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Devwudfw

Rqh ri wkh ixqfwlrqv ri uhsxwdwlrqv lq vrflhwlhv lv wr hqdeoh frru0
glqdwlrq/ dqg vrph ri wkh prvw idploldu lqvwdqfhv ri wklv rffxu zkhq
uhsxwdwlrqv duh edvhg rq sdvw dfwlrqv1 Iru h{dpsoh/ d klvwru| ri dj0
juhvvlyh sod| lv riwhq lqwhusuhwhg dv suhglfwlqj pruh djjuhvvlyh sod|
lq wkh ixwxuh1 Wklv shuplwv d sdlu ri lqglylgxdov zlwk xqhtxdo uhsx0
wdwlrqv iru djjuhvvlyhqhvv wr dyrlg zdvwhixo frq lfw wkdw zrxog uhvxow
iurp djjuhvvlyh sod| e| erwk1

Wklv sdshu ghvfulehv d oderudwru| h{shulphqw ghvljqhg wr h{soruh
zkhwkhu/ lq d srsxodwlrq ri vxemhfwv/ vxfk frruglqdwlrq wkurxjk uhsx0
wdwlrq irupdwlrq zloo hphujh vsrqwdqhrxvo|/ zkdw irup lw zloo wdnh/ dqg
krz uholdeo| lw zloo eh revhuyhg e| wkh lqglylgxdov lq wkh srsxodwlrq1
Uhsxwdwlrq0edvhg frruglqdwlrq ri wkh vruw looxvwudwhg deryh glg dulvh
lq doo h{shulphqwdo vhvvlrqv/ exw wkh udwh ri dgkhuhqfh wr wkh vrfldo
uxoh lpsolflwo| dgrswhg e| wkh jurxs ydulhg dfurvv wkh h{shulphqwdo
srsxodwlrqv dv d ixqfwlrq ri wuhdwphqw yduldeohv1

�Zh duh judwhixo wr sduwlflsdqwv dw vhplqduv dw P1L1W1 dqg Ervwrq Xqlyhuvlw| iru khos0
ixo vxjjhvwlrqv/ wr wkh Qdwlrqdo Vflhqfh Irxqgdwlrq iru �qdqfldo vxssruw/ dqg wr Vxprq
Pdmxpgdu iru uhvhdufk dvvlvwdqfh1 Gdwh iurp wkhvh h{shulphqwv lv grzqordgdeoh +lq Vwdwd
913 irupdw, dw zzz1zzv1sulqfhwrq1hgx2�umprujdq1

|Ghsduwphqw ri Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw|
}Ghsduwphqw ri Hfrqrplfv dqg wkh Zrrgurz Zlovrq Vfkrro/ Sulqfhwrq Xqlyhuvlw|
{Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|
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4 Lqwurgxfwlrq
Wkh lghd wkdw dq lqglylgxdo pljkw zlvk wr frqglwlrq khu dfwlrqv rq wkh uhs0
xwdwlrqv ri wkh shrsoh zlwk zkrp vkh lv lqwhudfwlqj lv xeltxlwrxv lq kxpdq
vrflhwlhv/ dqg wkh ixqfwlrqv vxfk uhsxwdwlrqdo v|vwhpv fdq vhuyh duh qxphu0
rxv1 Lq wklv sdshu/ zh vwxg| rqh ri wkh idploldu ixqfwlrqv ri uhsxwdwlrqv�
wkdw ri d frruglqdwlrq ghylfh1 Wkh edvlf lghd lv wkdw li wzr lqglylgxdov pxvw
pdnh vlpxowdqhrxv ghflvlrqv lq d v|pphwulf vlwxdwlrq dqg li wkhuh lv vrph
dgydqwdjh wr dw ohdvw rqh ri wkh lqglylgxdov li wkh| dfw gl�huhqwo| iurp hdfk
rwkhu/ wkhq dq| h{whuqdo fxhv/ li djuhhg xsrq hlwkhu wdflwo| ru h{solflwo|/ fdq
vhuyh wr gluhfw wkhp wrzdug d frruglqdwhg dv|pphwulf rxwfrph1 Uhsxwdwlrqv
fdq surylgh vxfk h{whuqdo fxhv1 Dv dq dqdorj|/ pdq| vshflhv ri dqlpdov duh
revhuyhg wr uhvshfw �shfnlqj rughuv� zklfk shdfhixoo| ghv|pphwul}h vlwxd0
wlrqv wkdw pljkw rwkhuzlvh uhvxow lq frq lfw1 +D w|slfdo h{dpsoh lv pdohv
frpshwlqj iru wkh rssruwxqlw| wr frsxodwh zlwk doo wkh ihuwloh ihpdohv lq d
khug1 Wkh wrs pdoh riwhq zlqv zlwkrxw d �jkw,1 Iru d kxpdq h{dpsoh/ dq
lqglylgxdo +ru �up, kdylqj wkh uhsxwdwlrq ri d exoo| pd| eh deoh wr dyrlg
frq lfw dqg survshu ehfdxvh srwhqwldo frpshwlwruv hlwkhu ghihu wr wkh exoo|
zkhq lq vlwxdwlrqv ri frq lfw ru dyrlg vxfk vlwxdwlrqv wr ehjlq zlwk1

Wkhuh duh frpsolfdwlrqv hyhq lq wkhvh uhodwlyho| vlpsoh h{dpsohv/ krz0
hyhu1 Lv wkh wrs dqlpdo lq wkh shfnlqj rughu wkh lqglylgxdo zlwk wkh wrxjkhvw
dsshdudqfh +h1j1/ odujhvw vl}h/ vkdushvw dqwohuv/ euljkwhvw froru, ru wkh rqh
zlwk wkh ehvw uhfrug lq sdvw frq lfwvB Krz pdq| lqvwdqfhv ri exoo|olnh eh0
kdylru grhv lw wdnh iru wkh uhsxwdwlrq ri exoo| wr eh dftxluhg dqg krz orqj
grhv lw odvwB Lq vkruw/ zkdw lv wkh qdwxuh ri wkh h{whuqdo fxhB Lq uhdo0zruog
vlwxdwlrqv wkh qdwxuhv ri h{whuqdo fxhv fdq gl�hu iru uhdvrqv kdylqj pxfk
pruh wr gr zlwk h{dpsoh0vshfl�f ghwdlov wkdq zlwk wkh frruglqdwlqj uroh ri
wkh fxh1 Iru h{dpsoh/ wkh delolw| wr uhphpehu wkh lghqwlw| ri wkh vwurqjhvw ru
zhdnhvw dqlpdo lq rqh*v khug pljkw kdyh vxuylydo ydoxh lq wkh idfh ri wkuhdwv
iurp h{whuqdo suhgdwruv ru pljkw eh xvhixo lq �qglqj irrg1 Vlploduo|/ exoo|
uhsxwdwlrqv pljkw fruuhodwh zlwk djjuhvvlyh whqghqflhv wrzdug h{whuqdo irhv>
dqg lw pljkw wkhuhiruh sd| hlwkhu wr doljq zlwk ru djdlqvw exoolhv lq rqh*v rzq
vrflhw|1

Wr ohduq derxw krz kxpdqv xvh uhsxwdwlrqv dv frruglqdwlqj ghylfhv/
wkhuhiruh/ lw vhhpv xvhixo wr h{soruh wkh txhvwlrq lq wkh oderudwru|/ zkhuh
pdq| ri wkhvh rwkhu idfwruv fdq eh frqwuroohg iru/ dw ohdvw wr vrph h{whqw1 Lq
wklv sdshu zh uhsruw rq rqh vxfk h{shulphqw1 Rxu krsh lv wkdw wkh dvshfwv
ri hyhu|gd| ehkdylru wkdw frqfhuq wkh frruglqdwlqj uroh ri uhsxwdwlrqv duh
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pdlqwdlqhg lq h{shulphqwdo ehkdylru ghvslwh wkh devwudfw vhwwlqj ri wkh ode0
rudwru| hqylurqphqw1 Zh nqrz ri qr suhylrxv h{shulphqwv rq wklv vxemhfw1

Zh uhsruw khuh rq wkh h{shulphqwdo uhvxowv iurp d ydulhw| ri vhtxhqfhg
5�2 frruglqdwlrq jdphv zlwk vxffhvvlyho| uhpdwfkhg sod|hu sdluv/ zkhuh
sulru wr sod| lq hdfk urxqg hdfk sdlu ri vxemhfwv zdv suhvhqwhg zlwk d sdlu ri
vxppdu| vljqdov/ fdoohg �fxuuhqw srvlwlrqv/� wkdw uhyhdo lqirupdwlrq derxw
wkh uhfhqw sod| ri erwk phpehuv ri wkh sdlu1 Zh glg qrw ghvfuleh wkh sr0
vlwlrqv wr wkh vxemhfwv dv uhsxwdwlrqv dqg glg qrw vxjjhvw wr wkh vxemhfwv
wkdw frqglwlrqlqj rq srvlwlrqv zdv dssursuldwh1 Zh phuho| jdyh wkh jurxs
ri vxemhfwv wkh rssruwxqlw| wr ghyhors/ froohfwlyho| exw lpsolflwo| +vlqfh wkh|
zhuh jlyhq qr rssruwxqlwlhv wr frppxqlfdwh gluhfwo| zlwk hdfk rwkhu,/ d
frruglqdwlrq phfkdqlvp e| surylglqj wr hdfk pdwfkhg sdlu ri sod|huv wkh
frpprq nqrzohgjh ri wkhlu uhvshfwlyh fxuuhqw srvlwlrqv14 Rxu lqwhuhvw zdv
lq zkhwkhu/ krz/ dqg krz uholdeo|/ rxu h{shulphqwdo vrflhwlhv zrxog xvh wkh
srvlwlrq sdluv dv frruglqdwlqj ghylfhv dqg lq zklfk ri wkh pdq| srvvleoh
srvlwlrq0edvhg frruglqdwlqj uxohv wkh| zrxog dgrsw1

Pruh vshfl�fdoo|/ wkh vxemhfwv lq d vhvvlrq sod|hg uhshdwhgo| wkh vdph
yduldqw ri hlwkhu

fc f %� +c %n +
%n +c %� + fc f

ru
%c % %� +c %n +

%n +c %� + fc f
c

zkhuh % : + � f� Lghqwli|lqj wkh wrs urz zlwk wkh ohiw froxpq/ doo vxfk rqh0
vkrw jdphv duh vhhq wr eh v|pphwulf/ exw wzr ri wkhlu Qdvk htxloleuld � wkh
rqhv wkdw xvh sxuh vwudwhjlhv � duh qrw v|pphwulf1 Ixuwkhupruh/ wkrxjk wkh
wklug Qdvk htxloleulxp lq hdfk vxfk jdph lv v|pphwulf/ lw lqyroyhv dq lqh!0
flhqw pl{hg0vwudwhj| frpelqdwlrq1 Hdfk vxemhfw*v srvlwlrq lv d vljqdo derxw
krz iuhtxhqwo| lq wkh uhfhqw sdvw vkh kdv sod|hg wkh erwwrp urz +htxlyd0
ohqwo|/ wkh uljkw froxpq, zklfk zh pljkw wklqn ri dv wkh pruh djjuhvvlyh
dfwlrq1

Rxu sulru jxhvv zdv wkdw wkh lqfhqwlyhv wr frruglqdwh rq wkh sxuh Qdvk
htxloleuld ri wkh rqh0vkrw jdphv zrxog eh vx!flhqwo| vwurqj wkdw wkh vxemhfwv
zrxog �qg zd|v wr dfklhyh wkhp txlwh iuhtxhqwo|1 Ixuwkhupruh/ zh vxvshfwhg
wkdw wkh rujdql}lqj uxoh zlwk wkh prvw vdolhqfh zrxog eh wkdw lq fdvhv zkhuh d
pdwfkhg sdlu �qgv lwvhoi lq xqhtxdo srvlwlrqv wkh sod|hu kdylqj wkh�wrxjkhu�
fxuuhqw srvlwlrq +l1h1/ wkh srvlwlrq vljqdoolqj pruh iuhtxhqw uhfhqw sod| ri

4Ri frxuvh wkhuh pljkw eh dq h{shulphqwhu h�hfw= vxemhfwv pljkw wu| wr xvh wkhlu
srvlwlrqv wr frruglqdwh vroho| ehfdxvh wkh| duh surplqhqwo| dydlodeoh lq wkh h{shulphqw1
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wkh djjuhvvlyh dfwlrq, zrxog sod| wkh djjuhvvlyh vwudwhj| zkloh wkh sod|hu
zlwk wkh �vriwhu� fxuuhqw srvlwlrq zrxog fkrrvh wkh rwkhu dfwlrq1 Wklv vhhpv
wr dffrug zlwk hyhu|gd| lqwxlwlrq= lqglylgxdov zkr kdyh uhsxwdwlrqv iruphg
iurp wkhlu uhfrugv ri suhylrxv dfwlrqv duh frpprqo| h{shfwhg wr frqwlqxh dv
lq wkh sdvw1 Exw zk| wklv uxoh lv vr lqwxlwlyh lv lwvhoi qrw reylrxv> diwhu doo/ wkh
uhyhuvh uxoh +wrxjkhu uhsxwdwlrq w|shv sod|lqj vriw dqg vriwhu w|shv sod|lqj
wrxjk, frruglqdwhv vlploduo|1 Lq dgglwlrq/ wkhuh duh pdq| rwkhu sdwwhuqv
zklfk/ wkrxjk pruh frpsolfdwhg lq wkdw wkh lghqwlw| ri wkh sod|hu fkrvhq wr
sod| wrxjk ghshqgv rq pruh ghwdlov ri wkh vwdwh sdluv/ zrxog dovr dfklhyh
frruglqdwlrq1 Shukdsv lw lv wkh vlpsolflw| ri wkh lqwxlwlyh uxoh wkdw pdnhv lw
vdolhqw +dowkrxjk wkh uhyhuvh uxoh vhhpv htxdoo| vlpsoh,1 Shukdsv lw lv wkh idfw
wkdw shrsoh zkr sod| dffruglqj wr wkh vlpsohvw ri doo uxohv � frqvwdqwo| wkh
vdph sxuh vwudwhj| � hqg xs lq wkh h{wuhph srvlwlrqv dqg wkhuhiruh duh qrw
revhuyhg wr ylrodwh wkh lqwxlwlyh uxoh1 Shukdsv wkh lqwxlwlyh uxoh kdv d nlqg
ri Gduzlqldq vxuylydo ydoxh/ lq zklfk fdvh wkh uhdvrq lw vhhpv lqwxlwlyh wr xv
lv wkdw lw lv wkh uxoh xvhg lq wkh vrflhwlhv zh nqrz derxw> qdpho|/ wkh rqhv
wkdw kdyh vxuylyhg15 Dqg shukdsv rxu sulru jxhvvhv zrxog eh suryhg zurqj
� zkdw vhhpv irfdo wr xv lv qrw qhfhvvdulo| irfdo wr hyhu|rqh/ dqg li wkhuh lv
khwhurjhqhlw| lq lqwxlwlrq dfurvv wkh srsxodwlrq/ wklv pd| pdnh dgrswlrq ri
dq| rqh uxoh gl!fxow iru wkh vxemhfw srsxodwlrq16

Rxu h{shulphqwdo �qglqjv kdyh wxuqhg rxw wr eh txlwh lqwhuhvwlqj1 Zh
udq vl{whhq vhvvlrqv/ doo zlwk lqlwldoo| lqh{shulhqfhg vxemhfwv/ iru 433 urxqgv
hdfk1 Whq ri rxu vhvvlrqv zhuh edvhg rq sdudphwulf yduldqwv ri �Edwwoh ri wkh
Vh{hv/� ru ERV/ wkh �uvw jdph irup deryh> dqg vl{ xvhg sdudphwulf yduldqwv
ri �Kdzn0Gryh� ru �Fklfnhq/� ru KG/ wkh vhfrqg jdph irup deryh1 H{dplq0
lqj wkh odvw 83 urxqgv ri hdfk ri wkh vhvvlrqv/ zh �qg wkdw/ wr wkh h{whqw wkdw
dq| rqh vlpsoh uxoh h{sodlqv sod|/ lw lv ryhuzkhoplqjo| wkh lqwxlwlyh uxoh1 Lq
wkh ERV vhvvlrqv/ zkhq d sod|hu lv pdwfkhg zlwk d fr0sod|hu lq dq xqhtxdo
srvlwlrq/ vkh sod|v dffruglqj wr wkh lqwxlwlyh uxoh <319( ri wkh wlph1 Wkh lq0
wxlwlyh uxoh lv vrphzkdw ohvv vxffhvvixo lq wkh KG vhvvlrqv/ exw lw vwloo suhglfwv
:;1<( ri fkrlfhv fruuhfwo| iru sod|huv pdwfkhg zlwk dq xqhtxdoo| srvlwlrqhg
rssrqhqw1 Erwk vdwlv�flqj dqg dowuxlvwlf prwlyhv frxog eh h{sodqdwlrqv iru
wklv gl�huhqfh dfurvv jdph irupv= Wkh ohvv djjuhvvlyh vwudwhj| lv uhodwlyho|
vdih lq KG/ dqg li lwv sd|r� djdlqvw hlwkhu vwudwhj| ri wkh rssrqhqw lv jrrg

5Wklv k|srwkhvlv lv h{soruhg wkhruhwlfdoo| lq Urvhqwkdo dqg Odqgdx +4<:<,1 Zh pdnh
xvh ri wkhlu prgholqj iudphzrun khuh1

6Wkhuh lv dq h{whqvlyh olwhudwxuh rq irfdo srlqwv1 Wkh fodvvlf wuhdwphqw lv Vfkhoolqj
+4<93,1
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hqrxjk/ zk| ulvn lw iru d vpdoo jdlqB Wklv vdih vwudwhj| lv dovr nlqgo| wrzdug
wkh rssrqhqw qr pdwwhu zkdw kh grhv1

Wkh frpsoldqfh shufhqwdjhv iurp xqhtxdo srvlwlrqv olvwhg deryh duh dyhu0
djhv ryhu wuhdwphqwv iru hdfk jdph irup lq zklfk wkh +0sd|r� sdudphwhu zdv
ydulhg1 Lq erwk ERV dqg KG wuhdwphqwv/ lqfuhdvlqj wkh +0sd|r� sdudph0
whu xqdpeljxrxvo| uhgxfhg wkh suhglfwlyh srzhu ri wkh lqwxlwlyh uxoh1 Zkhq
+ ' f lq ERV/ wkh jdph ehfrphv d sxuh frruglqdwlrq jdph dqg wkh lqwxlwlyh
uxoh fruuhfwo| suhglfwhg <:1;( ri fkrlfhv> wklv ghfolqhg wr <31;( zkhq d vpdoo
srvlwlyh + zdv xvhg dqg vwloo iduwkhu wr ;417( lq wkh wuhdwphqw kdylqj wkh
kljkhvw + ydoxh1 Wkh vlwxdwlrq zdv vlplodu iru KG= Zlwk wkh vdph vpdoo +
ydoxh dv lq ERV/ wkh lqwxlwlyh uxoh fruuhfwo| suhglfwhg <413( ri fkrlfhv1 Zlwk
wkh odujhu + ydoxh/ wkh lqwxlwlyh uxoh suhglfwhg :51<( ri KG fkrlfhv17

Lq idfw/ wkh pdmrulw| ri ghsduwxuhv iurp wkh lqwxlwlyh uxoh/ hvshfldoo| lq
wkh ERV vhvvlrqv/ zhuh e| sod|huv zkr ghyldwhg wr wkh djjuhvvlyh vwudwhj|1
Wklv vxjjhvwv d fdofxodwlrq lqyroylqj d vdful�fh ri fxuuhqw sd|r� iru lpsuryhg
ixwxuh sd|r�v1 Lq rughu wr txdqwli| vxfk wudgh0r�v dqg wkhuhe| dwwhpsw wr
h{sodlq wkh ydu|lqj suhglfwlyh srzhu ri wkh lqwxlwlyh uxoh dfurvv h{shulphqwdo
vhvvlrqv/ krzhyhu/ lw lv xvhixo wr ylhz wkh h{shulphqw wkurxjk wkh ohqv ri d
zhoo0vshfl�hg pdwkhpdwlfdo prgho1

Wkh prgho ri Urvhqwkdo dqg Odqgdx +4<:<, lv d uhodwlyho| vlpsoh ohqv
wkurxjk zklfk wr ylhz wklv h{shulphqw1 Lw ghslfwv d vrflhw| frqvlvwlqj ri d
odujh qxpehu ri lqglylgxdov zkr duh uhshdwhgo| udqgrpo| pdwfkhg wr sod|
d jdph +kdylqj yrq0Qhxpdqq0Prujhqvwhuq xwlolw| sd|r�v, ryhu dq lq�qlwh
wlph vhtxhqfh/ zkhuh doo lqglylgxdov duh dvvxphg wr glvfrxqw dffruglqj wr
d frpprq �{hg idfwru18 Dfwlrqv surgxfh h�hfwv rq sd|r�0luuhohydqw lqgl0
ylgxdo vwdwh yduldeohv/ dqg pdwfkhg sdluv ri lqglylgxdov nqrz wkhlu rzq dqg
rssrqhqwv* lqglylgxdo vwdwhv/ mxvw dv lq rxu h{shulphqw wkh pdwfkhg sdluv ri
vxemhfwv nqrz erwk srvlwlrqv1 D vwhdg| vwdwh htxloleulxp ri wklv prgho lv d
vwdwlrqdu| Pdunry uxoh wkdw dvvljqv wr hdfk rughuhg vwdwh sdlu ++rzq/ rssr0
qhqw*v,, d vwudwhj| +srvvleo| pl{hg, lq wkh vwdjh jdph vxfk wkdw hdfk xvhg
dfwlrq lv d ehvw uhvsrqvh lq hdfk vwdwh sdlu/ wdnlqj wkh ixwxuh lqwr dffrxqw
dv iroorzv= Wkh vwdwhv rffxslhg e| dq lqglylgxdo*v ixwxuh pdwfkhg rssrqhqwv
zloo eh l1l1g1 gudzv iurp wkh xqltxh lqyduldqw glvwulexwlrq ryhu lqglylgxdo
vwdwhv jhqhudwhg e| wkh Pdunry uxoh/ dqg doo lqglylgxdov zloo sod| dffruglqj

7KG zlwk | @ 3 lv d jdph zlwk gl�huhqw htxloleulxp vwuxfwxuh/ vr zh glg qrw wu| dq|
vxfk wuhdwphqwv1

8Urvhqwkdo dqg Odqgdx uhvwulfwhg wkhlu dqdo|vlv wr d sduwlfxodu sdudphwul}dwlrq ri KG/
exw wkhlu prgho lv xvdeoh pruh jhqhudoo|1
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wr wkh uxoh lq wkh ixwxuh1 Ixuwkhupruh/ dq h{whqvlrq ri wkh lqwxlwlyh uxoh +vr
wkdw lw dovr pdnhv fkrlfhv lq htxdo0srvlwlrq vlwxdwlrqv, jhqhudwhv rqh ri wkh
vwhdg| vwdwh htxloleuld ri wkh prgho zkhq wkh frpprq glvfrxqw idfwru lv qrw
wrr kljk uhodwlyh wr wkh sdudphwhu +( dqg wkh vpdoohu lv +c wkh odujhu lv wkh vhw
ri frpprq glvfrxqw idfwruv iru zklfk wkh lqwxlwlyh uxoh jhqhudwhv d vwhdg|
vwdwh htxloleulxp1

Wkh dssolfdelolw| ri wklv prgho wr wkh h{shulphqw lv hylghqwo| vxvshfw eh0
fdxvh ri lwv vlpsoli|lqj dvvxpswlrqv ri dq lq�qlwh ixwxuh/ glvfrxqwlqj/ prqh|
sd|r�v ehlqj yrq0Qhxpdqq0Prujhqvwhuq xwlolwlhv/ dqg dq lq�qlwh sod|hu vhw1
Ghvslwh wkhvh/ wkh htxloleulxp ri wkh prgho fruuhvsrqglqj wr wkh lqwxlwlyh
uxoh vhhpv wr rujdql}h wkh gdwd uhdvrqdeo| zhoo1 +Zh vkdoo glvfxvv odwhu zk|
wkh dvvxpswlrqv deryh pljkw qrw vhulrxvo| plvuhsuhvhqw rxu vxemhfwv* ehkdy0
lru1, Vr/ dowkrxjk wkh uhodwlrqvkls ehwzhhq wkh prgho dqg wkh h{shulphqw
vhhpv fuxgh/ lw �wv wkh gdwd uhdvrqdeo| zhoo lq pdq| uhvshfwv/ surylghv dw
ohdvw d klqw ri dq h{sodqdwlrq iru wkh revhuyhg h�hfw ri wkh + sdudphwhu/ dqg
wkhuhiruh ohdgv xv wr wkh iroorzlqj whqwdwlyh frqfoxvlrqv1

41 Ri wkh prgho*v pdq| vwhdg| vwdwh htxloleuld/ rqo| wkh rqh fruuhvsrqg0
lqj wr wkh lqwxlwlyh uxoh dssur{lpdwhv sod| revhuyhg lq wkh oderudwru|1

51 H{shulphqwdo sod| ri wkh lqwxlwlyh uxoh lv prvw uholdeoh lq ERV zlwk
vpdoo + sdudphwhu dqg ohdvw uholdeoh lq KG zlwk kljk + sdudphwhu> dqg/
zlwklq hdfk jdph irup/ uholdelolw| lv prqrwrqh lq +1

61 Vlqfh iru dq| �{hg frpprq glvfrxqw idfwru dqg �{hg jdph irup wkh
lqwxlwlyh uxoh jhqhudwhv d vwhdg| vwdwh htxloleulxp rqo| zkhq + lv vx!flhqwo|
vpdoo/ wkh uhodwlyho| kljk qrlvh ohyhov lq wkh gdwd iru wkh h{shulphqwdo vhvvlrqv
zlwk odujhu + ydoxhv uh hfw wkh lqfuhdvhg lqfhqwlyhv wkdw uhodwlyho| sdwlhqw
vxemhfwv kdyh wr ghyldwh iurp wkh suhvfulswlrqv ri wkh lqwxlwlyh uxoh19

Zh kdvwhq wr dgg wkdw rxu fodlp wkdw wkh prgho �wv wkh h{shulphqwdo gdwd
uhdvrqdeo| zhoo lv lqkhuhqwo| vxemhfwlyh1 Wkh lqwxlwlyh uxoh/ dv irupxodwhg
khuh/ doorzv iru qr yduldqfh lq sod| zkhq sod|huv lq xqhtxdo srvlwlrqv duh
pdwfkhg1 Vlqfh wkhuh lv vrph yduldqfh lq wkh h{shulphqwdo gdwd/ vwdwlvwlfdo
whvwv zrxog uhmhfw wkh k|srwkhvlv wkdw wkh prgho frxog kdyh jhqhudwhg wkh
gdwd1 Ixuwkhupruh/ zh kdyh uxq rqo| 49 vhvvlrqv> dqg wkhvh hqfrpsdvv d

9Zh zloo glvfxvv odwhu zk| zh wklqn ghjuhhv ri lpsdwlhqfh pljkw pdwwhu lq rxu h{shul0
phqw hyhq wkrxjk doo sd|phqwv duh pdgh dw wkh hqg ri wkh h{shulphqwdo vhvvlrq1
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ydulhw| ri wuhdwphqwv1 Lq dgglwlrq/ wkh prgho suhglfwv vxemhfw sod| ohdvw
zhoo lq vlwxdwlrqv zkhuh d vxemhfw dqg khu pdwfkhg rssrqhqw duh lq htxdo
srvlwlrqv> l1h1/ lq wkh vlwxdwlrqv zkhuh wkh lqwxlwlrq iru wkh lqwxlwlyh uxohv
vhhpv pxunlhvw1 Wkxv rxu �qglqjv frxog eh lqwhusuhwhg pruh dv vxssruwlyh
ri wkh lqwxlwlyh uxoh wkdq ri wkh lqwxlwlyh uxoh wrjhwkhu zlwk wkh prgho lq
zklfk zh kdyh fkrvhq wr hpehg lw1

Ehfdxvh pdq| ihdwxuhv ri wkh h{shulphqw dqg pdq| ri wkh txhvwlrqv wkdw
fdq srwhqwldoo| eh dgguhvvhg xvlqj lwv gdwd duh frpsoh{/ zh lqwhqg wr suhvhqw
rxu �qglqjv lq vwdjhv1 Wklv sdshu/ wkh �uvw vxfk vwdjh/ lv ghyrwhg wr wkh �orqj
uxq/� ru zkdw kdsshqv diwhu sod| vhwwohv grzq1 Zh eholhyh wkdw rxu vxemhfwv
kdyh ohduqhg vx!flhqwo| derxw wkhlu hqylurqphqw e| urxqg 83 dqg wkdw wkhlu
ehkdylru diwhu wkdw lv lq wkh djjuhjdwh dssur{lpdwho| vwdwlrqdu|1 +Zh zloo
suhvhqw hylghqfh iru wklv dv zhoo dv iru wkh devhqfh ri hqg0jdph h�hfwv lq wkh
gdwd1, Dffruglqjo|/ lq wklv sdshu zh zloo uhvwulfw rxu dwwhqwlrq doprvw hqwluho|
wr wkh gdwd iurp urxqgv 840433 ri hdfk vhvvlrq1 Zh zloo wkhq frpsduh wkh
h{shulphqwdo uhvxowv iru wkhvh urxqgv zlwk fhuwdlq vwhdg| vwdwh htxloleuld ri
wkh wkhruhwlfdo prgho/ ohdylqj iru ixwxuh dqdo|vlv vxfk lqwhuhvwlqj txhvwlrqv dv
zk| wkh lqwxlwlyh uxoh lv dssduhqwo| irfdo dqg krz wkh srsxodwlrqv ri vxemhfwv
ohduq wr sod| lw1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh h{0
shulphqwdo ghvljq dqg surfhgxuhv1 Vhfwlrq 6 suhvhqwv wkh wkhruhwlfdo prgho
wr eh dgdswhg wr wkh h{shulphqw1 Vhfwlrq 7 suhvhqwv wkh uhvxowv ri rxu h{shul0
phqw dqg frpsduhv wkhp wr wkh wkhruhwlfdo suhglfwlrqv1 Vhfwlrq 8 frqfoxghv1

5 H{shulphqwdo Ghvljq dqg Surfhgxuhv
Wkh h{shulphqw frqvlvwhg ri 49 vhvvlrqv frqgxfwhg dw Sulqfhwrq Xqlyhuvlw| lq
Vsulqj 4<<<1 Wzhoyh yroxqwhhu vxemhfwv +Sulqfhwrq xqghujudgxdwhv dqg2ru
Pdvwhuv vwxghqwv iurp wkh Zrrgurz Zlovrq Vfkrro, sduwlflsdwhg lq hdfk
vhvvlrq/ zlwk qr vxemhfwv wdnlqj sduw lq pruh wkdq rqh vhvvlrq1 Vxemhfwv zhuh
uhfuxlwhg e| h0pdlo lqylwdwlrqv wr sduwlflsdwh lq d ghflvlrq pdnlqj h{shulphqw1
Wkh| zhuh surplvhg ehwzhhq '8 dqg '68 iru d vhvvlrq odvwlqj dssur{lpdwho|
93 plqxwhv1 Lq idfw/ qr vhvvlrq odvwhg orqjhu wkdq 93 plqxwhv> wkh orzhvw
sd|r� dfwxdoo| hduqhg lq wkh h{shulphqw zdv '451:3> dqg wkh kljkhvw dprxqw
hduqhg zdv '5:1581 Hyhq wkh orzhvw dprxqw lv frqvlghudeo| pruh wkdq wkh
krxuo| rxwvlgh hduqlqj udwh ri wkh w|slfdo vwxghqw1 Wkh vxemhfwv zhuh sdlg
wkhlu zlqqlqjv lqglylgxdoo| lq fdvk dw wkh hqg ri wkh vhvvlrq1
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Wkh iroorzlqj surfhgxuhv zhuh frpprq wr doo vhvvlrqv1 Dw wkh ehjlqqlqj
ri d vhvvlrq wkh vxemhfwv zhuh vhdwhg dw frpsxwhu whuplqdov lq d vlqjoh urrp
dqg jlyhq d vhw ri lqvwuxfwlrqv1 Wkhvh lqvwuxfwlrqv zhuh uhdg dorxg/ dqg wkh
vxemhfwv zhuh wkhq jlyhq dq rssruwxqlw| wr dvn txhvwlrqv1 +Vhh wkh dsshqgl{
iru d vdpsoh frs| ri wkh lqvwuxfwlrqv xvhg1, Vxemhfwv wkhq sod|hg wkh vdph
v|pphwulf 5�5 qrupdo0irup jdph 433 wlphv lq vxffhvvlrq1 Qr frppxqlfd0
wlrq ehwzhhq vxemhfwv zdv shuplwwhg/ dqg rqfh sod| ehjdq doo fkrlfhv dqg
lqirupdwlrq zhuh wudqvplwwhg yld wkh frpsxwhu whuplqdov1 Lq hdfk urxqg/
hdfk vxemhfw zdv udqgrpo| dqg dqrq|prxvo| sdluhg zlwk dqrwkhu lqglylgxdo
lq wkh vhvvlrq/ zlwk htxdo suredelolw| jlyhq wr doo hohyhq rwkhuv lq hdfk urxqg1
Vxemhfwv fkrvh ehwzhhq wkh wzr srvvleoh dfwlrqv/ rqh odehohg �$� dqg wkh
rwkhu odehohg �#�1

Sulru wr fkrrvlqj dq dfwlrq lq hdfk urxqg/ hdfk vxemhfw zdv wrog khu
rzq fxuuhqw srvlwlrq/ wkh fxuuhqw srvlwlrq ri wkh shuvrq zlwk zkrp vkh zdv
fxuuhqwo| pdwfkhg/ dqg wkh qxpehu ri vxemhfwv fxuuhqwo| dw hdfk srvlwlrq1
Wkhuh zhuh �yh srvvleoh fxuuhqw srvlwlrqv jlyhq e| wlfn pdunv rq d krul}rqwdo
olqh=

m m m m m
Dw wkh vwduw ri wkh �uvw urxqg/ doo vxemhfwv ehjdq lq wkh plggoh srvlwlrq1
Wkdw lv/ hdfk vxemhfw*v lqlwldo fxuuhqw srvlwlrq zdv

m m m m m

%
Iru urxqg 5/ li d vxemhfw kdg suhylrxvo| fkrvhq �$c� wkhq khu fxuuhqw srvl0
wlrq zrxog eh vkliwhg rqh wlfn pdun wr wkh uljkw1 Olnhzlvh/ li lq urxqg 4 vkh
kdg fkrvhq �#c� khu fxuuhqw srvlwlrq zrxog eh vkliwhg rqh wlfn wr wkh ohiw1
Lq doo vxevhtxhqw urxqgv/ d vlplodu dssolfdwlrq ri wklv vfkhph ghwhuplqhg doo
vxemhfwv* fxuuhqw srvlwlrqv zlwk wzr h{fhswlrqv1 Li d vxemhfw lv dw wkh uljkw0
prvw wlfn pdun dqg fkrvh wkh dfwlrq �$c� wkhq vkh vwd|hg dw wkh uljkwprvw
wlfn pdun1 Vlploduo|/ li d vxemhfw zdv dw wkh ohiwprvw wlfn pdun dqg fkrrvhv
dfwlrq �#c� wkhq vkh uhpdlqhg dw wkh ohiwprvw wlfn pdun1 Wkxv/ d sod|hu*v
fxuuhqw srvlwlrq surylghg d vljqdo derxw uhfhqw sod|1 Iljxuh 4 glvsod|v d w|sl0
fdo �uvw0urxqg vfuhhq lqfoxglqj fxuuhqw srvlwlrqv1 Iru sxusrvhv ri h{srvlwlrq/
zh vkdoo qxpehu wkh �yh srvlwlrqv dv iroorzv=

;



m m m m m

f � 2 � e

exw qr vxfk gholqhdwlrq zdv pdgh iru wkh vxemhfwv sduwlflsdwlqj lq wkh h{0
shulphqw1

Iroorzlqj wkh vhohfwlrq ri dq dfwlrq e| doo vxemhfwv lq d jlyhq urxqg/ wkh
sd|r� fhoo mrlqwo| vhohfwhg e| d vxemhfw dqg wkh pdwfkhg rssrqhqw zdv looxpl0
qdwhg rq wkh vxemhfw*v vfuhhq1 Vxemhfwv wkhq kdg wr folfn wkhlu frpsxwhu plfh
wr frqwlqxh wr wkh qh{w urxqg1 Vxemhfwv zhuh nhsw frqwlqxrxvo| lqiruphg ri
wkhlu fxpxodwlyh hduqlqjv wkurxjkrxw wkh vhvvlrq1 Dw lwv frqfoxvlrq/ vxemhfwv
zhuh dvnhg wr �oo rxw d srvw0h{shulphqw txhvwlrqqdluh h{sodlqlqj krz wkh|
sod|hg gxulqj wkh h{shulphqw dqg zhuh sdlg wkhlu zlqqlqjv sulydwho|1

Hduo| urxqgv ri wkh h{shulphqw whqghg wr eh frpsohwhg uhodwlyho| vorzo|
zlwk pruh wkdq d plqxwh vrphwlphv hodsvlqj ehwzhhq wkh frpsohwlrq ri vxf0
fhvvlyh urxqgv1: E| urxqg 53/ krzhyhu/ wkh vshhg zlwk zklfk ghflvlrqv zhuh
ehlqj pdgh lqfuhdvhg vxevwdqwldoo|1 Wkh wlph hodsvlqj ehwzhhq urxqgv zdv
e| wkhq w|slfdoo| qrw pruh wkdq derxw 48 vhfrqgv1 Wklv sdfh uhpdlqhg uho0
dwlyho| frqvwdqw iru wkh uhpdlqghu ri wkh vhvvlrq> krzhyhu/ lq vrph vhvvlrqv
sod| vorzhg grzq djdlq lq wkh odvw ihz urxqgv1 Gxulqj wkh hduo| urxqgv/ vxe0
mhfwv dsshduhg wr eh whvwlqj ydulrxv vwudwhjlhv dqg jhqhudoo| jhwwlqj d �ihho�
iru wkh jdph1 Lq odwhu urxqgv/ vxemhfwv vhhphg prvwo| wr eh mxvw iroorzlqj
zkdwhyhu ghflvlrq uxohv wkh| kdg vhwwohg rq1 Rffdvlrqdoo| wkhuh zrxog eh d
urxqg wkdw zdv ghod|hg e| d vxemhfw vhhplqjo| ghflglqj wr uh0hydoxdwh khu
vwudwhj|1

Wuhdwphqwv
Dv glvfxvvhg hduolhu/ wkh wuhdwphqwv doo lqyroyhg d vwdjh0jdph prqh| sd|r�

pdwul{ ri wkh irup
5c 5 %� +c %n +

%n +c %� + fc f
c

zkhuh % : + � f�; Zkhq 5 ' fc wkh jdph lv d ERV yduldqw/ dqg zkhq 5 ' %
wkh jdph lv dq KG yduldqw1<

:Qr sod| lq d urxqg zdv srvvleoh xqwlo doo vxemhfwv kdg pdgh fkrlfhv lq wkh suhfhglqj
urxqg1

;Dv lv fxvwrpdu|/ wkh �uvw qxpehu lq wkh fhoo lv wkh sd|r� wr wkh urz sod|hu1
<Wr eh suhflvh/ lq rxu h{shulphqwdo lpsohphqwdwlrq zh dgghg 8 fhqwv wr erwk sd|r�v

lq hdfk fhoo ri wkh pdwul{ wr jxdudqwhh wkdw doo vxemhfwv uhfhlyhg dw ohdvw '8 iru wkhlu wlph1
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Iru doo wuhdwphqwv zh �{hg % dw 53 fhqwv/ dqg zh ydulhg wkh dprxqw +
dfurvv wuhdwphqwv zlwklq hdfk jdph irup +ERV ru KG,1 Wkxv/ zh vkdoo xvh
wkh vkruwkdqg ERVE+�� wr ghqrwh d vhvvlrq zkhuh wkh ERV sd|r� pdwul{ zdv
xvhg dqg wkh + sdudphwhu zdv dvvljqhg wkh ydoxh +� +lq fhqwv,> vlploduo| iru
KGE+�� �43 Wkh iroorzlqj wdeoh vxppdul}hv wkh vhvvlrqv zh udq=

Wuhdwphqw Qdph
KG+8,
KG+43,
ERV+3,
ERV+8,
ERV+43,

& ri Vhvvlrqv
5
7
5
9
5

�

Wdeoh 4= Vxppdu| ri Wuhdwphqwv

+Zh udq pruh vhvvlrqv iru KG+43, dqg ERV+8, ehfdxvh wkrvh wuhdwphqwv h{0
klelwhg pruh furvv0vhvvlrq yduldwlrq1, Iru doo ri wkhvh wuhdwphqwv/ wkh lqwxlwlyh
uxoh suhglfwv wkh vdph ehkdylru zkhq vxemhfwv rffxs|lqj gl�huhqw srvlwlrqv
hqfrxqwhu rqh dqrwkhu1 Zkhq wkh phpehuv ri d pdwfkhg sdlu rffxs| wkh
vdph srvlwlrq/ wkh suhglfwlrq ri wkh htxloleulxp ri wkh wkhruhwlfdo prgho fru0
uhvsrqglqj wr wkh lqwxlwlyh uxoh ghshqgv rq erwk wkh dvvxphg glvfrxqw idfwru
dqg wkh sdudphwhu +�

Rwkhu Ghvljq Frqvlghudwlrqv
Wzr rwkhu dvshfwv ri wkh h{shulphqwdo ghvljq duh zruwk phqwlrqlqj1
41 Wr nhhs wkh hqylurqphqw dv vlpsoh dv srvvleoh/ zh fkrvh qrw wr wu| wr

lqgxfh wkhruhwlfdoo| ulvn0qhxwudo suhihuhqfhv wkurxjk d elqdu| orwwhu| +h1j1/
Urwk dqg Pdorxi +4<:<, , ghvslwh wkh idfw wkdw wkh jdphv zh vwxg| kdyh
pl{hg htxloleuld dqg pruh wkdq wzr ohyhov ri sd|r�v144

51 Wr frqwuro iru wkh srvvlelolw| wkdw wkh odeholqj ri dfwlrqv pljkw d�hfw
vxemhfw sod|/ lq kdoi wkh vhvvlrqv zlwklq hdfk wuhdwphqw zh odehohg wkh djjuhv0
vlyh dfwlrq �$� dqg lq wkh rwkhu kdoi �#�145 Wr whvw zkhwkhu wkhvh odehov

43Wkxv Iljxuh 4 lv iru KG+43,1
44Dq dgglwlrqdo frqvlghudwlrq lq qrw hpsor|lqj wklv surfhgxuh lv wkdw lwv vxffhvv lq

sudfwlfh lq lqgxflqj ulvn0qhxwudo suhihuhqfhv kdv ehhq pl{hg1 Vhowhq hw do1 +4<<8, uhsruw
rq h{shulphqwv vkrzlqj wkdw pdnlqj gluhfw sd|phqwv iru dfwlrqv pd| dfwxdoo| zrun ehwwhu
wkdq elqdu| orwwhulhv lq lqgxflqj ulvn0qhxwudo ehkdylru1

45Lq ERV+3,/ zkhuh wkh dfwlrqv duh htxdoo| djjuhvvlyh/ wkh vwdwhphqw grhv qrw dsso|1
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kdg dq| h�hfw rq vxemhfw fkrlfhv/ zh frqgxfwhg d w0whvw ri wkh sursruwlrqv
ri vwudwhjlfdoo| htxlydohqw fkrlfhv pdgh xqghu wkh wzr gl�huhqw odeholqjv iru
hdfk wuhdwphqw1 Dv dq h{dpsoh/ d sod|hu zkrvh fxuuhqw srvlwlrq zdv 7 dqg
zkr zdv pdwfkhg zlwk d 3 dqg fkrvh$ xqghu rqh odeholqj zrxog eh ghhphg
wr eh dfwlqj vwudwhjlfdoo| htxlydohqwo| wr d 3 pdwfkhg zlwk d 7 fkrrvlqj #
xqghu wkh uhyhuvh odeholqj146 Iru d jlyhq wuhdwphqw/ zh whvwhg zkhwkhu wkh
sursruwlrq ri uljkw fkrlfhv lq wkh �uvw fdvh zdv htxdo wr wkh sursruwlrq ri ohiw
fkrlfhv lq wkh vhfrqg iru hdfk vwudwhjlfdoo| htxlydohqw uhsxwdwlrq sdlu1 Zh
�qg qr vljql�fdqw odeholqj h�hfw dw wkh 8( ohyho lq wkh odvw 83 urxqgv ri sod|
iru dq| sdlu lq dq| wuhdwphqw1 Dv d frqvhtxhqfh/ lq wkh iroorzlqj h{srvl0
wlrq zh srro doo vhvvlrqv iru d jlyhq wuhdwphqw dqg uhqdph wkh srvlwlrqv dqg
fkrlfhv lq kdoi wkh vhvvlrqv vr wkdw �$ � qrz dozd|v uhihuv wr wkh djjuhvvlyh
fkrlfh1

6 Wkhru|
Wr surylgh vrph edvlv iru mxgjlqj wkh suhglfwlyh srzhu ri wkh lqwxlwlyh uxoh
zlwk uhvshfw wr wkh h{shulphqwdo uhvxowv/ zh dgdsw wkh Urvhqwkdo0Odqgdx
prgho wr rxu h{shulphqwdo vhwwlqj1

Iru wkh rqh0vkrw jdph

# $
# 5c 5 %� +c %n +
$ %n +c %� + fc f

zlwk D srvlwlrqv +odehoohg fc ���c e iurp ohiw wr uljkw, dqg frpprq glvfrxqw
idfwru qc d vwhdg| vwdwh htxloleulxp lv d wulsoh EZc �c �� zkhuh

Z ' EZfc Z�c Z2c Z�c Ze� lv wkh srsxodwlrq*v vwhdg| vwdwh uhodwlyh0iuhtxhqf|
glvwulexwlrq ryhu wkh srvlwlrqv>

� ' 3
EC Rff ��� Rfe

� ��� �
Ref ��� Ree

4
FD c

46Uhfdoo wkdw wkh vxemhfwv zhuh dovr nhsw dssulvhg ri wkh fxuuhqw srsxodwlrq iuhtxhqf|
glvwulexwlrq ryhu srvlwlrqv1 Iru wklv whvw/ dv iru doo rwkhuv lq wklv sdshu/ zh srrohg wkh
gdwd dfurvv wkhvh gl�huhqw iuhtxhqf| glvwulexwlrqv1

44



zkhuh R�� lv wkh suredelolw| wkdw hdfk lqglylgxdo dvvljqv wr wkh sod| ri $
zkhq rzq srvlwlrq lv � dqg rssrqhqw*v srvlwlrq lv �( dqg

� ' E�fc ��c �2c ��c �e� lv wkh yhfwru ri htxloleulxp suhvhqw ydoxhv1

Wkh htxloleulxp frqglwlrqv duh=

Zf ' Z�
[
�

Z� E�� R��� n Zf
[
�

Z� E�� Rf�� +4,

Z� ' Z�n�

[
�

Z� E�� R�n�c�� n Z�3�

[
�

Z�R�3�c� +5,

iru � ' �c 2c �( dqg

Ze ' Ze
[
�

Z�Re� n Z�
[
�

Z�R��� +6,

Dgrswlqj wkh frqyhqwlrqv e n � � e dqg f� � � fc
�� '

[
�

Z�dR�� EE%n +� E�� R��� n q��n��nE�� R��� EE%� +� R�� n 5 E�� R��� n q��3��o

� ' fc ���c e� +7,

Ilqdoo| ;�c �c R�� ' � li

E%n +� E�� R��� n q��n� : E%� +� R�� n 5 E�� R��� n q��3�(

dqg R�� ' f li

E%n +� E�� R��� n q��n� 	 E%� +� R�� n 5 E�� R��� n q��3�(

Ri frxuvh/ zh pxvw dovr kdyh

f � R��c Z� � � ;�c �c dqg [
�

Z� ' ��

E��0E�� uhtxluh wkdw Z eh dq lqyduldqw glvwulexwlrq iru wkh Pdunry fkdlq
jhqhudwhg e| wkh jlyhq pdwfklqj surfhvv dqg ghflvlrq uxoh � 1 Ee� gh�qhv �
dv wkh yhfwru ri suhvhqw ydoxhv iru d sod|hu �qglqj khuvhoi lq hdfk srvlwlrq
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lq wkh vwhdg| vwdwh/ dqg wkh vwulfw lqhtxdolwlhv uhtxluh wkdw ehvw uhvsrqvhv eh
sod|hg zlwk suredelolw| rqh1

Wr looxvwudwh/ l1l1g1 sod| ri wkh v|pphwulf rqh0vkrw htxloleulxp�
%n + � 5

2%� 5
c
%� +

2%� 5

�

jhqhudwhv d vwhdg| vwdwh htxloleulxp lq zklfk

R�� ' R � %n + � 5

2%� 5
;�c �c �� '

%2 � +2

E�� q�E2%� 5�
;�c dqg

Z '

#
e[

�'f

R�E�� R�e3�

$3�

EE�� R�ec RE�� R��c R2E�� R�2c R�E�� R�c Re��

Iru ERV/ 5 ' f dqg + 	 %( vr R � �*2c dqg wkh frpsrqhqwv ri wkh Z� yhfwru
duh qrqghfuhdvlqj1 Iru KG/ 5 ' %c vr R ' +*%( dqg wkh Z�glvwulexwlrq lv
qrqghfuhdvlqj ru ghfuhdvlqj dffruglqj wr zkhwkhu + � %*2 ru qrw1 Wkh ydoxh
ri q sod|v qr uroh lq wklv vwhdg| vwdwh htxloleulxp vlqfh sod|huv iruhvhh qr
ixwxuh lpsolfdwlrqv ri wkhlu fxuuhqw dfwlrqv1

Dv dqrwkhu looxvwudwlrq/ wkh uhyhuvh lqwxlwlyh uxoh lv frqvlvwhqw zlwk d
vwhdg| vwdwh htxloleulxp iru doo wkh ERV dqg KG sdudphwul}dwlrqv ri wklv
h{shulphqw1 Khuh wkh ydoxh ri q grhv hqwhu wkh fdofxodwlrqv/ exw dv idu dv zh
kdyh fkhfnhg wkhuh vhhpv wr eh d uhyhuvh0lqwxlwlyh vwhdg| vwdwh htxloleulxp
iru hdfk ri wkh wuhdwphqwv iru dq| q 5 dfc ���47 D w|slfdo Z� yhfwru iru vxfk
dq htxloleulxp lv _�vkdshg1 Iru lqvwdqfh/ iru ERV+43� wkh vwhdg| vwdwh
htxloleulxp zkhq q ' �bb kdv

R�� '

+
f li � : �
� li � 	 �

ERffc R��c R22c R��c Ree� �' E�Dfc �e�c �ebc �Dec �DH� dqg

EZfc Z�c Z2c Z�c Ze� �' E�2Sc �eec �2Sc �fDc �ff��

Wkhuh duh pdq| rwkhu vwhdg| vwdwh htxloleuld iru wkh prghov1 Prvw ri
wkhvh/ olnh wkh wzr deryh duh jurvvo| dw rggv zlwk wkh h{shulphqwdo gdwd1
Wkhuh duh vrph yduldqwv ri wkh lqwxlwlyh uxoh/ krzhyhu/ wkdw jhqhudwh vwhdg|
vwdwh htxloleuld kdylqj txdolwdwlyh fkdudfwhulvwlfv vlplodu wr wkrvh ri wkh htxl0
oleuld wkdw duh jhqhudwhg e| wkh lqwxlwlyh uxoh1 Pruh rq wklv odwhu1

Iru wkh uhvw ri wklv vhfwlrq/ zh ghvfuleh vwhdg| vwdwh htxloleuld fruuhvsrqg0
lqj wr wkh lqwxlwlyh uxoh1

47Wklv pd| eh dq duwlidfw ri wkh sduwlfxodu wuhdwphqwv fkrvhq iru wkh h{shulphqw1 Vhh
Urvhqwkdo dqg Odqgdx +4<:<,1
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614 Wkh ERV Prgho

Wkh lqwxlwlyh uxoh kdv

R�� '

+
� li � : �
f li � 	 �

�

Wr frpsohwh wkh vshfl�fdwlrq ri dq htxloleulxp/ zh qhhg wr �qg iR��j iru
zklfk wkh Z dqg � wkdw vroyh E��0E�� dqg Ee� vdwlvi| wkh ehvw0uhvsrqvh frqgl0
wlrqv1 Wkh wdeohv ehorz jlyh wkh xqltxh dssur{lpdwh iR��j dqg Z ydoxhv wkdw
gr wklv iru hdfk ri wkh wkuhh wuhdwphqwv iru d ydulhw| ri glvfrxqw idfwruv1 Lq
hdfk fdvh/ wkh kljkhvw glvfrxqw idfwru olvwhg lv forvh wr wkh pd{lpxp glvfrxqw
idfwru iru zklfk wkh lqwxlwlyh uxoh irupv dq htxloleulxp148

� Rff R�� R22 R�� Ree
�e �D2H �D�D �Dff �eSD �e.2
�D �D�S �De. �Dff �eD� �eSe
�S �DeD �DS� �Dff �e�b �eDD
�.D �DS� �DHD �Dff �e�D �e�b
�HD �D.� �Sfe �Dff ��bS �e2.
�bbD �Dbe �S�H �Dff ��S2 �efS

Wdeoh 5= Vwhdg| Vwdwh Sod| ri $ lq ERV+3, iurp Htxdo Srvlwlrqv

� Rff R�� R22 R�� Ree
�e �S.. �.f. �SSb �S�D �S2�
�D �SbD �.ef �Sb� �See �S22
�S �.�D �.H� �.�f �SS2 �S2D
�.D �.DD �HHf �H2b �.22 �Se2
�HD �.be �bH. �bS� �H�H �S.D

Wdeoh 6= Vwhdg| Vwdwh Sod| ri $ lq ERV+8, iurp Htxdo Srvlwlrqv

48Wkh lqwxlwlyh uxoh irupv d vwhdg| vwdwh htxloleulxp iru hyhu| qrqqhjdwlyh glvfrxqw
idfwru ehwzhhq }hur dqg wkh pd{lpxp iru hdfk wuhdwphqw1
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� Rff R�� R22 R�� Ree
�e �H2S �H.. �H�� �.b. �.SD
�D �HDf �b2H �H.b �H2D �..e
�S �H.b �bb� �bee �HSH �.Hb

Wdeoh 7= Vwhdg| Vwdwh Sod| ri $ lq ERV+43, iurp Htxdo Srvlwlrqv

Qrwlfh wkdw iru wkrvh fdvhv zkhuh wkh vdph glvfrxqw idfwru dsshduv lq pruh
wkdq rqh ri wkh wdeohv deryh/ kroglqj wkdw glvfrxqw idfwru dqg wkh srvlwlrq
� �{hg dqg ohwwlqj wkh + sdudphwhu lqfuhdvh dozd|v uhvxowv lq dq lqfuhdvhg
ydoxh iru R��1

� �f �� �2 �� �e

�e ��eH ��fH �fHH ��fH ��eH
�D ��e. ��fb �fHH ��fb ��e.
�S ��eS ���f �fHb ���f ��eS
�.D ��e� ���2 �fb� ���2 ��e�
�HD ��e� ���� �fb2 ���� ��e�
�bbD ���H ���D �fbD ���D ���H

Wdeoh 8= Vwhdg| Vwdwh Srvlwlrq Iuhtxhqflhv lq ERV+3,

� �f �� �2 �� �e

�e ���S ���2 �fHS �fbb ��H.
�D ���� ���� �fH. �fbb ��HH
�S ��fb ���� �fH. ��ff ��b�
�.D ��ff ���� �fHH ��ff �eff
�HD �2bf ���2 �fH. ��ff �e�e

Wdeoh 9= Vwhdg| Vwdwh Srvlwlrq Iuhtxhqflhv lq ERV+8,
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� �f �� �2 �� �e

�e �2HH ���� �fHf �fH2 �e�H
�D �2H� ���� �fHf �fH2 �ee�
�S �2.H ���� �fHf �fHf �eD2

Wdeoh := Vwhdg| Vwdwh Srvlwlrq Iuhtxhqflhv lq ERV+43,

Qrwlfh wkdw lq hdfk ri wkh wkuhh wuhdwphqwv/ wkh Z�glvwulexwlrq lv ^0vkdshg
dqg qrw yhu| vhqvlwlyh wr fkdqjhv lq wkh glvfrxqw idfwru1

615 Wkh KG Prgho

Dssur{lpdwh ydoxhv ri iR��j dqg Z zklfk wrjhwkhu zlwk wkh iR��j� �'� ri wkh lq0
wxlwlyh uxoh jhqhudwh vwhdg| vwdwh iru ydulrxv q�ydoxhv iru wkh KG wuhdwphqwv
duh jlyhq lq wkh wdeohv ehorz1

� Rff R�� R22 R�� Ree
�D ��Db �e�D ��bf ��.H ���e
�S ��bS �D�S �e.2 �ee2 ��ef
�.D �e.� �.fH �Sb. �S22 �e�f
�H �DfS �Hf2 �H2f �.2D �eD�
�HD �Dee �b�D �b.b �HSD �Df.

Wdeoh ;= Vwhdg| Vwdwh Sod| ri $ lq KG+8, iurp Htxdo Srvlwlrqv

� Rff R�� R22 R�� Ree
�D �SHH �Hee �.H� �.ee �S�H
�S �.ef �b.f �b2e �HDb �SSD

Wdeoh <= Vwhdg| Vwdwh Sod| ri $ lq KG+43, iurp Htxdo Srvlwlrqv
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Djdlq +dw ohdvw iru wkh rqh fdvh ri d glvfrxqw idfwru lq frpprq, hdfk R��

ydoxh lqfuhdvhv lq +�

� �f �� �2 �� �e

�D ��Hb �fbD �fHD ���� ���H
�S ��.S ��ff �fHS ���e ��2D
�.D ��D� ��f� �fHH ���D ��eS
�H ��ef ��f� �fH. ���D ��D.
�HD ��2. ��ff �fHSf ���� ��.e

Wdeoh 43= Vwhdg| Vwdwh Srvlwlrq Iuhtxhqflhv lq KG+8,

� �f �� �2 �� �e

�D ���f ���f �fH. ��f� ��b2
�S �2b. ��fb �fHS �fbH �e�f

Wdeoh 44= Vwhdg| Vwdwh Srvlwlrq Iuhtxhqflhv lq KG+43,

Khuh wkh Z� glvwulexwlrq lv pruh vhqvlwlyh wr fkdqjhv lq q�

7 Uhvxowv

714 Suholplqdu| Dqdo|vlv

Lq wklv vhfwlrq/ zh h{dplqh zkhwkhu revhuyhg ehkdylru +lq wkh odvw 83 urxqgv,
dsshduv txdolwdwlyho| frqvlvwhqw zlwk wkh lqwxlwlyh uxoh ryhudoo1 Iluvw/ zh
suhvhqw vxppdu| vwdwlvwlfv rq wkh iuhtxhqf| ri fkrlfhv wkdw dffrug zlwk wkh
lqwxlwlyh uxoh zkhq pdwfkhg srvlwlrqv duh xqhtxdo1

Wuhdwphqw ( Frpsoldqw
ERV+3, <:1;
ERV+8, <31;
ERV+43, ;417
KG+8, <413
KG+43, :51<

Doo wuhdwphqwv ;81<

Wdeoh 45= Frpsoldqfh zlwk Lqwxlwlyh Uxoh

4:



Dv Wdeoh 45 pdnhv fohdu/ lq doo wuhdwphqwv/ ohyhov ri frpsoldqfh zlwk wkh
lqwxlwlyh uxoh duh frqvlghudeo| lq h{fhvv ri zkdw pljkw rffxu e| fkdqfh1 Ixu0
wkhupruh/ wkh frpsoldqfh udwhv zlwklq hdfk jdph irup duh prqrwrqlfdoo|
ghfuhdvlqj lq +� Wklv pd| eh irupdol}hg e| whvwlqj iru htxdolw| lq phdq
frpsoldqfh udwhv dfurvv wuhdwphqwv1 Wdeoh 46 ehorz suhvhqwv w0vwdwlvwlfv iru
sdluzlvh frpsdulvrqv ri frpsoldqfh udwhv1 Lq doo fdvhv/ gl�huhqfhv lq wkh +
sdudphwhu duh vljql�fdqw dw wkh 8( ohyho1

Wuhdwphqw w0vwdwlvwlf
ERV+3, yv ERV+8, 91;;
ERV+8, yv ERV+43, :168
KG+8, yv KG+43, 431;:

Wdeoh 46= Gl�huhqfhv lq + sdudphwhu

Lqwhuhvwlqjo|/ li zh krog �{hg wkh ydoxh ri wkh + sdudphwhu dqg frpsduh
frpsoldqfh udwhv iru gl�huhqw 5 ydoxhv/ zh �qg wkdw wkhuh lv d vljql�fdqw
gl�huhqfh lq wkh frpsoldqfh udwhv ri ERV+43, dv frpsduhg wr KG+43, +| '
e�Db�/ exw qr vljql�fdqw gl�huhqfh ehwzhhq ERV+8, dqg KG+8, E| ' f��H� �
Wkxv/ frpsoldqfh udwhv vhhp wr eh pruh vhqvlwlyh wr yduldwlrqv lq + wkdq wr
yduldwlrqv lq 51

Wr vhh urxjko| krz pxfk lqirupdwlrq derxw fxuuhqw srvlwlrqv d�hfwv sod|/
lw lv xvhixo wr frpsduh rxu frpsoldqfh udwhv wr wkh uhvxowv ri Frrshu/ hw do1
+4<<7,1 Wkh| uhsruw uhvxowv ri wkh odvw hohyhq urxqgv ri wkuhh urxqg0urelq
h{shulphqwv zkhuh hdfk vhvvlrq frqvlvwhg ri hohyhq sod|huv sod|lqj ERV+43,1
Rxw ri 498 sod|v/ rqo| 74( uhvxowhg lq frruglqdwhg r�0gldjrqdo rxwfrphv1
Frrshu/ hw do1 gr qrw uhsruw fkrlfh gdwd e| lqglylgxdov/ exw wkhlu djjuhjdwh
vwdwlvwlfv duh urxjko| frqvlvwhqw zlwk wkh suhglfwlrqv ri l1l1g1 gudzv iurp
wkh v|pphwulf pl{hg vwudwhj| htxloleulxp ri wkh jdph deryh lq zklfk hdfk
sod|hu udqgrpl}hv zlwk suredelolw| 627 rq wkh djjuhvvlyh dfwlrq1 Wr vhh wkh
frpsdulvrq dqrwkhu zd|/ lq rxu ERV+43, wuhdwphqw 8;18( ri wkh mrlqw fkrlfhv
ryhudoo dqg 9819( ri wkh mrlqw fkrlfhv iurp xqhtxdo srvlwlrqv uhvxowhg lq r�0
gldjrqdo rxwfrphv1 Wkhvh qxpehuv duh frqvlghudeo| kljkhu wkdq 74(1 Wklv
frpsdulvrq vxjjhvwv wkdw lqirupdwlrq derxw fxuuhqw srvlwlrqv lv suredeo|
sod|lqj d odujh uroh lq idflolwdwlqj frruglqdwlrq lq rxu h{shulphqw149

49Frrshu hw do1 dovr uhsruw rq d wuhdwphqw lq zklfk sulru wr hdfk sod| rqh ri wkh sod|huv
zdv shuplwwhg +exw qrw irufhg, wr dqqrxqfh wkh olvwhg qdph ri rqh ri wkh vwudwhjlhv/ zlwk

4;



Wr jhw d ihho iru wkh hyroxwlrq ri sod| lq rxu h{shulphqw/ Wdeoh �e suhvhqwv
frpsoldqfh shufhqwdjhv +iurp xqhtxdo srvlwlrqv, iru vshfl�f urxqgv1 Khuh zh
vhh wkdw zkloh wkh lqwxlwlyh fxvwrp lv/ wr vrph h{whqw/ ohduqhg e| wkh vxemhfwv>
qrqhwkhohvv/ d frqvlghudeoh sursruwlrq ri hduo| pryhv lv douhdg| frqvlvwhqw
zlwk wkh lqwxlwlyh uxoh1 Wklv vxjjhvwv wkdw wkh lqwxlwlyh uxoh pljkw lqghhg eh
lqwxlwlyh ru lqvwlqfwlyh iru pdq| vxemhfwv1

Wuhdwphqw Ug1 5 Ug1 84 Ug 433
KG+8, 433 433 433
KG+43, 9619 9;1; :;14
ERV+3, ;616 433 433
ERV+8, 9616 ;918 <519
ERV+43, ;;1< <717 433

Doo wuhdwphqwv :41; ;:16 <41:

Wdeoh 47= Frpsoldqfh Ryhu Wlph

Vhyhudo dvshfwv ri Wdeoh 47 duh zruwk kljkoljkwlqj1 Iluvw/ pruh wkdq 526 ri
vxemhfw fkrlfhv zhuh douhdg| frqvlvwhqw zlwk wkh lqwxlwlyh fxvwrp lq Urxqg
5 ri wkh h{shulphqw14: E| urxqg 84/ ryhudoo frpsoldqfh udwhv lqfuhdvhg idu0
wkhu wr durxqg ;:(1 Lq wzr wuhdwphqwv/ KG+8, dqg ERV+3,/ wkh gdwd zhuh
shuihfwo| frqvlvwhqw zlwk wkh lqwxlwlyh uxoh lq wklv urxqg1 Dqg/ ryhu wkh odvw
83 urxqgv ri wkh jdph/ wkhuh zdv rqo| d voljkw xszdug wuhqg lq frpsoldqfh
udwhv1 D ihholqj iru wkh vwdwlrqdulw| ri frpsoldqfh zlwk wkh lqwxlwlyh uxoh
ryhu wkh odvw 83 urxqgv pd| dovr eh rewdlqhg iurp Iljxuhv 50:/ zklfk ghslfw
dyhudjh frpsoldqfh udwhv dfurvv wuhdwphqwv ryhu doo urxqgv1 Dv Iljxuhv 50:
dovr looxvwudwh/ wkhuh duh qr reylrxv hqgjdph h�hfwv lq wkh frpsoldqfh udwhv1

Wkh wkhruhwlfdo prgho k|srwkhvl}hv wkdw lqglylgxdov duh sod|lqj vwdwlrq0
du| vwudwhjlhv lq dq lq�qlwho| uhshdwhg jdph1 D qhfhvvdu| frqglwlrq iru wkh
gdwd wr eh frqvlvwhqw zlwk wklv k|srwkhvlv lv wkdw wkh hpslulfdo iuhtxhqf|
glvwulexwlrqv ri fxuuhqw srvlwlrqv eh frqvwdqw1 Wr whvw wklv/ zh glylghg wkh

qr suhylrxv glvfxvvlrq ri zkdw vljqdo vxfk dqqrxqfhphqwv pljkw frqyh|1 Lq 48: ri wkh 498
revhuydwlrqv/ wkh ghvljqdwhg sod|hu dqqrxqfhg wkh qdph ri klv djjuhvvlyh vwudwhj|> dqg lq
487 ri wkhvh wkh sdlu vxffhvvixoo| frruglqdwhg rq wkh idyruhg rxwfrph ri wkh dqqrxqfhu1
Hylghqwo|/ wkh vxemhfwv kdg olwwoh gl!fxow| lq dssuhfldwlqj dqg uhvsrqglqj wr wklv sduwlfxodu
ghv|pphwul}lqj rssruwxqlw|1

4:Vlqfh doo vxemhfwv ehjlq lq wkh vdph fxuuhqw srvlwlrq/ urxqg 4 surylghv qr frpsoldqfh
gdwd1
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revhuydwlrqv ri fxuuhqw srvlwlrqv lqwr wzr jurxsv= urxqgv 840:8 dqg urxqgv
:904331 Wkh wkhruhwlfdo suhglfwlrq lv wkdw wkh hpslulfdo iuhtxhqf| ri fxuuhqw
srvlwlrqv vkrxog eh wkh vdph lq urxqgv 840:8 dv lq urxqgv :904331 Wdeoh 48
ehorz uhsruwv s0ydoxhv rewdlqhg iurp Ilvkhu h{dfw whvwv ri wklv qxoo k|srwkh0
vlv1 Dv wkh wdeoh vkrzv/ wkh qxoo k|srwkhvlv lv uhmhfwhg dw wkh 8( vljql�fdqfh
ohyho lq rqh ri wkh KG+43, vhvvlrqv +vhvvlrq 7, dqg erwk ri wkh ERV+3, vhv0
vlrqv/ exw qrw lq wkh uhpdlqlqj 46 vhvvlrqv1 Lq wkh vhvvlrqv zkhuh wkh qxoo
k|srwkhvlv lv uhmhfwhg/ pxfk ri wkh yduldwlrq dsshduv wr rffxu lq urxqgv 840
93> wkxv/ li lqvwhdg zh h{dplqh rqo| wkh odvw 73 urxqgv glylghg hyhqo| lqwr
wzr jurxsv +wklug froxpq ri Wdeoh 48,/ zh �qg wkdw wkh qxoo k|srwkhvlv lv
qrw uhmhfwhg dw wkh 8( ohyho lq dq| ri wkh suhylrxvo| uhmhfwhg vhvvlrqv14;

s0ydoxhv
Vhvvlrq Wuhdwphqw Ugv 840433 Ugv 940433
4 KG+43, 18:; 14;7
5 KG+43, 15;; 1533
6 KG+43, 13;3 183:
7 KG+43, 133;W 147:
8 ERV+43, 158: 1496
9 ERV+43, 167< 1<:<
: ERV+8, 1<76 1<:9
; ERV+8, 145: 1;6:
< ERV+8, 145: 15:;
43 ERV+8, 19<7 18;6
44 ERV+8, 1<49 16;5
45 ERV+8, 19<5 189;
46 KG+8, 144< 1367W

47 KG+8, 1::: 1779
48 ERV+3, 137<W 176:
49 ERV+3, 1343W 15:<

W ghqrwhv vljql�fdqw dw 8( ohyho

Wdeoh 48= Ilvkhu H{dfw Whvwv ri Vwdwlrqdulw|

Wr vxppdul}h/ wkh lqwurgxfwlrq ri fxuuhqw srvlwlrq lqirupdwlrq fohduo|
lqfuhdvhv wkh iuhtxhqf| zlwk zklfk frruglqdwlrq lv dfklhyhg uhodwlyh wr d

4;Zh uhmhfw dw wkh 8( ohyho lq rqo| rqh vhvvlrq/ d gl�huhqw rqh/ xvlqj wklv phwkrgrorj|1
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vlplodu h{shulphqw zkhuh wklv lqirupdwlrq lv devhqw1 Pruhryhu/ wkh irup wklv
frruglqdwlqj ehkdylru wdnhv dsshduv wr eh txdolwdwlyho| frqvlvwhqw zlwk wkh
suhglfwlrqv ri wkh lqwxlwlyh fxvwrp dqg uhodwlyho| vwdwlrqdu| iru wkh odvw kdoi
ri hdfk vhvvlrq1 Wr vhh krz zhoo wkh gdwd �w wkh pruh ghwdlohg suhglfwlrqv
ri wkh wkhruhwlfdo prgho/ zh vkdoo kdyh wr orrn pruh forvho| dw wkh gdwd iru
hdfk wuhdwphqw1

715 ERV Uhvxowv

Zh wxuq �uvw wr pruh ghwdlohg dqdo|vhv ri wkh uhvxowv iurp wkh ERV wuhdw0
phqwv1

ERV+3,
Lq ERV+3,/ wkhuh lv qr gl�huhqfh lq wkh djjuhvvlyhqhvv ri wkh wzr dfwlrqv1

Khuh/ fxuuhqw srvlwlrqv phuho| vhuyhv dv d vljqdo ri wkh whqghqf| ri d sduwlf0
xodu sod|hu wr eh fkrrvlqj wkh dfwlrq odehoohg $ udwkhu wkdq wkh rqh odehoohg
# 1 Shukdsv dv d frqvhtxhqfh ri wklv/ wkh frpsoldqfh udwhv zhuh kljkhvw
iru wklv wuhdwphqw1 Wr vhh lq pruh ghwdlo wkh sdwwhuqv ri frpsoldqfh/ lw lv
xvhixo wr h{dplqh wkh sursruwlrq ri sod|v zkhuh wkh $ dfwlrq zdv fkrvhq dv
d ixqfwlrq ri wkh fxuuhqw srvlwlrq sdluv1 Wklv lqirupdwlrq lv suhvhqwhg iru
wkh odvw 83 urxqgv ri wkh wzr ERV+3, vhvvlrqv lq Wdeoh 49/ zkhuh wkh hqwulhv
duh wkh shufhqwdjhv ri lqvwdqfhv ri $ sod| iurp hdfk srvlwlrq sdlu dqg wkh
qxpehuv lq sduhqwkhvhv duh wkh wrwdov ri revhuyhg lqvwdqfhv ri wkh uhvshfwlyh
srvlwlrq sdluv1 +Wkxv/ iru lqvwdqfh/ wkh qxpehuv lq urz 3 froxpq 7 lqglfdwh
wkdw <<17( +l1h1/ 4:5, ri wkh 4:6 lqvwdqfhv ri vxemhfwv lq srvlwlrq 7 idflqj dq
rssrqhqw lq srvlwlrq 3 sod|hg $ ��

Sod|hu*v Rzq Fxuuhqw Srvlwlrq
3 4 5 6 7

3 8314 +459, <:19 +75, 433 +68, 433 +77, <<17 +4:6,
Rssrqhqw*v 4 441< +75, 8313 +;, 433 +43, 433 +<, 433 +76,
Fxuuhqw 5 313 +68, 313 +43, 8313 +9, 433 +;, 433 +66,
Srvlwlrq 6 313 +77, 313 +<, 313 +;, :813 +7, ;916 +84,

7 319 +4:6, 313 +76, 313 +66, <1; +84, 9715 +493,

Wdeoh 49= Sod| ri $ lq ERV+3,
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Lq wkh fdvh ri sod|huv lq xqhtxdo srvlwlrqv/ dv douhdg| qrwhg wkh lqwxlwlyh
suhglfwlrq grhv uhpdundeo| zhoo1 Lqghhg/ rxw ri ;<9 lqvwdqfhv ri fkrlfhv lq
xqhtxdo fxuuhqw srvlwlrqv/ ;:9 +<:1;(, zhuh lq frpsoldqfh zlwk wkh lqwxlwlyh
uxoh1 Lqwhuhvwlqjo|/ ri wkh 53 qrqfrpsoldqw fdvhv/ doo exw wzr zhuh iurp +6/7,
ru +3/4, sdlulqjv1 Pruhryhu/ : ri wkh 53 lqvwdqfhv ri qrq0frpsoldqfh zhuh wkh
dfwlrqv ri d vlqjoh vxemhfw1

Lq wkh fdvh ri sod|huv zlwk htxdo fxuuhqw srvlwlrqv +wkh gldjrqdo fhoov lq
Wdeoh 49,/ wkh htxloleulxp suhglfwlrq ri wkh prgho grhv ohvv zhoo/ qr pdwwhu
zkdw glvfrxqw idfwru lv dvvxphg1 Wkhuh duh wrr ihz revhuydwlrqv wr pdnh
pxfk ri wkh frpsdulvrq zlwk wkh wkhruhwlfdo fdofxodwlrqv ri R��c R22c dqg R��
iurp Wdeoh 5/ exw wkh h{wuhph gldjrqdo hqwulhv ri Df��I dqg Se�2I duh orzhu
dqg kljkhu/ uhvshfwlyho|/ wkdq doo wkh qxpehuv lq wkh Rff dqg Ree froxpqv/
uhvshfwlyho|/ iru ERV+3, lq Wdeoh 51 Lqghhg/ wkh htxloleulxp suhglfwlrqv lq
wkhvh fhoov duh hylghqwo| zruvh wkdq wkh suhglfwlrqv ri wkh rqh0vkrw pl{hg
Qdvk htxloleulxp ri wkh jdph/ zklfk hqwdlov $ sod| zlwk suredelolw| 181
Krzhyhu/ d w0whvw ri wkh qxoo k|srwkhvlv wkdw wkh suredelolw| ri uljkw sod| lv
18 zkhq sod|huv ri htxdo fxuuhqw srvlwlrqv duh pdwfkhg vkrzv wkdw hyhq wklv
k|srwkhvlv lv uhmhfwhg dw frqyhqwlrqdo vljql�fdqfh ohyhov +| ' 2��b��,1 Wklv
uhmhfwlrq lv odujho| dffrxqwhg iru e| wkh idfw wkdw +7/ 7, pdwfkhv uhvxow lq wrr
pxfk $ sod|1

Wdeoh 4: uhsruwv wkh hpslulfdo iuhtxhqflhv ri wkh srvlwlrqv iru wkh odvw 83
urxqgv ri ERV+3,1

Srvlwlrq
3 4 5 6 7

Iuhtxhqf| 1683 13<6 13:: 13<: 16;6

Wdeoh 4:= Srvlwlrq Iuhtxhqflhv lq ERV+3,

Qrwlfh wkdw wkhvh hpslulfdo iuhtxhqflhv pdwfk xs idluo| forvho| zlwk wkh suh0
glfwlrqv ri wkh wkhruhwlfdo prgho lq Wdeoh 8 iru doo glvfrxqw idfwruv1

ERV+8,
Wdeoh 4; suhvhqwv wkh $ sod| gdwd iru wkh vl{ ERV+8, vhvvlrqv dqdorjrxvo|

wr Wdeoh 491
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Sod|hu*v Rzq Fxuuhqw Srvlwlrq
3 4 5 6 7

3 8317 +583, ;:1< +<4, <417 +:3, <718 +443, <:16 +843,
Rssrqhqw*v 4 4<1; +<4, 991: +4;, ;:13 +56, ;81: +68, <;18 +463,
Fxuuhqw 5 ;19 +:3, 6<14 +56, :;19 +47, <913 +58, <91: +453,
Srvlwlrq 6 917 +443, 6:14 +68, 6513 +58, :915 +75, <617 +49;,

7 515 +843, 431; +463, 4715 +453, 7414 +49;, 9:1; +:45,

Wdeoh 4;= Sod| ri $ lq ERV+8,

Ryhudoo lq wkh ERV+8, vhvvlrqv/ wkh frpsoldqfh udwh zdv <31;( iurp xq0
htxdo srvlwlrqv1 Ri wkh 568 lqvwdqfhv ri qrq0frpsoldqfh/ ;3 zhuh iurp +6/7,
pdwfkhv1 Wkh pdmrulw| ri wkhvh lqvwdqfhv ri qrqfrpsoldqfh zhuh/ lq wxuq/
fdvhv zkhuh lq wkh suhylrxv shulrg wkh vxemhfw kdg ehhq lq wkh h{wuhph vwdwh
7 dqg sod|hg wkh qrqdjjuhvvlyh vwudwhj|14< Ixuwkhu/ <6 ri wkh 568 lqvwdqfhv ri
qrq0frpsoldqfh rffxuuhg lq rqh vhvvlrq +&43,1 Ryhudoo/ wkh frpsoldqfh udwhv
iru ERV+8, vhhp kljk hqrxjk wkdw dq| vlpsoh k|srwkhvlv derxw vxemhfwv sod|
pxvw lqyroyh vrphwklqj yhu| forvh wr wkh lqwxlwlyh uxoh iru wkh vlwxdwlrqv zkhq
wkh pdwfkhg vxemhfwv duh lq xqhtxdo srvlwlrqv1 Dv ehiruh/ wkh ydvw pdmrulw|
ri wkh :5 vxemhfwv lq wkhvh vhvvlrqv sod|hg hlwkhu shuihfwo| ru doprvw shuihfwo|
lq dffrug zlwk wkh suhvfulswlrqv ri wkh lqwxlwlyh uxoh1 Vshfl�fdoo|/ rqo| 43
vxemhfwv rxw ri :5 kdg frpsoldqfh udwhv ehorz ;8(1

Iurp wkh htxdo0srvlwlrq sdluv +3/3, dqg +4/4,/ $ zdv fkrvhq idu wrr lq0
iuhtxhqwo| uhodwlyh wr wkh htxloleulxp fdofxodwlrqv ri Wdeoh 61 Htxloleulxp
suhglfwlrqv iru +5/5,/ +6/6,/ dqg +7/7, iru glvfrxqw idfwruv durxqg 1:8 duh pruh
lq olqh zlwk wkh revhuyhg gdwd1 Wkh rqh0vkrw pl{hg vwudwhj| htxloleulxp iru
wklv jdph lv iru erwk sod|huv wr sod| $ zlwk suredelolw| 9518(/ dqg wkh idfw
wkdw wkh sursruwlrq ri $ sod| iurp wkhvh wkuhh srvlwlrq sdluv h{fhhghg wklv
ohyho dsshduv wr uh hfw uhsxwdwlrq0edvhg uhdvrqlqj1

Wdeoh 4< uhsruwv wkh hpslulfdo iuhtxhqflhv ri hdfk srvlwlrq revhuyhg lq
wkh odvw 83 urxqgv ri wkh ERV+8, vhvvlrqv1 Lw vhhpv forvhvw wr wkh ERV+8,
Z� glvwulexwlrq iru wkh glvfrxqw idfwru 1;8 lq Wdeoh 51

4<Wklv sdwwhuq uhfxuv lq rwkhu wuhdwphqwv1 Vhh Vhfwlrq 8 iru dwwhpswv wr h{sodlq lw1
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Srvlwlrq
3 4 5 6 7

Iuhtxhqf| 15;9 13;6 13:3 1439 1789

Wdeoh 4<= Srvlwlrq Iuhtxhqflhv lq ERV+8,

Wkhuh lv d surqrxqfhg uljkwzdug eldv lq erwk sod| dqg srvlwlrq iuhtxhq0
flhv lq wkh ERV+8, gdwd1 Wklv lv gxh wr wzr h�hfwv= +4, d eldv wrzdug wkh
djjuhvvlyh vwudwhj| zkhq d sod|hu dqg wkh pdwfkhg rssrqhqw duh lq wkh vdph
srvlwlrq +zklfk lv txdolwdwlyho| frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh wkh0
ruhwlfdo prgho lq Vhfwlrq 5,/ dqg +5, d eldv wrzdug wkh djjuhvvlyh vwudwhj|
dprqj wkh lqvwdqfhv lq zklfk wkh suhvfulswlrq ri wkh lqwxlwlyh uxoh zdv qrw
iroorzhg +derxw zklfk wkh wkhruhwlfdo prgho lv vlohqw,1

ERV+43,
Wdeoh 53 suhvhqwv wkh $ sod| gdwd iru wkh wzr ERV+43, vhvvlrqv1 AIurp

xqhtxdo srvlwlrqv/ wkh frpsoldqfh udwh zdv ;417(1 Dv lq wkh ERV+8, vhvvlrqv/
d vljql�fdqw sursruwlrq +93 rxw ri 478, ri wkh lqvwdqfhv ri qrqfrpsoldqfh
rffxuuhg lq +6/7, pdwfkhv1 H{foxglqj wkhvh sdlulqjv udlvhv wkh frpsoldqfh
udwh lq ERV+43, vhvvlrqv wr ;81;(1

Sod|hu*v Rzq Fxuuhqw Srvlwlrq
3 4 5 6 7

3 8<17 +65, <51< +47, <61; +49, <31< +66, <619 +459,
Rssrqhqw*v 4 5;19 +47, � +3, :813 +;, 433 +;, <41< +6:,
Fxuuhqw 5 4518 +49, 8313 +;, 8313 +5, ;416 +49, <:19 +75,
Srvlwlrq 6 914 +66, 8313 +;, 8313 +49, ;91: +63, ;817 +;<,

7 819 +459, 5<1: +6:, 8313 +75, 851; +;<, :617 +68;,

Wdeoh 53= Sod| ri $ lq ERV+43,

Iru sod|huv zlwk htxdo fxuuhqw srvlwlrqv/ prvw ri wkh revhuydwlrqv duh
+7/7, sdlulqjv/ dqg wkh suhglfwlrqv iurp Wdeoh 7 duh qrw wrr idu r� khuh
+wkrxjk wkh| duh iru Rffc zkhuh idu wrr olwwoh $ sod| lv revhuyhg uhodwlyh wr
wkh suhglfwlrqv ri wkh wkhruhwlfdo prgho,1 Lq dgglwlrq/ ehfdxvh ri wkh +7/7,
gdwd/ zh fdqqrw uhmhfw wkh qxoo k|srwkhvlv wkdw htxdo0srvlwlrq sod|huv duh
vlpso| fkrrvlqj $ zlwk wkh vdph suredelolw| dv wkh rqh0vkrw pl{hg vwudwhj|
htxloleulxp +suredelolw|@1:8/ | ' �f�H2�D,1 Lw lv kdug wr uhfrqfloh hlwkhu ri
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wkhvh zlwk wkh odujh qxpehu ri qrqfrpsoldqw fkrlfhv zkhq 5*v dqg 6*v zhuh
pdwfkhg zlwk 7*v1

Wkh srvlwlrq iuhtxhqflhv duh olvwhg lq Wdeoh 541

Srvlwlrq
3 4 5 6 7

Iuhtxhqf| 14;7 1389 13:3 147: 1876

Wdeoh 54= Srvlwlrq Iuhtxhqflhv lq ERV+43,

Wdeoh 54 uhyhdov wkdw dv lq ERV+8,/ wkhuh lv d surqrxqfhg uljkwzdug eldv
lq sod| hyhq uhodwlyh wr wkh Z� glvwulexwlrqv iru ERV+43,1 Wklv lv hyl0
ghqwo| prvwo| gxh wr wkh diruhphqwlrqhg qrqfrpsoldqw fkrlfhv ri 5*v dqg
6*v pdwfkhg zlwk 7*v1

716 KG Uhvxowv

Zh qrz wxuq wr d ghwdlohg dqdo|vlv ri wkh uhvxowv iurp wkh KG wuhdwphqwv1

KG+8,
Wdeoh 55 suhvhqwv wkh $ sod| gdwd iru wkh wzr KG+8, vhvvlrqv1 Iurp

xqhtxdo srvlwlrqv/ wkh frpsoldqfh udwh zdv <413(1

Sod|hu*v Rzq Fxuuhqw Srvlwlrq
3 4 5 6 7

3 5:14 +569, 8;18 +86, <91< +65, <616 +93, <;14 +489,
Rssrqhqw*v 4 :18 +86, 491: +9, :813 +;, ;:18 +;, <71< +6<,
Fxuuhqw 5 <17 +65, 4518 +;, 8313 +;, :417 +:, <614 +5<,
Srvlwlrq 6 41: +93, 313 +;, 313 +:, 6416 +49, ;416 +65,

7 61; +489, 451; +6<, 5714 +5<, 4518 +65, 5:1< +59,

Wdeoh 55= Sod| ri $ lq KG+8,

Iru wklv wuhdwphqw/ wkh exon ri qrq0frpsoldqw sod| glg qrw frph iurp
+6/7, sdlulqjv= rqo| 43 ri wkh :9 lqvwdqfhv ri qrq0frpsoldqfh zhuh iurp +6/7,
pdwfkhv1 Lqvwhdg/ wkh odujhvw sruwlrq +59, ri wkh :9 qrq0frpsoldqw sod|v fdph
iurp +4/3, pdwfkhv1 Wklv fkdqjh iurp wkh ERV sdwwhuq lv gxh/ qr grxew/
dw ohdvw lq sduw/ wr wkh idfw wkdw lq KG idlolqj wr frruglqdwh e| sod|lqj
# lv ohvv frvwo| wkdq idlolqj wr frruglqdwh e| sod|lqj $ � Dowkrxjk wkh
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htxloleulxp fdofxodwlrqv wdnh dffrxqw ri wklv h�hfw/ rxu vxemhfwv hylghqwo|
ryhufrpshqvdwhg= dv hylghqfhg e| pxfk0wrr0orz +uhodwlyh wr htxloleulxp,
lqflghqfh ri $ sod| iurp htxdo srvlwlrqv1 Qrwlfh wkdw lq KG+8, vhvvlrqv/ wkh
pl{hg0vwudwhj| htxloleulxp suhglfwlrq ri wkh rqh0vkrw jdph lv wkdw $ zloo
dulvh zlwk suredelolw| 1581 Lq d w0whvw/ zh idlo wr uhmhfw wkh qxoo k|srwkhvlv
wkdw wkh sursruwlrq ri$ fkrlfhv iurp htxdo srvlwlrqv lv htxdo wr wkh rqh0vkrw
pl{hg vwudwhj| suredelolw| E| ' ���H.D� dw frqyhqwlrqdo vljql�fdqfh ohyhov1

Wkh srvlwlrq iuhtxhqflhv duh olvwhg lq Wdeoh 561

Srvlwlrq
3 4 5 6 7

Iuhtxhqf| 177; 13<8 13:3 1436 15;8

Wdeoh 56= Srvlwlrq Iuhtxhqflhv lq KG+8,

Wkhvh hpslulfdo iuhtxhqflhv duh forvhvw wr wkh wkhruhwlfdo Z� glvwulexwlrq iru
uhodwlyho| orz glvfrxqw idfwruv/ exw/ xqolnh wkh ERV wuhdwphqwv/ wkh hpslulfdo
srvlwlrq iuhtxhqflhv lq KG+8, uh hfw d ohiwzdug eldv hyhq uhodwlyh wr wkh ohiw0
eldvhg suhglfwlrqv ri wkh wkhruhwlfdo prgho iru orz glvfrxqw idfwruv1 Hyhq iru
glvfrxqw udwhv dv orz dv q ' �Dc wkhuh duh pruh 3 w|shv dqg ihzhu 7 w|shv wkdq
lv suhglfwhg e| wkh htxloleulxp fruuhvsrqglqj wr wkh lqwxlwlyh uxoh1 Wklv pd|
doo eh dffrxqwhg iru e| wkh eldv wrzdug # sod| lq htxdo0srvlwlrq pdwfkhv/
exw wkh xqghuo|lqj fdxvh pd| eh rwkhu0uhjduglqj suhihuhqfhv/ vxfk dv d wdvwh
iru idluqhvv/ wkdw pljkw hqfrxudjh vxemhfwv wr wu| wr frruglqdwh rq +#c#�
sod|> wkxv dfklhylqj dq htxdo vsolw ri wkh dydlodeoh hduqlqjv lq d jlyhq urxqg1

KG+43,
Ilqdoo|/ zh frph wr wkh irxu KG+43, vhvvlrqv> Wdeoh 57 suhvhqwv wkh$ sod|

gdwd1 Iurp xqhtxdo srvlwlrqv wkh ryhudoo frpsoldqfh udwh zdv rqo| :51<(1

Sod|hu*v Rzq Fxuuhqw Srvlwlrq
3 4 5 6 7

3 5:17 +4<3, 891: +<:, 9518 +<9, :813 +433, <31; +56;,
Rssrqhqw*v 4 4818 +<:, 6:13 +79, 7313 +63, 9515 +6:, ;914 +434,
Fxuuhqw 5 531; +<9, 6616 +63, 6816 +67, 8913 +58, ;81: +;7,
Srvlwlrq 6 6413 +433, 6:1; +6:, 7313 +58, :417 +5;, :718 +439,

7 5319 +56;, 7;18 +434, 691< +;7, 7518 +439, 9715 +5:7,

Wdeoh 57= Sod| ri $ lq KG+43,
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Dv wkh wdeoh pdnhv fohdu/ wkh suhglfwlrqv ri wkh lqwxlwlyh0uxoh htxloleulxp
glg qrw iduh dw doo zhoo zkhq sod|huv lq srvlwlrqv 406 zhuh pdwfkhg zlwk rqh
dqrwkhu1 Sod|huv zlwk fxuuhqw srvlwlrq 3 dqg 7 sod|hg lq d pdqqhu wkdw lv
pruh frqvlvwhqw zlwk wkh lqwxlwlyh uxoh1 Li zh srro doo ri wkh revhuydwlrqv ri
fkrlfhv e| sod|huv iurp htxdo srvlwlrqv dqg frpsduh wklv wr wkh sursruwlrq
ri $ fkrlfhv suhglfwhg lq wkh rqh0vkrw pl{hg0vwudwhj| htxloleulxp +18,/ zh
djdlq fdqqrw uhmhfw wkh qxoo k|srwkhvlv dw frqyhqwlrqdo vljql�fdqfh ohyhov1
Krzhyhu/ wklv lv odujho| gxh wr wkh idfw wkdw wkh suhydohqfh ri # sod| iurp
srvlwlrqv +3/3,/ +4/4, dqg +5/5, lv ehlqj r�vhw e| wkh suhydohqfh ri $ sod|
e| E�c6, dqg +7/7, sdluv udwkhu wkdq wkh idfw wkdw sod|huv zlwk htxdo fxuuhqw
srvlwlrqv duh sod|lqj wkh rqh0vkrw pl{hg vwudwhj|1

Wkh srvlwlrq iuhtxhqflhv duh olvwhg lq Wdeoh 581

Srvlwlrq
3 4 5 6 7

Iuhtxhqf| 1633 1463 1445 1456 1668

Wdeoh 58= Srvlwlrq Iuhtxhqflhv lq KG+43,

Uhodwlyh wr wkh htxloleulxp fdofxodwlrqv/ srvlwlrq 7 lv xqghuuhsuhvhqwhg1
Wklv ohiwzdug eldv dsshduv ohvv surqrxqfhg wkdq lq wkh KG+8, vhvvlrqv krz0
hyhu1

8 Glvfxvvlrq
Wkh h{shulphqwdo uhvxowv dsshdu wr xv wr vxssruw wkh iroorzlqj=

41 Vxemhfwv dwwhpswhg wr xvh srvlwlrq sdluv dv frruglqdwlqj ghylfhv hyhq0
wxdoo| lq doo vhvvlrqv/ dqg wkh lqwxlwlyh uxoh/ ru vrphwklqj forvh wr lw/ zdv wkh
fxvwrp wkdw lqyduldeo| durvh1

51 Dgkhuhqfh wr wkh uxoh ghfuhdvhg lq wkh +� sdudphwhu iru hdfk jdph
irup1

61 Djjuhjdwh sod| lq hdfk vhvvlrq vhwwohg grzq wr wkh vhpeodqfh ri d
vwdwlrqdu| sdwwhuq e| Urxqg 831

71 Dgkhuhqfh wr wkh sod| suhglfwlrqv ri wkh vwhdg| vwdwh htxloleulxp
fruuhvsrqglqj wr wkh lqwxlwlyh uxoh zdv ehwwhu iurp xqhtxdo srvlwlrq sdluv
wkdq iurp htxdo srvlwlrq sdluv1

Zh uhshdw rxu hduolhu fdyhdw wkdw olwwoh ri wklv fdq eh hvwdeolvkhg vwd0
wlvwlfdoo| erwk ehfdxvh wkh lqwxlwlyh uxoh dgplwv qr yduldqfh iurp xqhtxdo
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srvlwlrq sdluv dqg ehfdxvh zh kdyh qrw uxq qhduo| hqrxjk vhvvlrqv ri dq|
rqh wuhdwphqw153 Ixuwkhupruh/ lw frxog eh wkdw ehkdylru ghshqgv lq xqh{0
shfwhg zd|v rq wkh vshfl�f wuhdwphqw yduldeohv wkdw zh nhsw �{hg1 Wkhuh
lv dq xqolplwhg qxpehu ri yduldwlrqv wkdw zrxog eh lqwhuhvwlqj wr wu|= wrwdo
qxpehu ri urxqgv �{hg 9' �ffc udqgrp qxpehu ri urxqgv qrw wrog wr vxemhfwv
lq dgydqfh/ glplqlvklqj sd|r� pdjqlwxghv ryhu wlph wr vlpxodwh glvfrxqw0
lqj/ gl�huhqw % dqg + sdudphwhuv/ qxpehu ri srvlwlrqv 9' Dc fxuuhqw srvlwlrq
glvwulexwlrq klgghq iurp vxemhfwv/ gl�huhqw prqhwdu| vfdoh/ gl�huhqw vxemhfw
srro/ hwf1 Lw lv lpsrvvleoh wr nqrz zkhwkhu dq| ri wkhvh yduldwlrqv zrxog
surgxfh gudpdwlfdoo| gl�huhqw sdwwhuqv1

Dvvxplqj wkdw zh duh vhhlqj d sdwwhuq wkdw zrxog eh urexvw wr vxfk
yduldwlrqv/ grhv lw rffxu ehfdxvh vxemhfwv duh frqglwlrqhg wr wkh lqwxlwlyh uxoh
iurp wkhlu ruglqdu| olih h{shulhqfhvB Dvvxplqj |hv wr wklv/ lv wkh lqwxlwlyh
uxoh vr shuydvlyh lq wkh uhdo zruog ehfdxvh ri wkh frruglqdwlrq uroh dqdorjrxv
wr zkdw lv lvrodwhg lq wklv h{shulphqw/ ru frxog lw eh wkdw lw vhuyhv d ydulhw| ri
ixqfwlrqv ri zklfk wklv lv rqo| rqhB Lw lv lpsrvvleoh wr nqrz/ exw zh vxvshfw
wkh frruglqdwlqj uroh lv dw ohdvw rqh ri lwv lpsruwdqw ixqfwlrqv li qrw lwv prvw
lpsruwdqw ixqfwlrq1 Wklv ohdyhv wkh txhvwlrq ri zk| wkh lqwxlwlyh uxoh lv vr
suhydohqw zkhq wkhuh duh vr pdq| rwkhu srvvleoh frruglqdwlqj uxohv1 Ghvslwh
wkh vxjjhvwlrqv lq Vhfwlrq 4/ zh gr qrw uhdoo| nqrz1

Dowkrxjk wkhuh duh reylrxv plvpdwfkhv ehwzhhq wkh dvvxpswlrqv ri wkh
prgho lq Vhfwlrq 6 dqg wkh h{shulphqw/ wkh prgho grhv uhdvrqdeo| zhoo dw
pdwfklqj xs zlwk wkh hpslulfdo Z� glvwulexwlrq/ dowkrxjk ohvv zhoo iru wkh
iR��j� Wklv vkrxog shukdsv qrw eh wrr vxusulvlqj jlyhq wkh qxpehu ri h{shu0
lphqwv rq rqh0vkrw jdphv lq zklfk vxemhfwv gr qrw dsshdu wr sod| pl{hg
vwudwhjlhv lq htxloleulxp sursruwlrqv154

Ri frxuvh/ zlwk vxemhfwv ehlqj sdlg rqo| dw wkh hqg ri wkh h{shulphqw/
lw lv qrw reylrxv zk| wkh| vkrxog glvfrxqw dw doo/ ohw dorqh jhrphwulfdoo| ru
zlwk sduwlfxodu frpprq glvfrxqw idfwruv1 Zkloh zh fdqqrw ghihqg dv uhdo0
lvwlf wkh vshfl�f irup ri wkh glvfrxqwlqj dvvxphg lq wkh prgho/ zh vxvshfw
wkdw vxemhfwv gr lpsolflwo| wudgh r� suhvhqw djdlqvw ixwxuh zlqqlqjv dv wkh|
pdnh fkrlfhv lq hdfk urxqg1 Dqg/ shukdsv ehfdxvh wkh| duh dffxvwrphg wr
dffhsw xqwklqnlqjo| wkh dgylfh derxw wkh uhodwlyh ydoxh ri d elug lq wkh kdqg/
ru ehfdxvh wkh| duh ulvn dyhuvh dqg shufhlyh ohvv ulvn lq wkh uhvxowv ri sod| lq

53Rqh frxog dujxh wkdw ehfdxvh ri wkh ghjuhh ri lqwhudfwlrq dprqj vxemhfwv lq d jlyhq
vhvvlrq/ rqh vhvvlrq pljkw surshuo| eh wuhdwhg dv d vlqjoh revhuydwlrq1

54Vhh/ h1j1/ Eurzq dqg Urvhqwkdo +4<<3,/ Udsrsruw dqg Erheho +4<<5,/ Prrnkhumhh dqg
Vrskhu +4<<7,/ Vkdfkdw +4<<9,1
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wkh fxuuhqw urxqg/ ru iru vrph rwkhu uhdvrq/ iru wkh prvw sduw wkh| vhhp wr
glvfrxqw wkh ixwxuh1 Hylghqfh iru wklv lv/ vrphzkdw flufxoduo|/ edvhg rq wkh
revhuydwlrq wkdw wkh| prvwo| sod| dffruglqj wr wkh lqwxlwlyh uxoh1 Frqvlghu
iru lqvwdqfh/ d vlqjoh lqglylgxdo lq d odujh srsxodwlrq ri shrsoh sod|lqj ERV
zlwk srvlwlyh + dffruglqj wr wkh lqwxlwlyh htxloleulxp iru d sduwlfxodu frp0
prq glvfrxqw idfwru1 Vlqfh �e lv wkh kljkhvw htxloleulxp suhvhqw ydoxh/ li wkh
lqglylgxdo*v glvfrxqw idfwru zhuh kljkhu wkdq wkdw ri wkh uhvw ri wkh srsxod0
wlrq ru li wkh lqglylgxdo glgq*w glvfrxqw dw doo/ wkh lqglylgxdo zrxog qrw eh
lqgl�huhqw lq wkh htxdo0srvlwlrq pdwfkhv/ zrxog hyhqwxdoo| jhw wr srvlwlrq 7/
dqg zrxog dozd|v sod| wr wkh uljkw1 D vpdoo sursruwlrq ri rxu vxemhfwv glg
vhhp wr ehkdyh wklv zd|/ exw rqo| d vpdoo sursruwlrq1 Li prvw vxemhfwv glg/
wkh dyhudjh iuhtxhqf| ri srvlwlrq 7 zrxog eh kljk dqg vr zrxog wkh lqvwdqfhv
ri E$c$� sod| +zklfk jlyhv d klqw derxw zk| h{lvwhqfh idlov lq wkh prgho
zkhq wkh glvfrxqw idfwru lv wrr kljk uhodwlyh wr +�� Wklv dovr vxjjhvwv zk| wkh
wkhruhwlfdo prgho pd| qrw suhglfw wrr edgo| li prvw vxemhfwv glvfrxqw wkh ix0
wxuh/ hyhq li wkh| gr qrw doo kdyh d frpprq glvfrxqw idfwru ru gr qrw glvfrxqw
jhrphwulfdoo|1 Ehfdxvh ri wkh dqrq|plw| dqg wkh uhodwlyho| odujh qxpehuv ri
vxemhfwv lq hdfk vhvvlrq/ zkdw lv lpsruwdqw lv wkdw wkhuh lv hqrxjk glvfrxqw0
lqj jrlqj rq lq wkh djjuhjdwh1 Hyhq li qrerg| lv h{dfwo| lqgl�huhqw dw dq|
htxdo0srvlwlrq pdwfk/ li wkhuh lv hqrxjk khwhurjhqhlw| hdfk lqglylgxdo idfhv
dq hqylurqphqw wkdw orrnv dv wkrxjk doo rssrqhqwv duh ehkdylqj vlploduo|/
wkrxjk qrw ghwhuplqlvwlfdoo|1 Dqg lw lv rqo| wkh frqmhfwxuhv lqglylgxdov kdyh
derxw wkhlu djjuhjdwh hqylurqphqw wkdw pdwwhu lq wkhlu uhvshfwlyh rswlpl}d0
wlrq sureohpv1 Lq rwkhu zrugv/ wkhuh duh dqdorjxhv ri vwhdg| vwdwh htxloleuld
iru uhshdwhg dqrq|prxv pdwfklqj jdphv sod|hg e| khwhurjhqhrxv srsxod0
wlrqv/ exw/ zkhq wkh| h{lvw/ wkhlu djjuhjdwh ehkdylru lv dozd|v dnlq wr wkdw
ri htxloleuld ri vrph krprjhqhrxv srsxodwlrq prgho1

Vlplodu revhuydwlrqv fdq eh xvhg wr udwlrqdol}h wkh xvh ri dq lq�qlwh0
srsxodwlrq prgho zkhq wkh srsxodwlrq vl}h lv lq idfw �qlwh1 Iru vrph odujh
hqrxjk qxpehu ri vxemhfwv +zh krsh 45 lv odujh hqrxjk,/ zlwk dqrq|plw|
uhdvrqdeoh lqglylgxdov vkrxog eh sod|lqj dv li wkhuh lv vrph xqgl�huhqwldwhg
pdvv ri rssrqhqwv1

Dv iru wkh dvvxpswlrq wkdw wkh vwdjh0jdphprqh| sd|r�v duh yrq0Qhxpdqq0
Prujhqvwhuq xwlolwlhv/ vlqfh wkh prqh| sd|r� lq dq| urxqg lv vpdoo frpsduhg
zlwk wrwdo prqh| sd|r�/ ulvn qhxwudolw| rxjkw qrw wr eh wrr idu zurqj1

Wkh dssduhqw devhqfh ri hqg0jdph h�hfwv lq wkh gdwd/ mxvwli|lqj wkh frq0
yhqlhqw xvh ri d vwdwlrqdu| prgho/ lv qrw vxusulvlqj jlyhq wkh qdwxuh ri wkh
vwdjh jdphv lq wklv h{shulphqw1 Lq wkh xqhtxdo srvlwlrq pdwfkhv/ zklfk irup

5<



wkh odujh pdmrulw| ri pdwfkhv lq wkh gdwd lq prvw urxqgv/ wkh lqwxlwlyh uxoh
suhvfulehv sod| ri d rqh0vkrw Qdvk htxloleulxp1 Wkxv/ li dq lqglylgxdo lq
vxfk d pdwfk lv frqylqfhg wkdw klv rssrqhqw zloo sod| dffruglqj wr wkh uxoh
lq wkh odvw urxqg/ wkhuh lv qr uhdvrq iru wkh lqglylgxdo wr ghyldwh lq wkh odvw
urxqg1 Lq wkh shqxowlpdwh urxqg/ li wkh lqglylgxdo grhv qrw h{shfw d odvw0
urxqg srvlwlrq glvwulexwlrq wkdw lv pxfk gl�huhqw wkdq wkdw ri wkh vwhdg|
vwdwh htxloleulxp dqg li klv pdwfkhg rssrqhqw rffxslhv d gl�huhqw srvlwlrq
wkdq klv rzq/ vlplodu frqvlghudwlrqv dsso|1 Iru htxdo0srvlwlrq pdwfkhv lq
wkh odvw urxqg/ wkhruhwlfdoo| wkhuh lv wkh v|pphwulf pl{hg htxloleulxp ri wkh
vwdjh jdph/ exw zh zrxog khvlwdwh wr uho| rq wkdw +ru dq|wklqj hovh, iru d
suhglfwlrq1 Lq idfw/ iru wkh sxusrvh ri h{sodlqlqj wkh devhqfh ri hqg0jdph
h�hfwv zkdw lv prvw lpsruwdqw lv rqo| wkdw zkdwhyhu wkh vxemhfwv wkhpvhoyhv
suhglfw derxw htxdo0srvlwlrq pdwfkhg sod| lq wkh odvw urxqg grhv qrw lq x0
hqfh lqfhqwlyhv lq wkh shqxowlpdwh urxqg zkhq wkh vxemhfwv duh pdwfkhg zlwk
dq rssrqhqw lq dq xqhtxdo srvlwlrq1

Rxu h{sodqdwlrq iru wkh prqrwrqlflw| ri frpsoldqfh udwhv lq + lq wkh gdwd
lv uhodwhg wr wkh glvfxvvlrq ri glvfrxqwlqj deryh1 Zh vxvshfw wkdw li wkh h{0
shulphqw frxog eh frqwuroohg vr wkdw wkh sdudphwhuv dqg glvfrxqw idfwruv
zhuh vxfk wkdw wkh lqwxlwlyh uxoh glg qrw irup dq htxloleulxp/ rxu vxemhfwv
zrxog eh dw vhd1 Shukdsv diwhu d pxfk orqjhu sod| vhtxhqfh wkh| zrxog pdq0
djh wr vhwwoh rq rqh ri wkh uxohv wkdw gr irup htxloleuld/ exw wklv zrxog qrw eh
vrphwklqj wkdw wkhlu uhdo0zruog h{shulhqfhv zrxog khos zlwk1 Dqg lq urxqgv
840433 ri vxfk d wuhdwphqw zh kdyh qr lghd zkdw zrxog kdsshq1 Vr/ frqvlghu
wkh wkrxjkw h{shulphqw lq zklfk lw lv frpprq nqrzohgjh wkdw doo sod|huv
glvfrxqw jhrphwulfdoo|/ exw wkdw hdfk sod|hu*v glvfrxqw idfwru lv d udqgrp
gudz iurp vrph glvwulexwlrq ri glvfrxqw idfwruv/ zlwk srvlwlyh suredelolw|
rq wkh hyhqw wkdw wkh djjuhjdwh dprxqw ri glvfrxqwlqj lv lqvx!flhqw iru wkh
lqwxlwlyh uxoh wr irup dq htxloleulxp +ri wkh khwhurjhqhrxv0srsxodwlrq prgho
zlwk frpsohwh lqirupdwlrq derxw doo glvfrxqw idfwruv,1 Rxu jxhvv lv wkdw lq
vxfk dq h{shulphqw zh zrxog vhh vrph vxemhfwv dwwhpswlqj wr sod| wkh uxoh
dqg vrph vxemhfwv jurslqj derxw> wkh orzhu wkh +� ydoxh wkh ohvv jurslqj
dqg wkh kljkhu wkh frpsoldqfh udwh1 Lq wklv vhqvh wkhq/ wkh prgho +ru dw ohdvw
vrph lpdjlqhg yduldqw ri lw, frxog h{sodlq wkh revhuyhg prqrwrqlflw| lq +�

Pljkw wkhuh eh dowhuqdwlyh h{sodqdwlrqv iru prqrwrqlflw| ri frpsoldqfh
udwhv lq +q Shukdsv1 Iluvw/ wkhuh lv lqwxlwlrq iru wkh lghd wkdw wkh kljkhu
lv + wkh pruh rqh lv zloolqj wr ulvn wkh zruvw rxwfrph iru d fkdqfh dw wkh
ehvw rxwfrph1 Vr/ li dq lqglylgxdo wklqnv wkdw wkh pdwfkhg rssrqhqw pljkw
sod| wkh lqwxlwlyh uxoh zlwk vrph huuru/ wkh lqglylgxdo pljkw eh pruh olnho|
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wr wu| wr ghsduw zkhq + lv kljk wkdq zkhq lw lv orz +dowkrxjk wkh qhfhvvdu|
dvvxpswlrqv rq wkh huuru0jhqhudwlqj surfhvv pljkw qrw eh uhdolvwlf,1 Exw lw
vhhpv srvvleoh wr xv wkdw wklv frxog eh irupdol}hg dq|zd| zlwk d jhqhudol}hg
yhuvlrq ri wkh wkhruhwlfdo prgho ri Vhfwlrq 6 dqg vr lv qrw qhfhvvdulo| dq
dowhuqdwlyh wr lw1 Vhfrqg/ li + lv kljk dqg dq lqglylgxdo wklqnv wkh lqwxlwlyh
uxoh lv ehlqj sod|hg/ wkh lqglylgxdo pd| fkrrvh wr vdful�fh fxuuhqw sd|r�
zkhq lq d orzhu srvlwlrq wkdq wkdw ri wkh pdwfkhg rssrqhqw e| ghsduwlqj
iurp wkh uxoh lq rughu wr jhw wr d kljkhu suhvhqw0ydoxh srvlwlrq1 Exw wklv lv
fkdudfwhulvwlf ehkdylru ri d kljk0glvfrxqw idfwru sod|hu/ lqghshqghqwo| ri +�
Vxfk sod|huv zloo vrrq �qg wkhpvhoyhv lq wkh h{wuhph vwdwh dqg zloo eh lq
frpsoldqfh zlwk wkh lqwxlwlyh uxoh diwhu Urxqg 831

Zh qrwhg hduolhu wkh sdwwhuq ri ghsduwxuhv iurp wkh lqwxlwlyh uxoh lq
ERV+8, dqg ERV+43, lq zklfk d 7 phhwv d 7/ sod|v #/ wkhq sod|v $ djdlqvw
d 7 lq wkh qh{w urxqg1 Lq wkh vlpsolvwlf whupv ri rxu glvfxvvlrq derxw glv0
frxqwlqj/ lw lv dv wkrxjk wkh sod|hu �uvw dfwhg dv wkrxjk vkh kdg d glvfrxqw
idfwru qr kljkhu wkdq wkh frpprq rqh/ wkhq/ lq wkh qh{w shulrg kdg rqh
wkdw zdv kljkhu1 Zkloh zh fdqqrw udwlrqdol}h wklv zlwklq wkh frq�qhv ri rxu
prgho/ lw grhv vwulnh xv dv uhplqlvfhqw ri ehkdylru lq rwkhu h{shulphqwv + vhh
Dlqvolh dqg Kdvodp/ 4<<5/ iru d vxuyh|, wkdw lv pruh frqvlvwhqw zlwk d k|0
srwkhvlv ri k|ehuerolf glvfrxqwlqj/ dqg khqfh wlph0lqfrqvlvwhqf|/ wkdq zlwk
jhrphwulf glvfrxqwlqj1

Ilqdoo|/ zh srlqw rxw rqh ri wkh rwkhu vwhdg| vwdwh htxloleuld ri wkh prgho
wkdw kdv ihdwxuhv wkdw duh uh hfwhg lq vrph ri wkh gdwd1 Lw lv jhqhudwhg e|
d yduldqw ri wkh lqwxlwlyh uxoh lq zklfk lqglylgxdov dfw dv wkrxjk srvlwlrqv 6
dqg 7 duh wkh vdph1 Lq rwkhu zrugv/ zkhq dq lqglylgxdo lq srvlwlrq 6 phhwv
dq lqglylgxdo lq srvlwlrq 7/ wkh �uvw udqgrpl}hv dv wkrxjk kh zhuh lq srvlwlrq
7 dqg wkh vhfrqg udqgrpl}hv dv wkrxjk vkh zhuh lq srvlwlrq 61 Lw wkhuhiruh
kdv d fkdqfh wr surylgh dq h{sodqdwlrq iru wkh sdwwhuq ri ghsduwxuhv iurp
frpsoldqfh glvfxvvhg lq wkh suhylrxv sdudjudsk1 Dv dq h{dpsoh/ iru ERV+8�c
vxfk vwhdg| vwdwh htxloleuld h{lvw iru q 	 �bD� Iru lqvwdqfh/ zkhq q ' �bc

Rff ' �.Hc R�� ' �b�c R22 ' �H�c R�� ' Re� ' �Sbc Ree ' R�e ' �Se�

Zf ' �2.c Z� ' �fbc Z2 ' �fSc Z� ' ��2c Ze ' �eS�

Wklv grhv zhoo dw h{sodlqlqj wkh srvlwlrq iuhtxhqflhv/ exw ohvv zhoo dw h{sodlq0
lqj wkh odfn ri $ sod| zkhq sdluv zlwk htxdo fxuuhqw srvlwlrqv duh pdwfkhg1

Wkhuh duh pdq| rwkhu k|eulgv1
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D Dsshqgl{= Lqvwuxfwlrqv wr Vxemhfwv
Wklv lv dq h{shulphqw lq ghflvlrq0pdnlqj1 Li |rx iroorz wkh lqvwuxfwlrqv
fduhixoo| dqg pdnh jrrg ghflvlrqv/ |rx fdq hduq d frqvlghudeoh dprxqw ri
prqh|1 \rx zloo eh sdlg lq sulydwh dqg lq fdvk dw wkh hqg ri wkh vhvvlrq1

Wkhuh duh wzhoyh shrsoh sduwlflsdwlqj lq wklv vhvvlrq1 Lw lv lpsruwdqw wkdw
|rx uhpdlq vlohqw rqfh sod| kdv ehjxq1 Li |rx gr qrw/ wkh h{shulphqw zloo
eh whuplqdwhg/ dqg |rx zloo uhfhlyh qrqh ri |rxu sul}h prqh|1 Li |rx kdyh
d txhvwlrq gxulqj wkh h{shulphqw/ udlvh |rxu kdqg dqg d prqlwru zloo frph
ryhu wr zkhuh |rx duh vlwwlqj dqg dqvzhu |rxu txhvwlrq lq sulydwh1

Wkh h{shulphqw zloo frqvlvw ri d vlpsoh jdph sod|hg 433 wlphv lq vxffhv0
vlrq1 Lq hdfk ri wkh 433 urxqgv |rx zloo eh dvnhg wr folfn hlwkhu wkh ohiw duurz
+$, ru uljkw duurz +#, rq wkh vfuhhq zlwk |rxu prxvh1 \rxu zlqqlqjv iru
wkh urxqg zloo eh 82f/ 532f/ ru 632f/ ghshqglqj rq wkh fkrlfh |rx pdnh dqg wkh
fkrlfh pdgh e| |rxu fr0sod|hu iru wkdw urxqg1 Wkxv |rxu wrwdo zlqqlqjv iru
wkh h{shulphqw zloo eh ehwzhhq '8133 dqg '631331 Vlqfh |rx zloo eh sdlg lq
fdvk/ sulydwho|/ dw wkh hqg ri wkh h{shulphqw/ qrqh ri wkh rwkhu sduwlflsdqwv
lq wkh h{shulphqw zloo nqrz zkdw |rxu zlqqlqjv duh1 \rx zloo dovr qhyhu eh
lghqwl�hg e| qdph rq dq| sxeolfdwlrqv ru uhsruwv rq wkh uhvxowv iurp wklv
h{shulphqw1

Lq hdfk urxqg/ |rxu fr0sod|hu zloo eh rqh ri wkh rwkhu h{shulphqwdo vxe0
mhfwv lq wklv urrp1 Wkh| kdyh doo ehhq uhfuxlwhg dv vxemhfwv lq wkh vdph
zd| wkdw |rx kdyh/ dqg wkh| duh uhdglqj h{dfwo| wkh vdph lqvwuxfwlrqv wkdw
|rx duh iru wkh �uvw wlph qrz1 Lq hdfk urxqg |rxu fr0sod|hu zloo eh fkr0
vhq dqhz dffruglqj wr d frpsohwho| udqgrp gudzlqj1 Wkxv/ lq hdfk urxqg
|rxu fr0sod|hu lv htxdoo| olnho| wr eh dq| ri wkh rwkhu vxemhfwv/ lqghshqghqwo|
ri dq|wklqj wkdw kdv wudqvsluhg ehiruh wkdw urxqg1 Qhlwkhu |rx qru |rxu
fr0sod|hu zloo eh wrog wkh lghqwlw| ri wkh rwkhu1

Zlqqlqjv iru |rx dqg |rxu fr0sod|hu lq hdfk urxqg duh ghwhuplqhg dv
iroorzv= Li erwk ri |rx fkrrvh wkh uljkw duurz +$,/ |rx erwk jhw 82f1 Li erwk
ri |rx fkrrvh wkh ohiw duurz +#,/ |rx erwk jhw 82f1 Li rqh ri |rx fkrrvhv +#,
dqg wkh rwkhu fkrrvhv +$,/ wkh rqh zkr fkrvh +$, jhwv 632f dqg wkh rwkhu
jhwv 532f1 Wr vxppdul}h/ |rxu sd|r� wdeoh lv

Rzq Fkrlfh

Fr0Sod|hu*v Fkrlfh
# $

# 82f 532f
$ 632f 82f
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Doo sod|huv kdyh h{dfwo| wkh vdph sd|r� wdeoh1
Dowkrxjk wkh lghqwlwlhv ri pdwfkhg fr0sod|huv zloo qrw eh uhyhdohg lq dq|

urxqg/ hdfk ri |rx zloo uhfhlyh d slhfh ri lqirupdwlrq derxw wkh rwkhu*v uhfhqw
sod| klvwru| ehiruh fkrrvlqj zklfk duurz wr folfn1 Wklv slhfh ri lqirupdwlrq lv
fdoohg wkh sod|hu*v fxuuhqw srvlwlrq/ zklfk fdq eh dw dq| ri wkh �yh orfdwlrqv
rq wkh olqh vhjphqw ehorz1

m m m m m

%
D sod|hu*v fxuuhqw srvlwlrq lv qrupdoo| duulyhg dw e| wdnlqj klv2khu suhyl0

rxv srvlwlrq dqg vkliwlqj lw rqh orfdwlrq wr wkh uljkw li wkh sod|hu*v suhylrxv
fkrlfh zdv +$, ru rqh orfdwlrq wr wkh ohiw li wkh suhylrxv fkrlfh zdv +#,1

Krzhyhu/ li wkh suhylrxv srvlwlrq zdv

m m m m m
�

dqg wkh sod|hu fkrvh +$,/ wkh qhz srvlwlrq zloo vlpso| eh wkh vdph dv wkh
suhylrxv srvlwlrq1 Vlploduo|/ li wkh suhylrxv srvlwlrq zdv

m
�

m m m m

dqg +#, zdv fkrvhq/ wkh srvlwlrq grhv qrw fkdqjh1
\rx zloo eh uhplqghg lq hdfk urxqg dv wr |rxu rzq fxuuhqw srvlwlrq dv

wkdw lv lqirupdwlrq wkdw |rxu fr0sod|hu kdv derxw |rx1 Hdfk sod|hu zloo dovr
eh nhsw lqiruphg ri wkh glvwulexwlrq ri DOO sod|huv* srvlwlrqv1 Lq urxqg rqh/
iru lqvwdqfh/ doo 45 sod|huv zloo ehjlq dw wkh plggoh srvlwlrq/ vr wkh lqlwldo
vfuhhq glvsod| zloo eh=
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Urxqg 4 ri 433 Wrwdo Hduqlqjv vr idu '3

RZQ Fxuuhqw srvlwlrq

m m m m m

%

FR0SOD\HU*V fxuuhqw srvlwlrq

m m m m m

%

Fxuuhqw srvlwlrq iuhtxhqflhv

m m m m m

f f �2 f f

Sd|r� Wdeoh=

Rzq Fkrlfh

Fr0Sod|hu*v Fkrlfh
# $

# 82f 532f
$ 632f 82f

Sohdvh Fkrrvh dq duurz

# $

Zkhq doo sod|huv lq wkh urrp kdyh pdgh wkhlu fkrlfhv lq d urxqg/ |rxu
sd|r� iru wkh urxqg zloo eh glvsod|hg lq wkh irup ri d kljkoljkwhg fhoo lq wkh
sd|r� wdeoh1 Wr ehjlq wkh qh{w urxqg/ vlpso| folfn wkh prxvh dq|zkhuh rq
wkh vfuhhq1

Duh wkhuh dq| txhvwlrqvB
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950<41

^8` Udsrsruw/ D1 dqg U1 Erheho/ �Pl{hg Vwudwhjlhv lq Vwulfwo| Frpshwl0
wlyh Jdphv= D Ixuwkhu Whvw ri wkh Plqlpd{ K|srwkhvlv�/ Jdphv dqg
Hfrqrplf Ehkdylru > 7 +4<<5,/ 5940;61

^9` Urvhqwkdo/ U1 dqg K1 Odqgdx/ �D Jdph0Wkhruhwlf Dqdo|vlv ri Edujdlq0
lqj zlwk Uhsxwdwlrqv�/ Mrxuqdo ri Pdwkhpdwlfdo Sv|fkrorj|/ 53 +4<:<,/
56605881

^:` Urwk/ D1 dqg P1 Pdorxi/ �Jdph0Wkhruhwlf Prghov dqg wkh Uroh ri
Lqirupdwlrq lq Edujdlqlqj�/ Sv|fkrorjlfdo Uhylhz/ ;9 +4<:<,/ 8:708<71

^;` Vfkhoolqj/ W1/ Wkh Vwudwhj| ri Frq lfw/ Kduydug xqlyhuvlw| Suhvv/ Fdp0
eulgjh/ 4<931

^<` Vhowhq/ U1/ D1 Vdgulhk/ dqg N1 Deelqn/ �Prqh| Grhv Qrw Lqgxfh Ulvn
Qhxwudo Ehkdylru exw Elqdu| orwwhulhv Gr Hyhq Zruvh�/ Xqlyhuvlwdw
Erqq Vrqghuiruvfkxqjehuhlfk 636/ Glvfxvvlrq Sdshu E 676/ 4<<81

^43` Vkdfkdw/ M1/ �Pl{hg Vwudwhj| Sod| dqg wkh Plqlpd{ K|srwkhvlv�/ XFVG
Hfrqrplfv Glvfxvvlrq Sdshu <906:/ 4<<91
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Figure 1: Sample Screen Image 
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Figure 2: Average compliance rates by round -- all treatments  
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Figure 3: Average compliance rates by round – BOS(0) 
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Figure 4: Average compliance rates by round – BOS(5)
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Figure 5: Average compliance rates by round – BOS(10) 
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Figure 6: Average compliance rates by round – HD(5) 
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Figure 7: Average compliance rates by round – HD(10) 


