
Vxsso| Vkrfnv dqg wkh cQdwxudo Udwh ri

Lqwhuhvw*= Dq H{sorudwlrq�

Mdjmlw V1 Fkdgkd|

Fdpeulgjh Xqlyhuvlw|

Fkduohv Qrodqh

Gxukdp Xqlyhuvlw|

4 Lqwurgxfwlrq

Zh frqvlghu d vpdoo/ rshq hfrqrp| lqkdelwhg e| dq rswlplvlqj frusrudwh vhfwru

dqg d odujh qxpehu ri rswlplvlqj lqglylgxdov zkr pxvw irupxodwh hdfk shulrg/

dprqjvw rwkhu wklqjv/ g|qdplf surjudpphv iru lqyhvwphqw dqg frqvxpswlrq

iroorzlqj vwrfkdvwlf vkliwv lq wrwdo idfwru surgxfwlylw|1 Zh wkhq dvn wkuhh

txhvwlrqv= Zkdw zrxog wkh pdujlqdo surgxfwlylw| ri fdslwdo/ ru uhdo lqwhuhvw

udwh/ orrn olnh ryhu wkh frxuvh ri wkh f|foh lq vxfk dq hfrqrp|B Krz forvho|

grhv wkh revhuyhg uhdo lqwhuhvw udwh lq d vpdoo/ rshq hfrqrp| +l1h1/ wkh Xqlwhg

Nlqjgrp, uhvhpeoh wklv k|srwkhwlfdo udwhB Dqg fdq zh ghvfuleh clq dwlrq dqg

rxwsxw ghwhuplqdwlrq dv ghshqglqj rq wkh uhodwlrq ehwzhhq d �qdwxudo udwh ri

lqwhuhvw� ghwhuplqhg sulpdulo| e| uhdo idfwruv dqg wkh fhqwudo edqn*v uxoh iru

lqwhuhvw udwhv* +Zrrgirug/ 5333/ s1 5,B

Zh duh dffxvwrphg wr wkh vxsso| vlgh ri dq hfrqrp|/ dv phdvxuhg e| wkh

orqj0uxq dyhudjh udwh ri surgxfwlylw| jurzwk/ dv wkh prvw qdwxudo h{sodqdwlrq

iru orqj0uxq uhdo rxwfrphv lq jurzwk dqg zhoiduh +Julolfkhv/ 4<<9,1 Exw

dv hfrqrplvwv kdyh uhfrjqlvhg wkdw wkh surgxfwlylw| f|foh pljkw eh forvho|

uhodwhg wr wkh sursdjdwlrq ru lpsxovhv ri wkh exvlqhvv f|foh/ wkh f|folfdo

ehkdylrxu ri surgxfwlylw| kdv lqfuhdvlqjo| dwwudfwhg wkhlu dwwhqwlrq +Frroh|/

4<<8,1 Ehjlqqlqj zlwk wkh vhplqdo sdshuv ri Orqj dqg Sorvvhu +4<;6, dqg

N|godqg dqg Suhvfrww +4<;5,/ dq lpsruwdqw vwudqg ri pdfurhfrqrplf uhvhdufk

WDfnqrzohgjhphqwv= Zh duh judwhixo iru khosixo frqyhuvdwlrqv/ frqvwuxfwlyh fulwlflvpv dqg
frpphqwv iurp sduwlflsdqwv lq vhplqduv dw zklfk yhuvlrqv ri wklv sdshu zhuh suhvhqwhg/
lqfoxglqj wkh Edqn ri Hqjodqg/ Xqlyhuvlw| ri Fdpeulgjh/ Xqlyhuvlw| ri Ohlfhvwhu dqg Zduzlfn
Exvlqhvv Vfkrro1 Lq sduwlfxodu zh duh judwhixo iru wkh frpphqwv ri Sklols Duhvwlv/ Odxuhqfh
Edoo/ Vhdq Kroo|/ Odydq Pdkdghyd/ Dqwrq Pxvfdwhool dqg Shwhu Vlqfodlu1 Dq| ylhzv h{suhvvhg/
ru huuruv zklfk uhpdlq/ duh vroho| wkh uhvsrqvlelolw| ri wkh dxwkruv1 Zh duh judwhixo iru uhvhdufk
dvvlvwdqfh iurp Zhvoh| Irjho1 Sduw ri wklv uhvhdufk kdv ehhq ixqghg e| Ohyhukxoph Judqw qr1
I23<89:2D1

_Ghsduwphqw ri Dssolhg Hfrqrplfv/ Dxvwlq Urelqvrq Exloglqj/ Vlgjzlfn Dyhqxh/ Fdp0
eulgjh FE6 <GH1 Who= .77 4556 6685;31 H0pdlo= mdjmlw1fkdgkdChfrq1fdp1df1xn

hGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Uhdglqj/ Zklwhnqljkwv/ Uhdglqj UJ9 9DD1 Who=
.77 44; <;: 8456 {739;1 H0pdlo= F1QrodqCuhdglqj1df1xn1
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kdv dwwhpswhg wr frqvwuxfw vpdoo/ wkhruhwlfdoo| frkhuhqw prghov edvhg rq

rswlplvlqj djhqwv wkdw fdswxuh nh| f|folfdo sdwwhuqv lq wkh dfwxdo gdwd1 Lq

wklv sdshu/ zh iroorz wkh dqdo|vhv ri Edfnxv/ Nhkrh dqg N|godqg +4<;<, dqg

Fkdgkd/ Mdqvvhq dqg Qrodq +5334, dqg h{whqg wkh uhdo exvlqhvv f|foh prgho wr

wkh fdvh ri wkh rshq hfrqrp|1 Zh wkhq dqdo|vh wkh pdujlqdo surgxfwlylw| ri

fdslwdo lq wklv hfrqrp| lq uhvsrqvh wr erwk wkh vwdqgdug phdvxuh ri surgxfwlylw|

jurzwk/ wkh Vrorz uhvlgxdo/ dqg d phdvxuh wkdw dwwhpswv wr fruuhfw iru fdsdflw|

xwlolvdwlrq1

Wr fduu| rxw wklv h{shulphqw zh pxvw ghyhors wzr glvwlqfw prghov ri d

vpdoo/ rshq hfrqrp|/ zklfk qhyhuwkhohvv vkduh pdq| vlplodu fkdudfwhulvwlfv1

Erwk duh lqkdelwhg e| d frusrudwh vhfwru dqg d odujh qxpehu ri lqglylgxdov

+uhdoo| frkruwv, zkr idfh �qlwh olyhv1 Erwk prgho hfrqrplhv idfh dq h{rjhqrxv

vwhdg|0vwdwh lqwhuhvw udwh ghwhuplqhg lq d shuihfwo| lqwhjudwhg zruog fdslwdo

pdunhw/ dqg erwk hfrqrplhv kdyh dffhvv wr wklv zruog fdslwdo pdunhw zkhq

ghwhuplqlqj wkhlu sruwirolr doorfdwlrq ghflvlrqv1+4 , Lq erwk hfrqrplhv wkh idfwruv

ri surgxfwlrq uhfhlyh wkhlu pdujlqdo surgxfw/ dqg wkhuh duh rwkhuzlvh qr eduulhuv

wr sulfh  h{lelolw|1 Krzhyhu/ wkhvh hfrqrplhv gl�hu lq zkdw pdnhv wkhp jurz

vwrfkdvwlfdoo| wkurxjk wlph1 Lq erwk prghov wkh gulylqj surfhvv lv vwrfkdvwlf

yduldwlrq lq d surgxfwlylw| vkliw whup/ exw lq rqh lw lv wkh vwdqgdug Vrorz uhvlgxdo

zkloh lq wkh rwkhu wkh uhvlgxdo lv hpsor|hg lq prgl�hg irup zlwk d fruuhfwlrq

iru wkh f|folfdo yduldwlrq lq fdslwdo xwlolvdwlrq +vhh h1j1/ Exuqvlgh/ Hlfkhqedxp

dqg Uhehor/ 4<<9 dqg Edvx dqg Ihuqdog/ 5333,1

Wkhuh duh d qxpehu ri uhdvrqv wr glvwuxvw wkh vwdqgdug Vrorz uhvlgxdo dv

d phdvxuh ri wrwdo idfwru surgxfwlylw| +vhh Nlqj dqg Uhehor/ 4<<<,1 Zh vkdoo

frqfhqwudwh rq wkh wzr zh wklqn prvw shuwlqhqw1+5 , Iluvw/ wkh vwdqgdug phdvxuh

ri wkh Vrorz uhvlgxdo lpsolhv dq lpsodxvleo| odujh suredelolw| ri whfkqrorjlfdo

uhjuhvv dqg/ frqfrplwdqwo|/ dq xquhdolvwlfdoo| kljk yrodwlolw| ri surgxfwlylw|

jurzwk uhodwlyh wr rxwsxw1+6, Vhfrqg/ f|folfdo yduldwlrqv lq idfwru lqsxwv/ hlwkhu

wkurxjk oderxu krduglqj ru fdslwdo xwlolvdwlrq/ fdq ohdg wr plvphdvxuhphqw ri

wkh Vrorz uhvlgxdo1 Eduur +4<<<, vxppdulvhv pdq| ri wkh srvvleoh uhdvrqv/ lq

sduwlfxodu zkhuh idloxuh wr doorz iru lpsuryhphqwv lq oderxu ru fdslwdo txdolw|

whqg wr ohdg wr dq ryhuhvwlpdwh ri jurzwk gxh wr whfkqrorjlfdo fkdqjh1 Lq d vhulhv

ri yhu| lq xhqwldo sdshuv/ Edvx +vhh/ iru h{dpsoh/ 4<<9/ dqg/ zlwk Ihuqdog/ 5333,

dujxhv wkdw wkh pdlq uhdvrq iru wkh vwurqj surf|folfdolw| ri WIS lv phdvxuhphqw

huuru uhvxowlqj iurp yduldeoh fdslwdo dqg oderxu xwlolvdwlrq1 Kh ixuwkhu �qgv wkdw

4Wkh dvvxpswlrq ri dq h{rjhqrxv orqj0uxq uhdo udwh grhv qrw d�hfw wkh g|qdplf htxloleulxp
sdwk ri dgmxvwphqw ri wkh grphvwlf udwh/ lq vr idu dv wkh uhdo udwh zloo uhwxuq wr wkdw vhw e|
wkh uhvw ri wkh zruog hyhqwxdoo|1 Wkh txhvwlrq zh dvn lv krz wkdw dgmxvwphqw pljkw ydu| ryhu
wkh f|foh1

5Fkdgkd/ Mdqvvhq dqg Qrodq +5334, vkrz wkh Vrorz uhvlgxdo wr eh h{rjhqrxv wr Kdoo*v
+4<<:, vxjjhvwhg exvlqhvv f|foh iruflqj yduldeoh ri vwrfkdvwlf vkliwv lq suhihuhqfhv iru
frqvxpswlrq ryhu ohlvxuh1

6Exuqvlgh hw do1 +4<<9, hvwlpdwh wkdw wkh txduwhuo| suredelolw| ri whfkqrorjlfdo uhjuhvv idoov
iurp 6:( lq XV pdqxidfwxulqj wr vrph 43( zkhq yduldeoh fdsdflw| xwlolvdwlrq lv dffrxqwhg
iru1 Zh gr qrw �qg vxfk d vwdun idoo lq wkh suredelolw| rq hfrqrp|0zlgh gdwd lq wkh XN/
zkhuh wkh suredelolw| ri uhjuhvv idoov iurp 6<( wr 56(1 Vhh Iljxuhv 4 dqg 5 iru XN gdwd
iurp 4<98 wr 4<<;1
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Iljxuh 4= Klvwrjudp ri Vwdqgdug Vrorz Uhvlgxdo

yduldeoh xwlolvdwlrq lv qrw phuho| d eldv/ exw lv lwvhoi dq lpsruwdqw sursdjdwlrq

phfkdqlvp iru dq hfrqrp|*v sulplwlyh gulylqj irufhv1

Nlqj dqg Uhehor +4<<<, exlog rq wklv lqvljkw dqg dujxh wkdw yduldeoh fdsdflw|

xwlolvdwlrq whqgv wr uhvxow lq d kljk0 vxevwlwxwlrq hfrqrp| dpsoli|lqj wkh

cydqlvklqj* surgxfwlylw| vkrfn/ lq zklfk djjuhjdwh krxuv duh yhu| uhvsrqvlyh

wr fkdqjhv lq wkh uhdo zdjh ru lqwhuhvw udwhv dqg wkh vxsso| ri fdslwdo uhvsrqgv

vwurqjo| wr fkdqjhv lq djjuhjdwh krxuv1 Rqh sxusrvh ri wklv sdshu lv wr h{dplqh

wkh dpsol�fdwlrq surshuwlhv ri d vwdqgdug Vrorz uhvlgxdo sxujhg ri wkh h�hfwv ri

yduldeoh fdsdflw| xwlolvdwlrq1 Iljxuhv 4 dqg 5 looxvwudwh wkh lpsdfw ri wklv sxujh

rq wkh uhvxowlqj glvwulexwlrq ri vkrfnv/ zklfk ehfrphv vljql�fdqwo| qhjdwlyho|

vnhzhg1

Wkh vlpxodwlrq ri wkhvh wzr prghov/ d vwdqgdug UEF dqg d kljk0vxevwlwxwlrq

UEF hfrqrp|/ doorzv xv wr rewdlq d pdujlqdo surgxfwlylw| ri fdslwdo1 Zh �qg

wkdw wkh pdujlqdo surgxfwlylw| ri fdslwdo lv vljql�fdqwo| surf|folfdo/ wkhuhe|

frq�uplqj Ylfnhuv* +5333/ s1 44045, frqmhfwxuh1 Zh lqwhusuhw/ lq rxu prgho/ wkh

duwl�fldo pdujlqdo surgxfwlylw| fdslwdo dv wkh cqdwxudo udwh ri lqwhuhvw*/ zklfk

lv frqvlvwhqw zlwk frqvwdqw lq dwlrq lq wkh phglxp uxq1 Lq vrph vhqvh zh

dovr iroorz Eolqghu*v +4<<;/ s1 67, vxjjhvwlrq wr frpsxwh wkh cqhxwudo* udwh lq

uhvsrqvh wr gxudeoh vkrfnv1 Rxu dlp lq wklv sdshu/ wkhq/ lv hvvhqwldoo| wzrirog1

Iluvw/ zh zlvk wr lqyhvwljdwh zkhwkhu rxu phdvxuh ri wkh fruuhfwhg surgxfwlylw|

vkrfn pd| vwloo eh d sodxvleoh fdqglgdwh iru d sulqflsdo vrxufh ri wkh XN exvlqhvv

f|foh1+7 , Vhfrqg/ orrnlqj dw wkh gl�huhqfh ehwzhhq wkh k|srwkhwlfdo pdujlqdo

surgxfwlylw| ri fdslwdo dqg wkh revhuyhg uhdo udwh lq wkh XN hfrqrp|/ zh dvn/

lq wkh pdqqhu ri Zlfnvhoo/ wr zkdw h{whqw wkh glyhujhqfh fdq h{sodlq lq dwlrq

7Fkdgkd/ Mdqvvhq dqg Qrodq +5334, �qg wkdw wkh vwdqgdug Vrorz uhvlgxdo fdswxuhv wkh
pdlq prphqwv ri wkh XN exvlqhvv f|foh yhu| zhoo1 Edvx +4<<9, �qgv wkdw wkh fruuhfwhg Vrorz
uhvlgxdo fdqqrw surgxfh hqrxjk yrodwlolw| lq wkh exvlqhvv f|foh1
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Iljxuh 5= Klvwrjudp ri Fruuhfwhg Vrorz Uhvlgxdo

dqg rxwsxw rxwfrphv1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 rxwolqhv d qxpehu ri idfwv

uhodwlqj wr wkh exvlqhvv f|foh lq wkh Xqlwhg Nlqjgrp dqg lq sduwlfxodu wr wkh

uhdo lqwhuhvw udwh1 Vhfwlrq 6 ghyhorsv d pruh ru ohvv fdqrqlfdo g|qdplf vwrfkdvwlf

jhqhudo htxloleulxp prgho gulyhq e| vxsso| vkrfnv phdvxuhg lq rqh ri wzr zd|v=

hlwkhu dv wrwdo idfwru surgxfwlylw| ru dv wrwdo idfwru surgxfwlylw| fruuhfwhg iru

fkdqjhv lq fdsdflw| xwlolvdwlrq1 Vhfwlrq 7 suhvhqwv wkh fdoleudwlrq whfkqltxhv

xvhg wr dvvhvv wkh �w ri wklv prgho1 Vhfwlrq 8 surylghv wkh pdlq uhvxowv1 Vhfwlrq

9 r�huv vrph frqfoxvlrqv rq wkh cqdwxudo udwh ri lqwhuhvw* k|srwkhvlv1

5 Wkh Uhdo Udwh ri Lqwhuhvw= Vrph Revhuydwlrqv

Wklv vhfwlrq rxwolqhv vrph edvlf idfwv derxw wkh XN hfrqrp|1 Zkhq dvvhvvlqj

wkh prghov suhvhqwhg/ wkhuh duh wzr pdlq glphqvlrqv dorqj zklfk zh zloo wu| wr

pds wkh XN hfrqrp|= +l, wkh fryduldwlrq ri wkh pdlq hfrqrplf lqglfdwruv zlwk

wkh hfrqrplf f|foh/ phdvxuhg e| wkh exvlqhvv f|foh  xfwxdwlrq lq rxwsxw shu

khdg/ dqg +ll, wkh uhodwlyh yrodwlolw| ri hdfk vhulhv1 Wdeoh 4 suhvhqwv wkh revhuyhg

gdwd rq wkh exvlqhvv f|foh frpsrqhqw ri wkh XN hfrqrp| rewdlqhg zlwk wkh

edqg sdvv �owhu uhfrpphqghg e| Ed{whu dqg Nlqj +4<<<,1+8 , Lqyhvwphqw dqg

wkh fxuuhqw dffrxqw duh wkh prvw yrodwloh vhulhv1 Rxwsxw/ frqvxpswlrq dqg uhdo

udwhv glvsod| orzhu/ vlplodu ohyhov ri yrodwlolw|1 Revhuyhg uhdo zdjhv vkrz olwwoh

f|folfdo yduldwlrq dqg/ dv vxjjhvwhg e| Nlqj dqg Uhehor +4<<<,/ wkh fdslwdo vwrfn

glvsod|v olwwoh lpsruwdqw yduldwlrq dw wkh exvlqhvv f|foh iuhtxhqf|1 Frqvxpswlrq/

lqyhvwphqw/ uhdo zdjhv dqg krxuv vxssolhg duh surf|folfdo zkloh wkh fxuuhqw

8D zlghu udqjh ri vhulhv* prphqwv uhvxowv duh dydlodeoh rq uhtxhvw/ dv duh wkh uhvxowv ri
gl�huhqw �owhulqj surfhgxuhv1 Wkh surjudpv zh xvhg iru lpsohphqwlqj wkh �owhu duh dovr
dydlodeoh/ dv lv d ixoo gdwd dqqh{/ exw qrwh wkdw doo gdwd duh vrxufhg iurp wkh RQV1 Doo
h{shqglwxuh vhulhv duh phdvxuhg lq shu fdslwd whupv1
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6KRUW UHDO LQWHUHVW UDWHV

Iljxuh 6= Uhdo Udwhv dqg wkh Exvlqhvv F|foh/ 4;:404<<;

dffrxqw lv frxqwhuf|folfdo1 Rxwsxw vkrzv srvlwlyh ohdgv iru frqvxpswlrq/

lqyhvwphqw dqg zdjhv/ zkloh wkhuh duh qhjdwlyh ohdgv iru wkh fxuuhqw dffrxqw1

Wkh fxuuhqw dffrxqw dqg/ wr vrph h{whqw/ uhdo zdjhv qhjdwlyho| ohdg rxwsxw/

zkloh frqvxpswlrq/ lqyhvwphqw/ uhdo udwhv dqg oderu vxsso| srvlwlyho| ohdg

rxwsxw1

Wkh ehkdylrxu ri revhuyhg uhdo udwhv qhhgv ixuwkhu h{sodqdwlrq1 Iljxuh 6

h{soruhv wkh f|folfdolw| ri uhdo lqwhuhvw udwhv iurp d vrphzkdw orqjhu shuvshfwlyh1

Zh sorw wkh f|folfdo frpsrqhqw ri wkh uhdo lqwhuhvw udwh +gdvkhg olqh, djdlqvw

erwk wkh f|folfdo frpsrqhqw ri rxwsxw shu khdg +vrolg olqh, dqg wkh skdvhv ri

h{sdqvlrq +oljkw, dqg frqwudfwlrq +gdun,/ dqg �qg idluo| fohdu hylghqfh wkdw uhdo

lqwhuhvw udwhv kdyh ehfrph surf|folfdo lq wkh srvw0zdu shulrg dqg wkhlu yrodwlolw|

kdv idoohq wr wkdw ri rxwsxw shu khdg1 Wdeoh 5 txdqwl�hv wklv �qglqj1 Zh �qg

iru dq dqqxdo gdwd vhw iurp 4<7: wkdw/ luuhvshfwlyh ri wkh �owhu hpsor|hg/ uhdo

udwhv duh vljql�fdqwo| srvlwlyho| dvvrfldwhg zlwk wkh exvlqhvv f|foh dqg ri d

vlplodu ohyho ri yrodwlolw|1 Wklv �qglqj vwdqgv dw vrph yduldqfh wr wkh vrphzkdw

sx}}olqj dqg |hw vwdqgdug uhvxow lq wkh XV olwhudwxuh +vhh/ iru h{dpsoh/ Nlqj

dqg Zdwvrq/ 4<<9,/ zklfk uhsruwv frxqwhuf|folfdo uhdo udwhv1+9,

Lq wkh iroorzlqj vhfwlrq zh exlog wzr yhuvlrqv ri d fdqrqlfdo uhdo exvlqhvv

f|foh +UEF, prgho zlwk hdfk ri wzr surgxfwlylw| phdvxuhv gulylqj dq duwl�fldo

jhqhudo htxloleulxp hfrqrp|1 Lq dgglwlrq wr vwxg|lqj wkh delolw| ri wkhvh wzr

prghov wr h{sodlq wkh nh| revhuyhg prphqwv ri uhdo udwhv/ zh zloo h{dplqh wkhlu

delolw| wr h{sodlq wkh pdlq exvlqhvv f|foh prphqwv irxqg lq h{shqglwxuhv dqg

idfwruv1

9Vhh Fkdgkd dqg Glpvgdoh +4<<<, iru d glvfxvvlrq ri srvvleoh uhdvrqv iru wkh srvw0zdu
surf|folfdolw| ri uhdo udwhv1 Wkh| dovr vxjjhvwhg wkdw df|folfdolw| uhvxowhg iurp kljk lq dwlrq
yrodwlolw|/ wkhuhe| lqmhfwlqj qrlvh lqwr wkh uhdo udwh f|foh dqg lwv phdvxuhg dvvrfldwlrq zlwk
wkh exvlqhvv f|foh1
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6 Dq Rshq Hfrqrp| Prgho

Lq wklv vhfwlrq zh ghyhors rxu vpdoo/ rshq hfrqrp| UEF prgho1 Zh hpsor|

wzr yhuvlrqv1 Wkh �uvw prgho lv gulyhq e| h{rjhqrxv fkdqjhv lq whfkqrorjlfdo

fdsdelolwlhv/ zkloh wkh vhfrqg lv gulyhq e| wkh vdph fkdqjhv sxujhg ri yduldeoh

fdsdflw| xwlolvdwlrq1 Wkh lqfrusrudwlrq ri yduldeoh fdslwdo xwlolvdwlrq lq wkh �uvw

prgho uhtxluhv vrph lpsruwdqw fkdqjhv wr wkh htxdwlrqv ghvfulelqj rswlpdo

frusrudwh ehkdylrxu dqg idfwru surgxfwlylwlhv1 Iru hdvh ri h{srvlwlrq/ zh ghwdlo

wkh ghulydwlrq ri wkh �uvw prgho rqo|/ dqg wkhq lqglfdwh zklfk htxdwlrqv fkdqjh

lq wkh fdvh ri wkh suhihuhqfh vkrfn prgho1

Zh prgho wkh XN hfrqrp| dv d vpdoo/ rshq hfrqrp| lq wkh vhqvh wkdw lw

idfhv dq h{rjhqrxv uhdo lqwhuhvw udwh ghwhuplqhg lq ixoo| lqwhjudwhg zruog fdslwdo

pdunhwv1 Wklv fkdudfwhulvdwlrq phdqv wkdw xqohvv wkh lqwhuhvw udwh h{dfwo| htxdov

wkh glvfrxqw idfwru/ wkh djhqw +lq rxu prgho/ wkh frkruw, zloo eh dffxpxodwlqj

+li u A �, ru ghfxpxodwlqj +li u ? �, qhw iruhljq dvvhwv vxfk wkdw zh vwudlq wkh

vpdoo frxqwu| dvvxpswlrq1+:, Zh dgguhvv wklv lvvxh e| dgrswlqj wkh dssurdfk ri

\ddul +4<98,/ dvvxplqj wkdw djhqwv lq rxu prgho idfh �qlwh olyhv1 Lq sduwlfxodu

zh iroorz Fdugld +4<<4, e| dgrswlqj d glvfuhwh wlph +rshq hfrqrp|, yhuvlrq

ri Eodqfkdug +4<;8,1 Wkh �uvw yhuvlrq ri rxu prgho lv wdnhq iurp Fkdgkd/

Mdqvvhq dqg Qrodq +5334,1 Lq wkh h{srvlwlrq ehorz/ d qxpehu ri lvvxhv duh

wuhdwhg vrphzkdw oljkwo|/ sduwlfxoduo| lvvxhv shuwdlqlqj wr wkh djjuhjdwlrq ryhu

frkruwv> zh uhihu wkh lqwhuhvwhg uhdghu wr Fkdgkd hw do1 +5333, iru ixuwkhu

ghwdlov1

614 Wkh Uhsuhvhqwdwlyh Djhqw

Htxdwlrq +4, uhsuhvhqwv wkh h{shfwhg olihwlph xwlolw| ri d uhsuhvhqwdwlyh djhqw1

Y3 @ H3

4[
w@3

�
4

4 . �

�w�
4

4 . �

�w

x +Fw> Ow, +4,

Wkh djhqw jdlqv xwlolw| iurp frqvxpswlrq ri d vlqjoh qrq0gxudeoh jrrg/ Fw/

dqg ohlvxuh/ Ow1 Hdfk shulrg/ vkh idfhv d wlph0lqghshqghqw suredelolw| ri ghdwk/

�/ zklfk olhv lq wkh rshq xqlw lqwhuydo1 Ohw � ghqrwh wkh vxemhfwlyh glvfrxqw udwh1

Zh pdnh wkh xvxdo dvvxpswlrqv frqfhuqlqj wkh gl�huhqwldelolw| ri wkh xwlolw|

ixqfwlrq/ zklfk zh dovr dvvxph lv frqfdyh dqg lqfuhdvlqj lq erwk lwv dujxphqwv1

Khu pd{lplvdwlrq lv vxemhfw wr d vhtxhqfh ri shu0shulrg exgjhw frqvwudlqwv/

Fw .Ew.4 @ +4 . u, +4 . �,Ew .�w .ZwQw +5,

:
Zh duh qrw lpso|lqj/ ri frxuvh/ wkdw wkh xqghuo|lqj rswlplvdwlrq lv loo0srvhg vlqfh wkh

exgjhw vhw uhpdlqv frpsdfw/ dqg lq idfw erxqghg1 Wkh srlqw lv vlpso| wkdw/ iru uhdvrqdeoh

sdudphwhu ydoxhv/ o �' B fdq lpso| odujh vwhdg|0vwdwh qhw dvvhw kroglqjv1 Lq rxu glvfxvvlrq

ri wkh vwhdg|0vwdwh surshuwlhv ri rxu prgho/ zh glvfxvv wklv srlqw ixuwkhu dqg frpsduh rxu

vwhdg| vwdwh qhw dvvhw srvlwlrq zlwk wkdw ri d pruh frqyhqwlrqdo uhsuhvhqwdwlyh djhqw prgho1

9



soxv d wudqvyhuvdolw| frqglwlrq zklfk zh vshoo rxw ehorz1 Wkdw lv/ wrwdo

frqvxpswlrq/ Fw> soxv sxufkdvhv ri qhw iruhljq dvvhwv/ Ew.4/ lv htxdo wr qhw

lqfrph/ lq wxuq frpsrvhg ri qhw lqfrph iurp iruhljq dvvhwv/ +4 . u, +4 . �,Ew/

lqfrph iurp vkduhv lq wkh uhsuhvhqwdwlyh �up/ �w/ dqg oderxu lqfrph/ ZwQw/

zklfk lv lq wxuq htxdo wr wkh surgxfw ri wkh shu0shulrg zdjh udwh dqg wkh

dprxqw ri wlph vshqw zrunlqj1 Li dq lqwhulru rswlpxp h{lvwv/ wkhq wkh iroorzlqj

wzr htxdwlrqv/ dprqjvw rwkhuv/ zloo fkdudfwhulvh wkdw rswlpxp=

x
3

f
+Fw> Ow, @

�
4 . u

4 . �

�
Hwx

3

f
+Fw.4> Ow.4, +6,

x
3

o
+Fw> Ow,

x
3

f
+Fw> Ow,

@Zw +7,

Htxdwlrq +6, ghprqvwudwhv wkdw dw wkh lqglylgxdo +frkruw, ohyho/ wkh
suredelolw| ri ghdwk hqwdlov qr wlowlqj ri frqvxpswlrq/ rwkhu wkdq zkdw zrxog
qrupdoo| rffxu lq prghov zlwk lq�qlwho| olyhg frqvxphuv dqg d glvfuhsdqf|
ehwzhhq pdunhw lqwhuhvw udwhv dqg wkh vxemhfwlyh glvfrxqw idfwru1 Iudqnho dqg
Ud}lq +4<<5, vxjjhvw dq lqwxlwlyh lqwhusuhwdwlrq ri wklv uhvxow1 Frqvlghu d qhw
fuhglwru zkr zlvkhv wr vhfxuh/ lq h{shfwdwlrq/ wkdw klv dgydqfh uhwxuqv sulqflsdo
soxv wkh ulvn0iuhh lqwhuhvw udwh1 Wr gr wklv kh qhhgv wr wdnh dffrxqw ri wkh idfw
wkdw wkh eruurzhu pd| qrw vxuylyh wr uhsd| wkh ordq1 Dvvxplqj d yhuvlrq
ri wkh odz ri odujh qxpehuv vxfk wkdw wkh sursruwlrq ri wkh srsxodwlrq wkdw
grhv vxuylyh lv jlyhq e| +4 . �,�4/ wkhq klv h{shfwhg uhwxuq lv jlyhq e| wkh
surgxfw ri wkh sursruwlrq ri wkh frkruw wkdw vxuylyhv/ dqg wkh dprxqw uhsdlg/
+4.u,+4.�,Ew.41 Htxdwlrq +7, lv dovr idploldu/ dqg jryhuqv wkh rswlpdo vxsso|
ri oderxu1 Htxdwlrq +6, dovr pdnhv fohdu wkh sureohp lq sur{|lqj wkh g|qdplfv
ri d vpdoo rshq hfrqrp| xvlqj dq lq�qlwho| olyhg uhsuhvhqwdwlyh djhqw vhw xs1
Wkh vlwxdwlrq fkdqjhv udglfdoo| zlwk uhvshfw wr djjuhjdwh frqvxpswlrq zkhq
zh lqwhjudwh ryhu doo fxuuhqwo| dolyh frkruwv1 Iluvw zh qrwh wkdw wkh vl}h ri wkh
frkruw eruq hdfk shulrg lv jlyhq e|�

�

4 . �

��
4

4 . �

�w

Dv d uhvxow ri wklv/ wkh vl}h ri wkh frkruw ghfuhdvhv prqrwrqlfdoo| zlwk wlph/
dqg wkh vxp ri doo fxuuhqwo| dolyh frkruwv lv htxdo wr xqlw|/ wkdw lv+;,

�

4 . �

w[
m@�4

�
4

4 . �

�+w�m,

@ 4 +8,

Wr rewdlq dq h{suhvvlrq iru djjuhjdwh frqvxpswlrq zh �uvw qhhg wr fdofxodwh
wkh djhqw*v suhvhqw ydoxh exgjhw frqvwudlqw1 Lwhudwlqj rq htxdwlrq +5, lq wkh
xvxdo zd| zh jhw wkdw

;Zh rxwolqh lq pruh ghwdlo lq dq dsshqgl{ wkh frqvwuxfwlrq ri rxu glvfuhwh dssur{lpdwlrq

wr wkh frqwlqxrxv h{srqhqwldo ghqvlw|1
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4[
v@w

Hw

%�
4

4 . u

�v�w�
4

4 . �

�v�w

Fv

&

@ +4 . u, +4 . �,Ew .
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v@w

Hw

%�
4

4 . u

�v�w�
4

4 . �

�v�w
&
^�v .ZvQv` =+9,

Djdlq htxdwlrq +9, lv d idploldu h{suhvvlrq/ h{fhsw wkdw erwk lw dqg wkh

wudqvyhuvdolw| frqglwlrq qrz uh hfw wkh suredelolw| ri ghdwk=

Hw

�
4

4 . u

�W �
4

4 . �

�W

Ew.W.4 $ 3 dv W $4 +:,

Dvvxplqj orj xwlolw| +dv zh gr wkurxjkrxw wklv sdshu,/ zh vhh wkdw d vlpsoh

vwrfkdvwlf gl�huhqfh htxdwlrq jryhuqv frqvxpswlrq g|qdplfv dw wkh lqglylgxdo

ohyho/ HvFv.4 @ ^+4 . u, @ +4 . �,`Fv1 Xvlqj wklv h{suhvvlrq lq htxdwlrq +9,

vxffhvvlyho| wr vxevwlwxwh iru ixwxuh frqvxpswlrq/ zh jhw wkdw

Fw @
+4 . �, +4 . �,� 4

+4 . �, +4 . �,
=k+4 . �, +4 . �,Ew

.Hw

4[
v@w

%�
4

4 . u

�v�w�
4

4 . �

�v�w
&
^�v .ZvQv`l +;,

Xowlpdwho| +wkh ghwdlov duh frqwdlqhg lq Fkdgkd hw do1/ 5333,/ zh fdq xvh

htxdwlrq +;, wr ghulyh dq h{suhvvlrq iru djjuhjdwh frqvxpswlrq g|qdplfv1 Wklv

lv jlyhq lq htxdwlrq +<,=

HwFw.4 @

�
4 . u

4 . �

�
Fw � � +4 . u,�Ew.4 +<,

zkhuh � � +4.�,+4.�,�4

+4.�,+4.�,
= Khuh zh vhh wkdw dq| zhgjh ehwzhhq wkh vxemhfwlyh

glvfrxqw idfwru dqg wkh pdunhw lqwhuhvw udwh qhhg qrw lpso| d ulvlqj ru idoolqj

ohyho ri qhw iruhljq dvvhwv1 Htxdwlrqv +5, dqg +7,/ lq djjuhjdwhg irup/ dorqj zlwk

htxdwlrq +<,/ duh wkh wkuhh nh| htxdwlrqv iurp wkh uhsuhvhqwdwlyh djhqw sruwlrq

ri wkh prgho1

615 Wkh Uhsuhvhqwdwlyh Ilup

Zh qrz wxuq wr wkh sureohp idflqj wkh uhsuhvhqwdwlyh �up1 Iluvw/ zh qrwh wkdw

rxwsxw lv fkdudfwhul}hg e| d Free0Grxjodv surgxfwlrq ixqfwlrq=

\w @ DwN
�

w

�
+4 . �,wQw

�4��
+43,

;



zkhuh Dw lv wkh Vrorz uhvlgxdo/ frqvlvwlqj ri d wuhqg dqg d vwrfkdvwlf frpsrqhqw1
Zh ghqrwh wkh orj ri wkh vwrfkdvwlf frpsrqhqw e| dw> dqg zh dvvxph wkdw dw @
�dw�4 . �

w/ zlwk � � +3> �5
�
, lv lqghshghqwo| dqg lghqwlfdoo| glvwulexwhg +l1l1g1,

+4 . �, lv d oderxu0dxjphqwlqj jurzwk idfwru/ dqg wkh frpprq wuhqg dprqj
wkh uhdo pdjqlwxghv lq rxu prgho/ lqfoxglqj wkh Vrorz uhvlgxdo1 Nw lv wkh
fdslwdo vwrfn/ dqg Ow lv wkh oderxu lqsxw1 Ilupv pd{lplvh wrwdo sur�wv +vxlwdeo|
glvfrxqwhg vr wkdw djjuhjdwh xwlolw| lv pd{lplvhg, vxemhfw wr d fdslwdo hyroxwlrq
htxdwlrq/ zklfk vd|v wkdw wkh hyroxwlrq ri wkh fdslwdo vwrfn lv vxemhfw wr d
frqvwdqw udwh ri ghsuhfldwlrq/ #/ dqg d frvw ri dgmxvwphqw !+=, zkhuh ! lv vwulfwo|
frqfdyh/ lqfuhdvlqj lq lqyhvwphqw/ Lw/ dqg ghfuhdvlqj lq wkh +suhghwhuplqhg,
fdslwdo vwrfn1 Wkdw lv/

Nw.4 @ +4� #,N
w
. !

�
Lw

Nw

�
Nw

+44,

Ohw �
w
ghqrwh wkh pdujlqdo xwlolw| ri djjuhjdwh frqvxpswlrq +wkh pdujlqdo

xwlolw| ri frqvxpswlrq lv htxdo dfurvv frkruwv/ vr djjuhjdwlrq lv vwudljkwiruzdug,
dqg �

w
ghqrwh dq xqghwhuplqhg pxowlsolhu1 Wkh rswlpdolw| frqglwlrqv iru d sur�w

pd{lplvlqj �up +zklfk pd{lplvhv djjuhjdwh xwlolw| dw wkh vdph wlph,/ khqfh
wkh suhvhqfh ri �

w
lq wkhvh rswlpdolw| frqglwlrqv, duh jlyhq e| htxdwlrq +44, dv

zhoo dv htxdwlrqv +45, dqg +46,=

�w!�+Lw@Nw, @ �
w

+45,
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w

@ H
w
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Nw.4
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L
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Nw.4

. +4� #,

�
+46,

Wkh suhfhglqj wzr htxdwlrqv duh hvvhqwldoo| d t prgho ri lqyhvwphqw1 Urxjko|
vshdnlqj/ wkh| lqglfdwh wkdw lqyhvwphqw zloo eh srvlwlyh zkhq/ rwkhu wklqjv ehlqj
frqvwdqw/ wkh pdujlqdo xwlolw| ri frqvxpswlrq lv orz/ dgmxvwphqw frvwv duh orz
dqg wkh ehqh�wv ri d kljkhu fdslwdo vwrfn +qrz dqg lq wkh ixwxuh, duh kljk1 Wkh
Free0Grxjodv surgxfwlrq ixqfwlrq/ htxdwlrq +43,/ dovr surylghv h{suhvvlrqv iru
wkh pdujlqdo surgxfw ri oderxu dqg fdslwdo/ dqg wkhvh duh jlyhq/ uhvshfwlyho|/
e| htxdwlrqv +47, dqg +48,=

Zw @ +4� �,DwN
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w
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w
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Wzr dgglwlrqdo htxdwlrqv +ru frqvwudlqwv, frpsohwh wkh ghvfulswlrq ri rxu prgho
hfrqrp|1 Iluvw wkhuh lv d wlph frqvwudlqw rq wkh uhsuhvhqwdwlyh djhqw vxfk wkdw
wkh wrwdo wlph dydlodeoh lq dq| shulrg iru ohlvxuh dqg oderxu lv qrupdolvhg wr
xqlw|1

Q
w
. O

w
@ 4 +49,

Dovr/ wkh hfrqrp| idfhv d uhvrxufh frqvwudlqw wkdw dovr ghwhuplqhv wkh hyroxwlrq
ri qhw iruhljq dvvhwv1 Wklv lv jlyhq lq htxdwlrq +4:,=

Ew.4 �Ew @ uEw . \w � Fw � Lw= +4:,

Htxdwlrqv +49, dqg +4:, frpsohwh wkh ghvfulswlrq ri wkh hfrqrp|1 Wkh qh{w

vwdjh lqyroyhv pdnlqj rxu htxdwlrqv vwdwlrqdu|/ wkdw lv/ glylglqj wkurxjk e|

rxu jurzwk idfwru1 Vr/ iru h{dpsoh zh xvh wkh iroorzlqj fkdqjh ri yduldeohv

iru yduldeohv revhuyhg dw gdwh w= Fw � Fw@ +4 . �,w dqg Nw.4 � +4 .

�,Nw.4@ +4 . �,w.41 Zh wkhq olqhdulvh rxu prgho htxdwlrqv1 Wkhvh wudqviruphg

htxdwlrqv duh froohfwhg lq wkh qh{w vhfwlrq1

616 Wkh Olqhdulvhg Prgho

Lq wkh htxdwlrqv wkdw iroorz wlph0vxevfulswhg/ orzhu0fdvh ohwwhuv uhihu wr

shufhqwdjh ghyldwlrqv iurp vwhdg| vwdwh ri rxu prgho htxdwlrqv lq vwdwlrqdu|

irupdw/ dqg orzhu0fdvh ohwwhuv zlwk qr vxevfulswv uhihu wr vwhdg|0vwdwh ydoxhv/

l1h1/ fw � gFw@f zkhuh Fw � Fw@ +4 . �,
w
dqg f lv wkh vwhdg|0vwdwh ydoxh ri

frqvxpswlrq=

+4 . �,Hwfw.4 @

�
4 . u

4 . �

�
fw � � +4 . u, +4 . �,� +e@f, ew.4 +4;,

|w @ +f@|, fw . +l@|, lw � +4 . u, +e@|, ew . +4 . �, +e@|, ew.4 +4<,

fw � ow @ zw +53,

qqw . oow @ 3 +54,

+4 . �,nw.4 @ +4� #,nw . +l@n, lw +55,
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�+4 . �,�w @
+l@n,

+4 . �, �
Hw +lw.4 � nw.4, .

u . #

4 . �
Hw +fw.4 � }w.4,�

�
4� #

4 . �

�
Hw�w.4 +56,

|w @ �nw . +4� �,qw . dw +57,

zw @ �+nw � qw, . dw +58,

}w @ +�� 4, +nw � qw, . dw +59,

lw @ �� +fw . �w, . nw +5:,

zkhuh � � !
3
+=,

l

n
=!33+=,

lv wkh vorsh ri wkh lqyhvwphqw ghpdqg ixqfwlrq1 Zh kdyh whq

hqgrjhqrxv yduldeohv/ wzr ri zklfk/ ew.4 dqg nw.4> duh suhghwhuplqhg/ vxfk wkdw

Hwew.4 @ ew.4/ dqg Hwnw.4 @ nw.41 Wkh prgho kdv wzr vwdeoh urrwv/ zklfk fdq

eh dvvrfldwhg zlwk wkh wzr suhghwhuplqhg yduldeohv/ dqg lw rwkhuzlvh phhwv wkh

Eodqfkdug0Ndkq fulwhuld iru d xqltxh erxqghg udwlrqdo h{shfwdwlrqv vroxwlrq1

617 Wkh Prgho zlwk Yduldeoh Fdsdflw| Xwlolvdwlrq

Wkh deryh prgho fdq eh uhodwlyho| hdvlo| dgdswhg wr lqfrusrudwh wkh h�hfwv ri

yduldeoh fdsdflw| xwlolvdwlrq1 Khuh zh iroorz wkh dssurdfk ri Nlqj dqg Uhehor

+4<<<,1 Zh gr qrw lqfrusrudwh dq dqdorjrxv h�hfw lqwr wkh oderxu pdunhw/ khqfh

wkh htxdwlrqv fkdudfwhulvlqj djjuhjdwh frqvxpswlrq dqg dvvhw dffxpxodwlrq/

dqg oderxu vxsso| jlyhq wkh uhdo zdjh +zkhuh wkh uhdo zdjh lv d�hfwhg e|

yduldeoh fdsdflw| xwlolvdwlrq,/ gr qrw fkdqjh1 Vhh Nlqj dqg Uhehor +4<<<,, iru

pruh glvfxvvlrq ri wklv srlqw1 Ohw yw ghqrwh wkh h{whqw ri fdsdflw| xwlolvdwlrq1
+<,

Zh uhzulwh wkh Free0Grxjodv surgxfwlrq ixqfwlrq lq wklv fdvh dv

\w @ DwywN
�

w

�
+4 . �,wQw

�4��
+5;,

zkhuh/ dv ehiruh/ Dw
lv wkh Vrorz uhvlgxdo dqg wkh orj ri wkh vwrfkdvwlf frpsrqhqw

lv ghqrwhg dw> dqg zkhuh dw @ �dw�4.�w/ zlwk � � +3> �5
�
, lv l1l1g11 Dowkrxjk wkh

<Zh phdvxuh �| iurp wkh Txduwhuo| Hxurshdq Frpplvvlrq Exvlqhvv Frqvxphu Vxuyh|v

*Gluhfwrudwh Jhqhudo iru Hfrqrplf dqg Ilqdqfldo D�dluv*/ Mxo| 5333/ sdjh 7/ Wdeoh 51
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gulylqj surfhvv lv irupdoo| lghqwlfdo wr wkh fdvh dqdo|vhg deryh/ wkh vwrfkdvwlf

surfhvv/ xqghu yduldeoh xwlolvdwlrq/ lv qrw dv yrodwloh dqg lv ohvv shuvlvwhqw1 Doo

yduldeohv kdyh wkh vdph ghvfulswlrq dv ehiruh/ vr Nw lv wkh fdslwdo vwrfn/ dqg Ow

lv wkh oderxu lqsxw1 Dv ehiruh/ �upv pd{lplvh wrwdo sur�wv> krzhyhu/ qrz zh

dvvxph wkdw wkhuh duh qr dgmxvwphqw frvwv dqg wkdw wkh ghsuhfldwlrq udwh lv dq

lqfuhdvlqj ixqfwlrq ri wkh ohyho ri fdsdflw| xwlolvdwlrq= #+yw,1 Wkdw lv/

Nw.4 @ +4� #+yw,,Nw . Lw +5<,

Lq dgglwlrq wr wkh fkrlfhv lw idfhg lq wkh suhylrxv sureohp/ wkh �up qrz kdv

wr fkrrvh wkh ohyho ri fdsdflw| xwlolvdwlrq1 Lq rwkhu zrugv yw lv d fkrlfh yduldeoh1

Wkh rswlpdolw| frqglwlrqv duh jlyhq e| htxdwlrqv +63, wr +65,=

�w @ �
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4�� +65,

zkhuh lq wkh �qdo h{suhvvlrq zh kdyh xvhg wkh idfw wkdw �w @ �w1 Wkh �uvw

wzr h{suhvvlrqv duh idploldu/ dqg uh hfw rswlpdo lqyhvwphqw ehkdylrxu lq wkh

devhqfh ri dgmxvwphqw frvwv1 Wklv �qdo h{suhvvlrq lv wkh h!flhqf| frqglwlrq

fkdudfwhulvlqj wkh rswlpdo ohyho ri fdsdflw| xwlolvdwlrq1 Lw lqglfdwhv wkdw

lqfuhdvhg fdsdflw| xwlolvdwlrq uhvxowv lq lqfuhdvhg ehqh�wv lq wkh irup ri kljkhu

rxwsxw dqg khqfh kljkhu sur�wv lq rxu vhw0xs1 Lw dovr udlvhv frvwv/ krzhyhu/ lq

wkh irup ri lqfuhdvhg uhsodfhphqw lqyhvwphqw1 Wkdw lv/ lqfuhdvhg xwlolvdwlrq

uhvxowv lq d kljkhu shulrg ghsuhfldwlrq udwh1 Lq dgglwlrq wr wkhvh fkdqjhv/ wkh

h{suhvvlrqv ghvfulelqj idfwru surgxfwlylwlhv dovr fkdqjh=

Zw @ +4� �,Dw+ywNw,
�
k
+4 . �,

w
Qw

l
��

+4 . �,w +66,

]w @ �Dw+ywNw,
��4

k
+4 . �,wQw

l4��

yw +67,

Wkhuhiruh/ htxdwlrqv +6,/ +<,/ +49,/ +4:, dqg +5;, wkurxjk +67, ghvfuleh rxu

hfrqrp| lq wkh suhvhqfh ri yduldeoh fdsdflw| xwlolvdwlrq1 Dv ehiruh/ zh vwxg| d

olqhdu dssur{lpdwlrq wr wkhvh htxdwlrqv lq vwdwlrqdu| irup1
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618 Wkh Olqhdulvhg Htxdwlrqv

Dv deryh/ orzhu fdvh ohwwhuv uhihu wr shufhqwdjh ghyldwlrqv iurp vwhdg| vwdwh1

Htxdwlrqv +4;, wr +54, uhpdlq wkh vdph1 Krzhyhu/ zh qrz uhsodfh htxdwlrqv

+55, wkurxjk +5:, zlwk htxdwlrqv +68, wr +73,/ dqg zh kdyh dq dgglwlrqdo

htxdwlrq dssur{lpdwlqj rswlpdo fdsdflw| xwlolvdwlrq +74,=

+4 . �,nw.4 @ +4� #+y,,nw . +l@n, lw � #
3+y,yyw +68,

�fw @ �w +69,

++4� #+y,,Hw�w.4 � +u . #+y,,Hw +fw.4 � }w.4, . yyw.4 @ +4 . �,�w +6:,

|w @ �nw . +4� �,qw . �yw . dw +6;,

zw @ �+nw � qw, . �yw . dw +6<,

}w @ +�� 4, +nw � qw, . �yw . dw +73,

yw @
4

4 . � � �
dw .

+�� 4,

4 . � � �
+nw � qw, +74,

zkhuh � �
y=#33+=,
#3+=, =

Wklv yhuvlrq ri rxu prgho dovr kdv wzr vwdeoh urrwv wkdw duh dvvrfldwhg zlwk
wkh wzr suhghwhuplqhg yduldeohv1 Erwk rxu prghov pd| eh vshfl�hg dv d vlqjxodu
olqhdu gl�huhqfh prgho xqghu udwlrqdo h{shfwdwlrqv1 Lq erwk fdvhv d xqltxh
erxqghg U1H1 vroxwlrq lv yhul�hg1 Wkh vroxwlrq vshfl�hv wkh yhfwru ri qrq0
suhghwhuplqhg hqgrjhqrxv yduldeohv dv d ixqfwlrq ri suhghwhuplqhg yduldeohv
dqg rq wkh h{rjhqrxv gulylqj surfhvvhv1 Wkh suhghwhuplqhg yduldeohv duh
h{suhvvhg dv ixqfwlrqv ri wkhlu vwdwh lq wkh suhylrxv wlph shulrg dqg ri wkh
suhylrxv shulrg*v gulylqj surfhvvhv1 Wklv uhfxuvlyh vroxwlrq doorzv xv wr vlpxodwh
hdvlo| wkh ehkdylrxu ri rxu prgho hfrqrplhv xqghu zkdw zh krsh duh uhdolvwlf
gulylqj surfhvvhv/ dqg wkhq frpsduh wkh jhqhudwhg prphqwv zlwk wkrvh revhuyhg
gxulqj wkh XN exvlqhvv f|foh1+43,

43Ixoo vroxwlrq uhvxowv/ lqfoxglqj Pdunry ghflvlrq uxohv/ duh dydlodeoh rq uhtxhvw1
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7 Wkh Vwhdg| Vwdwh ri wkh Prgho

Zh glvfxvv rqo| eulh | wkh fdoleudwlrq ri rxu prghov/ dqg pruh ghwdlov fdq eh
irxqg lq Fkdgkd/ Mdqvvhq dqg Qrodq1 +5334,1+44, Iru rxu ciuhh* yduldeohv zh
dgrsw vwdqgdug sdudphwhu ydoxhv1 Wdeoh 6 olvwv wkhvh ixqgdphqwdo sdudphwhuv/
dqg zh h{sodlq wkh ghulydwlrq ri wkh rwkhu vwhdg| ydoxhv1 Wkh dqqxdo suredelolw|
ri ghdwk/ �/ lv wdnhq wr eh 4

9: 1 Iru txduwhuo| gdwd wklv wudqvodwhv lqwr 316:6(1
Wkh txduwhuo| uhdo uhwxuq rq fdslwdo/ u/ lq wkh Xqlwhg Nlqjgrp lv wdnhq wr eh
4158(1 Wkh vkduh ri fdslwdo/ �/ lq wkh surgxfwlrq ixqfwlrq lv wdnhq wr eh 6;(1
Zh dvvxph/ lq olqh zlwk Nlqj dqg Uhehor +4<<<,/ wkdw wkh txduwhuo| udwh ri
fdslwdo ghsuhfldwlrq/ #> lv 518(1 Shu fdslwd lqfrph jurzwk/ �/ lq wkh XN lv
318(1 Dqg wkh txduwhuo| udwh ri wlph suhihuhqfh lv dvvxphg wr eh durxqg wkh
ohyho lpsolhg e| pdunhw uhdo lqwhuhvw udwhv/ 31:8(1 Zh h{sodlq wkh uhpdlqlqj
sdudphwhuv/ �> e> f> |> l> o> Q> O dqg � lq wxuq1 Lq wkh vwhdg| vwdwh zh kdyh wkdw

} @ u . # @ �

�
N

Q

���4

+75,

zkhuh zh kdyh xvhg wkh vwhdg| vwdwh dqdorjxhv ri htxdwlrqv +44,/ +46, dqg
+47,1 Zh vroyh iru N@Q dqg �qg 741<1 Iurp htxdwlrq +57, zh qrwh wkdw

\@Q @ N@Q�
@ 7=468 dqg wkxv N@\ @ 43=4661 Iurp htxdwlrq +55, zh vhh

l@n @ � . # dqg l@| @ +� . #,n@| zklfk duh fdofxodwhg wr eh 43146 dqg 31637/
uhvshfwlyho|1 Qrz qrwh=

zw @ +4� �,

�
N

Q

�
�

+76,

zklfk lv htxdo wr 318461 Zh vkdoo dvvxph wkdw zh vshqg rqh �iwk rxu wlph

zrunlqj dqg vr Q@O @ 3=58 dqg |> n dqg l htxdo 31;5:/ ;16:< dqg 31584/

uhvshfwlyho|1 Zh qrz vroyh iru e dqg f vlpxowdqhrxvo| xvlqj htxdwlrq +4;, dqg
wkh fxuuhqw dffrxqw lghqwlw|=

| � f� l @ +� � u, e +77,

iurp zklfk zh fdofxodwh wkdw e htxdov 031834 dqg f htxdov 318:41 Ilqdoo|/ � lv

jlyhq e| wkh lqwudwhpsrudo h!flhqf| frqglwlrq jlyhq e| htxdwlrq +53, dqg lv

irxqg wr eh 318681

8 Uhvxowv

Wkh pdlq uhvxowv duh suhvhqwhg lq Wdeohv 709/ dv gluhfw dqdorjxhv ri Wdeoh
5 rq wkh revhuyhg gdwd1 Wkh uhvxowv lq Wdeoh 7/ iurp wkh prgho gulyhq e|

44D vsuhdgvkhhw fdofxodwlqj doo rxu sdudphwhu ydoxhv dqg vwhdg| vwdwh ydoxhv +lqfoxglqj

h{whqvlyh vhqvlwlylw| fdofxodwlrqv, lv dydlodeoh rq uhtxhvw1 Wkhuh duh dovr vrph txdqwlwdwlyho|
plqru gl�huhqfhv lq wkh vwhdg| vwdwh ri rxu wzr prghov1 Zh gr qrw glvfxvv wkhvh gl�huhqfhv
ixuwkhu1
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Iljxuh 7= Zlfnvhoo Jds iru WIS dqg fruuhfwhg WIS

surgxfwlylw| vkrfnv/ duh idploldu iurp pdq| vwxglhv lq wkh UEF olwhudwxuh +h1j1/

vhh wkh vlpxodwlrq uhvxowv uhsruwhg lq Nlqj dqg Uhehor/ 4<<<,/ dowkrxjk uhfdoo

wkdw khuh zh duh zrunlqj lq dq ryhuodsslqj jhqhudwlrqv iudphzrun1 Wkh prgho

edvlfdoo| udqnv yduldeohv/ lq whupv ri wkhlu vwdqgdug ghyldwlrqv/ lq d pdqqhu

frqvlvwhqw zlwk wkh gdwd +dowkrxjk qrwdeo| lw h{djjhudwhv wkh vprrwkqhvv ri

frqvxpswlrq,1 Lq whupv ri wkh frqwhpsrudqhrxv fruuhodwlrqv zlwk rxwsxw shu

khdg/ doo ri rxu uhvxowv duh frqvlvwhqw zlwk wkh gdwd/ dowkrxjk wkh ghjuhh ri

wkhvh fruuhodwlrqv lv kljk/ djdlq d idploldu uhvxow1 Zh qrwh/ lq sduwlfxodu/ wkdw

wkh surgxfwlylw|0gulyhq prgho fdswxuhv erwk wkh idfw wkdw wkh fxuuhqw dffrxqw lv

d uhodwlyho| yrodwloh frxqwhuf|folfdo yduldeoh dqg wkdw wkh uhdo udwh lv surf|folfdo

exw uhodwlyho| vprrwk1 Wkh vwulnlqj dvshfw ri wklv uhvxow lv wkh h{whqw wr

zklfk wkh duwl�fldo gdwd fdswxuhv wkh g|qdplf/ dv zhoo dv frqwhpsrudqhrxv/

fruuhodwlrqv ri wkh revhuyhg gdwd/ srvlwlyh ohdgv iru frqvxpswlrq/ lqyhvwphqw/

uhdo lqwhuhvw udwhv/ krxuv zrunhg/ uhdo zdjhv dqg wkh fdslwdo vwrfn dqg qhjdwlyh

ohdgv iru wkh fxuuhqw dffrxqw1 Lq hdfk ri wkh wzr prghov zh frqvlvwhqwo| �qg

wkdw wkh pdujlqdo surgxfwlylw| ri fdslwdo lv surf|folfdo1 Wkdw lv/ wkh surgxfwlylw|

vkrfn/ lq hlwkhu fdvh/ udlvhv wkh pdujlqdo surgxfwlylw| ri fdslwdo dqg ohdgv wr

frqvxpswlrq jurzlqj zkloh wkh uhdo udwh lv deryh wkh udwh ri wlph suhihuhqfh1

Iljxuh 7 vkrzv wkh gl�huhqfh ehwzhhq wkh exvlqhvv f|foh frpsrqhqw ri wkh

vlpxodwhg uhdo udwh vhulhv dqg revhuyhg uhdo udwhv lq wkh XN1+45 ,

Wdeohv 8 dqg 9 uh hfw wkh prgho ri wkh kljk0vxevwlwxwlrq hfrqrp| gulyhq

e| wkh fruuhfw WIS vkrfn zlwk shuvlvwhqfh vhw dw 31<< dqg 31:3/ uhvshfwlyho|1

Ryhudoo/ wkh �w vhhpv ohvv lpsuhvvlyh1 Wkhuh duh d qxpehu ri vwulnlqj lvvxhv1

45U- uhihuv wr wkh vwdqgdug WIS prgho/ U-- wr wkh kljk0vxevwlwxwlrq hfrqrp| zlwk d kljko|
shuvlvwhqw vkrfn dqg U--- wr wkh kljk0vxevlwxwlrq hfrqrp| zlwk d ohvv shuvlvwhqw vkrfn1
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Iluvw/ rxwsxw dsshduv derxw wzlfh dv yrodwloh dv wkh revhuyhg gdwd/ exw pruh

zruu|lqj lv wkh yduldelolw| lq wkh jhqhudwhg lqyhvwphqw dqg fxuuhqw dffrxqw

gdwd/ vrph 47 wr 48 wlphv pruh yrodwloh dv rxwsxw frpsduhg wr ohvv wkdq wzlfh

dv yrodwloh lq revhuyhg gdwd1 Wkh prgho dovr jhqhudwhv frxqwhuidfwxdoo| vljqhg

frqwhpsrudqhrxv fruuhodwlrqv ehwzhhq wkh fxuuhqw dffrxqw dqg rxwsxw/ exw wkh

fxuuhqw dffrxqw lv irxqg wr kdyh frqvlvwhqw qhjdwlyh ohdgv iru rxwsxw1 Wkh pdlq

idloxuhv ri wkh kljk0vxevwlwxwlrq hfrqrp|/ zkhq frqiurqwhg zlwk wkh gdwd/ duh lq

wkh yrodwlolw| ri wkh pdlq h{shqglwxuh vhulhv> frqvxpswlrq lv idu wrr vprrwk dqg

wrr vpdoo d iudfwlrq ri rxwsxw/ zkloh lqyhvwphqw/ wkh fxuuhqw dffrxqw dqg wkh

fdslwdo vwrfn duh wrr kljko| yrodwloh1 Wklv lv wkh uhvxow ri wkh kljk0vxevwlwxwlrq

hfrqrp| dpsoli|lqj zkdw duh lq idfw ohvv yrodwloh vxsso| vkrfnv/ zklfk zh

glvfryhu zkhq zh vwuls rxw wkh h�hfwv ri fdsdflw| xwlolvdwlrq1+46, Wkh kljk0

vxevwlwxwlrq hfrqrp| surgxfhv pruh hodvwlf rxwsxw uhvsrqvhv +vhh htxdwlrqv

6< wr 58, iurp zklfk/ lq wkh fdvh ri qrq0vhsdudeoh xwlolw|/ olwwoh lv lpsduwhg

wr frqvxpswlrq dqg uhvxowv lq kljko| yrodwloh lqyhvwphqw dqg/ lq wklv prgho*v

frpsohwh pdunhw/ fxuuhqw dffrxqw edodqfhv1+47,

Wkh uhvxowv suhvhqwhg lq wklv vhfwlrq zrxog vxjjhvw wkdw d prgho gulyhq e|

surgxfwlylw| lqqrydwlrqv/ fruuhfwhg iru fdsdflw| xwlolvdwlrq/ vhhpv d uhdvrqdeoh

dssur{lpdwlrq wr wkh fryduldwlrq ri djjuhjdwh gdwd zlwk exvlqhvv f|foh

 xfwxdwlrqv dqg wkh g|qdplfv ri wkh exvlqhvv f|foh1

814 Zlfnvhooldq Iodyrxuv

Wkhuh kdv ehhq pxfk lqwhuhvw uhfhqwo| lq wkh Zlfnvhooldq lqwhusuhwdwlrq ri

prqhwdu| srolf| +vhh Zrrgirug/ 5333, dv dq lqwhuhvw udwh ihhgedfn uxoh1 Wkh

vxjjhvwlrq kdv ehhq pdgh wkdw wkh hyroxwlrq ri wkh uhdo vhfwru ri dq hfrqrp|

vhwv wkh fruuhfw wdujhw iru prqhwdu| dxwkrulwlhv zlvklqj wr vwdelolvh qrplqdo

dqg uhdo yduldeohv1 Lw lv dvvxphg wkdw dq| ghyldwlrq iurp wklv cqdwxudo udwh*

ri lqwhuhvw zloo d�hfw lq dwlrq dqg jurzwk rxwfrphv1+48, Zh wkhuhiruh dvn wr

zkdw h{whqw wkh gl�huhqfh ehwzhhq wkh g|qdplf htxloleulxp uhdo udwh ri lqwhuhvw

lq rxu sxuho| uhdo hfrqrp| dqg wkh revhuyhg uhdo udwh lq wkh XN lv uhodwhg wr

ghyhorsphqwv lq qrplqdo lqfrph1 Iljxuh 8 sorwv wklv gl�huhqfh/ U��U zklfk zh

fdoo wkh Zlfnvhoo jds/ iru wkuhh ri rxu irxu vhwv ri fdoleudwlrqv= wkh WIS prgho/

dqg wkh fdsdflw|0vwulsshg prgho zlwk kljk dqg orz shuvlvwhqfh1 Wkh frlqflghqw

sdwwhuq lv vwulnlqj1

Wdeoh ; jlyhv wkh fruuhodwlrqv ri wkh Zlfnvhoo jds dqg qrplqdo lqfrph/

lq dwlrq dqg rxwsxw jurzwk iru wkh zkroh vdpsoh dqg iru vdpsohv ehiruh dqg

diwhu wkh vhfrqg rlo0sulfh vkrfn1 Zh �qg wkdw hdfk ri wkh pdfurhfrqrplf

yduldeohv duh forvho| pdwfkhg e| ghyhorsphqwv lq wkh Zlfnvhoo jds1 Zh �qg

46Qrwh wkdw wkh vwdqgdug ghydwlrq ri wkh WIS vkrfn lv 513:(/ frpsduhg wr 4195( lq wkh
fdvh ri vwulsshg fdsdflw| xwlolvdwlrq1

47 Lq ixwxuh zrun zh zloo prgli| wklv h�hfw e| orzhulqj wkh hodvwlflw| ri lqwhuwhpsrudo
vxevwlwxwlrq wr ehorz 41 Wdeoh : suhvhqwv wkh uhvxowv ri wkh kljk0vxevwlwxwlrq hfrqrp| vkrfnhg
zlwk WIS vwulsshg ri fdsdflw| xwlolvdwlrq e| Ndopdq �owhu/ udwkhu wkdq sur{|1 Wklv fkdqjhv
olwwoh1

48Vhh Ilvfkhu +4<:5, iru dq hduolhu h{srvlwlrq dorqj wkhvh olqhv1
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Growth in Nominal Income r*-r

Iljxuh 8= Qrplqdo Lqfrph Jurzwk dqg wkh XN Zlfnvhoo Jds +4<980<;,

hylghqfh wr vxjjhvw wkdw lq wkh �uvw kdoi ri rxu vdpsoh wkh Zlfnvhoo jds zdv

lq dwlrqdu|/ zkhuhdv odwhu lw vhhphg pruh forvho| uhodwhg wr rxwsxw jurzwk1
Wkh  dwwhqlqj ri wkh vkruw0uxq Skloolsv fxuyh lv dq lvvxh zh ohdyh wr ixwxuh

uhvhdufk1 Zh gr �qg/ krzhyhu/ wkdw wkh Zlfnvhoo jds vhhpv wr eh h{rjhqrxv

wr pdfurhfrqrplf ghyhorsphqwv= lq qrw rqh fdvh grhv hlwkhu rxwsxw ru lq dwlrq
Judqjhu fdxvh wkh Zlfnvhoo Jds1

9 Frqfoxglqj Uhpdunv

Wklv sdshu kdv h{dplqhg wkh k|srwkhvlv wkdw lq d prgho gulyhq e| vxsso|
vkrfnv/ gh�qhg lq rqh ri wzr zd|v/ wkh pdujlqdo surgxfw ri fdslwdo zloo eh

surf|folfdo1 Zh kdyh irxqg hylghqfh wr vxssruw wklv k|srwkhvlv1 Erwk wkh
hfrqrp| zlwk orz vxevwlwxwdelolw| dqg wkh hfrqrp| zlwk kljk vxevwlwxwdelolw|

surgxfh uhodwlyho| vwdeoh uhdo udwhv/ exw wkh orz0vxevwlwxwlrq hfrqrp| whqgv

wr h{shulhqfh vljql�fdqwo| juhdwhu surf|folfdolw| ri uhdo udwhv1 Wklv h{fhvvlyh
f|folfdolw| lq jhqhudwhg gdwd lv riwhq d srru gldjqrvwlf whvw ri uhdo exvlqhvv f|foh

prghov/ exw lq wklv fdvh lw ohdgv wr d Zlfnvhoo jds wkdw vhhpv zhoo sodfhg wr

h{sodlq pdfurhfrqrplf rxwfrphv1 Zh pljkw wkhuhiruh eh whpswhg wr vxjjhvw
wkdw krzhyhu zh gh�qh vxsso| vkrfnv/ lw zrxog dsshdu wkdw d prqhwdu| dxwkrulw|

frqfhuqhg zlwk qrplqdo lqfrph yrodwlolw| zrxog vhhn wr dgrsw dq djjuhvvlyho|
surf|folfdo dwwlwxgh wr wkh vhwwlqj ri d vkruw0uxq lqwhuhvw udwh1

Lq ixwxuh zrun zh zloo h{whqg wkhvh uhvxowv wr lqfrusrudwh d srolf| uxoh dqg

d ixoo| vshfl�hg qrplqdo vhfwru vr wkdw/ lqwhu dold/ dowhuqdwh srolf| uxohv fdq eh

4:



surshuo| hydoxdwhg149 Exw zh vxjjhvw wkdw wkh edvlf lqvljkw zloo uhpdlq wkdw d

prqhwdu| dxwkrulw| frqfhuqhg derxw vwdelolvlqj lq dwlrq dqg rxwsxw ryhu wkh
frxuvh ri wkh exvlqhvv f|foh vkrxog qrw idlo wr dffrxqw iru wkh lpsxovhv wr lq dwlrq

dqg rxwsxw jhqhudwhg e| wkh pruh sulplwlyh surfhvv ri hfrqrplf jurzwk lwvhoi1

Wkdw fduh pxvw eh wdnhq lq phdvxulqj wkh surfhvv ri hfrqrplf jurzwk +vhh
Fudiwv/ 5333, grhv qrw dowhu wkh vwuhqjwk ri wklv phvvdjh1

49
Qdwxudoo|/ dv wkh uhdo zruog zruog gdwd frqwdlqv prqhwdu| srolf| vkrfnv zh zrxog olnh wr

lqfrusrudwh dq h{solflw ghulydwlrq iru rxu h{sodqdwlrq ri lq dwlrq dqg rxwsxw rxwfrphv zlwklq

wklv iudpzrun1

4;



: Uhihuhqfhv

Edfnxv/ G N/ Nhkrh S M dqg N|godqg/ I H +4<<7,/ cG|qdplfv ri

wkh wudgh edodqfh dqg wkh whupv ri wudgh= wkh M0fxuyhB*/ Dphulfdq Hfrqrplf

Uhylhz/ Yro1 ;7/ sdjhv ;704361

Eduur/ U M +4<<<, cQrwhv rq Jurzwk Dffrxqwlqj*/ Mrxuqdo ri Hfrqrplf

Jurzwk/ Yro1 7 Qr15/ sdjhv 44<06:1

Edvx/ V +4<<9, cF|folfdo surgxfwlylw|= lqfuhdvlqj uhwxuqv ru f|olfdo

xwlolvdwlrq*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 444/ sdjhv :4<0841

Edvx/ V dqg Ihuqdog/ M +5333,/ cZk| lv surgxfwlylw| sur0f|folfdoB zk|

gr zh fduhB* Qdwlrdqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu :<731

Ed{whu/ P +4<<8,/ cLqwhuqdwlrqdo wudgh dqg exvlqhvv f|fohv*/ lq Kdqgerrn

ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 6/ hgv1 Jurvvpdq P dqg Urjr� N1 Qruwk0

Kroodqg1

Ed{whu/ P dqg Nlqj/ U J +4<<<,/ cDssur{lpdwh edqgsdvv �owhuv iru

hfrqrplf wlph vhulhv*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 ;4/ sdjhv 8:80

<61

Eodqfkdug/ R M dqg Ndkq/ F +4<;3,/ cWkh vroxwlrq ri olqhdu gl�huhqfh

prghov pqghu udwlrqdo h{shfwdwlrqv* Hfrqrphwulfd/ Yro1 7;/ sdjhv 46380451

Eodqfkdug/ R M +4<;8,/ cGhewv/ gh�flwv dqg �qlwh krul}rqv* Mrxuqdo ri

Srolwlfdo Hfrqrp|/ Yro1 <6/ sdjhv 556057:1

Eolqghu/ D V +4<<;,/ Fhqwudo edqnlqj lq wkhru| dqg sudfwlfh/ Fdpeulgjh/

PD= PLW Suhvv1

Exuqvlgh/ F/ Hlfkhqedxp/ P dqg Uhehor/ V W +4<<8,/ cFdslwdo

xwlolvdwlrq dqg uhwxuqv wr vfdoh*/ Qdwlrdqdo Exuhdx ri Hfrqrplf Uhvhdufk

Pdfurhfrqrplfv Dqqxdo/ Fdpeulgjh/ PD= PLW Suhvv1

Fdpsehoo/ M \ +4<;:,/ cGrhv vdylqj dqwlflsdwh ghfolqlqj oderu lqfrph= dq

dowhuqdwlyh whvw ri wkh shupdqhqw lqfrph k|srwkhvlv*/ Hfrqrphwulfd/ Yro1 88

+Qryhpehu,/ sdjhv 457<0:61

Fdugld/ H +4<<4,/ cWkh g|qdplfv ri d vpdoo rshq hfrqrp| lq uhvsrqvh wr

prqhwdu|/ �vfdo dqg surgxfwlylw| vkrfnv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro

5; Qr16/ sdjhv 74407671

Fkdgkd/ M V dqg Glpvgdoh/ Q +4<<<,/ cD orqj ylhz ri uhdo udwhv*/ R{irug

Uhylhz ri Hfrqrplf Srolf|/ Yro1 48 Qr1 5/ sdjhv 4:0781

Fkdgkd/ M V/ Mdqvvhq/ Q/ dqg Qrodq/ F +5333,/ cDq h{dplqdwlrq ri

XN exvlqhvv f|foh  xfwxdwlrqv= 4;:404<<:*/ Ghsduwphqw ri Dssolhg Hfrqrplfv

Zrunlqj Sdshu 3357/ Xqlyhuvlw| ri Fdpeulgjh1

Fkdgkd/ M V/ Mdqvvhq/ Q/ dqg Qrodq/ F +5334,/ cSurgxfwlylw| dqg

suhihuhqfhv lq d vpdoo rshq hfrqrp|* plphr/ Xqlyhuvlw| ri Fdpeulgjh1

Fkdgkd/ M V/ dqg Shuopdq/ P +5333,/ cZdv wkh Jlevrq sdudgr{ iru uhdoB

D Zlfnvhooldq vwxg| ri lqwhuhvw udwhv dqg sulfhv*/ plphr/ OVH1

Fudiwv/ Q +5333,/ cWkh Vrorz surgxfwlylw| sdudgr{ lq klvwrulfdo

shuvshfwlyh*/ plphr/ OVH1

Ilvfkhu/ V +4<:5,/ cNh|qhv0Zlfnvhoo dqg qhrfodvvlfdo prghov ri prqh| dqg

jurzwk*/ Dphulfdq Hfrqrplf Uhylhz/ Yro1 95 Qr1 8/ sdjhv ;;30;<31
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Iuhqnho/ M D/ dqg Ud}lq/ D/ +4<<5,/ Ilvfdo srolflhv dqg wkh zruog

hfrqrp|/ 5qg Hglwlrq1 Fdpeulgjh/ PD= PLW Suhvv1

Julolfkhv/ ] +4<<9,/ cWkh glvfryhu| ri wkh uhvlgxdo= dq klvwrulfdo qrwh*/

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Yro1 67 Qr1 6/ sdjhv 4657046631

Nlqj/ U J dqg Uhehor/ V +4<<<,/ cUhvxvflwdwlqj uhdo exvlqhvv f|fohv*/

lq Kdqgerrn ri Pdfurhfrqrplfv/ hgv1 Zrrgirug/ P dqg Wd|oru/ M E1 Qruwk0

Kroodqg1

Nlqj/ U J/ Sorvvhu/ F L dqg Uhehor/ V +4<;;d,/ cSurgxfwlrq/ furzwk
dqg exvlqhvv f|fohv= L1 wkh edvlf qhrfodvvlfdo prgho*/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ Yro1 54/ sdjhv 4<805651
Nlqj/ U J/ Sorvvhu/ F L dqg Uhehor/ V +4<;;e,/ cSurgxfwlrq/ jurzwk

dqg exvlqhvv f|fohv= LL1 qhz gluhfwlrqv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1
54/ sdjhv 63<06751

Nlqj U J dqg Zdwvrq/ P +4<<8,/ cV|vwhpv uhgxfwlrq dqg vroxwlrq
dojrulwkpv iru vlqjxodu olqhdu gl�huhqfh v|vwhpv xqghu udwlrqdo h{shfwdwlrqv*/
Zrunlqj Sdshu/ Xqlyhuvlw| ri Ylujlqld1

Nlqj/ U J dqg Zdwvrq/ P +4<<9,/ cPrqh|/ sulfhv/ lqwhuhvw udwhv dqg wkh
exvlqhvv f|foh*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 :; Qr1 4/ sdjhv 680861

N|godqg/ I H dqg Suhvfrww/ H F +4<;5,/ cWlph wr exlog dqg djjuhjdwh
 xfwxdwlrqv*/ Hfrqrphwulfd/ Yro1 83/ sdjhv 46780:31

Ploodug/ V/ Vfrww/ D dqg Vhqvlhu/ P +4<<:,/ cWkh oderxu pdunhw ryhu
wkh exvlqhvv f|foh= fdq wkhru| �w wkh idfwvB*/ R{irug Uhylhz ri Hfrqrplf Srolf|/
Yro1 46 Qr1 6/ sdjhv :30<51

Orqj/ M E dqg Sorvvhu/ F L +4<;6,/ cUhdo exvlqhvv f|fohv*/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ Yro1 <4/ sdjhv 6<09<1

Ylfnhuv/ M +5333,/ cPrqhwdu| srolf| dqg wkh vxsso| vlgh*/ Vrflhw| ri
Exvlqhvv Hfrqrplvwv v|psrvlxp/ Orqgrq/ 48 Pdufk1

Zrrgirug/ P +5333,/ cD qhr0Zlnvhooldq iudphzrun iru wkh dqdo|vlv ri
prqhwdu| srolf|*/ plphr/ Sulqfhwrq Xqlyhuvlw|1

\ddul/ P H +4<98,/ cXqfhuwdlq olihwlph/ olih lqvxudqfh dqg wkh wkhru| ri wkh
frqvxphu*/ Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 65 Dsulo/ sdjhv 46:0831
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Wdeohv

Wdeoh 41 Revhuyhg Gdwd 0 Vxppdu| XN idfwv

Yduldeoh � |w�7 |w�6 |w�5 |w�4 |w |w.4 |w.5 |w.6 |w.7
| 418<

f 4185 317<4 318<; 31:39 31:;8 31;38 31:7< 31957 3178< 315;7

l 61:9 31763 31896 319:4 31:69 31:77 319<3 318;8 31786 31648

z 31<4 31643 31553 314;5 314:: 31496 3143; 31346 0313<6 0314:<

fd 61;6 0316;8 03179< 031865 031898 031894 031846 031747 0315:5 031446

q 419: 31853 31979 31:9< 31;73 31;4: 319<4 317<4 315:3 313:8

n 3143 314;3 3144< 31396 3134: 031347 031367 031377 031389 0313:8

u 419< 0313:9 31376 31489 31577 31633 31653 31643 315:7 31543

Qrwhv= Wkh suhvhqwhg prphqwv uhihu wr wkh edqgsdvv0�owhuhg gdwd zlwk 45 txduwhuv*

zhljkwv> vhh Ed{whu dqg Nlqj +4<<<, iru ixuwkhu ghwdlov1 Wkh ixoo vdpsoh iru doo gdwd lv 4<96=4

wr 4<<;=71

Wdeoh 51 Uhdo Udwhv dqg wkh F|foh

Sdqho D=

Dqqxdo E0N F0I K0S

Srvwzdu

Fruu1+|/u, 317: 317; 3179

v1g1+|, 4174 4176 4143

v1g1 +u, 41;5 41;8 41<3

Qrwhv= |@JGS shu khdg> u@uhdo lqwhuhvw udwh> v1g1@vwdqgdug ghyldwlrq lq shufhqwdjh

whupv> dqg Fruu@fruuhodwlrq frh!flhqw1 Uhvxowv iru Sdqho D/ iurp Fkdgkd hw do1 +5333,/ uhihu

wr dq dqqxdo XN vwxg| ryhu wkh shulrg 4;:404<<: dqg wr wkuhh gl�huhqw �owhulqj surfhgxuhv=

Ed{whu0Nlqj/ Fkulvwldqr0Ilw}jhudog dqg Krgulfn0Suhvfrww1
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Wdeoh 61 Txduwhuo| shufhqwdjhv

� u � # � �

3=6:6 4=58 6; 5=8 3=8 3=:8

Qrwhv= Wkh suhvhqwhg prphqwv uhihu wr wkh edqgsdvv0�owhuhg gdwd zlwk 45 txduwhuv*

zhljkwv> vhh Ed{whu dqg Nlqj +4<<<, iru ixuwkhu ghwdlov1 Wkh ixoo vdpsoh iru doo gdwd lv 4<96=4

wr 4<<;=71

Wdeoh 71 Prgho Rxwsxw 0 Wrwdo Idfwru Surgxfwlylw|

Yduldeoh � |w�7 |w�6 |w�5 |w�4 |w |w.4 |w.5 |w.6 |w.7
| 418<

f 3178 31453 31669 318<5 31;57 31<93 31<73 31;34 31938 31749

l :15; 031485 313:5 31687 31965 31;5< 31;:: 31:<; 31984 317<<

z 31:; 3156: 31778 319:< 31;;5 31<<3 31<77 31:<4 318;< 316<9

fd 9173 315:4 31384 03156: 03185< 031:7: 031;4< 031:98 03196: 03183

q 31;5 317:; 31985 31;5: 31<88 31<<3 31;<9 31:53 31848 3165:

n 31<< 31;:< 31;;< 31;6: 31:4< 31885 31688 314:7 31358 0313<5

u 4166 0314:; 31378 3165< 31943 31;45 31;98 31:<6 31983 31834

Qrwhv= Wkh suhvhqwhg prphqwv uhihu wr wkh edqgsdvv0�owhuhg gdwd zlwk 45 txduwhuv*

zhljkwv> vhh Ed{whu dqg Nlqj +4<<<, iru ixuwkhu ghwdlov1 Wkh ixoo vdpsoh iru doo gdwd lv 4<96=4

wr 4<<;=71

Wdeoh 81 Prgho Rxwsxw 0 Fdsdflw| Xwlolvdwlrq Vwulsshg WIS

Vkrfn/ � @ 3=<<

Yduldeoh � |w�7 |w�6 |w�5 |w�4 |w |w.4 |w.5 |w.6 |w.7
| 7176

f 31975 031544 31386 316<9 31:65 31<8; 31<:8 31:;< 31796 31434

l 9<1;7 031899 031:58 0319<: 03176; 031343 3174< 31:39 31::4 3195<

z 4194 031455 314;: 31873 31;74 31<<7 31<64 319;9 3166< 031339

fd :314: 31894 31:6; 31:5< 317;9 31398 03169; 0319:3 031:88 031965

q 51;6 03136: 31635 31987 31<48 31<<; 31;97 318:4 31549 031436

n 7169 3134: 31699 31:44 31<79 31<;< 31;4; 31835 31476 031494

u 3199 031898 031995 03189< 031597 314:; 318:< 31;3< 31;38 31936
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Wdeoh 91 Prgho Rxwsxw 0 Fdsdflw| Xwlolvdwlrq Vwulsshg WIS

Vkrfn/ � @ 3=:3

Yduldeoh � |w�7 |w�6 |w�5 |w�4 |w |w.4 |w.5 |w.6 |w.7
| 819:

f 3137 31685 3187: 31:53 31;3: 31:84 31869 31545 03146< 031765

l ;51;6 0318:< 031:58 0319:; 031737 31364 31785 31:56 31::3 31949

z 4167 0313:9 31587 3193< 31;;; 31<<< 31;<8 31954 315:4 03138:

fd ;51;7 318:7 31:56 31:53 31798 3136; 0316<4 0319;4 031:85 031953

q 7166 0313:3 3158< 31946 31;<3 4133 31;<5 3194: 31598 031397

n 8147 31366 316;8 31:59 31<86 31<;8 31;37 317;7 31459 0314:5

u 413; 03183< 031789 031564 31476 31894 31;84 31<5: 31::8 3179<

Wdeoh :1 Prgho Rxwsxw 0 Fdsdflw| Xwlolvdwlrq Vwulsshg +e|

Ndopdq Ilowhu, WIS Vkrfn/ � @ 3=<<

Yduldeoh � |w�7 |w�6 |w�5 |w�4 |w |w.4 |w.5 |w.6 |w.7
| 61<;

f 318: 31556 31748 31966 31;6< 31<:8 31<;4 31;8< 31983 31748

l 7<1:7 031849 03189; 031848 031638 31363 316:3 318<: 3198: 318;<

z 4178 315;9 317<9 31:4; 31<37 31<<: 31<89 31;34 318;6 3168:

fd 7<1;; 3186: 31938 3189; 316:3 31373 031638 031877 0319<4 03189:

q 5187 3166< 31895 31:;6 31<79 31<<< 31<49 31:684 31845 315<<

n 61;; 316;3 31937 31;4< 31<98 31<<6 31;;8 319;: 31793 31583

u 317; 031749 03174; 03164; 0313:9 31596 318:8 31:85 31:89 3196:

Zh phdvxuh fdsdflw| xwlolvdwlrq lq wkh �qdo prgho xvlqj wkh Ndopdq �owhu wr sur{|

iru f|folfdo pryhphqwv lq fdsdflw| xwlolvdwlrq1
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Wdeoh ;1 Zlfnvhoo Jds dqg Lq dwlrq dqg Rxwsxw Rxwfrphv

[ U� �U U�� �U U��� �U [ $ U� �U U� �U$ [

Qrplqdo Lqfrph Ixoo 31699 31673 31677 31;5 +318<, 6166 +3133,

Suh� 4<;3 31864 318;< 31897 4146 +3169, 51;6 +3137,

Srvw� 4<;3 3135; 031394 03143; 415; +315<, 5179 +3139,

Lqiodwlrq Ixoo 314;3 31753 31775 319; +31:3, 6154 +3133,

Suh� 4<;3 317:8 31968 31985 51:: +3137, 4153 +3166,

Srvw� 4<;3 031699 3138; 31338 416< +3158, 817< +3133,

Rxwsxw Jurzwk Ixoo 315<5 031543 031577 414: +3166, 31:9 +3197,

Suh� 4<;3 0313:8 0315<; 0316:9 318< +319:, 414: +3167,

Srvw� 4<;3 31865 031475 03144; 515; +313:, 7178 +3133,

Zh suhvhqw vlpsoh fruuhodwlrqv ri wkh gl�huhqfh ehwzhhq wkh fdoleudwhg uhdo udwh iurp

wkh vwdqgdug prgho +U0U-, dqg wkh wzr yhuvlrqv ri wkh kljk0vxevwlwxwlrq hfrqrp| +U0U--

dqg U0U---,1 Wkh �qdo wzr froxpqv suhvhqw wkh Judqjhu fdxvdolw| whvwv iru wkh qxoo ri wkh

yduldeoh lq froxpq 4 +[ , qrw fdxvlqj wkh U0U- dqg U0U- qrw fdxvlqj [/ uhvshfwlyho|1 Qrwh

wkdw zh hpsor| ; odjv iru wkh ixoo vdpsoh whvwv dqg 7 odjv iru wkh vxevdpsohv1 Wkh uhvxowv ri

Judqjhu fdxvdolw| whvwv iru wkh wzr yhuvlrqv ri wkh kljk0vxevwlwxwlrq hfrqrp| duh dydlodeoh rq

uhtxhvw1
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