
D Qrqolqhdu Jurzwk H�hfw ri Ilvfdo Srolf|B

Wkh Vshfldo Fdvh ri XV Ghihqvh Srolf|

Mhvýv Fuhvsr Fxduhvpd
�

Jhukdug Uhlwvfkxohu
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Mdqxdu| 53/ 5336

Devwudfw

Wkh lpsdfw ri XV ghihqvh srolf| +sur{lhg e| wkh h{shqglwxuhv lq wkh
ghihqvh vhfwru, lv lqyhvwljdwhg hpslulfdoo| xvlqj orqjlwxglqdo gdwd iru wkh
XV dqg doorzlqj wkh h�hfw ri ghihqvh vshqglqj rq jurzwk wr eh qrqolq0
hdu1 Xvlqj uhfhqwo| ghyhorshg hfrqrphwulf phwkrgv lqyroylqj wkuhvkrog
uhjuhvvlrqv/ hylghqfh ri d ohyho0ghshqghqw h�hfw ri plolwdu| h{shqglwxuh rq
JGS jurzwk lv irxqg= wkh srvlwlyh h{whuqdolw| h�hfw ri ghihqvh vshqglqj
suhydlov iru uhodwlyho| orzhu ohyhov ri ghihqvh vshqglqj +zlwk uhvshfw wr wkh
klvwru| ri ghihqvh vshqglqj lq wkh XV, dqg uhyhuwv iru kljkhu ohyhov1

MHO fodvvl�fdwlrq= H46/ F55

Nh|zrugv= Ghihqvh H{shqglwxuhv/ Qrqolqhdulw|/ Hfrqrplf Jurzwk/
H{whuqdolw| H�hfw/ Wkuhvkrog Prghov1
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4 Lqwurgxfwlrq

Wkh whuurulvw dwwdfnv djdlqvw wkh XV lq Vhswhpehu 5334 kdyh rqfh pruh lqwhq0
vl�hg wkh glvfxvvlrq derxw zkhwkhu kljkhu ghihqvh h{shqglwxuh lv qhfhvvdu| wr
surylgh d juhdwhu ghjuhh ri vhfxulw|/ wkhuhe| lqgxflqj frq�ghqfh dqg vwlpx0
odwlqj hfrqrplf jurzwk1 Dv Ghjhu dqg Vhq +4<<8, qrwh/ wkh idfw wkdw iurp d
sxuho| hfrqrplf srlqw ri ylhz wkh plolwdu| exughq lv vhhq dv wkh txlqwhvvhqwldo
xqsurgxfwlyh h{shqglwxuh +h{fhsw dv lqvxudqfh djdlqvw zdu, zrxog vxjjhvw wkdw
lwv lpsdfw rq rxwsxw jurzwk lv qhjdwlyh1 Xqwlo wkh lq xhqwldo zrun ri Ehqrlw
+4<:6,/ sudfwlfdoo| doo hfrqrplf wkhrulvwv kdg dvvxphg wkh pdfurhfrqrplf lp0
sdfw ri ghihqvh h{shqglwxuh wr eh qrqsrvlwlyh/ dowkrxjk qr hpslulfdo hylghqfh
zdv suhvhqwhg lq wklv uhvshfw1 Krzhyhu/ hyhq li ghihqvh vshqglqj � kdg dq dg0
yhuvh h�hfw rq fxuuhqw hfrqrplf jurzwk/ wklv grhv qrw qhfhvvdulo| lpso| wkdw
vxfk h{shqglwxuh lv kdupixo ru wrr kljk ehfdxvh ghihqvh vshqglqj grhv hqwdlo
wkh frq�ghqfh h�hfw phqwlrqhg deryh1 Wkh lpsdfw ri ghihqvh h{shqglwxuh rq
JGS jurzwk lv wkxv qrw fohdu0fxw dqg ghvhuyhv ghwdlohg hpslulfdo dqdo|vlv lq
rughu wr glvfhuq zklfk +li dq|, ri wkh h�hfwv suhydlov= Grhv ghihqvh h{shqglwxuh
kdyh dq h{whuqdolw| h�hfw iru dq hfrqrp|/ hvshfldoo| lq uhjdug wr lqiudvwuxfwxuh/
whfkqrorjlfdo surjuhvv dqg kxpdq fdslwdo irupdwlrq ru grhv lw furzg rxw uh0
vrxufhv iru frqvxpswlrq dqg lqyhvwphqw/ wkhuhe| kdpshulqj jurzwkB

Wkh txhvwlrq lv ri h{wuhph uhohydqfh lq wkh frqwh{w ri wkh XV hfrqrp|/ dv gh0
ihqvh h{shqglwxuh frqvwlwxwhv wkh pdmru �slhfh ri wkh fdnh� ri glvfuhwlrqdu| jry0
huqphqw h{shqglwxuh1 Dffruglqj wr wkh Fhqwhu iru Ghihqvh Lqirupdwlrq +5335,/
wkh �Qdwlrqdo Ghihqvh� fdwhjru| ri wkh ihghudo exgjhw iru wkh �qdqfldo |hdu
5336 dffrxqwv iru ryhu kdoi +8419 shufhqw ru XVG 6<9 eloolrq rxw ri XVG :9:
eloolrq, ri doo glvfuhwlrqdu| vshqglqj dv frpsduhg wr 91: shufhqw iru hgxfdwlrq
ru 816 shufhqw iru khdowk1 Vlqfh rqh jrdo ri wkh jryhuqphqw lv wr surprwh wkh
jhqhudo olylqj vwdqgdug dqg wkxv vwlpxodwh jurzwk/ lw lv rqo| ohjlwlpdwh wr dvn
zk| ghihqvh h{shqglwxuh lv pxfk kljkhu wkdq hgxfdwlrq ru khdowk vshqglqj �
ru/ lq rwkhu zrugv/ zkhwkhu ghihqvh h{shqglwxuh kdv dq h{whuqdolw| h�hfw wkdw
fdq pdnh xs iru wkh k|srwkhvl}hg furzglqj rxw ri uhvrxufhv lq wkh khdowk dqg
hgxfdwlrq vhfwru1

Krzhyhu/ wkh srolwlfdo dujxphqw wkdw ghihqvh h{shqglwxuh pd| vwlpxodwh
jurzwk dqg/ ylfh yhuvd/ wkdw ghihqvh vshqglqj fxwedfnv pd| kdyh qhjdwlyh hfr0
qrplf lpsolfdwlrqv kdv ehhq sduwlfxoduo| srsxodu lq wkh XV dqg pd| eh sduwo|
h{sodlqhg e| wkh vwurqj lq xhqfh ri wkh plolwdu|0lqgxvwuldo frpsoh{ lq srolwlfdo
ghflvlrqv1 Rqh fodlp ri dgyrfdwhv ri dq h{whqvlyh plolwdu| srolf| lv wkdw uhgxfhg
ghihqvh vshqglqj gulyhv xs xqhpsor|phqw +vhh Vplwk 4<::,1 � Iru h{dpsoh/
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Dgdpv dqg Jrog +4<;:, txrwh iruphu XV Vhfuhwdu| ri Ghihqvh Fdvsdu Zhlq0
ehujhu dv kdylqj dujxhg wkdw uhgxfwlrqv lq ghihqvh h{shqglwxuh zrxog fuhdwh
vxevwdqwldo xqhpsor|phqw ehfdxvh plolwdu| vshqglqj lv oderu lqwhqvlyh1 Rwkhu
dgyrfdwhv ri kljk ghihqvh h{shqglwxuh vwuhvvhg wkh idfw wkdw plolwdu| h{shqgl0
wxuh vhuyhv dv d +Nh|qhvldq, ghylfh wr vkruwhq wkh ghpdqg0vxsso| jds +dv lq
Zruog Zdu LL,/ d skudvhrorj| Ql{rq dqg Uhdjdq uhshdwhgo| xvhg +vhh Jdoeudlwk
4<<7,1

Hfrqrphwulf lqyhvwljdwlrqv ri wkh h�hfw ri ghihqvh vshqglqj rq hfrqrplf
jurzwk lq wkh XV kdyh prvwo| ehhq edvhg rq vxsso|0vlgh vshfl�fdwlrqv vxfk
dv/ lqwhu dold/ wkrvh ri Dwhvrjox dqg Pxoohu +4<<3,/ Kxdqj dqg Plqw} +4<<3/
4<<4,/ Plqw} dqg Kxdqj +4<<3,/ Pxoohu dqg Dwhvrjox +4<<6, ru Zdug dqg Gdylv
+4<<5,1 Pruh uhfhqwo|/ Dwhvrjox +5335, xvhg frlqwhjudwlrq phwkrgv wr dvvhvv wkh
ghihqvh0jurzwk qh{xv lq wkh XV/ frqfoxglqj wkdw d srvlwlyh uhodwlrqvkls h{lvwhg
ehwzhhq plolwdu| h{shqglwxuh dqg JGS jurzwk1 Zkdw wkhvh vwxglhv kdyh lq
frpprq lv wkdw wkh| +d, gr qrw frpsulvh wkh Zruog Zdu LL shulrg/ hyhq wkrxjk
wklv zdv wkh shulrg zlwk wkh kljkhvw ohyho ri ghihqvh h{shqglwxuh lq wkh wzhqwlhwk
fhqwxu| dqg +e, qhjohfwhg wkh srvvlelolw| wkdw wkh lpsdfw ri ghihqvh h{shqglwxuh
rq jurzwk frxog eh qrqolqhdu1

Wkh dlp ri wklv sdshu lv wr frqwulexwh wr wkh glvfxvvlrq rq wkh lpsdfw ri
ghihqvh vshqglqj rq JGS jurzwk lq wkh XV e| hvwlpdwlqj wzr idluo| jhqhudo
prghov uhodwlqj erwk yduldeohv lq wkh vslulw ri/ h1j1/ Ghjhu +4<;9, dqg Elvzdv
dqg Udp +4<;9,1 Wkh srvvlelolw| wkdw wkh uhodwlrqvkls ehwzhhq ghihqvh h{shqgl0
wxuh dqg jurzwk frxog eh qrqolqhdu lv dovr h{solflwo| frqvlghuhg dqg prghohg lq
hdfk ri wkh dowhuqdwlyh vhwwlqjv1 Wkh uhvxowv lqglfdwh wkdw d ohyho0ghshqghqw +dqg
wkhuhiruh qrqolqhdu, uhodwlrqvkls h{lvwv ehwzhhq ghihqvh h{shqglwxuh dqg JGS
jurzwk/ zlwk wkh sduwldo fruuhodwlrq ehwzhhq wkh jurzwk udwh ri ghihqvh vshqglqj
dqg JGS jurzwk vljql�fdqwo| srvlwlyh rqo| iru ohyhov ri ghihqvh vshqglqj xqghu
dq hvwlpdwhg wkuhvkrog1 Vxfk d vljql�fdqw uhodwlrqvkls glvdsshduv/ krzhyhu/ iru
kljkhu ohyhov ri ghihqvh vshqglqj1 Zkhq wkh sxuh h{whuqdolw| h�hfw lv lghqwl�hg
xvlqj d wkhruhwlfdoo| edvhg hpslulfdo vshfl�fdwlrq/ lw lv vljql�fdqwo| qhjdwlyh
iru uhodwlyho| kljk ydoxhv ri plolwdu| vshqglqj dqg vljql�fdqwo| srvlwlyh iru orz
ohyhov1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq wzr suhvhqwv d
vlpsoh jurzwk prgho zklfk/ lq gxh frxuvh/ lv hpslulfdoo| hvwlpdwhg1 Lq d qh{w
vwhs/ wkh vwudljkwiruzdug qrqolqhdu jhqhudol}dwlrq ri wkh prgho lv suhvhqwhg dqg
hvwlpdwhg1 Vhfwlrq wkuhh dssurdfkhv wkh uhodwlrqvkls ehwzhhq jurzwk dqg gh0
ihqvh vshqglqj zlwk dq dowhuqdwlyh prgholqj vwudwhj| edvhg rq Elvzdv dqg Udp
+4<;:, lq rughu wr lvrodwh wkh h{whuqdolw| h�hfw ri plolwdu| vshqglqj1 Vhfwlrq
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5 Jurzwk dqg Ghihqvh Vshqglqj lq wkh XV

514 D Olqhdu Jurzwk Htxdwlrq

D vlpsoh wkhruhwlfdo uhsuhvhqwdwlrq ri wkh uhodwlrqvkls ehwzhhq ghihqvh vshqg0
lqj dqg JGS jurzwk fdq eh rewdlqhg xvlqj d jhqhudol}dwlrq ri wkh qhrfodvvlfdo
jurzwk htxdwlrq +vhh/ h1j1 Vrorz/ 4<89,1 Jurzwk lq JGS zloo eh k|srwkh0
vl}hg wr ghshqg rq wkh jurzwk udwh ri vdylqjv/ oderu irufh/ h{sruwv dqg plolwdu|
vshqglqj1 Zkloh wkh jurzwk0vdylqjv dqg jurzwk0oderu ghshqghqfh vwhpv iurp
frqyhqwlrqdo jurzwk wkhru|/ ¶ h{sruw jurzwk lv lqfoxghg lq rughu wr dvvhvv wkh
h�hfw ri wkh h{whuqdo pdunhw rq grphvwlf surgxfwlrq +vhh h1j1 Edodvvd/ 4<:;/
dqg Ihghu/ 4<;5,1 Dv vxjjhvwhg e| Ehqrlw +4<:6, dqg vxevhtxhqw uhvhdufk/ lw
lv k|srwkhvl}hg wkdw jurzwk frxog eh lq xhqfhg e| ghihqvh h{shqglwxuh1 Wkh
olqhdu edvholqh prgho wr eh hvwlpdwhg lv wkxv/

| · @ � ¸ . � ¹ v · . � º o · . � » { · . � ¼ g · . � · > +4,

zkhuh | · uhihuv wr wkh jurzwk udwh ri JGS/ v · lv wkh jurzwk udwh ri vdylqjv/ o ·
lv wkh jurzwk udwh ri wkh oderu irufh/ { · lv wkh jurzwk udwh ri h{sruwv/ g · lv wkh
jurzwk udwh ri ghihqvh h{shqglwxuh dqg � · lv dvvxphg wr eh d Jdxvvldq zklwh
qrlvh huuru surfhvv zlwk frqvwdqw yduldqfh �

º
1 ½

Htxdwlrq +4, lv hvwlpdwhg xvlqj dqqxdo X1V1 gdwd udqjlqj iurp 4<5< wr 4<<<1 ¾
Wkh �uvw froxpq lq Wdeoh 4 suhvhqwv wkh hvwlpdwhg sdudphwhuv lq +4, xvlqj ROV1
Doprvw ;;( ri wkh yduldwlrq lq JGS jurzwk lv h{sodlqhg e| wkh lqghshqghqw
yduldeohv1 D srvlwlyh/ kljko| vljql�fdqw sduwldo fruuhodwlrq lv irxqg ehwzhhq doo
h{sodqdwru| yduldeohv dqg JGS jurzwk1 Wkh Gxuelq Zdwvrq whvw vwdwlvwlf +GZ,
grhv qrw suhvhqw vwurqj hylghqfh ri ghyldwlrqv ri xqfruuhodwlrq lq wkh uhvlgxdov/
dqg wkh Mdutxh0Ehud whvw vwdwlvwlf 0 "

º
0 glvwulexwhg xqghu wkh qxoo ri qrupdo0

lw| 0 wdnhv d ydoxh ri 81<67/ vr zh fdqqrw uhmhfw wkh qxoo wkdw wkh uhvlgxdov duh
qrupdoo| glvwulexwhg dw d 8( vljql�fdqfh ohyho1 Zklwh*v khwhurvnhgdvwlflw| whvw
grhv qrw vkrz dq| vljql�fdqw ghyldwlrq iurp krprvnhgdvwlflw| lq wkh uhvlgxdov1
Dowkrxjk wklv uhvxow pd| jlyh d �uvw lqglfdwlrq ri d srvlwlyh qh{xv ehwzhhq
hfrqrplf jurzwk dqg ghihqvh vshqglqj/ wkh srwhqwldo hqgrjhqhlw| ri wkh h{0
sodqdwru| yduldeohv lq +4, zrxog uhqghu wkh ROV hvwlpdwhv lqfrqvlvwhqw1 Wkh
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Wdeoh 4= Jurzwk htxdwlrq= olqhdu vshfl�fdwlrq

Yduldeoh ROV= Hvwlpdwhg sdudphwhu +v1h1, LY= Hvwlpdwhg sdudphwhu +v1h1,
Frqvwdqw 3133: È�È�È +31336, 3133< È�È�È +31336,

v · 31395 È�È�È +31349, 31368 È +3134;,
o · 41348 È�È�È +313<4, 4137: È�È�È +3144;,
{ · 3138; È�È�È +31347, 3138; È�È�È +31348,
g · 31349 È�È�È +31338, 31355 È�È�È +31339,
� 31353 3134;
�U
º

31;:< 31;97
GZ 41:45 513:5
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vhfrqg froxpq lq Wdeoh 4 vkrzv wkh hvwlpdwhg sdudphwhuv li lqvwuxphqwdo ydul0
deoh +LY, hvwlpdwlrq lv xvhg1 Odjv ri wkh h{sodqdwru| yduldeohv dqg JGS jurzwk
duh xvhg dv lqvwuxphqwv1 Wkh LY hvwlpdwhv gr qrw gl�hu vxevwdqwldoo| iurp wkh
ROV hvwlpdwhv/ dqg lqglfdwh d srvlwlyh sduwldo fruuhodwlrq ehwzhhq JGS jurzwk
dqg jurzwk lq ghihqvh h{shqglwxuh1 Wkh hqgrjhqhlw| sureohp/ wkxv/ grhv qrw
vhhp wr glvwruw wkh hvwlpdwhv vwurqjo|1

515 Wkh Qrqolqhdu Frxqwhusduw

Sudfwlfdoo| doo prghov dssolhg wr hvwdeolvk wkh h�hfw ri ghihqvh h{shqglwxuh rq
jurzwk lq wkh X1V1 kdyh dvvxphg d olqhdu uhodwlrqvkls ehwzhhq erwk yduldeohv1
Wkhuh lv qr slhfh ri uhvhdufk/ wr wkh nqrzohgjh ri wkh dxwkruv/ zklfk whvwv iru wkh
srvvlelolw| ri d qrqolqhdu uhodwlrqvkls1 Vrph vxjjhvwlrqv ri d qrqolqhdu ghihqvh0
jurzwk qh{xv fdq eh irxqg lq Nlqvhood +4<<3, dqg Krrnhu dqg Nqhwwhu +4<<:,1
Zkloh Nlqvhood +4<<3, frpphqwv eulh | rq wkh srvvlelolw| ri d qrqolqhdu h�hfw ri
plolwdu| vshqglqj rq jurzwk +ri wkh w|sh wkdw lv dfwxdoo| vwxglhg lq wklv slhfh ri
uhvhdufk,/ Krrnhu dqg Nqhwwhu +4<<:, vxjjhvw wkdw wkhlu uhvxowv/ qdpho| wkdw wkh
xqhpsor|phqw pxowlsolhu ri surfxuhphqw lv odujhu lq vwdwhv zlwk kljkhu ohyhov ri
vshqglqj/ frxog eh gxh wr d qrqolqhdu h�hfw ri ghihqvh h{shqglwxuh= dv wkh vl}h
ri wkh vkrfn lqfuhdvhv/ wkh pxowlsolhu h�hfw ri wkh vkrfn ehfrphv odujhu1 Wkh|
dovr vwdwh wkdw li wkh wuxh uhodwlrqvkls ehwzhhq ghihqvh dqg rwkhu yduldeohv vxfk
dv jurzwk lv qrqolqhdu/ wkhq prghov wkdw dvvxph d olqhdu uhodwlrqvkls pd| xq0
ghuhvwlpdwh wkh uhvsrqvh ri wkhvh yduldeohv wr odujh fkdqjhv lq ghihqvh vshqglqj1

Wkh uhodwlrqvkls gh�qhg e| +4, grhv qrw doorz iru d qrqolqhdu h�hfw ri ghihqvh
vshqglqj rq jurzwk udwh lq wkh irup ri/ iru lqvwdqfh/ d ohyho0ghshqghqw sdud0
phwhu iru wkh ghihqvh h{shqglwxuh yduldeoh1 D vwudljkwiruzdug jhqhudol}dwlrq
wkdw hdvlo| doorzv iru d qrqolqhdu jurzwk0ghihqvh h{shqglwxuh olqn dqg surylghv
d frqyhqlhqw iudphzrun iru whvwlqj iru olqhdulw| lv jlyhq e|
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zkhuh � Ñ· lv dvvxphg wr eh Jdxvvldq zklwh qrlvh zlwk frqvwdqw yduldqfh �
º
/

zlwk � Ñ· lqghshqghqw �Ò · ri iru l 9@ m1 Wkh vshfl�fdwlrq lv/ wkxv/ slhfhzlvh0olqhdu/
dqg wkh ohyho ri wrwdo ghihqvh vshqglqj/ G · / lv wkh yduldeoh zklfk lv uhvsrqvleoh
iru wkh uhjlph zklfk lv dfwlyh1 Wkdw lv/

l @

�

4 li G · � �
5 li G · A �

�

+6,

Wkh wkuhvkrog sdudphwhu/ �/ qhhgv wr eh hvwlpdwhg dv zhoo1 Li � zhuh nqrzq/
wkh hvwlpdwlrq ri � Ñ Ó > n @ 3> ===> 7> l @ 4> 5 zrxog eh vwudljkwiruzdug= wkh vdpsoh
lv glylghg lqwr wzr vxevdpsohv/ zklfk duh dvvljqhg odeho 4 dqg 5 dffruglqj wr
+6,/ dqg wkh �0sdudphwhuv duh hvwlpdwhg iru hdfk vxevdpsoh1 Wkh hvwlpdwlrq ri
� lv grqh dv iroorzv +vhh Kdqvhq 5333,= d julg vhdufk lv frqgxfwhg rq G · / dqg
+5, lv hvwlpdwhg iru hyhu| uhdol}hg ydoxh ri G · diwhu wulpplqj vrph shufhqwdjh
rq wkh wdlov ri wkh glvwulexwlrq ri G · 1 Wkh ydoxh ri G · fruuhvsrqglqj wr wkh
prgho wkdw plqlpl}hv wkh vxp ri vtxduhg uhvlgxdov dfurvv doo hvwlpdwhg prghov
lv wkh hvwlpdwru ri wkh wkuhvkrog sdudphwhu1 Ô

Wkh julg vhdufk iru wkh hvwlpdwh ri wkh wkuhvkrog sdudphwhu zdv grqh diwhu
wulpplqj 58( iurp wkh h{wuhphv ri wkh hpslulfdo glvwulexwlrq ri G · 1 Wkh hvwl0
pdwhg wkuhvkrog lv

Õ
�@ 6;7=:: eloolrq 4<<; XV Grooduv/ dqg lw glylghv wkh vdpsoh

lqwr wzr jurxsv= wkh gdwd ehorz wkh wkuhvkrog frpsulvhv 77 revhuydwlrqv/ dqg
wkh 59 uhpdlqlqj revhuydwlrqv duh ryhu wkh wkuhvkrog1 Wkh xsshu uhjlph lqfoxghv
Zruog Zdu LL/ wkh Ylhwqdp Zdu dqg d vxevwdqwldo sduw ri wkh Frog Zdu shulrg
durxqg 4<;31

Wkh wkuhvkrog prgho surylghv dq lqwxlwlyh dqg vlpsoh vhwwlqj iru whvwlqj iru
olqhdulw|1 Lq sulqflsoh/ wkh lghd zrxog eh wr whvw iru �

¹Ó @ �
º Ó ;n1 Krzhyhu/

wklv vlpsoh whvwlqj sureohp suhvhqwv dq h{wud gl!fxow| jlyhq wkh idfw wkdw wkh
wkuhvkrog sdudphwhu/ �/ lv rqo| lghqwl�hg xqghu wkh dowhuqdwlyh k|srwkhvlv ri
qrqolqhdulw|1 Wkh odfn ri lghqwl�fdwlrq ri xqghu wkh qxoo k|srwkhvlv glvwruwv wkh
glvwulexwlrq ri wkh rwkhuzlvh vwdqgdug I0vwdwlvwlf xvhg lq wkh whvwlqj sureohp1
Lq wkh vslulw ri Dqguhzv dqg Sorehujhu +4<<7,/ Kdqvhq +4<<9/ 5333, ryhufrphv
wkh sureohp e| xvlqj d errwvwuds surfhgxuh= xvlqj wkh hvwlpdwhg olqhdu uhod0
wlrqvkls/ duwl�fldo gdwd rq wkh ghshqghqw yduldeoh lv vlpxodwhg dqg erwk d olqhdu
dqg d slhfhzlvh olqhdu prgho zlwk wkh hvwlpdwhg wkuhvkrog duh hvwlpdwhg xv0
lqj wkh vlpxodwhg vdpsoh1 Wkh fruuhvsrqglqj I0whvw vwdwlvwlf lv frpsxwhg dqg
wkh surfhgxuh lv uhshdwhg d odujh qxpehu ri wlphv/ ohdglqj wr dq dssur{lpdwh
glvwulexwlrq ri wkh whvw vwdwlvwlf xqghu wkh qxoo ri olqhdulw|1 Wkh shufhqwdjh ri
uhsolfdwhg I0whvw vwdwlvwlfv wkdw h{fhhg wkh ruljlqdo ydoxh ri wkh whvw vwdwlvwlf
frpsxwhg zlwk uhdo gdwd lv wkxv wkh s0ydoxh ri wkh olqhdulw| whvw1

Ö ©`���,³K��>��
�6>�N�E6Z�Z!��� C G!G�G`S�¦ ���=?
x4�J�4�����/���@?*I �6�.��¦V?*x�I �.����?*I ����?*���6A
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Wdeoh 5= Jurzwk htxdwlrq= Qrqolqhdu vshfl�fdwlrq

Orzhu uhjlph +G · � �, Xsshu uhjlph +G · A �,
Yduldeoh Hvwlpdwhg sdudphwhu +v1h1, Hvwlpdwhg sdudphwhu +v1h1,
Frqvwdqw 31343 È�È�È +31336, 031339 +31338,

v · 3139; È�È�È +31349, 3136: +3134;,
o · 31;<3 È�È�È +31437, 417;8 È�È�È +31545,
{ · 313<7 È�È�È +3135:, 31393 È�È�È +31353,
g · 3134< È�È�È +31338, 3133: +31345,
� 6;71::
� 3134;
�U
º
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�6����É �6�6Ê
Ë �#Ì ��?*��>�y��8¦ ���oE�Í×N;�!Í�SoÏ E�G�Í,Ð
�
I ��>�I °�|��!>!?6�Y¨ � I �O?*x��o¨J���� 4I >�� � ��?
�
��>ª?
�6��?8�@?*��?*I ��?
I |�A
433/333 uhsolfdwlrqv zhuh xvhg lq wkh errwvwuds iru wkh olqhdulw| whvw1

Wdeoh 5 suhvhqwv wkh hvwlpdwhg sdudphwhuv iurp htxdwlrq +5,�+6,/ wrjhwkhu
zlwk wkh whvw vwdwlvwlf iru olqhdulw| dqg wkh s0ydoxh uhvxowlqj iurp wkh errwvwuds
phwkrg ghvfulehg deryh1 Wkh uhvxowv lqglfdwh hylghqfh ri qrqolqhdulw| dw wkh :(
vljql�fdqfh ohyho/ dqg wkh dgmxvwhg U

º
lqfuhdvhv e| pruh wkdq 4 shufhqwdjh srlqw

zkhq wkh qrqolqhdulw| lv wdnhq lqwr dffrxqw1 Wkh vljql�fdqw sduwldo fruuhodwlrq
irxqg ehwzhhq JGS jurzwk dqg ghihqvh vshqglqj zkhq hvwlpdwlqj wkh olqhdu
prgho glvdsshduv iru ohyhov ri ghihqvh h{shqglwxuh deryh wkh hvwlpdwhg wkuhvkrog
lq wkh fdvh ri wkh qrqolqhdu vshfl�fdwlrq1 Iru ydoxhv ri ghihqvh vshqglqj ehorz
wkh wkuhvkrog/ wkh uhodwlrqvkls grhv qrw dsshdu wr eh vljql�fdqwo| gl�huhqw iurp
wkh rqh irxqg lq wkh olqhdu prgho1 Wkh uhvxowv ri wkh hvwlpdwlrq ri wkh qrqolqhdu
prgho jlyh d ghhshu lqvljkw lqwr wkh wudgh0r� ehwzhhq wkh srwhqwldoo| srvlwlyh
h{whuqdolw| h�hfw dwwulexwhg wr plolwdu| vshqglqj dqg lwv zlgho| k|srwkhvl}hg
qhjdwlyh furzglqj0rxw h�hfw1 Zkloh srvlwlyh h{whuqdolwlhv vhhp wr suhydlo iru
prghudwh ohyhov ri ghihqvh h{shqglwxuh/ wkh srvlwlyh h�hfw ri plolwdu| vshqglqj
rq JGS glvdsshduv zkhq wkh ohyho ri ghihqvh vshqglqj lv uhodwlyho| kljk1

6 D Surgxfwlrq Ixqfwlrq Edvhg Prgho

Zkloh wkh uhvxowv suhvhqwhg lq wkh suhylrxv vhfwlrq jlyh lqglfdwlrqv ri d qrqolq0
hdu uhodwlrqvkls ehwzhhq ghihqvh vshqglqj dqg JGS jurzwk/ wkh vshfl�fdwlrq
xvhg wr whvw wkh h�hfw ri ghihqvh vshqglqj rq jurzwk dqg wkh k|srwkhvlv ri olq0
hdulw| lv uhodwlyho| dg krf1 Wklv vhfwlrq hvwlpdwhv d pruh wkhru|0gulyhq prgho
edvhg rq wkh zrun ri Ihghu +4<;5, dqg Elvzdv dqg Udp +4<;9,1 Wkh prgho lv

:



d vlpsoh wzr0vhfwru qhrfodvvlfdo jurzwk prgho zlwk dq hfrqrp| frpsrvhg ri d
flyloldq dqg d ghihqvh vhfwru/ zklfk doorzv iru dq h{whuqdolw| ri ghihqvh rxwsxw lq
wkh flyloldq vhfwru1 Wkh prgho zloo eh suhvhqwhg dqg wkh wkhruhwlfdo uhodwlrqvkls
ehwzhhq JGS jurzwk dqg ghihqvh vshqglqj zloo wkhq eh hvwlpdwhg/ doorzlqj iru
ohyho ghshqghqfh lq wkh h�hfwv ri plolwdu| vshqglqj rq jurzwk1

614 Jurzwk dqg Ghihqvh Vshqglqj= d Idfwru Surgxfwlylw|

Dssurdfk

Dvvxph wkdw wkh hfrqrp| lv frpsrvhg ri wzr vhfwruv/ wkh ghihqvh dqg wkh flylo0
ldq vhfwru1 Ohw uhdo rxwsxw lq wkh ghihqvh vhfwru dw wlph w eh G+w,/ dqg wkdw lq wkh
flyloldq vhfwru eh F+w,1 Ixuwkhupruh/ ohw xv dvvxph wkdw oderu +O+w,, dqg fdslwdo
+N+w,, duh wkh rqo| lqsxwv lq hdfk vhfwru/ wkdw wkh uhodwlyh pdujlqdo surgxfwv ri
oderu dqg fdslwdo pd| gl�hu dfurvv wkh wzr vhfwruv dqg wkdw wkh vl}h ri wkh gh0
ihqvh vhfwru rxwsxw +G+w,, pd| dfw dv dq h{whuqdolw| idfwru iru wkh flyloldq vhfwru

Frqvlghu wkh surgxfwlrq ixqfwlrqv ri wkh wzr vhfwruv/

F+w, @ F+O Ø +w,> N Ø +w,> G+w,,

dqg

G+w, @ G+O Ù +w,> N Ù +w,,

zkhuh wkh orzhu fdvh vxevfulswv f dqg g ghqrwh vhfwrudo lqsxwv +O+w, @ O Ø +w,.
O Ù +w, dqg N+w, @ N Ø +w, . N Ù +w,,/ dqg wrwdo rxwsxw lq wkh hfrqrp| +\ +w,, lv
wkh vxp ri rxwsxw lq erwk vhfwruv1 Wkh pdujlqdo surgxfwlylwlhv ri wkh idfwruv ri
surgxfwlrq � oderu dqg fdslwdo � lq wkh ghihqvh vhfwru pd| qrw eh wkh vdph dv lq
wkh flyloldq vhfwru1 Ú Doorzdqfh lv pdgh iru wklv e| dvvxplqj wkdw wkh pdujlqdo
surgxfwlylw| ri idfwruv xvhg lq wkh ghihqvh vhfwru lv htxdo wr +4 . �, wlphv wkh
fruuhvsrqglqj pdujlqdo idfwru surgxfwlylw| lq wkh flyloldq vhfwru/ l1h1/

G Û
F Û @

G Ó
F Ó @ +4 . �,

zkhuh wkh vxevfulswhg ohwwhuv uhihu wr pdujlqdo surgxfwv +dvvxphg frqvwdqw,1
Li � lv srvlwlyh/ idfwruv ri surgxfwlrq kdyh d odujhu pdujlqdo surgxfwlylw| lq wkh
ghihqvh vhfwru dqg ylfh yhuvd li � lv qhjdwlyh1 Li � lv }hur/ pdujlqdo surgxfwlylwlhv
duh htxdo dfurvv wkh wzr vhfwruv1

Gl�huhqwldwlqj wrwdo rxwsxw zlwk uhvshfw wr wlph dqg vxevwlwxwlqj gN+w,@gw
e| lqyhvwphqw/ L+w,/ |lhogv
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Wdeoh 6= Surgxfwlrq ixqfwlrq dssurdfk= olqhdu vshfl�fdwlrq

Yduldeoh ROV= Hvwlpdwhg sdudphwhu +v1h1, LY= Hvwlpdwhg sdudphwhu +v1h1,
Frqvwdqw 03137: È�È�È +3134:, 031375 È +31357,æ`ç ·@èéYç ·@è 3168; È�È�È +313<6, 31649 È�È +31466,Ù�ê ç ·@è�ë Ù ·�ë ê ç ·@èê ç ·�è@ë éYç ·@è 31368 È�È�È +31336, 31378 È�È�È +3133;,Ù�ì ç ·@è�ë Ù ·@è�ë ì ç ·ì ç ·@è�ë éYç ·@è 031385 +313<6, 31586 +31533,Ù�ê ç ·@è�ë Ù ·�ë ê ç ·@èê ç ·�è@ë éYç ·@è 3134< +3134:, 031384 +31375,
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g\ +w,@gw

\ +w,
@ �

L+w,

\ +w,
. !

gO+w,@gw

O+w,

O+w,

\ +w,
. *

gG+w,@gw

G+w,

G+w,

\ +w,
+7,

zkhuh � @ F í > ! @ F ê dqg * @ +�@ +4 . �, . F Ù ,1 Krzhyhu/ wklv vshfl�0
fdwlrq rqo| doorzv wr whvw hpslulfdoo| zkhwkhu erwk F Ù dqg � duh }hur dw wkh
vdph wlph1 Lq rughu wr eh deoh wr whvw lqghshqghqwo| wkh vljql�fdqfh ri hdfk
sdudphwhu/ wkh ixuwkhu dvvxpswlrq wkdw wkh h�hfw ri ghihqvh h{shqglwxuh rq wkh
flylo vhfwru kdv frqvwdqw hodvwlflw| qhhgv wr eh pdgh1 Wkh uhvxowlqj vshfl�fdwlrq
lq wklv fdvh lv

g\ +w,@gw

\ +w,
@ �

L+w,

\ +w,
. !

gO+w,@gw

O+w,

O+w,

\ +w,
. '

gG+w,@gw

G+w,

G+w,

\ +w,
. �

gG+w,@gw

G+w,
+8,

zkhuh ' @ �@ +4 . �, � �/ wkdw lv wkh surgxfwlylw| gl�huhqwldo dfurvv vhfwruv
+dovr uhihuuhg wr dv wkh vl}h h�hfw ri plolwdu| vshqglqj, dqg � lv wkh lqwhuvhfwrudo
h{whuqdolw| sdudphwhu1 Vshfl�fdwlrq +8, doorzv wkh lghqwl�fdwlrq ri wkh sxuho|
h{whuqdolw|0gulyhq h�hfw ri ghihqvh vshqglqj1 Wdeoh 6 suhvhqwv wkh hvwlpdwlrq ri
wkh sdudphwhuv ri +8, xvlqj X1V1 gdwd1

Wkh txdolw| ri wkh uhvxowv grhv qrw ydu| li wkh lqvwuxphqwdo yduldeohv hvwl0
pdwlrq phwkrg lv xvhg1 Dowkrxjk wkh hvwlpdwhg sdudphwhuv fruuhvsrqglqj wr
erwk ghihqvh yduldeohv lq +8, fkdqjh vljqv zkhq wkh hvwlpdwlrq phwkrg fkdqjhv/
wkh| duh lq erwk fdvhv lqvljql�fdqwo| gl�huhqw iurp }hur1 Wkh hvwlpdwlrq/ krz0
hyhu/ suhvhqwv vrph hylghqfh ri �uvw rughu dxwrfruuhodwlrq lq wkh uhvlgxdov dqg
ghyldwlrq iurp qrupdolw| +wkh Mdutxh0Ehud vwdwlvwlf lv ;1;58,1 Dowkrxjk lw frxog
eh dujxhg wkdw wkh odfn ri vljql�fdqfh ri wkh sdudphwhuv fruuhvsrqglqj wr erwk
ghihqvh yduldeohv lv uhodwhg wr pxowlfroolqhdulw| +vhh h1j1 Kxdqj dqg Plqw} 4<<3,/
wkh hvwlpdwlrq ri vshfl�fdwlrq +7,/ zkhuh vxfk pxowlfroolqhdulw| vkrxog qrw eh
suhvhqw/ dovr uhqghuv dq lqvljql�fdqw hvwlpdwh ri #1
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Wdeoh 7= Surgxfwlrq ixqfwlrq dssurdfk= Qrqolqhdu vshfl�fdwlrq

Orzhu uhjlph +G · � �, Xsshu uhjlph +G · A �,
Yduldeoh Hvwlpdwhg sdudphwhu +v1h1, Hvwlpdwhg sdudphwhu +v1h1,
Frqvwdqw 031386 È�È�È +3134;, 031397 È +31367,æ`ç ·@èéYç ·@è 316:4 È�È�È +31448, 31755 È�È +314;<,Ù�ê ç ·@è�ë Ù ·�ë ê ç ·@èê ç ·@è�ë éYç ·@è 31366 È�È�È +31335, 3138: È�È�È +3133;,Ù�ì ç ·@è�ë Ù ·@è�ë ì ç ·ì ç ·@è�ë éYç ·@è 031;56 È +31788, 31469 +31486,Ù�ê ç ·@è�ë Ù ·�ë ê ç ·@èê ç ·@è�ë éYç ·@è 31443 È�È +3137<, 031444 È�È +31378,
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433/333 uhsolfdwlrqv zhuh xvhg lq wkh errwvwuds iru wkh olqhdulw| whvw1

615 Wkh Qrqolqhdu Jhqhudol}dwlrq

Zkloh edvhg rq wkh uhvxowv ri wkh hvwlpdwlrq ri wkh prgho jlyhq e| +8, rqh
frxog frqfoxgh wkdw plolwdu| h{shqglwxuh vhhpv wr kdyh qr vljql�fdqw h�hfw rq
hfrqrplf jurzwk/ wkh frqfoxvlrq fkdqjhv udglfdoo| li zh doorz iru d qrqolqhdu/
ohyho0ghshqghqw h�hfw ri ghihqvh vshqglqj rq JGS jurzwk1 Wdeoh 7 suhvhqwv wkh
uhvxowv ri wkh hvwlpdwlrq ri wkh iroorzlqj jhqhudol}dwlrq ri +8,/

g\ +w,@gw

\ +w,
@ � Ñ L+w,

\ +w,
. ! Ñ gO+w,@gw

O+w,

O+w,

\ +w,
. ' Ñ gG+w,@gw

G+w,

G+w,

\ +w,
. � Ñ gG+w,@gw

G+w,
+9,

zkhuh l @ 4> 5 vwdqgv iru wkh uhjlph wkdw lv dfwlyh/ dqg ghshqgv rq wkh
devroxwh ydoxh ri uhdo plolwdu| vshqglqj dv lq +6,1

Wkh olqhdulw| whvw uhmhfwv wkh qxoo ri qr wkuhvkrog vwurqjo| +s0ydoxh @ 3133;,/
dqg qrz wkh h{whuqdolw| h�hfw dsshduv vljql�fdqw dqg srvlwlyh iru wkh uhjlph
ehorz wkh wkuhvkrog dqg qhjdwlyh dqg vljql�fdqw iru wkh uhjlph fruuhvsrqglqj
wr ghihqvh h{shqglwxuh ryhu wkh wkuhvkrog1 Wkh wkuhvkrog sdudphwhu/ �/ lv hvwl0
pdwhg wr eh 549157 eloolrq 4<<; X1V1 Grooduv/ dqg wkh <8( frq�ghqfh lqwhuydo
iru � lqfoxghv wkh ydoxh ri � hvwlpdwhg iru vshfl�fdwlrq +5,�+6, deryh1 î Wkh
qrqolqhdu vshfl�fdwlrq grhv qrw suhvhqw vljql�fdqw ghyldwlrqv iurp zklwhqhvv lq
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wkh uhvlgxdov +wkh Mdutxh0Ehud vwdwlvwlf lv 51334,/ dqg lqfuhdvhv wkh shufhqwdjh
ri h{sodlqhg yduldqfh e| dssur{lpdwho| 6 shufhqwdjh srlqwv zlwk uhvshfw wr wkh
ROV dowhuqdwlyh1 Zkloh wkhuh lv vrph zhdn hylghqfh ri d surgxfwlylw| gl�huhq0
wldo ehwzhhq wkh flylo dqg plolwdu| vhfwru iru uhodwlyho| orzhu ydoxhv ri ghihqvh
vshqglqj/ wkh hylghqfh glvdsshduv lq wkh xsshu uhjlph1 Wkh h{whuqdolw| h�hfw
dsshduv srvlwlyh dqg vljql�fdqw lq wkh �orz ghihqvh vshqglqj� uhjlph dqg qhj0
dwlyh dqg vljql�fdqw lq wkh �kljk ghihqvh vshqglqj� uhjlph1 Ixuwkhupruh/ wkh
sduwldo fruuhodwlrq lv qrw vljql�fdqwo| gl�huhqw lq devroxwh ydoxh dfurvv uhjlphv1
Wkh furzglqj0rxw h�hfw wkxv vhhpv wr eh uhohydqw iru kljkhu +zlwk uhvshfw wr wkh
hvwlpdwhg wkuhvkrog, ohyhov ri ghihqvh vshqglqj/ dqg lw lv ryhufrph e| d srvlwlyh/
jurzwk0surprwlqj h�hfw lq orzhu ohyhov1

Wkh uhvxowv vkrzlqj d qhjdwlyh vl}h h�hfw ri ghihqvh vshqglqj rq JGS jurzwk
lq wkh orzhu uhjlph/ wrjhwkhu zlwk d srvlwlyh h{whuqdolw| h�hfw/ fruuhvsrqg wr
wkh �qglqjv ri h1j1 Zdug dqg Gdylv +4<<5,1 Krzhyhu/ wkh +vljql�fdqw, qrq0
olqhdu vshfl�fdwlrq jlyhv d pruh jhqhudo fkdudfwhul}dwlrq ri wkh uhodwlrqvkls/ dv
lw doorzv lq d uhodwlyho| vlpsoh pdqqhu wr dffrxqw iru ohyho0ghshqghqw vl}h dqg
h{whuqdolw| h�hfwv1 Rxu uhvxowv lqglfdwh wkdw wkh vl}h h�hfw glvdsshduv lq wkh
uhjlph zlwk kljk ghihqvh h{shqglwxuh dqg wkh h{whuqdolw| h�hfw uhyhuwv lwv vljq/
wkxv uhvxowlqj lq d jurzwk0kdpshulqj h�hfw ri vxevhtxhqw lqfuhdvhv ri plolwdu|
vshqglqj1

Wkh txhvwlrq dulvhv zk| ghihqvh vshqglqj lv hpslulfdoo| irxqg wr kdyh d srv0
lwlyh jurzwk h�hfw xqghu d fhuwdlq wkuhvkrog +lq erwk prghov, dqg qr vljql�fdqw
ru hyhq d qhjdwlyh lpsdfw ryhu wkdw wkuhvkrog +qrwzlwkvwdqglqj wkh qhjdwlyh dqg
vljql�fdqw �vl}h h�hfw� ri ghihqvh xqghu wkh wkuhvkrog lq wkh vhfwrudo prgho,1
Rqh srvvleoh h{sodqdwlrq lv wkdw xs wr d fhuwdlq dprxqw ri ghihqvh vshqglqj/
edvlf h{whuqdolwlhv vxfk dv lqiudvwuxfwxudo lqyhvwphqw/ qhz whfkqrorjlhv ru kx0
pdq fdslwdo irupdwlrq ryhufrph wkh srwhqwldo furzglqj0rxw h�hfw1 Zkhq wkhvh
qhhgv duh vdwlv�hg/ wkh ghihqvh vhfwru pd| fduu| rxw lqyhvwphqw zklfk lv udwkhu
xqsurgxfwlyh dqg dw ehvw zloo kdyh qr h�hfw rq wkh surgxfwlrq ri wkh flyloldq
vhfwru ru/ dv rxu hvwlpdwlrqv vkrz/ frxog hyhq kdpshu jurzwk1 ô

Rxu uhvxowv ri d qrqolqhdu uhodwlrqvkls ehwzhhq ghihqvh dqg jurzwk lq wkh
vhqvh ri d srvlwlyh uhodwlrqvkls xs wr d fhuwdlq ohyho zklfk wkhq uhyhuwv lv frq0
�uphg e| wkh wkhruhwlfdo sdshuv vxfk dv Eduur +4<<3, dqg Vohpurg +4<<8,1
Wklv vwudqg ri olwhudwxuh ghdov zlwk jurzwk h�hfwv ri �vfdo srolf| +zklfk fdq eh
xqghuvwrrg/ dprqjvw rwkhuv/ dv ghihqvh h{shqglwxuhv, dqg srvwxodwhv wkdw dq
hfrqrp|*v jurzwk udwh lqlwldoo| ulvhv zlwk wkh udwlr ri jrhyuqphqw h{shqglwxuhv/
exw wkh udwh hyhqwxdoo| uhdfkhv d shdn dqg vxevhtxhqwo| ghfolqhv1
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7 Frqfoxvlrqv dqg Ixuwkhu Sdwkv ri Uhvhdufk

Wkh vwxg| shuiruphg frqvlghuhg wkh srvvlelolw| ri d qrqolqhdu h�hfw ri plolwdu|
vshqglqj rq jurzwk1 Xvlqj orqjlwxglqdo gdwd iru wkh X1V1 hfrqrp|/ wkh sdshu
suhvhqwv hylghqfh ri d ohyho0ghshqghqw h�hfw ri ghihqvh h{shqglwxuh rq hfrqrplf
jurzwk1 Doorzlqj iru d qrqolqhdu h�hfw ri ghihqvh vshqglqj rq jurzwk vkhgv d
qhz oljkw rq wkh h{sodqdwlrq ri wkh fkdudfwhulvwlfv ri wkh ghihqvh0jurzwk olqn/
dv zhoo dv rq wkh txdqwl�fdwlrq dqg qdwxuh ri wkh h{whuqdolw| h�hfw ri plolwdu|
h{shqglwxuh1 Wkh uhvxowv edvhg rq wkh qrqolqhdu jhqhudol}dwlrq lqglfdwh wkdw
zkloh wkhuh lv d srvlwlyh h{whuqdolw| h�hfw dqg d qhjdwlyh vl}h h�hfw iru orz ohy0
hov +uhodwlyh wr wkh hvwlpdwhg wkuhvkrog, ri ghihqvh vshqglqj/ iru kljk ohyhov wkh
h{whuqdolw| h�hfw uhyhuwv lwv vljq dqg wkh vl}h h�hfw glvdsshduv1 Wkh srolwlfdo
glvfxvvlrq rq wkh h�hfw ri ghihqvh h{shqglwxuh fxwwlqj pd| dovr ehqh�w iurp
wdnlqj lqwr dffrxqw iru vxfk qrqolqhdulwlhv vxfk dv wkh rqhv prghohg lq wklv
vwxg|1

Wkh txdqwlwdwlyh uhvxowv rewdlqhg xvlqj olqhdu phwkrgv whqg wr vkrz h{fox0
vlyho| rqh glvwruwhg �vlgh ri wkh frlq� ri wkh ghihqvh0jurzwk qh{xv1 Jlyhq wkdw
wkh gdwd vwurqjo| uhmhfw wkh olqhdu vshfl�fdwlrq/ wdnlqj lqwr dffrxqw wkh qrqxql0
irup h�hfw ri ghihqvh vshqglqj rq JGS jurzwk dqg dssurdfklqj wkh sureohp
xvlqj qrqolqhdu phwkrgv vhhpv wr eh d jhqhudol}hg slhfh ri dgylfh iru ixwxuh
uhvhdufk rq wkh wrslf1

Ixuwkhu sdwkv ri uhvhdufk lqfoxgh whvwlqj iru qrqolqhdulw| lq wkh ghihqvh
vshqglqj0jurzwk olqn xvlqj d furvv0frxqwu| sdqho gdwd vhwwlqj wr dvvhvv wkh xql0
yhuvdolw| ri wkh qrqolqhdu h�hfwv ri ghihqvh h{shqglwxuh rq jurzwk/ dqg dffrxqw0
lqj iru vxfk ghsduwxuhv ri wkh olqhdulw| k|srwkhvlv lq uhvhdufk rqplfur0irxqgdwhg
prghov wkdw dvvhvv wkh h�hfw ri ghihqvh vshqglqj rq wkh flylo hfrqrp|1 Zkloh
wklv vwxg| kdv rqo| frqvlghuhg djjuhjdwhg ohyhov ri plolwdu| vshqglqj/ wkh qdwxuh
ri wkh srwhqwldo qrqolqhdulw| frxog eh ehwwhu xqghuvwrrg li glvdjjuhjdwhg gdwd
rq wkh �qdo xvh ri plolwdu| h{shqglwxuh zhuh hpsor|hg1
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Uhihuhqfhv

^4` Dgdpv/ J1/ dqg G1 Jrog +4<;:,/ Ghihqvh vshqglqj dqg wkh hfrqrp|= Grhv
wkh Groodu pdnh d gl�huhqfhB Zdvklqjwrq/ G1F= Ghihqvh Exgjhw Surmhfw1

^5` Dqguhzv/ G1/ dqg Z1 Sorehujhu +4<<7,/ Rswlpdo whvwv zkhq d qxlvdqfh
sdudphwhu lv suhvhqw rqo| xqghu wkh dowhuqdwlyh1 Hfrqrphwulfd 95= 46;60
47471

^6` Dwhvrjox/ K1 V1 +5335,/ Ghihqvh vshqglqj surprwhv djjuhjdwh rxwsxw lq wkh
Xqlwhg Vwdwhv � Hylghqfh iurp frlqwhjudwlrq dqdo|vlv1 Ghihqfh dqg Shdfh
Hfrqrplfv 46= 880931

^7` Dwhvrjox/ K1 V1/ dqg P1 M1 Pxoohu +4<<3,/ Ghihqfh vshqglqj dqg hfrqrplf
jurzwk1 Ghihqfh Hfrqrplfv 5= 4<05:1

^8` Edodvvd/ E1 +4<:;,/ H{sruwv dqg hfrqrplf jurzwk= Ixuwkhu hylghqfh1 Mrxu0
qdo ri Ghyhorsphqw Hfrqrplfv 8= 4;40;<1

^9` Eduur/ U1 M1 +4<<3,/ Jryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hqgrjh0
qrxv Jurzwk/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ V436�V4581Rxu

^:` Ehqrlw/ H1 +4<:6,/ Ghihqvh dqg hfrqrplf jurzwk lq ghyhorslqj frxqwulhv1
Oh{lqjwrq/ PD= Oh{lqjwrq Errnv1

^;` Elvzdv/ E1/ dqg U1 Udp +4<;9,/ Plolwdu| h{shqglwxuhv dqg hfrqrplf jurzwk
lq OGFv= Dq dxjphqwhg prgho dqg ixuwkhu hylghqfh1 Hfrqrplf Ghyhors0
phqw dqg Fxowxudo Fkdqjh 67/ 6940:51

^<` Fhqwhu iru Ghihqvh Lqirupdwlrq +5335,/ Wkh �vfdo |hdu 5336 glvfuh0
wlrqdu| exgjhw uhtxhvw ^rqolqh`1 Dydlodeoh iurp Zruog Zlgh Zhe=
+kwws=22zzz1fgl1ruj2lvvxhv2exgjhw2 I\36Glvfuhwlrqdu|0su1fip,1

^43` Ghjhu/ V1 +4<;9,/ Hfrqrplf ghyhorsphqw dqg ghihqvh h{shqglwxuh1 Hfr0
qrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh 68= 4:<0<91

^44` Ghjhu/ V1 +4<<8,/ Plolwdu| h{shqglwxuhv dqg ghyhorslqj frxqwulhv1 Lq Kdqg0
errn ri Ghihqvh Hfrqrplfv Yroxph 4/ hglwhg e| N1 Kduwoh| dqg W1 Vdqgohu/
5:8063:1 Dpvwhugdp/ R{irug= Hovhylhu1

^45` Gxqqh/ S1/ dqg U1 Vplwk +4<;9,/ Plolwdu| h{shqglwxuh dqg xqhpsor|phqw
lq wkh RHFG1 Ghihqfh Hfrqrplfv 4= 8:0:61

^46` Ihghu/ J1 +4<;6,/ Rq h{sruwv dqg hfrqrplf jurzwk1 Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv 45= 8<0:61

^47` Jdoeudlwk/ M1 N1 +4<<7,/ D mrxuqh| wkurxjk hfrqrplf wlph1 Ervwrq/ PD=
Krxjkwrq Pl"lq1

^48` Kdqvhq/ E1 +4<<9,/ Lqihuhqfh zkhq d qxlvdqfh sdudphwhu lv qrw lghqwl�hg
xqghu wkh qxoo k|srwkhvlv1 Hfrqrphwulfd 97= 7460631
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^49` Kdqvhq/ E1 +5333,/ Vdpsoh vsolwwlqj dqg wkuhvkrog hvwlpdwlrq1 Hfrqrphw0
ulfd 9;= 8:80936 1

^4:` Krrnhu/ P1 D1/ dqg P1 P1 Nqhwwhu +4<<:,/ Wkh h�hfwv ri plolwdu| vshqglqj
rq hfrqrplf dfwlylw|= Hylghqfh iurp vwdwh surfxuhphqw vshqglqj1 Mrxuqdo
ri Prqh|/ Fuhglw/ dqg Edqnlqj 5<= 7330541

^4;` Kxdqj/ F1/ dqg D1 Plqw} +4<<3,/ Ulgjh uhjuhvvlrq dqdo|vlv ri wkh ghihqfh0
jurzwk wudghr� lq wkh Xqlwhg Vwdwhv1 Ghihqfh Hfrqrplfv 5= 5<06:1

^4<` Kxdqj/ F1/ dqg D1 Plqw} +4<<4,/ Ghihqfh h{shqglwxuhv dqg hfrqrplf
jurzwk= Wkh h{whuqdolw| h�hfw1 Ghihqfh Hfrqrplfv 6= 680731

^53` Nlqvhood/ G1 +4<<3,/ Ghihqvh vshqglqj dqg hfrqrplf shuirupdqfh lq wkh
Xqlwhg Vwdwhv= D fdxvdo dqdo|vlv1 Ghihqfh Hfrqrplfv 4= 5<8063<1

^54` Plqw}/ D1/ dqg F1 Kxdqj +4<<3,/ Ghihqvh h{shqglwxuh/ hfrqrplf jurzwk
dqg wkh shdfh glylghqg1 Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;7= 45;60<61

^55` Pxoohu/ P1 M1/ dqg K1 V1 Dwhvrjox +4<<6,/ Ghihqvh vshqglqj/ whfkqrorjlfdo
fkdqjh dqg hfrqrplf jurzwk lq wkh Xqlwhg Vwdwhv1 Ghihqfh Hfrqrplfv 7=
58<09<1

^56` Vplwk/ U1 +4<::,/ Plolwdu| h{shqglwxuhv dqg fdslwdolvp1 Fdpeulgjh Mrxuqdo
ri Hfrqrplfv 424<::= 940:91

^57` Vohpurg/ M1 +4<<8,/ Zkdw Gr Furvv0Frxqwu| Vwxglhv Whdfk Derxw Jryhuq0
phqw Lqyroyhphqw/ Survshulw|/ dqg Hfrqrplf JurzwkB/ Eurrnlqjv Sdshuv
rq Hfrqrplf Dfwlylw| 5/ 6:6�7641

^58` Vrorz/ U1 P1 +4<89,/ D frqwulexwlrq wr wkh wkhru| ri hfrqrplf jurzwk1
Txduwhuo| Mrxuqdo ri Hfrqrplfv :3= 980<71

^59` Vslqqh|/ I1 F1 +4<<9,/ Ghihqvh vshqglqj wlph erpe1 Fkdoohqjh= Wkh Pdj0
d}lqh ri Hfrqrplf D�dluv Mxo|0Dxjxvw= 560661

^5:` Zdug/ P1 G1/ dqg G1 U1 Gdylv +4<<5,/ Vl}lqj xs wkh shdfh glylghqg= Hfr0
qrplf jurzwk dqg plolwdu| vshqglqj lq wkh Xqlwhg Vwdwhv 4<7;04<<91 Dphu0
lfdq Srolwlfdo Vflhqfh Uhylhz ;9= :7;0881
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