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Prqhwdu| Srolf| dqg wkh Vwrfn Pdunhw= Wkhru|
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51515 Wkh *Sur{| K|srwkhvlv* 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
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51517 Wkh Uroh ri Prqhwdu| Srolf|= V|vwhpv Dssurdfkhv 1 1 1 1 48
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41 Lqwurgxfwlrq

Wklv sdshu vxuyh|v wkh olwhudwxuh rq wkh lqwhudfwlrq ehwzhhq uhdo vwrfn uhwxuqv/
lq dwlrq/ dqg prqh| jurzwk/ zlwk d vshfldo hpskdvlv rq krz prqhwdu| srolf|
d�hfwv vwrfn sulfhv1 Wklv lv dq duhd wkdw kdv lqwhuhvwhg prqhwdu| dqg �qdqfldo
hfrqrplvwv iru d orqj wlph1 Vwudqjho| hqrxjk wklv sdshu vhhpv wr suhvhqw wkh �uvw
frpsuhkhqvlyh uhylhz ri wkh olwhudwxuh wr gdwh1 Zkloh d eurdg olwhudwxuh vxuyh|
zdv lqwhqghg vrph erxqgv kdg wr eh vhw1 Khqfh/ wklv vxuyh| grhv qrw ghdo zlwk
wkh olwhudwxuh rq dvvhw sulfhv dv ohdglqj lqglfdwruv ri hfrqrplf dfwlylw|/ qru zlwk
wkh rswlpdo uhvsrqvh ri prqhwdu| srolf| wr xqh{shfwhg fkdqjhv lq dvvhw sulfhv14

Wkh irfxv lv rq wkh uroh ri prqhwdu| srolf| udwkhu wkdq rq wkh lvvxh ri pdunhw
h!flhqf|/ zklfk zrxog kdyh ehhq dq dowhuqdwlyh zd| ri orrnlqj dw wkh olwhudwxuh1

Wkh jdwkhulqj ri pdwhuldo iru wklv vxuyh| rq prqhwdu| srolf| dqg wkh vwrfn
pdunhw zdv pdgh vrphzkdw gl!fxow ehfdxvh ri wkh odfn ri uhohydqw uhihuhqfhv
hqfrxqwhuhg lq wkh olwhudwxuh1 Wr vrph h{whqw wklv frxog shukdsv eh h{sodlqhg e|
wkh idfw wkdw wklv duhd olhv ehwzhhq wkh �hogv ri prqhwdu| hfrqrplfv dqg �qdqfldo
hfrqrplfv1 Wkh uhvhdufkhuv lq rqh ri wkhvh �hogv duh qrw dozd|v dzduh ri sdshuv
ehlqj zulwwhq lq wkh rwkhu �hog +ru hyhq duwlfohv sxeolvkhg lq wkh rwkhu �hogv*
mrxuqdov,1 Zkloh wklv lv shukdsv ohvv wuxh wrgd| wkdq d ghfdgh ru pruh djr wkhuh
vwloo vhhpv wr eh d qhhg iru d frpsuhkhqvlyh vxuyh| sdshu wkdw eulgjhv wkh jds lq
wklv duhd1

D glylvlrq kdv ehhq pdgh lqwr hpslulfdo dqg wkhruhwlfdo vwxglhv1 Wklv lv ri
frxuvh qrw d zdwhu0wljkw glylvlrq1 Vrph ri wkh *wkhruhwlfdo vwxglhv* whvw vrph
lpsolfdwlrqv ri wkh ghulyhg prghov/ zkloh wkhuh lv vrph wkhruhwlfdo uhdvrqlqj lq
wkh *hpslulfdo sdshuv*1 Qhyhuwkhohvv/ wkh dqdo|vhv ri wkh *hpslulfdo sdshuv* kdyh
lq prvw fdvhv ehhq frqgxfwhg lq d pruh dg krf iudphzrun zlwkrxw frqvlghulqj
dq h{solflw prgho ri wkh xqghuo|lqj hfrqrp|1

Wkh sodq ri wkh sdshu lv wkh iroorzlqj1 Lq wkh qh{w vhfwlrq zh uhylhz wkh
hpslulfdo hylghqfh ri wkh uhodwlrq ehwzhhq prqh| dqg vwrfn uhwxuqv1 Wkh vhfwlrq
lv glylghg lqwr vxevhfwlrqv ghdolqj zlwk wkh srwhqwldo uroh ri prqh| lq suhglfwlqj
vwrfn uhwxuqv +Vhfwlrq 514,/ wkh txhvwlrq ri zkhwkhu ru qrw vwrfnv duh d jrrg khgjh
djdlqvw lq dwlrq +Vhfwlrq 515,/ wkh lpsdfw ri prqhwdu| srolf| dqqrxqfhphqwv rq
vwrfn uhwxuqv +Vhfwlrq 516,/ dqg d vxppdu| +Vhfwlrq 517,1 Wkh wkhruhwlfdo prghov
duh wuhdwhg lq vhfwlrq 6/ zlwk vxevhfwlrqv rq wkh gl�huhqw dssurdfkhv uhsuhvhqwhg
e| prqh|0lq0wkh0xwlolw|0ixqfwlrq prghov +Vhfwlrq 614,/ fdvk0lq0dgydqfh prghov
+Vhfwlrq 615,/ wudqvdfwlrqv0frvw prghov +Vhfwlrq 616,/ dqg vwuxfwxudo pdfurhfr0

4Vhh Vphwv +4<<:, iru d uhfhqw glvfxvvlrq ri wkhvh lvvxhv1
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qrplf prghov +Vhfwlrq 617,1 D vxppdu| lv jlyhq lq Vhfwlrq 618/ zkloh Vhfwlrq 7
frqfoxghv1

51 Hpslulfdo Vwxglhv ri Prqh|/ Lq dwlrq/ dqg Vwrfn Uhwxuqv

Pdfurhfrqrplvwv kdyh whqghg wr irfxv rq wkh txhvwlrq zkhwkhu prqh| +ru prqh0
wdu| srolf|, kdv dq| h�hfw rq uhdo vwrfn sulfhv1 Ilqdqfldo hfrqrplvwv/ rq wkh rwkhu
kdqg/ kdyh kdyh ehhq pruh lqwhuhvwhg lq wkh txhvwlrq ri zkhwkhu htxlw| lv d jrrg
khgjh djdlqvw lq dwlrq1 Wklv glylvlrq kdv ehhq pdlqwdlqhg lq wklv vhfwlrq1 Wkh
vwxglhv lq Vxevhfwlrq 514 ghdo zlwk prqh| dqg vwrfn uhwxuqv zkloh wkrvh lq Vxevhf0
wlrq 515 dqdo|}h wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg vwrfn uhwxuqv1 Wkh lpsdfw
rq vwrfn sulfhv iurp prqhwdu| srolf| dqqrxqfhphqwv lv glvfxvvhg lq Vxevhfwlrq
5161 D vxppdu| ri wkh hpslulfdo �qglqjv lv jlyhq lq Vxevhfwlrq 5171

5141 Prqh| dqg wkh Suhglfwdelolw| ri Vwrfn Uhwxuqv

Lq wkh hduo| 4<:3*v d qxpehu ri sdshuv zhuh sxeolvkhg wkdw sxusruwhg wr vkrz wkdw
sdvw prqh| vxsso| gdwd frxog eh xvhg wr suhglfw ixwxuh vwrfn uhwxuqv +Vsulqnho
+4<97,/ Krpd dqg Md�hh +4<:4,/ Kdpexujhu dqg Nrfklq +4<:5,,1 Wklv �qglqj
vhhphg wr frqwudglfw wkh uhfhqwo| ghyhorshg wkhru| ri h!flhqw pdunhwv +vxuyh|hg
lq Idpd +4<:3,,/ zklfk vwdwhv wkdw doo dydlodeoh lqirupdwlrq vkrxog eh uh hfwhg
lq fxuuhqw vwrfn sulfhv1 Krzhyhu/ wkhvh �qglqjv zhuh glvsxwhg e| vxevhtxhqw
uhvhdufk/ zklfk vkrzhg wkdw wkhuh lv qr suhglfwlyh frqwhqw lq sdvw fkdqjhv lq
prqh| exw wkdw wkhuh frxog eh d uhyhuvh fdxvdolw| +lq wkh Judqjhu vhqvh, iurp
vwrfn uhwxuqv wr fkdqjhv lq prqh| +Frrshu +4<:7,/ Shvdqgr +4<:7,/ Ur}h� +4<:7,/
Urjdovnl dqg Ylqvr +4<::,,1

Ur}h� +4<:7, whvwhg wkh h!flhqw pdunhwv k|srwkhvlv djdlqvw zkdw kh whuphg
wkh �suhglfwlyh prqhwdu| sruwirolr prgho�1 Wkh prqhwdu| sruwirolr prgho/ gh0
yhorshg e| Euxqqhu +4<94,/ Iulhgpdq +4<94,/ dqg Iulhgpdq dqg Vfkzduw} +4<96,
dprqj rwkhuv/ ylhzv prqh| dv dq dvvhw dprqj rwkhu dvvhwv lq lqyhvwruv* sruwirolrv1
Prqhwdu| vxsso| vkrfnv zloo wkhq ohdg lqyhvwruv wr vxevwlwxwh ehwzhhq prqh| dqg
rwkhu dvvhwv lq dq dwwhpsw wr uhhvwdeolvk wkhlu ghvluhg prqh| kroglqjv1 Lqyhvwruv
zloo w|slfdoo| uhvsrqg zlwk d odj/ zklfk zrxog lpso| wkdw prqh| frxog khos suhglfw
vwrfn uhwxuqv1 Ur}h� +4<:7, vkrzhg wkdw odjjhg prqh| vxsso| gdwd lq idfw gr qrw
suhglfw ixwxuh vwrfn uhwxuqv1 Kh dovr jdyh d ghwdlohg uhylhz ri wkh hduolhu vwxglhv
dqg vkrzhg zk| wkhlu frqfoxvlrqv duh gxelrxv1 Ur}h� vwuhvvhg wkh lpsruwdqfh ri
doorzlqj iru d sxeolfdwlrq odj dqg dvfhuwdlq suhflvho| dw zkdw srlqw lq wlph wkh
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lqirupdwlrq lv dydlodeoh1 Rq wkh rwkhu kdqg/ kh irxqg wkdw uhwxuqv duh uhodwhg
wr frqwhpsrudqhrxv dqg ixwxuh fkdqjhv lq wkh prqh| vxsso|1 Kh srlqwhg rxw/
krzhyhu/ wkdw wkhvh �qglqjv gr qrw frqwudglfw wkh h!flhqw pdunhwv k|srwkhvlv1
Urjdovnl dqg Ylqvr +4<::, ixuwkhu lpsuryhg Ur}h�*v +4<:7, dqdo|vlv e| v|qfkur0
ql}lqj wkh gdwd vr wkdw wkh prqh| vxsso| gdwd zhuh jhqhudwhg dw lqwhuydov wkdw
zhuh wkh vdph dv wkrvh iru wkh vwrfn uhwxuq gdwd dqg dovr e| wdnlqj surshu dffrxqw
ri wkh dxwrfruuhodwlrq lq wkh wlph vhulhv1 Ur}h�*v uhvxowv suryhg wr eh urexvw wr
wkhvh whfkqlfdo lpsuryhphqwv1 Urjdovnl dqg Ylqvr frqfoxghg wkdw �fdxvdolw| grhv
qrw dsshdu wr jr iurp prqh| vxsso| wr vwrfn sulfhv exw udwkhu iurp vwrfn sulfhv
wr prqh| vxsso|� +s1 435<,1

Lq wkh olwhudwxuh flwhg deryh/ hyhq wkrxjk wkh whup prqh| vxsso| lv xvhg/
lw lv qrw fohdu wkdw wkh prqh| vwrfnv xvhg frxog qrw htxdoo| zhoo uh hfw prqh|
ghpdqg1 Li yhorflw| ydulhv ryhu wlph/ dqg lv uhodwhg wr yduldwlrq lq vwrfn sulfhv/ wkh
uhvxowv lq wkhvh hpslulfdo vwxglhv frxog eh gl!fxow wr lqwhusuhw1 Iulhgpdq +4<;;,
irxqg wkdw wkh uhdo txdqwlw| ri prqh| ghpdqghg uhodwlyh wr lqfrph lv srvlwlyho|
uhodwhg wr wkh uhdo +dqg qrplqdo, sulfh ri htxlw| wkuhh txduwhuv hduolhu/ exw wkdw wkh
frqwhpsrudqhrxv fruuhodwlrq lv qhjdwlyh1 Kh r�huv wkuhh h{sodqdwlrqv ri dq lqyhuvh
uhodwlrqvkls ehwzhhq htxlw| sulfhv dqg yhorflw|= d zhdowk h�hfw/ d ulvn vsuhdglqj
h�hfw/ dqg d wudqvdfwlrqv h�hfw1 D ulvh lq htxlw| sulfhv uhvxowv lq lqfuhdvhg qrplqdo
zhdowk/ zklfk lq wxuq ohdgv wr d kljkhu zhdowk wr lqfrph udwlr1 Wklv vkrxog eh
uh hfwhg lq d kljkhu prqh| wr lqfrph udwlr1 Wkh vhfrqg h{sodqdwlrq vwduwv e|
qrwlqj wkdw kljkhu htxlw| sulfhv dqg kljkhu h{shfwhg h{fhvv uhwxuqv rq htxlw| frxog
uh hfw kljkhu ulvn1 Wklv zrxog lqgxfh lqyhvwruv wr hvfkhz htxlw| lq idyru ri orzhu
ulvn dvvhwv/ prqh| dprqj wkhp1 Wkh wklug udwlrqdoh jlyhq lv wkdw kljkhu htxlw|
sulfhv zrxog lpso| d kljkhu groodu yroxph ri wudqvdfwlrqv/ zklfk zrxog uhtxluh
lqfuhdvhg prqh| edodqfhv1 R�vhwwlqj wkh wkuhh h�hfwv phqwlrqhg lv d vxevwlwxwlrq
h�hfw1 Dv wkh uhdo sulfh ri htxlwlhv ulvhv wkhvh zloo eh pruh dwwudfwlyh lq d sruwirolr
dqg vkrxog eh vxevwlwxwhg iru prqh|1 Wkh vxevwlwxwlrq h�hfw lv frqwhpsrudqhrxv/
vlqfh lw phuho| lqyroyhv d uhedodqflqj ri lqyhvwruv* sruwirolrv/ dqg wkxv h{sodlqv
wkh qhjdwlyh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq prqh| dqg htxlw| sulfhv1

Lq wkh 4<<3*v d frxsoh ri vwxglhv zhuh grqh rq lqwhuqdwlrqdo gdwd1 Gduudw +4<<3,
frqvlghuhg wkh h�hfwv ri prqhwdu| dqg �vfdo srolf| rq wkh uhwxuqv rq wkh Wrurqwr
Vwrfn Vwrfn H{fkdqjh 633 Lqgh{1 Prqhwdu| srolf| lv phdvxuhg e| wkh shufhqwdjh
fkdqjh lq wkh prqhwdu| edvh zkloh �vfdo srolf| lv phdvxuhg e| vwuxfwxudo exgjhw
gh�flwv1 Rwkhu +qrqsrolf|, yduldeohv zhuh dovr lqfoxghg lq wkh dqdo|vlv1 Kh ohduqhg
wkdw prqhwdu| srolf| grhv qrw Judqjhu fdxvh vwrfn uhwxuqv1 Rq wkh rwkhu kdqg/
kh irxqg wkdw exgjhw gh�flwv h{huw d vljql�fdqw qhjdwlyh lpsdfw rq vwrfn uhwxuqv
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zlwk d odj ri 506 prqwkv1 Odvwudsh +4<<9, hvwlpdwhg wkh vkruw0uxq uhvsrqvhv ri
lqwhuhvw udwhv dqg htxlw| sulfhv wr prqh| vxsso| vkrfnv lq wkh J0: frxqwulhv dqg
Kroodqg1 Kh xvhg d yhfwru dxwruhjuhvvlrq +YDU, zlwk rxwsxw/ d uhdo htxlw| sulfh
lqgh{/ dq lqwhuhvw udwh/ d phdvxuh ri wkh sulfh ohyho/ dqg d qrplqdo vwrfn ri prqh|1
Prqh| vxsso| vkrfnv zhuh lghqwl�hg e| lpsrvlqj orqj0uxq prqhwdu| qhxwudolw|1
Khqfh/ lq frqwudvw wr wkh hduolhu vwxglhv e| Ur}h� +4<:7, dqg Urjdovnl dqg Ylqvr
+4<::, wkdw lqyhvwljdwhg wkh h�hfw ri prqh| rq htxlw| sulfhv/ Odvwudsh +4<<9,
wulhg wr glvwlqjxlvk ehwzhhq ghpdqg dqg vxsso| vkrfnv1 Kh irxqg wkdw prqh|
vxsso| vkrfnv kdyh d srvlwlyh dqg vljql�fdqw h�hfw rq uhdo htxlw| sulfhv iru doo
frxqwulhv h{fhsw Iudqfh dqg wkh X1N1 Iru wkh odwwhu wzr frxqwulhv wkh hvwlpdwhg
h�hfw zdv dovr srvlwlyh exw txlwh zhdn1

Vrph duwlfohv sxeolvkhg lq wkh odwh 4<;3*v vkrzhg wkdw vwrfn uhwxuqv frxog
eh suhglfwhg wr d vxusulvlqjo| kljk ghjuhh xvlqj sur{lhv iru wkh exvlqhvv f|foh1
Iru h{dpsoh/ Idpd dqg Iuhqfk +4<;<, uhjuhvvhg vwrfn uhwxuqv dw lqfuhdvlqj wlph
krul}rqv rq wkh glylghqg |lhog/ wkh ghidxow vsuhdg/ dqg wkh whup vsuhdg1 Wkh
suhglfwdelolw| zdv irxqg wr lqfuhdvh zlwk wkh wlph krul}rq15 Lw frxog ri frxuvh eh
wkh fdvh wkdw wkh suhglfwlyh srzhu ri wkh lqwhuhvw udwh vsuhdgv uh hfwv wkhlu delolw|
wr sur{| iru wkh vwdqfh ri prqhwdu| srolf|1 Dv vxjjhvwhg e| Ehuqdqnh +4<<3,/
d pruh uhvwulfwlyh prqhwdu| srolf| irufhv frpsdqlhv wr vxevwlwxwh frpphufldo
sdshu iru edqn ordqv1 Wklv fdxvhv dq lqfuhdvh lq wkh ghidxow vsuhdg/ zklfk lv
rqh ri wkh yduldeohv wkdw kdv ehhq vkrzq wr khos suhglfw vwrfn uhwxuqv1 Mhqvhq/
Phufhu/ dqg Mrkqvrq +4<<9, vhw rxw wr uhh{dplqh wkh �qglqjv ri Idpd dqg Iuhqfk
+4<;<, lq d vhwwlqj wkdw h{solflwo| frqvlghuv wkh srwhqwldo lq xhqfh ri prqhwdu|
srolf|1 Pruh vshfl�fdoo| wkh| zhuh lqwhuhvwhg lq wkhh lvvxhv1 Iluvw/ grhv wkh
prqhwdu| vhfwru fdswxuh udwlrqdo yduldwlrq lq h{shfwhg vwrfn uhwxuqvB Vhfrqg/ gr
wkh vwuxfwxudo uhodwlrqv ehwzhhq wkh wkuhh exvlqhvv0frqglwlrqv sur{lhv dqg vwrfn
uhwxuqv gl�hu dfurvv prqhwdu| uhjlphvB Wklug/ gr wkh vwuxfwxudo uhodwlrqv dprqj
wkh wkuhh sur{lhv fkdqjh zlwk prqhwdu| uhjlphB Wkh| irxqg wkdw wkh suhglfwdeoh
yduldwlrq lq vwrfn uhwxuqv ghshqgv rq prqhwdu| dv zhoo dv exvlqhvv frqglwlrqv1
Diwhu lqfoxglqj d phdvxuh ri prqhwdu| srolf| +d gxpp| yduldeoh iru glvfrxqw
udwh fkdqjhv, dq dv|pphwu| ehfdph dssduhqw= exvlqhvv frqglwlrqv frxog suhglfw
ixwxuh vwrfn uhwxuqv rqo| lq shulrgv ri prqhwdu| h{sdqvlrq1

Fkdq/ Iruhvl/ dqg Odqj +4<<9, ghyhorshg dqg whvwhg d Prqh|0edvhg Fdslwdo
Dvvhw Sulflqj Prgho +P0FDSP,1 Lqvlgh prqh| zdv xvhg dv d sur{| iru frqvxps0
wlrq1 Wklv zdv mxvwl�hg rq wkh jurxqgv wkdw lqvlgh prqh| +dv rssrvhg wr rxwvlgh

5Uhvxowv vkrzlqj lqfuhdvhg suhglfwdelolw| dw orqjhu krul}rqv kdyh uhfhqwo| ehhq txhvwlrqhg
rq hfrqrphwulf jurxqgv1 Vhh iru h{dpsoh Nlue| +4<<:,1
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prqh|, fdq eh ylhzhg dv hqgrjhqrxv dqg ydulhv zlwk wkh wudqvdfwlrqv uhtxluh0
phqwv lq wkh hfrqrp|1 Wkh xvh ri prqh| dv d sur{| iru frqvxpswlrq uhvxowv
lq d vwrfkdvwlf glvfrxqw idfwru zklfk fdswxuhv wkh ulvn dvvrfldwhg zlwk prqhwdu|
idfwruv lq dgglwlrq wr wkrvh dvvrfldwhg zlwk uhdo idfwruv1 Wkh xvh ri d eurdg
prqhwdu| djjuhjdwh lqvwhdg ri frqvxpwlrq gdwd vkrxog uhvxow lq d pruh yrodwloh
glvfrxqw idfwru dqg d orzhu hvwlpdwhg frh!flhqw ri uhodwlyh ulvn dyhuvlrq frpsduhg
wr frqvxpswlrq edvhg prghov1 Wklv lv h{dfwo| wkh uhvxow Fkdq/ Iruhvl/ dqg Odqj
+4<<9, jrw zkhq whvwlqj wkh prgho rq X1V1 prqwko| gdwd iru wkh shulrg 4<8<04<;;1
Dovr/ wkh sulflqj huuruv ri wkh P0FDSP zhuh irxqg wr eh vpdoohu wkdq wkrvh ri
wkh frqvxpswlrq edvhg FDSP1 Khqfh/ eurdg prqhwdu| djjuhjdwhv vhhp wr kdyh
dq lpsruwdqw uroh wr sod| lq wkh sulflqj ri htxlw|1

Wkruehfnh +4<<:, xvhg d qxpehu ri gl�huhqw dssurdfkhv wr h{dplqh wkh uh0
odwlrqvkls ehwzhhq prqhwdu| srolf| dqg htxlw| sulfhv1 Wkh �uvw dssurdfk xvhv
d YDU dv glg Odvwudsh +4<<9,1 Exw lq dgglwlrq wr xvlqj d vwrfn pdunhw lqgh{/
Wkruehfnh +4<<:, xvhg whq vl}h0udqnhg sruwirolrv1 Kh ohduqhg wkdw prqhwdu| wljkw0
hqlqj kdv wkh vwurqjhvw +qhjdwlyh, h�hfw rq wkh htxlw| sulfhv ri vpdoo �upv1 Wklv
hylghqfh lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw dq lpsruwdqw fkdqqho ri prqhwdu|
srolf| lv wkdw lw d�hfwv vpdoo �upv* delolw| wr eruurz +Jhuwohu dqg Jlofkulvw +4<<6,,1
Dqrwkhu dssurdfk hpsor|hg e| Wkruehfnh +4<<:, zdv wr xvh Ervfkhq dqg Ploov*
+4<<8, lqgh{ ri prqhwdu| srolf| wr lghqwli| prqhwdu| vkrfnv1 Wklv lqgh{ fodvvl�hv
wkh prqhwdu| srolf| vwdqfh lqwr �yh fdwhjrulhv iurp vwrqjo| dqwl0lq dwlrqdu| wr
vwrqjo| sur0jurzwk dqg lv edvhg rq Ihghudo Rshq Pdunhw Frpplwwhh uhfrugv dqg
rwkhu uhohydqw grfxphqwv1 Wkruehfnh frqfoxghg wkdw �h{sdqvlrqdu| prqhwdu|
srolf|/ zkhwkhu phdvxuhg e| lqqrydwlrqv lq wkh ihghudo ixqgv udwh dqg qrqeru0
urzhg uhvhuyhv ru e| qduudwlyh lqglfdwruv/ h{huwv d odujh dqg vwdwlvwlfdoo| vljql�fdqw
srvlwlyh h�hfw rq prqwko| vwrfn uhwxuqv�1 Wkh wklug dssurdfk lv dq hyhqw vwxg|/
wkh glvfxvvlrq ri zklfk zh srvwsrqh wr vhfwlrq 516 ehorz1 Wkh irxuwk dssurdfk lv
gl�huhqw iurp wkh suhylrxv wkuhh lq wkdw lw frqvlghuv h{ dqwh uhwxuqv udwkhu wkdq
h{ srvw uhwxuqv1 Wkruehfnh hvwlpdwhg d pxowlidfwru prgho dv lq Fkhq/ Uroo/ dqg
Urvv +4<;9, exw dgghg d prqhwdu| srolf| yduldeoh wr wkhlu vhw ri pdfurhfrqrplf
idfwruv1 Dv phdvxuhv ri prqhwdu| srolf| kh xvhg wkh lqqrydwlrqv lq wkh ihg ixqgv
udwh +iurp wkh YDUprgho ri wkh �uvw dssurdfk phqwlrqhg deryh, dqg wkh Ervfkhq
dqg Ploov* lqgh{1 Wkh uhvxowv lqglfdwhg wkdw prqhwdu| srolf| lv d frpprq idfwru
dqg wkdw vwrfnv pxvw sd| odujh srvlwlyh suhplxpv wr frpshqvdwh iru wkhlu h{0
srvxuh wr lw +vlplodu uhvxowv zhuh uhsruwhg lq dq hduolhu sdshu e| Wkruehfnh dqg
Dodpl +4<<5,,1

Sdwholv +4<<:, h{dplqhg wkh sduw ri vwrfn uhwxuq suhglfwdelolw| zklfk fdq eh
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dwwulexwhg wr prqhwdu| srolf|1 Kh hpsor|hg wkh orqj0krul}rq uhjuhvvlrq phwkrgro0
rj| ri Idpd dqg Iuhqfk +4<;<, xvlqj wzr vhwv ri h{sodqdwru| yduldeohv= prqhwdu|
srolf| lqglfdwruv dqg *�qdqfldo yduldeohv*1 Wkh prqhwdu| yduldeohv duh wkh ihghudo
ixqgv udwh/ wkh vsuhdg ehwzhhq wkh ihghudo ixqgv udwh dqg wkh whq0|hdu Wuhdvxu|
erqg/ wkh +ghidxow, vsuhdg ehwzhhq wkh |lhog rq vl{0prqwk frpphufldo sdshu dqg
vl{0prqwk Wuhdvxu| eloov/ wkh txdqwlw| ri qrqeruurzhg uhvhuyhv/ dqg wkh sruwlrq
ri qrqeruurzhg uhvhuyh jurzwk ruwkrjrqdo wr wrwdo uhvhuyh jurzwk1 Wkh �qdqfldo
yduldeohv duh wkh glylghqg |lhog/ wkh +whup, vsuhdg ehwzhhq wkh whq0|hdu Wuhdvxu|
erqg dqg wkh rqh0prqwk Wuhdvxu| eloo/ dqg wkh rqh0prqwk uhdo lqwhuhvw udwh1 Wkh
yduldqfh ri h{fhvv vwrfn uhwxuqv h{sodlqhg jrhv iurp 43( iru wkh prqwko| krul}rq
wr 78( iru wkh eldqqxdo krul}rq1 Wkhvh �qglqjv ri kljkhu suhglfwdelolw| dw orqjhu
krul}rqv duh lq olqh zlwk wkrvh ri Idpd dqg Iuhqfk +4<;<,1 Sdwholv �qgv wkdw
�Wkhuh lv suhglfwlyh srzhu lq wkh �qdqfldo yduldeohv wkdw lv lqghshqghqw ri wkh
suhglfwlyh srzhu ri wkh prqhwdu| yduldeohv/ dqg ylfh yhuvd1� +s1 44,1 Lq wkh vhf0
rqg sduw ri wkh sdshu Sdwholv +4<<:, hpsor|v wkh phwkrgrorj|/ gxh wr Fdpsehoo
dqg Vkloohu +4<;;d/ 4<;;e, dqg Fdpsehoo +4<<4,/ wr ghfrpsrvh vwrfn uhwxuqv lqwr
lqqrydwlrqv lq glylghqg jurzwk h{shfwdwlrqv/ uhdo lqwhuhvw udwh h{shfwdwlrqv/ dqg
h{fhvv uhwxuq h{shfwdwlrqv1 Kh �qgv wkdw prqhwdu| srolf| lq xhqfhv h{shfwhg h{0
fhvv uhwxuqv dqg h{shfwhg glylghqg jurzwk exw kdv olwwoh wr gr zlwk wkh h{shfwhg
uhdo lqwhuhvw udwh1 Wkh prqhwdu| srolf| yduldeohv duh irxqg wr dffrxqw iru rqo|
6 shufhqw ri wkh wrwdo xqh{shfwhg vwrfn uhwxuq yduldqfh1 Prvw ri wkh xqh{shfwhg
uhwxuq yduldqfh lv h{sodlqhg e| wkh glylghqg |lhog1

Wr vxppdul}h/ zkloh wkh hduolhu olwhudwxuh lv dpeljxrxv dv wr wkh h�hfw ri
prqhwdu| srolf| rq uhdo vwrfn uhwxuqv/ pruh uhfhqw vwxglhv kdyh prvwo| irxqg
vwurqj hylghqfh ri vxfk dq h�hfw1 Wkh sureohp zlwk wkh hduolhu olwhudwxuh lv wkdw
qr glvwlqfwlrq lv pdgh ehwzhhq vkrfnv wr wkh vxsso| dqg ghpdqg iru prqh|1 Wklv
pdnhv wkh uhvxowv ri wkrvh vwxglhv gl!fxow wr lqwhusuhw1

5151 Vwrfn Uhwxuqv dqg Lq dwlrq

Wkh irfxv ri wkh sdshuv lq wklv vhfwlrq lv rq wkh Ilvkhu uhodwlrq dqg rq zkhwkhu
ru qrw vwrfnv duh d jrrg khgjh djdlqvw lq dwlrq1 Ilvkhu +4<63, sursrvhg wkdw wkh
h{shfwhg qrplqdo uhwxuq rq dq dvvhw vkrxog htxdo wkh h{shfwhg uhdo uhwxuq soxv
h{shfwhg lq dwlrq1 Lqwxlwlyho|/ vwrfnv/ uhsuhvhqwlqj fodlpv wr uhdo rxwsxw/ vkrxog
eh d jrrg khgjh djdlqvw lq dwlrq zkhwkhu h{shfwhg ru xqh{shfwhg1 Wklv uh hfwv
wkh �fodvvlfdo ylhz� dffruglqj wr zklfk wkh hfrqrp| fdq eh glfkrwrpl}hg lqwr
d pxwxdoo| lqghshqghqw uhdo dqg qrplqdo sduw1 Wkhvh lvvxhv pd| qrw vhhp wr
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eh ri gluhfw uhohydqfh iru prqhwdu| srolf|1 Krzhyhu/ zkhq wkh olwhudwxuh wxuqv
wr h{sodqdwlrqv ri wkh hpslulfdo �qglqjv frqfhuqlqj wkhvh uhodwlrqvklsv prqhwdu|
srolf| lv eurxjkw lqwr wkh slfwxuh1

Lq wkh lq dwlrqdu| hqylurqphqw ri wkh 4<:3*v �qdqfldo hfrqrplvwv ehfdph lq0
whuhvwhg lq wkh txhvwlrq ri zkhwkhu ru qrw htxlw| lv d jrrg khgjh djdlqvw lq dwlrq1
Vrph vxusulvlqj uhvxowv zhuh uhsruwhg uhjduglqj wkh uhodwlrqvkls ehwzhhq vwrfn
uhwxuqv dqg lq dwlrq1 Olqwqhu +4<:8,/ Erglh +4<:9,/ Md�h dqg Pdqghonhu +4<:9,/
Qhovrq +4<:9,/ Idpd dqg Vfkzhuw +4<::,/ Vfkzhuw +4<;4, doo irxqg hylghqfh wkdw
qrplqdo vwrfn uhwxuqv dqg lq dwlrq zhuh qhjdwlyho| fruuhodwhg lq srvw0zdu X1V1
gdwd1 Frkq dqg Ohvvdug +4<;4,/ Vroqln +4<;6,/ dqg Jxowhnlq +4<;6, uhsruwhg wkh
vdph hpslulfdo uhodwlrqvkls iru lqwhuqdwlrqdo gdwd16 Wklv lv frqwudu| wr wkh fodv0
vlfdo ylhz dffruglqj wr zklfk qrplqdo vwrfn uhwxuqv vkrxog eh srvlwlyho| uhodwhg
wr erwk h{shfwhg dqg xqh{shfwhg lq dwlrq1 Idpd dqg Vfkzhuw +4<::,/ dqg pdq|
diwhu wkhp/ uhjuhvvhg qrplqdo vwrfn uhwxuqv rq h{shfwhg dqg xqh{shfwhg lq dwlrq
+udwkhu wkdq rq dfwxdo lq dwlrq dv lq wkh hduolhu vwxglhv,1 Zh fdq zulwh wkhlu
uhjuhvvlrq htxdwlrq dv

-| ' S n @Ze
| n K EZ| � Ze

|� n 0|c +514,

zkhuh -| lv wkh qrplqdo uhwxuq rq d zhoo0glyhuvl�hg vwrfn sruwirolr dqg Ze
| lv wkh

h{shfwhg dqg Z| wkh dfwxdo lq dwlrq udwh lq shulrg |� Idpd dqg Vfkzhuw +4<::,/
dqg prvw ri wkh vxevhtxhqw vwxglhv/ xvh wkh Wuhdvxu| eloo udwh dw wkh ehjlqqlqj ri
wkh shulrg dv d phdvxuh ri h{shfwhg lq dwlrq1 Wklv lv mxvwl�hg e| revhuylqj wkdw
wkh yduldelolw| lq wkh uhdo udwh zdv yhu| vpdoo iru wkh shulrg vwxglhg/ dqg wkxv
doprvw doo ri wkh yduldelolw| lq wkh Wuhdvxu| eloo udwh lv gxh wr uhylvlrqv ri lq dwlrq
h{shfwdwlrqv17 Whvwlqj zkhwkhu @ ' � uhsuhvhqwv d whvw ri wkh Ilvkhu uhodwlrq0
vkls/ zklfk vd|v wkdw h{shfwhg qrplqdo dvvhw sulfhv dqg h{shfwhg lq dwlrq vkrxog
pryh rqh0wr0rqh1 Dqrwkhu whvw lv zkhwkhu vwrfnv uhsuhvhqw d jrrg khgjh djdlqvw
xqh{shfwhg lq dwlrq/ K ' �1 Erwk wkh frh!flhqwv rq h{shfwhg dqg xqh{shfwhg
lq dwlrq zhuh irxqg wr eh qhjdwlyh1 Dv phqwlrqhg deryh/ wklv lv qrw zkdw zh
zrxog h{shfw lq d shuihfw pdunhw1 Lw lv qr zrqghu wkhq wkdw wkh �uvw h{sodqdwlrqv
zhuh lq whupv ri pdunhw lpshuihfwlrqv1

6Qrw doo ri wkh frxqwulhv lq Jxowhnlq*v vwxg| vkrzhg d qhjdwlyh vwrfn uhwxuqv0lq dwlrq uhodwlrq1
Dovr/ Iluwk*v +4<:<, vwxg| ri wkh Eulwlvk vwrfn pdunhw lv dq h{fhswlrq wr wkh uxoh1

7Wklv dssurdfk lv h{whqvlyho| mxvwl�hg lq Idpd +4<:8,1

;



515141 Pdunhw Lpshuihfwlrqv

Dv uhsruwhg deryh/ wkh glvpdo shuirupdqfh ri wkh vwrfn pdunhw lq wkh kljk lq d0
wlrq ghfdgh ri wkh 4<:3*v zdv wkh irfxv ri d qxpehu ri duwlfohv sxeolvkhg lq wkh
odwh 4<:3*v dqg hduo| 4<;3*v/ zklfk irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq vwrfn
uhwxuqv dqg h{shfwhg dv zhoo dv xqh{shfwhg lq dwlrq1 Wkhvh �qglqjv vwlpxodwhg
d qxpehu ri uhvhdufkhuv wr dwwhpsw wr h{sodlq zkdw zdv uhjdughg dv dq dqrpdo|1
Dffruglqj wr Prgljoldql dqg Frkq +4<:<, dq h{sodqdwlrq ri wkh qhjdwlyh vwrfn
uhwxuqv0lq dwlrq uhodwlrq frxog eh wkdw lqyhvwruv vx�hu iurp prqh| looxvlrq1 Li
lqyhvwruv huurqhrxvo| xvh wkh lq dwhg qrplqdo lqwhuhvw udwh wr glvfrxqw ixwxuh gly0
lghqgv wkh| zloo xqghuhvwlpdwh wkh ydoxh ri htxlw| zlwk d uhvxowlqj idoo lq sulfhv1
Pdonlho +4<:<, lqvwhdg vxjjhvwhg wkdw wkh ghsuhvvhg vwrfn sulfhv gxulqj wkh 4<:3*v
uhvxowhg iurp d kljkhu ulvn suhplxp18

Ihogvwhlq dqg Vxpphuv +4<:<, sursrvhg wkdw wkh wd{ odzv lq wkh X1V1 frxog
h{sodlq wkh qhjdwlyh uhodwlrq ehwzhhq lq dwlrq dqg uhdo vwrfn uhwxuqv1 Vdohv uhy0
hqxhv lqfuhdvh idvwhu wkdq wkh frvw ri jrrgv vrog zkhq wkh lq dwlrq udwh lqfuhdvhv/
ehfdxvh ri lqyhqwrulhv ydoxhg dw klvwrulfdo frvw1 Wkxv/ zlwk kljkhu lq dwlrq wkhuh
lv d whqghqf| iru �upv* wd{deoh lqfrphv wr eh ryhuvwdwhg1 Wkh ydoxh ri wkh gh0
suhfldwlrq wd{ vklhog ghfolqhv zlwk wkh udwh ri lq dwlrq vlqfh lw lv �{hg lq qrplqdo
whupv1 Wd{hv duh ohylhg rq qrplqdo fdslwdo jdlqv dqg glylghqgv1 Wkxv/ wkh uhdo di0
whu wd{ uhwxuq zloo eh orzhu wkh kljkhu lv wkh xqh{shfwhg udwh ri lq dwlrq1 Wkh wd{
k|srwkhvlv uhfhlyhg vrph vxssruw lq wkh vwxglhv e| Ihogvwhlq +4<;3d,/ YdqghuKr�
dqg YdqghuKr� +4<;9,/ dqg Ehuqdug +4<;9,19

Ihogvwhlq +4<;3e, lqfoxghg qrqfrusrudwh uhdo dvvhwv lq wkh Ihogvwhlq +4<;3d,
iudphzrun1 Wkh lqwhudfwlrq ehwzhhq dowhuqdwlyh dvvhwv zdv dovr dqdo|}hg lq Khq0
ghuvkrww +4<;4, dqg Vxpphuv +4<;4,1 Dffruglqj wr Khqghuvkrww orz uhwxuqv lq
wkh vwrfn pdunhw frxog lq sduw eh fdxvhg e| d vkdus ghfolqh lq wkh uhdo xvhu frvw ri
rzqhu0rffxslhg krxvlqj ehwzhhq 4<97 dqg 4<:;1 Wkh kljk uhwxuqv lq wkh krxvlqj
pdunhw vkrxog kdyh irufhg xs wkh uhtxluhg udwh ri uhwxuq rq htxlw|/ ohdglqj wr
orzhu vwrfn sulfhv1 Vxpphuv +4<;4, irxqg vxssruw iru wkh *dowhuqdwlyh dvvhwv k|0
srwkhvlv*1 Kh qrwhg wkdw zkloh wkh wd{ wuhdwphqw ri krxvlqj zdv lq dwlrq qhxwudo
lq dwlrq kdg lqfuhdvhg wkh h�hfwlyh wd{ udwh rq frusrudwh fdslwdo ehwzhhq 4<98
dqg 4<;31 Khqfh/ kljkhu lq dwlrq uhvxowhg lq kljkhu krxvh sulfhv dqg wklv ohg wr
orzhu sulfhv rq dowhuqdwlyh dvvhwv olnh htxlw|1

8Zh zloo frqvlghu wkh srvvlelolw| ri dq lq dwlrq ulvn suhplxp lq Vhfwlrq 5151:1 ehorz1
9Ghuplqh +4<;8, frqvlghuv wkh h�hfw rq wkh ydoxh ri edqn vwrfnv ri wd{hv lq dq lq dwlrqdu|

hqylurqphqw1 Shuu| +4<<5, dovr irfxv h{foxvlyho| rq edqn vkduhv1
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Lq dq lq xhqwldo vwxg|/ Iuhqfk/ Uxedfn/ dqg Vfkzhuw +4<;6, whvwhg wkh *qrplqdo
frqwudfv k|srwkhvlv* dv dq h{sodqdwlrq iru wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn uh0
wxuqv dqg xqh{shfwhg lq dwlrq1 Dffruglqj wr wklv k|srwkhvlv/ vxjjhvwhg e| Nhvvho
+4<89,/ frpsdqlhv wkdw kdyh d srvlwlyh qhw ohyho ri qrplqdo frqwudfwv vkrxog eh
kxuw e| xqh{shfwhg lq dwlrq/ zkloh �upv wkdw kdyh d qhjdwlyh qhw ohyho ri qrplqdo
frqwudfwv vkrxog jdlq1 Wkh juhdwhu wkh qhw h{srvxuh ri d frpsdq| wkh odujhu wkh
h�hfw vkrxog eh1 Krzhyhu/ xvlqj furvv0vhfwlrqdo dffrxqwlqj gdwd Iuhqfk/ Uxedfn/
dqg Vfkzhuw +4<;6, frxog qrw �qg vxssruw iru wkh k|srwkhvlv1 Ehuqdug +4<;9,/
rq wkh rwkhu kdqg/ irxqg wkdw wkh uhydoxdwlrq ri prqhwdu| fodlpv h{sodlqhg d
vljql�fdqw sruwlrq ri wkh gl�huhqwldo uhodwlrqv ehwzhhq xqh{shfwhg lq dwlrq dqg
htxlw| uhwxuqv dfurvv �upv1 Krzhyhu/ wkh vwrfn*v v|vwhpdwlf ulvn: zdv irxqg wr eh
pruh lpsruwdqw iru wkh uhodwlrqvkls wkdq �up fkdudfwhulvwlfv1 Shdufh dqg Uroh|
+4<;;, uhh{dplqhg wkh qrplqdo frqwudfwv k|srwkhvlv xvlqj d odujhu vhw ri qrplqdo
frqwudfwv dqg xvlqj xqh{shfwhg dqqrxqfhg fkdqjhv lq wkh FSL dv d phdvxuh ri
xqdqwlflsdwhg lq dwlrq1 Frqwudu| wr Ehuqdug +4<;9, wkh| irxqg �up fkdudfwhulv0
wlfv +hvshfldoo| wkh ghew0htxlw| udwlr dqg lqyhqwru| ohyho, wr eh pruh lpsruwdqw
wkdq wkh �up*v v|vwhpdwlf ulvn lq ghwhuplqlqj wkh h�hfw ri xqdqwlflsdwhg lq dwlrq
rq uhdo vwrfn uhwxuqv1;

Dplkxg +4<<9, lqyhvwljdwhv li wkhuh lv d qhjdwlyh vwrfn uhwxuqv0xqh{shfwhg lq0
 dwlrq uhodwlrq lq Lvudho1 Kh srlqwv rxw wkdw Lvudhol gdwd iru wkh wlph0shulrg kh
frqvlghuv duh sduwlfxoduo| lqwhuhvwlqj ehfdxvh wkh| uxoh rxw vrph h{sodqdwlrqv ri
wkh uhodwlrq jlyhq lq vwxglhv xvlqj X1V1 gdwd1 Iru wkh shulrg vwxglhg frqwudfwv
zhuh qrw vwlsxodwhg lq qrplqdo whupv exw xvxdoo| lq uhdo whupv1 Wkxv/ wkh qrpl0
qdo frqwudfwv k|srwkhvlv ri Iuhqfk/ Uxedfn/ dqg Vfkzhuw +4<;6, frxog qrw h{sodlq
d qhjdwlyh uhodwlrq lq Lvudho1 Wkh Lvudhol wd{ v|vwhp zdv ghvljqhg wr qhxwudol}h
lq dwlrq h�hfwv/ zklfk Ihogvwhlq dqg Vxpphuv +4<:<, sxw iruwk dv dq h{sodqd0
wlrq1 Doprvw doo ri wkh sxeolf ghew zdv ghqrplqdwhg lq uhdo whupv1 Khqfh/ wkhuh
frxog eh qr xqh{shfwhg ghfolqh lq uhdo zhdowk ehfxvh ri xqh{shfwhg lq dwlrq/
fdxvlqj lqyhvwruv wr uhedodqfh wkhlu sruwirolrv dqg uhgxflqj wkh uhdo ydoxh ri wkhlu
vwrfn lqyhvwphqwv dv vxjjhvwhg e| Vwxo} +4<;9,1 Wkh prqh| looxvlrq k|srwkh0
vlv ri Prgljoldql dqg Frkq +4<:<, lv qrw yhu| olnho| wr krog lq dq hqylurqphqw
zkhuh lqyhvwruv kdyh ehfrph dffxvwrphg wr wklqnlqj lq whupv ri uhdo dqg qrplqdo
fkdqjhv wkurxjk d orqj klvwru| ri kljk lq dwlrq1 Vwloo/ Dplkxg +4<<9, �qgv wkdw
xqh{shfwhg lq dwlrq kdv d qhjdwlyh dqg vljql�fdqw h�hfw rq uhdo htxlw| sulfhv1

:Wkh vhqvlwlylw| ri dq lqglylgxdo vwrfn*v uhwxuqv wr wkh uhwxuqv ri wkh djjuhjdwh vwrfn pdunhw1
;Rwkhu vwxglhv uhodwhg wr wkh qrplqdo frqwudfv k|srwkhvlv lqfoxgh Eudgirug +4<:7,/ Krqj

+4<::,/ Ihogvwhlq/ Juhhq/ dqg Vkhvklqvnl +4<:;,/ dqg Iodqqhu| dqg Mdphv +4<;7,1
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515151 Wkh *Sur{| K|srwkhvlv*

Idpd +4<;4, vxjjhvwhg wkdw wkh qhjdwlyh fruuhodwlrq wkdw vhyhudo uhvhdufkhuv kdg
uhsruwhg zdv lq idfw d vsxulrxv uhodwlrq1 Wkhuh lv qr fdxvdo uhodwlrqvkls ehwzhhq
lq dwlrq dqg vwrfn uhwxuqv1 Lw lv udwkhu wkh fdvh wkdw erwk duh ghwhuplqhg e| uhdo
dfwlylw|1 Kljkhu h{shfwhg ixwxuh rxwsxw ohdg wr kljkhu fxuuhqw vwrfn sulfhv dqg
dovr wr dq lqfuhdvhg ghpdqg iru prqh|1 Iru d jlyhq jurzwk udwh ri wkh vxsso|
ri prqh|/ dq lqfuhdvh lq h{shfwhg ixwxuh rxwsxw pxvw ohdg wr orzhu lq dwlrq iru
wkh txdqwlw| wkhru| htxdwlrq wr fohdu1 Li uhdo dfwlylw| lv ohiw rxw ri wkh uhjuhvvlrq
uhodwlqj vwrfn uhwxuqv wr lq dwlrq zh zloo kdyh lq dwlrq sur{|lqj iru uhdo dfwlylw|1
Wklv kdv ehfrph nqrzq dv wkh �sur{| k|srwkhvlv�1 Ohdylqj rxw uhdo yduldeohv/
dv lq htxdwlrq +514, deryh/ phdqv wkdw wkh hvwlpdwhv ri wkh frh!flhqwv @ dqg K
zloo eh grzqzdug eldvhg1 Krzhyhu/ zkhq Idpd lqwurgxfh phdvxuhv ri uhdo dfwly0
lw| lqwr dq htxdwlrq uhodwlqj uhdo vwrfn uhwxuqv wr dqwlflsdwhg dqg xqdqwlflsdwhg
lq dwlrq wkh| glg qrw hqwluho| holplqdwh wkh qhjdwlyh uhodwlrq ehwzhhq lq dwlrq
dqg vwrfn uhwxuqv1 Vr wklv h{sodqdwlrq vhhphg wr eh rqo| d sduwldo h{sodqdwlrq ri
wkh qhjdwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg lq dwlrq dqg ohg wr frqwlqxhg
h�ruwv wr �qg dq h{sodqdwlrq1

Wkh �sur{| k|srwkhvlv� kdv uhfhlyhg vrph vxssruw lq wkh olwhudwxuh/ iru h{dp0
soh lq wkh vwxglhv e| YdqghuKr� dqg YdqghuKr� +4<;9, dqg Fkdqj dqg Slqhjdu
+4<;:,1 Wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg wkh uhwxuqv rq vwrfnv lq vhyhq
eudqfkhv ri lqgxvwu| zhuh lqyhvwljdwhg e| YdqghuKr� dqg YdqghuKr� +4<;9,1
Wkh| irxqg wkdw zkhq h{shfwhg uhdo lqfrph zdv dgghg dv dq h{sodqdwru| ydul0
deoh wkh qhjdwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg uhwxuqv zdv plwljdwhg dqg
ehfdph lqvljql�fdqw lq doo exw wzr lqgxvwu| eudqfkhv1 Wkh| lqwhusuhwhg wkhlu uh0
vxowv dv jlylqj vwurqj vxssruw wr wkh sur{| k|srwkhvlv ri Idpd +4<;4,1 Fkdqj
dqg Slqhjdu +4<;:, irxqg wkdw Idpd*v xvh ri d ydoxh0zhljkwhg vwrfn lqgh{ pd|
kdyh vxssuhvvhg wkh h�hfwv ri dgglqj d phdvxuh ri uhdo dfwlylw| wr wkh uhjuhvvlrq1
Wkh| vkrzhg wkdw li dq htxdoo|0zhljkwhg lqgh{ lv xvhg lqvwhdg wkh frh!flhqw rq
wkh uhdo dfwlylw| yduldeoh ehfrphv pruh srvlwlyh dqg wkh frh!flhqw rq h{shfwhg
lq dwlrq ehfrphv lqvljql�fdqw1 Krzhyhu/ wkhlu prvw lqwhuhvwlqj �qglqj zdv wkdw
wkh vhyhulw| ri wkh ohiw0rxw yduldeoh eldv lq Idpd*v lq dwlrq uhjuhvvlrq lv d ixqfwlrq
ri wkh vhfxulw|*v ulvn1 Sruwirolrv zlwk kljk ehwdv zhuh vkrzq wr vhhp wr eh pruh
vhqvlwlyh wr h{shfwhg lq dwlrq wkdq sruwirolrv zlwk orz ehwdv1 Wkh h{sodqdwlrq
jlyhq iru wklv zdv wkdw wkh ulvnlhu d vhfxulw| lv wkh pruh vhqvlwlyh lw zloo eh wr d
uhdo vkrfn dqg wkh juhdwhu zloo eh wkh eldv lq d uhjuhvvlrq ohdylqj rxw uhdo dfwlylw|1

Zh wxuq qh{w wr wzr duwlfohv wkdw surylghg vrph ixqgdphqwdo fulwlflvpv ri
Idpd*v dqdo|vlv1 Udp dqg Vshqfhu +4<;6, glg qrw dffhsw Idpd*v �qglqj ri d
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qhjdwlyh uhodwlrq ehwzhhq lq dwlrq dqg uhdo dfwlylw|/ vlqfh lw lv frqwudu| wr wkh
Skloolsv fxuyh dqdo|vlv zklfk vxjjhvwv d srvlwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg
uhdo dfwlylw|1 Udp dqg Vshqfhu wulhg irxu gl�huhqw phdvxuhv ri uhdo dfwlylw| dqg
irxqg wkdw wkh rqo| frh!flhqwv iru dq| ri wkhvh phdvxuhv wkdw zhuh vljql�fdqwo|
gl�huhqw iurp }hur zhuh lq idfw srvlwlyh1 Wkh rqo| phdvxuh wkdw v|vwhpdwlfdoo|
jdyh d qhjdwlyh frh!flhqw zdv jurzwk ri uhdo JQS/ zklfk zdv xvhg e| Idpd1
Lq dqrwkhu vhw ri uhjuhvvlrqv ri uhdo vwrfn uhwxuqv rq uhdo hfrqrplf dfwlylw| wkh|
irxqg d vljql�fdqw qhjdwlyh uhodwlrqvkls iru doo uhdo dfwlylw| phdvxuhv h{fhsw iru
jurzwk ri uhdo JQS1 Wkxv/ wkh| vxjjhvw wkdw wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn
uhwxuqv dqg lq dwlrq fdq eh h{sodlqhg e| d srvlwlyh uhodwlrq ehwzhhq lq dwlrq
dqg uhdo dfwlylw| frpelqhg zlwk d qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg
uhdo dfwlylw|1 Wkh| srlqw rxw wkdw wkhvh uhvxowv duh frqvlvwhqw zlwk Pxqghoo*v
+4<96, prgho lq zklfk dq lqfuhdvh lq lq dwlrq zloo ohdg lqyhvwruv wr vxevwlwxwh
�qdqfldo dvvhwv +vxfk dv vwrfnv, iru prqh|1 Wklv zloo uhvxow lq orzhu dvvhw sulfhv
dv zhoo dv d orzhu uhdo lqwhuhvw udwh/ zklfk lq wxuq zloo vwlpxodwh uhdo dfwlylw|1

Lq d olwwoh qrwlfhg duwlfoh/ Ehqghuo| dqg ]zlfn +4<;8, fulwlfl}hg Idpd*v vrph0
zkdw xqruwkrgr{ prqh| ghpdqg wkhru|/ zklfk lv fhqwudo wr klv sur{| k|srwkhvlv1
Idpd dvvxphg wkdw prqh| ghpdqg lv d ixqfwlrq ri +h{shfwhg, ixwxuh udwkhu wkdq
fxuuhqw rxwsxw1 Wklv uhvxowv lq wkh ghpdqg iru erwk vwrfnv dqg prqh| wr lqfuhdvh
zlwk kljkhu h{shfwhg rxwsxw1 Ehqghuo| dqg ]zlfn +4<;8, qrwhg wkdw li wkh gh0
pdqg iru erwk dvvhwv lqfuhdvhv wkhq wkh ghpdqg iru vrph wklug dvvhw olnh erqgv
pxvw ghfuhdvh1 Wklv lv ri frxuvh srvvleoh exw lw vhhpv dw rggv zlwk wkh uhvsrqvh
lpsolhg e| prvw sruwirolr prghov/ zklfk zrxog sodfh erqgv lqwhuphgldwh ehwzhhq
prqh| dqg htxlw|1 Ehqghuo| dqg ]zlfn uhlqwhusuhwhg wkh hvwlpdwhv iurp Idpd*v
lq dwlrq htxdwlrq/

Z| ' qf n q�K| n q2+|n� n q�+| n qe+|3� n 0|c +515,

zkhuh K| lv wkh jurzwk udwh ri prqh| dqg wkh +*v sur{| iru wkh h{shfwhg ixwxuh
jurzwk udwh ri rxwsxw dqg zh h{shfw wkdw q� : fc q2c q�c qe 	 f/ dv hvwlpdwhv ri
wkh uhdo edodqfh rxwsxw htxdwlrq/

+| ' kf n k�K|3� n k2Z|3� n k��|3� n #| +516,

zkhuh �| lv xqhpsor|phqw uhodwlyh wr lwv qdwxudo udwh1 Rxwsxw lv d ixqfwlrq ri wkh
jurzwk udwh ri odjjhg uhdo edodqfhv/ dssur{lpdwhg e| K|3� � Z|3�1 Rxwsxw lv dovr
srvlwlyho| uhodwhg wr wkh odjjhg xqhpsor|phqw yduldeoh/ uh hfwlqj wkh whqghqf|
ri wkh hfrqrp| wr uhyhuw wr d qdwxudo ohyho ri xqhpsor|phqw1 Wklv htxdwlrq zdv
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vkrzq wr eh ehwwhu vshfl�hg wkdq wkh lq dwlrq htxdwlrq hvwlpdwhg e| Idpd +4<;4,1
Lq wkh uhdo edodqfh prgho zh fdq ghulyh wkh iroorzlqj vwrfn uhwxuq htxdwlrq/

-| ' �f n ��K| n �2Z| n ���| n � | +517,

Wkh hvwlpdwhg frh!flhqwv duh irxqg wr eh vljql�fdqw dqg wr kdyh wkh h{shfwhg
vljqv1 Wkh| lqwhusuhw wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg lq dwlrq dv
zrunlqj wkurxjk wkh uhdo edodqfh h�hfw ghvfulehg deryh1 Qrwh dovr wkh �qglqj ri
d srvlwlyh h�hfw ri prqhwdu| jurzwk rq vwrfn uhwxuqv/ zklfk lv dovr lqwhusuhwhg
dv jrlqj wkurxjk wkh uhdo edodqfh h�hfw rq rxwsxw1 Wklv frqwudvwv zlwk Idpd*v
�qglqj ri d qhjdwlyh uhodwlrq1

515161 Wkh Uroh ri Prqhwdu| Srolf|

Lq dq lq xhqwldo duwlfoh Jhvnh dqg Uroo +4<;6, dxjphqw Idpd*v +4<;4, prqh|
ghpdqg h{sodqdwlrq e| d prqh| vxsso| h{sodqdwlrq1 Lq Idpd*v dqdo|vlv wkh
prqhwdu| dxwkrulw| grhv qrw uhvsrqg wr uhdo rxwsxw vkrfnv1 Jhvnh dqg Uroo
frqvlghu d fhqwudo edqn wkdw frqgxfwv d frxqwhu0f|folfdo prqhwdu| srolf|1 Vwrfn
sulfhv idoo lq uhvsrqvh wr dq h{shfwhg ghfolqh lq uhdo hfrqrplf dfwlylw|1 Zkhq
wkh jryhuqphqw*v lqfrph ghfolqhv/ gxh wr wkh orzhu ohyho ri hfrqrplf dfwlylw|/
lw zloo whqg wr uxq d gh�flw1 Wr wkh h{whqw wkdw wklv gh�flw lv prqhwl}hg e|
wkh fhqwudo edqn lw zloo udlvh lq dwlrq h{shfwdwlrqv1 Wkxv/ vwrfn uhwxuqv zloo eh
qhjdwlyho| uhodwhg wr h{shfwhg lq dwlrq1 Qrwh wkdw d uhyhuvh fdxvdolw| uhvxowv iurp
wklv vhtxhqfh ri hyhqwv= vwrfn uhwxuqv Judqjhu0fdxvh lq dwlrq1<

Lw zdv srlqwhg rxw e| Ndxo +4<;:, wkdw li wkh prqhwdu| dxwkrulw| lqvwhdg iro0
orzv d sur0f|folfdo prqhwdu| srolf| zh frxog revhuyh d srvlwlyh uhodwlrq ehwzhhq
lq dwlrq dqg vwrfn uhwxuqv1 D frxqwhu0f|folfdo prqhwdu| srolf| zloo dffhqwxdwh
wkh qhjdwlyh uhodwlrqvkls zkloh d sur0f|folfdo srolf| zloo zhdnhq ru hyhq uhyhuvh
wkh uhodwlrqvkls1 Ndxo xvhg gdwd iurp wkh srvwzdu shulrg +frxqwhu0f|folfdo srolf|,
dqg wkh 4<63*v +sur0f|folfdo srolf|, iru wkh X1V1/ Fdqdgd/ wkh X1N1/ dqg Jhupdq|1
Kh irxqg wkdw wkh qhjdwlyh uhodwlrqv ehwzhhq lq dwlrq dqg uhdo dfwlylw| dorqj zlwk
frxqwhu0f|folfdo prqhwdu| srolf| lv deoh wr h{sodlq wkh qhjdwlyh uhodwlrq ehwzhhq
uhdo vwrfn uhwxuqv dqg h{shfwhg/ xqh{shfwhg/ dqg fkdqjhv lq h{shfwhg lq dwlrq1
Krzhyhu/ iru wkh sur0f|folfdo prqhwdu| srolf| shulrg ri wkh 4<63*v kh �qgv hlwkhu

<Jhvnh dqg Uroo +4<;6, dovr vkrzhg wkdw li vwrfn uhwxuqv duh lqyhuvho| uhodwhg wr fkdqjhv
lq wkh uhdo lqwhuhvw udwh wkhq vwrfn uhwxuqv fdq eh qhjdwlyho| uhodwhg wr wkh sur{| ri h{shfwhg
lq dwlrq +wkh Wuhdvxu| eloo udwh, hyhq li lw lv qrw qhjdwlyho| uhodwhg wr lq dwlrq1 Krzhyhu/ wkh|
glg qrw wklqn wkdw wklv zdv d sureohp iru wkh shulrg vwxglhg e| Idpd +4<;4,1
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srvlwlyh ru lqvljql�fdqw uhodwlrqv1 Wkxv/ wkh w|sh ri srolf| sxuvxhg e| wkh prqh0
wdu| dxwkrulw| sod|v dq lpsruwdqw uroh iru wkh uhodwlrqvkls ehwzhhq vwrfn uhwxuqv
dqg lq dwlrq1

Ndxo +4<<3, dqdo|}hg wkh uhodwlrqvkls ehwzhhq vwrfn uhwxuqv dqg xqh{shfwhg
lq dwlrq2fkdqjhv lq h{shfwhg lq dwlrq xqghu dowhuqdwlyh prqhwdu| srolf| uhjlphv1
Li wkh prqhwdu| dxwkrulw| sxuvxhv d wdujhw iru wkh jurzwk udwh ri prqh| wkh
uhodwlrq ehwzhhq prqh| vxsso| dqg hfrqrplf dfwlylw| lv olnho| wr eh zhdn1 Lq wkhvh
flufxpvwdqfhv prqhwdu| srolf| lv xqolnho| wr dffhqwxdwh wkh qhjdwlyh vwrfn uhwxuq0
lq dwlrq uhodwlrqv suhglfwhg e| Idpd*v �sur{| k|srwkhvlv�1 Rq wkh rwkhu kdqg/
li wkh prqhwdu| dxwkrulw| lv sxuvxlqj dq dfwlylvw lqwhuhvw udwh srolf| wklv frxog
dffhqwxdwh ru uhyhuvh wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg lq dwlrq
ghshqglqj rq zkhwkhu wkh srolf| sxuvxhg lv frxqwhu0 ru sur0f|folfdo1 Ndxo xvhg
srvw0zdu gdwd iru wkh X1V1/ Fdqdgd/ wkh X1N1/ dqg Jhupdq|1 Kh irxqg wkdw
wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg fkdqjhv lq h{shfwhg lq dwlrq
zdv vljql�fdqwo| vwurqjhu gxulqj lqwhuhvw udwh uhjlphv wkdq xqghu prqh|0vxsso|
uhjlphv1 Lw dsshduv wkdw fhqwudo edqnv lq dq lqwhuhvw udwh uhjlph sxuvxhg vwurqj
frxqwhu0f|folfdo srolflhv1 Ndxo dovr irxqg wkdw wkhuh zdv qr fkdqjh lq wkh uhodwlrq
ehwzhhq vwrfn uhwxuqv dqg lq dwlrq lq frxqwulhv wkdw rqo| h{shulhqfhg rqh w|sh
ri srolf| uhjlph gxulqj wkh shulrg vwxglhg1

Judkdp +4<<9, zdv fulwlfdo ri Ndxo*v +4<<3, glylvlrq ri srvw0zdu prqhwdu| sro0
lf| lqwr lqwhuhvw0udwh0wdujhwlqj dqg prqhwdu|0djjuhjdwh0wdujhwlqj uhjlphv= �hyhq
li wkh Ihg grhv vkliw ehwzhhq prqhwdu| djjuhjdwh dqg lqwhuhvw udwh wdujhwv/ wkhuh
lv qr uhdvrq wr vxssrvh wkdw rqh ru wkh rwkhu lv olnho| wr eh pruh ru ohvv frxqwhu0
f|folfdo� +s1 63,1 Lqvwhdg kh uhyhuvhv wkh surfhgxuh xvhg e| Ndxo1 Kh uhjuhvvhv wkh
uhdo vwrfn uhwxuq rq wkh lq dwlrq udwh dqg frqgxfwv d vhulhv ri vhdufkhv iru euhdn
srlqwv/ xvlqj wkh I0vwdwlvwlf dv klv fulwhulrq1 Edvhg rq wklv surfhgxuh kh glylghv
klv vdpsoh 4<86=T404<<3=T7 lqwr wkuhh vxeshulrgv dffruglqj wr zlfk wkh vwrfn
uhwxuq0lq dwlrq uhodwlrq zdv srvlwlyh iru wkh plggoh shulrg/ 4<:9=T404<;5=T4/
dqg qhjdwlyh iru wkh �uvw dqg odvw vxeshulrgv1 Wklv glylvlrq lv txlwh gl�huhqw
iurp wkh rqh hpsor|hg e| Ndxo +4<<3,1 Judkdp +4<<9, uhjuhvvhv wkh jurzwk udwh
ri wkh prqhwdu| edvh rq wkh udwh ri xqhpsr|phqw dqg wkh uhdo ihghudo gh�flw dv
d shufhqwdjh ri wuhqg uhdo JQS wr ghwhuplqh zkhwkhu prqhwdu| srolf| lv sur0
ru frxqwhu0f|folfdo dqg wr ghwhuplqh wr zkdw h{whqw wkh gh�flw lv prqhwl}hg e|
wkh Ihg1 Wkh euhdnsrlqwv irxqg iru wkh uhwxuqv0lq dwlrq wudghr� duh irxqg wr
eh vljql�fdqw lq wklv htxdwlrq dovr1 Kh �qgv wkdw prqhwdu| srolf| lv qhxwudo lq
wkh vxeshulrgv zlwk d qhjdwlyh uhwxuqv0lq dwlrq uhodwlrq dqg frxqwhu0f|folfdo lq
wkh plggoh shulrg zkhq wkh uhodwlrq lv srvlwlyh1 Wkhvh uhvxowv duh frqvlvwhqw zlwk
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wkrvh ri Ndxo +4<<3,1 Rq wkh rwkhu kdqg/ wkhuh lv qr hylghqfh ri wkh Jhvnh dqg
Uroo +4<;6, ghew prqhwl}dwlrq phfkdqlvp/ zklfk vkrxog kdyh pdqlihvwhg lwvhoi lq
d srvlwlyh frh!flhqw rq wkh gh�flw yduldeoh lq wkh plggoh shulrg dqg d qrq0srvlwlyh
frh!flhqw lq wkh shulrgv zlwk d qhjdwlyh uhwxuqv0lq dwlrq uhodwlrq1

515171 Wkh Uroh ri Prqhwdu| Srolf|= V|vwhpv Dssurdfkhv

Lq wkh vhplqdo duwlfohv e| Idpd +4<;4, dqg Jhvnh dqg Uroo +4<;6, hdfk olqn
lq wkh fdxvdo fkdlqv zhuh h{dplqhg dqg hvwlpdwhg vhsdudwho|1 Vlqfh wkh huuru
whupv lq wkh htxdwlrqv duh olnho| wr eh fruuhodwhg lw zrxog eh pruh h!flhqw wr
hvwlpdwh wkh prghov dv d v|vwhp1 Mdphv/ Nruhlvkd/ dqg Sduwfk +4<;8, zhuh wkh
�uvw wr xvh wklv dssurdfk wr dqdo|}h wkh uhdodwlrqvkls ehwzhhq uhdo vwrfn uhwxuqv
dqg lq dwlrq1 Wkh| hvwlpdwhg d yhfwru dxwruhjuhvvlyh prylqj dyhudjh prgho zlwk
vwrfn uhwxuqv/ uhdo dfwlylw|/ prqh| vxsso|/ dqg lq dwlrq1 Wkh fdxvdo olqnv ehwzhhq
wkhvh yduldeohv zhuh h{dplqhg1 Wkh| irxqg wkdw vwrfn uhwxuqv vljqdo fkdqjhv lq
uhdo dfwlylw| dv zhoo dv fkdqjhv lq wkh prqhwdu| edvh1 Wklv lv frqvlvwhqw zlwk wkh
ghew0prqhwl}dwlrq k|srwkhvlv ri Jhvnh dqg Uroo +4<;6,1

Ho| dqg Urelqvrq +4<<5, xvhg d prgho zklfk doorzhg wkhp wr whvw wkh uhodwlrq
ehwzhhq vwrfn uhwxuqv dqg xqh{shfwhg lq dwlrq zkloh frqwuroolqj iru uhdo rxwsxw
h�hfwv dqg prqh|1 Lq dgglwlrq wr xqh{shfwhg lq dwlrq dv dq h{sodqdwru| yduldeoh/
vwrfn uhwxuqv zhuh uhjuhvvhg rq h{shfwhg dqg xqh{shfwhg jurzwk lq JQS dv zhoo
dv h{shfwhg dqg xqh{shfwhg jurzwk lq wkh prqhwdu| edvh1 Wklv htxdwlrq zdv hv0
wlpdwhg vlpxowdqhrxvo| zlwk wkh iruhfdvwlqj htxdwlrqv iru lq dwlrq/ JQS jurzwk/
dqg prqh| edvh jurzwk1 Ho| dqg Urelqvrq +4<<5, uhmhfw wkh ghew0prqhwl}dwlrq
k|srwkhvlv ri Jhvnh dqg Uroo +4<;6,1 Vwrfn uhwxuqv duh qrw irxqg wr eh xvhixo
lq iruhfdvwlqj wkh jurzwk udwh ri wkh prqhwdu| edvh ru lq dwlrq/ zklfk lw vkrxog
kdyh ehhq li wkh ghew0prqhwl}dwlrq k|srwkhvlv zhuh wuxh1 Zkloh d frxqwhu0f|folfdo
prqhwdu| srolf| zdv irxqg wr suhydlo iru wkh zkroh vdpsoh dv zhoo dv iru doo wkuhh
vxeshulrgv/ d qhjdwlyh uhodwlrq ehwzhhq uhdo vwrfn uhwxuqv dqg xqh{shfwhg lq d0
wlrq zdv irxqg iru wkh zkroh vdpsoh shulrg exw iru rqo| rqh ri wkh vxeshulrgv1
Khqfh/ d frxqwhu0f|folfdo prqhwdu| srolf| grhv qrw surylgh d frqvlvwhqw h{sodqd0
wlrq iru wkh qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg xqh{shfwhg lq dwlrq1

Ohh +4<<5, iroorzhg wkh dssurdfk ri Mdphv/ Nruhlvkd/ dqg Sduwfk +4<;8, lq
xvlqj d YDU dqdo|vlv/ vlqfh wkh elyduldwh fdxvdo whvwv lq rwkhu vwxglhv pd| qrw
eh urexvw lq d odujhu v|vwhp ri yduldeohv1 Krzhyhu/ kh srlqwhg rxw wzr zhdn0
qhvvhv lq wkh vwxg| e| Mdphv/ Nruhlvkd/ dqg Sduwfk1 Iluvw/ e| xvlqj wkh fkdqjh
lq qrplqdo lqwhuhvw udwhv dv d sur{| iru wkh fkdqjh lq h{shfwhg lq dwlrq wkhuh
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lv qr lqghshqghqw uroh iru uhdo lqwhuhvw udwhv lq wkhlu prgho +vlqfh uhdo lqwhuhvw
udwhv duh lpsolflwo| dvvxphg wr eh frqvwdqw,1 Vhfrqg/ Ohh wkrxjkw lw zrxog eh
pruh lqwhuhvwlqj wr lqyhvwljdwh wkh h{whqw wr zklfk d yduldeoh khosv h{sodlq rwkhu
yduldeohv dqg krz d yduldeoh uhvsrqgv wr vkrfnv lq rwkhu yduldeohv lq wkh v|vwhp/
udwkhu wkdq phuho| frqgxfwlqj vlpsoh whvwv ri fdxvdo uhodwlrqv1 Ohh hvwlpdwhg d
irxu0yduldeoh YDU v|vwhp zlwk uhdo vwrfn uhwxuqv/ uhdo lqwhuhvw udwhv/ jurzwk lq
lqgxvwuldo surgxfwlrq/ dqg wkh udwh ri lq dwlrq iru wkh shulrg Mdqxdu| 4<7: wr Gh0
fhpehu 4<;: +X1V1 gdwd,1 Kh �qgv wkdw wkh uhvsrqvh ri lqgxvwuldo surgxfwlrq wr
vkrfnv lq uhdo vwrfn uhwxuqv lv vwurqjo| srvlwlyh xs wr 45 prqwkv diwhu wkh vkrfn1
Kh grhv qrw �qg d frqvlvwhqw qhjdwlyh uhvsrqvh ri lq dwlrq wr vkrfnv lq vwrfn
uhwxuqv/ ru ylfh yhuvd1 Rq wkh rwkhu kdqg/ uhdo lqwhuhvw udwhv duh irxqg wr h{sodlq
d vxevwdqwldo iudfwlrq ri wkh iruhfdvw huuru yduldqfh lq lq dwlrq1 Ilqdoo|/ lq dwlrq
h{sodlqv olwwoh ri wkh yduldwlrq lq uhdo dfwlylw|1 Khqfh/ zlwk uhdo lqwhuhvw udwhv dqg
d phdvxuh ri uhdo dfwlylw| lq wkh v|vwhp wkh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg
lq dwlrq euhdnv grzq1 Wklv lv frqvlvwhqw zlwk Idpd*v �sur{| k|srwkhvlv�1

Fdqryd dqg Qlfroö +4<<:, frqgxfwhg d vwxg| wkdw lv vlplodu wr Ohh*v iru wkh
X1V1/ wkh X1N1/ Jhupdq|/ dqg Mdsdq iru wkh pruh uhfhqw shulrg 4<:60<61 Wkh|
hvwlpdwhg d YDU zlwk qrplqdo vwrfn uhwxuqv/ wkh vorsh ri wkh whup vwuxfwxuh/ lq0
gxvwuldo surgxfwlrq/ dqg lq dwlrq1 Wkh| glvfryhuhg d vljql�fdqw qhjdwlyh uhodwlrq
ehwzhhq uhdo vwrfn uhwxuqv dqg lq dwlrq lq doo irxu frxqwulhv1 Rq wkh rwkhu kdqg/
wkh qhjdwlyh fruuhodwlrq ehwzhhq qrplqdo vwrfn uhwxuqv dqg lq dwlrq lv vljql�fdqw
rqo| lq wkh X1V1 Fdqryd dqg Qlfroö doorz iru lqwhuqdwlrqdo lqwhudfwlrqv e| hvwl0
pdwlqj elodwhudo YDU*v zlwk wkh X1V1 dv rqh frxqwu| dqg wkh X1N1/ Jhupdq|/ ru
Mdsdq dv wkh rwkhu frxqwu|1 Zkhq lqwhuqdwlrqdo lq xhqfhv duh doorzhg iru lq wklv
pdqqhu/ wkh qhjdwlyh olqn ehwzhhq rxwsxw jurzwk dqg lq dwlrq/ zklfk lv fhqwudo
wr wkh *sur{| k|srwkhvlv*/ glvdsshduv1

Edogx}}l +4<<8, frqvlghuhg d YDU zlwk wkh udwh ri lq dwlrq/ uhdo uhwxuqv rq wkh
ydoxh0zhljkwhg Q\VH sruwirolr/ jurzwk lq lqgxvwuldo surgxfwlrq/ dqg prqhwdu|
edvh jurzwk1 Kh xvhg yhfwru prylqj dyhudjhv wr vwxg| wkh fruuhodwlrq ehwzhhq
wzr vhulhv1 Kh irxqg d qhjdwlyh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq lq dwlrq
dqg vwrfn uhwxuqv/ luuhvshfwlyh ri wkh ruljlq ri wkh lqqrydwlrq exw zlwk lq dwlrq
vkrfnv uhvxowlqj lq wkh vwurqjhvw fruuhodwlrqv1 Zkhq wkh v|vwhp zdv dxjphqwhg
wr lqfoxgh wkh wkuhh0prqwk Wuhdvxu| eloo udwh/ lqwhuhvw udwh lqqrydwlrqv zhuh irxqg
wr sod| d vljql�fdqw uroh dowkrxjk lq dwlrq lqqrydwlrqv vwloo pdwwhuhg wkh prvw1
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515181 Orqj0Krul}rq Uhodwlrqv Ehwzhhq Lq dwlrq dqg Vwrfn uhwxuqv

Erxgrxnk dqg Ulfkdugvrq +4<<6, dqg Iuhqqehuj dqg Kdqvvrq +4<<6, frqvlghuhg
orqjhu0krul}rq uhwxuqv +xs wr �yh |hduv,/ uhjuhvvlqj vwrfn uhwxuqv rq h{shfwhg dqg
xqh{shfwhg lq dwlrq dv lq +514,1 Wkh| irxqg wkdw dw orqjhu krul}rqv vwrfnv duh
jrrg khgjhv djdlqvw erwk h{shfwhg dqg xqh{shfwhg lq dwlrq1 Iru wkh Vzhglvk
gdwd vhw xvhg e| Iuhqqehuj dqg Kdqvvrq wkh Ilvkhu uhodwlrq krogv hyhq dw vkruw
krul}rqv +dv vkruw dv rqh prqwk,1 Erxgrxnk/ Ulfkdugvrq/ dqg Zklwhodz +4<<7,
vkrz wkdw lw lv srvvleoh wr jhw hvwlpdwhv ri d qhjdwlyh uhodwlrq ehwzhhq vwrfn uhwxuqv
dqg h{shfwhg lq dwlrq dw vkruw krul}rqv dqg hvwlpdwhv ri d srvlwlyh uhodwlrq dw
orqj krul}rqv hyhq li wkh Ilvkhu uhodwlrq krogv1 Wklv lv ehfdxvh h{shfwhg lq dwlrq
pd| eh sduwo| sur{|lqj iru h{shfwhg ixwxuh uhdo udwhv1 Uhjuhvvlqj vwrfn uhwxuqv
rq h{shfwhg lq dwlrq/ wkh frh!flhqw rq h{shfwhg lq dwlrq lv vkrzq wr htxdo rqh
soxv wkh fryduldqfh ehwzhhq h{shfwhg lq dwlrq dqg ixwxuh glylghqg jurzwk udwhv
dqg sulfh glylghqg udwlrv1 Hyhq lq d prqh|0qhxwudo vhwwlqj wklv fryduldqfh qhhg
qrw eh }hur dqg lw qhhg qrw eh wkh vdph iru gl�huhqw krul}rqv1

Ho| dqg Urelqvrq +4<<:, xvh d gl�huhqw dssurdfk wr lqyhvwljdwlqj wkh uhodwlrq
ehwzhhq vwrfn uhwxuqv dqg lq dwlrq dw orqj krul}rqv1 Xvlqj vwrfn uhwxuq/ lq dwlrq/
uhdo rxwsxw/ dqgprqh| vxsso| gdwd iurp 49 lqgxvwuldol}hg frxqwulhv/ wkh| hvwlpdwh
yhfwru huuru fruuhfwlrq +YHF, prghov wr dvvhvv wkh uhvsrqvh ri vwrfn dqg jrrgv
sulfhv wr prqh| vxsso| dqg uhdo rxwsxw vkrfnv1 Zlwk d ihz h{fhswlrqv/ wkh|
frqfoxgh wkdw vwrfnv pdlqwdlq wkhlu ydoxh uhodwlyh wr jrrgv sulfhv iroorzlqj erwk
uhdo dqg prqhwdu| vkrfnv1

515191 Wkh Lq dwlrq Ulvn Suhplxp

Pdonlho +4<:<, dgguhvvhg wkh txhvwlrq ri zk| uhdo fdslwdo lqyhvwphqw zdv vr zhdn
gxulqj wkh 4<:3*v1 Kh vxjjhvwhg wkdw kljkhu ulvn suhplxpv lq wklv ghfdgh/ frp0
sduhg wr wkrvh lq suhylrxv ghfdghv/ frxog eh wkh h{sodqdwlrq1 Kh fodlphg wkdw
wkh uhdvrq iru wkh kljk suhplxpv zdv d kljk ohyho ri lq dwlrq zlwk dq dvvrfldwhg
kljk yduldelolw| lq wkh lq dwlrq udwh1 Yrodwloh lq dwlrq ohdg wr odujh uhodwlyh sulfh
fkdqjhv/ zklfk pdnh orqj0uxq sodqqlqj yhu| kd}dugrxv1 Dovr/ d wd{ v|vwhp wkdw
idyruhg ghew �qdqflqj ryhu htxlw| �qdqflqj frqwulexwhg lq hqfrxudjlqj �upv wr
xvh kljko| ohyhuhg fdslwdo vwuxfwxuhv1 Zkhq d uhjlph zlwk kljk dqg yrodwloh lq d0
wlrq lv lqwurgxfhg lqwr vxfk d wd{ hqylurqphqw lqyhvwruv zloo qdwxudoo| ghpdqg dq
lq dwlrq ulvn suhplxp1 Pdonlho r�huv wkh fkdqjh ryhu wlph lq wkh vsuhdg ehwzhhq
wkh |lhogv ri phglxp txdolw| frusrudwh erqgv dqg |lhogv ri orqj0whup jryhuqphqw
erqgv dv d fuxgh phdvxuh ri wkh ulvn suhplxp1 Wkh vsuhdg lv vkrzq wr kdyh
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lqfuhdvhg iurp d orz lq 4<98/ wkxv vxssruwlqj klv k|srwkhvlv1 Frqvwuxfwhg gluhfw
phdvxuhv ri wkh ulvn suhplxp lq wkh htxlw| pdunhw duh vkrzq wr whoo wkh vdph
vwru|/ ohqglqj dgglwlrqdo vxssruw wr wkh k|srwkhvlv ri dq lq dwlrq ulvn suhplxp1

Fkhq/ Uroo/ dqg Urvv +4<;9, whvwhg zkhwkhu lqqrydwlrqv lq pdfurhfrqrplf
yduldeohv uhsuhvhqw ulvn idfwruv wkdw duh sulfhg lq wkh vwrfn pdunhw1 Wkh| lghqwl0
�hg �yh srwhqwldo idfwruv= lqgxvwuldo surgxfwlrq/ h{shfwhg lq dwlrq/ xqh{shfwhg
lq dwlrq/ wkh vsuhdg ehwzhhq kljk judgh dqg orz judgh erqgv/ dqg d whup vsuhdg1
Wkh| udq furvv0vhfwlrqdo uhjuhvvlrqv ri vwrfn uhwxuqv rq phdvxuhv fdswxulqj wkh
vhqvlwlylw| ri d sduwlfxodu vwrfn wr lqqrydwlrqv lq d sduwlfxodu pdfurhfrqrplf ydul0
deoh1 Wkh| irxqg d vljql�fdqw +qhjdwlyh, ulvn suhplxp iru h{srvxuh wr lq dwlrq
ulvn gxulqj wkh kljk lq dwlrq shulrg 4<9;0::/ exw qr vljql�fdqw lq dwlrq suhplxp
lq wkh shulrgv ehiruh dqg diwhu wklv shulrg1 Wkxv/ lq shulrgv ri kljk lq dwlrq lq0
yhvwruv uhtxluh d orzhu ulvn suhplxp iru dvvhwv wkdw duh srvlwlyho| fruuhodwhg zlwk
+duh jrrg khgjhv djdlqvw, lq dwlrq1

Dv dq looxvwudwlrq ri wkh Fkhq/ Uroo/ dqg Urvv prgho frqvlghu wkh vlpsohu
rqh0idfwru prgho/

-�| ' @n K� EZ| � Ze
|� n 0|c +518,

zkhuh wkh qrplqdo uhwxuq rq dvvhw � ' �c 2c ���c � lv uhjuhvvhg rq wkh rqo| idfwru=
xqh{shfwhg lq dwlrq1Wkh hvwlpdwhg idfwru vhqvlwlylwlhv/ K�c duh wkhq xvhg lq wkh
furvv0vhfwlrqdo uhjuhvvlrq

-�' qf n q�K� n #�c +519,

zkhuh -� lv wkh dyhudjh uhwxuq rq vwrfn � ryhu wkh vdpsoh shulrg1 Zh zrxog
h{shfw q� 	 fc l1h1 wkh ehwwhu wkh vwrfn khgjhv djdlqvw xqh{shfwhg lq dwlrq +wkh
kljkhu K� lv, wkh vpdoohu wkh lq dwlrq ulvn suhplxp vkrxog eh1 Jrlqj lq wkh rwkhu
gluhfwlrq/ d odujh qhjdwlyh K� lpsolhv wkdw wkh vwrfn lv d yhu| srru khgjh djdlqvw
lq dwlrq dqg lw zloo wkhuhiruh uhtxluh d odujh srvlwlyh ulvn suhplxp1

D idfwru prgho zdv dovr hpsor|hg e| Odmhul dqg Ghuplqh +4<<9, wr lqyhvwljdwh
zkdw idfwruv ghwhuplqh wkh uhwxuqv rq vwrfnv ri Iuhqfk edqnv olvwhg rq wkh Sdulv
vwrfn h{fkdqjh 4<::0<41 Wkh idfwruv frqvlghuhg zhuh d pdunhw lqgh{ dqg lqqr0
ydwlrqv lq lqwhuhvw udwhv dqg lq dwlrq1 Iru wkh pruh yrodwloh shulrg 4<::0;: wkh|
irxqg d vljql�fdqw +qhjdwlyh, lq dwlrq ulvn suhplxp1 Khqfh/ wklv uhvxow vxssruwv
wkh �qglqj ri Fkhq/ Uroo/ dqg Urvv +4<;9, wkdw wkhuh lv d vljql�fdqw lq dwlrq ulvn
suhplxp lq wlphv ri kljk dqg yduldeoh lq dwlrq1

Frunlvk dqg Plohv +4<<7, whvwhg li wkh uhdo uhwxuq rq htxlw| +dqg d qxpehu
ri rwkhu dvvhwv, lv olqhduo| uhodwhg wr wkh yduldelolw| lq lq dwlrq1 D shgdjrjl0
fdoo| vlpsol�hg yhuvlrq ri wkhlu dqdo|vlv zrxog eh wr uhjuhvv uhdo vwrfn uhwxuqv rq
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xqh{shfwhg lq dwlrq dqg lq dwlrq yduldelolw|/

o�| ' kf n k� EZ| � Ze
|� n k2�Z| n 1|c +51:,

zkhuh �Z| lv wkh frqglwlrqdo yduldqfh ri lq dwlrq lq shulrg | +hvwlpdwhg iurp dq
DUFK prgho,1 Iru dvvhwv wkdw duh srru khgjhv djdlqvw lq dwlrq/ k� 	 fc zh
zrxog h{shfw k2 : fc l1h1 wkh kljkhu wkh yduldelolw| lq lq dwlrq lv wkh kljkhu
vkrxog eh wkh ulvn suhplxp ghpdqghg e| lqyhvwruv1 Frunlvk dqg Plohv glg qrw
�qg d vljql�fdqw uhodwlrq ehwzhhq uhdo vwrfn uhwxuqv dqg wkh frqglwlrqdo yduldqfh
ri lq dwlrq iru wkhlu X1N1 gdwd1 Nurqeodg +4<<:, uhsolfdwhg Frunlvk dqg Plohv
+4<<7, vwxg| rq Vzhglvk gdwd1 Frqwudu| wr Frunlvk dqg Plohv/ kh glg �qg d
srvlwlyh dqg vljql�fdqw uhodwlrq ehwzhhq lq dwlrq yduldelolw| dqg uhwxuqv rq doo ri
wkh vwrfn lqglfhv kh xvhg +dv zhoo dv iru prvw lqglylgxdo vwrfnv,1

Judqgh/ Orfduqr/ dqg Pdvvd +4<<:, xvhg wkh olqhdul}hg qrplqdo suhvhqw ydoxh
uhodwlrq/

e|n� �.|e|n� ' E.|n� � .|�
"
[

�'f

4� E{_|n�n� � o|n�n� � Z|n�n� � e|n�n�� c +51;,

zkhuh e| lv wkh uhdo vwrfn uhwxuq lq h{fhvv ri wkh ulvniuhh lqwhuhvw udwh o|/ _| lv
wkh uhdo glylghqg/ Z| lv wkh lq dwlrq udwh/ dqg 4 lv d sdudphwhu ri olqhdul}dwlrq1
H{fhvv uhwxuqv fdq eh iruhfdvw xvlqj d YDUprgho ri vwdwh yduldeohv/ zklfk lqfoxgh
wkh h{fhvv uhwxuq rq wkh pdunhw/ d vkruw0whup lqwhuhvw udwh/ wkh glylghqg |lhog/
wkh vorsh ri wkh whup vwuxfwxuh/ dqg wkh ghidxow vsuhdg1 Wkhuh duh wzr vhwv ri
YDU frh!flhqwv uhsuhvhqwlqj wzr uhjlphv ehwzhhq zklfk wkh hfrqrp| fdq vzlwfk1
Wkhvh uhjlphv zloo sduwo| uh hfw fkdqjhv lq prqhwdu| srolf| exw frxog dovr slfn xs
rwkhu vrxufhv ri lqvwdelolw|1 Wkh prgho zdv hvwlpdwhg rq Lwdoldq gdwd iru wkh shulrg
4<:<=T5 wr 4<<:=T41 Judqgh/ Orfduqr/ dqg Pdvvd +4<<:, irxqg wkdw xqh{shfwhg
lq dwlrq uhvxowhg lq d +vpdoo, srvlwlyh ulvn suhplxp xqghu erwk uhjlphv/ dowkrxjk
lw zdv kljkhu lq wkh uhjlph wkdw kdv suhydlohg vlqfh 4<;<1 Krzhyhu/ wklv uhjlph
zdv qrw fkdudfwhul}hg lq prqhwdu| srolf| whupv exw udwkhu lq whupv ri d juhdwhu
rshqqhvv ri wkh hfrqrp|1

5161 Prqhwdu| Srolf| Dqqrxqfhphqw H�hfwv

Wkh sureohpv zlwk hqgrjhqhlw| ri prqh|/ glvfxvvhg lq Vhfwlrq 5141/ ohg vrph uh0
vhdufkhuv wr frqvlghu xvlqj dq hyhqw0vwxg| phwkrgrorj|1 Wklv lqyroyhv orrnlqj
dw wkh h�hfwv lpphgldwho| diwhu d prqhwdu| srolf| dqqrxqfhphqw1 Lw zdv dujxhg
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wkdw wkhvh dqqrxqfhphqwv/ xvlqj gdlo| ru zhhno| gdwd/ frxog eh ylhzhg dv h{rjh0
qrxv wr wkh vxevhtxhqw pdunhw uhdfwlrqv rq +dqg srvvleo| lpphgldwho| diwhu, wkh
hyhqw gd|1 Wkhvh vwxglhv kdyh ehhq shuiruphg doprvw h{foxvlyho| rq X1V1 gdwd1
Prqhwdu| srolf| kdv ehhq phdvxuhg xvlqj prqh| vxsso| dqqrxqfhphqwv +Ehun0
pdq +4<:;,/ O|qjh +4<;4,/ Fruqhoo +4<;6,/ Shdufh dqg Uroh| +4<;6,,/ glvfrxqw
udwh fkdqjhv +Zdxg +4<:3,/ Vpluorfn dqg \dzlw} +4<;8,/ Mhqvhq dqg Mrkqvrq
+4<<6/ 4<<8,,/ prqh| vxsso| dqqrxqfhphqwv dqg glvfrxqw udwh fkdqjhv +Shdufh
dqg Uroh| +4<;8,/ Kdihu +4<;9,/ Kdugrxyholv +4<;:,,/ fkdqjhv lq wkh Ihg ixqgv
udwh wdujhw +Wkruehfnh dqg Dodpl +4<<7,/ Wkruehfnh +4<<:,,/ dqg rshq pdunhw
rshudwlrqv +Wdukdq +4<<8,,1

Ehunpdq +4<:;, dqg O|qjh +4<;4, irxqg wkdw vwrfn sulfhv uhdfwhg qhjdwlyho|
wr prqh| vxsso| dqqrxqfhphqwv1 O|qjh +4<;4, glg qrw glvwlqjxlvk ehwzhhq dq0
wlflsdwhg dqg xqdqwlflsdwhg fkdqjhv zkloh wklv zdv d pdmru srlqw ri Ehunpdq*v
vwxg|1 Ehunpdq vkrzhg wkdw vwrfn sulfhv rqo| uhdfw wr xqdqwlflsdwhg fkdqjhv1
Shdufh dqg Uroh| +4<;6, uhh{dplqhg wkh txhvwlrq ri krz vwrfn sulfhv uhdfw wr
xqdqwlflsdwhg prqh| vxsso| dqqrxqfhphqwv1 Xvlqj zhhno| gdwd 4<::0;5/ wkh|
hvwlpdwhg wkh iroorzlqj prgho/

{�| ' @n K E{�@
| �{�e

| � n "|c +51<,

zkhuh {�| lv wkh shufhqwdjh fkdqjh lq wkh vwrfn sulfh/ {�@
| lv wkh dqqrxqfhg

fkdqjh lq wkh prqh| vwrfn/ dqg {�e
| lv wkh h{shfwhg fkdqjh lq wkh prqh| vwrfn1

Wkh h{shfwhg fkdqjh lq wkh prqh| vwrfn zdv rewdlqhg iurp vxuyh| gdwd1 Wkh|
hvwlpdwhg wkh prgho iru wkuhh vxeshulrgv dqg rewdlqhg d qhjdwlyh hvwlpdwh ri wkh
K sdudphwhu lq hdfk vxeshulrg +vwdwlvwlfdoo| vljql�fdqw lq wzr ri wkh vxeshulrgv,1

Dq h{sodqdwlrq ri wkh dqqrxqfhphqw h�hfw vkrxog wdnh lqwr dffrxqw wkh srlqw
pdgh e| Fruqhoo +4<;6,/ wkdw wkh Ihg*v prqh| vxsso| dqqrxqfhphqwv fdq rqo|

d�hfw dvvhw sulfhv e| dowhulqj djhqwv* lqirupdwlrq vhw1 Wklv lv ehfdxvh zkdw wkh
Ihg dqqrxqfhv lv lwv hvwlpdwh ri wkh prqh| vwrfn iru wkh uhvhuyh zhhn hqglqj qlqh
gd|v hduolhu1 Fruqhoo +4<;6, glvfxvvhv dqg whvwv wkuhh k|srwkhvhv vxjjhvwhg lq wkh
olwhudwxuh dv zhoo dv d irxuwk k|srwkhvlv zklfk kh sursrvhv1 Wkh h{shfwhg lq dwlrq
k|srwkhvlv irfxv rq wkh prvw reylrxv olqn ehwzhhq prqh| vxsso| dqqrxqfhphqwv
dqg qrplqdo uhwxuqv1 Krzhyhu/ lq d shuihfw pdunhw h{shfwhg ixwxuh fdvk  rzv dqg
wkh udwh dw zklfk wkh| duh glvfrxqwhg vkrxog eh dgmxvwhg iru fkdqjhv lq h{shfwhg
lq dwlrq e| r�vhwwlqj dprxqwv1 Wkxv/ dq h�hfw rq vwrfn uhwxuqv wkurxjk fkdqjhv
lq h{shfwhg lq dwlrq zrxog kdyh wr uho| rq vrph w|sh ri pdunhw lpshuihfwlrq1 Wkh
Nh|qhvldq k|srwkhvlv lv edvhg rq d vwlfn|0sulfh prgho1 Vlqfh wkh sulfh ohyho grhv
qrw uhvsrqg wr d prqhwdu| vkrfn lq wkh vkruw uxq/ wkh lqwhuhvw udwh zloo kdyh wr
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dgmxvw wr htxloleudwh wkh prqh| pdunhw1 D prqh| vxsso| dqqrxqfhphqw zloo kdyh
dq h�hfw rq dvvhw sulfhv li lw dowhuv h{shfwdwlrqv derxw ixwxuh Ihg srolf|1 D srv0
lwlyh prqh| vxsso| vkrfn zloo ohdg djhqwv wr dqwlflsdwh d wljkwhqlqj ri prqhwdu|
srolf|1 Wkh hqvxlqj elgglqj iru ixqgv zloo gulyh xs wkh fxuuhqw udwh ri lqwhuhvw1
Khqfh/ dq dqqrxqfhphqw ri d eljjhu prqh| vxsso| zloo orzhu vwrfn sulfhv ehfdxvh
ri +l, d kljkhu glvfrxqw udwh/ dqg +ll, orzhu h{shfwhg ixwxuh fdvk  rzv uhvxowlqj
iurp orzhu ixwxuh hfrqrplf dfwlylw|1 Wkh uhdo dfwlylw| k|srwkhvlv dvvhuwv wkdw dq
dqqrxqfhphqw ri d eljjhu prqh| vxsso| surylghv lqirupdwlrq derxw ixwxuh prqh|
ghpdqg +dffrprgdwhg e| wkh Ihg,/ zklfk lq wxuq lv fdxvhg e| kljkhu h{shfwhg
ixwxuh rxwsxw1 Kljkhu h{shfwhg ixwxuh rxwsxw phdqv kljkhu h{shfwhg ixwxuh fdvk
 rzv/ zklfk fdxvhv vwrfn sulfhv wr ulvh1 Wklv lv Idpd*v �sur{| k|srwkhvlv� glv0
fxvvhg lq Vhfwlrq 515151 deryh1 Lq dgglwlrq wr wkhvh k|srwkhvhv/ Fruqhoo +4<;6,
sursrvhv wkh ulvn suhplxp k|srwkhvlv1 Zlwk d suhfdxwlrqdu| prwlyh iru kroglqj
uhdo edodqfhv/ prqh| ghpdqg zloo eh dq lqfuhdvlqj ixqfwlrq ri ulvn dyhuvlrq dqg
ulvn1 Dq xqh{shfwhg prqh| vxsso| lqfuhdvh uhyhdov wkdw djjuhjdwh ulvn dyhuvlrq
dqg2ru ulvn lv kljkhu wkdq suhylrxvo| +iru d jlyhq ohyho ri uhdo lqfrph,1 Xqghu wkhvh
flufxpvwdqfhv lqyhvwruv zloo uhtxluh d kljkhu ulvn suhplxp/ fdxvlqj htxlw| sulfhv
wr idoo1 Fruqhoo*v �qglqj ri d gurs lq htxlw| sulfhv iroorzlqj d srvlwlyh prqh|
vxsso| dqqrxqfhphqw lv lqfrqvlvwhqw zlwk wkh uhdo dfwlylw| k|srwkhvlv1 Wdnlqj
lqwr dffrxqw wkh suhglfwhg h�hfwv rq rwkhu dvvhw sulfhv qrqh ri wkh k|srwkhvhv
zhuh irxqg wr eh frqvlvwhqw zlwk wkh gdwd1 Krzhyhu/ Fruqhoo srlqwhg rxw wkdw d
qxpehu ri gl�huhqw frpelqdwlrqv ri doo irxu k|srwkhvhv zrxog eh frqvlvwhqw zlwk
klv �qglqjv1

Shdufh dqg Uroh| +4<;8, lqyhvwljdwhg wkh h�hfwv rq htxlw| sulfhv iurp xqdq0
wlflsdwhg fkdqjhv lq prqh|/ lq dwlrq/ dqg rxwsxw/ dv zhoo dv iurp fkdqjhv lq wkh
glvfrxqw udwh1 Wkhlu 4<::0;5 vdpsoh vwudggohv wkh shulrg Rfwrehu 4<:< wr Rfwrehu
4<;5/ zkhq wkh Ihg wdujhwhg qrqeruurzhg uhvhuyhv1 Ehiruh Rfwrehu 4<:< wkh Ihg
iroorzhg dq lqwhuhvw udwh wdujhwlqj surfhgxuh dqg diwhu Rfwrehu 4<;5 lw ghhpskd0
vl}hg wklv surfhgxuh lq idyru ri d eruurzhg uhvhuyhv surfhgxuh1 Shdufh dqg Uroh|
irxqg wkdw prqh| vxusulvhv kdg d qhjdwlyh dqg vwdwlvwlfdoo| vljql�fdqw h�hfw rq
htxlw| sulfhv lq erwk wkh suh0Rfwrehu 4<:< dqg wkh srvw0Rfwrehu 4<:< shulrgv1
Lq dwlrq dqg rxwsxw vxusulvhv kdg dw ehvw d olplwhg h�hfw rq vwrfn sulfhv1 Kdihu
+4<;9, irxqg d vljql�fdqw h�hfw iurp prqh| dqqrxqfhphqwv rq htxlw| sulfhv rqo|
lq wkh srvw04<:< shulrg1 Kdugrxyholv +4<;:, frqvlghuhg wkh shulrg 4<:<0;7 dqg
irxqg d vljql�fdqw qhjdwlyh h�hfw iru erwk ri wkh vxeshulrgv 4<:<0;5 dqg 4<;50
;71 Pruh jhqhudoo|/ kh irxqg wkdw prqhwdu| yduldeohv +h1j1 wkh prqh| vxsso|,
pdwwhuv zkloh qrq0prqhwdu| yduldeohv +h1j1 rxwsxw, gr qrw1 D qhjdwlyh h�hfw ri
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xqh{shfwhg lqqrydwlrqv lq prqh| iru wkh zkroh shulrg 4<::0;; zdv grfxphqwhg
e| PfTxhhq dqg Uroh| +4<<6,/ lq d vwxg| pdlqo| frqfhuqhg zlwk rxwsxw vxusulvhv1
Wkh| h{sodlqhg wkh suhylrxv �qglqjv/ e| Kdugrxyholv dqg rwkhuv/ ri lqvljql�fdqw
qrq0prqhwdu| yduldeohv dv wkh uhvxow ri d gl�huhqwldo vwrfn sulfh uhdfwlrq wr rxw0
sxw vxusulvhv ghshqglqj rq wkh vwdwh ri wkh hfrqrp|1 Lq dq ryhukhdwhg hfrqrp|
d srvlwlyh rxwsxw vxusulvh lv edg qhzv iru wkh vwrfn pdunhw/ zkloh lw lv jrrg qhzv
lq d voxps1

Lq wkh hduo| 4<:3*v hylghqfh zdv suhvhqwhg wkdw vkrzhg lqwhuhvw udwhv dqg
vwrfn sulfhv uhvsrqglqj wr dqqrxqfhphqwv ri glvfrxqw udwh fkdqjhv +Zdxg +4<:3,,1
Krzhyhu/ Vdqwrphur +4<;6, dqg uhihuhqfhv jlyhq lq wkdw sdshu ghvfulehv wkh glv0
frxqw udwh dv ehlqj vhw lq uhvsrqvh wr pdunhw lqwhuhvw udwhv zlwk d odj1 Exw
li wklv lv wkh fdvh dqg wkh vwrfn pdunhw qhyhuwkhohvv uhvsrqgv wr vxfk fkdqjhv/
wkhq wklv lqglfdwhv wkdw wkh pdunhw lv lqh!flhqw1 Whfkqlfdoo| wklv zrxog ri frxuvh
dovr ohdg wr dq hqgrjhqhlw| sureohp lq xvlqj fkdqjhv lq wkh glvfrxqw udwh dv dq
h{sodqdwru| yduldeoh1 Vpluorfn dqg \dzlw} +4<;8, dguhvv wkhvh sureohpv e| wu|0
lqj wr glvwlqjxlvk ehwzhhq *whfkqlfdo* glvfrxqw udwh fkdqjhv wkdw duh hqgrjhqrxv
dqg *qrqwhfkqlfdo* fkdqjhv wkdw frqwdlq vrph lqirupdwlrq derxw prqhwdu| srolf|1
Wkh| irxqg qr hylghqfh ri dqqrxqfhphqw h�hfwv iru wkh suh04<:< shulrg/ uhjdug0
ohvv ri zkhwkhu wkh fkdqjh zdv fodvvl�hg dv whfkqlfdo ru qrqwhfkqlfdo1 Rq wkh
rwkhu kdqg/ iru wkh srvw04<:< shulrg wkh| irxqg vljql�fdqw qhjdwlyh dqqrxqfh0
phqw h�hfwv/ exw rqo| iru qrqwhfkqlfdo glvfrxqw udwh fkdqjhv1 Khqfh/ wkh| zhuh
deoh wr uhfrqfloh wkh �qglqjv ri vljql�fdqw dqqrxqfhphqw h�hfwv zlwk pdunhw hi0
�flhqf|1 Lq frqwudvw wr Vpluorfn dqg \dzlw} +4<;8,/ Mhqvhq dqg Mrkqvrq +4<<6,
irxqg vljql�fdqw h�hfwv ri erwk whfkqlfdo dqg qrq0whfkqlfdo glvfrxqw udwh fkdqjhv/
dowkrxjk wkh h�hfwv ri wkh qrq0whfkqlfdo fkdqjhv zhuh irxqg wr eh vwurqjhu1 Wkh
uhvxowv dovr krogv luuhvshfwlyh ri wkh prqhwdu| uhjlph1 Wkh glvfuhsdqf| frpsduhg
wr suhylrxv uhvxowv fdq eh h{sodlqhg e| d pruh fduhixo fkrlfh ri dqqrxqfhphqw
shulrg dqg wkh idfw wkdw wkh| dqdo|}h lqfuhdvhv dqg ghfuhdvhv vhsdudwho|1

Shdufh dqg Uroh| +4<;8, irxqg wkdw fkdqjhv lq wkh glvfrxqw udwh kdg d qhjdwlyh
h�hfw rq htxlw| sulfhv/ exw vljql�fdqw rqo| lq wkh srvw04<:< shulrg1 Kdihu +4<;9,
irxqg d qhjdwlyh h�hfw ri glvfrxqw udwh fkdqjhv rq htxlw| sulfhv rqo| gxulqj wkh
shulrg Rfwrehu 4<:< wr Rfwrehu 4<;5 ri qrqeruurzhg uhvhuyhv wdujhwlqj1 Ehiruh
dqg diwhu wklv shulrg kh irxqg d srvlwlyh exw vwdwlvwlfdoo| lqvljql�fdqw h�hfw rq
htxlw| sulfhv1 Kdugrxyholv +4<;:, olnhzlvh irxqg d qhjdwlyh h�hfw gxulqj wkh 4<:<0
;5 shulrg exw qr h�hfw diwhu 4<;51 Wkhvh �qglqjv duh frqvlvwhqw zlwk wkh lghd
wkdw wkh glvfrxqw udwh lv pruh lqirupdwlyh derxw ixwxuh prqhwdu| srolf| xqghu d
uhjlph ri qrqeruurzhg uhvhuyhv wdujhwlqj1
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Wkh vwxg| e| Mhqvhq dqg Mrkqvrq +4<<8, lv gl�huhqw iurp wkh suhylrxv vwxg0
lhv lq wkdw wkh| frqvlghuhg wkh orqj0whup uhwxuqv vxuurxqglqj d fkdqjh lq wkh
glvfrxqw udwh1 Wkh| lqyhvwljdwhg wkh h�hfw ri d glvfrxqw udwh fkdqjh rq wkh suh0
dqqrxqfhphqw +gd| 048 wkurxjk 04, uhwxuqv / wkh dqqrxqfhphqw shulrg +gd| 3 dqg
4, uhwxuqv/ dqg wkh srvwdqqrxqfhphqw +gd| 5 wkurxjk 49, uhwxuqv1 Wkhuh zdv d
qhjdwlyh h�hfw rq vwrfn uhwxuqv lq doo wkuhh shulrgv1 Wkh suhdqqrxqfhphqw uh0
wxuqv lqglfdwhg wkdw wkh vwrfn pdunhw dqwlflsdwhv wkh fkdqjh lq wkh glvfrxqw udwh1
Wkh srvwdqqrxqfhphqw uhdfwlrq zdv lqwhusuhwhg e| Mhqvhq dqg Mrkqvrq qrw dv d
ghod|hg uhdfwlrq/ vlqfh wkhuh duh ihz vljql�fdqw uhwxuqv rq wkh gd|v lpphgldwho|
iroorzlqj wkh dqqrxqfhphqw/ exw udwkhu dv d vljq wkdw uhlqiruflqj hyhqwv whqg wr
iroorz wkh udwh fkdqjh1 Wkh| dovr frqvlghuhg dqqrxqfhphqw wr dqqrxqfhphqw
uhwxuqv zlwk wkh vdph edvlf uhvxowv1

Wdukdq +4<<8, h{dplqhg wkh lpsdfw ri Ihghudo Uhvhuyh rshq pdunhw rshudwlrqv
rq �qdqfldo dvvhw sulfhv +lq d vwxg| pdlqo| irfxvlqj rq lqwhuhvw udwhv,1 Kh irxqg
qr hylghqfh wkdw wkh Ihg lq xhqfhv vwrfn sulfhv1 Wkruehfnh +4<<:,/ rq wkh rwkhu
kdqg/ irxqg d vljql�fdqw qhjdwlyh h�hfw rq wkh shufhqwdjh fkdqjh lq wkh Grz
Mrqhv Lqgxvwuldo Dyhudjh iurp srolf|0lqgxfhg fkdqjhv lq wkh ihghudo ixqgv udwh1
Wkh gl�huhqw fkrlfh ri srolf| lqvwuxphqw lq wkhvh wzr vwxglhv iroorz qdwxudoo|
iurp wkh fkrlfh ri vdpsoh shulrg1 Wdukdq vwxglhg wkh shulrg Rfwrehu 5/ 4<:< wr
Ghfhpehu 64/ 4<;7 zkhq wkh jurzwk udwh ri prqh| zdv wkh wdujhw1 Wkruehfnh
irfxvhg dwwhqwlrq rq shulrgv zkhq wkh ihghudo ixqgv udwh zdv wdujhwhg1 Kh xvhg
Frrn dqg Kdkq*v +4<;<, 4<:70:< ihg ixqgv gdwd dqg dgghg d vlplodulo| frqvwuxfwhg
vhulhv iru wkh shulrg Dxjxvw 44/ 4<;: wr Ghfhpehu 64/ 4<<71 Dq hduolhu vwxg| e|
Wkruehfnh dqg Dodpl +4<<7,/ wkdw xvhg wkh ruljlqdo Frrn dqg Kdkq gdwd iru
wkh 4<:70:< shulrg/ dovr irxqg vljql�fdqw qhjdwlyh uhvsrqvhv lq vwrfn uhwxuqv wr
fkdqjhv lq wkh Ihg ixqgv udwh wdujhw1

Lq Vhoolq +4<<:, L dqdo|}hg wkh lpsdfw ri wkh Vyhuljhv Ulnvedqn srolf| dq0
qrxqfhphqwv rq wkh vwrfn pdunhw1 L vlpxowdqhrxvo| frqvlghuhg d zkroh vhw ri
lqvwuxphqwv1 Wkh Vzhglvk v|vwhp iru wkh sudfwlfdo pdqdjhphqw ri prqhwdu| sro0
lf| surylghv rqh ghsrvlw dqg rqh ohqglqj idflolw|1 Wkh ghsrvlw udwh dqg ohqglqj
udwh irup d fruulgru zlwklq zklfk wkh uhsr udwh lv vhw1 Wkh lqwhuhvw udwh fruulgru
surylghv wkh Ulnvedqn zlwk d wrro iru vljqdoolqj lwv orqj whup lqwhqwlrqv frqfhuq0
lqj wkh uhsr udwh1 Lq rughu wr dvvhvv dq| h�hfw iurp lq dwlrq uhsruwv dqg vshhfkhv
e| wkh jryhuqru dqg ghsxw| jryhuqruv ri wkh Ulnvedqn/ wkhvh zhuh frghg 4+04,
li wkh uhsruw2vshhfk zdv lqwhusuhwhg +e| ph, dv iruherglqj prqhwdu| wljkwhqlqj
+hdvlqj, dqg wkh ydoxh }hur li wkh uhsruw2vshhfk zdv qhxwudo1 Wkh iroorzlqj vwdwlv0
wlfdoo| vljql�fdqw h�hfwv zhuh irxqg1 D fkdqjh lq wkh uhsr udwh kdg wkh h{shfwhg
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qhjdwlyh lpsdfw rq htxlw| uhwxuqv1 Wkhuh zdv d srvlwlyh h�hfw rq yrodwlolw| iurp
wkh dqqrxqfhphqw ri d fkdqjh lq wkh uhsr udwh dqg d qhjdwlyh h�hfw iurp fkdqjhv
lq wkh ohqglqj udwh dqg iurp vshhfkhv1 L lqwhusuhwhg wkh odwwhu uhvxowv dv vd|lqj
wkdw fkdqjhv lq wkh ohqglqj udwh dqg vshhfkhv e| wkh jryhuqru dqg ghsxw| jry0
huqruv uhpryh vrph ri wkh xqfhuwdlqw| derxw wkh ixwxuh sdwk ri prqhwdu| srolf|/
zklfk uhvxowv lq orzhu yrodwlolw|1

D vxppdu| ri wkh �qglqjv ri wkh hpslulfdo vwxglhv flwhg deryh duh suhvhqwhg
lq Wdeoh 41 Frqvlghulqj wkh prqh| vxsso| dv d phdvxuh ri prqhwdu| srolf| rqh
uhdfkhv wkh frpsohwh rssrvlwh frqfoxvlrq frpsduhg wr xvlqj dq lqvwxphqw udwh
ri lqwhuhvw1 Doprvw doo ri wkh prqh| vxsso| vwxglhv kdyh xvhg P4 wr phdvxuh
fkdqjhv lq wkh vxsso| ri prqh|1 Wkh h{fhswlrq lv Wdukdq +4<<8, zkr xvh rshq
pdunhw rshudwlrqv1 Wdukdq*v uhvxowv dovr gl�hu iurp wkh rwkhu vwxglhv lq qrw
�qglqj d qhjdwlyh h�hfw rq htxlw| sulfhv iurp hdvlhu prqh|1 Wkh sureohp zlwk
xvlqj P4 dv d phdvxuh ri prqhwdu| srolf| lv wkdw fkdqjhv lq lw duh htxdoo| olnho|
wr uh hfw fkdqjhv lq prqh| ghpdqg dv fkdqjhv lq prqh| vxsso|1 Wkhq/ dv wkh
Nh|qhvldq k|srwkhvlv vxjjhvwv d srvlwlyh prqh| vkrfn frxog ohdg djhqwv wr h{shfw
d wljkwhqlqj ri prqhwdu| srolf| zklfk lq wxuq zrxog ohdg wr d idoo lq htxlw| sulfhv1
Dq dowhuqdwlyh h{sodqdwlrq lv wkh ulvn suhplxp k|srwkhvlv vxjjhvwhg e| Fruqhoo
+4<;6,1 Xvlqj dq lqwhuhvw udwh dv wkh phdvxuh ri prqhwdu| srolf|/ wkh hylghqfh
lqglfdwhv fohduo| wkdw d wljkwhu prqhwdu| srolf| uhvxowv lq orzhu htxlw| sulfhv1

5171 Zkdw Kdyh Zh Ohduqw Iurp wkh Hpslulfdo HylghqfhB

Iurp wkh hpslulfdo vwxglhv ri prqh|2prqhwdu| srolf| dqg vwrfn uhwxuqv lw vhhpv
fohdu wkdw prqh| fdq khos suhglfw vwrfn uhwxuqv wr vrph +vpdoo, h{whqw1 Zkloh
wkh �qglqjv ri wkh hduolhu vwxglhv zhuh dpeljxrxv odwhu vwxglhv/ wkdw kdyh pdgh
dq h�ruw wr phdvxuh wkh dfwxdo prqhwdu| srolf| vwdqfh/ kdyh irxqg xqdpeljx0
rxv hylghqfh wkdw prqhwdu| hdvlqj ohdgv wr kljkhu htxlw| sulfhv +Odvwudsh +4<<9,/
Wkruehfnh +4<<:,/ Sdwholv +4<<:,,1 Prqhwdu| srolf| dovr vhhpv wr h{huw dq lq0
 xhqfh rq vwrfn sulfhv erwk lqghshqghqwo| ri dqg wrjhwkhu zlwk wkh vwdwh ri wkh
exvlqhvv f|foh +Mhqvhq/ Phufhu/ dqg Mrkqvrq +4<<9,/ Sdwholv +4<<:,,1

Wkh hpslulfdo hylghqfh vxjjhvw wkdw uhdo vwrfn uhwxuqv duh dgyhuvo| d�hfwhg
e| erwk wkh h{shfwhg dqg wkh xqh{shfwhg udwh ri lq dwlrq1 Vhyhudo h{sodqdwlrqv
iru wkh qhjdwlyh uhodwlrq kdyh ehhq sxw iruzdug1 Wkh hylghqfh wkdw vrph irup ri
pdunhw lpshuihfwlrq frxog eh wkh h{sodqdwlrq vhhp wr eh txlwh zhdn/ hvshfldoo|
frqvlghulqj Dplkxg*v +4<<9, �qglqjv1 Wkh k|srwkhvlv wkdw wkh hpslulfdo uhodwlrq
ehwzhhq lq dwlrq dqg vwrfn sulfhv lv wkh uhvxow ri lq dwlrq sur{|lqj iru uhdo dfwlylw|
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kdv uhfhlyhg vxssruw lq d qxpehu ri vwxglhv +h1j1 YdqghuKr� dqg YdqghuKr�
+4<<9,/ Fkdqj dqg Slqhjdu +4<;:,/ Ohh +4<<5,, hyhq wkrxjk klv wkhru| ri prqh|
ghpdqg kdv ehhq vhyhuo| fulwl}hg +Udp dqg Vshqfhu +4<;6,/ Ehqghuo| dqg ]zlfn
+4<;8,,1 Wkh lpsruwdqw frqqhfwlrq ehwzhhq wkh qhjdwlyh lq dwlrq0vwrfn uhwxuqv
uhodwlrq dqg wkh vwdqfh ri prqhwdu| srolf| zdv pdgh e| Jhvnh dqg Uroo +4<;6, dqg
h{whqghg e| Ndxo +4<;:,1 Li wkh prqhwdu| dxwkrulw| frqgxfwv d frxqwhu0f|folfdo
prqhwdu| srolf| wklv zloo uhvxow lq d qhjdwlyh uhodwlrq ehwzhhq h{shfwhg lq dwlrq
dqg vwrfn uhwxuqv +Jhvnh dqg Uroo +4<;6,,/ zkloh li lw frqgxfwv d sur0f|folfdo
prqhwdu| srolf| zh frxog vhh d srvlwlyh uhodwlrq ehwzhhq h{shfwhg lq dwlrq dqg
vwrfn uhwxuqv +Ndxo +4<;:,,1 Whvwv ri wkh ghew0prqhwl}dwlrq k|srwkhvlv ri Jhvnh
dqg Uroo +4<;6, kdyh jlyhq dpeljxrxv uhvxowv1 Iru h{dpsoh Mdphv/ Nruhlvkd/
dqg Sduwfk +4<;8, �qg vxssruw iru wkh k|srwkhvlv zkloh Ho| dqg Urelqvrq +4<<5,
uhmhfw lw1

Vwrfnv vhhp wr eh d jrrg khgjh djdlqvw erwk h{shfwhg dqg xqh{shfwhg lq dwlrq
dw orqjhu krul}rqv +Erxgrxnk dqg Ulfkdugvrq +4<<6,/ Iuhqqehuj dqg Kdqvvrq
+4<<6,/ Ho| dqg Urelqvrq +4<<:,,1 Wkhuh lv dovr hylghqfh wr vxjjhvw wkdw lq
wlphv ri kljk dqg yduldeoh lq dwlrq lqyhvwruv uhfhlyh d ulvn suhplxp iru kroglqj
htxlw| +Pdonlho +4<:<,/ Fkhq/ Uroo/ dqg Urvv +4<;9,/ Odmhul dqg Ghuplqh +4<<9,/
Nurqeodg +4<<:,/ Judqgh/ Orfduqr/ dqg Pdvvd +4<<:,,1

Hduolhu vwxglhv/ xvlqj fkdqjhv lq P4 dv d phdvxuh ri prqhwdu| srolf|/ irxqg
wkdw dq dqqrxqfhphqw ri hdvlhu prqhwdu| srolf| kdg d qhjdwlyh lpsdfw rq vwrfn
sulfhv1 Exw fkdqjhv lq P4 frxog uh hfw fkdqjhv rq prqh| ghpdqg dv zhoo dv lq
vxsso|/ zklfk pdnhv wkh lqwhusuhwdwlrq ri wkh uhvxowv gl!fxow1 Pruh uhfhqw vwxglhv/
zklfk kdyh phdvxuhg fkdqjhv lq prqhwdu| srolf| pruh fduhixoo|/ kdyh irxqg wkdw
dqqrxqfhphqwv ri hdvlhu prqhwdu| srolf| kdyh d srvlwlyh lpsdfw rq htxlw| sulfhv
+vhh wkh vwxglhv olvwhg lq Wdeoh 4,1 Wkh wkhruhwlfdo uhdvrqv iru h{shfwlqj wr �qg
wklv wr eh wkh fdvh zloo eh orrnhg lqwr pruh fduhixoo|/ dorqj zlwk rwkhu wkhruhwlfdo
frqvlghudwlrqv/ lq wkh qh{w vhfwlrq ri wklv sdshu1

61 Wkhruhwlfdo Prghov ri Prqh| dqg Vwrfn Sulfhv

Wkhruhwlfdo prghov ri prqh| dqg vwrfn sulfhv idoo lqwr wzr eurdg fdwhjrulhv1 Wkh
�uvw dssurdfk lv wkh xwlolw| pd{lpl}lqj uhsuhvhqwdwlyh djhqw iudphzrun/ zklfk
lv wkh zrunkruvh ri �qdqfldo hfrqrplfv dqg prghuq pdfurhfrqrplfv1 Wkh rwkhu
dssurdfk lv wkdw ri vwuxfwxudo pdfurhfrqrplf prghov/ hpsor|hg lq pruh wudgl0
wlrqdo pdfurhfrqrplfv1 Wkh �uvw dssurdfk lqfoxghv vrph iuhtxhqwo| xvhg uhdo

frqvxpswlrq0edvhg dvvhw sulflqj prghov +Oxfdv +4<:;,/ Euhhghq +4<:<,/ dqg Fr{/
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Lqjhuvroo/ dqg Urvv +4<;8,,1 Lqwurgxflqj prqh| lq d qrqwulyldo zd| lq vxfk d
prgho srvhv d vxewoh sureohp1 Lq rughu iru prqh| wr eh khog lq d jhqhudo htxl0
oleulxp dvvhw sulflqj prgho lw zloo kdyh wr |lhog d qrqshfxqldu| uhwxuq juhdwhu
wkdq }hur1 Li lw glg qrw lw zrxog eh grplqdwhg e| lqwhuhvw0ehdulqj dvvhwv1 D
qxpehu ri gl�huhqw dssurdfkhv wr lqwurgxflqj prqh| kdyh ehhq ghyhorshg1 Zh
duh jrlqj wr vxuyh| sdshuv iurp d forvho| olqnhg jurxs ri prghov lq vxevhfwlrqv
614 wr 616= prqh|0lq0wkh0xwlolw|0ixqfwlrq +PLXI, prghov/ fdvk0lq0dgydqfh +FLD,
prghov/ dqg wudqvdfwlrq frvw prghov1 Lq wkh vwuxfwxudo pdfurhfrqrplf prghov
djjuhjdwh uhodwlrqvklsv dprqj yduldeohv duh srvwxodwhg udwkhu wkdq ghulyhg iurp
plfurhfrqrplf ixqgdphqwdov1 Wkh dssolfdwlrq ri wkhvh prghov wr wkh txhvwlrq ri
prqh| dqg vwrfn sulfhv lv glvfxvvhg lq vxevhfwlrq 6171 Ilqdoo|/ d vxppdu| ri wkh
wkhruhwlfdo vwxglhv duh jlyhq lq vxevhfwlrq 6181

6141 Prqh| lq wkh Xwlolw| Ixqfwlrq Prghov

OhUr| +4<;7,/ Gdqwklqh dqg Grqdogvrq +4<;9,/ Vwxo} +4<;9,/ Er|oh +4<<3,/ dqg
Ednvkl dqg Fkhq +4<<9, sodfh uhdo prqh| edodqfhv gluhfwo| lq wkh xwlolw| ixqfwlrq1
Ednvkl dqg Fkhq +4<<9, vwduw rxw zlwk d glvfuhwh0wlph yhuvlrq ri wkhlu prgho zklfk
wkh| wkhq wdnh wr lwv frqwlqxrxv0wlph olplw1 Wkh uhsuhvhqwdwlyh djhqw/ hqgrzhg
zlwk d orjdulwkplf shulrg xwlolw| ixqfwlrq/ fkrrvhv sdwkv ri frqvxpwlrq/ S|/ dqg
uhdo prqh| edodqfhv/ 6| ' �|*�|/ vr dv wr pd{lpl}h

"
[

|'f

e34| d� *? S| n E�� �� *?6|o{| +614,

zlwk f � � � �/ dqg vxemhfw wr wkh exgjhw frqvwudlqw43

�| n E'| n �|+|{|� 5| ' �|S|{|n'|5|n{|c +615,

zkhuh '| lv wkh vwrfn sulfh dqg 5| lv wkh qxpehu ri vkduhv khog1 Lq htxloleulxp
pdunhwv duh uhtxluhg wr fohdu/ l1h1 S| ' +|c �| ' �r

| c dqg 5| ' � +wkh qxpehu ri
vkduhv dydlodeoh lv qrupdol}hg wr htxdo rqh,1

Lq d �uvw vwhs Ednvkl dqg Fkhq +4<<9, frqvlghu dq hfrqrp| gulyhq e| l1l1g1
+Eurzqldq Prwlrq, surfhvvhv iru rxwsxw dqg prqh|/

43Wkh prgho kdv ehhq vlpsol�hg vrphzkdw khuh wr irfxv rq vwrfnv1 Ednvkl dqg Fkhq +4<<9,
dovr lqfoxgh uhdo dqg qrplqdo erqgv lq wkhlu dqdo|vlv dqg ghulyh vrph lqwhuhvwlqj uhvxowv iru wkh
uhdo dqg qrplqdo whup vwuxfwxuhv1
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_+|
+|

' >+_|n j+_/+c|c +616,

_�|

�|

' >�_| n j�_/�c|� +617,

zkhuh >+ dqg >� duh wkh h{shfwhg jurzwk udwhv ri rxwsxw dqg prqh| uhvshfwlyho|/
zkloh wkh odvw whupv uhsuhvhqw wkh zklwh qrlvh lqqrydwlrqv1 Lq wklv l1l1g1 hfrqrp|
wkh uhdo htxlw| sulfh/ ^|c lv irxqg wr eh sursruwlrqdo wr uhdo rxwsxw/

^| '
+|
4
� +618,

Wkh uhdo udwh ri uhwxuq rq htxlw| lv htxdo wr wkh jurzwk udwh ri rxwsxw/

_^|
^|

' >+_| n j+_/+c|� +619,

Wkh sulfh ohyho lv ghwhuplqhg e| wkh h{fkdqjh htxdwlrq zlwk frqvwdqw yhorflw| ri
prqh|/

�| '
�

�� �

�

4n >� � j2
�

� �|

+|
c +61:,

dqg lq dwlrq lv gulyhq e| erwk uhdo dqg prqhwdu| vkrfnv/

_�|

�|

' Z|_|n j�_/�c| � j+_/+c|� +61;,

Iurp +619, dqg +61;, lw iroorzv wkdw

SJ�|

#

_^|
^|

c
_�|

�|

$

' SJ�|

#

_+|
+|

c
_�|

�|

$

� �@o|

#

_+|
+|

$

c

zklfk zloo eh qhjdwlyh xqohvv prqhwdu| srolf| lv surf|folfdo wr wkh h{whqw wkdw
wkh fryduldqfh whup grplqdwhv wkh yduldqfh whup1 Lw dovr iroorzv iurp +619, wkdw
wkh fryduldqfh ehwzhhq uhdo htxlw| uhwxuqv dqg prqh| jurzwk lv htxdo wr wkh
fryduldqfh ehwzhhq rxwsxw jurzwk dqg prqh| jurzwk/

SJ�|

#

_^|
^|

c
_�|

�|

$

' SJ�|

#

_+|
+|

c
_�|

�|

$

c

zklfk lv srvlwlyh li prqhwdu| srolf| lv surf|folfdo dqg qhjdwlyh li prqhwdu| srolf|
lv frxqwhuf|folfdo1 Khqfh/ wklv prgho lv frqvlvwhqw zlwk wkh hpslulfdo �qglqjv ri
Ndxo +4<;:,1
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6151 Fdvk lq Dgydqfh Prghov

Oxfdv +4<;5, ghyhorsv d prgho zkhuh djhqwv kdyh wr phhw d fdvk0lq0dgydqfh frq0
vwudlqw iru sxufkdvlqj wkh frqvxpswlrq jrrg/ dv vxjjhvwhg e| Forzhu +4<9:,1 Wklv
w|sh ri prgho kdv ehhq xvhg dqg h{whqghg e| Gd| +4<;7,/ Oxfdv +4<;7,/ Vyhqvvrq
+4<;8,/ Oxfdv dqg Vwrnh| +4<;:,/ Odedglh +4<;<,/ Jlrydqqlql dqg Odedglh +4<<4,/
dqg Er|oh dqg Shwhuvrq +4<<8,1

Wkh edvlf prgho gxh wr Oxfdv lv vhw xs lq wkh iroorzlqj zd|1 Wkh uhsuhvhqwdwlyh
djhqw hqwhuv d shulrg zlwk prqh| dqg htxlw| vkduhv fduulhg ryhu iurp wkh suhylrxv
shulrg1 Kh uhfhlyhv d kholfrswhu gurs ri prqh| dqg wkh vhfxulwlhv pdunhw rshqv
iru wudglqj1 Wkh vhfxulw| pdunhw forvhv dqg wkh jrrgv pdunhw rshqv iru wudglqj1
Jrrgv pxvw eh erxjkw zlwk prqh| +fxuuhqf|,1 Wkh jrrgv pdunhw forvhv dqg wkh
djhqw froohfwv glylghqgv lq wkh irup ri fxuuhqf|/ zklfk lv fduulhg lqwr wkh qh{w
shulrg1

Wkh djhqw*v sureohp lv wr fkrrvh frqvxpswlrq/ S|/ prqh| kroglqjv/ �|/ dqg
htxlw| vkduhv/ 5|/ jlyhq wkh sulfh ri wkh jrrg/ �|/ dqg wkh uhdo sulfh ri htxlw|/ ^|/
vr dv wr pd{lpl}h

.f

"
[

|'f

q|� ES|� +61<,

vxemhfw wr d exgjhw frqvwudlqw/

�|

�|

n ^|5| �
�

^| n +|3�
�|3�

�|

�

5|3� n
�|3� � �|3�S|3�

�|

n
�r

| ��r
|3�

�|

c +6143,

dqg d fdvk0lq0dgydqfh frqvwudlqw/

�| � �|S|� +6144,

iru hyhu| | � f� Wkh uhvwulfwlrqv zloo eh elqglqj dw wkh rswlpxp vroxwlrq1
Wkh h{rjhqrxv yduldehv hyroyh dffruglqj wr

+| ' #|+|3�c +6145,

dqg
�r

| ' >|�
r
|3�c +6146,

zkhuh #| dqg >| duh wkh vwrfkdvwlf jurzwk udwhv ri rxwsxw dqg prqh| uhvshfwlyho|1
Lq htxloleulxp zh uhtxluh wkdw iru hyhu| | � f/
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S| ' +|c 5| ' �c�| ' �r
| � +6147,

Xvlqj wkh elqglqj fdvk0lq0dgydqfh frqvwudlqw dqg wkh htxloleulxp frqglwlrqv/ zh
fdq ghulyh d txdqwlw| wkhruhwlfdoo| ghwhuplqhg sulfh ohyho zlwk xqlw yhorflw|/44

�| '
�r

|

+|
� +6148,

Vxevwlwxwlqj wklv sulfh ohyho dqg wkh htxloleulxp frqglwlrq iru frqvxpwlrq lqwr
wkh Hxohu htxdwlrq iru wkh htxlw| sulfh/ zh hqg xs zlwk wkh htxloleulxp sulfh ri
htxlw|

^| ' q.|

%

�� E+|n��

�� E+|�

#

^|n� n
+|n�
>|n�

$&

c +6149,

zkhuh >|n� lv wkh jurzwk udwh ri prqh|1
Dvvxplqj wkdw wkh prqh| vxsso| surfhvv lv lqghshqghqw ri wkh hqgrzphqw

surfhvv/ zh jhw

^| ' q.|

%

�� E+|n��

�� E+|�
^|n�

&

n q.|

%

�� E+|n��

�� E+|�
+|n�

&

.|

%

�

>|n�

&

+614:,

Iurp wklv htxdwlrq lw lv fohdu wkdw wkh h�hfw ri lqfuhdvhg h{shfwdwlrqv ri d +whp0
srudu|, prqhwdu| wljkwhqlqj zloo kdyh d srvlwlyh h�hfw rq wkh uhdo htxlw| sulfh/

Y^|

Y.|

k

�*>|n�

l : f�

D prqhwdu| wljkwhqlqj lv h{shfwhg wr ohdg wr orzhu lq dwlrq dqg d kljkhu sxu0
fkdvlqj srzhu ri wkh glylghqg vxp fduulhg ryhu wr wkh qh{w shulrg1 Wklv pdnhv
htxlw| pruh ydoxdeoh dqg uhvxowv lq d kljkhu uhdo htxlw| sulfh1

Lq d uhfhqw duwlfoh Er|oh dqg Shwhuvrq +4<<8, h{whqg wkh deryh iudphzrun
wr dgguhvv wkh txhvwlrq zkhwkhu prqhwdu| srolf| pdwwhuv/ dv glvwlqfw iurp wkh
txhvwlrq zkhwkhu prqh| pdwwhuv1 Wkh| gr wklv e| dvvxplqj wkdw wkh prqhwdu|
dxwkrulw| wdujhwv wkh jurzwk udwh ri prqh|1 Zh zloo suhvhqw d vrphzkdw vlpsol�hg
yhuvlrq ri wkh Er|oh dqg Shwhuvrq prgho khuh/ dvvxplqj wkdw prqhwdu| srolf| lv
shuihfwo| lpsohphqwhg1

44Vyhqvvrq +4<<8, vkrzv krz lw lv srvvleoh wr jhw d yhorflw| gl�huhqw iurp rqh e| fkdqjlqj
wkh wlplqj lq wkh prgho dqg wkhuhe| lqwurgxflqj d suhfdxwlrqdu| prwlyh iru kroglqj prqh|1
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Lq wkh Er|oh0Shwhuvrq prgho xwsxw hyroyhv dffruglqj wr

+| ' b|+|3�c +614;,

zkhuh wkh jurzwk idfwru b| kdv d nqrzq glvwulexwlrq1 Wkh uhdfwlrq ixqfwlrq ri
wkh prqhwdu| dxwkrulw| lv jlyhq e|45

>| ' &b"
| +614<,

zkhuh & : f lv d frqvwdqw dqg " lv wkh hodvwlflw| wkdw phdvxuhv wkh prqhwdu|
uhvsrqvh wr dq rxwsxw vkrfn

Er|oh dqg Shwhuvrq vkrz wkdw xqghu wkh dvvxpswlrq ri Frqvwdqw Uhodwlyh Ulvn
Dyhuvlrq dqg li q.

k

b�3�
|

l

	 �/ wkhq wkh htxloleulxp uhdo sulfh ri htxlw| fdq eh
zulwwhq dv

^| '
q+|.

k

b�3�3"
l

&
�

�� q.
k

b�3�
l� c +6153,

zkhuh . lv wkh xqfrqglwlrqdo h{shfwdwlrqv rshudwru dqg � lv wkh frh!flhqw ri uho0
dwlyh ulvn dyhuvlrq +dqg wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq,1
Qrwh wkh ghshqghqfh ri wkh uhdo htxlw| sulfh rq wkh prqhwdu| srolf| sdudphwhu "1

D fhqwudo uhvxow lq Er|oh dqg Shwhuvrq +4<<8, frqfhuqv krz wkh fruuhodwlrq
ehwzhhq htxlw| uhwxuqv dqg lq dwlrq ghshqgv rq prqhwdu| srolf|1 Iurp +6153, zh
kdyh wkdw wkh fdslwdo jdlq idfwru/ ^W| c lv htxdo wr wkh rxwsxw jurzwk idfwru/

^W| � ^|*^|3� ' +|*+|3� ' b| +6154,

Xvlqj +6148, dqg +614<, zh vhh wkdw wkh lq dwlrq idfwru/ �|c lv d qrqolqhdu ixqfwlrq
ri wkh rxwsxw jurzwk idfwru/

�| � �|*�|3� '
�

�r
| *�

r
|3�

�

E+|3�*+|� ' >|b
3�
| ' &b"3�

| +6155,

Khqfh/

SJ� E*? ^W| c *?�|� ' SJ� E*?b|c E"� �� *?b|� ' E"� �� �@o E*?b|� �

Wkxv/ li prqhwdu| srolf| lv vwurqjo| surf|folfdo E" : �� htxlw| uhwxuqv duh
srvlwlyho| fruuhodwhg zlwk lq dwlrq1 Exw li prqhwdu| srolf| lv zhdno| surf|folfdo

45Lq wkh ruljlqdo Er|oh dqg Shwhuvrq +4<<8, prgho wkhuh lv dq dgglwlrqdo vwrfkdvwlf idfwru/
dq h{rjhqrxv glvwxuedqfh wr wkh prqh| vwrfn/ zklfk lv vxssrvhg wr fdswxuh wkh lpshuihfw
lpsohphqwdwlrq ri prqhwdu| srolf|1
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Ef � " 	 �� ru frxqwhuf|folfdo E" 	 f� uhwxuqv zloo eh qhjdwlyho| fruuhodwhg zlwk
lq dwlrq1 Prqhwdu| srolf| frxog wkxv h{sodlq wkh revhuyhg qhjdwlyh fruuhodwlrq
ehwzhhq htxlw| uhwxuqv dqg lq dwlrq1 Qrwh wkdw wklv lv dfwxdoo| rqh irupdol}dwlrq
ri wkh h{sodqdwlrq jlyhq lq Jhvnh dqg Uroo +4<;6, dqg Ndxo +4<;:,1

6161 Wudqvdfwlrq Frvw Prghov

Lq Pduvkdoo +4<<5, prqh| uhgxfhv wkh frvw ri frqvxpswlrq wudqvdfwlrqv146 Wkh
djhqw*v sureohp lv wr fkrrvh frqvxpswlrq/ S|/ prqh| kroglqjv/ �|/ dqg htxlw|
vkduhv/ 5|/ jlyhq wkh sulfh ri wkh jrrg/ �|/ dqg wkh uhdo sulfh ri htxlw|/ ^|/ vr dv wr
pd{lpl}h

.f

"
[

|'f

q�� ES|� +6156,

vxemhfw wr d exgjhw frqvwudlqw/

S| n ) ES|c6|� n
�|n�

�|

n ^|5|n� � E^| n +|� 5| n6| n
�r

| ��r
|3�

�|

c +6157,

iru hyhu| | � f� Wkh ixqfwlrq ) ES|c6|� uhsuhvhqwv wkh uhdo wudqvdfwlrqv frvw1 Lw
lv d srvlwlyh ixqfwlrq ri frqvxpswlrq dqg d qhjdwlyh ixqfwlrq ri uhdo edodqfhv/
6| ' �|*�|� Wkh odvw wzr whupv rq wkh uljkw kdqg vlgh uhsuhvhqw uhdo edodqfhv
dydlodeoh iru wudqvdfwlrqv lq shulrg |� Lw lv pdgh xs ri uhdo edodqfhv dftxluhg lq wkh
suhylrxv shulrg soxv d oxps0vxp wudqvihu1 Wkh exgjhw uhvwulfwlrq zloo eh elqglqj
dw wkh rswlpxp vroxwlrq1 Lq htxloleulxp zh dovr uhtxluh wkdw iru hyhu| | � f/

S| ' +| � ) ES|c6|� c 5| ' �c�| ' �r
| � +6158,

Pduvkdoo ghulyhv wkh uhdo sulfh iru htxlw|/

^| ' .|

k

4|n� E+|n� n ^|n��
l

c +6159,

zkhuh

4|n� '
q�� ES|n��

�� ES|�
�

� n )� ES|c6|�

� n )� ES|n�c6|n��

46Ihhqvwud +4<;9, kdv vkrzq wkdw wkhuh lv d ixqfwlrqdo htxlydohqfh ehwzhhq wkhvh w|shv ri
wudqvdfwlrq frvwv prghov dqg wkh prqh| lq wkh xwlolw| ixqfwlrq dssurdfk1 Ehndhuw/ Krgulfn/ dqg
Pduvkdoo +4<<:, xvh wklv w|sh ri wudqvdfwlrq frvw whfkqrorj| lq d wzr0frxqwu| prgho1
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lv wkh lqwhuwhpsrudo pdujlqdo udwh ri vxevwlwxwlrq lq zhdowk dqg wkh pdunhw fohdu0
lqj htxdwlrqv +6158, duh dvvxphg wr krog1

Wkh h{shfwhg h{fhvv uhwxuq rq dq dvvhw l fdq eh h{suhvvhg lq whupv ri d
frqglwlrqdo vlqjoh0ehwd prgho/

.|o
�
|n� � os| ' �q�

|

5

7

�@o|
�

4|n�
�

.|4|n�

6

8 c +615:,

zkhuh o�|n� lv wkh uhdo uhwxuq wr dvvhw l/ os| lv wkh uhdo ulvn0iuhh udwh/ dqg q�
| '

SJ�|Eo
�
|n�c 4|n��*�@o|E4|n��� Wklv htxdwlrq krogv iru h{dpsoh iru wkh uhdo uhwxuq rq

htxlw|/ o^|n� ' E+|n� n ^|n��*^|c dqg iru wkh uhdo uhwxuq wr prqh|/ o6|n� ' d� n
)2ES|n�c6|n��o*Z|n�� Dvvxplqj wkdw wkhuh lv olwwoh yduldwlrq lq wkh udwlr q�

|*q
6
| c
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+615;,
Wkh fryduldqfh whup rq wkh uljkw0kdqg vlgh ri +615;, vkrxog eh qhjdwlyh/ vlqfh
wkh gluhfw h�hfw ri lq dwlrq rq wkh uhdo uhwxuq wr prqh| vkrxog grplqdwh wkh
lqgluhfw h�hfw wkurxjk fkdqjhv lq wkh pdujlqdo wudqvdfwlrq frvw/ )21 Wkxv/ wkh
h{shfwhg h{fhvv uhwxuq rq htxlw| zloo frydu| qhjdwlyho| zlwk h{shfwhg lq dwlrq
+dv irxqg hpslulfdoo|, li wkh udwlr q^

|*q
6
| lv srvlwlyh1 Vlqfh htxlw| vkrxog |lhog d

srvlwlyh h{fhvv uhwxuq/ lpso|lqj wkdw q^
| lv qhjdwlyh/ wkh udwlr zloo eh srvlwlyh li

q6
| lv dovr qhjdwlyh1 Qhjdwlyh ydoxhv ri q6

| duh pruh olnho| li lq dwlrq lqqrydwlrqv
duh sulpdulo| fdxvhg e| rxwsxw vkrfnv udwkhu wkdq prqh| vkrfnv1 Wklv lv ehfdxvh
dq rxwsxw vkrfn fdxvhv wkh lqwhuwhpsrudo pdujlqdo udwh ri vxevwlwxwlrq wr idoo
+gxh wr frqfdyh xwlolw|, dqg fdxvhv lq dwlrq wr idoo +wr htxloleudwh wkh txdqwlw|
uhodwlrq,1 Wkh idoo lq lq dwlrq wudqvodwhv lqwr dq lqfuhdvhg uhdo uhwxuq wr prqh|1
Wkxv/ wkh uhdo uhwxuq wr prqh| dqg wkh lqwhuwhpsrudo pdujlqdo udwh ri vxevwlwxwlrq
frydu| qhjdwlyho| lpso|lqj d qhjdwlyh q6

| � Rq wkh rwkhu kdqg/ zkhq prqh| jurzwk
vkrfnv duh wkh pdlq lq xhqfh rq lq dwlrq wkh vljq ri q6

| zloo ghshqg lq d yhu|
frpsolfdwhg zd| rq wkh ghulydwlyhv ri wkh wudqvdfwlrqv frvw ixqfwlrq uhqghulqj
wkh vljq lqghwhuplqdwh1 Lq d vlpxodwlrq vwxg| wkh prgho lv vkrzq wr jhqhudwh
qhjdwlyh fruuhodwlrqv ehwzhhq lq dwlrq dqg uhdo htxlw| uhwxuqv ri dssur{lpdwho|
wkh pdjqlwxgh revhuyhg lq wkh gdwd1 Qrwh wkdw wkhvh uhvxowv zhuh jhqhudwhg
iurp d prgho wkdw ghyldwhv iurp wkh xvxdo lghdo dvvxpswlrqv rqo| lq dvvxplqj d
wudqvdfwlrqv uroh iru prqh|1 Pduvkdoo frqfoxghv wkdw �wkh Ilvkhu k|srwkhvlv grhv
qrw jhqhudoo| ghvfuleh wkh lpsolfdwlrqv ri g|qdplf hfrqrplf htxloleuld zkhq wkh
wudqvdfwlrqv uroh ri prqh| lv h{solflwo| wdnhq lqwr frqvlghudwlrq1� +s1 466<,1 Lq
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wkh suhvhqw iudphzrun uhdo uhwxuqv dqg lq dwlrq duh qrw lqghshqghqwo| ghwhuplqhg
dv Ilvkhu +4<63, dvvxphg1

6171 Vwuxfwxudo Pdfurhfrqrplf Prghov

Oçfkohu +4<;6, xvhv d vlpsoh qhrfodvvlfdo prgho wr frqgxfw d frpsdudwlyh0vwdwlfv
dqdo|vlv ri wkh vkruw0uxq lpsdfw ri dq lqfuhdvh lq dqwlflsdwhg lq dwlrq rq wkh uhdo
sulfh ri htxlw|1 Wkh uhdvrq iru wkh qrq0qhxwudolw| ri lq dwlrq lv wkdw wkh h�hfwlyh
wd{ udwhv rq vhfxulw| uhwxuqv fkdqjh zlwk fkdqjhv lq wkh lq dwlrq udwh1 Wklv vwxg|
gl�huv iurp suhylrxv vlplodu vwxglhv +h1j1 Ihogvwhlq+4<;3,, lq wkdw/ udwkhu wkdq mxvw
prgho wkh uhohydqw vhfxulw| pdunhwv/ lw lq dgglwlrq h{solflwo| wdnhv lqwr dffrxqw wkh
jryhuqphqw*v exgjhw frqvwudlqw zlwklq wkh iudphzrun ri d vlpsoh pdfurhfrqrplf
prgho1 Krz wkh lq dwlrq wd{ uhyhqxh lv xvhg suryhv wr eh fuxfldo wr wkh uhvxowv1
Oçfkohu glvwlqjxlvkhv ehwzhhq gl�huhqw fdvhv ghshqglqj rq zkhwkhu/ dqg li vr krz/
wkh wd{ uhyhqxh iurp lqfuhdvhg lq dwlrq lv r�vhw e| uhgxfwlrqv lq rwkhu wd{hv1 Kh
vkrzv wkdw li wkh lq dwlrq wd{ lv r�vhw e| d orzhu lqfrph wd{ udwh wkhq +iru doo
uhdvrqeoh sdudphwhu ydoxhv, kljkhu lq dwlrq ohdgv wr orzhu uhdo htxlw| sulfhv1 Wkh
qhjdwlyh wd{ h�hfw zloo eh plwljdwhg wr vrph h{whqw e| d vxevwlwxwlrq h�hfw jrlqj
lq wkh rwkhu gluhfwlrq/ dv lqyhvwruv vxevwlwxwh dowhuqdwlyh dvvhwv +htxlw| dprqj
wkhp, iru prqh|1 Rq wkh rwkhu kdqg/ li wkh lq dwlrq wd{ lv r�vhw e| d orzhu
frusrudwh wd{ udwh kljkhu lq dwlrq zloo lqvwhdg ohdg wr kljkhu uhdo htxlw| sulfhv1
Li wkh lq dwlrq wd{ lv qrw r�vhw wkh h�hfw vkrxog dovr eh srvlwlyh +iru uhdvrqdeoh
sdudphwhu ydoxhv,1 Wkhuh lv dq dgglwlrqdo zhdowk fkdqqho dw zrun khuh1 Sxeolf
h{shqglwxuhv duh doorzhg wr furzg rxw sulydwh h{shqglwxuhv wkurxjk d ghfolqh lq
sulydwh zhdowk1

Jurhqhzrog/ R*Urxunh/ dqg Wkrpdv +4<<:, xvh d sruwirolr0edodqfh dssurdfk
lq rughu wr lqyhvwljdwh zkhwkhu wkh qhjdwlyh uhodwlrq ehwzhhq htxlw| uhwxuqv dqg
h{shfwhg lq dwlrq fdq eh wkh uhvxow ri rplwwhg yduldeohv lq wkh hvwlpdwhg vwrfn
uhwxuq htxdwlrq1 Wkh lghd lv wr lqfrusrudwh doo wkh uhohydqw yduldeohv lq wkh
uhdo htxlw| htxdwlrq e| ghulylqj d uhgxfhg irup htxdwlrq iurp d vlpsoh vwuxf0
wxudo pdfurhfrqrplf prgho1 Wkh| srvwxodwh irxu uhdo dvvhw ghpdqg ixqfwlrqv iru
prqh|/ grphvwlf erqgv/ iruhljq erqgv/ dqg htxlw|=
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zkhuh wkh dujxphqwv duh wkh h{shfwhg uhdo uhwxuqv rq wkh irxu dvvhwv dv zhoo dv uhdo
lqfrph/ +� Ze lv h{shfwhg lq dwlrq/ � E�s� lv wkh qrplqdo lqwhuhvw udwh rq grphvwlf

+iruhljq, erqgv/
�

e
e
lv wkh h{shfwhg udwh ri h{fkdqjh udwh ghsuhfldwlrq/ dqg �r lv

wkh uhwxuq rq htxlw|1 Uhdo lqfrph lv hqgrjhql}hg e| wkh surgxfw pdunhw fohdulqj
frqglwlrq/

+ ' SE+ � �� n � E�� Ze� n |
�

e� s*�
�

n }c

zkhuh SE�� lv uhdo frqvxpswlrq/ � lv uhdo wd{ froohfwlrqv/ �E�� lv uhdo lqyhvwphqw/
|E�� lv wkh uhdo wudgh edodqfh/ e� s*� lv wkh uhdo h{fkdqjh udwh/ dqg } lv uhdo jry0

huqphqw h{shqglwxuh1 Wkh h{shfwdwlrqv yduldeohv/ Ze dqg
�

e
e
c duh ghulyhg e| hvwl0

pdwlqj jhqhudo irufdvwlqj htxdwlrqv lqfoxglqj rqo| odjjhg yduldeohv ri wkh prgho
dv uhjuhvvruv1 Iurp wklv prgho Jurhqhzrog/ R*Urxunh/ dqg Wkrpdv +4<<:, ghulyh
d uhgxfhg irup htxdwlrq iru wkh uhdo vwrfn uhwxuq/
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Ehiruh hvwlpdwlqj wklv uhgxfhg irup Jurhqhzrog/ R*Urxunh/ dqg Wkrpdv uhjuhvv
vwrfn uhwxuqv rq h{shfwhg lq dwlrq dv wkh rqo| h{sodqdwru| yduldeoh iru d vhw ri
Dxvwudoldq gdwd iru wkh shulrg Pdufk 4<93 wr Vhswhpehu 4<<41 Wkh| �qg d qhjd0
wlyh exw lqvljql�fdqw uhodwlrq ehwzhhq vwrfn uhwxuqv dqg h{shfwhg lq dwlrq1 Zkhq
wkh| lqvwhdg jr dkhdg dqg hvwlpdwh wkh uhgxfhg irup lq +615<, wkh dqrpdorxv uh0
vxow ehfrphv odujhu dqg vwdwlvwlfdoo| vljql�fdqw1 Khqfh/ wkh| frqfoxgh wkdw wkh
dqrpdo| lv qrw wkh uhvxow ri d plvvshfl�hg hvwlpdwlqj htxdwlrq1 Wkh| qh{w sur0
fhhg wr hvwlpdwh wkh vwuxfwxudo prgho +e| 5VOV wr wdnh dffrxqw ri wkh vlpxowdqhlw|
sureohp,1 Gl�huhqw yhuvlrqv ri wkh prgho duh wkhq vlpxodwhg wr wu| wr orfdwh wkh
vrxufh ri wkh qhjdwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg h{shfwhg lq dwlrq1
Wkh| �qg wkdw wkh olqn/ wkurxjk uhdo lqfrph/ ehwzhhq wkh LV0OP sduw ri wkh
prgho dqg wkh vwrfn uhwxuqv htxdwlrq lv fuxfldo iru wkh �qglqj ri d qhjdwlyh fruuh0
odwlrq ehwzhhq uhdo vwrfn uhwxuqv dqg h{shfwhg lq dwlrq1 Wkh| frqfoxgh wkdw wkh
qhjdwlyh uhodwlrq lv qrw d sx}}oh lq wkh iudphzrun ri wkhlu vlpsoh pdfurhfrqrplf
prgho147

47Norw} dqg Phlqvwhu +4<;9, dovr hpsor| d vlpsoh LV0OP prgho1 Wkh| frpelqh dq LV0OP
prgho zlwk wkh Fdslwdo Dvvhw Sulflqj Prgho1 Krzhyhu/ wkh| gr qrw dqdo|}h wkh uhodwlrqvkls
ehwzhhq htxlw| uhwxuqv dqg lq dwlrq/ exw vxjjhvw wklv dssolfdwlrq ri wkhlu iudphzrun iru ixwxuh
uhvhdufk1
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6181 Zkdw Kdyh Zh Ohduqw Iurp wkh Wkhruhwlfdo PrghovB

Wkh hpslulfdo �qglqjv ri d qhjdwlyh uhodwlrqvkls ehwzhhq prqh| dqg uhdo vwrfn uh0
wxuqv duh hdvlo| h{sodlqhg lq d wkhruhwlfdo prgho1 Wkxv/ wkh qhjdwlyh uhodwlrqvkls
lv qrw d sx}}oh1 Wklv frqfoxvlrq lv uhdfkhg uhjdugohvv ri wkh prgholqj dssurdfk
xvhg= prqh|0lq0wkh0xwlolw|0ixqfwlrq/ fdvk0lq0dgydqfh/ wudqvdfwlrqv whfkqrorj|/ ru
vwuxfwxudo pdfurhfrqrplf prgho1 Vhyhudo ri wkh wkhruhwlfdo prghov dovr vkrz wkh
frqqhfwlrq ehwzhhq d qhjdwlyh prqh|0vwrfn uhwxuq uhodwlrqvkls dqg d frxqwhu0
f|folfdo prqhwdu| srolf|/ zkloh d sur0f|folfdo prqhwdu| srolf| fdq ohdg wr d srv0
lwlyh uhodwlrqvkls1 Wklv lv frqvlvwhqw zlwk wkh hpslulfdo �qglqjv ri Ndxo +4<;:,
dqg rwkhuv1

71 Frqfoxvlrq

Wkh suhvhqw sdshu suhvhqwv d frpsuhkhqvlyh uhylhz ri wkh olwhudwxuh rq wkh lq0
whudfwlrq ehwzhhq uhdo vwrfn uhwxuqv/ lq dwlrq/ dqg prqh| jurzwk/ zlwk d vshfldo
hpskdvlv rq wkh uroh ri prqhwdu| srolf|1 Wklv lv dq duhd wkdw kdv lqwhuhvwhg prq0
hwdu| dqg �qdqfldo hfrqrplvwv iru d orqj wlph1 Prqhwdu| hfrqrplvwv kdyh whqghg
wr irfxv rq wkh txhvwlrq zkhwkhu prqh| +ru prqhwdu| srolf|, kdv dq| h�hfw rq
uhdo vwrfn sulfhv/ zkloh �qdqfldo hfrqrplvwv kdyh kdyh ehhq pruh lqwhuhvwhg lq wkh
txhvwlrq ri zkhwkhu htxlw| lv d jrrg khgjh djdlqvw lq dwlrq1

Lw vhhpv fohdu iurp d qxpehu ri hpslulfdo vwxglhv wkdw prqh| fdq khos suhglfw
vwrfn uhwxuqv wr vrph +vpdoo, h{whqw1 Zkloh wkh �qglqjv ri wkh hduolhu vwxglhv zhuh
dpeljxrxv odwhu vwxglhv/ wkdw kdyh pdgh dq h�ruw wr phdvxuh wkh dfwxdo prqhwdu|
srolf| vwdqfh/ kdyh irxqg xqdpeljxrxv hylghqfh wkdw prqhwdu| hdvlqj ohdgv wr
kljkhu htxlw| sulfhv1 Prqhwdu| srolf| dovr vhhpv wr h{huw dq lq xhqfh rq vwrfn
sulfhv zkhwkhu ru qrw exvlqhvv f|foh yduldeohv duh lqfoxghg lq wkh dqdo|vlv1

Wkh hpslulfdo hylghqfh vxjjhvw wkdw uhdo vwrfn uhwxuqv duh dgyhuvo| d�hfwhg
e| erwk wkh h{shfwhg dqg wkh xqh{shfwhg udwh ri lq dwlrq1 Vhyhudo h{sodqdwlrqv
iru wkh qhjdwlyh uhodwlrq kdyh ehhq sxw iruzdug1 Wkh hylghqfh wkdw vrph irup
ri pdunhw lpshuihfwlrq frxog eh wkh h{sodqdwlrq vhhp wr eh txlwh zhdn1 Wkh
k|srwkhvlv wkdw wkh hpslulfdo uhodwlrq ehwzhhq lq dwlrq dqg vwrfn sulfhv lv wkh
uhvxow ri lq dwlrq sur{|lqj iru uhdo dfwlylw| kdv uhfhlyhg vxssruw lq d qxpehu ri
hpslulfdo vwxglhv dqg lv dovr h{sodlqhg lq wklv zd| lq d qxpehu ri wkhruhwlfdo
prghov1 Wkxv/ wkh qhjdwlyh uhodwlrqvkls fdq qr orqjhu eh vdlg wr eh d sx}}oh1

Wkh lpsruwdqw frqqhfwlrq ehwzhhq wkh qhjdwlyh lq dwlrq0vwrfn uhwxuqv uhodwlrq
dqg wkh vwdqfh ri prqhwdu| srolf| kdv dovr uhfhlyhg vxssruw lq erwk hpslulfdo
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dqg wkhruhwlfdo vwxglhv1 Li wkh prqhwdu| dxwkrulw| frqgxfwv d frxqwhu0f|folfdo
prqhwdu| srolf| wklv zloo uhvxow lq d qhjdwlyh uhodwlrq ehwzhhq h{shfwhg lq dwlrq
dqg vwrfn uhwxuqv/ zkloh li lw frqgxfwv d sur0f|folfdo prqhwdu| srolf| zh frxog
vhh d srvlwlyh uhodwlrq ehwzhhq h{shfwhg lq dwlrq dqg vwrfn uhwxuqv1 Dw orqjhu
krul}rqv/ vwrfnv vhhp wr eh d jrrg khgjh djdlqvw erwk h{shfwhg dqg xqh{shfwhg
lq dwlrq1 Wkhuh lv dovr hylghqfh wr vxjjhvw wkdw lq wlphv ri kljk dqg yduldeoh
lq dwlrq lqyhvwruv uhfhlyh d ulvn suhplxp iru kroglqj htxlw|1

Dv vkrxog eh hylghqw iurp wklv vxuyh| wkhuh uhpdlqv pxfk uhvhdufk wr eh grqh
lq wklv duhd1 Wkh hpslulfdo dqdo|vhv xvlqj YDU prghov frxog eh ixuwkhu uh�qhg
dqg pruh vwxglhv frxog eh shuiruphg rq qrq0XV gdwd1 Lw zrxog eh ri lqwhuhvw wr
vhh pruh zrun grqh rq wkh uhodwlrq ehwzhhq vwrfn sulfhv dqg prqhwdu| srolf| 0
wkhruhwlfdo dqg hpslulfdo1 Rqh lghd zrxog eh wr wdnh dv d srlqw ri ghsduwxuh wkh
olwhudwxuh rq rswlpdo prqhwdu| srolf| uxohv148 Wkdw w|sh ri iudphzrun zrxog dovr
ohqg lwvhoi wr dqdo|}lqj wkh lpsruwdqw lvvxh ri li dqg krz wkh fhqwudo edqn vkrxog
uhdfw wr fkdqjhv lq vwrfn sulfhv1

Uhihuhqfhv

^4` Dplkxg/ \1/ �Xqh{shfwhg Lq dwlrq dqg Vwrfn Uhwxuqv Uhylvlwhg= Hylghqfh
iurp Lvudho/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5; +4<<9,/ 550661

^5` Ednvkl/ J1V1 dqg ]1 Fkhq/ �Lq dwlrq/ Dvvhw Sulfhv/ dqg wkh Whup Vwuxfwxuh
ri Lqwhuhvw Udwhv lq Prqhwdu| Hfrqrplhv/� Uhylhz ri Ilqdqfldo Vwxglhv <
+4<<9,/ 57405:81

^6` Edogx}}l/ S1/ �Vwrfn Uhwxuqv dqg wkh *Sur{| K|srwkhvlv*= D Qhz Orrn dw
wkh Gdwd/� Hfrqrplfv Ohwwhuv 7; +4<<8,/ 7:0861

^7` Ehndhuw/ J1/ U1M1 Krgulfn/ dqg G1D1 Pduvkdoo/ �Wkh Lpsolfdwlrqv ri Iluvw0
Rughu Ulvn Dyhuvlrq iru Dvvhw Pdunhw Ulvn Suhplxpv/� Mrxuqdo ri Prqhwdu|
Hfrqrplfv 73 +4<<:,/ 606<1

^8` Ehqghuo|/ M1 dqg E1 ]zlfn/ �Lq dwlrq/ Uhdo Edodqfhv/ Rxwsxw/ dqg Uhdo
Vwrfn Uhwxuqv/� Dphulfdq Hfrqrplf Uhylhz :8 +4<;8,/ 4448044561

^9` Ehunpdq/ Q1J1/ �Rq wkh Vljql�fdqfh ri Zhhno| Fkdqjhv lq P4/� Qhz Hqj0

odqg Hfrqrplf Uhylhz +Pd|2Mxqh 4<:;,/ 80551

48Vhh iru h{dpsoh Uxghexvfk dqg Vyhqvvrq +4<<;, dqg wkh uhihuhqfhv olvwhg wkhuhlq1
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^:` Ehuqdqnh/ E1V1/ �Rq wkh Suhglfwlyh Srzhu ri Lqwhuhvw Udwhv dqg Lqwhuhvw
Udwh Vsuhdgv/� Qhz Hqjodqg Hfrqrplf Uhylhz +Qry2Ghf 4<<3,/ 8409;1

^;` Ehuqdug/ Y1O1/ �Xqdqwlflsdwhg Lq dwlrq dqg wkh Ydoxh ri wkh Ilup/� Mrxuqdo
ri Ilqdqfldo Hfrqrplfv 48 +4<;9,/ 5;806541

^<` Erglh/ ]1/ �Frpprq Vwrfnv dv d Khgjh Djdlqvw Lq dwlrq/� Mrxuqdo ri Ilqdqfh

64 +4<:9,/ 78<07:31

^43` Eroohuvohy/ W1/ U1\1 Fkrx/ dqg N1I1 Nurqhu/ �DUFK Prgholqj lq Ilqdqfh=
D Uhylhz ri wkh Wkhru| dqg Hpslulfdo Hylghqfh/� Mrxuqdo ri Hfrqrphwulfv
85 +4<<5,/ 808<1

^44` Ervfkhq/ M1I1 dqg O1R1 Ploov/ �Wkh Uhodwlrq Ehwzhhq Qduudwlyh dqg Prqh|
Pdunhw Lqglfdwruv ri Prqhwdu| Srolf|/� Hfrqrplf Lqtxlu| 66 +4<<8,/ 570771

^45` Errwk/ M1U1 dqg O1F1 Errwk/ �Hfrqrplf Idfwruv/ Prqhwdu| Srolf|/ dqg H{0
shfwhg Uhwxuqv rq Vwrfnv dqg Erqgv/� Ihghudo Uhvhuyh Edqn ri Vdq Iudq0

flvfr Hfrqrplf Uhylhz Qr1 5 +4<<:,1

^46` Erxgrxnk/ M1 dqg P1 Ulfkdugvrq/ �Vwrfn Uhwxuqv dqg Lq dwlrq= D Orqj0
Krul}rq Shuvshfwlyh/� Dphulfdq Hfrqrplf Uhylhz ;6 +4<<6,/ 4679046881

^47` Erxgrxnk/ M1/ P1 Ulfkdugvrq/ dqg U1I1 Zklwhodz/ �Lqgxvwu| Uhwxuqv dqg
wkh IlvkhuH�hfw/� Mrxuqdo ri Ilqdqfh 7< +4<<7,/ 48<8049481

^48` Er|oh/ J1Z1/ �Prqh| Ghpdqg dqg wkh Vwrfn Pdunhw lq d Jhqhudo Htxl0
oleulxp Prgho zlwk Yduldeoh Yhorflw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| <;
+4<<3,/ 436<043861

^49` Er|oh/ J1Z1 dqg M1G1 Shwhuvrq/ �Prqhwdu| Srolf|/ Djjuhjdwh Xqfhuwdlqw|/
dqg wkh Vwrfn Pdunhw/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5: +4<<8,/
8:308;51

^4:` Eudgirug/ Z1/ �Lq dwlrq dqg wkh Ydoxh ri wkh Ilup/� Vrxwkhuq Hfrqrplf

Mrxuqdo 73 +4<:7,/ 747075:1

^4;` Euhhghq/ G1W1/ �Dq Lqwhuwhpsrudo Dvvhw SulflqjPrgho zlwk Vwrfkdvwlf Frq0
vxpswlrq dqg Lqyhvwphqw Rssruwxqlwlhv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv
: +4<:<,/ 59805<91
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^4<` Euxqqhu/ N1/ �Vrph Pdmru Sureohpv lq Prqhwdu| Wkhru|/� Dphulfdq Hfr0

qrplf Uhylhz Surfhhglqjv +4<94,/ 7:0891

^53` Fdpsehoo/ M1\1/ �D Yduldqfh Ghfrpsrvlwlrq iru Vwrfn Uhwxuqv/�/ Hfrqrplf
Mrxuqdo 434 +4<<4,/ 48:04:<1

^54` Fdpsehoo/ M1\1 dqg U1 Vkloohu/ �Vwrfn Sulfhv/ Hduqlqjv/ dqg H{shfwhg Gly0
lghqgv/� Mrxuqdo ri Ilqdqfh 76 +4<;;,/99409:91

^55` Fdpsehoo/ M1\1 dqg U1 Vkloohu/ �Wkh Glylghqg Sulfh Udwlr dqg H{shfwdwlrqv
ri Ixwxuh Glylghqgv dqg Glvfrxqw Idfwruv/� Uhylhz ri Ilqdqfldo Vwxglhv 4
+4<;;,/ 4<8055;1

^56` Fdqryd/ I1 dqg J1 Gh Qlfroö/ �Vwrfn Uhwxuqv/ Whup Vwuxfwxuh/ Lq dwlrq
dqg Uhdo Dfwlylw|= Dq Lqwhuqdwlrqdo Shuvshfwlyh/� FHSU Glvfxvvlrq Sdshu
Qr1 4947/ 4<<:1

^57` Fkdq/ N1F1/ V1 Iruhvl/ dqg O1K1S1 Odqj/ �Grhv Prqh| H{sodlq Dvvhw Uh0
wxuqvB Wkhru| dqg Hpslulfdo Dqdo|vlv/� Mrxuqdo ri Ilqdqfh 84 +4<<9,/
67806941

^58` Fkdqj/ H1F1 dqg M1P1 Slqhjdu/ �Ulvn dqg Lq dwlrq/� Mrxuqdo ri Ilqdqfldo
dqg Txdqwlwdwlyh Dqdo|vlv 55 +4<;:,/ ;<0<<1

^59` Fkhq/ Q10I1/ U1 Uroo/ dqg V1 Urvv/ �Hfrqrplf Irufhv dqg wkh Vwrfn Pdunhw/�
Mrxuqdo ri Exvlqhvv 8< +4<;9,/ 6;607361

^5:` Forzhu/ U1Z1/ �D Uhfrqvlghudwlrq ri wkh Plfurirxqgdwlrqv ri Prqhwdu|
Wkhru|/� Zhvwhuq Hfrqrplf Mrxuqdo 9 +4<9:,/ 40;1

^5;` Frjoh|/ W1/ �Lq dwlrq Xqfhuwdlqw| dqg H{fhvv Uhwxuqv rq Vwrfnv dqg
Erqgv/� Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr Hfrqrplf Uhylhz Qr1 5
+4<<8,/ 5405<1

^5<` Frkq/ U1D1 dqg G1H1 Ohvvdug/ �Wkh H�hfw ri Lq dwlrq rq Vwrfn Sulfhv=
Lqwhuqdwlrqdo Hylghqfh/� Mrxuqdo ri Ilqdqfh 69 +4<;4,/ 5::05;<1

^63` Frrn/ W1 dqg W1 Kdkq/ �Wkh Lqirupdwlrq Frqwhqw ri Glvfrxqw Udwh Dq0
qrxqfhphqwv dqg Wkhlu H�hfw rq Pdunhw Lqwhuhvw Udwhv/� Mrxuqdo ri Prqh|/
Fuhglw/ dqg Edqnlqj 53 +4<;;,/ 49:04;31
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^64` Frrshu/ U1Y1O1/ �H!flhqw Fdslwdo Pdunhwv dqg wkh Txdqwlw| Wkhru| ri
Prqh|/� Mrxuqdo ri Ilqdqfh 5< +4<:7,/ 44804791

^65` Frunlvk/ M1 dqg Plohv/ G1/ �Lq dwlrq/ Lq dwlrq Ulvnv dqg Dvvhw Uhwxuqv/�
Edqn ri Hqjodqg Zrunlqj Sdshu Qr1 5:/ 4<<71

^66` Fruqhoo/ E1/ �Wkh Prqh| Vxsso| Dqqrxqfhphqwv Sx}}oh= Uhylhz dqg Lq0
whusuhwdwlrq/� Dphulfdq Hfrqrplf Uhylhz :6 +4<;6,/ 977098:1

^67` Gdqwklqh/ M10S1 dqg M1E1 Grqdogvrq/ �Lq dwlrq dqg Dvvhw Sulfhv lq dq H{0
fkdqjh Hfrqrp|/� Hfrqrphwulfd 87 +4<;9,/ 8;809381

^68` Gduudw/ D1I1/ �Vwrfn Uhwxuqv/ Prqh|/ dqg Ilvfdo Gh�flwv/� Mrxuqdo ri Il0
qdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 58 +4<<3,/ 6;:06<;1

^69` Gdylgvrq/ O1V1 dqg U1W1 Iur|hq/ �Prqhwdu| Srolf| dqg Vwrfn Uhwxuqv= Duh
VwrfnPdunhwv H!flhqwB� Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv/ Uhylhz +Pdufk
4<;5,/ 60451

^6:` Gd|/ W1H1/ �Uhdo Vwrfn Uhwxuqv dqg Lq dwlrq/� Mrxuqdo ri Ilqdqfh 6<
+4<;7,/ 7<608351

^6;` Ghuplqh/ M1/ �Lq dwlrq/ Wd{hv dqg Edqnv* Pdunhw Ydoxh/� Mrxuqdo ri Exvl0
qhvv Ilqdqfh dqg Dffrxqwlqj 45 +4<;8,/ 980:61

^6<` Ho|/ G1S1 dqg N1M1 Urelqvrq/ �Vwrfn Uhwxuqv dqg Lq dwlrq= Ixuwkhu Whvwv
ri wkh Uroh ri wkh Fhqwudo Edqn/� Mrxuqdo ri Pdfurhfrqrplfv 47 +4<<5,/
85808761

^73` Ho|/ G1S1 dqg N1M1 Urelqvrq/ �Duh Vwrfnv d Khgjh Djdlqvw Lq dwlrqB Lqwhu0
qdwlrqdo Hylghqfh Xvlqj d Orqj0Uxq Dssurdfk/� Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh 49 +4<<:,1

^74` Idpd/ H1I1/ �H!flhqw Fdslwdo Pdunhwv= D Uhylhz ri Wkhru| dqg Hpslulfdo
Zrun/� Mrxuqdo ri Ilqdqfh +4<:3,/ 6;6074:1

^75` Idpd/ H1I1/ �Vkruw0Whup Lqwhuhvw Udwhv dv Suhglfwruv ri Lq dwlrq/� Dphul0
fdq Hfrqrplf Uhylhz 98 +4<:8,/59<05;51

^76` Idpd/ H1I1/ �Vwrfn Uhwxuqv/ Uhdo Dfwlylw|/ Lq dwlrq/ dqgPrqh|/�Dphulfdq
Hfrqrplf Uhylhz :4 +4<;4,/ 87808981
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^77` Idpd/ H1I1 dqg N1U1 Iuhqfk/ �Exvlqhvv Frqglwlrqv dqg H{shfwhg Uhwxuqv
rq Vwrfnv dqg Erqgv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv 58 +4<;<,/ 5607<1

^78` Idpd/ H1I1 dqg J1Z1 Vfkzhuw/ �Dvvhw Uhwxuqv dqg Lq dwlrq/� Mrxuqdo ri
Ilqdqfldo Hfrqrplfv 8 +4<::,/ 44804791

^79` Ihhqvwud/ U1F1/ �Ixqfwlrqdo Htxlydohqfh Ehwzhhq Oltxlglw| Frvwv dqg wkh
Xwlolw| ri Prqh|/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 4: +4<;9,/ 5:405<41

^7:` Ihogvwhlq/ P1/ �Lq dwlrq/ Wd{ Uxohv/ dqg wkh Vwrfn Pdunhw/� Mrxuqdo ri

Prqhwdu| Hfrqrplfv 9 +4<;3d,/ 63<06641

^7;` Ihogvwhlq/ P1/ �Lq dwlrq dqg wkh Vwrfn Pdunhw/� Dphulfdq Hfrqrplf Uh0

ylhz :3 +4<;3e,/ ;6<0;7:1

^7<` Ihogvwhlq/ P1/ �Lq dwlrq dqg wkh Vwrfn Pdunhw= Uhso|/� Dphulfdq Hfrqrplf
Uhylhz :5 +4<;5,/ 57605791

^83` Ihogvwhlq/ P1/ M1 Juhhq/ dqg H1 Vkhvklqvnl/ �Lq dwlrq dqg Wd{hv lq d Jurz0
lqj Hfrqrp| zlwk Ghew dqg Htxlw| Ilqdqfh/� Mrxuqdo ri Srolwlfdo Hfrqrp|
;9 +4<:;,/ V860V:31

^84` Ihogvwhlq/ P1 dqg O1 Vxpphuv/ �Lq dwlrq dqg wkh Wd{dwlrq ri Fdslwdo Lq0
frph lq wkh Frusrudwh Vhfwru/� Qdwlrqdo Wd{ Mrxuqdo 65 +4<:<,/ 77807:31

^85` Ilqq/ P1J1/ G1O1 Kr�pdq/ dqg G1H1 Vfkodjhqkdxi/ �Lqwhuwhpsrudo Dvvhw0
Sulflqj Uhodwlrqvklsv lq Eduwhu dqg Prqhwdu| Hfrqrplhv= Dq Hpslulfdo
Dqdo|vlv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 58 +4<<3,/ 76407841

^86` Iluwk/ P1/ �Wkh Uhodwlrqvkls Ehwzhhq Vwrfn Pdunhw Uhwxuqv dqg Udwhv ri
Lq dwlrq/� Mrxuqdo ri Ilqdqfh 67 +4<:<,/ :760:7<1

^87` Ilvkhu/ L1/ Wkh Wkhru| ri Lqwhuhvw/ PdfPloodq/ Qhz |run/ 4<631

^88` Ilvkhu/ V1 dqg I1 Prgljoldql/ �Wrzdugv dq Xqghuvwdqglqj ri wkh Uhdo H�hfwv
dqg Frvwv ri Lq dwlrq/� Zhowzluwvvfkdiwolfkhv Dufkly 447 +4<:;,/ ;430;661

^89` Iodqqhu|/ P1M1 dqg F1 Mdphv/ �Wkh H�hfw ri Lqwhuhvw Udwh Fkdqjhv rq wkh
Frpprq Vwrfn Uhwxuqv ri Ilqdqfldo Lqvwlwxwlrqv/� Mrxuqdo ri Ilqdqfh 6<
+4<;7,/ 4474044871
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^8:` Iuhqfk/ N1U1/ U1V1 Uxedfn/ dqg J1Z1 Vfkzhuw/ �H�hfwv ri Qrplqdo Frq0
wudfwlqj rq Vwrfn uhwxuqv/� Mrxuqdo ri Srolwlfdo Hfrqrp| <4 +4<;6,/ :30<91

^8;` Iuhqqehuj/ S1 dqg E1 Kdqvvrq/ �Vwrfn Uhwxuqv dqg Lq dwlrq lq Vzhghq/�
Oxqg Xqlyhuvlw| Zrunlqj Sdshu Qr1 58/ 4<<61

^8<` Iulhgpdq/ P1/ �Wkh Odj lq H�hfw ri Prqhwdu| Srolf|/� Mrxuqdo ri Srolwlfdo
Hfrqrp| +4<94,/ 77:07991

^93` Iulhgpdq/ P1/ �Prqh| dqg wkh Vwrfn Pdunhw/� Mrxuqdo ri Srolwlfdo Hfrqrp|
<9 +4<;;,/ 55405781

^94` Iulhgpdq/ P1 dqg D1M1 Vfkzduw}/ �Prqh| dqg Exvlqhvv F|fohv/� Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv/ Vxssohphqw +4<96,/650971

^95` Jhuwohu/ P1 dqg V1 Jlofkulvw/ �Wkh Uroh ri Fuhglw Pdunhw Lpshuihfwlrqv lq
wkh Prqhwdu| Wudqvplvvlrq Phfkdqlvp= Dujxphqwv dqg Hylghqfh/� Vfdq0
glqdyldq Mrxuqdo ri Hfrqrplfv <8 +4<<6,/ 760971

^96` Jhvnh/ U1 dqg U1 Uroo/ �Wkh Ilvfdo dqg Prqhwdu| Olqndjh ehwzhhq Vwrfn
Uhwxuqv dqg Lq dwlrq/� Mrxuqdo ri Ilqdqfh 6; +4<;6,/ 40651

^97` Jlrydqqlql/ D1 dqg S1 Odedglh/ �Dvvhw Sulfhv dqg Lqwhuhvw Udwhv lq d Fdvk0
lq0Dgydqfh Prgho/� Mrxuqdo ri Srolwlfdo Hfrqrp| << +4<<4,/ 4548045841

^98` Judkdp/ I1F1/ �Lq dwlrq/ Uhdo Vwrfn Uhwxuqv/ dqg Prqhwdu| Srolf|/� Ds0
solhg Ilqdqfldo Hfrqrplfv 9 +4<<9,/ 5<0681

^99` Judqgh/ J1/ D1 Orfduqr/ dqg P1 Pdvvd/ �Vwrfn Pdunhw Uhwxuqv/ Lq dwlrq
dqg Prqhwdu| Uhjlphv/� sdshu suhvhqwhg dw wkh Dxwxpq Phhwlqj ri ELV
Fhqwudo Edqn Hfrqrplvwv/ 5;05<wk Rfwrehu 4<<:1

^9:` Jurhqhzrog/ Q1/ J1 R*Urxunh/ dqg V1 Wkrpdv/ �Vwrfn Uhwxuqv dqg Lq d0
wlrq= D Pdfur Dqdo|vlv/� Dssolhg Ilqdqfldo Hfrqrplfv : +4<<:,/ 45:04691

^9;` Jxowhnlq/ Q1E1/ �Vwrfn Pdunhw Uhwxuqv dqg Lq dwlrq= Hylghqfh iurp Rwkhu
Frxqwulhv/� Mrxuqdo ri Ilqdqfh 6; +4<;6,/ 7<0981

^9<` Kdihu/ U1Z1/ �Wkh Uhvsrqvh ri Vwrfn Sulfhv wr Fkdqjhv lq Zhhno| Prqh|
dqg wkh Glvfrxqw Udwh/� Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv/ Uhylhz +Pdufk
4<;9,/ 80471
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^:3` Kdpexujhu/ P1M1 dqg O1D1 Nrfklq/ �Prqh| dqg Vwrfn Sulfhv= Wkh Fkdqqhov
ri Lq xhqfh/� Mrxuqdo ri Ilqdqfh 5: +4<:5,/ 564057<1

^:4` Kdugrxyholv/ J1D1/ �Pdfurhfrqrplf Lqirupdwlrq dqg Vwrfn Sulfhv/� Mrxuqdo
ri Hfrqrplfv dqg Exvlqhvv 6< +4<;:,/ 46404731

^:5` Kdveurxfn/ M1/ �Vwrfn Uhwxuqv/ Lq dwlrq/ dqg Hfrqrplf Dfwlylw|= Wkh Vxu0
yh| Hylghqfh/� Mrxuqdo ri Ilqdqfh 6< +4<;7,/ 45<6046431

^:6` Khqghuvkrww/ S1/ �Ydoxdwlrq Huuruv/ Ulvn/ dqg Sur�wdelolw|/ � Dphulfdq

Hfrqrplf Uhylhz :4 +4<;4,/ <3<0<551

^:7` Krgulfn/ U1/ Q1U1 Nrfkhuodnrwd/ dqg G1 Oxfdv/ �Wkh Yduldelolw| ri Yhorflw|
lq Fdvk0lq0Dgydqfh Prghov/� Mrxuqdo ri Srolwlfdo Hfrqrp| << +4<<4,/ 68;0
6;71

^:8` Krpd/ N1H1 dqg G1P1 Md�hh/ �Wkh Vxsso| ri Prqh| dqg Frpprq Vwrfn
Sulfhv/� Mrxuqdo ri Ilqdqfh 59 +4<:4,/ 4389043991

^:9` Krqj/ K1/ �Lq dwlrq dqg wkh Pdunhw Ydoxh ri wkh Ilup= Wkhru| dqg Whvwv/�
Mrxuqdo ri Ilqdqfh 65 +4<::,/ 43640437;1

^::` Md�h/ M1I1 dqg J1 Pdqghonhu/ �Wkh *Ilvkhu H�hfw* iru Ulvn| Dvvhwv= Dq
Hpslulfdo Lqyhvwljdwlrq/� Mrxuqdo ri Ilqdqfh 64 +4<:9,/ 77:078;1

^:;` Mdphv/ F1/ V1 Nruhlvkd/ dqg P1 Sduwfk/ �D YDUPD Dqdo|vlv ri wkh Fdxvdo
Uhodwlrqv Dprqj Vwrfn uhwxuqv/ Uhdo Rxwsxw/ dqg Qrplqdo Lqwhuhvw Udwhv/�
Mrxuqdo ri Ilqdqfh 73 +4<;8,/46:8046;71

^:<` Mhqvhq/ J1U1 dqg U1U1 Mrkqvrq/ �Dq H{dplqdwlrq ri Vwrfn Sulfh Uhdfwlrqv
wr Glvfrxqw Udwh Fkdqjhv xqghu Dowhuqdwlyh Prqhwdu| Srolf| Uhjlphv/�
Txduwhuo| Mrxuqdo ri Exvlqhvv dqg Hfrqrplfv 65 +4<<6,/ 590841

^;3` Mhqvhq/ J1U1 dqg U1U1 Mrkqvrq/ �Glvfrxqw Udwh Fkdqjhv dqg Vhfxulw| Uh0
wxuqv lq wkh X1V1/ 4<9504<<4/� Mrxuqdo ri Edqnlqj dqg Ilqdqfh 4< +4<<8,/
:<0<81

^;4` Mhqvhq/ J1U1/ M1P1 Phufhu/ dqg U1U1 Mrkqvrq/ �Exvlqhvv Frqglwlrqv/ Prq0
hwdu| Srolf|/ dqg H{shfwhg Vhfxulw| Uhwxuqv/� Mrxuqdo ri Ilqdqfldo Hfr0

qrplfv 73 +4<<9,/ 546056:1
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^;5` Ndxo/ J1/ �Vwrfn Uhwxuqv dqg Lq dwlrq= Wkh Uroh ri wkh Prqhwdu| Vhfwru/�
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4; +4<;:,/ 58605:91

^;6` Ndxo/ J1/ �Prqhwdu| Uhjlphv dqg wkh Uhodwlrq Ehwzhhq Vwrfn Uhwxuqv dqg
Lq dwlrqdu| H{shfwdwlrqv/� Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv
58 +4<<3,/ 63:06541

^;7` Nhvvho/ U1D1/ �Lq dwlrq0Fdxvhg Zhdowk Uhglvwulexwlrq= D Whvw ri d K|srwk0
hvlv/� Dphulfdq Hfrqrplf Uhylhz 79 +4<89,/ 45;04741

^;8` Nlue|/ F1/ �Phdvxulqj wkh Suhglfwdeoh Yduldwlrq lq Vwrfn dqg Erqg Uh0
wxuqv/� Uhylhz ri Ilqdqfldo Vwxglhv 43 +4<<:,/ 8:< 0 9631

^;9` Norw}/ E1S1 dqg G1U1 Phlqvwhu/ �Dq Lqwhjudwlrq ri FDSP dqg LV0OPDqdo|0
vlv lqwr d Xql�hg Wkhru| ri Djjuhjdwh Ghpdqg/� Vrxwkhuq Hfrqrplf Mrxu0
qdo 85 +4<;9,/ :4;0:671

^;:` Nurqeodg/ D1/ �Xqdqwlflsdwhg Lq dwlrq/ Lq dwlrq Ulvn Suhpld/ dqg Vwrfn
Uhwxuqv lq Vzhghq/� plphr/ Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Xqlyhu0
vlw|/ 4<<:1

^;;` Odedglh/ S1/ �Vwrfkdvwlf Lq dwlrq dqg wkh Htxlw| Suhplxp/� Mrxuqdo ri

Prqhwdu| Hfrqrplfv 57 +4<;<,/ 5::05<;1

^;<` Oçfkohu/ X1/ �D Pdfurwkhruhwlf Dqdo|vlv ri Lq dwlrq/ Wd{hv/ dqg wkh Sulfh
ri Htxlw|/� Mrxuqdo ri Pdfurhfrqrplfv 8 +4<;6,/ 5;406341

^<3` Odmhul/ I1 dqg M1 Ghuplqh/ �Xqh{shfwhg Lq dwlrq dqg Edqn Vwrfn Uhwxuqv=
Wkh Fdvh ri Iudqfh 4<::04<<4/� LQVHDG Zrunlqj Sdshu Qr1 53/ 4<<91

^<4` Odvwudshv/ Z1G1/ �Lqwhuqdwlrqdo Hylghqfh rq Htxlw| Sulfhv/ Lqwhuhvw Udwhv
dqgPrqh|/� Plphr/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Jhrujld/ 4<<91

^<5` Ohh/ E1V1/ �Vroylqj/ Hvwlpdwlqj/ dqg Whvwlqj d Qrqolqhdu Vwrfkdvwlf Htxl0
oleulxp Prgho/ zlwk dq H{dpsoh ri wkh Dvvhw Uhwxuqv dqg Lq dwlrq Uhod0
wlrqvkls/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 46 +4<;<,/ 7<<08641

^<6` Ohh/ E1V1/ �Fdxvdo Uhodwlrqv Dprqj Vwrfn Uhwxuqv/ Lqwhuhvw Udwhv/ Uhdo
Dfwlylw|/ dqg Lq dwlrq/� Mrxuqdo ri Ilqdqfh 7: +4<<5,/ 48<4049361

^<7` OhUr|/ V1I1/ �Qrplqdo Sulfhv dqg Lqwhuhvw Udwhv lq Jhqhudo Htxloleulxp=
Prqh| Vkrfnv/� Mrxuqdo ri Exvlqhvv 8: +4<;7,/ 4::04<81
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^<8` Olqwqhu/ M1/ �Lq dwlrq dqg Vhfxulw| Uhwxuqv/� Mrxuqdo ri Ilqdqfh 63 +4<:8,/
58<05;31

^<9` Oxfdv/ U1H1/ �Lqwhuhvw Udwhv dqg Fxuuhqf| Sulfhv lq d Wzr0Frxqwu| Zruog/�
Mrxuqdo ri Prqhwdu| Hfrqrplfv 43 +4<;5,/ 668068<1

^<:` Oxfdv/ U1H1/ �Prqh| lq d Wkhru| ri Ilqdqfh/� Fduqhjlh0Urfkhvwhu Frqihu0
hqfh Vhulhv rq Sxeolf Srolf| 54 +4<;7,/ <0791

^<;` Oxfdv/ U1H1 dqg Q1 Vwrnh|/ �Prqh| dqg Lqwhuhvw lq d Fdvk0lq0Dgydqfh Hfrq0
rp|/� Hfrqrphwulfd 88 +4<;:,/ 7<408461

^<<` O|qjh/ P1M1 Mu1/ �Prqh| Vxsso| Dqqrxqfhphqwv dqg Vwrfn Sulfhv/� Wkh

Mrxuqdo ri Sruwirolr Pdqdjhphqw ; +4<;4,/ 730761

^433` Pdonlho/ E1/ �Wkh Fdslwdo Irupdwlrq Sureohp lq wkh Xqlwhg Vwdwhv/� Mrxuqdo
ri Ilqdqfh 67 +4<:<,/ 5<406391

^434` Pduvkdoo/ G1D1/ �Lq dwlrq dqg Dvvhw Uhwxuqv lq d Prqhwdu| Hfrqrp|/�
Mrxuqdo ri Ilqdqfh 7: +4<<5,/ 4648046751

^435` PfTxhhq/ J1 dqg Y1Y1 Uroh|/ �Vwrfn Sulfhv/ Qhzv/ dqg Exvlqhvv Frqgl0
wlrqv/� Uhylhz ri Ilqdqfldo Vwxglhv 9 +4<<6,/ 9;60:3:1

^436` Prgljoldqr/ I1 dqg U1D1 Frkq/ �Lq dwlrq/ Udwlrqdo Ydoxdwlrq dqg wkh Pdu0
nhw/� Ilqdqfldo Dqdo|vwv Mrxuqdo +Pdufk2Dsulo 4<:<,/ 570771

^437` Qhovrq/ F1U1/ �Lq dwlrq dqg Udwhv ri Uhwxuq rq Frpprq Vwrfnv/� Mrxuqdo
ri Ilqdqfh 64 +4<:9,/ 7:407;61

^438` Sdoprq/ G1 dqg X1 \ddul/ �Vkduh Ydoxhv/ Lq dwlrq/ dqg Hvfdodwlqj Wd{
Udwhv/� Mrxuqdo ri Edqnlqj dqg Ilqdqfh 8 +4<;4,/ 6<807361

^439` Sdwholv/ D1G1/ �Vwrfn uhwxuq Suhglfwdelolw|= Wkh Uroh ri Prqhwdu| Srolf|/�
Mrxuqdo ri Ilqdqfh 85 +4<<:,/ 4<8404<:51

^43:` Shdufh/ G1N1 dqg Y1Y1 Uroh|/ �Wkh Uhdfwlrq ri Vwrfn Sulfhv wr Xqdqwlf0
lsdwhg Fkdqjhv lq Prqh|= D Qrwh/� Mrxuqdo ri Ilqdqfh 6; +4<;6,/ 46560
46661

^43;` Shdufh/ G1N1 dqg Y1Y1 Uroh|/ �Vwrfn Sulfhv dqg Hfrqrplf Qhzv/� Mrxuqdo
ri Exvlqhvv 8; +4<;8,/ 7<09:1
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^43<` Shdufh/ G1N1 dqg Y1Y1 Uroh|/ �Ilup Fkdudfwhulvwlfv/ Xqdqwlflsdwhg Lq d0
wlrq/ dqg Vwrfn Uhwxuqv/� Mrxuqdo ri Ilqdqfh 76 +4<;;,/ <980<;41

^443` Shuu|/ S1/ �Gr Edqnv Jdlq ru Orvh iurp Lq dwlrqB� Mrxuqdo ri Uhwdlo Edqn0

lqj 49 +4<<5,/ 580631

^444` Shvdqgr/ M1H1/ �Wkh Vxsso| ri Prqh| dqg Frpprq Vwrfn Sulfhv= Ixuwkhu
Revhuydwlrqv rq wkh Hfrqrphwulf Hylghqfh/� Mrxuqdo ri Ilqdqfh 5< +4<:7,/
<3<0<541

^445` Udp/ U1 dqg G1H1 Vshqfhu/ �Vwrfn Uhwxuqv/ Uhdo Dfwlylw|/ Lq dwlrq/ dqg
Prqh|= Frpphqw/� Dphulfdq Hfrqrplf Uhylhz :6 +4<;6,/ 79607:31

^446` Urjdovnl/ U1M1 dqg M1G1 Ylqvr/ �Vwrfn Uhwxuqv/ Prqh| Vxsso|/ dqg wkh
Gluhfwlrq ri Fdxvdolw|/� Mrxuqdo ri Ilqdqfh 65 +4<::,/ 434:043631

^447` Ur}h�/ P1V1/ �Prqh| dqg Vwrfn Sulfhv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4
+4<:7,/ 57806351

^448` Uxghexvfk/ J1G1 dqg O1H1R1 Vyhqvvrq/ �Srolf| Uxohv iru Lq dwlrq Wdujhw0
lqj/� Vyhuljhv Ulnvedqn Zrunlqj Sdshu Qr1 7</ 4<<;1

^449` Vdqwrphur/ D1P1/ �Frqwuroolqj Prqhwdu| Djjuhjdwhv= Wkh Glvfrxqw Zlq0
grz/� Mrxuqdo ri Ilqdqfh 6; +4<;6,/ ;5:0;761

^44:` Vfkzhuw/ J1Z1/ �Wkh Dgmxvwphqw ri Vwrfn Sulfhv wr Lq dwlrq/� Mrxuqdo ri
Ilqdqfh 69 +4<;4,/ 4805<1

^44;` Vhoolq/ S1/ �Dvvhw Sulfhv dqg Prqhwdu| Srolf| lq Vzhghq/� plphr/ frqwul0
exwlrq wr wkh Dxwxpq Phhwlqj ri Fhqwudo Edqn Hfrqrplvwv dw wkh ELV rq
5;05<wk Rfwrehu/ 4<<:1

^44<` Vphwv/ I1/ �Ilqdqfldo Dvvhw Sulfhv dqg Prqhwdu| Srolf|= Wkhru| dqg Hyl0
ghqfh/� FHSU Glvfxvvlrq Sdshu Qr1 4:84/ 4<<:1

^453` Vpluorfn/ P1 dqg M1 \dzlw}/ �Dvvhw uhwxuqv/ Glvfrxqw Udwh Fkdqjhv/ dqg
Pdunhw H!flhqf|/� Mrxuqdo ri Ilqdqfh 73 +4<;8,/ 44740448;1

^454` Vroqln/ E1/ �Wkh Uhodwlrq Ehwzhhq Vwrfn Sulfhv dqg Lq dwlrqdu| H{shfwd0
wlrqv= Wkh Lqwhuqdwlrqdo Hylghqfh/� Mrxuqdo ri Ilqdqfh 6; +4<;6,/ 6807;1
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^455` Vruhqvrq/ H1K1/ �Udwlrqdo H{shfwdwlrqv dqg wkh Lpsdfw ri Prqh| xsrq
Vwrfn Sulfhv/� Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 4: +4<;5,/
97<09951

^456` Vsulqnho/ E1Z1/ Prqh| dqg Vwrfn Sulfhv/ Krphzrrg/ LO= Ulfkdug G1 Luzlq
4<971

^457` Vwxo}/ U1P1/ �Lqwhuhvw Udwhv dqg Prqhwdu| Srolf| Xqfhuwdlqw|/� Mrxuqdo ri
Prqhwdu| Hfrqrplfv 4: +4<;9,/ 664067:1

^458` Vxpphuv/ O1K1/ �Lq dwlrq/ wkh Vwrfn Pdunhw dqg Rzqhu0Rffxslhg Krxv0
lqj/� Dphulfdq Hfrqrplf Uhylhz :4 +4<;4,/ 75<07671

^459` Vyhqvvrq/ O1H1R1/ �Prqh| dqg Dvvhw Sulfhv lq d Fdvk0lq0Dgydqfh Hfrq0
rp|/� Mrxuqdo ri Srolwlfdo Hfrqrp| <6 +4<;8,/ <4<0<771

^45:` Wdukdq/ Y1/ �Grhv wkh Ihghudo Uhvhuyh D�hfw Dvvhw SulfhvB� Mrxuqdo ri

Hfrqrplf G|qdplfv dqg Frqwuro 4< +4<<8,/ 44<<045551

^45;` Wkruehfnh/ Z1/ �Rq Vwrfn Pdunhw Uhwxuqv dqg Prqhwdu| Srolf|/� Mrxuqdo
ri Ilqdqfh 85 +4<<:,/ 96809871

^45<` Wkruehfnh/ Z1 dqg W1 Dodpl/ �Wkh Ihghudo Ixqgv Udwh dqg wkh Duel0
wudjh Sulflqj Wkhru|= Hylghqfh Wkdw Prqhwdu| Srolf| Pdwwhuv/� Mrxuqdo

ri Pdfurhfrqrplfv 47 +4<<5,/ :640:771

^463` Wkruehfnh/ Z1 dqg W1 Dodpl/ �Wkh H�hfw ri Fkdqjhv lq wkh Ihghudo Ixqgv
Udwh Wdujhw rq Vwrfn Sulfhv lq wkh 4<:3v/� Mrxuqdo ri Hfrqrplfv dqg Exvl0
qhvv 79 +4<<7,/4604<1

^464` YdqghuKr�/ M1 dqg P1 YdqghuKr�/ �Lq dwlrq dqg Vwrfn Uhwxuqv= Dq Lq0
gxvwu| Dqdo|vlv/� Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv 6; +4<;9,/ 67406851

^465` Zdxg/ U1Q1/ �Sxeolf Lqwhusuhwdwlrq ri Ihghudo Uhvhuyh Glvfrxqw Udwh
Fkdqjhv= Hylghqfh rq wkh *Dqqrxqfhphqw H�hfw*/� Hfrqrphwulfd 6;
+4<:3,/ 56405831
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