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Zh h{dplqh wkh uhodwlrqvkls ehwzhhq rzqhuvkls vwuxfwxuh dqg lqiruphg wudglqj1 Zh dwwhpsw wr uhfrqfloh

vrph sx}}olqj uhvxowv lq uhfhqw hpslulfdo olwhudwxuh derxw wkh lpsdfw ri rzqhuvkls rq lqiruphg wudglqj e|

xvlqj d frpsuhkhqvlyh vhw ri sur{lhv iru lqiruphg wudglqj dqg d uhfhqw vdpsoh ri �upv iurp doo wkuhh

h{fkdqjhv1 Dv sur{lhv iru lqiruphg wudglqj/ zh xvh irxu phdvxuhv= +4, Wkh uhodwlyh vsuhdg/ +5, wkh dgyhuvh

vhohfwlrq frpsrqhqw ri wkh vsuhdg/ frqvwuxfwhg dv lq Kxdqj dqg Vwroo +4<<:,/ +6, wkh sulfh lpsdfw ri d

wudgh/ frqvwuxfwhg dv lq Irvwhu dqg Ylvzdqdwkdq +4<<6, dqg Kdveurxfn +4<<4,/ dqg +7, wkh suredelolw| ri

lqiruphg wudglqj frqvwuxfwhg dv lq Hdvoh|/ Nlhihu/ R*Kdud dqg Sdshupdq +4<<9,1 Zh uhodwh wkhvh phdvxuhv

ri lqirupdwlrq wr furvv0vhfwlrqdo gl�huhqfhv lq �up rzqhuvkls frpsrvlwlrq1 Zh frqwuro iru h�hfwv vxfk dv

vl}h/ yroxph/ yrodwlolw| dqg sulfh/ dqg zh dffrxqw iru wkh vlpxowdqhrxv h�hfw wkdw lqvwlwxwlrqdo rzqhuvkls

dqg wkh phdvxuh ri lqiruphg wudglqj fdq kdyh rq hdfk rwkhu1 Zh �qg wkdw erwk lqvwlwxwlrqdo rzqhuvkls dqg

rzqhuvkls e| lqvlghuv duh srvlwlyho| uhodwhg wr wkh lqwhqvlw| ri lqirupdwlrq0edvhg wudglqj1 Rxu uhvxowv duh

urexvw wr d ydulhw| ri hvwlpdwlrq whfkqltxhv dqg sur{lhv iru lqiruphg wudglqj1 Ryhudoo/ rxu uhvxowv vxjjhvw

wkdw lqglylgxdo lqyhvwruv duh ohvv lqiruphg uhodwlyh wr lqvwlwxwlrqv dqg lqvlghuv1 Wkhvh �qglqjv duh frqvlvwhqw

zlwk hfrqrplhv ri vfdoh lq lqirupdwlrq dftxlvlwlrq dqg djjuhjdwlrq/ dqg uhfhqw uhvhdufk wkdw lqglfdwhv wkdw

pdunhw pdnhuv pryh sulfhv lq uhvsrqvh wr wudghv e| lqvwlwxwlrqv1
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Wklv sdshu hpslulfdoo| h{dplqhv wkh uhodwlrqvkls ehwzhhq rzqhuvkls vwuxfwxuh dqg lqiruphg wudg0

lqj1 Lw lv nqrzq wkdw lqvwlwxwlrqv wudgh pruh iuhtxhqwo| wkdq lqglylgxdo lqyhvwruv1� Rqh h{sodqdwlrq

iru wklv lv wkdw lqvwlwxwlrqv duh ehwwhu lqiruphg wkdq lqglylgxdov dqg wkdw wkh pruh iuhtxhqw wudg0

lqj lv edvhg rq wkdw lqirupdwlrq1 Rq wkh rwkhu kdqg/ lqvwlwxwlrqv pd| vlpso| fkxuq wkhlu folhqwv

dffrxqwv1 Vlqfh sruwirolr pdqdjhuv hduq d olylqj wkurxjk dfwlyh pdqdjhphqw/ wkh| pd| kdyh dq

lqfhqwlyh wr wudgh hyhq li wkh| kdyh qr sulydwh lqirupdwlrq12 Lq dgglwlrq wr lqvwlwxwlrqv/ lqvlghuv

pd| dovr kdyh dq lpsdfw rq lqiruphg wudglqj1 Lq frqwudvw wr lqvwlwxwlrqv zkr pxvw lqyhvw vfdufh

uhvrxufhv wr dftxluh sulydwh lqirupdwlrq/ lqvlghuv pd| kdyh sulydwh lqirupdwlrq uhdglo| dydlodeoh1

Lq wklv vwxg| zh uhodwh wkh lqirupdwlrq frqwhqw ri wudglqj wr wkh vwuxfwxuh ri erwk lqvwlwxwlrqdo

dqg lqvlghu rzqhuvkls1 Zh �qg erwk w|shv ri rzqhuvkls wr eh srvlwlyho| uhodwhg wr wkh lqirupdwlrq

frqwhqw ri wudghv1

Frpsduhg wr lqglylgxdov/ lqvwlwxwlrqv kdyh juhdwhu uhvrxufhv iru jdwkhulqj dqg surfhvvlqj lqiru0

pdwlrq1 Lqvwlwxwlrqv pd| h{sorlw hfrqrplhv ri vfdoh lq lqirupdwlrq dftxlvlwlrq fuhdwlqj dq lqirupd0

wlrqdo dgydqwdjh wkdw ohdgv wr pruh iuhtxhqw wudglqj1 Vlqfh wkhlu pdujlqdo frvwv ri jdwkhulqj dqg

surfhvvlqj lqirupdwlrq duh orzhu wkdq iru lqglylgxdov/ wklv pd| uhgxfh wkh lqirupdwlrq dv|pphwu|

iru �upv zlwk d odujh shufhqwdjh ri lqvwlwxwlrqdo rzqhuvkls1 Vxssruwlqj wklv k|srwkhvlv/ V}hzf}|n/

Wvhwvhnrv dqg Ydupd +4<<5, �qg wkdw �upv zlwk uhodwlyho| kljk ohyhov ri lqvwlwxwlrqdo rzqhuvkls

kdyh d vpdoohu sulfh uhdfwlrq wr wkh dqqrxqfhphqw ri htxlw| r�hulqjv1 Dodqjdu/ Edwkdod dqg Udr

+4<<<, �qg dq lghqwlfdo uhvxow iru glylghqg fkdqjh dqqrxqfhphqwv1 Ilqdoo|/ Eduwry/ Udgkdnulvkqdq/

dqg Nulqvn| +5333, �qg wkdw �upv zlwk kljk ohyhov ri lqvwlwxwlrqdo rzqhuvkls kdyh orzhu ohyhov ri

srvw0hduqlqjv dqqrxqfhphqw guliw lq wkh vwrfn sulfh1 Ryhudoo/ wkhvh vwxglhv duh frqvlvwhqw zlwk wkh

qrwlrq wkdw lqvwlwxwlrqv duh ehwwhu lqiruphg wkdq rwkhu rzqhuv1
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Zkloh wkh h{lvwlqj uhvhdufk rq wkh plfurvwuxfwxuh h�hfwv ri rzqhuvkls vwuxfwxuh whqgv wr irfxv

rq oltxlglw|/ lw grhv surylgh vrph hylghqfh derxw wkh uhodwlrqvkls ehwzhhq wkh lqirupdwlrq frq0

whqw ri wudghv dqg rzqhuvkls vwuxfwxuh1 Vdulq/ Vkdvwul dqg Vkdvwul +5333, h{dplqh d vdpsoh ri

Q\VH2DPH[ vwrfnv dqg �qg wkdw kljkhu lqvwlwxwlrqdo rzqhuvkls uhvxowv lq zlghu elg0dvn vsuhdgv

dqg jhqhudoo| orzhu dgyhuvh vhohfwlrq frvwv1� Mhqqlqjv/ Vfkqdwwhuo| dqg Vhtxlq +4<<:, h{dplqh d

vdpsoh ri QDVGDT vwrfnv dqg �qg wkdw kljkhu lqvwlwxwlrqdo rzqhuvkls uhvxowv lq qduurzhu elg0dvn

vsuhdgv dqg orzhu dgyhuvh vhohfwlrq frvwv1e Wkhvh uhvxowv derxw dgyhuvh vhohfwlrq frvwv duh sx}}olqj

jlyhq uhfhqw �qglqjv lq Vxjdwr +5334,1 Kh xvhv wkh WRUT gdwdedvh dqg �qgv hylghqfh wkdw pdunhw

pdnhuv kdyh vrph lqglfdwlrq derxw zklfk wudghv duh lqlwldwhg e| lqvwlwxwlrqv dqg pryh sulfhv pruh

iru wkhvh wudghv wkdq iru rwkhuv/ lqglfdwlqj wkdw pdunhw pdnhuv eholhyh wkdw lqvwlwxwlrqv duh ehwwhu

lqiruphg1

Li lqvwlwxwlrqv dqg lqvlghuv duh ehwwhu lqiruphg wkdq lqglylgxdov/ zh h{shfw wkh lqirupdwlrq

frqwhqw ri wudghv wr eh odujhu/ qrw vpdoohu/ iru vwrfnv wkdw kdyh d uhodwlyho| kljk shufhqwdjh ri

lqvwlwxwlrqdo rzqhuvkls1 Zh dwwhpsw wr uhvroyh wklv sx}}oh e| xvlqj d pruh frpsuhkhqvlyh vhw ri

sur{lhv edvhg rq uhfhqw wkhruhwlfdo dgydqfhv iru wkh lqirupdwlrq frqwhqw ri wudghv1 Vshfl�fdoo|/ zh

xvh wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg +Kxdqj dqg Vwroo +4<<:,,/ wkh sulfh lpsdfw ri

d wudgh +Irvwhu dqg Ylvzdqdwkdq +4<<6, dqg Kdveurxfn +4<<4,, dqg wkh suredelolw| ri lqiruphg

wudglqj +Hdvoh|/ Nlhihu/ R*Kdud dqg Sdshupdq +4<<9,,1 Zh wkhq uhodwh hdfk ri wkhvh phdvxuhv

wr furvv0vhfwlrqdo sdwwhuqv lq rzqhuvkls vwuxfwxuh1 Ixwkhupruh/ zh lqfoxgh d vdpsolqj ri �upv

iurp doo wkuhh h{fkdqjhv/ dqg xvh d pruh uhfhqw dqg odujhu vdpsoh ri gdwd1D Frqwudu| wr h{lvwlqj

uhvhdufk/ zh �qg wkdw lqiruphg wudglqj lv gluhfwo| uhodwhg wr wkh shufhqwdjh ri wkh �up*v vkduhv
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khog e| lqvwlwxwlrqv dqg lqvlghuv1 Rxu �qglqjv duh frqvlvwhqw zlwk wkh hylghqfh lq Vxjdwr +5334,

dqg wkh k|srwkhvlv wkdw lqvwlwxwlrqv dqg lqvlghuv duh ehwwhu lqiruphg wkdq lqglylgxdo lqyhvwruv1

Ixuwkhu/ rxu uhvxowv vxjjhvw wkdw wkh srvlwlyh uhodwlrqvkls ehwzhhq vkduh wxuqryhu dqg lqvwlwxwlrqdo

rzqhuvkls pd| eh gulyhq e| lqiruphg wudglqj udwkhu wkdq fkxuqlqj1

Wkh od|rxw ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh frqvwuxfwlrq ri wkh phdvxuhv ri wkh

lqirupdwlyhqhvv ri wudglqj/ Vhfwlrq 6 ghvfulehv wkh gdwd/ Vhfwlrq 7 glvfxvvhv wkh xqlyduldwh uhvxowv/

Vhfwlrq 8 ghvfulehv wkh pxowlyduldwh uhvxowv/ Vhfwlrq 9 glvfxvvhv wkh gl�huhqfhv e| h{fkdqjh w|sh/

dqg Vhfwlrq : frqfoxghv wkh sdshu1

2 �i|�L_L*L})

Lq rughu wr whvw wkh uhodwlrqvkls ehwzhhq rzqhuvkls vwuxfwxuh dqg lqiruphg wudglqj/ zh pxvw �uvw

hvwlpdwh wkh dprxqw ri lqirupdwlrq0edvhg wudglqj1 Krzhyhu/ glvwlqjxlvklqj lqirupdwlyh wudghv

iurp oltxlglw| wudghv srvhv vrph vhulrxv gl�fxowlhv1 Lghdoo|/ zh zrxog lghqwli| wudghv h{hfxwhg

iru lqvwlwxwlrqv ru lqvlghuv dqg frpsduh wkh lpsdfw ri wkrvh wudghv wr uhwdlo wudghv h{hfxwhg iru

lqglylgxdov1 Xqiruwxqdwho|/ vlqfh qr gdwd h{lvw wkdw fodvvli| wkh lghqwlw| ri wudghuv/S zh pxvw

uho| rq sur{lhv iru wkh lqwhqvlw| ri lqirupdwlrq0edvhg wudglqj1 Lq wklv vhfwlrq/ zh rxwolqh wkh �yh

gl�huhqw phdvxuhv ri lqiruphg wudglqj wkdw zh xvh lq wkh sdshu1 Hdfk ri wkhvh phdvxuhv uholhv/ lq

vrph zd|/ rq wkh vhqvlwlylw| ri sulfh fkdqjhv wr wkh gluhfwlrq dqg2ru wkh vl}h ri wkh rughu �rz ru

rughu lpedodqfh1 Rxu �yh phdvxuhv ri lqirupdwlrq0edvhg wudglqj duh=

41 Wkh txrwhg elg0dvn vsuhdg= V

Wklv lv wkh prvw sulplwlyh phdvxuh ri lqirupdwlrq0edvhg wudglqj1 Wkhruhwlfdo prghov ri N|oh

+4<;8,/ Jorvwhq dqg Kduulv +4<;;, dqg Dplkxg dqg Phqghovrq +4<;9, dujxh wkdw wkh vsuhdg
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lv d ixqfwlrq ri wkh dprxqw ri lqirupdwlrq dv|pphwu| lq d pdunhw1 Lq wkhvh prghov/ �qdqfldo

lqwhuphgldulhv idfh d vwdqgdug _ohprqv0pdunhw% sureohp1 Jlyhq wkdw lqiruphg lqyhvwruv dqg

oltxlglw| wudghuv duh qrw hdvlo| glvwlqjxlvkdeoh/ lqwhuphgldulhv gulyh d zhgjh ehwzhhq wkh elg

dqg dvn sulfh1 Wklv vsuhdg hqdeohv ghdohuv ru vshfldolvwv wr hduq d sur�w iurp oltxlglw| wudghuv

zklfk frpshqvdwhv wkhp iru surylglqj oltxlglw| wr lqiruphg wudghuv1 Wkh vl}h ri wkh vsuhdg/

wkhuhiruh/ lv d sur{| iru wkh sursruwlrq ri lqiruphg wudghuv lq wkh pdunhw1

51 Wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh elg0dvn vsuhdg= KV

Wkh txrwhg elg0dvn vsuhdg phdvxuhv qrw rqo| wkh dprxqw ri lqirupdwlrq dv|pphwu|/ exw dovr

wkh �{hg frvw ri pdnlqj d pdunhw dqg wkh rughu surfhvvlqj frvwv1 Lq rughu wr phdvxuh wkh

shufhqwdjh ri wkh vsuhdg wkdw vwhpv vroho| iurp lqirupdwlrq frvwv/ zh hvwlpdwh wkh frpsrqhqwv

ri wkh vsuhdg xvlqj wkh hpslulfdo prgho ri Kxdqj dqg Vwroo +4<<:,/ zklfk lv d jhqhudol}dwlrq

ri Jorvwhq dqg Kduulv* +4<;;, wudgh lqglfdwru prgho1 Wkh| ghulyh d vlpsoh prgho wkdw doorzv

d rqh0vwhs ghfrpsrvlwlrq ri wkh lqirupdwlrq frpsrqhqw dv d shufhqwdjh ri wkh vsuhdg1 Wkh

uhpdlqlqj vsuhdg vwhpv iurp rughu surfhvvlqj frvwv dqg pdunhw pdnhu uhqwv1

Wkh prgho lghqwl�hv wkhvh frpsrqhqwv e| phdvxulqj krz sulfhv fkdqjh dv d ixqfwlrq ri wkh

gluhfwlrq ri wkh odvw wudgh1 Zh gh�qh dq lqglfdwru yduldeoh/ T|/ zklfk wdnhv rq wkh ydoxhv

i�4> 3> 4j edvhg rq wkh gluhfwlrq ri wkh odvw wudgh1 Wkdw lv/ gh�qh S| dqgP| dv wkh wudqvdfwlrq

sulfh dqg plgsrlqw ri wkh vsuhdg dw wlph w/ uhvshfwlyho|1 T| lv wkhq gh�qhg dv= T| @ �4 li

S| ? P| +lqglfdwhv d vhoo rughu, > T| @ 3 li S| @ P|> T| @ 4 li S| A P| +lqglfdwhv d ex|

rughu,1 V lv wkh txrwhg vsuhdg dqg %| uhsuhvhqwv wkh udqgrp +llg, sxeolf lqirupdwlrq vkrfn

dw wlph w1 Wkh uhjuhvvlrq htxdwlrq lv wkhq vshfl�hg e|=

�S| @
V

5
�T| . �

V

5
T|3� . %|

zkhuh � phdvxuhv wkh sursruwlrq ri wkh kdoi vsuhdg/ V/ wkdw vwhpv iurp lqirupdwlrq frvwv1

Wkh uhpdlqlqj sursruwlrq ri wkh vsuhdg +4� �, lv gxh wr rughu surfhvvlqj frvwv dqg pdunhw

7



pdnhu uhqwv1 Wklv vshfl�fdwlrq lv voljkwo| gl�huhqw iurp Kxdqj dqg Vwroo +4<<:, zkr dvvxph

lqyhqwru| frvwv duh dovr fdswxuhg e| �1 Wkdw lv/ zh dvvxph wkdw lqyhqwru| frvwv/ dv d sursru0

wlrq ri wkh vsuhdg/ duh htxdo wr }hur1 Wr wkh h{whqw wkdw lqyhqwru| frvwv gr h{lvw/ wkh| zloo

eh fdswxuhg lq rxu hvwlpdwh ri �= Krzhyhu uhfhqw hpslulfdo hylghqfh vxjjhvwv wkdw lqyhqwru|

frvwv duh olnho| wr eh forvh wr }hur1.

Wr xqghuvwdqg wkh lqwxlwlrq ehklqg wklv prgho/ frqvlghu wkh olplwlqj fdvhv1 Li � @ 3 wkhq

suhylrxv wudghv surylgh qr lqirupdwlrq1 Dv d uhvxow/ wkhuh vkrxog eh qr uhdvrq iru wkh plgsrlqw

ri wkh vsuhdg wr fkdqjh1 Lq wklv fdvh/ rughuv vlpso| erxqfh ehwzhhq d �{hg elg dqg dvn dv

wkh wuxh ydoxh ri wkh vhfxulw| iroorzv d pduwlqjdoh vhtxhqfh1 Rq wkh rwkhu kdqg/ li � @ 4/

wkhq wkh odvw wudgh vljqdov wr wkh ghdohu wkdw wkh wudgh zdv ixoo| lqirupdwlyh1 Dv d uhvxow/ wkh

pdunhw pdnhu pryhv wkh plgsrlqw ri wkh vsuhdg wr wkh odvw wudqvdfwlrq sulfh1 Wkdw lv/ wkh

ghdohu pryhv wkh vsuhdg wr vwudggoh wkh odvw elg +iroorzlqj d vhoo rughu, ru dvn +iroorzlqj d

ex| rughu,1 Iru ydoxh ri � ehwzhhq 3 dqg 4/ wkh dprxqw e| zklfk wkh plgsrlqw ri wkh vsuhdg

pryhv lq uhdfwlrq wr wkh odvw wudgh phdvxuhv wkh dprxqw ri wkh vsuhdg dwwulexwdeoh wr wklv

frpsrqhqw1 Zh fdoo wklv phdvxuh KV1

61 Wkh dgyhuvh vhohfwlrq frvw= KV5

Wklv phdvxuh lv d vlpsoh wudqvirupdwlrq ri wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh ri wkh

vsuhdg iurp shufhqwdjh whupv lqwr groodu frvwv1 Wr frqvwuxfw wklv phdvxuh/ zh vlpso| pxowlso|

rxu hvwlpdwh ri � e| wkh dyhudjh vsuhdg V= Wklv phdvxuh lv wkhuhiruh mxvw wkh surgxfw ri rxu

�uvw wzr phdvxuhv dqg lv jlyhq e|=

KV5 @ � � V=

71 Wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq sulfh lpsdfw ri d wudgh= KIY
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Rxu irxuwk phdvxuh lv edvhg rq wkh prghov ri Irvwhu dqg Ylvzdqdwkdq +4<<6, dqg Kdveurxfn

+4<<4,1 Jlyhq wkdw rughuv duh riwhq vhuldoo| fruuhodwhg +l1h1 ex| rughuv whqg wr iroorz ex|

rughuv> vhoov iroorz vhoov,/ vrph sruwlrq ri wkh rughu �rz pd| eh h{shfwhg1 Wkh YDU prgho

ri Kdveurxfn +4<<4, dffrxqwv iru wklv e| doorzlqj wkh lqirupdwlyhqhvv ri d wudgh wr ghshqg

rqo| rq wkh xqh{shfwhg sruwlrq ri wkh rughu �rz1

Ohw Y| eh wkh vljqhg wudgh yroxph fruuhvsrqglqj wr wkh wlph w sulfh fkdqjh �S|/ dqg ohw T| eh

wkh wudgh lqglfdwru yduldeoh ghvfulehg deryh1 Iroorzlqj Euhqqdq dqg Vxeudpdq|dp +4<<9,/

zh hvwlpdwh wkh iroorzlqj prgho xvlqj �yh odjv=

Y| @ �f .
D[

�'�

���S|3� .
D[

�'�

��Y|3� . �|

�S| @ !f . !��T| .KIY �| . %|=

Wkh �uvw uhjuhvvlrq lq wklv iudphzrun �qgv wkh sruwlrq ri wkh vljqhg rughu �rz/ Y|> wkdw

fdqqrw eh h{sodlqhg e| sdvw rughu �rz ru sulfh fkdqjhv1 Zh xvh wkh uhvlgxdov iurp wklv

uhjuhvvlrq/ �> dv d sur{| iru wkh xqh{shfwhg sruwlrq ri wkh rughu �rz lq wkh vhfrqg uhjuhvvlrq

rq sulfh fkdqjhv1 Lq wklv vhwxs/ KIY +wkh frh�flhqw rq wkh xqh{shfwhg rughu �rz, phdvxuhv

wkh lpsdfw ri d wudgh rq ixwxuh sulfh fkdqjhv lq d vlplodu pdqqhu wr �1 Krzhyhu/ wklv phdvxuh

dffrxqwv iru vhuldo fruuhodwlrq lq rughu �rz1

81 Wkh suredelolw| ri lqiruphg wudglqj= SL

Rxu �qdo phdvxuh ri lqirupdwlrq frvwv gl�huv iurp wkh suhylrxv irxu1 Udwkhu wkdw hvwlpdwh

wkh vl}h ri wkh vsuhdg ru wkh vhqvlwlylw| ri sulfhv wr rughu �rz/ zh hvwlpdwh wkh suredelolw| ri

lqiruphg wudglqj xvlqj wkh vhtxhqwldo wudgh prgho ri Hdvoh|/ Nlhihu/ R*Kdud dqg Sdshupdq

+HNRS, +4<<9,1 Wkh HNRS prgho uholhv rq wkh wrwdo qxpehu ri ex| dqg vhoo wudghv gxulqj

d gd| wr lghqwli| lqiruphg wudglqj1 Lq wklv prgho/ lqirupdwlrq hyhqwv pd| rffxu rqo| ehiruh
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wkh vwduw ri wudglqj rq hdfk gd|1H Wkh suredelolw| ri dq lqirupdwlrq hyhqw rffxuulqj lv jlyhq

e| �= Jlyhq wkdw dq lqirupdwlrq hyhqw kdv rffxuuhg/ wkh suredelolw| ri edg qhzv rffxuv zlwk

suredelolw| � zkloh jrrg qhzv kdv suredelolw| +4� �,= Lq wklv prgho/ wkhuh duh wzr w|shv ri

vw|ol}hg wudghuv= lqiruphg wudghuv zkr nqrz wkh wuxh ydoxh ri wkh dvvhw dqg xqlqiruphg wudghuv

zkr wudgh sxuho| iru oltxlglw| sxusrvhv1 Wkh nh| ihdwxuh ri wklv prgho lv wkdw wkh duulydo ri

wkhvh wzr w|shv ri wudghuv duh jryhuqhg e| lqghshqghqw srlvvrq surfhvvhv1 Uhjdugohvv ri

lqirupdwlrq hyhqwv/ wkh duulydo udwh ri xqlqiruphg wudghuv lv %= Lqiruphg wudghuv/ rq wkh rwkhu

kdqg/ zloo duulyh wr wkh pdunhw rqo| li dq lqirupdwlrq hyhqw kdv rffxuuhg/ dqg wkhq rqo| rq

rqh vlgh ri wkh pdunhw zlwk duulydo udwh �= Wkh suredelolw| ri lqiruphg wudglqj lv wkhq jlyhq

e|=

SL @
��

��. 5%
=

Vlqfh wkh glvwulexwlrq ri wkh qxpehu ri ex| dqg vhoo wudghv lv jryhuqhg e| srlvvrq surfhvvhv/

wkh sdudphwhuv ri wkh prgho pd| eh hvwlpdwhg yld pd{lpxp olnholkrrg1 Wkh olnholkrrg ri

revhuylqj E ex|v dqg V vhoov ryhu vrph wlph lqwhuydo W rq d jlyhq gd| fdq wkhuhiruh eh

vxppdul}hg dv wkh vxp ri wkuhh zhljkwhg srlvvrq surfhvvhv zkhuh wkh zhljkwv duh jlyhq e|

wkh suredelolw| ri dq lqirupdwlrq hyhq/ �> dqg wkh suredelolw| ri wkh edg qhzv/ �=

O+E>Vm�> �> %> �, @ +4� �,
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Dvvxplqj wkdw wkh gd|v duh lqghshqghqw/ wkh olnholkrrg ri revhuylqj d vhtxhqfh ri ex|v dqg

vhoov [ @ +E�> V�,��'� ryhu Q gd|v lv vlpso|=
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Zh xvh frqvwudlqhg pd{lpxp olnholkrrg wr hvwlpdwh wkh sdudphwhuv ri wkh olnholkrrg ixqfwlrq1

Wkh suredelolwlhv/ � dqg � duh frqvwudlqhg wr olh lq wkh lqwhuydo +3> 4, dqg wkh duulydo udwhv/ %

dqg � duh frqvwudlqhg wr eh ehwzhhq }hur dqg 41 Wkh suredelolw| ri lqiruphg wudglqj/ SL>

lv wkhq frqvwuxfwhg xvlqj rxu hvwlpdwhv ri �> %> dqg �= Vwdqgdug huuruv iru SL duh frpsxwhg

e| wkh ghowd phwkrg1

� #@|@

Rxu vdpsoh frqvlvwv ri doo grphvwlf frpprq vwrfn vhfxulwlhv olvwhg rq wkh Q\VH/ DPH[ dqg

QDVGDT1 Iurp wklv xqlyhuvh ri vwrfnv/ zh vhohfw rqo| wkrvh �upv iru zklfk gdwd fdq eh irxqg rq

erwk wkh FUVS wdshv dqg wkh WDT gdwdedvh1 Ixuwkhu/ zh uhtxluh wkdw wkhuh eh dw ohdvw 833 wudghv

lq hdfk vhfxulw| shu txduwhu wr hqvxuh dffxudwh hvwlpdwhv ri rxu lqirupdwlrq phdvxuhv1 Lq dgglwlrq/

d vhfxulw| pxvw eh dfwlyho| wudghg iru dw ohdvw 63 wudglqj gd|v gxulqj d txduwhu wr eh lqfoxghg lq

wkh vdpsoh1 AIurp wkhvh �owhuv/ zh uhwdlq urxjko| 8/833 �upv shu txduwhu iurp T7 4<<: wr T7

4<<;1 Wdeoh 4 surylghv d ghvfulswlrq ri rxu vdpsoh ryhu wlph/ e| h{fkdqjh1 Urxjko| rqh wklug

ri rxu �upv duh iurp wkh Q\VH/ :( iurp DPH[ dqg 93( iurp wkh QDVGDT1 Vlqfh wkhuh duh

vljql�fdqw gl�huhqfhv lq wkh pdunhw plfurvwuxfwxuh ri wkhvh h{fkdqjhv/ zh doorz rxu uhvxowv wr ydu|

e| h{fkdqjh1 Lq dgglwlrq/ Vhfwlrq 9 h{soruhv wkh vhqvlwlylw| ri rxu uhvxowv wr h{fkdqjh w|sh1

Wkh gdwd iru rxu whvwv frph iurp wkuhh vrxufhv1 Iluvw/ zh froohfw ghvfulswlyh vwdwlvwlfv iurp

FUVS1 Iru hdfk �up lq rxu vdpsoh/ zh frqvwuxfw txduwhuo| phdvxuhv ri sulfh +S ,/ pdunhw fdsl0

wdol}dwlrq +VL]H,/ yroxph +Y RO,/ vkduh wxuqryhu +WXUQ,/ dqg yrodwlolw| +Y RODW ,1 Txduwhuo|

sulfh lv phdvxuhg dv wkh dyhudjh gdlo| forvlqj sulfh gxulqj wkh txduwhu1 Txduwhuo| pdunhw fdsl0

wdol}dwlrq lv wkh dyhudjh gdlo| pdunhw fdslwdol}dwlrq +sulfh wlphv vkduhv rxwvwdqglqj, gxulqj wkh

txduwhu1 Txduwhuo| yroxph lv wdnhq wr eh wkh wrwdo qxpehu ri vkduhv wudqvdfwhg ryhu wkh txduwhu1

Vkduh wxuqryhu lv wrwdo txduwhuo| yroxph glylghg e| vkduhv rxwvwdqglqj1 Wkh yrodwlolw| ri uhwxuqv

lv frqvwuxfwhg iru hdfk �up0txduwhu dv wkh vwdqgdug ghyldwlrq ri gdlo| uhwxuqv ryhu wkh txduwhu1

;



Rxu vhfrqg gdwd vrxufh lv wkh WDT gdwdedvh surylghg e| wkh Q\VH1 Wkhvh �ohv frqwdlq uhfrugv

iru doo wudghv dqg txrwhv iru wkh Q\VH/ DPH[/ dqg QDVGDT1 Txduwhuo| phdvxuhv ri wkh txrwhg

vsuhdg duh fdofxodwhg dv wkh gl�huhqfh ehwzhhq wkh dvn dqg elg sulfh ryhu doo txrwhv gxulqj vwdqgdug

wudglqj krxuv iru hdfk �up0txduwhu1 Uhodwlyh vsuhdgv duh fdofxodwhg dv dyhudjh txrwhg vsuhdgv

glylghg e| sulfh plgsrlqwv1 Wkh wudqvdfwlrqv iurp wkh WDT gdwdedvh duh dovr xvhg wr frqvwuxfw

wkh ydulrxv lqirupdwlrq phdvxuhv xvlqj wkh phwkrgrorjlhv ghvfulehg lq Vhfwlrq 51

Wkh wklug vrxufh ri gdwd iru wklv vwxg| lv Glvforvxuh Lqfrusrudwhg*v Frpsdfw G gdwdedvh1 Wkh

shufhqwdjh ri vkduhv khog e| lqvwlwxwlrqv +LQVW , dqg dqg lqvlghuv +LQVLGH, zdv froohfwhg iurp

wklv gdwdedvh/ dqg wkh gdwd zdv pdwfkhg wr FUVS dqg WDT e| wkh �up*v FXVLS qxpehu1

Wdeoh 5 ghvfulehv rxu vdpsoh ri �upv1 Jlyhq wkh odujh qxpehu ri �upv lq rxu vwxg|/ wkhuh

lv frqvlghudeoh yduldwlrq lq vl}h/ sulfh/ dqg yroxph ryhu rxu vdpsoh1 Wkhuh lv dovr vljql�fdqw ohiw

vnhzqhvv lq hdfk ri wkhvh yduldeohv +phdqv duh pxfk odujhu wkdq phgldqv,1 Dv d uhvxow/ zh xvh orj

wudqvirupdwlrqv ri wkh yduldeohv lq doo rxu whvw wr plwljdwh wkh lq�xhqfh ri rxwolhuv1

Rxu �yh phdvxuhv ri wkh lqirupdwlrq frqwhqw ri wudglqj duh frqvlvwhqw zlwk suhylrxv vwxglhv1

Wkh dyhudjh txrwhg vsuhdg lq rxu vdpsoh lv 59148 fhqwv/ ru urxjko| 52;wkv1 Wkh dyhudjh uhodwlyh

vsuhdg lpsolhv wkdw wkh txrwhg vsuhdg lv/ rq dyhudjh/ wkuhh shufhqw ri wkh sulfh1 Rxu phdvxuh ri wkh

dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg lv dozd|v juhdwhu wkdq }hur dqg jhqhudoo| ydulhv ehwzhhq

48 dqg 93 shufhqw ri wkh vsuhdg1 Rxu dyhudjh hvwlpdwh ri KV lv 67 shufhqw ri wkh vsuhdg dqg lv

urxjko| frqvlvwhqw zlwk Kxdqj dqg Vwroo +4<<:,1 Wkh dgyhuvh vhohfwlrq frvw +lq groodu whupv, dovr

kdv d uhdvrqdeoh pdjqlwxgh dqg ydulhv ehwzhhq 414 dqg 4918 fhqwv shu wudgh zlwk dq dyhudjh ri 917

fhqwv1 Wkh KIY phdvxuh lv dovr dozd|v juhdwhu wkdq }hur/ vxjjhvwlqj sulfh fkdqjhv duh srvlwlyho|

uhodwhg wr wkh gluhfwlrq dqg vl}h ri rughu �rz1 Rxu dyhudjh KIY hvwlpdwh ri 61;8 lpsolhv wkdw

dq xqh{shfwhg 4/333 vkduh ex| rughu zrxog ohdg/ rq dyhudjh/ wr d 61;8 fhqw sulfh lqfuhdvh +ru 314<

shufhqw ri d 53 groodu vwrfn,1 Wkh suredelolw| ri lqiruphg wudglqj lv 3156 rq dyhudjh/ vxjjhvwlqj

<



wkdw derxw rqh lq hyhu| �yh wudghuv lv lqiruphg1 Odvw/ rxu phdvxuhv ri rzqhuvkls vwuxfwxuh duh

lqglfdwh wkdw lqvwlwxwlrqv rzq 64 shufhqw ri wkh �up*v htxlw| dqg lqvlghuv rzq <1:< shufhqw ri wkh

�up*v htxlw| rq dyhudjh1

Jlyhq wkdw zh xvh �yh gl�huhqw sur{lhv iru wkh lqirupdwlrq frqwhqw ri wudghv/ zh dovr h{dplqh

wkh uhodwlrqvkls ehwzhhq rxu ydulrxv phdvxuhv1 Wdeoh 6 surylghv d fruuhodwlrq wdeoh iru rxu �yh

lqirupdwlrq sur{lhv1 Doo irxu lqirupdwlrq phdvxuhv +KV/ KV5/ KIY / dqg SL, duh srvlwlyh dqg

vljql�fdqwo| uhodwhg wr wkh ohyho ri wkh txrwhg vsuhdg1 Krzhyhu/ doo phdvxuhv h{fhsw iru wkh SL

duh qhjdwlyho| uhodwhg wr wkh uhodwlyh vsuhdg1 Wklv uhvxow pd| dulvh iurp wkh idfw wkdw wkh uhodwlyh

vsuhdg lv frqvwuxfwhg zlwk sulfh lq wkh ghqrplqdwru1 Doo ri rxu rwkhu hvwlpdwhg phdvxuhv +KV/

KV5/ KIY / dqg SL, duh srvlwlyho| dqg vljql�fdqwo| uhodwhg wr hdfk rwkhu zlwk wkh h{fhswlrq ri wkh

SL dqg KV zklfk kdyh d qhjdwlyh fruuhodwlrq1 Lq jhqhudo/ wkh SL kdv d orz fruuhodwlrq zlwk rxu

rwkhu phdvxuhv ri lqirupdwlrq0edvhg wudglqj1 Wklv �qglqj lv/ shukdsv/ qrw vxusulvlqj frqvlghulqj

wkdw wkh SL lv hvwlpdwhg xvlqj rqo| gdlo| rughu lpedodqfhv zkloh wkh rwkhu wkuhh hvwlpdwhg phdvxuhv

+KV/ KV5/ dqg KIY , duh frqvwuxfwhg xvlqj lqwudgd| sulfh vhqvlwlylwlhv1 Ryhudoo/ rxu �yh phdvxuhv

duh uhodwhg wr hdfk rwkhu lq d urxjko| frqvlvwhqw pdqqhu/ |hw dsshdu xqfruuhodwhg hqrxjk wr surylgh

lqghshqghqw sur{lhv iru lqirupdwlrq0edvhg wudglqj1

e N?��@h�@|i +it�*|t

Wdeoh 7 suhvhqwv d xqlyduldwh ghvfulswlrq ri wkh uhodwlrqvkls ehwzhhq rxu phdvxuhv ri lqirupdwlrq0

edvhg wudglqj dqg rzqhuvkls vwuxfwxuh1 Wkh xsshu sdqho sduwlwlrqv lqvwlwxwlrqdo rzqhuvkls dqg wkh

orzhu sdqho sduwlwlrqv lqvlghu rzqhuvkls e| txlqwlohv1 Lq wkh xsshu sdqho/ erwk wkh txrwhg vsuhdg

dqg wkh uhodwlyh vsuhdg duh qhjdwlyho| uhodwhg wr lqvwlwxwlrqdo rzqhuvkls/ zklfk lv frqvlvwhqw zlwk

wkh qrwlrq wkdw lqvwlwxwlrqv duh dwwudfwhg wr pruh oltxlg vwrfnv1 Wkh KV dqg KIY phdvxuhv ri wkh

lqirupdwlyhqhvv ri wudgh ydu| srvlwlyho| zlwk lqvwlwxwlrqdo rzqhuvkls/ zklfk zrxog vhhp wr lqglfdwh

wkdw d jlyhq wudgh lq d vwrfn zlwk kljk ohyhov ri lqvwlwxwlrqdo rzqhuvkls zrxog eh pruh lqiruphg1

43



Wkh SL phdvxuh/ krzhyhu/ whoov d gl�huhqw vwru|1 Vwrfnv wkdw kdyh kljk ohyhov ri lqvwlwxwlrqdo

rzqhuvkls kdyh d orzhu suredelolw| wkdw dq| jlyhq wudgh lv lqiruphg1 Zkloh wkh frqfoxvlrqv iurp

gl�huhqw phdvxuhv vhhp wr eh frq�lfwlqj/ wkhvh uhvxowv duh rqo| xqlyduldwh1 Lw frxog eh wkh fdvh

wkdw wkh SL phdvxuh lv orz iru vwrfnv zlwk kljk ohyhov ri lqvwlwxwlrqdo rzqhuvkls vlpso| ehfdxvh

wkhvh vwrfnv duh odujhu dqg kdyh pxfk kljkhu yroxph wkdq wkh orzhu txlqwlohv1

Wkh xqlyduldwh sdwwhuqv iru lqvlghu rzqhuvkls duh gl�huhqw wkdq wkrvh iru lqvwlwxwlrqdo rzqhuvkls1

Wkh uhodwlyh vsuhdg/ wkh dgyhuvh vhohfwlrq frvw +KV5,/ dqg wkh SL phdvxuhv duh doo lqfuhdvlqj

zlwk lqfuhdvhg lqvlghu rzqhuvkls/ zkloh wkh dgyhuvh vhohfwlrq frpsrqhqw +KV, lv ghfuhdvlqj zlwk

lqfuhdvhg lqvlghu rzqhuvkls1 Djdlq/ wkh vdph frqfhuqv wkdw dsso| wr wkh xqlyduldwh lqvwlwxwlrqdo

rzqhuvkls dqdo|vlv dsso| khuh dv zhoo1 Iru h{dpsoh/ lqvlghu rzqhuvkls lv qhjdwlyho| uhodwhg wr erwk

wkh vl}h dqg wxuqryhu ri wkh �up1 Lw frxog eh wkh fdvh wkdw wkh SL phdvxuh lv kljk iru vwrfnv zlwk

kljk ohyhov ri lqvlghu rzqhuvkls vlpso| ehfdxvh wkhvh vwrfnv kdyh pxfk orzhu yroxph wkdq wkh rwkhu

txlqwlohv1 Wr dgguhvv wkhvh sureohpv/ lq Vhfwlrq 8 zh h{dplqh wkhvh txhvwlrqv lq d pxowlyduldwh

vhwwlqj1

D ��*|��@h�@|i +it�*|t

Lq wkh suhylrxv vhfwlrq/ rxu xqlyduldwh whvwv surgxfhg pl{hg uhvxowv rq wkh uhodwlrqvkls ehwzhhq

rzqhuvkls vwuxfwxuh dqg lqirupdwlrq0edvhg wudglqj1 Krzhyhu/ wkhuh pd| eh v|vwhpdwlf gl�huhqfhv

lq �up vl}h dqg oltxlglw| wkdw ydu| zlwk erwk rzqhuvkls dqg lqirupdwlrq0edvhg wudglqj1 Lq wklv

vhfwlrq/ zh whvw wkh uhodwlrqvkls ehwzhhq rzqhuvkls dqg lqirupdwlrq/ frqwuroolqj iru gl�huhqfhv lq

rwkhu idfwruv wkdw pd| d�hfw lqirupdwlrq1 Wkhuh duh wzr uhodwlrqvklsv wkdw zh kdyh wr frqfhuq

rxuvhoyhv zlwk1 Iluvw/ rxu k|srwkhvlv lv wkdw kljkhu ohyhov ri lqvwlwxwlrqdo rzqhuvkls duh srvlwlyho|

uhodwhg wr rxu phdvxuhv ri lqiruphg wudglqj1 Vlpxowdqhrxvo|/ rxu phdvxuhv ri lqiruphg wudglqj

frxog lq�xhqfh wkh ohyho ri lqvwlwxwlrqdo rzqhuvkls1 Iru h{dpsoh/ lw lv nqrzq wkdw lqvwlwxwlrqv

suhihu �upv wkdw duh pruh oltxlg dqg kdyh orzhu elg0dvn vsuhdgv1 Gxh wr wklv/ zh xvh d vlpxowdqhrxv
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htxdwlrq prgho wr dffrxqw iru wkh h�hfw wkdw rzqhuvkls vwuxfwxuh dqg rxu phdvxuhv ri lqiruphg

wudglqj kdyh rq hdfk rwkhu1 Zh lqfoxgh frqwuro yduldeohv wkdw dffrxqw iru �up vl}h dqg oltxlglw|1

Wkh vlpxowdqhrxv htxdwlrq prgho lv=

LQIR�c| @ d�LQVW�c| . d2LQVLGH�c| . d�Y RO�c| . deWXUQ�c| +4,

.dDY RODW�c| . dSQDVGDT�c| . d.DPH[�c| . dHQ\ VH�c|>

LQVW�c| @ ef . e�VL]H�c| . e2Y RO�c| . e�WXUQ�c| . ee
4

S�c|
. eDLQIR�c|= +5,

Zh lqfoxgh yroxph lq +4, wr frqwuro iru oltxlglw|1 Hyhq li d vwrfn kdv orz yroxph/ lw frxog vwloo

eh frqvlghuhg oltxlg li wkh yroxph zdv kljk uhodwlyh wr wkh vkduhv rxwvwdqglqj1 Wr dffrxqw iru wklv/

zh lqfoxgh wxuqryhu lq dgglwlrq wr yroxph1 Yrodwlolw| lv lqfoxghg vlqfh wklv pd| dovr d�hfw wkh

vsuhdgv wkdw wkh pdunhw pdnhu vhwv1 D gxpp| yduldeoh lv lqfoxghg iru wkh h{fkdqjh zkhuh wkh

�up*v vwrfn wudghv1 Vlqfh wkh vxp ri wkh wkuhh h{fkdqjh gxpplhv htxdov rqh iru hdfk revhuydwlrq/

qr frqvwdqw whup lv qhhghg lq +4,1 Uhfhqw uhvhdufk e| Jrpshuv dqg Phwulfn +5334, dqg Idonhqvwhlq

+4<<9, surylghv jxlgdqfh derxw zklfk frqwuro yduldeohv wr lqfoxgh lq wkh vhfrqg htxdwlrq1 Vlqfh

lqvwlwxwlrqv suhihu htxlw| iurp odujh �upv zlwk uhodwlyho| kljk sulfhv dqg kljk oltxlglw|/ zh lqfoxgh

vl}h/ yroxph/ wxuqryhu dqg sulfh lq +5,1

Wkh fruuhodwlrqv ehwzhhq wkh lqghshqghqw yduldeohv duh lq Wdeoh 81 Dv zh zrxog h{shfw/ wkh

fruuhodwlrq ehwzhhq lqvwlwxwlrqdo rzqhuvkls/ vl}h/ yroxph sulfh dqg wxuqryhu lv odujh dqg srvlwlyh1

Dovr/ vwrfnv zlwk kljk lqvwlwxwlrqdo rzqhuvkls whqg wr kdyh orzhu yrodwlolwlhv1b Wkh fruuhodwlrqv

ehwzhhq lqvlghu rzqhuvkls dqg lqvwlwxwlrqdo rzqhuvkls vl}h duh qhjdwlyh/ lqglfdwlqj wkdw wkrvh �upv

wkdw kdyh d kljk shufhqwdjh ri lqvlghu rzqhuvkls whqg wr eh vpdoohu dqg qrw khdylo| rzqhg e| lqvwl0

wxwlrqv1 Ixuwkhupruh/ wkh vl}h ri wkh �up/ yroxph dqg wxuqryhu duh doo kljko| srvlwlyho| fruuhodwhg1

Zh hvwlpdwh wkh frh�flhqwv lq wkh vlpxowdqhrxv htxdwlrq prgho frpsulvhg ri htxdwlrqv +4,

dqg +5, e| wzr0vwdjh ohdvw vtxduhv1 Wdeoh 9 suhvhqwv wkh uhvxowv iurp wkh hvwlpdwlrq1 Frqvlvwhqw
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zlwk wkh uhvxowv ri wkh xqlyduldwh dqdo|vlv/ wkh hvwlpdwhg frh�flhqw rq LQVW lq wkh uhjuhvvlrq

zkhuh wkh uhodwlyh vsuhdg lv ghshqghqw yduldeoh lv qhjdwlyh dqg vljql�fdqw1 Zh lqwhusuhw wklv dv

wkh suhihuhqfh ri lqvwlwxwlrqv iru pruh oltxlg vwrfnv1 Wklv uhvxow lv frqwudu| wr wkh �qglqjv ri

Vkdulq/ Vkdvwul dqg Vkdvwul +5333, zkr �qg wkdw wkh uhodwlrqvkls ehwzhhq lqvwlwxwlrqdo rzqhuvkls

dqg vsuhdgv lv srvlwlyh1 Vlqfh wkhlu vdpsoh frqvlvwv ri ; prqwkv ri gdwd iurp 4<;7/ wklv uhvxowv

frxog eh gulyhq/ lq sduw/ e| wkh gl�huhqw vdpsoh shulrgv1 Zkloh wkhuh lv d qhjdwlyh uhodwlrqvkls

ehwzhhq lqvwlwxwlrqdo rzqhuvkls dqg wkh uhodwlyh vsuhdg/ wkh rssrvlwh lv wuxh iru rxu phdvxuhv ri

dgyhuvh vhohfwlrq dqg sulfh lpsdfw1 Frqwuroolqj iru �up vl}h/ yrodwlolw|/ vkduh wxuqryhu/ yroxph/

dqg h{fkdqjh w|sh/ wkhuh lv vwloo dq hfrqrplfdoo| dqg vwdwlvwlfdoo| vljql�fdqw srvlwlyh uhodwlrqvkls

ehwzhhq rzqhuvkls e| lqvwlwxwlrqv dqg wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg +KV dqgKV5,

dqg sulfh lpsdfw/ +KIY ,/ zklfk lv frqvlvwhqw zlwk wkh hylghqfh lq Vxjdwr +5334,1 Lw lv sx}}olqj

wkdw lqvwlwxwlrqdo rzqhuvkls lv qhjdwlyho| uhodwhg wr wkh suredelolw| ri lqiruphg wudglqj1 Zkloh wklv

lv frqvlvwhqw zlwk wkh xqlyduldwh uhvxowv/ lv rssrvlwh zkdw zh h{shfwhg1 Lq uhvxowv glvfxvvhg odwhu lq

wkh sdshu/ wklv rqo| dsshduv wr eh wkh fdvh iru QDVGDT vwrfnv 0 wkhuh lv qr vljql�fdqw uhodwlrqvkls

ehwzhhq lqvwlwxwlrqdo rzqhuvkls dqg wkh suredelolw| ri lqiruphg wudglqj iru vwrfnv olvwhg rq wkh

Q\VH2DPH[1

Vlplodu wr wkh uhvxowv iru wkh hvwlpdwhg frh�flhqwv rq lqvwlwxwlrqdo rzqhuvkls/ zh �qg wkdw doo

wkuhh phdvxuhv ri lqirupdwlrq edvhg wudglqj 0 wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg/ sulfh

lpsdfw/ dqg suredelolw| ri lqiruphg wudglqj duh srvlwlyh dqg vljql�fdqw/ dv zh zrxog h{shfw1 Zkloh

rxu uhvxowv vxjjhvw wkdw erwk w|shv ri rzqhuvkls duh srvlwlyho| uhodwhg wr wkh dgyhuvh vhohfwlrq

frpsrqhqw ri dqg sulfh lpsdfw rq wkh elg0dvn vsuhdg/ lqvwlwxwlrqdo rzqhuvkls kdv dq hfrqrplf

lpsdfw wkdw lv dq rughu ri pdjqlwxgh odujhu1 Vlqfh lqvwlwxwlrqv jhqhudwh d pxfk kljkhu yroxph

ri wudgh wkdq lqvlghuv/ wklv uhvxow lv frqvlvwhqw zlwk ulvn0dyhuvh pdunhw pdnhuv zdqwlqj wr surwhfw

wkhpvhoyhv iurp lqfxuulqj odujhu groodu orvvhv wudglqj djdlqvw lqiruphg wudghuv1

Jhqhudoo|/ wkh frqwuro yduldeohv kdyh wkh h{shfwhg vljqv dqg vljql�fdqfh1 Wkh frh�flhqw rq
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yroxph lv qhjdwlyh dqg vljql�fdqw/ lqglfdwlqj wkdw pruh oltxlg vwrfnv kdyh orzhu frvwv ri lqiruphg

wudglqj1 Wkh frh�flhqw rq wxuqryhu lv srvlwlyh dqg vljql�fdqw lq wkh uhodwlyh vsuhdg uhjuhvvlrq/

zklfk lv sx}}olqj1 Krzhyhu/ lw vlqfh wxuqryhu lv kljko| fruuhodwhg zlwk yroxph lw lv gl�fxow wr

lqwhusuhw wklv uhvxow1 Dovr/ wkh vljq dqg vljql�fdqfh ri wkh hvwlpdwhg frh�flhqwv rq wkh rzqhuvkls

yduldeohv/ zklfk duh wkh fhqwudo yduldeohv ri lqwhuhvw/ gr qrw fkdqjh zkhq zkhq wxuqryhu lv gursshg

iurp wkh prgho1 Wkh frh�flhqwv rq yrodwlolw| duh doo srvlwlyh dqg vljql�fdqw/ lqglfdwlqj wkdw pruh

yrodwloh �upv kdyh kljkhu lqirupdwlrq frvwv dvvrfldwhg zlwk wkhp1 Wkrxjk zh hvwlpdwhg wkh prghov

xvlqj wkh orjdulwkp ri yroxph/ wxuqryhu dqg yrodwlolw|/ wkh vljqv dqg vljql�fdqfh ri wkh frh�flhqwv

duh wkh vdph zkhq wkh ruljlqdo yduldeohv duh xvhg1

Wkh vhfrqg sdqho lq Wdeoh 9 frqwdlqv wkh hvwlpdwhg frh�flhqwv iurp htxdwlrq +5, lq wkh prgho1

Khuh/ lqvwlwxwlrqdo rzqhuvkls lv d ixqfwlrq ri wkh phdvxuh ri lqiruphg wudglqj/ �up vl}h/ yroxph/

wxuqryhu/ dqg wkh uhflsurfdo ri sulfh1 Wkh hvwlpdwhg frh�flhqw rq wkh uhodwlyh vsuhdg lv qhjdwlyh/

zklfk lv frqvlvwhqw zlwk h{lvwlqj hylghqfh wkdw lqvwlwxwlrqv suhihu vwrfnv wkdw kdyh orzhu vsuhdgv1

Zkloh wkh hvwlpdwhg frh�flhqw rq shufhqwdjh ri wkh vsuhdg wkdw uhsuhvhqwv wkh dgyhuvh vhohfwlrq

frvw +KV, lv lv srvlwlyh/ wkh frh�flhqw rq wkh groodu frvw ri wkh dgyhuvh vhohfwlrq +KV5, lv qhjdwlyh1

Wklv lpsolhv wkdw lqvwlwxwlrqv dyrlg wkhvh vwrfnv1 Rqh srvvleoh h{sodqdwlrq lv wkdw wkh| gr vr lq

dq dwwhpsw wr orzhu wkhlu h�hfwlyh frvw ri wudglqj1 Rq wkh rwkhu kdqg/ wkh hvwlpdwhg frh�flhqw rq

sulfh lpsdfw +KIY , dqg suredelolw| ri lqiruphg wudglqj +SL, duh doo srvlwlyh dqg vljql�fdqw/ zklfk

lpsolhv wkdw lqvwlwxwlrqv idyru wkhvh vwrfnv1 Zkloh wklv lv frxqwhu lqwxlwlyh/ wkhuh duh pdq| idfwruv

wkdw jr lqwr d prqh| pdqdjhuv ghflvlrq wr sxufkdvh d vwrfn ehvlghv rxu phdvxuhv ri lqiruphg

wudglqj1 Rplvvlrq ri wkhvh idfwruv frxog elhdv wklv wklv uhvxow1 Wkh sxusrvh ri wklv vwxg| lv qrw

wr prgho wkhvh idfwruv/ exw udwkhu wr xqghuvwdqg wkh lpsdfw ri rzqhuvkls vwuxfwxuh rq lqiruphg

wudglqj1

Vl}h dqg wxuqryhu duh srvlwlyh dqg vljql�fdqw/ lqglfdwlqj wkdw lqvwlwxwlrqv suhihu odujh �upv zlwk

kljk wxuqryhu1 Yroxph lv qhjdwlyh dq vljql�fdqw lq doo wkh prghov/ zklfk lv rssrvlwh zkdw rqh zrxog
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h{shfw1 Djdlq/ wklv uhvxow dsshduv wr eh gulyhq e| wkh fruuhodwlrq zlwk wxuqryhu1 Zkhq wkh prgho

lv uh0hvwlpdwhg zlwkrxw wxuqryhu/ yroxph lv srvlwlyh dqg vljql�fdqw/ dv rqh zrxog h{shfw1 Vlqfh zh

duh sulpdulo| frqfhuqhg zlwk wkh hvwlpdwhg frh�fhqwv rq wkh rzqhuvkls yduldeohv lq htxdwlrq +4,/

wkh lqfoxvlrq ri kljko| fruuhodwhg frqwuro yduldeohv zloo qrw eldv rxu hvwlpdwhv ri wkhvh frh�flhqwv1

S #�gihi?Uit M) i U�@?}i |)Ti

Lq wkh suhylrxv vhfwlrqv/ zh vkrz wkdw wkh lqirupdwlrq frqwhqw ri wudghv lqfuhdvhv zlwk wkh sursru0

wlrq ri lqvwlwxwlrqdo dqg lqvlghu rzqhuvkls1 Krzhyhu/ wkh qdwxuh ri lqirupdwlrq0edvhg wudglqj pd|

ydu| v|vwhpdwlfdoo| e| wkh w|sh ri h{fkdqjh dq lvvxh lv wudghg rq1 Iru h{dpsoh/ uhfhqw hylghqfh

vxjjhvwv wkdw ghdohu pdunhwv olnh wkh QDVGDTpd| eh pruh dqrq|prxv wkdq dxfwlrq pdunhwv1�f Lq

wklv vhfwlrq/ zh whvw zkhwkhu wkh uhodwlrqvkls ehwzhhq lqirupdwlrq dqg rzqhuvkls vwuxfwxuh gl�huv

e| h{fkdqjh w|sh1

Lq Wdeoh 9 wkh frh�flhqw rq wkh QDVGDT gxpp| yduldeoh lv vljql�fdqw dqg pruh srvlwlyh

wkdq wkh Q\VH gxpp| lq wkh vsuhdg dqg KV5 uhjuhvvlrqv1 Wklv uhvxow lv frqvlvwhqw zlwk hduolhu

zrun frpsdulqj wudqvdfwlrqv frvwv rq ghdohu dqg dxfwlrq pdunhwv +Vhh/ h1j1 Kxdqj dqg Vwroo

+4<<8,,1 Krzhyhu/ QDVGDT vwrfnv kdyh/ rq dyhudjh/ d vpdoohu dgyhuvh vhohfwlrq frpsrqhqw ri

wkh vsuhdg dqg suredelolw| ri lqiruphg wudglqj zkhq frpsduhg wr wkh Q\VH vwrfnv1 Wkhvh uhvxowv

duh dovr frqvlvwhqw zlwk suhylrxv vwxglhv frpsdulqj wkh frpsrqhqwv ri wkh vsuhdg ehwzhhq ghdohu

dqg dxfwlrq pdunhwv +vhh D�hfn0Judyhv/ Khgjh/ dqg Ploohu +4<<7,, Wkh DPH[/ dovr dq dxfwlrq

pdunhw/ kdv pl{hg uhvxowv frpsduhg wr wkh Q\VH zlwk d vpdoohu vsuhdg dqg suredelolw| ri lqiruphg

wudglqj exw d odujhu KV/ KV5 dqg KIY1

Wdeoh : surylghv d vxppdu| ri rxu hvwlpdwlrq ri wkh vlpxowdqhrxv htxdwlrq prgho ri htxdwlrq 4

e| h{fkdqjh w|sh1 Khuh zh lqfoxgh d frqvwdqw exw gr qrw lqfoxgh h{fkdqjh gxpplhv1 Zh shuirup

�f6Lh i @4T*ic tii B@h�?!i* @?_ ��4@*i?_h@? E�bbH� Lh Oi�_*i @?_ O�@?} E2fff��
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wkh uhjuhvvlrq vhsdudwho| iru �upv olvwhg rq dq dxfwlrq pdunhw +olnh wkh Q\VH ru DPH[, dqg

�upv olvwhg rq d ghdohu pdunhw +QDVGDT,1 Wdeoh : suhvhqwv wkh frh�flhqwv rq wkh rzqhuvkls

yduldeohv rqo|1�� Ryhudoo/ zh �qg wkdw wkh uhodwlrqvkls ehwzhhq rzqhuvkls dqg lqiruphg wudglqj lv

frqvlvwhqw dfurvv gl�huhqw h{fkdqjh w|shv1 Wkh rqo| gl�huhqfh ehwzhhq wkh h{fkdqjhv dsshduv wr eh

lq wkh suredelolw| ri lqiruphg wudglqj1 Lqvlghu rzqhuvkls lv srvlwlyho| uhodwhg wr wkh suredelolw| ri

lqiruphg wudglqj rq wkh Q\VH0DPH[/ exw qrw wkh QDVGDT1 Lq frqwudvw/ lqvwlwxwlrqdo rzqhuvkls

lv qrw uhodwhg wr wkh suredelolw| ri lqiruphg wudglqj rq wkh Q\VH0DPH[/ exw rq wkh QDVGDT

wkhuh lv d qhjdwlyh uhodwlrqvkls1 Wkh frh�flhqwv rq rzqhuvkls iru wkh KV/ SL/ dqg KIY uhjuhvvlrqv

duh vpdoohu iru wkh QDVGDT vdpsoh zkloh wkh lpsdfw ri rzqhuvkls rq rxu KV5 phdvxuhv duh

odujhu iru QDVGDT vwrfnv1 Zh lqwhusuhw wkhvh uhvxowv dv hylghqfh wkdw lqglylgxdo lqyhvwruv duh ohvv

lqiruphg wkdq lqvwlwxwlrqv ru lqvlghuv/ uhjdugohvv ri wkh wudglqj hqylurqphqw1

. �L?U*�t�L?

Wklv sdshu whvwv wkh uhodwlrqvkls ehwzhhq rzqhuvkls vwuxfwxuh dqg wkh lqirupdwlrq frqwhqw ri

htxlw| wudglqj1 Zh �qg wkdw lqirupdwlrq0edvhg wudglqj lv srvlwlyho| dqg vljql�fdqwo| uhodwhg wr wkh

dprxqw ri erwk lqvwlwxwlrqdo dqg lqvlgh rzqhuvkls1 Rxu uhvxowv duh urexvw wr d ydulhw| ri hvwlpdwlrq

whfkqltxhv dqg sur{lhv iru lqiruphg wudglqj1

Ryhudoo/ zh �qg vwurqj hylghqfh wkdw erwk lqvwlwxwlrqv dqg lqvlghuv duh ehwwhu lqiruphg +Ru/

dw ohdvw/ wkdw wkhlu wudghv kdyh d juhdwhu lpsdfw rq sulfhv dqg rughu lpedodqfhv, wkdq lqglylgxdo

lqyhvwruv1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh k|srwkhvlv wkdw wkhuh duh hfrqrplhv ri vfdoh lq lq0

irupdwlrq dftxlvlwlrq dqg djjuhjdwlrq1 Ixuwkhu/ wkh srvlwlyh uhodwlrq ehwzhhq lqiruphg wudglqj dqg

lqvwlwxwlrqdo rzqhuvkls vxjjhvwv wkdw wkh suhylrxvo| grfxphqwhg uhodwlrqvkls ehwzhhq lqvwlwxwlrqdo

rzqhuvkls dqg vkduh wxuqryhu pd| eh gulyhq e| lqirupdwlrq0edvhg wudglqj udwkhu wkdq fkxuqlqj1
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^4` D�hfn0Judyhv/ Mrkq/ V1 Khgjh/ dqg U1 Ploohu/ 4<<7/ Wudglqj Phfkdqlvpv dqg wkh Frpsrqhqwv

ri wkh Elg0Dvn Vsuhdg/ Wkh Mrxuqdo ri Ilqdqfh 7</ 47:4047;;1

^5` Dodqjdu/ V1/ F1 Edwkdod dqg U1 Udr/ 4<<</ Wkh H�hfw ri Lqvwlwxwlrqdo Lqwhuhvw rq wkh Lqiru0

pdwlrq Frqwhqw ri Glylghqg0Fkdqjh Dqqrxqfhphqwv/ Wkh Mrxuqdo ri Ilqdqfldo Uhvhdufk 55/

75<077;1

^6` Dplkxg/ \dnry/ dqg Kdlp Phqghovrq/ 4<;9/ Dvvhw sulflqj dqg wkh elg0dvn vsuhdg/ Mrxuqdo ri

Ilqdqfldo Hfrqrplfv 4:/ 556057<1

^7` Eduwry/ H1 / V1 Udgkdnulvkqdq dqg L1 Nulqvn|/ 5333/ Lqyhvwru vrsklvwlfdwlrq dqg sdwwhuqv lq

vwrfn uhwxuqv diwhu hduqlqjv dqqrxqfhphqwv1 Wkh Dffrxqwlqj Uhylhz :8/ 760961

^8` Euhqqdq/ Plfkdho M1 dqg Dydqlgkdu Vxeudkpdq|dp/ 4<<9/ Pdunhw Plfurvwuxfwxuh dqg Dvvhw

Sulflqj= Rq wkh Frpshqvdwlrq iru Looltxlglw| lq Vwrfn Uhwxuqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv

74/ 7740971

^9` Grz/ M1/ J1 Jruwrq/ 4<<:/ Qrlvh Wudglqj/ Ghohjdwhg Sruwirolr Pdqdjhphqw/ dqg Hfrqrplf

Zhoiduh1 Mrxuqdo ri Srolwlfdo Hfrqrp| 438/ 43570831

^:` Hdvoh|/ Gdylg/ Qlfkrodv P1 Nlhihu/ Pdxuhhq R*Kdud/ dqg Mrvhsk E1 Sdshupdq/ 4<<9/ Oltxlglw|/

lqirupdwlrq/ dqg lqiuhtxhqwo| wudghg vwrfnv/ Mrxuqdo ri Ilqdqfh 84/ 4738047691

^;` Idonhqvwhlq/ H1 Suhihuhqfhv iru Vwrfn Fkdudfwhulvwlfv dv Uhyhdohg e| Pxwxdo Ixqg Sruwirolr

Kroglqjv1 Mrxuqdo ri Ilqdqfh/ Y1 84/ Q1 41 +4<<9,/ 44404691

^<` Irvwhu/ Grxjodv I1/ dqg V1 Ylvzdqdwkdq/ 4<<6/ Yduldwlrqv lq wudglqj yroxph/ uhwxuq yrodwlolw|/

dqg wudglqj frvwv= Hylghqfh rq Uhfhqw Sulfh Irupdwlrq Prghov/ Mrxuqdo ri Ilqdqfh 7;/ 4;:0

5441

^43` Jdu�qnho/ Mrq D1/ dqg P1 Qlpdohqgudq/ 4<<;/ Pdunhw Vwuxfwxuh dqg Wudghu Dqrq|plw|= Dq

Dqdo|vlv ri Lqvlghu Wudglqj/ Zrunlqj Sdshu1

^44` Jhrujh/ W1/ Jdxwdp Ndxo/ dqg P1 Qlpdohqgudq/ 4<<4/ Hvwlpdwlrq ri wkh Elg0Dvn Vsuhdg dqg

lwv Frpsrqhqwv= D Qhz Dssurdfk1 Uhylhz ri Ilqdqfldo Vwxglhv 7/ 95609891

^45` Jorvwhq/ Odzuhqfh U1/ dqg Odzuhqfh H1 Kduulv/ 4<;;/ Hvwlpdwlqj wkh frpsrqhqwv ri wkh elg2dvn

vsuhdg/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 54/ 4560751

^46` Jrpshuv/ S1D1 dqg D1 Phwulfn/ 5334/ Lqvwlwxwlrqdo Lqyhvwruv dqg Htxlw| Sulfhv/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv 449/ 55<058<1

^47` Kdveurxfn/ Mrho/ 4<<4/ Phdvxulqj wkh lqirupdwlrq frqwhqw ri vwrfn wudghv/ Mrxuqdo ri Ilqdqfh

79/ 4:<053:1
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^48` Khlgoh/ Kdqv/ dqg Urjhu G1 Kxdqj/ 4<<</ Lqirupdwlrq0Edvhg Wudglqj lq Ghdohu dqg Dxfwlrq

Pdunhwv= Dq Dqdo|vlv ri H{fkdqjh Olvwlqjv/ Zrunlqj sdshu/ Ydqghuelow Xqlyhuvlw|1

^49` Kxdqj/ Urjhu G1/ dqg Kdqv Vwroo/ 4<<:/ Wkh frpsrqhqwv ri wkh elg0dvn vsuhdg= d jhqhudo

dssurdfk/ Uhylhz ri Ilqdqfldo Vwxglhv 43/ <<8043671

^4:` Kxdqj/ Urjhu G1/ dqg Kdqv Vwroo/ 4<<9/ Ghdohu yhuvxv Dxfwlrq Pdunhwv= D Sdluhg Frpsdulvrq

ri H{hfxwlrq Frvwv rq QDVGDT dqg wkh Q\VH/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 74/ 64608:1

^4;` Mhqqlqjv/ Z1/ N1 Vfkqdwwhuo|/ dqg Sdxo Vhjxlq/ 5333/ Lqvwlwxwlrqdo Rzqhuvkls/ Lqirupdwlrq/

dqg Oltxlglw|1 Zrunlqj Sdshu1

^4<` Nrwkduh/ P1 dqg S1 Odx{/ 4<<8/ Wudglqj Frvwv dqg wkh Wudglqj V|vwhpv iru QDVGDT Vwrfnv/

Ilqdqfldo Dqdo|vwv Mrxuqdo/ 750861

^53` N|oh/ Doehuw/ 4<;8/ Frqwlqxrxv dxfwlrqv dqg lqvlghu wudglqj/ Hfrqrphwulfd 86/ 46480681

^54` Pdgkdydq/ Dqdwk/ dqg Jhrujh Vr�dqrv/ 4<<;/ Dq Hpslulfdo Dqdo|vlv ri Q\VH Vshfldolvw

Wudglqj/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 7;/ 4;<05431

^55` Pdgkdydq/ Dqdwk/ dqg Vh|prxu Vplgw/ 4<<6/ Dq Dqdo|vlv ri Fkdqjhv lq Vshfldolvw Lqyhqwrulhv

dqg Txrwdwlrqv/ Mrxuqdo ri Ilqdqfh 7;/ 48<80495;1

^56` Vdulq/ D1/ Vkdvwul/ N1/ dqg Vkdvwul N1/ Qry 5333/ Rzqhuvkls Vwuxfwxuh dqg Vwrfn Pdunhw

Oltxlglw|/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Slwwvexuj1

^57` Fkdnudyduw|/ Vxjdwr/ 5334/ Vwhdowk Wudglqj= Zklfk Wudghuv* Wudghv Pryh Vwrfn SulfhvB/

Mrxuqdo ri Ilqdqfldo Hfrqrplfv Iruwkfrplqj1

^58` V}hzf}|n/ V1/ J1 Wvhwvhnrv dqg U1 Ydupd/ 4<<5/ Lqvwlwxwlrqdo Rzqhuvkls dqg wkh Oltxlglw| ri

Frpprq Vwrfn R�hulqjv/ Wkh Ilqdqfldo Uhylhz 5:/ 54405581

^59` Wuxhpdq/ E1/ 4<;;/ D Wkhru| ri Qrlvh Wudglqj lq Vhfxulwlhv Pdunhwv1 Mrxuqdo ri Ilqdqfh 76/

;60<81

4;



Wdeoh 4=

Vdpsoh Ghvfulswlrq
Wklv wdeoh frqwdlqv d ghvfulswlrq ri wkh vdpsoh e| gdwh dqg h{fkdqjh olvwlqj1 Wkh
vdpsoh lv vhohfwhg iurp wkh xqlyhuvh ri QDVGDT/ Q\VH dqg DPH[ vwrfnv iru
zklfk gdwd frxog eh irxqg iurp FUVS/ WDT/ dqg Glvforvxuh1

Qxpehu ri �upv

lq wkh vdpsoh Q\VH DPH[ QDVGDT Wrwdo

T7 4<<: 4/:4< 6<7 6/95< 8/:75
T4 4<<; 4/97; 695 6/497 8/4:7
T5 4<<; 4/:8< 747 6/77; 8/954
T6 4<<; 4/::7 734 6/863 8/:38
T7 4<<; 4/:77 733 6/55: 8/6:4

Wrwdo ;/977 4/<:4 49/<<; 5:/946

4<



Wdeoh 5=

Vxppdu| Vwdwlvwlfv

Wklv wdeoh frqwdlqv vxppdu| vwdwlvwlfv iru rxu vdpsoh1 Uhsruwhg vwdwlvwlfv duh frpsxwhg dv
wkh furvv0vhfwlrqdo dyhudjhv ryhu doo �up0txduwhu revhuydwlrqv1 Pdunhw ydoxh lv wkh dyhudjh
txduwhuo| sulfh +ryhu doo gdlo| forvlqj sulfhv, wlphv wkh qxpehu ri vkduhv rxwvwdqglqj1 Sulfh
lv wkh dyhudjh gdlo| forvlqj sulfh ryhu hdfk txduwhu1 Txduwhuo| yroxph lv frpsxwhg dv wkh
wrwdo qxpehu ri vkduhv wudghg hdfk txduwhu1 Vkduh wxuqryhu lv txduwhuo| yroxph glylghg e|
vkduhv rxwvwdqglqj1 Wkh vwdqgdug ghyldwlrq ri uhwxuqv lv frqvwuxfwhg iru hdfk �up0txduwhu
dv wkh vwdqgdug ghyldwlrq ri gdlo| uhwxuqv ryhu wkh txduwhu1 Wkh txrwhg vsuhdg lv wdnhq
dv wkh gl�huhqfh ehwzhhq wkh srvwhg dvn dqg elg sulfh ryhu doo wudqvdfwlrqv iru hdfk vwrfn0
txduwhu dv uhsruwhg rq wkh WDT gdwdedvh1 Wkh uhodwlyh vsuhdg lv wkh txrwhg vsuhdg glylghg
e| sulfh1 Wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg lv hvwlpdwhg xvlqj wkh phwkrgrorj|
ri Kxdqj dqg Vwroo +4<<:,1 Wkh dgyhuvh vhohfwlrq frvw lv wkh dgyhuvh vhohfwlrq frpsrqhqw
ri wkh vsuhdg pxowlsolhg e| wkh dyhudjh txrwhg vsuhdg1 Wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq
phdvxuh lv frqvwuxfwhg iroorzlqj Kdveurxfn +4<<4, +zlwk �yh odjv,1 Wkh suredelolw| ri
lqiruphg wudglqj lv hvwlpdwhg yld pd{lpxp olnholkrrg iroorzlqj Hdvoh|/ Nlhihu/ R*Kdud/
dqg Sdshupdq +4<<8,1 Lqvwlwxwlrqdo rzqhuvkls gdwd duh froohfwhg iurp Frpsdfw Glvforvxuh1

Ghvfulswlyh Yduldeohv Rev Phdq Vwg1 8( phgldq <8(

Pdunhw ydoxh/ Ploolrqv +VL]H, 5:/946 4/99< ;/99; ; 468 8/<:8
Sulfh/ Grooduv +S , 5:/946 4;1;: 4<1<7 415; 46194 8617;
Yroxph/ Ploolrqv
ri Vkduhv +YRO, 5:/946 ;1;3 5<143 3147 4199 6;133

Vkduh Wxuqryhu +WXUQ, 5:/946 314; 314; 3136 3146 3183
Vwdqgdug Ghyldwlrq
ri uhwxuqv +Y RODW , 5:/946 3137 3136 3134 3136 3143

Lqirupdwlrq yduldeohv

Txrwhg Vsuhdg +fhqwv, 5:/946 59148 531<< ;15; 4<15< 9;18;
Uhodwlyh Vsuhdg +(, 5:/946 614< 6197 3165 5144 <1;6

Dgyhuvh Vhohfwlrq Frpsrqhqw
ri wkh vsuhdg +KV, 5:/93: 661<: 47195 4817; 631:8 941<;

Dgyhuvh Vhohfwlrq Frvw +KV5, 5:/93: 916< 819; 4146 71<6 49183
Kdveurxfn0Irvwhu

0Ylvydqdwkdq phdvxuh +KIY , 59/684 61;8 614; 3188 6144 <183
Suredelolw| ri

lqiruphg wudglqj +SL, 5:/946 551<4 ;14: 44147 5516; 691;3

Rzqhuvkls yduldeohv

Shufhqwdjh Lqvwlwxwlrqdo
Rzqhuvkls +LQVW , 5:/845 64139 581;9 3133 5818< :;1<;
Shufhqwdjh Lqvlghu

Rzqhuvkls +LQVLGH, 5:/76: <1:< 4:174 3133 3168 84163
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Wdeoh 6=

Fruuhodwlrqv ehwzhhq ehwzhhq lqirupdwlrq phdvxuhv

Wklv wdeoh frqwdlqv wkh fruuhodwlrq frh�flhqwv ehwzhhq wkh sur{lhv iru wkh lqirupd0
wlrq frqwhqw ri wudghv wkdw duh xvhg lq wkh uhjuhvvlrqv1 Wkh txrwhg vsuhdg lv wdnhq
dv wkh gl�huhqfh ehwzhhq wkh srvwhg dvn dqg elg sulfh ryhu doo wudqvdfwlrqv iru hdfk
vwrfn0txduwhu dv uhsruwhg rq wkh WDT gdwdedvh1 Wkh uhodwlyh vsuhdg lv wkh txrwhg
vsuhdg glylghg e| sulfh1 Wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg lv hvwl0
pdwhg xvlqj wkh phwkrgrorj| ri Kxdqj dqg Vwroo +4<<:,1 Wkh dgyhuvh vhohfwlrq frvw
lv wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg pxowlsolhg e| wkh dyhudjh txrwhg
vsuhdg1 Wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq phdvxuh lv frqvwuxfwhg iroorzlqj Kdv0
eurxfn +4<<4, +zlwk �yh odjv,1 Wkh suredelolw| ri lqiruphg wudglqj lv hvwlpdwhg
yld pd{lpxp olnholkrrg iroorzlqj Hdvoh|/ Nlhihu/ R*Kdud/ dqg Sdshupdq +4<<8,1
S0ydoxhv duh uhsruwhg lq sduhqwkhvlv1

Lqirupdwlrq Lqirupdwlrq
Txrwhg Uhodwlyh Frpsrqhqw ri Frvw Sulfh Lpsdfw
Vsuhdg Vsuhdg wkh vsuhdg +KV, +KV5, +KIY ,

Uhodwlyh Vsuhdg 313346
+31;63,

Lqirupdwlrq
Frpsrqhqw ri 3139<5 03167:3
wkh vsuhdg +KV, +31333, +31333,

Lqirupdwlrq 31;547 03143:5 318455
Frvw +KV5, +31333, +31333, +31333,

Sulfh Lpsdfw +KIY , 318;37 0314:65 319538 31:<:<
+31333, +31333, +31333, +31333,

Suredelolw| ri 3138<8 316669 0314459 313444 31366;
lqiruphg wudglqj +SL, +31333, +31333, +31333, +31399, +31333,
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Wdeoh 7=

Xqlyduldwh Uhodwlrqvklsv Ehwzhhq Lqirupdwlrq dqg Rzqhuvkls

Wklv wdeoh frqwdlqv hvwlpdwhv ri rxu �yh phdvxuhv ri lqirupdwlrq0edvhg wudglqj e|
txlqwloh ri lqvwlwxwlrqdo rzqhuvkls dqg txduwloh ri lqvlghu rzqhuvkls1 Revhuydwlrqv
wkdw kdyh }hur lqvlghu ru lqvwlwxwlrqdo rzqhuvkls kdyh wkhlu rzq fdwhjru| dqg duh
h{foxghg iurp wkh txlqwlohv1 Wkhuh duh 4/<:4 �up0txduwhu revhuydwlrqv wkdw kdyh
qr lqvwlwxwlrqdo rzqhuvkls dqg 8/43; �up0txduwhu revhuydwlrqv lq hdfk lqvwlwxwlrqdo
rzqhuvkls txlqwloh1 Wkhuh duh 45/88< �up0txduwhu revhuydwlrqv wkdw kdyh qr lqvlghu
rzqhuvkls dqg 5/<:9 �up0txduwhu revhuydwlrqv lq hdfk lqvwlwxwlrqdo rzqhuvkls txlq0
wloh1 Wkh txrwhg vsuhdg lv wdnhq dv wkh gl�huhqfh ehwzhhq wkh srvwhg dvn dqg elg
sulfh ryhu doo wudqvdfwlrqv iru hdfk vwrfn0txduwhu dv uhsruwhg rq wkh WDT gdwdedvh1
Wkh uhodwlyh vsuhdg lv wkh txrwhg vsuhdg glylghg e| sulfh1 Wkh dgyhuvh vhohfwlrq
frpsrqhqw ri wkh vsuhdg lv hvwlpdwhg xvlqj wkh phwkrgrorj| ri Kxdqj dqg Vwroo
+4<<:,1 Wkh dgyhuvh vhohfwlrq frvw lv wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg
pxowlsolhg e| wkh dyhudjh txrwhg vsuhdg1 Wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq phd0
vxuh lv frqvwuxfwhg iroorzlqj Kdveurxfn +4<<4, +zlwk �yh odjv,1 Wkh suredelolw|
ri lqiruphg wudglqj lv hvwlpdwhg yld pd{lpxp olnholkrrg iroorzlqj Hdvoh|/ Nlhihu/
R*Kdud/ dqg Sdshupdq +4<<8,1

Txlqwloh ri Orj ri
Lqvwlwxwlrqdo Lqvwlwxwlrqdo Txrwhg Uhodwlyh
Rzqhuvkls Rzqhuvkls Vsuhdg Vsuhdg KV KV5 KIY SL

LQVW @ 3 31333 31568 06175; 31636 31387 31366 31578
4 31367 31597 061433 315:< 3138; 31364 3158;
5 31479 315<< 061878 3164< 313:4 3136< 31575
6 315;< 315;9 061<53 3167: 313:3 31374 31566
7 317:: 31587 071765 3169; 31399 31373 31547
8 31:5: 31548 071<98 316<< 3138< 31376 314<5

Txlqwloh ri Orj ri
Lqvlghu Lqvlghu Txrwhg Uhodwlyh

Rzqhuvkls Rzqhuvkls Vsuhdg Vsuhdg KV KV5 KIY SL

LQVLGH @ 3 31333 3158; 061<65 31675 31396 3136; 3155<
4 31338 31538 071:49 31697 31386 3136: 314<:
5 31367 315:7 071497 31686 3139; 31374 31556
6 31437 315<3 061;66 31657 3139< 3136; 31566
7 31565 3159; 0619:6 3164< 31397 31369 31574
8 31859 315;4 061845 3165: 3139; 31373 31585
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Wdeoh 8=

Fruuhodwlrqv ehwzhhq lqghshqghqw yduldeohv

Wklv wdeoh frqwdlqv wkh fruuhodwlrq frh�flhqwv ehwzhhq wkh lqghshqghqw yduldeohv
wkdw duh xvhg lq wkh srrohg dqg �{hg h�hfwv uhjuhvvlrqv Pdunhw ydoxh lv wkh dyhudjh
txduwhuo| sulfh +ryhu doo gdlo| forvlqj sulfhv, wlphv wkh qxpehu ri vkduhv rxwvwdqglqj1
Vkduh wxuqryhu lv txduwhuo| yroxph +wrwdo qxpehu ri vkduhv wudghg hdfk txduwhu,
glylghg e| vkduhv rxwvwdqglqj1 Yrodwlolw| lv frqvwuxfwhg iru hdfk �up0txduwhu dv wkh
vwdqgdug ghyldwlrq ri gdlo| uhwxuqv ryhu wkh txduwhu1 Doo fruuhodwlrqv duh vljql�fdqw
dw wkh 4( ohyho1

Orj
Lqvwlwxwlrqdo Lqvlgh Pdunhw Orj Orj Orj
Rzqhuvkls Rzqhuvkls Ydoxh Wxuqryhu Yrodwlolw| Yroxph
+LQVW , +LQVLGH, +VL]H, +WXUQ, +Y RODW , +Y RO,

LQVLGH 03147:<
VL]H 31934< 031488;
WXUQ 316994 0313:<8 3155:4
Y RODW 0316;;8 314889 0319558 313<68
Y RO 3184;6 0314743 31:637 31:3;8 031498<

�

�
0315<7: 31378 03177:< 0313778 31844: 0313<;4
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Wdeoh 9=

Ghwhuplqdqwv ri lqirupdwlrq0edvhg wudglqj

Wklv wdeoh frqwdlqv uhvxowv ri uhjuhvvlrqv ri sur{lhv iru wkh lqirupdwlrq frqwhqw ri wudglqj

rq h{sodqdwru| yduldeohv1 Wkh vlpxowdqhrxv htxdwlrq prgho lv=

LQIRl>w @ d4LQVWl>w . d5LQVLGHl>w . d6Y ROl>w . d7WXUQl>w

.d8Y RODWl>w . d9QDVGDTl>w . d:DPH[l>w . d;Q\ VHl>w>

LQVWl>w @ e3 . e4VL]Hl>w . e5Y ROl>w . e6WXUQl>w . e7
4

Sl>w
. e8LQIRl>w

zkhuh w lqgh{hv wkh hqg ri fdohqgdu txduwhu iru wkh shulrg iurp Ghfhpehu 64/ 4<<: wr
Ghfhpehu 64/ 4<<; dqg l lqgh{hv wkh �up1 Wkh ghshqghqw yduldeoh/ LQIR/ lv rqh ri
wkh �yh phdvxuhv ri wkh lqirupdwlrq frpsrqhqw ri wkh vsuhdg1 OQVSUHDG lv wkh orj
ri wkh gl�huhqfh ehwzhhq wkh srvwhg dvn dqg elg sulfh/ glylghg e| wkh sulfh plgsrlqw/
ryhu doo wudqvdfwlrqv iru hdfk vwrfn0txduwhu dv uhsruwhg rq wkh WDT gdwdedvh1 KV lv wkh
dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg lv hvwlpdwhg xvlqj wkh phwkrgrorj| ri Kxdqj
dqg Vwroo +4<<:,1 KV5/ wkh dgyhuvh vhohfwlrq frvw/ lv wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh
vsuhdg pxowlsolhg e| wkh dyhudjh txrwhg vsuhdg1 KIY lv wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq
phdvxuh frqvwuxfwhg iroorzlqj Kdveurxfn +4<<4, +zlwk �yh odjv,1 SL lv wkh suredelolw| ri
lqiruphg wudglqj hvwlpdwhg yld pd{lpxp olnholkrrg iroorzlqj Hdvoh|/ Nlhihu/ R*Kdud/ dqg
Sdshupdq +4<<8,1 LQVW lv wkh shufhqwdjh ri vkduhv khog e| lqvwlwxwlrqdo rzqhuv/ LQVLGH
lv wkh shufhqwdjh ri vkduhv khog e| frpsdq| lqvlghuv/ WXUQ lv wkh dyhudjh gdlo| wxuqryhu
iru wkh �up gxulqj wkh txduwhu/ Y RODW lv wkh orjdulwkp ri wkh vwdqgdug ghyldwlrq ri wkh
�up*v uhwxuqv ryhu wkh suhfhglqj <3 gd|v/ VL]H lv wkh qdwxudo orjdulwkp ri wkh pdunhw
ydoxh ri htxlw|/ QDVGDT/ DPH[/ dqg Q\ VH duh htxdo wr rqh li wkh �up wudghv rq wkh
uhvshfwlyh h{fkdqjh dqg }hur rwkhuzlvh1 Wkh w0vwdwlvwlfv duh vkrzq lq wkh sduhqwkhvhv ehorz
frh�flhqw hvwlpdwhv1

OQVSUHDG KV KV5 KIY SL

LQVW 071689 31;4< 3183< 315:4 03149:
+08613, +831<, +7913, +7918, +05419,

LQVLGH 03155; 3138: 3135< 3134: 3133:
+0;15, +4319, +;1<, +<13, +518,

YRO 031476 0313:7 031369 031353 03134<
+05513, +08:15, +07419, +07618, +06319,

WXUQ 314;3 031354 031359 031347 3134:
+4:18, +04317, +05315, +04<1;, +4;1;,

YRODW 317;5 31398 3136< 31359 3133<
+641;, +541<, +5417, +5719, +913,

QDVGDT 417;; 41578 3183< 315<< 3193:
+4617, +8:18, +6914, +6;1;, +9418,

DPH[ 4144: 41873 318:8 31675 318:8
+<19, +9:18, +6;14, +741;, +871:,

Q\VH 41867 4174; 317:9 31637 3196<
+4613, +941;, +6515, +6:18, +9419,

Q 5:673 5:667 5:667 593<3 5:673

57



Wdeoh 9 +frqwlqxhg,

Wklv wdeoh frqwdlqv wkh hvwlpdwhg frh�flhqwv dqg w0vwdwlvwlfv iru wkh vhfrqg htxdwlrq lq wkh
vlpxowdqhrxv htxdwlrq prgho zkhuh wkh ghshqghqw yduldeoh lv wkh shufhqwdjh ri lqvwlwxwlrqdo
rzqhuvkls +LQVW ,1

OQVSUHDG 03139:
+0451;,

KV 3145:
+<1;,

KV5 031<55
+04614,

KIY 31664
+614,

SL 51446
+461;,

VL]H 31399 313<: 3146< 31435 31467
+4<18, +8;16, +7:13, +6<19, +7;18,

YRO 031378 031384 031448 03138: 031378
+04;19, +0541:, +05716, +04719, +04817,

WXUQ 31437 3145: 314:3 31469 31476
+5;18, +7719, +7614, +6;19, +731:,

�

�
31363 31359 3137: 31359 3133;
+431;, +;1<, +4419, +:16, +419,

FRQVWDQW 318:4 31:9< 419:6 31;:8 313<8
+4714, +5613, +581:, +4918, +416,
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Wdeoh :=

Uhvxowv e| h{fkdqjh w|sh

Wklv wdeoh frqwdlqv uhvxowv ri uhjuhvvlrqv ri sur{lhv iru wkh lqirupdwlrq frqwhqw ri wudglqj
rq h{sodqdwru| yduldeohv1 Sdqho D lqfoxghv rqo| wkrvh �upv wkdw wudgh rq wkh Q\VH ru
wkh DPH[/ zkloh Sdqho E lqfoxghv rqo| wkrvh �upv wkdw wudgh rq wkh QDVGDT1 Rqo|
wkh hvwlpdwhg frh�flhqwv rq LQVW dqg LQVLGH iru wkh �uvw htxdwlrq lq wkh v|vwhp duh
uhsruwhg1 Wkh hvwlpdwhv iru wkh rwkhu frh�flhqwv lq wkh prgho duh txdolwdwlyho| wkh vdph dv
wkrvh uhsruwhg lq Wdeoh 91 Wkh vlpxowdqhrxv htxdwlrq prgho lv=

LQIRl>w @ d4LQVWl>w . d5LQVLGHl>w . d6Y ROl>w . d7WXUQl>w

.d8Y RODWl>w . d9QDVGDTl>w . d:DPH[l>w . d;Q\ VHl>w>

LQVWl>w @ e3 . e4VL]Hl>w . e5Y ROl>w . e6WXUQl>w . e7
4

Sl>w
. e8LQIRl>w

zkhuh w lqgh{hv wkh hqg ri fdohqgdu txduwhu iru wkh shulrg iurp Ghfhpehu 64/ 4<<: wr
Ghfhpehu 64/ 4<<; dqg l lqgh{hv wkh �up1 Wkh ghshqghqw yduldeoh/ LQIR/ lv rqh ri
wkh �yh phdvxuhv ri wkh lqirupdwlrq frpsrqhqw ri wkh vsuhdg1 OQVSUHDG lv wkh orj
ri wkh gl�huhqfh ehwzhhq wkh srvwhg dvn dqg elg sulfh/ glylghg e| wkh sulfh plgsrlqw/
ryhu doo wudqvdfwlrqv iru hdfk vwrfn0txduwhu dv uhsruwhg rq wkh WDT gdwdedvh1 KV lv wkh
dgyhuvh vhohfwlrq frpsrqhqw ri wkh vsuhdg lv hvwlpdwhg xvlqj wkh phwkrgrorj| ri Kxdqj
dqg Vwroo +4<<:,1 KV5/ wkh dgyhuvh vhohfwlrq frvw/ lv wkh dgyhuvh vhohfwlrq frpsrqhqw ri wkh
vsuhdg pxowlsolhg e| wkh dyhudjh txrwhg vsuhdg1 KIY lv wkh Kdveurxfn0Irvwhu0Ylvydqdwkdq
phdvxuh frqvwuxfwhg iroorzlqj Kdveurxfn +4<<4, +zlwk �yh odjv,1 SL lv wkh suredelolw| ri
lqiruphg wudglqj hvwlpdwhg yld pd{lpxp olnholkrrg iroorzlqj Hdvoh|/ Nlhihu/ R*Kdud/ dqg
Sdshupdq +4<<8,1 LQVW lv wkh shufhqwdjh ri vkduhv khog e| lqvwlwxwlrqdo rzqhuv/ LQVLGH
lv wkh shufhqwdjh ri vkduhv khog e| frpsdq| lqvlghuv/ WXUQ lv wkh dyhudjh gdlo| wxuqryhu
iru wkh �up gxulqj wkh txduwhu/ Y RODW lv wkh orjdulwkp ri wkh vwdqgdug ghyldwlrq ri wkh
�up*v uhwxuqv ryhu wkh suhfhglqj <3 gd|v/ VL]H lv wkh qdwxudo orjdulwkp ri wkh pdunhw
ydoxh ri htxlw|1 Wkh w0vwdwlvwlfv duh vkrzq lq wkh sduhqwkhvhv ehorz frh�flhqw hvwlpdwhv1

Sdqho D= Uhvxowv iru Q\VH0DPH[

OQVSUHDG KV KV5 KIY SL

LQVW 091<:4 41747 31767 315<< 03133;
+05;18, +5;14, +4<14, +5717, +0319,

LQVLGH 03194: 3145< 31369 31366 31359
+0919, +91:, +819, +:17, +71:,

Q 43/837 43/835 43/835 43/4<3 43/837

Sdqho E= Uhvxowv iru QDVGDT

OQVSUHDG KV KV5 KIY SL

LQVW 061397 31953 317<7 31566 031533
+07:1<, +7;1<, +781:, +7514, +0551<,

LQVLGH 031448 3135< 31355 31343 31337
+0814, +915, +917, +819, +415,

Q 49/;69 49/;65 49/;65 48/<33 49/;69
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