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4Wklv sdshu lv edvhg rq Hvvd| 7 ri p| grfwrudo wkhvlv dw R{irug Xqlyhuvlw|1 L wkdqn Vwhyh
Erqg iru klv h{whqvlyh dgylfh dqg hqfrxudjhphqw1 L dp dovr judwhixo wr Vfrww Hydqv/ Frolq
Pd|hu/ Gdskqh Qlfrolwvdv/ Mrq Whpsoh dqg Iudqn Zlqgphlmhu/ soxv vhplqdu sduwlflsdqwv dw
R{irug dqg wkh Orqgrq Exvlqhvv Vfkrro1 Dq| huuruv duh plqh1



Devwudfw

Wklv sdshu xqghuwdnhv dq hpslulfdo dqdo|vlv ri wkh h�hfwv ri wkh wkuhdw ri wdnhryhu
rq frpsdq| shuirupdqfh/ edvhg rq d sdqho ri 976 qrq�qdqfldo txrwhg XN frpsdqlhv
ryhu wkh shulrg 4<;<0<91 Rxu phdvxuh ri wkh lqwhqvlw| ri wkh wkuhdw ri wdnhryhu lv
wkh suhglfwhg suredelolw| ri wdnhryhu hvwlpdwhg uhfxuvlyho| iurp d wdnhryhu olnholkrrg
prgho1 Wklv phdvxuh lv xvhg dv dq h{sodqdwru| yduldeoh lq prghov ri wrwdo idfwru
surgxfwlylw|/ lqyhvwphqw dqg glylghqgv1 Zh �qg wkdw wdnhryhu ulvn kdv d srvlwlyh
dqg vljql�fdqw h�hfw rq vxevhtxhqw surgxfwlylw|/ d qhjdwlyh dqg vljql�fdqw h�hfw rq
lqyhvwphqw/ dqg d srvlwlyh exw lqvljql�fdqw h�hfw rq fxuuhqw glylghqg sd|rxw1 Wkh
suredelolw| ri krvwloh wdnhryhu kdv olwwoh h�hfw rq surgxfwlylw|/ exw kdv d qhjdwlyh dqg
vljql�fdqw h�hfw rq lqyhvwphqw zlwk d odj ri wzr |hduv/ dqg d vwurqjo| srvlwlyh h�hfw
rq glylghqg sd|rxw1 Wkh suredelolw| ri iulhqgo| wdnhryhu kdv vlplodu h�hfwv wr wkh
djjuhjdwh wdnhryhu ulvn1 Wkhvh uhvxowv duh sduwldoo| frqvlvwhqw zlwk erwk d glvflsolqdu|
ylhz ri wdnhryhuv dqg zlwk d vkruw0whuplvp ylhz1

MHO fodvvl�fdwlrq= J67/ O541

Nh|zrugv= Wdnhryhu wkuhdw> surgxfwlylw|> lqyhvwphqw> glylghqgv1



4 Lqwurgxfwlrq

�D odujh wkhruhwlfdo dqg dqhfgrwdo olwhudwxuh dujxhv wkdw wkh Dphulfdq fru0

srudwh jryhuqdqfh v|vwhp/ sduwlfxoduo| wdnhryhuv/ lpsrvhv vkruw krul}rqv

rq wkh ehkdylru ri frusrudwh pdqdjhuv/ dqg khqfh uhgxfhv wkh h!flhqf| ri

lqyhvwphqw1 Wkh wkhrulhv dqg wkh dujxphqwv lq wklv duhd duh vwloo uhpdundeo|

vkruw ri dq| hpslulfdo vxssruw1� +Vkohlihu dqg Ylvkq|/ 4<<:/ s1::5,1

Vlqfh wkh zrun ri Pduulv +4<96,/ Pdqqh +4<98,/ dqg Prufn/ Vkohlihu dqg Ylvkq|

+4<;;,/ lw kdv ehfrph fxvwrpdu| wr glvwlqjxlvk wzr fkdqqhov wkurxjk zklfk wdnhryhu di0

ihfwv frpsdq| shuirupdqfh1 Iluvw/ wkhuh lv dq h{ srvw dvvhw pdwfklqj fkdqqho/ zkhuhe|

d frqvxppdwhg wdnhryhu hqdeohv h{lvwlqj kxpdq dqg sk|vlfdo dvvhwv wr eh uhfrpelqhg

lq wkh sduwlflsdwlqj �upv1 Vhfrqgo|/ wkhuh lv dq h{ dqwh wkuhdw h�hfw/ zkhuhe| wkh phuh

h{lvwhqfh ri wkh srvvlelolw| wkdw d frpsdq| zloo eh dftxluhg dowhuv wkh zd| lq zklfk wkh

lqfxpehqw pdqdjhu doorfdwhv h�ruw ehwzhhq wdvnv1

D odujh olwhudwxuh kdv lqyhvwljdwhg wkh h{ srvw h�hfwv ri wdnhryhu dqg phujhu14

Krzhyhu/ wkhuh kdv ehhq doprvw qr zrun wkdw dwwhpswv wr phdvxuh gluhfwo| wkh h�hfwv

ri wkh wkuhdw ri wdnhryhu rq frpsdq| shuirupdqfh15 Wklv lv vxusulvlqj/ vlqfh dq xq0

ghuvwdqglqj ri wkh pdjqlwxgh ri wklv wkuhdw h�hfw lv fuxfldo wr dq dvvhvvphqw ri wkh

ryhudoo h�hfw ri wdnhryhu rq frpsdq| shuirupdqfh/ dqg lw uhpdlqv d vrxufh ri frqwur0

yhuv|1 Pduulv +4<96, zdv wkh �uvw wr lghqwli| wkh srvvleoh uroh ri wkh wdnhryhu wkuhdw

dv d vsxu wr ydoxh0hqkdqfhphqw e| frpsdq| pdqdjhuv1 Pruh uhfhqwo|/ krzhyhu/ vrph

frpphqwdwruv kdyh dujxhg wkdw wkh wkuhdw ri wdnhryhu ohdgv wr vkruw0whuplvp/ xqghu0

lqyhvwphqw dqg zruvhqhg orqj0whup shuirupdqfh1 Iru h{dpsoh Od|dug +4<<:, frqwhqgv

wkdw �krvwloh wdnhryhu grhv qrw/ rq dyhudjh/ lpsuryh orqj0uxq shuirupdqfh1 Exw wkh

wkuhdw ri lw irufhv pdqdjhuv wr sd| xqgxh dwwhqwlrq wr vkruw0whup sur�w/ riwhq dw wkh

h{shqvh ri orqj0whup ghyhorsphqw� +s144:,/ vr wkdw �wdnhryhuv vkrxog ehfrph pruh

frvwo|� +s143<,1

Dv wkh txrwdwlrq iurp Vkohlihu dqg Ylvkq| lqglfdwhv/ wklv frqwuryhuv| shuvlvwv lq sduw
4Vhh Orxjkudq0Ylmk +4<<:,/ Udx0Yhupdhohq +4<<;, dqg Ndsodq0Plwfkhoo0Zuxfn +4<<9,/ soxv wkh

vxuyh|v e| Plojurp0Urehuwv +4<<5/ Fkv1 9 ) 48,/ Qlfnhoo +4<<8/ Fkv1 506, dqg Vkohlihu0Ylvkq| +4<<:,1
5Vhh Vhfwlrq 5 ehorz iru uhihuhqfhv1

4



ehfdxvh ri wkh odfn ri hpslulfdo hylghqfh rq wkh h!fdf| ri wkh wdnhryhu phfkdqlvp1

Wklv sdshu dwwhpswv wr uhvsrqg wr Vkohlihu dqg Ylvkq|*v revhuydwlrq/ e| phdvxulqj

gluhfwo| wkh h�hfwv ri wkh wkuhdw ri wdnhryhu rq frpsdq| shuirupdqfh1 Wr gr vr/ lw

hpsor|v d vlpsoh wzr0vwdjh phwkrgrorj|1 Lq wkh �uvw vwdjh/ ydulrxv frpsdq|0 dqg

wlph0vshfl�f phdvxuhv ri wkh lqwhqvlw| ri wkh wkuhdw ri wdnhryhu duh frqvwuxfwhg xvlqj

wkh suhglfwhg suredelolwlhv iurp d wdnhryhu olnholkrrg prgho1 Lq wkh vhfrqg vwdjh/

wkhvh phdvxuhv duh xvhg dv uhjuhvvruv lq sdqho gdwd prghov zlwk phdvxuhv ri frpsdq|

shuirupdqfh dv wkh ghshqghqw yduldeoh1 Zh xvh d sdqho ri 976 XN txrwhg frpsdqlhv

ryhu wkh shulrg 4<;<0<9/ frqwdlqlqj 43; iulhqgo| wdnhryhu elgv dqg 7< krvwloh wdnhryhu

elgv/ wr h{dplqh wkuhh glphqvlrqv ri frpsdq| shuirupdqfh= wrwdo idfwru surgxfwlylw|/

lqyhvwphqw dqg glylghqgv1 Lq rughu wr frqwuro iru wkh srvvleoh hqgrjhqhlw| ri wdnhryhu

ulvn/ zh pdnh xvh ri lqvwuxphqwdo yduldeohv phwkrgv iru sdqho gdwd ghyhorshg uhfhqwo|

e| Duhoodqr0Erqg +4<<4,/ Duhoodqr0Eryhu +4<<8, dqg Eoxqghoo0Erqg +4<<;,1

Wkh XN vwrfn pdunhw vhhpv d jrrg sodfh wr vwxg| wkh wkuhdw ri krvwloh wdnhryhu

vlqfh/ �uvw/ krvwloh wdnhryhuv duh idu pruh frpprq wkdq lq wkh uhvw ri Hxursh +Iudqnv

dqg Pd|hu/ 4<<3, dqg/ vhfrqgo|/ dqwl0wdnhryhu ghihqfh phfkdqlvpv/ vxfk dv srlvrq

sloov/ duh pxfk ohvv suhydohqw wkdq lq wkh XV +Iudqnv dqg Pd|hu/ 4<<9,1

Wkh pdlq �qglqjv ri wkh sdshu duh glvfxvvhg lq Vhfwlrqv 8/ 9 dqg : ehorz/ exw lq

eulhi duh dv iroorzv1 Wkh ryhudoo wdnhryhu ulvn�qdpho| djjuhjdwlqj wrjhwkhu wkh sure0

delolwlhv ri krvwloh dqg iulhqgo| wdnhryhuv�kdv d srvlwlyh dqg vljql�fdqw odjjhg h�hfw

rq surgxfwlylw|/ d qhjdwlyh dqg vljql�fdqw odjjhg h�hfw rq lqyhvwphqw/ dqg d srvlwlyh

exw lqvljql�fdqw h�hfw rq fxuuhqw glylghqg sd|rxw1 Zkhq zh glvwlqjxlvk ehwzhhq wkh

suredelolw| ri iulhqgo| dqg krvwloh wdnhryhu/ zh �qg wkdw wkh iulhqgo| h�hfwv pluuru wkh

djjuhjdwh h�hfwv/ h{fhsw iru wkh devhqfh ri wkh srvlwlyh h�hfw rq fxuuhqw glylghqgv1 Wkh

odjjhg suredelolw| ri krvwloh wdnhryhu kdv dq h�hfw rq surgxfwlylw| wkdw lv vwdwlvwlfdoo|

lqglvwlqjxlvkdeoh erwk iurp }hur dqg iurp wkh iulhqgo| h�hfw +zklfk lv srvlwlyh,1 Wkh

suredelolw| ri krvwloh wdnhryhu kdv d vljql�fdqw qhjdwlyh h�hfw rq lqyhvwphqw zlwk d

odj ri wzr dffrxqwlqj |hduv/ dqg d vwurqjo| srvlwlyh h�hfw rq fxuuhqw glylghqg sd|rxw1

Wkhvh �qglqjv duh sduwldoo| frqvlvwhqw zlwk erwk d glvflsolqdu| ylhz ri wkh wkuhdw ri
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wdnhryhu dqg zlwk d vkruw0whuplvp ylhz1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vxppdul}hv h{lvwlqj

hpslulfdo olwhudwxuh uhohydqw wr wkh vwxg|1 Vhfwlrq 6 gudzv rxw wkh hpslulfdo suhglfwlrqv

ri h{lvwlqj wkhru| iru wkh h�hfwv ri wkh wkuhdw ri wdnhryhu rq frusrudwh shuirupdqfh1

Vhfwlrq 7 rxwolqhv wkh hpslulfdo dssurdfk/ dqg suhvhqwv wdnhryhu olnholkrrg prghov1

Vhfwlrq 8 suhvhqwv wkh vshfl�fdwlrq ri dqg uhvxowv iurp wkh shuirupdqfh prghov1 Rxu

�qglqjv duh glvfxvvhg lq Vhfwlrq 91 Vhfwlrq : frqfoxghv1

5 H{lvwlqj olwhudwxuh

Zlwk wkh h{fhswlrq ri Erqg0Phjklu0Zlqgphlmhu +4<<;,/ glvfxvvhg ehorz/ zh duh dzduh

ri qr zrun wkdw v|vwhpdwlfdoo| phdvxuhv wkh h�hfwv ri wkh wkuhdw ri wdnhryhu rq frp0

sdq| shuirupdqfh1 Krzhyhu/ wkhuh kdyh ehhq vhyhudo vwxglhv wkdw h{dplqh wkh h�hfw

lqgluhfwo|/ dqg wkhvh idoo lqwr wkuhh fdwhjrulhv= vwxglhv ri suh0elg shuirupdqfh> vwxg0

lhv ri furvv0vhfwlrqdo ru wlph0vhulhv yduldwlrq lq wdnhryhu uhjxodwlrq> dqg vwxglhv ri wkh

h�hfw ri h{whuqdo frusrudwh frqwuro hyhqwv rq frusrudwh shuirupdqfh1

E| dvvhvvlqj zkhwkhu wdnhryhuv dfwxdoo| vhohfw xqghushuiruplqj frpsdqlhv/ vwxglhv

ri suh0elg shuirupdqfh dwwhpsw wr fdvw oljkw rq wkh vfrsh iru wdnhryhuv wr dfw dv d

glvflsolqh ghylfh1 Iru xqlyduldwh vwxglhv ri vkduh0sulfh shuirupdqfh suhfhglqj d krv0

wloh wdnhryhu elg/ wkhuh dsshduv wr eh hylghqfh lq wkh XV wkdw wdnhryhu wdujhwv xqghu

shuirup +Pduwlq dqg PfFrqqhoo/ 4<<4,/ zkloh wkh hylghqfh iru wkh XN lv ohvv vwurqj

+Iudqnv dqg Pd|hu/ 4<<9,1 Lq wkh XV wkhuh lv hylghqfh wkdw qrqtxrwhg wdnhryhu wdu0

jhwv dv d zkroh duh pruh sur�wdeoh wkdq qrqwdujhwv/ exw wkdw whqghu r�hu wdujhwv duh

ohvv sur�wdeoh wkdq qrqwdujhwv +Udyhqvfudiw dqg Vfkhuhu/ 4<;:,1 Wkh XV hylghqfh

vxjjhvwv wkdw qrqtxrwhg wdnhryhu wdujhwv kdyh deryh dyhudjh surgxfwlylw|/ dowkrxjk

ex|huv duh pruh olnho| wr sxufkdvh srruo|0shuiruplqj frpsdqlhv dv wdujhw vl}h lqfuhdvhv

+PfJxfnlq0Qjx|hq 4<<8> Olfkwhqehuj/ 4<<5,1 Pxowlyduldwh vwxglhv �qg pl{hg hylghqfh

zlwk uhjdug wr suh0elg deqrupdo vwrfn uhwxuqv= Sdohsx +4<;9, �qgv ehorz0dyhudjh uh0

wxuqv/ exw Frpphqw0Vfkzhuw +4<<8, �qg deryh0dyhudjh uhwxuqv1 Qxwwdoo +4<<<d/e, �qgv

wkdw wkh suredelolw| ri wdnhryhu lq wkh XN lv ghfuhdvlqj lq suh0elg shuirupdqfh/ zkhuh
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shuirupdqfh lv phdvxuhg e| Wrelq*v T ru sur�wdelolw|> vlplodu frqfoxvlrqv duh irxqg

lq Erqg0Phjklu0Zlqgphlmhu +4<<;, dqg Glfnhuvrq0Jlevrq0Wvdndorwrv +4<<;,1 Prufn0

Vkohlihu0Ylvkq| +4<;;> 4<;<, �qg hylghqfh ri xqghushuirupdqfh iru krvwloh wdnhryhu

wdujhwv exw qrw iulhqgo| wdnhryhu wdujhwv1 Krzhyhu/ Frpphqw0Vfkzhuw +4<<:, iru wkh

XV dqg Qxwwdoo +4<<<d/e, iru wkh XN �qg qr hylghqfh ri gl�huhqfhv lq suh0elg shuiru0

pdqfh ehwzhhq krvwloh dqg iulhqgo| wdujhwv/ zkhwkhu phdvxuhg lq whupv ri rshudwlqj

sur�wdelolw| ru Wrelq*v T1

Vwxglhv ri yduldwlrqv lq wdnhryhu uhjxodwlrq h{sorlw furvv0vhfwlrqdo +Eurrn0Khqghuvkrww0

Ohh/ 4<<;> Vfkudq}/ 4<<6, ru wlph0vhulhv +Vfkxpdqq/ 4<;;, yduldwlrq lq wdnhryhu uhj0

xodwlrq wr lqihu wkh h�hfw ri wkh wkuhdw ri wdnhryhu rq frpsdq| shuirupdqfh1 Wkh

jhqhudo �qglqj ri wkhvh vwxglhv lv wkdw uhjxodwlrqv zklfk pdnh wdnhryhuv pruh frvwo|

whqg wr kdup vkduhkroghuv +Vfkxpdqq/ 4<;;,/ zkloh wdnhryhu ghuhjxodwlrq whqgv wr

ehqh�w vkduhkroghuv +Eurrn0Khqghuvkrww0Ohh/ 4<<;,1 Wkhvh vwxglhv ri wdnhryhu uhjxod0

wlrq dgg wr rxu nqrzohgjh ri wkh wdnhryhu surfhvv1 Krzhyhu/ wkh| ohdyh vrph txhvwlrqv

xqdqvzhuhg1 Wkh furvv0vhfwlrqdo vwxglhv gr qrw whoo xv zkhwkhu wkh wkuhdw ri wdnhryhu

kdv d rqh0r� h�hfw dw ghuhjxodwlrq/ dqg wkhq rqo| d zhdn h�hfw wkhuhdiwhu/ ru zkhwkhu

wkh h�hfw lv pruh hqgxulqj1 Wlph vhulhv vwxglhv gr qrw jlyh xv dq lghd ri zklfk �upv

duh pruh olnho| wkdq rwkhuv wr kdyh shuirupdqfh dowhuhg e| wkh wkuhdw ri wdnhryhu1

Ghqlv0Vhuudqr +4<<9, dqg Ghqlv0Ghqlv0Vdulq +4<<:d, vwxg| wkh h�hfw ri h{whuqdo

frusrudwh frqwuro hyhqwv rq frusrudwh shuirupdqfh1 Ghqlv0Vhuudqr +4<<9, �qg wkdw

pdqdjhphqw wxuqryhu lq wdujhwv ri xqvxffhvvixo frqwuro hyhqwv lv wzlfh dv kljk dv lq

d pdwfkhg udqgrp vdpsoh1 Ixuwkhupruh/ wkh pdqdjhphqw wxuqryhu lv frqfhqwudwhg

dprqj srruo| shuiruplqj �upv dqg lq �upv lq zklfk rxwvlgh eorfnkroghuv dftxluh dq

rzqhuvkls vwdnh gxulqj wkh frqwhvw1 Ilupv zlwk d fkdqjh lq wrs pdqdjhphqw h{shulhqfh

dq lqfuhdvh lq lqgxvwu|0dgmxvwhg rshudwlqj sur�wdelolw| dqg lq vkduh sulfh/ dqg riwhq

wkhvh shuirupdqfh fkdqjhv duh dvvrfldwhg zlwk vljql�fdqw dvvhw uhvwuxfwxulqj1 Ghqlv0

Ghqlv0Vdulq +4<<:d, �qg wkdw �upv zklfk h{shulhqfh pdqdjhphqw wxuqryhu duh doprvw

wzlfh dv olnho| wr kdyh dovr h{shulhqfhg h{whuqdo frusrudwh frqwuro dfwlylw| dv �upv

zlwk qr wxuqryhu/ dqg zkhuh wkh frusrudwh frqwuro dfwlylw| lv krvwloh/ pdqdjhphqw
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wxuqryhu lv pruh wkdq wzlfh dv olnho| wkdq lq �upv zlwk qr wxuqryhu1 Krzhyhu/ Gdqq0

GhDqjhor +4<;;, dqg Ghqlv0Vhuudqr +4<<9, �qg wkdw pdqdjhuv riwhq uhvsrqg wr wkh

h{whuqdo frusrudwh frqwuro wkuhdwv e| hqjdjlqj lq ydoxh0uhgxflqj ghihqvlyh dfwlrqv/ vxfk

dv d wdujhwhg uhsxufkdvh ri wkh elgghu*v vkduhv +cjuhhqpdlo*, ru fkdqjhv lq wkh dvvhw

dqg rzqhuvkls vwuxfwxuh ri wkh wdujhw frpsdq|1 Lq vxppdu|/ wkhuhiruh/ wkhvh sdshuv

surylgh dq lpsruwdqw lqvljkw lqwr wkh fkdqqhov wkurxjk zklfk h{whuqdo wkuhdwv pd|

lpsdfw xsrq lqwhuqdo prqlwrulqj/ pdqdjhuldo ehkdylrxu/ dqg frpsdq| shuirupdqfh1

Krzhyhu/ wkh| gr qrw jlyh xv d gluhfw ryhudoo phdvxuh ri wkh vwuhqjwk ri wkh h�hfw ri

wkh wdnhryhu wkuhdw rq frpsdq| shuirupdqfh1

Wkh rqo| rwkhu vwxg| ri zklfk zh duh dzduh wkdw gluhfwo| phdvxuhv wkh h�hfw ri

wkh wkuhdw ri wdnhryhu rq frpsdq| shuirupdqfh lv Erqg0Phjklu0Zlqgphlmhu +4<<;,/

khuhdiwhu cEPZ*1 Wkhvh dxwkruv dsso| wkh vdph phwkrgrorj| dv xvhg lq wkh fxuuhqw

sdshu wr d vdpsoh ri :53 XN pdqxidfwxulqj frpsdqlhv ryhu wkh shulrg 4<;50<4 wr

vwxg| wkh h�hfwv ri wkh wkuhdw ri wdnhryhu rq wrwdo idfwru surgxfwlylw| +WIS, dqg

lqyhvwphqw1 Wkh| �qg wkdw wkh wzlfh0odjjhg suhglfwhg suredelolw| ri wdnhryhu kdv d

srvlwlyh h�hfw rq WIS/ exw d qhjdwlyh h�hfw rq wkh lqyhvwphqw udwh1 Wkxv wkhlu uhvxowv

dqg wkh uhvxowv ehorz duh eurdgo| frqvlvwhqw zlwk hdfk rwkhu/ dqg wkh vwxglhv vkrxog

eh ylhzhg dv frpsohphqwdu|1 Srvvleoh dgydqwdjhv ri wkh fxuuhqw vwxg| duh dv iroorzv=

xqolnh EPZ/ zh glvwlqjxlvk ehwzhhq krvwloh dqg iulhqgo| wdnhryhu elgv> wkh fxuuhqw

vwxg| pdnhv xvh ri gdwd rq wdnhryhu vshfxodwlrq lq wkh �qdqfldo suhvv wr lpsuryh

wdnhryhu suhglfwlrq/ dqg lq jhqhudo xvhv d ohvv uhvwulfwlyh vhw ri h{sodqdwru| yduldeohv lq

wkh wdnhryhu olnholkrrg prgho wkdq EPZ> xqolnh EPZ/ zh h{dplqh d glylghqg prgho/

lq dgglwlrq wr WIS dqg lqyhvwphqw prghov1 EPZ kdyh d voljkwo| hduolhu +dqg iru vrph

prghov/ orqjhu, vdpsoh shulrg wkdq wkh fxuuhqw vwxg|1

6 Wkhrulhv ri wkh Wkuhdw ri Wdnhryhu= Hpslulfdo
suhglfwlrqv

Iru wkhruhwlfdo vxuyh|v ri krz wkh wdnhryhu wkuhdw fdq lpsdfw xsrq pdqdjhuldo eh0

kdylrxu/ vhh Plojurp0Urehuwv +4<<5, dqg Qlfnhoo +4<<8,1 Iru wkh sxusrvhv ri ghulylqj
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hpslulfdoo| whvwdeoh suhglfwlrqv/ zh vlpsoli| vrphzkdw e| lghqwli|lqj mxvw wzr ylhzv

ri wkh wdnhryhu wkuhdw= wkh glvflsolqdu| ylhz> dqg wkh vkruw0whuplvp ylhz1 Ehorz zh

gudz rxw wkh lpsolfdwlrqv ri wkhvh ylhzv iru wkh h�hfw ri wkh wkuhdw rq rxu phdvxuhv ri

frpsdq| shuirupdqfh/ qdpho| wrwdo idfwru surgxfwlylw| +WIS,/ lqyhvwphqw dqg glyl0

ghqgv1

Wkh glvflsolqdu| ylhz wdnhv wkh srvlwlrq wkdw pdqdjhuv ri prghuq zlgho|0khog fru0

srudwlrqv kdyh frqvlghudeoh glvfuhwlrq lq wkh doorfdwlrq ri h�ruw/ dqg lq frqvhtxhqfh

wkdw wkh| hqmr| odujh txdvluhqwv1 Wkh wkuhdw ri dftxlvlwlrq e| d krvwloh udlghu wkhq

dfwv dv d vsxu wr pd{lpl}h ydoxh/ vlqfh rqfh wkh udlghu wdnhv frqwuro wkh lqfxpehqw

pdqdjhu fdq h{shfw wr orvh uhqwv/ hlwkhu yld mre0orvv ru yld vxssuhvvhg glvfuhwlrq lq wkh

vdph mre +Pduulv/ 4<96> Vfkduivwhlq 4<;;> Vfkplgw 4<<:,1 Ri frxuvh wr wkh h{whqw wkdw

wkh lqfxpehqw pdqdjhu h{shfwv wr h{wudfw d �qdqfldo sd|r� iurp wkh qhz rzqhuv wkh

wkuhdw lv ohvv h�hfwlyh/ wkrxjk wkhuh lv hylghqfh wkdw FHRv ri wdujhw �upv zkr orvh wkhlu

mrev jhqhudoo| idlo wr �qg dqrwkhu vhqlru h{hfxwlyh srvlwlrq lq dq| sxeolf frusrudwlrq

zlwklq wkuhh |hduv diwhu wkh elg +Djudzdo0Zdonolqj 4<<7,1

Wkh glvflsolqdu| ylhz suhglfwv wkdw dq lqwhqvl�hg wdnhryhu wkuhdw glvflsolqhv pdq0

djhuv lqwr udlvlqj dvvhw surgxfwlylw|1 Wklv vkrxog eh uh hfwhg lq d WIS lqfuhdvh/

srvvleo| zlwk d odj1 Lq dgglwlrq/ dq lqwhqvl�hg wdnhryhu wkuhdw vkrxog ohdg wkh wdu0

jhw pdqdjhu wr sd| rxw juhdwhu glylghqgv/ dv d phdqv ri uhwxuqlqj iuhh fdvk  rz wr

vkduhkroghuv +P|huv 4<<;, dqg dv d frpplwphqw ghylfh wr ydoxh0pd{lpl}lqj ehkdylrxu

+]zlheho 4<<9,1 Wkh lpsolfdwlrqv ri wkh glvflsolqdu| ylhz iru pryhphqwv lq lqyhvwphqw

ghshqg rq wkh irup ri wkh uhqwv wkdw wkh pdqdjhu vhhnv/ zklfk lq wxuq ghshqgv rq

wkh pdqdjhu*v suhihuhqfhv1 Li wkh pdqdjhu kdv d suhihuhqfh iru dq chdv| olih* wkhq uhqw

frqvxpswlrq pd| eh dvvrfldwhg zlwk xqghulqyhvwphqw/6 lq zklfk fdvh d pdqdjhu dw0

whpswlqj wr ghwhu krvwloh wdnhryhu zrxog udlvh lqyhvwphqw1 Krzhyhu/ wr wkh h{whqw

wkdw wkh pdqdjhu vhhnv uhqwv lq wkh irup ri zdvwhixo dftxlvlwlrqv ri rwkhu frpsdqlhv/

ru ri glyhuvl�fdwlrq lqwr xqv|qhujlvwlf surgxfw olqhv/ wkhq glvfuhwlrq lv dvvrfldwhg zlwk

ryhulqyhvwphqw/ lq zklfk fdvh d glvflsolqdu| h�hfw uhgxfhv lqyhvwphqw +Mhqvhq/ 4<;9,1

Lq frqwudvw wr wkh glvflsolqdu| ylhz/ wkh vkruw0whuplvp ylhz dujxhv wkdw wkh wkuhdw

6Iru h{dpsoh/ dyrlglqj lqyhvwlqj lq d qhz frvw0h!flhqw whfkqrorj|1

9



ri wdnhryhu dfwv wr gdpdjh orqj0whup frpsdq| shuirupdqfh1 Lq wkh devhqfh ri shuihfw

�qdqfldo frpshqvdwlrq diwhu glvplvvdo/ dq lqfuhdvhg suredelolw| ri mre0orvv udlvhv wkh

pdqdjhuldo glvfrxqw udwh dqg wkxv vxerswlpdoo| uhgxfhv qrqfrqwudfwleoh lqyhvwphqwv/

vxfk dv wkrvh lq surgxfw txdolw| ru lq jrrg uhodwlrqv zlwk wkh zrunirufh +Od�rqw0Wluroh/

4<;;> Vkohlihu0Vxpphuv/ 4<;;,1 Lq dgglwlrq/ li pdqdjhuv kdyh sulydwh lqirupdwlrq derxw

wkh txdolw| ri wkh frpsdq|/ wkhq dq lqwhqvl�hg wdnhryhu wkuhdw pd| hqfrxudjh wkh

pdqdjhu wr vljqdo wklv lqirupdwlrq/ hlwkhu e| sd|lqj rxw juhdwhu glylghqgv +Mrkq0

Zlooldpv/ 4<;8, ru e| hqjdjlqj lq ydoxh0uhgxflqj dvvhw vdohv +Vwhlq 4<;;> Ehefkxn0

Vwroh 4<<6,17 Ilqdoo|/ wkh pdqdjhu ri d frpsdq| vxemhfw wr wkh wkuhdw ri wdnhryhu

pljkw dwwhpsw wr vwdyh r� d elg e| xqghuwdnlqj ydoxh0uhgxflqj hqwuhqfkphqw dfwlylwlhv

wkdw pdnh klp pruh frvwo| wr glvplvv/ vxfk dv lqvwlwxwlqj srlvrq sloov +Vkohlihu0Ylvkq|/

4<;<, ru glyhuvli|lqj lqwr d surgxfw olqh lq zklfk wkh pdqdjhu kdv vshfldol}hg nqrzohgjh

+Hgolq0Vwljolw}/ 4<<8,1

Wkh vkruw0whuplvp ylhz suhglfwv wkdw dq lqwhqvl�hg wdnhryhu wkuhdw ohdgv wr uhgxfhg

lqyhvwphqw exw juhdwhu glylghqgv1 Zkdw duh wkh lpsolfdwlrqv iru WISB Wklv ghshqgv

rq zkhwkhu d orzhu lqyhvwphqw ohyho fdxvhv d idoo lq WIS1 Lq d vwdqgdug cglvhperglhg0

nqrzohgjh* surgxfwlrq ixqfwlrq/ surgxfwlylw| lv xquhodwhg wr wkh lqyhvwphqw ohyho/ sur0

ylghg wkdw wkh ohyho ri wkh fdslwdo vwrfn lv fruuhfwo| phdvxuhg1 Krzhyhu/ li wkhuh duh

srvlwlyh vslooryhuv iurp qhz lqyhvwphqw wr surgxfwlylw|/ iru h{dpsoh yld hperglhg whfk0

qlfdo surjuhvv/ wkhq uhgxfhg lqyhvwphqw zloo ohdg wr d idoo lq surgxfwlylw|> lq wklv fdvh

wkh ohyho ri lqyhvwphqw lv gluhfwo| uhodwhg wr wkh txdolw| ri wkh fdslwdo vwrfn1 Wkh uhv0

roxwlrq wr wklv txhvwlrq lv wkhuhiruh hpslulfdo1 Juhhqzrrg0Khufrzlw}0Nuxvhoo +4<<:,

dqg Kxowhq +4<<5, �qg dq lpsruwdqw uroh iru lqyhvwphqw0vshfl�f whfkqlfdo fkdqjh lq

h{sodlqlqj srvw0zdu XV surgxfwlylw| jurzwk1 Krzhyhu/ dv Whpsoh +4<<;, srlqwv rxw/

wklv hylghqfh grhv qrw hvwdeolvk wkdw lqyhvwphqw fdxvhv WIS jurzwk1 Wkhuh duh rwkhu

idfwruv wkdw fdq h{sodlq wkh srvlwlyh dvvrfldwlrq ehwzhhq lqyhvwphqw dqg WIS jurzwk/

rqh ri zklfk lv wkdw zkhq d qhz whfkqrorj| duulyhv lw zloo jhqhudoo| udlvh erwk WIS dqg

rswlpdo lqyhvwphqw18 Wkhuhiruh wkh hpslulfdo vljql�fdqfh ri wkh wudqvplvvlrq phfkd0
7Lq dgglwlrq/ Vwhlq +4<;<, suhvhqwv d vljqdo0mdpplqj prgho zlwk vlplodu +qhjdwlyh, lpsolfdwlrqv iru

wkh h�hfw ri wkh wdnhryhu wkuhdw rq orqj0whup frpsdq| shuirupdqfh1
8Lq d sdqho gdwd vwxg| xvlqj XN frpsdq| gdwd/ Qlfnhoo dqg Qlfrolwvdv +4<<9, �qg d vljql�fdqw

:



qlvp iurp lqyhvwphqw wr WIS jurzwk lv |hw wr eh ghwhuplqhg1

7 Hpslulfdo Dqdo|vlv

Rxu vdpsoh lv d sdqho ri 976 XN txrwhg qrq�qdqfldo frpsdqlhv ryhu wkh shulrg 4<;<0

4<<9/ frqwdlqlqj 43; iulhqgo| wdnhryhu elgv dqg 7< krvwloh elgv +vhh Wdeoh 4,> vhh wkh

Gdwd Dsshqgl{ iru pruh ghwdlov rq wkh vdpsoh1

Dffrxqwlqj gdwd rq wkh frpsdqlhv ryhu wkh shulrg 4<;404<<9 zhuh wdnhq iurp

Gdwdvwuhdp Lqwhuqdwlrqdo1 Edvlf dftxlvlwlrq lqirupdwlrq zdv wdnhq iurp wkh 4<<: Orq0

grq Vkduh Sulfh Gdwdedvh1 Lqirupdwlrq froohfwhg lqfoxghg wkh lghqwlw| ri �upv wkdw

zhuh dftxluhg/ gdwhv ri dftxlvlwlrq dqg frpsdq| eluwk gdwhv1 Idlohg elgv zhuh lghq0

wl�hg xvlqj wkh Ilqdqfldo Wlphv dqg wkh Orqgrq Vwrfn H{fkdqjh Txdolw| ri Pdunhwv

Txduwhuo| Uhylhz1 Lq dgglwlrq/ lqirupdwlrq rq wdnhryhu vshfxodwlrq zdv froohfwhg iurp

wkh Ilqdqfldo Wlphv> d xqlw revhuydwlrq zdv uhfrughg iru hdfk duwlfoh lq zklfk d vdp0

soh frpsdq| zdv wrxwhg dv d srwhqwldo wdnhryhu wdujhw1 Iru wkh sxusrvh ri vwdwlvwlfdo

dqdo|vlv/ wkhvh gdwh0vshfl�f revhuydwlrqv zhuh djjuhjdwhg lqwr d |hduo| frxqw iru hdfk

frpsdq|1

Wkh Ilqdqfldo Wlphv zdv dovr xvhg wr glvwlqjxlvk ehwzhhq krvwloh dqg iulhqgo|

wdujhwv1 Iroorzlqj Prufn0Vkohlihu0Ylvkq| +4<;;,/ zh fodvvli| d krvwloh elg dv rqh zkhuh

wkh lqlwldo uhdfwlrq e| wkh wdujhw pdqdjhphqw zdv wr uhvlvw wkh wdnhryhu1 Wkh wzr

prvw lpsruwdqw lqglfdwlrqv ri d krvwloh wdnhryhu lq wkh Ilqdqfldo Wlphv zhuh wdnhq wr

eh wkh lqfxpehqw pdqdjhphqw dgylvlqj vkduhkroghuv wr uhmhfw wkh lqlwldo r�hu/ ru wkh

lqfxpehqw pdqdjhphqw vhdufklqj iru d zklwh nqljkw1 Doo rwkhu elgv zhuh fodvvl�hg dv

ehlqj iulhqgo|1

Wkh hpslulfdo dssurdfk xvhg lq wklv sdshu lv d wzr0vwdjh rqh1 Lq wkh �uvw vwdjh

zh frqvwuxfw phdvxuhv ri wkh lqwhqvlw| ri wkh wkuhdw ri wdnhryhu iru hdfk frpsdq| lq

hdfk |hdu1 Lq wkh vhfrqg vwdjh zh dvvhvv krz frpsdq| shuirupdqfh ydulhv zlwk wkhvh

phdvxuhv1

Rxu phdvxuh ri wkh lqwhqvlw| ri wkh wkuhdw ri wdnhryhu lv wkh suhglfwhg suredelolw| ri

uroh iru U)G h{shqglwxuh lq h{sodlqlqj lqyhvwphqw/ exw qr srvlwlyh uroh iru lqyhvwphqw lq h{sodlqlqj
U)G h{shqglwxuh1

;



wdnhryhu rewdlqhg iurp d uhfxuvlyho|0hvwlpdwhg wdnhryhu olnholkrrg prgho1 D wdnhryhu

olnholkrrg prgho lv d prgho zkrvh ghshqghqw yduldeoh lqglfdwhv zkhwkhu d jlyhq frp0

sdq| lv dftxluhg ru qrw lq d sduwlfxodu |hdu/ dqg zkrvh lqghshqghqw yduldeohv duh d

udqjh ri fkdudfwhulvwlfv wkdw zh pljkw h{shfw wr lq xhqfh wkh suredelolw| ri wdnhryhu1

Wkhvh prghov duh vwdqgdug lq wkh �qdqfh olwhudwxuh/9 dqg khqfh zh uhvwulfw dwwhqwlrq

khuh wr wkh nh| ghwdlov> vhh Qxwwdoo +4<<<d> 4<<<e, iru d ixoohu dqdo|vlv ri wkh lvvxhv

glvfxvvhg lq wklv vhfwlrq1

Wkh edvlf prgho xvhg lv d orjlw prgho ri wkh irup

ELG|n� ' s Ewdujhw fkdudfwhulvwlfv|� +4,

zkhuh ELG|n� lv d glvfuhwh yduldeoh wkdw wdnhv wkh ydoxh rqh li wkh frpsdq| lv wkh

vxemhfw ri d wdnhryhu elg lq dffrxqwlqj |hdu | n �/ dqg wdnhv wkh ydoxh }hur rwkhuzlvh1

Zkhq zh h{dplqh pxowlqrpldo h{lw prghov/ wkh ghshqghqw yduldeoh fdq wdnh vwulfwo|

srvlwlyh lqwhjhu ydoxhv juhdwhu wkdq rqh/ ghshqglqj rq wkh qxpehu ri hyhqw w|shv1

Iroorzlqj h{whqvlyh h{shulphqwdwlrq zlwk d olvw ri fdqglgdwh lqghshqghqw yduldeohv/

rxu suhihuuhg vshfl�fdwlrq frpsulvhv= frpsdq| vl}h +phdvxuhg e| orj fdslwdo vwrfn,/

shuirupdqfh +uhwxuq0rq0vdohv dqg Wrelq*v T,/ fdslwdo vwuxfwxuh dqg �qdqfldo suhvvxuh

+phdvxuhg e| ohyhudjh dqg lqfrph jhdulqj,/ frpsdq| djh vlqfh olvwlqj/ lqflghqfh ri

wdnhryhu vshfxodwlrq/ vwrfn pdunhw0zlgh wdnhryhu dfwlylw| dqg d exvlqhvv f|foh phd0

vxuh1:

Zh zlvk wr xvh rxu wdnhryhu olnholkrrg prghov wr jdlq lqvljkw lqwr d pdqdjhu*v

h{shfwdwlrq dw dq| srlqw lq wlph wkdw vkh zloo eh wkh vxemhfw ri d wdnhryhu elg lq wkh

ixwxuh/ dqg lq sduwlfxodu wr frqvwuxfw d txdqwlwdwlyh phdvxuh ri wkh h{ dqwh wkuhdw ri

wdnhryhu1; Khqfh lw vhhpv suhihudeoh wr xvh rqo| sxeolf lqirupdwlrq wkdw suh0gdwhv wkh

elg/ vlqfh wklv lqirupdwlrq dfwxdoo| zdv klvwrulfdoo| dydlodeoh wr wkh pdqdjhu1 Dffrug0

lqjo|/ li zh duh hvwlpdwlqj suhglfwhg wdnhryhu suredelolwlhv iru |hdu | n �/ zh xvh rqo|

9Vhh iru h{dpsoh Sdohsx +4<;9,/ Prufn0Vkohlihu0Ylvkq| +4<;;> 4<;<, dqg Frpphqw0Vfkzhuw +4<<8>
4<<:,1

:Vhh wkh Gdwd Dsshqgl{ iru gh�qlwlrqv ri doo yduldeohv xvhg lq wklv sdshu1
;Wklv lv glvwlqfw iurp wkh prwlydwlrq lq wkh h{lvwlqj olwhudwxuh/ zklfk lv wr h{dplqh h{ srvw wkh

ghwhuplqdqwv ri wdnhryhu olnholkrrg> qdpho| wr xqghuvwdqg zk| vrph �upv zhuh wdnhq ryhu dqg rwkhuv
zhuh qrw1

<



dffrxqwlqj dqg rwkhu lqirupdwlrq wkdw zdv dydlodeoh dw |hdu |/ erwk dv wkh h{sodqd0

wru| yduldeohv dqg lq wkh hvwlpdwlrq ri wkh prgho*v frh!flhqwv1 Khqfh wkh hvwlpdwlrq

surfhhgv uhfxuvlyho|/ zlwk wkh suredelolw| ri ehlqj dftxluhg lq |hdu | ehlqj suhglfwhg

xvlqj pdujlqdo h�hfwv wkdw duh hvwlpdwhg xvlqj gdwd srrohg ryhu wkh shulrg iurp 4<;;

wr |� �/ zkhuh | ' �bHbc �bbfc ���c �bbS1<

Lq d prgho xvhg wr hvwlpdwh wkh suredelolw| ri ixwxuh wdnhryhu/ vxfk dv d uhfxu0

vlyh prgho/ lw grhv qrw vhhp vhqvleoh wr xvh |hdu gxpplhv wr frqwuro iru djjuhjdwh

lq xhqfhv1 Wr vhh wklv/ frqvlghu iru h{dpsoh wkh fdvh zkhuh zh zlvk wr hvwlpdwh wkh

suhglfwhg suredelolw| ri d frpsdq| ehlqj dftxluhg lq 4<<6/ xvlqj lqirupdwlrq xs wr

dqg lqfoxglqj 4<<51 Lw zrxog eh srvvleoh wr hvwlpdwh wkh prgho xvlqj |hdu gxpplhv

xs wr 4<<5/ dqg wr xvh wklv prgho wr hvwlpdwh wdnhryhu suredelolwlhv iru 4<<6/ +lp0

solflwo|, vhwwlqj wkh 4<<6 |hdu gxpp| wr }hur1 Krzhyhu/ wklv lv suredeo| ohvv vhqvleoh

wkdq h{foxglqj wkh |hdu gxpplhv dowrjhwkhu1 Wkh uhdvrq lv wkdw iru wkh vdpsoh shulrg

xs wr 4<<5 zh zrxog hvwlpdwh frh!flhqwv wkdw duh frqglwlrqdo rq doorzlqj iru |hdu

h�hfwv1 Wkhvh zrxog eh wkh fruuhfw frh!flhqwv iru iruhfdvwlqj li zh nqhz +ru frxog

hvwlpdwh, wkh culjkw* frh!flhqw rq wkh |hdu gxpp| iru 4<<6/ exw qrw rwkhuzlvh1 Ri

frxuvh lw pljkw eh srvvleoh wr iruhfdvw h{solflwo| zkdw wkh frh!flhqw rq wkh 4<<6 |hdu

gxpp| frxog eh h{shfwhg wr eh/ xvlqj lqirupdwlrq dydlodeoh xs wr 4<<5/ exw wklv vhhpv

d orqj0zlqghg h{huflvh1 Lq frqvhtxhqfh zh gr qrw xvh |hdu gxpplhv lq wkh uhfxuvlyh

prgho>43 lqvwhdg/ wr fdswxuh wlph0uhodwhg vkrfnv/ zh h{shulphqwhg zlwk d ydulhw| ri

revhuyhg pdfurhfrqrplf yduldeohv1 Zlwk uhjdug wr hfrqrplf dfwlylw|/ wkhvh lqfoxghg

xqhpsor|phqw/ JGS/ lqwhuhvw udwhv/ wkh Uhwdlo Sulfh Lqgh{/ dqg dq djjuhjdwh zdjh

lqgh{1 Zlwk uhjdug wr vwrfn pdunhw dfwlylw| wkhvh lqfoxghg wkh djjuhjdwh qxpehu ri

wdnhryhuv rq wkh Orqgrq Vwrfn H{fkdqjh dv d zkroh dqg wkh lqgxvwu|0vshfl�f qxpehu

ri wdnhryhuv rq wkh Orqgrq Vwrfn H{fkdqjh +phdvxuhg dw wkh 50gljlw ohyho,1 Wkh wzr

pdfur yduldeohv zklfk zh irxqg wr kdyh juhdwhvw h{sodqdwru| srzhu zhuh wkh odjjhg

djjuhjdwh qxpehu ri wdnhryhuv rq wkh Orqgrq Vwrfn H{fkdqjh dv d zkroh/ dqg odjjhg

<Wklv lv vlplodu lq phwkrgrorj| wr wkh Shvdudq0Wlpphupdqq +4<<8, dqdo|vlv ri iruhfdvwlqj vwrfn
sulfh pryhphqwv1

43Dovr/ zh gr qrw lqfoxgh lqgxvwu| gxpplhv/ vlqfh wkh| zhuh irxqg wr eh lqglylgxdoo| dqg mrlqwo|
lqvljql�fdqw zkhwkhu phdvxuhg dw wkh 50gljlw VLF ohyho ru dw d pruh djjuhjdwhg 480vhfwru ohyho1

43



uhdo JGS jurzwk1 Wkh iruphu yduldeoh pljkw eh h{shfwhg wr fdswxuh d cphujhu zdyh*

h�hfw/ zkloh wkh odwwhu pljkw fdswxuh d exvlqhvv f|foh h�hfw1 Wkhvh yduldeohv zhuh

lqfoxghg gluhfwo| lq wkh uhfxuvlyho|0hvwlpdwhg wdnhryhu olnholkrrg prghov1

Wdeoh 5 uhsruwv wkh uhvxowv iru d pxowlqrpldo prgho zkhuh wkh hyhqw urxwhv duh

krvwloh elg dqg iulhqgo| elg/ hvwlpdwhg ryhu wkh ixoo vdpsoh shulrg 4<;<0<91 Zh uhsruw

wkh pdujlqdo h�hfwv +frpsxwhg dw wkh dyhudjhv ri wkh h{sodqdwru| yduldeohv, udwkhu

wkdq wkh frh!flhqwv/ vlqfh wkh pdujlqdo h�hfwv dqg wkh frh!flhqwv iru pxowlqrpldo orjlw

prghov +zklfk duh qrqolqhdu, zloo jhqhudoo| gl�hu> lqghhg wkh| qhhg qrw kdyh wkh vdph

vljq144 Iurp Wdeoh 5 zh vhh wkdw wkh suredelolw| ri d iulhqgo| elg lv= ghfuhdvlqj lq wdujhw

vl}h/ Wrelq*v T dqg frpsdq| djh vlqfh olvwlqj> lqfuhdvlqj lq ohyhudjh/ wkh lqflghqfh

ri wdnhryhu vshfxodwlrq frqfhuqlqj wkh wdujhw/ vwrfn pdunhw0zlgh phujhu dfwlylw| dqg

hfrqrplf dfwlylw|1 Wkh suredelolw| ri d krvwloh elg lv= ghfuhdvlqj lq Wrelq*v T/ frpsdq|

djh vlqfh olvwlqj dqg vhfwrudo lqfrph jhdulqj> lqfuhdvlqj lq wkh lqflghqfh ri wdnhryhu

vshfxodwlrq frqfhuqlqj wkh wdujhw/ vwrfn pdunhw0zlgh phujhu dfwlylw| dqg hfrqrplf

dfwlylw|1

D Zdog whvw uhmhfwv dw wkh DI ohyho wkh qxoo k|srwkhvlv wkdw wkh pdujlqdo h�hfwv duh

mrlqwo| htxdo dfurvv iulhqgo| dqg krvwloh wdnhryhuv lv vwurqjo| uhmhfwhg1 Ixuwkhu Zdog

whvwv uhyhdo wkdw wklv gl�huhqfh lv gulyhq e| wkh djh yduldeohv/ wkrxjk vl}h/ ohyhudjh dqg

wdnhryhu uxprxuv duh dovr lqglylgxdoo| vljql�fdqwo| gl�huhqw dfurvv wkh wdnhryhu w|shv

dw wkh SI ohyho1 Wkdw lv wr vd|/ ehlqj vwrfn pdunhw0|rxqj/ vpdoo/ kljko| ohyhudjhg ru

wrxwhg dv d wdnhryhu wdujhw lq wkh �qdqfldo suhvv kdv d pxfk vwurqjhu srvlwlyh lpsdfw

rq wkh suredelolw| ri ehlqj iulhqgo|0dftxluhg wkdq rq wkh olnholkrrg ri ehlqj krvwloh0

dftxluhg1 Zh �qg wkdw erwk krvwloh dqg iulhqgo| wdujhwv kdyh srru suh0elg shuirupdqfh

+dv phdvxuhg e| Wrelq*v T,/ dowkrxjk wkhuh lv qr hylghqfh ri shuirupdqfh gl�huhqfhv

dfurvv wkh wzr wdujhw w|shv145

Wdeoh 6 surylghv vxppdu| vwdwlvwlfv rq wkh suhglfwhg suredelolwlhv1 Lq rughu wr

dvvhvv wkh suhglfwlyh dffxudf| ri rxu wdnhryhu olnholkrrg prghov/ zh zrxog olnh wr vhh

zkhwkhu lw lv wkh fdvh wkdw jurxsv ri revhuydwlrqv zlwk d kljk suhglfwhg suredelolw| ri

44Vhh Juhhqh +4<<:/ Fk14<, iru d glvfxvvlrq1
45Wklv odwwhu �qglqj lv frqvlvwhqw zlwk Frpphqw0Vfkzhuw +4<<:,1
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ehlqj wkh vxemhfw ri d wdnhryhu elg lq wkh iroorzlqj dffrxqwlqj |hdu dfwxdoo| kdyh d

kljk vdpsoh iuhtxhqf| ri ehlqj wkh vxemhfw ri d wdnhryhu elg lq wkh iroorzlqj dffrxqwlqj

|hdu1 Lq rughu wr gr wklv/ zh udqn wkh revhuydwlrqv iru hdfk |hdu lq ghfuhdvlqj rughu ri

suhglfwhg suredelolw|1 Wkhq zh revhuyh zkhwkhu wkhuh lv d kljkhu vdpsoh iuhtxhqf| dw

wkh wrs ri wkh glvwulexwlrq ri suhglfwhg suredelolwlhv wkdq dw wkh erwwrp1

Wdeoh 714 wdnhv suhglfwhg suredelolwlhv ri krvwloh wdnhryhu rffxuulqj lq 4<;</ lpsolhg

e| wkh pxowlqrpldo orjlw prgho hvwlpdwhg uhfxuvlyho| +lh/ xvlqj wkh vhw ri h{sodqdwru|

yduldeohv iru 4<;; rqo|,1 Wkhuh duh 8:< revhuydwlrqv dqg 49 krvwloh elgv1 Zh vhh wkdw

ri wkh whq frpsdqlhv zlwk wkh kljkhvw suhglfwhg suredelolw| ri d elg/ 6 zhuh dfwxdoo|

wkh vxemhfw ri d krvwloh wdnhryhu elg lq 4<;<1 Wklv frpsduhv zlwk }hur dfwxdo elgv lq

wkh whq frpsdqlhv zlwk wkh orzhvw suhglfwhg suredelolw| ri d elg/ dqg zlwk 315; li wkh

dfwxdo krvwloh elgv zhuh hyhqo| glvwulexwhg dfurvv wkh revhuydwlrqv +wkdw lv/ li zh xvh d

}hur0lqirupdwlrq prgho wr suhglfw krvwloh wdnhryhu wdujhw hyhqwv,1 Lq wkh wrs kdoi ri wkh

udqnhg revhuydwlrqv wkhuh zhuh vhyhq wlphv pruh dfwxdo wdnhryhuv lq wkh vxevhtxhqw

|hdu wkdq lq wkh erwwrp kdoi> iru d }hur0lqirupdwlrq prgho wklv qxpehu zrxog eh rqh1

Iru sxusrvhv ri frpsdulvrq ryhu wlph/ Wdeoh 715 uhsruwv wkh wrs kdoi2erwwrp kdoi

�jxuhv iru 4<;<0<91 Zh vhh wkdw wkh wrs2erwwrp udwlr ydulhv |hdu0e|0|hdu/ exw lv juhdwhu

wkdq rqh lq doo |hduv h{fhsw 4<<7 dqg 4<<91 Zh irxqg vlploduo| wkdw wkh suhglfwhg

suredelolwlhv ri iulhqgo| wdnhryhu ru ri hlwkhu nlqg ri wdnhryhu dovr h{klelwhg vljql�fdqw

iruhfdvwlqj srzhu lq wkh vhqvh wkdw wkh| lghqwli| �upv wkdw zhuh dfwxdoo| vxevhtxhqwo|

dftxluhg pxfk pruh vxffhvvixoo| wkdq d }hur0lqirupdwlrq prgho grhv146 Jlyhq wkdw rxu

uhfxuvlyh prghov duh edvhg rqo| rq sxeolfo|0 dqg klvwrulfdoo|0dydlodeoh lqirupdwlrq/ lw

vhhpv uhdvrqdeoh wkhuhiruh wr xvh wkh suhglfwhg suredelolw| ri wdnhryhu dv d phdvxuh ri

wkh lqwhqvlw| ri wkh wkuhdw ri wdnhryhu1 Wkh qh{w vhfwlrq ghvfulehv krz zh pdnh xvh ri

wkh suhglfwhg suredelolwlhv lq prghov ri frusrudwh shuirupdqfh1

46Vhh Qxwwdoo +4<<<e, iru ghwdlov1
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8 Shuirupdqfh Prghov

Wkh vhfrqg vwdjh ri wkh dqdo|vlv lqyroyhv xvlqj wkh suhglfwhg suredelolwlhv dv dq h{0

sodqdwru| yduldeoh lq hfrqrphwulf prghov ri frpsdq| shuirupdqfh1 Rxu shuirupdqfh

yduldeohv duh wrwdo idfwru surgxfwlylw|/ lqyhvwphqw dqg wkh glylghqg sd|rxw udwlr1 Zh

hvwlpdwh hdfk ri wkh shuirupdqfh prghov ehorz xvlqj wkh sdqho0gdwd JPP v|vwhp

hvwlpdwru sursrvhg e| Duhoodqr dqg Eryhu +4<<8, dqg Eoxqghoo dqg Erqg +4<<;,147

Wklv hvwlpdwru xvhv odjjhg �uvw gl�huhqfhv ri wkh vhulhv dv lqvwuxphqwv iru htxdwlrqv

lq ohyhov/ lq dgglwlrq wr wkh qrz0vwdqgdug xvh ri odjjhg ohyhov dv lqvwuxphqwv iru wkh

htxdwlrqv lq �uvw gl�huhqfhv +lqlwldoo| sursrvhg e| Duhoodqr dqg Erqg/ 4<<4,1

Eoxqghoo dqg Erqg +4<<;, �qg wkdw wkh v|vwhp hvwlpdwru r�huv vxevwdqwldo h!flhqf|

jdlqv dqg orzhu �qlwh0vdpsoh eldvhv lq vlwxdwlrqv zkhuh wkh �uvw gl�huhqfhg hvwlpdwru

shuirupv srruo|/ qrwdeo| zkhuh �uvw0gl�huhqfhv duh rqo| zhdno| fruuhodwhg zlwk wkh

odjjhg ohyhov ri wkh vhulhv dqg zkhuh wkh qxpehu ri wlph vhulhv revhuydwlrqv lv prg0

hudwho| vpdoo1 Wkh ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv ghshqgv rq d vwdwlrqdulw|

uhvwulfwlrq/ zklfk fdq eh whvwhg xvlqj vwdqgdug whvwv ri ryhu0lghqwli|lqj uhvwulfwlrqv1

Zh uhsruw uhvxowv iru d rqh0vwhs JPP hvwlpdwru/ iru zklfk lqihuhqfh edvhg rq wkh

dv|pswrwlf yduldqfh pdwul{ kdv ehhq irxqg wr eh pruh uholdeoh wkdq iru wkh +dv|ps0

wrwlfdoo|, pruh h!flhqw wzr0vwhs hvwlpdwru +Eoxqghoo dqg Erqg/ 4<<;,1

Ghqrwlqj e| R�| wkh frqvwuxfwhg suredelolw| ri �up � ehlqj wdnhq ryhu lq |hdu |n�/

rxu shuirupdqfh prghov kdyh wkh irup

+�| ' q%�| n �R�| n E#
�
n 0�|� +5,

zkhuh #
�
lv dq xqrevhuyhg �up0vshfl�f h�hfw/ 0�| lv d vhuldoo| xqfruuhodwhg huuru whup/

dqg %�| lqfoxghv doo wkh uhpdlqlqj h{sodqdwru| yduldeohv wkdw zh frqwuro iru1 Zh dovr

h{shulphqw zlwk odjv ri R�| lq wkh vshfl�fdwlrqv1 Wkh fruuhvsrqglqj htxdwlrqv lq �uvw

gl�huhqfhv duh

{+�| ' q{%�| n �{R�| n{0�| +6,

Qrwlqj wkdw R�| lv frqvwuxfwhg xvlqj lqirupdwlrq iurp shulrg |/ zh wuhdw R�| dv

47Hvwlpdwlrq zdv shuiruphg xvlqj GSG<; +Duhoodqr0Erqg 4<<;,1
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dq hqgrjhqrxv yduldeoh lq wkhvh prghov +lh/ srwhqwldoo| fruuhodwhg zlwk 0�|,/ dqg wkxv

lqvwuxphqw R�| xvlqj R�|32 dqg ixuwkhu odjv iru wkh htxdwlrqv lq �uvw0gl�huhqfhv/ dqg

xvlqj {R�|3� iru wkh htxdwlrqv lq ohyhov1 Zh ghvfuleh iru hdfk prgho ehorz wkh lqvwux0

phqw vhw xvhg iru wkh uhpdlqlqj uhjuhvvruv1 Lqvwuxphqw ydolglw| lv whvwhg xvlqj whvwv

ri vhfrqg0rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov dqg Vdujdq whvwv ri

ryhu0lghqwli|lqj uhvwulfwlrqv +vhh Duhoodqr0Erqg 4<<4 iru ghwdlov,1

Sdjdq +4<;7, ghyhorsv dq hfrqrphwulf iudphzrun iru wzr0vwdjh hvwlpdwlrq zlwk jhq0

hudwhg uhjuhvvruv> wkdw lv/ zkhuh d vwuxfwxudo htxdwlrq +khuh/ wkh shuirupdqfh prgho,

lqfoxghv uhjuhvvruv wkdw duh jhqhudwhg lq dq dx{loldu| htxdwlrq +khuh/ wkh wdnhryhu olnh0

olkrrg prgho,1 Sdjdq +4<;7/ Wkhruhp 6, hvwdeolvkhv wkdw li wkh qxoo k|srwkhvlv wr eh

whvwhg lv wkdw wkh jhqhudwhg uhjuhvvru kdv d frh!flhqw ri }hur lq wkh vwuxfwxudo htxd0

wlrq +wkdw lv/ � ' f lq rxu shuirupdqfh prghov deryh, wkhq wkh wzr0vwdjh hvwlpdwlrq

surfhgxuh zlwk jhqhudwhg uhjuhvvruv wkdw zh xvh khuh lv ydolg1 Qhzh| +4<;7, vkrzv

wkdw wklv uhvxow h{whqgv wr d JPP iudphzrun1 Xqghu wkh dowhuqdwlyh k|srwkhvlv wkdw

� 9' f/ wkh hvwlpdwhg frh!flhqwv uhpdlq frqvlvwhqw/ wkrxjk wkh vwdqgdug huuruv vkrxog

eh dgmxvwhg wr uh hfw ghshqghqfh dfurvv revhuydwlrqv1 Vlqfh rxu sulpdu| lqwhuhvw lv wr

whvw wkh qxoo k|srwkhvlv wkdw wdnhryhu ulvn kdv qr lpsdfw rq frpsdq| shuirupdqfh/ zh

kdyh qrw lpsohphqwhg wklv fruuhfwlrq khuh1 Vxfk fruuhfwlrqv duh jhqhudoo| irxqg wr eh

yhu| vpdoo lq vlplodu dssolfdwlrqv1

Iru hdfk shuirupdqfh prgho zh uhsruw uhvxowv iru suhglfwhg suredelolwlhv frqvwuxfwhg

iurp d pxowlqrpldo wdnhryhu olnholkrrg prgho zlwk wzr srvvleoh h{lw urxwhv= +vxffhvvixo,

iulhqgo| wdnhryhu dqg +vxffhvvixo, krvwloh wdnhryhu1

Zh dovr uhsruw uhvxowv iru wkh suredelolw| ri hlwkhu nlqg ri wdnhryhu +wkh djjuhjdwh

suredelolw| R�
�|
,/ zklfk lv mxvw wkh vxp ri wkh suredelolw| ri krvwloh wdnhryhu +RM

�|
, dqg

iulhqgo| wdnhryhu +R8
�|
, wdnhq iurp wkh pxowlqrpldo prgho1 Zh h{shulphqwhg zlwk erwk

wkh suredelolw| ohyhov R�| dqg wkh �uvw0gl�huhqfhv {R�| lq rughu wr glvwlqjxlvk ehwzhhq

wudqvlhqw dqg shupdqhqw h�hfwv= wkh ohyhov h�hfw dozd|v grplqdwhv vr zh uhsruw rqo|

wkh ohyhov frh!flhqwv1

Dv d urexvwqhvv fkhfn/ iru hdfk prgho ehorz zh h{shulphqwhg zlwk yduldwlrqv rq
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wkh edvholqh wdnhryhu olnholkrrg prgho xvhg wr jhqhudwh wkh suredelolwlhv1 Iru h{dpsoh

zh ydulhg wkh ghshqghqw yduldeoh ehwzhhq wdnhryhu wdujhw dqg vxffhvvixo dftxlvlwlrq/

dqg zh h{dplqhg yduldwlrqv lq wkh orjlw uhjuhvvruv +iru h{dpsoh/ gl�huhqw phdvxuhv ri

frpsdq| vl}h dqg gursslqj vhfwrudo yduldeohv,1 Zh dovr frqvlghuhg frqvwuxfwlqj wkh

suredelolwlhv xvlqj erwk ixoo0vdpsoh dqg uhfxuvlyh hvwlpdwhv ri wkh orjlw frh!flhqwv1

Iru doo wkhvh yduldwlrqv wkh uhvxowv zhuh txdolwdwlyho| vlplodu1

Vlqfh rxu vdpsoh frpsdqlhv duh gudzq zlwkrxw uhsodfhphqw iurp d srsxodwlrq dolyh

lq 4<;;/ rxu sdqho gdwdvhw h{shulhqfhv vrph dwwulwlrq ryhu wlph1 D srwhqwldo frqfhuq

lv wkdw rxu hvwlpdwlrq ri Htq1+5, pd| eh eldvhg li wkh dwwulwlrq iurp wkh vdpsoh lv

hqgrjhqrxv lq wkh vhqvh wkdw wkh suredelolw| ri h{lwlqj wkh vdpsoh lv fruuhodwhg zlwk

wkh vkrfnv wr wkh shuirupdqfh prgho 0�|148 Lq jhqhudo lw zloo eh gl!fxow wr glvwlqjxlvk

ehwzhhq wkh vwuxfwxudo h�hfw ri wkh wdnhryhu suredelolwlhv rq shuirupdqfh dqg wkh

h�hfwv ri dwwulwlrq eldv vlqfh wkh vhohfwlylw| fruuhfwlrq whup wkdw zh zrxog qhhg wr

lqfoxgh lq Htq1 +5, wr fruuhfw iru dwwulwlrq zrxog eh kljko| fruuhodwhg zlwk wkh wdnhryhu

suredelolwlhv R�|1 Irupdoo|/ wkhuhiruh/ zh vkrxog wklqn ri wkh wdnhryhu suredelolwlhv lq

wkh shuirupdqfh prgho dv whvwlqj wkh mrlqw qxoo k|srwkhvlv wkdw R�| kdv qr h�hfw rq

phdvxuhv ri shuirupdqfh +qdpho|/ � ' f, dqg wkdw wkh dwwulwlrq surfhvv lv h{rjhqrxv

iru wkh shuirupdqfh htxdwlrq1

Rqh udwkhu vwurqj dvvxpswlrq wkdw pdnhv wkh dwwulwlrq surfhvv h{rjhqrxv iru wkh

shuirupdqfh htxdwlrq lv li wkh h{lw surfhvv grhv qrw ghshqg rq shuirupdqfh dw doo +wkdw

lv/ shuirupdqfh grhv qrw d�hfw wkh suredelolw| ri ehlqj dftxluhg,1 D vrphzkdw zhdnhu

dvvxpswlrq zrxog eh wkdw wkh h{lw surfhvv grhv qrw ghshqg rq wkh huuru whup 0�| lq

wkh shuirupdqfh htxdwlrq/ zklfk zrxog iroorz li wkh lq xhqfhv rq shuirupdqfh wkdw

duh xqrevhuydeoh wr wkh hfrqrphwulfldq +wkdw lv/ 0�|, duh dovr xqrevhuydeoh wr srwhqwldo

elgghuv +lq zklfk fdvh wkh| frxog qrw lq xhqfh wkh suredelolw| ri h{lw,1

Zh wxuq qrz wr wkh vshfl�fdwlrq ri dqg uhvxowv iurp rxu wkuhh shuirupdqfh prghov1

Doo lqwhusuhwdwlrqv ri wkh �qglqjv duh glvfxvvhg lq Vhfwlrq 91

48Fruuhodwlrq zlwk wkh �{hg h�hfwv �
l
lv xqsureohpdwlf/ vlqfh wkh �{hg h�hfwv duh gl�huhqfhg rxw lq

wkh hvwlpdwlrq surfhgxuh1
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814 Wrwdo Idfwru Surgxfwlylw|

Zh xvh d Free0Grxjodv dxwruhjuhvvlyh glvwulexwhg odj +DGO, sdqho gdwd prgho ri wkh

irup

+�| ' k| n 4+�|3� n qf,�| n q�,�|3� n Bf&�| n B�&�|3�

n�fR�| n ��R�|3� n �2R�|32 n E#
�
n 0�|� +7,

zkhuh +�| lv orj uhdo vdohv ri �up � lq |hdu |/ ,�| lv orj hpsor|phqw/ &�| lv orj uhdo

fdslwdo vwrfn/ R�| lv wkh hvwlpdwhg suredelolw| ri �up � ehlqj wdnhq ryhu lq |hdu | n

� jlyhq lqirupdwlrq dydlodeoh dw |hdu |/ dqg k| lv d |hdu0vshfl�f lqwhufhsw1 Ri wkh

huuru frpsrqhqwv/ #
�
lv dq xqrevhuyhg �up0vshfl�f �{hg h�hfw dqg 0�| lv d vhuldoo|

xqfruuhodwhg huuru whup1

Wkh vlpsoh DGO g|qdplfv duh lqwhqghg wr fdswxuh wkh idfw wkdw zkhqhyhu idfwruv

ri surgxfwlrq duh fkdqjhg/ lw w|slfdoo| wdnhv wlph iru rxwsxw wr uhdfk lwv qhz orqj0

uxq ohyho1 Iru h{dpsoh/ dq lqfuhdvh lq wkh wkuhdw ri wdnhryhu pd| wdnh wlph wr d�hfw

frusrudwh ghflvlrqv/ dqg khqfh rxwsxw> zh h{shulphqw zlwk odjv ri xs wr wzr |hduv lq

wkh suredelolwlhv1

Zh pdlqwdlq wkdw ,�|/ &�|/ dqg R�| duh srwhqwldoo| fruuhodwhg zlwk #
�
dqg ��|/ dqg khqfh

zh wuhdw oderxu/ fdslwdo dqg wkh wdnhryhu suredelolwlhv dv hqgrjhqrxv1 Lq dgglwlrq/ wkh

odjjhg ghshqghqw yduldeoh doorzv iru hqgrjhqrxv shuvlvwhqfh1 Wkh dvvxpswlrq wkdw

wkh huuru whup lv vhuldoo| xqfruuhodwhg jhqhudwhv prphqw frqglwlrqv wkdw doorz wkh xvh

ri vxlwdeo| odjjhg ohyhov ri wkh yduldeohv dv lqvwuxphqwv/ diwhu wkh htxdwlrq kdv ehhq

gl�huhqfhg wr holplqdwh wkh �up0vshfl�f h�hfwv +Duhoodqr0Erqg/ 4<<4,1 Li zh duh zloolqj

wr dvvxph wkdw wkh �uvw0gl�huhqfhv ri wkh hqgrjhqrxv yduldeohv duh xqfruuhodwhg zlwk

wkh �up0vshfl�f h�hfw/ wkhq zh rewdlq dgglwlrqdo prphqw frqglwlrqv wkdw doorz wkh xvh

ri vxlwdeo| odjjhg �uvw gl�huhqfhv ri wkh yduldeohv dv lqvwuxphqwv iru wkh htxdwlrqv lq

ohyhov +vhh Duhoodqr0Eryhu/ 4<<8,1 Iru dq DU+4, prgho/ Eoxqghoo0Erqg +4<<;, vkrz wkdw

wkhuh fdq eh gudpdwlf lpsuryhphqwv lq �qlwh vdpsoh eldv dqg h!flhqf| iurp h{sorlwlqj

dgglwlrqdo prphqw frqglwlrqv ri wklv w|sh/ sduwlfxoduo| lq fdvhv zkhuh wkh lqvwuxphqwv

dydlodeoh iru wkh �uvw0gl�huhqfhg htxdwlrqv duh zhdn1 Eoxqghoo0Erqg +4<<:, �qg wkdw

wklv hvwlpdwru zrunv zhoo lq wkh frqwh{w ri surgxfwlrq ixqfwlrqv1
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Wdeoh 8 suhvhqwv rxu surgxfwlrq ixqfwlrq uhvxowv149 Froxpq 4 hvwlpdwhv d edvlf

surgxfwlrq ixqfwlrq/ zlwkrxw wkh wdnhryhu suredelolwlhv1 Wkh frh!flhqwv rq wkh fdslwdo

dqg oderxu yduldeohv duh vlplodu wr wkrvh rewdlqhg lq rwkhu uhfhqw surgxfwlrq ixqfwlrq

vwxglhv�vhh Qlfnhoo +4<<9, iru wkh XN dqg Eoxqghoo0Erqg +4<<:, iru wkh XV1 Wkh orqj0

uxq hodvwlflwlhv rq oderxu dqg fdslwdo duh f�e� dqg f��2 uhvshfwlyho|> wkh S0ydoxh rq wkh

whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv ri frqvwdqw uhwxuqv wr vfdoh zdv irxqg wr eh f�2S/

vr zh gr qrw uhmhfw wkh qxoo14:

Zlwk vhuldoo| xqfruuhodwhg huuruv lq wkh ohyhov htxdwlrqv/ zh h{shfw wr �qg qhjdwlyh

�uvw0rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg huuruv> lqghhg doo rxu uhvxowv uhyhdo

vwurqj qhjdwlyh �uvw0rughu vhuldo fruuhodwlrq +p4,1 Krzhyhu/ wkh frqvlvwhqf| ri wkh

JPP hvwlpdwruv uholhv rq wkh dvvxpswlrq ri }hur vhfrqg0rughu vhuldo fruuhodwlrq lq

wkh �uvw0gl�huhqfhg huuruv1 Wdeoh 8 looxvwudwhv wkdw wklv dvvxpswlrq lv vdwlv�hg lq rxu

surgxfwlrq ixqfwlrq hvwlpdwhv +p5,1 Xqolnh zlwk wkh vhuldo fruuhodwlrq whvw/ qr urexvw

Vdujdq whvw edvhg rq wkh rqh0vwhs hvwlpdwhv lv dydlodeoh> khqfh zh uhsruw wkh Vdujdq

whvw edvhg rq wkh fruuhvsrqglqj wzr0vwhs JPP hvwlpdwru1 Wklv whvw grhv qrw uhmhfw

rxu lqvwuxphqw vhwv1

Wdeoh 8 +Froxpq 5, dggv wkh odjjhg suredelolw| ri iulhqgo| wdnhryhu wr wkh edvlf

surgxfwlrq ixqfwlrq/ dqg �qgv d srvlwlyh dqg vljql�fdqw frh!flhqw1 Wklv h�hfw dsshduv

wr rshudwh wkurxjk wkh �uvw0odj rqo|> wkh fxuuhqw dqg wzlfh0odjjhg suredelolwlhv zhuh

irxqg wr eh lqvljql�fdqw/ zkhwkhu lqfoxghg wrjhwkhu ru vhsdudwho|1 Froxpq 6 �qgv wkdw

wkh frh!flhqw rq wkh suredelolw| ri krvwloh wdnhryhu lv srvlwlyh exw lqvljql�fdqw1 Zkhq

erwk suredelolwlhv duh lqfoxghg lq wkh vshfl�fdwlrq +Froxpq 7,/ wkh iulhqgo| ulvn uhpdlqv

srvlwlyh dqg vljql�fdqw +dw wkh 45( ohyho,/ dqg wkh krvwloh ulvn uhpdlqv vwdwlvwlfdoo|

lqglvwlqjxlvkdeoh iurp }hur1 Krzhyhu/ zh irxqg wkdw d k|srwkhvlv whvw fdqqrw uhmhfw

wkh qxoo k|srwkhvlv ri htxdo frh!flhqwv rq wkh iulhqgo| dqg krvwloh suredelolwlhv14;

49Ehfdxvh zh uhtxluh d plqlpxp ri wkuhh revhuydwlrqv rq hdfk frpsdq| iru wkh �uvw0gl�huhqfhg
htxdwlrqv xvhg lq wkh v|vwhp0JPP hvwlpdwru/ wklv uhgxfhv wkh vdpsoh dydlodeoh wr hvwlpdwh wkh
surgxfwlrq ixqfwlrq wr 884 �upv/ dv uhsruwhg lq Wdeoh 81

4:Wkh k|srwkhvlv ri frqvwdqw uhwxuqv wr oderxu dqg fdslwdo lv dovr dffhswhg iru vshfl�fdwlrqv ri
wkh surgxfwlrq ixqfwlrq wkdw lqfoxgh wkh wdnhryhu suredelolwlhv1 Iru h{dpsoh/ iru wkh vshfl�fdwlrq lq
Froxpq 5 ri Wdeoh 8/ wkh S0ydoxh rq wkh whvw vwdwlvwlf lv 3=:;/ dqg iru wkdw lq Froxpq 8 ri Wdeoh 8 lv
3=4<1

4;Wkh S0ydoxh rq wkh whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv ri htxdo frh!flhqwv rq wkh iulhqgo| dqg
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Froxpq 8 ri Wdeoh 8 �qgv wkdw wkh odjjhg ryhudoo suredelolw| ri wdnhryhu +wkdw lv/ wkh

suredelolw| ri hlwkhu krvwloh ru iulhqgo| wdnhryhu, kdv d srvlwlyh h�hfw rq surgxfwlylw|/

zlwk d S0ydoxh ri f�f21

Wkh orqj0uxq hodvwlflw| rq wkh djjuhjdwh wdnhryhu ulvn lv ��efHS +iurp Wdeoh 8/

Froxpq 8,1 Wkxv rxu uhvxowv lpso| wkdw dq lqfuhdvh lq wkh djjuhjdwh suredelolw| ri

wdnhryhu e| DI +zklfk lv urxjko| rqh vwdqgdug ghyldwlrq�vhh Wdeoh 6, udlvhv wrwdo

idfwru surgxfwlylw| e| dssur{lpdwho| .�fI1

Zkdw gr wkhvh uhvxowv whoo xv derxw wkh h�hfw ri wkh suredelolw| ri wdnhryhu rq

surgxfwlylw|B Iluvw ri doo/ orrnlqj dw wkh ryhudoo suredelolw|/ wkhuh lv hylghqfh wkdw

dq lqwhqvl�fdwlrq ri wdnhryhu ulvn udlvhv surgxfwlylw| diwhu d odj ri rqh dffrxqwlqj

|hdu1 Glylglqj e| wdnhryhu w|sh/ krzhyhu/ lw dsshduv wkdw wkh vwdwlvwlfdo vljql�fdqfh

ri wklv h�hfw lv hqwluho| gulyhq e| wkh iulhqgo| ulvn1 Wkh odjjhg krvwloh ulvn lv vwdwlv0

wlfdoo| lqglvwlqjxlvkdeoh iurp hlwkhu wkh iulhqgo| ulvn ru iurp }hur1 Wklv uhvxow rq wkh

iulhqgo|2krvwloh h�hfwv lv frqvlvwhqw zlwk wzr k|srwkhvhv1 Iluvw/ krvwloh dqg iulhqgo|

wdnhryhu suredelolwlhv kdyh wkh vdph h�hfw rq surgxfwlylw|/ exw ehfdxvh ri wkh vpdoohu

qxpehu ri krvwloh wdnhryhuv wkdq iulhqgo| wdnhryhuv/ wklv h�hfw lv lghqwl�hg rqo| wkurxjk

wkh iulhqgo| fkdqqho1 Vhfrqgo|/ wkh wkuhdw ri krvwloh wdnhryhu jhqxlqho| kdv qr h�hfw

rq surgxfwlylw|/ zkhuhdv wkh iulhqgo| ulvn uhdoo| grhv udlvh surgxfwlylw|1 Zh vkdoo kdyh

pruh wr vd| rq wkhvh k|srwkhvhv rqfh zh kdyh h{dplqhg wkh lqyhvwphqw dqg glylghqg

prghov1

81414 Urexvwqhvv

Lq wklv vhfwlrq zh lqyhvwljdwh vrph yduldwlrqv rq wkh edvholqh vshfl�fdwlrq ri Wdeoh 8/

lq rughu wr dvvhvv wr zkdw h{whqw rxu �qglqjv deryh duh urexvw1

Iluvw zh frqvlghu dq lghqwl�fdwlrq sureohp wkdw lv jhqhudo wr wzr0vwdjh uhjuhvvlrq

prghov1 Vxssrvh wkdw rxu edvholqh shuirupdqfh prgho zhuh shuihfwo| vshfl�hg h{fhsw

iru qrw wdnlqj lqwr dffrxqw wkh wkuhdw ri wdnhryhu1 Wkhq zh zrxog eh frq�ghqw wkdw

lqfoxglqj phdvxuhv ri wkh wkuhdw ri wdnhryhu dv uhjuhvvruv lq wkh shuirupdqfh prgho

zrxog whoo xv sxuho| derxw wkh wkuhdw ri wdnhryhu/ dqg qrw derxw dq| rwkhu rplwwhg

krvwloh suredelolwlhv lv 3=531

4;



yduldeoh1 Krzhyhu/ wkhuh lv olwwoh uhdvrq wr eholhyh wkdw rxu shuirupdqfh prghov duh

shuihfwo| vshfl�hg1 Lq wklv frqwh{w lw lv srvvleoh/ wkhuhiruh/ wkdw rxu wdnhryhu suredelo0

lwlhv/ zklfk duh +qrqolqhdu, frpelqdwlrqv ri wkh lqghshqghqw yduldeohv xvhg lq wkh orjlw

wdnhryhu olnholkrrg prgho/ duh vlpso| fdswxulqj wkh h�hfw ri wkhvh orjlw uhjuhvvruv rq

shuirupdqfh14<

Wkh lghdo zd| wr whvw wklv rplwwhg yduldeoh eldv lq rxu prghov zrxog eh wr hqwhu

wkh orjlw uhjuhvvruv rq wkh uljkw0kdqg vlgh ri wkh shuirupdqfh prghov/ dqg wr whvw wkh

+qrqolqhdu, uhvwulfwlrq lpsrvhg e| wkh wdnhryhu suredelolwlhv1 Krzhyhu/ wklv lv qrw

vwudljkwiruzdug wr lpsohphqw1 Zh dgrsw wkh vlpsohu dssurdfk ri lqfoxglqj rq wkh

uljkw0kdqg vlgh vrph ri wkh nh| orjlw uhjuhvvruv +Wrelq*v T/ ohyhudjh/ wdnhryhu uxprxuv

dqg djh, dqg whvwlqj zkhwkhu wkh wdnhryhu suredelolwlhv uhpdlq vljql�fdqw1 Surylghg

zh lqfoxgh wkh orjlw uhjuhvvruv dw wkh vdph odj dv wkh suredelolwlhv/ wklv zloo jlyh xv

vrph lqglfdwlrq ri zkhwkhu wkh suredelolwlhv duh vljql�fdqw rqo| ehfdxvh ri vsxulrxv

+olqhdu, fruuhodwlrq zlwk wkh nh| orjlw uhjuhvvruv1

Wdeoh 9 wdnhv d edvholqh vshfl�fdwlrq lqfoxglqj wkh odjjhg suredelolw| ri ryhudoo

wdnhryhu/ dqg dggv lq rqh dw d wlph wkh nh| orjlw uhjuhvvruv odjjhg T/ ohyhudjh/ uxprxuv

dqg djh�dqg �qdoo| doo ri wkhvh yduldeohv wrjhwkhu lq Froxpq 81 Wkh pdlq srlqw wr

qrwlfh iurp Wdeoh 9 lv wkdw wkh vljql�fdqfh ri wkh djjuhjdwh suredelolw| lv urexvw wr wkh

dgglwlrq ri wkhvh orjlw uhjuhvvruv1

Froxpq +4, vkrzv wkdw T lv lqvljql�fdqw/ dowkrxjk wkh lqfoxvlrq ri T ohdyhv wkh

h�hfw ri fdslwdo lq wkh surgxfwlrq ixqfwlrq srruo| ghwhuplqhg1 Odjjhg ohyhudjh lv wkh

prvw vljql�fdqw ri wkh orjlw uhjuhvvruv/ dqg kdv d srvlwlyh h�hfw rq surgxfwlylw|1 Wklv lv

frqvlvwhqw zlwk Qlfnhoo0Zdgkzdql0Zdoo +4<<5,/ zkr �qg wkdw kljkhu ohyhov ri ghew duh

4<Rqh h{dpsoh ri wklv lghqwl�fdwlrq sureohp dulvhv lq wkh olwhudwxuh rq �qdqfldo frqvwudlqwv1 Wkh
phwkrgrorj| ri wklv olwhudwxuh lv wr h{dplqh zkhwkhu wkhuh lv d vljql�fdqw h�hfw ri fdvk  rz rq lq0
yhvwphqw1 Li vxfk dq h�hfw h{lvwv wkhq lw lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw wkhuh h{lvw �qdqfldo
frqvwudlqwv wkdw gulyh d zhgjh ehwzhhq wkh lqwhuqdo dqg h{whuqdo frvw ri fdslwdo/ vlqfh xqghu wkhvh
frqglwlrqv d zlqgidoo lqfuhdvh lq sur�wv uhod{hv wkh frqvwudlqwv/ dqg doorzv pruh srvlwlyh0QSY lqyhvw0
phqw surmhfwv wr eh �qdqfhg1 Li wkh lqyhvwphqw prgho zhuh shuihfwo| vshfl�hg/ wkhq lw zrxog lqghhg
eh srvvleoh wr lqwhusuhw wkh vljql�fdqw fdvk  rz frh!flhqw dv d �qdqfldo frqvwudlqw h�hfw1 Krzhyhu/ dv
qrwhg e| Jlofkulvw0Klpphoehuj +4<<8,/ li wkh lqyhvwphqw prgho lv lpshuihfwo| vshfl�hg +dv lw doprvw
fhuwdlqo| lv lq sudfwlfh, wkhq d vljql�fdqw fdvk  rz h�hfw lv dovr frqvlvwhqw zlwk wkh k|srwkhvlv wkdw
lqirupdwlrq rq fdvk  rz khosv wr iruhfdvw rplwwhg yduldeohv wkdw h{sodlq lqyhvwphqw vshqglqj/ vxfk
dv ixwxuh rxwsxw1

4<



dvvrfldwhg zlwk kljkhu ohyhov ri surgxfwlylw|1 Rqh srvvleoh h{sodqdwlrq lv wkdw �qdqfldo

suhvvxuh uhgxfhv pdqdjhuldo vodfn dqg wkxv udlvhv surgxfwlylw|/ dv glvfxvvhg lq Vhfwlrq

61

Odjjhg uxprxuv kdyh d qhjdwlyh exw lqvljql�fdqw +S@f��2, h�hfw rq WIS/ frqgl0

wlrqdo xsrq wkh wdnhryhu suredelolw| +Wdeoh 9/ Froxpq 6,1 Krzhyhu/ zh irxqg wkdw

wklv h�hfw glvdsshduv lq wkh ixoo vshfl�fdwlrq ri Froxpq 8 ri Wdeoh 9/ ru li zh uhpryhg

wkh suredelolw| iurp wkh vshfl�fdwlrq1 Wklv surylghv zhdn hylghqfh iru d cvxemhfwlyh*

h�hfw ri uxprxuv/ lq dgglwlrq wr wkh remhfwlyh h�hfw phgldwhg wkurxjk wkh wdnhryhu

suredelolwlhv1 Uxprxuv wkhpvhoyhv dsshdu wr eh wrr fuxgh d phdvxuh ri wkh ulvn ri

wdnhryhu wr eh lqirupdwlyh derxw surgxfwlylw| lq lvrodwlrq1 Krzhyhu/ zkhq frpelqhg

zlwk rwkhu h{sodqdwru| yduldeohv lq d wdnhryhu olnholkrrg prgho/ d srvlwlyh remhfwlyh

h�hfw ri wdnhryhu ulvn hphujhv1 Lq dgglwlrq/ frqglwlrqdo xsrq wklv remhfwlyh h�hfw/ wkh

lqflghqfh ri uxprxuv lq wkh suhvv kdv d zhdn qhjdwlyh h�hfw rq shuirupdqfh1

Odjjhg djh vlqfh olvwlqj lv lqvljql�fdqw lq wkh surgxfwlrq ixqfwlrq1 Wr vxppdul}h/

wkhuhiruh/ wkh srvlwlyh h�hfw rq surgxfwlylw| ri wkh odjjhg suredelolw| ri wdnhryhu ds0

shduv wr eh urexvw wr wkh lqfoxvlrq ri wkh uhjuhvvruv zklfk gulyh rxu wdnhryhu olnholkrrg

prghov1 Wklv lv hylghqfh djdlqvw wkh ylhz wkdw wkh wdnhryhu suredelolwlhv duh vljql�fdqw

sxuho| ehfdxvh wkh| duh vsxulrxvo| fruuhodwhg zlwk wkh rplwwhg h{sodqdwru| yduldeohv

iurp wkh surgxfwlrq ixqfwlrq1
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815 Wkh Lqyhvwphqw Prgho

Iroorzlqj Ehdq +4<;4, dqg Erqg0Hovwrq0Pdluhvvh0Pxond| +4<<:,/ rxu lqyhvwphqw prgho

lv edvhg rq wkh huuru fruuhfwlrq irup=53
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zkhuh U�| lv lqyhvwphqw dqg ��| lv fdvk  rz1 Wklv huuru fruuhfwlrq prgho +HFP, lv

edvhg rq d orqj0uxq ghpdqg iru fdslwdo htxdwlrq

&�| ' @| n +�| +9,

zkhuh @| lv d wlph h�hfw/ zlwk dgglwlrqdo whupv whvwlqj iru qrq0frqvwdqw uhwxuqv wr vfdoh/

fdvk  rz h�hfwv dqg h�hfwv iurp wkh suredelolw| ri wdnhryhu1 Qrwh wkdw wkh lqfoxvlrq

ri wlph h�hfwv zloo frqwuro iru wkh frpprq h�hfw ri sulfhv dqg lqwhuhvw udwhv rq wkh

ghpdqg iru fdslwdo1 Htxdwlrq +9, krogv li hlwkhu= +d, zh kdyh frqvwdqw uhwxuqv lq d

FHV whfkqrorj|> +e, zh kdyh Free0Grxjodv whfkqrorj| zlwk dq| uhwxuqv wr vfdoh1 Li

wklv sursruwlrqdolw| krogv lq wkh HFP +8, wkhq w ' f1

Wdeoh : suhvhqwv rxu lqyhvwphqw htxdwlrq uhvxowv154 Wkh uhvxowv duh lq olqh zlwk

zkdw zh zrxog h{shfw iru dq HFP lqyhvwphqw prgho1 Fxuuhqw dqg odjjhg fkdqjhv lq

rxwsxw kdyh d yhu| vljql�fdqw dqg srvlwlyh h�hfw rq fxuuhqw lqyhvwphqw/ vxssruwlqj

wkh prgho*v dvvxpswlrq wkdw wkh ghpdqg iru fdslwdo lv lqfuhdvlqj lq rxwsxw1 Wkh huuru

fruuhfwlrq whup lv qhjdwlyh dqg kljko| vljql�fdqw/ vr wkdw d fdslwdo vwrfn deryh lwv

53Zlwk uhjdug wr wkh hfrqrphwulf prghoolqj ri lqyhvwphqw/ wkhuh duh wkuhh pdlq dssurdfkhv lq
dgglwlrq wr wkh huuru fruuhfwlrq prgho= wkh dffhohudwru prgho> wkh T prgho> dqg wkh Hxohu Htxdwlrq
dssurdfk1 Wkh huuru fruuhfwlrq prgho hqfrpsdvvhv dffhohudwru dqg sduwldo dgmxvwphqw prghov +Erqg0
Hovwrq0Pdluhvvh0Pxond|/ 4<<:,1 Wkh pdlq sureohp zlwk wkh T prgho lv hpslulfdo= vwxglhv whqg wr
�qg wkdw zklovw T lv d vljql�fdqw idfwru lq wkh h{sodqdwlrq ri frpsdq| lqyhvwphqw/ lwv h�hfw lv vpdoo/
dqg wkh suhglfwlrq ri T wkhru|/ wkdw T vkrxog eh d vx!flhqw vwdwlvwlf iru lqyhvwphqw/ lv jhqhudoo|
uhmhfwhg +Eoxqghoo0Erqg0Ghyhuhx{0Vfkldqwduhool/ 4<<5,1 Ilqdoo|/ Qlfnhoo0Qlfrolwvdv +4<<9, txhvwlrq wkh
urexvwqhvv ri wkh Hxohu Htxdwlrq dssurdfk/ rq wkh jurxqgv wkdw hvwlpdwhg Hxohu htxdwlrqv riwhq
kdyh frh!flhqwv zklfk duh lqfrqvlvwhqw zlwk dq Hxohu htxdwlrq lqwhusuhwdwlrq1 Jlyhq wklv iudjlolw|
ri vwuxfwxudo lqyhvwphqw prghov/ zh fkrrvh wr zrun zlwk d  h{leoh huuru fruuhfwlrq vshfl�fdwlrq ri d
uhgxfhg irup prgho1

54Khuh zh uhtxluh d plqlpxp ri irxu revhuydwlrqv rq hdfk frpsdq|1
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ghvluhg ohyho lv dvvrfldwhg zlwk orzhu ixwxuh lqyhvwphqw/ dqg ylfh yhuvd1 Wzlfh0odjjhg

rxwsxw lv vljql�fdqw exw vpdoo lq pdjqlwxgh/ lqglfdwlqj vrph ylrodwlrq ri frqvwdqw0

uhwxuqv0wr0vfdoh/ exw qrw wr d juhdw h{whqw1 Lq dgglwlrq/ wkh odjjhg fdvk  rz whup kdv

d srvlwlyh dqg zhdno| vljql�fdqw h�hfw rq fxuuhqw lqyhvwphqw/55 wkrxjk fxuuhqw dqg

wzlfh0odjjhg fdvk  rz zhuh irxqg wr eh lqvljql�fdqw1

Froxpq 4 ri Wdeoh : vkrzv wkdw wkh odjjhg suredelolw| ri iulhqgo| wdnhryhu kdv d

vwurqjo| qhjdwlyh h�hfw rq lqyhvwphqw> wkhuh zdv irxqg wr eh qr h�hfw ri wkh fxuuhqw

ru wzlfh0odjjhg suredelolw|1 Zh �qg wkdw wkh krvwloh suredelolw| dovr kdv d qhjdwlyh

h�hfw/ dqg lv vljql�fdqw dw wkh :( ohyho> krzhyhu/ wkh h�hfw zdv irxqg wr rshudwh rqo|

wkurxjk wkh vhfrqg odj1 Wkh vljql�fdqfh ri wklv h�hfw lv hqkdqfhg zkhq zh hqwhu erwk

suredelolwlhv lq wkh lqyhvwphqw prgho +Wdeoh :/ Froxpq 6,1 Wkdw lv/ frqglwlrqdo xsrq

wkh odjjhg iulhqgo| ulvn/ wkh wzlfh0odjjhg krvwloh ulvn lv irxqg wr kdyh dq hyhq vwurqjhu

qhjdwlyh h�hfw rq lqyhvwphqw1 Wkhvh h�hfwv vkrz wkurxjk lq wkh djjuhjdwh wdnhryhu

ulvn/ zklfk kdv d qhjdwlyh frh!flhqw dw erwk �uvw dqg vhfrqg odjv/ wkrxjk lv pruh

vljql�fdqw dw wkh �uvw odj +Wdeoh :/ Froxpq 7,1

Wkh orqj0uxq hodvwlflw| rq wkh djjuhjdwh wdnhryhu ulvn lv �f��eH2 +iurp Wdeoh :/

Froxpq 7,1 Khqfh d DI lqfuhdvh lq wkh djjuhjdwh suredelolw| ri wdnhryhu zrxog eh

h{shfwhg wr uhgxfh lqyhvwphqw e| dssur{lpdwho| ��.I1

Wklv hylghqfh vxjjhvwv wkdw lq idfw wkh krvwloh suredelolw| grhv frqwdlq lqirupdwlrq

glvwlqfw iurp wkh iulhqgo| suredelolw|1 Wklv uhpdlqv wkh fdvh zkhq/ lq Wdeoh ;/ zh dgg

lq wkh nh| orjlw uhjuhvvruv +dqdorjrxvo| wr Wdeoh 9,1 Zh lqfoxgh erwk �uvw0 dqg vhfrqg0

odjv ri wkh orjlw uhjuhvvruv/ lq rughu wr ghwhfw zkhwkhu hlwkhu wkh iulhqgo| ru krvwloh

suredelolw| lv kdylqj d vsxulrxv h�hfw1 Dv Wdeoh ; vkrzv/ erwk krvwloh dqg iulhqgo|

suredelolwlhv uhwdlq wkhlu vljq dqg vljql�fdqfh zkhq wkh orjlw uhjuhvvruv duh lqfoxghg1

Lq idfw wkh rqo| orjlw uhjuhvvru wkdw lv vljql�fdqw lv Wrelq*v T/ zklfk d�hfwv lqyhvwphqw

srvlwlyho|/ dv zh zrxog h{shfw1 Qrwh/ krzhyhu/ wkdw wkh frh!flhqw rq T lv wlq|/ dqg

wkh vx!flhqw vwdwlvwlf suhglfwlrq lv uhmhfwhg1 Wklv lv eurdgo| frqvlvwhqw zlwk rwkhu

hfrqrphwulf vwxglhv ri lqyhvwphqw/ �qglqj wkdw wkh T h�hfw lv w|slfdoo| vljql�fdqw exw

55Wkh S0ydoxhv rq wkh odjjhg fdvk  rz frh!flhqw iru wkh vshfl�fdwlrqv lq Wdeoh : udqjh ehwzhhq
3=39 dqg 3=491
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vpdoo +Eoxqghoo0Erqg0Ghyhuhx{0Vfkldqwduhool/ 4<<5,1 Rqh ixuwkhu lqwhuhvwlqj �qglqj

lv wkdw wkh lqfoxvlrq ri T lq wkh huuru fruuhfwlrq vshfl�fdwlrq ohdyhv wkh fdvk  rz

yduldeoh lqvljql�fdqw/56 vxjjhvwlqj wkdw fdvk  rz pd| eh sur{|lqj iru h{shfwhg ixwxuh

ghpdqg/ udwkhu wkdq uh hfwlqj wkh lpsdfw ri �qdqfldo frqvwudlqwv1 Lqghhg wkh fdvk

 rz yduldeoh lv dovr uhqghuhg lqvljql�fdqw e| wkh lqfoxvlrq ri ohyhudjh/ uxprxuv ru djh

lq wkh vshfl�fdwlrq1 Wkxv lq rxu gdwd wkh h�hfw ri fdvk  rz rq lqyhvwphqw lv zhdn dqg

qrqurexvw1

816 Wkh Glylghqg Prgho

Wr prwlydwh rxu glylghqg prgho/ zh ehjlq zlwk d vlpsoh Olqwqhu +4<89, w|sh prgho

zkhuh glylghqgv ghshqg rq wkh qrupdo ru wuhqg ohyho ri hduqlqjv157 Zh ehjlq zlwk d

orqj0uxq vshfl�fdwlrq iru glylghqgv dv iroorzv=

(�| ' bn qZ�| n ��| +:,

zkhuh ( lv wkh ohyho ri glylghqgv/ Z lv qhw sur�wv dqg ��| lv d phdq0}hur huuru whup

wkdw pd| eh khwhurvnhgdvwlf1

Wr uhgxfh wkh lpsdfw ri khwhurvnhgdvwlflw|/ zh glylgh wkurxjk e| d phdvxuh ri

frpsdq| vl}h +khuh zh fkrrvh vdohv uhyhqxh t ,/ zklfk jlyhv xv
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1 Iru h{dpsoh/ lq wkh vshfldo fdvh zkhuh wkh yduldqfh ri ��| lv sursruwlrqdo

wr frpsdq| vl}h/ wkdw lv
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wkhq wklv vfdolqj zrxog uhpryh wkh khwhurvnhgdvwlflw| hqwluho|= e�| ' 0�|1 Pruh jhqhudoo|

zh gr qrw h{shfw wkdw wklv vfdolqj zloo frpsohwho| holplqdwh khwhurvnhgdvwlflw|/ exw

56Wklv zdv dovr irxqg wr eh wkh fdvh lq wkh vdph vshfl�fdwlrq h{fhsw rplwwlqj wkh wdnhryhu sured0
elolwlhv1

57Hpslulfdo vxssruw iru wkh Olqwhu prgho zdv irxqg e| Idpd dqg Edeldn +4<9;,1 Pruh uhfhqwo|/
Fdpsehoo dqg Vkloohu +4<;;, dqg GhDqjhor/ GhDqjhor dqg Vnlqqhu +4<<5, uhsruw hylghqfh wkdw lv
eurdgo| frqvlvwhqw zlwk wkh Olqwqhu prgho1 Fdpsehoo0Vkloohu +4<;;, �qg wkdw d orqj klvwrulfdo dyhudjh
ri uhdo hduqlqjv lv d jrrg suhglfwru ri wkh suhvhqw ydoxh ri ixwxuh uhdo glylghqgv1 GhDqjhor/ GhDqjhor
dqg Vnlqqhu +4<<5, �qg wkdw glylghqg uhgxfwlrqv duh pruh olnho| jlyhq juhdwhu fxuuhqw orvvhv dqg pruh
shuvlvwhqw hduqlqjv gl!fxowlhv1
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lqlwldo h{shulphqwv zlwk dq xqvfdohg vshfl�fdwlrq vxjjhvwhg wkdw wkh uhgxfwlrq zdv

vxevwdqwldo1

Wr doorz iru lqhuwld dqg shuvlvwhqfh/ zh lqwurgxfh DGO g|qdplfv1 Iru h{dpsoh/ li

e�| lq +;, kdv dq DU+4, surfhvv +e�| ' 4e�|3� n ��|, zh zrxog rewdlq=
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Krzhyhu/ zh gr qrw lpsrvh wkh frpprq idfwru uhvwulfwlrqv/ exw udwkhu zh hvwlpdwh wkh

xquhvwulfwhg vshfl�fdwlrq=
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Ilqdoo| zh doorz iru wlph h�hfwv dqg �up h�hfwv/ vshfli|lqj ��| wr kdyh wkh huuru0

frpsrqhqwv irup ��| ' k| n #
�
n D�|/ dqg zh lqwurgxfh wkh wdnhryhu suredelolwlhv=58
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Wdeoh < suhvhqwv uhvxowv iru rxu glylghqg prgho1 Zh irxqg wkdw wkh frh!flhqwv w2

dqg w� zhuh lqglylgxdoo| dqg mrlqwo| lqvljql�fdqw/ dqg wkdw rplwwlqj wkhp glg qrw d�hfw

wkh rwkhu frh!flhqwv lq +45,1 Lq dgglwlrq/ zh irxqg wkdw frpsdq| djh vlqfh olvwlqj lv

dozd|v kljko| vljql�fdqw zkhq lqfoxghg dv dq dgglwlrqdo uhjuhvvru lq +45,/ zlwk roghu

�upv whqglqj wr kdyh kljkhu glylghqg sd|rxw udwlrv1 Khqfh zh rplw wkh vl}h whupv iurp

rxu edvholqh glylghqg prgho vshfl�fdwlrq/ exw zh lqfoxgh djh lq doo wkh uhsruwhg uhvxowv1

Wdeohv ; dqg < vkrz wkdw wkh odjjhg ghshqghqw yduldeoh lv srvlwlyh dqg vljql�fdqw1

Fxuuhqw sur�wv kdv d vwurqjo| srvlwlyh h�hfw rq glylghqgv/ wkrxjk wkh �uvw0 dqg vhfrqg0

odj zhuh irxqg wr eh lqvljql�fdqw/ dqg zhuh wkxv rplwwhg iurp wkh vshfl�fdwlrq159

58Erqg0Fkhqqhoov0Ghyhuhx{ +4<<9, xvh d vshfl�fdwlrq vlplodu wr +45, wr lqyhvwljdwh wkh h�hfw ri
wd{hv rq glylghqg srolf|1 Krzhyhu/ zh duh qrw dzduh ri dq| sdshuv wkdw dwwhpsw h{solflwo| wr ghulyh
d glylghqg prgho ri wkh irup lq +45,1
Xvlqj djjuhjdwh wlph vhulhv gdwd/ Ihogvwhlq +4<:3, dqg Srwhued +4<;:, hvwlpdwh dq huuru0fruuhfwlrq

vshfl�fdwlrq edvhg xsrq d orqj0uxq htxdwlrq vlplodu wr +:,> wkh ghshqghqw yduldeoh lq wkhlu prghov
lv wkh fkdqjh lq wkh orjdulwkp ri uhdo glylghqgv1 Wklv dssurdfk fdqqrw eh xvhg zlwk frpsdq| gdwd/
vlqfh dw wkh �up ohyho glylghqgv fdq eh }hur dqg sur�wv fdq eh qhjdwlyh1

59Wkh phdvxuh ri sur�wv zh xvh khuh lv dffrxqwlqj sur�wv qhw ri lqwhuhvw/ wd{hv dqg ghsuhfldwlrq1
Krzhyhu/ zh dovr h{shulphqwhg zlwk fdvk  rz dqg irxqg yhu| vlplodu uhvxowv1 Vhh wkh Gdwd Dsshqgl{
iru gh�qlwlrqv ri wkhvh yduldeohv1
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Froxpq 4 ri Wdeoh < vkrzv wkdw wkh glylghqg sd|rxw udwlr lv lqfuhdvlqj lq wkh fxu0

uhqw djjuhjdwh suredelolw| ri wdnhryhu1 Krzhyhu/ wkh frh!flhqw lv qrw zhoo0ghwhuplqhg

+S@f��e,/ dqg ehfrphv hyhq ohvv zhoo0ghwhuplqhg zkhq zh uhpryh wkh odjjhg sured0

elolw| lq Froxpq 51

Zh �qg wkdw wkh fxuuhqw suredelolw| ri krvwloh wdnhryhu kdv d srvlwlyh dqg kljko|

vljql�fdqw h�hfw rq glylghqg sd|rxw +Wdeoh </ Froxpq 6,1 Zh irxqg wkdw wklv h�hfw

rshudwhv hqwluho| wkurxjk wkh fxuuhqw krvwloh ulvn= wkhuh zdv qr h�hfw dw wkh �uvw

dqg vhfrqg odjv1 Wkh orqj0uxq hodvwlflw| rq wkh krvwloh wdnhryhu ulvn lv f�..Se +iurp

Wdeoh </ Froxpq 6,1 Wkxv rxu uhvxowv lpso| wkdw dq lqfuhdvh lq wkh suredelolw| ri

krvwloh wdnhryhu e| �I +zklfk lv urxjko| rqh vwdqgdug ghyldwlrq�vhh Wdeoh 6, udlvhv
wkh glylghqg0wr0vdohv udwlr e| dssur{lpdwho| 2��I1

Wkh odjjhg suredelolw| ri iulhqgo| wdnhryhu kdv d qhjdwlyh exw lqvljql�fdqw h�hfw

rq glylghqg sd|rxw +Wdeoh </ Froxpq 7,/ dqg wklv h�hfw ehfrphv hyhq ohvv vljql�fdqw

zkhq zh lqfoxgh wkh fxuuhqw krvwloh ulvn +Wdeoh </ Froxpq 8,1 Wklv surylghv ixuwkhu

hylghqfh wkdw wkh krvwloh ulvn frqwdlqv lqirupdwlrq glvwlqfw iurp wkh iulhqgo| ulvn/ lq

vslwh ri wkh vpdoohu qxpehu ri krvwloh wdnhryhuv1

Rq wkh edvlv ri wkh uhvxowv lq Wdeoh </ rxu suhihuuhg vshfl�fdwlrq iru wkh glylghqg

prgho lv wkdw ri Froxpq 61 Wdeoh 43 whvwv iru wkh urexvwqhvv ri wklv vshfl�fdwlrq wr

wkh nh| orjlw uhjuhvvruv1 Zh �qg qr h�hfw ri Wrelq*v T ru ohyhudjh rq glylghqgv/ exw

wdnhryhu uxprxuv kdyh d qhjdwlyh h�hfw rq glylghqg sd|rxw +Wdeoh 43/ Froxpqv 6

dqg 7,1 Krzhyhu/ wklv h�hfw glvdsshduv li zh rplw wkh suredelolw| ri krvwloh wdnhryhu

iurp wkh vshfl�fdwlrq1 Khqfh uxprxuv dsshdu wr kdyh d qhjdwlyh cvxemhfwlyh* h�hfw rq

glylghqg sd|rxw/ frqglwlrqdo xsrq wkh suredelolw| ri wdnhryhu +zklfk ri frxuvh douhdg|

lqfrusrudwhv dq remhfwlyh phdvxuh ri wkh h�hfw ri uxprxuv rq wdnhryhu olnholkrrg,1

9 Glvfxvvlrq ri �qglqjv

Ohw xv vxppdul}h wkh pdlq �qglqjv deryh1 Wdnlqj �uvw wkh djjuhjdwh suredelolw|

ri wdnhryhu/ zh �qg wkdw wkh odjjhg suredelolw| kdv d vljql�fdqwo| srvlwlyh h�hfw rq

surgxfwlylw| dqg d vljql�fdqwo| qhjdwlyh h�hfw rq lqyhvwphqw1 Wkh fxuuhqw suredelolw|
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ri wdnhryhu kdv d srvlwlyh exw lqvljql�fdqw h�hfw rq glylghqg sd|rxw1

Wxuqlqj wr wkh glvwlqfwlrq ehwzhhq krvwloh dqg iulhqgo| wdnhryhu ulvn/ zh �qg wkdw

wkh krvwloh ulvn dsshduv wr kdyh qr h�hfw rq surgxfwlylw|/ exw kdv d srvlwlyh dqg kljko|

vljql�fdqw h�hfw rq fxuuhqw glylghqg sd|rxw/ dqg d qhjdwlyh dqg vljql�fdqw h�hfw rq

lqyhvwphqw zlwk d odj ri wzr dffrxqwlqj |hduv1

Wkh iulhqgo| wdnhryhu ulvn kdv d odjjhg srvlwlyh h�hfw rq surgxfwlylw| dqg d odjjhg

qhjdwlyh h�hfw rq lqyhvwphqw1 Krzhyhu/ glylghqg sd|rxw lv qrw vljql�fdqwo| d�hfwhg

e| iulhqgo| ulvn1

Wkhvh h�hfwv duh urexvw wr wkh lqfoxvlrq ri wkh nh| orjlw uhjuhvvruv rq wkh uljkw0kdqg

vlgh rq wkh shuirupdqfh prghov1 Wkh h�hfwv iru d jlyhq ulvn w|sh +iulhqgo| ru krvwloh,

duh urexvw wr wkh lqfoxvlrq ri wkh rwkhu ulvn w|sh dv d uhjuhvvru1

Zkdw gr wkhvh uhvxowv vxjjhvw derxw wkhrulhv ri wdnhryhuB Iluvw ri doo/ frqvlghu

wkh hylghqfh rq wkh djjuhjdwh wdnhryhu ulvn1 Wklv hylghqfh lv frqvlvwhqw zlwk d Mhqvhq

iuhh fdvk  rz ylhz zkhuhe| wkh wkuhdw ri wdnhryhu uhljqv lq pdqdjhuldo ryhulqyhvwphqw

dqg ohdgv wr ehwwhu frpsdq| shuirupdqfh/ dv uh hfwhg lq wkh vxevhtxhqw surgxfwlylw|

lpsuryhphqw1 Wkh zhdn srvlwlyh h�hfw ri wkh djjuhjdwh ulvn rq glylghqg sd|rxw frxog

dulvh ehfdxvh wkh wdnhryhu wkuhdw irufhv wkh pdqdjhu wr uhwxuq fxuuhqw h{fhvv fdvk

wr vkduhkroghuv ru ehfdxvh wkh pdqdjhu zlvkhv wr frpplw wr uhgxfhg vklunlqj lq wkh

ixwxuh/ dv lq ]zlheho +4<<9,1

Wklv vwru| grhv lqghhg qlfho| h{sodlq wkh �qglqjv rq wkh h�hfwv ri wkh djjuhjdwh

suredelolw|1 Krzhyhu/ zkhq zh h{dplqh wkh glvwlqfwlrq ehwzhhq krvwloh dqg iulhqgo|

wdnhryhu ulvn/ pdwwhuv ehfrph ohvv fohdu1 Qrwh wkdw rxu hylghqfh deryh vxjjhvwv wkdw

wkh suhglfwhg suredelolwlhv ri iulhqgo| dqg krvwloh wdnhryhu frqwdlq glvwlqfw lqirupdwlrq1

Wklv iroorzv iurp wkh lqyhvwphqw dqg glylghqgv htxdwlrqv/ zkhuh wkh h�hfw ri krvwloh

wdnhryhu ulvn lv vwdwlvwlfdoo| glvwlqjxlvkdeoh erwk iurp }hur dqg iurp wkh h�hfw ri wkh

iulhqgo| wdnhryhu ulvn1

Frqvlghu wkh krvwloh suredelolwlhv �uvw1 Wkh uhvxowv khuh dsshdu wr eh frqvlvwhqw

zlwk wzr yhu| gl�huhqw vwrulhv ri wkh xqghuo|lqj phfkdqlvp ri wkh pdunhw iru frusrudwh

frqwuro1 Iluvw/ wkh Mhqvhq ylhz/ dv h{sodlqhg iru wkh djjuhjdwh suredelolw|1 Vhfrqg/ d
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vkruw0whuplvp ylhz1 Ohw xv frqvlghu wkhvh srvvleoh h{sodqdwlrqv lq pruh ghwdlo1

Wkh vxssruw iru wkh Mhqvhq ylhz ri krvwloh wdnhryhuv zrxog eh dv iroorzv1 Wkh

qhjdwlyh h�hfw ri wkh wkuhdw ri krvwloh wdnhryhu rq vxevhtxhqw lqyhvwphqw uh hfwv wkh

uhljqlqj lq ri pdqdjhuldo hpsluh0exloglqj1 Wkh vwurqjo| srvlwlyh h�hfw rq fxuuhqw

glylghqgv uh hfwv wkh uhgxfwlrq lq lqyhvwphqw vshqglqj/ wkh uhwxuqlqj ri iuhh fdvk

 rz wr wkh vkduhkroghuv dqg srvvleo| wkh lpsuryhphqwv lq shuirupdqfh uhvxowlqj iurp

lpsuryhg pdqdjhuldo glvflsolqh1 Wklv odvw srlqw iroorzv iurp wkh hylghqfh wkdw gly0

lghqg dqqrxqfhphqwv duh dvvrfldwhg zlwk deqrupdo vwrfn uhwxuqv +Dkdurq|0Vzdu|/

4<;3> Dvtxlwk0Pxoolqv/ 4<;6,1 Zlwk uhjdug wr wkh surgxfwlylw| h�hfwv/ wklv h{sodqd0

wlrq zrxog hpskdvl}h wkh �qglqj wkdw wkh krvwloh suredelolw| lv lqvljql�fdqwo| gl�huhqw

iurp wkh iulhqgo| suredelolw|/ zklfk lv lwvhoi srvlwlyh1 Lq dgglwlrq/ wkh wkuhdw ri krv0

wloh wdnhryhu fdq d�hfw surgxfwlylw| wkurxjk wzr fkdqqhov= d gluhfw glvflsolqdu| h�hfw>

dqg dq lqgluhfw h�hfw wkdw rshudwhv yld wkh lqyhvwphqw udwh/ iru h{dpsoh li whfkqlfdo

surjuhvv lv sduwldoo| hperglhg lq fdslwdo1 Li zh eholhyh lq d uroh iru hperglhg whfk0

qrorjlfdo fkdqjh/ wkhq wkh lqgluhfw h�hfw lv qhjdwlyh iru wkh krvwloh ulvn +vlqfh krvwloh

ulvn uhgxfhv vxevhtxhqw lqyhvwphqw,1 Vlqfh wkh ryhudoo revhuyhg h�hfw ri krvwloh ulvn rq

WIS lv qhxwudo/ wklv lpsolhv wkdw wkh gluhfw glvflsolqdu| h�hfw pxvw eh srvlwlyh1

Wkhuh duh wzr sureohpv zlwk wklv Mhqvhq h{sodqdwlrq1 Iluvw/ zkloh lw lv zhoo0

grfxphqwhg wkdw frpsdqlhv wkdw lqlwldwh +ru udlvh, glylghqgv h{shulhqfh vkduh sulfh

lqfuhdvhv +Dkdurq|0Vzdu|/ 4<;3> Dvtxlwk0Pxoolqv/ 4<;6,/ fxuuhqw glylghqg fkdqjhv gr

qrw khos wr suhglfw �upv* ixwxuh hduqlqjv +GhDqjhor0GhDqjhor0Vnlqqhu/ 4<<9> Ehqduw}l0

Plfkdho|0Wkdohu/ 4<<:,1 Wkxv lw lv dq rshq txhvwlrq dv wr zkhwkhu glylghqgv duh d jrrg

shuirupdqfh phdvxuh1

Vhfrqg/ dqg pruh sureohpdwlf/ lv wkh �qglqj wkdw wkh krvwloh ulvn kdv qr h�hfw rq

surgxfwlylw|1 Li lqghhg wkh wkuhdw ri krvwloh wdnhryhu lv kdylqj d vwurqj Mhqvhq h�hfw/

zh zrxog h{shfw wklv wr eh uh hfwhg lq fohdu surgxfwlylw| lpsuryhphqwv dw vrph srlqw/

exw zh �qg qr hylghqfh ri wklv1 Wr wkh h{whqw wkdw whfkqlfdo surjuhvv lv hperglhg lq

fdslwdo/ wklv pd| qrw eh gdpdjlqj wr wkh Mhqvhq srvlwlrq/ dv rxwolqhg lq wkh suhylrxv

sdudjudsk> krzhyhu/ wkh hylghqfh glvfxvvhg lq Vhfwlrq 6 grhv qrw vxssruw d vwurqj
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uholdqfh rq wkh chperglphqw* h�hfw1

Dqrwkhu lqwhusuhwdwlrq ri wkh krvwloh ulvn uhvxowv lv d vkruw0whuplvw rqh/ dqg lw frxog

uhdg dv iroorzv1 Dq lqwhqvl�fdwlrq lq wkh wkuhdw ri krvwloh wdnhryhu udlvhv wkh pdqdjhu*v

glvfrxqw udwh/ dqg wkxv +lqh!flhqwo|, ohdgv wr d idoo lq lqyhvwphqw1 Wkh wkuhdw lqwhq0

vl�fdwlrq dovr ohdgv pdqdjhuv wr lvvxh glylghqgv lq d zdvwhixo dwwhpsw wr vljqdo wkhlu

txdolw| wr vkduhkroghuv dqg wkh vwrfn pdunhw15: Wkhuh lv qr lpsuryhphqw lq frusrudwh

shuirupdqfh/ dv phdvxuhg e| surgxfwlylw|1

Wkh vkruw0whuplvw h{sodqdwlrq grhv lqghhg vhhp wr eh frqvlvwhqw zlwk wkh uhvxowv1

Dq revhuyhu zkr dwwulexwhg dq lpsruwdqw +srvlwlyh, uroh iru lqyhvwphqw lq WIS jurzwk

zrxog remhfw wkdw li p|rsld lv vljql�fdqw wkhq zh vkrxog h{shfw wr revhuyh d qhjdwlyh

h�hfw ri krvwloh ulvn rq surgxfwlylw| diwhu vrph odj1 Krzhyhu/ zh revhuyh qr vxfk h�hfw1

Dv douhdg| glvfxvvhg/ wkh lqyhvwphqw0WIS jurzwk qh{xv lv dq rshq txhvwlrq1 Krzhyhu/

lw vhhpv idlu wr vd| wkdw wkh vkruw0whuplvp ylhz zrxog eh pruh vwurqjo| vxssruwhg li

wkhuh zhuh d qhjdwlyh h�hfw ri krvwloh ulvn rq WIS1

Khqfh rxu hylghqfh rq wkh wkuhdw ri krvwloh wdnhryhu dsshduv wr eh sduwldoo| frq0

vlvwhqw zlwk erwk d Mhqvhq ylhz dqg d vkruw0whuplvw rqh1 Qhlwkhu ylhz lv vwurqjo|

vxssruwhg e| wkh uhvxowv/ exw erwk fdq h{sodlq vrph ri wkh �qglqjv1

Qrz zh wxuq wr wkh suredelolw| ri iulhqgo| wdnhryhu1 Dw wkh rxwvhw zh qrwh wkdw

wkh dqdo|vlv lv kdpshuhg vrphzkdw e| wkh devhqfh ri dq| wkhru| wkdw suhglfwv krz

wkh suredelolw| ri d ixwxuh iulhqgo| wdnhryhu d�hfwv fxuuhqw frpsdq| shuirupdqfh1 Ri

frxuvh wkhuh h{lvw wkhrulhv wkdw h{sodlq krz d frqvxppdwhg iulhqgo| wdnhryhu fdq d�hfw

shuirupdqfh +iru h{dpsoh/ yld v|qhujlhv,1 Exw qr wkhru| h{sodlqv krz wkh h{shfwdwlrq

ri d ixwxuh iulhqgo| elg d�hfwv fxuuhqw pdqdjhuldo ehkdylrxu1 Wklv lv lq frqwudvw wr wkh

fdvh ri krvwloh wdnhryhuv/ zkhuh wkh vkruw0whuplvw dqg glvflsolqdu| wkhrulhv surylgh dq

h{sodqdwlrq ri krz wkh h{shfwdwlrq ri d ixwxuh elg d�hfwv fxuuhqw shuirupdqfh1 Lqghhg

jlyhq wkdw d iulhqgo| wdnhryhu lv gh�qhg dv rqh wkdw grhv qrw uhgxfh d pdqdjhu*v

uhqwv/ lw lv qrw fohdu zkhwkhu ru krz zh vkrxog h{shfw iulhqgo| ulvn wr dowhu fxuuhqw

5:Qxwwdoo +4<<<d/e, �qgv wkdw glylghqg sd|rxw grhv qrw vljql�fdqwo| uhgxfh +krvwloh, wdnhryhu olnhol0
krrg zkhq rwkhu nh| yduldeohv +vxfk dv Wrelq*v T dqg frpsdq| djh, duh lqfoxghg lq wkh prgho1 Wklv
vxjjhvwv wkdw glylghqg vljqdoolqj lv qrw rqo| zdvwhixo/ exw ixwloh1
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pdqdjhuldo ehkdylrxu1 Wkhuhiruh rxu glvfxvvlrq ri wkh iulhqgo| uhvxowv lv qhfhvvdulo|

udwkhu vshfxodwlyh1

Wkh urexvw h�hfwv ri iulhqgo| ulvn rq vxevhtxhqw surgxfwlylw| +srvlwlyho|, dqg lq0

yhvwphqw +qhjdwlyho|, duh vrphzkdw sx}}olqj1 Wkh h�hfwv pd| wr vrph h{whqw uh hfw

plvfodvvl�fdwlrq ri elg w|shv/ li rxu fodvvl�fdwlrq vfkhph huuv lq wkh gluhfwlrq ri fodv0

vli|lqj wrr ihz elgv dv krvwloh1 Lq wklv fdvh vrph ri wkh ciulhqgo|* h�hfwv zrxog lq idfw

uh hfw krvwloh h�hfwv1 Wklv h{sodqdwlrq lv fhuwdlqo| frqjhqldo wr wkh Mhqvhq ylhz/ exw

fdqqrw surylgh d frpsohwh h{sodqdwlrq ehfdxvh ri wkh gl�huhqfhv ehwzhhq wkh uhvxowv

iru wkh krvwloh dqg iulhqgo| ulvn/ sduwlfxoduo| lq wkh glylghqgv prgho1

Wr frqfoxgh/ wkhuhiruh/ rxu �qglqjv rq wkh djjuhjdwh wkuhdw ri wdnhryhu duh frq0

vlvwhqw zlwk d Mhqvhq ylhz ri wkh pdunhw iru frusrudwh frqwuro1 Krzhyhu/ orrnlqj dw

wkh glvwlqfwlrq ehwzhhq krvwloh dqg iulhqgo| h�hfwv udlvhv sureohpv zlwk wklv vwru|1

Wkh krvwloh ulvn h�hfwv duh qrw lqfrqvlvwhqw zlwk d Mhqvhq lqwhusuhwdwlrq/ wkrxjk wkh

lqwhusuhwdwlrq zrxog eh pruh shuvxdvlyh lq wkh suhvhqfh ri d fohdu srvlwlyh h�hfw rq

surgxfwlylw|1 Wkh krvwloh wdnhryhu uhvxowv duh dovr frqvlvwhqw zlwk d vkruw0whuplvp

ylhz/ dowkrxjk wklv ylhz zrxog eh pruh vwurqjo| vxssruwhg li zh revhuyhg d qhjdwlyh

h�hfw ri wdnhryhu ulvn rq surgxfwlylw|1 Wkh iulhqgo| wdnhryhu uhvxowv duh voljkwo| sx}0

}olqj/ dqg wkh lqwhusuhwdwlrq lv kdpshuhg vrphzkdw e| wkh devhqfh ri dq| wkhru| ri

krz iulhqgo| ulvn vkrxog eh h{shfwhg wr d�hfw frpsdq| shuirupdqfh1 Jlyhq rxu fodv0

vl�fdwlrq vfkhph/ zh pljkw h{shfw wkdw wkh iulhqgo| h�hfwv frxog uh hfw krvwloh lqwhqw

wr vrph h{whqw1 Krzhyhu/ zh kdyh olwwoh lqglfdwlrq ri wkh lpsruwdqfh ri wklv h�hfw/

dqg jlyhq wkh revhuyhg gl�huhqfhv ehwzhhq wkh h�hfwv ri krvwloh dqg iulhqgo| ulvn wklv

h{sodqdwlrq fdqqrw eh d frpsohwh rqh1

: Frqfoxvlrq

Wklv sdshu kdv xqghuwdnhq dq hpslulfdo dqdo|vlv ri wkh h�hfwv ri wkh wkuhdw ri wdnhryhu

rq frpsdq| shuirupdqfh edvhg rq rxu sdqho ri 976 XN frpsdqlhv ryhu wkh shulrg

4<;<0<91 Zh xvh d wzr0vwdjh dssurdfk lq zklfk suhglfwhg suredelolwlhv duh jhqhudwhg

iurp uhfxuvlyho|0hvwlpdwhg wdnhryhu olnholkrrg prghov/ dqg wkhq wkhvh suredelolwlhv duh
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hqwhuhg dv uhjuhvvruv lq prghov ri surgxfwlylw|/ lqyhvwphqw dqg glylghqg sd|rxw1

Rxu pdlq �qglqjv duh dv iroorzv1 Wkh ryhudoo wkuhdw ri wdnhryhu kdv d srvlwlyh h�hfw

rq vxevhtxhqw surgxfwlylw|/ d qhjdwlyh h�hfw rq vxevhtxhqw lqyhvwphqw/ dqg d srvlwlyh

exw lqvljql�fdqw h�hfw rq fxuuhqw glylghqg sd|rxw1 Zkhq zh glvwlqjxlvk ehwzhhq wkh

suredelolw| ri iulhqgo| dqg krvwloh wdnhryhu/ zh �qg wkdw wkh odjjhg krvwloh ulvn kdv dq

h�hfw rq surgxfwlylw| wkdw lv vwdwlvwlfdoo| lqglvwlqjxlvkdeoh erwk iurp }hur dqg iurp

wkh iulhqgo| h�hfw/ zklfk lv srvlwlyh1 Wkh krvwloh ulvn kdv d vljql�fdqw qhjdwlyh h�hfw

rq wzlfh0odjjhg lqyhvwphqw/ dqg d vwurqjo| srvlwlyh h�hfw rq glylghqg sd|rxw1 Wkh

suredelolw| ri iulhqgo| wdnhryhu kdv d srvlwlyh h�hfw rq vxevhtxhqw surgxfwlylw| dqg d

qhjdwlyh h�hfw rq vxevhtxhqw lqyhvwphqw1 Krzhyhu/ glylghqg sd|rxw lv qrw vljql�fdqwo|

d�hfwhg e| iulhqgo| ulvn1 Rxu �qglqjv duh urexvw wr lqfoxglqj wkh nh| uhjuhvvruv iurp

wkh wdnhryhu olnholkrrg prghov dv h{sodqdwru| yduldeohv lq wkh shuirupdqfh prghov1

Lq txdqwlwdwlyh whupv/ rxu uhvxowv lpso| wkdw wkh orqj0uxq h�hfw ri dq lqfuhdvh lq

wkh djjuhjdwh suredelolw| ri wdnhryhu e| DI +zklfk lv urxjko| rqh vwdqgdug ghyldwlrq,

lv wr udlvh wrwdo idfwru surgxfwlylw| e| .�fI dqg wr uhgxfh lqyhvwphqw e| ��.I1 Lq

dgglwlrq/ wkh orqj0uxq h�hfw ri dq lqfuhdvh lq wkh suredelolw| ri krvwloh wdnhryhu e| �I

+zklfk djdlq lv urxjko| rqh vwdqgdug ghyldwlrq, lv wr udlvh wkh glylghqg0wr0vdohv udwlr

e| 2��I1

Wrjhwkhu zlwk Erqg0Phjklu0Zlqgphlmhu +4<<;,/ wkhvh �qglqjv surylgh wkh �uvw

txdqwlwdwlyh phdvxuhv ri zklfk zh duh dzduh ri wkh h�hfwv ri wkh wkuhdw ri wdnhryhu�dv
glvwlqfw iurp wkh frqvxppdwlrq ri wdnhryhu�rq frpsdq| shuirupdqfh1 Rxu �qglqjv

duh eurdgo| frqvlvwhqw zlwk wzr yhu| gl�huhqw ylhzv rq wkh rshudwlrq ri wkh pdu0

nhw iru frusrudwh frqwuro1 Rq wkh rqh kdqg wkh uhvxowv duh sduwldoo| frqvlvwhqw zlwk

d Mhqvhq +4<;9, vwru|/ zkhuhe| wkh wkuhdw ri wdnhryhu uhljqv lq pdqdjhuldo ryhulq0

yhvwphqw/ hqfrxudjhv pdqdjhuv wr sd| rxw juhdwhu glylghqgv wr frpplw wr uhgxfhg

qrq0ydoxh0pd{lpl}lqj ehkdylrxu +]zlheho 4<<9,/ dqg wkhuhe| ohdgv wr surgxfwlylw| lp0

suryhphqwv1 Krzhyhu/ wklv h{sodqdwlrq zrxog eh pruh vwurqjo| vxssruwhg li wkhuh zdv

d fohdu srvlwlyh h�hfw ri wkh ulvn ri krvwloh wdnhryhu rq surgxfwlylw|1 Rq wkh rwkhu kdqg

wkh uhvxowv duh dovr sduwldoo| frqvlvwhqw zlwk d p|rsld ylhz ri wkh wkuhdw ri wdnhryhu1
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Rq wklv ylhz wkh wkuhdw ri krvwloh wdnhryhu udlvhv wkh pdqdjhuldo glvfrxqw udwh/ wkxv

uhgxflqj lqyhvwphqw/ dqg lqgxfhv zdvwhixo glylghqg vljqdoolqj1 Wkh idfw wkdw krvwloh

ulvn kdv qr h�hfw rq surgxfwlylw| lv rqo| wr eh h{shfwhg wkhuhiruh/ dqg lqghhg d qhjd0

wlyh h�hfw +zklfk lv qrw revhuyhg, zrxog kdyh surylghg hyhq pruh frpshoolqj hylghqfh

lq idyrxu ri wklv ylhz1 Lq rughu wr glvfulplqdwh pruh fohduo| ehwzhhq wkh Mhqvhq dqg

vkruw0whuplvp ylhzv/ lw zrxog eh lqwhuhvwlqj wr h{dplqh gl�huhqw vdpsoh shulrgv15;

Wkh uhvxowv rq wkh iulhqgo| ulvn surylgh vrphwklqj ri d sx}}oh1 Wr vrph h{whqw wkh|

pd| uh hfw plvfodvvl�fdwlrq ri krvwloh lqwhqw dv iulhqgo| wdnhryhu1 Exw wklv uxqv xs

djdlqvw wkh remhfwlrq wkdw zh revhuyh gl�huhqw h�hfwv ri wkh krvwloh dqg iulhqgo| ulvn

lq wkh lqyhvwphqw dqg glylghqg prghov1 Wkh devhqfh ri dq| wkhru| ri krz wkh ulvn ri

iulhqgo| wdnhryhu vkrxog eh h{shfwhg wr d�hfw pdqdjhuldo ehkdylrxu pdnhv wkh dqdo|vlv

hyhq ohvv vwudljkwiruzdug1

Dv zh glvfxvvhg lq Vhfwlrq 8/ krzhyhu/ rxu uhvxowv frxog dovr eh h{sodlqhg e| hq0

grjhqrxv dwwulwlrq lq rxu gdwdvhw1 Irupdoo|/ zh vkrxog wklqn ri wkh fxuuhqw vwxg| dv

whvwlqj wkh mrlqw qxoo k|srwkhvlv wkdw wkh suredelolw| ri wdnhryhu kdv qr h�hfw rq phd0

vxuhv ri shuirupdqfh dqg wkdw wkh dwwulwlrq surfhvv lv h{rjhqrxv iru wkh shuirupdqfh

htxdwlrq1

Lq forvlqj/ zh phqwlrq wzr dyhqxhv iru ixwxuh uhvhdufk wkdw iroorz iurp wkh fxu0

uhqw dqdo|vlv1 Iluvw/ lw zrxog eh lqwhuhvwlqj wr h{dplqh wkh h{whuqdolwlhv dulvlqj iurp

wdnhryhu1 Zkhq rqh �up lv dftxluhg/ wklv suhvxpdeo| udlvhv wkh suredelolw| wkdw rwkhu

�upv lq uhodwhg lqgxvwulhv zloo ehfrph wkh wdujhwv ri wdnhryhu elgv1 Wr wkh h{whqw

wkdw wkhuh lv d glvflsolqdu| h�hfw zklfk ohdgv wr shuirupdqfh lpsuryhphqwv/ wkhuh lv d

srvlwlyh h{whuqdolw| iurp wdnhryhu1 Li/ krzhyhu/ wkh wkuhdw ri wdnhryhu kdv d sulpdulo|

vkruw0whuplvw h�hfw/ wkhq wkh h{whuqdolw| lv qhjdwlyh1 Wkhvh txhvwlrqv frxog lq sulqflsoh

eh h{dplqhg xvlqj wkh phwkrgrorj| dqg gdwd ri wkh fxuuhqw sdshu1

Vhfrqgo|/ wkh phwkrgrorj| xvhg lq wklv sdshu frxog eh xvhg wr vwxg| rwkhu ghwhu0

uhqw h�hfwv suhvhqw lq wkh pdunhw iru frusrudwh frqwuro1 Iru h{dpsoh/ Ghqlv0Ghqlv0Vdulq

5;Wkhuh lv hylghqfh wkdw wkh h{ srvw h�hfwv ri wdnhryhu rq frpsdq| shuirupdqfh kdyh ydulhg
dfurvv gl�huhqw wlph shulrgv gxulqj wkh sdvw wzhqw| |hduv1 Vhh Kljvrq0Hoolrww +4<<;, iru wkh XN
dqg Plnnhovrq0Sduwfk +4<<:, iru wkh XV1
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+4<<:e, kdyh irxqg wkdw ghfuhdvhv lq glyhuvl�fdwlrq duh dvvrfldwhg zlwk h{whuqdo frusr0

udwh frqwuro wkuhdwv vxfk dv idlohg wdnhryhu elgv dqg eorfn vkduh sxufkdvhv1 Wkh wkuhdw

h�hfwv rq glyhuvl�fdwlrq frxog shukdsv eh h{dplqhg zlwk juhdwhu suhflvlrq xvlqj wkh

wdnhryhu olnholkrrg phdvxuhv lq wkh suhvhqw vwxg|1
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Gdwd Dsshqgl{
Prvw ri wkh dffrxqwlqj lwhpv zhuh wdnhq gluhfwo| iurp Gdwdvwuhdp/ dv ghvfulehg

lq wkh Gdwd Dsshqgl{ Wdeoh1 Dgmxvwphqwv zhuh pdgh wr rewdlq d frqvlvwhqw vhulhv iru

lqyhvwphqw/ dqg wr hvwlpdwh wkh qhw fdslwdo vwrfn dw uhsodfhphqw frvw1

Rxu phdvxuh ri lqyhvwphqw uhfrugv jurvv �{hg lqyhvwphqw1 Iru wkh shulrg xs wr dqg

lqfoxglqj 4<<4 zh xvh gv768/ zklfk zdv Gdwdvwuhdp*v wrwdo qhz �{hg dvvhwv yduldeoh/

iurp wkh vrxufhv dqg xvhv dffrxqwv1 Wklv yduldeoh lv wkh vxp ri gv764 + rz ri h{shq0

glwxuh rq jurvv gluhfw sxufkdvhv ri �{hg dvvhwv, dqg gv765 +wkh errn ydoxh ri jurvv

dftxlvlwlrqv ri �{hg dvvhwv,1 Iroorzlqj wkh fkdqjh lq XN dffrxqwlqj surfhgxuhv lq

4<<4/ gv764 lv uhodehoohg gv4357 dqg gv765 lv qr orqjhu dydlodeoh1 Lq sodfh ri gv765 zh

xvh 4@ dfc gve.bo/ zkhuh gv7:< lv dv gv765/ h{fhsw qhw ri wkh errn ydoxh ri glyhvwphqwv

ri �{hg dvvhwv1

Rxu fdslwdo vwrfn yduldeoh Rg
|
g�| lv d uhsodfhphqw frvw hvwlpdwh ri qhw �{hg dvvhwv

dw fxuuhqw sulfhv/ zkhuh Rg
|
lv dq lpsolflw sulfh gh dwru iru fdslwdo jrrgv1 Zh wdnh wkh

errn ydoxh ri qhw �{hg dvvhwv +gv66<, lq wkh �uvw vdpsoh |hdu iru d frpsdq|/ dqg dgmxvw

iru suh0vdpsoh fdslwdo jrrgv sulfh lq dwlrq pdnlqj wkh dvvxpswlrq wkdw doo fdslwdo lv

wkuhh |hduv rog1 Wkh gv66< yduldeoh frpsulvhv odqg/ exloglqjv/ sodqw dqg pdfklqhu|/

dqg h{foxghv lqyhqwrulhv1 Iru vxevhtxhqw |hduv zh doorz iru ghsuhfldwlrq dqg lq dwlrq

dffruglqj wr wkh shushwxdo lqyhqwru| irupxod

Rg
|n�g�|n� '

k
E�� B� Rg

|
g�|

l Rg
|n�

Rg|
n Rg

|n�U�|n� +4,

zlwk B ' f�fH/ zkhuh Rg
|
U�| lv jurvv �{hg lqyhvwphqw/ dv ghvfulehg deryh1 L wkdqn Vwhyh

Erqg iru surylglqj wkh Iruwudq surjudp wkdw frpsxwhv wklv irupxod1

Wkh lqyhvwphqw sulfh vhulhv Rg
|
lv iruphg xvlqj R!fh iru Qdwlrqdo Vwdwlvwlfv +RQV,

gdwd dv wkh zhljkwhg vxp ri sulfh vhulhv iru exloglqjv dqg iru sodqw2pdfklqhu|/ zkhuh

wkh zhljkwv uh hfw wkh uhvshfwlyh vkduhv lq djjuhjdwh lqyhvwphqw1

Rxu 50gljlw VLF rxwsxw sulfh vhulhv/ wdnhq iurp RQV sxeolfdwlrqv/ zdv nlqgo| sur0

ylghg e| Gdskqh Qlfrolwvdv1 Ilupv zhuh doorfdwhg wr VLF jurxsv edvhg rq wkhlu Vwrfn

H{fkdqjh vhfwru fodvvl�fdwlrq1
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Rxu lqlwldo vdpsoh lv d sdqho ri .S. qrq�qdqfldo frpsdqlhv wkdw zhuh olvwhg rq wkh

Orqgrq Vwrfn H{fkdqjh lq Ghfhpehu 4<;:/ dqg wkdw glg qrw glh ehiruh Mxqh 4<;;1

Ydulrxv cfohdqlqj* surfhgxuhv zhuh dssolhg wr wkh gdwd1 Frpsdqlhv zlwk wkh iroorzlqj

gdwd fkdudfwhulvwlfv zhuh uhpryhg hqwluho| iurp wkh gdwdvhw= frpsdqlhv zlwk ihzhu wkdq

wzr revhuydwlrqv> frpsdqlhv zlwk plvvlqj vhulhv rq nh| yduldeohv +vxfk dv vdohv uhyhqxh

dqg hpsor|phqw,> dqg frpsdqlhv zlwk ihzhu wkdq Df hpsor|hhv1 Wkhvh surfhgxuhv

uhgxfhg wkh vdpsoh iurp dq lqlwldo .S. frpsdqlhv wr SH. frpsdqlhv1 Rxu uxprxuv

gdwd ehjlq lq 4<;;> wklv ixuwkhu uhgxfhv wkh vdpsoh iurp 9;: wr 976 frpsdqlhv1

Lpsodxvleoh hpsor|phqw revhuydwlrqv zhuh uhsodfhg e| �jxuhv iurp H{who zkhuh

srvvleoh14 Zh dovr h{dplqhg vhulhv zlwk odujh mxpsv lq wkh nh| surgxfwlrq ixqfwlrq

yduldeohv/ qdpho| vdohv/ hpsor|phqw dqg wkh fdslwdo vwrfn1 Wkh vwdqgdug dssurdfk lv

wr h{foxgh frpsdqlhv zlwk odujh mxpsv +iru h{dpsoh |hdu0rq0|hdu fkdqjhv ri d idfwru

h{fhhglqj wkuhh,1 Zklovw wklv dssurdfk pd| eh vhqvleoh iru vrph hpslulfdo txhvwlrqv/

lw grhv qrw vhhp dssursuldwh khuh ehfdxvh li wzr frpsdqlhv phujh wkhq zh zrxog ixoo|

h{shfw vdohv/ hpsor|phqw dqg fdslwdo wr lqfuhdvh/ srvvleo| e| d odujh dprxqw1 Wkxv

zh orrnhg iru mxpsv lq udwlrv ehwzhhq wkh nh| yduldeohv/ qdpho| wkh udwlrv ri vdohv0

wr0oderxu/ fdslwdo0wr0vdohv/ dqg fdslwdo0wr0oderxu1 Wkh orjdulwkpv ri wkhvh udwlrv duh

urxjko| v|pphwulfdoo| glvwulexwhg/ dqg d mxps ri d idfwru ri wkuhh lq wkh udwlr lwvhoi

fruuhvsrqgv dssur{lpdwho| wr d fkdqjh lq wkh orjdulwkp ri wkh udwlr ri dw ohdvw �yh

vwdqgdug ghyldwlrqv iurp wkh phdq1 Vl{w|0vl{ frpsdqlhv kdg fkdqjhv ri pruh wkdq d

idfwru ri wkuhh lq wkhvh udwlrv dw vrph srlqw gxulqj wkh vdpsoh shulrg1 Lq hdfk fdvh zh

dvvhvvhg zkhwkhu wkh mxpsv zhuh lpsodxvleoh +iru h{dpsoh zlwk uhihuhqfh wr uhsruwv lq

wkh Ilqdqfldo Wlphv,/ dqg li vr zh h{foxghg wkh dssursuldwh vhulhv1

Revhuydwlrqv rq dffrxqwlqj |hdu shulrgv ri ohvv wkdq 44 prqwkv ru pruh wkdq 46

prqwkv zhuh uhpryhg1 Rqo| frqvhfxwlyh |hduo| revhuydwlrqv zhuh nhsw1 Li dq dffrxqw0

lqj |hdu lq d frpsdq|*v vhulhv zdv hlwkhu plvvlqj ru uhodwhv wr d �qdqfldo |hdu wkdw lv

vkruwhu wkdq 44 prqwkv ru orqjhu wkdq 46 prqwkv/ wkhq wkh revhuydwlrq zdv uhpryhg/

4Zh xvh Gdwdvwuhdp udwkhu wkdq H{who dv rxu sulpdu| vrxufh ri dffrxqwlqj gdwd ehfdxvh H{who
jhqhudoo| uhpryhv ghdg frpsdqlhv vrrq diwhu h{lw/ zkloh Gdwdvwuhdp surylghv uhdvrqdeo| ixoo fryhudjh
ri ghdg �upv +dw ohdvw iru rxu shulrg ri lqwhuhvw/ qdpho| 4<;<0<9,1 Iru d vwxg| ri wdnhryhuv/ wklv lv
reylrxvo| d ghflvlyh idfwru lq Gdwdvwuhdp*v idyrxu1
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dqg wkh orqjhu srvw04<;; vhulhv zdv nhsw1 Iru h{dpsoh/ vxssrvh d frpsdq| uhsruwv

lq dffrxqwlqj |hduv 4<;;0<8/ exw wkdw wkh 4<<3 revhuydwlrq lv hlwkhu plvvlqj ru uhodwhv

wr d qrq0450prqwk shulrg1 Wkhq zh uhpryhg wkh 4<;;0<3 revhuydwlrqv/ exw nhsw wkh

4<<40<8 vhulhv1 Wkxv dowkrxjk doo ri rxu frpsdqlhv zhuh olvwhg rq wkh Orqgrq Vwrfn

H{fkdqjh lq Mdqxdu| 4<;;/ wkh gdwd vhulhv iru vrph ri rxu frpsdqlhv gr qrw ehjlq

xqwlo diwhu 4<;;1 Wklv h{sodlqv wkh idfw wkdw lq Froxpq 4 ri Wdeoh 4 wkhuh duh rqo| D.b

frpsdqlhv zlwk gdwd iru 4<;;/ hyhq wkrxjk wkhuh zhuh SH. frpsdqlhv lq rxu vdpsoh1

Ghwdlov ri zklfk �upv zhuh wkh vxemhfw ri vxffhvvixo wdnhryhu elgv zhuh rewdlqhg

iurp wkh Orqgrq Vkduh Sulfh Gdwdedvh/ zklfk uhfrugv frpsdq| h{lwv/ ghdwk gdwh/ dqg

uhdvrq iru h{lwv1 Krzhyhu/ iru wdnhryhuv wkh OVSG ghdwk gdwh uhihuv wr wkh olvwlqj

fdqfhoodwlrq/ zklfk riwhq rffxuv vhyhudo prqwkv diwhu wkh dfwxdo elg lv dffhswhg e| wkh

wdujhw vkduhkroghuv1 Khqfh iru hdfk wdnhryhu h{lw zh fkhfnhg wkh Ilqdqfldo Wlphv iru

wkh fruuhfw gdwh ri elg dffhswdqfh/ dqg xvhg wklv gdwh dv wkh ghdwk gdwh1

Wkh OVSG dovr surylghv d Vwrfn H{fkdqjh vhfwru fodvvl�fdwlrq yduldeoh1 Vfrww

Hydqv nlqgo| surylghg dq dojrulwkp wkdw pdsv wklv fodvvl�fdwlrq lqwr d 50gljlw VLF

lqgxvwu| frgh1 Zh xvhg wklv dojrulwkp wr doorfdwh hdfk ri rxu frpsdqlhv wr d 50gljlw

VLF lqgxvwu|1

Iru wkh sxusrvhv ri gdwd dqdo|vlv/ lw zdv qhfhvvdu| wr fuhdwh d c|hdu* yduldeoh iru

hdfk revhuydwlrq1 Li d frpsdq|*v �qdqfldo |hdu hqgv ehwzhhq Mdqxdu| dqg Mxqh/ wkhq

wklv revhuydwlrq lv fodvvl�hg dv ehorqjlqj wr wkh suhylrxv fdohqgdu |hdu> li d frpsdq|*v

�qdqfldo |hdu hqgv ehwzhhq Mxo| dqg Ghfhpehu/ wkhq wklv revhuydwlrq lv fodvvl�hg

dv ehorqjlqj wr wkh fxuuhqw fdohqgdu |hdu1 Iru h{dpsoh/ frqvlghu d frpsdq| zkrvh

�qdqfldo |hdu hqgv lq Mdqxdu|1 Wkhq gdwd iurp frpsdq| dffrxqwv +iru h{dpsoh/ vdohv/

hpsor|phqw/ ghew hwf, iru wkh 45 prqwk shulrg hqglqj lq Mdqxdu| 4<;; duh fodvvl�hg

dv 4<;: gdwd e| rxu c|hdu* yduldeoh1 Krzhyhu/ iru d frpsdq| zkrvh �qdqfldo |hdu hqgv

lq Ghfhpehu/ gdwd iurp frpsdq| dffrxqwv wkdw duh uhsruwhg lq Ghfhpehu 4<;; duh

fodvvl�hg dv 4<;; e| rxu c|hdu* yduldeoh1

Lqirupdwlrq rq wdnhryhu vshfxodwlrq zdv wdnhq iurp wkh Ilqdqfldo Wlphv FG0URP

iru 4<;;0<815 Iru hdfk frpsdq| lq wkh vdpsoh d vhdufk zdv shuiruphg iru wkh nh|zrugv

5Wkh Ilqdqfldo Wlphv FG0URP lv qrw dydlodeoh iru |hduv ehiruh 4<;;1
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cvshfxodwlrq*/ cuxprxuv* ru celg wdon*/ dqg zdv furvv0uhihuhqfhg zlwk ydulrxv phujhu

nh|zrugv vxfk dv cwdnhryhu*/ celg* dqg cdftxlvlwlrq*1 Hdfk klw uhvxowlqj iurp wklv vhdufk

zdv uhdg/ dqg d xqlw +gdwh0vshfl�f, revhuydwlrq uhfrughg iru hdfk duwlfoh lq zklfk d

frpsdq| zdv wrxwhg dv d srwhqwldo wdnhryhu wdujhw16 Iru wkh sxusrvh ri uhjuhvvlrq

dqdo|vlv/ wkhvh gdwh0vshfl�f revhuydwlrqv zhuh djjuhjdwhg lqwr d |hduo| frxqw iru hdfk

frpsdq|17 Zh irxqg wkdw jurxslqj doo revhuydwlrqv zkhuh wkhuh zhuh 6 ru pruh uxprxuv

jdyh d voljkwo| lpsuryhg �w frpsduhg wr xvlqj wkh udz uxprxu frxqw yduldeoh/ uh hfwlqj

wkh idfw wkdw wkh glvwulexwlrq ri wkh uxprxu frxqw lv yhu| vnhzhg +vhh Qxwwdoo 4<<<d/e,1

Khqfh lq wkh uhsruwhg uhjuhvvlrq dqdo|vlv zh xvhg d vshfl�fdwlrq zkhuh ydoxhv fc �c 2c �

fruuhvsrqg wr f uxprxuv/ � uxprxu/ 2 uxprxuv dqg � ru pruh uxprxuv uhvshfwlyho|1

Krzhyhu/ doo rxu uhvxowv zhuh urexvw wr dowhuqdwlyh vshfl�fdwlrqv ri wkh phdvxuh ri

uxprxuv1

6Zh dovr glvwlqjxlvkhg cvhulrxv* iurp cohvv vhulrxv* vshfxodwlrq/ zkhuh vhulrxv vshfxodwlrq qdphv d
elgghu dv zhoo dv wkh wdujhw> wklv glvwlqfwlrq suryhg wr eh xqlqirupdwlyh lq wkh uhjuhvvlrq dqdo|vlv1

7Frqvlvwhqw zlwk wkh xvh ri frpsdq| dffrxqwv gdwd lq wkh vwxg|/ wklv |hduo| frxqw uhihuv wr wkh
dffrxqwlqj |hdu ri hdfk frpsdq|/ qrw wkh fdohqgdu |hdu1
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Data Appendix Table: Description of Variables

Variable Symbol Description Source
Sales Revenues Y ds104 Datastream
Log Real Sales y ds104 deflated by a 2-digit SIC

output price series, in logs
Datastream; Office for National
Statistics.

Employment l Log of ds219 Datastream, replaced with
Extel data where appropriate.

Capital stock K Replacement cost estimate of
the capital stock

Datastream (see Data
Appendix)

Real Capital Stock k K deflated by investment price
series, in logs

ONS

Investment level I Gross investment Datastream (see Data
Appendix)

Investment rate It/Kt-1

Probability of firm i
being taken over in
year t+1, given
information at year t

pit Predicted probability from
takeover likelihood model

See text

Profits π Profits net of interest, taxes and
depreciation, gross of dividends
(ds182)

Datastream

Return-on-sales π/Y
Return-on-capital π/K
Cash flow C Profits net of interest and taxes

plus depreciation (ds182+ds136)
Datastream

Cash flow return-on-
sales

C/Y

Dividend level D ds187 Datastream
Dividends-to-sales D/Y
Leverage LEV Debt-Capital Ratio (ds321/K) Datastream.

Debt is book value.
Tobin’s Q Q (ds321+HMV)/K Datastream.

HMV is market valuation of
equity on the last day of the
accounting year.

Income gearing FFP Interest payments relative to
earnings
(ds153/(ds153+ds157+ds136))

Datastream

Age Measured in years from listing
on London Stock Exchange

London Share Price Database.

Liquidity Total cash and equivalent
deflated by the capital stock
(ds375/K)

Datastream.

Rumours Rum Annual count of number of
articles reporting takeover
speculation on the company in
question; see Data Appendix.

Financial Times CD-ROM
1988-95.

GDP GDP volume index OECD
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Tables

Table 1: Sample Incidence of Corporate Control Events

Year Number
of

companies

Friendly
takeovers

Failed
friendly

bids

Hostile
takeovers

Failed
hostile
bids

Bid targets
overall

Bankruptcies

1988 579 26 0 13 5 44 2
1989 550 26 1 10 6 43 10
1990 526 21 3 7 3 34 11
1991 508 19 0 2 3 24 8
1992 495 7 0 3 3 13 6
1993 483 6 1 0 0 7 1
1994 462 6 0 2 2 10 3
1995 438 12 0 6 1 19 1
1996 59 6 0 1 0 7 0
Totals 129 5 44 23 201 42

Notes:
1. Observations on accounting years are allocated to the current calendar year if the

accounting year ends in July-December, and to the preceding calendar year if the
accounting year ends in January-June. See also the Data Appendix for a description of the
‘year’ variable.

2. At time of sampling, only 59 companies had company accounts reported by Datastream
for 1996.
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Table 2: Takeover likelihood model: Friendly versus Hostile Targets

Marginal effects from multinomial logit regression.
Sample period is 1989-96.
Number of observations = 4100.
χ2 (26) = 146.6; P-Value= 0.0000. Log Likelihood = -669.1
Likelihood Ratio Index = 0.1186

Friendly Targets Hostile Targets
Variable Marginal

effect
Standard

error
P-Value Marginal

effect
Standard

error
P-Value

Log Real Capital Stock -.0024 .0012 0.049 .00051 .00054 0.34

Return-on-Sales -.0312 .0233 0.18 -.0099 .0122 0.41

Q -.0020 .00081 0.01 -.0017 .00062 0.006

Sectoral Q .0015 .0013 0.25 .00020 .00072 0.77

Leverage .0055 .0028 0.05 -.0012 .0036 0.73

Sectoral Leverage -.0096 .0130 0.46 .0038 .0059 0.52

Income Gearing .00025 .00094 0.78 .000015 .000036 0.67

Sectoral Income Gearing .00032 .00095 0.73 -.00010 .000048 0.03

Takeover Rumours .0074 .0029 0.01 .0043 .0012 0.00

Age 1-5 Years Dummy .0530 .0080 0.00 .0094 .0048 0.05

Age 6-9 Years Dummy .0238 .0047 0.00 -.0075 .0057 0.19

Aggregate Takeover
Activity

.00020 .000071 0.004 .000069 .000035 0.05

Real GDP Growth .0013 .00083 0.10 .001163 .0004459 0.009

Notes:
1. Time dummies are excluded.
2. Industry dummies are insignificant and thus excluded.
3. Regressors scaled so that means lie on the unit interval. Marginal effects evaluated at

means of variables.
4. χ2 statistic is for a Wald test of the null hypothesis that the marginal effects are jointly

insignificantly different from zero.
5. The Likelihood Ratio Index—which is also known as McFadden's (pseudo) R-squared—

has been recommended by Cameron-Windmeijer (1997) as a measure of goodness-of-fit
for the logit model.
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Table 3: Summary Statistics on Actual Sample Frequency and Predicted Probabilities

Sample period 1989-96. 4100 observations.

Probability Mean Std. Dev.

Sample Frequency of All-target takeover bids .0380 .1913
Recursive All-target Predicted Probabilities .0391 .0544

Sample Frequency of Friendly-target takeover bids .0263 .1601
Recursive Friendly-target Predicted Probabilities .0260 .0399

Sample Frequency of Hostile-target takeover bids .0117 .1075
Recursive Hostile-target Predicted Probabilities .0130 .0290
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Table 4: Prediction Tables. Recursive Model. Hostile targets.

Table 4.1: Hostile-target predicted probabilities for 1989

Actual Bids in Subsequent Year
Probability-Ranked Observations Top Bottom Top/Bottom

10 3 0
20 6 0
30 7 0
40 7 0
50 7 0
100 9 0
200 12 0
290 14 2 7

Total Number of observations: 579
Total number of hostile bids: 16

Table 4.2: Hostile predicted probabilities year-by-year

Year
of bid

Number of
observations
in preceding

year

Number of
actual bids

Number of
bids in top

half of ranked
observations

Number of
bids in bottom
half of ranked
observations

Top/bottom

1989 579 16 14 2 7
1990 550 10 8 2 4
1991 526 5 5 0 —
1992 508 6 4 2 2
1993 495 0 0 0 —
1994 483 4 2 2 1
1995 462 7 6 1 6
1996 438 1 0 1 0
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Table 5: Production Function Model

Dependent variable is yit  (log real sales).
Sample period is 1989 to 1996.
551 companies; 3413 observations.

Independent
Variable

Col. (1) Col. (2) Col. (3) Col. (4) Col. (5)

yit-1 0.5993
(0.1042)a

0.7935
(0.0536)a

0.6716
(0.0766)a

0.8656
(0.0487)a

0.6630
(0.0798)a

lit 0.7429
(0.1044)a

0.7675
(0.0816)a

0.7236
(0.1009)a

0.7555
(0.0929)a

0.7654
(0.0919)a

lit-1 -0.5723
(0.1147)a

-0.6066
(0.0846)a

-0.5540
(0.1192)a

-0.6409
(0.1028)a

-0.5811
(0.1056)a

kit 0.3495
(0.1344)a

0.1793
(0.1078)c

0.3241
(0.1301)b

0.1588
(0.1210)

0.2635
(0.1191)b

kit-1 -0.2233
(0.1252)c

-0.1397
(0.1014)

-0.2096
(0.1204)c

-0.1409
(0.1099)

-0.1792
(0.1145)c

pF
it-1 0.9275

(0.4674)b
0.7519
(0.4779)

pH
it-1 0.1369

(0.2436)
-0.0858
(0.2723)

pA
it-1 0.4747

(0.2108)b

m1 0.00 0.00 0.00 0.00 0.00
m2 0.86 0.53 0.73 0.48 0.78
Sargan 0.81 0.17 0.54 0.09 0.58

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities generated by a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. Instruments for equations in

first-differences are yit-2, lit-2, kit-2, pit-2 and further lags. Instruments for equations in levels
are ∆lit-1, ∆kit-1 and ∆pit-1. Instruments ∆yit-1 are rejected by Sargan test, and thus excluded.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

5. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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Table 6: Production Function Model: Robustness
Dependent variable is yit  (log real sales).
Sample period is 1989 to 1996.
551 companies; 3413 observations.

Independent
Variable

Col. (1) Col. (2) Col. (3) Col. (4) Col. (5)

yit-1 0.6814
(0.0744)a

0.6395
(0.0765)a

0.7134
(0.0669)a

0.6319
(0.0855)a

0.8292
(0.0594)a

lit 0.7879
(0.0805)a

0.7685
(0.0888)a

0.7671
(0.0890)a

0.7289
(0.0959)a

0.7779
(0.0836)a

lit-1 -0.5823
(0.0965)a

-0.5709
(0.1025)a

-0.5877
(0.1082)a

-0.5240
(0.1088)a

-0.6361
(0.1021)a

kit 0.1521
(0.1092)

0.2624
(0.1118)b

0.2384
(0.1149)b

0.2562
(0.1187)b

0.0893
(0.0894)

kit-1 -0.0907
(0.1161)

-0.1691
(0.1079)

-0.1538
(0.1109)

-0.1584
(0.1156)

-0.0546
(0.0911)

pA
it-1 0.3742

(0.2119)c
0.4618
(0.2061)b

0.7212
(0.2993)b

0.4140
(0.2063)b

0.5339
(0.2775)b

Qit-1 -0.0017
(0.0031)

0.000025
(0.0037)

LEVit-1 0.0246
(0.0081)a

0.0302
(0.0104)a

Rumit-1 -0.0209
(0.0133)

-0.0164
(0.0122)

Ageit-1 -0.0019
(0.0019)

-0.0004
(0.0012)

m1 0.00 0.00 0.00 0.00 0.00
m2 0.65 0.76 0.72 0.70 0.46
Sargan 0.61 0.61 0.50 0.59 0.23

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities taken from a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. All independent variables

except for age (which is treated as exogenous) are instrumented. Instruments for equations
in first-differences are as in Table 4.1, with additional regressors instrumented with twice-
and further-lags. Instruments for equations in levels are the lagged first-differences of the
included independent variables, except for ∆yit-1 and ∆LEVit-1, both of which are rejected
by the Sargan test.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

5. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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Table 7: Investment Model

Dependent variable is It/Kit-1 (Investment rate)
Sample period is 1990 to 1996
494 companies; 2697 observations.

Independent Variable Col. (1) Col. (2) Col. (3) Col. (4)
It-1/Kit-2 -0.0482

(0.0535)
-0.0598
(0.0492)

-0.0487
(0.0524)

-0.0383
(0.0489)

∆yit 0.1938
(0.0476)a

0.2338
(0.0501)a

0.1800
(0.0412)a

0.2210
(0.0511)a

∆yit-1 0.0894
(0.0226)a

0.0921
(0.0247)a

0.0945
(0.0210)a

0.0866
(0.0247)a

(kit-2 -yit-2) -0.0786
(0.0205)a

-0.0835
(0.0193)a

-0.0803
(0.0205)a

-0.0701
(0.0175)a

yit-2 0.0110
(0.0062)c

0.0293
(0.0104)a

0.0104
(0.0062)c

0.0321
(0.0106)a

Ct-1/Kit-2 0.0175
(0.0111)

0.0231
(0.0122)c

0.0150
(0.0105)

0.0219
(0.0122)c

pF
it-1 -0.9586

(0.2950)a
-1.0569
(0.3313)a

pH
it-2 -0.2045

(0.1137)c
-0.3019
(0.1278)b

pA
it-1 -0.2340

(0.1239)b

pA
it-2 -0.1275

(0.0905)
Wald on probabilities 0.003 0.14
m1 0.00 0.00 0.00 0.00
m2 0.30 0.47 0.25 0.00
Sargan 0.15 0.10 0.13 0.21

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities taken from a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. Instruments for equations in

first differences are (It-2/Kit-3), (kit-2 -yit-2), yit-2, Ct-2/Kit-3, pit-2 and further lags. Instruments
for equations in levels are ∆(It-1/Kit-2), ∆yit-1 and ∆pit-1.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

5. Wald test applies if there are two probabilities included in the model, and is for the null
hypothesis that the probabilities are jointly insignificantly different from zero. P-values are
reported.

6. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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Table 8: Investment Model: Robustness

Dependent variable is It/Kit-1 (Investment rate)
Sample period is 1990 to 1996
494 companies; 2697 observations.

Independent Variable Col. (1) Col. (2) Col. (3) Col. (4) Col. (5)
It-1/Kit-2 -0.0297

(0.0503)
-0.0745
(0.0530)

-0.0607
(0.0528)

-0.0556
(0.0559)

-0.0195
(0.0476)

∆yit 0.1577
(0.0373)a

0.1891
(0.0399)a

0.1891
(0.0389)a

0.1799
(0.0412)a

0.1735
(0.0345)a

∆yit-1 0.0842
(0.0207)a

0.1051
(0.0219)a

0.0950
(0.0211)a

0.0998
(0.0251)a

0.0729
(0.0199)a

(kit-2 -yit-2) -0.0687
(0.0201)a

-0.0923
(0.0220)a

-0.0855
(0.0213)a

-0.0841
(0.0233)a

-0.0555
(0.0179)a

yit-2 0.0092
(0.0064)

0.0116
(0.0065)c

0.0088
(0.0062)

0.0096
(0.0063)

0.0087
(0.0039)b

Ct-1/Kit-2 0.0026
(0.0075)

0.0032
(0.0090)

0.0148
(0.0106)

0.0146
(0.0105)

0.0030
(0.0091)

pF
it-1 -0.8126

(0.2799)a
-1.0974
(0.3481)a

-1.1867
(0.4141)a

-1.0252
(0.3119)a

-0.7602
(0.3398)b

pH
it-2 -0.3034

(0.1237)b
-0.3018
(0.1259)b

-0.2591
(0.1286)b

-0.3011
(0.1276)b

-0.2818
(0.1170)b

Qit-1 0.0052
(0.0021)b

0.0031
(0.0022)

Qit-2 -0.0013
(0.0010)

-0.0009
(0.0015)

LEVit-1 0.0031
(0.0047)

-0.0042
(0.0067)

LEVit-2 -0.0054
(0.0045)

-0.0032
(0.0056)

Rumit-1 0.0095
(0.0063)

0.0091
(0.0053)c

Rumit-2 0.0009
(0.0039)

0.0038
(0.0038)

Ageit-1 0.0004
(0.0006)

-0.0003
(0.0004)

Wald on pF
it-1 and pH

it-2 0.005 0.004 0.01 0.003 0.01
m1 0.00 0.00 0.00 0.00 0.00
m2 0.30 0.20 0.25 0.23 0.23
Sargan 0.17 0.12 0.08 0.13 0.02

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities taken from a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. All independent variables

except for age (which is treated as exogenous) are instrumented. Instruments for equations
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in first-differences are as in Table 4.3, with additional regressors instrumented with twice-
and further-lags. Instruments for equations in levels are as in Table 4.3; the Sargan test
rejects ∆Qit-1, ∆LEVit-1 and ∆Rumit-1.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

5. Wald test is for the null hypothesis pF
it-1 and pH

it-2 are jointly insignificantly different from
zero. P-values are reported.

6. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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Table 9: Dividend Model
Dependent variable is (D/Y)it  (Dividend-to-sales ratio)
Sample period is 1990 to 1996
510 companies; 2821 observations.

Independent Variable Col. (1) Col. (2) Col. (3) Col. (4) Col. (5)
(D/Y)it-1 0.3063

(0.1753)c
0.2990
(0.1778)c

0.3236
(0.1723)c

0.2962
(0.1645)c

0.3076
(0.1507)b

(π/Y)it 0.0685
(0.0259)a

0.0651
(0.0264)a

0.0833
(0.0253)a

0.0581
(0.0300)b

0.0714
(0.0315)b

Ageit 0.00064
(0.00026)b

0.00068
(0.00028)b

0.00046
(0.00021)b

0.00056
(0.00024)b

0.00041
(0.00017)b

pA
it 0.2168

(0.1484)
0.1110
(0.1164)

pA
it-1 -0.0289

(0.0236)
pH

it 0.5252
(0.2128)a

0.3270
(0.1874)c

pF
it-1 -0.0720

(0.0462)
-0.0519
(0.0396)

Wald on probabilities 0.31 0.07
m1 0.04 0.04 0.01 0.04 0.02
m2 0.17 0.13 0.12 0.20 0.12
Sargan 0.52 0.51 0.58 0.39 0.39

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities taken from a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. Instruments for equations in

first differences are (D/Y)it-2, (π/Y)it-2, pit-2 and further lags; age is treated as exogenous.
Instruments for equations in levels are ∆(π/Y)it-1 and ∆pit-1. Sargan test rejects ∆(D/Y)it-1.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

7. Wald test applies if there are two probabilities included in the model, and is for the null
hypothesis that the probabilities are jointly insignificantly different from zero. P-values are
reported.

5. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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Table 10: Dividend Model: Robustness

Dependent variable is (D/Y)it  (Dividend-to-sales ratio)
Sample period is 1990 to 1996
510 companies; 2821 observations.

Independent Variable Col. (1) Col. (2) Col. (3) Col. (4)
(D/Y)it-1 0.2651

(0.1468)c
0.3271
(0.1601)b

0.3943
(0.1651)b

0.3284
(0.1307)a

(π/Y)it 0.0821
(0.0244)a

0.0758
(0.0230)a

0.0712
(0.0182)a

0.0656
(0.0164)a

Ageit 0.00051
(0.00021)b

0.00046
(0.00020)b

0.00022
(0.00011)b

0.00024
(0.00011)b

pH
it 0.6163

(0.2056)a
0.4842
(0.1988)a

0.3608
(0.1373)a

0.4304
(0.1424)a

Qit 0.00026
(0.00034)

0.00023
(0.00028)

LEVit -0.00051
(0.00096)

-0.0010
(0.0010)

Rumit -0.00096
(0.00051)c

-0.0011
(0.00054)b

m1 0.01 0.02 0.02 0.02
m2 0.13 0.12 0.47 0.65
Sargan 0.31 0.44 0.58 0.21

Notes:
1. Time dummies are included in all specifications. Industry dummies (in the levels

equations) are insignificant and thus excluded.
2. Predicted probabilities taken from a recursively-estimated takeover likelihood model.
3. All equations estimated with one-step GMM system estimator. All independent variables

except for age (which is treated as exogenous) are instrumented. Instruments for equations
in first-differences are as in Table 4.5, with additional regressors instrumented with twice-
and further-lags. Instruments for equations in levels are as in Table 4.5, with the addition
of ∆Rumit-1 in Columns 3 and 4. Sargan test rejects ∆(D/Y)it-1, ∆Qit-1 and ∆LEVit-1.

4. In parentheses are asymptotic standard errors robust to general cross-section and time-
series heteroskedasticity. The superscript ‘a’ indicates that the coefficient is significantly
different from zero at the 0.01 level, ‘b’ at the 0.05 level and ‘c’ at the 0.10 level.

5. m1 and m2 are test statistics, distributed standard normal, for first- and second-order serial
correlation in the first-differenced residuals. Sargan statistic is that for the corresponding
two-step GMM estimator, distributed chi-squared. P-values are reported.
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