II. At the beginning of
Withdrawal Opportunity III you will again see a payoff table that reflects the previous
withdrawals and shows the projected payments corresponding to any additional withdrawals.
Now, since this is the last withdrawal opportunity, the projected payments corresponding to each
hypothetical number of new withdrawal requests will be the actual payments.

Where do these payoffs come from? It is not important that you fully understand how the
numbers are determined. However, the underlying story is that the account manager has invested
the $15 from the experimental account in assets that cannot be converted to cash before the end
of the trial without paying a penalty. The dollar amounts you see reflect the ability of the account
manager to meet her obligations of paying requesting individuals $1 (if possible) during the
withdrawal opportunities and up to $1.50 to remaining depositors at the end of the trial.
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Procedure
You will perform the task described above numerous times. Each time is called a trial. Each trial
is completely separate. That is, you will start each trial with $1 in the experimental account. You
will keep the money you earn in every trial. At the end of each trial, your earnings for that trial
and your total earnings will appear on your computer screen.

You do not play with the same people each trial. New groups of five are formed randomly every
trial out of the twenty people participating in the experiment.

At the beginning of each withdrawal opportunity, you will be shown a screen similar to the
pictorial representation below.

You can make a withdrawal request by clicking the “Withdraw Now” button before time expires.
At each withdrawal opportunity you will be given 30 seconds to make your decision.  If you do
not click the “Withdrawal Now” button your money will remain deposited and you will either
advance to the next withdrawal opportunity.  If it is Withdrawal Opportunity III the trial will end
and you will receive the payoff to remaining depositors.

At the end of each withdrawal opportunity you will see a summary that lists the number of new
withdrawal requests that were placed during that opportunity, the amount each requester
received, the number of remaining depositors, and the projected payment to remaining

Hypothetical number 
of new withdrawal 

requests

Amount each 
requester would 

receive

0 not applicable

1 $1

2 $1

3 $1

4 $0.75

5

$1.50

Trial A1

 Withdrawal Opportunity I

Projected payment to 
each remaining 

depositor

$1.50

$0

$0

Payoff Table

not applicable

Time remaining in Withdrawal Opportunity I: 30 seconds

To make a withdrawal request click the "Withdraw Now" button at the bottom of 
the page before time expires. If you do not click the "Withdraw Now" button 
before the time expires your money will remain deposited.

Withdraw Now

$0.60

$1.50
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depositors. A pictorial representation of a possible summary following Withdrawal Opportunity I
is provided below.

The other people in the experiment will also view the same screens.

At the end of each trial you will see a summary that lists your earning for the trial and your
cumulative earnings for the experiment (not including the show-up fee).

Trial Variations
There are two types of trials. Type A trials are played as described above. Type B trials involve a
randomly determined number of forced withdrawals each withdrawal opportunity. The specific
rules for the type B trials will be reviewed as these trials are reached during the experiment.

Payment at the End of the Session
You will participate in a maximum of 18 trials. The first two trials will be unpaid practice trials.
At the end of the entire experiment, the supervisor will pay you your earnings in cash.

Please remember, communicating with other people during the experiment is strictly forbidden.

Thank you for your participation.

Opportunity
New 

requests
Amount 
received

Remaining 
depositors

Projected payment to 
each remaining 

depositor
I 1 $1.00 4 $1.50

Continue

Trial A1

Withdrawal Opportunity I is over.



5

TRIAL SUMMARY

Trail A1-A2: no forced withdrawals (unpaid)

Trails A3-A4: no forced withdrawals

Trials B1-B8: At the beginning of EACH withdrawal opportunity there is a 50% chance that one
of the remaining depositors will be forced to withdraw. When they occur, forced withdrawals are
randomly assigned.

New payoffs

Hypothetical
number of new
withdrawal requests

Amount each
requester would
receive

Projected payment to
each remaining
depositor

0 not applicable $1.50
1 $1 $1.50
2 $1 $1.50
3 $1 $1.50
4 $1 $0
5 $0.80 not applicable

Trial A5: no forced withdrawals (unpaid)

Trials A6-A7: no forced withdrawals

Trials B9-B12: These trials use the same rules as B1-B8, but with new payoffs. At the beginning
of EACH withdrawal opportunity there is a 50% chance that one of the remaining depositors will
be forced to withdraw. Once again, any forced withdrawals are randomly assigned.
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Bank Deposit Experiment
INSTRUCTIONS

This experiment has been designed to study decision-making behavior in groups. If you follow the
instructions carefully and make good decisions, you may earn a considerable amount of money.
The participants may earn different amounts of money in this experiment because each participant’s
earnings are based partly on his/her decisions and partly on the decisions of other group members.
The money you earn will be paid to you, in cash, at the end of the experiment.  Therefore, it is
important that you do your best.  A research foundation has contributed the money to conduct this
study.

Description of the Task
You and four other people each have 1 experimental dollar deposited in an experimental bank. You
must decide whether to request to withdraw your $1 or leave it deposited. At the end of the
experiment we will be pay you $0.50 US for each experimental dollar you earn during the
experiment.

How much money you will receive depends on your own decision and on the decisions of the other
four people in your group. This is explained below.

Withdrawal Decision. You will see the chart below on your computer screen when the experiment
begins. How much you receive if you make a withdrawal request or how much you earn by leaving
your money deposited depends on how many other people in your group place withdrawal requests.
The chart lists the payoffs for all the possible numbers of requests. The word “hypothetical” is used
in the chart because you do not know how many withdrawal requests will be made when you make
your decision. If ONE or TWO withdrawal requests are made, each requester will receive $1 and
the remaining depositors will get $1.50. If THREE or more withdrawal requests are made, each
requester will receive $1 or less, as shown in the chart, and the remaining depositors will get $0.

Hypothetical
number of new
withdrawal requests

Amount each
requester would
receive

Payment to each
remaining depositor

0 not applicable $1.50
1 $1 $1.50
2 $1 $1.50
3 $1 $0
4 $0.75 $0
5 $0.60 not applicable

Where do these payoffs come from? It is not important that you fully understand how the
numbers are determined. However, the underlying story is that the account manager has invested
the $5 from the experimental account in assets that cannot be converted to cash before the end of
the trial without paying a penalty. The dollar amounts you see reflect the ability of the account
manager to meet her obligations of paying requesting individuals $1 (if possible) during the
withdrawal opportunity and up to $1.50 to remaining depositors at the end of the trial.

ITAM
Department of Economics and Centro de

Investigación Económica

University of California at Santa Barbara
Department of Economics

    Appendix A: Control Treatment
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Procedure
You will perform the task described above numerous times. Each time is called a trial. Each trial
is completely separate. That is, you will start each trial with $1 in the experimental bank. You
will keep the money you earn in every trial. At the end of each trial, your earnings for that trial
and your total earnings will appear on your computer screen.

You do not play with the same people each trial. New groups of five are formed randomly every
trial from the twenty people participating in the experiment.

At the beginning of each trial, you will be shown a screen similar to the pictorial representation
below. The title “Withdrawal Opportunity I” will be on your screen, suggesting that there might
be additional withdrawal opportunities (i.e., II, III, etc.). This is not the case. There is only ONE
withdrawal opportunity per trial.

You can make a withdrawal request by clicking the “Withdraw Now” button before time expires.
You will be given 30 seconds to make your decision.  If you do not click the “Withdrawal Now”
button, your money will remain deposited.

Hypothetical number 
of new withdrawal 

requests

Amount each 
requester would 

receive

0 not applicable

1 $1

2 $1

3 $1

4 $0.75

5

Payoff Table

not applicable

Time remaining in Withdrawal Opportunity I: 30 seconds

To make a withdrawal request click the "Withdraw Now" button at the bottom of 
the page before time expires. If you do not click the "Withdraw Now" button 
before the time expires your money will remain deposited.

Withdraw Now

$0.60

$1.50

$1.50

Trial A1

 Withdrawal Opportunity I

Projected payment to 
each remaining 

depositor

$1.50

$1.50

$0
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At the end of each trial you will see a summary that lists the number of withdrawal requests that
were placed during the trial, the amount each requester received, the number of remaining
depositors, and the payment to remaining depositors. A pictorial representation of a possible
summary following Trial A1 is provided below.

The other people in the experiment will also view the same screens.

You will also see a summary that lists your earning for the trial and your cumulative earnings for
the experiment (not including the show-up fee).

Trial Variations
There are two types of trials. Type A trials are played as described above. In Type B trials, some
people may be randomly chosen and forced to withdraw. The specific rules for the type B trials
will be discussed as these trials are reached during the experiment.

Payment at the End of the Session
You will participate in a maximum of 31 trials. The first two trials will be unpaid practice trials.
At the end of the entire experiment, the supervisor will pay your earnings to you in cash.

Please remember, communicating with other people during the experiment is strictly forbidden.

Thank you for your participation.

Opportunity
Withdrawal 

requests
Amount 
received

Remaining 
depositors

Payment to each 
remaining depositor

I 1 $1.00 4 $1.50

Continue

Trial A1

Withdrawal Opportunity I is over.
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TRIAL SUMMARY

Trail A1-A2: no forced withdrawals (unpaid)

Trails A3-A4: no forced withdrawals

Trials B1-B8: At the beginning of EACH trail there is a 3/8 chance that one depositor will be
forced to withdraw, a 3/8 chance that two depositors will be forced to withdraw, and a 1/8
chance that three depositors will be forced to withdraw. When they occur, forced withdrawals are
randomly assigned.

New payoffs

Hypothetical
number of new
withdrawal requests

Amount each
requester would
receive

Payment to each
remaining depositor

0 not applicable $1.50
1 $1 $1.50
2 $1 $1.50
3 $1 $1.50
4 $1 $0
5 $0.80 Not applicable

Trial A5: no forced withdrawals (unpaid)

Trials A6-A7: no forced withdrawals

Trials B9-B12: These trials use the same rules as B1-B8, but with new payoffs. At the beginning
of EACH trail there is a 3/8 chance that one depositor will be forced to withdraw, a 3/8 chance
that two depositors will be forced to withdraw, and a 1/8 chance that three depositors will be
forced to withdraw. Once again, any forced withdrawals are randomly assigned.



Posterior prob Expected payoff from not withdrawing Expected payoff from withdrawing

Number of of a forced 

previous withdrawal in # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals this opportunity 0 1 payoff 0 1 payoff Action

0 0.44 1.50 1.50 1.50 1.00 1.00 1.00 not withdraw

1 0.43 1.50 1.50 1.50 1.00 1.00 1.00 not withdraw

2 0.40 1.50 0.00 0.90 1.00 0.50 0.80 not withdraw

Posterior prob Expected payoff from not withdrawing Expected payoff from withdrawing

Number of of a forced 

previous withdrawal in # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals this opportunity 0 1 payoff 0 1 payoff Action

0 0.44 1.45 1.44 1.44 1.00 1.00 1.00 not withdraw

1 0.43 1.44 0.92 1.21 1.00 1.00 1.00 not withdraw

2 0.40 0.92 0.00 0.55 1.00 0.50 0.80 withdraw

Posterior prob Expected payoff from not withdrawing Expected payoff from withdrawing

Number of of a forced 

previous withdrawal in # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals this opportunity 0 1 payoff 0 1 payoff Action

0 0.44 1.40 1.19 1.31 1.00 1.00 1.00 not withdraw

Withdrawal Opportunity II

Game ends if there are 3 withdrawals. Players factor in probability of being forced to withdraw in future rounds when calculating 
expected payoff to not withdrawing. Optimal actions are determined under the assumption that all other agents do not withdraw 
unless withdrawing is a dominant strategy. Situations that are shaded necessarily represent off-equilibrium behavior. 

Appendix B

Withdrawal Opportunity I

Optimal Actions with Bayesian Updating, Liquidation Value = .6.

Withdrawal Opportunity III



Posterior prob Expected payoff from not withdrawing Expected payoff from withdrawing

Number of of a forced 

previous withdrawal in # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals this opportunity 0 1 payoff 0 1 payoff Action

0 0.44 1.50 1.50 1.50 1.00 1.00 1.00 not withdraw

1 0.43 1.50 1.50 1.50 1.00 1.00 1.00 not withdraw

2 0.40 1.50 1.50 1.50 1.00 1.00 1.00 not withdraw

3 0.33 1.50 0.00 1.00 1.00 0.50 0.83 not withdraw

Posterior prob Expected payoff from not withdrawing Expected payoff from withdrawing

Number of of a forced 

previous withdrawal # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals this period 0 1 payoff 0 1 payoff Action

0 0.44 1.45 1.44 1.44 1.00 1.00 1.00 not withdraw

1 0.43 1.44 1.42 1.43 1.00 1.00 1.00 not withdraw

2 0.40 1.42 1.00 1.25 1.00 1.00 1.00 not withdraw

3 0.33 1.00 0.00 0.67 1.00 0.50 0.83 withdraw

Posterior prob. Expected payoff from not withdrawing Expected payoff from withdrawing

Number of # of forced

previous w/d this # of forced withdrawals Expected # of forced withdrawals Expected Optimal 

withdrawals period = 1 0 1 payoff 0 1 payoff Action

0 0.44 1.40 1.38 1.39 1.00 1.00 1.00 not withdraw

Game ends if there are 4 withdrawals. Players factor in probability of being forced to withdraw in future rounds when calculating 
expected payoff to not withdrawing. Optimal actions are determined under the assumption that all other agents do not withdraw 
unless withdrawing is a dominant strategy. Situations that are shaded necessarily represent off-equilibrium behavior. 

Appendix C

Withdrawal Opportunity II

Withdrawal opportunity I

Optimal Actions with Bayesian Updating, Liquidation Value = .8.

Withdrawal Opportunity III


