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41 Lqwurgxfwlrq

Dv qrwhg e| Mrqxqj +5333/ s1 6,/ �Wkh vwdelolvdwlrq srolf| uhfrug ri Vzhghq gxulqj
wkh shulrg 4<:304<<8 lv xqltxh1 Qr rwkhu RHFG0frxqwu| h{shulphqwhg zlwk dv
pdq| srolf| vzlwfkhv ru srolf| uhyhuvdov dv Vzhghq ru glg lw vr gudvwlfdoo|1� Gxulqj
wklv shulrg/ wkhuh zhuh qr uhvwulfwlrqv rq wkh exgjhw srolf|/ dqg wkh Vzhglvk exgjhw
edodqfh glvsod|hg wkh odujhvw yrodwlolw| ri doo wkh RHFG frxqwulhv1 Wkhuh zhuh
vhyhudo h{dpsohv ri h{wuhph �wljkwhq dqg orrvhq wkh ehow� srolflhv1 Iru lqvwdqfh/
wkh odwh 4<:3v zdv fkdudfwhul}hg e| gudvwlfdoo| jurzlqj exgjhw gh�flwv dv d uhvxow
ri dq h{sdqvlrqdu| �vfdo srolf| dlphg dw �eulgjlqj ryhu� wkh hfrqrplf grzqwxuq
wkdw iroorzhg iurp wkh �uvw rlo sulfh vkrfn1 E| frqwudvw/ lq wkh odwh 4<;3v/ iroorzlqj
d shulrg ri kljk jurzwk dqg �vfdo frqvrolgdwlrq/ wkh jryhuqphqw udq odujh exgjhw
vxusoxvhv1 Lq idfw/ hdfk |hdu gxulqj wkh shulrg 4<;:0;</ wkh jryhuqphqw kdg rqh
ri wkh odujhvw exgjhw vxusoxvhv lq wkh RHFG1 Exw wkhq/ rqfh djdlq/ wkh vlwxdwlrq
fkdqjhg gudvwlfdoo|1 Lq wkh hduo| 4<<3v/ d vhyhuh hfrqrplf fulvlv dqg d pdmru wd{
uhirup uhvxowhg lq jurzlqj exgjhw gh�flwv/ dqg lq 4<<6/ wkh fhqwudo jryhuqphqw
glvsod|hg lwv odujhvw exgjhw gh�flw hyhu1 Lq mxvw irxu |hduv/ Vzhghq zhqw iurp kdylqj
wkh RHFG*v vwurqjhvw jryhuqphqw �qdqfhv wr kdylqj wkh zhdnhvw1 Wkh Vzhglvk
jryhuqphqw wkhq dgrswhg rqh ri wkh vwulfwhvw surjudpv ri �vfdo frqvrolgdwlrq lq wkh
RHFG1 Mxvw d ihz |hduv odwhu/ wkh exgjhw zdv edfn lqwr d vxusoxv zkhuh lw uhpdlqhg
iru wkh uhvw ri wkh 4<<3v1

Wkh sxusrvh ri wklv sdshu lv wr sursrvh d jhqhudol}dwlrq ri Eduur*v +4<:<, wd{
vprrwklqj k|srwkhvlv +WVK, dqg wkhq hpslulfdoo| whvw zkhwkhu lw fdq h{sodlq wkh
vkliwv lq wkh Vzhglvk fhqwudo jryhuqphqw*v exgjhw edodqfh gxulqj uhfhqw ghfdghv1
Dffruglqj wr wkh WVK/ lw fdq eh rswlpdo iru d jryhuqphqw wr uxq exgjhw vxusoxvhv
dv zhoo dv gh�flwv dv orqj dv wkh| duh mxvwl�hg e| ixwxuh h{shfwdwlrqv ri fkdqjhv lq
jryhuqphqw h{shqglwxuh1 Lq lwv edvlf irup/ wkh WVK lpsolhv wkdw zkhq d jryhuqphqw
h{shfwv d ixwxuh lqfuhdvh lq lwv h{shqglwxuh/ lw lqfuhdvhv wkh wd{ udwh wrgd| dqg uxqv
d exgjhw vxusoxv1 Frqyhuvho|/ zkhq wkh jryhuqphqw h{shfwv d ixwxuh ghfuhdvh lq
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h{shqglwxuh/ lw orzhuv wkh wd{ udwh wrgd| dqg uxqv d exgjhw gh�flw1 Wkh udwlrqdoh
iru wklv ehkdylru lv wkdw wkh jryhuqphqw zlvkhv wr vprrwk wkh wd{ udwh ryhu wlph
lq rughu wr plqlpl}h wkh lpsolhg glvwruwlrqdu| zhoiduh frvwv iurp wd{dwlrq1 Dv d
frqvhtxhqfh/ zkhq wkh WVK lv wuxh/ wkh h{shfwhg wd{ udwh lv frqvwdqw ryhu wlph/ ru/
sxw lq pruh irupdo whupv/ wkh wd{ udwh iroorzv d pduwlqjdoh1

Kxdqj dqg Olq +4<<6, dqg Jkrvk +4<<8, gudz rq uhvhdufk grqh e| Fdpsehoo
+4<;:, dqg Fdpsehoo dqg Vkloohu +4<;:, lq rughu wr h{soruh d xvhixo surshuw| ri wkh
WVK= E| phdqv ri d yhfwru dxwruhjuhvvlrq +YDU, iru jryhuqphqw h{shqglwxuh dqg
wkh exgjhw vxusoxv/ lw lv srvvleoh wr fdofxodwh d suhglfwhg wlph sdwk ri wkh exgjhw
vxusoxv wkdw/ jlyhq wkh ydolglw| ri wkh WVK/ lv rswlpdo iru wkh jryhuqphqw wr sxuvxh1
Wkh rswlpdo exgjhw vxusoxv wlph vhulhv fdq wkhq eh frpsduhg wr wkh dfwxdo exgjhw
vxusoxv wlph vhulhv lq rughu wr ylvxdoo| hydoxdwh wkh �w dqg wkh hfrqrplf vljql�fdqfh
ri wkh prgho1 Li wkh prgho lv wuxh/ wkh wzr vhulhv vkrxog eh lghqwlfdo1 Lq dgglwlrq/
wkh wkhruhwlfdo surshuwlhv ri wkh WVK wudqvodwh lqwr furvv0htxdwlrq uhvwulfwlrqv rq
wkh YDU/ dqg vwdqgdug vwdwlvwlfdo whvwlqj lv wkhuhiruh hdvlo| lpsohphqwhg wr irupdoo|
whvw wkh ydolglw| ri wkh k|srwkhvlv1

Hpslulfdo hylghqfh iru wkh WVK lv pl{hg1 Kxdqj dqg Olq +4<<6, dsso| d orj0
olqhdu yhuvlrq ri wkh prgho wr wkh Xqlwhg Vwdwhv iru wkh shulrg 4<5<0;;1 Iru wkh
ixoo vdpsoh shulrg/ wkh WVK lv uhmhfwhg/ exw lw lv qrw uhmhfwhg iru wkh shulrg 4<7:0
;;1 � Jkrvk +4<<8, dssolhv wkh prgho wr Fdqdgd dqg wkh Xqlwhg Vwdwhv iru wkh
shulrgv 4<950;; dqg 4<940;; uhvshfwlyho|/ dqg wkh WVK fdqqrw eh uhmhfwhg iru hlwkhu
frxqwu|1 Rohndoqv +4<<:, uhmhfwv wkh WVK zkhq dssolhg wr Dxvwudoldq gdwd iru wkh
shulrg 4<97298 wr 4<<72<81 Wkh WVK kdv dovr ehhq dssolhg wr d frxsoh ri ghyhorslqj
frxqwulhv lq Dvld +vhh Fdvklq hw do1/ 4<<;/ 4<<<,/ dqg khuh dovr/ hylghqfh lv pl{hg1 �

D vwulnlqj ihdwxuh ri wkh WVK lv wkdw lw lpsolflwo| dvvxphv wkdw wkh jryhuqphqw*v
� Dffruglqj wr Kxdqj dqg Olq/ wkh uhmhfwlrq iru wkh ixoo vdpsoh shulrg lv gxh wr vkdus gl�huhqfhv
lq wkh vwdwlvwlfdo surshuwlhv ri wkh gdwd udwkhu wkdq wkh lqydolglw| ri wkh k|srwkhvlv lwvhoi1� Wkh vdph jrhv iru vhyhudo vwxglhv rq X1V1 gdwd/ lqfoxglqj Eduur +4<;4, dqg Vdkdvdnxo +4<;9,/
wkdw/ lq frqwudvw wr wkh YDU dssurdfk/ whvw wkh WVK e| hydoxdwlqj wkh pduwlqjdoh surshuw| ri wkh
wd{ udwh1
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exgjhw srolf| lv dozd|v vxemhfw wr dq �rswlpdo� ghjuhh ri glvfuhwlrq/ l1h1/ rswlpdo lq
wkh vhqvh wkdw wkh zhoiduh frvwv iurp wd{dwlrq duh plqlpl}hg1 Exw jlyhq wkh qdwxuh ri
wkh exgjhw0pdnlqj surfhvv/ lw lv gl!fxow wr lpdjlqh wkdw wklv dvvxpswlrq jhqhudoo|
krogv1 Lw lv riwhq dujxhg wkdw qrw rqo| h{shfwdwlrqv derxw ixwxuh jryhuqphqw h{0
shqglwxuh/ exw dovr srolwlfr0lqvwlwxwlrqdo idfwruv vxfk dv exgjhwdu| lqvwlwxwlrqv dqg
exgjhw odzv/ duh fuxfldo wr xqghuvwdqglqj exgjhw gh�flwv dqg �vfdo srolf| +Dohvlqd
dqg Shurwwl/ 4<<8,1 Iru lqvwdqfh/ Rohndoqv +4<<:, �qgv wkdw wkh dfwxdo Dxvwudoldq
exgjhw vxusoxv  xfwxdwhv pruh wkdq lwv rswlpdo frxqwhusduw dqg dujxhv wkdw ��vfdo
srolf| kdv ehhq wrr yrodwloh wr eh frqvlvwhqw zlwk rswlpdo wd{ vprrwklqj1� Krzhyhu/
lq jhqhudo/ ehfdxvh wkh prgho lpsolhv wkdw vhyhudo k|srwkhvhv duh whvwhg mrlqwo|/ lw lv
qrw srvvleoh wr dwwulexwh prgho idloxuh vshfl�fdoo| wr wkh ghyldwlrq iurp wkh rswlpdo
ghjuhh ri glvfuhwlrq zlwkrxw kdylqj uhod{hg wklv dvvxpswlrq lq wkh �uvw sodfh1

Wr ryhufrph wklv vkruwfrplqj/ wklv sdshu sursrvhv d jhqhudol}dwlrq ri wkh WVK
wkdw doorzv iru ghjuhhv ri glvfuhwlrq lq exgjhw srolf| wkdw fdq gl�hu iurp wkh gh0
juhh wkdw lv rswlpdo dffruglqj wr wkh WVK1 Dv vxfk/ wkh sursrvhg jhqhudol}hg wd{
vprrwklqj k|srwkhvlv +JWVK, vkrxog eh uhjdughg dv d vshfl�f dowhuqdwlyh wr wkh
WVK1 � Lw lv dvvxphg wkdw d vshfl�f ghjuhh ri glvfuhwlrq lq exgjhw srolf| wudqvodwhv
lqwr d vshfl�f frqvwudlqw rq wkh jryhuqphqw*v eruurzlqj dqg ohqglqj fdsdelolwlhv1
Wkh frqvwudlqw fdq hlwkhu eh vwulfwhu ru vriwhu wkdq wkh frqvwudlqw wkdw fruuhvsrqgv
wr wkh ghjuhh ri eruurzlqj dqg ohqglqj wkdw lv rswlpdo dffruglqj wr wkh WVK1 D jry0
huqphqw wkdw lv uhvwulfwhg wr vwlfnlqj yhu| forvho| wr d edodqfhg exgjhw uxoh grhv qrw
kdyh pxfk glvfuhwlrq lq exgjhw srolf|/ l1h1/ lw lv uhvwulfwhg lq lwv eruurzlqj dqg ohqg0
lqj1 E| frqwudvw/ d jryhuqphqw zlwk pxfk glvfuhwlrq lq exgjhw srolf| fdq xvxdoo|
eruurz dqg ohqg zlwk ihz uhvwulfwlrqv/ dqg fdq wkhuhiruh ghyldwh iurp wkh edodqfhg
exgjhw uxoh wr dq| h{whqw wkdw lw zlvkhv1 Krzhyhu/ pdlqwdlqlqj wkh dvvxpswlrq ri
dw ohdvw vrph ghjuhh ri wd{ vprrwklqj ehkdylru lpsolhv wkdw iru d jryhuqphqw zlwk
pxfk glvfuhwlrq/ wkhuh zloo eh qr eldv wrzdug ohwwlqj d exgjhw gh�flw jurz iruhyhu1
� Wkh lqvsludwlrq iru wkh JWVK lv gudzq iurp Iodylq +4<<6, zkr dssolhv wkh dqdorjrxv jhqhudo0
l}dwlrq wr wkh wkhru| ri lqglylgxdo frqvxpswlrq vprrwklqj ehkdylru1
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Pruh vshfl�fdoo|/ uhjdugohvv ri wkh ghjuhh ri glvfuhwlrq/ xqghu wkh dvvxpswlrq ri wd{
vprrwklqj ehkdylru/ exgjhw srolf| lpsolhv d v|pphwulfdo ylhz ri wkh exgjhw edo0
dqfh1 Iru lqvwdqfh/ mxvw dv d uhodwlyho| glvfuhwlrqdu| exgjhw srolf| lpsolhv d odujh
exgjhw gh�flw zkhq jryhuqphqw h{shqglwxuh lv h{shfwhg wr idoo/ lw dovr lpsolhv d
�wljkwhq wkh ehow� srolf| dqg d odujh exgjhw vxusoxv zkhq h{shqglwxuh lv h{shfwhg
wr ulvh1

Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghulyhv vrph edvlf uhvxowv ri wkh WVK
dqg wkhq vkrzv krz wkh prgho fdq eh jhqhudol}hg lq d zd| wkdw doorzv iru ghjuhhv ri
glvfuhwlrq lq exgjhw srolf| wkdw fdq gl�hu iurp wkh ghjuhh wkdw lv rswlpdo dffruglqj
wr wkh WVK/ l1h1/ wkh JWVK1 Lq Vhfwlrq 6/ wkh hpslulfdo phwkrg iru hydoxdwlqj wkh
prgho lv rxwolqhg1 Vhfwlrq 7 whvwv wkh WVK dqg wkh JWVK rq Vzhglvk fhqwudo
jryhuqphqw gdwd iru wkh shulrgv 4<850<< dqg 4<:30<91 Vzhghq dsshduv wr eh dq
lghdo fdqglgdwh iru frpsdulqj wkh WVK wr wkh JWVK1 D vwurqj Nh|qhvldq wudglwlrq
kdv uhvxowhg lq pdq| dydlodeoh srolf| lqvwuxphqwv zkhq lpsohphqwlqj �vfdo srolf|/
hvshfldoo| ehiruh wkh exgjhw odz wkdw wrrn h�hfw lq 4<<:1 Ixuwkhupruh/ vr idu wkhuh
dsshduv wr eh qr vwxg| wkdw kdv whvwhg dq hfrqrplf k|srwkhvlv hpslulfdoo| lq rughu
wr wu| wr h{sodlq wkh vkliwv lq Vzhghq*v exgjhw edodqfh gxulqj wkh sdvw ghfdghv1 �

Wkh hpslulfdo uhvxowv suhvhqwhg lq Vhfwlrq 7 lqglfdwh wkdw iru wkh ixoo shulrg 4<850
<</ lw lv qrw srvvleoh wr vwdwlvwlfdoo| glvwlqjxlvk wkh JWVK iurp wkh WVK1 Krzhyhu/
iru wkh vxeshulrg 4<:30<9/ wkh WVK lv uhmhfwhg zkloh wkh JWVK lv qrw1 Ylvxdoo|/
iru erwk vdpsoh shulrgv/ wkh prgho zkhq wkh JWVK lv dvvxphg surylghv forvh wr d
shuihfw �w dv wkh suhglfwhg dqg dfwxdo sdwk ri wkh exgjhw vxusoxvhv doprvw dozd|v
frlqflgh1 Vhfwlrq 8 surylghv vrph frqfoxglqj uhpdunv1
	 Mrqxqj +4<<</ 5333, wulhv wr h{sodlq Vzhglvk vwdelol}dwlrq srolf| gxulqj wkh shulrg 4<:30<8 e|
ylhzlqj lw dv wkh uhvxow ri d ohduqlqj surfhvv dprqj wkh srolwlfldqv1 Kh dovr uhfrjql}hv wkdw wkh
wkhru| ri wd{ vprrwklqj fdq eh xvhg wr h{sodlq wkh exgjhw srolf| uhfrug ri Vzhghq gxulqj wkh
vdph shulrg/ exw kh xqghuwdnhv qr irupdo wkhruhwlfdo ru hpslulfdo dqdo|vlv wr yhuli| lw1 Kdqvvrq
dqg Kdqvvrq +5334, xvh Erkq*v +4<<;, iudphzrun dqg dqqxdo gdwd iru wkh shulrg 4;;804<<9 lq
rughu wr whvw zkhwkhu wkh ghew0wr0JGS udwlr lq Vzhghq dqg �yh rwkhu frxqwulhv lv vwdwlrqdu|1 Iru
Vzhghq/ lw lv rqo| zkhq wkh| doorz iru d vwuxfwxudo euhdn lq 4<:6 wkdw wkh ghew0wr0JGS udwlr lv
irxqg wr eh vwdwlrqdu|1 Wkh| dujxh wkdw wkhlu uhvxowv surylgh �prghvw hylghqfh lq idyru ri wkh
wd{0vprrwklqj k|srwkhvlv�1
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51 D jhqhudol}dwlrq ri wkh wd{ vprrwklqj k|srwkhvlv

Frqvlghu �uvw wkh edvlf yhuvlrq ri wkh WVK dv ghulyhg e| Jkrvk +4<<8,1 Wkh jry0
huqphqw idfhv wkh g|qdplf exgjhw frqvwudlqw

G 
��� ' E� n u�G 
 nJ 
 � � 
 \ 
 > +4,
zkhuh G 
 lv wkh vwrfn ri uhdo jryhuqphqw ghew> J 
 lv uhdo jryhuqphqw h{shqglwxuh>
� 
 lv wkh dyhudjh wd{ udwh> \ 
 lv uhdo rxwsxw> dqg u lv wkh �{hg uhdo lqwhuhvw udwh1
Li rxwsxw jurzv dw d �{hg udwh htxdo wr q/ wkh g|qdplf exgjhw frqvwudlqw fdq eh
h{suhvvhg dv

E� n q�g 
��� ' E� n u�g 
 n j 
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 > +5,
zkhuh hdfk orzhufdvh ohwwhu ghqrwhv wkh udwlr ri wkh fruuhvsrqglqj xsshufdvh ohwwhu
wr rxwsxw1 Lq wkh prgho wkdw iroorzv/ wkh udwlr ri jryhuqphqw h{shqglwxuh wr rxwsxw/
j 
 / lv dvvxphg wr eh h{rjhqrxvo| jlyhq1 Iru vlpsolflw|/ j 
 dqg g 
 duh khuhdiwhu uhihuuhg
wr dv jryhuqphqw h{shqglwxuh dqg ghew/ uhvshfwlyho|1 Lq d vwrfkdvwlf vhwwlqj/ wkh
lqwhuwhpsrudo exgjhw frqvwudlqw vwdwhv wkdw li d wudqvyhuvdolw| frqglwlrq rq ghew lv
lpsrvhg/ wkh vxp ri wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg jryhuqphqw h{shqgl0
wxuh dqg lqlwldo ghew pxvw htxdo wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg wd{ udwhv1
Wkdw lv/ vroylqj +5, iruzdug/ wdnlqj h{shfwdwlrqv dqg lpsrvlqj wkh wudqvyhuvdolw|
frqglwlrq
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zkhuh U ' Eu�q�@E�n q� lv wkh h�hfwlyh qhw lqwhuhvw udwh idfhg e| wkh jryhuqphqw
dqg H 
 ' HE�mL 
 � lv wkh h{shfwdwlrqv rshudwru/ frqglwlrqdo rq wkh jryhuqphqw*v
lqirupdwlrq vhw dw wlph w/ L 
 1
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Wkh ohy|lqj ri wd{hv lv dvvxphg wr lpsrvh glvwruwlrqdu| frvwv vxfk dv froohfwlrq
frvwv dqg ghdgzhljkw orvvhv lqfxuuhg zkhq lqglylgxdov vxevwlwxwh dzd| iurp pdunhw
zrun1 Dvvxplqj wkdw wkhvh frvwv duh sursruwlrqdo wr wkh vtxduh ri wkh wd{ udwh/ wkh
jryhuqphqw*v remhfwlyh ixqfwlrq lv

Y ' �E�@2�
�[
��� 


� ��� 
 H 
 � �� f ? � ? �> +8,
zkhuh � lv wkh jryhuqphqw*v vxemhfwlyh glvfrxqw udwh1 Wkh sureohp lv wkhq wr pd{0
lpl}h +8, vxemhfw wr +5, dqg +6,1 Dvvxplqj wkdw � ' �@E� n U�> wkh Hxohu htxdwlrq
lpsolhv wkdw iru dq| v A w>

H 
 � � ' � 
 > +9,
l1h1/ wkh wd{ udwh iroorzv d pduwlqjdoh/ ru vwdwhg ohvv irupdoo|/ d udqgrp zdon1 Wklv
lv d �uvw edvlf lpsolfdwlrq ri wkh WVK/ zklfk kdv ehhq whvwhg lq vhyhudo hpslulfdo
vwxglhv lqfoxglqj wkrvh e| Eduur +4<;4, dqg Vdkdvdnxo +4<;9,1

Dowkrxjk +9, qhdwo| fdswxuhv wkh qrwlrq ri wd{ vprrwklqj/ wkhuh duh vhyhudo
uhdvrqv iru jrlqj eh|rqg lw +Fdpsehoo/ 4<;:,1 Iluvw ri doo/ wkh udqgrp zdon ri wkh
wd{ udwh fdq eh wkh uhvxow ri d srolwlfdo surfhvv wkdw lv xquhodwhg wr wkh wd{ vprrwklqj
remhfwlyh1 Wkdw lv/ lw lv srvvleoh wkdw wkh wd{ udwh iroorzv d udqgrp zdon |hw grhv
qrw vdwlvi| wkh WVK1 Dqrwkhu uhdvrq lv wkdw lw lv gl!fxow wr dvvhvv wkh hfrqrplf
vljql�fdqfh ri d vwdwlvwlfdo uhmhfwlrq ri +9,1 D wklug uhdvrq lv wkdw wkhuh duh xvhixo
wlph vhulhv surshuwlhv wkdw duh qrw h{soruhg zkhq irfxvlqj vroho| rq +9,1 Wr ryhufrph
wkhvh vkruwfrplqjv/ Kxdqj dqg Olq +4<<6, dqg Jkrvk +4<<8,/ dprqj rwkhuv/ dsso|
Fdpsehoo*v +4<;:, dqg Fdpsehoo dqg Vkloohu*v +4<;:, YDU dssurdfk lq rughu wr
h{soruh dqg whvw doo wlph vhulhv lpsolfdwlrqv ri wkh WVK1 Lq vkruw/ wkh dssurdfk lv wr
irupxodwh wkh WVK dv d vwdwhphqw derxw wkh exgjhw vxusoxv/ dv lw wdnhv lqwr dffrxqw
wkh ixoo vwuxfwxuh ri wkh prgho/ dqg wkhq xvh d YDU iru jryhuqphqw h{shqglwxuh
dqg wkh exgjhw vxusoxv wr hydoxdwh wkh lpsolhg uhvwulfwlrqv1 Wkh vdph dssurdfk
lv xvhg lq wklv sdshu/ dqg lw doorzv xv wr dvvhvv erwk wkh vwdwlvwlfdo dqg hfrqrplf
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vljql�fdqfh ri wkh prgho1
Xvlqj +9, lq +7,/ wkh WVK fdq eh zulwwhq dv
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Dffruglqj wr +:,/ wkh rqo| pduwlqjdoh wkdw vdwlv�hv wkh WVK lv wkh pduwlqjdoh wkdw
vhwv wkh wd{ udwh h{dfwo| htxdo wr wkh dqqxlw| ydoxh ri wkh vxp ri jryhuqphqw ghew
dqg wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg jryhuqphqw h{shqglwxuh1 Wkxv/ wkh
uljkw kdqg vlgh ri +:, lv wkh frqvwdqw  rz ri h{shqglwxuh wkdw lv h{shfwhg wr vxvwdlq
iru wkh uhpdlqghu ri wkh jryhuqphqw*v wlph krul}rq/ l1h1/ lw lv wkh shupdqhqw jry0
huqphqw h{shqglwxuh/ j �
 1 Rswlpdo exgjhw srolf| zrxog wkhq lpso| wr dozd|v htxdo
wkh wd{ udwh wr shupdqhqw jryhuqphqw h{shqglwxuh1

Gh�qh wkh exgjhw vxusoxv dv vxu 
 ' E� n q�Eg 
 � g 
��� �= Wkh g|qdplf exgjhw
frqvwudlqw +5, fdq wkhq eh uhduudqjhg vxfk wkdw
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Diwhu vxevwlwxwlqj +:, lqwr wkh uljkw kdqg vlgh ri +;,/ wkh WVK fdq eh vwdwhg dv
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Htxdwlrq +<, vwdwhv wkdw zkhq wkh WVK lv wuxh/ rswlpdo exgjhw srolf| lpsolhv wkdw
wkh exgjhw vxusoxv lv dozd|v vhw wr htxdo wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg
fkdqjhv lq jryhuqphqw h{shqglwxuh1 Zkhqhyhu h{shqglwxuh lv h{shfwhg wr lqfuhdvh/
wkh jryhuqphqw uxqv d exgjhw vxusoxv/ l1h1/ lw vdyhv iru �d udlq| gd|� +Fdpsehoo/
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4<;:,1 Frqyhuvho|/ zkhq h{shqglwxuh lv h{shfwhg wr idoo/ wkh jryhuqphqw uxqv d
exgjhw gh�flw1

Xvlqj +<,/ wkh WVK fdq qrz eh uhvwdwhg dv
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 ' j ��� �
 n
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 {j � > +43,

zkhuh j ��� �
 lv wrwdo jryhuqphqw h{shqglwxuh/ l1h1/ wkh vxp ri fxuuhqw h{shqglwxuh/
j 
 / dqg wkh h�hfwlyh lqwhuhvw sd|phqw rq jryhuqphqw ghew/ Eu� q�g 
 1 Lq frqwudvw wr
+9, dqg +:,/ +43, h{solflwo| vkrzv wkdw zkhqhyhu jryhuqphqw h{shqglwxuh lv h{shfwhg
wr ulvh/ wkh wd{ udwh lqfuhdvhv deryh wrwdo jryhuqphqw h{shqglwxuh e| wkh dprxqw
wkh jryhuqphqw ohqgv/ l1h1/ e| wkh dprxqw ri wkh exgjhw vxusoxv1 Frqyhuvho|/ zkhq
jryhuqphqw h{shqglwxuh lv h{shfwhg wr idoo/ wkh wd{ udwh idoov ehorz wrwdo jryhuqphqw
h{shqglwxuh e| wkh dprxqw wkdw lv eruurzhg/ l1h1/ e| wkh dprxqw ri wkh exgjhw gh�flw1

Qrwh wkdw wkh exgjhw vxusoxv lv dozd|v vhw h{dfwo| htxdo wr wkh suhvhqw glvfrxqwhg
ydoxh ri h{shfwhg fkdqjhv lq jryhuqphqw h{shqglwxuh1 Dv +9, vkrzv/ wklv lv wkh
dprxqw qhhghg wr vprrwk wkh wd{ udwh shuihfwo| dqg/ dffruglqjo|/ lw lv wkh dprxqw
wkdw plqlpl}hv wkh glvwruwlrqdu| zhoiduh frvwv iurp wd{dwlrq1 Krzhyhu/ d pruh
jhqhudo dqg uhdolvwlf wd{ vhwwlqj vfkhph zrxog eh rqh wkdw uh hfwv wkh xqghuo|lqj
zlvk ri wkh jryhuqphqw wr vprrwk wkh wd{ udwh dqg dw wkh vdph wlph dovr uhfrjql}hv
wkdw/ jlyhq wkh qdwxuh ri wkh exgjhw pdnlqj surfhvv/ wkh jryhuqphqw pd| eh vxemhfw
wr d ghjuhh ri glvfuhwlrq lq exgjhw srolf| wkdw gl�huv iurp wkh ghjuhh wkdw lv rswlpdo
dffruglqj wr wkh WVK1 Lw vhhpv qdwxudo wr dvvxph wkdw d vshfl�f ghjuhh ri glvfuhwlrq
lq exgjhw srolf| wudqvodwhv lqwr d vshfl�f frqvwudlqw rq wkh jryhuqphqw*v eruurzlqj
dqg ohqglqj fdsdelolwlhv1 Wkh frqvwudlqw fdq hlwkhu eh vwulfwhu ru vriwhu wkdq wkh
frqvwudlqw wkdw fruuhvsrqgv wr wkh WVK rswlpdo ghjuhh ri eruurzlqj dqg ohqglqj1 !
" Dv Dohvlqd dqg Shurwwl +4<<8, srlqw rxw/ zkhq frqvlghulqj zkhwkhu wr olplw d jryhuqphqw*v
ghjuhh ri glvfuhwlrq lq exgjhw srolf|/ rqh xvxdoo| frqvlghuv uhjxodwlrqv wkdw olplw wkh delolw| wr
uxq exgjhw gh�flwv1 Krzhyhu/ qrwh wkdw iru d wd{ vprrwklqj jryhuqphqw/ wkh rswlpdo frqvwudlqw
+uxoh, lv v|pphwulf lq wkh vhqvh wkdw wkh lqfolqdwlrq wr eruurz +dqg uxq d exgjhw gh�flw, zkhq dq
h{shfwhg fkdqjh lq h{shqglwxuh lv qhjdwlyh lv dv odujh dv wkh lqfolqdwlrq wr ohqg +dqg uxq d exgjhw
vxusoxv, zkhq wkh h{shfwhg fkdqjh lv srvlwlyh1 Pdlqwdlqlqj wkh dvvxpswlrq ri wd{ vprrwklqj
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Iru lqvwdqfh/ d jryhuqphqw wkdw kdv olwwoh glvfuhwlrq lq exgjhw srolf| fdqqrw eruurz
ru ohqg wkh ixoo dprxqw wkdw lv qhhghg lq rughu wr vprrwk wkh wd{ udwh shuihfwo|1 Sxw
gl�huhqwo|/ d jryhuqphqw wkdw pxvw vwlfn forvh wr d edodqfhg exgjhw uxoh lv vxemhfw
wr d uhodwlyho| vwulfw eruurzlqj dqg ohqglqj frqvwudlqw1 Wkhq/ dq h{shfwhg ixwxuh
ghfuhdvh lq jryhuqphqw h{shqglwxuh/ vd|/ fdqqrw eh dffrpprgdwhg e| wkh ixoo fxw lq
wkh wd{ udwh dqg/ dffruglqjo|/ e| wkh ixoo exgjhw gh�flw wkdw lv qhfhvvdu| lq rughu wr
plqlpl}h wkh zhoiduh frvwv iurp wd{dwlrq1 Vlqfh wkh jryhuqphqw zlvkhv wr vprrwk
wd{hv/ wkh wd{ udwh zloo krzhyhu eh fxw dqg wkh exgjhw zloo vkrz d gh�flw/ exw/
gxh wr wkh �sduwldo� edodqfhg exgjhw uxoh/ qrw e| wkh ixoo dprxqw wkdw lv qhhghg
wr vprrwk wkh wd{ udwh shuihfwo|1 Rq wkh rwkhu kdqg/ d jryhuqphqw wkdw kdv pruh
glvfuhwlrq lq exgjhw srolf| uhodwlyh wr zkdw lv rswlpdo dffruglqj wr wkh WVK/ lv
vxemhfw wr d uhodwlyho| vriw frqvwudlqw rq eruurzlqj dqg ohqglqj1 D uhodwlyho| vriw
frqvwudlqw fdq eh d uh hfwlrq ri srolwlfr0lqvwlwxwlrqdo idfwruv/ vxfk dv zhdn exgjhwdu|
lqvwlwxwlrqv dqg zhdn exgjhw odzv/ dqg lw fdq rshq xs iru lq xhqfh iurp lqwhuhvw
jurxsv zlwk remhfwlyhv rwkhu wkdq rswlpdo wd{ vprrwklqj1 Dv d uhvxow/ jlyhq/ vd|/ dq
h{shfwhg ixwxuh ghfuhdvh lq jryhuqphqw h{shqglwxuh/ d jryhuqphqw zlwk uhodwlyho|
pxfk glvfuhwlrq fdq fxw wkh wd{ udwh e| pruh dqg jhqhudwh d odujhu exgjhw gh�flw
wkdq d jryhuqphqw wkdw vprrwkv wkh wd{ udwh shuihfwo|1 Xqiruwxqdwho|/ dowkrxjk
erwk jryhuqphqwv lq wklv h{dpsoh kdyh dq xqghuo|lqj zlvk wr vprrwk wkh wd{ udwh/
wkh WVK fdq fdswxuh qhlwkhu wkh jryhuqphqw wkdw vwlfnv forvh wr d edodqfhg exgjhw
uxoh/ qru wkh jryhuqphqw zlwk pruh glvfuhwlrq lq exgjhw srolf| uhodwlyh wr zkdw lv
rswlpdo1 Wkh WVK fdq rqo| fdswxuh wkh vshfl�f lqwhuphgldwh fdvh ri d jryhuqphqw
zlwk d exgjhw srolf| wkdw lv vxemhfw wr dq rswlpdo ghjuhh ri glvfuhwlrq/ l1h1/ rswlpdo
lq wkh vhqvh wkdw lw plqlpl}hv wkh glvwruwlrqdu| zhoiduh frvwv iurp wd{dwlrq1

Lq rughu wr fdswxuh d wd{ vprrwklqj jryhuqphqw zlwk d ghjuhh ri glvfuhwlrq
wkdw fdq gl�hu iurp wkh ghjuhh wkdw lv rswlpdo dffruglqj wr wkh WVK/ rqh qhhgv
ehkdylru/ lw lv wkhuhiruh qdwxudo wr frqvlghu dq| rwkhu frqvwudlqw dv dovr ehlqj v|pphwulf/ l1h1/ dv
dsso|lqj wr erwk eruurzlqj +exgjhw gh�flwv, dqg ohqglqj +exgjhw vxusoxvhv, fdsdelolwlhv1 Irupdoo|/
wkh WVK*v v|pphwulf ylhz ri wkh exgjhw edodqfh iroorzv iurp wkh wudqvyhuvdolw| frqglwlrq +6, wkdw
uxohv rxw ryhueruurzlqj dv zhoo dv ryhuvdylqj1
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d vshfl�f dowhuqdwlyh wr wkh WVK udwkhu wkdq wkh frpsohwho| jhqhudo dowhuqdwlyh
�dq| rwkhu ehkdylru wkdq wkdw suhglfwhg e| wkh WVK� +fi1 Iodylq/ 4<<6,1 Wkh
dowhuqdwlyh k|srwkhvlv vkrxog eh d jhqhudol}dwlrq dorqj wkh sduwlfxodu glphqvlrq
wkdw doorzv iru ghjuhhv ri eruurzlqj dqg ohqglqj wkdw fdq gl�hu iurp wkh ghjuhh
wkdw lv rswlpdo dffruglqj wr wkh WVK1 Wr frqvwuxfw vxfk dq dowhuqdwlyh/ frqvlghu d
olqhdu frpelqdwlrq ri wkh edodqfhg exgjhw uxoh +qr ghjuhh ri glvfuhwlrq, lq zklfk
� 
 ' j �����
 / dqg wkh rswlpdo uxoh +wkh rswlpdo ghjuhh ri glvfuhwlrq, lq zklfk � 
 ' j �
 1
Wkh jhqhudol}hg wd{ vprrwklqj k|srwkhvlv +JWVK, fdq wkhq eh zulwwhq dv

� 
 ' E�� ��j �
 n �j �����
 > +44,
zkhuh � lv dq hvwlpdeoh sdudphwhu1 Reylrxvo|/ wkh JWVK lqfrusrudwhv erwk wkh
edodqfhg exgjhw uxoh E� ' �� dqg wkh rswlpdo ghjuhh ri glvfuhwlrq E� ' f� dv
vshfldo fdvhv1 Krzhyhu/ lw vkrxog eh hpskdvl}hg wkdw/ xqghu wkh dvvxpswlrq ri wd{
vprrwklqj ehkdylru/ rqh vkrxog qrw ylhz erwk wkh rswlpdo ghjuhh ri glvfuhwlrq dqg
wkh edodqfhg exgjhw uxoh dv wzr srodu fdvhv1 Lqwxlwlyho|/ wkh edodqfhg exgjhw uxoh
vkrxog eh d srodu fdvh dv lw lpsolhv wkdw wkhuh lv qr eruurzlqj ru ohqglqj zkdwvrhyhu
lq uhvsrqvh wr h{shfwhg ixwxuh fkdqjhv lq jryhuqphqw h{shqglwxuh1 E| frqwudvw/
ehfdxvh wkh rswlpdo ghjuhh ri glvfuhwlrq mxvw kdsshqv wr uh hfw d vlwxdwlrq zkhuh
wkh dprxqwv ri eruurzlqj dqg ohqglqj duh mxvw odujh hqrxjk wr plqlpl}h wkh zhoiduh
frvwv iurp wd{dwlrq/ wkhuh lv qrwklqj wkdw vd|v wkdw lw vkrxog eh d srodu fdvh1 Wr
irupdoo| yhuli| wkhvh fodlpv/ xvh wkh gh�qlwlrqv ri shupdqhqw dqg wrwdo jryhuqphqw
h{shqglwxuh dqg uhzulwh wkh JWVK +44, dv
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Wkxv/ zkhq wkh JWVK lv wuxh/ wkh exgjhw vxusoxv lv jlyhq e|
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Lw iroorzv gluhfwo| iurp +46, wkdw wkh dvvxpswlrq ri wd{ vprrwklqj ehkdylru lv
rqo| frqvlvwhqw zlwk dq| ydoxh ri � wkdw lv ohvv wkdq xqlw|1 Wkdw lv/ zkhqhyhu � ? �/
dq h{shfwhg lqfuhdvh lq h{shqglwxuh lpsolhv wkdw wkh jryhuqphqw lqfuhdvhv wkh wd{
udwh dqg uxqv d exgjhw vxusoxv> dqg dq h{shfwhg ghfuhdvh lq h{shqglwxuh lpsolhv
wkdw wkh jryhuqphqw fxwv wkh wd{ udwh dqg uxqv d exgjhw gh�flw1 E| frqwudvw/ zkhq
� ' �/ wkhuh lv qr wd{ vprrwklqj dqg wkh exgjhw lv dozd|v lq edodqfh1 Zkhq
� A �/ dq h{shfwhg ghfuhdvh lq jryhuqphqw h{shqglwxuh/ iru h{dpsoh/ lpsolhv d
exgjhw vxusoxv1 Lw lv hylghqw wkdw lqfuhdvlqj wkh wd{ udwh dqg vdylqj lq uhvsrqvh wr
dq h{shfwhg ixwxuh h{shqglwxuh ghfuhdvh fdq qhyhu eh frqvlvwhqw zlwk dw ohdvw vrph
ghjuhh ri wd{ vprrwklqj ehkdylru1 Khqfh/ xqghu wkh dvvxpswlrq ri wd{ vprrwklqj
ehkdylru/ dq hvwlpdwh ri � wkdw lv htxdo ru odujhu wkdq xqlw| fdqqrw eh mxvwl�hg1

Htxdwlrqv +45, dqg +46, h{solflwo| irupdol}h wkh lghd wkdw d wd{ vprrwklqj jry0
huqphqw pd| eh vxemhfw wr d ghjuhh ri glvfuhwlrq lq exgjhw srolf| wkdw gl�huv iurp
wkh ghjuhh wkdw lv rswlpdo dffruglqj wr wkh WVK1 Dvvxph/ iru lqvwdqfh/ wkdw jryhuq0
phqw h{shqglwxuh lv vxgghqo| h{shfwhg wr ghfuhdvh lq wkh ixwxuh vr wkdw wkh suhvhqw
glvfrxqwhg ydoxh ri h{shfwhg fkdqjhv lq h{shqglwxuh ehfrphv qhjdwlyh1 Iurp +45,/
uhjdugohvv ri wkh ghjuhh ri glvfuhwlrq/ wd{ vprrwklqj ehkdylru lpsolhv wkdw wkh wd{
udwh lv fxw dqg vhw ehorz wrwdo jryhuqphqw h{shqglwxuh lq rughu wr jhqhudwh d exgjhw
gh�flw1 Li wkh jryhuqphqw kdv uhodwlyho| olwwoh glvfuhwlrq lq exgjhw srolf|/ lw fdqqrw
lpsohphqw wkh ixoo fxw lq wkh wd{ udwh wkdw lv qhhghg lq rughu wr vprrwk wkh wd{
udwh shuihfwo| dqg plqlpl}h wkh glvwruwlrqdu| zhoiduh frvwv1 Vshfl�fdoo|/ lq +46,/ �
ehfrphv srvlwlyh lq rughu wr uh hfw wkh iudfwlrq ri wkh rswlpdo exgjhw gh�flw wkdw
fdqqrw eh lpsohphqwhg gxh wr wkh �sduwldo� edodqfhg exgjhw uxoh1 Wkh ohvv glvfuh0
wlrq lq exgjhw srolf|/ wkh kljkhu wkh �/ dqg wkh ohvv wkh uhvxowlqj exgjhw gh�flw1 Lq
wkh h{wuhph dqg erughuolqh fdvh ri qr glvfuhwlrq lq exgjhw srolf|/ l1h1/ lq wkh fdvh
ri d edodqfhg exgjhw uxoh/ � ' � dqg wkh jryhuqphqw fdqqrw fxw dqg vprrwk wkh
wd{ udwh dw doo1 E| frqwudvw/ zkhq � ? f/ wkh uhvxowlqj exgjhw gh�flw lv odujhu wkdq
wkh exgjhw gh�flw wkdw zrxog kdyh rffxuuhg li wkh WVK kdg ehhq wuxh1 Wkdw lv/
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zkhq jryhuqphqw h{shqglwxuh lv h{shfwhg wr ghfuhdvh/ wd{ vprrwklqj ehkdylru lq
frpelqdwlrq zlwk pruh glvfuhwlrq lq exgjhw srolf| uhodwlyh wr zkdw lv rswlpdo df0
fruglqj wr wkh WVK/ ohdg wr exgjhw gh�flw ryhuvkrrwlqj1 Lq wklv fdvh/ �� uh hfwv wkh
ryhuvkrrwlqj iudfwlrq ri wkh exgjhw gh�flw wkdw lv rswlpdo dffruglqj wr wkh WVK1 # Li
� ' f/ wkhuh lv qr ryhuvkrrwlqj ri wkh rswlpdo exgjhw gh�flw dqg/ wkxv/ wkh uhvxow lv
wkh WVK1 Rqh fdq xvh dqdorjrxv uhdvrqlqj wr frqfoxgh wkdw dq h{shfwhg lqfuhdvh lq
jryhuqphqw h{shqglwxuh lpsolhv d uhodwlyho| vpdoo exgjhw vxusoxv zkhq � A f/ dqg
d uhodwlyh odujh exgjhw vxusoxv zkhq � ? f1

Wkxv/ lq vxppdu|/ wkh h{whqw wr zklfk wkh ghjuhh ri glvfuhwlrq lq exgjhw srolf|
gl�huv iurp wkh ghjuhh wkdw lv rswlpdo dffruglqj wr wkh WVK/ vkrxog eh fdswxuhg
e| �= Vshfl�fdoo|/ � lv lqyhuvho| uhodwhg wr wkh ghjuhh ri glvfuhwlrq dqg kdv dq xsshu
erxqg htxdo wr xqlw|1 Lq wkh ehqfkpdun WVK fdvh/ rswlpdo glvfuhwlrq lpsolhv wkdw
� ' f/ ehfdxvh wkhq wkh zhoiduh frvwv iurp wd{dwlrq duh plqlpl}hg1 Wkh lqwhuydo
f ? � ? � fdswxuhv d jryhuqphqw zlwk ohvv glvfuhwlrq +pruh uxohv, lq exgjhw srolf|
uhodwlyh wr zkdw lv rswlpdo dffruglqj wr wkh WVK1 $ E| frqwudvw/ � ? f uh hfwv d
jryhuqphqw zlwk pruh glvfuhwlrq +ohvv uxohv, lq exgjhw srolf| uhodwlyh wr zkdw lv
rswlpdo dffruglqj wr wkh WVK1

Lw vkrxog eh hpskdvl}hg wkdw wkh fdvh zkhq � wdnhv rq d ydoxh wkdw lv srvlwlyh dqg
ohvv wkdq xqlw| grhv qrw qhfhvvdulo| uh hfw d jryhuqphqw wkdw lq uhdolw| lv erxqghg
e| pruh uxohv lq exgjhw srolf| wkdq d jryhuqphqw wkdw lv vxemhfw wr dq rswlpdo
ghjuhh ri glvfuhwlrq1 Wkh uhdvrq lv wkdw lw lv wkhruhwlfdoo| srvvleoh iru d jryhuqphqw
zlwk pxfk glvfuhwlrq wr vwlfn forvh wr d edodqfhg exgjhw uxoh1 Vxfk d jryhuqphqw/
krzhyhu/ ehkdyhv dv li lw zhuh erxqghg e| uhodwlyho| pruh uxohv lq exgjhw srolf|1
Lq wklv vhqvh/ � fdswxuhv wkh h�hfwlyh ghjuhh ri glvfuhwlrq iru wkdw jryhuqphqw1
%
Wkdw lv/ zkhq � ? 3/ +4��,
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')(+*-,�.
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� '�1+*
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H * �j ' ? 3/ zkhuh �� A 3

lv wkh ryhuvkrrwlqj iudfwlrq ri wkh rswlpdo exgjhw gh�flw13 Lq wkhlu orj0olqhdu yhuvlrq ri wkh prgho/ Kxdqj dqg Olq +4<<6, eulh | irupxodwh dq dowhuqdwlyh
k|srwkhvlv wkdw lv dqdorjrxv wr wkh JWVK zkhq 3 ? � ? 41 Wkh| hydoxdwh wklv dowhuqdwlyh e| xvlqj
suhvhw ydoxhv ri �1 Wklv sdshu jrhv ixuwkhu/ dv wkh qh{w vhfwlrq vkrzv krz wr rewdlq dq hvwlpdwh
ri �1
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E| frqwudvw/ ehfdxvh d sduwldoo| uxoh0erxqg jryhuqphqw fdq qhyhu ghyldwh iurp d
edodqfhg exgjhw uxoh wr dq| h{whqw wkdw lw zlvkhv/ wkh fdvh zkhq � ? f fdq rqo|
uh hfw d jryhuqphqw zlwk pruh glvfuhwlrq uhodwlyh wr zkdw lv rswlpdo dffruglqj wr
wkh WVK1

Ilqdoo|/ lw vkrxog eh qrwhg wkdw wkh JWVK uhwdlqv wkh v|pphwulf ylhz ri wkh
exgjhw edodqfh1 Iru lqvwdqfh/ d jryhuqphqw zlwk d uhodwlyho| glvfuhwlrqdu| exgjhw
srolf| +� ? f, jhqhudwhv d odujh exgjhw gh�flw lq uhvsrqvh wr dq h{shfwhg ghfuhdvh
lq lwv h{shqglwxuh/ exw lw dovr lpsohphqwv d wrxjk �wljkwhq wkh ehow� srolf| dqg jhq0
hudwhv d odujh exgjhw vxusoxv lq uhvsrqvh wr dq h{shfwhg lqfuhdvh lq lwv h{shqglwxuh1
Lqwxlwlyho|/ wkhq wkh exgjhw vxusoxv wlph vhulhv vkrxog eh vwdwlrqdu|1 Wklv dqg rwkhu
wlph vhulhv surshuwlhv ri wkh prgho duh glvfxvvhg lq wkh qh{w vhfwlrq1

61 Hpslulfdo phwkrg

Dv srlqwhg rxw e| Fdpsehoo +4<;:,/ hyhq wkrxjk h{shfwdwlrqv derxw ixwxuh h{shq0
glwxuh lv frqglwlrqdo rq wkh jryhuqphqw*v lqirupdwlrq vhw/ L 4 / lw lv vwloo srvvleoh iru
dq hfrqrphwulfldq zlwk dffhvv wr rqo| d vxevhw ri L 4 wr fdofxodwh wkh suhglfwhg sdwk
ri wkh exgjhw vxusoxv iurp +46,1 Wklv lv ehfdxvh wkh exgjhw vxusoxv lwvhoi frqwdlqv
doo lqirupdwlrq derxw ixwxuh fkdqjhv lq jryhuqphqw h{shqglwxuh wkdw lv vxshulru wr
wkh hfrqrphwulfldq1 Dv d frqvhtxhqfh/ wkh exgjhw vxusoxv vkrxog Judqjhu0fdxvh
fkdqjhv lq jryhuqphqw h{shqglwxuh1 Khqfh/ e| lqfrusrudwlqj wkh exgjhw vxusoxv
dqg fkdqjhv lq h{shqglwxuh lq wkh hfrqrphwulfldq*v lqirupdwlrq vhw/ K 4 > +46, fdq eh
hvwlpdwhg dqg/ dv vkrzq ehorz/ wkh JWVK fdq eh whvwhg wdnlqj wkh jryhuqphqw*v
vxshulru lqirupdwlrq lqwr dffrxqw1 Wkh suhglfwhg sdwk ri wkh exgjhw vxusoxv lv

gvxu 4 ' HEvxu 4 mK 4 � ' H
+
H
+
E�� ��

5[
6�7 4�8�9

� �
� nU

� 6�: 4
{j 6

����� L 4
,�����K 4

,

' E�� ��
5[

6�7 4�8�9

� �
� nU

� 6�: 4
HE{j 6 mK 4 �> +47,

vlqfh K 4 � L 4 1
46



Wkh JWVK irupxodwhg dv d vwdwhphqw derxw wkh exgjhw vxusoxv uhyhdov dqrwkhu
lpsruwdqw wlph vhulhv surshuw|1 Li jryhuqphqw h{shqglwxuh/ j 4 / frqwdlqv d xqlw urrw/
lwv �uvw gl�huhqfh zloo eh vwdwlrqdu|1 Dffruglqjo|/ wkh exgjhw vxusoxv/ vxu 4 / zloo eh
vwdwlrqdu| ehfdxvh lw lv d olqhdu frpelqdwlrq ri h{shfwhg fkdqjhv lq h{shqglwxuh1
Dv qrwhg e| Jkrvk +4<<8,/ dowkrxjk lw lv hqwluho| srvvleoh wkdw j 4 lq uhdolw| lv d
vwdwlrqdu| wlph vhulhv/ vwdqgdug hfrqrphwulf whvwv jhqhudoo| fdqqrw uhmhfw wkh qxoo
k|srwkhvlv wkdw lw frqwdlqv d xqlw urrw1 Wklv lv dovr wkh fdvh iru wkh Vzhglvk gdwd
xvhg ehorz1

Ixuwkhupruh/ li � 4 dqg j ;�< ;4 duh erwk lqglylgxdoo| L+4,/ wkh vwdwlrqdulw| ri vxu 4
lpsolhv wkdw +;, gh�qhv d frlqwhjudwlrq uhodwlrq1 Fdpsehoo +4<;:, vkrzv wkdw wkh
lpsolhg huuru fruuhfwlrq prgho fdq eh h{suhvvhg lq YDU irup dv
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zkhuh wkh phdqv ri {j 4 dqg vxu 4 kdyh ehhq uhpryhg1 E Diwhu yhuli|lqj wkdw j 4 lv
L+4,/ dqg wkdw � 4 dqg j ;�<�;4 duh erwk lqglylgxdoo| L+4, dqg frlqwhjudwhg vxfk wkdw
� 4 � j ;�<�;4 ' vxu 4 lv L+3,/ wkh YDU fdq eh hvwlpdwhg lq rughu wr hydoxdwh wkh JWVK1
Wkh surfhgxuh lv dv iroorzv1 Zulwh wkh YDU lq pdwul{ qrwdwlrq dv

[ 4 ' D[ 4 : 9 n % 4 = +49,
Wkh iruhfdvw ri d rqh shulrg fkdqjh lq jryhuqphqw h{shqglwxuh lv

HE{j 6 mK 4 � '
k
� f

l
D 6�: 4 [ 4 = +4:,

Vxevwlwxwlqj +4:, lqwr +47, jlyhv
F Iru wkh dqqxdo gdwd xvhg lq wklv sdshu/ d rqh odj YDU lv vx!flhqw wr fdswxuh wkh wlph vhulhv
surshuwlhv1 Li qhfhvvdu|/ wkh YDU fdq hdvlo| eh h{whqghg wr lqfrusrudwh vhyhudo odjv1
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Li wkh JWVK lv wuxh/ wkh suhglfwhg exgjhw vxusoxv/ gvxu 4 / lv htxdo wr wkh dfwxdo exgjhw
vxusoxv/ vxu 4 / l1h1/ \ 9 ' f dqg \ 9 ' �1 Dffruglqjo|/ wkh iroorzlqj ryhulghqwli|lqj
uhvwulfwlrqv pxvw krog iru +4;,=

k
� f
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'
k
f �

l
= +4<,

Wkh uhvwulfwlrqv lq +4<, uhsuhvhqw wkh irupdoo| whvwdeoh lpsolfdwlrqv ri wkh ryhudoo
prgho/ dqg iru erwk wkh JWVK dqg wkh WVK ehorz/ wkh| duh hydoxdwhg e| phdqv
ri Zdog dqg Olnholkrrg udwlr whvwv1 G Iru wkh JWVK/ dq hvwlpdwh ri � lv rewdlqhg
iurp wkh uhvwulfwhg prgho rewdlqhg lq wkh fdofxodwlrq ri wkh olnholkrrg udwlr vwdwlvwlf
+Iodylq/ 4<<6,1 Dv lqglfdwhg deryh/ ehvlghv irupdo vwdwlvwlfdo whvwlqj/ wkh �w ri wkh
prgho lv dovr hydoxdwhg e| fdofxodwlqj wkh suhglfwhg exgjhw vxusoxv dffruglqj wr
+4;, dqg wkhq ylvxdoo| frpsdulqj lw wr wkh dfwxdo exgjhw vxusoxv1

71 Hvwlpdwlrq dqg uhvxowv

Wkh gdwd duh wdnhq iurp wkh Vwdwlvwlfdo \hduerrn ri Vzhghq +ydulrxv lvvxhv,/ wkh
Lqwhuqdwlrqdo Prqhwdu| Ixqg*v Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv dqg Jryhuqphqw
Ilqdqfh Vwdwlvwlfv gdwdedvhv/ dqg uhihu wr wkh frqvrolgdwhg fhqwudo jryhuqphqw/ l1h1/
H Zkhq whvwlqj wkh WVK +l1h1/ zkhq whvwlqj wkh uhvwulfwlrqv lq +4<, zlwk � irufhg wr }hur,/ rqh fdq
srvwpxowlso| +4<, e|

�
L � I

I)J0K D
�
lq rughu wr rewdlq d vlpsohu/ olqhdu h{suhvvlrq wr hydoxdwh1 Lq

jhqhudo/ dv qrwhg e| Fdpsehoo dqg Vkloohu +4<;:, dqg Juhjru| dqg Yhdoo +4<;8,/ vxfk d wudqviru0
pdwlrq fdq fkdqjh wkh ydoxhv dqg srzhu ri Zdog vwdwlvwlfv/ dqg lw pd| wkhuhiruh eh lpsruwdqw wr
frqvlghu1 Krzhyhu/ iru wkh gdwd xvhg lq wklv sdshu/ qr frqfoxvlrqv duh dowhuhg e| irfxvlqj vroho| rq
whvwlqj wkh uhvwulfwlrqv dv h{suhvvhg lq +4<,1 Whvw uhvxowv edvhg rq wkh wudqvirupdwlrq |lhog yhu|
vlplodu uhvxowv dqg duh dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1 Qrwh wkdw wkh olnholkrrg udwlr whvw
vwdwlvwlf lv lqyduldqw wr dq| wudqvirupdwlrq ri wkh uhvwulfwlrqv1
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wkh fhqwudo jryhuqphqw xqlwv fryhuhg e| wkh jhqhudo exgjhw/ dqg fhqwudo jryhuqphqw
xqlwv zlwk lqglylgxdo exgjhwv/ lqfoxglqj wkh Qdwlrqdo Ghew R!fh/ wkh Vzhglvk Qd0
wlrqdo Vrfldo Lqvxudqfh Erdug/ dqg uhjlrqdo djhqflhv ri wkh Sxeolf Khdowk Lqvxudqfh
Vrflhw|1 Ixuwkhu ghwdlov uhjduglqj wkh gdwd dqg wkh frqvwuxfwlrq ri wkh yduldeohv duh
surylghg lq wkh Dsshqgl{1 Wkh vdpsoh shulrg lv 4<850<</ exw vhsdudwh hvwlpdwlrq
lv dovr pdgh iru wkh vdpsoh shulrg ri 4<:30<9 dv lw lv fkdudfwhul}hg e| d uhodwlyho|
yrodwloh exgjhw vxusoxv frpsduhg wr wkh 4<83v dqg 4<93v1 Wkh fkrlfh ri vwxg|lqj
wkh shulrg 4<:30<9 udwkhu wkdq wkh shulrg 4<:30<< lv edvhg rq wkh idfw wkdw lq wkh
ehjlqqlqj ri 4<<:/ d qhz exgjhw odz dlphg dw vwuhqjwkhqlqj wkh exgjhw0pdnlqj
surfhvv/ wrrn h�hfw1

Wkh �uvw vwhs lv wr yhuli| wkdw j L lv L+4,/ dqg wkdw � L dqg j M�N�ML duh L+4, dqg
frlqwhjudwhg vxfk wkdw � L � j M�N ML ' vxu L lv L+3,1 Wdeoh 4 glvsod|v uhvxowv iurp
dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv ri wkh qxoo k|srwkhvlv wkdw wkh yduldeohv xqghu
frqvlghudwlrq frqwdlq d xqlw urrw +iru ghwdlov/ vhh Glfnh| dqg Ixoohu/ 4<;4,1 Lw lv zhoo0
nqrzq wkdw wkh uhjuhvvlrq wkdw wkh DGI whvw lv ghulyhg iurp ghshqgv fulwlfdoo| rq
wkh dvvxpswlrq ri vhuldoo| xqfruuhodwhg uhvlgxdov1 Lq rughu wr yhuli| wklv dvvxpswlrq/
hdfk DGI whvw vwdwlvwlf lq Wdeoh 4 lv vxssohphqwhg e| d Odjudqjh pxowlsolhu whvw
vwdwlvwlf iru wkh qxoo k|srwkhvlv ri qr uhvlgxdo dxwrfruuhodwlrq1 Wkh qxoo k|srwkhvlv
ri d xqlw urrw fdqqrw eh uhmhfwhg iru � L / j L dqg j M�N ML 1 E| frqwudvw/ iru vxu L / wkh qxoo
lv uhmhfwhg/ zklfk vxjjhvwv wkdw � L dqg j M�N ML duh frlqwhjudwhg1 DGI whvwv duh wkhq
shuiruphg iru � L / j L dqg j M�N�ML zkhq wkh| duh h{suhvvhg lq wkhlu �uvw gl�huhqfhv1 Wkh
qxoo k|srwkhvlv ri d xqlw urrw lq wkh �uvw gl�huhqfh ri hdfk vhulhv lv uhmhfwhg1
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Wdeoh 4
Dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv

4<850<< 4<:30<9
Yduldeoh DGI OP DGI OP
� L ��=Sf f=�� ��=HS f=b.
j L ��=b2 2=�� ��=Sb �=f2
j M�N ML ��=bD 2=2e ��=Sb �=ff
vxu L �e=�S O�O f=�� ��=�S O�O f=22
{� L �S=f� O�O f=e2 �e=fD O�O �=f�
{j L �D=f. O�O f=Db ��=HD O�O f=.�
{j M�N�ML �e=be O�O �=fb ��=HS O�O f=.�

Qrwhv= DGI lv wkh whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv ri d xqlw urrw1 OP lv wkh Odjudqjh
pxowlsolhu whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv ri qr uhvlgxdo fruuhodwlrq iurp odjv 4 wr 51 � P�P �
lqglfdwhv uhmhfwlrq dw wkh 4 shufhqw ohyho ri vljql�fdqfh1

Wkh DGI whvw iru vxu L / � L dqg j M�N�ML lv vxssohphqwhg e| d uhvwulfwhg frlqwhjud0
wlrq dqdo|vlv ri wkh olqhdu frpelqdwlrq E� Q > � R �E� L > j M�N�ML � S / e| phdqv ri wkh Mrkdqvhq
+4<;;, surfhgxuh1 Lq frqwudvw wr wkh DGI whvw/ wkh Mrkdqvhq +4<;;, surfhgxuh vshfl0
�hv L+3, dv wkh qxoo k|srwkhvlv1 Wkh uhvxowv duh vxppdul}hg lq Wdeoh 51 Wkh �uvw wzr
froxpqv ri wkh wdeoh vshfli| wkh uhvwulfwlrq rq wkh hohphqwv ri wkh yhfwru E� Q > � R �1 Wkh
rwkhu froxpqv uhsruw wkh whvw vwdwlvwlf dqg lwv fruuhvsrqglqj s0ydoxh iurp wkh whvw
ri wkh qxoo k|srwkhvlv wkdw wkh vshfl�hg yhfwru ehorqjv wr wkh frlqwhjudwlqj vsdfh1
Dffruglqjo|/ wkh �uvw urz glvsod|v wkh whvw uhvxowv ri wkh qxoo k|srwkhvlv wkdw wkh
yhfwru E�>��� ehorqjv wr wkh frlqwhjudwlqj vsdfh vxfk wkdw E�>���E� L > j M�N�ML � S ' vxu L
lv L+3,1 Dv lqglfdwhg/ wkh qxoo fdqqrw eh uhmhfwhg lq hlwkhu shulrg1 Wkh odvw wzr
urzv frqwdlq whvw uhvxowv ri wkh qxoo k|srwkhvlv ri vwdwlrqdulw| ri � L dqg j M�N ML 1 Iru
hdfk yduldeoh lq hdfk wlph shulrg/ wkh qxoo lv uhmhfwhg dw wkh �yh shufhqw ohyho ri
vljql�fdqfh ru ehwwhu1 Wkxv/ lq vxp/ wkh uhvxowv lqglfdwh wkdw j L lv L+4,/ dqg wkdw � L
dqg j M�N ML duh L+4, dqg frlqwhjudwhg vxfk wkdw � L � j M�N ML ' vxu L lv L+3,1
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Wdeoh 5
Whvwv rq wkh frlqwhjudwlqj vsdfh

O T = 4<850<< 4<:30<9
� Q � R " R E�� s0ydoxh " R E�� s0ydoxh
� �� f=fe f=HeS f=2f f=SDH
� f �D=be ? f=ff� �=b� f=feH
f � �D=bH ? f=ff� D=.S f=f�S

Qrwhv= Wkh qxoo k|srwkhvlv lv wkdw wkh yhfwru +� U > � V , ehorqjv wr wkh frlqwhjudwlqj vsdfh vxfk wkdw
+� U > � V ,+� W > j XZY�XW , [ @ � U � W . � V j X\Y�XW lv L+3,1 Lq wkh sulru YDU hvwlpdwlrq/ iru erwk vdpsoh shulrgv/
wkuhh odjv zhuh xvhg lq rughu wr fdswxuh wkh wlph vhulhv surshuwlhv dqg wr dvvxuh qr vhuldo fruuhodwlrq
dprqj wkh uhvlgxdov1

Qh{w/ wkh YDU iru {j L dqg vxu L lv hvwlpdwhg/ dqg wkh uhvxowv duh vkrzq lq Wdeoh
61 Gldjqrvwlf fkhfnlqj dqg odj0ohqjwk vhohfwlrq whvwv lqglfdwhg wkdw d rqh0odj YDU
zdv vx!flhqw wr fdswxuh wkh wlph vhulhv surshuwlhv1 Wkh qxoo k|srwkhvlv wkdw vxu L^]_Q
qrq0Judqjhu fdxvhv{j L fdq eh uhmhfwhg dw wkh 519 shufhqw ohyho ri vljql�fdqfh iru wkh
ixoo vdpsoh shulrg/ dqg dw wkh 41; shufhqw ohyho iru wkh shulrg 4<:30<91 Wkxv/ iru erwk
shulrgv/ wkhuh lv vwdwlvwlfdo hylghqfh wkdw wkh jryhuqphqw kdv vxshulru lqirupdwlrq1

Wdeoh 6
Hvwlpdwhg YDU frh!flhqwv

4<850<< 4<:30<9ed Q�Q f=�2. f=2D.
Ef=��.� Ef=�H.�ed Q�R f=�Se f=2fb
Ef=f.�� Ef=fH2�ed R`Q �f=DD� �f=.�.
Ef=�.2� Ef=2Hf�ed R�R f=.�b f=.fH
Ef=fHb� Ef=�2��

w acb 2=�� 2=De
s0ydoxh f=f2S f=f�H

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 w dfe lv wkh whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv wkdw vxu W�g U
qrq0Judqjhu fdxvhv �j W 1
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Wdeoh 7 vxppdul}hv wkh uhvxowv iurp wkh ryhudoo whvwv ri wkh prgho xqghu hdfk
k|srwkhvlv1 Wkh ohiw sdqho uhodwhv wr Zdog dqg olnholkrrg0udwlr whvwv ri wkh WVK/ l1h1/
whvwv ri wkh uhvwulfwlrqv lq +4<, zlwk � irufhg wr }hur/ dqg wkh uljkw sdqho uhodwhv wr wkh
fruuhvsrqglqj whvwv ri wkh JWVK1 Wkh whvw vwdwlvwlfv lqglfdwh wkdw lw lv qrw srvvleoh wr
vwdwlvwlfdoo| glvwlqjxlvk wkh JWVK iurp wkh WVK iru wkh ixoo vdpsoh shulrg> qhlwkhu
k|srwkhvlv fdq eh uhmhfwhg1 Krzhyhu/ wklv lv qrw wkh fdvh iru wkh shulrg 4<:30<91
Iru wklv vxeshulrg/ wkh Zdog vwdwlvwlf iru wkh whvw ri WVK lv htxdo wr 49147/ zklfk
lpsolhv wkdw wkh qxoo fdq eh uhmhfwhg dw dq| frqyhqwlrqdo ohyho ri vljql�fdqfh1 Wkh
fruuhvsrqglqj olnholkrrg0udwlr vwdwlvwlf lv htxdo wr 916</ zklfk lpsolhv wkdw wkh qxoo
fdq eh uhmhfwhg dw wkh 714 shufhqw ohyho ri vljql�fdqfh1 E| frqwudvw/ iru wkh JWVK/
erwk wkh Zdog dqg olnholkrrg0udwlr vwdwlvwlfv lpso| wkdw wkh qxoo fdqqrw eh uhmhfwhg
dw dq| frqyhqwlrqdo ohyho ri vljql�fdqfh1

Wdeoh 7
Whvwv ri uhvwulfwlrqv dqg hvwlpdwhv ri �

WVK= 4<850<< 4<:30<9 JWVK= 4<850<< 4<:30<9
" Rh E2� �=2b �S=�e " Rh E�� f=f� �=f.
s0ydoxh f=�b� ? f=ff� s0ydoxh f=HS� f=�f2
" RiZj E2� 2=H2 S=�b " RiZj E�� f=fD 2=2.
s0ydoxh f=2ee f=fe� s0ydoxh f=H2� f=��2e� �f=S�e �f=Hbb

v1h1 ri e� f=eS2 f=eH2
Qrwhv= " V k lv wkh Zdog vwdwlvwlf iru wkh whvw ri wkh uhvwulfwlrqv lq +4<,> " V lnm lv wkh fruuhvsrqglqj
olnholkrrg0udwlr vwdwlvwlf1

Wkh uljkw sdqho ri Wdeoh 7 dovr glvsod|v hvwlpdwhv ri �/ zklfk duh jhqhudwhg
lq wkh hvwlpdwlrq ri wkh uhvwulfwhg prghov wkdw duh xvhg lq wkh fdofxodwlrqv ri wkh
olnholkrrg0udwlr whvw vwdwlvwlfv1 Iru erwk shulrgv/ wkh hvwlpdwhg � lv qhjdwlyh dqg/
dffruglqjo|/ wklv vxjjhvwv wkdw wkhuh kdv ehhq pruh glvfuhwlrq lq Vzhglvk exgjhw
srolf| uhodwlyh wr zkdw lv rswlpdo dffruglqj wr wkh WVK1 Iru wkh vdpsoh shulrg
4<850<</ wkh hvwlpdwhg � lv htxdo wr 031947/ dqg lv rqo| zhdno| qhjdwlyh dv lw idoov
ehorz 418 vwdqgdug huuruv iurp }hur1 Iru wkh vdpsoh shulrg 4<:30<9/ wkh hvwlpdwhg
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� lv htxdo wr 031;<</ zklfk lv 41;: vwdqgdug huuruv iurp }hur1
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Ilj1 41 Suhglfwhg dqg dfwxdo exgjhw vxusoxvhv/ 4<860<<1
Qrwhv= Xsshu sdqho= WVK> orzhu sdqho= JWVK1

Iljxuh 4 sorwv wkh suhglfwhg dqg dfwxdo exgjhw vxusoxv wlph vhulhv iru wkh ixoo
shulrg1 Dowkrxjk lw lv qrw srvvleoh wr vwdwlvwlfdoo| glvwlqjxlvk ehwzhhq wkh wzr
k|srwkhvhv/ lw lv hylghqw iurp wkh �jxuh wkdw wkh JWVK surylghv d ehwwhu �w1 Lq
idfw/ wkh �w ri wkh prgho zkhq wkh JWVK lv dvvxphg lv doprvw shuihfw1 Lw lv yluwxdoo|
lpsrvvleoh wr vhh dq| gl�huhqfh ehwzhhq wkh dfwxdo dqg wkh suhglfwhg vxusoxvhv1 E|
frqwudvw/ zkhq wkh WVK lv dvvxphg/ wkh dfwxdo exgjhw vxusoxv  xfwxdwhv pruh wkdq
wkh suhglfwhg vxusoxv1 Vwloo/ dv vxjjhvwhg e| wkh vwdwlvwlfdo whvwv/ wkh suhglfwhg WVK
exgjhw vxusoxv fdswxuhv doo vkliwv ri wkh dfwxdo exgjhw vxusoxv1

Iljxuh 5 sorwv wkh suhglfwhg dqg dfwxdo exgjhw vxusoxvhv iru wkh vxeshulrg/ dqg lw
fdq eh lqwhusuhwhg lq pruh ru ohvv wkh vdph zd| dv Iljxuh 41 Lw lv zruwk qrwlqj wkdw
dowkrxjk wkh WVK lv vwdwlvwlfdoo| uhmhfwhg dqg wkh dfwxdo exgjhw vxusoxv  xfwxdwhv
pruh wkdq wkh suhglfwhg vxusoxv/ wkh odwwhu fdq dw ohdvw fdswxuh wkh pdmru vkliwv lq
wkh iruphu1
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Ilj1 51 Suhglfwhg dqg dfwxdo exgjhw vxusoxvhv/ 4<:40<91
Qrwhv= Xsshu sdqho= WVK> orzhu sdqho= JWVK1

81 Frqfoxglqj uhpdunv

Eduur*v +4<:<, wd{ vprrwklqj k|srwkhvlv +WVK, dvvxphv wkdw wkh jryhuqphqw lv
dozd|v vxemhfw wr dq �rswlpdo� ghjuhh ri glvfuhwlrq lq exgjhw srolf|/ l1h1/ rswlpdo
lq wkh vhqvh wkdw lw plqlpl}hv wkh zhoiduh frvwv iurp wd{dwlrq1 E| frqwudvw/ wkh
jhqhudol}hg wd{ vprrwklqj k|srwkhvlv +JWVK, sursrvhg lq wklv sdshu wdnhv lqwr
dffrxqw wkh srvvlelolw| wkdw d wd{ vprrwklqj jryhuqphqw pd| eh vxemhfw wr d ghjuhh
ri glvfuhwlrq lq exgjhw srolf| wkdw gl�huv iurp wkh ghjuhh wkdw lv rswlpdo dffruglqj
wr wkh WVK1

Wkh uhvxowv lqglfdwh wkdw wkh JWVK fdq jr d uhpdundeo| orqj zd| lq h{sodlqlqj
wkh vkliwv lq Vzhghq*v fhqwudo jryhuqphqw exgjhw edodqfh1 Irupdoo|/ wkh JWVK
fdqqrw eh uhmhfwhg iru hlwkhu ri wkh shulrgv 4<850<< dqg 4<:30<91 Wkh WVK fdqqrw
eh uhmhfwhg iru wkh shulrg 4<850<<> krzhyhu/ lw fdq eh uhmhfwhg iru wkh shulrg 4<:30
<91 Khqfh/ wkh uhvxow iru wkh shulrg 4<:30<9 lqglfdwhv wkdw wkh vwdwlvwlfdo srzhu ri
wkh whvwv lv kljk> hyhq wkrxjk wkh vdpsoh vl}h lv uhgxfhg/ lw lv srvvleoh wr glvwlqjxlvk
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wkh JWVK iurp wkh WVK1 Hvwlpdwhv ri wkh sdudphwhu wkdw uh hfw wkh ghjuhh ri
glvfuhwlrq/ �/ vxjjhvw wkdw wkhuh kdv ehhq pruh glvfuhwlrq lq exgjhw srolf| uhodwlyh
wr zkdw lv rswlpdo dffruglqj wr wkh WVK1 Wkh ylvxdo uhvxowv lqglfdwh wkdw wkh JWVK
surylghv forvh wr d shuihfw prgho �w dv wkh suhglfwhg dqg dfwxdo exgjhw vxusoxvhv
duh doprvw lghqwlfdo1 Khqfh/ lq vxppdu|/ wd{ vprrwklqj ehkdylru lq frpelqdwlrq
zlwk pruh glvfuhwlrq lq exgjhw srolf| uhodwlyh wr zkdw lv rswlpdo dffruglqj wr wkh
WVK/ fdq h{sodlq doo vkliwv lq wkh fhqwudo jryhuqphqw*v exgjhw edodqfh1 Dffruglqjo|/
jlyhq d sxuh remhfwlyh wr vprrwk wkh wd{ udwh shuihfwo|/ wkh exgjhw odz wkdw zdv
sdvvhg lq 4<<: dsshduv wr eh d srolf| phdvxuh lq olqh zlwk wkh uhvxowv rewdlqhg lq
wklv sdshu1

Wkh JWVK vkrxog vhuyh dv d jrrg sodwirup iru ixwxuh vwxglhv rq wd{ vprrwklqj
ehkdylru dprqj d zlgh udqjh ri jryhuqphqwv1 Iru lqvwdqfh/ Vwud}lflfk +4<<9, qrwhv
wkdw vwdwh jryhuqphqwv lq wkh X1V1 wkdw vwlfn forvh wr d edodqfhg exgjhw uxoh frxog
vwloo vprrwk wkhlu wd{ udwhv1 Qhyhuwkhohvv/ kh uhmhfwv wkh WVK dqg frqfoxghv wkdw
vwdwh jryhuqphqwv gr qrw vprrwk wd{ udwhv1 Krzhyhu/ lw lv hqwluho| srvvleoh wkdw
vwdwh jryhuqphqwv gr vprrwk wkhlu wd{ udwhv/ exw wkh WVK fdqqrw fdswxuh wklv1 E|
frqwudvw/ wkh JWVK fdq fdswxuh wd{ vprrwklqj jryhuqphqwv wkdw vwlfn forvh wr d
edodqfhg exgjhw uxoh1 Wkxv/ whvwlqj wkh JWVK rq X1V1 vwdwh jryhuqphqwv dqg rq
vlplodu fdvhv pd| surylgh qhz lqvljkwv dqg pd| hyhq dowhu h{lvwlqj frqfoxvlrqv1

Dsshqgl{
Doo gdwd duh dqqxdo/ dqg wkh ixoo vdpsoh shulrg lv 4<830<<1 Iru wkh shulrg 4<830<7/
hdfk |hdu uhihuv wr wkh �vfdo |hdu hqglqj lq Mxqh ri wkh vdph |hdu1 Iru lqvwdqfh/
4<83 uhihuv wr wkh exgjhw |hdu vwduwlqj rq Mxo| 4/ 4<7</ dqg hqglqj rq Mxqh 63/ 4<831
Iru wkh shulrg 4<<80<</ hdfk |hdu uhihuv wr wkh �vfdo |hdu vwduwlqj rq Mdqxdu| 4 dqg
hqglqj rq Ghfhpehu 641

Gdwd iru jryhuqphqw h{shqglwxuh/ wd{dwlrq uhfhlswv/ JGS/ dqg frqvxphu sulfh
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lqgh{ zhuh wdnhq iurp wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg*v Lqwhuqdwlrqdo Ilqdqfldo
Vwdwlvwlfv dqg Jryhuqphqw Ilqdqfh Vwdwlvwlfv +JIV, iru frqvrolgdwhg fhqwudo jry0
huqphqw gdwdedvhv1 Fdohqgdu |hdu JGS zdv frqyhuwhg wr �vfdo |hdu JGS e| wdnlqj
jhrphwulf phdqv1 Ghew dqg lqwhuhvw sd|phqw rq ghew zhuh wdnhq iurp ydulrxv lv0
vxhv ri Vwdwlvwlfdo \hduerrn ri Vzhghq1 Jryhuqphqw h{shqglwxuh lv phdvxuhg e| wkh
vxp ri wrwdo h{shqglwxuh dqg ohqglqj plqxv uhsd|phqw plqxv lqwhuhvw sd|phqw rq
wkh ghew1 Wd{dwlrq uhfhlswv lv phdvxuhg e| wkh vxp ri wrwdo uhyhqxh dqg judqwv1
Rxwvwdqglqj ghew/ jryhuqphqw h{shqglwxuh/ dqg wd{dwlrq uhfhlswv zhuh doo glylghg
e| JGS lq rughu wr rewdlq g o�p�q > j o / dqg � o =

Wkh uhdo lqwhuhvw udwh/ u/ zdv frqvwuxfwhg lq d vlplodu pdqqhu dv lq Rohndoqv
+4<<:,1 Iluvw/ wkh qrplqdo udwh rq wkh ghew zdv fdofxodwhg e| glylglqj lqwhuhvw
sd|phqw rq ghew e| rxwvwdqglqj ghew1 Wkhq/ wkh fruuhvsrqglqj wlph shulrg fkdqjh
lq wkh frqvxphu sulfh lqgh{ zdv vxewudfwhg iurp wkh qrplqdo lqwhuhvw udwh lq rughu
wr rewdlq wkh exgjhw |hdu uhdo lqwhuhvw udwh1 Wkh uhdo udwh xvhg lq wkh fdofxodwlrqv/
u/ zdv wkhq vhw wr htxdo wkh dyhudjh ri doo exgjhw |hdu uhdo lqwhuhvw udwhv1 Iroorzlqj
Jkrvk +4<<8, dqg Rohndoqv +4<<:,/ wkh jurzwk udwh xvhg lq wkh fdofxodwlrqv/ q/ zdv
vhw wr wkh dyhudjh ri wkh uhdo JGS jurzwk udwhv1 Wrwdo jryhuqphqw h{shqglwxuh/
j r�s ro / zdv fdofxodwhg dv j o n Eu� q�g o / dqg wkh exgjhw vxusoxv/ vxu o / zdv fdofxodwhg
lq dffrugdqfh zlwk +;, dv � o � j r�s�ro 1

UHIHUHQFHV
Dohvlqd/ D1/ Shurwwl/ U1 +4<<8,1 �Wkh srolwlfdo hfrqrp| ri exgjhw gh�flwv1� LPI Vwd�
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Eduur/ U1M1 +4<:<,1 �Rq wkh ghwhuplqdwlrq ri wkh sxeolf ghew1� Mrxuqdo ri Srolwlfdo

Hfrqrp|/ yro1 ;: +8,/ Rfwrehu/ ss1 <730:41
Eduur/ U1M1 +4<;4, �Rq wkh suhglfwdelolw| ri wd{0udwh fkdqjhv1� Pdfurhfrqrplf Sro0

lf|1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1
Erkq/ K1 +4<<;,1 �Wkh ehkdylru ri X1V1 sxeolf ghew dqg gh�flwv1� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ yro1 446 +6,/ Dxjxvw/ ss1 <7<0961
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Fdvklq/ S1/ Kdtxh/ Q1/ Rohndoqv/ R1 +4<<<,1 �Vshqg qrz/ sd| odwhuB Wd{ vprrwk0
lqj dqg �vfdo vxvwdlqdelolw| lq Vrxwk Dvld1� LPI Zrunlqj Sdshu ZS2<<296/
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Qryhpehu/ ss1 457<0:61

Fdpsehoo/ M1\1/ Vkloohu U1 +4<;:,1 �Frlqwhjudwlrq dqg whvwv ri suhvhqw ydoxh prghov1�
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <8 +8,/ Rfwrehu/ ss1 43950;;1

Glfnh|/ G1D1/ Ixoohu/ Z1D1 +4<;4,1 �Olnholkrrg udwlr vwdwlvwlfv iru dxwruhjuhvvlyh wlph
vhulhv zlwk d xqlw urrw1� Hfrqrphwulfd/ yro1 7< +7,/ Mxo|/ ss1 438:0:51
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suhwdwlrq1� Uhylhz ri Hfrqrplf Vwxglhv/ yro1 93 +6,/ Mxo|/ ss1 9840991

Jkrvk/ D1U1 +4<<8,1 �Lqwhuwhpsrudo wd{0vprrwklqj dqg wkh jryhuqphqw exgjhw vxu0
soxv= Fdqdgd dqg wkh Xqlwhg Vwdwhv1� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/
yro1 5: +7,/ Qryhpehu/ ss1 43660781

Juhjru|/ D1Z1/ Yhdoo/ P1U1 +4<;8,1 �Irupxodwlqj Zdog whvwv ri qrqolqhdu uhvwulf0
wlrqv1� Hfrqrphwulfd/ yro1 86 +9,/ Qryhpehu/ ss1 479809;1
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