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Devwudfw

Wklv sdshu xvhv d qhz wudqvdfwlrqv gdwd vhw rq wkh lqwhuedqn iruhljq h{fkdqjh pdunhw wr

h{dplqh wkh ruljlqv ri vsrw h{fkdqjh udwh pryhphqwv1 Wkh gdwd surylgh d frpsuhkhqvlyh

slfwxuh ri wudglqj dfwlylw| dqg doorz ph wr h{dplqh wkh frqwulexwlrq ri sxeolf qhzv wr vsrw udwh

g|qdplfv ryhu krxuv/ gd|v/ dqg zhhnv1 Frqwudu| wkh suhvxpswlrq ri pdfurhfrqrplf h{fkdqjh

udwhv prghov/ L �qg wkdw sxeolf qhzv rqo| dffrxqwv iru d iudfwlrq ri h{fkdqjh udwh yrodwlolw| ryhu

wkh zkroh iuhtxhqf| vshfwuxp1 Lq sduwlfxodu/ L hvwlpdwh wkdw ohvv wkdw 83( ri wkh yduldqfh ri

vsrw udwh fkdqjhv dw yhu| kljk iuhtxhqflhv lv dwwulexwdeoh wr sxeolf qhzv1 Dw gdlo| dqg zhhno|

iuhtxhqflhv/ fkdqjhv lq wkh vsrw udwh xqghuvwdwh wkh h�hfwv ri sxeolf qhzv e| 53 wr 73 shufhqw

ehfdxvh wkh fxpxodwlyh h�hfwv ri lqghshqghqw sxeolf dqg sulydwh qhzv h{huw r�vhwwlqj h�hfwv1

Wkhvh �qglqjv vxjjhvw rqh uhdvrq iru wkh srru shuirupdqfh ri pdfurhfrqrplf h{fkdqjh udwh

prghov> qdpho| wkhlu h{foxvlyh irfxv rq sxeolf qhzv1
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Wkh ruljlqv ri qrplqdo h{fkdqjh udwh g|qdplfv uhpdlq hoxvlyh1 Lq sduwlfxodu/ wkhuh lv qr zlgho|

dffhswhg h{sodqdwlrq iru wkh vl}deoh vkruw dqg phglxp0whup pryhphqwv lq wkh groodu gxulqj wkh

�rdwlqj udwh shulrg1 Pruh jhqhudoo|/ wkhruhwlfdo prghov uhodwlqj h{fkdqjh udwhv wr pdfurhfrqrplf

ixqgdphqwdov duh vwloo rxwshuiruphg e| vlpsoh wlph vhulhv prghov lq iruhfdvwlqj vsrw udwhv ryhu

vkruw dqg phglxp0whup krul}rqv ^Iudqnho dqg Urvh +4<<8,`1

Wklv sdshu sursrvhv dq h{sodqdwlrq iru wkh srru shuirupdqfh ri pdfurhfrqrplf h{fkdqjh udwh

prghov edvhg rq wkh dqdo|vlv ri krz wkh duulydo ri lqirupdwlrq d�hfwv vsrw udwhv1 Dffruglqj wr pdfur

prghov/ lqqrydwlrqv lq vsrw udwhv duh dwwulexwdeoh wr wkh duulydo ri sxeolf qhzv1 Pruh suhflvho|/

wklv dssurdfk dvvxphv wkdw +d, doo lqirupdwlrq uhohydqw iru h{fkdqjh udwh ghwhuplqdwlrq lv frpprq

nqrzohgjh> dqg +e, wkh pdsslqj iurp lqirupdwlrq wr htxloleulxp sulfhv lv dovr frpprq nqrzohgjh1

Wkxv/ sxeolf qhzv lv fkdudfwhul}hg e| wkh duulydo ri qhz lqirupdwlrq wr doo pdunhw sduwlflsdqwv

vlpxowdqhrxvo| dqg wkhlu krprjhqhrxv lqwhusuhwdwlrq ri lwv lpsolfdwlrqv iru htxloleulxp sulfhv1

Lq wklv sdshu/ L xvh d qhz gdwd vhw wr h{dplqh wkh h{whqw wr zklfk wkh duulydo ri qhz lqirupdwlrq

lq wkh I[ pdunhw frqirupv wr wklv gh�qlwlrq ri sxeolf qhzv Lq wkh fdvh ri wkh GP2'/ wkh prvw

khdylo| wudghg fxuuhqf|/ L �qg wkdw sxeolf qhzv rqo| dffrxqwv iru d iudfwlrq ri h{fkdqjh udwh

yrodwlolw| ryhu wkh zkroh iuhtxhqf| vshfwuxp1 Lq sduwlfxodu/ L hvwlpdwh wkdw ohvv wkdw 83( ri wkh

yduldqfh ri vsrw udwh fkdqjhv dw yhu| kljk iuhtxhqflhv lv dwwulexwdeoh wr sxeolf qhzv1 Dw gdlo|

dqg zhhno| iuhtxhqflhv/ fkdqjhv lq wkh vsrw udwh xqghuvwdwh wkh h�hfwv ri sxeolf qhzv e| 53 wr 73

shufhqw1 Wkhvh �qglqjv vxjjhvw wkdw wkh lqirupdwlrq vwuxfwxuh ri w|slfdo pdfur prghov/ hperglhg

lq dvvxpswlrqv +d, dqg +e,/ lv wrr uhvwulfwlyh1 Wkh| dovr udlvh wkh srvvlelolw| wkdw pdfur prghov

zlwk ohvv uhvwulfwlyh lqirupdwlrq vwuxfwxuhv pd| phhw zlwk pruh hpslulfdo vxffhvv1

Wkh gdwd xvhg lq wklv vwxg| ghwdlov wudglqj dfwlylw| lq wkh vsrw I[ pdunhw ryhu d irxu prqwk

shulrg/ Pd| 4 wr Dxjxvw 4<<91� Wkhvh gdwd duh xqltxh lq wkdw wkh| surylgh lqirupdwlrq rq wudglqj

ehwzhhq I[ ghdohuv durxqg wkh zruog1 Lq sduwlfxodu/ wkh| doorz xv wr wudfn wkh sdwwhuq ri wudgh

dqg vsrw udwhv lq wkh gluhfw lqwhughdohu pdunhw rq d wudqvdfwlrq0e|0wudqvdfwlrq edvlv1 Dv vxfk/

L fdq lghqwli| wkh lpsdfw ri sxeolf qhzv yhu| vlpso|1 Iroorzlqj Kdveurxfn +4<<4,/ L lghqwli|

sxeolf qhzv dv wkh duulydo ri lqirupdwlrq wkdw d�hfwv wudqvdfwlrqv sulfhv exw qrw wkh sdwwhuq ri

wudgh1 Wkh udwlrqdoh iru wklv lghqwl�fdwlrq vfkhph lv vwudljkwiruzdug1 Wudgh ehwzhhq I[ ghdohuv

vkrxog rqo| wdnh sodfh zkhq wkhuh lv d gl�huhqfh ehwzhhq wkhlu ydoxdwlrqv ri wkh dvvhw +dw wkh

pdujlq,1 Lq plfurvwuxfwxuh prghov ri dvvhw sulfh ghwhuplqdwlrq/ wkhvh gl�huhqw ydoxdwlrqv dulvh iurp

hlwkhu dv|pphwulf lqirupdwlrq ^l1h1/ N|oh +4<;8, dqg Jorvwhq dqg Plojurp +4<;8,` ru khwhurjhqhrxv

�,�@?t E�bb.� ThL��_it @ _i|@�*i_ _itUh�T|�L? Lu |�i _@|@ ti| uLU�t�?} L? |�i hi*@|�L?t��T Mi|�ii? |�i |h@?t@U|�L?t
_@|@ @?_ |�i �?_�U@|��i ^�L|i _@|@ |�@| �@t Mii? �ti_ �? i@h*�ih hiti@hU� M) �@�**�i @?_ �L**iht*i� E�bb��c BLL_�@h|
@?_ B��}@*i E�bb��c B��**@�4i i| @* E�bbe�c @?_ L|�iht�

4



lqyhqwrulhv ^l1h1/ Dplkxg dqg Phqghovrq +4<;3, dqg Kr dqg Vwroo +4<;6,`1 E| gh�qlwlrq/ sxeolf qhzv

dowhuv doo ghdohu ydoxdwlrqv htxdoo|1 Gl�huhqfhv ehwzhhq ydoxdwlrqv duh qrw d�hfwhg vr wkhuh lv qr

lpsdfw rq wkh sdwwhuq ri wudgh1

Xqghu wklv lghqwl�fdwlrq vfkhph wkhuh lv qr qhhg wr vshfli| wkh qhzv vxemhfw ru lwv vrxufh1 Wkxv/

zh qhhg qrw frq�qh rxu dwwhqwlrq wr wkh h�hfwv ri dqqrxqfhphqwv frqfhuqlqj sduwlfxodu pdfurhfr0

qrplf ixqgdphqwdov1 Wklv lv fohduo| dgydqwdjhrxv ehfdxvh wkhuh lv olwwoh wkhruhwlfdo djuhhphqw ryhu

wkh dssursuldwh vhw ri ixqgdphqwdov wr frqvlghu1 Vlploduo|/ wkhuh lv qr qhhg wr uho| rq d sduwlfxodu

vhw ri qhzv dqqrxqfhphqwv/ vd| iurp d zluh vhuylfh1 Dqg/ dv d frqvhtxhqfh/ zh dyrlg wkh uhfxuuhqw

txhvwlrq ri zkhwkhu zluh vhuylfh vwrulhv zkhuh dqwlflsdwhg lq dgydqfh1 Ixuwkhupruh/ wkh vfkhph

pdnhv qr dvvxpswlrq derxw shuvlvwhqfh lq wkh lpsdfw ri qhzv rq vsrw udwhv1 Dv pdfurhfrqrplf

prghov vkrz/ sxeolf qhzv pd| kdyh whpsrudu| ru shupdqhqw h�hfwv rq vsrw udwhv ghshqglqj xsrq

wkh surfhvv iru wkh ixqgdphqwdov frqfhuqhg1

Lq ylhz ri wkh vwurqj suhvxpswlrq wkdw sxeolf qhzv dffrxqwv iru prvw ri wkh pryhphqwv lq

h{fkdqjh udwhv ryhu gd|v/ zhhnv dqg prqwkv/ vrph hoderudwlrq rq srvvleoh dowhuqdwlyh vrxufhv ri

lqirupdwlrq lv lq rughu1 Vshfl�fdoo|/ zkdw w|shv ri qrq0sxeolf lqirupdwlrq frxog d�hfw h{fkdqjh

udwhvB Lwr/ O|rqv dqg Phoylq +4<<;, surylgh dq dqvzhu lq wkh irup ri d wd{rqrp|> ixqgdphqwdo

sulydwh lqirupdwlrq/ dqg vhpl0ixqgdphqwdo sulydwh lqirupdwlrq1 Wkh iruphu uhihuv wr lqirupdwlrq

rq wkh dvvhw sulfh wkdw zrxog rewdlq lq dq hfrqrp| zlwk v|pphwulf lqirupdwlrq/ zkloh wkh odwwhu

uhihuv wr lqirupdwlrq derxw wkh ixwxuh sdwk ri sulfhv ehiruh wkh| uhdfk wklv ydoxh1

Dv dq h{dpsoh ri ixqgdphqwdo lqirupdwlrq/ Lwr hw do1 flwh wkh I[ rughuv ghdohuv uhfhlyh iurp

rxwvlgh wkh pdunhw ghulyhg iurp uhdo lqwhuqdwlrqdo wudgh1 Ehfdxvh wkhvh rughuv duh uhfhlyhg lq

dgydqfh ri wudgh vwdwlvwlfv ^dqg duh rqo| nqrzq wr ghdohuv zlwk zklfk wkh| duh sodfhg` wkh| uhsuhvhqw

d sulydwh vljqdo rq wkh vkliw lq ghpdqg iru iruhljq fxuuhqf| gxh wr wudgh �rzv ^O|rqv +4<<:,`1 Iruhljq

h{fkdqjh lqwhuyhqwlrq e| fhqwudo edqnv uhsuhvhqwv dqrwkhu h{dpsoh1 Ehfdxvh ihz fhqwudo edqnv ghdo

gluhfwo| lq wkh lqwhuedqn pdunhw/ prvw lqwhuyhqwlrqv duh pdgh e| sodflqj rughuv zlwk I[ ghdohuv

dw rqh ru pruh frpphufldo edqnv1 Vxfk dq rughu zrxog uhsuhvhqw ixqgdphqwdo sulydwh lqirupdwlrq

wr wkh ghdohu ^Slhuhv +4<<:,`1 Qrwlfh wkdw erwk wkhvh h{dpsohv frqwudglfw wkh frpprq nqrzohgjh

dvvxpswlrq +d,1

Glvdjuhhphqw dprqjvw ghdohuv derxw wkh phdqlqj ri d sxeolf dqqrxqfhphqw surylghv dq h{0

dpsoh ri vhpl0ixqgdphqwdo sulydwh lqirupdwlrq lq wkh I[ pdunhw1 Jlyhq wkh odfn ri frqvhqvxv

e| uhvhdufkhuv durxqg d wkhruhwlfdo h{fkdqjh udwh prgho/ lw zrxog eh yhu| vxusulvlqj li doo ghdohuv

xvhg wkh vdph prgho wr glvfhuq wkh sulfh0lpsolfdwlrqv ri d sduwlfxodu qhzv lwhp1 Lq idfw/ wkhuh

riwhq dsshduv wr eh glvdjuhhphqw ryhu wkh gluhfwlrq wkh vsrw udwh vkrxog wdnh lq uhvsrqvh wr d qhzv

lwhp1 Xqghu wkhvh flufxpvwdqfhv/ dv Lwr hw do1 qrwh/ dq| ghdohu zlwk vxshulru lqirupdwlrq derxw wkh

glvshuvlrq ri eholhiv dfurvv wkh pdunhw/ zrxog eh lq d srvlwlrq wr pruh dffxudwho| iruhfdvw wkh sdwk

ri sulfhv dv glvdjuhhphqwv uhvroyhv wkurxjk vrph ohduqlqj surfhvv1 Wklv irup ri vhpl0ixqgdphqwdo
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lqirupdwlrq frqwudglfwv wkh krprjhqhrxv pdsslqj dvvxpswlrq +e,1 Vxshulru lqirupdwlrq derxw wkh

glvwulexwlrq ri ghdohu lqyhqwrulhv lv dovr d srwhqwldo vrxufh ri vhpl0ixqgdphqwdo sulydwh lqirupdwlrq1

Lqvridu dv lqyhqwru| ulvn lv sulfhg/ lqirupdwlrq derxw wkh glvwulexwlrq ri lqyhqwrulhv frxog doorz d

ghdohu wr iruhfdvw wkh sdwk ri sulfhv pruh dffxudwho| dv lqyhqwru| srvlwlrqv duh xqzrxqg1 Wkxv/

dvvxpswlrq +d, lv rqfh djdlq frqwudglfwhg1

Wkh uhvhdufk uhsruwhg khuh kdv olqnv wr erwk wkh plfurhfrqrplf dqg pdfurhfrqrplf olwhudwxuhv

rq h{fkdqjh udwhv1 Plfurhfrqrplf hylghqfh rq sulydwh lqirupdwlrq frphv iurp frpsdulqj wudglqj

sdwwhuqv xqghu gl�huhqw uhjlphv1 Lq sduwlfxodu/ Lwr hw do1 +4<;;, dqg Fryulj dqg Phoylq +4<<;,/

irxqg wkh gl�huhqfhv lq wkh kljk iuhtxhqf| ehkdylru ri \hq txrwhv ehiruh dqg diwhu wkh lqwurgxfwlrq

ri oxqfk0wlph I[ wudglqj lq Wrn|r wr eh frqvlvwhqw zlwk suhglfwlrqv ri wkhruhwlfdo prghov lq zklfk

wudghuv kdyh sulydwh lqirupdwlrq1 Frpsohphqwlqj wkhvh uhvxowv/ Sd|qh +4<<<, �qgv hylghqfh ri

dv|pphwulf lqirupdwlrq lq d zhhn ri I[ wudglqj rq dq hohfwurqlf eurnhudjh v|vwhp12 Rqh gl�huhqfh

ehwzhhq wkhvh vwxglhv dqg wkh dqdo|vlv khuh lv wkdw L h{dplqh wkh uroh ri sulydwh lqirupdwlrq dv d

vrxufh ri h{fkdqjh udwh pryhphqwv ryhu krul}rqv ri gd|v dqg zhhnv1 Wklv ohdgv wr dq lpsruwdqw

�qglqj> wkh h�hfwv ri sulydwh qhzv gr qrw ydqlvk dv zh pryh wr wkh orzhu iuhtxhqflhv frqvlghuhg

e| pdfurhfrqrplf h{fkdqjh udwh prghov1

Hqjho dqg Iudqnho +4<;7, dqg Lwr dqg Uroh| +4<;:, grfxphqw vljql�fdqw h�hfwv ri prqhwdu|

dqqrxqfhphqwv lq wkh 4<;3v iru wkh GP dqg \hq uhvshfwlyho|/ zkloh Kdugrxyholv +4<;;, dqg Ehfn

+4<<6, irxqg hylghqfh lqglfdwlqj wkdw wudgh dqg �vfdo dqqrxqfhphqwv d�hfwhg wkh groodu1 Lq doo

wkhvh pdfur vwxglhv/ wkh iudfwlrq ri wkh h{fkdqjh udwh yduldqfh dwwulexwdeoh wr wkh dqqrxqfhphqwv

lv yhu| vpdoo1 Rqh lqwhusuhwdwlrq ri wkhvh �qglqjv vxjjhvwhg e| p| uhvxowv lv wkdw pdfur dqqrxqfh0

phqwv uduho| frqvwlwxwh sxeolf qhzv/ dw ohdvw qrw lq wkh vwulfw lqirupdwlrq wkhruhwlf vhqvh ri pdfur

h{fkdqjh udwh prghov1 Zkloh wkh dqqrxqfhphqw lv khdug vlpxowdqhrxvo| dfurvv wkh pdunhw/ wkh kr0

prjhqhrxv pdsslqj dvvxpswlrq grhv qrw dsso| ehfdxvh pdunhw sduwlflsdqwv kdyh gl�hulqj ylhzv

derxw lwv lpsolfdwlrqv iru htxloleulxp sulfhv1�

Wkh lpsdfw ri sxeolf qhzv lv txdqwl�hg xvlqj d YDU1 Kdveurxfn +4<<4, slrqhhuhg wkh xvh ri

YDUv wr lghqwli| wkh lqirupdwlrq frqwhqw ri wudghv lq htxlw| pdunhwv1 Khuh L prgli| klv dssurdfk

wr dffrxqw iru wkh ghfhqwudol}hg qdwxuh ri gluhfw lqwhughdohu I[ wudglqj dqg wkh olplwv rq wudghu*v

lqirupdwlrq vhwv1 Wkh prgl�fdwlrqv ohdg wr d vwuxfwxudo YDU wkdw lghqwl�hv wkh uroh ri pxowlsoh

wudgh0uhodwhg vkrfnv1 Wkhvh vkrfnv uhsuhvhqw wkh h�hfwv ri sulydwh qhzv klwwlqj wkh I[ pdunhw

wkurxjk gl�huhqw fkdqqhov dqg kdyh yhu| gl�huhqw lpsolfdwlrqv iru wkh ehkdylru ri h{fkdqjh udwhv1

Wkh YDU surylghv lpsxovh uhvsrqvh ixqfwlrqv dqg yduldqfh ghfrpsrvlwlrqv ri h{fkdqjh udwh
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pryhphqwv ryhu gl�huhqw krul}rqv1 Wkh hvwlpdwhv vkrz wkdw sxeolf qhzv frqwulexwhv ohvv wkdq 83(

ri wkh yduldqfh lq kljk iuhtxhqf| h{fkdqjh udwh pryhphqwv1 Wkh YDU hvwlpdwhv dovr doorz xv wr

ghfrpsrvh wkh vsrw udwh lqwr frpsrqhqwv wkdw lghqwli| wkh fxpxodwlyh h�hfwv ri sxeolf dqg sulydwh

qhzv1 Frpsdulqj wkhvh frpsrqhqwv djdlqvw wkh dfwxdo ehkdylru ri wkh vsrw udwh surylghv d vlpsoh

|hw gudpdwlf phdvxuh ri krz sxeolf dqg sulydwh qhzv frqwulexwhg wr h{fkdqjh udwh pryhphqwv rq d

pdfurhfrqrplf vfdoh1 Wkh fxpxodwlyh h�hfwv ri sxeolf dqg sulydwh qhzv kdyh r�vhwwlqj h�hfwv rq

wkh vsrw udwh1 Dv d frqvhtxhqfh/ gdlo| dqg zhhno| fkdqjhv lq wkh vsrw udwh duh srvlwlyho| fruuhodwhg

zlwk exw vljql�fdqwo| xqghuvwdwh wkh fkdqjhv lpsolhg e| wkh duulydo ri sxeolf qhzv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh gdwd vhw dqg

suhvhqwv vrph ri lwv nh| vwdwlvwlfdo ihdwxuhv1 Vhfwlrq 6 suhvhqwv d wudglqj prgho wkdw irupv wkh edvlv

iru lghqwli|lqj sxeolf dqg sulydwh qhzv lq wkh gdwd1 Wklv vhfwlrq dovr glvfxvvhv wkh olqnv ehwzhhq

wkh wudglqj prgho dqg pdfurhfrqrplf h{fkdqjh prghov1 Vhfwlrq 7 ghvfulehv wkh hfrqrphwulf prgho

dqg suhvhqwv wkh kljk iuhtxhqf| hpslulfdo uhvxowv1 Wkh pdfurhfrqrplf lpsolfdwlrqv ri wkh uhvxowv

duh h{dplqhg lq Vhfwlrq 81 Vhfwlrq 9 frqfoxghv1

2 A�i #@|@
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Wkh dqdo|vlv ehorz xwlol}hv qhz plfur gdwd rq dfwlylw| lq wkh GP2' vsrw I[ pdunhw ryhu d irxu0

prqwk shulrg/ Pd| 4 wr Dxjxvw 64/ 4<<91 Wkh gdwd vhw frqwdlqv wlph0vwdpshg wlf0e|0wlf gdwd

rq dfwxdo wudqvdfwlrqv wdnlqj sodfh wkurxjk wkh Uhxwhuv Ghdolqj 533304 v|vwhp yld dq hohfwurqlf

ihhg wkdw zdv fxvwrpl}hg iru wkh sxusrvh e| Uhxwhuv1 Wklv lv wkh prvw zlgho| xvhg hohfwurqlf

ghdolqj v|vwhp1 Dffruglqj wr Uhxwhuv/ ryhu <3( ri wkh zruog*v gluhfw lqwhughdohu wudqvdfwlrqv wdnh

sodfh wkurxjk wkh v|vwhp1 Wkhvh wudqvdfwlrqv dffrxqw iru derxw ;3( ri wrwdo wudglqj lq pdmru

vsrw pdunhwv> wkh uhpdlqlqj 53( lv ehwzhhq ghdohuv dqg qrq0edqn fxvwrphuv1 Lqwhughdohu wudglqj

euhdnv lqwr wzr wudqvdfwlrq w|shv/ gluhfw dqg eurnhuhg1 Gluhfw wudglqj ehwzhhq ghdohuv dffrxqwv

iru derxw 93( ri lqwhughdohu wudgh dqg eurnhuhg wudglqj dffrxqwv iru derxw 73(1

Wudghv rq wkh G533304 v|vwhp wdnh wkh irup ri hohfwurqlf elodwhudo frqyhuvdwlrqv1 Wkh frqyhu0

vdwlrq lv lqlwldwhg zkhq d ghdohu fdoov dqrwkhu ghdohu rq wkh v|vwhp wr uhtxhvw d txrwh1 Xvhuv ri wkh

v|vwhp duh h{shfwhg wr surylgh d idvw wzr0zd| txrwh zlwk d wljkw vsuhdg/ zklfk lv lq wxuq ghdow ru

ghfolqhg txlfno| +l1h1/ zlwklq vhfrqgv,1 Wr vhwwoh glvsxwhv/ Uhxwhuv nhhsv d whpsrudu| uhfrug ri doo

wkh frqyhuvdwlrqv rq wkh v|vwhp1 Wklv uhfrug lv wkh vrxufh ri wkh wudqvdfwlrqv gdwd1 Hyhu| wlph

dq hohfwurqlf frqyhuvdwlrq rq G533304 uhvxowv lq d wudgh/ wkh Uhxwhuv ihhg surylghv d wlph0vwdpshg

uhfrug ri wkh wudqvdfwlrqv sulfh/ d erxjkw ru vrog lqglfdwru/ dqg d phdvxuh ri fxpxodwlyh wudglqj

yroxph1

Wzr ihdwxuhv ri wkh gdwd duh sduwlfxoduo| qrwhzruwk|1 Iluvw/ wkh| surylgh wudqvdfwlrq lqiru0
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pdwlrq iru wkh zkroh lqwhuedqn pdunhw ryhu wkh ixoo 570krxu wudglqj gd|1 Wklv frqwudvwv zlwk

hduolhu wudqvdfwlrq gdwd vhwv fryhulqj vlqjoh ghdohuv ryhu vrph iudfwlrq ri wkh wudglqj gd| ^O|rqv

+4<<8,/ \dr +4<<:d/ 4<<:e,/ dqg Emrqqhv dqg Ulph +4<<;,`1 Wkh gdwd vhw pdnhv lw srvvleoh/ iru

wkh �uvw wlph/ wr dqdo|}h wudglqj sdwwhuqv dqg sulfhv dw wkh ohyho ri _wkh pdunhw1% Wkh rqo| rwkhu

pxowlsoh0ghdohu gdwd vhw lq wkh olwhudwxuh fryhuv eurnhuhg lqwhughdohu wudqvdfwlrqv ^wkh hohfwurqlf v|v0

whp h{dplqhg e| Jrrgkduw/ Lwr dqg Sd|qh +4<<9, dqg Sd|qh +4<<<,`1 Wkh v|vwhp wkh| h{dplqh/

krzhyhu/ dffrxqwv iru rqo| d vpdoo iudfwlrq ri gdlo| wudglqj yroxph1e

Vhfrqg/ wkhvh pdunhw0zlgh wudqvdfwlrqv gdwd duh qrw revhuyhg e| lqglylgxdo I[ ghdohuv rq wkh

v|vwhp dv wkh| wudgh1 Wkrxjk ghdohuv kdyh dffhvv wr wkhlu rzq wudqvdfwlrq uhfrugv/ wkh| gr qrw

kdyh dffhvv wr rwkhuv* wudqvdfwlrqv rq wkh v|vwhp1 Wkh wudqvdfwlrqv gdwd wkhuhiruh uhsuhvhqwv d

klvwru| ri pdunhw dfwlylw| wkdw pdunhw sduwlflsdqwv frxog rqo| lqihu lqgluhfwo|1 Wklv ihdwxuh kdv

lpsruwdqw lpsolfdwlrq iru lqwhusuhwlqj wkh uhvxowv uhsruwhg ehorz1

Dowkrxjk wkh wudqvdfwlrqv gdwd duh wkh sulph irfxv ri wkh dqdo|vlv ehorz/ L vkdoo dovr xwlol}h

lqglfdwlyh txrwhv1 Wkhvh txrwhv/ nqrzq dv wkh GI[ vhulhv/ duh wkh gdwd uhsruwhg rq wkh Uhxwhuv

lqirupdwlrq whuplqdov1 Wkh| frqvwlwxwh wkh prvw fxuuhqw vrxufh ri lqirupdwlrq rq wkh I[ pdunhw

wkdw lv dydlodeoh wr wkh sxeolf1 Iru hdfk fxuuhqf|/ wkh GI[ vhulhv lqfoxghv hyhu| wlph0vwdpshg

lqglfdwlyh elg dqg dvn sulfh srvwhg e| edqnv wr Uhxwhuv1D

Wkh dqdo|vlv ehorz frqfhqwudwhv rq wkuhh yduldeohv> +l, wkh GP wudqvdfwlrq sulfh sdlg e| ghdohuv

sxufkdvlqj grooduv/ +ll, wkh lqglfdwlyh dvnlqj GP sulfh ri grooduv txrwhg e| edqnv rq wkh Uhxwhuv

lqirupdwlrq whuplqdo dqg/ +lll, djjuhjdwh rughu �rz1 Wklv odvw yduldeoh surylghv d phdvxuh ri wkh

sdwwhuq ri gluhfw lqwhughdohu wudglqj dqg sod|v d fhqwudo uroh lq wkh dqdo|vlv ehorz1 Vshfl�fdoo|/ rughu

�rz phdvxuhv wkh qhw ri ex|hu0lqlwldwhg rughuv dqg vhoohu0lqlwldwhg rughuv1 Fohduo|/ wklv phdvxuh lv

d yduldqw ri d nh| frqfhsw lq hfrqrplfv ~ _qhw ghpdqg1% Wkh edvlf gl�huhqfh lv wkdw rughu �rz

nhhsv wudfn ri zkr lqlwldwhv wudqvdfwlrqv/ dqg qhw ghpdqg grhv qrw1 Lpsruwdqwo|/ zkloh qhw ghpdqg

pxvw eh }hur lq htxloleulxp/ rughu �rz fdq gl�hu iurp }hur1

Wr ixuwkhu fhphqw lghdv/ lw lv xvhixo wr frqvlghu dq h{dpsoh ri krz pdunhw zlgh rughu �rz lv

ghwhuplqhg uhodwlyh wr d vhw ri wudqvdfwlrqv1 Vxssrvh ghdohu D lqlwldwhv d frqyhuvdwlrq zlwk ghdohu

E e| dvnlqj iru txrwhv rq wkh GP iru d '43p wudgh1 Li diwhu khdulqj wkh elg dqg dvn txrwhv/ D

ghflghv wr ex|/ kh sd|v wkh GP sulfh ri grooduv vshfl�hg lq wkh dvnlqj sulfh/ dqg rughu �rz lv .41

eA�ihi �t @*tL i��_i?Ui |�@| _i@*iht @||@U� 4Lhi �?uLh4@|�L?@* �4TLh|@?Ui |L _�hiU| �?|ih_i@*ih Lh_ih �L� |�@? |L
MhL!ihi_ �?|ih_i@*ih Lh_ih �L�c dtii ��L??it @?_ +�4i E�bbH�o�

DA�i #6j tih�it _�giht uhL4 |�i 6j6j ^�L|i tih�it |�@| �@t Mii? �ti_ �? L|�ih t|�_�it Etii B��**@�4i i| @*�c
�bbe uLh @ t�h�i)�� +i�|iht |h@?t4�|t |�i 6j6j @?_ #6j _@|@ |L �|t |ih4�?@*t |�hL�}� _�gihi?| ?i|�Lh!t� `��*i
|�i #6j _@|@ �tit @ ��}� tTii_ _�}�|@* ?i|�Lh! |�@| U@? !iiT �T ��|� |�i ��}� uhi^�i?U) Lu ^�L|it hiUi��i_ uhL4
M@?!tc |�i 6j6j _@|@ �tit @? L*_ih t)t|i4 ��|� @ *L�ih |�hL�}�T�|� AL !iiT |�i 6j6j tih�it R�T�|L�_@|i�c +i�|iht
ti?_t L?*) @ t@4T*i Lu |�i ^�L|it �| hiUi��it |�hL�}� |��t ?i|�Lh!� �t |�i uhi^�i?U) Lu M@?! ^�L|�?} h�titc +i�|iht
ti?_t @ t4@**ih uh@U|�L? Lu |�i ^�L|it �?|L |�i 6j6j ?i|�Lh!� A��tc |�i 6j6j tih�it @hi @ t@4T*i Lu |�i ^�L|it
Mi�?} ti?| |L +i�|iht ��ihi@t |�i #6j tih�it hiULh_t @** |�i ^�L|it� ,�@?t E�bb.� ThL��_it @ _i|@�*i_ @?@*)t�t Lu |�i
hi*@|�L?t��T Mi|�ii? |h@_�?} @?_ |�i TLt|�?} Lu �?_�U@|��i ^�L|it�
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Dw wkh vdph wlph/ ghdohu F pd| eh lqlwldwlqj d wudgh djdlqvw ghdohu G*v txrwhv e| vhoolqj '8p1

Wkh rughu �rz iurp wklv wudqvdfwlrq lv 041 Li wkhuh zhuh qr rwkhu lqwhughdohu wudqvdfwlrqv fxuuhqwo|

wdnlqj sodfh/ djjuhjdwh rughu �rz zrxog eh 31 Qrwlfh wkdw wklv phdvxuh wdnhv qr dffrxqw ri wkh

gl�hulqj wudqvdfwlrq vl}hv1 Lq sulqflsoh vxfk d phdvxuh frxog eh hyhq pruh lqirupdwlyh/ exw wkhuh

lv lqvx�flhqw lqirupdwlrq lq wkh gdwd wr ghwhuplqh wkh groodu ydoxh ri lqglylgxdo wudqvdfwlrqv1

2�2 5�44@h) 5|@|�t|�Ut

Dowkrxjk wkh G533304 v|vwhp uxqv 57 krxuv d gd|/ wkh ydvw pdmrulw| lqwhughdohu wudqvdfwlrqv lq

wkh GP2' duh frqfhqwudwhg gxulqj wkh Hxurshdq wudglqj1 Wklv lqvwlwxwlrqdo ihdwxuh jlyhv ulvh wr

uhfxuuhqw lqwudgdlo| sdwwhuqv lq wkh gdwd1 H{hpsoli|lqj wklv skhqrphqd/ Hqjoh/ Lwr dqg Olq +4<<3,/

Edloolh dqg Eroohuvohy +4<<4,/ Eroohuvohy dqg Grprzlw} +4<<6,/ Jrrgkduw dqg Jlxjdoh +4<<6,/ Sd|qh

+4<<:, dqg Dqghuvhq dqg Eroohuvohy +4<<;, kdyh doo vwxglhg wkh lqwudgdlo| sdwwhuqv lq wkh yrodwlolw|

ri lqglfdwlyh I[ txrwhv1

Iljxuh 4 vkrzv lqwudgdlo| sdwwhuqv lq wkh yrodwlolw| ri wudqvdfwlrqv sulfhv dqg lqglfdwlyh txrwhv

wrjhwkhu zlwk wkh sdwwhuqv iru wudglqj dqg txrwh lqwhqvlw|1 Yrodwlolw| lq hdfk vhulhv lv fdofxodwhg

iurp wkh vwdqgdug ghyldwlrq ri wkh vhfrqg0e|0vhfrqg revhuydwlrqv ryhu d �yh plqxwh shulrg1 Wkh

lqwhqvlw| ri wudgh dqg txrwhv lv phdvxuh e| wkh qxpehu ri wudghv dqg txrwhv shu �yh plqxwh shulrg1

Lq hdfk sdqho/ wkh vrolg olqh sorwv wkh dyhudjh ydoxh ri wkh yduldeoh iru wkh sduwlfxodu shulrg ryhu wkh

:< wudglqj gd|v lq wkh vdpsoh1 Wkh orzhu dqg xsshu gdvkhg olqhv vkrz wkh 43( dqg <3( erxqgv

ri wkh yduldeoh*v glvwulexwlrq dfurvv wkh vdpsoh shulrg1

Sdqho L sorwv wkh yrodwlolw| lq dvn txrwhv djdlqvw Eulwlvk Vxpphu Wlph +EVW,1 Rq dyhudjh/

yrodwlolw| ulvhv ryhu wkh wudglqj gd|/ shhnlqj durxqg 4933 kuv1 EVW1 Wklv sdwwhuq lv vlplodu wr wkdw

irxqg lq hduolhu vwxglhv dqg lv frpprqo| dwwulexwhg wr pdunhw rshqlqjv dqg forvxuhv durxqg wkh

zruog ^Dqghuvhq dqg Eroohuvohy +4<<;,/ Gdfrurjqd hw do +4<<6,/ dqg Sd|qh+4<<:,`1 Lq vxssruw iru

wklv ylhz/ Sdqho LL vkrzv wkdw txrwh dfwlylw| lv khdylo| frqfhqwudwhg ehwzhhq ;33 kuv1 dqg 4:33

kuv1 EVW zkhq wkh Hxurshdq pdunhwv duh rshq1

Sdqhov LLL dqg LY sorw wkh yrodwlolw| ri dvnlqj sulfhv dqg wudqvdfwlrq lqwhqvlw|1 Khuh zh vhh vrph

hylghqfh ri d _X0vkdshg% sdwwhuq lq yrodwlolw| ehwzhhq ;33 kuv1 dqg 4:33 kuv1 EVW1 Dowkrxjk

wkh fkdqjh lq dyhudjh yrodwlolw| lv vpdoo frpsduhg wr wkh huuru edqgv/ wklv vhdvrqdo sdwwhuq lv

pruh surqrxqfhg wkdq lq wkh txrwh gdwd1 Lw lv dovr zruwk qrwlqj wkdw wkh dyhudjh yrodwlolw| ri

wudqvdfwlrqv sulfhv lv kljkhu wkdw wkh yrodwlolw| ri txrwhv/ sduwlfxoduo| durxqg ;33 kuv1 EVW1 Wkh

_X0vkdshg% yrodwlolw| sdwwhuq fruuhvsrqgv wr wkh vhdvrqdo lq wudglqj lqwhqvlw|1 Sdqho LY vkrzv wkdw/

rq dyhudjh/ wudglqj lqwhqvlw| ulvhv diwhu ;33 kuv1 EVW/ shhnv durxqg 4333 kuv1/ dqg wkhq ghfolqhv

wrzdugv plg0gd| ehiruh shhnlqj djdlq lq wkh diwhuqrrq ehiruh 4933 kuv1 EVW1

Ryhudoo/ Iljxuh 4 frq�upv wkdw wkh pdmrulw| ri wudgh dqg txrwh dfwlylw| lq wkh GP2' lv frq0

fhqwudwhg zlwklq d wlph shulrg dvvrfldwhg zlwk Hxurshdq Wudglqj1 Lq p| dqdo|vlv ehorz/ L vkdoo
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wkhuhiruh irfxv rq wkh g|qdplfv ri wudqvdfwlrqv sulfhv/ txrwhv dqg rughu �rz gxulqj _wkh wudglqj

gd|% gh�qhg dv wkh shulrg ehwzhhq :33 dqg 4<33 kuv1 EVW1 Ri frxuvh/ wkhvh wlphv duh vrphzkdw

duelwudu|1 Krzhyhu/ fkdqjlqj wkh rshqlqj dqg forvlqj wlphv e| dq krxu lq hlwkhu gluhfwlrq kdv qr

pdwhuldo h�hfw rq wkh uhvxowv suhvhqwhg ehorz1

I: Volatilty of Ask Quotes
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Iljxuh 4

Wdeoh 4 ehorz uhsruwv vxppdu| vwdwlvwlfv rq> wkh fkdqjh lq orj dvn wudqvdfwlrq sulfhv ryhu d

�yh plqxwh shulrg/ � oq s> djjuhjdwh rughu �rz/ {> phdvxuhg dv wkh gl�huhqfh ehwzhhq wkh qxpehu

ri ex|hu0lqlwldwhg dqg vhoohu0lqlwldwhg wudqvdfwlrqv ryhu wkh shulrg/ dqg wkh gl�huhqfh ehwzhhq wkh

orjv ri odvw lqglfdwlyh dvn txrwh dqg wkh odvw dvn wudqvdfwlrq sulfh hdfk shulrg/ oq t � oq s= Iru

frpsdulvrq/ wkh wdeoh uhsruwv vwdwlvwlfv fdofxodwlrq ryhu wkh 57 krxu dqg wudglqj gd| vdpsohv1

Vhyhudo ri wkh vwdwlvwlfv duh qrwhzruwk|1 Iluvw/ wkh xqfrqglwlrqdo glvwulexwlrqv iru doo wkuhh

yduldeohv dsshdu kljko| qrq0qrupdo1 Wkh glvwulexwlrq iru wudqvdfwlrq sulfhv fkdqjhv/ � oq s> lv

vnhzhg wr wkh ohiw dqg lv kljko| ohswrnxulwlf1 Wkh glvwulexwlrqv iru rughu �rz/ {> dqg wkh txrwh2sulfh

vsuhdg/ oq t � oq s> duh dovr idw0wdlohg exw duh vnhzhg wr wkh uljkw1 Vhfrqg/ wkh dyhudjh ri uhwxuqv

phdvxuhg ryhu wkh wudglqj gd| lv 041454( shu gd|/ exw rqo| 0313;:( phdvxuhg ryhu wkh zkroh gd| 0

d gl�huhqfh lpso|lqj srvlwlyh ryhuqljkw uhwxuqv1 Wklug/ wkh vwdwlvwlfv lpso| wkdw wkh dyhudjh ydoxh

:



Wdeoh 4= Vxppdu| Vwdwlvwlfv

57 Krxu Vdpsoh :3304<33 Vdpsoh
46997 Revhuydwlrqv 43736 Revhuydwlrqv

� oqs { oq t � oq s �oq s { oqt � oq s
Phdq 0313;: 3147: 31353 031454 31353 31353
Vwg1 Ghyldwlrq1 471677 9143; 31368 47135< 91:;7 31366
Vnhzqhvv 031587 3136; 313<8 031674 3136: 31435
Nxuwrvlv :1;6; 441385 ;135< ;/<96 <14:: ;1:;;
�� 031595 31566 31367 03159; 3155< 31359
�� 031338 313<4 031334 03133< 313<6 031336
�S 31344 31393 031335 31339 31396 031336
Vwdelolw| Whvwv
S0Ydoxhv
�� 31343 3138; 3153; 31384 31557 31458
�� 313:4 3155< 3149< 313<8 31556 31755
�S 31998 31574 31;36 31557 31496 31;73
�� � �S ?31334 31358 31;93 31545 31465 31963

Qrwhv= � oq s lv wkh fkdqjh lq wkh orj dvn wudqvdfwlrqv sulfhv ryhu 8 plqxwhv pxowlsolhv h{suhvv

lq gdlo| shufhqw +l1h1/ pxowlsolhg e| 5;;33,1 { lv rughu�rz phdvxuhg dv wkh gl�huhqfh ehwzhhq

wkh qxpehu ri ex|hu0lqlwldwhg dqg vhoohu0lqlwldwhg wudqvdfwlrqv ryhu �yh plqxwhv1 oq t � oq s lv wkh

gl�huhqfh ehwzhhq wkh odvw orj dvn txrwh dqg odvw orj dvn sulfh dw wkh hqg ri wkh �yh plqxwh shulrg

pxowlsolhg e| 4331 Wkh dv|pswrwlf vwdqgdug huuruv iru wkh vnhzqhvv dqg nxuwrvlv vwdwlvwlfv duh 31354

dqg 31375 lq wkh ixoo vdpsoh/ dqg 31357 dqg 3137; lq wkh vxe0vdpsoh1 �� ghqrwhv wkh dxwrfruuhodwlrq

dw odj l= Wkh orzhu sruwlrq ri wkh wdeoh uhsruwv s0ydoxhv iru wkh qxoo k|srwkhvlv wkdw wkhuh lv qr

yduldwlrq lq dxwrfruuhodwlrq �� ryhu shulrgv vwduwlqj dw ;=33/ 43=33/ 45=33 47=33 dqg 49=33 kuv1 Wkh

odvw olqh uhsruwv s0ydoxhv iru wkh qxoo k|srwkhvlv ri mrlqw vwdelolw| lq dxwrfruuhodwlrqv dw odjv 4 wkurxjk

91

iru rughu �rz rxwvlgh qrupdo wudglqj krxuv lv 318851 Ghdohuv lqlwldwlqj wudqvdfwlrqv rxwvlgh qrupdo

wudglqj krxuv dsshdu rq dyhudjh wr eh idu pruh olnho| wr ex| wkdq vhoo grooduv1 E| frpsdulvrq/ wkh

dyhudjh ri 3135 iru { gxulqj wkh gd| lqglfdwhv pxfk pruh edodqfhg ehwzhhq ex|lqj dqg vhoolqj1

Ilqdoo|/ wkh srvlwlyh dyhudjh ydoxhv iru oq t � oq s duh frqvlvwhqw zlwk wkh qrwlrq wkdw lqglfdwlyh

dvn txrwhv duh rq dyhudjh _ohvv frpshwlwlyh% wkdq wkh dfwxdo dvn wudqvdfwlrqv sulfhv dydlodeoh

frqwhpsrudqhrxvo| lq wkh pdunhw1

Dv qrwhg deryh/ vhyhudo vwxglhv kdyh irxqg hylghqfh ri uhfxuuhqw lqwudgdlo| sdwwhuqv lq wkh

yrodwlolw| ri lqglfdwlyh I[ txrwhv dqg wkhvh vhdvrqdo yrodwlolw| sdwwhuqv dsshdu lq Iljxuh 41 Lq wkh

dqdo|vlv ehorz/ L zloo xvh d YDU wr h{dplqh wkh g|qdplfv ri rughu �rz dqg sulfh ohyhov udwkhu

wkdq sulfh yrodwlolw|1 Vr lw lv lpsruwdqw wr jdxjh wkh h{whqw wr zklfk vhdvrqdo sdwwhuqv dsshdu

suhvhqw lq wkh dxwrfruuhodwlrq vwuxfwxuh ri/ � oq s> {> dqg oqt� oq s= Wr wklv hqg/ wkh orzhu sruwlrq

ri Wdeoh 4 uhsruwv wkh uhvxowv iurp vwdelolw| whvwv shuiruphg rq wkh vdpsoh dxwrfruuhodwlrqv iru

;



hdfk yduldeoh1 Lq sduwlfxodu/ L hvwlpdwh wkh dxwrfruuhodwlrq ryhu wzr krxu shulrgv ehjlqqlqj dw ;33/

4333/ 4533/ 4733/ dqg 4933 kuv1 dqg whvw wkh qxoo k|srwkhvlv wkdw doo wkhvh hvwlpdwhv duh htxdo

wr wkh dxwrfruuhodwlrq hvwlpdwhg ryhu doo krxuv lq wkh vdpsoh1S Dv wkh wdeoh vkrzv/ hylghqfh ri

vhdvrqdo lqvwdelolw| dsshduv prvw vwurqjo| lq wkh fdvh ri wkh �uvw0rughu dxwrfruuhodwlrqv iru � oq s

dqg { lq wkh 57 krxu vdpsoh1 Lq wkh wudglqj gd| vdpsoh/ qrqh ri wkh vwdwlvwlfv duh vljql�fdqw dw wkh

8 shufhqw ohyho1 Edvhg rq wklv hylghqfh/ wkhuh gr qrw dsshdu wr eh surqrxqfhg vhdvrqdo sdwwhuqv lq

wkh dxwrfruuhodwlrq vwuxfwxuh ri rxu yduldeohv ehwzhhq :33 dqg 4<33 kuv1

� W?uLh4@|�L? @?_ 6j Ah@_�?}

Wklv vhfwlrq frqvlghuv wkh lpsdfw ri sxeolf dqg sulydwh lqirupdwlrq rq wkh ehkdylru ri vsrw udwhv

dqg rughu �rz1 L �uvw suhvhqw d vlpso| wudglqj prgho/ edvhg rq Jorvwhq dqg Plojurp +4<;8,/

wkdw surylghv wkh irupdo edvlv iru lghqwl�fdwlrq wkh h�hfwv ri lqqrydwlrqv lq sxeolf dqg sulydwh

lqirupdwlrq rq wudqvdfwlrq sulfhv dqg djjuhjdwh rughu �rz1 Qh{w/ L frqvlghu krz wkh duulydo ri

lqirupdwlrq d�hfwv wkh uhodwlrqvkls ehwzhhq lqglfdwlyh txrwhv dqg wudqvdfwlrq sulfhv1 L wkhq glvfxvv

wkh olqn ehwzhhq wkh wudglqj prgho dqg wudglwlrqdo pdfurhfrqrplf h{fkdqjh udwh prghov1

��� � Ah@_�?} �L_i*

Wkh pdunhw lv srsxodwhg e| d odujh qxpehu ri ghdohuv wkdw wudgh grooduv dqg pdunv zlwk rqh dqrwkhu1

Zh duh lqwhuhvwhg lq wkh sureohp ri krz wudqvdfwlrqv sulfhv dqg rughu �rz duh ghwhuplqhg dv d

uhvxow ri elodwhudo frqyhuvdwlrqv ehwzhhq ghdohuv dfurvv wkh pdunhw1 Dv qrwhg hduolhu/ d frqyhuvdwlrq

lv lqlwldwhg zkhq rqh ghdohu fdoov dqrwkhu ghdohu uhtxhvwlqj d txrwh iru d wudgh ri d fhuwdlq vl}h1 E|

frqyhqwlrq/ wkh ghdohu uhfhlylqj wkh fdoo pxvw uhvsrqg lpphgldwho| zlwk d �up elg dqg dvn txrwh

+zlwk d wljkw vsuhdg,1 Wkhvh txrwhv duh ri wkh _wdnh0lw0ru0ohdyh0lw% ydulhw| dqg uhsuhvhqw wkh GP

sulfhv dw zklfk wkh ghdohu lv zloolqj wr ex| ru vhoo grooduv wr wkh fdoohu1 Rq khdulqj wkh txrwhv/ wkh

fdoolqj ghdohu pxvw lpphgldwho| ghflgh wr hlwkhu lqlwldwh d wudgh +e| _klwwlqj% rqh ri wkh txrwhv,/

ru sdvv1 Wkh prgho irfxvhv rq krz �up txrwhv duh vhw/ dqg rq wkh ghflvlrq wr lqlwldwh wudgh1

Vxssrvh wkhuh duh 5Q ghdohuv lq wkh pdunhw wkdw uhtxhvw dqg vhw txrwhv dffruglqj wr dq h{rjh0

qrxv pdwfklqj phfkdqlvp wkdw uhvxowv lq Q frqyhuvdwlrqv hdfk shulrg1 Frqvlghu wkh sureohp ri

krz ghdohu l vhwv txrwhv wr ex| ru vhoo d nqrzq dprxqw zkhq uhfhlylqj d uhtxhvw iurp ghdohu m1 Ohw

S6Lh4@**)c |L |it| uLh t|@M�*�|) �? 4� uLh �@h�@M*i 5|c W it|�4@|i |�i hi}hitt�L?
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sK�c| dqg s@�c| ghqrwh wkh elg dqg dvn txrwhv dw zklfk ghdohu l lv zloolqj wr ex| dqg vhoo d �{hg qxpehu

ri grooduv1 Wkh wudglqj ghflvlrq ri ghdohu m ghshqgv rq wkhvh txrwhv1 Lq sduwlfxodu/ L dvvxph wkdw

ghdohu m

;?
=

ex|v li u�c| A s@�c|>

vhoov li u�c| ? sK�c|
> +4,

zkhuh u�c| lv ghdohu m*v uhvhuydwlrq sulfh1 Wkh uhvxowlqj rughu �rz lv jlyhq e|

{�c| @

;?
=

4 li u�c| A s@�c|

�4 li u�c| ? sK�c|
>

dqg wkh wudqvdfwlrq sulfh lv s�c| @ s@�c|L+{�c| @ 4, . sK�c|L+{�c| @ �4,> zkhuh L+=, lv dq lqglfdwru

ixqfwlrq ^htxdo wr rqh zkhq wkh frqglwlrq lq L+=, krogv/ dqg }hur rwkhuzlvh`1 Wkh gdwd vhw frqwdlqv

wkh furvv vhfwlrq ri wudqvdfwlrqv sulfhv dqg rughu �rzv wkdw dulvh iurp ghdohu frqyhuvdwlrqv dfurvv

wkh pdunhw/ l1h1/ wkh vhw ri yduldeohv is�c|> {�c|m{�c| 9@ 3j��'�= Djjuhjdwh rughu �rz lv gh�qhg dv wkh

vxp ri elodwhudo rughu �rzv dfurvv wkh pdunhw/ {| �
S�

�'� {�c|=

Iroorzlqj Jorvwhq dqg Plojurp +4<;8,/ ghdohu l vhwv txrwhv wr pd{lpl}h wkh h{shfwhg sur�w

iurp hdfk txrwh uhtxhvw=

H

�k
s@�c| � sW|

l
L+u�c| A s@�c|, .

k
sW| � sK�c|

l
L+u�c| ? sK�c|,

�����c|

�
> +5,

zkhuh �c| uhsuhvhqwv ghdohu l*v lqirupdwlrq vhw1 Wklv ixqfwlrq phdvxuhv wudglqj sur�wv uhodwlyh wr

d ehqfkpdun ydoxh/ sW| = Lq vwdqgdug wudglqj prghov/ wklv ehqfkpdun lv lghqwl�hg dv wkh whuplqdo

ydoxh ri wkh dvvhw1 D pruh qdwxudo lqwhusuhwdwlrq lq wkh I[ frqwh{w lv wkdw sW| gh�qhv wkh GP

sulfh ri grooduv wkdw zrxog rewdlq lq dq hfrqrp| zlwk v|pphwulf lqirupdwlrq dprqjvw ghdohuv1 Zh

vkdoo vhh ehorz wkdw wklv gh�qlwlrq fuhdwhv d qdwxudo olqn ehwzhhq wkh wudglqj prgho dqg wudglwlrqdo

jhqhudo htxloleulxp pdfur prghov ri wkh h{fkdqjh udwh1 Khuh s@�c| � sW| uhsuhvhqwv ghdohu l*v sur�w

iurp vhoolqj grooduv dw wkh dvn txrwh zkloh sW| � sK�c| uhsuhvhqwv wkh sur�w iurp ex|lqj wkhp dw wkh

elg lq d zruog ri v|pphwulf lqirupdwlrq1.

Pd{lpl}lqj h{shfwhg wudglqj sur�wv jlyhv wkh iroorzlqj htxdwlrqv iru rswlpdo txrwhv=

s@�c| @ H ^sW| m�c|` . +4�J+s@�c|,,@j+s
@
�c|,>

+6,

sK�c| @ H ^sW| m�c|`�J+sK�c|,@j+s
K
�c|,>
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zkhuh J+=, dqg j+=, duh wkh glvwulexwlrq dqg ghqvlw| ixqfwlrqv iru ghdohu m*v uhvhuydwlrq sulfh/ u�c|>

frqglwlrqhg rq ghdohu l*v lqirupdwlrq ^vhh Dsshqgl{ D iru ghwdlov`1

Rswlpdo txrwhv duh htxdo wr wkh ghdohu*v sulru h{shfwdwlrq/ H ^sW| m�c|` > soxv ru plqxv dq dg0

mxvwphqw idfwru wkdw ghshqgv rq wkh vxemhfwlyh glvwulexwlrq ri uhvhuydwlrq sulfhv1 Wkhvh idfwruv duh

htxdo wr wkh lqyhuvh ri wkh kd}dug ixqfwlrq dvvrfldwhg zlwk wkh glvwulexwlrq1 Lq wkh �uvw htxdwlrq/

wkh kd}dug lghqwl�hv wkh suredelolw| wkdw s@�c| lv htxdo wr wkh kljkhvw dvnlqj sulfh dw zklfk wkh fdoohu

lv zloolqj wr ex|1 Wkh kd}dug udwh lq wkh vhfrqg htxdwlrq lghqwl�hv wkh suredelolw| wkdw sK�c| lv wkh

orzhvw elg sulfh dw zklfk wkh fdoohu lv zloolqj wr vhoo1 Wkh lqwxlwlrq ehklqg wkhvh dgmxvwphqw idfwruv

lv fohdu= Erwk idfwruv ghshqg rq krz ghdohu l shufhlyhv wkh glvwulexwlrq ri uhvhuydwlrq sulfhv1 Wkh

ghdohu vhwv d kljkhu dvnlqj sulfh zkhq +l, wkh uljkw kdqg wdlo ri wklv glvwulexwlrq ulvhv/ dqg2ru +ll,

zkhq wkh vkulqndjh lq wkh glvwulexwlrq*v wdlo iurp jlyhq sulfh lqfuhdvh lv vpdoohu1 Vlploduo|/ wkh elg

sulfh zloo eh orzhuhg zkhq +l, wkh ohiw kdqg wdlo ri wkh shufhlyhg glvwulexwlrq lqfuhdvhv dqg2ru +ll,

udwh ri vkulqndjh lq wkh wdlo idoov1

Htxdwlrq +6, surylghv dq lpsolflw h{suhvvlrq iru rswlpdo txrwhv jlyhq d sduwlfxodu irup iru

wkh frqglwlrqdo glvwulexwlrq ri uhvhuydwlrq sulfhv/ J+=,= Lq d udwlrqdo h{shfwdwlrqv htxloleulxp/ wklv

glvwulexwlrq pxvw eh frqvlvwhqw zlwk wkh dfwxdo glvwulexwlrq ri uhvhuydwlrq sulfhv lq wkh pdunhw1

Irupdoo|/ wklv lpsolhv wkdw J+|, @ Su+u�c| ? |m�c|, zkhuh Su+=m�c|, uhsuhvhqwv wkh frqglwlrqdo

suredelolw| edvhg rq wkh dfwxdo glvwulexwlrq ri wkh uhvhuydwlrq sulfhv1 Lq jhqhudo htxloleulxp/ wkhvh

sulfhv duh ghwhuplqhg hqgrjhqrxvo| dv sduw ri wkh vroxwlrq wr wkh ghdohu*v rswlpl}dwlrq sureohp1

Rswlpdo uhvhuydwlrq sulfhv vkrxog uh�hfw fxvwrphu rughuv iurp rxwvlgh wkh pdunhw/ dqg lqyhqwru|

lpedodqfhv wkdw uhvxow iurp xqlqwhqghg wudgh zlwk rwkhu ghdohuv1

Lq wkh dqdo|vlv ehorz/ L dvvxph wkdw J+=, frqirupv zlwk udwlrqdo h{shfwdwlrqv/ exw L ohdyh wkh

dfwxdo irup ri glvwulexwlrq xqvshfl�hg1 Wkdw lv wr vd|/ L wuhdw txrwhv vdwlvi|lqj +6, dv udwlrqdo

h{shfwdwlrqv htxloleulxp txrwhv1 Wkh frvw ri wklv vlpsol�fdwlrq lv wkdw zh fdqqrw uhodwh fkdqjhv lq

wkh dfwxdo ru frqglwlrqdo glvwulexwlrq ri uhvhuydwlrq sulfhv wr vshfl�f hfrqrplf +vwuxfwxudo, vkrfnv1

Lpsruwdqwo|/ lw grhv qrw d�hfw wkh glvwlqfwlrq ehwzhhq wkh h�hfwv ri sxeolf dqg sulydwh lqirupdwlrq

rq wudqvdfwlrqv sulfhv dqg rughu �rz/ zklfk lv wkh irfxv ri wkh dqdo|vlv1

��2 �h�Ui @?_ �h_ih 6*L� W??L�@|�L?t

Wkuhh idfwruv fdq fkdqjh wkh sdwwhuq ri wudqvdfwlrqv sulfhv dqg rughu �rz lq wkh prgho1 Fkdqjhv

lq H ^sW| m�c|` dqg wkh frqglwlrqdo glvwulexwlrq ri uhvhuydwlrq sulfhv/ J+=,> dowhu txrwhv dqg khqfh

wkh sulfhv dw zklfk dq| wudqvdfwlrqv wdnh sodfh1 Lq dgglwlrq/ rughu �rz dovr ghshqgv rq wkh dfwxdo

glvwulexwlrq ri uhvhuydwlrq sulfhv1 Dowkrxjk fkdqjhv lq wkh frqglwlrqdo dqg dfwxdo glvwulexwlrq ri

uhvhuydwlrq sulfhv fdq wdnh pdq| irupv/ iru h{srvlwlrqdo fodulw| L vkdoo frqvlghu fkdqjhv lq wkh

frqglwlrqdo phdq/ H ^u�c|m�c|` > dqg wkh wuxh phdq �|=

Ohw u|| ghqrwh wkh lqqrydwlrq lq d yduldeoh | wkdw wdnhv sodfh dw wkh ehjlqqlqj ri shulrg w=
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Zulwlqj wkh h{solflw vroxwlrq iru txrwhv lpsolhg e| +6, dv s?�c| @ I?+H ^sW| m�c|` >H ^u�c|m�c|`,> iru

q @ id> ej/ dqg olqhdul}lqj I?+=> =, xvlqj wkh lpsolflw ixqfwlrq wkhruhp/ zh rewdlq=

us?�c| * �?
� uH ^sW| m�c|` . +4� �?

� ,uH ^u�c|m�c|` q @ id> ej> +7,

zkhuh �?
� A 3=H Htxdwlrq +7, vkrzv wkdw lqqrydwlrqv lq rswlpdo txrwhv fdq dssur{lpdwho| eh

zulwwhq dv d zhljkwhg dyhudjh ri wkh lqqrydwlrqv lq H ^sW| m�c|` dqg H ^u�c|m�c|`1 Qrwlfh wkdw fkdqjhv

lq wkh dfwxdo glvwulexwlrq ri uhvhuydwlrq sulfhv fdq rqo| d�hfw txrwhv lqvridu dv wkh| fkdqjh ghdohuv

h{shfwdwlrqv/ H ^u�c|m�c|` = Fkdqjhv lq H ^u�c|m�c|` kdyh qr h�hfw rq txrwhv zkhq �?
� @ 4> d fdvh wkdw

rqo| dulvhv zkhq wkh frqglwlrqdo glvwulexwlrq ri uhvhuydwlrqv sulfhv kdv d frqvwdqw kd}dug udwh ^vhh

+6, deryh`1

Qh{w/ zh qhhg wr frqvlghu lqqrydwlrqv lq rughu �rz1 Ohw K+=, ghqrwh wkh wuxh glvwulexwlrq

ri uhvhuydwlrq sulfhv uhodwlyh wr wkhlu pdunhw0zlgh dyhudjh/ �|= Zh fdq qrz zulwh wkh glvfuhwh

glvwulexwlrq iru rughu �rz ehwzhhq ghdohuv l dqg m dv

{�c| @

;AA?
AA=

4 zlwk suredelolw| 4�K+s@�c| � �|,

3 zlwk suredelolw| K+s@�c| � �|,�K+sK�c| � �|,

�4 zlwk suredelolw| K+sK�c| � �|,

= +8,

Xvlqj ohdvw vtxduhv wkhru|/ wkh lqqrydwlrqv lq rughu �rz fdq eh zulwwhq dv

u{�c| @ !?�u+s
?
�c| � �|, . �?�c| q @ id> ej> +9,

zkhuh �?�c| lv xqfruuhodwhg zlwk wkh lqqrydwlrqv lq s?�c| � �|= Dsshqgl{ E vkrzv wkdw wkh uhjuhvvlrq

frh�flhqwv duh qhjdwlyh dqg duh zhoo0dssur{lpdwhg e|

!@� *
�k+s@| � �|,H^u+s@�c| � �|,mu+s@�c| � �|, A 3`

^4�K+s@| � �|,`Y du
�
u+s@�c| � �|,

�

dqg !K
� *

k+sK| � �|,H^u+sK�c| � �|,mu+sK�c| � �|, ? 3`

K+sK| � �|,Y du
�
u+sK�c| � �|,

� =

H5TiU��U@**)c

q?
� '

}ER?�c� 3. do�c� �l�c� o�

2}ER?�c� 3 . do�c� �l�c� o� n ER?�c� 3. dRW� �l�c� o�}�ER?�c� 3. do�c� �l�c� o�
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Ilqdoo|/ frpelqlqj +7,/ dqg +9, zlwk wkh gh�qlwlrq ri djjuhjdwh rughu �rz/ zh rewdlq

u{| @
�[
�'�

!?� +uH ^sW| m�c|`�u�|, .
�[
�'�

!?� +4� �?
� , +uH ^u�c|m�c|`�uH ^sW| m�c|`, . �?| +:,

zkhuh �?| �
S�

�'� �
?
�c|/ q @ id> ej1 Htxdwlrq +:, ghfrpsrvhv lqqrydwlrqv lq djjuhjdwh rughu �rz

lqwr d olqhdu frpelqdwlrq ri wkh lqqrydwlrqv wr H ^sW| m�c|` > H^u�c|m�c|` dqg �|> wkdw fdq eh xvhg lq

frqmxqfwlrq zlwk +7, wr h{dplqh wkh h�hfwv ri sxeolf dqg sulydwh qhzv1

��� ��M*�U @?_ �h��@|i �i�t

Sxeolf qhzv lv gh�qhg dv wkh duulydo ri qhz sulfh0uhohydqw lqirupdwlrq wr doo pdunhw sduwlflsdqwv

vlpxowdqhrxvo| dqg wkhlu krprjhqhrxv lqwhusuhwdwlrq ri lwv lpsolfdwlrqv iru htxloleulxp sulfhv1

Vxfk qhzv lv lghqwl�hg lq wkh prgho e| d krprjhqhrxv uhylvlrq lq ghdohu uhvhuydwlrq sulfhv dqg

wkhlu ydoxdwlrqv ri wkh groodu dfurvv wkh pdunhw1 Wklv lpsolhv wkdw uH ^sW| m�c|` @ u�| iru doo l1

Udwlrqdo ghdohuv dovr uhfrjql}h wklv idfw vr wkdw uH ^u�c|m�c|` @ uH ^sW| m�c|` iru doo l1 Sxeolf qhzv

lv qrw rqo| khdug doo ghdohuv/ exw lw lv dovr shufhlyhg e| hdfk rqh dv ehlqj uhfhlyhg dqg lqwhusuhwhg

krprjhqhrxvo| dfurvv wkh zkroh pdunhw1

Xqghu wkhvh flufxpvwdqfhv/ wkh lqqrydwlrqv wr djjuhjdwh rughu �rz dqg txrwhv iurp +7, dqg +:,

duh

u{| @ 3> us?�c| @ uH ^sW| m�c|` b l dqg q @ id> ej= +;,

Wkxv/ djjuhjdwh rughu �rz uhpdlqv xqfkdqjhg zkloh txrwhv pryh rqh0iru0rqh zlwk wkh frpprq

uhydoxdwlrq ri wkh groodu dfurvv wkh pdunhw1 Wkh �uvw uhvxow iroorzv iurp wkh idfw wkdw wkhuh lv qr

fkdqjh lq wkh glvwulexwlrq iru {�c| iru dq| ghdohu sdluv lq wkh pdunhw1 Wklv phdqv wkdw wkh pdunhw0

zlgh glvwulexwlrq ri wudqvdfwlrqv sulfhv +iru erwk ex|hu0lqlwldwhg sxufkdvhv dqg vdohv, vkliwv lq olqh

zlwk wkh glvwulexwlrq ri txrwhv1 Wkxv/ lq wrwdo/ wkh duulydo ri sxeolf qhzv lqgxfhv d vkliw lq wkh

glvwulexwlrq ri wudqvdfwlrqv sulfhv zlwk qr fkdqjh lq djjuhjdwh rughu �rz/

Sulydwh lqirupdwlrq fdq duulyh lq vhyhudo irupv1 W|sh L sulydwh qhzv wr ghdohu l lv uhsuhvhqwhg

e| dq lqqrydwlrq lq H ^sW| m�c|` wkdw lv qrw pdwfkhg e| wkh lqqrydwlrqv lq erwk H ^u�c|m�c|` dqg

�|= Wkh ghjuhh wr zklfk H ^u�c|m�c|` ydulhv ghshqgv rq wkh h{whqw wr zklfk ghdohu l eholhyhv wkdw

rwkhu ghdohuv duh suly| wr wkh qhzv1 Dw rqh h{wuhph/ ghdohu l pd| eholhyh wkdw kh lv wkh vroh

uhflslhqw ri wkh qhzv vr wkdw uH ^u�c|m�c|` @ 3= Dw wkh rwkhu/ l pd| eholhyh wkh qhzv wr eh sxeolf vr

wkdw uH ^sW| m�c|` @ uH ^u�c|m�c|` = Fkdqjhv lq �| ghshqg rq wkh h{whqw wr zklfk wkh qhzv lv dfwxdoo|

uhfhlyhg dfurvv ghdohuv lq wkh pdunhw1 Rqfh djdlq/ li l lv wkh rqo| ghdohu suly| wr wkh qhzv/ u�| @ 3>

exw li doo rwkhu ghdohuv uhfhlyh wkh qhzv uH ^sW| m�c|` @ u�|=

Wr h{dplqh wkh h�hfwv ri W|sh L qhzv/ ghqrwh � dv wkh vhw ri ghdohuv wkdw uhfhlyh wkh lqirupdwlrq

dqg uhtxhvwv iru txrwhv1 Dovr/ ohw �o� � uH ^u�c|m�c|` @uH ^sW| m�c|` dqg �>� � u�|@uH ^sW| m�c|` =
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Vxevwlwxwlqj wkhvh h{suhvvlrqv lqwr +7, dqg +:, jlyhv

u{| @
[
�Mw

!?� ^+�
o
� � �>� . �?

� +4� �o� ,`uH ^sW| m�c|` . �?|

+<,

us?�c| @ ^�o� . �?
� +4� �o� ,`uH ^sW| m�c|` l 5 �

Htxdwlrq +<, vkrzv wkdw W|sh L sulydwh qhzv ohdgv wr dq lqqrydwlrq lq erwk djjuhjdwh rughu �rz

dqg txrwhv xqghu prvw flufxpvwdqfhv1 H{fhswlrqv rffxu zkhq hlwkhu wkh lqqrydwlrqv lq {�c| fdqfho

rxw dfurvv wkh pdunhw/ ru zkhq �o� � �>� . �?
� +4� �o� , @ 3 iru doo l= Qrwlfh wkdw wklv odwwhu frqglwlrq

lv dozd|v phw iru sxeolf qhzv ehfdxvh lq wkh wklv fdvh �o� @ �>� @ 4 iru doo l1 Zh fdqqrw uxoh rxw

wklv srvvlelolw| khuh zlwkrxw ixuwkhu uhvwulfwlrqv1

Sulydwh lqirupdwlrq pd| dovr duulyh lq d irup wkdw ohdgv ghdohu l wr fkdqjh H ^u�c|m�c|` exw

qrw H ^sW| m�c|` = L vkdoo uhihu wr wklv dv W|sh LL sulydwh qhzv1 Fkdqjhv lq H ^u�c|m�c|` pd| ru pd|

qrw eh dffrpsdqlhg e| fkdqjhv lq wkh dfwxdo glvwulexwlrq ri uhvhuydwlrq sulfhv1 Iru h{dpsoh/

H ^u�c|m�c|` pd| fkdqjh zlwk rxw dq| yduldwlrq lq �| li ghdohu l ohduqv pruh derxw wkh glvwulexwlrq

ri uhvhuydwlrq sulfhv lq wkh pdunhw1 Dowhuqdwlyho|/ wkhuh pd| eh fkdqjhv lq wkh lqyhqwru| srvlwlrqv

ri ghdohuv dfurvv wkh pdunhw wkdw dowhu wkh glvwulexwlrq ri uhvhuydwlrq sulfhv1 Wkhvh fkdqjhv frxog

eh gxh wr lqwhughdohu wudgh ru wudgh ehwzhhq ghdohuv dqg fxvwrphuv rxwvlgh wkh pdunhw1 Lq hlwkhu

fdvh/ vlqfh wkh| fdqqrw eh gluhfwo| revhuyhg e| dq| vlqjoh ghdohu/ lw lv xqolnho| wkdw wkh lqqrydwlrqv

lq �| dqg H ^u�c|m�c|` zloo pdwfk iru dq| l1

W|sh LL sulydwh qhzv lv fkdudfwhul}hg e| lqqrydwlrqv lq �| dqg2ru H ^u�c|m�c|` zlwkuH ^sW| m�c|` @

3= Wkh lqqrydwlrqv wr djjuhjdwh rughu �rz dqg txrwhv xqghu wkhvh flufxpvwdqfhv duh

u{| @
�[
�Mw

!?� +4� �?
� ,uH ^u�c|m�c|`�

�[
�'�

!?� u�| . �?|

+43,

us?�c| @ +4� �?
� ,uH ^u�c|m�c|` l 5 �

zkhuh � lv wkh vhw ri ghdohuv wkdw uhfhlyh W|sh LL qhzv dqg uhtxhvwv iru txrwhv1 Khuh wkh qhzv d�hfwv

erwk djjuhjdwh rughu �rz dqg txrwhv h{fhsw lq wkh vshfldo fdvh zkhuh u�| @ +4��?
� ,uH ^u�c|m�c|` =

Lq vxppdu|/ wkh duulydo ri sxeolf qhzv dozd|v ohdgv wr d fkdqjh lq txrwhv dqg wudqvdfwlrqv sulfhv

zlwkrxw dq| d�hfw rq wkh sdwwhuq ri lqwhughdohu wudgh/ dqg khqfh djjuhjdwh rughu �rz1 E| frqwudvw/

sulydwh qhzv ri hlwkhu w|sh d�hfwv wkh sdwwhuq ri wudgh ehwzhhq ghdohuv dqg djjuhjdwh rughu �rz

xqghu doo exw wkh prvw h{fhswlrqdo ri flufxpvwdqfhv1 Wklv lv wkh edvlv iru wkh lghqwl�fdwlrq vfkhph

hpsor|hg lq wkh hpslulfdo prgho ehorz1
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Wr wklv srlqw L kdyh irfxvhg rq krz wkh duulydo ri lqirupdwlrq d�hfwv wudglqj ehwzhhq I[ ghdohuv1

Lqirupdwlrq zloo dovr d�hfw wkh lqglfdwlyh txrwhv srvwhg e| ghdohuv wr qhzv vhuylfhv olnh Uhxwhuv1

Wkhvh txrwhv uhsuhvhqw wkh sxeolf*v prvw fxuuhqw lqirupdwlrq rq lqwhughdohu wudqvdfwlrqv dqg wkh|

surylgh d vljqdo derxw wkh sulfhv dw zklfk ghdohuv zloo wudgh zlwk wkh sxeolf +l1h1/ ghdohu0fxvwrphu

wudghv,1

Ohw tK�c| dqg t@�c| ghqrwh wkh lqglfdwlyh elg dqg dvn txrwhv srvwhg e| ghdohu l> lqglfdwlqj wkh sulfh

dw zklfk wkh ghdohu zloo wu| wr ex| dqg vhoo d �{hg qxpehu ri grooduv iurp wkh sxeolf1 Ehfdxvh wkhuh

pd| eh xqh{shfwhg fkdqjhv lq pdunhw frqglwlrqv ehwzhhq wkh wlph d fxvwrphu khduv wkh txrwhv

dqg sodfhv dq rughu/ dqg wkh wlph wkdw wkh ghdohu fdq ixo�oo lw/ pdunhw frqyhqwlrq doorzv iru wkh

dfwxdo sxufkdvh ru vdoh sulfh wr gl�hu iurp wkh txrwhv1 Wkxv/ tK�c| dqg t@�c| duh _lqglfdwlyh% ri wkh

sulfhv dw zklfk ghdohu0fxvwrphu wudghv dfwxdoo| wdnh sodfh1b

Wr xqghuvwdqg krz wkh duulydo ri lqirupdwlrq d�hfwv lqglfdwlyh txrwhv/ zh qhhg wr �uvw frqvlghu

zkdw prwlydwhv ghdohuv wr srvw wkhp1 Eurdgo| vshdnlqj/ wkh dlp pxvw eh wr jhqhudwh fxvwrphu

rughuv1 Wkhvh rughuv duh lpsruwdqw wr ghdohuv iru wzr uhdvrqv1 Iluvw/ wkh| uhsuhvhqw d vljql�fdqw

vrxufh ri d ghdohu*v sur�wv ehfdxvh wkh vsuhdgv rq ghdohu0fxvwrphu wudghv duh pxfk odujhu wkdq lq

wkh lqwhughdohu pdunhw1�f Wklv phdqv/ iru h{dpsoh/ wkdw ghdohu l frxog �oo d fxvwrphu sxufkdvh

rughu iru '8p e| ex|lqj iurp ghdohu m dw s@�c|> dqg vhoolqj wkh grooduv rq dw s@�c| .  * t@�c| +l1h1/

forvh wr wkh lqglfdwlyh txrwh, zlwk pdunxs  = Vhfrqg/ rughuv iurp fxvwrphuv surylgh dq lpsruwdqw

fkdqqho wkurxjk zklfk ghdohuv fdq pdqdjh wkhlu lqyhqwrulhv1 Wklv lv sduwlfxoduo| wuxh dw wkh hqg

ri wkh wudglqj gd| zkhq ghdohuv wu| +ru duh irufhg, wr holplqdwh wkhlu lqyhqwru| lpedodqfhv1 Zlwk

yhu| ihz wudghuv zloolqj ru deoh wr fduu| ryhuqljkw srvlwlrqv/ fxvwrphuv kdyh wr eh lqgxfhg wr

devrue pxfk ri wkh djjuhjdwh ghdohu lpedodqfh1�� Wkh srvwlqj ri lqglfdwlyh txrwhv uhsuhvhqwv wkh

sulqflsoh phdqv e| zklfk ghdohuv fdq d�hfw wkh �rz ri fxvwrphu rughuv1 Frqvhtxhqwo|/ ghdohuv

kdyh d vwurqj lqfhqwlyh wr pdlqwdlq d uhsxwdwlrq iru srvwlqj lqglfdwlyh txrwhv wkdw duh ylhzhg dv

xqeldvhg hvwlpdwhv ri wkh dfwxdo sulfhv dw zklfk wkh| zloo wudgh zlwk wkh sxeolf1

Krz vkrxog wkh duulydo ri sxeolf qhzv d�hfw wkhvh txrwhvB Frqvlghu wkh srvwlqj ghflvlrq ri

ghdohu l zkhq sxeolf qhzv duulyhv udlvlqj lqwhuedqn wudqvdfwlrqv sulfhv e| 433 slsv +l1h1/ 3134GP2',

Li kh udlvhv klv lqglfdwlyh txrwhv e| ohvv wkdq 433 slsv/ dqg kh kdv d uhsxwdwlrq iru xqedlvhgqhvv/
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wkhuh zloo eh d odujh lqfuhdvh lq fxvwrphu rughuv wr sxufkdvh grooduv ehfdxvh hyhu|rqh uhfrjql}hv

wkdw ghdohu l kdv ehfrph d uhodwlyho| fkhdshu vrxufh1 Vlqfh wkh +rssruwxqlw|, frvw ri sxufkdvlqj

grooduv lq wkh lqwhuedqn pdunhw kdv ulvhq e| 433 slsv/ ghdohu l qrz idfhv wkh survshfw ri hlwkhu

�oolqj wkh rughuv dw wkh xvxdo pdunxs dqg uhqhjlqj rq wkh lqglfdwlyh dvn txrwh/ ru orzhulqj wkh

pdunxs vr dv wr nhhs klv uhsxwdwlrq1 Dowhuqdwlyho|/ qrz vxssrvh ghdohu l srvwv qhz txrwhv wkdw

duh pruh wkdq 433 slsv kljkhu1 Lq wklv fdvh/ wkhuh zloo eh d odujh lqfuhdvh lq fxvwrphu rughuv wr

vhoo grooduv1 Rqfh djdlq wkh ghdohu pxvw fkrrvh ehwzhhq �oolqj wkh rughuv dw d orzhu pdunxs/ ru

uhqhjlqj rq wkh lqglfdwlyh elg txrwh1 Wkh ghdohu idfhv qrqh ri wkhvh fkrlfhv zkhq kh srvwv 433

sls kljkhu txrwhv1 Lq wklv fdvh wkhuh vkrxog eh qr fkdqjh lq wkh �rz ri fxvwrphu rughuv ehfdxvh

wkh frpshwlwlyh srvlwlrq ri ghdohu l uhodwlyh wr rwkhuv uhpdlqv wkh vdph lq wkh h|hv ri wkh sxeolf1

Pruhryhu/ vlqfh wkh sxeolf uhfrjql}hv wkdw wudqvdfwlrqv sulfhv lq wkh lqwhuedqn pdunhw kdyh ulvhq

e| 433 slsv/ wkh ghdohu fdq �oo rughuv dw klv xvxdo pdunxs zlwkrxw wkh orvv ri uhsxwdwlrq1

Wklv h{dpsoh looxvwudwhv zk| lqglfdwlyh txrwhv vkrxog pryh rqh0iru0rqh zlwk lqwhuedqn wudqvdf0

wlrqv sulfhv zkhq sxeolf qhzv duulyhv1 D ghdohu iroorzlqj dq dowhuqdwlyh txrwlqj srolf| frxog rqo|

pdlqwdlq klv uhsxwdwlrq iru xqeldvhg txrwlqj dw wkh frvw ri orzhulqj +ru holplqdwlqj, klv pdunxs/

 > dqg khqfh klv sur�w iurp ghdohu0fxvwrphu wudglqj1

Wkh duulydo ri sulydwh qhzv qhhg qrw kdyh wkh vdph d�hfw rq txrwhv1 Uhwxuqlqj wr rxu h{dpsoh/

vxssrvh ghdohu l udlvhv klv �up txrwhv is@�c|> s
K
�c|j e| 433 slsv rq wkh edvlv ri hlwkhu W|sh L ru W|sh LL

sulydwh qhzv1 Khuh wkhuh lv olwwoh gdqjhu ri orrvlqj klv uhsxwdwlrq iru xqeldvhg txrwlqj li kh fkrrvhv

qrw wr lqfuhdvh klv lqglfdwlyh txrwhv e| wkh vdph dprxqw1 Xqolnh wkh fdvh ri sxeolf qhzv/ wkhuh lv

qr frqvhqvxv derxw wkh fkdqjlqj ydoxh ri wkh groodu vr d idloxuh wr �oo dq rughu dw wkh lqglfdwlyh

txrwh fdq eh fuhgleo| dwwulexwhg wr dq xqh{shfwhg fkdqjh lq pdunhw frqglwlrqv1

Lq vxppdu|/ wkh duulydo ri sxeolf qhzv vkrxog ohdg lqglfdwlyh txrwhv wr pryh rqh0iru rqh zlwk

lqwhuedqn wudqvdfwlrqv sulfhv rwkhuzlvh ghdohuv ulvn orrvlqj wkhlu uhsxwdwlrq iru xqeldvhg txrwlqj1

Wklv uhsxwdwlrq lv lpsruwdqw ehfdxvh lqglfdwlyh txrwhv duh wkh sulqflsoh phdqv e| zklfk ghdohuv

d�hfw fxvwrphu rughu �rz/ dqg ghdohu0fxvwrphu wudghv duh dq lpsruwdqw vrxufh ri ghdohu sur�wv1

Wkh uhsxwdwlrqdo lqfhqwlyhv duh idu zhdnhu zkhq sulydwh qhzv duulyhv1 Xqghu wkhvh flufxpvwdqfhv/

lqglfdwlyh txrwhv pd| ru pd| qrw pryh rqh0iru0rqh zlwk wudqvdfwlrq sulfhv lq wkh lqwhuedqn pdunhw1

��D , U�@?}i +@|i 6�?_@4i?|@*t

Iru shuvshfwlyh rq wkh uhvxowv wkdw iroorz/ lw lv xvhixo wr uhodwh wkh wudglqj prgho wr pruh idploldu

pdfurhfrqrplf prghov1 Lq wkhvh prghov h{fkdqjh udwhv duh ghwhuplqhg e| ixqgdphqwdov vxfk dv

lqwhuhvw udwhv/ prqh| vxssolhv/ rxwsxw/ dqg rwkhu pdfurhfrqrplf yduldeohv1 Dw wkh irxqgdwlrq ri

jhqhudo htxloleulxp pdfur prghov olhv d qr0duelwudjh frqglwlrq

4 @ H ^p|n�}|n�m|` > +44,
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zkhuh }|n� lv wkh qrplqdo uhwxuq rq dq| wudghg dvvhw/ dqg p|n� lv wkh qrplqdo sulflqj nhuqho1 Lq

prghov zhuh wkhuh lv d uhsuhvhqwdwlyh djhqw/ p|n� lv htxdo wr wkh qrplqdo lqwhuwhpsrudo pdujlqdo

udwh ri vxevwlwxwlrq/ dqg | lv wkh djhqw*v lqirupdwlrq vhw1 Lq prghov zkhuh wkhuh duh djhqwv zlwk

gl�hulqj lqirupdwlrq vhwv/ vd| �c|/ wkh sulflqj nhuqho lv d |0phdvxudeoh qrq0qhjdwlyh udqgrp

yduldeoh dqg | @
V�

�c'��c| ^vhh Gx�h +4<<5,`1

Wkh lpsolfdwlrqv ri +44, iru wkh ehkdylru ri wkh h{fkdqjh udwh iroorz iurp wkh idfw wkdw wkh

frqglwlrq dssolhv wr erwk iruhljq dqg grphvwlf ulvn0iuhh erqgv zlwk uhwxuqv/ us| dqg u_| = Li s
W

| ghqrwhv

wkh grphvwlfv sulfh ri iruhljq fxuuhqf|/ dqgp|n� lv wkh sulflqj nhuqho phdvxuhg lq whupv ri grphvwlf

fxuuhqf|/ +44, lpsolhv wkdw

H ^p|n�m|` u
_
| @ H

�
p|n�s

W

|n�@s
W

| m|

�
us| =

Wkh htxloleulxp h{fkdqjh udwh lv irxqg e| vroylqj wklv vwrfkdvwlf gl�huhqfh htxdwlrq iru sW| = Lwhudwlqj

iruzdug/ zlwk wkh orqj0uxq ohyho ri sW| qrupdol}hg wr xqlw|/ zh jhw

sW| @ H
kT

"

�'f u
s
|n�#|n�@u

_
|n�

���|

l
+45,

zkhuh #| � 4 . Fry+p|n�> s
W

|n�m|,@H^p|n�m|`H^s
W

|n�m|`,=
�2

Lq uhsuhvhqwdwlyh djhqw prghov/ #3�| lghqwl�hv wkh iruhljq h{fkdqjh ulvn suhplxp ^l1h1 wkh

h{shfwhg h{fhvv uhwxuq rq lqyhvwlqj lq iruhljq erqgv uhodwlyh wr wkh grphvwlf ulvn0iuhh udwh1` Lq

wklv fdvh/ +45, vkrzv wkh htxloleulxp vsrw udwh wr eh htxdo wr wkh h{shfwhg surgxfw ri ixwxuh

lqwhuhvw gl�huhqwldov dgmxvwhg iru wkh ulvn suhplxp= Khuh fkdqjhv lq sW| pxvw ruljlqdwh iurp qhzv

derxw fxuuhqw dqg ixwxuh lqwhuhvw udwhv dqg2ru pryhphqwv lq wkh ulvn suhplxp> qhzv derxw prqh|

vxssolhv/ rxwsxw/ ru rwkhu pdfurhfrqrplf yduldeohv fdq rqo| d�hfw vsrw udwhv lqvridu dv wkh| d�hfw

wkh iruhfdvwv ri us|n� / u
o
|n� ru #|n� =Pruhryhu/ +45, lpsolflwo| uxohv rxw dq| uroh iru sulydwh lqirupdwlrq

lq wkh ghwhuplqdwlrq ri vsrw udwhv1 E| frqvwuxfwlrq/ doo wkh uhohydqw qhzv lq wkhvh prghov lv

pdfurhfrqrplf dqg sxeolf1 Wklv ohdgv wr wkh vwurqj suhglfwlrq wkdw fkdqjhv lq htxloleulxp vsrw

udwh wdnhv sodfh zlwkrxw wudgh1

Zh fdq dovr xvh +45, wr frqvlghu wkh ehkdylru ri htxloleulxp h{fkdqjh udwhv lq pdfur prghov

zlwk khwhurjhqrxv djhqwv1 Lq wklv fdvh/ | lv wkh srrohg vhw ri lqirupdwlrq dydlodeoh lqglylgxdov dw
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w> dqg sW| lghqwl�hv wkh htxloleulxp vsrw h{fkdqjh udwh lq wkh hfrqrp| lq wkh vshfldo fdvh zkhuh

djhqwv kdyh wkh vdph lqirupdwlrq vhwv1 Zkhq djhqwv kdyh gl�huhqw lqirupdwlrq/ �c| � |> vr e|

lwhudwhg h{shfwdwlrqv/

H ^sW| m�c|` @ H
kT

"

�'f u
s
|n�#|n�@u

_
|n�

����c|

l
= +46,

Htxdwlrq +46, vkrzv krz lqglylgxdo*v hvwlpdwhv ri sW| duh uhodwhg wr ixqgdphqwdov lq wkh frqwh{w

ri khwhurjhqrxv djhqw pdfurhfrqrplf h{fkdqjh udwh prgho1 Lq sduwlfxodu/ lw vkrzv wkdw wudglwlrqdo

pdfurhfrqrplf yduldeohv olnh prqh| vxssolhv dqg rxwsxw zloo d�hfw H ^sW| m�c|` lqvridu dv wkh| lpsdfw

xsrq lqglylgxdo iruhfdvwv ri wkh lqwhuhvw udwhv dqg wkh ulvn suhplxp=�� Zlwklq wklv frqwh{w/ qhzv

frqfhuqlqj pdfur yduldeohv zloo eh sxeolf li lw ohdgv doo lqglylgxdov wr wkh vdph uhylvlrq lq wkh

iruhfdvwv iru us|n�#|n�@u
_
|n� iru doo m � 3= E| frqwudvw/ iruhfdvw uhylvlrqv wkdw gl�hu dfurvv lqglylgxdov

frqvwlwxwh sulydwh qhzv1 Vxfk qhzv pd| frqfhuq dgydqfhg lqirupdwlrq derxw pdfur yduldeohv ru

prqhwdu| srolf|1 Li frxog dovr frqfhuq lqirupdwlrq derxw wkh pdq| rwkhu vwdwh yduldeohv wkdw d�hfw

wkh htxloleulxp ehkdylru ri lqwhuhvw udwhv ru wkh sulflqj nhuqho lq d khwhurjhqhrxv djhqw prgho1

Frpelqlqj +46, zlwk +;, lq wkh fdvh ri sxeolf qhzv/ jlyhv wkh iroorzlqj htxdwlrq iru wkh lqqr0

ydwlrq lq wudqvdfwlrq sulfhv

us?�c| @ uH
kT

"

�'f u
s
|n�#|n�@u

o
|n�

����c|

l
q @ id> ej> +47,

zkhuh uH ^=m�c|` lv wkh vdph dfurvv doo lqglylgxdov/ l1 Khuh wudqvdfwlrqv sulfhv lpphgldwho| uh�hfw

wkh ixoo fkdqjh lq lqglylgxdov* h{shfwdwlrqv frqfhuqlqj ixqgdphqwdov dqg vr h{klelw vhpl0vwurqj0

iurp h�flhqf|1

Wudqvdfwlrqv sulfhv uhvsrqg wr sxeolf qhzv lq wkh wudglqj prgho lq wkh vdph zd| dv htxloleulxp

pdfurhfrqrplf h{fkdqjh prghov suhglfw1 Zkloh pdfur prghov zlwk khwhurjhqhrxv djhqwv dgplw

wkh srvvlelolw| wkdw sulydwh qhzv frxog dovr d�hfw h{fkdqjh udwhv/ wklv srvvlelolw| kdv qrw ehhq

hpskdvl}hg lq wkh olwhudwxuh1 Udwkhu wkh irfxv kdv ehhq rq wkh uroh ri sxeolf qhzv1 Zlwk wklv

irfxv/ htxdwlrq +47, uhsuhvhqwv wkh fdqrqlfdo pdfur ylhz ri krz wudqvdfwlrqv sulfhv lq wkh I[

pdunhw duh ghwhuplqhg1 E| frpelqlqj wudqvdfwlrqv sulfhv dqg rughu �rz/ wkh hpslulfdo prgho

suhvhqwhg ehorz doorzv xv wr dvvhvv wkh ydolglw| ri wklv ylhz zlwkrxw wkh qhhg wr lghqwli| lqglylgxdo

lqirupdwlrq/ �c|> ru wkh htxloleulxp ulvn suhplxp/ #|=

��5|h�U!*) tTi@!�?}c |�ihi ��** ?L| Mi @ t�?}*i uLhi�}? i �@?}i h�t! Thi4��4 �? @ �i|ihL}i?iL�t @}i?| 4L_i* MiU@�ti
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Wkh h�hfwv ri sxeolf dqg sulydwh qhzv duh hvwlpdwhg zlwk d vwuxfwxudo Yhfwru Dxwruhjuhvvlrq/

YDU1 Ohw \| @ ^� oq s|> {|> oq t| � oq s|` eh d yhfwru frqwdlqlqj wkh gl�huhqfh ehwzhhq wkh orjv ri

wkh odvw wudqvdfwlrq sulfhv lq shulrgv w dqg w � 4> djjuhjdwh rughu �rz gxulqj shulrg w/ dqg wkh

gl�huhqfh ehwzhhq wkh orjv ri wkh odvw lqglfdwlyh txrwh dqg wudqvdfwlrq sulfh gxulqj shulrg w= Edvhg

rq wkh vwdwlvwlf lq Wdeoh 4/ L dvvxph wkdw \| iroorzv d vwdwlrqdu| wlph vhulhv surfhvv zlwk wkh Zrog

uhsuhvhqwdwlrq/

\| @ � .�+O,%|> +48,

zkhuh %| lv d 6�4 yhfwru ri rqh0vwhs0dkhdg iruhfdvw huuruv lq \| jlyhq lqirupdwlrq rq odjjhg ydoxhv

ri \|= �+O, @
S

�'f��O
� lv d pdwul{ sro|qrpldo lq wkh odj rshudwru zlwk �f qrupdol}hg wr wkh

lghqwlw| pdwul{= Wkh iruhfdvw huuruv duh vhuldoo| xqfruuhodwhg zlwk phdq }hur dqg fryduldqfh pdwul{

	0= Htxdwlrq +48, lv d uhgxfhg irup uhsuhvhqwdwlrq iru wkh g|qdplfv ri I[ wudglqj wkdw fdq eh

hvwlpdwhg e| d YDU iurp wkh gdwd1

Zh duh lqwhuhvwhg lq wkh vwuxfwxudo prgho frqvlvwhqw zlwk wkh wudglqj prgho wkdw ohdgv wr +48,1

Wklv prgho kdv wkh irup

\| @ � .�+O,�|> +49,

zkhuh �| � ^x|> y�c|> y2c|`
� lv d yhfwru ri vhuldoo| xqfruuhodwhg vwuxfwxudo glvwxuedqfhv zlwk phdq }hur

dqg gldjrqdo fryduldqfh pdwul{ 	#= Dvvxplqj wkdw wkhvh glvwxuedqfhv olh lq wkh vsdfh vsdqqhg e|

fxuuhqw dqg odjjhg ydoxhv ri \|> +48, lv d uhgxfhg irup iru +49, zlwk %| @ �f�| dqg �+O, @ �+O,�3�
f
=

Wkh vwuxfwxudo prgho lv lghqwl�hg e| sodflqj uhvwulfwlrqv rq wkh lpsdfw pdwul{ �f dvvxplqj wkdw

�| frpsulvhv sxeolf qhzv/ x|> dqg wzr sulydwh qhzv vkrfnv/ y�c| dqg y2c| =

�f @

5
997
��� ��2 3

3 �22 �2�

3 ��2 ���

6
::8 = +4:,

Wkh �uvw froxpq ri �f vkrzv wkdw lpsdfw ri wkh sxeolf qhzv1 Dv lq wkh wudglqj prgho/ wklv

vkrfn d�hfwv wudqvdfwlrqv sulfhv exw qrw djjuhjdwh rughu �rz1 Sxeolf qhzv dovr lqgxfhv lqglfdwlyh

txrwhv wr pryh lq olqh zlwk wudqvdfwlrqv sulfhv vr wkhuh lv qr fkdqjh lq wkh orj vsuhdg/ oqt� oq s=�e

Wkh uhpdlqlqj froxpqv vkrz wkh lpsdfw ri wkh wzr sulydwh qhzv vkrfnv/ y�c|> dqg y2c|1 Wkh fhqwhu

�e5|h�U|*) tTi@!�?}c |�i @?@*)t�t @ML�i �4T*�it |�@| T�M*�U ?i�t �@t ?L @giU| L? |�i tThi@_c ^3Rc MiU@�ti �?_�U@|��i
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froxpq vkrzv wkdw y�c| d�hfwv wudqvdfwlrqv sulfhv dqg djjuhjdwh rughu �rz dv lq wudglqj prgho1

y2c| uhsuhvhqwv wkh h�hfw ri d vkliw wkh glvwulexwlrq ri uhvhuydwlrq sulfhv wkdw jrhv xquhfrjql}hg e|

ghdohuv pdnlqj txrwhv1 Wklv lv d irup ri sulydwh qhzv wkdw d�hfwv djjuhjdwh rughu �rz exw qrw

wudqvdfwlrqv sulfhv1 Vlqfh wkhuh lv qr vwurqj wkhruhwlfdo suhvxpswlrq derxw krz sulydwh qhzv d�hfwv

wkh uhodwlrq ehwzhhq lqglfdwlyh txrwhv dqg wudqvdfwlrqv sulfhv/ L gr qrw uhvwulfw krz y�c|> dqg y2c|

d�hfw lqqrydwlrqv lq oq t| � oq s|=

Wkhuh duh wzr lpsruwdqw gl�huhqfhv ehwzhhq wkh vwuxfwxuh ri wklv hpslulfdo prgho dqg wkh

YDUv hpsor|hg e| Kdveurxfn +4<<4, dqg Sd|qh +4<<<,1 Iluvw/ wkh prgho xvhv wudqvdfwlrqv sulfhv

udwkhu wkdq wkh �up txrwhv ri lqglylgxdo ghdohuv1 Sd|qh/ iru h{dpsoh/ xvhv d YDU wr hvwlpdwh krz

txrwhv rq dq hohfwurqlf eurnhudjh v|vwhp duh d�hfwhg e| lqqrydwlrqv lq rughu �rz1 Vlqfh wkhuh lv

qr lqirupdwlrq rq wkh vhtxhqfh ri txrwhv pdgh e| hdfk ghdohu lq p| gdwd/ wklv lv qrw d ihdvleoh

phwkrg iru hvwlpdwlqj wkh lpsdfw ri sulydwh qhzv khuh1 Vhfrqg/ wkh hpslulfdo prgho deryh doorzv

vrph irupv ri sulydwh qhzv wr frqwhpsrudqhrxvo| d�hfw erwk wudqvdfwlrqv sulfhv dqg rughu �rz1

Wklv zrxog qrw eh srvvleoh lq d fhqwudol}hg pdunhw ehfdxvh �up txrwhv duh vhw ehiruh wudgh wdnhv

sodfh1 Khuh zh duh frqvlghulqj sulfhv dqg rughu �rz dfurvv d ghfhqwudol}hg pdunhw zkhuh sulydwh

qhzv lv glvwulexwhg dfurvv vrph ghdohuv lqlwldwlqj frqyhuvdwlrqv dqg vrph pdnlqj txrwhv ^vhh +<,

dqg +43, deryh`1

Wkh vwuxfwxudo prgho lv hvwlpdwhg iurp d YDU iru \| dv iroorzv1 Hvwlpdwhv ri wkh lpsdfw pdwul{/

�f> duh irxqg dv wkh vroxwlrq wr a	0 @ a�f	#
a�
�

f zkhuh 	# lv qrupdol}hg wr wkh lghqwlw| pdwul{ dqg

a	0 lv wkh hvwlpdwhg fryduldqfh pdwul{ ri wkh YDU lqqrydwlrqv1 Wkh uhpdlqlqj hohphqwv ri �+O,

duh ghulyhg dv a�+O, @ a�+O,a�f zkhuh a�+O, lv wkh prylqj dyhudjh sro|qrpldo lq O lpsolhg e| wkh

YDU hvwlpdwhv1

Zlwk wkhvh hvwlpdwhv lq kdqg zh fdq h{dplqlqj krz x| vkrfnv frqwulexwlrq wkh yduldelolw| ri

h{fkdqjh udwh pryhphqwv1 Vwulfwo| vshdnlqj/ vxfk hvwlpdwhv zloo surylgh dq xsshu erxqg rq wkh

frqwulexwlrq ri sxeolf qhzv ehfdxvh lw lv srvvleoh iru vrph irupv ri sulydwh qhzv wr eh wuhdwhg dv

dq x| vkrfn xqghu wkh lghqwl�fdwlrq vfkhph lq +4:,1 Iurp wklv shuvshfwlyh/ wkh uhvxowv suhvhqwhg

ehorz zloo eh eldvhg wrzdugv wkh wudglwlrqdo pdfurhfrqrplf ylhz wkdw sxeolf qhzv lv wkh grplqdqw

vrxufh ri h{fkdqjh udwh pryhphqwv1

e�2 �L_i* ,t|�4@|it

Hvwlpdwhv ri wkh vwuxfwxudo prgho lq +49, dqg +4:, duh ghulyhg iurp hvwlpdwlqj d YDU iru \| xvlqj

gdwd vdpsohg hyhu| �yh plqxwhv gxulqj wkh wudglqj gd|1 Lq ylhz ri wkh vhdvrqdo sdwwhuqv lq Iljxuh

4/ wkh wudglqj gd| lv gh�qhg e| wkh shulrg ehwzhhq :33 dqg 4<33 kuv1 EVW1 Wkh YDUv lqfoxgh

d vhw ri gxpp| yduldeohv wr doorz iru wkh h�hfw rq qrq0frqwlqxrxv revhuydwlrqv/ vxfk dv ehwzhhq

wudglqj gd|v1 Wkh uhvxowv uhsruwhg ehorz duh ghulyhg iurp hvwlpdwhv zlwk 9 odjv1

Wdeoh 5 uhsruwv vxppdu| vwdwlvwlfv iurp wkh YDU1 Sdqho L vkrzv wkh pdujlqdo vljql�fdqfh
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Wdeoh 5= Vxppdu| YDU Uhvxowv

Judqjhu Fdxvdolw| Whvwv

Htxdwlrqv
Yduldeohv � oq sw {w oq tw � oq sw
�oq sw ?31334 ?31334 317:7
{w ?31334 ?31334 31543

oq tw � oq sw ?31334 ?31334 31575

LL= Gldjqrvwlfv

T6 31<:5 31<<< 31<<<
T9 3174; 31<<< 31<<<

Vhdvrqdov 315;5 31444 31863
Hljhqydoxhv 31:46 318:< 318:<
Qrwhv= Djjuhjdwh rughu �rz {w lv wkh gl�huhqfh ehwzhhq wkh qxp0
ehu ri groodu sxufkdvhv dqg vdohv/ � oq sw lv wkh fkdqjh lq wkh orj
sxufkdvh +dvn, sulfh/ dqg oq tw � oq sw lv wkh gl�huhqfh ehwzhhq wkh
orjv ri wkh odvw dvn txrwh dqg wkh odvw sxufkdvh sulfh/ hdfk fdofx0
odwhg ryhu d �yh plqxwh lqwhuydo1

ohyhov iurp wkh Judqjhu Fdxvdolw| whvwv1 Zh fdq uhmhfw wkh qxoo ri qr Judqjhu Fdxvdolw| iurp dq|

ri wkh yduldeohv lq wkh htxdwlrqv iru wudqvdfwlrqv sulfh fkdqjhv/ � oq s|> dqg djjuhjdwh rughu �rz/

{|> dw wkh rqh shufhqw ohyho1 E| frqwudvw/ wkhuh lv olwwoh hylghqfh wkdw dq| yduldeoh suhglfwv wkh

gl�huhqfh ehwzhhq txrwh dqg wudqvdfwlrqv sulfhv/ oq t|� oq s|= Sdqho LL uhsruwv vljql�fdqfh ohyhov iru

Er{0Slhufh T0vwdwlvwlfv iru 6*ug1 dqg 9*wk1 rughu vhuldo fruuhodwlrq lq wkh YDU uhvlgxdov/ xqghu T�

dqg TS uhvshfwlyho|1 Wkh olqh pdunhg Vhdvrqdov vkrzv vljql�fdqw ohyhov iurp OP whvwv iru vhdvrqdo

yduldwlrq lq wkh uhvlgxdov ryhu shulrgv vwduwlqj dw ;33/ 4333/ 4533 4733 dqg 4933 kuv1 Qrqh ri

wkhvh whvwv duh vljql�fdqw dw wkh 43 shufhqw ohyho1 Wkh wdeoh dovr uhsruwv wkh prgxoxv ri wkh wkuhh

odujhvw hljhqydoxhv ri wkh YDU frpsdqlrq pdwul{1 Doo wkhvh vwdwlvwlf vxjjhvw wkdw � oq s|> {| dqg

oqt|� oqs| mrlqwo| iroorz d vwdwlrqdu| surfhvv zklfk kdv g|qdplfv wkdw duh zhoo0uhsuhvhqwhg e| wkh

hvwlpdwhg YDU1

Wkh uhvxowv lq wdeoh 5 pd| eh vxusulvlqj wr uhdghuv idploldu zlwk wkh gl�fxowlhv ri iruhfdvwlqj

h{fkdqjh udwh pryhphqwv dw orzhu iuhtxhqflhv1 Krzhyhu/ wkh suhglfwdelolw| lpsolhg khuh lv frqvlvwhqw

zlwk wkh xqsuhglfwdeoh fkdqjhv lq vsrw udwhv ryhu zhhnv/ prqwkv dqg orqjhu1 Lw lv dovr zruwk qrwlqj

wkdw wkh suhglfwdelolw| ri � oq s| grhvq*w qhfhvvdulo| lpso| pdunhw lqh�flhqf|1 Hyhq wkrxjk ghdohuv

kdyh dffhvv wr wkhlu rzq wudqvdfwlrq uhfrugv/ wkh| gr qrw kdyh dffhvv wr lqirupdwlrq rq wkh wudghv

ehwzhhq rwkhu ghdohuv1 Wkh odjjhg ydoxhv ri � oq s| dqg {| uhsuhvhqwv d klvwru| ri pdunhw dfwlylw|

wkdw ghdohuv fdq rqo| lqihu lqgluhfwo|1 Li wkh pdunhw lv wudqvsduhqw vr wkhvh lqihuhqfhv duh suhflvh/

wkh suhglfwdelolw| ri � oqs| lpsolhg e| wkh djjuhjdwh gdwd lv uhsuhvhqwdwlyh ri krz zhoo lqglylgxdo
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ghdohuv fdq suhglfw sulfh fkdqjhv1 Lq wklv fdvh/ wkh hylghqfh lq Wdeoh 5 srlqwv wr wkh suhvhqfh ri

xqh{sorlwhg sur�w rssruwxqlwlhv1 Dowhuqdwlyho|/ li orz wudqvsduhqf| lq wkh pdunhw pdnhv lqihuhqfhv

derxw wkh odjjhg ydoxhv ri � oq s| dqg {| yhu| lpsuhflvh/ sulfh fkdqjhv pd| dsshdu frpsohwho|

xqsuhglfwdeoh wr ghdohuv1 Lq wklv fdvh/ wkh hylghqfh lq wkh Wdeoh 5 srlqwv wr orz wudqvsduhqf| lq

wkh pdunhw udwkhu wkdq lqh�flhqf|1

Wdeoh 6= YDU Yduldqfh Ghfrpsrvwlrqv

Htxdwlrq
� oq sw {w oq tw � oq sw

krul}rq vrxufh vkrfn ( +Vwg1 Huu1, ( +Vwg1 Huu1, ( +Vwg1 Huu1,
8 plqv sxeolf x 76175: +<184;, 31333 0 31333 0

sulydwh y4 891856 +<184;, 31:8: +31439, <<1<57 +31738,
sulydwh y5 31333 0 <<1576 +31439, 313:9 +31738,

4 krxu sxeolf x 761739 +<1833, 8914<9 +431;47, 751886 +;16<4,
sulydwh y4 89189< +<17<<, <16;9 +491<4:, 31953 +641:86,
sulydwh y5 31358 +31393, 67174: +481569, 891;5: +641;55,

8 krxuv sxeolf x 761739 +<1833, 941875 +441<<7, 941876 +441<<4,
sulydwh y4 89189< +<17<<, 44138; +4:1535, 44138< +4:168;,
sulydwh y5 31358 +31393, 5:16<< +471::6, 5:16<; +471<69,

Qrwhv= Wkh wdeoh uhsruwv wkh shufhqwdjh ri wkh yduldqfh lq wkh yduldeoh khdglqj hdfk froxpq
dwwulexwdeoh wr hdfk ri wkh wkuhh vkrfnv1 Vwdqgdug huuruv duh edvhg rq Prqwh Fduor vlpx0
odwlrqv ri wkh YDU zlwk 4333 uhsolfdwlrqv1 � oqsw lv wkh fkdqjh lq wkh orj sxufkdvh +dvn,
sulfh/ {w lv djjuhjdwh rughu �rz/ dqg oq tw � oq sw lv wkh gl�huhqfh ehwzhhq wkh orjv ri wkh
odvw dvn txrwh dqg wkh odvw sxufkdvh sulfh/ hdfk fdofxodwhg ryhu d �yh plqxwh lqwhuydo1

Wdeoh 6 uhsruwv wkh yduldqfh ghfrpsrvlwlrqv iru wkh wkuhh yduldeohv dw wkh 8 plqxwh/ 4 krxu/ dqg

8 krxu krul}rqv1 Wkh vwdqgdug huuru dvvrfldwhg zlwk hdfk vwdwlvwlf duh fdofxodwhg iurp 4333 Prqwh

Fduor vlpxodwlrqv edvhg rq wkh YDU hvwlpdwhv1

Wkh prvw vwulnlqj uhvxow lq wklv wdeoh frqfhuqv wkh uhodwlyh frqwulexwlrq ri sxeolf dqg sulydwh

vkrfnv wr wkh yduldqfh ri wudqvdfwlrqv sulfh fkdqjhv1 Lq wkh ohiw kdqg froxpq ri wkh wdeoh zh vhh

wkdw sxeolf vkrfnv dffrxqw iru rqo| 76( ri wkh yduldqfh lq sulfh fkdqjhv dw doo wkuhh krul}rqv1 Wklv

�qglqj frqwudvwv vwurqjo| zlwk wkh wudglwlrqdo pdfur ylhz wkdw sxeolf qhzv lv wkh suhgrplqdqw

vrxufh ri h{fkdqjh udwh pryhphqwv1 Sulydwh qhzv/ lq wkh irup ri wkh y� vkrfn frqwulexwhv prvw wr

wkh yduldqfh � oq s| dw doo krul}rqv1 Dv wkh fhqwhu froxpq vkrzv/ wklv vkrfn dffrxqwv iru d vpdoo

exw vwdwlvwlfdoo| vljql�fdqw iudfwlrq ri wkh yduldqfh ri rughu �rz dw wkh 8 plqxwh krul}rq1 Wkh

uhpdlqghu ri wkh yduldqfh lq {| lv gxh wr wkh y2 vkrfn1 Dw orqjhu krul}rqv/ sxeolf vkrfnv ehfrph

wkh grplqdqw vrxufh ri yduldqfh lq djjuhjdwh rughu �rz1 Lq wkh uljkw kdqg froxpq zh vhh wkdw y�

vkrfnv dffrxqw iru doprvw 433( ri wkh yduldqfh lq oq t| � oq s| zlwklq wkh 8 plqxwh lqwhuydo/ exw

sxeolf vkrfnv dffrxqw iru wkh pdmrulw| ri wkh yduldqfh dv wkh krul}rq lqfuhdvhv1
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Iljxuh 6

Wkh lpsxovh uhvsrqvhv vkrzq lq Iljxuh 6 surylgh frpsohphqwdu| hylghqfh rq wkh uroh ri sxeolf

dqg sulydwh qhzv vkrfnv1 Wkh judskv vkrz wkh uhvsrqvh sdwwhuqv wr d rqh vwdqgdug ghyldwlrq vkrfn

ryhu rqh krxu +45 �yh plqxwh shulrgv, zlwk wkh gdvkhg olqhv ghqrwlqj wkh <8( frq�ghqfh edqg
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fdofxodwhg iurp wkh Prqwh Fduor h{shulphqwv Wkh ohiw kdqg froxpqv vkrz wkh h�hfwv ri wkh sxeolf

qhzv vkrfn/ x= Khuh zh vhh wkdw � oq s ulvhv vljql�fdqwo| iru mxvw wzr shulrgv1 Wklv phdqv wkdw

wkh ixoo h�hfw ri sxeolf qhzv rq wkh ohyho ri wudqvdfwlrqv sulfhv lv uhdfkhg zlwklq 43 plqxwhv dqg

wkdw wkh h�hfw wkhuhdiwhu dsshduv wr eh shupdqhqw1 Wkh h�hfwv rq djjuhjdwh rughu �rz duh odujh

dqg shuvlvw iru dv orqj dv rqh krxu1 Wkxv/ zkloh sxeolf qhzv dsshduv wr eh txlfno| uh�hfwhg lq

wkh ohyho ri sulfhv/ lw kdv d orqj0odvwlqj lpsdfw rq wkh sdwwhuq ri wudgh dfurvv wkh pdunhw1 Sxeolf

qhzv vkrfnv dovr dsshdu wr kdyh shuvlvwhqw exw dowhuqdwlqj h�hfwv rq wkh vsuhdg ehwzhhq txrwhv

dqg wudqvdfwlrqv sulfhv/ oq t| � oq s|= Zkloh vwdwlvwlfdoo| vljql�fdqw/ wkhvh yduldwlrqv duh yhu| vpdoo

lq pdjqlwxgh1 Wkxv/ lqglfdwlyh txrwhv forvho| pluuru wkh uhvsrqvh ri wudqvdfwlrqv sulfhv wr sxeolf

qhzv1

Wkh fhqwhu froxpq vkrzv wkdw lpsdfw ri wkh sulydwh qhzv vkrfn/ y�= Wklv vkrfn orzhuv sulfhv dqg

udlvhv djjuhjdwh rughu �rz jhqhudwlqj d qhjdwlyh frqwhpsrudqhrxv fryduldqfh ehwzhhq {| dqg s|=

Zh fdq lqwhusuhw wklv �qglqj xvlqj wkh wudglqj prgho1 Lq sduwlfxodu/ htxdwlrqv +7, dqg +9, lpso|

wkdw Fry+us?�c|>u{�c|, @ !?
�

k
Y du+us?�c|,�Fry+us?�c|>u�|,

l
zkhuh !?

� ? 3= Khqfh lqqrydwlrqv lq

txrwhv dqg rughu �rz zloo eh qhjdwlyho| fruuhodwhg zkhq Y du+us?�c|, A Fry+us?�c|>u�|,> d frqglwlrq

lpso|lqj wkdw ghdohuv _ryhu0dgmxvw% txrwhv uhodwlyh wr wkh dfwxdo fkdqjh lq uhvhuydwlrq sulfhv= Lq

rwkhu zrugv/ zkhq sulydwh qhzv ohdgv wr d 4( idoo lq wkh dyhudjh uhvhuydwlrq sulfh/ ghdohuv orzhu wkhlu

txrwhv ex| pruh wkdq 4(1 Lqwhuhvwlqjo|/ wklv ryhuuhdfwlrq ri txrwhv lv iroorzhg e| d fruuhfwlrq1

Dv wkh lpsxovh uhvsrqvh sdwk iru � oqs vkrzv/ diwhu wkh lqlwldo shulrg/ wudqvdfwlrqv sulfhv ulvh

txlfno| wr wkhlu qhz orqj whup ohyho1 E| frqwudvw/ djjuhjdwh rughu �rz idoov ehorz }hur diwhu wkh

�uvw shulrg dqg uhpdlqv wkhuh iru vrph wlph1 Lqglfdwlyh txrwhv gr qrw pluuru wkh uhvsrqvh ri

wudqvdfwlrqv sulfhv wr wkh y� vkrfnv1 Lqlwldoo|/ srvlwlyh y� vkrfnv udlvh wkh vsuhdg ehwzhhq txrwhv

dqg wudqvdfwlrqv sulfhv1 Wklv lqfuhdvh doprvw pluuruv wkh idoo lq wudqvdfwlrqv sulfhv vr wkhuh lv olwwoh

lpsdfw rq lqglfdwlyh txrwhv1 Lq wkh qh{w shulrg/ wkh vsuhdg uhpdlqv xqfkdqjhg vr lqglfdwlyh txrwhv

ulvh zlwk wudqvdfwlrq sulfhv1

Wkh h�hfwv ri wkh y2 sulydwh qhzv vkrfn duh glvsod|hg lq wkh uljkw kdqg froxpq1 Wklv vkrfn

lghqwl�hv wkh h�hfw ri sulydwh qhzv wkdw vkliwv wkh glvwulexwlrq ri uhvhuydwlrq sulfhv zlwkrxw d�hfwhg

txrwhv1 Wkxv/ lw kdv qr lqlwldo h�hfw rq wudqvdfwlrqv sulfhv e| gh�qlwlrq1 Dv wkh �jxuhv vkrz/ d

srvlwlyh y2 vkrfn whpsrudulo| udlvhv djjuhjdwh rughu �rz dqg ohdgv wr d vpdoo idoo lq wudqvdfwlrqv

sulfhv1 Wklv uhvsrqvh sdwwhuq lv frqvlvwhqw zlwk dq lqlwldo idoo lq dyhudjh uhvhuydwlrq sulfhv wkdw

ohdgv ghdohuv wr vxevhtxhqwo| uhylvh wkh txrwhv grzqzdugv1 y2 vkrfnv dovr udlvh wkh vsuhdg ehwzhhq

lqglfdwlyh txrwhv dqg wudqvdfwlrqv sulfhv exw wkh h�hfw lv vpdoo dqg vwdwlvwlfdoo| lqvljql�fdqw1

Wr vxppdul}h/ wkh uhvxowv deryh fohduo| ghprqvwudwh wkdw sxeolf qhzv lv qrw wkh grplqdqw

vrxufh ri kljk iuhtxhqf| h{fkdqjh udwh pryhphqwv1 Udwkhu/ wkh hvwlpdwhv vxjjhvw wkdw wkhvh vkrfnv

frqwulexwh 83( dw prvw wr wkh yduldqfh ri vsrw udwhv ryhu krul}rqv udqjlqj iurp 8 plqxwhv wr 8

krxuv1 Wkh uhpdlqlqj yduldqfh lv dwwulexwdeoh wr sulydwh qhzv wkdw ohdgv wr lqqrydwlrqv lq erwk
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wudqvdfwlrqv sulfhv dqg djjuhjdwh rughu �rz uhsuhvhqwlqj wkh sdwwhuq ri lqwhughdohu wudgh1 Wkh

uhvxowv dovr vkrz wkdw zkloh sulfhv uhvsrqg surpswo| wr sxeolf qhzv/ wkh h�hfwv rq djjuhjdwh rughu

�rz shuvlvw iru dv pxfk dv dq krxu1 Wkhuh lv dovr hylghqfh wkdw sulfhv ryhuuhdfw wr sulydwh qhzv1

D �@UhL W4T*�U@|�L?t

Dowkrxjk wkhvh uhvxowv frqwudvw zlwk wkh suhydlolqj pdfur ylhz wkdw h{fkdqjh udwh yduldwlrqv duh

sulpdulo| dwwulexwdeoh wr sxeolf qhzv/ wkhlu uhohydqfh iru wkh dqdo|vlv ri h{fkdqjh udwh ehkdylru

ryhu shulrgv ri zhhnv/ prqwkv dqg orqjhu lv dv |hw xqfohdu1 Wr frqvlghu wklv lvvxh/ L qrz wxuq wr

h{dplqh wkh orz iuhtxhqf| lpsolfdwlrqv ri wkh YDU uhvxowv1

Iljxuh 7 surylghv d vlpsoh |hw lqirupdwlyh zd| wr h{dplqh krz sxeolf dqg sulydwh qhzv vkrfnv

lpsdfw xsrq vsrw h{fkdqjh udwhv1 Wkh judskv ghfrpsrvh wkh pryhphqwv lq wkh orj vsrw udwh dqg

fxpxodwlyh djjuhjdwh rughu �rz lqwr wkuhh frpsrqhqwv wkdw fruuhvsrqg wr hdfk ri wkh wkuhh qhzv

vkrfnv1 Vshfl�fdoo|/ wkh frpsrqhqwv duh

oq as�c| @ +4�O,3�a��c�+O,a��c|

+4;,

a{S
�c| @ +4�O,3�a�2c�+O,a��c|

iru l @ 4> 5> 6 zkhuh a��c�+O, ghqrwhv wkh m> l*wk1 hohphqw ri wkh hvwlpdwhg pdwul{ sro|qrpldo �+O,

lq +49,/ a��c| lv wkh l*wk hohphqw lq wkh hvwlpdwhg vkrfn yhfwru a��| � ^ax|> ay�c|> ay2c|`/ dqg {S
| @

S|
�'f {� 1

Wkxv/ oq as�c| dqg a{S
�c| uhsuhvhqw hvwlpdwhv ri wkh vsrw udwh dqg fxpxodwlyh rughu �rz li wkh rqo| qhzv

klwwlqj wkh iruhljq h{fkdqjh pdunhw gxulqj wkh vdpsoh shulrg lv sxeolf= Wkh �jxuh sorwv wkh oq as�c|

dqg a{S
�c| frpsrqhqwv zlwk vrolg olqhv dqg wkh vhulhv iru oq s| dqg {S

| zlwk gdvkhg olqhv1

Wkh judskv lq wkh wrs urz frpsduh oq s| zlwk oq as�c|> dqg {S
| zlwk a{S

�c|= Lq wkh vsrw udwh fdvh/ wkh

wzr vhulhv iroorz eurdgo| wkh vdph sdwk ryhu wkh �uvw 68 gd|v ri wkh vdpsoh1 Wkhuhdiwhu/ wkh oq as�c|

vhulhv dssuhfldwhv +idoov, e| dssur{lpdwho| 8( zkloh wkh dfwxdo h{fkdqjh udwh dssuhfldwhv e| rqo|

5(1 Wkh uhvxowlqj 6( jds ehwzhhq wkh vhulhv frqwlqxhv iru wkh qh{w 53 gd|v ehiruh vorzo| forvlqj

ryhu wkh uhpdlqghu ri wkh vdpsoh1 Wkxv/ ylhzhg ryhu wkh zkroh vdpsoh/ wkh ehkdylru ri oq as�c| dqg

oqs| gl�hu frqvlghudeo|1 Lq wkh fdvh ri rughu �rz/ wkh gl�huhqfhv ehwzhhq {S
| dqg a{S

�c| duh pxfk ohvv

surqrxqfhg1
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Iljxuh 7

Wkh fhqwhu urz ri judskv frpsduh oq s| zlwk oq as2c|> dqg {S| zlwk a{S
2c|= Uhfdoo wkdw wkh y� sulydwh

qhzv vkrfnv frqwulexwhg pruh wkdq 83( ri wkh yduldqfh ri vsrw udwh fkdqjhv dw kljk iuhtxhqflhv1

Khuh zh vhh wkdw wkhvh h�hfwv doprvw frpsohwho| glvvlsdwh dv zh pryh wr orzhu iuhtxhqflhv1 Wkh
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sorw iru oq as2c| lv hvvhqwldoo| �dw dqg glvsod|v qrqh ri wkh �xfwxdwlrqv lq oq s2c|= Wkh uhdvrq iru

wklv gl�huhqfh fdq eh irxqg lq wkh lpsxovh uhvsrqvh ixqfwlrqv1 Wkhuh zh vdz wkdw vsrw udwhv

ryhuuhdfwhg wr y� vkrfnv/ lqlwldoo| idoolqj dqg wkhq ulvlqj1 Wkhvh pryhphqwv h�hfwlyho| fdqfho rxw

zkhq zh frqvlghu wkh orz iuhtxhqf| pryhphqwv lq h{fkdqjh udwh1 Wkh h�hfwv ri y� rq rughu �rz

dovr sduwldoo| fdqfho rxw> a{S
2c| lv ohvv yduldeoh ryhu wkh vdpsoh wkdq {S

| =

Wkh h�hfwv ri wkh y2 vkrfn duh vkrzv lq wkh erwwrp urz ri judskv1 Dowkrxjk wkhvh sulydwh qhzv

vkrfnv frqwulexwh yhu| olwwoh wr wkh yduldqfh ri vsrw udwh fkdqjhv dw kljk iuhtxhqf|/ wkh| gr kdyh

d vljql�fdqw fxpxodwlyh h�hfw rq vsrw udwhv1 Dv lq wkh fdvh ri sxeolf qhzv/ wkhuh lv d frqvlghudeoh

glyhujhqfh ehwzhhq wkh sorw iru oq as�c| dqg wkh dfwxdo h{fkdqjh udwh1 Lq wkh devhqfh ri dq| rwkhu

vkrfnv/ wkh vsrw udwh zrxog kdyh ghsuhfldwhg e| dssur{lpdwho| 7( gxulqj wkh plggoh wklug ri wkh

vdpsoh/ dqg ghsuhfldwhg e| derxw 6( lq wkh odvw wklug1 Vlploduo|/ wkhuh lv d vljql�fdqw gl�huhqfh

ehwzhhq wkh sdwkv iru {S
| zlwk a{S

�c|=

Vlqfh wkh vsrw udwh lv wkh vxp ri lwv hvwlpdwhg frpsrqhqwv/ oqs| @ oq as�c| . oq as2c| . oq as�c| zh

fdq ghfrpsrvh wkh yduldqfh ri d n0shulrg fkdqjh lq oq s|> �
& oqs|> dv

Y du+�& oq s|, @ Fry+�& oq as�c|>�
& oq s|, . Fry+�& oq as2c|>�

& oq s|, . Fry+�& oq as�c|>�
& oqs|,=

Li sxeolf qhzv lv wkh suhgrplqdqw vrxufh ri vsrw udwh yduldwlrqv ryhu zhhnv/ prqwkv dqg orqjhu/

zh vkrxog h{shfw wr vhh wkh vhfrqg dqg wklug fryduldqfh whupv glvdsshdu dv n ehfrphv odujh1

Dowhuqdwlyho|/ li wkhvh fryduldqfh whupv uhpdlq gl�huhqw iurp }hur dv n ulvhv/ sulydwh qhzv pxvw

frqwulexwh vljql�fdqwo| wr wkh orz iuhtxhqf| yduldwlrqv lq vkrw udwhv1

Wdeoh 7 uhsruwv hvwlpdwhv ri wkh wkuhh fryduldqfh whupv dv d iudfwlrq ri Y du+�& oq s|, iru vsrw

udwh fkdqjhv ryhu rqh wr �iwhhq wudglqj gd|v1 Wkh hvwlpdwhv duh fdofxodwhg xvlqj wkh ydoxhv ri

oqs|>dqg oq as�c| dw 4533 kuv1 hdfk gd|1 Wkh wdeoh uhsruwv wkh vorsh frh�flhqw iurp wkh uhjuhvvlrq ri

�& oq as�c| rq �
& oq s| zlwk wkhvh gdlo| gdwd/ wrjhwkhu zlwk vwdqgdug huuruv wkdw doorz iru frqglwlrqdo

khwhurvnhgdvwlflw| dqg PD+n � 4, huuru vwuxfwxuh lqgxfhg e| wkh ryhuodsslqj revhuydwlrqv1

Dv froxpq LLL ri wkh wdeoh vkrzv/ sulydwh qhzv lq wkh irup ri y2 vkrfnv frqwulexwh vljql�fdqwo|

wr vsrw udwh fkdqjhv ryhu 4 wr 48 gd|v1 Pruhryhu/ vlqfh wkh devroxwh vl}h ri wkh vwdwlvwlfv ulvhv zlwk

n/ wkhvh uhvxowv vxjjhvw wkdw wkh frqwulexwlrq ri sulydwh qhzv pd| hyhq lqfuhdvh dv zh pryh wr

frqvlghu vsrw udwh g|qdplfv dw orzhu iuhtxhqf|1 Wkh uhvxowv lq froxpq L frpsolphqw wkhvh �qglqjv1

Khuh zh vhh wkdw wkh fryduldqfh ehwzhhq fkdqjhv lq wkh vsrw udwh dqg wkh sxeolf qhzv frpsrqhqw/

�& oq as�c|> duh juhdwhu wkdq wkh yduldqfh ri vsrw udwh fkdqjhv/ dqg lqfuhdvh zlwk n1 Wkxv/ dv zh

pryh wr orzhu iuhtxhqflhv/ fkdqjhv lq wkh vsrw udwh whqg wr lqfuhdvlqjo| xqghuvwdwh wkh fkdqjhv

sxuho| gxh wr sxeolf qhzv1 Wkh uhdvrq lv wkdw wkh oq as�c| dqg oq as�c| frpsrqhqwv pryh lq gl�huhqw

gluhfwlrqv gxulqj pxfk ri wkh vdpsoh shulrg1 Dv d frqvhtxhqfh/ wkh h�hfwv ri sxeolf dqg sulydwh

qhzv whqg wr sduwldoo| fdqfho rxw ryhu orqj krul}rqv1
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Wdeoh 7= Yduldqfh Ghfrpsrvlwlrqv E| Qhzv Vrxufh

L LL LL
n +gd|v, Fry+�& oq as�c|>�

& oq s|, Fry+�& oq as2c|>�
& oq s|, Fry+�& oq as�c|>�

& oq s|,

4 415;5 031353 031594
+3138;, +3133:, +3138:,

5 4156< 031349 031556
+3138<, +3133<, +31393,

6 41575 031348 03155:
+313;;, +31343, +313;:,

7 415;9 031353 031599
+31434, +3133<, +31433,

8 41697 03134: 03167:
+31455, +3133;, +31455,

43 41948 031366 0318;5
+3149<, +31338, +3149;,

48 41;8: 03135< 031;5:
+31533, +3133;, +314<4,

Qrwhv= Wkh wdeoh uhsruwv hvwlpdwhv ri wkh fryduldqfhv dv d iudfwlrq ri Y du+�& oq s|,=
Vwdqgdug huuruv duh uhsruwhg lq sduhqwkhvhv1

Lv sulydwh qhzv dq lpsruwdqw vrxufh ri h{fkdqjh udwh pryhphqwv ryhu krul}rqv ri zhhnv/ prqwkv/

dqg orqjhuB Rq wkh edvlv ri wkh hylghqfh deryh/ wkh vkruw dqvzhu lv |hv1 Li sxeolf qhzv zdv wkh

suhgrplqdqw vrxufh ri orz iuhtxhqf| h{fkdqjh udwh pryhphqwv/ wkhuh vkrxog qrw kdyh ehhq dq|

vljql�fdqw gl�huhqfh ehwzhhq wkh sdwkv iru oq as�c| dqg oq s|> wkh sorwv iru oq as2c| dqg oq as�c| vkrxog kdyh

erwk ehhq �dw/ dqg wkh vwdwlvwlfv lq froxpqv LL dqg LLL ri Wdeoh 7 vkrxog kdyh ehhq lqvljql�fdqwo|

gl�huhqw iurp }hur1 Wkh uhvxowv deryh fohduo| frqwudglfw wkhvh suhglfwlrqv1

Txdqwli| wkh lpsruwdqfh ri sulydwh qhzv lv pruh gl�fxow rqfh zh uhfrjql}h wkdw wkh gdwd fryhu

d uhodwlyho| vkruw wlph vsdq1 Hyhq wkrxjk wkh vwdqgdug huuruv lq Wdeoh 7 fruuhfw iru ryhuodsslqj

revhuydwlrqv zkhq hvwlpdwlqj wkh yduldqfh frpsrqhqwv/ lw lv zhoo0nqrzq wkdw wkhvh fruuhfwlrqv pd|

eh xquholdeoh1 Wkh vsdq ri wkh gdwd vhw lv vlpso| lqvx�flhqw wr uholdeo| slq grzq wkh vl}h ri

wkh sulydwh qhzv h�hfwv ryhu vhyhudo zhhnv1 Wkdw vdlg/ wkh vwdwlvwlfv lq Wdeoh 7 duh qhyhuwkhohvv

lpsuhvvlyh1 Lq sduwlfxodu/ wkh vwdwlvwlfv lq froxpq L lqglfdwh wkdw gdlo| fkdqjhv lq wkh vsrw udwh

xqghuvwdwh wkh h�hfwv ri sxeolf qhzv e| dssur{lpdwho| 55( +4042415;5,1 Zkloh fkdqjhv ryhu wkuhh

zhhnv xqghuvwdwh wkh h�hfwv ri sxeolf qhzv e| dv pxfk dv 79( +404241;8:, �D

�DA��t _Lit ?L| 4i@? |�@| |�i �@h�@?Ui Lu _@�*) tTL| h@|i U�@?}it �L�*_ �@�i Mii? @| *i@t| 2fI *@h}ih �u T�M*�U ?i�t
�@t |�i tL*i tL�hUi Lu i U�@?}i h@|i 4L�i4i?|t� A�i it|�4@|it Lu *? 	R�c|c @hi t�tUiT|�M*i |L |�i w�U@t Uh�|�^�i @?_ tL
t�L�*_ ?L| Mi �i��i_ @t |�i *i�i* Lu |�i i U�@?}i h@|i �? @ �Lh*_ ��|� L?*) T�M*�U ?i�t t�LU!t� +iU@** |�@| _i@*iht
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S �L?U*�t�L?

Wklv sdshu kdv xvhg d qhz gdwd vhw wr lqyhvwljdwh wkh ruljlqv ri h{fkdqjh udwh pryhphqwv1 Wkh

nh| ihdwxuh ri wklv dqdo|vlv lv wkdw lw xvhv wkh mrlqw ehkdylru ri wudqvdfwlrqv sulfhv dqg rughu �rz wr

lghqwli| wkh h�hfwv ri sxeolf dqg sulydwh qhzv vkrfnv zlwkrxw wkh qhhg wr lghqwli| wkhlu vrxufh1 Wklv

vlpsoh dssurdfk doorzhg ph wr txdqwli| wkh lpsdfw ri sxeolf dqg sulydwh qhzv zlwk d vwuxfwxudo

YDU hvwlpdwhg lq yhu| kljk iuhtxhqf| gdwd1

Wkh YDU hvwlpdwhv zhuh xvhg wr h{dplqh wkh frqwulexwlrq ri sxeolf dqg sulydwh qhzv wr vsrw

udwh pryhphqwv ryhu plqxwhv/ krxuv/ gd|v dqg zhhnv1 Wkh nh| �qglqj wr hphujh iurp wklv dqdo|vlv

lv wkdw sulydwh qhzv pdnhv d vljql�fdqw frqwulexwlrq wr vsrw udwh pryhphqwv dw doo iuhtxhqflhv1 Lq

sduwlfxodu/ L irxqg wkdw wkh fxpxodwlyh h�hfwv ri erwk sxeolf dqg sulydwh qhzv glvsod| orz iuhtxhqf|

yduldwlrqv lq h{fhvv ri wkh yduldwlrqv lq wkh vsrw udwh1 L dovr irxqg wkdw wkh fxpxodwlyh h�hfwv ri

sxeolf dqg sulydwh qhzv dsshdu wr kdyh r�vhwwlqj h�hfwv rq wkh vsrw udwh1 Dv d frqvhtxhqfh/ gdlo|

dqg zhhno| fkdqjhv lq wkh vsrw udwh duh srvlwlyho| fruuhodwhg zlwk/ exw vljql�fdqwo| xqghuvwdwh/

wkh fkdqjhv lpsolhg e| wkh duulydo ri sxeolf qhzv1 Wkhvh �qglqjv vxjjhvw rqh uhdvrq iru wkh srru

shuirupdqfh ri h{lvwlqj pdfurhfrqrplf h{fkdqjh udwh prghov> qdpho|/ wkhlu h{foxvlyh irfxv rq

sxeolf qhzv1

hiUi��i_ M) @** L|�ih _i@*iht� A��tc �t �?*�!i*) |�@| |�i hi_�Ui_ uLh4 ULi�U�i?|t �? K�c�Eu� @hi �?�@h�@?| |L |�i
Thiti?Ui Lu Th��@|i ?i�t�
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Uhihuhqfhv

Dplkxg \1 dqg K1 Phqghovrq/ 4<;3/ _Ghdohuvkls Pdunhwv = Pdunhw Pdnlqj zlwk Lqyhqwru|%/

Mrxuqdo ri Ilqdqfh1

Dqghuvhq/ W1 dqg W1 Eroohuvohy/ 4<<;/ _Ghxwvfkh pdun0groodu yrodwlolw|= Lqwudgd| dfwlylw| sdwwhuqv/

pdfurhfrqrplf dqqrxfhphqwv/ dqg orqjhu uxq ghshqghqflhv%/ Mrxuqdo ri Ilqdqfh/ 86/ 54<0

59911

Edloolh/ U1 dqg W1 Eroohuvohy/ 4<<4/ _Lqwud gd| dqg lqwhu pdunhw yrodwlolw| lq iruhljq h{fkdqjh

udwhv%/ Uhylhz ri Hfrqrplf Vwxglhv/ 8;/ 89808;81

Ehfn/ V1 4<<6/ _Wkh Ulfdugldq htxlydohqfh sursrvlwlrq= Hylghqfh iurp iruhljq h{fkdqjh pdunhwv%/

Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 45/ 487049<1

Emrqqhv/ J1/ dqg G1 Ulph/ 4<<;/ _I[ Wudglqj 111 Olyh= Lpsdfw ri Qhz Wudglqj Hqylurqphqwv%/

w|shvfulsw/ Qruzhjldq Vfkrro ri Pdqdjhphqw/ Ghfhpehu1

Eroohuvohy/ W1 dqg L1 Grprzlw}/ 4<<6/ _Wudglqj sdwwhuqv dqg sulfhv lq wkh lqwhuedqn iruhljq h{0

fkdqjh pdunhw%/ Mrxuqdo ri Ilqdqfh/ 7;/ 4754047761

Fkhxqj/ \1 dqg F Zrqj/ 4<<;/ _D vxuyh| ri Pdunhw Sudfwlwlrqhuv* Ylhz rq H{fkdqjh udwh G|0

qdplfv%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Fryulj/ Y1/ dqg P1 Phoylq/ 4<<;/ _Dv|pphwulf Lqirupdwlrq dqg Sulfh Glvfryhu| lq wkh I[ Pdunhw=

Grhv Wrn|r Nqrz Pruh Derxw wkh \hqB% w|shvfulsw/ Dul}rqd Vwdwh Xqlyhuvlw|1

Gdfrurjqd/ P1/ Pxoohu/ X1/ Qdjohu/ U1/ Rovhq/ U1 dqg R1 Slfwhw/ 4<<6/ _D jhrjudsklfdo prgho iru

wkh gdlo| dqg zhhno| vhdvrqdo yrodwlolw| lq wkh I[ pdunhw%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh|

dqg Ilqdqfh/ 45/ 746076;1

Gx�h/ G1/ 4<<5/ G|qdplf Dvvhw Sulflqj Wkhru| +Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq QM,1

Hqjho/ F1 dqg M1 Iudqnho/ 4<;7/ _Zk| lqwhuhvw udwhv uhdfw wr prqh| dqqrxqfhphqwv= Dq dqvzhu

ri wkh iruhljq h{fkdqjh pdunhw%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 46/ 6406<1

Hqjoh/ U1/ Lwr/ W1 dqg Z0O1 Olq/ 4<<3/ _Phwhru vkrzhuv ru khdw zdyhvB Khwhurvnhgdvwlf lqwudgdlo|

yrodwlolw| lq wkh iruhljq h{fkdqjh pdunhw%/ Hfrqrphwulfd/ 8;/ 85808751

Hydqv/ P1 G1 G1 _Wkh Plfurvwuxfwxuh ri Iruhljq H{fkdqjh G|qdplfv% w|svfulsw/ Jhrujhwrzq

Xqlyhuvlw|/ suhvhqwhg dw wkh QEHU Pdunhw Plfurvwuxfwxuh Frqihuhqfh/ Ghfhpehu 7 4<<:1
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Iohplqj/ P1 M1 dqg H1 P1 Uhprorqd 4<<< _Sulfh Irupdwlrq dqg Oltxlglw| lq wkh X1V1 Wuhdvxu|

Pdunhw= Wkh Uhvsrqvh wr Sxeolf Lqirupdwlrq%/ Mrxuqdo ri Ilqdqfh/ iruwkfrplqj1

Iudqnho M/ dqg D1N1 Urvh/ 4<<8 _Hpslulfdo Uhvhdufk rq Qrplqdo H{fkdqjh Udwhv%/ lq Jurvvpdq

dqg Urjr� +hgv1,/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv Yro 6/ Qruwk Kroodqg1

Jorvwhq O1dqg S1 Plojurp/ 4<;8/ _Elg/ Dvn dqg Wudqvdfwlrqv Sulfhv lq d Vshfldolvw Pdunhw zlwk

Khwhurjhqhrxvo| Lqiruphg Djhqwv%/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv1

Jrrgkduw/ F1 dqg P1 Jlxjdoh/ 4<<6/ _Iurp krxu wr krxu lq wkh iruhljq h{fkdqjh pdunhw%/ Wkh

Pdqfkhvwhu Vfkrro/ 94/ 40671

Jrrgkduw/ F1/ Lwr/ W1 dqg U1 Sd|qh/ 4<<9/ _Rqh Gd| lq Mxqh 4<<6= D vwxg| ri wkh zrunlqj ri

Uhxwhuv 533305 hohfwurqlf iruhljq h{fkdqjh wudglqj v|vwhp%/ lq Iudqnho/ Jdolh dqg Jlrydqqlql

+hgv1, Wkh Plfurvwuxfwxuh ri Iruhljq H{fkdqjh Pdunhwv/ Fklfdjr1

Jxloodxph/ G1/ Gdfrurjqd/ P1/ Gdyh/ U1/ Pxoohu/ X1/ Rovhq/ U1 dqg R1 Slfwhw/ 4<<7/ _Iurp wkh

elug*v h|h wr wkh plfurvfrsh= D vxuyh| ri qhz vw|ol}hg idfwv ri wkh lqwud0gdlo| iruhljq h{fkdqjh

pdunhwv%/ D glvfxvvlrq sdshu e| wkh R)D uhvhdufk jurxs/ ]xulfk/ Rfwrehu1

Kdugrxyholv/ J1/ 4<;;/ _Hfrqrplf qhzv/ h{fkdqjh udwhv/ dqg lqwhuhvw udwhv%/ Mrxuqdo ri Lqwhuqd0

wlrqdo Prqh| dqg Ilqdqfh/:/ 560581

Kdveurxfn/ M1/ 4<<4 _Phdvxulqj wkh lqirupdwlrq frqwhqw ri vwrfn wudghv%/ Mrxuqdo ri Ilqdqfh

74+4,/ 4:<05351

Kr1 W1 dqg K1 Vwroo/ 4<;6 _Wkh G|qdplfv ri Ghdohu Pdunhwv Xqghu Frpshwlwlrq%/ Mrxuqdo ri

Ilqdqfh1

Lwr/ W1/ U1 O|rqv/ dqg P/ Phoylq/ 4<<; _Lv wkhuh sulydwh lqirupdwlrq lq wkh I[ pdunhwB Wkh

Wrn|r h{shulphqw%/ Mrxuqdo ri Ilqdqfh/ 86/ 4444044631

Lwr/ W1 dqg Y Uroh|/ 4<;: _Qhzv iurp wkh X1V1 dqg Mdsdq= Zklfk pryhv wkh |hq2groodu h{fkdqjh

udwh%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4</ 58805::1

N|oh/ D1/ 4<;8 _Frqwlqwxrxv Dxfwlrqv dqg Lqvlghu Wudglqj%/ Hfrqrphwulfd1

O|rqv/ U1/ 4<<8 _Whvwv ri plfurvwuxfwxuh k|srwkhvhv lq wkh iruhljq h{fkdqjh pdunhw%/ Mrxuqdo ri

Ilqdqfldo Hfrqrplfv

O|rqv/ U1/ 4<<9d _Iruhljq h{fkdqjh yroxph= vrxqg dqg ixu| vljqli|lqj qrwklqjB% lq Iudqnho/

Jdolh dqg Jlrydqqlql +hgv1, Wkh Plfurvwuxfwxuh ri Iruhljq H{fkdqjh Pdunhwv/ Fklfdjr
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O|rqv/ U1/ 4<<9e Frpphqw rq _Rqh Gd| lq Mxqh 4<<6= D vwxg| ri wkh zrunlqj ri wkh Uhxwhuv

533305 Hohfwurqlf Iruhljq H{fkdqjh Wudglqj V|vwhp% lq Iudqnho/ Jdolh dqg Jlrydqqlql +hgv1,

Wkh Plfurvwuxfwxuh ri Iruhljq H{fkdqjh Pdunhwv/ Fklfdjr

O|rqv/ U1/4<<: _D vlpxowdqhrxv wudgh prgho ri wkh iruhljq h{fkdqjh krw srwdwr%/ Mrxuqdo ri

Lqwhuqdwlrqdo Hfrqrplfv/ Pd|/ 5:805<;1

Sd|qh/ U1/ 4<<: _Dqqrxqfhphqw h�hfwv dqg vhdvrqdolw| lq wkh lqwud0gd| iruhljq h{fkdqjh pdunhw%/

OVH Ilqdqfldo Pdunhwv Jurxs Glvfxvvlrq Sdshu/ Qr1 56;/ Pdufk1

Sd|qh/ U1 4<<< _Lqiruphg wudgh lq vsrw iruhljq h{fkdqjh pdunhwv= Dq hpslulfdo lqyhvwljdwlrq%/

w|svfulsw/ OVH1

Shlhuv/ E1/ 4<<: _Lqiruphg Wudghuv/ Lqwhuyhqwlrq/ dqg Sulfh Ohdghuvkls= D Ghhshu Ylhz ri wkh

Plfurvwuxfwxuh ri wkh Iruhljq H{fkdqjh Pdunhw%/ Mrxuqdo ri Ilqdqfh/ 85 48;<0494711

\dr/ M1/ 4<<:d _Pdunhw pdnlqj wkh lqwhuedqn iruhljq h{fkdqjh pdunhw%/ Zrunlqj Sdshu V0<;06/

Vdorprq Fhqwhu/ Qhz \run Xqlyhuvlw|

\dr/ M1/ 4<<:e _Vsuhdg Frpsrqhqwv dqg Ghdohu Sur�wv lq wkh Lqwhuedqn Iruhljq H{fkdqjh Pdunhw/*

Zrunlqj Sdshu V0<;07/ Vdorprq Fhqwhu/ Qhz \run Xqlyhuvlw|
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Dsshqgl{ D

Wklv dsshqgl{ ghvfulehv wkh ghyldwlrq ri wkh rswlpdo txrwhv lq htxdwlrq +6,1 Iluvw/ L uhzulwh

h{shfwhg sur�wv lq +5, dv

�
s@�c| �H^sW| m�c|> u�c| A s@�c|`

�
+4�J+s@�c|,,�

�
sK�c| �H^sW| m�c|> u�c| ? sK�c|`

�
J+sK�c|,=

Qh{w/ qrwh wkdw

H^sW| m�c|> u�c| A s@�c|` @

]
"

R@
�c|

H ^sW| m�c|> u�c|`
j+u�c|,

4�J+t@�c|,
gu�c|

H^sW| m�c|> u�c| ? sK��|` @

] RK
�c|

f

H ^sW| m�c|> u�c|`
j+u�c|,

J+sK�c|,
gu�c|

zkhuh wkh vxssruw ri wkh uhvhuydwlrq sulfh glvwulexwlrq lv lq wkh srvlwlyh ruwkdqw1 Vxevwlwxwlqj wkhvh

h{suhvvlrqv lqwr wkh h{shfwhg sur�w ixqfwlrq/ jlyhv

�+s@�c|> s
K
�c|, � s@�c|+4�J+s@�c|,,�

]
"

R@
�c|

H ^sW| m�c|> u�c|` j+u�c|,gu�c|

.

] RK
�c|

f

H ^sW| m�c|> u�c|` j+u�c|,gu�c| � sK�c|J+s
K
�c|,=

Wkh �uvw dqg vhfrqg0rughu frqglwlrqv iru h{shfwhg sur�w pd{lpl}dwlrq duh uhvshfwlyho|

C�+s@�c|> s
K
�c|,

Cs@�c|
@ +4�J+s@�c|,� s@�c|j+s

@
�c|, .H^sW| m�c|> s

@
�c|`j+s

@
�c|, @ 3

C�+s@�c|> s
K
�c|,

CsK�c|
@ �J+sK�c|,� sK�c|j+s

K
�c|, .H^sW| m�c|> s

K
�c|`j+s

K
�c|, @ 3

dqg

C�2+s@�c|> s
K
�c|,

Cs@�c|Cs
@
�c|

@ �5j+s@�c|,� +s@�c| �H
k
sW| m�c|> s

@
�c|

l
,j�+s@�c|, ? 3

C�+s@�c|> s
K
�c|,

CsK�c|Cs
K
�c|

@ �5j+sK�c|,� +sK�c| �H
k
sW| m�c|> s

K
�c|

l
,j�+sK�c|, ? 3

Wkh rswlpdo txrwh htxdwlrqv duh ghulyhg iurp wkh �uvw0rughu frqglwlrqv xvlqj wkh idfw wkdwH^sW| m�c|> s
@
�c|` @

H^sW| m�c|> s
K
�c|` @ H^sW| m�c|` ehfdxvh is

@
�c|> s

K
�c|j 5 �c|=
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Dsshqgl{ E

Wklv dsshqgl{ vkrzv wkdw wkh uhjuhvvlrq frh�flhqwv lq +9, duh qhjdwlyh dqg fdq dssur{lpdwhg

dv vkrzq lq wkh wh{w1 Wr ehjlq/ qrwh wkdw H
k
u+s?�c| � �|,

l
@ H ^u{�c|` @ 3= Zh fdq wkhuhiruh zulwh/

Fry
�
u{�c|>u+s

?
�c| � �|,

�
@ H

k
u{�c|u+s

?
�c| � �|,mu+s

?
�c| � �|, A 3

l
Su

�
u+s?�c| � �|, A 3

�

.H
k
u{�c|u+s

?
�c| � �|,mu+s

?
�c| � �|, � 3

l
Su

�
u+s?�c| � �|, � 3

�
=

Wr hydoxdwh wkh whupv deryh/ ohw � ghqrwh wkh vwduw ri shulrg w ehiruh wkh qhzv klwv wkh pdunhw/ vr

u{�c| � {�c| � {�� dqg u+s?�c| � �|, � +s?�c| � �|,� +s?�c� � ��, iru q @ id> ej1

Wr hydoxdwh Fry
�
u{�c|>u+s@�c| � �|,

�
> frqvlghu wkh fdvh zkhuh u+s@�c| ��|, A 3= Khuh u{�c| zloo

eh }hur h{fhsw zkhq {�c| @ 3 dqg {�� @ 4= Wklv rffxuv zlwk suredelolw|

�@+., �
] R@

�c|
3>|

R@
�c�
3>�

k+u,

4�K+s@�c� � ��,
guu>

vr

H
k
u{�c|u+s

?
�c| � �|,mu+s

?
�c| � �|, A 3

l
@ ��@+.,H

k
u+s?�c| � �|,mu+s

?
�c| � �|, A 3

l
=

Iru wkh fdvh zkhuh u+s@�c| � �|, � 3> u{�c| zloo eh }hur h{fhsw zkhq {�c| @ 4 dqg {�� @ 3= Wklv

rffxuv zlwk suredelolw|

�@+�, �
] R@

�c�
3>�

R@
�c|
3>|

k+u,

4�K+s@�c| � �|,
gu>

vr

H
k
u{�c|u+s

@
�c| � �|,mu+s

@
�c| � �|, � 3

l
@ �@+�,H

k
u+s@�c| � �|,mu+s

@
�c| � �|, � 3

l
=

Frpelqlqj wkhvh frpsrqhqwv zh kdyh

Fry
�
u{�c|>u+s

@
�c| � �|,

�
@ �@+�,H

k
u+s@�c| � �|,mu+s

@
�c| � �|, � 3

l
Su

�
u+s@�c| � �|, � 3

�

��@+.,H
k
u+s@�c| � �|,mu+s

@
�c| � �|, A 3

l
Su

�
u+s@�c| � �|, A 3

�
? 3=

Frqvhtxhqwo|/ wkh uhjuhvvlrq frh�flhqw/ !@
� � Fry

�
u{�c|>u+s@�c| � �|,

�
@Y du

�
u+s@�c| � �|,

�
> pxvw

dovr eh qhjdwlyh1

E| dqdorjrxv dujxphqw/ zh dovr kdyh

Fry
�
u{�c|>u+s

K
�c| � �|,

�
@ �K+�,H

k
u+sK�c| � �|,mu+s

K
�c| � �|, � 3

l
Su

�
u+sK�c| � �|, � 3

�

��K+.,H
k
u+sK�c| � �|,mu+s

K
�c| � �|, A 3

l
Su

�
u+sK�c| � �|, A 3

�
? 3>
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zkhuh

�K+., �
] RK

�c|
3>|

RK
�c�
3>�

k+u,

K+sK�c� � �� ,
gu> dqg �K+�, �

] RK
�c�
3>�|

RK
�c|
3>|

k+u,

K+sK�c| � �|,
gu=

Vr wkh uhjuhvvlrq frh�flhqw/ !K
� � Fry

�
u{�c|>u+sK�c| � �|,

�
@Y du

�
u+sK�c| � �|,

�
> pxvw dovr eh qhj0

dwlyh1

Lq wkh fdvh zkhuh wkh glvwulexwlrq ri lqqrydwlrqv/ u+s?�c| � �|, lv v|pphwulf dqg kdv d vpdoo

yduldqfh/ wkh h{suhvvlrqv iru wkh fryduldqfh whupv deryh fdq eh zhoo0dssur{lpdwhg e|

Fry
�
u{�c|>u+s

@
�c| � �|,

�
* �

k+s@�c| � �|,

4�K+s@�c| � �|,
H
k
u+s@�c| � �|,mu+s

?
�c| � �|, A 3

l
? 3>

Fry
�
u{�c|>u+s

@
�c| � �|,

�
*

k+sK�c| � �|,

K+sK�c| � �|,
H
k
u+sK�c| � �|,mu+s

K
�c| � �|, � 3

l
A 3=

Iru fodulw|/ wkh uhjuhvvlrq frh�flhqwv uhsruwhg lq wkh wh{w duh edvhg rq wkhvh dssur{lpdwlrqv1
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