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Devwudfw

Suhylrxv hpslulfdo dqdo|vhv ri wkh uhodwlrqvkls ehwzhhq h{hfxwlyh frpshqvdwlrq dqg �up
shuirupdqfh duh riwhq lqwhusuhwhg dv vxjjhvwlqj wkdw wklv uhodwlrqvkls lv zhdn1 Dowkrxjk dq
devroxwh whup olnh �zhdn� lv dpeljxrxv lq wklv frqwh{w/ uhodwlyh whupv/ vxfk dv �vwurqjhu/�
duh phdqlqjixo1 Zh dujxh wkdw d vwurqjhu uhodwlrqvkls fdq eh irxqg li d pruh dssursuldwh
vshfl�fdwlrq lv xvhg lq hvwlpdwlrq1 Vshfl�fdoo|/ dq lpsolflw dvvxpswlrq lq wkh suhylrxv olw0
hudwxuh lv wkdw doo �upv xvh wkh vdph frpshqvdwlrq vfkhph1 Wkhruhwlfdoo|/ wklv lv d gl!fxow
dvvxpswlrq wr dffhsw1 Pruhryhu/ zh vkrz wkdw lw lv uhmhfwhg hpslulfdoo| dv zhoo1 Zkhq zh
doorz gl�huhqw �upv wr xvh gl�huhqw frpshqvdwlrq vfkhphv/ zh lqghhg �qg d uhodwlrqvkls
ehwzhhq h{hfxwlyh sd| dqg �up shuirupdqfh wkdw lv derxw 51; wlphv odujhu wkdq wkdw irxqg
xvlqj suhylrxv phwkrgv1



4 Lqwurgxfwlrq
Djhqf| wkhru| suhglfwv wkdw d pdqdjhu*v frpshqvdwlrq vkrxog eh srvlwlyho| fruuhodwhg zlwk
klv �up*v shuirupdqfh14 Zkdw djhqf| wkhru| grhv qrw gr/ krzhyhu/ lv whoo xv krz vwurqjo|
fruuhodwhg1 Frqvhtxhqwo|/ d vl}deoh hpslulfdo olwhudwxuh kdv hphujhg wkdw vhhnv wr phdvxuh
wklv uhodwlrqvkls +vhh Jleerqv/ 4<<:/ iru d vxuyh|,1 Wkh prvw qrwdeoh h{dpsoh ri zklfk lv
dujxdeo| Mhqvhq dqg Pxusk| +4<<3,/ zklfk irxqg wkdw FHR frpshqvdwlrq lq pdq| lqgxv0
wulhv vhhphg idluo| lqvhqvlwlyh wr �up shuirupdqfh +wkhuh lv vwdwlvwlfdoo| vljql�fdqw srvlwlyh
fruuhodwlrq exw wkh frh!flhqwv duh �vpdoo�,1 Wklv kdv dovr ehhq irxqg lq sdshuv wkdw kdyh
irfxvvhg rq uhjxodwhg �upv +Fduuroo dqg Flvfho/ 4<;5> Mrvnrz hw do1/ 4<<6,1 Dv d frqvhtxhqfh
ri wkhvh vwxglhv/ vrph kdyh dujxhg wkdw sd| iru shuirupdqfh lv wrr vpdoo wr eh hfrqrplfdoo|
vljql�fdqw1 Rwkhuv +h1j1/ Kdxeulfk/ 4<<7, kdyh dujxhg wkdw Mhqvhq dqg Pxusk|*v uhvxowv duh
dfwxdoo| frqvlvwhqw zlwk sodxvleo| sdudphwhul}hg sulqflsdo0djhqw prghov1 Rxu sxusrvh lq wklv
sdshu lv qrw wr wdnh vlghv lq wklv ghedwh�dq devroxwh whup olnh �vpdoo� lv dw ehvw dpeljxrxv
lq wklv frqwh{w�exw udwkhu wr dujxh wkdw wkh xqghuo|lqj �idfwv� frxog eh plvohdglqj gxh wr
srwhqwldo hfrqrphwulf plv0vshfl�fdwlrq1

Rqh srwhqwldo idlolqj ri h{lvwlqj hpslulfdo dqdo|vhv ri wkh sd|0shuirupdqfh uhodwlrqvkls
lv wkdw wkhlu vshfl�fdwlrqv gr qrw vx!flhqwo| dffrxqw iru lqwhu0�up khwhurjhqhlw|/ zklfk/
lq wkhru| dw ohdvw/ frxog eh dq lpsruwdqw ghwhuplqdqw ri wkh sd|0shuirupdqfh uhodwlrq0
vkls15 Rxu irfxv/ wkhuhiruh/ lv rq frqwuroolqj iru khwhurjhqhlw| lq dq hpslulfdo dqdo|vlv ri
wkh sd|0shuirupdqfh uhodwlrqvkls1 Zh ehjlq wkh qh{w vhfwlrq e| hvwlpdwlqj wkh �vwdqgdug�
vshfl�fdwlrq ri d sd|0rq0shuirupdqfh uhjuhvvlrq xvlqj d sdqho ri ;9 sxeolfo| wudghg vdylqjv
dqg ordqv +wkuliwv,1 Wklv uhjuhvvlrq wuhdwv wkh frh!flhqwv rq wkh shuirupdqfh phdvxuhv dv
ehlqj wkh vdph dfurvv �upv> wkdw lv/ lw dvvxphv wkdw doo �upv xvh suhflvho| wkh vdph frp0
shqvdwlrq vfkhph1 Iru d qxpehu ri uhdvrqv/ wklv lv d vxvshfw dvvxpswlrq1 Pruh lpsruwdqwo|/
lw frxog uhvxow lq d grzqzdug eldv rq wkh hvwlpdwhg frh!flhqwv1 Wr fruuhfw wklv/ zh ghyhors
dq dowhuqdwlyh vshfl�fdwlrq wkdw grhv qrw wuhdw wkhvh frh!flhqwv dv wkh vdph dfurvv �upv/
exw udwkhu doorzv wkhp wr ydu| edvhg rq yduldeohv wkdw frqwuro iru lqwhu0�up khwhurjhqhlw|1

D srwhqwldo zd| wr frqwuro iru wklv lqwhu0�up khwhurjhqhlw| zrxog eh wr lqwhudfw wkh khw0
hurjhqhlw| whupv zlwk wkh shuirupdqfh phdvxuhv lq dq ROV uhjuhvvlrq ri frpshqvdwlrq rq
shuirupdqfh1 Krzhyhu/ vlqfh wkh khwhurjhqhlw| whupv ghwhuplqh wkh frpshqvdwlrq sdfndjh/

4Wr eh suhflvh/ qrw doo djhqf| prghov suhglfw wkdw uhzdugv zloo eh dq hyhu|zkhuh vwulfwo| lqfuhdvlqj
ixqfwlrq ri shuirupdqfh +dowkrxjk wkh| fdqqrw eh dq hyhu|zkhuh ghfuhdvlqj ixqfwlrq,1 Vhh Jurvvpdq dqg
Kduw +4<;6,1 Rq wkh rwkhu kdqg/ qrq0lqfuhdvlqj ixqfwlrqv duh/ dv d sudfwlfdo pdwwhu/ xqolnho|= li wkhuh zhuh d
uhjlrq ryhu zklfk uhzdugv dqg shuirupdqfh zhuh qhjdwlyho| fruuhodwhg/ wkhq wklv zrxog jhqhudwh d shuyhuvh
lqfhqwlyh iru wkh djhqw wr vderwdjh wkh shuirupdqfh phdvxuh lq wklv uhjlrq +h1j1/ uhgxfh sur�wv ru ghvwur|
rxwsxw,1

5Jduhq +4<<7, pdnhv d vlplodu srlqw1
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zklfk lq wxuq ghwhuplqhv shuirupdqfh/ wkhuh lv uhdvrq wr eholhyh wkdw wkh uljkw0kdqg vlgh
yduldeohv lq vxfk dq ROV uhjuhvvlrq zrxog eh fruuhodwhg zlwk wkh huuru whup/ |lhoglqj eldvhg
dqg lqfrqvlvwhqw frh!flhqw hvwlpdwhv1 Frqvhtxhqwo|/ lq Vhfwlrq 6/ zh hvwlpdwh wklv dowhuqd0
wlyh vshfl�fdwlrq xvlqj d frqvlvwhqw hvwlpdwru ghyhorshg e| Zrqj dqg Pdvrq +4<<4,1 Zh
�qg wkdw frqwuroolqj iru lqwhu0�up khwhurjhqhlw| lv lpsruwdqw= Wkh qxoo k|srwkhvlv wkdw wkhvh
frqwurov grq*w pdwwhu lv uhdglo| uhmhfwhg1 Zh wkhq surfhhg wr fdofxodwh wkh frh!flhqwv rq
wkh shuirupdqfh phdvxuhv iru hdfk �up1 Rq dyhudjh/ wkh| duh srvlwlyh/ dqg erwk hfrqrpl0
fdoo| dqg vwdwlvwlfdoo| vljql�fdqw1 Iru lqvwdqfh/ wdnlqj dv d phdvxuh ri hfrqrplf vljql�fdqfh
wkh fkdqjh lq wkh dyhudjh FHR*v frpshqvdwlrq iurp d rqh0vwdqgdug0ghyldwlrq fkdqjh lq d
shuirupdqfh phdvxuh/ rxu phwkrg |lhogv hvwlpdwhv ri wkhvh fkdqjhv wkdw duh derxw 51; wlphv
juhdwhu wkdq hvwlpdwhv wkdw gr qrw ixoo| dffrxqw iru khwhurjhqhlw|11

Lq Vhfwlrq 7/ zh surylgh dq dowhuqdwlyh whvw ri rxu k|srwkhvlv wkdw yduldeohv wkdw ghvfuleh
lqwhu0�up khwhurjhqhlw| khos wr ghwhuplqh �upv* lqfhqwlyh vfkhphv1 Zh vkrz wkdw wkhvh
yduldeohv duh vljql�fdqw suhglfwruv ri wkh lqfoxvlrq ru rplvvlrq ri ydulrxv frqwudfwxdo ihdwxuhv
lq wkh FHR*v frpshqvdwlrq sdfndjh +h1j1/ zkhwkhu lw lqfoxghv dq lqfhqwlyh sodq,1 Vlqfh
wkhvh ihdwxuhv/ lq wxuq/ ghwhuplqh wkh vhqvlwlylw| ri sd| wr shuirupdqfh/ zh ylhz wklv dv
fruurerudwlqj rxu �qglqjv iurp Vhfwlrq 61

Dowkrxjk uhvwulfwlqj dwwhqwlrq wr �upv lq d vlqjoh lqgxvwu| khosv uhgxfh lqwhu0�up khwhur0
jhqhlw|/ wkhuh duh/ qrqhwkhohvv/ vhyhudo srwhqwldo gudzedfnv wr irfxvvlqj rq wkh vdylqjv dqg
ordq lqgxvwu| shu vh1 Rqh lv wkdw suhylrxv vwxglhv ri wkh sd|0iru0shuirupdqfh uhodwlrqvkls
kdyh w|slfdoo| irxqg wkh zhdnhvw uhvxowv iru uhjxodwhg �upv +Mrvnrz hw do1/ 4<<6,1 Wkxv/
orrnlqj dw wkuliwv pd| lpsrvh/ lq vrph vhqvh/ d pruh vhyhuh whvw ri wkh sd|0iru0shuirupdqfh
uhodwlrqvkls wkdq pd| eh wuxh iru xquhjxodwhg lqgxvwulhv1 Wkuliwv duh dovr kljko| ohyhudjhg/
zklfk jlyhv ulvh wr d qxpehu ri frqirxqglqj idfwruv1 Iluvw/ d qxpehu ri dxwkruv +vhh/ h1j1/
Mhqvhq/ 4<;9, kdyh vxjjhvwhg wkdw ohyhudjh lwvhoi lv dq lqfhqwlyh vfkhph�wkh ihdu ri orvlqj
wkhlu mrev li wkhlu �upv jr edqnuxsw vsxuv h{hfxwlyhv wr gr ehwwhu1 Vhfrqg/ uhjxodwru| ryhu0
vljkw frxog vxevwlwxwh iru gluhfw lqfhqwlyh vfkhphv/ dw ohdvw zlwk uhjdug wr vrph h{hfxwlyh
ehkdylru1 Wklug/ kljk ohyhudjh dqg ghsrvlw lqvxudqfh frqvsluh wr wxuq wkh vkduhkroghuv lqwr
rzqhuv ri d sxw rswlrq= Li wkh wkuliw lv grlqj srruo|/ wkhq wkh| fdq �h{huflvh� wkh rswlrq
e| iruflqj wkh ghsrvlw lqvxuhu wr �ex|� wkh wkuliw/ exw li lw lv grlqj zhoo/ wkh| fdq ohw wkh
rswlrq �h{sluh�> wkdw lv/ uhdol}h sur�wv16 Rwkhuzlvh ulvn0qhxwudo vkduhkroghuv zloo/ wkhuhiruh/
kdyh ulvn0orylqj suhihuhqfhv> suhihuhqfhv wkdw wkh| zloo dwwhpsw wr lpsduw rq wkhlu h{hfx0

6Phuwrq +4<:7/ 4<::, hvwdeolvkhv wkh htxlydohqfh ehwzhhq wkh lqvxudqfh jxdudqwhh dqg d frpprq vwrfn
sxw rswlrq1 Xvlqj wkh Eodfn0Vfkrohv sulflqj irupxod iru d sxw dqg wkh dvvxpswlrq wkdw lqvxuhg ghsrvlwv zloo
eh ulvnohvv/ kh ghulyhv dq h{solflw irupxod iru wkh frvw ri wkh jxdudqwhh shu groodu ri lqvxuhg ghsrvlwv1 Kh
wkhq vkrzv wkdw wkh fkdqjh lq frvw zlwk uhvshfw wr dq lqfuhdvh lq wkh ghsrvlw0wr0dvvhw udwlr lv srvlwlyh> wkdw
lv/ wkh orzhu lv wdqjleoh fdslwdo/ wkh juhdwhu lv wkh ydoxh ri wkh sxw wr wkh rzqhuv ri wkh wkuliw1
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wlyhv wkurxjk wkh frpshqvdwlrq sdfndjhv wkh| r�hu17 Frqvhtxhqwo|/ dq h{hfxwlyh frxog eh
uhzdughg pruh iru wdnlqj d orzhu0h{shfwhg0sur�w0exw0juhdwhu0ulvn frxuvh ri dfwlrq wkdq li
kh wrrn d kljkhu0h{shfwhg0sur�w0exw0orzhu0ulvn frxuvh ri dfwlrq1 Xqohvv fduh lv wdnhq/ wklv
frxog ohdg rqh wr �qg d qhjdwlyh uhodwlrqvkls ehwzhhq sd| dqg shuirupdqfh phdvxuhg e|
sur�wv1 Iruwxqdwho|/ zh duh deoh wr ryhufrph wkhvh sureohpv wr d odujh h{whqw1 Xvlqj vh0
ulhv rq wkh glylghqg dgmxvwhg uhwxuqv rq vwrfn sulfhv/ zh rewdlq uhdvrqdeoh phdvxuhv ri wkh
pdunhw ulvnlqhvv ri wkuliwv xvlqj FDSP ehwd1

Zh frqfoxgh lq Vhfwlrq 81

5 Uhfrqvlghulqj Sulqflsdo0Djhqw Wkhru| dqg wkh Hvwl0
pdwlrq ri wkh Sd|0Shuirupdqfh Uhodwlrqvkls

D srvvleoh uhdvrq iru wkh vpdoo hodvwlflwlhv irxqg lq suhylrxv hpslulfdo whvwv ri wkh sd|0
shuirupdqfh uhodwlrqvkls pd| eh wkdw wkh prghov gr qrw vx!flhqwo| dffrxqw iru lqwhu0�up
khwhurjhqhlw|1 Wr dssuhfldwh wklv fulwlflvp/ frqvlghu wkh w|slfdo uhjuhvvlrq htxdwlrq lq wklv
olwhudwxuh=

+� '  �

�q n 3�

�� n 0�c +4,

zkhuh � lqgh{hv wkh revhuydwlrqv/ + lv d phdvxuh ri frpshqvdwlrq +h1j1/ wkh orj ri vdodu|,/  
lv d yhfwru ri shuirupdqfh phdvxuhv +h1j1/ fkdqjh lq vwrfn sulfh/ uhwxuqv rq dvvhwv/ hwf1,/ 3 lv
d yhfwru ri rwkhu frqwurov +h1j1/ lqgxvwu|/ �up vl}h/ hwf1,/ 0 lv wkh huuru whup/ dqg q dqg � duh
wkh uhjuhvvlrq frh!flhqwv wr eh hvwlpdwhg1 Wkh whvw ri wkh wkhru| lv/ wkhq/ wr vhh zkhwkhu wkh
frh!flhqwv rq wkh shuirupdqfh phdvxuhv duh srvlwlyh +l1h1/ q : Of, dqg vljql�fdqw lq erwk d
vwdwlvwlfdo dqg hfrqrplf vhqvh1

Wdeoh 4 suhvhqwv rxu hvwlpdwlrqv ri +4,18 Rxu ghshqghqw yduldeoh lv wkh qdwxudo orj ri
wkh FHR*v fdvk frpshqvdwlrq +lqfoxglqj vdodu|/ erqxvhv/ dqg uhdol}hg rswlrqv, lq wkh |hdu
iroorzlqj wkh |hdu lq zklfk klv ru khu shuirupdqfh lv phdvxuhg1 Wkh shuirupdqfh phdvxuhv

7Mrkq dqg Mrkq +4<<6, ghyhors d prgho lq zklfk vkduhkroghuv wu| wr frqylqfh zrxog0eh erqgkroghuv
wkdw wkh| zloo qrw vhhn wr pd{lpl}h wkh ydoxh ri wkhlu rswlrq +l1h1/ wdnh rq wrr pxfk ulvn, e| hpsor|lqj
dq h{hfxwlyh xqghu d frqwudfw wkdw grhv qrw hqfrxudjh ulvn wdnlqj1 Wklv prgho/ krzhyhu/ uholhv rq wkh
dvvxpswlrq wkdw h{hfxwlyh frqwudfwv fdq eh xvhg dv d frpplwphqw ghylfh e| wkh vkduhkroghuv ehfdxvh wkh|
duh ixoo| revhuydeoh dqg qrq0uhqhjrwldeoh1 Dv Ndw} +4<<4, shuvxdvlyho| dujxhv/ wklv dvvxpswlrq lv xquhdolvwlf1
Pruhryhu/ hyhq li wklv zhuh d fuhgleoh prgho lq jhqhudo/ lw zrxog qrw eh dssolfdeoh lq rxu frqwh{w= Ghsrvlw
lqvxudqfh pdnhv zrxog0eh erqgkroghuv�wkdw lv/ ghsrvlwruv�hvvhqwldoo| lqgl�huhqw wr krz ulvn| d wkuliw*v
rshudwlrqv duh1

8Zh xvh Zklwh vwdqgdug huuruv wr frqwuro iru srvvleoh khwhurvnhgdvwlflw| +vhh/ h1j1/ Zhehu/ 4<;9/ iru
ghwdlov,1
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Wdeoh 4= Il{hg0H�hfwv Hvwlpdwhv ri wkh Frpshqvdwlrq Shuirupdqfh Uhodwlrqvkls

Orj+Fdvk
Frpshqvdwlrq,|n�

Lqghshqghqw Yduldeohv Frh!flhqw Hvwlpdwh
+Vwdqgdug Huuru,

Orj ri Dvvhwv �22f.WW

E�fHe��
URD +Udwh ri Uhwxuq
rq Dvvhwv,

�ffe�WW

E�ff�H�
Shufhqwdjh Fkdqjh lq
Vwrfn Sulfh iurp
Suhylrxv \hdu

�fffHWW

E�fff��

U2 1<8
Whvw iru �up0�{hg
h�hfwv/ 8HDc�.�

861;8<WW

WVljql�fdqw dw wkh 43( ohyho
WW Vljql�fdqw dw wkh 8( ohyho
WWW Vljql�fdqw dw wkh 4( ohyho

+ �, duh wkh udwh ri uhwxuq rq dvvhwv +URD, dqg wkh dqqxdo shufhqwdjh fkdqjh lq wkh vwrfn
sulfh1 Wkh rwkhu frqwuro +3�, lv wkh qdwxudo orj ri dvvhwv19 Wr frqwuro iru doo rwkhu xqvshfl�hg
�up0ohyho vrxufhv ri khwhurjhqhlw| zh hvwlpdwh dqg whvw iru d �{hg h�hfwv yhuvlrq ri wkh
prgho1 Zh �qg wkdw wkh �{hg �up0ohyho h�hfwv duh mrlqwo| gl�huhqw iurp }hur dw wkh 134(
ohyho1 Zh/ wkhuhiruh/ uhsruw wkh uhvxowv iru wkh �{hg h�hfwv prgho lq Wdeoh 41 Wkhuh duh ;9
wkuliwv lq rxu vdpsoh dqg 763 wkuliw0|hduv +wkh sdqho lv edodqfhg,1

Wkh shuirupdqfh phdvxuhv duh srvlwlyh dqg vljql�fdqw lq suhglfwlqj vdodu|/ zklfk lv
frqvlvwhqw zlwk wkhru| dqg hduolhu vwxglhv +Flvfho dqg Fduuroo/ 4<;3> Eduur dqg Eduur/ 4<<3,1
Zkdw lv glvsxwdeoh lv zkhwkhu wkhvh frh!flhqwv duh hfrqrplfdoo| vljql�fdqw1 Lq sduwlfxodu/
d rqh0vwdqgdug0ghyldwlrq fkdqjh lq URD vkliwv wkh dyhudjh FHR*v vdodu| e| '77:; dqg d
vlplodu fkdqjh lq wkh vwrfn0sulfh shuirupdqfh phdvxuh vkliwv lw e| '987;1

Wkh ydolglw| ri wkh whvw hperglhg e| +4, uholhv fulwlfdoo| rq wkh pdlqwdlqhg k|srwkhvlv
wkdw wkh frh!flhqwv duh lghqwlfdo dfurvv wkh revhuydwlrqv> ru/ vlqfh gl�huhqw revhuydwlrqv
w|slfdoo| uhihu wr gl�huhqw �upv/ wkdw wkh| duh lghqwlfdo dfurvv �upv1 Zh kdyh vwurqj grxewv
derxw wklv k|srwkhvlv1

9Vhh wkh Gdwd Dsshqgl{ iru ghwdlov rq wkhvh yduldeohv1
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Iluvwo|/ zh nqrz iurp sulqflsdo0djhqw wkhru| wkdw wkh vhqvlwlylw| ri sd| wr shuirupdqfh
ghshqgv rq wkh sduwlfxoduv ri wkh djhqf| sureohp1 Iru lqvwdqfh/ frpsduh wzr �upv/ D
dqg E1 Vxssrvh wkdw D*v sur�wv +d phdvxuh ri �up shuirupdqfh, duh d qrlv| vljqdo ri lwv
FHR*v shuirupdqfh +h1j1/ D*v ghpdqg lv h{fhswlrqdoo| yrodwloh,/ zkloh E*v sur�wv duh d pruh
lqirupdwlyh vljqdo ri lwv FHR*v shuirupdqfh +h1j1/ lwv ghpdqg lv vwdeoh,1 Dv d frqvhtxhqfh/
wkh uhodwlrqvkls ehwzhhq FHR sd| dqg �up shuirupdqfh lq �up D zloo doprvw vxuho| gl�hu
iurp wkh uhodwlrqvkls lq �up E> wkdw lv/ wkh wzr �upv* qv zloo gl�hu1: Dowhuqdwlyho|/ vxssrvh
wkdw d odujh sduw ri wkh FHRv* h�ruwv duh vshqw frqwuroolqj frvwv/ vr wkdw wkh pruh h�ruw d
FHR h{shqgv/ wkh orzhu klv ru khu �up*v pdujlqdo frvwv zloo eh lq h{shfwdwlrq1 Vxssrvh/
wrr/ wkdw D surgxfhv pruh rxwsxw wkdq E1 Frqvhtxhqwo|/ wkh ehqh�w ri FHR h�ruw lv juhdwhu
lq D wkdq lq E1 Fruuhvsrqglqjo|/ D zloo lqgxfh pruh FHR h�ruw wkdq E/ zlwk wkh uhvxow wkdw
D*v FHR idfhv d pruh vhqvlwlyh sd| vfkhgxoh wkdq zloo E*v FHR> wkdw lv/ D*v qv zloo h{fhhg
E*v qv +vhh Khupdolq/ 4<<5,1 Lw lv vwudljkwiruzdug wr wklqn ri pruh uhdvrqv zk| wzr �upv
pljkw dgrsw gl�huhqw frpshqvdwlrq vfkhphv1

Vhfrqgo|/ hyhq li zh zhuh wr pdnh wkh khurlf dvvxpswlrq wkdw doo wkh �upv lq wkh vdpsoh
idfhg lghqwlfdo vlwxdwlrqv/ wklv zrxog qrw eh vx!flhqw wr hqvxuh wkdw wkh| xvh wkh vdph
lqfhqwlyh frqwudfwv1 Khupdolq +4<<7, vkrzv wkdw htxloleuld h{lvw lq zklfk rwkhuzlvh lghqwlfdo
�upv hpsor| wkhlu FHRv xqghu gl�huhqw frqwudfwv1 Wr looxvwudwh wkh lqwxlwlrq iru wklv/
frqvlghu wzr Frxuqrw gxrsrolvwv/ D dqg E1 Dv lq wkh suhylrxv sdudjudsk/ dvvxph wkdw FHR
h�ruw uhgxfhv pdujlqdo frvwv lq h{shfwdwlrq1 Vxssrvh wkdw E dqwlflsdwhv wkdw D zloo jlyh
lwv FHR vwurqj�l1h1/ kljko| vhqvlwlyh�lqfhqwlyhv wr h{shqg h�ruw rq uhgxflqj frvwv1 Lq
ghwhuplqlqj lwv ehvw uhvsrqvh/ E zrxog uhdvrq dv iroorzv= �D lv olnho| wr kdyh orz pdujlqdo
frvwv/ vr/ fhwhulv sdulexv/ lw fdq eh h{shfwhg wr kdyh pruh rxwsxw1 Vlqfh zh duh Frxuqrw
frpshwlwruv/ wklv phdqv L zloo zdqw wr surgxfh ohvv rxwsxw1 Frqvhtxhqwo|/ pdujlqdo0frvw
uhgxfwlrq lv ohvv ehqh�fldo wr ph wkdq wr D/ zklfk phdqv L zdqw wr jlyh p| FHR zhdnhu�
l1h1/ ohvv vhqvlwlyh�lqfhqwlyhv1� Lq rwkhu zrugv/ zhdn lqfhqwlyhv iru E*v FHR lv E*v ehvw
uhvsrqvh wr vwurqj lqfhqwlyhv iru D*v FHR1 Wkh vdph dujxphqw vkrzv wkdw wkh frqyhuvh lv
dovr wuxh1 Frqvhtxhqwo|/ wkhuh h{lvwv dq htxloleulxp lq zklfk wkh wzr �upv hpsor| wkhlu
FHRv xqghu gl�huhqw�exw rswlpdo�lqfhqwlyh vfkhphv1

Lq whupv ri htxdwlrq +4,/ wkh frqvhtxhqfhv ri khwhurjhqhlw| lq frpshqvdwlrq vfkhphv duh

:Zklfk zloo kdyh wkh pruh vhqvlwlyh uhodwlrqvkls lv wkhruhwlfdoo| lqghwhuplqdwh1 Rq wkh rqh kdqg/ ehfdxvh
wkh vljqdo lv ohvv lqirupdwlyh lq �up D/ wkh frvw ri lqgxflqj d jlyhq ohyho ri h�ruw iurp D*v FHR zloo eh
juhdwhu wkdq lqgxflqj wkh vdph ohyho ri h�ruw iurp E*v FHR1 Frqvhtxhqwo|/ D zloo lqgxfh ohvv h�ruw iurp lwv
FHR wkdq zloo E +dvvxplqj frpsdudeoh ehqh�wv iurp wkhlu FHRv* h�ruwv,1 Wklv gl�huhqfh lq h�ruw zloo whqg
wr pdnh D*v FHR*v sd| ohvv vhqvlwlyh wr �up shuirupdqfh1 Rq wkh rwkhu kdqg/ wkh juhdwhu frvw idfhg e| D
dulvhv ehfdxvh D pxvw xvh d pruh vhqvlwlyh/ khqfh ulvnlhu/ sd| vfkhgxoh wr lqgxfh d jlyhq ohyho ri h�ruw1 Wklv
h�hfw zloo whqg wr pdnh D*v FHR*v sd| pruh vhqvlwlyh wr �up shuirupdqfh1 Iru d pruh frpsohwh glvfxvvlrq
ri wklv lvvxh vhh Khupdolq +4<<5, ru Khupdolq dqg Ndw} +4<<9,1

8



fohdu1 Iluvw/ wkh hvwlpdwhg frh!flhqwv zloo eh d zhljkwhg dyhudjh ri wkh wuxh frh!flhqwv1
Wklv frxog vhulrxvo| eldv wkh frh!flhqwv grzqzdug1 Wklv zrxog eh wuxh li wkh orz0lqfhqwlyh
�upv zhuh wkh pruh qxphurxv lq wkh vdpsoh1 Lw zrxog dovr eh wuxh li wkh yduldqfh ri wkh
shuirupdqfh phdvxuhv zhuh juhdwhu iru wkh orz0lqfhqwlyh �upv1; Vlqfh/ dv zh vxjjhvwhg
deryh/ juhdwhu yduldqfh lq wkh shuirupdqfh phdvxuh frxog ohdg wr ohvv vhqvlwlyh lqfhqwlyhv/
wklv lv qrw dq xquhdvrqdeoh frqfhuq1

Pruhryhu/ hyhq li doo wkh �upv lq wkh vdpsoh xvhg kljko| vhqvlwlyh frpshqvdwlrq vfkhphv/
wkh uhjuhvvlrq uhvxowv frxog vwloo vxjjhvw rwkhuzlvh1 Iurp Kropvwurp +4<:<,/ zh nqrz wkdw
lqfhqwlyh vfkhphv vkrxog jlyh wkh prvw zhljkw wr wkh prvw lqirupdwlyh shuirupdqfh phd0
vxuhv> zklfk wkhvh duh/ krzhyhu/ frxog ydu| iurp �up wr �up iru uhdvrqv douhdg| glvfxvvhg1
Frqvhtxhqwo|/ dowkrxjk doo �upv khdylo| zhljkw d shuirupdqfh phdvxuh/ wkh| gr qrw zhljkw
wkh vdph phdvxuh1 Lw lv srvvleoh/ wkhuhiruh/ wr kdyh d vlwxdwlrq lq zklfk/ vd|/ kdoi wkh �upv
khdylo| zhljkw rqh ri wzr shuirupdqfh phdvxuhv exw qrw wkh rwkhu/ zkloh wkh rwkhu kdoi khdy0
lo| zhljkw wkh vhfrqg phdvxuh exw qrw wkh �uvw1 Khqfh/ wkh hvwlpdwhg frh!flhqwv rq wkhvh
phdvxuhv duh erwk orz> lqdffxudwho| vxjjhvwlqj wkdw wkh �upv lq wkh vdpsoh duh pdnlqj rqo|
plqru xvh ri lqfhqwlyh vfkhphv1 Lqghhg/ wkh grzqzdug eldv frxog eh frqvlghudeoh1 Uhfdoo
wkdw li d phdvxuh lv ohvv lqirupdwlyh +lq wkh Eodfnzhoo vhqvh,/ wkhq lw lv ulvnlhu +vhh Khupdolq
dqg Ndw}/ 4<<9,1 Wklv phdqv wkdw wkh �upv wkdw grq*w zhljkw d shuirupdqfh phdvxuh duh
pruh olnho| wr kdyh d kljk yduldqfh iru wkdw phdvxuh1 Wkhlu frh!flhqw rq wklv phdvxuh zloo/
wkhuhiruh/ uhfhlyh juhdwhu zhljkw wkdq zloo wkh frh!flhqw ri wkh �upv zkr gr zhljkw wklv
phdvxuh +vhh irrwqrwh ;,1

Ilqdoo|/ wkh vwdqgdug prgho +4, dvvxphv wkdw wkh 3� hqwhu wkh shuirupdqfh0frpshqvdwlrq
uhodwlrq dv vhsdudwh uhjuhvvruv udwkhu wkdq dv ghwhuplqdqwv ri �up0vshfl�f q*v1 D suhihudeoh
vwudwhj| zrxog eh d vshfl�fdwlrq wkdw hqdeohg xv wr whvw wklv k|srwkhvlv wr vhh zkhwkhu
wkh �frqwurov� lq idfw gl�hu iurp rwkhu h{rjhqrxv khwhurjhqhlw| idfwruv wkdw ghwhuplqh wkh
lqfhqwlyh frqwudfwv fkrvhq e| vshfl�f �upv1

;Vxssrvh wkhuh zhuh wzr w|shv ri �upv htxdoo| uhsuhvhqwhg lq wkh vdpsoh1 Vxssrvh/ iru frqyhqlhqfh/ wkdw
wkh wuxh uhodwlrqvkls zdv

| @ {�l . %>

zkhuh l lqgh{hv wkh w|sh ri �up dqg wkdw Hi{j @ 3 iru erwk w|shv1 Ohw �5l ghqrwh wkh yduldqfh ri { iru w|sh
l1 Vxssrvh �

4
? �

5
dqg �5

4
 �5

5
1 Wkhq/ vlqfh wkh hvwlpdwhg frh!flhqw lv

a� � �5
4
�
4
. �

5
�5
5

�5
4
. �5

5

>

lw iroorzv wkdw wkh hvwlpdwhg frh!flhqw lv pxfk forvhu wr �
4
wkdq wr �

5
1 Lw lv uhdglo| vkrzq wkdw wklv lqwxlwlrq

h{whqgv wr d pruh jhqhudo iudphzrun vxfk dv htxdwlrq +4,1
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Wkhvh fulwlflvpv vxjjhvw dq dowhuqdwlyh vshfl�fdwlrq wr htxdwlrq +4,=

)� ' j�q� n 0�c +5,

zkhuh

0� � �EOfc j2�W?�
�

lv wkh huuru yduldqfh dvvrfldwhg zlwk 0�/ q� lv d g � � yhfwru ri frh!flhqwv k|srwkhvl}hg
wr ydu| udqgrpo| dfurvv �upv +exw wr eh vwdwlrqdu| zlwklq d �up,/ ?� lv wkh qxpehu ri
revhuydwlrqv +|hduv ri gdwd, rq wkh �wk �up/ W? lv dq ? � ? lghqwlw| pdwul{/ )� lv wkh
?� � � yhfwru ri revhuydwlrqv rq wkh frpshqvdwlrq yduldeoh/ dqg j� lv wkh ?� �g yhfwru ri
revhuydwlrqv rq wkh shuirupdqfh phdvxuhv1 Wkh frh!flhqwv rq wkh shuirupdqfh phdvxuhv
duh wkhpvhoyhv ixqfwlrqv ri h{rjhqrxv khwhurjhqhlw| yduldeohv1 Ohw ~� eh wkh g � u eorfn
gldjrqdo pdwul{ ri khwhurjhqhlw| yduldeohv/

~� '

3
EC

�3�

�
Of Of

Of
1 1 1 Of

Of Of �3�

�

4
FD /

zkhuh �3� lv d ,0hohphqw yhfwru ri yduldeohv k|srwkhvl}hg wr ghwhuplqh d �up*v lqfhqwlyh
frqwudfwv dqg u ' g � ,1 Wkhq wkh iroorzlqj vhw ri htxdwlrqv ghwhuplqhv q�=

q� ' ~�B n /�c +6,

dqg

/� � �EOfcl��c

iru �upv � ' �c � � � c a lqghshqghqwo|1 B lv d frpprq u�� yhfwru ri khwhurjhqhlw| frh!flhqwv
dqg l� lv wkh �up0vshfl�f g�g glvwxuedqfh fryduldqfh pdwul{ iru wkh khwhurjhqhlw| whupv1

Rqh vwudwhj| iru hvwlpdwlqj +5, dqg +6, zrxog eh wr iroorz Jduhq +4<<7,/ zkr hvwlpdwhg
+5, dqg +6, vwduwlqj zlwk Mhqvhq dqg Pxusk| +4<<3,*v �up0vshfl�f ruglqdu| ohdvw vtxduhv
hvwlpdwhv ri

+|� '  �

|�q� n 0|�/ +7,

zkhuh w lqgh{hv wlph1 Wkh hvwlpdwhv/ q�/ zhuh wkhq xvhg dv ghshqghqw yduldeohv lq d vhfrqg
vwdjh ruglqdu| ohdvw vtxduhv hvwlpdwh ri +6, iru hdfk �up1 Wklv vwudwhj| zloo qrw surgxfh wkh
ehvw olqhdu xqeldvhg hvwlpdwh ri hlwkhu q� ru B +Dphpl|d/ 4<:;> Kvldr/ 4<;9> Odlug hw do1/

:



4<;:,/ ehfdxvh lw ljqruhv wkh yduldqfh frpsrqhqw vwuxfwxuh/ V@h E+|��/ zklfk lv d ixqfwlrq
ri erwk 0|� dqg /�1 Vlqfh rxu lqwhuhvw lv lq erwk wkh q� dqg B sdudphwhuv dqg srsxodwlrq
lqihuhqfh/ htxdwlrq +5, lv pruh fruuhfwo| ylhzhg dv d udqgrp0frh!flhqwv prgho lq zklfk
wkh uhjuhvvlrq frh!flhqwv duh dvvxphg wr eh wkh ghshqghqw yduldeohv ri dqrwkhu uhjuhvvlrq
+6,1 Dovr/ wkh xvh ri dq hvwlpdwhg frh!flhqw lq +6, suhfoxghv hvwlpdwlqj lw xvlqj ROV= Wkh
uhvxowlqj huuru whup lv khwhurvnhgdvwlf/ vr fduh pxvw eh wdnhq wr lqvxuh frqvlvwhqw hvwlpdwhv
ri wkh vwdqgdug huuruv1 Lq sduwlfxodu/ li /� dqg 0|� duh fruuhodwhg/ wkhq d v|vwhpv hvwlpdwru/
vxfk dv zh hpsor|/ zloo eh d pruh h!flhqw hvwlpdwru wkdq d wzr0vwdjh surfhgxuh1

Frpelqlqj +5, dqg +6, |lhogv d udqgrp0frh!flhqwv prgho +jhqhudo klhudufklfdo prgho,
iru rxu sdqho ri vdylqjv dqg ordqv=

)� ' j�~�B n E0� nj�/�� � +8,

Htxdwlrq +8, doorzv iru �up vshfl�f khwhurjhqhlw| lq wkh ghwhuplqdwlrq ri doo dvshfwv ri
wkh frqwudfw vwuxfwxuh1 Wkh uhodwlrqvkls ehwzhhq wkh h{rjhqrxv khwhurjhqhlw| idfwruv dqg
wkh shuirupdqfh frh!flhqwv fdq eh whvwhg xvlqj wkh sdudphwhu hvwlpdwhv B 1 Wkh prgho
dovr surylghv hvwlpdwhv dqg vwdqgdug huuruv iru wkh shuirupdqfh frh!flhqwv wkhpvhoyhv/ q�/
dqg doorzv iru gluhfw whvwv ri wkh shuirupdqfh0frpshqvdwlrq uhodwlrq iru wkuliw FHR*v1 Qrwh
ehfdxvhj� frqwdlqv d froxpq ri 4*v/ wklv vshfl�fdwlrq hqfrpsdvvhv wkh vshfl�fdwlrq lq zklfk
wkh }0yduldeohv duh dgglwlyho| vhsdudeoh iurp wkh rwkhu {0yduldeohv +l1h1/ vshfl�fdwlrq +4,,1

Revhuyh wkdw zh fdq*w hvwlpdwh +8, e| ruglqdu| ohdvw vtxduhv +htxlydohqwo|/ pd{lpxp
olnholkrrg, ehfdxvh wkh frpelqhg huuru whup +0� n j�/�, lv fruuhodwhg zlwk wkh lqghshq0
ghqw yduldeohv/ xqohvv H ij�/�j ' Of1 Wklv/ krzhyhu/ zrxog eh dq xquhdvrqdeoh dvvxpswlrq=
Shuirupdqfh frxog eh fruuhodwhg zlwk wkh huuru whup lq +6, ehfdxvh d srvlwlyh +qhjdwlyh,
vkrfn wr q� vkrxog lqgxfh d srvlwlyh +qhjdwlyh, vkrfn wr shuirupdqfh wkurxjk lwv lpsdfw rq
lqfhqwlyhv1< Wkh frqvhtxhqfh ri wklv fruuhodwlrq lv wr eldv grzqzdug wkh hvwlpdwhv ri wkh
yduldqfh0fryduldqfh pdwul{ ri 0|� dqg /�/ K/ rewdlqhg iurp +xquhvwulfwhg, pd{lpxp olnhol0
krrg hvwlpdwlrq1 Zh fdq dyrlg wklv eldv e| xvlqj d uhvwulfwhg pd{lpxp olnholkrrg +UHPO,
hvwlpdwru wkdw dffrxqwv iru wkh orvv lq ghjuhhv ri iuhhgrp iurp hvwlpdwlqj B +Odlug dqg
Zduh/ 4<;5> Zrqj dqg Pdvrq/ 4<<4,1 Vshfl�fdoo|/ wkh olnholkrrg ixqfwlrq lv pd{lpl}hg zlwk
uhvshfw wr K rqo|/ kroglqj B frqvwdqw dw dq lqlwldo hvwlpdwh/ BW/ zklfk |lhogv dq hvwlpdwh KW1
Iroorzlqj Zrqj dqg Pdvrq/ zh wkhq hvwlpdwh q� dqg B e| wkhlu srvwhulru phdqv dqg dvvhvv
wkh xqfhuwdlqw| ri wklv hvwlpdwlrq e| wkhlu uhvshfwlyh srvwhulru yduldqfhv dqg fryduldqfhv
zlwk K vhw dw KW1 Kdylqj rewdlqhg d qhz hvwlpdwh/ BW/ zh wkhq lwhudwh wkh UHPO vwhs>

<D fdyhdw lv wkdw li rqh ylhzv wkh shuirupdqfh phdvxuhv dv sur�wv/ dqg wkxv dv kdylqj wkh frvw ri lqfhqwlyhv
vxewudfwhg iurp wkhp/ wkhq dq huuru lq vhwwlqj frpshqvdwlrq +l1h1/ m$m m 9@ 3, phdqv d uhgxfwlrq lq sur�wv1
Krzhyhu/ xqohvv lw lv mxvw wkh pdjqlwxgh ri wkh huuru wkdw ghwhuplqhv wkh uhgxfwlrq lq sur�wv +l1h1/ � m$m m
dqg m$m m uhvxow lq suhflvho| wkh vdph uhgxfwlrq lq sur�wv,/ zh zrxog vwloo h{shfw vrph fruuhodwlrq ehwzhhq
[m dqg /m / dowkrxjk qrz wkh vljq ri wkdw fruuhodwlrq lv ohvv reylrxv1

;



dqg wkhq lwhudwh wkh hvwlpdwlrq0ri0q�0dqg0B vwhs1 Wklv lwhudwlyh surfhvv lv dffrpsolvkhg e|
dsso|lqj dq h{shfwdwlrqv0pd{lpl}dwlrq +HP, dojrulwkp +Ghpsvwhu hw do1/ 4<;4> PfOdfkodq
dqg Nulvkqdq/ 4<<:, xqwlo frqyhujhqfh143 Lq wklv dssolfdwlrq/ zh dvvxph wkdw doo wkuliwv* lq0
fhqwlyh frqwudfwv uhvsrqg wr wkh vdph vhw ri khwhurjhqhlw| yduldeohv +rxu hvwlpdwlrq vwudwhj|
zrxog/ krzhyhu/ doorz xv wr uhod{ wklv dvvxpswlrq,1

6 Hvwlpdwlqj wkh Sd|0Shuirupdqfh UhodwlrqvklsZkloh
Dffrxqwlqj iru Khwhurjhqhlw|

Lq wklv vhfwlrq/ zh glvfxvv rxu hvwlpdwlrq ri +8,1 Lq wkh suhylrxv vhfwlrqv/ zh lghqwl�hg
wkuhh vrxufhv ri khwhurjhqhlw|= wkuliw vl}h/ wkh lqirupdwlyhqhvv +ulvnlqhvv, ri wkh shuirupdqfh
phdvxuhv/ dqg wkh ydoxh ri wkh vkduhkroghuv* sxw rswlrq1

Lq rxu hvwlpdwlrq ri +8,/ zh xvh wkh qdwxudo orj ri wkh wkuliw*v dvvhwv dv d phdvxuh ri lwv
vl}h1 Dowkrxjk rwkhu phdvxuhv h{lvw +h1j1/ ghsrvlwv,/ zh ylhz dvvhwv dv suhihudeoh +d kljk
ghjuhh ri pxowlfroolqhdulw| dprqj wkh srwhqwldo vl}h phdvxuhv suhyhqwv xv iurp xvlqj pruh
wkdq rqh,1 Rqh uhdvrq lv wkdw wkh wkuliwv wkhpvhoyhv riwhq phdvxuh wkhlu vl}h lq whupv ri wkhlu
dvvhwv/ vr dvvhwv frxog dffrug zlwk krz wkh wkuliwv wkhpvhoyhv wklqn ri vl}h zkhq ghflglqj
rq frpshqvdwlrq1 Ixuwkhupruh/ dq dqdo|vlv ri 498 sur{| vwdwhphqwv iru d uhodwhg vdpsoh ri
wkuliwv uhyhdohg wkdw d vljql�fdqw plqrulw| ri wkhp sduwldoo| edvh wkh FHR*v frpshqvdwlrq
rq dvvhwv/ zklfk vxjjhvwv d vhfrqg prwlyh iru frqwuroolqj iru dvvhwv ehvlghv wkhlu uroh lq wkh
ghwhuplqdwlrq ri q1 Lq dq| fdvh/ wkh vwurqj fruuhodwlrq dprqj wkh ydulrxv vl}h phdvxuhv
ohvvhqv wkh lpsruwdqfh ri fkrrvlqj �wkh uljkw rqh1�

Dv zh glvfxvvhg deryh/ phdvxulqj wkh ulvn wkuliwv idfh lv gl!fxow1 Khuh/ zh hvwlpdwh
wkh FDSP ehwd xvlqj wkh odvw vl{w| shulrgv ri prqwko| uhwxuqv1 Vxppdu| vwdwlvwlfv iru
wkh FDSP ehwd hvwlpdwhv duh lq wkh Dsshqgl{1 Dowkrxjk wkh FDSP ehwd hvwlpdwhv duh
vrphzkdw sureohpdwlf jlyhq wkh kljk sursruwlrqv ri qrq0wudglqj ghew lq wkuliw sruwirolrv/
zh ihow wkh dgydqwdjhv ri d pdunhw0edvhg phdvxuh zdv vxshulru wr dq| rwkhu ulvn phdvxuh zh
frxog frqvwuxfw1

Hvwlpdwlqj wkh ydoxh ri wkh vkduhkroghuv* sxw rswlrq lv lpsrvvleoh zlwk wkh gdwd dydlo0
deoh1 Wr jdlq vrph lqvljkw derxw wkh lpsruwdqfh ri wkh sxw rswlrq wr wkh vkduhkroghuv dqg
pdqdjhphqw zh xvh wzr phdvxuhv= rqh/ wkh r!fhuv* rzqhuvkls vkduh dqg/ wzr/ wkh wkuliw*v
wdqjleoh fdslwdo1

Wkh lghd ehklqg wklv �uvw phdvxuh lv wkdw wkh pruh wkh r!fhuv rzq ri wkh �up/ wkh pruh
doljqhg wkhlu lqwhuhvwv zloo eh zlwk wkh vkduhkroghuv*1 Wklv frxog pdnh wkhp pruh olnho| wr

43Hvwlpdwlrq zdv fduulhg rxw xvlqj wkh surjudp JHQPRG vxssolhg e| wkh Srsxodwlrq Vwxglhv Fhqwhu ri
wkh Xqlyhuvlw| ri Plfkljdq1
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sxuvxh vwudwhjlhv wkdw h{sorlw wkh sxw rswlrq1 Rq wkh rwkhu kdqg/ xqohvv wkhlu rzqhuvkls lv
sduw ri d kljko| glyhuvl�hg sruwirolr/ wkh| zloo dovr eh ulvn dyhuvh> li wkhlu vwrfn rzqhuvkls
uhsuhvhqwv d vljql�fdqw sursruwlrq ri wkhlu zhdowk/ wkhlu ulvn dyhuvlrq frxog ohdg wkhp wr
plqlpl}h wkh suredelolw| wkdw wkh wkuliw lv sxw wr wkh ghsrvlw lqvxuhu1 Hyhq wkrxjk wkh
ryhudoo h�hfw ri wkh r!fhuv* vkduh rzqhuvkls lv dpeljxrxv/ lw lv xqolnho| wkdw wkh wzr h�hfwv
fdqfho hdfk rwkhu rxw> khqfh/ zh qhhg wr frqwuro iru vkduh rzqhuvkls1

Wkh vhfrqg phdvxuh ri wkh sxw rswlrq*v lpsruwdqfh uh hfwv krz forvh wkh rswlrq lv wr
ehlqj �lq wkh prqh|1� Wkh ohvv wdqjleoh fdslwdo wkh wkuliw kdv/ wkh forvhu lw lv wr lqvroyhqf|/
zklfk udlvhv wkh ydoxh ri wkh sxw rswlrq1 Frqvhtxhqwo|/ zh h{shfw orz0wdqjleoh0fdslwdo wkuliwv
wr eh pruh olnho| wr sxuvxh vwudwhjlhv wkdw h{sorlw wkh sxw rswlrq wkdq kljk0wdqjleoh0fdslwdo
wkuliwv1

D �qdo vrxufh ri khwhurjhqhlw|/ zklfk zh kdyh qrw glvfxvvhg/ lv wkh yduldwlrq lq delolw|
dfurvv wkuliwv* pdqdjhphqw1 Wkdw lv/ pdqdjhuv gl�hu lq wkhlu frpshwhqfh/ frpplwphqw/
fuhdwlylw|/ dqg rwkhu dwwulexwhv1 Wklv khwhurjhqhlw| lq delolw| zloo ohdg wr khwhurjhqhlw| lq
frpshqvdwlrq iru wzr uhdvrqv= �uvw/ pruh deoh pdqdjhuv duh pruh ydoxdeoh> dqg/ khqfh/ duh
olnho| wr eh sdlg pruh1 Vhfrqg/ gl�huhqfhv lq delolw| zloo wudqvodwh lqwr gl�huhqfhv lq wkh
rswlpdo lqfhqwlyh vfkhphv wkh| duh jlyhq144

Wr frqwuro iru wkhvh gl�huhqfhv lq delolw|/ zh xvh d prgl�hg yhuvlrq ri wkh qrqsdudphwulf
h!flhqf| phdvxuh hpsor|hg e| Khupdolq dqg Zdoodfh +4<<7,1 Vshfl�fdoo|/ zh vd| wkdw wkuliw
� lv lqh!flhqw uhodwlyh wr wkuliw 6�dowhuqdwlyho|/ wkuliw 6 grplqdwhv wkuliw ��li wkuliw �*v
uhyhqxhv duh ohvv wkdq wkuliw 6*v/ exw wkuliw �*v frvwv duh qrw ohvv wkdq wkuliw 6*v1 Wkh lghd
ehklqg wklv whvw lv wkdw wkuliw � frxog gr ehwwhu e| hpxodwlqj wkuliw 6/ vr wkuliw � fdqqrw
eh rshudwlqj h!flhqwo|145 Iroorzlqj Khupdolq dqg Zdoodfh +4<<7,/ zh vd| wkdw wkuliw � lv
lqh!flhqw li lw lv grplqdwhg e| 518( ru pruh ri wkh wkuliwv wkdw frxog srwhqwldoo| grplqdwh lw
+l1h1/ wkuliwv zlwk juhdwhu uhyhqxh,1 Rq wkh dvvxpswlrq wkdw h!flhqf| dqg pdqdjhuldo delolw|
vkrxog eh fruuhodwhg/ zh xvh wklv lqh!flhqf| phdvxuh dv d sur{| iru pdqdjhuldo delolw|1

Dv ehiruh/ wkh shuirupdqfh phdvxuhv +j�, duh wkh udwh ri uhwxuqv rq dvvhwv/ wkh dqqxdo
fkdqjh lq wkh vwrfn sulfh/ dqg d frqvwdqw1 Wkh ghwhuplqdqwv ri wkh frpshqvdwlrq vfkhph +3�,
duh d frqvwdqw/ wkh uhodwlyh pdunhw ulvn ri wkh �up*v vwudwhjlhv/ FDSP ehwd/ rxu surgxfwlrq
h!flhqf| phdvxuh +4 @ h!flhqw,/ wkh shufhqw ri wdqjleoh fdslwdo/ wkh vkduh ri vwrfn rzqhuvkls

44Vhh Khupdolq dqg Zhlvedfk +4<<:, iru d prgho lq zklfk gl�huhqfhv lq delolw| dfurvv wkh pdqdjhuv ri
gl�huhqw �upv ohdg wr gl�huhqw jryhuqdqfh sudfwlfhv dfurvv wkhvh �upv1

45Dvvxplqj wkdw wkh wkuliwv idfh wkh vdph lqsxw dqg rxwsxw sulfhv1 Lw lv lq wklv uhjdug wkdw rxu whvw gl�huv
iurp Khupdolq dqg Zdoodfh*v whvw +zklfk/ lwvhoi/ lv edvhg rq whvwv ghyhorshg lq Yduldq/ 4<;7,/ dv wkhlu whvw
grhv qrw uhtxluh wklv dvvxpswlrq1 Xqiruwxqdwho|/ zh gr qrw kdyh wkh gdwd wr xvh wkhlu whvw1 Dowkrxjk qrw
lghdo/ lw wxuqv rxw wkdw Khupdolq dqg Zdoodfh �qg wkdw rxu whvw dqg wkhluv duh h{wuhpho| forvho| fruuhodwhg
+iurp Khupdolq dqg Zdoodfh/ 4<<7/ s1 698/ wkh fruuhodwlrq frh!flhqw lv 1<9,/ vr wkh frvw zh lqfxu e| xvlqj d
ohvv urexvw whvw lv olnho| wr eh plqlpdo1
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ri wkh r!fhuv/ dqg wrwdo dvvhwv1
Lq Wdeoh 5/ zh frqvlghu wkh khwhurjhqhlw| yduldeohv dv ghwhuplqdqwv ri wkh frh!flhqwv rq

wkh shuirupdqfh phdvxuhv udwh ri uhwxuq rq dvvhwv +URD, dqg wkh shufhqwdjh fkdqjh lq vwrfn
sulfh1 D olnholkrrg0udwlr whvw uhyhdov wkdw wkh khwhurjhqhlw| yduldeohv duh mrlqwo| vljql�fdqw
dw ehwwhu wkdq wkh 4( ohyho1
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Wdeoh 5= Ghwhuplqdqwv ri wkh Frpshqvdwlrq

Shuirupdqfh Uhodwlrqvkls
Ghshqghqw Yduldeoh '

Orj+Fdvk Frpshqvdwlrq,|n�

Lqghshqghqw Yduldeoh
Frh!flhqw Hvwlpdwh
+Vwdqgdug Huuru,

Lqwhufhsw �f�fD2WWW

E�2.S�
FDSP Ehwd ��DbW

E�fHb�
Surgxfwlrq H!flhqf| �fS2

E�S�2�
Wdqjleoh Fdslwdo �fe.WW

E�f2��
Vkduh ri Vwrfn Rzqhg e|
R!fhuv

�f�ff�
E��e��

Orj ri Dvvhwv ��HbWWW

E�fe��

URD ���.W

E�f.��
FDSP Ehwd � URD �f�H

E�f2��
Surgxfwlrq H!flhqf| � URD �f�f2D

E�f2S�
Wdqjleoh Fdslwdo � URD �f�f��WW

E�ffD�
Vkduh ri Vwrfn Rzqhg e|
R!fhuv � URD

�ffeWW

E�ff2�
Orj ri Dvvhwv � URD �f�ffD

E�f���
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Wdeoh 5= Ghwhuplqdqwv ri wkh Frpshqvdwlrq

Shuirupdqfh Uhodwlrqvkls +frqwlqxhg,

Ghshqghqw Yduldeoh '
Orj+Fdvk Frpshqvdwlrq,|n�

Lqghshqghqw Yduldeoh
Frh!flhqw Hvwlpdwh
+Vwdqgdug Huuru,

Shufhqwdjh Fkdqjh lq Vwrfn
Sulfh

�ff�
E�ff��

FDSP Ehwd � Shufhqwdjh
Fkdqjh lq Vwrfn Sulfh

�ff�DW

E�fffH�
Surgxfwlrq H!flhqf| �
Shufhqwdjh Fkdqjh lq Vwrfn
Sulfh

�ff�
E�ff��

Wdqjleoh Fdslwdo �
Shufhqwdjh Fkdqjh lq Vwrfn
Sulfh

�f�fffDWW
E�fff2�

Vkduh ri Vwrfn Rzqhg e|
R!fhuv � Shufhqwdjh
Fkdqjh lq Vwrfn Sulfh

���S� �f3D

Eb�f� �f3D�

Orj ri Dvvhwv � Shufhqwdjh
Fkdqjh lq Vwrfn Sulfh

H�f� �f3D

E�fffe�
� Vljql�fdqw dw wkh 43( ohyho
�� Vljql�fdqw dw wkh 8( ohyho
��� Vljql�fdqw dw wkh 4( ohyho
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Zh �qg/ dv h{shfwhg/ wkdw odujhu �upv +juhdwhu dvvhwv, sd| wkhlu FHRv vljql�fdqwo| pruh/
fhwhulv sdulexv1 Vlqfh erwk wkh ghshqghqw yduldeoh dqg dvvhwv duh phdvxuhg lq orjv/ zh fdq
lqwhusuhw wkh frh!flhqw dv dq hodvwlflw|= D rqh0shufhqw lqfuhdvh lq dvvhwv uhvxowv lq d 316<(
lqfuhdvh lq vdodu|1 Wkuliwv zlwk pruh wdqjleoh fdslwdo sd| pruh/ fhwhulv sdulexv1 Ilqdoo|/ wkh
juhdwhu lv FDSP ehwd/ wkh juhdwhu lv FHR vdodu|/ fhwhulv sdulexv1 Wr wkh h{whqw wkdw d kljkhu
FDSP ehwd wudqvodwhv lqwr ulvnlhu lqfhqwlyhv/ wklv odvw uhvxow lv frqvlvwhqw zlwk d qhhg iru
d qrq0frqwlqjhqw frpshqvdwlrq iru pdnlqj wkh FHR ehdu ulvn wkurxjk klv lqfhqwlyhv1 Wkh
gluhfw h�hfwv ri wkh rwkhu khwhurjhqhlw| frqwurov duh qrw vwdwlvwlfdoo| vljql�fdqw1

Wkh wzr khwhurjhqhlw| frqwurov wkdw kdyh d vwdwlvwlfdoo| vljql�fdqw lpsdfw rq q�curd +wkh
pdujlqdo h�hfw ri URD rq FHR vdodu| iru wkh �wk �up, duh wdqjleoh fdslwdo dqg wkh vkduh
ri vwrfn rzqhg e| r!fhuv1 Wkh iruphu kdv d qhjdwlyh h�hfw/ zkloh wkh odwwhu kdv d srvlwlyh
h�hfw1 Wkh h�hfw ri wdqjleoh fdslwdo lv frqvlvwhqw zlwk wkh ylhz wkdw �upv zlwk orz wdqjleoh
fdslwdo duh �lq wkh prqh|� zlwk uhvshfw wr wkhlu sxw rswlrq1 Khqfh/ vkduhkroghuv zloo zdqw
wkhlu pdqdjhuv wr jdpeoh pruh dqg wkh| surylgh wkhp lqfhqwlyhv wr gr vr e| lqfuhdvlqj
q�curd1 Wkh srvlwlyh lpsdfw ri vwrfn rzqhuvkls lv pruh sx}}olqj/ vlqfh wkh rssrvlwh zrxog
vhhp pruh frqvlvwhqw zlwk wkhru|= Vlqfh vwrfn lwvhoi surylghv lqfhqwlyhv/ wkh �up zrxog vhhp
wr kdyh ohvv qhhg iru lqfhqwlyh sd|1 Rq wkh rwkhu kdqg/ rxu vwrfn0rzqhuvkls phdvxuh/ wkh
vkduh ri vwrfn rzqhg e| r!fhuv/ lv rqo| dq lqgluhfw phdvxuh ri wkh lqfhqwlyh h�hfwv ri vwrfn
rzqhuvkls146 Lw lv/ krzhyhu/ d gluhfw phdvxuh ri pdqdjhuldo frqwuro1 Dv Khupdolq +4<<5,
vkrzhg/ lqfuhdvlqj wkh frqwuro +edujdlqlqj srzhu, ri wkh djhqw fdq ohdg/ lq wkhru|/ wr pruh
vhqvlwlyh lqfhqwlyh sd|1

Wkh wzr khwhurjhqhlw| frqwurov wkdw kdyh d vwdwlvwlfdoo| vljql�fdqw lpsdfw rq q�cvwnfkj

+wkh pdujlqdo h�hfw ri wkh shufhqwdjh fkdqjh lq wkh vwrfn sulfh, lq wkh vdodu| uhjuhvvlrq duh
wkh FDSP ehwd dqg wdqjleoh fdslwdo1 Wkh srvlwlyh h�hfw ri FDSP ehwd lv frqvlvwhqw zlwk
wkh ylhz wkdw wkh juhdwhu wkh qrlvh/ wkh ohvv lqirupdwlyh wkh vljqdo/ vr wkh pruh srzhuixo
wkh lqfhqwlyh wlhg wr wkdw vljqdo qhhgv wr eh wr prwlydwh pdqdjhuv1 Wkh qhjdwlyh h�hfw rq
wdqjleoh fdslwdo lv frqvlvwhqw zlwk wkh �sxw0rswlrq wkhru|� dgydqfhg hduolhu1

Dowkrxjk wkh khwhurjhqhlw| idfwruv duh lqghshqghqwo| ri lqwhuhvw/ rxu irfxv lv rq hvwlpdw0
lqj wkh +ryhudoo, frh!flhqwv ri wkh shuirupdqfh phdvxuhv +l1h1/ wkh q�,1 Rxu �qglqj wkdw wkh
khwhurjhqhlw| idfwruv duh vwdwlvwlfdoo| dqg hfrqrplfdoo| lpsruwdqw lq wkh ghwhuplqdwlrq ri
wkh udqgrp0h�hfwv shuirupdqfh phdvxuhv vxssruwv rxu frqwhqwlrq wkdw gl�huhqw wkuliwv hp0
sor| gl�huhqw frpshqvdwlrq vfkhphv dqg wkdw wkhvh gl�huhqfhv dfurvv �upv duh vljql�fdqw1
Lpsruwdqwo|/ wkhvh gl�huhqfhv duh dvvrfldwhg zlwk wkh uhodwlrqvkls ehwzhhq wkh shuirupdqfh
phdvxuhv dqg wkh rzqhuvkls vwuxfwxuh dqg wkh ulvnlqhvv ri wkh �upv1

46Lghdoo|/ zh zrxog olnh wr nqrz krz vhqvlwlyh wkh FHR*v wrwdo zhoo0ehlqj lv wr fkdqjhv lq wkh vwrfn sulfh1
Wklv zrxog uhtxluh nqrzlqj qrw rqo| wkh ghulydwlyh ri klv zhdowk zlwk uhvshfw wr d groodu fkdqjh lq wkh vwrfn
sulfh/ exw dovr nqrzlqj klv wrwdo zhdowk/ vlqfh wkh lpsdfw rq klv xwlolw| ghshqgv rq klv fxuuhqw zhdowk1
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Iljxuh 4 surylghv klvwrjudpv +wkh edfn urzv odehohg UHPO, iru wkh �up0vshfl�f udqgrp0
h�hfwv frh!flhqwv/ q�curd dqg q�cvwnfkj1 Wkh phdq ri q�curd dfurvv doo �upv lv 1355: dqg wkh
phdq iru q�cvwnfkj lv 133591 Dv vkrzq e| wkh klvwrjudpv/ wkh frh!flhqw glvwulexwlrqv duh
voljkwo| pruh vnhzhg dqg kdyh idwwhu wdlov wkdq zrxog eh h{shfwhg lq qrupdo glvwulexwlrqv/
krzhyhu/ wkh| duh jhqhudoo| v|pphwulf1 Pruh lpsruwdqwo|/ wuhdwlqj wkh hvwlpdwhg shuiru0
pdqfh frh!flhqwv dv udqgrp yduldeohv/ zh hdvlo| uhmhfw d qxoo k|srwkhvlv wkdw wkh wuxh
srsxodwlrq shuirupdqfh lqfhqwlyhv duh qrw srvlwlyh=

�h
�
q�curd � f

�
' f�f�

�h
�
q�cvwnfkj � f

�
' f�f

Dowhuqdwlyho|/ 86 rxw ri ;9 q�curd duh srvlwlyh1 Dvvxplqj/ dv d qxoo k|srwkhvlv/ wkdw wkh q�curd

zhuh htxdoo| olnho| wr eh srvlwlyh dv qhjdwlyh/ wkh suredelolw| ri jhwwlqj 86 ru pruh srvlwlyhv
iurp d vdpsoh ri ;9 lv rqo| 13441 Vlploduo|/ ;7 rxw ri ;9 q�cvwnfkj duh srvlwlyh1 Wkh suredelolw|
ri ;7 ru pruh srvlwlyhv iurp d vdpsoh ri ;9 xqghu d qxoo wkdw wkh| zhuh htxdoo| olnho| wr
eh srvlwlyh dv qhjdwlyh lv hvvhqwldoo| }hur1 Khqfh iru doo wkhvh uhdvrqv/ zh fdq frqfoxgh wkdw
wkhuh lv d vwdwlvwlfdoo| vljql�fdqw dqg srvlwlyh phdq h�hfw rq wkuliw FHR frpshqvdwlrq iru
erwk wkh dffrxqwlqj0edvhg shuirupdqfh phdvxuh/ URD/ dqg wkh pdunhw0edvhg shuirupdqfh
phdvxuh/ fkdqjh lq dqqxdo vwrfn sulfh1

Dgglwlrqdoo|/ rxu uhvxowv lqglfdwh wkdw wkh shuirupdqfh phdvxuhv/ URD dqg vwrfn sulfh
fkdqjh/ kdyh hfrqrplfdoo| vljql�fdqw h�hfwv rq wkuliw FHR frpshqvdwlrq ohyhov= Iru wkh
dyhudjh FHR/ wkh h�hfw ri d rqh0vwdqgdug0ghyldwlrq fkdqjh lq URD rq vdodu| lv m�2c ebf
+frpsduhg wr '77:; iurp hvwlpdwlqj +4, e| ROV,1 Wkh h�hfw ri d rqh0vwdqgdug0ghyldwlrq
fkdqjh lq wkh vwrfn0sulfh shuirupdqfh phdvxuh rq vdodu| lv '4;/578 +frpsduhg wr '987; iurp
hvwlpdwlqj +4, e| ROV,1 Lq vkruw/ e| dffrxqwlqj iru khwhurjhqhlw|/ wkh hfrqrplf vljql�fdqfh
ri wkh sd|0iru0shuirupdqfh uhodwlrqvkls lv pxfk juhdwhu wkdq vxjjhvwhg e| uhjuhvvlrqv wkdw
ljqruh wklv khwhurjhqhlw|1

Ilqdoo|/ uhfdoo wkdw rxu uhdvrq iru xvlqj UHPO zdv rxu frqfhuq wkdw ROV +xquhvwulfwhg
pd{lpxp olnholkrrg, frh!flhqwv zrxog eh eldvhg1 Wr vhh zkhwkhu wkdw frqfhuq zdv zdu0
udqwhg/ zh hvwlpdwhg +8, xvlqj �{hg0h�hfwv ROV1 Zh wkhq fdofxodwhg q� iru hdfk �up1 Wkh
uhvxowv duh judskhg lq Iljxuh 4 +wkh iurqw urzv odehohg �Il{hg H�hfwv�,1 Dv lv fohdu/ wkh
uhvxowv iurp wklv phwkrg ydu| pdunhgo| iurp rxu UHPO uhvxowv1 Wr frq�up wklv ylvxdo
h{dplqdwlrq/ zh dovr fdofxodwhg Nroprjrury0Vpluqry whvwv ri wkh qxoo k|srwkhvlv wkdw wkh
wzr phwkrgv |lhoghg wkh vdph glvwulexwlrq shuirupdqfh frh!flhqwv1 Wklv qxoo k|srwkhvlv
zdv uhmhfwhg dw ehwwhu wkdq wkh 13334 ohyho lq erwk fdvhv147 Lw lv zruwk qrwlqj �uvwo| wkdw
wkh ROV hvwlpdwhv xqghuvwdwh wkh khwhurjhqhlw| lq wkh lqfhqwlyh frh!flhqwv dqg/ vhfrqgo|/

47Iru wkh lpsdfw ri URD rq vdodu|/ wkh Nroprjrury0Vpluqry ] vwdwlvwlf zdv 617641 Iru wkh lpsdfw ri
fkdqjh lq vwrfn sulfh rq vdodu|/ lw zdv 8143<1
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wkdw wkh| vxjjhvw d orzhu phdq h�hfw wkdq grhv rxu udqgrp0frh!flhqwv prgho1 Wklv vhfrqg
srlqw lqglfdwhv wkdw ljqrulqj khwhurjhqhlw| dprqj �upv fdq ohdg wr uhvxowv wkdw xqghuvwdwh
wkh hfrqrplf vljql�fdqfh ri wkh sd|0iru0shuirupdqfh uhodwlrqvkls1

7 Gluhfwo| Whvwlqj wkh Lpsdfw ri Khwhurjhqhlw| rq Frp0
shqvdwlrq Vfkhphv

Lq wkh suhylrxv vhfwlrq/ zh vkrzhg wkdw li zh dffrxqwhg iru khwhurjhqhlw| lq frpshqvdwlrq
vfkhphv/ zh zrxog rewdlq pruh uhdvrqdeoh hvwlpdwhv ri wkh vhqvlwlylw| ri sd| wr shuirupdqfh1
Rxu vhfrqg dssurdfk/ uhsruwhg lq wklv vhfwlrq/ lv wr vhh zkhwkhu rxu khwhurjhqhlw| frqwurov
fdq suhglfw wkh whupv ri wkh frpshqvdwlrq frqwudfwv gluhfwo|1

Iurp wkh VQO H{hfxwlyh Frpshqvdwlrq Uhylhz iru Wkuliw Lqvwlwxwlrqv yroxphv/ zh nqrz
zkhwkhu ru qrw wkh FHR*v frpshqvdwlrq sdfndjh frqwdlqhg hdfk ri wkh iroorzlqj vl{ ihdwxuhv=
+l, dq hpsor|phqw frqwudfw/ +ll, d jroghq sdudfkxwh/ +lll, dq lqfhqwlyh sodq/ +ly, d uhvwulfwhg
vwrfn rswlrq sodq/ +y, dq xquhvwulfwhg vwrfn rswlrq sodq/ dqg +yl, d vxssohphqwdo shqvlrq
sodq1 Li rxu k|srwkhvlv wkdw khwhurjhqhlw| ohdgv wr gl�huhqfhv lq frpshqvdwlrq vfkhphv lv
fruuhfw/ wkhq zh zrxog h{shfw rxu phdvxuhv ri khwhurjhqhlw| wr suhglfw zkhwkhu ru qrw wkhvh
ihdwxuhv zhuh lqfoxghg lq wkh FHR*v frpshqvdwlrq sdfndjh1

Wr fduu| rxw wklv whvw/ zh dvvxphg wkdw wkh suredelolw| wkh sdfndjh kdv wkh �wk ihdwxuh
lv x

�
�3��1�

�
/ zkhuh xE�� lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri d vwdqgdug qrupdo/ �3� lv

wkh vdph yhfwru ri khwhurjhqhlw| frqwurov dqg rwkhu frqwurov xvhg lq Wdeoh 5/ dqg 1� lv wkh
frh!flhqw yhfwru wr eh hvwlpdwhg1 Wr hvwlpdwh wkhvh yhfwruv/ zh hvwlpdwhg wkh iroorzlqj
v|vwhp e| qrqolqhdu vhhplqjo| xquhodwhg uhjuhvvlrq +QOVXU,=
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zkhuh s�
� ' � li wkh wkuliw �*v sdfndjh kdv ihdwxuh � dqg s�

� ' f li lw grhvq*w dqg zkhuh l� lv
wkh huuru whup lq wkdw uhjuhvvlrq1

Rxu hvwlpdwhv ri +9, duh jlyhq lq Wdeoh 61 Wkh prvw lpsruwdqw txhvwlrq lv zkhwkhu wkh
khwhurjhqhlw| frqwurov kdyh h{sodqdwru| srzhu ylv0ã0ylv wkh ihdwxuhv ri wkh frpshqvdwlrq
sdfndjh1 D Zdog whvw |lhogv d �22e vwdwlvwlf ri 7618:/ zklfk lv vljql�fdqw dw wkh 8( ohyho1
Wklv lv frqvlvwhqw zlwk rxu k|srwkhvlv wkdw wkhvh khwhurjhqhlw| frqwurov suhglfw wkh ihdwxuhv
ri wkh frpshqvdwlrq sdfndjh/ dqg/ dv vxfk/ duh lpsruwdqw wr xqghuvwdqglqj wkh uhodwlrqvkls
ehwzhhq sd| dqg shuirupdqfh1
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Zh dujxhg deryh wkdw odujhu wkuliwv zrxog ydoxh pdqdjhuldo h�ruw pruh wkdq vpdoohu
wkuliwv dqg zrxog/ wkxv/ pdnh pruh xvh ri lqfhqwlyh sodqv1 Wklv lv eruqh rxw lq wkh gdwd=
Wkh pruh dvvhwv d wkuliw kdv/ wkh juhdwhu wkh olnholkrrg lw lqfoxghv dq lqfhqwlyh sodq1 Odujh
dvvhw wkuliwv duh dovr pruh olnho| wr xvh vxssohphqwdo shqvlrq sodqv1 Odujhu dvvhw wkuliwv
duh vwdwlvwlfdoo| vljql�fdqwo| ohvv zloolqj wr xvh hpsor|phqw frqwudfwv zklfk surylgh zulwwhq
jxdudqwhhv wkdw wkh hpsor|hu zloo surylgh vshfl�f w|shv ri ehqh�wv lq h{fkdqjh iru frqwlqxhg
hpsor|phqw1 Odujhu wkuliwv/ wkhuhiruh/ dsshdu wr suhihu vwudwhjlhv wkdw gr qrw hqwuhqfk wkh
FHR e| surylglqj kljk ohyhov ri lqvxudqfh djdlqvw glvplvvdo1

Wkh pruh ri wkh �up wkh r!fhuv rzq dqg/ wkxv/ wkh pruh yrwlqj srzhu wkh| kdyh/ wkh ohvv
wkh| qhhg wr zruu| derxw fkdqjh0lq0frqwuro lvvxhv1 Wklv/ wrr/ lv eruqh rxw lq wkh gdwd= Wkh
suredelolw| ri lqvxudqfh djdlqvw glvplvvdo +l1h1/ hpsor|phqw frqwudfwv dqg jroghq sdudfkxwhv,
ghfuhdvhv zlwk wkh vkduh ri wkh �up rzqhg e| wkh r!fhuv1

Wkh pruh vhqvlwlyh lwv vwrfn sulfh lv wr pryhphqwv lq wkh pdunhw +l1h1/ wkh juhdwhu lwv
FDSP ehwd,/ wkh pruh olnho| wkh r!fhuv ri d wkuliw zrxog ghvluh wr sduwlflsdwh lq srvlwlyh
fkdqjhv lq wkh �upv vwrfn sulfhv wkurxjk vwrfn rswlrq sodqv1 Wklv lv frqvlvwhqw zlwk zkdw
zh �qg lq Wdeoh 61

Lw lv vrphzkdw glvwxuelqj wkdw wkuliwv zlwk orzhu wdqjleoh fdslwdo udwlrv duh pruh olnho|
wr xvh vwrfn rswlrq sodqv vxjjhvwlqj �ehw0wkh0edqn� lqfhqwlyhv pd| xqghuolh wkh fkrlfh ri
vwrfn rswlrq sodqv iru wkuliw FHRv1 Wkdw lv/ vkduhkroghuv frxog eh dwwhpswlqj wr lqgxfh
wkhlu pdqdjhuv wr wdnh dfwlrqv wkdw h{sorlw wkhlu sxw rswlrq1

Vxssohphqwdo shqvlrq sodqv duh pruh olnho| wr eh xvhg e| lqh!flhqw �upv dqg zkhq
wkh r!fhuv kdyh d vpdoo vwdnh lq htxlw| rzqhuvkls1 Ehfdxvh wkh FHRv lq wkhvh �upv gr
qrw kdyh d odujh rzqhuvkls vwdnh lq orqj0f|foh ulvn0pdqdjhphqw vwudwhjlhv/ sd|lqj ehqh�wv
wkurxjk uhwluhphqw sdfndjhv pd| vhuyh wr ehwwhu doljq wkh lqfhqwlyhv ri FHR wr dq htxdoo|
orqj0uxq krul}rq1 Wr wkh h{whqw/ krzhyhu/ wkdw wkhvh �upv duh dovr lqh!flhqw surgxfhuv
ri wkhlu olqhv0ri0exvlqhvv +vhh Khupdolq dqg Zdoodfh/ 4<<7/ iru hylghqfh,/ wklv vxjjhvwv wkdw
wklv w|sh ri frpshqvdwlrq ehqh�w grhv qrw surylgh dssursuldwh lqfhqwlyhv iru wkh h!flhqw
pdqdjhphqw ri vkruwhu krul}rq surgxfwlrq frvwv1 Wkdw wkh xvh ri vxssohphqwdo shqvlrq
sodqv ghfuhdvhv zlwk fdslwdol}dwlrq lv vrphzkdw sx}}olqj> rqh srvvlelolw| lv wkdw vwuxjjolqj
�upv fdqqrw d�rug fdvk frpshqvdwlrq dqg/ vr/ suhihu ghihuuhg frpshqvdwlrq1

Lqfhqwlyh sodqv duh ghvljqhg wr surylgh vshfl�f vkruwhu krul}rq shuirupdqfh uhodwhg ehq0
h�wv1 Dv vkrzq lq Wdeoh 6/ wkhvh sodqv duh fkrvhq e| ohvv zhoo fdslwdol}hg �upv1 Reylrxvo|/
dq lqdghtxdwho| fdslwdol}hg �up idfhv txhvwlrqv derxw lwv orqj0uxq survshfwv/ zklfk frxog
qhfhvvlwdwh wkh xvh ri vkruwhu krul}rq/ xvxdoo| rqh |hdu/ sd|0r� vwudwhjlhv wkurxjk lqfhqwlyh
frqwudfwv1 Wklv uhvxow lv djdlq frqvlvwhqw zlwk sulqflsdo0djhqw suhglfwlrqv1

Dgplwwhgo|/ pdq| ri wkh frh!flhqwv lq Wdeoh 6 duh qrw vljql�fdqw1 Sduw ri wkh sureohp
pd| olh zlwk wkh odfn ri yduldwlrq lq vrph ri wkh ihdwxuhv/ vxfk dv hpsor|phqw frqwudfwv dqg
vwrfn rswlrq sodqv +vhh Wdeoh D14,1 Dqrwkhu sduw ri wkh sureohp pd| olh zlwk wkh fuxghqhvv ri

4;



wkh ghshqghqw yduldeohv1 Lq sduwlfxodu/ lw zrxog eh ehwwhu wr nqrz krz vhqvlwlyh wkh lqfhqwlyh
sodq lv wr shuirupdqfh udwkhu wkdq vlpso| zkhwkhu lw h{lvwv ru qrw1 Ghvslwh vxfk gh�flhqflhv/
krzhyhu/ Wdeoh 6 grhv surylgh dgglwlrqdo vxssruw iru rxu fodlp wkdw khwhurjhqhlw| lv dq
lpsruwdqw ghwhuplqdqw ri wkh vwuxfwxuh ri FHR frpshqvdwlrq lq wkuliwv1

8 Frqfoxvlrq
Lq wklv sdshu/ zh suhvhqwhg d wkhruhwlfdo uhdvrq zk| wkh �vwdqgdug� vshfl�fdwlrq xvhg lq
whvwlqj wkh sd|0shuirupdqfh uhodwlrqvkls pd| eh lqdghtxdwh dqg pd| whqg wr �qg �vpdoo�
h�hfwv ri shuirupdqfh rq h{hfxwlyh sd|= Wklv vshfl�fdwlrq wuhdwv doo �upv lq wkh vdpsoh dv
li wkh| xvhg wkh vdph frpshqvdwlrq vfkhph/ zkhq/ lq idfw/ wkhru| suhglfwv wkdw wkh| zloo
xvh gl�huhqw vfkhphv wr uh hfw khwhurjhqhlw| rq d qxpehu ri glphqvlrqv/ lqfoxglqj �up vl}h/
pdqdjhuldo delolw|/ dqg krz lqirupdwlyh �up shuirupdqfh lv derxw pdqdjhuldo shuirupdqfh1
Zh surfhhghg wr ghyhors dq dowhuqdwlyh vshfl�fdwlrq wkdw grhv qrw dvvxph wkdw doo �upv
xvh wkh vdph frpshqvdwlrq vfkhph1 Udwkhu rxu vshfl�fdwlrq doorzv hdfk �up wr hpsor| d
gl�huhqw frpshqvdwlrq vfkhph1

Zh whvwhg wklv vshfl�fdwlrq rq gdwd iurp wkh vdylqjv dqg ordq +wkuliw, lqgxvwu|1 Dowkrxjk
wkhvh gdwd kdyh pdq| dgydqwdjhv/ wkh| dovr kdyh vrph vkruwfrplqjv1 Dprqj wkhlu vkruw0
frplqjv lv wkdw lv gl!fxow wr phdvxuh ulvn +zklfk zh uhtxluh dv d sur{| iru lqirupdwlyhqhvv,1
Zh �vroyhg� wklv sureohp e| xvlqj vwrfn uhwxuqv vhulhv wr frqvwuxfw dq hvwlpdwh ri hdfk
wkuliw*v FDSP ehwd1 Ilqdoo|/ wkh wkuliw lqgxvwu| lv d uhjxodwhg lqgxvwu| dqg suhylrxv hpslu0
lfdo uhvhdufk vxjjhvwv wkdw wkh sd|0shuirupdqfh uhodwlrqvkls lv zhdnhvw lq vxfk lqgxvwulhv1
Wkh idfw wkdw zh �qg d vwurqj sd|0shuirupdqfh uhodwlrqvkls hyhq lq wklv fdvh lv/ lq rxu ylhz/
vwurqjo| vxssruwlyh ri rxu dowhuqdwlyh vshfl�fdwlrq iru whvwv ri wkh sulqflsdo0djhqw suhglfwlrq1

Zh irxqg wkdw zh frxog uhmhfw wkh qxoo k|srwkhvlv wkdw wkh vwdqgdug vshfl�fdwlrq zdv
dv jrrg dv rxu vshfl�fdwlrq= Rxu frqwurov iru khwhurjhqhlw| zhuh mrlqwo| vljql�fdqw1 Xvlqj
wkh uhvxowv iurp wklv uhjuhvvlrq/ zh zhuh deoh wr fdofxodwh wkh uhodwlrqvkls ehwzhhq sd| dqg
shuirupdqfh iru hdfk �up lqglylgxdoo|1 Wkhvh fdofxodwhg ydoxhv uhyhdohg d pruh surqrxqfhg
srvlwlyh uhodwlrqvkls ehwzhhq sd| dqg shuirupdqfh wkdq glg wkh vwdqgdug vshfl�fdwlrq1 Ydu0
lrxv whvwv lqglfdwh wkdw wkhvh fdofxodwhg ydoxhv duh vljql�fdqw1

Lq dgglwlrq/ rxu hvwlpdwlrq vwudwhj| doorzv xv wr lghqwli| d qxpehu ri lpsruwdqw zd|v
wkdw khwhurjhqhlw| idfwruv ohdg wr lqfhqwlyh vwuxfwxuhv lq wkh wkuliw lqgxvwu|1 Rxu �qglqj wkdw
wdqjleoh fdslwdo kdv d vwdwlvwlfdoo| vljql�fdqw/ qhjdwlyh lpsdfw rq q�curd dqg q�cvwnfkj vxjjhvwv
wkdw wkh �sxw rswlrq� dulvlqj iurp ghsrvlw lqvxudqfh dfwv dv dq lpsruwdqw ghwhuplqdqw
ri lqfhqwlyh vfkhphv1 Ixuwkhu/ gluhfw hylghqfh iru lqfhqwlyh vwudwhjlhv wkdw vhhn wr lqgxfh
pdqdjhuv wr �ehw0wkh0edqn� lv rxu �qglqj wkdw srruo| fdslwdol}hg �upv duh pruh olnho| wr xvh
vwrfn0rswlrq sodqv dqg vkruw0whup lqfhqwlyh sodqv1 Dqrwkhu rplqrxv uhvxow lv wkdw pdqdjhuldo
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delolw|/ dv phdvxuhg e| rxu h!flhqf| phdvxuh/ dsshduv wr kdyh qr vwdwlvwlfdoo| vljql�fdqw
h�hfw rq wkh xvh ri hlwkhu URD ru vwrfn0sulfh fkdqjhv dv lqfhqwlyhv1

Pdq| rwkhu k|srwkhvl}hg h�hfwv zhuh dovr irxqg= Iru lqvwdqfh/ wkh ulvnlqhvv ri wkh �up/ dv
phdvxuhg e| lwv FDSP ehwd/ zdv vkrzq wr kdyh d vwdwlvwlfdoo| vljql�fdqw dqg srvlwlyh lpsdfw
rq q�cvwnfkj1 Wklv uhvxow lv frqvlvwhqw zlwk wkh ylhz wkdw wkh ohvv lqirupdwlyh d jlyhq vljqdo/
wkh pruh srzhuixo wkh lqfhqwlyh wlhg wr wkh vljqdo pxvw eh1 Vlploduo|/ FDSP lv dovr vkrzq wr
eh dq lpsruwdqw ghwhuplqdqw ri zkhwkhu �upv xvh vwrfn0rswlrq dqg uhvwulfwhg vwrfn0rswlrq
sodqv1 Dowkrxjk wkh vkduh ri vwrfn khog e| wkh �up*v r!fhuv ohdgv wr vrphzkdw dpeljxrxv
uhvxowv iru q�curd/ lw ohdgv wr d juhdwhu ydoxh iru q�cvwnfkj1 Lq wkh ryhudoo frpshqvdwlrq sdfndjh/
�upv zlwk ohvv vwrfn khog e| r!fhuv +wkxv/ lq zklfk r!fhuv zhuh ohvv surwhfwhg e| wkhlu yrwlqj
srzhu ylv0ã0ylv fkdqjh0lq0frqwuro lvvxhv,/ whqghg wr xvh hpsor|phqw frqwudfwv dqg jroghq
sdudfkxwhv pruh1

Zrun uhpdlqv wr eh grqh/ krzhyhu1 Iluvw/ lw zrxog eh qlfh wr uhsolfdwh wkhvh uhvxowv xvlqj
rwkhu gdwd vhwv> sduwlfxoduo|/ dv wkh wkuliw lqgxvwu| kdv pdq| vshfldo ihdwxuhv1

Vhfrqg/ dowhuqdwlyh phdvxuhv ri frpshqvdwlrq dqg FHR zhoo0ehlqj frxog eh frqvlghuhg1
Iru lqvwdqfh/ lw lv nqrzq wkdw srru shuirupdqfh zhdno| suhglfwv wkh FHR ehlqj �uhg +vhh/
h1j1/ Zduqhu hw do1/ 4<;;,1 Pruhryhu/ lw lv dovr nqrzq wkdw wklv uhodwlrqvkls ydulhv dfurvv
�upv zlwk uhvshfw wr rwkhu idfwruv/ vxfk dv wkh frpsrvlwlrq ri wkh erdug ri gluhfwruv +vhh
Zhlvedfk/ 4<;;,1 Zkdw rwkhu khwhurjhqhlw| idfwruv d�hfw wklv uhodwlrqvklsB

Wklug/ krz gr wkhvh idfwruv d�hfw wkh zhljkwv wkdw wkhvh wzr lqfhqwlyhv +ulvn ri glvplvvdo
dqg shuirupdqfh sd|, uhfhlyh> wkdw lv/ zkdw pljkw fdxvh vrph �upv wr uho| rq rqh lqfhqwlyh
pruh wkdq wkh rwkhuB

Ilqdoo|/ pdq| ri wkh khwhurjhqhlw| idfwruv duh/ lq wkh orqj uxq/ hqgrjhqrxv1 Dv �upv
dqg lqgxvwulhv dgmxvw dqg wkhvh khwhurjhqhlw| idfwruv fkdqjh/ gr zh whqg wr vhh frqyhujhqfh
ru glyhujhqfh dprqj wkh �upv zlwk uhvshfw wr wkhlu lqfhqwlyh vfkhphvB Wkdw lv/ jlyhq d
orqjhu sdqho wkdq zh kdyh dydlodeoh/ frxog rqh vd| dq|wklqj derxw wkh hyroxwlrq ri lqfhqwlyh
vfkhphv ryhu wlphB

Ghvslwh wkhvh rshq txhvwlrqv dqg wkh xvxdo vkruwfrplqjv wkdw sodjxh dq| hpslulfdo zrun/
zh qhyhuwkhohvv ihho frq�ghqw wkdw rxu uhvxowv vxssruw rxu wkhruhwlfdo dujxphqwv dqg hvwde0
olvk wkh lpsruwdqfh ri frqwuroolqj iru lqwhu0�up khwhurjhqhlw| lq lqfhqwlyh vfkhphv zkhq
hvwlpdwlqj wkh sd|0shuirupdqfh uhodwlrqvkls1

Gdwd Dsshqgl{
Wkh gdwd xvhg lq wklv vwxg| zhuh rewdlqhg iurp d ydulhw| ri vrxufhv1 Wkh VQO Vhfxulw|
gdwd zdv frpslohg iurp wzr sxeolfdwlrqv= Wkh VQO Txduwhuo| Wkuliw Gljhvw +4<;; 0 4<<5,
dqg wkh VQO H{hfxwlyh Frpshqvdwlrq Uhylhz iru Wkuliw Lqvwlwxwlrqv +4<;; 0 4<<7,1 Wkhvh
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Wdeoh D14= Vxppdu| Vwdwlvwlfv +� ' HS,
Yduldeohv Phdq Vwdqgdug Ghyldwlrq

VQO Vhfxulwlhv
Fdvk Frpshqvdwlrq ri FHR +4<;;
Grooduv,

' 588/733 ' 577/;5;

Wrwdo Dvvhwv +4<;; Grooduv, ' 5</;59/;3: ' 9</593/:48
Hpsor|phqw Frqwudfwv ;71;( 681;(
Jroghq Sdudfkxwhv :518( 7719(
Lqfhqwlyh Sodqv 891:( 7<1:(
Uhvwulfwhg Vwrfn Rswlrq Sodqv 4819( 6916(
Vwrfn Rswlrq Sodqv <713( 5613(
Vxssohphqwdo Shqvlrq Sodq 551;( 7513(
Wdqjleoh Fdslwdo +Htxlw| � Dvvhwv, 1395 136;
Vkduh ri Vwrfn Rzqhg e| R!fhuv 7196( 914:(
URD +Udwh ri Uhwxuq rq Dvvhwv, 3169( 31;6(
Dqqxdo Fkdqjh lq Vwrfn Sulfh 8153( 671:(

Rwkhu Vrxufhv
Surgxfwlrq H!flhqf| +4 @
h!flhqw> 3 @ lqh!flhqw,

5518( 4613(

FDSP Ehwd 1:66 1:46

grfxphqwv duh sxeolvkhg e| VQO Vhfxulwlhv/ Fkduorwwhvylooh/ YD1 Wkh gdwd frqwdlqhg lq
wkh VQO H{hfxwlyh Frpshqvdwlrq Uhylhz iru Wkuliw Lqvwlwxwlrqv lv froohfwhg iurp sur{|
vwdwhphqwv iru doo sxeolfo| wudghg wkuliw lqvwlwxwlrqv1 Wkh sxeolfdwlrqv surylgh wkh prvw
frpsuhkhqvlyh fryhudjh iru sxeolfo| wudghg wkuliwv lq wkh frxqwu|1 Gxh wr edqnuxswflhv dqg
rzqhuvkls sdwwhuqv/ wkuliwv iurp wkh vwdwhv ri Dul}rqd dqg Wh{dv duh xqghu uhsuhvhqwhg lq
wkh VQO lqgxvwu| vxuyh|v1 Zh lqfoxghg doo lqvwlwxwlrqv zlwk frpsohwh gdwd rq wkh yduldeohv
xvhg lq wkh vwxg| iru wkh shulrg 4<;; wr 4<<51

Wkh vxppdu| phdvxuhv iru wkh yduldeohv xvhg lq wkh vwxg| duh uhsruwhg lq Wdeoh D141
FHR frpshqvdwlrq lv frpsxwhg dv vdodu|/ erqxv/ ghihuuhg frpshqvdwlrq/ dqg rwkhu irupv ri
fdvk0htxlydohqw frpshqvdwlrq uhfhlyhg e| wkh FHR lq d jlyhq |hdu1 Doo sd|phqwv ru jdlqv
uhdol}hg iurp orqj0whup lqfhqwlyh sodqv/ zkhuh lghqwl�deoh lq wkh sur{| vwdwhphqw duh dovr
lqfoxghg1 Vhyhudqfh sd|/ pdwfklqj frqwulexwlrqv/ dqg vljqlqj erqxvhv duh h{foxghg1 Wkh
shufhqwdjh fkdqjh lq vwrfn sulfh yduldeoh phdvxuhv wkh shufhqwdjh fkdqjh lq wkh wkuliw*v vwrfn
sulfh dv ri wkh odvw forvh lq d |hdu frpsduhg wr wkh odvw forvh lq wkh suhylrxv |hdu1 Wkh vkduh
ri vwrfn rzqhuvkls phdvxuh lv wkh sursruwlrq ri vwrfn khog e| r!fhuv ri wkh wkuliw1

Wkh rwkhu ehqh�wv duh=

54



� Hpsor|phqw frqwudfw= Dq djuhhphqw ehwzhhq wkh hpsor|hu dqg wkh FHR wkdw
surylghv d zulwwhq jxdudqwhh wkdw wkh hpsor|hu zloo surylgh gh�qhg w|shv ri frp0
shqvdwlrq dqg ehqh�wv wr wkh FHR gxulqj d vshfl�hg shulrg lq uhwxuq iru frqwlq0
xhg hpsor|phqw1

� Jroghq Sdudfkxwh= D frqwudfw ru djuhhphqw wkdw jxdudqwhhv sd|phqw ri gh�qhg
frpshqvdwlrq dqg ehqh�wv wr h{hfxwlyhv lq wkh hyhqw ri dq dftxlvlwlrq/ phujhu/
glyhvwlwxuh ru rwkhu fkdqjh lq frqwuro1 Wkh sdudfkxwh pd| eh d surylvlrq ri/ ru
vhsdudwh iurp wkh FHR*v hpsor|phqw frqwudfw1

� Lqfhqwlyh Sodq= D sodq ghvljqhg wr uhwdlq wkh FHR dqg uhzdug dfklhyhphqw ri
vshfl�f shuirupdqfh remhfwlyhv gxulqj d vshfl�hg shulrg ri wlph1 Vkruw0whup
lqfhqwlyh dzdugv/ ru dqqxdo erqxvhv/ duh w|slfdoo| hduqhg ryhu rqh |hdu/ dqg pd|
eh shuirupdqfh edvhg ru glvfuhwlrqdu|1 Sd|phqw ri wkh dzdugv pd| eh lq fdvk/
vwrfn/ ru d frpelqdwlrq ri wkh wzr1

� Uhvwulfwhg Vwrfn Rswlrq Sodqv= D sodq wkdw surylghv iru lvvxdqfh wr wkh FHR ri
vwrfn zklfk kdyh wudqvihu dqg vdoh olplwdwlrqv1 Jhqhudoo|/ wkh vwrfn�uhfhlyhg dw
qrplqdo ru qr frvw�yhvwv ryhu d shulrg ri wlph ru dw rqh wlph lq wkh ixwxuh/ dqg
lv frqwlqjhqw xsrq frqwlqxhg hpsor|phqw dqg/ lq vrph fdvhv/ shuirupdqfh1 Wkh
vwrfn pxvw eh vxemhfw wr vxevwdqwldo ulvn ri iruihlwxuh wr dyrlg wd{dwlrq dv fxuuhqw
frpshqvdwlrq1

� Vwrfn Rswlrq Sodq= D sodq wkdw judqwv h{hfxwlyhv wkh rssruwxqlw| ryhu d shulrg
ri |hduv wr sxufkdvh vkduhv ri frpprq vwrfn/ jhqhudoo| dw wkh wudglqj sulfh ri wkh
vkduhv rq wkh gdwh ri judqw1 Wkh rswlrqv xqghu vxfk d sodq pd| eh qrqtxdol�hg
ru txdol�hg wr uhfhlyh vshfldo wd{ wuhdwphqw +lqfhqwlyh vwrfn rswlrqv,1

� Vxssohphqwdo Shqvlrq Sodq= D qrqtxdol�hg sodq wkdw surylghv iru uhwluhphqw
ehqh�wv/ xvxdoo| wr vxssohphqw txdol�hg sodq ehqh�wv1 Vxssohphqwdo sodqv fdq
wdnh wzr irupv= HULVD h{fhvv sodqv zklfk uhvwruh ehqh�wv wkdw txdol�hg sodqv
fdqqrw sd|/ dqg VHUSv zklfk jr eh|rqg uhsodflqj txdol�hg sodq ehqh�wv gxh wr
Vhfwlrq 748 olplwv e| fkdqjlqj wkh sodq irupxod wr lqfoxgh/ iru h{dpsoh/ erqxvhv
ru rwkhu lqfhqwlyh sd|1

Wdqjleoh Fdslwdo Udwlr lv phdvxuhg dv wrwdo vkduhkroghu htxlw| plqxv jrrgzloo dqg lq0
wdqjleoh dvvhwv h{suhvvhg dv d shufhqw ri wrwdo dvvhwv1 Wkh lqirupdwlrq iru wkh vkduh ri vwrfn
khog e| r!fhuv zdv rewdlqhg iurp wkh prvw uhfhqw sur{| vwdwhphqw iru hdfk �up1

Wkh h!flhqf| phdvxuh zdv frpsxwhg edvhg rq wkh phwkrgrorj| ghyhorshg lq Khupdolq
dqg Zdoodfh +4<<7,1 Zh xvh d }hur2rqh yhuvlrq ri wkhlu phdvxuh zklfk htxdov rqh +wkh �up
lv h!flhqw, li wkh �up lv grplqdwhg lq surgxfwlrq e| ohvv wkdw 518( ri �upv wkdw duh odujhu
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wkdq lw1 Wkh gdwd iru frqvwuxfwlqj wklv phdvxuh zdv rewdlqhg iurp wkh Ihghudo Krph Ordq
Edqn*v txduwhuo| wkuliw �qdqfldo uhsruwv1

Wkh FDSP ehwd*v zhuh frpsxwhg iru hdfk �up xvlqj wkh suhfhglqj 93 prqwkv ri prqwko|
glylghqg dgmxvwhg uhwxuqv1 Wkh sur{| iru wkh pdunhw uhwxuqv zdv wkh V)S 833 dqg doo ydoxhv
zhuh ulvn dgmxvwhg e| prqwko| uhwxuqv rq wkh 60Prqwk W0eloov1 Dv vkrzq/ lq Wdeoh D14 wkh
phdq ohyho ri FDSP ehwd iru �upv lq wkh vdpsoh zdv 1:66/ krzhyhu/ dv lv reylrxv jlyhq
wkh vwdqgdug ghyldwlrq ri wklv phdvxuh wkhuh zdv frqvlghudeoh yduldqfh lq wkuliw ehwdv1 Wkh
uhwxuqv vhulhv zhuh rewdlqhg iurp wkh Fhqwhu iru Uhvhdufk lq Vhfxulw| Sulfhv +FUVS, �ohv
dqg wkh 60prqwk W0Eloov gdwd zdv rewdlqhg iurp FLWLEDVH1

Uhihuhqfhv
Dphpl|d/ W1 +4<:;,1 D qrwh rq d udqgrp frh!flhqwv prgho1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz /
4<+6,/ :<6�:<91 Rfwrehu1

Eduur/ M1 U1 dqg Eduur/ U1 M1 +4<<3,1 Sd|/ shuirupdqfh/ dqg wxuqryhu ri edqn FHRv1 Mrxuqdo
ri Oderu Hfrqrplfv/ ;/ 77;�7;41

Fduuroo/ W1 P1 dqg Flvfho/ G1 K1 +4<;5,1 Wkh h�hfwv ri uhjxodwlrq rq h{hfxwlyh frpshqvdwlrq1
Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 97/ 838�83<1

Flvfho/ G1 K1 dqg Fduuroo/ W1 P1 +4<;3,1 Wkh ghwhuplqdqwv ri h{hfxwlyh vdodulhv= Dq hfrqr0
phwulf vxuyh|1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 95/ :�461

Ghpsvwhu/ D1 S1/ Uxelq/ G1 E1/ dqg Wvxwdndzd/ U1 N1 +4<;4,1 Hvwlpdwlrq lq fryduldqfh
frpsrqhqwv prghov1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :9+6:7,/ 674�6861
Mxqh1

Jduhq/ M1 H1 +4<<7,1 H{hfxwlyh frpshqvdwlrq dqg sulqflsdo0djhqw wkhru|1 Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 435+9,/ 44:8�44<<1

Jleerqv/ U1 +4<<:,1 Lqfhqwlyhv dqg fduhhuv lq rujdql}dwlrqv1 Lq G1 Nuhsv dqg N1 I1 Zdoolv/
hglwruv/ Dgydqfhv lq Hfrqrplf Wkhru| dqg Hfrqrphwulfv/ :wk Zruog Frqjuhvv/ Yroxph
LL 1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Jurvvpdq/ V1 M1 dqg Kduw/ R1 G1 +4<;6,1 Dq dqdo|vlv ri wkh sulqflsdo0djhqw sureohp1 Hfrqr0
phwulfd/ 84/ :�781

Kdxeulfk/ M1 J1 +4<<7,1 Ulvn dyhuvlrq/ shuirupdqfh sd|/ dqg wkh sulqflsdo0djhqw sureohp1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 435/ 58;�5:91
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Khupdolq/ E1 H1 +4<<5,1 Wkh h�hfwv ri frpshwlwlrq rq h{hfxwlyh ehkdylru1 Wkh UDQG
Mrxuqdo ri Hfrqrplfv/ 56/ 683�6981

Khupdolq/ E1 H1 +4<<7,1 Khwhurjhqhlw| lq rujdql}dwlrqdo irup= Zk| rwkhuzlvh lghqwlfdo
�upv fkrrvh gl�huhqw lqfhqwlyhv iru wkhlu pdqdjhuv1 Wkh UDQG Mrxuqdo ri Hfrqrplfv/
58/ 84;�86:1

Khupdolq/ E1 H1 dqg Ndw}/ P1 O1 +4<<9,1 Frusrudwh glyhuvl�fdwlrq dqg djhqf|1 Zrunlqj
Sdshu/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|/ kwws=22kddv1ehunhoh|1hgx2�hds2ZS1kwpo1

Khupdolq/ E1 H1 dqg Zdoodfh/ Q1 H1 +4<<7,1 Wkh ghwhuplqdqwv ri h!flhqf| dqg vroyhqf| lq
vdylqjv dqg ordqv1 Wkh UDQG Mrxuqdo ri Hfrqrplfv/ 58/ 694�6;41

Khupdolq/ E1 H1 dqg Zhlvedfk/ P1 V1 +4<<:,1 Hqgrjhqrxvo| fkrvhq erdugv ri gluhfwruv dqg
wkhlu prqlwrulqj ri wkh FHR1 Dphulfdq Hfrqrplf Uhylhz 1 iruwkfrplqj1

Kropvwurp/ E1 +4<:<,1 Prudo kd}dug dqg revhuydelolw|1 Wkh Ehoo Mrxuqdo ri Hfrqrplfv/ 43/
:7�<41

Kvldr/ F1 +4<;9,1 Dqdo|vlv ri Sdqho Gdwd1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ Hqjodqg1

Mhqvhq/ P1 F1 +4<;9,1 Djhqf| frvwv ri iuhh fdvk  rz/ frusrudwh �qdqfh/ dqg wdnhryhuv1
Dphulfdq Hfrqrplf Uhylhz / :9/ 656�65<1

Mhqvhq/ P1 F1 dqg Pxusk|/ N1 M1 +4<<3,1 Shuirupdqfh sd| dqg wrs0pdqdjhphqw lqfhqwlyhv1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ 558�5971

Mrkq/ N1 dqg Mrkq/ W1 D1 +4<<6,1 Wrs0pdqdjhphqw frpshqvdwlrq dqg fdslwdo vwuxfwxuh1
Mrxuqdo ri Ilqdqfh/ 7;/ <7<�<:71

Mrvnrz/ S1/ Urvh/ Q1/ dqg Vkhsdug/ D1 +4<<6,1 Uhjxodwru| frqvwudlqwv rq FHR frpshqvd0
wlrq1 Lq Eurrnlqjv Sdshuv rq Hfrqrplf Dqdo|vlv/ Plfurhfrqrplfv/ Zdvklqjwrq/ G1F1 Wkh
Eurrnlqjv Lqvwlwxwlrq1

Ndw}/ P1 O1 +4<<4,1 Jdph0sod|lqj djhqwv= Xqrevhuydeoh frqwudfwv dv suhfrpplwphqwv1 Wkh
UDQG Mrxuqdo ri Hfrqrplfv/ 55/ 63:�65;1

Odlug/ Q1 P1 dqg Zduh/ M1 K1 +4<;5,1 Udqgrp0h�hfwv prghov iru orqjlwxglqdo gdwd1 Elrphw0
ulfv/ 6;/ <96�<:71 Ghfhpehu1

Odlug/ Q1 P1/ Odqjh/ Q1/ dqg Vwudp/ G1 +4<;:,1 Pd{lpxp olnholkrrg frpsxwdwlrqv zlwk
uhshdwhg phdvxuhv= Dssolfdwlrq ri wkh HP dojrulwkp1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo
Dvvrfldwlrq/ ;5/ <:�4381
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PfOdfkodq/ J1 M1 dqg Nulvkqdq/ W1 +4<<:,1 Wkh HP Dojrulwkp dqg H{whqvlrqv1 Zloh|0
Lqwhuvflhqfh/ Qhz \run1

Phuwrq/ U1 F1 +4<:7,1 Rq wkh sulflqj ri frusrudwh ghew= Wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv1
Mrxuqdo ri Ilqdqfh/ 5</ 77<�7:31

Phuwrq/ U1 F1 +4<::,1 Dq dqdo|wlf ghulydwlrq ri wkh frvw ri ghsrvlw lqvxudqfh dqg ordq
jxdudqwhhv1 Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4/ 6�441

Yduldq/ K1 +4<;7,1 Wkh qrqsdudphwulf dssurdfk wr surgxfwlrq dqdo|vlv1 Hfrqrphwulfd/ 85/
8:<�8<<1

Zduqhu/ M1/ Zdwwv/ U1/ dqg Zuxfn/ N1 +4<;;,1 Vwrfn sulfhv dqg wrs0pdqdjhphqw fkdqjhv1
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 53/ 794�7<51

Zhehu/ Q1 F1 +4<;9,1 Wkh mdfnnqlih dqg khwhurvnhgdvwlflw|= Frqvwdqw yduldqfh hvwlpdwlrq
iru uhjuhvvlrq prghov1 Hfrqrplfv Ohwwhuv/ 53/ 494�4961

Zhlvedfk/ P1 +4<;;,1 Rxwvlgh gluhfwruv dqg FHR wxuqryhu1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/
53/ 764�7931

Zrqj/ J1 \1 dqg Pdvrq/ Z1 P1 +4<<4,1 Frqwh{wxdoo| vshfl�f h�hfwv dqg rwkhu jhqhudol}d0
wlrqv ri wkh klhudufklfdo olqhdu prgho iru frpsdudwlyh dqdo|vlv1 Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq/ ;9+747,/ 7;:�8361 Mxqh1
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