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Wklv sdshu suhvhqwv dq hpslulfdo dqdo|vlv ri qrlvh wudglqj lq wkh suhvhqfh ri erwk lqiruphg

wudghuv dqg oltxlglw| wudghuv1 Zh prgho qrlvh wudghuv +iroorzlqj Eodfn +4<;9,, dv djhqwv zkr wudgh

dv wkrxjk wkh| duh lqiruphg 0 zkhq/ lq idfw/ wkh| kdyh qr lqirupdwlrq dw doo1 H{whqglqj wkh prgho

ri Hdvoh|/ Nlhihu/ R*Kdud/ dqg Sdshupdq +4<<9,/ zh glvwlqjxlvk ehwzhhq wkuhh w|shv ri wudghuv lq

wkh pdunhw= lqiruphg wudghuv/ oltxlglw| wudghuv/ dqg qrlvh wudghuv1 Rxu hvwlpdwhv ri wkh uhodwlyh

srsxodwlrq ri wkhvh wkuhh wudghu w|shv vxjjhvw wkdw qrlvh wudghuv frpsulvh d vljql�fdqw sursruwlrq

ri wkh lqyhvwru srsxodwlrq1 Ixuwkhu/ doorzlqj iru wkh duulydo ri qrlvh wudghuv vljql�fdqwo| uhgxfhv

hvwlpdwhv ri wkh sursruwlrq ri lqiruphg wudghuv1 Zh �qg wkdw wkh suredelolw| ri lqiruphg wudglqj

ghfolqhv iurp urxjko| 58 shufhqw wr 49 shufhqw zlwk wkh lqwurgxfwlrq ri qrlvh wudglqj1 Krzhyhu/

lqiruphg wudglqj lv vwloo d vljql�fdqw ghwhuplqdqw ri wkh elg0dvn vsuhdg1 Dgglwlrqdoo|/ zh �qg wkdw

wkh sursruwlrq ri qrlvh wudglqj ulvhv 0 dqg wkh idoov ryhu yroxph ghflohv1 Ilqdoo|/ zh �qg wkdw

suhylrxvo| grfxphqwhg gl�huhqfhv lq wkh suredelolw| ri lqiruphg wudglqj ehwzhhq wkh Qdvgdt dqg

Q\VH ydqlvk zlwk wkh wkh lqwurgxfwlrq ri qrlvh wudghuv1 Wklv lv gxh wr wkh idfw wkdw qrlvh wudglqj

lv vljql�fdqwo| kljkhu rq wkh Qdvgdt wkdq wkh Q\VH1



Wudglqj yroxph lq pdq| dvvhw pdunhwv lv fxulrxvo| kljk1 Lq iruhljq h{fkdqjh/ frpprglw|/ dqg

htxlw| pdunhwv/ wkh wrwdo yroxph ri wudglqj jhqhudoo| h{fhhgv zkdw rqh pljkw h{shfw edvhg vlpso|

rq sruwirolr uhedodqflqj qhhgv1 Uhfhqw zrun rq lqyhvwru ehkdylru lq htxlw| pdunhwv srlqwv wr

ryhufrq�ghqfh ru idovh shufhswlrqv dv srwhqwldo vrxufhv iru wklv ryhuo| iuhtxhqw wudglqj1� Krzhyhu/

lqyhvwruv wkdw �w lqwr wklv fdwhjru| duh kdug wr fodvvli| xqghu vwdqgdug pdunhw plfurvwuxfwxuh

prghov1 Wkh| duh qhlwkhu lqiruphg wudghuv qru oltxlglw| wudghuv1

Prvw wkhruhwlfdo pdunhw plfurvwuxfwxuh prghov fodvvli| wudghuv dv rqh ri wzr w|shv 0 lqiruphg

ru xqlqiruphg wudghuv12 Zkloh lqiruphg wudghuv nqrz vrphwklqj derxw wkh wuxh ydoxh ri wkh dvvhw/

xqlqiruphg wudghuv hqwhu wkh pdunhw sxuho| iru oltxlglw| sxusrvhv1 Krzhyhu/ lw lv kdug wr uhfrqfloh

hlwkhu wkh wrwdo wudglqj yroxph ru wkh yrodwlolw| ri wudglqj yroxph zlwk hlwkhu ri wkhvh lqyhvwru

fodvvhv1 Lq wklv sdshu/ zh fodvvli| d wklug jurxs ri lqyhvwruv dv _qrlvh% wudghuv1� Zh prgho qrlvh

wudghuv lq wkh vslulw ri Eodfn +4<;9, dv lqyhvwruv zkr eholhyh wkh| kdyh sulydwh lqirupdwlrq exw

lqvwhdg kdyh qrwklqj exw qrlvh1

Wr lqfrusrudwh qrlvh wudglqj/ zh suhvhqw dq hpslulfdo prgho ri wkh rughu duulydo surfhvv iroorzlqj

Hdvoh|/ Nlhihu/ R*Kdud dqg Sdshupdq +4<<9, +khqfhiruwk HNRS,1 Zkloh HNRS glvwlqjxlvk rqo|

ehwzhhq lqiruphg dqg xqlqiruphg wudghuv/ zh vhsdudwh xqlqiruphg wudghuv lqwr oltxlglw| wudghuv

dqg qrlvh wudghuv1 Zh gh�qh qrlvh wudghuv dv lqyhvwruv zkr uhfhlyh d svhxgr0vljqdo derxw wkh ydoxh

ri wkh dvvhw1 Zkloh wkhvh wudghuv eholhyh wkdw wkh vljqdo lv fruuhodwhg zlwk wkh ydoxh ri wkh dvvhw/ lw

lv/ lq idfw/ sxuh qrlvh1 Dv Eodfn +4<;9, vwdwhv=
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qrlvh duh zloolqj wr wudgh hyhq wkrxjk/ iurp dq remhfwlyh srlqw ri ylhz wkh| zrxog eh

ehwwhu r� qrw wudglqj1 Shukdsv wkh| wklqn wkh qrlvh wkh| duh wudglqj rq lv lqirupdwlrq1

Ru shukdsv wkh| mxvw olnh wr wudgh1% +sdjh 864,

Wklv frqfhsw ri qrlvh wudglqj lv frqvlvwhqw zlwk wkh hpslulfdo hylghqfh wkdw wudglqj yroxph

vhhpv fxulrxvo| kljk dqg yrodwloh dqg pd| dovr eh frqvlvwhqw zlwk wkh uhfhqw ulvh ri gd|0wudglqj

�upv wkdw doorz lqglylgxdo lqyhvwruv wr wudgh iuhtxhqwo| dqg djjuhvvlyho|/ riwhq edvhg rq whfkqlfdo

wudglqj uxohv1

Wkh lpsruwdqfh ri qrlvh wudglqj lv qrw sxuho| dfdghplf1 Jlyhq wkh vwurqj hpslulfdo uhodwlrqvkls

ehwzhhq wkh yroxph ri wudglqj dqg wkh yrodwlolw| ri dvvhw sulfhv/ lw lv lpshudwlyh wkdw zh xqghuvwdqg

wkh frpsrvlwlrq ri yroxph wr glvfhuq zkdw idfwruv lq�xhqfh sulfh fkdqjhv1 Rqh uhdvrq riwhq flwhg

iru wkh uhfhqw ulvh lq htxlw| pdunhw yrodwlolw| lv wkh jurzwk ri gd|0wudghuv dqg djjuhvvlyh lqwud0gd|

wudglqj e| lqglylgxdo lqyhvwruv 0 l1h1/ qrlvh wudghuv1

Rxu uhvxowv vkrz wkdw/ lq idfw/ d vxevwdqwldo sruwlrq ri wkh wudglqj srsxodwlrq frqvlvwv ri qrlvh

wudghuv1 Rq dyhudjh/ zh �qg wkdw ehwzhhq 58 dqg 73 shufhqw ri doo wudghv dulvh iurp qrlvh wudghuv

zkloh rqo| 48 shufhqw duh lqiruphg1 Wklv uhvxow lv lq frqwudvw wr wkh urxjko| 57 shufhqw lqiruphg

wudglqj lpsolhg e| wkh edvholqh HNRS prgho1e

Lq dgglwlrq/ zh h{dplqh wkh uhodwlrqvkls ehwzhhq wudglqj yroxph dqg wkh uhodwlyh srsxodwlrqv ri

lqirupdwlrq/ oltxlglw|/ dqg qrlvh wudghuv1 Frqvlvwhqw zlwk suhylrxv vwxglhv/ zh �qg wkh suredelolw|

ri lqiruphg wudglqj ghfolqhv ryhu yroxph ghflohv zkloh oltxlglw| wudglqj lqfuhdvhv1 Lqwhuhvwlqjo|/

zh �qg d qrq0prqrwrqlf uhodwlrqvkls ehwzhhq yroxph dqg wkh suredelolw| ri qrlvh wudglqj1 Qrlvh

wudglqj lv vpdoo lq wkh orzhvw yroxph ghflohv dqg lqfuhdvhv ryhu phglxp yroxph vwrfnv ehiruh
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Ilqdoo|/ zh frpsduh wkh uhodwlyh srsxodwlrqv ri wudghu w|shv e| h{fkdqjh phfkdqlvp +Q\VH)DPH[

yv1 Qdvgdt,1 Iluvw/ zh �qg wkdw qrlvh wudglqj lv vljql�fdqwo| pruh suhydohqw rq wkh Qdvgdt wkdq

wkh Q\VH ru DPH[1 Ixuwkhu/ zh �qg wkdw suhylrxvo| grfxphqwhg gl�huhqfhv lq wkh suredelolw|

ri lqiruphg wudglqj ehwzhhq wkh Qdvgdt dqg Q\VH pd| eh gulyhq e| qrlvh wudglqj udwkhu wkdq

lqirupdwlrq0edvhg wudglqj1 Vshfl�fdoo|/ zh �qg wkdw diwhu dffrxqwlqj iru qrlvh wudglqj/ wkhuh lv rqo|

d vpdoo gl�huhqfh lq wkh suredelolw| ri lqiruphg wudglqj ehwzhhq wkh dxfwlrq dqg ghdohuv pdunhwv1

Wkh suhvhqfh ri pruh qrlvh wudglqj rq wkh Qdvgdt pd| dovr khos h{sodlq zk| sulfhv uhvsrqg pruh

vorzo| wr lqirupdwlrq rq wkh Qdvgdt uhodwlyh wr wkh Q\VH1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq LL rxwolqhv wkh prgho ri wudgh duulydo1 Vhfwlrq LLL

suhvhqwv wkh uhvxowv ri wkh prghov1 Vhfwlrq LY suhvhqwv dq dqdo|vlv ri wkh uhvxowv e| yroxph ghfloh1

Vhfwlrq Y lqyhvwljdwhv wkh uhodwlrqvkls ehwzhhq qrlvh wudglqj dqg wkh vsuhdg1 Vhfwlrq YL frpsduhv

lqirupdwlrq dqg qrlvh e| h{fkdqjh w|sh1 Vhfwlrq YLL frqfoxghv1

2 �L_i*

Lq wklv vhfwlrq/ zh rxwolqh rxu prgho ri wkh wudgh duulydo surfhvv1 Rxu vhw0xs lv edvhg rq wkh prgho

ri Hdvoh|/ Nlhihu/ R*Kdud dqg Sdshupdq +HNRS, +4<<9,1 Iluvw/ zh suhvhqw dq ryhuylhz ri wkhlu

prgho dv wkh edvholqh fdvh/ dqg wkhq ghyhors h{whqvlrqv wr wkh prgho wkdw doorz iru wkh duulydo ri

qrlvh wudghuv1

Wkh lqwxlwlrq ehklqg wkh edvlf rughu duulydo prgho lv vwudljkwiruzdug1 Hdfk wudglqj gd| lv

fodvvl�hg dv dulvlqj iurp rqh ri wkuhh uhjlphv= d orz yroxph gd|/ d kljk yroxph gd| zlwk pruh

rughuv wr ex| wkdq vhoo/ dqg d kljk yroxph gd| zlwk pruh vhoo rughuv wkdq ex|v1 Wkh rughu lpedodqfh

rq kljk yroxph gd|v dulvhv iurp wkh duulydo ri lqiruphg wudghuv/ zkr nqrz li wkhuh lv jrrg ru edg

qhzv derxw wkh dvvhw wkdw gd|1



wlrq/ lw grhv kdyh vrph gudzedfnv1 Iru h{dpsoh/ rq kljk yroxph gd|v/ wudglqj yroxph lv dxjphqwhg

e| lqiruphg wudghuv rqo| 0 dqg wkhq rqo| rq rqh vlgh ri wkh pdunhw1 Krzhyhu/ rq lqirupdwlrq gd|v

wkhuh lv qrw rqo| d kljkhu rughu lpedodqfh/ exw dovr d odujhu dprxqw ri erwk ex| dqg vhoo rughuv1

Wkdw lv/ lqirupdwlrq gd|v lq wkh HNRS prgho gr qrw dffrxqw iru wkh ryhu glvshuvlrq lq yroxph

ehwzhhq lqirupdwlrq gd|v dqg qrq0lqirupdwlrq gd|v1 Zkhq wkhuh lv d odujh rughu lpedodqfh rq

lqirupdwlrq gd|v/ wudglqj yroxph lv w|slfdoo| deqrupdoo| odujh rq erwk wkh ex| dqg vhoo vlgh1 Zkdw

gulyhv vrph gd|v wr kdyh odujh vslnhv lq erwk wkh qxpehu ri ex| dqg vhoo rughuvB Zh dujxh wkdw

wklv lv gulyhq e| qrlvh wudglqj1
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Wkh prgho suhvhqwhg khuh iroorzv forvho| 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 wkhlu prgho/ lqirupdwlrq hyhqwv pd| rffxu rqo| ehiruh

wkh vwduw ri wudglqj rq hdfk gd|1D Wkh suredelolw| ri dq lqirupdwlrq hyhqw rffxuulqj lv jlyhq e| �=

Jlyhq wkdw dq lqirupdwlrq hyhqw kdv rffxuuhg/ edg qhzv rffxuv zlwk suredelolw| � zkloh jrrg qhzv

kdv suredelolw| +4��,= 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|=
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sdudphwhuv ri wkh prgho pd| eh hvwlpdwhv 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/ �=
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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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Lq wklv vxevhfwlrq/ zh lqfrusrudwh wkh duulydo ri qrlvh wudghuv lq wkh HNRS prgho1 Qrlvh wudghuv

khuh duh gh�qhg dv wudghuv zkr jhw d fohdq vljqdo ri zkhwkhu hdfk gd| lv dq lqirupdwlrq gd| ru

qrw/ l1h1/ �= Wkhvh wudghuv dovr uhfhlyh d svhxgr0vljqdo ri zkhwkhu wkh lqirupdwlrq lv jrrg qhzv ru

edg qhzv1 Krzhyhu/ xqolnh lqiruphg wudghuv/ qrlvh wudghuv uhfhlyh d vljqdov ri jrrg dqg edg qhzv

zlwk htxdo suredelolw|/ uhjdugohvv ri wkh wuxh ydoxh ri �= Lq wklv vhqvh/ wkh qrlvh wudghuv nqrz wkdw

wkhuh lv lqirupdwlrq lq wkh pdunhw/ exw lqfruuhfwo| dvvxph wkdw wkh| kdyh dq dffxudwh vljqdo ri wkh

txdolw| ri wkdw qhzv1

Wkh vwuxfwxuh ri wkh prgho iru wkh duulydo ri qrlvh wudghuv lpsolhv wkdw/ rq dq lqirupdwlrq gd|/

wrwdo yroxph zloo eh dxjphqwhg e| wkh duulydo ri qrlvh wudghuv rq erwk wkh ex| dqg vhoo vlgh1 Wkdw

lv/ wrwdo yroxph rq dq lqirupdwlrq gd| zloo frqvlvw ri oltxlglw| wudghuv +duulylqj rq wkh ex| dqg vhoo



olnh oltxlglw| wudghuv/ duulyh rq erwk wkh ex| dqg vhoo vlghv ri wkh pdunhw1 Olnh oltxlglw| wudghuv dqg

lqiruphg wudghuv/ zh dvvxph wkdw qrlvh wudghuv duulyh wr wkh pdunhw e| dq lqghshqghqw Srlvvrq

surfhvv zlwk duulydo udwh �=

Wkxv/ rq d edg0hyhqw gd|/ wkh olnholkrrg ri revhuylqj d vhtxhqfh ri E ex| rughuv dqg V vhoo

rughuv lv vlpso| %
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Rq d jrrg0hyhqw gd|/ wkh duulydo udwh lv =
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Rq d qr0hyhqw gd|/ qhlwkhu lqiruphg wudghuv qru qrlvh wudghuv zloo duulyh wr wkh pdunhw1 Wkxv/ wkh

olnholkrrg ri revhuylqj E ex|v dqg V vhoov lv
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Wkh lqwurgxfwlrq ri qrlvh wudghuv lqwr wkh HNRS prgho grhv qrw dowhu wkh lqirupdwlrq sdudph0

whuv/ � dqg �= Dv d uhvxow/ wkh suredelolw| ri revhuylqj wkh wkuhh duulydo udwh uhjlphv gr qrw fkdqjh

iurp wkh edvholqh prgho1 Wkh olnholkrrg ri revhuylqj d vhtxhqfh ri ex|v dqg vhoov [ @ +E�> V�,��'�

ryhu Q gd|v lv vlpso| jlyhq e|
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Djdlq/ vvvxplqj wkdw wkh gd|v duh lqghshqghqw/ wkh olnholkrrg ri revhuylqj d vhtxhqfh ri ex|v



O+[m�> �> %> �,�J�re�
@

�\

�'�

@ O�+E�> V�m�> �> %> �> �, +9,

Wklv prgho lv htxlydohqw wr wkh HNRS prgho h{fhsw iru wkh dgglwlrq ri wkh sdudphwhu � rq

lqirupdwlrq gd|v1 Qrwh wkdw li � @ 3> htxdwlrq 8 froodsvhv wr htxdwlrq 4/ wkh edvholqh HNRS prgho1

Jlyhq dq hvwlpdwh ri wkh sdudphwhu yhfwru ^�> �> %> �> �` zh fdq frqvwuxfw wkh suredelolw| ri lqiruphg

wudglqj dv =

SL @
��

��. 5% . �5�
+:,

Vlploduo|/ zh fdq frqvwuxfw wkh suredelolw| ri qrlvh wudglqj dv=

SQ @
�5�

��. 5% . �5�
+;,
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Lq wkh suhylrxv vxe0vhfwlrq/ zh pdgh wkh dvvxpswlrq wkdw qrlvh wudghuv uhfhlyhg d fohdq vljqdo ri

� exw dq lq�qlwho| qrlv| vljqdo ri �= Lq wklv vxe0vhfwlrq/ zh uhod{ wkh dvvxpswlrq wkdw qrlvh wudghuv

uhfhlyh d fohdq vljqdo ri �= Lqvwhdg/ zh dvvxph vrph suredelolw|/ �> wkdw qrlvh wudghuv uhfhlyh d

fruuhfw vljqdo ri �1 Iru h{dpsoh/ rq d edg0hyhqw gd| wkhuh lv d � suredelolw| wkdw qrlvh wudghuv

zloo uhfhlyh wkdw fruuhfw vljqdo dqg duulyh wr wkh pdunhw1 Frqyhuvho|/ rq d qr0hyhqw gd|/ wkhuh lv d

+4 � �, suredelolw| wkdw qrlvh wudghuv zloo duulyh wr wkh pdunhw/ lqfruuhfwo| dvvxplqj wkdw lw lv dq

lqirupdwlrq gd|1 Wklv iudphzrun lv voljkwo| pruh frpsolfdwhg wkdq wkh suhylrxv prgho dqg jlyhv

ulvh wr vl{ gl�huhqw duulydo uhjlphv

Uhjlph Hyhqw Duulydo ri Ex|v Duulydo ri Vhoov Suredelolw|
4 Qr0hyhqw % % �+4� �,
5 Qr0hyhqw % . � %. � +4� �,+4� �,
6 Jrrg0hyhqw % . � % +4� �,+�,+4� �,
7 Jrrg0hyhqw % . � . � %. � +�,+�,+4� �,
8 Edg0hyhqw % %. � �+�,+�,
9 Edg0hyhqw % . � %. � . � +4� �,+�,+�,



zulwh wkh olnholkrrg dv lq htxdwlrq 8 zkhuh hdfk ri wkh vl{ Srlvvrq duulydo uhjlphv duh zhljkwhg e|

wkh vwdwh suredelolwlhv1 Djdlq/ 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|=

O+[ m�> �> %> �,�J�re2
@
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Wklv prgho lv dovr vlplodu wr wkh edvholqh prgho zlwk wkh dgglwlrq ri wkh sdudphwhuv � dqg �=

Qrwh wkdw li � @ 4 ru � @ 3 wkhq wkh prgho froodsvhv wr wkh edvholqh HNRS prgho1 Vlploduo| li

� @ 3 wkhq wkh prgho froodsvhv wr wkh vlpsoh qrlvh fdvh1 Jlyhq rxu hvwlpdwhv ri erwk wkh uhvwulfwhg

dqg xquhvwulfwhg prghov/ zh fdq whvw wkh shuirupdqfh ri wkh prghov/ uhodwlyh wr wkh edvholqh1 Dv

lq wkh vlpsoh qrlvh wudglqj prgho/ jlyhq dq hvwlpdwh ri wkh sdudphwhu yhfwru ^�> �> �> %> �> �` zh fdq

frqvwuxfw wkh suredelolw| ri lqiruphg wudglqj dv =

SL @
��

��. 5%. +4� �,+4� �,5� . ��5�
+43,

Djdlq/ wkh suredelolw| ri qrlvh wudglqj fdq eh frqvwuxfwhg dv=

SQ @
+4� �,+4� �,5� . ��5�

��. 5%. +4� �,+4� �,5� . ��5�

� #@|@

Zh xvh gdwd iru doo frpprq/ grphvwlf vwrfnv olvwhg vhfxulwlhv rq wkh Q\VH/ DPH[ ru Qdvgdt

gxulqj wkh �uvw txduwhu ri 4<<;1 Iurp wkh xqlyhuvh ri doo vwrfnv/ zh vhohfw rqo| wkrvh �upv wkdw

zh fdq pdwfk iurp wkh FUVS dqg WDT gdwdedvh edvhg rq wkh wlfnhu v|pero1 Wklv uhgxfhv rxu

vdpsoh wr ;/434 vwrfnv1 Zh wkhq olplw rxu vdpsoh wr �upv wkdw wudgh rq dw ohdvw 58 gd|v gxulqj wkh

txduwhu1 Wklv �owhu uhgxfhv rxu vdpsoh wr 8/8;; vwrfnv1 Zh wkhq hvwlpdwh wkh edvholqh0HNRS prgho

dqg rxu wzr qrlvh wudglqj prghov iru doo vwrfnv lq rxu vdpsoh1 Jlyhq wkh frpsxwdwlrqdo lqwhqvlw|

ri wklv h{huflvh/ zh dovr holplqdwh �upv iru zklfk wkh olnholkrrg ixqfwlrq glg qrw frqyhujh1 Wklv



5/5<: iurp wkh Q\VH dqg rqo| 4:7 iurp wkh Dph{1 Zkloh wkh olnholkrrg ixqfwlrq lv jhqhudoo|

zhoo0ehkdyhg/ pdq| ri wkh �upv iru zklfk wkh olnholkrrg ixqfwlrq glg qrw frqyhujh duh yhu| odujh

�upv zlwk d kljko| yrodwloh qxpehu ri gdlo| wudqvdfwlrqv1 Iru wkhvh �upv/ lw zdv gl�fxow wr hydoxdwh

wkh olnholkrrg ixqfwlrq rq fhuwdlq gd|v xqghu gl�huhqw vwduwlqj ydoxhv1 Qrwh wkdw wklv eldvhv rxu

vdpsoh ri �upv wrzdugv plg0fds dqg vpdoo0fds vwrfnv1

Wdeoh 4 surylghv dq ryhuylhz ri wkh �upv lq rxu vdpsoh1 Wkh vwrfnv lq rxu vdpsoh kdyh dq

dyhudjh sulfh qhdu '4; zlwk dq dyhudjh prqwko| wudglqj yroxph ri 53</333 vkduhv1 Wkhuh lv d

frqvlghudeoh dprxqw ri glvshuvlrq lq wkh vdpsoh ryhu wkh qxpehu ri wudghv dqg vkduh wxuqryhu1

Wkh dyhudjh �up lq rxu vdpsoh wudghv <6 wlphv shu gd| zkloh urxjko| <8( ri wkh �upv wudgh pruh

wkdq 43 wlphv shu gd|1 Wkhuh lv dovr vxevwdqwldo yduldwlrq lq wkh wudglqj frvwv iru rxu vdpsoh1

Wkh dyhudjh txrwhg elg0dvn vsuhdg jhqhudoo| ydulhv ehwzhhq : fhqwv dqg 76 fhqwv zklfk uhsuhvhqwv

ehwzhhq 314 shufhqw dqg ; shufhqw ri wkh sulfh1

Lq rughu wr hvwlpdwhv wkh qxpehu ri ex| dqg vhoo rughuv iru hdfk vwrfn0gd|/ zh xvh d prgl�hg

yhuvlrq ri wkh Ohh dqg Uhdg| +4<<6, dojrulwkp1 Wudghv duh pdwfkhg wr wkh uhohydqw txrwhv xvlqj d

490vhfrqg ghod| dv vxjjhvwhg e| Eoxph dqg Jrogvwhlq +4<<;,1 Wkdw lv/ iru hdfk wudgh/ zh wdnh wkh

prvw uhfhqw elg dqg dvn txrwh wkdw zdv srvwhg dw ohdvw 49 vhfrqgv ehiruh wkh wudgh zdv h{hfxwhg1

Wklv surfhgxuh dffrxqwv iru wkh idfw wkdw txrwhv dqg wudghv duh uhfrughg rq vhsdudwh v|vwhpv dqg

pd| eh v|vwhpdwlfdoo| qrq0v|qfkurqrxv +Ohh dqg Uhdg| +4<<4,,1 Wr wkh h{whqw wkdw wudghv wdnh

orqjhu wkdq 49 vhfrqgv wr eh uhsruwhg/ zh lqwurgxfh phdvxuhphqw huuru lqwr hvwlpdwhv wkdw uho|

rq erwk wudgh sulfhv dqg txrwhv +h1j1/ h�hfwlyh vsuhdgv dqg rxu wudgh lqglfdwru yduldeohv,1 Ohh

dqg Uhdg| vxjjhvw xvlqj d �yh vhfrqg ghod| wr fruuhfw iru wkh gl�huhqw uhsruwlqj wlphv1 Zkloh

wkh �yh0vhfrqg uxoh lv wkh prvw frpprqo| xvhg/ Kdveurxfn +4<<6, uhsruwv d phgldq ghod| ri 47

vhfrqgv1 Li wkh ghod| lv wrr orqj krzhyhu/ wkhq zh frxog huu rq wkh vlgh ri pdwfklqj wudghv wr vwdoh

txrwhv1 Qhyhuwkhohvv/ wkhvh frqfhuqv duh sduwldoo| plwljdwhg e| wkh idfw wkdw dyhudjhv duh frpsxwhg



eldv xvlqj wkh 490vhfrqg dojrulwkp1 Li d wudgh rffxuv lqvlgh wkh elg0dvn vsuhdg/ zh xvh d wlfn0whvw

wr fodvvli| wkh wudgh1 Kdylqj fodvvl�hg doo wudghv dv ex|v ru vhoov/ zh wkhq vxp wkh wrwdo qxpehu ri

ex| dqg vhoo rughuv iru hdfk vwrfn0gd| ryhu wkh 98 wudglqj gd|v lq wkh vdpsoh1

e +it�*|t

Lq wklv vhfwlrq/ zh suhvhqw wkh uhvxowv ri rxu hvwlpdwlrq ri htxdwlrqv +4,/ +8,/ dqg +<, iru rxu vdpsoh

ri 7/<39 vwrfnv1 Wr hvwlpdwh wkh sdudphwhuv ri wkh prghov/ zh xvh frqvwudlqhg pd{lpxp olnholkrrg/

xvlqj d vhulhv ri gl�huhqw vwduwlqj ydoxhv1 Zh uhwdlq rqo| wkrvh revhuydwlrqv iru zklfk zh dfklhyh

d vwdeoh frqyhujhqfh wr wkh rswlpxp1 Wkh Srlvvrq duulydo udwhv/ %> �> dqg �/ duh frqvwudlqhg wr wkh

lqwhuydo ^3>4, zkloh wkh suredelolwlhv/ �> �> dqg � duh frqvwudlqhg wr wkh lqwhuydo ^3/4`1

Wdeoh 5 suhvhqwv wkh uhvxowv ri rxu hvwlpdwlrq ri wkh sdudphwhuv dorqj zlwk wkh suredelolw| ri

lqiruphg wudglqj/ SL= Vwdqgdug huuruv iru wkh SL duh frqvwuxfwhg yld wkh ghowd phwkrg1 Ryhudoo/

zh �qg wkdw rxu hvwlpdwhv ri �> �> %> dqg � duh frqvlvwhqw zlwk R*Kdud +4<<<,1 Krzhyhu/ zh �qg

wkdw wkh lqwurgxfwlrq ri qrlvh wudglqj lqwr wkh prgho grhv vljql�fdqwo| d�hfw wkh sdudphwhuv1 Iluvw/

erwk qrlvh prghov �qg/ rq dyhudjh/ d kljkhu ydoxh ri � wkdq xqghu wkh edvholqh prgho1 Wklv uhvxowv

lv frqvlvwhqw zlwk wkh juhdwhu �h{lelolw| lq prgholqj ryhu glvshuvlrq lq wkh wrwdo qxpehu ri ex|v dqg

vhoov rq lqirupdwlrq gd|v1 Krzhyhu/ zh �qg qr vwdwlvwlfdo gl�huhqfh lq wkh suredelolw| ri edg qhzv/

�> ehwzhhq wkh wkuhh prghov1 Wklv lv uh0dvvxulqj vlqfh wkhuh lv qr uhdvrq wr h{shfw wkh lqwurgxfwlrq

ri qrlvh wudghuv wr d�hfw wklv sdudphwhu1

Wkh pdlq h�hfw ri wkh qrlvh wudghuv fdq eh vhhq lq frpsdulqj rxu hvwlpdwhv ri % dqg � dfurvv

wkh wkuhh prghov1 Zh �qg wkdw erwk % dqg � duh vljql�fdqwo| kljkhu +xvlqj d N0Zdoolv whvw dqg

Pdq0Zklwqh| whvwv, lq wkh edvholqh HNRS prgho wkdq lq hlwkhu ri wkh qrlvh wudglqj prghov1 Lq

idfw/ zh �qg ryhu d 73 shufhqw ghfolqh/ rq dyhudjh/ lq wkh lqwhqvlw| ri wkh duulydo ri lqiruphg wudghuv/



qrlvh wudghuv1

Qrlvh wudglqj kdv d vljql�fdqw h�hfw rq rxu hvwlpdwh ri wkh suredelolw| ri lqiruphg wudglqj1

Frpsdulqj wkh odvw wkuhh urzv ri Wdeoh 5/ zh �qg wkdw wkh suredelolw| ri lqiruphg wudglqj ghfolqhv

e| urxjko| < shufhqwdjh srlqwv +78(, zlwk wkh lqwurgxfwlrq ri qrlvh wudglqj1 Wkhvh uhvxowv srlqw wr

wkh lpsruwdqfh ri qrlvh wudglqj lq htxlw| pdunhwv dqg ghprqvwudwh wkdw pxfk ri wkh ryhu glvshuvlrq

lq yroxph pd| eh gulyhq e| wkh srsxodwlrq ri qrlvh wudghuv1

Zkloh Wdeoh 5 suhvhqwv wkh uhvxowv iru wkh sdudphwhuv ri wkh prgho/ zh fdqqrw vd| zkhwkhu wkh

qrlvh0wudglqj prghov duh dq| ehwwhu dw ghvfulelqj wkh sdwwhuq ri wudglqj yroxph iru wkh vwrfnv lq

rxu vdpsoh1 Vlqfh wkh edvholqh HNRS prgho lv qhvwhg zlwklq rxu wzr qrlvh0wudglqj prghov/ zh fdq

whvw zkhwkhu wkh prghov shuirup ehwwhu wkdq wkh edvholqh prgho e| frqvwuxfwlqj d olnholkrrg udwlr

vwdwlvwlf iru hdfk ri wkh prghov1 Wdeoh 6 suhvhqwv wkh uhvxowv ri wkh olnholkrrg udwlr whvw iru doo ri wkh

vwrfnv lq rxu vdpsoh1 Wkh qxoo k|srwkhvlv lv wkdw wkh xquhvwulfwhg prghov +wkh qrlvh wudglqj prghov,

duh qr ehwwhu dw pd{lpl}lqj wkh olnholkrrg ixqfwlrq wkdq wkh uhvwulfwhg prgho +wkh edvholqh0HNRS

prgho,1 Wdeoh 6 vkrzv wkdw/ iru wkh ydvw pdmrulw| ri vwrfnv lq rxu vdpsoh/ zh fdqqrw uhmhfw wkh

suhvhqfh ri qrlvh wudglqj1

D +it�*|t M) VL*�4i #iU�*i

Zkloh wkh uhvxowv suhvhqwhg lq vhfwlrq 7 vkrz wkdw qrlvh wudghuv duh d vxevwdqwldo sruwlrq ri wkh

wudglqj srsxodwlrq/ wkh uhvxowv klgh vrph ri wkh gl�huhqfhv dfurvv yroxph ghflohv1 Hdvoh|/ Nlhihu/

R*Kdud dqg Sdshupdq +4<<9, �qg wkdw wkh suredelolw| ri lqiruphg wudglqj ghfolqhv zlwk wrwdo

wudglqj yroxph1 Rxu uhvxowv frqwlqxh wr vxssruw wklv k|srwkhvlv lq wkh suhvhqfh ri qrlvh wudglqj1

Wdeoh 7 suhvhqwv hvwlpdwhv ri rxu sdudphwhuv ryhu wkuhh gl�huhqw yroxph ghflohv1 Zh uhsruw uhvxowv

rqo| iru ghflohv rqh/ �yh dqg whq iru vlpsolflw|1 Wkh uhvxowv fohduo| vkrz wkdw/ zkloh wkh duulydo



lqiruphg wudglqj ghfolqhv1 Wkdw lv/ wkh lqfuhdvh lq xqlqiruphg wudglqj lqfuhdvhv ryhu wkh yroxph

ghflohv dw d juhdwhu udwh wkdq wkh lqfuhdvh lq lqiruphg wudghuv1

Iljxuhv 4/5/ dqg 6 vkrz wkh suredelolwlhv ri lqiruphg/ qrlvh/ dqg oltxlglw| wudglqj/ uhvshfwlyho|/

ryhu wkh whq yroxph ghflohv1 Wkh uhvxowv iru lqiruphg dqg oltxlglw| wudglqj duh frqvlvwhqw zlwk wkh

idfw wkdw lqiruphg wudglqj lv pruh frqfhqwudwhg lq orz0yroxph vwrfnv1 Krzhyhu/ wkh sdwwhuq lq wkh

suredelolw| ri qrlvh wudglqj ryhu wkh yroxph ghflohv vkrz d vrphzkdw pruh frpsoh{ uhodwlrqvkls1

Iru erwk prghov ri qrlvh wudglqj/ wkh suredelolw| ri qrlvh wudglqj �uvw lqfuhdvhv/ wkhq ghfuhdvhv

ryhu wkh yroxph ghflohv/ vxjjhvwlqj wkh qrlvh wudglqj lv prvw frqfhqwudwhg lq plg0yroxph vwrfnv

dqg orzhvw lq wkh yhu| kljk yroxph vwrfnv1 Zkloh wkh suredelolw| ri qrlvh wudglqj pd| eh orzhvw

lq wkh kljkhvw yroxph vwrfnv/ qrlvh wudghuv vwloo frqvwlwxwh ehwzhhq 48 dqg 53 shufhqw ri wkh wrwdo

wudglqj srsxodwlrq lq wkh odujhvw yroxph ghfloh1

S +i*@|�L?t��T ��|� |�i 5Thi@_

Lq wklv vhfwlrq zh whvw zkhwkhu qrlvh wudglqj d�hfwv wkh uhodwlrqvkls ehwzhhq lqiruphg wudglqj dqg

wkh elg0dvn vsuhdg1 Hdvoh|/ Nhlihu/ R*Kdud dqg Sdshupdq +4<<9, vkrz wkdw wkh vsuhdg pd| eh

dssur{lpdwhg dv=

Vsuhdg @ �� � Su+Lqiruphg, �Su lfh +44,

Lqfrusrudwlqj wkh h�hfw ri wudglqj yroxph rq wkh lqyhqwru| frvwv idfhg e| lqwhuphgldulhv/ zh hvwl0

pdwh wkh iroorzlqj uhjuhvvlrq htxdwlrq=

oq+Vsuhdg, @ �f . �� � oq+Su+Lqiruphg,, . �2 oq+Su lfh, +45,

.�� � oq+Wxuqryhu, . �eQdvgdt . �DDPH[ . �

Zh hvwlpdwh wkh vdph uhjuhvvlrq iru rxu wkuhh prghov1 Wdeoh 8 suhvhqwv wkh uhvxowv ri wkh wkuhh

uhjuhvvlrqv1 Ryhudoo/ zh �qg frqvlvwhqw uhvxowv wkdw wxuqryhu lv qhjdwlyho| uhodwhg wr wkh vsuhdg



prghov ri pdunhw pdnhu sulflqj dqg zlwk lqvwlwxwlrqdo ihdwxuhv ri wkh htxlw| pdunhwv1 Lq dgglwlrq/

wkh frh�flhqwv rq erwk wkh DPH[ dqg Qdvgdt h{fkdqjh gxpp| yduldeohv duh srvlwlyh dqg vljqli0

lfdqw/ vxjjhvwlqj wkdw vsuhdgv duh vpdoohvw rq wkh Q\VH1 Wklv uhvxowv lv dovr frqvlvwhqw zlwk sulru

uhvhdufk1S

Rxu uhvxowv duh urxjko| frqvlvwhqw zlwk wkh k|srwkhvlv wkdw lqiruphg wudglqj lv srvlwlyho| dvvr0

fldwhg zlwk wkh elg0dvn vsuhdg1 Iru wkh edvholqh prgho/ zh �qg d srvlwlyh dqg vljql�fdqw frh�flhqw

rq wkh suredelolw| ri lqiruphg wudglqj vxjjhvwlqj wkdw d rqh shufhqw lqfuhdvh lq wkh SL lv dvvrfldwhg

zlwk d 3177 shufhqw lqfuhdvh lq wkh vsuhdg1 Diwhu lqfrusrudwlqj vlpsoh qrlvh wudglqj lqwr wkh prgho/

zh frqwlqxh wr �qg d srvlwlyh dqg vljql�fdqw h�hfw ri lqirupdwlrq rq vsuhdgv/ wkrxjk wkh h�hfw lv

vrphzkdw vpdoohu +314; frpsduhg wr 3177 iru wkh edvholqh fdvh,1 Krzhyhu/ lq wkh h{whqghg qrlvh

wudglqj prgho/ zh �qg qr vljql�fdqw uhodwlrqvkls ehwzhhq wkh vsuhdg dqg wkh SL1

. +it�*|t M) , U�@?}i A)Ti

Lq vhfwlrqv 8 dqg 9 zh vkrz wkdw d vxevwdqwldo sursruwlrq ri wkh lqyhvwru srsxodwlrq lv frpsulvhg

ri qrlvh wudghuv1 D qxpehu ri uhfhqw vwxglhv kdyh dujxhg wkdw wkhuh pd| eh v|vwhpdwlf gl�huhqfhv

lq wkh lqirupdwlrq vwuxfwxuh ri gl�huhqw h{fkdqjh phfkdqlvpv1 Iru h{dpsoh/ Klhgoh dqg Kxdqj

+5333, h{dplqh d vdpsoh ri �upv wkdw vzlwfk h{fkdqjh olvwlqj dqg dujxh wkdw wkh suredelolw| ri

lqiruphg wudglqj +xvlqj wkh edvholqh HNRS prgho, lv kljkhu rq wkh Qdvgdt wkdq rq wkh Q\VH ru

DPH[1 Wkh uhdvrq iru wklv/ wkh| dujxh/ pd| eh wkdw wkh Qdvgdt lv dq dqrq|prxv txrwh0gulyhq

pdunhw zkhuhdv rq wkh Q\VH dqg DPH[/ wkh vshfldolvw nqrzv wkh lghqwlw| ri hdfk wudghu1 Dv d

uhvxow/ lqiruphg wudghuv/ rq wkh pdujlq/ kdyh pruh ri dq lqfhqwlyh wr duulyh rq wkh Qdvgdt wkdq rq

wkh Q\VH1 Lq wklv vhfwlrq/ zh frpsduh rxu hvwlpdwhv ri wkh uhodwlyh wudghu0w|sh srsxodwlrqv dfurvv

wkh gl�huhqw pdunhw phfkdqlvpv1
S5iic uLh i @4T*ic O�@?} @?_ 5|L** E�bbD��



zlwk ]0vwdwlvwlfv. ri wkh gl�huhqfh ehwzhhq wkh h{fkdqjhv1 Frqvlvwhqw zloo suhylrxv uhvhdufk/ zh �qg

wkdw wkh edvholqh HNRS prgho lqglfdwhv d kljkhu sursruwlrq ri lqiruphg wudglqj rq wkh Qdvgdt/

uhodwlyh wr wkh Q\VH2DPH[ vdpsoh1 Krzhyhu/ rqfh qrlvh wudghuv duh lqwurgxfhg lqwr wkh prgho/

zh �qg wkdw wkh SL phdvxuh lv dfwxdoo| vpdoohu iru rxu vdpsoh ri Qdvgdt vwrfnv1

Wkh gulylqj irufh ri wklv uhvxowv vwhpv iurp wkh gl�huhqfh lq rxu hvwlpdwhv ri wkh suredelolw| ri

qrlvh wudglqj dfurvv wkh wzr h{fkdqjh phfkdqlvpv1 Iru erwk qrlvh wudglqj prghov/ zh �qg wkdw wkh

suredelolw| ri qrlvh wudglqj lv ryhu 83( odujhu rq wkh Qdvgdt wkdq rq wkh Q\VH2DPH[1 Wkhvh

uhvxowv vxjjhvw wkdw lqyhvwruv zkr wudgh Qdvgdt vwrfnv duh pruh olnho| wr uhfhlyh svhxgr0vljqdov dv

rssrvhg wr fohdq vljqdov1 Wkdw lv/ zh �qg wkdw wkh edvholqh HNRS prgho lqfruuhfwo| odehov pdq|

qrlvh wudghuv dv lqiruphg wudghuv/ edvhg vlpso| rq wkh uhodwlyho| juhdwhu ryhu glvshuvlrq ri wudglqj

yroxph rq wkdw h{fkdqjh1 Rqfh wkh ryhu glvshuvlrq lq yroxph lv lqfrusrudwhg lqwr wkh prgho/ wkh

gl�huhqfh lq lqiruphg wudglqj uhyhuvhv1

Wkh uhvxow wkdw wkh Qdvgdt lv pruh khdylo| srsxodwhg e| qrlvh wudghuv lv frqvlvwhqw zlwk wkh

w|sh ri vwrfnv zkhuh qrlvh wudglqj lv pruh olnho| wr rffxu 0 lq dvvhwv zkhuh fohdq vljqdov pd| eh kdug

wr lghqwli|/ qdpho| kljk0whfkqrorj| �upv wkdw duh pruh uhsuhvhqwhg rq wkh Qdvgdt1 Wkh uhvxow lv

dovr frqvlvwhqw zlwk wkh wudglqj suhihuhqfhv ri gd|0wudghuv1

H �L?U*�t�L?

Wklv sdshu suhvhqwv d hpslulfdo lqyhvwljdwlrq ri wkh uroh ri qrlvh wudghuv lq X1V1 htxlw| pdunhwv1

Zh �qg wkdw d vxevwdqwldo sursruwlrq ri wkh wudglqj srsxodwlrq lv frpsulvhg ri qrlvh wudghuv/

l1h1 lqyhvwruv zkr wudgh rq qrlvh dv li lw zhuh lqirupdwlrq1 Rq dyhudjh/ zh �qg wkdw ehwzhhq 58

dqg 73 shufhqw ri wkh rughuv iru rxu vdpsoh ri vwrfnv duh iurp qrlvh wudghuv1 Ixuwkhu/ zh �qg

.A�i ~�t|@|�t|�Ut @hi M@ti_ L? �@??�`��|?i) T@�h ��ti UL4T@h�tL?t Lu |�i |�L t@4T*it� A�i ?�** �)TL|�it�t �t

|�@| |�i |�L t@4T*it @hi _h@�? uhL4 |�i t@4i _�t|h�M�|�L?� A�i |it| t|@|�t|�U �t @t)4T|L|�U@**) ?Lh4@*�



lqirupdwlrq0edvhg wudglqj1

Lq dgglwlrq/ zh �qg d qrq0olqhdu uhodwlrq ehwzhhq wudglqj yroxph dqg wkh srsxodwlrq ri qrlvh

wudghuv vxjjhvwlqj wkh qrlvh wudglqj lv prgh khdylo| frqfhqwudwhg lq plg0yroxph vwrfnv1 Ixuwkhu/

zkloh zh �qg d odujh uhgxfwlrq lq wkh suredelolw| ri lqiruphg wudglqj uhodwlyh wr wkh edvholqh prgho/

zh frqwlqxh wr �qg wkdw lqiruphg wudglqj lv srvlwlyho| uhodwhg wr wkh elg0dvn vsuhdg1 �qdoo|/ rxu

uhvxowv vkrz wkdw qrlvh wudglqj lv idu pruh frpprq rq wkh Qdvgdt wkdq rq wkh Q\VH2DPH[1



^4` Eodfn/ Ilvfkhu/ 4<;9/ Qrlvh/ Mrxuqdo ri Ilqdqfh 7</ 85<08761

^5` Eoxph/ Pduvkdoo H1/ dqg Plfkdho D1 Jrogvwhlq/ 4<<:/ Txrwhv/ Rughu Iorz/ dqg Sulfh Glvfryhu|/

Mrxuqdo ri Ilqdqfh 85/ 5540771

^6` Hdvoh|/ Gdylg/ dqg Qlfkrodv P1 Nlhihu/ 4<<9/ Oltxlglw|/ lqirupdwlrq/ dqg lqiuhtxhqwo| wudghg

vwrfnv/ Mrxuqdo ri Ilqdqfh 84/ 4738047691

^7` Jdu�qnho/ Mrq D1/ dqg P1 Qlpdohqgudq/ 4<<;/ Pdunhw Vwuxfwxuh dqg Wudghu Dqrq|plw|= Dq

Dqdo|vlv ri Lqvlghu Wudglqj/ Zrunlqj Sdshu1

^8` Jorvwhq/ Odzuhqfh U1/ dqg Urehuw Plojurp/ 4<;8/ Elg/ dvn/ dqg wudqvdfwlrq sulfhv lq d vsh0

fldolvw pdunhw zlwk khwhurjhqhrxvo| lqiruphg wudghuv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 47/

:404331

^9` Kdveurxfn/ Mrho/ dqg Jhrujh Vr�dqrv/ 4<<6/ Qhz \run Vwrfn H{fkdqjh v|vwhpv dqg wudglqj

surfhgxuhv/ Q\VH Zrunlqj sdshu <60341

^:` 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

^;` Kxdqj/ Urjhu G1/ dqg Kdqv Vwroo/ 4<<9/ Ghdohu yv1 dxfwlrq pdunhwv= D sdluhg frpsdulvrq ri

h{hfxwlrq frvwv rq Qdvgdt dqg wkh Q\VH/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 74/ 646068:1

^<` N|oh/ Doehuw V1/ dqg I1 Doehuw Zdqj/ 4<<:/ Vshfxodwlrq gxrsro| zlwk djuhhphqw wr glvdjuhh=

Fdq ryhufrq�ghqfh vxuylyh wkh pdunhw whvwB/ Mrxuqdo ri Ilqdqfh 85/ 53:6053<31

^43` Ohh/ Fkduohv P1/ dqg Pdun M1 Uhdg|/ 4<<4/ Lqihuulqj wudgh gluhfwlrq iurp lqwudgd| gdwd/

Mrxuqdo ri Ilqdqfh 79/ :660791

^44` Rghdq/ Whuudqfh/ 5333/ Gr lqyhvwruv wudgh wrr pxfk B/ iruwkfrplqj Dphulfdq Hfrqrplf Uh0

ylhz1

^45` R*Kdud/ Pdxuhhq/ 4<<</ Pdnlqj Pdunhw Plfurvwuxfwxuh Pdwwhu/ Ilqdqfldo Pdqdjhphqw 5;/

;60<31

^46` Wuxhpdq/ Euhww/ 4<;;/ D Wkhru| ri Qrlvh Wudglqj lq Vhfxulwlhv Pdunhwv/ Mrxuqdo ri Ilqdqfh

4<;;/ ;60<81

^47` Zdqj/ I1 Doehuw/ 5333/ Vshfxodwlyh Qrlvh Wudglqj lq Ilqdqfldo Pdunhwv/ Zrunlqj sdshu/ Ulfh

Xqlyhuvlw|1



Wdeoh 4=

Vxppdu| Vwdwlvwlfv

Wklv wdeoh suhvhqwv ghvfulswlyh vwdwlvwlfv iru rxu vdpsoh ri �upv1

Ghvfulswlyh Yduldeohv Rev Phdq Vwg1 8( phgldq <8(

Sulfh 7<39 4;15; 531:< 4165 4615< 831::

Yroxph 7<39 53< 843 44 9; :<<

Qxpehu ri Wudghv 7<39 <6185 494167 <189 6;199 689164

Vkduh Wxuqryhu 7<39 8177 ;1:5 31<5 61;6 4717<

Yrodwlolw| 7<39 3138 3136 3134 3137 3143

Txrwhg Vsuhdg 7<39 314< 314< 313: 3148 3176

Uhodwlyh Vsuhdg 7<39 3136 3136 3133 3135 313;



Wdeoh 5=

Sdudphwhu hvwlpdwhv

Wklv wdeoh suhvhqwv ghvfulswlyh vwdwlvwlfv iru wkh sdudphwhu hvwlpdwhv ri wkh wkuhh
prghov1

Sdudphwhu Rev Phdq Vwg1 8( phgldq <8(

�.g�� 7:87 31666 3145: 31474 31657 31887
��J�re � 7<35 3169: 31495 31458 3168: 3198;
��J�re 2 7;6: 31734 31497 31473 316<8 319:6

�.g�� 7:87 31778 314;< 31477 31769 31:98
��J�re � 7<35 31775 314;: 31479 31764 31:93
��J�re 2 7;6: 317:3 314<< 31475 317:5 31;35

%.g�� 7:87 6918 9:1: 6185 4714 47315
%�J�re � 7<35 6617 9614 51<7 4515 46317
%�J�re 2 7;6: 5:1; 8813 5184 <17 44413

�.g�� 7:87 7915 8713 91;4 5:13 47;1<
��J�re � 7<35 5919 5;18 71;8 4:15 :91:
��J�re 2 7;6: 631< 6717 8186 5313 <417

�.g�� 7<35 5<19 831: 4175 4419 45415
��J�re � 7;6: 6<1< 891: 51:3 4;19 47<14

��J�re 2 7;6: 31889 31498 31637 31883 31;69

Su+Lqi,.g�� 7:87 3156< 3139; 31447 31547 31666
Su+Lqi,�J�re 2 7<35 31483 313:7 31384 3146< 315;7
Su+Lqi,�J�re 2 7;6: 31485 313:3 3138: 31473 315;5



Wdeoh 6=

Olnholkrrg0Udwlr Whvw Vwdwlvwlfv

Wklv wdeoh suhvhqwv olnholkrrg0udwlr whvw vwdwlvwlfv iru wkh wkuhh prghov1

K|srwkhvlv Dyhudjh OU0Vwdwlvwlf Qxpehu vljql�fdqw
K�

f
= � @ 3 57718 7/668 +<4(,

K2

f
= � @ 3 > � @ 3 7471; 7/558 +;;(,

K�

f
= � @ 3 4;514 6/<:4 +;5(,



Wdeoh 7=

Dyhudjh sdudphwhu hvwlpdwhv e| yroxph ghfloh

Wklv wdeoh suhvhqwv dyhudjh hvwlpdwhv ri wkh sdudphwhuv e| yroxph ghflohv1
Sdudphwhu 4vw Ghfloh 8wk ghfloh 43wk Ghfloh

�.g�� 3164; 31666 316<6
��J�re � 3168: 316:; 31766
��J�re 2 3164< 316<9 31833

�.g�� 317:4 317:5 315<7
��J�re � 317:5 317:4 315<9
��J�re 2 317:6 317<; 3165;

%.g�� 7197 461:7 4:6186
%�J�re � 61;7 44143 48619:
%�J�re 2 6156 ;1<6 46817<

�.g�� 44195 5;1<< 464153
��J�re � :1;3 49155 :5179
��J�re 2 <168 4<14; <4183

�.g�� 7156 461;7 :615<
��J�re � 9167 541:< 43;1<6

��J�re 2 319:7 31878 3179;

Su+Lqi,.g�� 31593 31567 31468
Su+Lqi,�J�re 2 31538 31499 313<3
Su+Lqi,�J�re 2 314:5 31499 3144;



Wdeoh 8=

Uhjuhvvlrq Uhvxowv

Ghshqghqw yduldeoh = oq+Txrwhg Vsuhdg,

oq+Su+Lqi,.g�� , 31773 ~ ~
+31366,

oq+Su+Lqi,�J�re �, ~ 314;6 ~
+31349,

oq+Su+Lqi,�J�re 2, ~ ~ 031334
+3134:,

oq+Sulfh, 31678 31658 315<5
+3133<, +3133<, +3133<,

oq+Wxuqryhu, 03143< 031439 031485
+31344, +31344, +31343,

Dph{ gxpp| 315;5 3164: 31639
+31374, +31374, +31374,

Qdvgdt gxpp| 31667 31756 31737
+3134<, +3134;, +3134<,

Frqvwdqw 051353 051676 051898
+3137;, +31368, +3136;,

Q 7:87 7<35 7;6:
U5 31646 31633 315:;



Wdeoh 9=

Sdudphwhu hvwlpdwhv= E| h{fkdqjh

Yduldeoh Q\VH2DPH[ Qdvgdt Gl�huhqfh ]0Vwdw

Su+Lqi,.g�� 2 314<8 31583 031388 056139
Su+Lqi,�J�re � 31487 31479 3133; 7169
Su+Lqi,�J�re 2 3149: 3146: 31363 48183

Su+Oltxlglw|,.g�� 2 31;38 31:93 31378 56136
Su+Oltxlglw|,�J�re � 31:33 3193: 313<6 63187
Su+Oltxlglw|,�J�re 2 31868 31688 314;3 7713:

Su+Qrlvh,�J�re � 31479 3157: 031434 075144
Su+Qrlvh,�J�re 2 315<: 3183; 031543 079173

Frqglwlrqdo rq � @ 4
Su+Lqi,.g�� 2 316<< 31866 031467 06:1:8
Su+Lqi,�J�re � 3158< 3157: 31345 7147
Su+Lqi,�J�re 2 31655 31647 3133; 4157



Figure 1

Probability of Informed Trading over Volume Deciles
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Figure 2

Probability of Noise trading over Volume Deciles
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Figure 3

Probability of liquidity trading over Volume Deciles
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